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©  A  process  for  cutting  and  perforating  plastic  film. 

©  A  process  is  disclosed  for  cutting  or  perforating  a  plastic 
fiim  sheet  material  with  a  knife  of  improved  durability  which 
comprises  a  metal  substrate  coated  on  one  side  only  with  a 
hard  material  such  as  tungsten  carbide.  A  preferred  embodi- 
ment  comprises  a  process  for  making  a  continuous  strip  of 
interconnected  and  separable  plastic  film  bags  of  low 
pressure  -  low  density  polyethylene  from  a  tube  of  same 
including  the  steps  of  sealing  the  tube  across  its  width  at 
longitudinally-spaced  intervals  and  perforating  the  tube  at 
similar  intervals,  to  provide  tear-off  lines,  with  a  perforating 
blade  provided  with  a  coating  on  one  side  only  of  a  hard 
material  such  as  tungsten  carbide.  Such  a  perforating  blade 

1  has  a  significantly  improved  service  life,  as  compared  to 
,  uncoated  similar  blades  or  similar  blades  coated  on  both 

sides,  in  processes  for  making  bags  from  low  pressure-low 
I  density  polyethylene. 
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BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t  i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r  

c u t t i n g   or  p e r f o r a t i n g   s h e e t s   of  p l a s t i c   f i l m   m a t e r i a l ,  

e s p e c i a l l y   as  p a r t   of   a  p r o c e s s   f o r   m a k i n g   f l e x i b l e   p l a s t i c  

f i l m   p a c k a g i n g   m a t e r i a l s .   More  p a r t i c u l a r l y ,   t h e   i n v e n t i o n  

r e l a t e s   t o   a  p r o c e s s   f o r   m a k i n g   p l a s t i c   f i l m   p a c k a g i n g   b a g s  

and  in   a  p r e f e r r e d   e m b o d i m e n t ,   to  a  p r o c e s s   f o r  m a k i n g   c o n -  

t i n u o u s   s t r i p s   of   i n t e r c o n n e c t e d ,   b u t   s e p a r a b l e ,   p l a s t i c   f i l m  

p a c k a g i n g   b a g s   i n c l u d i n g   t he   s t e p   of   p e r f o r a t i n g   t h e   p l a s t i c  

f i l m   m a t e r i a l   w i t h   a  p e r f o r a t i n g   b l a d e   h a v i n g   i m p r o v e d   s e r v i c e  

d u r a b i l i t y .   The  p r e s e n t   i n v e n t i o n   i s   e s p e c i a l l y  u s e f u l   i n  

m a k i n g   p a c k a g i n g   b a g s   c o m p o s e d   of  low  p r e s s u r e - l o w   d e n s i t y  

p o l y e t h y l e n e   f i l m .  

D e s c r i p t i o n   of   t h e   P r i o r   A r t  

P r o c e s s e s   and  e q u i p m e n t   f o r  m a k i n g   p l a s t i c   f i l m  

w r a p p i n g   s h e e t s   and  b a g s   in  c o n t i n u o u s   s t r i p s ,   and  p r o v i d i n g  

t e a r - o f f   l i n e s   f o r  o n e   a t   a  t i m e   r e m o v a l   of  t h e   i n d i v i d u a l  

w r a p p i n g   u n i t s ,   h ave   been   w e l l - k n o w n   in  t he   p r i o r   a r t   a n d  

c o m m e r c i a l l y   a v a i l a b l e .   A  known  p r o c e s s   f o r   f o r m i n g   c o n -  

t i n u o u s   and  i n t e r c o n n e c t e d   b u t .  s e p a r a b l e   p l a s t i c   f i l m   p a c k -  

a g i n g   b a g s   i n c l u d e s   t h e   s t e p s   of  e x t r u d i n g   a  t u b e   of   p l a s t i c  

f i l m   m a t e r i a l ,   s u c h   as  p o l y e t h y l e n e ,   by  a  t u b u l a r   b l o w n   f i l m  

e x t r u s i o n   p r o c e s s   and  a d v a n c i n g   t h e   t u b e   t h r o u g h   a  b a g - m a k i n g  

m a c h i n e   w h e r e i n   t h e   a d v a n c i n g   t u b u l a r   f i l m   m a t e r i a l   i s   h e a t -  

s e a l e d   a c r o s s   i t s   w i d t h   a t   s p a c e d   l o n g i t u d i n a l   i n t e r v a l s   a n d  

p e r f o r a t e d   a c r o s s   i t s   w i d t h   a t   t he   same  i n t e r v a l s   to   a l l o w  



l a t e r   s e p a r a t i o n   i n t o   i n d i v i d u a l   b a g s .   The  r e s u l t i n g   p l a s t i c  

b a g s   h a v e   a  v a r i e t y   of  p a c k a g i n g   u s e s ,   s u c h   as  f o r   g a r m e n t s ,  

t r a s h ,   p r o d u c e ,   m e a t ,   and  t h e   l i k e .   In  m o s t   c a s e s ,   t h e   b a g -  

m a k i n g   m a c h i n e   ( s u c h   as  t h o s e   a v a i l a b l e   f r o m   G l o u c e s t e r  

E n g i n e e r i n g   Co . )   i s   p r o v i d e d   w i t h   s h u t t l i n g   m e a n s   to   m o m e n t a r i l y  

s t o p   t h e   t u b e   a d v a n c e   f o r   t h e   s e a l i n g   and  p e r f o r a t i n g   o p e r a -  

t i o n s ;   h o w e v e r ,   a p p a r a t u s   i s   a l s o   known  w h i c h   t r a v e l s   a l o n g  

w i t h   t h e   a d v a n c i n g   t u b e   to   s e a l   and  p e r f o r a t e   same  w i t h o u t  

t h e   n e c e s s i t y   of   m o m e n t a r i l y   s t o p p i n g   t h e   t u b e   a d v a n c e .   T h e  

r e s u l t i n g   c o n t i n u o u s   s t r i p   of  i n t e r c o n n e c t e d   and  s e p a r a b l e  

p l a s t i c   b a g s   may  be  r o l l e d   f o r   d i s p e n s i n g   l a t e r   or  t h e   b a g s  

may  be  s e p a r a t e d   and  s t a c k e d   by  m e t h o d s   and  a p p a r a t u s   known  i n  

t h e   a r t .   S i n g l e - p l y   p l a s t i c   f i l m   w r a p p i n g   s h e e t s ,   in   c o n t i n u o u s  

s t r i p s   of   i n t e r c o n n e c t e d   and  s e p a r a b l e   s h e e t s   or   s e p a r a t e d  

s h e e t s ,   may  be  made  by  a  s i m i l a r   p r o c e s s   by  s t a r t i n g   w i t h   a  

s i n g l e   l a y e r   of   p l a s t i c   f i l m   or  s h e e t   m a t e r i a l .  

The  p e r f o r a t i n g   i s   u s u a l l y   p e r f o r m e d   by  f o r c i n g   a  

s e r r a t e d - t y p e   b l a d e   t h r o u g h   t h e   p l a s t i c   f i l m   t u b e .   S u c h  

p e r f o r a t i n g   b l a d e s   a r e   c o m m e r c i a l l y   a v a i l a b l e   in  v a r i o u s   c o n -  

f i g u r a t i o n s   and  a r e   t y p i c a l l y   c o m p o s e d   of   a  f l a t   s t e e l   b o d y  

h a v i n g   t e e t h   a l o n g   one  edge   t h e r e o f .   The  c o n f i g u r a t i o n   o f  

t h e   t e e t h   d e p e n d s ,   in   p a r t ,   on  t h e   t y p e   and  s i z e   of  bag  b e i n g  

made  and  t h e   p l a s t i c   f i l m   m a t e r i a l   of   w h i c h   i t   i s   f o r m e d .  

T h o s e   s k i l l e d   in   t h e   a r t   a r e   w e l l   a w a r e   of   t h e   c o n s i d e r a t i o n s  

g o v e r n i n g   t h e   s e l e c t i o n   of  a  p e r f o r a t i n g   b l a d e   f o r   s u c h  

a p p l i c a t i o n s .   As  ah  e x a m p l e ,   in   a  p r o c e s s   f o r   m a k i n g   l o w  

d e n s i t y   p o l y e t h y l e n e   p r o d u c e   b a g s   i n   a  G l o u c e s t e r   E n g i n e e r i n g  

Mode l   418  bag  m a c h i n e ,   a  1 0 - i n c h   l o n g   p e r f o r a t i n g   b l a d e   c o m -  

p o s e d   of  No.  1 0 9 5  c a r b o n   s t e e l   and  h a v i n g   40  t e e t h   a l o n g   o n e  



e d g e   t h e r e o f ,   may  be  e m p l o y e d .   Each   t o o t h   i s   c h a m f e r e d   on  o n e  

s i d e   as  a  r e s u l t   o f   a  s h a r p e n i n g   o p e r a t i o n   to   t h e r e b y   p r o v i d e  

a  c u t t i n g   e d g e .  

Such   p l a s t i c   f i l m   p a c k a g i n g   b a g s   and  s h e e t s   h a v e  

b e e n   made  o f   v a r i o u s   t y p e s   of   t h e r m o p l a s t i c   f i l m   m a t e r i a l s ,  

i n c l u d i n g   l o w -   and  h i g h - d e n s i t y   p o l y e t h y l e n e ,   p o l y p r o p y l e n e  

and  t h e   l i k e .   H o w e v e r ,   low  d e n s i t y   p o l y e t h y l e n e   i s   p e r h a p s  

t h e   m o s t   i m p o r t a n t   o f   t h e   t h e r m o p l a s t i c   p a c k a g i n g   f i l m s ,  

a c c o u n t i n g   f o r   a  s i g n i f i c a n t  p o r t i o n  o f   t h e   t o t a l   u s a g e   o f  

s u c h   f i l m s   in   p a c k a g i n g ,   Low  d e n s i t y   p o l y e t h y l e n e   p o s s e s s e s  

a  u n i q u e   c o m b i n a t i o n   of   p r o p e r t i e s   e s s e n t i a l   f o r   b r o a d   e n d  

u s e   u t i l i t y   and   w i d e   c o m m e r c i a l   a c c e p t a n c e   in   t h e   p a c k a g i n g  

f i e l d .   T h e s e   p r o p e r t i e s   i n c l u d e   f i l m   o p t i c a l   q u a l i t y ,  

m e c h a n i c a l   s t r e n g t h   p r o p e r t i e s   ( s u c h   as  p u n c t u r e   r e s i s t a n c e ,  

t e n s i l e   s t r e n g t h ,   i m p a c t   s t r e n g t h ,   s t i f f n e s s   and  t e a r  

r e s i s t a n c e ) , ,   v a p o r   t r a n s m i s s i o n   and  gas   p e r m e a b i l i t y  

c h a r a c t e r i s t i c s   and  p e r f o r m a n c e   in   f i l m   c o n v e r t i n g   a n d  

p a c k a g i n g   e q u i p m e n t .  

In  p r o c e s s e s   f o r   p r e p a r i n g ,   f o r   e x a m p l e ,   l o w  

d e n s i t y   p o l y e t h y l e n e   b a g s ,   e m p l o y i n g   p o l y e t h y l e n e   made  b y  

t h e   c o n v e n t i o n a l   h i g h   p r e s s u r e   p r o c e s s ,   t h e   e x p e c t e d   s e r v i c e  

l i f e   of  a  p e r f o r a t i n g   b l a d e   may  be  on  t h e   o r d e r   of  2  to  4 

w e e k s .   H o w e v e r ,   i t   has   b e e n   f o u n d   t h a t   when  p r e p a r i n g   l o w  

d e n s i t y   p o l y e t h y l e n e   b a g s   by  t h e   same  t y p e   of  p r o c e s s ,   w h e r e  

t h e   p o l y e t h y l e n e   i s   made  by  t h e   s o - c a l l e d   low  p r e s s u r e  

p r o c e s s ,   t h e   s e r v i c e   l i f e   of  t h e   p e r f o r a t i n g   b l a d e   w a s  

r e d u c e d   to   a  m a t t e r   of  h o u r s .   In  s u c h   a  c a s e   i t   may  b e  

n e c e s s a r y   to   c l o s e   down  an  e n t i r e   c o m m e r c i a l   l i n e   to   c h a n g e  

p e r f o r a t i n g   b l a d e s   a t   f r e q u e n t   i n t e r v a l s   or   t h e   r e s u l t i n g  



p r o d u c t   may  b e c o m e   u n s u i t a b l e   due   to   p o o r   q u a l i t y   p e r f o r a -  

t i o n s .   E i t h e r   s i t u a t i o n   p r o v i d e s   a  t o t a l l y   u n a c c e p t a b l e  

c o m m e r i c a l   p r o c e s s .  

