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©  Method  and  apparatus  for  use  in  the  manufacture  of  paper 
In  the  manufacture  of  paper  or  paperboard  from  a 

non-woven  web  of  fibrous  cellulosic  material,  which  is 
wet-formed  on  a  travelling  foraminous  forming  band  (11), 
the  aqueous  paper-making  stock  is  prepared  in  a  defibering 
and  mixing  unit  (6)  from  dry  mechanical  wood  pulp.  Water  is 
added  to  the  dry  fibrous  pulp  produced  in  the  unit  (6)  and 
mixed  to  form  a  stock  which,  preferably,  has  a  water  content 
of  99%  by  weight.  The  resulting  stock  is  wet-laid  on  the 

forming  band  (11)  to  form  the  web  which  is  thereafter 
partially  dewatered  by  vacuum  dewatering  boxes  (12,13),  for 
example,  to  a  solids  content  of  10-20%  by  weight,  and  then 
consolidated  in  two  press-drying  stages  (15-21,  22-28)  to 
form  a  paperweb.  The  web  is  supported  by the  forming  band 
(11)  during  its  travel  through  the  press-drying  stages  and  the 
band  presses  the  web  into  contact  with  the  drying  cylinders 
(18,  25)  between  the  pressure  nips  (15-17,  22-24)  of  the  two 
stages. 



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  t he   m a n u f a c t u r e   o f  

p a p e r   and  p a p e r b o a r d   or   b o x b o a r d   f rom  n o n - w o v e n   webs   o f  

f i b r o u s   c e l l u l o s i c   m a t e r i a l   and ,   more  p a r t i c u l a r l y ,   to  t h e  

m a n u f a c t u r e   of  s u c h   n o n - w o v e n   webs  f rom  d ry   m e c h a n i c a l l y  

p r e p a r e d   wood  p u l p .  

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

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

c o n s u m p t i o n   of  w a t e r   in   t h e   p r e p a r a t i o n   of  t he   a q u e o u s  
c e l l u l o s i c   s t o c k .   T h i s   n o t   o n l y   r e s u l t s   in   a  h i g h   o v e r a l l  

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

of  w a t e r   s u p p l i e s   by  e f f l u e n t ,   u n l e s s   e x p e n s i v e   p r e v e n t i v e  

a c t i o n   i s   t a k e n .  

I t   i s   an  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   to  r e d u c e  

t he   q u a n t i t y   of  w a t e r   r e q u i r e d   in   t he   m a n u f a c t u r e   of   p a p e r  
web  and  to   r e d u c e   t h e   o v e r a l l   e n e r g y   r e q u i r e m e n t s   of   t h e  

p a p e r - m a k i n g   p r o c e s s .  

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

p a p e r   or  p a p e r b o a r d   i n   w h i c h   a  n o n - w o v e n   web  of  f i b r o u s  

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

f o r m i n g   band   and  d e w a t e r e d ,   c h a r a c t e r i s e d   by  the   s t e p s   o f  

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

t h e r e t o   and  m i x i n g   to   f o r m   an  a q u e o u s   s t o c k ,   w e t - l a y i n g  

the   s t o c k   o n t o   t he   f o r m i n g   b a n d   to  fo rm  the   web,  p a r t i a l l y  

d e w a t e r i n g   t he   web,   and  c o n s o l i d a t i n g   the   p a r t i a l l y   d e w a t e r e d  

web  by  t he   a p p l i c a t i o n   of  h e a t   and  p r e s s u r e   t h e r e t o .  

The  i n v e n t i o n   a l s o   c o n s i s t s   in   a p p a r a t u s   f o r   m a n u -  

f a c t u r i n g   p a p e r   or  p a p e r b o a r d   i n   w h i c h   a  n o n - w o v e n   web  o f  

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

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

d e f i b e r i n g   and  m i x i n g   means   f o r   p r o v i d i n g   d ry   m e c h a n i c a l l y  

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

a q u e o u s   s t o c k ,   means   f o r   w e t - l a y i n g   s a i d   s t o c k   o n t o   t h e   b a n d   t o  

p r o d u c e   t he   web  t h e r e o n ,   d e w a t e r i n g   means  f o r   p a r t i a l l y  

d e w a t e r i n g   s a i d   web,   and  c o n s o l i d a t i n g   means  f o r   c o n s o l i -  

d a t i n g   the   p a r t i a l l y   d e w a t e r e d   web  by  means  of  t h e   a p p l i -  

c a t i o n   of  h e a t   and  p r e s s u r e   t h e r e t o .  



The  d ry   m e c h a n i c a l   p u l p   u s e d   in   the   m e t h o d   of   t h i s  

i n v e n t i o n   may  i n c l u d e   w a s t e   p a p e r .   P r e f e r a b l y ,   w a t e r   i s  

a d d e d  t o   t he   d ry   p u l p   and   m i x e d   to   f o rm  an  a q u e o u s   s t o c k  

c o n t a i n i n g   a b o u t   99%  by  w e i g h t   of  w a t e r .   The  web  w e t -  

l a i d   on  t h e   f o r m i n g   b a n d   or   w i r e   may  be  p a r t i a l l y   d e w a t e r e d  

to  a  s o l i d s   c o n t e n t   of   a b o u t   10-20%  by  w e i g h t   by  v a c u u m  

d e w a t e r i n g .   I t   may  be  c o n s o l i d a t e d   by  a d v a n c i n g   t h e  

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

t h r o u g h   one  or  more  p r e s s u r e   n i p s   p r o v i d e d   b e t w e e n   one  o r  

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

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

t h e r e o f ,   by  means  of  t h e   f o r m i n g   b a n d .   P r e f e r a b l y ,   t h e  

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

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

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

nps  b e i n g   in   t h e   r a n g e   f r o m   8 . 5 - 1 8 0   k g / c m   and  t he   t e m p e r a -  

t u r e   of  t h e   or  e a c h   d r y i n g   c y l i n d e r   b e i n g   i n   t he   r a n g e   f r o m  
6 5 - 2 5 0 0 C .  

