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The hydrolysis of chloroacetic acid and sodium hydroxide is carried out at 45-85 °C by using equal mole of sodium chloroacetate and

| alkali. Using reasonable approximation, the hydrolysis reaction is proved to be a second-order reaction when the conversion is less than
95 % and the kinetic rate coefficients are determined. The activate energy is calculated 103 kJ mol™.
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INTRODUCTION

Chloroacetic acid (CAA) is an essential compound for
carboxymethylation and it is widely used in pharmaceuticals,
pesticides, fuel and chemical intermediates'™. It is an indispen-
sable moiety for a lot of important chemicals such as carboxy-
methyl cellulose, adrenaline, naphthylacetic acid and herbicide
2,4-D. Chloroacetic acid is easily soluble in water with high
concentration, so its carboxymethylation is usually carried out
in water. Thus, the hydrolysis of chloroacetic acid is an inevitable
side reaction. Glycolic acid is the byproduct of the reaction of
chloroacetic acid with water, but it is miscible with water and
can not be separated in existing technique in low cost. So the
manufacture using chloroacetic acid often generates large
amount waste water with high COD, the waste water is harmful
to the environment because it can not be used in recycling
procedure and the harmlessness treatment of it also cost a lot.
To inhibit the hydrolysis of chloroacetic acid have double
significance: increase the selectivity in carboxymethylation
and decrease the amount of waste water. Several reports have
described the hydrolysis in a constant pH value to detail the
mechanism™®.

The hydrolysis of chloroacetic acid is not a single reaction.
There are four obvious reactions in the chloroacetic acid-water
system that is summarized below:

CICH,COO™ + OH" ———= HOCH,COO +CI" (1)
CICH,COOH + OH™ ———= HOCH,COOH + CI" (2)

CICH,COOH + H,O ———= HOCH,COOH + HCI (3)
CICH,COO™ + H;O ——= HOCH,COO™ + HC1 (4)

Because of the diversity of the reactions and their inter-
relationships, the accurate determination of the kinetic para-
meter is nearly impossible. Usually, chloroacetic acid is used
as a carboxymethylation reagent under strong alkaline environ-
ments with high concentration, so the assumption that the eqn.
1 is the primary reaction is reasonable. Therefore, the eqns. 2-
4 are ignored under these conditions, especially in low chloro-
acetic acid conversion. In this paper, we report kinetic data of
the hydrolysis of chloroacetic acid and then we prove the
rationality of the approximation mentioned above according
to the excellent linear relationship of the data.

The hydrolysis of chloroacetic acid is reported as a second-
order reaction’. The mechanism of the reaction is clearly described
in equation (1): a chloroacetate ion reacts with a hydroxyl ion
in water to give hydroxyacetate ion and chloride ion. According
the second-order reaction kinetics, the relationship of substrate
concentrations and reaction time obeys the rules described
below:

———=k 5)

We choose the same concentration of CI-C bond and base,
so 3 M aqueous chloroacetic acid and 6 M NaOH are used as
starting substances, as the neutralization of chloroacetic acid
consumes equal mole NaOH. The acid and alkaline are put
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into flask and mix quickly then they are bring to the proper
temperature. The concentrations (c) are examined at certain
times (t) then the c-t curves are described.

EXPERIMENTAL

Typical procedure for the kinetic experiment of chloro-
acetic acid and NaOH: in a 100 mL round bottom flask 3 M
aqueous chloroacetic acid and 6 M NaOH are mixed rapidly
then keep at 45 °C. Every 15 min 1 mL reaction mixture is
sampled to volumetric flask and then constant to 25 mL with
deionized water. The residual alkaline is titrated with 0.1038 M
standard HC1 and the amount of CI" is titrated with 0.1002 M
standard AgNO; indicated by K,CrO,. Using the similar method,
experiments are carried out at 55, 65, 75 and 85 °C. The results
are summarized in Table-1.

RESULTS AND DISCUSSION

The c, value can not be simply considered as 1.5 M due to
the generation of water and the change of total volume because
of the high starting concentration. The amount of chloride ion
hydrolyzed from C-CI bond and the amount of HCI added is
equal to the initial concentration of chloroacetic acid, so the
titration of Cl™ ion with standard AgNO; can measure the ¢y
and correct the sampling error. The results indicate that the ¢
is 1.33 mol/L and the sampling error is less than 1.6 %. The
experimental data is treated as second-order reaction program,
(1/c-1/co) on t should plot a straight line through the origin.
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Fig. 1. Kinetic relationship of concentration of chloroacetic acid with time

(c-t) at 45 °C

steady-state during the beginning 10 min. The settlement is to
measure the rise of temperature and then take care of it. By
mixing the 25 °C thermostated chloroacetic acid and NaOH
rapidly and then make the temperature-time curve in general
calorimetry, we find the adiabatic temperature rise is 20 °C. In
the next experiment we pre-thermostat the chloroacetic acid
and NaOH to 20 °C below the target temperature, then mix
them rapidly. The system establishes heat steady-state in a very
short time after the mixing and this gives wonderful experi-
mental data with perfect linear relationship.

