
m  J t u r o p a i s c t i e s   

Pa ten tamt  

European  Patent  Office  ©  Publication  number:  0  0 3 8   8 8 7  
Office  europeen  des  brevets  | 

Q5)  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80301385.3  ©  Int.  CI.3:  D  04  H  3 /03  

©  Date  of  filing:  28.04.80 

(tt)  Date  of  publication  of  application: 
04.11.81  Bulletin  81/44 

©  Designated  Contracting  States: 
AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 

©  Applicant:  TORAY  INDUSTRIES,  INC. 
2,  Nihonbashi-Muromachi  2-chome  Chuo-ku 
Tokyo  103(JP) 

@  Inventor:  Endoh,  Tadakazu 
4-11-2,  Sonoyama  2-chome 
Ohtsu-shi  Shiga-ken(JP) 

@  Inventor:  Suzuki,  Hirotsugu 
10-7-203,  Kitamagome  2-chome 
Ohta-ku  Tokyo(JP) 

@  Inventor:  Takahashi,  Masanori 
16,  Takehanadizoji-minami-cho 
Yamashina-ku,  Kyoto-shi  Kyoto-Fu(JP) 

@  Representative:  Ellis,  John  Clifford  Holgate  et  al 
MEWBURN  ELLIS  &  CO.  70-72  Chancery  Lane 
London  WC2A  1AD(GB) 

{$*)  Thermally  insulating  bulky  product  and  method  for  its  manufacture. 
A  thermally  insulating  nonwoven  bulky  product  is  made 

up  of  substantially  continuous  single  filaments  of  between 
0.01  to  2  deniers  stabilized  in  the  product  by  a  surface  binder 
on  the  filaments.  The  bulky  product  may  be  made  from  multi- 
filament  polyester  (2)  direct from  the  spinneret  by  passing  it  in 
a  high  speed  air  current  through  a  nozzle  (3)  and  against  a 
surface  (4)  where  it  is  broken  into  single  filaments  (8)  which 
pass  through  a  mist  of  binder  emulsion  ejected  from  a  spray- 
ing  nozzle  (5)  and  so  are  deposited  on  a  support  conveyor  (6). 
The  speed  of the  conveyor  (6)  is  adjusted  so  that  the  filaments 
settle  in  folds  giving  a  pile  of  substantial  thickness  which  is 
then  dried  and  heat  set  under  heated  elements  (7). 

The  product,  which  may  well  have  a  bulkiness  between  50 
and  550  ml/g,  can  be  used  for  filling  articles  such  as  duvets, 
sleeping  bags,  anoraks,  and  the  like,  and  has  a  thermal  insula- 
tion  comparable  to  that  of  down. 



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  f i b r o u s   n o n w o v e n  

m a t e r i a l s   fo r   s t u f f i n g   and ,   more  p a r t i c u l a r l y ,   to  l i g h t  

w e i g h t ,   r e s i l i e n t   and  b u l k y   m a t e r i a l s   s u i t a b l e   f o r  

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

Down  and  f e a t h e r s   have   been   w e l l   known  to  h a v e  

good  p r o p e r t i e s   as  s t u f f i n g   f o r   a r t i c l e s ,   such   a s  

e i d e r d o w n s ,   s l e e p i n g   b a g s ,   j a c k e t s   and  t h e   l i k e .  

H o w e v e r ,   t h e y   a r e   v e r y   e x p e n s i v e   on  a c c o u n t   of  t h e i r  

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

t h e y   may  no t   u n d e r g o   damage  by  i n s e c t s   or  m i c r o b e s .  

They   a l s o   have   i n h e r e n t   d r a w b a c k s ,   e . g .   t h e   n e c e s s i t y  

of  q u i l t i n g   to  a v o i d   u n e v e n   d i s t r i b u t i o n   in  s t u f f e d  

a r t i c l e s   and  of  u s i n g   e x p e n s i v e   c l o s e l y   woven  o r  

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

t h r o u g h   the   c a s i n g   f a b r i c s .  

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

h a v e   a l s o   been   u s e d   as  s t u f f i n g   in  t he   form  of  w a d d i n g  

or  a  l a p .   T h e s e   f i b r e s   h o w e v e r ,   a r e   i n f e r i o r   to  down  

and  f e a t h e r s   in  t h e i r   t h e r m a l   i n s u l a t i o n   p r o p e r t i e s ,  

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

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

an  u n d e s i r a b l e   t e n d e n c y ,   a f t e r   l ong   u s e ,   to  p r o t r u d e  

t h r o u g h   the   e n v e l o p i n g   m a t e r i a l ,   and  to  a g g l o m e r a t e   a n d  

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

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

c r i m p   or  s u r f a c e   s c a l e .  

I t   has   been   f o u n d   t h a t   a d d i t i o n   of  b o n d i n g   r e s i n  

to  bond  the   s t a p l e   f i b r e s   a t   t h e i r   c r o s s - o v e r   p o i n t s   i n  

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

b u l k   m a t e r i a l   and  p r e v e n t s   the   f i b r e s   f rom  m i g r a t i n g .  



T h e r e f o r e ,   i t   i s   c o m m e r c i a l   p r a c t i c e   t o d a y   to   c r o s s - l a p  

webs  and  s p r e a d   r e s i n   on  t he   s u r f a c e   of  t h e   l a y e r e d  

s t r u c t u r e .   I t   has   a l s o   b e e n   r e c o g n i z e d   t h a t   t oo   m u c h  

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

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

c o n s t i t u t e d   by  a  h i g h l y   c o r r u g a t e d   web  of  c o n t i n u o u s  

f i l a m e n t s ,   d i r e c t e d   s u b s t a n t i a l l y   in  t he   same  d i r e c t i o n  

and  w h e r e i n   t he   u n d u l a t i o n s   a r e   f i x e d   w i t h   t h e   a i d   o f  

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

p r e p a r a t i o n   of  such   webs  c o n s i s t e d   in  p a s s i n g   a  tow  o f  

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

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

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

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

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

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

f i l a m e n t s   even   t h o u g h   e f f o r t   has  been   made  to  b r i n g  

a b o u t   a  b u l k y   fo rm  by  the   c o r r u g a t i o n ,   and  t h e  

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

when  in  u s e ,   e . g .   c o n t r a c t i o n   in   t h e   d i r e c t i o n  

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

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

in  an  i n s u f f i c i e n t   t h e r m a l   i n s u l a t i o n   p r o p e r t y .  