The  i n v e n t i o n   e n a b l e s   a  d r y i n g   r a t e   of   5 0 - 3 0 0   k g / s q   m 

of  e f f e c t i v e   d r y i n g   s u r f a c e   p e r   h o u r   to  be  a t t a i n e d ,   t h u s  

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

m e n t s   f o r   d r y i n g   t he   web  and   i n   t he   s p a c e   r e q u i r e d   f o r  

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

known  p a p e r   m a c h i n e s .   The  f a s t   d r y i n g   a t   h i g h   t e m p e r a t u r e s  

and  n i p   p r e s s u r e s   o b t a i n a b l e   w i t h   t he   i n v e n t i o n   i m p r o v e s  

web  c h a r a c t e r i s t i c s ,   i n c l u d i n g   s t r e n g t h   and  f o r m a t i o n .   T h e  

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

i a t e s   e f f l u e n t   p o l l u t i o n .   In   t h i s   r e g a r d ,   w a t e r   i s   o n l y  

a d d e d   to  t he   d r y   m e c h a n i c a l   p u l p   i m m e d i a t e l y   p r i o r   to   t h e  

w e t - f o r m i n g   p r o c e s s .  

In   o r d e r   t h a t   t h e   p r e s e n t   i n v e n t i o n   may  be  m o r e  

r e a d i l y   u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  to   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   i n   w h i c h : -  



F i g .   1  i s   a  d i a g r a m m a t i c   s i d e   e l e v a t i o n   of  a  f i r s t  

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

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

w e b ;  

F i g .   2  i s   a  d i a g r a m m a t i c   s i d e   e l e v a t i o n   of  a  s e c o n d  

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

F i g .   3  i s   a  d i a g r a m m a t i c   s i d e   e l e v a t i o n   of   a  t h i r d  

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

w e t - f o r m e d   and   d r y - f o r m e d   l a y e r s ;   a n d  

F i g .   4  i s  a   b l o c k   d i a g r a m   i l l u s t r a t i n g   t h e   s t e p s   o f  

t h e   p r o c e s s   of   t h i s   i n v e n t i o n .  

R e f e r r i n g   to   F i g .   1  of   t h e   d r a w i n g s ,   d r y   wood  p u l p  

i s   d i s i n t e g r a t e d   and  d e f i b e r e d   in   d r y   p u l p i n g   a p p a r a t u s ,  

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

by  a  r e f i n e r   or   hammer  m i l l .   Such   a p p a r a t u s   i s   d i a g r a m -  

m a t i c a l l y   i l l u s t r a t e d   at   1  i n   F i g .   1.  T h e  d r y   p a r t i c u l -  
or  f i b r o u s  
a t e / p u l p   t h u s   p r o d u c e d   i s   f e d   to  a  m i x e r   u n i t ,   d i a g r a m -  

m a t i c a l l y   i l l u s t r a t e d   a t   2,  w h e r e   i t   i s   m i x e d   w i t h   w a t e r ,  

w h i c h   i s   d e l i v e r e d   to  t h e   m i x e r   by  a  p i p e   4  l e a d i n g   f r o m  

a  w a t e r   s u p p l y   5,  by  means   of   a  s t i r r e r   3.  The  a q u e o u s  

s t o c k   p r o d u c e d   by  t h e   m i x e r   may,  f o r   e x a m p l e ,   have   a  c o n -  

s i s t e n c y   of   a b o u t   99%  by  w e i g h t   of   w a t e r .   The  d r y   p u l p i n g  

a p p a r a t u s   1,  m i x e r   u n i t   2,  s t i r r e r   3,  p i p e  4   and  w a t e r   s u p p l y  

5  a r e   c o l l e c t i v e l y   r e p r e s e n t e d   by  a  box   6,  w h i c h   i s   s h o w n  

i n   b r o k e n   o u t l i n e   i n   F i g .   1  and  w h i c h   w i l l   h e n c e f o r t h   b e  

u s e d   i n   F i g s .   2  and  3  to  i n d i c a t e   t h e   e q u i p m e n t   f o r   d e -  

f i b e r i n g   d r y   p u l p   and  m i x i n g   i t   w i t h   w a t e r   to  f o rm  a q u e o u s  

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

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

r e p r e s e n t e d   by  t h e   box  6  w i l l   be  r e f e r r e d   to   as  t h e  

" d e f i b e r i n g   and  m i x i n g   u n i t " .  

S t o c k   i s   s u p p l i e d   f r o m   t h e   d e f i b e r i n g   and  m i x i n g  

u n i t   6  to   an  e x p l o s i o n   c h a m b e r   f l o w b o x   10,  w h i c h   may,  f o r  

e x a m p l e ,   be  of   t he   t y p e   d e s c r i b e d   in   B r i t i s h   P a t e n t   N o .  



