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S P E C I F I C A T I O N  

TITLE  OF  THE  INVENTION 

Method   f o r   P r o d u c i n g   Zn-Ni   A l l o y   P l a t e d   S t e e l   P l a t e  

H a v i n g   S u p e r i o r   P r e s s   F o r m a b i l i t y  

FIELD  OF  THE  INVENTION 

This   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   f o r   p r o d u c i n g   a  Z n -  
Ni  a l l o y   p l a t e d   s t e e l   p l a t e   h a v i n g   s u p e r i o r   p r e s s  
f o r m a b i l i t y .  

BACKGROUND  OF  ART 

The  Zn-Ni   a l l o y   p l a t e d   s t e e l   s h e e t ,   s t r i p   or  p l a t e  
e x h i b i t s   c o r r o s i o n   r e s i s t a n c e   a b o u t   f i v e   to  t e n   t i m e s   t h a t  
of  t h e   Z n - p l a t e d   s t e e l   p l a t e   h a v i n g   t h e   same  d e p o s i t e d  
amount   of  t h e   p l a t e d   m e t a l .   For   t h i s   r e a s o n ,   i t   is   u s e d   i n  

an  i n c r e a s i n g   amoun t   as  a  s t e e l   p l a t e   f o r   c o p i n g   w i t h   t h e  

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

w i n t e r ,   and  i s   u s e d   a t   v a r i o u s   p o r t i o n s   f rom  t h e   f r o n t  
f e n d e r   to  a  b o n n e t   and  t r u n k   l i d   o u t e r .   A l so   t h e   p r e s e n t -  
day  t r e n d   is  to   use   a  d o u b l e   s i d e   p l a t e d   s t e e l   p l a t e   on  t h e  
o u t e r   s u r f a c e   of  t h e   v e h i c l e   body  w i t h   t h e   aim  of  i m p r o v i n g  
t h e   c o r r o s i o n   r e s i s t a n c e   a f t e r   p e e l - o f f   of  t h e   c o a t i n g   b y  
t h e   s t o n e s   or  p e b b l e s   s t r i k i n g   on  t h e   o u t e r   s u r f a c e ,   t o  

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

e a r l y   u s a g e   of  t h e   p l a t e d   s t e e l   p l a t e s   w h i c h   was  a i m e d   a t  

p r e v e n t i n g   r u s t i n g   at   t h e   p o r t i o n s   where   c o a t i n g   may  b e  

i n s u f f i c i e n t ,   such   as  t h e   i n n e r   s u r f a c e   of  t h e   v e h i c l e   b o d y .  
For  p r e p a r i n g   t h e   Zn-Ni   p l a t e d   s t e e l   p l a t e ,   t h e r e   a r e  

r e q u i r e d   p r o p e r t i e s   d i f f e r e n t   f rom  t h o s e   r e q u i r e d   of  t h e   o n e  
s i d e   p l a t e d   p l a t e .   -Among  t h e s e   p r o p e r t i e s   is   t h e   p r e s s  
f o r m a b i l i t y .  

In  v i ew   of  t h e   above   d e s c r i b e d   u s a g e   of  t h e   s i n g l e   s i d e  

p l a t e d   s t e e l   p l a t e ,   i t   is  a  f r e q u e n t   o c c u r r e n c e   t h a t   t h e  
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i n n e r   s i d e   of  t he   p u n c h ,   t h a t   i s ,   t h e   c o l d   r o l l e d   s u r f a c e  

t h e r e o f ,   t u r n s   out   to  be  t h e   p r o t r u d i n g   s u r f a c e   at   t h e   t i m e  

of  p r e s s   w o r k i n g ,   so  t h a t   t h e   p l a t e d   s u r f a c e   has   l i t t l e  

e f f e c t   on  t h e   p r e s s   f o r m a b i l i t y .  