S i n c e   low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   f i l m  

i s   t o u g h e r   t h a n   t h e   c o r r e s p o n d i n g   h i g h   p r e s s u r e   m a t e r i a l ,  

i t   was  p o s t u l a t e d   t h a t   t h e   c u t t i n g   e d g e s   o f  t h e   r e d u c e d -  

l i f e   p e r f o r a t i n g   b l a d e   w e r e   w e a r i n g .   H o w e v e r ,   i n   o n e  

i n s t a n c e ,   a f t e r   a  b l a d e   was  no  l o n g e r   a c c e p t a b l e   f o r   p e r -  

f o r a t i n g   low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   f i l m ,   i t   w a s  

f o u n d   t h a t   i t   was  n e v e r t h e l e s s   s t i l l   u s e f u l   in   p e r f o r a t i n g  

c o n v e n t i o n a l   h i g h   p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   f o r   a n  

a d d i t i o n a l   p e r i o d   of  t i m e   of   a b o u t   3  w e e k s .   I t   was  a l s o  

f o u n d   t h a t   c u t t i n g   e d g e s   c o a t e d   on  b o t h   s i d e s   w i t h   a  h a r d  

m a t e r i a l   d i d   n o t   s i g n i f i c a n t l y   e x t e n d   t h e   u s e f u l   s e r v i c e   l i f e  

o f   a  p e r f o r a t i n g   b l a d e   in   a  p r o c e s s   f o r   m a k i n g   low  p r e s s u r e -  

low  d e n s i t y   p o l y e t h y l e n e   f i l m   b a g s .  

The  p r i o r   a r t   t e a c h e s   v a r i o u s   t y p e s   and  s h a p e s   o f  

c u t t i n g   d e v i c e s   in   v a r i o u s   a p p l i c a t i o n s .   Fo r   e x a m p l e ,   U . S .  

P a t e n t   No.  4 , 0 6 4 , 7 7 6   d i s c l o s e s   a  m e t h o d   and  a p p a r a t u s   f o r  

m a k i n g   t e a r - r e s i s t a n t ,   s e p a r a b l e   e n d - c o n n e c t e d   p l a s t i c   f i l m  

b a g s   u t i l i z i n g   a  p e r f o r a t i n g   b l a d e   w h i c h   i s   s e r r a t e d   i n ' s h a p e  

and  w h i c h   i s   p r o v i d e d   a l o n g   i t s   l e n g t h   w i t h   deep   r e c e s s e s  

b e y o n d   t h e   c u t t i n g   edge   to   d e f i n e   c o n n e c t i n g   t a b s   b e t w e e n   t h e  

p e r f o r a t i o n s   a c r o s s   t h e   w i d t h   o f   t h e   a d v a n c i n g   f i l m   m a t e r i a l .  

The  b l a d e   i s   a l s o   h e a t e d   to   e f f e c t   a n n e a l i n g   of   t he   p e r -  

f o r a t i o n   e d g e s .  

U . S  .   P a t e n t   No.  4 , 1 6 1 , 3 8 2   d i s c l o s e s   an  a p p a r a t u s  

f o r   m a k i n g   c o n t a i n e r s   f rom  t h e r m o p l a s t i c   s h e e t   m a t e r i a l ,  

i n c l u d i n g   a  c u t t i n g   b l a d e   h a v i n g   a t   l e a s t   one  c u t t i n g   e d g e  



e x t e n d i n g   v e r t i c a l l y   a t   an  o b l i q u e   a n g l e   to   t h e   s u r f a c e s   t o  

be  c u t ,   w h e r e i n   s l o t s   in   t h e   s h e e t   a r e   f o r m e d   when  t he   b l a d e  

i s   moved  v e r t i c a l l y   i n t o   t h e   s h e e t   m a t e r i a l .  

I t   i s   a l s o   known  in   t he   p r i o r   a r t   t h a t   t h e   d u r a -  

b i l i t y   of   v a r i o u s   t y p e s   o f   c u t t i n g   b l a d e s   can   be  i n c r e a s e d  

by  p r o v i d i n g   a  c o a t i n g  o f   an  e x t r e m e l y   h a r d   m a t e r i a l   such   a s  

t u n g s t e n   c a r b i d e   on  one  s i d e   of  t h e   c u t t i n g   e d g e .   The  p r i o r  

a r t   d i s c l o s e s   t h a t   t h i s   may  be  due  in   p a r t   to   t h e   f a c t   t h a t  

s i n c e   t h e   t u n g s t e n   c a r b i d e   c o a t i n g   i s   s i g n i f i c a n t l y   h a r d e r  

t h a n   t h e  s u b s t r a t e   o n t o   w h i c h   i t   i s   c o a t e d ,   more   and  more  o f  

t h e   t u n g s t e n   c a r b i d e   c o a t i n g   i s   e x p o s e d   as  t h e   s o f t e r   s u b -  

s t r a t e   i s   worn  away  d u r i n g   u s e ,   t h e r e b y   p r e s e n t i n g   a  s h a r p e r  

c u t t i n g   e d g e   f o r   l o n g e r   p e r i o d s   of  t i m e .   T h i s   s e l f - s h a r p e n i n g  

e f f e c t   of   o n e - s i d e d   c o a t i n g   has   been   r e c o g n i z e d   f o r   use   i n  

c u t t i n g   d e v i c e s   s u c h   as  h o u s e h o l d   k n i v e s ,   p a p e r   c u t t i n g   a n d  

t r i m m i n g   k n i v e s   and  o t h e r   t y p e s   of  b e v e l e d   d i s k   k n i v e s .  

U .S .   P a t e n t   No.  3 , 9 7 5 , 8 9 1   d i s c l o s e s   a  r o t a r y   m o w e r  

b l a d e   made  of  o u t e r   l a y e r s   of  m e t a l   h a v i n g   an  i n n e r   l a y e r   o f  

e x t r e m e l y   h a r d   m a t e r i a l   and  s h a p e d   s u c h   t h a t   a t t r i t i o n   i n  

u s e   of   t h e   o u t e r   m e t a l   l a y e r s   e x p o s e s   t h e   i n n e r   e x t r e m e l y  

h a r d   m a t e r i a l   to   m a i n t a i n   a  s h a r p   c u t t i n g   e d g e .   I t   i s   d i s -  

c l o s e d   t h a t  a   f i n e   c u t t i n g   edge   is   f o r m e d   and  m a i n t a i n e d   a s  

a  r e s u l t   of  t h e   w e a r i n g   of  t h e   b l a d e ,   i n s t e a d   of  t h e   b l a d e  

b e c o m i n g   more  d u l l   by  s u c h   w e a r .  

O t h e r   o n e - s i d e d   c o a t e d   c u t t i n g   i n s t r u m e n t s   a r e  

d i s c l o s e d   in  t h e   p r i o r   a r t .   For  e x a m p l e ,   U . S .   P a t e n t   N o .  

3 , 6 1 8 , 6 5 4   d i s c l o s e s   a  b l a d e   f o r   c u t t i n g   p l a s t i c   m a t e r i a l  

s u c h   as  t i r e   s t o c k ,   h a v i n g   a  body  of  s t e e l   w i t h   a  f l a t   b a c k -  

i ng   s u r f a c e   and  a  c h a n n e l   in  one  edge   t h e r e o f   w h i c h   c o n t a i n s  



a  r i n g   of   t u n g s t e n   c a r b i d e   to   be  g r o u n d   f l u s h   w i t h   t h e   s t e e l  

body   on  one  s i d e   and  p r o j e c t i n g   o u t w a r d l y   so  t h a t   i t   i s   e x -  

p o s e d .  o n   b o t h   s i d e s   and  t e r m i n a t e s   in   a  c u t t i n g   e d g e .   U . S .  

P a t e n t   No.  2 , 6 3 4 , 4 9 9   d i s c l o s e s   a  s i m i l a r   c u t t i n g   e d g e ,   c o m -  

p r i s e d   of   a  p i e c e   of   t u n g s t e n   c a r b i d e   b o n d e d   to   a  s u b s t r a t e  

and  d e s i g n e d   f o r   c u t t i n g   m a t e r i a l s   s u c h   as  a s p h a l t   r o o f i n g  

and  o t h e r   a b r a s i v e   c o m p o s i t i o n s .  

U .S .   P a t e n t   No.  3 , 9 8 8 , 9 5 5   d i s c l o s e s   a  b a n d   s a w  

b l a d e   c o m p r i s i n g   a  s t e e l   body   h a v i n g   a  p l u r a l i t y   of   t e e t h  

s p a c e d   a l o n g   one  e d g e   t h e r e o f .   The  t i p   of   e a c h   t o o t h   i s  

c o a t e d   w i t h   a  h a r d   c a r b i d e   m a t e r i a l   and  t h e n   i m p u l s e   h a r d e n e d .  

The  c o a t i n g   o v e r l a p s   b o t h   s i d e s   of   t h e   c u t t i n g   e d g e .  

SUMMARY  OF  THE  INVENTION 

In  i t s   b r o a d e s t   a s p e c t s ,   t h e   p r e s e n t   i n v e n t i o n  

c o m p r i s e s   an  i m p r o v e d   p r o c e s s   f o r   c u t t i n g   or   p e r f o r a t i n g  

a  p l a s t i c   f i l m   s h e e t   m a t e r i a l   e m p l o y i n g   a  c u t t i n g   or   p e r -  

f o r a t i n g   b l a d e   w h i c h   e x h i b i t s   i m p r o v e d   s e r v i c e   l i f e  

d u r a b i l i t y ,   t h e   b l a d e   b e i n g   c o m p o s e d   of  a  m e t a l   s u b s t r a t e  

h a v i n g   a  c o a t i n g   of   a  h a r d   m a t e r i a l   on  o n l y   one  s i d e   t h e r e o f .  

More  s p e c i f i c a l l y ,   and  in   a  p r e f e r r e d   e m b o d i m e n t ,   a  p r o c e s s  
f o r   m a k i n g   a  c o n t i n u o u s   s t r i p   of   i n t e r c o n n e c t e d   and  s e p a r a b l e  
p l a s t i c   f i l m   b a g s   i s   p r o v i d e d   w h i c h   i n c l u d e s   t h e   s t e p s - o f  

p r o v i d i n g ,   s u c h   as  by  t u b u l a r   b l o w n   f i l m   e x t r u s i o n ,   a  t u b e  
of  p l a s t i c   f i l m   m a t e r i a l   and  s e a l i n g   and  p e r f o r a t i n g   t h e  
t u b e   a c r o s s   i t s . w i d t h   a t   s p a c e d   l o n g i t u d i n a l   i n t e r v a l s ,  

w h e r e i n   t h e   p e r f o r a t i n g   i s   a c c o m p l i s h e d   w i t h   a  b l a d e   c o a t e d  

on  one  s i d e   o n l y   w i t h   a  h a r d   m a t e r i a l   s u c h   as  t u n g s t e n  
c a r b i d e .   The  p r o c e s s   i s   e s p e c i a l l y   u s e f u l   in   t h e   m a n u f a c t u r e  
of  c o n t i n u o u s   s t r i p s   of   i n t e r c o n n e c t e d   b u t   s e p a r a b l e   b a g s   o f  



low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   f i l m ,   e m p l o y i n g   a  

s e r r a t e d   m e t a l   p e r f o r a t i n g   b l a d e   w h i c h   i s   b e v e l e d   or   c h a m f e r e d  

on  one   s i d e   o n l y   and  whose   f l a t   s i d e   o n l y   i s   c o a t e d   w i t h   a  

h a r d   s u b s t a n c e   s u c h   as  t u n g s t e n   c a r b i d e .   In  s u c h   a  p r o c e s s ,  

t h e s e   b l a d e s   e x h i b i t   a  s i g n i f i c a n t l y   i m p r o v e d   s e r v i c e   l i f e   a s  

c o m p a r e d   to   u n c o a t e d   s i m i l a r   b l a d e s   or   s i m i l a r   b l a d e s   c o a t e d  

on  b o t h   s i d e s .  

BRIEF  DESCRIPTION  OF THE  DRAWINGS 

F i g u r e   1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of   a  v e r t i c a l  

s t r o k e   h e a t - s e a l i n g   and  p e r f o r a t i n g   a p p a r a t u s   w h i c h   may  b e  

u s e d   in   a  p r o c e s s   f o r   m a k i n g   c o n t i n u o u s   s t r i p s   of   i n t e r c o n -  

n e c t e d   b u t   s e p a r a b l e   p l a s t i c   f i l m   b a g s .   -  

F i g u r e   2  i s   an  e n l a r g e d   p l a n   v i e w   of   t h e   t e e t h   a r e a  

of  a  s e r r a t e d   and   s l o t t e d   m e t a l   p e r f o r a t i n g   b l a d e .  

