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Table 1 Relative humidity of several saturated salt solutions

relative humidity at given temperature/%
20 C 40 °C 50 C 60 °C 70 °C

solute

LiCl 11.1-12.6  11.2+0.3 11.1+0.3 11.0+0.3 10.8 £0.4
MgCl, 33.1+0.2 31.6+0.2 30.5+0.2 29.3+0.2 27.8=0.3
NaBr  59.1 0.5 53.2+0.5 50.9+0.6 49.7+0.8 49.7 1.1
KCl 85.1+0.3 82.3+0.3 81.2+0.4 80.3+0.5 79.5+0.6

3 HR5WiE

3.1 RN S22 NEPE $# i3 7 77 514 BE B9 32 i
3.1.1 hEMREUNEANE

Bl1JE 70 °C/28% RH Z& 1T 24T EaER
AR DL o Hr BT AT L NEPE Hf 3k 550 32 R X0 )
PEBEHTHL 38 2 5 0 B, R R R PR RE S 1k
M B HOBUNE T 28 1 7 A0 55 9 4> 1 RE Rl
AR B P R PUAL 38 5 (9 42 4 o Bl - A 2 AL T #h B
B, o, G AR, F R ) A TR E B R — A F
a: FEFE B )G, o, FRIGE TR, &iE T
— MR- 5o BEmF SR 5 BORIR 2 0. 20 MPa, #E it
2 BRS04 4 30T i A o

180
164 -0,
14 v £&n A—A 160
. e /,\ -
o 1.2-.\ —F, .
= 101 % v L18Q
o | S s
T 08 |y gA—n ) / S
g |[AeTt——=1 . 120 ¢
& O'G-A‘/ .Q' “
0'4{ ,/'/' .\- 100
02{_/ e m
2 H
00 —_— —1L g0
0 10 2 30 40 5 6 70

aging time / day
Bl 1 70 °C/28% RH 3RIEAMFT NEPE HE Bt J1 £ PR A L
Fig. 1 Mechanical properties of NEPE propellant aged at
70 °C and 28% RH

A 2 Xk AT DL B — Ak R R A BE T A R AR A AL
R B IR 28 AL R A (IR IR & 1k ) A PR RE L
I DLIE 2) , T 6 T 46 20 55 — > 1 el A2 B )

Chinese Journal of Energetic Materials, Vol. 18, No.3, 2010 (309 —315)

F VR RS A RLHAR BE O #8 AL R Ak (R AL 1 A 1k fiE
AR LA LA 3) o M FRWL b B A RO ) 2 Al 1t
T TR S 3R B Ok 38 28 AR I A ) SRS AL R R BN e
R R AL 2 AR Bin o 25— PR RE R A2 BUR A
M AR B, PR RE AL A 2R A W AR AT, LR AR Z
W ERZACIX , - & BT I 15 — AP RE R AL B
K E L PR R B, P AL T J2 2 A 1~ S,

Rz At B X
1.8 160
—&—0p
i} 4 |140
16 by o
LAk, TE v H120
< My N, 100 &
- 12 "v\r/‘ I E
W . L
2 4, oy '\v><. B0 o
‘“E | .‘\ \ F 60 wE
©
081 "\
F 40
\_\ .
06 — . k20
E—
0.4 - - , . 0
0 20 40 60 80 100
aging time / day
Bl 2 NEPE #EJEH) I (20 °C/85% RH) &1k J) % 1 fE
Fig. 2 Mechanical properties of NEPE propellant aged at
20 °C and 85% RH
28 - 140
—A— € hd
24 —~— &y /‘ 120
v —— E, /X
20 > I A 100
©
e »
=16 80 =
w . ©
2 12 \/,/\ . 60 S
S ¢ . _/n/_ . &
© T~ TR
08 N 40
04 \:\\. 20
0.0 T r r - : 0
0 20 40 60 80 100 120 140
aging time / day
B3 NEPE #EitF) 70 CHE A SRR

