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A : WRT-1D B E 73 Hr A (b 50673 ) 5
Q200 A ZE AR EHUL (SEE TAR W) o Z5 i I3 fifk
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MNAESF 5 8 S ACR RAF, L5 iR R 50T A<, Re % i
A B 18] 9 AR50 A S 5 4 TR VA (R R B e 4210
2.2 XIgiE
2.2.1 NCDPAREHMHIT &

K IR A 3 % NC/DPAR & RE i, Horp
DPAR BT EE Fhy 3% . T Jeik#8 5) # & BB, i 1
BV XoF 42 7 79 A AR g 1) 3 A 1 SO i NC, S S 2 2 ]
TR B . HERIFREL92.78 mg DPA,# il 10 mL Gk
T B BCEWRE N 9.28 mg-mLT AR .
BFEEL 1.0 mL LR W, N A 24 300.0 mg T4 NC
B T OB 4 v S v VE NC R T Y ) v /i, Bl
o, B TR EE IS NC/DPA(3%) A FE i .
2.2.2 MK AE

W (TG-DTG) : FHREHFE K 10 K- min™' , A
S A, B E I I 29 0.5 mg. R
HHAL(DSC) : FHEHEHH 10 K- min™', AW 'R
G A HILRE b L3RR B 24 R 0.5 mg.

SRR AR - (1) B AR R 45 i A e
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s A T, 225 TR e Sk A O 3 O LS R 2 S
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B2 EJIEE R0 kPa, SR 5 47 B U8 25 1R, 76 5 3
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FE i 00 A S 0, B 2R ) E E R AE L 3R 45 NC/DPA
SO A AT R A AR L

3 HELAETE

3.1 HREEHHHRE

SEEGAE 378.15~398.15 K X ] f) 5 /4>l i T ok
17, 7 L0 5E A6 A [ B [8] 9 DPA/NC 3850 it BT 72 A 19 <
IR D) A4 R R — R R (298.15 K) IR FE# 3

Chinese Journal of Energetic Materials, Vol.27, No.12, 2019 (991-997)

fige 7= HE R U T AR B it 2 . B A s
p. % T,
= (1)
-

t

Po

K, p,h 298.15 KBS T, kPas pohy B 1 3RE 44
Iy R B SR R T, kPas T, o bR IR S R
298.15 K; T S Bl il il B L K
3.2 EERASEHNE

O R UR BE (o) A 3R AE 6 15 220 5 o 1 SR D0 (B
SIRXME S 20 i R B SRR I EZ L, B
_P

P

o, p oy FE i 203 R A0 i A SR R D0 L kPa;
p R IRRE 5 4 3 i 7 A B SR R DT, kPas

K H Arrhenius 77 B2 48 15 55 L 3040 80 0122 S 80
logt = —logA + E,/2.303RT (3)
A, e SR I8 B — G5 i R BE T T SIS R 5 A
JFEHTH s B IEARRE k) - mol T R AR R 4L,
8.314 J-mol™ - K™ T 8L B i i, Ko

Xof - S TR AR A R0 AR A kO R Ry
2L BRI (4)

, E,
G(a)= fOAexp( TRT

K, Gla) R KTl VR E 1) 41 FhATLBE pR BT 5 ¢
IR B BE— o3 i R BE BT T BB R] s 5 ASHARRTIR L s 7S E,
HIEALRE  k)-mol™s RN %L, 8.314 )-mol ™ -K ™5 T
RSB K KRR, s R R (4) 3RS
T B2 T A Fe AR AL B R BSORT 3R 24 B ko B A SRR T Y k
i XA Arrhenius J5 & :
Ink = —E,/RT + InA (5)
15 35 fk g £, AFE AT 1 AfE .
3.3 MEHG

