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Abstract—Reactive batch distillation coupling esterification and hydrolysis was studied for the recovery of lactic
acid. The analysis of the dynamic behavior of the system showed drastic change of esterification reaction rate in the
reboiler due to the difference of volatility and component boilup ragadif species. Methanol recycle and feeding
method were investigated as the factors which could control the compoent boilup rate of each species and rate of
esterification reaction. The flow rate and composistion of methanol recycle stream was controlled by the temperature
of the partial condenser. A temperature slightly higher than the methanol boiling point is optimum as the temperature
of the partial condenser. When the temperature of the partial condenser was increased in the initial part of whole batch
time and decreased in the latter part, the performance of the system was enhanced, compared with when the partial
condenser temperature remained constant. Semibatch operation was compared with batch operation. Continuous feed-
ing of methanol enhanced the recovery system performance while continuous feeding of lactic acid aqueous solution
deteriorated, compared with batch operation.
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INTRODUCTION In order to enhance the economics and efficiency of this recov-
ery process of lactic acid, the concept of reactive distillation, the

Lactic acid is of interest as the raw material of biodegradable polhybrid process of reaction and distillation could be applied [Choi
ymer and green solvent as well as for use in the food, pharmaceutind Hong, 1999; Seo et al., 1999]. In reactive distillation, the conver-
cal and cosmetic industries. Recently, fermentation has been presion of the limiting reactant can be substantially increased by con-
ferred to the conventional chemical synthetic process because dihuous removal of the products from the reacting mixture in terms
the production of a desired stereoisomer. However, it becomes af reaction [Guttinger and Morai, 1999]. In terms of separation, a
major challenge to reduce the cost of acid recovery and purificanonreactive azeotrope and distillation boundary can often be over-
tion and to produce heat-stable lactic acid. come [Sundmacher et al., 1994].

Purification of lactic acid obtained from fermentation is rather In previous research, batch reactive distillation of lactic acid was
difficult due to such characteristics as strong affinity to water andinvestigated in terms of the feasibility of the system and the effect
low volatility. There have been several alternatives for the recov-of operation parameters [Seo et al., 1999; Choi and Hong, 1999].
ery of lactic acid from dilute aqueous solution such as precipita-Esterification part and hydrolysis part were operated simultaneously
tion [Datta, 1995], membrane process [Mani, 1991; Timmer et al. with interconnecting streams, and cation exchange resin was used
1994; Husson, 1998], ion exchange process [Husson, 1998], ags acid catalyst. Operation was performed at batch mode to ensure
sorption [Husson, 1998], and extraction [Kertes and King, 1986;sufficient residence time of lactic acid in reaction medium.

Hong and Hong, 1999; Han et al., 2000; Han and Hong, 1998]. In In this study, dynamic behavior of reactive batch distillation of
addition to these processes, high quality lactic acid can be obtainddctic acid was analyzed in terms of the instantaneous reaction rate
by the combined process of reaction and distillation composed obf esterification. To increase this rate, the boilup rate and residence
esterification of lactic acid, distillation of the lactate and hydrolysis time of each species were controlled during operation by the change
of the distilled lactate [Vickloy, 1985; Cockrem and Johnson, 1993].of methanol recycle stream’s condition and feeding mode.

This process uses the selectivity of esterification to carboxylic acid

against various salts and, thereby, can produce highly pure lactic EXPERIMENTAL

acid. Lactic acid produced by this process is heat stable. However,

this process contains multiple steps of several reactions and distilld- Materials

tions. In addition, esterification of lactic acid is highly-equilibrium-  L-Lactic acid [20% (w/w) Acros, USA] and methanol (Merck,

controlled reaction with low reaction rate. Germany) were used without further purification. A strongly acidic
cation exchange resin, DOWEX-50W in the(8IGMA, USA)

To whom correspondence should be addressed. was used as the solid catalyst. For pretreatment, new fresh resins

E-mail: whhong@mail.kaist.ac.kr were washed with deionized water. And then the dehydration of

“This paper is dedicated to Dr. Youn Yong Lee on the occasion of hig'€sins was performed in a vacuum oven at 348 K for 12 hr.

retirement from Korea Institute of Science and Technology. 2. Experimental Procedure
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stirred well with a magnetic stirrer during the whole operation.
3. Analysis Methods

The concentration of lactic acid was titrated by 0.1 N NaOH solu-
tion using phenolphthalein as an indicator. Formation of dimer or
oligomer of lactic acid by self-esterification could be ignored under
this condition [Troup and Kobe, 1950]. Total ester content of a sam-
ple was measured by using saponification of ester. Excess base add-
ed into the sample and the remaining base was back-titratrated with
0.1 M HCI [Kolah et al., 1996]. Water content in the reboiler was
determined by Karl Fischer titration with coulometric K-F titrime-
ter model 447.

