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(54)  Method  of  sizing  paper. 

A  starch  which  has  been  reacted  with  a  dicarboxylic  acid 
anhydride  such  as  octenyl  succinic  anhydride  is  applied  to  a 
formed  paper  web  from  the  size  press.  The  starch  combines 
with  a  multivalent  metal  ion  e.g.  (aluminium)  already  present _ 
in  the  paper  web  to  become  hydrophobic,  and  thereby  impart 
a  high  level  of  water  resistance  concentrated  at  the  surface  of 
the  paper. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of  s i z i n g   p a p e r .  
C o n v e n t i o n a l   h i g h - g r a d e ,   w a t e r - r e s i s t a n t   p a p e r s  

a r e   made  by  a d d i n g   r o s i n ( a   n a t u r a l   p r o d u c t   f r o m   p i n e   t r e e s )  

a t   t h e   w e t - e n d   of  t he   p a p e r m a k i n g   p r o c e s s .   The  r o s i n   i s  

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

i t   p r e c i p i t a t e s   in  t he   f i b r e   web  as  t h e   p a p e r   s h e e t   i s  

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

p a p e r - m a k i n g   f u r n i s h   can  h a v e   an  a d v e r s e   e f f e c t   on  t h e  

a m o u n t   of  r o s i n   w h i c h   p r e c i p i t a t e s   on  t h e   p a p e r m a k i n g  

w i r e .   The  u s u a l   c o m m e r c i a l   p r a c t i c e   to   c o m p e n s a t e   f o r  

s u c h   v a r i a t i o n s   i s   to  add  an  e x c e s s   a m o u n t   of  r o s i n   to   t h e  

f u r n i s h   to   e n s u r e   s u f f i c i e n t   p i c k u p   to   make  a  p a p e r   h a v i n g  

t h e   d e s i r e d   l e v e l   of  w a t e r - r e s i s t a n c e .  

T h e r e   a r e   i n c r e a s i n g   n u m b e r s   of  p a p e r   m i l l s  

w h i c h   u s e   r e c y c l e d   p a p e r   as  p a r t   of   t h e   raw  m a t e r i a l   in  t h e  

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

e c o n o m y   m e a s u r e s   a r e   r e q u i r e d ,   and  c o n d i t i o n s   of  pH,  s u r f a c e  

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

a r e   c h a n g e d ,   t h e   m a t e r i a l s   w h i c h   can   be  u s e d   to   i m p a r t  

w a t e r - r e s i s t a n c e   to  t he   p a p e r   m u s t   m e e t   new  r e q u i r e m e n t s  

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

In  some  e a r l i e r   a t t e m p t s   to   make  a  w a t e r - r e s -  

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

p r e s s ,   t o o   much  r o s i n /   a lum  was  e m p l o y e d   and  t h e   e x c e s s  

t e n d e d   to  c o a g u l a t e   and  gum  up  t h e   s i z e   p r e s s ,   c a u s i n g  

t h e   r e s u l t i n g   p a p e r   to  be  " s p o t t y " .   An  i m p r o v e d   m e t h o d  

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

in  United  S t a t e s   P a t e n t   A p p l i c a t i o n   S e r i a l   N u m b e r  

9 0 9 , 8 5 4   f i l e d   May  26  1 9 7 8 .   The  m e t h o d   d e s c r i b e d   in  t h a t  

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

l i m i t e d   in   i t s   p o s s i b l e   u s e s   by  t h e   a v a i l a b i l i t y   of   r o s i n  

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

p a p e r .   The  m e t h o d   a l s o   r e q u i r e s   t h a t   a lum  be  a d d e d   a t  

t h e   s i z e   p r e s s   a l o n g   w i t h   t h e   r o s i n .   T h i s   i s   in  a d d i t i o n  



to   t h e   a lum  n o r m a l l y   i n c l u d e d   in  t h e   f u r n i s h   a t   t h e  w e t -  

end  of   t h e   p a p e r m a k i n g   m a c h i n e .   To  a p p l i c a n t s '   k n o w l e d g e ,  

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

o b t a i n i n g   w a t e r - r e s i s t a n t   p a p e r   by  means   o f  s i z i n g   w i t h   a  

s t a r c h   d e r i v a t i v e   a t   t h e   s i z e   p r e s s   in   a  p a p e r m a k i n g  

p r o c e s s .  

U n i t e d   S t a t e s   P a t e n t   3 , 2 7 9 , 9 7 5   d e s c r i b e s   a  

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

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

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

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

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

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

a  m a l e a t e d   p e t r o l e u m   r e s i n ,   a l k y l   k e t e n e   d i m e r s ,  a l k a l i -  

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

c a r b o n   c h e m i c a l s ,   a n d  o t h e r s .   Such   m a t e r i a l s   h a v e   n o t  

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

p r o b l e m s ,   s u c h   as  t h e   "gum  up"  p h e n o m e n a ,   or   d r y i n g  

p r o b l e m s .  

U n i t e d   S t a t e s  P a t e n t s ,   2 , 6 1 3 , 2 0 6 ;   2 , 4 6 1 , 1 3 9  

and  3 , 0 9 1 , 5 6 7   d i s c l o s e   c e r t a i n   h y d r o p h o b i c  s t a r c h   a c i d -  

e s t e r s   and  v a r i o u s   u s e s   f o r   t h e s e   s t a r c h . d e r i v a t i v e s .  

A  m e t h o d   of   m a k i n g   t h e s e   s t a r c h   a c i d - e s t e r s   and  t h e i r  

c o m b i n a t i o n   w i t h   m u l t i v a l e n t   m e t a l   i o n s   s u c h   as  a l u m i n i u m  

is   d i s c l o s e d   in   U n i t e d   S t a t e s   P a t e n t   2 , 6 1 3 , 2 0 6 ,   a n d  t h e  

h y d r o p h o b i c   c h a r a c t e r   of   t h e   s t a r c h   i s   s e t   f o r t h .  

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

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

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

i n k   t r a n s f e r   b e t w e e n   f r e s h l y   p r i n t e d   s h e e t s ;   i n s e c t i c i d e  

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

c e l l u l o s e   a c e t a t e   r a y o n s ,   d e l u s t e r i n g a g e n t   in  l a c q u e r -  

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

t e x t i l e   s i z i n g   a n d  f i n i s h i n g   a g e n t .   T h i s   p a t e n t   m a k e s  

no  m e n t i o n   of   any  u s e   of  t h e   s u b j e c t   s t a r c h   d e r i v a t i v e  

in   p a p e r   s i z i n g ,   or  of   t h i n n i n g   i t   p r i o r   to   u s e .   P a p e r  



s i z i n g   and  c o a t i n g   i s   m e n t i o n e d   in  U .S .   P a t e n t   2 , 6 6 1 , 3 4 9 ,  

Co l .   11,   l i n e s   5 - 1 0 ,   b u t   on  ly   in  a  g e n e r a l   way.  T h e r e  

a r e   no  e x a m p l e s   i l l u s t r a t i n g   s u c h   u s e s .  

U n i t e d   S t a t e s   P a t e n t   2 , 4 6 1 , 1 3 9   d e s c r i b e s   a  

m e t h o d   of  m a k i n g   s t a r c h   e s t e r   d e r i v a t i v e s   by  r e a c t i n g  

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

a n h y d r i d e s   to   o b t a i n   an  i n h i b i t e d   s t a r c h   h a v i n g   a  

r e d u c e d   t e n d e n c y   to  g e l .   The  p a t e n t   s t a t e s   t h a t   a n  

a l k a l i n e   r e a c t i o n   med ium  (pH  7 - 1 1 )   i s   e s s e n t i a l   to  t h e  

p r a c t i c e   of  t h e   i n v e n t i v e   m e t h o d .   "An  a m a z i n g   i n c r e a s e  

in  w a t e r   a b s o r p t i v e   p o w e r s "   i s   shown  by  s t a r c h  t r e a t e d  

w i t h   s u c c i n i c   a n h y d r i d e .   P a p e r m a k i n g   i s   m e n t i o n e d  

(Column  3,  l i n e s   3 1 - 3 4 ) ,   b u t   t h e   s t a r c h   d e r i v a t i v e   i s   o n l y  

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

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

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

was  t h a t   of  a  b i n d e r   in  t h e   w e t - e n d ,   or  f u r n i s h ,   of  t h e  

p a p e r   m a c h i n e .   E x a m p l e s   4  and  5  of  t h e   s u b j e c t   p a t e n t  

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

o n l y   w i t h   m a l e i c   and  a c e t i c   a n h y d r i d e .   E x a m p l e   6 

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

t h i n - b o i l i n g   s t a r c h .   B o t h   E x a m p l e   8  and  9  d e s c r i b e  

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

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

t h e   e x a m p l e s   may  be  f u r t h e r   c o n v e r t e d ,   as  by  a c i d  

h y d r o l y s i s ,   f o r   e x a m p l e .   T h e r e   i s   no  m e n t i o n   of  s i z i n g  

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

s u c c i n i c   a n h y d r i d e   i s   d e s c r i b e d   as  a  " h i g h   w a t e r   a b s o r p t i v e  

s t a r c h "   ( c o l u m n   12,   l i n e s   2  and  3  of   U .S .   P a t e n t  

2 , 4 6 1 , 1 3 9 ) .  

