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RS R A, W, 2 i, XS, B R AR, LK

[i] | 1Ak B 78 LA K 7 2% R 0 5% i B, LA PR 55
HTPB Jy i te , il & HTPB JE Al HTFB % 2 Ff & 41 5 v
PBX K2y, T FRAE R AR P B A 24 80 2% 3 A AR 2 v
il , Jhy i UG G FAIAE DR 1 PBX e iy PR L S H

1 WIS

1.1 K5

A SIS W B A (HTFB), 40 75 800 g - mol ™,
FEMH 2.43 mmol - g™, % & 1.40 g-cm™, F il ; i BRI R
T Hs(HTPB) {8 0.76 mmol- g™, % ¥ 0.93 g-cm™,
UL T ST B s HOK S /R WR (TDI1) , sr Hr 4, 2%
TR AN R ER R (HDD , 2 M i BT h T 5 5+
Wl R R — S SRR (IPDD) , 43 AT 46, 27 s bR 75 2 Bk
SRR R = SRR (3HDI) KR 2.64 Pa-s(25°C),J1
A2 B AR AR AR =T 38, %5
M HMX, B AR Bt 2 T SE R A IR A AL 54
GJB2335-1995; Al ¥} ,5 wm 50 wm, %% 89 52\ 2 20
oA RAE .
1.2 #HAH&E

HTFB &G 5 i v b 1l 4 FRI— 3 5 1 HTFB
AR AR TR h i R 5] IE B SR R IR AR
R B ABLE A, 25T 65 CHEIRALA F [F 1L i

Be I PBX HE 24 #F b i) 45 - O 457 BT J7 18 AR 5 i R
88% , B A IR R A 12%, Hi b HMX & 54 53%, 41
N 35% . F&—E & L FRH 53%HMX . 35%
BBy 12%HTPB AR R 8% 12%HTFB K & T &ML IR
¥R R BEZS W E TR R E B, 2
J&i F 65 CHE R HEAR [ AL R, FFAR S 254 2h UL an 14 1
JEoR o MR 2 G R 20 I D7 43 Wil 4 45 PBX-HTPB
FIPBX-HTFB. 2 Fi &4 7 1A 5 56 HE 245 28 2 5 1 - [ 4k
PR , 3R DG TC B G R S R T A
1.3 Mgk

i A8 MR RE I K < >R 2 AR A2 ] MCR102 3 3 A2
IR AE B A I R PBX K25 iy i A PEE . R T 38
50U T4 00 0 RN 5 TR A RN B B VL E 1 2
16, DA 25 CAJEE FHE Z 70 °C, FHEH A K 5 °C-min”',
SR P BSF ) A1 3 0o o 0 5 U 5 AR R 9 Bl A R A
PEREVEAT I, IR L N 65 °C, FAFAR R E AR EE
fift REASE H | 0 R 4SS £ Bl Ao R) 1) AR f il 2k . BT DD R
0.01~1000 s™',65 C&AF T XF PBX K 24 #4748 P g
W, ZRAT R BE B U1) N g Bl BT 1) 35 6 1 A8 b i 4k

F1FPERE IR - HTFB 345 I A B i 38 1 e 5 45
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a. PBX-HTPB

b. PBX-HTFB

B 1 PBX-HTPB.PBX-HTFB 2yt 52K
Fig.1 Photographs of PBX-HTPB, PBX-HTFB

Bl w2 3K AR %, R MTS SANS 24 w6
CMT4202 B HL 77 g il 5o AL, #% B8 GB/T130221991
J7 I IRy 25 °C L, P A 5 mm-minT,

