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Q>4)  Process  for  producing  composite  monofilaments. 
@  A  process  for  producing  a  composite  monofilament  of 
sheath-and-coretype  having  heat-adhesive  properties,  super- 
iorstrengths,  no  curl  and  no  peeling  of  the  composite  compo- 
nents  is  provided,  which  process  comprises  subjecting  a  low 
melting  polyolefin  selected  from  high  density  polyethylene, 
linear  chain,  low  density  polyethylene,  polypropylene  (PP)  of 
m.p.  135°C  or  lower,  or  mixture  thereof,  and  a  high  melting  PP 
of  m.p.  1  50°C  or  higher,  to  a  sheath-and-core  type  composite 
spinning  using  the  former  resin  as  the  sheath  component  and 
the  latter  resin  as  the  core  component,  into  a  composite  mon- 
ofilament,  the  melt  flow  index  ratio  of  the  former  component 
to  the  latter  being  1.5  —  7,  and  the  composite  ratio  being  30  : 
70  to  60  :  40;  and  stretching  the  composite  filament  to  6  ~  9 
times. 
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@ A  process  for  producing  a  composite  monofilament  of 
sheath-and-core type  having  heat-adhesive  properties,  super- 
iorstrengths,  no  curl  and  no  peeling  of the  composite  compo- 
nents  is  provided,  which  process  comprises  subjecting  a  low 
melting  polyolefin  selected  from  high  density  polyethylene, 
linear  chain,  low  density  polyethylene,  polypropylene  (PP)  of 
m.p.  135°C  or  lower,  or  mixture  thereof,  and  a  high  melting  PP 
of  m.p.  150°C  or  higher,  to  a  sheath-and-core  type  composite 
spinning  using  the  former  resin  as  the  sheath  component  and 
the  latter  resin  as  the  core  component,  into  a  composite  mon- 
ofilament,  the  melt  flow  index  ratio  of the  former  component 
to  the  latter  being  1.5 - 7,  and  the  composite  ratio  being  30: 
70  to  60 :  40;  and  stretching  the  composite  filament  to  6 -  9 
times. 



BACKGROUND  OF  THE  INVENTION 

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

T h i s   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   p r o d u c i n g  

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

" c o m p o s i t e   MF")  h a v i n g   h e a t - a d h e s i v e   p r o p e r t i e s   a n d  

e x c e l l e n t   s t r e n g t h s .   More  p a r t i c u l a r l y   i t   r e l a t e s   t o  

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

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

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

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

i n a f t e r   a b b r e v i a t e d   to  " h i g h   m e l t i n g   PP")  c o m p o n e n t   on  t h e  

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

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

s o l i d i f y i n g   and  s t r e t c h i n g .  

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

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

i n a f t e r   a b b r e v i a t e d   to  " o r d i n a r y   MF")  o b t a i n e d   by  m e l t -  

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

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

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

a b i l i t y ,   e t c . ;   h e n c e   t h e y   have   b e e n   f a b r i c a t e d   i n t o   r o p e s ,  

m a t e r i a l s   of  f i s h i n g   such   as  f i s h e r m e n ' s   n e t s ,   n e t s   f o r  



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

l i g h t - s h i e l d i n g   n e t ,   f i l t e r ,   s h e e t   f o r   p u b l i c   w o r k s ,   e t c .  

and  t h e   r e s u l t i n g   p r o d u c t s   have   b e e n   w i d e l y   u s e d .  

Among  t h e m ,   n e t s   f o r   l a n d   have   b e e n   in  most   c a s e s  

k n i t t e d   or  woven  and  t h e   r e s u l t i n g   k n i t t e d   or   w o v e n  

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

p r a c t i c a l   use   c o n s i s t s   in  t h e i r   h i g h   m e c h a n i c a l   s t r e n g t h s .  