U n i t e d   S t a t e s   P a t e n t   3 , 0 9 1 , 5 6 7   i s   d i r e c t e d   to  a  

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

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

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

i o n .   The  s t a r c h   a c i d - e s t e r   may  be  o b t a i n e d   f rom  t h e  

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



G e n e r a l   l a n g u a g e   in  t h i s   p a t e n t   s u g g e s t s   t h a t   t h e   s t a r c h  
u s e d   to   m a k e  t h e   d e s c r i b e d   s t a r c h   a c i d - e s t e r   "may  h a v e  

been   p r e v i o u s l y   m o d i f i e d   . . . b y   h y d r o l y s i s ,   o x i d a t i o n   . . . "  

e t c .   (Co lumn   3,  l i n e s  2 2 - 2 4 ) .   T h i s   p a t e n t ,   h o w e v e r ,  

d i s c l o s e s   o n l y   one   u s e   of  t h e   s t a r c h   d e r i v a t i v e .   I t  

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

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

i s   no  m e n t i o n   of  p o s s i b l e   u s e   in  a  p a p e r m a k i n g   p r o c e s s .  

R e c e n t l y   p u b l i s h e d   J a p a n e s e   P a t e n t   S p e c i f i c a t i o n  

5 3 - 6 1 7 0 6   d e s c r i b e s   s i z i n g   of  p a p e r   or  c a r d b o a r d   w i t h   a  

s i z i n g   c o m p o s i t i o n   c o m p r i s i n g   1 -20   p a r t s   of  h y d r o p h o b i c  

s t a r c h   and  9 9 - 8 0   p a r t s   of  n o n - h y d r o p h o b i c   s t a r c h .   T h e  

h y d r o p h o b i c   s t a r c h   c o n s i s t s   of  a  d i c a r b o x y l i c   a c i d   s t a r c h  

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

a d j a c e n t   c a r b o n   a t o m s .   The  d i c a r b o x y l i c   a c i d   may  h a v e  

8-22   c a r b o n   a t o m s ,   and  may  h a v e   a l k y l   or   h a l o g e n   s u b s t -  

i t u e n t   g r o u p s .   I n c l u d e d   i n  E x a m p l e  2   of   t h e  s u b j e c t  

J a p a n e s e   S p e c i f i c a t i o n   i s   1 - o c t e n y l s u c c i n i c   a n h y d r i d e   a s  

an  e s t e r i f i c a t i o n   a g e n t   f o r   m a k i n g   S t a r c h   "C".   T h e  

m e t h o d   of  E x a m p l e   1  was  f o l l o w e d   to   make  S t a r c h   "C" ,   a n d  

t he   l e v e l   of  s u b s t i t u t i o n   was  r e p o r t e d   to  be  0 . 0 2 7  d . s .  

A  s t a r c h   d e r i v a t i v e   l i k e   t h e  a b o v e   S t a r c h   " C "  

was  u s e d   to   s i z e   a  p a p e r   web  made  f r o m   b l e a c h e d  k r a f t  

p u l p   c o n t a i n i n g   a b o u t   1%  a l u m ,   b a s e d   on  t he   p u l p   d r y  

w e i g h t .   The  d i s p e r s e d   s i z i n g   c o m p o s i t i o n   c o n t a i n e d  

5%  of  a  h y d r o p h o b i c   s t a r c h   ( l i k e   S t a r c h   "C",   b u t   w i t h   a  

d . s .   of  0 . 0 3 2 ) ,   and  95%  o f  a   n o n - h y d r o p h o b i c   c a t i o n i c  

s t a r c h   ( h a v i n g   a b o u t   0 .24%  by  wt .   n i t r o g e n   c o n t e n t ) .  

The  d i s p e r s i o n   had   a  s o l i d s   l e v e l   of   a b o u t  4 - 5 % .   S i x t y  

p o u n d s   of   t h e   s i z e   d i s p e r s i o n   p e r   t on   of   p a p e r   w a s  

a p p l i e d .   R o s i n   w a s  a l s o   u s e d   in  t h e   s a m p l e  r u n s ( a t   12  

a n d  6   k g / m e t r i c   t o n n e   r e s p e c t i v e l y ) .  

The  a b o v e   d e r i v a t i z e d   s t a r c h   s i z i n g   a g e n t  a n d  

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

and  m e t h o d   in  a t   l e a s t   t h e   f o l l o w i n g   i m p o r t a n t   w a y s :  



J a p a n e s e   P a t e n t   S p e c i f i c a t i o n   5 3 - 6 1 7 0 6  

H i g h l y   s u b s t i t u t e d   s t a r c h   d e r i v a t i v e  

a b o u t   0 . 0 3   d . s .   of  o c t e n y l   s u c c i n i c  

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

A p p a r e n t l y   no  t h i n n i n g   p r i o r   to   u s e  

in   s i z e   p r e s s  -   i n t e n d e d   f o r  b l e n d i n g  

w i t h   c o n v e n t i o n a l   s i z e   p r e s s   s t a r c h ,  

s u c h   as  a  c a t i o n i c   s i z e   p r e s s   s t a r c h .  

When  b u l k   h a n d l i n g   s y s t e m   is   u s e d ,   a  

d u a l   b u l k   h a n d l i n g   s y s t e m   a t   t h e  

p a p e r   m i l l   i s   r e q u i r e d   f o r   two  k i n d s  

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

be  d o n e ,   or  m a n u a l   h a n d l i n g   w i l l   b e  

r e q u i r e d .  

R e s u l t s   o b t a i n e d   in  Example - -4   do  n o t  

show  any  s i g n i f i c a n t   i m p r o v e m e n t   o v e r  

w h a t   c o u l d   be  e x p e c t e d   w i t h   12  kg  o f  

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

T h i s   a m o u n t   of  r o s i n   can   be  e x p e c t e d  

to  g i v e   t h e   r e s u l t s   r e p o r t e d   w i t h o u t  

any  a d d i t i o n   of  t h e   h y d r o p h o b i c  

s t a r c h   d e r i v a t i v e .  

6  and  12  kg  r o s i n / t o n n e   of  p a p e r -  

w e r e   u s e d ,   w h i c h   i s   a b o u t   s i x   t i m e s  

as  much  r o s i n   as  u s e d   in   t h e   m e t h o d  

of  t h e   s u b j e c t   i n v e n t i o n .  

S u b j e c t   A p p l i c a t i o n  

A b o u t   0 . 0 1   d . s .   o f  

e s t e r   g r o u p s   p r e f e r r e d .  

U p p e r   l i m i t   a b o u t   0 . 0 2 3 .  

A l w a y s   t h i n n e d   p r i o r   t o  

u se   in  s i z e   p r e s s .   I n -  

t e n d e d   f o r   u se   as  t h e  

s o l e   s i z e   p r e s s   s t a r c h .  

Only   a - s i n g l e   b u l k  

h a n d l i n g   s y s t e m   r e q u i r e d  

f o r   one   s i z e   p r e s s   s t a r c h .  

Only   t h e   low  s u b s t i t u t e d  

s t a r c h   n e e d   be  u s e d   w i t h  

a b o u t   1-2  kg  r o s i n / m e t r i c  

t o n n e   of  p a p e r   to  c o n t r o l  

p i c k - u p .   Wi th   t h e   a b o v e ,  

4 0 - 5 0   s e c .   H e r c u l e s   i s  

o b t a i n e d   in   p a p e r   s i z e d  

by  t h e   m e t h o d   of  t h e  

s u b j e c t   i n v e n t i o n .  

