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Hydrolytic Rate of Acid Anhydrides in Heterogeneous Reaction

by Yasuhiro FujmmoTo*

Abstract . The Reaction Calorimeter RC 1 has been used to evaluate reaction hazards in laboratories under
the batch process conditions-reaction temperature, type of reaction, etc. For the better result of evaluation,
the conditions for evaluation are usually attempted to be the same as ones in actual chemical plants as well
as possible. But all of the reaction conditions in actual plants may not be safe and available for laboratory
evaluation. Some reactions may bring explosions or burnings easily, and may be too toxic to protect
normally. In such cases, less hazardous model reactions are useful if their physical and chemical characteris-
tics are roughly similar to the actual reactions. Results using the model need not to show the actual magnitude
of reaction hazard, but need to show the trend of the hazard, that is, the evaluation result using one model
reaction will be usefull for a variety of reactions.

‘Neutralization of acetic acid and sodium hydroxide was used as a model reaction for the evaluation of
the effect of mode and rate of stirring on the thermal behaviors of exothermic chemical reaction-nitration.
The neutralization is rather fast reaction (reaction rate constant of AcOH in benzene and NaOH in water :
k~58%107%s7! at 300 K), so it seems suitable for a model of fast reactions, nitration etc.

In this paper, the rate of hydrolysis of acid anhydrides was evaluated as a candidate of the model reaction
with moderate rate. The hydrolytic rates of three anhydrides-acetic anhydride
(C.H;0s), propionic anhydride (C,H,,0,), and butyric anhydride (CiH,,0s) were measured. The hydrlytic
rates were £=2.8X1073s! for hydrolytic rate of acetic anhydride at 300 K and 2=1.1X1073s! for propionic
anhydride at 300 K. The rate for butyric anhydride was too small to measure. The hydrolytic rates for diluted
anhydrides with benzene were 2=1.3X107%s"! for acetic anhydride at 300 K and ~2=0.54X10"3s"! for
propionic anhydride at 300 K. The experiments show that the hydrolysis of acetic anhydride can be useful for
the model with moderate rate reaction.

The re-start experiment of stirring for acetic anhydride of benzene solution was conducted. The
operating condition of stirring rate was 40 rpm while dosing acetic anhydride of benzene solution into water,
then incresed to 180 rpm. The reaction rate after increasing stirring rate was £=3.2X1073s7! at 320 K. It is
about 50% higher than the rate in the other experiment in which the stirring rate is 180 rpm throughout dosing
and aging. This result is a little different from the similar experiment with neutralization. The rate of re-start
was about ten times higher than the normal rate in the neutralization experiment. This shows the severity of
the re-start hazard is sensitive to the reaction rate.
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Fig. 1 Schematic showing of reaction calorimeter RC 1.
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Table 1 Basic experimental conditions for hydrolysis.
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Water : 800 ml
Anhydride : 0.3mol
Dosing rate 0.3mol/10min
Stirring rate 180 rpm
Temperature 300~ 340K
Heat Flow (W)
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Fig. 2 Heat flow profile curves of hydrolysis of anhy-
drides. (T=320K)
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Fig. 3 Hydrolytic rate for acetic anhydride.
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Fig. 4 Arrhenius plots for hydrolysis of anhydrides.
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Table 2 Extra conditions for tests for catalytic effect.
BRI R ORMEERDBINGES
Additives HCl1 1, 10 mol%
NaOH 0.1, 0.8 mol
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Fig. 5 Catalytic effect of HCI for hydrolysis of
propionic anhydride (T=310K).
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Fig. 6 Catalytic effect of NaOH for hydrolysis of °

propionic anhydride (T=310K).
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Table 3 Extra conditions for heterogenetic hydrolysis.

ME—RTOIKDBORERSM

Benzene upto 200g with Anhydrides
Dosing rate 200g/10min
Heat Flow
Acet.Anhyd.
I 10W
j Acet Anhyd in Bz
0 2000 4000

Reaction Time (s)

Fig. 7 Heat flow profile curves for hydrolysis of undilut-
ed acetic anhydride and diluted one with ben-
zene.
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Fig. 8 Heat flow profile curves for hydrolysis of undilut-
ed propionic anhydride and diluted one with
benzene.

R THRIRLEK T O D BOMKDIER
BEDFEET)

BB, TNETNOHEAKYEFH Iz & & OIIASMER
JIEDIEHELT AV F —1%, AR OBES T AE~8)
kJ/mol, &K 70 ¥4 VB DB E T AE~80k]/
mol, L EIFEICEE >z, ZOEIZ, FRE T
ZOEFRHWTRIGERIEE LHEL T, 112 7H
BEr22,

R, BREFBOTC2BAMI T THLOEESLT
RIG3 ¥ 2 EBREPEAER O ¥ VB e WS
Hlzo MEAKEEEE 0.3 mol 2RV E L IZHEM LT 200g
ELIBERERNT 2B 3BBRoBER S TP



—92—

Table 4 Extra conditions for heterogenetic hydrolysis
1.
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Fig. 9 Heat flow profile curves for hydrolysis of diluted
acetic anhyderide with benzene.
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Fig. 10 Heat flow profile curvesfor neutralization of
diluted acetic acid with benzene onto NaOH agq.
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