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PKEFACE

This nandbook constitutes Part Three of a planned series on Military Pyrotech-
nics and torms part of the Engineering Design Handbook Series of the Army Mate-
riel Command. Part Three is devoted to the presentation of data on the principal
ingredients of pyrotechnic compositions. The information is presented on data
sheets, representing a total of 128 ingredients. The data presented here have been
coliected from many sources and are intended to facilitate reference and the mak-
ing of calculations by chemists, engineers and physicists in the field of pyrotech-
nics. A single reference list, showing the main sources of data, is included and
cach reference is keyed in by number tu appropriate entries on the data sheets.
References thas pertain only to a specific data sheet are listed at the end of the data
sheet under Additional References.

Part Two, a separate handbook with the same date of publication, deals with
the problems of safety in the pyrotecanics laboratory and plant, processing proce-
dures and equipment, particle size procedures, and contains a glossary of terms.

Paxt One, under preparation ac ine time of publication of Parts Two and Three,
will deal with the physical and chemical theoretical aspects of the production of
pyrotechnic eftects, and the applicarion of the theory to practice. Ie will aigo in-
clude a history of the pyrotechnic art ¢nd an extensive bibliography.

A future volume, currently in the planning stage, will be devoted to discussion
of methods used in the evaluation of pyrotechnic items, determination of their com-
piiance with the requirements -of the using services, special equipment and proce~
dures which are followed in tests and evaluatioa, and considerations affecting the
interpretation of results.

Material for Parts Two and Threewas prepared by McGrawszHill Book Company
for wne Engineering Handbook Office of Duke University, prime contractor to the
Army wesearch Office--Durham. The entire project was under the technicai guid-
ance vi an interservice committee, with representation from the Army Chemical
Center, Ballistics Research Laboratories, Frankford Arsenal, Harry Diamond
Laboratories, Picatinny Arsenal, U. S. Naval Ammunition Depot {(Cra.e}, U. S.
Naval Srdnance Laboratory, and U. S. Naval Ordnance Test Station. Chairman of
this commauaitee was Mr. Garry Weingarten of Picatinny Arsenal.

Acencics of the Department of Defense, having need lor Handbooks, may sub-
mat rvquisitions or official requests directly to. Equipment Manual Field Office (7),
Lertersenny Army Depot. Chambersburg, Pennsylvania. Contractors should sub-
mit such requisitions or requests to their contracting officers.

C.raments and suggestions on this handbook are welcome and shouid be ad-
dress¢i to Army Research Office--Durham, Box CM, Duke Station, Durham, North
Carolit.a 27706.
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ABBREVLATIONSAND SYMBOLS*

a. Angstrom unit(s)

length of side (X-ray data)in Angstrom units

abs. absolute

Acta Chem. Scand. Acta Chemica Scandinavica (Copenhagen, Denmark)
Acta Cryst. Acta Crystallographica

addnl additional

ale, alcohol

alk. alkaline

amor. amorphous

Anal. Chem. Analytical Chemistry

Anal. Chim. Acta Analytica Chimica Acta

Ann. Physik Annalen der Physik

app. apparatus

approx. approximate(ly)

A 8. T.M. American Society for Testing Materials

at. atomic

av. average

atm. atmosphere(s), atmospheric

b length of side (X-ray data) in Angstrom units
Ber. Berichte der deutschen Chemischen Gesellschaft
B. M. ’ Bureau of Mines, Dept. of the Interior

B. P. black powder

b. p. boiling point

* Abbreviations and symbolsinthe following data sheets generally correspond to those in
Chemical Abstracts.

iv



Br Coem. Abstt.

Bull, am. Corda.

C.A.

cal.

Can. . Technol.
ccC.

Chem. Eng. News
c.f.m.

Chem. Eng. Prog.
C. 1.

Chem. Revs
coeif.

zonipn. (s)

Compt. rend.

concd.
concn.
C.P
cryst.
cu. ft.
d.
DDTA
decomp.
aii.

diln.

British Chemical Abstracts

sulietir of the American Ceramic Society
crystal{sj

iength of side (X-raydata) in Angstrom units
Chemical Abstracts

calories(s)

Canadign Journal of .Technology

cubic centimeter(s)

Chemical and Engineering News

cubic feet per minute

Chemical Engineering Progress

Colour Index (Refs. 48 and 48A)
Chemical Reviews

coefficient

compositions

Compte rendus hebdomadaires des Séances de 1'Academie des
Sciences, Paris, France

concentrated

concentration

chemically pure

crystalline

cubic foot

density

derivative differential thermal analysis
decomposes

dilute

dilution



DTA

equil .

equiv.

est.

estd.

f.p.m.

-

HC

HE

[CC
1.C. T

Ind. Eng. Chem.

insol.

iv.

J. Am. Chem. Soc.

J.

Gos s -

J.

Js

J. Soc. Dyers Colourists

k-

Am. Ceram. Soc.

Appl. Polymer. Sei.

Chem. Phys.
Chem. Soc.
Colloid Sci.
Electrochem. Soc,
Franklin Inst,
Phys. Chem.

Research NBS

Kcal.

differential thermal analysis
equilibrium
equivalent
estimate

estimated

feet per mirute
gram(s) ' B

Hexachloroethane Smoke Mixture

high explosive

Interstate Commerce Commission
International Critical Tables (Ref. 42)
Industrial Engineering Chemistry

insoluble

intravenously

Journal of the American Chemical Society
Joumnal of the American Ceramic Society
Journal of Applied Polymer Science

Journal of Chemical Physics

Journal of the Chemical Society (London)
Journal of Colloid Science

Journal of the Electrochemical Society
Journal of the Franklin Institute (Philadelphia)
Journal of Physical Chemistry

Journal of Research of the National Bureau of Standards
Journal of the Society &€ Dyers and Colourists
kilo

Kilocalorie
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L.D.

liq.

3
m., m

>

M.A.C.

manuf, (g)

M. C. A

Mém. artillerie frang.

Me''. poudres
mg.
min,

M. L.D.

mol.
m. Q.
NG
OSM
P.A.
PATR
pdr.
powd.
p. p- m.
press.

Proc. Roy. Soc.

kilogram

liquid

liter(s)

lethal dose

liquid

meter, cubic meter

Maximum Allowable Concentration (based on continuous
exposure for an 8-hr. day)

manufacture, manufacturing
Manufacturing Chemists Association
Mémorial de l'artillerie frangaise (Paris)
Mémorial des Poudres (Paris)
milligram(s)

minimum

minimum lethal dose

millimeter

molecular

melting point

nitroglycerine

Ordnance Safety Manual

Picatinny Arsenal

Picatinny Arsenal Technical Report
powder

powdered

parts per million

pressure

Proceedings of the Royal Society (London)
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psi pounds per square inch

pt part

Pyro pyrotechnics

Rec. trav. chim. Recueil des Travaux Chimiques des Pays-Bas (Dordrecht,
Netherlands)

Rev. revision

T relative humidity

inbdr . rhombohedral

rhomb. rhombic, orthorhombic

R. L report of investigation (followedby number)

R.T. room temperature

satd. soh. saturated solution (hygroscopicity determinations)

S System (used with Ref. 44)

sl. slightly

sol. soluble

soly. solubility

spec. specification

sp. gr. specific gravity

S.P.1L Society of Plastic Industries

stat static

S.T.P. Standard Temperature and Pressure

sup supplement

T temperature

tech. technical(ly)

temp. temperature

TGA thermogravimetric analysis

Trans. Faraday Soc. Transactions of the Faraday Society (Aberdeen, Scotland)
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T.P.
u. L.
Uu. N.
vac.
voi., V.

wit.

Zeit. anorg. Chem.

Z. Elektrochem.

Zeit. Physik,

Zhur. Fiz. Khim.

transition point

Underwriters Laboratories, Inc., Bulletin of Research
United Nations

vacuum

volume

weight

Zeitschrift fur anorganischa und allgemeine Chemie

Zeitschrift fir Elektrochemic und angewandte physikalieche
Chemie (Berlin)

Zeitschrift fur Physik

Zhurnal Fizicheskoi Khimii (Journal of Physical Chemistry,
Moscow, U. S.S8.R.)
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Patty, Interscience Publishers, New York
(19583

Smithsonian Physical Tables, W. E.
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ACETONE, (CH,).CO

(Dimethyl Ketone, B-Kelopropane, 2-FPropanone, P yroacetie Ether)

Structural Formula :
Specification No. :
Molecular Weight :
Crystalline Form :
Color:

Density, g./ml. :

0
H,C -C - CH,
JAN-A-189
H8.08
liquid
colorless
(liquid) 0.7 at 4-20°C

Coefficient of Thermal Expansion, cubical at 20°C: 1.487 x 103

cubical at0-54°C 1V, =V, (1+1.3240t3

Heat of Formation, Kcal./mole at 298°K:

Free Energy of Formation, Keal./mole at 298°K:

Entropy, cal./dég./mole at 298°K :

Melting Point :

Heat of Fusion, cal.(15%)/g. :

Boiling Point :

Heat of Vaporization, cal./g. at 56.1°C :

cal./mole :

Transition Point :

at BP. (ideal gas) :

Heat of Combustion, Kcal./mole at 20°C and

1 atm.:
Heat of Sublimation :

Autoignition Temperature, in air :

Enthalpy Change of Enolization at 25°C :
Me,CO (liquid)= CH, — CMeOH (liquid) Kcal./mole :

+3.8090t¢ - 0.87983t*)

(liquid) -59,240
37,120

479
72.7

177.5°K (-95.5°C)
234
329.5°K (56.5°C)

124.5
6952+ 1

426.8

700°C
1118°F

HEAT CAPACITY OF ACETONE

Set I, Reverse-flow Calorimeter, 760 mr.

£ C 61 () 90 105

T, °K 334 3148 363 378

¢, cal./g./deg. 0.375 0.374 0380 0.384
C, cal./molesdeg. 21.8 21.7 221 22.3
i, °C 120 135 155 165
T,°K 393 408 428 438

¢, cal./g./deg. 0.390 0.398 0.416 0.420
C, cal./mole/deg. 22.7 23.1 24.2 244

Ref&

1
1

Addnl. Ref. 4
Addnl. Ref. 5

Addnl. Ref. 5
Addnl. Ref. 6

1

1

1

1,42

Addnl. Ref. 7

71
75

Addnl. Ref. 2
7

Addnl. Ref. 1



Acetone, (CH,),CO (page 2)

Set 11, Direct-flow Calorimeter, 760 mm.

t, ¢C 0.4 74.6 99.1 1494
T, K 3.6 347.8 32.3 422.6
¢, cal./g./deg. 0.376 0.374 0.380 0.406
C,. cal./mole/deg. 21.8 21.7 22.0 23.6

See also Addnl. Ref. 8

Decomposition Temperature and Products: Between 506 and 632°C, the prod-
ucts of decomposition are about 4% saturated hydrocarbons and hydrogen,
14 CO, and the remainder CO, and ethylene.

Yapor Pressure:

Press.”. 1 10 40 100 400 760 M.P.

Temp.°C 594 311 -94 477 395 565 -946

X-Ray Crystallographic Data :
Interatomic Distances and Molecular Configuration

C-C 157+ 0.04A <C-C-0 123°
C-0 1.14 Planar
C-H 1.09

Hygroscopicity :

Solubility Data : Miscible in all proportions with water, alcohol, ether.
Soluble in chloroform.

Health Hazard : Prolonged or repeated inhalation or contact may have a variety

of harmful effects although cases of serious poisoning are rare. Also has a
narcotic effect, usually not chronic.

MAC.: 1000
Safety Classifications :
OSM : Class I, flammableliquid (flash point below 20°F)
ICC : Listed under “Explosives and Other Dangerous Articles™ as a flam-
mable liquid ;red label
Underwriters” Laboratory : 90 (gasoline class)

Fire and Explosion Hazard: Dangerous when exposed to flame. The vapors
form an explosive mixture with air; explosive range (% acetone by
volume) 2.55 to 12.8%¢. Can be ignited by an electric spark. Reacts vigor-
ously with oxidizing materials. Forms an explosive mixture with high con-
centrations of hydrogen peroxide. To fight fire use water, carbon dioxide,
dry chemical, or carbon tetrachloride. For precautions in storage, handling,
and dispensing, see Refs. 26 and 14.

Caution: Keep away from fire.

Electrostatic Sensitivity : Readily ignited by static discharge.
Use in Pyrotechnics : as a solvent

Additional References:

1) “The Heat Ca aci‘g/y of Organic Vapors. VI. Acetone,” B. Collins et al.,
J. Am. Chem. Soc. 72,2929 (1949)

52V1,
Addnl. Ref. 3

65, 85

1

12, 25, 29, 14

12, 25, 26, 14,
12V75

14



Acetone, (CH3).CO (page 3)

2)

3)

4)

5)

6)

7)
8)

“The Heat of Hydrolysis of i-Propenyl Acetate and m-Cresyl Acetate

and the Heat of Enolization of Acetone,” 8. Sunner, Acta Chem. Scand.
11,1757 (1957)

“Thermal Decomposition of Acetone in the Gaseous State,” C. N. Hin-
shelwood and W. K. Hutchison, Proc. Roy, Soc, A iii 245 (1926) . Ab-
stracted in Br, Chem. Abstr.

“Free Energies of Some Organic Compounds,” G 8. Parks and H. M.
Hoffman, The Chemical Catalogue Co., New York (1932)

“The Heat Capacities of Isopropyl Alcohol and Acetone from 16° to
298°K and the Corresponding Entropies and Free Energies,” K. K.
Kelly, J. Am. Chem. Sec. 51,1145 (1929)

“The Entropy of Acetone and Isopropyl alcohol from Molecular Data.
The Equilibrium in the Dehydrogenation of Isopropyl alcohol,” 8. C.
Schumann and J. G Aston, J. Chem. Phys. 6,485 (1938)

“The Thermodynamic Properties of Acetone,” R. Pennington and K. A,
Kdbe,J. Am. CIZem. Soc. 79,300 (1957)

“Estimation of the Heat Capacities of Organic Liquids,”” A. Johnson
and Chen-Jung Huang, Can. J. Technol. 33,421 (1955)

_,.
.



ALCOHOL, C.H.OH

(Ethyl Alcohol, Ethanol, Methyl Carbinol, Refs.
Spirit of Wine, Grain Alcohol, Ethylic: Aleohol,
Rectified spirit =90-959 alcohol)
Specification No. : MIL-E-463A
The specification covers grades 1,2, 5, and 6, of which only grade 2 (miu.
91.97¢ alcohol by vol.) isused in pyrotechnics.
Molecular Weight : 46.07
Crystalline Form : liquid
Color : i colorless
Density, g./ml. : (liquid) 0.7893 1
Coefficient of Thermal Expansion, cubical at 20°C:1.12 x 103 27
V. =V, (14 1.012* T2.20x 10*) (for 99.374 by vol.) 1, 41
Heat of Formation, Kcal./mole at 298°K ggas) -56.24 9
(liquid) -66.356
See Table a
Free Energy of Formation, Kcal./mole at 293°K: (gas) -40.30 9
(liquid) 4 1.77
See Table a
Entropy, Kcal./mole: (gas) 674 9
(liquid) 38.4
See Table a :
a. ENTROPY, FREE ENERGY, AND RELATED QUANTITIES
ETHYL ALCOHOL IN THE IDEAL CAS STATE AT
1-ATMOSPHERE PRESSURE Addnl. Ref. 6
(E¢ = -52,260cal./mole )
T -( E——%—-E—:ﬂ- ) S0 -Fo AFe * log..K *
cal./deg. ! cal./deg. ! -a Fo/RT.
oK mole ! mole ! cal./mole? cal./mole? 2.3026
298.16 . . . . 54.27 66.45 68,440 -40,010 29.329
300.00 . . .. 54.34 66.56 68,560 -39,910 29.075
400 ... L. 58.11 72.11 75,500 -34,310 18.749
50 . . ... 61.42 77.12 82,970 -28,470 12.447
6006 . .. .. 64.43 81.76 90,920 -2'2,490 8.191
700 . .. .. 67.22 86.08 93,310 -16,390 5118
200 . L. 69.84 90.12 108,130 -10.230 2.796
goo . ... 72.31 93.92 117,330 -4030 0.980
won L. 7165 97.48 126,910 42190 —).479
oG .. L. 76.88 100.85 136,830 8430 -1.675
1200 . ... . 79.02 104.04 147,080 14,680 -2.673
300 . ... 81.07 107.06 157,650 20,920 -3.517
1400 . . . .. 83.00 109.94 168,500 27,170 -4.239
1500 . . . .. 84,92 112.67 179.640 33.410 -4.867

*AF® and K are the ftee energy change and equilibrium constant, respec-
tively, for the reaction forming ethyl alcohol from its elements in their standard .
states ul T K.
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Aleohol, C.HOH (page 2)

Melting Point: 158.6°K (~114.5°C) 9
.Heat of Fusion, Kcal./mole : 1.200 9
Boiling Point : 351.7°K (78.6C) 9
Heat of Vaporization, Kcal./mole : 922 9
Transition Point: e

Heat of Sublimation : —_—

Heat Content or Enthalpy:

See Table b
Heat Capacity, cal./deg./mole at 298°K : (liquid) 26.64 9

See also Addnl. Refs. 2 and 5, and Table b

b. HEAT CAPACITY AT CONSTANT PRESSURE, HEAT CONTENT, AND
RELATED QUANTITIES OF ETHYL ALCOHOL IN THE

IDEAL GAS STATE Addnl. Ref. 5

O =~ 52,260 cal./mole!)

O (]
T u Ho AHo * CS
T
°K cal./deg. ! : cal./deg. !
mole ! cal./mole ! cal./mole ! mole-!
298.16. . .. 12.18 -48.630 -56,240 17.59
300.00 ... . 12.22 -48,600 56,260 17.66
400 ..... 14.00 -46,660 -57.250 21.00
500 ..... 15.70 -44.410 -58,110 24.09
600 ..... 17.33 -41.860 -58,780 26.81
700 ... .. 18.86 39,060 -59.320 29.18
800 ..... 20.28 -36,030 -59,710 31.25
90 ..... 21.61 -32,810 -60,000 33.07
1000 .. ... 22.83 -29.430 -60,200 34.66'
1100 .- ... 23.97 -25,900 -60,320 36.06
1200 .. ... 25.02 -22.240 -60,370 37.28
1300 .. ... 25.99 -18,470 -60,350 3834
1400 ... .. 2691 -14,590 -60,250 39.27
1500 .. ... 2775 ,-10,630 -60,190 40.08

* a He is the enthalpy of formation of ethyl alcohol from its elements in

their standard states at the temperature T.

Decomposition Temperature :
Decomposition Products:’ burnsto CO. and H.O




Alcohor, C.lHOH (page 3)

Vapor Pressure:

_I'ress mni. 1 10 40 100 400 760 M.P.
Temp. ¢C -313. 23 4190 39 6.5 7.4 112
X-Ray Crystallographic Duta : —_ !
Hygroscopicity : —_
Solu}[)_ility Data: Miscible with water and many organic solvents in all propor-
ions.

Health Hazard : [t is nor; considered an industrial poison, although large doses

cause nausea, vomiting, impaired perception, lack of coordination, stupor,
and ever death. Habitual use may cause gastritis, delerium tremens, hal-
luernations, peptic ulcers, and hepatic cirrhosis.
Exposure to concentrations of 5000-10,000ppm. irritates the eyes and
mucous membrane:;. Inhalation produces the same symptoms as ingestion.
M.A.C.: 1000

Safety Classitications :

OSM: ClassI
ICC : Listed under “Explosives and Other Dangerous Articles.” Flam-
inable liquid * red label.

Fircand Explosion Hazard : Readily ignited by flame or static electric discharge.
Forms explosive misture with air.

Explosive limits in air: 3.28t019% alcohol by vol.
Flash point : 55°F
Autoignition temperature : 799°F (95% alc.)

738°F (100% alc.)
For proper storage and handling see Refs.
Toright fire use CO;. dry chemical, or CCl,.
Eloctrostatic Sensitivity : Can be ignited by static electrical discharge.
et of Combustion, Kzal./mole at 20°C

and 1 atm.: 327.6
Viscosity, centipoises at 20 17
(fo* abs. alcohol) : 1.22
Surface Tension, dynes/em. «t 200 C
“fev abs, aleonol) 22.5
Use i Pyeniechics: for shellac solutions

See 3pes. JAN-R732

Adaiitional Keror:znces:
1) “Turrmodynamic Properties of Ethyl Aleohol,” R. C. Reid and J. M
Smith, Chem. Fryg Progr. 47, 415 (1951) .
2; “Ls!ianation of 'The Lleal Capacitier of Organic Liquids,” A. Johnsor
aae Chen-Jung Huzt-a, Can. JJ. Techno!, .22, 421 11955)

L

12, 25, 26V1,
29

14

12, 26, 14, 91

14

Addnl. Ref. 6

Addnl. Ref. 6
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D]

3) “lHeat Capacities of o) o Ahphatic Aleohols,” G. Siniie and T, DeViies,
J. Am. Chem. Soc. 75, 1R (19633)

1) “Lthy! Aleohol,” U. S. Industrial Chemical Co., Division of National
Dstillers and Chemical Corp., New York (1969)

H) F. Brickwedde et al., J. Resesrch NBS 27, 270 (1946}
{thermodynamic Jata)

6) “The Technology of Solvents and Plasticizers.” A. K. Donllttle John

Wiiy o Sons, New York (1‘)')44



ALUMINUM, Al

(Aluminum)

Specification No.:

The specification covers three types, which vary in purity, and five classes,

JAN-A-667

which vary in granulation and apparent density.
Type A—flat flakes manufactured by grinding or stamping.

Type B—granular orspheroidal particles manufactured by the atomizing

process orby grinding.
Type C-granular or spheroidal particles manufactured by the atomizing
process.
Molecular Weight : 26.98
-191to 416 18.35 X 10* 40 23.14 X 10*
20 255 x 10* 600 31.50 X 10*

Refs.

[y

i U

ooy 1 0



Aluminum, Al (page 2)

a. HEAT CONTENT AND ENTROPY OF Al(c, 1) 4
(Base,crystals at 298.156°K ; atomic wt., 26.98)
T, °K Hr —Haoes.1s St —S1es.1 T,°K Hr —Hzss.15 Sr—Szon1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 600 1.2 1500 ... .. 10,830 13.59
500 . .... -~ 1230 3.14 1600 . . ... 11,530 14.04
600 ..... 1890 4.3 1700 .. ... 12,230 14.46
700 ..... 2580 5.40 1800 . . . .. 12,930 14.86
800 ..... 3310 6.38 1900 ... .. 13,630 15.24
900 ..... 4060 7.26 2000 ..... 14,330 15.60
932 (¢) ... 4280 7.50 2100 ..... 15,030 5.
932 (1) ... 6850 10.26 200 ..... 15,730 16.27
1660 ... .. 7330 10.75 2300 ..... 16,430 16.58
1100 ..... 8030 11.42 2400 ..... 17,130 16.88
1200 ... .. 8730 12.08 2500 ..... 17,830 17.16
1306 ... .. 9430 12.59 2600 ..... 18,530 17.4
1400 . .. .. 10,130 13.11 2700 . .... 19,230 17.70
Al(e) :

Enthalpy : Hr —Hges.16 =4.94T + 1.8 10°T2 - 1604 (0.6percent ;298° —932°K)
Heat Capacity :C, =4.94 + 2.96 X 103T ; A Hyy; (fusion) =2570

Al(D) -
Enthalpy : Hy —Hzes.15 = 7.00 + 336 (0.1percent ;932° —2700°K)




Aluminum, A (page 3)

b. HEAT CONTENT AND ENTROPY QF Al(g) 4
(Base, ideal gas at 298.15°K; atomic wt., 26.98)
T, °K H: ~Hoasa 15 S:-Sem. s T,°K Hy —Hiyge 15 Sr—Sxes
cal./mole cal./deg. cal./mole cal./deg.

mole mole

400 ... .. 515 1.4 1900 .. ... 7995 9.27

S50 .. ... 1020 2. 2000 ..... 8490 9.53

800 .. ... 1520 3.53 2200 ..... 9485 10.00

0 .. ... 2020 430 2400 .. ... 10,480 10.43

800 . .... 2520 497 2600 .. ... 11,470 10.83

900 ..... 3020 5.55 2800 ..... 12,470 11.20

1000 . .. .. 3515 . 6.08 3000 ..... 13,460 11.54

1100 ... .. 4015 6.55 3500 ..... 15,950 12.3

1200 ... .. 4515 6.99 4000 ... .. 18,440 12.98

1300 .. ... 5010 7.8 4500 ..... 20,950 13.57

1400 ... .. 5510 7.5 5000 ..... 23,490 14.10

1500 .. ... 6005 8.10 6000 ..... 28,790 15.07

1600 ... .. 6505 842 7000 ..... 34,640 15.97

1700 . ... . 7000 8.72 8000 ..... 41,440 16.87
1800 ... .. 7500 9.00

Al(g):

Enthalpy :Hr —Hage 15 = 4.97T —0.12 X 105T-1 - 1442 (0.1 percent; 298° — 5000°K)
Heat Capacity :C, =4.97 10,12 X 105T-

c. HEAT CAPACITY OF ALUMINUM*

'

Solidfrom 298¢ to 932°K
Liquid from 932° to 2720°K
Gasfrom 2720° t03000°K
T,°K C2 (cal./deg./male)
298 5.8
400 6.12
600 6.72
800 7.3L
1000-2700 7.00
28003000 4.97

*See also C, equations directly above
Decomposition Temperature : —_
Decomposition Products : o
Vapor Pressure:

Press.mm. 1 10 40 100 400 760 M.P. L
Temp. °C 1284 1487 1635 1749 1947 2056 660

10



Aluminum, 2P (page ‘i)

X-Ray Crystallographic Data :
System Space croup a Molecules/Unit Cell
cubic Oof 5.43A 4
Hygroscopicity, cumulative increase in weight after:
Atomized Stantped

Storage over H:O for29days: 55.2% 0.6%

Storage over HySO, for29days : 50.2% 0.0%

Two daysin oven at 105°C : 47.8% -1.4%
solubility Data :In alkali; hydrochloric,

sulphuric acids : soluble

In nitric acid, acetic acid : msoluble

Health Hazard : None. Not usually considered an industrial poison. Aluminum
dust can irritate the eyes. Inhalation of dust may cause chronic pulmonary
disease.

MAC. : 50 million particles/ft.’
(15mg./m.?)

Safety Classifications:

OSM : Class 1. Class 2 when not packed or stored in original shipping con-
tainers or equivalent (typesI and II),
U.N.: Inflammable solid, which in contact with water emits ﬂa!g{nable 2as.

Fire and Explosion Hazard: Dust may ignite when exposed to heat of flame.
May ignite by chemical action with oxidizers. Powder easily ignited or
initiated to explosion by discharges of static ¢lectricity. See Electrostatic
Sensitivity below.

Caution: Keep water away. Evolution of hydrogen gas may result in explo-
sion. When compounded with oxidizing agents, the powdered metal 1s a
dangerous fire and explosion hazard. Special mixtures of dry chemicals
should be used to fight aluminum fires,

See also Ref. 86

Electrostatic Sensitivity : Minimum energy required for ignition of powder by
electric sparks (millijoules)

Dust Cloud Dust Layer
Atomized: 15 2.5
s Stamped: 10 1.5

Ignition Temp. of Al powders, °C:
Dust Cloud  Dust Layer

Atomized : 640 750

Stamped : 550 470
Minimum Explosive Concentration, mg./1. :

Atomized : 40

Stamped : 35

Used in Pyrotechnics : Aluminum is used as a fuel. It produces ah intense white
light on burning, but no distinctive flame coloration.

Additional References:
1) Ref. 64

11

51

12

25
14

15
12,14, 49, 51

26

26

17, 20



AT.UMINUM OXIDE, AlLO,

(Alumina, a-Alumina, Corundum, Alundum)

Percent Oxygen : 47.08

Specification No. : MIL-A-10825

Molecular Weight : 101.96

Crystalline Form: hexagonal

Color : colorless

Density, g./ml. : solid) 3.9
lé%uld 2376-2625°K
632-1.127 X 10°T

Alumina may exist in several forms at low temperature, but they are all
converted to «.8lumina (corundum) by heating above 1600°C. The change
isirreversible.

B-Alumina is an impure form that occurs from sodium or potassium alu-
minate.

. Temp. of Trans-
Form  Crystalline Density Source fg’rlf)naéon to

Structure corundum, °C
a - hexagonal 3.965 stable form
y spinel type - dehydration gf
(hydI'OUS) Aln&; > 1200
5/ cubic 3.619 electrolytic oxi-
dation of Al 7501000
8 hexagonal 240 dehydration of
AICI; * GH;O 950
¢ cubic —_ electron diffraction —
£ octahedron 3.6 from lithium melts > 1600
Cocfficientof Thermal Expansion, linear for alundum,
25°-900°C: 8.7x 108
Heat of Formation, Kecal,/mole : (corundum)a(c)399.09
y(c)~384,84
See Table a

Free Energy of Formation, Keal./mole at 298°K : (corundum)-376.77
See Table a

12
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Aluminum Oxide, AL, (page 2)

Heat and Free Energy of Formation:

a. HEAT AND FREE ENERGY OF FORMATION OF
ALO, (CORUNDUM)

T.°K . A H (cal./mole) A Fv (cal./mole)
28.16 . ... -399,600 (= 900) -377,300 (= 900)
400 . ..., -399,700 369,600
500 ..... -399,600 -362,100
600 ..... . -399,500 ~-354,600
700 ..... 399,200 -347,100
800 ..... -399,100 -339,700
%00 .. ... -398,900 332,300
9317 . ... 398,800 -329,900
RBL.7 .... -403,%900 -329,900

1000 ... .. -403,700 324,600
1100 . . ... -403,400 -316,700
1200 .. ... -403,000 308,800
1300 ... .. -402,600 -300,900
1400. . . ... -402,300 -293,100
1500 .. ... -401,900 -286,400
1600 .. ... -401,500 277,600
1700 .. ... -401,200 -269,900
1800 . . . .. 400,800 —262,200
1800 ... .. -400,400 -254,500
2000 . .... -400,100 -246,800

Phase Changes of Metal
M. P, 931.7°K ;a H == 2570 cal./g.-atom
Free Energy Equations:

Reaction Range of Validity,°K
1) 241(c) +3/20,(g) =ALO; (corundum) 298.16 t0 931.7
A Fg =-404,480-15.68T log T +2.18 (10-3T2) +3.935 (10T 1) +123.64T
2) 2A1(1) +3/20,(g) =ALO; (corundum) 931.7t0 2000
AF$ =-407950-6.19T log T - 0.78 (10-3T2) +30935 (105T') +102.37T
Entropy at 298°K, cal./deg./mole (corundum) : 12.186
See Table b
Melting Point : 2313°K (2040°C)
Heat of Fusion, Keal./mole : 26.0
Boiling Point : 2523°K (2250°C)
corundum (a«-alumina) 3773°K (3500°C)

Heat of Vaporization : o

13
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Alunnum Oxide, ALO, (page 3)

Tra,. . rion Taint:

Jeat of Transition:
Hegt of Sublimation .

Heat Content or Enthalpy:

I, °K Hy — Ho 15 St —Suen1s T,°K Hr —Hunaas Se—Seon.15
400 ... L. 2150 6.17 1300 .. ... 27,730 38.87
500 .. ... 1580 11.59 1400 ... .. 30,800 41.11
600 ... .. 7200 16.36 1500 . .... 33,890 4327
700 ... .. 2960 20.61 1600 ... .. 36,990 4527
WO ... L. 12,810 2442 1700 .. ... 40,100 47.16
900 i%,720 27.84 1800 . . ... 43,220 48.94
1000 18,670 30.95 1900 .. ... 46,350 50.63
1160 21,660 33.80 2000 .. ... 49,490 52.24
1204 24,680 36.43
Al,O3(c):
Enthaipy : He = Hags 15 =27.49T F1.41 x 103T2 +838 % 105T-1 - 11,132
(0.5percent; 298 —1800°K)
Heat Capacity : G, ==27.49 +2.82 % 10*T -838 % 10T 2
Heat Capacity, cal./deg./mole : (solid) 18.88 4,9
See Table b for equation
Decomposition Temperature : 3800°K = 200 8
Decomposition Products: 2410 (gas) 10 63
For DTA see Addnl. Ref. 4
Vapor Pressure :
Press.mm, 1 10 40 100 400 760 M.P.
Temp. °C 2148 2385 2549 2665 2874 2977 2040
X-Ray Crystallographic Data (a-corundum) :
System Space Group a c Molecules/Unit Cell | 1
hexagonal D 5.56A 22.55A 2
Hygroscopicity : Powdered Al,Q; readily absorbs moisture from the air. 29
Solubility Data :
In water at 29¢C: 0.000098 £./100 g. 1

insoluble
very slightly soluble

In hot water:
In acids and alkalies:

14




Aluminum xide, Al:(), ; paze 1)

Hez!th #1azard: High coneentratiors of dust may be irritating to the respira-
tory tract and cause Shaver's discase,
M.A.C. :50 million pi.rticles/ft.?

Safety Classifications :

Fire and Explosion Hazard: _—

Electrostatic Sensitivity: e

Use in Pyrotechnics: A small amount of alumina added to powdered red phos-
phorus maintains it in a free flowing condition and free from lumps.

Aluminum oxide is formed when aluminum or any of its compounds are
burned in air. or in a sufficient amount of oxidizer or oxygen.

Additional References:

1) A. D. Mah, J. Phys. Chem. 62, 572 (1967) (gives the value for Heat of
Formation as —400.48 + .25 Kcal./mole)

2) “The Gascous Species of the Al-Al;Os System,” L. Brewer and A
Searcy, J. Am. Chem. Soc, 73,5308 (1951) . (disassociation pressures)

3) Ref. 64

4) “Differential Thermal Analysis of Organic Compounds,” A. T. Perkins
and H. L. Mitchell, Trans. Kansas Acad. Sci. 60,437 (1957)

5) “The Density of Liquid Aluminum Oxide,” A. D. Kirshenbaum and J. A.
Cahill, J. Inorg. Nucl, Chem. 14, 283 (1960)

16
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ILFAMINOANTHRAQUINONE, C, H,NO,
(1-Amino-9,10-Dihydro-9,10-Dioxoanthracene :
Fast Red Al; a-Anthraquinonylamine, C.1. 37275, 4z0ic Component 36)

0 NH;
o

Structural Formula :

< pecification No. : MIL-D-3698
Molecular Weight : 223.23
Crystalline Form : needles
Color: red

Density : e

Ceefficient of Thermal Expansion :
tieat of Formation:

Free Energy of Formation:
Entropy :

Meiting Point :

Heat of Fusion:
Boiling Point :
Heat of Vaporization, Keal./mole at 298°K
and 1 atm.:
Transition Point:
Heat of Sublimation :
Heat Content or Enthalpy:
Heat Capacity :
Decomposition Temperature :
For DTA and TGA see Ref. 81
Decomposition Products :
Vapor Pressure :
X-Ray Crystallographic Data :
For absorption spectra see Ref. 66
Hygroscopicity :
Solubility Data :
In water, g./100 g. at 25°C :
at80°C:
In ether, chloroform, benzene :
In glacial aceticacid, 13. at11.5°C :

16

525°K (252°C)

LETETET

0.00004
0.0009

soluble
dissolves 3.3 g

Refs.

L, 84, 48A

88V14

1
84

1,88V14

Addnl. Ref. 1

Addnl. Ref. 2
1,28,88V14
and V17




1-Aminoanthraquinone, C,;HNO: (page 2)

In 92-96 % H,SO, :
Inoleum, 2090 SO; :

In concentrated HC] :
Health Hazard :

Safety Classifications:
. OSM:

1CC:

Fire and Explosion Hazard:

Electrostatic Sensitivity :

dissolves with
yellow color

dissolveswith
red-color

dissolves

not listed
not listed

Use in Pyrotechnics: To color smoke mixtures red. Usad in orange smoke

mixtures.

Additional References :

1) “A Radioactive lonization Gauge and its Application to the Measure-
ment of Latent Heat of Vaporization,” J. H. Beynon and G. R. Nichol-

son, J. Sci. Instr, 53,376 (1956)

2) J. Soc. Dyers Colourists 70, 68-77 (1954)
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AMMONIUM NITRATE, NH,NO,

Percent Oxygen:
Specification No. :

60

JAN-A-175
. The specification covers grade I and grade 11, which differ slightly in pur-

ity. Grade I has three classes differing in granulation.

Molecular Weight : 80.05
Crystalline Form: Five forms as follows:
Designation System Range °C
I (¢) regular (cubic) (isometric) 125.2t0 169.6
IT (8) rhombohedral ortetragonal 84.2 t0 1252
HI (y) orthorhombic 321to 84.2
IV (8) orthorhombic -16 to 32.1
V (a) tetragonal -18t0-16
Color: colorless

Density, g./ml. :

Coefficient of Thermal Expansion:

(solid) 1.725at25°C
1.594 at 130+ 5°C
5 1.666 at 93+ 5°C
y 1.661at40= 1°C
g 1.725at +25°C
a 1.710at-26+ 5°C

Coeff. x 10¢ 677 852 920 982 1069 1113
Temp. °C -60 20 0 20 60 100
Heat of Formation, Kcal.,/mole at 298°K: (c) 87.27
-87.93
Free Energy of Formation, Kcal./mole at 298°K : (c) -43.82
Entropy, cal./deg./mole at 25°C ; *%.0

See Table a
Melting Point :
Heat of Fusion, Kcal

Boiling Point :

Heat of Sublimation :

Jmole :

18

442.8°K (169.7°C)

13
1.53

decomposes at 483°K
(210°C)

Refs.

1,43

44

9
14

Addnl. Ref. 11
Addnl. Ref. 11

9
9
Addnl. Ref. 9

1



Ammonium Nitrate, NHNO, (page 2)

a. HEAT CONTENT AND ENTROPY OF NH,NO;(e, 1) 4
(Base, «~crystals at 298.15°K)
T,°K Hr - Hogarn St - Saea.1s T,°K Hy —Hazge.15 St —Sees.1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
3053 («) . .. 240 0.80 3B.4(8) ... 4830 13.656
05.3(8). .. 620 2.04 400.. .. .. 4900 13.83
325 .. . ... 1180 3.8 425 . ... .. 6040 16.60
30 ...... 1890 5.92 428 8). .. 6860 18.48
357.4(8) . . . 2100 6.5 a8 (1) ... 8160 21.42
B7.4(y) ... 2420 7.41 450 . ... .. 8440 2.06
37 .. .. .. 3020 9.06 500 . ..... : 10,360 26.09
38..4(y) . .. 3820 11.12 550 . ..... 12,290 2.717
NH,NO,(«) :
Enthalpy :Hr — Hzee.1s =33.601'- 10,018 (0.1percent; 298° —305.3°K)
Heat Capacity : C, =33.60 ;A Haos.3 (transition) == 380
NH4N03(B) :
Enthalpy :Hr —Hape.16 = 28.40 — 8051 (0.1pcrcent ;305.3° —857.4°K)
Heat Capacity :C, == 28.40 ; A Hysr.4 (transition) = 320
NH,NOs(y) :
Enthalpy : Hr —Haes 15 =34.10T —9767 (0.1 percent ;357.4° —398.4°K)
Heat Capacity : C, = 34.10 ;A Hzgg 4 (transition) = 1010
NH*NO;(S) .
Enthalpy : Hr — Hpgs 15 = 45.601'— 13,337(0.1 percent ;398.4° —442.8°K)
Heat Capacity :C, =45.60
NH,NQ;(1) :
Enthalpy : Hy —Hges 15 == 38.501'—8887 (0.1pcrcent ;442.8° —550°K)
Heat Capacity : C, == 38.50
Decomposition Temperature, °C : 210 1,13
Decomposition Products: These vary with the conditions of decomposition or| 43
explosion. Many different equations for the decomposition.reactions are
given in the literature. Practically all involve oxides of nitrogen.
For DTA see Refs. 33, 47,and Addnl. Ref. 10
Dissociation Pressure :
Press. mm. Hg. 325 746 11.% 158 2.0 4.0 M.P. Addnl. Ref. 11

Temp. °C 188 205 216 223 237 249 1e8.6

See also Addnl. Ref. 3
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Ammonium Nitraie, NILNO; (page 3)
b. X-RAY CRYSTALLOGRAPHIC DATA

Designation System Space a b ¢ Molecules/
Group Unit Cell
&orl cubic 440 1
§ or 11 tetragonal 5.5 500 2
y or III orthorhombic Vie 7.06 7.66 5.80 4
B or IV orthorhombic \25 575 545 4.96 2
xorV rhombic Vis 4928 5434 5.7 2
R.H.% 31 43 52 65
24hrs. Equil. | 24hrs. Equil. | 24hrs. Equil. | 24 hrs. Equil.
Gain mg./g.| 0.3 0.5 0.3 05 0.7 1.0 131.6
Water | Alcohol Nitric Acid Pyridine Acetic Acid
°C g | °C % | °C %  %HNO; | °C % °C . %
0 118 0 45.1 30.0 25 Approx.| 16,6 0.0
20 192 | 20 2.5 15 73.0 2.7 20-25 27.0 0.39
40 297 | 40 5 30 106 20.8 80.9 5.8
60 421 | 60 75| 78 201 31.6 101.0 20.7
80 580 78 10.5 120.0 125
100 871
Solubility, g./100 solvent :
In ethyl alcohol at 20°C : 3.8
In methyl alcohol at 20°C : 17.1
In acetone and NH; : slightly soluble

Health Hazard : Average or large doses may cause nausea and vomiting. Mock
erately toxic on ingestion or inhalation.

Safety Classifications :

OSM : Class 12. "When stored in an area where explosives may be projected
into the nitrates, the regulations for Class 9 are applicable. When stored
in an arca with fire hazards only and separated by inhabited building dis-
tances from areas containing ammunition, ammonium nitrate may be
stored in accordance with the regulations governing the storage of Class
2 solid propellants."

ICC : Oxidizing material ; yellow label.

32

Addnl. Ref. 7
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Ammonium Nitrate, NHNO, (page 4)

Fire and Explosion Hazard : Many disastrous explosions have been attributed

Eleccrostatic Sensitivity

to ammonium mtrate. Although it is relatively insensitive as a high explo-
sive by itself, if aliowed to burn unconfined, its tendency to explode in-
creases witn pressure and the presence of oxidizable materials. Contam-
ination with chlorides, nitrobodies, sulfur, charcoal, metallic nitrates,
rfetal powders, petroleum derivatives and oxidizable carbonaceous mate-
rials sensitizes ammonium nitrate, accelerates its decomposition and in-
creases the violence of the reaction. Zinc or lead contamination lowers the
decomposition temperature to below 100°C. Galvanized metals and lead
sulder shouid, therefore, not be used in the vicinity of ammonium nitrate.
Fires involving ammonium nitrate should be vented to the greatest possible
extent because air acts as a diluent for the hazardous gases, minimizing
the probability of explosion. Fires should be fought with large quantities
of water but never with steam.

See aiso Addnl. Ref. 12

reat vf Combustion, Kcal./mole : Q! =50.3
Heat of Expiosion, cal./g.: 346
gas voiume, cc./g. : 980
Heat arid Stabiiity Tests:
75°C International Heat Teat, % loss
in 48 hours: 0.0
100°C Heat Test:
% loss first 48 hrs.: 0.74
% loss second 48 hrs.: 0.13
explosion in 100 hrs.: . none
Vacuum Stability Tests, gas evolved in 40 hrs,
at100°, 120°, and 150°C: 0.3cc.
Explosion Temperature Test, 5 sec. point, °C : ignites at 465

Rifle Bullet Impact Test (at density of 1.2 g./ml.) : unaffected in 100trials
Sensitivity to Initiation, g. tetryl needed to initiate -  0.25
Trauzl Test, % TNT: 56

Friction Sensitivity :

Impact Sensitivity : Effect of temperature on ground, C.P. Ammonium Nitrate.

unaffected by steel shoe

Temp. °C P.A. Impact Test with _
2 kg. weight, in. (10% point)
25 31
75 28
100 27
150 27
175 12

21
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Ammonium Nitrate, NHNO, (p.age §)

Specific Heat: at°C -150 -100 -50 0 50 100

cal./g./°C 0189 0330 0.364 0.397 0414 0.428

Compatibility with Metals: In the presence of moisture, ammonium nitrate
reacts with copper, iron, steel, brass, lead, and cadmium. See Addnl. Ref. 1

Uses in Pyrotechnics: asan oxidizing agent

Additional References :
1) “Military Explosives,” TM-9-T011A-1-34, Departments of the Army
and the Air Force (1955)

2) “Investigation of Sensitivity of Fertilizer Grade Ammonium Nitrate to
Explosion,” P. Macy et al.,, PATR-1658, Picatinny Arsenal, Dover, N.J.
(1947)

3) “The Dissociation Pressure and Free .Energy of Formation of Am-
monium Nitrate,” A. D. Little, Inc., J. Am. Chem. Soc. 76, (1954)

4) “On the Thermogravimetry o Analytical Precipitates,” C. Duval and
N. Xuong, Anal. Chem. Acta 6,246 (1952)

5) DTA and TCA, Ref. 33
6) Ref. 54V2, general reference
7) “Hygroscopic Properties of Sodium, Potassium and Ammonium Ni-
trates, Potassium Chlorate and Mercury Fulminate,”” G. B. Taylor and
W. C. Gope, Met. and Chem. Eng. 15,141 (1916)
8) L. Médard and M. Thomas, Mém. poudres, 35,155,160 and 172 (1953)
9) “The Cryoscopic Heat of Fusion of Ammonium Nitrate,” A. G. Keenan,
J. Phys. Chem. 60,1356 (1952)
10) “Differential Thermal Analysis of the Thermal Decomposition of Am-
monium Nitrate,” A. G. Keenan, J. Am. Chem. Seec. 77, 1379 (1955)
11) “The Dissociation Pressure and Free Energy of ‘Formation of Am-
monium Nitrate,” G. Feick, J. Am. Chem. Soc. 76,5858 (1954)
12) “Investigations onthe Explosibility of Ammonium Nitrate,” J. J. Burns
et al., Bur. of Mines, RI 4994 (1952)
13) “The Thermal Decomposition of Ammonium Nitrate. Steady State

Reaction Temperatures and Reaction Rate,” G. Feick and RM. Hainer,
J. Am. Chem. Soc. 76, 5860 (1954)
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AMMONIUM PERCHLORATE, NH (10,

Pervent Uxygen : 54.47
Speciication No.: JAN-A-1%
The specification covers two grades which differ in purity and two classes

wanich differ in granaation: grade 1is used in tracers: grade 2 is used in
HC Smoke Mixture..

Motecular Weight : . 117.50

Crystalline Form : rhambic '
Cotor : colorless

Deusity, g./ml. : . (solid) 1.95

Coetficient of Thermal Fxpansion (cubical) : B=(1/v)dV/dt

_T-cmp. °F =25 0 25 50 75 100 125 150 178

B X 10%/°F 1.690 1613 1.538 1.463 1.389 1.316 1.244 1.172 1.101

Heat of Formation, Keal./mole at 298°K : -69.42
Free Hnergy of Formation, cal./g. at 298°K : 665
Keal./mole : -78.14

Entropy : S
Melting Pomnt: decomposes above

' 423°K (150°C)
Heat of Fusion: decomposesbefore fusion
Boiling ruii : decomposes
Truusition Point: rhombic to cubic

513°K (240°C)
Ref.72 cities ato 8 at 234°C and B to y at 360°C.
See aiso Ref. 47
Heat ¢f Subiimation : -
Heat Content or Enthalpy : —_—
Heat Capacity :

Decomposition Temperature and Products : Decomposes at a maintained tem-
perature at 150°C. Decomposition products are NO; and ClO..

Decomposition begins at 130°C, becoming explosive at 380°C. The decomposi-
tion varies with the temperature. Below 300°C, decomposition is mainly
according to the equation :
4NH,Cl0,—2C1, T30, +8H,0 +2N,0

Above 350° the proportion of nitric oxide increases arid becomes appreci-
able. Above 350° the following equation represents decomposition :
10NH,Cl0,~214 Cl, + _IgN,o +214 NoC1 + HCl0, +11% HCI

+ 183, H,0 T13,N. +68/02
The activation energy for decomposition varies with temperature. The
following are several values for activation energy : 29.6 Keal./mole below

240°C and 18.9 Kcal./mole above 240°C. Between 400° and 440°C the value
1s 73.4 Kcal./mole.

For DTA see Ref. 47

Lefs.

1
1
1
1

Addnl. Ref. 4
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Addnl. Refs.
5,6, 7
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Ammonium Perchlorate, NH,ClO, (page 2)

Vapor Pressure :
X-Ray Crystallographic Data :

System Space Group a b ¢ Molecules/ Unit Cell
rhombic Ve 9.202 5.816 7.447 4
9.13 517 747 4
Dy 9.231 5.813 7.453 4

ity groscopicity : Gain, in mg./g, of a purified sample at equilibrium at 70°F,
after cquilibrium had been established in a vacuum desiccator:

_RH% 6 75 8 93
Gainmg./g. 0.5 0.5 0.4 0.8

Critical R.H.: 87.0% at25°C
Solubility: In water, g./100 cc. of saturated solution:

Temp.°C O 25 80 100

Sol. 12 20 39 88
Solubility in Nonaqueous Solvents at 25°C :

Solvent g./100 g. solvent
acetone 2.26
cthylacetate 0.0
cthyl alcohol 1.908
cthyl ether insol.
methyl alcohol 6.85

Health Hazard : Moderate. Irritating to skin and mucous membranes.
Evolves highly toxic fumes when heated to decomposition.
Moderately toxic on ingestion or inhalation.
Weak muscular poison; may cause convulsions. Harmful to thyroid.
Safety Classifications :
OSM : (lass I. Class IT when not packed in original containers or equiv-
alent.
ICC: Oxidizing material ; yellow label. Listed under “Explosives and
Other Dangerous Articles.™
Fire and Explosion Hazard : A powerful oxidizer, explodesviolently when heated
with sulphur, organic matter, or finely divided metals, particularly mag-
nesium and aluminum. Exploded by shock. Firmes involving ammonium
perchlorate alone may be fought with water.
Electrostatic Sensitivity :
Specific Volume :V, =a +bt + 12
where a==0.5074¢m.}/g.
b=0.819% 10¢cm./g./°F
¢==0.704x 107 cm.3/g./ (°F)?
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Addnl. Ref. 8
AV
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Ammonium Perchlorate, NH,Cit); (page 3)

Fxplosive Data :

Sensitivity: Requires the equivalent of 10 mg. of mercury fulminate or
an XC-32. Very inscnsitive as an explosive but more aeneitive than Na, K,
and Mg perchlorates, Drop test—min, : 88 in. for an 11-lb. wt. Insensitive
to severe friction. Heating small quantities does not result in an explosion.
The temperature developed on explosion is 1308°C and the heat liberated,
344.5 cal./g.

Brisance: Trauzl lead block test, expansion in cc.: 140.2, equivalent to
ane.quarter that of 4096 N.C. dynamite.

Velocity of Detonation, in 60 inm. diameter iron tube and detonated with
five No. 8 caps* 3800 m./sec.

100°C Heal Test Vacuum Stability Test
loss first 48 hrs./¢ 0.02  cc. of gas evolved from 5g. in 40 hrs. at
loss second 48 hrs.”/ 0.00 100°C 0.13
explosion in 100 hra. none 120°C 0.20
150°C 0.32
200.Gram Bomb Wand Test, . sand crushed: 6.0
Sceusitivity tc Initiation : requires 0.25 grams of
tetryl
Explosion Temp. in 5 sec., °C: 435
Temperature of Explosion, °C: (est.) 1084
Impact Sensitivity, 2-kg. weight:
Burean of Mines app,. an. (10% point) : 67
Picatinny Arsenal app., in. (10% point) : 24
Sample weight, mg. : 24

Sensitivity to Friction : Bureau of Mines app., steel shoe; 100 triale—no explo-
sion or ignition, one snap.
Use in Pyrotechnics : as an oxidizing agent

Additional References:

1) "“The Use of Differential Thermal Analysis for Investigating the Efads
of High Energg Radiation on Crystalline Ammonium Perchlorate,” E.
Freeman and 1. Anderson, J. Phys. Chem. 63,1344 (1959)

2) "Apparaluz for Observing Physical Changes at Elevated Tempera-
tures,” V. Hogan and S. Gordon, Anal. Chem. $& 573 (1960

3) “The Thermal Decomposition of Ammonium Perchlorate,” L. Bircum-
shaw and B. Newman, Proc. Roy. Soc. A227, 115 (1954) ; also A227,228
(1955)

4) Report Q PR No. 492, Aerojet General Corporation, Sacramento, Calif.
5) L. L. Bircumshaw and T. R. Phillips, J. Chem. Soc. 2957,4741 (1957)

6) “The Crystal Structure of Ammonium Perchlorate-NH,Cl0,,” K. Ven-
Katesan, Proc. Indian Acad. Sci, 464, 134 (1957)
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ANTHRACENE, CH,(CH,),CH,
(Green oil, P-N?phthalene)

Structural Formula:

Specification No.

The specification covers a technical grade in two classes, a and b, which

differ in granulation.

JAN-A-202

Molecular Weight : 1B.2
Zrystalline Form : monoclinic
Color : colorless with violet
fluorescence

Density, g./ml. : (solid) 1.26
Coefficient of Thermal Expansion, eubical,

over the range 20-180°C:

V=V [l +a(ta-t;) + 8 (t2~t1)?]

where a= 213 X 10®and 8= 3.10 X 107
Heat of Formation, Keal./mole at 25°C at constant

pressure : 26.53
Free Energy of Formation : —_—
Entropy, cal./deg./mole at 298.1°K : 49.6
Melting Point : 490°K (217°C)
Heat of Fusion, cal. (16°/g.) at 216.55°C: 3.7
Boiling Point : 627°K (854-5°C)

339.9°C
Heat of Vaporization, Keal./mole : 13.10
Transition Point: | —
Heat of Sublimation: —_—
Heat Content or Enthalpy : —_—
Heat Capacity : —
Speciiic Heat :
Temp. °K 94.4 124.8 193.2 254.4 297.2 20-100 20-210  liquid
cal./g. 0.95 0.117 0.177 0.238 0.Z8 0.312 0.3688 0.509
Decomposition Temperature : -
Decomposition Products : —_—
Vapor Pressure :
Press. mm. 1 10 40 100 400 760 M.P.
Temp. °C  145.0 187.2 217.5 250.0 310.2 342 217.6
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Anthracene, CoH,(CH;);CoH, (page 2)

X-Ray Crystallographic Data :

Molecules/
System - Space Group a b ¢ Axial Angle Unit Cell
monoclinic Chw 8.8 6.2 11.18 B ==12b° 2
8,561 6.036 11163  8==124°42’ 2
Hygroscopicity : very slight
Solubility Data, g./100 ml. Inwater: msoluble
In alcohol at 160°C: 0.076
at 78°C: 0.83
In ether: 1.1
In CHCl;: 1.767
In CS;: 1.500
In benzene at 80°C: 75

Health Hazard: Purified white material is considered non-toxic. However, the
impure technical product may be carcinogenic because of impurities pres-
ent. Avoid repeated contact or inhalation of dusts or vapors. As a chronic
local irritantitis considered severely toxic.

Fire and Explosion Hazard: Burns when heated in air. Vapors may explode
when ignited in air. Gives of acrid fumes. Reacts with oxidizing;materials.
To fight fire, use water, foam,COs, dry chemicals, or CCl,.

Safety Classifications:

OSM : not listed

ICC : not listed

Electrostatic Sensitivity : Anthracene dust clouds can be ignited and exploded
by an electric spark.

Anthracene darkens on exposure to light.

Heat of Combustion, Kcal./mole at 20°C : 1700.4
Flash Point, °F (dosed cup) : 250
(open €up) : 385
Autoignition Temperature, °F : 881
Ref. 71 gives 472°C in air
Explosive Limits in Air, % by vol,, lower: 0.63
Use in Pyrotechnics: as afuel

Additional References:
1) J:Am.Chem. Soc. 68,2527 (1846)
2) J. Am. Chem.Soc. 7'4,1451 (1952)
3) A, Van Dussen, Ree. trav. chim. 54,873 (1935)

4) W, Klem etal., Zeit. anorg. Chem. 176,10 (1928)
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ANTIMONY SULFIDE (tri), Sb.S,

(Antimony Trisulfide, Antimony Black, Rlack Antimony,
Stibnite, Antimonite, Needle Antimony, Sulfur Gold,
Sulfuret of Antimony, Antimony Glance)

Specification No. : MILA-159

Molecular Weight : 339.72

Crystalline Form : rhombic

Color: black orred
For color changes see Ref. 54V9

Density, g./ml. : (solid) 4.64

Coefficient of Thermal Expansion : i

Heat of Formation, Kcal./mole at 25°C: (c) black, —43.6

(amor.) orange,-36.0
Free Energy of Formation, Keal./mole at 300°K

(27°C) : -66.0
Entropy, cal./deg./mole at 298.16°K : (c; 39.6
(c)30.3+40
Meiting Point : 823°K (560°C)
_ Sintersinairat440°C, meltsat 510°C
Heat of Fusion, 15° cal./g. at 540°C: 176
Boiiing Point : Volatizes above its meltingtemperature and canbe distilled with-
out decomposition

Heat of Vaporization : -
Transition Point: See Ref. 54V9

Heat of Transition, Kcal./mole : violet toblack, 4.3
orange-red toblack, 56

Heat of Sublimation, Kcal./mole at M.P. : 51.2

Sublimation Temperature, °C : 380

Heat Content or Enthalpy: _—

Heat Capacity, cal./deg./mole at 298-821°K : C,=2421t132T

Decomposition Temperature: When heated in air, above 176°C, it is slowly con-
verted to the oxide.

Decomposition Products: loses S ;takes up O
. Vapor Pressure:

Press. mm. about0.033  1.17 1345 244
Temp.*C 400 500 630 850
X-Ray Crystallographic Data :
System Space Group a b ¢ Molecules/Unit Cell

rhombic Vis 11.39 1148 3.89 4
orthorhombic Vi 1123 1131 3.84 4

Refs.

40V2
24

54V9

20V3
54V9

54V9

24, 40V2

54V9

45

44V18B

97V5



Antimony Smlfide (tai) , SboSs (page 2)
Solubility Data :

In water at 18°C: 0.175 % 10 * g./ml.
In hot water: decomposes

In alk.,, NHHS, K,S, HCl: soluble

1n acetic acid: insoluble

Health Hazard : Irritates the skin and mucous membranes. May cause gastroin-
testinal upsets. A poison with symptoms similar to arsenic. A cardiac and

nervous depressant, Antimony poisoning is detectable in the blood and by
liver functioning.

MAC. : . 05
Safety Classification :
OSM: [Inert and presents no particular Are or toxic hazard as used in
Ordnance establishments.
See also Addnl. Refs. 1 and 2

Fire and Explosion Hazard: Dangerous; when heated to decomposition or on
contact with acid or acid fumes, it emits highly toxic fumes of oxides of S
and Sb. it reacts with steam or water and produces toxic and inflammable

vapors. Reacts vigorously with oxidizing materials such as chorates or
perchiorates.
Electrostatic Sensitivity :

Use in Pyrotechnics: Antimony sulfide is used as a fuel. It imparts a pale green
color to burning compositions.

Additional References :
1) C.A.;2,1711 (1948)
2) C.A.65,9748 (1951)

12,21

14,17V7
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ASPHAT.TUM

(Gilsonite, Asphalt, Asphaltite, Earth Pitch,
Uintate or Uintahite, Mineral Rubber)

Specification No. : JAN-A-356
ioht - variable mined material,

Molecular Weight : Abous 4250

Crystalline Form: amorphous

Color: brown to black, leaves
‘brown streak

Fity, go/ml, (solid) 1.05-1.10

¢ wefficient of Thermal Expansion, cubical : 5-7 X 10

vs_at of Formation : —

Free Energy of Formation: B

Entropy :

Softening Point, specification min. : 398°K (125°C)

Heat of Fusion :

Boiling Point: < 748°K (470°C)

Transition Point :
Heat of Sublimation:

Heat Content or Enthaipy : I
Heat Capacity

——

Decomposition Temperature and'Products : May be distilled to6 about 560°F

Above this temperature an exothermic reaction takes place with the rapir'l

evolution of gaseous products. Between 475° and €50°F an oily distillat:
15 obtained.

Vapor Pressure :

X-Ray Crystallographic Data:

Hygroscopicity :

nonhygroscopic

Solubiiity Data : Insoluble in water, alcohol, acids, and alkalies. Soluble if
petroleum, ether, and acetone. The specification requires the following
CC1,—99% min., petroleum ether—30% mie. ,and CS;—99% min.

Heaith Hazard : Fumesor dust may irritate the eyes and respiratory tract.
Moderately toxic, acute or chronic irritant.

Safety Classifications :

OSM: not listed
icC: not listed
Fire and Explosion Hazard: slight
Flash Point (closed cup) °F: 400
(open cup) or: 535
Autoignition Temperature : 305

Te fight fire use form. €O, dry chemical or CCl,

30

Refs.

17v2
\ddnl Ref. 1

Addnl. Ref. 1

Addnl Ref. 1

12

Addnl. Ref. 1

29

29, 93
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Asphaltum (page 2)

Electrostatic Sensitivity :

Asphaltum is formed from petroleum as the result of heat and pressure
working over geologic time. The type of asphalt called for in the specification
is known as gilsonite or uintate and is found mainly in Utsh and Colorado.
Chemically, gilsonite consists mainly of ssturated hydrocarbons substantially
free from oxygenated bodies with little or no crystallizable paraffins. Gilsonite
is marketed in two grades known as “selects” or “firsts” and “seconds.” The
“firsts” are from the center of the vein and have a lustrous conchoidal fracture.
The “seconds” are fram near the walls of the vein and show a semiconchoidal
and semilustrous fracture. They are differentiated on the basis of softening
point and behavior in petroleum solvents, Although gilsonite is a mined product
it shows fairly uniform characteristics as follows:

Fracture : conchoidal
Luster: bright to fairly bright
Hardness on Moh’s scale: 2
Fusing point, Kramer and Sarnow
Method, °F: 250-350

Ball and Ring Method, °F : 270-400

Voiatile in 5 hrs, at 325°F, %: not less than 2
400°F, % : not lessthan 4
B00° ¥, % : nictless than §

Fixed Carbon, % 1920
Solubility in CS8,, % : greater than 98
Non-ieineral snatier, insoluble % : 0-1
Minerai matter, % : traceto
Carbenes, % 0-0.5
Soluble in 88° petroleum naphtha, % : 10-60
Hydrogen, % : 8.5-10
Sulfur, %: 0.30.5
Solid paraffines, % : O-trace
Sulfonation residue, % : 85-95
Saponifiable matter, % : trace

Minimum Encrgy Required for Ignition of Dust
Cloud by Electric Sparks, millijoules : 25
Ignition I'emperature of Dust Claud, °C: 560

Minimum Explosive Concentrationof Duet : 20mg./1. 20
, Use in Pyrotachnics: Asphaltum is used as a fucl and binder. Itmay act asa
desensitizor and wuterproofing agent.
Additicnd Boferences :

1) “Asphalts and Allicd Substances,” H. Abraham, D. Van Nostrand Co,
tne.,, Noew York (1960) .

2} ““The Science of Petroleum.” Vol. 4, A. E. Dunstan et al., eds., Oxford
'Yniversity Press, New York (1938)
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AURAMINE HYDROCHLORIDE

(4,4'-Dimethyliminobenzeneimide Hydrochloride,
4,4’-bis (Dimethylamine ) Benzhydrylideneimine Hydrochloride,
Imido-tetramethyldiamidodiphylmethane Hydrochloride,
Auramine O, C.I. 41000, C.L Basic Yellow 2)

Structural Formula : [ (CH,) sNC¢H 12 C:NH;Cl or C1:H22NsCl or

(H,C),NQ%@N(CH.),M (H,C),N @-‘c{:(:) =N(CHy)s

NH-HCIi NH, Cl
Specification No.: MIL-A-3664 (1962)
Molecular Weight : 303.84
Crystalline Form : flakes
Color: yellow
Apparent Density, g./ml. : 035 =01
Coefficient of Thermal Expansion : —=
Heat of Formation : i
Free Energy of Formation: —
Entropy :
Meiting Point : 540°K (267°C)

538°K (265°C)
Heat of Fusion :
Boiling Point :
Transition Point:
Heat of Sublimation :
Heat Content or Enthalpy :

Heat Capacity :
Decomposition Temperature :

[T

Decomposition Products: The aqueous solution decomposes at about 70°C to
NH,CI and tetramethyldisminobenzophenone (Michler's Ketone) .
The samereaction takesplace in cold dilute acid.
Increase in temperature and acidity increases the rate of hydrolysis.

Vapor Pressure : _
X-Ray Crystallographic Ded=a :

Hygroscopicity :

Solubility :
In water and alcohol: slightly soluble
In chloroform : readily soluble
In ether or pyridine;: ) almost insoluble

Hydrolized by hot water (see Decomposition Products)
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Refs.

83 (No.425),
82, 48A

88V14

88V14
Addnl. Ref. 1

52

Addnl. Ref. 2
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Auramine Hydrochloride (page 2)

Wealth Hazard : Carcinogenic an chronic exposure, moderately toxic. The spec.
requires that each container be labeled. “CAUTION : AVOID SKIN CON-
TACT. USE WITH ADEQUATE VENTIIATION. "

Safety Classifications :

OSM : notlisted

ICC: notlisted
Fire and Explosion Hazard:

Electrostatie Sensitivity :

r——

Use in Pyrotechnics: To produce yellow colored smoke.

Additional References :
1) J. Chem, Soc. 461 (1940) (also gives absorption spectra)
2) J. Am. Chem. Soc. 46, 2348 (1924) ; C.A. 18,3872 (1924)

92, 93



BARIUM CARBONATE, BaCO, Refs,
(Witherite)
Specification No. : ; JAN-B-624
Molecular Weight : ' 197.37°
Crystalline Form : (witherite, y) thombic 1
(a) hexagonal
Colur : white 1
o usity, g/ml. : (solid) 4.43 1A
(witherite) 4.29 31A
Coefficient of Thermal Expansion, cubical: - 233X B 31
(value used commercially)
Heat of Formation, Keal./mole at 298°K: (c)=291.3 1,9
Free Energy of Formation, Keal./mole, at 298°K :  (¢)-2722 1,9
Entropy, cal./deg./mole, at 298°K : (c) 26.8 379
See table below
Melting Point, at 80 atm.: 2018°K (1740°C) 1
. fuses a1 1361°C with loss 52v1
of CO,
Heat of Fusion: —
Boiling Point: decomposes at 1723°K 22
(1450°C) with loss of
CO,
Heat of Vaporization:
Transition Point: « 1079°K (806°C) g8 4
B 1241°K (968°CL’ Y
Best of Transition, cal./mole : 4490 g 730 v 4
o —_—  —
Heat of Sublimation :
HEAT CONTENT AND ENTROPY OF BaCO,(¢) 4
(Base, a—crystals at 298.15°K)
T,°K Hr —Hges 15 St~ Sz T, °K Hr —Hazus 15 Sr—Sses.1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ..... 2300 6.61 1100 . . ... 27,060 39.17
500 ..... 4730 12.03 1200 ... .. 30,760 42.39
600 ... .. 7330 16.76 1241 (B) 32,270 43.62
700 . .... 10,080 21.00 1241 (y) 33,000 4421
800 ..... 12,980 2487 1300 ..... 35,240 4598
900 . .... 16,020 28.45 1400 ..... 39,040 48.79
1000 ... .. 19,190 31.79 1500 ..... 42,840 51.41
1079 (ay .. . 21,790 34.29 1600 .. ... 46,640 53.86
1079 (B) ... 26,280 38.45




Barium Carbonate, BaC0); (page 2)

BaCOy (a):
Enthalpy: Hy - Hags 15 =21.50T 4 5,53 X 10°T? +3.91 x 10°T ' - 8213
(0.5percent; 2980 ~1079°K)

Heat Capacity : C,=21.50 4+ 11.06 X 10*T =3.91 X 10°T 2

BaCO4(8) :
Enthalpy :Hr =Hyes,1s =37.00T - 13,644 (0.1percent; 1079° -=1241°K)
Heat Capacity : C, == 37.00

BaCOs(y) :
Enthalpy :Hr - Hags.1s =38.00T = 14,160(0.1 percent ;1241 —1600°K)
Heat Capacity :C, = 38.00

Decomposition Products:

For pyrolysis seeRef. 45 and Addnl. Ref. 1
Decomposition Products: Ba0 tco, .
Dissociation Pressure :

Press, mm, O 5 45 120 240 340 450 675 760

Temp. °C 997 1017 1057 1097 1137 1157 1177 1197 1200

For Dissociation Pressure see also Addnl. Ref. 3

Calculated Dissociation Pressures to BaO F G0, above 1079°K are given by
log Py, = 13,075+ 7.668
T

Vapor Pressure of CO, at 1100°C: 20 mm.
At 1600°C the loss of CO; is complete
See also Addnl. Ref. 2

X-Ray Crystallographic Data :

System Space Group a b c Molecules/Unit Cell
rhombic Vi 529 8.8 641 4
Hygroscopicity :
Solubility Data: In 100 ml. water: a=0.002g. at20°C

0.006¢, at 100°C
8 =0.0022g at18°C
0.0065¢. at 100°C

In acids, NH,Cl: soluble
In alcohol: msoluble

Health Hazard : Poisonous. Irritates mucous membranes. It produces dermatitis
and causes hemorrhages in the gastrointestinal tract and kidneys.
M.A.C., mg./m3: 0.5

86
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Barium Carbonate, BaCOy (page 3)

Safety Classifications :

OSM: ; . not listed
ICC : not listed
Fire and Explosion Hazard: none listed

Electrostatic Sensitivity :

Use in Pyrotechnics : BaCO, is used as a retardant. It imparts some green color
toaburning composition.

