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©  An  apparatus  for  liquid  jet  recording  systems  is  de- 
scribed  for  providing  drop-on-demand  ink  from  a  reservoir 
wherein  the  ink  contained  in  the  reservoir  is  a  wax-based 
hot-melt  ink  which  undergoes  a  liquid-solid  phase  transition. 
The  apparatus  includes  an  ink  reservoir  (10),  a  nozzle  (12), 
and  a  piezoelectric  transducer  (14)  connected  to  a  source  of 
electrical  pulses  to  provide  exitation  to  cause  droplets  of  ink 
to  be  moved  from  the  reservoir  and  out  through  the  nozzle.  A 
unique  meltable  wax-based  ink  (95  percent  paraffin  wax  and 
5  percent  carnauba  wax)  capable  of  undergoing  a  liquid-to- 
solid  phase  transition  is  contained  in  the  reservoir  (10)  which 
includes  heaters  (16)  which  are  employed  to  impart  thermal 
energy  to  the  ink  to  carry  out  the  phase  change. 
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 A  n apparatus  for  liquid  jet  recording  systems  is  de- 
scribed  for  providing  drop-on-demand  ink  from  a  reservoir 
wherein  the  ink  contained  in  the  reservoir  is  a  wax-based 
hot-melt  ink  which  undergoes  a  liquid-solid  phase  transition. 
The  apparatus  includes  an  ink  reservoir  (10),  a  nozzle  (12), 
and  a  piezoelectric  transducer  (14)  connected  to  a  source  of 
electrical  pulses  to  provide  exitation  to  cause  droplets  of  ink 
to  be  moved  from  the  reservoir  and  out  through  the  nozzle.  A 
unique  meltable  wax-based  ink  (95  percent  paraffin  wax  and 
5  percent  carnauba  wax)  capable  of  undergoing  a  liquid-to- 
solid  phase  transition  is  contained  in  the  reservoir  (10)  which 
includes  heaters  (16)  which  are  employed  to  impart  thermal 
energy  to  the  ink  to  carry  out  the  phase  change. 



The  i n v e n t i o n   r e l a t e s   to  ink  j e t   record ing   systems,   and  more 

p a r t i c u l a r l y   to  ink  j e t   r e c o r d i n g   systems  wherein  ink  is  con ta ined   in  a 

chamber  or  r e s e r v o i r   and  is  d i s cha rged   through  a  nozzle   o r i f i c e   and 

adheres   onto  the  su r f ace   of  a  r eco rd ing   medium. 

In  l i q u i d   j e t   r eco rd ing   systems  wherein  ink  is  con ta ined   in  a  chamber  o r  
r e s e r v o i r   and  is  e x p e l l e d   from  the  chamber  e i t h e r   as  d r o p l e t s   or  in  a 

con t inuous   stream  onto  a  r e c o r d i n g   su r f ace ,   i t   is  known  tha t   h e a t i n g  

e lements   may  be  p rovided   to  r a i s e   the  t empera tu re   of  the  ink.  In  U.S.  

Pa ten t   4 ,184 ,169 ,   i s sued   January  15,  1980  to  Taylor  et  a l ,   a  

drop-on-demand  ink  drop  p r i n t e r   is  shown  inc lud ing   two  ink  r e s e r v o i r s  

having  a s s o c i a t e d   hea t i ng   e lements .   The  hea t ing   e lements   are  used  t o  

c r ea t e   expanded  vapour  p r e s s u r e   to  force  the  ink  from  one  r e s e r v o i r  

through  a  p r i n t h e a d   and  into  the  second  r e s e r v o i r .  

In  U.S.  Pa ten t   4 ,251 ,824 ,   i s sued   February  17,  1981  to  Hara  et  a l ,  

hea t ing   elements  are  l oca t ed   along  the  flow  path  of  ink  in  a  p r i n t e r   t o  

expand  and  vapor ize   the  l i q u i d   ink  to  produce  a  p r e s s u r e   used  to  e x p e l  

the  ink.  In  U.S.  Pa ten t   3 ,878 ,519 ,   issued  April   15,  1975  to  Eaton,  an  

ink  j e t   system  is  d e s c r i b e d   wherein  heat  is  appl ied   to  a  stream  of  i n k .  