The performance of the system was represented as yield, loss,
B production efficiency and energy consumptitinese terms were
defined as follows.

Rest-est

SWN =

pra—

l Rhyd—est

9 (1) Vield: amount of produced lactic acid [g)/amount of lactic
Lostys | 10 acid in feed [g]

(2) Loss: amount of residual lactic acid and lactate in the reboiler
of esterification part after operation [mole]/amount of lactic acid in

feed [mole]
ificati i i (3) Production efficiency [%/hr]: yield/operation time of esterifi-
Esterification Reaction Hydrolysis i "
Part Reaction Part cation par

(4) Energy consumption [kJ/g lactic acid]: heat applied into the

Fig. 1. Schematic diagram of reactive experimental apparatus for  apoilers [kJ}/amount of produced lactic acid [g]

batch distillation.
A. Reboiler C. Partial condenser

B. Oldershaw column D. Total condenser RESULTS AND DISCUSSION

1. Dynamic Characteristic of Operation
A schematic diagram of the experimental apparatus is shown in In Fig. 2, the behavior of the system with time is shown. The reac-
Fig. 1. The experimental system consists of two parts: the esterifition rate was calculated from the experimental values of composi-
cation part and the hydrolysis part. The glass Oldershaw columngons and temperatures with Eq. (2)
with vacuum jacket were used for each part.

i i i . dC, E
Reactions in the reboilers are as follows: TML =(k, +kCCC)exp%- R_T%CLACMEOH ~C,,.Co/K) @)
Lactic acid+methanst>methyl lactate+water 1)

The forward reaction of (1) occurs in the esterification part and
the backward reaction occurs in the hydrolysis part.
The residuals in the reboilers of both parts consist of the four com®

0.0004

tion]

rac

ponents in Eq. (1). However, boilups from the reboilers have onlys 0.8 —0.0003 g
three components (methyl lactate, methanol and water) since lact 8 L "
acid has little volatility and decomposes before vaporization. Meth-g - | 0,000 E
anol-rich vapor flow (distillate) and methyl lactate-rich liquid flow g ’ e
are formed from this boilup by fractionation in the column. Metha- é 3
nol-rich vapor flow is transported through partial and total con- § 041 X | 0.0001 g
densers and recycled into the reboiler of the estification part (througl 2 : %
Restesi@Nd Ryyo). Lactate-rich liquid flow in the column of esterifi- % \/\\c_: 5
cation part is moved into the reboiler of hydrolysis part (through £ 21 [70-0000 @
L esnyd @nd liquid flow in the column of hydrolysis part is refluxed §

into the reboiler. Methyl lactate in the reboailer of the hydrolysis part © > | 00001
is converted into the final product, pure lactic acid solution. Water 0 300 400
was used as the solvent of lactic acid in the initial feed and was prc time [min]
duced from reaction. —— Lactic acid
The operation procedure was as follows. The starting point of T m:::;”;'mte
operation was taken as the moment that the initial mixture startes — - Water
to boil up by preheating in the reboiler of esterification part. Time — Instantaneous reaction rate

until the point that dews appeared in total condenser from startingrig. 2. Analysis of dynamic behavior of system in the reboiler of
point was taken as startup period. The residual in the reboiler was esterification part.
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The equation of reaction rate and constant values were obtaine __ 40 95
from Seo and Hong [Seo and Hong, 2000]. —e— production efficiency | 90

Component boilup rate of each species was determined by th 3B |0 Wloss )
—a&A .- energy consumption - 85

relative volatility of each species. The order of volatility is as fol-
lows: methanol (b.p at 1 atm, 64G)>water (100C)>methyl lac-

tate (144C)>lactic acid (not volatile). The change of instantaneous
reaction rate with time can be explained by the difference in com:
ponent boilup rate of each species. According to that, whole batcl
time was divided into the subparts.

30
— 80

257 - 75

20 - 70

154 - 65

I~ 60
Part 1: Initially, the instantaneous rate of esterification decreasec

This was due to the rapid boilup of methanol (the lightest boiler) 2
and to the production of methyl lactate. PE

Part 2: Reaction rate increased in this part. It is caused by de S o "
creasing of water content in reaction mixture. Through a recycle 60 62 64 66 68 70 72 74 76 78 80
stream, loss of methanol during the previous part was compensate
to a certain extent.

