2 5 I 2 HAN JE v 38 18] 0 9 ik 590 ) 2 1 B 22 R e ) 15 1 g 1

XEHS:1006-9941(XXXX)XX-0001-12

FEFME HAN E B E BT 1 FEaE KR IEE 5 EaE
REANER, T R EER, K & MAE HEHK

(BRETIYAFATLSMFFER, BAIT %/RE 150000)

B OE: N TSR OFEE(PVA)RAE AR (HB) & i 305 R 25 1 (PAND) DL K 52 8 BE (CTS) X R 34 i ik
P [ PR A 15 70 (HAN-ECSP) J7 2 P R RUSR B I 45 1 BB 1 52 0, SR FET Vs I 3o ) 4 O 38 ol o i R 0 3 5 B 03 L X B 2R 107 59
(XRD) {8 FL I 25 460 27 A 3 0 42 S 5F (FTIR-ATR) (6 2% o F b S0 X ) 24 MR Rl MO e A PR RB IIEA TP 5% . A5 R R R R &
PVA 45 i B 22 0 R K, PVA B4 5 (2400+50) i, —OH & i M M 58 £ F1 2 PR RE TH 4 o HB & hb 52 W PVA 119 38 8K % )i
PVA,.09-20% HB B2 PEA 42 22 , R AR5, PVA,,00-18% HBHLHISREE N 2.36 MPa, HLPL K R by 482.92% , J12#PERE i
U X 0 R A EL A RS A B ik . DA 8% M HB 5 PVA ZZHEIE 45 — P45, N A PANIEL CTS 5 PVAJE 02K B 28 R G W1 M 4%,
PVA,,,-8% HB-2% PANI i #F 5 BT 17 58 B 7 1.03 MPa, $LFL i K 25 432.85%. PVA,,,,-8% HB-1% CTS i 3 71l T £ 58 & 4

0.87 MPa, Fihi 4 28 302.28% . ¥ PANIEE CTS A9 ECSP 3477 DL 2 30 J5 150, B & i ok s i B 34 7T L3R 3 800 °C,
K : HAN-ECSP 1R A8 s A be S 15 P RE s RO MR G s HB & i s L H R AW N 4%

FESEE: TJ55;V512

XHERFRERG: A

DOI1:10.11943/CJEM2024277

0 315§

[ A A 0] FL A 45 4 T B 25 ) A o oy PR 4
M AE TR g 5 0 RN 22 R A5 0 T A FE IR HE o H
a5 [E] A E 7] (ECSPOAE g — RO B w e A BE, 516 42
P14 [ A 2 00 A L, B A F AR B L BT PR R R T
3 o i FL TR RN SRR DA, SRS
1 1 KTT 2 (AN A L ISR AR LG, ECSPs X K0
JEE 488 R - 60 b o N BURR & A R MR AR, ECSP
AT DA HE AT 2 [A) A7 Y 2 A5 1 R, R 1Y) H o )3
PR R — B R 3 A Pl TR B k5
BLEh I3 IR A

i R 2 e (HAND DA R R | i % 2 g BE A A
B H R A5 R AR, WA S 2 ECSP 32 2 A Ak 5 R
FRNETON R TR R e (HAN ) 5k H 42 [ A 4 3 ) S — Fh S
HE 1) 52 W RE A AR T ] A Ak 24 e E R, H HAN 3
Y iE B HI: 2024-10-31; f&E B H#I: 2024-12-27
[ 4 H AR B #: 2025-01-14
VEH B A 23 E A (1995-) , 2, [+, 3 N 5 B bOREIF O .
e-mail: 15639003174@163.com

BEBRA: MELE(1979-), 5, 88, EEINF TR BT

e-mail : linkaifeng@hit.edu.cn

ECSP BRBE ™ Wit i R, A 1 J1 R — Fh 22 4 B R 1)
A 00 R X HAN [ A 3 E 550 R 5T N B
P B K A I8 0 5% . Bao 452 4 R RN P18
MWCNT 43 8 2 PVA K% W, SR 043 B 4 &
A MWCNT Fl PVA 1) 53 8 AH 55 U] it MWCNT-PVA i
Bk, K MWCNT-PVA BBk  PVA K 858 A 2] &
HAN B 3% 0, A oF S e v R = B, W] B Bao
SR SR FH S H A7 BB AE g ECSPs B ER N5, AR 5
SRR RS AR O A SR AR T IR T A AR
ECSPs R e Fr P By S2 i . He 1 3L T R 2 0 A fk
Y- N 4 I (PEO-PAN) [0 5 7+ 3 LB g 2 & # K
(ECs) N B 457, ff v T HAN JE ECSP [ Ifi W% 35 P
PR RG] . T SR SR — IR A
S R E ST T HU MR KT R 4 [ A 1 5] 0 s R 1Y
SER . L ARV OE YT H AR T RN ECSP A R 1Y
M), 4 E B TR AR FE R S 12 1 IRE, S JCRIR B 4R v e H A
2 1H B /IN B P AR DA B Pl R R A 5 AR 2 ) Y T L
I A1 FEL AR 9 TR AR JEE 0 R AR A Rk 3 2 B i) a5 K AT
25 b H Hr X ECSP By i 5% 3= 22 4 v A8 4 2 570 i) i
J5 5 H R T, X Ty 2 v BE A 5 B A R L
VERVAE 3 T B A DL Rl G R A %

