
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3 .1 .1  H ig h -d e n s ity  P o ly e th y le n e  (H D P E )
H ig h -d e n s ity  p o ly e th y le n e  e m p lo y e d  in  th is  s tu d y  w a s  1-H D P E  and  

h -H D P E  su p p lie d  b y  S C G  P o ly o le f in s  C o ., L td . T h e  p ro p er tie s  o f  1 -H D P E  and h- 
H D P E  are g iv e n  in  T a b le  3.1

Table 3.1 P h y s ic a l p rop erties  o f  1-H D PE  and  h -H D P E *

Grade Properties Units Test result Test method
1-H D P E M e lt  F lo w  R a te g / 1 0  m in 7 .5 A S T M D  1238

D e n s ity g /c m J 0 .9 6 4 A S T M D  1505
M e lt in g  p o in t °c 133 A S T M D  2 1 1 7

h -H D P E M e lt  F lo w  R ate g / 1 0  m in 18 A S T M D  1238
D e n s ity g /c m 3 0 .9 6 2 A S T M D  1505
M e lt in g  p o in t °c 131 A S T M D  2 1 1 7

* D a ta  su p p liée b y  S C G  P o ly o le f in s  C o ., Ltd

3.1.2 Poplypropylene (PP)
Polypropylene employed in the study was 1-PP and h-PP supplied by

SCG Polyolefins Co., Ltd. The properties of 1-PP and h-PP are given in Table 3.2
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Table 3.2 Physical properties of 1-PP and h-PP **

Grade Properties Units Test result Test method
1-PP M e lt  F lo w  R ate g / 1 0  m in 2 . 6 A S T M D  12 3 8

D e n s ity g /c m J 0 .9 1 0 A S T M D  15 05
M e ltin g  p o in t °c 163 A S T M D  2 1 1 7

h -P P M e lt  F lo w  R ate g / 1 0  m in 11 A S T M D  12 3 8
D e n s ity g /c m 3 0 .9 1 0 A S T M D  15 05
M e ltin g  p o in t °c 163 A S T M D  2 1 1 7

* * D a ta  su p p lie d  b y  S C G  P o ly o le f in s  C o ., L td

3 .1 .3  M a le ic  A n h y d r id e  (M A H ')
M a le ic  an h yd rid e  (M A H ) u se d  for th e  s tu d y  w a s  su p p lie d  b y  

S IG M A -A L D R IC H . T h e  p rop erties  o f  M A H  are g iv e n  in  T a b le  3 .3

Table 3.3 P h y s ic a l p ro p erties  o f  m a le ic  a n h y d r id e  ***

Properties Units Test result
M o le c u la r  W e ig h t - 9 8 .0 6

V a p o r  p ressu re m m llg  ( 2 0  °C ) 0 .1 6
B o ilin g  p o in t °c 2 0 0

M e ltin g  p o in t °c 5 1 -5 6
* * * D a ta  su p p lie d  b y  S IG M A -A L D R IC H .
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3 .1 .4  D ic u m y l P e r o x id e  ( P C P )
D ic u m y l p e r o x id e  (D C P )  u sed  for th e  s tu d y  w a s  su p p lie d  b y  S IG M A -  

A L D R IC H . T h e  p ro p er tie s  o f  D C P  are g iv e n  in  T a b le  3 .4

Table 3.4 P h y s ic a l p ro p erties  o f  d ic u m y l p e ro x id e  * * * *

Properties Units Test result
M o le c u la r  W e ig h t - 2 7 0 .3 7

V a p o r  p ressu re m m llg  (3 8  °C ) 1 5 .4
D e n s ity g /m L 1 .5 6

M e lt in g  p o in t °c 3 9 -4 1
* * * * D a ta  su p p lie d  b y  S IG M A -A L D R IC H .

3 .1 .5  S o lv e n t
T o lu e n e  A R . grad e w a s  su p p lied  b y  L a b sca n .
E th a n o l A R . grad e w a s  su p p lied  b y  L a b sca n .

3 .1 .6  B a se  S u b sta n ce
P o ta ss iu m  h y d r o x id e  (K O H ) w a s  su p p lie d  b y  C a rlo  Erba.

3 .1 .7  A c id  S o lu t io n s
H y d r o c h o r ic  acid  (H C 1) 37%  w t /v  w a s  su p p lie d  b y  J.T . B aker.

3 .1 .8  In d ica to r  R ea g en t
P h e n o p th a le in  w a s  su p p lie d  b y  A je x  F in e c h e m .
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3.2 Equipment

3 .2 .1  F ou rier  T ran sform  Infrared S p e c tr o sc o p y  (F T -IR )
F T -IR  sp ectra  o f  th e  graft m a ter ia ls  are o b ta in e d  from  f ilm  sa m p les . 

