
C H A P T E R  II 
B A C K G R O U N D  A N D  L IT E R A T U R E  SU R V E Y

2.1 P olypropylene

P o ly p ro p y len e  (P P ) is a  th e rm o p la s tic  m a te ria l th a t is p ro d u ced  by 
p o ly m e riz in g  p ro p y le n e  m o lecu les , w h ic h  a re  the  m o n o m e r u n its , in to  v e ry  long 
p o ly m e r m o le c u le s  o r  c h a in s  (H aru tu n , 1999).

2 .2  Polypropylene Film s (H aru tu n , 1999)

P o ly p ro p y len e  is u sed  for a  h u g e  v arie ty  o f  a p p lic a tio n s  fo r ex am p les: 
au to m o tiv e , f ib e rs  an d  fab rics , s trap p in g , sh ee t o r th e rm o fo rm in g , in je c tio n  m o ld in g , 
b lo w  m o ld in g  an d  film s. O ne o f  th e  m o st im p o rtan t a p p lic a tio n s  o f  PP  is film s. F ilm s 
can  be  g en tly  d iv id ed  in to  tw o  b ro ad  c la sses : o rien ted  film  an d  ca s ted  film .

2.2.1 B iax ia l O rien ted  P o ly p ro p y len e  (B O P P ) F ilm
T u b u la r  o r b u b b le  p ro cess  is w id e ly  u sed  fo r p ro d u c in g  B O P P  film  by 

u s in g  th e  h o m o p o ly m e r o f  ab o u t 3 g /1 0  m in . m elt f lo w  ra te  (M F I). F ilm s  ty p ica lly  
ran g e  in  th ic k n e ss  fro m  0 .25  to  2 m m . T h e  m ain  ap p lic a tio n s  fo r B O P P  film  is in 
f lex ib le  p ack ag in g .

2 .2 .2  C asted  F ilm
In film  ca s tin g  p ro cess , p o ly p ro p y len e  is ex tru d ed  th ro u g h  a d ie  on to  

a  ch ill ro ll, an d  th e  re su ltin g  film  is ev en tu a lly  tak en  up  on  w in d in g  eq u ip m en t. 
C as ted  film  is e ssen tia lly  u n o rien ted  b u t still fa irly  c lea r  b ecau se  o f  th e  q u en ch  
co o lin g  th a t occu rs . F ilm  th ick n ess  u su a lly  ran g es  b e tw een  1 to  4 m m .

C asted  film  is p ro cessed  to  p ro d u c ts  th a t in c lu d e  b ag s  fo r c lo th in g  
a rtic le  su ch  as p o ck e t-p a g e s  fo r p h o to g ra p h s  an d  as th e  o u te r  n o n p o ro u s  sh ee t on  
d isp o sab le  d iapers .
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2.3 Pyrolysis

P y ro ly s is  is d e fin ed  as  th e  b re a k d o w n  o f  a  m a c ro m o le c u le  b y  h e a t u n d e r the  
ab sen ce  o f  o x y g en  a tm o sp h e re  (P ro b s te in  e t  a l ,  1985).

P y ro ly s is  o f  p la s tic s  to  p ro d u ce  v a lu ab le  ch em ica l p ro d u c ts  h as  been  
co n tin u o u s ly  s tu d ied  an d  g a in ed  m o re  in te re s t due  to  its  a p p licab ility . B y  p y ro ly sis , 
th e  m a c ro m o le c u le  can  be  th e rm a lly  o r c a ta ly tic a lly  d eg rad ed .

2.3 .1  T h e rm a l D eg rad a tio n
In th e rm al d eg rad a tio n  o f  p o ly o le fin s , m an y  h y d ro c a rb o n s  h av in g  a 