Howeve r ,   in  t h e   c a s e   of  t h e   d o u b l e   s i d e   p l a t e d   s t e e l  

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

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

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

p r e s s   w o r k i n g   may  n a t u r a l l y   be  f a c i l i t a t e d   w i t h   t h e   use   o f  

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

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

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

t h e   p r e s s   w o r k i n g   w i t h   t he   r u s t   p r e v e n t i v e   o i l   r e s t i n g   o n  

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

at   t h e   u s e r .   The  p l a t e d   p l a t e   i s   r e q u i r e d   to   h a v e  

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

a p p l i e d   t h e r e t o .  

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

t h e   Zn-Ni   a l l o y   p l a t e d   p l a t e ,   t h e r e   is   known  a  m e t h o d  

c o n s i s t i n g   in  a p p l y i n g   a  Zn-Ni   a l l o y   p l a t i n g   in  d o u b l e  

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

d i s c l o s e d   in  t h e   J a p a n e s e   P a t e n t   A p p l i c a t i o n   KOKAI 

No.  1 4 1 8 9 4 / 1 9 8 5 .  

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

u p p e r   Zn-Ni   p l a t i n g   l a y e r   to  i m p r o v e   t h e   p r e s s   w o r k a b i l i t y ,  

t h e   p e e l e d - o f f   p o w d e r s   a re   p l a c e d   and  h e a p e d   on  t h e   p r e s s  

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

number   of  s a m p l e s ,   t h u s   c a u s i n g   t h e   p r o b l e m   of  p i m p l e s .  

DISCLOSURE  OF  THE  INVENTION 

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

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

r e s i s t a n c e   of  t h e   p l a t e d   s u r f a c e   of  t h e   Zn-Ni   a l l o y   p l a t e d  

s t e e l   p l a t e ,   and  is   a imed   to  i m p r o v e   t h e   p r e s s   f o r m a b i l i t y  
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w i t h o u t   a c c o m p a n y i n g   p o w d e r i n g   of  t h e   p l a t e d   l a y e r ,   s u c h   a s  
is   e n c o u n t e r e d   in  t h e   p r i o r   a r t .  

Thus ,   a c c o r d i n g   to  t h e   f i r s t   a s p e c t   of  t h e   p r e s e n t  
i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  m e t h o d   f o r   p r o d u c i n g   a  Z n - N i  

a l l o y   p l a t e d   s t e e l   p l a t e   h a v i n g   s u p e r i o r   p r e s s   f o r m a b i l i t y  
c o m p r i s i n g   t h e   s t e p s   of  p l a t i n g   t h e   s u r f a c e   of  a  s t e e l   p l a t e  
w i t h   a  Zn-Ni   a l l o y   h a v i n g   t he   Ni  c o n t e n t s   of  10  to  17  w t . %  
and  s u b j e c t i n g   t h e   p l a t e d   s u r f a c e   to  a  d i p p i n g   t r e a t m e n t  
u s i n g   a  s o l u t i o n   c o n t a i n i n g   one  or  b o t h   of  H2PO4~  and  HPO42~ 
i o n s   . 

A c c o r d i n g   to   t h e   s e c o n d   a s p e c t   of  t h e   p r e s e n t  
i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  m e t h o d   f o r   p r o d u c i n g   a  Z n - N i  

a l l o y   p l a t e d   s t e e l   p l a t e   h a v i n g   s u p e r i o r   p r e s s   f o r m a b i l i t y  
c o m p r i s i n g   t h e   s t e p s   of  p l a t i n g   t h e   s u r f a c e   of  a  s t e e l   p l a t e  
w i t h   a  Zn-Ni   a l l o y   h a v i n g   t h e   Ni  c o n t e n t s   of  10  to   17  w t . %  
and  s u b j e c t i n g   t h e   p l a t e d   s u r f a c e   to   a  s p r a y i n g   t r e a t m e n t  
u s i n g   a  s o l u t i o n   c o n t a i n i n g   one  or  b o t h   of  H2PO4~  and  HPO42- 

