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M o l d   of   t h e   I n v e n t i o n *  

Th ia   i n v e n t i o n   r e l a t e s   to  t h e   a r t   of  p a p e r m a k i n g ,  

p a r t i c u l a r l y   to  t r e a t i n g   p a p e r   p r o d u c t s   h a v i n g   a d d i t i v e s   ' 

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

l a t e x ,   m i l k ,   or  s t a r c h   w i t h   h e a t   and  t h e n   i m m e d i a t e l y   r e w e t t i n g  

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

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

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

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

s u b j e c t   f e l t e d   f i b e r s   to  wet  p r e s s i n g ,   to  c o n s o l i d a t e   t h e   ,  
• 

web,   and  t h e n   to  d r y i n g   on  h e a t e d   r o l l s .  

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

v a r i o u s   p r o p e r t i e s   of  p a p e r   and  b o a r d s .   ' Q u a n t i f i a b l e   p a p e r  

p r o p e r t i e s   i n c l u d e :   d r y   and  wet   t e n s i l e   s t r e n g t h ,   f o l d i n g  

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

,a!nong  o t h e r s .   Which  q u a l i t i e s   s h o u l d   d e s i r a b l y   be  e n h a n c e d  

a e p e n d s   upon  t h e   i n t e n d e d   a p p l i c a t i o n   of   t he   p r o d u c t .  

In  t h e   c a s e   of  mi lk   c a r t o n   b o a r d ,   f o r   e x a m p l e ,   s t i f f n e s s  

I s   of   u t m o s t   i m p o r t a n c e .   L i n e r b o a r d   has   t h r e e   q u a l i t i e s  

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

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

Al l   of  t h e s e   p r o p e r t i e s   can  be  m e a s u r e d   by  w e l l - k n o w n  

i t a n d a r d   t e s t s .   As  u sed   h e r e i n ,   t h e n ,   "wet   s t r e n g t h "   m e a n s  

Imt   

t e n s i l e   s t r e n g t h   as  m e a s u r e d   by  A m e r i c a n   S o c i e t y   f o r  

e s t i n g   and  M a t e r i a l s   (ASTM)  S t a n d a r d   D 8 2 9 - 4 8 .   " F o l d i n g  

n d u r a n c e "   ia  d e f i n e d   as  t h e   n u m b e r   of  t i m e s   a  b o a r d   c a n  

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

i  p e c i f i e d   in  S t a n d a r d   D 2 1 7 6 - 6 9 .   "  S t i f f n e s s "   is  d e f i n e d  

i  s  f l e x u r a l   r i g i d i t y   and  is  d e t e r m i n e d   by  the   b e n d i n g   moment  
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in  g-cm.   " L i n e r b o a r d "   ,  as  used  h e r e i n ,   is  a  m e d i u m - w e i g h t  

p a p e r   p r o d u c t   used  as  the  f a c i n g   m a t e r i a l   in  c o r r u g a t e d  

c a r t o n   c o n s t r u c t i o n .   K r a f t   l i n e r b o a r d ^   i s   l i n e r b o a r d   made  

a c c o r d i n g   to  the   k r a f t   p r o c e s s ,   and  is  w e l l   known  in  t h e  

i n d u s t r y .   F o l d i n g   c a r t o n   b o a r d   is   a  medium  to  heavy  w e i g h t  

p a p e r   p r o d u c t   made  of  u n b l e a c h e d   a n d / o r   b l e a c h e d   p u l p s  

of  b a s i s   w e i g h t s   from  40-350  g / m 2 .  

P r i o r   w o r k e r s   in  t h i s   f i e l d   have  r e c o g n i z e d   t h a t  

h i g h - t e m p e r a t u r e   t r e a t m e n t   of  p a p e r b o a r d   can  improve   i t s  

wet  s t r e n g t h .   See,   for   example   E.  Back,   "Wet  s t i f f n e s s  

by  h e a t   t r e a t m e n t   of  the   r u n n i n g   web" ,   Pu lp   fi  Paper   C a n a d a ,  

v o l .   77,  No.  12,  pp.   97-106  (Dec.  1 9 7 6 ) .   Th i s   i n c r e a s e  

has  been  a t t r i b u t e d   to  the  d e v e l o p m e n t   and  c r o s s - l i n k i n g  

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

phenomenon   may  be  s u f f i c i e n t   to  p r e s e r v e   p r o d u c t   wet  s t r e n g t h  

even  where   c o n v e n t i o n a l   s y n t h e t i c   r e s i n s   or  o t h e r   b i n d e r s  

are  e n t i r e l y   o m i t t e d .  

<  I t   is  n o t e w o r t h y   t h a t   wet  s t r e n g t h   i m p r o v e m e n t  

by  h e a t   c u r i n g   has  p r e v i o u s l y   been   t h o u g h t   a t t a i n a b l e   o n l y  

at  t he   p r i c e   of  i n c r e a s e d   b r i t t l e n e s s   ( i . e . ,   r e d u c e d   f o l d i n g  

e n d u r a n c e )   .  E m b r i t t l e d   board   is  not   a c c e p t a b l e   for   many 

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

h e a t   t r e a t m e n t   a l o n e ,   to  d e v e l o p   the   wet  s t r e n g t h   of  p a p e r b o a r d  

and  c a r t o n   b o a r d ,   has  not   g a i n e d   w i d e s p r e a d   a c c e p t a n c e .  