2 R« SR T RR 80 48 R 2 XS204 %% B AUX
PBX A i i 47 25 B I 3K, W0 K 3 4 B 391 Sk B

2 HR5WH

21 BEUFIMNBEESEFNETERERZIT
2,11 B FI 3T HE B A R0

Uiy 5 3 B GRS MR L O RS 0 OR H RR
M P E AT 2 R AL . 2 e TR PBX LR Y AR T
20, B AR A — R N B B IO, s B
Rl Ak o SR L2 M 780 ) S 5508 1 T Ak 790 114k 2R 8K
¥R 1.2, 7 ¢ HO o 7R R O AN A DR BE Y 52 e
P 2 Ay i 8 B 2 S A 70 B L T A 3R 1 i 0 3t
WA 2 . i 2a AT LAE Y AL i AT 2
AR A AR R B U IR A SRS AR U AR
B S &R g TDILIPDI AT HDI, G B2y : HTFB>
HTFB/3HDI>HTFB/TDI>HTFB/IPDI>HTFB/HDI,
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R EE AR 25 G AR R A R T 5 SLAE R PBXAEZY
R . UEBE S EURR FR 3HDI R L B R B
K, B0 AR FOR B K L EJE 3HDI 526G R Y
Uity ¥ B EA T S IR [k, AT IR B, = 2 S A I 4 25 4, A R
TARTE MR SRR S A0 BE 2 R B3, kG
JEE T £ 34 B AR B, R BEAE 60 °C LA b, K B il 2k
TR I HA KRR Z BN, NI G850
PBX il 5 1 # vp , Wy RHE A DL R 08 T B T 20T

401 —=—HTFB/TDI
—e— HTFB/IPDI
- 30F —4—HTFB/HDI
& —v—HTFB/3HDI
< 20t —<«—HTFB
.*§
2 10¢
>
ot
20 30 40 50 60 70
temperature / °C
a. original curves
4
—=— HTFB/TDI
3L —e—HTFB/IPDI
—4—HTFB/HDI
oL —v—HTFB/3HDI
—<—HTFB

viscosity / Pa-s

60 65
temperature / °C

-1
55 70

b. partial enlarged curves

2 HTFB SR 1 A 20K B2 i 2k
Fig.2 Viscosity curves of HTFB and its curing system

1

1 cH

1

1 No MO NCO
1

1 HiC

1

1

1

1

HOH,C CHNCO
NCO

TDI IPDI

0
OCN(HC)s )J\ (CHpNCO
\N N/

0 N 0
(CHoNCO

B3 HTFB -5 A4k [l b R s e
Fig.3 The curing reaction of HTFB and curing agent''"’
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BWHETE 60 CLL I, AR UEY)BHE BAOR B2 TR 5 12
DL K BETE T 20 B W IR 447
2.1.2 B B & BT 72 B9 R i

TUE RS SRR  UE R R R 2 %1 5 HTFB
By sc et PR B LR 3. K3 R/, R R S
B 000 M R A R R AR SR M B g AR 2 R TR T
TUE R R EUREE TDILIPDIHDI S HTFB & A= [E 4k 2
o 4 A 2R M R A T T B RE S AR IR 3HDI
5 HTFB & A= [ 4k B R T I ol — 4 57 A4 ) 24 25 48

R WF 58 A [) 1 4k 700 % HTFB 26 & F4k & kG B T
T R B ) A S B0 R e A 1R R R OB
(1.2) BAA R 5 CE T3 45275, DA [F] 266 57 A
F AR SRR B ) R A At 26 . oA T DR BC R VE PBX
Y25 1l £ T2 B U B E #E 65 °C L, Ml 50 h,
M A5 R W& 4 Jros o AE 4a kB2 5 ) 8] il 42 7T LA
Bl AFA AR RREMEETA el 25
BRI AW SRR TE OGN R T 4 2 il 22
5 UG5 T R R T G 1 R SR 7 B B [ R L AN [ [
A HTFB 24 77 44 22 T A 52 ) 55, I i el K
F /MK EHTFB/HDI(11 h) >HTFB/3HDI(9.5 h) >
HTFB/IPDI(4 h) >HTFB/TDI(1 h) . TDI/E & [& 1k 5
B A 22 0 JF T S5 0, A 1 b Tk T R B T2 R
] 55 oK o I H 43 B [ 4k 1 B2 RIORS B2 36 K i 3, TDI [
Ak R . X2 KA TD & 43R (1) 95 7 1 5 5 UR
B, ORIRN A LA, AT B R NG M. 5 TDI AR
b, IPDI.3HDIHDI 2 A 5 5 5 SRR B S g 17 P 45
k. PR HTFB/TDI & Ak AA 3R B I I M o 8, Kb 2 3
Koo, PR . T IPDIER & 2 Fhg5 4 559

’\/ﬁ)\/\/ ~
~OOCHN—R—NHCOO~

~0O0CHN
\

—R,—NHCOO~
NHCOO~

—
[
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982 X DU, e, B, R AT
1E8F F AT X B 0 A 2R [ AL Y R 7 2 RE B0 5 )
1E7§ Table 1 Effect of curing agent on curing and mechanical

& 1000000 properties of binder system

< 100000 ; .