Additional References :

1) “Differential Thermal Analysis Studies of Ceramic Materials : Char-
acteristic Heat Effects of Some Carbonates,” M. Gruver, J. Am. Ceram.
Soc. 83,96 (1950)

2) G. Tammann and W.Pape, Zeit. anorg. Chem. 127, 50 (1923)

3) “Experimental Heat Contents of SrO, BaO, Ca0, BaCO, and SrCO, at
High Temperatures. Dissociation Pressures of BaCO; and SrCO,,”" J. J.
Lander, J. Am. Chém. Soc. 73, 5794 (1951)
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BARIUM CHLORATE, Ba(Cl0,),

Percent Oxygen : 31.55
Specification No. : not listed
. Molecular Weight: 304.27
Crystalline Form :
Color : colorless
Density, g./ml, : (solid) 3.856 at 24°C
Coefficient of Thermal Expansion : —_
Heat of Formation, Kcal./mole at 298°K: (c)-181.7
Free Energy of Formation, Kcal./mole at 298°K: (¢)-133.1
Entropy, cal./deg./mole at 298°K : 53.7
Melting Point;

Heat of Fusion:

Boiling Point :

Transition Point:

Heat of Sublimation :

Heat Content or Enthalpy:

Heat Capacity of Ba (C10,)2* H;0, cal,/deg./mole :
C, == 50.6 (289-320°K)

Decomposition Temperature : Decomposition starts at about 300°C.
For DTA see Ref. 33

Decomposition Products: Ba (Cl04)z + 20,
Vapor Pressure;

»
=9
| S

s

X-Kay Crystdographic Data for Ba (Cl0;)2*H;0 :

Molecules/
System  SpaceGroup a b ¢  Azxial Angle -UnitCell
monoclinic Ct 88 7.80 9.3 g=94°+1%° . 4
See also Addnl. Ref. 1
Hygroscopicity : —
Solubility Data : .
B water (g./100 g. solvent) : 20.35 at0°C

84.8at 80°C

Health Hazard : Poisonous when taken by mouth, Very toxic in contact with the
skin, when inhaled as a dust, or when ingested.
M.A.C.,mg./m.? 05

Safety Classifications

OSM : Class 1,in original container or equivalent. Class 2, not in origina
container or cquivalent,

ICC: Oxidizing material, yellow label. Listed under Explosives anc
Other Dangerous Articles.

M.C.A. : Warning label required.
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Barium Chlorate, Ba(Cl0y); (page 2)

Fire and Explosion Hazard: Considered more dangerousto store than KCIO,.
Should be stored away from flammable materials because of possible fire
and explosion.

Electrostatic Sensitivity : J—
Ignition Temperature, °C : (5 second point) 506
Activation Energy, Keal./mole : 457

Use.in Pyrotechnics:
To impart a green color to burning compositions, and as an oxidizing agent.

Additional References :
1) “Determination of the Structure of Metallic Chlorates by Infrared

Spectroscopy,” T. Dupuis, Compt. rend. 242, 2922 (1956). C. A. 50,

15,236 (1956)
2) “Unit Cell and Space Croup of Barium Chlorate Monohydrate,” G.
Kartha, Current Science (India) £0, 151 (1951). C. A. 46,4312 (1952)

38
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BARIUM CHLORIDE, BaCl,
Specification No. : not listed
Molecular Weigrht: 208.27
. Crystailine Form : monoclinic
Color : colorless
Density, g./ml. : (solid) 3.856 at24°C
Density of Molten BaCl;
Temp. °C 964 975 1025 1050 1085 1100
Density 3.057 3.052 3.015 3.108 3.087 3.076

For the temp. range 964°-1100°C the density is given by the formula

Dt = 3.02~0.00070 (t-1000)

Note: See refs. for additional density formulas

Cocfficient of Thermal Expansion, cubic,
20-170°C :

Heat of Formation, Kcal./mole at 298°K :
Free Energy of Formation, Keal./mole at298°K :
Entropy, cal.zdeg./mole at 298°K :

Meiting Point, °K :

Heat of Fusion, Keal./molz at 12835°K :
Boiling Feing, °C :

Hcat of Vaporization, Kceal./mole:

Transition Foini, monssiinic (a) to cubie g:

Hear of Suntumation, Keal./mole:
Heat Content or Enthalpy:
Heat Cdpau .y, eal./deg./mole:
C,==17.00 4 334 w 10T (estd., 298-1198°I\)

Decoraposition Temperatin2: None up to 1000°C
{max. experimental temp.)

Decomposition Products:
Vapor Pressure (liquid BaCly) :

60 x 10-¢
(e) ~205.66
{c)-193.8
30

1235

54

1560

50.0

57

1198°K
920-9230°C
57

(solid) 18.0 at 25°C

760

Tross, mm.  about 0.7 4.4 6.2 8.5
Temp. °K 12429 1435.2 1465.9 1486.7 1835
X-Ray Crystallographic Data -
Molecules/
System Space Group a b ¢ Unit Cell
BaCl, orthorhombic Vie 9.333 7.822 4.705 1
fé}l{"?u it O vbhombiye n'ﬂg 4.51 9.02 11.28
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1A
1A
1A

44530

44330
1A,6
1A, 9
14,9

9, 24A
14, 31A

24A
41

14,9.6
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44824
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Barium Chloride, BaCl; (page 2)
i i

Hygroscopicity : slight 44530
Solubility Data : _

In H,;0,g./100 ml. : 31 at0°C 31A

59 at100°C

In HCI, HNO,: slidhtly soluble

In alcohol: insoluble
Health Hazard:

Extremely toxic. Fatal dose 0.8 to 0.9 g. 29
Safety Classifications:

OSM : not listed

ICC: not listed
Fire and Explosion Hazard: none listed
Electrostatic Sensitivity: —— ,
Use in Pyrotechnics: BaCl, results framthe burning of some barium compounds

in the presence of chlorine compounds.
Additional References :

1) C.A. 44, 897 (1950)



BARIUM CHROMATE, BaCrO,

(Lemon Chrome, Ultramarine Yellow, Baryta Yellow Gelbin)

Percent Oxygen : 25.26
Specification No.: MIL-B-550

The specification covers two grades; grade A is for use in delay and non-
gaseous powder, grade B for use in pyrotechnic mixtures.

Molecular Weight : 253.37
Crystalline Form: rhombic
Color : yellow
Density, g./ml. : 4.4%8

Cocfficient of Thermal Expansion (calculated from lattice constants), linear :

Temp. Range °C  10-70 70-130 130-190  190-250 10-250

Coeft. X 105 1.75 1.73 1.57 1.65 167
Heat of Formation, Kcal.,/mole at 298°K : (¢)-341.3
Free Energy of Formation, Kcal./mole at 298°K: -315.96
Entropy, cal./deg./mole at 298°K : 347
Melting Point : decomposes (seebelow)
Heat of Fusion: decomposes (see below)
Boiling Point : decomposes (see below)

Transition Point : —
Heat of Sublimation : —_—

Heat Content or Enthalpy : —_—

Heat Capacity : —

Decomposition Temperature and Products : When heated, starts to lose weight
at about 60°C. On further heating very slowly loses weight even up to

1015°C, at which point it is 2 mixture of the yellow chromate and green
chromite. Even at this temperature the loss 1s Iess than 1%.

Vapor Pressurc: —_
X-Ray Crystallographic Data : -

Hygroscopicity : Gain in weight () at 70°F of specification grade A material

Exposure Relative Humidity, %
hrs. 52 75.8 90
24 0.06 0.05 0.25
48 0.06 0.06 0.27
72 0.06 0.06 0.27
144 0.06 0.09 0.28
168 0.06 0.09 0.28
Solubility Data : In water, 2./100g. : 0.000341¢° and 0.0004428°
In ‘mineral acids: soluble

41
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1
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1
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Barium Chromate, BaCrO, (page 2)

Heaith Hazard : Poisonous. Has a corrosive action on the skin and mucous mem-
branes. Produces dermatitis.

The specification requires that all containers be marked with the following

precautionary marking : “AVOID INHALATION OF DUST. AVOID
PROLONGED OR REPEATED CONTACT WITH SKIN.”

& MA.C. (asCr0,) foran8-hr.day: 0.1mg./m.?
Safety Classification :
OSM : class2
ICC : _—
UN. : poisonous (toxic)

Fire and Explosion Hezard : Emits highly toxic fumes when heated. An oxidant
which reacts vigorously with reducing materials.
Electrostatic Sensitivity : -

Use in Pyrotechnies: Barium chromate is used as an oxidizing agent, and to
impart a green color to a burning ¢composition,

Additional References :
1) S. Peltier and C. Duval, Anal. Chim. Acta 1, 361 (1947)
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BARIUM NITRATE, Ba(NO,), Refs.
(Nitrobarite)
Percent Oxygen : 36.73
Specification No. : MIL-B-162B
The specification covers six classes that differ in purity and granulation.
The following four classes are used in pyrotechnics:
Class 1, used in priming compositions (in two granulations) ;
2, used in photoflash compositions;
5, used in incendiary mixtures;
6, used in pyrotechnic compositions.
Molecular Weight : 261.38
Crystalline Form : cubic 1
Color: colorless 1
Density, g./ml. : (solid) 3.24 at23°C 1
Coefficient of Thermal Expansion,
linear, —78° to +15°C - 5% 108 44830 sup
Heat of Formation, Keal./mole at 298°K: -237.06 1,9
Free Energy of Formation, Kcal./mvle at 298°K; - 190.0 9
Entropy, cal./deg./mole at 298°K : 51.1 9
HEAT CONTENT AND ENTROPY OF Ba(NO,);(c) 4
(Base crystals at 298.15°K; mol. wt., 261.38)
T,°K Hr-Hzs.1s Sy -Sze6.15 T,°K Hr —Hase.15 Sr—Szee.1s
cal./mole cal./deg, cal./mole cal./deg.
mole mole
400 . ... 3960 11.39 700 . ... 18,460 38.14
500 .. .. 8410 21.30 800 .... 24,070 45.62
600 . ... 13,240 30.10 850 . ... 27,020 49.20
Ba(NO,).(c):
Enthalpy : Hy~Haes15=230.05T T 17.85% 10Tz +4.01 x 10°T* - 11,891
(0.27 percent ; 298° —850°K})
Heat Capacity :C, = 30.05 35,70 X 10T - 4.01 x 10T 2
Melting Point : 868°K 7,9
Heat of Fusion, Kcal./mole: 6 9
Boiling Point : decomposes 1
Transition.Point : _—
Heat of Sublimation : —_
Heat Capacity, cal./deg./mole at 298°K: (solid) 3.1 9

See equation under table above




Barium Nitrate, Ba(NOS), (page 2)

Decomposition Temperature : 555-600°C
For DTA sce Refs. 33 and 47
For TAG see Kef. 33

Decomposition Products : evolves NO; and O
Vapor Pressure : —

X-Ray Crystallographic Data :

System Space Group a Molecules/ Unit Cell
cubic T} 8.1 4
Hygroscopicity : L _
Gain in mg./g. at equilibrium atR.T. : purified <0.1 at756% and
86% R.H.
0.6 at 93% R.H.
Solubility Data :
In water (g./100 g.) at°C : 8.7 at20° ;34.2at100°
In acids: slightly soluble
In alcohol, conc. nitric acid : msoluble

Health Hazard : Moderately poisonous. Irritates eyes, ears, nose, throat, and
skin ;produces dermatitis. When heated evolves toxic fumes. Produces gas-
trointestinal irritation.

M.A.C. 0.5
Safety Classifications :
OSM : Class 1when packed or shipped in original containers or equivalent.
ICC: Oxidizing material ;
yellow label

Fire and Explosion Hazard : By itself the fire hazard is moderate. As a strong

oxidizing agent it reacts vigorously when heated with reducing materials
and may even result in detonation.

Electrostatic Sensitivity :

—

Use in Pyrotechnics: Barium nitrate is used as an oxidizer, and to impart a
green color to burning compositions.

Storage: Keep barium nitrate in a moisture-proof container in a dry place to
prevent caking.

Additional References :
1) C.A. 49,12932 (1955)
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BARIUM' OXALATE, BaC.0,

Specificatran No. :

. Molecular Weight:

Crystalline Form :

Color:

Density, g./ml. :

Coedicient of Thermal Expansion :

Heat of Formation, Keal./mole at
18°C(c) BaC;04:
25°C (c) BvaOv%H;O N
18°C (ppt) B30204°H;O:
256°C BSCQO('ZH;O :
25°C BaC,0,+3.5H,0:

Free Energy of Formation:

Entropy :

Melting Point:

Heat of Fusion:

Boding Point:

Heat of Vaporization:

Transition Point:

Heat of Sublimation:

Heat Content or Enthalpy:

Heat Capacity :

Decomposition Temperature :

Decomposition Products :

Vapor Pressure :

X-Kay Crystallographic Data:
Hygroscopicity :

Solubility Data: In water, g./ml. solvent:

In acids, NH,Cl:

JAN-B-660
225.38

colorless
(solid) 2.658

327.6
363.7
-397.37
—470.1
-575.73

loses CO above 346°C

co +Baco,

——

0.0098at 18°C
0.0228 at 100°C
soluble
insoluble.

Health Hazard: Poisonous. Irritates cyes, nose, throat, and skin. Produces

In alcohol:
dermatitis.
Safety Classifications:
OSM:
I1CC:
U.N. :

45

not specifically mentioned
not specifically mentioned
class 6 (a)—poisonous

toxic substance

Refs.

Addnl. Ref. 1
1

1
9
9
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Barium Oxalate, BaC;0, (page 2)

Fire and Explosion Hazard : Dangerous when heated to decomposition; emits | 12
toxic {umes,

cpe s !
Electrostaiic Seusitivity :

Use in Pyrotcchnics: As a retardant. Imparts some green color to burning | 17
compositions.

i
Additional Rceferences : . :

1) L. Médard, Mém. artillerie frang, £8, 467 (1954)
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BARIUM OXIDE. BaO Refs.
{ Barinimn Moiroxide. Baryta. Barium Protoxide, Calcined Baryta) 1,00, 12,29
Spuatication No. : —
Molecular Weight : 153.36
Crystalline Form: cubic or hexagonal 1
Color : colorless
Deusity, g./ml.: (solid) 5.72 (hex) 5.2 1
Coefficient of Thermal Expansion : 3.0X% I 47
Heat of Formation, Keal./mole at 298°K: (c) -133.4 1,9
Free Energy of Formation, Kcal./mole at 298°K: (c)-126.3 1,9
a. HEAT AND FREE ENERGY OF FORMATION OF BaO(c) 2
(Mol. wt., 153.36)
T,°K a H (cal./mole) 2 F° (cal./mole)
29816 . . . —133,500( =+ 3000) -126,500( = 3500)
400 . ... -133,000 -124,000
B33 .. .. -133,000 -121,500
600 ... . -133,000 ' -119,500
648 .. .. -132,500 ~11§,500
648 .. .. -133,000 -118,500
00 . ... -132,500 -117,000
800 . ... -132,500 -115,000
900 . ... -132,500 -113,000
977 ... -132,000 -111,000
977 .. .. -134,500 -111,000
1000 . ... -134,500 -110,500
1100 . ... -184,000 ~108,000
1200 . ... -134,000 -106,000
1300 . ... -133,500 -103,500
1400 . ... -133,500 -101,500
1500 . . . . ~133,000 —99,000“-'§~
1600 . ... -133,000 -96,500
1700 . ... -132,500 -94,500
1800 . ... -132,500 -92,000
1200 .... -132,000 -90,000
1911 . ... ~132,000 -90,000
1911 ... . -167,500 -90,000
2000 . ... -167,000 -86,000
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Rarium Oxide, BaO (page 2)

Phase Changes of Metal
T.P.(a=+8), 648°K
A H=140cal./g.-atom

M. Y. 977°K ;A H=2250cal./g.-atom
B. P, 1911°K; A H==135,660cal./g.-atom

Free Energy Equations :

. eaction Range of Validity,°K | 2
1) Ba («) % 0, (g) =Ba0 (¢) 298.16 to 648
AF2 =-134,590-7.60T logT + 87 (10T2) + 42 (105T1) +45.76T
2) Ba (8) T140; (g) =Ba0 (o) 648 to 977
AFS =-134,140- 3.34T log T - .56 (10-*T2) 42 (105T-1) +34.01T
3) Ba (1) T14 0, (g) = Ba0 (c) 977 to 1911
A Fo= - 135,900~ 2.19T log T~ .56 (10-*T?) *+ 42 (108T-1) +32.37T
4) Ba (g) 1140, (g) =BaO (¢) 1911 to 2000
A F2 == - 176,400-8.01T log T - .56 (10-8T2) + .42 (106T-1) +72.66T
Entropy, cal./deg./mole at 298°K : (solid) 16.8 % .03 1,3,9
(gas) 559 = .5 3
See Tables b and ¢
Melting Point : 2190°K (1917°C) 9
Heat of Fusion, Kcal./mole : 13.8 =20 24
Boiling Point: about 2273°K (2000°C) 1
Transition Point : —_—
Heat of Sublimation, cal./mole : 90.0 24
b. HEAT CONTENT AND ENTROPY OF BaO (c) 4
(Base, crystals at 293.15°K; mol. wt, 153.36)
T,°K Hy-Haes1s Sr—Spee.15 T, °K Hr-Hzes.15 Sx~ Sgea.15
cal./mol e cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 1170 3.36 1300 ... ., 13,090 18.77
500 ..... 2880 6.07 1400 ... .. 14,520 19.83
600 . .... 3660 8.40 1500 .. ... 15,970 20.83
7700 ... .. 4980 10.43 1600 ... .. 17,440 21.78
800 ..... 6300 12.20 1700 .. ... 18,920 22.67
90 ..... 7620 13.75 1800 ... .. 20,420 23.53
1000 .. ... 8950 15.15 1900 ..... 21,930 24.35
1100 ... .. 10,300 16.44 2000 .. ... 23,450 25.13
1200 .. ... 11,680 17.64
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Barium Oxide, BaQ (page 3)

BaO (c) : 4
Entnaipy 1Hy— Hapets == 11.79T +0.94 X 10*T? +0.88 X 10°T " -3894
(0.5 percent ;298° =2000°K)

Heat Capacity :C, =11.79 T 188X 10T -0.88 X 10°T

¢. HEAT CONTENT AND ENTROPY OF BaO (g) 4
(Base,idcal gas at 298.15°K; mol. wt., 153.36)
T, °K Hz~ Hoga.16 Sr —Ssee.13 T,°K Hy— Hepe1s Sr—-S208.15
cal./mole cal./deg. cal/mole cal./deg.
mole mole
400 ... ... 820 2.36 1000 . .. .. 5985 1021
500...... 1650 421 1200 . .... 7750 11.82
600 ... ... 2500 5.76 1400 .. ... 9520 13.18
700 . .. ... 3365 710 1600 ... .. 11,295 1437
800 ...... 4235 8.26 1800 ... .. 13,075 15.42
800 . ... .. 5910 9.29 2000 ... .. 14,855 16.35
BaO (g) :
Enthalpy : Hy —Hase.1s =8.621' 1010 x 10°T2 +0,67 x 10°T-1 - 2804 4

(0.3 percent ; 298° =2000°K)
Heat Capacity :C, = 8.62 0,20 X 10T =067 x 108T 2

Decomposition Temperature : ) When_heated in air at 450°C, it combines 29
}Wlth O and forms BaQ,. On further heating
Decomposition Products : above 600°C, BaO, loses 0 and reforms BaO.
Vapor Pressure : 0.00076 mm. at 1650°K 41
For the range 900-1200°C : log P == (19400/T +8.69) Addnl. Ref. 1

X-Kay Crystallographic Data :

System Space Group a Molecules/Unit Cell | 1

cubic ] 5.50 4

Hygroscopicity: Absorbs water with formation of Ba (OH), with evolution of | 29
much heat.

Absorbs moisture and CO; on exposure to air and forms BaCQs.
Caution : Keep in tightly closed container,

Solubility Data: In water: 1.5 g./ml,, decomposes 1
908 g./100 ml. at 80°C
Indil. acids, alcohol : soluble 29
In CH,0H, C.HsOH: slowly soluble
In NH,, acetic acid: insoluble

Health Hazard :Poisonous. Irritates eyes, cars, nose, throat, and skin. Produces | 12, 29, 50V7
del:{né.tltls. Gastrointestinal irritant: 05 .
AC: , 1
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Barium Oxide, BaO (page 4)
Safety Classifications:

OSM : not specifically listed
ICC: not specifically listed
U.N.: classified under “Poison-

ous (toxic) substances.”

Fire and Explosion Hazard : Produces considerable heat on contact with water
or stesm. Sare hazard by chemical reaction.

Electrostatic Sensitivity :

Use in P)(flrotechnics: BaO is a product of the burning of many barium com-
pounds.

Additional References:
1) C.A.52,3446 (1958)

12



BARIUM PERCHLORATE, Ba(ClO,). Refs.

Percent OUxygen : 38.06

Specification No. : -—

.Molecuiar Weight : 336.27

Crystalline Form : hexagonal

Color: . colorless .

Density, g./ml. : (solid) (3H,0) 2.74 :9

Coeflicient of Thermal Expansion : _—

Heat of Formation, Kcal./mole at 298°K: (c) -192.8 L9

Free Energy of Formation: —_

Entropy, cal./deg./mole at 298.16°K : 57.7 16

Melting Point: 687°K (414°C) L
778°K (506°C) 35

Heat of Fusion :
Boiling Point: decoméjoses at 673°K 12
(400°C)

decom(g)oses above 798°K adddnl, Ref 1
(520°C)

Heat of Vaporization :

Transition Points : ato B at 557°K (284°C) 2
B toyat 638°K (360°C)

Heat of Sublimation :
Heat Content or Enthalpy:
Heat Capacity :

]

Decomposition Temperature : vigorous decomposition 47
at 504°C
Decomposition Products : BaCl; and O, Addnl. Ref. 1

For DTA and TGA sce Ref. 33
Vapor Pressure : —_

X-Ray Crystallographic Data :

System SpaceGroup  a b ¢ Molecules/Unit Cell | 1
rhombic Vie 529 8838 641 4
Hygroscopicity : o
Solubility Data : In water, g./100 ml. : 198.5 at 25°; very sol. hot | 65
Solubility in Nonaqueous Solvents, at 25°C: 65, 77
Solvent 9./100 g. solvent
acetone 124.7
n-butyl alcohol 58.18
cthyl acectate 112.9
furfural (at 20°C) 43
methyl alcohol 217.1
n-propyl alcohol 75.65
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Barium Perchlorate, Ba(Cl0,); (page 2)

Health Hazard: Ba(ClQ,): is poisonous, irritates the cyes, nose, throat, and
produces dermatitis. [t may affect the central nervous system and kidneys.

Its harmful effects are mainly due to the barium ion. Gastrointestinal
irritant. .

Caution: Avoid skin contact.
MAC. : 0.5

Safety Classifications:

OSM: C(lass 1.Class 2 when not packed in original shipping container or
¢quivalent.

ICC: Oxidizing material, yellow label. Listed under “Explosives and
Other Dangerous Articles.”

Fire and Explosion Hazard :Ba (C10,) 2 is dangerous because it may be exploded
by shock, heat, or chemical reaction. It forms explosive mixtures with
carbonaccous material, S, powdered Mg, and AL It emits highly toxic
fumes when heated. Fires involving perchlorates alonemay be fought with
wartcr.

Electrostatic Sensitivity :

Used in Pyrotechnics: Ba(ClO4): is used as an oxidizer, and to give a green
color to burning compositions.

Additional References :
" 1) C.A.51,2439 (1957)

b,

b2

12, 26, 29,
50VT

65
14

12, 14
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BARIUM PEROXXDE, BaO,

(Barium Dicxide, Barium Superoxide, Barium Binoxide)

Percent Oxygen : 18.89

Specification No.: JAN-B-153 (1)
The specification covers one grade and three classes that differ in granu-
lation,

Molecular Weight : 169.36

Crystalline Form : powder

Color: white to grey

Density, g./mi. : (solid) 4.9

Coefficient of Thermal Expansion: —_

Heat of Formation, Kcal./mole at 298°K: -150.5

Free Energy of Formation:

HEAT AND FREE ENERGY OF FORMATION OF BaO; (c¢)
(Mol. wt., 169.36)

T, °K A H (cal./mole) A F° (cal. /mole)
29816 .. -153,000 (= 6000) —140,500 ( == 6000)
400 . ... -153,000 -136,500

500 .... -152,500 -132,000

600 . ... -152,000 —128,000

643 . . .. -152,000 -126,500

648 .. .. -152,000 —126,500

70 ... -152,000 —124,000

800 . ... -151,500 -120,500

90 .... -151,000 -116,500

i S -151,000 -118,500

9T ... -153,000 -113,500
000 ... . -153,000 -112,500
1100 .. .. -152,500 -108,500
1200 . ... -152,500 -104,500

1300 . . .. -152,000 -100,500
1400 .. .. -151,500 -96,500

1600 . ... -151,000 -92.500

Phase Changes of Metal
T.P. (a=+g), 648°K;
A H =140cal./g.-atom
M.P.,977°K ; A H=2250cal./g.-atom

63

Refs.
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Barium Peroxide, BaQ. (page 2)

Free. Energy Equations:
Reaction Range of Validity,"K

1) Ba(a) +0:(g) -=Ba0,(c) 298.16 to 64_?_

AFS ==-154830-11.06T log T +.87 (10*#T?) +.42 (108T 1) T74.48T
2) Ba(g) T0.(g) =Ba0,(c) 648 1o 9]

A Fg ==-154380-679T log T —.56 (10-3T2) + 42 (105T-1) +62.73T
3) Ba(l) T0.(g) =—BaO,(c) 977 to 1509

A Fg ==-156,140-5.64T log T-.56 (10-°T2) + 42 (105T-') +61.092

Entrupy, cal./deg./mole at 298°K : (c) 18.6

Melting Point: 723°K (450°C)

Heat of Fusion, Kcal./mole : 57

Boiling Point : loses Oat 1073°K (800°C)

decomposes at 1110°K
(837°C) at 1atm.
Transition Point :

Heat of Sublimation :
Heat Content or Enthalpy :
Hest Capacity:

See Ref. 2
Decomposition Temperature, °C: 800

For DTA see Kef 33
Decomposition Products : BaO +0
Vapor Pressure :

Dissociation Press. : 760 mm, at795°C
Press. atm. 0.0149 0.0861 0.1855 0.945 1.220 1.534
Temp. °K 891.1 970.1 1010.1 1108.1 1126.1 1141.1
X-Ray Crystallographic Data :

System Space Group a c Molecules/Unit Cell

tetragonal 0 534 6.77

Di 539 6.85 4

Hygroscopicity : Slowly decomposes in air and on contact with water. Combines
with water to form BaO,+8H,0 . . .
Gain in mg./g. at R'T. after equil. was established in vac. desic.

Reagent Grade:

R.H.% 65 75 86 93

24 hrs. 0.6 6.0 28.7 48.0

Equil. 10 8.6 73.1 126.0

Solubility Data: In cold water: very soluble
In hot water: decomposes
In dilute acids: soluble; with decomposi-
tion forming H,0,

In acetone: insoluble

54

[\
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Addnl. Refs.
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Barium Pecoxide, Ba0),; (page 3)

. Health-Hazard: BaQ, is poisonous. 1t irritates the eyes, nose, and throat, and
produces dermatitis. Gastrointestinal irritant.
M.A.C.: 0.5

Saféty Classifications :

OUSM : Cllas 1 Class 2 when not packed in original containers or equiv-
alent.

ICC: .Oxidizing material; yellow label
Fire and Explosion Hazard: As an oxidizer it is dangerous when heated with

reducing material ; may result in detonation.
Electrostatic Sensitivity :

Use in Pyrotechnics: BaO: is used as an oxidizer and to impart a green color
to burning compositions. It is used in igniter and tracer compositions.

Additional References :

1) “The Decomposition of Barium Peroxide and the Reactivity of the
Resulting Barium Oxide,” J. A. Hedvall, Zeit. anorg. Chem. 104, 163
(1918) ; J. Chem. Soc. Abstracts 1919 4, 26

2) “Kinetics of the dissociation of Ba and Ca peroxides,” M. M. Pavlyu.
chenco and Yu 8. Rubinchik, CA. 52, 19362 (1958)

3) “Heating curves for the hydrates of the peroxides of the Group 1I
metais,” 1. I. Vol’'nov, CA. 62, 19384 (1958)
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BENZANTHRONE, C,H,,0

(7-oxo-7-benz(d,e ) anthraquinone, 7-H-benz(d,e)anthracene-7-one,
7.ineso-benzanthrone, Benzan B, Research Vat Golden Yellow GK)

Structural Formula :

Specification No. :
The specification requires :

Molecular Weight :
Crystalline Form :
From alcohol or benzene :
from nitrobenzene :
Coior.
Density, g./ml. :

Coefficient of Thermal Expansion :

Heat of Formation:
Free Encrgy:
Entropy:

Melting Point :

Heat of Fusion:

Boiling Point :

Transition Point:

Heat of Sublimation :

Heat Content or Enthalpy :
Heat Capacity :

Decomposition Temperature, °C :

486

For DTA and TGA see Refs. 80 and 81

Decomposition Products:
Vapor Pressure:

il
(/]

MIL-B-50074

purity —minimum 77 %
water —maximum 1%
230.25

orthorhombic
needles

pale yellow
(solid) 1.371

447°K (174°C)
446.1°K (173.1°C)

about 426° (see below)

Press. mm. 1 10

40

100 200

Temp. °C  225.0 297.2

350.0

390 426.5 with decompn

Refs.

1
Addnl. Ref. 3

Addnl. Ref. 3

1
Addnl, Ref. 1



Benzanihrone (page 2)

X-Ray Crystailographic Data: Molecules/
Syais it Space Group a b ¢ Unit Cell
orthornomic D4 14.57 15.00 5.07

For bond lengths see Addnl, Ref. 2

Hygroscopicity : —_—
Soiubility Data: at 20°C per 100 g. solvent,
wiacial acetic acid: 0.52
benzene: 0.61
chlorhenzene : 2.05

In tetrachlorethane :

soluble
in con. HgSQ,:

soluble, giving an orange-

red color with an olive-

green fluorescence

In toluene : soluble

Health Hazard: Some, as indicated by the ﬁ: requirement that “each con-
tainer shall be conspicuously labe¢led - ‘CAUTION—AVOID SKIN CON-
TACT ; USE WITH ADEQUATE VENTILATION.” -

Fire and Explosion Hazard: slight when heated;

emits smoke

Safety Ciassifications :
OSM:
iCa:

Eleccrostatic Sensitivity :

not listed
not listed

Use in Pyrofechnics: To produce a yellow color in smoke grenades.

Additional References :

1) “Freezin% Point and Purity Data for Some Organic Compounds,” C.
R. Witschonke, Anal. Chem. 26, 563 (1954)

2) “Calculated Bond Lengths in Some Cyclic Compounds. Part II. Ben.

zanthrone, Acedianthrone, and Flavanthrone,” T. H. Goodwin, J. Chem,
Soe. 1955,1689

3) “Cell Dimensions and Space Groups of Some Carbocyclic Compounds,”
H. C. Bayd et al., Acta Cryst. 7,142 (1954)

b7

18V 111,
Addnl. Ref. 3

89Vi4
88VT7I1
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BLACK POWDER
(Gunpowder)

Biack powder s an intimate mechanical mixture of potassium or sodium
nitrate, charcoal, and sulfur. Willow or alder charcoal and flour of sulfur and
2-3¢ of water arc well mixed in a tumbling barrel. This mixture is trans-
ferred to & wheel mill arid the desired amount of crystalline potassium nitrate
and scveral percent of water are added. The mill is run for several hours to
obtain a uniform mixture. During mixing the mixture is kept damp by the addi-
tion of water. The mixture is pressed at about 6000 psi and then broken up by
passing between rolls. Broken pieces are screened into sizes and material of
undesired size is reconsolidated and passed through rolls and screened. Material
of acceptable size is then thoroughly dried in hot air ovens at about 60°C. The
material may be polished before drying by rotating it in a tumbling barrel.
After tumbling, the black powder is sieved and the fines removed.

Black powder is sensitive to friction, heat, and impact, and is very danger-
ous to hancﬁe. It absorbs moisture and deteriorates rapidly. If kept dry, it will
retain its properties indefinitely. Combustible materials that have absorbed
liquors leached from black powder are a severe fire hazard and may become

explosive. Every safety precaution should be taken in black powder manufac-
ture and operations.

Black puwder has a composition close to the stoichiometric proportions
needed to satisfy the equation:

2KNO; T 5 4- 3C—K,$ + 3C0, TN,
{1 practice, the proportions may be varied slightiy,

Formuia (specification) : KNO;, 74.0%

S, 10.4%

charcoal, 15.6%
specification No. : JAN-P-223A

(all seven grades listed in the specification are used'in pyrotechnics)

Crystailine Form : mechanical mixture
Color : black
Density, g./ml.: approx. 1.6, variable de-

pending mainly on condi-
tions of preparation

Decomposition Temperature : Exothermal preignition reaction starts at about
250°C and culminates at approximately 300°C (DTA and TGA curves).

Decomposition Products: o
Hygroscopicity : Black powder is aﬁpreciably hygroscopic and is prepared and

kept under conditions of low humidity so that its properties will not be
adversely affected.

Temp.°C RH. % Gain %

26 75 0.75
25 90 1.0
30 90 2.51

58

Refs.

13, 50Vé

14, 18

13

Addnl. Ref. 4
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Black Powder (page 2)

. Explosion pata:

Specitic Volume at S.T.P,, L./kg. 285 (11.0 gas)

Kxpiosion Temperature, vC: 2770

tieat of Explosion, Keal./kg. ; , 685 (H,0 liquid)
Characteristic Product (VoQ) : 195,200

The equation for the burning of black powder has been given as approxi-
matelty :

74KNO, +956C +308 +16H,0—35N, +56C0, +14C0 +3CH, +2H,S
+ 4H. 4+ 19K,CO, +7K,S0, T 8K,S.0, +2K,S + 2KsCN + (NH,). CO,
+C+ 8
For other equations see Ref. 54V2
Health Hazard : none mentioned
Safeg' Classifications : .
SM: Class 9 (in charges or containers)

ICC: Class A explosive, not accepted for railway express. Black powder
igniters with empty cartridge bags, classified class C explosives.

Fire and Explosion Hazard : Black powder can be detonated by friction, heat,
arid impact.
Electrostatic*Sensitivity : unconfined > 125 joules
energy required to ignition: confined 0.8 joules
Impact Sensitivity, 2kg. weight fallingon 16mg. sample : .
Bureau of Mines Apparatus, c¢m.32 (10% Point)
P.A. Apparatus, in. 16 (10% Point)
Initiating Efficiency (min.wt. in grams required to initiate B.P.):
tgniter Composition K-31: 2.0
Igniter Coniposition K-29: 23
Friction Pendulum Test:
Steel shoe: snaps
Fibre shoe: unaffected

Explosion Temperature Test: (0.02 g. sample in No. 6 copper detonating cap)
Seconds Temp. °C
0.1 (nocapused) 510
1 490

5 427 ignited
10 356
.76% International Heat Test:
Loss in 48 hrs,, weight %: 0.31
Vacuum Stability Tests, ce./hrs. on 5 g. sample:  100°C, 0.5
120°C, 0.9

Sand Test, with 200 g. bomb and 0.4 g. sample of black powder:
Grams sand crushed to pass 30-meshscreen :
Sensitivity : tetryl, 0.25 g.

Ballistic Mortar, % of TNT: 50

59

Addnl. Ref.5
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Black Powider (‘page 3)

Trauzl Test, ¢« of TNT: 10
Detonation Rate, meters/sec. at density 1.6: 100
Heat of Explosion, cal./g.: 684
Gas Volume on Explosion, cc./g. 27
Method of Loading : 1) loose (granulated)

2) pressed

Loading Density, g./cc. inthousands of psi:
psi 25 50 60 65 7 75
Density 174 184 186 1.87 188 1.8?__

Method of Storage : dry

100° Vacuum Stability Test, cc. gas/40 hrs. from a 5 g. sample:
Initial value : 0.5 .
After 2 years at 65°C: 0.86
After 2ycarsat65°Cand 75% R.H. : 1.46

Compatibility with metals:

Dry-compatible with all metals when moisture content is less than 0.2%,

Wet— attacks all common metals except stainless steel.
" Destruction :

Black powder may be completely destroyed by leaching or washing with
large quantities of water and disposing of the washings separatelv from

the residue.

Use in Pyrotechnics: Black powder is used as an igniter powder, and in time

rings (fuzes), fireworks, rockets, Roman candles, and firecrackers.

Additional References :

1) “Initiation, Burning and Thermal Decomposition of Gungowder,” J.

Blackwood and F. Bowden, Proc. Roy. Soc. 213, 285 (1952

2) “Chemistry of Powder and Explosives,” T. L. Davis, John Wiley &

Sons, Inc., New York (1943)
3) Refs 52V4 and 54V2

4) “A Thermoanalytical Study of the Ignition and Combustion of Black
Powder,” C. Campbell and G. Weingarten, Trans. Faraday Soc. 35,

2221 (1959)

H) “Explosives,” H. Brunswig, John Wilcy & Sons, Inc., New York (1912)
6) “Sensitivity of Explosives to Initiation by Electrostatic Discharges,”

F. W. Brown et al., U.S. Dept. of Interior, Burcau of Mines, R.I.
(1946)
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BORON, B

Specification No. :
Moiecular Weight :

PAPD-451
10.82

Crystalline Form : monoclinic crystals or 1
amorphous powder
Color : yellow or brown 1
Density, g./ml.: () 2.3 (amor.) 2.37 1A
2.3 31Aa
Coefficient of Thermal Expansion
" linear, 20-750°C ' 17.4 X 10" per °C 27
Heat of Formation, Kcal./mole at298°K : (gas) 97.2 1,9
Free Energy of Formation, Kcal./mole at 298°K : (gas) 86.7 1,9
Entropy, Keal./mole at 298°K : (¢) 1.4 5
(gas-monatomic)
36.66 5
See Table a
Melting Point: 2313°K (2037 +'37°C) 31A
Heat of Fusion, ¢al./mole: 5300 5
Boiling Point : 4198°K (39275°C) 31A
Heat of Vaporization, cal./mole : 128,000 5
Transition Point : _—
Heat of Sublimation, cal./mole at 298°K: 141,000 5
Heat Content or Enthalpy, cal./mole at 298°K: 292 5
See Tables a and b
Heat Capacity, cal./deg./mole at 298°K : solid) 2.63 5.9
liquid) 7.5
gas) 4,97
See equations under Tables a and b
a HEAT CONTENT AND ENTROPY OF B(c, 1) 4
(Base erystals at 298.15°K ;atomic wt. 10.82)
T,°K Hy —Haeais Sr-Sa0a.1s T,°K Hy —Haen1s St =Ses.1n
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... .. 30 0.89 170 ..... 7765 8.6L
500 ... .. 690 1.5 1800 ... .. 8460 9.00
600 ..... 112D 2.82 1900 ... .. 9165 9.3
700 ... .. 1600 3.26 2000 ..... 9880 °.®
800 ..... 212D 3.% 2100 .. ... 10,605 10.10
900 ..... 267'0 4.8 200 ..... 11,340 10.45
1000 . .. .. 045 5.20 2300 (c) 12,080 10.78
1100 ... .. 3845 5.78 2300 (1) 17,380 13.08
1200 .. ... 4465 6.31 2400 ..... 18,130 13.40
1300 .. ... 5100 6.8 2600 ..... 19,630 14.00
1400 ... .. 5750 7.30 2800 ..... 21,130 14.55
1500 . .... 6410 7.76 3000 ..... 22,630 15.07
1600 . . ... 7080 8.19




Boron, B (page 2)
B(c):
Enthalpy: Hr - Haes 15 =4.13T F0.83 X 10-*T2 + 1.76 % 105T * - 1895
(2.1percent ;298° —2300°K)
Heat Capacity : G, == 4.13 1 1.66 X 10*T - 1.76 % 10°T 2
B():
Enthalpy : Hr = Hygs 15 ==7.50T F 130 (0.1percent; 2300° - 3000°K )

T,°K Hr— Has,15 St~ Soan.15 T, °K Hy -Hps.15 S+ —Saoss
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... ... 350 1.00 900 ... 3160 5.40
500 ... ... 785 1.97 1000 .. ... 3840 612
600...... 1295 290 1100 . .... 4535 6.78
700 ...... 1870 378 1200 ..... 5255 740
200 ...... 2500 462
B(amor.) :

Enthalpy: He—Haes 15 = 3.34T 1 1.98 % 10-8T2 1,48 % 10°T-1 - 1668
(1.1 percent ;298° —=1200°K)
Hieat Capacity :C, = 3.34 +3.96 % 10-*T - 1.48 X 10%T-3

c. HEAT CAPACITY OF B
(Solid to 2300°K ;liquid from 2300° to 3000°K)

T,°K Cy (cal./degi/mole)
298 263
400 346
800 5.36
1200 6.27
1600 6.78
2000 7.20
2200 740
23003000 7.50

Decomposition Temperature : —_
Decomposition Products : —_

Vapor Pressure : 56
Press. mm. 108 10 104 10-2 1 102 760 M.P.
Temp.°K 1650 1850 2100 2430 2930 3730 4200 2300
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Boron, B (page 3)

&Ray Crystallographic Deda :

System Space Group a c Molecules/ Unit Cell
tetragonal D3, or C§, 8.73A 6.03 50
hexagonal 11.98 9.54 180

See also Ref, 44818 sup
Hygroscopicity : —_—
Solubility Data: In water: insoluble (sli%htly soluble
when freshly prepared)
In HNQ,, H,S0,: soluble
In ale,, eth., alk.: insoluble

Health Hazard: Boron is not highly toxic but it i8 a cumulative poison which
affects the central nervous system.

Safety Classification:
OSM : Class 2 when not packed in original containers or equivalent.

Fire and Explosion Hazard : Boron dust is dangerous a8 it can ignite on contac!
with air and explode. It reacts with oxidizing agents and is a dangerou
fire and explosion hazard. It bums with intense heat. In the presence of
moisture hydrogen may be evolved. Therefore B should be stored in a dr}
atmoaphere and in a properly vented building. Use only nonsparkmig tool:
around B. To fight a fire use no water; use powdered graphite, dolomite
salt, or other inert material. At about 600° it ignites and bums with 1
brilliant green dame.

Electrostatic Sensitivity —_—

Use in Pyrotechnics: Boron is used as a component of non-gascous fuz
powders.

Additional References :

1) “Boron,” J. A. Kohn et al., eds., Plenum Press, Inc., New York (1960)
Proceedings of the Conference on Boron, sponsored by the Institute fo
Exploratory Research, The U.S. Am% Signal Research and Develop
ment Laboratory, Fart Monmouth, N.J.

18
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CALCIUM, Cx | Refs
Specification No. : 12086 A (tech.)
Molecular Weight : 40.08
Cr}istall1nc Form : cubic 1
silvery w te }th{l first 29
cut; tarnis uc-grey
on exposure to air
Density, g./m ésolidf 1.55 1
Coeff1c1ent of Thermal Expansion, linear, 0-300° : 22 x 10-¢ 36
cublc 0-21°: 717 10¢
Heat of Formation, Keal./mole at 298°K : (gas) 42.200 5
Free Energy of Formation, Kcal./mole at 298°K: (gas)34.138 5
1, /mole, 98°K : (¢) 9.95 = .10 3,6
Entropy, cal./deg./mole, at 298 s} 36.99 5
See Tables a, b, and ¢
Melting Point: 1123°K (850°C) 4,5
Heat of Fusion, cal./mole: 2070 + 80 4,5
Boiling Point; 1765°K (1492°C) 5
Heat of Vaporization, cal./mole : 35,840 5
Transition Point : ato 8 T13°K (440°C) 4.5
Heat of Transition, cal./mole : 270 4
Heat of Sublimation, cal./mole, at 298°K: 42.200 5
Heat Content or Enthalpy, cal./mole at 298°K : (did) 1380 5
See Tables a, b, and ¢
Heat Capacity, cal./deg./mole at 298°K: (solid) 6.0 - 4,5
See data below (liquid) 7.40
(gas) 49‘1
a. HEAT CONTENT AND ENTROPY OF Ca(c, l)
(Base, «—crystals at 298.15°K; atomic wt., 40.08) .
T, °K Hr-Haos.1s Se~Szn1s T.°K Hy—Hopa1s Sr—S2a.15
cal./mole cal./deg. ' cal./mole cal./deg.
mole : mole
400 . . ... 660 1.90 1123 (8) . . . 6825 10.39
500 .. ... 1340 342 123 (1) ... 8895 12,23
600 ... .. 2055 4.72 1200 .. ... 9465 12.72
700 .. ... 2800 5.87 1300 ..... 10,205 13.31
713 (a) . .. 2900 6.01 1400 ... .. 10,945 13.86
713 (B) . .. 3170 6.39 1500 ..... 11,685 14.37
800 ..... 3850 . 7.29 . 1600 ..... 12,425 14.85
900 ..... 4690 8.28 1700 .. ... 13,165 15.30
1000 . .... 5605 924 1800 ..... . 13,905 15.72
1100 ... .. 6590 10.18




Calcium, Ca (page 2)

Ca(a):
Enthalpy :Hr = Haps 15 ==5.25T + 1.72 X 10-T? — 1718 (0.3percent; 298° -713°K)
Heat Capacity :C, = 5.25 + 8.44 X 10°T

Ca(p):
Enthalpy - Hx— Hoes1s == 2.68T + 3.40 X 10-¥T% — 472 (0.1percent;713° =1123°K)
Heat Capacity :C,= 2.68 + 6.80 X 10T '

Ca(l) :
Enthalpy - Hy= Haes,15 = 7.40T + 585 (0.1percent ;1123° - 1800°K)

b. HEAT CONTENT AND ENTROPY OF Ca(g) 4
(Base, ideal gas at 298.15°K ; atomic wt., 40.08)
T, °K He~Haois Sy~ Suem.15 T,°K Hr-Haes1s St~ S208.15
cal./mole cal./deg. cal./mole cal./deg.

* mole mole
T400 L. ... 505 1.46 1900 . .... 7965 .21
560 . .... 1005 2.57 2000 .. ... 8465 9.46
600 ..... 1500 3.48 2200 .. ... 9470 9.4
|3 ... .. 1995 4.24 2400 .. ... 10,490 10.39
800 ..... 2495 4.90 2600 . . ... 11,535 10.80
920 ..... 2990 5.49 2800 ..... 12,615 11.20
1600 . .... 3490 6.01 3000 ..... 13,745 11.59
1100 .. ... 3985 6.49 3500 .. ... 16,880 12.56
1200 ... .. 4480 6.92 4000 . .... 20,670 13.57
1300 ..... 4980 7.32 4500 .. ... 25,250 14.64
1400 . .... 5475 7.69 5000 ..... 30,685 15.79
1500 ..... 5975 8.03 6000 ..... 43,870 18.18
1600 . . ... 6470 8.35 7000 ..... 59,365 20.57
1700 ... .. 6970 8.65 8000 ..... 76,140 2.81

1800 ... .. 7465 8.91

Ca(g):

Enthalpy: Hy - Haes 14 = 4.97T - 1482 (0.1percent; 298° - 2500°K)
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Calcium, Ca (page 3)
c. HEAT CAPACITY OF Ca

Solid I from 298° - 713°K Liquid from 1123° - 1765°K
Solid IT from 713° —1123°K Gas (mon) from 1765° —3000°K
T °K C3 (cal./deg./mole) T,°K C? (cal./deg./mole)
298 6.30 1200to
400 6.64 1700 7.40
600 7.3 1800 4.9
700 7.64 2200 5.06
800 8.08 2600 5.3
200 8.78 3000 5.80
1000 9.49
1100 10.18 !
Decompafition Temperature : : —
Decomposition Products : DTA
Vapor Pressure:
Press. ¥ 7. 10 40 100 400 760 M.P.
Temp. °C 983 1111 1207 1388 1487 851
X-Ray Crystallographic Data : )
Syst Space Group a Atoms/Unit Cell
dubic. (0} 5.5 4

Hygroscopicity : Reacts with water' (much slower than does sodium) to form
Ca(OH): and hydrogen.

Solubility Data: In water: reacts to form Ca(OH):
and hydrogen
In acids: soluble
In alcohol: - slightly soluble, with

which it reacts slowly
In benzene, liquid NHs, kerosene : insoluble
Health Hazard : caustic to all tissues

S afegfs I\C,Ill_assiﬁcations :

not listed
1CC not listed
UN. : not listed

Fire and Explosion Hazard. The powdered Metal exposed to air is a dangerou:
fire hazard. It burns with intense heat and a crimson flame. When com
pounded with oxidizing agents the powdered metal is both a dangerous fi
and explosion hazard. It 1s a strong reducing agent. Contact with alkali hy
droxides or carbonates may cause detonation. Precautions should be take
to prevent water from contacting the material. Store and process it onl
in rooms or buildings adequately vented at the highest point to preven
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Calcium, Ca (page 4)

accumulation of evolved hydrogen gas which results from the reaction of
powdered metal and moisture. In the repair or maintenance of buildings
or equipment, powder or dust should be removed and non-sparking tools
used. CCl, should not be used near calcium as an explosion may occur.
Electrostatic Sensitivity :

Use in Pyrotechnics: As a fuel and to impart a crimson color to burning com-
positions.

Additional References:

1; Ref.
2) C.A. 37,2578 (1942)

Addnl. Ref. 2



CALCIUM CARBONATE, CaCO, Refs.
(Marble, Precipitated Chalk, Whiting, White Chalk, Prepared Chalk, | 1,11, 29
Calcite, Drop Chalk, Paris White, English White, Iceland Spar)
Specification No. : JAN-C-293
Molecular Weight : 100.09
Crystalline Form : (aragonite) thombic 1
(calcite) hexagonal
Color: colorless 1
Density, g./ml. : aragonite) 2.93 1
calcite) 2.711
CoefTicient of Thermal Expansion,
cubical, marble : 0.6 X 104 1
Iceland Spar 50-60°C : 0 1447 X 10+ 1
calcite, linear — parallel to axis, 0-85°C : 25.14 % 10¢ 1
perpendicular to axis, 0-85°C : 5.88 x 10°¢
Heat of Formation, Kcal./mole at 298°K : aragonite (¢)-288.49 1,9
calcite (¢)-288.45
Free Energy of Formation, Kcal./mole at 298°K: aragonite (c) -269.53 1,9
calcite (¢)-269.78
Eutropy, cal./deg./mole at 298°K : (aragonite) 222 = 0.3 3
(calcite) 22.2+02 3
See Tables a and b
Meiting Point: (ara%onlte) about 1098°K | 1
(at 102.5 atm.) (calcne) 1612°K
(1339°C)
Heat of Fusion, 15°g. cal./mole : 12,700 7
Boiling Point : P
Transition Point : R
Heat of Sublimation :
Heat Content or Enthalpy: sec below
a. HEAT CONTENT AND ENTROPY OF CaCO; (CALCITE) 4
(Base, crystals at 298.15°K; mol. wt., 100.09)
T, °K Hr - Huggs St~ Saey,15 T,°K Hr —Hyps.15 Sr=Su6.15
cal./mole cal./deg. cal./mole cal./deg,
mole mole
400 . .. ... 2220 6.38 900 ..... 15,500 27.61
500.. .. .. 4610 11.71 1000 ... .. 18,430 30.70
600 . ..... 7200 16.13 1100 ... .. 21,450 33.58
700.. . ... 9890 20.57 1200 ..... 24,550 36.27
800 . ..... 12,600 24,27




Calcium Carbonate (page 2)

CaCOy (calcite) :

Enthaipy : H - Hegy. 15 = 24.98T +2.62 X 10-3T2? +6.20 x 10°T * -9760
(0.3 percent; 298° ~ 1200°K)

Heat Capacity :C,== 24.98+ 5.24 X 10T =6.20 x 10°T *

T,°K Hy-Hags.1s Sy~ S20s.15 T,°K Hr—Hags.15 St —Sues.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
350 . ..... 1050 3.24 500 ...... 4400 11.27
400...... 2130 6.13 550 ... ... 5650 13.58
450 . .. . .. 3260 8.79 600 ... L. 6900 15.75

CaCO; (aragonite) :

Enthalpy :Hr — Haes.15 ==20.13T +5.12 % 10872 +334 X 105T-1 - 7577
{0.1 percent ; 298° —600°K)

Heat Capacity :C, =20.13 +20.24 x 10-9T - 3.34 X 105T-2

Heat Capacity, cal./deg./mole : aragonite) 19.42 9
calcite)  19.57
Decomposition Temperature : about 825°C

S. Peltier and C. Duval, Anal. Chim. Acta 1, 345-347 (1947) states that
CaCO; Eoses CO, at 660°C and changes to CaO. See also Addnl. Ref. 1.

Decomposition Products : ca0 *co, 54V3
For Dissociation Pressure see Ref. 54V3
log Puw, =11,855/T -5.388log T + 26.238 42V7
Vapor Pressure : -
X-Ray Crystallographic Data : 1
Space Axial Molecules/
System roup  a b ¢ Angle Unit Cell
aragonite: rhomb. Vie 494 794 572 4
calcite : rhbdr. D& 6.361 a==46°6 2
Hygroscopicity :
Solubility Data: In water: insoluble 29
In water saturated with CO, : slilghtly soluble
In dilute acids: SO élgle with evolution of
2
Health Hazard : Large doses may cause constipation 29
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Calcium Carbonate (page 3)

Safety Classifications:

OSM : not listed

ICC: not listed

U.N. not listed
Fire and Explosion Hazard: none
Electrostatic Sensitivity : —

Use in Pyrotechnics : CaCOs is used as a retardant and antacid. it imparts a
yellow-red color to burning compositions.

Additional References :

1) “leferentlalThermal Ana sisStudies of Ceram1cMater1als 1, Char-
acteristic Heat Effeds ome Carbonates”, R. M, Gruver,j Am.

Ceram. Soc. 33, 96 (1950)
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CALCIUM NITRATE, Ca (NO,). Lefs.
(Lime Saltpeter, Lime Nitrate, Nitro Calcite, Norway Saltpeter) 1,11.16
Percent Oxygen: 58.50
Specification No. : none
Molecular Weight : 163.10
Crystalline Form : cubic 1
Color: colorless 1
Density, g./ml. : (solid) 2.36 1
Coefficient of Thermal Expansion : —_—
Heat of Formation, Kcal./mole at 298°K: (¢)-224.0 1,9
Free Energy of Formation, Keal./moleat 298°K : (c)-177.34 1.
Entropy, cal./deg./mole at 298°K : 46.2 .49
See table below
Melting Point: 834°K (561°C) 77?9
Heat of Fusion, Kcal./mole : 5.1 9
Boiling Point: decomposes 1
Heat or' Vaporization : -
Transition Point:  —
Heat of Sublimation : —_—
HEAT CONTENT AND ENTROPY OF Ca(No;)z(c) 4
(Base,crystals at 298.15°K; mol. wt., 164.10) ]
T, °K He--Hyain S =Supais T,°K Hr —Hapg15 St —Suor. s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 . ... .. 3960 11.42 700 . ..... 18,410 38.01
500 8340 21.15 800 ... .. 23,970 45.43
600 .. .... 13,150 2991
Ca(NO3)(c):
Enthalpy :Hy =Hue iz == 29.37T T 18.40 x 10-3T2 4- 4.13 X 10°T!
- 11,778 (0.3 percent; 298° — 800°K)
Heat Capacity: C, =29.37 + 36.80 % 103T —4.13 x 10°T *
Heat Capacity, cal./deg./mole : N\ (solid) 35.69 9

See also equation immediately above

Decomposition Temperature :

Decomposition Products:
For DTA and TGA see Refs. 33 and 47

Vapor Pressure :

480-500°C

Addni. Ref. 1




Calcium Nitrate, Ca(NQy), (page 2)
X-Ray Crystallographic Data :

System Space Group a Molecules/Unit Cell
cubic T 7.60 4
Hygroscopicity : Deliquesces in moist air. Keep 1n tightly closed container.
Solubility Data: In water, g./100 ml. at °C: 102at0°, 341 at25°,
376 at 100°
In acids: very soluble
In cthyl, acetate, and alcohol : soluble

Health Hazard : Large amounts taken internally are poisonous.

Safety Classifications :
: Class 1

ICC : Listed under “Explosives and Other Dangerous Articles.” Oxidizing
material ; yellow label.

Fire and Explosion Hazard : Ca(NQs), may explode when shocked, or by heat,
flame, or chemical reaction. It is a strong oxidizing agent and reacts vigor-
ously with oxidizable materials. Ca(NO,), emits toxic fumes on decompo-
sition.

Electrostatic Sensitivity :

Use in Pyrotechnics : Ca(NOs); is used as an oxidizer and to impart a yellow-
red color to burning compositions.

Additional References :
1) C.A. 49, 12932 (1955)
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CALCIUM OXALATE, CaC,0,°H,O

(Monohydrate)

" Specification No.: JAN-C-628
Molecular Weight : 146.12
Crystalline Form : monoclinic
Color : colorless
Density, g./ml. : (solid) 2.2
Coefficient of Thermal Expansion : —

Heat of Formation, Kcal./mole at 298°K : -399.1
Free Energy of Formation, Kcal./mole at 298°K: -360.6
Entropy, cal./deg./mole at 298°K : 37.28
Melting Point: loses H,O at

473° K (200°C)
Heat of Fusion:
Boiling Point :
Transition Point:
Heat of Sublimation :
Heat Content or Enthalpy :
Heat Capacity, cal./deg./mole : (solid) 36.40
Decomposition Temperature : TGA

T

See pyrolysis curve below
Decomposition Products : Calcium carbonate, calcium oxide.
See pyrolysis curve below
Dissociation Pressure for CaC,0; :
T°C P, TeC P,
378 82 410 20.0

388 80.0 416 587.0
403 134.0 418 684.0

X-Ray Crystallographic Data :

System Space Group  a ¢ Molecules/Unit Cell
214 H,0 tetragonal Ca 12.32 7.3l
3H.0 Can 12376 1.377 4

Hygroscopicity :

Soiubility Data:
In water, acetic acid, and alcohol : insoluble
inaeids: soluble

Health Hazuard : Corrosive and produces local irritation. Has a caustic effect o1
mouth, esophagus. and stomach. Can cause severe damage to kidneys.
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Calcium Oxalate, CaC,0,+H,;0 (page 2)

Safety Classifications:

12

Addnl. Ref. 1

OSM : not listed

ICC: not listed
Firs and Explosion Hazard: Can be dangerous when heated to decomposition

because of toxic fumes.
Electrostatic Sensitivity : S
Pyrolysis Curves of Calcium Oxalate, Carbonate, and Oxide
0.63¢g T

ION
1 L
226° 346°
]:50 mg
420° 660°
840° 980¢

Temperature °C

Use in Pyrotechnics: As a retardant and to impart a pink color to burning
compositions.

Additional References :

1) “On the Thermogravimetry of Analytical Precipitates,” S. Peltier and
C. Duval, Anal. Chim. Acta 1,347 (1947)

2) E. S Freeman and B. Carroll, J. Phys. Chem. 65,394 (1958)
3) Nature 178,324 (1956)

4) “Anhydrous Calcium Oxalate as a Weighing Form for Calcium,” C. C.
Miller, Analyst 78, 186 (1953)

5) C.A. 47, 5756 (1953)
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CALCIUM OXIDE, CaO Refs.
(Lime, Burmt Lime, Fat Lime, Quick Lime, Calx, Calcia)
Specification No. : -
Molecular Weight : 56.08
Crystalline Form: cubic 1
Color : . colorless 1
Density, g./ml. : 3.346 1
Coefficient of Thermal Expansion, cubical : 5.0 X 107 31
Heat of Formation, Kcal./mole at 298°K: (¢©y-1519 9
See Table a
Free Energy of Formation, Keal./mole at 298°K: (c)-144.4 9
See Table a
a. HEAT AND FREE ENERGY OF FORMATION OF CaO{c) 2
T,°K H (cal./mole) F° (cal./mole)
29816 . ... -150,650 ( =+ 400) -143250 (% 6500)
400 . . ... ~150,600 ~140,600
500 ..... ~-150,500 -138,250
600 ..... -150,450 s -135,800
673 . .... -150,400 -134,000
673 ..... -150,500 -134,000
700 ..., -150,450 -133,350
800 ..... -150,400 -130,900
900 .. ... ~150,300 128,500
1000 ..... -150,250 -126,050
1100 ..., -150,200 -123,600
1124 .. ... -150,200 -123,050
1124 .. ... 152,450 -123,060
1200 .. ... -152,350 -121,050
1300 ..... -152,200 -118,450
1400 .. ... -152,100 . -115,850
1500 ..... -151,950 -113,300
1600 .. ... -151,800 -110,700
1700 ..... -151,650 -108,150
1760 .. ... -151,550 -106,650
1760 . ... . -188,150 -106,660
1800 ..... -188,000 -104,800
1900 ... .. -187,550 -100,200
2000 ..... 187,150 -95,550
Phase Changes of Metal
T.P.;678°K ;A H==115cal./g.-atom
M.P, 1124°K ;2 H =2280 cal./g.-atom
B.P., 1760°K; A H = 36,600.cal./g.-atom
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Calcium Oxide, Cal) (page 2)

Free Energy Equations : 2
Reaction Range of Validity,°K
1) Ca(a) +14 0, (g) ==Ca0 (c) 298.16to 673
AF2 =-151,850-6.56T log T +1.46 x 10*T2 +0.68 x 105T1 +43.931"
2) Ca (B) 1140, (g) =CaO (c¢) 673to 1124
A Fg = -151,730-4.14T log T +0.41 x 10*T2 +0.68 X 10°T-! 4+ 37.63T
3) Ca(l) 140, (g) =Ca0 (e) . 11240 1760
A F2 =-153,480-1.36T log T =0.29 X 10-°T2 +0.68 x 105T-t +31.49T
4) Ca (g) +1£0; (g) =Ca0 (¢) 1760 to 2000
A F2=-194,670-718T log T-0.29 X 10*T2 +0.68 X 10Tt 4-73.84T
Entropy, cal./deg./mole at 298°K : (¢) 9.5 9
(gas) 52.3 9
See Table b
b. HEAT CONTENT AND ENTROPY OF CaO (c)
(Base, crystals at 298.15°K) 4
T, °K H: —Hes.1s St —S29s.18 T, °K Hy —Hags 15 Sr—Sz26.18
cal./mole cal./deg, cal/mole cal./deg.
mole mole
430 .. ... 1100 3.17 1300 .. ... 12,110 17.38
50 ... .. 2230 5.69 1400 ..... 13,430 18.36
600 . .... 3400 7.82 1500 ..... 14,760 19.28
0 .. ... 4600 9.67 1600 ..... 16,100 20.14
800 .. ... 5820 11.30 1700 ... .. 17,440 20.96
90 ..... 7040 12.73 1800 . .... 18,780 21.72
1000 .. ... 8270 14.03 1900 .. ... 20,130 22.45
1160 .. ... 9520 15.22 2000 ..... 21,480 23.15
1200 ... .. 10.800 16.34
CaO(e) :
Enthalpy :Hr = Hage 15=11,67T +0.54 X 10°T2 +1.56 X 10°T-* - 4051
(0.3 percent ;298 -2000°K)
Heat Capacity: C,= 11.67 +1.08 X 10-3T - 1.56 x 105T-2
4
T,°K Hr - Hzga1n St - Sz08.15 T,°K Hz —Hzos.18 St —Sze.1s
cal./mole cal./deg, cal./mole cal./deg.
mole mole
400 . .. .. 825 2.38 1000 . .. .. 6005 10.25
500 ..... 1665 4.25 1200 ..... 7775 11.87
600 ..... 2515 5.80 1400 ..... 9545 13.23
700 . .... 3380 7.13 1600 .. ... 11,325 14.42
800 ..... 4250 8.30 1800 ... .. 13,115 15.47
900 .. ... 5125 9.33 2000 .. ... 14.910 16.42
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Calcium Oxide, CsO (page 3)

Ca0O(g) :
Enthalpy: He =Hggsas == 8.70T F0.08 x 10*T* +0.74 X 10°T 1 - 284y
(0.2percent ; 298° - 2000°K)

Heat Capacity :C, ==& 0+ 0.16 X 10-3T - 0.74 X 10°T-2

Melting Point : 2843°K (2570°C)
Heat-of Fusion, Keal./mole : 12
Boiling Point: 3123°K (2850°C)

Heat of Vaporization : —
Transitioa Point : S
Heat of Sublimation : e

Heat Capacity, cal./deg./mole : (solid) 10.23
See also equations under Tables b and ¢
Decomposition Temperature and Produets : —

Dissociation Pressure :10g 10Pmm, = 2.74/104T +997 (overthe
temperature range, 1600-1750°K)
See also Refs. 42V7 and 44B2 for additional values
X-Ray Crystallographic Data :
System Spac& Group
h

a
cubic 4.797

Hygroscopicity : Very hygroscopic. Combines with water to form Ca (OH}.
Keep containersdry and tightly closed.
Solubility Data : In water, 0.131 at10°C :

Moleculesi Unit Cell

0.07 at 80°C : reactsto form Ca (OH)
Inacids, glycerol : soluble
In alcohol : insoluble

Health Hazard: Caustic reaction on skin and respiratory system. The dust is
an industrial hazard. Causes dermatitis. Treat with large quantities of

water.

Safety Classifications :
OSM : not. listed
I1CC: not listed
U.N.: corrosive

Fire and Explosion Hazard : Slightly dangerous. Produces heat on contact with
water, steam, acids, or acid fumeés.

Blectrostatic Sensitivity:

Use in Pyrotechnics: Calcium oxide is a product of high temperature burning
of calcium and many of its compounds.

Additional References :
1) Ref. 64

2j "Vapor Pressure Determination of Ba0, 8rO and Ca0, and Their Mix-
tures from Measurements of the Rate of Evaporation,'" A. Claassen and
C. Veenemans, Zeit. Physik §0, 342 (1933); cited by Ref. 65

M

51A

Addnl. Ref. 2

—

12, 25, 29

12




CALCIUM PERCHLORATE (ANHYDROUS) , ca(ClO,).

Percent Oxygen : 53.56
Specification No. : —_—
Molecular Weight : 238.99
Crystalline Form : cubic
Color : colorless

Density, g./ml. :
Coefficient of Thermal Expansion : —_

Heat of Formation, Kcal./mole at 298°K: (estd.) -178
Free Energy of Formation: S—

Entropy :

Melting Point : 396°K (123°C)
Heat of Fusion : -

Bailing Point': decomposes

Values in the literature range from less than 573°K (300°C)
to about 683°K (410°C)
Trausition Point: o
Heat of Sublimation : e
Heax Content or Enthalpy: -

Heat Capacity: _—
Decomposition Temperature : bubbling slight at 2568°C,
vigorous at 285°C
DTA and TGA, see Refs. 33, 47
Decomposition Products : CaCl, +0, with traces of
Cao and Clg

Vapor Pressure : —_—
X-Ray Crystallographic Deta for Ca{ClO4)2*3H,0 :

System Space Group a c Molecules/Unit Cell
hexagonal Ciy 7.71 5.42 2
Hygroscopicity : . deliquescent
Solubility Data : Inwater : 188.6g2./100 g, at 25°C

very 8oluble in hot water
Solubility in Organic Solvents at 25°C :

Solvent g./100 g. solvent
acetone 6al.76

ethyl acetate 113.5

ethyl alcohol 166.2

ethyl ether 0.26
methyl alcohol 237.4
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Refs.

72

65

65

47

Addnl. Ref. 1

65

1
1
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Glcium Perchlorate (Anhydrous), Ca(C10,), (page 2)

Health Hazard: CaClO, is a moderate irritant to the skin and mucous mem-
branes. Avoid contact with. skin. A weak muscular poison. It is not cumu-
lative and not reduced in the body.

Safety Classifications:

OSM: (ass 1. Class 2 when not packed in original containers or equiv-
alent.

ICC: Oxidizing material; yellow label. Listad under “Explosives and
Other Dangerous Articles.”

Fire and Explosion Hazard: CaClO, is a powerful oxidizer. It may cause fireg
or explosions when shocked or heated or by chemical action with reducing
substances such &s carbonaceous materials. It forms explosive.mixtures

with sulphur, powdered magnesium, and aluminum. It also emits highly
toxic fumes when heated.
Electrostatic Sensitivity : —_—

Use in Pyrotechnics: CaClO; is used a8 an oxidizer and to impart a yellow-red
color o burning compositions.

Additional References:
i) C.A.51,2439 (1957)

79

12, 66
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CALCIUM PHOSPHIDE, Ca,P,
(Photophor)
Specification No.: MII-C-3539

The specification covers two types: Type A, uncoated, and Type B, coated
with K.Cr,0,. Both types are in the form of solid sticks or lumps 14 to 1in.
in diameter. The types differ in their rate of ‘reaction with water. When
immersed in sea water, T}f/[pe A shall immediately produce a vigorous reac-
tion with astrong bright flame while Type B is required to give a maximum
evolution of smoke and flames at approximately 15 min. af%er contact with
the’water. The two types also evolve different amounts of gas for equal

masses.

Molecular Weight : 182.20
Crystalline Form : 1 cubic

Color : redish-brown,

Density, g./ml. :
Coefficient of Thermal Expansion :

Heat of Formation, Kcal./mole at 298°K :

Free Energy of Formation :
Entropy :

Melting Point :

Heat of Fusion:

Boiling Point:

Transition Point :

Heat of Sublimation :

Heat Content or Enthalpy:
Heat Capacity :

ademaiens |

(solid) 251 at 15°C
(¢)-120.5

e

about 1873°K (1600°C)

[T

Decomposition Temperature: Can be heated to 1250°C without decomposing
but reacts with moist air. Reacts in air about 300°C and becomes incan-

descent.
Decomposition Products :

Vapor Pressure :
X-Ray Crystallographic Data :

Hygroscopicity : Decomposed on contact with water, evolving spontancously

flammable phosphine.

Solubility Data :In water :
In acids:

In alcohol, ether, benzene :

see Hygroscopicity above
soluble
insoluble

Health Hazard : Dangerous, due to reactivity with water which evolves severely

toxic phosphine.
Safety Classifications :
OSM :

not listed

ICC: Flammable solid ;vellow label. Listed under “Explosives and Othei

Dangerous Materials.”

Refs.

Addnl. Ref. 2
Addnl. Ref. 2
3A
L9

1,29 |

Addnl. Ref. 1,
54V8

29, Spec.

12, 93



Caleium Phosphide, Cs:P; (page 2)

Fire and Explosion Hazard : Liableto spontaneous combustion. Dangerous when
heated as it emits highly toxic fumes of oxides of phosphorus. May explode
when heated by a flare.See Hygroscopicity.

Caution: Keep dry and tightly closed (for this reason it is packaged in
soldered tins). Under these conditions no gas should be evolved.

Electrostatic Sensitivity : _—

Use in Pyrotechnics: As afuel and to impart ayellow-red color to burning com-
positions or to produce smoke and flame.

