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(54)  Magnetic  fluid. 
©  This  invention  provides  magnetic  fluids  having  various 
hues. 

The  magnetic  fluids  of  this  invention  are  constituted  of  a 
dispersion  of  colloidal  coloring  pigment  particles  and  a 
dispersion  of  ferromagnetic  particles.  Said  coloring  pigment 
particles  consist  of  an  inorganic  pigment  such  as  cobalt  blue, 
carbon  black  orthe  like  or  an  organic  pigment  such  as  copper 
phthalocyanine,  pigment  scarlet  or  the  like,  and  are  dis- 
persed  as  colloidal  particles.  By  the  selection  of  the  coloring 
pigment  particle,  a  magnetic  fluid  having  a  black  hue  or  an 
arbitrary  hue  can  be  obtained. 

The  magnetic  fluids  of  this  invention  exhibit  their 
excellent  characteristic  properties  particularly  when  used  as 
a  recording  material.  For  example,  when  the  magnetic  fluid 
of  this  invention  is  used  as  an  ink  for  making  a  record  on  high 
quality  paper,  no  color  separation  takes  place  on  the  paper 
surface  between  the  magnetic  particles  and  the  coloring 
pigment  particles,  and  the  recorded  image  keeps  its  hue 
stably  for  a  long  period  of  time  without  color  change. 
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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e m e n t   o f  

m a g n e t i c   f l u i d .   C o n c r e t e l y ,   i t   r e l a t e s   to   an  i m p r o v e m e n t  

of  t h e   hue  of  m a g n e t i c   f l u i d .  

U s u a l   m a g n e t i c   f l u i d   i s   a  l i q u i d   in  w h i c h  

m a g n e t i c   f i n e   p a r t i c l e s   of  m a g n e t i t e   or  t h e   l i k e   h a v i n g  
0  

a  p a r t i c l e   s i z e   of  5 0 - 2 0 0   A  a r e   s u s p e n d e d   in  a  d i s -  

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

b l a c k - b r o w n   c o l o r ,   and  i t   k e e p s   s t a b l e   f o r   a  l o n g   p e r i o d  

of   t i m e   so  t h a t   n e i t h e r   s e d i m e n t a t i o n   nor   a g g r e g a t i o n  

r e a d i l y   t a k e s   p l a c e   in  i t .   As  d i s p e r s i o n   med ium  f o r  

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

o i l ,   w a t e r   and  t h e  l i k e   a r e   u s e d .   A s  t h e   s u r f a c t a n t ,  

c a r b o x y l i c   a c i d s   s u c h   as  o l e i c   a c i d ,   l i n o l e i c   a c i d   a n d  

t h e   l i k e ,   as  w e l l   as  c a t i o n i c   s u r f a c t a n t s   and  n o n i o n i c  

s u r f a c t a n t s ,   a r e   u s e d .  

M a g n e t i c   f l u i d   f i n d s   u s e   in  e x t e n s i v e   f i e l d s  

s u c h   as  s e a l i n g   a g e n t ,   l u b r i c a n t ,   s i n k   and  f l o a t  

s e p a r a t i o n ,   o i l - w a t e r   s e p a r a t i n g   a g e n t ,   r e c o r d i n g  

m a t e r i a l   and  t h e   l i k e .  

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

u s e d   in  a l l   t h e   a b o v e - m e n t i o n e d   f i e l d s ,   and  i t s   e x c e l -  

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

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

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



f l u i d ,   t h e r e   h a v e   h i t h e r t o   b e e n   p r o p o s e d   t h e   i nk   j e t  

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

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

by  m a g n e t i c   f o r c e   ( J a p a n e s e   P a t e n t   K o k a i   ( L a i d - O p e n )  

No.  2 3 , 5 3 4 / 7 9 ) .  

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

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

a p p r o p r i a t e   v i s c o s i t y   or  i t s   m i x t u r e   w i t h   a  dye  h a s  

h i t h e r t o   b e e n   u s e d .   The  c o l o r   of   t h i s   i nk   is   d e p e n d e n t  

upon   t h e   d i s p e r s e d   f i n e   m a g n e t i c   p a r t i c l e s .   When  t h e  

f i n e   m a g n e t i c   p a r t i c l e   is   y - f e r r i t e ,   m a g n e t i t e ,   Mn 

f e r r i t e ,   Ba  f e r r i t e ,   F e - Z n   f e r r i t e   or   Mn-Zn  f e r r i t e ,   i t  

a p p a r e n t l y   has   a  b l a c k   or  b l a c k - b r o w n   c o l o r ,   b u t   i t  

t u r n s   to  l i g h t   b rown   when  i t   i s   a t t a c h e d   on  a  s u p p o r t  

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

s t r o n g e r   as  t h e   m a g n e t i c   p a r t i c l e s   become   f i n e r   Y.  

