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GLOSSARY

This list includes acronyms, chemical names and formulae, and code names and designations
for triaminotrinitrobenzene (TATB) and TATB formulations included in this compilation. For
formulations, the weight percent (wt%) is implied. The formulations are listed alphabetically in
decreasing order of wt% of TATB.

at ~o

ADNT

ADPA
AFM
AN
APS
ARc
ARDc

AWRE
BaC03

B~

BKW
BTF
Cgs
CEF
C-J
C1S03H

CompB-3
CRT
Cu
Cyclotol 75/25
DAGMAR

DATB
DATB/EstanelBaC03 3719.5/5310.5

DATB/Estane/oxamide 55.5/14.3/30.2
DATBIHMX/Viton 20/70/10
DATBflalc/Estane 42.8/46.2/1 1.0
DATBfTi021Estane 37.415319.6

DATBIViton 9515
DATB recycVDATB rawfViton A

63.33/31 .6715
DATBIViton AAaC03

DDT
DMF
DMSO
DNPA
DNT3CB, T3
DNT4CB, T4
DOP
DPE
DSC
DSD

atom percent
ammonium 3,5-dinitro- 1,2,4-triazolate
American Defense Preparedness Association
atomic force microscopy
ammonium nitrate
American Physical Society
ivxelerating-rate calorimetry
Army Research and Development Center/
Command, Dover, NJ
Atomic Weapon Research Establishment
barium car&mate
Brunauer-Emmett-Teller (ACS J. m,
309[1938] particle size distribution)
Becker-Kistiakowsky-Wilson (EOS)
benzotris[l ,2,5]oxadiazole, 1,4,7-rnoxide,
centimeter-gram-second system of measurement
tris-~-chloroethyl phosphate
Chapman-Jouguet
chlorosulfonic acid

RDXfITTf 60/40, Composition B-3
chemical reactivity test
Copper
RDX/TNT 75/25
Direct Analysis Generated Modified Arrhenius
Rate
1,3diamino-2,4,6-trinitrobenzene

X-0262

X-0263
LX-03-O

X-0299

X-0264

deflagration-to-detonation transition
dimethylformamide
dimethyl sulfoxide
dlnitropropylacrylate
1,3dhitro-2,4,6-trichlorobenzene
1,3-dinitro-2,4,5,6-tetrachlorobenzene
dioctylphthalate
diphenyl ether
differential scanning calorimetry
detonation shock dynamics

,..
Xlll



detonation shock dynamics
differential thermal analysis
ethylene diammonium diniwate/ammonium
nitrateJpotassium nitrate eutectic explosives
ethylenediamine dinitrate
equation of state
AN/ADNT 2/1 molar ratio
fluorosulfonic acid
trifluoromethylsulfonic acid
high explosive
1,3,5,7 -tetranitro- 1,3,5,7 -tetrazacyclooctane
hexanitrobenzene
2,2’,4,4’ ,5,5’-hexanitrostilbene
sulfuric acid
Institute for Chemical Technology,
Fraunhofer Institute, Karlsruhe, Germany
insensitive high explosive
infrared spectroscopy
Jones-Wilkins-Lee (EOS)
potassium perchlorate
Los Alamos National Laboratory
Lawrence Livermore National Laboratory
large-scale gap test
large-scale time-to-explosion test
DATB/HMX/Viton 20/70/10
HMX/Viton A 95/5
HMX/Viton A 94.5/5.5
TATB/Kel-F 800 92.5/7.5

TATB/Kel-F 800 92.5/7.5

RX-03-BB, made
with dry-aminated
TATB
made with wet-
aminated TATB

methyl ethyl ketone
Mason & Hanger, Silas Mason Co., Inc.,
Pantex Plant
Mound Laborato~
see TCNB
nitrocellulose
nitroguanidine
Naval Air Warfare Center
ammonium chloride
nuclear magnetic resonance
Naval Surface Warfare Center
oxygen balance
one-dimensional time-to-explosion test
lead
lead chromate
plastic-bonded explosive
HMX/NCfCEF 94/3/3
TATB/Kel-F 800 95/5 X-0290, RX-03-AR,

RX-03-AU
TATB/HMX/Kel-F 800 80/15/5
TATB/HMX/Kel-F 800/dye 79.8/15/5/0.2 X-0433



PBXW-7
PE
PETN
PNF
ppm
Ps
PTFE
PXGT
PVF
PYX
RDx
RT
RX-03-AB
RX-03-AE
RX-03-AF
RX-03-AH
RX-03-AI
RX-03-A.J
RX-03-AR
RX-03-AT
RX-03-AU
RX-03-BB
RX-03-BC
RX-03-CK
RX-03-DA
RX-03-DD
RX-03-DH
RX-03-DI
RX-03-DU
RX-03-DY
RX-03-EJ
RX-03-EK
RX-03-EL
RX-03-EM
RX-03-ER
RX-03-EY

RX-26-AF
RX-26-AX
Rx-34-AD
RX-34-AG
RX-36-AA
RX-36-AB
RX-36-AC
Rx-36-AD
RX-36-AF
RX-36-AG
Rx-36-AI
SDT
SEM
S1
SNL
SNLA

TATB/RDX/ITFE 60/35/5
polyethylene
pentaerythritol tetranitrate
synthetic rubber
parts per million
polystyrene
poly(tetrafluoroethylene)
Pantex gap text
poly(vinylidine fluoride)
2,6-bis(picrylamino) -3,5 -dinitropyridine
1,3,5-trinitro- 1,3,5-triazacyclohexane
room temperature, ambient
See X-0219
TATB/Estane 5702 F- 1 94/6
TATBfVitonA91/9
TATB/Kel-F 80091/9
TATB/Kel-F 800 90/10
TATB/Estane 5702 F-1 97/3
See RX-03-AU, X-0290, PBX 9502
TATBIViton A 95.514.5
See PBX 9502, X-0290
TATB/Kel-F 800 92.5/7.5
See LX- 17-0
TATBfPhenoxy 92.5/7.5
TATB/HMX/Kraton 48/48/4
TATB/HMXiKratonlVistanex 48148/212
TATBITTJT 9515
TATB/Phenoxy PKHJ 96.3/3.7
TATB/Kraton 70-3608 96.22/3.78
TATBIPhenoxy PKHJ 97.512.5
TATB/Kel-F 800/Al 7416120
TATB/Kel-F 800/Al 83.25/6.75/10
TATB/Kel-F 800/Al 64.75/5.25/30
TATB/Kel-F 800/Al 55.5/4.5/40
TATB/Kel-F 800/AP/Al 74.0/6.0/12 .4/7.6
TATB/KratonG1650/Tufflo Oil 6026
96. 15/2.56/1.29
TATBMMXIEstane 57-2-FI 46.64/49.28/4. 10
TATBMMX/Kraton 1650 47.1/49 .7/3.2
TATB/BTF/NH4C104 35.42/2.50/61 .08
TATIVBTIVNH4C1043 1.99/10.0/58.01

TATB/HMWBTF 32136.7131.3
TATBIBTF 50.6J49.4
TATBMMXIBTF 15.2/69.9/14.9
TATBIHMX5TF 58.6/22.4/19.0
TATBMMX 46.6/53.4
TATBMMXIBTF 19.7/22.6/57.7
TATBIHMXfBTFNiton 14.44/66.40/14. 16/5.0
shock-to-detonation transition
scanning electron microscopy
International System of Units
Sandia National Laboratories
Sandia National Laboratories Albuquerque
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THE INSENSITIVE HIGH EXPLOSIVE
TRIAMINOTRINITROBENZENE (TATB): DEVELOPMENT

AND CHARACTERIZATION -1888 TO 1994

by

Brigitta M. Dobratz

ABSTRACT

Assembled in this report are data and references on TATB
and its formulations from its fmt synthesis in 1888 to 1994.
This compilation includes sections on synthesis and preparation,
analytical methods, properties, performance, aging and
compatibility, and on safety. The information is arranged in
chronological order within each section. A bibliography rounds
out the report.