Additional References :

1) “Phosphorus and Its Cangpourds, "'by V. Wazer, Interscience Publishers,
Inc., New York (1958)

2) M. V. Stackelbergand R. Paulus, Zeit. Physik. Chem. 22B, 305 (1933)

81

15,12,
Addul. tet. 1

29, spec.



Time 65% R.H. 75% R.H. 86% R.H. 93%R.H.

Stat. Vae. Stat. Vac. | Stat. Vae. | Stat. Vae.
24 hrs. 14.0 8.3 11.5 14.1 | 25.4 19.0 271 234
1 week 12.8 12.1 13.0 125 | 23.2 25.6 23.9 27.5
30 days 14.1 27.7 30.9

Solgbility Data :

soluble in petroleum

solvents

82

Refs.

50V2

12

‘Addnl. Ref. 1

32 (Table 14)
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Calecium Resinate (page 2)

Health Hazard :
Safety Classification :

OSM : not listed
ICC: Flammable solid :yellow label. Listed under “Explosives and Other
Dangerous Materials.”
Fire and Explosion Hazard: Slight; when heated it can react with oxidizing
materials.
Electrostatic Sensitivity :

unknown

Use In Pyrotechnics : Calcium resinate is used as a retardant fuel, and binding
agent. Imparts a yellow-red color to burning compositions. Use also as a
waterproofing agent.

Additional References :

1) “A Comparative Study of the X-Ray Diffraction Patterns and Thermal
Transitions of Metal Soaps,” M. J. Vold and R. D, Vold, J. Am. Oil
Chemists’ Soc. 26,520 (1949)

12

17



CALCII'M SILICIDE, CaSi,

Specification No. : JAN-C-324

The specification covers two grades which differ in purity and granulation.
Grade I is used in smoke mixtures, and Grade II in both smoke mixtures
and tracer compositions.

Molecular Weight : 96.26

Crystalline Form : glassy solid

Color : N

Density, g./ml. : (solid) 2.5

Coefficient of Thermal Expansion: —_—

Heat of Formation, Kcal./mole at 298°K: (c)-36

Free Energy of Formation : —_

Entropy : -

Melting Point: 1493°K (1220°C)
1020°C

Heat of Fusion:

Roiling Point :

Transition Point.:

Heat of Sublimation :

Heat Content or Enthalpy :
Heat Capacity :
Decomposition Temperature :

Decomposition Products :
Vapor Pressure :

RERRN

X-Way Crystallographic Data :

System  Space Group a Axial Angle  Molecules/Unit Cell
hexagonal D34 10.4  21°80/ 2

Note: The structure is characterized by layers of rings with six Si atoms

Hygroscopicity : See Solubility (in water)
Solubility Data : In cold water : insoluble
In hot water decomposes according to the equation :
CaSi, +6H,0 =Ca(OH) ,+28i0, +5H,0
In acids and bases: decomposes
Health Hazard : Has caustic action irritating to the skin and respiratory system

May cause dermatitis and irritation to the eyes and mucous membranes.
(Treatment — wash with large volumes of water)

Believed to be nontoxic.

Refa.

1,9

9
44, Addnl.
Ref. 2

1
Addnl. Refs.

1
Addnl. Ref. 2

12

93



Calcium Silicide, CaSi; (page 2)

Safety Classification :
OSM : not listed
ICC : flammable solid

Fire and Explosion Hazard : Dangerous by chemical reaction with oxidizers.
When heated can burn or explode and emit toxic fumes. In contact with
water may emit flammable silicon hydrides.

Electrostatic Sensitivity :

Use in Pyrotechnics: CaSi; is used as a fuel and to impart a yellow-red color to
burning compositions. Used in igniter compositions for tracer projectiles.

Additional References :
1) E. Wéhler and E Schiephake, Zeit. anorg. Chem. 151, 1 (1926)

2) “Silicon and Its Binary tem,’”” A. S. Birezhnoil (Translated fiom
. the Russian), Consultants’Bureau, New York (1960)

3) H. Bohm and 0. Hassel, Zeit. anorg. Chem. 160,162 (1927)
4) C.A.49,14326 (1955)

12, Addnl.
Ref. 1

17, Addnl.
Ref. 4



CALCIUM STEARATE

Formula : Ca(CisHas0;) 2

Specification No. : JAN-C-263

Molecular Weight : 607.00

Crystalline Form : crystalline powder

See Addnl. Refs. 2, 3
Color : opaque, translucent after
heating and cooling

Density:

Coefficient of Thermal Expansion : e

Heat of Formation, Kcal./mole at 18°C: H,=-662.6
H,=-641.1

Free Energy of Formation: _—

Entropy : —_—

Melting Point: 452-463°K (179-180°C)

Heat of Fusion :

Boiiing Point: decomposes

Transition Point: Phase changes at 65, 86, 123, 150, 195 and 350°C. Below
. 150°C the stable phases are crystalline.

Transition Temperatures and Heats of Transition
°C cal./mole
89
107 2080
152
190
58
89
106 7430
146
187
Note: Values vary with the source of the samples, which are not pure.
The 150-195°C phase is a liquid crystal. Quenching from a temperature
of 123-150°C produces an unstable crystal, but an unstable vitreous form
results on quenching from above 150°C. Technical Ca stearate resembles the
pure material but assumesthe vitreous form more readily and crystallizes with
difficulty.
Heat of Subiimation : -

Heat Content or Enthalpy: S
Heat Capacity: —

Decomposition Temperature, °C : above 350
For DTA see Addnl. Ref. 4

Refs.

Addnl. Ref 4

Addnl. Ref. 1

1

Addnl. Refs.
2,3

Addnl. Ref. 2

Addnl. Refs.
2,8,4



Calcium Stearaie {page 2)

Decomposition Products : —_—
‘Vapor Pressure : —_—
X-Kay Crystallographic Data :

For X-Ray Diffraction Data see Addnl. Ref 5

Hygroscopicity : -
Solubility Data: In water: 0.004 g./100 ml. at 15°C
(not readily wetted)
In alcohol and ecther: insoluble

In methyl acohol and toluol, g./100 g, :

Temp. ©C methyl alcohol  toluol

25 0.05 0.03
50 0.09 047
75 0.22
100 gelled®
*Ca stearate precipitated on cooling
Health Hazard: none mentioned
Safety Classifications:
OSM: not listed
{CC: not listed
¥Fire and Explosion Hazard : _—

Electrostatic Sensitivity: p—

Use in Pyrotechnics : As a fuel and to impart a yellow-red color to burning com-
positions, Also waterproofing, lubricating, and bonding agent.

Additional References :
1) E. Médard, Mém. artilleric frang £8, 467 (1954)

2) “Polymorphic Transformations of Ca Stearate and Ca Stearate Mono-
hydrate,” R. Vold et al., J. Colloid. Sci. 3, 339 (1948)

33 ““Crystal Forms of Anhydrous Ca Stearate Derivable from Calcium
Stearate Monohydrate,” M. Vold et al., J. Colloid Sci. 4, 93 (1949)

4) “Differential Thermal Analysis of Metal Soaps,” G. Hattiangdi et al.,
Ind. Eng. Chem.41,2320 (1949)

5) “Characterization of Heavy Metal Soaps by X-Ray Diffraction,” R.
Vold and G. Hattiangdi, Jnd. Eng. Chem. 41, 2311 (1949)

6) “Aero Metallic Stearates,” Am. Cyanamid Co., Bound Brook, N.J.
(1960)
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CARBON BLACK (DRY) and LAMPBLACK, C

(Cape Cod Black, Gloss Soot, Light Soof, Flame Soot,

Flame Black, Furnace Black, Channel Black, and a wide
variety of proprietary namee and numbers)

Specification No. : Carbon black (dry) : MILC-11403
Lampblack : TT-L-706

Carbon black is an amorphous, quasi-graphitic carbon obtained by burning
gas, oils, tars, or other carbonaceous material in an insufficient amount of air to
form a deposit of soot. By varying the process and the starting material, prop-
erties of the products can be varied considerably. Carbon black is usually one
of the followingtypes :

a) Animal charcoal, made by charring bones, meat, or blood.

b) Gas black, furnace black, or channel black, made by the incomplete
combustion of natural gas.

¢) Lampblack obtained by burning various fats, oils, and resins, under
controlled conditions.

d) Wbod and vegetable charcoals.

Carbon blacks are very finely divided. Most individual particles are in the
range of 13 to 274 myu. As colloids, the particles are negatively charged and '
show the Brownian movement. Lampblack is amorphous but most carbon blacks
are a mixture of the amorphous and crystalline forms. Carbon blacks have an
enormous surface per unit mass and are very absorbent. The structure and pH
can also be varied over a wide range. Carbon blacks thus find a wide variety of
uses.

The individual fine particles are composed of several thousand crystallites.
These are in parallel layers of carbon atoms arranged in hexagonal rings as in
graphite, but in carbon black the symmetry is much less precise so that the
carbon atoms in adjacent layers are rotated about an axis at right angles to
their plane. The structure is similar to that of true graphite as the carbon rings
are arranged roughly parallel and equidistant but otherwise completely random,
and the dimensions within a layer are the same as in graphite. The layer is
somewhat larger than in graphite. The effect of heat treatment is to increase
the size of the parallel layer groups. On graphitization the material changes
discontinually to the crystalline graphite structure. The usual carbon black is
not finely divided graphite. Small angle scattering indicates the existence of
clusters of a few hundred angstrom units in size. These clusters are measured
by microscope units, by the electron microscope and by surface areas, rather
than the much smaller parallel layer groups.

Molecular Weight: 12.011

Crystaiiine Form : flufty, amorphous powder
Color: black

Density, g./ml.: (solid) 1.8-2.1

Refs.

16, 22, 29,
50V3

Addnl. Refs.
4,5, 6,10, 11

[y



Carbon Black, C (page 2)

Coetlicient of Thermal Expansion, lincar :
see also Ref. 63

Heat of Formation:

Free Energy of Formation:

Entropy :

Melting Point:

Heat of Fusion:

0.65 X 10¢

3925-3970°K, sublimes
(3652-3697°C)

Boiling Point : 4473°K (4200°C)
Heat of Vaporization, cal./g. : 11,900
Transition Point: —_—
Heat of Sublimation, Kcal./mole : 135.7
133+ 12
Heat Content or Enthalpy: e
Heat Capacity: —
Decomposition Temperature: —_—
Decomposition Products: —_—
Vapor Pressiare : —
Press. mum. 04 20 120 240 760
Temp. ©C 2375 2935 3250 3490 3700
Press.mimn. 243 327 380 509 608 760
Temp.°C 4015 4052 4801 4117 4137 4180
X-Ray Crystallographic Data :
See Addnl. Refs. 3,4, 10, 11
Hygroscopicity :
Solubility Data :In water, acids, and alkalies : insoluble

Health Hazard : Considered nontoxic. Prolonged internal use may cause vitamin
and mineral deficiency and interfere with digestion.

Safety Classifications :

OSM : Atmospheres containing carbon black are included under hazard-

ous locations, class 1.
iCC:

not listed

Fire ana Explosion Hazard: Slight when exposed to heat or flame. Lampblack
made by incomplete combustion of petroleum may heat spontancously when
freshly bagged. It has great affinity for liquids and heats spontancously on
contact with drying oils. It should be thoroughly cooled before bagging and
stored in a cool, dry place away from oxidizing materials. Lampblack dust

can be exploded. See data following:

89

Addnl. Ref. 1

1
Addnl. Ref. 1

Addnl. Ref. 7
Addnl. Ref. 3

Addnl. Ref. 8

Addnl. Ref. 9

1
12, 25,29

12, 50Vé



Carbon Biack, C (page 3)

Explosibility of Lampblack :

Concentration Max, Avg. Rate of Max. Rate of 86
. Press. Press. Rise Press. Rise
{(mg./l.) {1bs./sq. in.) (Is./8q, in./gec.) {Ibs./3q, in./sev)
100 10 13 119

Ignition Temperature, °C :

Carbon black (produced in reducing atmosphere) 535 Addnl. Ref. 1

Thermal carbon blacks : 449-485

Lampblack (oxidizing atmosphere) : 352-362

Carbon blacks (natural gas) : 313-324
Heat of Combustion (at constant volume), cal./g. : Addrl Ref. 2

Carbon amorphous : 8130

Carbon black (dried at 100°C) : 7810

(degassed at 1000°C) : 8270

Speciiic Heat at 25°C, g./cal./g. 0.2 Addnl. Ref. 1

Use in Pyrotechnics: Lampblack is used by the Chemical Corps as a pigment in
protective coatings.

Additional References:

1) “Industrial Carbon,” C. L. Mantell, D. Van Nostrand Co, Inc., Prince-
ton, N. J. (1946)

2) L. Médard, Mém. artillerie frang, 28, 485 (1954)

3j “lonization and Dissociation by Elecmmn Impact, Methylene, Methyl
and Methane,” A. Langer et al,, J. Chem. Phys. 22, 1836 (1954)

43 Chem. Eng. News 23,2078 (1945)

5) “Carbon Black,” E. Cohan and H. Cohan, Vol. 5, pt 11, “The Science of
Petroleurn,” B. T. Brooks and A. E. Dunstan, Bds.,Oxford University
Press, New York (1953)

6) J. D. Bernal, Proc. Royal Soc. 1064, 749 (1924)

7) E.Lindholm, C.A. 51,6345 (1957)

8) A.Thiel and F. Ritter, Zeit. anorg. Chem. 132, 125, 153 (1923)
9) H.Kohn, Zeit, Physik 3,143 (1920)

BO) “An X-Ray Study of Carbon Black,” J. Biscoe and B. E. Warren, J.
Appl. Phys. 23,364 (1942)

11) “X-Ray Study of Carbon Black,” B. E. Warren, J. Chem. Phys. 2, 551
(1934)




CARBON TETRACHLORIDE, CCi,

{ Tetrachliorvmethane, Benzinoform)

Refs.

Specification No.: 0-C-141 1,11
Marking : The Air Force requiresthat each package bear a iabel
as foilows : “Caution : Volatile poisonous solvent. Use with ade-
quate ventilation. Avoid prolonged breathing of vapor. Avoid
contact with skin."
Molecular Weight : 153.84
Normal Color and Form: colorless liquid 1
Density, g./ml. : (liquid) 1.595 at20/4 1
1.63195 at 0/4°C
Coefficient of Thermal Expansion, cubical,
0-76°C : 1.236X 103 1,3
V. =V, +1.8384ts +0.89881t+ + 1.35135 % 10
Heat of Formation, Kcal./mole at 298°K: (gas! —25.5 1,9
(Iiquid)-33.3
¥'ree Energy of Formation, Kcal./mole at298°K : (gas) -15.3 1,9
(liquid) -16.4
Entropy, cai./deg./moile at 298°K : (gas)  73.95 1,9
(liquid) 51.25
See table below
Melting Poini: 250.3°K (-22.8°C) 9
Heat of Fusion, Keal./mole: 0.60 9
Boiiing Point : 349.9°K (76.8°C) 9
Heat of Vaporization, Kcal./mole : 717 9
Transition Point : 225.5°K (-47.6°C) 9
Heat of Transition, Kcal./mole : 1.09 9
Heat of Sublimation: ——
HEAT CONTENT AND ENTROPY OF CClk({g) 4
(Base, ideal gas at 298.15°K)
rfﬁ OK HT - HZQ&. i ST % S'ZﬂS.lﬁ T,oK H'l' - H2ss.15 ST - S298.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
490 ... .. 2140 6.16 1000 ... .. 16,570 27.99
500 ..... 4395 11.19 1100 ... .. 119,080 30.38
60u ... .. 6740 15.46 1200 ... .. 21,610 32.58
o ... .. 9150 19.17 1300 ... .. 24,140 34.61
S0 ... .. 11,600 22.45 1400 ... .. 26,680 36.49
900 . .. .. 14,080 25.37 1500 .. ... 29,220 38.24

a1



Carbon Tetrachloride, CCly (page 2)

CCL(g) :
Enthalpy : Hr - Hygs 1 = 24.17T +0.60X 10-*T2 +4.10  105T * -8635
(0.3percent ; 298° —1500°K)
Heat Capacity : C, =24.17 +1.20 x 10T - 4.10 X 105T 2

Heat Capacity, cal./deg./mole : (liquid) 31.47
(gas) 19.96

Decomposition Temperature : Noticeable at 150°C particularly in the presence
of Cl acceptors, e.g., metals and metal oxides.

Decomposition Products : Phosgene may be formed, especially in the presence
of metals.

Vapor Pressure :

Press. mm, 1 10 40 100 400 760 M.P.

Temp. °C 500 -19.6 T42 230 518 767 -2.6

X-Ray Crystallographic Data:

Interatomic Distances and Molecular Configuration :
C-Cl, 1.76A = 3.01; CI-Cl, 2.86 = .01
‘Tetrahedral model confirmed spectroscopically

Hygroscopicity :

Solubility Data : Solubility of water in CCl, is 0.008% by weight at 20°C. Solu-
biiity m water, 0.8 g./100 ml. at 20°C, CCl, is miscible in all proportions
with aleonol, etner, chloroform, benzene, halogenated hydrocarbons, and
most solvents.

Health Hazard : CCl; is a systemic poison with a narcotic action resembling that
of chloroform. It may cause death through respiratory failure, and can
cause serious effects to kidneys, liver, lungs, and the nervous system. It can
be fatal when taken internally. Dermatitis may result from repeated skin
contact, and its vapors are toxic.

M.A.C.: 25 parts per million in air for an 8-hr. work day.
Caution: Do not use CCl, to fight fire in unventilated spaces such as smali
rooms or closets. Storein airtight drums.
Note: CCls poisoning is detectable in the blood and urine.
Safety Classifications :
OSk: not listed
1CC: not listed
Fire aw.d Explosion Hazard : CCl, is not combustible, but its vapor is toxic. 1t is

dangerous when heated to decomposition due to formation of highly toxic
phosgene,

filectrostatic Sensitivity:
Azeotrope: CCl; forms an azetrope with water which boils at 66°C at 1 atm.
and contains 4.1 7. water,

92 :

4'9

Addnl. Refs.
2,3,4

12,14, 29

12, 14, 29



Carbon Tetrachloride, CCL; (page 3)

Use in Pyrotechnics: CCL, is used a8 & noncombustiblesolvent and fire retardant
in certain compositions.

Additional References :

1)
2)

3)

4)

Ref. 52

“Poisonous Gases from Carbon Tetrachloride Fire Extinguishers,” A.
C. Fieldner et al., J. Franklin Inst. 190, 543 (1920)

“Determination of Phosgene,” A. C. Fieldner et al., Ind. Eng. Chem.
Anal. Ed. 8, 20 (1936)

“Mass Spectrographic Study of the Species CS, SO, and CCl; Produced
in Primary Heterogeneous Reactions,” L. P. Blanchard and P. LeGoff,
Can.J. Chem. 35, 89 (1957)
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CASTOR O1L

(Ricinus Qil, Oil of Palma Christi, Tangan-Tangan Oii,
Ricinus Communis)

Formula : Castor oil is a natural product of somewhat variable composition,
Specification No. : MIL-C-15179A
(dehydrated)

Castor oil is a light yellow to brownish oil obtained from the seed beans of
the castor plant. When pure and fresh, it is nearly colorless and transparent.
The hot pressed oil is brownish. Castor oil does not readily turn rancid, and is
classed as anon-drying oil.

Dehydrated castor oil must be made by the dehydration of castor oil and
poiymerization of the resulting product, without admixture of other oils.

Molecular Weight : castor oil is a variable
natural product

Normal Color and Form: pale yellow oil

Density, g./ml. :: (liquid) 0.960-967

Coefficient of Thermal Expansion :

Melting Point: turbid at 261K (~12°C),

solid at 255-256°K
{(-17to -18°C)

Boilimg Point: 586°K (3138°C)

Decompesition Temperature:  —

Decomposition Products : _

Vapor Pressure:

Hygroscopicity : e

Solubitity Data : Miscible with absolute ethyl alcohol, methanol, ether, chloro-
form, glacial acetic acid.

Health Hazard : slight, used medicinally
Safety Classifications :

OSM: not listed

ICC: not listed
Fire and Explosion Hazard: combustible

Fiash Point, °F: 445 (closedcup) ;

545 (opencup)
Autoignition Temperature, °F : 905
To fight fire: uge foam, dry chemical,

CCly or water
Electrostatic Sensitivity : —_—

Use in Pyrotechnics : Castor o1l is used as a fuel, as a waterproofing and bind.
ing agent, and to reduce sensitivity to friction.
See Addnl. Refs.
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Castor Oil (page 2)

Castor oil composition, % : 16
diglycerides of ricineleic acid: 80-86 29
oleic acid; 7-9
linoleic acid: 3-35
stearic acid : . 03
dihydrostearic acid : 0.6-1.8
tocophorol : about 0.05

Castor oil is dextro rotary and has the following characteristics:

Refractive index : ng =1.473-1.477
n§ —1.466-1.473
Viscosity at 25°C, poises: 6-8
Surface tension at 20°C, dynes/cm.: 3.0
80°C, dynes/cm. : 35.2
Acid value: 0.12-0.8 1
Saponification value : 175-183
lodine value (Wijs) : 84
Reichert Meisst number: 1.4
Maumené number: 4647
Acetyl vaiue: 146-150.56
Unsaponifiable matter : 0.6
Specific heat, cal./g., at 40°C : 0.52 bOVe
at 200°C: - 0.59

Additional References :

1) “Explosives, Matches, and Fireworks,” J. Reilly, The University Press
Cambridge, England (1938)

2) “Fatsand Oils,” H. G. Kirschenbauer, Reinhold Publishing Corp., New
York (1944)
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CHROMIC ACID, GO,

(Chromic Trioxide, Chromic Anhydride,
Chromium (VI) Oxide, Red Oxide of Chromium)

Percent Oxygen : 48.00

Specification No. : (fortechnical grade)
0-C-3038

Molecular Weight : 100.01

Crystalline Form : rhombic

Ceior: red (color darkens with rise in temperature and is restored on cooling)
Density, g./ml. : (solid) 2.7C
Coefficient of Thermal Expansion :  —

Heat of Formation, Kcal./mole at 298°K: -1421+1
-138.5+ 2.5

Addnl. Ref. 8 givesliterature values from -140 to -147
Free Energy of Formation at 298°K: -120.2

BEAT AND FREE ENERGY OF FORMATION, CrOs(c)

T,°K A H (eal./mole) a Fo (eal./mole)

298,16 =140,000( 2= sU0U) =-121,000 (£3000)
00 ... ... -139,000 -114,500
471. ... .. -139,000 -110,000
471 ... ... -135,000 -110,000
500 _ . . ... -134,500 -108,500
600 ~133,000 -103,500

Ent cal./deg./mole at 298°K : solid) 17.5

HHopy: g 2 (solid) .5 25

Free Energy Equations:
Reacticn Range of Validity, °K
1) Cr (¢) T38,0, (g) =CrOs (c) 298.16t0 471

A FQ =-141,590-13.82T log T +103.90T

2) Cr (¢) 3,0, (g) =Cr0s (1) 471to 600
A Fg =- 141,580-32.24T log T +153.14T
Melting Point, °C: ) 19¢
8 (with decomposition) 19"
Heat of Fusion, Kcal./mole 3.77
Boiling Point, °K: decomposes

Heat of Vaporization :
Transition Point:

Heat of Sublimation :
Heat Content or Enthalpy:
Heat Capacity :

[T

Refs.
Addnl. Ref. 8
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LA, 54V2
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Chromic Acid, Cr(; (page 2)

Decomposition Teraperature : above 230°C

For TCA see Addnl. Ref. 9
For DTA and TGA see Refs. 33 and 54Vg

Decomposition Products Cr;0s, Cl:i_ou, Cr0,,
r.0; 3

Vapor Pressure : _

X-Ray Crystallographic Data :

Molecules/
System  Space Group u b c Unit Cell
orthorhombic Dj¢ 5,70+ 0.05 B8.46 + 0.03 4.77+ 0.03 4
Hygroscopicity : delli1 uesces above 35%
Solubility Data :
Inwater : 166g./100 ml. at 15°C and
206.7at 100°C

In echer, alcohol, H,SO; : soluble

Health Hazard : Extremely toxic. Local irritant and systemic poison. L.D. (sub-
cutancously in dogs) 330 mg./kg, Concentrated solutionsmay cause derma-
titis and local ulceration. Inhalation causes irritation to nasal mucosa and
respiratory tract. Ingestion may cause nausea, vomiting, diarrhea, renal
damage, and death.

Caution —-notfor internal use.

Safety Classifications:

OSM : not specifically mentioned

ICC: oxidizingmaterial, yellow
label

M.C.A: warning label required

Fire and Explosion Hazard : Dangerous ; may oxidize organic cornpounds with
explosive violence. Contact with combustible material may cause fire and
evolution of highly toxic fumes.

Foamite is ineffective against a chromic acid fire as the acid supplies its
own oxygen. Carbon tetrachloride should not be used or a chromic acid
fire, Water is the only effective agent.

Use 11 Pyrotechnies: as an oxidizer

Additional References:

1) “Preparation of Ferromagnetic Chromium Dioxide,” B. Kubota, J.
Phys. Soc. Japan 15,1706 (1960)
{85ee note below)

2y “Decomnposition of Higher Oxides of Chromium under Various Pres
sdves of Oxyzen.” B. Kubota, J. Am. Cerm, Soc. 44,239 (1961)

29

54V2
Addnl. Refs.
4,6

Addnl. Ref. 5
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Chromic Acid, CrQ; (page 3)

3)
4)
5)

6)
7)

8)
9)

Note : Both references above discuss the thermal decomposition of CrOs
under high oxygen pressure resulting fixan the oxygen liberated from
CrO; its.lf.

“ChramicAcid in the Metal Finishing Industry,” Diamond Alkali Co.,
Cleveland, Ohio (1953)

“The Products of Thermal Decomposition of Chromium Trioxide,”” R. S.
Schwartz et al., J. Am. Chem. Soc. 74,1676 (1952)

“The Crytal Structure of Chromium Trioxide,”” A. Bystrom and K. A.
Wilhelmi, Acta. Chem. Scand. 4, 1131 (1950). C.A. 45,3679 (1951)
C.A. 45,21319 (1959)

“The Hagt of Formation of Ammonium Dichromate,” C. A. Neugebauer
and J. L. Margrave, J. Phys. Chem. 61, 1429 (1957)

“Chromium,” M. Judy, Reinhold Publishing Corp., New York 1 49)
C.A. 42,422 (1948)
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CHROMIC OXIDE, Cr,0,
(Chromium (fI1) Oxide, Chromium Sesquioxide, Chrome Green,
Green Cinunsbar, Green Uxide of Chromium, Anadonis Green,
Ultramarine Green, Chrome Ocher, Oil Green, Leaf Green,
Green Rouge)

Percent Oxygen:
Specification No. :
Molecular Weight :
Crystalline Form :
Color:

31.57

not listed
152.02
hexagonal
green

Commercial materials vary Prom a brownish green, to greyish green, to
olive green to bright grass green,

Density g./ml. : (solid) 5.21
Coefficient of Thermal Expansion :
T,°C % Linear Expansion bet. 10® X Mean Thermal Coeff, of
100°C and Indicated Temp. Expansion bet. 100°C and
Indicated Temp.
200 ..... 0.07 6.8
400 ... .. 0.14 71
600 ..... 0.36 7.1
800 ..... 0.51 7.3
1000 .. ... 0.66 7.3
1200 ... .. 0.82 7.4
Heat of Formation, Keal./mole at 298°K : -269.7
2.7+ 4
-272.65
-268.5

a. HEAT AND FREE ENERGY OF FORMATION OF Cr;0s (a, 8)

T, °K a H (cal./mole) A F° (cal./mole)
298.16. . .. —272,650 (=% 350) -253,160 (= 500)
298.16.. . . 272,550 —253,150
400 .. ... -272,250 —-246,550
500 ..... —271,850 —240,200
600 . .... —231,500. —233,900
700 ..... -271,200 —227,650 .

800 ..... -270,850 —221,45%0
900 ..... -270,650 -215,250
1000 ... .. —270,450 -209,150
1100 . . ... 270,300 —203,000
1200 ..... —-270,150 -196,900
1300 ..... —-270,100 -190,800
1400 . . ... —-270,100 —-184,700
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Chromie Oxide, Cr;0, (page 2)

T,°K A H (cal./mole) A F° (cal./mole) -
1500 ... .. -270,160 -178,600
1600 . .. .. -270,200 -172,450
1700 .. ... -270,300 -166,400
1800 ... .. -270,500 -160,250
1823 ... .. -270,650 -158,850
1823 .. ... -278,950 -1658,850
1900 ... .. -279,000 ~153,800
2000 ..... -279,100 -147,200
Free Energy of Formation, Kcal./mole at298°K :  -250.8 = 0.6 Addil. Ref. 4
Entropy, cal./deg./mole at 298°K : 19.4 1A,9,%1A
b. HEAT CONTENT AND ENTROPY Cr;0, (c) 4
(Base «crystals at 298.15°K)
T,°K Hr - Hags 15 Sr - Szea.1s T, °K Hy — Hyog.1s Sy~ Sees.1s
cal./mole cal./deg, cal./mole cal./deg.
mole mole
298.16 (B). . 100 0.34 1200 ..... 26,430 40.11
400 ..... 2740 794 1300 .. 29,6560 42.60
500 ..... 6540 14.19 1400 32,870 44N
600 ..... 8380 19.36 1500 ..... 36,790 47.07
700 .. ... 11,280 23.82 1600 ..... 38,920 49.08
800 ..... 14,230 27.76 1700 ..... 42,060 50.98
9 ..... 17,210 3.27 1800 ..... 45,180 82.77
1000 ... .. 20,240 34.46 1800 ..... 48,320 54.47
1100 ... .. 23,320 37.40 2000 ..... 51,460 86.08
Cr0; (8):
Her - Hags 15 = 28.53T T 1.10x 10T +3.74 X 10T - 9758
(0.2 percent; 298° —1800°K)
C,=28.53 +2.20 X 10*T -3.74 X 10°T2
Free Energy Equations : 2
Reaction Range of Validity,°K
1) 2Cr(c) +% 0, (g) =Cr0; (8) 298.16to0 1823
A Fy =-274,670-14.07T log T +2.01 x 10-*T? +0.69 x 10*T +105.61T
2) 2Cr (1) +%0, (g) =Cr;04 () 1823t0 2000
A F2=-278,030 + 2.33T log T-0.35 X 10-*T* +1.57x 10T +58.29T
Melting Point, °C : The range of values listed in the literature vary
as much as 500°C.
Lowest value 1900 31A
Highest value 2435 Addnl. Ref.5
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Chromic Oxide, Cr.03 (page 3)

Heat of Fusion, Kcal./maole : 25
Boiling Point, °X: decomposesat 3300 = 300
Transition Paint, °K: C; to C; 306
298
Heut of Transition, Kcal./mole : 0.1

Heat of Sublimation :  —
Heat Content or Enthalpy :

See Table b
Heat Capacity :

See Table b

Decomposition Temperature : 3300 =+ 300
See also Addnl. Ref. 1
For DTA sce 54V11

Decomposition Products :

Dissociation Pressure :

Oxygen Pressures over Cri0;
Press. atm. 74 % 1026 5.1 % 1023 38X 102
Temp. °C 895 968 1002

For Dissociation Pressure curve see Ref. 54V11
X-Ray-Crystallographic Data~

System Space Group a c Molecules/Unit Cell
Hexagonal DSq 4954 13.548 at 26°C 6
Hygroscopicity : _

Solubility Data: In water: insoluble
In acids, alkalies, or alcohol: slightly soluble

Health Hazard : Poisonous. Corrosive on skinand mucous ‘'membranes.
Safety Classifications :
OSH : not listed
iCC: not listed
Fire,and Explosion Hazard : —
Electrostatic Sensitivity : e

Use in Pyrotecinics : Product of the burning of chromium and some chromium
compounds.

Additional References:
1) ““Decomposition of Higher Oxides of Chromium under Various Pres
sures of Oxygen,” B. Kubota, J. Amer. Cerm. Soc. 44,239 (1961)

2) “The Volatilization of Chromium Oxide,” D. Caplan and M. Cohen, J.
Electrochem. Soc. 108,438 (1961)
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Chromic Oxide, Cr:0s (page 4}

3) “Thermodynamics of the Oxidation of Chromium,”J. N. Ramsey et al.,
J. Electrochem. Soc. 108,135 (1956)

4) “Heats of formation of chromium oxide and cadmium oxide from com-
bustion calorimetry,” A, D. Mah, J. Am. Chem. Soc. 76,3363 (1954)
5) “Chromium,” M. Judy, Reinhold Publishing Corp., New York (1956)
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COBALT NAPHTHENATE

Cobalt naphthenate is a solution of the cobalt salts of mixed naphthenic
acids in mineral spirits. The product contains about 6% cobalt and is stand-
ardized on this basis. Chemical and physical properties of cobalt naphthenate
cannot be described in the usuil manner because the naphthcnic acid usually
represents a mixture of various cyclopentane monocarboxylic acids, containing
on the average about 12 carbon atoms. The carboxyl group is usually separated
from the cyclopentane group by at least one methylene group, but sometimes
there may be more than one. The balance of the carbons is made up by alkyl
substitution on the cyclopentane nucleus. The acids vary considerably depend-
ing on the particular source of the petroleum crude from which they arederived.
The cobalt is primarily in the cobaltous form.

Chemically the naphthenic acids have been classified as carboxylic acids of
the general formulas CaHze-2 COOH and CoHaa« COOH, with most of them in
the first group. They are derivatives of the 2,3,4-trimethylcyclopentane alkane
acids, e.g.

Structural Formula :

H,C — . HC H,C
H',c[ | CH,O0H, H,C D CH,*CH,* CH,* COOH, H,C D (CH,)sCOOH

CH, - CH; CH;,

Coramercially available naphthenic acids are identified by origin and acid
number. The lack of a more definite classification is due to the complexity of
the mixed acids now known as naphthenic acids and to the absence of informa-
tion correlating the properties of the acids firom different sources.

The general formula has been given as approximately Co(RCQO) 2, where
R is largely a mixture of trimethylcyclopentane alkane radicles.

Specification No. : TT-D-643
Specifeation Requirements :
Metal (cobalt), %: (min.) 5.7 (max.) 6.3
Non-volatile, % : (max.) 70
sp. Gr.: (min.) 0.950 (max.) 1.050
Fiash Pt. (closed cup), °F : {min.) 100
The volatile matter shall be mineral spirits.
Color: red-blue to purple
Density, g./ml. : 0.947 10 0.965
Melting Point : 398°K (125°C)
Solubility : solublein benzene

Health 'Hazard : In the stomach, cobalt naphthenate hydrolyzes to CoCl;. Al-
though this compound has been used medicinally in cases of iron deficiency
(anemia), in doses larger than 100mg . CoCl. is toxic.
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Cobalt Naphthenate (page 2)

Safety Classification:
OSM : not listed

ICC : notlisted
Fire and Explosion Hazard:

Electrostatic Sensitivity : —_—
Nuodex ProductsCo. specifications for Cobalt Naphthenate (DMRCobalt6%) :

Metal oontent, % : 60=x 01
Color (Gardner), max. : violet blue
Sp. Gr.: 0:935 -0.980
Ibs./gal. (at80°F) : 7.75-8.15
Solids, % max.: 67

80¢F Viscosity (max.), Cardner : A, 0.50 poises
20°F Viscosity (max.), Gardner : K, 2.75 poises

Flash Pt. (Pensky-Marten closed cup), °F: 104

Use in Pyrotechnics: As a paint drier. As a catalyst with Laminac 4116 and
Lupersol DDM (q.v.).

Additional References:

1) Private communication from W. J. Stewart, Nuodex Products Co., Eliz-
abeth,N. J.

2) “Naphthenic Acids and Derivatives,” E. R. Littmann and J. R. Klotz,
Chem. Revs. 30, 97 (1942)

3) “A Manual of Organic Chemistry,” G. M. Dyson, Longmans, Greenand
Co., New York (1950)
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COPPER, Cu Refs.
Specification No. : JAN-C-768
Molecular Weight : 63.54
Crystalline Form : cubic 1
Color: reddish metal 1
Density, g./ml. : (solid) 8.93-8.95 1
Coefficient of Thermal Expansion:
Temp. Range,°C Coefficient 1
linear -191to + 16 14.09 X 10
(electrolytic) linear 25 t0 100 15.6 X 10
25t0300 17.8 X 10-¢
0 to 600 16.07< 10-°
Equation for Linear Expansion:L=1, (1 +.1596 +0.102t2) 1
where [, and |, are thelengthsat the temperaturet°C and 0°C
Heat of Formation, Kcal./mole at 298°K : (gas) 81.1 5
Free Energy of Formatioa, Kcal./mole at298°K : (gas) 71.628 5
Entropy, cai./deg./molc at 298°K : 7.97 5
See Tables a, b, and ¢
Meiting Point : 1356°K (1083°C) 5
Heat of Fusion, cal./mole : 3120 4,5
Boiling Point : 2865°K (2582°C) 5
Heat of Vaporization, cal./mole : 72,800 5
Transition Point: —_—
Heat of Sublimation, cal./mole at 298°K : 81,000 5
Hear. Content or Enthalpy, cal./mole at 298°K : (solid) 1201 5
(gas) 2116 9
Sce Tables a, b, and ¢
a. HEAT CONTENT AND ENTROPY OF Cu(c, 1) 4
(Base, crystals at 298.15°K; atomic wt. 63.54)
T, °K Hr - Hoes 15 St —Sues.15 T,’K Hr —Hops,15 Sr--Suoa.1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
106 ... .. 600 1.73 1100 .. ... 5190 8.28
500 C e 1215 3.10 1200 ..... 5895 8.90
600 1845 4.25 1300 . .... 6615 9.47
700 .. ... 2480 523 1357 (c) 7040 9.79
8GO .. ... 3130 6.10 1357(1) ... 10,160 12.09
900 .. 3800 6.80 1400 .. ... 10,480 12.32
1000 4490 7.61 1500 .. ... 11,230 12.84
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Hr Hopis

T,vK St -Sas.s T,°K Hr _Hoogss St —Sren1s
cal /mole cal./deg. cal./mole

1600 .. ... 11,980 13.33 2200 ... .. 16,480 15.71
1700 .. ... 12,730 13.78 2400 . .... 17,980 16.37
18060 . . ... 13,480 14.21 2600 ... .. 19,480 16.97
1900 14,230 14.62 2800 20,980 17.52
2060 . .... 14,980 15.00

Cu(e):

Enthalpy : Hr —Hage 15 =5.41T T0.75 X 10°T2 -1680 (0.3 percent ;298° —1357°K)
Heat Capacity :C, =5.41

+1.50 % 10T

Cu(l) :

Enthalpy :He =Hzgs.16 =7.50T =20 (0.1 percent ;298° -2800°K)
Heat Capacity :C, = 7.50

b. XEAT CONTENT AND ENTROPY OF Cu(g)

(Base, ideal gas at 298.15°K ; atomic wt., 63.54)

[, °K Hi-Haes.i1s St - Saes.1s T,°K Hr —Hon s St —Se.1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
460 ... .. 505 146 1900 ... .. 7985 9.22
500 ... .. 1005 257 2000 ..... 8495 9.48
oo ... .. 1500 3.48 2200 ..... 9530 9.97
700 .. ... 1995 4.24 2400 ... .. 10,590 10.43
800 2495 4.90 2600 . .... 11,680 '10.87
900 ..... 2990 5.49 2800 ..... 12,815 11.29
1000 . .... 3490 6.01 3000 . .... 13,995 11.70
1100 ..... 3985 6.49 3500 ..... 17,155 12.67
1200 .. ... 4480 6.92 4000 ... .. 20,600 13.59
1300 .. ... 4980 7.32 4500 .. ... 24,290 14.46
1460 ... .. 5475 7.69 5000 ..... 28,150 15.27
1500 5975 8.03 6000 ..... 36,160 16.73
1600 6475 8.35 7000 ..... 44,450 18.01
oo ... .. 6975 8.66 8000 ..... 53,175 19.17
1800 ... .. 1480 8.94
Cu(g):

Enthalpy: Hr —Hzes.15 =4.97T - 1482 (0.1 percent ;298° =2000°K)
Heat Capacity: C, =4.97
Enthalpy :He —Hges.1s =2.861' +0.53 x 10712 + 655 (0.2percent ;2000° —5000°K)
Heat Capacity :C, =2.86 + 1.06 X 10-*T
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Copper, Cu (page 3)

c. HEAT CAPACITY OF COPPER

iid irom 298 to 1356°K
Liquid frem 1356 to 2855°K
Gas from 2855 to 3000°K

t,°K C¢ (cal./deg./mole)
298 5.85
400 6.00
600 6.31
800 6.6l
1000 6.9
1300 7.36
1400 to 2800 7.50
2900 5.89
3000 6.01

Decomposition Temperature : —_—
Decomposition Products :
Vapor Pressure :

Press. ¥ . 1 YO 40 100 400 760 B.P.

Temp. °C 1628 1879 2067 2207 2465 2595 1083

X-Ray Crystallographic Data:

System Space Group a Atoms/Unit Cell
cubic og 3.608 4
Hygroscopicity : (Reduced Cu) cumulative increase in weight after
storage over water for 29 days: 1.9%
storage over HySO4 for 29 days: 1.0%
2 days in oven at 105°C: 0.9%
In moist air gradually forms green basic copper carbonate, CuC0O,Cu (OH})
Solubility Data: In water: insoluble
In HNOjg, hot H,S0, : soluble
In HCI, NH,OH, acetic acid : very slightly soluble

Health Hazard : Copper is not considered an industrial poison. It is moderately
toxic when inhaled or ingested.

Safety Classification :
OSM: class 2

Fire and Explosion Hazard : The powdered metal is a dangerous fire'hazard
when exposed to flame or hot sparks. By chemical reaction with oxidizers
it may explode. It burns with intense heat. Precautions should be taken to
prevent water from contacting the material. Store and process only in
buildings adequately vented to prevent accumulation of evolved hydrogen
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Copper, Cu (page 4)

which results from the reactions of powdered metal and moisture. in the
repair or maintenance of buildings use only non-sparking tools after the
metal powder or dust has been removed, In fighting fire use no water;
use powdered graphite, dolomite, or sodium chloride.

Electrostatic Sensitivity : not ignited by
electric spark
Ignition Tamperatire: (Reduced Cu)
Dust Cloud, °C : 700
Quiescent Powder : oxidized rapidly at 270°C

with no ignition

Use in Pyrotechnics: Copper is used ag a fuel. It produces a blue-green color
in burning compositions.

Additional Reference :
1) Ref. 64
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CUPROUS OXIDE, Cu,0

(Caprite)

Specification No. : MII-C-15169
The spec. covers two types, Type 1 and Type II, which differ in purity.
Molecuiar Weight: 143.08
Crystalline Fomm : octagonal ,cubic
Color : yellow, orange, red, or
dark brown, acconiingto
themethod of preparation
Density, g./ml. : (solid) 6.0
Coefficient of Thermal Expansicn, cubic at 40°C: 279 x 10
Iinear at 40°C: 9.3X 107
Heat of Formation, Kcal./mole at 298°K: 39.84
See Table a
Free Energy of Formation, cal./mole at 298°K : ~-34.98
See Table a
a. HEAT AND FREE ENERGY OF FORMATION OF Cu,0 (¢, 1)
T, °K H (cal./mole) F° (cal./mole)
298.16. -40,400 (== 1550) ~35,000 (=+ 1500)
400 .. ... 40,200 —38,200
500 ..... -40,160 -31,600
600 ..... -39,900 -29,800
700 -39,700 -28,200
800 ..... -39,500 -26,500
900 . .... -39,300 224,900
1000 .. ... -39,000 -23,300
1100 .. ... -38,800 -21,800
1200 ..... -38,400 -20,200
1300 ... .. -38,000 =18,700
1357 ... .. 37,700 =17,900
1357 -43,900 -17,900
1400 . .. .. 43,7 -17,100
1500 . . ... 43,100 -15,200
1502 . . .. -43,100 -15,200
1502 .. ... —29,700 -15,200
1600 . .. .. -29,200 -14,200
1700 . .. .. -28,800 -13,300
1800 . . ... -28,300 -12,400 .
1900 ... .. 27,800 -11,600
2000 .. ... 27,480 -10,700
Phase Changes of Metal
M.P.,1357°K

A H =3120cal./g.-atom
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Cuprous Ode, (w0 (page 2)

Entropy, cal./deg./mole at 29%°K: 24.1 3,4,9
22.44
Melting Point : 1502°K (1229°C) 2.9
Heat of Fusion, Kcal./mole 134 2,7,9
Roiling Point : losesoxygen at
2073°K (1800°C) 1

Transition Point : S
Heat of Sublimation : —

b. HEAT CONTENT AND ENTROPY OF Cu,0(c)
(Base, crystals at 298,15°K)

T, °’K Hr~Hags.1s Sr —Sees1s T,°K Hy - Hags. 15 S+ - Sens.1s
cal./mole cal./deg, cal./mole cal./deg,

mole . mole
400 . ... . 1720 4.96 900 ..... 11,000 19.%8
500 .. ... 3470 8.87 1000 .. ... 13,020 22.10
600 .. ... 5280 12.26 1100 ... .. 15,120 24.10
o ... L. 7150 15.14 1200 ..... 17,320 26.02
300 ..... 3050 17.68

Cu,0(e) :

Enthalpy :He —Hges.1s =14.90T +2.85 x 107*T? - 4696
(0.2 percent ;298° —1200°K)
Heat Capacity :C, = 14.90 +5.70 x 10-*T
Heat Capacity, cal./deg./mole at 298°K : (solid) 16.7

Decomposition Temperature: When heated in air starts to oxidize slowly at| 46
about 145°C, and rapidly towards 285°C.
Heated in air itdoes not dissociate but oxidizes. 44Ve0B

Decomposition Products :

Ref 54V3 states that at high temperature Cu;O dissociates into copper
and oxygen.

Dissociation Pressure :

Press.mm. .0:65 .0516 .0,28 .038 .138 .446 8.312 40.19 54V3,

Temp. °C 500 1000 1500 1800 1900 2000 2300 2500 Addnl. Ref. 1
X-Ray Crystallographic Data :

System Space Group a Molecules/Unit Cell

cubic o4 4.26 2 1

Hygroscopicity: Cuprous oxide is stable in dry air, but gradually oxidizes to| 29
cupric oxide, CuO, in moist air.
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Cuprous Oxide, Cu;O (page 3)

I
1
Solubility Data: In water ana alcohol: insoluble ! 1
In KCl, NH.Cl, NH,OH : soluble i
In HNO,: slightly soluble :
Health Hazard: slight 1 12
Safety classifications: b
OSM : not listed
I1ICC: not listed |
Fire and Explosion Hazard: —_
Electrostatic Sensitivity :

Use in Pyrotechnics: Cuprous oxide is used as a fuel, and with chlorinated | 17
organic compounds asa color intensifier.

Additional References : §
1) E. Heyn, Zeit. anorg.Chem. 39, 1 (1904) '
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“DECHLORANE,” C,(,;
(Dimer of Hexachlorocyclopentadiene)
goote: The name “Dechlorane” is trademarked by the Hooker Chemical
rp.
Formula:
Specification No. : not listed
Molecular Weight : 546.8
% Chlorine: 783
Crystalline Form: granular solid
Color : white
Density : 2.020 + 0.005g./cc. at
24.3°C
coefficient of Thermal Expansion : —_—
Hetk of Formation: —
Free Energy of Formation: —
Entropy : —
Melting Point, °C: (sealed tube method) 485

In a DTA run liquifaction started at about 160°C

Heat of Fusion:
Boiling Point, °C:

Transition Point :

He=t of Sublimation :

Heat Content or Enthalpy:
Heat Capacity :
Decomposition Temperature :

starts to sublime about
240

[ ]

White fumes noted bet. 800°-500°C. These fumes darkened as the temp.

was raised. Some decomposition above 500°C.

For DTA see Ref. 33
Decomposition Products :
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Dechiorane, C,;Cl;2 (page 2)

Vapor Pressure:

Press. mm. 3 X 10" 6 X 10¢ 3 x 101!
Temp. °C 25 50 197
X-Ray Crystallographic Data : —_—
Hygroscopicity :
solubility Data: In benzene: soluble
Solvent g./100 g. solvent at R.T.
toluene 16.3
xylene .7
perchloroethylene 10.3
_ styrene 17.2
mineral spirits {Stoddard solvent) 5.8

Reactivity: Dechlorane is inert to strong oxidizing and reducing agents such
as H,S0,, HNO;, aq. NaOH, LiAl, H,, CISO,H, H,; and O3 under normal
reaction conditions. Unaffected by Zn dust plus HC], acetic acid or meth-
anol, also by oxidizing agents such as KMnQ,, CrO, and SO,.

Health ' Hazard : Only slightly toxic. Essentially not irritating to the skin. Oral
ED. 50 (value determined on rats) approx. 6000 mg./kg.

Safety Classifications:

OSM :

1CC:
Fire and Explosion Hazard:
Electrostatic Sensitivity : .

Use in Pyrotechnics:

Additional References :

1} Data obtained from literature prepared by the Hooker Chemical Corp.,

Niagara Falls, N. Y.

2) “An Investigation of the Chlorocarbon, C,Cliz, M.P. 485° and the
Ketone, C14Cl40, M.P. 349°,” E. T. McBee etal., J. Am. Chem. Soc. 78,

1511 (1956)

3) “The Chemical Behavior of Hexachlorocyclopentadiene.II. Condensa-

not listed
not listed

as a color intensifier

tion with Trichloroethylene,” J. S. Newcomer and E. T. McBee, J. Am.

Chem. Soe. 71,952 (1949)

4) “The Structure of the Compound C;sCly2,” D. H. Zijp and H. Gerding,

Rec.trav. chim. 77,682(1958)
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DEXTRIN

(Starch Gum, British Gum, Amylin, Gommelin, Vegetable Gum)

Dextrin or dextrines are obtained by treating starch in any one of a num-
ber of ways. These include controlled dilute acid hydrolysis of wet starch, the
use of certain enzymes, and dry heat. The resultant products, whose properties
vary with the source of the starch and the details of the treatment, are repre-
sented by the general chemical formula (CeH;005),«H,0. The n is, however,
much smailer than in the original starch. The various dextrinization treatments
of starchlead to complex mixtures resulting from three main types of reaction :

1) Hydrolytic cleavage, which yields smaller and more water soluble com-
pounds.

2) Transglucosidation, in which a 1-4 glucosidic bond between two CeH 1004
units is broken and a 1-6bond formed with a different C¢H.oO; unit,
with the formation of a branch point. This reaction produces branched
molecules and little change in molecular weight.

3) Some repolymerization and condensation of smaller molecules.

Because the polymolecularity of the original starches differ and variova
treatments result in a mixture of the three main reactions, the products differ
in size, distribution of molecules, and in extent of branching, and thus have
different properties.

Dextrins are distinguished from starch by the violet and red colors that
dextrins give with iodine solution.

Dextrins are usually characterized by giving the source or kind of starch
used, the color of the dry products, their solubility in water, and the viscosity
of their water dispersions. The following table gives the more common treat-
ments of starch to produce dextrins, together with some properties of the result-
ing starches.

CLASSIFICATION OF DEXTRINS
Yellow or
White Canary
Dextrins Dextrins British Gums
Manuf. Conditions
Usual catalyst HCI HCI none or an
alkali
Temperature, °C 79-121 149-218 135-218
Time, hrs. 3-8 6-18 10-20
Product Characteristics
Color white to buff to buffto
light cream  yellow or brown dark brown
Solubility {dispersi-
bility), % 1-28 YO-100 1-100
Useful diln,, parts of water 2-5 1 orless 3-10
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Dexirin (page 2)

Specification:

The specification covers two types of corn dextrin: Type [—white, and
Type 11 —yellow. These vary in composition as indicated by a wide differ-

encein water solubility.
Molecular Weight :

Color:

Density, g./ml. :
Melting Roint:

Specific Heat, cal./g./°C at %0°C:

Hygroscopicity:
Health Hazard:
Safety Classifications:
OSM :
ICC:

Use in Pyrotechnics:

Dextrins have strong adhesive propertics and are used mainly 88 pastes.

Additional References :

1} B. Brimhalil, Pnd. Eng. Chem. 36, T2 (1944)

JAN-D-232

variable (appreciably
lessthan starch)

white to dark brown
1.0384

decomposes

0.292

very deliquescent
non toxic

not listed
no shipping label required
fuel and binder

2) J. Geerdesetd. J.Am. Chem.Soc. 79,4209 (1957)

3) “Chemistry and Industry of Starch,”R. W. Kerr, Ed., Academic Press,
Inc., New York (1950)

4) G. M. Christensen and F. Smith, J. Am. Chem. Soc. 79,4492 (1957)
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1,4-DIAMINO-2,3-DIHYDROANTHRAQUINONE

(1-4,diamino-2,3-dihydra-9,10-dihydro-9,1 0-dikctoanthracene,
Violet A 100)

Structural Formula:

Q Nm,
.Hz
C1H;120,N [:Ognz
8 NH,
Specification No. : MIL-D-3668
Covers one grade with a minimum-purity of 87%.
Molecular Weight : 240.26
Color : violet
Density, g./ml.: (apparent) 0.35 = 0.10
Solubility: soluble in 95% alcohol

Health Hazard : Some toxicity as indicated by the specification requirementthat
¢ach containerbe conspicuously labelled : “CAUTION—Avoid skin contact
ur breathing of dust fumes. Provide adequate ventilation in work aress.”

Safety Classifications:

OSM: notlisted
icC: notlisted

Use in Pyrotechnics: To impart a violet color to burning smoke mixtures.
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DIATOMACEOUS EARTH

(Infusorial earth, “Diatomite,” fossil flour, Kieselguhr, Triplite,
Siliceous earth, Tripoli (a type of crystalline diatomite),
“Celite,” “Featherstone,” “Filter-Cel,” Super-Mom)

Diatomaceous earth is composed of the siliceous skeletons of diatoms, which
are microscopic aquatic plants of the class Bacillericae. These occur in great
beds and are not earthy. Large deposits occur in the western part of the U.S.
after being dug from open pits, the diatomite is prepared for commercial use
usually by being heated to remove organic matter and treated with acids to
remove iron. The individual diatoms occur in a great many forms and differ
considerably in size. The average particle size varies from 1 to 40x and the
specific surface from about 7.050 to as much as 67,000 gq, cm./g. Chemically,
diatomite is mainly silica (usually the SiO; content is between 84 and 92%).

The impurities are highly variable and are usually Al and Fe oxides. The
water content varies from 2 to 10%. The physical properties also vary over a
wide range.

Diatomaceous carth is frequently used because of its highly absorptive
character which 1s closely related to its specific surface. Oil absorption varies
from 25 to 150 Ibs. of oil per 100 ibs. of diatomite; water from one to four times
the weight of diatomite. This porosity is a result of the fact that the shells o
the diatoms arc holiow.

Diatomite is a poor conductor of heat, electricity, and sound, and makes an
exceilent fiiter,
Specification : MILD-20550

The specificationrequires that the material be a naturally mined diatomace
ous earth which has not been ignited.

SiC; content, % : &.0to 87.0
Organic matter; % : max. 1.0
Linseed absorption, g. 0il/100 g, material : 150to 210

Normal coior and form: white to light gray, to pale buff fine powder, varie:
with the niature of the impurities present

Density g./wmi.:

noncalcined 1.9
calcined and bleached, whitest grades 235
Apparent: 0.24t0 0.34
Spec. requirement: (max.) 0.3

Melting Point: Uncontaminated diatomaceous earth should melt at the temp
of fusion of silica, i.e.,, 1873°K (1600°C). The average quality sinters a
about 1073°K (800°C).

Specific Heat: cal./g./deg. at 25°C : 0.23

Hygroscopicity : -
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Diatomaceous Earth (page 2)

Solubility Data: Inseluble in water, acids, and dilute alkalies. Resistant tomast
chemicals. Attacked by HF and slowly dissolved by hot aqueous caustic
alkali.

Health Hazard: Moderately toxic on inhalation. Under long exposure to high
concentrations the dust may cause pulmonary fibrosis.
Fire and Explosion Hazard: none mentioned

ke in Bynobedrics: as an inertfiller

Additional References :

1) “Clarifying Efficiency of Diatomaceous Filter Aids,” A B. Cummins,
Ind. Chem,, 84, 403 (1942)

2) “Diatomaceous Earth,” R, Calvert, ACS Monograph No. 52, Chemical
CatalogueCo., New York (1930)
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DIBUTYLPHTHALATE
(n-butylphthiate, dibatyl-o-phthallate, butyl phthallate,
dibutyl-1,2-benzenedicarboxylate)

Formula : Cng (COOC‘H.) 2 0r CI¢H”O|
The industrial product made by the Commercial Solvents Corp. has the
following properties: Purity, 99-100% ; Boiling Range at 37 mm. pmss.,
227-235°C; M.P. < -10°C; Flash Point, 347°F.

Specification No. : JAN-D-218
Molecular Weight : 278.34
Form: oily liquid
Color : colorless
Density, g./ml. : (liquid) 1.0465
1.0427

Coefficient of Thermal Expansion : -
Heat of Formation, Keal./mole at 18°C:

At constant pressures : -207.2

At constant volume : -199.6
Free Energy of Formation : -
Entropy :
Melting Point: 238°K (-35°C)
Hear; of Fusion:
Boiling Point: 622°K (349°C)

613°K (340°C)

Transition Point : S
-Heat of Sublimation: -
Heat Content or Enthaipy : N
Heat Capacity: -_
Decompositionn Temperature : -
Decomposition Products : N
Vapor Pressure:

_  Press mm. 1 T0 40 100 400 760

Temp. °C 148.2 198.2 235.8 263.7 3135 340

See also Addnl. Kef. 2

X-Ray Crystallographic Data : N

Hygroscopicity : e

Solubiiicy Data: n water: . 0.04 2./100 ml. at25°C
Miscible in all proportions with alcohol, ether, acetone, benzene, and many
organic liquids.
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Dibutyphthallate (page 2)

Health Hazard : Low ; ingestion can cause gastrointestinal disturbances.
Safety Classifications:

OSM: Listed as substantially inert and presenting no particular fire or
toxic hazard as used in Ordnance cstablishments.
ICC : not listed
Fire and Explosion Hazard: Combustible on exposure to heat or flame. Can

react with oxidizing materials. To fight firc usc water, foam, COs, dry
chemical, or CCl,.

Heat of Combustion, Kcal./mole at 20°C (H,0 liquid) 15

Flash Point, °F (closed cup) : 315
(opencup) : 335
Autoignition Temperature, °F : 757

Ue= in Pyrotechnics: As a solvent for nitrocellulose.

Additional References:
1) L. Médard, Mém, artilleric franc, 28,476 (1954)

2) “The Vapour Pressure of di-n-butyphthalatedi-n-butylsebacate, Lauric

Acid and Myristic Acid,” E. Hammer and A. L. Lyderson, Chem. Eng.
Sei. 1, 66 (1957)
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1,4-DI(METHYLAMINO) ANTHRAQUINONE

(1,4-bis(methylamino )-anthragquinone; Duranol Brilliant Blue G,
Celliton (e) Fast Blue B; CI 61500, CI Disperse Blue 14)

Structural Formula :

C1eH1N202

0 N(HCH,)

88s

Specification No. :

Molecular Weight :
Crystalline Form :
Color:

Density :

Coefficient of Thermal Expansion:

Heat of ¥Formation:

Free knergy of Formation:
Entropy:

Melting Point:

Spec. min.:
Heat of Fusion:
Boiling Point:
Transition Point :
Heat of Sublimation :
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature:

3 Ile (HCHy)

MILD-21354
266.30

blue

T

494-6°K
(221-3°C)
482°K (209°C)

———

For DTA and TGA see Ref. 80

Decomposition Products:
Vapor Pressure :

X-Ray Crystallographic Data :
szorption %

Hygroscopicity:
Solubility Data (mg./100 mi.),
In water at 25°C:
at 80°C:

pectra, see Ref. 66

< 0.00002
0.0002
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1,4-Di(methylamino) anthraquinone (page 2)

(g./1. at 25°C) in C;H,OH: 0.12
In ethyl acetate: 0.86
In benzene : 1.9
Health Hazard: toxicity unknown

The spec. requires that each container be conspicuously labeled, “Caution.
Avoid skin contact or breathing of dust or fumes. Provide Adequate Venti-

lation.”

Safety Classifications:
OSM : not listed
ICC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity : —_—

Use in Pyrotechnics: to color smoke
mixturesblue

Additional References :
1) C.A.47,870 (1953)
2) J.Soc. Dyers Colourists 70, 68-77 (1954)
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4-DIMETHYLAMINOAZOBENZENE
(Benzeneazodimethylaniline ; N,N-dimethyl-p-phenylazoaniline;
Sudan Yellow GGA, butter yellow; methyl yellow,
C.I. 11020, CI. Solvent Yellow 2)

Structural Formula :
(H,C)s N~ -N:N-( )

Specification No. :
The spec. requires amin. purity of 93%.
Moler,lar Weight :
Crystalline Form :
Color :
Density :
Coefficient of Thermal Expansion :
Heat of, Formation :.
Free Energy of Formation :
Entropy :
Melting Point :

Heat of Fusion:
Boiling Point:
Transition Point :
Heat of Sublimation, Kcal./mole :
Heat Content or Enthalpy:
Heat Capacity :
Decomposition Temperature :
For TGA scc Ref. 80
Decomposition Products :

CHHHNS

XPA-PD-367 (Rev. 1)

22530
leaflets
yellow

[

388°K (115°C)
380°K (117°C)

28.9

Vapor Pressure mu Hg between 86° and 108° =a + (bx 103/T)
a=17.57 + 0.13, b ==-6.31 =+ 0.05, T = absolute temp.

Temp. °C 100 110 115
V.P oy 752 12.4 20.2
Energy of Volatilization, Kcal./mole
at 264-361°C (96% purity) : 21.2
X-Ray Crystallographic Data: —_
Hygroscopicity : .
Solubility Data (g./100 g.)
In water at 25°C: 0.00003
at 80°C: 0.0008
In pyridine: about 28
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4-Dimethylaminoazobenzene (page 2)

In alcohol, benzene, chloroform, ether, petroleum ether, oils, and mineral
acids.: soluble
Health Hazard : may cause cancer
The spec. requires that “Each container shall be conspicuously labeled :
“CAUTION —Avoid skin contact or breathing of dust or fumes. Provide ade-

quate ventilation.”
Safety Classifications:

OSM: not listed

ICC: not listed .
Fire and Explosion Hazard: —
Heat of Combustion, cal./mole. Cp: 1909.6

CVv. 1908.3

Electrostatic Sensitivity :

to color smokemixtures
Use in Pyrotechnics: yellow ()

Additional References :

1) “The Vapor Pressures and Heats of Sublimation of p-Nitroaniline,
NN-Dimethyl-p-nitroaniline, paminoazobenzene and NN-Dimethyl-
p-aminoazobenzene,” T. G. Majury, Chem. & Ind. 1956,349

2) “The Dyeing of Cellulose Acetate with Non-lonic Dyes. I1I. Dyeing

from the Vapour Phase,” T. G. Majury, J. Soe. Dyers Colourists 72, 41
(1956)

3) J. Soc¢. Dyers Colourists, 70, 68-77 (1954)
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2-(4-DIMETHYLAMINOAZOPHENYL) NAPHTHALENE

(4-B-naphihaleneazodimethylaniline;
B-naphthaleneazo-4-dimethylaniline;
N,N-Dimethyl-p-2-Naphthylazo Aniline)

Structural Formuia: CiaH 7N,
W N:N—~) N(CH,),

Specification No.: MIL-D-3613

Molecular Weight: 275.36

Crystalline Form : —_—

Color : brownish-yellow

Density :

Coefficient of Thermal Expansion:

Heat of Formation :

Free Energy of Formation:

Entropy:

Melting Point: 445°K (172°C)
447°K (174°C)

Heat of Fusion:

Boiling Point:

Transition Point:

Heat of Sublimation:

Heat Content or Enthalpy :

Heat Capacity :

Decomposition Temperature :

Decomposition Products :

Vapor Pressure :

X-Ray Crystallographic Data :
For Absorption Spectrasee Addnl. Refs.3,4, 5

NERREREEN

Hygroscopicity : _—
Solubility Data {g. to dissolve 1 g. dye) :

In toluene vr CCl,: 70

in benzene: soluble

Health Hazard:

Safety Ciassification:
OSM: not listed
ICC: not listed

125

Refs.

Addnl. Ref. 1
Addnl. Refs.

¢

Addnl. Refs.
2,3



2-(-bkdimethylaminoszophenyl) Naphthalene (pags 2)

Fire and Explosion Hazard : _
Electrostatic Sensitivity :
Use in Pyrotechnics:

to color smoke mixtures
yellow

Additional References :

1) “Condensation of aromatic amines with nitranilines. Preparation of
azoamine compounds,” M. Martynoff, Compt. rend. 227, 1373 (1948)

2) “Zur Kentniss der Diazoaminokorper,” H. Goldschmidt and B. Bardach,
Ber. 20,386 (1928)

3) “Some Azo Dyes in Non-Aqueous Solvents,” C. May and H. Hunt, Ind.
Chem. 20,386 (1928)

4) “Absorption spectra and structure of aminoazo derivatives,” M. Marty-
noff, Compt. rend. 236, 88 (1953) ;“Physical Properties of the Aminoa-
zobenzene Dyes. Absorption Spectra in Acid Solution,” E. Sawicki, J.
Org. Chem. 22,1084 (1957)

5) “Physical Propertics of the Aminoazobenzene Dyes. IX. Absorption

Spectra in Alcohol and Acid Solution of Disazobenzene Dyes,” E.
Sawicki, J. Org. Chem. 23, 5632 (1958)
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DIPHENYLAMINE

(n-phenylaniline, Anilinobenzene)

Formula : (CcHy):NH

Specification No. : JAN-D-98

Molecular Weight : 169.22

Crystalline Form : monoclinic

Color: colorless leaflets (darkens
on exposure to light)

Density, g./ml. : (solid) 1,159

Coefficient of Thermal Expansion:- - —_
Heat of Formation, Kcal./mole at 18°C :

at constant pressure : -28.2

at constant volume: =317
Free Energy of Formation: _—
Entropy :
Melting Point: 326°K (53°C)
Heat of Fusion, cal. (156°C)/g.: x.2
Boiling Point: 575°K (302°C)

Transition Point :

Heat of Sublimation :
Heat Content or Enthalpy:

Heat Capacity:
Decomposition Temperature :
Decomposition Products :

[T

Vapor Pressure :

Press. mm. 1 10 40 100 400 760 M.P.

Temp. °C 1083 1570 143 228 241 3RO =9

X-Ray Crystallographic Data :

System a b ¢ Azial Angle Molecules/Unit Cell

monoclinic 14.0 339 3.5 B =91°3¢ 32
Hygroseopiceity - —_—
Solubility Data (g./100 ml.)

In water at 25°C : 0.030

In ethyl aleohol : about 44

in methyl alcohol : 51.5

In ether: . very soluble

In venzene and ligroin : slightly soluble

Heaith Hazard : Toxic on ingestion, inhalation, or skin absorption. Irritating
to the mucous membranes.
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Diphenylamine (page 2)

Safety Classifications :
OSM: Listed as substantially inert. Presents no particular fire or toxic

hazard asused in Ordnance establishments.

Fire and Explosion Hazard : Dangerous ; when heated to decomposition emits
highly toxic fumes. Can react with oxidizing materials. Combustible.
o fight fire use water, CO;, dry chemicals, or CCl,.

Heat of Combustion, Kcal./mole at20°C and 1atm. : 1536.2

SpecificHeat, cal. (15°) /g./°C, solid at 26°C : 0.337
liquid at 53°C: 0.464
Flash Point, °F (closed cup) : 307
Autoignition Temperature, °F : 846
Electrostatic Sensitivity : _—
Use in Pyrotechnics: as astabilizer for
nitrocellulose

Additional References :
- 1) L. Médard, Mém. artillerie frang, 28,478 (1954)
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ETHYLCELLULOSE
(Cellulose Ethyl Ether)
Formula : [Con—xOu—x (OCZHb)x]n
where X = no. of (OC,Hs) groups and n = degree of polymerization
Specification No. : MIL-E-10853B
The spec. covers 46,8-48.6% cthoxyl content or X = approximately 2.4-2.5,

and lists two classes which vary in viscosity, ethoxyl content, ash content,
and granulation : class I, 46.8-48.5% ; classII, 47.1-48.1%.

Molecular Weight : variable high

Crystalline Form : (specification) amor-
phous granules

Color : white

Density, g./ml. : (solid) 1.09-1.17

Cocfficient of Thermal Expansion :  —
Heat of Formation :

Free Energy of Formation : —_—
Entropy :
Melting Point : 513°K + (240 +°C)
Ethyl cellulose with 48% ethoxyl content softens at 4256-436°K
(152-162°C)
Heat of Fusion:
Boiling Point :

Transition Point:
Second order transition temperature, °C :
Heat of Sublimation :

Heat Content or Enthalpy:
Heat Capacity :
Decomposition Temperature :
For DTA and TGA scc Ref. 33
Decomposition Products :
Vapor Pressure:
X-Kay Crystaliographic Data:
Hygroscopicity :
Solubility Data (for 47% cthoxyl content) : Soluble in ethyl acetate, cthylene,

dichioride, benzene, toluene, xylene, butyl acetate, acetone, methanol, etha-
nol and CCl.

LT T

Heaith Hazard : none mentioned
Safety Classifications :

OSM : not listed

1CC : not listed
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Ethylcellulose (page 2)

Fire and Explosion Hazard: Combustible when exposed to heat or flame by
chemical reaction with oxidizing agents. Flammability varies with ethoxyl
content.

Ignition Temperature of Dust Cloud, °C: 320

Burning Behavior: First melts and drips and drippings continue to bum. The
flameis yellow with blue edges.