A l t h o u g h   many  p r o p o s a l s   have   been   made  to  p r o v i d e  

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

d e f e c t s   of  s t a p l e   f i b r e s   or  tow  and  to  s i m u l a t e   t h e  

good  p r o p e r t y   of  down,   the.   i d e a l   s t u f f i n g   m a t e r i a l  

w h i c h   s h a l l   be  e q u a l   or  s u p e r i o r   to  n a t u r a l   down  in  i t s  

p r o p e r t y   f o r   h e a t   i n s u l a t i o n   has   no t   b e e n  i n v e n t e d   u p  

to  t he   t i m e   of  m a k i n g   t he   p r e s e n t   i n v e n t i o n .  

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

p r e s e n t   i n v e n t i o n   is  c h a r a c t e r i s e d   in  t h a t   i t   i s  

s t r u c t u r a l l y   made  up  of  s u b s t a n t i a l l y   c o n t i n u o u s   s i n g l e  



f i l a m e n t s   of  b e t w e e n   0 .01   to  2  d e n i e r   s t a b i l i s e d   in  t h e  

p r o d u c t   by  a  s u r f a c e   b i n d e r   on  t h e   f i l a m e n t s .   I t   i s  

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

t h a n   40  m l / g .  

I t   s h o u l d   be  e s p e c i a l l y   n o t i c e d   t h a t   t h e  

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

f rom  m u l t i - f i l a m e n t   is  i n c o r p o r a t e d   in  t he   b u l k y  

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

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

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

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

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

f i b r e s   s h o u l d   be  m i n i m i z e d   as  f a r   as  p o s s i b l e .  

Random  c r i m p   in  each   f i l a m e n t   h e l p s   to  a v o i d   t h e  

a b o v e - m e n t i o n e d   u n f a v o u r a b l e   b u n d l i n g   in  t h e  

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

t e n d   no t   to  s t i c k   t o g e t h e r .  

R e g u l a r   c r i m p   such   as  can  be  i n d u c e d   by  f a l s e  

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

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

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

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

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

h e a t   i n s u l a t i o n .   I n t e r l a c i n g   or  t w i s t i n g   in  t h e   m u l t i -  

f i l a m e n t   s t a t e   s h o u l d   a l s o   be  a v o i d e d   fo r   t h e   s a m e  

r e a s o n   m e n t i o n e d   a b o v e .   F i l a m e n t s   in  the   b u l k y   p r o d u c t  

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

c r i m p   w i t h   u n e v e n   form  and  number   of  c r i m p s   b e t w e e n  

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

q u a l i t y   in  t h e   t h e r m a l   i n s u l a t i o n   o v e r   l ong   use   b e c a u s e  

u n f a v o u r a b l e   a g g l o m e r a t i o n   and  l o s s   of  the   b u l k i n e s s  

can  be  c o n s i d e r a b l y   r e d u c e d .  

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



l a r g e   in  o r d e r   t h a t   t he   u n f a v o u r a b l e   a g g l o m e r a t i o n   o f  

t he   f i l a m e n t s   may  n o t   o c c u r ,   and  i t   s h o u l d   a l s o   n o t   b e  

t oo   s m a l l   in  o r d e r   t h a t   s u f f i c i e n t   b u l k i n e s s   may  b e  

s e c u r e d   in  u s e .   I t   s h o u l d   be  in  the   r a n g e   of  1  to  20  

p e r c e n t ,   and  p r e f e r a b l y   f rom  2  to  10  p e r c e n t .  

The  p e r c e n t a g e   c r i m p   of  the   f i l a m e n t   is   h e r e  

d e f i n e d   by  t h e   e q u a t i o n :  

w h e r e   1 o  is   a  d i s t a n c e   b e t w e e n   an  a r b i t r a r i l y   c h o s e n  

p o i n t s   in  t h e   f i l a m e n t   m e a s u r e d   u n d e r   a  l o a d   of  2  m g / d ,  

and  11  is  t he   d i s t a n c e   b e t w e e n   t he   same  p o i n t s   m e a s u r e d  

u n d e r   a  l o a d   of   300  m g / d .  

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

be  in  the   r a n g e   of   0 . 0 1   to  2  d e n i e r s ,   and  p r e f e r a b l y  

f rom  0 .1   to  1  d e n i e r .   Each  f i l a m e n t   may  be  e i t h e r  

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

M i x i n g   of  f i l a m e n t s   of  d i f f e r e n t   d e n i e r s   c a n  s o m e t i m e s  

be  d e s i r a b l e .   In  any  c a s e ,   too  g r e a t   a  t h i c k n e s s   o f  

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

s h o u l d   not   be  u s e d   b e c a u s e   the   i n t e n d e d   good  t h e r m a l  

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

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

become  i n s u f f i c i e n t .   On  t he   o t h e r   h a n d ,   use   o f  

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

l i m i t   s h o u l d   a l s o   be  a v o i d e d   b e c a u s e   t he   i n t e n d e d  

s t a b l e   r e s i l i e n t   b u l k i n e s s  o f   t he   p r e s e n t   i n v e n t i o n  

c a n n o t   be  b r o u g h t   a b o u t .  

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

d e r i v e d   f rom  m u l t i - f i l a m e n t   h a v i n g   a  t o t a l   d e n i e r   n o t  

l e s s   t h a n   10,  and  p r e f e r a b l y   in  the   r a n g e   of  30  t o  

3 0 0 0 .  



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

t h e   p r e s e n t   i n v e n t i o n   may  be  any  known  f i b r e - f o r m i n g  

p o l y m e r s   such   as  p o l y e s t e r s   and  p o l y a m i d e s ,   f o r   e x a m p l e  

p o l y ( b u t y l e n e   t e r e p h t h a l a t e ) ,   and  p r e f e r a b l y  

p o l y ( e t h y l e n e   t e r e p h t h a l a t e )   and  i t s   c o p o l y m e r s  

c o n t a i n i n g   no t   l e s s   t h a n   85%  r e p e a t i n g   u n i t s   o f  

e t h y l e n e   t e r e p h t h a l a t e .   The  r e m a i n i n g   r e p e a t i n g   u n i t s  

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

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

e t h y l e n e   i s o p h t h a l a t e .  

