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Croydon  Priming  Company  Ltd 

Ink  jet  apparatus  includes  a  reservoir  (14)  and  ink  jet  (12) 
thermally  coupled  to  a  heater  the  ink  jet  and  reservoir  each 

consisting  of  a  material  having  a  thermal  conductivity  of  at 
least  0.03  g  cal/sec  cm2(°C/cm). 



T h i s   i n v e n t i o n   r e l a t e s   to  an  ink  j e t   w h e r e i n  

the   ink  e m p l o y e d   w i t h i n   t he   j e t   is  of  t he   p h a s e   c h a n g e  

t y p e ,   w h i c h   may  be  r e f e r r e d   to  as  ho t   m e l t   i n k .  

The  p h a s e   c h a n g e ,   or  h o t   m e l t   i n k ,   of  t h e  

t y p e   u t i l i z e d   in  an  ink  j e t   is  c h a r a c t e r i s t i c a l l y   s o l i d  

at   room  t e m p e r a t u r e .   When  h e a t e d ,   t he   ink  w i l l   m e l t   t o  

a  c o n s i s t e n c y   so  as  to  be  j e t t a b l e .  

I t   has   been   f o u n d   t h a t   i m p r o p e r   h e a t i n g   m a y  

d e g r a d e   t h e '  i n k   and  t h u s   t he   p e r f o r m a n c e   of  an  ink  j e t .  

In  o r d e r   to  a v o i d   such   d e g r a d a t i o n   by  e x t e n d e d   h e a t i n g ,  

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

o n l y   t he   head  is  h e a t e d ,   t h e r e b y   l i m i t i n g   the   a m o u n t   o f  

i nk   h e a t e d   and   m i n i m i z i n g   d e g r a d a t i o n   of  t he   ink  w i t h  

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

I t   h a s   a l s o   been   f o u n d   t h a t   e x t r e m e l y   h i g h ,  

l o c a l i z e d   t e m p e r a t u r e s   in  an  i nk   j e t   a p p a r a t u s   c a n  

s u b j e c t   t h e   l o c a l i z e d   i nk   to   u n d e s i r a b l e   c o n d i t i o n s  

w h i c h   w i l l   r e s u l t   in  l o c a l i z e d   ink   d e g r a d a t i o n   w h i c h ,  

of  c o u r s e ,   c a n   a l s o   a f f e c t   p e r f o r m a n c e .   M o r e o v e r ,  

t e m p e r a t u r e   g r a d i e n t s ,   i . e . ,   v a r i a t i o n s   in  t e m p e r a t u r e s  
f r o m   one   l o c a t i o n   to   a n o t h e r   l o c a t i o n ,   in  t he   ink  j e t  

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

j e t .   In  a d d i t i o n   to  d e g r a d i n g   p e r f o r m a n c e ,   t he   a b o v e -  

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

r e l i a b i l i t y .  



Accord ing   to  the  i n v e n t i o n   t h e r e   is  p rov ided   an  ink  j e t  

apparatus  for  e j e c t i n g   d r o p l e t s   of  hot  melt  ink,  c h a r a c t e r i s e d   in  t h a t  

i t   c o m p r i s e s   at  l e a s t   one  ink  je t   inc lud ing   a  chamber,  an  o r i f i c e   f o r  

e j ec t ing   hot  melt  ink  in  a  l i qu id   s t a t e   from  said  chamber,  and  an  i n k  

i n l e t   for  supp ly   of  hot  melt  ink  in  a  l i qu id   s t a t e   to  said  chamber,  

and  heater   means  for  h e a t i n g   hot  melt  ink  in  sa id   j e t ( s )   so  as  t o  

maintain  said  ink  in  a  l i qu id   s t a t e ,   said  j e t ( s )   comprising  a  m a t e r i a l  

having  a  thermal  c o n d u c t i v i t y   of  at  l e a s t   0.03  g  c a l / s e c   cm2(*C/cm).  