As  Dr.  Back  has  p o i n t e d   out   in  the  a r t i c l e   c i t e d   a b o v e ,  

" the   h e a t   t r e a t m e n t   c o n d i t i o n s   must  be  s e l e c t e d   to  b a l a n c e  

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

e m b r i t t l e m e n t   in  dry  c l i m a t e s . "   A l s o ,   in  U.S.  P a t e n t   3 , 8 7 5 , 6 8 0 ,  

Dr.  Back  haB  d i s c l o s e d   a  p r o c e s s   fo r   h e a t   t r e a t i n g   a l r e a d y  

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

r e s i n s ,   w h e r e i n   the   s p e c i f i c   p u r p o s e   is  to  avo id   r u n n i n g  

e m b r i t t l e d   m a t e r i a l   t h r o u g h   a  c o r r u g a t o r .  
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It   ie  p l a i n   t h a t   improved   s t i f f   ness   and  wet  s t r e n g t h ,  
on  one  hand,   and  improved   f o l d i n g   e n d u r a n c e ,   on  the  o t h e r ,  
were  p r e v i o u s l y   t h o u g h t   to  be  i n c o m p a t i b l e   r e s u l t s .   

~~ 

It   i s ,   t h e r e f o r e ,   an  o b j e c t   of  the  i n v e n t i o n  

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

wet  s t r e n g t h ,   and  improved   f o l d i n g   e n d u r a n c e .  

With  a  view  to  the   f o r e g o i n g ,   a  p r o c e s s   has  b e e n  

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

not  only   the  s t i f f n e s s   and  wet  s t r e n g t h   of  v a r i o u s   p a p e r b o a r d s ,  
jut   a l s o   p r e s e r v e s   t h e i r   f o l d i n g   e n d u r a n c e .   In  i t s   b r o a d e s t  

s ense ,   the  i n v e n t i o n   c o m p r i s e s   s t e p s   of  1)  a p p l y i n g   o n e  

>r  more  a d d i t i v e s   s e l e c t e d   from  the   g roup  i n c l u d i n g   p r o t e i n ,  

: a rboxy   methy l   c e l l u l o s e ,   p o l y v i n y l   a l c o h o l ,   l a t e x ,   m i l k  

>r  s t a r c h   to  p a p e r b o a r d ;   2)  h e a t i n g   the   p a p e r b o a r d   s o  

i r e a t e d   to  an  i n t e r n a l   t e m p e r a t u r e   of  at  l e a s t   400°P  <205°C) 

lot  a-  p e r i o d   of  t ime  s u f f i c i e n t   to  i n c r e a s e   the  wet  s t r e n g t h  
)f  the  boa rd i   and  o p t i o n a l l y   3)  r e w e t t i n g   the  board   i m m e d i a t e l y  
i f t e r   the  hea t   t r e a t m e n t   to  at  l e a s t   11  m o i s t u r e   by  w e i g h t .  
Jhese  s t e p s   are   f o l l o w e d   by  c o n v e n t i o n a l   d r y i n g   a n d / o r  

: o n d i t i o n i n g   of  the  t r e a t e d   b o a r d .   I t   is  to  be  u n d e r s t o o d  
hat  a t epa   2  and  3  can  be  r e p e a t e d   s e v e r a l   t i m e s .  

This  method  p r o d u c e s   a  p r o d u c t   hav ing   f o l d i n g  
n d u r a n c e   g r e a t l y   e x c e e d i n g   t h a t   of  s i m i l a r   board   whose  

t i f f n e s s   and  wet  s t r e n g t h   have  been  i n c r e a s e d   by  h e a t  

l o n e .   This  1b  c l e a r l y   shown  by  our  t e s t a   e x e m p l i f i e d  

e l o w .  

Of  c o u r s e ,   t h o s e   s k i l l e d   in  the  a r t   w i l l   r e c o g n i z e  
he  n e c e s s i t y   of  the   p r o d u c t   c o n d i t i o n i n g   to  a  normal   m o i s t u r e  

o n t e n t   a f t e r   t h i s   ve ry   hot  t r e a t m e n t .   See,  for   e x a m p l e ,  

.S.  P a t e n t   3 , 3 9 5 , 2 1 9 .   A  c e r t a i n   amount  of  r e w e t t i n g   i s  

o r m a l l y   done,   and  in  f a c t   p r o d u c t   p r o p e r t i e s   are  n e v e r  
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>ven  t e s t e d   p r i o r   to  c o n d i t i o n i n g .   However ,   c o n v e n t i o n a l  

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

r o o l e d .  

Our  r e w e t t i n g   t r e a t m e n t   d i f f e r s   from  c o n v e n t i o n a l  

; o n d i t i o n i n g   in  t h a t   we  add  w a t e r ,   by  s p r a y i n g   or  o t h e r w i s e ,  

:o  a  ve ry   hot  and  dry  p a p e r   or  b o a r d   at  t h e .   ve ry   end  o f  

:he  h e a t   t r e a t m e n t ,   w i t h o u t   i n t e r m e d i a t e   c o o l i n g .   I t   i s  

: r i t i c a l   t h a t   wa t e r   be  a p p l i e d   to  the  p r o d u c t   w h i l e   i t  

Ls  s t i l l   h o t ,   c e r t a i n l y   above   50°C  (122°P)   ,  and  p r e f e r a b l y  

above  205°C  (400°F)   .  A n o t h e r   h e a t   t r e a t m e n t   or  d r y i n g  

a tep   may  f o l l o w   r e w e t t i n g ,   on  or  o f f   the  m a c h i n e ,   d u r i n g  

a  s u b s e q u e n t   o p e r a t i o n   such   as  s i z i n g ,   c o a t i n g   or  c a l e n d e r i n g . .  