Part 3: Reaction rate decreased abruptly, again mainly becauddd- 3. Effect of temperature of partial condenser on the perfor-
of the accumulation of methyl lactate (the heaviest boiler). mance of system.

Part 4: Reaction rate increased due to the removal of methyl lac-
tate. However, this value did not increase much. Residual lactic ac
is converted into lactate completely by excess amount of methan
through the recycle stream. 16

10 A

ole %] or Production efficiency [g %/hr]
Energy consumption [kd/g LA]

— 55

~ 60

SS

Temperature of partial condenser ['C]

18

—
©
=

In this system, two cases of overheating in the reboiler of the e
terification part occurred. In Case 1, reaction rate was too low, cornr
pared with boilup rate. A large amount of uncoverted lactic acic
accumulated in the reboiler, which resulted in the abrupt increas
of temperature due to the nonvolatility of lactic acid. Because o
high temperature, methanol required for the conversion of residui
in reboiler could not have sufficient residence time. If heat was af.
plied continuously into the reboiler, unconverted lactic acid was de
composed and resin was deactivated. In this case, loss of lactic a
in feed happened. In Case 2, mainly in the latter part of whole batc
time, reaction rate increased quickly due to aimost complete remov 0 50 100 150 200 250 300
of water, and large amount of methyl lactate was produced durin
a short time interval. Temperature did not increase more than to tt

Concentration of methanol [wt %]

Time [min]

limiting temperature of resin. However, methyl lactate boiled up (b) <0 -
more rapidly than methanol recycled into the reboiler. And resid- T?log
ual in the reboiler disappered temporarily. e %g
2. Effect of Methanol Recycle —a— 78°C

Distillate from the esterification part was the lightest-boiler meth-
anol (reactant)-rich flow while reflux flow is water-methyl lactate
(product)-rich flow. Therefore, to operate the esterification part ap
propriately, distillate flow should be used for recycle of methanol
and simultaneously product in reflux flow should be removed from
the reboiler of the esterification part. These two flows could be con
trolled by a partial condenser. The temperature and capacity of t

Concentration of water [wt %]

50 \

partial condenser could affect the composition and the flow rate ¢ \
two streams.

According to Fig. 3, at a partial condenser temperature of slightly 40 , : : : :
higher (67C) than the bailing point of methanol, better performance 0 50 100 150 200 250 300
could be obtained than at other temperatures. At higher temper. Time [min]
tures than this tgmperature, prodgction efficiency decreased and e|C—’Tg. 4. Behavior of reaction mixture in the reboiler of esterifica-
ergy consumption increased rapidly, while at lower temperatures tion part with time.
of the partial condenser, a large amount of unconverted lactic acid (a) Content of methanol in reboiler of esterification part
remained in the reboiler of the esterification part after 5-hr operation. (b) Content of water in reboiler of esterification part
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000035 000026 In Table 1 and Fig. 6, operation results of each methanol recycle
mode were presented. Similar operation results were obtained at
0.00030 00002 T temperature of the partial condenser@{mode 1) and at 7C
T ' % (mode 2) as in Table 1. However, as shown in Fig. 6, the dynamic
£ 0000257 2 behaviors at these two modes were different. A€71he time at
% L000022 5 which concentrations of lactic acid and methyl lactate become de-
2 0000201 § creased (at part 2-part 3) was delayed. Fig. 6(c) represents the in-
; 0000151 ‘9:_3 stantaneous reaction rate at each mode. In part 1, the instantaneous
2 ' -0.00020 5 reaction rate at 7C was higher than at 8Z. However, at 7iC,
% 000010 % part 2 and part 3 where the instantaneous reaction rate increased
i 3 and decreased, respectively, started later than°@t &¢cording
000005 r000018 to this result, it can be said that, at the temperature of the partial con-
denser, 71C, the conversion of limited reactant, lactic acid is larger
0.00000 ] @i o 000016 in the initial part (part 1) of whole batch time due to relative rapid

recovery of methanol (the lightest boiler). However, more accumu-
lation of water after that part at 7@ delayed the proceeding of es-
terification and the boilup of methyl lactate.