I t   i s   n o t   c l e a r   f rom  t he   d i s c l o s u r e   of  t h e   s u b j e c t  

J a p a n e s e   S p e c i f i c a t i o n   t h a t   some  a lum  m u s t   be  p r e s e n t   in  t h e  

p a p e r   web  as  i t   e n t e r s   t h e   s i z e   p r e s s .   In  a d d i t i o n ,   i t   i s  

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

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

c a t i o n   w o u l d   be  too   h i g h   f o r   use   as  a  c o m p e t i t i v e   m e t h o d   o f  



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

to  c u t   down  on  t h e   e x c e s s i v e   u se   of   r o s i n .   The  m e t h o d  

d e s c r i b e d   in   t h e   J a p a n e s e   p a t e n t   s p e c i f i c a t i o n   d o e s  

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

i t   i s   b e l i e v e d   t h a t   t h e   same  s i z i n g   e f f e c t   i s   o b t a i n a b l e  

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

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

r e s u l t s   of   t h e   p r e s e n t   i n v e n t i o n   a r e   much  s u p e r i o r   t o  

t h e   r e s u l t s   r e p o r t e d   in  t he   s u b j e c t   J a p a n e s e   s p e c i f i c a t i o n ,  

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

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

c o n t r o l   p i c k - u p   (1-2  kg  r o s i n / t o n n e   of   p a p e r ) .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   o f  

e x t e r n a l l y   s i z i n g  a   c e l l u l o s i c   web  c o n t a i n i n g   a  m u l t i v a l e n t  

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

by  a p p l y i n g   an  a q u e o u s   s i z i n g   c o m p o s i t i o n ,   to  t h e  c e l l u l o s i c  

web,   c h a r a c t e r i s e d   in  t h a t   t h e   a q u e o u s   s i z i n g   c o m p o s i t i o n  

c o n t a i n s   f r o m   2  to  15% by   w e i g h t   of   a  d i c a r b o x y l i c   a c i d  

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

a c i d   a n h y d r i d e   h a v i n g   8  t o   22  c a r b o n   a t o m s   w h i c h   i s   a n  

a l i p h a t i c ,   a r o m a t i c , a l i c y c l i c   or  b i c y c l i c   a l i p h a t i c  

d i c a r b o x y l i c   a c i d   a n h y d r i d e   or   s u b s t i t u t e d   d i c a r b o x y l i c  

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

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

r a n g e   f r o m   0 . 0 0 5   to   0 . 0 2 3   in  t h a t   t h e   a q u e o u s   s i z i n g   c o m p o -  

s i t i o n   h a s   a  B r o o k f i e l d   v i s c o s i t y   i n   t h e   r a n g e   of   10  t o  

150  cps   ( N o .  1   S p i n d l e ;   20  rpm;  6 6 ° C ) ,  i n  t h a t t h e   s i z i n g  

c o m p o s i t i o n   has   a  pH  of  4  to   7 .5   and  a  t e m p e r a t u r e   of   5 0  

to  80°C  and  in   t h a t   t h e   s i z i n g   c o m p o s i t i o n   i s   a p p l i e d   t o  

t h e   c e l l u l o s i c   web  a t   a  r a t e   of  10  to  100  k g  p e r   t o n n e .  

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

s t a r c h   w i t h   1 - o c t e n y l   s u c c i n i c   a c i d   a n h y d r i d e .  

Thus   t h e   s t a r c h   e s t e r   may  be  a  1 - o c t e n y l s u c c i n i c  

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

of  w h i c h   i s   in   t h e   r a n g e   of  0 . 0 0 8  t o   0 . 0 1 6 ,   e . g .   a  1 -  

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



s l i g h t l y   o x i d i z e d   so  t h a t   t he   amoun t   of  p r o t e i n   r e m a i n i n g  

in  s a i d   h a l f   e s t e r   i s   l e s s   t h a n   0.1%  by  w e i g h t   b a s e d   o n  

t he   w e i g h t   of  t h e   s t a r c h .  

P r e f e r a b l y   t h e   m u l t i v a l e n t   m e t a l   i on   w h i c h   m a y  
be  a l u m i n i u m ,   c a l c i u m ,   m a g n e s i u m ,   m a n g a n e s e   or  b a r i u m   i s  

in  t h e   f o r m   of  a  s l i g h t l y   w a t e r - s o l u b l e   s a l t ,   and  i s   a d d e d  

to  t h e   a q u e o u s   f u r n i s h   f rom  w h i c h   t h e   c e l l u l o s i c   web  i s  

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

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

or  s o d i u m   a l u m i n a t e .   Thus  t he   m u l t i v a l e n t   m e t a l   s a l t   may  
be  a l u m i n i u m   s u l p h a t e   w h i c h   i s   p r e s e n t   in  t h e   c e l l u l o s i c  

web  in  an  a m o u n t   of   a t   l e a s t   5  kg  a l u m i n i u m   s u l p h a t e   p e r  

t o n n e   of  f i b r e   in  t h e   c e l l u l o s i c   web,   or  s o d i u m   a l u m i n a t e  

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

a t   l e a s t   1 . 5   kg  p e r   t o n n e   of  f i b r e   in  t h e   c e l l u l o s i c   w e b .  

P r e f e r a b l y   t h e   r e d u c e d   v i s c o s i t y   of   t h e   s t a r c h  

e s t e r   i s   o b t a i n e d   by  a c i d   h y d r o l y s i s   of  t h e   s t a r c h   e s t e r  o r  b y  

t h e r m a l   c h e m i c a l   t r e a t m e n t   of  t he   s t a r c h   e s t e r .   A l t e r n a t -  

i v e l y ,   t h e   s u b s t i t u t e d   s t a r c h   may  have   been   s l i g h t l y  

o x i d i z e d ,   and  t h e   r e d u c e d   v i s c o s i t y   o b t a i n e d   by  h i g h  

t e m p e r a t u r e   t h e r m a l   t r e a t m e n t ,  e . g .   a t   107  t o  1 6 3 ° C .  

P r e f e r a b l y   t h e   p a p e r   web  i s   f r e e   of   r o s i n .  

Thus  t h e   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   of  m a k i n g  

a  w a t e r   r e s i s t a n t   p a p e r   by  s i z i n g   t h e   p a p e r   web  a t   t h e  

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

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

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

a n h y d r i d e .   Alum  p r e s e n t   in  t h e   web  f rom  t h e   w e t - e n d  

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

to  p r o d u c e   a  w a t e r - r e s i s t a n t   s h e e t .   When  t h i s   s t a r c h  

d e r i v a t i v e   i s   a p p l i e d   f rom  a  s o l u t i o n   a t   t h e   s i z e   p r e s s   o f  

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

a lum  in  a  u n i q u e   way  to  p r o d u c e   a  h i g h   l e v e l   of  w a t e r  

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

m u l t i v a l e n t   m e t a l   i o n   ( a l u m i n i u m )   i s   s u p p l i e d   f rom  t h e  



s h e e t   p a s s i n g   t h r o u g h   t h e   s i z e   p r e s s   f rom  t h e   w e t - e n d  

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

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

may  be  a d d e d   to   t h e   f u r n i s h   a t   t h e   w e t - e n d   of  t h e   p a p e r -  

m a k i n g   m a c h i n e   so  t h a t   i t   i s   p r e s e n t   in  t h e   web  a t   t h e  

s i z e   p r e s s   w h e r e  t h e   t h i n   v i s c o s i t y   o c t e n y l  s u c c i n a t e  

s t a r c h   a c i d - e s t e r   i s   a p p l i e d .  

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

e x a m p l e s .  

EXAMPLE  1 

The  s t a r c h   a c i d - e s t e r   u s e d   in   t h e   m e t h o d   o f  

t h e   i n v e n t i o n   may  be  made  as  f o l l o w s :  

P e a r l   s t a r c h   (100  p a r t s ,   as  i s )   i s   a d j u s t e d  

w i t h   w a t e r   to   a  s l u r r y   of  a b o u t   2 1 - 2 2 °   Be  ( a t   1 6 ° C ) .  

A b o u t  2 . 9   p a r t s   of  60°  Be  s u l f u r i c   a c i d   w h i c h  h a s   b e e n  

d i l u t e d   w i t h   2 .9   p a r t s   o f  w a t e r   i s   t h e n   a d d e d   to  t h e  

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

5 3 ° C .  

The  a c i d   i s   a l l o w e d   to   c o n v e r t  t h e   s t a r c h   a t  

5 3 ° C  f o r   a p p r o x i m a t e l y   f i v e   h o u r s   to   r e a c h  a   t a r g e t   a l k a l i  

f l u i d i t y   v a l u e   of  56  m l . ,   u s i n g   a  1 0   g .  s a m p l e   of   s t a r c h   i n  

90°  ml .   of   0 . 3 7 5 N   NaOH  f o r   d e t e r m i n i n g   a l k a l i   f l u i d i t y  

v a l u e .   When  t h e   t a r g e t   a l k a l i   f l u i d i t y   has   been   r e a c h e d ,  

t h e   pH  of   t h e   t h i n n e d   s t a r c h   s l u r r y   i s   a d j u s t e d   to   4 . 5 -  

5 . 0   w i t h   18°  Bé  s o d a   ash   ( s o d i u m   c a r b o n a t e ) .   A b o u t  2 . 8  

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

f i l t e r e d ,   and  t h e   f i l t e r   c a k e   w a s h e d .   T h e  w a s h e d  f i l t e r  

c a k e   i s   t h e n   r e s l u r r i e d   in   w a t e r   to   2 1 - 2 2 °   B e ( a t   1 6 ° C )  

a n d  t h e   t e m p e r a t u r e   i s   a d j u s t e d   to   3 2 - 3 5 ° C .   T h e  s l u r r y  

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

s t e p s   of   t h e   p r o c e s s .  