1 5 4 8 9 2 4   i s s u e d   t o   S t .   A n n e ' s   B o a r d   M i l l   C o m p a n y   L i m i t e d ,  

and  i s   w e t - l a i d   f r o m   t h e   f l o w b o x   o n t o   an  e n d l e s s   t r a v e l l i n g  

f o r a m i n o u s   f o r m i n g   b a n d   or   w i r e   11  to  f o r m   a  web  o f ,   f o r  

e x a m p l e ,   120  g m s / s q   m  i n   w e i g h t .   D i s p o s e d   i m m e d i a t e l y   b e n e a t h  

t h e   f l o w b o x   o u t l e t   i s   a  v a c u u m   d e w a t e r i n g   b o x   12  w h i c h  

r e d u c e s   t h e   w a t e r   c o n t e n t   of   t h e   s t o c k ,   f o r   e x a m p l e ,   f r o m  

99%  to   a b o u t   90%.  A  s e c o n d   v a c u u m   d e w a t e r i n g   box   13  d i s p o s e d  

d o w n s t r e a m   of   t h e   d e w a t e r i n g   box  12  f u r t h e r   r e d u c e s   t h e   w a t e r  

c o n t e n t   o f   t h e   web ,   f o r   e x a m p l e ,   to  a b o u t   85%  by   w e i g h t ,   t h a t  

i s ,   a b o u t   15%  s o l i d s .  

D o w n s t r e a m   o f   t h e   d e w a t e r i n g   box   13,   t h e   web,   t o g e t h e r  

w i t h   t h e   f o r m i n g   b a n d   11  w h i c h   t r a v e l s ,   f o r   e x a m p l e ,   a t   a  

s p e e d   o f   a b o u t   70  m / m i n ,   i s   a d v a n c e d   t h r o u g h   a  f i r s t   p r e s s -  

d r y i n g   s t a g e   c o m p r i s i n g   a  s e r i e s   of  p r e s s u r e   n i p s   1 5 , 1 6 , 1 7  

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

c y l i n d e r   18  and   d e f i n e d   by  p r e s s u r e   r o l l e r s   1 9 , 2 0 , 2 1   c o -  

o p e r a t i n g   w i t h   t h e   d r y i n g   c y l i n d e r .   The  l a t t e r   may,  f o r  

e x a m p l e ,   be  1 . 5   m  i n   d i a m e t e r   and  be  h e a t e d   by   s t e a m   a t   a  

p r e s s u r e   of   2 .1   k g / s q   cm  to   g i v e  a   s u r f a c e   t e m p e r a t u r e   o f  

a b o u t   1 1 5  C .   The  p r e s s u r e   e x e r t e d   on  t h e   web  and  b a n d   b y  

t h e   n i p s   1 5 , 1 6 , 1 7   may,   f o r   e x a m p l e ,   be  a r r a n g e d   to   i n c r e a s e  

p r o g r e s s i v e l y   f r o m   a  l i n e a r   p r e s s u r e   of   0  k g / c m   a t   t h e   n i p  

15  to   35  k g / c m   a t   t h e   n i p   17 .   Over   t h e   p a r t s   o f   t h e   c i r c u m -  

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

t h e   web  i s   r e t a i n e d   p r e s s e d   i n   c o n t a c t   w i t h   t h e   c y l i n d e r   b y  

t h e   f o r m i n g   b a n d   1 1 .  

Upon   l e a v i n g   t h e   n i p   17,  t h e   web  and  b a n d   a r e   g u i d e d  

a b o u t   t h e   p r e s s u r e   r o l l e r . 2 1   to  a  s i m i l a r   s e c o n d   p r e s s -  

d r y i n g   s t a g e   c o m p r i s i n g   a  s e r i e s   of  p r e s s u r e   n i p s   2 2 , 2 3 , 2 4  

p r o v i d e d   b e t w e e n   a  s e c o n d   r o t a t i n g   h e a t e d   d r y i n g   c y l i n d e r   2 5  

and  c o o p e r a t i n g   p r e s s u r e   r o l l e r s   2 6 , 2 7 , 2 8   s p a c e d   a b o u t   t h e  

c i r c u m f e r e n c e   of   t h e   d r y i n g   c y l i n d e r .   The  f o r m i n g   b a n d   11 

r e t a i n s   t h e   web  i n   c o n t a c t   w i t h   t h e   p a r t s   o f   t h e   c i r c u m f e r e n c e  

of  t h e   d r y i n g   c y l i n d e r   25  b e t w e e n   t h e   p r e s s u r e   n i p s   2 2 , 2 3 , 2 4 .  

The  d r y i n g   c y l i n d e r   25  may  be  s i m i l a r   to   t h e   c y l i n d e r   18  a n d ,  

l i k e w i s e ,   be  h e a t e d   to   a  s u r f a c e   t e m p e r a t u r e   of   1 1 5 0 C .   T h e  



p r e s s u r e   r o l l e r s   2 6 , 2 7 , 2 8   may  be  a r r a n g e d   to   e x e r t   a  l i n e a r  

p r e s s u r e   of   35  k g / c m   on  t h e   w e b .  

Upon  l e a v i n g   t h e   f i n a l   p r e s s u r e   n i p   24,   t he   r e s u l t -  

an t   web  29  may  h a v e   a  s o l i d s   c o n t e n t   o f ,   f o r   e x a m p l e ,   2 5 - 4 0 %  

by  w e i g h t .   I t   i s   r e m o v e d   f r o m   t h e   n i p   24  and  s e p a r a t e d   f r o m  

t h e   f o r m i n g   b a n d   v i a   a  t a k e - o f f   r o l l e r   30,  w h e r e u p o n   i t   i s  

f e d   to   f u r t h e r   d r y i n g   e q u i p m e n t   w h i c h   may,  f o r   e x a m p l e ,   b e  

i n   t h e   f o r m   of   p r e s s - d r i e r s   as  d e s c r i b e d   in   B r i t i s h   P a t e n t  

No.  1 4 2 4 6 8 2   i s s u e d   to   S t .   A n n e ' s   B o a r d   M i l l   Company  L i m i t e d .  

