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Table 1
propyl nitrate

Effect of temperature on the conversion rate of iso-

temperature/°C pressure/MPa conversion rate /%
50 = 2.21
85 - 4.40

110 = 7.74

120 - 7.86

130 0.2 12.10

135 0.4 21.8

140 1.0 >99

150 1.2 >99
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THE, SR IR F) 140 CHY A BN AERCHE , 2 )5 41k
T T ORAS o fE O T BRI (<120 °C) %A
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Fig. 1 Effect of V (isopropyl nitrate ) : V(' water) on the

conversion rate of isopropyl nitrate
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Table 2

of isopropyl nitrate

Influence of NaOH dosage on the conversion rate

n(C3H7NO3):n(NaOH) conversion rate/% pH
1:0 17 <7
1:0.7 72.5 <7
1:0.8 92.1 <7
1:0.9 96.2 <7
1:1 98.4 <7
1:1.1 >99 >7
1:1.2 >99 >7
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Fig. 2 Effect of reaction time on the conversion rate of iso-

propyl nitrate
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Table 3 Experimental factors and level of factors

A B C D
level
T/°C VC3H;NO3):U(H20)  n(CsH7NO3):n(NaOH)  t/min
1 140 1:3 1:1 20
2 145 1:4 1:1.1 30
3 150 1:5 1:1.2 40

R4 EZEEELGY
Table 4 Orthogonal experiment table L,(3*)

conversion

No- A b « P rate/%
1 140 1:3 1:1 20 97.4

2 140 1:4 1:1.1 30 99.5

3 140 1:5 1:1.2 40 99.3
4 145 1:3 1:1.1 40 99.8
5 145 1:4 1:1.2 20 97.7
6 145 1:5 1:1 30 98.6

7 150 1:3 1:1.2 30 99.7
8 150 1:4 1:1 40 98.7

9 150 1:5 1:1.1 20 97.6
Ki 296.2 296.9 294.7 292.7

K> 296.1 295.9 296.9 297.8

K3 296 295.5 296.7 297.8

R 0.2 1.4 2.2 5.1

x5 WIESLEER

Table 5 Results of verification experiments

No. 1 2 3 average
conversion rate/% 99.7 99.2 99.6 99.5
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Table 6 The product composition of hydrolysis

product content/%
(CH,),CHOH 73-85
CH,—CHCH, 11-12
(CH,),CHOCH(CH,), 2
C3H7NO; <1
>—O0N0, 0
NaOT™ }OH + NOy
C3H7OV \

(CaH7)20 +H0 /> + H0
Scheme 1 Hydrotion mechanism of isopropyl nitrate
B RLIE ST R
d[C3H7N031/d1= _k[C3H7N03][OH_J (3)

Xpor fE AT gy, B R ok E [ OH ] =
1.1[C,H,NO, |, #U R H F A0 Rk H
1 0.T¢c, + ¢
n
0.1¢, 1.1c
XA TK AR A2 o, 15 7K fife TR 8 4
1 1.1- «
k = n
0.1Tc,t 1.1-11a
o, o ROREI A s 5 ¢ T ¢, oA Fild TR S T TR S I 3 3
WIEHe BE  mol-mL™" 5 k Ry 7K fff 3 22 H 48, mL-mol ™ +s7',
n] 15 85 °CH, k=9.28%X10° mL-mol™"-s™',140 °C
iy 52 )34k L k=5 mL-mol™ s, RIS e 5 i
F A A SRR £,=23.18 kJ-mol™, Ik, T ULH
H0 R IR T SR K SR ) T R R

= kt (4)

(5)

4 4

(1) XYL ST EEHES T NaO HARAL /K i B 2 Fe vk
i T 2450 RS 140 °C, VITSIR SN ) : VOK)=1: 3,
n(REFR AR ) :n(NaOH)=1:1.1, &R IFH] 30 min, A
12 S TN T8 % Ak 3655 B 99% , K it B R IS L S N I
R 70%~80% , B A KRB/ MISCOR]

(2) fif 2 S 79 W SR HH e O 85 N AOME K iR L g
% i Ve i TR S N R 5 K ME L LA ) B, 85 °C TR M

CHINESE JOURNAL OF ENERGETIC MATERIALS

k=9.28x107" mL-mol™ - s™", 1M 140 °C T AH /K it k=
5 mL-mol™ - s, & il T UM K fiff BE B R 3G R A<
B, IR SR B HEAT

Sk

(1] ROy, TEZE, Bl B oAR R R &8z 10D
KT, 2016(12): 41-46.
WU Li-li, DING Yu-kui, ZHEN Jian-wei. Key technology de-
velopment and battlefield application of cloud bomb [J]. Air
Navigation Missile, 2016(12): 41-46.