H o w e v e r ,   s i n c e   t h e   i n t e r s e c t i n g   p a r t s   of  w a r p s   and  w e f t s   o f  

t he   n e t s   ( h e r e i n a f t e r   r e f e r r e d   to  as  " m e s h " )   a r e   n o t   b o n d e d  

t o g e t h e r ,   b u t   r e l a t i v e l y   f r e e ,   t h e   m e s h e s   s h i f t   a t   t h e   t i m e  

of  k n i t t i n g   o r   w e a v i n g   or  a t   t h e   t i m e   of  a p p l y i n g   n e t   p r o -  

d u c t s   or  d e p e n d i n g   on  t h e   p r a c t i c a l   s t a t e   of  t he   n e t s ;   t h u s  

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

of  n e t   p r o d u c t s   as  t h e i r   main   o b j e c t   i s   l o s t   or  a  g o o d  

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

On  t h e   o t h e r   h a n d ,   t h e r e   have   b e e n   known  a  t e c h n i q u e  

of  m o l d i n g   p o l y m e r s   d i r e c t l y   i n t o   t he   f o r m  o f   n e t   by  m e l t -  

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

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

f u r t h e r   s t r e t c h i n g   t h e   n e t   p r o d u c t   o b t a i n e d   above   in  b o t h  

the   l o n g i t u d i n a l   and  l a t e r a l   d i r e c t i o n s .   H o w e v e r ,   as  t o  

the   m o n o f i l a m e n t s   ( h e r e i n a f t e r   a b b r e v i a t e d   t o . " M F " )   c o n s t i -  

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

the   s t r e n g t h   of  e ach   MF  in  t h e   l o n g i t u d i n a l   d i r e c t i o n   a n d  

t h a t   in  t h e   l a t e r a l   d i r e c t i o n   a r e   b o t h   3 g / d   or  m o r e ,  



t h e   s t r e n g t h   of  e a c h   MF  of   t h e   above   p a r t i c u l a r   n e t s   i n  

t h e   l o n g i t u d i n a l   and  t h a t   in  the   l a t e r a l   d i r e c t i o n   a r e  

b o t h   1 .5   g / d   or  l e s s ,   t h a t   i s ,   e x t r e m e l y   l o w e r ;   t h u s  

a  p r o b l e m   has   b e e n   r a i s e d   t h a t   t he   p a r t i c u l a r   n e t s   c o u l d  

h a v e   b e e n   a p p l i e d   o n l y   to   e x t r e m e l y  l i m i t e d   u s e s   such   a s  

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

F u r t h e r ,   in  t he   f i e l d   of  n o n - w o v e n   f a b r i c s ,   t h o s e  

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

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

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

p a r t s   to   h o t - m e l t   a d h e s i o n ,   have   b e e n   in  r e c e n t   y e a r s  

a p p l i e d   to  v a r i o u s   u s e s .   H o w e v e r ,   s i n c e   h o t - m e l t   a d h e s i v e  

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

n e s s   as  a b o u t   1  to   30  d,  i f   i t   is  i n t e n d e d   to   use   s u c h  

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

100  d  or  more  w h i c h   has   b e e n   u sed   f o r   o r d i n a r y   MF,  t h e n   i t   i s  

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

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

a c c o r d i n g l y   v e r y   e x p e n s i v e .  

The  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  

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

p r o p e r t i e s ,   s u p e r i o r   s t r e n g t h s ,   no  c u r l   and  no  p e e l i n g  

b e t w e e n   t h e   l a y e r s   t h e r e o f .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e s i d e s   i n  



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

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

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

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

( h e r e i n a f t e r   a b b r e v i a t e d   to   " H D P E " ) ,   l i n e a r   c h a i n ,   l o w  

d e n s i t y   p o l y e t h y l e n e   ( h e r e i n a f t e r   a b b r e v i a t e d   to   " L L D P E " ) ,  

p o l y p r o p y l e n e   h a v i n g   a  m e l t i n g   p o i n t   of  135°C  o r .  l o w e r  

( h e r e i n a f t e r   a b b r e v i a t e d   to   " low  m e l t i n g   PP")  and  m i x t u r e s  

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

a  m e l t i n g   p o i n t   of  150°C  or   h i g h e r ,   to   a  s h e a t h - a n d - c o r e  

