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1.1 KF5EE

JE R B R N s B 3R BTG L O
(TEA) (EHALEY . 2 TR L BR NI IS (AN) NI R ¥2 &
fis (HEA) & — 5 THE (AIBN) N, N-— 1 3 1 i iz
(DMF) | JC 7K & B | JC /K B BR 86 . N-H 3%k m
(NMIM) A BL BK B-5i 3 B (A3 B 4l , - g 28 30 B
By A R IR L 2 BRI (43 B 4, [ 25 4 141 4k
SR A BRA DD, AR E (AP) (B T4 (HMX) |
By CAD (Tl g, 3940 =7l R RH A R AR .

1A% : 28 Perkin Elmer /23wl [ Spectrum Two fi#
HL AR 3 2T AR R, 75 [ Bruker A H] AV 2500 % #
FLPRAY, 15 [ Netasch 24 7] DSC 200 PC %9 2 28 H 4 /3
A, o [ = R HE S W CMT-2103 J7 fig#HRHhr L,
H A 5N 1) GPC-20 A BRI IS 5 (351X .
1.2 HAHE
1.2.1 f£% NPBA(NPBA-0) & B

LLAN Fl HEA S 5 50K, AIBN S 51 & ), B-3i
BE 2N BE B RS R A I AIBN I B-%i 3t £ B 11
B, [ H A S NPBA-0Y, Hdh PR R 4k —
U ke A% R AE A 2.0 mmol-g™, 3 TR R
4000.6000.8000 ) NPBA-0 43 %l it %} NPBA-0-1 .
NPBA-0-2 & NPBA-0-3. % {5 s b i i 43 7 4 5 44
HEA, # #54 ¥ {8 & 2.0mmol-g™', /3 F & 40006000,
8000 [ NPBA-0, 73 %l fir 4 & NPBA-0-4 .NPBA-0-5
NPBA-0-6. LI I 6% NPBA-0O, HiA s izl i 1.,

0 aﬁe'iﬁe ?OQCHZCHQOH
/\CN + /\“/ \/\OH — - +CHQCH‘)‘R('CH20H-)Y—
0 65 C,6h &

Bl 1 NPBA-O & L
Fig.1 Synthetic route of NPBA-0
1.2.2 CEAHIAR

LA 443 Tk 58 3-52 5 N i E 47 256 A% U S B 5
I CEA . O ik i v AR Y S8 A S0 A B S IR BR 2
V) e 55 5 1 R D9 R & AR BB PRI L R
R IMA = A R 2R 5

A R RN 0500 mL = B LN A 3-F2 FE R IS
(29.14 g,0.41 mol) . = & % (44.52 g,0.44 mol) . 1N
fid 180 mL, 0 °C ik Jin v 4 ik 54 (36.20 g,0.40 mol)
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Fig.2 Synthetic route of CEA
1.2.3 B FHEXRSFEET (NPBA-1) G

Jf AR I B 2N 6000 B A 2.0 mmol-g!
(IEEA 7] 60 g KEfh R 5 NPBA-1, BF5E 16 250 mL =
LM o A A LY B R CEA (45.78 g, 0.36 mol) .
HEA(12.76 g,0.11 mol) ,AIBN(2.41 g,0.015 mol),
B-#iH 2 (0.78 g,0.01 mol) , 7£ Nl 50 mL s 7
MG OL T AT A IR G o A ROV — YRR,
Bkl sg B Jm , B A THR & 65 °C, ¥ BE I, 8 h )5
SE R RN RO A B SR A N B B B
B ZORTOE , QIR 3 B 4 R 2 LB
W W E T 65 CHA LR h H. 25 T4 24 hiE
Fr 2, 45 2] 8 67 B4 , i 45 9 NPBA-1-1, BA
RS R R AR T b RO W A ) 4l
il 2k B R U AT R B O o VRV 51 A& ) B B RS R
LEE BARSIE A M T 2 TN 15000 K& 24000,
FE S NPBA-1-2 & NPBA-1-3, LA b = Rl 5 1k 45 40 5 4
AR R A 3.

TEA, acetone 0
CN
N 0~

0°C2h, 25°C6h

AINB

NN 0 acetone (IJOOCHZCHZOH
4\0( CN + %\6( ~N0H — ~-CH,CH3g CHoCHy—
65 C.8h COOCH,CH,CN

B3 NPBA-1HI& UL
Fig.3 Synthetic route of NPBA-1
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P Ve A0 2 R AR AR 3 R g A A i I 1t
B UL B E T AR AR S A TR R RO 24 h
J5 5 o NEPE (55 A8 [ 44k 3#F 500 i 77 8 - K& AR &
24% ;AP,15;HMX,40;Al,20% ;s /N ERINF) 1% o
N Lk

www.energetic-materials.org.cn



AL P R e B AR YA RS

831

1.3 tEEEK

(1) 8 B 2T A8 563 (FT-IR ) 2 AF « % Fi ] HE - A2
e 21 A0 SRS AT IR, 0 3 2 A AR AR R AR A
50, JF LT BETL R F1 55 B 2 4000~400 ecm ™',

(2) ¥t S % R AE 2R 600 MH z ¥ 4 4% 1 L IR
A ASCHE AT I, ol R R SO L SO T R AR R
Me,Si FHr i .

