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fil§ 56 1 25 T AR FH T 2075 HAh R .

J R RSERE MR TN A R T A& s il et T &
LA HL S LAl AN SRR B, XF NGDP il £ i B2 B
NG B M TF PR e A A HEE L. N
I, DAL 3K i 2 1 4 NGDP f4 2 72 g BF 58 % 42, #l
HIRC1mx .DSC.ARC &5 Z i 43 Hr ik T B , Xf NGDP
il 28 2k TR B PG B 1 AT T A3 BT, 6 L 9 XU K
2l 5 NGDP [ W] 46 73 i B 43 il W 3l 5 G 1 P 48
b, LIS X NGDP il 2 A A7 32 $i ik 18 2 2 XU
FE AU IA T, 73R R 45 ) 7 12

N

1 SCIG#ERS

1.1 AFEXF
XU ER it 2, 97N AL 7 A~ Tk AT BR 2 =] B 3t i

e 4 2 & A& 13.15%, s fb H & & 10%, K&
2e,=0.32 mm, k #j J; =1000 kJ-kg'; /K & W
(N,H,-H,0) , 43 B 2l , 5 # B B Ak 2 i A BR 2 ) 42
fbs LBk, g E Al

104 4 | B O AL (RCTmx) |, LA 2L
PO T 8 KW IUA G H 2 R -JE R 2 0],
RCImx W ZE#230 SE PR T A 77 440, BE AT I 6 44
WL, 30 5% I 20 BT 28 D9 B NE A9 TR TS0 AT L 5 45 il K 22 4
43 B3 iControl; DSC-HP &5 JE 22 20 47 1 1 $X, #9
FEE-FE R 2 28 6 5 n 4 A R (ARC) , 3 [F THT
NI
1.2 X’

XKL B i 245 2 TG 6 1 #5 NGDP (9 )2 B J7 2
mF:

X FiE L £F 4 %

[C,H,0,0H,,(ONO,) | +nN,H,—>[C,H,0,(0H),_,(ONO,) | +nH,N=NHNO,

Xt T AE AL H

x—

C,H,(ONO,),+ nN,H,—>C,H, (ONO,), ,(OH),+nH,N-NHNO,

1.2.1 & STZ5 R AE & B2 A9 RCTmx ik

WF 58 % FH iControl % 4 gt %8 S I Ui B2 OF & % &
RC1mx I 5 BN, AR 38 3 13 8 R 17 AT IR il 5%
S AR R A B . SEER SRR AN R < (1) 38 i 4%
BT FEA 200 mL T 5 E0CH 16% 197K A 7K 7 Wik
AT Z BB NAE] 40 °C, I L 400 remin™ {138 K
PEFE 10 min, FRR RBE T A TARME S P HERL T, LA
1 7 S A R 0 LU A5 A R B (2) B HEFR Y 58 U
BRIV 28 IR AR B, IR 7E 1 min PUEE 100 g XLk
Jit 25 F B A 5 (3)7E 30 min P B g AR 3 fin 4
80 °C,PRIRIIN 2 h, S0 45 U AT 5 A HERR I,
TR R B 2 I ORIV e BROR A A FR DAL
1.2.2  Z S 2R KRR R R0 7= ) 89 DSC it

I 3R BE 4 50~500 °C, B FE R it 25 I3 5 N
0.52 mg, NGDP il i Jii & 4 0.48 mg, & fh ith ¥ 0 &
FEAR G MR, FHR E o 10 °Cemin™ K E 71 0
0.1 MPa, S50 A, i 50 mL-min™',
T OOUEBR R 24 BB R V9 ARC IR 4% 1F
Table 1

1.2.3  BiAH & Rz B X E KR 25 ARC il

JUR A S IO VR R RO S R EDROR AR R LR
PR AR SBORE [ LG A9 55 5 I 48 P R BOR A4F BT R 5 4t
148 mg, WA 320 mg, I & 5 7EA ARCERIN . L5
KR mA-ELEH T THR G B R 5 °C, R R
15 min, KM R 8% 0.02 °C-min™", 0 36 1 36 Bl
50~400 °C, fr HI#E & o A 55 4 6 #A Bk, 3K i o
23.92 g,

U BR s 24 00 38 < A 000 3k B2 05 6L R 50~350 °C, Bk
Tt 24.07 g, oA N A% 55 M0 RNV A ] B A
SN B Ean 2 1 R .

