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Al ; DSC 2 RIS B AN, i [ A R ) -FE R 2 45 BR A &
WL-1 7Y 48 f; % B2 A, B VS 22 JITAILIK T 5 BFH 10 7Y
BAM ¥ it fi 17 JB% A, 4 v OZM A7l
2.2 HRE&

RDX.HMX .FOX-7 .LLM-105.TATB & X 1B &
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PR ALK 1.86 g-em ™, 20N BIE Y 97.3%
L1 7 O PBX-TKX KE 25 1 B Je /N2 =2 I A«
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a. powder b.

pellets

B 1 PBX-TKX i Ky S /NG E IR
Fig.1 The photos of PBX-TKX molding powder and pellets
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3.1 TKX-50E RS MEHERIERE

TKX-50 FE R A ¥E 25 (PBX-TKX) i 48 7 8 5 48
IR L Bh e a2 R AR 1. O T TKX-50 %8
YEZ 5% UL HMX \RDX  TATB 3L 1R & 1 24 458 25 P Ak
PEATXF e, K Comp C-4(91RDX/9binder) \PBX-9501

R 1 PBX-TKX Ay 525 Mk AE i 4 1 5 JLFRR M 25 (1) % [b
Table 1

(95HMX/5binder) . PBX-9502 (95TATB/5binder) %
B AR 20 (1 SCHREE SR A TR

M T A LLFE L, TKX-50 5L 9R & FE 25 /Y B o 5
H L F 8 A0 DA B [ F b sh RE S I AIK . AT
PBX-TKX i 52 I 42 # 35 %] 9037 m-s, & PBX-9501,
PBX-9502.Comp C-4 735l i 237,1327,667 m-s™',
K Urizar 28 56 5335 #F 47 B0 5T FF 24 M5 3 5 45,
TKX-50 5 [T K 245 1) 52 I 3 2K K 9460 m-s™ (% &k
1.906 g-cm™ i), 31X 5 SCHR L7 43l (0 B 18 5 AL AR
—H. PBX-TKX 1Y S 1 #0032 L shBE (E,,)
4y % A 26.4 GPa, 5055 J-g™' il 1.377 kJ-g™', & F
HMX IR A KE 25 PBX-9501, % 1 TKX-50 Sk — Filt i 3¢
AR H AT R AN

The detonation performance comparison of TKX-50 based PBX and some other explosives

. density relative density detonation velocity detonation pressure detonation heat specific energy of
explosive /g-cm 1% fmes /GPa feg cylinder (£,,)/k]-g"
PBX-9501'7 1.84 98.0 8800 37.0 6030 1.577
PBX-9502'7] 1.90 97.8 7710 30.2 4180 1.037
Comp C-47] 1.66 98.0 8370 25.7 5860 1.258
PBX-TKX 1.86 97.3 9037 26.4 5055 1.377

5 PBX-9501 ] kb , B 4R PBX-TKX Ay M e 42 5 T
237 m-s” fH AR JEFEAE T 10.6 GPa, R #A KR A T 5 g - 7050
975 Jog” T H B A F B T 0.2 Kog o %45 B % 5 ,] Cisg! éﬁﬁ}‘é
W 2 K 25 B0 B2l BE 0 A5 A G 3 5 48 T L A ig 5
BUIAHOC . TR, 2 02 26 24 T B A A T R 0 i, O g
R R 45 1 o 5 B 0 — F 004 6 7 45 2 R g4
R RIEATZR 5 AN, LA 3 0 295 2R S e g "

