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54)  Hot  metal  forging  and  stamping  lubricant  composition. 

A  lubricant  composition  for  use  in  working  hot  metals  at 
300°  to  1100°C  comprising  a  metal  phosphate  giving  lubricity 
to  the  composition  and  a  gas-releasing  metal  carbonate  or 
bicarbonate  aiding  separation  of  workpiece  and  tool. 



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

The  i n v e n t i o n   r e l a t e s   to  l u b r i c a n t s   f o r   t h e   w o r k i n g   o f  

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

S t a t e   of  t he   A r t  

Over   t h e   y e a r s   many  d i f f e r e n t   m a t e r i a l s   h a v e   b e e n   u s e d  

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

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

1)  R e d u c t i o n   in   f r i c t i o n   b e t w e e n   t he   t o o l   ( d i e )   and   t h e  

w o r k p i e c e .  

2)  R e d u c t i o n   i n   w e a r   of  t h e   t o o l .  

3)  The  c o r r e c t   s u r f a c e   f i n i s h   of  t he   w o r k p i e c e .  

4)  In  t h e   c a s e   of  d e e p   or  c o m p l e x   f o r g i n g ,   s u f f i c i e n t  

r e l e a s e   or  ' l i f t '   of  t h e   w o r k p i e c e   f rom  t he   t o o l .  

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

b o i l i n g   p o i n t ,   or  s a w d u s t ,   h a s   b e e n   l ong   known.   B o t h  

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

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

i n v o l v e d   l e a d i n g   to  l a r g e   v o l u m e s   of  smoke  w h i c h   a r e  

o b n o x i o u s   and  r e p r e s e n t   a  h e a l t h   h a z a r d   to  t he   o p e r a t o r .  

As  an  a l t e r n a t i v e ,   a q u e o u s   d i s p e r s i o n s   of  s o l i d  

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

b e e n   u s e d .   T h e s e   s o l i d s   h a v e   b e e n   shown  to  be  e f f e c t i v e  

l u b r i c a n t s ,   b u t   t e n d   to   be  e x p e n s i v e   and  d i r t y   in   u s e ,  

and  l i a b l e   to  l e a d   to  b l o c k a g e   of  e q u i p m e n t   when  a p p l i e d  

by  h a n d - h e l d   or  a u t o m a t i c   s p r a y   s y s t e m s .  



More   r e c e n t l y ,   l u b r i c a n t s   g e n e r a l l y   r e f e r r e d   to  a s  

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

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

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

e x a m p l e ,   i n   c o n j u n c t i o n   w i t h   s o d i u m   n i t r i t e   ( B . P .   1  499  1 5 4 )  

or   w i t h   s o d i u m   p e n t a b o r a t e   ( U . S . P .   4  104  1 7 8 ) .  

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

w i t h   t h e   u s e   of   m i n e r a l   o i l   or  s a w d u s t   and   a r e   much  c l e a n e r  

i n   u s e   t h a n   s o l i d   l u b r i c a n t   d i s p e r s i o n s .   H o w e v e r   when  u s e d  

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

t h e   s y n t h e t i c   l u b r i c a n t s   so  f a r   a v a i l a b l e   do  n o t   m e e t   a l l  

r e q u i r e m e n t s   and   in   p a r t i c u l a r   g i v e   i n s u f f i c i e n t   ' l i f t '   o f  

t h e   w o r k p i e c e   f r o m   t h e   t o o l .  

The  I n v e n t i o n  

E s s e n t i a l l y   we  h a v e   f o u n d   t h a t   an  e x c e l l e n t   c o m b i n a t i o n  

of   p r o p e r t i e s   i s   o b t a i n e d   by  t h e   u s e   of   p h o s p h a t e s   i n  

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

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

i n   f o r g i n g   and   s t a m p i n g .  

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

or   o t h e r   m e t a l   p h o s p h a t e s   and  c a r b o n a t e s   or  b i c a r b o n a t e s ,   a s  

s u c h   or  made  up  i n   s o l u t i o n   or  s l u r r y   f o r m   r e a d y   f o r  

a p p l i c a t i o n ,   and   a  m e t h o d   of  f o r g i n g   or   o t h e r w i s e   w o r k i n g  

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

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

d e s i r e d   t h e   w o r k p i e c e s   may  be  c o a t e d .  



