1262 KA KA K O, KT R 5K

XEHS:1006-9941(2023)12-1262-07
EREBNEITHIESECTENRIERE
k BRAEHBIRR BRH OFLE & KGR

(PETENEFEEATHBEN, W 4 621999)

 E: N T RALRAEEAEOR S M ST S i BT B CT B B 5 ST o M B R IF J T v A ORE S5 1T RRAE 2 0 R AE Dy
TEWESE, R %05 1 X TATB 3k i BUURE S8 1145 2 45k BE AT R AE I FH % 000 777 70 552 960 X SR A 45 SR AT T S0 UE , 0F 2 AF 25 1 1) B2 1 A0
WA PEIEAT CATAL o S5 2R R %07 A TSSO E AMURDR AR IR A ALBR VB ERUREE Y B AL R AL TATB ki RUBURL Y KL AR 5
BRIV 2 43 ) 30T B0 R A 550 i3 100 A 5411 50 A5 ARG 26 2 1.35 g-em ™, AT AL PR 2.3% (45 [ 43 3F % 14.3 um) KB4 $00.69, P-4
TR W% Ty B B B A, FRAE 48 R LA S 0 R R R S AR AR 2 SR O 0 07 3 4 R AR AT, RS RRE S B

A ] F ] B3 F) 00 ik 455 2R AELGH i 22 /N T 1% , T2 550 0L IR At S A 295 2 52 A5 it S BRUUR 28552 Wi R X 5K
SRR« i BUIURE R IR S b5 WAL CT 5 RHR A 2 5 3 SR MR 452 4B 24 (PBX)

FESES: T)55

MERARET: A

DOI1:10.11943/CJEM2023142

0 5 8§

T AR, i B WA 45 25 (Polymer Bonded Ex-
plosive, PBX) Kl H il 84 %% 5 iy ) 2 MR 4 &2 MR
D5 S R e BN AR AT Tz W DAKE 2
RYRGURL Sy J5L R k3 o s i i A 2 PBX 1Y — Fh 81 2
R 7 3 K 24 ek Y URE H KR 2 R R AT R A
FRVFI ) Rl By 700 A5 R A 1R I A, 254 BT 2R LM
R 50 1) BORE A4 8 BAT 52 A R ME AR Z5 4 . 3 AL 0K 1Y
5 A8 T M T i 2 B R K 2 A 1 ) B g 2 B A SR
fig HL A W 355, AR A5 1l RO 25 0 G T AR AR S i
WF 50 3 B UKL R 14 55 0 24 3 1 P B O IBC , 2k 7T 4] 4
TR AE PR RE B T 2 0 A 1 G

T R IORL BN UKL 19 RT3l 5 Lok 2 L2
KA T RO A0 R, RO 85 B ok 38 ] T R
1 45 0 RAE T B IR, H AT E X HRRE 2 B 0 i ALK

Yo7 H 8. 2023-07-08; & HH : 2023-09-21

W & H AR B : 2023-11-16

E2WB: HEXAAR ARG HFRLE(12105267)

PEZ B A SR A (1990-), T, 9 TR, 3 2 DA 3% 2 B8 B4R} E $ii
o W i £ R K i WSS o e-mail : zhangcui@caep.cn
BEBERA: kMA(1972-), 5 55, FENF RIS TRT
PPN (CT IR BERSYIFIE . e-mail:weibinzhang@caep.cn

SRS ki, kA B W AE L R OR S8 TR AE 2 B CT 4 AL R AE T 7% D).

TR T3 ¥ AL IR o % D6 W RUEE 3 B X
LT B ML Z 5L 4% (Computed Tomography,CT) . fifi
SPENENAL G Tk BRAE T R B RIES B+ AR,
HURE 25 A PR 0 R0 B2 B 2 B fUBE A i L 5 RT 4
3 AU AWURE A T A0 UK A 8 TG v S ORI S 4
F R = AR AE S 15 B RAE . X B4 CT B AT Tt K
AL YRR R AT R N = Y 45 4 R AT
TiE, 6 A Ah 23 I JR A DG B AR it S T E 5T, JF 2
S CT F AR AE A R B b A 50K T 453 A6 ) 0 3R AIE 43
H LT L JIA SR R CT AR S8 T X A
25 AR (RS 4 R RS i SRR 8 ) U SR P i &
FIE EL B X6 4 0 R EE K 24 3 U AORT Y BIF Y DL i
ARk B X KE 24 1 R mURL CBURLIR RO X5
2 CT R WE 98 O A 2= & JT B, ZHANG %5 f H
CT UG RAT 1 3k 8 UKL N 30 235+ S 0RE AR 2% 174 HE AR
SE L AHL 1 R T 1 15 URE 25 F B HE BRLRR TR B o
TEMESE -

A 5T R S CT 4R 15 3 AR — 2k CT BI1%
T S AL B 45 B TATB 3 5k A0 0k AY 25 A 15 B
OB R B B 0855 Gt B BR it AL AR B
2535 BURURL GE T HREAE S 8 CRLRE B30 FLBR %% B2 R
BURZESE) , PR H a1 e e A A2 vk, DU R i
TR 5 AR AE

T e R, 2023,31(12):1262-1268.