Two  p a r t s   of  1 - o c t e n y l   s u c c i n i c  a n h y d r i d e   i s   t h e n  

a d d e d   to   t h e   s l u r r y .   I m m e d i a t e l y   t h e r e a f t e r ,   5%  NaOH 

s o l u t i o n   i s   a d d e d   to   a d j u s t   t h e   s l u r r y  p H   to  6 . 5 - 7 . 5 .   T h e  

pH  i s   m a i n t a i n e d   in   t h i s   r a n g e   ( 6 . 5 - 7 . 5 )  w i t h   5%  NaOH 

u n t i l   t h e   s l u r r y   pH  r e m a i n s  c o n s t a n t .   A p p r o x i m a t e l y   2  

h o u r s   i s   r e q u i r e d   to   r e a c h  p H   e q u i l i b r i u m ,   w i t h   a  t o t a l  

a d d i t i o n   o f   a b o u t   0 . 5  p a r t s   NaOH.  



The  s l u r r y   i s   t h e n   a d j u s t e d   to  6 . 0 - 6 . 5   pH 

w i t h   30°  Be  s u l p h u r i c   a c i d   ( a b o u t   0 .5   p a r t s   of   60°  B e  

H2S04  r e q u i r e d . )   The  r e a c t e d   s t a r c h   i s   t h e n   s c r e e n e d  

and  f i l t e r e d .   The  f i l t e r   c a k e   i s   t h o r o u g h l y   w a s h e d  

w i t h   w a t e r   a t   43°C  maximum.  The  w a s h e d   s t a r c h  

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

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

1 0 - 1 3 % ,   and  a t   l e a s t   1%  by  w e i g h t ,   d r y   s o l i d s   b a s i s ,   o f  

1 - o c t e n y l   s u c c i n i c   a n h y d r i d e   s h o u l d   h a v e   been   r e a c t e d  

w i t h   t h e   s t a r c h .   The  a b o v e   s t a r c h   d e r i v a t i v e   i s   t h e n  

r e a d y   to   u s e   in  t h e   m e t h o d   of  t h e   i n v e n t i o n   and  i t s  

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

EXAMPLE  2 

The  s t a r c h   d e r i v a t i v e   made  a c c o r d i n g   to   t h e  

a b o v e   E x a m p l e   1  has   been   s u c c e s s f u l l y   u s e d   as  a  w a t e r  

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

w a t e r   r e s i s t a n c e   to   p a p e r   when  a p p l i e d   to  a  p a p e r  
s h e e t   d u r i n g   t h e   p a p e r m a k i n g   p r o c e s s .   The  s h e e t   s h o u l d  

c o n t a i n   s u f f i c i e n t   a lum  ( s o d i u m   a l u m i n a t e )   f rom  t h e   w e t -  

end  of  t h e   F o u r d r i n i e r - t y p e   p a p e r m a k i n g   m a c h i n e .   T h e  

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

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

as  any  c o n v e n t i o n a l   s i z e   p r e s s   s t a r c h e s .  

A  t r i a l   was  c o n d u c t e d   a t   a  p a p e r   m i l l   w h i c h  

n o r m a l l y   i n c l u d e s   a lum  ( s o d i u m   a l u m i n a t e )   in  t h e   w e t - e n d  

of   t h e   p a p e r m a k i n g   m a c h i n e .   T h i s  m i l l   a l s o   n o r m a l l y  

u s e d   a  f o r t i f i e d   r o s i n   in   t h e   w e t - e n d   and  a n o t h e r   s t a r c h  

( e n z y m e   c o n v e r t e d )   a t   t h e   s i z e   p r e s s   to  o b t a i n   b o r d e r l i n e  

s i z i n g .   V a r i o u s   t r i a l   r u n s   w e r e   made  as  d e s c r i b e d   b e l o w .  

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

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

s u b j e c t   s t a r c h   d e r i v a t i v e   a t   t h e   s i z e   p r e s s   of   a  p a p e r - m a k i n g  

m a c h i n e .  

A  n u m b e r   of  r u n s   w e r e   made  on  a  c o m m e r c i a l   p a p e r -  

m a k i n g   m a c h i n e   u s i n g   t h e   s t a r c h   d e r i v a t i v e   of  E x a m p l e   1 ,  

a d d e d   a t   t h e   s i z e   p r e s s .   A  c o n t r o l   r u n   was  made  on  t h e  



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

s t a r c h   a t   t h e   s i z e   p r e s s   a t   t h e   same  s o l i d s   l e v e l .  

H e r c u l e s   H . S . T .   # 2   INK  t e s t s   w e r e   p e r f o r m e d ,   and  t h e  

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

s t a r c h   and  t h e   s t a r c h   d e r i v a t i v e   of   E x a m p l e   1  we re   a p p l i e d  

a t   t h e   s i z e  p r e s s .   In  b o t h   of   t h e  a b o v e  c a s e s ,   t h e  

s t a r c h  s o l i d s   a t  t h e   s i z e   p r e s s   was  a b o u t  7 . 8 % .   T h e  

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

T a b l e   1  shows   t h a t   d e f i n i t e   and  e f f e c t i v e   s i z i n g  

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

a t   t h e   s i z e   p r e s s .   On ly   b o r d e r l i n e   s i z i n g   was  o b t a i n e d   w h e n  

an  enzyme  c o n v e r t e d   p e a r l   s t a r c h   was  u s e d  a t   t h e   s i z e   p r e s s  

i n  c o m b i n a t i o n   w i t h   a  f o r t i f i e d   r o s i n   in   t h e   w e t - e n d .   H o w e v e r ,  

T a b l e   1  shows   t h a t   t h e   s u b j e c t   s t a r c h   d e r i v a t i v e  n o t  o n l y  

gave   e x c e l l e n t   w a t e r - r e s i s t a n t   s i z e   e f f e c t  t o   t h e   p a p e r ,  

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

25%.  In  a d d i t i o n ,   t h e   s u b j e c t   s t a r c h  d e r i v a t i v e   had  n o  

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

s u c h   as  m u l l e n ,   t e a r ,   wax,   p i c k ,   o p a c i t y   a n d  b r i g h t n e s s .  

The  pH  of   t h e   s i z e   p r e s s   d i s p e r s i o n   was  m a i n t a i n e d   a t   a b o u t  

6  d u r i n g   t h e   t e s t s .   The  l e v e l   o f  a l u m   in   t h e  n e w l y   f o r m e d  

s h e e t   was  a b o u t   7 .5   to   10  kg  p e r   m e t r i c   t o n n e   e x p r e s s e d   a s  



a l u m .   The  a m o u n t   of   a lum  in  t he   s h e e t   was  d e t e r m i n e d   b y  

t h e   m e t h o d   s e t   f o r t h   b e l o w   f o l l o w i n g   E x a m p l e   3 .  

EXAMPLE  3 

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

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

d e r i v a t i v e   to  p r o d u c e   a  w a t e r - r e s i s t a n t   s h e e t   when  t h e  

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

T a b l e   II   b e l o w   i s   a  r e p o r t   of  t h e   s e c o n d   s e r i e s  

of  t e s t s   c o n d u c t e d   a t   t h e   same  p a p e r   m i l l   as  E x a m p l e   2  o n  

t h e   same  c o m m e r c i a l   p a p e r m a k i n g   m a c h i n e .   The  s u b j e c t  

s t a r c h   d e r i v a t i v e   was  a g a i n   a p p l i e d   a t   t h e   s i z e   p r e s s   i n  

t h e   v a r i o u s   c o m b i n a t i o n s   d e s c r i b e d   in  T a b l e   I I :  

As  s e e n   in  T a b l e   I I ,   t h e   p e r c e n t   s t a r c h   s o l i d s  

a t   t h e   s i z e   p r e s s   was  a b o u t   7 .5%,   t h e   p a r t i c u l a r   s t a r c h e s  

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

f r o m   a  5 0 / 5 0   b l e n d   of  t h e   s t a r c h   of  E x a m p l e   1  and  an  e n z y m e -  
c o n v e r t e d   p e a r l   s t a r c h   to  100%  enzyme  c o n v e r t e d   p e a r l   s t a r c h  

and  t h e n   b a c k   to  a  5 0 / 5 0   b l e n d   of  t h e   a b o v e   s t a r c h   d e r i v a t i v e s .  



The  e f f e c t   on  t he   H . S . T .  &  2   INK  t e s t   r e s u l t s   c a u s e d  

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

f r o m   t h e   s i z e   p r e s s   s t a r c h   b l e n d   was  d r a m a t i c   and  c l e a r .  