F i g u r e   3  i s   an  e n l a r g e d   p l a n   v i e w   of   t h e   t e e t h  

a r e a   of  a  s e r r a t e d ,   u n s l o t t e d   m e t a l   p e r f o r a t i n g   b l a d e .  

F i g u r e   4  i s   an  e n l a r g e d   s i d e   v i e w   of   one  of  t h e  

t e e t h   of  t h e   p e r f o r a t i n g   b l a d e   of  F i g u r e   3 .  

F i g u r e   5  shows  t h e   b l a d e   t o o t h   of  F i g u r e   4  w i t h   a  

c o a t i n g   on  t h e   f l a t   s i d e   t h e r e o f   in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n .  

F i g u r e   6  i s  a n   e n l a r g e d   v i e w   of   t h e   t i p   a r e a   o f  

t h e   b l a d e   of   F i g u r e   5 .  

F i g u r e   7  i s   a  v i ew   i l l u s t r a t i n g   t h e   t i p   of  F i g u r e  

6  a f t e r   some  w e a r   has   o c c u r r e d   in   u s e .  



DESCRIPTION  OF  THE PREFERRED  EMBODIMENTS 

A l t h o u g h   t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   h a s  

p a r t i c u l a r   u t i l i t y   in   a  p r o c e s s   f o r   c u t t i n g   o r   p e r f o r a t i n g  

f i l m   s h e e t s   of   low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e ,   i t   i s  

e x p e c t e d   t o   be  u s e f u l   in   c u t t i n g   or   p e r f o r a t i n g   many  d i f f e r e n t  

t y p e s   o f   p l a s t i c   m a t e r i a l s ,   i n c l u d i n g   c o n v e n t i o n a l   h i g h  

p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e ,   h i g h   d e n s i t y   p o l y e t h y l e n e ,  

p o l y p r o p y l e n e ,   p o l y v i n y l   c h l o r i d e   and  t h e   l i k e .   In  a d d i t i o n ,  

t h e   i n v e n t i o n   i s   e x p e c t e d   to   be  u s e f u l   in   c u t t i n g   or   p e r f o r a t i n g  

p a p e r   or   p a p e r - l i k e   s h e e t s .  

As  i s   known  by  t h o s e   s k i l l e d   i n   t h e   a r t ,   l o w  

d e n s i t y   p o l y e t h y l e n e   t y p i c a l l y   has   a  d e n s i t y   of   a b o u t   0 . 9 4  

g / c c   o r   l o w e r   w h i l e   h i g h   d e n s i t y   p o l y e t h y l e n e   h a s   a  d e n s i t y  

of   a b o v e   a b o u t   0 . 9 4   g / c c .   C o n v e n t i o n a l   low  d e n s i t y   p o l y -  

e t h y l e n e   h a s   in   t h e   p a s t   b e e n   made  c o m m e r c i a l l y   by  t he   h i g h  

p r e s s u r e   ( i . e . ,   a t   p r e s s u r e s   of  1 5 , 0 0 0   p s i   and  h i g h e r )  

h o m o p o l y m e r i z a t i o n   of   e t h y l e n e   in  s t i r r e d   and   e l o n g a t e d  

t u b u l a r   r e a c t o r s   i n   t h e   a b s e n c e   of  s o l v e n t s   u s i n g   f r e e  

r a d i c a l   i n i t i a t o r s .   R e c e n t l y ,   a  low  p r e s s u r e   p r o c e s s   f o r  

p r e p a r i n g   low  d e n s i t y   p o l y e t h y l e n e   has   b e e n   d e v e l o p e d   w h i c h  

has   s i g n i f i c a n t   a d v a n t a g e s   as  c o m p a r e d   to   t h e   c o n v e n t i o n a l  

h i g h   p r e s s u r e   p r o c e s s .   One  such   l o w - p r e s s u r e   p r o c e s s   i s  

d i s c l o s e d   in   c o m m o n l y - a s s i g n e d ,   c o p e n d i n g   U . S .   A p p l i c a t i o n s  

S e r i a l   No.  1 2 , 7 2 0 ,   f i l e d   F e b r u a r y   16,  1979  and  S e r i a l   N o .  

8 9 2 , 3 2 2 ,   f i l e d   M a r c h   31,  1978  (a  f o r e i g n - f i l e d   a p p l i c a t i o n  

c o r r e s p o n d i n g   t h e r e t o   has   been   p u b l i s h e d   as  E u r o p e a n   P a t e n t  

P u b l i c a t i o n   No.  4 6 4 7 ) . .  



The  a b o v e - i d e n t i f i e d   c o p e n d i n g   a p p l i c a t i o n   d i s c l o s e s  

a  low  p r e s s u r e   gas   p h a s e   p r o c e s s   f o r   p r o d u c i n g   low  d e n s i t y  

e t h y l e n e   c o p o l y m e r s   h a v i n g   a  w i d e   d e n s i t y   r a n g e   of  a b o u t  

0 . 9 1   to   a b o u t   0 . 9 4   g / c c   and  a  m e l t   f l o w   r a t i o  o f   f rom  a b o u t  

22  to   a b o u t   36  and  w h i c h   h a v e   a  r e l a t i v e l y   low  r e s i d u a l  

c a t a l y s t   c o n t e n t   and  a  r e l a t i v e l y   h i g h   b u l k   d e n s i t y .   T h e  

p r o c e s s   c o m p r i s e s  c o p o l y m e r i z i n g   e t h y l e n e   w i t h   one  or  m o r e  

C 3  t o   C8  a l p h a - o l e f i n s   in   t h e   p r e s e n c e   of  a  h i g h   a c t i v i t y  

m a g n e s i u m - t i t a n i u m   c o m p l e x   c a t a l y s t   p r e p a r e d   u n d e r   s p e c i f i c  

a c t i v a t i o n   c o n d i t i o n s   w i t h   an  o r g a n o   a l u m i n u m   compound   a n d  

i m p r e g n a t e d   in   a  p o r o u s   i n e r t   c a r r i e r   m a t e r i a l .   The  c o p o l y m e r s  

t h u s   p r e p a r e d   a r e   c o p o l y m e r s   of  p r e d o m i n a n t l y   ( a t   l e a s t  

a b o u t   90  mole   p e r c e n t )   e t h y l e n e   and  a  m i n o r   p o r t i o n   ( n o t  

more   t h a n   10  mo le   p e r c e n t )   of   one  or   more  C3  to   C8  a l p h a  

o l e f i n s   w h i c h   s h o u l d   n o t   c o n t a i n   any  b r a n c h i n g   on  any  o f  

t h e i r   c a r b o n   a t o m s   w h i c h   i s   c l o s e r   t h a n   t h e   f o u r t h   c a r b o n  

a t o m -   E x a m p l e s   of   s u c h   a l p h a - o l e f i n s   a r e   p r o p y l e n e ,   b u t e n e -  

1,  h e x e n e - 1 ,   4 - m e t h y l   p e n t e n e - 1   and  o c t e n e - 1 .  

The  c a t a l y s t   may  be  p r e p a r e d   by  f i r s t   p r e p a r i n g  

a  p r e c u r s o r   c o m p o s i t i o n   f rom  a  t i t a n i u m   c o m p o u n d   ( e . g . ,   T i C l Q ) ,  

a  m a g n e s i u m   c o m p o u n d   ( e . g . ,   MgCl2)  and  an  e l e c t r o n   d o n o r   c o m -  

p o u n d   ( e . g . ,   t e t r a h y d r o f u r a n )   by,   f o r   e x a m p l e ,   d i s s o l v i n g   t h e  

t i t a n i u m   and  m a g n e s i u m   c o m p o u n d s   in   t h e   e l e c t r o n   d o n o r   c o m p o u n d  

and  i s o l a t i n g   t h e   p r e c u r s o r   by  c r y s t a l l i z a t i o n .   A  p o r o u s  

i n e r t   c a r r i e r   ( s u c h   as  s i l i c a )   i s   t h e n   i m p r e g n a t e d   w i t h   t h e  

;  p r e c u r s o r   such  as  by  d i s s o l v i n g   t h e   p r e c u r s o r  i n   the   e l e c t r o n  

d o n o r   c o m p o u n d ,   a d m i x i n g   t h e   s u p p o r t   w i t h  t h e   d i s s o l v e d  

p r e c u r s o r   f o l l o w e d   by  d r y i n g   to  r emove   t h e   s o l v e n t .   T h e  



r e s u l t i n g   i m p r e g n a t e d   s u p p o r t   may  be  a c t i v a t e d   by  t r e a t m e n t  

w i t h   an  a c t i v a t o r   c o m p o u n d   ( e . g . ,   t r i e t h y l   a l u m i n u m ) .  

The  p o l y m e r i z a t i o n   p r o c e s s   may  be  c o n d u c t e d   b y  

c o n t a c t i n g   t h e   m o n o m e r s ,   in   t h e   g a s   p h a s e ,   s u c h   as  in  a  

f l u i d i z e d   b e d ,   w i t h   t h e   a c t i v a t e d   c a t a l y s t   a t   a  t e m p e r a t u r e  

of  a b o u t   30  to   105°C  and  a  low  p r e s s u r e   of  up  to   a b o u t   1 0 0 0  

p s i   ( e . g . ,   f rom  a b o u t   150  to   350  p s i ) .   The  r e s u l t i n g   l o w  

d e n s i t y   e t h y l e n e   c o p o l y m e r s   m a y  b e   f o r m e d   i n t o   t h i n   f i l m  

h a v i n g   i m p r o v e d   p u n c t u r e   r e s i s t a n c e ,   h i g h   u l t i m a t e   e l o n g a t i o n ,  

low  t h e r m a l   s h r i n k a g e   and  o u t s t a n d i n g   t e n s i l e   i m p a c t   s t r e n g t h ,  

by  e x t r u s i o n   t h r o u g h   an  e x t r u s i o n   d i e   h a v i n g   a  gap  of  g r e a t e r  

t h a n   a b o u t   50  m i l s .   One  s u c h   p r o c e s s   i s   d i s c l o s e d   in   c o m m o n l y -  

a s s i g n e d ,   c o p e n d i n g   U .S .   A p p l i c a t i o n s   S e r i a l   No.  1 2 , 7 9 5 ,  

f i l e d   F e b r u a r y   16,   1979  and  S e r i a l   No.  8 9 2 , 3 2 4 ,   f i l e d   March  3 1 ,  

1978   (a  f o r e i g n - f i l e d   a p p l i c a t i o n   c o r r e s p o n d i n g ,   t h e r e t o   h a s  

b e e n   p u b l i s h e d   as  E u r o p e a n   P a t e n t   P u b l i c a t i o n   No.  6 1 1 0 ) .  

The  f i l m   t h u s   p r e p a r e d   may  c o n t a i n   c o n v e n t i o n a l   a d d i t i v e s  

and  may  h a v e   a  t h i c k n e s s   of  a b o u t   0 . 1   m i l   to   a b o u t   20  m i l s  

and  may  be  f o r m e d   i n t o   a  t u b e   by  t h e   t u b u l a r   b lown  f i l m  

e x t r u s i o n   p r o c e s s .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   i s   a p p l i c a b l e   t o  

any  p r o c e s s   f o r   c u t t i n g   or  p e r f o r a t i n g   p l a s t i c   f i l m   s h e e t  

m a t e r i a l ,   f o r   p u r p o s e s   of  c o n v e n i e n c e   t h e   i n v e n t i o n   w i l l   b e  

d e s c r i b e d   h e r e i n   by  r e f e r e n c e   to   a  p r o c e s s   f o r   m a k i n g   c o n -  

t i n u o u s   s t r i p s   of   i n t e r c o n n e c t e d   b u t   s e p a r a b l e   p l a s t i c   f i l m  

p a c k a g i n g   b a g s .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   i t   i s   no t   i n -  

t e n d e d   to   l i m i t   t h e   i n v e n t i o n   t h e r e b y ;   r a t h e r ,   i t   s h o u l d   b e  

e x p r e s s l y   u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   i s   l i m i t e d   o n l y   b y  
t h e   s c o p e   of  t h e   c l a i m s   a p p e n d e d   h e r e t o .  



