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Table 1 Formulations of the PBX
. mass fraction/% additive curing
explosive ;
HMX Al AP binder ! agent
PBX-1 43 25 20 12 DDI/IPDI
PBX-2 43 25 20 12 DI *
Note: 1) Binder is the mixture of HTPB and DOS with the mass ratio 2/1.

2) The additive content of IPDI is 0.47% , and the additive content of
DDI is 1.05% , which indicates the NCO molar content in IPDI and
DDl is equal. 3) The additive content of TDI is 0.6% .

&2 HTPB JERA TR % A&
Table 2 Mass of each component in HTPB-based polyurethane

Brookfield Ji¢ # %% & i+ DV-I ultra, 3
Brookfield T #5255 % /0 ] ; INSTRON 8862 # ¥} 5
AL, K INSTRON A H,

2.2 ZEWAHZE
2.2.1 HTPB ERFE HF sk

e 2 iR, W& HTPB Jx Wi fk & th NCO/OH
BYEE/R B 1.1 /1 3303t 7 6 F HTPB 5 & (s, H
RS 17 ~ 5% 4545 DDI/IPDI L 9] 1 38 % s AE 5,
IR&FE {57 DDI/IPDI H DDI iy NCO JE /R & & LA
25% HARIE BT MN O I E 100% 5 B 67 A i
TOI [ 46 5] By 2R 2 R AE o 25 FF By i & o f . 4%
P 2FRBUA L4y, A 0.02 mL 4k DBTL, 2 iR #L
WEFE 15 min, B 25 A 15 min, 3 4 36 B
70 CIE 4k 2 d, ¥ B8 E BRI T RAs R AR RE DU
T RE

sample m(HTPB) /g m(DOS) /g m(IPDI) /g m(DDI) /g m(TDI) /g molar ratio of NCO in DDI/IPDI
1# 80 40 7.4 0 - 0/1

2* 80 40 5.56 5.24 - 1/3

3* 80 40 3.68 10.44 - 1/1

4* 80 40 1.84 15.68 - 3/1

5% 80 40 0 20.88 - 1/0

6" 80 40 - - 5.82 -

P A Iy RE R GB/T 528 -2009 (i fb A% I 5%
P VAR S P A R g 7 A M AR I ) R A% T
BORKE 25 mm; R 46 e RE R H GB/T 7757 -
2009 (i A AR B A I M A e R 45 L g g A il 2 1k fig
B ) IR ARG @29 mmx12.5 mm,
2.2.2 MEHAhFHEERTE MR

PBX-1.PBX-2 By {772 P g% F GJIB772A—-1997
D5 A7 0 (RN - AR B4k B 5 ) R
¥ @15 mmx65 mm W4, I3 #E 0.20 mm - min™';
FE 45 F1 2 PERE R GIB772A-1997 Jrik 418.1 (JE 45
NI R AR I, B BRI L KA A 20 mm x
20 mm {86 FFE 5. 00 mm - min~'; BhE Iy 2P BE
JETEEAE N 20 mm (958 T 4 8 SRR I 4 R AT L EAT
1, F #1200 mm, AGFFF K 2000 mm, 3% G FF K
1000 mm ik @20 mmx5 mm [ Bk . 245
R 25 R 5 U1 e e Sk R i 2 B OSCHR [ 23 -
24 VAT, V5 R 5B 20 kg,
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| Fig.2 Effect of NCO molar content of DDI on the tensile me-
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Fig. 1 The change in viscosity during curing process of HTPB-

based polyurethane
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Scheme 1 Molecular structure of the three curing agents
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Fig.3 Effect of NCO molar content of DDI on the compres-

sive load of polyurethane
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fi 4 07 HUJR A T A - DIy K BRI 071 50 T 25
FLAE ST 8 1 SR C 5 TE R 1 53 30 48 0t 4 4>
C6 ~C8 My 3 H, 4 T AT — 5 0 3% B FL 4 5
HITE 204, 4 4 [ 4L o 245 — 2 B9 DD Y,
S HTPB 35 A B 9 HL (412 A0 3% 718, 1L DD
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HTPB ) i 17 1, DA M 2 T 2 e (5040 5 o 2 1
. 4 LBk, DDI/IPDI R4 /L f DDI g NCO
FE R RLAE 25% ~ 50% if, HTPB 36 5 20 K 10 L f
P4 1 R 0 55 MR R

6 DDI/IPDI 81 LA H AW (BES 3°) 13 HERE
BTV TE PBX o e TDI [ L ¢ M (Bt 6°) A
XU, JE A R LR 3. BE b 6" 9 i i 5 IE
0.510 MPa, Ffh 3" 9 L3 1 Jy 3¢ 65% , B dh 6 15
42 mm S mm oG {6450 9.0 N A
377.0 N, FE & 3 AR L I AF A 43 31 3 36.7 % Al
34.8% . e 3" 0400 AE M4 AT ] S RE o 6
1251 4.

%3 DDU/IPDI 5 TDI 43 5| [ b 3 2 M ) 3 2 P g

Table 3 The mechanical properties of polyurethane cured by
DDI/IPDI and TDI separately

compressive

curing tensile elongation ¢4} e load/N
sample agent strength/MPa /%
2 mm 5 mm
3* DDI/IPDI " 0.330 407.7 36.4 131.4
6" DI 0.510 162.3 99.0 377.0
Note: 1) : The NCO molar content of DDI is 50% .
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PBX-2 [ 75.0% 1 90.3% , PBX-1 i {fi 4iE i 3 Fil J &
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5 PBX-2 #y Jy LR AL fL LA 5 DDI/IPDI TDI 7351
WAL F) HTPB 58 2 i (19 Jy 2 P RE A8 AL ML A A — B
T PBX-1 PBX-2 i 45 5 & AU 12% , HAx ¥ h
[ FHSFORE 5 51 2 1T 25% 94 Jm AR R, [N L A K
24 PBX-1 il IR 73 [ L 5%) DDI/IPDI i 3 fif 5% 1) 42
T B LA B i 52 # [ AR JEE #8/NT HTPB 3R 2 i .