The  f o r m i n g   b a n d   11  i s   r e m o v e d   f r o m   t h e   n i p   24  a b o u t   t h e  

p r e s s u r e   r o l l e r   28  and   i s   r e t u r n e d   to  t h e   h e a d   r o l l e r   31 

a d j a c e n t   t h e   f l o w b o x   10  v i a   g u i d e   and  t e n s i o n i n g   r o l l e r s   3 2 .  

F i g .   2  i l l u s t r a t e s   a  t h r e e - p l y   p a p e r   m a k i n g   m a c h i n e  

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

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

1.  I n   F i g .   2,  f i b r o u s   c e l l u l o s i c   s t o c k s   p r o d u c e d   i n   d e f i b e r -  

i n g   a n d  m i x i n g   u n i t s   6  f r o m   d r y   p u l p   a r e   w e t - l a i d   f rom  e x p l o -  

s i o n   c h a m b e r   f l o w b o x e s   4 0 , 4 1 , 4 2   o n t o   e n d l e s s   t r a v e l l i n g  

f o r a m i n o u s   f o r m i n g   b a n d s   4 3 , 4 4 , 4 5 ,   r e s p e c t i v e l y ,   to   f o r m  

w e t - l a i d   p l i e s   on  t h e s e   f o r m i n g   b a n d s .   The  l a t t e r   t r a v e l ,  

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

4 6 , 4 7 , 4 8 ,   d i s p o s e d   i m m e d i a t e l y   u n d e r n e a t h   t h e   o u t l e t s   f r o m  

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

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

to  a b o u t   85%  by  w e i g h t .   D o w n s t r e a m   of   t h e   f o r m i n g   r o l l e r s  

4 7 , 4 8 ,   t h e   web  on  f o r m i n g   b a n d   44  i s   t r a n s f e r r e d   o n t o   t h e  

web  on  t h e   f o r m i n g   b a n d   45  by  t r a n s f e r   r o l l e r s   49  and  a  

v a c u u m   box   50.   The  b a n d   44  i s   t h e r e a f t e r   r e t u r n e d   to  t h e  

v a c u u m   f o r m i n g   r o l l e r   47  v i a   g u i d e   and  t e n s i o n i n g   r o l l e r   5 1 .  

The  r e s u l t a n t   t w o - p l y   web  s u p p o r t e d   on  t h e   b a n d   45  i s   a d v a n -  

ced   a b o u t   a  r o l l e r   52  and  i s   t r a n s f e r r e d   f r o m   t he   band   4 5 ,  

o n t o   t h e   web  l a i d   on  t he   f o r m i n g   b a n d   43,  by  t r a n s f e r   r o l l e r s  

53  and   a  v a c u u m   box   54,   w h e r e a f t e r   t h e   f o r m i n g   band   45  i s  

r e t u r n e d   to   the  vacuum  r o l l e r   48  v i a   g u i d e   and  t e n s i o n i n g  

r o l l e r s   5 5 .  



D o w n s t r e a m   of   t h e  t r a n s f e r   a p p a r a t u s   5 3 , 5 4 ,   t h e  

t h r e e - p l y   web  i s   c o n s o l i d a t e d   by  a d v a n c i n g   i t ,   t o g e t h e r  
w i t h   t h e   b a n d   43,   t h r o u g h   a  p r e s s - d r y i n g   s t a g e   c o m p r i s i n g  

a  s e r i e s   o f   p r e s s u r e   n i p s   5 6 , 5 7 , 5 8   s p a c e d   a r o u n d   t h e   c i r -  

c u m f e r e n c e   o f   a  r o t a t i n g   h e a t e d   d r y i n g   c y l i n d e r   59  and  d e f -  

i n e d   by  p r e s s u r e   r o l l e r s   6 0 , 6 1 , 6 2 .   B e t w e e n   t h e   p r e s s u r e  

n i p s ,   t h e   web  i s   p r e s s e d   i n t o   c o n t a c t   w i t h   t h e   d r y i n g   c y l i n -  
d e r   by   t h e   f o r m i n g   b a n d   43 .   As  i n   t h e   p r e v i o u s   e m b o d i m e n t ,  

t h e   d r y i n g   c y l i n d e r   58  may,  f o r   e x a m p l e ,   be  1 . 5   m  i n   d i a m e t e r  

and  be  s t e a m   h e a t e d   to   a  s u r f a c e   t e m p e r a t u r e   of   a b o u t   1 1 5 ° C .  

A l s o ,   t h e   l i n e a r   p r e s s u r e   e x e r t e d   by   t h e   n i p s   may  i n c r e a s e  

p r o g r e s s i v e l y   f r o m   0 - 3 5   k g / c m .   The  r e s u l t a n t   t h r e e - p l y   w e b  

63  i s   r e m o v e d   f r o m   t h e   n i p   58  and  s e p a r a t e d   f r o m   t h e   b a n d  

43  by  a  t a k e - b f f   r o l l e r   6 4  a n d   may,  f o r   e x a m p l e   h a v e   a  s o l i d s  

c o n t e n t   o f   2 5 - 4 0 %   by  w e i g h t .   I t   may  t h e n   be  f e d   to  f u r t h e r  

d r y i n g   e q u i p m e n t   w h i c h   may  be  i n   t h e   f o r m   of   p r e s s - d r i e r s  

of  t h e   t y p e   d e s c r i b e d   in   t h e   a f o r e m e n t i o n e d   B r i t i s h   P a t e n t  

No.  1 4 2 4 6 8 2 .   T h e  f o r m i n g   b a n d   43  i s   r e t u r n e d   to   t h e   v a c u u m  

f o r m i n g   r o l l e r   46  a s s o c i a t e d   w i t h   t h e   f l o w b o x   40  v i a   g u i d e  

and  t e n s i o n i n g   r o l l e r s   6 4 .  