Modes 1 and 2 were modified by changing the temperature of
the partial condenser during the operation (mode 3 and mode 4).
Operation results of modeaBwhich the temperature of the partial

In Fig. 4, the changes of composition in the reboiler of the es-condenser changes from€7to 71°C were worse than those of
terifcation part with time are given. Concentrations of methanol andnode 1 and mode 2 (modes at constant temperature of partial con-
water in the reboiler of esterification part increased with increasingdenser). However, for the case of mode 4 at which the temperature
temperatures of the partial condenser. Especially, the concentratioof the partial condenser changes fromiZ1o 67°C, the perfor-
of water in the reboiler for each temperature of the partial con-mance of the system was enhanced over that for the case of mode
denser was similar in the initial part of the whole batch time. How-1 and mode 2.
ever, that became different significantly during the latter part of the At mode 3, temperatures of partial condensers changed from 67
batch. According to this figure, at lower temperatures of the partiafC to 71°C at part 3. At part 3, methyl lactate (the heaviest boiler)
condenser than the methanol boiling point, loss of methanol couldvas produced and accumulated in the reboiler of the esterification
not be compensated sufficiently by methanol recycle stream. Apart and the reaction rate decreased abruptly. Increase of partial con-
higher temperature, the accumulation of water after part 2 delayedenser temperature in this period decreased removal rate of methyl
the removal of the product from the esterification part and mordactate due to more rapid supply of light boilerwater and methanol
heat was consumed for the removal of water. through recycle stream. Accordingly, the instantaneous reaction rate

Operation results in Figs. 3 and 4 were explained by the charaafter the change of partial condenser temperature decreased even
teristics of recycle streams shown in Fig. 5. When the temperaturesito negative values as in Fig. 6.
of the partial condenser were above the boiling point of methanol, Mode 4 showed different dynamic behavior. At this mode, the
the water flow rate increased almost linearly while methanol flow instantaneous reaction rate remained higher than at modes 1 and 2.
rate did not change or decrease slightly after a certain extent of inrBuring part 1, loss of lightest methanol and decrease of reaction
crease. This figure confirms the accumulation of water at higherate was mitigated, compared with modes 1 and 3. Lowering the
temperatures of the partial condenser and loss of methanol at lowgemperature of partial condenser from part 2 enhanced the removal
temperatures of the partial condenser. rates of light boilers, especially water. At mode 4, methanol recy-

60 62 64 66 68 70 72 74 76 78 80
Set temperature of partial condenser [’C]

Fig. 5. Effect of temperature of partial condenser on the proper-
ties of recycle stream.

Table 1. Operation results of each methanol recycle modes using temperatures of partial condenser ®®and 71°C

No. of mode Yield (%) Corrected yield (%) Production efficiency Energy consumption % loss
Mode 1 86.1 99.9 14.35 48.33 0.14
Mode 2 87.1 95.3 14.52 47.77 3.77
Mode 3 82.2 95.1 13.70 50.62 3.57
Mode 4 89.3 97.8 17.86 38.83 2.17

Mode 1: constant temperature of partial condenséc&ituring whole batch time (6 hr)
Mode 2: constant temperature of partial condensé€ #turing whole batch time

Mode 3: change of temperature of partial condenser frot@ &7 71°C at Part 3 (in Fig. 2)
Mode 4: change of temperature of partial condenser frot@ ¥d 67°C at Part 1

operating condition: feed mixture - 20 wt% lactic acid aqueous solution 306.27 g
moles of methanol : moles of lactic acid=3: 1

catalyst: DOWEX 50W(HCR-2) 4 g

Korean J. Chem. Eng.(Vol. 19, No. 5)
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(a

Concentration of lactic acid [wt%]

Concentration of methy! lactate [wt%)]

Instantaneous reaction rate [min™]

Fig. 6. Comparison of dynamic behaviors for each methanol recy-

cle mode.

100 200 300
Time [min]

Table 2. Specifications of semibatch operation modes

e
<
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X, 80 I production efficiency
Foy [ energy consumption
8 704 M
13} —
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= 60 -
% heat consumption of
_g 50 batch operation
<}
a — —
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c
S production efficiency of
g. 20 batch operation
=}
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2 0 T T T T T
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No. of Operation method

Fig. 7. Results of operations for each feeding mode.

cle stream was controlled according to the characteristic features of
each subpart of whole batch time and this resulted in the enhance-
ment of the operation results.