We  p r e f e r   to  r a i s e   t he   i n t e r n a l   t e m p e r a t u r e   o f  

the  boa rd   to  at  l e a B t   450°F  (232°C)   d u r i n g   the  h e a t   t r e a t i n g  

* 
s t e p ,   as  g r e a t e r   B t i f f n e s B   and  wet  B t r e n g t h   are  t hen   a c h i e v e d .  

This  may  be  b e c a u s e   at  h i g h e r   t e m p e r a t u r e s ,   s h o r t e r   s t e p  

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

c o n s e q u e n t l y   lesB  t ime  f o r   f i b e r   d e g r a d a t i o n   to  o c c u r .  

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

s p e e d s   . 

While  the  i n v e n t i o n   may  be  p r a c t i c e d   over   a  r a n g e  

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

are  i n t e r r e l a t e d .   For  e x a m p l e ,   the   use  of  h i g h e r   t e m p e r a t u r e s  

r e q u i r e s   a  hea t   t r e a t i n g   s t e p   of  s h o r t e r   d u r a t i o n ,   a n d  

v i c e - v e r s a .   For  e x a m p l e ,   at  550°F  (289°C)  ,  a  d u r a t i o n  

of  2  s e c o n d s   has  been  found  s u f f i c i e n t   to  o b t a i n   the  d e s i r e d  

i m p r o v e m e n t s ,   w h i l e   at  420°F ,   c o n s i d e r a b l y   l o n g e r   is  r e q u i r e d .  
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DESCRIPTION  OP  THE  PRRFBRBm  R u n n n T M ^  

The  i n v e n t i o n   can  be  c a r r i e d   out   e i t h e r   on  a  

c o n v e n t i o n a l   p a p e r r o a k i n g   m a c h i n e   or  o f f   the   mach ine   i n  

an  oven  a f t e r   a  s i z e - p r e s s ;   f o r   h igh   speed   p r o d u c t i o n /  

a  p a p e r m a k i n g   mach ine   is   p r e f e r r e d .  

In  e i t h e r   e v e n t ,   t he   p a p e r   p r o d u c t   is  f i r s t   t r e a t e d  

by  a d d i n g   to  i t   one  or  more  of  the   f o l l o w i n g   a d d i t i v e s :  

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

s t a r c h ,   l a t e x   or  m i l k .   The  a d d i t i v e   may  be  mixed  w i t h  

the   p u l p   p r i o r   to  s h e e t   f o r m i n g ,   or  i t   may  be  added  t o  

a  fo rmed  s h e e t   by  s p r a y i n g   or  o t h e r   means .   F o l l o w i n g   w e t  

p r e s s i n g ,   the  pape r   p r o d u c t   is  h e a t   t r e a t e d .  

In  the  h e a t   t r e a t m e n t   s t e p ,   the   i n i t i a l   w a t e r  

c o n t e n t   of  the   web  must  be  in  t he   r a n g e   of  1-40%  by  w e i g h t  

and  p r e f e r a b l y   to  w i t h i n   the   10-15%  r a n g e .   S u f f i c i e n t   *: 

h e a t   is  then  a p p l i e d   to  the   b o a r d   to  a c h i e v e   an  i n t e r n a l  

paper   t e m p e r a t u r e   of  at  l e a s t   400°F  ( 2 0 5 ° C ) .   •  The  h e a t  

can  be  a p p l i e d   in  the  form  of  hot   a i r ,   s u p e r h e a t e d   s t e a m ,  

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

means.  A l t e r n a t i v e l y ,   the   i n v e n t i o n   may  be  p r a c t i c e d   b y  

h e a t i n g   paper   p r o d u c t   in  an  oven  a f t e r   a  s i z e - p r e s s .   The  

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

■t  l e a s t   400°F  for   at  l e a s t   10  s e c .   A g a i n ,   the  n a t u r e  

af  the   hea t   s o u r c e   is  not   i m p o r t a n t .  

I t   is  p r e f e r r e d   t h a t   the   p a p e r   be  i m m e d i a t e l y  

r e w e t t e d   f o l l o w i n g   the  h e a t   t r e a t i n g   s t e p ,   and  w h i l e   t h e  

paper  is  s t i l l   ho t .   Water   may  be  a p p l i e d   by  s p r a y i n g   o r  

>ther   means.   Even  t h o u g h   one  e f f e c t   of  the   wa t e r   a p p l i c a t i o n  

Lb  to  cool   the  p a p e r ,   i t   is  i m p o r t a n t   t h a t   the  p a p e r   n o t  

>e  a l l o w e d   to  cool   s u b s t a n t i a l l y   b e f o r e   the  wa t e r   a p p l i c a t i o n .  
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The  h e a t   t r e a t e d   and  r e v e t t e d   p a p e r   is   t h e n   c o o l e d ,  

c o n d i t i o n e d ,   and  c a l e n d e r e d   a c c o r d i n g   to  c o n v e n t i o n a l  

p r o c e d u r e .   -  

The  i n v e n t i o n   has  been  p r a c t i c e d   as  d e s c r i b e d  

in  the   f o l l o w i n g   e x a m p l e s .   The  i m p r o v e m e n t   in  b o a r d   q u a l i t y   . 

w i l l   be  a p p a r e n t   f rom  an  e x a m i n a t i o n   of  the   t e s t   r e s u l t s  

l i s t e d   in  the   t a b l e s   b e l o w .  

