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The Surface Modification of the Adsorbent Prepared
from Egg Shell by Metal Oxide for CO, Adsorption
in Fluidized Bed Reactor
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ABSTRACT

This research studied the effect of modified surface of calcium oxide (CaO)
adsorbent on the CO, adsorption by using local eggshell waste as an adsorbent raw
material. Egg shell is a main source of calcium carbonate (CaCO;) which can be converted
to Ca0 via calcination reaction. The studying factors in the surface modifying step which
affecting the BET specific surface area were atomic ratio of Titanium to Nickel, Nickel
reducing time and calcination temperature. The results showed that the adsorbent with
the different atomic ratio of Titanium to Nickel gave more BET specific surface area than
using the same atomic ratio. The increasing of calcination temperature increased the BET
specific surface area. However, the increasing of Nickel reducing time decreased the BET
specific surface area. Moreover, the surface modified adsorbent which atomic ratio of
Titanium to Nickel 1:1, Nickel reducing time in 60 min and calcination temperature at 900°C
gave the highest BET specific surface area of 7.37 m/ g sorbent. When choosing the
maximum BET surface area of modified adsorbent for CO, adsorption test in fluidized bed
reactor, the results revealed that the modified surface calcium oxide adsorbent was
capable to adsorb CO, with 22.12 mg CO,/ g sorbent. The adsorption capacity was higher
than that of the CaO adsorbent without modification which was 10.5 mg CO,/g sorbent at

the same adsorption condition.
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Table 1 BET specific surface area of surface modified calcium oxide adsorbent at various

conditions.
Parameters Response
Calcination BET specific
Sample Atomic weight  Ni reducing time P
i T ) temperature surface area
ratio of Ti : Ni (min) o 2
(O (m"/g adsorbent)

1 2:1 60 500 6.66

2 1:1 60 500 291

3 1:2 60 500 5.37

4 1:1 30 500 5.96

5 1:1 60 700 5.29

6 1:1 60 900 1.37
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Figure 1 Effect of parameters in the sorbent preparation step on the BET specific surface
area of the surface modified adsorbents. (a) Effect of Ti:Ni atomic weight ratio

(b) Effect of Nickel reducing time (c) Effect of sorbent calcination temperature.
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Table 2 The amount of composition elements on the surface of modified calcium oxide

adsorbent in different atomic weight ratios of Ti:Ni.
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Figure 2 Breakthrough curves for CO, adsorption of surface modified calcium oxide

adsorbents in a fluidized bed reactor.
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Figure 3 XRD analysis of surface modified calcium oxide adsorbents
(a) before the CO,adsorption test
(b) after the CO, adsorption testand
(c) standard diffraction pattern of CaO.
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Figure 4 Modified surface calcium oxide adsorbents with metal oxide and SEM images of
the modified adsorbents morphology; (a) and (b) before the CO, adsorption test,
(c) and (d) after the CO, adsorption test.
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