The  t empera tu re   change  causes  a  change  in  sur face   t e n s i o n   of  the  i n k ,  

which  c o n t r o l s   the  breakup  of  the  stream  into  d i s c r e t e   d r o p l e t s .  

U.S.  Pa tent   3 ,655 ,379 ,   i s sued   Apri l   11,  1972  to  Gundlach,  is  an  example  

of  a  system  which  uses  heat   energy  to  produce  vapour  expans ion   p r e s s u r e  

to  propel   ink  from  a  drum  su r f ace   onto  a  p a p e r .  

Other  examples  of  p r i n t i n g   systems  wherein  the  v i s c o s i t y   of  the  ink  i s  

changed  by  a p p l i c a t i o n   of  heat   are  shown  in  U.S.  Pa ten t   3 , 3 6 9 , 2 5 3 ,  

i s sued   February  13,  1968  to  Sihvonen,  U.S.  Pa tent   3 ,553 ,708 ,   i s s u e d  

January  5,  1971  to  C a r r e i r a   et  a l ,   and  U.S.  Pa tent   4 ,164 ,745 ,   i s s u e d  

August  14,  1979  to  Cielo  et  a l .  



The  a f o r e s a i d   p r i o r   a r t   is  d i s t i n c t   from  the  p r e s e n t   i n v e n t i o n   in  t h a t  

the  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  a  wax-based  h o t - m e l t   ink  for  an  i n k  

je t   system  i n c o r p o r a t i n g   h e a t i n g   e lements   to  cause  a  l i q u i d - s o l i d   p h a s e  
t r a n s i t i o n   of  the  i n k .  

An  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rovide   a  l i q u i d   j e t   r e c o r d i n g  

system  employing  ink  which  undergoes   a  l i q u i d - s o l i d   phase  t r a n s i t i o n .  

Another  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rovide   an  ink  j e t  

r e c o r d i n g   system  using  a  wax-based  h o t - m e l t   ink.  A  f u r t h e r   ob jec t   o f  

the  p r e s e n t   i n v e n t i o n   is  to  p rov ide   an  ink  j e t   r e c o r d i n g   s y s t e m  

i n c o r p o r a t i n g   hea t i ng   e l emen t s ,   a  h o t - m e l t   ink,  and  a  p i e z o e l e c t r i c  

element   for  e m i t t i n g   the  i n k .  

A  s t i l l   f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rovide   an  ink  j e t  

r e c o r d i n g   system  wherein  the  sp read ing   of  l i q u i d   ink  onto  the  o u t s i d e  

s u r f a c e   of  the  ink  nozz le ,   is  p r e v e n t e d .  

Another  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rovide   a  h o t - m e l t   ink  f o r  

an  ink  j e t   r eco rd ing   system  which  avoids  long  drying  times  and  i s  

t h e r e f o r e   u s e f u l   for  high  s p e e d .  

S t i l l   ano the r   ob jec t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rovide   a  h o t - m e l t  

ink  for  an  ink  j e t   r e co rd ing   system  which  is  in  a  s o l i d   s t a t e   when  t h e  

system  is  i d l e .  

Accord ing ly   the  i n v e n t i o n   p r o v i d e s § i n k   j e t   r eco rd ing   system  compris ing  a  

r e s e r v o i r   for  holding  a  supply  of  ink,  a  nozzle  mounted  in  s a i d  

r e s e r v o i r   for  p e r m i t t i n g   ink  to  ex i t   from  said  r e s e r v o i r ,   an  a c t u a t i n g  

element  connected   to  said  nozzle   and  to  a  source  of  e l e c t r i c a l  

e x c i t a t i o n   s i g n a l s   for  caus ing  d r o p l e t s   of  ink  to  be  e x p e l l e d   from  s a i d  

r e s e r v o i r   through  said  nozz le ,   a  q u a n t i t y   of  ink  d i sposed   in  s a i d  

r e s e r v o i r ,   said  ink  being  composed  in  pa r t   of  a  m e l t a b l e   wax-base  which 

undergoes   a  l i q u i d   to  so l i d   phase  t r a n s i t i o n ,   and  h e a t i n g   means 



a s s o c i a t e d   with  said  r e s e r v o i r   to  melt  said  ink  into  said  l i q u i d   p h a s e  

for  exp lus ion   from  said  n o z z l e .  

