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Fig.1 SEM images of nano-Ni particles

K GIB770B=2005 J7 % 701.2 15 £ F1 R b 4
— I R I R (0 A R A GJB770B—-2005
Dk 7021 AR R J 7 A SRR 10 N A e 20 590 1)
Fe%s. #HE GJB770B—2005 J7 i 401.1 %5 Ff —— %5 JiF
R 32 N S A BE R 0 %% B L MR HE GJB770B-2005 J7 ik
706.1 K 3 —— #1028 3 0 A O ) A R . K R
GJB770B—2005 J7 ¥ 503.3 % 5& P —— H 5k 48 3 Al
GJB772B—-2005 J7 ¥k 503.1 % 58 T ——4k s B g il 52
e 1 ) 0 A2 % g . #% GJB770B=2005 774 601.2
88 o B R VR v T 4 A ) e o R, U
WA V5 R 2 kg, 2545 30 mg, 38 o7 J&E F 50% 48 1k
R PEVE S E Hy, Ko o % GJB770B-2005 J7 ik
602.1 JEE 48 8% i 8 O ARE S 3% T A 2 R Y JEE 4 R
BE A A& - K 2.45 MPa, #8241 66°, 251 20 mg,
JEE 48 B TR JEAE R PR . K4 GJB770B-2005 J5
1 705.2 L ——HE Jy {5 % W0 o SE 0 00 N BRI PR
AE MR A6 . (1) @50 mm K BhHL, k24 g; (2)

Chinese Journal of Energetic Materials, Vol.27, No.9, 2019 (729-734)

@130 mm KB, £ K230 g,
23 HmEl&E

[E] 1 HE 2 500 A R B A ) B IE P A T 2 s R
WA - B0 0 K 7K - 9 R T S - MR8 A 1 T 20 o A R
e 7 2 A T 3R 1 o Co AR R, A HLER L
AL Rl 2 A

R HEDERIBC T 4 AL
Table 1 The ingredients of CMDB samples and their contents

mass fraction / %

sample

NC+NG Ct Al RDX nano-Ni others
1 83 5.75 5.5 0 0 5.75
2 83 5.75 5.5 0 0.7 5.05
3 75 5.75 5.0 10.0 0.7 3.55

3 #HRS5WiE
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Table 2
Al-CMDB and RDX/AI-CMDB propellants

The effect of nano-Ni on the thermal stability of

methyl violet, Vieri, 5 s outbreak

5 h explode
sample change color  change color temperature
] ) ) or burn
time/min time/h /°C
1 68 68.0 not 268.4
2 69 68.5 not 258.0
3 70 68.0 not 258.0

3.2 nano-Ni X AI-CMDB #1 RDX/AI-CMDB # i# 5
LA FE B 3 T
nano-Ni %I AI-CMDB il RDX/AI-CM DB #f £ 7 #L
IR 1 5 e 25 R L3R 3

%3 nano-NiXf AI-CMDB il RDX/AI-CM DB #fi #£ 7 HIL i & i
ik AL

Table 3 The effect of nano-Ni on mechanical sensitivity of
Al-CMDB and RDX/AI-CMDB propellants

sample impact sensitivity-H; /cm friction sensitivity/%
1 10.6 85
2 13.7 81
3 11.0 72

M2 30 LLE ), B0 nano-Ni a] /)N i B 8 3%
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HEFIR B PR RE A s ), & S5 L A6 AF 6 4F W TR
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0.26 [ 7 0.12,16~22 MPa 1) JE 3 45 % M\ 0.24 [%
ik 3 0.05. fil A nano-Ni J§ RDX/AI-CMDB #E 1 7
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WX ], 12~22 MPa AT A0 A7 4B X [i1] J& 58 $8 20/ T
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Fig.2 The effect of nano-Ni on the combustion performanc-
es AI-CMDB and RDX/AI-CMDB propellants

Ra YR R ) TR 18 K (n) Y 52
Table 4 The effect of nano-Ni on the pressure exponent of

corresponding solid propellants(n)

n

sample  temperature/°C
12-22 MPa 16-22 MPa 8-22 MPa
1 20 0.26 0.24 =
2 20 0.12 0.05 -
3 20 —-0.06 -0.18 0.10
3 =40 - -0.22 0.07
3 50 - -0.20 0.07

SXUNT 0,-40 °CHITE 14~22 MPa {T-fa] #H 48 X 8] [
SR PG BN T 0, A KON . {HJE , nano-Ni A B L
B0 S HE E R R R TR R RO R B, 5 R
nano-Ni#fE#E ] —F£ , & nano-Ni 1) RDX/AI-CMDB #
EF) 50 CCHR B B, 20 CHR, -40 CHefik. Mz,
# nano-Ni i AI-CMDB Fl RDX/AI-CMDB #f 3t 7 fiy
BRBETE BB 5, 7 & M 2 HOX ) B8 o X oA 57 == IR
fitt 47 6 AF 17 5 19 = o AR IR BR 2 T & R, nano-Ni Xf
RDX/AI-CMDB #E #f 7] 4 I 4% £ 5 8 3 79 52 i) AS 1]
o HEEF A KIS B R R B X &
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Table 5 Effect of nano-Ni on the energy properties of
Al-CMDB and RDX/AI-CMDB propellants
explosion heat specific volume density
sample fog /Lokg" Jg-cm™
1 4978 624 1.701
2 4963 626 1.701
3 4955 638 1.695