(3) BB A2 « FRAEE XA 1 g R P I & B BE A 1
J 4, B S mmol-g™ . B R Y R AE R ) 2 1R -4
R R BB R 1 a2 , AP RS I GJB 1327 A-20031,

(4) 5 T8I E « K GPC-20A B I 5 15 1% X
PEAT IR, B B A DMF, AR EE g BB 2K 200, ik Ny
T mL-min™, K6 B 35 °C.

(5) 3 385 1k 5% 74 T8 B I 5 6 50 1% B B Ak % AR
Tk B D R 22 s 3 A0 A G AT L LS mg B A L FE
AT BREELL 10 °Comin ™' B 2 -50 CfE
10 min,#XJ5 LA 10 °C-min” ' FHIEZE 100 °C,

(6) 4 1 70 J7 24 M R I3 - FH T 68 M4 BB A BIL G
A Z 51 NPBA 1 [ 4k J5 25 3¢ FE 2% i A7 1 2 P g DU
R, P E R 20 mme-min™ R 25 °C, BAR B TR
%M GJB 770B-2005""",

2 GRS’

2.1 CEA K NPBA-1H&H FEM R

WEFERT BT 157 ) CEA A LL K2 NPBA-1 34T 141
TR R WME 4R, R 4anmf LFEH,
5.85~6.554b Ky CEA th &0 3 b1y 3 & i+, 111 4.3
Ko 2.7 Wb e 43 550 U5 Jeg T 5 A R T A i A I R ST
U P 4b v 129 K 132 4b U, 4 515 B T CEA 1 & M
b a M BHk, 166 Kb XTI F Bk FL Ak 1% , 58 F1 18 &k 43
SRR T 5 AR RN S A E G I il 0% 5
Bl 4c Al UL, 1734 em™ &by i 2 C— O il 45 9= 3 0%
2252 cm A R E LR AE R %, 1635 cm T Ak S AN i
FIUUREE B 1o 45 BR Sl FR AR U . 25 1R & B W A
fili i V1 B 21 A% B 4 75 CEA (R4 T 25 4, 36 BT A 1)
L 3-FR NG 5 M BE SR N A T CEAL

K 4a h NPBA-1 & 5 5.85~6.55 4 17 J§ T R &
B B XU BT 1 WA T 2k 0 I 2R A LR HEA i CEA
B 58 LR A, A 0 U R U AR —
o, R E T R A 5 =T 19 NPBA-T — 35
& 4c n] Bl , NPBA-1 £ 3500 cm™ i1 2252 cm™ Ak 43
oIl R Y5 e R UKL R AR W W e L K B CEA Il HEA 2
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c. FT-IR spectra of CEA and NPBA-1
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Fig.4 Molecular structure characterization diagrams of CEA
and NPBA-1
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1 RIVEERE T B SORE
Table 1

droxyl value characteristics

Series of bonding agents: molecular weight and hy-

bonding agent M, hydroxyl value mmol / g M M,
NPBA-0-1 5100 1.94 2.89
NPBA-0-2 6500 1.93 3.02
NPBA-0-3 7300 1.84 2.92
NPBA-0-4 3200 2.14 2.72
NPBA-0-5 6100 2.05 2.87
NPBA-0-6 7800 1.96 2.69
NPBA-1-1 6046 2.05 1.86
NPBA-1-2 14929 2.03 1.84
NPBA-1-3 23727 1.98 1.89

Note: M, represents the number-average molecular weight, M, represents

the weight-average molecular weight.