T h e se  f i lm  sa m p le s  w e r e  p rep ared  u s in g  a c o m p r e s s io n -m o ld in g  m a c h in e . F ourier  
T ra n sfo rm  Infrared S p e c tro p h o to m eter  (F T -IR ) w a s  u sed  to  c o n fir m  the s u c c e s s fu l o f  
gra ftin g , u s in g  6 4  sc a n s  at a r e so lu tio n  o f  4  c m '1.

3 .2 .2  D iffe r e n tia l S c a n n in g  C a lo r im etry  (D S C )
D iffe r e n tia l S c a n n in g  C a lo r im etry  (D S C )  m e a su r e m e n ts  w e r e  carried  

ou t u n d er  n itro g en , o n  sa m p le s  o f  9 -1 5  m g , u s in g  a  T A  In stru m en ts Q -1 0 0 -  
in stru m en t. T h e a n a ly s is  w a s  carr ied  ou t in  th e  fo l lo w in g  m an n er: ( i)  S a m p le s  w ere  
h ea te d  fro m  -8 5  to 2 1 0 ° c  at 1 0 ° c /m in .  ( ii)  S a m p le s  w er e  th e n  c o o le d  from  210°c to 
- 8 5 ° c  at 1 0 ° c /m in . ( i i i )  A fter  that, sa m p les  w e r e  im m e d ia te ly h e a te d  from  -85°c to 
2 5 0 ° c  at 1 0 ° c /m in

3 .2 .3  C o m p r e ss io n  M o ld in g
A  L a b tech  2 5  to n  c o m p r e ss io n  p r e ss  m a c h in e  w a s  u sed  fo r  to  prepare  

sa m p le s  in  a th in  f ilm . P e lle ts  w e r e  p la ced  in  a  p ictu re  fra m e m o ld  an d  th e m o ld  
p reh ea ted  at 2 1 0 ° c  for  5 m in u tes  in  the p ress w ith o u t  a p p lic a t io n  o f  p ressu re . T he  
m o ld  w a s  th en  c o m p r e sse d  u n der a fo rce  o f  13 0  k g /c m 2  for  a  further 5 m in u te s  after  
w h ic h  th e  m o ld  w a s  c o o le d  5 m in u te s  to  roo m  tem p era tu re.

3 .2 .4  C a p illa ry  R h e o m e te r
A  C E A S T  R h e o lo g ic  5000 tw in -b o r e  c a p illa r y  r h eo m eter  w a s  u sed  to  

in v e s t ig a te  th e  m e lt  r h e o lo g y  o f  th e  grafted  m a ter ia ls . T h e  c a p illa r y  d ia m e te r  o f  1 
m m  (L /D  =  20) and  a ll m ea su rem en t w er e  m a d e  at 190°c.

3 .2 .6  W id e -a n g le  X -ra y  D iffr a c tio n  (W A X S )
T h e  sa m p le s  w e r e  cu t from  th e  c o m p r e s s io n  m o ld e d  p la te s . A ll 

e x p e r im e n ts  w ere  carr ied  ou t the 2 0  ran ge o f  4 ° -  6 0 °  at a m b ie n t tem p eratu re.
3 .2 .7  T w in  S c r e w  E xtru d er

T h e  m a ter ia ls  w e r e  b len d ed  in  a  c o -r o ta t in g  tw in  s c r e w  ex tru d er  u s in g  
a s c r e w  sp e e d  o f  2 0  rpm . H D P E -g -M A H  sa m p le s  w e r e  p rep ared  at th e  tem p era tu re  
1 1 0  °c to  17 0  °c. P P -g -M A H  sa m p le s  w ere  p rep ared  at th e  tem p era tu re  1 3 0  °c to
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17 0  °c. T h e str ip s  from  th e ex tru d er w er e  cu t  in to  p e lle ts  ab o u t 4  m m  lo n g  after  
c o o lin g  in  a w a ter  bath.

3.3 Methodology

3 .3 .1  P rep aration  o f  H D P E -g -M A H
H D P E -g -M A H  sa m p le s  w ere  p rep ared  b y  u s in g  a c o -r o ta tin g  tw in -  

s c r e w  extru d er. T h e  d ia m eter  o f  th e  sc r e w s  is  2 0  m m  an d  th e  ratio  o f  len g th  to  
d ia m eter , L /D , is  4 0 . T h e barrel o f  extru d er is  d iv id e d  in to  10 s e g m e n ts  and  each  
se g m e n t  is  h ea ted  in d e p e n d e n tly . T w o  d ifferen t c o m m e r c ia l gra d es o f  H D P E  and  
v a r y in g  in  M F1 w e r e  u sed . T h e  d ic u m y l p e r o x id e  a cts  as an  in itia to r  and  v a r ie s  M A H  
c o n te n t and in itia to r  c o n cen tra tio n . R o ta tin g  rates o f  th e  fe e d e r  s c r e w  w a s  2 0  rpm . 
U n d er  th e se  c o n d it io n s , the r e s id e n c e  t im e  w a s  a b o u t 2  m in .

