
CHAPTER III 
EXPERIMENTAL

3.1 Materials
T h e  m a te r ia ls  u sed  in  th is  w o r k  are a s fo l lo w s :

1. High Density Polyethylene (HDPE)
H ig h  d e n s ity  p o ly e th y le n e  o f  b lo w  m o ld in g  g ra d e  (M a r le x  H H M  5 5 0 2 )  

w a s  k in d ly  su p p lie d  b y  R ia n th a i In terp las C o ., L td. S o m e  p h y s ic a l  p ro p er tie s  
are sh o w n  in  T a b le  3 .1 .

Table 3.1 P h y s ic a l  p ro p er tie s  o f  H D P E .
P rop erty T e s t  m e th o d U n it V a lu e

D e n s ity D  1 5 0 5 g /c m 3 0 .9 5 5
M e lt  in d e x D  1 2 3 8 g /1 0  m in 0 .3 5
T e n s ile  s tren g th  at 
y ie ld ,  5 0 .8  m m /m in

D  6 3 8 M P a 2 8

E lo n g a t io n  at b reak  
at 5 0 .8  m m /m in

D  6 3 8 % > 6 0 0

S h o re  h a r d n e ss  D D  2 2 4 0 - 6 7
F lex u ra l m o d u lu s D  7 9 0 M P a 1 3 8 0
E S C R , F 5 0 D  1 6 9 3 H o u rs 4 5

2. Ethylene Gas
N a t i o n a l  P e t r o c h e m ic a l  P u b l ic  C o m p a n y  L td . ( N P C )  s u p p l ie d  

p o ly m e r iz a t io n  g ra d e  e th y le n e  g a s , u se d  a s m o n o m er .



13

3. Milled Glass Fiber
T h e  m ille d  f ib e r  w a s  p u rch a sed  fro m  O w e n -C o m in g  C o ., L td . T h e  p ro d u c t  

d e sc r ip tio n  is  c a l le d  7 3 1 E C  1 /3 2 ” ; an  e x a m p le  o f  m ille d  g la s s  f ib e r s  is  sh o w n  
in  F ig u re  3 .1 . In a d d itio n , a  su m m a ry  o f  th e  p ro d u ct d ata  i s  g iv e n  in  T a b le
3 .2 .

Figure 3.1 E x a m p le  o f  m ille d  g la s s  fib er .

Table 3.2 S u m m a ry  o f  m ille d  g la s s  f ib e r  p ro d u c t data.
S iz in g  T y p e A v e r a g e  f i la m e n t  

d ia m eter  (p m )
N o m in a l b u lk  

d e n s ity  (g /c m 3)
A p p e a r a n c e

C a tio n ic 1 5 .8 0 .6 5 P o w d er y

T h e  c h a r a c te r is tic s  o f  th e  g la s s  f ib e r  are r e la t iv e ly  f r e e - f lo w in g  w ith  a h ig h  
b u lk  d en s ity . It ca n  b e  u se d  in  fo r m u la tio n s  w h ic h  req u ire  v e r y  u n ifo rm  
d isp e r s io n s  and  sh ort f ib e r  len g th s .

4. Sodium Dodecyl Sulfate (SDS)
S o d iu m  d o d e c y l  su lfa te  (p u r ity  9 9 % + ) se r v e d  a s a su rfa c ta n t to  fo rm  th e  

su rfacta n t te m p la te  or b ila y e r  fo r  p o ly m e r iz a tio n . It w a s  p u rch a sed  fro m  
S ig m a  C h e m ic a l C o . T h e  m a ter ia l is  a w h ite  p o w d e r , c o m p le te ly  so lu b le  in  
w ater . A  so lu t io n  o f  S D S  in  d is t i l le d  w a ter  w a s  u se d  fo r  a ll e x p e r im e n ts .
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5. Initiator
S o d iu m  p e r s u l f a t e  (p u r ity  9 9 % + )  a c t e d  a s  a  w a t e r - s o lu b le  in it ia to r . It w a s  

p u r c h a s e d  f r o m  B D H  L a b o r a to r y  S u p p l ie r s .

6. Solvent
D im e t h y l f o r m a m id e  ( A R - g r a d e )  w a s  p u r c h a s e d  f r o m  J .T . B a k e r  C o m p a n y  

L im it e d .  It w a s  u s e d  f o r  e x t r a c t in g  s i z in g  a g e n t  f r o m  a s - r e c e i v e d  g la s s  f ib e r  

u s in g  t h e  s o x h le t  e x t r a c t io n  m e t h o d .