Commercial Types : A number of types of ethylcellulose are commercially avail-
able. These range from 44.5 to 49.0 +in cthoxyl content and firom very
low to highly viscous materials (6% concentration from 3 to 5300 4 centi-

poises)

Electrostatic Sensitivity, minimum energy required for ignition of dust cloud
by electric sparks (millijoules) : 10

Use in Pyrotechnics: asabinding agent and

retardant
Additional References :

1) “Cellulose and Cellulose Derivatives,” E. Ott et al., BEs., Interscience
Publishers, Inc., New York (1954)

130

12, 60

26

69

14



FERRIC OXIDE, Fe,O, Refs.
(iron Oxide, Burned Ochre, Indian Red Rouge, 1,11, 16, 29

Venetian Red, Red Chalk, Red Earth, Red Hematite, Red Stone,
Persian Red, Persian Gulf Oxide, Colcothar, Iron Sesquioxide)

Percent Oxygen: 30.06
Specification No. : JAN-1-706
The specification covers class 1,coarse, and class 2, fine.
Molecular Weight : 159.70
Crystalline Form : hexagonal
Color: reddish-brown to black
Density, g./ml. : (solid) 5.24
Cocfficient of Thermal Expansion, linear : 7X 10 54V13
cubic : 4 10
See also Addnl. Ref. 2
Heat of Formation, Kcal./mole : -196.5 1,9
See Table a
Free Energy' of Formation, Kcal./mole : -1779 89
See Tabie a
a. HEAT AND FREE ENERGY OF FORMATION OF Fe 03 (hematite, 8, ) | 2
T oK 2 H (cal./mole) A Fo (cal./mole)
208.16. . . . -196,800 (= 1300) -177,400 (% 1500)
400 .. ... -196,400 -170,800
00 ..... —195,800 -164,500
600 ... .. -195,200 -158300
700 .. ... -194,500 -152,200
800 ..... -193.800 -146,200
900 .. ... -193.000 -140,300
950 .. ... -192,800 -137.400
950 .. ... -192,600 -137.400
1600 ... .. -192,600 -134,500
1033 ... .. -193,100 -132,600
1033 .. ... -193.100 -132,600
1650 ... .. -193,000 -131,600
1050 ... .. -193,000 -131,600
1100 ... .. -193,000 -128.700
1179 ... .. -193,000 -124.100
1179 ... .. -193,400 -124.100 '
1200 .. ... -193,300 -122.800
1300 .. ... -193,000 -117,000
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Ferric Oxide, Fe;0; (page 2)

T,°K A H (cal./mole) A F° (cal./mole)
1400 . .... -192,600 -111,100
1500 . .... -192.400 -105,300
1600 ... .. -192,100 -99,500
1674 .. ... -191,900 -95,200
614 ...,. -192,100 . =95.200
1700 .. ... -192,100 -93,700
1800 ..... -191,700 -88,000

Phase Changes of Metal
T.P., 1033°K ;A H= 0 (Curie point)
TP, 1179°K; A H = 210 cal./g.-atom
T.P.,1674°K ;A H = 110cal./g.-atom

Free Energy Equations :

Reaction Range of Validity,°K
1) 2Fe {a) +3/20. (g) = Fe;05 (hematite) 298.16-950
4 F3 = —200,000 —13.84T log T —1.45 (10-*T2) + 1,905 (105T1) +108.28T
2) 2Fe {a) +3/2 0, (g) =Fe,0; (8) 950-1033
o F=-202,960-42.641' log T +7.85 (10-¢T%) 4 13 (10°T-1) +188.48T
3) 2Fe {B) +3/20: (g) =Fe.0; (B) 1033-1050
) A F;ﬁ —-596,760 Bt Tog'T E 75 (10-*T2) - .30 (105T-1) T 92.86T
4) 2Fe (8) 13/20; (g) =Fe,0; (v) 10501179
4 F2 = -193200-.39T log T -.13 (10-T2) - 30 (10°T-1) + 59961:
5) 2Fe (y) +8/20; (g) =Fe,0; (y) 1179-1674
A FS =-202,540-25.95T log T +2.87 (10*T2) - .30 (10°T-1) +142.851'
6) ZFe (3) +3/20, (g) = Fe;0; (y) 1674-1800
4 FY = =192,920- 85T log T-.13 (10°T2) - 30 (10¢T-1) +61.21T
Entropy, cal./deg./mole at 298.16°K : 21.5
See Table b .
Meiting Puint: 1838°K (1565°C)

reat of Fusion: _ —_—
Boiling Point: —
Heat of Vaporization:

Transition Polut: ' a950°K _ 8 1050°K y
. it —pp
tieat of Transition, . 1l./mole: atof=160;8toy=0

Piogy f Sublimation .
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Ferric Oxide, Fe,; (page 3)

b. HEAT CONTENT sND ENTROPY OF Fe,0x(c)

4
(Base,a-crystals at 298.15°K)
T ,°K Hy —Huvs.1s St — Suon.1s T, °K Hy =Haou 10 Sy —Saes.1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 2750 7.91 1050 (y) ... 25,820 a.31
500 ..... 5770 14.64 1100 ... .. 217,500 42.87
600 ..... 9010 20.54 1200 . .... 30,870 45.80
00 ... .. 12,460 25.85 1300 ..... 34,250 48.51
800 ..... 16,130 30.75 1400 ... .. 37,650 51.03
900 ..... 20,030 35.34 1500 . .. .. 41,070 53.39
950 (a) ... 22,060 37.54 1600 . .. .. 44,540 55.63
950 (8) . .. 22,220 37.71 1700 .. ... 48,100 57.79
1000 .. ... 24,020 30.55 1800 ..... 51,880 59.9%%
1050 (B) . .. 25,820 41.31
Fe,04 (a):
Enthalpy : Hr —Haos1s = 23.49T T 9.30 X 10-*T? 3.5 % 105T - 9021
(0.1 percent; 298-950°K)
Heat Capacity :C, = 23.49 1 18.60 X 10T -3.55 x 105T-
Fe,0:(8) :
Enthalpy :Hr~ Hags 15 = 36.00T - 11,980 (0.1percent ;950-1050°K)
Fey04(y) ¢ .
Enthalpy :Hr = Haee 15 =31.71T 1 0.88 10T - 8446
(0.1 percent; 1050-1800°K)
Heat Capacity:C, =31.71 +1.% x 10T
Heat Capacity, cal./deg./mole : (solid) « =25.0 9
8 =36.0 4
Decomposition Temperature, °K : 1730 8
See also Ref. 54V13 ‘
Decomposition Products : (high temp.) Fe,O, +o, Addnl Ref. 3
Vapor Pressure : Difficult to vaporize. Contradictory data in the literature. 44V59B
X-Ray Crystallographic Data:
System Space Group a Arial Angle Molecules/ | 1
(hematite)  hexagonal D{, 5.2 a=55°1"  Unit Cell
(magnetic) cubic 8.30 2
Hygroscopicity : _
Solubility Data : Insoluble in water ; soluble in acids.
Health Hazard : none reported 50V17
M.A.C,, mg./m.3 (for fumes) : 15 25




Ferrie Onide, Fesit, (page 1)

Safety Classitic at: ms: none listed
Five and Explosion Hazard: none iisteti
Blectrostatic Sensitivity :

Use in Pyrotechuics : as an oxidizer

Additional Reterences:

1) “Health Hazards Associated with Welding,” F. Hutchinson, Heating
and Ventilating 41,73 (1944)

2) C.A. 45, 9978 (1951) refers to Proc. Indian Acad. Sci. 334, 245-249
(1951) where data are given.

3) C.A. 36,4400 (1942)
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FERROSCL oo RIC OXiDE, Fe,0, |
(Iron (Hf, {1D) Oxide. Bluek iron Oxide, Maguetite, Triiron Tetroxide,: 1,2.9
Magnetie hron Gaode, tihiops Iron, Lodestone)

Percent Oxygen:

Specification No.:

Molccular Weight :

Crystalline Farm :

Color:

Density, g./mi. :

Coefficient of Thermal Expansion,linear, 17-50°C :
(magnetite) cubic, 17-50°C :

Heat of Formation, Keal./mole at 298°K:
See Table a

Free Energy of Formation, Kcal./mole at 298°K :
See Table a and Free Energy Equations

27.64

J AN-1-2'75

231.56
cubic

black to red-black
(solid) 5.18

95.4 X

10 ¢

29X 10¢

-267.0

-242.4

a. HEAT AND FREE ENERGY OF FORMATION OF Fe;0, (magnetite,8, 1)

T,°K A H {cal./mole) A F° (cal./mole)
298.16. . . . —267,800 (=+=1000) -243,200 (+1200)
460 .. ... -267,200 -234,900
500 ..... -266,300 -226,900
600 ... .. -265,300 -219,100
/(U U -264,000 -211,500
80O ..... -262,300 =204,100
9o .. ... -260,500 -197,000
900 . .... -260,500 -197,000

st ... .. 260,860 -189,900
wad ... .. -261,700 -187,600
1033 ... .. -261,700 -187,600
1306 ... .. ~-261,700 -182,800
PR -261,700 -177,100
1179 ... .. -262.300 =-177.100
1200 ... .. -262,200 -175,600
1806, .. .. -261.700 -168,400
Moo ... .. -261,300 -161,200
1560 .. ... -261,000 -154,100
1600 .. ... -260,800 -117,000
1674 ... .. -260,700 -141,700
671 . .. .. -261,000 -141,700
e L. .. -261,100 -139,800
18060 | . ... : -261,100 -132,700
1803 ., .. .. -261,100 -135,5600
1803 ... .. -272,200 -132,5600.
1876 . .. .. -272,200 -127.200
R70 -239,200 -127,300
1900 -239,000 -125,800
2000, ., L, -235,200 -119,800
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Ferrosoferrie Oxide, Fea(), (page 2)

Phase Changes of Metal
T.P., 1083°K; A H =0 (Curie point)
T.P,, 1179°K; A H == 210 cal./g.-atom
T.P.,,1674°K ;A H == 110 cal./g.-atom
M.P., 1803°K ;A H =3700cal./g.-atom
Free Encrgy Equations :
Reaction Range of Validity,°K 2
1) 3Fe () 120, () =Fe;0, (magnetite) 298.16-900
A F$ =-268310 +5.37T log T - 1245 (10-3T?) 4 245 (10%T-1) 4+ 73.11T
2) 3Fe (a) T 20, (g) =Fes 04 (8) _?_00-1033
AFQ =- $72,300—54.27T logT F11.65 (10°T2) + 245 (10°T-1) +233.52T

3) 8Fe (8) T20: (g) = Fe;0, (8) 1033-1179
AFe =- _ﬁ62,990—5.71’1‘ log T F 1.00 (10*T2) - 40 (10°T-1) + 89191’
4) 3Fe (y) T20: (g) =Fe;0, (8) 1179-1674
a F2 ==-276,990-44.05T log T 15.50 (10*T2) - .40 (105T!) + 213.521'
5) 3Fe (8) T 20, (g) =Fe;0, (B) 1674-1803
AF2 = -262,560 -6.40T logT T 1.00 (10*T2) -.40 (10°T-*) +91.05T
6) 3Fe (1) 120, (g) =Fe;0, (p) 1803-1874
A FQ = -275,280-874T log T -+ 1.00 (10-*T%) —.40 (10°T-) +104.84T
7) 3Fe (1) 120, (g) =Fe;04 () 1874-2000
A F¢ =-257,240-26,89T log T +1.00 (103T2) -.40 (105Tt) +155.46
Entropy, cal./deg./mole at 298°K : 350 1,9
See Table b
Melting Point : 1867°K (1594°C) 9
Heat of Fusion, cal./mole : 33,000 2,9
Boiling Point : decomposes at

260 = 30°K (1787°C) 8

Heat of Vaporization : —_
Transition Point : 900°K (627°C)
a B 1

Heat of Transition, cal./mole : 0.0
Heat of Sublimation: —_—

4
T, °K Hy — Haga 15 St~ Saas1a T,°K Hr ~Hags.15 Sr—Suemas
cal,/mole cal./deg. cal./mole cal./deg.
mole mole
400 . 3990 + 1148 1100 .. ... 40,150 62.81
500 ..... 8320 21.12 1200 . ... . 44950 66.99
600 . . ... 13,060 29.75 1300 .. ... 49,750 70.83
700 . .... 18,340 37.88 1400 .. ... 54,550 74.39
80 ... .. 24,260 4577 1500 ... .. 59,350 7770
900 (a) . .. 30,550 53.18 1600 ... .. 64,150 80.80
900 (B) ... 30,550 53.18 1700 ... .. 68,950 83.71
1000 .. ... 35,350 58.24 1800 .. ... 73,750 86.45

136



Ferrosoferric Oxide, Fes()¢ (page 3)

F6104 (l) N

Enthalpy: Hr = Haen 15 == 21.88T 24,10 X 10 3T2 - 8666
PY: 2 0.8 petcent ; 296-900°K)

Heat Capacity :C, == 21.88 + 48.20 X 10-*T

Fe,0, (ﬁ ):
Enthalpy: Hy — Hass 15 =48.00T -12,850 (0.1percent; 300~1800°K)
Heat Capacity, cal./deg./mole : (solid) 5, 48.00
Decomposition Temperature, °K : 2060 =+ 30

Stable at red heat. Begins to decompose in a current of N at over 1300¢.
Decomposition Products: R
Vapor Pressure : —_
X-Ray Crystallographic Data :
e (i a
ngltﬁ? Spacoﬂ e "8.37
Solubility Data : Slightly soluble in acid; insoluble in alcohol and ether.
Health Hazard : none reported
MAC, mg./m2 (forfumes) : 15
Safety Classifications: —_—
Fire and Explosion Hazard: _—
Elecirostatic Sensitivity :
Use in Pyrotechnics: as an oxidizer

Molecules/Unit Cell
8

Additional Reference :
I) "Health Hazards Assoc ited with We ling,” F, Hutchinson, Heating
and Ventilating 41,73 (1944)
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FERROUS SULFIDE, feS Refs.
(Iron Monosulfide, Iron Proto-Sulfide, Pyrrhotite)
Specification No. : JAN-F-279
The spec. covers one grade and twe classes. Class A requires a min. of
99.9% through a No. 100 Standard Sieve and Class R requires that the FeS
be furnished in pieces capable of passing through a sieve having openings
l-in. square.
Molecular Weight: 87.92
Crystalline Form : hexagonal 1
Color : black-brown (colorless 1,79
when pure)
Density, g./ml. : (solid) 4.84 1
Coefficient of Thermal Expansion (pyrrhotite) at 40°C :
In direction of principal axis: .00000235 H4¢
Perpendicular : .00003120
Heat of Formation, Keal./mole at 298°K : o (c) a,-2272 L9
B, 2135 1,9
Free Energy of Formation, Keal./mole at298°K : (c) a,-2332 1,9
Entropy, cal./deg./mole at 298°K : 16.1 1,9
See following table
Melting Point: 1468°K (1195°C) 4,7
Heat of ¥usion, cal./mole : p, 5000 7
y, 7730 4
Boiling Point: decomposes 1
Transition Point : a411°Kﬁ598°}§ y
Heat of Transition, cal./mole : aB570°K B 120°K 4
— -
4
T. °K Hr —H'_".m.l.'. S+ —Szns,m TIOK H, —stn,m S'r —Semmﬁ
cal./mole cal./deg. cal./mole cal./deg,
mole mole
350 .. ... 710 2.19 1100 . . ... 12,680 21.35
500 ... .. 1470 4.21 1200 .. ... 14.150 22.63
411 . .. 1640 4.63 1200 .. ... 15,680 23.86
411 (B). .. 2210 6.02 1400 ... .. 17.260 25.03
500 .. ... 3760 943 1468 (y) . . . 18,350 25.79
598 (B). .. 5460 12.53 1468 (1) ... 26,080 31.05
598 (y). .. 5580 12.73 1500 ... .. 26,620 3142
600 .. ... 5610 12.79 1600 . .. .. 28.320 32.51
700 .. ... 7020 14.96 1700 , .. .. 30,020 33.54
800 ... .. 8430 16.84 1800 .. ... 31,720 3451
900 ... .. 9840 '18.50 1900 ... .. 33,420 3543 .
1000 . .. .. 11,250 19.99 2000 .. ... 35.120 26.31
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Ferrous Sulfide, FeS (page 2)
¢ FeS(a) H
Enthalpy: Hr - Hagss =5.19T F18.20 X 10T 2721 (0.8 percent; 298—411°K)
Heat Content :C, == 6.19 4 26.40 X 10°T
FeS(8):
Enthalpy : He = Haes.ze =17.40T - 4944 (0.1 percent; 411-598°K)
FeS(y) :
Enthalpy ‘Hq ~Hzp.1s =12.20T -1.19x 10-*T?. 2138 (0.3percent; 598—14680K)
Heat Content :C,=12.20 T 2,38 x 10T
FeS(1) :
Enthalpy : He —Haee1s =17.00T F 1120 (0.1percent ; 1468-2000°K)
Heat Capacity, cal./deg./mole : (2)13.1(B) 174
(liquid) 17.00
Decomposition Temperature: In a vacuum, dissociation starts at about 1100°C
and is complete at 1800°C,

Decomposition Products: Fe+8
Vapor Pressure :

X-Ray Crystallographic Det=a -

System Spac& Group a c Molecules/Unit Cell
hexagonal &v 343 5 2
Hygroscopicity : —_

Solubility Data : In water :.00062 g./100 ml. at 18°C, Soluble in acids with evo-
lution of H,S. Insoluble in ammonia.

Health Hazard : slight (ordinary temp.)
Safety Classifications :

OSM: not listed

ICC: notlisted

Fire and Explosion Hazard : Dangerous when heated to decomposition, due to
the highly toxic fumes of oxides of sulphur. On contact with moist acids
.poisonous hydrogen sulphide evolves which can form explosive mixtures
with air. May react violently with powerful oxidizers.

Use in Pyrotechnics: as afuel
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GRAPHITE

(Plumbago, Black Lead, Mineral Carbon,
Silver Lead, Carburet of Iron)

Graphite occurs naturally as amineral and is also made artificially by heat-
ing carbon, usually coal, in an electric furnace. Natural graphites are of three
general types: flake, crystalline (plumbago), and amorphous. The artificial
product is purer than the natural. Graphite is marketed in a number of grades
based on purity, electrical resistance, and fineness. In an inert atmosphere
graphite can be kept at 3000°C without change, but in air combines with oxygen
above 600°C. The hardness of natural graphite is less than that of talc, which
1s 1 on Moh's scale. Graphite is a good conductor of heat and electricity.

Specification No. : JAN-G-155
The spec. covers four grades: grades 1 and 3 are manufactured; 2 and 4
are natural. They differ in purity, the natural being less pure and contaii:
ing up to 6% max. of silicavs. 0.6% for the manufacturcd material. Natural
graphite is used in pyrotechnics.

Molecular Weight : 12.011
Crystalline Form: hexagonal
Color : black
Density, g./ml. : (solid) 2.25
Coefficient of Thermal Expansion, lincar at 40°C: 7.86 3 10-8
Bt of Formation, Kcal./mole at 298°K: {gas) -170.890
Free Energy of Formation, Keal./mole at298°K : (gas) -160.040
Entropy, cal./deg./mole at 298°K : (gas) 37.76
(solid) 1.3

See following table
Melting Point: sublimes
Heat of Fusion, cal./mole: 8000
Boiling Point : 4000°K (3727°C)
Transition Point (sublimation temp.) 4620°K (4347°C)
Heat of Sublimation, Kcal./mole, to ideal

monatomic gas : 170

to diatomicand triatomic gas : 200
Heat Contentor Enthalpy, cal./mole at298°K : (solid) 251

See cquation below table (gas,ideal)

monatomic, 1559
diatomic, 2096
triatomic, 2541
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Graphite (page 2)
HEAT CONTENT AND ENTROPY OF C (graphite)

(Base, crystals at 298.15°K) 4
T,°K Hz —Hsos 18 St —Sses.18 T,°K Hr -Haes.1n Sr —Sa0n,15
, cal./mole cal./deg. cal./mole cal./deg,
mole - mole
400 ... .. 250 0.72 1800 .. ... 7330 7.78
500 ..... 570 143 1900 ... .. 7920 8.10
600 ..... 950 2.12 2000 ..... 8530 8.41
700 .. ... 1370 2.71 2100 ..... 9130 8.7
800 ..... 1830 3.3 2200 ..... 9740 8.9
900 ..... 2320 3.% 2300 ..... 10,350 9.26
1000 ..... 2820 4.48 2400 .. ... 10,970 9.52
1100 .. ... 3340 4.98 2600 ..... 11,600 9.78
1200 . .... 3880 5.4s 2790 ..... 13,170 10.38
1300 . .... 4430 6.89 8000 . ,... 14,770 10.93
1400 . .... 4990 6.0 - 325 ..... 16,320 11.45
1500 . .... 5560 6.70 300 ..... 18,020 1.8
1600 .. ... 6150 7.08 3750 ..... 19,660 12.39
1700 ... .. 6740 7.44 4000 .. ... 21,310 12.81
C(graphite) :

Enthalpy : He —Hage.;s =4.03T 10,67 % 10°T2 +2.04 % 105T1 - 1936
(8.0 percent ; 298-2500°K)

Hest Capacity :C, =4.03 1,14 % 10*T -2.04 X 10°T-2

Heat Capacity, cal./deg./mole : (solid) 2.07 (gas) 4.8 4,5,9
See equation below table

Decomposition Temperature :
Decomposition Products :

Vapor Pressure :
Press. mm, 1 10 40 100 400 760 1
Temp., °C 3586 3946 4196 . 4373 4660 4827

X-Ray Crystallographic Data :

System Spacqu'roup a c Molecules/Unit Cell
hexagonal b 2.4% 6.9 4 1

Hygroscopicity : —_—
Solubility Data : Insoluble in water, acids and alkalies. Soluble in molten iron. | 1
Health Hazard: Dust can irritate eyes. r
Safety Classifications:

OSM: not listed

ICC: not listed

Fire and Explosion Hazard:

——
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Graphite (page 3)
Electrostatic Sensitivity : _—

Heat of Combustion,Kcal./g.: 7.900
Use in Pyrotechnics: as alubricant; to improve
bonding under pressure

Additional References :

1) “Industrial Carbon,” C. L. Mantell, D. Van Nostrand Co., Princeton,
. N. J. (1946)
2) “The Specific Heat of Graphite from 13° to 300°K,” W, De Sorbo and
W. W. Tyler, Chem. Physics 21, 1660 (1953) ; see also Ref. 63
3) Ref. 64
4) ‘Vapor Pressure and Heat of Vaporization of Graphite,” A. L. Marshall
and F. J. Norton, J. Am. Chem. Soc. 55,432 (1933)

5) For X-Ray structure see also “The Synthesis of Diamond,” H. T. Hall,
J. Chem. Ed. 38,484 (1961)
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GUM ARABIC

(Gum Preservative, Guin Acacia)

Gum arabic is the dried gummy extraction obtained from acacia trees. The
gum is produced when the trees are in an unhealthy condition. Most of the gum
comes from the Sudan and West Africa. Today tapping is widely used. The gum
exudes as dropiets or “tears” which gradually harden on exposure to the
atmosphere. These “tears” are 0.75 to 3 in. in diameter. After the “tears™ are
removed the tree continues to exude gum from the wound. For the better grades
the cleaned gum 18 hand picked to remove extraneous material. Some gum is
bleached by exposure to the sun for several weeks. The gum is available in
several grades: natural, cleaned and sifted, bleached and dust.

In addition to the more common names of gum arabic, gum preservative,
and gum acacia, other names relating to the color or grade or to the local area
arc used so that there is a great deal of confusion concerning the relationship
among the name, the actual gum and the species of acacia from which the gum
is derived. As usually shippedthe gum contains about 15% moisture. Its aqueous
solution is slightly acid.

Gum arabic has been used as an adhesive since ancient times. It is a good
emulsifying agent.

See aigo Addnl. Reis. 1,2,3

specificacion JJJ-G-821

Motecular Weight: Variable high ; probably in the range of 100,000 to 200,000.

See Structure below
Density, g./ml.:

(5]

1.3-14
1.35-1.49
Yapor Pressure:

X-Ray Crystallographic Data :

Hygroscopicity : Poor resistance to water.

Solubility Data: Soluble in hot or cold water; oil and most organic solvents;
aqueous aicohol up to about 80% alcohol; glycerol and propylene glycol.

Safety Classifications:
OSM: not listed
ICC: not listed

Health Hazard : When injected intravenously may cause allergic reactions, kid-
ney and liver damage.

Fire and Explosion Hazard: . combustible
Electrostatic Sensitivity : —_—

Chemical Structure :
Gum arabic from different sources contains the same sugars, but their pro-
portions vary considerably, as shown by the following table:

143

Refs.

16,23, 29,61

29, 60
1, 23,29

29



Gum Arabic { page 2)

MOLAR RATIO OF CARBOHYDRATE COMPONENTS IN
VARIOUS ACACIA GUMS

Approximate Molar Ratio

Gum S _ D-Glueuronic
umsource  Galactose L-Arabinose L-Rhamnose Acid
Gum arabic 3 3 1 i
Acacia mollissima 5 6 1 1
Acacia

cyanophylla 11 2 5 5
Acacia karroo 25 22 1 6
Acacia verek 4 2 1 1
Acacia pycnantha 65 27 2 4

A number of complex structures have been proposed not only for gum from l
different sourcesbut also from the same source. Iilygrolysis of gum arahis yieide
four different sugars, as shown in the table above, which together make tip the
basic gum arabic molecule. Because the proportions of these sugars vary with
the source of the gum, no single formula can have any real significance. The
following proposedg structure indicates the complex nature of the gum:

GALP_ GALP 23
ARIA% AR;%
s |
©)]
ARA ARA
lo
®GAL@® %ﬁ LH&LPU GALGF;®—-—
]
o o 10
RHAP——GALP RH&F@—-—%ALCQ
1 I®
fo] |®
ARAF = L-ARABOFURANOSE  OA GA
RHAP= L -RMAMNOPYRANOSE  |@ ®

GALP = D -GALACTOPYRANOQSE

: ®
GA = 0-GLUCURONIC ACID ARAF ARAF

PROPOSED STRUCTURE FOR GUM ARABIC

Use in Pyrotechnics : as afuel, bonding agent,
adhesive, and retardant
Additional References :

1) Ref.70

2) “Natural Plant Hydrocolloids,” Ind. & Eng. Chem., Eds., Advances in
Chemistry Series, No. 11, American Chemical Society, Washington,
D.C.(1954) _

3) 7The Structure of Acacia Sundra Gum —Part I. Nature of the Sugars
Present and Structure of the Aldobiuronic Acid,” S. Mukherjee and
A. N. Shivastava. J. Am. Chem. Soc. 80,2536 (1958)
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GUM TRAGACANTH

Gum tragacanth is the dried gummy exudate obtained from several varie-
ties of the shrub-like plants of the Astragalus family, which grow in the semi-
desert and mountainous areas of Turkey, Iran, and Syria. The gum exudes
spontaneously and hardens on exposure to the air either in the form of short

2-4 in.) ribbons which are flat, flexible and opaque, or in thick brittle flakes
{0,5-2 in.), depending on the particular species of plant. The supply is increased
by making incisions in the shrubs. The gum is sorted into five grades; the best
grades being the lightest colored of the longest ribbons or largest flakes.

Chemically, gum tragacanth is a complex mixture of polysaccharides. On
hydrolysis D-galscturonic acid, D-galactose, L-fucose, D-xylose, and L-arabinose
are obtained. Gum tragacanth is about 60-70% insoluble in water, but swells to
form a gel which is regarded as bassorin (C;;Hz010}. The water soluble portion
which_gives a colloidal hydrosol with water is called tragacanthin, It consists
of a ring of three molecules of glucoronic acid and 1 molecule of arabinose with
aside chain of two molecules of arabinose.

Gum tragacanth in solution has the properties of a partially cross-linked
polymer, in that a small portion is soluble while the greater portion remains &3
a swollen gel or gel-like dispersion. When properly preserved, gum tragacanth
forms stable solutions over long periods of time in either cold or warm storage.

A study of the infrared spectra of a wide variety of gums showed that the
different samples of any one type of gum have essentially the same type of spec-
trum. Tragacanth shows a strong carbonyl absorption at abut 5.75u, The dif-
ferences among the various infrared spectra are sufficiently definite to serve
asameans of identification and classification,

An analysis of a representative sample of gum tragacanth shows the fol-
lowing percentages :

Moisture 10 Ash 3

Starch 3 Tragacanth 70
(swelling part)

Cellulose 4 Araban 10
(soluble part)

Viscosity is the most important property in evaluating gum tragacanth.
It isthe most direct measure of the unilf?ormity and quality of the gum. To obtain
maxium viscosity, the gum is crushed and soaked overnight. The dispersion is
then stirred for 1630 minutes. For powdered 1'gurs,it 1s best to disperse the
gums in small amounts of ethanol or glycerol before the addition of water. Heat
1s not recommended for faster dissolution or increased viscosity. Viscosity is
alsodecreased by adding acid, alkali, and NaCl.

Specification No. : JAN-G-96

Solubility Data : Partly soluble in water. Films cast from aqueous solutions of
tragacanth are unaffected by organic solvents such as acetone, ethanol
Cl, xylene, and toluene. When painted with solutions of basic or neutral
lead acetate, these fls also become insoluble in water.

Health Hazard : Nontoxic. Used in pharmaceutical compounding.
Safety Classifications :

OSM : not listed
1CC: not listed
Fire and Explosion Hazard: combustible
Use in Pyrotechnics: fuel ;bonding agent

Additional References :

1) “Natural Plant Hydrocolloids,” Ind. & Eng. Chem., Eds., Advances in

Chemistry Series No. 11, American Chemical Society, Washington, D.C.
(1954)
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HEXACHLOROBENZENE, C(CI,

(Perchlorobenzene)
Specification No. : JAN-H-257
Molecular Weight : 284.80
Crystalline Form : morclinic or thombic
prisms
Color: colorless *
Density, g./ml. : (solid) 2.044 (rthomb.)
Coefficient of Thermal Expansion :  —
Heat of Formation, Kcal./mole at 25°C : 41.3+0.3
Free Energy of Formation, Keal./mole at 298°K : +3+10
Entropy, cal./deg./mole at 298°K : 62.20
Melting Point : 500°K (227°C)
Heat of Fusion :
Boiling Point: 599°K (326°C)
Transition Point, thombic to triclinic : 316.7°K (43.6°C)
triclinic to cubic: 345°K (72°C)

Heat of Sublimation:
Heat Content or Enthalpy :
Heat Capacity, cal./deg./mole at 298°K : (solid) 48.11

Decompusition Temperature: For DTA see Addnl. Ref. 4
Decomposition Products: -

Vapor Pressure :

Press.mm. 1 10 40 100 400 760 M.P.

Temp.°C 1144 1664 2060 2356 2835 3094 230

X-Ray Crystallographic Data :

System L(S;pace Molecules/
t&up a b c Axial Angle Unit Cell
fnonoclinie h 807 384 16.61 B =1160°52' 2
8.10 3.86 16.68
Hygroscopieity :
Solubility Data : In water : insoluble
in alcohol: insoluble cold, very
lublehot ;
In benzene: soﬁ?bile %to ’
In ether: very slightly soluble

Health Hazard: May produce mild skin irritation on prolonged contact. OSM
states that it presents no particular toxic hazard as used in Ordnance
establishments. Severly toxic on ingestion or inhalation.

M.AC.,mg./msa: 0.5
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Hexachlorobenzene, C4Cly (page 2)

Safety Classifications:
O8M : Inert and presents no particular tire hazard in Ordnance establish-
ments.
ICC: Noshippinglabel required.
Manufacturing Chemists Assn. requires a warning label.

Fire and Explosion Hazard: Slight when exposed to heat or flame. Flash point
468°F. Dangerous when heated to decomposition because of emission of
highly toxic fumes. T fight fire use CO,, dry chemical, or carbon tetra-

chloride.
Heat of Combustion, at 20°C and 1atm., Kcal./mole.

(water liquid) :

25°, cal./g. (water liquid) : 1995.3
Electrostatic Sensitivity : —_—
Use in Pyrotechnics: as g colorintenmfier

and chlorine donor in
white smokes

Additional References :

1) “Heats of Combustion of Some Organic Compounds Containing Chlo-
rine,” G. C. Sinke and D, R. Stull, J. Phys. Chem. 62,397 (1958)

2) “The Heat Capacities of Hexachlorcbenzene and Pentachlorophenol
from 15° to 800°K,” D. L. Hildenbrand et al., J. Phys. Chem. 62, 958
(1958)

3) “The Vapor Pressures, Latent Heats of Sublimation and Transition
Points of Solid Hexachloroethane,” K.d. Ivin and F. S. Dainton, Trans.
Faraday Soc. 43,327 (1947)

4) “Pre-Ignition and Ignition Reactions of the Pyrotechnic System Zn -
CeCls -~ KCIO,,” 8. Gordon and C. Campbell, Reinhold Publishing Com-
pany, New York (1955)
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HEXACHLOROETHANE, ¢4i,-CCl,

(Carbon Hexachloride, Perchlorethane Carbon Trichloride)

Specification No. : JAN-H-235
The spec. covers one grade and two classes: class a, unground, and class b,
ground.
Molecular Weight : 286.76
Crystalline Form : rhombic, tablets fixan
alcohol orether
rhombic, triclinic or cubic
Color : colorlessto

Density, g./ml. :
Coefficient of Thermal Expansion:
Rt of Formation, Keal./mole at 288°K :

Free Energy of Formation, Keal./mole at 298°K :

Entropy, cal./deg./mole at 298°K :
See table below
Melting Point :

Heat of Fusion, Kcal./mole :
Boiling Point :

Bsak of Vaporization, cal./g. :
Transition Point :

Heat of Sublimation, Keal./mole :

Heat Content or Enthalpy:
See table below

Heat Capacity, cal./deg./mole :
See table below

yellowish-white
(solid) .091

(gas) 48

91.97

(sublimes)
186.6°K (-86.5°C)

(sublimes)
457.5°K (184.4°C)
approx. 46

sublimes at
457.6°K (184.6°C)
rthombic—triclinic
43.6°K (-229.5°C)
triclinic=+cubic
72°K (-201°C)
12.2

(solid) 41

ENTROPY . ENTHALPY . AND HEAT CAPACITY
Temp. Entropy Enthalpy Heat Capacity
oK cal./deg./mole ecal./mole cal./deg./mole
273.16. . .. 91.97 0 31.52
300 ..... 94,98 862 32.74
500 ..... 113.23 8052 38.32
800 ..... 132.02 20080 41.31
1000 .. ... 141.33 28430 42.13
1200 .. ... 149.06 36910 4259
1500 .. ... 158.061 49750 4298
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kexachiovcethane CCl;« iy \{"age 2)
Heat Capacity e 2ation fur the range 0-1200°C:
Gy =:a+4b () +¢ (%) +d (%) (t=="K)
8==31.820;0 % 10%-=8.6398; ¢ ) 109 ==4.2081 ;d ¢ 103==1.6198
Uecomposition Lamperature: For DTA and TGA see Ref. 3%
Decoinpositivi Producis: Heated in a stream of air at about 550-600°C it is
compietely converted to C.Ul, and CCl,.
Vapus Pressure:
Pressmm. 1 10 40 100 400 760 M.P.
Temp.°C 317 5.5 1023 1242 1688 1856 186.6

. ; )
X-Ray Crystaijographic Dava:

Sysien ‘Space Grovp - a b ¢ Molecules/Unit Cell
ritcinb. Vis 11.51 10.14 6.39 4
cubic ' 743 ' -2
Hygruseusiciey s . T
wolubiiny wuin: a wager ' © ingoiuole
ki L‘.nucm, ciuurofurii, ohs . sofuii2
) lii aicoiivs daii ctiee: very guitidle

Rlecion Fiowura: May be moderately 1rrn.atmg v the ciin and mucous mem-
Mraies. Lo Ligh concentrations it has a narcotic effeci, and may damage

LAG HVeT Giid laidneys MLD, i.v. (in dogs) 525 mg., hg. Has an odor similar

to thai of cumphor. Moderately toxie localiy, on ingestion, and inhalation.

Satety Classifications:
OSM : Substantially izert and presents no partxcular fire or toxic hazard
as used in Ordnaince establishments,

Fire and Expicsion Hazards: Relatively ineft, but when heated to decomposi-
tion it emits highly toxic fumes of chlorides. Dehalogenation by heating
with alkalies and metals, produces explosive chloracetylenes.

Noattainmaiie
Blectrustatic Sausitivity: - e
sieat of Combusiion, Keal./mole at 20°C and 1 atm.: '110.0
'‘Tripie Poing, v L 188.0
Use 1: Pyrulecnnics: as & chlorine carrier
' 161 streening Smoke

COCMPUSIoas

Additional Kefvrences:
1) B d, Wibenga, Zeit, anorg. Chein. 225, 38 (1935)
%) K.J.iviu and F. 8. Daintou, Trans, Furaday Soe. 43, 82 (1947)
&) “Tneiiavaata for Petx'oleum Cloanicals,” K, A, Kobe and R, H, Harri-
son, Petvol. Retiner 34, 185 (1457) .
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INDANTHRENFE GOLDEN YELLOW G.K. (spec. name)
(HVT Golden Yellow ; Indanthrene Golden Yellow GKAC;
dibenzo (a,h) pyrene-7,14-dione ; 3,4,8,9-dibenzopyrene-7,14-dione;
listed in the Ring Index as No. 3654,

ClI. 59100, C.I. Vat Yellow 4)

Structural Formula : C.4H;20,

Specification No. : MITD-50029
Molecular Weight : 332.3
Crystalline Form : -
Color: golden yellow
Melting Point: 658°K (385°C)
Solubility Data: In dilute NaOH, H;SO,, quinoline, nitrobenzene, xylene,

teirahydronaphthalene : soluble

in acetone, benzene, chloroform, pyridine, toluene :

slightly soluble

Health Hazard : Same toxicity as indicated by the spec. requirement that "Each
container shall be conspiccously labeled : CAUTION—Avoid skin contact ;

use with adequate ventilation!”

Use in Pyrotechnics: to color smoke mixtures
yellow
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KEROSENE
(Kerosine, Coal Oil, Lamp Oil, Fuel Oil No. 1)

Kerosene {s a variable mixture of petroleum hydrocarbons, chiefly of the
methane series, 10to 16 atoms of carbon per molecule.

Kerosene is the light oily liquid obtained in the fractionation of petroleum.
1t is the fraction which is obtained by the overhead distillation of crude petro-
leurn in the 174° and 188° range. It contains hydrocarbons in the range CioHzz
to CieHss. Some commercial kerosenes may include distillates up to 825°C and
a specificgravity as high as 0.850. In Pennsylvania, kerosene is defined a8 hav-
ing a flash pint above 114°F, with not over 10% distillable at 175° and not
over 45% up to 200°C. A typical analysis of the kerosene from a midcontinent
crude includes n-dodecane, 3 alkyl derivatives of benzene, naphthalene, 1-and
2-methyl-5, 6, 7, 8-tetrahydronaphthalene,

The fraction obtained by distillation is decolorized by washing with fuming

H,S0,, followed by treatment with sodium plumbite solution and sulfur Qocter
sweetening).

Specification No.: W-K-211C

Normai Coior and Form: pale yellow to white oily
liquid

Density, g/, : (liquid) at80°F, 0.819

Coefficient of Thermal Expansion : _

Melting Point, °F: -76

Boiling Point, °F: 410-572

Decomposition Temperature : _—
Decomposition Products : —_

Solubility Data: In water : insoluble
With other petroleum solvents : miscible

Health Hazard : Toxie when ingested or inhaled ; causes local irritation, drowsi-
ness, collapse and coma, and may damage the heart, liver, and kidneys.

Safety Classifications :

Underwriters Laboratory Classification: 40

O3M : flammable liquid
ICC : not listed

UN,: . inflammable liquid

The ICC does not classify kerosene as a flammable liquid because the flash

point is abovethe maximum forthis classification.
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Kerosene (page 2)
Fire and Explosion Hazard: Ignites when exposed to heat or flame. Can also

explode in air. To fight fire use foam, CO,, dry chemical, CCl,. 14
point : 100-165°F 75
Autoignition t ture: 490°F
utoignition temperature oaxn -
Explosivelimits (% by vol.in air) : 1.16-6.0 26,75
Explosivelimits in closed vessel : 0.7-5 .
M.A.C.,partsper million in airfor ah8-hr, day : 500 14

Heaté:glf/Combustion (for kerosene with sp. gr. 0.819
/8.

~3
[y

)11,006

Use in Pyrotechnics: To prevent dusting in Green Smoke composition I and in
Violet Smoke composition II. See specifications MIL-STD-516 and 622.
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LACTOSE, . H,.0,, * H,0 (monohydrate)
(Milk Sugar, Sugar of Milk, Lactobiose,
D=Glucose 4—(B-~D—galactoside) ,
D—Glucose 4~ (8~D-galactopuranoside)
A (B~D—galactosyl)~D-glucose,
4~ (B=D-galactopyranosyl)~D-—glucose)
Chemical Structure : Lactose consists of aglucose unit linked to a galactose unit.

Because the glucose unit may be inthe form of a lactol ring, a2 and B forms
are possible. The two forms can be represented as follows :

cn,ou E OH
(on n\
: u’ \°'1_c/
CHOH
HO '-—o\c VAl
AY
8 "’ ‘.l;" n/;,-o- n) "
—C
u  OH B on

The second formula differs £ram the first only in that the second glucose
riig has been turned through an angle of 180°, The glucoserin _%s may alsohave
the aldehyde structure. Both forms showmutarotation [«]Z =

The usuai form is the a. By crystallizing solutions of the form above
93.5°C, the g form isobtained.

Specification No. : MIII13751
Molecular Weight : *360.31
Crystalline Form : rhombic
Color: colorless
Density, g./ml. : 1.525.
Coefficient of Thermal Expansion : —_
Heat of Formation, ¢al./mole at 298°K : }

a-lactose* H,0 -592,900

B-lactose ~583,800
Free Energy of Formation, cal,/mole at298°K :

wlactoge H,0 418,200

A-lactose -373,700
Entropy, ¢al./deg./mole at 298°K :

a-lactoser H,0 99.1

B-lactose 923

Meiting Point : 274.7°K (201.6°C) for the anhydrous material when rapidly
heated. The monohydrate when heated loses water and becomes anhydrous

at 120°C.
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Lactose (page 2)

Heat of rusion:
Boiling Point :

decomposes
Transition Point : 366.6°K (93.5°C) Addnl. Ref. 3
Heat of Transition, cal./g. : a-anhydrideto g, T 1.0 Addnl. Ref. 3
Heata(l)li('i(f(z)lrtnnll).u:stion, anhydrous, Kg.cal./mole (3,0 |i i%) at 20° L
T, °K l.K%al_ T,°K ka%al | T,°K Ci,,.fi‘al.
6L.33 21.98 239.02 85.49
65.15 23.63 246.02 £7.94
69.70 25.49 252.92 0.6
75.00 27.70 257.99 R2.06
8.74 30.37 261.72 93.320
86.85 .48 268.21 9%6.65
91.73 3.4 2/14.33 97.14
96.55 36.12 279.56 9.26
103.74 . 38.63 284.21 100.74
109.42 40.61 289.17 102.57
115.57 42 .97 292.91 103.5%9
122.23 45.58 293.35 104.10
129.51 48.12 297.42 105.06
140.75 2.11
(w1 3.11g.)
65.51 22.14 138.72 47.70 217.e2 73.2
72.89 25.03 145.22 50.86 225.97 75.81
78.88 27.29 157.75 53.80 235.29 B.62
87.84 30.58 164.86 56.28 243.97 8.35
95.54 33.19 173.35 58.90 252.86 84.53
104.51 36.22 183.05 61.23 282.76 86.9%5
114.32 39.58 190.47 63.68 270.93 89.60
121.77 42 .02 201.24 67.43 280.11 92.89
129.98 44.61 ‘ 208.73 69.97 289.44 95.55
Decomposition 'Temperature : !
Decompositionn Products: e
Vapor Pressure: decomposes

X-Ray Crystallographic Data :
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Lactose (page 3)

Hygroscopicity :
Equilibrium Relative Humidity, % at25°C : 98.3
Solubility Data: In cold water: 17 g./100 ml. :
In hot water: 40 g./100 ml. :
In alcohol: very slightly soluble
In chloroform and ether: insoluble
SOLUBILITY IN WATER
Temp. Initial Solubility Final -~ Super
°C a B Solubility Solubility
0 5.0 451 . 119 25
25 126 — 216 50
39 — — 315 74
74 344 — 86.2
89 . 5657 — 139.2
100 - 94.7 —_
Heaith Hazard: nontoxic

used in infant feeding
salecy Ciassifications:

USM: not listed
FLT N : not listed
Fire 2nd Explosion Hazard (dust ignited electrically in the presence of air) :
Concry Max. Press. Ave. Rate of Max. Rate of
mg. /1, 1bs./8q. in, Press. Rise Press. Rise
bs./8q, in./sec. 1bs./sq, in./sec.
100 i2 89 177
50u 22 132 168

HElectrostatic Sensitivity : _—

Apparent Dissociation Constants :

First constant, literature values : 0.76-1.05x 1012
Second constant, literature values : 3.0-3.6 X 1014
Third constant: 1.7 x 1014
Fourth conEtunt: . 1ex10
Use in Pyrotechnics : fuel, retardant, and in

smoke mixtures
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Lactose (page 4)
Additional References :

1) “Organic Chemistry,” G. Hill and L. Kelley, The Blakiston Company,
Philadelphia, Pa. (1943)

2) ““Heat Capacities of Three Disaccharides,” A. Anderson and G. Steg-
man , J. Am. Chem. Soc. 63,2119 (1941)

3) J. Am, Chem. Soc. 30, 960-967 (1908)

4) “Lactose and Its Utilization, A Review,”” E. 0. Whittier, J. Dairy
Science,27, 505 (1944)

5) C.A.51,17346 (1967)
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LAMINAC 4116

Laminac 41186, a proprictary product manufactured by American Cyanamid
Co., is a polyester with monomeric styrene that effects cross linking on curing.
It 1s used as a bonding agent and for this purpose it is treated with a catalyst
to effectcuring.

The following data are from the technical data sheet on Laminac Polyester
Resins of the Plastics and Resins Division of American Cyanamid Co.

Color: clear, light straw
Specific Gravity at 77°F: 1.10 + 0.2
Viscosity at 17°F:

Gardner Holdt scale M-0

Brookficid, poises 45

(Brookfield Model RVF , spindel #1, 20 R.P.M.)

Curing Characteristics:
Geltime at 80°C, 100 g. sample, 0.5% benzoyl

peroxide, min. : 1720
SPY gel time, min, : 4Y%-6
SPI time to peak temp., min.: T%-~9
SPI peak exotherm, °F': 330-360

(3P == Society of Plastic Industries Test Method)

Tne curing of Laminac 4118 is greatly speeded by adding curing agents.
The curing is dong either 35 room temperature or by heating. Room temperature
cunag agents are methyiethylketone peroxide and cobalt naphthenate, or ben-
20y i peroxide and Laminae Promoter 400.

) GEE TIMES AT 77°F
(Methylethylketone peroxide (60% solution) as the catalyst)

% Cobalt Naphthenate Gel time
Co catalyst 69 Cobalt metal (minutes)
0.5 0.0 200-220
u.b 02 130-150
1.0 0.1 50-70
2.9 0.0 40-50
2.0 0.2 10-156

GEL TIMES AT 77°F
(Benzoyl peroxide (50% paste) as the catalyst)

% Cobalt Naphthenate Gel time
% calalyst 6% Cobalt metal (minutes)
1.0 1.0 120-180
2.0 20 50-70
4.0 40 . 5-10
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Laminac 4116 (page 2)

Heat Cu

complete with room temperature catalysts, and heat may be required to
complete the cure. Benzoyl peroxide alone may be used to cure 4116 at
elevated temperatures. Using 0.6-1.0%, cure cyclés may be less than 1
minute at 250°F for a section 1/16 in. thick to 10-12minutes for thicker

sectionsat 200°F.
Safety Classifications :

OSM : class 2

ICC: flammable liquid red label
Decomposition Temperature : about200°C

For TGA see Addnl. Ref 5
Decomposition Products :

rs: Because of the low reactivity of Laminac 4116, its cure may not be

Hygroscopicity (gain in mg./g. after exposure, at RT. in static and vacuum

desiccators) :
Laminac 4116 Catalyzed with Lupersol DDM and Nuodex:
Time! 685% RH. | 75%RH, | 8% RH. | 93% RH:
(days)| Stat. Vac. | Stat. Vae. | Stat. Vac. | Stat. Vaec
i} 80 15 52 35 66 <l 85 30
* | 50 25 37 4.0 47 72 26
80 |- 0.3 1.0 20 16
Storage life of Laminac Resins with and without Catalyst and Accelerator:
Uncataiyzed With cobalt, but With 0.004% cobalt
Temp . °>C {minimam) uneatalyzed (minimum) and 0.5% Lupersol DDM
days days hours
25 $0 90 3.6-4.0
52 18-21 18-21
As manufactured, Laminac resin contains 0.04% cobalt, ‘asmetal.

Additionst References:

1)

2)

“Casting with Laminac Resins,” Plastics and Resins Div., American
Cyanamid Co,, Wallingford, Conn., cited by Ref. 73

For exotherm cures of Eaminac 4116 with varying amounts of Lupersol
DDM and cotalt see Ref, 73

j “The Kinetics o Thermal Degradation of the Synthetic Styrenated

Folyester, Laminac 4116,” D. Anderson and E. Freeman, J. Appl. Poly-
mer Se. & 192 (1959)

“Characterization of Saturated Polyesters by Differential Thermal
analysis,” I, Anderson and E. Freeman, Anal. Chem. 81, 1697 (1959)
wpreignition and Ignition Reactions of the Propagatively Reacting Sys-
tem Magnesium-Sodium Nitrate-Laminac,” V. Hogan and S. Gordon,
Combasuon and Flame 2, No. 1, 3-12 (1959)
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LEAD CHROMATE, PbCrO,
(Pale Chrome, Permanent Yeilow, and Paris, Leipzig,
King’s, Cologne, or Lemon Yellow Chrome)

Percent Oxygen:
Specification No. :
Molecular Weight :
Crystalline Form :
Color :

See alsu Ref. 54V11
Density, g./mi.:
Coefficient of Thermal Expansion :
Heat of Formation,Kcal./mole at298°K :

Free Energy of Formation,Keal./mole at 298°K :

Entropy, cal./deg./moie at 238°K
Meicng Pomnc:

Heat of Fusion:

bHou:ng Poing:

Transition Pouny, °K:
Heat of Subliiaation:
Heat Cuntent or Enthaipy:

19.80
JAN-E-488
323.22
monoclinic

yellow or orange-yellow
powder

(solid) 6.3
(¢)-217.7
-203.6

36.5

1117°K (844°C)
not available

decomposes aboveits
melting point and gives
off oxygen

(c) ITT 980 (c) 11 1036(c) I

Frea Capucity, cal./deg./mole (between 292 and 323°K) :

Vecginipusition Temperature, °C:
rur DTA see Ref. 33

(est.) (solid.)29.1
approx. 904

Decompositiv Prod Uces - Becomes reddish-brown at 250°C, At high temper-
avures it fuses and finaliy evolves oxygen with the formation of Cr;Os and

basic lead chromate.
Vapor tiessure:
X-Fay Crystaliographic Data :

Molecules/
Siysiem  Space Group a b c Azial Angle Unit Cell
moaaciinic Ci, 6.82 748 7.16 p=102°33 4
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Lead Chromate, PbCrO, (pagc 2)

Hygroscopicity (specification grade material, after 216 hrs. at 90°F) :
RH., % 50 70 920
Gain,% 0.01 0.02 0.09

Solubility Deta: In water at 25°C: 0000068
In acids and alkali hydroxides: soluble
In acetic acid, ammonia: insoluble
In hot water: insoluble

Health Hazard: Partakss of the poisonous nature of both lead and chromium
salts, Corrosive action onthe skin, produces ulcers, and is associgted with
the formation of cancers. Produces anemia. Because of 1ts low solubility,
its toxicity is less than most other lead salts.

MA.C., mg./m? 01

Safety Classifications:
OSM : Class 2, when not packed or stored in original shipping container.

Fire and Explosion Hazard: Moderate by chemical reaction with reducing
agents. Dangerous when heated, as it amits highly toxic fumes of lead.

Electrostatic Sensitivity :

Use in Pyrdtechnics: As an oxidizing agent. Usad in nongasecus powders.
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LEAD CXIDE, PbO Refs.
(Litharge, Massicst, Plumbous Oxide, Lead Protoxide, 1,29
Lead Monoxide, Lead Oxide Yellow)
Massicot refers to the unfused oxide and litharge, to the fused. Moderm
usage tends to the use of litharge for all varieties of PbO.
Specification No. (litharge, dry) : MIL-L-1147A
Molecular Weight : 223.21
Crystalline Form (litharge) : tetragonal—stable
atR.T.
(massicot) : rhombic—stable,
300°C toM.P. 22
Color : yellow
For the effect of temp. See Ref. 52V7
Vensity, g./ml.: (solid) e litharge,9.563
B massicot, 8.0 1
Coeificient of Thermal Expansion, cubic : 7.95 X 10°° 54V7
Heat of Formation, Kcal./mole, at 298°K : red (c)-52.40 8,9
yellow (¢) -62.07
See Tables a, b, ¢
Free inergy of Formation, Kcal./mole at 298°K : red (c¢) -45.25
yellow (c) -46.05 1,8,9
See Tables &, v, ¢, and equations
a. HEAT AND FREE ENERGY OF FORMATION OF 2°
PbO (red, yellow)
T,°K A H (cal./mole) A F° (cal./mole)
298.36. .. . -52,450 (= 400) ~45,250 (=+ 150)
ud e -52,250 -42,850
-1 VV -52,050 -40,500
Guv .. ... 41,800 -38,200
6uuS .. .. 51,800 -38.,200
6uud ..., -53,050 38,200
700 ... .. -52,800 35,750
TeE ... .. -52,600 -34,250
Y (/N -52,350 34,250
Phase Changes of Metal
M.P, 600.5°K ;5 H = 1225 cal./g.-atom
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Lead Oxide, PbO (page 2)

b. HEAT AND FREE ENERGY OF FORMATION OF
PbO (yellow, 1, g)

T,°K A H (cal./mole) A Fo (cal./mole) —
2%8.16. . . . 52,080 (< 300) ~25,050 (= 150)
400 .. ... -51,900 42,700
500 ... .. -61,750 40,400
600 ..... -51,550 -38,150
6005 . ... 41,550 -88,150
6005 .. .. -53.800 -88,150
700 .. ... -52,500 -35,750
800 ..... -52,200 -38,550
9200 ..... -51,850 ~31,000
1000 .. ... —51,460 -28,760

1100 . ., .. 51,000 26,460
1159 ... .. -50,700 -25,150
1159 ... .. 47,900 25,150
1200 . .... 47,700 -24,409
1300 ... .. -47.250 -22,459
1400 . .., . -46,750 -20,550
1500 ..... -46,250 -18,700
1600 . .. .. -45,750 -16.850
1700 ... .. -45,300 -16,100
1746 ... .. 45,100 -14,300
1746 .. .. . +5.700 —14300

Phas¢ Changes of Metal
M.P., 600.5°K ; A H = 1226cal./g.-atom

c. HEAT AND FREE ENERGY OF FORMATION OF PbO(g)

T,°K A H (cal./molé) A F° (cal./mole)
298.16. . . . 410,100 (1400) 45000 (=1600)
400 .. ... ~+9900 43200
500 ... .. +4-9700 +1600
600 ..... +9500 0
6005 .... 49500 0
6005 . ... ---8300 0
700 ..... +8000 -1400
800 ..... 47800 -2700
800 ..... 47600 -4000

1000 .., .. 47400 -5300
1100 ... .. 47200 -6600
9200 ... .. -+7000 —7800
1300 ..... 4-6700 -9000
1400 ... .. 6500 -10,300
1500 ..... +6300 -11,400
1600 .. ... --6000 -12,600
1700 . . ... +5800 -13,800
1800 ... .. +5600 -15,000
1900 .. ... 45300 -16,100
2000 ... .. +5100 -17.200

Phase Chaﬁges of Metal
MP.,600.5°K; a H=1225cal./g.-atom

Source of Data : Heat of formation at 1745°K derived from heat of forma.
tion and heat of vaporization of PbO (1) (see.Tableb)
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Pb
Pb

2

3

2,9

2,9

2,8,9

9

9

2

T, °K Hy —Hzea.m Sr —Suse.15 T, °K Hy -Hzes.15 S: ~ Sos.1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole

400 . ... 1150 i fic ! 1100 ... .. 10,800 16.90
560 . ... 2340 5.97 1159 (¢ 11,720 17.72
6006 .. .. 3600 8.26 1159 (1) 18,720 23.76
7006 .. .. 4920 10.30 1200 .. ... 19,380 24.32
Ul 310 12.15 1300 ... .. 20,980 25.60
Yuu ... 7760 13.86 1400 .. ... 22,580 26.79
100 5260 15.44 1500 ... .. 24,180 27.89
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Lead Oxide, PbO (page 4)

e. HEAT CONTENT AND ENTROPY OF PbO (red) 4
(Base, crystals at 298,16°K)
T, °K Hy - Hzppn Sy~ Supu.1s T,°K Hy ~ Hags 15 Sy —Saes.18
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 1220 3.52 700 ..... 5060 10.65
500 .. ... 2460 6.28 800 ..... 6420 12.46
301 S 3740 8.62 %0 ..... 7820 14.11
Znthalpy : Hr —Hags 15 = 10.60T T 2.00 % 10T2 -3338 (0.1 percent; 298-900°K)
Heat Capacity: C,= 10.60 +4.00 x 10-*T
f. HEAT CONTENT AND ENTROPY OF PhO (g) 4
(Base, crystals at 298.16°K)
T, °K Hr - Haps 1s St~ Sa0a.15 T,°K Hy —Hazgs.15 Sr —Sa08.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 810 2.34 1000 .. ... 5950 10.14
PbO (g) :
Enthalpy :Hy — Hyps 15 = 8.57T +0.12 x 10*T2 +0.79 X 10°T-1 -2831
(0.2 percent ;298-2000°K)
Heat Capacity : C,=8.57+ 0.24 X 10*T =0.79 X 10°T-2
PbO (¢) :
Heat Capacity : C,==12.70 +7.80 X 10-*T (est.) (298-1000°K)
Pb304 (C) .
Heat Capacity : C, = 35.14 (298°K)
PbgOa(C) .
Heat Capacity : C,5= 25.74 (298°K)
See also Addnl. Ref. 2
Hceat Capacity,cal./deg./mole at 298°K : (solid, yellow) 11.60 4,9
(liquid) 16.00
See also Addnl. Ref. 2
Decomposition Temperature and Products : At 300-450°C, in air, it is converted | 29, Addnl.
to Pb,0,, but at higher temperatures it is reconverted to PbO. Ref. 1,
54V17

For DTA see Ref. 33

164




N ———— e

Lead Oxide, PbO (page 5)

Vapor Pressure :

Press. mm. 1 10 40 100 400 760 M.P.
Temp. °C 948 1086 1189 1265 1402 1472 890

X-Kay Crystallographic Data : i
System Space Group a b ¢ Molecules/Unit Cell

tetragonal (red) D 3.3 — 401 2

rhombic (yellow) vp 580 472 58 4

RH.% 31 43 . 6b 75 93

Timeof |24 hrs. equil. | 24 hrs, equil.|24 hrs. equil. |24 hrs. equil, |24 hra, equil.

Exposure

Cain i3 26 |12 39 (47 38| 61 66|74 75

me./g.

Sowbility Data: In water: 0017 g./100 g at20° 1
{n HNO;, alk. lead acetate, NH,Cl, CaCly, SrCl;, and warm solutions of | 29
fixed alkali hydroxides: soluble
In alcohwl: insoluble 1

Health Hazard: More poisonous than metallic lead or most other lead com- | 12,29
pounds. Avoid breathing dust. Wear approved dust mask ,Kesp away from
food or food products :

M.A.C., mg./m.32: 0.2 25
0.15 14
Safety Classifications:
OSM: not listed
ICC: no shippinglabel required
Fire and Explosion Hazard : Dangerous. When heated emits highly toxic fumes. | 12

Electrostatic Sensitivity :

——

Use in Pyrotechnics:

Additional References :
1) C.A. 52,6998 (1958)

2) “Low Temperature Heat Capacities and Entropics at 298.16°K of Lead
Sesguioxide and Red and Yellow Lead Monoxide,” E. G. King. . Am.
Chem. Soc. 80,2400 (1958)
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LEAD OXIDE (LEAD TETROWIDEY PO,
(Minium, Red Lead, Mineral Orsnge, Mineral Red,
Plumbo, Puce, Orthoplumbate, Paris or Saturn Red)

Type Il paste inoil, grads 97.
Molecular Weight : 685.63
Crystalline Form : scales or amorphous
owder
Color : . recli)

When heated becomes redder, theh violet and black; on cooling again
gams ltf scarletred color. ,
(solid) 9.1

Density, g
Varies from 8,32 to 9.16 according to method of preparation.
Coefficient of Thermal Expansion :

0

Heat of Formation, Kcal./mole at 298°K! ~175.8
See table below
Free Energy of Formation, Kcal /mole at298°K : -1478

See table below

HEAT AND FREE ENERGY OF FORRIATION OF Pb,0,(¢)

T. oK AH (cal./mole) & Fo (cal./mole)
AR - =1lEHHR0 ((-Q:M —THATRA0 (= AARND)
400 ..... -175,500 ~138,000
500 ..... -175,000 . -129,000
600 ..... -174,600 : -119,500
60056 . ... . =-174,600 -119,500
60056 . ... -178,000 T - -119,500
700 ... .. -177,600 : -110,000
830 ..... ~176,560 ~100,500
960 .. ... --175,000 -91,000

1060 . .... -178,500 -81,500

Phase Changes of Metal
M.P., 600.5°K ;A H == 1225 cal./g.-atom
Free Encrgy Equations:

Reaction ' . Range of Validity, °K -
1) 3Pb (¢) + 20, ‘&) =~ Pty,Oy (c) ' 298.16-600.6
AV} ===174.920 4 852T log T - 8. 20 (10- ¥T3) - .40 (10°T-*) 4- 72.78T
2) JI’D ) + 20, 1) = PuC, (e) 600.5-1000
aTq —=-177,860 4 1!'» 59T log T ~11.05 (10-7T®) ~.40 (10*T) 4 60.57T

Refs.
1,11,29

54V7

b4V
1,8

1,8,

fntr, v, wal/des. cueole at 987K - 505

i

3,924



Lead Oxide, Pb3O; (page 2)
Melting Point: decomposesat about
773°K (500°C)

See Decomposition Temperature
Heat of Fusion:

Boiling Point:

Transition Point : 290-320°C 890-420°C

Pb0, <——= Pb,0, «———— Pb,0,
PbO (yellow).
Heat of Sublimation :

Heat Content or Enthalpy : —_—
Heat Capacity, cal./deg./mole at 298°K : (solid) 35.14

Decomposition Temperature and Products. Heated in air above 450°C, it is
converted to PbO. About 550°,
Stableat 530°C.
For TCA see Kef. 45

Vapor Pressure:

5805500
;:...."g

for Pby0, *=——5 PbO (yellow) T140;

Press.om. 3.4 304 760 155 589 859 1045
CPeap.oC 4448 4844 5112 5376 5588 600.7 607
“orlug o Pa.a, —'7.8595T 1+ 11.8976
X-Ray Crystallographic Data:
Sysicin Space Group a c Molecules/Unit Cell
tetragonai Vi 8,875 6.51 4

Hygroscopicity (of reagent grade material after equilibrium was established
in a vacuum desiccator) :

_RH% | 65 75 86 93
Time of : .
Exposure | 24 hrs, equil. | 24 hrs, equil. | 24 hrs, equil. | 24 hrs, equil.
Grin, )

—_mg./g. 0.5 0.9* | 0.2 01* | 04 0.4* 0.8 0.6’

Solubility Data : In water and alcohol : insoluble

In acetic acid, hot HC} soluble

Heaith Hazard: A cumulative poison that prcduces anemia and lesions of the
kidneys, liver, nervous system, blood vessels, and other tissues. The speci-
fication vequires the fo'owing warning label - ""Warning! Contains Iead
Oxide Hazardous Dust. Avoid breathing dust and fumes. After handling
or exposure do not sat or smoke without washing thoroughly. Use with
adequate ventilation. Keep away from food or foud products."

M.AC, mg./m.3: 0.2
0.15
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Lead Oxide, PbsO, {page 3)

Safety Classifications :
OSM : class 2

1CC: oxidizing material
yellow label

Fire and Explosion Hazard: Dangerous because when it is heated it emits
highly toxic fumes. It reacts with combustible and reducingagents,

Electrostatic Sensitivity: —_—
Use in Pyrotechnics: as an oxidizer

Additional References :
1) CA. 52,6998 (1968)
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LEAD PEROXIDE, PbO, Refs.
(Lead Dioxide, Lead Superoxide, Brown: Lead Oxide, Plattnerite) | 1,12,29
Percent Oxygen: 18.38
Specification No. : JAN-L-376
Molecular Weight: 239.21
Crystalline Form : tetragonal 1
Color : brown
Density, g./ml. : (solid) 9.876 Addnl. Ref. 3
(reguline at 20°C) 9.38
Coefficient of Thermal Expansion, linear: 0.067 X 10 54v7
Heat of Formation, Kcal./mole at 298°K: (c)-66.12 1,9
See table below
Free Energy of Formation, Keal./mole at298°K : 6234 1,9
See table below
HEAT AND FREE ENERGY OF FORMATION OF PbO,(c) 2
T, °K A H (cal./mole) A F° (cal./mole)
298.16. . . . -66,100 (= 1400) -52,300 (+ 1200)
400 .. ... -65,900 -47,700
500 ..... -65,700 -48,100
GO . ... 65,500 -38,600
6005 .. .. -65,500 -38,600
6005 . ... -66,700 -38,600
00 ... .. 66,400
800 ..... . -G -29,400
900 . ... 65,500 -24,800 .
1000 . ... -66,000 ~20,300
1100 ... .. -64,400 -15,900
Phase Changes of M@l
M.P., 600.5°K ;A H == 1225cal./g.-atom
Entropy, cal./deg./mole at 298°K : 18.3 % 0.5 3,9
belting Point: decomposes 1
Heat of Fusion: _—
Boiling Point :
Transition Point: See Lead Oxide (Lead Tetroxide), PbsO,
Heat of Sublimation :
Heat Content or Enthalpy: _—
Heat Capacity,cal./deg./mole at 298°K : (solid) 154 9
Decomposition Temperature,°C: 290 1
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h a d Peroxide, Pblb: (page 2)

Decomposition Products : Evolves oxygen when heated above 300°C, first form-
ing PbsO4, and at high temperatures PbO.

-t

RH,% | . 65 76 86 93
Time of
Exposure|24 hrs. equil. | 24 hrs. equil. | 24 hrs. equil. | 24 hrs,  equil,
Gain,
mg./g. 03 0.2* 0.2 0.2* 01 0.8 0.9
0.1 0.2 04 0.6 038 .3 0.3 0.0
Solubility :In water and alcohol : insoluble
In dil. HCL: soluble
In aceticacid : slightly soluble

Health Hazard: A cumulative poison. On ingestion or inhalation it produce!
anemia of the kidneys, liver, gonads, nervous system, blood vessels, and
other tissues.

M.A.C., mg./m.3: 0.2
. . 0.15

Safety Classifications: o .

M :Class 2 when not packed or stored in original ¢ontainers or equivalent
. oxidizing material ;
yellow label

Fire and Explosion Hazard : Dangerous beecduse when heated to decomposition
it emits highly toxic fumes of lead. It reacts with reducing material.
Electrostatic Sensitivity : —

Chan%:s under Heat and Oxygen Pressure : Under 200 atmospheres of oxygen
PbO, is unstable to 360-365°C, but then dissociates to form Pb,0y; whiclh
isstableto 460-470°C when it passes into PbsOa.

Use in Pyrotechnics: asan oxidizer

Additional References :
1) “The Thermal Decomposition af Lead Dioxide in Air,” G. Butler and
J. Copp, J. Chem. Soc., 726 (1956) _ ,
2& “Structure and Equilibria of Lead Oxides.” See C. A. 43,6689 (1948)
3) “The Electrical Conductivity and Some Other Propertics of Reguline
(I;féld1per0X1de’” W. Palmaer, Z. Elektrochem 29, 4156 (1923) ;CA. 18
(1924
4) “A New Oxide of Lead,” C. Holterman and P. Lafitte, Compt. rend.
204,813 (1927);C.A.31,5702 (1937)
5) C.A.52,6998 (1958)
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LEAD SESQUIOXIDE

(Lead (IIT) Oxide, Lead (II, N') Oxide, Lead Trioxide
Plumbous Plumbate, Di-lead Trioxide)

i

Formula : Pby0O,
Compound ST S BEE thio RhIERY e RO by eids. -+ " *

Percent Oxygen : 10.38 S

Specification No. : none

Molecular Weight : 462.42

Crystalline Form : monoclinicor amorphous
.powder -

Color: yellow te reddish-yeHow

Density : —

Coefficient of Thermal Expansion : -_

Heat of Formation : —_—

Free Energy of Formation : —

Entropy, cal./deg./mole at 298.15°K : $%.3+07

Melting Point: decomposes about
643°K (870°C)

Heat of Fusion: —

Boiling Point: — -

Transition Point : see Lead Oxide (Pb,04)

Heat of Sublimation : —_—

Heat Content or Enthalpy: _

Heat Capacity, cal./deg./mole at 298°K : (solid) 26.74

Decomposition Temperature: At 360-415°C, it forms red lead with loss of O
At red heat yields PbO +0.

Decomposition Products : Converted'in air at 87T0°C to Pb,0,.
Vapor Pressure :

X- hic Data :
Ray Crystalsllegégp ic Data

e

Molecules/
System  Group a b ¢ Axial Angle  Umit Cell
monoclinic  Cay? 7.050 5.616 3.866 8= 80°6¢ 2
Hygroscopicity : —

Solubility Data: Insoluble in cold water, decarposes in hot. Decarposaed by
conc. HCl or H;80, with the liberation of Cl or O respectively.
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Lead Sesquioxide (page 2)

Health Hazard: A cumulative poison whes ingsated, inhaled, or absorbed.
MA.C.,mg./m.3 : 0.2
Safety Classifications:

OSM: Not listed. Probably class 2 when not packed or stored in original
shipping container or equivalent.

