
C H A PT E R  III 
E X PE R IM E N T A L

3.1 M aterials

3.1.1 P o ly p ro p y len e  S ources
■  P o ly p ro p y len e  H o m o p o ly m e r R esin  H P 5 2 0 M  (P W -5 8 3 ) w as 

su p p lied  by  H M C  P O L Y M E R S  C O M P A N Y  L IM IT E D  w ith  a 
rep o rted  d en s ity  o f  0 .9 0  g /  cm 3 (A S T M  D  7 9 2 B ) an d  used  as 
s ta rtin g  m ate ria l (v irg in  P P ) fo r p o ly m e r re p ro c e ss in g . T h e  m elt 
f lo w  ra te  w as 8  g /1 0  m in  (A S T M  D 1238).

■  C o m m erc ia l p o ly p ro p y len e  film s w ere  p u rc h a se d  fro m  H ig h  L and  
In d u stria l C o m p an y  L im ited .

3 .1 .2  T h e  C h em ica l R eag en ts  fo r C a ta ly s t P rep a ra tio n s
■  Z irco n iu m  o x ide  (ZrC>2 ) w as u sed  as c a ta ly s ts  an d  ca ta ly s t 

su p p o rts . It w as p u rc h a se d  from  R ied e l-d eH aën .
■  A m m o n iu m  su lfa te  (N H 4 S O 4 ) w as p u rc h a se d  fro m  A sia  P acific  

S p ec ia lty  C h em ica l L im ited .
3 .1 .3  T h e  C a rrie r  G as U sed  in  P y ro ly sis  S tudy

■  H ig h  p u rity  n itro g en  w as p u rch ased  fro m  T ha i In d u s tr ia l G as C o., 
L td ., (T IG ).

3 .1 .4  G as S am p lin g  B ag
■  D u a l-V a lv e  T ed la r P V F  G as S am p lin g  B ag s  o f  s ize  (3 .8  L iters) 

w ere  p u rch ased  fro m  C o le -P arm er.



9

3 .1 .5  S tan d a rd  F lu id s  fo r G C  C a lib ra tio n s
■  R e fin e ry  gas te s t sam p le  (A g ilen t P /N  5 0 8 0 -8 7 5 5 ) w as su p p lied  

fro m  A g ile n t T e c h n o lo g ie s  (m an u fac tu red  fo r A g ilen t b y  S co tt 
S p eac ia l G asses), and

■  9 9 .0 %  n -p en tan e  (C 5 H 1 2) and  9 9 .0 %  n -h e x a n e  (C ôH h ) w ere  
su p p lied  fro m  L ab -S can , A n a ly tica l R eag en t, w ith  0 .6 2 6  g /  cm 3 

an d  0 .6 5 9  g /  c m 3 d en s ity , resp ec tiv e ly .
■  A S T M  M eth o d  D 2 8 8 7  C o lu m n  T es t M ix tu re  w as p ro v id ed  by 

U L T R A  S cien tific . T h is  U L T R A sta n d a rd  (T M ) so lu tio n  w as 
g rav im e tric a lly  p re p a re d , and  th e  an a ly te  c o n c e n tra tio n s  w ere  
v e rif ied  u sin g  h ig h  re so lu tio n  gas c h ro m a to g ra p h y  an d /o r h igh  
p e rfo rm an ce  liq u id  ch ro m ato g rap h y .

3.2 Film  Processing

3.2.1 P rep a ra tio n  o f  R ep ro cessed  p p  P elle ts
R ep ro cessed  p p  p e lle ts  w ere  o b ta in ed  fro m  v irg in  p p  p e lle ts  u s in g  a 

C O L L IN  in te rm e sh in g  se lf-w ip in g  c o -ro ta tin g  tw in  sc rew  e x tru d e r  Z K -2 5  w ith  the  
fo llo w in g  co n d itio n s:

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6

S crew  sp eed  = 3 5  rpm .
T h e  ex tru d a te  w as co o led  in  th e  w a te r (~  25 °C ) an d  cu t in to  a  p e lle t 

fo rm  b y  a  P lan e tro l 0 7 5 D 2  p e lle tize r. T h e  1st g en e ra tio n  p p  p e lle ts  w ere  tak en  back  
in to  th e  h o p p e r fo r th e  n e x t p ass and  re p ro cessed  w ith  th e  sam e  co n d itio n . T h e  cycle  
w as re p e a te d  fo r fo u r tim es , m ak in g  fo u r g en e ra tio n s  o f  re p ro c e sse d  p p  p e lle ts . T he  
p e lle ts  fro m  each  g en e ra tio n  w ere  k ep t fo r p rep a rin g  fo u r g en e ra tio n s  o f  film s.