According to the slope of the line in Fig. 2, we calculate
the apparent reaction rate coefficients (k) of 45, 55, 65, 75
and 85 °C that are listed in Table-2.

Actually, we get a straight line with a perfect linearly dependent 12 -
coefficient (R? = 1.00). The straight line not exactly goes through *45
the origin, may be the presence of a certain measurement errors 10 | X ms5
at time 0. Under this reaction conditions, the conversion of
chloroacetic acid is less than 50 % at 45 °C for 3 h. This proves 8 1
that the approach mentioned above gives good agreement to a
second-order reaction, especially at low temperature and low 61
conversion.
To control of temperature exactly is necessary in kinetic 47
experiment. During the operating period, we use a precise
temperature-controlling heater with magnetic stirrer that can 21
provide wonderful heat and mass transfer so the fluctuation is 0 : : ‘ ‘
no more than 0.5 °C. But we use the high concentrated solution 50 100 150 200
as the starting reactant, the mixing of chloroacetic acid and 2]
NaOH release a lot of heat that raises the reaction mixture’s Fig. 2. Kinetic relationship of concentration of chloroacetic acid with time
temperature rapidly and the system can not establish heat (c-0) at 45-85 °C
TABLE-1
CONCENTRATION OF ALKALINE AT DIFFERENT TIME
Time 45 (°C) 55 (°C) 65 °C 75°C 85°C
(min) c Cy c Cy c Cy Time (min) c Cy Time (min) c Cy
0 1.30 - 1.16 1.14 1.34 1.37 0 1.31 1.33 0 1.31 1.33
15 1.22 1.33 0.90 1.30 0.85 1.37 10 0.63 1.34 10 0.32 1.35
30 1.16 1.33 0.84 1.32 0.70 1.37 20 0.51 1.35 15 0.25 1.34
45 1.10 1.32 0.76 1.33 0.55 1.35 30 0.37 1.36 20 0.21 1.34
60 1.05 1.32 0.67 1.30 0.47 1.36 40 0.30 1.35 25 0.17 1.34
75 1.01 1.32 0.61 1.30 0.39 1.35 50 0.24 1.35 30 0.14 1.35
90 0.96 1.33 0.57 1.30 0.34 1.34 60 0.20 1.36 40 0.09 1.36
105 0.92 1.32 0.53 1.30 0.31 1.35 70 0.17 1.35 45 0.07 1.36
120 0.89 1.33 0.50 1.31 0.28 1.35 80 0.15 1.36 50 0.06 1.37
135 0.85 1.33 0.47 1.31 0.25 1.35 = = = = = =
150 0.83 1.34 0.44 1.31 0.23 1.36 = = = = = =
180 0.76 1.32 0.40 1.31 - - = = = = = =
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TABLE-2
APPARENT HYDROLYSIS RATE
COEFFICIENT OF CAA AT 45-85 °C

t (°C) 45 55 65 75 85
k (mol'Lmin")  0.00296 0.00898 0.0239 0.075  0.240

Then we can calculate the activation energy through these
data by the Arrhenius equation:

E
Ink=——"2+C 6
RT (6)

The experimental reaction rate coefficients (k) and
reaction temperature give a wonderful match to the Arrhenius
equation with good linearship (R? = 0.9965, Fig. 3). The
calculated activation energy is 103 kJ mol™.
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Fig. 3. Chloroacetic acid hydrolysis In k~1/T fitting to Arrhenius equation
at 45-85 °C. T means Kelvin’s temperature, which equals to
centigrade degree plus 273.15

The temperature is a key factor for the hydrolysis of
chloroacetic acid. The conversion of chloroacetic acid is no
more than 10 % even under strongly alkaline evironment for

15 min at 45 °C, but it increases to over 80 % when the reaction
temperature is raised to 85 °C. from the experimantal data we
can recogonize that when the conversion of chloroacetic acid
is more than 90 % after 40 min at 85 °C, the concentration
variation remains in line with second-order kinetic equation.
But when the conversion is more than 95 %, more side reaction
occur so the c-t curve begin to deviate the second-order reaction’s
straight line. This indicates that in the hydrolysis system of
chloroacetic acid the reaction of chloroacetic acid and hydroxyl
ion is the major reaction and the other side reactions can be
ignored when the conversion is less than 95 %.

Conclusion

In summary, we determine the kinetic rate coefficient of
chloroacetic acid hydrolysis and calculate this reaction’s
activate energy. The reaction is a second-order reaction and
the activate energy is 103 kJ/mol.
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