E x c e l l e n t   w a t e r   r e s i s t a n c e   (149  s e c . )   was  o b t a i n e d   when  a  

5 0 / 5 0   b l e n d   was  u s e d   w h i c h  i n c l u d e d   t h e   s t a r c h   d e r i v a t i v e  

o f  t h e   s u b j e c t   i n v e n t i o n .   The  H . S . T .   # 2  I N K   t e s t   f e l l   i n  

v a l u e   b y  a   f a c t o r  g r e a t e r   t h a n   two  t o  a   v a l u e   l e s s  t h a n  

o n e - h a l f   t h e   i n i t i a l   v a l u e   (61  s e c . ) .   When  t h e  5 0 / 5 0   b l e n d  

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

of  E x a m p l e   1  h e r e i n   was  a g a i n   r e s t o r e d   in   t h e   s i z e  p r e s s ,  

t h e   H . S . T .   # 2   INK  t e s t   more   t h a n   t r i p l e d   i n  v a l u e   w h e n  

c o m p a r e d   to   100%  e n z y m e - c o n v e r t e d   p e a r l   s t a r c h - a p p l i e d  

a t   t h e   s i z e   p r e s s .   T h i s   e x a m p l e   c l e a r l y   e s t a b l i s h e s   t h a t  

t h e   i n c r e a s e d   s i z i n g   i s   a t t r i b u t a b l e   to   t h e   s t a r c h  

d e r i v a t i v e   of   E x a m p l e   1  and  n o t   to  some  o t h e r   c a u s e .   t h e  

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

was  a b o u t   3%.  The  t e s t   shows   t h a t   a  5 0 / 5 0   b l e n d  o f   a n  

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

d e r i v a t i v e   of   E x a m p l e   1  p r o v e d   v e r y   a d e q u a t e   to  o b t a i n  

e x c e l l e n t   w a t e r   r e s i s t a n c e   when  a p p l i e d   a t   t h e   s i z e  p r e s s .  

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

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

w h a t   d e t e r m i n e s   t h e   l e v e l   of   w a t e r   r e s i s t a n c e  i n   t h e  

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

s t a r c h   p e r   se  does   c o n t r i b u t e   i n t e r n a l   s t r e n g t h   to  t h e  

p a p e r   web.   In  o t h e r   w o r d s ,   a  s t a r c h  d e r i v a t i v e   h a v i n g   a  

d . s .   of   0 . 0 1 6   can   be  u s e d   in   a  s m a l l e r   q u a n t i t y   to   o b t a i n  

t h e   same  l e v e l   o f  w a t e r   r e s i s t a n c e   o b t a i n a b l e   f rom  a  l a r g e r  

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

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

l e v e l   of   o c t e n y l   s u c c i n a t e   g r o u p s   i s   0 . 0 1 6   or   l o w e r ,   i t  

a p p e a r s   to   be  u n n e c e s s a r y   to  add  any  o t h e r   s t a r c h ,   b e c a u s e  

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

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

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

d e r i v a t i v e   i s   n e e d e d .  



T a b l e   I I I   b e l o w   shows   t h e   r e l a t i o n s h i p   b e t w e e n  

t h e   p e r c e n t   p i c k u p   of  o c t e n y l   s u c c i n a t e   s t a r c h   and  t he   e f f e c t  

on  s i z i n g   t h a t   t he   p e r c e n t   p i c k u p   h a s .  

T a b l e   I I I   a b o v e   c l e a r l y   shows   a  d r a m a t i c   i n c r e a s e   of  w a t e r  

r e s i s t a n c e   when  t he   a m o u n t   of   p i c k u p   of  t h e   s u b j e c t   s t a r c h  

d e r i v a t i v e   i s   i n c r e a s e d .   T r i p l i n g   of  t h e   p i c k u p   of  t h e  

s u b j e c t  s t a r c h   d e r i v a t i v e   c a u s e s   a  s u b s t a n t i a l   i n c r e a s e  

in  w a t e r   r e s i s t a n c e   of  t h e   s h e e t ,   as  e v i d e n c e d   by  t h e  

H e r c u l e s   S i z i n g   T e s t   r e s u l t s   (122  s e c o n d s ) .   The  a b o v e  

s i z i n g   e f f e c t   was  o b t a i n e d   w i t h o u t   t h e   u s e   of  any  r o s i n   i n  

t h e   w e t - e n d ,   b u t   in  some  a p p l i c a t i o n s ,   i t   may  be  d e s i r a b l e  

to  i n c l u d e   a  s m a l l   a m o u n t ( 1 - 1 . 5   kg  r o s i n / t o n n e   of  p a p e r  

f u r n i s h )   in  t he   w e t - e n d   to  a i d   in   c o n t r o l l i n g   s i z e   p r e s s  

p i c k u p .  

As  p o i n t e d   o u t   e a r l i e r ,   to  o b t a i n   e f f e c t i v e  

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

i n v e n t i o n   t h a t   some  a lum  ( a l u m i n i u m   s u l p h a t e )   or  s o d i u m  

a l u m i n a t e   be  a d d e d   a t   t h e   w e t - e n d ,   so  t h a t   t h e r e   i s   a c t u a l l y  

a  m in imum  a m o u n t   of  a l u m i n i u m   i o n   in  t h e   p a p e r   web  as  i t  

e n t e r s   t he   s i z e   p r e s s .   At  t h e   p r e s e n t   t i m e ,   i t   has   b e e n  

f o u n d   t h a t   a b o u t   5  kg  a l u m / t o n n e   of  f i b r e   in  t h e   p a p e r   w e b  

is   t h e   minimum  r e q u i r e d   to  o b t a i n   e f f e c t i v e   w a t e r -  

r e s i s t a n t   s i z i n g   in  t h e   f i n i s h e d   p a p e r   s h e e t .  

The  s u b j e c t   s t a r c h   d e r i v a t i v e   i s   c o o k e d   p r i o r   t o  

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

a  c o n t i n u o u s   c o o k i n g   m e t h o d ,   s u c h   as  j e t   c o o k i n g .   T h e  

s u b j e c t   s t a r c h   d e r i v a t i v e   can   be  c o m b i n e d   w i t h   a  c o n v e n t i o n a l  

s i z e   p r e s s   s t a r c h   ( e . g .   p e a r l   c o r n s t a r c h )   to  i n c r e a s e   t h e  

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



n o t   f a l l   b e l o w   5 1 ° C . ,   a n d  i s   p r e f e r a b l y   in  t h e  r a n g e   o f  

7 6 - 8 2 ° C .   For   b e s t   p i c k u p   and  s i z i n g   a t   t h e  s i z e   p r e s s  

u s i n g   t h e   s u b j e c t   s t a r c h   d e r i v a t i v e ,   a  pH  in  t h e   w e t - e n d  o f  

a b o u t   4-6  has   b e e n   f o u n d  t o   be  d e s i r a b l e .  

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

a d d e d   a t   t h e   s i z e   p r e s s  t o   d e v e l o p   a  h i g h   d e g r e e   o f  w a t e r  

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

i n a t e ,   or  o t h e r   m u l t i v a l e n t m e t a l   i o n   i n t r o d u c e d   a t   t h e  

w e t - e n d   of  t h e   p a p e r m a k i n g   m a c h i n e .   The  s t a r c h   d e r i v a t i v e  

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

e f f i c i e n t  o f  t h e   c o n v e n t i o n a l   s i z e  p r e s s   s t a r c h e s .   I t   i s  

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

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

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

i n  s u c h   s h e e t s .  

The  v i s c o s i t y   c h a r a c t e r i s t i c s   of   t h i s   s t a r c h  a r e  

d e s c r i b e d   b e l o w .   As  t h e   c o n c e n t r a t i o n  i n c r e a s e s   f r o m   a  2% 

d s b  s t a r c h   to   1 2 %  d s b   s t a r c h ,   t h e  B r o o k f i e l d   v i s c o s i t y  

i n c r e a s e s .   For   e x a m p l e ,   a t   5 2 ° C ,   t h e   B r o o k f i e l d  v i s c o s i t y  

of  a  2%  d sb   a q u e o u s   s t a r c h   s a m p l e   w a s  a b o u t  1 3  c p s .   W h e n  

t h e   c o n c e n t r a t i o n   w a s  i n c r e a s e d   to   8 % ,  t h e  B r o o k f i e l d  

v i s c o s i t y   was  a b o u t   45  c p s . ,  a t  1 0 %   c o n c e n t r a t i o n ,   t h e  

B r o o k f i e l d   v i s c o s i t y   was  a b o u t   69  c p s .   and  a t   12%  s t a r c h  

c o n c e n t r a t i o n ,   t h e   B r o o k f i e l d   v i s c o s i t y   w a s  a b o u t  9 7   c p s .   As  

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

w i t h   i n c r e a s e d   s o l i d s  l e v e l s   a r e   n o t   as  l a r g e   as  t h e y  a r e  

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

e r a t u r e   e f f e c t   s e e   t h e   t a b l e   b e l o w :  

The  a b o v e   B r o o k f i e l d   v i s c o s i t i e s   w e r e   o b t a i n e d   u s i n g   a  #  1  

s p i n d l e   a t   100  r p m .  