3. Effect of Feeding Method: Semibatch Operation Mode

The specifications of each semibatch policy are given in Table 2.
Semibatch operation modes were divided into modes of continu-
ous feeding of methanol (M mode) and continuous feeding of lactic
acid (L mode). When only methanol was residual in the reboailer, it
boiled up completely before lactic acid solution was supplied suffi-
ciently. Therefore, at L mode, residual mixtures in the reboiler con-
tained a small amount of lactic acid.

Fig. 7 shows the result of operation for each feeding mode. For
M mode operation, higher production efficiency and lower energy
consumption could be obtained than for batch operation. In the case
of L mode, performance of system was deteriotiated, compared with
batch operation.

Fig. 8(a) compares dynamic behaviors of L mode, M mode and
batch operation in terms of concentration. At L1 mode, methanol
content decreased rapidly at initial time of operation while water
content did not decrease during operation. However, for M2 mode,
methanol content increased and water content decreased more rap-
idly than for batch operation. For this mode, concentration of lactic
acid remained at high level than for other operation policies.

Mode no. Residual feed in the reboiler of esterification part Semi-feeding feed Feeding rate
L mode: Feeding-of-lactic acid mode
L1 all ME+1/3 LA solution (ME: methanol, LA: lactic acid)  2/3 LA solution 3 g/min
L2 all ME+1/3 LA solution 2/3 LA solution 1.5 g/min
M mode: Feeding-of-methanol mode
M1 2/3 LA solution all ME+1/3 LA solution 2.25 g/min
M2 2/3 LA solution all ME+1/3 LA solution 1.5 g/min

*Operation condition: feed mixture - 8 wt% lactic acid aqueous solution 450 g
moles of methanol : moles of lactic acid=3: 1
catalyst: DOWEX 50W(HCR-2) 4 g
partial condenser temperature="€7
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—e— lactic acid content in the reboiler of esterification part
-0 methanol content in the reboiler of esterification part
— - water content in the reboiler of esterification part
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-2.0e-5

0 20 40 60 80 100

time [min]

120 140

160

100

95

90

85

80

75

70
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—v— reaction rate for M1
—a— reaction rate for batch operation

e - temperature of the reboiler of esterification part for L1
v - temperature of the reboiler of esterification part for M1
m - temperature of the reboiler of esterification part for batch operation

Fig. 8. Time evolution in the reboiler of esterification part for

each feeding mode.

Water content [wt %]

Water content [wt %]

Water content [wit %)]

temperature [°C]

In Fig. 8(b), instantaneous reaction and temperature are given.
Slower loss of methanol and simultaneous more rapid removal of
water for M1 mode resulted in steady and rapid increase of instan-
taneous reaction rate. For the case of L1 mode, reaction rate de-
creased rapidly during the initial time of operation as the case of
batch operation and then increased more slowly than for batch op-
eration. Temperature in the reboiler of esterification part could re-
present the thermodynamic conditions of residual in reboiler, which
affects the component boilup rate of each species.

There were significant differences between feeding-of-methanol
(excess reactant, lightest boiler) mode (M mode) and feeding-of
lactic acid (limited reactant, heaviest or not boiler) mode (L mode).
At M mode, continuous feeding of methanol could compensate for
the loss of methanol from the reboiler more rapidly than only re-
cycle stream from the partial condenser. And, simultaneously, the
removal of products of esterification reaction (water and methyl
lactate) was faster since the residual in the reboiler of the esterifica-
tion part did not contain excess methanol. At L mode, water was
supplied continuously into the reboiler of the esterification part as
solvent of lactic acid. This prevented the esterification of lactic acid.
The boiling point of the residual mixture was too low to remove
methyl lactate and water from the reboiler of the esterification part
due to excess methanol. In addition, this policy decreased the resi-
dence time of limited reactant, lactic acid.

CONCLUSION

In reactive batch distillation of lactic acid, the reaction is cou-
pled with distillation. Therefore, residence time or boilup rate by
distillation affects the reaction rate of esterification directly. Residence
time of methanol should be sufficient to react with the limiting reac-
tant, lactic acid, completely. Simultaneously, water and methyl lac-
tate should be removed as fast as possible to enhance esterification
reaction.

The flow rate and composition of methanol recycle stream could
be controlled by the temperature of the partial condenser and affect
the residence time of the light boilers (water and methanol). A tem-
parature slightly above the boiling point of methanol was optimum
according to operation results. The control of methanol recycle stream
during operation, according to the characteristics of subparts, en-
hanced the performance of the recovery system. Methanol recycle
should be controlled in the direction of mitigating the rapid loss of
methanol sufficiently in initial part and enhancing the removal of
product in the latter part. According to that, it is suitable that the
temperature of the partial condeser increases at the initial part and
then decreases at the latter part near the boiling point of methanol.