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

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

h i g h   m e l t i n g   p o l y p r o p y l e n e   as  t h e   c o r e   c o m p o n e n t ,   i n t o  

an  u n s t r e t c h e d   c o m p o s i t e   MF, 

t h e   m e l t   f l o w   i n d e x   r a t i o   ( h e r e i n a f t e r   a b b r e v i a t e d  

to  "FR  r a t i o " )   of  t he   f o r m e r   low  m e l t i n g   p o l y o l e f i n   r e s i n  

c o m p o n e n t   to   t h e   l a t t e r   h i g h   m e l t i n g   p o l y p r o p y l e n e   c o m p o -  

n e n t   b e i n g   in  t h e   r a n g e   of   1 .5   to  7,  and  t h e   c o m p o s i t e  

r a t i o   b e i n g   in  t h e   r a n g e   of   30  7 0   to   60  : 4 0 ;   a n d  

s t r e t c h i n g   t h e  u n s t r e t c h e d   c o m p o s i t e   MF  to  6  to  9 

t i m e s   t h e   o r i g i n a l   l e n g t h .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

As  f o r   HDPE  and  p o l y p r o p y l e n e   ( h e r e i n a f t e r   a b b r e v i a t e d  

to  "PP")   u s e d   in  t h e   p r e s e n t   i n v e n t i o n ,   h o m o p o l y m e r   o f  

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



of  e t h y l e n e   w i t h   p r o p y l e n e ,   b u t e n e - 1 ,   e t c .   c o m p o s e d  

m a i n l y   of  e t h y l e n e   or  c o p o l y m e r s   of  p r o p y l e n e   w i t h  

e t h y l e n e ,   b u t e n e - 1 ,   e t c .   c o m p o s e d   m a i n l y   of  p r o p y l e n e  

may  be  p r e f e r a b l y   u s e d .   F u r t h e r ,   to  t h e s e   p o l y m e r s   o r  

m i x t u r e s   t h e r e o f   may  be ,   i f   n e c e s s a r y ,   a d d e d   a d d i t i v e s  

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

s t a b i l i z e r s ,   e . g .   a n t i o x i d a n t ,   u l t r a v i o l e t   a b s o r b e r ,  

e t c . ,   c o l o r i n g   a g e n t ,   l u b r i c a n t ,   a n t i s t a t i c   a g e n t ,  

d e l u s t e r i n g   a g e n t ,   e t c .  

In  t h e   p r e s e n t   i n v e n t i o n ,   in  t h e   c a s e   w h e r e   HDPE, 

LLDPE  or  low  m e l t i n g   PP  is   m i x e d   w i t h   e a c h   o t h e r   a n d  

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

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

e x t r u d e r ,   B a n b u r y   m i x e r ,   t u m b l e r   m i x e r ,   H e n s c h e l  m i x e r ,  

e t c .   and  in  a  c o n v e n t i o n a l   m a n n e r .   F u r t h e r ,   as  f o r   t h e  

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

t e c h n i q u e s   may  be  e m p l o y e d   s u c h   as  c o m p o s i t e   e x t r u s i o n   b y  

means   of  two  e x t r u d e r s   and  c o m p o s i t e   s p i n n e r e t s   of   s i d e -  

b y - s i d e   or  s h e a t h - a n d - c o r e   t y p e ,   i t   is  p r e f e r r e d   in   t h e  

p r e s e n t   i n v e n t i o n   to  e m p l o y   c o m p o s i t e   s p i n n e r e t s   o f  

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

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

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

and  t h e   c o r e   c o m p o n e n t   of  s t r e t c h e d   c o m p o s i t e   MF. 

As  to  t he   FR  r a t i o   in  t h e   p r e s e n t   i n v e n t i o n ,   t he   h i g h  

m e l t i n g   PP  and  the   low  m e l t i n g   PP  a r e   b a s e d   on  MFR  m e a s u r e d  

a c c o r d i n g   to  ASTM  D  1238  (L) ,   and  HDPE  and  LLDPE  a r e   b a s e d   o n  

MI  m e a s u r e d   a c c o r d i n g   to  ASTM  D  1 2 3 8 ( E ) .  

