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Fig.1 The trend of yield point to neutralised boron in HTPB binder
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Fig.2 The trend of apparent viscidity to neutralised boron in HTPB binder
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Fig.3 The pH value of neutralizated boron

R NSRRI TN b E2S R N IR Wb Sk L e i1
PR v A 2 v PR B T, R T A9 B, O, HLBO, iR
P2 B N 45 45, B, O, (HBO, & AR, A7 A1
THAS £ HTPB v i A2 PR R A9 03

Wi TCA 3 M Bk 58 1 A [ i 1 Ak BB A5 1) 1A
JEE, S5 NTE 4 PR .

200 T — : , 2
12837°C| 28674°C 847.88°C
180 4 188.7% )
. 1604 r2 E
= 42
S 10 5
= (53
1201 2842 62
1 ey 205C gp30 g
100-2% 99.03% g5 o5y, 8
100 1 2%
813.74C  +-10
80 : : : ,
0 200 400 600 800 1000
temperature / °C
(a) B-0
140 . 2
128.37°C
130 4 796.67°C =
121% [0 €
= 120 1 8
5 =
2 110 r2 2
e :
% ] 470.35% 5
100 Y 96.73% \ ©
90 L : : : :
0 200 400 600 800
temperature / °C
(b) B-1
200 — : : . 2
52.84°C [38.66°C 847.84°C
0,
. 190.0% o
Lo €
o 160 *
g 1401 s ¢
Z
120 1 5 - =
130.76C 2007°C  470.24°C L8 ©
100.9% 99.35%  99.38%
100 go23sc 10

0 20 400 60 80 1000
temperature / °C

(e¢) B2



%5 4 3]

BarAE . Wb AectExs B/HTPB IR &

UL AL RE S R F 5 343

170 +— . . . . 2
128.36°C  306.76°C

797.71°C
161.9%

160
150 A
140
130 4
120
o {zgre
100

0

weight / %
=N
deriv. weight / (%-min'")

199.48°C
97.3%

470.20°C
97.59% -8

400 600 800
temperature / °C

(d) B3
P4 R A AR [
Fig.4 TG curves of samples

0 200

HH [l 4 AT 0L, B-0 T Hp R A BB 7E N, SR
2k A [R], 76 470 °C LLTF, Bk 2% 1 /0 5 2%
E*MW% T o i 2 AR AE LA R E I ; #E470 C

J& A T b 2 1% T, IR T T IR 5 2 8 U
*ﬁ’ﬁfiﬂj,ﬁ 813. 74 C AR o1 M2k ik B4 S

B-1 I 25.94 °C 44 % 18 40 , 7E 200.9 C 4k
F] 95.86% , 5 HE AL FEMIRAH EL , 7E = I 31200 °C X [E] P
RHEE K, M B-2.B-3 15 B-0 1k wAREHIL, 1LY
B-1 GG E M2, B-3 $ESE Phdemi o J0 Al 7E B-1
il g AR v BRI NH, & A T Ak RN, S DA 2% 1
Yy PR B NH, 1 78 22 87 A I 2ok FE e NH R B-1 %)
B/ HTPBYi AS P BE ) ok 35 7T BE 2 /i T NH, WA T8l # 3=
I, P4 1 B,0, H,BO, 5 HTPB t OH AYHEM S .

16 B2 [ E M £k 1 ,52. 84 CH1 138.66 C 1y
AR Y e E I [HTE 200 °C Z A, XK E 0.65% , W] fE

J& TR NH, Bk 2k 5, B-2 Xf B/7HTPB i 8 PERE Y
AFE A e R K S B0, H BO; % o0 BN A K I R

Pyt BEAR T B,O, (H,BO, & &, [A] I W B 9 NH, X
4 B,0, H,BO, 5 HTPB @%Eﬁafir“&ﬁ — 7 BTk

1000

XA B-1.B-2 47 T IR 0 Hr (WAL S) o 7EI& S
e, H T RIRS 0 RO, A v DR 2 i R AR, JLAP G
WG WU, AV P 045 W A 0 1 3 JEE DR FS o 7E 1402 em
Ab ) W W U J T NH, 45 N—H B 19 2 il IR 3,
B-17E B AR A7 75 1 Sk W i 0, B2 187 g e it 12 535, i P
B-1 77 fE — 5 BT A9 NH,, i B2 shi b, 454
TGA IR 1 pH M55 54, 6] B-1 19 NH, DLy