ICC: not listed
¥ire and Explosion Hezard: —_
Eiectrostatic Sensitivity: —
Us2 in Pyrotechnics: asan oxidiziﬁg agent

Additional References :

1) “Low Temperature Heat Capacities and Entropies at 298.16°K of Lead
Sesquioxide and Red and Yellow Lead Monoxide,” E. G, King, J. Ann.
Chem. Soc. 80, 2400 (1958)
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LLINSEED OIL
(Bung O1l, Buung Hole Oil, Linum Usitaiissinum)

Linseed oil is obtained by pressing the seeds of the flax plant. The com-
mercial oil is hot pressed. When fresh, the oil is yellowish with a peculiar odor
and a bland taste; however, the hot pressed oil has a bitter taste. On exposure
to the air, the oil slowly oxidizes, becoming darker, more viscous and acquires
astronger taste and odor. Boiled linseed oilis prepared by heating with metallic
oxides, usually of lead or manganese (}(L:Jalled riers). Such oil is ¢alled bung oil
or bung hole oil. The state law of Ohio defines linseed oil as prepared pure
lingeed oil heated to a temperature of 226°F, incorporating not more than 4 %
by weight of drier, and with a specific gravity at 60°F of not less than 0.935
and not greater than 0.945. The oil dries in air with a glassy appearance and
makes a hard yellowish film. The oxidized elastic solid is known as linoxyn.

Linseed oil is a mixture of glyceridesof higher fatty acids, both saturated
and unsaturated. Cf these linoleic acid is about 48% and linolenic acid about
34%. Glyceridesof stearic, palmitic, and myristic acids are also present, Addnl.
Ref. 3 gives the following fatty acid analysis: 0.2 myristic, 6.4 palmitic, 3.5
stearic, 0.6 arachidic, 9.6 oleic, 42.6 linoleic, 3.1 linolenic.

Specification (for boiled linseed oil) : TT-0-364
{for raw linseed oil) : TT-0-369
Density, g./mi.: 0.930-0.938
Solidification Point, °C: -19t0 -27
Boiiiug Poiae: : 616°K (843°C)
588.7°K (815.6°C)
(600°F)
Decomposition Temperature and Products : —_—
Hygroscopicity : nonhygroscopic
Solubility Data:
In aleohol: slightly soluble
With chloreform, ether, petroleum ether, CS,,
and oil of turpentine: miscible

Health Hazards:Slight. Boiled linseed oil contains a small amount of manganese
dioxide. Because of this, if it is splashed in the eyes, it will cause extreme
irritation, When handling keep hnseed oil away from fire or open flame.
Store it in a sealed container and away from oxidizing agents. If linseed
oif has beea splashed into the eyes, was%fl the eyes in a solution of one part
vinegar and four parts water by volume. Send the victim to a physician
for examination and additional treatment.

Safety Classitications:
OSM : Not classified, but listed as a flammableliquid.
ICC: not listed

Fire and Explosion Hazard : Flammable and can ignite spontaneously. To fight
fircuse foam, CO., dry chemical, or CCl,.

Electrostatic Sensitivity : _
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Linseed Oil (page 2)

Constants for Linseed Oil (raw) :
Maumené number :
Acid value :
Refractive index, N :
Reichert-Meissl number -
Unsgaponified matter :
Saponification value :
Todinevalue:
Hehner'snumber :

Flash Point (dosed cup) CF (literature referencesvally N
(raw) T

(boiled)
Autoignition Temperature, °F :

103126

1-3.5
1.4797-1.4802
0.95

04-1.2

' 188-195

175-202
94,6-95.6

())m 432t0 468
from 878t0 408

Literature references give values ranging from 650 to 820.

Use in Pyrotechnics:

Additional References:

.1)*“The Chemical Constitution of Natural Fats,” T. P. Hilditch, London

{1956)

2) ‘;Y;Sgrzg.able Fatsand Oils,” E. W .Ec¢key, Reinhold Pub. Corp., New York

3) “Fats and Oils,” H. G. Kirschenbauer, Reinhold Publishing Co., New

York (1944)
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Specification No. :

LITHIUM,

Li

Molecular Weight: 6.940
Crystaliine Form : cubic 1
Color : silvery white, yellows on 29
exposure tomoist air
Density, g./ml. : (solid) 0.684 1
Coefficient of Thermal Expansion, linear, 0-95°C : 56 % 10 27
cubic, 0-178°C : 170X 10-¢
Heat of Formation, Kecal./mole at 298°K: (gas) 37.07 1,6
Free Energy of Formation,Kcal./mole at298°K :  (gas) 29.19 L5
Entropy, cal./deg./mole at 298°K : (gas) 33.14 1,A
See Tables a, b, and ¢
Melting Point : 726.8°K (458./70°C) 4,5
Heat of Fusion, cal./mole: 722.8 5
Boiling Point : 1604°K (1331°C) 5
Heat of Vaporization, cal./mole : 32,990 5
'transition Point : (c¢) II = I77°K (-196°C) | 5,41’
Heat of Sublimation, cal./mole at 298°K : (monatomicgas) 38,440
(diatomicgas) 50,470 5
Heat Content or Enthalpy, cal./mole at298°K : (solid) 1092
(diatomic gas) 2312 5
See Tables &, b, and ¢
s. HEAT CONTENT AND ENTROPY OF Li (c, 1) 4
(Base, crystals at 298.15°K) |
T, °X Hy -Hoess St - S2es.18 T, °K Hy - Hjes 15 Sr- 8.5
cal./mole cal./deg. cal./mole esl., dog
' mole mclc
350 ..... 315 0.97 00 ..... 4845 8.0%
460 . ... . 830 1.82 1000 ... .. 5535 .80
453.7 {c} .. 1000 2.68 1100 ... .. 6225 10.4¢
453.7 (1) 9715 4.26 1200 .. ... 6910 11.06
500 ..... 2050 4.96 1300 .. ... 7595 11.61
600 ..... 2765 6.26 1400 . .. .. 8280 12,12
700 ..... 3465 734 1500 ..... 8960 »s3
800 ..... 4155 8.27 1600 .. ... 9645 13.03
Li (¢) :

Enthalpy :Hy ~Haes.15 = 1.64T 1 5.55 x 10T -0.84 X 10°T-1 - 701 (0.1 percent; 298-453.7°K)
Heat Capacity:C, =1.64 +11.10 X 10T +0.84 X 10°T#; a Hys .1 (fusion) =715
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Lithium, Li (page 2)
Li (I) : 4
Enthalpy: Hr— Hags 156 ==6.78T - 0.99 % 10°T-1 - 1143 (0.1 percent, 453.7 - 1800°K)
Heat Capacity :C,=6.78 +0.99 X 10°T2
b HEAT CONTENT AND ENTROPY OF Li (g)
(Base, ideal gas at 298.15°K)
T,°K Hr—Haos.15 Sz - Sz08.18 T,°K Hr—Haes.18 Sr - Sses.18
cal.,/mole cal./deg, cal./mole cal./deg,
mole mole
400 ..... 505 1.46 1900 ... .. 7960 9.20
500 ..... 1005 2.57 2000 . 8460 9.46
600 ..... 1500 3.48 2200 . . 9460 9.94
700 ..... 1995 424 2400 .. ... 10,460 1037
800 .. 2495 4.90 2600 . 11,470 10.78
900 2990 549 2800 12,496 11.16
1000 3490 6.01 3000 .. ... 18,626 11.51
1100 3985 6.49 3500 ..... 16,190 12.33
1200 4480 6.92 4000 ..... 19,010 13.08
1800 .. ... 4980 732 4500 ... .. 22,030 18.80
1400 5475 7.69 6000 25316 14.49
1500 | 6975 8.08 6000 ..... . 33,070 15.90
1800 . 6470 835 ‘7000 ..... 43,240 17.46
1900 ... .. 6965 8.65 8000 ..... 56,610 19.23
1800 7465 8.94
Li (g):
Enthalpy : Hr —Haps.15==4.971: —1482 (0.2 percent ; 298-3000°K)
¢. HEAT CONTENT AND ENTROPY OF Li, (g) :
(Base, ideal gas at 298.15°K ; mol. wt,, 13.88)
T, °K Hy— Hoos.1s St - Ses.15 T,°K Her - Haps.1s S — S208.18
cal./mole cal./deg. cal./mole cal./deg.
mole mole
460 . .. .. 890 2.59 1300 ..... 9116 13.30
500 ..... 1780 4.57 1400 ..... 10,060 14.00
600 . .... 2675 6.20 1500 ..... 10,985 14.64
M0 .. ... 3580 7.61 1600 ..... 11,925 15.25
800 ..... 4490 8.81 1700 12,865 15.82
900 ..... 5410 9.90 1800 .. ... 13,815 16.36
1000 ... .. 6330 10.87 1900 ..... 14,770 16.88
1160 .. ... 7250 11.74 2000 ..... 15,725 17.87
1200 .. ... 8180 12.56
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Lithium, i (page 3

Lia (g):
Lninalpy : Ho— Hogsas == 8051 + 0.16 X 10 3T? + 0.3~ 10T ' - 2797
(0.1 percent ; 295-2000°K)

Heat Capacity: C,  =8.98 4 032 % 10 *T - 0.36 X 10¢7'*

Heat Capacity, cal./deg./mue at 298°K : (solid) 6.91
(gas, monatomic) 4.97
(gas,diatomic) 8.62

d. HEAT CAPACITY OF Li

Solid 298453.7°K
Liquid  453.7-1604°K
Gas (mon.) 1604-3000°K

T,°K C2 (cal./deg./mole)
298 5.91
400 6.50
500 7.20
600 7.06
900 6.90

1200 6.87
1600 6.80

1700 4.97
2000 4.08
2400 5.03
2800 5.13
3000 5.21

Decompositiin Temperature: —
Decomposition Products : -_—
Vapor Prassure:
Press.min. 1 10 40 100 400 760 M.P.

Terap. “C 723 331 1003 1097 1273 1372 186

X-Ray Crysiailographic Data:

System Space Group a Atoms/Unit Cell
cuoic 0} 3.502 2
Hygroscopicity : Reacts with water ;forms LiOH, evolves H..
Solubility Data: In water : forms LiOH, evolvesH;
in alcohol: decomposes
In acids: soluble, reacts and
evolves H,
In liquid NH;: soluble

Health Hazard : Will burn in contact with many substances, producing a caustic
smoke which is toxic by inhalation. Dangerous when ingested or inhaled,
and produces painful burns when in contact with the skin.
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Litkium, 1+ (page 4)

<~ ifety Classifications:
OSM: Not spevifically listed; probably class 2 as a powdered metal

iCC: flammable sulid, yellow
label

Fire and Explosion Hazard : Dangerous explosive hazard whea exposed to
heat, flame, or by chemical reaction with water, acids or exidizers. On
burning, it emits toxic fumes of Li,O and LiOH. It burns in air with a
dazzling bright light. Keep the metal submerged /o kerosene. Store axd
process only in rooms or buildings adequately vented at the highest pint
to prevent the accumulation of hydrogen gas which resuits fromn the reac-
tion with moisture. Suitable respiratory protective equipmeit and self-
contained breathing apparatus should be used where permissible concen-
trations are likely to be exceeded. To fight fire, use special mixtures of Jdry
chemicals, soda ash, or graphite.

Autoignition Temperature, °F : 392
Electrostatic Sensitivity : i
Use in Pyrotechnics : Burns with a brilliant crimson to carmine-red color.
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LITHIUM NITRATE, LiNO, Refs.
Perceni Oxygeit : 6.62
Specification Ne. : _
Molecular Weight: 68.95
Crystalline Form : trigonal i
Color : colorless
Density, g./mi.: (solid) 2.38 1
(liquid) d=1.924-.548 X 10-%°C (M.P10550°C) 40V2
Coefiicient of Thermal Expansion, at 254°C
(molten) cubic: about3.15 X 104 44V20
Heat of Formation, Keal./mole at 298°K: (c)-116.28 L9
Free Energy of Formation, Keal./mole at298.16°K : -96.63 86
Entropy, cal./deg./mole at298.18°K : 384 86
See table below
Melting Point : 525°K (262°C) 4
Heat or' Fusion, cal./mole: 6120 4
Boiling Point : decomposes
"Transition Point: _—
heat of Sublithation: —
HEAT CONTENT AND ENTROPY OF LiNO, (c, 1) 4
(Base, crystals at 298.15°K)
T, °K Hr ~ Haos.1a St - Sas.15 T, °K Hr - Hzos,15 St —Ss0s.15
cal.,mole cal./deg, cal./mole cal./deg.
mole _ mole
383 ..... 1130 3.50 525 (¢) . - . 5380 13.29
400 2280 6.57 525 (1) 11,500 24.95
400 ... .. 3480 9.39 50 ..... 12,160 26.18
out . ..., 4730 12.03 600 ..... 13,490 28.49
LiNO; (c) :
Enthaipy . Hy - Haes.1s = 14.981' +10.60 x 1012 -5409 (0.1 percent ; 298-525°K)
Hear, Capacity :C, = 14.98 +21.20 X 10T
LiNO, (1) ¢
Enthalpy : Hy — Hags 15 =26.60T - 2470 (0.1percent ;525-800°K)
Heat Capacity, cai./deg./mole : (liquid) 26.60 4
Decomposition Temperature and Products : When heated, gives off oxygen then
amixtureof oxygen and nitrogen. 54V2 .
For DTA and TGA see Refs. 33, 47
Vapor Pressure: -
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Lithium Nitrate, LiNO; (page 2)

X-Ray Crystallographic Data :

System Space Group a Axial Angle Molecules/ Unit Cell
hexagonal D, 574  o=—48°8 2
Solubility : '
In water (g./100ml.) : 52cold,66 at71°C
In aceticacid : slightly soluble

Hygroscopicity : Deliquescent. Caution : Keep in closed containers.
Health Hazard : Large amounts taken by mouth may be fatal.
Safety Classifications:

OSM : Class 1. Class 2 when not packed or stored in original shipping con-
tainers or equivalent.
ICC: oxidizing material

Fire and Explosion Hazard; A vigorous oxidixing agent. May explode when
heated with a fuel, or when exposed to heat or by shock. On decomposition

itemitstoxic fumes.
Electrostatic Sensitivity : _
{ise in Pyrotechnics: as an oxidizer ;to color
burning compositions
red
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LITHIUM PERCHLORATE, LiClO,

Percent Uxygean:

Specification No. :
Molecular Weight -
Crystalline Form:

Color :
Density, g./ml. :

coefficient of Thermal Expansion:
He=k of Formation, Kcal./mole at 298°K :

Free Energy of Formation:

Entropy :
Melting Point :

60.15

none

106.40

no regular form
recognizable

colorless
(solid) 2.429

-91.77

509°K (236°C)
520°K (247°C)

Values vary from < 300 to 410°C, with decomposition._

Boiling Point:

Transition Point :
Heat of Sublimation:
Heat Content or Enthalpy:

heat Capacity :

Decomposition Temperature, °C:

¥or DT'A and TGA see Refs. 33, 47

Decomposition Products :
Decomposition : Does not begin to show an appreciable decomposition rate until

the temperature is raised to over 400°C,

There is an endothermic break at 610°C, corresponding closely to the melt-
ing point. of LiCl (614°C), At abut 420°C LiClO; begins to undergo
appreciaple loss. The temperature interval between salt fusion and onset
vl rapid decomposition is from 247 to about 502°C, or approximately a
vange of 255°C :

LiClO4+ H.0 loses H,0 at 146°C
Tne pure anhydrous salt can be heated to at least 300°C without decompo-
sitivt, but ordinary samples decompose at lower temperatures to chloride
and oxygen owing to the catalytic effect of dust and atmosphericimpurities.

V upitr Pressure:

X-Hay Crystuilographic Data for LiClO4*3H,0 :

Systein

hexagonal

Hygroscopicity :

Space Group
Ct,

Soiability Davta: in water (g./100q.) :
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decomposes at
653°K (380°C)

—

380

LiCl +0,

a

deliquescent
59.7 at 25°C

c
7.71 542

Kefs.

14V20

1,65

9
Addnl. Ref. 1
65

1
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Addnl. Ref. 1

Addnl. Ref. 1
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Lithium Perchlorate, LiClO, (page 2)

Solubility in Nonaqueous Solvents at 25°C

Solvent 9./100 a. or Solvent
acetone 136.5

cthyl acetate 9.2

cthyl ether 113.7

methyl alcohol 182
cthylalcohol 151.8

Health Hazard: May irritate the skin and mucous membranes. Lithium salts
are rated moderately toxic. They affect the nervous systems, and can cause
death.

Safety Classifications :

OSM: Class 1. Class 2 when not stored in original shipping containers or
equivalent.

ICC: Oxidizing material; yellow label. Classed under “Explosives and
Other Dangerous Articles.”

Fire and Explosion Hazard: A powerful oxidizer, can cause fires by chemical
reaction, and forms explosive mixtures with carbonaceous materials or

finely divided metals, sulphur, powdered magnesiumor aluminum. Explodes
on shock orby chemical reaction.

Electrostatic Sensitivity :

Use in Pyrotechnics : a8 an oxidizer ;to color
burning compositions red

Additional References:
1) “The Differential Thermal Analysis of Perchlorates. 11. The System
LiClO, — LiCO,,” M. M. Markowitz, J. Phys, Chem. 62, 827 (1968)

2) “Precise Studies of the Crystal Structures of Lithium Perchlorate Tri.
hydrate, Anhydrous Lithium Perchlorate, and Potassium Perchlorate,”
R. J. Prosen and K. N. Trueblood, Perchlorates TN-2 ,0SR TN 56-563,
ASTIA Document No. AD110-384 (1956)
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LUPERSOL. DDM

Lupersol DDM is a proprietary mixture of 60% methylethylketone
Feromde in dibutylphthalate, marketedby the Lucidol Div., Wallace and Tieman,
nc., Buffalo, New York. The following data, except where otherwise indicated,
are fromthe Lucidol Div., Wallace and Tiernan,

The structure of methylethylketone peroxide is:
CH, CH;, CH, CH,

H,CyC-0-0-C-C,H, or H,cz-fl‘ro-o-)wzm

(l)—()—H H 0-0-H é)—o—H

The market product has about 11% active oxygen.

Stability: Lupersol loses about 7% of its peroxide content after 12 months of
storage atambient temperatures (20-830°F),

DECOMPOSITION KINETICS
Active Conc. g. moles  Temp. Half Life FirstOrder E (Activation
% peroxide (-0-0-)/1. °C  t¥%4inhrs. Ratek./hr, Energy)
Kcal./mol e

11 8.2 85 81.2 0.00854
atstart 100 16.2 0.u428

115 3.6 0.193 28.5

145 0.25 2.77

DECOMPOSITION TEMPERATURES IN BENZENES AT
SELECTED HALF LIFE VALUES

Time I min. . 10 hrs, 100 hrs.
Temp. C° 182 105 83

Solubility Data : Soluble in most synthetic resin momnormers,
¥ealth Hazard : Highly toxic by ingestion.
Safety Classifications:

OSM: Not specificaily listed but peroxides are in class 1 when stored in
original shipping containers, and in class 2 when not in original
shipping containers orthe equivalent.

ICC: Not specifically listed, but organic peroxides not otherwise speci-
fied are classed as flammable liquids and as oxidizing materials
under “Explosives and Other Dangerous Articles.”

Fire and Explosion Hazard ; Methylethylketone peroxide alone is shock sensi-
tive. To reduce the sensitivity to shock, it is diluted with dibutylphthalate
and .s then acceptable for shipment. The peroxide may exist in several
different structures, some of which are extremely shock sensitive even in
6095 solution. The solution may thus be a hazar(f.] Lupersol DDM will de-

comé)ose rapidly at 125°C. The solution has a flash point (&pm cup) above

45°C and burns like gasoline when ignited. Eupersol DDM is widely used
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Lupersol DDM (page 2)

as a roam temperature catalyst with cobalt naphthenate or similarmetallic
drier as the accelerator. Mixtures of the peroxide and accelerator will de-
compose explosively and the two should not be brought into direct contact.
As a powerful oxidizing agent, the peroxide can recact vigorously with
reducing materials.

Storage Precautions: Storein an isolated building with no other type
of material. Buildings containing the peroxide should be poested ''Flam-
mableStorage—Xeep Firc 2way. *'

Disposal of Lupersol DDM: Burning, the preferred method, or chemical hydro- | Addnl. Ref. 3
lysis.
Burning Method : Pour material to be destroyed into shallow trench. Ignite

with a wadded gasoline soaked ragtied to the end of a 6-ft. steel rod. Boiling
will be rapid but not violent.

Chemical Hydrolysis Method: Slowly add peroxide salution to 10 times
ita weight of 20% NaOH solution with constant stirring. The reaction is
exothermic. Decomposition shall be complete 1n 24 hours, and 1S confirmed
when an acidified sample of the alkaline reaction mixture does not liberate
iodinefrom anacetonesolutionof Nal.

Electrostatic Sensitivity:

Use in Pyrotechnics : Usually with cobalt naphthenate (g.v.) to cure Laminae
4116 (see PA-PD-594).

Additional References:
1) Chem, Eng. News (Dec, 7,1959) (Wallaceand Tieman advertisement) .

2) ""The Evaluation of Organic Peroxides an the Basis of Half Lifie Data,"
D. Doehnert and O0.Mageli, Modem Plastics 86,142 (1959)

3) ""The Use of Organic Peroxides," C. H. Rybolt, paper presented at the
11th meeting of The Reinforced Plastics Division, SPI, Atlantic City,
New Jersey (1956)

4) Foruse with Laminac 4116, seeRef. 73
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MAGNESIUM, Mg Refs.
Specification No. : 3AN-M-382
The specification covers three types. Types 1 and II mast be manufactured
by grinding, scamping, turning, or any combination of these methods which
will yield a suitable product. Type 11l mast be manufactured by the atomiz
ing process. I 1s divided 1nto two grades which differ in purity. Type
I, grade A, and types I1 and III all have the same purity requirements.
Grade B isordinarily manufactured £ram scrap.
Molecular Weight : 24.32
Crystalline Form : hexagonal 1
Color : silvery vhite 1
Density, g./ml. : 1.74 1
Cocfficient of Thermal Expansion at 20-100°C: 26 10— 1
Temp. °C Coeff.
-183to +15 21.40 x 10-¢
20-200 279 x 10
20-500 29.8 % 10
Heat of Formation, Kecal./mole at 298°K: (gas) 35.6 5
Free Energy of ¥uraation, Keal./mole at 298°K : (gas) -27.341 5
Entropy, cai./deg./mvle at 298°K : (¢) 7.81
_ (gas) 35.51 6
See Tables a and b 5
Meivng Point: 923°K (650°C) 57
Heat of Fusion, cai./moie: 2140 4,5
Boiling Point : 1390°K (1117°C) 5
Heat of Vaporization, cal./mole : 30,750 5
Transition Point : —_—
Heat of Sublimation, cal./mole at 298°K : 35,600 5
Heat Content or Enthalpy, cal./mole at298°K : 1195 5
a. HEAT CONTENT AND ENTROPY OF Mg (c, 1) 4
(Base, ideal gas at298.15°K)
T, °K Hr - Hasu s Sr —Soes.15 T,°K H:—Hozps.15 Sr—Sses.18
cal./mole cal./deg. cal./mole cal /deg,
mole mole
400 ... .. 615 1.78 923y ... 6415 9.8
500 ... .. 1255 3.20 1000 ... .. 7020 ‘ 10.48
900 L L. L. 1920 441 1100 . .. .. 7800 11.23
00 ... .. 2610 548 1200 ... ,. 8580 11.91
80U ... 3330 6.44 1300 . . ... 9360 12.53
G900 . L. L. 4095 7.34 1400 .. ... 10,140 13.11
923 {c) . . . 4275 7.54

Mg (e):
Enthalpy :Hr —Hogs 15 =4.97T +1.52% 10¥T2-0.04 X 105T-! =1604 (0.2 percent ;298-923°K)
Heat Capacity: C, = 4.97 +3.04 x 10T +0.04 x 105T-2
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Magneoillm. M8 (W 2)

Mg (1):
Enthalpy : Hy— Hjge 15 = 7.80T — 780 (0.1 percent; 923-1400°K)

b. HEAT CONTENT AND ENTROPY OF Mg (gas) 4
(Base, ideal gas at 298.15°K)
T,°K H; —Haes.1s Sr—Saes.1s T,°K Hz — Hagg 15 Sr—Sees.1s
cal./mole cal./deg. cal./mole cal./deg,
mole .“leole
400 .. ... 505 1.46 1900 . . ... 7960 ﬁ
500 ..... 1005 2.57 2000 ..... 8455 S
600 ..... 1500 3.46 2200 ..... 9450 993
700 ..... 1995 4.24 2400 ... .. 10,445 10.36
800 ..... 2495 4.90 2600 ..... 11,440 10.76
900 ..... 2990 5.49 2800 ..... 12,440 11.13
1000 ... .. 3490 6.01 3000 ..... 13,440 11.48
1100 . . . .. 3985 6.49 3500 16,980 12.26
1200 ... .. 4480 6.92 4000 .. ... 18,610 12.96
1300 . .... 4980 7.32 4500 ..... 21,400 13.62
1400 .. ... 5475 7.69 5000 . .... 24,410 14.25
1500 .. ... 5970 8.03 6000 ..... 31,355 15.52
1600° . . . .. 6470 8.35 7000 . .... 39,955 16.84
1700 .. ... 6965 8.65 8000 50,805 18.28
800 .. ... 7465 8.93
Mg (g):
Enthalpy :Hr —Hags.15 = 4.971' —1482 (0.2 percent ; 298-3500°K) 4
ity, cal./deg. 98°K : id). 6. 4,5
K=k Capacity, cal./deg./mole at 298°K %ﬁ%lﬁ%) ggg
(gas) 4.97
c. HEAT CAPACITY OF Mg 6

Solid 298-923°K
Liquid 923-1390°K

Gas (mon) 1390-3000°K
T,°K C2 (cal./deg./mole)
298 5.96
400 6.24
600 6.76
800 7.42
900 7.81
1000 7.88
1100 8.14
1200 8.40
1300 8.66
1400to
2400 4.97
2500 4.98
3000 5.02




Magnesium, Mg (page 3)

Decomposition Temperature and Products :
For TGA see Addnl. Ref. 7
For TGA and DTA see also Ref. 33
Vapor Pressure:

Press. mm. 1 10 40 100 400 760 M.P.

Temp. °C 621 743 838 909 1034 1107 651

X-Ray Crystallographic Data :

System Space Group a c Atoms/Unit Cell
hexagonal Din 3.203 519 2
Hygroscopicity : slowly oxidizes in moist air
Grade B R.H.at70°F  Timeof Exposure, hrs.  Gain in weight, ¢%
material 50 216 0.06
(sec(a1 Sélgec. 70 216 0.22
grade 90 168 0.62

Solubility Data: Insoluble in cold water; slightly soluble in hot; decomposing
to Mg (OH),. Soluble in mineral acids (except CrQs), conc. HF, NH; salts.
Insoluble in alkalies. Reacts readily with dilute acids with evolution of
hydrogen.

Health Hazard : Slightly to moderately toxic. Particles which perforate the skin
may produce severe local tumors characterized by the formation of pockets
of gas and acute inflammatory reaction, frequently with necrosis (chemical
gas gangrene). Inhalation of fumes or dust may irritate the respiratory
tract.

M.A.C. : 10 pts. per million in air and 16 mg./m.? of fumes as MgO.,
Safety Classifications :

OSM: Class 1 ; class 2 when not stored in original shipping containers ot
equivalent.

ICC: Magnesium scrap (shavings, borings or turnings) is classed as ¢
flammable solid ;yellow label.

Fire and Explosion Hazard: Contact with water may cause ignition of pow
dered magnesium evolution of hydrogen, and explosion. Dangerous in th
form?of dust or flakes when exposed to flame or by chemical action with at
oxidizing agent. Finely divided magnesium can be ignited by a spark o
match flame. Highly explosive. Caution :water, CO;, or carbon tetrachlor
ide should not be used on magnesium fires. Use G-1 powder or powdere
tale on open fires and boron trichloride on oven fires.

Store and process only in rooms or buildings adequately vented atthe high
est point to prevent ti]le accumulation of hydrogen gas which results fron
the reaction of powdered metal and moisture. In the repair and maintenanc
of buildings or equipment, powder or dust should be removed and non
sparkingtools used.
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Magnesium, Mg (page 4)

Electrostatic Sensitivity : Minimum energy required for ignition of powder by
electricsparks (millijoules) :

Type Dust Layer Ciloud Layer
atomized 120 40
milled 40 8
stamped 20 1

Canbe ignited by a spark in an atmosphere of CO; br in sir-nitrogen mix-
tures with not less than 8% oxygen. T avoid ignition process in helium.

Ignition Temperatures of Magnesium Powders, °C :

Type Dust Cloud Dust Layer
atomized 600 490
milled 540 475
stamped 520 480
Minimum Explosive Concentration, mg./L. : (atomized) 10
(milled) 20
(stamped) 20

Use in Pyrotechnics : As a fuel, and in tracer, igniter, signal flare, and pyro-
technic compositions.

Additional References :

1) “The Kinetics of Underwater Corrosion of Powdered Magnesium,” E.
Freeman and S. Gordon, J. Phys. Chem. 50,1009 (1955)

2) “Magnesium and Its Alloys,” C. S. Roberts, John Wiley & Sons, New
York (1960)

3) “National Fire Codes, Vol, II, The Prevention of Dust Explosions,” Na-
tional Fire Protection Association, Boston, Mass, (19521))

4) “Safety Requirements for Manufacturing and Processing Military
Pyrotechnics,” ORDM 7-255 (1952)

5) C.A. 37,2578 (1943)
6) Ref 64

7) Combustionand Flame 3, No. 1, 3-12 (1959)
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MAGNESIURLATIREINT 5y SEX Y
(Magns': am)
Specification No. : JAN-M 454
The specification covers two es, A and B, which differ in granulation
(B is coarser) : A =50/60 Mg/Al, approx, 63.3 atom % Mg.
B = 66/35 Mg/Al, approx. 67.0 atom % Mg.

Molecular Weight :
Color and Form: silvery metal
Density, g./ml. : (solid) type A, about 2142

type B, about 2.016
Calculatedonthe basisof datain Addnl. Ref. 3
Coefficient of Thermal Expansion : type A, approx. 29.3X 10¢

type B, approx. 28.7x 10
By interpolation from Addnl. Ref. 2

Heat of Formation, cal./mole at 298°K: type A, 1027
Boiling Point : Decreases with increasing Mg content.
Wt. % Mg 20 40 60 80
B.P.°C 1300 1200 1150 1116

Vapor Pressure: See Addnl. Refs. 2 and 4
X-Ray Crystallographic Data:

a Atoms/Unit Cell
type A about 10.46 about 58
type B about 10.57 about 58

By interpolation and extropolation of data in Addnl. Ref. 3
Hygroscopicity : Cumulative increase in weight after storage :
ouer water for 29 days over H,S80, for 29 days 2 daysin oven at 105°C

6.3% 47% 4.3%
Solubility Data: see Magnesium and
Aluminum
Health Hazard: 1o known toxicity

Safety Classifications:

OSM: No classification given. Since Al and Mg powders are in class 1,
powdered Mg/Al alloy is probably similarly classified.

ICC: No ciassification given. However, since powdered metallic magne-
sium is classified under ""Explosives and Other Dan%erous Articles,"
the alloy would be similarly classified as a flammable solid requiring
a yellow label.

Fire and Explosion Hazard : Prevent water from contacting the powdered
material. Store and process only in rooms or buildings adequately vented
at the highest point to prevent the accumulation of hydrogen gas which
results from the reaction of powdered metal and moisture. Powdergd
Mg/ Al alloy mixed with oxidizing agents is a dangerous fire and explosion
hazard. Powdered metal exposed to the air is a dangerous fire hazard, and
when | ignited burns with intense heat. In the repair or maintenance of
buildings or equipment, powder or dust should be removed and nonspark-
ing tools used.

Minimum Explosive Concentration of type A Mg/Al powder is 50 mg./1.
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PR T _ . N . B

Magnesium-Aluminium (magnalium) (page 2)

Electrostatic Sensitivity: Minimum energy requiréd for ignition of powder by

electric sparks, millijoules : (dustcloud) 80
(dustlayer) 20
Ignition Temperature, °C of type A alloy: (dust cloud) 535
(dustlayer) 46
Uee in Pyrotechnics: asfuels

Additional References:

1) “Magnesium and Its Alloys,” by C. S.Roberts, John Wiley & Sons, New
York (1960)

2) “The Physical Metallur%y of Magnesium and its Alloys,” G. V. Raynor,
Pergamon Press, New York (1959). Contains a good phase diagram
of the systemMg/Al, plus a discussion.

3) “Handbook of Lattice Scacingsand Structuresof Metals,” W. B. Fear
son, PergamonPress, New York (1958)

4) A. Schneider and E. H. Stroll, Z. Electrochem. 47, 519 (1941)
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MAGNESIUM CARBONATE, Mgl Refs.
Specification No. : MIL-M-11361
Molecular Weight: 84.33
Crystalline Form : trigonal 1
Color: white i
Density, g./ml. : (solid) 3.087 1
Coefficient of Thermal Expansion, cubical : 0.5 107 31
Heat of Formation, Keal./mole at 298°K; -266 1,9
Free Energy of Formation, Kcal./mole at 298°K : =246 1,9
Entropy, cal./deg./mole at 298°K : 15.7 . 1,9
See table below
Melting Point : decomposesat
623°K (850°C) 1
Heat of Fusion : -
Boiling Point: loses CO; at
1173°K (900°C) I
Transition Point : _—
Heat of Sublimation : S
HEAT CONTENT AND ENTROPY OF MgCO; (c) 4
(Base, crystals at 298.15°K)
T, °K H: - Hansas St~ S2e8.15 i °K Hr - Haps s Sy - Sess.1s
cal./mole cal./deg. cal /mole cal./deg.
mole mole
Tu00 . 2060 592 700 . . ... 9450 19.54
000 ... .. 4300 10.91 750 ... .. 10,820 21.43
600 ..... 6790 15.45
MgCO; (c¢) :
Enthalpy : Hy = Hags 15 = 18.62 +6.90 % 103T2 +4.16 X 105T-1 = 7560
(0.4 percent ;298-750°K)
Heat Capacity : C, = 18.62 4- 13.80 103T -4.16 x 108T-2
Heat Capacity, cal./deg./mole : (solid) 18.05 9
Decomposition Temperature : 900°C 64
For TGA see Addnl. Ref. 1
Magnesite (mineral MgCO;) begins to lose CO, at 450-500°C 50V5
Decomposition Products : MgO +COz 29
Vapor Pressure : 42V17
Press. atm. 0001 .0089 0776 00983 1763 13.87 4734
Temp. °K 673.1 7231 7631 8131 843.1* 873.1* 973.1*
*calculatedfrom equation
)  AH(T-T.) ,aH=60.863
log kp: ~log kpe =0 ST



Magnesium Carbonate, MgCO, (pags 2)

X-Ray Crystallographic Data :

System Space Group
hexagonal D3y
Hygroscopicity :

Solubility Data: In water :

More soluble in water containing COs.

In acids:

In acetone, NH;, and alcohol:

Molecules/
Axial Angle Unit Cell
LRI 9
0106 g./100 ml.

solublg, react Vébth
evolution o 9

insoluble

Health Hazard : None. Has an antacid and laxative effect. Slight to moderate on

ingestion and inhalation.

Safety Classifications :
Fire and Explosion Hazard:
Electrostatic Sensitivity :

Use in Pyrotechnics :
Additional References : 3

1) J.Am. Ceram. Soc. 33,96101 (1950)
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MAGNESIIJM OXIDE, MgO Ref:.
{ Magnesia, Calcined Magnesia, Dead Burned Magnesia, Light Magnesig, | 1, 11, 29
Ponderous Magnesia, Magnesia Usia Periciase)
Specification No.: MIL-M-12036A
The spec. covers one grade of MgO, light (technical).
Molecular Weight : 4.3
Crystalline Form: cubic 1
The spec. grade is a fluffy white amorphous powder.
Coior: colorless 1
Deasity, g./ml, : (solid) 3.58 1
Coeilicient of Thermal Expansion, linear, 20-500°C : 12.4X 10-¢
20-1000°C : 13.7X 10¢ 27
25°C: 14.45% 10 97V1
Thermodynamic Data for finely divided Mg0 : 9-
See also Tables a and b
kHeat of Formation, Kcal./mole at 298°K: -142.95
See 'T'able a
wrea pnergy of ¥Formation, Kcal./mole at 298°K : -135.31
Kateopy, eal., deg./mole at 298°K : 6.66
ieat Uapacity, cal./deg./mole at 298°K : 9.8
See Table b
. HEAT AND FREE ENERGY OF FORMATION OF MgO (periclase) | 2,8,
T, °K A H (eal./mole) A Fo (cal./mole)
29816 . . . . —-143,800( = 90) -136,080(+ 150)
400 ... .. -143,810 -134,530
BO0 ... .. -143,810 -130,860
G L L. . -143,810 -128,270
06 .. . -143,800 -125,680
bJU . —343,790 -123,080
930 .. ... -113,773 -120,430
2% S -143,760 -119,890
923 L. . -145,920 * 119,890
W ... -145,890 -117,730
1300 ... .. -145,840 -114,910
1200 .. ... -145,750 -112/100
1300 ... .. -145,660 . -109,300
1883 ... .. -145,560 -106,690
1393 .. ... -177,060 -106,690
145G . ... -177,030 -106,350
BuG ... . ~176,700 -101,300
G ... L. -176,380 -96,280
760 ... .. -176,060 -91,300
1500 ... .. -175,740 -86,330
oo .. L. -175,420 -81,370
2000 . .. . -175,100 ~76,400
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Magneeium Oxide, Mg (page 2)

Phase Changes of Metal
9 M.P., 923°K; A H = 2160 cal./g.-atom
B.P.,1393°K ; A H = 31,500 cal./g.-atom

Free Energy Equations :

Reaction Range of Validity,°K
1) Mg (¢) F 1% 0.=MgO (periclase) 298.16-923
A FQ=-144,090-1.08T log T - .13 (10-3T*?) + 25 (10°7-1) 4-20.16T
2) Mg (1) * 14 0, =MgO (periclase) 923-1393
A Fg =-146,810F 1.84T log T~ 62 (10°T2) + 64 (105T-) + 28.07T
3) Mg (g) T160.=MgO (periclasc) 1393-2000
A Fg =-180,700-8.75T log T - .62 (10-*T?) + .64 (105T-1). +65.69T
Entropy, cal./deg./mole at 298°K : 6.4 1,9
See Table b
Melting Point : 3173°K (2900°C) 9
Heat of Fusion, Kcal./mole: 18.5 9
Boiling Point: . 3350 %= 300°K (8077°C) 8
Heat of Vaporization : S
Transition Point : —_—
Heyt of Sublimation, Kcal./mole at 298°K : > 1494 64
4
T, °K H:-Hjs1s Sr—Sss.15 T,°’K Hr —Hazos.15 Sy —Szes.15
cal./mole cal./deg, cal./mole cal./deg,
mole mole
00 . .. .. 965 2.78 1300 .. ... 11,310 15.98
500 . ... .. 1975 5.03 1400 ..., .. 12,570 1692
600 ... .. 3020 6.94 1500 ... .. 13,830 17.79
700 ... .. 4100 8.60 1600 ... .. 15,090 18.60
500 .. ... 5225 10.10 . 1700 .. ... 16,350 19.36
Yoo . ..., 6390 11.47 1800 .. ... 17,610 20.08
606 .. ... 7580 12.73 1900 .. ... 18,870 20.76
11e6 . .. .. '8800 13.89 2000 ..... 20,130 2141
izo0 ... .. 10,050 14.98 2100 .. ... 21,390 22.02
MgO (¢):
Enthalpy: Hy~ Hzes 15=10.18T 087 X 10972 + 1.48 % 105T-1 - 3690
(0.8 percent; 298-2100°K)
Heat Capacity: C,=10.18 + 1.74 x 10T — 1.48 X 105T2
Heat Capacity, cal./deg./mole : (solid,c) 8.94 9

See equation above
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Magnesium Oxide, MgO (page 3)

Decompositiun Temperature . The temperature required to complete dissocia-
tion has been estimated to be above that of the temperature of a Bunsen
flame. Partiai dissociation is said to take place by evaporating a mixture
of MgO and metal.

Decomposition Products : _—
Vapor Pressure :logio Pnm, =2.72 X 104/T + 13.13,0ver the
temperature range 1800-2200°K
X-Ray Crystallographic Data :
System Space Group a Molecules/Unit Cell
cubic of 4.212 4

Hygroscopicity: Takes up moisture from the air to form Mg(OH), and CO:
fromtheair to form MgCO;.

Caution : Keep container well closed. ¢
See also Addnl. Ref. 2.
Solubility Data: In water: 00062 in cold
. 0086 at 30°C
Solubility in water is increased by CO;.
in aeids and ammonium salts: soluble
In aicoho!: insoluble

Healtn Hazard: inhalation of freshly sublimed MgO may cause metal fume
fever, Large uoses taken as an antiacid may produce undesirable catharsis.

M.A.C., mg /m3foran 3-hr.day : 15
Safety Classificacions:

OSM: not listed

1CC: not listed
Fire and Explosion Hazard: _—
Fhectrostatic Sensitivicy : —

Usge in Pyrotechnics: MgO is the product of the burning of Mg,

Adartional Rerferesces :
1) “Stability of Ceramic Materials,” J. Wyfant and W. Kingrey, Am.
Ceram, Soc. Bull. 81, (7) 251 (1952); cited by Ref. 65

2, ““The Sorptivn of Water Vapor on Magnesium Oxide,” R. Razouk and
K. Sh. Mikhail, J. Yhys. Chem. §9, 636 (1955)

3) “Un wie Dissociation Energies of Strontium Oxide and Magnesium
Uxygea Molecules,” R. Porter et al,, J. Chem. Phys. 28, 1347 (1955)
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MANGANESE, Vi

Specification No. : JAN-M-476
The specification covers three grades which differ in purity and granula-
tion. Grade I is intended for delay powder; grades 1I and 111, for pyro-

technics.
Molecular Weight : 54.94
Crystalline Form : cubic or tetragonal
Color - grey-pink
Density, g./ml. : (solid at R.T.) « = 7.44
B =129
vy =721

Coefficient of Thermal Expansion, linear :

Temp. (°C) Coeff. (em./em./°C)
aphase -190to 0 15.9% 10-¢
183100 17.6 X 10-®
0-20 22.3 % 10
0-100 22.8 x 10~
0-300 25.2 % 10
B phase -183t0 12.8-20.4 % 10-®
0-20 18.7-24.9% 10
yphase -70to0 13.6 X 10-®
0-20 14.8x 10-¢
Heat of Formation, Kcal./mole at 298°K: (gas) 68.34
(C) Y 0.37
Free Energy of Formation,Kcal./mole at 298°K : (gas) 58.23
(c) v,0.37
Entropy, cai./deg./mole at 298°K : (gas) 41.49
(C) a,7.59
y, 1.72

See Tables a, b, ¢, d
Melting Point :

Heat of Fusion, cal./mole: 3500
Boiling Point: 2314°K (2041°C)
Heat of Vaporization, cal./mole at 2314°K : 52,520
. : (727°C) i (oeide

Transition Points:

« 1000°K g 1374°K v ]1%6

. 535 545 430

Heat of Transition, cal./mole : a —»fB —» y—» § -
Heat of Sublimation, cal./mole at 298°K: 66,730

1517°K (1244°C)

Heat Content or ¥.nthalpy, cal./mole at 298°K: See Tables a, b, ¢, d
Heut Capacity, c:il./moie at 298°K : See Tables a, b, ¢, d
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Manganese, Mn (page 2)

a. HEAT CONTENT AND ENTROPY OF Mn (c, 1) 4
(Base, «—crystals at 298.15°K)
T, °K Hr—Hzes.10 Sr—Szs.1s T,°K Hr —Hzps 15 St —Seus 15
cal./mole cal./deg. cal /mole cal./deg.

mole mole
400 .. ... 6390 1.9 1410 (y) - - . 10,330 13.21
500 ..... 1385 3.54 1410 (8) . . . 10,760 13.51
600 .. ... 2120 4.8 1500 ..... 11,780 14.21
700 ..... 2895 6.07 1517 (&) . .. 11,970 14.34
800 . .... 3715 7.16 1517 (1) 15,470 16.66
900 ..... 4570 8.17 1600 ., .. .. 16,380 17.23
1000 (=) .. . 5450 9.10 1700 ..... 17,480 17.90
1000 (8) . . . 5985 9.63 1800 .. ... 18,580 18.63
1100 ..... 6890 10.50 1900 ... .. 19,680 19.12
1200 .. ... 7795 11.28 2000 ..... 20,780 19.60
300 . . ... 8715 12.02 2100 ..... 21,880 20.2
13714 (B) . . . 5395 12.53 2200 . ... . 22,980 20.74
1874 (y) . .. 9940 12.98 2300 ..... 24,08 21.22
1400 . ... 18,220 13.13

Mn (aj:

Enthalpy : Hy ~Hags 1; =5.709' T 1.0 x 10T +0.37x 1057 - 1974

(0. 7percent ;298-1000°K)
Heat Capacity :C,= 5.70+ 3.38X 10-3T - 0.37 X 10°T-2

Mn (B):

Enthalpy: Hr —Hzys,1s =8.33T +ox X 10-3T?-2675 (0.1percent ;1000-1374°K)

Heat Capacity :C, =8.38 + 0.66x 10T

Mn (y) :
Enthalpy: Hy —Haps.15 =10.70T —4760 (0.1percent; 1374-1410°K)
Heat Capacity : C, ==10.70

Mn (3) :
Enthalpy : Hy —Hzgs 15 = 11.30T — 5170 (0.1pcrcent ;1410-1517°K)
Heat Capacity :C, == 11.30

Mn (1) :

Enthalpy: He —Hzgs.15 =11.00T —=1220 (0.1percent; 1517-2300°K)
Heat Capacity: C, =11.00
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Manganese, Mn (page*3)

b. HEAT CONTENT AND ENTROPY OF Mn (y)
(Base, y-crystals at 298.15°K)

T,°’K Hr - Haon1s St —Sses.1s T, °K Hy - Hogs, 15 Sr—824..5
cal ./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... .. 705 2.03 5750 9.57
500 ..... 1445 368 | 1100 ..... 6720 10.50
600 ... .. 2230 511 | 1200 ..... 7730 1138
700 . .... 3050 6.38 | 1300 ..... 8730 12.22
800 ..... 3915 783 | 1374 ... .. 9570 12.81
900 .. ... 4815 8.59
Mn (y):
Enthalpy :Hy —Hagx 15==6.03T + 1.78 % 10Tz t044 % 105T-1-2104
(0.1 percent ;298-1374°K)
Heat Capacity :C, =6.03 13.56 X 10*T - 0.44 X 105T-2
¢. HEAT CONTENT AND ENTROPY OF Mn (g) 4
(Base, ideal gas at 298,15°K)
T, °K Hy~ Hass s Sr—Soears T, °K Hr - Hagain St - Sapsis
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... .. 505 146 | 1900 ..... 7960 9.20
500 ..... 1005 257 | 2000 ..... 8460 9.46
600 . .... 1500 348 | 2200 ..... 9455 993
0 ... .. 1995 424 | 2400 ..... 10,455 10.37
800 ... .. 2495 490 | 2600 ..... 11,465 10.77
900 2990 549 | 2800 ..... 12,485 11.15
10G0 3490 6.01 | 3000 ..... 13,525 11.51
110v ... .. 3985 649 | 3500 ..... 16,255 12.35
1200 .. ... 4480 692 | 4000 ..... 19,290 13.16
1360 4980 732 | 4500 ..... 22,775 13.98
VAU L oL L, 5475 768 | 5000 ..... 26,840 14.84
G 5970 803 | 6000 ..... 36,925 16.69
1500 ... .. 6470 83 | 7000 ..... 49,415 18.59
1700 ... .. 6965 893 | BOOO ..... 63,560 20.48
1800 7465




Manganese, Mn (page 4) .

d. HEAT CAPACITY OF Mn:
Solid-f, 298-1000°K ; Solid I1, 1000-1374°K :
Liguid, 15617-2314°K ; Gas (monatumic) 2314-3000°K

T,°K C? (cal./deg./mole)  T,°K C? (cal./deg./mole)
298 6.29 1400 10.70

400 6.75 1500 11.30

600 7.54 1600 © 1100

2300

800 8.21 2400 5.02

900 8.60 2600 6.07

1000 to 9.30 2800 5.14

1360 3000 6.26

Decomposition Temperature and Products :
For DTA and TGA see Ref. 33

Vapor Pressure :

Press.mm. 1 PO 40 100 400 760 M.P.
Temp."(}_ 1292 1505 1666 1792 2029 2151 1260

logP (~mj = 14,848T -3.023log T +16,489T (T == abs. temp.)
24 mm. at M.P

X-Kay Crystallographic Data :

Atoms/
System Space Group a c Unit Cell .
Cubic tuj A3 8.894 58
cubic (p) Ofor 0"  6.300 20
tetragonal (y) Dit 3.774 3.526 4

cubie (57 3.081at 1140°C 3.088 at M.P.

Hygroscopicity (% Gain in weight after 720 hrs. of exposure at 70°F of spec.
grade powdered Mn) :
RH, % 50 76 90
Gain, %  0.02 0.34 3.91
Sotuoility Data : Decomposes water slowly in the cold, rapidly on heating.
Sviuble in dilute acids with evolution of hydrogen.

Health Hazard : inhalation of heavy concentrations of manganese dusts or
fumes may produce chronic manganese poisoning. Mn may affect the ner-
vous system and cause paralysis. Mn poisoning is detectable in the blood.

M.AC,img./m2:
Safety Classifications :

OSM: Class 2, wnen nut packed or stored in the original shipping con-
{ainer or equivalent (dustI)).

1W0C - not specifically mentionec
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Manganese, Mn (page §)

Fire and Explosion Hazard: Powdered manganese metal exposed to air is a
dangerous fire hazard and when ignited burns with intense heat. Prevent
water from contacting the material. Store and process only in buildings
adequately vented at the highest point to prevent the accumulation of hy-
drogen gas whichresults from the reaction of powdered metal and moisture.
In'the presence of oxidizing agents powdered Mn is a dangerous fire and
explosion hazard. Manganese powder is moderately explosive.

Caution: to fight fire, use a special mixture of dry chemical or powdered
talc. Use nonsparking tools for repair and maintenance of buildings or
equipment where manganese has been stored.
Electrostatic Sensitivity : Minimum energy required fi igznition of powder by
electric sparks (millijoules) : y %0. T%
8 T0.90%
Minimum explosive concentration of powdered Mn :
125 mg./1.
Volume change accompanying phase transformations :
B~ vy +0.77%
¥y 8 + 0.90%
Manganese is superficially oxidized on exposure to the air, The y phase
(]e_lectrolytlc Mn) is not attacked by water at ordinary temperatures. It is
slightly attacked by steam.

Use.in Pyrotechnics : as a fuel
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MANGANESE DIOXIDE, MnO, Reis.

(Manganese Black, Pyrolusite, Black Oxide of Manganese,

Crystalline Form :

Color :

Density, g./ml. :

Coefficient of Thermal Expansion :

i, 11,29

rhombic or powder 1

black or brownish-black 1
(solid) 5.026

Heat of Formation, Kcal./mole at 298°K : -124.5 1o
See Table a
Free Energy of Formation, Kcal./mole at 298°K: -111.4 L9
See Table a
' 9
a. HEAT AND FREE ENERGY oF FORMATION Mn8; (¢} -
N a H (cal./mole) A F° (cal./mole)
C assa6 .. . 124,450 (= 200) 111,350 (= 250)
56 - . -124,400 106,900
R -124,250 -102,500
GO .. L. -124,100 -98,200
060 ... .. -1'23,900 -93,900
83 .. ... -123,750 -89,600
900 ... .. -123,650 -85,350
100y -123,500 -81,100
#'e? Energy Equation : -
Redopion Range of Validity,°K
Mn (a) + O. (g) =MnO:; (c) '298.16-1000
AFg — 126,400 -8.61T log T 4- .97 (10-#T2) +1.555 (10°T-1) +70.14T
ptiopy, cai./deg./mole at 298°K: 12.7 1,$
see Table b
Meiting Point: loses oxygen at 6,8
1120°K (847°C)
loses oxygen at 535°C 1
iHeat uf Fusion: . —
soiling Point: —_

Transition Point:
Heat «f Sublimation: -
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Manganese Dioxide, MnQ), (page 2)

b. HEAT CONTENT AN ENTROPY OF MnO; (¢) 4
(Base, crystals at 298.15°K)
1'°K ‘Hr — Haos 15 Sy —Sges.s T,°’K Hr — Hyos.15 St~ Sags.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 1445 4.16 700 ... .. 6415 13.36
500 ..... 3020 7.67 800 8185 15.73
6U0 ... .. 4685 10.70
MnO; (¢) :
Enthalpy : He =Hags 15 =16.60T + 1.22 X 10-*T2? +3.88 X 105T —6359
(0.1 percent ;298-800°K)
Heat Capacity :C, = 16.60 +2.44 % 10-*T - 3.88 X 10572
Heat Capacity, cal./deg./mole : (solid) 12.91 9
Decomposition Temperature, °K : 1120 8
For DTA see Ref. 33
Decomposition Products : Loses O when heated ; the temperature of decomposi- | 50V8
tion varying with the method of preparation from 530°C down to even
200°C. The resulting products being successively MnaQs, Mn,0,, and MnO.
'T'he reactions arereversible.
Dissoctation Pressure : 2 MnO; = Mn,04 (s) 14 0, (g) 42V7
Press. aim. 0.030 0.164 0.263 0.209 1.36°  1.000 seealso 91
T, °K 655.1 721.1 751.1 803.1 809.1 1213.1
X-Ray Crystallographic Data : 1
System Space Group a c Molecules/ Unit Cell
tetragonal D 444 2.89 2
Hygroscopicity : —_—
soiubility Data: In water, HNQ;, cold H,SO,, acetone:
_ insoluble 1
in HCl with evolution of Cl: soluble
Health Hazard : Continued or prolonged inhalation or exposure to heavy con-| 12,50V5
centrations of MnO: dusts or fumes may cause chronic manganese poison-
ing. The chief site of damage isthe central nervous system. Although toxic
when freshly formed, the dry crystals or powder are normally considered
an eye irritant and toxic only in large quantities. In solution, manganese
dioxide forms a strong base that may burn the skin, and is very irritating
tothe eyes.
M.A.C. mg./m.5: 6 14

Safety Classifications :

O8M : Class I. Class 2 when not packed or stored in original shipping con-
tainers or equivalent.

{CC:
Coast Guard :

oxidizing material
hazardous material
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Manganese Dioxide, Mnt): (page 3)

Fire and Explosion Hazard: A strong oxidizcr and a fire hazard in the finely

phites.
Precautions When Handling Manganese Dioxide :

Work carefully when handling bulk manganese dioxide to avoid excessive
"dusting." Keeg work areas clean, and wash hands frequently. Store away from

re?dily oxidizable materials such as powdered metals, oils, acids, or organic
solvents.

A solution of one part vinegar to four parts water by volume is an effective
neutralizer, and may be safcly used in the eyes or on any part of the skin. Take
a victim to a physician immediately for examination and further treatment.
Electrostatic Sensitivity :

PUSUREEEREY

Use in Pyrotechnics: asanoxidizer

203

17



1-(2-METHOXYPHENYLAZO! 2.5 APHTHOL

{ 2-anisole-azo-bhetanaphthol, Sudan Red G, Brilliant Fat Scarlet R,
C.I. 12150, C.I. Solvent Red I, C.I. Food Red 16)

Formula : C,7H14N:02

Specification No. :

The spec. covers two grades diftering in purity (grade I, 90% ; grade II

80% ) and granulation.
Molecular Weight :
Crystalline Form :

Color:
Density, g./ml. :

?CH,

X
]

g

Apparent Density (spec. grade I)

Coefficient of Thermal Expansion :

Heat of Formation:
Free Energy of Formation:
Encropy:
Melting Pont :
Spec. grade II, min.
Heat of Fusion:
Boiling Point :
Transicion Point:
Heat of Sublimation :
Heat Content or Enthalpy
Heat Capacity:
Decomposition Temperature :
Decormposition Products :
Vapor Pressure :
X-Ray Crystallographic Data :
Hygroscopicity :
Solubility Data:
In water, alkalies:
In benzene ard cold alcohol:
in alcohol:
In CHCi; ard benzene:
in cone. HpS0;:

204

MIL-D-3179

278.32
needles
shiny reddish-yellow

min. 0.30, max. 0.70

11

451°K (178°C)
448°K (175°C)

RRRRRREER

insoluble

difficult

red solutionon boiling
fairly soluble

soluble with violet-red
color

! Reye,

| 48A

38V16

88V16

48, 88V16




1.(2-Methoxyphenylazo)-2-Naphthol (page 2)

Health Hazard: ~ toxicity unknown
Spec. requires each container be conspicuously labeled, “Caution—Avoid

Skin Contact. Use Adequate Ventilation.”
Safety Classifications :

OSM : not listed
I1CC - notlisted
Fire and Explosion Hazard: —
Electrostatic Sensitivity: S
Use in Pyrotechnics: to color smoke
mixhres red
-
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1-METHYLAMINOANTHRAQUINONE

(1-N-methylaminoanthraquinone, Celliton Pink R, Duranol Red CN,

CI 60505, C.I. Disperse Red 9)

Formuia: C;sH;NO;

NHCH,

o

Specification No. :

MIL-D-3824

Spec. covers two grades differing in granulation.

Molecular Weight :
Crystalline Form:
Color :

D'ensity, g./ml,:

Apparent Density :
Coefficient of Thermal Expansion :
YHeat of Formation:

Free Energy of Formation :
Eniropy:
Melting Point :

Spec. grade II, min.:
Heat of Fusion:

Boiiing Point:

Heat of Vaporization, Kcal./mole at25°Cand 1atm.

Entropy of Vaporization, vapor at 1 atm.,
cal./mole/°C :

Heat of Sublimation :Keal/mole :

Heat Content or Enthalpy :

Heat Capacity :

Decomposition Temperature :
For TGA see Ref. 80

Decomposition Products :

Vapor Pressure: logoP (cm Hg) —= +4Db

a=-6740;b =13.435+ 0.036 ; T=abs. temp.

237.11
needles .
yellow-red

(Spec) 0.35+ .15

443°K (170°C)
442°K (169°C)

1284 =07

52.87 = 0.30
30.85

—

Energy of Activation for Volatilization (97% purity),
1

Kcal./mole at 297-376°C :
X-Ray Crystallographic Data :

Hygroscopicity :
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1-Methylaminoanthraquinone (page 2)

Solubility Data:
In water, g./100 ml. at 25°C: <.0002
at 80°C : 0.00056
In alcohol (abs.) at 80°C : 14.96 g./1.
In CHCly, hot dil. HC, glacial acetic acid : soluble
In benzene: soluble, red
In fuming Ha80, : soluble, light yellow
Health Hazard : toxicity unknown
Sﬁe_zc. requires each container be conspicuously iabeled, “Caution —Avoid
Skin Contact or Breathing of Dust or Fumes. Use with Adequate Ventila-
tion.”
Safety Classifications:
OSM : not listed
ICC : not listed

Fire and Explosion Hazard: J—
Electrostatic Sensitivity: _

Use in Pyrotechnics: to color smoke
N mixtures red
Additional References:

1) “Vapor Pressures of Some Dispersed Dyes,” R. S. Bradley etal., Nature
178, 998 (19586)

2) “The Dyeing Phenomena of Acetate Artificial Silk,”V. Kartaschoff and
G. Farine, }?elv. Chim. Acta. 11,822 (1928)

3) “A Radioactive lonization Gauge and Its Apgli@sti@n to the Measure-
ment of Latent Heat of Vaporization,” J. H, Benyon and G. R. Nichol-
son,J. Sci. Instruments 33, 376 (1966)

4) For Absorption Spectra see Ref. 66
8) J.Soc. Dyers Colourists?0, 68-77 (1964)
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MOLYBDENUM, M Refs.
Molecular Weight : 95.95
Crystalline Form: cubic iA
Color : silvery-white metal,
grey-black powder 1A
Density : (solid) 10,22 94
10.24 66A
9.01 31A
Coefficient of Thermal Expansion, linear :
Temp,°C Coeff. X 10° 9 .
20-149 643
20482 5.19
20-649 536
20-982 5.80
20-1316 628
20-1593 6.65
49 50V9
L =L, (1 * (5.01t +0,00138t) x 10
at 20°C: 4 % 10-¢ 31A
See also Refs. 49A: (curve of temp. vs. coeff ), 66A, and Addnl. Refs.
Heat of Formation, Kcal./mole at 298°K : (g)-1555 9, ﬁdtcjnl
ef. 1
Free Energy of Formation, Kcal,/mole at298°K :  (g)-144.2 9,318
Entropy, cal./deg./mole at 298°K : (g) 43,462 9
Py (© 683 5,9, 94, 97
a. HEAT CONTENT AND ENTROPY OF Mo (c, 1) 4
(Base, crystals at 298.15°K)
T,°K Hr — Ha0s.15 St- 82015 T,°K Hy = Hapeis Sr—S2es.15
cal./mole cal./deg. cal /mole cal./deg.
mole mole
400 ... .. 595 1.71 1900 .. ... 11,200 12.27
500 . .... 1205 3.06 2000 .. ... 12,040 12.70
800 ..... 1825 4.20 2100 .. ... 12,900 13.12
700 ..... 2460 517¢ 2200 .. ... 13,770 13.53
800 ..... 3100 6.02 2300 ..... 14,670 13.92
800 . .. .. 3750 6.79 2400 .. ... 15,580 14.31
1000 .. ... 4410 7.49 2500 ... .. 16,510 14.69
1100 ... .. 5090 8.13 2600 .. ... 17,460 15.06
1200 ... .. 5790 8.74 2700 .. ... 18,420 1542
1300 .. . .. 6510 9.31 2800 . .. .. 19,400 15.70
1400 . .. .. 7250 9.85 2890 (¢} . .. 20,290 16.09
1500 .. .. . 8000 10.38 2800 (1) ... 26,940 18.39
1660 . . ... 8780 10.88 2900 .. ... 27,040 18.43
1700 L. L. L 9570 11.36 3000 ..... 28,040 18.77
1800 . .. .. 10,380 11.82
Mo (c) :

He—Hygg.15 = 5.18T 10.83 X 103T2 - 1618 (0.5 percent; 298-2890°K)
C,=>5.18 T 1.66 X 10*T

208
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Mo (1) :
Hy—Hagg 15 == 10.00T = 1960 (0.1 percent; 2890-3000°K)
b. HEAT CONTENT AND ENTROPY OF Mo(g) 4
(Base, ideal gas at 29%.15°K)
T,°’K Hr — Haps.15 St - Szes.1s T,°K Hr - Hyos16 Sr-S208.16
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 505 1.46 1500 .. ... 5975 8.03
500 .. ... 1005 2.57 1600 . 6470 835
600 .. ... 1500 348 1700 ... .. 6975 8.66
700 ..... 1995 4.24 1800 7475 8.94
800 2495 491 1900 .. ... 7980 922
90 ..... 2990 5.49 2000 ... .. 8490 9.48
1000 ... .. 3485 6.01 2200 .. ... 9530 997
1100 3985 649 2400 ... .. 10,600 10.44
1200 4480 6.92 2600 ... .. 11,710 10.88
1300 4980 7.32 2800 ... .. 12,880 11.31
1400 5475 7.69 3000 ..... 14,115 11.74
Mo (g):
H; -~ Hagg 15 =4.97T - 1482 (0.1percent ;298-1300°K) 4
B p - Mg ys = 2.56T F0.40 X 10-9T2 - 230 (0.2 percent ;1800-3000°K)
C, =3.56 4 0.80 % 10T
Hy —Hags,16 =5.48T + 0.65 X 10-3T2 - 1692 (= 1percent ;298-1800°K) 94
C,=15.48 4 1,30 x 10T 24A,94
Melting Point, °C: 2620 = 10 14,27, 31A
Heat of Fusion, cal./moie at 2890°K: 6.6 + 0.7 97,31A
Boiling Point, °C: ' 4800 1A
4825 31A
Considerably higher values are also given.
See Vapor Pressurc
Heat of Vaporization, Keal./mole : 128.42 3fA
1174 %
121.0= 90 97
Transition Point, °K: 2883 1A
Heat of Transition, Xcal./mole : 58 1A
Heat of Sublimation, Kcal./mole at 298° K: 157.5 5
Heat Content or Enthalpy, cal./mole at 298°K : (solid) 1092 5
See Tables 2 and b
Heat Capacity, cal./deg./mole : (solid) 22691 (liquid) 10.00 | 31A
(gas) 4.968 at25° 5,31A

See Tables a and b
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Molybdenum, Mo (page 3)

Decomposition Temperature : oxidized to MoQj at
red heat

Decomposition Products :
Vapor Pressure :

Press. atm. 39X 101 17x 10% 86X 10+ 18X 101 10

Temp. °C 1727 2610 3227 4727 5560

log P, — —31,060T-1—0.210g T 9.41 (bet. 208°K and M. P.)

1mm. at3102°C
See also Refs. 64V1 and 66A

X-Ray Crystallographic Data :

System Space Group a Molecules/Unit Cell
cubic O3 3.1403at20° 2
3.1468at25°
Hygroscopicity : —

Solubility Data : Not attacked by water, dilute acids, or concd. HCL. Practically
insol, in alkali hydroxides or fused alkalies. Sol. in hot concd. HNOs, hot
concd. Hz30,, in fused KCiOg or KNOs.

Ref. 94 gives some corrosion data in several acids.

Health Hazard : probably slight
M.A.C.,mg./m.2: 15

Safety Classifications:
OSM: not listed
1CC: not listed

Fire and Explosion Hazard : moderate

Dust may react explosively with air. Sub-200 mesh dust has little or no
explosive hazard. In fighting fire use powdered graphite, dolomite, sodium
chloride, etc., not water.

Heat of Combustion, cal./g. : 1810
Electrostatic Sensitivity : —_—
Use in Pyrotechnics : as afuel

Additional References:
1) “Molybdenum,” L. Northcott, Academic Press, Inc., New York (1956)
2) Ref. 49A
3) Ref 64V1
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MOLYBDENUM TRIOXIDE, MO,
(Molyhdic Anhydride, Molyhdite)

Refs.

Percent Uxygen : 33.34
Specification No. : not listed
Molecular Weight : 143.95
Crystalline Form : rhombic 1A
Color : whitetoyellowishor 1A
colorless
Density, g./ml. : solid) 4.50 at19.5°C 1A
w (solid) 4.692 at21°C 29
Coefficient of Thermal Expansion, cubic: 21-78°C 7% 10°® 44853
78-195°C 5 10%
195-278°C 3 10%
Heat of Formation, Kcal./mole at298°K : {c)-180.33 14,9
~-1782+ 15 97
Free Energy of Formation, Keal./mole at 298°K : (c) 161,95 14,9
a. HEAT ‘AND FREE ENERGY OF FORMATION OF MoO; (c, 1) 4
T,*K A H (cal./mole) a Fe (cal./mole)
29816, . .. -180,300 (£ 1500) -162,000 (£ 1600)
400 ... .. ~180,100 -155,700
500. . . . . . -179,700 -149,600
Gou L. L. -179,200 -148,700
700 ..., .. -178,700 -137,800
a0 ..., -178,200 -132,000
900 ... .. =177.,600 -126,200
1000 ... .. ~177,000 ~120, 600
1068 ... .. -176,600 -116,700
1068 .. ... -164,600 -116,700
1160 .. . .. ~164.200 -115,200
1200 ... .. -163,000 -110,800
1300 .. ... -161,800 -106,500
1400 .. ... -160,600 -102,300
500 ..... -159,500 -98,200
Free Energy Equations :
Reaction Range of Validity,°K
1) Mo {ej -+3/2 0; (g) ==MoDO; (c) 298.16-1068 2
4 Fg——182,650-8.86T log T =155 % 10-T2 +1.54 % 1057 +90.07T
2) Mo (¢) +3/20,(g) = MoO; (1) 1068-1500
A g =-179,770-36341:log T +1.40 % 10-3T2 =0,30 x 105T? + 167.61T
Entropy, cal./deg./moie at 298°K : 18.68 1A, 9
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Molybdenum Trioxide, MoOs (page 2)
b. HEAT CONTENT AND ENTROPY OF MoQ; (¢, 1)

l

| 4

T, °K Hy - Hoga1s St~ Su0n.15 T, °K Hz - Hopuis St Seea1s
cal./mole cal./deg. cal./mole cal./deg.

mole mole

400 ... .. 1935 5.56 1068 (¢) . . . 17,670 28.2¢
500 ..... 4035 10.24 1068 (1} . .. 30,170 39.5¢6
600 .. ... 6260 14.30 1100 ... .. 31,200 40.9¢2
T00 ..... 8570 17.86 1200 ... .. 34,400 43.70
800 ..... 10,940 21.02 1300 . .... 37,600 46.26
900 . .... 13,390 23.91 1400 ... .. 40,800 48.63
1000 .. ... 15,920 26.57 1500 .. ... 44,000 50.84

MoO;(c) :

He —Hags 15=20.73T - 2.59 X 10-3T* +4.18 X 10°T-1 -7813 (0.1 percent ;298-1068°K

C,=20.73 t5.18 X 10-°T -4.18 X 105T-2

MoO; (1) :
H,; - H.s.a = 32.00T —4000 (0.1 percent ;1068-1500°K)
Meiting Point, °C: 795
797
Melts to a dark yellow liquid, which solidifies to a yellowish-white crystal-
lilié rass.
Heat of Fusion, Kcal./mole : 11.91
12.54
Boiling Point, °K: 1530+ 50
The following values are also given :
1100°C
1428°K
Heat of Vaporization, Keal./mole : 33
Temperature of Sublimation, °K : (gas) 973
volatile above 500°C
sublimes about 700°C
Heat ox'Sublimation, Kcal./mole at 691°C : 65
68.1
ifeat Conient or Enthalpy:
Sec Table b
Heat Capacity, cal./deg./mole : (liquid) 32.0
See Table b
Decomposition Temperature : —_—

For DTA see Kef. 33
Decomposition Products:  —

212

PA, 24A
Addnl. Ref. 2

52

94

9,41

Addnl. Ref. 3




Molybdenum Trioxide, MoO; (page 3)

Vapor Pressure:

Press. mm. 09 0.05 030 1.75 101 3.4 105.1 283.3 476.2 760
Temp. °C 610 650 700 760 800 850 950 1050 1100 1155

298°K to M.P.: 108 Pmm. = - 15,280 _4.02log T +27.16
M.P. to B.P.: 10g P, = 12,480T-1-4.021og T +24.60

X-Ray Crystallographic Data :

Grou a Molecules/ Unit Cell
Sﬁfﬁ? Spacerf o 3.14103at 25° £
Hygroscopicity : —_—
Solubility Data:
In water, g./100 ml. at 18°C: 0.1066
at 70°C : 2.065
In acids, NH,OH, alkalies, sulfur: soluble
In acids after strongignition : very slightly soluble
Health Hazard : probably slight
LD, g/kg. : 400
Satety Classifications:
OSM : not listed
1CC: notlisted

Fire and Expivsion Hazard: —
Electrostatic Sensitivity: —
Use in Pyrotechnics: Product of the burning of Mo and sare of its compounds.