With  at  l e a s t   some  embodiments  of  the  i n v e n t i o n ,   one  or  more 
of  the  fo l lowing may  be  a c h i e v e d : -  

-  m i n i m i z i n g   the  e f f e c t s   of  h e a t i n g   on  p e r f o r m a n c e   and 

r e l i a b i l i t y   in  a  phase  change  ink  jet   s y s t e m .  

-  providing  a  high  degree  of  r e l i a b i l i t y   in  a  phase  change  i n k  

jet  sy s t em.  

-  m i n i m i z i n g   t empera tu re   g r ad i en t s   in  such  an  ink  je t   s y s t e m ,  

inc luding   l o c a l i z e d   hot  s p o t s .  

-  p r o v i d i n g   an  ink  je t   system  of  the  phase  change  type  which 

may  be  allowed  to  cool  in  the  standby  mode  and  be  r a p i d l y   b r o u g h t   up 
to  the  des i r ed   ope ra t i ng   t e m p e r a t u r e .  

-  p r o v i d i n g   an  ink  j e t   system  of  the  phase  change  t y p e  
comprising  a  m a t e r i a l   which  w i l l   not  a d v e r s e l y   r e a c t   with  the  i n k  

contained  within  the  s y s t e m .  

-  m i n i m i z i n g   the  we igh t   a s s o c i a t e d   with  the  ink  je t   s y s t e m ,  
thereby  p e r m i t t i n g   rapid  movement  of  an  ink  je t   r e l a t i v e   to  a  s u r f a c e  

being  s c a n n e d .  

P r e f e r a b l y ,   the  ink  je t   ma te r i a l   has  a  thermal  c o n d u c t i v i t y  
of  at  l e a s t   0.2  g  c a l / s e c   cm2(°C/cm).  



Any  of  a  p l u r a l i t y   of  highly  the rmal ly   conduct ive   m a t e r i a l s  

may  be  u t i l i z e d   i n c l u d i n g   s t a i n l e s s   s t e e l ,   a l t h o u g h   aluminum  i s  

p r e f e r r e d .  

In  accordance  with  a  p r e f e r r e d   embodiment  of  t h i s   i n v e n t i o n ,  
the  a p p a r a t u s   c o m p r i s e s   a  r e s e r v o i r   which  is  a l so   coup led   to  t h e  

h e a t e r   means.   The  r e s e r v o i r   a l so   c o m p r i s e s   a  m a t e r i a l   having  a 
t h e r m a l   c o n d u c t i v i t y   of  at  l e a s t   0.03  g  c a l / s e c   cm2(°C/cm)  and 

p r e f e r a b l y   more  than  0.2  g  c a l / s e c   cm2(*C/cm).  

The  inven t ion   will  be  b e t t e r   unders tood  from  the  f o l l o w i n g  

d e s c r i p t i o n   g iven  by  way  of  example   and  with  r e f e r e n c e   to  t h e  

accompanying  drawing  in  which  Fig.  1  is  a  s e c t i o n a l   view  of  one  form 

of  ink  j e t   system  in  accordance  with  t h i s   i n v e n t i o n .  

R e f e r r i n g   to   F i g .   1,  an  i n k   j e t   a p p a r a t u s  

c o m p r i s e s   an  i m a g i n g   head   10  i n c l u d i n g   a t   l e a s t   one  i n k  

j e t   12  and   a  r e s e r v o i r   14 .   The  i n k   j e t   a p p a r a t u s   i s  

a d a p t e d   to   j e t   d r o p l e t s   of  h o t   m e l t   or  p h a s e   c h a n g e  

i n k .   S u b s t a n t i a l l y  

a l l   of  t h e   i m a g i n g   h e a d   10  and  t h e   r e s e r v o i r   14  i n  

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

a l l y   c o n d u c t i v e   m a t e r i a l   so  as  to  m i n i m i z e   t e m p e r a t u r e  

g r a d i e n t s   and  t h e r e b y   a v o i d   d e g r a d a t i o n   of  t he   ink  a n d  

a s s u r e   h i g h   p e r f o r m a n c e   and  r e l i a b i l i t y   of  t h e   i nk   j e t  

a p p a r a t u s .  