Fig. 3
70 °C and airproof

Mechanical properties of NEPE propellant aged at

3.1.2 RN F1 2L IR E B A R

70 C I A ) B 53 9 B Xof 4 2 551 g = P R 5E i DL
B4, 7RI (1% RH) T, Y 820 X ) ) 2 1k
REAS FLAR /N, b2 2 AL IXF- & I )R K o Bl 4 32
R Wy BERE AL X1 7 22 PR BE T K i S5 384 0K, T 49y B2 Ak
DX PR I ] 5 B2 B AR AN B2 B ALK G 4. 2
B E 50% RH J5, 2 & BA BB Wi-F6; &
JEIKF] 80% RH Ja , A EAAKELEE &,

At p

WwWww. energetic-materials. org. cn



NEPE $fi o 571 3% 4 0URE g 28 145 1k

311

AL R X I R 5 B Al IX Y R i A A
DXV G Fp 22 (8] o A X B 6T 49 12 Ak DX 1 52 i L
SR B AR EAT 4R — S (S W3k [10]) .
X JEE R 51 A A2 Al X 65 45 S I 1E) 46 L, X2
PR B8 R 0 A A R IE A

1.041 —0— 80%RH
4 — —o— 50%RH
09 Vv —A— 28%RH
08 %M —o— 11%RH
. P
o 07 \ A A—a
T B
Z 06{ R
£ [m] A
© 0511 o\o \
d \ v
tn
041 P N\, \
03 o A\ v
A
0.2
0 10 20 30 40 50 60 70 80 90 100 110
aging time / day
a. o, -tcurves
220
o —0— 80%RH
200 | / —0— 50%RH
wl —A— 28%RH
/ —— 11%RH
160{ T

wol |/
/
120 1 ﬁ:lyo / V—y
O
100 {[ A — ——v/
80 §
60

€m %
o,
o
S

0 10 20 3 4 5 60 70 8 9 100 110
aging time / day
b. &, -t curves
B 4  NEPE 950 A Rl B R g 25 PERE Rl I 1) i1 48 46 (70 °C)
Fig. 4  Mechanical properties of NEPE propellant aged in
different humidity at 70 °C

3.1.3 EBANNAZHHEENTMN

A ) B AL X R S

5 25t 1 7E NEPE $EDE5 A0 T[] — i AR 7 T
PR AN RN B e AL i) g~ PR RE AR L B . 7
IR R I A VR AR 22 S A R (IR 1) AT
AL R — 1R B K-

HI & 5 1] UL, 5 3 BUAH X 98 BE /K ST, HE 7 77 4 PR
Al DX 58 1 11 3 W Il 52 494 DR 3 oK, 4 A IX
(1 R [ 5 58 0 PP S o 8 8 A T 447 o X R WD il B X
Py BLEACAT 35 R W), He EL A 18 1 000 M S A

CHINESE JOURNAL OF ENERGETIC MATERIALS

1.0 J; ——2°C
tal —0—50C
09 \
L —4—60°C
08 % \D —~—70°C
g 0.7 4 \D
& 06 \EI
\ \ \D
05 114 \D
VAo \8
0.4 W\V A\O\A\A\O_—/O
V
03 - - ; ; -
0 20 40 60 80 100
aging time / day
a. o,-t curves
220
v ——20C
200 / —0—50°C
v —— 60 C
180 / 0°C
= 160 P
S 140 AT o—0
W A/ o—>©0 \O
12015 0

O
100

aging time / day

b. ¢,-t curves
B 5 AREET NEPE HEZEF 128k (80% ~85% RH)
Fig. 5 Mechanical properties of NEPE propellant aged at
different temperature (80% ~85% RH)

B. XfAb=E B AL X

POA Rl e P 2 X S e X &,
WGBS ) A o 2 A X T ARl vy 3 R 356
Jeil A B B it 1) I [ S 4 e T LS 3, B AR B X £k
7 A DX 5 M By SRR X 38 2 114 S 0 R L

