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Abstract — A study for process design to curtail the utility consumption during residual styrene monomer recovery in
an ABS polymerization process was carried out. Among different techniques for residual monomer recovery, the steam
stripping is dominantly employed in industries. The existing process, however, consumes a large amount of utility
(steam and cooling water), and this study focused on the design of a new process that can substantially spare the utility
consumption. A new process was configured to utilize the latent heat of the stripping steam, which is condensed with the
monomer using cooling water after exiting the stripper. The condenser was modified to use vacuum state water as cool-
ant and to generate vacuum state steam using the latent heat of the stripping steam. The steam is injected to the stripper
as the stripping steam after upgrading using a compressor. Through this modification, consumption of steam and also
cooling water could be significantly reduced at some expense of electricity for compressor operation.
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Fig. 1. Simplified flow of the ABS polymerization process.
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Fig. 3. Process flow diagram of the existing styrene monomer recov-
ery process.
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Table 1. Heat and mass balance of the selected streams in Fig. 3
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Fig. 4. Monomer recovery rate depending on the amount of steam
injection; Company experimental data.
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Fig. 5. Heat exchanger T-Q curve by using recovery water.

Stream 1 3 4 5
Material (kmol/h) Water 1,087.7 208.1 - 0.0
Styrene 34 1.8 - 1.8

Utility (ton/h) CwW - - 60.0 -
Temp (°C) 65.0 63.0 18.0 23.0
Pressure (bara) 2.94 0.18 - 1.01

Vapor Fraction 0 1 0 0

Enthalpy (GJ/h) - —46.256 —49.790 - -
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Table 2. Heat and mass balance of the selected streams in Fig. 6
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Fig. 7. T-Q curve for (a) HX1 (b) HX2.

Stream 1 2 3 4 5
. Water 1,087.7 208.1 208.1 208.1 201.1
Material (kmolfhr) Styrene 34 18 18 18 0.0
Utility (ton/hr) Cw
Temp (°C) 65.0 62.7 579 30.0 30.0
Pressure (bara) 2.94 0.18 0.18 0.18 0.14
Vapor Fraction 0 1 0 0 0
Enthalpy (GJ/h) - —49.790 —58.765 -59.213 -57.387
Stream 6 7 8 9 10
Material (kmol/hr) Water 201.0 201.0 0.036 7.0
Styrene 0.0 0.0 1.8 0.0
Utility (ton/hr) CwW 32
Temp (°C) 55.8 84.9 30.0 30.0 18
Pressure (bara) 0.14 0.18 0.18 0.18 4.41
Vapor Fraction 1 1 0 0 0
Enthalpy (GJ/h) —-48.412 —-48.214 0.172 —-1.998 —-50.857
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Table 3. Comparison of utility requirement and cost for the existing and improved processes

Existing Improved
Amount Cost (10° won/yr) Amount Cost (10° won/yr)
Steam (ton/h) 35 1,042.4 0 0
CW (ton/h) 60.0 233.9 32 12.5
Electricity (kW) 11.0 9.9 65.9 59.5
Total 1286.2 72

Unit price (won/ton, won/kWh): steam: 34,000, CW: 445.0, electricity: 103.0
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