As  s h o w n   in  F i g .   1,  a  b l o c k   of  s o l i d   s t a t e  

ink   16  i s   j u x t a p o s e d   to   an  o p e n i n g   in  a  t r o u g h   1 8 .  

When  t he   p e l l e t   16  d r o p s   i n t o   t he   t r o u g h   18,  t he   p e l l e t  

16  p r o c e e d s   to  m e l t   in  r e s p o n s e   to  h e a t   g e n e r a t e d   by  a  

h e a t e r   20  l o c a t e d   a t   t he   b a s e   of  t h e   r e s e r v o i r   14  b e l o w  

a  s l o p i n g   s u r f a c e   2 2 .  



As  s h o w n   in  F i g .   1,  t he   ink  j e t   12  i n c l u d e s  

a  c h a m b e r   24  h a v i n g   an  o r i f i c e   26  for   e j e c t i n g   d r o p l e t s  

of  ink   and  an  i n l e t   28  e x t e n d i n g   to  t h e   l o w e r m o s t  

e x t r e m i t y   30  of  t he   r e s e r v o i r   14  a d j a c e n t   t h e   s l o p i n g  

b o t t o m   2 2 .  

The  h e a d   10  is  p r o v i d e d   w i t h   an  i n d e p e n d e n t  

h e a t e r   32  l o c a t e d   b e t w e e n   a  t h e r m a l   r e s i s t a n c e   b a r r i e r  

34  c o m p r i s i n g   i n s u l a t i o n   and   a  h e a d   member   36 .   By 

p r o v i d i n g   t h e   h e a t e r   32  w h i c h   is   i n d e p e n d e n t   of   t h e  

h e a t e r   20,   i t   is  p o s s i b l e   to  m a i n t a i n   the   head  10  at   a  

d i f f e r e n t   t e m p e r a t u r e   f r o m   t h e   r e s e r v o i r   14 .   T h i s  

a l l o w s   t h e   r e s e r v o i r   14  and  t he   ink  w i t h i n   t he   r e s e r -  

v o i r   to  be  c o o l e d   in  t he   s t a n d b y   mode  t h e r e b y   a v o i d i n g  

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

of  ink   w h i l e   a t   t h e   same  t i m e   m a i n t a i n i n g   t h e   i n k  

w i t h i n   t h e   i m a g i n g   h e a d   10  in  a  l i q u i d   s t a t e   so  as  t o  

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

Wi th   r e s p e c t   to  t h e   p r e v e n t i o n   of  d e p r i m i n g ,  

i t   w i l l   be  a p p r e c i a t e d   t h a t   i n l e t   28  p a s s e s   t h r o u g h   t h e  

h e a d   m e m b e r   36  w h i c h   is   h i g h l y   c o n d u c t i v e   s u c h   t h a t  

h e a t   is  c o n d u c t e d   to  t he   end  38  w h i c h   m a i n t a i n s   a  p o o l  
of  ink  40  in  t h e   l i q u i d   s t a t e   in  the   i m m e d i a t e   v i c i n i t y  

of  t he   end  38  w h i l e   t h e   r e m a i n d e r   of  t he   ink  w i t h i n   t h e  

r e s e r v o i r - 1 4   i s   a b l e   to   c o o l   to   t h e   s o l i d   s t a t e   w h e n  

the   s y s t e m   is  in  a  s t a n d b y   m o d e .   As  s h o w n   in  F i g .   1 ,  
the  p o o l   40  of  l i q u i d   ink  is  m a i n t a i n e d   in  an  o t h e r w i s e  

s o l i d   s t a t e   mass  42  of  ink  e x t e n d i n g   up  to  a  l e v e l   4 4 .  

