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FOREWORD

This handbook presents information and data for high explosives (HEs) of
interest to programs at the Lawrence Livermore National Laboratory (LLNL) and
other Department of Energy (DOE) facilities. It is intended to be useful to
the scientist or engineer, the novice or expert, who needs to develop a new
weapon system, design a physics experiment, or select and/or evaluate an
existing explosive. Research explosives are excluded since most such
compositions are insufficiently characterized,

This compilation is therefore limited to production HEs and their
components. It is intended as a working handbook and not a historical
document. The loose-leaf format is designed to permit easy revision and
updating as new information an” data become available. Thus, ad.itions and
corrections are welcomed by the compiler.

High explosives are divided into two classes: initial detonating (or
primary) and noninitiating (or secondary) explosives. The primary HEs, such
as azides and fulminates, are extremely scnsitive to ignition by heat, shock,
and electrical discharge; ignition leads to aigh-order detonation of the
material--even for milligram quantities. The use of these HEs is therefore
limited to squibs and starting materials for low—energy detonators. Because
primary explosives have little application at LLM., this compilation includes
only the properties of lead azide and lead styptnate. Secondary HEs as a
class comprise single compounds or mixtures; the mixtures contain one or more
explosive compounds and one or more of the foilowing ingredients: metals,
binders, plasticizers, sensitizers or desensitizers, oxidizers, and a coloring
agent. Because many of the secondary high exp'osives (which are formulated
and manufactured within the DOE complex) are mixtwres, the properties of the
additives and binders used are included.

The data are the most up-to-date and accurate available to the knowledge
of the compiler. Some data, however, represent only a range, an
approximation, or comparative value; this is especially true of explec ive
mixtures, and such cases are noted in cthe cext as they occur. The sources of
information include textbooks, journal articles, technical reports, memoranda,
letters, and personal communications. Data not specifically referenced were

obtained from an earlier edition of this compilation*; further information and

* Properties of Chemical Explosives and Explosive Simulants, Lawrence
Livermore Nationa ev. 1 (1974).
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additional references can be obtained from the compiler. References are
listed at the end of 2ach chapter. THE READER IS URCED TO CONSULT THE SOURCE
DOCUMENT TO PROPERLY EVALUATE AND INTERPRET THE DATA CIVEN IN THIS COMPILATION.

The compilation consists of sections on high explosives and mock
explosives, formulation nomenclature (codes), data sheets on individual
materials, and a bibliography. Not al! properties listed in the text and
tables could be adapted to the data-sheet format, however. For the sake of
uniqueness and convenience, in gemerali only items not given as references are
inc luded 1n this bibliography. The references at the end of each chapter
complement Tthe bibliography., in fact they constitute specialized
bibliographies.

A list of abbreviations and symbols and a table of conversion factors are
given below. All values and units have been converted to the International
System ¢t Units (S1)*; throughout this handbook, SI values are giver in
parentheses following values in English or metric units. The units and
conversion factors are also given on other tables and figures where used.

Reference to a company or product name in this compilation does not imply
approval or recommendation of the product by the University of Californmia or

the Department of Emergy to the exclusion of others that may be suitable.

* Standard for Metric Practice, American Society for Testing and Materials,
Philadelphia, PA, ASTM E 380-76¢ (197e).
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AFNOL

AN

AP

ATSBC
AWRE
Dep.
BDNPA-F
BDNPF

ABBREVIATIONS AND SYMBOLS

polymerization product of primarily DINOL and 4,4-dinitropimeloyl

chloride

ammonium nitrste

annnnigp perchiorate

acetyl tributyl citrate

Atomic Weapons Research Establishment, U.K.
boiling point

bis{Z,Z~diritropropyl) acetal/bis(2,2-dinitropropyl) formal, 50/50

bis{l,2-dinitroprooyl) formal
l,2-ethanediol bisdifluoronitroacetate
Brinkley-Kistiakowski-Wilson {equation of state)
benzotrifuroxan

calculated bulk sound velocity

longitudinal shear sound velocity

specific heat

transverse shear sound velocity

cellulose acetate bulyrate
tris-g-chioroethyl phosphate
Chapman-Jouguet

coefficient of thermal expansion
detonation velocity

critical diameter

1,3~diamino-2,4 ,6-trinitrobenzene
decomposition

diethylene glycol dinitrate
difluorotrinitrobenzene
2,2,8,8-tetranitro-4 6-dioxa~1,%-nonanediol
3,3-diamino-2,2",4,4" 6,6 -hexanitrobiphenyl
N,N~dimethylformamide

dimethylisulfoxide

2,2-dinitropropyl acrylate
4,4-dinitropentanonitrile

2 4-dinitrotoluene

dioctylphthalate

energy
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EDNP ethyl & ,4~-dinitropentanoate

EGDN ethylene glyecol dinitrate

E“ ultrasonic modulus

£ coefficient of friction

f.p. freezing point

FEFO bis{2-fluoro-2 ,2-dinitroethyl) formal
G* complex shear modulus

HSﬁ drop weight sensitivity

HE high explosive

HME 1,3,5,7-tetranitro-1,3,5,7-tetrazacyclooctane
HNAB 2,2',4,4" 6, 6"-hexanitroazobenzene
HKS 2,2%,4,4" 6,6 -hexanitrostilbene

HYD high velocity detonation

J{t} creep compliance

JWL Jones-Wilkins-Lee {equation of state)
K degrees kelvin

X bulk modulus

LANL Los Alamos National Laboratoryf

LLNL Lawrence Livermore National uaboratory
LSGT large—-scale gap test

LVD iow velocity detonation

m.p- melting point

MEK methyl ethyl ketone

MIBK methyl isobutyl ketone

MRT mononitrotoluene

M molecular weight

N newton {pound-force)

N refractive index

NC nitrocellulose ’
NG nitrogivcerine

NM nitromethane

NONA nonanitroterphenyl

NG nitroguanidine

* As this report goes to press, the Los Alamos National Laboratory has not
designated an acronymic abbreviation. We have therefore used LANL, which
corresponds in style to the other facility acronyms used in this report.
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NSWC

PBX
PETN
PR
PX

RDX
RMS

£

«

ViPa

>

det

R T S - MFE E

<

Naval Surface Weapons Center
Chapman-Jouguet pressure
plastic-bonded explosive
pentaerythritol tetranitrate

Poisson's ratio

Mason & Hanger—-Silas Mason Co., Inc., Pantex Plant
moiecular refraction
1,3,5-17initro-1,3,5-triazacyclohexane
rheometric mechanical spectrometer
room-temperature vulcanizing

Systeme Internationale {Internaticnal System of Units)
Stanford Research Institute
small-scale gap test

standard temperature and pressure
temperature

glass transition temperature
2,4,8,10-tetranitro-5H-benzotriazolo~{2, 1-a]-benzotriazole
1,3,5-triamino-2,4 ,6~trinitrobenzene
2,4,6~trinitrophenylmethylnitramine
tetrahydrofuran

theoretical maximum density
tetranitromethane

2,4, 6~trinitrotoluene

volume

velocity

vapor pressure

Williams-Landel-Ferry (shift equation)
heat of detonation

heat of formation

linear CTE

cubical CTE

adiabatic coefficient of expansion
Grineisen constant

dielectric constant

thermal conductivity

sliding velocity

density
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CONVERSION FACTORS

Unit system

Multiplication

Symsbol U.S./British cgs St (m'k/s)® factor
Angle deg rad 1.745 x 10-2
C=J pressure Pes bar Pa 1.00 x 107
Creep J 1/psi me /N 1.450 x 107%
compliance {= in.%/1bf)
Densitly o g/cm’ Mg/ m i
Detonation D om’ ysec km/ s H
velocity
Energy E calicem? Jimd .18 x 10%
Heat of e cal/g Iikg 4.184 x 103
detonationd
Heat of LH ¢ cal/g Jikg 4.184 x 103
formation® kcal/mol kJ/mol 4. 184
Initial Eg psi Pa 6.895 x 103
moduius
Length i n 10-10
mil = 2.54 x 1073
Pressure P psi Pa 6.895 x 103
atm Pa 1.01 x 105
bar Pa 1.00 x 107
Sliding v in./min n's 4.233 x 1075
velocity ft/sec nls 3.048 x 10°1
Specific heat® ¢p Btu/1b-°F cal/g-*C J/kgX 4.186 x 103
Temperature T °F K i{Tp-32)/1.8]
+ 273
i
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CONVERSION FACTORS.

Unit system

{Cont inued)

Multiplication

Symbol U.S./British cgs St (m/k/s)* factor
Theruml‘ o A Btu/hr=-ft-°F W/imK 1.73
conductivityb cai/cmsec=-*C W/ mrkK 4.184 x 102
Thermal CTE in./in.~°F m/mK 1.8
expansion emfce*C m/m=K 1
Vapor VP mm Hg, Torr Pa 1.333 x 102
pressure
Weight ib kg 4.536 x 101

& In this co!uun, the abbreviations used are those of the International
System of Units (SI); in this system, degrees kelvin = X.
Thermochemical Btu or calorie.

PROPERTIES OF CHEMICAL EXPLOSIVES AND FXPLOSIVE SIMULANTS

1. H.GH EXPLOSIVES

i. INTRODUCTION

High explosives are metastable compounds or mixtures that can react

rapidiy to give gaseous products at high temperature and pressure.

The

attendant expansion of these products is the mechanism by which explosives do

useful work. High explosives are like primary explosives in that reaction can

be initiated by shock and heat.

explosives in three ways:
I. Smali unconfined charges {(1-2Z g)}, even though ignited, do not

High explosives, however, differ from primary

transit easily from a2 burning or deflagration reaction to a

detonat ion.

2, Electrostatic ignition is very difficult (except in explosive dust

clouds}.

3. Ignition of any sort requires considerably larger shocks.

xiv
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2. MANUFACTURE

Pure explosives are usually synthesized by sulfuric/nitric-acid nitration
of organic compounds. The product 1s separated from the mixed acids by
tiltration, purified, and dried.

INT 1s one of the few pure explosives that can be fabricated directly by
melting and casting 1uto 3 desired shape. Most other materials must be
diluted either with TNT (to make rthem castable) or with plastic {to make them
pressable) betore they can be fabricated into useful shapes.

The procedure used f{or fabricating castable, TNT-containing formulations
is as tollows: TNT is melted, and the desired solid ingredients are added
with stirring. The moiten mixture is then vacuumrcast into a mold. Cracking
and variations in densitly and composition are minimized by careful control of
the cooling rate.

Plastic-bonded explosives (PBX) are pressed from "molding" powders, which
may be produced in severa! ways. A typical preparative method is the slurry
techmigque: crystalline explosive and water are agitated in a container
equipped with cover, condenser, and stirrer. A lacquer, which consists of the
plastic l(together with a plasticizer, if requived) dissolved in a suitable
soivent, i1s added to the slurry. The solvent is not & solvent for the HE but
wels the crystaliine surfaces better than water. The solvent 1s immiscibie
with water and has a high vapor pressure. It is removed by distillation,
witich causes the plastic phase to precipitate out onto the explosive as a
coating. The plastic-explosive aggiomerates into "beads” as stirring and
soivent removal are continued. Finally, water is removed from the beads by
tiltering and dryving. The product is the molding powder. Good molding
powders nave a high buik densily and are free-tlowing and dustless.

PEX molding powder can be pressed into usable shapes by two methods:

{) compression molding with steel dies and 2) hydrostatic {or isostatic)
pressing. [n the latter method, the explosive is placed in rubber sacks and
subjected to fiuid pressure. With either method, consolidation of the moiding
powder to reasonable densities (971 of theoretical) is obtained at pressures
between 12,000 and 20,000 psi (B3 and 138 MPa) and molding remperatures
between 25 and 120°C (298 and 393 K). An important and necessary feature of
molding is the use of vacuum. The molding powder is normally evacuated to =

pressure of less than i mm Hg {133 Pa) before pressing.
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Both pressed and cast explosives are usualiy machined to final shape.
Many intricate forms have been cul successfully. As 3 rule, the machining ot
explosives 1s similar to the machining of & conventional plastic, except that
water 15 used as a cutting-tool coolant. New expiosives are machined by
remote control until their behavior unde:r machining conditions has been

carefully evaluated.

l.1. SPECIFICATIONS

Minuiacture and testing of produclion explosives are controlled by

specifications. Pertinent specifications are listed in Table 2I-1.

Table I-1. Specifications for manulacfure and tesling.

e — —— e —

Materiol Specitication
designation number Title
Explosives

AN MIL-A-50500A Mil:tary Specificat: =s for Ammonium Nitrate,
Technical.

AF U8 11354 Navy Specification for Ammonium Perchlorate.

BUONPA-F Wi-114l Weapons Specification for Mixture ot Bistl I-
dinitropropyl} acetal-Bisil l-dinmitropropyl)
formal.

Comp A-3, A-& MIL-U-%408 Military Specification for Compositions A-J) and

A-&.
Comp A-% MIL-E-149%70 Military Specilication for Composition A-5.
vomp B MIL-C-40IT Military Specification for Composition B.
Comp b-3 MIL-C-45113 Miiitary Specitication {or Composition B-3.
Lomp C-4% MIL-C~-45010 Military Specitication for Composition C-s.

txplosive D JAN-A-iDbA Military Specitication tor Explosive D.

FEFO KM-253202 LLNL Material Specitication for Liquid Explosive
Bisi2-fluore-Z,l-dinitroethyl) formal (FEFO).
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Table 2-1. Specifications for manufacture and testing. (Continued]
Materiai Specification
designation number Title
Explosives

HBX MIL-E-22207A Military Specitication for RBX-Type Explosives.

HMX MIL-H-45444 Military Specification for HMX.

HNAB §82745%0 Sandia Specification for Synthesis of HEAE
{Hexanitroazobenzene).

LX-0s RM-2573513 LLNL Material Specification for LX-0« Molding
Powder.

LX-07 RM-253379 LLNL Material Specification for LX-07 Moiding
Powder .

LX-09 K-253200 LLNL Material Specification for LX-0% Molding
Powder.

LX-10 RM-2535i1 LLNL Materiai Specification for LX-10 Molding
Powder.

LX-i3 RM-253520 LLNL General Specification for LX-13.

LX~14-0 RM-253683 LLNL Materiai Specification for LX-i& Molding
Powder.

LX-17-0 RM-255117 LLNL Mater:ial Specification for LX-1I7 High
Explosive Molding Powder.

Minol-2 MIL-M-14745 Military Specification tor Minoi-1 Composition.

Octol MIL-0-45445 Military Specification for Octol.

PBX-9007 PA-PD-T711 Picatinny Arsenai: Purchase Descriplion for
Powder, Molding Compound Expliosive (PBEX}.
(PBX-9007).

PEX-9010 GAC-PD-112 Purchase Description for PBX-901U Molding Powder.

PBX-9011 13Y-101030 LANL Material Specification for PBX-901l Molding
Powder.

PBX-9205 13¥y-103317 LANL Mater:ial Specification for PBX-9205

3/81
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Table 2-1.

Specifications for manutacture and testing.

iCont tnued}

Material Specification
destgnation number {itle
Explosives

PEX-9404 E3¥-iu 3199 LANL Mater:al Specificat:ion tor PBX-9404 Molding

Fowder.
RM-U52 350 LLNL Material Specification for PBX-9404 Moliding

Powder.

PBA-9507 13Y- 149098 LANL Material Specification for PBX-9407 Molding
Powder.

PBX-9501 E3Y-109n4s LAKRL Material Specitication for PBX-95301 Molding
Powder.

PBX-93G2 iJY-188727 LANL Mater:ial Specification for PBX-%50. Molding
Powder.

PBX-4503 13Y-190273 LANL Material Specification for PBX-95303.

PEIN MIL-P-387 Military Specification for Pentaerythritol
ietranitrate (PEIN).

RDX MIL-R- 398 Military Specification tor RDX.

TATB P3Y-188015 LANL Material Specitication for TATE
(Triamino-trinitrobenzene) Molding Powder.

RM-154959 LLKL Mater:al Specification for Ultrafine TATS.

Tetryl JAN-T- 339 Joint Army-Navy Specification for Tetryl
{Trainitrophenyimethyinitramine}.

TINT MIL-T-148 Military Specification for INT.

ITX-3003 FIY-1046481 LARL Mater:al Specification for XTX-8003
Extrudable Explosive.

XTX-8004 13Y-189490 LANL Material Specification for XTX-8004
Extrudable Explosive.

Binders
Estane RM-253682 LLNL Material Specification for Elastomer,
5702 F-1 Polyurethane.
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3. NAMES AND FORMULATIONS

This section consists ot Tables 3-1 through 3-6, which list the names and

tormulations of the various materials for which data are reported in this

nandbook. The high explosive {(HE) compositions are arranged by major
component in Table 3-6.
Table 3-1. Pure explosive compounds.
Material® Chemical name® Other designations Color
AN Ammonium nitrate Clear
*AP Ammonium perchlorate White
*HBTF Benzotris{l,2,5|oxadiazole. Benzotrifuroxan, Buit
1,4, 7-trioxide Hexanitrosobenzene;
Benzotriturazan-
N-oxide
*DATE 2,6 6-Trinttro~1,3~ [,3-Dramino~2 4,6~ Yellow
benzenediamine trinitrobenzene
*DECN 2,2'-Oxybisethanoi, Diethylene glycoi Clear
dinitrate dinitrate;
Dinitrodigiycol
*DIPAM 2,2" 4.,4" 6,6"-Hexanilro- 3,3'-Diamino- -
{i,1-biphenyl|-3,3 " ~-diamine 2,2 .4.4°% 6,6
Hexanitrobiphenyl,
Hexanitrodiphenyl
amine hexite;
Dipicramide
*DNPA 2,2-Dinitropropyl acrylate Gif-white
*EDNP Ethyl &4 4~dinitropentanocate Ethyl &,4- Yellow
dinitrovalerate
*Explosive D Ammonium picrate Dunnite Yellow/red

*EFO

3/81
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Table 3-1.

Pure explosive compounds.

{Cont tnued )

Materiai® Chemical name® Other designations Color
*HMX Octahydro-1,3,5,7-tetranitro~ 1,3,5,7-Tetraritro White
1,3,5,7-tetrazocine 1,3,5,7-tetrazs
cyclooctane;
Cyclotetramethylene
tetranitramine;
{ctogen
*HRAB BisiZ 4 b-trinttrophenyl)- 2,2 4" 6.6 "-Hexa- Reddish-
diazene nitroazobenzene orange
*HNS 1,1"-{1,2-Ethenediyiltis- 2,2 ,4.4" .6 6" -Hexa~ Yellow
[2,4,6-trinitrobenzens | aitrostilbene
*Lead azide wWhite
*Lead 4,4, 6~Trinitro-1, 3-benzene- Lead 1rinitro Orange-
styphnate diol, iead salt resorcinate yeilow/
brown
*NC (123 N)C Partially nitrated celiulose Nitrocellulose White
{lacgquer grade);
Cellulose trinilrate;
Piroksilin;, Pyroxylin
*NC (13.35% Partially nitrated celiulose Nitrocellulose; White
N, min)t Guncotton
NC (14.14% Partially nitrated cellulose wWhite
Ni€
NG 1,2,3-Propanetriol, trinitrate Nitrogliycerin; Clear
Glycerolnitrate
NN Nitromethane Clear
*NG Hitroguanidine Picrite White
*PETR 2,2-Bisi{{nitrooxy)methyl |- Pentaerythritol White
l,3-propanediol, dinitrate tetranitrate;
Penthrite; TEN;
Nitropenta
*Picric acid 2.6 ,6-Trinitrophenocl Melinite; Perlit; Yellow

3-2

Lyddiz; i-Hydroxy-
2,4 ,6-trinitrobenzene
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Table 3-1.

Pure expiosive compounds.

(Continued)

Materiald Chemical name® Other designatiors Celor
*RDX Hexahydro-1,3,5-trinitro- 1,3,5-Trinitro-1,3,5- White
i,3,5-triazine triazacyc lohexane
Cyclotrimethylene
trinitramine;
Hexogen, Cyclonite,
Gh; Té; 1,3,5-
Irinitrotrimethylene~
triamine
*TACOT 2,4,8,10-Tetranitro-5H-benzo~ Tetranitrodibenzo Red~
triazole~|2,l-aj-benzo 1,3a,4 6a- orange
triazol-6-ium, hydroxide, tetrazapentalene
inner salt
*TATH I.,4,6-Trinitro~1,3,5-benzene~- £,3,5-Triamine-2,4,6- SBright
triamine trinitrobenzene yvellow
*Tetryl N-Methyl-N,2 4 6-tetranitro- 2,4, 0-Trinitrophenyl- Yellow/buff
benzenamine methyinitramine;
N-methyl-N,2,4, 6-
tetranitroaniline;
Tetranitromethyl-
aniline; Pyronite; CE
*IRM Tetranitromethane viear
*TNT I-Methyl-1, 3 ,5-trinitro~ 2,4,6~Trinitrotoluene Bufi:
benzene Trotyl; T; Tolit brown

3 Properties of materials marked with asterisks are summarized in the data
sheets (Section iV).

b The chemical némes are listed as given in the Chemical Abstracts Indea
Guide (American Chemical Sociely, Columbus, OH, 1977+}.
€ Nitrocellulose is not, strictly speaking, a single cnemical compound.

Different grades are commercially available; the
For this handbook, we cite data, where possible, that is
characteristic of lacquer-grade nitrocellulose (12
(13.35Z N, min).

nitration.

nitration is 14.14%.
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grade denotes the degree ot

0% R) and guncotton
Lacquer-grade nitrocellulose is not an explosive but an

energy-contributing plastic binder,in PEX-9404. The maximum possible



Table 3-1.

Cast explosives:

names and formulations.

b
Formulation ‘wtl)

E:plos.we‘ TNT RDX Other ingredients
amatol 80G/20 20 -- AN 80
®Baratol 24 - Ba(N0y); 76
*Boracitol 40 - Boric acid 0
*Comp A-3 = 91 Wax 9
*Comp A-5 e 98.5-99 Stearic acid  1.5-1
*Comp B, Grade A“ 1.3 63 Wax i
*Comp B-3 &0 60
*Cyciotold 75/25 25 75
*Cyclotol® b0/4u 40 60
-6 30 45 Al 20

Wax 5

{CaCij G.5)
*HBEX-1 38 40 Al i7
Wax 5

(CaCi,; 8.5}
*HEX-3 20 31 Al 35
Wax b

{CaCl; 8.5}
*Minoi=-2 40 - Al 20
AN 40
*Octol 25 -- HMX 75
*Pentolited 50 - PETN 50
Tritonal 80 -= Al 20

-

2 Properties of materials marked with asterisks are summarized in the dats

sheets {Section IV}.

b The wtl values are nominal and subject to some variation.
€ Comp B, Grade A is formulated as a 60/40 RDX/INT mixture, but high-quality
castings usually are higher in RDX content because a INT-rich section is

removed from the top of the casting.
d There are several cyclotols and pentolites.

The most common cyclotol is

RDX/TINT 75/25; the most common pentolite is PETN/TNT 50/50.

3/81



Table 3-3. Plastic-bonded explosives: names and formulatioms.

Formulation
Explosive® Other designations Ingredient wtl Color
*LX-04~-1 PBHV-85/15 HMX a5 Yellow
Viton A 15
*LX-07-2 RX-04-BA HMX 90 Orange
Viton A 10
*LX-09-0 RX-09-CB HMX 83 Purple
pDNPA 4.6
FEFO .4
*LX-09-1 HMX 93.3 Purple
pDNPA 4.4
FEFO 2.3
*LX-10-0 RX-04-DE HMX 95 Blue-green spols
Viton A 3 on white
*LX-10-1 RX-04-EA HMX 94.5 Biue-green spots
Viton A 5.3 on white
*1X-11-0 RX-04-P1 HMX 80 wWhite
Viton A 20
YLX-14-0 RX-04-EQ HMX 95.5 Violet spots
Estane on white
5702-F1 4.5
*LX-15 RX-28-A5 HNS-1 95 Beige
Kel-F 800 5
*LX-16 RX-15-AD PEIN 56 White
FPC 461 &
*LX-17-0 RX-03-BB TATB 92.5 Yellow
‘GI"'? 39‘“ 7.5
*PBRX-9007 PBX-9007 Type B RDX 90 White or mottied
Polystyrene 9.1 ;rtyb
por 0.5
Rosin 0.4
*PRX-9010 RDX 90 White
Kel-F 3700 io
3/81 3-5



Table 3-3. Plastic-bonded explosives: names and formulations. (Continued)

Formu!ation

Explosive® Other designations ingredient wti Color

*PBX-9011 X-0008 HMX 90 Off-white
Estane
5703-F1 i0

*PEX-9205 RDX g2 white
Polystyrene &
DoP 2

/

*PEXPe0s PBX-5404-03 HMX 94 White or biue
NC (12.02 N} 3
CEF 3

*PBX-9407 aDX 94 wWhite o: blackb
FPC 461 &

*PBX-9501 X-0242 HMX 3% White
Estane 2.3
BDKPA-F 2.5

*PBX-9502 X-0290 TATE 95 Yellow
Kel-F BOO 5

*PBX-9503 X-0351 HM 15
TATB 80 Purple
Kei-F 800 3

PRX-9604 RX-10-AB RDX 96
Kel-F 800 &

@ Properties of materials marked with asterisks are summarized in the data
sheets {(Section IV).
b Color depends on graphite content.

3-6
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Table 3-4.

Miscellaneous explosives:

names and formulations.

Formulation
Explosive® Other designations Ingredient wtX Coler
*Black Powder Black gunpowder KNO3 75 Gray to black
Charcosl i5
Sulfur io
*Comp C~3 RDX 77 Yellow
INT &
DNT i0
MNT 5
Tetryl 3
NC H
*Comp C-4 Harrisite RDX 91 Light browm
Di{2-ethylhexyl)
sebacate 5.3
Polyiscbutyliene 2.1
Motor oil 1.6
EL-506& Detasheet PETN 85 Red
Binder i5
EL-506C Detasheet PETN 63 Olive
NC (12.31 N 8
ATBC 29
*X-01 NIN, RX-01-AA NM 51.7 Clear
THM 33.2
1-Nitropropane 15.1
*LX-02Z-1 EL-506 L-3 PETR 73.5 Buff
RX-02-AC Butyl rubber i7.6
ATBC 6.9
Cab-0-5il 2.0
*LX-08 RX-02-AM PETR 63.7 Blue
Sylgard 182 34.3
Cab-0~-8il 2.0
LX-13 PEIN 80 Green
Sylgard 182 20
3/81 3=7



Tablie 3-4. Miscellaneous explosives: names and formulations. (Continued)
Formaulation
Explosived Other dJdesignations Ingredient wtl Color
*MEN-II RA-01-AC NM 72.2 Clear
Methanol 13.4
Ethylenediamine 4.4
*XTX-8003 Extex PETN 80 wWhite
Sylgard 182 20
*XTX-8004 X-0208 RDX 80 White
Sylgard 182 20

@ Properties of materials marked with asterisks are summarized in the data

sheets {Section IV}.
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Table 3-5. Additives and binders.

Material® Chemical name {ther designations Color

*BDRPA-F Bis{Z,2-dinitropropyl} Straw
acetal/bis{2 2-dinitro-
propyi} formal, 50750 wtl

*Cab-0-Sil M5 Amorphous silicom  White
oxide
*CEF Iris-8-chloroethyl- Clear
phosphate
=DoP Di{2-ethylhexyl) phthalate Dioctylphthalate Clear
*Estane 5702-F1 Polyurethane Light amber
solution system
*FPC 461 Vinyl chloride/chlorotri- . . White
fluorcethylene copolymer,
1.5:1
*Kel-F 800 Chiorotrifluorcethylene/ Off-white

vinylidine fluoride
copolymer, 3:1

*Polystyrene ' Clear
*Sylgard 182 Poly(dimethylsiloxane] Silicone resin Light straw
*Viton A Vinylidine fluoride/hexa- White
fluoropropylene copolymer,
60/40 wtl

# Properties of materials marked with asterisks are summarized in the data
sheets (Section IV).
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Table 3-8,

Explosive compositions by major HE component.

Major component {wtl)

Other constituents {wtl)

Designation

AN

HMX

HNS-1

N¥

PETN

RDX

80
&0

95.5
95
95
94.5
G4
83
90
50
85
B8O
75

96
&5
80
73.5
63.7
50

98.5-99
96
G4
82
g1
91
90
S0
80
17

75
63
60

&5
&0
i

TNT 20
INT &40 Al 20

Estane 570I-Fl 4.5
Viton & 5

Estane 2.5 BDNPA-F 2.5
Viton & 5.5

NC 3 CEF 3

FEFO 2.4 DHPA 4.6
Viton A 10

Estane 5703-F1 10
Viton & 15

Viton & 20

TNT 25

Kel-F 800 &

CH30H 23.4 Ethylene diamine 4.4
TNM 33.2 Nitropropane i5.1

FPC 461 4
Binder 15
Sylgard 182 20

Rubber 17.6 ATBC 6.9 <Cab-0-8il 2.0

Rubber 34.3 {(Cab-0-511 2.0
INT 50

Wax 1.0-1.5

Kel-F 800 &

FPC 461 o

PS & DOP 2 '

DEHS 5.3 PIB 2.1 Motor oil l.6

Wax ©

PS5 §.1 DOP 0.5 Rosin 0.4

Kel-F 3700 i0

Sylgard 182 20

TNT 4.0 DNT 10.0 MNT 5.0 NC 1.0
Tetryl 3.0

TNT 25

INT 36 wWax 1

TNT 40

TNT 30 Al 20 Wax 5 (CaCl; 0.5)

TNT 38 Al 17 wax 5 (CaClz 0.5)
TNT 29 Al 33 Wax 5 {CaClj 0.5)
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Amatol B0/20
Minol-2

LX-14

L'K- 10‘-0 *
PBX-9501
LX-10-1
PBX-9404-3
LX=-0%9-1
LX-07-2
PBX-9G11
LX-04-1
LX-11
Octol 75/25

LX-15

MEN-1L
LX-01

LX-16=-0
EL-506A

LX-13, XTX-8003
LX-02-1

LX-08
Pentolite 50/50

Comp A~5
PBX-9604
FPBR-9407
PBX-9205
Comp C-4
Comp A-3
PBX-9007
PBX-9010
XTX-8004
Comp C-3

Cyclotol 75/25
Comp B
Cyclotol 60740,
Comp B-3

H-6

HBX-1

HBX-3
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4. PHYSICAL PROPERTIES

This section contains information relating to selected physical constants
and propertiec of HEs of interest. These properties are:

Physical state and density (p},

Molecular weight (MW} and atomic compusition,

Meiting point {m.p.., boiling point {b.p.), and vapor pressure {(v.p.},

Crystalliographic and optical properties.

The physical states, densities, molecular weights and elemental
compositions are listed in Table 4-1. For materials that are pure chemical
compounds, molecular weights and molecular formulas are given; for mixtures,
an arbitrary moiecular weight of 100 is assigned, and an empirical formula
corresponding to this weight is given. For such mixtures, the weight
percentage of an clement i1s given by the product of the atomic weight and its
subscript in the empirical formula. Melting points, boiling points, and vapor
pressures are shown in Table &-1 and in Fig. 4-1; crystallographic and optical
properties are listed in Table 4-3.

Many properties of explosives are density-dependent. For calculations

for mixtures, some useful auxiliary relationships between composition and

density &re as feilosx:l

zti - E“‘:"i;
Ztn‘;”gi} v, '

olTMD} =

¥ 100 aifn
V, = Wipg, /g .} = = L 2
i 176 :E: :E: - 7
PRy m g}
i 1
100 ’b'i.pi 100 m.

i
i L]
Z{“i#i) Z‘;
Void V. = § - {p /TMD) ,
i 0

where TMD is theoretical maximum density, m is mass, v is volume, ¥ 18 weight
percent, V 1s volume percent, p is theoretical density, subscript i

designates the component, and Pg is the actual density of the mixture.
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Towr

1.33 P

Vapr pressure

’}f? 4 —-— e e £ xtrapolabon
' 7
Y/ d _
¥ L 71 ; I I I
34 32 3o 2B 26 24 22 20
inverse temperature {10007} - X~
i i i i i i i i |
x g n a7 127 161 203

Temperature - °C

Fig. 4-1. Vapor pressure (v.p.) of explosives as a function of temperature.
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MELTING POINTS, BOILING POINTS, AND VAPOR PRESSURES
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CRYSTALLOGRAPHIC AND OPTICAL PROPERTIES
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5. CHEMICAL PROPERTIES

This section gives information on heats of formation {lR{}, heats of

detonation {‘adet}' compatibility, and solubility.

5.1. HEATS OF FORMATION

Heats of formation are usually determined from combustion measurements in

& bomb calorimeter; when experimental values are not available, they can bde

estimated by several -ethodt.l‘zs The heat of formation inﬁf) refers to

the enthalpy of the reaction

b < d R —— . &
R T IR T T T Y T M T o ChpM 04

at 1 atm {101 %Pa) and 25°C (298 K). The sign convention is such that o
is negative when the above reaction is exothermic. Table 5-1 gives heats of

formation for explosives and binders.

Table 5-1. Heats of formation Eaﬁf} for explosives and binders.

aH

f

Explosive kcal/mol® (kJIIﬂi)h cal/g (kaigic Ref.
Amatol 80/20 -88.56 (=370.5) -885.6 {=3705%) 1
AN +88.46 {+370.7) +1107 {+4634) H
AP -70.58 (-295) -601 {-2511) 2
Baratol -70.8 (-296) -708 {-2958) 1
BDNPA-Fd =46.38 {-194.1} =464 (-1941)
Boracitol -257.5 (-1076) =-2575 {(-10755) 1
BTF +144.5 {+608) +573 {+2399) 1
Cab-0-5il -215.94 {-903.5) -35%7 (-15051)

CEF -300 {-1255%) =-1051 {~4397)
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Table 5-1. Heats of formation {iﬁf} for explosives and binders. {(Continued)
‘Hi

Explosive kcal/mol” (M!ml}b calig (ufkgic Ref.
Comp A-3 +2.84 {(+11.9) +28.4 (+119) i
Comp A-5 +ab. 1 (+425.5) 261 (+2255) 1
Comp B, Crade A® *1.0 {+5.78} +10.0 (+57.8) 1
Comp B-13€ +0.84 (+5.28) 8.4 {+52.8) H
Comp C=-3¢ -6.45 (=27} -64.50 {-270) I
Comp C-4€ 3,33 {+13.9) +33.3 (+13%) 1
Cyclotol 60/40 +1.26 {+#5.27) +12.60 (+52.70) ]
Cyclotol 75/2% +3.01 {+13.8) +30.1 (+138) 1
DATS -23.6 (-98.7) -§7.1 (=406} 28
DECN -99.4 {(~416) =507 {=2121) 3
DIPAM -6.8 (-28.45%) -14.98 (-62.65) 18
DNPA -ilo (=460} -539 (=2255) 1
boP -268.2 {-1122) -687 (-2874)

EDNP =140 {-585.8) -636 {-2660) 1
EL-506A -39.9 (-167) -39% (-1669) i
EL-506C =-42.5% (-178) ~424 {-1775) i
Estane 53702-F1 -95 (-397) -95 (=3975)
Explosive D -94 (-393) -382 (-1598) 3
FEFO -177.5 (=742.8) ~554 .4 {(-2320) i
FPC 461 =303 {-1268) -1693 (-7084)

H-6 =-0.81 (-3.39) -8.1 {-33.9) 1
HBX-1 =2.54 (-10.63) =25.40 {-1063) 1
HBX-3 -2.53 (~10.59) -25.30 {-1059) 1
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Table 5-1. Heats of formation {iﬁf) for explosives and binders. (Continued)

{idf-n!}h

Explosive kcal/mol” calig {tJfkg)c Ref.
HMX +17.93 (+75.02) +51 (+253) 1
HNAS +67.9 (+284.1) +150.2 (+628) 28
HNS +18.7 {+78.24) +41.53 (#174) 28
Kel=-F 3700f -161 (-674) -1382 (-5783)

Lead azide +112 {+4569) +385 {+1611) 3
Lead styphnate +92.3 {(+386) +197 (+824) 3
LX-01-0 =271.5 {~115.2) -27% {(~1152) i
LX-02-1e -49.1 (-205.3) -491 (-2053) 1
LX-04-1 -21.5 (=90.1) -215 (=901} i
LX-07-2 -12.3 {(=51.7) -123 {-517) 1
LX-08-0e ~44 {-185.9) 444 {-1859) i
LX-09-0 +1.82 (+7.61) +18.2 (+76.1) 1
LX-09-1 +2.004 (+8.38) +20.04 (+83.8) 1
LX-10-0 -3.14 (-13.1) -31.4 (-131} 1
LX-11-0 -30.73 {-128.8) -307.3 (-1288) i
LX-13 (See XTX-8003)

LX-14-0 +1.50 (+6.28) +15.0 {+62.8) 1
LX-1% -4.30 {=17.99) ~43.0 {=179.9) i
LX-16 =42.71 (-178.7) 427 {-1787) i
1X-17-0 -24 .04 (=100.6) -240.4 {-1006) 1
MEN-11 -74.3 {(-310.7) -743 {=3107) i
Minol=-2 -46.33 {-193.8) =463 {-1938) i
NC {12.0% M) =216 {-904) -823 {jzaﬁi3 H
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Table 5-1. Heats of formation {lﬂgi for explosives and binders.

{Continued}

Explosive kcal/mol® (kJI-nE)b calig (kJikg}c Ref.
NC (13.351 N, min) -200 (-837) =730 (-3052) i
NC (14.15% N) -151 (=799} =643 {=2690) i
NG -90.8 {-380) =400 {-1673} 1
NM -27.0 {(-113) -442 {-1853} 1
RO -23.6 {(-98.7) -227 (=949} i
Octol +2.57 {+11.9) *25.7 {+119) i
PBX-9007e *7.13 {+29.8) *71.3 (+298) i
PBX-3010® -7.87 {-32.9) ~-78.7 (=329} i
PBX-9011® -4.05 {-17.0) -40.5 {-170} i
PBX-9205® +5.81 {+24.30) +58.1 (+243) i
PBX-5404-3¢ +(.08 {+0.331) +0.8 (+3.31) H
PBX-9407e +0.81 {(+3.39} +8.1 {+33.9) i
PBX-950]1¢ +2.3 {(+9.5) +22.8 {+95.4) 1
PBX-9502¢ -20.79 (=87} -208 {-870) i
PBX-95013e ~17.68 {-73.97) -177 (=740} H
Pentolite 50/50 -24.3 {-99.4) =243 {-993.7) i
PETN -128.7 {-593) =407 (-1702) i
Picric acid -51.3 (-214.5) -224 {-9317) 1
Polystyrenef +18.9 {+79.1) +181 {+757)

RDX +14.71 {+61.55} +66 {+277.1) i
Sylgard 182f -24.9 (~104.18) -1400 (-5858)

TACOT +110.5 {+462.3) +185 (-1191) 28
TATHB ~36.85 {-154.2) =143 {(-597.2) 1
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Table 5-1. Heats of formation {iﬂf} for explosives and binders. {Continued)

a1

f

Explosive kcal/mol® (J/mo1)® call/g (x3/xg)© Ref.
Tetryl *4 .67 {+19.1) +16.3 {+66.6) 1
TNM +13.0 (+54.4) +66 {+277) 1
INT -15% {(-64.4) -78 {-284) 1
Viton A =-332.7 {-13%92) -1778 {-74639}

XTX-8003 -39 (-163) -390 {-1630) i
XTX-8004 -1.42 {-5.94) -14.20 {59.40) 1

& For mixtures, the molecular weight is arbitrarily taken as 100 g (see
Table 4-1).

b One kcal/mol = 4.184 kJ/mol.

€ One cal/g = 4.184 kJ/kg.

d Calculated.

€ The standard enthalpies of formation of the nonexplosive components of the
mixtures were estimated from bond energies.

f Estimated.
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$.2. HEATS OF DETONATION

The heat of detonation {audet) refers to the change in enthalpy for

the high-order detonation of the explosive and is always a negative value.

Initial and final states are taken at 25°C (298 X) and 1 atm (101 kPa)
pressure. The experimental values listed in Table 5-1 were determined in a2
detonation calorimeter under heavy confinement in a gold cylinder. They were
found to vary with density, and confinement of the charge.

The maximum heat of detonation is a calculated value for the enthalpy of

the reaciion
Explosive ——— Most stable products.
The order chosen for the most stable products of CHNO explosives is H

0 -
€O,, C(gy» and K,
then the order is HF, HCi, H

2%
if the expliosive contains fluorine and/or chlorine,
EG. coz. c(s)‘ and ﬂz. These values

repre.ent the upper limit of the chemical energy obtainable from an

explosive. In practice, however. the effective energy developed by a
detonating high explosive is always smaller than the assumed thermodynamic
maximum energy because [} the actual shift of the product equilibrium along
the adiabat to the freeze-oul temperature yields products different from the
most stable ones assumed and 2) the actual entropy is higher than for the 25°C
(298 K} and 1 atm (101 kPa) pressure stipulated above. The TIGER code was
found to give a more realistic estimate of the composition during expansion

than did the calculation.
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5.3. COMPATIBILITY

Many materials have been tested for compatibility with various HEs; those
listed or mentioned in this section are commonly used at the LLNL facility for
explosive testing. In Tables 5-3 and 5-4, which list adhesives and fillers,
those materisls rated "A" have been evaluated extensively; those rated "8"
have been screened for gross incompatibility only. If these materizls are
used as they are supplied (i.e., in the prepackaged catalyst/resin system),
they are satisfactory for use as indicated. It is understood that the
adhesives are used in minimal amounts, mixed according to supplier's
instructions, and used only for limited times {i.e., from two to three moaths
during environmental testing).

The results of our compatibility tests are valid only for the specific
batch or lot of HE and adhesive tetted-io For different HEs and subsequent
lots of adhesive, even from the same supplier, the reactivity and
compatibility tests must be repeated. The supplier may change or "improve"
the material without notice; this could render the material incompatible.

This compilation should not be regarded as complete; many other materials
have been evaluated, but are not included here because they are not commonly
used. Table 5-5 lists adhesive tapes found compatible with various HEs; any
other tapes should be tested before use.
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Table 5-3. Adhesives:

Chemical reactivity and compatibility with HEs.®

Adhesive

High explosive

Adiprene LWS20/MDA
Adiprene L-315/Polyol
Aerobond 2017
Eastman 910
Epouiesb
Explostix 473
Halthane 73-14°
Halthane 73-15°
Halthane 73-18°
Halthane 73-15°
Halthane 87-1°
Halthane 88-2°
Laminac 4116

iM #LnS

M #4866

IM EYG 146
Quik-Stick Spray

> ¥ P B B ¥ @ B ¥ >

L -
> > @ @

F - - O - B - -
L - O B - R

@ A, compatible; OK for long-term storage.
B, compatible; OK for short-term storage (less
-, compatibility has not been checked.

b BIPAX-2902, EPY-150, and Hysol epoxy patch kit are epoxies certified only

for bonding strain gages to LX-0&, LX-07, LX-10, LX~-17, and PEX-9404.

than 30 days).

¢ Compositions, mixing ratios, and characterization of the Halthane adhesives
are given in H. G. Hammon, L. P. Althouse, and D. M. Hoffman, Development of

Halthane Adhesives for Phase 1 Weapons:

National Laboratory, Livermore, CA, UCRL-52943 (1980).

5-12

Summary Report, Lawrence Livermore

3/81



Table 5-4. Fillers and coatings: Chemical reactivity and compatibility.®

High explosive

Filler or Coating \.}:

apc 19:€

apc 2.59¢

APC 5D

APC 3aob,c.d

DP 4817 conductive Ag
FDA 2 Red

FDA 3 Green

GE RTV 632781
Silastic RTV ?32f
Silastic Rrv 891f
Sylgard 184
Sylgard 186b

> 3 B >

R U S
R

d

- - - - A L - - R
o - - O B - - - -
> 3 o 3 F B > > F B B »
B B » B P »
O - - |
> » @ o B o o» om o P
A - A A
A - - - - B - -

2 A, compatible; OK for long-term storage.

B, compatible; OK for short-term storage {less than 10 days).

-, compatibility has not been checked.
P These materials cure under the influence of a platinum catalyst. They are
easily poisoned by a number of materials, and should therefore be mixed only
in clean containers.
€ The APC (Addition Potting Compound) formulations were developed at LLNL
and at PX. See W. £. Cady, Development of Alternate Silicone Potting
Compounds, Vols. 1-9, Lawrence Livermore National Laboratory, Livermore, CA
UCRL-52434 (1978-1981).
@ DP means E. I. DuPont de Nemours and Co., Inc.
€ This formulation of a nonflowing material can be used where s material of
very high viscosity is needed.
f RTV means Roou-Temperature Vulcanizing.
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Table 5-5. Adhesive tapes compatible with HEs.?

Manufacturer Trade name Number Color
i Scotch Brand Electrical Tape #33 Black
i Scotch Brand Mylar #56 Yellow
3N Scotch Brand Electrical #57 Yellow
Ix Scotch Brand Masking #232 Tan

i Scotch Brand Photo Tape #235 Black
k1 Scotch Brand Double Sided Masking #400 Tan

M Scotch Brand Tape #4520 Cray
™ Scotch Brand Double Sided Masking #4565 Tan

M Scotch Brand Double Sided Masking #4656 Tan

M Scotch Brand Plastic #4671 Yellow
M Scotch Brand Plastic #4571 Red

M Scotch Brand Plastic #471 White
I Scotch Brand Cellophane Tape #600 Clear
3N Scotch Brand Cellophane Tape #850 Clear
M Scotch Brand Magic Mending #810 Clear
N Scotch Filament Tape #880 Pearl
™ Scotch Brand Double Sided Masking #F19146 Tan
Behr-Manning Bear Tape #a/1 Tan
Hampton Blue Cross Tape - Yellow
Manufacturing

Company

Mystik Tape, Inc. Mystic Tape #5803 Black
Okonite Company High Voltage Rubber Tape — Brown
Permacel Permacel #29 Black
Permacel Permacel #32 Red
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Table 5-5. Adhesive tapes compatible

with HEs.® (Continued)

Manufacturer Trade name Number Color
Permacel Permacel Cellophane Tape - Clear
Saunders Teflon Tape #515)

Engineering Teflon Tape 516 Blue/brown
Corporation Teflon Tape #s18

Technical Tape Tuck Tape — Yellow
Corporation

Technical Tape Tuck Tape - Black

Corporation

@ Any tape not listed should be tested before use.

5.4. SOLUBILITY

Qualitative solubilities for explosives and related materials are given

in Tables 56 and 5-7.

Because the degree of solubility of 2 substance

depends on concentration and temperature of the solvent, the reader should

consult the references to determine the experimental conditions.
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6. THERMAL PROPERTIES

This section contains tables and information on thermal conductivity (i),
coefficient of thermal expansion (CTE}, specific heat {Cp), glass transition
point ('-I!), and thermal stability. Thermal conductivity i increases with
increasing HMX content whereas the CTE decreases.

L

6.1. THERMAL CONDUCTIVITY

Measurements of thermal conductivity (i), made on an apparatus similar
to that used at the National Bureau of Stusdards.w are included in
Table 6-1. Thermal conductivities as a function of temperature are given in
Fig. 6=1 for PBXs; the straight lines represent the best fits of the Jata.
The thermal conductivity data shown in Fig. 6-2 as a function of HMX content
indicate the range of properties available with HM{/Viton explosives.

Table 6~1. Thermal conductivities (1) of explosives and binders.

Thermal conductivity, i

Density, o & Temperature
Material [g/em” (Mg/m }] hr-ft-*F cm-sec-"C  (W/ oK) b - (K} Ref.
AN 2.9~ {0.121- H
3.9 0.163}
APb 12.0 {0.502) 50 {323) 2
1.6 {0.485) 100 {373) 2
1.0 {0.460} i5¢ {423} 2
16.3 {0.431) 200 £473) 2
3.6 {0.402) 246G {323} F 4
Baratol 11.34 {0.495) 18-75 {291-348)
Comp B 1.70 5.4 {0.228) 25 £2598) 3
Comp B-3 6.27 {0.262) 18=-75 {291-348)
1.730 5.23 (0.219) 45 {319} 4
Comp C-4 6.22 {0.260}
Cyclotol 75/25 1.760 5.41 {0.227) 46 {31%) &
DATS 1.834 £.00 {0.251)

3781 -1



Table 6-1. Thermal conductivities {i) of explosives and binders. (Continued)

Thermai conductivity, i

ﬁnﬂ:z, 2 " Btu/ w-& cadd . Temperature
Material [glee” {(Mg/m 3] he-ft="F cosec-*C (W oK) = (K} Ref.
Estane 5702 {0.146)
Estane 5703 1.18 3.53 {D.148) 41.4 {314.4) 5
HBX-§ 8.7 {0.406) 3% {308} i
HEX-3 17.0 0.711) is {308} ¥
HMY 12.2- {G.511- KT &
13.3 0.556)
P51 G.83 {0.418) 7
10.13 {0.426)
HNS-1 1.646 2.04 {0.085} 20 {293) &
HNS-11 1.646 1.91 {0.080) 20 (293} 8
Kel-F BOO 1.900 .26 {0.053} &l {316.4} 5
Lead azide . &.2 0.i76) ]
3.6 6.61 {0.277 72-136  (345-403) 62
{ powder) (.88 155 {0.065} 9
LX=04& 1.87 10.7 {0.448) 26 {293) &
LX-07 1.87 iz.0 {0.502) 20 {2933 £
LX=-0% 1.84 12.3 (0.51%) 20 {2%3) &
Lx-1c 1.86 12.3 (0.515) 20 (293) &
LX=11 {est.) 0.21 {0.363) 21.1 {294) -
LX-14=0 1.83 ' 10.42 {6.439) 20 {2%83) 10
LE=17=0 1.B8 1%.1 {(G.799) 20 {293} &
1.8% 1Z2.1 {0.504) &0 {313) 15
“ine -2 1.76 _ 16.% {0.6904) it
NC €12.7% N; 5.3 {0.230) -
1.5 2.15 (0.09) 9
NQS 1.651 10.14 (0.4624) &1.3 {314.3) &
e 1.689 9.85 {0.412) 41.3 {314.3) &
PEX-9G1I0 1.875 5.16 {0.215%) 48.8 {321.8) &4
PRX-9G11 0.25 {0.432) 21.1 (294) -
1.772 9.0 {0.380) 43.4 {316} &
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Table 6-1. Thermal conductivities (1) of explosives and binders. {(Continued)
) Thermal conductivity, 3

Density, ¢ g Btu/ w—& a1} . Temperature
Material igiem” (Mgfe )] hr-ft="F cw-sec-"C {¥/mKk) < {K} Ref.
FEX-9406 6.25 {0.432) 21.1 {294} -
1.845 9.2 {0.38%) 46.2 {319} 4
PBX-9501 1.847 10.84 {D.456) 55 {328) &
FBX-5502 i.893 13.2 £0.552) s £311} &
Picric acid 1.60 2.4 {0.100) G
Polystyrene 2.51 {0.105%) 0 {273} 12
2.78 {0.116) 50 {323) 12
3.08 (0.128) 100 {373} 12
RDX 1.806 2.%3 {0.106) ?
.66 1.7% (0.073) 20 {293} 13
1.81 .53 {0.106) 2
Sylgard 182 3.5 cured (0.146) 14
TATE 1.938 il {0.5464) 7
1.891 i1.8 {0.538) 38 {311} &
1.841 11.2 {0.469) is
1.858 11.0 {0.460) 15
1.827 i0.7 {0.448) 15
1.826 10.4 {0.43%) 15
Tetryl .73 6.83 {G.288) &
{pressed) 1.7 2.3 {0.096) 9
{ powder} 0.767 2.0 {0.084) 9
TNY 1.654 6.22 {0.260) 18-43% {291-318) 7
1.63 7.1 {0.297) 90-10¢ {363-373) 3
{pressed} i.56 4.8 (0.201) g
{ powder) 0.B46 3.5 {0.1486) 9
1.65 {0.13-0.26) i
XTX~8003 1.5 3.42 {0.143) 10
XTX-B004 1.540 .62 {0.143) &0 {313) &

% One cal/corsec-"C = 4.184 x 102 W/w-K; | Btu/hr=-f1-"F = 0.004 cal/cmsec=-°C =

1-,3 u!.-‘-

€ Low bulk density.
4 High bulk density.

3/81
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Fig. 5=1. Thermal conductivities of PBXs as a function of

temperature. .9, 1819 vyalues indicated by solid data points were taken from
Refs. 1 and 19; those indicated by open data points were taken from Ref. 5.