i o n s   . 
A c c o r d i n g   to   t h e   t h i r d   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,  

t h e r e   is  p r o v i d e d   a  m e t h o d   f o r   p r o d u c i n g   a  Zn-Ni   a l l o y  
p l a t e d   s t e e l   p l a t e   h a v i n g   s u p e r i o r   p r e s s   f o r m a b i l i t y  
c o m p r i s i n g   t h e   s t e p s   of  p l a t i n g   t h e   s u r f a c e   of  a  s t e e l   p l a t e  
w i t h   a  Zn-Ni   a l l o y   h a v i n g   t h e   Ni  c o n t e n t s   of  10  to   17  w t . %  
and  s u b j e c t i n g   t he   p l a t e d   s u r f a c e   to   an  a n o d i c   t r e a t m e n t  
u s i n g   a  s o l u t i o n   c o n t a i n i n g   one  or  b o t h   of  H2PO4~  and  HPO42" 
i o n s   . 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g . l   is   a  c h a r t   s h o w i n g   t h e   l i m i t i n g   d r a w i n g   r a t i o  
(LDR)  f o r   i l l u s t r a t i n g   t h e   e f f e c t   of  t h e   p r e s e n t   i n v e n t i o n  

f o l l o w i n g   t h e   d i p p i n g   t r e a t m e n t   . 
F i g .   2  is   a  c h a r t   s h o w i n g   c h a n g e s   of  t h e   l i m i t i n g  

d r a w i n g   r a t i o   (LDR)  a f t e r   t h e   d i p p i n g   t r e a t m e n t .  
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F i g .   3  i s   a  c h a r t   s h o w i n g   t h e   r e s u l t   of  c o m p a r i s o n  
b e t w e e n   t h e   LDR  of  t he   Zn-Ni  a l l o y   p l a t e d   p l a t e   and  t h a t   o f  
t h e   c o l d   r o l l e d   p l a t e .  

F i g .   4  i s   a  d i a g r a m m a t i c   v i ew  s h o w i n g   a  c y l i n d r i c a l   d e e p  
d r a w i n g   t e s t e r .  

F i g .   5  is   a  d i a g r a m m a t i c   v i ew   s h o w i n g   a  f r i c t i o n  

m e a s u r e m e n t   t e s t e r .  

F i g .   6  shows  t h e   d i f f e r e n c e   in  t h e   f r i c t i o n   b e t w e e n   t h e  
Zn-Ni  a l l o y   p l a t e d   p l a t e   and  t h e   c o l d   r o l l e d   p l a t e .  

BEST  EMBODIMENT  OF  PRACTICING  THE  INVENTION 

The  p r o c e s s   u n d e r   w h i c h   t h e   p r e s e n t   i n v e n t i o n   has   b e e n  
a r r i v e d   at  is   f i r s t   e x p l a i n e d .  

F i g .   3  shows  t h e   r e l a t i v e   e a s e   w i t h   w h i c h   t h e   c o l d  

r o l l e d   p l a t e ,   t h e   s i n g l e - s i d e   Zn-Ni   a l l o y   p l a t e d   s t e e l   p l a t e  
and  t h e   d o u b l e - s i d e   Zn-Ni  a l l o y   p l a t e d   s t e e l   p l a t e   a r e  

e x p r e s s e d   in  t e r m s   of  t h e   l i m i t i n g   d r a w i n g   r a t i o   (LDR)  in  a  

c y l i n d r i c a l   deep   d r a w i n g   t e s t i n g .   The  l i m i t i n g   d r a w i n g  
r a t i o   was  m e a s u r e d   by  t a k i n g   t h e   r a t i o   of  t h e   p u n c h   d i a m e t e r  

to   t h e   b l a n k   d i a m e t e r   when  a  t e s t   p l a t e   i s   b r o k e n   as  t h e  
b l a n k   d i a m e t e r   is   c h a n g e d   b e t w e e n   t h e   v a l u e s   of  60  and  80  mm 

u s i n g   a  c y l i n d r i c a l   deep   d r a w i n g   t e s t e r   shown  in  F i g .   4.  T h e  