Additional References :
1 Ref.7
2) C.A.58,20992 (1959)
3) C.A.48,13396 (1954)
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NICKEL, Ni

Refs.

Specification No. : JAN-N-412A
The standard A.S.T.M. grades of virgin nickel are:
Electrolytic 99.5% Ni
X shot 98.9% Ni 16
A shot 97.75% Ni
Ingot 98.5% Ni
Molecular Weight : 58.71
Crystalline Form : cubic 1
Color : silvery metal 1
Density, g./ml. : (solid) 8.90 1
Coefficient of Thermsal Expansion, 16-250°C : 13.97 X 10-¢ 1
Temperature °C Coeff.
-19to 4 16 10.12 X 10-¢
40 12.79 X 10-¢ .
375-1000 13.46 X 10-¢ i
25-100 12.9 X 108
Heat of Formation, Kcal./mole at 298°K : (gas) -101.260 5
Free Energy of Formation, Kcal./mole at298°K : (gas) -90413
Entropy, cal./deg./mole at 298°K : (gas) 43.52 5
(solid) 7.14 5
See Tablesa and b
Melting Point: 1728°K (1455°C) 1
Heat of Fusion, cal.zmole: 4210 4,5
Boiling Point: 3110°K (2837°C) 5
Heat of Vaporization, cal./mole : 88,870 5
Transition Point : ato B at633°K (360°C) 4
Heat of Transition, cal./mole : atog, 0 4
Heat of Sublimation, cal./mole at 298°K: 101,260 5
Heat Content or Enthalpy, cal./mole : (solid) 1144 5
(gas) 1631
See Tables a and b
a. HEAT CONTENT AND ENTROPY OF Ni (c, 1) 4
(Base, crystals at 298.15°K)
T,°’K Hz - Hopa s St~ Saos.15 T,°K Hr = Haorts St —Soans
cal./mole cal./deg. cal./mole cal./deg,
mole mole
400 ... .. 665 1.91 900 ..... 4445 8.03
500 ... .. 1380 3.51 1000 .. ... 5210 8.84
600 ..... 2180 4.96 1100 ... .. 5985 9.58
633 (a) 2460 5.42 1200 ... .. 6780 1027
633 () 2460 5.42 1300 . .. .. 7600 10.93
700 ... .. 2940 6.14 1400 .. ... 8450 11.56
830 ... .. 3690 7.14 1500 ..... 9320 12.16
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Nickel, Ni (page 2)

T, °K Hy - Hopsan St =Boman T,°K Hr = Hagwin St Spos. s
cal./mole cal./deg, cal./mole cal./deg,
mole mole
1600 ... .. 10,210 12.73 2200 ... .. 19910 18.0%
1700 .. ... 11,110 13.28 2400 ..... 21,750 -Bg?
1725 (B) . .. 11,330 1340 2600 .. ... 23,590 196
1725 (1) ... 15,540 15.84 2800 ..... 25430 20.30
1800 . .... 16,230 16.24 3000 .. ... 27,270 20.95
2000 ... .. 18.070 17.21 3200 .. ... 29,110 2152
Ni (a) :

Enthalpy :Hr = Hags.1s = $.06T F3.52 X 10-*T2 - 1523 (0.3 percent ; 298-633°K)
Heat Capacity : C, =406 +7.04 x 10-3T

| Ni () :
Enthalpy :Hr —Hzgs.15 = 6.00T + 0.90 X 10-*T2 - 1701 (0.2 percent ; 633-1725°K)
Heat Capacity : C, =6.00 + 1.80 x 10T

Ni (1) :
Enthalpy :Hy —Haga 15 =9.20T =330 (0.1 percent ;1725-3200°K)
b. HEAT CONTENT AND ENTROPY OF Ni (g) 4
(Base, idecal gas at 298.15°K)
T, °K Hy - Hags 15 Sr—Sees.15 ' T, °K Hy ~ Haos.15 Sr - Saos.1z
cal./mole cal./deg. cal./mole cal./deg,

mole mole
400 . . ... 575 1.66 1900 ..... 9310 10.77
500 ..... 1150 294 2000 ..... 9865 11.05
600 .. ... 1740 401 2200 ..... 10,970 11.58
06 ... .. 2335 4.93 2400 .. ... 12,065 12.06
800 ..... 2930 5.73 2600 ... .. 13,155 12.49
900 ..... 3525 6.43 2800 ..... 14,235 12.89
1000 . ... . 4120 7.06 3000 . ..., 15,310 13.26
1160 .. ... 4715 7.62 3500 ... .. 17,985 14.09
200 .. ... 5303 8.13 4000 ..... 20,665 14.80
1300 ... .. 5885 8.60 4500 ..... 23,370 1544
1400 . ... . 6465 9.03 5000 ... .. 26,135 16.02
1500 ... .. 7040 943 6000 ..... 31,940 17.08
1600 .. ... 7615 9.80 7000 ... .. 38,305 18.06
1700 .. ... 8185 10,14 8000 ..... 45,415 19.81

ig800 .. ... 8750 10.46

Ni (g) :

Enthalpy : Hr = Hzes 15 =5.99T F036 X 10°T-1 - 1907 (0.3percent ; 298-1000°K)
Heat Capacity : C,==5.99 -0.36 x 105T2

Enthalpy : Hy =Hags 15 = 6.07T =0.11 X 10-3T2 - 4120 (0.4 percent ; 1000-4500°K)
Heat Capacity :C, == 6.07-0.22 X 10-3T
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Heat Capacity, cal./deg./mole at 298°K : (solid) 6.23
(liquid) 9.20
(gas) 5.88

c. HEAT CAPACITY OF Ni

(Solid, 298-1728°K ; liquid, 1728-3000°K)
T,°K CS (cal./deg./mole)

298 6.23

500 7.47

800 7.44
1200 8.16
1600 8.88
1700 9.06
18003000 9.20

See equations above
Decomposition Temperature : —_—
Decomposition Products : —_
Vapor Pressure:

Press. mm. 1 10 ‘40 100 400 760 M.P.

Temp. °C 1810 2057 2234 2364 2603 2732 1452

X-Ray Crystallographic Data : Atoms/
System Space Group a c Unit Cell
{«) hexagonal D, 2.66 432 2
(8) cubic 03 3.517 4

Hygroscopicity : Nonhygroscopic. Not affected by water.
Solubility Data :

In water, fused alkalies or NH; : insoluble
In dilute HNO; : - soluble
In HClor H,SO, : slightly soluble

Health Hazard : Exposure to nickel may cause dermatitis (Nickelitch) in sensi-
tive individuals. Ingestion of large amounts (even 1-3 mg./kg. of body
weight) causes nausea, vomiting, diarrhea, depression of the central ner-
vous system, and myocardial damage. Its health hazard is, however, con.
sidered slight.

M.A.C. mg./m.z3 : 0.5
Safety Classifications :
OSM: . class 2

ICC : Listed under “Explosives and Other Dangerous Materials.” Classed
as a flammable solid; red label.
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Nickel, Ni (page 4)

Fire and Explosion Hazard : Ni dust is explosive and a dangerous fire hazard. | 12, 14, 49
It has an ignition temperature above 700°C, and burns with intense heat.
When compounded with oxidizing agents the powdered metal is a danger-
ous fire ang explosion hazard. It decomposessteam at red heat. The amount
of powdered metal which may become involved in a fire should be strictly
limited. Fires must not be fought with ordinary streams of water because
of the danger of liberating large quantities of hydrogen gas. Fires involving

small amounts of powdered Ni may be fought with fog nozzles or special
extinguishing powders.

In the repair or maintenance of buildings or equipment, powder or
dust should be reduced and nonsparking tools used. Store and process only
in rooms or buildings adequately ventilated at the highest point.

Electrostatic Sensitivity : not ignited by electric 49
sparks
Use in Pyrotechnics: asafuel
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NITROCELLULOSE (12.6% N)
(Cellulose Nitrate, Pyroceilulose, Pyro, Nitro Cellulose, Nitrocotton)
Formula N [CeHw-xO(,-x (ONO:) X] a
Where x = no. of ONO, groups and n = degree of polymerization. For
12.6% N,x=245.
Specification No. : JAN-N-244

The spec. lists four grades of which Grade A, with 12.60 == 0.10% N, is
used for pyrotechnics.

Molecular Weight : Variable, approx. 0.42 to 0.78 X 10% or 272.3 n (calculated
from formula)

Form : Cotton-like fibrous salid or amorphous powder (when cut up or beaten).

Color : white

Density, g./ml. : (solid) about 1.66
Coefficient of Thermal Expansion, linear : 9-16 X 10"

Heat of Formation, cal./g. -617

Free Energy of Formation : —_—

Entropy:

Meiting Point: Decomposes. In a vacuum melts at approx. 473°K (200°C)
before exploding.
Heat of Fusion:

Boiling Point: decomposes
Transition Point:
Heat of Sublimation: —_

Heat Content or Enthalpy : e
Heat Capacity : -—_

Decomposition Temperature: See Addnl, Refs. 1, 2,3, 4
For DTA sce Ref. 33

Decomposition Products : Depend on conditions of decomposition.
Vapor Pressure :

Press. mm. 0.0 0.0
Temp. °C 25 60
X-Ray Crystallographic Data : for( celluslg)setrinitrate
X=
Molecules/
System  Space Group a b ¢ Axial Angle Unit Cell
monoclinic 139 256 9.0 g=90°
Hygroscopicity, g. Ho0/100 g. N.C. : 334.3-23.65 N

—STII-N _ (approx.)
or more roughly 14.6-N % nitrogen

at 30° and 90% R.H. % : 3
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Nitrocelluiose (12.69% N) (page 2)

Solubiity Data: Numerous substances dissolvesor more accurately disperse
pyrocellulose, Among these are acetone, ether-alecohol (2:1), fatty acid
esters, nitro compounds, and organic nitrates.
In water, cther, and benzene :

Safety Classifications:
OSM : Class 12when wet with 8-30% water,

ICC: Listed under ‘“‘Explosives and Other Dangerous Materials,” as a
high explosive when dry and as a flammable liquid when dispersed
in asolvent; red label.

Fire and Explosion Hazard : Dry nitrocellulose is extremely sensitive to shock
and friction, and very dangerous when ignited, even in the open, or when
heated with oxidizing agents. Dry nitrocellulose burns in an instantanecous
flash. Wet nitrocellulose is less hazardous. Nitrocellulose when impure is
subject to spontaneous ignition. Storage of dry nitrocellulose is not per-
mitted as it has all the hazards of a sensitive and easily ignited high
explosive. It is stored wet (25-80% water) in zinc-lined boxes or metal
drums. Must contain not less than 20% moisture by weight when shipped,
Caution : keep away from heat and open flame.

Flash Point, closed cup, °F: 40
Impact Sensitivity, 2 kg. wt.:
Bur. of Mines Apparatus, cm. : (10% pointg

8
Sample weighe, mg. : 3 (10% point
P.A. Appargtus, in. : 5

xpiosion Temperature Test : .
5second point 170°C with decomposition

Eiectrostatic Sensiwtivity : Readily accumulates static charges when dry.

insoluble

Volatility at 60°C, micrograms/cm.2/hr. : 0
Oxygen Balance to CO,, %: -35
eo CO, %: 0.6
Vacuum Stability Test, 5 g. sample
Temp. °C 90 100 120
¢c. 40hrs. 0.17 10
cc. 16 hrs. 11.4

200 Gram Bomb Sand Test, 04 g sample
Grams sand crushed to pass a 30-mesh sieve: 45.0
Sensitivity {initiator required for complete detonation)

Lead aziae: 0.10g.
Neat of Combustion, cal./g. : 2409
Heat of Explosion, cal./g. : 855
Gas Volume on Explosion, ¢¢./g.: 919

Second Order Transition Temperature, °C :

(approx.) 66
{nitrogen content not mentioned) :

Use in Pyrotechnics: For coating compositions to reduce the penetration o}
moisture, and as a bonding agent.

219

Addnl. Ref. 1

121 14

12
18

13
14
13

59

20



Nitrocellulose (12.6% N) (page3)

Additional References: .
1) “Cellulose Nitrate,”” F. D. Miles, Oliver and Boyd, London and Edin-
burgh. Interscience Publishers, Inc., New York (1955)

2) “The Spontaneous Ignition of Nitrocellulose,”E. K. Rideal and A, J. B.
Robertson, Thlrd\%’mposmm on Combustion and Flame and Explosion
Phenomena, The Williams & Wilkins Company, Baltimore (1949)

3) “Cellulose and Cellulose Derivatives,” E. Ott et al., Eds., Interscience
Publishers, Inc., New York (1954-55)

4) “The Kinetics of Thermal Decomposition of Nitrocellulose}R. W. Phil-
lips et al., J. Phy. Chem. 59,1034 (1955) -
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PARLON

(Chlorinated Rubber, Tornesit, Alloprene. Parlon is trademarked
by Hercules Powder o.)

=

Formula : Rubber chlorinated polyisoprene [- CH; —C== CH=CHzlx chlori-
nated approximately 67 % Cl by weight.
Chlorination of rubber results in a complete reaction. There is not only
addition and substitution of chlorine but also cyclization along the polymer
chains. The theoretical chlorine content for the completely ch orir_lateg 180~
;S)rene unit, CsHeCly, is 68.5%. Parlon is marked in fivé viscosity types.
tabilized Parlon usually contains 1% of an epoxy compound as astabilizer
to improve resistance to heat, ultraviolet light and moisture. Sunlight
causes discoloration and embrittlement in unpigmented, unstabilized ﬂJ%rs
Parlon is resistant to dampness, soaps, molds, and mildew.

Molecular Weight : Variable (high) depending on viscosity.,

Crystalline Form: Coarse amorphous inelastic powder; poorly crystallised,
granular powder.

Color: vhite (calorof film,

water-white)

(solid) 1.66 (also givenas
1.64 and up)

1243 X 10°®

Density, g./ml.:

Cocefficient of Thermal Expansion :
Heat of Formation:

Y¥ree Energy or Formation:
Entropy:

||

Melting Point, softening point of film :
Heat of Fusion:
Boiling Point :
Transition Point :
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity :
Decomposition Temperature :
Effect of dry heat on film (continuousexposure) stable upto 125°C. Appre
ciable decomposition at 135°C.
Decomposition Products :
Vapor Pressure :
X-Ray Crystallographic Data:
Hygroscopicity : Moisture content as shipped 1s1¢ss'than 0.6%.
Absorbs little moisture on storage.
Moisture absorption at 80% R.Hin 24 hr., % : 0.14

Water vapor transfer of free film, g./100 sq. in./mil. in 24 hr. at 95°F an¢
i00% R.H.: 1.0

413°K (140°C)

[T
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Parlon (page 2)

Solubility Data : Soluble in CCl,, esters, aromatic hydrocarbons, and ketones.
Unaffected by strong or weak acids or alkalies, salt spray, aliphatic alco-
hols, and aliphatic hydrocarbons. Insoluble in acetone alone,

Health Hazard: nontoxic
Safety Classifications :
OSM : not listed
ICC : not listed

Fire and Explosion Hazard : Nonflammable. Will ignite in the flame of a bunsen
burner, but the flame is selfextinguishing. On burning, it melts, gives off
bubbles of gas and chars.

Electrostatic Sensitivity :

Use in Pyrotechnics: As a color intensifier and binder. Used in rapid drying
paints.

Additional References :
1) “Parlon, Properties and Uses,” Hercules Powder Co., Inc., Wilmington,
Del. (1957)

2) “Rubber, Polyisoprenes, and Allied Compounds, Part IV. The Relative
Tendencies towards Substitutive and Additive Reaction during Chlori-
nation,” G. F. Bloomfield, J. Chem. Soc. 1943, 289
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PHOSPHORUS, P, (yellow), P (red) Refs.
Specification No. : yellow, P JAN-P-211
stabilized ved, P JAN-P-670
The spec. covers two grades, A and B, which differ in purity and granu-
lation.
Molecular Weight : (veliow, P,) 123.90 4,5

(red, P) 30.974

Crystalline Form and Colon: The yellow or white is cubic in form; the red or
reddish brown, cubic or triclinic in form ; the violet, monoclinic. 1,5
Phosphorus occurs in four allotropic forms: yellow or white, red, black, | 1,5, 16, 29,
and violet. Yellow (white) phosphorus varies in color from almost colorless | Addnl. Ref. 1
to pale yellow. It is a waxlike solid which phosphoresces in the dark with
a greenish light and gives off white fumes. 1t ignites spontaneously in air.
Phosphorus is produced directly from phosphate rock in the electric fur-
nace. When distilled at 290°C, the red modification yields white phosphorus.
At 600-800°K, liquid white phosphorus is rapidly converted to red phos-
phorus ;at 704-3000°K, the gas is mainly in the diatomic form ;below 704°
it is in the tetratomic form. Black phosphorus resembles graphite in tex-
ture. it .3 produced from white phosphorus under nigh pressure. Phos-
pnorus, Ked, Spec. No. 51 P, 37, and Phosphorus, Red, stabilized, Spec.
JAN-P-670 are the two types of red phosphorus used in pyrotechnics com-
positions. Red phosphorus is a reddish-brown powder. Stabilized red phos-
phuovis s iess sensitive and hence slightly less of a fire hazard.

Density, z./ml.: (solid) yellow, 1.82 1
red, 2.20
black, 2.70
Cuoefficient of Thermal Expansion, lincar, 0-44°C : 124X 108 1
Heat of Formation, Keal./mole at 298°K: (gas) 75.18 9
Free Energy of Formation, Kcal./mole at298°K : (gas) 66.71 9
white (e) 0.000
red (c)-4.4
black (¢) -10.3
Entropy, cal./deg./mole at 298°K : white (¢) 10.6 9
red {(c) 5.46
Se2 Tables a to e
Hierting Point : white (a)317.4°K 5
(44.3°C)
red, 870°K (597°C)
Hear of Fusion, cal./mole : white, 1560 5
Bouiing Point : white, 554°K (218°C)
red, 280°K (7°C)
(ignites in air) 1,6
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Phosphorus, P, (yellow), P (red) (page )

Transition Points and Heats of Transition :

Form Temp. of Transition Heat of Transition
Initial Final °K Keal./mole
¢, IV c, III * 3.3 0.0197
c, H1 ¢, 11 49.44 0.186
c, 1 ¢l 88.12 0.116

I =black, IT =red, IIT and IV =white
{B-white transforms to e—white at-76.9°C)

Addnl. Ref. 2
Heat of Sublimation, cal./mole at 298°K : (white to P, gas) 14,100 | §
(red to Ps_gas) 30,820
(P, gas) 42,725
(P gas) 79,800
a. HEAT CONTENT AND ENTROPY OF P (red) 4
(Base, crystals at 298.15°K)
T,°K Hy ~ Hags.15 Sr— Szes.15 T, °K Hy - Hyes.15 Sy — Sz08.18
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 620 1.79 700 ..... 2690 5.&
500 1270 3.24 800 ..... 3440 6.62
ol ... .. 1970 451
b. HEAT CONTENT AND ENTROPY OF P, (white, 1)
(Base, crystals at 298.156°K)
T, °K Hr - Hazs,15 St —S2es.15 T, °K Hy - Hags.15 Sz~ Sz0s.15
cal./mole cal./deg, cal./mole cal./deg.
mole mole
317.4 (¢) .. 434 1.41 370 ... .. 2270 6.90
3174 43 .. 1034 3.30 400 .. ... 2975 8.74
350 ... .. 1800 5.60
P4 (Whlte) N

Enthalpy : Hy -Hags.15 =22.501'- 6708 (0.1 percent ;298-317.4°K)
Heat Capacity : C, =22.50 ;A Haz.4 (fusion) = 600

P, ():
Enthalpy : Hy = Hgps 15 =23.50T - 6425 (0.1percent ;314.7-400°K)
Heat Capacity :C, =23.50
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Phosphorus, P; (vellow), P (red) (page 3)

c¢. MEAT CONTENT AND ENTROPY OF P (g) 4
(Base, ideal gas at 298.15°K)
T, °K Hy = Haps 15 Sy —Sa0s.1n T, °K Hy - Hoesas Sr = Saus.in
cal./mole cal./deg. cal./mole cal./deg.

mole mule
400 ..... 505 1.46 1900 .. ... 7975 9.21
500 ... .. 1005 267 2000 . .... 8480 9.47
600 ..... 1500 348 2200 ., ... 9500 9.96
700 .. ... 1995 424 2400 ... .. 10,535 10.41
800 ..... 2495 490 2600 ... .. 11,590 10.83
20 ..... 2990 5.49 2800 . .... 12,670 1123
1000 .. ... 3490 6.01 3000 ,.... 13,780 11.61
1100 ..... 3985 6.49 3500 ,.... 16,685 12.51
1200 .. ... 4480 6.92 4000 ..... 19,790 13.34
1300 . .... 4980 7.32 4500 ..... 23,070 14.11
i400 ... .. 5445 7.69 5000 ... .. 26,495 14.83
1500 ... .. 5975 8.03 6000 .., .. 33,605 16.13
600 ..., . 6470 835 7000 ... .. 40,825 17.24
mo0 ... 6970 8.65 8000 . .... 47,980 18.20

i800 ... .. 7475 8.94

P(g):
Enthalpy : He =Haes 15 = 4.97T ~ 1.482 (0.1 percent ; 298-2000°K)
d. HEAT CONTENT AND ENTROPY OF P, (g) 4
(Base, ideal gas at 298.15°K)
T, °K Hr - Hags.15 St —Sa0s.15 T,°K Hy - Hgs 15 Sy~ Saes.15
cal./mole cal./deg, cal./mole cal./deg.

mole mole
430 ..., 800 2.31 1000 ... .. 5910 10,08
5060 ..... 1620 4.14 1200 ..... 7660 11.65
600 ..... 2450 5.65 1400 . .. .. 9430 13.02

6.96

8.11

J
P, (g):

Enthalpy : Hy - Hags. 15 = 8.31T + 0.23 X 10-T2 - 0.72 X 105T-! - 2740
{0.4 percent ; 298-2000°K)
Heat Gapacity : C, = 8311046 X 10-3T - 0.72 X 10°T-2
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4
T,°K Hr — Haon.1s St —Suesn T,°’K Hz -~ Hzes.15 Sr - Szeas
cal /mole cal./deg, cal./mole cal./dex.
mole mole
400 ..... 1710 493 1300 .. ... 18,900 27.21
500 ... .. 3500 8.92 1400 . .... 20,860 28.67
600 ..... 5360 12.31 1500 . .... 22,830 30.03
700 ..... 7240 1521 1600 ... .. 24,800 3130
800 ..... 9150 17.76 1700 . .. .. 26,770 3250
900 . . ... 11,080 20.03 1800 ... .. 28,740 33.62
1000 ... .. 13,020 22.07 1900 .. ... 30,720 34.69
1100 ... .. 14,980 23.94 2000 . ... . 32,690 35.70
1200 ... .. 16,940 25.65
P, (g):
Enthalpy : Hy = Hyg, s =18.93T +0.43 % 10°T2 +2.81 x 10°T1- 6625
(0.2percent; 298-1500°K)
Heat Capacity :C, = 18.93 +0.86 x 10T -2.81 X 10°T-2
Heat Capacity, cal./deg./mole at 298°K : (gas) 4.96 9
See tables above
Yaper Pressure:
Press. mm. 1 10 40 100 400 760 MUP.
o Temp °C (yellow) 766 128.0 1667 1973 251.0 280.1 44.1 1
(black) 200 338 371 393 432 453
(violet) 237 287 323 349 391 47 590
. ] 1
X-Ray Crystallographic Data: Unit Cell
System Spac% hGroup 3% L 4 3b8 10050 Molescules/
red; Plack (hombic) 5oy "1 717 ' 16 (4P,)
(Crystalline and amorphous black and red P give similar X-ray patterns)
Hygroscopicity, Red P at 70°F and 216 hr. exposure: 33
R.H. 50 76 90
Gaininwt.. % 204 5.0 11.06
Solubility Data :
Yellow or White Red 1,29
H,0:0.0003g./ml. at 15°C very slight
slight in hot iIll'So%{ in hgt W]ater
Alcohol :0.3 g./100 ml. slight i abs. aic.
CSCQOSt?O g’./IOgO/ml_ aTIOCC insol. in CS,, ether, NH,



Phosphorus, P, (yellow }, I (red) (page )

Bencene 11 g 1mod ml
SuCipt i g/ 4U mi.

VIl it ig.ssuml

Ju of Tui pentine - 12./60 ml.
31, sol. in N3, alkalies, ether

Health Hazard: Yellow phosphorus is poisonous even when ingested in small
amounts. An approximate fatal dose is 50 mg. Phosphorus fumes are also
very poisonous. External contact may cause severe burns, Long continued
absorption can cause necrosis of the jaw bone and chronic poisoning. Phos-
phorus is especially dangerous to the eyes.

M.A.C. (yeliow phosphorus), mg./m.2 : 0.1

Ked phosphorus is poisonous on inhalation or ingestion but slower acting
t%llan vellow phosphorus. It should never be allowed to come in contact with
the eyes.

Phosi)]horus poisoning is detectable inthe urine.

Safety Classifications :
OSM : Class not specified. As a fire hazard it should be listed in class 1.
ICC: Flammable solid ;yellow label.

U.N. Phosphorus, white or yellow, dry, or under water, or in solution is
classified as an inflammable solid, liable to spontaneous combustion.

Fire and Explosion Hazard : On exposure to air white phosphorus (WP) bursts
wnco flame and is thus a serious fire hazard. Containers or ammunition con-
taining WP should be kept below its M.P. or 44.1°C, as pressure may rup-
ture the convainer. Phosphorus is preferably stored under water in sealed
metai vesseis enclosed in wooden [g) oxes or metal drums, WP is dangerous
wheu heated with oxidizing agents, as it emits highly toxic fumes of oxides
of pnosphorus. Use water to % ght fire. Red phosphorus, while less reactive
than yellow phosphorus, is a dangerous fire hazard. It is easily ignited by
spark or friction and is dangerous when in contact with organic materials
or oxidizers. it can ignite spontaneously in air. It emits hlgily toxic fumes
when heated.

Axtoignition Temperature, in air, °F : (yellow) 86
(red, amor.) $00

Use in Pyrotechinices : As a fuel, in incendiary and smoke compositions.

Aaditional References:

1) ““Two New Modificatior.s of Phosphorus,” P. W. Bridgman, J. Am.
Chem. Soc. 3¢, 1334 (1514)

2) “Phosphorus and Its Compounds,” Voi. I, J. R. Van Wazer, Interscience
Pubiishers, Inc.,, New Yor (1958)
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PLURGHIC T 7o

Followmg information comes from the Wyandottc Chemicals Corporation,
Wyandoute, Michigan, manufacturers of Pluronic I 68

Pluronic F 68 is a block-polymer prepared by .\ddmg propylene oxide to
the two hydroxyl groups of a propylene glycol nucleus. The resulting hydro-
phobic base can be made to any desired length, varying from 800 to many
thousands in molecular weight. By addin ethylene oxide to this hydrophobic
base, it is possible to put polyoxyethylcne hydrophilic groups on the end of the
molecule These hydrophilic groups can be controlled in length to constitute
anywhere from 10to 90% of the final molecule. The simplified structure can be
represented as HO (CH;-CH,-0) ((CH~CH;0), (CH,+CH.0).H

Hs
Pluronic'F 68 is a flake with a hydrophobic base molecular weight of
i)rox1mately 1750; 80% of the molecule, by weight, consists of hydrophilic
yoxyethylene groups and the remainin 20%, hydrophoblc polyoxypropylene
groups The totalgmolecular weight of F 6% =1750 =
20
pH of 2.5% aqueous solution : 7
Cloud Point:

of aqueous solutions in concentrations up to 60. 0% :

> 100°C
al JU% coucentration: semi-solid
of 1056 aqueous solutions at pH 2 and 10
n o< NaQH: > 100°C
4U 9% concentration: semi-solid
2u¢s concentration : 26.5°C
souTe concentration : 38.5°C
ive concentration : 47°C

Soluoility in Organic Solvents at 25°C in g./100 ml. solvent:

Samples of 0.1, 1.0, 5.0, and 10.0 g. were dissolved in 100 ml. of solvent
and ooserved after 30 min. for any phasc separations, turbidity, ctc.

Ethyl alcohol (959) : > 10.0
Toluene: 5.0
Perchlorethyiene : nsol.
Herosene : insol.
“thviene glycol insol.
Y, peiabie ol : insol.
Mioeral o insol.
Surface Tension at 23°C, dynes/em.:
.09 solation 41.9
0.1¢7 solution 456
Vot Th sotution 49.9
.;..mx "¢ solution 53.3

Using a DuNuoy Tensiometer, samples are in aqueous solutions at the specified
concentrations,

Conentr dion r rum i for a 25 sec. Draves Sink Time:
At sota 257 ara 50°C, the maximum concentration evaluated was 5g. /1 At
s Toaceniration the sink time was 300 seconds.

Use it 1 rosechimes: A surface acting agent used as a detergent, emulsifier, and
WL 3gent.
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POLYCHLOROTRIFLUOROETHYLENE
(Kel-F Brand Oils and Waxen)

KEE-F oiis and waxes are low molecular weight polymers of chlorotrifiu-
orocthylene (CF, = CFCl) which constitute a homologous series of compounds
composed of chlorotrifluorocthylene repeating units and terminal chlorine
atoms. This series is referred to as “whole telomer.” KEL-F oils and waxes are
made by Minnesota Mining and Manufacturing Co.

Formula : Cl- (CF,-CFCH«Cl
Specification No. : MIL-M-55028A

Molecular Weight: From 303 for the lowest boiling (dimeric) component of
#1 oil to 5-10,000 for the highest melting ingredients of #200 wax.

Coior: All KELF oils and waxes are colorless and odorless. In the liquid state
all products are clear and free from sediment. At room temperature the oils
are transparent, and the waxes take on a translucent or opaque white
appearance.

Specific Gravity : KEEF oils’are comparatively dense, with values approaching
twice the density of water. The waxes are generally greater than twice the
density of water at temperatures less than 25°C. Specific gravity depends
less markedly on temperature than does viscosity.

Vapor Pressure: Because of their low heats of vaporization and weak inter-
molecular forces, the oils and waxes are characterized by relatively high
vapor pressures. Values can be calculated by means of the vapor pressure
constants ana equation in the table of typical properties. (See below).

Sowbility : The oils and waxes ate soluble in aromatic, aliphatic, and chlorinated
hydrocarbons, alcohols, ketones, esters and fluorocarbons ; and insoluble in
water and mineral acids. The degree of solubility varies widely with molecu-
lar weight; the waxes are less soluble than the oils.

Viscosity: KELF oils are available in three viscosity grades (1,3, 10 centi-
stokes at 210°F). #40*wax, by virtue of its low melting point, can also be
cunsivared as an extra-heavy oil (viscosity = 40 cs. at 210°F), Viscosities

of halofluorocarbon liquids depend markedly on temperature.

Refs.

All data from
Addnl.
Ref. 1

TYPiCAL PROPERTIES OF STANDARD KEL-F OILS AND WAXES

Grade Designation
1 3 10 40 10-200 200

Molecular Weight 500 630 780 940 — —
Clariiy (R.1.) clear clear clear opaque opaque  opaque
Refracuive Index, n,

T°F 1.400 1.405 1.410 — — —_

160°F — — — 1.3¢8 1.401 —
Viscosity, centipoises

1G0°F 2 25 220 — —_— —_

210°F 0.8 3 10 40 55 —

266°F — — — — — 145
V.iscosity, centipoises

L0 E 3.6 47 425 - = —

Zigey — 5 18 75 105 —
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Polyehioroteifiuorocihylene (page 2}

vrade Designution

I X 1} 40 10-200
Vascosity, Temp., Coeff .t 0.67 0.88 0.96 — —
Pour Point, " F <-70 -45 $-30 +90 —_
Melting Point, ASTM, D-127°F — — —_ 100 150
Specific Gravity, )
GROT /390 F 1.84 1.93 1.96 —_— 2.02
0 F/39F 1.81 1.90 1.93 — 1.9
160°F/39°F —_ 1.85 1.88 1.92 1A
% uapor Pressure Constants?
A 7.4991 8.4976  9.0503 10.2123 9.6116
B 2351 3161 3743 4863 4313
Heat of Vaporization
cal./g. 21 23 22 23 ~
Kcal./mole 10.7 14.5 17.1 22 —
Surface Tension, dynes/cm, 23 28 30 — —
Specific Heat, cal./g. — — 0.22 —_— _
Thermal Conductivity
BTU/hr./ft.2/°F/ft, —_ — 0.080 0.110 -
rlea: of Formation, cal./g.3 ~1200 -1200 -1200  -1200 -1200

200

200

2.11

VUL, Coeff. == 1-Vis at 210°F/Vis at 100°F

*log P (mm. Hg) - = A-B/T°K

Fearculated

Dieiectric Properties: The oils and waxes have very good electrical properties.

The diciectric strength of KEL-¥ oil (0.100 in. gap) is 500 volts/mil. The
volume resistivity is in excess of 10! ohm-cm,

Corrosivity: The oils and waxes are noncorrosive, in themselves, towards

metals. Storage in nickel, monel, mild steel, stainless steel, and even alu-
minum oifers no problems under ambient conditions. However, the oils are
nutr rust-inhibiting, aud therefore moisture should be excluded from con-
tainers.

Circunical Stability : KEL-F oils and waxes are extremely stable against the at-

tack of stroug avidg, alkalies, and oxidants. No reaction has been observed
with permangana‘e, ¢hromic acid, fuming nitric acid, or hydrogen per-
oxide, The olis are not attacked by ClIF, at 300°F, coucentrated H.SOQ, at
4G0°F, or concentrated nquecus alkali at the boiling point. Oxygen and
soci 2 do not react appreciably with KEL-F oils; indeed there is evidence
thit the eils are oven wre chemically stable in the presence of oxygen.
Unde- stringent oxidiving conditions (20600 psig, 0. at 300°F for 8 hr.)
tesis have shown no change in KIL-F oil alone or in contact with a vatiety
of metals, Norist! »re iy etfect on the metals Ltheniselves, including copper.
Cuution - Softer metals 2ok us aluminwin and magnesium may reaet vigor-
owsly w.th KEL-F ofls sndev covditions of high shear, where fine particles
ot fresf mretad ave oo :

Healil Hazard: The olis an i wares are subsiantially nontoxic and physiologi-

cally inert. Howover, thiermal decomposition products at extremely elevated
temn retures (B¢ Y cee {oxie and adequate ventilation under thése con-
dhous S Srongiv reeornsetie! :
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Polychioroirifiuoroethylene (page 3)

Fire and Explosion Hazard : Because of their high fluorine and chlorine ~ m -
tent, the KEL-F oils and waxes do not support combustion—that is, they
are selfextinguishing once the igniting source is removed.

Infrared Transmission : As halofluorocarbons arc substantially free of hydro-
gen, the KEL-F oils and waxes are transparent in the 2-4 micron infrared
region, where most organic liquids are strongly absorbing.

Use in Pyrotechnics : Oxidizing agent in pyrotechnic compositions.

Additional References :

1) “KEPF Brand Halofluorocarbon Oils, Waxes, Greases and Alkanes,”’
Minnesota Mining and Manufacturing Company (1958)
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POLYTETRAFLUORG:L P LENE
(Teflon, Fluon, Fluoroflex, Polytetrafluoroethylcne Resin)

~ Teflon is a thermoplastic, homopol%/mer caomposed of long chains of ~CF; -
units, Its useful temperature range is-75°to T 250°C. It cannot be molded, but
at 205°C it can be extruded. It is not wetted or affected by water, neither does

it stick to anything. Teflon is the term used in the U.S. and Fluon in Great
Britain.

F F
i i
Formula:i— C —C-— Where n is unknown (see Molecular Weight).
| !
F F |,

Specification No. : PA-PD-614

Covers one type of general purpose molding or extruding material and the
quality of the final molded or extruded parts. The applicable A.S.T.M.
Specificationsand Test Methods are D1457, D257, D150, D638, D785, D256,
D792, D648, D696, D543, D542,

Molecqllla_r Weight : Unknown ; estimated at 500,000 or more and possibly many
millions.

Form and Color : Colorlessto grey powder, flakes, or grains. Transparent in thin
sheet. Teflon is highly crystalline with no appreciable cross linking. A
degree of c;ystallinlty of 93-97% has been calculated for the polymer with
3 density of 2.296. Teflon is available as film, laminations, powder (pellets
or granuiesy, rods or tubes (extruded), or sheets. It is fabricated by ex-
trusion, hoe forming or drawing, compression molding, and injection

molding.
Density, g./ml.: (solid) 21-2.3
Coefficient of Thermal Expansion, linear : 55% 108

Below 15° and above 25°C the cubical coefficients of expansion are roughly
or the same order, 3)X10* cc./cc./°C, but at about 20°C there is a 1%
increase in volume, presumably due to achange in crystal structure.

Heat of Formation, Kecal./monomole at 298°K :
vestimated for particular sample used) -193:5

-199 .

Free Energy of Formation:
Entropy, Enthalpy, and Heat Capacity :

Form Temp. Entropy Enthalpy Heat Capacity*
°C abs.j. °K-tg!? abs.j.g! abs.j, °K-1g!
powder 280 1.005 140.5 1.036
310 1.134 178.6 0.9959
molded 280 1.019 144.6 1.012
310 1.137 179.3 1.021
annealed 280 1.011 1429 0.9761
310 1.135 179.4 1.023

*Exparimental data show that the heat capacity of a Teflon sample varies
with its mechanical and thermal history.
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Polytetrafiuoroethylene (page 2)

Melting Point: (softening) 600°K

(327 = 3°C)

above 673°K (400°C)

Heat of Fusion:
Boiling Point :

Teflon begins to evaporate without melting.
Heat of Polymerization, Kcal./mole of monomer :

Transition Point and Phase Changes:
Teflon crystallizes in two forms. A firstorder phase change occurs at about
292°K (19°C) and melts at 600°K (327°C). K second order transition, in-
volving the crystalline phase, occurs at about 303°K (30°C), This is not
related to the glass transition which has not been located in this polymer,
but it must be below 178°K (-100°C) as the polymer is still flexible at this
temperature.

Heat of Sublimation :

47

COMPARISON OF THE ENTHALPY AND ENTROPY CHANGE
IN THE INTERVAL 280-310°K

Sample and run AH AS
‘'efion powaer : abs.j.g? abs.joK- gt
RUN 4+ o oeesesssemsssesermssssssmsssssssssssosses 38.02 0.1293
Run 6 38.04 0.1294
Moided Teflon.
RUN 3 oo oo comerescomsmeess s corsssssenes 34.68 0.1177
Run 4 34.75 0.1180
Annealed Teflon :
Run 2 36.42 0.1236
Runé4 ... 36.53 0.1240
Quenched Teflon:
RUN 2 o mmssscnesssseessscm 35.49 0.1205

0.28

C, =0.2227 250 10+ ("C)
Co= 02227 +2.39 < 104t (°C)

about 400°C

Specitic Heat, ecal./deg./g.:
Above 40°C (powdered) :
(drawn)
Decomposition Temperature:

Decomposition Products:
Depulymerizes t the munomer, Above 750°F decomposition liberates F.
The polymer decomposes at elevated temperatures. In a vacuum, the mon-
omer is the chief product. At low temperatures (250-350°C) degradation
seeins to start at the chain ends. at higher temperatures random cleavage
beccines more important. In air degradation is more complicated, giving off
extremely toxic products. Teflon decomposes slowly above 525°F.

Vapor Pressure atr 25°C, mm.: 1x 107
11 tae equation 108 pam. = A-B/T, A =4.3,and B = 3400 over the range
30U-450°K,
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Polytetrafluoroethylene (page 3)
X-Ray Crystaliographic Data :

Space Molecules/
System Ceo up a b ¢

Azial Angle Unit Cell

pseudohexagonal 554 554 168 vy=1195 hifghtemg.
orm 1
low temp.
form 1
The chain repeat distance is 2.62A.
Hygroscopicity : nonhygroscopic

Solubility Data : There is no known solvent or plasticizer for Teflon.. It is unaf-
fected by strong acids, even aqua regia, and by strong alkalies. However,

prolonged contact with fluorine, hot plasticizers, and polymeric waxes
should be avoided.

Health Hazard: Heated to decomposition it gives off toxic fixres of F and F
compounds.
Safety Classifications :
OSM: not listed
ICC : not listed
Fire and Explosion Hazard : nonflammable
Electrostatic Sensitivity : S
Mechanical Properties :
Modulus of elasticity, 10® psi : 33-65
Tensile strength, psi : 1500-3000
Uttimate elongation, % : 120-350
Yieid stress, psi : 1600-2000
Yield strain, % : 50-70
. Rockweil hardness : J75-J 95
Notched Izod impact test: 2.54.0
Refractive Index : 1.585-1.600

Use in Pyrotechnics: To make inert seals or containers for pyrotechnic com-
positions, and as an oxidizing agent.
Additional References :
1) Nature 174,549 (1954)
2) D. K. Harris, The Lancet, 1008 (1961)
3) C. E.Weir, J. Rescarch NBS 50,95 (1963)
4) S.L.Madorsky etal,, ibid. 571,327 (1953)
53 R.E.Florin etal,, ibid. 58, 121 (1954)

63 “Vapor Pressure of Plastic Materials,”” N. Jensen, J. Appl. Phys, 27,
No. 12 (1956)

73 “Combustion Calorimetry of Or%anic ’Fluorine Compounds,” W. Good
ct al,, J. Phys. Chem. 60,1080 (1956)
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Polytetrafluoroethylene (page 4)

8)
9)
10)
11)

12)
13)
. 14)

15)

“Specific Heat of Synthetic High Polymers. V. A Study of the Order-
Disorder Transition of Polytetrafluoroethylene,”P. Marx and M. Dole,
J. Am. Chem. Soc. 77,4771 (1955)

Structural Reports 12, 367-68 (1949)

“A Roamn Temperature Transition in Polytetrafluoroethylene,”H. Rigby
and C. W. Bunn, Nature 164,583 (1949)

“Calorimetric Properties of Polytetrafluoroethylene (Teflon) from 0°
to 365°K,"” G. Furukawa et al.,J. Research NBS 49,273 (1952)

C.A.52,15118 (1958)
C.A. 52,12516(1958)

“Thermal Stability of Polytetrafluoroethylene,” C. R. Patrick, Nature
181,698 (1958)

“Thermochemical Studies of Fluorocarbons,” H. C. Duus, Ind. Eng.
Chem. 1445 (19565)
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POLYVINYLCHLOKIDE, £V
(Exon, Geon, Koroseal, Marvinol, Pliovice, Tygon,
Velou, Vinylite, Vygen, Agilide)
Formula : Approximately (-CH,.CHCl.CHCI),, where n == about 4000
A variable puiymer. Specification callsfor 56 = 1% Cl

Specification No. : MIL-P-20307
(includes Army Spec.
No. 50-11-147)
Molecular Weight : variable, approximately
250,000
Crystalline Form : (spec. grade) powder

In PYC, units of the polymer chains are arranged essentially head-to-tail.
In addition there may be some branching asa result of chain transfer dur-
ing polymerization. Solid PVCI is only slightly crystalline.

Color : colorlessto amber

Density, g./ml. : . (solid) unplasticed 1.4
Specification, Apparent Density : 05:x0.1g./ml . .

Coefficient of Thermal Expansion, linear : 5-6 % 108

neat of Formation, Keal./ymole at 25°C, 226 +.3

Per mwnomer unit:
Free Energy of Formation: - —
Fattropy :
Melting Point : Variable, depending on degree of polymerization. Begins to
soften between 343> and 353°K (70° and 80°C), High molecular weight
poiymers do not flow well enough for practical molding below 423°K
{150°C), Second order transition temperature approx. 348°K (75°C).
Heat of Fusion:
Boiling Point :
Transition Point : see Melting Point
Heat or Sublimation : —_—
Heat Contont or Enthalpy : S
Heat Capacity : -
Decomposition Temperature :For TGA see Addnl. Ref. 9
Decomposition Products: HCl and darkening

PV Cl begins to break down even as low as 150°F, It is also unstable to
light, darkening as HC! is evolved. Stability to both heat and light can be
greatly improved by the addition of stabilizers. As the loss of HCl appears
to be autocatalytic, the stabilizers used are usually mild alkalies, alkali or
alkali earth oxades and hydroxides, fatty acid salts, or HCI acceptors; e.g.,
acetyiene oxide compounds. Alcoholates, carbonates, amines and many
corpouids have been found tu be effective stabilizers. These can be used
aone or in combination to adjust the properties of the plastic in the direc-
tion desired, e.g., flexibility, 1mprovecF flame resistance.
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Polyvinylchloride, PVCI (page 2)

Vapor Pressure :

X-Ray Crystallographic Data : Partly crystalline; fiber period 5.0 + .05 A or

amultiple of 5.0A

Hygroscopicity, Specification Grade Material : Gain in myg./g. at R.T. after
exposure in static and vacuum desiccators :

Addnl. Ref. 3

Time, | 65%RH. | 75%R.MH. 86% RH. | 93% RM. k)
days [Stat Vae. | Stat.  Vac | Stat. . Vac. | Stat.  Vac.
1 0.1 0.1 0.3 0.3 0.5 0.1 0.7 0.2
7 0.6 0.3 0.2 0.1 0.3 0.5 0.7 0.2
30 0.1 0.1 0.1
59
1, 59, 60
Addnl. Ref. 7
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POTASSIUM, K Refs.
(Kalium) .
Specification No. :
Moiecular Weight : 39.100
Crystalline Form : cubic
Color: silvery metal
Density, g./ml.: (solid) 0.8720°
Coefficient of Thermal Expansion, 11near at 0-50°C:85 x 104 27
Heat of Formation, Kcal./mole at 298°K : monatomic gas) 21,420 5
) diatomic gas) 30,580
Free Energy of Formation, Kcal./mole at 298°K : monatomicgas) 14.580 | 5
diatomic gas) 21,965
fintropy, cal./deg./mole at 298°K : monatomic gas) 3830 6
d)la‘{omlc gas) 5967
c
See tables below
Melting Point: 336.4°K (63.3°C) 4,5
Heat of Fusion, cal./mole : 558
boiling Point : 1039°K (766°C) 5
5
5
5
4,5
4
T,°K Hy - Haga1s St —Sses.15 T,°K Hx —Hzgs,15 St =Szes.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
3364 (c) . .. 286 0.90 700 ... .. 3515 7.97
336.4 (1) . .. 844 2.56 800 ..... 4225 8.92
406 .. .. .. 1330 3.8 900 ..... 4940 976
360 .. . ... 2075 5.55 1000 .. ... 5665 10.53
60O ... ... 2805 6.88 1100 ..... 6400 .o 1123
K (c):

Enthalpy: Hr- Hoge 15 ==1.34T +9.70 x 110-*T2 - 1262 (0.1 percent; 298-336.4°K)
Heat Capacity : C, == 1. 34+ 19.40% 10-T



Potassium, K (page 2)

K (1) -

Enthalpy : He = Hogy s = 7.00T -- 0.70 X 0T ¥ = 1323 (0.3 pereent ; 336.4-1100°K) i
Heat Capacity :C,==7.06 -+ 0.70 X 10°T 2

b. HEAT CONTENT AND ENTROPY OF K (g)

(Base,ideal gas at 29%,15°K)

T, °K Hy - Haosas St - Szom.15 T,°K Hr ~ Hza.15 Sr—Sumis
cal./mole cal./deg. cal./mole cal./dcg.
mole mole
400 .. ... 505 1.46 1900 ... .. 7965 9.21
500 ... .. 1005 2.57 2000 ... .. 8465 9.46
600 . .... 1500 348 2200 ..... 9475 9.94
700 .. ... 1995 424 2400 .. ... 10,490 10.39
800 .. ... 2495 490 2600 11,525 10.80
900 2990 5.39 2800 .. ... 12,580 11.19
1000 .. ... 3490 6.01 3000 ... 13,660 11.56
1160 .. ... 3985 6.48 3500 ... .. 16,540 12.45
1200 . 4480 6.2 4000 ... .. 19,810 13.32
1890 4980 7.32 4500 23,750 14.25
1440 5475 7.69 5000 . . ... 28,720 15.29
1500 . .. .. 5975 8.03 6000 . ... . 42,950 17.87
160¢ 6470 835 7000 . ..., 62,210 20.83
1760 6970 8.65 8000 ..... 82,400 23.53
00 ... L. 7465 8.94
K (g):
T, °K Hy —Haygs.1s Sr=S20s.15 T,°K Hr = Haga15 S~ Sas.15
cal./mole cal./deg, cal./mole cal./deg.
mole mole
400 ... .. 925 2.67 1600 ... .. 12,240 15.65
S0 L ..., 1840 471 1700 ... .. 13,215 16.24
600 ..... 2760 6.39 1800 .. ... 14,200 16.80
700 ... .. 3685 7.82 1900 . . ... 15,180 17.33
800 .. ... 4615 9.06 2000 ... .. 16,170 17.84
900 .. ... 5550 10.16 2100 .. ... 17,165 18.33
1000 .. ... 6490 11.15 2200 ... .. 18,165 18.79
00 L. 7440 12.05 2300 ... .. 19,170 19.24
1260 ... .. 8390 12.88 2400 ... .. 28,180 19.67
1300 ... .. 9345 13.65 2600 .. ... 21,195 20.08
1400 10,305 14.36 2750 ... .. 23,760 21.06
500 ... L. 11,270 15.02 3000 ... .. 26,350 21.96
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Potassium, K {page 3)

K. (g):
Enthalpy : Hy—Hgps.s  8.91T - 0.26 3¢ 10 3T?—-2680 (0.1 percent ; 298-3000°K)
Heat Capacity :C, — 8.91 +0.52 % 10T
For tables of thermodynamic values see Ref. § ' !
Decomposition Temperature : S
Decomposition Products: S—

Vapor Pressure :

Press. mm. 1 10 40 100 400 760

Temp. °K 341 443 524 586 708 774

At M.P. vapor pressure is 0.23 mm.
X-Ray Crystallographic Data :

System Space Group a Atoms/Unit Cell
- cubic 0} 5.333 2

Hygroscopicity :Reacts with water to form KOH and Ha..

Caution : Keep under liquid containing no oxygen ; €.g., petroleum or in an
inert atmosphere of argon or nitrogen.

Solubility. Data: Soluble in liquid NHj, ethylene diamine, aniline, and mercury.
Reacts with water, and alcohol.

hiealth Hazard: Extremely caustic to all tissues. The fumes of potassium oxide
are very toxic.

Safaty Classifications :
OSH : Class 2

ICC: Listed under “Explosives and Other Dangerous Materials” as a
“Flammable Solid” ; yellow label.

Fire and Explosion Hazard: Potassium reacts vigorously with water to form
caustic KOH and evolve hydrogen. The heat evolved causes the potassium
to melt and the hydrogen to burn. If there is any confinement, the hydrofgen
may explode. Burning potassium is difficult to extinguish. To fight a fire
use dry powdered soda ash, graphite, or special mixtures of dry chemicals.
Even when stored under mineral oil, the peroxide (K:0;) and superoxide
{KO. or K£O,) may form, and an explosion may occur when the material is
handled or cut. Potassium which has become coated with a layer of oxide
shiould be burned. The fumes of potassium oxide are highly toxic. Do not
use CCl, on fire as an explosion may result. Use powdered talc.

Electrostatic Sensitivity :

Use in Pyrotechnics : As a fuel and to color burning smoke compositions violet.

Additional Reference :
1) C.A.37,2578 (1943)

240

12
14

1,29

12.14, 16,75,
Addnl. Ref. 1



POTASSIUM BICARBONATE
(Potassium Acid Carbonaie,
Potassium Hydrogen Carbonate)

Formula: KHCO,
Specification No. : MIL-P-3173
Molecular Weight : 100.11
Crystalline Form : monoclinic
Color : colorless
Density, g./ml. : (solid) 2.17
Coefficient of Thermal Expansion :

Heat of Formation, Keal./mole at 298°K : -229.3

Free Energy of Formation, Kcal./mole at298°K :  -205.7
Entropy :

Melting Point :

Heat of Fusion:
Boiling Point : -—
Transition Point: e
Heat of Sublimation : -

Heat Content or Enthalpy : S
Heat Capacity : _

Decomposition Temperature, °C : 100-200
Decomposition Products : K.CO; -} CO, + H,0
Heat of Dissociation, cal./mole : 15,730
Vapor Pressure of Dissociation (toCO, +H,0) is given by
3420
log Pmm. = 10.832—m~

2KHCO;(s) = K.CO4(s) + CO2(g) + H.0(g)
Press. atm. .0054 .1463 2527 .6203 2034 9645 .
Temp. °K 340.8 389.5 400.3 4194 4249 4291

X-Ray Crystallographic Data :

Space Group a b ¢ Axial Angle Molecules/Unit Cell
Ch 15.176 5.630 3.708 B =103"45' 4
Hygroscopicity : Nonhygroscopic. Stable in drir air. In more than 70 % saturated
%ugndlty it absorbs water. In damp air loses CO; and forms a coating of
2CO;3.
Solubility Data: In cold water: 224 ¢./100g. o
In water at 60°C: 60 g./100g.
In alcohol: insoluble

Wealth Hazard : Excessive dgses may cause hyperkalemia or alkalosis.
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Potassium Bicarbonate (page 2)

Safety Classifications :
OSM: not listed
ICC: not listed

Fire and Explosion Hazard: —

Electrostatic Sensitivity : —_—

Use in Pyrotechnics: As a retardant, and to color burning compositions pur-
plish-red.

Additional References:

1) “The Dissociation Pressures of the Alkali Carbonates. Part 11. Potas-
sium, Rubidium, and Cesium Hydrogen Carbonates,” R. M. Caven and
H.J.Sand,J.Chem.Soc. 105,2752 (1914)
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POTASSIUM CHLORATE, KClO,
Specification No.. MIL-P-150A

Specification Grades and Clusses : The specification covers three grades :
Grade A, low bromate content; Grade B, high bromate content; and Grade
C with magnesium carbonate. Grade C is divided into seven classes based
on granulation. Grade A isused in primer mixtures, Grade B in pyrotechnic

mixtures, and Grade C in colored smoke mixtures.

Molecular Weight : 122.55
Crystalline Form : monoclinic
Percent Ogygen : 39.17
Color : colorless
Density, g./ml. : (solid) 2.3
Coefficientof Thermal Expansion, y, overtherange
-78° to+ 21°C: 22 X 108
Heat of Formation, Kcal.,/mole at 298°K : -93.50
Free Energy of Formation, Kcal./mole at298°K : -69.29
Entropy, cal./deg./mole at 298°K : 34.17
Melting Point : 641.5°K (368.4°C)
Literature Values : 334-372°C

Heat of Fusion :

Boiling Point: Decomposes at 673°K (400°C) giving off 0.
ﬁra sitii(gm %])int : Monoclinic to rhombic 528°K (255 + §5°C)
eat of Subl

mation:
Heat Centent or Enthalpy:

Heat Capacity, cal./deg./mole at 298°K : (solid) 23.96
Temp.°C C,. cat-/deg./mole
-150 14.7
-100 18.9
0 23.4
50 2.1
100 28.4
200 36.2
225 30.7

Decomposition Temperature : For DTA and TGA see Ref, 33
Decomposition Products : At fusion 2KC1Q3~—KClO, +KCl 4+ 20,

At high temperature the KC10, decomposes to KCl + 40.
Heat of Decomposition, kg./cal./mole :

Crystalline decomposition, R.T. Value
KCIg; —KCl+ 0, 12.1 = 0.3
KClO; —XCl+30 -9.7
4KCl0,—KCl0, TKCl 63
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Potassiumm Chlorate, K(10; (page 2)

Vapor Pressure: —_—

X-Ray Crystallographic Data :
Molecules/
System  Space Group  a b c Azial Angle  Unit Cell.
monaoclinic Cs, 4.647 5.585 7.085 B =109° B' 2
°oC a / ¢
20 4.647 5.585 7.085
90 4.665 5.600 7.122
150 4.679 5.611 7.152
200 4.692 5.e21 7.180
250 4.706 5.632 7.209
Hygroscopicity: R.T., after equilibrium has been established in a vacuum desic-
cator :
R.H.% 65 75 86 93

Time Exposed 24 hrs. equil. 24 hrs. equil. 24 hrs. equil. 24 hrs. equil.
Gainmg./g.

R 0.1 0.1 0.1 0.1 02 82 05 05
54 —_ <1 0.2 — 03 — 0.9

Ri=—reagent grade; S'=spec.grade

Critical R.H.

Reagent grade, 97.7% at25°C

Spec. grade,97.9% at26.2°C

Water absorbed by 2.000g. at25°C (C.P.material) :

E'ineness Hours g. H.0 absorbed
40-80 mesh 45 00660
693/ 0.1056
931, 0.1392
1221, 0.2340
ground 16 0.0248
very fine 69 0.1062
883/, 0.1488
Solubility Data: In water at 20°C: 7.1g./100 ml.
at 100°C : 57g./100 ml.
In alkalies : slightly soluble
At 25°C, g./100 g. solvent :
In ethyl alcohol : 0.8
in glycerol : 1.05
In acetone: insoluble
In ethylene glycol : 1.2
At 20°C in methyl alcohol: 0.095

65
Addnl. Ref. 4
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Poiassium Chlorate, KC10; (page 3)

Health Hazard : Slight to moderately poisonous. The principal toxic effects of
chlorates are the production of methemoglobin and the destruction of red
blood corpuscles. Chlorates are also irritating to the genito-urinary tract
and to the kidneys. The probable lethal human dose is 30-500 mg./Kg.

Safety Classifications : .

OSM : Class 1.Class 2 when not packed or stored in original containers or
equivalent.

ICC: Listed under “Explosives and Other Dangerous Articles™ and classed
as oxydizing material :yellow label.

Fire and Explosion Hazard : Potassium chlorate is exploded by shock, or heat,
and when rubbed in the presence of organic or reducing material (sugar,
charcoal, shellac, sulfur, starch, sawdust, H,504, NH, compounds, cyanides
}tghosphorus or antimony sulphide). KClO; is sensitive to friction. Chlorate

ires should be fought with large streams of water or with water fog. Note.

See references for important precautions in the handling of potassium
chlorate alone and with mixtures. The danger of spontaneous combustion
with sulfur is greatly reduced by the addition of potassium bicarbonate.

Explosive Testa on Specification Grade Potassium Chlorate :
Explosion Tamp.Test (5sec. value),°C: 467
Impact Test Values : (10% point)

Y.A.Apparatus, 2kg. hammer

‘

(22mg.charge) ;in : 40 +
B.M. Apparatus, 2kg. hammer, cm : 100+
Use in Pyrotechnics : As an oxidizer and to impart a purple-red color to buming
compositions.

Additional References :

1) “The Formation and Decomposition of Potassium Perchlorate and a
New Determination of the Heat of Decomposition,” C.A. 27, 1264
(1933)

2) “Refinement of the Crystal Structure of Sodium Chlorate and Potassium
Chlorate,” J. G. Bower et al,, Univ. of California, AFOSR Number
TN-59-104, ASTIA Document Number AD 210, 386 (1959)

3) “Hygroscopic Properties of Sodium, Potassium and Ammonium Ni-
trates, Potassium Chlorate and Mercury Fulminate,” C. B. Taylor and
W. C. Cope, Met. & Chem, Eng. 15, 141 (1916)

4) G. Ramachandran and M. Lonappan, Acta. Cryst. 10, 281 (1957)
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POTASSIUM NITRATE, KNO, Refs.
(Saltpeter, Niter) L, 29
Percent Oxygen: 47.48
Specification No. : MIL-P-156B
The spec. covers three classes of about equal purity but of different granu-
lation. Class 2 1s used in pyrotechnics.
Molecular Weight : 101.10
Crystalline Form : rhombic or trigonal 1
Color : colorless 1
Density, g./ml. : (solid) 2.109; (liquid) 2.123 =.755 X 10-2°C 1\
(overthe range 350-565°C) 40V2
Coeflicient of Thermal Expansion, cubical, 0-100°C : 1967 X 107 1
See also Ref. 54V2
Heat of Formation, Kcal./mole at 298°K : -117.76 1,9
Free Energy of Formation, Kcal./mole at 298°K : -93.96 1,9
Entropy, cal./deg./mole at 298°K : 31.81 3
See table below
Meiting Point: 611°K (338°C) 7
Heat' of Fusion, cal./mole : 2800 4
Boiling Point: decomposes at 1
673°K (400°C)
4
4
4
T, °K Hr - Hags15 St - Dz208,15 T,°K Hr ~ Hags.1s St —Sas.15
cal./mole cal./deg, cal./mole cal./deg,
mole mole
350 .. ... 1230 3.80 600 ... .. 9660 22.36
400 . .... 2490 7.17 611 (B) . .. 9970 22.87
401 (a) . .. 2520 7.24 611 (1) ... 12,770 27.45
401 (B8) . .. 3920 10.73 700 . ... . 15,400 3146
SO0 L. ... 6780 17.11

15
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Potussium Niirate, KNO; (page 2)

Heat Capacity, cal./deg./mole : (solid) ~ = 23.01 (liquid) 29.50
.8

See table above
Decomposition Temperature, °C : 400
Decomposition Products: Fram 650 to 750°C. The products of decomposition

are KNO; F 0 + traces of NO,. At 800°C decomposition is more extensive
with KNO; decomposingto form K;0, N, and O.
For DTA and TGA seeRefs. 33and 47 .

Vapor Pressure :

X-Ray Crystallographic Data :

Molecules/
System Space Croup a Azial Angle Unit Cell
hexagonal Cs, 4.365 a="T6° 56' 1

Hygroscopicity: Gain in mg./g. at R.T. after equilibrium has been established
invacuum dessicators.

% R.H. 5 | 78 88 93 ‘
Time | 24 hrs. equil.-wIZ4hrs. equil. | 24 hrs, equil. [ 24 hrs. equil.
Pec.grade | <1 | — 02 — - | %2 —
Purified | —  — 1 — —T="<1T — <1

Critical R.H.: Specification grade, 91.7% at 20.0°C
Purified material, 91.8% at 26.2°C

Water absorbed by 2.0000 g. at 256°C (C.Pmaterial) :

Fineness Hrs. H,0 absorbed, g.

40-80 mesh 284 0.0147
183/ 0.1136

2514 0.1527

423/, 0.2687

- 47 0-289%
ground T4 0.0453
very 161% 0.1056
fine 404 0.2580

Specification Grade, gain % at 70°F
and 90% R.H.: 0.76

Solu%lgtyéData: In water (g.100/ml.): 13.3 at ¢°C, 31.6 at 20°C, and 247 at

In alcohol and ether: insoluble

Health Hazard.: Ingestion of large amounts may cause violent irritation of the
intestinal lining. Prolonged exposure to small amounts may result in anemia
and nephritis. Moderately poisonous on ingestion or inhalation.
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Potassium Nitrate, KNO; (page 3)

Safety Classifications:

OSM: Class 1. Class 2 when not packed or stored in original shipping
containers,

Y(OC : Listed under “Explosives and Other Dangerous Articles™ as oxidiz-
ingmaterial ;yellow label.

Fire and Explosion Hazard : Dangerous, as it is a fire and explosion hazard. As
an oxidizer it can EIVG up its oxygen to other materials to produce a vigor-

ous reaction which may result mn detonation. Toxic fumes are emitted on
decomposition.

Potassium nitrate is a stron oxidizer, sensitive to shock, and can be easily
detonated. When mixed with flammable materials it becomes very sensitive.
Electrostatic Sensitivity :

Use in Pyrotechnics : As an oxidizer and to impart a purple-red color to burning
compositions.

Additional References:

1) “The Kinetics of Thermal Decomposition of Potassium Nitrate and of
the Reaction between Potassium Nitrate and Oxygen,” E. Freeman, J,
Am. Chem. Soc. 79,838 (1957)

. 2} “Simple Method for Derivative Thermal Analysis,” E. Freeman and D.
Edelman, Anal. Chem. 31,624 (1959)

3y ‘‘Instrumentation and Applications to Thermo ravimetgy and Differen.-
tial Thermal Analysis,” C. Campbell et al., Anal. Chem. 31, 1189 (1959)

4) “A Thermoanalytical Study of the Ignition and Combustion Reactions
of Black Powder,” C. Campbell and G. Weingarten, Trans. Faraday
Soe. 55, No. 444,2221 (1959)

§) “Hygroscopic_ Properties of Sodium, Potassium and Ammoniym Ni-
trates, Potassium Chlorate and Mercury Fulminate,” G. B. Taylor and
W. C. Cope, Met. & Chem. Eng. 15,141 (1916)
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POTASSIUM OXIDE, K.,0

(Potassium Monoxide)

Specification No. : —

‘Molecuiar Weight : 94.20

Crystalline Form : cubic

Color : colorlessto grey
White at ordinary temp., yellow when hot.

Density, g./ml. : (solid) 2.32° -

Coefficient of Thermal Expansion: —

Heat of Formation, cal./mole at 298°K: . -86.400 (= 2000)

See table below

Free Energy of Formation,cal./mole at298°K : ~76,300 (== 2800)

See table below

Free Energy Equations:

eaction Range of Validity, °K
1) 2K (¢) T 0, (g) =K,0 (c) 298.16-836.4
AF.‘,’.::- 86,400 + 33.001"
2) 2K (1) 1/2 0, i == K30 (¢) 336.4-1049
AF3=-87,3801T1.15T log T +33.901"
3) 2K (2) 14 0, () =Ky0 (c) 1049-1500
a F2 =-103,090-16.12T log T +129.641'
HEAT AND FREE ENERGY OF FORMATION OFK,0 (c)
T,°K A H (cal./mole) A F° (cal./mole)
298.16. . .. -86,400 (= 2000) 76,300 (== 2800)
3364 . ... -86,400 —75,000
6.4 .... -87,600 —76,000
400 .. ... -87, 600 —72,600
500 ..... -87,600 -68,900
600 . .... -87,700 -65,100
00 ... .. -87,700 -61,400
800 .. ... -87,800 -57,600
90 ..... -87,800 -53,800
1060 . .. .. -87,900 -50,000
Was .o L., -87,900 -48,200
1049 ... .. -125,800 —48 200
11060 ... .. -125,400 34,400
1200 ... .. -124,700 —37 100
1300 .. ... -124,000 —29,800
1490 ... .. -123,300 -22,600
1500 . .. .. -122,600 -15,400

Phase changes of Metal
M.P. 336.4°K ;A H= 558cal./g.-atom
B.P,, 1049°K ;A H = 18,925¢cal./g.-atom
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Potassium Oxide, K,O (page 2)

Entropy, cal./deg./mole at 298°K : 23.5:+ 25
Melting Point: _
Heat of Fusion: not obtainable

Boiling Point :
Transition Point :

1253°K (980°C)

Heat of Transition, Kcal./mole : 6.8

Heat of Sublimation : —_—

Heat Content or Enthalpy: B—

Heat Capacity : e
Decomposition Temperature : below 763°K

at 1750 = 100°K
Decomposition Products :

Vapor Pressure of alkali oxide and alkali metal in equil. with solid alkali oxide,
atm. at 1000°K (calcd.) :

X-Ray Crystallographic Data :

System Space Group a Molecules/Cubic Cell
cubic 6.436
Hygrﬁ)scopicity : Reacts with water to form KOH with evolution of considerable
cat,
Solubility Data: Very soluble in water and is slightly soluble in alcohol and
coner.
The heat of solutionin water, Kcal./mole : 75

Health Hazard: Has a caustic reaction on the skin and respiratory system.
Because it causes dermatitis, avoid its dust and treat exposed skin with
large quantities of water.

Safecy Classifications :

OSM: .not listed
1CC: not listed
Caustic potash liquid is classified under “Explosives and Other Dangerous
Articles” asa corrosive liquid.

Fire and Eﬁqlosion Hazard: Considerable heat is developed by reaction with
water. Highly caustic.

Electrostatic Sensitivity :

Use 1 Pyrotechnics: a product of burning

potassium compounds

Additional References :

1) “‘Stability of Solid and Gasecous Alkali and Alkaline Earth Oxides,” L.
Brewer and D. F. Mastick, J. Am. Chem. Soc. 73, 2045 (1951)
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POTASSIUM PERCHLORATE, KCIO,
(Potassium Hyperchlorate)

Percent Oxygen : 46.19
Specification No. : JAN-P-217(2)
The spec. covers one grade and four granulations.
Molecular Weight : 138.55
Crystalline Form : rhombic
Color : colorless
Density, g./ml. : (solid) 2.52
Coefficient of Thermal Expansion, cubical,
from -78° to +18°C : 14 % 10
Heat of Formation, Kecal./mole at 298°K : -103.6
Free Energy of Formation, Keal./mole at298°K : -12.7
Entropy, cal./deg./mole at 298°K : *.1

Melting Point : 337°K (610= 10°C)
Literature values vary from < 400° to 610°C, with and without mention of
decomposition.

Heat of Fusion:

Boiling Point:

decomposesat
926°K (6563°C)

*a (rhombic) to 8 (cubic)
at572°K (299°C)
3.2

Transition Point:

Heat of Transition, Kecal./mole :
Heat of Sublimation :

Heat Content or Enthalpy :
Heat Capacity, cal./deg./mole :

(solid) 26.33

Decomposition Temperature, °C : Starts at about 530° and is complex.
See Addnl. Ref. 10 for TGA

tieat of Decomposition of Perchlorates, Kg. cal./mole (constant volume) at

room temperature, KClO, — KCIO, +02 : 1.73
Decomposition Products : Kclt40
Vapor Pressure:
See 54V1
X-Ray Crystallographic Data :
Molecules/
System Space Group a b c Unit Cell
rhombic Vi 8.834 5.650 7.240 4
cubic (340°C) T;orT? 7.47
Dl 8.857 5.663 7.254 4
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Potassium Perchlorate, KClO, (page 2)

Hygroscopicity : Gain (mg./g.) at 23-5°C and 93% R.H. after equilibrium has
been establisned in a vacuum desicator.