0.30 - g.519¢C
£ o.20} §0.3480
5 *
2 <
E -
i .10 ~40.1730
H
z
0 0
0 50 100
HMX — at %
Fig. 6-2. Thermal conductivity (i) vs wtl HMX for HMX/Viton systems at J70O°F

(294 X).18 The conversion factors are | Btu/hr-ft-°F = 1.7 W/eo-k and
1 cal/cmsec-"C = 4,184 x 102 W/m-K.
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H.2. THERMAL EXPANSIOR

Thermal expansion data were obtained using bulk mercury dilatometers or &
linear expansion apparatus; the two methods produce comparable lrem.:ll:i..i3
Figure &-3 shows CTE as a function of HMN content for HMX/Viton systems.
Table 61 lists the measured linear (a) and cubic (8) expansion
coefficients of explosives and binders along with their glass transition
temperatures and pressed densities. The cubic expansion coefficients (8)

can be calrulated for isotropic materials as § = Ja.

160

-'F

in,

CTE=10"% in.

0 50 100
HMX = wt o

Fig. 6-3. Coefficients of thermal expansion (CTE) vs wtl HMX for HMX/Viton
systems. The conversion factors are 1 in./in.-°F = 1.8 co/em"C = 1.8 n/m-K.
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6.3. SPECIFIC REAT

Siyecific heat {E;) for the plastic components of PBXs were estimated at
LLNL using the Kopp-Joule rule. Specific heat for the PBX was then calculated
by applying the appropriate weight fractions to the specific heats of the
components. The estimated values of €¥ listed in Table 6~3 are believed
accurate to +51. Values for C? at temperatures other than 20°C (293 K) for
Hrdl-containing PBXs can be estimated by the formula

€ {T) AMX )

CP{.” = c!*(?‘ﬁ) (E:(g)_ﬂfﬁ .

where C’iT} is the specific heat at a temperature other thanm 20°C {293 X)
and ﬂP{Tu) is the specific heat at 20°C (293 K). Values for CP at
temperatures other than 20°C {293 K) for RDX-containing PBXs can be similarly
estimated by substituting RDX values into the formula.

Specific heats were also determined by differential scanning calorimetry.
The specific heats of HMX, TATB and RDX as a function of temperature are shown
in Fig. 6~4 and for HMX/binder formulations in Fig. &-5.33'3"&6
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Fig. f-4. Specific heats {C?) of HMX, RDX, and TATE determined by
differential scanning calorimetry and shown as & function of temperature.33,3d
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Fig. 6-5. Specific heats (Cp) of HMX/binder formulations determined by
differential scanning calorimetry and shown as a function of temperature.b®
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H.4. THERMAL STABILITY

‘hermal changes in materials can be measured in several waAVS,
qualitatively and quantitatively. For HEs, we generally use differential
thermal analysis (DTA), thermogravimetric analysis (TGA), and tests
ipyrolysis, CRT, or vacuum stability) that measure the amount of gas evolved
when the HE 1s heated for a stated period of time at an elevated temperature.
Heating rates are generally 10°C/min. Critical ter eratures ‘Tn] are also
given, although thev are dependent on the initial sample temperature,

experimental configuration, heat input, pressure,. and other variables.

6.%.1. Differential thermal analvsis (DTA)

in the usual DTA analysis, identical containers are set up {one
containing the sample and the other containing a standard reference substance)
in identical thermal geometries with temperature sensors arranged to give both
the temperature of each container and the difference in temperatures between
containers. The datas are displayed as DTA thermograms; the temperature
difference is plotted against the temperature of the sample. The standard
reference material chosen is one whose thermal behavior does not change
rapidiy. Such a plot is nearly a straight line if the sanmple alsc has no
rapidly changing thermal behavior {or if it is very similar to the standard
material}. Excursions above and below a background line result from endo- or
exothermic {(heat-absorbing or heat-releasing) changes. The DTA analyses permit
interpretation for phase changes, decomposition and kinetic information,
meiting points, and thermal stability (Fig. 6-6). Sample sizes are less than

4 ﬂgbhsﬁﬁ?

6.4.2. Pyrolysis

The sample is placed in & pyrolysis chamber that is then flushed with
helium. When the air has been swept out, the temperature of the chamber is
raised at a constant rate. Gas evolution is measured as a function of
temperature by a bridge formed by two thermsl conductivity cells. Data are
included in Fig. 6-6; the right-hand ordinate shows the thermal conductivity

response in millivolts {:HJ@#E Sample sizes are about 10 mg.
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Fig. 6-6m. DTA curve (solid line) and pyrolysis (thermsl conductivity) curve
{dashed line) for Cyclotol 75/25.47
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Fig. 6-6aa. DTA curve {solid line) and gynl,th (thermal conductivity) curve
(dashed line) for Kel-F 3700 (uncured).®
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Fig. 6-6qq. DTA curve (solid line) and pyrolysis (thermsl conductivity) curve
(dashed line) for PEX-9205.47
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Fig. 6-6rr. DTA curve (solid line) and pyrolysis (thermal conductivity) curve
(dashed line) for PBX-9404.47
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Fig. 6-6yy. DTA curve (sclid line) and pyrolysis (thermal conductivity) curve
(dashed line) for RDX (pure Wabash grade).47

6-70 3/81



i i i i
+5 )= - 10
RDX {production grode }
- =P
+3.-— — B
o?p—. — ?
'P‘l — "":6
. mp— 5 %

...; e — ‘.
2t =
-3 -t 2
oo o -1
-5 L $ et 1 | 1 0

0 50 100 150 200 250 300 350

Temperature — *C

Fig. 6-6zz. DTA curve (solid line) and pyrulysis {thermal conductivity) cu-ve
(dashed 1ine) for RDX (Holston production grade).%7

3/81 6~71



AT

i i i
Syigerd 182

- — ki

": o a—
i § i

¢ 1 ! ;

_: - —

—

_‘ — —

: i i i

-150 - 100 -850 o 50

Temperature - °C

Fig. 6~6aas. DTA curve for Sylgard 182.46

6~72 /sy



‘.E-.— o
- -
... — — —
b | | | i
o 100 200 300 400 S00
Tempersture — "C

3/81 673



i i i i i i i
v&l—.
TATE
4 —
1-3—
«2-—
+#§ b=
% 0 - b+ - —+
=] = — &
f
i
I
al R
f
i
]
-3 § L1-ie
g
i i
Iy
-4 ¥ i
b
i
,I
% L i k i B | i °
50 100 150 200 250 X0 350

Temperature — °C

Fig. 6~6ccc. DTA curve (solid line) and pyrolysis (thermal conductivity)
curve {(dashed line) for TATB.47

6-74 /81



Tetryl

4} —9

; : i
o 50 100 150 200 250 300 30
Temperature — *C

Fig. 6-6ddd. DTA curve (solid line) and pyrolysis (thermal conductivity)
curve {dashed line) for Tetryl.47

i/s81 675



+3

*2

+1

AT
)

-+

Fig. 6-6eee. DTA curve for THM.46

1 E &
e
Tempersture — C

6-76

3/81



8 -4 10
INT {purified}
L | o -t

50 100 150 200 250 300 350
Temperature — *C

Fig. 6~6fff. DTA curve {solid line) and pyrolysis {thermal conductivity)
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Fig. 6-6ggg. DTA curve {solid line) and pyrolysis (thermal conductivity)
curve (dashed line) for Viton.47
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6.4.3. Thermogravimetric analysis (TGA)

The objective in a TGA is to determine whether there are any weight
changes in & sample, either when it is held at & fixed temperature or when its
temperature is changed in a programmed linear fashion.

The data are generally plotted as 1) weight vs tempersture or time or 2)
weight change vs temperature or time. The TGAs are useful for only a limited
number of physical property investigations {e.g., vaporization phenomens), but
they are extremely useful for obtaining information about chemical properties
(e.g., thermal stability and chemical reactions). They are alsoc used to
obtain kinetic data. Sample sizes are about 10 mg. The heating rate is held
at about 10°C/min in nitrogen atmosphere, and weight loss is shown as a
function of temperature in Fig. 6=7.%9-51
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Fig. 6~7. TGA curves for explosives and binders.49-51,57
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6.4.4. LLNL reactivity test (CRT)

The sample is heated at 120°C (393 K} for 22 h. A two-stage chromato-
graphy unit is used to measure the individual volumes of *2‘ NO, CO, -lzﬁ.,,
and m: evolved per 0.25 g of explosive during this period. The test is
operated as a simple test of explosive stability; the results are expressed in

terms of the sums of these volumes. Results are given in Table 6-4.

6.4.5. Vacuum stability test

The sample is heated for 48 h at 120°C (393 K). A simple manometric
system is used to measure the total volume of all gases evolved, including
water and residual solvents. The results are expressed on the basis of 1 g of
explosive. For reference purposes, 1 e of evolved gas/g of explosive

represents about 0.2% decomposition {see Table 6-&).

Table 6~4 Thermal stabilities of various explosives.

Explosive LLNL reactivity testd Vacuum stability testb

Baratol G.015-0.02 0.19

Boracitol —— 0.02-0.04

BTF 0.24-0.40 -
{purified) 0.05 -

Comp B, Crade A 0.051 0.05-0.16

Comp B-3 0.033 0.27

Comp C-4 0.026 —

Cyclotol 75/25% 0.014-0.04 0.25-0.94

DATE <0.03 <0.03

DNPA . 0.04=-0.06 e

EDRP 0.04-0.06 -

FEFO 0.06-0.10 =l

H-6 0.096 -

HMX <0.01 .07

HNS 0.0% -

Lead azide - <U.4

Lead styphnate s 0.4
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Table 6-4 Thermel stabilities of various explosives. (Continued}

Explosive LLML reactivity tests® Vacuum stability testd
LX-01 1.8° -
LX-02-1 0.3-0.% --
LX-04~1 0.01-0.04 --
LX-07-2 0.01-0.04 --
LX-09-0 0.03-0.07 -
LX-10-0 0.02 --
LX=10-1 0.04~0.06 -
LX-11 0.01-0.04 -
LX-13 {See XTX~8003)

Lx-1410 0.02 0.03
LX-152 0.069 --
Lx-16>3 0.38 --
LX-17-0 <0.02 <0.02
Minol-2 0.105 --
NC (12.0Z W) 1.0-1.2 5.0

NQ 0.02-0.0% --
Octol 0.028 0.18
PBX-9007 0.03-0.07 -
PEX-9010 0.02-0.04 0.2-6.3
PEX-9011 0.024 -
PEX-9205 0.025 --
PEX-9404 0.36-0.40 3.2-4.9
PBX-9407 0.06 -
PBX-9501 - 0.8
Pentolite 50/50 - 3.04
PETH 0.10-0.14 —
RDX 0.02-0.025 0.12-0.9
Tetryl 0.036 o
TNT 0.00-0.012 ~0.005
XTX-8003 <0.02¢ -
XTX-8004 ~0.06 —

2 Volume of jas (cm? at STP)/0.25 g evolved in 22 hr st 120°C {391) x.

b Volume of gas (cm® at STP)/g evolved in 48 hr at 120°C (393) K.

€ Measured at 80°C (353 X) because of the high volatility of the material.
4 Measured at 100°C (373 K).
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6.4.6. Critical temperature and time to explosion

For salfety reasons it is desirable to be able to predict the response of
an explosive to high temperatures, i.e., to determine a “"time to explosion”
{t) and a "critical temperature” {fc} experimentally or by calculation.

Tc is defined as the lowest temperature at which an RE of a given
configuration self-nests to explosion. Such times and (to & lesser extent)
temperatures vary with the size, shape, previous history, and initial
conditions of the sample; they must therefore be determined for each sample
and situation.

Using the Frank-Kamenetskii equation, critical temperatures and Cimes to
explosion can be predicted by

2927 « pc(aT/at) = olH Z o E/RT

and its asymptotic solution at infinite time,

2

znt-axn?—?fg.
Ttiﬁk
where
E = activation energy in cal/mol,
< = heat capacity in cal/g-deg.
Tc = critical temperature for a specific geometry in K,
t = time to explosion for a specific geometry in s,
R = pas constant, 1.9872 cal/X-mol,
a = radius of a sphere, cylinder, or half thickness of a slab in cm,
& = density in gicna,
Q = heat of reaction in callg,
&4 = heat of decomposition in cal/g,
z = pre-exponential factor im s ',
vl = LaPlace operator,

= thermal conductivity in cal/cesec-°C,
é = ghape factor: 0.88 for an infinite slab, 2.00 for an infinite
cylinder, and 3.32 for a sphere.
The calculational results are listed with their corresponding parameters and
with experimental critical explosion temperatures in Table 6-5. Times to
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explosion for several HEs are plotted vs inverse tempersture in Fig. ¢-8.8
The effect of sphere diameter on critical temperature is shown in Pig. i-%.”

LANL uses a modified Henkin test in which a 40-mg sample of measured
thickness is confined in a blasting cap and heated to explosion in & preheated
Woods metal bath. The seal, formed by flaring an aluminum cap inside the
blasting cap, allows the product gases to escape under pressure.

Results from Henkin tests for times to explosion have been intentionally
excluded from this compilation. Although the data available for small,
well-defined samples are reliable, they cannot be applied to large samples or
charges whose thermal history and characterization sre unknown.

Activation energies are determined at Los Alamos from DSC measurements,
and are given in Table 5.

In the LLNL "One-Dimensional Time to Explosion™ (ODTX) Test, 2.2-g
samples (12.7-mm-diam sphere} are placed between two preheated anvil faces
(76.2-mx diam x 50.8-mm high) and sealed to confine the detonation product
gases. The anvils sre heated electrically; the temperature is controlled by
thermocouple feedback. Times to explosion sre messured as s function of rem
perature (Fig. 6~8). Critical temperatures are defined as the asymptote of
the In t vs 1/T plot. The ODTX data have been extrapolated to quite large
samples using finite~element thermal codes with subroutines for chemical
decomposition (TACO}. This analysis can be extended to other HMX-containing
plastic-bonded explosives if the thermsal boundary conditions are well-defined.
Parameters for the Arrhenius equations for ODTX experiments are excluded from
Table 6-5 because these data are interpreted by techniques different from the
LANL data.

6.4.7. Thermsl stability of larger explosive charges

For large amounts of explosive, the results from small-scale thermal
stability tests are not strictly applicable. The maximum safe temperature,
not to be exceeded, is the point at vhich thermal energy from slow chemical
decomposition is given off faster than it can be dissipated. It is called the
self-heating temperature and is dependent on the amount of explosive, its
environment, and the time it is held at the elevated tempersture {see Section
6.4.6.). For example, 1} 25 1b (11.34 kg) of LX-04-1 may be held at 190°C
(463 X} for no more than 10 min. 2) Calculations indicate that about
13,000 Idb {about & tons) of molten TNT may be unsafe.
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7. HECRANICAL PROPERTIES

This chapter includes dats on time- and rate-dependent as well as complex
modulus responses, on static and kinematic frictiomn, on sound velocities, and
on Hugoniot parameters.

High explosives are viscoelastic materials. Their mechanical properties
are functions of time, temperature, and loading rate. These properties vary
in any one material because of differences in rawv material from one lot to
another, differences in pressing conditions, and differences in the machining
procedures used to fabricate the materials. Therefore, the data in this
section are not intended to provide exact numerical values but rather to
demonstrate general trends and to compare different materials. In ovder to
make more refined calculations for predicting the behavior of systems, each
individual lot of HE must be charscterized.

To characterize materials over the entire temperature range from -85 to
165°F {(219-347 K), certain assumptions must be made:

1. The material is homogeneous and isotropic.

2. Explosives can be characterized on the basis of their elastic and

viscoelastic behavior.

3. The "failure envelope" provides a usable criterion of failure.
These assumptions have been explored experimentally and found to be reasonable.
When HE assemblies are joined with adhesives, the compliance of the
adhesive must be considered. Most adhesives used with HEs are stronger but
more compliant than the explosive. The bond is usually stronger than the HE

when clean surfaces and recommended assembly procedures are used. [f the
assembly will be subjected to stress analysis, the adhesive bond can be
modeled as a viscoelastic material. Other conditions to be considered are
aging of the materials and crystallinity of the binder.

A series of codes for nonlinear two- and three-dimensional anazlyses has
been developed to predict static and dynamic thermal and mechanical behavior
of HEs and binders under various conditions. Behavior that can be modeled
with these codes ranges from simple uniaxial stress-strain to complex stress

states.!*?
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7.1. TIME- AND RATE-DEPENDENT MECHANICAL PROPERTIES

In this section, experimental dats are given for characterization of
mechanical properties at constant strain rates in tension and compression:
tensile stress-strain data, failure envelopes, initial uniaxial modulus

3343 The stress-strain data were generated at

(En), and tensile creep.
constant strain rates and constant crosshead velocities.

A failure envelope is generated for a material from the stress-at-break
values obtained in tensile tests at different temperatures and constant strain

rate {(i.e., isothermal, monotonically increasing tension loads).

7.1.1. Tensile tests

Tensile stress-strain. Figure 7-1 shows tensile stress-strain curves for

several PBXs at different temperatures. Construction of failure envelopes is
also indicated for two of the materials.

-

Failure envelope. Figure 7-2 shows failure envelopes for several PBXs

stressed at & constant strain rate.

Initisl uniaxial modulus. Initial uniaxial moduli are derived from
tensile and compression data; they are temperature dependent because the
properties of the polymeric binders are temperature dependent. Time- and
rate-dependence also shows that plastic-bonded explosives are viscoelastic
materials. Figure 7-3 shows the initial uniaxial moduli of HEs as a function
of temperature.
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Fig. 7=1. Tensile stress-strain curves for several PBXs at different

temperatures. Crosshead velocity was 0.002 mm/s and strain rate was
1.25 x 105 51,
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Fig. 7-3. Initial uniaxisl moduli of HEs as & function of temperature.
Conversion factor: 1 psi = 6.895 kPa.
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Tensile creep. The creep compliance J{(t) is defined by:
J{t} = eled/e ,
where J is creep compliance, t is time, ¢ is strain, and ¢ is 2 gtep

function in stress. Tensile creep data for PEBX-950]1 are shown in Fig. 7-4.

Figure 7-5 shows tensile creep compliance for several explosives.

¢

Strain == win, /in, (um/m)

400 -
] i f 3 = SO
g &0 120 0 &0 120
Time — min Time—min

Fig. 7-4. Tensile creep data for PBX-9501 (a) at 100 psi (689 kPa) and 70°F
{294 K) and (b} at 50 psi (345 kPa) and 120°F (322 X). The shaded area
indicates the range; the points indicate rupture of the specimen.
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High-strain-rate tensile tests. Mechanical and fracture properties at
6-8,43 The

type of fracture can be identified by examining the fracture surfaces and the

high strain rates can be obtained using the Hopkinson split-bar.

stress-strain curves. Table 7-1 lists ultimate tensile strengths and the type
of fractures observed when specimens were stressed at increasing strain

rates. Figure 7-6 shows the tensile modulus as a function of strain rate; the
tensile moduli for LX-04-1 and LX-07-1 obtained from high-frequency ultrasonic
measurements are shown for comparison.

Table 7-1. Static tensile |trtn;th.1

Strain rate Ultimate stress

Material (s l} psi {MPa) Type of fracture
LX-04~1 10~% 340 {2.34) Slightly ductile
850 1500 {10.34) Slightly ductile
1100 1780 {1z.27) Slightly ductile
1550 1750 {12.07) Brittle
3100 2100 {14.48) Slightly ductile
LX-14-0 10-3 450 3.1) Brittle
10-4 $40 3.7} Brittle
10-3 580 {4.0) Brittle
PBX-9011 10-% 340 (2.34) Slightly ductile
1050 1300 {8.96) Brittle
1100 1450 {10.00) Brittle
1300 1400 {9.65) Brittie
PBX-9404 1n~4 330 {2.28) Siightly ductile
950 1200 (8.27) Brittle
1070 1500 (10.34) Slightly ductile
1100 1340 {9.24) Brittle
1850 1510 {10.41) Brittle
PETN 10~3 160 (1.10) Brittle
10-2 215 (1.48) Brittle
10-1 215 {1.48) Brittle
1000 720 {4.96) Brittle
1120 700 (4.83) Brittle
1300 785 £5.41) Brittle
2600 840 (5.79) Brittle
7-8 3/81
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7.1.2. Compressive tests

Compressive stress-strain. Figure 7-7 shows the strain rate dependence

of stress-strain curves for & variety of PBXs. Some of these measurements

were made using the Hopkinson split bar in uniaxial compression.

sarsases LX-D4
— X100
— ¥ 1
204 ———— K15
— . L= T
S s PEX-9501

Ll
.....
By

.
=
-

Siress — ksi

i i .

Strain - %

150

100

Fig. 7-7. Uniaxial compression dats at ambient temperature for several HEs at

different strain rates. Numbers on the curve are strain rates in s~i.

Conversion factor: 1 psi = 6.895 kPa.
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Compressive creep. Figure 7-8 shows compressive creep data for LX-14,
LX~-17, and PEX-9501.

L3 { E 1 *
= fa)
g 800C }— -
£
? 4000
£
&
i | i i i
") 10 20 30
Time — b
T
‘§ 2000 -
.
'g 1000 -
o i i
0 100 200 300

Time — h
Fig. 7-8. Compressive creep data for {a) LX-14 and PEX-9501 at 100 psi

(0.689 MPa), 120°F (322 X) and (b) LX-17-0 at 250 psi (1.7 MPa) and 74°C
(347 X). The shaded region indicates the range of values observed.
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7.2. COMPLEX MODULUS PROPERTIES

The complex shear modulus (C*) has been determined by measuring its
components: the shear storage modulus {(G') and the shear loss modulus (G").
Plastic-bonded high explosives are treated here as homogeneous, isotropic,
linear viscoelastic and thermo-rheclogically simple materials. Measurements
were made uring a Rheometric Mechanical Spectrometer {(RMS).

The appropriste relationships are:
Gr=G'+ ig",

where i = ¥=1, and
G"/C' = tan § ,

where tan § {a damping term) also expresses the ratio of energy dissipated
as heat to the maximum energy stored in the sample during one oscillatory
cycie. Figures 7-9 and 7-10 show G', C", and tan § for various HEs and
binders measured with the RMS at 1 Hz.”**3 Figure 7-11 shows the observed
shear storage and shear loss moduli of LX-04 reduced to a temperature ‘l* of
22°C {295 K) by the WLF empirical :qu.ttmn“ over the frequency range fm
10" to 1 CHz.
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7.3. FRICTION

Static and kinematic coefficients of friction have been determined for

various HEs sliding on themselves and on surfaces of differeat materials.

7.3.1. Static coefficient of friction

A static test was designed to simulate conditions found in the

fabrication of explosive li!llbiiii.ll

The sample was placed on a tilt

table, and the angle at which it would slide was measured. The coefficient of
static friction is defined as the tangent of the angle of inclination from the
horizontal plane at which the body just overcomes the frictional force. The

results are reported for dry and water-wet surfaces in Table 7-2.

7.3.2. Kinematic coefficient of friction

Kinematic coefficients of friction (f) have been obtained by sliding
several HEs on themselves and on aluminum 6061-T6. Values of f were
deternined as functions of sliding velocity (v}, pressure {load) (P},
temperature, and surface finish (Tables 7-3 and 7-4). 1t was found that the
Williams-Landel-Ferry (WLF) shift sqnltiuni3 could be used to correlate the
effects of sliding velocity and temperature on f; thus, a curve could be
calculated for some reduced temperature Tr {Fig. 7-12.)

For comparison, Viton sliding on polished steel at 900 in./min has 2
coefficlent of friction at room temperature of about 0.35 under a 9-kg load

and sbout 0.45 under 18 kg.*>
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0.7 T 1 i
LX=0d~1 on aluminum
P=250psi (1.7 MPa)}
0.6} E
5
§
T
% 0.5 1 i i
§ T 1 I —
0.50}— E
PBX-9404 on aluminum
P = 50 psi (0.3 MPa)
0.40 i i i
1078 1074 1072 1 102
Stiding velocity — in./min
L 1 \ \ |
10”9 (1078 (1074 (oY (10°%)

Sliding velocity — 4.23m /s

Fig. 7-12. Coefficients of friction {(f) for LX-04-1 and PBX-9404 as a
function of sliding velocity {v). Curves calculated for reduced

temperatures (Ty) using the Williams-Landel-Ferry (WLF) shift equation.l2
Conversion factor: 1 in./min = 4.23 x 10~% n/s,
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Table 7-4. Coefficients of friction (£} for single crystals of different HEs
at constant temperature {20°C) and sliding welocity v = I x 10 .h;“

Material f

PETN/glass 0.40
X/ glass 0.55
RDX/glass 0.35
Poi{N3)z/glass 0.28
PETN/PETN 0.40

7.4, HUGONIOT DATA

7.4.1. Shock loading

Figures 7-13 and 7-14 show narrow-pulse and sustained shock-loading
effects obtained at LANL and LLNL using the flyer-plate technique. The
transducer data were normalized to a plate-impact velocity of 0.3 mm/usec

(0.3 km/s) for the LLNL ﬁ'ti.n while the impact velocities are reported
directly for the LANL results.l®

Figure 7-15 shows representative data from gas gun experiments using
dextrinated lead azide.l!’
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Fig. 7-13, Input and outpul pulses generated experimentally at three depths

in -exfio:i’u; by a 0.28-mm-thick (nominal) aluminum driver plate backed with
foam.13 Conversion factor: 1 bar = 105 Pa.
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Time — 3

Fig. 7-14. Output pulses generated experimentally at three depths {2, 6, and
10 mm) in different explosives by 2 3.05-mm thick aluminum, foam-supported

impactor. The impact velocities {ka/s) were (&) 0.176, (b) 0.266, {c) 0.248,
(d) 0.252, and (e) 0.294.16
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Fig. 7-15. Input and output pulses at four depths in lead azide by a 5.08-me
thick Plexiglas support ;uhte,i?
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T+8.2. Unreacted ilu_mniot

The Hugoniot of unreacted HEs can alsc be expressed by s simple least
squares relationship:

B-s A+ Hl? C!J’ »

where
ﬂ' = ghock velccity in w.,
ﬂp = particle velocity in km/s,
A, 8, C = materials constants.

The data (at ambient temperature) have been compiled from various sources for
the compositions listed in Tables 3~1 to 3-3. The Criineisen constant y is
expressed as:

aP ¥
y=¥ m)?- c#.‘.l' By »
vhere
P = pressure,
£ = energy,
¥V = volume,
J'= dulk modulus,
8 = cubic coefficient of thermal expansion.

Least squares relationships for unreacted Hugoniots are given in Table 7-5.
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Table 7-5. Least squares fits for unreacted Hugoniots.
Density, #ﬂ
Explosive {[g/em” (Mg/m” )] Equation Range® (km/s) Y Ref.
AN 0.86 Ug = 0.84 + 1.42 Up 0.9 18
1.73 Uy = 2.20 + 1.96 U, 18
Baratol 2.611 Ug v 2,40 + 1.66 Up €p € Us < 3.66 19
Ug = 1.5 + 2.16 Up 3.66 < Ug < 4.0 19
1.63 Ug = 2.7% + 1.25 Up 20
Comp B 1.70 Ug = 2.95 + 1.58 Up 20
1.710 Ug = 1.20 + 2.81 Up 4.40 < Ug < 5.04 21
Comp B 1.700 Ug = 2.49 + 1.99 U, 3.57 < Uy < 5.02 21
{cast}
Comp B-3 1.70 Ug = 3.03 + 1.73 Up 20
1.70 Ug = 2.88 + 1.60 Up 4.26 < Ug < 7.01 21
g = 2.93
1.72 Uy = 2.71 + 1.86 Up 3.42 < Ug < 4.45 21
1.723 Ug = 1.23 + 2.81 Up 4.42 < Uy < 5.07 21
Comp B~3 1.680 Ug = 2.710 + 1.860 Up 3.387 < Ug < 4.469 0.9&7 21,12
{cast) g = 2.736
Cyclotol 1.729 Ug = 2.02 + 2.36 Up 4.67 < Ug < 5.22 21
75725
DAT® 1.7%0 Ug = 2,449 + 1.892 Up 3.159 < Us < 4.492 1.76 21,22
g = 2.660
H-6 (cast) 1.760 Ug = 2.832 ¢ 1.695 Up 2.832 < Ug < 4.535 21,22
€g = 2.759
1.76 Ug = 2.65 + 1.984 Ug < 3.7 29
HBX-1 (cast) 1.750 Ug = 2.936 + 1.651 Up cp ~ 1.860 22
HBX-% (cast) 1.850 Ug = 3.1346 + 1.605 Up ey = 3.09% 22
WX 1.903 Uy = 2.7 + 2.6 U, .10 23
1.891 Ug = 2.901 + 2.058 Up 19
HNS 1.38 Ug = 0.61 + 2.77 Up 1.4 < Ug € 1.995 %
1.57 Ug = 1.00 + 3.21 Up 1.00 < Ug < 3.18 24

=32

g = 1.00
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Table 7-5. Least squares fits for unreacted Hugoniots. (Continued)
Densitly, ¢
Explosive lﬂcuj H!cfnj)] Equation Range® (km/s) Ref.
HNS-11 1.47 Us = 1.10 « 3.48 Up 25
1.58 Ug = 1.98 ¢ 1.93 U, 25
Kel-F 2.10 Ug = 1.73 + 1.61 Uy 2.65 < g < 3.78 21
LX-0&4=1 i.8860- Ug = 2.% + 2,463 Up .61 € Uy < 3.24 1
1.863
LX-09-0 1.83% Uy = 2.45 + 2.90 Up 26
LX-10-1 Ug = 1.178 + 2.77% Up 27
LX-17-0 1.90 Ug = 2.33 ¢ 2.32 Up 44
NG 1.5% Ug = 2.24 + 1.66 Up 28
NM 1.13 Ug = 2.00 + 1.38 Up 2.83 < Us < 4.40 21
1.123- Ug = 1.560 + 1.721 Up 2.918 < Ug < 4.539 2
1.128 * 1.082(1.125 - pg)
NQb Ug = 3.544 + 1.459 Up
c Uy = 3.048 + 1.725 Up
Octol 1.80 Ug = 3.01 « 1.72 Uy 20
{cast) 1.8a3 Uy = 2.21 « 2,51 Up 3.24 < Ug < 4.97 2%
PBX-9011-06 1.790 Ug = 2,225 + 2.644 Up 4.1 € Ug ¢ 6.1 1%
PEX-9404-03 1.721 by 1.89 + 1.57 Up 2.4 < Ug < 3.7 19
1.84 Ug = 2.45 + 2.48 Up 2.45 < Ug < 6.05 2%
eg = 7.60
PBX-9404 1.84 Ug = 2,310 + 2.767 Up Ug < 3.2 9
€y = 2.310
PEX-9407 1.60 Ug = 1.328 + 1.993 up 2.11 < Ug < 3.18 30
PBX-9501-01 1.844 Ug = 2.683 + 1.906 Up 2.9 < Ug < 4.4 i9
PEX=9604 1.491 Ug = 0.987 » 2.509 Up 27
Pentolite 1.67 Ug = 2.83 + 1.91 Up 20
50/50
1.676 Usg = 2.885 « 3.20 Up 4.52 < Ug < 5.25 21

3/81
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Table 7-5. Least squares fits for unreacted Hugoniots. (Continued)
Density, P45
. T 3
Explosive [g/em™ (Mg/m )] Equation Range® (km/s) | Ref.
PETN 0.82 Ug = 0.47 + 1.73 U, 1.7 18
1.5% Ug = 1.33 » 2.18 U, 1.40 < U, < 2.14 2%
g = 1.45
Ug = 0.66 « 4.19 Up 1.86 < Ug < 2.65 24
£ = Z.45
1.60 Ug = 1.32 + 2.58 Up 1.89 < Ug < 2.56 0.77 31
l"?z u’ 2!32& * 213‘2 “9 21:33 E ﬁ' j 3‘-‘5 32
‘h = ZJI&
Ug = 1.83 + 3.45 Up 2.52 € Uy € 3.87  0.37 3%
cp = 2.24
I‘?i '5! !-53 * ii“ “P 33
1.77 Uy = 2,42 » 1.91 Up 18
1774 Uy = 2.320 » 2.61 Uy Ug < &.1548 34
- e.uu; ey = 2.32
Uy = 2.811 + 1.73 Up Us > 4.195 115 34
Polystyrene 1.05 Uy = 2.40 « 1.637 Up 3.87 < U5 < 6.493 z1
‘“ isﬂ u' G.k * zam U’ :-& ia
1.64 Ug = 1.93 + 0.666 Up 2.00 < Ug < 2.16 24
g = 2.80
g = 2.80
1.7%9 Ug = 2.78 « 1.9 Up .28 23
1.80 Ug = 2.87 » 1.61 Up 4.21 € Ug < 5.43 19
TATS 1.847 Ug = 2.340 + 2.31% Up 3.125 < Ug < 5.829 1.60 20,21
tg = 2,050 1,26
1.876 Ug = 1.48 « 3.68 Uy g € Ug < 3.23 19
1.937 Uy = 1.43 « 10,13 U, Uy € 3.4412 33
- 11.42 v
u. 2.90 + 1.68 !}; g > 3.404 G.20 33
tp = [.43
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Table 7-5. Least squares fits for unreacted Hugoniots. {Continued)
Density, 2s
3 3 .
Explosive [g/em {(Mgim )} Equation hu;&. {kn/s) ¥ Ref.
Tetryl 0.86 Ug = 0.35 + 1.75 Up 1.5 18
1.30 Ug = 2.162u » 1.4271 Up  2.58 < Uy < 4.16 s
= (0.4993/Up) cx = 1.1
1.40 Ug = 1.6111 + 1.9658 Up 2.20 < Ug < 4.07 15
- (0.2784/1,) eg = 1.13
1.50 Ug = 2.1674& + 1.8225 Up  2.63 < Uy < 4.17 35
- {0.3411/0y) eg = 1.36
1.60 Ug = 2.3621 + 1.5285 Up 2.36 < Ug < 4.25 35
1.70 Ug = 2.4763 « 1.416 Up  3.08 < Ug < 4.17 35
cg = 2.035
1;?3 u’ - Z-l’ * 11’! ”P 18
1.643~ Ug = 2.372 « 2.16 Up 2.78 < Uy 2%
1.648 g = 2.30
2.343 < Uy < 3.37%
cast 1.614 Ug = 2.390 + 2.050 Uy 3.034 < Uy < 5.41& 0.737 21,22
cg = 2.572
1.62 Ug = 2,276 » 2,852 Up Ug < 3.7 %
u‘ = 2.987 +« 1.363 UP 3.7 « !.I; 9
g = 2.297
1.63 Ug = 2.57 + 1.88 Uy 20
(liquid) 1.472 Ug = 2.14 + 1.57 Up 3.49 < Ug < 4.65 21,22
(82°C) g = 1.37
Tritonal 1.73 Usg = 2.313 + 2.769 Up Ug < 3.8 %
{cast)
XTX~-80013 1.53 Ug = 1.4% = 1.30 Up 2.38 < Ug < L.06 g.727 1

& Sound velocities through the sample are in km/s; cg = initial sound velocity,

“t = longitudinal sound velocity, cb = bulk sound velocity. Pressures wverse
converted to pascal.
b Large grain.

¢ Commercial grain.
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7.4.3. Sound velocity

Longitudinal and transverse shear sound velocities {:l and c_, respec-
tively) were measured by Marsh of LANL for materials with large acoustic
ltt!nultion-gﬁ The arrival times of signals traveling through different
thicknesses of stacked ramples were measured, and the sound velocities vere
determined by a differential technique, i.e., by measuring cthe transit times
of the signals through the measured thicknesses of the samples.

The bulk sound velocities i:b} compiled in Table 7-6 were determined
from the expression for isotropic materials:

i2

.
g =3¢

E:-h s "
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Table 7-6. Sound velocities Car g and Sy

Material ’Bﬂ;it:, £ ‘e . s ‘ b Ref.

{ preparation) {g/lem™ (Mg/m™)] {(km/s) {km/s; {km/s)
AP (bulk, 500 u) 1.20 0.57 —— - 37
1.55 1.79 — — 37
1.90 2.18 —— - 37
AP {bulk) 1.95 w—— — 2.84 38
Baratol 2.61 2.90 1.56 2.29 16
{cast) 2.611 2.95 1.48 2.40 36
Comp B-3 1.70 3.00 1.62 2.35 16
{cast) 1.726 3.12 1.71 2.42 36
Cyclotol 75/25 {cast) 1.752 3.12 1.69 2.43 36
DATB {pressed) 1.78 2.99 1.5% 2.40 36
Estane 1.18 e . 2.35 39
-6 1.75 2.46 1.55 — 40
HNAB 1.577 0.853 0.465 0.663 41
Kel-F 2.02 - — 1.50 39
LX-15-0 1.58 1.749 1.038 1.274 41
Xx-17-0 1.899 2.815 1.366 2.24 43
KM 1.14 — - 1.33 38
Octol (cast) 1.80 3.14 1.66 2.49 36
PEX-9010-02 1.78 2.72 1.47 2.13 36
PBX-9011-06 1.790 2.89 1.38 2.41 36
PBX-9404-03 1.840 2.90 1.57 2.26 36
PBX-9407 1.78 3.04 1.70 2.32 36
1.608 1.922 1.26 1.256 41
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Table 7-6. Sound velocities €ys €y and ¢

<

<

b* {Continued}

Material ﬁ‘,’_.'itin’T e i s b Ref.
{ preparation) fg/lem” (Mg/m™)] {km/s} {km/s) {km/s)
PBX-9501 1.82 3.97 1.39 2.50 16
PEX-9302 1.88 2.74 1.38 2.20a 16
PBX-9604 1.491 - - 0.996 27
PETH 1.77 - - 2.32 38
Polystyrene 1.06 b - 1.98 38
RDX (pressed) 1.80 - - 2.65 38
TATB 1.868 %.907 1.083 1.439 41
{pressed) 1.87 2.00b 1.18b 1.43f 16,42
1.87 2.55¢ - 1.43f 16,42
1.87 i 1.24d 1.43f 16,42
1.87 - 1.35¢ 1.43F 16,42
{isotropic purified) 1.876 1.98 1.16 1.46 36
Tetryl 1.73 oy - 2.19 38
{pressed) 1.68 2.27 1.24 1.76 1.3
INT 1.83 2.68 1.35 2.18 16
{creamed, cast) 1.624 2.48 1.34 - 16
{crystal) - -— - 2.20 38
{liquid) 1.47 - - 1.55 38
{molten) 1.47 - s 2.1 36
{pressed] 1.61 2.48 1.34 1.94 36
{pressed) 1.632 2.58 1.5 2.08 36

2 No check was made of other sample orientations.
b Parallel to pressing direction.

¢ Perpendicular to pressing direction.
4 Perpendicular to pressing directiom and particle motion parszllel to

pressing direction.

€ Perpendicular to pressing directiom

grt:tin;_directinn.

and particle motion perpendicular to

Assuming that TATS is transverse isotropic, the velocities were converted
to elastic constants from which the bulk sound speed was calculated.

7-38

3/81



7.5.

i.

2.

8.
9.

10.

11.

12.

13.

14.

15.

REFERENCES

J. 0. Hallquist, User's Manual for DYMA2D--An Explicit Two-Dimensional
Hydrodynamic Finite Element Code with Interactive Rezoming, Lawrence
Livermore National Laboratory, Livermore, CA, UCID-18756 (1980);
Preliminary User's Manual for DYNA3D and DYNAP, Lawrence Livermore
National Laboratory, Livermore, CA, UCID-17268 Rev. 1 {1979).

J. 0. Hallquist RIKE2D: An Implicit, Finite-Deformation, Finite Element
Code for Analyzing the Static and Dynamic Response of Iwo-Dimensional
Solids, Lawrence Livermore National Laboratory, Livermore, CA, UCRL-52678
{1979); NIKE3D: An Implicit, Finite-Deformation, Finite Element Code for
Analyzing the Static and Dynamic Response of Three-Dimensional Solids,
Lawrence Livermore National Laboratory, Livermore, CA, UCID-18822 (1981).

R. C. Murray, Lawrence Livermore National Laboratory, Livermore, CA,
personal communicstion {1970).

H. D. Johnson, Mechanical Properties of LX-10-1, Mason & Hanger-Silas
Mason Co., Inc., Amarillo, TX, MHSMP-77-58 (1977).

J. R. Humphrey, LX-14, A New High-Energy Plastic-Bonded Explosive,
Lawrence Livermore National Laboratory, Livermore, CA, UCRL-52350 (1977).

K. G ﬁﬂﬂ!. *EE]- ?ﬂl!!' 5!&- 2, 19-40 {igﬁ?}i

D. Breithaupt, Lawrence Livermore National Laboratory, Livermore, CA,
personal communication {1974).

K. G. Hoge, Explosivstoffe 18, 39-41 (1970).

D. M. Hoffman, Lawrence Livermore National Laboratory, Livermore, CA,
personal communication (1980}.

M. A. Hamstead, Complex Shear Modulus of s High Explosive, Lavrence
Livermore National Laboratory, Livermore, CA, UCRL-50357 (196€7).

J. R. Anthony and R. W. Ashcrafr, Coefficient of Static Friction Between
Explosives and Machine Surfaces, Mason & Hanger-Silas Mason Co., Inc.,
Pantex Plant, Amarillo, TX, MHSMP-79-11 (1979).

J. D. Ferry, Viscoelastic Properties of Polymers (J. Wiley and foms,
Inc., New York, NY, 1970), 2nd ed.

K. G. Hoge, Frictional and Viscoelastic Properties of Highly Filled
Polymers: Plastic-Bonded Explosives, Lavrence Livermore Hational
Laboratory, Livermore, CA, UCRL-70588 Rev. 1 {1968).

J. K. A. Amuzu, B. J. Briscoe, and M. M. Chaudhri, J. Phys. D 9, 133-143
{1976),

R. J. Wasley and R. H. Valentine, Shock-Pulse Attenuation and Hugoniot

Studies of Three Explosives and Three Mock Explosives, Lawrence Livermore
National Laboratory, Livermore, CA, ﬂcn-ﬁﬂs {1970).

-39

3/81



16,

i7.

18.

i9.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

io.

$. Olinger and J. W. Hopson, "Dynamic Properties of Some Explosives and
Explosive Simulants,” in Proc. Symp. {Int.) on Righ Dynamic Pressures,
Paris, France (1979}, pp. 9-19.

F. W. Davies, A. B. Zimmerschied, F. G. Borgardt, and L. Avrami, J. Chem.
Phys. 64, 2295-2302 {1976},

J. E. Erkman and D. J. Edwards, "Computed and Experimental Hugoniots For
Unreacted Porous High Explosives,” in Proc. 6th Symp. (Int.) on
Detonation, Office of Naval Research, Arlington, VA, ACR-221 (1976),

pp. 766-776.

B. C. Craig, Los Alamos National Laboratory, Los Alamos, NM, personal
communication (1974).

V. M. Boyle, R. L. Jameson, and M. Sultanoff, "Determination of Shock
Hugoniots for Several Condensed Phase Explosives," in Proc. &th Symp.
{int.)} on Detonation, U.S. Office of Naval Research, Washington, ;E%"
ACR-126 (1965}, pp. 241-247.

M. Van Thiel, Compendium of Shock Wave Data, Yol. 2, Lavrence Livermore
National Laboratory, Livermore, CA, UCRL-50108, wol. 2 (1967).

N. L. Coleburn and T. P. Liddiard, Jr., J. Chem. Phys. 4%, 1929-1936
{(1966).

8. Olinger, B. Roof, H. Cady, "The Linear and Volume Compression of
§-HMX and RDX to 9 GPa (90 kilobars)" in Proc. Symp. {Inz.) on High
Dynamic Pressures, Paris, France (1979), pp. 3-3.

J. Roth, "Shock Sensitivity and Shock Hugoniots of High-Density Granular
Explosives,” in Proc. 5th Symp. {Int.) on Detonation, U.S. Office of
Naval Research, Washington, DC, ACR-184 {13707, pp. 219-230.

F. W. Davies, J. E. Shrader, A. B. Zimmerschied and J. F. Riley, "The

Equation of State and Shock Initiation of HNS 11," in Proc. 6th Symp.

(Int.) on Detonation, Office of Naval Research, Arlington, VA, ACR-221
(1976), pp. 740-747.

L. G. Green, Lavrence Livermore National Laboratory, Livermore, CA,
personal communication (1971).

L. G. Creen, E. J. Nidick, Jr. and J. D. Longwith, Shock Initiation of
PBXN-5 and PBX-9604, Lawrence Livermore National Laboratory, Livermore,
CA, UCRL-52273 (1977).

S. S. Nabatov, V. V. Yakushev and A. N. Dremin, Combust. Expl. Shock
waves 12, 222-226 (i976).

V. M. Boyle, ¥W. G. Smothers, and L. H. Ervin, "The Shock Hugoniot of
Unreacted Explosives”; in Proc. 5th Symp. {Int.) on Detonation, U.S.
Office of Naval Research, Washington, DC, ACR-184 (1970), pp. 231-257.

J. Es Liﬁnﬁ.t:m; Ja ﬁwta Ph!'t éi, 4873-4880 {1966)&

1=-40 3/s



8. PERFORMANCE

This section contains tables of detonation velocities and methods for
their estimation, detonation velocity equations, Chapman-Jouguet detomation
pressures, reaction-zone lengths, cylinder test measurements of explesive
energies, equation-of-state parameters, detonation energies, Gurney values,
and failure diameters.

8.1. DETONATION VELOCITY

Detonation velocities (D) can be determined experimentally {Table 8-1}
calculated for varistions in composition and temperature, or estimated with
the use of empirical relationships.

Table 8~1. Detonation velocities (D) measured at nominal composition and
density p, under ambient conditions in large charges.

¥

Density, ¢ Detonation velocity, D
Explosive [8/en’ (wg/m’)] [mm/usec (km/s)1® Ref.
Amatol 80720 1.6 5.2 1
AN ag.7 ~l.5 2
0.82 3.49 (in paper tubes) 3
1.30 5.27 {in paper tubes) 3
Baratol 2.5% 4.87
Black powder 0.7 Y Z
ab.9=-1.1 ~1.35 2
Boracitol 1.55 4.86
BTF 1.86 B.49
cm 5-3 1-&1 :8-21 ‘t‘
1.64 B.47 5
Comp B 1.56 7.48 {in paper tubes) 3
i.61 T.87 &
{casc) 1.72 7..2 5
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Table 8-~1. Detonation velocities D measured at nominal composition and
density 2, under ambient conditions in large charges. {Continued)

Density, » Detonation velocity, D
Explosive Ey’cta {Hﬂla)i [mm/usec (kn/s)]" Ref.
Comp B, Grade A 1.72 7.99
{pressed)
Comp B~3 (cast) 1.62 7.70
1.72 7.8% 5
Comp C-3 1.60 7.63 8
1.601 8.19
1.66 8.37 5
Cyclotol 60/40 1.72 7.90 8
Cyclotol 75/25 1.74 8.20 5
1.76 8.30 8
DATS 1.7% 7.52
DECHN 1.38 6.76 8
DIPAM 1.76 7.40 &
EL-506A 1.48 7.0
EL-506C 1.48 7.03 7
Explosive D 1.55 6.85 8
FEFO 1.607 7.50
H=-6 1.71 7.19 8
1.75 7.9 2
“H'l "ll « 50 ‘5-33 lﬁ
1.712 7.31 10
HBX-3 1.81 6.92 8
1.84 712 5
M 1.89 9.11
HNAB {pressed) 1.60 7.311 il
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Table B~1. Detonation velocities D measured at nominal composition and
density p, under ambient conditions in large charges. ({(Continued)

Density, p Detonation wvslocity, D

Explosive i;f:u? {H;fl_;;; [wa/usec (km/s)]" Ref.
HES 1 1.580 &.80 6,12
HNS II 1.70 7.00 §,12
Lead azide 3.8 5.5 i3
Lead styphnate 2.9 5.2
LX-01 1.3% 6.84
LX-02 1.44 7.37
LX-0& 1.86 8.46

1.87 8.54 5
LX-07-2 1.87 B.64
LX-08 >1.42 6.56
LX-09-1 1.84 8.81 14
LX-10-0 1.86 8.82
LX-1G6-1 1.87 8.8% 14
LX-11 1.87 8.32

LX-13 (See XTX-8003)

LX~14-0 1.835 8.83 15

LX-15 1.584 6.84 1%

LX-17-0 1.908 7.63 30

MEN-11 1.02 5.49

Hinol-2 1.68 5.82 8

NC (13.451 W) 1.20 7.30

NG 1.59 7.65 17
1.60 7.70
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Table 8-1. Detonstion velocities D measured at nominal composition and

density p, under ambient conditions in large charges. {(Continued)

Density, Detonation velocity, D
Explosive [gfem (Mg/m )] {mm/psec {tlft)]t Ref.
NM .13 6.35 18
NQ 1.55 7.65
1.62 7.93 36
Octol 75/25 . 1.81 8.48
PRX-9007 i.64 B.09
PEX-5010 1.78 8.37
PEX-9011 1.77 B.50
PBX-5205 1.67 8.17
PBX-9404 1.84 8.80
PBX-9407 1.60 7.91
PBX-9501 1.B4 8.83 19
PRX-9502 1.90 T.71 20
PEX-9503 .90 - T.72 i1
Pentolite 50/50 1.68 7.52 23
1.70 7.53 22
PETR 1.6 7«9 i
1.76 B8.26
Picric acid 1.6 7.1 1
{cast) 1.71 7.26 23
RDX 1.6 8.25 i
1.77 £.70
TACOT 1.85 7.25
TATE 1.88 776
Tetryl 1.51 7.15 23
{pressed) 1.6 7.5 1
1.71 7.8%
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Table 8~1. Detonation velocities [ measured at nominal composition and
density p, under ambient conditions in large charges. (Continued)

Density, ¢ Detonation velocity, D

Explosive 'l;f-cna {!'lﬂts}} [om/usec {Wi}?. Ref.
TNM 1.6 6.4 [15-20"C (285-298 )] 24
TNT 0.95 4.85 3
1.47 6.48 3
.59 65.95 8
1.6 6.9 1
{pressed) 1.64 6.93 i8
{E"t} !.-%1 &n?} S
{cast at 291 K) 1.62 6.97 25
{cast at 77.4 k) 1.70 6.99 25
{cast at 20.4 K} 1.71 7.00 25
(liquid at 373 k) ~5.52 in 70~-sm-diam x 510- 26

mer-long Pyrex tube

{powder) 1.00 & .65 23
XTX-8003 21.53 7.30 (in 2-sm-diam channel) 27
XTX-8004 ~1.55 7.22 {in 2-me-diam channel} 27

2 One mm/usec = 1 km/s.

8.1.1. Equations

To calculate detonation velocities at conditions other than those
specified in Table 8-1, the equations in Table 8-2 were developed to take into

account composition and density of the explosive, the charge diameter, and the
temperature.
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8.1.2. Estimation

Method a. One method for estimating the detonation velocity and pressure
of an organic C-H-N-0 explosive from its chemical structure was devis.d by
Kamliet and Jacobs of the U.S. Naval Surface Weapons Center, White Oak
L:boutory.“ Detonation pressures (P) in kbars and detonation velocities
(D) in km/s of C-H-N-0 explosives at initial densities above 1.0 ;Iac-i can
be calculated by means of the simple empirical equations

P = xag* ’

o=aet’Z (10 to,) .

oo mil2 gl

where
K = 15.58,
iy ™ initial density of HE {;{cta (le}:!.
A = 1.01,
B = 1.30,
K = moles of gaseous detonation products per gram of HE (mol gas/g HE),
M = average molecular weight of detonation product gas (g gas/mol gas),
Q@ = chemical energy of the detonation reaction {(cal/g).

Values of N, M, and Q@ can be estimated from the 1!20-1:02 decomposition
assumption. The other input parameters are the slemental composition, the

'ilit in kcal/mol, and the loading density of the HE.

oy — §3 3o (§- 3o+ (-4 )
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Then

. 2c + Jd + b
4Ba + 4b + S56c + H&d

o 36c + B84 - 8b
2c + 2d + b ’

auf{dutonntian products} - lﬁi{ﬂi}

Q = -aH_ = ;

0 formula weight

fa_ b
28.9b + 47.0 {4 2) + &M (HE)

- -

12a + b + lac + |6d

Method b. Another simple empirical equation was demonstrated by Urizar

at LANL in the late 1940s and gives good agreement with seasured detonation

velocities of mixtures. The detonation velocity of & mixture or formulation

can be estimated or predicted as the sum of the detonation or shock velocities

of the components weighted by their individual volume fractions. Table 8-3

gives values of characteristic velocities Bi for use in the equation:

D= Z{vi'ui) "

where D is the detonation velocity of the mixture of infinite diameter, V is
the volume fraction, and subscript i refers to each of the i components

including void space.