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

s i n g l e - s i d e   Zn-Ni   a l l o y   p l a t e d   s t e e l   p l a t e   t u r n e d   ou t   to   b e  

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

m a n u f a c t u r e d   by  t h e   I d e m i t s u   Kosan  Co.  L t d .   u n d e r   t h e   t r a d e  

name  of  " D a p h n e y   Oi l   Coa t "   and  a  p r e d e t e r m i n e d   s t e e l   p l a t e  

t y p e   c o r r e s p o n d i n g   to  SPCC  was  e m p l o y e d   to   c h e c k   o n l y   f o r  

t h e   e f f e c t s   on  t h e   p l a t e d   l a y e r .   The  amount   of  d e p o s i t i o n  

on  one  s i d e   of  t h e   p l a t e d   l a y e r   was  30  g/m2,  w h i l e   t h e   N i  

c o n t e n t s   were  1 2 . 5 % .  

I t   is  s een   f rom  t h i s   f i g u r e   t h a t   t h e   d o u b l e - s i d e   p l a t e d  

p l a t e   is  low  in  LDR  and  m a r k e d l y   i n f e r i o r   in  p r e s s  
f o r m a b i l i t y   as  c o m p a r e d   w i t h   t h e   c o l d   r o l l e d   p l a t e .   S i n c e  

t h e   p l a t e d   s t e e l   p l a t e   is  a  s u b s t i t u t e   m a t e r i a l   f o r   c o l d  
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r o l l e d   p l a t e ,   i t   i s   p r e s s e d   on  a  p r e s s   mold   d e s i g n e d   f o r   u s e  
w i t h   c o l d   r o l l e d   p l a t e s .   I t   was  f o u n d   t h a t   t h e   t e s t e d   p l a t e  

was  b r o k e n   on  a  p r e s s   mold   d e s i g n e d   f o r   use   e x c l u s i v e l y   w i t h  

u l t r a   deep   d r a w i n g   s t e e l   p l a t e .  
S i n c e   i t   was  f e l t   t h a t   t h e   low  v a l u e   of  LDR  of  t h e  

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

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

on  t h e   s u r f a c e   of  t h e   p l a t e d   p l a t e   was  t e n t a t i v e l y   m e a s u r e d  

by  a  f r i c t i o n   m e a s u r e m e n t   t e s t e r .   The  t e s t e r   u s e d   in  t h i s  

t e s t   is   shown  d i a g r a m m a t i c a l   ly  in   F i g .   5.  Wi th   t h i s   t e s t e r ,  
t h e   v a l u e   of  t h e   f r i c t i o n a l   f o r c e   i s   a s s e s s e d   f rom  t h e   v a l u e  

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

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

was  p e r f o r m e d   w i t h o u t   l u b r i c a n t .   F i g .   6  shows  t h e   t e s t  

r e s u l t s   . 
I t   i s   t h o u g h t   t h a t ,   as  may  be  s e e n   f rom  t h i s   f i g u r e ,  

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

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

f o r m a b i l i t y .  

Our  e a g e r   r e s e a r c h e s   were   t h e n   d i r e c t e d   t o  

c l a r i f i c a t i o n   of  t h e   f a c t o r s   g o v e r n i n g   t h e   f r i c t i o n  

c o e f f i c i e n t   of  t h e   p l a t e d   s u r f a c e   of  t h e   Zn-Ni   a l l o y   p l a t e d  
s t e e l   p l a t e .   T h e s e   r e s e a r c h e s   l e d   to  t h e   f o l l o w i n g   f i n d i n g :  

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

i i )   The  c o l d   r o l l e d   p l a t e   i s   no t   a f f e c t e d   m a r k e d l y   i n  

q u a l i t y   as  a  r e s u l t   of  p l a t i n g .  