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

of  t he   p r e s e n t   i n v e n t i o n   s h o u l d   have   b i n d e r   on  t h e i r  

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

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

s t a b i l i s e   t he   b u l k i n e s s   and  to  p r e v e n t   t h e   f i l a m e n t s  

f rom  m i g r a t i n g .   The  b i n d e r   s h o u l d   no t   be  s t i c k y   in  t h e  

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

i s   s t i c k y   a t   an  i n t e r m e d i a t e   s t a t e   to  b i n d   t h e  

f i l a m e n t s   a t   t h e i r   c r o s s - o v e r   p o i n t s .   T h e r m o p l a s t i c  

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

t he   f i l a m e n t s   a r e   s u i t a b l e   fo r   t h i s   p u r p o s e .   P o l y -  

v i n y l a l c o h o l   and  p o l y a c r y l i c   e s t e r s   ( w h i c h   can   be  u s e d  

in  t he   form  of  an  e m u l s i o n )   a re   the   b e s t   s e l e c t i o n .  

The  e m u l s i f i e d   b i n d e r s   s h o u l d   be  d e p o s i t e d   on  t h e  

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

a c c u m u l a t i o n   of  t he   f i l a m e n t   so  t h a t   u n i f o r m  

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

may  be  e s t a b l i s h e d .  

I t   is   d e s i r a b l e   t h a t   t h e   amount   of  t h e   b i n d e r   i n  

_ t h e   a c c u m u l a t e d   p r o d u c t   s h o u l d   be  in  t he   r a n g e   of  0 . 5  

to  20  p e r c e n t ,   p r e f e r a b l y   f rom  2  to  10  p e r c e n t .   T o o  

much  b i n d e r   s h o u l d   n o t   be  u s e d   b e c a u s e   t he   s o f t n e s s   o r  

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



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

a l s o   d e c r e a s e s .   On  the   o t h e r   h a n d ,   t o o  l i t t l e   b i n d e r  

can   f a i l   to  b i n d   n e c e s s a r y   a m o u n t   of  t he   c r o s s - o v e r  

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

b u l k i n e s s   in  l ong   u s e .  

I f   t he   b i n d e r   i s   u s e d   as  an  a q u e o u s   e m u l s i o n ,   i t s  

m o l e c u l a r   w e i g h t   s h o u l d   n o t   be  too   l a r g e   so  t h a t   s t a b l e  

and  m i n u t e   p a r t i c l e s   of  m i s t   can  be  o b t a i n e d   f rom  t h e  

p r e d e t e r m i n e d   c o n c e n t r a t i o n   of  t he   b i n d e r   in  the   w a t e r .  

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

w e i g h t   s h o u l d   be  in  t h e   r a n g e   of  100  to  1 0 , 0 0 0 ,  

p r e f e r a b l y   f rom  200  to  2 0 0 0 ,   and  i t s   e x t e n t   o f  

s a p o n i f i c a t i o n   s h o u l d   be  g r e a t e r   t h a n   98  p e r c e n t .  

The  a c c u m u l a t e d   p r o d u c t   of  t he   p r e s e n t   i n v e n t i o n  

may  h a v e   a  s p e c i f i c   v o l u m e   of  no t   l e s s   t h a n   40  m l / g ,  

and  p r e f e r a b l y   f rom  50  to  500  m l / g   when  m e a s u r e d   u n d e r  

a  l o a d   of  0 . 1 2 5   g / c m 2 .   Such   a  h i g h   b u l k i n e s s   can  b e  

o b t a i n e d   by  t h e   a c c u m u l a t i o n   on  a  s u i t a b l e   c o n v e y o r   o f  

f i l a m e n t s   wh ich   a l r e a d y   h a v e   t he   b i n d e r   on  t h e i r  

s u r f a c e ,   and  h e a t   s e t t i n g   t he   b u l k y   form  by  s u i t a b l e  

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

t h e   p r e s e n t   i n v e n t i o n   can   t h u s   e x h i b i t   s t a b i l i t y   o f  

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

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

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

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

t h e   f o l l o w i n g   e q u a t i o n :  

w h e r e   A  is   the   w e i g h t   of  a  s a m p l e   whose   l e n g t h   a n d  

w i d t h   a r e   20  cm  and  20  cm,  r e s p e c t i v e l y ;   and  h  i s   t h e  

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



0 . 1 2 5   g / c m 2 .   The  s p e c i f i c   v o l u m e ,   as  h e r e   d e f i n e d ,  

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

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

c a l c u l a t i o n   w i t h o u t   t h e   l o a d   a b o v e - m e n t i o n e d .  

The  m a n n e r   in  w h i c h   the   f i l a m e n t s   a r e   l a i d   down  i n  

o r d e r   to  form  t he   a c c u m u l a t e d   p r o d u c t   can   be  v a r i e d ,  

p r o v i d e d   t h a t   t he   b u l k i n e s s   and  d r a p a b i l i t y   of  t h e  

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

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

of  t he   a c c u m u l a t i o n ,   and  r e m a i n   in  o v e r l a p p i n g   l a y e r s  

in  a  l o o s e   or  r e l a x e d   s t a t e .  

The  a c c u m u l a t e d   p r o d u c t   of  t he   p r e s e n t   i n v e n t i o n  

can   a d d i t i o n a l l y   be  m o d i f i e d   l a t e r   by  u s i n g   a  b i n d e r  

w h i c h   may  be  t h e   same  as  or  d i f f e r e n t   f r o m   t h e   b i n d e r  

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

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

d e s i r a b l e   so  t h a t   t he   p r o d u c t   d o e s   no t   p r o t r u d e   t h r o u g h  

c a s i n g   f a b r i c s .  

In  t he   a c c o m p a n y i n g   d r a w i n g s :  

F ig   1  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  m e t h o d   f o r   t h e  

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

t h e   i n v e n t i o n ;   a n d  

Fig   2  i l l u s t r a t e s   in  s i d e   v i e w   and  w i t h  

e x a g g e r a t i o n   how  t he   f i l a m e n t s   a r e   l a i d   down  on  t h e  

c o n v e y o r .  

