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Summary 
The impact  s t r e n g t h  of p o l y p r o p y l e n e  was improved by a d d i n g  p r o p y l -  

e n e - v i n y l s i l a n e  copolymer(PYS) i n  t h e  p r e s e n c e  of  
t r i s ( t r i p h e n y l p h o s p h i n e ) r h o d i u m  c h l o r i d e ( T P R ) .  The impact  s t r e n g t h  of  
p o l y e t h y l e n e  a t  low t e m p e r a t u r e  was a l s o  improved by a d d i n g  TPR and PVS 
which i s  b r i t t l e  a t  low t e m p e r a t u r e .  These phenomena were no t  o b s e r v e d  when 
po lymers  were mixed w i t h o u t  TPR. 

I n t r o d u c t i o n  
P o l y p r o p y l e n e  has  a good s t i f f n e s s  bu t  low impact  s t r e n g t h  a t  low 

t e m p e r a t u r e .  To improve t h e  impact  s t r e n g t h  of  p o l y p r o p y l e n e  e t h y l e n e -  
p r o p y l e n e  copolymer  was added o r  e t h y l e n e  and p r o p y l e n e  were c o p o l y m e r i z e d  
a f t e r  t h e  p o l y m e r i z a t i o n  of  p r o p y l e n e .  Adding e t h y l e n e - p r o p y l e n e  c o p o l y -  
mer i s  v e r y  e f f e c t i v e  in  improv ing  impact  s t r e n g t h  b u t  s t i f f n e s s  d e t e r i o -  
r a t e s  b e c a u s e  t h e  e t h y l e n e - p r o p y l e n e  copolymer has  h i g h  impac t  s t r e n g t h  b u t  
low s t i f f n e s s .  

We p ropose  a new method f o r  improv ing  t he  impact  s t r e n g t h  of  p o l y p r o -  
p y l e n e  i n  t h i s  r e p o r t .  

E x p e r i m e n t a l  
A p o l y p r o p y l e n e - v i n y l s i l a n e  copolymer was p r e p a r e d  i n  t h e  same way as 

p r e v i o u s l y  r e p o r t e d ( l ) .  The x y l e n e  i n s o l u b l e  f r a c t i o n ( X I F )  was measured  
by e x t r a c t i n g  t h e  mixed polymer i n  400 mesh wi re  u s i n g  b o i l i n g  x y l e n e  f o r  
s i x  h o u r s .  

Two t y p e s  of  p o l y p r o p y l e n e  were used ,  t h e  f i r s t  t ype  i s  p r o p y l e n e  
homopolymer(PHP),  t h e  second type  i s  p r o p y l e n e - e t h y l e n e  b l o c k  
copolymer(PBC) p r e p a r e d  by f i r s t  p o l y ~ e r i z i n g  p r o p y l e n e  and t h e n  c o p o l y -  
m e r i z i n g  e t h y l e n e - p r o p y l e n e  in  a second s t e p .  

The f i r s t  t ype  of  p o l y p r o p y l e n e  used in  t h i s  e x p e r i m e n t  was M i t s u i  
Norb len  JHH-G s o l d  by M i t s u i  Toa t su  Chemicals  INC.(MFI a t  503K i s  8 .0  
g / lO min) ,  and c o n t a i n i n g  p h e n o l i c  a n t i o x i d a n t .  The i s o t a c t i c  p e n t a d  
f r a c t i o n  o b s e r v e d  by ~3C-NMR i s  0 .935 .  The second t ype  of  p o l y p r o p y l e n e  
was M i t s u i  Noblen BJHH-G s o l d  by M i t s u i  Toa t su  Chemica l s ,  INC.(MFI a t  503K 
i s  8 .2  g / lO  min,  e t h y l e n e  c o n t e n t  8 .5  wt~) ,  and c o n t a i n i n g  p h e n o l i c  an-  
t i o x i d a n t .  

The h i g h  d e n s i t y  p o l y e t h y l e n e ( H D P E ) w a s  N i s s e k i  S t a f l e n  E750(C} s o l d  
by Nihon p e t r o c h e m i c a l s ,  INC(MFI a t  463K i s  5 . 3 g / 1 0  min,  and d e n s i t y  i s  
0 .963g/cm 3 ) was used  as p u r c h a s e d .  

