TATB/CL-20 & & %< 25 45 4 19 3D 4T B i A8 56 R

931

XEHE:1006-9941(2019)11-0931-05

TATB/CL-20

(PETENEFEE AT KRR, B %E 621999)

wm O=E:

CEEALERDEI SN

ORI OEEAE REE ERE NS, REE

H TR R R 2 YRR ARG A BT T 3 FOR B AT 5 R G A5 R, 43 ) S Tl 1) 2 )2 5 R AR 1) 2 )2 A R Al 1) /A T A

¥ o R A e 85 2 19 75 il 7S A ST G Be (CL-20) iy & 2 PR 1 — 28 5 B R (TATB) , LU 7K 5% %0 H i 5Bk ( GAP) Al
£ B EBREE (N-100) N Bh 45 4K 2 # )i CL-20/GAP/N-100 F1 TATB/GAP/N-100 Wi B 4 25 1A Z 1 77, I8 3 3D T ENFE AR TATB
I CL-20 W5 i ki 24 04 2 6 08 3 R AS W] 3 TR B 5 B2 250 o RO 1 S RB IR R BG4 70 & it M 3D ATED T2 S 8 (AT B sk S L Je 4T
FRAEF Sk H AR ) k255 24 oW 485 4 14 S i), i 8 1 &3 M AT ER RS T2 25, M B 45 00 & it R 20% B, SR JH 3 mmes™ 9 FT BB B AT 1 4R S
0.25 mm S PEATITENfE A8 B 5 My R e 125 25 . SR T GJB772A—-1997 759 601.2 MR T 3 Ah & 4 2% 24 45 ¥ iy 43 o S, 45 R %
B B AR 10 B A 2 )24 25 25K (CL-20 i bt (5 LE 90% ) A9 RE 7% i a5 3 72.00 em, LU 4 (19 CL-20 26 2542 55 1 3.14 4%,

K N EEAN RS T ML LG (CL-20) s =& 3k =L (TATB) s % 4tk B A2 25 454 3D 4T ED

HESES: T)55 MERIREED: A

DOI:10.11943/CJEM2019042

1 51 &

e 2l 1Y) B 1 R4S A 1 R R S P R Y DG B
o T HE R 2 R A AR A R R AR R 2R
LA VENE 25 MR G, JF A8 KE 24 %€ 2 vh U RG]
Yu' A BB SRR AR A R A TS il B S A 2 R
2% % (CL-20) v, A ff CL-20 fy 4 o5 45 M 76 /5 Ho, M
12 cm 3 %) 28 cm; 2R Z B8 X CL-20 iF 17 4l 8 Ak
PRI, ATl H, 38 1 40% . Klapotke /45 F 5% A4 A1 I
FLE B T A B EATER (TAGDN) , AT fifl TAGDN fY
fi R AR T2 5.0 ), BEEURE TR B 50 N TR INEE
JEGR) AR R AR = A A A RRAR T AR 2 e

MEAER S T R 2 1Y R A Y
b R MALAT I T BORYE M KE S R R i RN ek
RN 22 AT BRI BL AR B v il 4% TP SRR 61.3 nm

Wi H#3: 2019-02-27; f€E HH#: 2019-04-07

W 4 H i B 8 : 2019-09-27

EEWB: HEARPAREE(11852341)

fEE® N WEE(1993-), 5 WL WF 58 A DFSE J7 18] 9 PBX JE 25 19
M5 3D T EI R . e-mail : wjun927@caep.cn
BREBRAN:EWME969-), 5, 058 0, FEHF5 5 0]l & e b
B &5 H % . e-mail: niefude@caep.cn

i) CL-20/TATB 3 i, 3 At 5 BURL A9 H,, 35 ] 90 cm
PLE . 81 B 800 nm 1 TATB 4475 7£ CL-20
Y 2T, ) £ B TATB/CL-20 #% 7% 45 ¥ 59 &4 KE 25 B
K, 2 A HE 25 UR Y Ho, T 3275 % 49.6 em, B IR I
AT A5 68% . X 485 ik AL AR R AR K 40 K 0kE L 4
FEXE 2 0 & R Re i, (H JC ¥ B3 0 2 W 2 24 i A7
AP RE R IR BT LA IR M S S B A B
WLHYRE 20 DI R 2 A e A bE AR B . R TN A
A% 207 LA DR TE o5 0 3 B2 a5 M gl i 2l %
L FG 49 AR A e A e 4 A A B 2 R R — A
N R

3D AT ENHE AR & — Fh7E 1L Ge 4T Ep SE ik 3l 2L % )2
FTENAY 7 2ok # = 4 k1 st Jl 0 R ik b
AU S AE T B 0 1 b A 3 R BN L AR 2 A B
220 e e B iR B 3D AT ERE R
0 PR3 e JEE |, HF 9 1320 00 L 17 FH T 5 BB R R 4K,
N BTG R R T — R R AR . A 1999 4F,
FE TVE LI G SR MR B 3D ATED, OF R
3D ATEPFE AR BEAT R 4> Kk TS R 2 2 4 8h T 1%
R K R . Andrew! " 28 Ll T2 R A (RDX)
2 EAN RN SR B AT AT BN BB 25 4T i b Y
S 3D FTED A 25 R R AL T 3 . Sullivan' A BA RS FH

SIAARS W HE, £4, BRI, 45 TATB/CL-20 & {3 %6 25 45 ) (9 3D 4T B W8 B AR D1 & e kL, 2019,27(11):931-935.
HUANG Jin, WANG Jun, MAO Yao-feng,et al. Preparation of CL-20/TATB Composite Charge Structure by 3D Printing Technologyl[)]. Chinese Journal of
Energetic Materials(Hanneng Cailiao),2019,27(11):931-935.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2019 % %27 % %114 (931-935)