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

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

d i a g r a m m a t i c a l l y ,   in  F i g .   1  of  t he   d r a w i n g s .   M u l t i -  

f i l a m e n t   2  w h i c h   is   o r d i n a r i l y   one  b u n d l e   of   f i l a m e n t s ,  

b u t   w h i c h   may  be  more   t h a n   o n e ,   m e l t - s p u n   by  a  

c o n v e n t i o n a l   m e t h o d ,   g u s h e s   ou t   t h r o u g h   t he   n o z z l e   3 

and  i m p i n g e s   a g a i n s t   a  s u r f a c e   4  w h e r e   t h e   f i l a m e n t s  

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



f i l a m e n t s   8  h a v e   b i n d e r   d e p o s i t e d   on  t h e i r   s u r f a c e   b y  

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

the   s p r a y i n g   n o z z l e   5,  a c c u m u l a t e   on  t h e   mov ing   s u p p o r t  

c o n v e y o r   6  w i t h   an  a p p a r e n t   s p e c i f i c   v o l u m e   of  n o t   l e s s  

t h a n   80  m l / g ,   and  s u c c e s s i v e l y   u n d e r g o   t h e   t r e a t m e n t   o f  

d r y i n g   and  h e a t   s e t t i n g   by  p a s s i n g   u n d e r   h e a t e d  

e l e m e n t s   7 .  

The  m u l t i - f i l a m e n t   2  may  be  p r o d u c e d   by  any  k n o w n  

m e t h o d s   in  t h e   a r t ,   bu t   the   a e r o d y n a m i c   m e l t   s p i n n i n g  

m e t h o d ,   w h e r e   t he   a e r o d y n a m i c   f r i c t i o n a l   f o r c e   of  h i g h  

s p e e d   a i r   is   u s e d   to  d raw  t he   e x t r u d e d   a s - s p u n   f i l a m e n t  

to  p r o v i d e   t he   u s e f u l   f i l a m e n t   as  s u c h ,   is   p r e f e r r e d .  

In  c a s e   of  p o l y e s t e r s ,   h i g h   t a k e - u p   s p e e d   of  t he   a s -  

spun   f i l a m e n t   can   p r o v i d e   a  u s e f u l   f i l a m e n t   w i t h o u t   t h e  

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

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

p r e p a r a t i o n   of  t h e   m u l t i - f i l a m e n t   of  t he   p r e s e n t  
i n v e n t i o n .   On  t o p   of  t h a t ,   weak  c r i m p   w h i c h   i s  

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

i f   the   t e m p e r a t u r e   of  the   f i l a m e n t   i m p i n g i n g   a g a i n s t  

t h e   s u r f a c e   4  i s   c o n t r o l l e d   so  as  to  be  in  a  r a n g e  

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

p o l y m e r   c o n c e r n e d ,   bu t   no t   more  t h a n   50°C  a b o v e   t h e  

g l a s s   t r a n s i t i o n   t e m p e r a t u r e .   The  s h a p e   of  t he   n o z z l e  

3  f rom  w h i c h  t h e   m u l t i - f i l a m e n t   2  g u s h e s   ou t   w i t h   t h e  

h i g h   s p e e d   g a s e o u s   f l u i d   such  as  a i r   may  be  of  any  f o r m  

s u c h   as  a  c i r c l e ,   s q u a r e ,   or  s l i t .   The  m u l t i - f i l a m e n t  

1  fed  to  t h e   n o z z l e   3  may  b e  d r a w n   m u l t i - f i l a m e n t  

p r e p a r e d   b e f o r e h a n d ,   bu t   the   i n c o r p o r a t i o n   of  t h e  

n o z z l e   3  in  t he   s p i n n i n g   l i n e   of  t h e   a e r o d y n a m i c   m e l t  

s p i n n i n g   is  p r e f e r a b l e .  

The  s u r f a c e   4  a g a i n s t   w h i c h   t h e   m u l t i - f i l a m e n t  

g u s h i n g   o u t   f rom  the   n o z z l e  3   w i t h   h i g h   s p e e d   g a s e o u s  



f l u i d   i m p i n g e s   may  u s u a l l y   be  a  s i n g l e   p l a n e   s u r f a c e ,  

and  the   a n g l e   b e t w e e n   the   p l a n e   and  the   i m p i n g i n g  

m u l t i - f i l a m e n t   is  d e t e r m i n e d   by  the   r e q u i r e d   e x t e n t   o f  

t h e   c r i m p   and  the   s e p a r a t i o n   of  f i l a m e n t s .   I t   u s u a l l y  

l i e s   in  t he   r a n g e   of  45  to  90  d e g r e e s .   The  o p t i m u m  

a n g l e   may  be  r e a d i l y   d e t e r m i n e d   by  a  few  p r e l i m i n a r y  

t e s t s   i f   n e c e s s a r y .   A  c u r v e d   s u r f a c e   o t h e r   t h a n   a 

p l a n e   can  a l s o   be  u s e d   to  p r o v i d e   an  e n h a n c e d   c o n t r o l  

of  t h e   m u l t i - f i l a m e n t .   The  d i s t a n c e   b e t w e e n   t h e   e x i t  

of  t he   n o z z l e   3  and  t he   p o i n t   on  the   s u r f a c e   4  w h e r e  

t he   m u l t i - f i l a m e n t   i m p i n g e s   may  a l s o   be  s e l e c t e d   by  t h e  

e x t e n t   d e s i r e d   fo r   t h e   c r i m p   and  the   s e p a r a t i o n   of  t h e  

f i l a m e n t s .  

