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Abstract — Lactic acid is widely used in the food, chemical and pharmaceutical industries, and there is an increasing
demand for lactic acid as the raw material of poly lactic acid(PLA), which is a biodegradable polymer. Lactic acid pro-
duction has been changing over from production by synthesis to production by fermentation, since the fermentation pro-
cess is more nature friendly and economic. However, the fermentation method generates excess water and impurities
with high boilers. The presence of high boilers and non volatility of lactic acid makes the separation of lactic acid very
difficult job. Also, the purification-separation process requires the many investment costs and energy costs. Reactive dis-
tillation concept was also introduced for the process, giving higher selectivity and yield compared to the convention
method. We introduce a new highly integrated process, reactive diving wall column, to reduce the capital and energy
cost for producing a pure lactic acid. The reactive dividing wall column combines reactive distillation and dividing wall
column. We compared capital and energy consumption required for the purification of lactic acid the between the pro-
posed design structures. And we examined the effect of major process variables on the process performance and deter-
mined optimal process.
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Esterifiacation: Lactic acid + Alcohol — Ester + Water
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Hydrolysis: Ester + Water — Lactic acid + Alcohol
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Table 1 Composition of lactic acid feedstocks [13]

Feed designation (nominal)

Feed component

Table 2. Physical properties of the pure compounds

Materials Molecular Weight  Boiling point (C) at 760 mmHg
Lactic acid 90.079 216.85
Methanol 32.042 64.7
Methyl lactate 104.106 144.8
Water 18.015 100
Dilactic acid 162.1424 215.85
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20 wi% 50 wi% 88 Wi% Table 3. UNIQUAC binary parameters for the quaternary system [14]
L, Wt% (mol%) 23 (5.6) 46 (15.2) 58 (43.5) Subsystem (1, j) A/K A/K
L, 3(0.5) 22(9.2) Methanol (1) - water (2) -192.6 325
L, 6(1.8) Methanol (1) - Methyl lactate (3) 866.6 -164.4
L, 2(0.4) Methanol (1) - Lactic acid (4) 322.59 17.14
H,0 77 (94.4) 51(84.3) 12 (45.1) Water (2) - Methyl lactate (4) -20.05 32531
Monomer equivalent Water (2) - Lactic acid (4) -84.8 -26.1
concentration (M) Methyl lactate (3) - Lactic acid (4) 367.14 -302.09
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Table 4. Azeotrope composition of the system water + methyl lactate (mole basis)-Experimental [14]

p/Kpa T/K Xoyater Xonethy lactate Reference
101.33 371.1 0.88 0.12 Sanz et al.
101.33 370.9-373.15 0.91-0.93 0.09-0.07 Weisberg and stimpson
101.33 371.48-372.04 0.96 0.04 Schopmeyer and Arnold
101.23 37225 0.941 0.059 Troupe and Kore
101.33 372.15-372.65 0.95 0.05 Chahal
-Estimated
p/Kpa TK Xovater Xonetiyl lactate Xiactic acid Xinethanol Xedilactic acid
101.33 490.62 0 0.6107 0 0.3893
101.33 336.86 0 0.027 0 0.973 0
101.33 371.1 0.8812 0.1188 0 0 0
Table 5. Kinetic parameters for esterification and hydrolysis reactions
[15]
Parameter Value
K. (mol g ' min!) 1.16 x 10° 1
K,2(mol g ! min!) 1.65 x 10°
E, (KJ mol™) 48.52 Recycle of McOH
E, (KT mol ™) 50.91
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Fig. 1. Design structure 1 (DS1).
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Fig. 2. Design structure 2 (DS2).
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Table 6. Configuration for the proposed design structure 1 (DS1)

Variables Unit Value
Total Stages 23
Prefractionator 10
Main column 23
Feed Dilute 2
Alcohol 9
Reaction zone Prefractionator 2~9
Main column 9~15
Temperature Top °C 101.66
(Prefractionator) Bottom °C 170.26
(Main column) Top °C 63.61
Bottom °C 104.32
Pressure Bar 1
Pressure drop Bar 0.001
Catalyst loading Prefractionator Kg 40
Main column Kg 80
Catalyst Amberlyst-15
Feed flow rate Dilute Kmol/hr 10
Alcohol Kmol/hr 4.5594
Feed conditions Dilute Saturated liquid
Alcohol Saturated liquid
Products Distillate Kmol/hr 4.497
Bottom rate Kmol/hr 9.988
Reflux ratio 7.4
Boilup heat duty Prefractionator KW 160.2
Main column KW 210
Feed mole ratio Lactic acid feed : Alcohol 1:3
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Design structure 1 (DS1)

Recovery XDMeOH FMR Qpro (KW) RR Qurain (KW)
Optimal 0.985 0.976 5.228 143.729 7.339 160.129
Design structure 2 (DS2)
Recovery xDMeOH FMR Qp. (KW) RR Qjain (KW) LR
Optimal 0.972 0.989 7.507 162.415 6.898 228.034 0.029
Design structure 3 (DS3)
Recovery xDMeOH FMR Qcgrr (KW) Tau (hr) RR Quain (KW)
Optimal 0.984 0.968 30.581 288.499 91.38 1.98 290.517

Recovery: Lactic acid recovery yield

xDMeOH: methanol mole fraction of top product in main column
FMR: feed material ratio (MeOH/Lactic Acid mole ratio)

Q,: reboiler duty for the prefractionator (KW)

Q) 1ain: reboiler duty for the main column (KW)

Qcrx: heat duty for the CSTR reactor (KW)

Tau: residence time for the CSTR reactor (hr)

RR: reflux ratio for the main column

LR: Liquid split ratio between prefractionator and main column
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Fig. 5. Temperature profile and composition profile of prefractionator in the optimal design structure 1 (DS1): ((a)temperature profile; (b)vapor
composition profile; (c)liquid composition profile).
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Fig. 8. Effect of heat duty on esterification and hydrolysis conversions and methanol purity in the optimal design structure 1 (DS1) (left: prefrac-

tionator; right: main column).
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Fig. 9. Effect of reflux ratio on hydrolysis conversion and methanol
purity in the optimal design structure 1 (DS1).
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