Spec.grade, after 24 hrs. : 1
Purified, at duilibrium : <1.0
Critical R.H. of spec. grade material : 99.3%6 at26.2°C
Solubility Data : In water, g./100 ml. : 0.75 at 0°C
and 21.8 at100¢C
Solubility in Nonaqueous Solvents at 25°C :
Solvent g./100 g. of solvent

Acetone 0.155

Eethyl acetate 0.0015

Ethyl alcohol 0.012

Ethylether insoluble

Methyl alcohol 0.105

Ethyl glycol 1.03

Health Hazard : Moderately toxic and irritating to the skin, mucous mem-
branes, and respiratory tract. It may affectthe kidneys. Avoid contact with
KClO4. The probable lethal dose for humans is 50-500 mg./kg.

Safety Classifications:

USM: Ciass 1. Class 2 when not packed in original shipping containers or
equivalent.

iCC: Listed under Explosives and Other Dangerous Materials. Classed as
oxidizing material ;yellow label.

Fire and Explosion Hazard: A firc and explosive hazard, particularly when
mixed with organic material, finely divided metals or sulfur. When heated
it emits highly toxic fumes. For fighting a firc or potassium perchlorate
alone use water.

Electrostatic *Sensitivity : o

Impact “Tests: Charge weight =0.023 g
Bureau of Mines Apparatus, 2 kg. wt, em.:  (10% point) 100 +

P.A. Apparatus, 2 kg. wt., in.: (10% point) 40 t+

Use in Pyrotechnics: As an oxidizer and to color burning compositions purple-
red,

Audii.onal References:
i) Ref. 47

2) “Simple Method for Derivative Differential Analysis,” E. Freeman and
D. Edelman, Anal. Chem. 51,624 (1959)

M. M. Markowitz, J. Phys. Chem. 61,505 (1957)

L. L. Bircumshaw and B. H. Newman, Proc, Royal Socicty (London)
227,115 (1934)
5) A.E.Harveyetai., J. Am. Chem. Soc. 76,3270 (1954)
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Poiassium Perchlorate, KCIO; (page 3)

6) “Precise Studies of the Crystal Structures of Lithium Perchlorate Tri-
hydrate, Anhydrous Lithium Perchlorate, and Potassium Perchlorate,”
R. J. Prosen and K. N. Trueblood, Perchlorates TN-2 , OSRTN 56-563,
ASTIA Document No. AD 110-384 (1958)
D C.Duval,C.A.42,8698 (1948) '
8) K. A. Hoffman and P. H. Marin, C.A. 27, 1264 (1933)
9) “The Crystal Structure of Potassium Perchlorate—KClO,,” N. V. Mani,
- Proceedings of the Indian Academy of Science, pp. 143-151 (1967)
10) Anal. Chem. Acta £, 105 (1948)



stitii o
(For trade names and manufaciurers, see Ref. 60)

A Shellac 18 a variable natural product obtained from various species of
cacia.

Shellac is the only resinous substance of animal origin. It is produced by
an insect (Tachadia lacca) which lives on certain trees of southern Asia. The
insect takes up sap through its stinger and after a semi-polymerization procesb
exudes it as a gum. This lac secretion coats their bodies and the twigs of the
trees with a heavy incrustation which is scraped off and forms the commercial
slick lac. This contains not only the lac resin but also woody matter, lac dye, and
the bodies of insects. The seed lac is ground and washed to remove the wood
and most of the coloring matter. Shellac is prepared from the seed lac by melt-
ing or by extraction with solvents. The molten material is spread over a hot
cylinder, stretched, and cooled. The cooled sheet is then broken into flakes of
shellac. After purification, shellac varies in color from orange to lemon yellow.
Orange shellac may contain as much as 1% of powdered orpiment (As;03).

Chemically, shellac contains condensed long chain esters of condensed poly-
hydroxy acids together with rosin and wax. By solvent action the wax content
of the seed lac is reduced to 1%. Shellac is graded by color and amount of dirt.

The best grade contains no resin, but in inferior grades the resin content may
be ashighas12%.

Characteristics of Shellac (analytical):

Acid Number: 48-64

Ester Number : 137-63

Saponification Number : 194-213

Yodine Number: 185-210
Specification No.: MIL-S-20526

(Includes U.S. Army Specification No. 50-11-17A)

The spec. covers three grades which differ in purity. Grade A is used in

both primer pyrotechnic compositions. Grade A includes the grades of

orange shellac known as “Double Triangle G,” “Diamond I,”“Superfine,”

the highest grades, “D.C.” and “WV.S8.0."The so-called machine-made shel-

lacs, such as “CV” and “CVTN, "in general fall under Grade A.
Molecular Weight:

Crystalline Form:

Color: pale orangeto
lemon yellow
Density, g./ml. : (solid) 1.08-1.13

Coefficient of Thermal Expansion: —_—
Heai of Formation: _—
Free Energy: —_—

Entropy:

Melting Point: indefinite 388-393°K
(115-120°C)

Heat of Fusion: —_—

Boiling Point: decomposes
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Sheliac (page 2)

Transition Point :

Heat of Sublimation:

Heat Content or Enthalpy :
Heat Capacity :
Decomposition Temperature :
Decomposition Products :
Vapor Pressure :

X-Ray Crystallographic Data :

Hygroscopicity : Nonhygroscopic and not altered on exposure to the air,
Solubility Data, g./100 g. solution :

NEAREE

In water: msoluble

In alcohol: 8590 .
(veryslowly soluble)

In ether: 13-15

In benzene: 10-20

Sparingly soluble in oil or turpentine. Soluble in aqueous ethanolamines,
alkalies, or borax. Solubility in petroleum ether, 2-6 g./100 g. solution.
Soluble in the lower aliphatic alcohols but not in hydrocarbons.

Health Hazatd : none
Safety Classifications: ’
OSM : not listed
ICC: not listed
Fire and Explosion Hazard : Easily ignited and continues to burn.
Ignition Temp. of Dust Cloud, °C: 390
Minimum Explosive Concentration of Dust,
mg./1. : 15
Electrostatic Sensitivity, minimum energy required for ignition of dust cloud
by electric sparks (millijoules) : 10

Use in Pyrotechnics: As a binder, a fuel retardant, and to reduce absorption
of moisture. 1t is applied as an alcoholic solution. The alcohol is allowed to
cvaporate after application.
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SILICGN. 5

Specification No. :

JAN-8-230 and
Amendment 1

Amendment 1 lists two grades differing slightly in purity, and four classes

differing in granulation.
Molecular Weight :

28.09

Crystailine Form : Needle-like crystals or ocatahedral platelets (cubic). Occurs
in three forms; adamantine (cubic), amorphous, and graphitoidal.

Color: Lustrous black to gray. The amorphous form is a dark brown powder,

steel grey, black plates.

Types and Differences of Behavior: Brown amorphous silicon dissolves in
molten metals and burns in air to form SiO,. Black, shiny graphitoidal sili-
con is not easily oxidized and not attacked by the common acids, but is
soluble in alkalies, Crystalline silicon is obtained in dark, steel-grey globules
or six-sided pyramids. It is less reactive than the amorphous form, but is
attacked by boiling water. The three forms are obtained by reduction. Com-
mercial silicon is the graphitoidal flake form and when refined contains

. 97% Si and lessthan 1% iron.
Density, g./ml.:

Coefficientof Thermal Expansion, lincar at 25°C :
40°C :

Heat of Formation, Kcal./mole at 298°K:

Free Energy of Formation, Keal./mole at 298°K :

Entropy, cal./deg./mole at 298°K :
See Table a

Melting Point :

Heat of Fusion, cal./mole:
Bolling Point:

Heat of Vaporization, Keal./mole :

Transition Point :

Heat of Sublimation, Kcal./moie :

Heat Content or Enthalpy, cal./mole at 298°K :
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(solid) adamantine, 2.42
amorphous, 2.08
graphitoidal, about 2.4

4.2 % 10°
7.63 X 10

(gas) 880.4
(gas) 77.4

(gas) 40.12
(c) 4.53

1685°K (1412°C)
12,100

2950°K (2677°C)
about 72.6

none up to 1273°K
(1000°C)

about 2873°K (2600°C)

(monatomicSi) 105

(solid) 769

1,29 -
1,29

16, 29

29

1,9
1,9

1,5,9
1,59
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Sificon, Si (page 2)

a. HEAT CONTENT AND ENTROPY OF Si (c. i)
(Base, crystals-at 298.15°K)

T.“K H; - Hapuss St —Supsas T, K Hy - Hopsoia 1~ Suew.in
cal./mole cal./deg. cal./mole cai./deg.
mole = mole
400 ... L. 515 1.48 1400 . . ... 6680 9.04
o) .. ... 1060 2.69 150 ..... 7340 9.49
600 . .... 1630 3.73 1600 . ... 8010 9.92
0 ... .. 2220 4.64 1685 (c) .+ .. 8580 10.27
800 ..... 2830 5.46 1685 (1) 20,680 17.45
900 ... .. 3450 6.19 1700 ...... 20,770 17.50
1000 ..... 4080 6.85 1800 ..... 21,380 17.85
1100 ... .. 4720 7.46 1900 ..... 21,990 18.18
1200 ... .. 5360 8.02 2000 .. ... 22,600 18.49
1300 . .... 6020 8.66
b. HEAT CONTENT AND ENTROPY OF Si (g) 4
(Base, ideal gas at 298.15°K) i
71‘7 OK HT - H2£)R.l!'i ST - S:Z!)B,h'u Tl OK HT ';'. H‘.‘DH.H. ST - Szm.m
cal./mole cal./deg. cal./mole cal./deg.
mole mole
40U ... .. 535 1.54 1900 .. ... 8140 9.4%
Bov ..., PO45 2.68 2000 ..... 8665 9.77u
God L L. L 1555 3.61 2200 ..., 9715 10.26
VT R 2060 4.39 2400 . ..... 10,780 10.6%
QOO L L. 2560 5.06 2600 ... ... 11,850 11.1¢
Yo 3060 5.69 28006 . .. .. 12,935 11.50
10006 3565 6.18 3000 ..... 14.020 11.%7
oo ..., .. 4065 6.66 300 L ..., 16,765 12.71
120G L. L. 4565 7.09 4000 ... .. 19,520 13.45
wea o L., 5070 7.49 \ 4540 22,280 14.10
1a60 L L 5575 T POBGOO L, L L. 25,040 14.6%
15Gh .. ... 6045 8.22 8oV0 L. ... 30,555 i5.69
650 ... . 6595 8,55 7060 ... .. 36,105 16.55
WL L. L. TiU3 3.86 PROOO .. ... 41,845 17.31
i8GG L, . 7625 9.15 '
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Silicon, Si (page 3)

Si(g):
Enthalpy :HT —Hz\m‘m =z 4.82T —%'- 0.09 X 10372 -0.42 X 105'1‘_1 — 1304
(0.3percent ;29%8-5000°K)
Heat Capacity: C, =4.82 + 0.18 x 10T +0.42%¢ 105T :

Heat Capacity, cal./deg./mole at 298°K : solid) 4.80
pacity ((Hquig) 7.0
(gas) 5.32

Also sce above
Decomposition Temperature : e .
Decomposition Products : e
Vapor Pressure :

Press. mm. 1 10 40 100 400 760 M.P.
Temp. °C 1724 1888 2000 2083 2220 2287 1420
at melting point, mm. 0.075
X-Ray Crystallographic Data :
System Space Group a Atoms/ Unit Cell
cubic 0f 5.4173 8
Hygroscopicity (milled S1), cumulative increase in weight after :
storage over H;0 for 18days 3daysin ovc:,;l at 105°C
0.4%

D770
(Somecaking of powder noted.)
Solubility data :

in water: insoluble
in molten aikali oxide, HF': soluble
Health Hazard : slight
Safety Classifications :
OSM : Class 2
ICC : not listed. Probably classed

as a flammable solid
U.N.: inAasmmable solid

Fire and Explosion Hazard: Powdered silicon when heated in the air is a dan-
gerous firc hazard. It burns with intense heat and reacts explosively with
oxidizing materials, and with water or steam. Prevent water from contact-

ing the material. Store and process only in a room or building adequatel
vented atthe highest point to prevent accumulation of hydrogen gas whic

results from the reaction of powdered metal and moisture, In the repair ox

maintenance of buildings or equipment, powder or dust should be removed
and nonsparking tools used. _
The powder is moderately explosive.

Electrostatic Sensitivity, minimum energy required for ignition of powder by
electric sparks, millijoules for dustcloud : 80
Ignition Temperature, °C: (dust cloud) 775
(dustlayer) 950

Minimum Explosive Concentration of powdered
, silicon, mg./1 : 100
Use in Pyrotechnics : as a fuel

Additional References :
1) J. Phys. Chem. 60, 509 (1956)
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SILICON DIOXIDE, SiG,

{Quariz, Silica, Silicic Anhydride, Rock Crystal, Cristohalite)

Percent Oxygen: 53.25
Specification No. : —_—
Molecular Weight : 60.06
Crystalline Form :
Type of Si0, Crystalline Form Density M.P.°C
cristobalite cubic or tetragonal 2.32
lechatelierite 2.20
quartz hexagonal 2.653-2.660 <1470
tridymite rhombic 2.28-2.33 16'0
Color : colorless
Density, g./ml, : (solid) 2.653-2.660

See table above
Coefficient of Thermal Expansion :
quartz (c),-190° to T 16°C :
parallel to axis, 0-80°C :
?erpendlcular t(_J|_ax1s 0-80°C :
used, ~191° to T 16°C
0-30°C -
0-100°C :
0-800°C :
0-1200°C :
cubic expansion, quartz, 50-60°C :

Heat of Formation, Keal./mole at 298°K :

Free Energy of Formation, Kcal./mole at298°K :

i
£ O
N
X
[y
O
Q

0585>(10°
0.3538 x 104

quartz, —=205.4
cristobalite, ~205.0

quartz, -1924
cristobalite, -192.1
tridynite, =191.9

a. HEAT AND FREE ENERGY OF FORMATION OF 8i0Q,

{a—quartz, p—quartz, 1)

Kefs.
1, 12

e o
®

T, °K A H {cal./mole) a Fo {cal./mole}
29816 . . . . -239.900 (= 1000) -196,900 (+ 1000)
400 . . ... —-209,900 -192,500
500 .. ... -209,800 -188.100
600 . .... -209,700 -183,800
700 ... .. -209,500 ~179,500
800 .. ... -209.,200 -175,200
848 .. ... -209,000 -173,200
848 ... .. -208.700 -173,200
900 ..... -208.,600 -171,000

1000 .. ... -208,400 -166,800
1100 ... .. -208,300 -162,700
1200 . . ... -208,100 -158,500
1300 ... .. -209,900 -154.400
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Silicon Dioxide, Si{); (page 2)

T, °K a H (cal./mole) A F° (cal./mole)
1100 . .. .. -207,800 -150,300
1500 .. ... -207,600 -146,200
1600 . . ... -207,400 -142,100
1683 . .... -207,300 -138,700
1683 ... .. -218,400 -138,700
1700 .. ... -218,300 -138,000
1800 ... .. -218,200 -133,208
1883 ... .. -218,100 -129,300
1883 .. ... -216,000 -129,300
1900 .. ... -215,900 -128,500
2000 ..... -215,200 -123,900

Phase changes of Oxide

T.P. (e—quartz to p-quartz) , 848°K ; A H =290 cal./mole
T.P. (p-quartzto p-tridymite) ,1140°K ; A H =180 cal./mole

M.P., 1883°K ;A H = 2040 cal./mole

b. HEAT AND FREE ENERGY OF FORMATION OF SiO,

(a-cristobalite ; p-cristobalite)

T, °K A H (cal./mole) A F° (cal./mole)
298.16 . . . . -209,550 (+ 250) -196,650 (+ 300)
400 ..... -209,600 -192,200
500 ... .. -209,500 -187,900
523 ... .. -209,450 -1886,900
523 ... .. -209,250 -186,900
600 ..... -209,100 -183,600
700 ... .. -208,900 -179,350
86O ... .. -208,700 -175,150
8§00 ..... -208,500 ~177%,000

1000 .. ... -208,300 166,800
1100 .. ... -208,100 -162,700
1206 .. ... -207,950 -158.550
1860 ... L. -207,750 -154,450
1400 L. L. 207,550 -150,356
DR L., 207,350 146,300
1600 ... .. 207 200 -142,200
1650 . ... 207,050 ~138,850
16%3 A -218,150 -138,550
1760 L -218,100 -138,050
i800 ... .. -218,900 -133,350
1906 . . ... 217,550 -128,650
2000 .. ... -217,700 -123,950

P’hase changes of Oxide
T.D.L523°K:A T -9 cal./mole
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Silicon Dioxide, Si0: (page 3)

¢. HEAT AND FREE ENERGY OF FORMATION OF SiO,
(a=trid., p-trid., 1)

T, °K A H (cal./mole) A F° (cal./mole)
208.16. . .. —209,400 (= 1000) -196,500 (= 1000)
390 .. ... ~209,400 -192,600
390 ... .. -209,400 : -192,600
400 ..... -209,400 -192,100
500 ... .. 209,200 -187,800
600 ..... =209,100 -183,600
700 .. ... -208.900 -179400
800 ..... -208,700 -175,200
900 . .... -208.500 -171,000
1000 .. ... 208300 -166.800
1100 . .. .. 208,100 -162,700
1200 .. ... -207.900 -158,600
1300 ..... -207,700 -154.400
1400 .. ... -207,500 -150,400
1500 . .. .. -207,300 -146,300
1600 . . ... 207,200 -142200
1683 .. .. . -207,000 -138,800
1883 .. ... 218,100 -138,800
1700 . .. .. -218,000 -138,000
1800 .. ... 218,000 -133.400
1900 ... .. -217,800 -128,700
1953 . ... -217,700 -126,200
1953 .. ... 215,600 -126,200
2000 .. 215,200 -123,900

Phase changes of Oxide
T.P. (e-trid.to p-trid.) ,390°K ;A H=40 cal./mole
T.P. (g-trid. to S-crist.), 1743°K ;A H = 30 cal./mole
M.P.,, 1953°K ;A H = 2150 cal./mole

Free Energy Equations :

Reaction Range of Validity,°K
1) Si(c) T0: (g) = Si0; (a-quartz) 298.16-848
a Fa=-210,070 +3.981' log T=3.32 (10-3T2) *+6.05 (10°T1) +34.59T
2) Si (¢) +0, (q) = Si0; (g-quartz) 848-1683
A F===209920-3.36T log T =19 (103T2) - 745 (105T-1) +53.44T
3) si (1) 10, (g) =8i0; (p-quartz) 1683-1883

aF2=-219,000 F.58T log T - 47 (10-*T2) -.20 (105T-) +46.58T
4) Si() +0.(g) =Si02’1(1) 1883-2000

A F9=—-228590-15.66T log T +103.97T
5) Si{e) T 0, (g) =8i0; (a-cristobalite) 298.16-523

A F$ =-207330119.96T log T =9.75 (103T2) - 745 (10°T-!) - 9,78T
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Silicon Dioxide, Si0, (page 4)

6) Si(c) t0, (g) = Si0. (p-cristobalite) 523-1683
AF§ - -209,820-3.341:log T —.24 {103T2) — 745 (10°T 1) +53.35T
T) Si @) + O; (g) =Si0; (p-cristobalite) 1683-2000
A F§-=-218900 + 60T log T=.52 (10-¥T?) -.20 (10°T"'") + 46,49T
8) Si(c) T0,(g) =8i0, (a—tridymite) 298.16-390
AF} =—207,030+22.291' log T=11.62 (10-3T2) —,745 (10°T1) - 15.641'
9) Si(e) +0, (g) =Si0, (p-tridymite) 390-1683
AF2=-209350-159T log T - .54 (10-3T2) -.745 (10°T) +47.861'
10) Si (1) +0; (g) =si0, (p—tridymite) 1683-1953
A Fg=-218.430 +2351' log T -.82 (10-*T?) -.20 (105T!) +41.00T
Entropy, cal./deg./mole at 298°K : quartz, 10.00 1,9
cristobalite, 10.19 1
tridymite, 10.36 1
See Table d
Melting Point:
See Crystalline Form
Heat of Fusion, Kcal./mole at 298°K : quartz, 2.04 9
cristobalite, 3.6 + 0.5 24
Boiling Point : 2508°K (2230°C) 1
Heat of Vaporization : —
Heat of Sublimation: S
4
ST_S293.I-'0
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... .. 1210 348 1200 ... .. 14,080 20.90
500 ..... 2560 6.48 1300 ... .. 15,790 22.27
523 (a) .. . 2910 7.16 1400 . .. .. - 11,510 23.54
523 (B) . .. 3110 7.54 1500 . . ... 19,240 24.74
600 ..... . 4310 9.68 1600 ... . 20,990 25.87
700 ... .. 5850 12.05 1700 . . ... 22,750 26.93
800 ... .. 7460 14.20 1800 ... .. 24,530 "27.95
900 ... .. 9090 16.12 1900 .. ... 26,320 28.92
1000 . ... . 10,730 17.85 2000 ..... 28,120 29.84
1100 . . . .. 12,390 19.43

Si0, (a-cristobalite)

Enthalpy : Hr — Haos 15 = 4.281' F10.53 X 10¥T% 2212 (10 percent ; 298-523°K)

Heat Capacity: C, =4.28 +21.06 X 10T ; A Hies (transition) == 200
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Silicon Dioxide, Si0: (page 3)

4
T,°K Hy — Hygs1s St —Sues.15 T,°K Hr = Hags.1s St —Sze.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 . .. .. 1230 3.54 1300 .. ... 15,450 21.57
500 ... .. 2550 6.48 1400 .. ... 17,240 .90
600 . .... 3950 903 1500 . .... 19,080 24.17
700 .. ... 5430 1131 1600 ... .. 20,980 25.39
800 ..... 6990 13.39 1700 ... .. 22,930 26.57
900 .. ... 8610 15.30 1800 ... .. 24,920 2771
1000 .. ... 10,280 17.06 1900 . . ... 26,950 28.81
1100 .. ... 11.980 18.68 2000 ..... 29.010 2987
1200 . ... .. 13,700 20.17
Si0, (gh
Enthalpy :He - Hags 15 = 13381 1,84 X 10372 +3.45 % 1057 - 5310
(0.4 percent ;298-2000°K)
Heat Capacity :C, = 13.38F3.68 X 103T2 =345 X 10°T-2
f. HEAT CONTENT AND ENTROPY OF SiO; (tridymite) 4
(Base, ae—crystals at 298.15°K)
T, OK H‘l‘ - H'.'us.m S’l‘ - S'.!l!l‘.l:’- TIOK H‘l‘ - H%B.l.’» ST"S298.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
350 ..., 53:15) 1.81 1100 12,250 19.25
390 (a) ... 1085 3.16 1200 13,940 20.72
390 (B) . .. 1125 3.26 1300 15,650 22.09
400 .. ... 1270 3.63 1400 .. 17,370 2337
500 ... .. 2710 6.84 1500 . 19,100 24.56
600 .. ... 4170 9.50 1600 .. ... 20,860 .69
700 ... .. 5710 11.87 1700. . . ... 22,610 26.75
800 . .... 7320 14.02 1800 . . ... 24,390 21.71
900 .. ... 8954) 15.94 1900 . .... 26,180 2874
1000 . .. .. 10,590 17.67 2000 .. ... 27,980 29.66
Si0; (a-tridymite) 4

Enthalpy :Hs—Hags 15 =3.27T

Enthalpy : Hr— Hags 15 =18.64T +1.32 X 103T? - 4395 (0.7 percent ; 390-2000°K

+12.40 X 10°T2-2077 (0.2 percent ; 298-390°K)
Heat Capacity : C, = 3.27 124.80 X 10*T ;A Hago (transition) =40

SiO; (p-tridymite) :

Heat Capacity: C, = 13.64 +2.64 X 10T
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Silicon Dioxide, Si{}. (page 6)

Transition Point, °K: ¢, 111 91_c¢, II 846 ¢, [ 1140 tridymite, ¢, |
Heat of Transition, Kcul./mole : 0.15 0.12

Meat Capacity, cal./deg./mole : (solid) 10.62

(gas) 7.14
See Tables d, e, f

Lecomposition Temperature: At 1173-1428°K and at 1900°K the gas is SiO.

Decomposition Products :

Dissociation Pressures :
Vapor Pressure :

Press. mm. 10 40 100 400 760 M.P.
Temp. °C 1732 1867 1969 2141 2227 1710
X-Ray Crystallographic Data :

Space Molecutes/

Substance System Group a b ¢ Unit Cell
p-cristobalite (at290°C) cub o] 7.12 8
a~quartz hex D§{ or D% 4.903 5.393 3
g—quartz (at 600°C) hex D¢ orD: 5.01 5.47 3
w-tsdymite rhomb  Dj, 988 17.1 16.3 64
p-irimydite hex D§, 5.03 8.2 64

Hygroscopicity :

Solubility Data: Soluble in HF; very slightly soluble in alkalies. Insoluble in
water and acids.For the effect of particle size on the soly. of amorphous
510, in water see Addnl. Ref. 1.

Health Hazard : Prolonged exposure to Si0. dust causes disabling pulmonary
fibrosis (silicosis). The presence of other dusts may reduce the action of
the silica: this is particularly so with small amounts of Al dust.

M.A.C., million particles per cu. ft. of air for an 8 hr. working day.

Silica—high (above 50% free Si0;) ; 5
medium (5to 50% free Si0,) : 20
Pow (below 5% free Si0,) : 50
Safety Classifications: none listed in OSN ,ICC
or U.N.

Fire and Explosion Hazard:
Electrostatic Sensitivity :

TEMPERATURE STABILITY OF ALLOTROPIC FORMS OF SiQ,

Form Temperature Stability
Low (a)quartz
High (3) quartz

573°C.

)
)

9
Addnl. Ref. 3

53"

L, 18

I

12,14, 25, 29

Addnl. Ref. 4

Stable at atmospheric temp. and up to

Stable from 573 to 870°C; capable of exis-

tence above 870°C but is not stable.
Low (ajtridymite

Capable of existence at atmospheric_temp.

and up to 117°C, but is not stable in this

range.
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Silicon Dioxide, 5i().; (page 7)

Lower-high (8,) tridymite

Upper-high (8,) tridymite

Low (a)cristobalite
High (8) cristobalite

Vitreous silica

Capable of existence between 117 and 163°C
but 1s not stable in this range.

Capable of existence above 163°C, and is
stable from 870 to 1470°C ; above 1470°C is
again unstable; melts at 1670°C.

Capable of existence above 163°C, and up to
200 to 275°C but is not stable in this range.

Capable of existence above 200 to 275°C, and
is stable from 1470 to 1710°C (M.P.).

Capable of existence at atmospheric temps.
and up to 1000°C and above where it begins
to crystallize with‘measurable rapidity, but
is an unstable undercooled liquid at all
temps. below 1719°C,

Use in Pyrotechnics : A product resulting from burning silicon or silicon com-

pounds.

Additional References :

1) G. B. Alexander, J. Yhys. Chem. 61, 1663-64 (1957)

2) Ref.44V1i5B

3) L. Brewer and D. F. Mastick, J. Chem. Phys. 19, 834 (1951)
4y “Crysial Chemist& in Ceramics: VI Polymorphism,” W. Hauth Jr.,

Bull. Am. Ceram.
5) 97Vi

¢. 80, (5) 165-67 (1951).Cited by Ref. 65.
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Sodiuwe, Na {page 2)

Na (c¢) :
Enthalpy : Hy - Hage 15 == 4.02T 4,52 X 10-*T? - 1699 (0.3 percent ; 298 371°K)
Heat Capacity :C, = 4.02 +9.04 x 10-*T

Na (1) :
Enthalpy :Hy—Haggy, 15 =6.83T —1.08X 105T 1 =1107 (0.2 percent ;371-1178°K)
Heat Capacity :C, = 6.83 1 1.08 105T"2

Na (g):
Enthalpy :Hy =Hags.1s =4.97T +24,365 (0.1 percent ;1178-2000°K)

b. HEAT CONTENT AND ENTROPY OF Na (g) 4
(Base, ideal gas at 298.15°K).
T,°’K Hr = Hopaas St —Ss0s.15 T, °K Her ~ Hups s St —Sans.as
cal./mole cal./deg, cal./mole cal./deg.
mole mole
400 . .... 505 1.46 1900 ..... 7960 9.20
500 ... .. 1005 2.57 2000 ... .. 8460 9.46
6060 .. ... 1500 348 2200 ..... 9455 9.93
700 .. ... 1995 4.24 2400 .. ... 10,450 10.37
800 ..... 2485 4.90 2600 .. ... 11,450 10.77
900 ... .. 2990 5.49 2800 ... .. 12,455 11.14
1000 |, . ... 3490 6.01 3000 ..... 13,470 11.49
1100 .. . . 3985 6.49 3500 ..... 16,055 12.29
1200 .. ... 4480 6.92 4000 ..... 18,770 13.01
1300 .. ... 4980 7.32 4500 .. ... 21,700 13.70
14060 .. ... 5475 7.69 5000 . .... 25,015 14.40
1500 .. ... 5970 8.03 6000 .. ... 33,755 15.98
1600 . .... 6470 8.35 7000 ... .. 46,850 18.02
1700 . 6965 8.65 8000 ..... 65,295 20.45
1800 . .. .. 7460 8.93
Na (g):
Enthalpy :HT _Hzga_)s =4.97T -1482 (0.1 percent ;298—3000°K)
4
T,°’K Hr - Haos.as St —Szes.s | T,°’K Hy - Hape15 St —Szes.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ..... 920 2.64 1300 ..... 9240 13.51
500 ..... 1825 4.67 1400 .. ... 10,185 14.21
600 ..... 2735 6.33 1500 . . ... 11,135 14.87
700 . .... 3655 7.75 1600 .. ... 12,090 15.48
800 ..... 4580 8.99 1800 .. ... 14,010 16.61
900 ... .. 5500 10.07 2000 . .... 15,945 17.63
1000 ... .. 6435 11.06 2200 .. ... 17,895 18.56
1100 .. ... 7360, 11.94 2400 ... .. 19,860 19.41
1200 ... .. 8305 12.76 2600 .. ... 21,845 2021




Sodium, Na (page 3)
Na:(g)
Enthalpy : Hr —Haes 1s =8.961' T 0.18 X 10°T2 +0.10 x 105T-1-2721
(0.1 percent ;298-2600°K)
Heat Capr ty:C,=8.9 0.3 X 103T -0.10 X 10°T-2
Heat Capacity, cal./mole at 298°K : (solid) 6.74 (liquid) 7.50 | 4,5
(gas) (monatomic) 4.97
(diatomic) 8.9
d. HEAT CAPACITY OF SODIUM 5
Solid, 298-371°K
Liquid, 371-1163°K
Gas (monatomic), 1163-3000°K
T,°K C $(cal./deg./mole)
298 6.74
300 6.7
400 7.5
600 7.10
800 6.90
1000 6.93
1100 7.00
1200-2000 4.97
2400 4.9
2800 5.04
3000 5.08
See equations above
Decomposition Temperature : . S
Decomposition Products : _
apor Pressure:
Press.” 1 10 40 100 400 760 M.P.°oc | 42
Temp.°C 439 549 633 701 823 892 g97.5
log P == 7+t 4.521,where P=atm. and T =°K Addnl. Ref.2
X-Ray Crystallographic Data : 4
System Space Group a Atoms/Unit Cell 1
cubic 0% LY + 2
Hygroscopicity : Reacts vigorously with water to form NaOH T H, 1, 29
Caution : keep under kerosene.
Solubility Data : In water, alcohol: decomposes 1
In benzene, ether: insoluble
Health Hazard : Extremely caustic to all tissues. Reacts exothermally with the | 12, 29
moisture of the body or tissue surfaces causing thermal and chemical burns.
Safety Classifications :
OSM : class2
ICC : Listed under “Explosives and Other Dangerous Articles” as a flam-
mable solid ;yellow label.
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Sodium, Na (page 1)

Fire and Explosion Hazard : Metallic sodium has an autoignition temperature

of 115° in dry air. It is dangerous when exposed to heat, flame, moisture,
air, or oxidizing material. It reacts exothermally with ihe halogens, acids,
and halogenated hydrocarbons.
Sodium must be kept dry to avoid explosions which may result from evolved
hydrogen. When heated it emits toxic fumes of NasO. Metallic sodium
sIZoul be stored in airtight, steel drums. To fight fire use soda ash, dry
sodium chloride, powdered talc or graphite. Do not use CCly on fire as an
explosion may result.

Electrostatic Sensitivity : e
Use in Pyrotechnics : As a fuel and to color burning compositions yellow.
Additional References:

1) “Sodium, Its Manufacture, Propertics and Uses,” M. Sittig, Reinhold

Publishing Corp., New York (1956). See especially the chapter on physi- |

cal and thermodynamic properties.

2) “Determination of the Vapor Pressure of Sodium,” M. MaKansi et al.,
J. Phys. Chem. 59,40 (195b)

3) C.A.37, 2578 (1943)

269
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SODIUM BICARBONATE, NaHCO, Refs.
(Sodium Acid Carbonate, Baking Soda, Sodium Hydrogen Carbonate) | 1,11,29
Specification No. : 0-S-576B (technical
grade)
Molecular Weight : 84.02
Crystalline Form : monoclinic prisms 1
Color : white 1
Density, g./ml. : (solid) 2.159-2.22 1
Coefficient of Thermal Expansion : e
Heat of Formation, Kcal./mole at 298°K : (c) =226.5 1
Free Energy of Formation, Keal./mole at 298°K : (¢) =203.6 1
Entropy, cal./deg./mole at 298°K : 244 + 4 1,3
See table below
Melting Point : loses CO; at
543°K (270°C) 1
Heat of Fusion: _—
Boeiling Point: e
Heat of Vaporization: _
*Transition Point : _—
Heat of [ransition: —
Heat of Sublimation : e
HEAT CONTENT AND ENTROPY OF NaHCO, 4
(Base, crystals at 298.15°K)
T,°K Hr - Hzos.15 St - S08.15 T, °K Hr - Hesas —Soes.18
cal./mole cal./deg. cal./mole cal./deg.
mole mole
350 ... .. 1140 3.52 400 . ..., 2320 6.67
NaHCO;(e) :
Enthalpy : Hr —Hags 15 = 10.19T +18.03X 10-3T2 - 4641 (0.3 percent ;298-400°K)
Heat Capacity : C, =10.19 +36.06 X 10-*T
Decomposition Temperature: Begins to lose CO. at about 50°C, and at 100°C |29
is converted to Na.COs. In aqueous solution begins to break up into CO; and
Na.CO; at20°C and completely on boiling.
Heat of Dissociation, cal./mole : 15,360 Addnl. Ref. 2
Vapor Pressure of dissociation to (CO. + H,0) is given by
. 3340.
log Pmm. = 11.185 ~Tabs Addnl. Reﬁ 2
See also 42V7 :
X-Ray Crystallographic Data :
Molecules/ | 1
System Space Group a b c Axial Angle  Unit Cell
monoclinic o 6.19 672 649 [=120°42 4
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Sodium Bicarbonate, NaHCO; (page 2)

gradually loses CO. and changes to NaHCO;-Na,CQO,° H,0
Solul?‘illiat}éc])%%ﬁa: :In water : 6.9 g./100 ml. at 0O° and 1 ssl'ftgﬁt@%g lll%leat 60°C

Safety Classifications:
OSM :
ICC:

Fire and Explosion Hazard:

Electrostatic Sensitivity :
Use in Pyrotechnics :

Additional References :
1) Ref.52V10

inert material
not listed
not listed

none

asaretardant

2) R. M. Caven and H. J. Sand, J. Chem. Soc. 99,1359 (1911)

27
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SODIUM NITRATE, NaNO,

Refs.

(Soda Niter, Chile Niter, Chile Saltpeter, Nitratine, Cubic Niter) 1,11, 12,29
1'
1
40V2
31
1,9
, 9
,9
4
4
1
4
4
4
T ,°K Hr — Hags1s Sr = Sess T, °K Hy — Haes.15 Sr - Sesus
cal /mole cal./deg. cal./mole cal./deg,
mole mole
400 . . ... 2495 7.16 5792 (8) . . 9140 20.59
500 ... .. 5575 14.01 5792 (1) .. 12,630 26.62
5492 ¢a) . . 7260 17.22 600 ..... 13,400 2793
545.2 (B) . . 3070 18.70 700 .. ... 17,100 33.63
Heat Capacity: C, =6.34 +5332 x 10T
NaNO;(p):
Enthalpy :Hr =Haes,15 =35.701' = 11,536 (0.1 percent; 549.2-579.2°K)
NaNOQO; (1) :
Enthalpy : Hr = Hagg.15 = 37.00T — 8800 (0.1 percent; 579.2-700°K)
Heat Capacity, cal./deg./mole : . (solid) 35.70 4

(liquid) 37.00
See also table above
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Sodium Nitrate, NaNOj (page 2)

Decomposition Temperature : 380°C
For DTA and TGA see Refs. 33, 47
Decomposition Products : Na,0 +NO,
Vapor Pressure: —_
X-Ray Crystallographic Data :
Molecules/
System Space Group a Awxial Angle Unit Cell
rhombohedral D§, 6.3108 a=47° 15'59" 2
at280°C 6.56 a==45° 35’
hexagonal 5.07 B =16.829 6

Hygroscopicity : Deliquesces in moist air. Keep container well closed.
Critical R.H. :82.7% at20°C (purified material)
Gain of purified material (41p) ,at70°F after 120 hours exposure :
(at70% RH) 11%

(90% R.H.) 25.75%
Water absorbed by 2.000 g. at 25° (40-80 mesh) :

Hrs. 3 51% 7% 16

g. H,0 .absorbed 0.0713 0.13%5 0.1970 0.3924
Solubility Data :
In water (g./100 xnl) : 73at0°C; 180 at 100°C
in NHg:
In glycerine and acetone :

very soluble
slightly soluble

Health Hazard : Moderately toxic. Large amounts taken internally may be fatal.
Safety Classifications :
OSM : Class 1, packed and stored in original shipping containers.

Class 2, when not packed or stored in original shipping containers
or equivalent.

ICC : Oxidizing material : yellow label.

Fire and Explosion Hazard: Sodium nitrate is a dangerous fire and explosion
hazard. It can ignite on friction. When heated above 1000°C or when heated
with reducing materials, particularly cyanides, it emits toxic fumes on
decomposition.

Electrostatic Sensitivity :

Use in Pyrotechnics: As an oxidizer, to impart a yellow color to burning compo-
sitions, and incendiary mixtures.

Additional References:

1) “Hygroscopic Properties of Sodium, Potassium and Ammonium Ni-
trates, Potassium Chlorate and Mercury Fulminate,”” G. B. Taylor and
W. C. Cope, Met. & Chem. Eng. 15,141 {1916)
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3

Addnl. Ref. 1
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SODIUM OXALATE Refs.
Formula: Na.C,0,
Specification No. : JAN-S-210

Specification : The spec. covers one technical .grade and three classes based on
differences in granulation using U.S.standard sieves.

Class a b ¢
"Through 420 micron (No .40 sicve)
%, min. 9
Through 250 micron (No. 60 sicve)
%, min. 99.9
Through 149 micron (No. 100sieve)
%0, min. 99.9
Molecular Weight : 134.01
Crystalline Form : crystalline powder 29
Color : t white 29
Density, g./ml. : (solid) 2.34 1
Coefficient of Thermal Expansion : —
Heat of Formation, Kcal./mole at 298°K : -314.3 1,9
Free Energy of Formation: _—
Entropy :
Melting Point: 505°K (232-5°C) 1

Heat of Fusion: —_
Boiling Point : —_—
Transition Point: J—
Heat of Sublimation: S
Heat Content or Enthalpy : _—

Heat Capacity, cal./deg./mole : (solid) 34 9

Decomposition Temperature, °C : 480 Addnl. Ref. 1
For DTA see Addnl. Refs. 2, 3

Decomposition Products : Na,C0, +C0

Vapor Pressure:
X-Ray Crystallographic Data :

Molecules/
Sysiem Space Group a b c B UnitCell 18
monoclinic Ci. 10.35 5.26 3.46 92° 54' 2
Hygroscopicity : Spec. grade (204) 33
Gain inwt. at70% R.H. and 70°F in 120hr. % : 0.02
Gain in wt. at90% R.H. and 70°Fin 120hr. % : 0.02 44V21
Material dried at 240°C is not hygroscopic
Solubility Data: In water at 20°C: 3.7g./100 g. 1
100°C : 6.33g./100 g.
In alcohol: insoluble 29
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Sodium Oxalate (page 2)

Health Hazard : A strong poison. Corrosive and produces local irritation. Taken

orally has a caustic effect on the mouth, esophagus and stomach. Can cause
severe damage to the kidneys.

Safe@ﬁk;mﬁcaﬂons : not listed
ICC: not listed

Fire and Explosion Hazard : Dangerous when heated to decomposition : emits
ElectpditafliSensitivity :

Use In Pyrotechnics: As a retardant and to impart a yellow color to burning
compositions.

Additional References :
1)y C.A.48, 1891 (1954) ‘
2) C.A.49,14461 (1955)
3) C.A. 50,7672 (1956)
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SODIUM OXIDE, Na,O
(Sodium Monoxide)

Specification No. :

Molecular Weight : 61.99
Crystalline Form : deliquescesin air
Color : vhite
Turns yellow on heating
Density, g./ml. : (solid) 2.27
Coefficient of Thermal Expansion :
Heat of Formation, Kcal./mole at 298°K : ’ (c)-994 = 15
See Table a
Free Energy of Formation, Kecal./mole at 298°K : (¢)-89.9 =19
See Table a
a. HEAT AND FREE ENERGY OF FORMATION OF Ng;0 (¢, 1)
T, °K A H (cal./mole) A Fo (cal./mole)
298.16. . . . -99.400 (= 1600) —89,900 (=% 1900)
371 .. -99.,400 -87,500
371 ... .. -100,700 -87,500
400 ... .. -100,700 -86,500
500 ..... -100,600 -83,000
600 .. ... -100,600 -79,400
700 .. ... -100,500 -75,900
800 ..... -100,400 -172,400
900 . .. .. ~100,200 69,000
1000 ... .. -99,900 -65,500
1100 ... .. -99,500 ~62,100
1187 ... .. -99,100 59,100
1187 ... .. -145,300 -59,100
1190 ... ., -145.300 -58.900
1190 ... .. -138.200 -58,900
1200 .. ... -138,100 -58,200.
1300 ... .. -137,100 -51,600
1400 .. ... -136,100 -45.100
1500 ... .. -135,100 -38,600
1600 . .. ... -134,100 -32,200
1700 . . ... -133,100 -25,900
1800 , .. .. -132,100 -19,600
%00 ... .. -131,100 -13.400
2000 ... .. -130.100 ~7200

Phase Changes of Metal
M.P. 371°K ;A H==625 cal./g.-atom
B.P., 1187°K :a H = 23.120 cal./g.-atom

276
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Sodium Oxide, Nax0 (page 2)
niropy, cal./deg./mole at 298K : (c)1i.4 9
See Table b ‘
Melting Point: 1190°K (917°C) 2
Heat of Fusion, cal./mole: 7140 2
Boiling Point : sublimes at
1548°K (1275°C) 1
T, °’K Hr ~ Hops s St~ Szes.15 T,°K Hy — Haes 15 St~ Sogais
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... .. 1750 5.05 800.. .. .. 9350 18.16
500 ... .. 3600 9.17 900 . .... 11,350 20.53
600 . .... 5500 12.63 1000 ..... 13,500
700 ... 7400 . 15.56 1100 . . ... 15,750 24.93
NB,QO (C) N
¥nthalpy :Hr — Hage,15 == 15.70T +2.70 % 10*T? -4921 (0.Percent ;298-1100°K)
Heat Capacity : C, = 15.40 + 5.40 X 10-3T
Na,0:z(c) :
Heat Capacity :C, =21.35 (298°K)
Free Energy Equations: 2
Reaction Range of Validity,°K
1) 2Na (¢) T340, (g) =N2,0 (c) 298.16-371
A F3=-99.820-751T log T +547 (10*T2) -.10 (10°T-1) +50.43T
2) 2 Na (1) 4+ 14 0, (g) =Na.0 (¢) 371-1187
A Fg =-100,150F4.97T 1ogT =245 (10-*T2) -.10 (10°T-) +22.191"
3) 2Na (g) + ¥ 0, (g) = Naz0 (c) 1187-1190
AF2=-156,280-20.72T log T +145.48T
4) 2Na (g) T15 0, (2) =Na,0 (1) 1190-2000
4 F§=-150,250-23.03T log T +147.58T
Heat Capacity, cal./deg./mole at 298°K : (solid) 17.24
See Table b
Addnl. Refs,
Decomposition Temperature : above 400°C 1,2
Decomposition Products : Na O on vaporization Addrél. Refs.
1,
Vapor Pressure (of alkali oxide and alkali metal in equil. with solid alkali { Addnl. Ref. 3

oxide) atm. at 1000°K N (caled.) 1078
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Sodium Oxide, Na,0 (page 3)

X-Ray Crystallographic Data :

System Space Group o Molecules/Unit Cell
cubic 5.55

Hygroscopicity : Na.O reacts vigorously with water with considerable evolution
of heat. Keep containers tightly closed.

Solubility Data : In water and alcohol : decomposes
Reacts to neutralize acids.

Health Hazard: Very caustic and dangerous to all tissues. To minimize its

effects, wash the area with large volumes of water. Injured person should
see a physician.

Caution : Do not handle with bare hands. Avoid contact with skin.

MAC., mg./m? of air: 2

Safety Classifications:

OSM : not specifically mentioned
ICC: o _ __ not specifically mentioned
Alkaline caustic liquids (not otherwise specified) are classed as corrosive
liquids and listed under “Explosives and Other Dangerous Articles.”

Coast Guard: hazardous material
UN: class 8 (alkagine
COITOs1ves

Fire and Explosion Hazard : Sodium hydroxide formed by the action of water
on Na,0 may become a fire hazard when mixed with nitro compounds and

other materials. (This hazard must be even greater with powdered, solid
Nago.)

Electrostatic Sensitivity : —_—
Use in Pyrotechnics : Product of the burning of many sodium compounds

Additional References:

1) “Sodium, Its Manufacture, Properties and Uses,” M. Sittig, Reinhold
Publishing Co., New York (1956%

2) “The Vapor Pressures of Lithium and Sodium Oxides,” L. Brewer and
J. Margrave, J. Phys. Chem. 59,421 (1956)

3) “Stability of Gaseous Alkali and Alkaline Earth Oxides,”” L. Brewer
and D. F.Mastick, J. Am. Chem. Soc. 73, 2045 (1951)
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STEARIC ACID, CH,(CH,),.COOH or C,.H,.COOH
{(Octadecanoic Acid, N-Octadecyclic Acid)

Specification No. : MIL-A-271

The spec. covers two grades : Grade I in loading ammo. Grade 11 used as a
lubricant, in the pelleting of explosives.

Molecular Weight : 284.47
Crystalline Form : monoclinic leaflets
Color : colorless

At room temperature stearic acid is a white, fairly hard, wax-like material.
It is usually obtained either from fats and oils by hydrolysis and distillation or
from oleic acid by hydrogenation. Pearl stearic acid is the material in free flow-
ing powdered bead form for compounding purposes. Stearic acid is also mar-
keted in cakes, powder or flake form, as single, double, or triple-pressed. Suc-
cessive chillings and pressings remove more of the unsaturated liquid oils (par-
ticularly oleic acid), thus raising the melting point and giving a whiter, purer
product. Synthetic stearic acid 1s also made by hydrogenation of unsaturated
animal and fishoils.

Density, g./ml.:
Coef]‘gi?r:jg% gﬁ%;{;h:ermal Expansion, cubical,

(solid) 847a169°C

8L x 10+
Heat of Formation, Kcal./mole at 18°C,
atconstantpress. : -223.8
at constantvol. : -212.8

Free Energy of Formation:
Entropy:
Melting Point :

342.5°K (69.4°C)
342.7°K (69.6°C)

47.6
656°K (383°C)

Heat of Fusion, cal./g.:
Boiling Point :
Transition Point:

Heat of Sublimation :

Heat Content or Enthalpy:
Hecat Capacity :

Decomposition Temperature and Products : For DTA see Addnl. Ref. 3

Vapor Pressure,mm. at 60°C : 1.42x% 10°

Press. mm. 1 PO 40 100 400 760 M.P.

Temp. °C 173.9 225.0 263.3 201.0 343.0 370.0d 69.3.
X-Ray Crystailographic Data :

. Molecules
System Space Group a - b c Axial Angle  Unit Cel,
monoclinic  C§, orCj, 5.546 7.381 48.84 B =63°38' 4
. 5.68 4.39 50.07 3 —60°

Hygroscopicity : _
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Siearic Acid (page 2)

Solubility Data : In water : 0.00029 g./100 g. at 20°C; 0.034 at 25°C and

In aleohol :

In ether:

s Caddlnshdladive

0.1g./ml. at37°C

oéu aseeAddnl Ref. 2

2.5¢./100 ml,
Yspieluble

Health Hazard : Negligible. Usad to coat medicinal pills and in face creams.

Safety Classifications :
OSM:

not listed

. ICC: ) : t listed
Fire and Explosion Hazard: Combustible. To ﬁgrtl%{)re llfsg water, foam, dry
chemical, orcarbon tetrachloride.

Electrostatic Sensitivity :

Specific Heat, cal./g. at 15°C :

Liquid at74-137°C

Refractive Index, at 80.2°C :
Heat of Combustion, Keal./mole (H:0 liquid)

at 20°C :
Flash Point, °F;

Ignition Temperature, °F :

Neutralization Value :
Use in Pyrotechnics:

Additional References :

1) “The Vapor Pressure of Some Solid Organic Compounds,” R. L. Little-

wood, J. Chem. Soc. 1957,2419

2) “Fatt
(1960

3) J.Phys. Chern. 60 1487 (1956)
4) E. Médard, Mém, artilleriefrang. 28,465 (1954)

280

|

=0 O
L W
N @
WO 0
©

2711.8

%closed cu
open cup

)38

743

197.23
asafuel, retardant,
blnder and lubricant

Acids,” K. S. Markley, Ed., Interscience Pub. Co., New York
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STRONTIUM CHLORIDE, SrCl.

Speciiicacion No. : -

Molccular Weight : 158.54
Crystalline Form : cubic
Color : colorless

Density, g./ml. :
(liquid) D, =2.69 =0.00045 (t0 900°C)

(solid) 3.052

Temp. °C 900 950 1000 1050
Density - 2.69 2.67 2.645 2.62
Coefficientof Thermal Expansion, cubic at 870°C: 166 X 10°¢
Heat of Formation, Kcal./mole at 298°K : (c)-198.0
Free Energy of Formation, Keal./mole at298°K : (c)—gg.'g
Entropy, cal./deg./mole at 298°K . %?7
Melting Point, °C : 873
875
Heat of Fusion, Kcal./mole at1148°K (875°C) : 2%
4.1+ 0.6
Boiling Point, °C: 1300
1250
Heat of Vaporizatior}, Kcal./mole : 55

Transition Point :
Heat of Sublimation :
tleat Content or Enthalpy:
Heat Capacity, cal./deg./mole: (solid) 18.9

C, =18.20 +2.45 % 10-3(est’d over 298 -1145°K)

Seealso Ref. 24A
Decomposition Temperature : Noticeable above approx. 955°C

Heating in air or O. at red heat slowly changes the chloride to the oxide
Decomposition Products :
Vapor Pressure :
X-Ray Crystallographic Data :

System Space Group a Molecules/ Unit Cell
cubic (O} 6.9767
Hygroscopicity : hygroscopic
very hygroscopic
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Strontium Chioride, SrCl; (page 2)

Solubility Data : In H.0, g./100 ml. 43.5 at 0°C and 100.8 at 100°C
in absolute alcohol, acetic acid : very slightly soluble
InNH,; : insoluble
Health Hazard : Probably slight. The Sr ion has a low order of toxicity.
Safety Classifications:

OSM: not listed
ICC: notlisted
Fire and Explosion Hazard: -_—

Electrostatic Sensitivity : -

Use in pyrotechnics: to color burning
compositions crimson
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STRONTIUM NITRATE, Sr (NO,)

Specification No.:

MI1-8-20322

The spec. covers one grade and three classes which differ in granulation.

Molecular Weight :

Crystalline Form :

Color :

Density, g./ml.:

Coefficient of Thermal Expansion, linear, 80-75°C :
Heat of Formation, Keal./mole at 298°K :

Free Energy of Formation, Kecal./mole at298.16°K :
Entropy, cal./mole at 298.16°K :

Melting Point :

Heat of Fusion:

Boiling Point :

Transition Point :

Heat of Sublimation :

Heat Content or Enthalpy :
Heat Capacity, cal./deg./mole :

Decomposition Temperature, °C :
For DTA and TGA seeRef. 33
Vigorous bubbling at 672°C

Decomposition Products :

Vapor Pressure : y
X-Ray Crystallographic Data :
System

Space Group a
cubic T .

7.81

211.65

cubic

colorless
(solid) 2.986
a==3.22 X 103
-233.25

-185.8

47.4

918°K (645°C)
891°K (618°C)

decomposes 580-600°C

(solid) 383 (290-320°K)
580-600

SrQ '!'NO, ;toxic fumes
emitted

Molecules/Unit Cell
4

Hygroscopicity (gain, mg./g.,, at RT. after equilibrium has been established in

avacuum desiccator) :

65 75 86 93
%, R.H. 24 hr. equil. | 24 hr. equil. | 24'hr. equil. | 24 hr. equil.
Purified 0.3 — 0.5 s — — —
Spec. grade | 0.3 <1 0.1 0.2 — S 3126 —

Critical R.H. :

purified 82.7% at 20°C
spec. grade 82.9%at
26.2°C

Solubility Data :In water (£./100 ml.) 40.1at0° and 100at90°C

Inabs. alcohol, NH; :
In acetone :
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Sirontium Nitrate, Sr (NO;): (page 2)

Health Hazard @ Moderately toxic. Large amounts taken by mouth may have
fatal eifects. Sr(NO,;), emits toxic fumes on decomposition.

Safety Classifications:

OSM: Class 1,in original containers.
Class 2 when not packed or stored in original shipping containers
orequivalent.

ICC : Oxidizing material ; yellow label.

Fire and Explosion Hazard : A fire and explosion hazard. As an oxidizer it can
give up its oxygen to other materials to produce a vigorous reaction which
may result in detonation. Toxic fumes are emitted on decomposition.

Electrostatic Sensitivity :

Use in Pyrotechnics: An oxidizer and to impart a crimson color to burning
compositions. (Nonhygroscopic strontium nitrate is used in tracer and
pyrotechnic compositions that are sensitive to deterioration by moisture.)

Additional References :
1) C.A.$9,12932 (1955)

93, 12
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STRONTIUM OXALATE ANHYDROUS AND MONOHYDRATE,
SrC.0, and SrC,0,°H.O

Specification No. : MIL-S-12210

The spec. covers both the anhydrous salt and the monohydrate : Grade A,

anhydrous, and Grade B, hydrated. The two grades differ also in granu-
iation.

Molecular Weight : anhydrous) 183.65
monohydrate) 193.67

Crystalline Form :

Color: colorless

Density, g./ml. :

Heat of Formation, Kcal./mole at 18°C, anhydrous:
at constant press.. -327.7

at constant vol.:  -326.5
Free Energy of Formation, Kcal./mole at 18°C, monohydrate :
?é) 360.8

Entropy :
Meiting Point : See Decomposition Temperature below
Heut of Fusion:

Boiling rFoint:

Transition Point:

Heatl of ablimation:

rieat Co:uent or Enthaipy:
Heat Ciusacity :

Decomp. sition Temperature: TGA. The hydrate begins to lose H.O at 43°C.

All " he water is off by 177°C. On further heating the weight remains con-
stat . uptoaround 400°C.

Decomyp sition Products: Dissociates into SrCO; and dangerous CO over the
van 2 400-520°C.
Sec graph below
Vapor @ ¢ssure:
X-Ray U ystativgraphic Data for SrC.0,-214 H,0
b, Mo Space Group 123795 7.509
Hygres. pieity —_—
Solub:li  Data: For SrCy04¢ H.O, required for solution of 1part: 2000 parts

of ater, 1900 parts of 35% acetic acid, 1115 parts of _23% acetic acid,
less oluble in 35% acetic acid. Readily sélubie i 1n dilute HC or HNO,

Healthh  azard @ Highly toxic. Corrosive and produces local irritation. When
tak omlny may have a caustic effect on the mouth, esophagus and stomach.
Safety « ussifications:
081 not listed
1CC not listed

Molecules/Unit Ceii
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Strontium Oxalate Anhydrous and Monohydrate (page2)

Fire and Explosion Hazard: Dangerous when heated to decomposition. Emits | 12
poisonous carbon monoxide.
Electrostatic Sensitivity : —_—

Use in Pyrotechnics: SrC;0, and SrC;0,+H;0 are used as retardants and to | 17
impart a scarlet color to burning compositions.

0.506¢9 '
430 91°
131°

157° , ~
150’"0 223°  4I12°

I I
544° 949"

. <]
Temperature°C Addn.. Ref. 2

Additional Rei -ences :

1) L. Mé< .vd, Mém artillerie frang. 28, 467 (1954)
2) S. Peli r and C. Duval, Anal. Chem. Acta. 1, 358 (1947)
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STRONTIUM PERCHLORATE, Sr(ClO,).

Specification No. :
Molecular Weight : 286.54
Percent Oxygen : 44.67
Crystalline Form: —_

. Color : colorless

Density, g./ml.:

Coeiticient of Thermal Expansion :
Heat of Formation, Kcal./mole at 298°K :

Free Energy of Formation,:
Entropy :

Melting Point :

Heat of Fusion :

Boiling Point :

Transition Point :

Heat of Sublimation :

Heat Content or Enthalpy:

Heat Capacity :

Decomposition’ Temperature - Vigorous decomposition at 477°C,
Four DTA and TGA see Ref. 33

Uecorniposition Products:

Vapor Pressure:

X-Ray Crystallographic Data:

Hygroscup.oity:

Soiubility Data: In water, 310 g./100 ml. at 256°C; very soluble in hot water
Solupility in Organic Solvents at 25°C :

s
<
Sy
—
o
w
p<S
[=%
~

NERNERRN

| ]

Solvent ¢./100 g. solvent
Methyl alcohol 212.01
Ethyl alcohol 180.66
Acetone 150.06
Ethyl acetate 136.93
Ethyl ether . insoluble

Health haz..rd: Avoid contact. Irritating to skin and mucous membrane.
Safety Cia. sifications :
OSM : Jlass 1, Class 2 when not packed or stored in original shipping con-
;ainers or equivalent.
ICC: Dxidizing material ; yellow label. Listed under “Explosives and
Jther Dangerous Articles.”

Fire and E .plosion Hazard : Can be exploded by shock, heat, or chemical action.
It is a. explosive hazard when mixed with carbonaceous materials, finely
divide.. metals, or sulfur. It emits highly toxic fumes. Fires involving the
perchic rate alone may be fought with water.

Use in Pyr technics: As an oxidizer and to impart a scarlet color to burning
¢corapo. (tlors.
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STRONTIUM PEROXIDE, $rO, Refs.

Percent Oxygen : 26.75
Specification No. : JAN-S-612
Covers two gradesthat differ in purity and granulation.
Molecular Weight : 119.63
Crystalline Form : powder 1
Color : white
Density, g./ml. : (solid) 4.56 1
Coefficientof Thermal Expansion :
Heat of Formation; Kcal.,/mole at 298°K: -153.6 1,9
See table belo
Free Energy of Formation, Keal./mole at298°K : 141 )
See table below
HEAT AND FREE ENERGY OF FORMATION OF Sr0;(c) 4
T ,°K A H (cal./mole) A F° (cal./mole)
298.16 . . . . -153,500 (% 5000) -141,000 (= 6000)
400 ... .. -153,000 ~137,000 .
560 ... .. -153,000 -~ =133,008
600 .. -152,500 -129,000
06 ... .. -152,000 -125,000
800 . ~151,500 ~121,500
900 ... .. -151,000 -11'7,500
- 1000 -150,500 -114,000

Free Energy Equation :

Reaqction Range of Validity, °K

Sr (¢) T 0, (g) = Sr0, (¢) 298.16-1000

a F§=-155,510-11.40T log T +.305 (10*T2) +.675 (105T *) +75.44T
Entropy, cai./deg./mole at 298°K : 14.8 6

For calculation see thermodynamic equation in Ref. 2
Melting Point : decomposes at 488°K

(215°C) 6,8

Heat of Fus.on: —

Boiiing Poin: : -
Transition } oint : —_—
Heat of Sub,imation : —_—
Heat Conter.. or Enthalpy:™

For calculation seethermodynamic equation in Ref. 2

Heat Capaciy :
For calcalation see thermodynamic equation in Ref. 2
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Strontium Peroxide, SrO; (page 2)

Decomposition Temperature : dissociatesat
357°C Addnl. Ref. 2
480°C Addnl. Ref. 3
410°C and TGA Addnl. Ref. 4

Decomposition Products : e
Vapor Pressure: Dissociation Pressure between 322 and 800° is given by Adldﬂl- Ref.

____20280 _ + +
Pum == oy ~0-010T +1.75T +2.8
Addnl. Ref. 2
Addnl. Ref. 2
97Ve
29
32
31, RH. 437 R.H. 52% R.H. | 65% R 1.
24 hi..  eqail. 24 hr.  equil. 24hr. equil. 24 hr.  equil.
4 45 0.6 2.2 23 214 84.3 178.3
56.3 136.0
; 75% R.H. 86% R.K. 93% R.H.
| 24hr, equil 24hr.  equil. 24hr. equil
210.5 474.7 418.4 S S S
L 161.0 35.0 251.0  682.0 354.0  834.0
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Strontium Peroxide, SrQ, (page 3)

Fire and Explosion Hazard : Heat, shock, or catalysts may cause violent decom- | 12, 14
position. Reacts violently when heated with reducing materials. Contact
with water produces heat.

Electrostatic Sensitivity : S

Use in Pyrotechnics : As an oxidizer to impart a red color to burning composi- | 17
tions.

Additional References :

1) “Direct Oxidation under High Pressures. The Oxides of Strontium,
Barium, Lead, Manganese and Cobalt,” C. B. Holtermann, Ann. Chim.
24,121 (1940). C.A. 35, 7859 (1941)

2) *“On the Formation and Dissociation of Strontium Peroxide,” C. Holter-
mann and P. Lafitte, Compt.rend. 208,617 (1939). C.A. 33,2833 (1939)

3) “Heating Curves for the Hydrates of the Peroxides of Group I1 Metals,”
L I Vol'nov, CA. 52, 19384 (1958)

4) “Thermography of Peroxide Compounds,” I. I. Vol'nov, C.A. 48, 7416
(1954)
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SUGAR

(Cane Sugar, Sucrose, Saccharose,
(a=D-glucosido ) =~~D-fructofuranoside

a—D—glucopyranosido—3~D-fructofuranoside)

Sk

!
HO-CH

HO-C-H |
I .
Formula : H:C-OH H.C.O,Hl ~fen
HC — M
[
Specification No. : CH,OH CH.OH jj75.8.00791C

The specification covers two types of beet or cane sg[gar. Tyre 1: white

hard, refined (a) granulated or (b) powdered ; and

ype 2 : brown, sof

(a) light (b) medium and (¢) dark. Type 1 granulated is used for pyro

technics.
Molecular Weight :
Crystalline, Form :

For crystallography see Addnl. Ref. 3
Sucrose crystals are triboluminescent.

Color :
Density, g./ml. at 15°C :

Coefficient of Thermal Expansion, linear for

longest axis:

width :

shortest :

cubical (calculated) :

Heat of Formation, Kcal./mole at 18°C:

Free Energy of Formation :
Entropy, cal./deg./mole at 298°K :

Melting Point (when crystallized from alcohol) :

342.30

needles (from alcohol),
monoclinic

white

crystallized, 1.5879
powdered, 1.5897

28 X 10+
50 10+
29 10+
1.1x 104
H,==-5365
H,=-527

86.1

461°K (188°C, decomp.)
458 (185-6°0)

When sucrose is heated cautiously to the melting point (185-186°C) it
forms a viscous, colorless melt ;however, when heated longer or to a higher

temperature decomposition takes place.

Heat of Fusion, Keal./mole :

(decomposes) 4.6

Refs.

29

Addnl. Ref. &

1,29

1

Addnl. Ref.
3vl

Addnl. Ref.
3Vl

Addnl. Ref. 1

Addnl. Ref.
3V1

1
Addnl, Ref.
3vl

Addnl. Ref.
31



Sugar (page 2)

Boiling Point: decomposes
Transition Point : —_—

Heat of Sublimation : —_—

Heat Content or Enthalpy : —_

Heat Capacity : R
Molar Heat and Specific Heat of Crystallized Sucrose:

Temp. °C 0 20 40 60 80 90 3vi
C, (cal./mole) 2.1 9.3 108 116 125 129
C, (cal./g.) . 0.260 0.290 0.316 0.339 0.366 0.377
Decomposition Temperature, °C : 160-186 29
Decomposition Products: Loses water, caramelizes, and then charswhen heated | 29, 50
above itsmelting point.
For DTA see Addnl. Ref. 4
Vapor Pressure : —
X-Ray Crystallographic Data :
Molecules/ |
System SpaceGroup a b c Azial Angle  Unit Cell ' 18
monoclinic 3 10.89 869 7.77 103° 2 ) 85
Hygroscopicity: Powdered sugar absorbs up to 19 moisture in air, which is ! 29
given up on heating at 90°C.
Solubility of Sucrose in Water: ’
Temp. °C 0 20 40 60 80 90 100
g./100 g. H.0 179.2 203.9 2381 287.3 362.2 415.7 481.2
Solubility: E1 alcohol and methanol ca. 1g./100 ml. Moderate sol glycerol and | 1
pyridine. Sol ether common organic solvents. Insoluble in gasoline, CHCl,, | 29
CCl,, turpentine. Noticeably soluble in aniline, cthyl acetate, and amyl .i}ddnl. Ref.3
acetale, 4%
Health Hazard: nontoxic
Safety Classitication : ~ not listed
Firc and Explosion Hazard,
Autoignition Temperature, °C : 385 71
Eiectrostatic Sensitivity : —_—
Specific Heat, cal./15°g./°C at 20°C: 0.299 1
an . .
Optical Rotation: «<5~(26:. in 100mi. H,0, 2 dm tube) +66.47t0 66.49depend.| 29
ing on vhe solvent fror® which it is crystallized.
Hesc of Combustion, ilcal.’mole: 1351.3 kddnl. Ref. 3
Keal./g.: 3.949
Use in Fyrotechnies: as a fuel 50
292
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Sugar (page 3)

Additional References:
1) L.Médard, Mém artillerie frang 28,481 (1954)

2) ‘(‘{)9112 8S)accharose B,” A. Pictet and H. Vogel, Helv. Chim. Acta 11, 901

3) “Principles of Sugar Technology,” P. Honig, Ed., Vol. 1, Elaevier Pub-
lishing Co., New York (1953)

4) “Differentisl Thermal Analysis of Organic Compounds,”A. T, Perkins
and H. L. Mitchell, Transactions of The Kansas Aca(femy of Science
60, No . 4 pp. 437-40 (1967)

5) “X-Ray Examination of Sucrose,” C. A. Beeves and W. Cochran,
Nature 157,872 (1946)
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SULFUR (SULPHUR), 8,
(Flowers of Sulfur, Milk of Sulfur, Brimstone)

Specification No. : JAN-S-487
The specification covers five grades of ground S:
A, ground crude S used for black powder.
B, ground crude S used for pyrotechnics compositions.
C, ground crude S used for pyrotechnics compositions.

D, ground refined S used for nongaseous powders and primer compo-
sitions.

E, ground crude S used for pyrotechnic compositions. The grades dif-
ferslightly in purity and in granulation.

Molecular Weight : 256.53
Crystalline Form : («) rhombic, (8) monoclinic, (y) amorphous

Color : yellow

Forms of Sulfur: Solid sulfur (S) exists in two crystalline forms, rhombic and
monoclinic, and also as an elastomer. The rhombic form is stable at ordi-
nary temperatures. Above the transition temperature of 95.4°C and up to
the boiling point monoclinic S is the stable variety. Elastic S is prepared
by rapidly chilling liquid S which has been heated to elevated temperatures.
The infrared spectrum is identical with that of liquid S. On melting, S
becomes a straw-yellow transparent liquid, designated as » S. The liquid
may be supercooled in bulk far below its freezing point to room temperature
in the form of dropiets which in time may SOli%lfy to a clear yellow glass.
At about 160°C, the liquid is dark brown. Its color deepens as the tempera-
ture is raised, and above 250°C, it turns brownish-black. Apparently the
structure of the liquid undergoes an abrupt change at about 160°, and this
transformation is accompanied by the absorption of 2.751 cal./g. The sud-
aen and enormous increase in viscosity which occurs at this temperature
is one indication of a structural alteration. Other properties show amarked
discontinuity. Long chain polymers referred to as u S, in_equilibrium with
rings of octatomic molecules, apparently exist in the liquid above 160°,
Bevond 230° the viscosity decreases but the color remains dark up to the
boiling point, 444.6°C, If S at the boiling point is cooled slowly, it passes
through the changes described above in the reverse order.

“Flowers” of sulfur is a term applied to the mined molten Swhich is finely
ground. If isthe type used for pyrotechnic purposes.

