
C H A P T E R  I 
IN T R O D U C T IO N

The com bustion  o f  fossil fuel in factory and autom obile  engines m ainly 
em it CO , N O x and SO 2 , causing environm ental problem s, and vitally  affecting 
hum an heaths. D ue to  these increasing pollutants, a better process control and a new 
generation o f  gas sensors are desired. N orm ally gas sensor devices em ploy m etallic 
oxide such as SnÛ 2 or ZnO  as sensing m aterials. H ow ever, they require operating at 
300 °c or above (M iasik, 1986). On the o ther hand, a conductive polym er can detect 
a gas and operates at room  tem perature.

Background.

1.1 C onductive Polym er

In 1977, the first conductive polym er, the doped polyacetylene w as reported. 
The conductive polym ers are generally  com posed o f  conjugated m onom er units with 
7r-electrons delocalized along the 71-conjugated back bone. F igure 1.1 show s the 
repeating units o f  som e types o f  conductive polym ers, such as trans-polyacetylene, 
polyaniline, polypyrrole, and polyth iophene (K ohlm an e t  a l ,  1996).

(a) (b)
F igure 1.1 The repeating units o f  
polythiophene, and (d) polyanilene.

(a) trans-polyacetylene, (b) polypyrrole, (c)

The electrical conduction o f  conductive polym er is caused by the 
delocalizaton o f  charge carriers, form ed by donating or w ithdraw ing electrons from 
polym er chain v ia  a reduction or oxidation reaction. This electron transition is know n 
as doping process: p-type doping and n-type doping. In p- type doping, oxidizing
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agents rem ove electrons from  the valence band, generating the positive charges 
w hich can delocalize as charge carries. In n-type doping, reducing agents add 
e lectrons to polym er chains, generating the negative charges w hich can delocalize as 
charge carriers. The p- type doping conductive polym er is m ore therm odynam ically  
stable than the n-type one ( R uangchuay, 2003).

The another term  o f  charge carrier species is the polaron and bipolaron. 
Polaron, form ed during the oxidation process, is a form  that has a  free radical and a 
positive charge on the chain. W hen a concentration o f  polaron is high, tw o o f  the 
rad icals in particular tw o polarons com bine each other to from  a covalent bond. This 
form  o f  charge carriers consists o f  tw o positive charge rem aining from  the 
com bination  o f  those tw o polarons. It is called the bipolaron. These charge carriers 
are stabilized by ions from  the reaction m edium , called dopant. The conductivity  o f  
the polym er is varied by changing type and concentration o f  dopant (R uangchauy, 
2003).

1.2 P oly pyrrole

Polypyrole (PPy), one o f  conductive polym ers, has been found to  have som e 
applications in the gas sensing technology because it exhibits excellent therm al and 
electrical properties, fulfills all o f  requirem ent o f  an ideal conductive polym ers, and 
it can be synthesized easily (Prissanaroon, 2000). PPy is norm ally polym erized by 
either an electrochem ical m ethod (Fink, 1986) or a chem ical m ethod (A ppel, 1996). 
H ow ever PPy has low selectivity, poor m echanical property, and inefficient 
solubility . To im prove these disadvantages, m any fundam ental studies have been 
conducted  (Benseddik, 1995, H eurberger, 1995, Cheah, 1997).

1.3 Z eolites

Z eolites are crystalline hydrated alum inosilicates o f  group I and group II 
elem ents, Li, N a, K, Rb, Cs, M g, Ca, Sr, and Ba. S tructually, a zeolite is a 
fram ew ork o f  alum inosilicates w hich are based on in a finite extending three- 
d im ensional netw ork o f  A I O 4 and SiC>4 tetrahedra linked to each other by sharing o f
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o x y g e n s  (B eck , 1973). T h e ir  c o m e rs  lin k  th ese  p o ly h e d ra  to  p ro d u c e  an  o p en  
s tru c tu re  th a t h a s  in te rn a l cav itie s  in  w h ic h  m o lecu les  o f  v a rio u s  s izes  can  b e  trapped . 
T h ese  in te rn a l v o id s , m o d ifie d  to  h av e  sp ec ific  o p en in g  size  ra n g e s , trap  an d  h o ld  a 
v a r ie ty  o f  m o lecu le s  th a t en te r th e  s tru c tu re  m a trix  (D y er, 1993).

Z e o lite s  h av e  p lay ed  a m a jo r  ro le  in  th e  d e v e lo p m e n t o f  a b so rp tio n  and  gas 
se p a ra tio n  te ch n o lo g y . T h e  sep a ra tio n  o f  gas m ix tu re  b y  th e  z e o lite s  a re  a ffec ted  b y  
(A u e rb ach , 2003):

1. S ize  o r  s te ric  ex c lu sio n  o f  c e rta in  co m p o n en ts  o f  a  gas m ix tu re  from  
en te rin g  th e  zeo lite  p o re s , w h e rea s  th e  o th e r  c o m p o n e n ts  can  en te r th e  
p o res  an d  are  adsorbed .

2. T h e  th e rm o d y n am ic  se lec tiv ity , w h ich  is a  q u a n tita tiv e  m e a su re  o f  th e  
p re fe ren tia l ad so rp tio n  o f  ce rta in  co m p o n e n ts  o v e r  o th e rs  w h en  all 
co m p o n en ts  can  en te r th e  p o res.

3. K in e tic  se lec tiv ity , w h ich  is a q u an tita tiv e  m e a su re  o f  th e  ab ility  o f  
c e rta in  co m p o n en ts  to  en te r  th e  p o res fa s te r th an  o th e r  co m p o n en ts .