3.2 Instrumentation

1. The Bench Top Parr Reactor
P o ly m e r iz a t io n  r e a c t io n s  w e r e  c a r r ie d  o u t  in  a  6 0 0  m l P a rr  r e a c to r  (P a rr  

I n s tr u m e n t  C o m p a n y ) ,  e q u ip p e d  w i t h  a  p i t c h - b la d e  tu r b in e  im p e l l e r  w i t h  a  

s p e e d  c o n t r o l le r ,  e x te r n a l  h e a t in g  j a c k e t ,  t h e r m o w e l l ,  a n d  p r e s s u r e  t r a n s d u c e r  

( F ig u r e  3 .2 ) .  T h e  im p e l l e r  s p e e d ,  o u te r  j a c k e t  te m p e r a tu r e , a n d  in te r n a l  

r e a c to r  te m p e r a tu r e  a s  w e l l  a s  p r e s s u r e  a r e  d ig i t a l l y  d i s p la y e d  o n  t h e  fr o n t  

p a n e l .

Figure 3.2 B e n c h - t o p  P arr r e a c to r .
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2. Brabender Plasti-Corder
E a c h  t y p e  o f  g la s s  f ib e r  w a s  m ix e d  w i t h  H D P E  in  a  B r a b e n d e r  P la s t i -  

C o r d e r , P L - 2 1 0 0 ,  to r q u e  r h e o m e t e r  w i t h  a  s e t  o f  r e m o v a b le  r o l le r  r o to r s  a n d  

m e a s u r in g  m ix e r  พ 5 0  h a v in g  a  v o lu m e t r ic  c a p a c i t y  o f  5 5  c m 3 in  h e a t  a n d  

s h e a r  s t a b i l i t y  m o d e .

3. Instron Universal Testing Machine
T e n s i l e  a n d  f le x u r a l  t e s t s  o f  th e  g la s s  f ib e r  r e in f o r c e d  H D P E  c o m p o s i t e  

s a m p le s  w e r e  c a r r ie d  o u t  o n  a n  In s tr o n  U n iv e r s a l  T e s t in g  M a c h in e  m o d e l  

4 2 0 6 .

4. Zwick Pendulum Impact Tester
I m p a c t  t e s t s  o f  H D P E /g la s s  f ib e r  c o m p o s i t e  s a m p le s  w e r e  p e r f o r m e d  o n  a  

Z w i c k  P e n d u lu m  I m p a c t  T e s t e r  m o d e l  5 1 1 3 .

5. Scanning Electron Microscopy (SEM)
S c a n n in g  e l e c t r o n  m ic r o g r a p h s  w e r e  ta k e n  t o  i d e n t i f y  t h e  m o r p h o lo g y  o f  

a ll  g la s s  f ib e r  s a m p le s .  S a m p le s  w e r e  c h a r a c te r iz e d  u s i n g  a  J E O L  J S M  5 0 0 0  

s c a n n in g  e le c t r o n  m ic r o s c o p e  a t  a  m a g n i f i c a t io n  o f  5 0 0 0 X .

6. Wabash Compression Molder
T e s t  s p e c im e n s  o f  g la s s  f ib e r /H D P E  c o m p o s i t e s ,  3  m m  in  t h ic k n e s s ,  w e r e  

p r e p a r e d  b y  c o m p r e s s io n  m o ld in g  in  a  5 0  t o n  c a p a c i t y  W a b a s h  V 5 0 H  

c o m p r e s s io n  m o ld e r .
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3.3 Methodology

3 .3 .1  F ib e r  P r e p a r a t io n
In  t h i s  e x p e r im e n t ,  th r e e  t y p e s  o f  g la s s  f ib e r s  w e r e  u se d :

1. A s - r e c e iv e d  g la s s  f ib e r — u s e d  d ir e c t ly  w i t h o u t  a n y  fu r th e r  s u r f a c e  

tr e a tm e n t .

2 . U n t r e a t e d  g la s s  f ib e r — t h e  a s - r e c e i v e d  g la s s  f ib e r  a f t e r  r e m o v a l  o f  s iz in g  

a g e n t  b y  s o x h l e t  e x t r a c t io n  f o l l o w e d  b y  h e a t in g  t h e  f ib e r s  t o  5 0 0 ° c  f o r  1 0  

m in u te s .