In  a d d i t i o n ,   f o r   e a s e   of  d e s c r i p t i o n  o n l y ,   t h e  

p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   by  r e f e r e n c e   to   a  p r o c e s s  

f o r   m a k i n g   s u c h   b a g s   c o m p o s e d   of  t he   p r e s e n t l y - p r e f e r r e d  

m a t e r i a l ,   low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e ,   a l t h o u g h   i t  

i s   to   be  u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   i s   or  i s   e x p e c t e d   t o  

be  a p p l i c a b l e   to   o t h e r   m a t e r i a l s   s u c h   as  c o n v e n t i o n a l   h i g h  

p r e s s u r e - l o w   d e n s i t y   h o m o p o l y m e r s   and  c o p o l y m e r s   of   e t h y l e n e ,  

h i g h   d e n s i t y   h o m o p o l y m e r s   and  c o p o l y m e r s   of  e t h y l e n e ,   h o m o -  

p o l y m e r s   and  c o p o l y m e r s   of  p r o p y l e n e ,   h o m o p o l y m e r s  a n d   c o -  

p o l y m e r s   of   v i n y l   c h l o r i d e ,   p a p e r   and  t h e   l i k e .   For   p u r p o s e s  

of  d e f i n i t i o n ,   by  " low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e "   i s  

m e a n t   e t h y l e n e   p o l y m e r s   h a v i n g   a  d e n s i t y   of  a b o u t   0 . 9 1   t o  

a b o u t   0 . 9 4   s u c h   as  t h e   e t h y l e n e - C 3   to   C a  a l p h a   o l e f i n   c o -  

p o l y m e r s   d e s c r i b e d   a b o v e .  

As  i n d i c a t e d   a b o v e ,   p l a s t i c   f i l m   b a g - m a k i n g   m a c h i n e r y  

and  p r o c e s s e s   a r e   c o m m e r c i a l l y   known  and  a v a i l a b l e .   A 

t y p i c a l   p r o c e s s   i n c l u d e s   t h e   s t e p s   of  f o r m i n g   a  p l a s t i c   f i l m  

t u b e   by  t h e   t u b u l a r   b l o w n   f i l m   e x t r u s i o n   p r o c e s s   and  a d v a n c i n g  

t h e   p l a s t i c   f i l m   t u b e   in  f l a t t e n e d   fo rm  t h r o u g h   a  b a g - m a k i n g  

m a c h i n e   w h e r e   t h e   t u b e   i s   h e a t - s e a l e d   a c r o s s   i t s   w i d t h   a t  

s p a c e d   l o n g i t u d i n a l   i n t e r v a l s   and  p e r f o r a t e d   a t   s i m i l a r  

i n t e r v a l s   w i t h   a  p e r f o r a t i n g   k n i f e   to  p r o v i d e   m e a n s   f o r  

l a t e r   s e p a r a t i n g   t h e   i n d i v i d u a l   p l a s t i c   f i l m   b a g s   f rom  t h e  

r e s u l t i n g   c o n t i n u o u s   s t r i p .   D e p e n d i n g   upon  t h e   t y p e   and  s i z e  

of  t h e   p l a s t i c   f i l m   b a g s   b e i n g   m a n u f a c t u r e d ,   any  known  a n d  

c o m m e r c i a l l y - a v a i l a b l e   e q u i p m e n t   can  be  e m p l o y e d .   For   e x a m p l e ,  

to   make  g a r m e n t - t y p e   b a g s   w h i c h   have   a  w i d t h   of  a p p r o x i m a t e l y  

27  i n c h e s ,   G l o u c e s t e r   E n g i n e e r i n g   Company  b a g - m a k i n g   m a c h i n e s  

i d e n t i f i e d   by  Model   N u m b e r s   417  or  419  may  be  e m p l o y e d .   F o r  



s m a l l e r   p r o d u c e - t y p e   p l a s t i c   f i l m   b a g s ,   G l o u c e s t e r   Model   N u m b e r  

4 1 8  o r  4 2 5   may  be  u s e d .   A l l   of   t h e s e   m a c h i n e s   u t i l i z e   a  p a i r  

of  r o l l s   w h i c h   s h u t t l e   back   and  f o r t h   to   m o m e n t a r i l y   h a l t   t h e  

a d v a n c e   of  t h e   p l a s t i c   f i l m   t u b e   t h r o u g h   t h e   b a g - m a k i n g  

m a c h i n e   and  e n a b l e   t h e   h e a t - s e a l i n g - a n d   p e r f o r a t i n g   o p e r a t i o n s  

to   o c c u r .  

Mos t   c o m m e r c i a l l y - a v a i l a b l e   b a g - m a k i n g   m a c h i n e s  

e m p l o y   p e r f o r a t i n g   b l a d e s   h a v i n g   a  l e n g t h   of   10  i n c h e s ,   a n d  

3  o r   more  b l a d e s   may  be  r e q u i r e d   a c r o s s   t h e   w i d t h   of  t h e  

b a g - m a k i n g   l i n e .   In   t h o s e   m a c h i n e s   s u c h   as  t h e  g a r m e n t   b a g -  

m a k i n g   t y p e ,   w h i c h   have   a  w i d t h   of   a b o u t   30  i n c h e s ,   o n l y   a  

s i n g l e   f l a t t e n e d   t u b e   of   a b o u t   t h e   same  w i d t h   i s   f ed   t h r o u g h  

t h e   m a c h i n e :   H o w e v e r ,   i t   i s   p o s s i b l e   to   f e e d   one  l a r g e   t u b e  

i n t o   t h e   b a g - m a k i n g   m a c h i n e   and  p r o d u c e  m o r e   t h a n   one  l i n e   o f  

b a g s   s i m u l t a n e o u s l y   by  c o n v e n t i o n a l   t e c h n i q u e s .   Fo r   e x a m p l e ,  

a  s i n g l e   l a r g e   t u b e   may  be  f e d   i n t o   a  s i n g l e   m a c h i n e   t o  

p r o d u c e   s e p a r a t e   r o l l s   of  i n t e r c o n n e c t e d   b u t   s e p a r a b l e   b a g s ,  

w h e r e i n   t h e   l a r g e   t u b e   i s   s u b j e c t e d   to   p e r f o r a t i n g   and  h e a t -  

s e a l i n g   o p e r a t i o n s   and  t h e n   i s   s l i t - s e a l e d   l o n g i t u d i n a l l y   t o  

p r o v i d e   s e v e r a l   d i s t i n c t   r o l l s   of   b a g s .   When  i t   i s   d e s i r e d  

to  s e p a r a t e   and  s t a c k   s u c h   b a g s ,   s t a r t i n g   f r o m   a  s i n g l e  

l a r g e   p l a s t i c   f i l m   t u b e ,   t h e   o p e r a t i o n s   a r e   r e v e r s e d ;   i . e .  

t h e   l a r g e   t u b e   i s   f i r s t   l o n g i t u d i n a l l y   s l i t - s e a l e d   f o l l o w e d  

by  p e r f o r a t i n g   and  h e a t - s e a l i n g   e a c h   of   t h e   r e s u l t i n g   t u b e s .  

C o n v e n t i o n a l   m e a n s ,   s u c h   as  n i p   r o l l s   d r i v e n   a t   a  s p e e d  

g r e a t e r   t h a n   t h e   t u b e   a d v a n c e   s p e e d   in  t h e   m a c h i n e ,   may  b e  

p r o v i d e d   a d j a c e n t   t h e   e x i t   of   t h e   b a g - m a k i n g   m a c h i n e   t o  

e f f e c t   s e p a r a t i o n   of   t h e   i n t e r c o n n e c t e d   s t r i p s   i n t o   i n -  

d i v i d u a l   b a g s .  



R e g a r d l e s s   of   the   t y p e   o f   b a g - m a k i n g   m a c h i n e   e m -  

p l o y e d ,   t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   i n c l u d e s   t h e  

s t e p   of   p e r f o r a t i n g   a  p l a s t i c   f i l m   w i t h   a  p e r f o r a t i n g  

k n i f e   of  i m p r o v e d   d u r a b i l i t y .   The  p e r f o r a t i n g   o p e r a t i o n   i s  

n o r m a l l y   c o n d u c t e d   by  v e r t i c a l l y   s t r o k i n g   t he   p e r f o r a t i n g   b l a d  

i n t o   and  t h r o u g h   t h e   p l a s t i c   f i l m   t u b e .   F i g u r e   1  of  t h e  

a t t a c h e d   d r a w i n g s   s c h e m a t i c a l l y   i l l u s t r a t e s   a  v e r t i c a l  

s t r o k e   h e a t - s e a l i n g   and  p e r f o r a t i n g   a p p a r a t u s   of  a  c o m m e r -  

c i a l l y   a v a i l a b l e   b a g - m a k i n g   m a c h i n e .   R e f e r r i n g   to   F i g u r e   1 ,  

a  t u b u l a r   f i l m   10  i s   shown  a d v a n c i n g   r i g h t   to   l e f t   in  t h e  

d r a w i n g   o v e r   s u p p o r t i n g   means   11.  C o n v e n t i o n a l   means   ( n o t  

shown)   may  be  p r o v i d e d   f o r   m o m e n t a r i l y   s t o p p i n g   t he   a d v a n c e  

of  t h e   p l a s t i c   f i l m   t u b e ,   a t   w h i c h   t i m e   t he   h e a t - s e a l i n g   a n d  

p e r f o r a t i n g   o p e r a t i o n s   can  o c c u r .   T h e s e   o p e r a t i o n s   a r e  

n o r m a l l y   p e r f o r m e d   s i m u l t a n e o u s l y   by  v e r t i c a l l y   s t r o k i n g   a  

h e a t - s e a l i n g   m e a n s   12  and  p e r f o r a t i n g   b l a d e   13  d o w n w a r d l y   a s  

shown  in   F i g u r e   1.  A  h e a t - s e a l   i s   f o r m e d   a c r o s s   t h e   w i d t h  

of  t h e   f l a t t e n e d   t u b e   to   p r o v i d e   a  s e a l e d   b o t t o m   p o r t i o n   o f  

a  p l a s t i c   b a g .   S i m u l t a n e o u s l y ,   t h e  p e r f o r a t i n g   b l a d e   13 

p u n c t u r e s   t h e   t u b u l a r   f i l m   10  by  b e i n g   f o r c e d   t h r o u g h   t h e  

f i l m   i n t o   s l o t   14.   S t r i p p e r   b a r s   15  a r e   a l s o   s t r o k e d   d o w n -  

w a r d l y   a t   t h e   same  t i m e   to   h o l d   f i l m   10  in  p l a c e   d u r i n g   t h e  

p e r f o r a t i o n   and  to   f a c i l i t a t e   r e m o v a l   of  t h e   p e r f o r a t i n g  

b l a d e   f rom  t h e   t u b u l a r   f i l m   d u r i n g   i t s   u p w a r d   s t r o k e ,   as  i s  

c o n v e n t i o n a l .  

T h e s e   s e a l i n g   and  p e r f o r a t i n g   o p e r a t i o n s ,   in  c o m -  

m e r c i a l   p r o c e s s e s ,   may  be  r e p e a t e d   a t   a  r a t e   of  f rom  a b o u t  

10  to  170  t i m e s   p e r   m i n u t e .   The  c y c l e   s p e e d   r e q u i r e d   of  t h e  

p e r f o r a t i n g   b l a d e ,   of  c o u r s e ,   d e p e n d s  u p o n   how  r a p i d l y   t h e  



p l a s t i c   f i l m   t u b e   i s   a d v a n c i n g   t h r o u g h . t h e   b a g - m a k i n g   m a c h i n e .  

r h i s ,   in   t u r n ,   d e p e n d s   upon   t h e   s i z e   of  t h e   b a g s   b e i n g   m a d e .  

I t   i s   a p p a r e n t   t h a t   f o r   a  g i v e n   s p e e d   of   a d v a n c e ,   t h e   r a t e   o f  

p e r f o r a t i o n   i s   s u b s t a n t i a l l y   l e s s   f o r   l o n g   b a g s   s u c h   a s  

g a r m e n t   b a g s   in   c o m p a r i s o n   to   p r o d u c e   b a g s   w h e r e   t h e   p e r -  

f o r a t i o n s   a r e   much  c l o s e r .   G e n e r a l l y ,   in   p r o c e s s e s   f o r   m a k i n g  

p l a s t i c   f i l m   p a c k a g i n g   b a g s ,   t h e   p l a s t i c   f i l m   t u b e   may  b e  

a d v a n c e d   t h r o u g h   t h e   b a g - m a k i n g   m a c h i n e   a t   a  r a t e   of  a b o u t  

10  t o  a b o u t   400  f e e t   p e r   m i n u t e   or  h i g h e r .   N o r m a l l y ,   t h e  

h i g h e r   r a t e s   a r e   f o r   t h e   l o n g e r   b a g s   s u c h   as  g a r m e n t   b a g s .  