FOBE R 1 NPBA B B, Rl — IR PR BB Y
A T A B AR A B R R D o R AE /N I R

R 2 NPBAFAHKGER & &) okl o7 Ui 28 1k

HEA BRI 58 45 30 1 KT AN B A3 A 1 0 8 &
WA H T HEA & 88 BRAE R R, X — B4 = B2 (E
(19 2R W W R R i B S BRSO 7 S Ab 3
R G0 T S bR RO R B AR R AW
SEH R HEA [ & B RRAC, W N . TR R E R
BWIREER 25, BT AR A W R AA R/ o SR AN HEA 5.
A B A T SR i 2 0 B B 30 R R M B AR 20 1R
FEAE AR ST oA, R RO R R R 2 . i
K CEAE N IL T 5 B 7 4 F 3 K, X
JECH CEA KR 4 F & T AN, HlH T CEA 5
HEA T i 544 1) 285 F4 AR AL, 3030 & 6 M 3 A — 30, A
AP R S o F i kR B A o B ]
P 2 s

Sy itE— 5 s CEA 5 HEA 9 Rb B 0K 0 B8 4 1
TEA S R P AR 1 h BORE Al S DU = R A B
W3R 2,

Table 2 Variation of NPBA hydroxyl value with polymerization time and feeding mode

batch feeding

continuous HEA feeding

the polymerization of ECA

polymerization

hydroxyl value conversion rate

hydroxyl value

conversion rate hydroxyl value conversion rate

time / h

/ mmol-g™ | % / mmol-g™ | % / mmol-g™' / %
1 3.29 15.3 1.96 14.5 2.05 13.8
2 3.06 28.1 2.06 26.1 2.13 20.4
3 2.58 44.3 2.18 44.8 2.10 45.6
4 2.13 65.7 1.96 63.5 2.09 69.3
5 1.92 82.6 2.09 81.8 2.06 85.5
6 1.89 89.2 2.07 93.6 2.08 92.7

PN 2 B0 WA — OO TR B AR AN v A
FEY A, R AR B W 0 R A B S R
BAY R ME S AT 1.89, U 1L 4 )5 ¥ A AL
NPBA B, HEA 45 44 B 56 75 5t i 99 )™ 5 i 1 , i 09 0
A 5 T 4% 20 A5 T 0 HEA J5 325, il T AR I #h i HEA LA
PRFE SR AL AR E 7 W R (B AR AL R K5 i CEA B
& AN BAR G HEAT — PR IR R G 5% A S B B 1 s
(i) 2% 3 38, (H e R R AR AR R . X — 2P
B CEA 5 AN PR 0K /) R G s PR AR Y IR R Wy 4
B BRI AR AR ], A B O B AR L AR R
2.3 BEFIHBLETIRENK

NPBA 7£ i 24 o 2 v 77 28 D7 — A fl - o 3 285
I AR AR R A A ROR ML 58 NPBA I 0 [
Tk A (B 6a) , 76 il 92 15 338 248 70) v 3 M B2 A PR, S F )
L A O R 38 i e R T 2 T R MR B ) A 8 R
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SRS AT WL, AR — 5 LA BRI NPBA R T, B0KE
NPBA i 5 1 2 5 R I 24, A B 4F 19 & #% NPBA
(1 B AR L R B R A R RO 2 AT )
% 55 NPBA (NPBA-0-5) & 7 %1 %7 %) NPBA # it #F 17
DSC 3L 53 BT , LA FAE A [7] 35 5L B 3 48 45 79 7,10
SR M2 SR AN 18] 5b R o

M 5b v a] LA L NPBA-T R GIFE 5 T, 40 7E
0 °CHHL , & A T NPBA-0-5(T,~59.3 °C) . X J& K Ky
58 NPBA h B R G F AN AN, G W) 4 T4 1%
B3 A A B PR S BE (— COND I3 5 53 S U6 7= T
SR 1) 53 ) i3 A0 00 A A EL A JH 0, 0 43 1 i R R
SAE— R T 53 0 DU R BL 132 Bl Re
S BUB R I PSR IR B (T, T NPBA-1
(14 v CEA B4 JC (50 BL 3 gt 20 TR B A1 15 4 4 () Bl , 00 45
S AT 43 [ B 0 K, 43 1 2 DU 18 o AT 7 386 35
S Xk
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Al TR BE PR A, 76 % TR T O R B RS S (B 5a) o 7E Ml
FHZ i v NPBA-T 76 31K I BE 5 8 458 4 V5 il 53 1
TARZR b R T B ) O . [FIR 2
NPBA-0-5 .NBPA-1-2 #F 47 1 25 ( [F] J5T £ & P9 2% %L
FRHEEBOIEAR — ), K I NPBA-1-2 Al g s 253 T. 2ok
fig TR 24 60 min J5 25 5 0 J IR (B 5 85 a0 & 3 s o

a. NPBA-0 and NPBA-1

ey 0.70°C NPBA-1-1

- 069°C NPBA-1-2
S

BT AWT NPBA-1-3

i
NPBA-0-5
59.31°C
30 0 30 60 90

temperature / °C
b. DSC curve

5 NPBA R K I DSC 2k
Fig.5 Images and DSC curves of the NPBA series

R3O RAE S 4G

Table 3  Yield value and viscosity of propellant slurry

R4 NIEHEA G NEPE Hi 777 I 2% P RE 1 52 1)
Table 4
properties of NEPE propellants

Effects of different bonding agents on mechanical

solid propellant

. a'm/MPa .s‘m/% ab/% E/ MPa
bonding agent
NPBA-0-5 0.80 55.0 71.5 2.58
NPBA-1-2 0.98 70.1 86.2 2.64

solid propellant yield value viscosity
bonding agent / Pa / Pa-s
NPBA-0-5 95 350
NPBA-1-2 74.4 337