The  i n v e n t i o n   i nc ludes   a  method  of  r e c o r d i n g   data  comprising  s t o r i n g   i n  

a  r e s e r v o i r   an  ink  having  a  me l tab le   wax-base  which  undergoes  a 

t he rma l ly   r e v e r s i b l e   l i qu id   to  so l i d   phase  t r a n s i t i o n ,   e f f e c t i n g   a  s o l i d  

to  l i q u i d   or  a  l i q u i d   to  lower  v i s c o s i t y   l i q u i d   t r a n s i t i o n   of  the  ink  i n  

the  r e s e r v o i r   by  hea t i ng   the  ink,  and  e j e c t i n g   a  drop  of  the  h e a t e d  

l i q u i d   ink  from  a  nozzle  connected  to  the  r e s e r v o i r .  

The  i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d   with  r e f e rence   to  t h e  

accompanying  drawing.   The  drawing,   r e f e r r e d   to  as  Figure  1  f o r  

convenience  is  a  p e r s p e c t i v e   view  of  an  embodiment  of  an  appa ra tus   f o r  

r e t a i n i n g   and  s e l e c t i v e l y   e x p e l l i n g   ink  accord ing   to  the  p r i n c i p l e s   o f  

the  p r e s e n t   i n v e n t i o n .   It  is  unde r s tood   t ha t   a  p l u r a l i t y   of  such  i n k  

drop  e m i t t e r s   could  be  i n t e g r a t e d   to  form  an  a r r a y .  

D e s c r i p t i o n   of  the  P r e f e r r e d   Embodiment 

Refe r r ing   to  FIG.  1,  an  i l l u s t r a t i o n   of  an  appara tus   for  p r o v i d i n g  

drop-on-demand  ink  from  a  r e s e r v o i r   wherein  the  ink  conta ined  in  t h e  

r e s e r v o i r   is  a  wax-based  ho t -me l t   ink  which  undergoes  a  l i q u i d - s o l i d  

phase  t r a n s i t i o n .  

The  appara tus   inc ludes   an  ink  r e s e r v o i r   10,  a  nozzle  12,  and  a  

p i e z o e l e c t r i c   t r a n s d u c e r   14  connected  to  a  source  of  e l e c t r i c a l   p u l s e s  

to  provide  e x c i t a t i o n   to  cause  d r o p l e t s   of  ink  to  be  moved  from 

r e s e r v o i r   10  and  out  through  nozzle  12.  The  p a r t i c u l a r   c o n f i g u r a t i o n   o f  

r e s e r v o i r   10,  nozzle  12  and  p i e z o e l e c t r i c   t r a n s d u c e r   14  is  not  c r i t i c a l ,  

and  many  v a r i a t i o n s   of  such  combinat ions   are  known  in  the  a r t .   I n  

p a r t i c u l a r ,   a  p l u r a l i t y   of  ink  channels   can  be  used  in  s e r i a l   or  l i n e  

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

T y p i c a l l y ,   a  p i e z o e l e c t r i c   t r a n s d u c e r   is  used  to  provide  the  p i s t o n - l i k e  

ac t i on .   A  p i e z o e l e c t r i c   t r a n s d u c e r   is  a  device  that   conver ts   e l e c t r i c a l  



energy  in to   mechanica l   energy.   It  can  also  do  the  converse .   In  U.S. 