F u r t h e r ,   when  a  m a g n e t i c   f l u i d   i s   u s e d   as  a  

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

c o l o r   w i t h   t i m e .   For   e x a m p l e ,   an  i n k   in  w h i c h   a  

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

is   a  l i q u i d   h a v i n g   a  b l a c k - b r o w n   c o l o r .   H o w e v e r ,   i f  

i t s   i m a g e   i s   f o r m e d   on  a  w h i t e   h i g h   q u a l i t y   p a p e r ,  

t h e   c o l o r   of   t h e   image   t u r n s   f r o m   b l a c k - b r o w n   to  l i g h t  

b rown  in  s e v e r a l   w e e k s .   The  c o l o r   c h a n g e   i s   due  t o  

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

o x i d i z e d   by  a i r   o x y g e n   to  f o r m   i r o n   o x i d e   ( F e 2 0 3 ) .  

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

no  g r e a t   c o l o r   c h a n g e ,   t h e i r   b l a c k - b r o w n   c o l o r   i s  



i n c l i n e d   to   l i g h t   b rown   f r o m   t h e   b e g i n n i n g .  

As  a b o v e ,   i t   i s   an  i m p o r t a n t   f a u l t   of  m a g n e t i c  

f l u i d   when  u s e d   as  an  ink   t h a t   t h e   r e c o r d e d   i m a g e  

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

l i g h t   b rown   or   y e l l o w i s h   b rown   w i t h   t i m e   and  t h a t  

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

c a n n o t   be  o b t a i n e d   t h e r e f r o m .  

The  c o l o r   of   m a g n e t i c   f l u i d   can   be  c o n v e r t e d  

f r o m   b rown   to  b l a c k   by  a d d i n g   a  dye  as  a  c o l o r a n t   t o  

t h e   m a g n e t i c   f l u i d .   H o w e v e r ,   i f   a  m a g n e t i c   f l u i d   c o n -  

t a i n i n g   a  dye  is   f o r m e d   i n t o   an  i m a g e   on  w h i t e   h i g h  

q u a l i t y   p a p e r ,   t h e   c o l o r   of  i m a g e   has   a  more   i n t e n s e  

l i g h t   b rown   hue  t h a n   t h e   c o l o r   of   m a g n e t i c   f l u i d  

i t s e l f .   T h i s   is   due  to   t h e   d i f f e r e n c e   in  p e r m e a b i l i t y  

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

m o l e c u l e .   W h i l e   t h e   m a g n e t i c   p a r t i c l e   has   a  s i z e   o f  

0  
5 0 - 2 0 0   A,  t h e   dye  m o l e c u l e   has   a  s i z e   of  a b o u t  

o  
s e v e r a l   t e n   A  or  l e s s   so  t h a t  t h e   l a t t e r   has   a  g r e a t e r  

p e r m e a b i l i t y   i n t o   h i g h   q u a l i t y   p a p e r   and  t h e   d y e  

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

T h u s ,   t h e r e   a r i s e s   a  g r e a t   d i f f e r e n c e   b e t w e e n   t h e  

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

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

u s e d   as  an  i n k .  

SUMMARY  OF  THE  INVENTION 

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

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



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

u s e d   as  a  r e c o r d i n g   m a t e r i a l   on  a  h i g h   q u a l i t y   p a p e r   i s  

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

and  c o l o r i n g   p i g m e n t   p a r t i c l e   and  can   g i v e   a  b l a c k -  

c o l o r e d   i m a g e   or  an  a r b i t r a r y   s i n g l e   c o l o r   i m a g e .  

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

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

p a r t i c l e s   in   a  l i q u i d   p r e p a r e d   by  d i s p e r s i n g   m a g n e t i c  

p a r t i c l e s   by  t h e   a i d   of  s u r f a c t a n t .  

BRIEF  EXPLANATION  OF  THE  DRAWINGS 

F i g u r e   1  i s   an  o u t l i n e d   c o n s t r u c t i o n a l   v i e w  

of  m a g n e t o f l u i d o g r a p h i c   a p p a r a t u s ,   and  F i g u r e   2  i s   a  

p a r t i a l   p l a n   v i e w   of  s a i d   a p p a r a t u s ,   w h e r e i n :  

1  i s   m u l t i - s t y l u s ,   2  i s   m a g n e t   f o r   p r o t r u s i o n ,  

2'  is   s h i e l d   p l a t e   f o r   t h e   m a g n e t   f o r   p r o t r u s i o n ,   3 

i s   m a g n e t i c   f l u i d ,   4  i s   f e e d i n g   m a g n e t ,   5  i s   b a s e  

p e d e s t a l ,   6  i s   p r o t r u s i o n ,   7  i s   r e c o r d i n g   m a t e r i a l ,  

8  is   c o n t r o l l i n g   e l e c t r o d e ,  9   i s   v o l t a g e   a p p l y i n g  

means   and  10  i s   m a g n e t i c   f l u i d   t a n k .  