10

3 .2 .2  P rep a ra tio n  o f  p p  F ilm s
V irg in  p p  film  w ith  a p p ro x im a te ly  1.0 m m . film  th ic k n e ss  w as 

p re p a re d  fro m  v irg in  p p  p e lle ts  b y  u s in g  ch ill-ro ll c a s t f ilm  tech n iq u e . F o u r 
g e n e ra tio n s  o f  p p  film s w ith  th e  sam e  th ick n ess  w ere  ca s te d  fro m  each  
co rre sp o n d in g  g en e ra tio n s  o f  re p ro cessed  p e lle ts  by  u s in g  th e  sam e  tec h n iq u e . T he 
p re p a ra tio n  p ro ced u re  is illu s tra ted  in  F ig u re  3 .1;

V PP
T w in  screw 

extruder

R 1 P P
T w in  screw 

extruder

R 2 P P
T w in  screw 

extruder

R 3 P P
T w in  screw 

extruder

R 4 P P

C h ill- ro ll cast 
f ilm

C h ill- ro ll cast 
f i lm

C h ill- ro ll cast 
f ilm

C h ill- ro ll cast 
f ilm

C h ill- ro ll cast 
f ilm

C O P P

C R 1 P P

C R 2 P P

C R 3 P P

C R 4 P P

Figure 3.1 P rep a ra tio n  scen a rio  o f  p e lle ts  an d  film s.

w h e re  V P P = V irg in  p p  p e lle ts
R 1P P = 1 st g en e ra tio n  re p ro c e sse d  p p  p e lle ts
R 2P P = 2 nd g en era tio n  re p ro c e sse d  p p  p e lle ts
R 3P P = 3 rd g en e ra tio n  re p ro c e sse d  p p  p e lle ts
R 4 P P = 4 th g en era tio n  re p ro c e sse d  p p  p e lle ts
C O P P = V irg in  p p  film
C R 1 P P = 1 st g en e ra tio n  re p ro c e sse d  p p  film
C R 2 P P = 2 nd g en era tio n  re p ro c e sse d  p p  film
C R 3 P P = 3 rd g en era tio n  re p ro c e sse d  p p  film , and
C R 4 P P = 4 th g en era tio n  re p ro c e sse d  p p  film .
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3.3 C atalyst Preparation

T h e  so lid  su p e rac id s  S 0 4 2 '/Z r 0 2  w as  eas ily  p re p a re d  by  im p re g n a tin g  Z r 0 2 
w ith  (N H 4 ) 2 S 0 4  so lu tio n  fo llo w ed  by  ca lc in a tio n  a t 550°c fo r 2 h o u rs  in  a  fu rnace. 
T h e  a m o u n ts  o f  SO42' in  S 0 427 Z r0 2  w as v a ried  fro m  0 to  8 w t% .