H 8 75 fy WAk 77 72 £ 24 Semenov i fil Berthel-
ot 3L, Horr, Semenov 2 (1 N T 4R 2 2 9% L
n=1,Berthelot i W] & A [a] ik B2 T 3k 3 [7] — 73 fiff I8 2
1 G(a) JE A4S, HEFE R B, i Berthelot J7 72 4 4k
AT F w7 T Semenov Jr B, B3 3T S B A A0
H Berthelot J7 8 9 5 ik N F Tk 25 7% i T4k 450, 7
& 1 A [ ZE A v R A SR ok 2 A I Oy ik
(R, A HIF 28 K F Berthelot J5 #2 AM fE  AL IV 7F F 4
logt, = a+ bT (6)
K, TR K ¢ R AERE ], s5 a B b #B N T 2
RFE

(2)

62

)dt=l<t (4)

e

www.energetic-materials.org.cn



TR JHE X P AR ) S I A O3 i Bl ) 2 B 5

993

4 HR5H®R

4.1 FEFBRASDMEF R FT DPAIT NCHIRE RN

NC 1 NC/DPA(3%) ) TG-DTG F1 DSC Hh £&
B 1 FE 2 R . WNC HINC/DPA(3%) B TG-DTG
1 DSC €& T AW ZE 5], 3% DPA [ il A X NC JE %5
W R RN . XA NC, SR T+ 2 450 K
BF IF Uf 43 i, o3 e 0 {E R B A 480.5 K, A 3% 1Y
DPA J&7 , H 3443 fige 2k B il 28 0l B4 il £k 8 A 0L 2% 1) B
S Ak, G A G A D6 (R S R 481.8 Ko AT DL AR
SR A2 5 2 T oA e R A DR AR A T 2 1 Y

s

120 4
—NC
100 ——NGDPA | 4 §<
=
= 80+ =
2 12
£ 60 g
11 2
40 - 3
20 0

350 400 450 500 550
temperature / K
1 NCAHINC/DPA (3%)H) TG-DTG i £k
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4.3 DPAXINCEHEBEHRSBEINZENFMN

FRAE = (2) B 3b n 1%, 25 1 2~ NC/DPA 35 3|
AN TR 43 fift R B 1 R ) AT 5 f B )L B R 1 b, T
UL, B % R B TS NC/DPA A3 it 28 ] — 43 fift T ¥
BRI ) S 2 BN . A A van't Hoff JLIU) B 24 36 1 7
10 K, SR 3R KN 2~4 £514 0 S TR 5T 85
b B o f R MR IR 3 1 R IR] 4 1 4 ik TR EE 43 A P
&5 Bz, a] F) sk o3 iR 290 0.5% .

HF Arrhenius 77 2, 7E logt-1/T & R K, W& 6 i
AR HULA T R ) Rk R AR 43 50 R AR 45 o i TR
THIGALRE E, AR RTIN 7 A 85 585 TR 2%, 5 NC
1 Bl 7 2 2 808 LA, 15 A50T 43 f TR BE 0.1% F10.5%
I, NC/DPA 1 i& 1k fig 4> 5 & 156.7 kJ-mol™ #il
162.6 kJ-mol™, b NC i 1% fb B8 =1 5 35 4 )5, B 43 ff 1R
JE 4 0.6% I} ,NC/DPA 1 1% fL RE A BT T [ .

K R 2 E A 92 40 0 %) 453 50R1T F 455 405 NC/DPA
1 3l I3 A AT A AR A 25 TR S TR0 1Y i AR B pR A
R R Rk, R TR 3. AW, NC/DPATE %
T S TR I i e R AR AR B 28 R AR D

1 AFEHEEET NC/DPA Bk B AS [ 43 U BE BT 75 14 B 1]
Table 1

reach a certain decomposition extent at different temperatures

Time required for NC/DPA thermal decomposition to

time / min

a/% p/kPa
378.15 K 383.15K 388.15K 393.15K 398.15K

0.1 3.01 447 225 122 63 37
0.2 6.02 1102 537 280 156 80
0.3 9.03 1808 860 443 253 123
0.4 12.04 2415 1168 597 348 166
0.5 15.05 2893 1426 732 434 204
0.6 18.06 3284 1635 846 509 237
0.7 21.07 3639 1821 951 573 267
0.8 24.08 3976 1990 1049 634 295
0.9 27.08 4301 2155 1141 693 322
1.0 30.09 4623 2316 1235 748 349

Note: « is decomposition extent.