I RS 3T A% R, X, R, A o T 0 4 HAN R L (A R 2 A AR B R e R 4R PERE D). S REMRE, DOI:10.11943/CJEM2024277.
NAI Hui-min,LIU Fu-han,WANG Bin,et al. Mechanical Properties and Combustion Start-Stop Performance of Semi-Interpenetrating-Network HAN Based
Electrically Controlled Solid Propellants[)]. Chinese Journal of Energetic Materials (Hanneng Cailiao), DOI:10.11943/CJEM2024277.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK XXXX HF & XX A& HXX#8 (1-11)



2

RO X R, Fou, AR, R, AL B bk

— ZR GV 7 OB B N4 ) DRl R 2% 1 4 FH 28 AT 11
ik o R PRIE & AL IE B T AE [ R 5 A
TR A7 0 30 32 5 BBl P IO T R % o A 1) £
FHTASBE IR BE ), R L, — i SR A 70 B AT R A1
SR LMD R 8 Y AR R R R 20
(PVA) & —Fh & R G, o F a5 h B K&
BRI, AT LS 2R E R RO, HLA R R
TR b Re

S, WEIEEF X PVA-HAN R & 34T T R 2 1 1
RO W (HB) & i (HB 5 PVA 9 5 & 1 4 1) %t
J12F PR B R w8 A 5] A RO (PANI) 31 72 3 H
(CTS), #& iy HE2E 5 19 ) 24 PEfE |, S8 PVA-HAN f& R
72 M BRI PR 4R 5 BIF 5 [R) B 3 A v R R 5 40 A AR
% % B AL 4 B 7T HAN JE d 45 [ (R 4 E
(HAN-ECSP) ke i 15 1 BE -

1 LIeE S

1.1 KF5EE

R < A R A (AN 2 K XU Ak 27 38 590 B A R
O w s B R R i (HAND 5 5 -2 3% PO UM (5-AT) : 43 Br
i, V4 B B2 By A RS W) S BIR (HB) < 43 B 4l Bie va R
2B AT BR S W) 5 IR (PAND « b 5 Bk 25 R A
BRA A 7 RBE(CTS) g BT T A= AR B 0 A7 BR 2
Al ROIHEE1799(PVA Ly, R LHEEE 2499 (PVA, )
R OIHHE 2699 (PVA, ) R LIHEE 2899 (PVA ) : I
TS AE S0 R JRATBR A A .

A LTRSS s TP il H O R A4 R
THIL 5 e AR S e HL AR e 21 S5 (FTIR-ATR) 5
X P LA HHL(XRD) 5 AL 2= T AR (CH660) o
1.2 HRESEHE

HAN JE 2 [ {4 Hi 9 5]« 25 20 03 T Jr o &2 /40 L
43 PVA, (m=1799,2499,2699,2899) : 18%; HAN :
77%; AN:3%; A2 B 7 5-AT: 2%, HA1 HB & [ PVA
) 4%~20% ; PANIEL CTS i PVA T Y 0% ~3%.

HAN % PVA,,0o-xHB IR FE 19 1 25 - B AN U5-AT,
HB % fift 72 HAN ZK I W (HAN KB 5 91.2% 1)
HAN) , 50 CCI fiff , 15 5 it I 10 VAR e 22 = 0, 3 9k
A PVA i 38 5] b 43 BOE AR R b, 3 4 8 min
HERIEE A E TR d T K, 2 5
A 50 CHEAH [E 4k 5 d 15 5] PVA,,0-xHB (x=4%, 8%,
12%,16% ,18%,20%) .