Density, g./ml.: (solid) rhombic 2.07
monoclinic 1.96
amorphous 1.92
Coetficient of Thermal Expansion :
Toemp. °C Linear (rhombic) Cubic (rhombic)
6-13 4.567 x 10-% 13.70¢ 105
13-50 7.433 X 10° 22.30 X 104
50-78 8.633x 105 25.90 x 10
78-97 20.67 x 10° 62.01x 10
97-1106 103.2 % 105 309.6 ¢ 10°
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Saifur (Sulphur) Ss (page 2)

Heat of Formation, Kcal./mole at 298°K: (gas) 53.25
Free Energy of Formation, Keal./mole at298°K : (gas) 43.57
Entropy, cal./deg./mole at 298°K : (rhombic) 7.€2

(monoclinic) 7.78
See Tables a, b, ¢, d

Melting Point, °C: () 112.8(B) 119.25(y) about 120

Heat of Fusion, cal./g.: rhombic) 11.9
. (monoclinic) 9.2
Boiling Point, °C: 4446
Heat of Vaporization, ¢al./mole at 717.75°K : 2300
Transition Point, °C:
(thombic =+ monoclinic) 95.4
(liquid --+viscous) 1%9.9
Heat of Transition, cal./g.:
rhombic to monoclinic) 2.9
liquid to viscous) 2.751
Heat of Sublimation, cal./mole at 298°K: Ss 24,350
S, 330,840
Heat Content or Enthalpy, cal./mole at 298°K : (solid) 1053

See Tables a, b, ¢, and d

a. HEAT CONTENT AND ENTROPY OF S (c, 1)
(Base, rh—crystals at 298.15°K)

T, °K Hy - Hzes.15 Sz —Sa208.15

cal /mole cal./deg.
mole
353 ... ... .. 290 0.9
368.6 (rh). ... 400 1.20
368.6 (mon) . . . 485 1.43
392 (mon) . ... 630 1.8
392 () . .. ... 965 2.67
400 ... ... 1030 2.83
5060 .. .. ... 1940 485
600 ........ 2780 6.38
700 ... .. ... 3650 7.72
YR 3810 7.95

S (rh) :

Enthalpy :Hr —Haes.15 =3.58T F 3.12x 10-T2 - 1345 (0.2 percent ; 298-368.6°K )
Heat Capacity :C, = 3.58 +6.24 X 10 3T ;A Hagg s =85

S (mon) :
Enthalpy : Hr —H 296,15 =6.20T - 1800 (0.1 percent ;368.6-392°K)
Heat Capacity : C, = 6.20; A Hap; (fusion) =335

S :

Enthalpy : Hr — Hzeq.1n =:8.73T - 2457 ((0). fercent ; 392-717.8°K)
Heat Capacity :C, - - 8.73
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Sulfur (Sulphur) 5 (page 3)

b. HEAT CONTENT AND ENTROPY OF S (g) 4
(Base, ideal gas at 298.15°K)
T,°K Hr - Haoa.15 St = Suguar T,°K Hr ~ Haos 15 Sz~ Sassas
cal./mole cal./deg, cal./mole cal./deg,

mole mole
400 ... .. 570 1.65 1900 . .... 8320 9.79
500 ... .. 1120 2.88 2000 .. ... 8830 10.06
600 ..... 1660 3.86 2200 .. ... 9850 10.54
700 .. ... 2190 4.68 2400 .. ... 10,875 10.99
800 ..... 2715 538 2600 ..... 11,910 11.40
900 ..... .+ 3235 5.99 2800 .. ... 12,950 11.79
1000 ... .. 3750 6.53 3000 .. ... 13,995 12.15
1100 .. ... 4260 7.02 3500 ... .. 16,650 12.96
1200 ..... 4770 7.46 4000 . .... 19,340 13.68
1300 . .... 5280 7.87 4500 . .... 22,065 14.32
1400 ... .. 5790 8.25 5000 ..... 24,810 14.90
1500 .. ... 6295 8.60 6000 ..... 30,330 1591
1600 .. ... 6800 892 7000 .. ... 35,860 16.76
1700 ... .. 7305 9.23 8000 ..... 41,390 17.50

1800 . .... 7815 952

S(g):

Enthalpy : Hr —Hzes,15 =5.26T —0.05 ) 103T2-036 X 10°T-1 — 1443
(0.6 percent; 298-2400°K)

Heat Capacity :C, =526 - 0.10 % 10T +0.36 % 105T2

Enthalpy : Hy ~Hags.1s =4.981' 0.05 % 10-9T2-0.60 x 105T-1 - 1282
(0.2 percent ;2400-8000°K)

Heat Capacity :C, =4.96 10.10 x 10°T +0.60 x 10°T2

¢. HEAT CONTENT AND ENTROPY OP S (g) 4
(Base, ideal gas at 298.15°K)
T, °K Hr - Huox 15 Sr—Seoe1n T,°K Hr —Haons S1=8291.85
cal./mole cal./deg. . cal./mole cal./deg.
mole mole
400 ... .. 810 2.34 1500 ... .. 10,430 13.79
500 ... .. 1640 4.18 1600 . .. .. 11,325 14.37
600 . .... 2485 572 1700 .. ... 12,225 1491
700 ... .. 3345 7.05 1800 ... .. 13,125 15.43
800 .. ... 4220 822 1900 . . ... 14,025 1592
300 .. ... 5095 9.25 2000 .., .. 14,925 16.38
1000 .. ... 5975 10.17 2200 .. ... '66,730 17.24
1106 .., .. 6855 11.01 2400 ... .. 18,545 18.03
1200 .. ... 7745 11.79 2600 .. ... 20,360 18.76
1300 .. ... 8635 12.50 2800 ..... 22,175 1943
1460 .. ., . 9535 13.17 3000 ..... 23,995 20.06
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Sulfur (Sulphur) Sg (page 4)

HEDB.II
T,°’K Hr — Huos s Sr—-Szes.15 T °K Hyr — Hges.15 S —Saps.15
cal./mole cal./deg, cal./mole calnsleg.
mole
400 .. ... 3935 11.32 800 ..... 20,580 40.06
500 ..... 7985 20.37 900 ..... 24,850 45.09
600 ... .. 12,125 27.90 1000 ... .. 29,140 49.62
700 .. ... 16,330 34.39 o
Pregs. mm. 1 10 40 100 400 760 M.P.
Temp. °C 183.8 2438 2833 3272 3996 4446 112.8
Form Range Equation (Panmm., Tin°K) 46
rhombic 20-80 log P = 11.664 - 210
monoclinic 96-116 log P=11.364 - 5—%8—2
liguid 25-74 log P =8.70 - ‘“')I‘i
54051
120-325 log P =14.7000 —.0062238T - T
325-550 log P ==17.43287 _g%sg
X-Ray Crystallographic Data: -
Atoms/
System  Space Group a b ¢ UnitCell . 46
rhombic v 10.87 12.845 24.369 128
Vi (16 eight-membered
rings)
monochine C: 10.90 10.%6 11.02 48
(6 eight-membered
B o o rings) _
By groscopicity :
S e grade, ©; gawr at T0¢F in 168hr. : none at 40, 50, and 33

T0% R.H.
0.01 at 907, R.H.
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Sulfur (Sulphur) Si @age 5)

Solubility Data:

In water : insoluble

In alcohol arid ether : slightly soluble
In carbon disulphide, 70 g./100 g. : soluble

In light petroleum, hot benzene, toluene and

benzyl chloride : - soluble

Health Hazard : Believed to be nontoxic. Tank car shipments of molten sulfur
may accumulate poisonous H;S gas, which is also flammable and explosive.
In unloading operations suitable precautions should be taken.

Safety Classifications:

OSM : not specified
Probably class 2 as a pyrotechnic material.

1CC: not mentioned

U.N. an inflammable solid
Coast Guard: hazardous

Fire and Explosion Hazard : When ignited, molten 8 will burn in air producing
acrid fumes of SO, which are irritating, suffocating and lachrymatory,
and inhalation should be avoided. Burning S can react vigorously with
oxidizing materials. Sulfur when compounded with chlorates and some
otner oxidizing agents, forms sensitive explosive mixtures. When mixed
with carbon, lampblack, fats and oils, S forms mixtures which can ignite
spontancously. It should be stored away from oxidizing agents. To fight
fire use water.

Electrostatic Sensitivity : When rubbed with most substances it becomes nega-
tively charged.

Minimum energy required for ignition by an electric spark, millijoules :

15
Ignition Temperature, in air at atmospheric pressure, °C :
248-261
ciosed cup : 405°F
open cup : 440°F
Minimum Explosive Concentration of dust, mg./l.: 35
30
Heat of Combustion, Keal./g. : monoclinic) 2.240
grhombic) 2.200

Additional References :
1) “The Sulphur Data Book,” W. N. Tuller, Ed., McGraw-Hill Book Co.,
New York (1954)
2) “The National Fire Codes, Vol. 11, Combustible Solids, Dusts, Chemi-
cals and Explosives,”” National Fire Protection Association, Inc., Bos-
ton, Mass. (1958)

3} “The National Fire Codes, Vol. 11, The Prevention of Dust Explosions.”
National Fire Protection Association, Inc., Boston, Mass. (1952)

4) “Sulfur May Have Helical Structure,” C & EN, p. 44 (Sept. 5,1960)

5) Trans. Faraday Soc. 55,No. 444,2221 (1959)
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TETRANITROCARBAZOLE, (C.H,). (NO,),NH

(Tetranitrobenzopyrrole, Tetranitroidiphenylamine, TNC)

Specification No. : PAPD-639 (1954) pending revision of MIL-T-13723

Molecular Weight : 347.20
Crystalline Forms :a, needles ;8, plates ;y (1,3,6,8) prisms
Color : light yellow

TNC is produced by treating carbazole with sulphuric acid and then nitrat-
ing the sulphonic acids to yield a mixture ¢f principally 1,3,6,8 and about
10% of 1,2,6,8 TNC. The structure of the 1,3,6,8 isomer is

0,N NH NO,

O:N NO,

Density, g./ml. :

Coefficient of Thermal Expansion :
Heat of Formation :
Free Energy of Formation:
Entropy:
Melting Point a:about 581°K (308°C)
’ with decomposition
B:593°K (820°C)
41 (1,3,6,8) 558°K
(285°C) with
decomposition

LT

Specification : 285°C min. to 300°C max.
Boiling Point :
Transition Point :
Heat of Sublimation :
Heat Content or Enthalpy:
Heat Capacity :

Decomposition Temperature : Decomposes turns red-brown above
onheating : 200°C

For DTA sece Ref. 33
Decomposition Products :
Vapor Pressure :
X-Ray Crystallographic Data :
Hygroscopicity, at 30°C, 909 R.H. :

T

(=]
(=]
o
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Tetraniirocarbazole, (CoH.);(NO;) NH (page 2)

Solubility Data : Inwater (£./100g.) at95"°C:

In nitrobenzene : o
In hot acetone and hot pyridine :
In nitrobenzene, chloroform, CCly, ether., ligroin :
«—in glacial acetic acid :
in KOH :

in conc. H.S0, :

p—in glacial aceticacid (hot) :
y—in glacial acetic acid :
in pyridine :
in ethyl alcohol :
Health Hazard :

Safety Classifications :
OSM:

1CC: .
Fire and Explosion Hazard: Dangerous. exploded
decomposition it emits highly toxic fumes.

Can react vigorously with oxidizing materials.

Electrostatic Seasitivity:
Data oy (i,3,6,8) TNC

Oxygen Balance to CO,, % :

Oxygen Balance to CO, % :

Nitrogen (calc’d for C.P.) % :

Nitromtrogen (calc'd for C.P.) % :

MP,cC:

0.1

very soluble

soluble

insoluble

practically insoluble

soluble with formation of
ayellow color

soluble with formation of
agreen color

soluble
3.05¢9;,
3.55%
trace

toxic ;and is used as
an insecticide

class 9
not listed .
by shock. When heated to

-85

-30

20.0

16.0 (spec. min. 15.5)
296

Impact Sensitivity : 2 kg. wt., sample weight 14 mg. :

B.M. apparatus, cm. :
P.A, in:
Friction Pendutlum Test :

Explosion Temperature (Ssec.), °C :

100°C Heat Test:
% loss first 48 hrs.:
% ioss second 48 hrs.:
Expiosion in 100 hrs.:

100+
18

unaffected by fibreor
steel shoe
decomposes at470

0.15
0.05
none¢

Vacuum Stabiiity Test, cc. gas/40 hrs. from a5 g. sample :

100°C:
126°C:
Sand Test (200g. bomb)
Sand crushed through 30 mesh screen :

300

0.2
0.2

(gas)41.3
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Tetranitrocarbazole, (CoH:)2(NO:2)NH (page 3)

Sensitivity to Initiation :

Lead Azide 8.20 g. plus tetryl 0.25¢.
Method of Loading:
Method of Storage:
Heat of Combustion, cal./g. at 18°C:
Use in Pyrotechnics:

Additional References:

1) “Identification of Isomers Formed in the Nitration of Carbazole,” D.

pressed
dry
37724

as a fuel, particularly in
some igniter powders

B. Murphy etal., . Am. Chem. Soc. 75,4289 (1953)

2) CA 48,2084 (1954)

3) Picattiny Arsenal Technical Reports 1647,1802,1937,1973, 1984, and

2180

4) P. Tavernier and Maurice Lamoroux, Mem. Poudres 89,341 (1957)

5) “Uber die Einwirkung von Athylnitrat auf Diphenyl und Diphenyl.

Abkémmlinge,” H.Raudnitz, Ber. 60,741 (1927)
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“THIOKOL” (LIQUID POLYMER LP-2)

(Thiokol is a trademurked name)

Thiokol LP-2 Mix is a polymer manufactured by the Thiokol Corporation
in the liquid state. It is a completely polymerizable material which can be con-
verted by suitable curatives to a tough resilient rubber without appreciable
shrinkage. In the rubber state it remains flexible to ~65°F and does not melt at
clevated temperatures. Its maximum service temperature is around 250°F, but
it will stand higher intermittent temperatures. It is sold as a viscous liquid with
a viscosity of about 400 poises at 25°C. It is cold setting.

Formula or Structure: The average structure is as follows:

HS- (C.H,~CHz0-C,H,~8-8) 5, -C,H ~0-CH,-0-C;H,~SH. Occasionally in

the chain of recurring units there is a side mercaptan group. The terminal

SH groups arevery reactive.

Specifications: nene
Physical Properties :
Color: amber
Specific Gravity : 127
Molecular Weight : approximately 4000
Stability : indefinite
Moisture Control lessthan0.2%
pH (of water extract) 6.0108.0

Chemical Reactivity : LP-2 is slightly acid when pure and is stable. In alkaline
rnedium it polymerizes rapidly.

1 (HS- (RSS) ¢ R-SH] —?I%Q)L(Rssb) +-nH,0.

The reaction is exothermic. R in the above equation denotes the group
{C.H,~0O-CH,-0-C.H,).

Curing: Organic peroxides ;e.g., benzoyl peroxide, tertiary butylhydroperoxide,
tertiary butylbenzoate, and cumene Irl)ydroperoxide will promote cure. Con~
ventional paint driers will serve to introduce O from the air and can be
used to polymerize LP-2. Cobalt driers are outstanding for this purpose.

Com atibili‘gr Data:

n the data given below solutions were prepared by stirring small incre-
ments of solvent into weighed quantities of the liquid polymer and continu-
ing until precipitation or cloudiness occurred. The figures given indicate the
ultimate tolerance of LP-2 for the solvent. Thus 70% for methylethyl
ketone indicates 70% of the ketone and 30% LP-2 by weight. At 100%,
dilution is infinite.

Solvent Yo ~ Solvent " Vi

glacial acetic acid 20 cyclohexanane 100
methanol 0 aniline 10
ethanol 0 benzege 100
diethyl ether 20 teluene 100
dioxane 100 carbon tetrachloride 70
petroleum ether 10 cthyl acetate 100
acetone 50 dibutylphthalate 100
methylethylketone 70 nitromethane 60

These figures do not hold for poly1 ierized LP-2 which has low solubility.
Use in Pyrotechnics: As a fuel when polymerized.
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TITANIUM, Ti Refs.
Specification No. : MIL-T-13405A (CmlC)
Molecular Weight : 4790
Crystalline Form (attemperatures up to
abut800°C) : a, hexagonal 1
abovetransition : B, cubic
Color : silver grey to dark grey 1
Density, g./ml. : (solid) 4.50
Coefficientof Thermal Expansion, linear (a) atR.T. :8 X 108 38
Temp. Range °C Coefficient
-195 to4- 20 6.8 X 10°¢ 27
20-200 8.9 % 10-¢
20-400 99 % 108 .
20800 10.1 ¢ 10-¢
Heat of Formation, Kcal./mole at 298°K : (gas) 112.6 5
Free Energy of Formation, Keal./mole at 298°K : (gas) 101.944 5
Entropy, cal./deg./mole at 298°K : {c) 7.3 2,0
(gas) 43.07 L5
See Tables a and b
Melting Point : 1940°K (1667°C) 4
Heat of Fésion, cal./mole: - 3700 5
Boiling Point : 3550°K (2277°C) 5.
Heat of Vaporization, cal./mole : 102,500 5
Transition Point, hexagonal (a) tocubic (g) : 1155°K {882°C) 4,5, 9
Heat of Transition, cal./mole: ~ 850 4
Heat of Sublimation, cal./mole at 298°K : 112,800 5 e
Heat Content or Enthalpy, cal./mole at 298°K : (solid) 1150
. (gas) 1802 . 5
See Tables a and b
4
T, °’K Hy —Hoeg1s St —Sopss | T,°K . Hir ~ Hagars Sr—Ss08.15
cal./mole cal./deg. - cal./mole cal./deg,
mole mole
400 ' - * 625 1.80 1500, .. ... .9600 . 12.06
500 -~ " ¢ 1250 3.20 1600 .. ... 10,350 12.53
60 . 3816 LX) 149 -0 11888 1383
800 . .... 3330 . 6.44 1900, .. ... . 12600 . 13.82
00 ..... 4070 7.3 1940 (B) . . . 12,900 13.98
1968 ... 4B48 1A P AONEERTE - 16,28
1155 (o) .. . 6070 9.26 2200 .. ... 19,440 17.29
1155 (g) ... =~ 7020 10.09 2400 .. ... T .21,040 17.98
1200 ... .. 7350 10.38 F 2600 .. ... 22,640 18.62
1800 . ... . 8100 10.08 e e 24, 21
1400 - 8850 1153 3388 e 5‘5‘,%18 &%277
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Titanium, Ti (page 2)

Ti (a):
Enthalpy :Hr — Hags,1a = 5.256T + 126 x 10°T2-1677 (0-3percent ;298-1155°K)
Heat Capacity :C, =525 +2.52 x 10T

Ti(g) :
Enthalpy : Hr =Hgs.1s =7.50T — 1650 (0.1 percent ; 1155-1940°K)

A Hynge (fusion) = 4450

Ti (1) :

Enthalpy : Hr = Haos,1; =8.00T 1840 (0.1 percent ; 1940-3000°K)

T ,°K Hr - Hogs 1 St —Szes.15 T,°K Hz - Hugu.1z St —Szes.15
cal./mole cal./deg, cal./mole cal /deg,
mole mole
400 . .... 575 1.67 1900 . .... 8495 9.87
500 ... .. 1120 2.88 2000 .. ... 9075 10.16
600 . . ... 1650 3.84 2200 .. ... 10,275 10.74
700 ..., - 2170 4.64 2400 ... .. 11,530 11.28
800 ..... 2685 5.3 2600 ... .. 12,840 11.79
900 .. .. 3195 5.94 2800 . .... 14,210 12.31
1000 ... .. 3705 6.47 3000 ..... 15,635 12.81
1106 .. ... 4215 -6.96 3500 ... .. 19,460 13.98
1200 .. ... 3730 740 4000 . .. .. 23,630 15.10
1300 .. ... 5245 782 4500 .. ... 28,110 16.15
1400 . . ... 6765 8.20 5000 ... .. 32,855 17.15
1500 .. ... 6290 8.57 6000 .. ... 42,895 18,98
1600 . .. .. 6825 8.91 7000 .. ... 53,320 20.59
1700 ... .. 7370 924 8000 ..... 63,830 21.99
1800 .. ... 7930 9.56
59
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Titanium, Ti (page 3)

X-Ray Crystallographic Data :

System Space Group a c Atoms/Unit Cell

hexagonal D4, 2,951 4.692 2

cubic 3.283 2
Hygroscopicity (cumulative increase in weight after)

Storage over H,0 for 29 days: . 1.7%0

HyS0, for29 days: 0.0%

Two days in oven at 105°C : 0.0%
Solubility Data: In cold water: msoluble

In hot water: decomposes

In dilute acids on heating: soluble
Health Hazard : none ;physiologically inert

Safety Classifications:

QSM : class 2
ICC : Powder listed under “Explosives and Other Dangerous Articles” as
aflammable solid ;yellow label.

U.N.: inflammable solid

Fire and Explosion Hazard : Powdered metal exposed to air is a dangerous fire

hazard and burns with intense heat. Prevent water from contacting the
material. Store and process in rooms or buildings adequately vented at the
highest point to prevent the accumulation of hydrogen gas which results
from the reaction of powdered metal and moisture. en mixed with oxi-
dizing material, the powdered metal is a dangerous fire and explosion haz-
ard. In the repair and maintenance of buildings or equipment, powder or
dust should be removed and nonsparking tools used.

Finely ground titanium powder explodes spontaneously when in contact
with hot air, and burns in atmospheres other than air. At 680°C, the fine
powder burns in pure carbon dioxide. At red heat, titanium decomposes
steam to free hydrogen. Above 1475°F it burns vigorously in atmosphere
of pure nitrogen. The metal and its alloys explode when treated with nitric
acid. Oil covered titanium chips have ignited spontanecously.

Precautions When Handling Titanium :

Titanium powder is shipped and stored wet. Moisture content of containers
of titanium powaer should be kept above 20% by volume. All standard
precautions must be taken when handling the powder. Metal equipment
with which it comes in contact must be grounded, and operations carried out
in atmospheres of helium, or argon. Atmospheres of carbon dioxide and
nitrogen are ineffectivesince dust layers of the powder ignite in these gases.

Electrostatic Sensitivity (minimum energy required for ignition of powder by

electric sparks, millijoules) : dust cloud) 10
dust layer) .008

Ignition Temperature, °C :

Massive metal in air T00-800
Powder in air 250
Dust Cloud 330
Dust Layer 380
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Titanium, Ti (page 4)

Minimum Explosive Concentration :
Powdered metal, mg./!. 45
Corrosion Resistance : Extremely resistant to corrosion by most substances.

Use in Pyrotechnics : As a fuel. According to the specification, it is used in first
fire mixtures for incendiary munitions.

Additional References :

1) “The Explosive Characteristics of Titanium, Zirconium, Thorium, Ura-

nium and Their Hydrides,” I. Hartmann et al., Burecau of Mines R.L
4835 (1951)

2) Ref. 64

3) L G. Carpenter, Nature 263,527 (1949)
4) J. Phys. Chem. 59,127-131 (1955)
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TITANYUM DIOXIDE, TiO, Refs.
(Titania, Titanium White, Rutile, Anatase, Brookite) 1,29
Percent Oxygen: 40.06
Specification No. : TT-T-425a (Dry-Paint
Figment)
The specification covers one grade and three types of titanium dioxide pig
ment which vary in purity :
Type I, Free chalking (anatase)
11, Semi-chalking, aluminum treated (rutile)
I11, Chalk-resisting, silicon-aluminum-zinc-treated (rutile)
Molecular Weight : 79.90
Crystalline Form : tetragonal 1.
Allotropic Forms : TiO, occurs in four allotropic forms; brookite, rutile, | 65
and two forms of anatase. The stability ficlds of these modifications have
not been clearlg determined, but anatase II is reported to transform to ana-
tase I at 642°C, and anatase I to rutile at 915°C. The first transformation
is rapid ;the second slow. The formation of a rutile structure also has been
found to occur when Ti,0, is oxidized.
Color: (purified titania) translucent water white or yellowish cast. Turns yel- | 29
low then brown when heated. 54V7
Density, g./ml. : (solid) brookite 4.17 P
octahedrite, anatase, 3.84 | 1,22
rutile 4.26 1
Coefficient of Thermal Expansion : 910 41
Ref. quotes Addnl. Ref. §
Coefiicient of Thermal Expansion per °C : (Ex 107) where Eis Addnl. Ref. 4
70-80 over the range
20-600°C
Heat of Formation, Kcal./mole at 298°K : (e, 111) rutile, -218.0 1,9
See Table a
Free Energy of Formation, Kcal./mole at 298°K : (e, 111) rutile, -203.8
See Table a
a. HEAT AND FREE ENERGY OF FORMATION OF TiO,(rutile) 2
T, °K A H (cal./male) A Fo (cal./mole)
298.16. . . . -225,500 (x250) -212,300 (+250)
400 ... .. -225,350 . -207,800
500 ..... -225,100 -203,450
600 . . ... ~224,900 -199,150
700 ... .. ~224,700 -194,850
800 ... .. -224,500 -190,600
900 . .. .. -224,300 -186,400
1000 . ., .. -224,150 -182,200
1100 . .. .. -224,000 -178,000
1150 .. ... -223,950 -175,900
1150 .. ... -224,900 -175,900
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Titanium Dioxide, TiO> (page 2)

T,°K A H (cal./mole) a F° (cal./mole)
1200 ... .. -224.800 -173,800
L1300 .. ... -224.600 -169.,550
1400 ... .. -224.400 -165,300
1500 .. ... -224.150 -161,100
1600 ... .. -223.900 -156,950
1700 . .. .. 223,650 152,750
1800 .. ... -223.400 -148.,600
1500 .. ... -223,150 -144.450
2000 ..... . -222.850 -140,300
Free Energy Equations: 2
Reaction Range of Validity,°K
1) Ti (@) F0, (2) =TiO; (rutile) 298.16-1150
AF$ =-228360-12.80T log T + 1.62 (10-T2) +1.975 (105T-1) +82.81T
2) Ti (8) +0; (g)="TiO, (rutileq_ 1160-2000
A Fg =-228,380-7.62T log T T .36 (10-*T?) +1.975 (10°T-!) + 68431
Entropy, cal./deg./mole at 298°K : (c, IIT) rutile, 12.01 9
See Tables b, ¢
Melting Point: 2108°K (1835°C) 9
Heat of Fusion, Kcal./mole : 155+ 25 24
Boiling Point : (rutile) 2600°K (2227°C) | 63
Heat of Vaporization, Keal./mole : 138.9 Addnl. Ref. I
Transition Point: _
Heat of Sublimation : -
4
T,°K Hr — Hypg 15 St - Szes.15 T, °K Hy = Hoos 1s St —Sges.15
cal./mole cal./deg. cal./mole cal./deg,
mole
400 .. ... 1540 443 1300 . ... 17,000 2438
500 ... .. 3100 791 1400 , .. .. 18,820 25.73
600 .. ... 4735 10.89 1500 ... .. 20,660 27.00
700 ... .. 6440 13.51 1600 .. ... 22,530 28.20
800 ..... 8160 15.81 1700 . .... 24.420 29.35
900 . .... 9900 17.86 1800 .. ... 26,340 3044
1000 . .. .. 11,6350 19.70 1900 .., .. 28,280 31.49
1100 .. ... 13,420 2139 2000 ... .. 30,250 32.50
1200 .. ... 15,200 2294
TiO. (rutile) :

Enthalpy :Hr = Hags 15 =17.97T T 0.14 % 10°T2 +435 X 105T-1 -6829
(0.8 percent ;298-1800°K)
Heat Capacity :C, =17.97F0.28 x 103T - 4.35 X 108T-?
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Titanium Dioxide, TiO, (page 3)

c. HEAT CONTENT AND ENTROPY OF TiO;(anatase) 4
(Base, crystals at 298.15°K)
T, °K Her - Haonts St —Sz08.15 T,°K Hr ~ Hyppas St - Soos.1a
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... .. 1540 4.43 900 ..... 9930 17.89
500 ..... 3100 7.91 1000 .. ... 11,720 19.78
600 ..... 4735 10.89 1100 .. ... 13,530 o1.51
700 .. ... 6440 13.52 1200 . ... . 15,350 23.09
800 ..... 8170 15.82 1300 .. ... 17,180 24.55
Ti0, (anatase) :
Enthalpy : Hy = Hags.15 = 17.83T F0.25% 10-#T2 + 4.23 x 105T1 - 6767
(0.7percent ; 298-1300°K)
Heat Capacity :C, = 17.63 + 0.50 X 10-T - 4.23X 10°T 2
Heat Capacity, cal./deg./mole: (solid) 13.16 9
See equations above
Decomposition Temperature: —
Decomposition Products : N
Dissociation Pressures: 63
__ 30361 o+ _
Vapor Pressure, log Pun, = ——p - 042 X 108 T 11.19 (T=CK) Addnl. Ref. 1
at 2000°K, logp==4.97atm. Sec also Ref. 54V6
X-Ray Crystallographic Data: 1
System SpaceGroup a C Molecules/ Unit Cell
(rutiie) tetragonal Dj 4.58 2.95 2
Hygroscopicity : nonhygroscopic
Solubility Data :In water, HCl, HNO;, dil. H;SO, :  insoluble 1
In hot concentrated H,SO,, alkalies : soluble
Health Hazard : Considered harmless but high concentrations of the dust may | 12, 25
cause irritationto the respiratory tract.
M.A.C, mg./m2ofair: (tentative) 15 29
Safety Classifications:
OSM : not listed
ICC: not listed
Fire and Explosion Hazard: none
Eiectrostatic Sensitivity :
Use in Pyrotechnics : “aproduct of the
combustion of Ti
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Additional References:

1) “Vapor-Solid Equilibria in the Titanium Oxygen System,” W. Groves
etal,, J. Phys. Chem. 59, 127 (1955)

2) Ref.64
3) Forcolor changessee also Ref.44V29 sup

4) F. Hummel and E. Henry, Report 6, Penn. State College School of
Mineral Industries, PB 60, 659 (1 946) cited by Ref, 6

5) Ind.Eng. Chem. 38,1097 (1946)
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Formula :

TOLUIDINE-RED TONER (dry paint pigment) Refs.
(1-(3-Nitro-p-Tolueneazo)-2-Naphthol,
Metanitroparatoluidino-azo-Betanaphthol, C.I. 12120, 82, 48A
C.I. Pigment Red 3)
NO, OH
HsCDN ‘N 8 CirHy5N;0;
Specification No.: - TT-T-562
The color shall be resistant to HNO; (1.20 Sp. Gr.), to HCL (1.10 Sp. Gr.)
andto 10% caustic sodasolution.
Molecular Weight : 307.2
Crystalline Form : microscopic delicate 82
featheryneedles

Color :

Density, g./ml. :

Coefficient of Thermal Expansion :
Heat of Yormation:

Free Energy of Formation:
Entropy:

Melting Point, °C:

Heat of Fusion:

Boiling Point:

Transition Point :

Heat of Sublimation :

Heat Content or Enthalpy :
Heat Capacity :
Decomposition Temperature :
Decomposition Products :
Vapor Pressure :

X-Ray Crystallographic Data :
Hygroscopicity:

Solubility Data :In acetone and chloroform :

In alcohol and benzene :
In hot water:

Health Hazard :

Safety Classifications:

purplish or brown ; bright | 82

red to somewhatdarker | Spec.

yellowish red 84A
gsolid) 1.0 82
bulkingvalue) 0.08576 82

N

258 48A
soluble 82
slightly soluble 48A
very slightly soluble 82

|
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Toluidine-red toner (page 2)

Fire and Explosion Hazard:
Electrostatic Sensitivity :
Resistance to light :

to heat:

to acids and alkalies:

Use in Pyrotechnics: Added to igniter compositions to impart a red color for

identification.

Additional References:
1) Ref. 82
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(full shade) excellent
(tint) good
to 320°F

poor when baked 20 min.

at 270°F
good
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1,4-di-p-TOLUIDINOANTHRAQUINONE
(1,4-di-p-tolyaminoanthraquinone,
D & C Green No. 6, Quinizarine
Green G Base, C.1. 61665, C.I. Solvent Green 3)

Formula : EIZD

Specification No. :
Molecular Weight:
Crystalline Form :

Color : Green, from chlorobenzol —blue,
from glacial acetic acid-dark violet
Density, g./ml.
Apparent Density :
Temperature Coefficient :

Heat of Formation:
Free Energy of Formation :

Entropy:
Meiting Point:
Heat of Fusion:
Boiling Point:
Transition Point :
Heat of Subiimation :
Heat Content or Enthalpy:
Heat Capacity :
Decomposition Temperature :
Decomposition Products :
Vapor Pressure :
X-Ray Crystallographic Data:
Hygroscopicity :
Solubility Data :In alcohol {g./1.) at60°C :
In aniline:
In concentrated H,SO, :

In chloroform and in benzene :
Health Hazard :
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C2sH2aN:0,

MIL-D-3277
4185
needles

(Spec.) 045 = 0.25

491°K (218°C)

NERRERRENE

34
soluble with green color

soluble with violet-blue
color orviolet-red
soluble

unknown

Refs.
92, 48A

88V14

88V14
88V14

88V14

Addnl. Ref. 1
88V14
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1,4-Di-p-toluidinoanthraquinene (page 2)

Safety Classification:
OSM : not listed
ICC: not listed

Fire and Explosion Hazard: _

Electrostatic Sensitivity : _

Use in Pyrotechnics: to color smoke mixtures
green

Additional References:

1) “The Dyeing Phenomena of Acetate Artificial Silk,” V. Kartaschoff
and G. Farine, Helv. Chim. Acta 2,822 (1928)

r
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TUNGSTEN, W
(Wolfram)

Specification No.:
Molecular Weight :
Crystalline Form :

Color :
Density, g./ml. :

Coefficientof Thermal Expansion, linear :
-108t0 0°C :
0-100 :
0-300 :
0-500 :
1000-2000 :

Heat of Formation, cal./mole at 298°K :
Free Energy of Formation, cal./mole at 298°K:
Entropy, cal./deg./mole at 298°K :

See Tables b, c
Melting Point, °K :
Heat of Fusion, cal./mole:
Boiling Point:
Heat of Vaporization, cal./mole :
Transition Point:
Heat of Sublimation, cal./mole :
Heat Content or Enthalpy, cal./mole :

Heat Capacity :

MIL-T-13827
183.86

(cubic) p-form trans-
forms irreversely to «

above 700°C
grey-black
(solid) 19.3

4.2 108
43X 10°

4.5 %X 10°®
46X 10°

6.1 X 10
(gas) =200,000
(gas) -190,009
(gas) 41.55

(c) 8.04

3650

8420

5800°K (5427°C)
191,000

200,000

solid) 1216
gas) 1486

solid) 5.92
liquid) 8.5
(gas) 7.5

T, °K Cg cal./deg./mole T,°K Cg cal./deg./mole
298 ... .. 5.92 1600 ... .. 7.00
600 ... .. 6.17 2000 ..... 7.33
800 ..... 6.34 2500 ... .. 7.74
1000 .. ... 6.50 3000 ..... 8.15
1200 . ... . 6.67

See also equations below
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Tungsien, W, (page2)

4
T,°K He— Hazgoas S~ Szen.1s T, °K Hr — Hoos15
cal./mole cal./deg. cal./mole

mole mole

400 . .... 615 1.77 1500 ... .. 7730 10.1%
500 . .... 1220 3.12 1600 .. ... 8430 10.63
600 ..... 1830 4.23 1700.. .. .. 9130 11.06
00 ..... 2450 5.19 1800 .. ... 9840 1147
800 ..... 3080 6.03 1900 . .... 10,550 11.85
900 ..... 3710 6.77 2000 ... .. 11,270 12,22
10600 .. ... 4360 746 2200, . .. .. 12,720 12.91
1100 .. ... 5010 808 2400 .. ... 14,190 1355
1200 ..... 5670 8.65 2600 ... .. 14,680 14.14
1300 .. ... 6340 9.19 2800 .. ... 17,190 14.70
1400 . .... 7030 9.70 3000. , 18,720 15.23

W{(e) : ¢
Enthaipy : Hy —Hogs 15 =5.74T +0238 ¥ 10-3T2 = 1745 (0.4 percent ;298-3000°K)
Heat Capacity :C, =5.44 +076 X 10-3T
T, °K Hr —Hzes.15 St —S2es.15 T, °K Hr = Hags1s S+t - Syes.15
cal./mole cal./deg. cal./mole cal./deg.

mole mole

400 ... .. 540 1.55 1500 ..... 10,150 12.47
500 ..., 1130 2.86 1600 . .... 11,048 13.04
600 1805 4.09 1700 . .. .. 11,895 13.56
706 ..... 2580 5.28 1800 ..... 12,730 14.04
800 ..... 3440 6.44 1900 ..... 13,540 14.47
900 ..... 4375 753 2000 ... .. 14,325 15.61
10066 ... .. 5354) 8.56 2200 15,855 14.88
1106 ... .. 6340 9.50 2400 .. ... 17,330 16.25
1200 ..... 7325 10.36 2600 ..... 18,780 16.83
1300 . .... 8200 11.14 2800 . . ... 20,210 17.36
1400 . .. .. 9235 11.84 3000 ... .. 21,635 17.85

W(g):

Enthalpy :Hy —Haes.1s =10.70T —0.66 X 10-*T2 464 % 105T-! - 4688
(0.3 percent ;1600-3000°K)

Heat Capacity :C, = 10.70-1.32 X 103T - 4.64 x 105T*?
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Tungsien, W (page 3)

Vapor Pressure: At 2000-3500°K can be calculated from log p(mm. Hg.) =
- 4‘;&"' 9.84 - 0.0146log T —0.164T. Where T == temperature ox. Vapor pres-

sureis 1mm, at3990°C
X-Ray Crystallographic Data :

System Space Group a Atoms/Unit Cell
a, cubic o2 3.1583 2
B, cubic 02010} 5.04 8
Hygroscopicity : —
Solubility Data : In water : insoluble
In HNO;, H;S0,, and aqua regia : very slightly soluble
In HF and HNO;, : soluble
Health Hazard : very slight
Safety Classifications :
OSM : class 2

Fire and Explosion Hazard : Tungsten is dangerous in the powdered form when
exposed to flame. It burns with intense heat. Prevent water from contacting
the material. Store and process only in reem or buildings adequately
vented at the highest point to prevent the accumulation of iydrogen gas
which results from the reaction of the powdered metal and moisture.

When compounded with oxidizing agents, the powdered metal is a danger-
ous fire and explosion hazard. In the repair or maintenance of buildings or
equipment, powder or dust should be removed and nonsparking tools used.
Electrostatic Sensitivity :

Use w Pyrotechnics: as a fuel

Additional References :

1) “Tungsten,” C. J. Smithells, Chapman & Hall Ltd., London (198562}
2) Ref. 46
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TUNGSTEN DIOXIDE, WO,

Specification No. :

Refs.

Molecular Weight : 215.92 1A
Crystalline Form : cubic 1A
Color : brown 1A
Density, g./ml. : (solid) 12.11 1A
Cocfficient of Thermal Expansion : —_—
Heat of Formation, Keal./mole at 298°K : (c) -1340=x=25 24A
-136.3 14,9, 314
Free Energy of Farmation, Kcal./mole at 298°K : (c) —%%3.8 §6g
-118 31A
HEAT AND FREE ENERGY OF FORMATION OF WO;(c) 2
Entropy, cal./deg./mole at 298°K : %55 5 g
160 = 2.5 24A
Melting Point, °K :See Decomposition Temperature below. Ignites in air. Ignites | 3PA
innitrogen at 1500-1600°C.
Heat of Fusion, Kcal./mole: 115 6
Boiling Point : Begins to sublime at about 800°C. Quite volatile above 1050°, The | 44854
boiling point is about 1800°K.
Heat of Vaporization, Kcal./mole : 48.86 44354
Heat of Sublimation : —
Heat Content or Enthalpy : N
Heat Capacity : -
Decomposition Temperature, °K : decomposes at2125 + 50 8
Decomposition Products: W + WO, which sublimes | 44554

318



Tungsten Dioxide, W(); (page 2)

Vapor Pressure : appreciuable at 1800°K
X-Hay Crystallographic Data :
Molecules/
System Space Group a b ¢ Azial Angle Unit Cell
monoclinic P, 565 489 556  120°26 -4
tetragonal D3 4.86 277 2
Hygroscopicity : —_
Solubility Data - 1, 1.0, acids, KOH : insoluble
Health Bazanri: slightly toxic
Safety Classifications: -
OSM : not listed
Fire Ia%% Explosion Hazard : The amorphous powder’i}? gi!;%tggly pyrophoric and
easily oxidized to WO, .
Flectrostatic Sensitivity : —
Use in Pyrotechnics : —
L
{
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ZINC, Zn Refs.
Specification No. : JAN-Z-365
Covers three grades, which differ in purity, and two classes differing in
granulation.
Molecular Weight : 66.38
Crystalline Form : hexagonal 1
Color : bluish-white 1
Density, g./ml. : o (solid) 7.14 1
Coefficientof Thermal Expansion, linear at
10-100°C : 26.28 x 10 1
cubic at0-1009C : 89.28 X 10-°
Equation forlinear coefficient : , =1, (1+.2969 % 104) + 1
(-.0635 x 10°7)
where 1y = length attemp. tin °C and 1 =length at 0°C
Heat of Formation, Keal./mole at 298°K : (gas) 31.18 1,9
Free Energy of Formation, Kcal./mole at 298°K :  (gas) 22.682 5
oW - 1,5
Entropy, cal./deg./mole, at 298°K : &c:,)as) 33:?6 05
See Tables a and b
Melting Point: 692,7°K (419.6°C) 4,5
Heat of Fusion, cal./mole: 1765 15
Boiling Point : 1181°K (908°C) 2
Heat of Vaporization, cal./mole : 27,960 5
Transition Point : —_—
Heat of Sublimation, cal./mole 31,180 )
Heat Content or Enthalpy, cal./mole : (solid) 1349 )
See equations below
4
OK S'l‘ —S298.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 . . ... 625 1.80 800 ... .. 5150 9.08
{388 _____ 1270 324 900 ..... 5900 9.96
----- 1940 4.46 1000 . . ... 6650 10.75
gg%;(( ). .. 2580 5.45 1100 . .. .. 7400 11.47
. f) A 4345 8.00 1200 . . ... 8150 12.12
700 .. ... 4400 8.08
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Zinc, Zn (page 2)

b. HEAT CONTENT AND ENTROPY OF Zn (g) 4
(Base, ideal gas at 298.15°K)
T, °K Hr —Haon 15 St —Sues.13 T,°K Hy - Hoos1s St —Szon.un
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... .. 505 1.46 1900, . .. .. 7960 9.20
500 ..... 1005 2.57 2000 ..... 8455 9.46
600 ... .. 1500 348 2200 .. ... 9450 9.93
700 ... .. 1995 4.24 2400 ... .. 10,445 10.36
800 .. ... 2495 490 2600 ... .. 11,440 10.76
900 .. ... 2990 5.49 2800 , . ... 12,435 11.13
1000 .. ... 3490 6.01 3000 .. ... 13,425 11.47
oo ... .. 3985 6.49 3500 ... 15,910 12.24
1200 ..., 4480 6.92 4000 18,400 12.90
1300 .. ... 4980 732 4500 .. ... . 20,905 13.49
1400 . .. .. 5475 7.69 5000. ... .. 23,435 14.03
1500 ... .. 5975 8.03 6000 ..... 28,675 14.98
1600 . .. .. 6470 8.35 7000 . ... . 34,385 15.86
1700 ... .. 6965 8.65 8000 ..... 40,905 16.73
800 ... .. 7465 8.94
Zn (g):
Enthalpy: Hy —Hyys.15 == 4.971' = 1482(0.1 percent ;298-6000°K)
Heat Capacity, cal./deg./mole : solid) 6.07 4,5
liquid) 7.50
gas) 497
Also see above
Decomposition Temperature : -
Decomposition Products: —_
Vapor Pressure :
Press. mim, 1 10 40 100 400 760 M.P. 1
Temp. °C 487 593 673 736 844 907 4194
X-Ray Crystallographic Data :
System Space Group a c Atoms/Unit Cell
hexagonal Di, 2.6585 4.9342 2
Hygroscopicity : On exposure to moist air zinc becomes'coated with a white basic | 16, 29
carbonate of Zn. Cumulative increase in weight after :
Storage over HzO for 29 days : 5.2% 51
Storage over H;SO, for 29days : 47 %
Twodaysinovenat 105°C : 4.3%
Soiubility Data : Insoluble in water, but soluble in acids, alkalies, and ammonia. | 1, 29
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Zirc, Zn (page 3)

Health Hazard : Zinc powder is slightly to moderately toxic. When heated fumes
of Zn0O evolve, which when inhaled can cause “brass founders ague” or
“brass chills” and fever, also called “zinc-fume fever,” “zinc chills” or
“galvo.” The effect is usually temporary.

M.A.C. of zinc (asZnQ) ,mg./m.2: 15
Safety Classifications :

OSM : class 2

I1CC: not listed

Fire and Explosion Hazard : Powdered zinc when heated is an explosive and fire
hazard. It burns with intense heat. Prevent water from contacting the
material. Store and process onlijn buildings or rooms adequately vented at
the highest point to prevent the accumulation of evolved hydrogen gas.
When compounded with oxidizing agents, the powdered metal is a danger-
ous fire and explosive hazard. In the repair or maintenance of buildings or
equipment, powdered dust should be removed and nonsparking tools used
Fight fire with special mixtures of dry chemicals, or powdered tale.

See also Ref. 86

Electrostatic Sensitivity (minimum energy required for ignition of powder by

clectric sparks, millijoules) : (dust cloud) 650
Ignition Temperature, °C : Edust cloudg 20¢
dust layer) 100

Minimum Explosive Concentration, mg./1, : 480

Use in Pyrotechnics: As a fuel. On burning, it produces a white light with a
bluish-green or bluish tint.
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ZINC CARBONATE

Formula :
Specification No.:
Molecular Weight :
Crystalline Form :
Color:

Density, g./ml. :
Coefficient of Thermal Expansion :
Heat of Formation, Kcal./mole at 298°K :

Free Energy of Formation, Kcal./mole at 298°K :

Entropy, cal./deg./mole at 298°K :
Melting Point :

Heat of Fusion :

Boiling Point :

Transition Point :

Heat of Sublimation:

Heat Content or Enthalpy:
Heat Capacity, cal./deg./mote :

ZnCO;,
MIL.Z-12061
125.39
trigonal

white
colorless

(solid) 4.44

(c) -194.2
(c) -174.8
19.7

loses CO; at

573°K (300°C)

RN

(solid) 19.16

Molal Heat Capacity can be estimated from C, = 9.30 + 330 (10-°T) at

298-780°K
Decomposition Temperature :

plete at 300° in 1 hour, and at400° in 14 hour.

Decomposition Products :
Heat of Dissociation, cal./mole :

Dissociation Pressure : A constant reproducible decomposition pressure has not.

loses CO, at 300°C
Commercial ZnCO; gives off some CO- even at 90°C. Decomposition is com-

zno +co,
21,000

been observed. The decomposition depends on the grain size and other

factors.

X-Ray Crystallographic Data :
System Space Group a

hexagonal D, 5.704
HygroscopiciCy :
Solubility Data:

In water at 15°C :

In acids,alkalies, NH, salts :

In NHjy, acetic acid, pyridine :

Heaith Hazard :
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Axial Angle

Molecules/
UhitCell
= 48° 6' 2
0.001 g.
soluble
insoluble
low

Refs.

1

54V4
54V2
44332 sup
44832 sup
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Zinc Carbonaie (page 2)

Safety Classiticatiions:
OSM :
ICC:

Fire and Explosion Hazard:

Electrostatic Sensitivity :
Use in Pyrotechnics :
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ZINC OXIDE, ZnO Refs.
(Chinese White, Zinc White, Flowers of Zinc, 1,11, 29
Zinc Bloom, Philosopher’s Wool)
Specification No. : MIL-Z-291B
The specification covers three grades of which grades 1and 2 are used in
pyrotechnic mixtures. They differ somewhat n purity (grade 2 is the
purer) and have the Same granulation.
Molecular Weight: 81.88
Crystalline Form : am4rphous powder 1
Color : white (oryellowish) 1
Becomes lemon yellow on heating, regaining its white color on cooling. 52V11
Density, g./ml. : (solid) 5.47 1
Coefficient of Thermal Expansion, cubical: (aver.) 1.8 X 10 31
Heat of Formation, Keal./mole at 298°K: (fused 1-’?4.36 1,9
c .
See Table a (¢)
Free Energy of Formation, Keal./mole at 298°K : (c) -76.06 1,9
See Table a
a. HEAT AND FREE ENERGY OF FORMATION OF ZnO (c) 2
T,°K a H (cal./mole) A F° (cal./mole)
208.16. . .. -83,250 (== 200) —76,100 (= 200)
400 ..... 83,150 -73,650
500 ..... -83,050 71,300
600 ..... -82,950 -68,950
8927 .. .. -82,850 46,800
6927 ... . 84,600 e -66,800
700 ..... -84,600 -66,600
800 ..... -84,560 ~64,050
900 ..... -84,500 61,460
1000 ..... -84,400 58,900
1100 .. ... -84,300 66,860
1180 .. ... -84,200 -54,350
18 ..... -111,600 -54,350
1200 ... .. -111,560 -53,350
1300 ..... -111,150 48,500
1400 ..... -110,750 43,700
1500 .. ... -110,350 -38,950
1600 . . ... -109,900 -34,200
1700 .. ... -109,460 -29,600
1800 . .. ., -109,000 -24,800
1800 ... .. -108,560 -20,160
2000 .. ... -108,100 -15,600
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Zinc Oxide, ZnO (page 2)

Phase Changes of Metal
M.P., 692.7°K ;A H =1765cal./g.-atom
BP, 1180°K ;a H =27,430cal./g.-atom

Free Energy Equations : 2
Reactions Range of Validity,°K
1) Zn (¢) T1% 0, (g) =ZnO (c¢) 298.16-692.7
AFg =-84670-6.40 (TlogT) + .84 (103T2) + 99 (105T) +43.25T
2) Zn (I *14 0, (g) = ZnO (c) 692.7-1180
AFQ =-85520~-1.45(TlogT) - .36 (10-*T2) + 99 (10°T-1) +31.25T
3) Zn (g) t1% 0; (g) =Zn0 (c) 1180-2000
AFg =-115940-728 (TlogT) - 36 (10-*T2) + 99+ (10°T-1) +74,94T
Entropy, cal./deg./mole at 298°K : _ 9
See Tables b, ¢
Melting Point : > 2073°K (> 1800°C) 1
zincite, 2243°K (1975°C) 63
Heat of Fusion, g./cal./mole : 4470 7
Boiling Point : decomposes 24
zincite, decomposes 63

2223°K (1950°C)
Transition Point : —_——

Sublimation Temperature : 2073°K (1800°C) 50V15
Heat of Sublimation, Xcal./mole : 111-112.5 44832 sup
4
T,°K - Hr —Haos.15 Se —Sassis T, °K Hr - Haos 15 St~ Sses. 16
cal /mole cal./deg. cal /mole cal./deg.
¢ mole mole
400 . .. .. 1070 3.08 1300 ... .. 12,120. 17.29
500 ..... 2190 5.58 1400 .. ... 13,450 18.28
600 . .... 3350 7.69 1500 .., .. 14,800 19.21
700 ... .. 4530 951 1600 . .. .. 16,160 20.09
800 ..... 5740 11.13 1700 ... .. 17,530 20.92
90 .. ... 6970 12.57 1800 .. ... 18,910 21.71
1000 ... .. 8220 13.89 1900 ... .. 20,300 2246
1100 .. ... 9500 15.11 2000 ... .. 21,700 2318
1200 ... .. 10,800 16.24
Zn0 (c):

Enthalpy :Hr~Hags s =11.71T T 0.6L X 10-2T2 +2.18 X 10°T2 - 4277
(0.4 percent ;298-2000°K)

Heat Capacity :C, =11.71 1.22 X 10T -2.18 X 10°T-2
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T, °K Hr ~Hopgas St =Supman T,°K Hy — Hops 1s Sy~ Suoa.is
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 795 2.28 1000 . .... 5875 9.99
500 ..... 1605 4.10 1200 .. ... 7630 11.59
600 . .... 2435 5.61 1400 . . ... 9390 12.95
700 ..... 3285 6.92 1600 . .. .. 11,160 14.13
800 . .... 4140 8.06 1800 ... .. 12,930 15.17
900 . .... 5005 9.08 2000 ..... 14,710 16.11
Zn0 (g):
Enthalpy : Hr —Hags 15 = 8.40T +0.17 x 10-8T2 +0.82 x 108T-1 - 2795
(0.3 percent ;298-2000°K)
Heat Capacity: C, = 8.40 +0.34 %X 10-3T2-0.82  10°T2
Heat Capacity, cal./deg./mole at 298°K: (solid) 9.62 9
44832 sup
Temp, °K 20 30 50 100 450 200 300 500 700 900
G, 0.17 060 198 424 622 720 966 112 118 123

Also sece equations above
Decomposition Temperature, °K : 2250 %+ 25 8
Heat of Decomposition [to Zn(g) and O (g) ]

Keal./mole: < 92 44832 sup
Decomposition Products :to Zn +0 (1873-1748°K) Addnl. Ref. 3
Vapor Pressure: .

Approx. Press. mm. 0.1 1.2 3.5 12 760 Addnl. Ref. 1
Temp. °C 1000 1400 1450 1500 1700

For Dissociation Pressure vs. Temp. see Ref. 54V4 and 44V32 sup
X-Ray Crystallographic Data :

System Space Group a ¢ Molecules/ Unit Cell 1

hexagonal Ca 3.24265 5.1948 2
Hygroscopicity: Absorbs H,0 and CO, from air. The rate of absorption is | 44532 sup

greater the finer the oxide and increases with rising temp.

Soiubility Data: In water: _ .00016 g./100 ml. at29°C

In mineral acids, dilute acetic acid, NH,OH : soluble 1
Health Hazard: Slight to moderately toxic. Zinc oxide is relatively inert, and | 93

virtually harmless except when freshly formed. It is an eye irritant, how-

ever, and should not be allowed to come into contact with the eyes. Fresh | 25

fumes of zinc oxide can cause “brassfounders ague™ or “brass chills,” etc. | 29

(See Zinc.)

M.A.C. mg./m.? of air for an 8 hr. working day : 15 14
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Zinc Oxide, Zn0) (page 4)

Safety Classifications:

OSM: - not listed
ICC: not listed
Fire and Explosion Hazard: none listed

Precautions When Handling:
Handle carefully to avoid excessive “dusting.” Keep work area clean, and
wash hands frequently.

Storein sealed containers away from acids.

If it enters the eye, thorough washing of the eye in a bubble type fountain
or inverted faucet will remove the irritating particles. Take the victim to a
physician immediately for examination and further treatment.

Electrostatic Sensitivity :

Use in Pyrotechnics: A product of the burning or oxidation of zinc. Used in
screening smoke compositions.

Additional References :

1) “Zinc Oxide Rediscovered,” H. E. Brown, New Jersey Zinc Company,
New York

2) Ref.64

3) “The Stability of Gaseous Diatomic Oxides,”” Brewer and Mastic, J.
Chermn, Phys., 19,834 (1951) '
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7INC STEARATE

Formula:
Specification No.:
Molecular Weight:

Crystalline Form : Light powder, talc-like to touch,
powder about 300-325 mesh.

Coior :
Density :

Coefficient of Thermal Expansion :

Heat of Formation: -
Free Energy of Formation :
Entropy :

Meltwl%l Point

ts 1o 4 clear water-white liquid and cools to a trans

Zn (CyH3:0;) 2

632.30

white

[ ]

403°K 1(130

of crystalline appearance and which is easily powdered.

Heat of Fusion:
Boiling Point :

Transition Point :

Heat of Sublimation:

heat Content or Enthaipy :
Heat Capacity :
Decomposition Temperature :
Decomposition Products:
Vapor Pressure:

X-Ray Crystallographic Data :

NRERRENE

Hygroscopicity : nonhygroscopic
e (repels water)
Soiubility Data :
In water, alcohol, ether : insoluble
I benzene : soluble
Temp. °C CH,0H Toluol
25 0.04* 0.04*
50 0.06 0.27
75 1.88 1.98
100 6.56 497

*g.of stearate/100 g. solvent.

For additional solubility data see Addnl. Ref. 3

Heal& hHl %1on of the powder can lead to pulmonary 1n\ﬁammat10n

Safety Classifications :

OSM :
1CC :

not listed
not listed
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Zinc Stearate (page 2)

Fire and Explosion Hazard:

Autoignition Temp., °F : 790
Flash Point (open cup), °F : 530
Electrostatic Sensitivity : —_—
Use in Pyrotechnics: asa retardant, fuel,
andbinder

Additional References:

1) “Metallic Soaps—Their Uses, Preparation and Properties,” V. F. Whit-
more and M. Lauro, Ind. Eng. Chem.,42,646 (1930

2) “AeroMetallic Stearates,” (pamphlet) American Cyanamid Co. (1960)

3) “The Solubility of Zinc Soaps in Organic Solvents,” E. P. Martin and
R.C. Pink, J. CKem.Soc. 1750 (1948)
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ZIRCONIUM, Zr

Specification No.: PAPD-464
Specification PAPD-464 covers two clasgses which differ in purity. A type
of zirconium powder has been developed which is made by a new process,
and has three granulations A, B, and C. This new type is covered by new
specification FA-PD-MI-2364. Granulations A and B of this type are
packed, shipped, and handled dry. Granulation C of this type is packed,
shipped, and stored under water.

Molecular Weight : 9122

Crystalline Form : cubic

Color: The bulk metal is silvery white to grey. Dry colloidal Zr and finely pul-
verized Zr are black and resemble carbon in appearance. Coarser granula-
tions are steel-grey in color and lock like crushed cast iron.

Density, g./ml. : (solid) 6.49
Coefficient of Thermal Expansion, linear :
hexagonal, aform (298-1143°K)—linear

along qaxis : 65 X 10
alongc axis: 10.8 % 10-¢
cubic, 8 (1143-1600°K) : 97 X 10
Range °C Coeff. (linear)
-183%t0 0 4.0-5.1 X 10¢
0-20 4.6-59 x 107
20-200 54 x 10-¢
20400 61X 10
20-700 7.1 % 10-¢
Heat of Formation, Kcal./mole at 298°K: (gas) 125
Free Energy of Formation, Kcal./mole at 298°K : (gas) 115
Entropy, cal./deg./gm. at 298°K : ?c) 929
gas) 4331
See Tables a and b
Melting Point: 2125°K (1832°C)
Heat of Fusion, cal./mole: 4000
Boiling Point : 4650°K (4377°C)
Ref. 39 gives 3577°C (3850°K). Other refs. vary appreciably.
Hest- of Vaporization, cal,/mole: 139,000
Transition Point, °K : 1135
Heat of Transition, cal./mole : 920
Heat of Sublimation, cal./mole : 146,000

Heat Content or Enthalpy, cal./mole at 298°K: (solid) 1313
See equations below
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Zirconium, Zr (page 2)

4
T ,°K Hr- Hounis St —Spzeun T,°K 2 R S PR Sr - Suzsas
cal./mole cal./deg. cal./mole cal./deg,
N mole mole
400 . .. L. 650 1.87 1600 . . ... 10,680 12.98
500 .. ... 1330 3.39 1700 ... .. 11470 13.46
600 ... .. 2030 4.66 1800 .. ... 12,260 13.91
700 ... .. 2730 5.76 1900 ... .. 13,050 14.33
80 .. ... 3460 6.72 2000 ..., . 13,840 14.74
800 . .... 4200 7.59 2100 .. ... 14,630 15.12 .
00 ..., 4980 8.41 2130 (e} . .. 14,870 15.24
1100 ... .. 5800 9.20 2130 (1Y ... 19,770 17.54
1135 (a) . . . 6090 9.46 2200 ... .. 20,330 17.80
1135(8) ... 7005 10.26 2400 .. ... 21,930 18.49
1200 . . ... 7520 10.70 2600 . .. .. 23,530 19.13
1300 ... .. 8310 11.33 2800 ... .. 25,130 19.72
1400 ... .. 9100 11.92 3000 . .... 26,730 20.28
1500 ... .. 9890 12.47
Zr ¢a):
Enthalpy: Hy —Hags 15 ==6.50T 0.71 % 10-5T2 -+ 0.82 X 10°T-1 —2276
(0.7 percent; 298-1135°K)
Heat Capacity :C, == 6.50 + 1.42 % 10 3T - 0.82 X 105T-2
Zr (B):
Enthalpy - iy —Hyes 15 == 7.90T — 1960 (0.1 percent ; 1135-2130°K)
A Haizo (fusion) ==4900
Zr (1) :
Enthalpy : Hr —Ha2es.15 =8.00T + 2730 (0.1 percent ;2130-3000°K)
b. HEAT CONTENT AND ENTROPY OF Zr (g) 4
(Base, idcal gas at 298.15°K)
T, °K Hr — Hoos s S+ — Saar.1s ! T, °K H: - Hoonis Sr- Sozs.13
cal./mole cal./deg. | cal./mole cal /deg.
mole i mole
400 .. ... 665 1.92 1900 .. ... 10,325 11.92
500 ..... 1325 3.39 2000 ... .. 11,025 12.28
600 . ... 1980 4.58 2200 ... .. 12,450 12.96
700 ..... 2620 5.57 2400 .. ... 13,905 13.59
800 . .... 3245 6.40 2600 .. ... 15,390 14.18
9200 .. ... 3870 7.13 2800 ... .. 16,900 14.74
1000 ... .. 4475 7.78 3000 .. ... 18,435 15.27
1100 .. ... 5085 8.36 3500 .. ... 22,410 16.50
1200 ... .. 5705 8.90 4000 .. ... 26,575 17.61
1300 ... .. 6335 940 4500 ... .. 30,925 18.63
1400 . .... 6970 9.87 5000 ... .. 35,430 19.58
1500 . .. .. 7620 10.32 6000 ... .. 44750 2128
1660 . . ... 8280 10.75 7000 . .... 54,235 22.74
1700 . .. .. 8950 11.15 8000 . .... 63,645 24.00
1800 ... .. 9630 11.54

(93]
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Zirconium, Zr (page 3)

Zr (g):
Enthalpy : Hr —Hagu.1s =7.01T =0.35 X 10-*T2 +038 % 10°T 1 - 2186
(0.7percent ; 298-1400°K)
Heat Capacity :C,==7.01-0.70 X 10T —0.38 x 10%T-3

Enthalpy : Hr —Hags 16 ==5.59T F0.36 X 10-*T2 -0.50 X 10°T"* - 1631
(0.3percent ;1400-6000°K)

Heat Capacity :C, =6.69 +0.72 x 10T +0.50 10°T-2

Heat Capacity, cal./deg./mole at 298°K: glictluid)) 860(())1
alorm) o.
(B form) 7.90

c. HEAT CAPACITY OF Zr

(Solid T, 298-1143°K ;Solid IT, 1143-2125°K ;
Liquid, 2125-3000°K)

T,°K C? (cal./deg./mole)

298
400
600
800
1000
1100
1200
1600
2000
2100
2200
to
3000

See also equations above
Decomposition Temperature : _—
Decomposition Products : —
Vapor Pressure : For 1949-2054°K the following equation holds :

©P N0 ®IP OV 0y
BI2TRBYA

B3

©
8

log P (atm.) =-31,066/T t7.3351 -2415% 10+ (where T = absolute temp.

Press. atm. 10+ 108 102 1
Temp. °K 2450 2700 3000 3850
X-Ray Crystallographic Data :
System Space Group a c Molecules/ Unit Cell
hexagonal D 3.223 5.123 2
cubic o3 3.4
Hygroscopicity : -

Solubility Data: Insoluble in water. Soluble in HF, aqua regia, hot phosphoric
acid. Slightly soluble in acids.
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Zirconium, Zr (page )

Safety Classifications:

OSM : (dust) class 1
iCC: flammable solid ;
yellow label

Fire and Explosion Hazard: Dry Zr powder or sponge is a pyrophoric solid
liable to spontancous combustion and burns in air with intense heat. It
may explode particularly in the presence of water due to evolution of
hydrogen. The explosive range of dust clouds of Zr powder in air is about
45 to 300 mg./l. The range of fire and explosion is increased by heat and
the presence of oxidizers.

Caution: Do not use water to fight fire. Use special mixtures of dry chem-
ical 8alt, dry sand, or powdered talc. Use only nonsparking tools for repair
or maintenance in storage areas.

Health Hazard : Zirconium powder is believed to be nontoxic. Zirconium and its
alloys explode when treated with nitric acid.
M.A.C. mg./m.3: 5

Precautions When Handling :
Zirconium powder (PAPD) is shipped and stored wet." In no case should it
be shipped and stored in anythinglarger than a one-galloncan, nor should
the moisture content be reduced to less than 25 percent by volume. Powder
containing 5-15% water is extremely dangerous. When once ignited, it
burns even more violently than the dry powder. All operations with the
powdered metal must be performed in an inert atmosphere, and persons
working with 1t require protective clothing including gloves and face pro-
tection. Waste zirconium powder, rags, and other materials that have come
in contact with it must segregated from other wastes, immersed in
water, and disposed of at once. At ordinary temperature Zr isnot very reac-
tive as a thin protective coating of oxide on the surface is formed.
Zr readily combines with oxygen and the rate is appreciable at 200°C, The
energy of activation of the reaction has been determined as 18.2Kcal./mole
and the entropy of activation as -25.6cal./mole.
le' combines not only with oxygen, but also with nitrogen, carbon, and
silicon.
At high temperatures Zr burns with a brilliant white light. When the hot
metal is treated with steam at 700-800°C, free hydrogen is evolved.

Autoignition Temperature : 500°F
See FA-PD-M 1-2364 for handling the new type of Zr.
Electrostatic Sensitivity (minimum energy required for ignition of powder by
electric sparks, millijoules) : dustecloud) 5
Edustlayerg 0.001
Use in Pyrotechnics: As a fuel, and a component of nongaseous fuze powders.

“ Additional References :

1) “The Explosive Characteristics of Titanium, Zirconium, Thorium,
Uranium, and Their Hydrides,” I. Hartmann et al.,, Bureau of Mires,
RI14835 (Dec. 1951)

2) “Metallurgy of Zirconium,” B. Lustman and F. Kerze, Jr., McGraw-Hill
Bock Company, New York (1955) for data on the various physical
properties of Zr.
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ZIRCONIUM HYDRIDE, ZrH, (not a definite chemical) Refs.

Zirconium readily absorbs hydrogen cven at room temperature, forming |28, 39, Addnl.
brittle, metallic-like materials whose compositions vary with the amount of Ref.l i
hydrogen absorbed and approach ZrH; as the limiting maximum hydrogen con-
tent. The absorption is reversible and at constant pressure decreases with
increasing temperature. The optimum temperature for absorption of H by Zr
is given as 300°C, However, the data of Addnl. Ref. 4 show ahigher absorption
at 20° and 150°G, i.e., 24,000 cc. at S.T.P. per 100 g, of metal and 23,700 cc. at
300°C. The absorption of H by Zr is exothermic and results in a large increase
in volume, approximately 15%. The absorbed H, is completelyliberated at about
800°C. Absorption depends to some extent on the surface condition of the Zr.

Zirconium hydrides have been prepared by
1) Heating the prepared metal with He,
2) Forming the metal in the presence of Ha,
3) Treating ZrO, with CaH, at 600-1000° in an atmosphere of H..
Although Zr and H: do not form definite compounds, five well-defined
crystal phases of the two are recognized. These have been designated a, 8, ete.
The & phase is a face-centered tetragonal phase which includes the range fimm
ZrH 1.67to.close to ZrH,, and corresponds to about 66.7 atom % of H;.
Specification No. : MIL-Z-21853
Molecular Weight : 93.24
Crystalline Form : powder 1
Color: dark grey to black 1,29

Density, g./ml. : solid) 5.6 12
neity g./m (salid) 32, 50V15

Coefficient of Thermal Expansion :

Heat of Formation for ZrH,, g9, Kcal./mole:
Free Energy of Formation:

Entropy :

Melting Point:

Heat of Fusion :

Boiling Point :

Transition Point :

Heat of Sublimation :

Heat Content or Enthalpy :

Heat Capacity :

Decomposition Temperature : apparent above 100°C 28
Decomposition Products : hydrogen driven off
Vapor Pressure :

50V1b6
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Zirconium Hydride, ZrH; (page 2)

X-Ray Crystallographic Data(for a hydrogen content approaching ZrH;) :

Molecules/
System Space Group a ¢ Unit Cell
tetragonal 4364 4.440
tetragonal (& phase) 3.513 4.450 4
Hygroscopicity :

Solubility Data :
Health Hazard :
Safety Classifications :
OSM : not listed
ICC - not listed
Fire and Explosion Hazard : Dangerous, due to evolution of hydrogen. At higher
temperatures ZrH, reacts with oxygen and with oxygen containing com-

pounds. It may ignite and explode with water.
See also Ref. 44V42

Electrostatic Sensitivity (minimum energy required for ignition of powder by

1T

electric sparks, millijoules) : (dustecloud) 60
(dustlayer) .064
Activation Energy, at 1 atm., cal./mole : 17,200== 200
Use in Pyrotechnics: in igniting flares and as
a fuel
Minimum Explosive Concentration of Zirconium Hydride Powder, mg./1. :
See Also Addnl. Ref. 1 85
Autoignition Temperature, 300-800°C : dustcloud) 850
gdustlayer; 270

Additional References :
1) T. B. Douglas and A. C. Victor, J. Research N.B.S. 61, 13 (1958),

2) “The Explosive Characteristics of Titanium, Zirconium, Thoii_um,
Uranium and Their Hydrides,” 1. Hartmann et al., Burcau of Mines,
RI4835 (1951)

3) “The Crystal Structures of ThH, and ZrH,"”, R, Rundle et al., Z, Phys.
Chem. 11B, 433 (1931)

4) Hall et al., Tran. Far. Soc. 41,306 (1945) cited in Ref. 40
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! )
’,ZIR(ION“ M-NICKEL ALLOY (Powdered)

Formula: ° {Spec.) Zr/N: 7050
and SG/T0 .
Specitication No.: MIL-Z-11110A

The specification covers two types. Type 1is a 70730 and Type 11w 30,70
Zr/Ni alloy.

Moiceular Weight : ——

Crystalline Form : cubie
Color: silver while to grey
Density, g./ml. : (solid) 6.4

Coefficient of Thermal Expansion : —
Heat of Formation : _—
Free Energy of Formation : —_—
Entropy : —_—
Melting Point: _
Heat of Fusion: —
Boiilng Poyne: L -
Transition Point: -
Heat of Suvlimation : R
Heatl Comtent or Enthalpy: =
Heat Capasity : —
Pecomposition Temperature: -
Decomposition Products: —_—
Vapor Pressure : —
X-Ray Crystallographic Data : —
rygroseopicity : - —
Sorubility Data: resisiant to weids and
alizalice

Heaith Hazard: ——
Satety Classifications:

OSM: {adusl) riuss s
ICC: not istad

Fire and Expiosion Hazard: The specification requires that the ulioy he packed
in heat sealed inert plastic liners, such as polyethylene, in new clean metal
containers.

Electrostatic Sensitivity: —_—
Use in Pyrotechnics: as afuel; a
vigorous deoxidizer

Additional References :

1) For the Zr-Ni system up to 40% Nj see E. T, liayes et al., “The Zir-
conium-nickel diagram,” Trans. Amer, Soc. Metal§, § %93 (1953)
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