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Synthesis of carbon microspheres (CMSs) with controlled particle size distributions using
hydrothermal process of native and modified corn starch has been investigated systematically in a
batch reactor. Formation mechanisms of CMSs were also proposed. Hydrolyzed rates of native
corn starch were demonstrated to have strong effects on morphology, particle size distributions,
unfformity and yields of the synthesized CMSs. By varying the reaction time between 0 and 24
hours at 180°C, CMSs were irregular shape because the CMSs development still was not complete
with the small amount of glucose from the hydrolysis reaction in the system at the beginning of the
reaction. Nevertheless, the CMSs became uniform and large size with primary particles of 8.0 pm
when the reaction time increased to 12 hours. On the other hand, primary particles of 2.0 pm were
obtained at high reaction temperature (at 220°C) because of the rapid hydrolyzed rate but the CMSs
were likely to aggregate secondary particles. In addition, the smallest primary particles of 0.12 pm
were obtained from hydrothermal process of glucose because high quantity of glucose in the system
simultaneously formed many nuclei of CMSs. Therefore, the nuclei formation plays an important
role than the growth mechanism and the CMSs were the smallest size than others. Proposed
reactions during hydrothermal process composed of hydrolysis of native corn starch to glucose,
subsequently dehydration of glucose, finally polymerization and aromatization to form the CMSs
which were predicted from van Krevenlen chart and FT-IR results. Moreover, the results from
TEM observations and FT-IR analysis revealed that the structure of the synthesized CMSs mainly
consisted of condensed aromatic-carbon-ring compounds as a core and reactive hydrophilic
compounds as a shell. To gain an insight into the CMS formation mechanisms, concentrations of
intermediates formed during the hydrothermal process were determined at different times for the
determination of reaction kinetic parameters. It was found that the experimental data from
hydrothermal process of glucose, could be fitted with the assuming pseudo-first-order Kinetic
model. The proposed reaction pathway could also be verified with the experimental results.
Nevertheless, the hydrothermal treatment results of native corn starch deviated from the first-order

kinetic model because of its difficult to be hydrolyzed.
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NOMENCLATURE

Carbon microspheres concentration [mol-C/L]
Fructose concentration [mol-C/L]

Furfural concentration [mol-C/L]

Glucose concentration [mol-C/L]

5-HMF concentration [mol-C/L]

Rate constant for the CMSs formation from 5-HMF [(mol-
c/Lyts™)

Rate constant for the polymerization between 5-HMF and

furfural to CMSs [(mol-C/L)"s™']
Rate constant for the 5-HMF decomposition [s"]

Rate constant for the polymerization between 5-HMF and

TOC to CMSs [(mol-C/L)"-s™]

Rate constant for the polymerization among 5-HMF, furfural,

and TOC to CMSs [(mol-C/L)?s™]

Rate constant for the fructose dehydration to 5-HMF [s'l]
Rate constant for the fructose dehydration to furfural [s'l]
Rate constant for the fructose decomposition [s"]

Rate constant for the polymerization between furfural and

TOC to CMSs [(mol-C/L)"s™]
Rate constant for the furfural polymerization to CMSs s
Rate constant for the furfural decomposition [s"]

Rate constant for the glucose dehydration to 5-HMF [s'l]
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Kef Rate constant for the glucose isomerization to fructose s
Kefu Rate constant for the glucose dehydration to furfural [s!
Ket Rate constant for the glucose decomposition s
Kic Rate constant for the CMSs formation from liquid product
[(mol-C/L)" s
. Dissociation constant of water [(mol/kg)z]
r Determination coefficient [dimensionless]
t Reaction time (reaction time), or the sampling time in
equation 4.1 [s]
T Reaction temperature, or the room temperature during the gas
product sampling in equation 4.1 [K, °C]
TOC Lumped/unspecified liquid products (in the context of product
yield/concentration)
[TOC] TOC concentration [mol-C/L]
Greek letters
€ Dielectric constant of water [dimensionless]
Pe Critical density of water [kg/m’]
Abbreviations
AL amylose
AP amylopectin
BDO 1,4-Benzenediol
BTO 1,2,4-Benzenetriol
CR native corn starch
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