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Abstract: The exothermic behaviors of butanol, butyraldehyde, butanone, and butyric acid
with nitric acid were studied by adiabatic accelerating rate calorimeter (ARC), and the test
results were compared and analyzed, and the system risk was evaluated by THI index meth-
od. The results show that under the condition of the zero oxygen balance, butyraldehyde-
HNO, system has the most obvious self-exothermic. When the butyraldehyde content is only
0. 14 g, the adiabatic temperature of the system rises to 118. 4 C and the heat release amount
is 776. 6 J/g; butanol-HNO; system begins to emit heat at about 40.2 “C, and the highest
temperature in the exothermic stage of self-reaction reaches 145. 7 °C and the maximum pres-
sure reaches about 34 bar(1 bar=10° Pa). Butanone-HNO; system releases heat from 50 C

to 136 C, and the amount of heat released is 564. 0 J/g. No exothermic point is observed in
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butyric acid-HNQO, system in the temperature range of less than 140. 0 ‘C. With the increase

of nitric acid concentration(2. 0—6.0 mol/L), the risk of butanol-HNOQO, system increases

from medium to high level. The risks of reaction systems of butanol, butyraldehyde, buta-

none and butyric acid with 4. 0 mol/LL. HNO, are at higher, higher, middle and middle levels.

Key words: red oil; butanol; butyraldehyde; butanone; butyric acid; HNO,; adiabatic

accelerating rate calorimeter; THI number
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Table 1 Testing conditions of various samples
. w/ % HNO; W/ .
FE i 4 5 . FE A /g
TR TRE TR TR (mol « L™
1 2.7 2.0 5.13
2 3.9 3.0 3.56
3 5.1 4.0 2.70
4 6.1 5.0 2.28
5 7.1 6.0 1. 96
6 5.4 4.0 2.57
7 5.5 4.0 2.55
8 7.0 4.0 1. 96
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Fig.1 ARC test of thermal stability of butanol(a), butyraldehyde(b), butanone(c) and butyric acid(d)
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Table 3 Thermal decomposition characteristic parameters of butanol and nitric acid
FE . . o . Fe ik / E./ L
. 0y/°C 0r/°C Abaa.s/C Afaa/C A/s! b4 »
Gii (Jeg™H (kJ * mol™1) G n
1 55.4 123.7 68. 2 90.0 360. 0 219. 16 6. 36X 103! 1. 32 4.0
2 45.7 130. 4 84.7 123.7 494. 1 181. 83 1.30 X 10%° 1. 46 4.2
3 40. 2 145. 7 105. 5 168. 8 670. 2 174. 43 6. 98X 10% 1. 60 5.0
4 35.5 173. 7 138. 2 237.7 952. 8 165. 45 6.01X102% 1.72 4.5
5 35.2 176.5 141. 4 261.6 1047.3 150. 15 1. 541026 1. 85 4.0
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Fig.3 Temperature(a), temperature rise(b), pressure(c), and pressure rise(d) curves

of butanol and its derivatives with ARC test in 4. 0 mol/L nitric acid system
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Table 4 Thermal decomposition characteristic parameters of butanol and its derivatives and nitrate acid

FEf B N o RmAY E./ i
00/C 0¢/°C Ab,a.s/C A/ C A/s! [ .
95 Jeg™H (kJ » mol™ 1) BB n
3 40. 2 145.7 105.5 168. 8 174. 43 6. 98X 10% 1. 60 5.0
6 72.0 190. 4 118. 4 194. 2 162. 87 3.06x10% 1. 64 6.2
7 50. 3 135.9 85. 6 141. 2 204. 11 2.66X1032 1. 65 3.6
8 140. 5 223.7 83.2 195.5 210.76 3.18X10% 2.35 5.0

RS 3,68 M A & 1

5 OREM 18 RYIRSE R P> G 4h

Table 5 Thermal hazard classification results on samples 1-8

FE o 60/°C S/ (K] g™ 1) THI I3 BEL fa W
1 55. 4 0.360 0 0. 21 3 th
2 45.7 0.494 1 0.26 3 al
3 40. 2 0.670 2 0.31 4 =1
4 35.5 0.952 8 0.38 4 B
5 35.2 1.047 3 0.41 4 =
6 72.0 0.776 6 0.31 4 =1
7 50. 3 0.564 4 0.28 3 H
8 140.5 0.487 6 0.18 3 th
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