3 . A d m ic e l la r - t r e a t e d  g la s s  f ib e r — s u r f a c e  m o d i f i e d  g la s s  f ib e r  (a f t e r  r e m o v a l  

o f  t h e  o r ig in a l  s i z in g )  v ia  a d m ic e l la r  p o ly m e r iz a t io n .
A  s c h e m a t ic  o f  t h e  p r e p a r a t io n  o f  u n tr e a te d  g la s s  f ib e r s  i s  s h o w n  in  F ig u r e  3 .3 .

Soxhlet extraction o f as-received glass fibers using dim ethylform am ide for one day at 150°cI
W ash several tim es w ith distilled  w ater FUterI

Burn a t 500°c for 10 m inutes in a  m uffle furnace  ไ
“Untreated glass fibers” D ry in a vacuum  oven at 80°c  overnight

Figure 3.3 S c h e m a t ic  o f  th e  p r e p a r a t io n  o f  u n tr e a te d  g la s s  f ib e r s .
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3 .3 .2  A d m ic e l la r  P o ly m e r iz a t io n  o f  P o ly e t h y le n e  o n t o  G la s s  F ib e r
T h e  f o l l o w i n g  r e a c t io n  m ix t u r e s  w e r e  p r e p a r e d :

( i )  0 .5 8 5 7  g  N a 2S 2 0 8 +  0 . 7 0 9 4  g  S D S  ( in i t ia t o r  t o  s u r fa c ta n t  r a t io  = 1 : 1 )
( i i )  0 .1 7 1 4  g  N a 2S 2 0 g  +  0 . 7 0 9 4  g  S D S  ( in i t ia t o r  t o  s u r f a c ta n t  r a t io  =  2 : 1 )
( i i i )  1 .7 5 7 1  g  N a 2S 20 g  +  0 . 7 0 9 4  g  S D S  ( in i t ia t o r  t o  s u r f a c ta n t  r a t io  =  3 : 1 )  

U n t r e a t e d  g la s s  f ib e r  ( 2 5  g )  w a s  a d d e d  t o  3 0 0  m l  o f  e a c h  o f  t h e  a b o v e  s o lu t io n  

m ix t u r e s .  T h e  m ix t u r e  w a s  a d ju s te d  t o  p H  4  u s in g  0 .1  M  H C 1 , t h e n  p o u r e d  

in t o  a  P a rr  r e a c to r  w h i c h  w a s  t h e n  c l o s e d  a n d  s e a le d .  A f t e r  p u r g in g  th e  

r e a c to r  w i t h  n i t r o g e n  g a s ,  e t h y le n e  g a s  w a s  in t r o d u c e d  in t o  t h e  r e a c t o r  a n d  th e  

p r e s s u r e  a d ju s te d  to  1 5 0  p s i .  F o r  t h e  a d s o lu b i l i z a t io n  p r o c e s s ,  t h e  m ix t u r e  w a s  

s t ir r e d  a t  2 0  r p m  f o r  2 4  h o u r s  a t  2 5 ° c .  I f  a  p r e s s u r e  d r o p  w a s  o b s e r v e d ,  th e  

r e a c to r  w a s  t h e n  r e p r e s s u r iz e d  w i t h  e t h y le n e  g a s  t o  k e e p  t h e  p r e s s u r e  a t  1 5 0  

p s i  b e f o r e  p r o c e e d in g  t o  t h e  a d m ic e l la r  p o ly m e r iz a t io n  s te p . T o  s ta r t  th e  

p o ly m e r iz a t io n  r e a c t io n ,  t h e  t e m p e r a tu r e  o f  t h e  m ix t u r e  w a s  r a i s e d  t o  7 0 ° c  

a n d  t h e  s t ir r e r  s p e e d  c h a n g e d  t o  6 0  r p m  f o r  a  fu r th e r  2 4  h o u r s  t o  e n s u r e  

c o m p le t e  p o ly m e r iz a t io n .  T h e  d e c r e a s e  in  p r e s s u r e  v e r s u s  t im e  w a s  r e c o r d e d  