DETAILED  EXPLANATION  OF  THE  INVENTION 

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

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

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

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

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

s i z e   of   a b o u t   10  A  to   s e v e r a l   1000  A.  The  s i z e   of  c o l l o i c a l  



c o l o r i n g   p i g m e n t   p a r t i c l e   to  be  d i s p e r s e d   in   t h i s   m a g n e t i c  
0  

f l u i d   i s   5 0 - 1 , 0 0 0   A.  More  p r e f e r a b l y ,   t h e   c o l l o i d a l  

c o l o r i n g   p i g m e n t   p a r t i c l e   has   a  s i z e   c o m p a r a b l e   to   t h a t  

of   t h e   s t a b l y   d i s p e r s e d   m a g n e t i c   p a r t i c l e ,   n a m e l y ,   5 0 -  
0  

200  A,  f r o m   t h e   v i e w p o i n t   of  d i s p e r s i o n   s t a b i l i t y   a n d  

p e r m e a b i l i t y   i n t o   p a p e r .  

U s u a l l y ,   a  p i g m e n t   e x h i b i t s   t h e   maximum  h i d i n g  

p o w e r   when  i t s   s i z e   i s   0 . 2 - 0 . 3   u,  and  p i g m e n t s   u s u a l l y  

a v a i l a b l e   c o m m e r c i a l l y   h a v e   t h i s   o r d e r   of  s i z e .   H o w e -  

e v e r ,   s i n c e   t h e   p i g m e n t   to   be  d i s p e r s e d   in  t h e   m a g n e t i c  

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

s i z e   c o m p a r a b l e   to   t h a t   of  t h e   m a g n e t i c   p a r t i c l e   i n  

t h e   m a g n e t i c   f l u i d ,   i t   i s   n e c e s s a r y   to   make  t h e   u s u a l l y  

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

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

i s   r e c o m m e n d a b l e   to   p u l v e r i z e   a  m i x t u r e   of  p i g m e n t ,  

d i s p e r s i n g   med ium  and  d i s p e r s i o n   s t a b i l i z e r   f o r   a  l o n g  

p e r i o d   of  t i m e   by  m e a n s   of  b a l l   m i l l ,   a t t r i t o r ,   s a n d  

g r i n d e r   or  t h e   l i k e .   T h o u g h   any  of  i n o r g a n i c   p i g m e n t s  

and  o r g a n i c   p i g m e n t s   can   be  u s e d   as  t h e   p i g m e n t ,  

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

p o i n t   of  c o l o r i n g   p o w e r   and  e a s i n e s s   of  p u l v e r i z a t i o n  

and  d i s p e r s i o n .   S i n c e   i n o r g a n i c   p i g m e n t s   h a v e   h i g h e r  

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

i t   t a k e s   a  l o n g e r   p e r i o d   of  t i m e   to  p u l v e r i z e   a n d  

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

m e n t s .   T h e r e f o r e ,   in  t h e   c a s e   of  i n o r g a n i c   p i g m e n t s ,  

i t   i s   a l l o w a b l e   to   add  a  d i s p e r s i o n   s t a b i l i z e r   i n  



s y n t h e s i z i n g   t h e   p i g m e n t   by  wet   p r o c e s s   b e f o r e   t h e   p i g m e n t  

p a r t i c l e   g r o w s   up  t o   f o r m   a  l a r g e   p a r t i c l e ,   by  w h i c h   a  

p i g m e n t   h a v i n g   a  s m a l l  p a r t i c l e   s i z e   can   be  p r o d u c e d .  

As  a b o v e ,   many  of  t h e   i n o r g a n i c   p i g m e n t s   h a v e   a  s t r u c t u r e  

s i m i l a r   to   t h a t   of   m a g n e t i c   p a r t i c l e   s u c h   as  f e r r i t e ,  

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

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

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

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

S u r f a c t a n t s   i n c l u d e   a n i o n i c   s u r f a c t a n t s ,   c a t i o n i c  

s u r f a c t a n t s ,   n o n i o n i c   s u r f a c t a n t s ,   e t c . ,   any  of  w h i c h  

e x h i b i t   a  d i s p e r s i n g   a c t i o n .   H o w e v e r ,   t h e   a c t i o n  

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

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

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

more  p r e f e r a b l e .   For   e x a m p l e ,   when  an  i n o r g a n i c  

p i g m e n t   c o n s i s t i n g   of   a  m e t a l l i c   o x i d e   s u c h   as  C o b a l t  

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

t h e   d i s p e r s i o n   can   be  s u c c e s s f u l l y   a c h i e v e d   by  u s i n g  

a  l o n g   c h a i n   a l i p h a t i c   c a r b o x y l i c   a c i d   g i v i n g   a  

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

m e t a l l i c   o x i d e ,   s u c h   as  o l e i c   a c i d ,   or  i t s   s a l t .  