P r e f e r a b l y   t h e   c a r b o n a t e s   or  b i c a r b o n a t e s   and   p h o s p h a t e s  

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

a r e   i n s o l u b l e   and  w h i c h   a r e   a p p l i e d   in   s l u r r y   f o r m   or  d r y  

f o r m   a r e   n o t   e x c l u d e d .   A l k a l i   m e t a l   or  a l k a l i n e   e a r t h  

m e t a l   c a r b o n a t e s   or  b i c a r b o n a t e s   a r e   c o n v e n i e n t .   T h e  

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

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

to  g i v e   c a r b o n   d i o x i d e   a t   w o r k i n g   t e m p e r a t u r e s o f   300°   t o  

1 1 0 0 ° C ,   w i t h   t h e   e f f e c t s   e x p l a i n e d   h e r e i n .   The  o r i g i n a l  

c o m p o n e n t s   of  t h e   c o m p o s i t i o n   or  t h e i r   d e c o m p o s i t i o n  

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

The  c o m p o n e n t s   of  t h e   c o m p o s i t i o n   may  be  c h o s e n   to  g i v e  

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

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

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

c o m p o n e n t s .   S o d i u m   a c e t a t e   i s   an  e x a m p l e   of  t h e s e   l o w  

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

o t h e r   c o m p o n e n t s   a t   t h e   l o w e r   t e m p e r a t u r e s   and  t h e m s e l v e s  

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

C o m p o s i t i o n s   may  t h u s   g i v e   a  g r a d u a t e d   r e s p o n s e  

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

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

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

b r e a k d o w n   of  t h e   c a r b o n a t e   or  b i c a r b o n a t e .  

The  p h o s p h a t e s   a r e   of  c o u r s e   c h o s e n   n o t   to  h a v e  

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

p a r t i c u l a r l y   w h e n ' t h e   c o m p o s i t i o n s   a r e   made  up  in   w a t e r  

f o r   a p p l i c a t i o n .   They   may  be  s a l t s   of  any  of  t h e  

' p h o s p h o r i c '   a c i d s ,   i . e .   t h o s e   in   w h i c h   t he   p h o s p h o r u s  

i s   in   o x i d a t i o n   s t a t e   V,  i n c l u d i n g   c o n d e n s e d   or  p o l y p h o s p h a t e  

s a l t s .  



A d v a n t a g e s   and   D e t a i l s  

I t   h a s   b e e n   f o u n d   t h a t   t h e   c o m p o s i t i o n s  

a)  Have  good   w e t t i n g   p r o p e r t i e s   on  h o t   m e t a l   s u r f a c e s   a t  

t e m p e r a t u r e s   of  t h e   o r d e r   o f  3 0 0 ° C ,   l e a v i n g   a  s o l i d   s a l t  

c o a t i n g   on  t h e m .  

b)  R e m a i n   i n   c o n t a c t ,   f i r s t   as  a  s o l i d ,   t h e n   as  a  m e l t ,  

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

in  e x c e s s   of  1 0 0 0 ° C .  

c)  E v o l v e   g a s   a t   a  s t e a d y   r a t e   o v e r   a  w i d e   t e m p e r a t u r e  

r a n g e ,   a  f a c t   t h o u g h t  i m p o r t a n t   in   p r o v i d i n g   ' l i f t '   f r o m   t h e  

t o o l .  

The  w e i g h t   r a t i o   of  t h e   p h o s p h a t e   to  t h e   c a r b o n a t e  

or  b i c a r b o n a t e   h a s   b e e n   f o u n d   to  be  b e s t   a t   1 :1   to  5 : 1  

b u t   c o m p o s i t i o n s   i n   a t   l e a s t   t he   r a n g e   0 . 1 6 : 1   to   2 5 : 1   a r e  

u s e f u l .  

For   c e r t a i n   a p p l i c a t i o n s ,   as  n o t e d   a b o v e ,   t h e   a d d i t i o n  

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

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

a  C 1  -   c5  s a l t   s u c h   a s  s o d i u m   a c e t a t e ,   i m p r o v e s   r e l e a s e   o f  

t h e   w o r k p i e c e   f r o m   t h e   t o o l   even   f u r t h e r .  