W BB A7 AE , 72 pH 3 o LK 7 8 78 S 4 i 1) Bk
P pH A% T 8. 38, T iR E 2 55 0k .
60
50 4
487
40 - 548
1 |

30

transmittance / %

20

09 g e

od B2~

3000 2000 1000 0

wavenumber / cm’!
K5 B-1.B-2 1 IR &3
IR spectrum of samples B-1 and B-2

4000

Fig. 5

T NaOH 5 H,BO; Jz i A= A% fhi B
BO, ) , Hifb 2 J i A F
H,BO, + NaOH =2H,0 + NaBO, ({ii#ifa4h)
U T B R A T K, 6 B-3 R ZE R AR 2R
B AR AR AT T X PN 5347, XRD &35 LI 6, 7
K6 .20 Yy 15° 17°7 516 J& T NaBO, - 2H,0,20 %
26° 31°fi1 4 1% J& F NaBO, , H 4 fif 41 1§ J& + NaCoO,,
?@ﬁﬁﬂﬂ*ﬁ%ﬁ@a’iﬁ%ﬁﬁ}iﬁfiﬂj,%?ﬁqj NaOH i &,
Hii%?&ﬂ}%ﬁ}iﬁ BT B-3 & 8 5 A 6k U8 D

M2 #4 ( Na-

A

800
600

400

200

intensity

%:‘Fi‘m 1 i Y NaOH 5 25 L CO, s g 77 4R T
0—NaCOs
A—NaBO;
x—NaBO,-2H,0

M’WW

20.000 40.000

20/(°

60.000 80.000

6 B-3 IR B WIHY XRD &3
Fig.6 XRD spectrum of the residual from the filtrate of sample B-3



344

o
o>
o

ooB 915 %

NaCO, , H AT 4 0 55 JB 4 K5 B-3 I8 WK NaBO, & /b
(F BT KEG Y ), NaBO, - 2H,0 FI NaBO, 77 i}
W 5 BE A . VUL HH NaOH 2 ¥ Ab PREIMS 3o 72 A= il /K
S PER) NaBO, {5 0Ky i 20 B 4 5, F X B4R 98 60 15
A3 H7 T NaOH th RO fS 080 A 26 BE , 25 SR WLk 1,

% 1 NaOH rh 0 &b 12 X 7 # &5 BF 49 52 )

Table 1 Effect of neutralization with sodium hydroxide
on the purity of boron powder (%)

element B-0 B-3 element B-0 B-3

B 91.8 93.4 S 0.0861 0.0782

0 5.3 3.60 Cl 0.00538 0.00635

Mg 2.52 2.52 K 0.00130 -

Na - 0.136 Ca 0.0218 0.0845

Al 0.0278 0.0291 Ti 0.00554 -

Si 0.111 0.104 Mn 0.0271 0.0274

P 0.0211 0.0123 Fe 0.0326 0.0330
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Effect of Neutralised Boron Powder on Rheological Characteristic of B/HTPB

XU Hui-xiang,ZHAO Feng-qi, LI Yong-hong
(Xi'an Modern Chemistry Research Institute , Xi'an 710065, China)

Abstract: In order to reducing the acidic impurity B,0, and H,BO,,the amorphous boron powder was neutralised respectively with

ammonia in gas phase(B-1) ,ammonia in liquid phase(B-2)and sodium hydroxide in solution(B-3). The rheological characteristics of

B-1,B-2 and B-3 with HTPB were researched. The results indicate that the apparent viscidity and yield value of B-1/HTPB mixture in-

crease rapidly with mixing time increasing, those of B-2/HTPB mixture increase slowly and those of B-3/HTPB mixture almost don't in-

crease. The mechanisms of three neutralization methods of the amorphous boron powder were discussed through acidity meter,TG,IR

and XRD analysis. The results show that the improvement in rheological property of B-1/HTPB mixture is due to NH; absorbed to the

boron surface ,which maybe obstructs the reaction between H;BO, and HTPB , but disabsorbs in mixing process and results in the gelati-

nization of B-1/HTPB mixture. Due to a soluble compound formed by the reactation between ammonia and H;BO; on boron surface, the

rheological property of B-2/HTPB mixture improves. The better rheological property of B-3/HTPB mixture is owing to the soluble Na-

BO, formed by the reactation between NaOH and H,BO, ,which reduces the content of H;BO, on the boron powder.

Key words: analytical chemistry,boron-based fuel-rich solid propellant ;horon powder of neutralised ,rheological property ,modified mechanism