As  t h e   d i s p e r s i o n   m e d i u m ,   w a t e r   or  n o n a q u e o u s  

d i s p e r s i o n   m e d i a   can   be  u s e d .   E x a m p l e s   of  t h e   n o n -  

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

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

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

and  a l i p h a t i c   c o m p o u n d s ;   m o n o h y d r i c   and  p o l y h y d r i c  



a l c o h o l   c o m p o u n d s ;   s i l i c o n e   c o m p o u n d s   s u c h   as  d e c a m e t h y l -  

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

o c t a d e c a m e t h y l c y c l o n o n a s i l o x a n e   and  t h e   l i k e ;   and  so  o n .  

When  t h e   m a g n e t i c   f l u i d   of  t h i s   i n v e n t i o n   i s   u s e d   as  a n  

i n k ,   t h e s e   d i s p e r s i o n   m e d i a   p r e f e r a b l y   h a v e   as  l o w  a  

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

b o i l i n g   p o i n t   n o t   l o w e r   t h a n   1000C  a r e   s u i t a b l e   f o r   u s e  

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

As  f e r r o m a g n e t i c   p a r t i c l e s ,   Co,  N i ,   Fe ,   t h e i r  

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

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

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

s u r f a c t a n t .   As  f e r r i t e   c o m p o u n d s ,   y - f e r r i t e ,   as  w e l l   i 

as  s i m p l e   d i v a l e n t  f e r r i t e s   M 2 + F e 3 + 2 0 4 :   M  is   m e t a l  

a tom)  s u c h   as  Mn  f e r r i t e ,   m a g n e t i t e ,   Co  f e r r i t e ,   N i  

f e r r i t e   and  t h e   l i k e ,   can   be  r e f e r r e d   t o .   F u r t h e r ,   a s  

m u l t i - c o m p o n e n t   f e r r i t e s ,   N i - Z n   f e r r i t e ,   F e - Z n   f e r r i t e ,  

Mn-Zn  f e r r i t e ,   Mn-Fe  f e r r i t e ,   F e - N i   f e r r i t e   and  t h e  

l i k e   can   a l s o   be  r e f e r r e d   t o .   Among  t h e m ,   t h e   m u l t i -  

c o m p o n e n t   f e r r i t e s   a r e   r e s i s t a n t   to   o x i d a t i o n   in  t h e  

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

in  c a s e   of  Mn-Zn  and  N i - Z n   f e r r i t e s .   F u r t h e r ,   in  a  

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

as  p o s s i b l e   in  low  m a g n e t i c   f i e l d   i s   r e q u i r e d   ( f o r  

e x a m p l e ,   m a g n e t o f l u i d o g r a p h y ,   J a p a n e s e   P a t e n t   K o k a i  

( L a i d - O p e n )   No.  2 3 , 5 3 4 / 7 9 ) ,   Mn-Zn  f e r r i t e   i s   s u i t a b l e .  

As  i n o r g a n i c   p i g m e n t s ,   a  v a r i e t y   of  o n e s  

can   be  u t i l i z e d .   For   e x a m p l e ,   as  b l u e - c o l o r e d   p i g m e n t s ,  



c o b a l t   b l u e ,   u l t r a m a r i n e ,   P r u s s i a n   b l u e ,   c e r u l e a n   b l u e ,  

m a n g a n e s e   b l u e ,   t u n g s t e n   b l u e ,   m o l y b e d n u m   b l u e   and  t h e  

l i k e   can   be  r e f e r r e d   t o .   As  r e d - c o l o r e d   p i g m e n t s ,   r e d  

o x i d e ,   r e d   l e a d   o x i d e ,   m o l y b d e n u m   r e d ,   c o b a l t   r e d   a n d  

t h e   l i k e   can   be  r e f e r r e d   t o .   As  b l a c k - c o l o r e d   p i g m e n t s ,  

c a r b o n   b l a c k   can   be  r e f e r r e d   to   as  a  t y p i c a l   o n e .  