&4 PBX-1.PBX-2 #y s e
Table 4 Mechanical properties of PBX-1 and PBX-2

tensile test compressive test
explosive tensile elongation compressive compression
strength /9% strength ratio
/MPa ’ /MPa /%
PBX-1 1.17 2.57 3.73 14.08
PBX-2 1.56 2.24 4.13 8.95

3.3.2 HENFME

DAy B X782 4 AR AT IR PBX-1 1 3l 248 g 24
f£,200,380,450 s~ =l AE R T PBX-1 [ 3l 25 Hi A
12PN 4 FF R . 7E 200,380,450 s = Fh i AE
RN HR {8 B 35l 2.38,2.62,2.80 MPa, E{if
YN 3.68%,4.42%,5.22%, PBX-T [ 1 i 2 B
fi i 0 AE A 36 (8 3 2107 s7) Sy 1.17 MPa
F12.57 % , 0] LA, K 24 1) 20 25 B A 5 B R A fif 3¢

3.0]—strain rate: 200 s’
& 25] strain rate: 380 s
= — strain rate: 450 s
; 2.0
(=]
5 15
7
o 1.0
"
g 05

0.0

o 1 2 3 4 5 6
elongation / %

B4 PBX-1 g5 fiflihae
Fig.4 Dynamic tensile behaviors of PBX-1
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Fig.5 Dynamic compressive behaviors of two kinds of PBXs at different strain rate
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T X AT 6 A MR 241 g 2 o R Y Tk
JE TR EH A Ok, i DDI/IPDI 4L g PBX-1, 7E
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WL T R B, 3k R b RL Y R AR ARk AL . PBX-T W
ST R 45 197 7 197 AE il 4R A AL 4% T LK T PBX-2, X ik
W] PBX-1 E. A o £E i 2% w0 AE 4% 1, IR Ik, AR HE
PBX-2, 5l 5 JE 4 1 it ¥ 4 f9 PBX-1 7 12 0 i 2% 4% =)
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3.4 EMLFIxt PBX HEHHEH LM EIE

g3 UL 245 4 i R 2 R 5 U1l 59 % B PBX-1
PBX-2 W ik 24 7 o o Jo ik o 4 T B9 J o 2 4tk
WL LML S5 Froan, Rk @20 mm x5 mm f
PBX-1 .PBX-2 2 J fif fi 7% w5 B9 {E 40 %I J: 2. 50 ~
3.00 mf12.00 ~2.75 m; PBX-1 PBX-2 2§ K- 8 7%
A A 1.25 ~1.75 m f11.00 ~1.25 m; 1F
2 Fr 4o A2 59 U1 e v, PBX-T B I B % e 1 A
b PBX-2 #4255 7 0.25 m DL I, PBX-1 (% 7% i 4 5
GV T PBX-2,

&R 5 PBX 2y 7 il R 1A AN 25 A O U A e B £ R
Table 5 Results of PBX tablets obtained by impact sensitivity

test and shear test

explosive test critical response threshold/m
PBX-1 impact test 2.50-3.00
PBX-2 pactfes 2.00-2.75
PBX-1 h test 1.25-1.75
PBX-2 shearfes 1.00-1.25

Fe 2 o fialy (25 BT DA T, i S 2 R A
AAAE T ms NSER, R R 100 5T B, 5 S A TR
AR 25 A 24 1Y o B g e S B S TR
Wi 1A PEREA W) 0GR o AV B AR o 1) 0 0 B B R
2T 2% o i 1 ool S RE VR B AR A DE K 2
FROUR A0 47 7 i ol ) g 3 oo ol I RO R B R IR 5
St
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Mechanical Properties of Polyurethane Cured by DDI/IPDI and its Application in PBX

ZHENG Bao-hui, GUAN Li-feng, LI Yu-bin, LUO Guan, LIU Xu-wang
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: The mechanical properties of hydroxyl terminated polyisobutylene ( HTPB)-based polyurethane cured by a new mixed
curing agent composed of isophorone diisocyanate (IPDI) and dimeryl diisocyanate (DDI) and its application in PBX were stud-
ied. Results show that when the molar ratio of isocyanate group (NCO) in the mixture of DDI/IPDI is 1/3, the tensile strength
and elongation of HTPB-based polyurethane reach the maximum value of 0.427 MPa and 579.9% . When the molar ratio of NCO
in DDI and IPDl is 1/1, the compressive failure load of polyurethane reaches the maximum. The elongation of HTPB-based polyu-
rethane cured by DDI/IPDI is 2.51 times greater than that of HTPB-based polyurethane cured by toluene diisocyanate (TDI). In
comparison with the compression ratio of HTPB-based polyurethane cured by TDI, the compression ratio of HTPB-based polyure-
thane cured by DDI/IPDI increases by 57.3% . The critical response threshold of impact sensitivity test and shear test for PBX tab-
lets cured by DDI/IPDI increases more than 0.25 m, indicating that the impact safety of PBX is improved.

Key words: polymer bonded explosive ( PBX) ; polyurethane; curing agent; mechanical property; dimeryl diisocyanate (DDI) ;
isophorone diisocyanate (IPDI)
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