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Keyword : Hydrothermal carbonization experimental design and response surface

methodology

This thesis work was concentrated on three different tasks involving the
preparation and characterization of hydrochar from coconut shell by the process of
hydrothermal carbonization (HTC), the production of activated carbon from the
prepared hydrochar using the two-step activation by CO,, and the study of equilibrium
and kinetics of CO, by the prepared activated carbons.

Hydrochars were prepared under varying conditions of carbonization time
(90-270 min), carbonization temperature (150-250 °C) and mass fraction of biomass in
water (0.25-0.50) and were characterized for %yield, density, %fixed carbon and
heating value of the produced hydrochars. The mathematical correlations between
hydrochar properties and the carbonization conditions were achieved through the
application of CCD experimental design and the response surface methodology (RSM).
The maximum of %yield (75.98%), %fixed carbon (35.46%) and heating value (36.67
MJ/kg) were derived through the analysis by the RSM.

The hydrochar product with maximum. fixed-carbon content of 34.45% was
chosen for the preparation of activated carbon by physical activation with CO, using
the activation temperatures of 850, 900 and 950 °C and activation time in the range
from 60-120 min. The N, adsorption isotherms of activated carbons produced from
the hydrochar products showed Type | isotherm at activation temperatures lower than
900 °C but changed to Type Il isotherm at higher activation temperatures, signifying the
increase of mesopore volume. Porous properties of activated carbon from hydrochars
tended to increase with the increase of activation time and temperature, as expected.
The highest porous properties of BET surface area (707 m?/g), micropore volume (0.31

cm?/g), mesopore volume (0.21 cm?/g), and total pore volume (0.53 cm?/g) were



achieved at activation temperature and time of 950 °C and 120 min, respectively. In
comparison with to the activated

carbon prepared from char carbonized in N, at 500 °C and 90 min, it was found that
activated carbon from carbonized char prepared at 950 °C and 90 min had higher
surface area of 866 m?/g and higher micropore volume of 0.40 cm?/g

The char reactivity toward CO, gasification reaction was studied in a
thermogravimetric analyzer (TGA). The results showed that char conversion had a
definite effect on the char reactivity but there was no consistent trend as to the effect .
of char conversion. However, the reactivity appeared to increase as the activation
temperature increased, concomitant with the increase in the porous properties of the
tested activated carbon.

The adsorption equilibrium of CO, at 0 °C for activated carbon produced from
hydrochars, for a limited range of pressure up to 1 atm, showed an initial part of
Type II isotherm, indicating that the adsorption mostly occurred in micropores by the
pore-filling mechanism. The Freundlich equation was found to best describe the CO,
adsorption isotherms of activated carbon from coconut-shell hydrochars. The kinetic
data of CO, adsorption by activated carbons from hydrochars wefe collected and
analyzed by the three kinetic models, namely the pseudo first-order model, the .
pseudo second-order model, and the pore diffusion model as characterized by the
effective pore diffusivity (D). The pseudo 2™ order model could best predict fhe
kinetics of CO, adsorption. The values of pore diffusivity (D.) varied in the range from
4.68x10* to 1:32x103 cm%g and increased with increasing porous properties of

activated carbons.

School of Chemical Engineering Student’s Signature Tgﬁﬁgnm

Academic Year 2021 Advisor’s Signature §¢—-——J %