A p a r t   f r o m   a b o v e ,   p i g m e n t s   of  v a r i o u s   c o l o r s   can   b e  

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

In  o r d e r   to   make  t h e   c o l o r   of  m a g n e t i c   f l u i d  

b l a c k   and  to   k e e p   t h e   b l a c k   c o l o r   of  t h e   p r i n t e d  

p r o d u c t   p r e p a r e d   by  r e c o r d i n g   an  i m a g e   on  a  h i g h   q u a l i t y  

p a p e r   or   t h e   l i k e   w i t h   t h e   i nk   f o r   a  l o n g   p e r i o d   o f  

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

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

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

o x i d a t i o n   of  m a g n e t i c   f l u i d ,   i f   i t   o c c u r s ,   can   be  m a d e  

a c h r o m a t i c   by  t h e   a c t i o n   of   t h e   b l u e - c o l o r e d   p i g m e n t .  

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

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

in  a d d i t i o n   to   t h e   b l u e - c o l o r e d   p i g m e n t .  

As  t h e   o r g a n i c   p i g m e n t   u s a b l e   in  t h i s   i n v e n -  

t i o n ,   t h e   f o l l o w i n g s   c an   be  r e f e r r e d   t o .   T h u s ,   a s  

e x a m p l e s   of  b l u e - c o l o r e d   p i g m e n t ,   t h e r e   can   b e  

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

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

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

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

as  E r i o g l a u c i n e   ( P e a c o c k   B l u e   L a k e s ) ,   G r a c i a   P e a c o c k  



B l u e   ( F a s t e   C o l o r s ) ,   R h o d u l i n e   P e a c o c k   B l u e ,   V i c t o r i a  

B l u e ,   M e t h y l   V i o l e t   ( t u n g s t i c   a c i d ) ,   M e t h y l   V i o l e t  

( m o l y b d i c   a c i d ) ,   M e t h y l   V i o l e t   ( t a n n i c   a c i d   l a k e s )   a n d  

t h e   l i k e .   As  e x a m p l e s   of  r e d - c o l o r e d   p i g m e n t ,   t h e r e  

can   be  r e f e r r e d   to   P a r a   Red ,   L i t h o l   R u b i n e ,   P e r m a n e n t  

Red  2B,  P i g m e n t   S c a r l e t ,   L a k e   Red  C,  S c a r l e t   L a k e   2 R ,  

Rose   T o n e r   ( F a n a l   C o l o r ) ,   P i g m e n t   R u b i n e   G  ( b a r i u m ,  

s t r o n t i u m   and  c a l c i u m   l a k e s ) ,   P i g m e n t   R u b i n e   3G  ( b a r i u m ,  

s t r o n t i u m   and  c a l c i u m   l a k e s ) ,   A l i z a r i n e   L a k e ,   L i t h o l  

Red  ( s o d i u m   s a l t ,   b a r i u m   s a l t   and  c a l c i u m   s a l t ) ,  

T o l u i d i n e   T o n e r   and  t h e   l i k e .   Among  t h e m ,   t h e   p i g -  

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

v e r y   h i g h   c o l o r i n g   p o w e r   and  a r e   e x c e l l e n t   in  l i g h t  

r e s i s t a n c e ,   c h e m i c a l   r e s i s t a n c e   and  h e a t   r e s i s t a n c e ,  

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

p i g m e n t   u s e d   in  t h i s   i n v e n t i o n .   I t   i s   n e e d l e s s   to   s a y  

t h a t   t h e   a b o v e - m e n t i o n e d   p i g m e n t s   a r e   n o t h i n g   o t h e r  

t h a n   some  e x a m p l e s   f o r   t h e   e x p l a n a t i o n   of  t h i s  

i n v e n t i o n ,   and  t h e y   do  n o t   l i m i t   t h e   i n v e n t i o n .  

N e x t ,   e x a m p l e s   o f   t h i s   i n v e n t i o n   w i l l   b e  

m e n t i o n e d   b e l o w .  

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

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

m a g n e t o f l u i d o g r a p h y .   The  o u t l i n e   of  t h e   m a g n e t o -  

f l u i d o g r a p h y   is   as  shown  in  F i g u r e   1 .  

T h a t   i s ,   m u l t i s t y l u s   1  is  s e t   on  b a s e  

p e d e s t a l   5,  and  m a g n e t   f o r   p r o t r u s i o n   2  is   a t t a c h e d   b y  

b o n d i n g   to  t h e   m u l t i s t y l u s   1  in  o r d e r   to  m a g n e t i z e  



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

a  f e e d i n g   m a g n e t   4,  by  w h i c h   m a g n e t i c   f l u i d   i s   s u c k e d  

up  f r o m   t h e   m a g n e t i c   f l u i d   t a n k   10  and  m a g n e t i c   f l u i d   3 

is   f e d   to   m a g n e t   f o r   p r o t r u s i o n   2  and  m u l t i s t y l u s   1 .  