The  t y p i c a l   r a t e   of  a d v a n c e   in   a  p r o c e s s   f o r   p r o d u c i n g  

p r o d u c e - t y p e   b a g s   h a v i n g   a  l e n g t h   of  a b o u t   16  to   20  i n c h e s  

i s   a b o u t   1 5 0  t o   a b o u t   160  f e e t   p e r   m i n u t e ,   a t   w h i c h   s p e e d  

and  f o r   16  i n c h - l o n g   p r o d u c e   b a g s ,   a  p e r f o r a t i n g   b l a d e   c y c l e  

of  a b o u t   147  t i m e s   p e r   m i n u t e   w o u l d   be  e x p e c t e d .   Of  c o u r s e ,  

t h e   c y c l i n g   t i m e   of  t h e   p e r f o r a t i n g   b l a d e   may  v a r y   g r e a t l y  

d e p e n d i n g   u p o n   how  r a p i d l y   one  w i s h e s   to   a d v a n c e   t h e   p l a s t i c  

f i l m   t u b e   t h r o u g h   t h e   m a c h i n e   and  upon   t h e   l e n g t h   of   t h e   b a g  

b e i n g   m a n u f a c t u r e d .   T h o s e   s k i l l e d   in   t h e   a r t   a r e   w e l l   a w a r e  

of  t h e   c o n t r o l l i n g   f a c t o r s .   D e s p i t e   t h e   p a r t i c u l a r   s p e e d   o f  

a d v a n c e ,   as  t h e   c y c l i n g   s p e e d   of  t h e   p e r f o r a t i n g   b l a d e  

i n c r e a s e s ,   t h e   w e a r i n g   of  t he   b l a d e   b e c o m e s   more   r a p i d   a n d  

h e n c e   t h i s   a d d i t i o n a l   f a c t o r   m u s t   be  b a l a n c e d   in   d e t e r m i n i n g  

t h e   d e s i r e d   or   o p t i m u m   o p e r a t i n g   c o n d i t i o n s .   T h o s e   s k i l l e d  

in  t h e   a r t   may  d e t e r m i n e   t he   v a r i o u s   c o n d i t i o n s   of   o p e r a t i o n  

g i v e n   t h e   d e s i r e d   r e s u l t s .  

As  t h e   p e r f o r a t i n g   b l a d e   e x h i b i t s   w e a r   a n d  b e c o m e s  

d u l l ,   t h e   p l a s t i c   f i l m   may  n o t   p e r f o r a t e   c l e a n l y ,   w h i c h   i s  

u n d e s i r a b l e   s i n c e   u n e v e n   e l o n g a t e d   f i l m   a r e a s   s u r r o u n d i n g  



the  p e r f o r a t i o n   l i n e s   can  l e a d   to   b a g   f a i l u r e   by  p r e m a t u r e  

t e a r i n g .   The  s e v e r i t y   of  t h i s   p r o b l e m   i s   i n f l u e n c e d   by  t h e  

f i l m   g a u g e   w i t h   t h e   t h i n n e r   g a u g e   f i l m s   p r e s e n t i n g   m o r e  

p r o b l e m s   t h a n   t h i c k e r   f i l m s .   The  t h i c k n e s s   of  t he   p l a s t i c   f i l m  

b a g s   may  v a r y   c o n s i d e r a b l y   d e p e n d i n g   u p o n   t h e   d e s i r e d   end  u s e  

and  p a r t i c u l a r   p l a s t i c   f i l m   e m p l o y e d .   As  an  e x a m p l e ,   f o r   l o w  

p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e ,   p r o d u c e - t y p e   b a g s   g e n e r a l l y  

may  have   a  f i l m   t h i c k n e s s   of  0 . 0 0 0 3   to   0 . 0 0 1   i n c h   and  g a r m e n t -  

t y p e   b a g s   may  h a v e   a  t h i c k n e s s   of  0 . 0 0 0 3   to   0 . 0 0 1   i n c h .   I t  

i s   o b v i o u s l y   d e s i r a b l e   to   u s e   a  p e r f o r a t i n g  b l a d e   h a v i n g   a s  

l o n g   a  l i f e   as  p o s s i b l e   s i n c e   i t   i s   c o m m e r c i a l l y   u n -  

a c c e p t a b l e   to   s h u t   down  an  e n t i r e   b a g - m a k i n g   l i n e   to  r e p l a c e  

b l a d e s   a t   f r e q u e n t   i n t e r v a l s .   I t   i s   a l s o   c o m m e r c i a l l y   d i s -  

a d v a n t a g e o u s   to   r e s h a r p e n   bag  p e r f o r a t i n g   b l a d e s   i f   r e s h a r p e n -  

i n g   does   n o t   s i g n i f i c a n t l y   e x t e n d   t h e i r   u s e f u l   s e r v i c e   l i f e .  

The  p r o b l e m   of   t h e   s h o r t   l i f e   of   c o n v e n t i o n a l   p e r f o r a t i n g  

b l a d e s ,   even   t h o s e   w h i c h   have   b e e n   r e s h a r p e n e d ,   e x p e r i e n c e d  

in   p r o c e s s e s   f o r   m a k i n g   low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e  

b a g s ,   i s   a l l e v i a t e d   by  u s i n g   t h e   p e r f o r a t i n g   b l a d e   of  t h e  

p r e s e n t   i n v e n t i o n .  

A  p o r t i o n   of  a  s e r r a t e d   p e r f o r a t i n g   b l a d e   of  t h e  

t y p e   w h i c h   may  be  e m p l o y e d   in   t he   p r a c t i c e   of   t he   p r e s e n t  

i n v e n t i o n   i s   shown  in  F i g u r e   2.  As  shown  in  F i g u r e   2  a 

s e r r a t e d   b l a d e   16  i s   c o m p o s e d   of  a  m a i n   body  p o r t i o n   17  a n d .  

a  p l u r a l i t y   of  t e e t h   18  p r o j e c t i n g   o u t w a r d l y   t h e r e f r o m   a l o n g  

one  edge   t h e r e o f .   R e c e s s e s   or  s l o t s   19  a r e   p r o v i d e d   b e t w e e n  

a d j a c e n t   t e e t h .   A l t h o u g h   t h e   s l o t s   a r e   shown  as  b e i n g  

r e c t a n g u l a r   in   s h a p e   in  F i g u r e   2,  t h e y   may  t a k e   any  f o r m .  



The  e d g e s   o f   e a c h   t o o t h   18  a r e   b e v e l e d   s u c h   as  by  s h a r p e n i n g  

to   p r o v i d e   c h a m f e r e d   f a c e s   23  and  24  and  c u t t i n g   e d g e s   20  

and  21  ( f o r m e d   by  t h e   i n t e r s e c t i o n   of   f a c e s   2 3  a n d   24  a n d  

t h e   f l a t   s i d e   o f   e a c h   t o o t h  1 8 ) .  

A n o t h e r   t y p e   of   p e r f o r a t i n g   b l a d e   i s   shown  i n  

F i g u r e   3.  S p e c i f i c a l l y ,   F i g u r e   3  i l l u s t r a t e s   a  p o r t i o n   o f  

t h e   t e e t h   a r e a   of  an  u n s l o t t e d   b l a d e   25  w h i c h   c o m p r i s e s   a  m a i n  

body   p o r t i o n   26  p r o v i d e d   a l o n g   one   e d g e   t h e r e o f   w i t h   a  

p l u r a l i t y   of   t e e t h   27.   Each   t o o t h   27  may  be  s h a r p e n e d   t o  

p r o v i d e   c h a m f e r e d   f a c e s   28  and  29  and  c u t t i n g   e d g e s   30  and  31 

f o r m e d   by  t h e   i n t e r s e c t i o n   o f   t h e   c h a m f e r e d   f a c e s   and  t h e   f l a t  

s i d e   o f   e a c h   t o o t h .   T h i s   i s   shown  in  g r e a t e r   d e t a i l   in   F i g u r e  

4  w h i c h   i l l u s t r a t e s ,   in   e x a g g e r a t e d   f o r m ,   t h e   t i p   a r e a   o f  

e a c h   t o o t h   of   t h e   b l a d e   of   F i g u r e   3 .  

The  p a r t i c u l a r   s h a p e   of  t h e   p e r f o r a t i n g   b l a d e   e m -  

p l o y e d   in   t h e   p r a c t i c e   of  t h e   p r e s e n t   i n v e n t i o n   i s   n o t  

c r i t i c a l .   I t   may  be  s l o t t e d   or   u n s l o t t e d   and  t h e   n u m b e r   o f  

t e e t h   or   s l o t s   in   t h e   b l a d e   may  v a r y   d e p e n d i n g   upon   t h e  

p a r t i c u l a r   m a t e r i a l   b e i n g   t r e a t e d ,   t he   s i z e s   of   t h e   bag  a n d  

p e r f o r a t i o n s ,   t h e   s p e e d   a t   w h i c h   t h e   p l a s t i c   f i l m   m a t e r i a l  

i s   m o v i n g   t h r o u g h   t he   a p p a r a t u s ,   e t c .   T h o s e   s k i l l e d   in  t h e  

a r t   a r e   a w a r e   of   t h e   v a r i o u s   b l a d e   c o n f i g u r a t i o n s   t h a t  c a n  

be  e m p l o y e d   f o r   t h e s e   p u r p o s e s .   G e n e r a l l y ,   any  c o n v e n t i o n a l  

t y p e   and  c o n f i g u r a t i o n   of   p e r f o r a t i n g   b l a d e   can  be  u s e d   i n  

t h e   p r a c t i c e   of  t h e   p r e s e n t   i n v e n t i o n .   I t   i s   p r e f e r r e d ,  

h o w e v e r ,   f o r   p e r f o r a t i n g   low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e ,  

t h a t   t h e   b l a d e   be  u n s l o t t e d  o f   t h e   t y p e   i l l u s t r a t e d   i n  

F i g u r e   3.  As  s t a t e d   a b o v e ,   many  c o m m e r c i a l   b a g - m a k i n g  



m a c h i n e s   a r e   d e s i g n e d   to   a c c e p t   one  or   more  b l a d e s   e a c h   t e n  

i n c h e s   in   l e n g t h .   For   u n s l o t t e d   b l a d e s   of  s u c h   l e n g t h ,   b e s t  

r e s u l t s   f o r   p e r f o r a t i n g   low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e  

h a v e   b e e n   o b t a i n e d   w i t h   b l a d e s   h a v i n g   40  t e e t h ,   a l t h o u g h   g o o d  

r e s u l t s   h a v e   a l s o   b e e n   o b t a i n e d   w i t h   b l a d e s   h a v i n g   27  or   50  

t e e t h .  

S l o t t e d   b l a d e s   may  a l s o   be  e m p l o y e d   in   t h e   p r e s e n t  

i n v e n t i o n .   G e n e r a l l y ,   a n y - s l o t t e d   b l a d e   of  c o n v e n t i o n a l  

c o n f i g u r a t i o n   may  be  e m p l o y e d ,   s u c h   as  t h o s e   r e p r e s e n t e d   b y  

F i g u r e   2.  I t   i s   n o t   n e c e s s a r y   t h a t   e a c h   t o o t h   be  s e p a r a t e d  

by  a  s l o t   f r o m   e a c h   a d j a c e n t   t o o t h   w h i c h   i s   t h e   c o n v e n t i o n a l  

c o n f i g u r a t i o n .   The  d i m e n s i o n s   of  t h e   s l o t t e d   b l a d e s   m a y  

v a r y - d e p e n d i n g   on  t h e   n a t u r e   of   t h e   m a t e r i a l   b e i n g   p e r f o r a t e d ,  

t h e   s i z e   o f  t h e   bag   b e i n g   f o r m e d ,   t h e   s i z e   of   p e r f o r a t i o n  

d e s i r e d ,   e t c .   As  a  g e n e r a l   r u l e ,   when  p e r f o r a t i n g   low  p r e s -  

s u r e - l o w   d e n s i t y   p o l y e t h y l e n e ,   w h i c h   i s   t o u g h   and  t e a r -  

r e s i s t a n t ,   t h e   w i d t h   of   e a c h   s l o t   s h o u l d   n o t   e x c e e d  

a b o u t   0 . 0 3 0   i n c h .   For   c o n v e n t i o n a l   h i g h   p r e s s u r e - l o w  

d e n s i t y   p o l y e t h y l e n e ,   t h e   s l o t   w i d t h   may  be  on  t h e   o r d e r   o f  