F i g .   3  i l l u s t r a t e s   a  p a p e r - m a k i n g   m a c h i n e   f o r   f o r m i n g  

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

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

r a t u s   s i m i l a r   t o   t h a t   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g .   1 .  

R e f e r r i n g   to   F i g .   3,  wet   f i b r o u s   c e l l u l o s i c   s t o c k ,   w h i c h   i s  

p r e p a r e d   i n   a  d e f i b e r i n g   and  m i x i n g   u n i t   6  f r o m   a  d r y   p u l p ,  

i s   l a i d   f r o m   a  f i r s t   e x p l o s i o n   c h a m b e r   f l o w b o x   70  o n t o   a  

m a i n   e n d l e s s   f o r a m i n o u s   f o r m i n g   b a n d   71  to   f o r m   a  f i r s t   p l y  

w h i c h   i s   i m m e d i a t e l y   d e w a t e r e d   by  a  v a c u u m   d e w a t e r i n g   box   7 2 .  

I t   may  be  p a r t i a l l y   d e w a t e r e d   by  t h e   b o x   72  to   a  s o l i d s   c o n -  

t e n t   o f ,   f o r   e x a m p l e ,   a b o u t   15%  by  w e i g h t .   Wet  c e l l u l o s i c  

s t o c k ,   a l s o   p r e p a r e d   i n   a  d e f i b e r i n g   and   m i x i n g   u n i t   6  f r o m  

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

73  o n t o   a  s e c o n d   e n d l e s s   f o r m i n g   b a n d   74  to   f o r m   a  s e c o n d  

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



box   75  t o   a  s o l i d s   c o n t e n t ,   f o r   e x a m p l e ,   of   a b o u t   15%  b y  

w e i g h t .   D ry   c e l l u l o s i c   f i b r e s   a r e   d r y - l a i d   f r o m   a  d i s t r i -  

b u t o r   76 ,   w h i c h   may  be  of   t h e   c o n s t r u c t i o n   s h o w n   i n   e i t h e r  

of  B r i t i s h   P a t e n t s   Nos .   1 4 2 4 6 8 2   or  1 5 1 6 5 7 3   i s s u e d   to   S t .  

A n n e ' s   B o a r d   M i l l   Company  L i m i t e d ,   o n t o   an  e n d l e s s   f o r m i n g  

b a n d   77  t o   f o r m   a  t h i r d ,   d r y - l a i d   p l y .   D e p o s i t i o n   of   t h i s  

d r y - l a i d   p l y   i s   a s s i s t e d   by  s u c t i o n   box   78  d i s p o s e d   b e n e a t h  

t he   d i s t r i b u t o r   7 6 .  

The   d r y - l a i d   p l y   i s   t r a n s f e r r e d   f r o m   t h e   b a n d   77  o n t o  

t he   w e t - p l y   on  t h e   b a n d   74,   d o w n s t r e a m   of   t h e   f l o w b o x   73  a n d  

a  g u i d e   r o l l e r   79,   by  means   of   t r a n s f e r   r o l l e r s   80  and   a  

v a c u u m   b o x   81 .   The  b a n d   77  i s   t h e n   r e t u r n e d   t o   t h e   d i s t r i -  

b u t o r   76  v i a   g u i d e   and  t e n s i o n i n g   r o l l e r s   82 .   The  c o m p o s i t e  

t w o - p l y   web  s u p p o r t e d   on  t h e   b a n d   74  i s   a d v a n c e d   a b o u t   a  

g u i d e   r o l l e r   83  and   i s   t r a n s f e r r e d   o n t o   t h e   w e t - l a i d   web  o n  

t h e   b a n d   71  by  means   of  t r a n s f e r   r o l l e r s   84  a n d   a  v a c u u m  

box   85  t o   f o r m   a  t h r e e - p l y   web  c o m p r i s i n g   t h e   d r y - l a i d   p l y  

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

may  h a v e   a  w e i g h t ,   f o r   e x a m p l e ,   of  a b o u t   250  g m s / s q   m.  T h e  

b a n d   74  i s   r e t u r n e d   t o  t h e   f l o w b o x   73  v i a   g u i d e   and  t e n s i o n -  

i n g   r o l l e r s   8 6 .  

The  t h r e e - p l y   web  d e p o s i t e d   on  t h e   f o r m i n g   b a n d   7 1  

w h i c h   may,   f o r   e x a m p l e ,   t r a v e l   a t   a  s p e e d   of   50  m / m i n ,   i s  

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

d r y i n g   s t a g e s   c o m p r i s i n g   p r e s s u r e   n i p s   87 -91   s p a c e d   a b o u t   t h e  

c i r c u m f e r e n c e s   of  two  h e a t e d   d r y i n g   c y l i n d e r s   9 2 , 9 3 .   T h e  

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

of  F i g .   1  and   b e t w e e n   t h e  p r e s s u r e   n i p s   t h e   web  i s   r e t a i n e d  

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

71.   The  d r y i n g   c y l i n d e r   92  may,  f o r   e x a m p l e ,   h a v e   a  d i a -  

m e t e r   of   1 . 5   m  and  be  s t e a m   h e a t e d   to  g i v e   a  s u r f a c e   t e m p -  

e r a t u r e   of   1 3 0 ° C .   As  in   t h e   p r e v i o u s   e m p o d i m e n t s ,   t h e  

l i n e a r   p r e s s u r e   e x e r t e d   by  t h e   p r e s s u r e   n i p s   a s s o c i a t e d   w i t h  

t he   c y l i n d e r   92  may  be  a r r a n g e d   to  i n c r e a s e   p r o g r e s s i v e l y  

f r o m   0 - 3 5  k g / c m .   I n   t h e s e   c i r c u m s t a n c e s ,   t h e   t h r e e - p l y   w e b  



l e a v i n g   t h e   n i p   89  h a s   a  m o i s t u r e   c o n t e n t   o f   a b o u t   8 5 % .  