2 HR5WiE

21 REHHHEITEOREERST

Z M SCHk[12-15 ] B9 J7 3k, SR 1 R B i Y
RCTmx Il 4t 8 5% 2 69 24 JId il S 1o i A, J i e 8 o ik
A A 2 A T 45 R v DU B ) LU PR AR R L, T

ARC test conditions of double based gun propellant and denitration reaction fluids

ARC test materials temperature range / °C test cell mass / g specific heat capacity / J-g™' - K™ mass / mg
denitration reaction fluids 50-400 23.92 3.51 508

double based gun propellant 50-350 24.07 1.50 99.7
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AL Wt B AR R TE Ve 20 AR S0, B b B g A fil
SRR R T AR . AT, A T (2) 3
AT,, = AH

M,C,
Ao, MR AR R B BT 6 kg s G, U 45 IS 1R &
I EE B, )~ g™, AT A RCTmix Bz 0 2 PR v B 75 31

G54 RN 20 B T, R R X (3) 1A R B
2 e 1] DLk 80 f s i S MTSR.

MTSR = T, + AT,, (3)

LR TP A & B RN 2 5 SO 1 TR 52 i 1
1 B OB BT R A5 B RN Y B R B AH R
61.46 kJ, 4 2 (2) A] 3H 580 Sy i 248 OR T AT,
58.28 °C, LI N 614.56 kJ-kg™ (LA B IE BR i 25

(2)
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Reaction calorimetry curves of denitrification reaction during NGDP preparation process

Bt ) o AR (3),#RH — ety = B Y
MTSR 2 128.52 °C, B il & 5 F 5 7 1A 28 10 38R d5e =
T BE (MTT) , SN AE 5 e R #E 47, MTT BV A4 2R 1
A108 °Co AR IZ BN R0, A5 2B B R, &
T BRI AR R S v I L S TR B YR A L TR R
WAHTR B R i, 3 B rfoRk il . e T AR e
T8 SN 48 A B B R, T B A SR
R P ¥ 1 IV (] 2 AR A Ak, DABH PRI A5 N o
2.2 MEKRESENGDPHETHBERIEHH
JELRE W HE B i 245 55 NGDP 9 DSC il & 4 /&1 2 Fir
7~ H IR A 50~100 °C A 300~500 °Cili i X 7] A&
F B BORFE IR 2 R B, LA DSC i 2k b #ui
ARh R A K A VIR 5 AN SIE JE £ 14 38 5 T R 0L ) T A
S RE W 46 43 RS PR 2 AT LU B RO R 2Y
(R3] B A3 U R 191.33 °C, 55— By Be (9 43 it 0 9L Ay
199.54 °C, % — By B 9 43 i U i o 205.17 °C. BB
I8 i A S 24 ) 16 o0 i T R 194,16 °C L35 — B Be iy
Sy R R R 197.93 C. B AR IER 4R
204.16 °C, 5 X ELBK it 25 4H Lt , NGDP (19 55 = > 43 fift
WA I AN B ., 5K 2 b T IS A Ah O O S 24 % T BB Y
N Lk
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Fig.3 ARC testing curve of double based gun propellant
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G54 2 AN TR B B A 48 FGR T 1T B B
BRm 255 — I By o i 4177.62 J-g7 B By
B RN R 1583.12 )-g7' o RUIEER i 24 19 12 1 43
fif W BE S 140.15 °C, i F W fis | B AR R B MTT
108 °C, 75 AUHE Bk i 25 £ A SN 28 9% 1 06 i 2 107 4 3R
Jei A TGk 5k B ) IR 43 ff R . NGDP 9 il £ o 2
v, JEURLFE it 4732 o BE A R ORI A
R, Tl Al A 7 I 07 7 DR % A5 o e i R S e
DNhe 5 By 1k SR} 7 2 A A v e A SR R R B
2.4 MBEENBRAERDBIH