Our  r e s e a r c h e s   were  c o n t i n u e d   w i t h   r e f e r e n c e   to   t h e  

above   f e a t u r e   i)  and  i t   was  now  f o u n d   t h a t   t h e   p r e s s  
f o r m a b i l i t y   c o u l d   be  i m p r o v e d   m a r k e d l y   by  d i p p i n g   t h e   Z n - N i  

p l a t e d   s u r f a c e   w i t h   t h e   use   of  a  s o l u t i o n   c o n t a i n i n g   one  o r  
b o t h   of  H2PO4~  i o n s   and  HPO42~  i o n s .  

F i g . l   shows  t h e   c h a n g e s   in  LDR  when  t h e   Zn-Ni   a l l o y  

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

s o l u t i o n s .   The  amount   of  d e p o s i t i o n   on  one  s i d e   of  t h e  
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p l a t e d   p l a t e   was  30  g/m2,  t he   Ni  c o n t e n t s   were  12 .5   %  a n d  

t h e   t y p e   of  t he   s t e e l   u s e d   was  SPCC. 

p r o c e s s i n g   s o l u t i o n   NaH2PC>4  200  g / 1  

K2HPO4  150  g / 1  

t e m p e r a t u r e   60°C 

pH  5 . 8  

I t   is  s een   t h a t   t r e a t m e n t   by  t h i s   s o l u t i o n   of  t h e  

p l a t e d   p l a t e   r e s u l t s   in  i m p r o v e d   LDR.  The  r e s u l t s   of  g l o w  

d i s c h a r g e   s p e c t r o s c o p y   (GDS)  r e v e a l e d   t h a t   t h e   P  p e a k   e x i s t s  

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

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

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

f o r m a b i l i t y .  

Based   on  t h e   above   t h e o r e t i c a l   c o n s i d e r a t i o n s ,   t h e  

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

e x p l a i n e d   in  more  d e t a i l .  

The  s o l u t i o n   e m p l o y e d   in  t h e   d i p p i n g   t r e a t m e n t   may  
c o n t a i n   one  or  b o t h   of  H2PC>4~  i o n s   and  HPO42~  i o n s   . 

A l t h o u g h   t h e r e   is   no  l i m i t a t i o n   to   t h e   c o n c e n t r a t i o n   o r  

t e m p e r a t u r e   of  t h e   s o l u t i o n ,   s i n c e   some  t i m e   may  be  i n v o l v e d  

due  to  t h e   d i p p i n g   t r e a t m e n t   u n t i l   t he   e f f e c t   is   d i s p l a y e d ,  

i t   is  p r e f e r r e d   t h a t   t h e   t e m p e r a t u r e   and  t h e   c o n c e n t r a t i o n  

be  e l e v a t e d   f o r   more  p r o m p t   e f f e c t s   .  For  s h o r t   t i m e  

t r e a t m e n t   of  l e s s   t h a n   10  s e c o n d s ,   s u i t e d   f o r   i n d u s t r i a l  

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

not   l o w e r   t h a n   40  °C  and  t h e   c o n c e n t r a t i o n   in  t h e   d i p p i n g  

s o l u t i o n   of  t he   H2PO4"  and  HPO42"  summed  t o g e t h e r   be  no t   l e s s  

t h a n   100  g / 1 .  

The  Ni  c o n t e n t s   in  t he   p l a t e d   p l a t e   e m p l o y e d   a r e  

p r e f e r a b l y   10  to  17  wt.%  and  more  p r e f e r a b l y   11  to   15  w t . % .  

The  c o n t e n t s   l o w e r   t h a n   10  wt.%  a r e   no t   e f f e c t i v e   in  t h e  

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

17  wt.%  t e n d   to   c a u s e   p o w d e r i n g   in  t h e   Zn-Ni   p l a t e d   l a y e r .  