T h u s ,   a  p r o t r u d e d   p o r t   6  of  m a g n e t i c   f l u i d   3  h a v i n g  

t h e   f o r m   shown  in  F i g u r e   2  i s  f o r m e d   on  m u l t i s t y l u s   1 .  

When  a  v o l t a g e   i s   a p p l i e d   b e t w e e n   m u l t i s t y l u s   1  a n d  

c o n t r o l l i n g   e l e c t r o d e   8  by  means   of  v o l t a g e - a p p l y i n g  

m e a n s   9,  a  C o u l o m b   f o r c e   i s   e x e r c i s e d   on  t h e   t i p   o f  

p r o t r u d e d   p o r t   6.  T h u s ,   m a g n e t i c   f l u i d   3  f l i e s   t o w a r d  

r e c o r d i n g   m a t e r i a l   7  and   p r o d u c e s   image   on  r e c o r d i n g  

m a t e r i a l   7 .  

E x a m p l e   1 

A  m i x t u r e   c o n s i s t i n g   of   100  g  of   c o p p e r  

p h t h a l o c y a n i n e ,   50  cc  of  o l e i c   a c i d   and  750  cc  o f  

k e r o s e n e   was  p u l v e r i z e d   and  d i s p e r s e d   by  means   o f   s a n d  

g r i n d e r   ( 1 , 6 0 0   rpm)  f o r   a  t i m e   p e r i o d   of  7  d a y s .  

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

b a s e   Mn-Zn  f e r r i t e   d i s p e r s i o n   so  t h a t   t h e   r a t i o   o f  

c o p p e r   p h t h a l o c y a n i n e   to   f e r r i t e   p a r t i c l e   came  to   1 : 1 0  

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

a d j u s t e d   to   a b o u t   6  cp  a t   200C  w i t h   p a r a f f i n .   W i t h  

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

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

shown  in  F i g u r e   1 ) .   The  c o l o r   of  m a g n e t i c   f l u i d   w a s  

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

a l s o   b l u e - b l a c k .   N e i t h e r   b l u r r i n g   nor   s e p a r a t i o n   o f  



c o l o r   was  o b s e r v a b l e   on  t h e   h i g h   q u a l i t y   p a p e r .   Hue  o f  

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

s e v e r a l   m o n t h s .  

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

a d j u s t e d   to   6  cp  a t   200C  f o r   t h e   r e a s o n   t h a t ,   i n  

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

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

e l e c t r i c   s i g n a l   and   a  c l e a r e r   i m a g e .   I f   t h e   v i s c o s i t y  

e x c e e d s   20  cp  ( 2 0 ° C ) ,   t h e   r e s p o n s e   of   m a g n e t i c   f l u i d   t o  

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

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

f l u i d   h a v i n g   a  v i s c o s i t y   of  6  cp  a t   200C  k e e p s   a  

v i s c o s i t y   of  a b o u t   10  c p  a t   0°C,   t h e   p r e s e n t   r e c o r d i n g  

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

of  w h i c h   v i s c o s i t y   had   b e e n   a d j u s t e d   to   6  cp  a t   2 0 ° C .  

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

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

low  m a g n e t i c   f i e l d   (100  Oe)  i s   more   d e s i r a b l e .  

A  m a g n e t i z a t i o n   of  a t   l e a s t   35  G a u s s   (100  Oe)  i s  

n e c e s s a r y .   When  t h e   m a g n e t i z a t i o n   i s   l o w e r   t h a n   35 

G a u s s   (100  Oe ) ,   no  c l e a r   image   i s   o b t a i n a b l e .   T h i s   i s  

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

f i e l d   of  a b o u t   100  Oe  i s   a p p l i e d   to   t h e   t i p   of  s t y l u s  

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

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

to   r e c o r d i n g   s i g n a l   by  t h e   C o u l o m b   f o r c e ,   as  shown  i n  

F i g u r e   1.  I f   p r i n t i n g   i s   c a r r i e d   o u t   c o n t i n u o u s l y ,  

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



H o w e v e r ,   t h e   same  a m o u n t   of   m a g n e t i c   f l u i d   as  i t s   c o n -  

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

by  t h e   m a g n e t i c   f o r c e   of   r u b b e r   m a g n e t .   I f   m a g n e t i z a -  

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

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

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

of   s t y l u s .   As  t h e   r e s u l t ,   t h i n n i n g   of   p r i n t e d   i m a g e ,  

or   t h e   l i k e ,   o c c u r s   to   c a u s e   a  d r o p   in  t h e   q u a l i t y   o f  

p r i n t e d   i m a g e .  