2.4 EEFIIEEEHF T HFHEEMNT G

¥ NPBA-0-5 NPBA-1-2 R & J5 24 3¢ #E 47 [ 4k,
JEIURE HEAT Ty 2 PERE DI, %5 42 G 71 4T NEPE = fig
HEHE R T3 2= PERE R SE A, 3R 4 S FE RN 254 ) 2
AE 1 It 2

H 2 4 AT, B 05E AL HE A 0 NPBA-T-2 (144 i 5
2R ORCR M B R R S W R KRS TR S
NPBA-0-5, HIgLHLEEAE T : (1)NPBA-1-2 1 i 5 3
(—CN) J&H(—OH) LL K fig 3£ (—COO—) 3 Flisi i
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Note: o represents tensile strength, & represents maximum elongation, &,
m m b

represents elongation at break, and E represents for Young's modulus.

PEILP , B8 55 m B SEURE = AE B0 Y L RO L 22 T AP
S VA P ) 348 0k TR R0 ORI W B R0 (2) 95
FEAE N R A R R A AL A O R R
JEF (N®) 5 il 3z w1 A 9 B 20D 1 (N°) =22 ) 7= A
S R 51, H NPBA-1-2 A9 22 M 4 o A5 1| T 0 %%
50 e e T VR R (3) 4 AR R v ] AH ) 2 A L
B, B 50 AE JEURE 3R 10 I BT A1 o O ) R 25 5 T
WEHER )22 VERE o B R — o B A A ) A i
A B R IE HE 5 0 Ao Y )2 Al R TR/ R [R] B R
ZEORPE RSB B R R L. NPBA-1 1
{8 457 BT K05 NPBA-0 3L K — 2, {H i T NPBA-1
O3 F M &, 5P SEDRE 2R TR 80 Ao R R
Ik — 8 DR F7 R AR Lt B v (SR A

3 % it

(D) LA 58 3-F2 JE TR IE Ry JRORE A B T 79 M TR
ROBERIR , SNBMRAELERET AR EREH &S T
B R A TR AR, SR TN A X AR RS
Gy F HEAT RAE UESE I A BT HARY -

(2) A [) A B ] 7= 4 1 F2 (B U 25 SR e 0, &
JS TR 9 TR R £ TR AR 5 TR TR 2 L TR R 1 M S A
— B RA SR B LB AR SRR R R A AL
PR L R AR AR [R] 5 TR P — UM R AT Ak g R
il 5 T2, RN A AT 45 P S A

(3)HTH & BB NPBA-1-2 43 1 Z2 i1k & , 9k 5 4k
ARRIE A R0 °CW IR T 2RA AR EIRZ T
PRI A O B O 253K T AR o . RS
772 1 il WX 4% SR 3 W S R K A 5 4 4 P T
e T 15 58 NPBA, #f 3F 701 25 4 14 Bt $7 580 5 R $5 K 4 fif
FENPBA I HE & 1 22.5% F127.5%
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Synthesis and Properties of Novel Neutral Macromolecular Bonding Agents

LAN Xiang-tao', ZHANG Ping-an', YUAN Jian-min’, 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)

Abstract: To achieve uniform structural composition of neutral macromolecular bonding agents and enhance their comprehen-
sive performance, a novel monomer, cyanoethyl acrylate (CEA), was designed and synthesized. Through free radical copoly-
merization with hydroxyethyl acrylate (HEA), a new type of neutral macromolecular bonding agent was prepared. The struc-
tures of monomers and polymers were characterized by Fourier transform infrared spectroscopy (FTIR) and nuclear magnetic res-
onance (NMR), and the hydroxyl value and glass transition temperature (T,) were determined. The bonding agent was applied
in NEPE high-energy propellant formulations to investigate its impact on the process and mechanical properties. Results show that
CEA and HEA exhibit matched polymerization reactivity, enabling the production of structurally homogeneous copolymers with-
out controlling the feed method. Compared to traditional neutral bonding agents, this bonding agent reduces the yield value of
propellant slurry to 74.4 Pa and apparent viscosity to 337 Pa-s, making a notable improvement of processing performance. The
propellant grain achieves tensile strength of 0.98 MPa and maximum elongation of 70.1% at ambient temperature, representing
22.5% and 27.5% improvements respectively.
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