760 Wk, Bilt, £x, W

NEHS: 1006-9941(2015)08-0760-06
ORBEAS X HTPB-X Z J& A il ift 3= M B 52 i

W oM. g %I 5,5 A

(PEIRDEREECIHRF R, W %M 621999)

B B SRS RN E T % (HTPB) K Z B M A St A5 i . IR EAS ML I F | C I dn , AL OB
fE5 HTPB 4y F[a1 A0 B4R I /N il ad X — 07 85 B0 TIR B WA R hOrekis 5 HTPB i IR AT 0, A i B 38 T 0 3 R % & i A
A3t HA EAE 0, &5 R0 . BEE OB AS O B30, 5 VR 3 BE BE =2 3 O, 2 B0 T 0 A A i A s IR AR TR
I U B 16 A g () S IS0/ 5 3 R it #e , HTPB 5 B9 B s 43 ¥ 18] A0 B4 2 30 4 38 IR i/ iy a3 o 2 B ik i 0T it 43 25085
% 0.053 I, | Cl#ZE & K 0.165,E/R &% /M ,1004. 9,

KW : WFIRT M (HTPB) ; REkNE; REWIEW; WA Rk

HEZES: T)55; 063 MNERARERG: A

DOI: 10.11943/j.issn.1006-9941.2015.08.010

1 5]

il

TG TE 1811 o 2R WK 45 K 25 19 2 7 v, T 5
TEPRHE B Bir B AT 0557 LS8 8 1A 2 73 X8 [ 1A 49y
A I L f B AR B0 B IR (W i T5E IE 680, Phos-
phatidylcholine) J2& iy A8 ¥y 40 Mo Ml A% B | o 1 JE 45 A=
Py I BEAS 7Y, o A i B SRR ) B 2 — , He g T 2 A
HRER A IR 107 TR 5 DA W K R 198 R R Lk A5 s A1 A 2
KL AT — FRB R I A R, LA
b R R AL SR BB Tz

BAT R 50 5 T 19 2 B e i A DA 2% 1 TG 5]
YR A 35 1) AR O A R RS TR IR
58 T 8110 A 24 B A 0 RHR & B BE, B i i 7T 24 5
PRI 5 W 0 ] A JBORE B 3 T PR B, (E SR TS MR R /SR
PR Z A B i B AT S 6 Rp IR BT, 0 3R 0 9 R
AR 2 I TR 1 7 ok ok A T 3 AR A X e AR
PR T2 52 i 58 1 1] A 10 24 MR 28 B9 U AL v

Ui IR T U (HTPB ) S 1A Wkt v 10k 1 2%
FWA Iy IR (ST) J W B T 238 Rk 3 1k fiE
i — MR . HAETE AR W HTPB 5 ST MR &K &
UL REBIEFE Y 4

B K

¥

P

WFE EH: 2014-07-08; {EE HH: 2014-12-14

HEEWB : P HETERY bR 5 R & e FE 4 (2012B0302038)
A E TRYE R -FR AR LSRR A ST & SRS
(11076002)

TEE B IR (1986-) 55 WF5T 55 2] B, 228 =R % BB A4 RL I FH 45 W

3%, e-mail: xiex05@ 163. com

Chinese Journal of Energetic Materials, Vol.23, No.8, 2015 (760-765)

NI AT I ST A1 S ¥ 591, LA B i i -HTPB-
ST = JuMR Z AR g W52 Xk G, SR JH e e 2 B2 000 7 R %
TEARTR 6 0E T B S 80, v OB i X5 HTPB 1y ST
WO AR PERE R, L K R R R Bk 5 HTPB 1Y
ICRAT g, DUIHE 75 I G L HTPB 23 1 8] A1 5L A T Y
R, S R A 28 B0 A2 1k RE TR 42 i R A2 A7 O 4
PEAR R o

2 RIEERSY

2.1 AFEMF
HTPB, Tl i, ¥ 14 0.75 mmol - g7 ZZHA{L T
WF5EBE ,85 CIEZEM 3 h J5 AT w4 ik
), E 2GR WA 2R A R A R ST, b 2e 4, 1 2 4
Ak 2150 A BR 24 7] 5 Brookfield Jig %% %&b & i1 DV-1I
ultra, Brookfield Engineering Laboratories /A ] ,
2.2 AR
2.2.1 HTPB 5 ST py#L B8 & 14K
SR R R 6 W0 P vkl g I s R IR He ) ST
FEf HTPB MR BE W0 A RALR A A M. IR G
WG E S HTPB e B2 28 PR AH 5C R B0, ) HTPB 5
VN ST IR AR A R B Lr . | Sed% HTPB ¥ T ST
PR 2], il £ A TF) o i 20 B0 HTPB Y ST ¥, 1%
VAR AN SRR D B 21 SR D E A [R] R
(30 °C) B YI=R (233 s7') F, A HTPB [y ST %
W B (LA R 8 I m B ) o
At At A

www. energetic-materials. org. cn



O BN X HTPB -2 £ 05 ¥ 0 U 2 8 1 3 WA T 5

761

2.2.2 HTPB @y ST Z iR LA ik
A FFVE A 20 L 00 2 S ) B 1) % (149 ~233 s71)
T HTPB [ ST 38 A BT VI 77
2.2.3 AFPEEE & EMINBEAE-HTPB-ST (kK R 4%
an il &
Pt BB 78 0 A T ST o, B HTPB I
TR A VAR PR 5, 45 g5 17 ~ 127 R L 4%
A ) BRI 5 i (@) A o A A ) T HG A ol 8 2% 1
e .
2.2.4 BPBEAS-HTPB-ST {& 2 AY 7 35 45 1 i
o P R 2 286 3 3000 2 A A (] 5 D7) 3 R AN [ B e
g & BT HTPB By ST W n9 55 DI Jy .
2.2.5 ARENRE TBEAE-HTPB-ST K R 1R T4
3K
i PR B RE AT s e A R 26 4F (50 ~55 °C,
BEMEIFE 1 CIE — Uk, RV R A W R 38 A 6 A
I 5 BRI -HTPB-ST MR Z Y 5T LR g o

