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Scheme 1 Synthetic route of AEHTPB-CN
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I Ja KR AW 1% B R UG i E o 7 65 °C
T AL 7 KB R AR AR A E R R
BT )2 v rg il
2.2.3 KEBEENK

I 7 G 32 X 80 A 1 5 TR o R AT I o
PERIR BTN 7 mmX7 mmXx3 mm K/, I 76 R i
W72 ho KRS ST R R AR . AR
WK EL i F Flory Rehner 77 BT 5 AC B2 B0
2.2.4 HEHFEEREE

I )R B R 25 T2 AP RDX TG 76 5 L
SR AL AT R, AL S B 1.03, K2R AE
B R AT BETE BRI S AE 65 CF 7 R LM

Chinese Journal of Energetic Materials, Vo0l.29, No.11, 2021 (1031-1038)

A RS w5 S A 2k R — 5 SR R (IPDIL) |, 5 fe ik~ 4L 1A
JBe A A PR 2> | T i 5 5 R (T-313) L0l R G 5 5 )
(BAG-5) .AP(D,,=121.37 um) .RDX(D,,=25.11 wm) .
BRKE AL =V RV A TR A BR A A

Spectrum Two {8 B it 25 466 21 4815, 3¢ [ Per-
kin Elmer 22 w] 5 AV2500 #% % 3 4% A% , 7% [¥] Bruker 24
A 3 JSM-IT300LA £ 4 7 W il 45, H AR HL + 24 )
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WA C—O M 45 IR s, 7F 2245 cm™ 4b H UL (R 45
PR Bh & 5 [F I, AEHTPB #1070 cm™ 4b 1Y ff 2 SL 5 41
W LA F 3400 cm™ Bt 3 19 F2 S5 il 46 4 3l g k)N, =
AEHTPB it (1 3 43 72 SL 9 B P W S5 M 1 &
BB
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AEHTPB

4000 3500 3000 2500 2000 1500 1000 500
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Fig.1 FT-IR spectra of AEHTPB and AEHTPB-CN
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AR 5 A1 i HE 3 NI R 3R BT 06 (3.2) Ak SRy iU JE A
HERR R T B R T, d(3.45) ib g i S 5 R AT
T BT I%, K2 AEHTPB-CN H e(2.5-2.6) kb i

&1 HTPB.AEHTPB K AEHTPB-CN 3 {k P 5
Table 1

LA 2 5 U AR AR R i 06, A(3.7-3.8) Ak i
PR 2 8 3 R 5 AR A AR R R R 0% 7 g(3.6)
B 2 AR B ST 0 0 . DA R AT FEE
T 72 W) 43 5 45 0 60 TE B

AEHTPB-CN W\N\/{tm
Ho a AN
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OH a
JA_A ig & L/»VL
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Fig.2 'H-NMR spectra of AHTPB and AEHTPB-CN

3.2 AEHTPB-CNIR{L MR A7

Xt H bR =9 AEHTPB-CN A% B K5 3% 55 1k T
JE(T,) R AE LA e A8 #6470 %€ , 9F 5 HTPB .AEHTPB
S EUE VAT L, = HAR A 1 TR .

M 1AL P PR ) AEHTPB L AEHTPB-CN [
KiBE M T, T HTPB. i T etk #4715 HTPB &
HE S5 R v SR BB IR 51N T DI RESE AL, 4y T A MR
A5 9 HL, 28 B DR 0 2 3 AU 3k 45 M i A A
YER 38R T o FEER J1 . 31 AEHTPB-CN RS i
Il T AEHTPB B A B2, s A 2 7= ) o3 1 vh 2 ik 5
W AR R G R R SR D 2 RE R
A, 77 0 I RE B A o RT3k B 38 e k7™ P 1
JHc A A BT T B o

Physicochemical properties of HTPB, AEHTPB, and AEHTPB-CB

n/Pa-s

sample p/kg-m™ o o T /°C hydroxyl value / mmol-g™"  amine value / mmol-g™
HTPB 0.897 9.6 5.0 -91.5 0.470 -

AEHTPB 0.934 275.0 62.4 -45.9 3.203 2.622

AEHTPB-CN 0.946 106.6 39.4 -44.8 0.540 2.205

Note: p is the density. 7 is the viscosity. T, is the glass transition temperature of the polymer.