w id e  d is tr ib u tio n  o f  c a rb o n  a tom  n u m b ers  a re  fo rm ed  th ro u g h  an  in tra m o le c u la r  free- 
rad ica l tra n s fe r  m ech an ism . T he e ffec ts  o f  tem p e ra tu re  (Ish ih a ra  e t  a l ,  1993) and  
k in e tic s  (D aw o o d  and  M iu ra , 2 001 , C a rd o n a  and  C o rm a, 2 0 0 2 ) on  p ro d u c t y ie ld s  and  
d is tr ib u tio n  have  b een  in v es tig a ted  on  p y ro ly s is  o f  p p . T h ese  s tu d ies  p ro v ed  th e ir  
g rea t p o ss ib ility  to  p ro d u ce  ch em ica l feed  stock . H o w ev e r, th e  p ro c e ss  w as  en erg y  
ex c e ss iv e , cau sin g  th e  co n ce rn  ab o u t th e  e co n o m ics  o f  in v estm en t. M o reo v er, 
p ro d u c t se lec tiv ity  can  n o t be  co n tro lled  an d  m an ip u la ted . C a ta ly tic  c o n v e rs io n  o f  
p la s tic  w as te s  has b een  m o re  a ttrac tiv e  in  th e  p a st decade .

2 .3 .2  C a ta ly tic  D eg rad a tio n
In  th is  case , ca ta ly tic  d e g rad a tio n  is re fe rred  to  ap p ly in g  ca ta ly s ts  in 

any  s tep  o f  p y ro ly s is  p ro cess . T he o ils  p ro d u ced  by  th e  ca ta ly tic  d e g ra d a tio n  are 
k n o w n  to  co n ta in  a  re la tiv e ly  n a rro w  d is tr ib u tio n  o f  h y d ro c a rb o n s  w h ic h  u n d erg o es  
th ro u g h  an  ion ic  m ech an ism .

2.4 E ffect o f C atalysts on Pyrolysis

Z h ao  e t  a l ,  (1 9 9 6 ) s tu d ied  th e  e ffec ts  o f  z eo lite s  on  th e  d eg rad a tio n  
te m p e ra tu re  o f  p p . It w as  found  th a t th e  d eg rad a tio n  tem p e ra tu re  o f  p p  strong ly  
d e p e n d e d  on  th e  ty p e  o f  zeo lite s  u sed , n o t o n ly  th e  zeo lite  fram ew o rk  s tru c tu re  b u t 
a lso  its  co m p o sitio n . T h e  am o u n t ad d ed  w as a lso  an  im p o rtan t fa c to r in  d e te rm in in g  
the  d e g ra d a tio n  tem p era tu re . S om e zeo lite s  d id  n o t ch an g e  th e  s tru c tu re  o f  the 
p ro d u c ts , b u t n a rro w ed  th e  p ro d u c t d is tr ib u tio n  to  sm a lle r m o lecu le  reg io n , w h ile  the  
H Y  zeo lite s  led  to  h y d ro ca rb o n s  w ith  cy c lic  struc tu res.
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U sin g  n o n -ac id ic  m eso p o ro u s  s ilic a  as a  c a ta ly s t (F S M : F o ld e d  sh ee t 
m a te ria l)  in  ca ta ly tic  d e g rad a tio n  o f  p o ly o le fm ic  p o ly m ers , su ch  as  P E  a n d  p p , w as 
c a rried  o u t (U d d in  e t  a l ,  1998) a t a tm o sp h e ric  p re ssu re  b y  b a tc h  o p e ra tio n  a t 430°c 
an d  380°c. T h is  s tu d y  sh o w ed  th a t th e  F S M  acce le ra ted  th e  in itia l ra te  o f  d e g rad a tio n  
o f  p la s tic  p o ly m ers  (P E , P P ), in c reased  th e  liq u id  p ro d u c t y ie ld , an d  p ro m o ted  
d e g ra d a tio n  in to  lo w er m o le c u la r  w e ig h t p ro d u c ts , as c o m p a re d  w ith  th e rm al 
d eg rad a tio n . In  ad d itio n , th e  m eso p o re s  su rro u n d ed  b y  th e  s ilic a  sh ee t a c ted  as a 
rad ica l flask . T h e  rad ica l sp ec ies  in  th e se  so -ca lled  rad ica l f la sk s  rem a in ed  ac tiv e  for 
a  lo n g  tim e  an d  a c ce le ra ted  th e  d e g ra d a tio n  o f  p la s tic s . T h ese  f in d in g s  p ro v id e d  n ew  
in s ig h t in to  th e  d e g ra d a tio n  o f  p la s tic  p o ly m ers  o v e r n o n -a c id ic  m e so p o ro u s  s ilica  
ca ta ly s ts .