INTRODUCTION

Many lives have been lost and much property has been damaged or destroyed in the past due
to accidental explosions during mixing, processing, transportation, and storage of high explosives.
During and after WWII, l,3,5,7-tetranitro- 1,3,5,7-tetrazacyclooctane (HMX, CdH8N808) ,2,4,6-
trinitrotoluene (TNT, CTH5N306), and l,3,5-trinitro- 1,3,5-triazacyclohexane (RDX, C3H6N606),
were used in nuclear weapons and in propellants. When these explosives are used in nuclear
weapons, the additional hazard of aerosolized-plutonium dispersal must be considered. Scattering
of this long-lived isotope poses a grave danger to human life and to the environment. Therefore,
the Department of Energy (DOE) and the Department of Defense (DoD) have incorporated
insensitive high explosive (II-IQ compositions in their nuclear arsenals.

Mixtures containing 1,3,5 -tnamino-2,4,6-trinitrobenzene (TATB, C6~N60G) are particularly

attractive for use in modem ordnance and space applications because they satisfy requirements for
high-temperature service and resistance to accidental initiation. Other insensitive explosives, for
example 2,4,6 -trinitro- 1,3-benzenediamine (DATB, C6H5N506), and nitrpguanidine (NQ,
CH4N40J, are used; but these materials lack the high density, favorable performance, or high-
temperature stability of TATB. TATB also was found to have a critical diameter smaller than TNT,
which means that it sustains a high-order, steady-state detonation more easily, but it does not have
a deflagration-to-detonation (DDT) response.

In the text below, developments after WWII will be described only for work done in the
United States of America (USA)--at the Los Alamos National Laboratory (LANL), formerly the
Los Alamos Scientific Laboratory (LASL), Los Alamos, New Mex.; Lawrence Livermore
National Laboratory (LLNL), formerly the Lawrence Livermore Laboratory, Livermore, Calif.;
Sandia National Laboratories (SNL), Albuquerque, New Mex. (SNLA) and Livermore, Calif.
(SNLL); Army Research and Development Center (ARDC), formerly Picatinny Arsenal, Dover,
N.J.; Naval Surface Warfare Center (NSWC), formerly Naval Ordnance Laboratory (NOL),
Silver Spring, Md.,; the Naval Air Weapons Center (NAWC), formerly Naval Weapons Center
(NWC), China Lake, Calif.; and Mound Laboratory (MLM), Miamisburg, Oh.; and at Mason &
Hanger, Silas Mason Co., Inc., Pantex Plant (MHSMP), Amarillo, Tex. The research is arranged
chronologically within sections and subsections. The tests used to characterize and evaluate TATB
and its mixtures are identified but not described in detail. As problems and questions arose during
the development processes of TATB and its mixtures, tests were used when available or new tests
were designed and conducted.

Additional information and data can be obtained from the references in each section and from
the bibliography at the end of this report. While extensive, this list of references is not complete.
This report is intended as a “roadmap” to the development and characterization of TATB and its
use in plastic-bonded explosive (PBX) formulations as insensitive high explosives (IHE).
Research and development continue even today into new applications for this safe energetic
material, identified as an IHE. To facilitate comparisons from different sources, units have been
converted to the centimeter-gram-second (cgs) system or. the International System (S1) of Units.
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I. SYNTHESIS, PREPARATION, AND SCALE-UP

A. TATB
1. Specifications. “Material Specification for TATB (Triaminotrinitrobenzene), Los Alarnos

Scientific Laboratory 13Y-188025.”
“Material Specification for Ultrafine TATB~’ Lawrence Livermore Laboratory RM 254959.
2. Laboratory-Scale Preparations. The fmt mention of TATB in the chemical literature

occurred in i 088, when Jackson and Wing obtained this compound by mixing 1,3,5-tribromo-
2,4,6-trinitrobenzene (TBTNB, CGBr3N~OG)with cold alcoholic ammonia.1-l The reaction was
carried to completion by refluxing the mixture in a flask for about 30 min and adding more
alcoholic ammonia as needed. The nearly insoluble TATB was filtered hot from the orange liquid,
then washed with water and alcohol to give a pale yellow solid.

Jackson and Wing determined that TATB decomposes without melting at about 360”C; is
nearly insoluble in water, alcohol, ether, benzene, chloroform, or glacial acetic acid; and dissolves
in aniline, strong sulfuric acid, or nitrobenzene. These researchers were unable to react TATB with
glacial acetic acid, acetylchloride, or acetic anhydride, even when they heated the mixtures to 150”C
in sealed ampoules. They did not recognize TATB as an explosive, but they considered it an
intermediary in the preparation of hexaminobenzene.

In 1887 Jackson and Wing had prepared 2,4,6-trichloro-l ,3,5 -trinitrobenzene (TCTNB,
CGC13N30b) in small yield, and had characterized it as nearly insoluble in water; less soluble in

alcohol than 2,4,6-tnchloro- 1,3-dinitrobenzene (TCDNB, C6C13HN204), and easily soluble in

ether, benzene, chloroform, acetone, glacial acetic acid, or carbon disulfide. However, alcohol was
the best solvent. [-z The melting point was given as 187°C.

Palmer continued this work.1-s He repeated the synthesis described in Ref. I-1 and also
attempted reduction of TATB with tin and hydrochloric acid to make hexarninobenzene. This
attempt failed, as had Jackson’s and Wing’s.

Fliirscheim and Holmes succeeded where earlier researchers had failed. They prepared TATB
by adding pentanitroaniline (CGH2NGOIO)to aqueous ammonia and then boiled the mixture. The
result was TATB, nearly insoluble but crystallizable from aniline and meltable above 300”C. Then
they prepared hexaminobenzene (CCHIZNG)by reducing TATB with phenylhydrazine.[~~r-s

In 1937 Backer and van der Baan prepared TATB from the readily available TCTNB by
reacting it with ammonia.[-G They obtained TATB as an orange powder in 80% yield.

After WWII and many problems with highly energetic materials, researchers in the United
States began looking for safer, more heat-resistant explosives, mainly for space applications. In
1956 Taylor of NOL reported on the preparation of TATB from TBTNB according to Reference
I-1, finding the product” ...much superior to our present service explosives, and also possesses a
higher crystal density, insensitivity to impact, and a higher detonation velocity than TNT...’’.1-T
Looking for commercially available starting materials, Hill and Taylor of NOL in 1960 compared
preparative procedures for TBTNB and TCTNB; and they selected TCTNB as the preferred
starting material for the preparation of TATB,l-B Kaplan and Taylor of NOL refined the early
procedure and patented the process in 1959.1-9

With guidance from the Navy, the Army also used this process. Blais, Wax-man, Siele, and
Matsuguma of Picatinny Arsenal modified Backer and van der Baan’s method to prepare TCTNB
(Ref. 1-6).1-10

Discussions between NOL and LANL in the late 1950s gave researchers at Los Alamos the
idea that the high-temperature-stable explosive TATB might be usable in nuclear devices for
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Plowshare applications. In 1960 researchers at the Kirov Institute in the USSR proposed the use of
“TATB as a thermostable high explosive for deep blasthole drilling.”1- 11

Density measurements and performance calculations for DATB and TATB indicated that
TATB would be the more powerful explosive. This led Schwartz at LANL, early in 1961, to
prepare a sufficient quantity of TATB for evaluation. Initial preparation by the NOL method of
ammonolysis of TCTNB in benzene produced an extremely fine powder (after a water wash) of
<0.7 ~ particle size containing about 1% chlorine. Batches prepared with more than 250 g of
TCTNB resulted in larger particle sizes, averaging 5 p, but these batches had a chlorine content of
5%. Improvements in the purification procedure produced TATB with chlorine content
comparable to NOL’S, 0.1 % to 3.79Z0,with higher amounts of chlorine in the larger batches.