29,30
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Table B~-3. Characteristic velocities ,i‘zi.sa

Material -illci (Mg/m” }]

Density, |

Characteristic velocity, Di

[mm/usec (km/s}]

Polymers and plasticizers

Adiprene L

AFNOL

Beesvax

BDNPA-F {50/50 wtl eutectic)
BDNPF

CEF

DHPA

EDNP

Estane 5740-X2

Exon-400 XR61

Exon—-454 (85/15 wtI PVC/PVA)
FEFO (ss constituent to ~35I)
Fluoronitroso rubder
Halowax 1014

Kel-F wax

Kel-F elastomer

Kel-F 800/827

Kel-F 800

Reoprene CNA

NC

Paracril BJ {Buna-N nitrile rubber)
Polyethylene

Polystyrene

Saran F-242

Silastic 160

Sylgard 182

Teflon

Viton A

3/81

1.15
1.48
0.92
1.39
1.42
1.45
1.47
1.28
1.2

1.7

1.3%
1.60
1.92
1.78

1.85
2.00
2.02
1.23
1.58
0.97
0.93
1.05

1.05
2.15
1.82

8-11

5.69
6.35
6.50
6.31
6.50
5.15
6.10
6.30
5.52
5.47
4.90
7.20
$.09
4.22
5.62
5.38
5.83%
5.50
5.02
6.70
5.39
5.55
5.28
5.55
5.72
5.10
5.33
5.39



Table 8-3. Characteristic velocities ni.n‘m {Continued)

Densit Characteristic velocity, Bi

Materisl {glce (Mg/m )i fom/usec {km/s)}

Inorganic additives

T —

Air or void 1.5
Al 2.70 6.85
!a{mﬁz 3.24 3.80
IClﬁﬁ 2.52 5.47
Liﬂi‘ﬁﬁ 2.43 6.32
LiF 2.64 6.07
Mg 1.74 7.2
Mg/Al slloy (61.5/38.5 wtl) 2.02 6.9
ittl‘.{:m& 1.95 6.25
$i07 (Cab-0-5il) 2.21 4.0

Pure explosives at TMD

DATS 1.84 7.52
FEFO (invalid when <35 present) 1.61 7.50
HMX 1.90 $.15
NQ 1.81 8.74
PETN 1.78 8.59
RDX 1.81 8.80
TATE 1.94 8.00
TNT 1.654 §.97

& One shot only.
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Method ¢c. Russian researchers have also developed generalized, simple
relationships for estimation of detonation velocities of explosives, taking
into account the state of the detonation products. Borzykh and m:mv”
developed s generalized relationship for D vs p from the many experimental
resulis availatle. Their formuls for secondary HEs is:

D= 2.395 +« 3.589 o, wvhere ¢ is the charge density.

A comparable generslized relationship for the case where the detonation

products are completely gaseous is given by Pepekin and Lth-du” 18

D= 4.2+ 2.0 %,

where ¢ is nﬁuz, n is mol of gaseous detonation products per gram of HE,
and Q@ is the heat of explosion.
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8.2. CHAPMAN-JOUGUET DETONATION PRESSURE

In idealized detonation theory, a detonation front consists of several
regions:

{1) The leading surface is a chemically unreactive shock front with a
discontinuous high pressure.

{2} The reaction zone, which follows the shock front, is where chemical
reactions take place that release the bulk of the detonation enmergy; its
thickness is estimated to be of the order of 10-i mm for some pure
explosives, but may vary by several powers of 10 depending on the HE.

{3) The Chapman-Jouguet (C-J) plane is the surface at the rear of the
reaction zone.

{4) The Taylor vave, a rarefaction wave, is the expansion flow following
the C-J state.

Complete thermodynamic equilibrium is assumed to exist at the C-J plane,
and the detonation products are said to be at the C-J state. Detonation
pressure normally refers to the pressure in the C-J state, which is somevhat
lower than the pressure at the shock fromt.

Experimentally, C-J pressures (Table 8-4) are measured by various
indirect hydrodynamic methods. These measurements may span a range of 10-20%,
and their exact interpretation is uncertain. The calculated C-J pressures
{Table B-4) are obtained with the TIGER hydrodynami~-thermodynamic computer
code, which combines the Rankine-Hugoniot comservation equations, the C-J
condition, the density » and enthalpy of formation SK! of the explosive,
the laws of chemical thermodynamic equilibrium, and the Brinkley-Kistiikowsky-
Wilson {BKW)} equation of state for the gaseous products. The code parameters
are normalized with measured detonation velocities and C-J pressures of

several explosives.
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Table 8-4. Detonation pressures, ?u.

Density, » Py [kbar Elﬁ'l crall”*

Explosive {g/em” (Mg/m )} Measured Caiculated Ref.
AP 1.95 - 187 by
Baratol 2.61 140 -

BTF 1.859 360 309 &5
Comp B, Grade A 1.717 295° -

Comp B-3 1.715 287 -

Comp C=4 1.59 - 257

Cyclotol 77/13 1.752 316 -

DATB 1.78 259 250

FEFO 1.59 250 232 45
HBX~1 1.712 220.4% - ic
HMX 1.89 390 394 45
HNAB 1.60 205 - il
HNS 1.60 - 200 &6
LX-01 1.31 156 177

LE-04 1.86%5 350 330

LX-07-2 1.865 - 346

LX-09-0 1.837 3717 373

LX-10 1.860 375 380

Lx-11 1.87 - 310

LX-13 {See XTX-8003)

LX=-14 1.833 370 -

LX~15 1.58 - 188 16
MER-11 1.017 - i13

NC (12.0% N) 1.58 - 200

NC (13.35% N} 1.58 - 210

NG 1.59 253 251

NM 1.135 125 144 4%
Octol 77.6/22.4 1.821 342 -

3/81 8-15



Table 8-&.

Density, ¢

Detonation pressures, P

ﬁ.

{Continued)

?CJ [xbar {3571 G?:)l‘

Explosive Z;!ca? {Hifaj)i Measured Calculated Ref.

PBX-3007 1.60 265 -

PBX-9010 1.783 328¢5 -

PEX-9011 1.767 32425 -

PBX-9205 1.69 - 288

PBX-9404 1.840 375 354

PBX-9407 1.60 287 300

Pentolite 50/50 1.70 - 255 22

PETHN 1.77 335 332 45
1.67 300 280
0.99 87 100

Picric acid 1.76 - 265 35
1.00 - 88 3s

RDX 1.767 338 348

TACOT 1.61 i 181

TATE 1.88 - 291

Tetryl 1.71 - 260

THRM 1.65 - 144

INT 1.630 210 223 45

XTX-8003 1.546 170 210

4 One GPa = 10 kbar.

b Pressure can be corrected for small changes in I RDX ard density by the

formula P = 295 + 1.57 (IRDX ~ 64) + 678.5 [{pg - 1.717)/sal.
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ﬁazqi; mtiﬂﬂ Zone

Defining the thickness of the reaction zone is open to some question
because the zone cannot be measured directly. The thickness (slso called
length or width) is generally inferred from hydrodynamic experiments, but the
techniques used are frequertly questionable, and the equations are based on or
inferred from measurements of detonation velocity vs charge dismeter.

Ertint§7 determined that the reaction zone is sbout 1 mm long for
typical HEs. He reasoned that reaction zones for primary HEs would be smasller
than 0.1 mm and would therefore be difficult--if not impossible--to determine.

The values given in Table 8-5 are approximations. Experimental
techniques and results should be verified with the original author {see
references). Figure B-1 compares the derived reaction-zone "lengths" for TNT
as a function of density values reported by Urizar, James, and SIitﬁ‘B and
by Stesik and Akimova'® for confined and unconfined charges.

o
|

»
J

Reactio. zone length -~ mm

Fig. 8-1. The degon;tion reaction zone length for TNT as a function of
loading density.®
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Table 8-5.

Reaction zone length.

Density, ¢ : ius

3 3 Approximate tomf itions
Explosive fgfem™ (Mg/m )} length, mm Charge diameter, mm Ref.
Amatol 80/20 1.67 & 47
AP (104) 1.00 6.3 203 mm long 34
1.10 6.7 203 sm long 34
1.20 8.0 203 mm long 34
1.26 10.0 203 mm long 34
Comp B 1.67 0.13 (Al plate) 140x140x76 49
HEX-1 1.60 G.19 i0
NG 0.21 47
NM 1.128 0.3-0.6 0.25-mm thick-walled 50

paper tube

1.128 0.03 Pyrex cylinder 39
0.08 at =-5°C 25.4-m-OD brass tube 51
C.27 at 33°C 25.4~mm-OD brass tube 31
NM/acetone 75/25 0.21 52
1.05 1.60 80 53
1.05 0.80 55 53
PBX-9502 1.895 3.3 200 20
Picric acid 2.2 glass cylinder &7
RDX 0.826 47
{microporous) 1.30 1.82 cylinder, 54
{single crystal) 1.80 2.90 DxL = 1.23 54
TNT 0.36 steel cylinder 47
1.00 0.32 (Mg plate} 40, 90 mm long 55
1.55 0.18 (Al plate) 40, 90 mm long 55
0.13 (Cu plate)} 40, 90 mm long 55
0.21 (Mg plate) 40, 90 mm long 55
1.5% 0.70 60 mm long 53
{ pressed) 1.63 0.3 90 mm long 56
(cast) 1.615 0.42 at 291 K . 25
1.70 0.55 at 77.4 x  8-536 in 0.2-mm 25
1.71 0.62 at 20.4 Kk  paper cylinder 25
(liquid) 0.9 at 100°C glass cylindar 26
1.1 at 100°C Dural cylinder 26
TNT/RDX 50/50 1.67 0.12 90 56
§-18 3/81



8.3. CYLINDER-TEST MEASUREMERTS OF EXPLOSIVE ENERGY

The cylinder test gives a measure of the hydrodynamic performance of an
explosive. The test geometry is based on a2 constant volume of HE. The test
system consists of an explosive charge 1 in. in diameter and 12 in. long (2%
by 310 mm} in & tightly fitting copper tube with a wall 0.1022 in. (2.6 mm)
thick. The charge is initiated at one end. The radial motion of the cylinder
wall is measured at about 8 in. (200 mm) from the initiated end using a streak
camera. The camera records are reduced to provide detailed radius-time
information.

The kinetic energy imparted to a copper wall in a given geometry leads to
a simple way of expressing the performance of the explosive. 1In this range of
the mass ratio of explosive to metal, two extreme geometric arrangements are
considered for transfer of explosive energy to adjacent metal: 1) detonation
that is normal or head-on to the metal and (2} detonation that is tangential
or sideways to the metal. The effective explosive energy frequently differs
for the two cases, even on a relative basis, because of the effects of the
equations of state of the detonation products.

The cylinder test provides a measure of the relative effective explosive
energy for detonations in both head~on and tangential geometries. The
radial-wall velocity at 5-6 mm wall displacement, expressed as volume ratio
Ve QIVQ = 2, indicates the explosive energy of head-on detonation. The
radial-wall velocity at 19 mm displacement, where ?!?a = 7, indicates
energy in tangential geometry.

Table 8-6 lists the specific wall kinetic energies at & and 19 mm wall
displacement; terminal wall velocities at breakup are about 7-10% higher.
About 50% of the detonation energy is transferred to the cylinder wall.
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Table 85-6. Cylinder ttsts.jﬂ
[‘L"gi wiu}]

b";i‘!‘ '3 Head on Tangential
Explosive [glem (Mg/m )} {6 mm) (19 mm)
BTF 1.859 1.305 1.680
Comp A=3 i.59 %1.20
Comp B, Crade A 1.717 1.035% 1.330
Comp B-3 i.728 1.01 1.322
Comp C-4& 1.601 0.962 1.258
Cyclotel 77/23 1.754 1.140 1.445
H-6 1.76 0.76% i1.066
HMX 1.894 1.410 1.745
LX-04~-1 1.865 1.170 1.470
LX-07-1 1.857 1.250 1.575
LX-0%-0 1.836 1.320 1.675%
LX-10 1.862 1.315 1.670
LX-11 1.876 1.105 1.360
LX=-13 (See XTX-8003)
LX-14 1.835 0.98% 0.987
LX-15% 1.58 0.700 0.929
LX-17 1.908 0.87 1.07
NN 1.14% 0.560 0.745
Octo. 78722 1.813 1.215 1.53%
PBX-9010 1.788 1.160 1.470
PEX-9011 1.777 1.120 1.615
PBX-9404 1.843 1.295 1.620
PBX-9501 1.843 0.995 1.022
Pentolite 50/50 1.696 0.960 1.260
PETN 1.765 1.255 1.57%
RDX i.80 1 .60
TATE 1.854 0.874 1.079%
TNT 1.630 0.735 0.975
XTX-8003 1.554 0.710 0.950

a Density at 11-15°C (284-288 KX).
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6.3.1. Egquation of state

The Jones-Wilkins-Lee {JWL) equation of state has been used to describe
accurately the pressure-volume-energy behavior of the detonation products of

explosives in applications involving metal acceleration. All values are valid

“only for large chsr;es.s? The equation for pressure P is:
-R.¥ -R_V
; i {. - 2 wE
P o= ﬂ'(i - _2_)1¢ +« B (1 -:__.);. o
llv RIV' ¥y

and that for ?‘, pressure as a function of volume at constant entropy {i.e.,
the iseatrope), is:

where
A, B, and C = linear coeificients in Mbar (GPa)},

“i‘ Ry, and w = nonlinear coefficients,

Vo= v!vﬁ = the volume of detonation products/volume of undetonated
HE,

P and ¥' = pressure in Mbar {(GPa),

E = the detonation energy per unit volume in -EMr-cnli.fc:}
[(GPa-m)/m’].

Table 8-7 lists equation-of-state parameters. For some explosives, the
coefficients were determined by rigorously comparing values calculated using
the equation with experimental C-J conditions, calorimetric data, and
expansion behavior {usually cylinder-test data). These explosives are listed
in Table 8-7 without additional notation. If only limited data were
available, the coefficients were estimated; for these HEs, the estimated
parameters are listed as noted. The best estimates are those for which
cylinder-test data were available. In many instances, ?tJ was estimated by
assuming that 2.7 < I < 2.8, vhere I' is the adiabatic coefficient of
expansion; [ = (iln P/iln ?}‘ at the Chapman-Jouguet plane. If the
data were extremely limited, estimates were made using TIGER code calculations.
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8.3.2. Detonation energy

Detonation mer;iesﬁ] {as measured by metal acceleration in the
cylinder test) of formulations containing mostly HW:X can be correlated with

the volume fraction of additives by & simple linear relationship:

E T B {‘ = }:%"i) . (8-1)

wvhere
E = detonation energy per unit volume of a formulation at its loaded
density.
Eam = detonation energy per unit volume of pure HMX at its TMD of 1.%0
g}-cnj (Hy’nj’.‘.
19 mm displacement in the cylinder test, corrected to TMD. The

The reference value is (wall wlmity32 at

corrected wall velocity is 1.872 mm/usec {km/s).
Si = characteristic energy decrement for each diluent.

v, = yolume fraction of each additive.

The energy decrement for a fixed combination of two or more ingredients is

readily computed as:

5, -zf and v, = Evi , (8-2)

where the subscript b denotes the fixed combination. The quantity S,V
for the combinatior becomes one of the terms in Eg. (8~-1). An siv:i term
for air or void takes account of porosity in the actual explosive. A
convenient form of Eq. (8-1) gives relative energy as a percentage of HMX

ENETEY, t!ell‘ and as a function of the volume percent, Vig of additives:

100E
Rel2 "B~ 10U - 25;Viy - i

The characteristic energy decrement Si can be recognized as & percent erergy

E

degradation from pure HMX for each volume percent of the additive. The 5,
values for & number of additives are given in Table 8-8. Neither the
applicable range of composition nor the exact linearity of Eq. (8-1) has been
tested, but sll formulations contained at least 70 wtl HMX.
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Table 8-8. Characteristic energy decrement 5. from pure HMX for additives

i
to HMX.
5 54

Additive etz Additive Ere12’Vs
AFNOL 0.7% FEFO 0.3
Air i.3 Graphite 1.3
BEAF 0.75 nns® 0.5
BDRPA 0.75% Kel-F 1.0
BONPA-F 50/50 0.75 NC 0.75
BDNPF 0.75 nc® 0.3
CAB 1.3 Nitrosorubber .75
CEF 1.3 NONA® 0.5
DATB® 0.5 Polyethylene 3
DFTNB 0.25 Sylgard 1.3
DIPAM® 0.5 TACOT® 0.5
DNPA 0.75 TATE® 0.5
DNPR G.75 Teflon 1.0
EDNP oy 0.75 INT 0.5
Estane 1.3 Viton 1.0
Exon (polyvinyl chloride/ Void 1.3
polyvinyl alcohol 85/15) 1.0 Wax 1.3

2 Materials were not actually tested; values were estimated with the TIGER
code. -
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8.4. CURNEY METHOD

64,65 devised s simple model that permits estimation of the

R. W. Gurney
velocity of metal driven by a detonating explosive. The method assumes that
1) on detonation, » given explosive liberates a fixed amount of specific
energy (E) that is converted to kinetic energy partitioned between the driven
metal and the product gases, and 2) the velocity profile in the product gases
is linear in material coordinates. For symmetric geometries, an energy
balance then indicates that the terminal metsl velocity '(V:H) is & function
of the ratio of the metal mass M to the explosive charge mass C. For
asymmetric geometries, & momentum balance must be solved simuitaneously. The
Gurney characteristic velocity for a given explosive is YIE. A solution for
the acceleration of flat plates has been worked ocut as a function of plate
displacement by making a further assumption: an ideal gas equation of state
describes the behavior of the detonation product gas.

The Gurney velocities for simple geometries are summarized below:

-172
" oo i N . 1
Symmetric sandwich: ?H ¥IiE (Ic + '5) *
A | o172
Flat plate: V.= VZE {1 B '

Sphere: ‘fﬂ = ﬁf(% * %}-1

Cylindrical tube: 'J'H = ¥IE (g + %)

where

(oo/10)> 1] sy log

= position of product gas/metal interface,

initial thickness of explosive, which equals the initial value of IH‘
(2M/C + 1)/(2N/C +1),

= mass of tamper plate (on explosive surface opposite plate M}; N

m?d_’axxi
L}

may assume any value,
¥ = polytropic exponent of ideal {product) gas,

3
" - %rlz & a % 1.(: : A
(A + 1}
Bl i
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The efficiency ¢ for converting chemical energy to kinetic energy of
plate ¥ may be written as:

Two other correlations for estimating GCurney velocities are based on
Kamlet and Jacob's characteristic valus ¢ (see Section 8.1.2.) used to

estimate detonation velocities. The equations are:

VIE « 0.6 + 0.5 VI.4hep, , developed by Hardesty and Kennedy.®®

YiE = 0.887 1‘0.5,3.:. , developed by Kamlet and ?iu;ﬂ-.ﬁ?

Table 8-9 gives two Curney constants, one used for warheads in which
confining cases rupture at small expansions (prompt) and the other for
warheads in which more ductile case materials expand further before rupturing

{terminal).
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Table 8-9. OCurney values { VIE).

Density, »

VZE_at cylinder expansion

3 3 promp terminal

Explosive [g/ew” {(Mg/m )} (5=7 mm) (19-26 mm) Ref.
Comp A-] 1.61 2.402 o8
1.59 2.63 69

Comp B I.71 2.70 69
1.717 2.350 2.756-2.821 68

1.717 Z.71 66

{cast) 1.68 2.402 68
1.62 2.32 68

{(pressed) 1.59% 2.335 68
Comp C 1.52 2.176 68
Comp C=3 1.60 2.68 71
Cyclotol 75/25 1.754 2.79 &6
{cast) 1.69 2.286 &8
{ pressed) 1.64 2.362 68
DATB 1.68 1.975 68
Explosive D 1.50 1.942 68
H-6 1.71 2.350 68
HBX-1 1.70 2.213 68
HEX-3 1.81 1.9854 68
HMX 1.89 2.97 66
LX-14 2.80 69
Minol-2 1.68 1.787 68
NM 1.1 2.41 66
NG 1.44 1.896 68
Octol 75725 1.81 2.58 69
1.821 2.83 66

8-28
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Table 8-9. Gurney values { VIE). (Continued)

Seasit ¥2E st cylinder -%“m
i;}c:! {WI!H

E

Explosive {5~7 mm) {19~26 =m) Ref.

PBEX-9011 z.82 49

PBX-9404 1.85 2.90 71
Pentolite 50/50

{cast) 1.64 2.301 68

{pressed) 1.57 2.317 68

PETN 1.76 2.93 66

RDX 1.59 Z.451 68

1.77 2.93 66

TACOT 1.61 2.12 71

T‘tﬂi 1&53 laZ?ﬁ 63

1.62 2.50 66

TNT 1.630 2.039 2.419=-2.505 710

1.63 2.37 66

{cast) 1.61 2.097 68

{pressed) 1.54 2.103 68
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8.5. CRITICAL DIAMETER

Critical diameter, also called failure diameter, is the minimum diameter

at which a cylindrical charge of HE sustains & high-order steady-state
detonation. This critical diameter '(dc) is affected by changes in

confinement, density, particle size, and initial temperature of the sample.

The addition of wax to HMX and ROX (i.e., coating the grains) affects the

critical diameter only slightiy. The failure diameters of various explosives

are given in Table 8-10. Critical diameters ss a function of temperature are

shown in Figs. 8-2 and 8-3 for NG and liquid Tvt.%?

Table 8~10. Critical diameter {ttc}.

Density, ¢ Critical diam {dc}
Explosive iﬂt.s {W!S)I (mm) Conditions Ref.
Amatol 80/20 - 80 - 47
AR low-density =100 Confined in steel tube 2
0,95 ~12.7 Encased in paper tube, 3
poor reproducibility
(pressed) 1.4 no detonation 100-mm-diam charge 73
confined in glass tubing
1.61 no detonation 36.5-~mm-diam charge 73
confined in ll-mm
thick steel tube
AP {(particle 0.8-1.0 14 74
size 5y}
1.1 23 at 20°C Charge length is 8 to 75
10 times the diam
1.1 11-12 at 200°C Charge length={8-10)xdiam 75
1.2 ~28 at 20°C In Cellophane tube 75
{ poured, 200u} 1.29 >76.2 203-mm-long charge 34
(pressed, 10u) 1.56 76.2 203~mm~long charge 34
Baratol 2.619 43.2 Unconfined 20
Black powder =100 Confined in steel tube 2
{low-density)
Comp B 1.70 4.28 Unconfined 20
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Density, »

[gfen’ (Mg/n)]

Critical diam “r:)

Table 8-10. Critical diameter (-dc). {Continued)

Explosive {mmn ) Conditions Ref.
Comp B~3 3.73-4.24 Unconfined 78
23.18 Encased in Plexiglas tube 76
“~2.5& Confined in steel tube 76
Comp C-4 1.53-1.56 3.81<d <5.08 Confined 77
Cyclotol 77/23 1.740 6.0 Unconfined 20
DATEB 1.800 5.3 Unconfined 78
Explosive D 1.65 <25.4 Unconfined 93
FEFO <3.43 Confined in 3.18~mmthick 76
102-mm-long steel tube
HXB~-1 (pressed) 1.72 6.35 Unconfined 10
{cast) 1.72 >6.35 10
HMX/Wax 90/10 1.10 6.0<d<7.0 78
78/22 1.28 7.0<d.<8.0 79
70/30 1.42 8.0<d.<9.0 79
Lead azide 1.14 J.4-0.6 BQ
NM 1.128 2.86 Encased in 3.18~mmthick 20
brass tube
1.127 <3 Encased in 12.7-mrdiam 81
6. 4~marlong pellet
1.127 >11.76 Unconfined at ~25°C 81
1.128 16.2 Encased in 22-mrID 39
Pyrex tube at 24.5°C
1.128 36 Encased in 16.3-mer1D 38
glass tube at -24°C
1.128 28 Encased in 16.3-mm-1ID 38
glass tube at -8°C
1.128 20 Encased in [6.3-mmID 38
glass tube at 12°C
1.128 14 Encased in 16.3~meID 38
glass tube at 34°C
1.128 27 Encased in 0.25-mmthick- 50
walled paper tube at
18-22%C
NG 1.52 1.27<d <1.43 36
Octol 75/25 1.814 <b.4 Unconfined 20

3/81
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Table 8-10. Criticsl diameter {dc}' {Continued)

Density, ¢ Critical diam {d{}
Explosive E[g.ofu:ilna {M-JII {mm) Conditions Ref.
PBX-9404 ~1.02 Encased in Plexiglas 75
or steel tubes
1.846 ~i.18 Unconfined 20,39
PBX-9501 1.832 <1.52 Unconfined 20
PBX-9502 1.893 10<d <12 at =-55°C 82
1.89% B<d <10 at 24°C 82
PBX-9503 1.897 4<d < 6 21
Pentolite 50/50 6.7 B2
{cast)
PETN {powder) 0.6-0.7 ?_0.3 Encased in 0.05-merthick 83
cellophane casing
{single crystal) >0.33 6.4 x 11.1-mm rod 71
Picric acid 0.9 5.20 84
RDX 4.9 5.20 B4
RDX/TNT 100/0 1.0 3 73
90/10 1.0 3.5 73
80/20 1.0 3.75 73
50/50 1.0 5.25 73
40/60 1.0 5.75 73
20/80 1.0 7.0 73
10/90 1.0 7.5 73
07100 1.0 7.5 73
RDX/Wax 95/5 1.05 4.0<d.<5.0 Encased in cellophane 78
shells with
90/10 1.10 4.0<d <5.0 D:L = 1:>10 78
72/28 1.39 3.8<d.<5.0 78
TACOT 1.45 3 Unconfined 85
TATE 1.7 6.33 86
Tetryl ~ll Encased in 1-1.5-mm- 31

thick conical glass tube

8-32
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Table 8-10. Criticsl dismeter {i‘L {Continued)

Densit Critical diam '(-it}
Explosive  [g/cw (Mg/w')] (w=) Conditions Ref.
TNT 1.70 <9 Encased in 0.2-wm paper a7
at 77.4 K
1.71 i1 at 20.4 K; 87
1.61 7 Encased in 0.7-wm paper -
at 290 K
{ powder) 0.5-0.8 7.5 EZncased in 0.05-mm-thick 83
cellophane casing
1.0 6 Encased in glass tube 88
at 20°C
{cast) 1.6 27.43 84
{cast, poured- 1.615 22.0<d <25.4 Unconfined 23
cloudy)
{cast, cresmed) 1.615 12.6<d.<16.6 Unconfined 23
{cast) 1.62 14.5 Unconfined 20
1.615 15 Encased in 0.2-mm paper 87
at 291 X
{cast, pouved 1.625 <3.7 Unconfined 23
clear}
{liquid) 1.443 61.6 Encased in 2.54-mm-thick 20,39
glass tube
30<d <32.5 Encased in 70-sm-diam by 26
510-mm-long Pyrex tube
at 100°C
XTX-8003 1.53 0.36 Zacased in polycarbonate 20
~1.53 <0.3% at 2-mm diam 27
XTX-8004 ~1.53 ~l.4 Encased in polycarbonate 7
3/81 =33
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9. INITIATION AND SENSITIVITY

Seversl tests have been designed to evaluats the sensitivity of HEs to
different kinds of impact under different conditions. This section Lreats
sensitivity of explosives in some detail in describing drop-weight impact,
Susan, skid, and gap tests. The sensitivity of liquid explosives can be
assessed by determining their low-velocity detonation (LVD) and high-velocity
detonation (HVD) characteristics. Some critical energies for shock initiation
and run distances to detonation are also given in this section.

9.1. DROP-WEICHT TEST

The drop-weight machine, or drop hammer, offers one means of evaluating
impact sensitivity. In the test, a 2.5 or 5-kg weight is dropped from a
pre-set height onto a small sample of explosive {about 35-mg). A series of
drops is made from different heights, and explosion or nonexplosion is
recorded. The criterion for “explosion" is an arbitrarily set level of sound
produced by the explosive on impact. The test results are summarized as
H.’:ﬁ' the height in m at which the probability of explosion is 50%.

Values in Table 9-1 were determined on a machine patterned after the one
designed at the Explosives Division, Atomic Weapons Research Establishment
(AWRE), during World War II. Because of the extremely complicated process
involved in initiation by impact, these drop~hammer data serve only as
approximate indications of sensitivity. The BS& values are quite dependent
on the anvil surface. Two surfaces are usually used: sandpaper (Type 12
tooling) and roughened steel (Type 12B tooling).

In general, values below 0.25 m usually indicate relative sensitivity to
impact. Values between 0.25 to 0.70 = indicate a material of moderate
sensitivity that possibly can be handled in accordance with standard

procedures. Values above 0.70 m usually indicate relative insensitivity to
impact. The maximum drop heights of the LLNL and LANL drop weight apparatus
are 1.77 and 3.20 m, respectively.

The indications of sensitivity given by the drop~hammer test are aluays
verified by large-scale testing before any material is handled in large
quantities. (These tests are described below.)
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Table 9-1.

Drop-weight impact tests.

ype ype Type 1iB

Explosive tooling tooling tooling tooling
AN - - i.36 >3.20
Baratel 0.95 - 0.68-1.4 0.98-1.8
Boracitol >1.77 - >3.20 >3.20
BTFC 0.11 - .21 -

(fluffy powder) - - 2.27 -

{long needles) -- -- 1.38 ~0.59
Comp A-3 - - 0.81 2.45
Comp A-& - - 0.37 1.12
Comp B 0.45 - 0.49-0.85 0.98-3.0
Comp B~3 0.29 0.65 0.4~0.8 0.69-1.2
Comp C - -- 0.42 0.36
Cyclotol 75/25 0.3 - 0.47 1.14
DATB >1.77 >1.77 >3.20 >3.20
DIPAM 0.95 - 0.85 0.96
DNPA >1.717 - - i
Eonpd >1.77 - - -
EL-5064 0.22 - - b
EL-506C 0.56 - - -
Explosive D - - 1.36 >3.20
FEFOd 0.28 - 0.60 —
H-6 0.80 - -— -
HMxd 0.33 0.40 0.32 0.30
HNAB — - 0.37 0.32
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Table 9-1.

Drop-weight impact tests {(Continued)

Heg {m)
: b

Type 133 '“lg;:c 128 Type iiﬁﬂki “ig;ﬂ- 128
Explosive tocling tooling tooling tooling
HNS - - 0.54 0.66
LX-02-1 0.80 -— Ao e
LX-04~1 0.41 0.55 - S
LX-07-2 0.38 - - m——
LX-09-0 0.32 - - o
LX-10-04 0.35 - 0.40 -
LX-10-1 - - - 0.35
LX-11-0 0.59 -— -- —
LX-13 {See XTX-8003)
LX-14-04 - -— 0.53 0.51
LX-15d - - 0.83 -
LX-16 0.18 - - -
LX-17-0 - — >1.77 -
BC (11.8-12.2% N) — -~ 0.50 0.57
NGd - - 0.20 --
NM (Liquid) - - >3.20 —
KQ >1.77 -— >3.20 >3.20
Octol 0.41 - 0.35-0.52 0.49-2.7
PBX-9007 0.35 0.28 0.39 -
PEX-9010 0.30 0.45 0.31-0.41 0.31-0.92
PBX-9011 0.44 0.98 0.45-0.89 0.53-0.98
PBX-9205 0.42 0.36 0.44-0.60 0.48-0.56
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Table 9-1. Drop-weight impact tests {Continued)

ﬂ5ﬁ {m)
s & : b
___5-kg weight 2.5-kg weight
Type 12 Type 12B Type 12 Type 118

Explosive tooling tocling tooling tooling
PEX-9404 0.34 0.35% 0.33-0.48 0.35-0.5%7
PBX-9407 0.33 0.30 0.46 0.46
PEX-9501 .44 0.80 0.42-0.57 0.41-0.84
PBX-9502 - - >3.20 >3.20
PBX-9503® — — — 1.743
Pentolite 50/50 ~0.35 - -— -
PETN 0.11 -— 0.13-0.16 §.14-0.20
Picric acid -— - 0.73 1.91
“I 9:28 — ﬂtza 0132
TATE >1.77 — >3.20 >3.20
Tetryl 0.28 - 0.37 .41
THTC 0.80 >1.77 1.48 %1
m‘ma —— _— 0-31 GQ&Z

{uncured) 0.25 - - -

{cured) 0.21 - - -
XTX-B004 - - 0.65-0.70 1.45-1.70

& Reference 1.
b Reference 2.
€ Reference 3.
d Reference 4.
€ Reference 5.



9.2. SUSAN TEST

The Susan Sensitivity Ttit& is & projectile impact test. The
projectile head contains about 1 1b (0.45 kg) of explosive, and the target is
armor-plate steel. Figure 9-1 shows the projectile used in this test.

The results of the tests are expressed as a “sensitivity" curve in which
the relative "point-source detonation energy” released by the explosive on
impact is plotted as a function of the projectile velocity. The relative
point-source detonation energy can be derived from a transit-time measurement
of the air shock from the point of impact to a pressure gauge 10 ft {3 m) from
the point of impact. The results determined in this manner are somewhat
subjective, particularly when the reaction level shows a large but relatively
slow increase with time. The currently preferred way to determine the
point-source detonation enmergy is to relate it to the overpressure measured
10 fr (3 m) avay. This method gives much more reproducible data and is not
subject to many of the errors of the transit-time measurements.

On the figures in this section, the energy scale ranges from zero (no
chemical reaction) to about 100 for the most violent detonation-like reactions
{all explosive consumed). Less violent burning reactions that appear to
consume all of the explosive can give values as low as 40, whereas the energy
equivalent of TNT fully reacted as a point source would be 70.

The following subsections supply details of the impact process pertinent
to the impact safety of an explosive. Remarks sbout probabilities of large

Leather cup seal Aluminum cap

NN R N R
" .
Steel body '

SN

e ——

e — - . —

R ——

e e s s o

Fig. 9-1. Scaled drawing of the Susan projectile. The high explosive head is
% in. long and 2 in. in diameter (0.102 m x 0.051 m).
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reactions are relevant to unconfined charges in the 25-1b (1l1-kg) cluss.
Smaller unconfinsd charges show a trend of decreasing reaction level as the
charge size decreases. References to the “pinch" stage of impact refer to the
terminal stage of the test when the nose cap has completely split open
longitudinally and has peeled back to the steel projectile body, which is
rapidly brought to a halt.
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9.2.1. Comp 3-3

Comp B~3 (RDX/TNT 60/40} behaves reasonably well in the Susan test
(Fig. 9-2). Ignition is observed only after extensive spiitting and
deformation of the projectile nosecap, and it occurs more or less at the
beginning of the pinch stage of impact. This results in a threshold velocity
of about 180 ft/sec (5% m/s). The reaction level is quite dependent on impact
velocity; it never rises to its full potential even at an impact velocity of
1500 fr/sec {457 m/s). Any reaction enhancement appears guite soon after
initial ignition. Comp B-3 should be considered as generally rather difficult
to ignite by mechanical means and as having a low probability for violent
reaction once ignited, provided the relative confinement is rather low. It
has given substantially larger reactions in the Mod-IA projectile than in the
standard Mod I; the important difference between the two projectiles appears
to be the exceptionally straight flight of the Mod-IA, which results in higher
pressures on the explosive and more effective confinement. Comp B~3 has been
observed to detonate in impact geometries where there was good inertial
confinement at the time of ignition and where the impact subjected it to

mechanical work.

g

- "
.
800 1600
Projectile velocity ot impact —ft/sec
E. L L 1 l i i 1 1
(0) (244) (488)

Projectile velocity ot impoct — m/s

Relative energy release
o3 & & 8

;I-'_.--' i
4

Fig. 9-2. Susan test results for Comp B-3. Conversion factor:
1 ft/sec = 3.048 x 107! a/s.
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9.2.2. Cyclotol 75/25

Cyclotel 75/25 (RDX/TNT 75/25) has both good and bad properties, as
messured by the Susan test {Fig. 9-3). The threshold velocity for reaction is
probably abuut 180 ft/sec (55 m/s), which is rather typical of the TNT-bonded
cast explosives and higher than most plastic-bonded explosives. On the other
hand, reaction levels generally are moderately high at relatively low
velocities and on occasion are considerably higher. Cyclotol 75/25 should be
considered as generally rather difficult to ignite by mechaniczl means but
capable of & large reaction once ignited. Note that s very low drop height
was sufficient for ignitiom in the lé-deg (0.24-rad) skid test (Table 9-2}).

100
£ gof
bt ;
& 60
§ 408 ”
g
= 20} *
2 .,
= 0 a
0 800 1600
Projectile velocity at impact — ft/sec
{0) (244) {488)

Projectile velocity ot impoct — m/s

Fig. 9=3. Susan test results for Cyclotol 75/15. Conversion factor:
1 ft/sec = 3.048 x 107! a/s.
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9-:-03. u-ﬂz-l

iX-02-1 (PETE/butyl rubber/acetyltributyl citrate/Cab-0-8il
73.5/17.6/6.9/2.0) appears more difficult to ignite in the Susan test than
XTX-8003, but the exact threshold value is poorly defined because of the very
smeil reactions observed and the limited number of tests performed
(Fig, 9-4). Even at 505 ft/sec (15 m/s), the reaction level was very low.
The very limited dats indicate that LX-02-1 has a very small probability of
building to & viclent reaction from an accidental ignition where there is
relatively little or no confinement.

10U
. :
£ g0}
bt :
& 60
€ 40
3
% 20:“
& Dl i

0 800 1600
Projectile velocity ot impact — ft/sec

&= . L i 1_ i I 8 & 1
{0} (244) (488)
Projectiic velocity ot impact — m /s

Fig. 9-4. Susan test results for LX-02-1. Conversion factor:
1 ft/sec = 3.068 x 10°1 w/'s.
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$.2.4. LX-04-1

LX-04~1 (HMX/Viton 85/15) is moderately easy to ignite in the Susan test
(Fig. 9-5), requiring an impact velocity of 140 to 150 ft/sec {43 to 46 m/s).
At impact velocities higher than threshold, the nosecap deforms about an inch
(25 mm) before ignition is observed. Reaction levels are dependent on impact
velocity, rising very slowly to three or four energy units from threshold out
to about 350 ft/sec (107 m/s) and then rising more rapidly as impact velocity
increases to 40 or 50 energy units at 1000 ft/sec (305 mfs). Thus, while
LX-04~] is moderately easy to ignite from mechanical impact, it has a low
probability of building to a violent reaction or detonating from a minor
ignition where there is little or no confinement. Note that LX-04-1
frequentiy has been observed to detonate high-order in other impact test
geometries where the effective confinement was rather good and where the
explosive was well pulverized to give a large surface area at the time of

ignition.

100

2

£ g

! 3

& 60

- -

g 40 I o

: g2, e

5 "1 . ""'-';

£ 0 _..nf”" =
0 800 1600

Projectiie velocity at impact — ft/sec

i L i l 1 i I i

i
(0) (244) (488)
Projectile velocity ot impoct — m /s

Fig. 9-5. Susan test results for LX-04-1. Conversion factor:
1 ft/sec = 3.048 x 10! m/s,
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LX-07-2 (HMX/Viton 90/10) is intermediate in sensitivity between PBX-9404
and LX-04-1. The threshold for reaction is about 125 ft/sec (38 m/s), and the
reaction level, while dependent on impact velocity, becomes large at s rather
low velocity (Fig. 9-6). Small changes in manufacturing variables can affect
the extent of reaction in the Susan test. The LX-07-2 initially tested was a
handmade batch that gave appreciably larger reactions than previously tested
LX-07-type explosives. Figure 9-6 alsoc shows the results for RX-07-BA
{manufactured at the Holston Army Ammunition Plant) that meets the LX-07-2
specifications and, based on the results of three shots, appears to be more
like the previous LX-07-type explosives. Thus, LX-07-2 has a low threshold
for reaction but only a moderate rate of buildup to violent reaction. It
appears that accidental mechanical ignition of LX-07-2 would have a moderate
probability of building to violent deflagration or detonation where the

relative confinement is rather low.

100 - T y r 1 i -
iX-07-2 RX=-07-BA
: - o - —y
£
* sl - wf e -
g :
o
. -
:
.E lm;'— * i 3 - E
5
s 1 .
20 — =
®
0 ‘I i i i i S i i i
0 400 800 0 400 800
Projectile velocity — ft/
i i } i i_.f: 3 iﬂ” i o i F' § f
Projectile velocity — m/s

Fig. 9-6. Susan test results for LX-07-2 and RX-07-BA. Conversion factor:
1 ft/sec = 3.048 x 107! m/s.
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9.2.6. LX-09-0

LX-09-0 (HMX/pDNPA/FEFO 93/4.6/1.4) displays some very undesirable
properties in the Susan test (Fig. 9-7}; it is very similar to PEBX-9404 in
many respects. Ignition occurs after about 0.5~in. {1}~mm) deformation of the
projectile nosecap, which is consistent with the very low threshold velocity
of 110 ft/sec (34 m/s). As with PBX-9404, pinch-stage enhancement of the
reaction is observed only at impact velocities greater than about 200 ft/sec
(51 m/s). At lower impact velocities, reactions build to violent levels with
sufficient rapidity that no pinch-stage enhancement is observed. The reaction
levels observed are generally quite high and independent of impact velocity.
Thus, LX-09-0 exhibits both low-threshold velocity for reaction and rapid
buildup to violent reaction. Any accidental mechanical ignition has a2 large
probability of building to s violent deflagration or detonation.

w—-—
8
4
4
-

-4
-4

$ . E
L o] _.
§ wl 3
w

e

% 25-. —
; 'D__.' L i }_ i i i

0 800 1600

Projectile velocity ot impoct — ft /sec
i i i l i L i ;

1
(0) (244) (488)
Projectile velocity ot impact =— m/s

Fig. 9-7. Susan test results for LX-09-0. Conversion factor:
1 ft/sec = 3.048 x 107! a/s.
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9-1-?& u-lo-n

LX~10-0 (HMX/Viton 95/5) displays some very undesirable properties in the
Susan test {Fig. 9-8). Ignition is observed after about 0.6-in. (15 mm) of
projectile nosecap deformation, which is consistent with the low threshold
velocity of about 120 ft/sec (37 m/s). The reaction levels observed are
generally quite high and independent of impact velocity. The reaction buildup
is sufficiently rapid that no pinch-stage enhancement of the reaction is
observed. LX-10-0 exhibits both & low threshold for reaction and an extremely
rapid buildup to viclent reaction. Any sccidental mechanical ignition of
LX-10-0 has a very large probability of building to viclent deflagration or
detonation.

3
1

8

g

20}

Relative energy release
S
|

L

] o I ¥ i i i L E

0 800 1600
Projectile velocity ot impact — ft/sec

i i i i

L i | i }
(0) {244) {488)
Projectile velocity ot impact — m/s

Fig. 9-8. Susan test results for LX-10-0. Conversion factor:
1 ft/sec = 3.048 x 10”1 w/'s.
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9.2.8. LX-11-0

LX-11-0 (HMX/Viton 80/20) is among the least reactive of the PBXs tested
in the Susan test (Fig. 9-9). The threshold for reaction is probably about
170 fc/sec (52.8 m/s), judging from the nosecap deformation of 1.8 to 1.9 in.
{46 to 49 mm) at the time ignitions were observed for the higher velocity
shots. Most TNT-containing cast explosives require even more deformation for
ignition; however, the reaction level is quite dependent on impact velocity
and is generally lower than that observed for LX-04-1, although not as low as
that observed for Comp B~3. The rather high value of 44 energy units at 612
ft/sec (187 m/s) is considered atypical and possibly resulted from
axisymmetric impact. Reaction enhancement is observed at the pinch stage of
the impact. LX-11-0 should be considered as moderately difficult to ignite by
mechanical means and as having very low probability of building to violent

reaction from 2 minor ignition where there is relatively little confinement.

100
s H
£ g
v
5 60
§ 0| .
g .
5 9 .
& Ol _oe_2 . i i ; ;
0 800 1600

Projectile velocity ot impact — ft/sec

L i ] i i
(0) (244) {488)
Projectile velocity at impoct — m /s

Fig. 9-9. Susan test results for LX-11-0. Conversion factor:
1 ft/sec = 3.048 x 1071 w/s,
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9.2.9. LX-14-0

LX-14-0 (HMX/Estane 95.5/4.5) is moderately easy to ignite in the Susan
test, requiring an impact velocity of about 48 w/s (Fig. 9-10). This is
slightly higher than that required for LX-04-1. Nosecap deformation is
generally greater than 25 mm before ignition is observed. Reaction levels
tend to be somewhat large and erratic once the threshold velocity is exceeded,
somewhat like those of LX-07-2. 1In support of this tendency, skid test
results on LX~14 are intermediate in reaction level between LX-04-1 and
LX=~07-2 (Table 9-2). 1t appears that accidental mechanical ignition of
LX-14-0 has a moderately low probability of building to a violent reaction or

detonation where there is little or no confinement.
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o 244 488
Projectile velocity ct impact — m/s

Fig. 9-10. Susan test results for LX-14-0. Conversion factor:
1 ft/sec = 3.048 x 10”1 w/s.
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9-2.10. u-!,'ﬂ

LA-17-0 (TATB/Kel-F 800 92.5/7.5), like its major component, is among the
least reactive of the HEs tested in the Susan test {Fig. 9-11). The explosive
response is scarcely distinguishable from that of an inert material at impact
velocities up to 1000 m/s. There is no evidence of accelerated burning
reactions at the higher impact velocities such as occur with almost all

commonly used explosives.

g T T 1T 17 T T 1
3 80 — o
T
L - 40 3— =
it .5 :
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£ 800 1800
Projectile velocity at impact — fu/sec
i i i
L1 244 488
Projectile velocity st impact — m/s

Fig. 9-11. Susan test results for LX-17-0. Conversion factor:
1 ft/sec = 3.048 x 10~1 w/s.
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9.2.11. Octol 75/25

Octol 75/25 (HMX/TNT 75/25) has both good and bad properties, as measured
by the Susan test (Fig. 9-12). The threshold velocity for reaction is
probably about 180 ft/sec (55 m/s), which is rather typical of the TNT-bonded
cast explosives and higher than most PBXs. On ths other hand, reaction levels
become moderately high, generally at relstively low velocity. The variability
of results is less than that observed with Cyclotol 75/25. Octol 75/25 should
be considered as rather difficult to ignite accidentially by mechanical means
but capable of a large reaction once ignited under certain conditions.

o 10— —_—
£ g0} -
®
& 60} % -
§ 40 4
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Projectile velocity ot impact — ft/sec

i I L i e
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(0) (244) (488)
Projectile velocity at impact — m/s

Fig. 9-12. Susan test results for Octol 75/25. Conversion factor:
1 fe/sec = 3.048 x 10-1 u/s.
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9.2.12. PBX-9010

PBX-9010 (RDX/Kel F 90/10; displays some very undesirable properties in
the Susan test (Fig. 9-13). Ignition is observed after about 0.5-im. (13 mm)
of projectile nosecap deformation, which would make the threshold velocity for
reaction about 110 ft/sec (34 m/s). The reaction levels observed are high and
independent of impact geometry. The observed energy release is not as high as
that often seen with the more energetic explosives PBX-9404, LX-09-0, and
LX-10-0, but intrinsic energy content does not completely explain the
difference; geometric factors at the time of maximum reaction asre thought te
also contribute to the observed results. The reaction buildup is sufficiently
rapis that no pinch-stage enhancement of the reaction is observed. PBX-9010
exhibits both a low threshold for reaction and sufficient reactivity to
indicate a very large probability of violent reaction or detonation from any

accidental mechanical ignition.
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Fig. 9-13. Susan test results for PBX-9010. Conversion factor:
1 ft/sec = 3.048 x 10~} a/s.
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9.2.13. PBX-90il

PBX~-9011 (HMX/Estane 90/10) is among the least reactive of the PBXs
tested in the Susan test {Fig. 9-14). The threshold for reaction is probably
about 165 ft/sec (50 w/s), judging from the nosecap deformation of about
1.7-in. (43 mm) at ibe time of observed ignition for the higher-velocity
shots. The reaction level is quite dependent on the impact velocity; it is
generally somewhat lower than that observed for LX-04-1 but not as low as for
Comp B~3. Reaction enhancement is observed only at the pinch stage of the
impact. PBX-9011 should be considered as moderately difficult to ignite by
mechanical impact and as having very low probability of building to viclent
reaction from & minor ignition where there is relatively little confinement.
PBX-9011 has given only mild reactions in other impact geometries that often

give detonations with explosives such as LX-04-1.
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Fig. 9-1%. Susan test results for PBX-9011. Conversion factor:
1 ft/sec = 3.048 x 1071 w/'s.
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9.2.16. PBX-%5205

PBX-9205% (RDX/polystyrene/di-2Z-ethylhexylphthalate 92/6/2}) is similar to
1LX-07-2 in some of its properties (Fig. 9-15). The threshold velocity for
reaction is probably about 120 ft/sec (37 wm/s}, judging from the nosecap
crush-up at the time of observed ignition with higher-velocity impacts. As
with LX-07-2, the response is dependent on impact velocity and is intermediate
between that of PBX-9404 and LX-04-1. Thus, PBX-9205 has a low threshold for
reaction but only a moderate rate of buildup to violent reaction. It appears
that accidental mechanical ignition of PBX-9205 has a moderate probability of

building to violent deflagration or detonation.
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Fig. 9-15. Susan test results for PBX-9205. Conversion factor:
1 ft/sec = 3.048 x 10~} m/s.
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9.2.15. PBX-9604-03

PBX-9406 (HMX/NC/tris-p-chloroethyl phosphate 94/3/1) displays some
very undesirable properties in the Susan test (Fig. 9-16}). Ignition is seen
sfter only about 0.35 in. (8.9 mm) of deformation of the projectile nosecap,
which is consistent with the very low threshold velocity of 105 ft/sec
{32 w/s). The reaction levels are generally quite high for impacts in the
range of 105 to 200 ft/sec (32 to 61 mfs). These reactions build to violent
levels with sufficient rapidity that no pinch-stage enhancement of the
reaction is observed. At higher impact velocities, the reaction ievel seems
to depend somewhat on impact velocity, but it is always at ieast moderately
high. Pinch-stage enhancement of the reaction at these higher impact
velocities is very noticeable. PBX-9404 exhibits both a very low threshold
velocity for reaction and rapid buildup to viclent reaction. Any mechanical
ignition of PBX-9404 has & very large probability of building to violent
deflagration or detonation.
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Fig. 9-16. Susan test results for PBX-9404. Conversion factor:
I ft/sec = 3.043 x 107} w/'s.
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9.1-1'&- ?“-915‘0!

FBX-9501 (HMX/Estane/BONPA-F 95/2.5/2.5) is a high-energy explosive with
iow impact sensitivity for an explosive of its power {Fig. 9-17). The
threshold velocity for reaction is about 200 ft/sec (61 m/s), which is higher
than that for most PBXs and about equai to that for many TNT-based
explosives. Reactions start after about 2.5 in. (64 mm) of projectile
deformation, which is consistent with the observed threshold velocity. Once
threshold velocity is exceeded, reactions become violent over a rather narrow
velocity range. Small reactions do not automatically grow to large reactions
as they do in many other high-energy PBXs. Skid-test ignitions, for example,

give very low reactions.
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Fig. ¥-17. Susan test results for PBX-9501. <Conversion factor:
1 ft/sec = 3.048 x 1071 o/,
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$.2.17. TATH

TATE is among the least responsive of the HEs ever tested in the Susan
test {Fig. 9-18). The explosive response is scarcely distinguishable from
that of a mock HE at impact velocities up to 1000 m/s. There is no evidence
of accelerated burning reactions at the higher impact velocities such as occur

with almost al! commoniy used explosives.
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Fig. 9-i8. Susan test results for TATB. Conversion factor:
1 tt/sec = 3.048 x 10~1 g/,
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9.2.18. TINT

INT shows no undesirable properties by the Susan test (Fig. 9-19). Minor
ignitions occur at impact velocities down to about 235 ft/sec (72 m/s} but
only after extensive splitting of the projectile nosecap and abrupt halt of
the projectile at the final, or pinch, stage of impact. No violent reactions
are observed even at impact velocities above 1200 ft/sec (366 m/s). Further,
the TNT response is independent of whether it is cast or is & high- or
medium-density pressing. TINT should be considered very difficult to ignite
accidentally by mechanical means; any reaction from such an ignition has an
extremely low probability of building to violent levels where there is

relatively little confinement.
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Fig. 9-19. Susan test results for TNI. Conversion factor:
I ft/sec = 3.048 x 107! o/s.
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$.2.19. XTX-8003

XTX-8003 (PETN/Sylgard 182 B0/20) is moderastely difficult to ignite in
the Susan test (Fig. 9-20) and requires an impact velocity of about 160 ft/sec
(49 m/s), judging from the l.4-in. (36 =m) of projectile nosecap deformstion
at the time of observed ignition. Reaction levels ranged from quite low to
moderately low over the velocity range tested. Although the number of tests
is limited, it appears that XTX-8003 has a very small probability of building
to viclent reaction from an accidental ignition where there is relatively

little or no confinement.
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Fig. 9-20. Susan test results for XTX-8003. Conversion factor:
1 ft/sec = 3.048 x 1071 w/s.
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9.3. SKID TEST

Results from a sliding-impact sensitivity test {skid test) using large

hemispherical billets of HE have proved valuable for evaluating the

plant-handling safety of HEs.