6 J& 30% RH B3 A 7] I 2 A i P e A2 A Xt
Foo 20 “CHI50 CHIRIRARBA P EAL X, HAEXT
FL 60 CH1 70 CHyikIRgi R, & 6 nl K, X
EACIXAT WIS R 5 32 B A it S By, - 5 Fp 5 i (]
SRR B, L S S

ERBFFEA R RRARXUN ST B A A e L
59 2 A A A g S0 R A7 A 3 A A DR SR ) B
RN o B[R] R0 B AR BEAE P AT T e — S TR XS W)
2 A DX A 39 T 2550 1 RIS, e R R A S
DA Tl o 5

20104 #18 4% #34# (309 -315)



312

W, Ak, EER, KiFF, REE

1.0
0.9
08
07 D,,\, O—— o o} o}
‘O%’,@&
g 06 ——20C
= A
< 05 M —0—50°C
c 04 —A—60C
0.3 V\ —v—70C
0.2 v
0.1
00 : ; ; . : . . .
0 50 100 150 200 250 300 350 400
aging time / day
a. o, -t curves
160 , /A
fv A —0— 20°C
140 / —0— 87T
f K —A— 60°C
v o
o120 / ——70°C
< /A .
CA00 YA oo o— ©
00— -
go ¥, A0
2o
60

0 50 100 150 200 250 300 350 400
aging time / day
b. &, -t curves

6 R[FIIEEETT NEPE #EHE 2P AEA L (28% ~33% RH)
Fig. 6  Mechanical properties of NEPE propellant aged at
different temperature (28% ~33% RH)

3.2 NEPE #E# FR R S Z L FHHE
3.2.1 NEPE ##t 7 f) 4 & (L AL 22

s S 2 NEPE HE k59 9 3 £k 1T 43y 19
BB 55— B Be o il IR T 40 ik 7= 00 1 22 5 9 i B
2 W B )40 ) R R 1 S A, 4P R 1 ) 2k g
YR8k 5 5 — B B R B R T 4 1 7 0 A T RS )
RRB B, W B2 ) CTH FE 58, B R I o0 il R
51 A Rk R ZR PR R A DR I 2 1 e B T R o

AJ L, NEPE 3 57 #3240 1Y) 5 B2 il BR TR 1) 43 i
X5 LA R iR oy 5 2 20 43 i BUREHE 4 ) 2 L, BUE
1 750 2k ok R v s IR TR A 0 i LR F TR, AR
PESCER (14 =17 J4R0E S BRI 3 i £ LT O
R—O—NO, —R—0O - + - NO,
R—O—NO, +R—O - ( - NO,)—
N,, N.O, H,0, H,, CO,, CO, C,H,0,, - NO, - NO,

H+
R—O—NO, +2H,0 —»R—OH + HNO,
2+ NO+0,—>2 - NO,
- NO, + - NO +H,0 —>2HNO,

Chinese Journal of Energetic Materials, Vol. 18, No.3, 2010 (309 —315)

3:NO, +H,0—>2HNO, + - NO

L UL R TG 40 % o R o K 4 R A

T 700 B P 2 5 PR TR ) 3 7 90 2 N
SO 5 B B 00 1 4 T 20 0 0 1 M B RS R
bt e R A T R IR T 1 3 7 0 I R
SRS T, R E R T DL NEPE ffi it
FIBCEAL I FRIE S i

S TR T8 43 AR TG TR A9 19 ol 2k ok 08 T 4 700 1 2%
51 P 24 i, 2 B NEPE Hfi k70 5 fk i 72 b
FPERE T B BRI o AT T R 1 0 ) 2% £ A
Al 2 T A NEPE #fi 3 70 2 £k 1 1h 2% 45 4k 1 & %0 5%
oo FRUEHG 470 0 265 AL 2 0 P 1 3 L 5 550 68 T (
VI S BN SE B E  Kelley! "™ 45 1, i F 5 B 78
B4 TV B T ik S B 5 W T 1 K T AR AR A8 B
BRI SE A5 AR PR AR T A L B A, 75 A 1 I R i
Zorh A ORL L T 1 11 0 B 58 106 A, 2 S 38 166 %
WEE R ST, R TR, A
3 B 75 Al SR ok B S Al A L 5 R T B

