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Description 

This  invention  relates  to  an  ink  jet  wherein  the  ink  employed  within  the  jet  is  of  the  phase  change  type, 
which  may  be  referred  to  as  hot  melt  ink. 

5  The  phase  change,  or  hot  melt  ink,  of  the  type  utilized  in  an  ink  jet  is  characteristically  solid  at  room 
temperature.  When  heated,  the  ink  will  melt  to  a  consistency  so  as  to  be  jettable. 
European  Patent  Application  Number  0  097  823  describes  an  ink  jet  recording  system  comprising  an  ink 
jet,  a  reservoir,  an  orifice  for  ejecting  hot  melt  ink  in  a  liquid  state  from  the  reservoir,  an  ink  inlet  for  supply 
of  hot  melt  ink  and  heater  means  for  heating  hot  melt  ink  and  to  maintain  the  ink  in  a  liquid  state. 

io  It  has  been  found  that  improper  heating  may  degrade  the  ink  and  thus  the  performance  of  an  ink  jet.  In 
order  to  avoid  such  degradation  by  extended  heating,  the  reservoir  is  allowed  to  cool  during  standby  and 
only  the  head  is  heated,  thereby  limiting  the  amount  of  ink  heated  and  minimizing  degradation  of  the  ink 
with  its  adverse  effects  on  performance. 

It  has  also  been  found  that  extremely  high,  localized  temperatures  in  an  ink  jet  apparatus  can  subject 
75  the  localized  ink  to  undesirable  conditions  which  will  result  in  localized  ink  degradation  which,  of  course,  can 

also  affect  performance.  Moreover,  temperature  gradients,  i.e.,  variations  in  temperatures  from  one  location 
to  another  location,  in  the  ink  jet  apparatus  can  adversely  affect  performance  of  the  ink  jet.  In  addition  to 
degrading  performance,  the  above-discussed  temperature  effects  can  adversely  affect  reliability. 

According  to  the  invention  there  is  provided  a  hot  melt  ink  jet  printing  apparatus  for  ejecting  droplets  of 
20  phase  change  ink  comprising  at  least  one  ink  jet  including  a  chamber,  an  orifice  for  ejecting  phase  change 

ink  in  a  liquid  state  from  said  chamber,  an  ink  inlet  for  supply  of  phase  change  ink  in  a  liquid  state  to  said 
chamber,  and  a  reservoir  containing  a  supply  of  the  phase  change  ink,  said  reservoir  coupled  to  the  inlet  of 
said  at  least  one  ink  jet,  characterized  in  that  said  apparatus  comprises  first  heater  means  for  heating  phase 
change  ink  in  said  jet(s)  so  as  to  undergo  a  phase  change  from  a  solid  state  to  a  liquid  state  without 

25  degrading  the  ink,  second  heater  means  for  heating  ink  in  said  reservoir  so  as  to  undergo  a  phase  change 
from  a  solid  state  to  a  liquid  state  without  degrading  the  ink,  and  thermal  resistance  barrier  means  between 
said  ink  jet  and  said  reservoir,  whereby  said  first  heater  means  is  adapted  to  be  controlled  independently  of 
said  second  heater  means,  thereby  enabling  said  ink  jet  to  be  maintained  at  a  different  temperature  than 
said  reservoir,  said  jet(s)  comprising  a  material  having  a  thermal  conductivity  of  at  least  0.03  g  cal/sec  cm2 

30  (C/cm)  [12.55  W/(m.K)]. 
With  at  least  some  embodiments  of  the  invention,  one  or  more  of  the  following  may  be  achieved:- 

-  minimizing  the  effects  of  heating  on  performance  and  reliability  in  a  phase  change  ink  jet  system. 
-  providing  a  high  degree  of  reliability  in  a  phase  change  ink  jet  system. 
-  minimizing  temperature  gradients  in  such  an  ink  jet  system,  including  localized  hot  spots. 

35  -  providing  an  ink  jet  system  of  the  phase  change  type  which  may  be  allowed  to  cool  in  the  standby 
mode  and  be  rapidly  brought  up  to  the  desired  operating  temperature. 