The  a b o v e   v i s c o s i t y / s o l i d s / t e m p e r a t u r e   c h a r a c t e r -  

i s t i c s   a r e   t y p i c a l   of  s i z e   p r e s s   s t a r c h e s .   I t   i s   c o n s i d e r e d  

d e s i r a b l e   t h a t   t h e   s u b j e c t   s t a r c h   h a v e   s u c h   v i s c o s i t y  

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

when  i t   i s   a p p l i e d   f rom  t h e   s i z e   p r e s s   in  c o m b i n a t i o n   w i t h  

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

A l t h o u g h   t h e   e x a c t   r e a s o n   i s   n o t   known  w i t h   c e r t -  

a i n t y ,   t h e   s u b j e c t   s t a r c h   d e r i v a t i v e   i s   n o t   e f f e c t i v e   w h e n  

s u b j e c t e d   to  v i s c o s i t y   t h i n n i n g   by  means   of  e n z y m e  
c o n v e r s i o n .   I t   i s   p o s s i b l e   t h a t   t h e   enzyme  s e p a r a t e s   t h e  

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

p r o p e r t i e s   a r e   l o s t .  

O t h e r   s t a r c h   e s t e r   d e r i v a t i v e s   a r e   a l s o   b e l i e v e d  

to  be  u s e f u l   in  t h e   m e t h o d   of   s i z i n g   p a p e r   a t   t h e   s i z e   p r e s s  
to  o b t a i n   h i g h   l e v e l s   of  w a t e r   r e s i s t a n c e .   T h e s e   a d d i t i o n a l  

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

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

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

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

t h e   m u l t i v a l e n t   m e t a l   ion   ( a l u m i n i u m   i o n )   in  t h e   p a p e r   w e b  

as  i t   p a s s e s   t h r o u g h   t h e   s i z e   p r e s s .   I t   i s   c o n t e m p l a t e d  

t h a t   h y d r o c a r b o n   c h a i n   e x t e n s i o n s   o b t a i n a b l e   f rom  C 6 - C 2 4  
c y c l i c   d i c a r b o x y l i c   a n h y d r i d e s   a r e   u s e f u l   f o r   t h i s   p u r p o s e  

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

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

For   e x t r e m e l y   h y d r o p h o b i c   s t a r c h   d e r i v a t i v e s ,   l e s s   w i l l   b e  

r e q u i r e d   to  o b t a i n   w a t e r   r e s i s t a n c e ,   and  in  t h o s e   i n s t a n c e s ,  

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

i n t e r n a l   s t r e n g t h   in   t h e   p a p e r   s h e e t .  

EXAMPLE  4 

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

w a t e r   in  a b o u t   2 2 . 5 °   Be  a t   16°C .   The  s l u r r y   t e m p e r a t u r e  

i s   t h e n   r a i s e d   to   a b o u t   3 2 - 3 5 ° C ,   and  t h e   pH  i s   a d j u s t e d   t o  

a b o u t   6 . 5 - 7 . 0   w i t h   5%  ( 7 . 0 - 7 . 4 °   Be)  s o d i u m   h y d r o x i d e  

s o l u t i o n .   Then  a b o u t   2%  by  w e i g h t   b a s e d   on  t h e   s t a r c h  

w e i g h t ,   of  1 - o c t e n y l s u c c i n i c   a n h y d r i d e   i s   a d d e d   to  t h e  

s l u r r y   w i t h   a g i t a t i o n   (as  r a p i d l y   as  p o s s i b l e ) .   As  s o o n  



as  a l l   t h e   a n h y d r i d e   i s   i n ,   t h e   a d d i t i o n   o f   5%  ( 7 . 0 - 7 . 4 ° B e )  

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

a d j u s t e d   t o  6 . 5 - 7 . 5 .   The  a d d i t i o n   of  s o d i u m  h y d r o x i d e   i s  

c o n t i n u e d   w i t h  a g i t a t i o n   f o r   a b o u t   2 ½  h o u r s   w i t h   c o n s t a n t  

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

a b o u t   6 . 5 - 7 . 5   w i t h  5 %   s o d i u m   h y d r o x i d e .   The  r e a c t i o n   i s  

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

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

r a n g e   of   0 . 0 0 8   to   0 . 0 1 6 .  

The  pH  of  t h e   d e r i v a t i z e d   s t a r c h   s l u r r y   i s   t h e n  

a d j u s t e d   to   5 . 5 - 6 . 0   and  t e m p e r a t u r e  i s   a d j u s t e d   to   4 3 ° C .  

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

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

c h a r a c t e r i s t i c s :  

M o i s t u r e  -   1 0 - 1 3 %  

pH  -  6 - 7  

d . s .   1 - o c t e n y l s u c c i n a t e  -   0 . 0 0 8 - 0 . 0 1 6  

T h e - a b o v e   s t a r c h   d e r i v a t i v e  i s  n o t   t h i n n e d ,   b u t  

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

d e s c r i b e d   in   E x a m p l e   6  b e l o w .  

EXAMPLE  5 

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

w a t e r   t o  a  s o l i d s   l e v e l   o f  a b o u t   2 2 . 5 °  B e   a t   1 6 ° C .   T h e  

s l u r r y   p H  i s  a d j u s t e d   to   a b o u t   7 .5   w i t h  a n h y d r o u s   s o d i u m  

c a r b o n a t e ,   and   t h e   s l u r r y   t e m p e r a t u r e  i s   a d j u s t e d   to   4 9 - 5 2 ° C .  

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

two  h o u r s   u s i n g   a b o u t   1.7%  by  w e i g h t   of   N a O C l ,  o r  a b o u t  

0.5%  b y  w e i g h t   c h l o r i n e   ( b a s e d   on  t h e  w e i g h t  o f  t h e   s t a r c h ) .  

T h e  a l k a l i   f l u i d i t y   o f   t h e  b l e a c h e d  s t a r c h   s h o u l d   b e  a t   l e a s t  

6 5  m l .  u s i n g   a  2 .5   g.  s a m p l e ,  0 . 3 7 5 N  a n d   t h e   t e s t   p r o c e d u r e  

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

t e r m i n a t e d   b y  a d d i n g   0 .13%  by  w e i g h t ,   b a s e d  o n  t h e   t o t a l  

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

The  s l u r r y   t e m p e r a t u r e   i s   a d j u s t e d   to   a b o u t  3 2 -  

35°C  and  t h e  p H   i s   m a i n t a i n e d   in   t h e   r a n g e   o f  6 . 5 - 7 . 0 .  

Then  a b o u t   2 %  b y  w e i g h t   1 - o c t e n y l s u c c i n i c  a n h y d r i d e   i s   a d d e d  



w h i l e   t h e   s l u r r y   i s   v i g o r o u s l y   a g i t a t e d .   Then  s o d i u m  

h y d r o x i d e   i s   i m m e d i a t e l y   a d d e d   to  a d j u s t   t h e   pH  to  6 . 5 ,  

and  t h e r e a f t e r   m a i n t a i n   t h e   pH  in  t h e   r a n g e   of  6 . 5 - 7 . 5 ,   a n d  

t h e   e s t e r i f i c a t i o n   r e a c t i o n   i s   c o n t i n u e d   f o r   a b o u t   2½  h o u r s  

to  t h e   end  p o i n t ,   d u r i n g   w h i c h   t h e   pH  i s   a d j u s t e d   w i t h  

NaOH  as  n e e d e d   to   m a i n t a i n   t h e   pH  in  t h e   r a n g e   of  6 . 5 - 7 . 0 .  

The  a m o u n t   of  1 - o c t e n y l s u c c i n i c   a n h y d r i d e   i s   l i m i t e d   t o  

a  t o t a l   of  3%  b a s e d   on  t h e   d r y   s u b s t a n c e   w e i g h t   of  t h e  

s t a r c h .   The  s l u r r y   t e m p e r a t u r e   i s   t h e n   a d j u s t e d   to   4 3 ° C . ,  

f o l l o w e d   by  s c r e e n i n g ,   f i l t e r i n g   and  d r y i n g .   The  d r y  

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

a l k a l i   f l u i d i t y :   75  ml .   min imum  ( 2 . 5  g   s a m p l e ,   0 . 3 7 5 N )  

d . s .   of  o c t e n y l   s u c c i n a t e   g r o u p s :   0 . 0 0 8 - 0 . 0 1 6  

( r a n g e   1-3%  by  w e i g h t   o c t e n y l   s u c c i n a t e   g r o u p s ,  
b a s e d   on  s t a r c h )  

The  p r e f e r r e d   d e g r e e   of  s u b s t i t u t i o n   l e v e l   i s   0 . 0 0 8 - 0 . 0 1 6  

of  o c t e n y l   s u c c i n a t e   g r o u p s .   H o w e v e r ,   t h e   l e v e l   of  s u b s t -  

i t u t i o n   may  be  as  low  as  0 . 0 0 5   or  as  h i g h   as  0 . 0 2 3 ,   and  s t i l l  

p r o v i d e   t h e  b e n e f i t s   of  i n c r e a s e d   s i z i n g   to  some  p a p e r s .  
The  s t a r c h   h a l f   e s t e r   of   E x a m p l e   5  i s   a l s o   t h i n n e d  

p r i o r   to  u s e ,   as  d e s c r i b e d   in  E x a m p l e   4,  by  t h e r m a l - c h e m i c a l  

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

a c i d   h y d r o l y s i s ,   or  by  any  c o n v e n t i o n a l  m e t h o d ,   e x c e p t  

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

h a v i n g   a  B r o o k f i e l d   v i s c o s i t y   in   t h e   r a n g e   of  1 0 - 1 5 0   c p s .  