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

i n g r e d i e n t s ,   as   k n o w n   in  t h e m s e l v e s   i n   t h e   f i e l d ,   f o r  

e x a m p l e   c l a y   t h i c k e n e r s .   In  s u c h   a  way,   a  t o t a l   s y s t e m  

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

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

The  c o m p o s i t i o n s   when  a p p l i e d   to   b o t h   t h e   t o p   a n d  

b o t t o m   d i e ,   p r i o r   to   t h e   f o r g i n g   of  a  w o r k p i e c e ,   h a v e  

b e e n   f o u n d   to   show  a l l   t h e   d e s i r a b l e   c h a r a c t e r i s t i c s   1 )  

to  4)  s e t   o u t   e a r l i e r   and  to  be  n o n - f u m i n g .  



The  c o m p o s i t i o n s   can   be  a p p l i e d   as  c o n c e n t r a t e d  

a q u e o u s   s o l u t i o n s   f o r   p a r t i c u l a r l y   s e v e r e   o p e r a t i o n s   o r  

more   d i l u t e d .   They   can   be  e a s i l y   d o s e d   and  h a n d l e d ,   a r e  

s t a b l e   when  s t o r e d ,   and  a r e   e c o n o m i c a l   in   u s e .  

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

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

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

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

r a t i o n   of  t h e   p h o s p h a t e   and   c a r b o n a t e   or  b i c a r b o n a t e   i n  

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

i n g r e d i e n t s ,   may  be  v a r i e d   o v e r   a  w i d e   r a n g e   d e p e n d i n g   o n  

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

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

r a n g e   a b o v e   a r e   g i v e n   b e l o w ,   f i r s t   f o r   a  d ry   s a l t  

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

c a n   be  made  up  and  s e c o n d l y   f o r   t h e   c o m p o s i t i o n   as  a p p l i e d .  

Dry  L u b r i c a n t   C o m p o s i t i o n   f o r   S u b s e q u e n t   D i s s o l u t i o n   i n  
W a t e r  

W a t e r   B a s e d   L u b r i c a n t   C o m p o s i t i o n  



E x a m p l e s  

The  f o l l o w i n g   a r e   e x a m p l e s   of  c o m p o s i t i o n s  

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

c o m p o s i t i o n s   and   on  c o m p a r a t i v e   c o m p o s i t i o n s   n o t   a c c o r d i n g  

to  t h e   i n v e n t i o n .  

E x a m p l e s   1  and   2 

CALGON  i s   t h e   r e g i s t e r e d   t r a d e   name  f o r   s o d i u m  

p o l y p h o s p h a t e   m a n u f a c t u r e d   by  A l b r i g h t   &  W i l s o n   L i m i t e d .  

MACALOID  i s   t h e   r e g i s t e r e d   t r a d e   name  f o r   b e n t o n i t e  

c l a y   m a n u f a c t u r e d   by  S t e e t l e y   M i n e r a l s   L i m i t e d .  

The  a b o v e   c o m p o s i t i o n s ,   i d e n t i f i e d   as  2A,  3A,  4A,  5A 

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

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

s p e e d   and  t h e n   a d d i n g   t h e   t h i c k e n i n g   a g e n t .  

L a b o r a t o r y   t e s t s   w e r e   c a r r i e d   o u t   to   p r o v i d e   a n  

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

f o r g i n g   and   s t a m p i n g   i n d u s t r y .   The  c o m p o s i t i o n s   w e r e  

a p p l i e d   by  ( a )   s p r a y i n g   and   (b )   s w a b b i n g   o n t o   a  m e t a l  



s u r f a c e   a t   3 0 0 ° C   and  t h e i r   w e t t i n g   p r o p e r t i e s   o b s e r v e d .  

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

p l a c e d   in   a  f u r n a c e   a t   1100°C  and  t h e   s u b s e q u e n t  

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

R e s u l t s  

E x a m p l e   3 

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



v e s s e l   and  a  p a d d l e   s t i r r e r .   The  s o d i u m   p o l y p h o s p h a t e ,  

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

the   w a t e r   and   t h e   t h i c k e n i n g   a g e n t   d i s p e r s e d ,   w i t h   r a p i d  

s t i r r i n g ,   in   t h i s   s o l u t i o n :  

T h i s   c o m p o s i t i o n ,  a p p l i e d   by  swab ,   was  t h e n   u s e d   t o  

f o r g e   s t a i n l e s s   s t e e l  v a l v e  b o d i e s   u s i n g   a  1½  t o n n e   d r o p  

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

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

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

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

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

E x a m p l e   4  

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

v e s s e l   and  a  p a d d l e   s t i r r e r .   The  s o d i u m   p o l y p h o s p h a t e ,  

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

in   t h e   w a t e r   w i t h   r a p i d   a g i t a t i o n .  