EP  0  364  596  A1 

I t   i s   f o r   t h i s   r e a s o n   t h a t   t h e   Ni  c o n t e n t s   of  t h e   Z n - N i  

a l l o y   p l a t e d   s t e e l   p l a t e   of  t h e   p r e s e n t   i n v e n t i o n   a r e  
l i m i t e d   to   t h e   r a n g e   of  10  to  17  wt .%.   In  t h e   m e a n t i m e ,  
a d d i t i o n   of  Co,  Fe,  Cr,  Cu,  Mn,  Al  e t c .   in  an  amoun t   of  n o t  

more  t h a n   s e v e r a l   p e r c e n t   f o r   f u r t h e r   i m p r o v i n g   t h e  
c o r r o s i o n   r e s i s t a n c e   may  be  made  w i t h o u t   d e p a r t i n g   f rom  t h e  

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

The  pH  of  t h e   s o l u t i o n   is   p r e f e r a b l y   4  to  10.  Wi th   t h e  

pH  l o w e r   t h a n   4,  Zn,  above   a l l ,   of  t h e   p l a t e d   l a y e r   i s  
d i s s o l v e d   s e v e r e l y   t h u s   d e c r e a s i n g   t h e   amount   of  d e p o s i t i o n  
of  t h e   p l a t e d   m a t e r i a l .   On  t h e   o t h e r   hand ,   w i t h   t h e   pH 
a b o v e   10,  t h e   e f f e c t   in  i m p r o v i n g   t h e   p r e s s   f o r r a a b i l i t y   i s  
a n n u l l e d .   I t   i s   f o r   t h i s   r e a s o n   t h a t   t h e   pH  of  t h e   s o l u t i o n  
is   l i m i t e d   to  4  to  1 0 .  

The  p o s i t i v e   i o n s   of  K+,  Na+,  Mg2+,  Ca2+  or  Al3+  e t c .   i n  
t h e   e m p l o y e d   s o l u t i o n   s h o u l d   be  e l e c t r o - c h e m i c a l l y   l e s s  
n o b l e   t h a n   Zn  and  Ni .   I t   is   b e c a u s e   m e t a l s   e l e c t r o -  

c h e m i c a l l y   l e s s   n o b l e   t h a n   Zn  and  Ni  u n d e r g o   a  s u b s t i t u t i o n  
r e a c t i o n   w i t h   Zn  or   Ni  to  be  p r e c i p i t a t e d   on  t h e   p l a t e d  
s u r f a c e   to   d e g r a d e   t he   a p p e a r a n c e   when  t h e   p l a t e d   p l a t e   i s  

d i p p e d   in  a  s o l u t i o n   c o n t a i n i n g   m e t a l   i o n s   .  The  amoun t   of  P 
on  t h e   p l a t e d   s u r f a c e ,   when  r e c k o n e d   as  P,  is   p r e f e r a b l y   0 . 1  
to  5  mg/m2-.  With   t h e   amount   l o w e r   t h a n   0 .1   mg/m2,  t h e  
e f f e c t   is   a n n u l l e d .   On  t he   o t h e r   h a n d ,   w i t h   t h e   amoun t   i n  

e x c e s s   of  5  mg/m2,  p h o s p h a t a b i l i t y   is   d e t e r i o r a t e d .  
The  t r e a t m e n t   by  t h e   s o l u t i o n   c o n t a i n i n g   HPO42~  a n d / o r  

H2pO<T  may  a l s o   be  made  by  s p r a y i n g   by  t h e   a b o v e   s o l u t i o n ,  
in  p l a c e   of  t h e   above   d e s c r i b e d   d i p p i n g .   The  o p e r a t i n g  
c o n d i t i o n s   a t   t h i s   t i m e   may  be  a p p r o x i m a t e l y   t h e   same  a s  
t h o s e   o b t a i n e d   in  t h e   d i p p i n g   t r e a t m e n t   . 