0 . 0 6 0   to   0 . 0 7 0   i n c h   a l t h o u g h   when  m a k i n g   g a r m e n t   bags   o f  

t h i s   m a t e r i a l   f o r   e x a m p l e ,   s l o t   w i d t h s   up  to   a b o u t   0 . 1 2 5  

i n c h   may  be  t o l e r a t e d .   Wi th   e i t h e r   t h e   s l o t t e d   or  u n s l o t t e d  

b l a d e ,   t h e   t h i c k n e s s   t h e r e o f   may  be  d e t e r m i n e d   b a s e d   on  t h e  

s t r e n g t h   of  t h e   m e t a l   c o n s t i t u t i n g   t h e   b l a d e ,   i t s   e x p e c t e d  

l e v e l   of  u s e ,   t h e   s i z e   of  p e r f o r a t i o n   r e q u i r e d ,   e t c .   A 

c o n v e n t i o n a l   p e r f o r a t i n g   b l a d e   may  be  f o r m e d   f rom  a  b l a n k  

by  m a c h i n i n g   and  t h e   t e e t h   a r e a   i s   t y p i c a l l y   of  a  l e s s e r  

t h i c k n e s s   t h a n   t h e   main   body  p o r t i o n .   G e n e r a l l y ,   f o r   b l a d e s  



f o r m e d   o f   No.  1095  c a r b o n   s t e e l ,   t h e   t h i c k n e s s   of   t h e   m a i n  

b o d y   p o r t i o n   may  be  on  t h e   o r d e r   of   a b o u t   0 . 0 5 0   i n c h   w h i l e  

t h e   t e e t h   may  h a v e   a  t h i c k n e s s   on  t h e   o r d e r   of  a b o u t   0 . 0 1 0  

to   0 . 0 1 5   i n c h .   As  i s   a p p a r e n t   t o  t h o s e   s k i l l e d   in   t h e   a r t ,  

t h e   d i m e n s i o n s   of   a  p e r f o r a t i n g   b l a d e   a r e   n o t   p a r t i c u l a r l y  

c r i t i c a l   and  a l l   of   t h e ' f o r e g o i n g   d i m e n s i o n s   may  be  v a r i e d  

d e p e n d i n g   on  t h e   c i r c u m s t a n c e s .  -  

The  c h o i c e   b e t w e e n   a  s l o t t e d   and  u n s l o t t e d   b l a d e  

may  d e p e n d   on  t h e   d e g r e e   of  c o n t r o l   d e s i r e d   o r   n e c e s s a r y   i n  

t h e   b a g - m a k i n g   m a c h i n e .   When  u s i n g   a  s l o t t e d   b l a d e ,   s u c h  

as  in   a p p a r a t u s   of  t h e   t y p e   shown  in  F i g u r e   1,  p e r f o r a t i o n s  

a r e   o b t a i n e d   as  a  r e s u l t   of  f o r c i n g   t h e   b l a d e   t h r o u g h   t h e  

p l a s t i c   f i l m   a t   l e a s t   as  f a r   as  i n t o   t h e   s l o t   w h o s e   w i d t h  

p r e d e t e r m i n e s   t h e   d i s t a n c e   b e t w e e n   p e r f o r a t i o n s .   When  u s i n g  

an  u n s l o t t e d   b l a d e   h o w e v e r ,   t h e   d e p t h   of   t h e   p e r f o r a t i o n  

s t r o k e   m u s t   be  c a r e f u l l y   c o n t r o l l e d   to   p r o v i d e   t h e   d e s i r e d  

or   n e c e s s a r y   d i s t a n c e   b e t w e e n   p e r f o r a t i o n s .   D e s p i t e   t h e  

f a c t   t h a t   f i n e r   c o n t r o l   i s   t h e r e f o r e   n e c e s s a r y   w i t h   t h e  

u n s l o t t e d   b l a d e s ,   t h e y   o f f e r   an  a d v a n t a g e   o v e r   s l o t t e d  

b l a d e s   in   t h a t   t h e r e   i s   more   c u t t i n g   e d g e   a l o n g   t h e   l e n g t h  

of   t h e   b l a d e   s i n c e   t h e r e   a r e   no  s l o t s   and  t h e r e f o r e   one  m a y  
e x t e n d   t h e   u s e f u l   l i f e   of  an  u n s l o t t e d   b l a d e   by  s u i t a b l e  

a d j u s t m e n t s   in   t h e   p e r f o r a t i n g   s t r o k e   as  t h e   c u t t i n g   e d g e  

d u l l s   f r o m   w e a r   ( i . e . ,   t h e   s t r o k e   is   c o n t r o l l e d   to  f o r c e  

more   of  t h e   t e e t h   t h r o u g h   t h e   p l a s t i c   f i l m ) .   D e p e n d i n g   u p o n  

t h e   n e e d ,   t h e   f o r e g o i n g   c o u n t e r v a i l i n g   c o n s i d e r a t i o n s   may  b e  

w e i g h e d   by  t h o s e   s k i l l e d   in   t h e   a r t   in  t h e   s e l e c t i o n   of   a 

p e r f o r a t i n g   b l a d e   c o n f i g u r a t i o n .  



The  m a t e r i a l s   of   w h i c h   t h e   p e r f o r a t i n g   b l a d e   m a y  

be  made  a r e   n o t   p a r t i c u l a r l y   c r i t i c a l .   An  a d v a n t a g e   of  t h e  

p r e s e n t   i n v e n t i o n   i s   t h a t   a  r e l a t i v e l y   s o f t e r   b l a d e   m a t e r i a l  

may  be  e m p l o y e d   s i n c e   i t   i s   t h e   h a r d   m e t a l   c o a t i n g   w h i c h  

f o r m s   t h e   c u t t i n g   e d g e .   In  f a c t ,   as  t h e   c u t t i n g   e d g e s   o f  

t h e   b l a d e   u n d e r g o   w e a r ,   t h e   s o f t e r   b l a d e   m a t e r i a l   is   w o r n  

away  p r e f e r e n t i a l l y ,   t h e r e b y   e x p o s i n g   t h e   h a r d e r   m e t a l   c o a t i n g  

on  one   s i d e   of   t h e   b l a d e .   In  e f f e c t ,   t h e   b l a d e   b e c o m e s  

s e l f - s h a r p e n i n g   in   u s e .  

The  b l a d e   s u b s t r a t e   m a t e r i a l   i s   t y p i c a l l y   m e t a l  

and  any  c o n v e n t i o n a l   c u t t i n g   b l a d e   m e t a l   h a v i n g   a  h a r d n e s s  

of   a t   l e a s t   a b o u t   40  R o c k w e l l   may  be  e m p l o y e d ,   as  i s   a p p a r e n t  

to   t h o s e   s k i l l e d   in   t h e   a r t .   An  e x a m p l e   of   a  s u i t a b l e  

m a t e r i a l   i s   t h e   c a r b o n   s t e e l   known  as  No.  1 0 9 5 .   S p r i n g  

s t e e l   i s   a l s o   e x p e c t e d   to   be  u s e f u l .   The  p r e f e r r e d   m a t e r i a l  

i s   No.  1095  c a r b o n   s t e e l .  

The  c o a t i n g   w h i c h   i s   on  one  s i d e   o n l y   o f  

t h e   p e r f o r a t i n g   b l a d e   of   t h e   i n v e n t i o n   i s   a  h a r d   m e t a l  

m a t e r i a l .   G e n e r a l l y ,   t h i s   h a r d   m e t a l l i c   c o a t i n g   s h o u l d   h a v e  

a  R o c k w e l l   h a r d n e s s   of   a t   l e a s t   a b o u t   50,  p r e f e r a b l y   a t  

l e a s t   a b o u t   70.  E x a m p l e s   of   h a r d   m e t a l l i c   m a t e r i a l s   w h i c h  

a r e ,   or   w h i c h   a r e   e x p e c t e d   to   be ,   s u i t a b l e   f o r   use   as  t h e  

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

c a r b i d e s   s u c h   as  t u n g s t e n   c a r b i d e ;   and  n i c k e l   a l l o y s ,   s u c h  

as  t h e   n i c k e l   a l l o y   c o m m e r c i a l l y   a v a i l a b l e   f rom  E l e c t r o -  

C o a t i n g s ,   I n c .   u n d e r   t h e   t r a d e n a m e   N y - C a r b   ( w h i c h   c o m p r i s e s  

a  n i c k e l - p h o s p h o r u s   m a t r i x   c o n t a i n i n g   a b o u t   30  w e i g h t   % 

of  s i l i c o n   c a r b i d e   p a r t i c l e s -   1  to  3  m i c r o n s   in   s i z e -  



e m b e d d e d   t h e r e i n ) .   T u n g s t e n   c a r b i d e   i s   t h e   p r e f e r r e d   h a r d  

m e t a l l i c   c o a t i n g   m a t e r i a l   s i n c e   i t   g e n e r a l l y   h a s   a  h a r d n e s s  

of   o v e r   70  R o c k w e l l .  

The  t e r m   " t u n g s t e n   c a r b i d e "   as  u s e d   h e r e i n   i s  

m e a n t   to   i n c l u d e   b o t h  t u n g s t e n   c a r b i d e   p e r   se  as  w e l l   a s  

t u n g s t e n   c a r b i d e  c o n t a i n i n g   s m a l l   a m o u n t s   of  o t h e r   h a r d  

m e t a l s   s u c h   as  c o b a l t .   As  an  e x a m p l e ,   t u n g s t e n   c a r b i d e  

c o a t i n g s   a r e   c o m m e r c i a l l y   a v a i l a b l e   f r o m   U n i o n   C a r b i d e  

C o r p o r a t i o n   w h i c h   c o m p r i s e   c o b a l t   in  a  m i x t u r e   of  t u n g s t e n  

c a r b i d e s ;   f o r   e x a m p l e ,   u n d e r   t h e   t r a d e n a m e s   LW-30  (13  w e i g h t  

%  C o  -   b a l a n c e   t u n g s t e n   c a r b i d e s ) ;   LW-lN30   (13  w e i g h t  %   C o  -  

b a l a n c e   t u n g s t e n   c a r b i d e s ) ;   LW-1N40  (15  w e i g h t   %  C o  -   b a l a n c e  

t u n g s t e n   c a r b i d e s ) ;   and  LW-1N20  (11  w e i g h t  %   C o  -   b a l a n c e  

t u n g s t e n   c a r b i d e s ) .   The  LW-30,   LW-1N30  and  LW-1N20  c o a t i n g s  

h a v e   h a r d n e s s   v a l u e s   of  7 4 - 7 5 ,   7 2 - 7 3   and  7 1 - 7 2   R o c k w e l l ,  

r e s p e c t i v e l y .   The  LW-1N30  i s   p r e f e r r e d .  

The  h a r d   m e t a l   c o a t i n g   may  be  f o r m e d   on  t h e   p e r -  

f o r a t i n g   b l a d e   by  any  c o n v e n i e n t   m e t h o d .   In   a  p r e f e r r e d  

e m b o d i m e n t   ( i . e . ,   a  c h a m f e r e d ,   u n s l o t t e d   b l a d e ) ,   t h e   c o a t i n g  

i s   f o r m e d   on  t h e   f l a t   s i d e   of   t he   b l a d e   a f t e r   s h a r p e n i n g   a s  

shown  in  F i g u r e s   5 -7   of  t h e   d r a w i n g s .   F i g u r e   4  i s   a  s i d e  

v i e w   of  one  of   t h e   t e e t h   of  t h e   b l a d e   of   F i g u r e   3,  h a v i n g   a  

h a r d   m e t a l   c o a t i n g   on  i t s   f l a t   s i d e .   S p e c i f i c a l l y ,   r e f e r r i n g  

to   F i g u r e   5,  a  b l a d e   t o o t h   27  i s   shown  w h i c h   h a s   a  c h a m f e r e d  

f a c e   28  f o r m e d   by  e d g e s   32  and  33  and  c u t t i n g   e d g e   30.  A 

c o a t i n g   35  ( shown  in   e x a g g e r a t e d   fo rm)   i s   p r o v i d e d   on  t h e  
f l a t   s i d e   of   t h e   t o o t h   27,  t h e r e b y   f o r m i n g   a  new,   h a r d   c u t -  
t i n g   e d g e   3 6 .  



The  t i p   a r e a   of   t h e   b l a d e   t o o t h   of   F i g u r e   5,  b e -  

f o r e   and  a f t e r   some  w e a r ,   i s   s c h e m a t i c a l l y   i l l u s t r a t e d   i n  

F i g u r e s   6  and  7,  w h i c h   a r e   e x a g g e r a t e d   f o r   d e t a i l ,   and  w h e r e  

t h e   same  r e f e r e n c e   n u m e r a l s   i n d i c a t e   t h e   same  p a r t s   as  i n  

t h e   o t h e r   d r a w i n g s .   As  b e s t   shown  in  F i g u r e   7,  as  t h e   p e r -  

f o r a t i n g   b l a d e   i s   u s e d ,   due   to   t h e   more  r a p i d   w e a r   of  t h e  

s o f t e r   b l a d e   m a i n   body   a t   38  as  c o m p a r e d   to  t h a t   of   t h e  

r e l a t i v e l y   h a r d e r   m e t a l   c o a t i n g   a t   37,  t he   b l a d e   in   e f f e c t  

i s   s e l f - s h a r p e n i n g .  