The  d r y i n g   c y l i n d e r   93  may,   f o r   e x a m p l e ,   be  h e a t e d   to   a  

t e m p e r a t u r e   o f   110°C   f o r   f u r t h e r   d r y i n g   of   t h e   web  to   a  

m o i s t u r e   c o n t e n t   of   a b o u t   70%.  T h e  i e b   94  i s   r e m o v e d   f r o m  

t h e   f i n a l   n i p   91  and  s e p a r a t e d   f r o m   t h e   b a n d   71  v i a   a  t a k e -  

o f f   r o l l e r   95  f o r   f u r t h e r   d r y i n g ,   as   r e q u i r e d .   The  f o r m i n g  

b a n d   71  i s   r e t u r n e d   to   t h e   h e a d   r o l l e r   96  v i a   g u i d e   a n d  

t e n s i o n i n g   r o l l e r s   9 7 .  

I n   a  m o d i f i c a t i o n   of   F i g .   3,  a  f u r t h e r   e i g h t   p r e s s u r e  

n i p s   on  two  d r y i n g   c y l i n d e r s   ( n o t   s h o w n )   h e a t e d   to   s i m i l a r  

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

d o w n s t r e a m   of   t h e   c y l i n d e r   93  t o   r e d u c e   t h e   m o i s t u r e   c o n t e n t  

of   t h e   web,   f o r   e x a m p l e ,   to   a b o u t   1 5 % .  

I n s t e a d   of   t h e   d r y - l a i d   web  f o r m e d   on  t h e   b a n d   7 7 ,  

a  f u r t h e r   w e t - l a i d   web  may  be  p r o d u c e d   u s i n g   an  e x p l o s i o n  

c h a m b e r   f l o w b o x   i n s t e a d   of   t h e   d r y - l a y i n g   d i s t r i b u t o r   7 6 .  

A l t e r n a t i v e l y ,   s y s t e m s   s u c h   as  f o a m - f o r m i n g   or   h i g h   c o n s i s -  

t e n c y   f o r m i n g   c an   be  u s e d .  

The  p r o c e s s   of   t h i s   i n v e n t i o n   i s   d i a g r a m 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 .   4.  I t   c o m p r i s e s   p r e p a r i n g   d r y   c e l l u -  

l o s i c   f i b r e   i n   a  f i r s t   s t a g e   1 0 0 ,   m i x i n g   t h e   d r y   f i b r e   w i t h  

w a t e r   i n   a  s e c o n d   s t a g e   101  t o   p r o d u c e   an  a q u e o u s   f i b r o u s  

c e l l u l o s i c   s t o c k   h a v i n g   a  c o n s i s t e n c y   of  99%  w a t e r ,   w e t -  

f o r m i n g   a  n o n - w o v e n   web  of   t h e   s t o c k   i n   a  t h i r d   s t a g e   1 0 2 ,  

and  c o n s o l i d a t i n g   t h e   web  i n   a  f o u r t h   s t a g e   103  by  p r e s s -  

d r y i n g   to   p r o d u c e   a  s e l f - s u p p o r t i n g   p a p e r   w e b .  

I n   one  s p e c i f i c   e x a m p l e ,   d r y   p r e p a r e d   f l u t i n g   m e d i u m  

was  m i x e d   w i t h   w a t e r   to  p r o d u c e   an  a q u e o u s   s t o c k   h a v i n g   a  

c o n s i s t e n c y   of   99%  w a t e r ,   and   t h e n   t h e   s t o c k   was  w e t - f o r m e d  

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

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

i n   t h e   d r y   s t a t e ,   m i x e d   w i t h   w a t e r ,   a s   i n   t h e   f i r s t   e x a m p l e ,  

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

to   g i v e   a  s h e e t   of   p a p e r b o a r d .  

T h i s   i n v e n t i o n ,   as  w e l l   as  e c o n o m i s i n g   on  t h e   u s e  



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

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

web  p r o d u c e d   can   e x h i b i t   e s s e n t i a l l y   s q u a r e   c h a r a c t e r i s t i c s ,  

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

i s   s u b s t a n t i a l l y   i n   a  1:1  r a t i o   w i t h   t h e   s t r e n g t h   and  s t i f f -  

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

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

t h e   a f o r e m e n t i o n e d   B r i t i s h   P a t e n t   No.  1 4 2 4 6 8 2 .  

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

i t   w i l l   be  u n d e r s t o o d   t h a t   m o d i f i c a t i o n s   can   be  made  w i t h -  

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

by  t h e   a p p e n d e d   c l a i m s .   F o r   e x a m p l e ,   f o r   s p e c i a l   p u r p o s e s ,  

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

d r y i n g   c y l i n d e r   may  be  i n c r e a s e d   to   f o u r ,   f i v e   or  e v e n   s i x  

and  t h e   r a n g e   of  l i n e a r   n i p   p r e s s u r e s   may  e x t e n d   to   180  k g / c m .  

L i k e w i s e ,   t he   t e m p e r a t u r e   of   t h e   d r y i n g   c y l i n d e r s   may  b e  

v a r i e d   f r o m   6 5 - 2 5 0 0 C   d e p e n d i n g   on  t h e   f u r n i s h e s   p r o v i d e d  

and  t h e   d e s i r e d   c h a r a c t e r i s t i c s   of   t h e   f i n a l   w e b .  



