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Ak, DSC ¥ J0 1k W 0 T Ak A4 2R 1) 28 3K ST A I 24 AR Ak A
AR X T FT-IR B, o T 78 [ Ak S R 39, ] ) iz )
J 9 /b, SN R /0N e G XoF S g A1 /N AR Ak
AN AT AT I AT T 58 25 5 1 U AR I3 D7 2k TT DA S B
W B AR R TE [ Ak ) AR v 80 A8 4k A 8 DSC
PEFIFT-IR B BA B AR

TEZ W22 4 AR o e Ak 110 DL B-GAP N B 45
LA TD R AT, & it 7 — e g R B, R R
U S K A A R 24 R O AR R DA R HE O TR R
i Ak S h o B R AT T SY TR A T BE F Arrhenius
J7 T 53 i b T 245 IR A AS R Ty R R AL B D) 2 T R
DL SRy LS B A 7 0 B v i T2 S R A B A R .

1 LW

1.1 XEHBENE

B-GAP, £t ¥ A %) 4 + Bt it (M) 2 21107, 72 {8
32 mg KOH/g, F-¥H B8 % 12.04, B2 {b T-0F 5% % i1
Bt s = AR JLEE(TPB) W H % s kil ) ; TDI, 2, 4TDI/
2, 6TDI i 2 80/20, 1 A 22 s MR 7] 5 XL (2, 2-—
it 5 79 P 4 T IR ) S5 002, 2- RN R T R 4 1 ) IR A
PI(A3) BB TS B 3T BE s ALKY , RiAR 5 wm, 228
b TR ST BT B¢ i AR B (AP) ,RiA2 100~140 H , 22
Wk TR 52 35 3B 5

NH-5 BI85 A B, G 5 1 76 = MUK i 1 T 5 58 4% it
A5 AL (Physica MCR302) , B 3 ] ¢ 4 A 1 40 47 FR
NI
1.2 B-GAPEHEHFIMH &

Wit B B-GAP JE #E iff 57 B 7 WL &R 1. Ho
B-GAP fiff F i it A FL23 BEAS i A7 K A 3], 4K 5 %
HETC J7 20 BUPR A 21 4 TG ML 7 50 CFIRG 3
A7, BIAS S 0 AR U A R 23K FRA AL
B oA 40 remin™', B 10 min MAE — KB B IR A
ARG R 3 AR BB — B B, B-GAP . TPB Fl A3 1R
A 20 min; 55 BB, S 25 AR I ALEY 24 ALK
S THT Y239 45 00 40 2 S5 7 1 i A AP B B
20 min; 5 =B B, A TDIHEA 10 min,

1.3 TN

SR FHTE 2 L A6 S 73 391 X 245 3% B4Rt B2 A ASE ik 55 47

£ 1 B-GAP g5 )7

Table 1 Propellant formula of B-GAP

substance B-GAP TPB  TDI A3 Al AP

mass ratio/%  10.925 0.02 0.055 15 18.35 55.65
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Fig.1 Slurry viscosity-shear rate curve at different tempera-
tures
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AN o BB PR AR AT DL AT R O B (X 1) F Arrhenius
D5 (X 2) S 1 AR B Bt 57 ) 3 48 5 1 B2 AR b 2 [A] 1Y
KR,
n =Ky (1)
K = Aexp(T,/T) (2)
K, AR Pa-s;y ABT DI 2, 7 KO RS JE R
B, Pa-s"s n AR AT 4R B, Jo A 5 T oA IR B L K
T, A Rl X ik B R K AR AR T IR -, 877

AR A 2 (1) A1 2 (2) AT 45 B [6) 38 B2 N 09 R B2 &
K AR A= 4E 8 n FAUA BE R S5 R AN 2 i .

F2 B-GAPIEMEHFI 2R AL T K., RfH
Table 2 K, n, R* values of B-GAP propellant slurry at differ-

ent temperatures

T/°C K n R

50 443.83595 0.78837 0.99299
55 329.34305 0.81258 0.99334
60 266.87344 0.81865 0.99415
65 222.51084 0.82558 0.99507

Note: T is the test temperature. K is the viscosity coefficient. n is the

non-Newtonian exponent. R” is the goodness of fit.

