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MD K F GROMACS 2019 %47, 3 ¥ GAFF
J135" A H g R ) RESP B fap , 7K 43 1 4 R S A
TIP3PREHI % F GAFF J1 16 A HL R & W # 0l v
FA 32 I R HG o Tk e 25 A I A R A R BB
it 5% 2 GAFF LA BRELHL PAM 70 F IO AT 0 5
Sy FIRIA HAE

£ 300 KA1 0.1 MPa 251 F X HAN 43 F R JH 1.2
T SRR TR B TR T GAFF 1351
HAN % 4 1.62 g-cm™, 5 SCHR 8 /Y 52 56 % 3 (A
1.70 g-em ™ W HEE R — B R 227 A HE F N
(254.7%) 50Uk 1 Fr ik J) 75 1% 28 & S B R 14 & 1A
R ZR IS A

h W 5T PAM FE S R 2 e K th i RS L
AN TEECH B HAN K H BRI PAM 43 F 0 A — 4 K
& T (15 nmx15 nmx15 nm) , 7 40 504 % 1
No BETHRXLFEMES FRAMEHLRETH,
15 nmx15 nmx15 nm A9 8L & ROF 76 1 & R
MR FMFEC B & RSN, e/ ot
PAM 43 T [ B J — 4k W 2 45 40 1 8 o f2 . H
HOHAN & 43 50 70.5% . OB A R ol
10.5% A 72, PAM Jit & 43 8053 0 0,2.7% , 5.4% ,
8.1%,10.7% , BfiJ5 #£ 47 T 100 ns () NPT R ZE B4 .
HAN 7K | HBE AT PAM (1) 43 7 F4 8 LL R A 30046
MR R B 1 TR . Hoh PAM B R G R 23,
FCHA 23 ATk e 3 A
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Table 1 Components of each simulation system
number number of number number  mass frac-

case of H,O CH,OH of HAN of PAM tion of PAM
1 3435 1296 3000 0 0%

2 2828 1296 3000 5 2.7%

3 2220 1296 3000 10 5.4%

4 1613 1296 3000 15 8.1%

5 1004 1296 3000 20 10.7%

1.2 EUSHMNIZEE

Ja B I A R PR TR A T . R
JH fc T Bk R0 3G B B B VR UE AT K R BB & D
felom o BRMEREBEE /N T 1000 k)-mol™ -nm™ EAik
F U SR E . PEFE 300 K AT 0.1 MPa F B NPT &R %%,
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a. molecular model used in the simulation

b. initial configuration of the molecular dynamics simulation
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Fig.1 Initial setup of the MD simulation (N: blue, O: red,

C: gray)
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LINCS 5 3k Ml T &9 R #t K o JE 1 # & i 4%
Parrinello-Rahman J& JJ ¥ & #% Fl 1.0 ps B9 W} [8] %
e WREERR A M velocity rescaling thermostat, fif
8] % B 0.1 pso JE & A B 1E H1fifi F Particle Mesh
Ewald (PME)R A5 vk o ARBEAR T AR H b iy i i 4e )
i id Lennard-Jones 3 b BT 530, W 2 A2 € hy
1.4 nm. WIUE RT3 B AK# T Maxwell Boltzmann 43
A, B 10 28 il H — Ik Verlet 51 3, A5 ] b 358 F e Bk
Verlet 8317 i@ i+ GROMACS #J N & 2 5 5 M7 3l
AEEE, 8 3 VMD W 20

2 GRS

2.1 BifkHgE]

X PAM 43 F I L3RS HEAT T 53 F 8l J1 2445540
TEASTAU 5E B B A5 5] PAM 43 F (1) 41 3 B i 25 R an ] 2
FF7R o m I 2a AT, PAM 43 1 52 B 28 Bk A = 4k ™)
AREEH . PAM 43 F I 4 BE R QN 1] 2b T 7, PAM 43
B A Sty K A LR AR B ko 7 K SRR 1) 5 Ty
SUERE T PAM 43 U 25 3 S Ml T A L X G
Ji& 1) 43 1B B WA LA 2L T L T — A 3% B ) = 4
AR SRS R A 1 R0 b At 21 43 n R RN K - 4
FEH IR 2 B o A
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a.

b. molecular skeleton of PAM

2 BLALZE S PAM 43 F (IR 2

Fig.2 Box state of PAM molecules at the end of the simulation

3 HANTE PAM Y L 07 A A AL AR
Fig.3 Snapshot of HAN in the PAM domain
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Fig.7 Hydrogen bond structure formed at the three-dimensional network nodes during the simulation
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Fig.8 Number of hydrogen bonds in PAM systems with dif-

ferent mass fractions
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Gelation Mechanism of Hydroxylammonium Nitrate-based Propellants Induced by Polyacrylamide

TONG Rui-jie', SUN Zhen-qi', ZHANG Heng*, YUAN Shi-ling*
(1. Inner Mongolia Power Machinery Institute, Hohhot 010000, China; 2. School of Chemistry and Chemical Engineering, Shandong University, Jinan
250100, China)

Abstract: To explore the gel mechanism of hydroxylamine nitrate-based gel propellant, the molecular dynamics (MD) simula-
tions were employed to investigate the microscopic behavior, final crosslinking configuration, and the hydrogen bonding distri-
bution that influences the stability of the hydroxylammonium nitrate/polyacrylamide (PAM)/methanol/water propellant gel sys-
tem of PAM molecules. Results show that PAM molecules primarily form interaction nodes through intermolecular hydrogen
bonding interactions, further promoting the expansion of molecular chains and the construction of a three-dimensional network
framework. As the mass fraction of PAM increases from 2.7% to 10.7%, the number of hydrogen bonds formed between PAM
molecules increases from 11.98 to 109. Both Van der Waals force interactions and hydrogen bonding jointly drive a
self-accelerating crosslinking process of PAM molecules. The radial distribution of hydroxylammonium groups and nitrate ions in
hydroxylammonium nitrate shows a bimodal characteristic. The introduction of PAM weakens the intensity of the first peak, as it
reduces local interaction and energy density by forming crosslinking "domains", thereby enhancing the stability of the propellant.
Key words: hydroxylammonium nitrate (HAN) ;green monopropellants;gelation;viscosity ; polyacrylamide (PAM)
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