
CHAPTER III 
EXPERIMENTAL

3.1 Materials

In  th is  s tu d y , sy n d io tac tic  p o ly p ro p y le n e  (s -P P ) w a s  p ro d u c e d  
c o m m e rc ia lly  in  th e  p e lle t fo rm  b y  u s in g  a  m e ta llo c e n e  c a ta ly s t fro m  A to -F in a  O il 
(L a  P o rte , T ex as). T h is  S-PP w a s  u sed  as th e  m a trix .

M o le c u le  c h a ra c te r iz a tio n  o f  th is  m a te ria l w as  c a rr ie d  o u t b y  D r. R o g e r  A . 
P h illip s  o f  B a se ll U S A , Inc. (E lk to n , M ary lan d , U S A ). T h e  re su lts  sh o w e d  th e  
fo llo w in g  m o le c u la r  w e ig h t in fo rm a tio n : th e  w e ig h t-m o le c u la r  w e ig h t (M w) w as 
15 3 ,0 0 0  an d  th e  p o ly d isp e rs ity  (Mw/Mn) w a s  3 .83 . In  ad d itio n , th e  sy n d io ta c tic ity  
m e a su re d  b y  13C -N M R  sh o w ed  th e  racem ic  tr ia d  c o n te n t (% rr) to  b e  8 6 .0 7 % , th e  
ra c e m ic  p e n ta d  c o n te n t (% rrrr) to  b e  7 3 .7 1 % , w ith  th e  p re se n c e  o f  e th y le n e  d e fec ts  
o f  less  th a n  0 .5  w t% . S o m e  p h y s ic a l p ro p e rtie s  o f  th is  S-PP a re  sh o w n  in  T a b le  3 .1 .

Table 3.1 P h y sic a l p ro p e rtie s  o f  S-PP
P ro p e rty U n it V a lu e A S T M  m e th o d

D e n s ity g /c m 3 0 .87 D  1505
M e lt In d ex g /1 0  m in 10 D  1238
T e n s ile  S tren g th M p a 16 D  638
T e n s ile  M o d u lu s M p a 4 9 0 D  638
E lo n g a tio n  a t B reak % 3 10 D  7 90
F le x u ra l M o d u lu s M p a 3 79 D  638
Iz o d  Im p a c t J/m 6 4 0 D 2 5 6 A

F iv e  ty p e s  o f  c a lc iu m  ca rb o n a te  (C aC C L ), k in d ly  su p p lie d  b y  C a lc iu m  
P ro d u c ts  C o ., L td ., w e re  u se d  as fille rs. T h e  p ro p e rtie s  o f  th e se  f ille r  p a r tic le s  w ith  
d e n s ity  2 .7  g /c m 3 w e re  lis te d  in  T ab le  3.2.



1 0

Table 3 .2  C h a ra c te ris tic  o f  C aC C >3 u sed  in  th is  s tu d y
T rad e  n a m e S p ec ific  su rfa c e  a rea  

(c m 2/g )
A v e ra g e  p a r tic le  s ize  

(m ic ro n )
S u rface

m o d if ic a tio n
C A L O F IL  4 0 0 13000 1.9 U n c o a te d
C A L O F IL  100 10500 2.8 U n c o a te d
C A L O F IL  50 5 000 10.5 U n c o a te d
H IC O A T  4 1 0 13000 1.9 S tea ric  a c id -c o a ted
H IC O A T  P -4 0 0 13000 1.9 P a ra ff in -c o a te d

3.2 Methodology

3.2 .1  S a m p le  P re p a ra tio n
C aC C >3 w as  d rie d  in  a  h o t-a ir  o v e n  a t 8 0 ° c  fo r  14 h rs . T h e  co m p o u n d s  

o f  S-PP w ith  v a rio u s  C a C 0 3  p a r tic le s  ra n g in g  in  w e ig h t p e rc e n t fro m  0 to  4 0  w e re  
p re -m ix e d  in  a  tu m b le  m ix e r  fo r 10 m in  an d  th e n  m e lt-m ix e d  in  a  C o llin  co -ro ta tin g  
tw in  sc rew  k n e a d e r  Z K  25 (2 5 m m  X 30 D ) w ith  th e  sc rew  sp e e d  o f  50  rpm .
A ll p ro c e ss in g  p a sse s  w e re  c a rr ie d  o u t u s in g  th e  p ro c e ss in g  c o n d itio n  as  sh o w n  in  
T a b le  3 .3 .