The  m e l t   f l o w   i n d e x   (MFR)  of  t h e   h i g h   m e l t i n g   PP  used   o n  



t h e   c o r e   s i d e   of  t h e   c o m p o s i t e   MF  may  be  in  t h e   r a n g e   o f  

0 .3  to   15  w h i c h   has   been   u s e d   f o r   o r d i n a r y   MF,  bu t   i t s  

m e l t i n g   p o i n t   is   r e q u i r e d   to  be  150°C  or  h i g h e r ,   and  a s  

f o r   t h e   FR  r a t i o   of  t h e   low  m e l t i n g   p o l y o l e f i n   r e s i n  

c o m p o n e n t   on  the   s h e a t h   s i d e   to  t he   h i g h   m e l t i n g   PP  o n  

t he   c o r e   s i d e ,   when  t h e   r a t i o   i s ' i n   t h e   r a n g e   of  1 .5   t o  

7,  t h e   e f f e c t i v e n e s s   of  t h e   p r e s e n t   i n v e n t i o n   i s   r e m a r k -  

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

t h a n   1 5 0 ° C ,   i t s   s t r e n g t h   as  a  b a s i c   p e r f o r m a n c e   of  t h e  

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

i n c r e a s e   so  t h a t   when  a  n e t   p r e p a r e d   by  k n i t t i n g   or  w e a v i n g  

t h e   a b o v e   c o m p o s i t e   MF  is   s u b j e c t e d   to  h e a t   s e t ,   s h r i n k -  

d e f o r m a t i o n   is   n o t a b l e .   I f   t h e   FR  r a t i o   is   l o w e r   t h a n   1 . 5 ,  

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

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

I f   i t   i s   h i g h e r   t h a n   7,  t h e   f l u i d i t y   of  t h e   s h e a t h   c o m -  

p o n e n t   in  t he   n o z z l e   is  d i f f e r e n t   f rom  t h a t   of  t he   c o r e  

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

s t r a i n   due  to  t he   d i f f e r e n c e   in  t h e   c r y s t a l l i z a t i o n  

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

in  t h e   vo lume   s h r i n k a g e   b e t w e e n   the   two  c o m p o n e n t s   d u r i n g  

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

so  t h a t   e x t r u d e d   u n s t r e t c h e d   MF  b e n d s   or   c u r l s   a t   t h e   e x i t  

of  t h e   n o z z l e   to  make  s p i n n a b i l i t y   i n f e r i o r .   F u r t h e r   s i n c e  

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



t h e   s h e a t h   and   c o r e   c o m p o n e n t s   i n c r e a s e s ;   h e n c e   s t r e t c h i n g  

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

MF,  e t c .   a r e   l i a b l e   to   o c c u r .  

The  low  m e l t i n g   p o l y o l e f i n   r e s i n   u s e d   as  t h e   s h e a t h  

c o m p o n e n t   c o n s t i t u t e s   a  c o m p o n e n t   by  w h i c h   a d h e s i v e  

p r o p e r t i e s   due  to   h e a t - m e l t   a d h e s i o n   a r e   i m p a r t e d   t o  

c o m p o s i t e   MF,  and  t h e   e f f e c t i v e n e s s   i s   f u l l y   e x h i b i t e d  

by  s i n g l e   u s e   of   HDPE,  LLDPE  or  a  low  m e l t i n g   PP,  b u t   e v e n  

when  two  or  more   k i n d s   t h e r e o f   a r e   u s e d   in  a d m i x t u r e ,  

t h e   same  e f f e c t i v e n e s s   as  in  t h e   s i n g l e   u se   i s   e x h i b i t e d .  

In  t h i s   c a s e ,   as  f o r   t h e   c o m b i n a t i o n   of  t h e   c o m p o n e n t s ,  

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

p r e f e r r e d .   When  a  low  m e l t i n g   PP  is   u s e d   as  t he   s h e a t h  

c o m p o n e n t ,   i t s   m e l t i n g   p o i n t   i s   n e c e s s a r y   to   be  135°C  o r  

l o w e r .   I f   i t   i s   h i g h e r   t h a n   1 3 5 ° C ,   when  t h e   r e s u l t i n g  

n e t   i s   s u b j e c t e d   to   h e a t   s e t ,   t h i s   i s   n e c e s s a r i l y   c a r r i e d  

ou t   at   a  h i g h   t e m p e r a t u r e   and  f o r   a  l o n g   t i m e ;   h e n c e   e v e n  

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

c o m p o n e n t   of   t h e   c o m p o s i t e   MF  i s   l o s t   by  t h e   h e a t   a t   t h e  

t i m e   of   t h e   h e a t   s e t ,   to  r e d u c e   i t s   s t r e n g t h   and  t h e r e b y  

damage   t h e   s t r e n g t h - r e t a i n i n g   c h a r a c t e r i s t i c   of  t h e   c o r e  

c o m p o n e n t .  

