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Abstract - In the Active Pharmaceutical Ingredient(API) manufacturing company, since the product is pro-
duced by the chemical reaction, fire and explosion are frequently occurred in the process of inputting the raw
powder as the chemical reaction stage. There are not many studies on safety measures through analysis of cause
of accident in the actual chemical reaction stage. In this study, we investigated the heat flow in the boron re-
moval reaction process to investigate the risk in the chemical reaction stage. The study reaction process was
performed by using the reaction calorimeter for the products synthesized at the actual raw material in pharma-
ceutical factory. The risk was estimated by comparing the maximum temperature of the synthesis reaction,
which can generate heat due to the failure of cooling in the actual manufacturing process, and the technical
temperature. These results are applied to commercial manufacturing sites and safety measures to control the
risk of runaway reaction due to reaction heat are suggested.

Key words : pharmaceutical Ingredient, boron removal reaction, reaction calorimeter, risk, runaway
reaction
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Fig. 1. Reaction mechanism in process.
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Table 1. Chemistry Information of raw materials
Chemical Type Mol weight Amount
PMBE Limiting | 637 57 g/mol 150
Reagent ’ J
H0; Reagent 50 g/mol 5212 g
Methyl
alcohol Solvent 32.042 g/mol 750 ml
DIET Product 537.64 g/mol 0

Fig. 2. RC-1 Photograph.
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Fig. 3. Block diagram for DIET reaction.

Table 2. Heat transfer coefficients (U)

Time UWm?k? | Calculated by Tr(C)
00:17:12 183.41 Standard 18.64
00:57:14 186.50 Standard 21.62
01:53:52 202.78 Quick Cal 4179
06:51:30 197.24 Quick Cal 44.15
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Fig. 4. Trend Graphs.
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Table 3. Criticality Index

Name DIET
Parameters - Desired Reaction

Reaction Reaction 1
Heat Removal Rate Limit 30W/kg
Acceptable Thermal Acc Limit 10%
Parameters - Secondary Reaction

TD24(deqC) 215.8C
Maximum Technical Temperature 64.6C
Criticality Graph Based on MTSR
Evaluation Parameters

Reaction Total Time 04:27:47
Dosing Total Time 00:01:36
Total Amount Dosed 52.12g
Heat of Reaction

qr[Reaction] 82.05 kJ

Dosed amount of Limiting Reagent

0.253mol:150g

Heat Removal

q Removal[Reaction] 79.95 KJ
Reaction Specific Heat Removal Mean:6.249W/kg
Rate Max:44.19W/kg

Adiabatic Temperature Rise(ATad) and MTSR

A Tad(Heat Removal) 36.5 K
Maxi .

aximum Achievable Temperature 76.5C
(Heat Removal)
MTSR(Heat Removal) 78.22°C
A Tad(Heat Reaction) 37.46 K
Maximum A.cluevable Temperature 77 46°C
(Heat Reaction)
Thermal Accumulation
Is Thermal Accumulation critical Yes

Thermal Conversion at End of
Dosing

0% at 01:14:46

Max Accumulation og Dosed

Reagent 0.2281 mol |
Criticality

TD24 215.8C
Criticality Index 3
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