Table 3.3  P ro c e ss in g  c o n d itio n  u se d  in  th is  s tu d y

Z o n e  1 Z o n e  2 Z o n e  3 Z o n e  4 Z o n e  5 Z o n e  6

1 4 5 ° c 1 5 5 ° c 1 6 5 ° c 1 7 5 ° c 1 8 5 ° c 1 9 5 ° c

T h e  e x tru d a te  w as  co o le d  in  w a te r  an d  cu t in to  p e lle t fo rm  b y  a 
P la n e tro l 0 7 5 D 2  p e lle tiz e r.

3 .2 .2  C o m p re ss io n
T h e  p a lle ts  w e re  p re sse d  u s in g  a  p ic tu re -fra m e  m o ld  in  a  W ab ash  

V 5 0 H  c o m p re ss io n  p re ss  m ach in e . T h e  m o ld in g  w a s  f irs t p re -h e a te d  in  th e  
c o m p re ss io n  p re ss  fo r 5 m in u te s  at 1 9 0 °c  an d  th e n  w a s  c o m p re sse d  w ith  15 to n -
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fo rce  a t 1 9 0 °c  fo r a n o th e r  5 m in u te s . T h e  m o ld in g  w as  th e n  c o o le d  d o w n  to  4 0 ° c  
u n d e r  p re ssu re . T h e  sam p le s  w e re  c u t in to  film s  an d  sp ec im en s  fo r e a c h  test.

3 .2 .3  T h e rm a l A n a ly s is
3.2.3.1 Crystalline structure

T h e  X -ra y  d iffra c tio n  te c h n iq u e  w a s  e m p lo y e d  to  d e te rm in e  
th e  c ry s ta llin e  s tru c tu re  o f  n e a t S-PP an d  C a C 0 3 -f ille d  S-PP sam p les . T h e  X -ray  
d iffra c tio n  p a tte rn s  w e re  c o lle c te d  o n  a  R ig a k u  R in t2 0 0 0  d iffra c to m e te r  eq u ip p ed  
w ith  a  g ra p h ite  m o n o c h ro m a to r  an d  a  C u  tu b e  fo r g e n e ra tin g  a  C u K a  ra d ia tio n  
(1 .5 0 4 6  Â ). F irs t, each  film  sam p le s  w as p u t o n  a  g la ss  s lid e  sp e c im e n  h o ld e r  u s in g  
v a sa lin e  as th e  b in d e r. T h e  sam p le  w a s  sc a n n e d  b e tw e e n  th e  2 0  a n g le  o f  5° to  4 0 °  at 
a  sc a n n in g  ra te  o f  2° p e r  m in u te  w ith  0 .0 2 °  in c rem en t. T h e  X -ra y  so u rce  w a s  
o p e ra te d  a t 4 0  k v  an d  30  m A . T h e  d ig ita l o u tp u t o f  th e  p ro p o r tio n a l X -ra y  d e te c to r  
an d  th e  g o n io m e te r  an g le  m e a su re m e n t w a s  se n t to  an  o n lin e  m ic ro c o m p u te r  fo r  d a ta  
s to rag e  an d  an a ly sis .