E x a m p l e   2 

A  m i x t u r e   c o n s i s t i n g   of  100  g  of   c o b a l t   b l u t  

( N F - 2 5 0 - P ,   m a n u f a c t u r e d   by  N i p p o n   F e r r o   K . K . ) ,   50  c c  

of   o l e i c   a c i d   and  750  cc  of   p a r a f f i n   was  p u l v e r i z e d  

and  d i s p e r s e d   f o r   7  d a y s   by  m e a n s   of   s a n d   g r i n d e r  

( 1 , 6 0 0   r p m ) .   The  r e s u l t i n g   d i s p e r s i o n   was  m x i e d   w i t h  

a  p a r a f f i n   b a s e   Mn-Zn  f e r r i t e   d i s p e r s i o n   so  t h a t   t h e  

r a t i o   of  c o b a l t   b l u e   to   f e r r i t e   p a r t i c l e s   came  t o  

1 :4   by  w e i g h t .   A f t e r   a d j u s t i n g   v i s c o s i t y   of   t h e  

d i s p e r s i o n   to   a b o u t   6  cp  a t   200C  by  t h e   u s e   of   p a r a -  

f f i n ,   a  r e c o r d i n g   e x p e r i m e n t   was  c a r r i e d   o u t   b y  

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

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

i m a g e   was  a l s o   n e a r l y   t h e   same  as  i t .   N e i t h e r   b l u r r i n g  

n o r   s e p a r a t i o n   of  c o l o r   was  o b s e r v a b l e   on  h i g h   q u a l i t y  

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

c h a n g e   in  hue  d u r i n g   s e v e r a l   m o n t h s .  



E x a m p l e   3 

A  m i x t u r e   c o n s i s t i n g   of  100  g  of   P r u s s i a n   b l u e ,  

50  cc  of  o l e i c   a c i d   and  700  cc  of  p a r a f f i n   was  p u l v e r i z e d  

and  d i s p e r s e d   f o r   10  d a y s   by  means   of  s a n d   g r i n d e r  

( 1 , 6 0 0   r p m ) .   The  r e s u l t i n g   d i s p e r s i o n   was  m i x e d   w i t h   a  

p a r a f f i n   b a s e   Mn-Zn  f e r r i t e   d i s p e r s i o n   so  t h a t   t h e  

r a t i o   of   P r u s s i a n   b l u e   to   f e r r i t e   p a r t i c l e s   came  to   1 : 5  

by  w e i g h t .   A f t e r   a d j u s t i n g   v i s c o s i t y   of   t h e   d i s p e r s i o n  

to  a b o u t   6  cp  a t   20°C  by  t h e   u s e   of  p a r a f f i n ,   a  r e c o r d i n g  

e x p e r i m e n t   was  c a r r i e d   o u t   by  m a g n e t o f l u i d o g r a p h y .  

The  c o l o r   of   t h e   m a g n e t i c   f l u i d   was  b l u e - b l a c k ,   a n d  

t h e   p r i n t e d   i m a g e   a l s o   had  t h e   same  b l u e - b l a c k   c o l o r .  

N e i t h e r   b l u r r i n g   n o r   s e p a r a t i o n   of  c o l o r   was  o b s e r v a b l e  

on  h i g h   q u a l i t y   p a p e r .   T h i s   s a m p l e   of   p r i n t e d   i m a g e  

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

E x a m p l e   4 

The  e x p e r i m e n t   of  E x a m p l e   3  was  r e p e a t e d ,  

e x c e p t   t h a t   t h e   P r u s s i a n   b l u e   was  r e p l a c e d   w i t h   u l t r a -  

m a r i n e .   The  p r i n t e d   i m a g e   had  t h e   same  b l u e - b l a c k  

c o l o r   as  t h a t   of   m a g n e t i c   f l u i d .   N e i t h e r   b l u r r i n g   n o r  

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

p a p e r .   No  c h a n g e   was  o b s e r v a b l e   in  hue  d u r i n g  

s e v e r a l   m o n t h s .  

E x a m p l e   5 

A  m i x t u r e   c o n s i s t i n g   of  100  g  of  c a r b o n   b l a c k  

(M5,  m a n u f a c t u r e d   by  M i t s u b i s h i   K a s e i   K . K . )   and  800  c c  



p a r a f f i n   was  p u l v e r i z e d   and   d i s p e r s e d   by  means   of   s a n d  

g r i n d e r   ( 1 , 6 0 0   rpm)  f o r   7  d a y s .   The  r e s u l t i n g   d i s p e r s i o n  