Xof RO A 5 7 VR AT 245 B R 3, 25 R L3R 2

F 2 JBLAH SN ARC 25 21
Table 2 Denitration reaction fluids ARC test results

parameters data
sample mass / g 0.508
specific heat capacity of sample /J-g™'-K™' 3.51
test cell mass / g 23.923
specific heat capacity of test cell /J-g™" - K™ 0.42
thermal correction coefficient ® 6.72
onset temperature / °C 145.64
final temperature / °C 157.45
adiabatic temperature rise / °C 11.81
adiabatic temperature rise corrected value / °C 79.36
max pressure / MPa 87.18
max temp rate / °C+-min”' 0.072
max pressure rate / MPa-min™' 0.078
specific heat release / )+ g 261.03

Xt ASC A8 0 A5 1 24 AR T HEA T OE | RRE N 2 A Ak
F o PR HE A0
m.CAT, =(m,C, + m.C,)AT (4)
Kb, m m o BRI BRI R L g5 C LG
S ARRE RS B HEAREE L) g7 AT AR R WA
A AR A I IR B 1 T AL °C 5 AT AR R 0 RHCRA
IR R S 25 BsF 114 S 38 3 T 8 {E, °C o

12k (4)15 3
ATS=(1 +mbC‘°)AT (5)

m,C,
S0+ o2 = @, 0 B h R 09
ﬂ—:,%%ﬁz,xﬁ?ARCiﬂIﬂiﬁtPELiWﬁWﬁﬂATs,ﬂthéﬁ

PR T R A B SR B AT =0-AT, #2011 5&
5 @=6.72, L5 A RIRTHATH11.81 °C,. 42 P
HE IE G M4 IGRT AT, 79.36 °C,

N XK 2024 % F 324 %8 (804-810)
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Fig.4 Temperature, temperature rate and time curve of the

denitration reaction solution
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Fig.5 Pressure, pressure rate and temperature curve of deni-

tration reaction solution
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dc dT1

Ho, = Gy, (7)
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FIATHR(8) . (9) iy i 4%

=0H} .
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t=ooff :
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A, T 2 F8 25 P T T ik B B e i, °C5 Ty %

LB WIHRIR I, °C 5 ¢, RN DR R AR, mol - L7
H (o T,

CpLﬂdc=—LﬂdT (10)
ﬂ Tf_ TO :ﬂ (11)

C C, C,

A, AT R RS TT RN 2 3 B2 B9 T, °C
Ao Al ) e 38 B B8 A A, R i 20 AR O S R B A

R BE T, B LARE S VR E c SR EE TAFAELL T G &R

T,-T

€= T G (12)
git(6).(7).(11) . (12)F

dT T,-T\ -E

dt_A( AT )ATC "exp T (13)
é’\

. dT[ AT "

k=, T - T) AT (14)
gia013) . (HHF

k"= Ac,""" exp o (15)