Pa t en t   2 ,512,743  to  C.  W.  Hanse l l ,   i s sued   June  27,  1950,  an  ink  j e t   was 
d e s c r i b e d   in  which  a  c i r c u l a r   p i e z o e l e c t r i c   t r a n s d u c e r   was  used  in  an 
e x t e n s i o n a l   mode,  the  e x t e n s i o n   being  along  the  axis  to  drive  ink.  The 

p i e z o e l e c t r i c   t r a n s d u c e r   was  a r ranged   c o a x i a l l y   wi th   a  con ica l   n o z z l e ,  

the  a x i a l   e x t e n s i o n   being  used  to  c r e a t e   p r e s s u r e   waves  c a u s i n g  

e x p u l s i o n   of  d r o p l e t s   from  the  nozz le .   Severa l   o the r   t r a n s d u c e r  

a r r angemen t s   have  been  proposed .   A  bas i c   a r rangement   was  d i s c l o s e d   i n  

an  a r t i c l e ,   "A  P i e z o e l e c t r i c   C a p i l l a r y   I n j e c t o r - A   New  Hydrodynamic 

Method  for  Dot  P a t t e r n   G e n e r a t i o n " ,   by  Eric  Stemme  and  S t i g - G o r a n  

Larsson ,   IEEE  T r a n s a c t i o n s   on  E l ec t ron   Devices ,   January   1973,  p a g e s  
14-19.  In  t ha t   d i s c l o s u r e ,   a  system  is  d i s c l o s e d   in  which  a  b i l a m i n a r  

p i e z o e l e c t r i c   disk  is  used  to  dr ive   ink  c o a x i a l l y   with  the  b i l a m i n a r  

d i sk .   In  t h a t   system,  a p p l i c a t i o n   of  an  e l e c t r i c a l   vo l t age   pulse  a c r o s s  

the  d isk  causes  an  inward,   t h a t   i s ,   towards  the  ink,   cen te r   d e f l e c t i o n ,  

which  f o r ce s   ink  d r o p l e t s   out  of  an  o r i f i c e .   U.S.  Pa t en t   3 , 9 4 6 , 3 9 8 ,  

i s sued   March  23,  1976,  shows  a  s i m i l a r   device ;   however,  as  d i s c l o s e d   i n  

t h a t   p a t e n t   the  c e n t e r   d e f l e c t i o n   of  the  disk  is  used  to  e j e c t   i n k  

through  an  o r i f i c e ,   the  axis   of  drop  e j e c t i o n   being  p e r p e n d i c u l a r   to  t h e  

axis   of  the  d i s k .  

Two  o the r   a r rangements   are  shown  in  U.S.  Pa t en t   3 ,857 ,049 ,   i s s u e d  

December  24,  1974.  In  the  ar rangement   shown  in  FIG.  1  through  FIG.  4  o f  

t h a t   p a t e n t ,   a  t u b u l a r   t r a n s d u c e r   sur rounds   a  channel   con ta in ing   t h e  

ink,  and  the  t r a n s d u c e r ,   when  exc i t ed   by  a p p l i c a t i o n   of  an  e l e c t r i c a l  

v o l t a g e   pu l se ,   squeezes  the  channel  r a d i a l l y   to  e j e c t   a  drop.  As  shown 

in  FIG.  6  of  t ha t   p a t e n t ,   the re   is  d i s c l o s e d   a  system  in  which  t h e  

r a d i a l   expansion  of  a  disk  in  response  to  an  e l e c t r i c a l   vo l tage   pulse  i s  

used  to  compress  ink  in  c i r c u m f e r e n t i a l   channels   the reby   forc ing   i n k  

d r o p l e t s   out  of  a  nozz le .   Other  a r rangements   are  also  known. 