3.2.3 .2  Crystallization behavior
T h e  c ry s ta lliz a tio n  b e h a v io r  o f  S-PP a n d  C a C 0 3 -f ille d  S-PP 

sam p le s  w a s  in v e s tig a te d  u s in g  a  P e rk in -E lm e r S e rie s7  D iffe re n tia l S can n in g  
C a lo r im e te r  (D S C -7 ) u n d e r  b o th  iso th e rm a l an d  n o n - iso th e rm a l co n d itio n s . 
T e m p e ra tu re  c a lib ra tio n  w a s  p e rfo rm e d  u s in g  an  in d iu m  s ta n d a rd  ( T°m = 1 5 6 .6 ° c  an d  
AH ° f=  28 .5  J g '1). A  sam p le  o f  3 -6  m g  w a s  sea led  in  c h a m p e d  c lo se d  a lu m in u m  
sam p le  p an s. N itro g e n  gas w as u se d  as a  p u rg e  gas.

a) Isotherm al condition
In  th e  iso th e rm a l c ry s ta lliz a tio n  e x p e rim e n t, sa m p le s  w ere  

h e a te d  up  to  a  fu s io n  te m p e ra tu re , Tf ra n g in g  fro m  1 2 7 ° c  to  2 3 0 ° c  an d  th e n  h e ld  at 
th a t  te m p e ra tu re  fo r 5 m in u te s  to  e rase  p re v io u s  th e rm a l h is to ry . A fte r  th a t, th e  
sam p le s  w e re  ra p id ly  co o le d  at 2 0 0 ° c /m in  fro m  fu s io n  te m p e ra tu re , Tf to  87 .5 , 90  
an d  9 2 .5 ° c ,  w h e re  it  w a s  h e ld  u n til th e  c ry s ta lliz a tio n  p ro c e ss  w a s  c o m p le te d  
(a p p ro x im a te ly  10 m in ).
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b) N on-isotherm al condition
In  th e  n o n -iso th e rm al c ry s ta lliza tio n  ex p erim en t, th e  sam ples 

w e re  h ea ted  up  to  1 9 0 ° c  w h e re  th ey  w e re  held  5 m inu tes, and  th e n  co o le d  d o w n  a t 
ra te  ran g in g  fro m  5 to  2 0 ° c /m in  to  - 5 ° c  in  n itro g en  a tm o sp h ere . D u rin g  co o lin g  
p ro cess , th e  c rysta lliza tio n  p a tte rn s  w e re  re c o rd e d  and  c ry sta lliza tio n  en th a lp y  w e re  
m easu red . A fte r  th e  sam ples w e re  crysta llized , th e  sam ples w e re  su b seq u en tly  h ea ted  
a t a  ra te  o f  2 0 ° c /m in  to  th e  m elt s ta te , w hile  th e  m elting  en d o th e rm s w e re  reco rd ed .

3 .2 .4  M echan ica l T estin g
3.2.4.1 Tensile properties

T en sile  s tren g th  and  Y o u n g ’s m o d u lu s  w e re  m e a su re d  o n  an 
In s tro n  U n iv ersa l T estin g  M ach in e  m odel 4 2 0 6  acco rd in g  to  A S T M  D  6 38-91  te s t 
m e th o d  u sin g  100 k N  load  cell and  50 m m /m in  c ro ssh ead  speed . D u m b b ell shape  
specim ens w e re  cu t fro m  th e  a s -p re p a red  sh ee ts  u sing  a  p n eu m atic  p u n ch er. T h e  
specim en  d im ensions w e re  as fo llow : w id th  o f  n a rro w  sec tio n  b e in g  13 m m  and  th e  
g au g e  len g th  b e ing  50 m m . F iv e  specim ens w e re  te s te d  fo r  each  co n d itio n .

3.2.4 .2  Im pact resistance
Iz o d  im p ac t re s is tan ce  va lu es w e re  d e te rm in ed  o n  a  S w ick  

m odel 5113 im p ac t te s te r  acco rd in g  to  A S T M  D  2 5 6 -9 0 b  te s t  m e th o d  w ith  2 .7 -Jo u le  
p en d u lu m  an d  124 .4  d e g ree s  re lease  angle. T h e  specim en  size  w a s  3 x 1 2 .7 x 6 3 .5  m m . 
E a c h  specim en  w as m ach ined  to  p ro d u c e  a  V -sh ap e  n o tc h  hav in g  a  45 d e g re e  ang le  
and 2 .5  m m  dep th . F ive  sp ec im en s w e re  te s te d  fo r each  con d itio n .

