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Fig. 5 Deformation images of pores inside a representative

granule under different forming pressures
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Fig.6 Deformation images of pores between the representa-

tive granules
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Fig.8 The cross sections 5 mm away from the root of explo-
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sive granules under different forming pressures
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Table 1 Porosity change statistics

pressure/ MPa
0 5 10 20 30 40

position

upper part(5 mm away

from the top surface) 29.0 16.4 7.7 1.75 1.50 0.03

middle part(20 mm away 2.9

from the top surface) 9.1 9.7 279 1.92 0.53

bottom part(35 mm away %1

from the top surface) 21.3 1.7 420 3.9 1.40
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WURLHE T UKL IA) 32 5 an i 11 s Jin oh 1 )5
I URL BT A LB A UKL I AR X 57 B Bl ROk
814 A2 BT Ui AS o ph T R 20 TR 8] 2 fik 2 A8 A, B9
I T v B WKL 22 8] 422 fid BEL 7, %52/ 19 S0 i T
JTENATSEBE . X — B BeWURE 3 ) R dz gl R Ok
o] T iz 3 B 7 FL B R AR AG 45 R AR % WL SR B AR ek
MRS o FEFLBR BT I8 B — € i f BE I, — 2B X
S BORLHS BEAS b T K RS R A . A Ak g )
TOUREL 5 248 252 9 1 52 Ab 3 2 A OR8] 14 S 307 553 42 fiph 5%
[T SYREEE LA TTR - g 8

BT BORME 1 RS IE

Fig. 11 Compacting deformation of granular pile [
N Xk 20154 #2345 #1048 (982-988)



986

o, W5, KA, WA, 22

Pl 12 g ks HE T o 0K B R 7Y s T 14 K 04 8 £k
AR, H R 1 VIR S 1) & A T /N R R
Bl UKL 3 7E 5% 2 i W) B P R AR T S W KR A BORL 5
T b BORL Y 5% AR BOE R AN FLU) Y 0R, JSURE 2
FE 10 MPa B gl T JBURE ] (9 S8 0V R [ 210 80RE 3 1
SORL 4 Z 18], H 2 BE A R R ) B R R 2 A2 Bk
H T 7 R AR A A ) SO R 13 T B0RL 1 R RSURE
3 2,

LT 2y ER AL 8 U A 234 4 T 19 9% S it A A8
P B 5 v ) IR A 26 L, (H 2 45 S B By A2 Ak JF:
e . TENITF G AT 9R 3R B fLBR I 7S, H A
3 BURL Y 32 Bl AN 2 1) R R 1 R R R, X — i
FEAL F 32 B UKL N J7 19 0RL 18] R He 52, &b 2 3l Uk
M F 7 ) AL ASURE DU 1] bR I 13 R, MR
SEPEAT R B JE, PRSURL e 0 LB R 3 4
RS T, Ak i UKL S H T B O UKL ) T BY R 4k 2
n ~iz g,

B2 BORME RS R CT ER
Fig. 12 CT images of granular pile II deformation during

compacting

eClecNes

B 13 WORME IR A R
Fig.13 Arching deformation of granular pile II

3.4 MR

K14 e 7 A [ RS i 0 T A BT 3 R ORE
AEBIE R R R DL ERFIRAE T, 82
PRI R AR IR B RORZS o 24 R Sk R AT 4 Ak
FIORL , ARUBE R 2 AR AR B 3 & AR AR T . B R SK TR O
WKLz B Sk W IR ) 3 BAE T s sl TBCR B FR
P, b Sk PG 28R T BT A B0RE 32 31 P 4 BORL A4 2

Chinese Journal of Energetic Materials, Vol.23, No.10, 2015 (982-988)

R X AN 1 9 2l e S AR B BRI R T A SICER 9 53
Aii o FAZIE AR AT HIAEAF: ity rp 30U 1) R S A2 B 282 K
T 5 AL RE ) UKL

w
o

—m—rubber slice 1#
—e— rubber slice 2*
—a— rubber slice 3*
—w— rubber slice 4#
—<— rubber slice 5