Schwartz’s purification process for TATB, made by ammonolysis of TCTNB, involved the
following steps:

1. Reprecipitate TATB in 100% H2SOa (5 ml acid/g TATB) by slow addition, with rapid

agitation, of an equal volume of cold water;
2. Filter and wash the product with distilled water until the washings are neutral;
3. Wash the filter cake with warm water in a Soxhlet continuous extractor for one week.

The dried product, 200 g from two batches, had the composition in wt % of

C: 27.9, H: 2.33, N: 32.6, C l?-: O, SO;: O(theoretical),

C: 27.44, H: 2.62, N: 32.44, C /–: 0.01, SO;: 0.9 (found), and a density of 1.93 g/ems.
Later in 1961 Schwartz prepared TATB from l,3,5-trimethoxy-2,4,6-trinitrobenzene

(TMTNB); but he abandoned that approach because the yield was only 58%, carbon was 2% high
and nitrogen 1.1‘%olow.

Research on TATB synthesis and characterization resumed in 1964, when it was realized that
TATB possessed qualities that made it desirable for use in nuclear weapons. TATB proved very
insensitive in various tests, and safety of nuclear weapons had become a more important issue than
performance. DOE provided funding for comprehensive, detailed studies of preparation and
characterization, studies that continue into the present time. Many results from this effort have been
documented and are supplemented here with excerpts and data from LANL, LLNL, and MHSMP
internal and external reports.

Researchers at LANL recognized that starting materials and processing methods affected
particle size and purity of the product, and therefore its performance. The purity of TATB
improved as the starting materials and intermediate products were improved. Ungnade at LANL
stated in a 1964 internal report that TATB could be prepared from trichloroaniline (TCA) in good
yield, and be purified satisfactorily by using purified starting and intermediate materials. The
resultant purified TATB was recovered in 88–95!Z0yields with a crystal density of 1.926 g/ems
and 0.1390 chlorine.

George and Cobum at LANL continued to look for alternate routes to a lower-cost, pure TATB
product. In 1975 Cobum made chlorine-free TATB by treating TCTNB with sodium phenoxide
and ammonia. This material became a primary standard for later syntheses and specifications. In
1979, Bissell and Swansiger at LLNL prepared chlorine-free TATB by amination of TMTNB.
Yield was about 87%. They dissolved TMTNB in absolute methanol at 50 to 60”C, bubbled
anhydrous ammonia through this hot solution, and obtained yellow solid TATB after sonication
and filtering.

i
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At this time LANL’s Benziger began process-development work on the synthesis of TATB
and the development of a pilot-plant process for large-scale manufacture. This research is
described in Section 1.A.3.

Since samples of TATB were sent to LLNL for study in the mid- 1960s, scientists there
developed the wet-amination process to prepare TATB, and subsequently they compounded many

TATB-containing mixtures. They are presently working at LLNL on an extrusion-cast TATB

formulation.

Starting and intermediate materials in the synthesis and scaie-up to production of TATB were

reported in detail by O’Keefe and Gurule of SNLA during 1977 and 1978.1-12 Ease of

preparation, impurities, and toxicity are some of the concerns addressed.

Rocketdyne (Division of Rockwell Intemationai Corporation) and others were unsuccessful in

their attempts to scale up the nitration step in the production of TATB.1-13

Synthesis of TATB from a starting material other than the chlorine-containing 1,3,5-
trichlorobenzene (TCB, C6H3C13) was attempted by Ogimachi (Teledyne McCormick Selph for

LLL). He started with 5-nitroisophthalic acid, which was esterified in methanol to dimethyl-5-

nitroisophthalate, then converted to 5-nitroisophthalarnide. K. Burgdorf’s rearrangement resulted

in 1,3-diamino-5-nitrobenzene. Nitration attempts were unsuccessful.1-14 ●

Nielsen, Atkins, and Norns at Naval Air Weapons Center (NAWC) in 1979 described yet

another route to TATB.1-15 They reacted hexanitrobenzene (HNB) whh ammonia in benzene

solution and obtained TATB in 95% yield.

In the early 1980s Ott at LANL synthesized TATB by ammonolysis of 3,5-dichloro-2,4,6-

trinh.roanisole in toluene at room temperature. Yield of this high-purity (-0.8% chloride) product

was >95’ZO, but particle size was small. Attempts to run this reaction at temperatures of

approximately 150°C to obtain larger particle size TATB have been unsuccessful, because several

undesirable side reactions occurred. However, recrystallization of TATB from diphenyl ether

seemed to give a better product than that obtained from solvents such as dimethylsulfoxide

(DMSO) or dimethylformamide (DMF).1-16 This process is now being studied by Quinlan at

MHSMP.

3. Large-/Pilot Plant-Scale Preparations. The Navy decided to use the TCB process for
preparation of TATB, based on a comparison of the then-existing methods by Kaplan and Taylor
(NSWC) in 1958.[-17

Benziger’s efforts at LANL were based on this early NSWC work. Even after Benziger issued
his report on pilot-plant production of TATB in 1966,[-1s work continued on small-scale efforts to
improve the process, even to search for other starting materials and to better characterize the
products. Impurities in TATB were traced back mainly to TCTNB (See Analyses, Section II).

The pilot-plant production method for TATB, developed by Benziger, was carried out by
nitration of TCB to TCTNB, which was then aminated to TATB. This technology was transferred
to MHSMP, where the process was optimized, and it was found that recycling toluene resulted in
smaller TATB particles in subsequent runs.I-19 ‘O‘-23 TATB, recycled from machine scrap and
from PBXS in small batches exhibited satisfactory physical properties.1-24 Major concerns were
costs of starting materials, particle size of TATB, and purity of starting materials and product. In
1966 suppliers quoted prices of about $ 100/lb for 100-lb lots of TATB based on the following
manufacturing process:
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1, Chlorination of aniline to TCA;
2. Conversion of TCA to TCB by diazotization;
3. Nitration of TCB to TCTNB; and
4. Conversion of TCTNB to TATB by arnination.

Improving the nitration and arnination steps led to improved yields (95% in 6 hours vs. 72V0 in
24 hours), to reduced levels of NHAC1impurity, and to larger particle sizes (median size 40 ~
rather than 20 ~). The larger particle size permitted reduction to 5~0 from 109o of a binder used to
compound and press TATB mixtures. Nitration was improved by increasing the reaction
temperature to 150”C from 135°C and using NaN03 instead of KN03. However, glass-lined

reaction vessels had to be used to avoid degrading the product, because the reactants corroded
stainless steel containers. Amination was improved by using toluene at 150°C with an ammonia
pressure of 20 psig; this higher temperature led to production of large-particle-size TATB (245 ~).
Also the inorganic impurity NHdCl was reduced by using water with the toluene. The cost of

TATB had come down to about $30/lb by the mid- 1980s.
Specifications had to be written to allow purchase of material from commercial sources.