EXAMPLE  1 

A  c o m m e r c i a l   . b l e a c h e d   k r a f t   b o a r d   was  s i z e d   w i t h  

d i f f e r e n t   s t a r c h   p r o t e i n   ( c a s e i n )   m i x t u r e s .   Both  s t a r c h  

and  c a s e i n   s o l u t i o n s   had  the  same  c o n c e n t r a t i o n   of  8%  p o l y m e r  

by  w e i g h t .   The  s i z e   p r e s s   was  a d j u s t e d   to  have  a  p o l y m e r  

a d d - o n   of  2.4%  by  w e i g h t .   A  p a r t   of  the   s a m p l e s   was  c o n v e n -  

t i o n a l l y   d r i e d   (C)  on  Emerson  speed  d r i e r ,   model  10  a t  

230°P  (110°C)  .  A n o t h e r   p o r t i o n   of  the   s a m p l e s   was  h e a t  

t r e a t e d   (HT)  at  400°F  (205°C)  fo r   30  s e c o n d s   and  r e w e t t e d  

i m m e d i a t e l y   a f t e r   h e a t   t r e a t e d .   A f t e r   c o n d i t i o n i n g   f o r  

48  hour s   u n d e r   s t a n d a r d   c o n d i t i o n s   (70°F ,   65%  r e l a t i v e  

h u m i d i t y ) ,   the   s a m p l e s   were  t e s t e d   for   s t i f f n e s s   ( T a b i e   I ) .  

PROPKRTTBB 

B a s i s   w e i g h t  
( l b / 3 0 0 0   f t 2 )  

C a l i p e r  
( m i l s )  

C o r r e c t e d  
S t i f f n e s s   , 
3~cm 
(HD/CD) 

5  S t i f f n e s s  
I m p r o v e m e n t  
(MD/CD) 

CONTROL  , 
DRIED 

„  .  (HT)  . 

1 6 0 . 1  
( 1 5 0 . 3 )  

1 8 . 9  
( 1 9 . 0 )  

1 5 8 / 7 5  
( 1 6 4 / 6 8 )  

( + 3 . 8 / - 9 J  

TABLS  I  

POTATO 
STARCH  (PS) 

DRIED 
(HT) 

1 6 5 . 0  
( 1 6 2 . 8 )  

1 8 . 8  
( 1 8 . 2 )  

1 5 3 / 9 0  
( 1 6 6 / 9 0 )  

- 3 / 1 6  
[ + 4 . 4 / + 1 6 )  

PS:  CASEIN 
7 0 » 3 0  
DRIED 

(HT) 

1 6 4 . 8  
( 1 6 3 . 2 )  

1 8 . 9  
( 1 8 . 2 )  

1 6 7 / 8 4  
( 1 7 4 / 9 5 )  

+ 5 . 7 / + 1 2  
( + 1 2 . 6 /  
+ 2 6 . 6 )  

PS  t  CASEIN 
5 0 * 5 0  
DRIED 

(HT)  , 

•  1 6 4 . 9  
( 1 6 4 . 0 )  

1 8 . 8  
( 1 8 . 4 )  

1 6 8 / 8 6  
( 1 8 1 / 9 4 )  

+ 6 . 3 / + 1 3 . 3  
( + 1 4 . 5 /  
+ 2 5 . 3 )  
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Board  as  in  Example   I  was  s i z e d   w i t h   d i f f e r e n t  

s t a r c h   -  whole  milk  m i x t u r e s .   S t a r c h   and  mi lk   c o n c e n t r a t i o n s  

were  8%  and  4%  by  w e i g h t   r e s p e c t i v e l y .   The  s i z e   p r e s s  

p r e s s u r e   was  a d j u s t e d   to  a c h i e v e   an  a d d - o n   v a l u e   of  2 . 4 1  

by  w e i g h t .   A  p a r t   of  the   s i z e d   s a m p l e s   was  c o n v e n t i o n a l l y  

d r i e d   on  an  Emerson  speed   d r i e r ,   model  10  a t   230°F  (110°C)  . 

A n o t h e r   p o r t i o n   of  the   s a m p l e s   was  h e a t   t r e a t e d   at   4"00°F 

(205°C)   fo r   30  s e c o n d s .   Al l   t he   s a m p l e s   were  c o n d i t i o n e d  

f o r   48  hou r s   under   s t a n d a r d   c o n d i t i o n s .   The  r e s u l t a n t  

p r o p e r t i e s   are   l i s t e d   in  T a b l e   I I .  