&2 T Arrhenius 77 R AN R 50 BR 1 NC/DPA [ 8l Ji 245 5
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Fig. 5 Distribution of different decomposition extents of
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8
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11T
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Fig. 6 Plots of logt versus 1/T of NC/DPA

Gla)=1-(1-a)"*, X 5 NC Ay #43 fif HLPE ol B — 354,
BI DPA 3 A 2l 28 NC 1y #443 fift HLER . X k-THE & (4n
& 7 7 ), 45 ST NC/DPA TE 4% T BE R (9 38 3 i 3k
A KT NC, i 45 45 5 NC/DPA [ 43 fiff 18 5 I i
KF NC Y4 fif % . 56 T8l A 7 3018 &% R
A R H B kA Ink-1/ TR AL TN 8 s i1
75 1 45 A ET RN 45 U NC/DPA I i 3l J1 25 280, 45
R T R AP B RE B EE 0.1%~0.5% B,
NC/DPA G FLAE S A 164.6 kJ-mol™, Lt NC 7% 1k
A e, RO R IR 0.6% B, NC/DPA i 1L
fiEF#% % 150.4 k)-mol ™',

Table 2 Kinetic parameters of NC/DPA at different decomposition extents based on Arrhenius equation

sample al/% fitting equation E,/ k- mol™ logA R

NC/DPA 0.1 (before the inflection point) logt=—17.22+8184.89/T 156.7 17.22 0.9989
NC/DPA 0.5(before the inflection point) logt=—17.22+8491.58/T 162.6 17.22 0.9965
NC/DPA 0.6 (after the inflection point) logt=—16.33+7827.22/T 149.4 16.26 0.9878
NC/DPA 1.0(after the inflection point) logt=—15.74+7847.78/T 150.2 15.73 0.9921
NCl'8) 0.1 logt=—15.83+7670.67/T 146.9 15.83 0.9916
NCle) 0.5 logt=—14.91+7602.95/T 145.6 14.91 0.9986
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Table 3 Reaction rate constants and mechanism functions of NC and NC/DPA at different temperatures based on model-fitting

method
NC NC/DPA
T/K a=0.1%-0.5% a=0.1%=0.5% (before the inflection point) a=0.6%=1.0% (after the inflection point)
kx1079/s7" R kx1078 /57! R kx1078 /57! R
378.15 8.16 0.9966 0.67 0.9937 1.25 0.9989
383.15 14.05 0.9982 1.37 0.9979 2.53 0.9991
388.15 25.56 0.9992 2.71 0.9984 4.33 0.9985
393.15 47.76 0.9994 4.47 0.9994 7.15 0.9993
398.15 79.66 0.9994 9.94 0.9992 14.96 0.9989
F4 LT EUE AL NC/DPAM B ) %28
Table 4 Kinetic parameters of NC/DPA based on model-fitting method
al% fitting equation E,/ k- mol™ In(A/s™) R
0.1-0.5 (before the inflection point) Ink=-19791.10/T+33.53 164.6 33.53 0.9974
0.6-1.0 (after the inflection point) Ink=—18091.91/T+29.66 150.4 29.66 0.9987