Characterization methods and tests had to be developed, and limits and tolerances had to be set for
acceptance of commercial, as well as in-house, lots. The first specification for TATB molding
powder was written in 1976 and revised when better test methods were developed. The Los
Alamos material specification for TATB is also used at LLNL and MHSMP (see LA. 1. above).

Limits on impurities, particle sizes, and analytical procedures were specified for:

10
2.
3.
4.
5.
6.
7.

Total chlorine;
DMSO-soluble content;
Ash content;
Volatiles;
Particle-size distribution;
Foreign particles/inclusions; and
Color.

4. Processing
a. Particle Size/Surface Area. Particle-size distributions for the various types of TATB are:

NH4C1 Sieve Openg. Weight %
Class (Wt%) (microns) passing

Regular (dry-
aminated)

Regular (wet-
aminated)

Regular (damp-
arninated, micronized)

Superfine (dry-
arninated)

Fine (emulsion-aminated)
Fine (wet-aminated)
Ultrafme
Crash-precipitated

20 15-35
1 45 60 median

20 15-50
0.1 45 75 maximum

-20
20 70 minimum

<45 95 minimum
0.5-5

20
<20

20 20-25
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Mortensen at LANL carried out routine determinations of the specific surface area of TATB
received from Pantex. Photelometer sedimentation results were in the range of 450-900 cmz/g.

Particle-size distributions were determined by Baytos at LANL. He reported in 1984 a typical
particle-size distribution curve, comparing photelometer and Microtrac results, shown in Fig. I-1.

In the mid- 1970s, Benziger patented his process to produce high-purity TATB.l-ZA He
reported continuous processing with quantitative yields (>90Yo) and larger particle size. He
presented summaries of LANL development, manufacture, and applications up to 1980 at
American Defense Preparedness Assoication (ADPA) meetings and at the 1981 Annual
Conference of the Fraunhofer Institute of Chemical Technology (ICT), July 1-3, 1981.1-25 to 1-28

Process development and improvement continued into the 1980s to achieve control of
impurities and particle sizes of TATB. As characterization and formulation efforts for TATB
progressed, the need to produce lots of varying particle sizes for different applications became
apparent. Coarse, regular, fine, superilne, and ultrafke lots were prepared by dry, wet, emulsion,
or damp amination processes and by air-jet micronizing. Benziger was issued a patent for fine
TATB in 1984.[-29

b. Puri@ation/Moisture. Purification, i. e., elimination of impurities, and particle-size
improvements were achi. .ed through recrystallization, washing, filtration, drying, sieving, and
grinding. In 1981, Kolb and Garza at LLNL explored the possibility of purifying TATB by
sublimation, because TATB has a relatively high vapor pressure at2100”C (see Section
111.B.1.i.).1-sO They determined by high-performance liquid chromatography (HPLC), electron
spectroscopy for chemical analysis (ESCA), and scanning electron microscopy (SEM) that most
of the impurities were carried along and redeposited. Firsich of Mound Laboratory (MLM) also
reported successful purification of TATB by sublimation at an ADPA meeting in 1983.1-31

1ee

86

ee

40

2a

a

Fig. I-1. Cumulative plot of particle-size distribution of superllne TATB. The
solid line represents the photelometer data; the dashed line, the
Microtrac data. Error bars are shown at comparable diameters, one
standard deviation from four trials.
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In 1988, MLM’s Thorpe and Fairheller reported that they obtained detonator-grade TATB with
25-30 ins/g surface area by using fluid energy milling.1-sz In 1990, Firsich, Thorpe, and Cox at
MLM, in a study on processing methods, determined that ...” there is no single-step process that
will produce the purity and surface area needed to qurdi~ TATB as detonator-grade” explosive.[-ss
They recommended a three-step method:I-sG

1.

2.

3.

Crash precipitation in water of TATB dissolved in H.#04; this gives fine-particle-size

(25 m2/g) TATB;
High-temperature recrystallization in DMSO from a temperature above 125°C, minimizing
the occluded solvent; or using a different solvent to accomplish the same purpose; and
Use milling or another suitable method to obtain maximum surface area.

A study of the effect of oven-drying on the moisture content of water-aminated, dry aminated,
and emulsion-aminated TATB was done by Copeland at MHSMP.1-SQ The results are
summarized in Table I- 1.

Coating TATB pellets with Parylene proved of some value in slightly reducing moisture
take-up.l-ss

TABLE I-1. Average % Moisture Content of TATB After Drying at 100”C

Process Drying time (h)

o 24 48 72

Water-aminated 3 0.12 0.09 0.06
Dry-arninated 2.9 0.12 0.09 0.06
Emulsion-aminated 0.16 0.10 0.09 0.09

In 1992, Cady at LANL summarized his experiences with growing TATB crystals by
arninat ion of TCTNB in dry toluene (the dry-arnination process). After washing with water, the
resultant crystal shows a swiss-cheese pattern in SEM photographs. Cady concludes that the
collapse of these voids inside the crystal will produce hot spots, which will provide a mechanism
for initiation (see also Section IV.D. lb). This effect might help explain TATB’s unusually small
failure diameter.1-sG

B. TATB Formulations
Many mixtures of TATB were compounded with other explosives, metals, binders,

sensitizers, wetting/surface-active agents, and other materials during the course of these studies.
Only the formulations characterized in detail and tested extensively for specific applications are
listed in the subsequent sections. Livermore experimental formulations _~e designated RX-xx-XX,
and LX-xx-x after they have been qualified for use. Los Alarnos experimental formulations are
designated X-xxxx, and PBX XXXX-Xafter qualification.

1. Specifications. “Material Specification for PBX 9502 Molding Powder:’ Los Alamos
Scientific Laboratory 13Y-188727;

“Material Specification for PBX 9503 Molding Powder,” Los Alarnos National Laboratory
13Y190273; and

1
i
i
1
I
I
I
I
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“Material Specification for LX- 17 Molding Powder,” Lawrence Livermore Laboratory
RM255117.

2. Large-/Pilot Plant-Scale Preparations. Researchers at NAWC were also involved in the
Navy’s efforts to develop explosive compositions stable at temperatures above 500°C. Stott at the
NAWC patented the preparation of one of the earliest high-temperature-stable formulations made
with DATB, a 95/5 DATB/Viton-Chemlock forrnulation.l-sT

The early (196 1-1963) studies at LANL to develop a safe IHE formulation were concentrated
on mixtures of DATB or TATB with HMX or RDX and Kel-F 820. By 1965, Benziger at LANL
had made a DATB/Kel-F 827/Kel-F 800 85.4/7 .3!7.3 formulation, pressed at 120°C and
0.69 GPa, and had compared slurry, Baker-Perkins, and roll-mill processes. This formulation was
soon followed by an equivalent mixture made with TATB. The use of DATB was discontinued
because the TATB-containing formulations could be pressed to higher densities, which could
deliver better performance.