7-11

The test was developed at AWRE in England.

In the LLNL-Pantex version of this test, the explosive billet, supported

on a pendulum device, is allowed to swing down from preset heights and strike

at an angle on a sand-coated steel target plate. The two impact angles

employed [14 and 45 deg (0.79 and 0.24 rad, respectively)] are defined as the

angle between the line of billet travel and the horizontal target surface.

The spherical surface of the billet concentrates the force of the impact in a

small area.

component as well as a vertical one. Results of the test are expressed in

terms of the type of chemical event produced by the impact as a function of

impact angle and vertical drop. The chemical events are defined as follows:

o
i
2

No reaction; charge retains integrity.

Burn or scorch marks on HE or target; charge retains integrity.
Puff of smoke, but no flame or light visible in high-speed
photography. Charge may retain integrity or may be broken into
large pieces.

Mild low-order reaction with flame or light; charge broken up and
scattered.

Medium low-order reaction with flame or light; major part of HE
consumed.

Violent deflagration; virtually all HE consumed.

Detonation.

The sliding-impact test results are significant indications of

plant-handling safety because the drop heights and impact angles used in the

test are quite within the limits encountered when an explosive billet 1is

sccidentally dropped. The test is used not only to evaluate the relative

sensitivity of different explosives, using the sand-coated target as a

reference surface {Tables 9-2 and 9-3), but also to evaluate typical plant

floor coverings, using PBX-9010 as a reference explosive (Table 9-43.

The pendulum arrangement gives the impact a sliding or skidding

The floor-covering skid test has been modified and standardized at Pantex

using results from ten l4.1-ft (4.33-m) drops of a 10.7-kg LX-10 billet at a

45~-deg angle (0.79 rad) as the safety criterion (Table 9-53.15

9-26
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Table 9-2. Standard LLNL-Pantex skid test.®
Impact angie Vertical drop
Explosive deg {rad) ft {m) Chemical event Conditions
Comp B-3 is {0.24) 0.88 {0.27) 0,0,0,0,0,C
1.25 {(0.38) 2
1.25 {(0.38) 0,0,0,0,0,0 -30°C (243 k)
1.75 {0.53 0,2 =-30°C (243 )
175 {0.53) 2
 £8 {0.76) 0,0,2,2,0,2
3.5 {1.07) 4,0,0,2,2
5.0 £1.52) 0.2,2,2,2,2
7.1 {2.16) 3,2
45 (0.79) 1.75 {0.53) ¢©
2.5 {(0.76} ©
3.5 {1.07) o
3.9 {1.07) 0,0,0 =30°C (243 x)
5.0 (1.53} ©
7.1 {2.16) O
i0.0 {3.05) 0
i4.1 {4.30) 2
20.0 {6.10) 0
Cyelotol 75/25 14 (0.24) 0.625 (0.19} 1
0.88 {0.27) %
1.75 {0.53) 3
2.% {0.76} 3
45  (0.79) 5.0 {1.52) o0
7.1 {2.16) 0
i14.1 {4.30) 0
LX-04-0 14 (0.24) 1.2% {0.38) 0
1.75 {0.53) 2
2.5 {0.76) 2
3.5 {1.07} 2,2
5.0 {1.52) 2,0
5.0 {1.52} O 235°F (385 k)
7.1 {2.16) 2,2
10.0 {3.05) 2
14.1 {6.30) 2
45 {(0.79) 3.5 {1.07) 0,1
3.5 {1.07} 2 -57°F (224 x)
10.0 {3.05) 3
15.1 (4.30) ©
14.1 {4,30} O 230°F (383 x)
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Table 9-2. Standaré LLNL-Pantex skid test.® (Continued)

Impact angle Vertical drop

{0.38)
(0.38)

-

Explosive deg {rad) ft {m) Chemical event Conditions
LX-04-1 14 (0.24) 1.75 {0.53) 0,0
2.5 (0.76) 2,2,1
3.5 {(1.07) ©
5.0 (1.52) 2
7.1 (2.16) i
4.1 {&.30} 2
45 (0.79) 3.5 {1.07) 90,2,0,0,0
5.0 (1.52) 90,3,0,0,0
7.1 (z.16) 1,0,0
10.0 (3.05} 2,3
146.1 (4.30) 2.3
LX-07 14 (0.24) 1.25 {0.38) 0O
1.75 (0.53) ©
2.5 (0.76) 4
3.5 (1.07) &
45 (0.79) 1.75 (0.53) ¢©
2.5 (0.76) 2
3.5 (1.07) &
LX-07-1 1% (0.24) o0.88 (0.27) 0,0,0
1.25 (0.38) 0,0,0
1.75 {0.53) 0,0,0
2.5 {0.76) 3,3.,6
45  (0.79) 2.5 {6.76) 0,0
3«5 {1&0?} ﬁ.ﬁ,'ﬁ
5.0 (1.52) ©0,0,0
7.1 {z.16) ©,0,0,5,0,0
LX-09-0 14 {0.24) 0.88 {0.27) ©,0,0,0
1.25 (0.38) 0,0,6
45  (0.79) 3.5 (1.07) ©,0,0,0,0,0,0
5.0 {(i1.52) 0,0,0,6
7.1 {2.16) ©
LX-10-0 16 (0.24) 0.62 {(0.19) & -34°C (239 K)
0.88 {0.27) 0,0,0,0,0,0, 16°C (289 K}
0,0,0,0,0,0
0.88 (0.27) 0O, .ﬂ,ﬁ,ﬂ.ﬂ
1.25 o,
1.25 6

16°C (289 K)

ﬂ'ﬂ“Fﬁﬁ
CrO00
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Table 9-2. Standard LLNL-Pantex skid test.® (Continued)
lmpact angle Vertical drop
Explosive deg (rad) ft {m) Chemical event Conditions
LX-10-0 &5  (0.79) 0.88 {0.27) ob -3&°C (239 K)
1.25 {0.38) o0t -3&4°C (239 x)
1.75 {0.53) ob -34°C (239 K)
25 {(0.76} 0,0,0 -34°C (239 K)
2.5 {0.76) o©b -3&*°C (239 x)
2.5 (0.76} ©0,0,0 16°C (289 k)
2.5 {0.76) ¢© 71°C (344 K)
3-&5 (1&&?} 0,’0.“;0‘5;01
0,0,0
3.5 (1.07) oOb ~34%C (239 k)
3‘5 (1.07) s;ﬁ,n;u.n,u, iﬁ'c {239 ‘}
0,0,0,0,0
0,0,0,0,0,0,0
3.5 {1.07) o 71°C (344 1)
5.0 {1.52) & -34°C (239 x)
5.0 {1.52} o 71°C (344 x)
7.1 {2.16} ¢© 71°C {364 K)
LX-10-1 16 {(0.24) 0.88 {0.27)} 0,0,0,0,0,0,0
1.25% (0.38) 0,6,6,0,6,6
175 ‘5-53} ﬂ,ﬁ-
&5 {0.79) 2.5 iﬂ.?é} 0,0,0
1.5 {1.07) 0,0,0,0,6,6,0,0
5.0 {1.52) &
n"“iﬂ"ﬂ i* {002") ﬂass {0-1?} n.ﬂ;ﬁ.ﬁ,ﬁ,ﬁ
1.25 (0.38) 3,0,0,0
45 {0.79) 3.5 {(1.07) 0,0,0,0,0,0
5.0 (i1.52) 0,0,0,0,0,4
7.1 (2.16) &
LX-17-0 No reaction
Octol 75/25 14 (0.24) 2.5 (0.76) ©
3.5 {1.07) 3
PRX-9010 14 {0.24) 0.88 {0.27) i
1.25 (0.38}) 6,0,0,6,0,0
1.50 {0.46) 0,5
1.75 {0.53) 6,0
3.5 {1.07) O
15.0 {4.57) ¢
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Table 9-2. Standard LLNL-Pantex skid test.® {(Continued)
Impact angle VYertical drop
Explosive deg {rad) ft {m) Chemical event Conditions
PBRX-9010 45 (0.79) 2.5 (G.76) 9.0
3.5 {1.07} 6.,6,6,0,6
5.0 (1.52) 0,6,0
7.1 {2.16) &
14.1 (4.30) 6,6
10.0 {3.05) 0.0
20.0 {6.10) 1
28.0 (8.53) 1
45 {0.79) 5.0 {1.%2) g
I | {2.16) g
10.0 {3.0%) 4]
20.0 {6.10} 0
PBX-9205 14 (0.24) 0.88 {0.27} 1]
1.25 {0.38) 2
1.75 {0.53) 3
45 (0.79) 2.5 {0.76) &
PBX-9404 14 (0.24)  ©0.625 (0.19) ©,0,0,0,0,0
0.B8 {0.27) 0,0,0,0,0,0,0,0,6,0,0,6
1.25  (0.38) 0,0,0,6,6,6
1.7  (0.53) 6,0,6,0,0,2,0,0,0,6
1.9 {0.58) &
2.5 {0.76} 6,0,3,0
3.5 {1.07) 6,6
45 {0.79) 1.7% {0.53} 0,0,06,0,0,0,0
2.5 {0.76) 0,0,0,0,0,0,0,0,0,0
3.5 {1.07) 0,6,0,0,0,0,0,6,0,0
0,0,0,0,0,0,6
5.0 {1.52) 6,6,6,0,6,0,0,6,0,0
7.1 (2.16) 6,6
10.0 {3.05) 6,6
PBX-5501 i& {0.24) 2.5 {0.76) 0,0
3.5 {1.07) 0,0,0
5.0 {1.52) o
10.0 {3.05) 3
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Table 9-2. Standard LLNL-Pantex skid rest.® {Continued)

Impact angle Vertical drop

Explosive deg (rad) fr {m) Chemical event Conditions
PBX-9501 45 {0.79) 5.0 {1.52) 0,0,0
7.1 (2.18}) o0,0,0
10.0 (3.05) o0,0,0
{as pressed) 14  (0.2%) 1.25 (0.38) 0,0,0,0,0,0
1.75 (0.53) 0,0,0,0,3
Z.5 (0.76) 3

45  {0.79) 5.0 {1.52)
1.1 (2.16)
10.G (3.05)
4.1 {4&.30)

roco ©
cow -
su?bcb
3:::

-

TNT i (0.24) 3.5 {1.07) 0,0,0,0,0,0
6.0 (3.05) 12
4.1 (4.30) o
20.0 {6.10) o

® Tests were conducted with 23-1b (10.4-kg) hemispheres of explosive 1l in.
(0.28 @) in diameter at ambient temperature unless indicated otherwise. One
in. = 2,54 x 1072 m; 1| 1b = 4.54 x 10~ xg; 1 fe = 3.05 x 10~ p;
1 deg = 1.75 x 1072 a4,

An acrid or burnt odor was no: ' ad after the test.
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Table 9-3. Nonstandard skid tests of interest.®’
Vertical
Weight 1 ct angle dreo Chemical
Explosive ib kg deg Tthf t ™ event Conditions
Baratol 50 (22.7) 45 (0.79) 3 (0.9 2
5 €1.%) 3
Comp B-3 56 €22.7) 14 (0.24) 5.0 (1.52) &
55 (0.79) 5.0 €{1.52) ©
10.0 {(3.95) 0,0,0,2
Cyclotol 75725 56 (22.7) £5 {0.79) 3.0 0.9} 0,0,2
5.0 {1.52) 3,3
LX-04~-0 50 {22.7) 45 (0.79) 7.1 {(2.18) © 230°F {383 K}
LX-04~1 298 (135.2) 45 £0.79) 0.88 (0.27) O
1.25 {0.38) ©
1.75% {0.53) 5
LX-09-0 28 {12.7) 14 (0.24) 0.88 (0.27) O b
008‘8 (Uiz?) & 'Cﬁn!foi
19 (8.6} 1.25 (0.38) 0,0,0,0,0 <
1.25 (0.38) 0,4,4.0 Control
0,0,4
28 (12.7) 45 (0.79) 2.5 (0.76) O b
2.5 (0.76) © Control
19 {8.6) 2.5 (0.7¢) 4.,0,0,0, <
0,0,0.0
28 (12.7) 3.5 (1.07) 6,0 b
3.5 (1.07) o,0 Control
18 (8.8) 3.5 {(1.07) 0.5 <
3.5 {(1.07) 5 Control
Stﬁ ‘1.52} ‘,0’5 <
5.0 (1.52) 0,0,0 Control
LX-10-0 23 (10.4) 14 (0.24) 0.88 (0.27) 0,0,0,0 4
45 (0.79) 3.5 {1.07) 0,0,0
69 (31.3) 14 {0.24) 0.44 {0.13) O e
70 (31.8} 0.66 (0.20) &
LX~14-0 291 (132) 45 (0.79) 0.88 (0.27) ©
292 (132.4) 1.25 {(0.38) 0
291 (132) 1.50 (0.46) O
290 {131.6) 1.75 €0.53) ©
2.5 {0.76) O
5.0 (1.52) &
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Table 9-3. Nonstandard skid tests of in:trﬂt.""‘n {Continued)

Vertical
ﬂhii%t I t le dr Chemical
Explosive ib kg deg Eridf fe En} event Conditions
PBX-9404 296 (134.3) 14 (0.24) 0.25 (0.08) 0O
292 {132.6) 0.33 {0.10) &
296 {134.3) 0.48 (0.15) 6
296 (134.3) 45 (0.79) 0.33 (0.10) O
298 (135.2) 0.44 (0.13) O
293 (132.9) 0.60 (0.18) ©
291 {132.0) 0.63 (0.19) 0
287 {130.2) 1.23 {(0.38) 0O
296 (134.3) 2.5 (0.76) O
{as-pressed) {13.2) 14 €0.24) 0.31 {(0.0%) O
0.44 (0.13) 0O
0.63 (0.19) 0O
0.88 (0.27) 0,0,0,0,0,0
2.50 (0.76) ©
3.50 (1.07) 0,0,0,0,0,0
5.00 {1.52) 0,6
PBX~9404 50 (22.7) 45 (0.79) 2.00 (0.6) 0
3.0 (0.9) 0,86
5.0 (1.5) 6

& Target was standard sand-coated steel {1/4-in. (6.375-mm)) bonded to
concrete. Onme in. = 2.54 x 1072 m; 1 1b = 4,54 x 10~! kg; 1 ft =

3.05 x 107! m; 1 deg = 1.75 x 1072 rad.

5 Aged 11 months at 70°C (373 K).

€ Stockpile aged.

d Made with Fluorel.

€ Made with 48 1b (21.8 kg) of steel plate on the HE equator.
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Table 9-4. Evaluation of plant floorings by LLNL-Pantex tese. #s1:18.15

Thickness Vertical dro Chemical
Floor material in. {mm) ft {m event Conditions
Brigantine® 0.090 (2.29) - J2 1 (2.16) o New
10.0 {3.05%) 0
1.1 {4.3) o
Brigantined 0.090 (2.29) 7.1 (2.16) 0 Worn
10.0 {3.05) 1<
10.0 {3.05) o
10.0 {3.05%) 0
Corrugated rubber 10.0 {3.05) 0,0 Against
floor covering grain
10.0 {3.05) 0 With grain
20.0 {6.10° G
Linoleum 0.125 (3.18) 71 {2.16) 0
10.0 (3.05%) 0
14.1 {4.30) 0
20.0 {6.10) L]
Poly-Cond 2.5 {(0.76) 0
3.5 {1.07) 0
5.0 {1.52) o
7.1 {2.16) 6
1.75  (0.53) o {0.24~rad)
2.9 {0.76) 0 impact
3.5 {1.07) 0 angle
5.0 {1.52) 6
Quiet Zoneb 0.17 (4.32) 7.1 (2.16) 0 New
6.1 {4.3) 0
Quiet Zoneb 0.17 (4,32) 7.1 (2.16) 0 Worn
i0.0 {3.05) L]
6.1 {4.3) 0
Sanded steel 1.7% €0.53) 0
2.5 {0.76) 6,6
Torginal 0.0625 (1.59) 14.0 (4.27) 0
{Torga-Deck) 20.0 (6.10) 6
{0.188 (4.76 20.0 {6.10) 0
to 0.25) to 6.35) 28.0 (8.53) 1
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Table 9-4. Evaluation of plant floorings by LLNL-Pantex rest.®: 114,15
{Continued)

Thickness Vertical drop Chemical
Floor materizl in. Cmm) ft {(m} event Conditions
Urapol floor 0.096 (2.38) 10.0 {3.0%) o
coveringd 14.1 {4.30) 0
20.0 (6.10) 0
0.125 (3.18) 10.0 (3.05) 4]
4.1 {4.30) 0
20.0 (6.10) 0
20.0 (6.10) o 14 deg
{(0.24-rad)
impact
angle
Vinyl 5.0 {1.52) 0,0
7.1 {2.16) 6,6

& The test was conducted using 50-1b {22.7-kg) hemispheres of PBX-9010 and,
except where otherwise noted, 45-deg (0.79-rad) impact angle.
One in. = 2.54 x 1072 m; 1 1b = &.54 x 101 kg; 1 fr = 3.05 x 10-1 m;
1 deg = 1.75 x 10-2 rad.
b Billet weighed 46 1b (21 kg).
€ Wind-blown sand and grit on impact target may have caused this event.
Wind gusting to 40 mph was evident during this test. As shown, two repetitions
of this test produced no further reaction.
d A poured polyurethane floor covering.
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Table 9-5. Evaluation of plant floorings by the Pantex standard test.

15

Thickness Chemical
Floor material ifi. (mm) event Conditions
Adiprene 0.125 {3.18) 0 With raised
i-mm buttons
DuPont entrance mat 0.09%3 {(2.38) & On concrete
000% {2-3\3*3v13'1-ﬁ} 0 On 3. 18-me
+0.125+0.04 thick adiprene
with raised
{-mm buttons
Flexco radial rubber tile 0.10+0.025 {2.54+0.64) 1] Kith raised
O hbh-mm
buttons
0.185+0.025 (4.7+0.64) 0 ¥ith raised
G.64~mm
buttons
0.075+0.050 (1.9+1.3) 3 With raised

0.185+0.050 (4.7+1.3) -

Neoprene 0.132 {3.3%) 0

Torginal-type 0.04-0.06 {1.0-1.5) 0

1.3~ buttons
With raised
Id-mm
butfons;
indirect hit
on third drop
destroyed pad

3. 1B-mm thick,
nominal

2 of 10
billets
cracked

& Foam base with intertwined rubber loops.
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§.4. SHOCK INITIATION

9.4.1. Gap test

The gap test dats are indicative of the shock sensitivity of an
explosive. The wvalues sre reported as the thickness of an inert spacer
material that has a 501 probability of sllowing detonation when placed between
the test sxplosive and & standard detonating charge. In general, the larger
the spacer gap, the more shock-sensitive is the HE. The values, however,
depend on test size and geometry and on the sample (the particular lot, its
method of preparation, its density, and percent voids). GCap test results,
therefore, are only approximate indications of relative shock sensitivity.

Tests have been developed covering a wide range of sensitivities for
solid and liquid explosives at Los Alamos National Laboratory (LANL), Naval
Surface Wespons Center (NSWC), Mason & Hanger-Silas Mason Co., Inc., Pantex
Plant (PX), and Stanford Research Institute (SRI}. Test results asre listed in
Table 9-6.

The test configurations are briefly described below. In all cases,
detonation of the acceptor charge is ascertained by the dent produced in 2
“witness plate.”

® NSWC small scale gap test (ssct) 18,

Donor: 25.4-sm-0.D. x J}8.1-sm-long RDX pellet.

Acceptor: 25.4-mm 0.D. x 38.1-sm long.

Spacer: 25.4-mm-diaw Lucite disks of different thickness.
Results are reported in decibangs and analyzed by the Bruceton
method.

L LANL small scale gap test (ssemy !’

Donor: Modified SE-1 detonator with PEX-9407 pellet 0.300-in. diam
x 0.207 in. long (7.62 x 5.26 =mm).

Acceptor: O0.5-in. diam x 1.5~in. long (12.7 x 38.1 mm).

Spacer: Brass shims in O0.l-in. {(2.5-mm) increments.

Results are reported in mils {sm) and analyzed by the Bruceton
method.
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LANL large scale gap test ii.ﬂ'-“!‘)u:

Donor: 1.625-in.-dism x &-in.-long (41.3 x 102 =m) PBX-5205 pellet.
Acceptor: 1.625-in. diam x 4~in. long (41.3 x 102 mm).

Spacer: 1.625~in.-diam {41.3 mm) disks of 2020-T4 Dursl (aluminum).
Results are reported in mils {sm) and analyzed by the Brucetonm
method.

PX gap test 18

Donor: 25.4-mm-diam x 38.1-merlong LX-04 pellet.

Acceptor: 25.4 x 25.4-mm right cylinder.

Spacer: I5.4-mm-diam brass shims in 0.25-mm increments.
Results are reported in mils (mm) and analyzed by the Bruceton
method.

SR1 gap test for liquid nel?.

Donor: Two 1.625-in.-diam x 0.5-in.-long (41.3 x 12.7 =m) Tetryl
pellets, each weighing about 50 g.

Acceptor: 0.5-in.-I.D. x O.l-in.~thick x 4-in.-long (12.7 x 2.54 x
102 mm) steel tubes.

Spacer: 10-mil-thick x 1.625~in.~diam (0.25 x 41.3 am) cellulose

acetate disks, used here as a unit of measurement.
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Table 9-6a. NSWK small scale gap ttit#-li
Density, ¢ Percent Loading

_voids __pressure Sensitivity
Explosive [g/em’ (Mg/md)] 3 ksi  (MPa) DBG (mm)
Comp A-5 1.700 4.5 i6 ii0 4.616 {8.79)
Comp B 1.735% 0 64 L4l 7.2717 {4.75)
1.473 16.4 4 28 4.904 (8.20)
Comp C-3 1.612 - % 28 7.510 {4.50)
Comp C-4 1.643 - 4 28 8.508 {3.53)
DAL B 1.775 3.5 b4 441 8.882 {3.28)
1.233 33 4 28 6.909 {5.18)
DIPAM 1.784 0.3 64 441 7.539 {6.48)
1.216 32.1 & 28 5.233 £7.62)}
H-6 1.708 5.1 40 276 7.182 {4.85)
ﬂu-’3 1-33? 3:3 - - 9-938 {2&52’
1.732 5.9 50 345 8.535 {3.56)
HMX 1.814 4.7 B4 L4G1 4.544% {B.71)
1.517 20.3 8 55 3.526 (11.28)
HNAB 1.774 — 64 441 6.003 {6.38)
HNS-I 1.694 2.6 b4 441 6.903 {5.18)
1.122 35.5 4 28 5.556 {7.06)
HNS-I1 1.725 0.9 64 441 6.684 {5.46)
1.644 - a2 221 -- £7.52)
1.322 24.0 4 28 4,264 {9.53)

Lead azide {dext.) 3.663 22.2 64 441 -0.303 (2723)

2.535 46.2 4 28 -3.622 (5850)
LX=04=0 1.828 3.3 64 441 6.199 {6.10)
NG (bulk) 1.273 28.5 8 55 5.68% {2.72)
{bulk) 0.954 46.4 1.3 9 6.387 {5.84)
Octol 75725 1.829 0 64 441 7.086 {4.88)
1.541 15.8 4 28 3.795 (10.90)
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Table 9~6s. NSWC small scale gap tests. 18 {Continued)

Density, ¢ Percent Loading
voids pressure Sensitivily
Explosive [g/cm’ (Mg/m)] 2 ksi (MPa) DBG {mm)
PBX-~9407 1.755 3.0 64 441 5.884 {6.55)
1.653 8.7 32 221 5.008 {6.03)
1.269 29.9 %4 28 3.627 {(11.02)
Pentolite 50/50 1.671 2.3 32 221 4.030 {10.03)
1.363 30.3 4 28 3.097 (12.45)
PETN 1.775 0.3 1A 441 4.998 {6.03)
1.576 11.5 16 110 2.476 {146,138}
1.355 27.9 & 28 2.726 (13.56)
RDX 1.717 4.7 38.2 263 5.073 £7.90)
1.546 14.2 10 69 3.250 (12.01}
1.188 34.1 2 14 3.569 {11.18)
TACOT 1.698 8.2 64 441 7.487 {4.52)
1.162 37.2 4 28 5.562 {7.06)
TATB 1.887 2.2 b4 441 13.604 {1.12)
1.519 21.3 4 28 7.918 {(4.12)
Tetryl 1.687 2.5 32 221 5.133 {7.80)
1.434 17.1 4 28 3.267 (11.96)
TNT 1.651 0 64 441 B.066 {3.96)
1.561 5.5 19 131 6.095 {(6.25)
1.353 18.0 & 28 5.067 {7.90)
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Table 9-6b.

LANL small scale gap tests.

17

Percent

-B'“git’* - 3 voids 50% point”
Explosive Preparation {glem™ ‘Mg/w )} [§ 3] mil {om)
Baratol Cast 2.56% 2.6 NO GO
Comp A-3 Bulk G.90 46.7 -_— {0.64)
Pressed 1.635 3.1 - {0.89)
Comp B, Crade A <Cast 1.710 i.1 16-26 (0.41-0.66)
Comp B~3 Cast 1.721 1.8 44-54 (1.1-1.4)
Cyclotol 75/25 Cast 1.753 1.1 10-16 {0.25-0.41)
DATE Hot-pressed 1.801 2.0 - {0.36)
#ﬂ"!é ii?l‘ ia’ - {lt1,}
Explosive D Pressed 1.675 2.4 - (0.51)
Bulk 1.05 38.8 NO GO
Pressed 1.604 6.6 - (0.13)
HMX Pressed 1.840 3.2 - (3.43)
Pressed 1790 5.8 _ {“' '2?}
Bulk {coarse) 1.20 36.8 - {8.53)
Flash-crystallized
HNAB2O Pressed 1.601 - 219 {5.6)
HNS-1 1.669 4.1 208 (5.28)
1.566 10 230 {5.84)
1.376 20.9 264 (6.71)
LX-04~0 Pressed 1.840 2.1 - {2.31)
LX-04~-1
{pre-6/65) Hot-pressed 1.865 1.3 60-80 (1.5-2.0)
{post-6/65) Hot-pressed 1.865 1.3 40-60 (1.0-1.5)
LX-07-1 Hot-pressed 1.857 1.8 70-9¢ (1.8-2.3)
LX-07-2 Hot-pressed 1.859 1.3 70-90 {(1.8-2.3)
LX-09-0 - Hot-pressed 1.835 1.3 75-105 (1.9-2.7)
LX-10-0 Hot-pressed 1.872 1.7 80-100 (2.0-2.5)
Pressed 1.857 2.1 -— (2.29)
X=11-0 Hot=pressed 1.867 0.3 45-65 (1. -1.7)
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Table 9-6b. LANL small scale gap tests. !’ {Cont inued)
Debaiie. | Percent i
;" X P 3 voids 501 point
Explosive Preparation [glem™ (Mg/m )] (1) mil {om)
LX-13 (See XTX-8003)
Lx-lh Hot"?r'."d 11333 9.9 w‘sﬂ {215"'2 50]
LX-15 - - 234 {5.94)
M (modified test)b -- -- 7-17  (0.18-0.43)
{modified test)< - -- 2-8 {0.05-0.20)
NQ Pressed 1.575 11.8 NO GO
Octol 75/25% Cast 1.810 1.1 22-28 (0.56-0.71)
PBX-9007 Pressed i.638 3.4 —— (2.01)
PBX-5010-02 Hot-pressed 1.783 1.7 75-95 {1.9-2.%)
Pressed 1.742 4.0 -— {2.72)
Bulk 0.88 51.5 - {5.16)
PBX-9011-03 Hot-pressed 1.783 0.7 55-70  {1.4-1.8)
Pressed 1.731 3.s - {1.75)
PBX-9205 Hot-pressed 1.682 1.6 25-35 (0.64-0.89)
Bulk 0.91 46.7 - {7.52)
PBX-9404 Cold-pressed 1.801 3.5 - {2.97)
{large agglomerates) 0.96 48.1 - {0.58)
PBX-9404-03 Hot-pressed 1.B50 0.9 85-105 <(2.2-2.7)
Pressed 1.792 4.0 — {3.40)
PBX-9407 Hot-pressed 1.770 1.8 930-120 {(2.3-3.1)
Pressed 1.696 5.9 -— {3.91)
Cold-pressed 1.598 11.4 - {5.13)
Bulk 0.68 62.3 — {6.63)
PBX-9501 Hot-pressed 1.843 0.6 50-70 {(1.3-1.8)
Pressed 1:825 1.3 _— (1-52}
11-? L —— (ﬁ-3aj
Pentolite 50/50 <Cast 1.700 0.6 30-38 (0.76-0.97)
Hat‘iﬂ'tsﬂﬂ in&?ﬁ ?.aﬁ e (3&*2}
Bulk 0.75 56.1 —— {(4.80)
PETN Pressed 1.757 0.7 - {5.21)
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Table 9-6b. LANL small scale gap tests. {Continued)
D " Percent i
- eﬂ;tty.-ﬂ voids 502 point
Explosive Preparation fg/em (Mg/m )] 1) mil {mm)
kDX Hot-pressed 1.735 4.1 190-220 (4.8-5.%)
Bulk {coarse) 1.11 38.7 - {8.86)
Bulk (fine) 1.00 44.8 - (7.82)
Flash-crystallized
{fine) 0.7 61 - {(6.77)
TATE Pressed 1.872 3.4 - {0.13)
Tetryl Pressed 1.684 2.7 -— (3.84)
Pressed 1.676 3.1 - {4.04)
Bulk 0.93 46.2 -~ (7.44)
TNT Pressed 1.633 1.3 - {0.33)
Flake 0.84 49.2 RO GO
Granular powder 0.77 53.4 -— (&.11)
XTX-80013 Uncured 1.53 1.7 160-190 (4.1-4.8)
Cured 1.53 1.7 130-160 (3.3-4.1)
XTX-8004 1.58 - i {1.96)

8 One mil = 2.5 x 1072 om.
® In brass sleeve 0.200 in. I.D. x 0.147 in. thick (3.74 by 5.008 mm).
€ In brass sleeve 0.400 in. I.D. x 0.43 in. thick (10.9 by 10.2 mm).
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Table 9-6c. LANL large scale gap tests.
. . Percent
u'n;lt,' 93—— voids 50% yointl
Explosive Preparation [glem (Mg/m )] in. {om)
Baratol Vacuum cast 2.597 1.4 - {27.30)
Comp A-3 Pressed 1.638 2.9 - {56.51)
Comp B, Grade A Cast 1.712 2.2 - (&&.58)
Comp B-3 Cast 1.727 1.4 1.982 {50.34)
Cyclotol 75/25 Cast 1.75%7 0.6 - (43,15}
Cast 1.734 242 1.801 {45.74)
DATS Pressed 1.786 2.8 1.641 {41.68)
Pressed 1.705 7.2 1.786 {45.36)
Explosive D Pressed 1.668 2.9 -- {42.42)
Pressed 1.604 6.6 -- {42.98}
HMX 1.07 53.7 2.783 {70.7)
LX-04-0 Pressed 1.853 2.1 — {50.16)
LX=-04~-1 Pressed 1.85%5 2:1 -= {51.71)
LX-09-0 Hot-pressed 1.834 1.8 - {58.47)
NQ Pressed 1.715 3.5 NO GO
Pressed 1.609 3.6 - {5.00)
Octol
{regular HMX} Cast 1.822 0.7 1.947 (49.45)
{(large HMX) Cast 1.815 1.4 1.863 {47.32)
Yacuum cast 1.795 2.0 - {43.56)
PRX~-9007 Pressed 1.646 2.9 - {52.91)
PBX-9010-01 Pressed 1.786 1.5 2.090 {53.09;)
Bulk 0.81 55.3 2.65% {67.4)
PEX-9010-02 Pressed 1.785 i.6 Z2.157 {54.94)
Bulk 0.85 53.1 2.617 {66.5)
PBX-9011 Pressed 1.761 1.9 - {51.97)
PBX-9205 Pressed 1.682 1.6 - {50.83}
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Table 9-6c. LANL large scale gap !tltl-l'l? {Continued)

o Percent
Density, & voids 50% point®
Explosive Preparation [g/ce” (Mg/ (%) in. (mm)
PBX-9404-03 Bimodal pressed 1.841 1.3 2.268 {57.81)
Slurry 1.825 2.2 2.223 {56.46}
Cround 1.755 5.9 Z.410 {(61.21)
Ground 1.400 25.0 2.483 {63.07)
Grmﬂld lnd pr!!!tﬂ lszw u' i 21 525 (“h 1%}
Ground, bulk 3.920 50.7 2.69 {(68.43}
PBX-9407 Bimodal pressed 1.772 1.7 2.155 (54.74)
Bulk 0.60 66.7 2.455 {62.4)
PBX~-9502 Pressed 1.895 2.4 - {22.33)
PBX-9503 Pressed 1.88 2.9 — {42.8)
Pressed 1.59 i7.9 - (47.0}
Pentolite 50/50 Cast 1.702 0.8 2.549 {64.74)
Pressed 1.635 4.4 2.703 {68.66)
PETR Raw 0.81 54.2 2.732 169.4)
RDX Pressed 1.750 3.3 2.63% {61.82)
1.09 3s.8 2.764 {70.2)
TATB Pressed i.870 3.6 -- {21.92)
Tetryl Hot-pressed 1.690 2.3 - (59.82)
Pressed 1.666 3.7 2.386 {60.80)
Bulk 0.85 50.9 2.725 {69.2)
TNT Cast granular 1.626 1.7 1.944 {(49.4)
Cast 1.615 2.4 1.114 {28.30}
Cl‘!md i 1532 "ti . {261“}
Pressed at 65°C 1.631 1.4 -- {46.43)
Pressed at 25°C 1.505 5.0 - {54.92)
Pressed at 25°C 1.220 26.2 - {56.26)
TNT Flake 0.87 47 .54 1.460 {37.1)
Cranular 0.73 55.9 2.268 {60.8)
Tritonal Cast 1.792 % 1.0 0.870 {22.10)

% One mil = 2.5 x 1072 gm.
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Table 9-6d. PX gap tests for insensitive HE.
T— Percent =
3 b A1 ?3 voids 501 point
Explosive Preparation {glem” (Mg/wm™ )] - mil {mm}
Baratol!® Machined 2.610 0.7 — (8.76)
Comp B2 Cast 1.714 2.2 - {23.2)
paTe?? 1.781 1.2 —  {17.86)
Lx-0423 Machined 1.862 1.4 - {(20.3)
LX-17-023 Pressed 1.902 —  {1.3%)
Machined 1.899 - £2.25)
PEX-940422 Pressed i e -—  (27.3)
PBX-95022° 1.895 2.4 —  {6.8)
1.845 5.0 - {9.2)
1.800 7.1 - {13.46)
157318.23 Pressed 1.883 - -=  {a5.3)
?fe“‘d I-Bﬁl ‘Iﬂ — {5-513
Pressed 1.700 12.3 -=  {14.10)
Buik l-ﬁ3 b I {1“&2'}.&-3}
Table 9-6e. GCap test sensitivities of liquid e:plotives.19
LVD gap HVD ga HVD velocity
Explosive cards { mm } cards (mm) {km/s)
FEFO 1500-1800 {381-457) 77 {19.6) T2
NG/EGDN 50750 11,000 {2790} 180 {45.7) 7.61
NM - --8 20-44 (5.1-10.2} 6.3
NM/TNM 50/50 354-394 {90~100) 40 {10} 7.4

@ None in this geometry.
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9.4.2. Critical energy

Data from a number of sources show that a rather strict boundary exists
between shock initiation and noninitiation of an explosive when critical
energy is plotted as 2 function of the energy fluence of the shock wave. Each
explosive studied has a specific critical energy fluence value. Critical
energy as 2 function of pressure and time has not been explored widely, but
the data to date indicate that the critical energy fluence for initiation is
probably reasonably constant over the initiation-pressure ranges of interest.l®
A critical energy equation has been derived from the conservation and Hugonict

relationships. The equation is:

where

= critical energy in :iiitlz (J!n&}.

= pulse-width of the incident shock in us,
shock pressure in kbar (CPa),

density of the explosive in 3}:-3 {ngf.s;,

(=T - - A |
]

¢ = shock velocity in cm/usec (km/s) in the explosive at pressure P.

Table 9-7 gives the Ec values for several HEs.
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Table 9-7. Critical energies

for shork initistion.

Density, ¢

(a/em® (Hg/m)]

E'
<

[callen: (&3/at)]

Explosive Ref.
Comp B 1.71% 35 (1500)° 2%
Conp B-3 1.727 29 (1250)° 2%
DATS 1.£26 39 (1632) 24
HNS-1 1.555 <34 {<1422) 25
Lead azide 4.93 0.03 (1.255)® 24
LX-04 1.865 26 (1090) 2%
LX-09 1.84 23 (962) 26
M s 4C4.7 (17,000)° 24
PBX-940% 1.86 15 (630) 24
1.842 15 (644) 27
PETE 1.0 a2 (84} 24
1.0 2.7 {120) 24
1.6 % (%167) 24
TATB 1.93 226 (9500)° 24
1.762 72-88 (3013-3682) 2
Tetryl 1.655% 10 {(420) 28
TNT (cast) 1.6 100 (4200)° 29
1.620 32 (1339) 24
(pressed) 1.645 34 {1420) 24

-

2 One cal/em? = 4.184 x 10% 3/m?.

b Yalues were estimated from data other .than critical energy determinations

and should be considered tentétive.
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%.4.3. LVD screening test

A donor—-acceptor test was developed at LLNL to determine the relative

shock sensitivities of 1iquid-expluaivn;.3ﬂ

In this test, & thin,
wedge~shaped film is spread on an aluminum tray, which also serves as &
witness plate. The sample is initiated by a donor system consisting of a
detonator and a variable-PETN-content booster. The booster pellet varies from
20 to 100 wtX PETK (p = 0.95 Ht!u3}, and the output pressure varies from

4.9 to 17.9 GFa. Transitions between HVD, LVD, and failure are discernible on
the witness plate. Transition thresholds and failure are shown in Table 9-8

as & function of output pressure.

Table 9-8. Pressure at transition threshold and detonation fasilure thickness.

Failure Failure
Density, o Pressure HVD thickness LVD thickness
Liquid HE [g/cmd (Mg/m3)] {CPa) {mm) ( mem)
NG 1.6 <b.9 NO GO - GO 0.0
1.6 <4.9 HVD 0.6 GO 0.0
FEFO 1.6 8.9 N0 GO i GO 0.0
1.6 17.1 HVD 2.8 GO 0.2

§.4.4. Initial shock pressure

Shock initiation experiments, such as wedge tests, provide records of
initial shock pressure-distance histories characteristic to each HE. The
log P-log x equations in Table 9-9 represent least squares fits in the
31 e P-s'l equations in the table represent
least square fits for runs (x) of less than 25 sm. Some of the fits are shown
graphically in Fig. 9-21.

pressure ranges indicated.
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Table 9-9. Least squares fits for shock initiation data.’i~33
Density, ¢
Explosive [glemd (Mg/m3)] Equation® Range
Baratol 2.611 log P = 1.2352 - 0.3383 log x 6.8 <P < 12
P = S.44 + 22.47 x | 6.8 <P < 12
RMX 1.891 log P = 1.18 - 0.59 log x G <P < 9.6
NQ 1.65%9-1.723 log P = l.44 - 0.15 log x 13.4 <P < 26.3
1.488 log P = 1.51 - 0.26 log x 21.2 < P < 29.1
PBX-9011-06 1.790 log P = 1.1835 - 0.6570 log x 4.8 < P < 16
PBX-9404 1.840 log P = 1.1192 - 0.6696 log x 2 <P < 25
P = 2.17 + 9.23 x 3I<P <25
1.721 log P = 0.9%97 - 0.7148 log x 1.2 < P < 6.3
Po=1.09 ¢ 8.71 x ! 2.0 <P < 6.3
PBX-9501-01 1.833 log P = 1.099% - 0.5878 log x 2.5 <P < 6.9
1.864 log P = 1.1029 - 0.5064 log x 2.5 <P < 7.2
PETN 1.72 log P = 0.65326 - 0.5959 log x 2.0 < P < &.2
1.60 log P = 0.3872 - 0.5038 log x 1.2 < P < 2.0
1.0 log » = -0.3855 - 0.2916 log x 0.2 <P < 0.5
TATB 1.876 log P = 1.4170 - 0.403C log x 11 <P < 16
P = 8.24 + 26,00 x ¥ 11 <P <16
Tetryl 1.70 log P = 0.79 - 0.42 log x 2.2 < P < B.5%
INT 1.635 log P = 1.40 - 0.32 log x 3.2 < P < 17.1
XTX~8003 1.53 log P = 0.7957 - 0.463 log = 3.0 <P < 5.0

& Where x = distance of run to transition to high order in mm; P = initial
shock pressure in GPa.
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Fig. 9-21. Distance of run to detonation vs initial shock pressure.
. p
Curve [g/cmd Curve [g/cm3
No. Explosive {Mg/m3}} Ref. No. Explosive (Mg/m3)} Ref.
i CW B 1.72 34 8 PETN 1.75 36
2 1.6% 34 b} TATB PBX-9503 1.8 37
3 ?“-9&0‘ 1.83 34 10 TRT 1.63 34
4 PBX-9407 1.60 35 11 XTX~-8003 1.53 i3
5 PETN 1.0 34 12 1X-17-0 1.81 23
6 PETN 1.60 36 13 LX=-17-0 1.90 23
7 PETN 1.72 36
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10. ELECTRICAL PROPERTIES

Like other polymeric materials, the secondary HEs discussed here are good
electrical insulators. They sre not considered sensitive to accidental
initiation from electric sparks. Primary explosives are more easily initiated
by asccidental electrical stimuli. Table 10-1 lists the highest electrostatic-
discharge energies tolerated by an explosive at 5000 V without ignition.

Table 10-1. Highest electrostatic-discharge energy at 5000 V for zero ignition

probability of tlpiﬂli?tt-i
Energy (J) T of ignition
Explosive Unconfined Confined 'UncuniEned Confined
Black powder® >12.5 0.8 None Deflagration
Explosive Db >12.5 6.0 None Detonation
& 0.025 6.0 Deflagration Detonation
Lead azide 0.0070 0.0070 Detonation Detonation
Lead styphnate 0.0009 0.0009 Detonation Detonation
NC (13.4% N) 0.061 3.1 Deflagration Deflagration
NG (25°C) >12.5 0.90 ¥one Detonation
PETND >11.0 0.21 None Detonation
a 0.062 0.21 Deflagration Detonation
Tetrylb >11.0 4.68 None Detonation
& 0.007 4.38 Deflagration Detonation
TNTD >11.0 4.68 None Detonation
a 0.062 4.38 Deflagration Detonation
2 Through 100 mesh.
b As received.
10-1
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10.1. DIELECTRIC CONSTART

The dielectric constant {¢), also called relative permittivity, is
density- and temperature-dependent; it is defined as the ratio of the
capacitance of & condenser filled with the sample material to the capacitance
of the condenser having a vacuum betweer its plates. Tsable 10-2 gives the
dielectric constants of several explosives.

An empirical, logarithmic relationship has been established for
two-component HEs composed of the same materials in different prnportiuni.z
Figure 10-1 illustrates this mixing rule for TNT/RDX compositions. The

relationship is expressed as:

lﬂg-:t = '1 log <y = iz log :2,
wvhere
€ = relative permittivity of the mixture,
€€y ™ relative permittivities of components,
'!1’:'2 = yolume ratios of components.
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Fig. 10-1. Logarithmic mixing rule applied to TNT/RDX mixtures.2
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11. TOXICITY

Toxic reactions can rhgult from exposure to some HEs and components by

inhalation of the dust or vapdr, by ingestion, or by contact with the skin.
Most explosives are not highly tuxic, but careless handling can result in
systemic poisoning, usually affecting the bone marrow (blood-cell-producing
system) and the liver. b

The following general precautions {ﬁ-{ standard operating procedures)
should be observed on all HEs: ,

1. The material should be handled only X a well-ventilated area.

2. Skin contact should be nroi.dx. Explosi

s

the skin, or they may cause

$ can be absorbed through
in rash (which\is the most common
symptom among explosives handlers). Daily baths and changes of
clothing are recommended for persons engaged in HE ‘}r_‘?ceu ing.

Toxicities, when known, are listed in Table 11-1. The toxich

mixtures are like those of their components.

Table 11-1. Health hazards of explosives and binders.

Material Degree of toxicity Ref. Material Degree of toxicity Ref.
AR Low 6 HMX Low 6
AP Low ] HHNAB Low 12
BDNP-F None 1 HNS Low 12
Cab-0-8il Low 2 Lead azide High 6
CEF Moderate 3 NC None 6
when ingested NG High 6
Comp C~4& Moderate & NM Moderate 6
DATH Low 14 NQ High 6
DEGCN Moderate 5 PETN High 6,15
DIPAM Moderate 6 Picric acid Moderate g
DOP Low 7 RDX Low 13,15
Estane None 8 TATB Low 14
Explosive D Moderate 9 Tetryl High 6,15
FEFO High 10 TRM Very high 6
FPC 461 Low 11 TNT Moderate 6
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EI. MOCK EXPLOSIVES

1Z. INTRODUCTION

A series of mock materials has been formulated that duplicate
compositional, mechanical, or other properties of HEs but lack their hazards.
These explosive simulants have proven convenient for test purposes because of
their relative insensitivity. Characteristics and properties of these mocks
are summarized in this section according to the same scheme used for HEs in
the preceding section.

A mock HE is a nonexplosive equivalent of a particular explosive
formulation. The approved all-purpose mock for LX-D4-1 might be called

LM-04~-1 at LLNL. However, mocks seldom pair in one-to-one relation with the
corresponding HE. For PBX-9404, for example, there are three separate mocks:
& compositional mock, & physical-property mock, and a thermal mock. For this
and other reasons too involved to explain here, no attempt is made to achieve
correspondence beyond the class designation.

Selection of the best mock HE for a specific purpose involves the
following steps:

& Selection of the properties to be mocked. Some examples are:

1. Atomic composition.
2. Density.
3. Thermal properties.
a. Coefficient of thermal expansion.
b. Heat transfer properties (see Section 1%).
4. Mechanical properties.
a. Elastic behavior.
b. Viscoelastic behavior.
¢. Failure behavior.
® Comparison with the HE of interest over the sppropriate temperature
range. This may be done either by direct comparison of properties
or by comparison of results from asnalytical calculations.
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13. NAMES AND FORMULATIONS

Formulations of mock expiosives contain about 0.051 of s red pigment that

uniquely identifies them as a class of materials. Table 13-1 lists their

compositions.
Table i3-1. Formulations of mock explosives.
Explosive and
Mock HE properties mocked Composition, wti
900-10 PBX-9404: mechanical Pentaerythritol 48.0
properties Ba{NO3 )2 46.0
NC 2.8
CEF 3.2
900~-15 PBEX-9501: thermal BalNOy); B4.5
properties Polystyrene ii.6
DOP 3.9
900-19 PBX-9502 Cyanuric acid 95
Kel-F 800 5
905-03 PBX-9404 and LX-1G: Cyanuric acid 50
atomic composition Melamine 32
NC 4
CEF “
LM-04-0 LX-04: atomic composition® Cyanuric acid 59.7
Melamine 23.5
Viton A 16.8
RM-04-BG LX-04: mechanical properties-- Cyvanuric acid 70.5
static and dynamic Ba(NO3)3 14.5
Viton A 15

a plthough designed as an atomic-composition mock, LM-04-0 can also be used

as an approximate mock of the mechanical properties of LX-04-1 at ambient
conditions.
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i5. THERMAL PROPERTIES

This section contains information on the selection of heat transfer
properties. thermal conductivities (i), coefficients of thermal expansion
{CTE}, glass transition points (Ts), specific heats {c?), and indications
of thermal stabiiity {(DTA).

Table 15~1 shows how to select the appropriate heat-transfer properties
to be simulated. This table is based on mocking the temperature under
specific conditions. In steady-state problems with insulated or
prescribed-temperature boundary conditions, thermal properties have no
significance and any material could be used.

Table 15-1. Criteria for selection of heat-transfer properties to be mocked.

fransient Steady-state
Boundary conditions problemsd problems®

No heat generation

Insulated a -
Prescribed temperature a -
Prescribad heat flux @,k i
Convection a,k X
Heat generation

Insulated a,k x
Prescribed temperature a,k A
Prescribed heat flux a,k i
Convection @,k i

@ Here X = thermal conductivity, a = i/p.

3/81 i5-1



15.1. THERMAL CONDUCTIVITY AND SPECIFIC HEAT

Specific heats were determined by an ice calorimetric technique.

Table

15~2 gives the data; Figs. 15-1 and 15-2 show thermal conductivity and

specific heat as functions of temperature.

Table 15-2. Thermal conductivities (1)! and specific heats {cp;.z

CP
& " [Beu/flb="F, "

Mock HE Btu/hr-ft-°"F (10 cal/cesec®C} (W mK) cal/g-*C} (kJ/ikg-K)
300-10 0.31 {12.8) {0.54) 0.23 (0.96"
900-15 - 10.8 {G.45) — s
S00-19 —— 24.9 {1.0&) - —
905-03 0.36 {14.9) {0.62) 4.29 (1.21)
LM-04-0 0.59 (24.3) {1.02) 0.28 (1.17)
RM-04-BC 0.66 (27.2) {1.14) 0.24 {1.004)

& One cal/cmsec=-"C = 4.184 x 102 W/e-K; 1| Btu/hr-ft-"F = 0.00414

calfcmsec-"C = 1.73 W/ mK.

bone Btu/1b-°F = 1 cal/g-"C = 4.184 kJ/kg-K.

15-2
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Fig. 15-1. Thermal conductivity (i) of LM-04~0 and 905-03 as a function of
temperature. Conversion factors: |1 Btu/hr-ft-°F = 1.73 W/mXK; 1
cal/cosec-°C = 4.184 x 102 W/mK.

3781 15-3

A—Wim:* K



0.35 7 T 1 150
© 030}
3
.i
Eﬂ
2
-33 026 —
0.20
| H | lors
-120 -60 g 120 180
Tempersture — F
L 1 ] L]
200 250 350
Temperature — K

Fig. 15-2. Specific heat {CF) of mock HEs as a function of temperature.

Conversion factors:
102 W/mr-K.

kg * K

(c,) -

1 Btu/hr=Fft=°F = 1.73 W/ eK; 1 cal/cmsec-°C = 4.184 x
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15.2. THERMAL EXPANSION

Early CTE data for cyanuric acid-type mock HEs were affected by surface
chalking and growth; this is now prevented by a Pacylene coati.g. CTE data

are given in Table 15-3.

Table 15-3. Coefficients of thermal expansion (CTE)&,3 and glass transition
temperatures {"r;}.

Linear CTE (a)

210-5 cm/cm-*C Temperature

Mock HE 1078 in./in-F  (ue/e-K)] °F )
900-10 15.% {27.9) -6% to -30 {(219-239)

23.3 {41.9) -10 to 165 {250-347)
905-03 20.8 {37.4) -65 to -10 {(219-250)

28.5 {53.1) 10 to 165 (261-347)
LM-04~0 z1.5 {38.7) -65 to =24 {219-243)

43.9 {79.0) 10 to 165 {(261-347)
RM-04-BC 19.2 {34.6) -85 to =20 {219-244)

37.5 {67.%) 0 to 165 (255-347)

Cubic CTE (8)
H lﬁ-t cm/em~*C Temperature * 3 Pressed density o

Mock HE (um/m-K) ] ¢ (K) P (K)  [g/ew (Mg/ad))
900~-10 -- - -18 (245%) 1.880~1.882
905-03 - - -18 {245%) 1.574-1.589
Lm"ﬁ —— g _13 {2'&5} it?ﬁ&"lt?li
RM-04~-BG 199.4 meas.® -39 to 7C -18 {245) 1.80

198 cale. {243-343)

a gﬂt iﬁ-!iﬂn-‘? - IC’B tﬂfﬂ.""c - i-ﬂ .f‘."‘a
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15.3. THERMAL STABILITY

Mock HE 500-10 has been widely used for many years, both at LLNL and at
LANL, where it was originally formulated. However, it can be considered a
low-grade propellant since it contains a fair amount of h(ﬂﬂj}l. it
burns in air with a sooty flame. Decomposition at 250°C (523 XJ results in
about 117 ml of gas evolved per gram of material. TIGER calculations were
made for approximations of volume burn. The solid products of combustion have
not been clearly identified; they could be either llﬂi)l or Ba0. If we
assume that the more energetic Mﬂa is a product, the calculated energy
equivalent is about one-third that calculated for TNT. Many differential
thermal analyses (DTAs) have been made; they all show a characteristic
exotherm (see Fig. 15-3). Mock HE 900-10 is difficult to ignite and does not
propagate a detonation, but it is definitely an exothermic material. It is
strongly recommended that 900-10 not be used in experiments involving fissile
-sttri:ts;5

KRM-04-BGC contains relatively 1:::'!:(!03}2. TIGER calculations for
its volume burn indicate that more heat is required to decompose it than is
provided by the final oxidation; nevertheless, RM-04-BC does show a small
exotherm at 400°C {673 K)}. <Clearly RM-04-BC presents less of a potential
hazard than mock 900-10, but it also should not be used for experiments with
fissile “ttrilil-s

The thermal stability of explosive simulants was studied using DTA (see

rig. 15-3).%
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16. MECHANICAL PROPERTIES

The data presented hsrei

are for each mock HE without comparison with
the corresponding live HE. A mechanical mock can best be selected by
selecting the appropriate mechanical property to be simulated and then

comparing that property with the available data for the HE.
16.1. TIME- AND RATE-DEPENDENT MECHANICAL PROPERTIES

Included here are data on failure envelope, initial modulus (Eﬂﬁ. and

tension creep.