AR SR FH R 5 790 1 R IS 4 (5 0 e A B
N BB WA~ 5 8 AE NEPE H 7 3038 #4007 g %
fload i A AL 2 A8 AL

7E T35 B Al (B L) 1 A B
By VR IR A BRI AL L e 1 2 M R A 5 A AL B ]
(56 R 7 s, i 7 WL 7E SRR B X
BI5GB 70 R S il R R
0 A ERER SR O SN, B HTHI® EE
WM 43 IR A 2 T OB, B 1 B AL B B,
NEPE #fi ik 5D 7 700 190 2 52 28 18 W il 5 7 5 0 1 #E
T 52 A I S R TG 0 2 2, R 23 790 1 4% A A% o )

1.0 1 —m— tengile strength,MPa
—e— content of stabilizers, %

09 M —a— gel fraction

08 !.é<g>£<::ﬂ\

07 o A\A

06 ..

05 O\e\o \A\

04

0.3 1 \0\ o N

02 AN A

04 1 °\

0.0 ®

01 . . . )
5 10 15 20

aging time / week
B 7 70 C& AL NEPE ffi: BE5) Jy 2% 5 B AL 2 Bt 2 AL i)
I5 7y 2% 4
Fig.7 Tensile strength, content of stabilizers and gel fraction

of NEPE propellant airproof aged at 70 °C

@
o
o

b AT A www. energetic-materials. org. cn



NEPE $fi o 571 3% 4 0URE g 28 145 1k

313

3.2.2 HHEFAUFHESERZUMBENELAE

8 45 R AR RN S ME TR NEPE it 550 g 22 4
RES M0 BAL o3 M 2 BB & A i 1) 9 A2 AR 15 20, 141 9
PO T B SR IAE AR ZS T BEI 3 RO A E 7 %
AR

1.0 —=—tensile strength,MPa
0.9 —e—gel fraction
T —A—content of stabilizers, %

08y i
07 e w \-s.

0.6 e
05 N
0.4
03 .

02 A
041 ‘\
0.0 A

0.1

0 50 100 150 200
aging time / day

B8 NEPEffEIEHI1E 60 “C/11% RH W Jj 2 PERES K 5 B L
o3 2 Bt AL 1) B 2 A
Fig.8 Tensile strength, content of stabilizers and gel fraction

of NEPE propellant aged at 60 °C and 11% RH

0.7 -

'\ —m— thermal aging
06 1 .\ —@- hydrothermal aging
05 ] I\
04 { u
\
03 N LN

0.0 ® | ]

content of stabilizers / %

0.1

0 50 100 15 200 250 300
aging time / day
a. stabilizer
095
090
085
080
075
070

—m— thermal aging
—e— hydrothermal aging

gel fraction

0.65
0.60

0.55 N T T T T T )
0 50 100 150 200 250 300 350

aging time / day

b. gel
9 60 Ci#EfEH 60 C/11% RH B#MEIRE T NEPE
2 ) Al 2 e 2 BOE A e xt L
Fig.9 Comparison of chemical parameters between thermal

aging at 60 °C and hydrothermal aging at 60 °C and 11% RH

CHINESE JOURNAL OF ENERGETIC MATERIALS

H1ET 8 [ 9 I, i A b IR 0 TR A 5
i A B IR B 3 T e/ B A S e e — 2. (HR
1 Tk 7 BRI 38 A8 AL 5 PR A AE LT LA J5 T
AR ESR

(1) B Bl Zeny MR SR 5o et
1 FEAE R i L T Ml 2 ARk, 5 AR CE Al 1 R A
EORTE . BUR U MRACECR TR W AR 0 T
FERCPR o AT REAE K I (e 0E 1 K I 156 o Ak, DA it o DR A
SE T FE AR