Some experimentation with processing equipment and methods led to formulation of
TATB/Kel-F 827/Kel-F 800 90/5/5, prepared by the slurry method and pressed at 150°C and
138 MPa to a density of 1.915 g/ems (98.5% of theoretical maximum density ~MD]). HMX
was added to this composition, and the following formulations were produced and pressed for
performance evaluations (see Section IV): TATB/HMX/Kel-F 63/27/10, 0/90/10, 18/72/10,
36/54/10, and 90/0/10. Sensitivity and explosive power of the PBXS could be varied over a
considerable range by varying the HMX/TATB ratio.

In the meantime, formulation studies continued on TATB/binder compositions. In 1976,
Benziger obtained a patent on an “Insensitive Explosive Composition of Halogenated Copolymer
and Triaminotrinitrobenzene,” a molding powder of TATB and Kel-F, in which the binder can
vary from 5 to 10%.1-s8 The 95/5 TATB/binder formulation (X-0290) was chosen for production,
based on exhaustive testing (see below) and on the fact that earlier studies had indicated that less
binder could be used successfully. This formulation became PBX 9502. Benzinger found that
good-quality molding powder (-1 -mm size dense, uniform granules) can be produced at low
solvent levels. The solvent-extraction slurry method produces such a powder. In 1977, Cady and
Caley at LLL issued a report detailing the properties of Kel-F 800.1-s9

From the many TATB-containing formulations developed in the 1960s, LANL’s B. Craig
selected the following for characterization studies:

Formulation Wt70

TATB/Kel-F 800 85/15
TATB/Kel-F 800 90/10
TATB/Elwax 460/Bz- 170 wax 90/5/5
TATB/Elwax 460/Bz- 170 Wax 941313
TATB/PS/DOP 94/4.5/1.5
TATB/PS/DOP 92/612
TATB/Estane 90/10
TATB/Estane 94/6
TATB/Estane (bimodal TATB) 94/6

In 1970, a TATB-containing propellant formulation, TKA- 1, was developed for use in
Plowshare-type devices (TKA- 1- TATB/KCIOa/Astrel 360 48/42/10). Burning-rate modifiers
were needed to improve the burning rate of this formulation. The explosive 2,6-bis(picrylarnino)-
3,5-dinitropyridine (PYX), developed by Cobum at LANL, was tried in the composition

9



PYX/KCIOa, but it proved to be too sensitive for the intended application. In 1973, Urizar, also at
LANL, formulated a 50/50 mixture of TATB/PYX, density (p )= 1.760 g/ems (4.9% voids); and

he found that this mixture was pressable (PYX alone cannot be pressed) and had better
performance than TATB alone. He carried out other studies to sensitize TATB-containing
formulations without plasticizers, such as TATEVKC104, TATB~T for casting, and
TATB/HMX/Estane.

Unzar’s study of castable compositions was expanded to include TATB/RDX formulations.
Binder content was reduced substantially by decreasing the particle size of the RDX component,
thus making the formulations easier to initiate.

In 1974, Quong at LLNL demonstrated the feasibility of a TATB/oxidizer system, in which the
individual components are separately insensitive to impact. He incorporated an energetic oxidizer
into the insensitive TATB matrix.[~

The Livermore TATB/HMX/binder formulations, designated RX-26-xx, were developed to
give an energy near that of Composition B.[-41 They were produced and characterized at -
MHSMP.1-4Z TATB/HMX/binder formulations, using high density fluoropolymer and
fluoroplasticizer, were more recently reported to have -30% higher energy by von Holtz, Scribner,
Moody, and McGuire at LLNL in 1990.1<3

Humphrey, Rizzo, and Hallam at LLNL developed the formulations TATB/Kel-F 800 92.5/7.5
(RX-03-BB, now LX-17) and TATB/phenoxy 92.5/7.5 (RX-03-CK) in th late 1970s. Their efforts
included development of a low- or no-growth TATB-containing forrnulation.t~ By 1980, Hornig
and McGuire at LLL had developed three TATB/HMX/binder compositions in an effort to balance
sensitivity and safety. [45 Their test results are described hereafter in the appropriate sections.

About 1980, Rivera at LANL began a study to develop a booster formulation from
TATB/HMX/binder mixtures. This study led to the production of PBX 9503, an 80/15/5 wt%
mixture of TATB/HMX/Kel-F by Torres and Sanchez, also at LANL. Another formulation, X-
0450, TATB/HMX/Estane 60.9/35.0/4. 1, was developed because it showed similar comer-turning
performance at cold (-54”C) and at ambient temperatures (See Section IV).

In 1980, Urizar at LANL developed X-0407, TATB/PETN/Kel-F 800/Dye 69.8/25.0/5.0/0.2,
for use as a booster explosive that would closely match the output energy of PBX 9502. Anderson
and Ringbloom of NSWC formulated a cook-off-resistant booster explosive for use in munitions
aboard Navy vessels and aircraft; the TATB/RDWbinder composition selected for additional
development was PBXW-7, TATB/RDX/polytetrafluoroethylene (PTFE) 60/35/5 .14

It became evident during attempts to fabricate components with TATB-containing explosives
that the explosive part expanded on heating. The problem was traced to crystal properties and the
coefficient of thermal expansion of TATB (See Section III). By the late 1980s, both LANL and
LLNL were pursuing routes they hoped would reduce “growth”: LANL by compounding
formulations with different binders and different ratios of TATB/binde~ LLNL by annealing
TATB to change its “crystallinity.”

Other temperature-dependent properties, such as density, mechanical initiation, and
compatibility, to name a few, were also studied in depth.

3. Processing. Formulating explosive mixtures into homogeneous lots required control of
numerous variables, such as particle size/surface area, moisture contentidrying temperature, and
impurities. Even the use of scrap and machining wastes from earlier PBX productions was studied
in detail. Specification 13Y-1 88727 allows the use of a maximum of 50% recycled scrap. Control
measures are applied to the same processing methods used to obtain TATB, but additional
problems arise from the use of PBXing additives, such as binders, and surfactants. Especially
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difficult is pressing PBXS to shape. Larger-particle size, that is larger-crystal size, TATB is easier
to press. The slurry process now used to produce PBX 9502 was developed cooperatively by
Rivera at LANL, Osbom at MHSMP, and Brumley at Holston.

These controls are essential to obtain structurally, that is, mechanically stable materials and
components. Surface-active agents were incorporated because they were thought to improve
physical properties. The moisture content was of some concern because of possible compatibility
problems during storage of fabricated parts.

MHSMP personnel studied processing of Liverrnore explosives by aqueous and nonaqueous
direct and reverse slurry methods with and without wetting agents (pretreatment). Osbom and
others concluded that the direct slurry method was preferable for large-scale production; addition
of wetting agents in the aqueous reverse-slurry process had less effect on properties than did the
water temperature. Scale-up of RX-03-AU/X-0290 from 30-/ to 100-gal lots for 1.8-kg batches
was difficult when using fine, wet-aminated TATB. Only one batch, made by a nonaqueous
process that uses heptane/methyl ethyl ketone (MEK) solvent and untreated TATB achieved the
required physical properties. [47 to I-so Pruneda, McGuire, and Clements in 1990 at LANL
reported on effects of processing parameters on mechanical properties of TATB/Kraton G- 1650
formulations.1-sl Duncan at MHSMP states that formulating decreases the mean particle size and
chloride content of TATB and increases re-entrant pore volume and specific surface area. Pressing
and compacting reduce particle size, thus increasing pore volume and surface area.i-sz

a. Particle Size/Surface Area. The specifications require particle-size limits for molding
powders and lots for specific applications of explosives; surface area is inversely proportional to
particle size. A particle-size specification was developed at LANL in 1977, after much
experimentation and testing. Specific particle sizes can be achieved by varying the processing
method and by sieving. Duncan at MHSMP carried out several sieving studies on TATB and
TATB-containing m.ixtures.1-ss He investigated particle characteristics for TATB before and after
formulating and after pressing into PBX 9502.

b. Drying/Moisture. In 1976, Colmenares and McDavid at LLL measured total moisture
content and water vapor pressure for TATB/Kel-F 90/10, TATB/Estane 94/6, and TATB/Viton A
91/9. The total moisture content of the samples was <0.0021,0.0102, and 0.0165 wt%,
respectively .1-sA

Studies were carried out by Stun and Ashcraft at MHSMP on the effect of drying temperature
on moisture content in LX-17 and PBX 9502.1-5511-56Results are listed in Table I-2.