3.3 AEHTPB-CNX®&FIEMAK MM

i PR A ) 2 AR DN I, % %% T AEHTPB-CN
P I A X 6 G AR R g 2R s e . 18] 3 O[]
AEHTPB-CN & & 1) [ 4k J2 R 19 10 7 -0 A% il 2k

i 3 0] 0L, B AEHTPB-CN ¥ Ain 2 59 36 hin , 3
R 1 o e 5 % T 344 e T DT e SRR TR T BRI, U
W AEHTPB-CN B fil A X % G 551 591 4408 3] 1 34 5 1Y)
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Fig.3 Stress-strain curves of elastomers with different mass
ratios of AEHTPB-CN

R2 A GRSy 2 PEREXT LE

Table 2 Comparison of mechanical properties of different
elastomers

elastomers o/ MPa el %
HTPB 0.32 1200
AEHTPB/HTPB(5%) 0.52 987
AEHTPB/HTPB(10%) 0.66 921
AEHTPB/HTPB(15%) 0.92 702
AEHTPB/HTPB(20% ) 1.07 458
AEHTPB-CN/HTPB(5%) 0.63 901
AEHTPB-CN/HTPB(10%) 0.83 823
AEHTPB-CN/HTPB(15%) 0.98 619
AEHTPB-CN/HTPB(20%) 1.15 438

Note: o is the maximum tensile strength of the elastomer. & is the elongation
at break of the elastomer. The percentage in brackets is mass ratios of
AEHTPB-CN.

R3 AN AEHTPB-CN 5 fik #1450k 5% 12 M )~ P fig
Table 3  Crosslinking density and mechanical properties of
elastomers with different AEHTPB-CN content

AEHTPB-CN  p, Me hydroxyl value o &
content/ % /kg-m™ / mmol-g™ /MPa /%
0 0.904 40454 0.490 0.39 1150
5 0.914 40364 0.493 0.63 901
10 0.922 40052 0.495 0.83 823
15 0.928 39968 0.498 0.98 619
20 0.932 39888 0.500 1.15 438

Note: pis the densities of the solvent and the elastomer. Me is average mo-

lecular weight of adjacent crosslink points.
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B N \ " el |
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Fig.4 Molecular model of AEHTPB-CN/HTPB elastomer
(The blue dotted lines are hydrogen bonds between cyano

group and carbamate group)

5 N[ AEHTPB-CN #8 Jii ik 35 14 4 T 1fT SEM 4]
Fig.5 SEM images of elastomers with different AEHTPB-CN
content
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B4, X & H T AEHTPB-CN Jr 176 AEHTPB %
(i e AN & € 9 2K e - S G 7 e & e ) | T
HTPB 114 AH 25 PR B A o fOAH 43 25 41 45 380 1 1 5im B 3
LR R TR 45 G 12 PR e M SEM A3 i 4 R
AEHTPB 7E & 2 H i S i i F AR I 75 10% LUR , it
SO A iR 1 o £ ] s A7 R A A R A e
3.4 AEHTPB-CN X} T # =40 jr . U 48 jT ¥ it 77 M 86

B % M

¥ AEHTPB-CN 5 HTPB#Z B i i [b 5: 95 1R & )5
AT G S, OF 55 LR L& T-313 .BAG-5 &
G 2%E 2588 S E A7 X L, DL % 28 AEHTPB-CN Xt T %2
ST TR DY A T HE S R RS A R s e,
A RaE 6 s

M 6 A LLE Y, W AEHTPB-CN 9 T % =41t
HEZE ] ) 2 Ve R AR B F — 2D i, by o B A i
R E T W AEHTPB By #fE 2t 5 o X 2 W A
AEHTPB-CN AR LL3E i 43 25 44 v i iUl B 5 AP
U BB T HL AT DLGE U S AP i H R IR
BB ) S HEVE L i — L 5R T AEHTPB-CN Xf AP

14 100
o 12t i O 1Y =
£ 10} %§ g§ %§ 460 %’
% 08 B B RE
Bl
z - 1 =
T e B B Rk

B B\
Blank ~ T-313  AEHTPB AEHTPB-CN

Three component propellant

(% TH B A RCRTTT L R T R Al e o R R
AEHTPB-CN 1 3 311 85 4f 14 D &0, #2855 o7 At o 32
£ %] 0.84 MPa, &% T BAG-5 #4571 (0.87 MPa) , {0
SRR = 2 62.9% , Tl R AESE RISk . RS
filh 1o #E— %8 T AEHTPB-CN %8 & (76 354 7
H R )X T R = T R U 4L e e ) g 2
PERE TR e o B s, L 25 B2k 4 5 R .