MZE 50 LLE B, A nano-Ni J5 AI-CMDB # it
FIPEIM TR 16 )87, LA B EAA B . 7ERE
i 2 FRHE FE R T A 10%RDX K 0.5%Al 5 #3571
M EEFA TR 9.0 J-g7, B E T % 0.006 g-cm ™ [HZ 1L
M 12 Lokg™, FHOJE R AT AR A0 R & R BEAL S BUR
P TG (02N A RDXJ5 B RDX A & & 5
e, AL R SRR e 0 5 40, BRI 1 A . SR
0.7% %) nano-Ni X 4f i 7] 58 5 1 fg 52w A W] & .
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KPR MR UL E 3, RDX/AI-CM DB k5 (BE 5 3)
1 & g L g th 2k WK 6 .

ME 6 RS 1M =R RS HLRE AT LLE 1,

£ 6 AI-CMDB I RDX/AI-CMDB #3571 (19 % shHL N 538 1 BE

p-t

p/MPa

0.0 0.1 0.2 0.3
tls
3 FER 2050 mm &AL p-til 4 (20 °C)
Fig.3 The dependence of the combustion chamber pressure

on time for propellant charge sample 2 at 20 °C
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M 22.0 mm H#Eh1%) 23.5 mm, F 5 JE 5% M 16.38 MPa
e Ik 2 13.68 MPa, M & i 3.784 MPa-S [ It &
2.887 MPa-S., Xfb# 4MmE 6, v LIFEH 20
PN B B M 9.96 MPa £ 14.12 MPa L [A] JE 58
() S R AR 2 2~3 mm-s™'o MRE & 3 IR 56 AT
PLE 1, & nano-Ni [ RDX/AI-CMDB #i # 7 1 76 A
[F) ¥R B2 T, #2570 B9 FE v 50 °CHb—40 °C 5.8 s, HiJE
PR AT B 2 8 590 ) 8K s, T VR IR ) S, 483 2 1 B o G
AR A D SR i TR 2 — S ) ) e I A 2 D
HzZz—.

M e fE 3 K 40 LLEH, & nano-Ni [
Al-CMDB #fE #E 5 %& sh HL il &3, o 5 , & sh bl
PRI L B AR K . % nano-Ni 1Y RDX/AI-CMDB i
HE (4 & B B R GE BE S, RDX/AI-CMDB #E i
) @130 mm K& 3 L kb of 7E —40 °C ik 3 241.1 s,
50 Cik % 246.9 s, p-t M £ V-4, WO & PEfig R 47 .

Table 6 The inner ballistic properties of AI-CMDB and RDX/AI-CMDB propellants

sample engine size  temperature balance pressure burn rate mass impulse effuser inner diameter specific impulse
/mm /°C /MPa /mm-s™! /kg /MPa-S /mm /s

1 50 20 12.63 = 0.080 = = 227.4

1 50 20 9.88 - 0.080 - - 226.1

1 50 20 8.65 - 0.080 - - 222.5

2 50 20 14.12 35.79 0.803 3.784 20.00 -

2 50 20 11.92 34.93 0.787 3.235 22.00 -

2 50 20 9.96 33.85 0.788 2.887 23.50 -

3 130 50 15.97 36.43 3.660 - 26.5 246.9

3 130 -40 15.63 34.94 3.660 - 26.5 2411
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Effect of Nano-Ni on Overall Properties of AI-CMDB and RDX/AI-CMDB Propellants

YUAN Zhi-feng'?, LI Jun-giang', SHU hui-ming', ZHANG Jiao-qiang’, SONG Xiu-duo', GAO Hong-xu',
ZHAO Feng-qi'
(1. Xi"an Modern Chemistry Research Institute, Xi'an 710065 Chinas 2. School of Science , Northwestern Polytechnical University, Xi'an 710072 China)

Abstract: In order to understand the effect of nanometer nickel(nano-Ni) on the over-all performances of Al-composite modified
double base propellant(CMDB) and hexogen(RDX)/AI-CMDB propellants, the energetic property, thermal stability, mechani-
cal sensitivity, mechanical performances, inner ballistic properties and the dependence of burn rate on the aging process have
been studied. The results show that the addition of nano-Ni had little effect on the performances. The effects of nano-Ni on com-
bustion behavior of these propellants have also been studied. The results show that nano-Ni can greatly improve the combustion
performances. The inclusion of nano-Ni can increase the burn rate of AI-CMDB propellant from 28.32 mm-+s™' to 35.94 mm-s™'
at 9.81 MPa, and lowering the pressure exponent(n) between 12-22 MPa from 0.26 to 0.12. The burn rate of RDX/AI-CMDB
containing nano-Ni at 9.81 MPa can reach 36.63 mm-s™, with negative n between 16—22 MPa at different initial temperature.
The specific impulse of RDX/AI-CMDB propellant could reach 241.1 s at =40 °C and 246.9 s at 50 °C in @130 mm rocket motor.
Key words: nano-Ni;combustion property;inner ballistic property; Al-composite modified double base propellant(CMDB) ; mesa
burning
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