In 1983 Ward, Felver, and Pyper at LLNL reported on a proton nuclear magnetic resonance
(NMR) method to determine moisture in TATB, LX-17, and PBX 9502.1-s7 Their results are
included in Table I-2.
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TABLE I-2. Average % Moisture Content of IHEs at Various Drying Temperatures

Drying time (h)
Formulation and Process Tem~o (“C) O 24 48 72 96 108

LX- 17-1 90
100

120
LX- 17 90

100
120

PBX 9502 70
NMR average

NMR tablet

NMR tablet 70/168 h
TATB NMR

0.077
0.68
0.090

0.066

0.096
0.084
0.32

0.35

0.04

0.037 0.032 0.0250 0.008 --
0.031 0.043 0.016 0.008 --
0.008 0.004 <0.004 CO.004 --

0.028 0.020 0.018 0.012 --

0.029 0.042 0.020 0.011 --
0.011 0.006 <0.004 <0.004 --
0.05 0.03 -- -- 0.02

0.19
0.37

c. Pressing and Machining. Effective pressing conditions depend on the constituents, for
example, the softening temperature or melting point of the binder. The final density, palicle size,
and particle-size distribution depend also on the number of pressing cycles. Results of early LANL
pressing studies with 41.28-mm (l-5/8 -in.) pellets are listed in Table I-3:

TABLE I-3. Pressing Conditions for TATB Formulations
Pressure Temperature Final

Formulation (MPa) {“C) Density (g/ems) %TMD
TATB/Kel-F 69 100 1.866

110

TATB/HMX/Kel-F 110
TATB/ElwaxAVax 13.8
X-0272 138

207

X-0272 138

X-0407 200

120
150
100
120
150

one 5-rein cycle
120
100
90

100
120
90

100
120

effect of number of ‘cycles
100 1

2
3
5

two l-tin cycles
84 2

1.863
1.873
1.877
1.890
1.893

96-97

1.843
1.843
1.840
1.846
1.847
1.845

1.833
1.838
1.843
1.844

1.870

98.7
98.7
98.5
98.8
98.9
98.8

98.1
98.4
98.7
98.7

98.6

1
I
I
I
I
I
1
I

I
1
[
I
1
1
I
I
I
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Comparison of isostatic and mechanical pressing methods showed that less fracturing of
TATB particles occurred during isostatic pressing.I-58 Pressing studies and production work were
carried out at MHSMP, mainly by Crutchmer and Harrell.l-SgJ-GO The effects of pressing on
mechanical properties of TATB and its mixtures are described in Section III.

Hatler at LANL did pressing and growth studies on PBX 9502 (p = 1.899 g/ems). He found
that the PBX 9502 needed to be cycled over the full temperature range of -54 to +60”C before
significant irreversible growth occurs.

Machining is the final step in the production process for IHE components. High-speed
machining tests were performed routinely. For example, no hazards were found on X-0407, a
formulation containing 25% PETN.
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II. ANALYSES

A. Introduction
The development of analytical and assay methods for TATB-its starting materials, impurities,

and admixtures-proved difficult because of sample insolubility. As synthesis and scale-up efforts
were carried out, analytical methods were developed for chlorine-containing and organic soluble
impurities. About 1970, Benziger found that the most convenient measure of the impurities in
TATB production was chlorine content from NHdCl and l-ehloro-3,5-dinitro-2,4,6-
triarninobenzene, and the amination byproducts. He measured total chlorine present after
combustion of the sample. Inorganic chlorine was determined separately by heating (to sublime
the NH4CI), then washing with HN03 dilute (dil.), and analyzing for Cl-. The NHdCl level in
TATB (as% Cl) was -0.3%.

B. Analytical Methods
Schwartz at LANL concentrated early analytical work on isolation of 12 possible chlorine-

containing aromatic impurities from TATB’s starting materials. He used thin-layer
chromatography (TLC), liquid chromatography, and infrared (II?) spectroscopy to identify and
quantify these and other impurities.ll-l He also developed a wet gravimetric pmeedure to analyze
X-0219. Butyl acetate was saturated with HMX and TATB, then this mixture was filtered and
used to dissolve Kel-F in a weighed sample. The weight loss represented the Kel-F content.
DMSO was added to the residue to dissolve the HMX, leaving only TATB to be weighed.

New and novel analysis methods for TATB and TATB-containing mixtures were developed as
suppliers of starting materials, production processes, and admixtures changed. In 1962, Glover of
the NOL used a spectrophotometric method, with concentrated H#Od as solvent for TATB, to
identi@ four impurities, NH4C1, TCTNB, and the mono- and diarnino derivatives of TCTNB .11-2
Over the next several years, Yasuda at LANL developed a two-dimensional TLC method to
identify 12 chloro-aromatic impurities in TATB.ll-S He determined that DMSO dissolved 70 ppm
TATB at ambient temperature and used an H2S04/DMS0 mixture as solvent to purify TATB.
Yasuda found that methanesulfonic acid could solubilize 800 ppm of TATB, so he tried the
H2SOd/methanesulfonic acid system. Impurities in TCTNB were determined by Yasuda by gas
chromatography (GC).ll-Q~I1-S

Also in 1973, Schwartz and Mortensen of LANL developed a methcid for analysis of TCTNB
by using the Parr bomb to decompose the compound, washing the sample and performing
titrimetric and atomic absorption spectroscopic analyses. The main impurities found from TCTNB
amination were dinitrotrichlorobenzene (DNT3CB) and dinitrotetrachlorobenzene (DNT4CB).
Recrystallization of TCTNB removed the DNT3CB impurity only. They were able to isolate and
purify six chloro-aromatic impurities of TATB. The compounds were:

1. l-Amino-3,4,5 -trichloro-2,6-dinitrobenzene;
2. l-Amino-2,4,6-trichloro-3,5-dinitrobenzene;
3. l-Arnino-2,3,5-trichloro-4,6-dinitrobenzene;
4. 1,3-Diamino-5,6-dichloro-2,4-dinitrobenzene;
5. 1,3-Diamino-5-chloro4,6-dinitmbenzene; and
6. l,3,5-Triamino-2,4-dinitmbenzene.
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These and other impurities were isolated and purified by TLC in order to investigate their
properties, so a way might be found for a suitable assay method. Other purification methods were
discussed in Section I.

Impurities resulting from Benziger’s nitration step at LANL were:

1. Mononitrotrichlorobenzene (MNTCB);
2. Trichlorodinitrobenzene (T3);
3. TCTNB; and
4. Tetrachlorotrinitrobenzene (T4).

The samples were dissolved in chloroform and analyzed by GC.
Inorganic impurities, including metals, were isolated by ashing the sample in a muffle furnace

and analyzing the residue by emission spectrography. For example, Mortensen’s analyses of
TATB and X-0290 in 1976 identified the inorganic elements listed in Table II-1 as impurities.