The  h a r d   m e t a l   . c o a t i n g   may  be  f o r m e d   on  t h e   p e r -  

f o r a t i n g   b l a d e   by  any  s u i t a b l e   p r o c e s s .   As  an  e x a m p l e ,   a n d  

in  a  p r e f e r r e d   e m b o d i m e n t ,   a  t u n g s t e n   c a r b i d e   c o a t i n g   may  

be  f o r m e d   by  a  c o m m e r c i a l l y - a v a i l a b l e   p r o c e s s   of  U n i o n  

C a r b i d e   C o r p o r a t i o n   known  as  f l a m e - p l a t i n g .   In  t h i s   p r o c e s s ,  

t h e   c o a t i n g   m a t e r i a l   ( t u n g s t e n   c a r b i d e ,   w i t h   or   w i t h o u t   a d d i -  

t i v e s )   i s   f i r e d   f rom  a  d e t o n a t i o n   gun  a t   t h e   p a r t   b e i n g  

c o a t e d   a t   s u p e r s o n i c   s p e e d s   and  a t   v e r y   h i g h   t e m p e r a t u r e s .  

The  p r o c e s s   i s   more  f u l l y   d e s c r i b e d   in  U .S .   P a t e n t   N o .  

2 , 7 1 4 , 5 6 3 ,   t h e   d i s c l o s u r e   of   w h i c h   i s   e x p r e s s l y   i n -  

c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   S i n c e   t he   c o a t i n g   p a r t i c l e s  

s t r i k e   t h e   p a r t   b e i n g   c o a t e d   by  t h i s   p r o c e s s   w i t h   s u c h   h i g h  

s p e e d ,   i t   may  be  n e c e s s a r y ,   and   i t   i s   t h e r e f o r e   p r e f e r r e d ,  

to  s u p p o r t   t h e   p e r f o r a t i n g   b l a d e   t e e t h   f rom  t h e   s i d e   o p p o -  

s i t e   t h e   s i d e   b e i n g   c o a t e d ,   i n   o r d e r   to  p r e v e n t   d e f o r m a -  

t i o n   of  t h e   t e e t h .   The  n e c e s s i t y   f o r   p r o v i d i n g   s u c h   s u p p o r t  

d e p e n d s   on  t h e   t h i c k n e s s   and  r i g i d i t y   of  t h e   b l a d e   and  t h e  

s p e c i f i c   c o n d i t i o n s   of  t h e   f l a m e   p l a t i n g   o p e r a t i o n .  



The  h a r d   m e t a l   m a t e r i a l   may  be  c o a t e d   o n t o   t h e '  

b l a d e   s u b s t r a t e   to   a  t h i c k n e s s   of  f r o m   a b o u t   0 . 0 0 0 5   t o  

0 . 0 0 1 5   i n c h ,   p r e f e r a b l y   f r o m   a b o u t   0 . 0 0 0 5   to   0 . 0 0 0 7   i n c h .  

In  t h e   c a s e   of   t u n g s t e n   c a r b i d e   and  a  b l a d e   u s e d   to   c u t   o r  

p e r f o r a t e   low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e ,   t he   t u n g -  

s t e n   c a r b i d e   c o a t i n g   h a s   a  t h i c k n e s s   on  t h e   o r d e r   of   a b o u t  

0 . 0 0 0 5   to   0 . 0 0 1   i n c h .  

In  a d d i t i o n   to   p e r f o r a t i n g   p l a s t i c   f i l m   p a c k a g i n g  

m a t e r i a l s   as  d i s c u s s e d   a b o v e ,   t h e   p r e s e n t   i n v e n t i o n   a l s o  

c o n t e m p l a t e s   o t h e r   p l a s t i c   f i l m   c u t t i n g   o p e r a t i o n s ,   s u c h   a s  

p u n c h i n g   and  s l i t t i n g   w h e r e i n   t h e   c u t t i n g   i n s t r u m e n t   i s  

c o a t e d   on  one  s i d e   o n l y   w i t h   a  h a r d   m e t a l   c o a t i n g   of  t h e  

t y p e s   d e s c r i b e d   a b o v e .   In  t h e   c a s e   of   p u n c h i n g ;   a  c i r c u l a r  

b l a d e   i s   g e n e r a l l y - u s e d   w h i c h   may  be  f o r m e d   o f   any  c o n -  

v e n t i o n a l   b l a d e - t y p e   m a t e r i a l ,   s u c h   as  No.  1095  c a r b o n   s t e e l .  

Such   b l a d e s   a r e   g e n e r a l l y   u n s l o t t e d   and  a r e   p r o v i d e d   w i t h  

t e e t h   a r o u n d   t h e   e n t i r e   c i r c u m f e r e n c e   of   t h e   b l a d e .   T h e  

t e e t h   may  be  s h a r p e n e d   by  b e v e l i n g   t h e   i n s i d e   e d g e s   t h e r e o f .  

When  p u n c h i n g   h o l e s   in   p l a s t i c   f i l m   m a t e r i a l ,   s u c h  a s   l o w  

p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e ,   t h e   u s e f u l   s e r v i c e   l i f e   o f  

s u c h   p u n c h i n g   b l a d e s   may  be  e x t e n d e d   by  c o a t i n g   t h e   o u t s i d e ,  

f l a t   s u r f a c e   t h e r e o f   w i t h   a  h a r d   m e t a l   m a t e r i a l   s u c h   a s  

t u n g s t o n   c a r b i d e   in   t h e   same  m a n n e r   as  d i s c u s s e d   a b o v e .  

In  a d d i t i o n   to   p u n c h i n g   b l a d e s ,   s l i t t i n g - t y p e   b l a d e s  

may  be  c o a t e d   to  e x t e n d   t h e i r   u s e f u l   s e r v i c e   l i f e   w h e n  

s l i t t i n g   m a t e r i a l s   s u c h   as  low  p r e s s u r e - l o w   d e n s i t y   p o l y -  

e t h y l e n e   f i l m .   S l i t t i n g   b l a d e s   a r e   u s e d   in  many  d i f f e r e n t  

a p p l i c a t i o n s   s u c h   as  f o r m i n g   f l a t   f i l m s   f r o m   a  f i l m   t u b e  

f o r m e d   by  a  t u b u l a r   b l o w n   f i l m   e x t r u s i o n   p r o c e s s .   The  t u b e  

may  be  s l i t   on  one  or   b o t h   s i d e s   to   p r o v i d e   t h e   f l a t   f i l m .  



In  one  i n s t a n c e ,   i t   was  t h e   p r a c t i c e   to   s h a r p e n   t h e   s l i t t i n g  

b l a d e s   o n c e   a  week  when  s l i t t i n g   c o n v e n t i o n a l   h i g h   p r e s s u r e -  

low  d e n s i t y   p o l y e t h y l e n e .   When  low  p r e s s u r e - l o w   d e n s i t y  

p o l y e t h y l e n e   was  e m p l o y e d   in  t h e   p r o c e s s ,   i t   was  f o u n d  

n e c e s s a r y   to   s h a r p e n   t h e   s l i t t i n g   b l a d e s   t w i c e   a  d a y .   T h e s e  

b l a d e s   w e r e   c u r v e d   and  w e r e   s h a r p e n e d   on  one  edge   o n l y   t o  

p r o v i d e   a  c h a m f e r e d   s u r f a c e   on  t h a t   s i d e .   By  c o a t i n g   t h e  

f l a t   s i d e . o f   t h e s e   c u r v e d   b l a d e s   w i t h   a  h a r d   m e t a l l i c  

m a t e r i a l   s u c h   as  t u n g s t e n   c a r b i d e ,   u s i n g   t h e   f l a m e - p l a t i n g  

p r o c e s s   d e s c r i b e d   a b o v e ,   i t   was  f o u n d   n e c e s s a r y   to  s h a r p e n  

t h e s e   b l a d e s   o n l y   o n c e   a  week   even   when  s l i t t i n g   low  p r e s s u r e -  

low  d e n s i t y   p o l y e t h y l e n e   f i l m .  

EXAMPLE  1 

New  1 0 - i n c h   l o n g   4 0 - t o o t h   u n s l o t t e d   b l a d e s   of  N o .  

1095  c a r b o n   s t e e l   w e r e   s h a r p e n e d   to  p r o v i d e   a  c h a m f e r e d   f a c e  

on  one  s i d e   of   e a c h   t o o t h .   The  f l a t   s i d e   of   t h e   t e e t h   o f  

t h e s e   b l a d e s   was  t h e n   c o a t e d   w i t h   a  LW-30  t u n g s t e n   c a r b i d e  

to   a  t h i c k n e s s   of   3  m i l s   and  a  s e t   of   5  b l a d e s   was  i n s t a l l e d  

in  a  G l o u c e s t e r   Mode l   418  bag  m a c h i n e .   The  m a c h i n e   w a s  

o p e r a t e d   a t   a  l i n e   s p e e d   of  170  f e e t   p e r   m i n u t e   and  a  

p e r f o r a t i n g   s p e e d   of  122  c y c l e s   p e r   m i n u t e   to   p r o d u c e  p r o d u c e -  

t y p e   b a g s   of  low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   h a v i n g   a  

t h i c k n e s s   of   0 .5   m i l .   T h e s e   b l a d e s   p r o d u c e d   good  p e r f o r a -  

t i o n s   even   a f t e r   13  d a y s   of  o p e r a t i o n   a t   w h i c h   p o i n t   2  o f  

t h e   b l a d e s   w e r e   r e m o v e d   and  i n s t a l l e d   in  a  s o - c a l l e d   wet  b a g  

l i n e  e m p l o y i n g   a  G l o u c e s t e r   Mode l   418  m a c h i n e   and  a  d o w n -  

s t r e a m   s e p a r a t o r   d e s i g n e d   to   s e p a r a t e   and  s t a c k   t h e   b a g s .  

T h i s   l i n e   was  o p e r a t e d   a t   a  s p e e d   of  170  f e e t   p e r   m i n u t e   a n d  

a  p e r f o r a t i n g   s p e e d   of  122  c y c l e s   pe r   m i n u t e   to  p r o d u c e  



low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   b a g s   h a v i n g   a  t h i c k n e s s  

of   0 .5   m i l .   T h e s e   2  b l a d e s   p r o d u c e d   good  p e r f o r a t i o n s   f o r  

an  a d d i t i o n a l   14  d a y s .  

EXAMPLE  2  . 

New  4 0 - t o o t h   u n s l o t t e d   p e r f o r a t i n g   b l a d e s ,   10  i n c h e s  

l o n g   and   c o m p o s e d   of  No.  1095  c a r b o n   s t e e l   and  h a v i n g   a  

h a r d n e s s   o f   4 6 - 4 8   R o c k w e l l   in   t h e   t e e t h   a r e a ,   w e r e   i n s t a l l e d  

in   a  b a g - m a k i n g   l i n e   u s i n g   a  G l o u c e s t e r   E n g i n e e r i n g   M o d e l  

No.  418  b a g - m a k i n g   m a c h i n e .   The  l i n e   was  o p e r a t e d   to   m a k e  

low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   p r o d u c e - t y p e   b a g s  

h a v i n g   a  t h i c k n e s s   of   0 .5   m i l .   The  l i n e   s p e e d   was  1 7 0  

f e e d   p e r   m i n u t e   and  t h e   p e r f o r a t i n g   c y c l e   was  122  c y c l e s  

p e r   m i n u t e .   T h e s e   b l a d e s   b e c a m e   t o o   d u l l   t o   p r o v i d e   g o o d  

p e r f o r a t i o n s   a f t e r   o n l y   24  h o u r s   of   u s e .   The  b l a d e s   w e r e  

r e m o v e d   f r o m   t h e   m a c h i n e   and  t h e   t i p s   of  some  of   t h e   t e e t h  

w e r e   o b s e r v e d   to   h a v e   r o l l e d   b a c k   t h e r e b y   d u l l i n g   t h o s e  

t e e t h . -  

EXAMPLE  3 

A  N y - C a r b   c o a t i n g   (30  w e i g h t   %  of   1 -3   m i c r o n   p a r t i c l e ;  

of   s i l i c o n   c a r b i d e   e m b e d d e d   in   a  n i c k e l - p h o s p h o r u s   m a t r i x )  

was  c o a t e d   o n t o   b o t h   s i d e s   of   new  1 0 - i n c h   l o n g ,   4 0 - t o o t h  

s l o t t e d   p e r f o r a t i n g . b l a d e s   f o r m e d   of   No.  1095  c a r b o n   s t e e l  

and  h a v i n g   s l o t s   0 . 0 3 0   i n c h   w i d e   b e t w e e n   e a c h   t o o t h ,   by  a  

c o n v e n t i o n a l   p l a t i n g   p r o c e s s .   The  N y - C a r b   c o a t i n g   had  a  

h a r d n e s s   of  60 -68  R o c k w e l l   and  a  t h i c k n e s s   of   3  m i l s .  

