
CHAPTER I 
INTRODUCTION

G loba l w a rm ing  is the rise in the average temperature o f  Earth 's atmosphere 

and oceans that it is caused by increas ing  concentrations o f  greenhouse gases. 

A m o n g  the greenhouse gases, carbon d io x id e  contributes m ore than 60%  to g loba l 

w arm ing  because o f  its huge em iss ion  am ount. The International Pane l on C lim a te  

Change pred icts that, by the year 2100, the atmosphere m ay  conta in  up to 570 ppm 

C O 2, causing a rise  in the mean g loba l tem perature o f  around 1.9 ๐c  and an increase 

in mean sea leve l o f  3.8 m (O la jire , 2010). Con tinued  uncon tro lled  greenhouse gas 

em iss ions may con tribu te to the m e lting  o f  p o la r ice, ris ing  sea leve ls, c lim a te  change 

and species ex tin c tion .

One o f  the m ethods to so lve  the p rob lem  is C O 2 capture and storage (C C S ) . 

There are three op tions fo r capture C O 2 from  pow er plants, nam ely, p re -com bustion  

capture, oxy -fu e l com bustion  capture, and post-com bustion  capture, am ong w h ich  

the post-com bustion  capture is the sim p lest and suitable fo r n ew ly -b u ilt  and ex isting  

coa l-fired  pow er p lants w ithou t requ ir ing  substantia l change (Y an g  e t a l., 2011). F o r 

post-com bustion  capture, am ine absorption techn ique has been w id e ly  used in natural 

gas industry. H ow eve r, it has som e draw backs such as h igh  equ ipm ent co rro s io n  rate, 

h igh  energy consum ption  in regeneration, and a large absorber vo lum e requ ired. A s  a 

re s u lf  so lid  adsorption  processes are suggested and stud ied to overcom e those 

inherent prob lem s in chem ica l absorption (Y u  e t a l ., 2012).

A ctiva ted  carbon is a good adsorbent due to low -cost, h igh surface area, and 

its adsorption capacity . There is a w ide range o f  activated carbon w ith  a large va rie ty  

o f  m icroporous and m esoporous structures. A c t iv a ted  carbon m ay be produced from  

m any raw m ateria ls such as coa l, coke p itch , w ood or b iom ass sources. H ow ever, 

activated carbon seems to be in teresting o n ly  fo r C O 2 rem ova l at h igh  pressure and 

lo w  temperature. These lim ita t ion s  may not be su itab le fo r lo w  pressure C O 2 capture 

from  flue gas treatment (Sayari e t a l., 2011). H ow ever, im pregnation  o r g ra fting  o f  

am ines has been proposed to enhance the o r ig in a lly  lim ited  adsorption  capac ity  and 

to promote the m ass transfer rate o f  C O 2 in to adsorbents (Y u  e t  a l ., 2012).
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R itm ongko lpun  (2013) investigated the use o f  PEI-im preganated  activated 

carbon for C O 2 adsorption. H e  found that the amounts o f  P E I im pregnated on 

activated carbon decreased w ith  the increase in  the m o lecu la r w e igh t o f  P E I  because 

the low  m o lecu la r w e igh t P E I has sm a lle r m o le cu la r s ize  than the others, w h ich  can 

e a s ily  d iffuse  and ea s ily  be im pregnated on the activated carbon. M o reove r, the large 

m o lecu le  PE I can b lo ck  pore s ize s o f  activa ted  carbon caus ing  low  C O 2 adsorption 

capacity . It is, therefore, o f  interest to be ab le to iden tify  po ten tia lly  sm a ll po lym er 

m o lecu le s to enhance the capacity and selectiv ity o f  the adsorbent.

Po lybenzoxazine is a novel am ine-functionalized adsorbents. Structure o f  

po lybenzoxazine is sm aller than PE[, and it has am ine groups that can react w ith  C O 2 
m olecu le . Hao e t a l. (2011) รณ died C O 2 capture using poly(benzoxazine-co-r£Sol)-based 

porous carbon m onoliths. The ir results indicated that the po ly(benzoxazine-co-reso l)- 

based carbon sorbents perform  w e ll in C O 2 uptakes, selectiv ity, and regeneration among 

the com m ercia l and state-of-the-art carbon sorbents reported to date. M oreover, 

po lybenzoxazine has aromatic groups. To rris i e t a l. (2009) found that C O 2 m o lecu le  has 

interm olecu lar interactions w ith  functionalized arom atic m olecules.

In this work, benzoxazine was synthesized from phenol, paraformaldehyde, and 

tetraethylenepentamine (T E PA ). Activated carbon was then functionalized w ith 

benzoxazine v ia po lym erization process o f  the benzoxazine m onom er through ring­

opening reaction o f  the benzoxazine ring to enhance capacity and selectiv ity o f  adsorbents. 

Effects o f  adsorption temperature, effects ร)f  po lybenzoxazine loading, types o f  activated 

carbon, and regeneration o f  adsorbents were also investigated to find the optim um  

condition for C O 2 adsorption.
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