TABLE II-1. Inorganic Impurities in TATB and X-0290

TATB

Element ppm

Fe, Si >1
Na, Cr, Ni 1.0
Mg, Al, Ca 0.5
Cu, Zn, Mo 0.5
B, Ti, Mn, Pb 0.1
V, Co, Sr <0.1
Ag, Sn, Ba <0.1

X-0290

Element ppm

Fe 50
Al, Si, Ca

Cr
Na, Mg, Zn
w

Ni, Cu, Pb, B

Ba, Be, Ti, V
Mn, Co, Sr, Mo

Ag, Sn

>10
10

5
2
1

<1

<1

<1

The analytical technology was transferred to Pantex in mid-1970. As a means for analysis of
residual chloride, Faubion of MHSMP employed base hydrolysis to digest TATB.11-6 He
determined the hydrolysis constants at 50,75, and 96°C as 3.24 X 10-%, 2.22x 10-s/h, and 2.05
x 10-Vh, respectively. Kohn at MHSMP used a wet-analytical method to determine inorganic

chlorides in TATB ;11-7he found inorganic chloride content to be high in proportion to aromatic
chlorine content. McDougall and Jacobs, both of MHSMP, produced and identified TATB-related
species, attempting assay and determination of chloride content by IR spectroscopy and TLC.n-s
They gave total chlorine content for triaminodinitrochiorobenzene as 14.6490, and for
triarninodinitrobenzene as 0.2770.

Selig and others at LLL reported on a variety of analytical methods developed for TATB-
containing formulations, for example NMR and spectrophotometric methods.11-QtO11-15Rigdon,
Stephens, and Harrar, also at LLNL, used a Kjeldahl-type apparatus, in 1980, to determine 0.1 mg
to 2.0 mg of TATB with precision and an accuracy of 0.25 to 0.5%. The sample was dissolved in
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a DMSO/NaOH mixture, then amino or nitro groups were measured by controlled-potential
coulometry.ll-lG

In 1983, Kayser at NSWC published results from their high-performance liquid
chromatography (HPLC) method for polynitro compounds. NMR, TLC, and melting-point data
are also compiled in this document.ll-lT

In the mid- 1980s, Harris at LANL developed and patented a spot test for TATB suitable as a
routine qualitative field test.[[-18 Baytos, also at LANL, adapted Harris’ procedure for use in a
portable testing kit.ll-lg

Most of the analytical work was transferred from LANL and LLNL to MHSMP by the late
1970s. Save for a few exceptions, the pertinent MHSMP reports are listed in the Bibliography. In
the early 1980s, Sandoval proved a titrimetric moisture determination in TATB1-QO;Worley used
x-ray fluorescence spectrometry to determine the existence of elements with atomic numbers 9 to
30 in TATB11-21;and in 1984, Teter synthesized and identified the major impurities in TATB -
TCTNB, T3, TA, and 1,3,4,5 -tetrachloro-2-nitroaniline.11-22 In 1992 Schaffer developed an HPLC
method with a 2-ppm limit for detecting TATB in soil and water. [1-23

A listing of the organic impurities identified appears as Appendix A.

C. References for Section II
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III. PROPERTIES

A. Introduction
As mentioned previously, properties were measured as they were needed to handle the II-Es

safely and to characterize their performance. Sometimes new test methods had to be developed or
new instruments and equipment came on the market. Results from characterization and
performance tests of TATB and its mixtures were found to vary with TATB particle size, pressing
conditions, impurity content, and initial test temperatures; that is, lot-to-lot variations happen within
the specifications. Here only representative data are given, so no lot or batch numbers are listed.

B. Chemical and Physical Properties
1. TATB
a. Crystul and Molecular Structure. TATB crystal structure, as determined by Cady and

Larson at LANL in 1962, is triclinic, space group PI or Pi, cell dimensions are:

a = 9.010 ~, b = 9.028 ~, c = 6.812 ~, and
a= 108.59°, ~ = 91.82°, y= 119.970 .111-1

Strong hydrogen bonding is indicated by the lack of a distinct melting point and by the almost
total insolubility of TATB in common solvents. The only suitable solvent seems to be concentrated
sulfuric acid (H2S04). The inorganic impurity NH4CI is trapped within the TATB crystal as

discrete crystals (Refs. I-36, III-l).
This structure is similar to that of graphite, which indicates anisotropy for all directionally

dependent properties. This effect is particularly obvious in thermal expansion and thermal cycling.
Kolb and Rizzo at LLNL verified the results of Cady and Larson and determined additional
crystalline forms of TATB; the monoclinic and triclinic2.111-zThese unit-cell dimensions are:

Monoclinic: a = 13.386 ~, b = 9.039 ~, c = 8.388 ~, and tx = 90°, ~ = 118.75°, y= 90°; and
Triclinicz: a = 4.599 ~, b = 6.541 ~, c = 7.983 ~, and ot = 103.81°, ~ = 92.87°, y = 106.95°.

They compared TATB’s crystal structure to those of graphite and boron nitride, and they
measured all linear and volume thermal expansion coefficients at various temperatures (See
Section III.D. 1b.).

Cady also studied the effect of manufacturing processes on the microstructure of TATB. Wet-
aminated TATB (using a toluene and water mixture before adding ammonia) has lower chlorine
content and forms smaller, more perfect crystals than does TATB produced by the dry arnination
method (dry toluene and anhydrous ammonia). Very small TATB particles (crystallite) of 0.2
microns can be produced by crash precipitation.111-s The preferred orientation in pressing is related
to the anisotropy of the TATB crystal and carries over into pressing of TATB mixtures, such as
X-0219.

Surface and morphological studies on single TATB crystals were reported by Land, Foltz, and
Siekhaus at LLNL at the Tenth International Detonation Symposium in 1993.~1-4 They verified
the lattice spacings using atomic force microscopy (AFM), which provided better resolution than
SEM. AFM provides direct real-space images of most samples without modification.

Molecular structure as expressed by electronic levels and the length and strength of the bonds
is another characteristic that defines TATB’s extraordinruy stability. Therefore, in the early 1980s,
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Sharma, Garrett, Owens, and Vogel of ARDC; Towns of LLNL; and Rogers, Peebles, Rye,
Houston, and Binkley of SNLA used different, and sometimes newly developed, spectral methods
to determine these fundamental pararneters.~1-s to lll-T Surface studies using x-ray photoelectron
spectroscopy (XPS) and other modern tools were reported by Pu and Wittberg of MLM in 1989,
and by Beard and Sharma of NSWC in 1993.111-87111-9Effects of impact, heat, and radiation on the
stability of TATB and its mixtures will be discussed in Section IV.

b. Density (g/cm3).
1.915 (pressed, 22°C)
1.915 HMI06 by flotation with Ba(C104)z (Cady, LANL, 1973)

1.925 (99.4% of TMD) by He gas pycnometry (Cady, LANL, 1980)
1.935 by He gas pycnometer (Ref. III-3)
1.937 MM304 by x-ray crystallography (Cady, LANL, 198 1)

c. Heat of Sublimation (kcallmol).
40.21111-10
43.1111-11

d Melting Point(V). In 1961, studies by Urizar at LANL indicated that TATB sublimed at
2300°C and decomposed without melting at 325 to 350”C, leaving a solid residue; TATB was not
fusible. Others determined melting points at:

330 (Ref. 1-12)
360, p = 1.934 g/ems, (Ref. I-7)
>370 by Thomas Hoover Capillary Melting Point Apparatus with 20/rein heating rate
(Ref. II-17)

e. Optt”cal Effects. TATB is yellow and turns to shades of green when exposed to radiation
from visible, ultraviolet (W), electromagnetic, gamma, or ‘Co sources. Cady studied this
phenomenon in 1961 at Los Alarnos and concluded that the green color of TATB was caused by
formation of an electronically excited state rather than by a new chemical species. The color varied
from yellow-green to deep green to nearly black or brown-green. TATB turned dark yellow-brown
on exposure to elevated temperatures.