T h e s e   b l a d e s   w e r e   t h e n   i n s t a l l e d   in  t h e   same  t y p e   o f   G l o u c e s t e r  

b a g - m a k i n g   l i n e   as  u s e d   in   E x a m p l e   1.  The  l i n e   was  o p e r a t e d  



3t  253  f e e t   p e r   m i n u t e   and  a t   a  p e r f o r a t i n g   s p e e d   of  1 8 4  

c y c l e s   p e r   m i n u t e   to   p r o d u c e   t h e   same  t y p e   of   low  p r e s s u r e -  

low  d e n s i t y   p o l y e t h y l e n e   p r o d u c e - t y p e   b a g s   as  in   E x a m p l e   1 

h a v i n g   a  t h i c k n e s s   o f   0 .5   m i l .   R i g h t   a t   t h e   s t a r t   of  o p e r a -  

t i o n ,   i t   was  n o t i c e d   t h a t   t h e   p e r f o r a t i o n s   w e r e   n o t   of  g o o d  

q u a l i t y   and  t h e   b l a d e s   a f t e r   21  h o u r s   b e c a m e   t oo   d u l l   a n d  

w e r e   r e m o v e d .  

A  s e c o n d   s e t   of  t h e   same  t y p e   of   p e r f o r a t i n g  

b l a d e s   was  c o a t e d   on  b o t h   s i d e s   w i t h   t h e   same  N y - C a r b  

c o a t i n g   by  t h e   same  p l a t i n g   t e c h n i q u e   to   a  t h i c k n e s s   of  3 

m i l s ,   and  a  h a r d n e s s   of  6 0 - 6 8   R o c k w e l l   and  p l a c e d   in  t h e  

same  b a g - m a k i n g   l i n e   and  t h e n   u s e d   t o   make  t h e   same  t y p e   o f  

low  p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   b a g s .   T h i s   s e t   o f  

b l a d e s   l a s t e d   o n l y   20  h o u r s   b e f o r e   b e c o m i n g   d u l l   e n o u g h   t o  

w a r r a n t   r e m o v a l   f rom  t h e   m a c h i n e .  

.  EXAMPLE  4 

Two  s e t s   of  new  1 0 - i n c h   l o n g ,   50  - t o o t h   p e r f o r a t i n g  

b l a d e s   f o r m e d   of   No.  1095  c a r b o n   s t e e l   w e r e   s p r a y - c o a t e d   o n  

b o t h   s i d e s   w i t h   a  c o n v e n t i o n a l   a e r o s o l - t y p e   T e f l o n   s p r a y  

and  l e f t   to   d r y   f o r   s i x   h o u r s .   The  b l a d e s   w e r e   c o a t e d   a g a i n  

on  b o t h   s i d e s   w i t h   t h e   same  T e f l o n   s p r a y   and  l e f t   to   d r y  

o v e r n i g h t .   The  t h i c k n e s s   of  t h e   T e f l o n   c o a t i n g   was  0 .5   m i l .  

One  s e t   of   b l a d e s  w a s   i n s t a l l e d   in   a  b a g - m a k i n g   l i n e   u s i n g   a  

G l o u c e s t e r   Mode l   No.  418  m a c h i n e   w h i c h   was  t h e n   o p e r a t e d   a t  

a  l i n e   s p e e d   of   170  f e e t   p e r   m i n u t e   and  a t   a  p e r f o r a t i n g  

s p e e d   of  122  c y c l e s   p e r   m i n u t e   to   make  low  p r e s s u r e - l o w  

d e n s i t y   p o l y e t h y l e n e   b a g s   h a v i n g   a  t h i c k n e s s   of   0 .5   m i l .  

The  b l a d e s   w e r e   r e m o v e d   a f t e r   26  h o u r s   when  t h e   p e r f o r a t i o n s  



b e c a m e   p o o r .   The  s e c o n d   s e t   o f   t e f l o n - c o a t e d   b l a d e s ,   c o a t e d  

in  t h e   same  m a n n e r ,   l a s t e d   an  a d d i t i o n a l   4  h o u r s   in   t h e   s a m e  

l i n e   when  o p e r a t e d   u n d e r   s u b s t a n t i a l l y   t h e   same  c o n d i t i o n s .  

EXAMPLE  5 

A  s e t   of  new,   1 0 - i n c h   l o n g   5 0 - t o o t h   s l o t t e d   ( e a c h  

s l o t   b e i n g   0 . 0 3 5 - 0 . 0 4 0  i n c h   w i d e )   p e r f o r a t i n g   b l a d e s   f o r m e d  

of  No.  1095  c a r b o n   s t e e l   w e r e   d i p - c o a t e d   w i t h   T e f l o n   8 - 4 0 3  

to  a  t h i c k n e s s   of   0 . 2 - 0 . 3   m i l   f o l l o w e d   by  b a k i n g .   T h e  

r e s u l t i n g   b l a d e s   w e r e   i n s t a l l e d   in   a  b a g - m a k i n g   l i n e   u s i n g   a  

G l o u c e s t e r   M o d e l   No.  418  m a c h i n e   and  t h e   l i n e   was  o p e r a t e d  

at   a  s p e e d   of   170  f e e t   p e r   m i n u t e   and  a  p e r f o r a t i n g   s p e e d  

of  122  c y c l e s   p e r   m i n u t e   to   p r o d u c e   low  p r e s s u r e - l o w   d e n s i t y  

p o l y e t h y l e n e   b a g s .   The  b l a d e s   w e r e   r e m o v e d   a f t e r   a b o u t   4 

d a y s   due  t o   p o o r   p e r f o r a t i o n s .  

EXAMPLE  6 

The  s e t   of   b l a d e s   o f   E x a m p l e  2   w e r e ' r e s h a r p e n e d  

a f t e r   r e m o v a l   and   r e - i n s t a l l e d   in   t h e   b a g - m a k i n g   l i n e   w h i c h  

was  a g a i n   o p e r a t e d   u n d e r   s u b s t a n t i a l l y   t h e   same  c o n d i t i o n s  

as  i n -  E x a m p l e   2.  The  r e s h a r p e n e d   b l a d e s   f a i l e d   to   g i v e   g o o d  

p e r f o r a t i o n s   a f t e r   o n l y   8  to   24  h o u r s .  

I t   i s   a p p a r e n t   to   t h o s e   s k i l l e d   in   t h e   a r t   t h a t  

v a r i o u s   o t h e r   c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  in   t h e  

p r e s e n t   i n v e n t i o n   w i t h o u t   d e p a r t i n g   f rom  t h e   s p i r i t   and  s c o p e  

t h e r e o f .   I t   i s   t h e   i n t e n t i o n   n o t   to   be  l i m i t e d   by  t h e   f o r e -  

g o i n g   d e s c r i p t i o n ,   b u t   r a t h e r   o n l y   by  t h e   s c o p e   of   t h e   c l a i m s  

a p p e n d e d   h e r e t o .  



1.  A  p r o c e s s   f o r   c u t t i n g   a  p l a s t i c   f i l m   w h i c h   c o m p r i -  

s e s   c o n t a c t i n g   t h e   p l a s t i c   f i l m   w i t h   a  m e t a l   k n i f e   b l a d e  

w h i c h   h a s   a  c o a t i n g ,   on  o n l y   one  s i d e   t h e r e o f ,   of   a  h a r d  

m e t a l l i c   s u b s t a n c e   h a v i n g   a  h a r d n e s s   o f   a t   l e a s t   a b o u t   5 0  

R o c k w e l l ,   p r e f e r a b l y   a b o u t   70  R o c k w e l l .  

2.  The  p r o c e s s   o f   C l a i m   1,  w h e r e i n   t h e   e d g e   of   o n e  

s i d e   o f   s a i d   k n i f e   b l a d e   i s   b e v e l e d ,   w h e r e i n   t h e   o t h e r   s i d e  

o f   s a i d   k n i f e   b l a d e   i s   f l a t   and  w h e r e i n   s a i d   c o a t i n g   i s   o n  

s a i d   f l a t   s i d e   o n l y .  

3.  The  p r o c e s s   of   C l a i m   1  o r   2,  w h e r e i n   s a i d   m e t a l l i c  

s u b s t a n c e   c o m p r i s e s   t u n g s t e n   c a r b i d e .  

4.   The  p r o c e s s   a c c o r d i n g   t o   any   one  of   t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   s a i d   p l a s t i c   f i l m   i s   c o m p o s e d   of   l o w   p r e s -  
s u r e - l o w   d e n s i t y   p o l y e t h y l e n e .  

5.  In   a  p r o c e s s   f o r   p e r f o r a t i n g   a  p l a s t i c   f i l m   w i t h   a  

p e r f o r a t i n g   b l a d e   h a v i n g   t e e t h   a l o n g   one  e d g e   t h e r e o f   w h i c h  

c o m p r i s e s   f o r c i n g   t h e   t e e t h   of  s a i d   p e r f o r a t i n g   b l a d e  

t h r o u g h   s a i d   p l a s t i c   f i l m  i m p r o v e m e n t   c o m p r i s i n g   u s i n g   a  

p e r f o r a t i n g   b l a d e   one  s i d e   o n l y   of   w h i c h   i s   c o a t e d   w i t h   a  

h a r d   m e t a l l i c   s u b s t a n c e   h a v i n g   a  h a r d n e s s   of   a t   l e a s t   a b o u t  

50  R o c k w e l l ,   p r e f e r a b l y   of   a t   l e a s t   a b o u t   70  R o c k w e l l .  

6.  The  p r o c e s s   of  C l a i m   5,  w h e r e i n   t h e   e d g e s   on  o n e  

s i d e   of   t h e   t e e t h   of   s a i d   p e r f o r a t i n g   b l a d e   a r e   b e v e l e d ,  

w h e r e i n   t h e   o t h e r   s i d e   of   s a i d   t e e t h   i s   f l a t   and  w h e r e i n  

s a i d   c o a t i n g   i s   on  s a i d   f l a t   s i d e   o n l y .  

7.  The  p r o c e s s   of  C l a i m   6  or   7,  w h e r e i n   s a i d   m e t a l l i c  

s u b s t a n c e   c o m p r i s e s   t u n g s t e n   c a r b i d e .  



8.  The  p r o c e s s   a c c o r d i n g   t o   a n y   one  o f   t h e   C l a i m s   5  t o  

7,  w h e r e i n   s a i d   p l a s t i c   f i l m   i s   c o m p o s e d   of   l o w   p r e s s u r e -  

l o w   d e n s i t y   p o l y e t h y l e n e .  

9.  The  p r o c e s s   a c c o r d i n g   t o   a n y   one  o f   t h e   c l a i m s   5  t o  

8,  w h e r e i n   s a i d   b l a d e   h a s   s l o t s   b e t w e e n   a d j a c e n t   t e e t h .  

10 .   In   a  p r o c e s s   f o r   m a k i n g   c o n t i n u o u s   s t r i p s   o f   i n t e r l  

c o n n e c t e d   and   s e p a r a b l e   p a c k a g i n g   b a g s   c o m p o s e d   of   l o w   
p r e s -  

s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   f i l m   w h i c h   c o m p r i s e s   f o r m i n g  

a  t u b e   of   l o w   p r e s s u r e - l o w   d e n s i t y   p o l y e t h y l e n e   f i l m   a n d  

h e a t - s e a l i n g   s a i d   t u b e   a c r o s s   i t s   w i d t h   a t   p e r i o d i c   l o n g i -  

t u d i n a l l y - s p a c e d   i n t e r v a l s   and   p e r f o r a t i n g   s a i d   t u b e   a t  

s i m i l a r   i n t e r v a l s   w i t h   a  m e t a l   p e r f o r a t i n g   k n i f e   h a v i n g   a  

p l u r a l i t y   of  t e e t h   a l o n g   one  e d g e   t h e r e o f ,   t h e   i m p r o v e m e n t  

c o m p r i s i n g   u s i n g   a  p e r f o r a t i n g   b l a d e   w h o s e   t e e t h   a r e   c o a t e d  

on  one  s i d e   o n l y   w i t h   a  h a r d   m e t a l l i c   s u b s t a n c e   h a v i n g   a  

h a r d n e s s   of   a t   l e a s t   a b o u t   50  R o c k w e l l ,   p r e f e r a b l y   a b o u t   7 0  

R o c k w e l l .  

11.   The  p r o c e s s   o f   C l a i m   10,   w h e r e i n   t h e   e d g e s   of   o n e  

s i d e   of  s a i d   t e e t h   a r e   b e v e l e d ,   w h e r e i n   t h e   o t h e r   s i d e   o f  

s a i d   t e e t h   i s   f l a t   a n d   w h e r e i n   s a i d   c o a t i n g   i s   on  s a i d   f l a t  

s i d e   o n l y .  

12 .   The  p r o c e s s   of   C l a i m   10  or   11 ,   w h e r e i n   s a i d   m e t a l -  

l i c   s u b s t a n c e   c o m p r i s e s   t u n g s t e n   c a r b i d e .  
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