The  m u l t i - f i l a m e n t ,  2   a f t e r   the   i m p i n g e m e n t   u p o n  
t h e   s u r f a c e   4  r u n s   on  t he   s u r f a c e   in  a  r e l a x e d   s t a t e   b y  

t h e   h e l p   of  the   t u r b u l e n t   f l o w   of  t he   a c c o m p a n y i n g  

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

s i n g l e   f i l a m e n t s .   The  s e p a r a t e d   s i n g l e   f i l a m e n t s   8 

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

t h e i r   way  to  a  s u p p o r t i n g  c o n v e y o r   6,  and  t h e r e a f t e r  

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

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

w e i g h t   pe r   u n i t   a r e a .   T h i s   d e p o s i t i o n   of  t he   b i n d e r  

b e f o r e   t he   a c c u m u l a t i o n   is   e s s e n t i a l   fo r   t h i s  p r o c e s s  

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

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

to  s t a b i l i z e   at   l e a s t   t e m p o r a r i l y   t he   no t   y e t   h e a t  

s t a b i l i z e d   a c c u m u l a t i o n ,   and  b e c a u s e   r e l a t i v e l y   u n i f o r m  

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

a t t a i n e d   w i t h   an  a p p r o p r i a t e   amoun t   d e s i r a b l e   f o r   t h e  

e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n .   An  a t t e m p t   t o  

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

f i l a m e n t   has   f a i l e d   to  p r o v i d e   the   a c c u m u l a t e d   p r o d u c t  



of  t he   p r e s e n t   i n v e n t i o n   b e c a u s e   i t   is   a l m o s t  

i m p o s s i b l e   to  d e p o s i t   t he   b i n d e r   a t   an  a p p r o p r i a t e  

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

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

The  b i n d e r   may  be  used   e i t h e r   as  s u c h   i f   i t   is  i n  

l i q u i d   s t a t e   w i t h   an  a p p r o p r i a t e   v i s c o s i t y ,   or  a s  

s o l u t i o n   or  e m u l s i o n   w i t h   s o l v e n t   or  w a t e r .   T h e  

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

of  e m u l s i f i e r s ,   s u r f a c t a n t s ,   a n t i s t a t i c   a g e n t s ,  

a n t i o x i d a n t s ,   and  c o l o u r i n g   a g e n t s   can   be  a d o p t e d   i f  

d e s i r e d .   The  b i n d e r   may  be  s e l e c t e d   f rom  the   f o l l o w i n g  

l i s t s :   p o l y v i n y l a l c o h o l ,   p o l y v i n y l p y r r o l i d o n e ,   p o l y -  

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

A f t e r   t he   d e p o s i t i o n   of  t h e   b i n d e r   on  t h e  

f i l a m e n t ,   t he   s i n g l e   f i l a m e n t s   a r e   s p r e a d   ou t   a n d  

a c c u m u l a t e d   on  t he   mov ing   s u p p o r t   so  t h a t   l a y e r e d  

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

e x t e n t   of  t he   s p r e a d i n g   ou t   can  be  d e t e r m i n e d   by  t h e  

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

f i l a m e n t s   and  t h e   mov ing   s p e e d   of  t h e   c o l l e c t i n g  

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

c o n s i d e r a b l y   h i g h e r   t h a n   the   l a t t e r   one  so  t h a t   t h e  

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

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

t h e   a c c u m u l a t i n g   f i l a m e n t s   on  t he   f i r s t   p a r t   of  t h e  

c o n v e y o r   is   shown  in  F i g .   2  of  t h e   d r a w i n g s ,   w h e r e   i t  

can  be  s e e n   t h a t   t h e   c o m p a r a t i v e l y   s l o w   s p e e d   of  t h e  

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

a r e   e j e c t e d   f rom  the   s u r f a c e   4,  r e s u l t s   in  t h e  

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

l a y e r s   w i t h   f o l d s   9  and  10  a t   t he   u p p e r   and  l o w e r  

s u r f a c e s   r e s p e c t i v e l y .   T h e s e   f o l d s   a re   h a r d l y  

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



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

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

t h a n   t w i c e   the   h e i g h t   of  t h e   a c c u m u l a t i o n ,   the   l a y e r e d  

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

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

t o g e t h e r   w i t h   t he   s t a b l e   b u l k i n e s s   d e s i r e d .  

I f   t he   w i d t h   of  t he   f an   of  f i l a m e n t s   8  is   s m a l l e r  

t h a n   the   d e s i r e d   w i d t h   of  t he   a c c u m u l a t e d   p r o d u c t ,  

p e r i o d i c a l   a l t e r a t i o n   of  t he   p o i n t   whe re   t he   i m p i n g i n g  

f i l a m e n t   m e e t s   t he   s u r f a c e   of  the   c o n v e y o r   can  b e  

a d o p t e d   w i t h   good  s u c c e s s .   The  p r o v i s i o n   of  a n o t h e r  

s p i n n i n g   head   is   an  a l t e r n a t i v e   to  b r i n g   a b o u t   t h e  

a c c u m u l a t i o n   of  t he   d e s i r e d   w i d t h .   A  s e c o n d   s p r a y i n g  

n o z z l e   ( no t   shown  in  F i g .   1)  f o r   s p r a y i n g   the   b i n d e r   o n  

t he   s u r f a c e   may  be  a d d e d   s e p a r a t e l y   fo r   t he   f i l a m e n t s  

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

s u r f a c e s   e n r i c h e d   w i t h   t he   b i n d e r .  

I t   is   i m p o r t a n t   to  l a y   t h e   f i l a m e n t s   so  as  to  f o r m  

a  b u l k y   a c c u m u l a t i o n   whose   a p p a r e n t   s p e c i f i c   v o l u m e   i s  

no t   l e s s   t h a n   80  m l / g ,   and  to  s e c u r e   t he   f i n a l   h e a t - s e t  

b u l k i n e s s   of  more  t h a n   40  m l / g .   A c c o r d i n g l y ,   s u c t i o n  

by  vacuum  from  the   u n d e r s i d e   of  the   s u p p o r t   c o n v e y o r  
s h o u l d   n o t   be  used   b e c a u s e   such   s u c t i o n   can  c a u s e   a  

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

up  to  u n d e s i r a b l e   l e v e l .  

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

t r a n s f e r r e d   to  a  d r i e r   to  e l i m i n a t e   t he   s o l v e n t   o r  

w a t e r   i f   t h e y   have   been   u s e d   in  the   p r e v i o u s   s t e p .   I n  

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

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

b u l k i n e s s   can  r e s u l t .   H e a t i n g   by  the   i n f r a r e d   r a y s   i s  

t h e   mos t   d e s i r a b l e   d r y i n g   m e t h o d   fo r   t he   p r e s e n t  

p u r p o s e .   N e x t ,   the   d r i e d   a c c u m u l a t e d   p r o d u c t   s h o u l d  



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

to  s t a b i l i z e   t he   b u l k i n e s s   of  t h e   a c c u m u l a t e d   p r o d u c t .  