(2-15%  s o l i d s   l e v e l ;   66°C;   N o .  1   s p i n d l e   a t   100  r p m . ) .  

When  t h e   s t a r c h   d e r i v a t i v e   has   b e e n   b l e a c h e d ,   as  in  E x a m p l e  

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

The  b l e a c h e d   p r o d u c t   p r o d u c e s   b e t t e r   c o l o u r   in  t he   c o a t e d  

p a p e r ,   a l s o .  

The  v i s c o s i t y   of  t h e   s t a r c h   c o m p o s i t i o n   i s   a d j u s t e d  

to  e f f e c t   t h e   m o s t   d e s i r a b l e   p i c k u p   of  m a t e r i a l s   f rom  t h e   s i z e  

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

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

of   p a p e r   b e i n g   m a n u f a c t u r e d .   For   c e r t a i n   h a r d - t o - s i z e  

p a p e r s ,   i t   i s   b e l i e v e d   t h a t   i t   w o u l d   be  d e s i r a b l e   to  i n c r e a s e  

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



0 . 0 2 3 ,   up  to  a b o u t   0 . 0 3 9 .   Such  a  s t a r c h  d e r i v a t i v e  i s  

t h e n   t h i n n e d ,   and  can   b e  u s e d   a l o n e  a t   t h e   s i z e   p r e s s   w i t h o u t  

a  s e c o n d ,   or  s u p p l e m e n t a r y ,  s t a r c h   s i z i n g   a g e n t .   The  p H  

r a n g e   a t   t h e   w e t  e n d  m a y   be  up  t o  6 ,  a n d ,   a t  t h e   s i z e  p r e s s ,  

t h e   pH  may  r a n g e   f r o m   4  to   7 . 5 .  

The  s u b j e c t  s t a r c h   d e r i v a t i v e s   can  be  u s e d   w i t h o u t  

any  r o s i n   p r e s e n t   in   t h e   we t   e n d .   H o w e v e r ,  i t  m a y   be  d e s -  

i r a b l e   to  u se   a b o u t   1 - 1 . 5   kg .   o f  r o s i n / t o n n e   of  p a p e r  i n   t h e  

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

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

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

S i z i n g   e f f i c i e n c y   has   b e e n  o b s e r v e d   to  f a l l  o f f  

as  t h e   a lum  d o s a g e  i n   t h e   wet   end  i s   l o w e r e d ,   a n d  a s   t h e   w e t  

end   pH  is   i n c r e a s e d .   A l t h o u g h ,  a l u m   ( a l u m i n i u m   s u l p h a t e )  

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

c o m p o u n d s   can  be  s u b s t i t u t e d .   S o d i u m   a l u m i n a t e ,  f o r   e x a m p l e  

can  be  u s e d  t o   p r o v i d e   m u l t i v a l e n t   a l u m i n i u m   i on   i n  t h e  

p a p e r   web  as  i t   e n t e r s   t h e   s i z e  p r e s s .   In  a d d i t i o n ,   i t   i s  

e x p e c t e d   t h a t  C a C l 2 ,   MgCl2 ,   MnCl2 ,   or  BaCl2   c o u l d  b e   u s e d  

in   t h e   wet   end  f u r n i s h   to   p r o v i d e   a  m u l t i v a l e n t   m e t a l   i o n  

i n  t h e   web  o f  t h e   p a p e r   e n t e r i n g   t h e   s i z e   p r e s s .   At  t h e  

p r e s e n t   t i m e ,   i t  a p p e a r s   t h a t   5  k g .   a l u m / t o n n e  o f   f i b r e  

in   t h e   p a p e r   web  i s  t h e   m in imum  r e q u i r e d   t o   o b t a i n   e f f e c t i v e  

s i z i n g .  

As  p o i n t e d   o u t  a b o v e ,   i t   h a s  b e e n   f o u n d  t h a t  e n z y m e  

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

a n  e f f e c t i v e   or   d e s i r a b l e   mode  of   t h i n n i n g   t h e   s t a r c h  

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

c l e a v e d   away  f r o m   t h e   s t a r c h   m o l e c u l e s   by  t h e   enzyme   a c t i o n ,  

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

s i z i n g .  

EXAMPLE  6 

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

E x a m p l e   4  was  t e s t e d   u n d e r   l a b o r a t o r y   c o n d i t i o n s   to   s i m u l a t e  

a p p l i c a t i o n   to  a  p a p e r   web  a t  t h e   s i z e   p r e s s   of  a  p a p e r  

m a k i n g   m a c h i n e .   S i x  h u n d r e d   g r a m s   of   t h e  E x a m p l e   4  s t a r c h  

d e r i v a t i v e   w a s  s l u r r i e d  i n   s u f f i c i e n t   w a t e r   w i t h   0 . 2 %  



ammonium  p e r s u l p h a t e   b a s e d   on  t he   s t a r c h   (d ry   s u b s t a n c e   w e i g h t )  

to  make  a  t o t a l   w e i g h t   of   4000  g.  The  above   s l u r r y   w a s  

t h e n   c o o k e d   a t   a b o u t   l 5 7 - l 6 0 ° C   t h r o u g h   a  l o o p   t y p e   c o o k e r  

s i m i l a r   to  t h a t   d e s c r i b e d   in  U.S .   P a t e n t   3 , 6 6 1 , 6 4 0 .   T h e  

s o l i d s   l e v e l   of  t h e   c o o k e d   s t a r c h   p a s t e   was  13%  a t   a  pH  o f  

4 . 9 .   The  pH  was  t h e n   a d j u s t e d   to  5 .7   w i t h   5%  NaOH 

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

a d j u s t e d   to  10%.  The  B r o o k f i e l d   v i s c o s i t y ,   u s i n g   a  N o . l  

s p i n d l e   a t   20  rpm.  and  66°C  was  35  c p s .  
A  b a s e   s h e e t   c o n t a i n i n g   no  r o s i n   and  10  kg  a l u m /  

t o n n e   of  p a p e r   was  s i z e d   w i t h   t h e   a b o v e   s t a r c h   d e r i v a t i v e  

p a s t e   a t   10%  s o l i d s   l e v e l   and  a  pH  of  5 . 7 .   The  p i c k u p   o f  

s i z i n g   c a l c u l a t e d   to   6 . 2 % ,   w h i c h   was  c o n s i d e r e d   e x c e l l e n t .  

The  H e r c u l e s   S i z e   T e s t   f o r   t h e   a b o v e   s i z e d   p a p e r   w a s  

4 9 . 5 ,   i n d i c a t i n g   e x c e l l e n t   s i z i n g   was  o b t a i n e d .  

EXAMPLE  7 

The  s t a r c h   e s t e r   d e r i v a t i v e   of  E x a m p l e   5  was  a l s o  

t e s t e d   in  t he   l a b o r a t o r y   as  d e s c r i b e d   a b o v e   in  E x a m p l e   6 .  

The  l i g h t l y   o x i d i z e d   s t a r c h   d e r i v a t i v e   was  f i r s t   s u b j e c t  

to  t h e r m a l   c o o k i n g   ( w i t h o u t   a d d e d   ammonium  p e r s u l p h a t e ) .  

A  15%  s o l i d s   s l u r r y   of  t he   E x a m p l e   5  s t a r c h   d e r i v a t i v e   w a s  

j e t   c o o k e d   a t   a  t e m p e r a t u r e   of  a b o u t   160°C  in  a  j e t   c o o k e r  

( w i t h o u t   a  l o o p   t u b e ) .   The  s o l i d s   l e v e l   of   t h e   c o o k e d  

s t a r c h   d e r i v a t i v e   was  a d j u s t e d   to  10%  by  a d d i n g   h o t   w a t e r .  

The  B r o o k f i e l d   v i s c o s i t y   was  23  c p s .   ( N o .  1   s p i n d l e ;   20  r p m ;  

6 6 ° C ) .   The  p i c k u p   of  t h e   c o o k e d   s t a r c h   p a s t e   was  6 . 2 % .  