K (15) P 3 [&] B B % %0, ) Arrhenius 75 72 19 Xt
BN

Ink* = In(Ac” ') - % (16)
BT S N R 08 B S A N B n, (F S Ink*

X /TR — 2% B4, ith 4 i A4 58 F0 AR B A XoF
NS BYE K Ao 38 2 2N Bl ) SE BT AR AR AT IR
fil§ S I WY 2 B o3 i B ) o S RO RN R
n=0.59, JZ W i L §& £°4 2.08%x10° J-mol™, #5 {ii K 7
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ARC R 25 3 11345 B 1 TMR,- Tl 4 an 18l 6 T 7w .
A T A= rp W8 TMR N 24 h st i Xt 7 A9 3 B A ol 2
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Fig.6 TMR, ,-T curve of denitration reaction fluids
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— A B AR S v N A v B Il T ke L DAAR i R
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IS 56 T A5 B (Y 2 A VS H0RT R, IR MTSR
S 128.52 °C, i T B WAK F 7K A v W a5, R
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Bk H BT MTSR/NT Ty, & A2 KR4 fifk I R
B RS MG o FE R AR A P il e b, 5 1 AT SE R
TRV HIREIR R 50, DL KR Pk o) i XURSS

3 & it

(1) DABUJE 2R R 25 o SRR, 28 W s B N il &
NGDP [ e o % i L # h 614.56 k) -kg™' (LA
MUIEBR i 2 o & i) , e PR TH AT, 8 58.28 °C.

(2)DSC i 3 25 5 2 W XL Bk i 25 5 NGDP Y ik
PRI AE B WA B BE, SUEER i 24 A9 00 3R 43 ik R A1G
F NGDP, DSC Wl 3 v, BUHE BR i 25 1) ) s o fie k32
29191.33 °C, ARC il 2 v XU BR it 245 1 W) 463 T3CHA IR 2
S 140.15 °C, 3% 2 R BRI T B T T X 22 5
FTS B0, I LA ARC I b 18 477 i s AR B A Sk 4 sk
FAH7) ey 53 Fife T B

(3) i AiH 2 N7 Y 1 70 s 4 e T Ok 145,64 °C, X
I3 8 TR R AT B F1 S AT o i R B RN
98 n M 0.59, I iG IR BE 4 2.08%10° J-mol™, 5 A

AR 4.2x10% 7', A S W WY T, i 137.2 °C
454 R & B MTT=108 °C #l MTSR=128.52 °C,
FHEDT 12 52 IV TE VS E AU AE B0 T A A ookl X
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Safety Risk Analysis of Nitro Gradiently Distributed Propellant Preparation Process

LIANG Hao', WANG Duo-liang', SUN Qian’, DING Ya-jun’, LI Shi-ying’, LI Hong-wei', XIAO zhong-liang’

(1. School of Chemical and Blasting Engineering , Anhui University of Science and Technology, Huainan 232001, China; 2. China Explosive Materials Trade
Association , Betjing 100000, China; 3. School of Chemistry and Chemical Engineering ; Nanjing University of Science and Technology , Nanjing 210094, China)

Abstract: Nitro gradiently distributed propellant (NGDP) , as a new type of propellant, has the characteristics of high oxygen
balance, less harmful for use, and anti-migration. To analyze the thermal hazard of denitration reaction in the preparation pro-
cess of NGDP, the exothermic process during the denitration reaction and the thermal decomposition behavior of the material,
the reaction was measured by reaction calorimeter (RC1mx) , differential scanning calorimeter (DSC) and accelerated adiabatic
calorimeter (ARC). The results showed that the exothermic amount of the denitration reaction was 61.46 kJ, and the adiabatic
temperature rise (AT,;) of the reaction system calculated from this was 58.28 °C. In the DSC test, the denitration treatment in-
creased the decomposition temperature of the double base propellant from 191.33 °C to 194.16 °C. Based on the ARC test data of
the post-reaction system, the relationship between the Time to Maximum Rate (TMR,) and the temperature was calculated.
When the adiabatic induction period is 24 hours, the corresponding T,,,is 137.2 °C. The T,,,, maximum technical temperature
(MTT), and maximum temperature of the synthesis reaction (MTSR) of the reaction are 137.2, 108 °C, and 128.52 °C, which
means that the system had the risk of spraying in case of cooling failure. However, the risk of triggering the secondary decompo-
sition reaction was low.
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