%  S t i f f n e s s  
I m p r o v e m e n t  
(HD/CD) 

PS  i  MILK  WHOLE  MILK 
CONTROL  50x50  .  7 0 i 3 0  

DRIED  DRIED  DRIED 
PROPERTIES  (HT)  (HT)  (HT) 

BasiB  w e i g h t   160 .1   168 .5   1 6 5 . 4  
( l b / 3 0 0 0   f t 2 )   ( 1 5 0 . 3 )   ( 1 6 5 . 9 )   ( 1 6 4 . 0 )  

C a l i p e r   18 .9   .  19 .2   1 9 . 2  
( m i l s )   ( 1 9 . 0 )   ( 1 8 . 6 )   ( 1 8 . 6 )  

C o r r e c t e d  
S t i f f n e s s ,  
g-cm  1 5 8 / 7 5   161 /81   1 4 5 / 6 9  
(HD/CD)  ( 1 6 4 / 6 8 )   ( 1 8 2 / 9 1 )   ( 1 6 6 / 8 1 )  

( + 3 . 8 / - 9 J  
+ 1 . 9 / + 8  

( + 1 5 . 2 / + 2 1 )  
- 8 . 2 / - B  
( + 4 5 . 1 / + 8 )  
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Board  as  in  Example   1  was  t r e a t e d   w i t h   a  5 0 : 5 0  

f i x t u r e   of  s t a r c h   a n d _ _ a c r y l i c   l a t e x   (Rohm-Maas  R h o p l e x  

IA-16) .   The  s t a r c h   and  l a t e x   c o n c e n t r a t i o n s   were  8%  a n d  

>0%  r e s p e c t i v e l y .   The  s i z e   p r e s s   p r e s s u r e   was  a d j u s t e d  

:o  a c h i e v e   a  p o l y m e r   a d d - o n   of  10.5%.  A  p o r t i o n   of  t h e  

lamples   was  c o n v e n t i o n a l l y   d r i e d   on  Emerson  .Speed  d r i e r ,  

oodel  10  at  230°P  <110°C)  .  A n o t h e r   p o r t i o n   of  the   s a m p l e s  

*as  hea t   t r e a t e d   at   400°F  (250°C)  for   30  s e c o n d s .   A l l  

:he  s amp le s   were  c o n d i t i o n e d   fo r   48  hou r s   unde r   s t a n d a r d  

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

in  Tab le   I I I .  

rAHItB  111  

PSQPBRTIB8 

Bas i s   w e i g h t  
( l b / 3 0 0 0   f t ^ )  

C a l i p e r  
( m i l B )  

C o r r e c t e d  
S t i f f n e s s   , 
g - c m  
(HP/CU) 

%  S t i f f n e s s  
I m p r o v e m e n t  
(MD/CD) 

DRIED 
(HT) 

1 6 0 . 1  
( 1 5 0 . 3 )  

1 8 . 9  
' ( 1 9 . 0 )  

1 5 8 / 7 5  
U 6 4 7 6 U )  

( + 3 . 8 / - 9 J  

rj   X  liftlJiA 
5 0 i 5 0  
DRIED 

(HT) 

17  9 
( 1 7 7 )  

1 9 . 2  
( 1 8 . 6 )  

l b b / y ^  
( 1 0 0 / 0 9 )  

+ 5 . 1 / + 2 2 . 6  
( + 1 9 . 5 / + 3 2 )  

KXAHPT.K  4 

A  c o m m e r c i a l   k r a f t   l i n e r b o a r d   hav ing   a  Kappa  

number  of  105  and  C a n a d i a n   S t a n d a r d   P r e e n e s s   of  720  m i s  

was  s i z e d   and  t r e a t e d   as  in  Example  1.  A f t e r   c o n d i t i o n i n g  

fo r   48  hours   under   s t a n d a r d   c o n d i t i o n s ,   a l l   the  s a m p l e s  

were  t e s t e d   fo r   t h e i r   p r o p e r t i e s   (TableB  IVa  and  IVb)  . 
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lADhS  iva  - l o n v e n t i o n a i i v   D r i ^  

POTATO 
STARCH  PSiCASRIH  PSlCASBIH  1 0 0 *  

P r o w r t l f l n   c o n t r o l   _u»h)  7 0 t 3 o   so.   so  v h S R W  

l b / 3 0 0 0 e f t 5 f c   1 3 5 , 2   135 ,2   133 ,7   1 3 1 , 2   1 3 2 ' 9  

C a l i p e r   12.   9  12 ,9   11 .9   12 .1   1 1 . 7  ( m i l s )  

Dry  T e n s i l e   6 4 . 6 /   7 1 . 8 /   7 1 . 5 /   6 9 . 2 /   7 1 . 1 /  l b / i n   MD/CD  21 .6   24.0  26 .0   2 2 . 5   2 3 . 9  

Wet  T e n s i l e   8 . 1 /   6 . 8 /   8 . 3 /   7 . 9 /   7 . 2 /  
l b /   in  MD/CD  3.1  3.4  2.7  2 .8   2 . 7  

S t i f f n e s s   1 4 . 8 / '   1 6 . 5 /   1 3 . 8 /   1 3 . 5 /   1 3 . 0 /  
9-°m  5.0  6.0  6.0  4 .75   4 . 8  

STFI  comp.  4 6 . 7 /   5 1 . 1 /   4 7 . 3 /   4 5 . 3 /   4 8 . 4 /  
MD/CD  24 .5   25 .9   26.6  26 .1   2 5 . 6  