932

G, B BN ARERIA WO RS,

3D FTEIHE AR & T 91K i) CuO/AL 25 4L IFIFFE T
SRR R IR e M BE R B2 o 1 AR AR IR ALY
BB FEA (HMX) A1 =6 B B (TNT) 3d i 3D 4T B i
R H (R AE A Y 25 6 X 25 -3 % % 1.653 g-em ™, 1T
JERCRETE, EE VI ER SRS S KRS AT
TR BE(GAP) Fl & A6 7] 2 7 5 R (N-100) il & 17—
FhESAE A CL-20 887K, FTEF A5 7E 0.4 mmXx0.4 mm 1Y
INRGH T W RE AT R AL . 1 a1 BA i R
IR 6 45 R & WAk CL-20 il 4 1 7 BBl A&
Zh AR SRR B R A 2] 8079 m s, I HaX Fib
MMERAC Y CL-20 R 5% fh o X EERF IR R 4 )5 &
REMFRL 3D ATER Iy A Je it A i il . M4k 3D AT ED
FoRIE & #EAT 52 e S5 A 0 i i, B AT 06T N %L
RIEAT I G A S TR R GE

b, A WESE LA CL-20 A1 TATB iy KE 25 41 43, LA
GAP FlI N-100 & & 45 7], il & 1 AT AL 4T ED 9 CL-20.
TATB & HEIR R, it 7w 2 2R 2450 2w £ 2
R LSRRIl AR ) B G 2R RS R 3D AT
BN ARl 26 T Lk 3R &= A 2 25 4589 1 CL-20/
GAP/N-100 Il TATB/ GAP/N-100 & £ 45 #4 25 41, 43
Br 7RG E50 & & ATEN T2 (TR R 54T B Rk R
St ) XoF 2 245 5 KA SROUR T S0 1 55 i 5 3 3 A o S 50 F
X T %2 S g o R

2 SIGE 4

2.1 XA E5UEE

BBl K S e-CL-20CREEEZY 1 wm) . TATB Chz J&
291 wm) B oA TR 5 B $2 i GAP,N-100, T
A g, B WAL T Bt B A BR AT 8 vl s /P &,
TR SR el R RHRE AL T R F

WORLIE $5 43 A - Ultra55 8078 37 % S 416l e s
TG 10 kVs & ST L 10 pA, #2[E CarlzeissNTS
GmbH,
22 ERGERNHE

B e-CL-20  TATB By R (RSFHIFE 1T pm &2 4)
VE R VEZG L4y, L GAP,N-T00 VE R B 457, =& P 4%
TR R R G S A BRI R B sk
o B APBERE 20h, i PR ALY 40 reminT, {3
RABAIIFREHEATATEY . A A9 3D 4T ERHLAS i
AR SRR R R b T &E L, N ESMTED
PR R e 2 A5 Rl  UEFTE T A SR IR E & %
545K . FTENEHE  0.25 mm 5 0.5 mm P fl R~ (4

Chinese Journal of Energetic Materials, Vol.27, No.11, 2019 (931-935)

®1OMENIR AR

Table1 Compositions of explosive formulations g

formulation explosive binders solvents
GAP: 0.7 Chloroform: 3.0

1 5.00
N-100: 0.2 xylene: 0.8
GAP: 0.85 Chloroform: 3.5

2 5.00
N-100: 0.35 xylene: 0.9
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Fig.1 schematic diagram of the three charge structures
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Table 2 Impact sensitivity of various explosives

explosive H,/ cm Hs,/ cm
rawCL-20 10.00 17.50
rawTATB >100 >100
axial direction structure 45.00 54.00
radial direction structure 20.00 28.00
axial and radial combined structure 60.00 72.00

Note: H, is the drop without detonation, Hy, is characteristic drop.
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Preparation of CL-20/TATB Composite Charge Structure by 3D Printing Technology

HUANG Jin, WANG Jun, MAO Yao-feng, XU Rui-juan, ZENG Gui-yu, YANG Zhi-jian, NIE Fu-de
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: In order to enhance the safety and energy of the explosive charge, three new composite charge structures were de-
signed and prepared by 3D printing technology. 2,4,6,8,10, 12-hexanitro-2,4,6,8,10, 12-hexaazaisowurtzitane (CL-20) and
2,4, 6-triamino-1, 3, 5-trinitrobenzene (TATB) were chosen as the main explosive due to high energy density of CL-20 and high
safety of TATB. Glycidyl azide polymer binder (GAP) and polyisocyanate (N-100) were used as binders to prepare two energet-
ic formulations TATB/GAP/N-100 and CL-20/GAP/N-100 for 3D printing. Three new structures were constructed by 3D printing
based on the two formulations. The effects of the binder contents and printed parameters on microstructure of the energetic charg-
es were studied. Stable charge structure was obtained when the content of the binder, printed speed and the nozzle diameter
was 20%, 3 mm-s™' and 0.25 pm, respectively. The impact sensitivity of three new structures was studied by GJB772A-1997
method 601.2. The H,, for the axial/radial composite charge structure was about 72.00 cm, which was three times higher than
that of raw CL-20.

Key words: 2,4,6,8,10,12-hexanitro-2,4,6,8,10, 12-hexaazaisowurtzitane (CL-20)/ 2,4, 6-triamino-1, 3, 5-trinitrobenzene
(TATB) ;safety;charge structure; 3D printing
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