1.  A  m e t h o d   of   m a n u f a c t u r i n g   p a p e r   or  p a p e r b o a r d  
in   w h i c h   a  n o n - w o v e n   web  of   f i b r o u s   c e l l u l o s i c   m a t e r i a l  

i s   w e t - f o r m e d   on  a  t r a v e l l i n g   f o r a m i n o u s   f o r m i n g   b a n d   ( 1 1 )  

and  d e w a t e r e d ,   c h a r a c t e r i s e d   by  t he   s t e p s   o f   p r o v i d i n g   d r y  

m e c h a n i c a l l y   p r e p a r e d   p u l p ,   a d d i n g   w a t e r   t h e r e t o   and  m i x i n g  
to  f o r m   an  a q u e o u s   s t o c k ,   w e t - l a y i n g   t h e   s t o c k   o n t o   t h e  

f o r m i n g   band   (11 )   to  f o r m   t he   web,  p a r t i a l l y   d e w a t e r i n g  

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

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

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i s e d   i n  

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

f o r m   an  a q u e o u s   s t o c k   c o n t a i n i n g   a b o u t   99%  by  w e i g h t   o f  

w a t e r ,   and  the   web  i s   p a r t i a l l y   d e w a t e r e d   to   a  s o l i d s  

c o n t e n t   of  a b o u t   10 -20%  by  w e i g h t .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  or   2,  c h a r a c t e r i s e d  

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

t h e   web  to  a t   l e a s t   one  v a c u u m  d e w a t e r i n g   s t a g e   ( 1 2 , 1 3 ) .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  2  or   3,  c h a r a c t e r -  

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

t h e   web  t h r o u g h  a t   l e a s t   one  p r e s s u r e   n i p   ( 1 5 )   p r o v i d e d  

b e t w e e n   a  h e a t e d   d r y i n g   c y l i n d e r   (18)   and  a t   l e a s t   o n e  

c o o p e r a t i n g   p r e s s u r e   r o l l e r   ( 19 )   w h i l s t   s u p p o r t e d   by  t h e  

f o r m i n g   b a n d   ( 1 1 ) ,   s a i d   web  b e i n g   r e t a i n e d   i n   c o n t a c t  

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

a  p a r t   of  t he   c i r c u m f e r e n c e   of  t he   c y l i n d e r .  

5.  A  m e t h o d   a c c o r d i n g   to   c l a i m   4,  c h a r a c t e r i s e d   i n  

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

n i p s ( 1 5 , 1 6 , 1 7 )   p r o v i d e d   b e t w e e n   s a i d   a t   l e a s t   one  d r y i n g  

c y l i n d e r   (18)   and  a  p l u r a l i t y   of  c o o p e r a t i n g   p r e s s u r e  

r o l l e r s   ( 1 9 , 2 0 , 2 1 ) ,   and  t h e   web  is   r e t a i n e d   i n   c o n t a c t  

w i t h   s a i d   a t   l e a s t   one  c y l i n d e r   b e t w e e n   t h e   p r e s s u r e   n i p s  

by  t h e   f o r m i n g   b a n d   ( 1 1 ) .  

6.  A  m e t h o d   a c c o r d i n g   to  c l a i m  4   or   5,  c h a r a c t e r i s e d  

i n   t h a t   t h e   l i n e a r   p r e s s u r e   a p p l i e d   at   s a i d   a t   l e a s t   o n e  

p r e s s u r e   n i p   ( 1 5 , 1 6 , 1 7 )   i s   i n   t he   r a n g e   f r o m   a b o u t   8 . 5 - 1 8 0  



k g / c m   and  t he   t e m p e r a t u r e   of   s a i d   a t   l e a s t   one  d r y i n g  

c y l i n d e r   (18)   i s   i n   t h e   r a n g e   f r o m   a b o u t   6 5 - 2 5 0  C .  

7.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,   c h a r a -  

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

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

( 4 4 , 7 7 ) ,   t r a n s f e r r i n g   s a i d   s e c o n d   web  o n t o   s a i d   f i r s t -  

m e n t i o n e d   web  on  t he   f i r s t - m e n t i o n e d   f o r m i n g   b a n d   ( 4 3 , 7 1 )  

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

s a i d   c o m b i n e d   webs  in   t h e   c o n s o l i d a t i n g   s t e p .  

8.  The  m e t h o d   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i s e d   b y  

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

m a t e r i a l   on  a  t h i r d   t r a v e l l i n g   f o r m i n g   b a n d   ( 4 5 , 7 4 )   b y  

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

t h e r e t o   and  m i x i n g   to  f o r m   an  a q u e o u s   s t o c k   and ,   w e t -  

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

d e w a t e r i n g   t he   web  t h e r e o n ,   t r a n s f e r r i n g   t h e   s e c o n d   w e b  

f o r m e d   on  the   s e c o n d   b a n d   ( 4 4 , 7 7 )   o n t o   s a i d   t h i r d   web  s o  

as  to   c o m b i n e   s a i d   s e c o n d   and  t h i r d   webs  t o g e t h e r   on  s a i d  

t h i r d   b a n d ,   t r a n s f e r r i n g   t h e   two  c o m b i n e d   webs  o n t o   t h e  

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

c o m b i n e   s a i d   t h r e e   webs  t o g e t h e r   on  the   f i r s t   b a n d   ( 4 3 , 7 1 ) ,  

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

i d a t i n g   s t e p .  

9.  A  m e t h o d   a c c o r d i n g   to  c l a i m   7  or  8,  c h a r a c t e r i s e d  

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

f o r m i n g   band   ( 7 7 ) .  