The  m e l t i n g   p o i n t   of  t h e   low  m e l t i n g   p o l y o l e f i n   r e s i n  

is   p r e f e r a b l y   80°C  or  h i g h e r   and  more  p r e f e r a b l y   100°C  o r  

h i g h e r .  

The  c o m p o s i t e   r a t i o   of  t h e   s h e a t h   c o m p o n e n t   t o  

t h e   c o r e   c o m p o n e n t   i s   p r e f e r a b l y   in  t h e   r a n g e   of  30  7 0  

to  60  : 4 0 .   I f   t h e   s h e a t h   c o m p o n e n t   is   l e s s   t h a n   30%, 



s p i n n a b i l i t y   and  s t r e t c h a b i l i t y   a r e   l i a b l e   to  be  i n f e r i o r ,  

and  a l s o   s i n c e   t h e   a m o u n t   of  t h e   h e a t - a d h e s i v e   c o m p o n e n t  

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

a d h e s i o n   p a r t   of   t h e   mesh  of  t h e   n e t   b e c o m e s   weak.   On 

t he   o t h e r   h a n d ,   i f   t h e   c o r e   c o m p o n e n t   i s   l e s s   t h a n   4 0 % ,  

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

of  t h e   r o l e   t h e r e o f   i s   r e d u c e d .  

As  to   t h e   s t r e t c h i n g   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   a p p a r a t u s   and  p r o c e s s   f o r   s t r e t c h i n g   may  b e  

e m p l o y e d   w h i c h   have   b e e n   e m p l o y e d   f o r   o r d i n a r y   MF. 

The  s t r e t c h   r a t i o   i s   s u i t a b l y   in  t h e   r a n g e   of  6  to   9 

t i m e s   t h e   o r i g i n a l   l e n g t h .   In  t h e   c a s e   of   c o m p o s i t e   MF, 

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

t h a t   of  o r d i n a r y   MF,  i f   t h e   r a t i o   i s   l o w e r   t h a n   6  t i m e s ,  

i t s   s t r e n g t h   i s   l ow ,   w h i l e   i f   i t   e x c e e d s   9  t i m e s ,   i t s  

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

MF  i s   p o o r   in   t h e   c o m p a t i b i l i t y   of  p o l y m e r s   at   t h e   b o u n d -  

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

b e t w e e n   t h e   s h e a t h   c o m p o n e n t   and  t h e   c o r e   c o m p o n e n t  

b e c o m e s   r e m a r k a b l e   so  t h a t   t r o u b l e s   s u c h   as  t u r n o v e r   o r  

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

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

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

s u c h   as  bad  t a k e - u p   s h a p e   or  g e t t i n g   o u t   of  t a k e - u p   s h a p e .  

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



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

a p p l y   a n n e a l i n g   f o r   r e l a x a t i o n   t h e r e t o   e m p l o y i n g   a  g e n e r a l  

a p p a r a t u s   and  p r o c e s s .  

The  c o m p o s i t e   MF  of  t h e   p r e s e n t   i n v e n t i o n   may  u s u a l l y  
be  p r e f e r a b l y   u s e d   in  a  t h i c k n e s s   of  100  to   1 , 0 0 0   d .  

The  c o m p o s i t e   MF  o b t a i n e d   a c c o r d i n g   to   t h e   p r e s e n t  

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

t h o s e   of  o r d i n a r y   MF  and  i s   a t   t h e   same  t i m e   p r o v i d e d  

w i t h   h e a t - a d h e s i v e   p r o p e r t i e s .   F u r t h e r ,   t h e   n e t - f o r m  

p r o d u c t   h a v i n g   i t s   mesh  p a r t   b o n d e d   t o g e t h e r   by  h e a t -  

a d h e s i o n ,   o b t a i n e d   by  s u b j e c t i n g   a  n e t - f o r m   m a t e r i a l  

p r e p a r e d   by  k n i t t i n g   or  w e a v i n g   t h e   a b o v e   c o m p o s i t e   MF, 

to   h e a t   t r e a t m e n t   by  way  of  a  g e n e r a l   means   such   as  h e a t i n g  

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

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

c o n s i s t i n g   of  o r d i n a r y   MF  and  h a r d l y   c a u s e s   mesh  d e f o r m a -  

t i o n .  