The refractive indices were measured by immersion as X = 1.45, Y and Z >2.11.
f Phase Diagrams. Faubion and Quinlin studied the phase diagrams of TCTNB and

DNTCB; these two compounds seem to form a eutectic with a melting point of 110°C (Fig. Il_l-
1).111-12

Cady, in 1979, at LASL, developed phase diagrams for the systems T3/T4 and T3/TCTNB,
knowing the phase transition data would help Benziger improve the arnination of TCTNB to
TATB (Figs. III-2 and III-3).
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The phase diagrams show two stable polymorphs for TCT.NB and T4. The second polymorph
for T3 is not shown in Figures III-2 and III-3, because it is apparently metastable at all
temperatures, and it forms solid solutions with T4 on recrystallization from the melt. These solid
solutions transform slowly to the stable form.

g. Volubility. Jackson and Wing recognized TATB’s peculiar volubility characteristics (Ref. I-
1). Selig at LLL established volubility parameters for TATB in the 1970s. He found an almost
exponential volubility increase for TATB in H2S04:H20 mixtures with increasing H2S04 content,

shown in Table HI-1.111-13

TABLE III-1. Volubility of TATB in Sulfuric Acid: Water Mixtures

Maximum amount dissolved
HJ30d:Hz0 Acid (vol %) (g TATIY1OO ml)

2:1 66.7 <0.02
4:1 80 -0.24

5.67:1 85 -0.32
7:1 87.5 >1.28
9:1 90 -3.84

concentrated 100 >24.0
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Selig also developed a method to estimate low levels of volubility of TATB in various solvents
by measuring absorbance of the solution with a Beckman spectrophotometer.111-lQ Solubilities
>20’% wtivol were found for concentrated H2S04, chlorosulfonic acid (CIS03H), fluorosulfonic
acid (FS03H), and trifluoromethylsulfonic acid (F3CS03H). Solubilities in ppm ranged from 1
for acetic acid to 820 for methanesulfonic acid.

h. Sound Vehcity. In the early 1970s, Marsh at LASL and Nidick at LLL reported measured
sound velocities for pressed DATB (p = 1.78 g/ems) and pressed TATB (p = 1.87 g/ems). The
data are included in Table III-2. Olinger and Cady of LASL reported on hydrostatic compression
to 10 GPa, unreacted Hugoniot and thermodynamic properties of TATB at the Sixth Symposium
on Detonation in 1976.1~-ls The pressing method has a pronounced effect on sound speed. These
sound speed measurements and those of other researchers are listed in Table III-2.

TABLE III-2. Sound Velocities of DATB and TATB (km/s)

Bulk DATB -

TATB –

Longitudinal: DATB –

TATB -

Shear: DATB –

TATB –

2.4053.06

1.46 M105; 1.43 (Ref. III-1)

2.99 M3.05

1.98 +0.03; 2.00 parallel to pressing direction

2.55 perpendicular to pressing direction (Ref. III-15)

1.91, 1.83
2.050111-16

1.55 M.02

1.16 ML02

1.18 parallel to pressing direction (Ref. III-15)

1.08.1.10

i. Vapor Pressure vP (x 107torr at ‘C).
0.733,0.746 at 129.3 (LANL)
1.83, 1.93 at 136.2 (LANL)

10.3,9.42,9.73 at 150 (LANL)
32.2,32.3 at 161.4 (LANL)
45.8 at 166.4 (LANL)

167.0 at 177.3 by the Langrnuir method (Ref. III-8)
10 MI.2 at 150 by the Knudsen method (Ref. III-9)

240 H.2 at 175 by the Knudsen method (Ref. III-9)
2100 H. 1 at 200 by the Knudsen method (Ref. III-9)

2. TATB Formuhztions.
a. Density. In the late 1970s, Cady and Mortensen at LANL studied the pressed densities of

TATB mixtures at different temperatures, because density affects mechanical and initiation
properties. Results of density changes are listed in Table III-3, and other temperature effects are
presented later in this report.
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TABLE III-3. Density Changes of TATB Formulations as Function of Treatment

Density (g/ems) and Temp. (“C) Density

HE and treatment T1 P T2 P Meas. Method

X-02 19 messed/machined 18.5 1.910 68.2 1,890 flotation
X-0290 ~ressed/machined 21.8 1.880 69.4
X-029 1 pressed/machined 18.9 1.884 69.3
X-029 1 after CTE measurements 21 1.911 –54

from -54 to +70”C 70
PBX 9502 T cycl 20 times for 24 h 21 1.883 -54

70
After CTE measurements from 21 1.891 -54

–54 to 70”C 70
Molding powder 22 1.930
Pressed 22 1.888

1.863
1.871
1.929
1.888
1.901
1.868
1.907
1.871

flotation
flotation
flotation
flotation
flotation
flotation
flotation
flotation
gas pycnometry
gas pycnometry

Improvements in computer technology led to development of a nondestructive method to
determine densities of high explosives (HEs). Computer tomography was used by Fugelso at
LANL in 1981, at LLNL and MHSMP a few years later by Martz, Schneberk, Roberson,
Azevedo, and Lynch, respectively.lll-lT*lll-ls

b. Heat of Sublimation (kcaUmol). RX-03-BB 41.1 (Ref. III-11)
c. Heat of Vapon”zation. Colmenares and McDavid (LLNL) measured moisture content,

heats of vaporization, permeability, solubilities, and volumetric changes of three TATB/binder
formulations from 23 to 92°C (Ref. I-54). They found that water transport in the samples was
controlled by the permeation characteristics of the binder and that the Clausius-Clapeyron equation
was applicable below 60”C.

Heat of Vaporization H (kcaUmol).
TATB/Kel-F 90/10 4.0* 0.9
TATB/Estane 94/6 6.7* 0.7
TATB/Viton 9 1/9 5.6A 1.2

d. Sound Velocity. Sutherland and Kennedy at SNLA reported on measured acoustic phase
velocity and acoustic attenuation of X-0219 as a function of temperature at 0.5 and 1.0 MHz in
1975.111-19Nidick’s previously unpublished values from LLL are listed in Table III-4 with those
of other researchers.

TABLE III-4. Measured Sound Velocities of TATB Formulations (km/s)

PBX 9502 – longitudinal: 2.74111-20
shear: 1.38 (Ref. IH-20)
bulk: 2.20 (value suspect because of TATB anisotropy (Ref. 111-20)

RX-03-AU – longitudinal: 2.73,2.06 (LLNL)
sherm 1.22, 115 (LLNL)

RX-03-BB – longitudinal: 2.81111-21
shear: 1.37 (Ref. III-2 1)

X-0219 – longitudinal: 2.57 (LLNL)
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