In semibatch operation mode, the residence time of each com-
ponent in the reboiler could also be varied by feeding method. Con-
tinuous feeding of methanol (lightest reactant) compensated for the
loss of methanol from the reactor and enhanced the removal of prod-
ucts of the esterification reaction.

ACKNOWLEDGMENTS

The authors are grateful to The Korea Science & Engineering

(a) Concentrations of components. (b) Reaction rate and temFoundation (KOSEF) and DFG (Deutsche Forschungsgemeinschartt)
perature in reaction mixture of esterification part

for the funding.

Korean J. Chem. Eng.(Vol. 19, No. 5)



814 Y.J. Kim et al.

REFERENCES Kertes, A. S. and King, C. J., “Extraction Chemistry of Fermentation
Product Carboxylic AcidsBiotechnol. Bioeng28, 269 (1986).
Choi, J. I. and Hong, W. H., “Recovery of Lactic Acid by Batch Distil- Kolah, A. K., Mahajani, S. M. and Sharma, M. M., “Acetalization of
lation with Chemical Reactions Using lon Exchange Rasfohem. Formaldehyde with Methanol in Batch and Continuous Reactive
Eng. Japan32, 184 (1999). Distillation Columns;Ind. Eng. Chem. Re85, 3707 (1996).
Cockrem, C. M. and Johnson, P. D., “Recovery of Lactate Eaters adani, K. N., “Electrodialysis Water-spliting Technology; Membr.
Lactic Acid form Fermentation Broth;’ US patent, 5,210,296 (1993).  Sci, 58, 117 (1991).
Datta, R., “Hydrocarboxylic Acids; In Kirk-Orthmer Encyclopedia of Seo, Y. and Hong, W. H., “Kinetics of Esterification of Lactic acid with
Chemical Technology,3,1042 (1995). Methanol in the Presence of Cation Exchange Resin Using a Pseudo-
Guittinger, T. E. and Morai, M., “Predicting Multiple Steady States in  homogeneous Modell. Chem. Eng. JapaB83, 128 (2000).
Equilibrium Reactive Distillation 1. Analysis of Nonhybrid Systems;” Seo, Y., Hong, W. H. and Hong, T. H., “Effects of Operation Variables
Ind. Eng. Chem. Re88, 1633 (1999). on the Recovery of Lactic Acid in a Batch Distillation Process with
Han, D. H., Hong, Y. K. and Hong, W. H., “Separation Characteristics = Chemical Reaction®orean J. Chem. Engl6, 556 (1999).
of Lactic Acid in Reactive Extraction and Strippirgdrean J. Sundmacher, K., Rihko, L. K. and Hoffmann, U., “Classification of Re-

Chem. Eng 17, 528 (2000) active Distillation Processes by Dimensionless Numberem.
Han, D. H. and Hong, W. H., “Reactive Extraction of Lactic Acid in a Eng. Communl127, 151 (1994).
Packed ColumnKorean J. Chem. Engdl5, 324 (1998). Timmer, J. M. K., Kromkamp, J. and Robbetsen, T., “Lactic Acid Sep-
Hong, Y. K. and Hong, W. H., “Reactive Extraction of Lactic Acid with aration form Fermentation Broths by Reverse Osmosis and Nanofil-
Mixed Tertiary Amine Extractant®iotechn. Tech13, 915 (1999). tration;J. Membr. Sci92, 185 (1994).

Husson, B. S., “Regeneration of Basic Adsorbents in the Recovery offroupe, R. A. and Kobe, K. A., “Analysis of Lactic Acid-lactate Ester
Carboxylic Acids from Dilute Aqueous Solution and Multiple Acid SystemsjAnal. Chem.22, 545 (1950).
Equilibria in Adsorption of Carboxylic Acids from Dilute Aqueous VickRoy, T. B., “Lactic Acid; in Comprehensive Biotechnold@$85).
Solution;’ Ph. D. Thesis, University of California at Berkeley (1998).

September, 2002



	Effect of Recycle and Feeding Method on Batch Reactive Recovery System of Lactic Acid
	Yo Jin Kim, Won Hi Hong† and Günter Wozny
	Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of Science and Tech...
	Abstract�-�Reactive batch distillation coupling esterification and hydrolysis was studied for the...
	Key words: Lactic Acid, Batch Reactive Distillation, Esterification, Hydrolysis
	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES






