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Hazard Evaluation of Amidation Reaction of Nitrile Compound
Using Pressure DSC and Reaction Calorimeter
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Fires and explosions at chemical plants were often caused by the thermal runaway reaction that
occurred by loss of process control.

To avoid such incidents, we discussed how to establish thge chemical reaction hazards test using
some apparatus for thermal measurement of energid or unstable materials, such as hydrogen peroxide
(H,0,) and chemical reactions.

In this paper we studied the hazard evaluation of the amidation reaction process of 5-amino-1,2,4-
thiadiazole-3-il-2-methoxy-iminoacetonitrilc intermadiate.

As the process contain H,0,, decomposition characteristics of H,0, mixtures were measured using
pressure DSC.

Subsequently to determine safe operating conditions and the design of safety features of this
process, further thermal measurement was done using reaction calorimeter (RC1).

And, following conclusions were given.

(1) It was provided that pressure DSC is effective for the hazard evaluation of volatile and unstable
substances.

(2) Cyclic nitrile compounds such as M-14 sometimes occur rapid heat generation, and if the operation
of the process is carried out under inadequate conditions, thermal runaway reaction may be induced.

(3) Using RCI, safety and optimum condition of the actual process of the amidation reaction for the
scale-up was decided.
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Fig.1

Basic flowchart of amidation reaction of M-14
using RCI1.

L.Reactor 2.Jacket 3.0il tank 4.Calibration heater 5.pH meter
6.Thermocouple (Reactor temp.) 7.Thermocouple (Jacket temp.)

8.Balance for sample dosing  9.Valve for sample dosing

Fig.2 Reaction calorimeter.
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Fig3 Structural formula of nitrile compounds.
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2MPa B=1332J/g-H,0,

/N
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Fig4 Influence of atomspheric pressure upon the DSC
measurement of the decomposition heat of H,0,
(35%).

Sample; 5Smg, Heatig rate; 10°C/min

SMPa E-2833)/g-H,0,

35MPa E,=2662!/’g»}{,0,

M E=8a23/g.. 11,0,
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100 150

7T/°C
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Fig.5 Influence of atomspheric pressure upon the DSC
measurement of the decomposition heat of H,0,
(12%).

Sample; 5mg, Heatig rate; 10°C/min
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Teble 1 Decomposition of H,0, by Pressure DSC.

No H,0, | Coexist materials” Exoterm. | Peaktop Heat of

(%) (%) temp.(°C) | temp.(°C) | reaction

(J/g-H,0,)
1 35.5 86 140 2862
2 300 | stainless steel’ 32 86 2994
3 12.0 97 132 2662
4 12.0 NaOH(2) 68 110 3916
s 12.0 EtCH(66) 109 172 6523
6 120 | NaOH(2),EtOH(66) 68 100 7325
7 120 | NaOH(2),EtOH(66), 95 154 8191
M14(10)

Sample; Smg. Heating rate; 10°C/min. Atmospheric gas; N, 3.5MPa, Sample cell; Al

* Contain water as solvent ** Pressure cell made by stainless steel
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Fig6 RC! measurement of amidation of M-14
(temp.40).
Reaction volume; 700ml, M-14; 80g, 35%-H,0,;
200g, Temp.; 40T, 175rpm line 1; Heat
genelation rate, line 2; Heat flow, line 3;

Reaction temp.
O; Decomposition ratio of HO,.
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Fig7 RC! measurement of amidation of M-14
(temp.50).
Reaction volume; 700ml, M-14; 80g, 35%-H,0,;
200g, Temp.; S0°C, 175rpm line 1; Heat

genelation rate, line 2; Heat flow, line 3;
Reaction temp.

QO; Decomposition ratio of H,0,.

N

HyN \(S‘\/LNT(CEN N HoN V l{( \

NOCH;

NaQH + HOOH —— HOO + Nd + H,0

<=NH
R o
RC=N E— fe}
- It
OOH (
HOO™

— RONH,+H-0-0-0-H (H,0+0;)

BRACAKE L ORI RB Lz, BREAERES T
HESRTHE WD, MaBSo= Y v bawo
BINBERCEEREDS~13E LT

p- USSR U V(Fig3, VYD T VI — VEEBTOT
I PR, BRREASOC R BA L & ARKE
HAFBTHELT, RSHENEH L) #HENFD
29, LA L, SEOERTE M= MY VRIBOR
BEEINE {, BHFA TS TORERISIIW 5T

Netsu Sokutei 21(2) 1994



JUEDSC & RIBBEIHC L 5= MU MEEHD 7 I FIEREORERIETM

Table 2 Heat of amidation reaction and hazard evaluation.

Temp. | Solvent Nitrile Heat of | Adiabatic Heat rate***

No| (°C) | H,0:EtOH | (molft) reaction | temp. rise (kJ/min)
(€4)] (°C/min)**

1* 50 11 M14(0.84) 210 37.1 105 (210)
2 40 111 M14(0.84) 192 9.5 27 (104)
3 40 1:1 M14(1.68) 321 10.9 31 (90)
4* 45 11 M14(0.84) 191 242 65 (161)
5 40 10 IK(0.31) 131 0.7 2.3 (82)
6 50 10 11(0.31) 214 19 6.1(132)
7* 50 1:1 11(0.31) 197 332 100 (195)
8 50 11 [1(0.15) 90 10.3 32 (85)
9 40 1:1 [1(0.31) 188 19.2 58 (162)
10 40 0:1 11(0.31) 182 9.7 29 (116)
11 50 11 HI0.32) 2 0.01 0.3
12 50 0:1 111(0.32) 16 0.02 0.6
13 50 0:1 1vV(0.11) E3 sl =1
14 50 0:1 IV(0.84) 48 22 7.2(41)
15 50 0:1 V(0.31) 174 9.1 24 (132)
16 50 1:1 V(0.31) 173 75 21 (119)
17 50 1:1 VI(0.31) 50 1.0 3.5(36)

Solvent+H,0, with water; 700ml, H,0,; 2.9mol/l, NaOH; 0.44mol/, Stir.rate; 175 pm

*  Loss of temperature control,ice was added

** Adiabatic temperature rise at the primary heat generation

*** Heat of the primary heat generation
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Fig.8 Arrehnius plot of the amidation of M-14.

Reaction volume; 700mi, M-14; 80g, 35%-H,0,;

200g, 175rpm.
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