a t  o n e  h o u r  in t e r v a ls  t o  f o l l o w  t h e  e t h y le n e  c o n s u m p t io n  d u r in g  t h e  r e a c t io n .  
W h e n  e q u i l ib r iu m  w a s  e s t a b l i s h e d ,  i .e .  t h e  p r e s s u r e  r e m a in e d  c o n s t a n t ,  th e  

r e a c t o r  w a s  c o o l e d  d o w n  t o  r o o m  te m p e r a tu r e . T h e  s u p e r n a ta n t  l iq u id  w a s  

c a r e f u l ly  d e c a n t e d  f r o m  t h e  r e a c to r  a n d  t h e  f ib e r s  w a s h e d  s e v e r a l  t i m e s  w i t h  

d is t i l l e d  w a t e r  t o  r e m o v e  t r a c e s  o f  s u r f a c ta n t  a n d  in it ia t o r . L a s t ly ,  t h e  f ib e r s  

w e r e  d r ie d  in  a  v a c u u m  o v e n  a t  80°c o v e r n ig h t .

3 .3 .3  S u r f a c e  M o r p h o lo g y  o f  G la s s  F ib e r s
S u r f a c e  m o r p h o lo g y  o f  t h e  d i f f e r e n t  k in d s  o f  g l a s s  f ib e r  s a m p le s  

w a s  c h a r a c t e r iz e d  u s in g  a  s c a n n in g  e le c t r o n  m ic r o s c o p e  ( S E M ) .  S a m p le s  

w e r e  m o u n t e d  o n  s t u b s  o n  t h e  s p u t te r in g  d e v i c e  a n d  s p u t te r  c o a t e d  w i t h  g o ld  

f o r  4  m in u t e s .  T h e  s u r f a c e s  o f  t h e  c o a t e d  s a m p le s  w e r e  o b s e r v e d  b y  S E M  at  

a n  a c c e le r a t in g  v o l t a g e  o f  1 5  k v  a n d  m a g n i f i c a t io n  X 5 0 0 0 .
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3 .3 .4  G r a v im e tr ic  A n a l y s i s  ( P e r c e n t a g e  W e ig h t  L o s s )
T h is  c h a r a c t e r iz a t io n  m e t h o d  i s  b a s e d  o n  th e  d i f f e r e n c e  in  

w e i g h t  o f  t h e  s u r f a c e - m o d i f i e d  g la s s  f ib e r s  b e f o r e  a n d  a f te r  b u r n in g  in  a  

f u r n a c e  a t  5 0 0 ° c  f o r  15  m in u t e s  t o  r e m o v e  th e  P E - c o a t e d  f i lm  f r o m  t h e  g la s s  

f ib e r  s u r f a c e .  T h e  p e r c e n t a g e  o f  c o a t in g  i s  e q u a l  t o  t h e  p e r c e n t  w e i g h t  l o s s  

w h ic h  w a s  d e t e r m in e d  u s i n g  e q u a t io n  3 .1 .

0/  w/t 1- „ C _  W t. o f  g la ss  fiber b efore burning - W t. o f  g la ss  fiber after burning (ๆ1 1 \
------------------------- ----------------------------------------------------------------------- * 100 1 '

3 .3 .5  P o ly m e r  C o m p o s i t e  P r e p a r a t io n
T h e  m i x i n g  o f  H D P E  w i t h  th e  th r e e  t y p e s  o f  g la s s  f ib e r ,  i . e . ,  a s -  

r e c e iv e d  g la s s  f ib e r , u n tr e a te d  g la s s  f ib e r ,  a n d  a d m ic e l la r - t r e a t e d  g la s s  f ib e r ,  
w a s  c a r r ie d  o u t  u s in g  a  B r a b e n d e r  P la s t i -C o r d e r ,  P L  2 1 0 0 .  A  r o to r  s p e e d  o f  

5 0  r p m  a n d  m i x i n g  c h a m b e r  te m p e r a tu r e  o f  1 5 0 ° c  w a s  u s e d .  T h e  b a t c h  

c o m p o s i t io n  b l e n d s  w e r e  c a lc u la t e d  u s in g  e q u a t io n s  3 .2  a n d  3 .3 .

_. M Totall̂ Total -  ~T~V Total
w h e r e :

ffrotai =  d e n s i t y  o f  t h e  m i x e d  b le n d
Mjotai=  m a s s  o f  t h e  m ix e d  b le n d
Violai = {(Mi/DO + (M2/D2) + (M3/D3) +...}.