1.6x10j — {19 J5E A AT BE 2 45 2T NC/DPA iy DPA %58 5], W] J
1;:187: W42 NCIDPA before the inficton poit I I s NC i 72 A2 B NO L, DT I ) NC Y B i Ak Bz
- 1:0x10_7__ NC/DPA after the inflection point . ﬂj ,ﬁﬁ%‘c NC/DPA ﬁ’ﬁ?‘fg’%ﬁ: NC;YT:%:J' ‘5\}5 , EEI 3: DPA
< 80x10°] ,,g 5 NO LS54 J5 107 %8 NC A7 T 53 8 1 4 i 6 0t
6.0¢10° 7 TEA0 2T S T
4.0x10° 4 47 ’/ 4.4 DPAXINCI7EHE 6B
2 0x10% ] % ” ” . 3t NC ™ 75 55 iy B 52 1l
] % ,/ // % 4 Berthelot J5 72 , L& logt, X T iy £ ¥ Uy 2,
815 38315 IS IBAS 39615 B 9 7R L 43 1 LA S VR TEE 0.1% .0.5% 1E by 7 fir 4

s, T NC/DPA FE A [ BT #9047 75 i, 45 2R 5]
TRS5 M. 7£378.15 KAf, NC/DPA 14 R 4F 77 i
S350k 432 min A12818 min, 5325 MK 447 min,
2893 min(FE DM LM E/NT 3%. FIET, SR %

B 7 NCHINC/DPA ¥ i KR o b i B2 22 41 ¢ &
Fig. 7 Trend of reaction rate constants of NC and NC/DPA

with temperature
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F5 RGBS NC/DPA ) 456 20 3 K 75 i U4k

Table 5 Empirical formulas and life estimation of NC/DPA at different decomposition extents

time/a time/a time/a time / d time / d time / min
al% empirical formulas R
298.15 K 303.15 K 323.15K 343.15 K 363.15 K 378.15 K
0.1 logt,=—0.0543T7+24.96 0.9978 18.3 9.8 0.80 23.9 2.0 432
0.5 logt;==0.0564T+26.56 0.9966 174.3 91.1 6.78 184.3 13.7 2818
diphenylcarbamide stabilized propellants [J]. Journal of Ther-
5 % it mal Analysis and Calorimetry, 2013, 111(1); 305-312.
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HU Rong-zu, GAO Sheng-li, ZHAO Feng-qi, et al. Thermal

Effects of Diphenylamine on Isothermal Thermal Decomposition Kinetics of Nitrocellulose

LUO Li-giong, CHAI Zuo-hu, JIN Bo, HUANG Qiong , CHU Shi-jin, PENG Ru-fang
(State Key Laboratory of Environmental-friendly Energy Materials , Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: The influence of diphenylamine (DPA) on the thermal stability of nitrocellulose (NC) was investigated by isothermal
decomposition kinetics. Pressure versus time curves of the gas generated by the thermal decomposition of NC/DPA (3%) mixed
sample at 378.15-398.15 K were obtained by using the isothermal decomposition gas metering device. There is a visible inflec-
tion point in this curve. The thermal decomposition kinetic parameters of NC/DPA (3% ) composite were calculated by Arrhenius
equation and model-fitting method. The storage life of NC and NC/DPA composite was estimated using Berthelot equation. The
results show that the activation energy of NC/DPA (3%) before the inflection point is 164.6 kJ-mol™, and the activation energy
of NC/DPA (3%) mixed sample after the inflection point is 150.4 kJ-mol™'. Compared with the NC raw material, the activation
energy of NC/DPA (3%) before the inflection point is increased by 17.7 kJ-mol™. With a decomposition extent of 0.1% as the
criterion, the storage life of NC/DPA (3%) at room temperature is 18.3 years, indicating that the storage life of NC can be ex-
tended by 7.7 years after the addition of 3%DPA.

Key words: nitrocellulose;diphenylamine;isothermal thermal decomposition;kinetics;storage life

CLC number: TJ55; O65 Document code: A DOI: 10.11943/CJEM2019118

CHINESE JOURNAL OF ENERGETIC MATERIALS > A

o
Il

M 2019 % %27 % #1249 (991-997)



