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Fig. 1. The crystal structure and hydrogen bonds of TATB.
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Fig. 2. Volume of TATB supercell as a function of

temperature.

#1 TATB R KRBTGS SO R B s
Table 1. Comparison of the bulk thermal expansion
coefficient obtained in the present and previous calcu-

lations with experimental results.

AXTAE  LANLB3]  Kolb [34] Gee 9]
36.7 x 1075
a/K~1 359 x 1077 30.4 x 1075 19.1 x 10~°
23.6 x 1075
283—373
T/K  200—500 214—377  200—375
213—283

MIEL2 o TATB AR 5 I BE AR AL 5%
F 0 LLE B, TATB AR 5 LR G, B

JEE T K, AU 15 B AR I K R BN
35.9 x 1075 K1, @it 55 1 HAMH L A 125
FXFe, A5 LANL HAE 36.7 x 107° K1
FFE 8, AR A S R A 1 TATB 42 R 1 713%
BONEH, IE A TATB KEZG 324 1 FUE 7T

3.2 TATB S ERESHTE

5, BATH TATB(3 x 4 x 5) 8 f B fE NPT
REE T T 050 GPa 2 ISR R 45, BT e
H300 K, 71 /i KN 0.5 fs, ¥laa K180,
B 5 ps 1 EZ AT N RIS E S5, Z Ja RN
JE58 1 GPa, [FFEHEHL5 ps 15 2% E &4 FHF
SELEN, HE 50 GPa.

60
—=— This paper LAMMPS/MD
50 | em — —CASTEP/DFT[“]
\ —a— Ab initiol37
— — Expt.139]
or ——Expt. 50]
¥ —0—Expt
A 30
9
& 20 |
10
III - \
l\.\. ...
O ‘
.
0.6 ().7 0. 8 0
V/Va

3 (MTI%ta) TATB K P-V £
Fig. 3. (color online) Calculated P-V isotherm of
TATB at room temperature along with previous ex-

perimental results.
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g 8 R SRR AE. 7518 B R K 46
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R RIA 2] 13 GPa %k, T 13 GPa %R
VI FEIGAIE, A OB 25 X SRR 32t 7 — 1
e SVEH. 4k, Chellappa #1 Dattelbaum B9 ]
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2.924 + 2.090u;, (0.292 < u, < 0.887 km-s~1) Al
Us = 3.338 + 1.530u,(0.887 < up < 1.285 ks~ 1),
AL Stevens £ 0.292 < uy, < 0.887 km-s™! B
SRR —F B Stevens B us-u, KERT =B
PRI SR A FL AR IR 4 P-V 2 B I T AR
RAF . Ak, ALK Olinger fl Cady P9, Pas-
tine 1 Bernecker ! [] P-V i £& I35 3% 4 H B4
FRAR M, H. Stevens 25 B PRI R AR 1 K /) A
WA T TATB BIAHAE ) i R ARA S AT ST 45
REMEH. WY us-up, KR, WATHEASH TATB
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Mt 2 B R G S A RN o AL T A
5 R T A SR R Y N R

ue = vo[ (19)

F I, AR RN, B AE s g/ T A AR
BREAN, i 5 R &I, B AR
Hugoniot 5% 5 40 £ 5 56 £ e R A5 U A5 B DL e A
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8

m This paper
iy = 3.084+2.19u,
[ - —us=2.42u3—0.098u,+2.97
e Stevens expt.[8]
| — Fitting_Stevensl®
Coleburn expt.[40]

7 Craig expt.[41] Ps
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<
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Fig. 4. (color online) us-up curve of TATB.
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TR, XFE, EAEEEGE T F0 124301 5 £
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B O AR R, 43508 By = 11.32 GPa,
Gy = 4.95 GPa, E = 7.47 GPa, v = 0.37. 4§
Pugh J4, BATRT LRI G/ B 73 A i4 4k 1 4 2
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45 B 5 Rykounov 1) (45 BB N $23E, AVAE O,
Ciz MEE EZERRR. EBERMNZ, Ce HIK
/NS a-b BT BT T A BB TR AR (1 e 7. %
T 2R W TATB K iF, a-b il BT 75 ¥ 1 A7 75
A 5y 1 A S8, 1 el ) b )y A 2 oA 4y
F AR ST, a-b il BT 76 P TH HE P BY DI A2
(I fe 2158 T HABF . Rk, Coe AE N KT Cuy
R Crss5, FATHISE 5 Bedrov 25 19 F1 Rykounov 1)
— 3, AR H 4% ESR B

# 2 TATB i Bt A 5 SCmas R L
Table 2. Comparison of the elastic constants obtained
in the present and previous calculations with experi-

mental results.