A n d

w h e r e :

B a t c h  s i z e  ( g )  =  V c X F  X D ictai

v c =  v o lu m e  o f  c h a m b e r  

F  =  f i l l  f a c t o r  o f  b le n d in g  s y s t e m  ( 0 .8 )  

D ictai =  d e n s i t y  o f  b le n d .

( 3 .2 )

( 3 .3 )
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Table 3.3 B a t c h  c o m p o s i t io n  o f  e a c h  c o m p o n e n t  fo r  g la s s  f ib e r  r e in f o r c e d  

H D P E  c o m p o s i t e s .

G la s s  f ib e r  c o n t e n t  (% ) H D P E  ( g ) G l a s s  f ib e r  ( g )
2 0 4 0 .3 1 0 .1

S h e e t s  o f  c o m p o s i t e s ,  3 m m  th ic k ,  w e r e  p r e p a r e d  b y  c o m p r e s s io n  

m o ld in g  a t 1 8 0 ° c  in  a  W a b a s h  V  5 0 H  c o m p r e s s io n  p r e s s .  T h e  m o ld in g  c y c l e  

w a s  ( a )  p r e h e a t  f o r  5  m in u t e s  ( b )  c o m p r e s s  u n d e r  a  f o r c e  o f  1 0  t o n s  fo r  a  

fu r th e r  3 m in u t e s ,  a n d  ( c )  c o o l  u n d e r  lo a d  u s in g  c o ld  w a t e r  a n d  a ir , u n t i l  th e  

m o ld  r e a c h e d  4 0 ° c .

3 .3 .6  M e c h a n ic a l  P r o p e r t ie s  o f  H D P E /G la s s  F ib e r  C o m p o s i t e s
3 .3 .6 .1  T e n s i le  P r o p e r ty  T e s t in g

T h e  t e n s i l e  s tr e n g th  o f  th e  g la s s  f ib e r  r e in f o r c e d  H D P E  

c o m p o s i t e s  w e r e  d e t e r m in e d  u s in g  a n  I n s tr o n  บ ท !v e r s a i  T e s t in g  M a c h in e .  
T y p e  I d u m b b e l l  s p e c im e n s  w e r e  c u t  o u t  u s in g  a  p n u e m a t ic  s p e c im e n  c u tte r .  
T e s t s  w e r e  c a r r ie d  o u t  a c c o r d in g  t o  A S T M  D 6 3 8  u s in g  a  1 0 0  k N  lo a d  c e l l  a n d  

5 0 .8 0  m m /m in  c r o s s - h e a d  s p e e d .  T e n  s p e c im e n s  w e r e  d e t e r m in e d  fo r  e a c h  

s a m p le  a n d  t h e  r e s u lt s  a v e r a g e d  to  o b ta in  a  m e a n  v a lu e .

3 .3 .6 .2  F le x u r a l  P r o p e r ty  T e s t in g
T h e  f le x u r a l  s tr e n g th  o f  th e  c o m p o s i t e s  w e r e  m e a s u r e d  

u s in g  a n  I n s tr o n  U n iv e r s a l  T e s t in g  M a c h in e  a c c o r d in g  t o  A S T M  D  7 9 0  in  

t h r e e - p o in t  b e n d in g  m e t h o d  m o d e .  M e a s u r e m e n t s  w e r e  c a r r ie d  o u t  u s in g  a  5  

k N  lo a d  c e l l ,  1 1 .5 2  m m /m in  c r o s s - h e a d  s p e e d  a n d  a  4 3 .2  m m  s u p p o r t  sp a n .  
E ig h t  s p e c im e n s  w e r e  t e s t e d  fo r  e a c h  s a m p le  a n d  th e  r e s u l t s  a v e r a g e d  to  o b ta in  

a  m e a n  v a lu e .
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3 .3 .6 .3  I m p a c t  P r o p e r ty  T e s t in g
I z o d  im p a c t  s tr e n g th  w a s  m e a s u r e d  u s in g  a  Z w i c k  I m p a c t  

T e s t  in s tr u m e n t  w i t h  2 .7  j o u l e s  p e n d u lu m  a c c o r d in g  t o  A S T M  D  2 5 6  t e s t  

m e t h o d . T h e  r e s u lt s  w e r e  r e p o r te d  b y  e v a lu a t in g  a  m e a n  v a lu e  f r o m  s e v e n  

s p e c im e n s .
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