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Kinetics of phenylacetonitrile hydrolysis in NH;-enriched

high temperature liquid water

REN Haoming, Lii Xiuyang
(Department o f Chemical and Biochemical Engineering , Zhejiang University , Hangzhou 310027, Zhejiang, China)

Abstract: In order to solve the problem of slow reaction rate for non-catalyzed hydrolysis of
phenylacetonitrile in high temperature liquid water (HTLW), a new method was proposed to accelerate
the reaction by the addition of NH; to the HTLW. Hydrolysis kinetics of phenylacetonitrile and
phenylacetamide as its intermediate at different temperatures and ammonia concentrations was
determined. From the kinetics data of phenylacetonitrile hydrolysis, the yield of phenylacetamide increased
from 26. 9% without addition of ammonia to 50. 8% at the ammonia concentration of 919. 4 mg « L™'. From
the kinetics analysis, the addition of ammonia could greatly promote the reaction rate of phenylacetonitrile
hydrolysis to phenylacetamide, but have relatively small impact on the hydrolysis of phenylacetamide to
phenylacetic acid, indicating possibly a higher yield of phenylacetamide. For non-catalyzed hydrolysis of
phenylacetonitrile in HTLW, the kinetics data were in good agreement with the first order kinetic
equation, but second order kinetic equation fitted the data well for phenylacetonitrile hydrolysis in

NH;-enriched HTLW. At the ammonia concentration of 229. 8 mg + L', the activation energies for
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phenylacetonitrile and phenylacetamide hydrolysis lowered to 57.2 kJ ¢ mol™' and 67.7 kJ « mol™',
respectively. All these data gave hints that the addition of ammonia to HTLW may change the pathway of
phenylacetonitrile hydrolysis. This work will not only provide basic data for environmentally benign

preparation of phenylacetamide and phenylacetic acid, but also improve the applicability of organic

synthesis in HTLW,
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Fig. 1 Schematic diagram of experimental apparatus
1—reactor; 2—pressure relief valve; 3—cooler;

V1~V6—high pressure valve; P—pressure gauge
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ammonia concentration

k1 /IlliIl‘il
NH;/mg « L™!

433.15 K 453.15 K 473.15 K 493.15 K
0 0.00029  0.00066  0.00126  0.00254

114.9 ND® ND 0.01017 ND
229.8 0.00397 0. 00997 0.01566 0.02911

459.7 ND ND 0. 04593 ND

919. 4 ND ND 0.07277 ND

@ ND: not determined.
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hydrolysis at different temperature and

ammonia concentration

ko /min !
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229.8 0.00123 0.00252 0. 00556 0.01205
459.7 ND ND 0. 00886 ND
919. 4 ND ND 0.01171 ND
(D ND: not determined.
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