High impact  p o l y p r o p y l e n e  and p o l y e t h y l e n e  were p r e p a r e d  by m i x i n g  PVS 
p e l l e t s ,  t h e  c a t a l y s t  m a s t e r  p e l l e t s  and PHP, PBC or HDPE p e l l e t s  and 
mold ing .  The c a t a l y s t  m a s t e r  p e l l e t s  were p r e p a r e d  by m i x i n g  TPR w i t h  
PHP, PBC or  HDPH f o r  p r e p a r i n g  h igh  impact  PHP, PBC or HDPE r e s p e c t i v e l y .  
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The TPR contents of the master pellets is 1 wt%. 
The mechanical properties are measured on injection molding sheets. 

The injection molding sheets were prepared using an injection molding 
machine(Komatsu Manufacturing Co., FKS-55) having an inline screw:D=25 
and L/D=4.6. The molding and mold temperature are 603 and 323K for PHP 
and PBC, and 563 and 323ff for HDPE, respectively. ASTM tests D638, D638, 
D747, D790, and D256 were used for evaluating the mechanical properties, 
yield strength, elongation at break, flexural r igidity of e las t ic i ty ,  
flexural strength of e las t ic i ty  and Izod impact strength, respectively. 

Differential scanning calorimetry(DSC) was measured at heating and 
cooling rates of lOK/min under a nitrogen atmosphere using a Perkin Elmer 
model 4. Transmission electron microscope(TEM) photographs were made 
using an electron microscope H-3OO(Hitachi Manufacturing Co.). Wide angle 
X-ray scattering(WAXS) measurements were performed using Ni-fil tered Cu- 
Ka radiation generated from a RAD-2C(Rigaku Denki Co. Ltd.,Japan). 

RESULT AND DISCUSSION 
T a b l e  1 shows t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  i n j e c t i o n  m o l d i n g  s h e e t s  

o f  PHP and i t s  m i x t u r e s .  Run No. 3 i s  t h e  m i x t u r e  o f  PHP and TPR. No 
r e a c t i o n  o c c u r r e d  on m i x i n g  PHP and TPR, and t h e  p h y s i c a l  p r o p e r t i e s  o f  
t h e  m i x t u r e  were  t h e  same as t h a t  of  PHP. The p h y s i c a l  p r o p e r t i e s  were  
improved  a l i t t l e  by  m i x i n g  PVS as  shown as  Run No. 4.  The improvemen t  
f o u n d  by m i x i n g  PVS w i t h  PHP was due to  PVS a c t i n g  as  n u c l e a t i n g  a g e n t .  
A d d i t i o n  o f  t h e  c r o s s l i n k i n g  c a t a l y s t  TPR t o  t h e  m i x t u r e  o f  PHP and PVS 
r e s u l t s  i n  t h e  c r o s s l i n k i n g  o f  PVS and PVS w i t h  PHP as shown as  Run 
N o . 5 ( 2 ) .  By u s i n g  a c r o s s l i n k i n g  c a t a l y s t  t h e  p h y s i c a l p r o p e r t i e s  o f  b o t h  
s t i f f n e s s  and I z o d  i m pac t  s t r e n g t h  a r e  improved .  The p h y s i c a l  p r o p e r t i e s  
a r e  improved  by  i n c r e a s i n g  t h e  w e i g h t  f r a c t i o n  of  PVS. Y i e l d  s t r e n g t h  and 
f l e x u r a l  s t i f f n e s s  a r e  n o t  f u r t h e r  improved  when t h e  w e i g h t  f r a c t i o n  o f  
PVS i s  o v e r  3 w e i g h t  ~, b u t  t h e  impac t  s t r e n g t h  e s p e c i a l l y  a t  296g i n -  
c r e a s e s  w i t h  PVS w e i g h t  f r a c t i o n .  When PVS was u s e d  a l o n e ,  t h e  p h y s i c a l  
p r o p e r t i e s  were  a l m o s t  t h e  same as  t h a t  o f  Run No. 7 c o n t a i n i n g  17 w e i g h t  
fraction PVS. 

Table 1 

RUN wi fraction 
NO. 

