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Abstract—Macroscopic reaction kinetics of the chlorination reaction of isophthalonitrile(IPN) to produce
tetrachloroisophthalonitrile(TPN) was studied and the optimal design and operating conditions of a fluidized
bed reactor for the chiorination of IPN were investigated experimentally. Comparing the experimental data
obtained from a fixed bed reactor with the theoretical ones, the IPN - X — TPN type consecutive reaction
mechanisms and pseudo-first order reaction rate for each step were found satisfactory and the kinetic rate
constants for each step at 300C were obtained. Experiments were conducted in a lab-scale fluidized bed
column in order to obtain the information on the minimum fluidizing velocity of catalyst which in turn served
as the basis for the design and operation of a bench-scale fluidized bed reactor. The chlorination reactions
were undertaken in this reactor using the 30 wt% FeCly/activated carbon particles of —70+ 100 mesh sizes
as the catalyst to determine the optimal operating conditions for the production of TPN of purity greater
than 95%, which include temperature, molar ratio of Cl;/IPN in the feed and mean residence time. Optimal
H/D ratio was proposed also for the design.
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Fig. 1. Schematic diagram of lab scale fixed bed reactor.
1. Cl; gas bomb 2. N, gas bomb

3. Rotameter 4. 3 Way valve

5. Pressure gauge 6. IPN melter

7 8. Line heater

9 10. Glass filter

12. Cork plug

. Thermocouple
. Reactor
11. Condenser
13. Demoisturizer
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Fig. 2. Schematic diagram of bench scale fluidized bed

reactor.

1. Cl; gas bomb 2. N, gas bomb

3. Demoisturizer 4. Rotameter

5. Fluidized bed reactor 6. Manometer tap
7. Glass beads 8. Perforated plate
9. Product receiver 10. Flask

11. NaOH solution
13. Heater

12. IPN evaporator
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Fig. 3. G. C. chromatogram.
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Fig. 5. Variation of IPN concentration as a function of
reaction time(Run no. 3).
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Fig. 7. Minimum fluidizing velocity for 30 wt% FeCly/acti-
vated carbon catalyst.
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Table 1. Experimetal data for bench scale fluidized bed reactor

o w o w N TR gy e
no. (g/min) (g/min) (CL/IPN) %) ) (=) (= (sec)
1 7.33 5.88 4.66 59.1 300.0 2.08 4.0 3.0
2 9.30 6.86 3.84 55.1 307.5 247 4.1 2.6
3 8.00 5.88 427 70.0 269.5 2.10 40 29
4 440 499 6.48 55.1 293.5 1.62 39 36
5 4,00 458 6.53 59.0 296.5 141 38 40
6 6.10 5.22 5.00 64.5 301.5 181 39 32
7 591 5.88 5.78 68.0 303.5 2.02 6.4 49
8 2.20 4.58 12.00 89.1 295.5 1.34 6.1 6.7
9 5.60 4,58 5.00 88.0 294.3 151 6.2 6.1
10 0.80 4.58 31.00 95.7 3155 1.32 6.1 6.8
11 2.00 4.58 12.40 92.7 319.0 1.39 6.2 6.7
12 1.77 4.58 14.10 92.6 3175 1.37 6.1 6.5
13 2.67 4.26 9.13 9.1 3125 1.39 6.2 6.7
14 2.00 4.26 12.17 94.8 328.5 1.39 6.2 6.7
15 1.80 4.26 13.52 95.6 325.5 1.37 6.1 6.6
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NOMENCLATURE

C;  :concentration of IPN [gmol/cm®]

©]-8-8+ Isophthalonitrile 2% €] Tetrachloroisophthalonitrile®] §Alol &3k AF

205

Cio  :initial concentration of IPN [gmol/cm?]

: concentration of TPN [gmol/cm?]

: concentration of intermediate products [gmol
/em®]

: diameter of fluidized bed reactor [tm]

: height of fluidized bed reactor [cm]

: reaction rate constant [cm®/gmol-sec]

: reaction rate constant [min~!]

: partial pressure of Cl, [(mmHg]

: partial pressure of IPN [mmHg]

: total pressure [mmHg]

: volumetric flow rate of IPN [cm?/sec]

: volumetric flow rate of Cl, [cm3/sec]

" reaction time [min]

: superficial fluid velocity [cm/sec]

Uns  :superficial fluid velocity at minimum fluidizing

U,

X,

0 =3O U W

condition [cm/sec]

: superficial velocity [cm/sec]

: intermediate chlorination reaction products from
IPN to TPN

: conversion of IPN
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