An  a c c u m u l a t e d   p r o d u c t   made  up  of  p o l y e t h y l e n e  

t e r e p h t h a l a t e , f o r   e x a m p l e ,   can  be  h e a t - s e t   a t   a b o u t  

160°C  for   f i v e   m i n u t e s   to  s t a b i l i z e   t h e   c r i m p   and  t h e  

b i n d i n g   of  t h e   c r o s s - o v e r   p o i n t s .  

M o r e o v e r ,   p o l y v i n y l a l c o h o l ,   when  u s e d   as  a  b i n d e r ,  

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

a r o u n d   2 0 0 ° C ,   and  t h i s   can  be  a  d e s i r a b l e   p h e n o m e n o n  

f o r   l a t e r   u s e .  

The  a b o v e - m e n t i o n e d   two  s t e p s ,   e . g .   d r y i n g   a n d  

h e a t - s e t t i n g ,   s h o u l d   be  p e r f o r m e d   soon   a f t e r   t he   s p r e a d  

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

can   be  d i s c a r d e d   when  n e i t h e r   s o l v e n t   nor   w a t e r   i s   u s e d  

b e f o r e h a n d .  

The  b u l k y   m a t e r i a l   t h u s   o b t a i n e d   t a k e s   t h e   form  o f  

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

whose   c r o s s - o v e r   p o i n t s   have   been   p a r t l y   u n i t e d   b y  

b i n d e r   and  h e a t   s e t   to  s t a b i l i z e   t h e   b u l k y   f o r m .   T h e  

f a c t   t h a t   a  p a r t i a l   and  a p p r o p r i a t e   number   of  c r o s s -  

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

and  h e a t   s t a b i l i z e d   c o n t r i b u t e s   to  p r o v i d e   a  b u l k y  

m a t e r i a l   w h i c h   can   e a s i l y   d e f o r m   by  a  m i n u t e  

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

s t o r e   the  e l a s t i c   e n e r g y   to  r e c o v e r   to  i t s   o r i g i n a l  

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

can   c o e x i s t   in  t h e   a c c u m u l a t i o n   of  t h e   p r e s e n t  

i n v e n t i o n .   T h e  w e a k   c r i m p   endowed   in  t h e   f i l a m e n t   a l s o  

c o n t r i b u t e s   to  e n r i c h   the   a b o v e - m e n t i o n e d   e f f e c t .  

C o e x i s t e n c e   of  l u b r i c a n t   w i t h   b i n d e r   on  t h e   s u r f a c e   o f  

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

t h e   a c c u m u l a t e d   b u l k y   p r o d u c t .   The  w e i g h t  o f   l u b r i c a n t  

u s e d   may  a m o u n t   to  0 . 0 1   to  0 .5   p e r c e n t   of  t h e   w e i g h t   o f  



t h e   f i l a m e n t .   The  l u b r i c a n t   may  c o n t a i n   p o l y -  

( o r g a n o s i l o x a n e ) .  

The  b u l k y   m a t e r i a l s   t h u s   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   can  be  used   in  s l e e p i n g   b a g s ,   b e d  

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

s u c h   as  a n o r a k s ,   j a c k e t s   and  the   l i k e .   They  e x h i b i t  

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

downs   and  f e a t h e r s .  

The  i n v e n t i o n   i s   f u r t h e r   i l l u s t r a t e d   by  t h e  

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

n o t   i n t e n d e d   to  be  d e l i m i t a t i v e .  

EXAMPLE  1 

From  a  m e l t   s p i n n i n g   s p i n n e r e t   w i t h   80  h o l e s   e a c h  

of   0 . 2 0   m i l l i m e t e r   in  d i a m e t e r ,   p o l y e t h y l e n e  

t e r e p h t h a l a t e   h a v i n g   an  i n t r i n s i c   v i s c o s i t y   of  0 . 6 5  

m e a s u r e d   in  o - c h l o r o p h e n o l   at   30°C  was  m e l t   spun  a t  
290°C  i n t o   a  c h a m b e r   in  wh ich   a  p r e s s u r e   of  2 .3   K g / c m 2  

was  s e t   by  f e e d i n g   c o m p r e s s e d   a i r .   The  e x t r u d e d   m u l t i -  

f i l a m e n t   e n t e r e d   the   n o z z l e   3,  whose   i n n e r   d i a m e t e r   a n d  

l e n g t h   were   4  m i l l i m e t e r s   and  60  m i l l i m e t e r s  

r e s p e c t i v e l y ,   at  50  c e n t i m e t e r s   b e l o w   t he   s p i n n e r e t ,  

and  wen t   t h r o u g h   the   n o z z l e   w i t h   a i r   whose   v e l o c i t y  

f i n a l l y   r e a c h e d   t he   s o n i c   v e l o c i t y   a t   t h e   e x i t   of  t h e  

n o z z l e   3 .  

The  m u l t i - f i l a m e n t   g u s h e d   o u t   f rom  t h e   n o z z l e   a t  

a b o u t - 6 0 0 0   m e t e r s   pe r   m i n u t e   w i t h   t h e   h e l p   of   t he   a e r o -  

f r i c t i o n a l   f o r c e   of  t he   c o e x i s t i n g   a i r   of  s o n i c  

v e l o c i t y .   The  m u l t i - f i l a m e n t   2  t h u s   o b t a i n e d   c o m p r i s e d  
80  f i l a m e n t s ,   e ach   of  a b o u t   0 .8   d e n i e r .   At  s e v e n  

m i l l i m e t e r s   b e l o w   t he   e x i t   of  t he   n o z z l e   3,'  t h e   m u l t i -  

f i l a m e n t   i m p i n g e d   a g a i n s t   t he   p l a n e   4  whose   d i r e c t i o n  

a g a i n s t   t h a t   of  t he   i m p i n g i n g   m u l t i - f i l a m e n t   was  60 

d e g r e e s ,   and  t h e n   ran   fo r   30  c e n t i m e t e r s   a l o n g   t h e  



s u r f a c e   of  the   p l a n e   4.  D u r i n g   the   a b o v e   p r o c e s s e s  

weak  c r i m p   and  s e p a r a t i o n   of  the   m u l t i - f i l a m e n t   i n t o  

i n d i v i d u a l   s i n g l e   r e l a x e d   f i l a m e n t s   had  b e e n  

a c c o m p l i s h e d .   The  s i n g l e   f i l a m e n t s   8  t h e n   l e f t   t h e  

p l a n e   4  and  u n d e r w e n t   t h e   s p r a y i n g   of  b i n d e r ,   a n d  

t h e r e a f t e r   s p r e a d   ou t   and  l a i d   down  on  t h e   c o n v e y o r   6 

whose   s u r f a c e   v e l o c i t y   was  0 .3  m e t r e   p e r   m i n u t e .   T h e  

b i n d e r   c o n s i s t e d   of  100  p a r t s   by  w e i g h t   of   p o l y v i n y l -  

a l c o h o l   of  m o l e c u l a r   w e i g h t   a b o u t   500  and  whose   e x t e n t  

of  s a p o n i f i c a t i o n   was  g r e a t e r   t h a n   99%,  and  one  p a r t   b y  

w e i g h t   of  a  l u b r i c a n t   c o m p o s i t i o n   of   7  3   s t e a r i c   a c i d  