16.1.1. Tensile tests

Failure envelope. Figure 16-1 shows failure envelopes of mock HEs at

constant strain rate.

Initial uniaxial modulus. Figure 16-2 shows initial uniaxial modulus

£0 vs temperature.

Tensile creep. Figure 16-3 shows tensile creep compliance for explosive

simulants at different temperatures at 50 psi (0.345 MPa).

High-strain-rate tensile tests. The Hopkinson split-bar technique was
used to determine the compressive stress-strain properties of mock HE and

viton.3 The results are shown in Fig. 16-4.

16.1.2. Compressive tesls

Compressive stress-strain. Figure 16-5 shows uniaxial compression data
2

for RM-04~-B8C at various strain rates.

Compressive creep. Figure 16-6 shows compressive creep of RM-04-BG at
constant strain rate of 0.1 s~ ! and at ambient temperature.
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Fig. 16-1. Failure envelopes of mock HEs at comstant strain rate
{1.25 x 10~-5s-1). Conversion factor: 1 psi = 6.895 kPa.
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Fig. 16-6.
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16.2. COMPLEX MODULUS PROPERTIES

16.2.1. Complex shear

The components of the complex shear modulus G* {storage modulus G', loss
modulus C", and tan & = C'/G") have been measured with a Rheometric
Mechanical Spectrometer (RMS). Results are shown in Fig. 16-7.

16.3. FRICTION

Static coefficients of friction are listed in Table 16~-1. The kinematic
coefficient of friction for RM-04-BG is shown in Fig. 16-8.
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& — e | 03% modulus IGTY  — 28
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o — 24
3
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. -

-

- .-l"'"_'
g / ""‘--.._____. iz
3 ot e
-4 404
» e
NP TP SO Towut PRI IR WP 11 pctl SR [ NN SENS NN 0
150 139 110 90 0 50 30 W0 10 30 S50 70 9 110 1

Temperature - ©

: s
Fig. 16~7. Shear storage and loss moduli and tan § for 900-10.
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Table 16-1.

Static friction of mock HEs.

6

Contact surface and roughness

Dry
Aluminum Plexiglas Mild steel
Material Roughness 8 10 1 i 7 g ic
900-10: Pressed 0.4146 0.364 0.319 0.332 0.381 0.31¢ 0.210
Machined 0.3174 0.332 0.306 0.290 0,384 0.287 0.210
905-03: Pressed 0.319 0.322 §.595 0.456 0.312 0.265 0.222
Machined 0.381 $8.351 0.423 0.291 0.312 0.281 O.188
RM-04-BG: Pressed 0.428 0.439 0.481 0.541 0.547 0.433 0.306
0.6
s . i i i
e 0.5 =
5
= — 3
0.4 i { i
1074 1072 ) 10° 1ot
Sliding velocity — in./min (4.23m/s)
i i i i |
(107%) (107%) (1074 (107%) (1

3/81

Fig. 16-8.

Sliding velocity — 4.23Xm /s

Kinematic coefficient of friction for RM-04-BC.7
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i6.4. HUGORIOT DATA

16.4.1. Shock loading

Results from narrow-pulse flyer plate impact tests are shown in Fig. 159
as a plot of particle velocity vs shock velocity. Input and output pulses

were generated experimentally at three depths in explosive simulants by a
Figure 16-10 shows sustained

0.28-mm thick, foambacked aluminum plate.
Output pulses were

shock-loading effects from fiyer-plate impact tests.
generated experimentally at three depths {mm) in explosive simulants by a

3.05-mm thick, foambacked aluminum impactor.

16.4.2. Sound velocities and unreacted Hugoniots

The Hugoniots of unreacted mock HEs were determined from Marsh's measured

sound uluci.titsa {Table 16~2) and are summarized in Table 16-3.

3.2
N
£
<
=
~
€ 2.8 i
i
" oy
k]
2
L4
. i i
zi‘. 0‘2 u‘-‘
Particle velocity — mm/usec (km/3)
Fig. 16-9. Shock velocity vs particle velocity for moch lEs and LX-04-1.9
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Fig. 16-10. Input and output pulses generated experimentally at three depths
in LM-04-0 and RMN-04-BG by 2 0.28-mmr-thick {nominal) aluminum driver plate

backed with foam. (2) Input pulse, (b) 3.l-mm dtgth. {c) 6.2-mm depth, and
{d} 9.5-mm depth. Conversion factor: 1 bar = 107 pa.?
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Stréss — GPa

?i.gt 15-11 -

Time — s

Output pulses generated experimentally at three depths (2, 6,

and 10 mm) in mock 900-10, 900-19, and 905-03 by & 3.05-mmthick aluminum,

foamsupported impactor. The impact velocities (km/s) were (a) 0.210,
(b) 0.298, and (c) 0.416.10
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Table 16-2. Sound welscities.

< c <

Density, ¢ X [ ] b
Mock (g/cw (Mg/w )] (kn/'s) Ckn/'s) (/')
1.88 3.21 1.56 2.65
1.60 2.22 i-.16 ilgﬁi

% This sample was found to be anisotropic, and its bulk velocity was
estimated from additional measurements on another sample.

Table 16~3. Least squares fits for Hugoniots of unreacted mock HEs.

Density, o
Mock tafen’ Kugin )i Bavative Range (ka/s)
900-10 1.84 ﬂ’ = 2,70 + 1.62 u?
§505-03 1.61 ﬂ‘ = 2.67 + 1.57 “p D. < 6.28
1.61 Ug = 3.39 + 1.25 U Ug > 6.27
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IIi. FORMULATION DESIGNATIONS (CODES)

This section defines and describes the codes in use at LLNL and LANL for
designating explosive materials. Three categories of explosives are covered:
LLNL formulations in production, LLNL research formulations, and LANL PBX

designations. The code for each type is distinctive and easily recognized.

17. LLNL CODE DESICNATIONS

17.1. FORMULATIONS IN PRODUCTION {(LX CODE)}

A specific code designation in this category is assigned to an explosive
when the state of development of its formulation has reached the point where:

1. A set of reasonable manufacturing specifications can be written for
the developed formulation.

2. The evaluation of the material's chemical, physical, explcsive
properties and sensitivity is essentially complete.

3. The material has & definite application.

This code consists of the two letters (LX), a dash, two digits, a second
dash, and a single digit. Thus we have LX-01-0, LX-02-1, ..., LX-05-0, etc.
The first pair of digits is an arbitrary serial number assigned in sequence.
The final digit denotes a subclass in the series; it indicates the small
changes in manufacturing specifications that inevitably occur. For example,
when LX-04-0 has undergone a revision of explosive particle size, vew lots

manufactured under the revised specification are identified as LX-04-1.

LX-01 A liquid material, characterized by a wide liquid range [-65° to
+165°F (219-347 K)}], moderate energy release, and good stability and

sensitivity properties.

LX-02 A material of puttylike texture characterized by its ability to
propagate in very small diameters. LX-02 is derived from a series of
DuPont formulations, the EL-506 series. Its immediate predecessor in

development, called EL-506 L-3, represented one of several LLNL
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modifications to DuPont's EL-506D. EL-506 L-3 became LX-02-0, and
differed from the above composition by including a few tenths of a
percent of a red dye {Dufont 0il Red). Later, the dye was omitted
because it tended to migrate out of the explosive under certain
conditions.

A solid explosive characterized by excellent mechanical and
compatibility properties, an energy release about 91 less than LX-09,
and sensitivity properties much superior to LX-09.

A modification of LX-04 with a higher energy release (51 less than
LX-09) obtained at the expense of some degradation in mechanical
properties {e.g., less elongation) and in sensitivity.

An extrudable, curable explosive developed for use in Dautriche
timing tests.

An explosive similar to the LANL explosive PBX-%404& but with
significantly improved thermal stability and slightly poorer physical
properties.

An explosive in the same energy class as LX-09 and PBX-9404 but that
uses HMX and Viton A like LX-04 and has excellent thermal
characteristics. [t also exhibits high creep resistance but may be
somewhat more sensitive than the other HEs.

A explosive like LX-04 but intentionally degraded in energy by
adding an additional 51 binder.

A variant of the LANL explosive XTX-8003.

An explosive similar to PBX-9404 in energy but that uses HMX and
Estane (like PBX-9011) and has excellent thermal characteristics. It
exhibits higher creep resistance than LX-10 and senmsitivity similar
to LX-04.

A booster explosive based on HNS and used for detonator applications.
A booster explosive based on PETN and used for detonator applications.
A solid explosive characterized by dramatic insensitivity to
mechanical stimuli, outstanding mechanical and compatibility
properties, and an energy release about two-thirds that of PBX-9404.
It uses TATB and Kel-F 800.
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17.2. RESEARCH EXPLOSIVES (RX CODE)

Research and development programs generate a great variety of explosive
formulations that never enter "production.” These materials are designated
"Research™ explosives, and are identified by a code patterned after tus LX
code. The code is applied to all materials formulated in large amounts or
handled by large numbers of people.

The RX code consists of the letters R%, » dash, two digits, another dash,
and two capital alphabetic characters. Thus we might have RX-01-AA, RX-13-XD,
etc. The two digits, assigned arbitrarily in sequence, define a general class
of formulation. Thus, RX-0l refers to nitromethane liquid formulations, RX-02
to PETN extrudable formulations, etc. The two final letters in the code, also
assigned arbitrarily in sequence (AA, AB, etc.) refer to a specific
formulation within that general class. No correlation exists between RX and

LX code-number sequences.

RX-01 Liquid materials containing nitromethane.

RX-02 Extrudable materials containing PETN.

RX-03 Selid, plastic-bonded materials containing DATB or TATB.

RX-0& Solid, plastic-bonded materials composed of HMX and fluorocarbon

clastomer. A specific example is RX-04-AB (HMX/Viton A 85/15); the
HMX is defined as Holston's Class A. This material is for research
purposes only; it is very much more sensitive than LX-04 having the
identical chemical composition.

RX-05 Solid, plastic-bonded msterials based on HMX and polystyrene.

RX-06 Extrudable materials based on HMX/4,4-dinitropentanoic acid ester

formulations.
RX-07 Series A: Cyclotols {RDX/INT) containing various additives. Series B:
LX-07-type explosives.

RX-08 Research explosives based on formulations of HMX, energetic ligquids,

and polymers. These explosives are primarily for use in
polymerization/pressure-casting experiments.

RX-09 Research explosives based on formulations of HMX and energetic
binders. The binders are primarily based on plasticized
poly(2,2-dinitropropylacrylate}. These explosives are intended to be
high-energy formulations replacing PBX-9404.
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RX-20
RX-21
RX-22
Re-23
RX-24
RX-25

RX-26
Rx-27
RX-28
RX-29%

E R
=18

Rigid plastic-bonded explosives containing RDX and a fluorocarbon
binder. They are primarily designed as insensitive replacements of
PBX-9010.

Rigid plastic-bonded explosives containing KMX and a light metal
perchlorate.

Inert metal-loaded formulations of HMX/Viton.

Potentially explosive materials compounded to produce color changes
from the heat produced upon impact.

HMX/polyethylene formulations. These explosives possess & very high
degree of insensitivity, even though they are formulated with
relatively low volume percentages of binder.

PETN-or BTF-based rigid PBXs.

HMX/silicone formulations made in paste or putty form using a spray-on
catalyst.

HMX-based rigid explosives using various binders and energetic
plascicizers.

Paste explosives containing HMX and a perchlorate. The carrier fluid
is energetic {(e.g., EDNP or FEFO).

An extrudable explosive consisting of Class-E HMX and water with a
reinforcing agent (such as milled glass fibers) and a wetting agent.
Research explosives based on HMX and an energetic binder.

Research explosives based on HMX, a perchlorate, and energetic binders.
Research explosives for exploring advanced energy concepts.

Liquid explosives based on hydrazine.

Research explosives containing HMX, PVC/PVA, and graphite.

Research explosives based on HMX, a light metal, a perchlorate, and a
binder.

High-temperature composite explosives based on TATE.

High-temperature explosives based on TACOT.

Conventional high-temperature plastic-bonded explosives.

Explosives consisting of separate components that are nondetonable

until mixed.

Research explosives based on gelled nitromethane and various
perchlorates.

Blasting agents containing aluminum, gelled nitromethane, and ammonium

nitrate.
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RX-36

Explosives contsining RDX, perchlorates, and curable binders.
Primarily for use in polymerization casting experiments.

Low-density explosives containing appreciable bulking agents such as
foam, hollow beads, etc. Density is generally less than 1.2 gfcl3.
Non—-ideal research explosives based on smmonium nitrate.

Explosives containing HMX, TATB, and BIF.
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18. LANL CODE DESIGNATIONS

The Los Alamos National Laboratory has a number code for designating PBX
materials that reach the stage of pilot or full-scale production. The code
consists of four digits, a dash, and two more digits {for example, 9010-02).
The first two digits give the weight percentage of the major explosive
ingredient in the formulation. The next two digits represent an arbitrary
serial number, assigned in sequence as materials are developed. The digits
following the dash represent a second arbitrarily assigned serial number to
designate different modifications of a given formulation. Thus, PBX-9010-02
is & material that contains 90 wtl of the major explosive ingredient, is the
tenth 90X-material to be developed, and is the second modification of that
particular composition.

The last two digits are often deleted in references to LANL materials.
Thus, production PBX-9404 should, strictly speaking, be designated
PBX-9404-03. The -03 designates a product manufasctured in Holston equipment
from HMX with & particular particle-size distribution.

LANL research explosives carry the designation X followed by a four-digit
number .
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1V¥. DATA SHEETS: COLLECTED PROPERTIES OF
EXPLOSIVES, ADDITIVES, AND BINDERS

19. DATA SHEETS

This section contains the assembled 4sta sheets of properties of
individual explosives and related materials of continuing interest to this
Laboratory. Some property data given in Section I have been omitted from the
data sheets. For example, critical diameters are {isted only in Table 8-10.
For details, conversion factors, and references, please refer to Section I.

The symbols and units used in these data sheets are listed in Table 19-1.

rable 19-1. Symbols and units used in the data sheels.

Property Symbol Unit

Boiling point b.pe *C (K}
Chapman-Jouguet pressure Py kbar (GPa)
Coefficient of thermal expansion:

linear a ym/ oKX

cubic 8 s/ oK
Complex shear modulus c* Pa
Creep compliance J 12!!!
Crystal data - k

Density o g}’ci} {Wn:‘}
Detonation velocity D mm/usec {(km/s)
pielectric constant € -
Drop weight sensitivity Beo m

Energy (cylinder test) Ecyl {ufyuclz {M3/kg)
Gap test Gap mil {mm)

Class transition temperature T-l *F ()
Heat of detonation . kcallg (ki/kg)
Heat of formation o, kcal/mol (ki/mol)
initial modulus Ea GPa

Melting point n.P. *c (%)
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Table 19-1. Symbols and units used in the data sheets. ({(Continued)

Property Symbol Unit
Molecular refraction R -
Molecular weight MW -
Refractive index n -
Skid test Skid ft {(m)
Solubility sol. -
Sound velocity:
bulk ch km/ s
longitudinal cg km/s
shear <, km/s
Specific heat i‘:P cal/g-°"C (kJ/kg-K}
Thermal conductivity b cal/sec~cor*C (W/mK)
Btu/hr=ft=°"F (W/mrK)
Vapor pressure V.p. mm Hg (Pa)
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EXPLOSIVE:  \wATon. 86/20 DESIGNATION: Amatol 80/20

2. STRUCTURE OR FORMULATION 4. THERMAL PROPERTIES {continued)
wel T‘ {*F (X))
Amsonjue nitrate 80
T 20 CF {ool /g="C (ki Ng-X)is

Thermal stability {em of gas evolved ot 120 *C

{393 K):
4, PHYSICAL PROPERTIES 0.25 g for 22 b:
:Hnyﬁul stghe:  solid 1gfor 48 he:

Color: buff/vellow

8. DETOMATION PROPERTIES

At. comp.: Co o5 " o %26 %353

AW D {mm nec {m 3} 5.2 fo= 1.8 i
Density (g/em®):  TMD: 1.710
Nominok: 1.46 cast | P, (kbor (107! GPa) ) (o= )
mp. {("C{K}k ;
5.p. (°C (K)): Meas..:
fv.p. {mm Hg (Pal}: Calc .:
Ey((mm/ im0} /2 (MI/hg) (o= )
Crystal dor -
T — 19 me:
9. SENSITIVITY
Heg (m): 120l 128 jool
iR '
Susan tesr:

[5. ChEmicaL morerTies

|aHy, (keol /g (MJ/kg)): M0 4 M0 (o)
Cole: .20 (3.02) 0.976 {4.08)
Bge  1.02 (4.27) Skid test:

Impoct angle (deg {rod )} Drop ht. {# {m)} Event

3 H {keal /mol {ka/mol}): ~88.56 (-370.5)

Solubility (s=1l., sl=st. sol., i ~imol.): |
| Gap test {mils {mm}}): (o= 3

&. THERMAL PRROPERTIES

10, ELECTRICAL PROPERTIES:

€1

11, TOXICITY

Moderate
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Amatol 80/20
7. MECHANICAL PROPERTIES

Initial modulus
Creep Foilure snvelope
NOTES
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' }
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EXPLOSIVE: AMWNIIM NITRATE

DESIGNATION: AN

2. STRUCTURE OR FORMULATION

&. THERMAL PROPERTIES {continued)

-

H] [

TR (K)):

C’ {eal /g=*C (kJ kg-K}i:

Est. 0.4 at 0°C (1.67 av 273 &)

Thermal stability {cm® of gos evolved ot 120 *C
{393 k%

&, PHYSICAL PROPERTIES

0.25 g for 27 he:

b —
Physicel slate:  wolid

Color:  clear

At comp.: BN, N0,

IMW: 806.0%

| Demsity {gf:mj}: TMD: 1.72%
Nominel: 1.72

m.p. (*C{K}): 189 (3a2)
b.p. {*C{K}}): dec. 210 (487) dec.
v.p. (mm Hg {Pa}):

Crywal dora: A 111 AX 11 AX 1
Orthorhomic Tetragonal Cubie
{Poma) (Pl mba) {Pmla}
as= J.02 - 4. 37
b= 585
c= J.2 4.92
3 t:
ar 1.53

¥ gfor 48 he:

1 8. DETONATION PROPERTIES

D {mm Jisec (km/5}): -1.5

P (kbor (10" GRa}): (o= }
Meas .:
Cale .:
iqitlmf’mlzfz (M kgh: (o= }

& wen:

i 19w

19, sENSITIITY

5. CHEMICAL PROPERTIES

aM,, (keal /g (MI/kg)): H90 (1) 0 (o)

Caile:
a ﬂ! {keal /mol {ki/mol}): +8E.6 (+370.73

sl--ethancl, pyridine
f——acetome, ethyl acetate, ethyl ether

Solubility {s-sol., sl-3si, s0l., i-inml.}: s: sater, OMFA

[5. THERMAL PROPERTIES

Hep (ak: n 128 ol

5 ke -- -
2.5 kg i.36 *3.16

Suson tear:

Skid rest:
Impact ongle {deg (rod }} Drop ht. (7t (m)} Evens

Gap tesr (mils (mm] ): (o= ¥

JA: 2.9-3.9 « 107° cal/cm-sec-*C (0.121-0.161 ¥/a-K)
CTE: 8 = 982 /oK at 293 K

10, ELECTRICAL PROPERTIES:

£: -T.1 {oc= 1.87)
11, TOXICITY
Lo

3/81
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| AN
7. MECHANICAL PROPERTIES

tnitial modulu

1
]
; Creep Foilure envelope
[nores
T H =
1 g
F ! : i i
; O 100 200 300 400 500
Temperature — [
T6A curve
i " I
L Jemperature — (

GTA (—) ang pyrolysis {—] wurves
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EXPLOSIVE: AMMONIUM PERCHLORATE

DESIGNATION: AP

7. STRUCTURE OR FORMULATION

&, THERMAL PROPERTIES {continued)

o 1.58

T!{ F LK}

Cy lont /g="C Tl Rg=K)k
Eet. 0.31 ar 15-240%C 1.9 av 788-513 )

5. CHEMICAL PROPERTIES

A, (keal /g (MI/kg)): M0 (¢

"0 (e

Cale:
Expe

_*.&‘{kui./ml (hifecl)i: -70.58 (=295}

| Solubility {(s=s0l., sl =3}, s0l., i=inmwi.}:
s==IMFL, water

sl-—icetone, ethanocl

=—ethyl ether, ethyvl acetate

Gap test {muly {mmii:

16, THERMAL PROPERTIES

Fse. 0,17 ar ~260°C €1.3%5 ac »%13% K)
Thermat stability (cm® of gas evolved ot 120 *C
{I93IKn
: FPHYSICAL PROPERTIES 0.25 g for 22 he:
Physical state:  wolid B ig for 4B hn:
: cﬂh- white
fas. i WClo 8. DETONATION PROPERTIES
MW 317,35 D {mm Jisec {km /41 ): { o= j
wensity {g 'cna’.l: TMD: 1.9%
Fominal: ’c.}“""" {to" GPath (a= 1.9% }
m.p. l‘c f{]}: 220 with dec. (39% dec.) 3
b.p. { *C (K)): siosang
v.p. {mmHg (Pall: Calc .: 187
icriﬂm.f‘miz 7 iMJ kgl (e }
& e
Crysral déte: Orthorhomie Cubic
“ZA0°C (Pnal ) 240°C (F4)e) 9 me:
: - f.._: T.87 9. SENSITRATY
¢ - "'l:;;' lamye ]
ﬂ” =) 17 1ol 128 wol

| Susan rest:

1 skid vewr:

impoct angle {deg (rod |} Drop ht. (Ft {m)} Evens

top- i

A 12.0 ~ 107°

JOUE: & o 40 um/mek at 293 K

callcm~sec="C {0.5%07 ¥/m=K} at 3231 X

10, ELECTRICAL PROPERTIES:

L

11, TOXICITY

-

o O

3/81
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[ap
|7 MECHANICAL PROPERTIES
1 Sound velocity fm)/=): €, €y €y
o = 1.95) -- - 2.8 ]
1
]
Initaal madulos
:
|
Creep Failue snvelope
HNOTES
100 ; 4
75 .
Eﬁﬂ' ]
®
_ . 25 1
= { . . |
UG 100 200 300 A0 00 |
¥ Temperature — L i
ToR curve '
#
0 T S0

Tesperature - “(
UTA {—) angd pyrolysis {--! curves
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EXPLOSIVE: saxatoL

| DESIGNATION:

Baratol

7. STRUCTURE OR FORMULATION

&. THERMAL PROPERTIES {continued ]

wel
T 2a
‘lfﬂI}I T&
2. PHYSICAL PROPERTIES
Phyrical srote:  soiid
Color:

MW
My{g.fcns}: TMD: 2.63

Fmp. (*C(K)): 79-80 (352-153)
Fo.p. (*C (K]}

At comp.: 4 2%, 53%.90%2. 38%%. 29

Nomingl: I1.60-2.4]

fvp. {mmHg{Palk 0.1 ar 100°C (13.33 ax 373 1)

T (F (K))
g{ (K}

€, teal /g=*C (i hg-K)):

Exp. 0.13%7 ar W"C {D.6%7 ar W03 X)

Thermat wabitity (cm> of gas evolved of 120 *C
{393 K.
0.25 g for 22 he:

9.015%=0.02

Lghor d4Bhe: (.19

8. DETOMNATION PROPERTIES

D i{mm ‘aec thm "33 4.8 tee 2.%% ¥

| Py (kbor 1107 GRay ). (o= 281 )

Meas.: --
Cale.: 140
Ecﬁ(in—;‘u«i?"? (M3 /hg) ) (9= )

&

1% me

5. CHEMICAL PROPERTIES

aH,, (keol /g (MI/kg)): M90 (4

Bl 1)

3

Expr
14 H, (keol /met {13/ mol)):

O.7& {3.10)

=70.8 {~19)

[ Solubility (s~s0l., sf=sl, sol., i ~insml. }:

0.72 {3.01)

&. THERMAL PROPERTIES

§. SENSITIVITY
Hey (m): 128 rocl
k. 9% -

b ke
2.5 ke 0. 6f==1.4%

12 %00l

. 98-~ %

1 Suson test:

Skid reat: :
impoct angle (deg (10d)) Dros hr. (11 (m}) Event

Gap test imids immi} T ¥
RSNC-550T:

LANL-SSCT NE CO i = I VRS
LANL-LSCT: 27.3¥) {0 = 3.997)
PX-CT: {8, i6} {0 = 26103
SRI-CT:

CTE:

3% 33 4+ 0.267 1m/m-K at 233311 &

At 1184 % 107° calfcw-sec-*C {0.49% W/m=K} at

191-1E8 &

10. ELECTRICAL PROPERTIES:

3/81
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Tesperature — "L
014 {—) and pyrolysis (==} curves

7. MECHANICAL PROPERTIES
Soun! welocity (kmfud: t_"_'__r_‘___ r. n_'h

(0 = 2.611) 2.9% 1l.4% 2.40

initial modulus
Creep Failure envelope
MNOTES
i =i
e B i —
¢ 200 330

19-10
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MATERIAL: HIS3, 2-DINITROPROPYLIACETAL
BISQ, 2-DINITROPROPYL WORMAL (Plasticizers

S0/ % wrl

DESIGMNATION :

SUPPLIER :

BDNPA-F

| 2. STRUCTLRAL FORMULATION

H
wi% 1
RDAPA 30 €080, ) CH, ~0~CH-0-CH, C (80, ) ,CH,

BUNPF 5

CH.
.

CH

}C{T:]:CHE-L\-CHE-Q-WJQ[“2 !;,CH]

4. PHYSICAL PROPERTIES

Phavicol wate :
Coloe :
AF, comp, :

M

Demity fg '.;uu:} .

Praguapd

“£iraw

™™D -

MNoming! 1 1 383-1.397 at

m.p. P'C &K} EFCABS R

bop. PC )Y : ~150 at .01 mm Hp ¢ 423 at .33 Pa)d
v.p. [mes Hg (Pa}}:

Brittle point £*C (K1)

fp. PC Y ) : <-5 <268

Cryatal dova :

R:

Pn: 1.462-1.464 at 25°C (298 K)
| Shore hardness

| 5. CHEMICAL PROPERTIES

| 7. MECHANICAL PROPERTIES

I, fkcal ‘me! & 'mol} }:
46,38 keal 100 g (-1%94.1 kJ 0.1 kg!

Solupility fi=sof,, si=sl, sol,, i=inspl.} :
- - i;:lt"lll"l‘ﬂl‘, ol gene
- water

Temile strength (psi kPl }:

: Elongation {3 :

[ 6. THERMAL PROPERTIES

13, ELECTRICAL PROPERTIES

Al
:c’f:

T PFiX)):
B{.

Cp {eol'g~"Clkd hg-K} }:

F 3

{a=

i, TOXICITY

None,

MNOTES

3/81 19-11




BDNPA-F
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| EXPLOSIVE:  suack PosDER

| DESIGNATION:

Biack Powder

[ 7. STRUCTURE OR FORMULATION

6. THERMAL PROPERTIES {continued}

=
m‘ oF m.; 75
Charcoal i3
£ i0

® .
| ‘I"{ F{xin

| C, (cal /g=*C (ki hg-)):

| Thermal stobility {cm> of gos evolved of 120 *C

|3 H, {kcal /mol (k1/mol)}:

Solubility {s=10l., st=sl. sol., i~inwl.):

&. THERMAL PROPERTIES

{I9IKE:
&, PHYSICAL PROPERTIES 0.25 g for 22 br:
Physical slote:  granular 1gfor 4Bhe:
Color:  prav te black g e —
] 8. OMNATE PROPER
| At.comp.: € 10 12 Mo g ¥ 0 K o0 8 o Ash o
W 5 D (mm /usec (km /5}): - 1.3% {o= .0.9-1.1}
| Density {g/em™ ): TMD: -2.0
Mominal: -1.91-1.9% ?td {kbar {u:t" GPalik {p= }
m.p. (*C{K})
5.9. {*C (K}): Meas..:
v.p. {mmHg (Pa)): Cale .
€, ((mm/smec)? /2 (MI/kg)): (5 )
& mem:
Crywal daw: 9
Y
¥. SENSITHVATY
: “!ﬂ {=m}: 12 ool 128 ool
& :
Susan tess:
5. CHEMICAL PROPERTIES
aH,, (keal /g (MJI/kg)): M0 (a) 0
Cale:
Expe Skid rest:

Impoct ongle {deg {rod )} Drog ht. (ft {m}} Event

Gop test {mils {mm}): {e= }

10. ELECTRICAL PROPERTIES:

Az
c’i: €1

1. TOXICITY
3/a1

19-13




Black Powder

7. MECHANICAL PROPERTIES

“. ..—....—-..—.—..-—-nz-%--tl-' . -ﬁ‘g
Temperature — C
OTA curve

initiol modulus
Creep Failure envelope
NOTES

100} ~ - i 1 =
75 -

»
3 50 ot
?5' = o

| . [JUSNETLR Y o |
¢ 100 200 300 400 500
Temperature —
1GA curve

19-14
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EXPLOSIVE: somacITOL

| pesicraTiON:

e

2. STRUCTURE OR FORMULATION

| 6. THERMAL PROPERTIES [continued)

et
T &0
Boric acid &0

H - *
| ‘!‘{ Fi{Kik

| €, tesl 7g="C tea gD

| Thermat sability (cm® of gas evolved ot 120 *C

{393 K-

4. PHYSICAL PROPERTIES

b—

0.25 g for 22 he:

Physical shate:  solid

MW,
Density (g -"¢-3!: TMD:

mop. { "C{K)}}: 79-80 (352-3%%
-h;’o t‘c[“"’f
v.p. {mm Hg (Pal):

| Crywal date:

JAr. comp.: € 29M329%s.52%1.97"

Mominol; [.33-1.%4

g for 48he 0.02-0.04

8. DETONATION PROPERTIES

D {mm /usec (km/5) ) 4. 86 {o= 1.5% }

Py (kbar (107 GPa)): (o= 1
Meas.:

E tl"{i:

£ ((mm/umec)? /2 (MI/kg)): (o )

& mom;

1 19 mm

1 9. SENSiTIITY

Hgp (om { 1072 men) )¢ 12100l 128 300l
§ kg >1.77 .
2.9 xg: >3.20 >3.20¢

Suson test:

3. CHEMICAL PROPERTIES

aH,, (keal/g (MI/kg)): M3 (1)

"!n{ui

Exp:

Cale: 0.40 {1.67)

§8 H, (keal /mol (kj/mol}}: -257.5 (-1078)

;-s»w-m, {s=tol., sl=si.s0l., i=inwi.):

0.20 {0.84)

Skid rest:
impact ongle {deg {rod )} Drop ht. (ft {m)} Event

| Gap rest {mils {mm)): (2= H

6. THERMAL PROPERTIES

k:

CHE: a = 46.7 ym/e~K at 273-333 K

[ 10. ELECTRICAL PROPERTIES:

fer 2, (o= 1.5%)

1. TOXICITY

/8t

19-15




Boracitol

7. MECHAMICAL PROPERTIES

Initial modulus

Failure envelope

&l

¢ w00 180
Temperature — ¢
OTA {—} and pyrolysis (--) curves

19-1%6
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EXPLOSIVE: BENZOTRIS

1,2,5] OXADIAZOLE,
1,4.7-TRIOXIDE

DESIGNATION: BTF

2. STRUCTURE OR FORMULATION

6. THERMAL PROPERTIES {continued)

N—0
O\‘H i
't‘\.
-
o o
N w
x_d
o~
| 4. PHYSICAL PROPERTIES
Physical stote: solid
Color: bulf
AL, comp.: TN O
MW: 252.1 3
Demity {g/em™ ): TMD: 1,901
E MNominal: .87
m.p. (*C{K}): 198B-200 (471-473)

bp. {*°C{K}):
g Dus Ty Tl

Crywal dote: orthorhombic GM‘I

& = B 92
b = 19.52
c = .52

R

?‘{ Fi{k}k —

S {cal /g=*C {kd Rg-K}it
Est. 0.3 {1.25)

Thermol sability {cm® of gas evolved ot 120 °C
{393 Kik:

0.25ghor 22 ;. 0.24-4.40
0.05 {purified)

1 g for 4B he:

8. DETONATION PROPERTIES

D {mm /iaec (km /13 848 (o= 1.8 i
| P, b (10~ Grei i (p= 1.858 )

Megs ,: 160

Calec.: 09

tq,ﬁ-zmﬁfz (MI7kg)): (o= 1858 )
§.305
P mme | 680

& mm:

§. SENSITIVITY
Hey (m). 12 ool ¥
5 kg D.11

2.5 kg: -0.21

Suson tesh:

L

ool

-

5. CHEMICAL PROPERTIES

;.aud“ {keal /g (MJ/kg)): Ha0 (4 e
' Cale: 1,69 {7,07} 1.89 (1.07}
Expe  1.41 {590} 141 15,500

A H (keal /mol (ki/mol)): +144.5 (+606)

Solubility {s-wi., sl=si.s0l., i=inml.):
s—acelone, benzene, DMFA, DMSO, ethanol,
ethyi acetate, ethyi ether, pyridine

i=—<carbon tetrachioride, waler

Skid resr:
Impoct ongle {deg {rod )} Drop ht. {ft {m)} Event

Gap test {mils {mm}}: {p= }

&. THERMAL PROPERTIES

Az
CIE: —

10, ELECTRICAL PROPERTIES:

3/81 19-17




7. MECHANICAL PROPERTIES

inivial modulus

[noTES

|
.
o e 70

Temperature — '
DTA {—} and pyrolysis {——) curves
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MATERIAL: AMORPHOUS SILICON OXIDE
iGelling agent}

DESIGNATION : Cab-0O-Sil

SUPPLIER : Cabot Corp.

2. STRUCTURAL FORMULATION

[o—si— o}“

{ 4. PHYSICAL PROPERTIES

Physical siate : solid (Muffy powder)
{Color : white
JAL, comp, 1 SiCy
jMw . [s0.00]

: Demity fgom

Crvtal date :  amorphous

k-
n: .46
Share hordnes 1

1 5. CHEMICAL PROPERTIES

7. MECHAMICAL PROPERTIES

AH, (keol/mol fd/mol} } : -215.94 (-903.5)

Solubility fi=sof,, sl~sl, sol., i=imol.j: =nil

Temile strength {psi (kPo) I:

£longation (%] :

&. THERMAL PROPERTIES

10, ELECTRICAL PROPERTIES

{a:
CTE

|7, CF 0
|, feal g=*C &dig=K1 ) :

€3 {o=

. TOXICITY

Low,

| NOTES

3/81
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Cab-0-Sil

1008 ]I

7% 4

z sof .

28] .
S T T -

Temperature — " (
Tak curve
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Color : clear
Ar, comp, : C_H ("I.Ul

6 §2
MW . I85.5
Demity h-'ﬂllsi: T™MD : 1.435
Mominal :
mop. {"C K} }: 203 476}
bop. PCHKY):
v.p. {mm Hg (Po) } :
Beittle point i{l]} -G8 (213 K}
f.p. FC )

Lhore hardney :

MATERIAL: TRIS-3-CHLOROETHYL PHOSPHATE DESIGNATION : CEF
iPlasticizeri
SUPPLIER ;
7. STRUCTURAL FORMULATION
Om § — (0-— cH, —mzct]z
&, PHYSICAL PROPERTIES
Physico! shate @ Liguud Lryival dote :

5. CHEMICAL PROPERTIES

7. MECHANICAL PROPERTIES

AH, (keol'mol fd'mol} }: -300 (1255}
{ Solubility fs=sol., si-sl. 1ol., i=imot.}:
1 s =aleohois, benzene, carbon tetrachionde,

xviene
it — aliphatic hvdrocarbons, water

—— e

chioroform, esters, €thers, ketones, toluene,

Temile strangth {pai TkPa) }:

Elongation {33 :

6. THERMAL PROPERTIES

i3. ELECTRICAL PROPERTIES

F
CTE: J » 8B40 ym m-K

: T‘ {F&i):
| €, feal/g="Chd/hg-K) ) :

T3

ip®

i, ToXicity

Moderats - o ingested

NOTES

3/81 19-21




CEF

‘-L-_‘___m T —
20C 500
Temperature — L
OTA curve
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4. PHYSICAL PROPERTIES

EXPLOSIVE:  COMP A-3, COMP & § DESIGNATION: Comp A
[ 7. STRUCTURE O FORMULATION 6. THERMAL PROPERTIES (continued !
Wil
5 e ~ TR
DX %I 98, %99 0
: ‘ “ o 3 C#iqﬂ =" Tk kge-Kik

Thermat sability (e of gos evelved at 120 *C
{393 K\

0.25 g for 22 he:

Solubility (s =s0l., sf~sl. sol., i =insol. i:

| Goprest (mile (mm) :

&, THERMAL PROPERTIES

o A1 A=3
Physical viate:  pracular granuiar L ;"ll 48 b
Coler: white/bufi white huff
- ra N 1 8. DETOMATION PROPERTIES
JAr. ompr Coaty 26" %206 Croaret e e-2.08
i“W: 3 1:’"_;.".4*_.”_:_“% Dimm uaec Thm /s)): -4 8.57 (4 &
] Density (g em™ i: TMD: 1.672 $.75 :
Nosinal % pressed } pressed *cJﬂhrﬁﬁ't GPal (&
~.p. E‘c {t})‘ A= d (47
b.p. (*C (K}}: Mems.:
w.p. (mm Mg (Pa) ) Cate .:
£ L ilmm mﬂ:}z 2 (M kgl
eyl g £
& mem:
Cryvial data:
Pmme 4o .10
9. SEnSITIVITY
: "!:3 (m}: 12 ool 128 ro0!
T 1 -- —
A=¥: F.5 ka: 0.8 2. 45
¥ A=u: 2.5 kg: 0.\ .11
Susan tear:
5. CHEMICAL PROPERTIES
AH L, (keal /g (M /kg)): fi{:} H?G{ﬂ
A=3 Cale: 1.%% {6.61} 1.99% (5.82)
A=3 Cale: 1.62 46.78)  1.61-1.63{k. 74-] Skid resr:
- _ B. 7811 Impoct ongle {deg (rod )} Deop he, (#1 {m}} Event
:.Ztl'ii {keol “mol (ki/eci)): A=3: 4284 (+11.9}
: A=%: =601 (+.25.5)

(o= }
NSWC-SSCT:  A=5: (85.7%) o= 1.700%
LANL-SSCT: A~3: (0.89) o= §.615)
LANL-LSCT: &=3 (%i.%1) Lo+ = 1.5638)
PA-CT:
SREI=CT

10, ELECTRICAL PROPERTIES:

Az
CIE: €1
Comg A=T1: = Ti.] imie=k at 25=29) %
11, TOXICITY —1
3/81
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| Comp A
{7, MECRAMNICAL PROPERTIES

initaal modulus
Creep ' Failue envelope
MNOTES
; — {
Comp A i Comg A-3
I
g - —iil
ks \'\ o | .;
'\.. S
I: e — ——— . o —
ST .
0 LU »o - ) ‘ el
Temperature = 0 200 . 350
DTA (=] and pyrolysis (==} curves Temperature - L
UTR curve
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EXPLOSIVE: COMP B, GRADE A, COMP B-3 | oesiGraTION: Comp B
2. STRUCTURE O FORMULATION T6. THERMAL PROPERTIES [contined]
Comp & Comp 53 5
I {°F (X0
wi wel i
ROX £3 0 '
™T i 40 C’ {eal /g=*C (ud /hg-X)}
o ! Comp B: Exp. 9.27 at I5°C £1.13 ax 298 &)
#=1: Exp. 0. Eﬂ at ¥W'C {i.2% at W% )
Mlﬂﬂﬂr{m of gos evolved ot 120 *C
{193x
4 THVSICAL MRS 0.25 glor 22he: 0,051 o 3
= . 0.011 Comp B-1
Phyvicol 1hate: solid i g for 48 he: 0.05-0. 16 Comp
jColor: yellow/buff .21 Lomp B-1
. _ 8. DETONATION PROPERTIES
Al comp.: C 032 ea® %60 Cros™ 5™ 1560 -
MW: s O imm /inec (km/s}): 7.92 fon 1.72 ¥
Density {g/cm™ ) TMD: 1762 1.1% Comp B=3: 7.89 (&= §.72)%
Nominel: 1.71 172 Py kbar (107" Gha) ). (o= L1717}
mop. {*C{K}} 80 (.59 /950 2
b' {.c (tii L E Meas.: 295
v.p. {mm Hg (Pa}): - B3 061 C(15.33) ac 100°C) Cale.: =~
B-1: Meas.: 287 (e = 1.715)
:tﬂa—xm;’n (MI/kgl): (5= )
S CoWp B (0= 1.717) Comp B3 o ~ 1.728
Crywol date: .69 1.01
17 mm i.iw =. 523
g, SENSITRATY
Hg (m): 12 ro0t 128 o0l
Comp 8: 5 ke n.4%
2.5 kg 0.49-0_%5 O.98-1
L8 W= 5 kg .19 N AhS
2.5 kg F.4=0_8 D.6%=],]
Sumon test: B-1:  Threshold wvelecity is
. CHEMICAL PROPERTIES 180 fr/sec {45 m/s); gemerally Si011-
ralt to ignite, low probablility for
3 i violent reaction at low confinesent.
ger (k601 /g (MI/kg) ) M3 14 - od P
Cale: 1.5 (8.46) 1.40 (5.86)
Expe  1.20 (5.00) - Skid tesr:
B-F cales  1.5% (8,443 1.40 ¢5.86) | Impoctongle {deg {rod ]} Drop ht. (it (m}) lm
Exp:  1.20 (5.02) 1.12 (4.8%) | B-3:14 {0.284) 1.25 (5. 38)
'SH* fhcal /mol (i3/mol}): 5. +1.0 (+5.78) 45 (0.79) 4.1 (4.0}
B=1: 0.8 (+%,28)
Gap 1ot (mils {mm}}: {a= ]
Solubility {s=wol., sl =i, sol., i =ineol.}: ASWC-SS0T: (4. 7%) = 1.
] Comp 8 LANL-SSCT: 16-18 (D.51-0.66) &« = 1
Lpast-1scT: (4. 58) - §
8.y PASL-SSET: 44-34 [1.1=1.4) =1
TLANL-LSET: 1982 (30, 1) o= [.127
&. THERMAL PROPERTIES Comp B: PR-CT: (23.2) to = 1.718
jh:8: 3.4 - 0 callemsec="C (0.226 ¥/o-K) st 298 g} 0. ELECTRICAL PROPERTIES:
B-1: 8.27 ~ 107 cal/ce=spec="C {0.262 W/a-K} at - -
291-3¢ax ] €1 Comp B: 13.25 (0 = 1.72)
C1e $-3:  1.4i (e = 1.73)
lomp B: o = 3.6 m/e-E at 279-298 &
3 = 97,5 im/e~K st 300-336 X 1, ToXiciTy
3/81
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Comp B

7. MECHANICAL PROPERTIES

19-26

B=F: Sound velocity (km/s}: (.' C‘ Cb .
(0 = 1.726) 3.12 1.1 .42 i A ?
.

: |

l;ll

' g .

¥
- ——— = . - ™
- - - > - - - - - e 2

Complex shesr mo0ull
initial modulus
Creep Foilure envelope
MNOTES
1
i
5 —
: -—4
i i E N
i @Iw w0 30 e S0
Temperaturs — L
mmmmen ; IGh curve
] W00 200 200
Temperature — *C
1
1
DT A 4=} and pyrolysis (==~} curves
3/81



EXPLOSIVE: COMF -3, COMP (-4

]
| DESIGNATION:

2. STRUCTURE OR FORMULATION

[ 6. THERMAL PROPERTIES {continued )
—s

he & § .
%f (K}

<, (ol /g="C (ki Ag=k):

Therma! srobility itm;tl gos evolved ot 120 *C
{39IKn

0.25 g for 22 he: C-4:

0L.02e

—— - ¢ _—
- L=
X 17 91
TST . Di{Z=ethyibexvl) 5.3
BRY i aehiac ate
MNT 5 Pelvisobutviens 2.1
we 1 Moror oil 1.6
Ferryl ¥
4, PHYSICAL PROPERTIES
Physicol wate: purty-iike soiid
Color: woliom it. brown

T g for 48 he:

. . ] P b
Ar. comp.: €, oMy 53%: 3% .60 C1. ety 5% 4651
AW

| 8. DETOMNATION PROPERTIES

=%
D lmm Jusee {km "5} 857

19-27

(& 1.6% 3
§ Density {g-"cnajz TMD: - 167 =31 T.83 0 = [.e0)
Mominal: 1.58-1.62 |.64=1.86 ’CJ (u...r(io‘* GPal): o= §.%% i
m.p, { *C{K)}:
b.e. {*C{K}): Meas.:
v.p. {mm Hg {Pal): Cale.: C-4:2%7
£ ((mwm/inec)? /2 (MI/kg)): (o= 1o )
LA S
¥ dmm: 0,92
Grﬂﬂt-ﬂﬂ:
i 1Pmme §.758
#. SEMSITIVITY
Hyg (m): 21001 128 ool
¥
Suan test
5. CHEMICAL PROPERTIES
S H, lheal /g (M /kg) ) "19{:; “ﬂ[t)
-1 Coler i.45¢6.00) 1.44(6.023
Exp: | Skid res:
C~4& Cale: 1.59¢6.63%) 1.40{5.88} ' ¢ {deg {rod ]} Drop hr. (it {m)} Even
3 H, (keal /mol {11/ moi )): poc! ongl =
C=3: =§.45{=27})
C=4: 43, 3%(+11,9)
Solubility {s=sel., st =4l, s0l., i =inmwi.}:
Cugp test {mils (mm) ) {o= }
ESWC-SSCT: ©=3: {4.50) o= 1.6i2)
=& {539 o= 1.84%)
6. THERMAL PROPERTIES
Ar T=d: .22 = !B“ cal/om-pec=-*C {0.260 ¥in=k} ] 10, ELECTRICAL PROPERTIES:
ClE. - .
{71, Toxiciry |
C=4: Moderate
3/81




!t‘w C

[7. MECHANICAL PROPERTIES

Imitial modulo

Croep

Failure envelope

NOTES

al

Temperature — (
DI& [—} and pyrolysis (-=] turves

19-28
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EXPLOSIVE: CycLoTOL 75/2%, CYCLOTOL 60740

DESIGNATION:

Cyclotol

2. STRUCTURE OR FORMULATION

{ 6. THERMAL PROPERTIES {continued}

15. CHEMICAL PROPERTIES

wed wei T, SF (K0
®oX 5 s0
e = - €, (oal /g=*C (ki g K)):
75/25: Exp. 0.2% at 25"C (1.081 ar 298 x)
Thermal stability (cm® of gos evolved ot 120 *C
{393 KN
4. PHYSICAL PROPERTIES 75/25: 0.25 g for 22 hr: 0.014-0.04
Physical siate:  solid 73725t 1 g Tor &8 Wr: 0.13-0.9%
Color: yellow/buff vellow/buff repr—e—
. . 18. DETOMA
Ar. comp.: € a¥z.50%2. %%2.68 ©2.04™.50™2.15%2. 68
MW D (mm nec (km/s)): 75/25: 8.9 (= 1.78 3
Demity t;f’mai: IMD: 1.77 | #0740 7.9 (o= 1.72)
Nominol: 1.75-1.76 168 cant | P (kbor (107 GPa) 782 (pe sz )
mop. { *"C{K}): 79-80 {32-131) ? )
b.". i.c (Xl - Meos.: i
v.p. {mmHg (Pal ) 0.1 ar 106 € €13.33 v 373 K) Caic.: -
B y(lmm/mec)?/2 (MI/kg)k (o= 1056 )
15/2%
& " Smme 1,140
daoto: --
e 19 meme 1.44%
9. SENSITIVITY
Heg (ml: 75725 12 ool 128 ool
j 5 kg: 0.13 --
g 2.5 kg1 6.47 2
iR
' Sumon test: Threshold velocity - 180 ft/see

{-35 afs); generally difficult to ignite but
capable of large veactiom.