The  appa ra tu s   of  FIG.  1  f u r t h e r   i nc ludes   h e a t e r s   16  which  are  employed 

to  impar t   thermal   energy  to  a  unique  wax-based  ink  which  is  loca ted   i n  

r e s e r v o i r   10  and  is  passed  through  nozzle   12.  One  embodiment  of  t h e  

h e a t e r s   16  may  be  as  hea t i ng   e lements   on  a  t h in   f i lm  which  i s  



i n c o r p o r a t e d   on  the  r e s e r v o i r   10  and  nozzle  12.  One  embodiment  of  a 

hea t ing   element  is  exp la ined   in  the  p r ev ious ly   mentioned  U.S.  P a t e n t  

4 ,251,824  wherein  Si02  is  s p u t t e r e d   as  a  base  layer   onto  an  Al2O3  b a s e  

p l a t e ,   fo l lowed  by  l amina t ion   of  ZrB2  as  the  heat   g e n e r a t i n g   layer   and 

Al  as  the  e l e c t r o d e ,   a f t e r   which  the  heat  g e n e r a t i n g   body  is  formed  by  a 
s e l e c t i v e   p h o t o - e t c h i n g ,   and  f i n a l l y   Si02  is  again  s p u t t e r e d   as  an 

i n s u l a t i v e   p r o t e c t i v e   l aye r .   Other  hea te r   embodiments  are  also  a v a i l -  

able  and  may  be  employed  in  the  p resen t   i n v e n t i o n .  

Whereas  heated  ink  r e s e r v o i r s   and  e l e c t r i c a l l y   c o n t r o l l e d   ink  e x p e l l i n g  

s t r u c t u r e s   have  been  employed  in  var ious   ways  in  the  p r i o r   a r t ,   in  t h e  

p r e sen t   i n v e n t i o n   such  t echn iques   are  used  in  combinat ion  with  a 

mel tab le   wax-based  ink  which  undergoes  a  l i q u i d - t o - s o l i d   p h a s e  

t r a n s i t i o n .  

The  mel tab le   wax-based  ink  which  undergoes  a  l i q u i d - t o - s o l i d   p h a s e  

t r a n s i t i o n   employed  in  the  embodiment  of  the  p r e s e n t   i nven t ion   i s  

s p e c i f i e d   as  having  a  phase  t r a n s i t i o n   t empera tu re   wi th in   a  60° 

c e n t i g r a d e   to  80°  c e n t i g r a d e   degree  range  and  a  k inemat ic   v i s c o s i t y  

between  one  and  fo r ty   c e n t i s t o k e s .   One  example  of  a  s u i t a b l e   i n k  

according  to  the  p r e s e n t   i nven t ion   would  be  composed  of  95%  p a r a f f i n e  

plus  5%  carnauba  wax  which  has  a  v i s c o s i t y   of  14.7  c e n t i s t o k e s   at  65° 

c e n t i g r a d e .  

The  use  of  such  wax-based  ink  in  the  p resen t   i n v e n t i o n   p rov ides   an 

advantage  r e l a t i v e   to  the  problem  of  nozzle  face  we t t i ng .   W a t e r - b a s e d  

inks  produce  we t t ing   of  the  nozzle  face,   and  sp read ing   of  the  ink  o c c u r s  

onto  the  ou t s ide   su r face   of  the  nozzle  which  is  g e n e r a l l y   exposed  t o  

ambient  a i r .   This  we t t ing   r e s u l t s   in  impaired  drop  e j e c t i o n .  

Rather  than  make  the  nozzle  surface   non-we t t ing ,   (hydrophobic)  in  t h e  

p r e sen t   i n v e n t i o n   i t   is  assumed  that   the  nozzle  face  is  hydrophobic  and 

tha t   the  p r o p e r t i e s   of  the  ho t -mel t   ink  keep  the  ink  from  spread ing   on 

the  nozzle  face.   During  o p e r a t i o n ,   the  meniscus  is  con t inuous ly   renewed 

and  is  thus  kept  from  sp read ing .   The  ho t -mel t   ink  r e q u i r e s   some  warm  up  



t ime,   but  the  f a c t   t h a t   the  h o t - m e l t   ink  is  i n i t i a l l y   in  a  so l id   s t a t e  

has  a d v a n t a g e s ,   such  as  the  v i r t u a l   absence  of  e v a p o r a t i o n   when  t h e  

p r i n t e r   is  not  a c t i v e .   During  use  the  ink  may  be  in  a  s e m i - l i q u i d   s t a t e  

and  be  b rough t   to  a  p roper   f lowable   l i q u i d   s t a t e   only  when  p r i n t i n g   i s  

to  be  e f f e c t e d .  