= . . . tensile tensile

g 10000 k binder system curing properties .

5] strength / MPa  strain / %

2 1000k

z 100 —=—HTFB/TDI ]
2 ol — « —HTFB/IPDI 4 b _
£ r — A—HTFBHDI HTFB/TDI - % brittle fracture
= 01 room — v — HTFB/3HDI
0 500 1000 1500 2000 2500 3000
time / min |
a. complex viscosity HTFB/IPDI brittle fracture
1E8 | -
1E7§
1000000
100000 : HTFB/HDI sticky surface, not cured
& 10000 f
@ 1000f
3 1(1)8 4 B ——HTFBTDI — —HTFB/TDI HTFB/3HDI : 40.5 23.0
£ r At ——HTFB/IPDI — —HTFB/IPDI :}::1
T —+—HTFB/HDI HTFB/HDI
0%1 ] ——HTFB/3HDI — —HTFB/3HDI

1000 1500 2000 2500 3000
time / min

b. modulus

Bl 4 TR FE A A F R B R i 2k
Fig.4 Viscosity and modulus curves of different adhesive system
PR AR, B2 I% M 25 BRSO, IR HTFB/IPD I [ A6 1 22 K
FETF R, SR B KA o A &l 4b il 3R 18 5 RS
TR 72 358 Jg B 1], B8 Jise BsF 1] Sy it REASE £ (G ) DL FE A
1 (G”) 18 38 S XTI ) BF ] O s 2 AR R H S IR A T
Sy T 2 A AT S B B A 5 0 R e R I A R
bR #) 48 4K R & HTFB/3HDI>HTFB/HDI>HTFB/
TDI>HTFB/IPDI. 3HDI} = & 66 & 5 72 e , %
JiE RS B Mo H T IPDI 2 AL v A R IR AR R AT T O
23[R B L B 07 1 M ARG, 76 0 4 it 8] 9 G A Gt 46
WA A8 A A ot A BERE, AL A . AL 4b
HDI L T2 120 & Ik BIEE R 1] J5 7 R A
S BDIR B R ERAS . ZE A LD BT, 3HDIE R
BT, AR A 38 i O i EL A 5 6 B[] N 3k
20 5 B RS AL B 3 4, SHDIE b il 28 e s
beik PBX KEZy il 4 T2
2.1.3 BT E AR B R F) 1 R S

FH T [ A 700 45 /) S ) S 350HE 5 386 6 90 o R g
[ 4k J5 T B R 20 TR P BB 22 S A K, TR ot 25 8O ] [
A 300 o i 8 6 B GG R [ A AL R D S ) 2
JRE S5 R RS LR 1. B ER 1 W I, TDI AT IPDI
PR AR R, 26 50044 2 AT [ Ak i Y, {HL 5 4k 9 5 e
2k — L AT et RE It . X RN HTFB
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N5 25 28 B 45 48] 1 75 FL 45 40 WITPE 50K, 43 i Jie % 2
FBR ], FAL G AR S R . LH S5 SRR
TDI K & 75 JT R 1Y IPDI A BR [ 4k, T8 J2& i) 1 3 Ffr 9
%, HDUE ML, 4L 7 d e, B4 50 i & LA
SEAx S B, R R S BR AR P ERE TR OR . 24 3HDI
VR AT, 255 7R R [ A 1 Y 1k e 4, Ry vk B
o, B BE . HTFB/3HDI [E Ak ¥ 245+ h I i T
SYENT AR K SR S R AR, s R R L R
Fr P AR A 40.5 MPa, W 24 4E (R 8 23.0% . [H It
ZEA UL EAY T, =B REJE 3HDI A GE T o R 2 5
AR By A Ag 8k
22 HEESANAABRAEREPBXELFY
M
HRESENAFERSHAASHEETE

TEHE 25T 057 Bt I K 24 104 ] A 27 A 25 1 52 i
FE 245 1 22 4 VR AT S8 P, B S 0 T 5 4 4 T 1 PN A
ZEMENY S R B A g A K T B A A
IR T HE AR R SN AEE . R
i GJB772A-1997 J5 1% 501.2 ML 5E , W5 26 43 1Y |2 W7
FIE AR REV (Vi + V) o H VOB A S
BRE BIR A RERY A, mL; VRV, 40 51 R iRRE A R
A B BRI i, mLo A A T T B v R RN v
A (R) < 3.0 mL, #H%F ; R=3.0~5.0 mL, T 45 2
M 3 R>5.0 mL, RHIZ .

