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CHA PTER I 
INTRODUCTION

N ow adays the g lobal w arm in g  is one o f  the b iggest p ro b lem s con cern ed  
because  there are several stron g  im pacts on  env iron m en ta l and c lim ate  changes. T he 
m ain  reason o f  global w arm in g  is g reenh ou se  gases (G H G ) em iss io n s  caused  by 
hum an  activities, especia lly  in a sec to r o f  energy  industry. A p p ro x im ate ly  8 6  %  o f  
the w o rld ’s prim ary energy  is cu rren tly  deriv ed  from  the use o f  fo ssil fuels in a form  
o f  oil, natural gas and coal (H ogan  and  C leve lan d , 2014). C o m b ustion  o f  fossil fuel 
for energy, especially  low  co st energy  from  coal used  in pow er p lan ts  p rod uces h igh 
concentra tion  o f  carbon d io x id e  (C O 2) in flue  gas stream .

P ost-com bustion  C O 2 cap tu re  (P C C ) is the curren t and  m o st a ttrac tive  
techno logy  based on  chem ica l abso rp tio n  w ith  aqueous am ine  so lu tion s for 
separa tion  and capture o f  C O 2 from  flue gas stream s (Idem  et a l ,  20 06 ; R o chelle  
et a l,  2009). In this p rocess, a lk ano lam in es are com m on ly  used . M o n o e th an o lam in e  
(M E A ) is the m ost ex ten siv e ly  u sed  so lv en t due to high reac tiv ity  to  C O 2 in  the 
absorp tion  process. H o w ev er, the s ig n ifican t d isadvan tage  o f  M E A  so lu tio n  in the 
C O 2 capture process is deg rad a tio n  o f  M E A  due  to undesired  side reac tio n  w ith  
C O 2, oxygen (O 2) and  o th e r con tam in an ts  in the  flue gas stream  (S u p ap  et a l,  2006 ,
2 0 1 1 ) . There are tw o m ain  types o f  M E A  degradation , ox id a tiv e  and  th erm al 
degradations. The ox id a tiv e  d eg rad ation  occu rs due to the p resence  o f  O 2 in flue 
gases. A  m ajor M E A  ox id a tiv e  deg rad ation  p ro d u c t is a -am ine  ace ta ldeh yd e  w h ich  is 
fu rther oxidized to carboxy lic  acids, such as fo rm ic  acid, acetic  acid , g lyco lic  acid , 
oxalic  acid, and succinic acid . C o n cen tra tio n s o f  these  carboxylic  ac id s repo rted  can 
be as h igh  as exceeds 500 ppm  (V erm a et a l,  2009). T hese  carboxy lic  ac id s can  reac t 
w ith  am ine group in  M E A  struc tu re  to fo rm  h ea t stab le salts (H S S s). T he th erm al 
degradation  occurs in  the  s trip p er and  reb o ile r  o f  the C O 2 cap tu re  u n it w here  the 
tem peratu re  is in a range  o f  110-150 °c and  h ig h  C O 2 partia l p ressu re  (R ochelle ,
20 12 ) . A  m ajor M E A  th erm al deg rad a tion  p ro d u c t is carbam ate  w h ich  can  be 
transfo rm ed  into 2 -ox azo lido ne . C arbam ate  and  2 -oxazo lidone  can  reac t to  form  
o ther degradation products (P o ld erm an  et a l,  1955; Y azv ikova et a l  1975; S upap  et 
a l,  2011; G ouedard et al., 2012).
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The m ajo r unw an ted  M E A  deg rad ation  p rod uc ts  are  N -(2 -hydroxyethy l)- 
acetam ide (H E A ), N -(2 -hydroxyethy l)-im idazo le  (H E I) and  N -(2 -hydroxyethy l)- 
succin im ide un der ox idative  degradations, and  2 -o x azo lid o n e  (O ZD ), N -(2 - 
hy d roxyethy lj-e thy lened iam ine (H E E A ) u n d e r th erm al deg rad a tions. T hese M E A  
deg radation  products o f  bo th  oxidative and  th erm al d eg rad a tio n  are called neu tra l 
M E A  degradation  products w hich are the  m ain  id en tified  deg radation  products 
(S traz isa r et a l,  2003 ; Supap et al., 2006 , 2011 ; L ep au m ie r et al., 2009a, 2011a; 
G o ued ard  et al., 2012; R ochelle, 2012).