A l s o ,   f o r   i m p r o v i n g   t he   p r e s s   f o r m a b i l i t y   of  t h e   Z n - N i  
a l l o y   p l a t e d   s t e e l   p l a t e ,   a n o d i c   t r e a t m e n t   in  t h e   a b o v e  
s o l u t i o n   may  a l s o   be  p e r f o r m e d   in  p l a c e   of  t he   d i p p i n g   a n d  
s p r a y i n g   m e t h o d s .   The  c o n d i t i o n s   f o r   a n o d i c   t r e a t m e n t  
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i n c l u d e   100  c  ( c o u l o m b )   /dm2  s i n c e   t h e   p l a t e d   l a y e r ,   above   a l l  

Zn  t e n d s   to   be  d i s s o l v e d   in  e x c e s s   of  100  c/dm2  . 

EXAMPLES 

In  T a b l e   1,  t he   s t e e l   p l a t e   s a m p l e s ,   p l a t i n g   a n d  

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

LDR,  a r e   shown  c o l l e c t i v e l y .   As  t h e   l u b e   o i l ,   t h e   " D a p h n e y  

Oi l   Coat   Z5",  a  r u s t   p r e v e n t i v e   o i l   m a n u f a c t u r e d   by  t h e  

I d e m i t s u   Kosan  Co.  L t d . ,   was  u s e d   in  a l l   c a s e s .  

For  E x a m p l e   1  and  C o m p a r a t i v e   E x a m p l e s   1  and  2,  t h e   LDR 

v a l u e s   a r e   shown  in  F i g .   2  f o r   more  c l e a r   d e m o n s t r a t i o n   o f  

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

The  e x a m p l e s   of  s p r a y i n g   and  a n o d i c   t r e a t m e n t   a r e   a l s o  

shown  in  T a b l e   2  .  I t   may  be  s een   t h a t   t h e   Zn-Ni   a l l o y  

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

o b t a i n e d   by  t h e s e   t r e a t m e n t s   as  by  t h e   a b o v e   d e s c r i b e d  

d i p p i n g   t r e a t m e n t   .  
'  '  . 
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INDUSTRIAL  UTILIZABTT.TTY 

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   p l a t e d   s u r f a c e  
of  a  Zn-Ni   a l l o y   p l a t e d   s t e e l   p l a t e   is  t r e a t e d   by  d i p p i n g ,  
s p r a y i n g   or  by  a n o d i c   t r e a t m e n t   by  a  s o l u t i o n   c o n t a i n i n g  
HPO42-  a n d / o r   H2PO4-,  w h e r e b y  

i)  p r e s s   f o r m a b i l i t y   of  t h e   Zn-Ni   a l l o y   p l a t e d   s t e e l   p l a t e  
is   i m p r o v e d   to   t h e   l e v e l   of  t h e   c o l d   r o l l e d   p l a t e ,   and  p r e s s  
c r a c k i n g   a t   t h e   t i m e   of  p r e s s   w o r k i n g   is   e l i m i n a t e d ;   a n d  
i i )   p r e s s   f o r m a b i l i t y   is  s i m i l a r   f o r   any  c o n t e n t s   of  N i  
w i t h i n   t h e   r a n g e   of  t he   Ni  c o n t e n t s   of  10  to   17  wt .%,   s o  
t h a t   f l u c t u a t i o n s   in  p r e s s   w o r k a b i l i t y   c a u s e d   b y  
f l u c t u 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 l a t i n g   b a t h   or  l i n e  
s p e e d   is  e l i m i n a t e d ;  

so  t h a t   t h e   Zn-Ni   a l l o y   p l a t e d   s t e e l   p l a t e   h a v i n g  
s t a b l e   f o r m a b i l i t y   may  be  p r o d u c e d   w i t h   s i g n i f i c a n t  
i n d u s t r i a l   a d v a n t a g e s   . 
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WHAT  IS  CLAIMED  I S ;  