B y  w o rk in g  w ith  U S  Y  zeo lite s  w ith  d iffe ren t u n it ce ll s izes, it h as  been  
p ro v e n  th a t n e ith e r th e  to ta l am o u n t n o r th e  s tren g th  o f  ac id  s ites  w as  th e  m o st 
d e te rm in a n t fa c to rs  fo r c rack in g  p p . I t h as  fo u n d  th a t th e  f irs t c ra c k in g  e v e n t o f  p p  
o cc u rre d  a t o r  c lo se  to  th e  ex te rn a l su rface . T h en , th e  fo rm a tio n  o f  m e so p o re s  in  th e  
zeo lite  s tro n g ly  im p ro v ed  th e  c rack in g  ac tiv ity . T h is  h as  b een  su p p o rted  by  th e  
re su lts  o b ta in ed  w ith  a  Y  zeo lite  sy n th es ized  w ith  sm a lle r  c ry s ta llite  s izes (C a rd o n a  
and  C o rm a , 2000).

FIw ang e t  a l ,  (2 0 0 2 ) in v estig a ted  th e  p e rfo rm an ce  o f  sev e ra l d iffe ren tly , 
n a tu ra lly  tre a te d  zeo lite s  in  th e  d e g rad a tio n  o f  p p . T h e  d e g ra d a tio n  w as c a rried  ou t 
w ith  a  m ix tu re  o f  p o ly p ro p y le n e  and  c a ta ly s ts  a t 400°c an d  fiv e  ty p es  o f  na tu ra l 
zeo lite  (N Z ), d iffe ren t in  p re -trea tm en t p ro ced u re s , w ere  u se d  to  te s t th e ir  ca ta ly tic  
p e rfo rm a n c es  in  th e  d e g rad a tio n  o f  p p . T h e  c lin o p tilo lite  n a tu ra l zeo lite s , e ith e r 
p ro to n -e x c h a n g e d  (H -N Z ) o r  fu rth e r tre a te d  by  bo ric  ac id  (B -H -N Z ) o r p h o sp h o ric  
ac id  (P -H -N Z ), w ere  e ff ic ien t ca ta ly s ts  fo r th e  co n v e rs io n  o f  p p  to  g aso lin e -ran g e  
ch em ica ls . T h ese  tw o  ac id -trea ted  ca ta ly s ts  sh o w ed  an  in c rease  in  su rface  a rea  and  
p o re  v o lu m e , as co m p ared  to  H -N Z . F o r th e  d eg rad a tio n  o f  p p ,  th e  ac id ic  p ro p e rty  o f  
a  c a ta ly s t w as  n ecessa ry  fo r th e  fo rm a tio n  o f  ca rb én iu m  ion , an d  p o re  v o lu m e  w as 
a n o th e r im p o rtan t c h a rac te r  fo r fu rth e r c rack in g  o f  in itia lly  d e g ra d e d  frag m en ts . T he 
c o m p o s itio n  o f  d eg rad a tio n  p ro d u c ts , e sp ec ia lly  liq u id  frac tio n s  re su lte d  o v e r  stud ied  
ca ta ly s ts  w as  co m p ared  to  u n d ers tan d  th e  ro le  o f  c a ta ly sts . T h e  liq u id  p ro d u c ts  from  
the  ca ta ly tic  d e g rad a tio n  o f  p p  w ere  d is tr ib u ted  in  a  n a rro w e r ran g e  o f  ca rbon
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n u m b e rs  co m p ared  w ith  th o se  o b ta in ed  b y  th e rm a l d eg rad a tio n . In  a d d itio n , th ey  
fo u n d  th a t  h ig h  d e g ra d a tio n  tem p e ra tu re  o ffe re d  lig h te r  h y d ro c a rb o n s  b y  acce le ra tin g  
th e  c ra c k in g  reac tio n s .

In  2 0 0 2 , K im  e t  a l ,  fo u n d  th a t  th e  c lin o p tilo lite  z eo lite s , e ith e r  p ro to n - 
e x c h a n g e d  (H -S C L Z 4 .4 ) o r  fu rth e r tre a te d  by  h y d ro c h lo ric  ac id  (H -S C L Z 1 2 .0  and  
H -S C L Z 2 0 .3 ), w ere  e ff ic ie n t ca ta ly s ts  fo r th e  co n v e rs io n  o f  p p  to  g a so lin e -ran g e  
ch em ica ls . F o r th e  d e g ra d a tio n  o f  p p ,  th e  ac id ic  s ite s  o f  m e d iu m  ac id  s tren g th  
seem ed  n e cessa ry  fo r fo rm a tio n  o f  c a rb é n iu m  ion  an d  c ra c k in g  o f  c a rb o n  chains. 
P o re  v o lu m e  w as a n o th e r  im p o rtan t fa c to r fo r the  fu rth e r c ra c k in g  o f  in itia lly  
d eg rad ed  frag m en ts .