ARSCHEF STk [13] SCHR [10] ARSCHRFE SCiik [9]
300 K 295K 300K 0K 0K

C11/GPa  31.65 35 65.7 92.7 83.2
Ca2/GPa  19.88 33.16 62 68.1 78.3
Cs3/GPa  7.41 11.88 18.3 15.1 18.9
C44/GPa  0.13 12.55 1.4 0.6 1.7

Cs5/GPa 0.45 1.4 0.68 0.5 1.5

Ce6/GPa  11.67 1.22 21.6 26.8 30.0
C12/GPa  1.14 717 18.5 20.1 21.9
C13/GPa  5.89 2 4 18.4 —2.4
Co3/GPa 5.42 2.17 5 18.9 —0.3

TATB B A KA S ZIR-F 4, &P
oy IR R A RIS AR EE AN, S TATB fE44
B2 ERE IS e AR R AL Oy TR
KA LA JLAL AR B FE. B 1 B3R Cog >(Cua,
Css) BI9% 248, TATB KK Cry, Coa IRK, BBE
FHAEFE AR IEASRS a, b7 ) B /AR SZ AR K
I 735 T A R BRI — 28 SR I TATB
o R B A W& W &P Cry (31.65 GPa)>
C22(19.88 GPa)> C33(7.41 GPa), 5 TATB 7+
FE[0 0 1] 10 b S S 45 &, T e HhJy 1) B AREE ¢
BORH LA FH T J2 J2 e B T S5 1 R SRR A, U T
TATB £ ¢ 77 ] b bt s 4a v i 2.

#3 TATB fReI R T 5 ORGSR HL
Table 3. Comparison of the bulk modulus obtained in
the present and previous calculations with experimen-

tal results.

AL
LA
B/GPal1l.3 173  11.2 136  14.8 11.4

Exp.[36] Exp.[35] Exp.[8] Theo.!19 Theo.!13]
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R L W s P i B s R k. (R mT e o
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SEIG I 52 U IR 2 Y, O BT R o A L
3.3.2 A VREIEME TR

BB E T TATB W 3 % % % 5 15 /1.
BEMAENKLR B5NTATBAET = 300 K,
P = 0—50 GPa I &3P 2 ) B s ol BE Ak
R IR3E K, SR ROy Y BRI E S, R
TATB fE s & TR I M. %45 R 5 Bedrov
2 1OV (R FE S AR — B 2B W O AL
B, ATLUE B Cs3, Cyy F1 Css BEAMBIE 11 2 26 M1
KIS T A 850 5 0 A8 A U A7 AR A A
BB, BRI B REZR R, e 2B Rt 20
AN B A BRI O TERTA B RH0R, O
I Coo PSR FE e N R, M 30 GPa £ A 1K
F1200 GPa (M H 7110 GPa) #2315 %] 600 GPa
PLE, KT O35 N7 GPa i KE| 120 GPa(4MiEIE 71
10 GPa) fx 41X #1500 GPa. Cs3 i /N T Cy M
Coo [I{H, SR HE 77264 %¢ TATB 2R 45/ 5
M JEA K. TATB 21 2 (A1 BE 8 52 R, (B2
J& Z AR SR R 3 F TN IR L 73, ¢ BT 1m) T A2
358 & TATB AR EF. H— 1, C11 5 Css
() EEAE AT EEIRZS T 1 4.2 /N 81 50 GPa 1) 1.4,
F B TATB W ¢ 3l J7 )45 B B AR il (1)
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Fig. 5. (color online) Variation of the elastic constants
of TATB with pressure.
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BB UIE AR Re o, i HA L B ¢ Bl ) R
PUBRARRIRE T, W52 R 7 s/,

Kl 6 /& TATB RS8R & B, BB E G Al
I BB AR . 5mEE o,
(AR K EOR [F) 53 A i 2 B /M50 s 0 TR 3 K
MR, EARE I R R, &R T BORl #0E
AR INIF R 4 R PRSI B )R, R
TATBTE @ & N A ERE IS KT b k] e
JEVERBIMEN G/BEM. 27 FBEKEI 50 GPalid 1)
0.24, FHAE 145 BT TATB O IE @ 1 i &, A
suNEpali ol Al B N IR AL N B Eep: NI =E- 0

M 0.31 35K F 0.36 /247
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Fig. 6. Variation of mechanical parameters of TATB

with pressure.