(1)  A  m e t h o d   f o r   p r o d u c i n g   a  Zn-Ni   a l l o y   p l a t e d   s t e e l   p l a t e  

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

p l a t i n g   t h e   s u r f a c e   of  a  s t e e l   p l a t e   w i t h   a  Zn-Ni   a l l o y  

h a v i n g   t h e   Ni  c o n t e n t s   of  10  to  17  wt.%  and  s u b j e c t i n g   t h e  

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

c o n t a i n i n g   one  or  b o t h   of  H2PO4"  and  HPC>42~  i o n s .  

(2)  A  m e t h o d   f o r   p r o d u c i n g   a  Zn-Ni   a l l o y   p l a t e d   s t e e l   p l a t e  

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

p l a t i n g   t h e   s u r f a c e   of  a  s t e e l   p l a t e   w i t h   a  Zn-Ni   a l l o y  

h a v i n g   t h e   Ni  c o n t e n t s   of  10  to'  17  wt.%  and  s u b j e c t i n g   t h e  

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

c o n t a i n i n g   one  or  b o t h   of  H2PO4~  and  HPC>42~  i o n s   . 

(3)  A  m e t h o d   f o r   p r o d u c i n g   a  Zn-Ni   a l l o y   p l a t e d   s t e e l  

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

of  p l a t i n g   t h e   s u r f a c e   of  a  s t e e l   p l a t e   w i t h   a  Zn-Ni   a l l o y  

h a v i n g   t h e   Ni  c o n t e n t s   of  10  to   17-  wt.%  and  s u b j e c t i n g   t h e  

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

- c o n t a i n i n g   one  or  b o t h   of  H2PO4~  and  HPO42"  i o n s .  
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F  I  G . 1  

2 . 5  I  I  I 

o   o  

s t e e l   type   S P C C   O  

Ni   c o n t e n t s   :  1 2 . 5 %  

i  i  i 

I 

*   2 . 0  

a  

1 . 5  
co ld   r o l l e d   d o u b l e - s i d e   d o u b l e - s i d e  

p l a t e   Z n - N i   s t e e l   p l a t e   Z n - N i   s t e e l   p l a t e  
( b e f o r e   t r e a t m e n t )   ( a f t e r   t r e a t m e n t )  

F   I  G . 2  

2 . 5  

O  

g   2 . 0  

s t e e l   type  S P C C   O  

_  Ni   c o n t e n t s   : l l . 5 %  

1 . 5  
co ld   r o l l e d   d o u b l e - s i d e   d o u b l e - s i d e  

p l a t e   Z n - N i   s t e e l   p l a t e   Z n - N i   s t e e l   p l a t e  
( b e f o r e   t r e a t m e n t )   ( a f t e r   t r e a t m e n t )  
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F  I  G . 3  

2 . 5  I  I  ! 

o   o  

s t e e l   type  S P C C   °  

_  Ni  c o n t e n t s   :  1 2 . 5 %  

i  i  i 

I 
\  I 
as 
Q  

2 . 0 -  

1 . 5  
co ld   r o l l e d   s i n g l e - s i d e   d o u b l e - s i d e  

p l a t e   Z n - N i   s t e e l   p l a t e   Z n - N i   s t e e l   p l a t e  

F I G . 4  

b l a n k   d i a m e t e r  

punch   load  P  

b l a n k   h o l d e r   p r e s s u r e   H  n  b l a n k   h o l d e r   p r e s s u r e   H  

a s s e s s m e n t   p l a n e  
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F  I  G . 5  

e x t r a c t   f o r c e   2 F  

t  

ho ld   p r e s s u r e   P  / / y / / ' \  

J  

b o t h   s i de s   p l a t e d  

F  I  G . 6  

2 0 0  

c o l d   r o l l e d  
p l a t e  

Z n - N i   p l a t e d  
s t e e l   p l a t e  
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