The  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   b e l o w   by  w a y  

of  E x a m p l e s   and  C o m p a r a t i v e   e x a m p l e s .   The  s t a n d a r d s   b a s e d  

on  w h i c h   t h e   e v a l u a t i o n s   of  c o m p o s i t e   MF  and  n e t s   o b t a i n e d  

t h e r e f r o m   were   made  and  t h e   d e f i n i t i o n s   of  s y m b o l s   i n  

T a b l e s   l i s t e d   l a t e r   a r e   as  f o l l o w s :  







E x a m p l e   1  and   C o m p a r a t i v e   e x a m p l e   1 

U s i n g   as  a  c o r e   c o m p o n e n t ,   v a r i o u s   k i n d s   of   PP  h a v i n g  

a  m e l t i n g   p o i n t   o f   161°C  and  v a r i o u s   MFR  v a l u e s   and   a s  

a  s h e a t h   c o m p o n e n t ,   HDPE  or   LLDPE  h a v i n g   v a r i o u s   MI  v a l u e s  

or  PP  h a v i n g   a  m e l t i n g   p o i n t   of   1 2 8 ° C ,   and  e m p l o y i n g   t w o  

e x t r u d e r s   e a c h   h a v i n g   a  b o r e   d i a m e t e r   of   40  mm  and  a  c o m -  

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

d i a m e t e r   o f   1 . 5   mm,  m e l t - e x t r u s i o n   was  c a r r i e d   o u t   a t  

an  e x t r u s i o n   t e m p e r a t u r e   on  t h e   c o r e   s i d e   of   2 6 0 ° C ,  

a t   an  e x t r u s i o n   t e m p e r a t u r e   on  t h e   s h e a t h   s i d e   of  2 4 0 ° C  

and  a t   a  c o m p o s i t e   s p i n n e r e t   t e m p e r a t u r e   of   2 6 0 ° C ,   f o l l o w e d  

by  s p i n n i n g   t h r o u g h   c o o l i n g   to   o b t a i n   an  u n s t r e t c h e d   c o m -  

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

r a t i o   of  50  : 5 0 ,   w h i c h   was  t h e n   s t r e t c h e d   to   5  to   10  t i m e s  



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

o b t a i n   v a r i o u s   k i n d s   of   c o m p o s i t e   MF  of   450  d.  T h e  

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

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

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

shown  in  T a b l e   1.  F u r t h e r ,   v a r i o u s   k i n d s   of   c o m p o s i t e   MF 

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

i n t o  a   n e t - f o r m   p r o d u c t   h a v i n g   a  woven   d e n s i t y   of   5  w a r p s /  

25  mm x5  w e f t s / 2 5   mm,  w h i c h   was  t h e n   h e a t - s e t   in   a  h o t  

a i r - h e a t i n g   v e s s e l   a t   140°C  f o r   1 . 5   m i n u t e ,   t a k e n   o u t   a n d  

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

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

i t e   MF.  The  r e s u l t s   a r e   shown  in  T a b l e   2 .  

From  t h e s e   T a b l e s   i t   i s   s e e n   t h a t   when  a  h i g h   m e l t i n g  

PP  of   m . p .   161°C  i s   u s e d   as  a  c o r e   c o m p o n e n t   and  e i t h e r  

one  of   HDPE  or   LLDPE  or   a  low  m e l t i n g   PP  of   m . p .   128°C  i s  

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

of  1 . 5   to   7 . 0   and   t h e   s t r e t c h   r a t i o   i s   in   t h e   r a n g e   of  6 

to   9  t i m e s ,   i t   i s   p o s s i b l e   to   o b t a i n   a  s t r e t c h e d   MF  h a v i n g  

a  s t a b i l i z e d   c o m p o s i t e   s t r u c t u r e   w i t h o u t   any   p e e l ,   a n d  

a l s o   t h a t   among  t h e   a b o v e   c a s e s ,   when  a  low  m e l t i n g   PP  i s  

u s e d   as  a  s h e a t h   c o m p o n e n t ,   a  c o m p o s i t e   MF  w h i c h   i s   p a r -  

t i c u l a r l y   d i f f i c u l t   to   p e e l   i s   o b t a i n e d .   F u r t h e r   i t   i s  