The  H e r c u l e s   S i z i n g   T e s t   v a l u e   was  8 5 . 6 ,   s h o w i n g   u n e x p e c t e d l y  

s u p e r i o r   s i z i n g .   S e v e r a l   a d d i t i o n a l   r u n s   were   made  a n d ,  

a l t h o u g h   t h e   H e r c u l e s   S i z i n g   T e s t   f o r   t h e s e   r u n s   were   n o t  

as  h i g h   as  t he   i n i t i a l   r u n   r e p o r t e d   a b o v e ,   t h e y   w e r e  

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

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

o x i d i z e d .   A  p o s s i b l e   e x p l a n a t i o n   f o r   t h e   s u p e r i o r  

p e r f o r m a n c e   of  t h e   s t a r c h   d e r i v a t i v e   of  E x a m p l e   5  i s   t h a t  

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

t h e   s t a r c h   to  l e s s   t h a n   a b o u t   0 .1%.   Lower   p r o t e i n   l e v e l s  

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

f o r m i n g   p r o p e r t i e s   of  t h e   s t a r c h .   H o w e v e r ,   t h e   c a r b o x y l  



c o n t e n t   i s   k e p t  b e l o w   0 . 3 %  b e c a u s e  e x c e s s i v e   c a r b o x y l  

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

t h e   wet   end  of   t h e   p a p e r   m a c h i n e  a n d   t h e r e b y   i n t e r f e r e   w i t h  

f i l l e r   r e t e n t i o n .   Wet  end   p r o b l e m s   a r e   a v o i d e d   by  l i m i t i n g  

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

u s e d   a t   t h e   s i z e   p r e s s .  

TEST  PROCEDURES 

D e t e r m i n a t i o n   of   D e g r e e   o f   S u b s t i t u t i o n  

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

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

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

on  t h e   r e a c t e d   and  f i l t e r e d   s t a r c h .   The  d e t e r m i n a t i o n   m a y  
be  made  by  t i t r a t i n g   known  s a m p l e s   w i t h   s t a n d a r d   ( 0 . 1 0 0 N )  

s o d i u m   h y d r o x i d e   t o  p H   7 . 5 .   The  r e s p e c t i v e   s a m p l e s   a r e  

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

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

c o n t r o l   to  a l l   t h e   s a m e  c o n d i t i o n s   a s  t h e   t e s t   s a m p l e .  

ALKALI  F L U I D I T Y  

The  a l k a l i   f l u i d i t y   or  " i n h i b i t i o n - i n d e x "   t e s t  

i s   s u b s t a n t i a l l y  a s   d e s c r i b e d   in  U n i t e d  S t a t e s  P a t e n t  

3 , 8 7 6 , 6 2 9 ,   c o l u m n   7,  l i n e s  3 3 - 6 7   a n d  c o l u m n   8,  l i n e s   1 - 1 0 .  

HERCULES  S I Z I N G  T E S T  

T h i s   t e s t   i s   d e s c r i b e d  i n   H e r c u l e s   S i z i n g   T e s t e r  

I n s t r u c t i o n   M a n u a l   H S T - 1 A  u s i n g   Model   KA  H e r c u l e s   S i z i n g  

T e s t e r   s o l d   by  H e r c u l e s ,   I n c .   of  W i l m i n g t o n ,   D e l a w a r e ,  

U . S . A .   The  r e s u l t s   a r e   a l l   o b t a i n e d   u s i n g  a   H e r c u l e s  N o . 2  

i n k  a n d   80%  r e f l e c t a n c e .  

MULLEN  STRENGTH  TEST 

T h i s   t e s t   i s   d e s c r i b e d   in   T A P P I  S t a n d a r d   T 4 0 3  o s -  

76  ( T e c h n i c a l   A s s o c i a t i o n  o f   t h e   P u l p   and  P a p e r   I n d u s t r y ) .  



1.  A  m e t h o d   of  e x t e r n a l l y   s i z i n g   a  c e l l u l o s i c   w e b  

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

r e s i s t a n c e   to   t h e   web  by  a p p l y i n g   an  a q u e o u s   s i z i n g  

c o m p o s i t i o n   to   t he   c e l l u l o s i c   web,   c h a r a c t e r i s e d   in  t h a t  

t h e   a q u e o u s   s i z i n g   c o m p o s i t i o n   c o n t a i n s   f r o m   2  to  15%  b y  

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

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

8  to  22  c a r b o n   a toms   wh ich   i s   an  a l i p h a t i c ,   a r o m a t i c ,  

a l i c y c l i c ,   or  b i c y c l i c   a l i p h a t i c   d i c a r b o x y l i c   a c i d   a n h y d r i d e ,  

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

d i c a r b o x y l i c   a c i d   a n h y d r i d e   in   t h e   r a n g e   f rom  0 . 0 0 5   t o  

0 . 0 2 3   in  t h a t   t he   a q u e o u s   s i z i n g   c o m p o s i t i o n   has   a  

B r o o k f i e l d   v i s c o s i t y   in  t he   r a n g e   of   10  to  150  cps   ( N o . l  

s p i n d l e ;   20  rpm;  6 6 ° C ) ,   in  t h a t   t h e   s i z i n g   c o m p o s i t i o n  

has   a  pH  of  4  to  7 .5   and  a  t e m p e r a t u r e   of  50  to  60°C,   a n d  

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

web  a t   a  r a t e   of  10  to  100  kg  p e r   t o n n e .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i s e d  

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

1 - o c t e n y l   s u c c i n i c   a c i d   a n h y d r i d e .  

3.  A  m e t h o d   as  c l a i m e d   in  c l a i m   2,  c h a r a c t e r i s e d   i n  

t h a t   t h e   s t a r c h   e s t e r   i s   a  1 - o c t e n y l s u c c i n i c   a c i d   h a l f   e s t e r  

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

t h e   r a n g e   of  0 . 0 0 8   to   0 . 0 1 6 .  

4.  A  m e t h o d   of  c l a i m   3,  c h a r a c t e r i s e d   in  t h a t   t h e  

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

o x i d i z e d   so  t h a t   t h e   a m o u n t   of   p r o t e i n   r e m a i n i n g   in  s a i d  

h a l f   e s t e r   i s   l e s s   t h a n   0.1%  by  w e i g h t   b a s e d   on  t h e   w e i g h t  

of  t h e   s t a r c h .  

5.  A  m e t h o d   as  c l a i m e d   in   any  of  c l a i m s   1  to  4 ,  

c h a r a c t e r i s e d   in  t h a t   t he   m u l t i v a l e n t   m e t a l   ion   i s   a l u m i n i u m  

c a l c i u m ,   m a g n e s i u m ,   m a n g a n e s e   or  b a r i u m .  

6.  A  m e t h o d   as  c l a i m e d   in  c l a i m   5 , c h a r a c t e r i s e d   i n  

t h a t   t h e   m u l t i v a l e n t   m e t a l   i on   i s   in  t h e   fo rm  of  a  s l i g h t l y  

w a t e r - s o l u b l e   s a l t ,   and  i s   a d d e d   to   t h e   a q u e o u s   f u r n i s h  

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



7.  A  m e t h o d   as  c l a i m e d   in  c l a i m   6 ,  c h a r a c t e r i s e d  i n  

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

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

a l u m i n a t e .  

8.  A  m e t h o d   a s  c l a i m e d   in   c l a i m   7 ,   c h a r a c t e r i s e d  

in  t h a t   t h e   m u l t i v a l e n t   m e t a l   s a l t   i s   a l u m i n i u m   s u l p h a t e  

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

a t   l e a s t   5  k g   a l u m i n i u m   s u l p h a t e  p e r   t o n n e   of  f i b r e   in   t h e  

c e l l u l o s i c   web,   or  i n  t h a t  t h e   m u l t i v a l e n t   m e t a l  s a l t   i s  

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

an  a m o u n t   o f  a t   l e a s t   1 . 5   kg .   p e r   t o n n e   of   f i b r e   in   t h e  

c e l l u l o s i c   w e b .  

9.  A  m e t h o d   in   any  of   c l a i m s   1  to   8  c h a r a c t e r i s e d   i n  

t h a t   t h e   r e d u c e d   v i s c o s i t y   of  t h e   s t a r c h   e s t e r  i s   o b t a i n e d  

by  a c i d   h y d r o l y s i s   of   t h e   s t a r c h   e s t e r   or  by  t h e r m a l -  

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

10.   A  m e t h o d   a s  c l a i m e d  i n  a n y  o f  c l a i m s   1  to  8 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   s u b s t i t u t e d   s t a r c h   has   b e e n  

s l i g h t l y   o x i d i z e d ,   and  t h e   r e d u c e d   v i s c o s i t y   i s   o b t a i n e d  

by  h i g h   t e m p e r a t u r e  t h e r m a l   t r e a t m e n t .  

11.   A  m e t h o d   as  c l a i m e d   in  c l a i m  1 0 ,   c h a r a c t e r i s e d  

in   t h a t   t h e   t e m p e r a t u r e   of   t h e   t h e r m a l  t r e a t m e n t   i s   i n   t h e  

r a n g e   107  to   1 6 3 ° C .  

12.   A  m e t h o d   as  c l a i m e d   in   a n y   o f  c l a i m s   1  t o  1 1 ,  

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