Hu l l en   147 .3   .173 .0   178 .6   1 8 3 . 3   1 6 5 . 3  

TABLE  IVb  -  HEAT  TREATED 

POTATO 
STARCH  PSjCASBIN  PSiCASBIN  100% 

P r o p c r t a n n   c o n t r o l   <ps)_  70  130  s o t s o   c i s e i n  

S / J o o o ^ t ^   128 ,0   136 ,5   133 ,9   133 ,6   
-  

1 3 0 ' 6  

J a l i p e r   12 .4   12 .4   12.3   12 .3   1 1 . 2  ( m i l s )  

)ry  T e n s i l e   6 2 . 4 /   7 5 . 3 /   7 5 . 1 /   7 5 . 5 /   7 1 . 5 /  Lb/ in   MD/CD  20.6   29.2  27.7  24 .8   2 6 . 6  

T e n s i l e   9 . 6 /   1 5 . 5 /   1 4 . 8 /   1 4 . 0 /   1 6 . 1 /  Lb/in  MD/CD  3.3  6.2  5.5  5.6  •  5 . 6  

S t i f f n e s s   1 4 . 0 /   16 .8   1 4 . 7 5 /   1 5 . 5 /   1 5 . 5 /  
9-cm  5.0  5.0  5.5  5 .5  5 . 3  

5 T f ! i , ^ m p -   2 1 , 7 /   5 2 , 2 /   5 1 ' 5 /   5 2 - 2 '   5 1 . 6 /  MD/CD  44 .6   29.3  28.9  27 .3   2 9 . 8  

, I T J £ i d   7037  10857  1171/   H 4 9 /   1 0 7 5 /  "D/CD  424  413  672  810  878 

l u l l e n   121 .3   181 .3   159 .3   1 6 6 . 0   1 7 0 . 7  
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The  same  b o a r d   as  in  Example  4  was  s i z e d   a n d  

b r e a t e d   as  in  Example   2.  Al l   the   s a m p l e s   were  c o n d i t i o n e d  

for   48  h o u r s   u n d e r   s t a n d a r d   c o n d i t i o n s .   The  r e s u l t a n t  

board   p r o p e r t i e s   a re   l i s t e d   in  T a b l e   V. 

TABLE  Y 

CONTROL  PSiMILK  50 t50   WHOLE  MILK 
P r o p a r t i e a   DBIBJJ  HI  BEIEB  —  HT  DJBLISQ  HT 

Bas i s   w e i g h t  
l b / 3 0 0 0   f t 2   1 3 5 . 2   128 .0   137 .1   138 .6   1 3 6 . 6 . 1 3 8 . 2  

C a l i p e r  
( m i l s )   12 .9   12,4  12 .9   12 .6   13 .0   1 2 . 4  

Dry  T e n s i l e   6 4 . 6 /   6 2 . 4 /   6 6 . 1 /   7 2 . 0 /   6 5 . 9 /   7 4 . 7 /  
l b / i n   HD/CD  21 .6   20.6  22.4  26.2   •  21 .1   2 2 . 3  

Wet  T e n s i l e   8 . 1 /   9 . 6 /   6 . 9 /   1 5 . 3 /   6 . 2 /   1 6 . 4 /  
l b / i n   HD/CD  3.1  3.3  2.5  4.9  2.3  5 . 5  

S t i f f n e s s   1 4 . 8 /   1 4 . 0 /   1 6 . 5 /   1 6 . 0 /   1 6 . 3 /   1 5 ' . 8 /  

g-cm  5.0  5.0  5.3  6.3  .  
4.8  4 . 8  

STFI  comp.  4 6 . 7 /   2 1 . 7 /   4 6 . 7 /   5 1 . 0 /   4 4 . 2 /   4 8 . 6 /  
HD/CD  24 .5   44.6  26.6  27.7  22.6   2 1 . 5  

HIT  Fold  —  703/   —  1027/   —  1 1 0 1 /  
HD/CD  —  424  —  618  —  724 

Mul len   147 .3   121.3   164.0   156.7   15.7  1 4 8 . 7  
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The  same  b o a r d   as  in  Example   4  vaa  s i z e d   a n d  
t r e a t e d   as  in  Example  3.  A l l   t he   s a m p l e s   were  c o n d i t i o n e d  
?or  48  hour s   under   s t a n d a r d   c o n d i t i o n s .   The  r e s u l t a n t  
> roduc t   p r o p e r t i e s   a re   l i s t e d   in  T a b l e   V I .  

TABT.R  VT 

t r o p e r t l e a   d r i e d   m-  d r i e d   m  
l a s i s   w e i g h t  
b / 3 0 0 0   f t 2   135 .2   1 2 8 . 0   1 4 3 . 7   1 4 5 . 0  

a l i p e r  
milB)  12 .9   12 .4   13.1   1 2 . 3  

ry  T e n B i l e   6 4 . 6 /   6 2 . 4 /   8 3 . 5 /   8 2 . 2 /  b / i n   MD/CD  21.6  20 .6   31.2   3 0 . 1  
et  T e n s i l e   8 . 1 /   9 . 6 /   13  7/  24  p /  b / i n   MD/CD  3.1  5!3  4.7  2 \ \ Y  

t i f f n e s s   1 4 . 8 /   1 4 . 0 /   1 5 . 3 /   16  5 /  
9 " c a   5.0  5 .0  6.8  6 . 0  

rM^/ rnmP '   J H '   ' 2 1 ' 7 /   53  -6/   57  . 0 /  MD/C0  24.5   44 .6   29.6  3 1 . 0  