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

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



h a v e   t h e   mesh   p a r t s   b o n d e d   t o g e t h e r   by  h e a t   a d h e s i o n   a n d  

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

E x a m p l e   2  and  C o m p a r a t i v e   e x a m p l e  2  

U s i n g   as  a  c o r e   c o m p o n e n t ,   PP  h a v i n g   a  m . p .   of  1 6 1 ° C  

and  a  MFR  o f   3 . 1 ,   and  as  a  s h e a t h   c o m p o n e n t ,   e i t h e r   o n e  

of   HDPE,  LLDPE  or   PP  of   m . p .   1 2 8 ° ,   s p i n n i n g   was  c a r r i e d  

o u t   u n d e r   t h e   same  c o n d i t i o n s   as  in   E x a m p l e   1  to   o b t a i n  

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

c o r e   t y p e ,   w h i c h   we re   t h e n   s t r e t c h e d   by  m e a n s   of   a  w e t  

t y p e ,   h e a t   s t r e t c h i n g   a p p a r a t u s   to   o b t a i n   c o m p o s i t e   MFs 

of   450  d.  The  s p i n n a b i l i t y   and  s t r e t c h a b i l i t y   of   t h e  

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

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

p r o d u c t s   p r e p a r e d   f rom  t h e   a b o v e   c o m p o s i t e   MFs  in   t h e   s a m e  

m a n n e r   as  in   E x a m p l e   1  a r e   shown  in  T a b l e   3 .  

From  T a b l e   3  i t   i s   s e e n   t h a t   when  t h e   c o m p o s i t e  

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

of   30  7 0   to   60  : 4 0 ,   t h e   s p i n n i n g   and  s t r e t c h i n g   s t a b i l -  

i t i e s   o f   c o m p o s i t e   MF  and  t h e   h e a t - a d h e s i v e   p r o p e r t i e s  

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

f r o m   c o m p o s i t e   MF  a r e   s u p e r i o r .  

E x a m p l e   3  and  C o m p a r a t i v e   e x a m p l e   3 

U s i n g   as  a  c o r e   c o m p o n e n t ,   PP  h a v i n g   a  m . p .   of   1 6 1 ° C  

and  a  MFR  of   3 .1   and  as  a  s h e a t h   c o m p o n e n t ,   v a r i o u s   l o w  

m e l t i n g   PPs  h a v i n g   a  MFR  of   1 5 . 5   and  v a r i o u s   m e l t i n g  



p o i n t s ,   c o m p o s i t e   MFs  w e r e   p r e p a r e d   u n d e r   t h e   s a m e  

c o n d i t i o n s   as  in  E x a m p l e   1.  The  h e a t - a d h e s i v e   p r o p e r -  

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

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

The  r e s u l t s   a r e   shown  in  T a b l e   4 .  

From  T a b l e   4  i t   i s   s e e n   t h a t   in  t h e   c a s e   w h e r e  

a  low  m e l t i n g   PP  i s   u s e d   as  t h e   s h e a t h   c o m p o n e n t ,   i f   i t s  

m e l t i n g   p o i n t   e x c e e d s   1 3 5 ° C ,   t h e   c o n t r a r y   p r o p e r t i e s   t o  

e a c h   o t h e r   of   t h e   h e a t - a d h e s i v e   p r o p e r t i e s   and   t h e  

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

s e t t i n g   c o n d i t i o n s   of  n e t - f o r m   p r o d u c t s ,   and  as  t h e  

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

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

is   r a i s e d   in   o r d e r   to   i m p r o v e   h e a t - a d h e s i v e   p r o p e r t i e s ,  

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

i n g   c o n t r a r i l y   b e c o m e s   t o o   l o w .  