20

height of rubber slice from the bottom / mm

0 10 20 30 40
pressure / MPa
a. rubber slice in the central location

—m—rubber slice 1#
—e—rubber slice 2
—a—rubber slice 3
—v— rubber slice 4*
—<—rubber slice 5*

30

20

< <

height of rubber slice from the bottom / mm

0 10 2 30 40
pressure / MPa

b. rubber slice in the outlying location

B 14 AR R (RS Bl R R g 8978 1 i 2

Fig. 14

pressure

Curves of rubber slice displacement varying with

HIPE 14 7T RUA W A8 R 1 v ol At 4 i A2 7%
AFILP e — 20, i b al RAE A a5 1a) b UKL g 69
P SRS Y2 0 o A2l 7 1) b AR R I 3
BRAAE 0 ~10 MPa, 7E 20 MPa 2 J5 H i) F % £
AN o T ELAR I 17,27, 3B R S A A B
SR, AL T JECHIS B A AR S 1 4" 57 B Y P ) 7B Ak
PR /I, BT RURL ] ) F HE A 58 2 2k A e b
ol RS A X A

X A S A D JEE 4 ) R 3 BRI A B B I AR
BIRR 2 — )™ A R AN S PR B — A RN
T s b i T 4 0 B A - LR ABURT 8] 1 S BE B
T, UKL B 1) A B 488 00 o R AR 3 BHL AR IR T ) )
A TR R B AR Y B, AP R D I I8 T A AP EE 5
1 ORLAR S 5y 18] T A HE A % [ IR P9 R ASURE Jr -t Bty
SE T PR MRS By, Bl K 25 95T 4 4 [ i JB0AE [a] )
A SR A PR ARG (8] VR P 7, A R 5 T B =2 48,
KL LA AR R (9 8% Sl oo it o el TR0 EL 5 R ]
149 I EE 52 3 O 1o S i) L T ABORE 18] B4 P9 EE 45 0 5 1) 2

A

WWW. energetic-materials. org. cn



TATB i T 0R AT 45 H A8 10 X 5 4R R AT AR

987

BEAL A , i LA 18] X 38 f4 JURE 18] 1 2K 2R 19 057 7% LG 52 it
L BE R ST DXCIOURE %2 A B9 0 8% 2O, B (A AR
i e A R RE DR T R L A DX

4 #F it

FIH X LR 2 BT AR AR WS T TATB 3 5 kL
J ] 3 R IO AR T 2 A YR AR L A B DL 4S8

(1) TEFEA TR il ok 72 v 3 0K, HE A R 4 T 58
B OB AZ AR Y Ja 1 A8 ) 6 R U A A L 42 )
HEAG o AT o A R B2 A R R SE AR AR
I AL BE 1) UKL AE & 2B 18] R I R S AR I [R) B A 45 & AR
BERASTE  Re e 5, Btk 1) JB0RE S i L Oy R
) B E4E S T s Bl .

(2) — WAL AL 18 , kLB As A b, LB
SR TR A AE TR IR, R b AR 5 43 5 s
T 73% .62% F 58% , 7E F il (9 A5 4 By B AL B R ER
SR BT S RS AR, BE R AR
LRS54 0.03% 0.53% F11.40% ,

(3) JOURL F2 A i 7 ) (b)) R A0 8%, FE AR
6] b AR R AR AR AN K o 5L 55 0K [R] (1) S EE 52 )
J5 Tl J2 1] b T UL ] 7 P JBE 488 ) 7 1] 2 B AL Y, 3 il
A5 r ) DX 3 1) SORE [) T 2 A= 1 A6 B L S 30 AR L R R
DX ok Ok e A B A T K o

2% Wk

[1] Baillou F,Dartyge ] M, Spyckereelle C,et al. Influence of crystal
defects on sensitivity of explosives[ C] // Tenth Symposium (In-
ternational ) on Detonation,Boston,1993 . 816-823.

WO, SEARE, A TATB 365 & bR RO 2/ 4 A ()]
K HEZy A, 2004, 27(3) : 58-61.

CAO Yang, NIE Fu-de, LI Yue-sheng. Analysis of microstructure
of TATB based PBX[J]. Chinese Journal of Explosives & Propel-
lants, 2004 ,27(3) : 58-61.