T he M E A  degradation  products hav e  no  ab ility  to  abso rb  C O 2, can react 
w ith  M E A , and  reduce  efficiency o f  M E A  to abso rb  C O 2. In add ition , they  in troduce 
corrosion , foam ing , and  fouling in the abso rp tio n  p rocess (S u pap  et a i,  2011). T hey  
m u st be rem oved  from  the M E A  solven t. D istilla tion  is a techn ique no rm ally  
em ployed  to rem ove the degradation p rod ucts  in  a rec la im in g  p ro cess and regenerate  
M E A  for reuse. In th e  distillation , w a te r is evap ora ted , fo llo w ed  b y  M E A  and o ther 
vo la tile  p roducts, and the unvo latile  d eg rad ation  p ro d u c ts  at the d istilla ted  
tem p era tu re  is left as a residue, so it requ ires  large am o u n t o f  energy  to  evaporate 
large am ou n t o f  w a te r and  M E A  for reuse. T he cost o f  energy  u sed  in  M E A  cap tu re  
p rocess, is estim ated  15 -37%  o f  the net p o w er o u tp u t o f  th e  p lan t (D rage et a l, 
2008). T herefo re , several techniques hav e  been  d ev e lo p ed  to  separate  degradation  
p rod ucts  and m in im ize  the heat co n su m p tio n  such  as 1 ) electrodia lysis and  
m em branes are u sed  to allow  selective p assag e  o f  an ion s and  cations un der an 
electric  field. H ow ever, selecting th is tech n o lo g y  m ay  co n cern  the fouling  o f  
m em brane  and overall econom ics, 2) io n -exch ange  can  a lso  reduce M E A  
deg radation  p rod uc t in  am ine to be a v ery  lo w  level (0.5 % w t. as am ine) (V erm a et 
a l,  2009) and 3) L iqu id -liqu id  ex traction  m ay  be  sho rtly  ca lled  liqu id  ex traction  or 
so lven t ex traction . It is a low  energy p ro cess u sed  fo r chem ical separation  recovery  
and  pu rifica tion  in m any industrial app lica tio ns, such  as b iochem ical and  
ph arm aceu tica l separations, organic and b io fu e ls  separa tion , w aste  and w astew ater 
trea tm en t (K islik, 2012) etc. The so lven t ex trac tio n  in c lu des tw o phases w hich  one 
ph ase  is an  aqu eou s solu tion  con tain ing  one  o r m ore  so lu te s  to be rem o ved  
con tac ting  w ith  the  second  phase w h ich  is an  o rgan ic  so lv en t an d  im m iscib le w ith  
the  aqueous phase

๐



The liqu id  ex trac tion  w as a  novel separation  tech n ique  app lied  to  the  C O 2 

capture app lication  to  separate  deg radation  products by  a research  group  in  C an ada  
(A kkarachalanon t et a l,  2012). In th is  w ork, the liqu id  ex trac tion  o f  th e  neu tra l M E A  
degradation  p roducts, i.e. im id azo le , N -(2 -h yd ro xye thy l)-ace tam ide , 2 -ox azo lido ne  
and N -(2 -h yd ro xye thy l)-succ in im ide  studied  using qu a te rnary  am in e  A liq u a t 336 in
2-ethy l-1-hexano l so lven t. E ffects o f  experim ental con d itio ns, such  as M E A  so lven t, 
C O 2 and  tem peratu re  w ere  investigated .
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