MD/CD  —  424  —  559  
, l l e n   147.3   1 2 1 . 3   191 .0   1 7 8 . 0  
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A n o t h e r   sample   of  c o m m e r c i a l   k r a f t   l i n e r b o a r d  

l a v i n g   a  kappa   number  of  110  and  C a n a d i a n   S t a n d a r d   F r e e n e s s  

if  750  mis  was  s i z e d   w i t h   8%  s o l u t i o n s   of  c a r b o x y   m e t h y l  

: e l l u l o s e   (F inn   Fix)   .  The  Bize  p r e sB   p r e s s u r e   waB  a d j u s t e d  

to  a c h i e v e   0.3  to  1.0%  a d d - o n   by  w e i g h t .   A f t e r   h e a t   t r e a t m e n t  

at  400°F  (250°C)  fo r   30  s e c o n d s ,   s a m p l e s   were  c o n d i t i o n e d  

for   48  h o u r s   unde r   s t a n d a r d   c o n d i t i o n s .   The  r e s u l t a n t  

p r o p e r t i e s   a re   l i s t e d   in  T a b l e   V I I .  

TABLE  VTI  

C o n t r o l   FINN  FIX  (%  ON  POLP) 
NO  HT  NO  HT 

P r o p e r t i e s   (HT)  LHTJ  _  
SU21  0.6%  1 . 0 *  

B a s i s   We igh t   42.7  42.7  43 .4   4 3 . 8  
l b / 1 0 0 0   f t 2   (42 .8)   ( 4 0 . 4 )   ( 4 0 . 7 )   ( 4 1 . 1 )  

C a l i p e r   13.1  - 1 4 . 4   14 .9   1 5 . 2  
( m i l s )   (13 ,4 )   ( 1 3 . 0 )   ( 1 2 . 9 )   ( 1 2 . 9 )  

Wet  T e n s i l e   7.9  7.3  8.2  6 . 5  
l b s / i n c h   (13 .8 )   ( 18 .8 )   ( 1 5 . 4 )   ( 1 5 . 4 )  

Dry  T e n s i l e   105.3   84.5  82.9  8 3 . 1  
l b s / i n c h   (87 .7 )   ( 95 .0 )   ( 8 9 . 4 )   ( 9 4 . 9 )  

Wet  S t r e n g t h   7.5  8.6  9.9  7 . 8  
%  of  Dry  (15 .3 )   ( 1 9 . 7 )   ( 1 7 . 2 )   ( 1 6 . 2 )  

S t i f f n e s s   92.5  110  107 .0   1 1 3 . 5  
g-cm  (100 .5 )   ( 9 0 . 5 )   ( 8 8 . 0 )   ( 1 1 1 . 0 )  

Mul len   —  87.7  106 .1   1 0 5 . 8  
p s i   <--  >  ( 82 .0 )   ( 9 3 . 2 )   ( 9 0 . 4 )  

C o m p r e s s i o n   —  31.1  32.0   3 2 . 3  
STFI,   l b / i n c h   (—  )  ( 3 4 . 5 )   ( 3 6 . 3 )   ( 3 6 . 8 )  

MIT  Fold   1702  1929  1711  1 6 3 9  
(2064)  (1554)  (1028)  ( 9 8 4 )  

T e a r ,   gm  —  510  427  416  
(—  )  (422)  (451)  ( 3 9 0 )  
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.,  Board  as  in  Example  7  was  s i z e d   w i t h   8%  s o l u t i o n s  

of  p o l y v i n y l   a l c o h o l .   The  s i z e   p r e s s   p r e s s u r e   was  a d j u s t e d  

to  a c h i e v e   t he   p o l y m e r   a d d - o n   of  0.3  to  1.0%  w e i g h t .   A f t e r  

h e a t   t r e a t m e n t   at   400°P  (205°C)  for   30  s e c o n d B ,   s a m p l e s  

were  c o n d i t i o n e d   f o r   48  hour s   under   s t a n d a r d   c o n d i t i o n s .  

The  r e s u l t a n t   p r o p e r t i e s   a re   l i s t e d   in  T a b l e   V I I I .  

TABLE  V I I I  

POLYVINYL  ALCOHOL 
C o n t r o l   (%  ON  POLP) 

NO  HT  NO  HT 
r i u L / v i u i c n   i n n   i h t i  

iLJLl  OJU  L J l i  

Basis   Weigh t   42.7   43.4  43.5   4 3 . 5  
Lb/1000  f t ^   ( 4 2 . 8 )   ( 43 .5 )   ( 43 .0 )   ( 4 2 . 7 )  

Z a l i p e r   13.1   14.5  15.0   1 5 . 0  
( m i l s )   ( 1 3 . 4 )   ( 14 .0 )   (13 .9 )   ( 1 3 . 4 )  

fet   T e n s i l e   7 .9   7.0  8.7  9 . 4  
L b s / i n c h   ( 1 3 . 8 )   ( 1 0 . 8 )   ( 1 9 . 2 )   ( 1 9 . 6 )  

)ry  T e n s i l e   105 .3   84.3  85.0  8 2 . 7  
L b s / i n c h   ( 8 7 . 7 )   . (83 .3)   ( 89 .2 )   ( 9 1 . 8 )  

Jet  S t r e n g t h   7.5  8.3  4.4  1 1 . 4  
*  of  Dry  ( 1 5 . 3 )   ( 13 .0 )   ( 21 .5 )   ( 2 1 . 3 )  