IWFE AR LUF B, TEZAuEER G o, e,
Ik AEHTPB-CN A & A 3% Jinn i 42 5, 2495 i = hy
5% B, I T HE HE )RR S PSR S K R o ) i
F41.1%.91.3% . Wi 5%, 715tk ae i i
BETF IR W /0N o 2 70 A K B B AEHTPB-CN % & 119
T ARG, 24 TR N R A 5% B 4 0 5 08 S o o T ik
11.4% , 4k 2 36 i 78 & R s ORI TR, KRS58
T2 VU 2 G BE SR AS [RD 3 BN 0 ) 2 v RE I K 2
M2 5 A LUE H, H T 2F 1 BE e B o AR [ R Bl %5
AEHTPB-CN By g i m . i it it 8% 5, 71
VR RE L TR BE TR AR R B A BRI E S T TR

S ITHESER . (EARTE B A TR IS NG 0 A # v,
1.0 100

- -8052
= /W %\\ {60 o©
' B B 12

0
Blank BAG-5  AEHTPB AEHTPB-CN
Four component propellant

6 RN ON[E D RE B R XS T AT | DU AL T HE R ) 2 BE Y5 T
Fig.6 Effects of different additives on the mechanical properties of three-component and four- component HTPB propellant at

room temperature

F4 AEHTPB-CN X T ¥ = 41 oo 4fF #F 550 M 5E 1Y 5%

Table 4 Effects of AEHTPB-CN content on the three-component HTPB propellant

. -40 °C 20 °C 70 C r/mm-s™
ol o /MPa /% e,/ % o, /MPa & /% £,/ % o, /MPa £ /% e /%  (6MPa)
0 1.70 48.2 66.5 0.90 40.0 46.7 0.52 37.5 44.6 11.10
1 1.85 58.6 71.2 1.05 53.4 56.1 0.58 435 46.2 10.90
2 1.98 69.9 83.4 115 62.8 65.5 0.66 54.3 56.5 10.59
3 2.07 77.3 89.1 1.21 70.5 72.4 0.73 61.5 64.2 10.05
4 2.13 83.6 94.2 1.25 74.7 80.8 0.77 65.4 67.1 9.84
5 2.18 86.9 96.5 1.27 76.5 81.6 0.79 66.6 69.3 9.83
6 2.21 88.1 99.3 1.29 77.3 82.9 0.80 68.5 71.0 9.82

Note: c is the mass ratio of AEHTPB-CN. o is the maximum tensile strength of the propellant. ¢  is the elongation at maximum tensile strength. &, is the elongation

at breaking point of the propellant. ris the burning rate.
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kP R EIR ik~ e, AR &N

Fz5 AEHTPB-CN & X T 5% DU 20 o 4 2 570 14 58 1 52

Table 5 Effects of AEHTPB-CN content on the four-component HTPB propellant

s -40 °C 20 °C 70 °C r/mm-s’'

o/ o, /MPa & /% £y % o /MPa e /% &% o/ MPa e /% e/ % (6 MPa)

0 1.55 44.2 46.5 0.65 41.1 48.7 0.41 38.5 44.6 8.60

2 1.79 54.6 57.5 0.74 51.7 58.6 0.49 45.3 49.8 8.38

4 1.93 66.4 70.2 0.79 60.6 67.3 0.58 52.8 56.0 8.09

6 2.01 72.1 76.3 0.85 64.1 71.7 0.64 56.7 58.1 7.86

8 2.16 77.2 81.2 0.88 69.3 75.9 0.69 58.6 60.7 7.70

10 2.20 79.6 82.7 0.90 70.2 77.6 0.71 60.4 63.2 7.68
HEER 2wV iE— BAR SR T I R OOF BeA AL IS, T AEHTPB-CN X fifd il JEURE B A 85 4 7 5
GG T 2 B T R T BB s, WG AOBL TREARUR.

%, X FERENNAEHTPB-CN (B (H &K , A4 5]
L SE AR AZ IR S5 40 K A R AR Ak . S A, B T A A P (]
AL, AEHTPB-CN 23 M2 & 7] v i 4% JF W B 22 S8} 6
I, R 2 R E T R, (AR e 2
EON A 1N eI A ) Qi T O | S T D
AEHTPB-CN %8 il i 45 il 7 8% A A B G |, Wil T
AT TR DO A T 4 2 50 B SR 5 A R 43 1 45 T
35.4% .62.0% , KL K 10.5%
3.5 AEHTPB-CNXAREEHEESHR