As  a l s o   s h o w n   in  F i g .   1,  a  t r a n s d u c e r   46  i s  

j u x t a p o s e d   to  t h e   end  of  t h e   c h a m b e r   24 .   The  t r a n s -  
d u c e r   wh ich   is  p r o v i d e d   w i t h   e l e c t r o d e s   is  e n e r g i z e d   b y  

a  s i g n a l   p r o v i d e d   t h r o u g h   a  p r i n t e d   c i r c u i t   b o a r d   48  



l o c a t e d   a b o v e   the   member  36.  The  t r a n s d u c e r   46  and  t h e  

p r i n t e d   c i r c u i t   b o a r d   48  a r e   t h e n   h o u s e d   w i t h i n   h e a d  

members   50  and  5 2 .  

As  a l s o   shown  in  F i g .   1,  t he   head   i n c l u d e s   a  

c h a m b e r   p l a t e   54  f o r m i n g   t h e   c h a m b e r   24 ,   w h i c h   i s   i n  

c o m m u n i c a t i o n   w i t h   a  f o o t   56  l o c a t e d   a t   t he   end  of  t h e  

t r a n s d u c e r   46.   As  t h e   t r a n s d u c e r   c h a n g e s   s t a t e   i n  

r e s p o n s e   to   s i g n a l s   a p p l i e d ,   t he   p o s i t i o n   of  t he   f o o t  

56  v a r i e s   so  as  to   e x p a n d   and  c o m p r e s s   t h e   v o l u m e  

w i t h i n   t h e   c h a m b e r   24.   The  i n l e t   28  s u p p l i e s   a  m a n i -  

f o l d   58  l o c a t e d   in  a  p l a t e   60  w h i c h   i s   c o u p l e d   t o  

r e s t r i c t e d   i n l e t s   to   t h e   j e t   12 .   A c t u a l l y ,   t h e  

m a n i f o l d   58  s e r v e s   a  p l u r a l i t y   of  r e s t r i c t e d   i n l e t s   i n  

an  a r r a y   of   i n k   j e t s   i d e n t i c a l   to   t he   j e t   12  shown  i n  

F i g .   1 .  

The  r e s e r v o i r   14  as  s h o w n   in  F i g .   1  a l s o  

i n c l u d e s   a  f i l t e r   62  wh ich   is  l o c a t e d   b e l o w   a  p o r t   6 4  

w h i c h   is   a d a p t e d   to   be  o p e n e d   and   c l o s e d   by  a  n e e d l e  

v a l v e   66.  The  n e e d l e   v a l v e   66  is  e m p l o y e d   to  c l o s e   t h e  

p o r t   64  d u r i n g   t he   p r i m i n g   o p e r a t i o n .  

As  a l s o - s h o w n   in  F i g .   1,  t h e   i n s u l a t i n g  

b a r r i e r   34  w h i c h   p r o v i d e s   a  h i g h   t h e r m a l   r e s i s t a n c e  

p a t h   is  s e a l e d   a g a i n s t   p o r t i o n   70  of  t h e   r e s e r v o i r   1 4 ,  

u s i n g   an  0 - r i n g   72  w h i c h   i s   a l s o   c h a r a c t e r i z e d   b y  

a d e q u a t e   i n s u l a t i n g   p r o p e r t i e s .   P r e f e r a b l y ,   t h e  m e m b e r  

36  w h i c h   e x t e n d s   down  i n t o   t h e   r e s e r v o i r   14  t o w a r d   t h e  

l o w e r m o s t   p o r t i o n   30  is  s l i g h t l y   s p a c e d   f rom  p o r t i o n   70 

of  t h e   r e s e r v o i r   14.  T h i s   s p a c i n g   a s s u r e s   an  a d e q u a t e  

t h e r m a l   b a r r i e r   and  h i g h   t h e r m a l   r e s i s t a n c e   p a t h   so  a s  

to   p e r m i t   i n d e p e n d e n t   h e a t i n g   of  t h e   i nk   w i t h i n   t h e  

head   as  c o m p a r e d   to  the   h e a t   w i t h i n   t he   r e s e r v o i r   1 4 .  