19-29

A My, teal /g (MI/kg)y: P iy W0y
75425 Cale: 1.57 {6.57) 1.&& (5.02)
o i Skid rest:
; H0/40 Cale: 1.57 46,403  L.41 {5.%0) impoct ongle { {rod }} Drog ht, (8 {m}} Event
JH' {heal /mol i/ mot}l: = ezl
?1,;13 +3.0% ‘4t}.&’ ?5!:51 1% {ﬂ-ll} 0.&25 {a.i” I
SOMAD: 41,38 fek. 3T} 45 £0.79) 14.1 (2.3} ©
Solubility (3=s0l., si=s} sol., i=inel.}): ==
Gagp rest {mils (mm)): (= )
75/2%: 1LANL-SSCT: 10-16 €0.25-0.41} (c = 1.75%%)
757/2%: LANL-1SCT: 153.1%) {o=1.757)
6. THERMAL PROPERTIES
Az 75/735: 5,41 = t{l"'l' cal/co~sec="C {0.227 Wik} 10, ELECTRICAL ™ TIES:
CTE: -- €: 318 {o= 1.75)
. TOXICity
3/81




Cyclotol

7. MECHANICAL PROPERTIES

Sound velocity (hmis) %:{ € c!:-
7372%: 112 1:1 2.4)
{p = 1.752) z . 3
inital modulus
Creep Failure envelope
MNOTES
ar 1
Cyclowl i
7525 !
3 !
- —  p—— ‘
g
E |
-

e Ll SRR

i) 00 200 300
Temperature — *C

OTa {—} ang pyrolysis (==} Curves

19-30
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EXPLOSIVE: 2,4, 6-TRIRITRD-I, V-BEXZENEDIAMINE

DESIGNATION: DATSB

2. STRUCTURE OR FORMULATION

&. THERMAL PROPERTIES {continued)

B

¥; {"FiK}h —

:A-H{ {keal /mol (k1/mol)): -23.6 (-98.7)

§ Solubitity (s=sol., sl=sl. sel., i=insel.):
sl = acetome, DMFA, DMSO, butyrolactome, N-methyl-

z
opN NO,
Cp {cal /g="C {kJ kg-Kilt —
NH, Exp. 0.23 (0.962)
NO, Thermal sability (cm® of gas evolved at 120 *C
] 1IPIK
:. PHYSICAL PROPERTIES 0.25gfor 22he:  ~ 0,63
Phyiical siote: solid Tgfor dB b <0,03
Coloe:  weliow
At. comp.: fﬁ“;“}“ﬁ 8. DETOMNATION PROPERTIES
MW 2431 D (mm Juaec thm /13 ) 7,52 {e= 179 )
Densiry Ega’:ﬂsh TMD: 1837 ;
Nominol: 1.79 | 7 (ibar (107" GPa)): (p= 178 )
m.p. {*C (K 288 {559 |
b-’. ‘.c {Ktt: = : M“'-: 359
v.p. {mm Hg (Pa}): — Cale.: 250
Ew‘l{m.’mi:!’? (M /kg)): (9= }
] Smme —
Crysral dota: (P
5 %.30 19mm
b 5.20
b 2. SENSITIVITY
¢ 9. Hgg {m}: 12 ool 128 100l
S kgi 1,77 »§.77
2.5k 5.20 >¥.20
- &
Sunan test: —
5. CHEMICAL PROPERTIES
A My, lheal /g (MI/Rg)): 2P (4 )
Cale: 1,26 (5,27} .15 (.81}
Expr 0,98 (4,100 0,81 (3,811 | Skidwesn:

Ir.poct ongle (deg (rod )} Drop ht. {ft (m]} Event

Gap rest (mils {mm}}:

pyrrolidone |yeur-sscr: {3.28) {o= 1.77%)

i = benzene, carbon disulfide, carbon LANL-S8GT: {0.36) {fop= 5. 801}
{— tetrachioride, sthanol, water LANL-LSCET: 1.841 (41.68) {p= 1.786)
6. THERMAL PROPERTIES PX-CT: {17.86} {c = 1.781)

A: 6,00 % “;*-i cal/'sec-m=-"C {0.251 Wm-Ki

CIE: o = 32-48 um m-K at 253 K
@ * 2-fBum m-Kat3d8 K

10, ELECTRICAL PROPERTIES:

3/81 19-31




DATB

7. MECHANICAL PROPERTIES

Sound velociry {kmisi: ti

€
=

%

o= 1.78) 2.9% 1.5%

2.40

Initial modulus

Croep Foilure envelope
MNOTES
i =
g - " ‘f‘
- f
§ m“://///‘ '-:," < /3
T - a0 1 ;éii:::i;g;’;/’/’/i-"_-ii‘:
: 3 1#‘?"."_/14.’{ '
s > 1 A~ W
E F A
Temperature — *C T ;,f ) DATE-1
TR {—] anc pyrolysis {--} curves o1 P
b Z. — =

immttmn-r"
Yapor pressure gt [j°

19-32
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EXPLOSIVE:  2,2"-OXYREISETHANOL, DINITRATE

DEGN

[ 2. STRUCTURE OR FORMULATION

§. THERMAL PROPERTIES {continued)

1!# {°F {K}):

a*l,{hut!ut {x3/mol}l: -9%.4 (-418)

Solubility {s=sol., sf=sf. s0l., i=inml.}):
8l - water, alcohol
i - acerone, ethyl ether

&. THERMAL PROPERTIES

B:N—iu‘ / }5—"01 <, {cal /g=*C (ki Rg-Kik
—CH, —CHy
3
Thermal wability {cm™ of evolved ot 120 *C
ey -
&, PHYSICAL PROPERTIES 5.25 g for 22 he:
Physical state: ligquid fghordhe
Color: clear
[ar. comp.: c gm0, 8. DETONATION PROPERTIES
MW: 196 D {me /isec (lm /1)) 6.78 {p= 1.3 }
Demity {g ,’u-ai: TMD: 1.39
Nominal: Py (bor (107 GPa)): {p= )
m.p. {*C{K}}:
b.p. (*C {K}}: 160-161 (333-434) | Meos.:
v.p. {mm Hg {Pa)j: 0.00593 ar 25°C(0.78% av 198 K Cale .:
| € ((mm/inec) /2 (MI/kg)): (o )
; & mm:
{ Crywal dota: '
19
19, SENSITIVITY
: Heg (m): 12 woi 128 rol
& :
e = 1.4%0 1 Susan tes:
15. CTHEMICAL PROPERTIES
jan,, (keat /g (MI/kg)): M0 (1) i
Cale:
Expr Skid test:

impoct angle (deg {rod )} Drop ht, (#t {m)) Event

Gop test (mils (mm}}: {o= }

10, ELECTRICAL PROPERTIES:

A:
Cie: €z
11, TOXICITY
Moderate
3/81
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[BEGN

7. MECHANICAL PROPERTIES

Initial modulus

Creep

INOTES

w Tore
-
.
. \ \
c RN
PR, b'b:- LI— %

RN

R T
Y
~
S
Mg
=
a
A
% ~
¢ ~
»
%
*
L..A. e

34 ®
mmmﬁm-#’
Vapor pressure vs 171

19-34
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p_i-l‘- n'.s"*' -HEXAN ﬂ‘

EXPLOSIVE:
[i.1-sirmexyi]-3, v-plavisy

| DESIGNATION:

DIPAM

2. STRUCTURE OR FORMULATION

5. THERMAL PROPERTIES (conrinved)

4. PHYSICAL PROPERTIES

1T {"F(X)):
.gl’ ixh

Cp{oﬂi ‘g="C (kd kg X}k
Exp. 9.25 {1.0%)

Thermal stobiliny '!'emsaf gos evolved of 120 *C
(IFIKN

0.25 g for 22z -~

19-35

I Physical stare:  solid 1.g for 4B hr: ;
{ Color: - : _
Fas. comp.: "-';,“5"'# o i 8. DETONATION FROPERTIES
MW: 155,13 D imm /jaec (hm 5} ): 7,49 {p= 1.7% ¥
gom.:ryigfema.sz TMD: .79
Nominal: -~ Py (kbor (107! GPa}): (s y
2. 0 C KM 308 (577 :
b.p. {*Ci{K}): -- Megs.: ==
v.p. {mmHg (Palh: - { Calc --
tcrgitm-"m:lz.‘i' (Md/kg)): (o° )
. Smm -
Crysral dota: - i
19 mme ==
fo. senNsimVITY
| Hgp (mi: 12 ol 128 ool
E L 0.9% —
a: 0.85 .96
E; -
' 1 Suson test: ==
[5. CHEMICAL PrOPERTIES
A M, (keal /g (MI/kg)): _"_'_15}_2__'__ Ha0 (g I
Cale:  §1.3% (5.865)  1.27 (5.31)
fnp = = Sk id rest:
; 1 angle {deg {rod )} Drop ht. (ft {m})} Event
i.\.ﬂf {keol /mol {1/ mol}): -6.8 (28,45} mpoc = =
m***%‘t-?jﬁ; ii-t:! i“‘”l:';-m”i i =
r % s B raic ac -
%1 = acetone, chloroform Gagp test {mils {mm}}: {p= }
REWC=-880T: {4.48) {p = 1.784)
16, THERMAL PROPERTIES
35 10. ELECTRICAL PROPERTIES:
Jere: - i
11. TOXICITY A
Moderate
3/81




| DIPAM

I MECHANICAL PROPERTIES

Initial moduius
Creep faifure envelope
INOTES

i

I

B

- H

= — i
S TR
Terperature — C
OTA curve
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EXPLOSIVE: 2,2-DINITROPROPYL ACRYLATE

DESIGNATION:

2. STRUCTURE OR FORMULATION

DNPA
6. THERMAL PROPERTIES (continced) |

T#‘ Fi{x}h —

H S T Taf
i B ]
€= —C O —C—C—H Cq feal /g="C I AgKD: —
"7 ' U
H e NO} H
Thermal shability {em® of gas evolved ot 120 *C
f (393K
{ 4. PHYSICAL PROPERTIES 0.25 glor 22he:  ©0.04-0.06
Physical state:  solid | glor dBhe: —
Color: aff-white i
At comp.: N0 8. DETONATION PROPERTIES
MW: 204, ] O {mm [psec (km/3}): — [ o ¥
Deniity (g em™) TMD:  1.47 5
Mominol; — Py (kbar (107 GPa) ) (o 3
mop. {*C{K}): — '
b.p. (*C (K}): — Mens,: —
v.p. imm Hg (Pal)s — Gike.: —
€yl (mm/imec)? /2 (MI/igh): (o )
& —
Grywol dote: —
19mm —
9. SENSITIVITY
Heg (m): 120! 128 wool
Mg F. 27 —
.5 kg - -
| Cg—
Susan test: —
[5. CHEMICAL POPERTIES
i L o U I o 1 I
Cafe: 1,06 13,44} 0,85 {3.57)
Exp: oL == Skid test:

M {keol /mol (k. V mol}}: =116 (-§60}

Solubility {s=s0l., sl =si. s0l., i=inwl.}:

== acetone

6. THERMAL PROPERTIES

impoct angle {deg {rod )} Drop ht. (ft (m}}

Gap test {mils {mm}): —

110. ELECTRICAL PROPERTIES.

A —
CTE: — s s

1. TOXICITY
3/81
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DNPA

7. MECHANICAL PROPERTIES

fnitial moduius

Creep

Failwe envelope

NOTES

Explosion |

— e ——— - -

o 00 200 300
Temperature — *C
DTA {—) and pyrolysis {—=]} Curves

19-38
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MATERIAL: DI-2-ETHYLHEXYL PHTHALATE
i tPlssticizer)

DESIGNATION -

SUPPLIER

2. STRUCTURAL FORMULTATION

s -
! 2

L —0—<C ——CH—fCHI'I‘ —_—

C—0—(C —CH— 1‘{"‘23il —H
i i i
o !-iz Cz_ﬂ&
4, PHYSICAL PROPERTIES
. Provical wate ©  Viguid Cryrtal doto -
i Coloe : cleay
Al comp, : '.Hnthﬂ-l
Y . WL
Demiry 3 .‘n-;, : IMD ; 6.988
Fominal - P
mp. £°C &) ) - e

bop. 0C &Y ) : 229.330 (395-500

v.p. (mm g (Pa) }: <006 51 150°C 5.0 51 325 K)
Beitele poime °C M) -

tp. CPYY: -55 4218

n: LEES at 25°C 290 K)
ke hardneys -

5. CHERICAL PROPERTIES

§ 7. MECHANICAL PROPERTIES

AH, feol 'mol Rd'mol¥Y: -268.2 1120

Solubility fi=wol,, sl=3i. sol., i=imol.}:

8 = gasaline, mineral o4l
t = giveerine, water

jTemile strength {psi {kPs} )

Elongation {7 ;

6. THERMAL PROFERTIES

10, ELECTRICAL PROPERTIES

Az
CTE: 74 umom a1 283-313 K

Icf"ﬂ(}’n

C_feol/g-*Chdig-K} ) :
~0.57 at 50-150°C ¢.2.39 at 323-413 K)

L 4

{o-

il, TOXICITY

Low

NOTES

3/81 19-39
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FEXPLOSIVE: ETHYL 4,4-DINITROPENTANOATE

| pesicraTiON:

EDNP)|

| 2. STRUCTURE OR FORMULATION

| 6. THERMAL PROPERTIES {continued)
—

H NO,H H O WM

| i I S | f
H—C =€ =€ = =l D=l =L

i P ¥ 4 i !

H 'N02 H H M H

' !'{'F (K)y: —

4, PHYSICAL PROPERTIES

L

Physicol stare: liquid

Color:  vellow

Av. comp.: TH‘.;‘.‘N;!“H

MW: 224,2

Dnmi!r{g.”tm!l: TMD: 1,28
MNominai: —

m.p. (*C(K}): -6 (268)
b.p. (*C{K}}: H1at 0,05 mm (156 at 6.7 Pa)
j-p {mm Hg {(Pa}): —

Crystof dow:  —

C# {cal /g-"C (d AgX}): —

Thermal stability {em> of gos evolved ot 120 *C
{393 K

0.5 glor 22 he: 0.04-0.06
¥glor d8he: —

8. DETONATION PROPERTIES

D {me Jinec {km /3}):  — {o° }
Py (kbar (107! GPa) ) (o ;
’Muu.: —
Cale.: —

. 2 S X
Ecﬁﬂm!m:i /2 IMI/Rg)): (s |

& mm: —

Fom:

. SENSITIVITY

{ 5. CHEMICAL PROPERTIES

|5 H,,, (keal /g (MI/kg)y: M0 gy
Cale:  1.23 {5.15) 0,94 {3.5%)
Expe - (s

.;:5 {ikcal “mol (k.1 'mol}}: -140 (-588)

Solubility (s=wol., sl =sl, sol., i =inwi.}:
§—aceicne, carbon tetrachloride, chioroform,
DMFA, DMSO, ethanol, ethyl acetate, ethyl
ether, pyridine

1 Skid ek

Goap rest {mils (mmi):

Hgg (m): 1210l 128 ol

Susan test:  —

impoct angle {deg {rod )} Drop ht. (ft {m)) Event

(p= }

E=—waler
&, THERMAL PROPERTIES
; A 10. ELECTRICAL PROPERTIES:
CIE: — T
11, TOXICITY
TI7§

19-41




| EDNP

17. MECHANICAL PROPERTIES

Initial modulus
: Creep Failure envelope
MNOTES
100 . 4 ] I il
5+ -
g e —
3 50
' 25+ —
i i i 1
O 100 200 300 400 500
Temperature = "C
TGA curve
19=42 3/81



!WTf‘“l: POLYURETHAME SOLUTION SASTENM

iHinder)

DESIGNATION :

SUPPLIER : B. ¥. Goodrich

Estane’

2. STRUCTURAL FORMULATION

o o
1 i J N=C=O
=
HO — (CH,), —O|=C = (CH,),— C— O — (CH,), —O— c— N
= 5«10
£, PHYSICAL PROPERTIES
Physicat tiate 1 rubbery aolid ; Crysrol date -
FColor = liphil amber
. COmp, t i ..lill'.'ﬂfxv.t"ﬂl- &'a
MW : o
1 Demsity fa '-.:1!!3) 3 1. Al
. Mominal ; § 18 "
I m.p. € &) :
b.p. PC ) -
¥op. Hg (Po} } F
Binle point (°C (K} ) Shore hordress : 3 70
tp. PC K}

5. CHEMICAL PROPERTIES

7. MECHAMNICAL PROPERTIES

A, keal ‘mot kd'mol}}: -85 (-3973

Terwile strength i {kPe} )

Jolupility (s=s0f., sl=sf, wl., i-imol.}: £longation (°F :
s = acetone, dichloroethane, DMFA, DMSO, MEK,
MiBR, THF Sound velocity (kmfsd: C; < ch
0= .18} - - 2.3%
| 6. THERMAL PROPERTIES 10. ELECTRICAL PROPERTIES
Az $FD1:  3.%3 ~ m‘“‘ cal/cm=-gec="C {0,148 Wie-k) [T {a=

CIE . 3700 (0,146 Wia=k)
5T02: & 600 umie-K
0% o = 245 pm/mek at 20-44°C
M0%: £ b mfe-K

il. TOXKIC1TY
T EFEY): -3 (2423 5702)
& 5702 5701
<, feal/g=-"Chdhg=X) ) gap. (1.48 < T9)  (1.56 < *l'a.}
i (1.71 > Tg) {1.68 > T3
| NOTES
3/81
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19-44

Estane
. - im r F :'
Extane S740-X2 Estane 5702-F1 |
75, Esane
-
ool
=3 -\éy——v- . 5 '_'i
s |
-5 e — e i i i 4
™ 00700 200 300 400 500
Temperature — " C
Toh curve
-100 0 oo
™ Temperature — L
———" -’ - 018 curve
0 200
Temperature — “(
DIA {—] ane pyrolysis (——} curves
7. MECHAMICAL PROPERTIES
Tiad d ]
- e 18
; -
)
3
: 5
%
"
-
ooy
10
=150 0 150
Temperature — "C
Specific heat vs T
3/81



| EXPLOSIVE: AMUSI™ PICRATE DESIGMNATION: hm al
§ 2. STRUCTLRE OR FORMULATION 6. THERMAL PROPERTIES {continued)

‘ -
T CF (K

C' {enil /g="C ki /Rg=X}k

Thermal wability (cm® of gas svolved of 120 *C

£3%1 K3¥):
14, PHYSICAL PROPERTIES 0.25 g for 22 he:
| Physical wate: solid 1 g for 48 he:

Coloe: vellow
At. comp.: T RN O

8. DETOMATION PROPERTIES

Mw: 26 D (mm Susec {km/5) ) 6,55 fo= 1.35 }
B.nlify{'_ﬁ'gmaiz MDD 1.717
Nominal: 1.5 Py {kbor 110" GPa}): (o= y
mop. ("C{K)): 288 { %53 with fec.
b.p. [ *C{K}): Meas.:
v.p. [mm Hg (Pal): Calc .:
£, /imec) /2 (MI/Ag)): (5 }
& mmow
Crﬂhi dots: Orthorhombic Menoe lindce
1 (Teab) £ 19 mm
BN 9, SENSITIVITY
b= 19,74 .
o el Mgy (m): i2%eol 128 sool
5 kg - -—
2.5 ka: .36 -3.20
EE S
ne sew Table 4=1% Susan resn:

| 5. CHEMICAL PROPERTIES

|2 My (hcnt /g 37k MO0y MOy
Cole:
Eape Skid test:

impact angle {deg (rod}) Drop ht. (f+ (m)) Event

'.:Hf:umt,fm {kj/mol}): -94 (-393)

Solubility {s=sol., sl=sf. sol., i =inwi, )z
& =DMFX, ethancl, water ] G"F e

sgi--benzene, elhyl acelate, vihyl sther i...tﬂ;f;ii";“! ?;‘5}’.}; txi_ 1.675) ) ]
f==carbon tetrachloride un-isr.t‘ “_i 433 E.' - !.ﬁlﬁs"

&. THERMAL PROPERTIES

110, ELECTRICAL MROPERTIES:

Az
CIE: €2
1. TOXICITY
Moderate
3/81
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Explosive D

7. MECHAMNICAL PROPERTIES

Initial modulus

Creep

Failure envelope

MNOTES

o ——— - - -

O 00 U0
Temperature — C
OTA {—} and pyrolysis (=] curves

19-4%
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- , . 0°=IMETEYLEXEN 1S (ONY Y] B1S
B {.f-n;nm-:.z ~DIXTTROETRANE]

FEFO

DESIGMATION:

2. STRUCTURE OR FORMULATION

&. THERMAL PROPERTIES {continued)

ch H H H NO

T F (X} —
&

A Hi {keal /mol (k1/mol}l: -178 {~-743}

&tﬁii’r {t"“l g ‘] ""‘iu w‘ur i-iﬂﬂl-h

ethyi acetate, ethyl ether, pyridine
i=carbon tetrachloride, water

s=acetone, chloroform, DMFA, DMSO, ethanoi,

16, THERMAL PROPERTIES

A e
4 I l 1 ! '.-' - J
Bl el o il i il i iy € _{eca g_ Cfi.i.!'-ir.g-ﬁ?}:
! ] I ' ] &t.: 0.0 at 357 (1.5%1 ar 298 K3
HG? rt % 2] NO‘; ] 3 .
5 | Thermal stobility {cm™ of gos evolved ot 120 *C
E ; {39 K
:r PHYSICAL PROPERTIES 0.25gfor 22 he: 0.04-0.10
Physical srate: liguid Tgher 48hry —
Color:  =traw
Ao, conp.a C N0, F, 8. DETOMATION PROPERTIES
MW: 920,1 D {mm uoec {km /3)): 7.50 fo= 1.887 1}
| Density {g "cm31: TMD: 1,607
Nominol:  — Py fkbar (107 GPa}): (o= 138
§mp. {C{K)): 145 (287,55 "
bop £°C X)) 119 a2 0.3 om (183 at 40 Pad Meas.: 250
v.p. {mm Hg {(Pa}): 2.16 % WY an 2 i Cale.: 212
(2.85 « 107" at 298 K) ' 4
'c,i{im"m} F2 (M kglh {a= )
o . & e —
LI = 1Peome —
D, SENMTIVITY
Hgg (m): 2ol 128 onl
F kgt 0.28 —
2.5 kg L6 s
R -
Suman test:  —-
5. CHEMICAL PROPERTIES
|3 Hy, (keal /g (MI/kg)): M2® (4 0]
Cale:  1.43 16,07} 1.3 (3.82)
Expe  1.28 1{5,36) 1.21 15,061 | Suid reus:

impoct angle {deg (rod }} Drop ht. {Ft {m)} Event

Gap test (mils {pm)): {p= }

SRI=CT:  {19.8)

10, ELECTRICAL PROPERTIES:

jA: —

CTE: — : & S
1., TOXICITY
High,

3/81
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| "

7. MECHANICAL PROPERTIES

H |
initial modulus
| :hiiﬂ ,m"h
jNOTES
10 2
Yt el
i W A
o
-: | .l | . b
..\\n_' ~ s 33
?w m ’r“ ‘“l .
femperature — L
UTR curve

inverse temperature {1000/T) - K1

Vapor pressure vs /7T

19-48
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MATERIAL :

§ -VIKYL CHLORIDE/TRIFLUOROCHIOROETRYLERE
COMLYY™R {Einder} 1.3:1

DESIGMNATION

SUPPLIER : Firestone Plastics Co.

2. STRUCTURAL FORMURATION

Beittie poine [°C X1 ) -
f.p. ™C &) §:

H " c ¥
e T i B i e
S | ] |
\ H £ | F £
L .5 in
4 PHYSICAL PROPERTIES
Phyvical shote : molud lwﬁ“ .
: Colo: ; white ]
At comp, : €8 fF1,F
MW ;{119
n
Demity fg'cm™ :  TMD:
MNominal : | 70
m.p. PCNKYY: :*3
jhp. PCK}): in:
§ . i-mﬂ,ihii»

| Shove hardness :

5. CHEMICAL PROPERTIES

7. MECHANICAL PROPERTIES

AH, fical ‘mol &3 molt ¥: -0t (=126

1 Solubsitity f=sol., d=sl. 10f.. i=imol.} :
# - gasoline, MEK, tluene, sviene

Temile wrangth (i (4Pal ):

Eionmgation ™) :

| &, THERMAL PROPERTIES

10. ELECTRICAL PROPERTIES

& -
FCTE -

5 T‘ *F (K33
fc, leot'g-"Ching-x) ).

€: 282

{1 TOXICITY

o

NOTES

/81
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FPC 461

al

-

o

i

Tempersture — C

=

500

BIA {—] and pyrolysis {--} wryes

19-50
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EXPLOSIVE: u-s

| pesiGATION:

2. STRUCTURE OR FORMULATION

4. THERMAL PROPERTIES {continued)

E

wtl
|0 =
=T 1
Al 0
D=2 wax 5

€aCl, sdded 0.3

; 7$i Fix))

C'{uif's"’c (e Mg}k

Exp. 0.265% ot 30'C (1.1} at 303 §)

| Thermal stability (cm® of gos evolved ot 120 °C

a ﬂ'{iﬂi Fwol (ki /mol)i: 0,81 (=199

Solubility (s-sof., st=3l, sol., i =inmol.}:

6. THERMAL PROPERTIES

{393 K%
(4. FHYSICAL PUPERTRS 0.25 g for 22 he: 0.0%
Physical state: wolss 1 g for 48 be:
Color:
o 8. DETONATION PROPERTIES
At comp.: €, sety 30%1.61%2. 010, 72:%%. 0055 0. 008
MW A D {mm Jnec (km /5}): 7.9 {p= 1.5
Density {g/cm™ 1 TMD: 1,791
Nominot: 1.75 Pe, (kbor (107! GPa)): (o=
mp. (*C{K}N Meas
b.p. { "C LK)} -
v.p. [mm Hg (Pal): Calc .2
fq,ﬂm;“m:}z;"? {MI/%gi): (o= 1.7
E anh! data: RS %
19 mme 1.086
¥, SENSITIVITY
Higg (m): 12 tool 128 ol
] 5 kg: .60 -
2.8 kgt - --
E 1 -
5. CHEMICAL PROPERTIES
AH,, (keal /g (MI/kg): M20 (1) 0 e
Cale:
Exp- Skid reur:

impoct angle {deg {rod )} Drop ht. (it {m)} Evens

Gog test {mils {mm}}: {o=
RSWC-SSCT:  {4.8%) (o = 1.708%

10, ELECTRICAL MROPERTIES:

At 11.0 = 107 cali/cm-sec~*C {0.460 ¥/w=K} st )08 ¥
{CTE: = 149 ymim=K at 08 K

€1

., TOXICITY

/81

19-51




{7, MECHANICAL PROPERTIES
' Sound velocity (im/s): C; C_ S
{o0= §.7%) 2.486 1.5% —
initial modulus
Creep Failces envelops
NOTES

S e Rl
0 200 380
Temperature =
TR curve

19-52
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EXPLOSIVE: BX-1 -3 | oesiGnaTION: HBX
7. STRUCTURE OR FORMULATION 5. THERMAL PROPERTIES {continved)
wl T (*F (X))
HEX=-1 HEX-1 g

e = o €, (cal /g="C (i AgK)k

Al 17 35 HEX-1: Exp. 0.24% st 30°C (1.04 at 3063 &)

D2 wax 5 5 HEX-3: Exp. 0.2% at 30°C (1.08 at 303 K}

Pty . = e | Thermat stability {cm® of gas evolved ot 120 *C

HEE-1:

6. THERMAL MOPERTIES

{193 Ki:
4. PHYSICAL PROPERTIES 0.25 g for 22 he:
Physicel stote: solid HRX-3: &, W, 2% 1% . s0*t1.2e 1gfor 48hn
- e o.008 8. DETONATION PROPERTIES
At. comp.: C; ey 421 .5:%.07 - e A t S
MW AL Ci f+ km a1y 730 p= 1.71
“‘“c;a'm‘ g o 3% 7.12 (0= .54 }
Density (g /em™ ): TMD: 1.78 1.8582
pominal: 1-71 cast 1.84-1.8% ra{u-t!ﬁ‘*-Gh}}z {o= 1.712 )}
m.p. (*C{K)): 1.74 pressed aaa
bp. {*C{K)}): a2
v.p. {mm Hg {(Pal): Cale .:
| £ (tmm/imec)?/2 (MI/AIY: (o= )
: & mon:
| Crywel dute: 19 m:
9. SENSITIVITY
Mgy (m): 12 ool 128 oot
&
Sumon tesh:
5, CHEMICAL PROPERTIES
JaHy,, theat /g (MI/3g)): MNP (1) b o T
pEx-1: Cale: 1.8& (7.7) 1.8 (7.30)
4 Skid rest:
BBX-3: cﬁﬁ: .11 (8.83) .11 (8.83) * {dug {rod}} Drog he. {fi {m)} Event
& ﬂ{{h-l!nl {xi/mol}}:
HEX=1: =~2.5& (~i0.83)
HRY~-%: ~ZF.5F (=10.5%}
Solubility {t=ml., si=sl.s0l., i=inwi.}:
Gop test [mils (mm} }: {a= ]
RSUC-SSCT:  (2.57) (o = 1.827}

110, ELECTRICAL PROPERTIES:

At HBX-1: 9.7 » 107" calice=sec-C (0,406 W/e=X) at
Al E
-l €1
HAX-3: 17.0 ~ 10 cullem-sec=*C (0.711 §/o=-K} at
08 K
CTE: max-1: o = 171 po/m-K at 308 X 11, TOXICITY i
FRX-3: a = 140 us/o~K at JO8 K i
3/81
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-

HBX

[7. MECHAMICAL PROPERTIES
Initial modulus
i
5 Creep Foilure envelope
NOTES
19-54 3/81



EXPLOSIVE: OCTARYDRO-1,3,5, 7-TETRANITRO-
1,.3,5,7-TETRAZOCINE

DESIGNATION: HMX

2. STRUCTURE OR FORMULATION

6. THERMAL PROPERTIES {continued)

ﬂ?
C'zrq.\ !C ,\Nf,nf};

My g
Eed

2

2 Al 4

| 4. PHYSICAL PROPERTIES

‘Physicol ssate:  solid
Color: white

JAt comp.: C H.N,Op
MW, 2962
Density (g/cm}: TMD: 1.90%
; MNominal; 1.87

m.p. {*C{K}): 285 {558}
bop. {°C{K}): —
.. {mm Hg (Pa}l:

3 > 107" at 100°C
4> 1077 at 173 K)

‘!" [*F {X}): none

C’ {eal /g="C (kd %g=K)):

See Fig. 6-4

| Thermol stability {msnfpscnhﬂﬂ 120 *C

{393 K0
.25 gfor 220 - 001
1gfor ddhe: 0,07

8. DETONATION PROPERTIES

O {mm Sisec (km/s}): 0,11 (o= 188 )

-1
’CJ {kbor {10 GPol):

Meas.: 190
Cale.: 194

{(#= 1.88 }

AH {keol/mol (k1 mol}}: +17.93 {475}

| Solubitity (s ~sol., s1=si. sol., i =insol.}:

itr;ﬂ“f’mﬂ!!’? (MJ/kgi) (o= 1.89% )
4 Smw: 1.410
f Crystal date: - 1.745
11 monoclin, 11: ortherh, H: monochin, IV: hexag, 19 me: 1.7
E 4 g ’ i d F
3 ﬂ"..‘ <} tFdd2) !P‘tki’? <} lpﬁlxa o, SENSITIVITY
{3 © 654 @& - 1514 a - 10,95 a " 7.0% .
fo 1105 b-238% b- 793 ] Yoo 1m): el I8
2 5,50 £ 5% ¢ = 14,81 c = 312.35 5 kg G.33 0. 40
F =124.3 i =i19.4 2.5 kp: 8.32 .30
R: I: 58 calc,, 56.1 obs,; II: 58 cale,, 55.7 obs.;
i: 58 cale., 55.4 obs, ; IV: 58 cale,, 55.5 obs, Suson test: —

B: Sev¢ Table §-3,
5. CHEMICAL PROPERTIES
S H, (keal /g (MI/kg)): M0 (1) R0 (o)

Cale: 1.62 {678} i 48 (6,18}

Expr 148 46,190 1,37 (5,733 | Skid resn

Impoct angle {deg (rad )} Drop hi. (ft {m}) Event

frolvate - DMFA, DMSO, butyrolactone Gagp teit {mils {mm}):
sl — acetone, pyridine ESUC- b =
i = carbon disulfide, carbon tetrachloride, : m_g I:'i;: :ﬁ - i:i;:
chiloroform, ethyl ether, wate m.m; 1.783 {It'}.?} {n = l:ﬁ?'&
6. THERMAL PROPERTIES :
A: 12.2-10.0 * 107" cal/comsec-*C {0.511-0.5% L = L
¥/m-K) at BT
€ - -4 a » -
CTE: o « 22,0 :in/in~"F at -85 to 165°F 1;: : g: g . { :g;
(x = 50.4 um/m-K at 219-347 K} : la - L83
g ¢ 1625 um m-K at 243-343 K LA iy
Low

3/81
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w 1,3,5,7- TETRANITRO- 1,3, 5,7- TETRAZACYCLO-
HMX -

OCTANE
7. MECHANICAL PROPERTIES
*fj E T * L~ —'-‘.'-3
E- - "3
; e T me ]
Initiat modulus { "_‘;g
.§ 1&;//
b [ 2=
3 wir
3 3
L
I
1.
%l
i
!
wh
mw!lm-ﬁd
Creep ; Yapor pressure ¥s 17T
MNOTES
A e \ . ; . ~ e
ﬁ f
. o
; 7 - = 2.0
Explonien < =5
- -
-
— — - — -
- -
i L e
. B ' Ka:x
‘ - L
h { § - i z
3 o .
- = (1} 100 200 300 300 m:
. m.m Temperature — "( pr
Tompemioe = ¢ [
T6A curve LT =00

PIA (—) and pyrolysis (-} curies Tesperature - £

Specific heat ws 7

19-56 3/81




19-57

EXPLOSIVE: BI1S(2,4,5-1KINITROPHENYL)-DIAZINE | DESIGNATION: HNAB
2. STRUCTURE OR FORMULATIONMN | 6. THERMAL PROPERTIES [continued}
T R —
NO,  O,M ;¥
] ®
03 — mz ; C_’ {cal /g="C (kd gk}
Est. G.3 (1.2%)
: Ma;d”:nhihf {c- of gos evelved ar 120 °C
2. PHYSICAL PROPERTIES 0.25 g for 22 he: —
| Physical state:  solid 1gfor 48R —
Coloe: redd i sh-orange
¥ ; 8. DETOMNATION PROPERTIES
At. comp.: cun‘xxou .
MW: 452.2 D {mm Simec {km 5} }: 7.311 {e= 1.80 3
Demsity {g/em’): TMD: 1: 1.799
II: 1.750 ’u{u-{’ﬁ"i GPol): {p= 1.80 }i
fmup. (*C {K}): 220049}
fbhp. {*°C{K}): — - Meas.: 20%
Ivp. {mm Hg (P} 1 X 10 ' at 100°C Cale,: —
: (1,33 X 1077 at 373 K) "
lcﬂﬂn-h-:} ST (MIkg)): (p= '
& mm: — :
Crystal dote: Momoclindc
I: (P2, fe) 1t (P2, /a) - =
T — . SENSITIVITY
a - 10,15 & =+ 10,63
b~ 8,26 b = 21.87 Hm {m}: 12 roni ¥
€ - 10,06 €= 7.59 L
8= 97.3 & =102.6 5 ka: — —_
& 2.5 kg: 6.37 0.32
1 Suson test: —
5. CHEMICAL PROPERTIES
AH,, (keal/g (MI/kg)): M0 (e b o
Gale:  1.47 8.15) 1.47 (5,94}
; impoct ® {deg (rod }} Drog ht, {ft {m)} Event
A H (keal /mol {k1/mol)): +67.9 (+284.1) 2raie Lo
FSolubility {s=s0l., si=sl,30l., i=insl.}: - - -
s==acetone, butvrolactone, DMFPA, DMSC, ethyvi atetate
Sesethvipyrrolidone, ridine ] ¥ -
#l--chlerofors, benzene, ::!umla. sulfuric acid, Guph!l' ‘m"{“.}}: {» )
wnter { ®SWC-SSCT: (4.38) (o= 1.774)
i==carbom tetrachloride, ethyl ether | LARL-SSCT: 219 (3.%) (o= 1.601)
16, THERMAL PROPERTIES
B 10, ELECTRICAL PROPERTIES:
EI:.'J!: @ = B0 um m-K S
1. TOXICITY
Low
3/81




HNAB

7. MECHANICAL PROPERTIES

Sound velocity (kmfs): <, C‘ C-b
(o= 1.577) 6.853 0.4865 0.6863
initial modulus
C:nqp Failure -!ﬂhﬂ
MNOTES

¢ 200 SO0
Temperature —
{74 curve

19-58
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foi"={1,2-ETHEXEDIYL) BIS~
EXPLOSIVE: (1.4, ~-TRINITROBENTEXE)

HNS

DESIGMNATION:

2. STRUCTURE OR FORMULATION

4, THERMAL PROPERTIES [continued]

NO,
CommCo” N
O,N NO, QN | o,

3. PHYSICAL PROPERTIES

b § —
7#{ (X))

€, leal /g="C {kd fkg=K)k:
Est.: 040 {187
Fxp.: 0.23 {D.962)

Thermal srability fem® of gz ovslisd &1 1335 °C
(393 K

0.25 gfor 22 he: 001

15, CHEMICAL PROPERTIES

a'Hd“ {keal /g (MJ gl ): “znpn Hzﬂ (g}
Cale:  1.42 (5.84)  1.36 (5.89)
Expr —_ i

A H, (keal /mol (k1/mol)): 4187 (+78.28)

Solubility (s=s0l., sl-sl, sol., i=insl.):

sl-=butyrolactone, DMFA, DMSO, S-sethvipyrrolidonc
j=-acetone

| Gop test {mils {mm}):

&. THERMAL PROPERTIES

iﬂ'!yﬁm!“nh‘. solid P gfor 48he —
{ Color:  yellow
. b Ti PR
At.comp.: €, HN.O , 1 8. DETONATIOM PROPERTIES
MW: $50.3 | D {mm /inec km/3}): 1: 6.0 {(p= 1.60 )
D-mity{gf‘cua): TMD: 1.740 11: 7.00 WL )
Nominal: 1.72 Pey (kbor (107" GPa)): (o= 1.68 )
m.p. {*C{X}): I: 315-316 (588-589} with dec.:
b.p. (*C (X)) — 11: 318 (591 Meas: —
v.p. {mm Hg (Pa}): Calc.: 200
: 0 i
B: 1% 16°® at 100°C (1,33 X 19°7 at 373 K) Eeytllmm/inec)™/2 (MI/kg)): (5 )
bmm: —
Crystel date: momoclinic P2, fe
Fmm
a= 22.13%
b= 5,57 #. SENSITIVITY
" E’i.ﬁ?
=4 Hgp (m): 1210l 128 ool
5 kg e ==t
2.5 kg 0.%% 0.66

Suson test: —

Skid vest:
impact -ﬂfﬂ; {rod }} Drog ht, {fs {m}} Event

{p= }
I: NSWC-S3CT: {5.18) {0 = 1.8943
11: NSUC-SSCT: {5.48) {0 = 1.72%)
1: LANL-SSCT: 08 {5.28) {0 = 1.669)

A 1: 2.04 = T callco-sec-*C (0,.08% Wie-K) at 391 %

10. ELECTRICAL PROPERTIES:

11z 1.91 = 107" cal/cmesec=*C {0.080 W/n-K) at 293 k| €¢: —
CTE: @ = 82um m-K 1. TOXICHTY
Low
1/81

19-59




r

i
7. mECHARICAL PROPERTIES

irverse wemperature (1000 T = ¥

Iniviat modubes
Creep failee envelope
MNOTES
T ™ !U‘ ' ’ L
100 . o = .
f I e =
T - e
[ | |
B eg- -4 L
% 50 f 5?2
! 1 3 7
L2 g . i e
% — i e Neas - 4
' o 100 200 J0 v Sw ; oy :
Temperature - L
Tah cyrve H‘lS'I
n—" . ..l'
- P .
E % 22

¥apor pressure vs 1il

19-60
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Fp. PO ).

| MATERIAL: CHLOROTRIFLUORDETMYLENE/VINYLIDINE DESIGNATION Kel-F
FLIOEIDE COPOLYMEE 3.1 (Sinder)
ISUPPLIEE : 3
2. STRUCTURAL FORMULATION
. o 3 / H ¥
i i ! ! i :
—f— € = =] — € =)
N
£ ¥ \ w ¥
. L. 3 N 1 J "
4. PHYSICAL PROPERTIES
§ Phyrical shote : solid Cryvel dotwe -
Color : oif-white .
FES Comg, “'t“!ti irii i
MW : (413.%)
Diers:ry ﬁ o TMAD -
Nomingl : 800:2.02 1700:1.98%
mp. °C &)} %3
b.p. ﬁﬁ:hﬂ e BO0: L. ek
1v.p. : ;
Beinle point °C (K} ) : 1700:-84 (208 Shore hordnew (ot

1 5. CHEMICAL PROPERTIES

7. MECHANICAL PROPERTHES

Aﬂ!ﬂ;ul.'-ul fl'molt}: 1700: -ieli=ti4}

| Solubility fs=sol., sl=sl, sol., i-imol.}:
* - metone, butyl acetate, ethyl acetate, MEK,

Terile strangth {pai {kPal -
WO IM-R00 (2.481=4.043

PrO0: 1500 {10}

flongation (% : #00: 150
1D - YO0 8O0

19-61

MIBK, THF | Sound velocity (Mm/s}: €, C £

= toluens - ] !
5 1800 (; = 2.00} - - 1.5
¢ TMERMAL PROPERTIES FI0. ELECTRICAL PROPERTIES

- 4

R:800: 1.26 < 10" calicwsoc="C {0,053 Sin-k) at Ir: 5.00 fa= 2.0
CTE : Jid.6 '

B]0: a = 60=-]05 ;miw-K « Tg
= 3001600 mim-K > Tg
800, 3700 £ . 700 imie-K
Fit. Toxiciy
1% CPFIY: o0 -31": gz o
: :ﬁ{ut'g-'t flhg-xX}1: 800: Exp. 0.2% < Tz (1.004
“ Tgh

i £
1 NOTES

3/81




Kol F 3700 iuncuredi

&l

[} SO Tt p-LF ¥
Temperature — L

Wik (=} ang pyrolysis |-- Curves

o
- Kot F 500 1
.

2 i

TOoRECHANKCAL MOPERTIES

i{:::\-
b
Y
" e
= * {
- 1 - |
3 1%
- (e
z et F s
X
-
-
- \
o S e S, Tl A58
150 g 150

Temperature - [
Specific neat w5 T

Initial modulus

19-62

/81



| rrosive: e aztoe

[ 2. STRUCTURE OR FORMULATION

i'

iN=NEN P INeNaN -

T ("F X1
ffi"

feal 'g="C ki RgX):

- 0.0% (0. 57T

| Tharmal sobilivy itu’ﬂﬂtﬂlﬂﬂiﬂ 120 *C
i {393 K

|2 1, (keal /ol (k1 /mol}): +112 (+289)

| Sotubitity (s=10l., si=sl. sol., i-inml.}

fi==wuater

| Gep test {mils {mem) }:

6. THERMAL PMROPERTIES

impoct ongle {deg {rod )} Drop ht. (# (m)} Event

{p=
XSWC-SSCT: (2710 {c = 3.863)

": PHY SICAL PROPERTIES 0.25  for 22 b
{ Poysical vate: wolis Tglor &l 0.5
Color:  white-buif
Ar. comp.: TOON), 8. DETONATION PROPERTIES
MW: 4 D {mm Synwe {bm "5} ) 5.% {o= 5.8
Demity (g ;..3;, TMD: o 80
Tamingi: 5 ’CJ {ihor flﬂ"ﬁhih {a= }
mp. (*Ci{)) dec.
b.p. {*C (K)): Meas .-
frp. (mm By (Po)k Calc.:
-zq,u-.fma’f: (MI/hg)): (o= }
&
Cryval daw: 1 ¢
rthorhombic (Pemn)  Momeclinic (C2/w) ¥ -
« §1.3% a= IB.4&9
:, . 16.2% b B85 . SENSiTMVITY
£ - I\.‘_«‘ \ : lﬂ': i- ”m {-}:_ !: -t !a_ﬁ
: R: 15%.1 obs. ]
{n:  see Table 4-0. Suman tesr:
5. CHEMICAL PROPERTIES
A ¥, (keal /g (MI/kg)k: M0 (1) "0 )
Cole: 0367 {1.%6) 0.367 {1.%4)
Expe Sid et

¥

10, ELECTRICAL MOPERTIES:

A 5.2 0 107 calicm-sec="C (0.176 ¥in-E)
CTE: ; axis: a = 76.9) - ;“::i 1;; - amn
boanis: a e+ 3.4 umie-K at 286 K :.t 7 P
¢ axis: o= ﬂ.)f e i
11, TOXICITY
High
3r8
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[7 WECHANICAL PROPERTIES

19-64

initiel modulus
Creep Failure envelope
NOTES
r L 1
i
L 1
o TTTTTme . 30
Tewperature - “C
DTR curve
3/81}



EXPLOSIVE: 2:4,8-TRINITRO-1,3-SEXZENEDIOL, LEAD sm’ DESIGNATION: Lead styphaste

7. STRUCTURE OR FORMULATION 15, THERMAL POPERTIES (continved]
3 mn0 T F ()
C, lent /g="C fhd Ag=:
Thermal wability {em® of gas evolved ot 120 *C
(393 KN
[3. PHYSICAL POPERTIES 0.25 ¢ for 22 b
Physical siote: solid Tgloe dBh: <0.4

Color: orange-reddisk brown

I's. DETONATION PROPERTIES

At, comp.: € ﬁ“i‘iﬁ!ﬂ'

MW: 468 | D (mm Zinec (km/5)): 5.2 (o= 2.9 }
Deniity (gn"tﬂ:iz TMD: .08 =
Nominol: 1.02 ’C-i {kber {107 Gla}): o= }
mp. {*C{K}}: explodes 260-110 (513-583) .
b".{-c {x;i: 1 Maos.:
v.p. {mm Mg (Pa}): Cale .:
£ “,n-h—:}’fz (MI/kg)): (o= 3
{ Crysrol dots:  momoclinde
s = 10,08 17 mm
b= 12.58
il 9. SENSITIVITY
%y Ny (m): 1Zmol 128 el
iR 737 obs.
n: wsee Table &-1. g Susar test:

5. CHEMICAL PROPERTIES

aM,, (keal/g (MI/kg)): "0ty MOy
Caler ©.457 {1.91} 0.457 (1.31)
Expe Skid rear:

impact angle {deg (rod )} Drop ht. (ft {m)} Event

éﬂf{hﬂ!-ﬂ {ui/mol}): +82.3 (+386)

Solubility {s-30l., s =st, sol., i =insol.}:

i--water, ether, CHCI,, benzene, toluene Gaop test {mils {mm}]): {o= )
sl--acetone, ethanol

{6. THERMAL PROPERTIES

I [0, _ELECTicAL moraRTIES:
f CfE: €

11. TOXICITY

F 4

3/81 19-65



{Lui styphnate

7. MECHANICAL PROPERTIES

Temperature — L
DTA [—} an¢ pyrolysis {—) curves

Initia! modulus
Creep Failure envelope
NOTES
F— — | T T v
i ; e
i 1
| | -
.|
; { i i i

F
O~ 100 200 300 400
Tesperature — C

TeR Curve

500

19-66
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LX-01

16. THERMAL PROPERTIES

EXPLOSIVE:  1.X-01 DESIGNATION:
2. STRUCTURE OR FORMULATION &, THERMAL PMROPERTIES {continued)
E1s T () —
Nt TE, .
TSM 3.2 €, (ool /-°C (ki Mgk —
i = Nitropropane 15.1
3
Thermai stgbility {cm™ of gos evolved ot 120 *C
(¥ K"?, -
4. THYSIGAL PROPERTIES 0.25glor 22 he: 1.8 at 80°C (353}
Physical vrate: liguid Tglor dBhr: —
S [[8. DETONATION PROPERTIES
: I8
Ar. comp.: C, oMy 798 600130 :
MW { D (mm /usec (km/3]): 6.84 {9= 1.24 ¥
Denmsity (g /cm ) TMD: 1,23 |
Nominel: — P (kbar (107" GPo)): (o= 131
m.p. ("CI{K})}: -54 (219) .
b.p. (*C(K}): — Wy $0%
v.p. {mm Hg (Pal): 29,0 at 25°C (3866 at 298 K} Cale.: 177
| £ (tmm/imeci? /2 (M3/0g)%: (e )
b —
Crywal dovs: — ]
| (P —
{ 9. SENSITIVITY
| %o (m: Zwosl 128 ool
R -
3. CHEMICAL PROPERTIES
|8 My, lkeal /g (MI/kg)): M2 (4 "0 (e
' Cale: 1727200  1.52 {6.36)
_ Exp: m— — | Skid reur:
| mpoct ongle {deg {rod )} Drop hi. (ft (m}} Event
§8 W (keel /mol (k3/mol}): ~27.5 (-115.2) = =2
| sotubitiny (s=10t., sl=sl. sol., i=imwl.}: —
. Gop tost {mils (mm}): — {o= 3

10, ELECTRICAL MOPERTIES:

Y et
ETE: e R —

1. 1OXICiTY
3/81
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lLx-01

7. MECHANICAL PROPERTIES

initial modulus

failure envelope

NOTES

19-68
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DESIGNATION:
6. THERMAL PROPERTIES {continued)

LX-02

Butyi rubber 17.6
Acettitributyl citrate 6.9
Cab-0-541 2.0

4. PHYSICAL PROPERTIES

Physicel state:  puttylike solid

"' {*F {K}): none above -4 {253}

€, (eal /g="C (ui/hg-K)k
Est_: 0.28 {1.21)

Thermal wobilit- {ma-ll't svolved ot 120 *C
{393 K

0.25glor 22he: 0,3-0.6
tglor d3he: —

o 8. DETONATION PROPERTIES
Al comp.: €y 0o 5680032 9050, 03 :
MW D {wm Jinee {km/3}): 7,37 {o= §44 }
Densiry [‘r’clls}: TMD: .44
Nominol: 1.43-1.44 Pe (ber (107" GRa)): (o= }
{mp. {*C{K}}: no fixed m. p. ; s
Sp. (*CIK}): — Mess..:
; WP l“ w {h}}' R m.: rm—
!“iﬂﬂf“}!}'i M/ kgil: o= }
Smm: —
Crysel dota: — P
8. SENSITMVATY
Hey {m): 12 rool 128 o0l
- % kgt 6. 80 -
1 2.5 kgt 1o .
‘ Suon test: Very difficult to ignite; small
probability of bullding to a violent reaction,
|5. CHEMICAL POPERTIES
|aHy,, (keat /g (M3/kg)): M2 (1) )
Cole: 1,42 (5,94) 1,16 (4,85}
Exp: — — Skid test:
Impoct angle {deg {rod }} Drop ht. {#t {m)} Event
a H, {keol /mot {k1/mol})}: -48.1 (205 3} !
WI;', {""-t'g ‘t"!- =ﬂw| i'm-‘,: —
: Gop test {mils {mm}) — {a= ¥
6. THERMAL PROPERTIES B |
S 110, ELECTRICAL POPERTIES:
CTE: o = 128.7 um m-K at 244-253 K €3 —
8 = 385 gm m-K at 243-343 K
. Toniciry
.