(2] BGFe, W F5HE, BRI . T B2 E T4 B AR R 5 TN B 9 20 A0 i
HAASY il 2h 122 W52 [) ] SR REAR 41, 2007, 36(4): 1-3.
KAN Jin-ling, ZENG Xiu-lin, CHEN Wang-hua. Study on infra-
red spectra and thermal decomposition kinetics of n-propyl ni-

trate and isopropyl nitrate [)]. Explosive Materials, 2007, 36

(4): 1-3.
[3] hlbak, AW, HO% . EREAEL[M]. dbat: 28 Tl
JE, 1995.

SUN Ye-bin, HUI Jun-ming, CAO Xin-mao. Military mixed ex-
plosives [M]. Beijing: Ordnance Industry Publishing House,
1995.

[4] Svatopluk Z. Kinetic compensation effect and thermolysis
mechanisms of organic polynitroso and polynitro compounds
[J1. Thermochimica Acta, 1997, 290(2): 199-217.

[5] Clothier P Q E, Shen D, Pritchard H O. Stimulation of diesel-
fuel ignition by benzyl radicals [J]. Combustion & Flame,
1995, 101(3): 383-386.

[6] Oxley ) C, Smith J L, Evan R A. Fuel combustion additives: a
study of their thermal stabilities and decomposition pathways
[J]. Energy & Fuels, 2008, 14(6): 1252-1264.

[7] McLaughlin R P, Nyholm B P, Reid P J. Absolute resonance
Raman intensity analysis of isopropyl nitrate in the condensed
phasel)]. The Journal of Physical Chemistry, 2003, 107(43):
9105-9112.

[8] Carbajo P G, Orr-Ewing A J. NO, quantum yields from ultravi-
olet photodissociation of methyl and isopropyl nitrate[ }]. Phys-
ical Chemistry Chemical Physics, 2010, 12(23): 6084-6091.

[9] Aschmann S M, Tuazon E C, Arey J, et al. Products of the OH
radical-initiated reactions of 2-propyl nitrate, 3-methyl-2-butyl
nitrate and 3-methyl-2-pentyl nitrate[J]. Atmospheric Environ-
ment, 2011, 45(9): 1695-1701.

[10] S0k, X4t . il B B % K b R 55 T IE], 205556346U[P].
2016-09-07.

(11] Bk BE, BRMIfe, Bam, A5 . i 5w D9 I 10 22 4 o 0 Ah BT 05
P, 106186266A[P]. 2016-12-07.

[12] ZE3E5E WM S NI & T A0 S aep ok, 1998, 6(2):
70-72.
XI Mei -jue. Preparation of isopropyl nitrate process[]]. Chi-
nese Journal of Energetic Materials( Hanneng Cailiao ), 1998,
6(2): 70-72.

o
Il

A 2018 % % 26 % %9 M (760-764)

f



764 Bk, D PV AL S XA, R

Hydrolysis Process of Isopropyl Nitrate Catalyzed by NaOH

ZHENG Zhan-sheng', XIAO Yong*, SUN Tao’, YU Chuan-ming', PENG Hui*, LIU Cheng', HU Bing-cheng'
(1. Department of Chemistry, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Beijing Saint Extraordinary Electronic System
Technology Development Co., Lid, Beijing 102209, China: 3. Army Academy Artillery Air Defense Research Institute , Beijing 100012, China)

Abstract: To solve the flammable and combustible problem of discarded isopropyl nitrate, the hydrolysis of isopropyl nitrate was
catalyzed by sodium hydroxide. The hydrolysis effect of isopropyl nitrate was detected by coupling gas chromatograph and mass
spectrometer (GC/MS). Effects of reaction temperature, reactant ratio, catalyst dosage and reaction time on the conversion rate
of isopropyl nitrate were discussed by orthogonal test. Results reveal that, the gas phase hydrolysis of isopropyl nitrate under high
temperature and high pressure can greatly increase the hydrolysis rate constant and accelerate the hydrolysis reaction. The opti-
mum process conditions for hydrolysis of isopropyl nitrate are determined as follows: reaction temperature 140 °C, V(isopropyl
nitrate) : V(water)=1:3, n(isopropyl nitrate) : n(sodium hydroxide)=1:1.1, reaction time 30 min. The hydrolysis conversion rate
of isopropyl nitrate can reach 99% and the hydrolysis is more thorough. The yield of isopropyl alcohol is 70%—-80%.

Key words: cloud exploding agent;isopropyl nitrate; hydrolysis;conversion rate
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