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PORNTHEP LUANGKIATTIKHUN : ACTIVATED CARBON FROM OIL
PALM SOLID WASTES: PREPARATION AND CFD SIMULATION OF
SPOUTED BED ACTIVATOR. THESIS ADVISOR : ASSOC. PROF.

CHAIYOT TANGSATHITKULCHALI, PhD. 285 PP.

ACTIVATED CARBON / OIL-PALM SOLID WASTES / CFD SIMULATION

The overall objective of this thesis research was to perform a systematic study
on the hydrodynamic behavior and kinetic characteristics of CO, activation of
activated carbon from oil-palm shell in a spouted bed activator using CFD simulation
technique. To achieve this aim, the following tasks were also included in this work:
thermal analysis of oil-palm solid wastes (oil-palm shell, fiber and kernel cake) using
Thermal Gravimetric Analysis (TGA) technique, preparation of activated carbons
under different conditions in a laboratory tube furnace and a spouted bed activator,
and the improvement of carbon activation model originally proposed by Junpirom et
al. JDTT model) to allow better prediction of porous properties (BET surface area
and total pore volume) of the prepared activated carbons.

The TGA technique showed that the main decomposition occurred over the
temperature range of 250-400°C for palm shell, 200-400°C for palm fiber, and 200-
350°C for palm kernel cake. Thermal decomposition behavior could be best described
by the proposed two-parallel reactions model for palm shell and fiber prepared in this
work, while the simplest one-step global model worked well for palm kernel. On the
preparation of activated carbon in a tube furnace, the palm shell and fiber gave

microporosity based activated carbons, while the palm kernel cake carbon possessed



higher proportion of mesoporosity. The optimum activation conditions that gave the
maximum in surface area were found to be 950°C and 2.0 hrs for palm shell, 850°C
and 2.0 hrs for fiber, and 900°C and 2.5 hrs for palm kernel cake, corresponding to
48%, 52% and 66% of char burn-offs, respectively. The maximum BET surface area
obtained were 1067, 522 and 789 m*g for activated carbons produced from shell,
fiber and kernel cake, respectively.

The modified JDTT model for predicting the evolution of pore volume,
internal surface area, and pore size distribution of prepared activated carbon with
respect to the extent of gasification of char was proposed. This modified model gave
significant improvement in predicting the porous properties of prepared activated
carbon compared to the original JIDTT model.

The CFD modeling was used for simulating the CO; activation scheme in the
spouted bed activator in terms of burn-off extents. The rate expression that was used

to describe the kinetics of activation reaction was found to be:

Gasification Rate :[7.57><101 s‘l][COZ]

By combining the modified JDTT model with the CFD simulated results of
char burn-off, it was found possible to estimate accurately the porous properties of

activated carbon produced in the spouted bed activator.
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