3/81
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LX-02

7. MECHANICAL PROPERTIES

initial modulus

Failure envelops

[noOTES

19-70
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EXPLOSIVE: LX-04-:

| DESIGNATION:

2. STRUCTURE Of FORMULATION

&. THERMAL PROPERTIES {continued)

wiT
HMX B85
Viton A i5

4. PHYSICAL PROPERTIES

Fhysical siote:  solid

Color:  vellow

At comp.: €y ssMy 58%2 3002, 30F 0, 52
MW

| Density {'f:mz}: TMD: 1.889

' Nominol: |.#s-1.87

m.p. {(*C{K}): dec. 250 {523}
b.p. {*C{X)}: —
.. {-ﬁ iPa}} —

Cryvel dote: —

T‘ {*F {X}): -18 245}

QP {oal /g="C fkd Rg-K})

Thermal stobility {cm® of gos evolved ot 120 *C
393

6.25 g for 22 be: 0.01-0.04
Tglor dBhr —

8. DETONATION PROPERTIES

Di{mm unec {hm /s}): B 48

: =1
’ﬁd {kbar (10 GPalk
Meas .-

{#= 1.86 ¥
o= 1.865
350

Cale,: 330

€ ((mm/imec)? /2 (MI/kg)): (0= 1865 )

1

5. CHEMICAL PROPERTIES

Smme 1,150
1Fme: 1.470
2. SENSITIVIYY
g (mi: 1210e! 128 s00l
f 5 kg: B.&1 0.5%
a5 kg: . -

| Swan tew: Threshold velocity 140-150 ft, sec
] 3336 m 8); moderalely vasy to ignite; low

probability of building to a violent reaction,
Some geometries detonate high-order,

19-71

A, (keol /g (MI/kg)): P30 (1) M0 0 Skid test:
' {deg (rod )} Drog ht. {# {m}} Event
Gale: 1,42 {5.84) 1.31 65,49 M de9 {0 [l
_ 14 (0.24) 2.3 (0.76) 12
Bxpe 1314540 1,25 (5.23) 45 (6.79) 3.3 {1.07) 1
4 M, (keal /mol (kI/mol}): -21.5 (00,13
Gep test {mils (mm}):
= NSUC-SSCT:  LX-04-0 (6.10) (0 = 1.8283
Solubility {s=wol., sl=sl.sof., i=inmi.}: LANL-SSET 1X-04=1 {0 = 1.88%,
Pre-1965: #0-80  (1.5-2.0)
Post-1965: 40-80 (1.0-1.5)
LANL-SSCT:  LX-04=0 (2.31) (¢ = 1.840)
LANE -1L8CT: LE-04~1 €51.71) (o = §.8%%3
§. THERMAL MOPERTIES FX-CT: {20.3) (o = 1.86)
A 0.7 ~ ld—‘ cal/cm-sec-"C; {0.448 Wip-X)} at 263 & 10, ELECTRICAL “mm
CIE: i
sow 28,5 uin./in.-"F at 8% te -18°F | R s » 1,86}
{31.3 La/m-K at 219-245 K} _
o= 3.5 pin./in.~"F at -18 o 183°F
(1.1 um/mK at 245-347 K) {11, ToXiCITY
§ = 228.2 ual/e-X at 24333 K
3isl



LX-04

7. MECHANICAL PROPERTIES

19-72

t L | -
Bl o
A" e Y
e o \
. N—— \
; -'" . "‘« ________ A'-\'n ________
5 . Th : I ———
$ \ ,
§ f ‘--\&;—.““ i I ) ‘
E o u Ll.ﬁ- !__." '.-ﬁ- ‘-‘;—i______._: - - - - :"-. l B g - -
e Comples shear modult
- ——r — —
200 50 300 50
Termperaturs = K 11.05
Initial modulus
> B0
o 2 8.7}
of 0N =
i i
o 38.0
o § _
T % 4 5.52
i 4
w 2%.0
8
= 2948 .
£ - 267K e
- 0
? ] & 12 18 24
O  r—— i .
Craep %9 700 000 8000
; s’rﬂ;ﬂ—n* o
INOTES Fatlure envelope
— 1.8
"
LX.08
: e
-
- = I
- - -l
d‘ﬁ
-
o 132
50 156 10 XS0 - 4.8
Temperature — *C i j’f
DYA {—] amg pyrolysis [-=] curves = /;'
“
lg e e LR
o0 300 400 ¥ 5
Temperature — &
Specific meat vs T
3781



DESIGNATION: LX-07

6. THERMAL PROPERTIES {continued])

':T%
HMX ag
Viton A i0

' T (U (KD -18 (249

§ 4. PHYSICAL PROPERTIES

Physical state: solid

_ Color: orange

(- Cenaarza%alon
MW

| Demity (g/cm’):  TMD: 1802
Nominol: 1,86 -1.87

m.p.  *C{K)): dec, »250 {523}
bp. {"C{X}}: —
v.p. {mm¥Hg (Pa) ) —

Crystal dota:

i'.'*{ul Fg=*C (kd fig=)}: -

Thermat sability (cm> of gas evalved at 120 *C
(W3

0.25 g for 22 hw: 0,01-0,04
lgior 4l —

8. DETONATION PROPERTIES

| Meas.:

D {mm /jnec {km 75}): B 64 {p= 1.87 3

Pey (kbor {10~ GPal): (o= 1.865 )

Cale.: 346
quﬂmfu-c}z:'? {MJ/ kgl o= 1.BST )

x=07-]
i.250
1,575

& mm:
17 mom

g, SEMSITIVITY

5. CHEMICAL PROPERTIES

4 reaction {(LX-07-2),

A, (keal /g (MI/kg)): M0 qr)

Ho ig}

Cale:
Exp:
3 H, (keal /mol .1/ mol )}

i.49 (6,233

=12.3 {=51.7})

Jhiﬂili!’- fi=wl., sf=sl. 3ol , i=inwi.}): —

137 §5.,73)

&Hw

Heg (m): 12 oot

0.38

S kg:
2.5 kg:

Susan tes: Threshold velocity ~ 125 7t/ sec
{~ 38 m/s); has moderate buildup to violent

tangle {deg {rod )} Drop ht. (Ft (m)} Event

14 10.24) 2,5 10.76) &
45 10,79) T.IELI6) 5
LX-07-1

Gaop test {mils {mm)}): {p= LE5T )
LANL-SSCT:  70-9G {1.8-2.3) (LX-07-1)

LAKL-SSCT: 70-90 {1.8-2.1) €0 = 1.8%9)(L-07-2}

6. THERMAL PROPERTIES

Ia: 12,0 - 107

CTE:

o= 26,7 Lin.fin.- F oar =85 1o ~18°F
{48 La/e=K at 219-24% E)

«® 348 Lin.fin.- F at =180 16370
{63 un/e-K ar 245-347 K)

¢ = 181.% umie~K at 241 K

calicm-sec=-"C (0.502 Wiv=-Ki at 293 &

10, ELZCTRICAL PROPERTIES:

€1 =

1. TOXICITY

3/81
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E .
| LX-07
17, MECHANICAL PROPERTIES
¥ 138 T ‘l'.\
- B \ N
z . "’:-\ . P
¢ A\ ——
* A% '
g 28 LE-OF-° y ‘“\T,::h“-‘—-:‘_: L 2 —_— - =
b " = ‘r Comeles yhear modytt
200 %0 300 350
Temperaturs = K
Iritiat modeius 8.2
o' &
2 A s s
- ¢
i z
s = .78
2
B
i
L,
i ] &00r: SO0
Stram=—um ™
] | :
1.8 ;
= LX-0F
;
-
= 1.4
-
: |
_"B-
—
i
o
; A
|
i - % - . & il S
200 00 40¢ 500
Temperalure - &
Specific neat ws T
3/si
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| expLosivE: Lx-08-0

| DESIGNATION:

[ STRUCTLRE OR FORMULATION

&. THERMAL PROPERTIES {continued]

S M, {koal ‘mol (k1 /mol}l: 44 1-155.8

Solubiliey (s=30)., 3=, 90l., i=inel.}: —

impoct ongle (deg (rod 1} Drop %t. [t {m)} Evenr

Gogp rest imily [mm]):

&. THERMAL MOPERTIES

-t I ok —
PETN 837 .
Svigard 54,3 Cp{ﬂl g="C L) Rg-Kih
st . Fet.: 0.28¢1.17%
1 Thermai stabsiiry ’ttﬂiﬂ gos evolved ar 120 *C
: (W3 n
{4, PHYSICAL PROPERTIES 0.5 glor 22 hes —
Prysicat wate: puttslike wolid Piglor dfhe: —
] Coler:  tiue I
: . 18 DETOMATION PROPERTIS
v comp. i ..‘0:!“--5.'1"-30.31.:U_'_-aa“'{'.'vt'- f
AW ] D i aee Thm '¢il 5 56 { o= 1.4 )
Dermity ig clhs'l' ThaD: l.d3e .
Nomingl: 142 Yo fibor (107" GPal): (o= )
mop. {*C{K: 129135 i§02-408 ) with dec. ;
b.v.i.‘c {K})e e Mg . —
v, (e Hg (Peil — Cale.: —
. 2 2k ¥ .
E_"*um ssect 7 M TRgth de ¥
Crvwral dote: —
1P —
®, MENSIHTY
Heg (@: 12me! 128 sool
5 kg: v —
a e % kg2 - - :
&, CHEMICAL PROPERTIES
M, (heal /g iMd kgl "% 11y M0 o |
Cole: 1.93 48,27 177 {14 j
Eap _ _ Shid tewr I

10, ELECTRICAL MOPERTIES:

A —
: m*- U
v (LS uin. i~ (188 sfe-K) I
= §6% Jmim-K :
1. TOMGITY
3/81
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tl.x-u

7. MECHANICAL PROPERTIES

inivag! modiil o
CTreep Failue envelops
MNOTES
: — - - ca;
O ¥4 5e
Temperstore = L
UTA curwe

19-76
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5. CHEMICAL PROPERTIES

j= N, licol ‘mol (i1 mol)): 102

Jﬂ#

iheot ‘g (M kgt M0 gy
Lale:

Eape

%

.50 47 &0 .46 ., 110

—_— e

LRI L X-00-08
20 -8 38 (1. X-08-13

Solubifity (s=wi., si=sl sol., i=inwl.}: —

&. THERMAL PROPERTIES

EXPLOSIVE, LX-00-8, Ly-0%-) | pessGraTION: LX-09
; :
2. STRUCTURE OR FORMULATION 4. THERMAL PROPERTIES {continved )
L 1T (X -20 2a0)
-f.__.\'“""i" l_k-ﬁu-; ‘
FiNEx " .3 c fﬂ‘".cw m“_
pINE A 4. 4.4 - S
FEFO 24 ' :
Thermal siobility (cm® of gos evolved ot 120 *C
s f LT
4, PHYSICAL PROPEETIE S 0.25g0r 220 0.03-0,07 LE-0%-0
Physical shafe: ol Pgtor d8he —
Colar: purpls
Jar. comp.: @ 13},"“ W _Eﬁ,tl.‘ §. DETOMNATION PROPERTIES
REW - Dimm "unec {km 33} 13-0%=1: fa= 1,04 i
Deniry ig c-J'b ThaD- "L i 4 e
Meminglz 1. %6-1.85 | Py tbor (107! GRa) - o= 1837 )
mp. f"Ci{klh deec, 206 55
b, {"C K} — Mot W7 veee
vop. fmem Mg (Pellh — Cale.: 37%)
£ ,Hh-."-unizf! iMIikgll: (o= LBI6 )
b LX-0%-0
( ] i —— :
s Wame 1,673
15, sensitmary
§ Mgy fm}: 12100l 128 sool
LE-0%-0 5 ke 3. % _—
.9 kg - -

Sumon tew: Threshold velocity ~ 110 #t sec
=34 m =k has high probability of rapid
buildup v ciolent reasclion,

Sk id resr:
impoct angle {(deg {rod 1} Drog ht. (ft (m}} Event
LE=-0%=-0: 14 (0.24) 1.25 i0.38) &
LE-0%<0: i35 (0.9 50 (1.3 6
Gagp 13t {mils {mm} )
LE-09-0: LAXL-SSCT: 79=10% €1.9-2.701{c = L.&35)
LX=0%-0: LANL-LSOT: 158.47) (0 = 1.8

19-77

e 123+ 107 cal/emmsec®C (0,515 Sty ac 793 x| 10- ELECTRICAL PROPERTIES:
CT! L S—
E w300 Lim. =TT Gt -BY to S200F E
{28, 8 mfe=K st J19=Jii £ ;
= 3.0 Cdnlin.-F st -20 te J6Y'F
£55.8 alw=E 3t 234-357 I3 1. TOXICITY i
= !
3/81



lLx-09

7. MECHANICAL PROPERTIES

fas T
ﬁ‘ - .
- by, F—l’:m 5 53
% \
% \k &.14
" . W ——
- et | T | hh. T &£
200 80 300 50 b-
Tempersture — K i 2.7¢ By
Initial modulus ;-
¥
Zz
o~ 1,38 =
s |
e 0
: 0 -
g 148 4000
"! Straln—um/ m
LV
£ o3 s 7 . 7
u ] Time — b
Creep Failurs envelope
NOTES
- l-“-'— YT e i - —"1.
|
» i
s s
- !
= L&
*
- uﬂ- !
s | :
! |
v 1.2,
% |
&l £
e |
Tesperature ~ ( 1.0 _ 4
OTA curve 200 300 £00 5
Temperature - 7
Specific heat v !
19-78 3/81




| exprosive.

: €, (eal "g="C (kd kg~X:

Thermal wability {cm of gas evolved ot 120 *C

1 X~10-0, L¥-10-1 DESIGNATION: Lx.ﬂ
2. STRUCTURE OR FORMULATION 6. THERMAL PROPERTHES {continued !
wi®
E...-.} :.;-ﬁ_ {\;-I‘ﬂ_t ?ﬂ"fix}k 18 €245)
HMN a5 5.3
Viten A 5 3.5

24,8 uin.fin.="F &t -85 to O°F
{es.t Lmfo-K at 219-2.%5 £}
26.7 vin./in.~°F at O to 165°F
{57.0 unfm=K at 255347 K}

; (I
_ (-10-0 EX- -
' By PHYSICAL PROPERTIE S 0.25gfor 220 0 002 3}53"_51 i
= BT | TR P | e, e + s oo
H‘?m“&‘: wavl ieh 410 ‘:.hhj % T f,.l' 0,156 ’gh‘ah —
[ Colaw:  Lluc-green spots on white
"‘ w.: [.\'IU-I}; {.1'*;)‘:2-‘}“_:\2._.‘“3:}_\""".‘*-6-!: ‘1. D‘Tm"mnmtﬂs
H’W:‘ o LX-10-0 E-’;“!'B_“ D fmen pmec (hm “3}): 13- m-n;.:: {or 186 i
i R S e o LX-10-1: 8.85 (0 = L.&7)
MNomingl: 1.8Mi-[ 888 [.870 !mtih 110  GPa)): fp= L.B6G )
Imp (*"Ci{K}: dec, ~250 523} ; i
b.p. (*C{K)): — Mass.: = 375
fvep. [mem Hg {Pa}) — Calc.: 3680
El(mm/inec)? /2 (MI/kg)): (0= 1862 )
& mn: 313
Crywtal dota: —
1Pmme 1670
{9, SENSITIVITY
Hsp (m]: 12 sool 128 ool
: [.X-10-0 5 kg 0. 3% —
: LX-10-0 2.5 kg: 2.40 —
e — LX-10-1 2.5kg: s 0.5
: Susan test:  Threshold velocity ~ 120 it/ sec
i 37 m/s)k has high probability of rapid
S. CHEMICAL PROPERTIES buildup to violent reaction,
AH, (keal/g (M kg)y: Ho® (1) 0 (e
Cale: 1.55 16,49 1.42 (5,94}
Exp: s == Skid rest:
impoct angle {deg {rod )} Drop hr. (ft {m}} Event
4 Hy (keal /7m0l 1 /mel}): -3.14 (-13.1) LX-10-0: 14 (0.24)  1.25 (0.38) &
1 LE-10-0: &5 {0.79) 3.5 (.07 6
535 5. h LX-10=-1: 14 {0.24) .25 {0.38; L
Solubility (s=10l., st=sl.sol., i-imol.): — 1 1X-10-1: 45 (0.24) 35 (1.01) 6
1 Gap test {mils {mm}): {o= 1,872 1}
LAKL-SSCT: 80-100 {(2.D-2.%)
&. THERMAL PROPERTIES
A 12.3 4 107° cal/em-sec-"C (0.515 W/a-k) at 203 k joe CLECTRICAL PROPERTIES:

2
3

3/81
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|LX-10

BN | F—

Temperature — C
DTA curve

L
-
r

Specif ic heat {tp} - KdjkgoK

=
17, MECHANICAL PROPERTIES
T  ; i 3
b *
1 ‘u E" \"‘--_\
“& L Y
E b o A -__J"‘-,h_
3 e, N T e e
B :\n\ AAX-10-1
5 N ;
- 4 [
z QN | EmTm—
A —— Complex shear moduli
= | e - 1 o
‘200 %0 300 350 e - o
Tempersture — K
Initial modulus
z
e 689
Ef
i 58.0 i
: .
g ».0 348 -
% B
t o 1
O ¢ 2000 4000 S000
Straen — g i
Failure envelope
NOTES
r 1.6——
| 1.8
ol
o3

400
Temperature - X
Specific heat vs 1

19-80
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EXPLOSIVE: 1.X-11-0

2. STRUCTURE OR FORMULATION

wi®
HAMX BO
Viton A 0

& PrRveiCAL PROPERTIES

Physical vhate:
Colos:

wovfpcd

white

Av. comp.: € 61M2.335%2.16%. 16 0,70
W

Demiry {g c-:’}: TMD:
o mal:
fm.p. {*C{X}): dec, 250 523}
bp. ["C(K}}:
v.p. lmm Hg (Pal): —

. -
1.8/=1

SR

| Crywtol dom:

5. CHEMICAL PROPERTIES

A M, (heal /g (MI/kg)): M30 4y "% (@)
Cale: 1.38 {5.77)} 1,28 {5.36)
Exp: 1,12 (4.6%) 1,16 (4,B5)

.utf {keal /mol (k 1/ mol}): -90.77 (-128.6)

mim{"“’-"’i-ﬂ- “’rf;‘h’.}: —

| pesiGNATION: LX-11
a
6. THERMAL PROPERTIES {continued) ]
T {°F {K)): -18 (245) Q
C, (cal /g=*C tka Ag=X:
Fst: 031 (1.26:
Thermo! stobility {em® of gas evelved ot 120 *C
] {393 K
0. 25 glor 22he: 0,01-0.04
lglor dBher: —
[ BE. DETOMNATION PROPERTIES
{ Dimm /imec {hm /s}): 6,32 fo= 187 3}
P, (kbor (107" GPa)): (o= 187 )
Meoi.: —
Calc.: 310
€ ((mm/mec)? /2 (MI/kg)): (5= 1876 )
& - 1.105
1Fme [ 350
. SENSITIVITY
Heg m): 12100l 128 rool
5 kg .59 -
2.5 ku:
| Swen tesr: Threshold velocity = 170 ft/ sec
=533 m/ sk is moderately difficult to ignite
and has very low probability of buildup to
4 violent reaction,
| Skid rest:
{1 Impoct ongle {deg {rod 1} Drop . {7t {m)} Event
{ Geop test {mils {mm}}: {p= 1.867 )
LANL-SSGT: 4385 (1.1-1.7)

4. THERMAL PROPERTIES

A: fest.) 0.21 Beufhr-f1-"C (0.3} ¥W/e-K} at 294 K
CIE:

3= {est.) 3 uin.fin.-"F ar -85 e =-10°F
{56 un/o-X at 219-249 K)

a = {est.) 46 uin./ia.-°F at 10-163"F
(8} tm/e-K at I61-WT7 K

170, ELECTRICAL PROPERTIES.

3/81 19-81



LX-11

7. MECHANICAL PROPERTIES

- - - - = = - = . =g L
: s recerp s ol (IE
; Ie
: 3 = e
: 5
- ’4“\ 1
: ; R ‘-"“'h-.______-
i = -
‘ —
| - .
T RS E A e B m O w oW mm
Complex shesr moduls
initial modulus
_ Creep Foilure envelope ‘
NOTES .

19-82

3/81



EXPLOSIVE, LX-14-0

DESIGNATION:

LX-14

2. STRUCTURE OR FORMULATION

&, THERMAL PROPERTIES {continued)

win
HMX 83.5
Estane 5702-F1 +.5

: K —
t’I[ {xX})

| €, (oot /5="C s Ag=K):

| Thermal srobiliry {tnaafpva'iwduf 120 *C

[ 2. PHYSICAL PROPERTIES

(3WIKik
C.25 g for 22 hr: 0.02

Physical state: solid

Color: violet apots on white

At comp.: €, (0¥ 02%: 59%: 46
MW

Density (gz‘cuah ™MD 1.B40
MNominal: 1.83
B i'CI{XH: dec, 270 {+543)

E1’::;m-l«im||:

1gfor d8he: 0.07

8. DETOMNATION PROPERTIES

D {mm Jimec (km/s)): #.83 fp= 1.835 )
Py (kbor (107" GPa)): (b= 1833 )
f Meas.: 370

Celci: —

| e (mm/inec) /2 (MI/kgk: (o= 1835 )
I Gmm: 0085

19 mee 0.987

I5. sensitviry

Hep (m): 12wl 128 sl

2.5 kp: 0.53 0.5

Suscn test: Threshold velocity ~48 m 8; is
moderatel v easy 1o ignite, Accidental

5. CHEMICAL PROPERTIES

mechanical ignmtion would have moderately low
probability of building to violent ~eaction or

i (g}

A (keal /g (MI/kg)): M30 (1)

Cale: .58 (s.39)
Expr
]2 H, (keol /mol (ki/mol}): +1.50 (+6.28)

Solubility (s=sol., sl=sl, sol., i=imel.}: ___

i.53 45.9%)

14 {0.2&) 1.2% {0.38) 3
4% {0.7%) 5.0 {1.52) &
| Gap rest {mils {mm}): {o= 1,833 )

detonation,

Skid rest:
impoct angle {deg {rod )} Drop ht. (# (m)} Event

LANL-SSCT: 60-80 (1.5-2.0)

6. THERMAL PROPERTIES

CIE: & = 27 uln. fin.~"F <3W°F
(48,5 us/m-K <238 K)

= 31 win./in.~"F >30°F
{55.8 /oK »239% K)

{10, ELECTRICAL MOPERTIES:

Ai 10,52 * 107" calfcamsec=*C {0.439 ¥/m-K) at 291 K |

o

Ir. Toxiciry

/81 19-83



r
| LX-14

l? . MECHANICAL PROPERTIES
T k|

;u .- —\“_'\‘ ‘|
g ""“1..__..-""- .
i : E L —— RS .
3 R R R e B B R S S
Complex shear moduli
: 1034 T T
initial modulus
T T T —
" E
= 1200 {322 K} '
$fia d §
g £
=2 :
: e | 345t
s —
i i i i
s & i2 ig 24 o 13 i
i s g L+ 2000 000 6000
Creep Stramn — g i
1
NOTES Failuyre envelope
: I.&
|
o LX-14
¥
o
-
= 1.4
t
% _ =
1 §
— et i ':
p— ]
e 0 e '
Temperature — C( 1.a_ c.
UTA curve £00 S0
Tempergtyre  #
Specific neat 4 1

3781



EXPLOSIVE: Lx-15

| pesiGNATION:

LX-15

2. STRUCTURE OR FORMULATION

&, THERMAL PROPERTIES {continued}

wEl
HXS-1 85
Kel=-F 800 5

4, PHYSICAL PROPERTIES

Phyricel srote: wolid

cﬂh‘. | O R

Ap, zomp.: i_LmiiL:qy!_“,l_n;l“ Ci:0.04

MW: F:0.11

Density (g/cm>):  TMD: 1,72
Momina!:

mop. (*C X} 313658

bp. {"Ci{K}}):

v.p. {mm Hg {Pa}}

Crystal dota:

R

T {*F{X))::
'({H

| €, oot 7g=*C tha gD

Thermal sebility (cm? of gas evolved ot 120 *C

V93 Kid:
0.78 gl 77 % 0.08%
igior i hr

. DETONATION PROPERTIES

5. CHEMICAL PROPERTIES

aH, {kool /mol {50/ moll): -4.30 (-17.9%)

Solubility (s =ol., sl =sl. sol., i =insol.):

AHy, (keal /g (Md/kg)): M0 (n) "0 (o)
Cale: 1.5 {p.0)  1.34 {5.61)
'!‘F

6. THERMAL PROPERTIES

D {mm unec (km /5}): 6. 84 {p= 1.58& 3}
Py (ibor (107" GPa)): (o= 158 )
Meas.: ==
Cole,: 18%
ftﬁuufuus’n (MI/hg)): (o= 1.58 )
& mem: 0. 700
P me .90
7. SENSITIVATY
Hyy (ml: 12 rool 128 weol
2.5 iy D.53 —

Susan test:
Skid rtesr:
Impoct angle {deg {rod )} Drop ht. {(ft (m)} Event

{o = )
Gop terr (mils (mm})): {p= - 3
LARE=-SSCT: I (5.94%)

A:
CTE:

10, ELECTRICAL PROPERTIES:

1. TOXICITY

3/81
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I LX-18

§7. MECHANICAL PROPERTIES

19-86

Sound velocity (km/sj: C‘ f. C‘
; (0 = 1.58) 1.748% 1.0 1.1%
3
inital modufus
. Creep Foilure envelope
INOTES
$
| ¥
b~ e
—
o 200 00
Temperature — y:
PTR curve
3/81



EXPLOSIVE: 1x-18

DESIGNATION:

LX-16

2. STRUCTURE O FORMULATION

6. THERMAL PROPERTIES (continued}

wtl

PETS

FPC &L -

T {*F{K}}:
¥

C’ {ent 'g="C (& Thg=K})

Thermal stobility {cm® of gos evelved ot 120 *C
{393 KV

4, PHYSICAL PROPERTIES

0.2 gl 22 hex 0,38

Physical srate:
Color:  wnite
At comp.: ¢ By paly 4. o F

sclid

iﬂh 4B b

§, DETONATION PROPERTIES

.&H' {keol “mot (k2/mob}):  -42.71 ¢-178.7)

Solubitity (s=s0l., st=si. sol., i=inswol.}:

| Gag test (mils (mm) }:

1 .81 2.5271. 20 1.64° 00,05
MW D {mm sec {km "5} ) {p= ¥
Densiry (g 'em™ k: ™MD, §-787
Nominok:  1.5%-1.60 Pey (kbar (107 GPa)): (o= )
m.p. {*C (K
b.p. ( *C (K)): Wett
f v.p. [mm Hg (Pa}) Calle .2
E:,if!m:’mi?.—"? (MJd/kg}): o= }
E & men:
] CF}ﬂhl date
] 9
¥, SEMSITRVITY
Heg (®): 12100t 178 oot
] 5 kgt 0.18
®
| Swsan tes:
5. CHEMICAL PROPERTIES
| Tk
A My, (keal /g (MI/kg)): 20 (4 0 (e
Coalc: 1.59% (6.65) 1.46 {&.11)
Exp: Skid rest:

Impoct angle {deg {rod ]} Drop ht. (ft {m}} Event

. THERMAL PROPERTIES

. 10, ELECTRICAL PROPERTIES:

A:
CTE. €1
11, TOXICITY
Moderate
3781
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|7 MECRANICAL POPERTIES

tnarinl module

Crvep

Foilure snvelope

[nores

Temperature - {
OTR curve

19-88
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IXPLOSIVE: 13-17-0

|

{ DESIGNATION:

LX-17

7. STRUCTLRE OR FORMULATION

6. THERMAL PROPERTHES {continued)

“ﬁ
TATE 81.5
f£el-F 800 ¥.3

4, PHYSICAL PROPERTIES

Pryrical srote: solid

Color: wellow
:;w‘"' st ‘F‘}M'
Demity (g om™ ) T™MD: 1%l

Mosinsl: 1.8%=1.96
mp. {"Ci{xik
bop. {*CIKY ) i &
v.p. (mmMgi{Pal)l 1.1 - 107 ar 1%6°C (1.8 = 10

at &2¥ K}

Crywal dovs:
£ 8

*F (K}):
1_‘{ K}

€, teal /g="C i kg
Exp. 0.27 €1.10)

Thermal wability (cm® of gas svelved o 120 *C

{393 K
0.25 glor 22he- <002
‘ih' A8 b 0.0

§. DETONATION MIOPERTIES

Dimm ‘isec '« "sik: 7.8 {p= | .08
_ rumuuc* Gha) ) (&
§ Megs .
. Cailc .-

ic’lfim-'mii'? Md gty fa= 1908

| 5. CHEMICAL MOPERTIES

A M, theal /g (M kgl ) “‘f'i”
Cale:
Exp

A H, theal ‘mol (k) ‘mol}): -20.04 (=100.8)

1.3 {5.48) i

Solubility {s=wof., s =4i. s0l., i~inwl.}:

b {g)

B2 {&.27)

16, THERMAL MOPERTIES

Pomm 050
Fmem 1.07
1 7. SENSITIVITY
Heg (m)- 12 woo! 128 vool
.9 kg §.77 --

Sumn tew: Rehaves [ike o mook HE 1o

thresho! veloclty of 1) =

Sid reat:
impoct sngle {dug {rad)} Orep ht. (ft {m)) Event

no reaction

Gop resr {mils (mmil: (1.5 o 1902
M-CT Frenmed
i2.2%) ic = (.89
machined

10. ELECTRICAL MOPERTIES:

%: 1%.1 = -’.I.i?.'l-‘-‘L calfsec=ca="C at (0.79% ¥/a=~E} at 293 %
Crt: = G4 umie=l st J19-188 K 3
: = 8, ] eiem=-K ar 2ES-NT E
11, TOXICITY
3781
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3 1
1LX-17 i
17, MECHANICAL PROPERTIES
Sound wvelocity (kmisl: C; 'L‘ L e S
(c = 1.899; 1.8 1.%& 21.34
e et
|
Comgles shear modult
imira! modula *
ﬂ.r"‘ L
-
’ l, - +
§ /’ - ®
¥
. & s S -
L] ¥ % F
Creep Failure envelope
NOES
o~ & = - d
e A . i
Temperature - C
OT& curve

19-%0

3/81



EXPLONVE: wEN-I!

7. STRUCTURE OF FORMULATION

15, THERMAL PRCPERTIES [cominued)

S H, {keal /mol (ki/mol}}: -74.3 -310. 73

{ Solubitiny: (s=st.., sl <sl. sol., 1~ Tnssl.}s

L Frooor i
G g
p. 4 T
£ mr al el 555 ’ P
i 't‘r:‘;:f!t’ diamine 2.5 c'{“i r'cm Teg=X
Thermat sabiliry icil}lfxpftﬂhﬁm 2 *C
393 K%
[ & PSICAL mGRETRS 0.25 g for 22 b
Phyrsical iore:  [iquid t g for 48 e
: Color- clear - —
: B, DETOMNATION PROPERTIES
JAr- oo ©o oe®s oe¥1. 1%, 10
[ D imm ‘saec fhm 53} 5. 49 €a= 1.0
Demsity (g c): TMD: 1.017
Nassinak Pe (ibor (107" GPa)): (s= 1.017
mp, (*C{KIE 313 (388 :
:h.ﬂ. i'{it'i Meas .. --
w.p. (mem Mg (Pal) i Cale.: 11
| :tﬁn—;--m:;’ ‘2 (MIkgl): (o
i & ——
Cryvtal dove:
17 mm
¥, SENSITIVITY
Heg (m): 12 100l 128 ool
E: ]
5. CHEMICAL PROPERTIES
aM, (keal /g (MJI/kg)): M0 (43 M0 ()
Cole: 1.38 (5.77) 1.0% (&.39)
Exp:

| Skid tesr:

impact angle (dag (rod)) Dros b. {f (m)) Evens

Gap test {mils {mm] ki {g=

&. THERMAL PROPERTIES

10, ELECTRICAL PROPERTIES:

Az
CTE: €1

|11 ToxiciTy
3/81
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MEN-II I
7. MECHANICAL PROPERTIES

initagl modulus

Creep failure snvelope

INoTEs

19-92 e



EXPLOSIVE: mImoi-7

DESIGNATION: Minol-2

2. STRUCTURE ORf FORMULATION

6. THERMAL PROPERTIES (continved]

{
Irs

~T
Al

5
i858

LF]
e

*¥ :
?‘i (xh

| €, et /g=*C s Agl:
1 Exp. 0.30 at -3%C (1.25 ot 266 ©)

| Tharmel webitiny {en” of gus evalved of 120 *C
{19% Eii:

{4, PHYSICAL PROPERTIES

0.25 g for 220 0.10%

Phyticel shate:
Cthr: 2T &Y
K, comp.:

: G as™i.51% 56
W
Density (g "c-rsi:

woalidf

'“ti. Ta

TRMD.
Mominal: 1
m.p. {(*C {K)):

b-ﬂ* i.c ii];:
{ v.p. (mm Hg iPa}}:

1 g for 48 he: ]

8. DETONATION PROPEETIES
{ D {mm Susec (hm/s)): 5. 82

fe= 1 08 ¥

| Py fiboe (107 GRa) ). to }
HAaas .

Calc .:

I:ﬁﬂm.!'m:}:.”z MI/kghh 1oe )
& men:

1% mex

¥. SENSITIVITY

| Ngp (m):

12 rool

|5. CHEMICAL PROPERTIES

:E‘F
3 H, (keal Fmol {s1/mol)): <4613 (-193.8)

1 Solubility (s~wl., sl=sf. sol., i<inwi.):

M (keol /g (MJ/kgh): f'_:f’g_n___ “z“'ﬁ;
Gole: 2.01 (8.41)  1.86 {7.78)

{ Skid resr:
impact angle {deg {rod )} Drop ht. (¥t {m}} Event

Gap test {mils {mm} )

6. THERMAL PROPERTIES

A 18.5 » 1070 calicm-sec-*C {0.690 ¥/n-X)
CTE:

110, ELECTRICAL PROPERTIES:

€

1. TOXiCiTYy

3/81
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Minoi-2

7. MECHANICAL PROPERTIES

Initaal moduiue

Failure envelope

NOTES

19-94
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1 Exp. 0,267 ar 25°C €1.033 at 298 ©) :i3.35% %
| Thermal stability {cm® of gas evolved ot 120 *C

1
| EXPLOSIVE: NITROCELLULOSE DESIGNATION: NE?
2. STRUCTURE OR FORMULATION &. THERMAL PROPERTIES (continued ) i
L] b
T () !
C, {cal /g="C fkd Rg-K}k

Exp. 0.268 st 257°C €102 ot 298 E) 12T %

(I K0
0.25 g for 22 b=
1 g for 48 hr: .5.0

1.0-1.2

| i ®,0ND, =
2. PHYSICAL PROPERTIES
Physical thate:  solid
Color: white 13 % 11.352 %

8. DETOMNATION PROPERTIES

At comp.: 'El'l.; . -*‘-3_ 2550 5],, CRFRICRN B

MW: (28285 O {mm /inec {m 733} fas 1.20 3
§ 3 . -
Density g em” ) TMD: 8% 13.351 % 7.0
Nominol: 136 Pey (kbor (107" GPa)): (o= 158 )
fmap. ("CUE ) dec, 135 {408}
Jop. (*CK): — N =
jep. lmm Mg (Pal): — { Gale.: 200 1122 W)
- 2o (11,57 %) i = E.58)
i l:“Eﬂ-.-’m}zf‘? MJ kgl (o= }
):' ) & mm -_—
ywal dote: —- - —
F. SENSITIVITY
Heg (m1: 12r0e! 128 el
5 ka: e "'x
. 123 % 2.% R o, 50 .57
Suson tesr: —
§5. CHEMICAL PROPERTIES
JaH,, (keal /g (MI/kg)y: M0 (¢ kO
127 ¥ Cole:  1.16 (4.85) 1,02 $4.27) |
13. 957 N Cale: I.i8 (4.85) F.02 (4.27) ] Skid tesr:
Impact angle {deg {rod )} Drop he. {ft (m)} Event
A H, (keal /mol (k1/mol}): 122 %: -216 (-904) =
E3. 35 N: =200 {-R3¥7% gy —
Solubility {s=sol., +f~si. sof., i=inwl.}: ;
s==acetone, ethvl acetate 3 =
sgl=-ctianol G.’ - {-Hi 1-;). = {’ }
f==carbon tetrachloride, chloroform, ethvl ether,
water

|6 THERMAL moOPERTIES

fA: 5.5 = Iﬂ'}' calfcm-sec-"C {0.230 ¥ie-K}

10, ELECTRICAL PROPERTIES:

H P
CIE: o = 80-120 um/e-K at 219-239 X 25 lo.
11, TCXICHY
None
3/81
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NC

7. MICHARICAL PROPERTIES

initial modulus

Creep

Failure snvelope

Explosion

Al
[ ]

o 100 200 300
Temperatyre — *C
UTA =, ang pyrolytis 1=} curves

19-96
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EXPLOSIVE: 1,2, 3-PROPANETRIOL TRINITRATE

DESIGNATION:

2. STRUCTURE OR FORMULATION

$. THERMAL PROPERTIES {continued)

2o
¢—¢—C —0—no,
ON—0 O—nNO,

’i {*F {K}): —

C'(uifr‘cm&rﬂh
Exp. 0.3% at 35-200°C (1.4% at WE-471 ©)

| Thermat srability (cm> of gas evolved of 120 *C

|8 H, (kcal /mot (k3/mol}): ~80.8 (~380)

] wi% (""-; d‘-ﬂ, ”‘4' ;"th

s—acelone, beazene, chioroform, ethanol, ethyl
acetate, ethyl ether, nitric acid, sulfuric acid,
pyridine

sl —carbon disulfide, carbon tetrachloride, water

8. THERMAL PROPERTIES

(I3
_:. PHYSICAL PROPERTIES 0.25 g for 22he: —
| Physical siate:  Tiquid 1gior dBhe: —
Colar: clear
‘l‘ comp . : C3H5ﬁ3{]9 ‘o mmﬂmﬂm"ﬂi
MW. 227.1 D {mm /imec {hkm /5)): 7.0 (o= 1.50 3
Density (g/cm ):  TMD: 1.59
_ Nominol: — P libar (107 GRa)): (o= 1.39 )
fmap. ("CIK)): 13,2 (286)
h‘-"- Eic {x)h filbsi 1 hi.: 253
v.p. {mmHg (Po}}: 0,0015 at 20°C (0.2 at 293 K) Cale.: 251
E_j((mm/inec)? /2 (MI/kg)): (o= y |
& mm: —
Crywol dote: —
19 me: —
9. SENSITIVITY
| Hep (mi: 12 ool 128 100l
] S kg o =%
: 2.5 kp: 0.20
e -
83 1.4732 at 26°C (293 %) ==
5. CHEMICAL PROPERTIES
AH, (keol /g (MI/kg)): M50 () M0 @
Cale:  1,5% (6.65) .48 (6,19
Expe —_ —_ Skid vesr:

M {deg {rod })} Drop ht, {f {m}} Event

Gop test {mils (mm)}): — {p= i

Ar —

e — L g—
11. TOXICITY
High

3/81
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NG
7. MECHANICAL PROPERTIES

Initia! modulu

INOTES

toverse emperatare (1000T) - X' |
¥apor pressure vs 17T '

19-98 /81



EXPLOSIVE: N TROMETHANE

| esiGNATION:

NM

2. STRUCTURE OR FORMULATION

1 5. THERMAL PROPERTIES [continued)

H
|

H —? — NO,
H

4. PHYSICAL PROPERTIES

. Physicol wate:
1 Coloe:
JAr. comp.:
Imw: 610
Denmsity {g .f’cls'l:

tiguid
clear

CgN. Oy

TRD:
Momingl:
# A0 (K} 20 298
g. 1" CHE): 101 §174s
p.imm Mg (Palk 37 at 25°C 4933 at 298 K)

.13 at 203 K

-
b
¥

1 Crysral dove:

B: -

fr P.ekl ar J0.A% and B85 OPs

T’ {*F (K}): —

C' {oof /g="C (kd gk}l —

Thermal wability {:msﬂ gos evolved ot 120 *C
{393 K0

C.25glor 22 he: —
fglor dfhr —

£ 8. DETOMNATION PROPERTIES

5. CHEMICAL PROPERTIES

S H g, (keal /g (MJ /kg) ) Hy0 ) "2_“{!;
Cale: 162 16.78) 1.36 (5.69)
Eape 1.23 (5,15 1,06 (4,443

A H, {keal "mol (Kt mob}): -27 i=113)

Solubility {s=wml., sf=st. sol., i ~inwl.}:

. D tmm “isec {(km 51} 5,35 {e= 1,13 ¥
P, thbor (107 GPa} 0" 1an )
Meas.: 123
Colc.: 144
£yl mec)i /2 (MI/Ag)) (o= Li1a  }
- c..':m} at 284-288 K
1Pmee 0,745

9. SENSITIVITY

1 Hgg im): 12 ool 128 100!

5 kg — =
% kp: §.20 e
Sunan test —_
Sk id tesr:

impoct ongle {deg {rod }} Drog kt. (ft (m)) Event

—

—

s—DMFPA DMSQ, ethanol, ethvi ether, water Gap test (mils {mm} ) (modified) (p= — ¥
§ LANI=-SSGT: T=17 (0.18-0.40)
LANL-SS0T: 2-8B #0.0%0.203
SRI-0T: 5. 0=10,2
&, THERMAL PROPERTIES
R 10, ELECTRICAL PROPERTIES: E
c:t: . £ % i :
1, TOXICITY
Moderate
3/81
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NM

7. MECHANICAL PROPERTIES

Sound velocity {kmis}): C! C‘ Cb
o= 1.14) - - 1.33
i
Initial modulus
Creep failwe envelope
NOTES

-
]
il
v %
S VSRR

(N
\
\:T\; }{Z

¥ 7
t-&"
14 * i
W o
34 ™ 2

lmmmumi-a"‘
fapar previure ¢ (i1

19-100 3/81



| EXPLOSIVE: NITROGU ANIDINE
§2. STRUCTURE OR FORMULATION
1

| DESIGNATION:
6. THERMAL PROPERTIES {continued)

T {"FiR'): —
g

6. THERMAL PROPERTIES

MOZ *
;
- *_.z!-s*_.c._iq_..g C, (cal /g=*C (kd AegK}): —
’l‘i-iri Exp. & & 0.08T ar J00-480"C
Thermal srability {:az of gos evolved of 120 °C
E {393 K0
Physical shate:  solid 1glor dBhe: —
Color:  whize
At. comp.: ";“.;“‘i‘ " B. DETOMNATION PROPERTIES
MW: 104.1 D (mm fisec (im /si): 7,65 (5= 1.53
I Demity (g "cm3¥: ™MD ..
: Nominal: 1.45-1.7% P (kbor (107 GPo)): {°
mop. (*CEKY): 2570
bp. {*C{K)): — Meas.: —
Y.ip. i“ﬁ{ﬁﬂ _— : fﬂ‘t.: —_—
| Ealtmm/inec)? /2 (MI/kg)): (a-
& mm: _—
Crywel data: orthorbombic (Fdd?)
1Pmm —
o 17.58
b - 24,84 ¥. SENSITIVITY
i 3,58
Heo im): 12 ol 128 ro0l
5 kgt 4. 77 —
2.5 ke: b 20 1,20
R: 252 {cale.), 22.7 (obs )}
n: sesw Table =13, _ Susan tes: —
3, CHEMICAL PROPERTIES
Aty (keol /g (MI7kg)): M0 iy b ag 1
Cale: .06 14,440 0.88 (3.658)
Exp: —_ — Skid resn:
impoct ongle {deg (rod }} Drop ht. {1t {m)) Evens
s H_{ {keal /mol (k.1 mol}): -23,.6 =057} | = —
| Solubitity (s-sol., si=st. sol., i =inml.}:
s==DMFA, sulfuric acid :
sl-—ethanol, nitric acid  F ; " i
i-——acetone, benzene, carbon disulfide, carbon ] &g:uc':‘:j‘;‘-h i“.,..}]: ?’ - 1.273)
tetrachloride, chlorofore, ethyl acetate, ] m-ﬂ:ﬂlf: 'ﬁ‘.!ﬂ; {', & t';?‘;}
ethyl sther, water Lﬂl—m “ e {: » t';‘}_ﬂ.

5 10.14 107 calfemsec="C13.424 Win-K) at 315 X

10. ELECTRICAL PROPERTIES:

CTE:

€

it, TOXICITY

Higk

3/81 19-101
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‘ 7. MECHANICAL PROPERTIES

initial modulu

foilure envelope

HNOTES

al
[
.
-

| %% 20 =
| Temperature — *C
| 0TR (—j and pyrolysts {—] curves

o ———= 1 T

75} | -

e - k -
: £ i 2 d
Cg 100 200 300 &00 500
Tempersture — [

TGk curve

19-102 e



| EXPLOSIVE: OCTOL  73/23

DESIGHNATION:

{7 STRUCTURE OR FORMULATION

&, THERMAL PROPERTIES {continued )

w17
HAS i3
TAT 25

T {*F {€i) —

g

: C,iu*-;-"C'{U kg-Kik
Est.: 027 4105

| Thormat saabiliny {cm® of gas evelved at 120 *C
{3931

2. PHVSICAL PROPERTIES
—

0.25 g for 22 he: 0,028

Physicol vtare:  solid

{ Collos: burt

JAr-comp ) oty 56¥s 3605 0n
1w

IDemiity (g/cw®)  TMD:  1.84)

Mominal: 1,80~ 1,82
m.p. {1"CiK}): 79-80 10
bp. (*CiKI: —

Y. P fﬂw :kr‘" G.i at

=353}

Cryval dove:

0EC 153,53 at 373 Ki

Tglo dBhe 0,128

8. DETONATION PROPERTIES

& o 1.E15

Fmm 1,545

O (mm  psec (bm s} h: £.48 {2 8§ : &
- :
¥ b i1 ik {9 1. KD
.y (i g GPfe H i ¥
Meas. ¥
Caic -
E L ilmm m«ﬂi Z (W) kgi) (o 1 #13 1
i eyt gl v ]

19, SENSITRITY

=55 m sk s rather difficult to igmte

5. CHEMICAL PROPERTIES

sccidentaily, but capable of large reaction
——f OfCE ERiTed,

S M (keal g (MI/hgh): M0 4y

S M, theol /mol (! /mol}): +2,57 o110

Solubility (s=sol., sl =sf, s0l., i~inml .}z —

Gale:  1.57 16,570 143 {5.98)
Exp - —_ Sid rear:

Impct angle {deg (rad )} Drop hr. (i1 m) Event
TSI25: 40D 3.5 €1.0%) b |

Gop test {mils {mm}):

572%: NSEC-580CT: f%. AH) (¢ = §. 8629
732%: LANL-SSCT: 22-28 {0.3-0.71F (. = 1. &In
73/2%: LANI=-LSCT: I1.%7 {39.%) (g = [.82F

6. THERMAL PROPERTIES

§ Mep (m) 12 ool 128 weol
T Y G.&1 -
] 2.5 kgt 0, 15=0.57 9.59-2.76
1

Somn v Threshold velocity = (80 1 se

|

L 10, ELECTRICAL PROPERTIES:

4

A -

M t Y.26 (=~ 1.81)
;::. TOXICITY

3/81
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—
17, MECHANICAL PROPERTIES
Sound wilocity (misir €, £ C s e
3 L= T T _!}_ -
{0 = 1.80) b.ie .86 .48
i
Compies shear moduls
Tnitial modulus
Creep Foilure onvrlope
[NOTES
rI-'
Espiciion
-
o 0 200 200
Tempergture — *(
UTA (—) and pyrolysis (== Curves
3/81



EAPLOSIVE: PBX-5007

| oesiGrATION:

PBX-%007

2. STRUCTURE OF FORMULATION

[ 6. THERMAL PROPERTIES [continued )

6. 1rERmAL PROPERTIES

=t v eor e —
RDX 90 i
'.Gilyﬁtvr!‘““’ ':’.F c {“l;“-".c M.M}h
Gow 0.5 i Est.: 026 (117
KRo~n 6.4 |
Thermal sability (cm® of ges evoived of 120 *C
(W3
(4. PHVSICAL PROPERTIE S 0.25 glor 22he:  0,03-0.0%
Py sical cgbe:  ~ofid tgior iBhe: —
Coler: white or motied grav
Ai. comp,: i.“"sﬁ.'i.'-!.‘i;f.-l..'s“.':.-u 8. DETONATION PROPERTIES
MW D ime Jinec (hm 75}): 5,05 {g> 1,83 ¥
.m" mzl- TMD: 1697
| Nominal: 1,76 | P thber (107" Gy (o= 180 )
m.p. {"Ci{K}}: dec, 200 (4733 ' is
bg. i*"C{X)): — Megs.: 165
vop. (me Mg (Pal) — Colkc.: —
E“iHi— "mﬂ’-"? tMd agik (o ¥
& —
CTryval dote:
o —
. SEMSTIVITY
Hep (m): 17 weol 128 ro0f
% kg 0. 1% 6. 78
2.5 ka: 0. 1% --
B —
Suen e —
15, CHEMICAL POPERTIES j
JaM,, (heal /g (M k) ";:“;ﬂ _":_'?_;,!a :
Cale: (.56 {6 5% iB% {5282}
Exp _ — Skid rear:
yect sngle (dug (red )} Dvap M. (¥ {m}) Evens
AH‘H::-? ‘ot et/ el T 1 e e i
Solubitity {s=wmwl., wi=sl, sol., i=inwl.}: _
Gag test {mils imm}i )
LA ~S88T:  (2.81) fo = 1.8658;
LANT-LSET:  (52.91) fo = [ 846

ey 1o, _ELECTRICAL mOPERTIES.
CTE: — 5
3/81
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PBX-9007 l
[7. MECHANICAL PROPERTIES ]
initinl moduius
Creep Failure snvelops
NOTES
E
. |
- i
¢
g 500
Temperature — C
DA {—) and pyrolysis {--) curves
3/81



EXPLOSIVE: PBX-2010

DESIGMNATION:

2. STRUCTURE OR FORMULATION

4. THERMAL PROPERTIES {continued)

rnx«mo!

wiT
RDX a0
Kel-F i

Tﬁi'* K} —

{caf /g~*C (ki /kg-K}k
Est.: 0.27 {1.13)

3
Thermal srability § of evolved ot 12G *C
vl

4. PHYSICAL PROPERTIES

0.25 gfor 22he:  0,02-0,04

| Physicol state:  solid

| Coler:  white
Ar. comp.: Uy 4o 13%2.4392.43%.00F 028
MY
| Density 13.-&-31; TMD: 1822
MNominal: 1.9
m.p. t*Ci{K}}: dec, 200 {475
bp. {*'CiIK}): —
v.p. {mm Hg (Pa)): —
LCrywal dawa: —
L 3
R —

Tgior @Bhr: 0.2-0.3

|

1 8. DETOMNATION PROPERTIES

] =34 m s); has high probability of rapid

15, CHEMICAL PROPERTIES

§ buildup to violent reaction,

[ o, theol /g (Md/kg)): M0 (1)

10 (e

Cale:
Eape
.&ﬂf{tui!ut (ki mol)): -7.87 i-32.0

1,47 16,15}

136 15,89

Solubility {s-sol., sl=sl.sol., i=insof.}: —

Skid rest:
Impoct angle {deg {rod )} Drop ht. (ft (m)} Event

i4 10,245 1.25 10,38} &

4% {0.79) 3% 41.0M &
Gap st [mili {mm}}:
LASE-SSCT: 7%9% (1.9=2.4) {0 = 1.78%)
LANI-1SUT: 2.090 (531.09) ic = §.786j

&. THERMAL PROPERTIES

D {mm /aec (km /3}): 8,37 fa= 1,78 }

Pes {kber {10” GPa}): {p= 1.783

Meas,: 28 =5

Cale.: —

-z‘ﬁtf.-.-'ma’_u (MI/kgl: (o= 1788

& mm: i. 160

1 Pme i.470

¥, SEMTIVITY

Hgg (m): 12100l 128 ol

5 kp: L 0.45

2.5 kp: 0.3i=0.41 0. 3(-0.92

Suman test:  Threshold velocity = 110 ft sec

A: 514 X N'* calem-sec-"C (0.215 Wm-Kiar 32! x
CTE: & « 68 um m-=K

10, ELECTRICAL MOPERTIES:

€

1. TOXiCITY

—

3/81
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|7. MECHANICAL PROPERTIES

Sound velocity (km/a): €, <, Cy 2 i
® = 1.78) .72 147 213 : .
4
f"'“h“
:
g e ———————— s — -

{omplex shear modull

initial moduiu *
: Creep Foilure snvelope
INOTES
T ‘

o
—

30 150 250 350
Temperture — *C
UTA {(—) ang pyrolysis {==] curves

19-108 /81



EXPLOSIVE: PRX-5013

| DESIGNATION:

2. STRUCTURE OF FORMULATION

1 6. THERMAL PROPERTIES (continued)

PBX-9%01 i

wil
HMX a0
Estane 106

| €, (ool /g-2C ks g

| Mhermal sobility (cm® of gos evolved ot 120 *C

4, PHYSICAL PROPERTIES

Physical iate: solid

Color:  off-white

Ar.comp.: € 73ty 18™2.45%28:
MW

Demsity {g/em™):  TMD: 1.795
Nomingl: 1,77

I mp. ("C{K)): dec. >250 1-523)
[ bp. (*C(K)): -
jvp. (o Mg (Pa}h —

Crystal date: —

-T‘ {*F (X)) -35 (236)

Est.: 027 {1.13)

{(WIKin
0.25glor 22w 0,024
Tgihor dlbr: —
E. DETONATION PROPERTIES
D imm /inec {bm /3)): 2,30 for 137 ¥
Pey tibor (107! GPa)): (o= 1767 )
Meas.: 324 ¢+ 5
3 ﬁkl'- T—
;!Wl-Hmfmd?;‘z {MJkgi): (o= 777
;Gm i.120
Pmme [.415
2. SENSITIVITY
Hgp (m): 12100t 128 100l
% kg 0.44 0.98
2.5 kg: 0.43-0.8% ©,53-0.98

|5, CHEMICAL PROPERTIES

1 and has very low probability of buildup to

Jam,, (keal /g (M3/kgh): M0 (1)

Ho ig)

Cale: 1.53 (6,40}
Expe —
A Hf-ttuih-ﬂ *i/mol}): -4.05 (=17}

Solubility {s~sof., sl =3i, sol., i~inl. )}

1.36 {5,69)
| Skid test:

6. THERMAL PROPERTIES

Susan test:  Threshold velocity ~ 185 1t/ sec
=50 m/s); is moderately difficult to ignite

& violent reaction,

Impoct angle (deg {rod )} Drop ht. {Ft {m)) Event

14 10,24} 20,0 16,10% i
45 (0,79 20,0 46.10) u

Gog test {mils (mm)}:
LARKL=-SSCT: 35570 (1.4-1.8)
LANL-LSCT: {51.97}

b= 1.783)
(0= 1.781)

:i:

10, ELECTRICAL PROPERTIES:

0.25 Btu'hr-ft=~ ¥ €0.432 W/e-K) at 294 K
JCTE: o = 28.7 vin./in.-"F at -5 to -40°F €F —
: {31.7 po/e=K at 219-233 &)
a = 37.3 pin./in.=°F at <30 to 165°F
7.1 u
(67.1 umie-K at 243347 X) . TOXICITY
3/81
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| PBX-9011

[7. MECHANICAL PROPERTIES

Sound velocity {km/s): tt <

E 3

b

{p= 1.790) .89 1.8

.41

fnitial modulus

Failure envelope

;ncnts

19-110

3/81



EXPLOSIVE: PBX-8205

PBX-9208|

DESIGNATION:

2. STRUCTURE OR FORMULATION

&. THERMAL PROPERTIES {continued)

% T CE K —
RDX az :
Polystyrene & C'iui Sg=*C (kd kg-K)k
e 2 Est.; 0.28 1117}
Thermot stobility {cm™ of gas svolved ot 120 *C
(393 K :
|4 PHYSICAURGPERTIES 0.25glor 2he: 0,925
| Physical wate: solid 1gfor d8he: —
Color: white :
At comp.s €, M N o) 8. DETONATION PROPERTIES
MW D {mem Susec (km /5)): 8,17 o= 1.6%
| Density (g/em™:  TMD: 172
' Nominol; 1.68 P (kbar (107 GPa)): (o= 269 )
mp. (*CIKY): dec, 200 473}
b.p. {"C(K}} — | Moms: —
v.p.{mmHg {(Pa}): — § Cale.: 2u8
€ ((mm/inec)? /2 (MI/kg)y (o
Crysiol o
T = ¥ —
9. SENSITIVITY
| g tm: 1210l 128 ool
' ¥ kpg: n42 0. i
T.5% kgt 0.44=0.60 0480, % ;

Suson tes: Threshold velocity ~ 120 1t/ sec
{37 m/s); has moderate probability of

|5. CHEMICAL PROPERTIES

butldup to & violent reaction,

: M0y

JaHy, (keal /g (MJ/kg))

M0 (g)

P46 16,115

C—

i

a H_! {kcal ‘mol 1/ mol}): +5.81 (+24.30)

klﬁlh} ii-ﬂ;., ’i"‘i-ﬂa'i‘hl';x b

.41 (3,90
1 Skid rest:

Impoct ongle {(deg (rad )} Drop ht. {f {m)} Event
i4 10,24} 1.25 10,38) 2

45 10.79) 2.5 .76 4

Gap test {mils {mm}}):
LANL-SSCT:  215=3% (0.64=0.859)
LANL-LSCT: (50.83}

{
S

= 1.6&2)
= 1.%82)

&. THERMAL PROPERTIES

A

CTE:  a = 5 ua/e-K at 200 X

£10. ELECTRICAL PROPERTIES:

3/81
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[7. MECHANICAL PROPERTIES
fnitial moduln
NOTES
i
H
5 /|
- — =5 ‘ ‘\-.- I
i
o W . e
Temperature — (
DTA {—} and pyrolysis (--] curves

19-112
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EXPLOSIVE: PHX-9404-03 | DESIGNATION: PBX-9%404
{2, STRUCTURE OR FORMULATION ;]4. THERMAL PROPERTIES {continued)
weh !’ {*F {K}}: -20 (239}
HMYX 43
N 3 CP (ool /g="C (ki Ag=K)h
" : Est,: 927 {1.13}
CEF 3
Mmiﬂﬁ-lhp (em® of gas evolved ot 120 *C
{393 K :
] 4- PHYSICAL PROPERTIES 0.25gfer 22he:  0.36-0,40
| Physicol store:  solid Tglor 48he: 3.2-4.8
FColer:  white or blue
i 4 . i 8. DETOMATION PROPERTIES
JAr-comp: € otz 752.5792.65%%.03Po.01
MW O {mm /inec {km/s}): 8,80 {#= LB4
Denity {i.f"-tﬁgit TMD: 1. B65
MNominal: !.853=1,8 '{:J {kbor im" GPal): {g= L0848 )
Ime. (*C{K))1 dec, 250 (-523) ’
Ibp. (*CEK}): — § Meas.: 375
| v.p. {mm Mg {(Pa}): Gale.: 354
B limm/imec)? /2 (MI/kg)) (o= L8437 )
; Smm: 1,295
o mm 1,620
9. SENSITIVITY
| Hgg (m}: 12 1ool 128 100l
= 5 kg: 9.3 0. 35
le 2.5 kg: 5o 330,48 0. 35-0.57
. Susan test: Threshold velocity 105 it/ sec
{32 m/sh has very large prﬂhﬂb;iih of
5. CHEMICAL PROPERTIES buildup to violent reaction,
AH, (keal /g (MI/kg)): M0 4y "0 (o)
Cole: 1,56 (6,53} 1,42 {594}
Expc 1,38 (5,77} 1.28 (5.36) 5”'-*“" i N
i hpnci - ﬁlw . L] ent
f - &
A H, (heal /mol (k /mol)):  +0,08 (40,321} 14 10,24} 0.88 (0.273 8
- 45 (0,79 3.5 {107} 6
Solubility {s=sol., st=sl.s0l., i=inmf.}: —
Gap test {mils {mm) ):
LAXL-SSCT:  83-105 (2.2-2.7) (o = 1.850
LAKL-LSGT: 2.268 (37.61) (o = 1.841}
4. THERMAL PROPERTIES e i el migiel,
A: 0.25% Brtufhr=fo="F (0,432 Wi} at 294 ¥ 10, ELECTRICAL PROPERTIES:
158 o e 201 uin fie.~"F at <65 To ~30°F Je: 352 s = 1.34)
{50.¢ \m/=~K ar 219-239 5}
t» 332 pin./in.~"F ar -10 to 165°F
(58.0 un/o~K at 250-347 X) . TOXICITY
3/81
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7. MECHANICAL PROPERTIES

Sound velocity (kmis): t.'t t:' th " o P e -
(o = 1.840) 2.90 1.57 .16 : o ;
1 T r i _
3 \ r;
; | P —
T i a
o’ | ;
g -
% Complex shear modulil
§ .52 : "
a8
200
£ T4}~ -l
& ]
z :
= % 2.76 4
X
— 1,38 =
0
1z L] 1000 2000
Srgin—um m
Failure envelope
NOTES
Explosi
i +
g 100 200 300
Temperoture — *C

UTA {—] and pyrolysis (--} Curves

19-114 3/81




EXPLOSIVE: PRN-9407

DESIGNATION: PBX-9%407

2. STRUCTURE OR FORMULATION

4. THERMAL PROPERTIES [continued!

wi”
RN g

Exon 451 ]

4, PHYSICAL PROPERTIES

T (*F{K}): —
, (F ()

Cp {cal "g="C (k) Seg-Kih
.27 113
3

Thermal stobility {cm™ of gos evelved ot 120 *C
{39z

Est.:

A H' {keol /mol !/ mald): 0. 81 1+1.3%)

Solubility {s=1ol., sl=sl, m!., i=insl.}:

&, THERMAL PROPERTIES

e 0.25gf0r 22 he: 0,08
Physical store:  =olid bghor 48he: —
Coles: white or black
: R ; : ; ; 8. DETONATION PROPERTIES
Ar. comp-: € a1Ml66™2,54%2.54%, 07 0,00
MW Oimm (inec (hm s)): 7,91 i 1,60 ¥
Demsiry {g "cmai'. TMD: 1.81
| Nominol:  1.60-1,62 Pey (kbar (107" GPa)): (0= 150 )
Emp. (*CiKI}  dec, 200 C373) ==
; 5.5, ttc t*:}" o ﬁ‘ﬂ!.: 283
{v-p. mmHg (Pa)) — Cale,: 300
' S s
Et?‘hm wec) /2 {Md kgl }
& mem —
Crywal doto: —
] 19 mox —
¥, SENSITIVITY
Meg (2): 12100l 128 w0l
5 wg: G. 43 ¢, W
g — 2.5 kg 3, &k . ad
Susan tesr: —
5, CHEMICAL PROPERTIES
AH,, (keol /g (MJ/kg) ) _“é £} O
Calg: i ,60 6,69 146 (6,11
Eape —_ _ Bid rest:

Impoct angle {deg {rod )} Drog ht. {ft {m}] Evemt

—— —

Gap reit {mils {mm}}:

NSWC-SSCT: (6.55) (&= 1.75%)
LANL-SSCT: 90-120 {2.3-3.73 {c = 1.770)
LANL-LSCT: 2.155 54.74> {0 = 1.778)

16, ELECTRICAL PROPERTIES:

A -
<1 — € .