3.4 Pyrolysis Studies

S m all p ieces  (ap p ro x . 1m m 2) o f  0 .5  g ram  p p  film  sam p le  w ere  lo ad ed  in to  a 
sem i-b a tch  reac to r w ith  o r w ith o u t ca ta ly st. In  a  ty p ica l ru n , a f te r  th e  re a c to r  w as set 
up , a ir  rem a in in g  in  th e  reac to r w as p u rg e d  w ith  n itro g e n  gas a t a  f lo w  ra te  o f  30 
m l/m in . fo r  h a lf  an  hour. T h e  reac to r w as  th en  h ea ted  fro m  ro o m  tem p e ra tu re  to  
5 0 0 ° c  a t a  h ea tin g  ra te  o f  1 0 °c /m in . h e ld  at 5 0 0 ° c  fo r 1 h o u r. (S ee  re a c to r and  
re a c to r  sy s tem  in F ig u re  3 .2). T he  d e g ra d a tio n  p ro d u c ts  w ere  c la ss if ie d  in to  th ree  
g ro u p s: g a ses  (p ro d u c ts  w h ich  w ere  n o t c o n d en sab le  a t ic e -N aC l co o lin g  
tem p e ra tu re ) , liqu id  h y d ro ca rb o n s  and  resid u es. T h e  a m o u n t o f  g a seo u s  p ro d u c ts  w as 
ca lcu la ted  by  su b trac tin g  th e  w e ig h t o f  liq u id  p ro d u c ts , re s id u es  an d  c a ta ly s t from  the  
to ta l w e ig h t o f  p p  film  sam p le  and  fresh  ca ta ly s t in itia lly  lo ad ed  to  th e  reactor. 
P y ro ly sed  gas p ro d u c ts  w ere  c h a rac te riz ed  v ia  G as C h ro m a to g ra p h  in  an  A g ilen t 
T e c h n o lo g ie s  H P  6 8 9 0 N  gas ch ro m a to g ra p h  eq u ip p ed  w ith  F ID  an d  a  cap illa ry  
co lu m n , H P -P L O T  Q  w ith  20  p m  c o a tin g  th ick n ess , 0 .3 2  m m  i.d . and  30 m  length , 
u s in g  re fin e ry  gas (g as  m ix tu re s)  fo r c a lib ra tio n . T he te m p e ra tu re  p ro g ra m  o f  the  G C  
co lu m n  u sed  w as as fo llo w s: tem p e ra tu re  co n s tan t a t 7 0 ° c  fo r th e  firs t 8 m in  and  
in c rea sed  to  2 0 0 ° c  w ith  a h ea tin g  ra te  o f  2 0 ° c /m in  an d  k ep t at th is  tem p e ra tu re  for 
20  m in . P y ro ly sed  liq u id  p ro d u c ts  w ere  p e rfo rm ed  by  S im u la te d  D is tilla tio n  G as 
C h ro m a to g ra p h y  (D G C ) (A S T M -D  2 8 8 7 ) in  a  V arian  C P -3 8 0 0  gas ch ro m a to g rap h  
eq u ip p ed  w ith  F ID  an d  a  cap illa ry  co lu m n , W C O T  fu sed  s ilic a  15 m  long  X 0.25 m m
i.d ., u s in g  A S T M  M eth o d  D 28 8 7  C o lu m n  T est M ix tu re  fo r c a lib ra tio n . T he 
tem p e ra tu re  p ro g ram  o f  th e  G C  w as as  fo llow s: th e  in itia l tem p e ra tu re  at 3 0 ° c  and  
in c rea sed  to  3 2 0 ° c  w ith  a  h ea tin g  ra te  o f  2 0 ° c /m in  and  k ep t a t 3 2 0 ° c  fo r 8 .5 0  m in.
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Figure 3.2 S ch em atic  d iag ram  o f  reac to r an d  reac to r sy stem .

T h e re  are tw o  p a rts  o f  p y ro ly s is  stud ies:
■  E ffec t o f  film  rep ro cess in g  on  p y ro ly sis  p ro d u c ts , and
■  E ffec t o f  ca ta ly s ts  o n  p y ro ly s is  p ro d u c ts

3.5 T esting and C haracterization

3.5.1 p p  F ilm  T es tin g  an d  C h a rac te riz a tio n
3 . 5 . 1 . 1  T e n s i l e  t e s t

T en sile  tests  w ere  ca rried  o u t on  In s tro n  U n iv e rsa l T estin g  
M ach in e , M o d e l 4 2 0 6 , a cco rd in g  to  A S T M  D 638 te s t p ro ced u re . T en  sp ec im en s 
w ere  te s te d  and  th e  re su lts  w ere  av e rag ed  to  o b ta in  a  m ean  v a lu e  o f  te n s ile  s tren g th .