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

in   w h i c h   a  n o n - w o v e n   web  of  f i b r o u s   c e l l u l o s i c   m a t e r i a l   i s  

w e t - f o r m e d   on  a  t r a v e l l i n g   f o r a m i n o u s   f o r m i n g   b a n d   ( 1 1 )  

and  d e w a t e r e d ,   c h a r a c t e r i s e d   by  d e f i b e r i n g   and  m i x i n g  

means   (6)  f o r   p r o v i d i n g   d r y   m e c h a n i c a l l y   p r e p a r e d   p u l p  

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

means   (10)   f o r   w e t - l a y i n g   s a i d   s t o c k   o n t o   t h e   b a n d   ( 1 1 )  

to  p r o d u c e   a  web  t h e r e o n ,   d e w a t e r i n g   means  ( 1 2 , 1 3 )   f o r  

p a r t i a l l y   d e w a t e r i n g   s a i d   web,   and  c o n s o l i d a t i n g   m e a n s  



( 1 5 - 2 8 )   f o r   c o n s o l i d a t i n g   t h e   p a r t i a l l y   d e w a t e r e d   web  b y  

means   o f   t h e   a p p l i c a t i o n   of  h e a t   and  p r e s s u r e   t h e r e t o .  

11.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   10,  c h a r a c t e r i s e d   i n  

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

d i s p o s e d   d o w n s t r e a m   of  t he   p a r t i a l   d e w a t e r i n g   means   ( 1 2 , 1 3 ) ,  

s a i d   p r e s s - d r y i n g   means   i n c l u d i n g   a t   l e a s t   one  h e a t e d  

d r y i n g   c y l i n d e r   (18)   and  a t   l e a s t   one  c o o p e r a t i n g   p r e s s u r e  

r o l l e r   ( 1 9 )   d e f i n i n g   a t   l e a s t   one  p r e s s u r e   n i p   ( 1 5 )   w i t h  

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

s a i d   a t   l e a s t   one  p r e s s u r e   n i p   and  a b o u t   a t   l e a s t   a  p a r t  

o f  t h e   c i r c u m f e r e n c e   of  t h e   c y l i n d e r   ( 1 8 ) ,   w h e r e b y   t h e  

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

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

c i r c u m f e r e n c e   of  t h e   c y l i n d e r   ( 1 8 ) .  

12.   A p p a r a t u s   a c c o r d i n g   to   c l a i m   11,   c h a r a c t e r i s e d  

i n   t h a t   t h e   p r e s s - d r y i n g   means   i n c l u d e s   a t   l e a s t   one  s e c -  

ond  d r y i n g   c y l i n d e r   (25)   and  a t   l e a s t   one  s e c o n d   p r e s s u r e  
r o l l e r   ( 2 6 )   c o o p e r a t i n g   t h e r e w i t h   to  d e f i n e   a t   l e a s t   o n e  

s e c o n d   p r e s s u r e   n i p   ( 2 2 ) ,   s a i d   f o r m i n g   b a n d   ( 1 1 )   b e i n g  

g u i d e d   f r o m   s a i d   f i r s t - m e n t i o n e d   c y l i n d e r   (18)   t h r o u g h  

s a i d   a t   l e a s t   one  s e c o n d   p r e s s u r e   n i p   (22)   and  a b o u t   a t  

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

( 2 5 ) ,   w h e r e b y   t he   web  i s   a l s o   a d v a n c e d   t h r o u g h   s a i d   a t  

l e a s t   one  s e c o n d   p r e s s u r e   n i p   and  i s   r e t a i n e d   i n   c o n t a c t  

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

c y l i n d e r .  

13.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   1 0 , 1 1   or   12,  c h a r a c t -  

e r i s e d   by  means   ( 4 1 , 7 6 )   f o r   f o r m i n g   a  s e c o n d   web  of  f i b r o u s  

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

f o r m i n g   b a n d   ( 4 4 , 7 7 ) ,   and  means   f o r   t r a n s f e r r i n g   s a i d  

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

c o n s o l i d a t e d   means   ( 5 6 - 6 2 , 8 7 - 9 3 ) .  

14.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   13,   c h a r a c t e r i s e d  

by  m e a n s   ( 6 , 4 2 , 7 3 )   f o r   w e t - f o r m i n g   a  t h i r d   web  of   f i b r o u s  

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



f o r m i n g   band   ( 4 5 , 7 4 ) ,   i n   w h i c h   d r y   m e c h a n i c a l l y   p r e p a r e d  

p u l p   i s   m i x e d   w i t h   w a t e r   to   form  an  a q u e o u s   s t o c k   w h i c h   i s  

wet  l a i d   on  t h e   t h i r d   b a n d   and  i s   p a r t i a l l y   d e w a t e r e d ,  

means   ( 4 9 , 5 0   or   8 0 , 8 1 )  f o r   t r a n s f e r r i n g   the   s e c o n d   w e b  

on to   t h e   p a r t i a l l y   d e w a t e r e d   t h i r d   web  on  the   t h i r d   b a n d  

( 4 5 , 7 4 ) ,   and  means   ( 5 3 , 5 4   or  8 4 , 8 5 )   f o r   t r a n s f e r r i n g  t h e  

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

d e w a t e r e d   web  on  t h e   f i r s t   b a n d   ( 4 3 , 7 1 )   u p s t r e a m   of   t h e  

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

15.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   14,  c h a r a c t e r i s e d  

in   t h a t   t h e   means   f o r   f o r m i n g   the   s e c o n d   web  on  the   s e c o n d  

band   (77)  c o m p r i s e s   means   (76 )   f o r   d r y - l a y i n g   s a i d   web  o n  

t h e   s e c o n d   b a n d .  
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