F i n a l l y ,   F i g .   1  s h o w s   r e d u n d a n t   l e v e l  

s e n s i n g   e l e m e n t s   74  and  76,  w h i c h   may  c o m p r i s e   RF  l e v e l  

s e n s i n g   or  o t h e r   e l e c t r i c a l   s e n s o r   m e a n s .   B a f f l e s   78 

a r e   a l s o   p r o v i d e d   in  t he   r e s e r v o i r   1 4 .  

As  s t a t e d   in  t he   f o r e g o i n g ,   i t   is   p r e f e r r e d  

t h a t   t h e   h e a d   10  as  w e l l   as  t h e   r e s e r v o i r   14  h a v e   a  

t h e r m a l   c o n d u c t i v i t y   in  e x c e s s   of  0 . 0 3   g  c a l / s e c  

c m 2 ( o C / c m ) .   P r e f e r a b l y ,   t h e   t h e r m a l   c o n d u c t i v i t y   o f  

t he   h e a d   10  and  the   r e s e r v o i r   14  is   in  e x c e s s   of  0 . 2   g 

c a l / s e c   c m 2 ( ° C / c m ) .   In  t h i s   c o n n e c t i o n ,   i t   is  p r e f e r -  

red   to  u t i l i z e   a l u m i n u m   a l t h o u g h   s t a i n l e s s   s t e e l   may  b e  

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

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

V a r i o u s   m a t e r i a l s   s u i t a b l e   f o r   use  a r e   s e t  

f o r t h   in  t h e   f o l l o w i n g   t a b l e :  

W h e r e   t h e   p r e f e r r e d   m a t e r i a l   of  a l u m i n u m   i s  

u t i l i z e d ,   the   a d v a n t a g e s   a s s o c i a t e d   w i t h   h i g h   t h e r m a l  

c o n d u c t i v i t y   so  as  to   m i n i m i z e   t e m p e r a t u r e   g r a d i e n t s  
and  h o t   s p o t s   is  a c h i e v e d   as  w e l l   as  r a p i d   h e a t i n g   t o  



t.he  d e s i r e d   o p e r a t i n g   t e m p e r a t u r e .   In  a d d i t i o n ,  

a l u m i n u m   by  v i r t u e   of  i t s   r e l a t i v e l y   low  d e n s i t y  

p r o v i d e s   a  r e l a t i v e l y   l i g h t w e i g h t   i m a g i n g   head  10  a n d  

r e s e r v o i r   14  so  as  to  m i n i m i z e   the   i n e r t i a   of  t h e   h e a d  

10  and  t h e   r e s e r v o i r   14 ,   ' t h e r e b y   p e r m i t t i n g   r a p i d  

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

s c a n n e d .   M o r e o v e r ,   a l u m i n u m   w i l l   no t   c h e m i c a l l y   r e a c t  

w i t h   the   i n k .  

Of  c o u r s e ,   i t   i s   c l e a r   t h a t   t h e   e n t i r e  

i m a g i n g   h e a d   10  and  e n t i r e   r e s e r v o i r   14  d o e s   n o t  

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

e x a m p l e ,   t h e r m a l   r e s i s t a n c e   b a r r i e r   34  may  c o m p r i s e   a  

m a t e r i a l   h a v i n g   a  t h e r m a l   c o n d u c t i v i t y   l e s s   t h a n   0 . 0 0 5  

g  c a l / s e c   c m 3 ( o C / c m ) .   The  t h e r m a l   b a r r i e r   may  a l s o   b e  

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

the   m e t a l   c o n t a c t   b e t w e e n   t he   head   10  and  t he   r e s e r v o i r  