1. TOXICITY
3/81
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PBX-9407

7. MECHANICAL PROPERTIES

: Temperature — C
| DT& {—} ang pyrolysis (——) curves

Sound velocity (kmfsi: C & €
by PG ===
p= 3,78} .06 1.70 2.%2
initial modufn
1
.5
1
: Creep Foilure envelope
TNOTES
"
'y
i
[ ]
B
|
A
E |
.
T
— :! 'iL- p—
- " -y
VN |
— f |
l}i H
|\
[ ;!
4 L
] \
i -
,.-—f
S 200 350

3/81



EXPLOSIVE: PRX-9561

| pEsiGNATION:

PBX-9501

7. STRUCTURE OR FORMULATION

§ 6. THERMAL PROPERTIES {continued)

¥
=
Y

HALX 95
Estane 2.5
BLXPA-F -,

4, PHYSICAL PROPERTIES

Physicol stare:  salid

Color:  white

At. comp.: €y 47t 862,502,690

| MW

Density (g/em>):  TMD: 1,855
MNominal: 1.B4

mp. (*C{K}): dec. >240 (>515)
b':pt {.c {K}j: —
v.p. imm Hg {(Pa)}: —

Crystal dota:  —

11 (% (k) —
pT, (o )

“ﬂ#{ﬂl;’r'{: e hg-X}k:
Est.: 0.37 (113

Thermai stability (cm> of gos evolved at 120 *C
{33

0.25 g for 22 hr:
TgfordBhe: 0.8

6. DETONATION PROPERTIES

| D imm /inec (km/s}}):

8,83 {p= 1,84 ).
| Py (kbor (107! GPa) ). (o= )
Meas,: —
Cale .»

icyi““"'""“zfz (Md/kg)): (p= 1,843 y
Smm:  0.995 ]

I Suman test:

| 5. CHEMICAL PROPERTIES

é.m*, (keal /g (MJ/kg)): M20 (1)

H,0 {g}

Lole: 1,59 {6,65)
Exp: —

a H,i&uiz’ui &1/ mol)}: 42,3 (49,5}

Solubility {s=sol., si=si. sof., i=inml.):

144 16,02)

[, THERMAL PROPERTIES

19 mm: 1.022
§. SENSITIVITY
Hgg (m): 1210l 128 tool
i % kg 3, a4 L 8
2.5 kg: 0.462-0.% 0.41-0.8%

Threshold velocity ~ 209 [tsec
{~&1 m=sl; once this velocity is excecded,

| reactions become violent over a narrow
¢ range. Small reactions do not automatically
i grow 1o large ones,

Lkid resn:
impoct angle (deg {rad)) Drop ht. (ft {m)} Event
I& (0.24) 106 (3.0%) 3
45 {6.79) i0 (3.0%) i
as pressed: 1§ (0.24) 1.7% {0.53) 3
&5 (0.7%) 7-1 (2.8} 3

{ Geop test (mils (mm} ):

LAXL-850T: 50-70 41 .3-1.%) g =~ 1.843%

E_CTE:
5 e » {55.% um/eek at 211-346 K3

fk: 10,84 cal/co~sec="C (0.45% W/m=K at 126 ¥

v = 3.6 Uin, fin.="F at =80 to 160°F

1 10. ELECTRICAL PROPERTIES:

3/81
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| PBX-9501

7. MECHANICAL PROPERTIES

0 100 200 3O
Temperoture — *C
OTA curve

Sound velocity (kmfsd f‘ Cl C‘
{v = 1.8 %7 1.8 .50
T
5.52]
Initial modulus 2 ]
-3
: i L
; § 2.7
- B 3
£
E -1
= i
£ 0
£
3
i
£
g
o 4003 -
I i
0 & 120
Time = min
Creep Failure anvelope
NOTES
i
-
L —,*i.-"'

19-118
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EXPLOSIVE: PEx-9502 DESIGNATION: ?nx-'ml

2. SIRUCTURE OR FORMULATION 16, THERMAL PROPERTIES | contimped ! ‘
wt? 11 (*F(K)):
TATS 5 "
Eel-F 200
, €, (eal /g=*C ki gk
i 3
Thermal wabil of evolved ot 120 *C
e .n:iqr {cm g ot
#. PHYSICAL PROPERTEES 0.25 g for 22 he:
Physicol stote:  solid 1gfor &8 e
Color:  vellow
R 8. DETOMNAT PROPER
At comp.: €, 408y 33%.21%. 01%%. 038%0. 13 L L
Mw: 2 Dimm /e {km /13 7.71 fp= 1.90 3
Density {g/em™ ) TMD:  1.%42 '
Nominal: 1,90 | Py thbor (107" G (o )
m.p. { "C{K)): decomp. ~400({>673} 3
b"' {tc EK} * E hl.:
v.p. {mm Hg (Pa} }: | Cale.:
t“,u—fm;’*’ff (MI/Aglh: (o= }
| Crywol dote: :::-
9. SENSITIVITY
Hoy (m): 120l 128 wel
2.5 kg »3.20 3,20
R
Susan tesr:

5. CHEMICAL MOPERTIES

A M, (keal/g (MI/kg)): Mo (1) M0
Cale: 1.15 (4.81) 1.0% (4.18)
Exp: Skid rest:

Impact angle (deg (rod )} Drop ht. (Ft (m)} Event

S M, {keal/mol {x1/mol}}: -20.8 (-87)

| Solubitity (s=30l., 1l =si. sof , i=inset,):

| Gap test {mils (mm}):

§ LANL-SSCT: £4.44) (o= 1.89%)

| LANL-LSCT: {22.13) {0 = 1.895)
6. THERMAL PROPERTIES ] PX-GT: (6.8} (¢ = 1.895)
fa: 13.2 = 107° cal/co-sec-"C {0.552 W/a-K) at 311 K 10, ELECTRICAL MOPERTIES:

CTE: o = 45 ymfe=E at 200 &

/81



|7 MECHANICAL PROPERTIES

Sound velocity (kmafs): C, C' l:.b
{0 = 1.88) 2.74 1.38 .10
initial modulus
Creep

Failure envelope

{noTEs

19-120
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§ EXPLOSIVE:

£, PHYSICAL PROPERTIES

Physical srote:
Color:  purpie
At. comp.:
MW

Dersity {g/cm):

solid

C2.16%2.28%2.26%2. 26520, 038

1.9
1.88

TMD:
Mominal:

m.p. {*C{K})}:
b.p. (*C{K}}:
v.p. {mm Hg (Pa}):

Grﬂlﬂ dato:

&

PRX-9503 DESIGNATION: PBX-9503
7. STRUCTURE OR FORMULATION 5. THERMAL PROPERTIES [continued)
wel I coF ()
oy 5 ¥
TATE RO
Kel-F 800 5 | Cp (o0l/9="C & Ag=X}:

| Thermal srability {t-;ofps"uiﬂin! 20 *C

(W3
0.25 g for 27 b
1gfor &8 he:

1 8. DETONATION PROPERTIES

' —
’CJ {kbor (10 " GPa) )

7y %

D {mm /ec {(km/3}): 7. 22 {o= 1.9 ¥

{@" }

h‘ st
Cale .:

igﬂﬂmfuuff! (MI/kgd): (g )

& mon:

4 19 mm:

3. sensitvity o

; I{m {m):

3. CHEMICAL PROPERTIES

AH,, (keal /g (MI/kg)): M0 (1)

i {g}

i, 4 Gale: 1.22 (5.10)
Exp:
i al'lfiiaul.r'ni {i/mol}): -17.7 €=74)

Solubility (s=30l., si=sl. sol., i~insol.):

E.11 {&.84)

6. THERMAL PROPERTIES

128 sool

'L

.5 kg:

Skid rest:
Impoct angle {deg (rod )} Drop he. {Ft (m)} Event

{p= 3
» 1.858)

Gop test {mils {(mm} }:

LANL=-LSCT: {42.8) {c

10. ELECTRICAL PROPERTIES:

A:
CTE: €1

111, TOXICITY
3/81
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| PBX-9503

|7 MECHANICAL PROPERTIES

Initial modulu

Foilure envelope

MNOTES
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§ EXPLOSIVE: PENTOLITE 30/50 DESIGNATION: Pentolite
[ 2. STRUCTURE OR FORMULATION &. THERMAL PROPERTIES {continued)
wtl LVF KGR —
PETN 30
TNT 50 CF {eal "g=*C (kd gk}
Est.: 0.2€ ¢1.08)
Thermal stobiliry {mzﬁwtwhﬁﬂ 120 *C
{393 K i:
4. PHYSICAL PROPERTIES 0.25 g for 22 he: —
Physical siate:  solid Iglor d8he: 3.0 at 100C (373 K}
Colon: vellow-white
3 3 . OMATH OPER
A, comp.:  Cy 53ty 3781 2003 22 S DETOMATION PROPERTIES
MW: D {mm Suaec {km /1) 7.53% (o= L.70 §
Density (3 /em>):  TMD: 1.71 |
Nominal: 1.67 Py (kbar (107! GPo}): (o= .70 )
mop. (*C{X}): 76 {349}
bp. ("C{K}): — Meas.: —
v.p. (mmHg (Pel): ©.1 at 100°C {1333 at 373 &3 Colec,: 235
icriifm/‘m]z.f'z Md/kg)): (o= 1696 )
' Smm: O,0960
. 19 me 1,260
9. SENSITIVITY
Hey (m): 12 so0l 128 ool
S kep: 0.3% —_—
2.5 kp: - -
R -
Sunan tesi:  —
15. CHEMICAL PROPERTIES
3 My, (keal /g (MI/kg) ) M0 (45 0 ()
Cole: 1,53 (6.40)  1.40 (5.86)
B L23 (5,150 1,16 (4.85) | Skid resn: - ; {
Impoct ongle {rod )} Drop ht. {Fr {m}} Event
A H, (keal /mol (kJ/mol}): ~24.3 (06,4} orgl
| Solubility {s=wf., sl=sl.s0f., i~inwl.}: — Gap test {mils {mm}):
; RSNC-SSCT: €10,01) (0= 1.6713
LANL~SSCT: {3.12) (hot prossed}{c = 1.676)
30=38 {0, 76-0.%7) (cast}
{0 = 1.700)
P 'ﬂllltﬂwms LANL-LSCT: 2,549 {8, 143 {o= 1.302)
o {10, ELECTRICAL PROPERTIES.
CrE: —
11, TOXICITY
3/81 19-123



| Pentolite

{7, MECHANICAL PROPERTIES

Initia! modulus

Failure envelope

NOTES

atl

o 100 200 300
Temperature — *C
DTA {—} ang pyrolysis {—] curves

19-124
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EXPLOSIVE: 2.2-.15{!!:7’“” 1!1!:'.1!‘!1}-1 » =PROPANEDIOL, DESIGMNATION: PE'rN
CDINITRATE ]
7. STRUCTURE OR FORMULATION . THERMAL PROPERTIES {continued)
ti {*F{X}}: none
0 € ", Cp {eal /g="C {kJ Ng-K}}:
o Exp.: 0.26 at 20°C {1,088 ar 293 3
el lwﬂilwiu of gos evolved or 120 *C
; (29I
[§: THVECAL FROPERTNS 0.25gfor 22h:  0,10-0.14
:W stote:  snlid i‘h‘ &8 b P
Color:  white :
At comp:  C N0 8. DETONATION PROPERTIES
MW: 3162 D {mm /isec {(km /3}): 8,26 fa= 176 )
Denuity Eg.fﬂna}: TMD: 1.7%
Nominal: 1.76 ﬁ{ii-r IW . _fi:tﬂ' _— -
- ° 4 i [ g 0.9
;r..:-. _‘i. ’gi{:;)]: IL0 (411} I e e a3
v.p. {mm Hg {(Pa) Cale .: 332 B0 100

8 X 1077 a1 100°C (1.1 X 1077 at 373 K) 2
E‘Eﬂﬁ_fmi /2 (MI/egik fe= 1,183 )
Cryiel Smwm: 1,255
] data:
i: tetragonal P42, ‘c}  il: orthorhombic (Penb) L ok
¥. SENSITIVITY
= 5. &= 13.29
4 boe 1349 Mgy (m): 12 soof 128 rool
c= &.8) E 5 kp: o.11 —
. 2.5 kx: 0.13-0.1% G.14=-0,20
IR -
5. CHEMICAL PROPERTIES
S H, lkeol /g (MJ/kg)): Mol eey H:‘B{,j
Cole:  1.65 {6,890}  1.51 {6,32)
Expe 1,49 (6.23) 1,37 (5.73) | Skid tesn:

3 H, (keal /mol &i/mol}): -128.7 (~3503)

Selubility {s=sol., sl=sl.s0l., i=inwl.}:

s—acetone, DMFA, DMSQ, ethyl acetate, pyﬂﬂin!
it—-bonzﬂu-, ethyl ether

i—carbon disulfide, carbon tetrachloride,

chlioroform, !ﬂ\lﬂﬂl, witer

{6. THERMAL PROPERTIES

impact ongle (deg (rod )} Drop ht. (fr {m)) Event

G.puﬂ{nlls{-u}h

NSWC-55%CT: {6.03} (0= 3.775%)

§ LANL-SSGT: £5.21) fo = 1.75%7)
LANL-15CT: 2.712 {869.4) (o = G.81)

10, ELECTRICAL PROPERTIES:

CTE: o = 46.1 uin. /in.~"F (81.0 nin-K) €1 LMT i = L&)
LI S (o
8= 249.2 K at 243-343 K 2 it : AR LS
49.7 i=afw=K at 343 T :
High
3/81
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7. MECHANICAL PROPERTIES

Temperature — "(
U1k §—) and pyrolysis {-—] curves

Sound welocity (kmfs) L, C. Cb
= .79} - - 1.3
1
E
initial modu’us
Creep Failure envelope
NOTES
.ﬂ‘ t
i i
H
|
i
i
'
= ik
| :"1 Temperature - °( W‘E . /:/f
4 - . J
4 TGA curve b & .
i § i@ ,.:
i .I'l E i o I
¥ ; |I & a?‘
\‘ @
f i *#ﬂ“t 'f Fl ,
ll M — i U - —
f'e S, = % b ]
o 200 350 mmum-r‘

¥apor pressure ws BT

19-126
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EXPLOSIVE: 2.4, 6-THINITROPHISOL

DESIGNATION:

Picric acid

| Z. STRUCTURE OR FORMULATION

6. THERMAL PROPERTIES {continued)

OH

9,

NO,

4, PHYSICAL PROPERTIES

Physical viate:  w [id

Coloi: vellow

Af. comp.: C R X0,

MW: 229.1

§ Density (g7 cuzls TMD: 1.7%
Sominal: .40

mp. (*C{K}): 122 (99
b.p. {"Ci{K)):
w.p. imm Hg {Pol )k

Crywal dote: orthorhoehic ri_“'\-u

o ® u._‘q.
b= |89 08
€ * 9.48

K
n: 1.620 at m.p. {122°CH

T I%F{x)}:
5 {x)

CP {cal /g="C (ki Ag-K)}
Exp, 0.2% at 0°C {0.979 ar 27% £}

| Thermat sobility {cm> of gas evolved of 120 *C

293 K
0.25 g for 22 b
gior dBhe

B. DETOMNATION PROPERTIES

5. CHEMICAL PROPERTIES

S H e, (keol /g (Md/%g}): f?{”

Cale:
Exp:

S H, (keal /mol {ki/mol)): =513 (~214.5)

Solubility {s=sol., sl =sl. s0l., i =inwol.}:
s~=acetome, benzene, chlorefors, ethanol,
ethyl acetate
sle-carbon disulfide, ethyl ether, sulfuric acid,
water

kN

6. THERMAL PROPERTIES

| D lmm Simec (km/3)): 7.28 {o= LI }
-1

F. ikbor {10  GPal}: {a }

i R

Cole .: 265 &=

fcr!iim_'“wc}‘? 7 (MIkgl): (8= 3
h mme

19

¥. SENSITIVITY

2% kg 0.7% 1.%1

Susan et

Skid rest:

Impoct angle {deg {rod )} Drop he. (ft {m)} Event

Gap test {mils (mm) ): {s= )

At 2.4 » I{i-‘ calfca-sec-*C (0.100 ¥u/=K)
CTE:

10, ELECTRICAL PROPERTIES:

jer s (o = 1.768)

1. TOXICITY
Moderate

= 19-127




7. MECHAMNICAL PROPERTIES
initial modufu
Creep Failure envelope
NOTES
e T R
15l :
¥ sob 4
A |
5 | . o -
% 100 200 300 %00 500
Temperature - "{
TGR curve
.-1.|.--
s
Temperature — C
DTA {—) and pyrolysis {(--} Curves
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$CTE: o - 60-80 um m-K < T
170-210 g m=K < T

-
316-600 um m-K 19.'

'Tg{‘*fKH: 73K

Cg {cal g-"Chdhg=K} }:
] 9,300 at 50°C (1.255 at 323 K

2.49-2.55 lamearph,, g + 1,05}

2.61 lervst,, =il

MATERAL: POLYSTYRENE |oesiGraTION : Polystyrene
Binder
SUPPLIER -
Z. STRUCTURAL FORMULATION
H H
_— L —-— -

€, PHYSICAL PROPERTIES

Phyaicel whote @ saolid Crpntal dote :  rhombohedral, amorphous

Color : clear a - 21,90

AL, comp. : (C R0 ¢+ .83

MW - (08,0 L
{ Densizy fg ';rna) : D 1.512

Mominal : 05

m.p. PC&KIY: 240 (511) R:

b.g. ;’C L 4] ;P:a} ; m: §.59-1.60 3

¥. . (P 3 e o

Beirrle poi::?r'ﬂ Kyl | SN »

fp. C ) ) :

5. CHEMICAL PROPERTIES 7. MECHANICAL PROPERTIES B
: AH, (keal ‘mol hd mol) §: s18.9 (79,5 Tersile strength {psi (kPa} }:

Solubility fi=wl., di=dd, wl., i=imol.}: Elongation (23 :

& = berrend, tluene

Sound velocity (k=fn): € i C
k. L b
fir = 1.06) - - 0%

| 6. THERMAL PROPERTIES 13, ELECTRICAL PROPERTIES

A: 2501 % o 4 calive=sec="0 (0.10% Win=k} at 275 % }r :

1. TOXICHTY

NOTES

3781

19-12%



-
-3 -H“-‘“-g___ g ¥ 3
e i
b
i 4
il
j
|
.I ]
E
H I‘
I kY
i i
¥
" - — -t
U 200 S0U

Temperature — €
OTA {—) and pyrolysis {--) Curves
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| EXPLOSIVE: HEXARYDRO-1,3,5-TRINITRO-1,3,3-TRIAZINE

DESIGNATION: IIDX

[7 STRUCTURE OF FORMULATION

5. THERMAL PROPERTIES {continued)

':1
.-'“"'-.
u!r. Cﬂ;
I i
O.N=N P = NO.
i L i

"

4. PHYSICAL PROPERTIES

Physical stote:  solid

Color:  white
. COmE.: CJHIIHEOE
222.1

| Demsity (g/em’):  TMD: 1.806
: Mom inal:

: 205 (478} with decomp.

jn:  see Table 4-3

E - —
T, (F ()

C’ {cal /g=*C [k &Rg=K)):
Exp.: 0.269 {1.126 at 198 X)

Thermat subility (cm® of ges evelved of 120 *C
{393 Kji:

0.25gfor 22h:  0,02-0,025
Tghrdlh: 0,12-0.9

8. DETONATION PROPERTIES

D {mm /inec {km/s}): 8,70 {p= 177
?Giihiiﬁ'! GPa)): {p= 1.767
Meos.: 338
Cole.: 348

€ limm/1n0c)?/2 (M/kg)k: (6= 1.0

1R: $3.7 {cale.}), 41.4 {obs.) ke

| 5. CHEMICAL PROPERTIES

A H (keal /mol (k3/mol}):  +14.71 (+61.55)

Huhﬁ =30l,, 31 =3i. sol., i=inml.):
s-—uﬂ:tgu. DMFA, DMSO, a--u?;:mm:m
} si—ethanol, pyridine

é.und" (keal /g (MI/kg)): M0 () 0 e
: Cole:  1.62 (6,78)  1.48 (6.19)
Expc 151 (6.32) 142 (5.94)

bmm: —

19mm  ~1.80

9. SENSITIVITY

Hey (m): 12100 128 100!

5 kg: 0.28 o—

2.5 kg: 0.I8 0.32

Suson test: —

Skid resi:

impoct angle {deg {rod )} Drop ht. {(ft {m)) Event

—

Gap test {mils (mm}):

i—benzene, carbon disulfide, carbon tetrachloride,] ¥SWC-SSGT: (7.90) (o= 1.717)
: chloroform, ethyl acetate, ethyl ether, water LANL~S5CT: ;90;:!0 (£.8-5.6) (p = 1.735)
6. THERMAL PROPERTIES LANL~LSGT: 2.4 (61.82) (¢ = 1.750)
: = 10, ELECTRICAL MOPERTIES:
JA: 253 « 107° cal/em-sec-*C (0.106 W/a-K)
JCTE: « = 83.6 1m/m-K at 293 K 3
: § = 191 um/m-K at 293 K € 314 {0 = 1.611)
1. TOXICITY
Low
3/81
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RDX

7. MECHANICAL PROPERTIES

Sound velocity (km/s} \‘.’E t‘ f.'
(o = 1.80) - -~  L.&5
ot "
—— -
r . ‘ '--E
» ., -8
Z‘: wer ,f.'- . F
i " ,:‘ ey _J/' P
tnitia! modulus : T’;"" ,,a-/,.r-’ AL
// . F 4 ,‘,rf i,
v L AN/
8 wet o/ ,{&
4 ap ¢ ’i 'ux
-I-J}.‘
th-‘il . -'0 J . ) 7
34 % 2
Irvwerse Tempergture HM—I"
¥apor pressure ws 1717
¥
Creep = 2.0
= 4
MNOTES n ,-"‘
. #
- M —— Y -
(=]
RDX {pure Wabash} | (padvetion ] i i i
i ”’*} ! o \n
f £ : ; oxX
B - ] =
o m— T~ i1 ¢ 100 500
]. N =1 Tesperature — K
' 1 Specific heat w3 T
i i
i, = Y xt
;“I ) im ——ﬁ
P £ E 3 —
e ————— bt h—nﬁﬂ-ﬁa-ﬁ:—- ?5- =
o 100 200 300 v
Temperature — *C Tempergture — *C "E sl R
BTa {—) ang pyrolysis {—] curves = |
i ] ] i
Gg 100 200 300 &S00
Tesperature — " (
i T6A curve
3/81
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MATERIAL : STLICON BFESIR {(Rinder)

DESIGMNATION :

SUPPLIEER : Dow Corning

[ 7. STRUCTURAL FORMULATION

,:‘/ E‘.'HJ \

S

4. PHYSICAL PROPERTIES

Physicol shote = liguid
Color : Hight straw
At comp, : (C,H0S1)
MW (T4 18

' ﬂﬂuityﬁ'cm%‘: TMD : 1.05% at 25°C (298 ¥)
Miaming! -
m.p. (*C ¥} }:
be. POV
v.p. [mm Hg {Pa} } :

Beittle point {*C (K} }: «-70"C {201 X)(cured)
fp. "C X} ):

Crysial date :

P:1.430 ar 25°C (298 %)
Shore hordness : A 40-30 {cured)

5. CHEMICAL PROPERTIES

7. MECHANICAL PROPERTIES

§ A, (ol /mof kd'mol} }: -24.9 (-104.18)

Solubility {s=sol., sl=ul, soi,, i=imol.}:

Temile strength {psi (kPs) 1:
BOO-1200 §55-81)

Elongation {% : s0-140

&, THERMAL PROPERTIES

10. ELECTRICAL PROPERTIES

BAT 35 » W07 cal/ewsec-" (0,146 Win-K} (cured)
JCTE: 180 pin.fin.-"F at -65 to 1657F
E (324 pmfe-K av 219-347 E)

| Tﬂ‘{'f Xy}

' <, feal/g=-"c kJkg-K}}: 0.34 ar 25°%C
{1.42% st 298 &}

€:13.37

(o

= [.0%)

i, TOXICITY

NOTES

Replaces 0-93-022,

3/81
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| Sylgard

al

=150

. S

50
Temperature — C
OT& curve

19-134
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; 2,4,9, 10-TETRAR | TRO=58-3ENTOTRIAZOLO-
EXPLOSIVE: E.;;:-- ~BEN20TRIAZOL-&~1UN, HYDROXIDE,
: ER SALT

DESIGMNATION:

TACOT

[ 2. STRUCTURE OR FORMULATION

&, THERMAL PROPERTIES {continued)

10, M
b

&, PHYSICAL PROPERTIES

Physical wate:  solid
Coler: red-ocrange
Ay, comp.: Cy o H NGy
| MW: 3882
{ Density (g Fom b TMD: 185
Mominal: 1.61
p. {(*C{X}}: dec, -380 (~633)

b.p. (*C(K)): —
v.p. {mm Hg {Pal): —

Crystal dares: —

Tgf Fix)y): —

CP {eal /g="C (kd %K)} —

Thermal stability (cm® of gas evolved ot 120 *C
(393K ):
0.25 g for 22 he:

Tglor 48he: —

8§, DETOMATION PROPERTIES

5. CHEMICAL PROPERTIES

AH, (keal /g (MI/kg)): P20 (1) "l
Cale: t.41 {5,90) 1.35 15,64}
Expc 0,98 (4,100 0,9 {4,02)

AH {keal /mol (k1 mol)}: +110.5 (+462. %)

Solubility {s=wl., sl =3l sol., i=insel.}:
#-DMS0

s1-DMFA, nitric acid, pyridine
t-chlioroform, ethanol, water

6. THERMAL PROPERTIES

D {men Fpsec (e 753} 7.25 {o= 1.85
ol :

?uikhutw GPs) ) {p= 1.61
Meas.: —

Calec.: 181

£ ((mm/inec)? /2 (MI/kg)): (5 )
Smm: —

19 mm: —
P9, seNSITIVITY

tigg (m): 12 o0l 128 tool
Susen test: —

Skid tesh:

Impact angle {deg {rod}} Drog ht, {Ft {m)} Event
Gap rest (mils (mm)}: (= 1898 )
RSWC-8S6T:  (5.52)

10. ELECTRICAL PROPERTIES:

Ay —
:CTE: — D —

. TOXICITY
3/81
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TACOT

7. MECHANICAL PROPERTIES

initial modulus
Creep Foilue envelope
NOTES
"x__ ;
= : — ——h_.—-‘.t.
0 200 500
Temperature — C
OTR curve

19-136
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EXPLOSIVE: 2.4 A-TRINITRO-1, 3, S-BENZENETRIAMINE

| DESIGNATION:

TATB

2. STRUCTURE OR FORMULATION

15, THERMAL PROPERTIES [comtinusd]

n: wmed¢ Table 4=%

5. CHEMICAL PROPERTIES

AHy, (keal /g (MJ/kg)): Hof (1) 0 (e
Cale: 1,20 {5,02) 1,08 4,52}
Expe e o

|8 Hy (keol /ol (k/mol}):  -36.85 -154.2)

| Solubility {3=s0l., 31 =si. sol., i=imol.}:

s==gulfuriec acid

I==acetone, benzene, carbon disulfide, carbon
tetrachloride, chloroform, DMFA, DMSCG, ethanci.
ethyl acetate, ethyl ether, water

Gap test {mils {mm}):

| 6. THERMAL PROPERTIES

T {"F (K} —
2 '{ {K})
C.'IEM MO E
¢ ] €, (eal /g="C (e kg
g NH, |
NO, | Thermal stability (cm" of gas evolved ar 120 *C
: (I3 Kii:
J 5 (TUNTCHE PRORRES 0.5 glor 2 —
| Physical state: salid Vg for d8he —
| Color: brighi yellow
i‘. coOms. - Cﬂ,!ﬁ\{‘{}t’ " “‘mnaﬂam’“S
1 Mw: 2582 3 D {mm Jinec (km /5)): 7,76 fp= 1,88 }
| Demity {g/cm™ ) TMD; 1,938
Nominal: 1,88 Pey (kbar {107 GPa) ). o= 188 )
- - & 3
m.p. (*C{K}): dec. 325 { 508}
b.p. {*CiK}}: — 3 Meas.: —
v.p. {mmHg (Fod): 1.7 > 1077 ar 17%¢ Cale.: 281
(3.26 » 107" at 848 %) 2
ic,‘um!ml FZ A kgty o= 1.8%
! - Smm: 0O.8T4
Grystal dote: iriclinic (P1) )
a - 6,0 L= 108.% e 1009
b 9,03 ¢ow BLLE 9. SENSITIVITY
< 6.8¢ ¥ = 170
Heg (m]: 12 100l 128 100l
5 Kz 1.27 s
‘: — r‘ i F 3 > %.20  §. ol
£ Susan tes: Threshold velocits -1000 =/s.

Behaves like wock to 1000 a/s.

| Skid rest:

Impoct angle {deg {rod }} Drop bt (i1 {m)} Event

§ NSWC-886T:  {1.123 fc = 1.887)
U.\'L-sSﬂl' {0.133 o = 1873}
LANL-LSET: {21.9) 0= 1.870)
i PX=CT: 5.0 {0 = 1.8831;

fA:  12.8 x 1070
JCTE: o = 54 um/a~F ar 200 K

§10. ELECTRICAL PROPERTIES:

cal/cm-sec-"C {0.536 ¥/n-K) at 311 K |

t{ -

. Toxiciry
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I TATB

7. MECHANICAL PROPERTIES

107A {—) and pyrolysis {—} curves

Sound velocity (kais} EZ 1:‘ th
o= 1.568; 1.907 1.083 1.439
initial modulus
Creep
NOTES
- 'E - t ;
{ a
o= -4
’5 g 2.0 4
¥ 5
! » TATE R
j I !“‘ i
| ﬂn- ‘4
Sty & | ]
3’1; : ” £ ¢
24 x e
it J
3 i
i 11 o
50 150 250 30 3o : ;
Temperature — *C

Specific heat vs T

Yapor pressure ws LfT
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| EXPLOSIVE: 5-METRYL-N, 2,4, 6~ TETRANI TROBENZEXAMINE

DESIGMNATION:

Tetryl

2. STRUCTURE OR FORMULATION

6. THERMAL PROPERTIES {continued)

H3C —_— N — NOE
C.N

2 NO,

T {*F{K}): —
s

CP {oal /g="C {kd %gX}): —

PR

Exp. 0.252 at 23°C (1.0% at 298 K)

| Solubility {s=s0l., s1=31, s0f., i=inwol.}:
f s=—acetone, benzene, DMFA, othyl scetate,
nitric acid

NO: Thermal srobility \'canj of gos evolved ot 120 °C
{393 K1z
_vl_ PHYSICAL PROPERTIES 0.25 g for 2he: 0,036
Physical stote: solia Pgfor 48he: —
jColor:  vellom
R it O | 8. DETOMATION PROPERTIES
i = a8 B ]
MW: 287 0 D {mm Jpsec (km 43} 7.85 o= 1,71 }
Deniiry Eg#’:msh TMD: 172
Nomingt: 1.7 1 P thbor (107" GPal); o= 171 )
m.p. £ *CIKI): 130 oD R
[bop. (*C{K)): — § Mear.;
v.p. imm Hg {(Pa}): — | Cole.: 260
: fcﬁ“mn,’mﬂ}zf? {Md/kgiy: f{o= J .
B mm: —
Crystal dots:  maonoclinic (P2 /¢)
i 1$Pmm —
& 14,13
b T.37 ¥. SENSMTIVITY
« 1061
8= 95,1 Heg mi: 12100l 128 100!
5 kg: 0.28 —
2.5 kg: 0. 37 0.5t
Kk —
ni  l.606 Susan test: —
5. CHEMICAL PROPERTIES
S Hy, (keal /g (MJ/kg)): 120 (4 0 )
Calc: 1.51 (6.32) 145 (6,07} :
Expr 1,14 (4.77) 1,09 (4.56) | Skid resn: ( " .
impoct angle {rod j} Drop ht. {ft {m)} Event
.:*.H, {keal /mol (k./mol}): .67 (2101} e

sl==chlorofors, ethanol, ethyl ether xn‘ﬁa’;i _m:ﬁ{.."h {M}?i? a3 (0 = 1.687)
i--carbon disuliide. carbon tetrachloride, L&%-SfﬁT; ;.’:ﬁ‘} t- Z ]::63:.}
vater 4 EANE-LSCT: 2,386 (60.6) (0 = 1.66&)
. THERMAL PROPERTIES
- 10. PROPIR
A 6.83 = 10 b callcm-sec-"C {0.286 W/a-K) 9. ELECTRICAL ™ TIES:
2.05% (b = 0.9) 2.163 {o = 1.0)
CIE: € 2728 {p = 1.4) 3,097 (g = 1.6)
2,905 {p = 1.5) 9 G - LT
. TOXICiTY
High
3/81
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Tetryl

7. MECHAMNICAL PROPERTIES

Temperature — *C

OTA {(—} and pyrolysis (-} curves

Sound velocity {kmfs} €y Cl %
{0 = 1.643 2.37 1.2% %
initial modulus
Creep Failure anvelope
NOTES
| 1008 T
15 1
3 sor- B
- 51 4
¥
Cg 100 200 300 400 500
Temperature — L
v e TGA curve
g 100 200 300

19-140
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EXPLOSIVE: TETRANITROMETHANE

DESIGNATION:

2. STRUCTURE OR FORMULATION

&, THERMAL PROPERTIES {continued)

fa Hf {keol /mol (kJ/mol}): +13.0 (+54.2)

Solubility {s~sol., sl =4l sol., i=inol, }:

s=Dbenzene, ethanol, cthyl ether
sl —water

T‘ {*F (K} —
NGO,
i
s e 1€ {ool /g=*C (i Agx}y: —
Oy & NG, Ir
NO?
Thermal stability i’cmzd gas evelved at 120 *C
{393 K
_-l. FPHYSICAL PROPERTIES 0.25glor 22he: —
Physical sigte:  liguid Pglor 88he: —
Calor: clear i
|ar. comp.: €30, | 8. DETOMNATION PROPERTIES
MW: 1960 " O {mm Junec (km/3}): 6.3 {o= 1.8 ¥
Density {g/cm™ b TMD: 1,650 at 286 K
Nominol; — P, (kbor (107" GPa)): (o= 3.65 )
Imp. ("C{X}}: 14,2 $287)
| bup. (*C{K}): 125.7 (390} Mess.: —
fvep. {mmHg (Pa)): 13 at 25°C {1733 at 298 K) Cale.: 144
| € i(lmm/imec) /2 (MI/Rg)): (o 3
Emme —
Crywal daote: —
19mm:
9. SENSITIVITY
"iso (m}: 12 100l 178 roof
I — |
n: 1.4359 Swan tes: —
5. CHEMICAL PROPERTIES
3 My, (keal /g (MI/kg) ) M0 (1) 0
Cale: 0,55 {2.30) 0,55 (2,30}

impoct angle (deg (r0d)) Drop ht. (fr (m)) Event

Gap test [mils {mm)}: — {p= ¥

&. THERMAL PROPERTIES

10, ELECTRICAL PRCPERTIES:

A —
CIE: — & S—
11. TOXICITY
Very high
3/81
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TNM

|7, MECHANICAL PROPERTIES

Initial modulus

Failure envelope

NOTES

iy ey

Temperature — 'C
DTA curve
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EXPLOSIVE: I-ETHYL-1, 3.5~ TRINTTROSENTESE

DESIGMATION:

2. STRUCTURE Of FORMULATION

&, THERMAL "ROPERTIES {continued}

&, PHYSICAL PROPERTIES

Physical wote: solid
Coler:  buff to brown
:Ai comp.: L Hﬁ'\ﬁﬂﬁ
{Mw: 227 1
§ Demsity (g cna'.l: TMD: 1,654
MNomingl: 1.5-1.6 tcgst)

-, tlc {x}" 80,9 (3154} I.Eﬂ-"l,fzi l;’l"i"ﬁ-ﬂ.'l"-}

b.p. { *C (K)):
v.p. {mm Hg {(Pal): 0,106 at 100°C (14,12 at 373 K}

Crysial dote:  “onoclinds iF2,/c)
% sk 35
6.0%
= 1L.%
il

R: 34,3 teale,), 40,6 {obs,)
iz i.6

Ty oo = =
|1 CoF )

C {eat /g="C (kJ Rg=X}}: —
Exp. 0.36 ¢1.51}

Thermal stability {cm® of gas evolved ot 120 *C
(93K

0.25gfor 22 he: ©,00-6,012
1 glor 48he: ~ 0,005

{ 8. DETONATION PROPERTIES

5. CHEMICAL PROPERTIES

M, (keal /g (MJ/kg)): M0 (¢) 0

Cale:  1.41 {5,90) 2 {5,400
Expe 1,08 (4.56)  1.02 (4.27)
A H, (keol/mol (k1/mol)): =15 (649

Selubility {s~wol., si-si. s0l., i=inwl. )

s=—acetane, benzene, :h!arnform DMFA, ethyl
acelate, nitric acid, pyridine, sulfuric acid

si—carbon tﬂsuiftdc carbon tetrachloride, vthanol,
cthvl ether;: i—water

[ 6. THERMAL PROPERTIES

LAKL-LSCT:

{ 1~72 m/s); very difficult to i‘ﬁih‘

accidentaily, and has very low probability
of buildup to violent reuction,

Skid rese:
Impact angle {deg {rad 1] Drop ht, (r {m}} Event
14 (0.28) 10.0 (3.08) 2
) ’Glpmt {mils {mm}}:
NEWC-5350T: £3.96) o = 1.651)
LANL-SSCT: 0.3 (0 = 1.633)
1.948 {49.4) (0= 1.626)

D {mm “jsec {km /5)): 6, 03 (o= 1,64 )
=1
?‘:J {kbor {10  GFal ) = 1,630 )
Meas.: 1o
Caole 2 233
f“iilm,&mlz.’? (MI/xg)): (2* 1630 )
& mm: 0.735
1Fmm: 0,975
¥, SENSITIVITY
5 kg: 0.80 1. 77
2.5 kg .48 § 00
Susan test: Threshold velocity ~ 235 ft/ sec

:l:v..'.* .
CTE:

10

i = 50,0 + 00077 un/e=i below m.p.
5~ 180 ar 93 K

10, ELECTRICAL PROPERTIES:

col/co=gpe-*C {0.260 W/e-K) ar 291-318 ¥

I.048 (¢ = 0.9) 2.131 (o = 1.0)
€ 2,629 g = 1.4}
2.795 Ww v L5}
2.B8 i = 1.6}
i1, TOXICiTY
Moderate
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7. MECHANICAL PROPERTIES

Temperature — *C
J0TA (—] ana pyrolysis (--) Curves

Sound wvelocity {km/aj; ‘:t C‘ l'.!,t| — o
(0 = 1.632) 7.58 1.35 2.08 ) .
® - - - - L
Conglex shear modult
initiai modulfus
Creep Foilure envelope
fnoTEs
'-‘IF ) | Ean B " 1ot ‘
754 4 .
' ¢ TNT 1
o 4 \
% e 5a|r 5 02 ¥ im ;
- | 1 e 1
=1 ?.'EL o ,,--"%
1 4 ;
L E . -.f 4
% 100 200 303 @06 500 5 o | j
Temperature — “( S !
ek s 2 TGk curve b
5¢ 150 250 350

34 2% 22

inwverse temperature (1000/T) = K

Yapor pressure vs 1/17

19-144
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MATERIAL :

VISYLIDINE FLUORIDE/REXAFLUOROPROFYLERE COPOLYMER
(Binder) &0/40 wrl

DESIGMNATION

SUPPLIER : DuPont

. STRUCTURAL FORMULATION

[ = F F F -i
_ bl o
i —f—C—C =] =] —C—C— | —
3 | ] i ]
H F f CF, F
= n
4, PHYLICAL PROPERTIES
Phyticol wote :  rubbery solid JCrystal doto ¢
Coler 1 white
At comp, : ﬂ',,'li._s J,'l*'ﬁ f}in
MW 1187.08 020
ki
Demsity fg'emY) :  TMD:
MNomingl : ;-1 0
= *C &} ) g
Lop ﬁf:ﬂ : )y "
;p:th w&n‘pﬂc‘: w1} Shore hordness 1 A 40-80 {71 cured)
f.p. (*C K} }

5. CHEMICAL PROPERTIES

7. MECHAMICAL PROPERTIES

AH, fkcol ‘mol fkd'mol} ¥ : -332.7 (-1392;

Solubility {s~sol., sf-sl, wol., i-imol.}:
# — acvtone, MEK, MIBK, n-butyi scetate, THF

Temile shength (psi (kPs) ):

Elongation (% ;

10, ELECTRICAL PROPERTIES

6. THERMAL PROPERTIES

Az 54« 10 callfcmsec="7 {0.226 ¥/n=K)
CTE: & ~ 8%.0 uin. fin.="F at <=&"F
{i17 imfe-K at <252 X}

1585%.2 vin.fin.~"F at -6 1o 185°F
(254.8 \m/m=-K st 252=347 K}

<253 K

293343 ¥

&50 ym/m-K at
TI8 um/e-K at

* 1 10.5 {a~=1.8-1.88)

!g CF Yy : -27°C (246 K}
C, feal 'g-*Cldug-X¥3: 0.33 1 4641

I TOMICITY

NOTES
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i I T ! —
tI:T —

751 -

gsa_ -

zs = -

e " ; :
% “T00 200 300 400
h ~_ Temperature — C
| TGA curve
1
'+ S o6 00

Temperature -
& [—) #nd pyrolysis (==} curves
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EXPLOSIVE: XTX-8002

DESIGNATION:

XTX-8003

. STRUCTURE Ok FORMULATION

&. THERMAL PROPERTIES [continued)

wi"
PETX EQ
Silicone rubber 20

4. PHYSICAL PROPERTIES

Physice! srote: putls curable to rubbery solid

Colee: White
At comp.:  C; oty sa™1.01%s.31 %0 07
MW
| Densiry ig cmj\: TMD: 1 556
MNominal: =104

m.p. {°C (X}
b.p. {"C (K}
v.p. imm Hg {Poi): —

129= 135 302-308)

o fﬂi dats:

E ® Lo
T’{ F[K}):

C, (ool /g="C (ki kg-K1k
Est.: 0.27 (1.13)

Thermat stobilivy (cm® of gas evolved of 120 *C

5. CHEMICAL PROPERTIES

Jan,, theal /g M kgih M0 (4

Cole: 1.88 (7.89 1.6%
Expr  1.016 (a.B%) 1.05 |
&ﬂ‘ihul ‘mol (k1 mol}l: -8 (-1em)
Solubility {s=sol., sl=al. sol., i=inmot. }: __

16, THERMAL PROPERTIES

{I9I K e
0.25g%0r 22he: 0,02 at 1ODC (373 K)
gior dEhe —
8. DETOMNATION PROPERTIES
i1 Dimm ‘usec ike “53): G 00 i# 1.53 3
P, (kbar (107 GPa) ) (= 1346 )
Megs.: 170
Colc 250
gyl mm wec)S /2 (MI/hglh: (o 1,558 )
fdmm: 0510
f 19 mm O 0956
¥, SENSIDV'TY
Hen fml: 12 ool 12% wol
5 Eg: . T -::‘ r.. -
ver Ngg: 0. 1l

Susan tesr:  Threshold velocity ~ 160 11 seq
=48 m’ sk has very small probability of
buildup 1o violent reaction,

1 Skid reqr:

impoct ang'e {deg (rad 1} Drog hr. (it (m)} Even:

—

Cap rest {mils {mm} )

LASL-S50T: fed:
LAXL-S8S0T:

o= 1,53 i
1¥=-180 (3. }=4.1)

Micured : 160-190 5. i=a 8)

.l. A2 o
{CTE:

cal/co=mec="C (0.14} wim=K}

i 8. E Lin./In.~"F at =22 te 158°'F
§125.8 in/==K at 2433 K)
= 77 Lin.fin.="F at 7% 2o 150°F

f13F Lele-K 41 297-130 X}
* 2li T eie=K at I19=296 K)

10, ELECTRICAL PROPERTIES:

L 3 —
1. TOXICITY

3/81
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XTX-8003

|7 MECRANICAL PROPERTIES

Initial moduiue

{omplex shesr moo:!i

Failure envelope

NOTES

- - - =

g 200
Temperature — L
OTA curve

sl
L_'

350

19-148
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EXPLOSIVE:  xTx-8004

| DEsIGNATION:

XTX-8004

Z. SIRUCTURE OR FORMULATION

| 6. THERMAL PROPERTIES {continued)

chloroform, eihvl acetate, ethvl ether, water

&. THERMAL PROPERTIES

+ =1
wr ! b1 (°F ()
ROX 18
Sylgard 82 0
C’ {eal /g="C {kd &g~k
Thermal wobitity (cm® of gas evolved ot 120 *C
{393 K%
£, met HW?*S n-ﬂ g for ”h: 0, (W
Physico® stote:  solid 1 gfor 48 he:
Colar:  white
At, comp.: “'Lu"i.?aﬁ:.m‘i-.nﬂn,:.‘ | B. DETOMATION PROPERTIES
;s | Dimm fisec {(km /s}): 7.2 {a= -1.5% }
D-mi?y{g./cm:}-. ™MD | soe .
5 Nominal: ~1.55 P, (kbor (107" GPa}): (e )
m.p. {"C{K}): 200 with dec. ,
b.p. {*°C{K}}: Meas.:
V. {-w"ﬂ)): Cale .:
Yweroscoplaty
e £l lmm /ineci /2 (MI/hg)): (o= )
& men:
Coywal dom:
: 19 m
1 9. SENSITIVITY
| | Hgqy (m): 12 100! 128 r0l
? 2.5 ¥ 0.65-0.76 1.45-1.70
®:
Susan tesr:
5. CHEMICAL PROPERTIES
Aty (heal /g (MI/kg)): M0 ey WOy,
Cale: 1.87 (7.8 .67 (6.99)
Exp: } Skid test:
| impoct angle {deg {rad )} Drop he. {Ft {m)} Event
A H, (keal /ol (x1/mol)): ~1.62 (=5.94) sogte {dey {red)) Drap M. { {3} Evens
§ Solubility (s=sol., sl=sl. s0l., i =inml.):
§ s——acetone, DMFA, DMSD, N-sethvipyrrolidone =
£ sl--ethanol, pyridine Gap test (mils (mm}]): {» )
i=—-benzene, carbon disulfide, carbon retrachloride, LANL-SSCT: £1.963 (c = }.5E}

10. ELECTRICAL PROPERTIES:

X: J.42 » ¥i}-:' cal/em=sec="C {0.14) Wo=K} at 313 K
CTE: + = 231 o=k e
1. TOXICITY
Low
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| XTX-8004

§7. MECHANICAL PROPERTIES

initial madulu
Creep Failure envelope
MNOTES
|
i
i
[
|
2 |
* |
AU
"R ™=
Temperature — G
OTA curve
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