3 . 5 . 1 . 2  V i s c o s i t y  m e a s u r e m e n t

V isco s ity  o f  sam p le s  w as m easu red  v ia  M e lt R h eo m e te r 
M o d el R S I O rch es tra to r  V  6 .4 .3 . T h e  te s t w as  p e rfo rm ed  o n  p a ra lle l p la te s  w ith  25 
m m . d ia m e te r  u n d e r s tead y  state.
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3 . 5 . 1 . 3  D i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y  ( D S C )

D iffe ren tia l S can n in g  C a lo rim e try  (D S C ) w as  ca rried  o u t on  a 
P e rk in  E lm er M o d e l D S C  7. A  sam p le  o f  8 -12 m g  w as  p re p a re d  in  an  a lu m in u m  
sam p le  p an . T h e  c h a m b e r w as p u rg ed  w ith  d ry  n itro g en  a t f lo w  ra te  o f  2 5 ° c /m in . 
T h e  te m p e ra tu re  w as p ro g ra m m e d  w ith  th e  h ea tin g  ra te  o f  10 °c /  m in . fro m  30° to 
2 0 0 ° c .  T h e  m e ltin g  tem p e ra tu re  (T m), h ea t o f  fu s io n  (AHf) an d  d e g re e  o f  c ry s ta llin ity  
w ere  d e te rm in e d  fro m  th e  th e rm o g ram . T h e  a rea  u n d e r th e  m e ltin g  p e a k  is  th e  heat 
o f  fu s io n  w h ic h  can  b e  co n v e rted  to  th e  p e rcen tag e  o f  c ry s ta llin ity , as sh o w n  in  the  
A p p e n d ix  A .

3 . 5 . 1 . 4  T h e r m a l  s t a b i l i t y

T h e rm o g rav im e tric  an a ly s is  (T G A ) o f  p p  film s  w as p e rfo rm ed  
on  D u p o n t T G A  m ach in e  M o d el 2950 . 10-20 m g o f  a  sam p le  w a s  lo ad ed  on  a 
p la tin u m  pan . T h e  sam p le  w as h ea ted  in  3 0 -8 0 0 °C  te m p e ra tu re  ra n g e  u n d e r N 2  flow  
w ith  th e  h ea tin g  ra te  o f  10 ° c /m in .

3 .5 .2  C a ta ly s t ch a rac te riz a tio n
3 . 5 . 2 . 1  T h e r m a l  s t a b i l i t y

T h e rm o g rav im e tric  an a ly s is  (T G A ) o f  c a ta ly s ts  w as p e rfo rm ed  
w ith  th e  sam e  p ro ced u re  as it w as  a cco m p lish ed  on  p p  film s  by  u s in g  D u p o n t T G A  
m a c h in e  M o d e l 2950 .

3 . 5 . 2 . 2  C r y s t a l  s t r u c t u r e

C rysta l s tru c tu re  o f  ca ta ly s ts  w as  c h a ra c te r iz e d  u s in g  a 
D /M A X -2 2 0 0 H  R ig a k u  d iffrac to m e te r w ith  C u K a  ra d ia tio n  o n  sp ec im en s  p rep a red  
by  p a c k in g  sam p le  p o w d e r  in to  a  g lass  h o ld er. T h e  d iffrac ted  in ten s ity  w a s  m easu red  
by  s tep  scan n in g  in  th e  20  ran g e  from  5° to  90°.

3 . 4 . 2 . 3  S u r f a c e  a r e a  a n d  p o r e  s i z e  d i s t r i b u t i o n

S p ec ific  su rface  a rea , n itro g en  a d so rp tio n -d e so rp tio n , an d  po re  
s ize  d is tr ib u tio n  w ere  d e te rm in ed  u sin g  an  A u to so rp -1  gas so rp tio n  system  
(Q u an tach ro m e  C o rp o ra tio n ) v ia  th e  B ru n a u e r-E m m e tt-T e lle r  (B E T ) m ethod . 
N itro g e n  w as u sed  to  ca lib ra te  th e  an a ly ze r, and  a lso  as  th e  a d so rb a te  a t liqu id  
n itro g e n  tem p era tu re . S am p le s  w ere  firs t o u tg assed  fo r 3 h o u rs  u n d e r v acu u m  at 
280°c. T w e n ty -tw o -p o in t ad so rp tio n  an d  d e so rp tio n  iso th e rm s w e re  o b ta in ed , from
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which BET surface area (taken at P / P o ~  0.3), total pore volume ( P /P o  close to unity),
and pore size distribution (BJH method) were calculated.
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