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

r e s p e c t i v e l y .   I t   was  s p r a y e d   on  to  t h e   s i n g l e  

f i l a m e n t s   in  an  e m u l s i f i e d   s t a t e   of  4%  in  w a t e r   so  t h a t  

t h e   f i n a l   d e p o s i t i o n   was  a b o u t  5 %   by  w e i g h t   of  t h e  

f i l a m e n t .  

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

on  the   c o n v e y o r ,   t h e   d e p o s i t i o n   p o i n t   of  t h e   f i l a m e n t s  

was  r e c i p r o c a t e d   t w i c e   pe r   m i n u t e   so  t h a t   1 . 5   m e t r e  

w i d t h   of  t he   a c c u m u l a t e d   p r o d u c t   was  a c h i e v e d .   T h e  

r e s u l t a n t   a c c u m u l a t i o n   had  20  c e n t i m e t r e s   in  t h i c k n e s s ,  

and  400  m l / g   in  a p p a r e n t   s p e c i f i c   v o l u m e .   I t   was  t h e n  

c a r r i e d   f o r   18  m i n u t e s   t h r o u g h   a  d r i e r   and  h e a t   s e t t e r  

in  w h i c h   an  i n f r a - r e d   h e a t e r   p o w e r e d   by  12  k i l o w a t t  

e l e c t r i c i t y   had  b e e n   i n s t a l l e d .   The  t e m p e r a t u r e   of  t h e  

a c c u m u l a t i o n   at  t he   e x i t   of   t he   h e a t   s e t t e r   w a s  a b o u t  

1 6 0 ° C .  

The  f i n a l   a c c u m u l a t i o n   of  t h e   f i l a m e n t s   t h u s  

o b t a i n e d   had  a  s t a b l e   b u l k i n e s s   of  104  m l / g   and  2 0 0  

g r a m s   pe r   s q u a r e   m e t r e ,   and  e x h i b i t e d   an  e x c e l l e n t  

d r a p a b i l i t y   in   s p i t e   of  s u c h   a  b u l k   f o r m .  

A  c o m f o r t e r   ( i . e .   a  s t u f f e d   b e d c o v e r )   in  w h i c h   t h e  

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



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

in  l ong   u s e .   The  a p p a r e n t   s p e c i f i c   v o l u m e   of  t h e  

c o m f o r t e r   was  a b o u t   190  m l / g .  

COMPARATIVE  EXAMPLE  1 .  

E x a m p l e   1  was  r e p e a t e d ,   e x c e p t   t h a t   the   a m o u n t   o f  

t he   d e p o s i t i o n   of  t he   b i n d e r   was  r e d u c e d   to  0.1%  b y  

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

same .   The  r e s u l t a n t   a c c u m u l a t i o n   of  t h e   f i l a m e n t s   t o o k  

a t   f i r s t   a  d e s i r a b l e   b u l k y   f o r m ,   b u t   the   b u l k i n e s s  

s w i f t l y   d e c r e a s e d   when  the   p r o d u c t   was  used   in  a  

c o m f o r t e r .   T h i s   was  c o n s i d e r e d   to  be  c a u s e d   by  a  s c a n t  

number   of  c r o s s - o v e r   p o i n t s   u n i t e d   by  b i n d e r ,   and  by  a  

poor   r e s i l i e n c y   fo r   t he   same  r e a s o n .  

COMPARATIVE  EXAMPLE  2 .  

E x a m p l e   1  was  r e p e a t e d ,   e x c e p t   t h a t   the   a m o u n t   o f  

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

i n c r e a s e d   to  25%  by  w e i g h t   of  t h e   f i l a m e n t . .   T h e  

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

i n t e n d e d   in  t he   i n v e n t i o n .  

EXAMPLE  I I .  

The  a c c u m u l a t i o n   of  t he   f i l a m e n t s   o b t a i n e d   i n  

E x a m p l e  I   was  f u r t h e r   t r e a t e d   on  i t s   s u r f a c e s   w i t h  

a d d i t i o n a l   p o l y v i n y l a l c o h o l   and  an  a d d i t i o n a l   f i v e  

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

s u r f a c e s .   The  r e s u l t a n t   a c c u m u l a t i o n   took   a  m o r e  

s t a b l e   s h a p e   w h i c h   made  i t   e a s y   to  be  c u t   or  sewed  f o r  

q u i l t i n g   u s e .  

EXAMPLE  I I I .  

The  p o t e n t i a l   of  the   t h e r m a l   i n s u l a t i o n   w a s  

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

u s e .   As  was  i n d i c a t e d   in  t h e   T a b l e   I  the   b u l k y  

m a t e r i a l   a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   had  a b o u t  

t w i c e   the   t h e r m a l   i n s u l a t i o n   of  c o t t o n ,   and  was  a l m o s t  



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

The  c l o e - v a l u e   is   a  u n i t   to  d e s i g n a t e   t h e  

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

f o l l o w s :  

One  c l o   means   such   t h e r m a l   i n s u l a t i o n   t h a t   a  man  who 

l i e s   in  r e s t   and  d i s c h a r g e s   h e a t   of  50  K c a l / m 2 . h r   f e e l s  

c o m f o r t a b l e   w i t h   h i s   s k i n   t e m p e r a t u r e   a t   33  d e g r e e s  

_ c e n t i g r a d e   u n d e r   a m b i e n t   c o n d i t i o n s   of  2 1 . 2 ° C   and  l e s s  

t h a n   50%  r e l a t i v e   h u m i d i t y   w i t h   an  a i r   f l o w   of  10  

c m / s e c .  