v 8 R B R G RV FORE B LR R A
BRI VE BB LA K T 24 Ve RE >R I 3HDI Ay [ 4k 571 2 47 1%

2.2.1
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FE T R AR BB N 0 B AR D PBX ME 2 Mg 983
T PBXHEZG I 77 i, o o i it o 48 2 25 9L 5 R AR
REMEGH S BEES R E 2 . 40y HTFB
FiaRIER HMX B0k H B BN e
PERF o HTFB i & AR R 20 515 HMX AR & )5 5 1
i< 0.02 mL,0.04 mL, 3 /N F 3.0 mL, i B
HTFB & 7l & R 5 HMX AL PELF .
®2 FHAFIRR G KL AL H A VI R 5 R
Table 2 Compatibility test results of binder system with ex-
plosive components a. PBX-HTPB
component v/ mL R/ mL result
HTFB system 0.60" - -
HMX 0.16" - -
Al 0.11" - -
HTFB system/HMX 0.78% 0.02 compatible
HTFB system/Al 0.75% 0.04 compatible
Note: 1) results of one component sample with 2.5 g, 2) V and R represent
the release gas and the net increase release gas.
222 WMEEESAMEFNEREPBXEARRIIZ N\
MR b. PBX-HTFB

i P2 I T A EOR L T 1.40 gem T L HTPB g o by i 1 pBX-HTFB AR &
(0.93 g-cm™) i 50.5% , ¢ FOAH A B AH & &=L T, Fig.5 Material status of PBX-HTPB, PBX-HTFB
PBX-HTFB ¥ AH & 1 7 % (18.24%) % PBX-HTPB
(23.67%) KRR/ X TCEEHENN 1 HETE PBX K2 Bl )5 B sl
VIR R TR RE L S e LT B T i Il
YEHE G35 5 BRI 5 fro . IWEI S AT LA =
5 4 5 044 4 5 Ik 44 88% B, 2 R 4 L 1 £ 0
eI 2 A BB LU A R B TE TR g 0

ik — 2 A R R S P RE SR RS BE SR AR = 5001
PR 0 A2 i 2 i 6 BT R o PBX-HTFB Ail of | . : : :
PBX-HTPB 4 kLAl B b B U1 3 5 19 45 Akt 45 — 50, 001 4 1 o e 000
B 0 k< O I, 2 53 Bl R F o e
AKF-, 3 B 2 A 4 REE % 5T U 38 330 TR N O B9
T, B B AR AR AR MR BY D) AR AR A 1600r _ pew TP
AR Fpe i T2k B S0 3 PR O R e R Egg gl
U7 WP AR X T4 R — 5 0 0 A I (1 R & 1000}
P A 0 R A 30 04785 5L 07 59 61 1 1 B 09 £ ool
P 0 A A i 2, 1 S Bl 2 59 D) 0R 0938 n |, 57 U ) % 400
3 A 24 B )k S R (B B9 [l _—
AR FRACIE S . I % S B YRR I - A R R -200 B T : - i i
ANFEIRE & A Ui sl W AR, 6 Rl il B D) 3 5 A8 Ak il £k shearrate /s”
T RE R B 2R R LR AR DR b. shear stress curve
(0.01~1 s7'),PBX-HTFB #} i i & K F PBX-HTPB, & 6 PBX-HTPB.PBX-HTFB ji7s i £
B N 2 i R S B A N & R S B OR AR IR TR A Fig.6 Rheological curves of PBX-HTPB, PBX-HTFB
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RS R A, W, 2 i, XS, B R AR, LK

VNEA B SR YN AR € | N TR 1% NI = )
T (10~1000 s7") , AL 7 RS BEAR S . Lk, DA
Uit 2 5 B GRUBR S R O 3 i PBX I U A REE T
B T2, 28 1A S R SRR R AT -