S t i f f n e s s   92.5   113.7   112 .0   1 0 1 . 0  
J-cm  ( 1 0 0 . 5 )   ( 106 .0 )   (96 .5 )   ( 9 9 . 0 )  

l u l l e n   —  100 .9   100 .5   1 0 0 . 4  
>ei  <—  >  (89 .2 )   ( 84 .8 )   ( 9 0 . 8 )  

l o m p r e s s i o n   —  26.8   29 .9   2 7 . 3  

5TFI,  l b / i n c h   (  —  )  ( 32 .3 )   (36 .5 )   ( 3 8 . 9 )  

[IT  Fold  1702  1168  1737  2 0 4 6  
(2064)  (1311)  (1118)  ( 1 1 4 2 )  

t e a r ,   gm  —  467  490  488  
(  —  )  (483)  (448)  ( 4 0 3 )  

x«e  c a o i e a   apove  snow  c l e a r l y   t h a t   g r e a t   i n c r e a s e s  

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



0 2 1 6 1 4 5  

-  14  -  

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

: e r t a i n   a d d i t i v e s   as  d e s c r i b e d   a b o v e .   A  r e w e t t i n g   p r o c e d u r e  

lay  a l s o   be  u s e d ,   p a r t i c u l a r l y   when  f o l d i n g   e n d u r a n c e   i s  

L m p o r t a n t .   -•-  r  .  ■. 

I na smuch   aB  the  i n v e n t i o n   is  s u b j e c t   to  many 

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

ind  e x a m p l e s   s h o u l d   be  r e g a r d e d   as  i l l u s t r a t i v e   of  t h e  

L n v e n t i o n   d e f i n e d   by  the  f o l l o w i n g   c l a i m B .  
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i  .  A  me thod   of  p r o d u c i n g   a  p a p e r   product   w i t h   i m -  
p r o v e d   s t i f f n e s s ,   wet  s t r e n g t h   and  o p a c i t y   and  w i t h  
a c c e p t a b l e   f l e x i b i l i t y   t h e r e o f   c o m p r i s i n g   the   s t e p s   o f  

*  a p p l y i n g   one  or  more  a d d i t i v e s   s e l e c t e d   f r o m  

the   g roup   c o n s i s t i n g   of  m i l k ,   l a t e x ,   p o l y v i n y l   a l c o h o l ,  

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

and  t h e n  

h e a t   t r e a t i n g   s a i d   p r o d u c t   at  h igh   t e m p e r a t u r e  

f o r   a  p e r i o d   of  t ime  s u f f i c i e n t   to  i n c r e a s e   the  wet  s t r e n g t h  

t h e r e o f .  

2.  The  method  of  c l a i m   1,  w h e r e i n   the  p r o d u c t  

has  an  i n i t i a l   m o i s t u r e   c o n t e n t   in  the  range   of  1.0  t o  

401  by  w e i g h t   b e f o r e   s a i d   h e a t   t r e a t i n g   s t e p .  

3.  The  method  of  c l a i m   1  or  2,  f u r the r   c o n p r i s i n g  

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

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

4.  The  method  of  c l a i m   3,  w h e r e i n   the  m o i s t u r e  

c o n t e n t   of  s a i d   p r o d u c t   a f t e r   r e w e t t i n g   is  be tween   1 . 0  

and  20%  by  w e i g h t .  

5.  The  method  of  c l a i m   s'1  to  4,  wherein  said  heat  t r e a t i n g  

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

of  284  to  482°F  (140  to  250°C)  ,  fo r   a  l e n g t h   of  t ime  i n  

the  range  of  0.5  to  120  s e c o n d s .  
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6.  The  method  of  c l a i m s   1  to  5,  wherein  said  p a p e r  

p r o d u c t   is  milk   c a r t o n   b o a r d .  

7.  The  method  of  c l a i m   6,  w h e r e i n   Baid  c a r t o n  

boa rd   has  b a s i s   w e i g h t   of  abou t   160  l b / 3 0 0 0   f t 2   (260  g/ra2)  . 

8.  A  f o l d i n g   c a r t o n   boa rd   of  h igh  s t i f f n e s s  

and  h igh  f o l d i n g   e n d u r a n c e   producib le   with  a  method  according  to  ' 

any  of  claims  1  to  7. 

9.  The  method  of  c l a i m s   1  to  5,  wherein  said  paper  . 

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

10.  The  method  of  c l a i m   9,  w h e r e i n   s a i d   l i n e r b o a r d  

has  a  b a s i s   w e i g h t   of  about   42  l b / 1 0 0 0   f t 2   (205  g/ra2)  . 

11.  A  l i n e r b o a r d   of  h igh  wet  s t r e n g t h   and  h i g h  

f o l d i n g   e n d u r a n c e ,   producible   wirh  a  method  according  to  any 

of  claims  1  to  7,  9  or  10. 

12.  -  A  l i n e r b o a r d   as  in  c l a im   11,  hav ing   a  we t  

B t r e n g t h   of  at  l e a B t   15  l b / i n   (2 .53  k.N/m)  and  a  f o l d i n g  

e n d u r a n c e   of  at  l e a s t   85%  of  the  f o l d i n g   e n d u r a n c e   of  t h e  

board   p r i o r   to  a p p l i c a t i o n   of  the  hea t   t r e a t i n g   and  r e w e t t i n g  

s t e p s .  
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