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Study of Hydrothermal-Based Technologies for the Reaction of some

i H Biochemically Important Compounds

(EE 1,200 )

This works dealt with the utilization of hydrothermal-based technologies for the reaction
involving hydrolysis, cyclodehydration and decomposition of selected biochemically important
compounds (i.e. linear dipeptides of glycylglycine, glycylleucine, glycylalanine and glycylserine;
aspartic acid and lactic acid). On the basis of identified liquid products, the reaction kinetics and
pathway of their decomposition were elucidated. The interest of these compounds have generated
since these are important compounds that have been used in many applications.

The hydrothermal reaction of glycylglycine (Gly-Gly) and other linear dipeptides was
investigated over a temperature range of 240 to 300°C at a constant pressure of 20 MPa. An
interesting reaction phenomenon relating to the production of amino acids from hydrolysis of
proteins in high-temperature water was observed. Other than hydrolysis of Gly-Gly to produce
glycine (Gly), cyclodehydration also took place producing cyclo(Gly-Gly). The product of Gly
from cyclo(Gly-Gly) was also verified. The same reactions were also observed in the case of other
dipeptides such as glycylleucine, glycylalanine and glycylserine. The reaction pathway of
hydrothermal reaction of dipeptides was speculated based on the experimental results to consist of
consecutive reversible reactions involving cyclo-dipetides, linear dipeptides and amino acids.

The kinetics and pathway of hydrothermal decomposition of aspartic acid were studied using a
continuous-flow tubular reactor. The reaction was carried out in the temperature range of
200-260°C and at a pressure of 20 MPa. Deamination was the primary reaction, indicated by the
presence of significant amount of ammonia, fumaric acid or maleic acid in the products. Other
reaction products were pyruvic acid, malic acid, and traces of succinic and lactic acid. Traces of
alanine were also detected, showing the possibility of decomposing high-molecular-weight amino
acids to obtain simple amino acids such as glycine or alanine. Results on the effect of reaction
parameters demonstrated that decomposition of aspartic acid is highly temperature-dependent
under hydrothermal conditions. For a slight temperature difference of 60°C (from 200 to 260°C),
the first-order reaction rate constants of 0.003 significantly increased to 0.231 s™.

The racemization mechanism of lactic acid was investigated under hydrothermal conditions at
the temperature range of 230-350°C and for a period of 30 min. Experiments were performed
using a continuous flow tubular reactor made of SUS 316. Under the tested conditions, it was
observed that pyruvic acid was formed as an intermediate, which subsequently transformed to
both L- and D-lactic acids. The results suggested the hydrothermal racemization of L-lactic acid
consists of consecutive-reversible reactions (i. e. L-lactic acid <« pyruvic acid < D-lactic
acids). The optical purity of L-lactic acid decreased with increasing reaction time and
temperature. Further, the addition of NaOH slightly increased the purity of L-lactic acid.

Results of this study provided important basic information need in development of
hydrothermal-based technology for chemical recycling; such as recovery of valuable materials
from proteinaceous wastes and recycling of monomers from bio plastics of poly lactic acid.