14.  H o w e v e r ,   s u b s t a n t i a l l y   a l l   of  the   head   10  and  t h e  

r e s e r v o i r   14  w h i c h   i s   in  d i r e c t   or  i n d i r e c t   c o n t a c t  

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

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

f i l t e r   62.   I n d i r e c t   c o n t a c t   is   a c h i e v e d   w h e r e   t h e  

m a t e r i a l   such   as  c o p p e r   is  c o a t e d   so  as  to  m i n i m i z e   a n y  
r e a c t i o n   w i t h   the   i n k .   I t   is  a l s o   p o s s i b l e   to   u t i l i z e  

more  t h a n   one  h i g h   t h e r m a l   c o n d u c t i v i t y   m a t e r i a l   in  t h e  

ink  j e t   a p p a r a t u s .   For  e x a m p l e ,   i t   may  be  p o s s i b l e   t o  

make  a  p o r t i o n   of  t h e   h e a d   10  f r o m   a l u m i n u m   w i t h   a  

p o r t i o n   or  a l l   of  t he   r e s e r v o i r   14  c o m p r i s e s   s t a i n l e s s  

s t e e l .  



1.  An  ink  j e t   appara tus   for  e j e c t i n g   d r o p l e t s   of  hot  m e l t  

ink,  c h a r a c t e r i s e d   in  t h a t   i t   c o m p r i s e s   at  l e a s t   one  ink  j e t   ( 1 2 )  

i n c l u d i n g   a  chamber  (24),   an  o r i f i c e   (26)  for  e j e c t i n g   hot  melt  ink  i n  

a  l i q u i d   s t a t e   from  said  chamber,  and  an  ink  i n l e t   (28)  for  supp ly   o f  

hot  melt   ink  in  a  l i qu id   s t a t e   to  said  chamber,  and  heater   means  (32)  

for  hea t ing   hot  melt  ink  in  said  j e t ( s )   so  as  to  mainta in   sa id   ink  i n  

a  l i q u i d   s t a t e ,   s a id   j e t ( s )   (12)  c o m p r i s i n g   a  m a t e r i a l   hav ing   a 
thermal   c o n d u c t i v i t y   of  at  l e a s t   0.03  g  c a l / s e c   cm2(°C/cm).  

2.  An  a p p a r a t u s   a c c o r d i n g   to  c la im  1,  wherein   s a i d  

m a t e r i a l   has  a  t h e r m a l   c o n d u c t i v i t y   of  at  l e a s t   0.2  g  c a l / s e c  
cm2(°C/cm) .  

3.  An  a p p a r a t u s   a c c o r d i n g   to  c la im  1,  where in   s a i d  

m a t e r i a l   comprises  s t a i n l e s s   s t e e l .  

4.  An  a p p a r a t u s   a c c o r d i n g   to  c la im  1,  wherein   s a i d  

m a t e r i a l   comprises  aluminum. 

5.  An  a p p a r a t u s   according  to  any  preceding  claim,  where in  

said  appara tus   comprises  a  r e s e r v o i r   (14)  coupled  to  said  heater   means 
( 2 0 ) ,   s a i d   r e s e r v o i r   (14)  also  comprising  a  m a t e r i a l   having  a  t h e r m a l  

c o n d u c t i v i t y   of  a t  l e a s t   0.3  g  c a l / s e c   cm2(°C/cm).  

6.  An  a p p a r a t u s   a c c o r d i n g   to  c l a im  5,  where in   s a i d  

m a t e r i a l   of  said  r e s e r v o i r   (14)  has  a  thermal  c o n d u c t i v i t y   of  at  l e a s t  

0.2  g  c a l / s e c   cm2(°C/cm).  



7.  An  appa ra tus   of  claim  5,  wherein  said  ma te r i a l   of  s a i d  

r e s e r v o i r   (14)  comprises  s t a i n l e s s   s t e e l .  

8.  An  appa ra tus   of  claim  5,  wherein  said  ma te r i a l   of  s a i d  

r e s e r v o i r   (14)  comprises  aluminum. 
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