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

o b t a i n e d   in  E x a m p l e   1  and  a  p a r a f f i n   b a s e   Mn-Zn  f e r r i t e  

d i s p e r s i o n   so  t h a t   t h e   r a t i o   of   c o p p e r   p h t h a l o c y a n i n e ,  

c a r b o n   b l a c k   and  f e r r i t e   p a r t i c l e s   came  to   1 : 1 : 1 0   b y  

w e i g h t .   A f t e r   a d j u s t i n g   v i s c o s i t y   of  t h i s   m a g n e t i c  

f l u i d   to   a b o u t   6  cp  a t   200C  by  t h e   u s e   of  p a r a f f i n ,   t h e  

m a g n e t i c   f l u i d   was  r e c o r d e d   on  a  h i g h   q u a l i t y   p a p e r   b y  

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

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

b l a c k .   N e i t h e r   b l u r r i n g   n o r   s e p a r a t i o n   of  c o l o r   w a s  

o b s e r v a b l e   on  h i g h   q u a l i t y   p a p e r .   The  hue  of   t h e  

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

A d d i t i o n a l l y   s a y i n g ,   i t   i s   a l s o   p o s s i b l e   t o  

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

same  m a n n e r   as  a b o v e   by  u s i n g   w a t e r   or  o t h e r   o r g a n i c  

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

was  u s e d   as  d i s p e r s i o n   m e d i u m   in  t h e   e x a m p l e s  

m e n t i o n e d   a b o v e .  

As  has   b e e n   m e n t i o n e d   in  t h e   e x a m p l e s  

p r e s e n t e d   a b o v e ,   t h e r e   can   be  p r o v i d e d   a c c o r d i n g   t o  

t h i s   i n v e n t i o n   a  m a g n e t i c   f l u i d   w h i c h ,   when  u s e d   a s  

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

shows   no  s e p a r a t i o n   of  c o l o r   on  h i g h   q u a l i t y   p a p e r  

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

A l t h o u g h   t h e   m a g n e t i c   f l u i d   of  t h i s   i n v e n -  

t i o n   has   b e e n   d e v e l o p e d   as  a  r e c o r d i n g   ink   u t i l i z i n g  



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

m a g n e t i c   f o r c e ,   i t   i s   a l s o   u s a b l e   as  a  r e c o r d i n g   ink   f o r  

i n k   j e t ,   b a l l   p o i n t   pen  and  t h e   l i k e .  



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

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

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

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

2.  A  m a g n e t i c   f l u i d   a c c o r d i n g   t o   C l a i m   1,  w h e r e i n  

s a i d   c o l l o i d a l   c o l o r i n g   p i g m e n t   p a r t i c l e s   h a v e   a  
0  

p a r t i c l e   s i z e   of   5 0 - 1 , 0 0 0   A .  

3.  A  m a g n e t i c   f l u i d   a c c o r d i n g   to   C l a i m   2,  w h e r e i n  

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

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

4.  A  m a g n e t i c   f l u i d   a c c o r d i n g   to   C l a i m   3,  w h e r e i n  

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

5.  A  m a g n e t i c   f l u i d   a c c o r d i n g   to   any  one   o f  

C l a i m s   1 - 4 ,   w h e r e i n   s a i d   f e r r o m a g n e t i c   p a r t i c l e s   a r e  

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

6.  A  m a g n e t i c   f l u i d   a c c o r d i n g   to   C l a i m   5,  w h e r e i n  

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

7.  A  m a g n e t i c   f l u i d   a c c o r d i n g   to   C l a i m   6,  w h e r e i n  

s a i d   c o m p o s i t e   f e r r i t e   i s   Mn-Zn  f e r r i t e .  

8.  A  m a g n e t i c   f l u i d   a c c o r d i n g   t o   any  one  o f  

C l a i m s   1 - 4 ,   w h e r e i n   s a i d   f e r r o m a g n e t i c   p a r t i c l e s   c o n -  

s i s t   of  Fe ,   Co,  Ni  or   t h e i r   a l l o y .  

9.  A  m a g n e t i c   f l u i d   a c c o r d i n g   to   any  one   o f  

C l a i m s   1 - 8 ,   w h e r e i n   s a i d   d i s p e r s i o n   m e d i u m   i s   w a t e r   o r  

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

10.   A  m a g n e t i c   f l u i d   a c c o r d i n g   to   C l a i m   9,  w h e r e -  

in   s a i d   o r g a n i c   s o l v e n t   c o n s i s t s   of   a t   l e a s t   o n e  



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

c o m p o u n d s ,   e s t e r   c o m p o u n d s ,   k e t o n e   c o m p o u n d s ,   e t h e r  

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

11.  A  m a g n e t i c   f l u i d   a c c o r d i n g   to   C l a i m   1,  w h e r e i n  

s a i d   c o l o r i n g   p i g m e n t   c o n s i s t s   of   a t   l e a s t   one   m e m b e r  

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

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

12.  A  m a g n e t i c   f l u i d   a c c o r d i n g   to   C l a i m   11,   w h e r e -  

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