PV8 PHP 
wt~ wt% 

I O I00 

2 lO0 0 

3 0 I00 

4 i 99 

5 1 99 

6 3 97 

7 17 83 

8 lOO 0 

TPR 
ppm 

0 

0 

500 

0 

500 

500 

500 

500 

XlF Y i e l d  Elongation Flexnral Flexural lzod impact 
wt% Strength at break rigidity strengtb strength 

a/m 
MPa ~ MPa MPa 296K 263K 

0 36.0 720 1295 32. 3 28. 4 t6.7 

0 38.3 492 1540 40.3 96.2 30.4 

0 36.1 720 1295 32.4 28.4 11;.7 

0 37.8 680 1354 34.3 29. 4 17.7 

1 39.7 522 1579 39.4 44.1 26.5 

4 42.2 439 1903 44.7 51.0 20.6 

44 42.7 434 1893 44.6 82.4 27.5 

98 43.9 I00 1854 43. 7 88. 3 24. 5 

(~):caiculated from densities 
~:calculated from XRD 

CrystaIlinity 

56 44 

59 50 

56 43 

58 47 

60 51 

63 56 

68 55 

65 54 
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T a b l e  2 shows t h e  p h y s i c a l  p r o p e r t i e s  o f  PBC and i t s  m i x t u r e s .  The 
e f f e c t  o f  a d d i t i o n  o f  PVS and TPR i s  t h e  same as  t h a t  o f  PHP. I n c r e a s i n g  
t h e  w e i g h t  f r a c t i o n  o f  PVS improves  y i e l d  s t r e n g t h ,  f l e x u r a l  s t i f f n e s s  and 
I z o d  impac t  s t r e n g t h .  I n  t h i s  c a s e  improvement  of  I z o d  impac t  s t r e n g t h  a t  
296K i s  s m a l l ,  b u t  t h a t  a t  263K was enormous .  

Table 2 

RUN wt fraction XIF 
NO. wt% 

PVS PBC TPR 
wt~ wt~ ppm 

9 O 100 0 O 

10 1 99 500 2 

It 3 97 500 3 

12 17 83 500 24 

Yield Elongation Flexural Flexural Izod impact 
Strength at break rigidity strength strength 

J/m 
MPa % MPa MPa 296K 263K 

28.4 659 1050 26.6 86.3 37.3 

31. i 614 1275 30.8 99.2 51.O 

32. 6 614 1363 32.6 96. i 58.8 

34.2 360 1491 35.3 109. 8 66.7 

T a b l e  3 shows t h e  p h y s i c a l  p r o p e r t i e s  o f  HDPE and i t s  m i x t u r e s .  I n  
t h i s  c a s e ,  t h e  y i e l d  s t r e n g t h  and f l e x u r a l  s t i f f n e s s  o f  PVS and c r o s s l i n k e d  
PVS a r e  b e t t e r  t h a n  t h o s e  o f  HDPE and t h e  I z o d  impac t  s t r e n g t h  o f  PVS and 
c r o s s l i n k e d  PVS i s  s m a l l e r  t h a n  t h a t  o f  HDPE.  However,  t h e  y i e l d  s t r e n g t h  
o f  t h e  c r o s s l i n k e d  m i x t u r e s  of  PVS and HDPE i s  t h e  same as  t h a t  o f  HDPE, 
and f l e x u r a l  s t i f f n e s s  of  t h e  m i x t u r e  i s  b e t t e r  t h a n  t h a t  o f  BDPE. A l so  
t h e  I z o d  impac t  s t r e n g t h  of  t h e  m i x t u r e  i s  b e t t e r  t h a n  t h a t  o f  HDPE. 
Table 3 

RUN w[ frac'tion 
NO. 

PVS PHP HDPE TPR 
wt~ wt~ wt~ ppm 

13 O O 1OO O 

14 O O I00 500 

15 2 O 98 500 

16 0 7 93 500 

17 7 0 93 500 

18 24 O 76 500 

X[F Y i e l d  Elongation Flexural Flexural 
wt% Strength at break rigidity strength 