(2) a2 AT B B Il (B BE I 20 5 pidin
58 JE2 708 10k R ) e BT A3 ) T I 5 S 0 0 A T AR ) 2
ST SICEA L, 18 B Al 1 B i o0 B Ak
RAEF YT R G  28 S BOR WIS B i Rl IR A
PCBEIE 73 B A AR W2 T et BEMITERAT AT
BT, 7K 23 TR 5 7 I 245 e it 1) 49 7

(3) ¥edrm BRI AL AS ] o R 3 34
EACEE T 5 B I (] R e A K
TR E T I T FE o

P g3 A 2 1, 3R 8K o fe E T NEPE HE 28 5] 1)
il TR K G0 058 1T AR 70 6 il TR P 23 A 1) 41
i o
3.2.3 BEMERSHNBENSETANZM

10 25t T AR AR T (KC M RS
W REBREE ) AN TR TRLEE 2 Ak NEPE i 79) 5 it 43 B
E SR S A B S T DL RO E R o
AR P 32 25 0 i 1k 2 T oy o LR K o X AF A A SO
B A ML, S HCE R T = — 2.
3.2.4 BEMERSEMRENSETUANZN

BT 25 7 AR R B AN [ 38 058 o0 2 A
T R & B AR A R . AT L B B BE K o BORI AR
JE 79 5 A B 0 -5 R A R R AR A B, BIVRE S O3 K
Weg P RIS R 790 T 1) B2 D S 8 2 1Y o 5, B A
JEE R JRE PR o Xk — AP IR B AR IR AR ) A
AR R M RE XS T BE B 2B R 23 A R 5 7R 0 2% I fig
HREA e BEAE T

4 % B

P AU, 7 2 A ik i T A D DA 28 A6 D AL 1 )
HE AL RN LI AL O R AL 1 A2 2 1 PR 0 14
T JRE B S ) PR AL B BRI, R LA o B AT B
SEIfIA) o MNPRLR BE A, M B A0 52 W S B A N
SR, Wy B A X1 R R O, A2 2 AR F 5 R 2 ]

20104 #18 4% #34# (309 -315)



314

W, Ak, EER, KiFF, REE

Ao I RE X B AR IX ) s PR RE Y 7 Al R 5 R Al
R FEA 025 R0 00, R B« BU AL 5 BE 114 e e o 3t J3E %
RT3 O, 9y 238 Al DX 114 IF [ 125 I 3 88 3 A i 24

P BR324 A7 7 T A Rl PR 3R 1 I3 ) 2800
IR 80, 32 BEAR BEAE P AN 5 TG - — S il R X B

90
_5\5
I~ - -
\ /G = =
85 ¢ \
A ® —=—20°C
R A —8—50C
3 & —A—60C
> A4
5 \ —v—70C
% 75
o
70 v
65 :
0 50 100 150 200
aging time / day
a. gel
10 R[FELEE TR NEPE kR B S B2 16 (80% ~85% RH)

S A 1%y B A X 8 A 0 T T AR R, R R R X
3R T TV A A 2 1 DX i e 8 0z

NEPE #7112 £4 22 1k 19 S A AL~ HL B 5 P 1k
ARARL  AEL AR G 3553 1 RS A 700 X R T 4 ik 5 o 1) 47 7
AE T, I T SR T 14 7 FE LA BORS  50 114 F A

071
——O—0 D
osf\d—___ o
\, o
2 05 \Q —a—20C
g \ ——50°C
5 A_ —A—60°C
3 041 4 ——70°C
2
2 037 o
8
02
\4
v
0.1 . : : :
0 50 100 150 200

aging time / day
b. stabilizer

Fig.10 Content of stabilizers and gel fraction of NEPE propellant aged at different temperature(80% ~85% RH)

—a— 80%RH
90 —e— 50%RH
Y —A— 29%RH
5 ANy —v— 11%RH
l\. V’_‘V\v
= 80 NAA
@
[ ]
2 75 '.\A
g 4
o
38
65 "
\
60 A