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

c h a r a c t e r i z e d   in  t h a t   i t   is  made  up  of   s u b s t a n t i a l l y  

c o n t i n u o u s   s i n g l e   f i l a m e n t s   of  b e t w e e n   0 .01   and  2 

d e n i e r   s t a b i l i z e d   in  t he   p r o d u c t   by  a  s u r f a c e   b i n d e r   o n  

t he   f i l a m e n t s .  

2.  A  b u l k y   p r o d u c t   a c c o r d i n g   to  c l a i m   1,  h a v i n g   a 

b u l k i n e s s   w h i c h   i s   no t   l e s s   t h a n   40  m l / g   when  m e a s u r e d  

u n d e r   a  l o a d   of  0 . 1 2 5   g / c m 2 .  

3.  A  b u l k y   p r o d u c t   a c c o r d i n g   to  c l a i m   2  w h e r e i n   t h e  

b u l k i n e s s   of  t he   p r o d u c t   l i e s   in  t h e   r a n g e   of  50  t o p  

500  m l / g .  

4.  A  b u l k y   p r o d u c t   - a c c o r d i n g   to  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   the   f i l a m e n t s   a r e   c r i m p e d ,   a n d  

the   p e r c e n t a g e   c r i m p   l i e s   in  t he   r a n g e   of  one  to  20  

p e r c e n t .  

5.  A  b u l k y   p r o d u c t   a c c o r d i n g   to  c l a i m   4  w h e r e i n   t h e  

p e r c e n t a g e   c r i m p   l i e s   in  t he   r a n g e   of  2  to  10  p e r c e n t .  
6.  A  b u l k y   p r o d u c t   a c c o r d i n g   to  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   the   s i n g l e   f i l a m e n t s   a r e  
d e r i v e d   f rom  m u l t i - f i l a m e n t   h a v i n g   a  t o t a l   d e n i e r   i n  

the   r a n g e   of  30  to  3 0 0 0 .  

7,  A  b u l k y   p r o d u c t   a c c o r d i n g   to  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   t he   s i n g l e   f i l a m e n t s   have   a 

f i n e n e s s   in  the   r a n g e   of  0 .1   to  1  d e n i e r .  

8.  A  b u l k y   p r o d u c t   a c c o r d i n g   to  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   the   a m o u n t   of  the   b i n d e r  

d e p o s i t e d   on  the   s u r f a c e   of  t he   f i l a m e n t s   l i e s   in  t h e  

r a n g e   of  0 .5   to  20  p e r c e n t   by  w e i g h t   of  t he   f i l a m e n t s .  

9.  A  b u l k y   p r o d u c t   a c c o r d i n g   to  c l a i m   8  w h e r e i n   t h e  

amoun t   of  the   b i n d e r   d e p o s i t e d   on  t he   s u r f a c e   of  t h e  

f i l a m e n t s   l i e s   in  t he   r a n g e   of  2  to  10  p e r c e n t   b y  



w e i g h t   of  t h e   f i l a m e n t s ` .  

10.   A  b u l k y   p r o d u c t   a c c o r d i n g   to  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   t he   f i l a m e n t s   a r e   l o c a t e d   i n  

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

11.   A  b u l k y   p r o d u c t   a c c o r d i n g   to  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   t he   b i n d e r   is   s y n t h e t i c  

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

t h a n   t h a t   of  t he   f i l a m e n t .  

12 .   A  b u l k y   p r o d u c t   a c c o r d i n g   to  c l a i m   11  w h e r e i n   t h e  

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

t h e   r a n g e   of  100  to  1 0 , 0 0 0 ,   and  whose   e x t e n t   o f  

s a p o n i f i c a t i o n   is  n o t   l e s s   t h a n   98  p e r c e n t .  
13 .   A  b u l k y   p r o d u c t   a c c o r d i n g   to  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   t he   f i l a m e n t s   c o m p r i s e  
p o l y e s t e r s .  

14.   A  b u l k y   p r o d u c t   a c c o r d i n g   to  c l a i m  1 3   w h e r e i n   t h e  
f i l a m e n t s   a r e   of  e i t h e r   p o l y ( e t h y l e n e   t e r e p h t h a l a t e )   o r  

p o l y ( b u t y l e n e   t e r e p h t h a l a t e ) .  

15.   A  b u l k y   p r o d u c t   a c c o r d i n g   to  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   t h e   f i l a m e n t s   a r e   t r e a t e d   w i t h  

l u b r i c a n t s   to  the   e x t e n t   of  0 . 01   to  0 .5   p e r c e n t   b y  

w e i g h t   of  t he   f i l a m e n t .  

16.   A  b u l k y  p r o d u c t   a c c o r d i n g   to  c l a i m   15  w h e r e i n   t h e  

l u b r i c a n t   c o n t a i n s   p o l y ( o r g a n o s i l o x a n e ) .  

17.   A  m e t h o d   of  m a k i n g   t h e   p r o d u c t   of  c l a i m   1  w h i c h  
c o n s i s t s   in  s e p a r a t i n g   m u l t i - f i l a m e n t   i n t o   s i n g l e  
f i l a m e n t s   of  b e t w e e n   0 . 0 1   and  2  d e n i e r ,   s p r a y i n g   t h e  

f i l a m e n t s   w i t h   s u r f a c e   b i n d e r   and  l a y i n g   them  down  on  a  
m o v i n g   b e l t   a t   a  s p e e d   w h i c h   c a u s e s   t h e   f i l a m e n t s   t o  
s e t t l e   on  t he   b e l t   in  f o l d s .  

18.   A  m e t h o d   a c c o r d i n g   to  c l a i m   17  w h e r e i n   t he   m u l t i -  
f i l a m e n t   is   d i r e c t e d   a g a i n s t   a  s u r f a c e   to  s e p a r a t e   a n d  

c r i m p   the   f i l a m e n t s .  



19.  A  m e t h o d   a c c o r d i n g   to  c l a i m   18  w h e r e i n   t h e   m u l t i -  
f i l a m e n t   i s   p a s s e d   in  a  h i g h   s p e e d   a i r   c u r r e n t   t h r o u g h  

a  n o z z l e .  
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