In  th e  p re sen ce  o f  s ilic a -a lu m in a  ca ta ly s t w ith  13 w t%  a lu m in a  co n ten t 
(Ish ih a ra  e t  a l ,  1993), th e  fo rm a tio n  o f  gas w as re su lte d  fro m  ca ta ly tic  
d e c o m p o s itio n  o f  p p . T h e  ca ta ly tic  d e c o m p o s itio n  o f  p p  p ro c e e d s  fro m  p o ly m e r to 
d eg rad ed  p o ly m er, o lig o m er, liqu id , an d  gas, re sp ec tiv e ly . G as c o m p o s itio n  and  
m e c h a n ism s  w ere  a lso  ex am in ed . G as w as p ro d u ced  fro m  th e  c h a in -e n d s  o f  the  
liq u id  frac tio n  and  its  co m p o n en ts  w ere  p rim arily  iso b u ta n e  an d  iso p en tan e . T he 
m o s t im p o rtan t e lem en ta ry  reac tio n  in  th e  d e c o m p o s itio n  w a s  in tram o lecu la r  
re a rran g e m e n t tak in g  p lace  v ia  a  s ix -m em b ered  tra n s itio n  sta te  to  in n e r te rtia ry  
c a rb o n  a to m s (b ack -b itin g  reac tio n s). T h e  m a in  gas c o m p o n e n ts  w ere  p ro d u c e d  by  
th e  d e c o m p o s itio n  o f  th e  C 9  frac tio n  fo rm ed  by  b ack -b itin g .

In  su m m ary , th e  d isco v e red  e ffe c ts  o f  ca ta ly s ts  are : (1 ) re d u c tio n  o f  o p e ra tio n  
te m p e ra tu re  (Z h ao  e t  a l . , 1996), (2 ) a c c e le ra tio n  o f  th e  d e g ra d a tio n  ra te  (U d d in  e t  a l . , 

1998; D aw o o d  an d  M iu ra , 2 0 0 2 ), (3 ) im p ro v e m e n t o f  c o n tro lla b le  p ro d u c t se lec tiv ity  
an d  y ie ld s  (U d d in  e t  a l ,  1998; C a rd o n a  an d  C orm a, 2 0 0 0 ; D aw o o d  an d  M iura ,
2 0 0 2 ), (4 ) lo w er ran g e  o f  d es irab le  h y d ro c a rb o n  p ro d u c ts  (H w an g  e t  a l . , 2 0 0 2 ; K im  
e t  a l ,  2 0 0 2 ) and  (5) le ss  re s id u e  p ro d u c tio n  (U d d in  e t  a l ,  1998; D a w o o d  an d  M iura , 
2 0 0 2 ; K im  e t  a l ,  2002).

F u rth e rm o re , m o st re sea rch e rs  o fte n  u sed  z eo lite s  as  ac id  ca ta ly s ts , fo r 
ex am p le , Z S M -5  (Z h ib o  e t  a l ,  1996), H Y  zeo lite  (Z h ao  e t  a l ,  1996), H N Z  (K im  e t  

a l ,  2 0 0 2 ), an d  F C C  ca ta ly s t (C ard o n a  an d  C o rm a, 2 0 0 0 ), in  th e ir  s tu d ies  o n  ca ta ly tic  
d e c o m p o s itio n  o f  p p . In  co n tras t, no  s tu d ies  hav e  b e e n  p e rfo rm e d  u s in g  so lid  
su p e rac id  ca ta ly s ts  to  a ffec t th e  d e g rad a tio n  p ro cess  o f  p o ly p ro p y len e . T h ere fo re ,
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so lid  su p e rac id  c a ta ly s ts  w ere  in v es tig a ted  fo r th e  in flu en ce  o f  th e  c a ta ly s t o n  the  
p y ro ly s is  o f  p p  film s.
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