Figure 3.1 P rep ara tion  o f  m a le a te d  H D P E .

3 .3 .2  P rep aration  o f  P P -g -M A H
P P -g -M A H  sa m p le s  w er e  p rep ared  b y  u s in g  a c o -r o ta tin g  tw in -s c r e w  

ex tru d er  u s in g  th e  sa m e  p ro ced u re  a s  d e scr ib ed  a b o v e .

Figure 3.2 P rep ara tion  o f  m a le a te d  p p .
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3 .3 .3  B a ck -t itra tio n  M eth o d
G rafted  m a ter ia ls  (5 g ) w e r e  d is s o lv e d  in  10 0  m l to lu e n e . T h e  h ot 

so lu t io n  w a s  r e f lu x e d  for 3 0  m in . T h en , w a ter  (3 m l)  w a s  ad d ed  to  h y d r o ly z e d  the  
a n h y d r id e  g r o u p s, a fter  4 0  m in  stirring, th e  h o t m ix tu re  w a s  titra ted  im m e d ia te ly  
w ith  0 .0 1 N  e th a n o l K O H  u s in g  three to  fou r d rop s o f  p h e n o lp h th a le in  as an  
in d ica to r , an d  th e  p in k  c o lo r  w a s  b ack  -titrated  to  a  c o lo r le s s  b y  th e  a d d itio n  o f  0 . 0 1  

N  eth a n o l HC1.

G (%wt) = .. ( V/| v ! ;....  X  98 X  1009;
2 X  IV' X  1000

W h ere , G  (w t  % ) =  th e  g r a ft in g  d eg ree  o f  m a le ic  an h yd r id e
Vo (m l)  =  th e  K O H  v o lu m e  u se d  in  th e  te st  w ith  th e  sa m p le  
V 1 (m l)  =  th e  H C L  v o lu m e  u sed  in  th e  te st  w ith  th e  sa m p le  
พ  =  th e w e ig h t  o f  th e  sa m p le  (g )
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Table 3.5 Composition of graft materials (Effect of DCP)

Materials No. MRfgl DCPfphr] MAHfphrl
l-pp 1 1 0 0 0 .0 4 5

2 1 0 0 0 .3 5
3 1 0 0 0 . 6 5
4 1 0 0 2 5
5 1 0 0 5 5

h-pp 1 1 0 0 0 .0 4 5
2 1 0 0 0 .3 5
3 1 0 0 0 . 6 5
4 1 0 0 2 5
5 1 0 0 5 5

1-HDPE 1 1 0 0 0 .0 8 4
2 1 0 0 0 .1 2 5 4
3 1 0 0 0 .2 5 4
4 1 0 0 0 .5 4
5 1 0 0 1 4

h-HDPE 1 1 0 0 0 .0 8 4
2 1 0 0 0 .1 2 5 4
3 1 0 0 0 .2 5 4
4 1 0 0 0 .5 4
5 1 0 0 1 4
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Table 3.6 Composition of graft materials (Effect of MAH)

Materials No. MRfgl DCPfphr] MAHfphrj
l-pp 1 1 0 0 0 .3 0 .0 4

2 1 0 0 0 .3 1

3 1 0 0 0 .3 2

4 1 0 0 0 .3 6

5 1 0 0 0 .3 1 0

h-pp 1 1 0 0 0 .3 0 .0 4
2 1 0 0 0 .3 1

3 1 0 0 0 .3 2

4 1 0 0 0 .3 6

5 1 0 0 0 .3 1 0

1-HDPE 1 1 0 0 0 .1 2 5 0 .0 4
2 1 0 0 0 .1 2 5 1

3 1 0 0 0 .1 2 5 2

4 1 0 0 0 .1 2 5 6

5 1 0 0 0 .1 2 5 1 0

h-HDPE 1 1 0 0 0 .1 2 5 0 .0 4
2 1 0 0 0 .1 2 5 1

3 1 0 0 0 .1 2 5 2

4 1 0 0 0 .1 2 5 6

5 1 0 0 0 .1 2 5 1 0
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Table D e ta il o f  e x tr u s io n  p r o c e s s in g

Zone/
Conditions 1 2 3 4 5 6 7 8 9 10

Temperatu
re (°C) for 

PE
110 120 160 160 170 170 170 170 170 160

Temperatu 
re (°C) for 

pp
130 150 165 165 170 170 170 170 170 165

Screw
speed
(rpm)

20

Table 3.8 D e ta il o f  c o m p r e ss io n  m o ld in g

Step Temperature (°C) Compressing force 
(kg/cni ) Time (min)

Preheat 2 1 0 0 5
Compressing 2 1 0 130 3

Cooling 2 1 0  to  Troom 13 0 5
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