What  has  been  d e s c r i b e d   is  an  improved  l i q u i d   j e t   r e co rd ing   sy s t em 

employing  a  h o t - m e l t   ink  which  undergoes  a  l i q u i d - s o l i d   p h a s e  

t r a n s i t i o n .  



1.  Ink  j e t   r eco rd ing   system  compris ing  a  r e s e r v o i r   (10)  for  holding  a 

supply  of  i n k ,  

a  nozzle  (12)  mounted  in  said  r e s e r v o i r   for  p e r m i t t i n g   ink  to  ex i t   from 

said  r e s e r v o i r ,  

an  a c t u a t i n g   element  (14)  connected  to  said  nozzle  and  to  a  source  o f  

e l e c t r i c a l   e x c i t a t i o n   s igna l s   for  causing  d r o p l e t s   of  ink  to  be  e x p e l l e d  

from  said  r e s e r v o i r   through  said  n o z z l e ,  

a  q u a n t i t y   of  ink  disposed  in  said  r e s e r v o i r ,   said  ink  being  composed  i r  

pa r t   of  a  me l tab le   wax-base  which  undergoes  a  l i q u i d   to  so l i d   p h a s e  

t r a n s i t i o n ,   and 

hea t ing   means  (16)  a s s o c i a t e d   with  said  r e s e r v o i r   to  melt  said  ink  i n t o  

said  l i q u i d   phase  for  explus ion   from  said  n o z z l e .  

2.  Ink  je t   r ecord ing   system  as  claimed  in  claim  1,  f u r t h e r   c o m p r i s i n g  

a  r eco rd ing   member  in  the  path  of  said  ink  d r o p l e t s   expe l l ed   from  s a i d  

nozz le ,   said  ink  d r o p l e t s   being  d isposed   on  the  sur face   of  s a i d  

r ecord ing   member  and  undergoing  said  l i qu id   to  so l id   phase  t r a n s i t i o n .  

3.  Ink  je t   r ecord ing   system  as  claimed  in  claim  1  or  2,  wherein  s a i d  

a c t u a t i n g   element  (14)  is  a  p i e z o e l e c t r i c   t r a n s d u c e r   connected  to  a  

source  of  e l e c t r i c a l   pulses   to  provide   e x c i t a t i o n   to  cause  d r o p l e t s   o f  

ink  to  be  moved  from  said  r e s e r v o i r   out  through  said  n o z z l e .  

4.  Ink  je t   record ing   system  as  claimed  in  claim  1,  2  or  3,  w h e r e i n  

said  hea t ing   means  (16)  is  an  e l e c t r i c a l   th in   film  h e a t e r   i nc lud ing   a  

laminated   heat  genera t ing   layer   and  conduct ive   e l e c t r o d e s   d isposed  on 

said  r e s e r v o i r   and  said  n o z z l e .  



5.  Ink  j e t   r eco rd ing   system  as  c laimed  in  claim  1,  2,  3  or  4,  whe re in  

sa id   ink  is  composed  of  app rox ima te ly   95  p e r c e n t   p a r a f f i n   and  5  p e r c e n t  

ca rnauba   wax.  

6.  A  method  of  r eco rd ing   data  compr is ing   s t o r i n g   in  a  r e s e r v o i r   an  i n k  

having   a  m e l t a b l e   wax-base  which  undergoes   a  t he rma l ly   r e v e r s i b l e   l i q u i d  

to  s o l i d   phase  t r a n s i t i o n ,   e f f e c t i n g   a  s o l i d   to  l i q u i d   or  a  l i qu id   t o  

lower  v i s c o s i t y   l i q u i d   t r a n s i t i o n   of  the  ink  in  the  r e s e r v o i r   by  h e a t i n g  

the  ink,   and  e j e c t i n g   a  drop  of  the  hea ted   l i q u i d   ink  from  a  n o z z l e  

connec ted   to  the  r e s e r v o i r .  
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