0 50 100 150 200 250 300 350
aging time / day
a. gel

0.7 —m— 80%RH
06 —e— 59%RH
: —A— 30%RH
® g5 —w— 11%RH
8
S 04
e}
S
w
Z 03
2 021
S
0.1 1 \
00 A

aging time / day
b. stabilizer

B 11 NEPE #EiEI7E 60 °CAN [a) 2R 5830 B2 i 21 AL 2 5B 28 AL i 1) ) 242 1

Fig. 11

£ % 30k

[1] 4304, Anne Bergeret, Marie-Pierre Foulcmp. PET #y3 $4 % 1L
REMFSEL)]. ZORIRHEE,2001(4) 22 -24.

XIAO Ying-hong, Anne Bergeret, Marie-Pierre Foulcmp. Study of
the hygrothermal ageing behavior of PET[J]. Plastics Sci & Tech-
nology,2001(4): 22 —-24.

T A SR, U4 LA ALK A5 A A2 5 BEORHE B 1L BB A B 5T
D] FHM R T.Z,2002(4) : 51 -54.

GUO Mei-li,ZHAO Yan,XIE Ling. Study on hygrothermal ageing
mechanisms of aerospace structural composit[)]. Yuhangcail-
iaogongyi,2002(4): 51 —54.

HOBZR, ML, EAR, 5. R AT R A I A ) 2
BACWETE )] W FE s TR 2 B2 4, 2008,23(3) + 285 —288.
ZHANG Xu-dong,QU Kai, WANG Pi-yi, et al. Research on the
ageing behavior of composite solid propellant grain under

[2

[

—
w
[

Chinese Journal of Energetic Materials, Vol. 18, No.3, 2010 (309 —315)

Content of stabilizers and gel fraction of NEPE propellant aged in different humidity at 60 °C

the condition of high temperature and high humidity[)]. Journal
of Naval Aeronautical and Astronautical University, 2008, 23
(3): 285 —288.

[4] Edward F Cuddihy. The aging correlation (RH + T): Relative
humidity( % ) +temperature (°C) [J].
20(5): 463 —474.

[5] REF, LK. I T 4fi 500 i il S i 2 AL A BROT e [0 ] 4fe

WEH AR ,1997,18(4) ; 80 —83.

ZHU Zhi-chun, CAl E. The FEM of temperature and humidity

aging on polyurethane propellant [ J ]. Journal of Propulsion

Technology,1997 ,18(4) . 80 -83.

LI BT . [ A R A AR [ ] K A, 2008,

34(1): 59 —62.

ZHAO Feng, CHANG Xin-long. Hygrothermal aging life model

of a composite solid propellant[ J]. Journal of Rocket Propulsion,

Corrosion Science, 1987,

—
(2]
—

A

WwWww. energetic-materials. org. cn



NEPE #fi 328 51 32 $O0U0E g 2 Ak 48 1k

315

2008,34(1): 59 —62.

[7] Yao J,Ziegmann G. Equivalence of moisture and temperature in
accelerated test method and its application in prediction of long-
term properties of glass-fiber reinforced epoxy pipe specimen[]].
PolymerTesting,2006,25:149 —157.

[8] Hui-wen Hu, C T Sun. Moisture-temperature equivalence in
physical aging of polymeric composites| R]. AIAA-2001-1287.

(9] &, TT—Wd, BE 45, 4. 55 I 8] R 38 % i 23 1 40 8 24 4
RESZMAEATSE ()], P E B E 55 ,2004,34(11): 1222 -1233.
ZHENG Gao-fei ,KANG Yi-lan,SHENG Jun et al. Effects of humidity
and time on mechanical properties of polymer materials[}]. Science
in China Ser E Engineering & Materials Science,2004,34(11): 1222
-1233.

[10] MWABAE, ZAR , Pede B, 45 . NEPE §fe JE i 2 b e b 5s ()], &
BEATBE,2009,17(2) : 236 —240.

