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Abstract—For the chlorination of aniline salt to synthesize 2,4,6-trichloroaniline in the solvent of chioroform, the
reaction mechanism was suggested and the reaction kinetics was examined. The reaction rate constants were esti-
mated by using the experimental results obtained in the range of 10-40°C and the equations of reaction rates, which
were derived from the reaction mechanism. The results calculated by applying the reaction constants to the theoretical
equations of reaction rates were well agreed with experimental results. The reaction rate of formation of 2,4,6-trichloro-
aniline from aniline salt is 9 times greater than that of 2,6-dichloroaniline, and the activation energies of these two
reactions are almost same. Therefore, the increase of 2,4,6-trichloroaniline yield cannot be expected by controlling the
reaction temperature, and the obtainable maximum yield of 2,4,6-trichloroaniline is about 90%.
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Fig. 1. Schematic flow diagram of experimental
apparatus.
1. Q3 cylinder
2. Rotameter
3. H(l gas evaporating system
4. HySOy trap
5. Reactor
6. Constant temperature bath
7. Condenser
8. Scrubber(25% NaOH)
CW: Chilled water
TI: Thermometer
TIC: Temperature indicating & controller
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Table 1. Analysis conditions for HPLC

Lichrosorb RP-18,
4.6mm ID x 25cm H
Methanol(4) + Water(1),
flow rate: 1 ml//min

Stationary phase

Mobile phase

Detection UV detector,
wavelength : 243 nm

Pressure 120 torr
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0.00 2.831
4181 g 3.085
15.00
Cal. Method 00
No. Name RT AorH MK Conc.
1 2.638 26971 M 0.7589
2 2.831 921548 M 25.9322
3 3.085 1235516 M 39.9271
4 4.181 543700 M 10.6246
5 6.478 825943 23.2419
Total 3553680 100.0000
Fig. 2. A typical result of HPLC analysis.
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Fig. 3. Concentration variations of reactants as a

function of time at 10°C (+: Aniline salt,
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Fig. 4. Concentration variations of reactants as a

function of time at 20°C (+: Aniline salt,

© : MCA, 0: DCA, & : TCA, —: calculat-

ed).
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Fig. 5. Concentration variations of reactants as a
function of time at 30°C (+: Aniline salt,
© : MCA, © : DCA, 2 : TCA, —: calculat-

ed).
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Fig. 6. Concentration variations of reactants as a
function of time at 40°C (+: Aniline salt,
@ : MCA, ©: DCA, a: TCA, —: calculat-
ed).
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Fig. 7. Estimation of (k;,+ky values (&: 10°C,
+:20°C, ©: 30°C, & : 40°C).
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Table 2. Values of k;+ks, D, and t; determined
from experimental data

Temperature ki + k3 D, tg
(°K) (min™)  (mole fraction)  (min)
283 0.033 0.11 40
293 0.040 0.11 30
303 0.050 0.10 25
313 0.080 0.10 15

Table 3. Values of rate constants estimated from
the rate equations

Rate constants(min-1)

Temperature( °K)
K ks ks
283 0.029 0.019 0.0036
293 0.036 0.023 0.004
303 0.045 0.030 0.005
313 0.072 0.050 0.008
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Fig. 8. Arrhenius plot of rate constants (+: k,,
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Table 4. Values of activation energies

Rate constant Activation energy(kcal /mole)
k; 5.86
ko 6.46
k3 5.20
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NOMENCLATURE

A : concentration of aniline salt [mole//]

A, : initial concentration of aniline salt [mole//]

B : concentration of monochloroaniline salt {mole/
{]

C : concentration of 2,4,6-trichloroaniline salt
{mole/l]

D : concentration of 2,6-dichloroaniline salt
[mole/!]

DCA : dichloroaniline salt

D, : concentration of 2,6-dichloroaniline as reac-
tion time reaches oco[mole//]

k, : reaction rate constant of reaction 1 [min™']

k,  : reaction rate constant of reaction 2 [min™]

ks  : reaction rate constant of reaction 3 {min™)

MCA : monochloroaniline salt

T : absolute temperature [°K]

TCA : 2,4, 6-trichloroaniline salt

t . reaction time [min])

tg : reaction time when concentration of mono-

chloroaniline salt is maximum [min]
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