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TRANG KHANH MAI : PRODUCTION OF HIGH PURITY D-(-)-LACTIC
ACID FROM FERMENTATION BROTH: PROCESS MODELING.
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D-(-)-LACTIC ACID/NANOFILTRAITION/ESTERIFICATION ASSISTED

PERVAPORATION/MODELING

D-(-)-lactic acid is an important chemical that can be used in the pharmaceutical
and cosmetic industries, the food industry, as well as in the manufacture of
biodegradable polymers for conventional petrochemical polymers. D-(-)-lactic acid can
be produced mainly by fermentation from biosource, however, fermentation-derived
lactic acid requires extensive purification operations because of low purity of the
product. In this study, membrane-assisted purification, consisting of nanofiltration (NF)
membrane and pervaporation, was used to obtain purified D-(-)-lactic acid from
fermentation broth. The spiral wound nanofiltration was determined to be a good
pretreatment technique candidate for removing protein, and color with high recovery
(93.4%) of lactic acid from fermentation broth. The pervaporation-assisted esterification
of lactic acid with ethanol investigated the enhancement of the lactic acid conversion to
form ethyl lactate. 94.96% of water was separated from the system during the
esterification time, led to the higher lactic acid conversion (0.928) compared to the
conversion of lactic acid (0.306) in the batch esterification at 75 °C after 92h.

Additionally, the process simulation as a key discipline, using mathematical
models as the basis for analysis, prediction, testing, and detection of a process behavior,

was also presented in the following parts of this work. Mathematical modeling such as



the Spiegler—Kedem model, the solution desorption model and the solution-diffusion
model using NRTL theories as activity coefficient models were explored, which
resulted in a very high agreement compared to the experimental data. In the
nanofiltration model, the reflection coefficient (o) and the solute permeability (Ps) were
obtained using the best-fit method and showed the prediction of lactate retention and
permeate flux. In the pervaporation-assisted esterification, the kinetic of reaction as well
as the separation factor, the pre-exponential factor (Omems) and the activation energy
(Eperm) of pervaporation were found and showed the model result with 8.763% error in
the experimental data. These results are useful in all phases of chemical engineering
from research and development to plant operations and the support in scale-up
calculations.

After obtaining ethyl lactate from esterification, the fractionation, hydrolysis,

and evaporation were used and achieved purity D-(-)-lactic acid.
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