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LA P LAl AN SE B AR B, XF NGDP il £ i F2 o B
N ARG PETF PR K 2 A EEE L., A
B, DAL BR i 25 il % NGDP i 72 S #F 58 X 42, Fl
HIRC1mx .DSC . ARC 45 Z 1 43 Hr ik T B , Xf NGDP
il 28 2ok 7 B AG B P AT T A3 BT, 6 L 9 SR K
2 5 NGDP #1473 i T BE 53 ik W 3l 5 G B P 48
B, LA It NGDP il 28 A A7 12 i ol A2 28 4 KU
FE AT, oK AU 438 1 ik
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1 SCIGHERS

1.1 KFENEHE
XKL BR it 25, U5 P AL 7 A2 Tl A BRZA 7] B 3t i

e 4 2 & A& 13.15%, fisfb H & & 10%, &
2e,=0.32 mm, k2571 =1000 kJ-kg™; K& BF(N,H, -
H,O) , 73 Hr 4l , UER BB AL 27 i A R m) B it s Leg -+
K, H

1A 4 B Bl N AL (RCTmx) , BEA 2L % T
IR 8 MW A G R -4e R 2 A A,
RCImx AT FEE I SC R 1) AR 77 S N, 04T g ot 44
DL, 30 5% I 20 BT 28 D BNE 1) TR TS0 HATS O, 5 45 il % 22 4
A3 B iControl; DSC-HP &5 JE 22 20 47 1 1 $, #9
R -FE R 2 28 W) 5 0 i 4 B B (ARC) , 3 [F THT
NI
1.2 XWIRE

XKL 5K i 245 2 T G 6 1 #5 NGDP #9 )2 B J7 2
mF:

X F L £F 4 %

[CH,0,0H,_(ONO,) | +nNH—[C,H,0,(0H),_ (ONO,) | +nHN = 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 i

WF 5% R 1 iControl %% 14 4 8 f I i 2 JF & i &
RC1mx I 5t BN, A 38 3 18 e R 17 AT IR i 5%
S AR A A B . SEER SRR AN R - (1) 38 i 4%
BEE A 200 mL T L5 ECH 16% 1K A Bk K 3 Wi
AT Z B EAE] 40 °C, I L 400 remin™ {8 &
PEFE 10 min, FRR RFE T ATARME S U HERL T, LA
B 2 SN AR R 0 LU B A5 IR B () RCHERR 7 58 U
BRIV 28 IR AR AL, IR 7E 1 min PURE 100 g WL BR
Jit 25 F B4 A4S 5 (3)7E 30 min P B g AR 3 fin 4
80 °C,PRIR IV 2 h, SR 245 JUR P TJE A ERR I,
TR R BT 2 I UON S [ ROR B R R DL &
1.2.2  Z S Z5R0HE &R A R R0 7= ) 89 DSC i

I 3R BE 4 50~500 °C , B FE R it 25 I3 B 5 N
0.52 mg, NGDP il i i & 24 0.48 mg, & & ith 3 0 &
JEA G B8, FHEE RN 10 °C-min™' 1K K R
HH 0.1 MPa, A58 EAC, i 50 mL-minT'
T ORUEBR R 24 B B0 R WA ARC I 4% 1
Table 1

1.2.3  Bi%E & Bz R XWE KR 25 ARC il

JUR A S IO VR 3« R RO S N ERR AR R L R
PR AR SBORE [E W LG 91 55 5 1 48 P R BOR A4, BT R 5T 4
148 mg, WA 320 mg, I A 5 TEA ARCERIN . i 5
N IMIA-ETEAE T THR AW 5 °C, SRR [E] K
15 min, &0 2 8% 0.02 °C-min™", & M 5 B 30 F M
50~400 °C, fir HI# i 3t o N 45 4N $ABk , 3K i o
23.92 g,

XUEEEK et 245 T3 - G 00 3L B 3 i 50~350 °C L, Bk
Tt 24.07 g, oA N A% 4 S5 A B2 NV A ] B4R
R B HN R iR .

2 FHR5WiE

21 RHEHHHEITENREERST

Z I SCHR[12-15 ] B9 J7 3k, SR R B Y
RCTmx I 4t 2 5 2 9 24 JId il i o i A, Je i e 2 o ik
T 1 38 32 72 T 5 5 G o ) ) LU AR R R B R R, AT

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

temperature range test cell mass specific heat capacity of sample ~ sample mass

ARC test materials

/°C /g /)-g7-K™! / 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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A, AH R SRR )5 Q, B AR 2R B S
AR W s O NI [A] s

Y PO TE AT, 2 BN AR PR AL B9 — 4> T EZ SR
A AR e R AR ZR AE ¥ B0 R R, bR B AR A
SN A 2R T I o AT B T SE o 2 (2) 35

AH
ATad - M C (2)
Ao, MR VAR R I BT & kg s G, B 45 IS 1R &

B R, -, T B RCTmx 52 PR R4 15 21 .
G54 RO R T2 EE T, R 20 (3) 1B A

B b AT DA B 0 B e iR MTSR .

MTSR = T, + AT,, (3)
K B8 S 1 ) T A B 3 £k OC T I R AR ),

1 B e X8R BT R, A5 B RN Y R R B AH R

61.46 k), MR 482X (2) Al 3H 58 1 Sz i 268 R T AT,

58.28 °C, LU N 614.56 k)-kg™ (LA IE Bk i 24
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Reaction calorimetry curves of denitrification reaction during NGDP preparation process

B it ) o MR (3) B R — Uk oy = On
B MTSR A 128.52 °C, I i 1 50 i 44 &R 1 35 AR B
e B (MTT) B S W AR 2 6 05 108 °Co R AE 3%
UG B L H A I R A, S R BUR R AR R R
i 5 N R ZL YR AR S T BT AR TR A AR Y i
BRI . AR T A A R A RN 48 A PR A
B HERE O, T 28 PR e Bl Fr | B B Ry o 2 I
] 5 A2 A 4k, DA BT 0 R 45 N o
2.2 MEKRGESENGDPHETHBERIEHH
JELRE W HE BR i 245 55 NGDP 9 DSC il & 4 /&1 2 Fir
7~ IR R 50~100 °C Al 300~500 °Cil i X 7] A&
F B BORFE R 2 R B, LA DSC it 2 I # i
ARh R A K A VIR 5 AP SIE JE £ 1 38 5 TR IO ) IR A
SR RE W) o3 RS FR L 2 AT DU RO R R 2Y
FI900 36 3 F R 3 S 191,33 °C, 45 — [ B 10 43 i W 1L
199.54 °C, %5 — By B 19 43 fif Ui o4 205.17 °C. BB
JIE A 2 5 245 00 4 A3 T R 19416 °CL 58 — B B i
gy R VER R 197.93 °C o B A 4 f IR 2k
204.16 °C, 5 X ELBK it 25 4H L , NGDP (19 55 — > 43 fift

UEE AN BH S, 33 g2 H T O A Ak 3L A R S 24 3R T BB Y
N XK XXXX H# & XX & % XX# (1-8)



B ELZ R IME, TIWE, B U, R

4
A 19793 C
. 18"// 199.54 ‘C
@ | 16F
141
o 120
£ 10
= _ ; |
L _ N NGDP
w B ~ double base
g 0 1 1 | 1 1 19;1-33 c(? I L propellant
100 120 140 160 180 200 220 240 260 280 300

temperature / °C

2 OUKE IR 24 B BE i BE 5T 2 1 DSC 2k

Fig.2 DSC curves of double based propellant and nitro gra-

diently distributed propellant

i T2 G 2 1 90 30 D Ry 35 R 3 AT, S 2 %o ik P AR b
R, 5 — AT 5 A, 558 N g S . 4
SRR, WA Ak P UL BR I 245 19400 46 o A ek B 05
Or IR FRAR R e M e —E RN,
PR B AL K 24 A L JRURE XU BR i 2 7E T AE B
BERY fe 6 A5 B T .
23 WEKRHGERERDW
1 T DSC il 32 i BHE BR i 24 3R B0 L IR 00 W) 1R
Sy FRTREE PRI, 1 — 20 0 UL BR i 24 8 4 7 40 B A
B, B W22 TR BE T RS E R A U R 1R
Oy IR EET AR ME 3 Uin . HE 3T LLE Bk
Bk 25 5 9 2 A B B A B, i 5 1 2 DSC
2 B 2 S TR A DU AR AT 5 — A O B Bl R
F 140.15 °C, 45 3 F 180.87 °C, 4t # i F+ N
40.72 °C, % Wy BoUAR 3 I T 3 50 fy 48 A8 P, By AR 3
WS (%) 0 A0 A R RRE A B N O B i R
F 225.10 °C, 45 W F 240.53 °C, 46 #i& T+ H
15.43 °C,iZ B B (0 R R 35 57 4 0 2 Bt & I B2 1Y)
1R B — S TR B B 1 B R 5 ) TR % A ) ARC
BR A AT O KRR AR s R
350 F

300 e
99510 °C 240.53 'C

180.87 °C

250+
200

temperature / °C

150
100
50

0 500 1000 1500 2000 2500 3000
time / min

B3 OBUEE R 24 Y 4 B4 o PR 3 iy 2
Fig.3 ARC testing curve of double based gun propellant

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-8)

SE54 2 NI BY B B A 48 HGR T 1T B
BRm 255 — I Be o I R 4177.62 )-g7 B By
Bed S RN 1583.12 J-g7' o XUEER i 25 B 46
fift W BE R 140.15 °C, T W6 AiS = B AR R 19 MTT
108 °C, 75 AU HE Bk i 25 £ A SN 28 9% 1 0t A 2 10 4 3
Jei A TG 5k B ) IR 43 R . NGDP Y il £ )
mh JRHE At A7 32 B B B A IR RS BORRRR B T RN A
R, Tk Al 7= I 07 7 TRk % A o e I R S
T2 B, B Ak SRR A %5 P4 A8 b AR BB RS 0
2.4 AR MNEERD BN

T 58 B2 o7 Y 4 AT 246 o R 3, 25 R L3R 2

F2 LAY SN ARC 25 2R
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

A T A5 19 2 B FE AT 8 1E U 2 A% Ab
T AR A
m.CAT, =(m,C, + m.C,)AT (4)
K, my om A AR R RE Y R, g5 CL G
AR U A o Y LR L) - g s AT AR SR W R i 4
A B B IR B Y T, °C s AT AR R W kL ik #4
A T 25 4 6 1 2 D38 B T i, °C o

12k (4)75 3
ATS=(1 +mbC‘°)AT (5)

m,C,
SRS (1 + o) = @, B 2 0
IERB AT ARC‘ZDI'JiitEF‘Ezjgj&”ﬁ/%éﬁﬂﬁﬂATs,ﬂjdaéﬁ

PR T R AE B IR R B AT,=0 - AT, £ 2 [ 15
13 @=6.72, LML RE T ATH11.81 C, 4 P
HEIEEREHGET AT N 79.36 °C.

Sttt
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X HA R, J-mol™, C, Ry A 5 1 35 L A %%,
J-g’1-K1
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=0} .
c=c¢,T=T, (8)

t=oofff :
c=0,T=T, (9)

A, T 2 B8R T BT ik B B e i, °C5 T %

N BIRFIUR IR ,°C; ¢, i R W W BB R0 4R v B, mol - L7

H 0 T,

Cpfcndc=—fTUdT (10)
_ - T, _AT

C C, - C, ()

A AT g s BOR AT B AR 2 I BE ) TH s L, °C e
o oty 14 0 52 RS2 A A i 20 il TR S BUHE A
Ll BETH i, I LURE il B9 BE ¢ Sl B TAFTE LN R R &

T.-T

c= fAT c, (12)
#it(6).(7).(11) . (12)F

v (1.-T1)\ -E

0 A( N ) ATc," "exp T (13)
é\

.odTr[ AT \"

k= — AT 14
dt Tf—T) (14)
g5 013) . (14)F

k' = Ac,""" exp% (15)

K (15) P 321 [&] i B % %5, ) Arrhenius J5 72 19 Xt
OB AN -
E

Ink* = In(Ac)™ ') - — (16)

RT

B BN A B A S A 1 RN BB n, A Ink
X /TR 2R — 4% L2k, ith 2 i R4 5 R0 AU B Ry Xof
WS E K Ao 38 2 2N Bl g S BT AR AT IR
fil§ S I WY 2 B o3 i B ) o S RO RN SRR
n=0.59, JZ I i fk.fE £ 2.08%10° J-mol™, #& i I T
A=4.2x10"s7",

Fe K 3 R B 35 B [8] TMR(Time to Maximum

Rate) , L FR TMR,,, /& FE TE A A5 AF T, il FE AT R
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J& B L 7E TR o AR P R R A T R A W n R, ]
UL SR i B IO B B I AR i R A A G, 7R T i B AR
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— 2 B AR S v N A v B Il ke L DAAR = R
M%ﬂ%ﬂﬁﬁ?—?‘

NS 06 T A5 B Y 2 A VS E0RT R, IO MTSR
S 128.52 °C, i TS WAK F KA v W a5, R
RRTEVRH RGN T, 2R 2 AR R0 A5, 18 AL
ok BT MTSR /N T T, KA R TBCIN 53 i
Y RUBSE B fG o FE R AR A P il e b, 55 1 AT SE R
Ty He 8 HIBER R G5, DAL P Ak oAk A XURS:

3 4

(1) LLOBUJE R R 25 o SRR, 28 W6 ws B N il &
NGDP (1 s b o % i) L # ih 614.56 k) -kg™' (LA
MK i 2 i i1t ) e R AT, 8 58.28 °C,

(2) DSC Ik &5 5 2% B UL Bk i 25 5 NG DP (1
I AE B A B BE, SUEBR i 24 79 ) 3R 43 i 6 AIG
T NGDP, DSC 3 v, BUHE BR i 25 1) ) Uy o fife L 32
S9191.33 °C, ARC il 28 v XU BR It 245 19 9] 46 0P I 2
S 140.15 °C, 3 2 PR I T B TR T U 25 5
BT S By, W LA ARC K b () ) 4 R BE A S 0 Rt
F9H7) s 3 fife U B o

(3) JBR A5 12 N7 0 4 ) 1 53 e Ui 2 4 145.64 °C, XF
O3 i TR R AT B F1 T AT o i R B RN
BB n N 0.5, NG LRE E24 2.08x10° J-mol ™, $5 7l

Bl Al 4.2x10% s7', iAH SN #Y T, 8 137.2 °C,
GG RIVAKZ I MTT=108 “CHIMTSR=128.52 °C, #t
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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 , Beijing 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 °C, 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 de-
composition reaction was low.
Key words: gradient nitro propellant;denitration reactions of propellant;reaction safety;reaction calorimetry;thermal analysis kinetics
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This study analyzes the thermal hazard of denitration reaction in the gradient nitro propellant (NGDP) preparation process. The

denitration reaction process of NGDP synthesized by double base propellant was taken as the research object, and the thermal

hazard in the denitration reaction of NGDP wass analyzed using a variety of analytical testing methods, such as RC1mx, DSC,

ARC, and so on. Thermal hazard indicators, such as the initial and peak decomposition temperatures, were studied

comparatively in relation to the double base propellant and the NGDP.
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