T h i s   f o r m u l a t i o n   i s   of   a  v i s c o s i t y   w h i c h   c an   be  r e a d i l y  



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

a  t h i c k e n i n g   a g e n t   c a n   r e a d i l y   be  a d d e d   to   a l l o w   t h e  

l u b r i c a n t  t o   be  a p p l i e d   by  swab  as  in   E x a m p l e   3 .  

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

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

u n d e r   o r d i n a r y   w o r k s   c o n d i t i o n s :  

( i )   U n i v e r s a l   C o u p l i n g   w e i g h i n g   6Kg  made  f r o m   EN8  s t e e l ,  

u s i n g   a  2  t o n n e   d r o p   h a m m e r .   The  l u b r i c a n t   w a s  

d i l u t e d   w i t h   t h r e e   p a r t s   w a t e r ,   and   when   a p p l i e d  

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

and   w i t h   e a s y   r e m o v a l   of  t he   c o m p o n e n t   f r o m   t h e   d i e .  

( i i )   S u s p e n s i o n   Arm  w e i g h i n g   5Kg  made  f r o m   EN5  s t e e l   u s i n g  

a  1½  t o n n e   d r o p   h a m m e r .   The  l u b r i c a n t   was  d i l u t e d  

w i t h   one  p a r t   w a t e r   and  when  a p p l i e d ,   a l l o w e d   t h e  

o p e r a t i o n   to   t a k e   p l a c e   w i t h o u t   d i f f i c u l t y   and  w i t h  

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

( i i i )  S t e e r i n g   Drop   Arm  w e i g h t i n g   20Kg  made  f r o m   EN8  s t e e l  

u s i n g   a  2  t o n n e   d r o p   h a m m e r .   The  l u b r i c a n t   w a s  

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

o p e r a t i o n   to  t a k e   p l a c e   w i t h o u t   d i f f i c u l t y   and  w i t h  

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

( i v )   S t e e r i n g   Box  w e i g h i n g   6Kg  made  f r o m  E N 9   s t e e l   u s i n g   a  

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

t h r e e   p a r t s   w a t e r   and  a l l o w e d   t h e   o p e r a t i o n   to  t a k e  

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

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

( v )   Hook  w e i g h i n g   4Kg  made  f rom  EN9  s t e e l   u s i n g   12  t o n n e  

d r o p   h a m m e r .   The  l u b r i c a n t   was  d i l u t e d   w i t h   f i v e  



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

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

c o m p o n e n t   f rom  t h e   d i e .  



1.  A  l u b r i c a n t   c o m p o s i t i o n   f o r   u se   in   w o r k i n g   h o t  

m e t a l s   a t   300°  to  1 1 0 0 ° C   c o m p r i s i n g   a  m e t a l   p h o s p h a t e  

g i v i n g   l u b r i c i t y   to   t h e   c o m p o s i t i o n   and  a  g a s - r e l e a s i n g  

m e t a l   c a r b o n a t e   or  b i c a r b o n a t e   a i d i n g   s e p a r a t i o n   o f  

w o r k p i e c e   and  t o o l .  

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

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

a c i d   s a l t .  

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

t h e   w e i g h t   r a t i o   of  p h o s p h a t e   to  c a r b o n a t e   i s   0 . 1 6 : 1   t o  

2 5 : 1 ,   p r e f e r a b l y   1 : 1   to   5 : 1 .  

4.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

w h e r e i n   e i t h e r   or  b o t h   of  p h o s p h a t e   and  c a r b o n a t e   o r  

b i c a r b o n a t e   i s   an  a l k a l i   m e t a l   s a l t .  

5.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

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

6.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m  

c o m p r i s i n g :  



7.  A  m e t h o d   of  w o r k i n g   a  h o t   m e t a l   by  p l a s t i c  

d e f o r m a t i o n   a t   300°  to  1 1 0 0 ° C   w h e r e i n   a  c o m p o s i t i o n   a s  

s e t   o u t   in   a n y  o n e   of  c l a i m s   1  to   6  i s   a p p l i e d   t o  

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