MPa % MPa MPa 

0 27.4 591 902.5 18.8 

0 28.0 659 873. i 18.7 

2 27.4 551 853.5 18.2 

6 27.4 680 892.7 18.7 

4 27.8 496 794.6 17.8 

65 31.7 31 657. 3 15.3 

Iznd impact 
strength 

J/m 
296K 263K 

92. 2 78.5 

87. 3 76.5 

115.7 104.0 

89.2 79.4 

155.9 128.5 

377.6 241.3 

Crysta- 
llinity 
by XRD 

59 

60 

59 

59 

60 

The PVS u s e d  in  t h i s  s t u d y  i s  a h i g h  c r y s t a l l i n e  c o p o l y m e r ( 3 ) ,  and t h e  
c r o s s l i n k e d  PVS i s  a l s o  c r y s t a l l i n e  as  shown in  Tab l e  1 and F i g .  1. I t  i s  
r e a s o n a b l e  t o  assume t h a t  c o m b i n i n g  PVS whose s t i f f n e s s  and impac t  
s t r e n g t h  a r e  b e t t e r  t h a n  t h o s e  of  PHP w i t h  a n o t h e r  c r y s t a l l i n e  po lymer  w i l l  
improve  t h e  s t i f f n e s s  and impac t  s t r e n g t h .  Wi thou t  c a t a l y t i c  c r o s s l i n k i n g  
t h e  c o m b i n a t i o n  improves  s t i f f n e s s  b u t  a f f e c t s  impac t  s t r e n g t h  v e r y  l i t -  
t l e .  However ,  m i x i n g  and c r o s s l i n k i n g  o f  PVS improves  n o t  o n l y  t h e  
s t i f f n e s s  b u t  a l s o  t h e  impac t  s t r e n g t h .  

I n  t h e  c a s e  o f  PHP, t h e  v a l u e  o f  s t i f f n e s s  and I z o d  impac t  s t r e n g t h  
a r e  a l m o s t  t h e  same as t h a t  o f  c r o s s l i n k e d  PVS when a s m a l l  f r a c t i o n  o f  PVS 
was u s e d .  

I n  t h e  c a s e  of  PBC, t h e  v a l u e  of  s t i f f n e s s  i s  w o r s e  t h a n  t h a t  o f  
c r o s s l i n k e d  PVS, b u t  t h e  impact  s t r e n g t h  of  t h e  m i x t u r e  i s  b e t t e r  t h a n  t h a t  
o f  b o t h  PBC and PVS. 

I n  t h e  c a s e  o f  HDPE, t h e  v a l u e s  of  t h e  s t i f f n e s s  of  t h e  m i x t u r e  a r e  
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worse than  bo th  HDPE and c r o s s l i n k e d  PVS. The v a l u e s  of  impact  
o f  t h e  m i x t u r e ,  however,  a re  b e t t e r  than  t h a t  of bo th  PVS and BDPE. 

s t r e n g t h  

>. 

c 

Run 8 

~ ~ Run6 

R'unl 

t0 ~ 20 30 40 
2e/deg 

F i g . 1  WAXS p a t t e r n s  of Run 1,6 and 8. 

Rum8 

Temperater I K 

F i g . 2  DSC diagram of  Run 1,6 and 8 

F i g . 1  shows the  WAXS p a t t e r n s  of Run 1, 6 and 8. The WAXS p a t t e r n s  
show t h a t  t h e  c r y s t a l l i n i t y  of  Run 8 was ve ry  h igh .  

F i g . 2  shows the  DSC curves  of  t he  same samples .  The c r y s t a l l i z a t i o n  
and m e l t i n g  t e m p e r a t u r e s  of  Run 6 a re  h i g h e r  than  t h o s e  of  Run I(PHP).  
However, t h e  c r o s s l i n k e d  PVS(Run 8) shows b road  c u r v e s ,  and t h e s e  d a t a  
s u g g e s t  t h a t  t h e  u sua l  c r y s t a l l i z a t i o n  or m e l t i n g  of the  c r y s t a l l i n e  p o l y -  
p r o p y l e n e  was no l o n g e r  obse rved .  

The TEM pho tog raphs  of  Run 1, 2, 7 and 8 a re  shown in  F ig .  3 t o  F i g . 6 .  
The l e n g t h  of  t he  l a m e l l a  of  PVS i s  ve ry  long  compared wi th  t h a t  of  PHP. 
The l a m e l l a  l e n g t h  of  t he  c r o s s l i n k e d  PVS or t he  c r o s s l i n k e d  mi x t u r e  i s  
t h i c k  compared wi th  u n c r o s s l i n k e d  ones ,  and the  numbers of  l a m e l l a e  a r e  
g r e a t e r  than  t h a t  of  u n c r o s s l i n k e d  ones .  

The r e a s o n  i s  u n c l e a r ,  but  improving the  s t i f f n e s s  of  t h e  mi x t u r e  
depends on h igh  c r y s t a l l i n i t y  of  the  mix tu r e .  Improving  the  impact  
s t r e n g t h  depends on hav ing  the  numerous l a r g e  l a m e l l a  which a re  c h a r a c t e r -  
i s t i c  of  PVS or a h igh  polymer mo lecu la r  weight  by c r o s s l i n k i n g .  
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Fig.3 TEM pho tograph  of Run i .  F i g . 4  TEM photograph  of  Run 2 

Fig.5 TEM photograph of Run 7 
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Fig .6  TEM pho tograph  of  Run 8 
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