CHI Xu-hui,PENG Song,PANG Ai-min,et al. Studies on humidity
aging behavior of NEPE propellant[}J]. Chinese Journal of Energetic
Materials( Hanneng Cailiao) ,2009,17(2) : 236 —240.

OIML R 121. The scale of relative humidity of air certified against
saturated salt solutions[ S]. 1996.

[12] GJB770B —2005 ki1 % Test method of propellant[ S].
(137 5k, M, PEZ I, 45, NEPE Hfie g 57) Jg 24 1 RE 5 Ak 2 22 58 1 6
BB AAT N RHLBEL)]. HEREHEAR,2007,28(3) : 327 -322.

ZHANG Hao,PENG Song,PANG Ai-min, et al. Coupling aging

behaviors and mechanism between mechanical properties and

[11

[

[

chemical stability of NEPE propellant[ )J]. Journal of Propulsion
Technology,2007 ,28(3): 327 —332.

[14] Anton Chin,Daniel S Ellison,Sara K. Poehlein. Investigation of the
decomposition mechanism and thermal stability of nitrocellulose/
nitroglycerine based propellants by Electron Spin Resonance [ ] ].
Propellants, Explosives, Pyrotechnics,2007 ,32(2) : 117 —126.

[15] Vogelsange B. Chemical stability, compatibility and shelf of
explosives[)]. Chimia,2004,58(6) : 401 —408.

[16] Volk F,Wunsch G. Determination of the decomposition behavior
of double-base propellants at low temperatures[ J]. Propellants,
Explosives, Pyrotechnics,1985,10; 181 —186.

[17] Volk F,Bohn M A, Wunsch G. Determination of chemical and
mechanical properties of double base propellants during aging
[J]. Propellants, Explosives, Pyrotechnics, 1987 ,12: 81 —87.

[18] Kelley F N. Solid Propellant Mechanical Properties Testing,
Failure Criteria,and Aging[ M] // Advances in Chemistry Series.
Vol 88. Ed by Gould R F. Washington D C:American Chemical
Society,1969: 188.

[19] RU7 &, K25, HRRE R REER AN B ILEm V. mIGEk
A AL PERE A Sk (1] SR 2Bk Tolk,2000,15(3) : 13 —T6.
ZHU Wan-zhang, LIU Xue-ying. Ageing degradation of nitrate-
polyether-based polyurethane IV. methods for improving the
ageing-resistance of high filled nitrate-polyether polyurethane
[J]. Polyurethane Industry,2000,15(3): 13 —16.

Humidity-heat Combination Stress Aging Behavior of NEPE Propellants

CHI Xu-hui'*, PENG Song', PANG Ai-min'* | ZHANG Shi-ping' , WU Feng-jun'
(1. Assessment Center of Solid Propellant's Safety and Aging, The 42nd Institute of the Fourth Academy of CASC, Xiangfan 441003, China;

2. Naval Aeronautical and Astronautical University, Yantai 264001, China)

Abstract. NEPE propellant has been exposed to different temperature and humidity environment. Mechanical properties,gel fraction and
content of stabilizers have been measured to investigate humidity-heat combination aging characteristic of the propellant. Results show
that the humidity-heat aging of NEPE propellants is expressed as a combination of physical aging and chemical aging. The physical aging
is in character of humidity aging: mechanical properties change rapidly at first and then slowly as time extending,finaly trend to fixed
values. The chemical aging is in character of heat aging: there is a plateau of mechanical properties at the beginning,then a rapid drop
succeeds to,and a low plat roof appears in the end. There are cooperative effects in humidity-heat combination stress aging: humidity
accelerates chemical aging, and temperature increases depth and velocity of the physical aging. The basic chemical characteristic of
heat-humidity aging of NEPE propellants is similar to that of heat aging. But humidity accelerates the depletion of stabilizers and the
decomposition of binder network. Namely,humidity decreases apparent active energy of heat aging.

Key words: physical chemistry; solid propellant; storage property; relative humidity; aging
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