Xf T BB AR AR R AR, n 2 s 2 HRORS B X B
DR U BE T, n BRI 3R 25 ORY BE A2 B 5
DY R B AR R WA B, T 5 Tl A Y B 1) e Aok
A B 2 AR B AT M T A SR B s n (S R, )
JC % 8 3 A7 B ) S A R A R 2 K B TR B v, O R
BEF RN T . 3R 2 Al B R B T L 269K n |
BRI X T2 P A T AR R AR I oy T
oz S AE R A B 45 7 AR S L ZE BT U R A2
IR AN W7 B ke 0 A5 25 SRR B2 A2 A i R T s A
g3 ¥ iz Fy R B A AR I A 2 S B2 ORI A2 B
IR R w2 /0N, n (RS O, 28 W1 24 350 I 52 0 2 ot
P 5 5 B JRE A AT L, e B T AR R R AR
T AR 28, R O B Be B-GAP 5 TDUS B L 1E &
Az T A 52 R AEL p T A Sz I A= T - 8000 R R 6 4 T
AR H TR R T v S ARG B ) e A B
T B A T g, 24 HRORG B AR BRI .

F (1) (2 (2) F e 2 o (8 B4l X W] R T
2 IR BT V) R 2R AT 5, 19 B B-GAP e
HEFN 25 I AN 7 RN
n = 3.2658 X 107" exp(5304.05592/T )y (3)

R TR B A T R (R(3)) #EAT AR SR, 43 )
TEHT s R 45 °C 24> B 4, 19 2 25 1 ARG 2 5
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Curing rate-curing degree curve at different temperatures
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In[=— | = In[Af(a)] - —% (7) R
dt RT Table 3 curing kinetic parameters of B-GAP propellant
A7) % 3 Fl B2 R In(de/dt) R/ T HEAT & parameter/*C In/s™ m i men
2 RN R EE PN R (A SR AT ARZT P east L e
o [g 5 60 12.892 0.447 0.981 1.428
* ° 65 12.481 0.317 0.796 1.113
apparent activation energy average value 12.829 0.415 0.984 1.399
140 ! Note: A is pre-exponential factor. m is reaction order. n is reaction order.
120r
s 100 I# 1k 8l ) 2 B 7 AR A -
2 g d 6.615x10*
= 80 S2-3.728%10° exp| — o | &% (1=a)"™™ (11)
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Fig.5 Apparent activation energy at different curing degrees
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Research on Rheological Properties and Curing Kinetics of B-GAP-based Propellant Slurry

LU Xin-hao', YE Bao-yun'*’, CHENG Wang-jian', AN Chong-wei''*, WANG Jing-yu'*, ZHAO Feng-qi’, QIN Zhao’
(1. School of Environment and Safety Engineering , North University of China, Taiyuan 030051, China; 2. Shanxi Engineering Technology Research Center
for Ultrafine Powder, Taiyuan 030051, Chinas 3. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To study the rheological properties and to cure the reaction process of branched polyglycidyl azide (B-GAP)-based
propellent, the slurries were tested by rheological research methods, and the changes of viscosity with shear rate and modulus
with time at 50, 55, 60 °C and 65 °C were studied. The results indicate: B-GAP propellant slurry has a shear thinning properties
and belongs to pseudoplastic non-Newtonian fluid; The curing reaction rate of the propellant slurry increases as the curing reac-
tion progresses, reaching a maximum value when the curing degree is 0.3, and then the reaction rate begins to decrease until ze-
ro; Temperature has a great influence on the kinetics of propellant curing reaction. Within a certain temperature range, the peak
value of the curing reaction rate increases with the increase of temperature, and the maximum value of storage modulus decreas-
es with the increase of temperature; Based on the power law equation and Arrhenius equation, the constitutive equation and cur-
ing kinetic reaction equation of B-GAP slurry was obtained.

Key words: rheology;branched polyglycidyl azide (B-GAP) ;curing kinetics;rheological properties
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