PAT, W, R, F. SRYBEEARIERRAED]. %
BERIBL,2010,33(4) ; 44-47.

LIANG Hua-giong, HAN Chao, YONG Lian, et al. Pressing
mechanism of polymer-bonded explosive[ J]. Chinese Journal of
Energetic Materials( Hanneng Cailiao) , 2010, 33(4) . 44-47.
SRME, XU, FURIAR. PBX TR RS2 01 24T o A O 45 4 [
JHEWETE )] w R B2, 2007, 21(1) : 20-28.
ZHANG Peng, ZHAO Feng, BAI Shu-lin. Experimental study on
the microstructures and dynamic behavior of a PBX substitute ma-
terial[ ) ]. Chinese Journal of High Pressure Physics, 2007, 21
(1): 20-28.

e, ], PEMRRE, S5 K240 )2 VR A A% T[] S
FE0)]. S REMEE,2006,14 (4): 286-289.
WEN Mao-ping, LI Ming, PANG Hai-yan, et al. Study on me-
chanical isotropic of PBX[J]. Chinese Journal of Energetic Mate-
rials( Hanneng Cailiao) ,2006,14(4): 286-289.

—
N
[

[3

[

—
N
[

[5

[

56 F

CHINESE JOURNAL OF ENERGETIC MATERIALS

R

(6] MMM, JElfEe. FHESHIE JOB-9003 K 24 J) 4 14 Rk b 2 B

750)]. SEEFKE,2004,12(6) : 338-341.
WEN Mao-ping,PANG Hai-yan. Comparative study on mechani-
cal properties of two kinds of JOB-9003 shaped by is static press-
ing and mould pressing[)]. Chinese Journal of Energetic Materi-
als( Hanneng Cailiao) ,2004 ,12(6) : 338-341.

[7] Antoine E D M, Van der Heijden, Richard H B. Crystallization
and characterization of RDX, HMX, and CL-20 [} ].
Growth & Design,2004,4(5) : 999-1007.

[8] Proud William G, Walley Stephen M, Williamson David M, et al.

Recent trends in research on energetic materials at Cambridge

Crystal

[J]. Central European Journal of Energetic Materials, 2009, 6
(1): 67-102.

[9] Peterson P D, Fletcher M A,Roemer R L. Influence of pressing

[

intensity on the microstructure of PBX9501[)]. J Energ Mater,
2004 ,21: 247 -260.
[10] Burnside N J,Son S F,Asay B W, et al. Particle characterization
of pressed granular HMX[ J]. Shock Compression of Condensed
Matter,1997 . 571.
BRI T . RS A K 2 i AR5 M Ay 2 B[R] T RkBE
TR TAER A ,2001.

CHEN Peng-wan. The microstructure and mechanical properties

[11

[

of PBX[ R]. The postdoctoral research reports of institute of me-
chanics,Chinese Academy of Sciences,2001.

PRMETT , B . & R R A e O [M ] JE st bt
TR AL, 2006.

CHEN Peng-wan, HUANG Feng-lei. Damage theory and appli-

—
N
[

cations of energetic materials[ M ]. Beijing: Beijing Institute of
Technology Press,2006.

(137 BAemt, JME, FEH R, 5. HMX BRI i RO i 2 1Y
T[], S REF #},2008(2) - 188-190.
LIANG Hua-giong, ZHOU Xu-hui, TANG Chan- liang, et al.
Micro-structural evolution of HMX during pressing[)]. Chinese

Journal of Energetic Materials( Hanneng Cailiao) , 2008(2) : 188

-190.

WRING T, T ME A o5 SR W 3 405 0 25 19 0 2547 S S 2B O] i A BIL B

[J]. & EEHRKE,2000,8(4): 161-164.