ZHANG Cui, ZHANG Cai-xin, YANG Ya-fei,et al. Quantitative CT Characterization Method for the Characteristic Parameters of Molding Granules([]]. Chinese

Journal of Energetic Materials( Hanneng Cailiao),2023,31(12):1262-1268.

Chinese Journal of Energetic Materials, Vol.31, No.12, 2023 (1262-1268)

Sttt

www.energetic-materials.org.cn



& R WORL 8 TR AR S 4 CT 4 fb R AE 7 1k

1263

1 SEEBHNSEITHIESE CTRIEFERNEIL

1.1 CTHREGEEREREBSRGE

CT AR B AN 1 e, IR &R 4t £ % X 5 26
U5 BRI T S S A . R TR R i SR
X 6 28 1 g A S M R E R R B S
e % 7 AN ) £ BE TR SR AR AE i (R 15 5% (RIS, 1) AR 2 1Y
YRR A A IR S =R T
RGP NS R D OB i R ik T R T S )

1R, 23 8] 53 W R K B OK 9, BOR A B M AT R 3 (T)
FR
FDD
" Fop v

A, FDD Fl FOD 43 5l 6 7 X 5 2 U5 £ o 21 5800 25 7
T AT A U S A EE S, mm, AR R G RR 23 8] 43
R ]l A SR T B BW £ R, pm, W2l (2)
E]ii_\‘he]:

BUY = s+ [pM—=1)] (2)
M
o, s o X R IR AR R SE, pms p A I #8500 R

o wm s MOSTRORAR R, o R4

T z detector
y
»/x X-ray
object
source
FOD
>
> I FDD Al

B B CT Sifg i e s & A

Fig.1 Schematic diagram of micro-CT imaging
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Table 1

ties under different sample size

Corresponding CT imaging parameters and capabili-

diameter /mm M voxel size / pm volume / cm’

5 20 6.4 0.1
10 10 12.7 0.8
15 7 18.1 2.7
20 5 25.4 6.3
30 3.3 36.2 21.2
40 2.5 50.8 50.2

Note: M is the magnification factor of CT system.
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Fig.2 Flowchart of CT image processing
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Fig.3 Sketch map of CT image processing at each stage
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3D-CT

a. radial slice b. axial slice [
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Fig.5 CT imaging results of molding granules
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Fig.6 Results of CT image processing at each stage
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Fig.8 Characterization results of the particle size distribution
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Table 2 Characterization results of characteristic parameters of molding granules at different times

No. d/mm W n/ % p/g-cm™ )

1* 1.020 0.881 2.292 1.356 0.692

2# 1.020 0.878 2.288 1.353 0.693

3* 1.022 0.864 2.348 1.343 0.698

4* 1.020 0.871 2.304 1.351 0.694

5* 1.019 0.872 2.339 1.351 0.694

Mean value 1.020+0.001 0.873+0.007 2.314+0.028 1.351+0.005 0.694+0.002
Relative deviation 0.10% 0.80% 1.21% 0.37% 0.29%

Note: dis average equal volume diameter, i is average sphericity, 7 is porosity, p is intrinsic density, @ is volume fraction.

R3 OREMEBURET & RBOR G TR R 2 i R AR S5 2R

Table 3 Characterization results of characteristic parameters of molding granules under different packing states

No. d/mm W n/ % p/g-cm™ @

6" 1.020 0.881 2.292 1.356 0.692

7* 1.022 0.854 2.529 1.349 0.696

8" 1.021 0.860 2.423 1.351 0.694

9* 1.026 0.851 2.574 1.341 0.698

10" 1.023 0.849 2.448 1.346 0.695

Mean value 1.022+0.002 0.859+0.013 2.453+0.109 1.349+0.006 0.695+0.002
Relative deviation 0.20% 1.51% 4.44% 0.44% 0.29%
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Quantitative CT Characterization Method for the Characteristic Parameters of Molding Granules

ZHANG Cui, ZHANG Cai-xin, YANG Ya-fei, DAI Bin, DU Yu, CHEN Hua, ZHANG Wei-bin
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: Quantitative characterization of its physical structure is crucial for regulating and enhancing the performance of PBX.
Utilizing micro-CT, image processing, and statistical analysis, we researched the quantitative acquisition of characteristic param-
eters for molding granules. We conducted research on image processing and statistical analysis to quantitatively obtain the char-
acteristic parameters of molding granules based on micro-CT. The characteristic parameters of TATB-based molding granules
were characterized by this method, and an evaluation of the characterization method was conducted. The results suggest that
this method can implement the quantitative characterization of the size, morphology, porosity, density, and packing characteris-
tics of the molding granules. The granule size and sphericity of the TATB-based molding granules approximately follow the expo-
nential Gaussian and Weibull distributions, respectively. The intrinsic density is 1.35 g-cm™, with a visible porosity of 2.3%
(@spatial resolution 14.3 pm), and a volume fraction of 0.69. Evaluation experiments demonstrate that the method exhibits
good accuracy, stability, and repeatability. The characterization results of granule size are consistent with those of the sieving
process, and the relative deviation of the characterization results of main characteristic parameters in different periods is less than
1%. The results of morphology and properties are relatively significantly influenced by the packing state of granules and the spa-
tial resolution of micro-CT.
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