TR A M 24 110 3 25 1k e 3 2 ol b i B8 5 0 2 ok 0

FE R T WFIE TKX-50 SEIR & 4E 25 5 RDX \HMX . TATB
HEIRAE B EERAEZEFMWER R A EXPLOS
V.6.01T TH5 T [ik 4 Bp 5T KR 24 1 3 BEAR 25 7 ) 40
Kot ZERE 2, 200, 7E EERE Y,
Iy T A BN 4Y T (N, .CO \H,O \NH, .C . H, %)
7E TKX-50 \RDX HMX . TATB 4 2% 7= 9 v 1) /5 1 43 %)
H97.9% .75.9% .73.3% Fl 83.5% ; 4 F 1 X 5 K
1) 7 ¥ (CO,. CH,O,) 1 i tb 43 51 4 1.9% . 24.0% .
26.7% M1 16.5%., A WL TKX-50 By 4259 £ &
FE/NGE L /NG F 77 ) BT 5, 3 7T BB J2 TKX-50 1
I BE A B Ji R 22—, i — 2L B WF S A TR IR AT .
SA L F R TKX-50 8 3 5 T HMX, (H H 8 R A i
ThE 71 BAR T HMX, 5 RDX MY .

Chinese Journal of Energetic Materials, Vol.27, No.11, 2019 (902-907)

B2 4B A 24 2 TR T X L
Fig.2 Histogram for the main detonation products and their

amount for four single-compound explosives
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(P 3b) 5 T AT R CE 3a) MY SRR 51045 k042, {H 5%
i3 o AE 4 0 2 80 J (36 2) , F W3l ik i Ak B M AT Ak
REAR TKX-50 (4 i B o 8145 S AR TKX-50-a @ ik
(K 3c) 5 Btk B0k RL AR 294 200 wm , HAFPE7%
i Hy 877 em (3R 2) ekt di gl 26 J(3R 2) s
45 T AR TKX-50-b {7k (B 3d) JE 3 R Ak, o0k
& h 20~30 wm, FEPEIE T H,, b 105em, S (K o fig
K32 )(F£2). MMLAl WL, TKX-50 ) fi i 2R 5 H
IRARZS A O, 28 3k 1 45 o ol 7 3 R b 3L ) i o J
CIRTE 3 2

Dale: 23 Jun 2017
Hag T B2

TKX-50-b

c. TKX-50-a d.

3 Iy AR FS ) TKX-50 4141 L 82
Fig.3 SEM images of TKX-50 after different treatments

F2 A7k S g TKX-50 fi 7 )%
Table 2 The impact sensitivity of TKX-50 after different treat-

ments

explosive TKX-50 TKX-W TKX-50-a  TKX-50-b
Egam /) 5 80 26 32

Hs, / cm 16.6 >112 87.7 105.9
Note: Eg,, is impact energy. H,, is impact sensitivity.

R3O FMIRE KLY b
Table 3 The shock wave sensitivity of six kinds of PBXs

322 6MEAMAMNMERERE

DL TKX-50 K oo 8 2 i 4 25 Sy JE (IR & JE 24
e D U R 5 R UL 3R 3, T ik ik R R A Y SR R
[F] b J7 23R4S M SE I 45 21 . 3% 6 25 L R BT, PBX-TKX
f b o U R RAIK, H L, A 151 mm, B E KT
PBX-RDX Fl PBX-HMX, { k. PBX-TATB 14 i i i Jak Ji#
o TR K2 0 e D U R AR FIORG 45 R AR R LBl R
TR BT — 5 BRI K 24 8 o o J0k R 1 5
e Ko PR, ol e B i 5 SR R ], R TKX-50
K 24 1 fi o 5% B B R RLIR S AR AR A — 2 W B L H
O o Y R A R B T RDX CHMX (FOX-7 il
LLM-105 {3k T4l 425 TATB.
323 TKXS50RHEE4AMERERRNBETHRS