3 #R5iTie

3.1 HTPB 5 ST BB M

Sk g HTPB RER i T ST rPIE i E MR &Y
W, E R EAEMNEN IR MEAE ., —BEH
Hildebrand 75 fif B2 2 % (6) FI W 55 W) 5 ¥ 0] i LR
AT RAW SHERN 6 20BN, P 1R
AR B E A KT 3.07 )77 - em T %R
BYRRESHETHERNN . BEY MR MIESE
FH 52 50 A% R AT I R JR 5| ) H B LA AR A B

W HTPB H 4 T b & KL T BE IR 5 | 03 i B
A4S Syppp =15.78 )77 - em™ 7 4l ST f) % it B 2 5
8s;=17.75 )% « cm™° L) 851 =8prps =1.97 )% - cm™’,
W SR AR A B, HTPB "I T ST vy oy 1tk —
AU UE HTPB 5 ST (% F 1R AH 28 v, R i % W &5
2, ME TONE Fe ] ST F By HTPB ik IR E . 45
Rk ME iR

F1 AF RS HTPB ¥ ST ¥ M E
Table 1
fraction of HTPB

Viscosities of HTPB-ST solutions with different mass

mass fraction of HTPB viscosity/Pa - s

0.3636 0.0236
0.4000 0.0332
0.4324 0.0426
0.4615 0.0508
0.5000 0.0660
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Fig.1 Relationship between HTPB mass fraction and solution

viscosity
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Table 2 Viscosities of HTPB-ST solution at different shear

rates
y/s™! o/N - m™? lg(y/s™") lg(o/N -+ m?)
149 4.93 2.17 0.70
158 5.25 2.20 0.72
167 5.58 2.22 0.75
177 5.86 2.25 0.77
186 6.09 2.27 0.78
195 6.51 2.30 0.81
205 6.79 2.31 0.83
214 7.16 2.33 0.85
223 7.44 2.35 0.87
233 7.72 2.37 0.89

Note: y is shear rate; o is shear stress.
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Fig.2 Flow curve of HTPB-ST solution
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Fig. 3 Flow curves of HTPB-ST solutions with various mass

fraction of phosphatidylcholine
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Table 3 Rheological properties of HTPB-ST solutions with va-

rious mass fraction of phosphatidylcholine

sample [ n/Pa-s ne/Pa-s n

1# 0 0.033 0.032 1.0079
2* 0.006 0.035 0.041 0.9681
3* 0.030 0.043 0.051 0.9661
4* 0.100 0.070 0.087 0.9574

Note: @ is mass fraction of phosphatidylcholine. 7 is apparent viscosity. 7 is

zero shear viscosity. n is flow behaviour index.
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Table 4
fraction of phosphatidylcholine

E/R values of HTPB-ST solutions with various mass

sample [} E/R

5* 0 2119.4
6" 0.030 1901.0
7" 0.053 1004.9
8" 0.100 2641.9

Note: E/R is slope of the linear fitted line.
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Table 5 The viscosity variation factor of all the samples
sample ) w, , ni./Pa-s n./Pa-s | C|

9# 0.006 0.01 0.99 0.0346 0.0354 0.023
10" 0.027 0.06 0.94 0.0426 0.0459 0.077 Ma1 =0.2431 Pa - s
117 0.053 0.11 0.89 0.0484 0.0564 0.165 M., =0.0333 Pa-s
12% 0.100 0.20 0.80 0.0690 0.0753 0.091

Note: w, is relative content of phosphatidylcholine; w, is relative content of HTPB; 7, is ideal value of apparent viscosity; n is measured value of apparent viscosity;

| C|is viscosity changing factor.
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Effect of Phosphatidylcholine on the Rheological Properties of HTPB-Styrene Solution

XIE Xiao, LU Hong, WANG Yun, LUO Guan
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: For further understanding of interaction between phosphatidylcholine and hydroxyl-terminated polybutadiene (HTPB) in
styrene solution, the effect of phosphatidylcholine on the rheological properties of HTPB-styrene solution was studied by viscomet-
ric method. The viscosity changing factor( | C|) was used to characterize the degree of molecular interaction between phosphati-
dylcholine and HTPB. In this approach, the blending behavior of phosphatidylcholine and HTPB in mixed solution system was fur-
ther discussed. Meanwhile, the effect of the relative contents of phosphatidylcholine and HTPB on the interaction degree was re-
searched. Results show that the solution viscosity increases with the increasing of phosphatidylcholine. And the solution exhibits a
more remarkable non-Newtonian behavior. The flow activation energy ( E) first increases and then decreases, while the interaction
degree between phosphatidylcholine and HTPB first decreases and then increases. | C| increases to the maximum value of 0.165
and E/R decreases to the minimum value of 1004.9 as phosphatidylcholine content reaches to 0.053.

Keywords: hydroxyl-terminated polybutadiene (HTPB) , phosphatidylcholine, polymer solution, rheological properties
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