K] 7 8 TATB1E ¥ £ 0—450 K il 5 Hl W
TATB )35 B A s O, B B2 T+ &, TATB
F10 2% 0 1k B RN A, 5 gk S 1Bl g
FHLL MG ESH RN Cp BN S BAT
(1) Co — 5L, 1X 1] BESZ P T LHAE TATB B8 o Fll ¢
R E LEEEER. NETHRTULEH, O M
Coo X FE ARk e N B i, 3R] TATB 7E o A1 b
BT R I TEAR 5 S R RS . B TE N, TATB
Tt a, bHlE ERITEAS S 5 R A, Cys BARAFRFE /N
T C1y M Coo, HRAEEE Fi/N T3, TATBE
cli AN TATB AR RE E S1EH. Cu,
Css WAL T 0, HEEEERBIARE, Rt
5 — & 12 FE B IR FE T s AS /N 3 R T

400 KB, Cyy, Cs5 [ HEH, TATB th 2B 54
Fase. BRAh TATB [ P AR 2 il S B 1) T o5 17 Ok
N, pRsafE B 32.3 GPa /N5 6.44 GPa. TATB
(IR TR ), S PEAT BT 3 5.
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Fig. 7. Variation of the elastic constants of TATB with

temperature.
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FESZI6 75 T, H A 1 7S TATB #3101 3 3
B, TAEAN R L 0T R s e 4R ) 2 S b
AETER. TATB 5 5 Kl 5 s 7220 i 2 e
RSN 7T N SR E R D, BATE e BT 5T 1 LA
EER, JHR RS T 10 GPa R I 56140 T LR
B RS R S

3.4 FERMEFMEUHE

FRYE LA _E SR AN 7] H 7 1 i e i 2, kAT
THEAS ) 7 TATB 75 el | 4 FF 50 26 R0 7 5 05 2
HARFRHE S I 2.3

S A AT E B (12)—(15) G R Eik
5H A RAE (R4 MR, AAEZF KT
15 R 1) 75 B B8 23 T Stevens % 81 Fl Olinger Al
Cady PO 5256 45 1, 3 /N T Rykounov 1) 3% i 45
— PR B B 25 . Rykounov ) i 75 3 it
B e = \/B/pRk#B5, ZAXRTENAHT
bee G541 & @ P TR, XFT TATB g i 7
pnfA, SAFE—EMIRZE.

#* 4 TATB Pl THEES SRS RN LLEL
Table 4. Comparison of the sound velocity obtained
in the present and previous calculations with experi-

mental results.

i AXTAE Exp. [36] Exp. [40] Exp. (8] Theo. ]

c/ms~1 1833 1430 2340 1700 3060

Kl 8 JyAE L /1 TATB Sk 35 A k. 7]
PAF th, 3 BE = DB Kmg k. A0 GPa
N 1833 m/s, BME| 10 GPa FHI3143 m/s, {H
F FH I AR AL ARGt HCBG e FE B e 77 (R 35 K
MR/, EEFFRIA G Al (RIEIR) 5 d s AR
HE R, WRERXRW = ak,w = ck. M55 KR,
FE S T SR LR B AR, X AR T BB K
AEFAR. 7E0—10 GPaJu N, A S5 s
SRk, FF oA B, PR RS DL E TATB 1) 3)
J1EERGE . XA 5 AT SO S o BOAR AR, 40
TATB Fase tEm 4518 — L.

MR (16) P35/l S5 FAUR T X R, K
11433 ¥ TATB SRR 5 K 0 &, Wi 8 fr
AN, AEIFFEA I R DR A AL S A R ) 1
AR, MO0 GPa Fi133.27 THz 8% 10 GPa F
(162.24 THz. M-F-3575 5 5 B8 FE 46 2 [ A7 AE 1)
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Fig. 8. Sound velocity, debye frequency and debye

temperature as a function of pressure.
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Abstract

Equation of states and thermodynamic properties of insensitive high explosive 1, 3, 5-triamino-2, 4, 6-trinitrobenzene
(TATB) are investigated by using molecular dynamics simulation, where an all-atom force field for TATB developed by
Richard H. Gee and isothermal-isobaric molecular dynamics (NPT-MD) methods are used. Results obtained include
thermal expansion coefficient, elastic constants, tensile modulus, and debye frequency under high temperature and high
pressure. The volume coefficient of thermal expansion for crystalline TATB is calculated in a temperature range of 200 to
500 K and at atmospheric pressure. The result, 35.9 x 107° K~!, is in general agreements with the experimental results.
Results of elastic constants show that the crystalline TATB is an orthotropic material. The calculated elastic constants
decrease with increasing temperature in the range from 0 to 450 K, while increase as the pressure increases from 0 to
50 GPa. And the bulk modulus at 300 K is 11.32 GPa, which is in good agreement with the available experimental
results. Results obtained above have been compared with available experimental data, and also discussed in relation
to the previous calculations. The above results are better than existing ones gained by others. In addition, the elastic
anisotropy becomes lower with increasing temperature or pressure. As the temperature goes up to 400 K, the lattice
becomes unstable. The sound speed and Debye frequency are calculated by using the data of elastic constants at different

pressures. This provides a theoretical basis to calculate the anisotropic thermal conductivity for crystalline TATB.
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