HAN 3£ PVA,,,,-8% HB-yPANI 5 PVA,,,-8%
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Fig.1 Dumbbell-shaped tensile specimen
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Fig.2 XRD and FTIR-ATR characterization of PVA with different degrees of polymerization
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Fig.3 Tensile stress-strain curves of PVA specimens with different degrees of polymerization
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0.25. filA 4%HB,HB 5 PVA [ EE R L 25 4 0.02, 1%
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c. optical microscope diagram
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Optical electron microscopy images of propellants
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Table 1 Water absorption of propellants with different HB
contents
uality before uality after
HB / % q . Y q ) Y water absorption%
drying m, drying m,

4% 0.33 1.36 312

18% 0.29 0.86 197
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5 CTSHARY B ZE M 45, SR B — FUAR AR R R4 7 5256, 1 Al
HOR BB AE R Z: LB S0 VR R0 F i, B 1o A
HLH , 3 PVA,,00-8% HB-yPANIFI PVA, ,,-8% HB-zCTS

q v
-5 B
<
g 6
3
B
< | PVA,.8%HB
8r PVA,,,.-18% HB
08 06 04 02 0.0 0.2

potential / V
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Fig.5 Tafel plots of the slurries with PVA,,,,-8% HB and
PVA,,.-18% HB

F2 PVA,,,,-8% HB I PVA,,.,-18% HB 253 (1 )& pl P $c o
Table 2 Corrosivity data of the slurries with PVA,,,,-8% HB
and PVA,,,,-18% HB

propellant/ % corrosion current density / A-m™’

PVA,,;,-8% HB 9.95x107°

2499

PVA,,,,-18% HB 5.00x107

2499
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TRAE . 4543 3 M 2 a7 A1, in A CTS Al PANI Y 24
WM PVA,,..-18% HB Y JE 1 v, 37 %5 B AR, Hor,
PVA,,,-8% HB-2% PANI 243 . PVA,,.,-18% HB [
fE ool U % OBE BE IR T 3.88%107, PVA,L,-8%
HB-1%CTS 253 Lt PVA,,o-18% HB Ji& it H I %% 1 [&
ik 4.38x107%, I itk #F 58 Ik B PVA,,,-8% HB-2%
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24 ¥EFNEEHWMRSHIEEREEHRFNNZE
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a. Tafel plots of the slurry of PVA,,;,-8% HB-yPANI
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b. Tafel plots of the slurry of PVA,,,,-8% HB-zCTS

Bl6 Z5IAyIEIER LA

Fig.6 Tafel curves of the slurries
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F 3 PVA,,,,-8%HB-yPANI 253 5 PVA,,,,-8%HB-2CTS 25 ¥ (1
JE& e P e 4

Table 3 Corrosivity data of the slurries of PVA,,,,-8%HB-yPANI
and PVA,,,,-8%HB-zCTS

2

propellant / % corrosion current density / A-m”

PVA,,,,-8% HB 9.95%107°
PVA,,0,-8% HB-1% PANI 1.09%107
PVA,,0,-8% HB-2% PANI 1.12x107
PVA,,,-8% HB-3% PANI 1.14x107
PVA,,,-8% HB 9.95x10°
PVA,,0,-8% HB-1% CTS 6.18x107
PVA,,5,-8% HB-2% CTS 5.76x10°
PVA,,5,-8% HB-3% CTS 4.58x107

2499

ML IR AW PANI, #2218 G)B770B—2005 k 253 56 77 1 18
8%HB 1y % ik L W KR [ & & PANI A5
PVA,05-8% HB-yPANIAE#E 7 fir il A, 347 1 1 2
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FIF7R o

I 7am] LIE H 24 PANITH 0% 38 i 5] 3% i},
Xof o7 i 2 790 BB 3 B 1 0.31 MPa s %] 1.03 MPa,
Prhi i Z i 101.18% 8 N % 432.85%, 24 PANI K
2% B, X R B4 HE S A ) 2R R R R B R K, XA
9 PANI L 23 5 PVA I 52 308 il & > ek T
PANIZEAfi 7E PVA 5 HB JE B Y 52 Bk 9 45 v, B B
FRA Y WY G5 P R A e, (B
PANI Y 3% B, XoF 7 4 4 22 551 7 27 P RE [ 2% PANTHY
Ko XA PANIAE TR, H& &k Z 6,55
PANIRN 2 5] o3 8, S BUHE 0] g 2 bR 25 . PRt
PVA,,s-8% HB-2% PANIZUR F A1 .