3 .2 .5  R h eo lo g ica l M easu rem en t
3.2.5.1 S teady shear measurem ent

T h e  sh ea r v isco sity  o f  th e  co m p o u n d  w a s  d e te rm in ed  in a 
series o f  tw o  d iffe ren t rhèo m ete rs .
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a) C apillary rheom eter
A capillary rheometer (Instron model 3213) was used to 

study the steady state shear behavior of these compounds at high shear rate. The 
capillary was a tapered type having 45° entrance angle. The diameter of barrel was 
9.525 mm. The capillary die number 1860 with 1.25 mm in diameter and 50.19 mm 
in length and L/D ratio of 40.15 was used in this study.

P ro ced u re : Test temperature used was 200°c and plunger 
speed schedules were set. The materials were poured into the barrel through a funnel 
and packed down with a plunger until the first extrudate appeared at the capillary 
exit. The sample was allowed to reach the set temperature then forced through the 
capillary by the plunger at pre-selected velocities. The next velocity in the 
measurement schedule begun when the load versus extension curve reached a slope 
closed to zero. The loads, together with the corresponding plunger speed, were used 
to calculate the shear stress and the shear strain for the sample under test.

C alculation:
It was assumed that the melt was incompressible, the flow 

was laminar and fully developed, and there was no slippage at the wall.
The load on the plunger and the plunger speed were 

converted into apparent shear stress and shear rate at the wall respectively by using 
the following equations involving the geometry of the capillary and the barrel.

Tw FDC
4A PLC

where 'โพ = apparent shear stress at the wall
F = the force acting on the plunger

AP = cross sectional area of the plunger
Dc = diameter of the capillary die
Lc = length of the capillary die

Y พ = 2 VpDb2 
15 อ c3

(3.2)
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where tw = apparent rate at wall
Vp = plunger speed
Db = barrel diameter

ๆa
y  พ

where ๆa = apparent viscosity

correction,
The true shear rate was determined by using the Rabinowitch

Y. = 3 n ± i ï .  (3.4)

where Ÿ tr = true shear rate
ท = Power law index

Thus, ‘ท, was the slope of the plot of log Tw versus log Ÿ พ.
In this study, the Bagley correction was not applied because the L/D ratio was 40.15, 
which was significantly long to neglect end effect. So the true viscosity was 
determined from

tๆr = —  (3.5)

b) P ara lle l p la te  rheom eter
The Rheometer ARES using 8 mm in diameter with parallel 

plate geometry was used to study the steady state shear behavior of these compounds 
at low shear rate (0.25-25 rad/s).

P rocedures. Before the measurement was taken, the 
rheometer was heated up to 200°c, and the gap was calibrated. Then the compound 
was loaded. As the compound melted, the gap was set to 0.2 mm. The measurement
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was performed on the steady rate sweep test, shear viscosity was determined as a 
function of shear rate.

3.2.5 .2  O scilla tory shear m easurem ent
Pellets of CaC03-fîlled S-PP samples were compressed into 

disc-shape. The dynamic viscoelastic properties were carried out on Rheometer 
ARES using 8 mm diameter with parallel plate geometry.

P rocedures: Before the measurement was taken, the 
rheometer was heated up to 200°c, and the gap was calibrated. Then the compound 
was loaded. As the compound melted, the gap was set to 0.2 mm. At the first step, 
the dynamic strain sweep test was used to find the linear viscoelastic regime at 
frequency equal to 1 rad/s. After that the dynamic frequency sweep test was used to 
measure the storage (G') and loss modulus (G") covered the range of frequency from
0.05 to 100 rad/s starting with the highest frequency.

3.2.6 Microstructure Characterization
The impact fractured surfaces obtained from impact testing were cut 

about 2 mm below the fractured surface and stuck onto aluminium stubs. The 
samples were then coated with gold by vapour deposition and examined under 
Scanning Electron Microscope (JEOL 5200-2AE).
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