B

Kl 4 24 PBX-TKX tREE B A0 R B R . H
B4 7] W, 2% 5 5 A 0 2 7 AR R R K R, TEHE 2 5%
BRI B A% S A Si L e IR BE S 700~750 °C, 5k e
B[] 24 99 s, W PBX-TKX 78 P 45 BRI 55 F & A4 4%
KIZL R o AR T i I A LR IR & A 24 78 4
FECF & atEge, WL T TKX-50 . HMX . LLM-105
I TATB 4 Ff 50 5 4 25 A9 5 s ZE i 8 & 05 RN 3R 2 i iR
BE L, 45 RFM, TKX-50 HMX .LLM-105 I TATB Y 5 s
TEE AR K 5 W) 277, 327, 348 °CHI 365 °C, #44)
fifg W Y BE 43 90 K 240, 285, 351 °C 1 382 °C; af Ul
AFP T KE 2 5 s JE i MR R S I R B s A HE R
— 3, TKX-50 7E BT e 5 kA2 U o

T3 —J5 I, TKX-50 iy 74 52300 %5 B 8 1.905 g-cm™,
5 HMX M2 (1.903 g-cm™)""7 5 TKX-50 AH X 43 F fit
236, HMX A X 70 F it 40 F 8 296, 2B K 2 i
TKX-50 \HMX 32 2 5 22 7 ) i k53 450, AT 1176 AH () 44
TEUA 5 P4 25 24 25 6] N, TKX-50 K 24 8 il i AR BE R i
23 HMX KEZ5 9 1.35 1% o PRI, 76 %5 1A =5 [R] N E 2)
5 22 5 AR B SR P A B R TR, 6 22 4 M RE T Jn
ANFI . TKX-50 [ #53 fift  BE 5 s 18 i DL S HE 25 47

explosive formulation relative density/% Ly/mm

PBX-TKX TKX-50/F2314 =95/5 97.3 15.1+1.0

PBX-RDX RDX/binder/additives=95.59/3.91/0.50 96.7 22.9+0.3

PBX-HMX HMX/binder/additives =95/4.3/0.7 98.0 22.6+0.3

PBX-FOX FOX-7/binder/additives =95/4.0/1.0 98.1 17.8+0.4

PBX-LLM LLM-105/binder/additives =95/4.0/1.0 98.0 16.1+0.2

PBX-TATB TATB/binder =95/5 97.6 7.6+0.5
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Detonation and Safety Performance of TKX-50 Based PBX

LIV Jia-hui, FAN Gui-juan, LU Xiao-jun, XU Rong, YANG Guang-cheng., YANG Zhi-jian
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: In order to study the detonation and safety performances of dihydroxylammonium 5, 5'-bistetrazole-1, 1'-diolate
(TKX-50) based polymer bonded explosives (PBX), the TKX-50 based PBX was prepared by a slurry kneading method, using flu-
ororesin F2314 as the polymer binder. The detonation performance (detonation velocity, detonation pressure, detonation heat
and cylinder expansion tests) and safety performance (impact sensitivity, shock wave sensitivity and thermal sensitivity) were
carried out according to the National Military Standard (GJB-772A-1997) and self-built standard test method, and the results
were compared with PBX-9501, etc. The results showed that, comparing with PBX-9501, the detonation velocity of TKX-50
based PBX was as high as 9037 m-s™ (density of 1.860 g-cm™), while the detonation heat (5055 J-g™'), detonation pressure
(26.4 GPa) and the work capacity (1.377 kJ-g™') were lower. For the safety performances, the minimum impact energy of raw
TKX-50 was only 5 J, while that of recrystallized product was 32 J. The shock wave sensitivity of TKX-50 based PBX was lower
(L;,=15.1 mm) than that of HMX-based PBX (L,;,=22.6 mm). Besides, the thermal decomposition temperature (240 °C) and 5 s
explosion temperature (277 °C) of TKX-50 was lower than HMX (285 °C, 327 °C). In this case, TKX-50 based PBX would react
more violently under thermal stimulation.

Key words: 5,5 -bistetrazole-1, 1’-diolate (TKX-50) ; polymer bonded explosives (PBX) ; detonation performance; safety perfor-
mance
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