CHEN Peng-wan, DING Yan-sheng. Mechanical behavior and

deformation and failure mechanisms of polymer bonded explo-

[14

[

sives[ J]. Chinese Journal of Energetic Materials( Hanneng Cail-
iao), 2000, 8(4) . 161-164.
[15] Baer M R. Modeling heterogeneous energetic materials at the
mesoscale[)]. Thermochimica Acta,2002,384; 351-367.
[16] Proud W G,Palmer S ) P Field J E,et al . AFM studies of PBX sys-
tems[ J]. Thermochimica Acta,2002,384 . 245-251.
[17] Renlund A M, Miller J C, Trott W M, et al. Characterization of
thermally degraded energetic materials[ R]. DE98003979,1997.
Rae P J,Goldrein H T,Palmer S J P,et al. Studies of the failure
mechanisms of polymer-bonded explosives by high resolution

[18

—

moiré interferometry and environmental scanning electron mi-
croscopy[ A]. Proceedings of 11th Symposium on Detonation
[C]//Snowmass,UT,1998 ,66-75.

AR, T8 A A, 4. RDX i i 0L I ) 25 B 23 A (1 pCT
W], & RER R, 2012,20(5) : 565-570.

ZHANG Wei-bin, TIAN yong, YANG Reng-cai, et al. Study on

pressing density distribution of RDX crystals with a cone beam

[19

[

micro focus computed tomography[)]. Chinese Journal of Ener-
getic Materials( Hanneng Cailiao) , 2012, 20(5): 565-570.
[20] skfhuk, BT, BUIA, %. Mo REE TATB ki KPR 45

20154 #2345 #1048 (982-988)



988

o, W5, KA, WA, 22

[21

[

YEZ) X SFRBUZE TR [)]. SR kL, 2014,22(2) : 202-205.
ZHANG Wei-bin, YANG Xue-hai, YANG Reng-cai, et al. X-ray
Micro tomography of TATB based polymer bonded explosives un-
der unidirectional warm die compaction[J]. Chinese Journal of
Energetic Materials( Hanneng Cailiao) ,2014,22(2) : 202-205.
2LH, WO, AR, . PBX MO AT MIRM)]. Ak
FEL,2013,21(2) : 205-208.

LAN Qiong, DAI Bin, YANG Bai-feng, et al. Healing of cracks
in PBX by thermal pressure aging treatment[)]. Chinese Journal
of Energetic Materials( Hanneng Cailiao) , 2013, 21(2): 205 -

[22] WH, X047, KA, 55 TNT K258 85 R Bl 12 wCT 4

WroEl)]. SReM L, 2009, 17(2) . 173177,

TIAN Yong, LIU Shi, ZHANG Wei-bin, et al. Experimental stud-
y on crystallization of casting TNT explosive during solidification
molding by high-resolution X-ray computed tomography [ J].
Chinese Journal of Energetic Materials( Hanneng Cailiao) ,2009,
17(2):173-177.

(23] farpesf. REQIEIM T2 [M]. R TR AL, 2007.

HE Ying-ping. Principles of natural rubber processing[ M. Hain-

an: Hainan Press,2007.

208.

X-ray Tomography of Structural Evolution of TATB Granules During Compaction

DAI Bin'*, TIAN Yong', ZHANG Wei-bin', LAN Lin-gang', LAN Qiong'
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. Graduate School of CAEP, Mianyang 621999, China)

Abstract: The triamino trinitrobenzene( TATB) granule deformation and structural evolution during compaction process were stud-
ied by x-ray tomography technology and deformation characteristics of deformable material. The CT images show that the deforma-
tion orientations of granules in the central part are mostly downwards. In the meanwhile, there are arching between the granules
near the edge of mould. The porosity changing mainly happens in the initial stage of compaction with the forming pressures of
0 MPa to 10 MPa, and the porosity of each part(5, 20, 35 mm away from the top surface) decreases 73% , 62% and 58%,
respectively. During each compaction process, the porosity increases from the top down and the displacements mainly take place
along the axial direction. Friction between the mould and granule is greater than that between the granules, which makes the dis-
placements of the granules in the central part larger than granules at other parts. Results show that X-ray tomography can nonde-
structively characterize inner structural evolution of TATB granules during compaction. Morphology changes and contact relations
of granules reveal the interaction mode between the granules. The displacements of granules indirectly reflect the internal stress
transfer in the explosive.

Key words: TATB granules; cold compaction; structure evolution; X-ray tomography
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