E x a m p l e   4 

A  PP  h a v i n g   a  m .p .   of   161°C  and  a  MFR  of   3 . 1   w a s  

u s e d   as  a  c o r e   c o m p o n e n t ,   and  t h r e e   k i n d s   o f   m i x e d  

r e s i n s   o b t a i n e d   by  m i x i n g   t h e   r e s p e c t i v e   two  o f   HDPE,  

LLDPE  o r   a  PP  of   m . p .   128°C  in   a  r a t i o   of   1  : 1   by  m e a n s  

of  a  H e n s c h e l   m i x e r ,   f o l l o w e d   by  e x t r u d i n g   and   g r a n u l a t -  

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

d i a m e t e r   of   40  mm  w e r e   u s e d   as  a  s h e a t h   c o m p o n e n t ,  

r e s p e c t i v e l y .   E v a l u a t i o n   was  made  as  in  E x a m p l e   1 .  

The  r e s u l t s   a r e   shown  in  T a b l e   5 .  



From  T a b l e   5  i t   i s   s e e n   t h a t   e v e n   when  m i x e d  

r e s i n s   of   HDPE,  LLDPE  or   a  low  m e l t i n g   PP  a r e   u s e d   a s  

a  s h e a t h   c o m p o n e n t ,   t h e   same  e f f e c t i v e n e s s   as  in  t h e  

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

E x a m p l e   5  and  C o m p a r a t i v e   e x a m p l e   4 

PPs  h a v i n g   s i m i l a r   MFRs  and  v a r i o u s   m e l t i n g   p o i n t s  

w e r e   u s e d   as  a  c o r e   c o m p o n e n t ,   and  HDPE,  LLDPE  o r   a  PP  o f  

m .p .   128°C  was  s i n g l y   u s e d   as  a  s h e a t h   c o m p o n e n t .  

E v a l u a t i o n   was  made   as  in   E x a m p l e   1.  The  r e s u l t s   a r e  

shown  in  T a b l e   6 .  

From  T a b l e   6  i t   i s   s e e n   t h a t   when  t h e   m e l t i n g   p o i n t  

of  c o r e   c o m p o n e n t   i s   l o w e r   t h a n   1 5 0 ° C ,   r e d u c t i o n   in  t h e  

r e s i d u a l   s t r e n g t h   i s   r e m a r k a b l e   a l t h o u g h   no  p r o b l e m   i s  

r a i s e d   as  t o   h e a t - a d h e s i v e   p r o p e r t i e s .  















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

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

w h i c h   c o m p r i s e s  

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

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

l i n e a r   c h a i n ,   low  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   h a v i n g  

a  m e l t i n g   p o i n t   of   135°C  or   l o w e r   and  m i x t u r e s   of  t h e  

f o r e g o i n g ,   and  a  h i g h   m e l t i n g   p o l y p r o p y l e n e   h a v i n g  

a  m e l t i n g   p o i n t   of   150°C  or   h i g h e r ,   to   a  s h e a t h - a n d -  

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

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

h i g h   m e l t i n g   p o l y p r o p y l e n e   as  t h e   c o r e   c o m p o n e n t ,   i n t o  

an  u n s t r e t c h e d   m o n o f i l a m e n t ,  

t h e   m e l t   f l o w   i n d e x   r a t i o   of   t h e   f o r m e r   low  m e l t i n g  

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

p o l y p r o p y l e n e   c o m p o n e n t   b e i n g   in   t h e   r a n g e   of  1 . 5   to  7 ,  

and  t h e   c o m p o s i t e   r a t i o   b e i n g   in   t h e   r a n g e   of  30  7 0   t o  

60  : 4 0 ;   a n d  

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

to   6  to   9  t i m e s   t h e   o r i g i n a l   l e n g t h .  



2.  A  process   according   to  claim  1,  wherein  the  low  m e l t i n g  

p o l y o l e f i n   res in   and/or   the  high  mel t ing   po lypropylene   is  a  homo- 

polymer .  

3.  A  process   according   to  claim  1  or  2,  wherein  the  m e l t i n g  

point  of  the  low  mel t ing   p o l y o l e f i n   r e s in   is  80°C  or  h i g h e r .  

4.  A  composite  monofilament  produced  by  a  method  a c c o r d i n g  

to  any  proceeding  claim  and  having  a  t h i c k n e s s   of  100  to  1000d.  

5.  A  net  made  from  composite  monofilament  according  to  claim  4 .  
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