AL 7, HTPB B4 25 3t sh 1t 4o
223 WHMEESANEGFEREPBXIMELEaE

Z M GJB772A=1997 J57 1k 701.1 48 $ K 7 vk
B PR RE R A RSE 025 mmx30 mm. X
PBX-HTPB F1PBX-HTFB 2 Fhiid 5 fh b AT kgl ik, 2%
LR 3. Wi R B B G R E PBX KE 2 (PBX-HTFB)
M REIGE 7790 J-g " IRIEM R A M m R LR T Z
SEHEZ 4T 6.55% , KE 25 MR SR RE T KCE$E T . A
SR K 2 TE T T 0 BR R A S R R R AR A
e T UM RERT 5 AL LA AR)Z ALO, RO A= B
AR, IO KGR . AR, THE G DR 4 fh s A R A
S /NS Tl ERORE AR RN TR A, AT 4R R IR 0 R
DA B BR R 5023, DT R R 8 i BRoM 1) 2 1z i 0, 2
EAEZ R R W A A A HTFB 4544 v
AN 38% (B 4340 , Honl S th AR R kA
D IRIAE D B THE 25 R 2 AR R . 50 A0 o0 BT K 24 R
J& , PBX-HTFB % J¥ & 1.96 g-cm™’, & PBX-HTPB
(1.84 g-cm™) 4 W HET . AELPRIK R 250, 6
|5 4 2 AR R a2 5 LT, PBX-HTFB %% PBX-HTPB
Y 25255 25 R T 6.52% , nT 4R T 6 S 3B i ) .
DAL, o 5 5 5 RU R R0 4 O 8 T PBX K 25 3 & 1
AT ) B i R K 2 R R AL A BT N TR
PBX #4245 , fi ffi 58 v PBX K 25 7 G 4T .

R3 MEAWEERIREERE

Table 3 Detonation properties and density of explosives

sample name density / g-cm™ detonation heat / J-g™'

PBX-HTPB 1.84 7311
PBX-HTFB 1.96 7790
3 % it

(1) % 219 5 U2 Bis [ 1k %) (TDI. IPDI, HDI,
3HDI) X HTFB B AL & & F A RO B2 TR AL 72 [ 4k
R Ky 2 ae AT g e, Hoh = E AR S R
P VB k[ £k 351 5 68 W5 JE D8 1 PBX HE 24 il /¢ 1.2 Kb

(2)HTFB %& 58 i PBX K 24 il £ 1. 20 i B 5 i
1 60 “CLA |, LACRUE P RHE AR, B2 R IR & 40 B

Chinese Journal of Energetic Materials, Vol.31, No.10, 2023 (979-985)

A et
(3)HTFB/3HDIA 451K 5 5 KE 25 20 7 HMX (AL A

(4) PR+ [ AR 2 fE AR A A 15 &0 T, 5 HTPB 2 PBX
YE 2568 LG, i 52 25 7 UG & 1) 2k PBX M 25 7E H A& 147
BEVE i AL PEBE 1A Ak B A BT 1 W) B 2 R R AR A
KO BESE T o Rt v 2 B RURE B N AE DR T PBXE
2 i B A A 0 R
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Performances of Aluminized Casting PBX Explosive Based on Hydroxyl-terminated Fluorine-containing Binder

LIU Hui-hui'*, ZHENG Shen-sheng', LUO Guan', LI Shang-bin', DENG Chao’, HUANG Yu-dong’, BAIl Yong-ping®
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. School of Chemistry and Chemical Engineering, Harbin Institute of Technology ,
Harbin 15001, China)

Abstract: In order to increase the density and detonation energy of the explosive, hydroxyl-terminated fluorine-containing binder
(HTFB, 1.40 g-cm™) was applied to the formulation of casting PBX explosive (polymer bonded explosive). The effects of tolu-
ene diisocyanate (TDI), isophorone diisocyanate (IPDI), hexamethylene diisocyanate (HDI) and hexamethylene diisocyanate
trimer (3HDI) on the viscosity and curing process of the binder system were studied, and the effects of curing agents on curing
and mechanical properties were also investigated. Results show that the curing agent can significantly reduce the viscosity of the
binder system. In the temperature range of 25-70 °C, the higher the temperature, the lower the viscosity of the binder system
was. Above 60 °C, the viscosity of HTFB binder system changed gently and the difference of each system was small. As curing
agent, the viscosity, opening time and gel time of trifunctional isocyanate are more suitable for the preparation process of casting
PBX explosive. Based on the formulation of aluminum-containing casting explosive with 88% solid content and the preparation
process of pinch-vacuum injection-curing, the influence of HTFB binder on the preparation process and properties of explosive
was studied in comparison with HTPB. The HTFB based PBX explosive show decent casting rheological properties and curing
quality, and the density and detonation heat are 1.96 g-cm™ and 7790 J-g™', which are 6.52% and 6.55% higher than that of
HTPB based PBX explosive, respectively.
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