HE 7b Al LLE H, CTS & & 0% 34 n £ 3% i,
e 7 HTPL5E EE  0.31 MPa g in®] 0.87 MPa, i
K FH 101.18% 34 i 3 302.28%, 4 CTS & & K
1% B4 2 500 09 1 = e e e Ko Ak b iX 2 o
CTS i & A7 K E ) FE FE RN 2 3t | = 5 1 58 58 A2 SE 40
AE5 PVA IR A B (2 F T CTS ZF4iifE PVA
HB JE 14 Ak 2% 2 35K I 45, ik b 2 128 SR 5 W) I 2% 2%
MRS S F R, EYCTSHERE KT 1%
BF, T2 M RB AR . X2 MR R Pk & &, Y
CTS# T 1% i, i £ CTS 5 PVATE & 4 /b it HAN
TR W AN e FE 43 WK i ik 5 BUTT 22 Pk e BRI, U

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-11)

18

1oL PVAur8% HB
i PVA, 8% HB-1% PANI
o 12 PVA, 8% HB-2% PANI
= 10r PVA, ,-8% HB-3% PANI
2 08t
o
@ 06f -
04f rd
02t |
0-0 > A i A '
0 100 200 300 400 500
strain / %

a. PVA,,,,-8% HB-yPANI

1.4t PVA,,-8% HB
1.2} PVA,,-8% HB-1% CTS

& 10F—— PVA,,-8% HB-2% CTS

% 0.8} PVA,,-8% HB-3% CTS

S 06} s

g ,
04}

02} /“!
0.0 . . . . . .
0 50 100 150 200 250 300
strain / %

b. PVA,,,-8% HB-zCTS

7 & PVA,.,-8% HB-yPANI Ml PVA,,,-8% HB-zCTS
HAN-ECSP #f 3t 50 (9 17 7 -3 2% i £k

Fig. 7  Stress-strain curves of HAN-ECSP propellants with
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Fig.8 Diagram of the cross-linking mechanism of the propellant
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Table 4 Combustion start-stop performance of propellants with different formulations

propellant/ % first combustion response / s

flameout response / s

second combustion response / s

PVA,,,-8% HB 3.41

PVA, ,5e-18% HB 3.38
PVA,,09-8% HB-2% PANI 3.06
PVA,,00-8% HB-1% CTS 3.43
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Mechanical Properties and Combustion Start-Stop Performance of Semi-Interpenetrating-Network HAN
Based Electrically Controlled Solid Propellants

NAI Hui-min, LIU Fu-han, WANG Bin, XIA De-bin, ZHANG Jian, LIN Kai-feng, YANG Yu-lin
(School of Chemical Engineering and Chemistry , Harbin Institute of Technology, Harbin 150000, China)

Abstract: To explore the effects of the degree of polymerization of polyvinyl alcohol (PVA) as a binder, the content of boronic
acid (HB) as a crosslinking agent, polyaniline (PANI) and chitosan (CTS) as an additive on the mechanical properties and com-
bustion start-stop performance of hydroxylamine nitrate based electrically controlled solid propellants (HAN-ECSP), the samples
were prepared by the swelling method. The mechanical properties and combustion start-stop performance were studied by ten-
sile test, combustion start-stop performance test, X-ray diffraction (XRD), Fourier transform infrared attenuated total reflection
(FTIR-ATR) , and optical electron microscopy. The findings indicate that there is minimal variation in crystallinity among PVA
samples with different degrees of polymerization. But when the polymerization degree of PVA is 240050, the —OH content is
relatively high and the mechanical properties are better. The HB content influences the crosslinking density of PVA. PVA,,4,-20%
HB exhibits a relatively low density and uneven surface depressions. PVA,,,,-18% HB demonstrates superior mechanical proper-
ties, boasting a tensile strength of 2.36 MPa and a tensile elongation of 482.92%. However, it is highly corrosive to the copper
electrode. Therefore, an initial network is formed by cross-linking 8% HB with PVA. The PANI or CTS is added to form a
semi-interpenetrating polymer network with PVA. The tensile strength of the PVA,,,,-8% HB-2% PANI propellant is 1.03 MPa,
and its elongation at break is 432.85%. The tensile strength of the PVA,,,,-8% HB-1% CTS propellant is 0.87 MPa, and its elonga-
tion at break is 302.28%. Both PANI and CTS addition to the ECSP can achieve start-stop, and the maximum burning tempera-
ture can reach 800 °C.

Key words: mechanical property of HAN-ECSP; combustion start-stop performance;polyvinyl alcohol polymerization degree; HB
content; semi-interpenetrating polymer network
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The specimens were prepared using the swelling method, with a focus on investigating the effects of binder polyvinyl alcohol

(PVA), crosslinker boric acid (HB), polyaniline (PANI), and chitosan (CTS) on mechanical properties. The hydroxyl group in

PVA not only facilitates cross-linking with borate to form a boron ester structure, but also enables the formation of a

semi-interpenetrating network structure with PANI or CTS through hydrogen bonding. This enhances the mechanical properties of
the propellant.
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