WA S B SEORE Y HE R RE L IR
AEHTPB-CN X} AP I RDX (1) 45 %55, 7 2 M E I3
gikmF 6w, HE 6 LIF M, WM AEHTPB-CN
J& . 7 AP RDX F— IEDRL 9 #E 1 7] 7 2= PR R AR 2] 1 A
KA 4 ) 2 0 T RDX HEFER 3 i T K R g

f. HTPB/RDX

e. RDX
B 7 f S OB SR A T T SEM 8]

X AP RDX (14 4 32 700 5 L e Dy 284 1 T2 3 1 7
SEM 43 #1 , 1T B FL 0 3 AEHTPB XA [|] 20K} 5
MRS RO 45 R WK 7 i . IE 7a.7e HTPB/AP,

%6 AEHTPB-CN X AP . RDX #fi 3k 7) 1 2 P R 1 52 i
Table 6 Effects of AEHTPB-CN on the mechanical properties

of single-filler propellant

g

filler binder system " " e /%
Y / MPa !

HTPB 0.57 57.3
AP(50%)

AEHTPB/HTPB 1.09 116.1
(Dyy=121.37 pm)

AEHTPB-CN/HTPB 1.05 130.5

HTPB 0.69 46.4
RDX(50%)

AEHTPB/HTPB 0.82 58.3
(D,,=25.11 pm)

AEHTPB-CN/HTPB 0.88 99.3

Note: 1) The mass ratio of AEHTPB to HTPB is 5:95, as well as AEHTPB-CN
to HTPB.

g. AEHTPB/HTPB/RDX h AEHTPB CN/HTPB/RDX

Fig.7 SEM images of fillers and fracture surface of propellants with different fillers
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HTPB/RDX #f JF 51 W7 24 187 SEM [&] v, 0] DL 335 B #7551
A KA1 AP RDX J9URL % i 76 W7 1, B UKL 2% 18 T8 W
WAL )R XULH] AP RDX k. 5 HTPB KL 45 A i,
TEAN AR TR B “ BRI, 4 1 50 1 7 24 2 R B 7
) 8% R . W N AEHTPB J5 , & AP e 3F 5] BE &
(JE 7c) i JEORE 3R 10 A 85 3 5) 58 U, AP JBURL 56 G 1
W1, 5 %05 300 LA A IS U B, 3X U B AEHTPB X AP
A B i A AR o AR &% RDX Y 4 #E )
(P& 7g) , Ho W7 24 1 %5 45 HTPB 1A R 728 45 - 5 #1582 19
RDX UL A T 3k 2 B FLACR AT AN R, 5 R
AEHTPB 4345 ¥4 v i 2 Xo) il e OB 9 i 5 A . TR
T AEHTPB-CN J& , &% AP (&l 7d) .RDX (&l 7h) iy #k i
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Synthesis and Properties of a Multifunctional Agent in HTPB Propellant

ZHANG Ping-an', YUAN Jian-min*, ZHANG Xi-long’, DENG Jian-ru'

(1. College of Chemistry and Chemical Engineering , Hunan University , Changsha 410082, China; 2. College of Materials Science and Engineering » Hunan
University , Changsha 410082, China; 3. Hu Bei Sanjiang Aerospace Jianghe Chemical Technology Co., Lid., Yichang 444200, China)

Abstract: Starting from the multi-amine, hydroxy polybutadienes (AEHTPB), multi-cyano, amine polybutadiene (AEHTPB-CN)
was synthesized through appropriate synthesis strategies. The structure of the product was characterized via FT-IR and'H NMR,
and its physicochemical properties such as viscosity, glass-transition temperature, hydroxyl value, and amine value were also
determined. The effect of AEHTPB-CN on the mechanical properties of binder system was investigated via tensile tests, and the
performance of the resultant propellant with AEHTPB-CN/HTPB mixture as a binder was explored. The results showed that the cy-
ano groups in the AEHTPB-CN molecule could form hydrogen bonds with the urethane groups, which increased the physical
crosslinking density of the elastomer and effectively improved the tensile strength. The propellant level study indicated that the
AEHTPB-CN had a good bonding and burning rate inhibition effect on HTPB propellant. At room temperature, compared to
HTPB-based propellant, the propellant containing AEHTPB-CN (5-8wt.% ) were 35.4%-43.3% larger in tensile strength, 62.0%—
91.3% higher in elongation, and the burning rate was reduced by 10.5%—11.4%.

Key words: hydroxyl terminated polybutadiene (HTPB) ; HTPB propellant; chemical modification; interface bonding; multifunc-
tional agent
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