T h e  m a jo rity  o f  gas sep a ra tio n  b y  zeo lite  u se  m o d e  2. T h e rm o d y n am ic  
se le c tiv ity  fo r ad so rp tio n  o f  a  p a rtic u la r  g as  in s id e  a  z e o lite  c a v ity  is g e n e ra lly  m ade  
p o ss ib le  b y  p re fe ren tia l ad so rp tio n  o f  th a t g as  on  a cce ss ib le  c a tio n ic  s ites  in s id e  the  
c ry sta l. T h e  stren g th  and  se lec tiv ity  o f  ad so rp tio n  o f  a  gas o n  a  z e o lite  d ep en d s on  
th e  s ize , shape , and  stru c tu re  o f  th e  zeo lite  cav ity , c a tio n ic  ch a rg e  d ensity , 
c o n c e n tra tio n  o f  c a tio n s , p o la riz ab ility , an d  p e rm a n e n t p o la r ity  o f  th e  g u es t ab so rb a te  
m o le c u le s  (A u erb ach , 2003).

1.4 T h e  A ir  P o llu ta n ts

1.4.1 C a rb o n  M o n o x id e  (C O )
T h e  in co m p le te  c o m b u stio n  o f  c a rb o n -b a se d  fu e ls  g en e ra te s  carbon  

m o n o x id e , a  co lo rle ss  an d  o d o rless  gas. T h e  co n cen tra tio n  o f  C O  in th e  a tm o sp h ere  
is d e p e n d e n t on  tim e  o f  d ay , loca tion , w ea th e r, and  h u m an  ac tiv itie s . C O  levels  tend  
to  b e  h ig h e s t in  a reas o f  c ro w ed  tra ffic s  (H ay  e t  a l ,  1987).



*0สบุดกทเง t น7กงาน'’ทข)r~Mทกร 
ชุพา ท ง ก ) ๔ บพาวิฯ ^ พ ้

W h en  th e  co n cen tra tio n  o f  C O  ex ceed s  100 p p m , It m ay  cau ses  n ausea , 
h e a d a c h e  an d  d izz in ess. T h e  to x ic ity  o f  C O  lies in  its  u n u su a l ab ility  to  b in d  stro n g ly  
to  h e m o g lo b in , th e  o x y g en  c a rrie r  in  b lo o d  (C h an g , 1994). T h e  a ffin ity  o f  
h em o g lo b in  to  C O  is  ab o u t 200  tim es g re a te r  th an  th a t o f  O 2 . H em o g lo b in  m o lecu les  
w ith  tig h tly  b o u n d  C O  can n o t ca rry  th e  o x y g en  n eed ed  fo r m e tab o lic  p ro cesses .

1 .4 .2  N itro g e n  O x id e  (NOx)

T h e  b u rn in g  o f  fo ssil fue ls in  fu rn aces an d  au to m o b ile  en g in es  ra ises 
th e  g as  te m p e ra tu re  su ffic ien tly  to  co n v e rse  N 2  and  O 2 in  to  N O x ( O ’N e il, 1993). 
A b o u t 90  p e rc e n t o f  all NOx em iss io n s  is in  the  fo rm  o f  N O . H o w ev e r, in  the  
p re se n c e  o f  su n lig h t, o zo n e  and  h y d ro ca rb o n , N O  can  b e  q u ic k ly  o x id iz e d  to  N O 2 

(H ay  e t  a l . ,  1987).
T h e  co n v e rs io n  o f  N O  to  N O 2 in  th e  a tm o sp h e re  is  o n e  o f  re ac tio n s  tha t 

cau se  th ree  en v iro n m en ta l p ro b lem s: a  p h o to ch em ica l sm o g , an  ac id  ra in  and  a 
d e c o m p o s itio n  o f  o z o n e  (O ’N eil, 1993).

1.4.3 S u lfu r D io x id e  (S O 2 )

T h e  m a jo rity  o f  S O 2 em iss io n s  is a ttr ib u tab le  to  th e  c o m b u s tio n  o f  fossil 
fue ls in  th e  s ta tio n a ry  fac ilitie s . C oal c o m b u stio n  is re sp o n s ib le  fo r a p p ro x im a te ly  68 
p e rc e n t o f  to ta l S O 2 em iss io n s , co m p ared  w ith  11 p e rc e n t fo r o il, an d  less  th an  1 
p e rc e n t fo r n a tu ra l g as  (H ay  e t  a l . ,  1987).

S O 2 is th e  m a jo r  so u rces o f  ac id  ra in  in  th e  en v iro n m en ta l. T h e  ac id  ra in  
cau se s  th e  irrita tio n  to  liv in g  th in g s  and  th e  co rro sio n  o f  b u ild in g s . A t th e  level o f  
ab o u t 2 5 0  p p m  in  a  24  h o u r d u ra tio n , S O 2 cau ses  th e  b ro n ch itis , an  illn ess  th a t affects 
th e  b ro n c h ia l tu b es  to  th e  lung. A t th e  lev e l o v e r 500  p p m  in  a  24  h o u r  d u ra tio n , its 
cau se s  th e  as th m a , an  illn ess  th a t cau se s  th e  d iff icu lty  in  b rea th in g . T h e  su d d en  death  
o ccu rs  w h en  th e  lev e ls  o f  S 0 2 is o v e r 750  p p m  (O ’N eil, 1993).
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