-  providing  an  ink  jet  system  of  the  phase  change  type  comprising  a  material  which  will  not  adversely 
react  with  the  ink  contained  within  the  system. 

-  minimizing  the  weight  associated  with  the  ink  jet  system,  thereby  permitting  rapid  movement  of  an  ink 
40  jet  relative  to  a  surface  being  scanned. 

Preferably,  the  ink  jet  material  has  a  thermal  conductivity  of  at  least  0.2  g  cal/sec  cm2  (  C/cm)  [83.68 
W/(m.K)]. 

Any  of  a  plurality  of  highly  thermally  conductive  materials  may  be  utilized  including  stainless  steel, 
although  aluminum  is  preferred. 

45  In  accordance  with  a  preferred  embodiment  of  this  invention,  the  apparatus  comprises  a  reservoir  which 
is  also  coupled  to  the  heater  means.  The  reservoir  also  comprises  a  material  having  a  thermal  conductivity 
of  at  least  0.03  g  cal/sec  cm2  (  C/cm)  [12.55  W/(m.K)]  preferably  more  than  0.2  g  cal/sec  cm2  (  C/cm)  [83.68 
W/(m.K)]. 

The  invention  will  be  better  understood  from  the  following  description  given  by  way  of  example  and  with 
so  reference  to  the  accompanying  drawing  in  which  Fig.  1  is  a  sectional  view  of  one  form  of  ink  jet  system  in 

accordance  with  this  invention. 
Referring  to  Fig.  1,  an  ink  jet  apparatus  comprises  an  imaging  head  10  including  at  least  one  ink  jet  12 

and  a  reservoir  14.  The  ink  jet  apparatus  is  adapted  to  jet  droplets  of  hot  melt  or  phase  change  ink. 
Substantially  all  of  the  imaging  head  10  and  the  reservoir  14  in  contact  with  the  melted  ink  comprises  a 

55  highly  thermally  conductive  material  so  as  to  minimize  temperature  gradients  and  thereby  avoid  degradation 
of  the  ink  and  assure  high  performance  and  reliability  of  the  ink  jet  apparatus. 

As  shown  in  Fig.  1,  a  block  of  solid  state  ink  16  is  juxtaposed  to  an  opening  in  a  trough  18.  When  the 
pellet  16  drops  into  the  trough  18,  the  pellet  16  proceeds  to  melt  in  response  to  heat  generated  by  a  heater 
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20  located  at  the  base  of  the  reservoir  1  4  below  a  sloping  surface  22. 
As  shown  in  Fig.  1,  the  ink  jet  12  includes  a  chamber  24  having  an  orifice  26  for  ejecting  droplets  of  ink 

and  an  inlet  28  extending  to  the  lowermost  extremity  30  of  the  reservoir  14  adjacent  the  sloping  bottom  22. 
The  head  10  is  provided  with  an  independent  heater  32  located  between  a  thermal  resistance  barrier  34 

5  comprising  insulation  and  a  head  member  36.  By  providing  the  heater  32  which  is  independent  of  the 
heater  20,  it  is  possible  to  maintain  the  head  10  at  a  different  temperature  from  the  reservoir  14.  This  allows 
the  reservoir  14  and  the  ink  within  the  reservoir  to  be  cooled  in  the  standby  mode  thereby  avoiding  cooking 
of  and  resulting  degradation  of  a  large  volume  of  ink  while  at  the  same  time  maintaining  the  ink  within  the 
imaging  head  10  in  a  liquid  state  so  as  to  prevent  depriming. 

70  With  respect  to  the  prevention  of  depriming,  it  will  be  appreciated  that  inlet  28  passes  through  the  head 
member  36  which  is  highly  conductive  such  that  heat  is  conducted  to  the  end  38  which  maintains  a  pool  of 
ink  40  in  the  liquid  state  in  the  immediate  vicinity  of  the  end  38  while  the  remainder  of  the  ink  within  the 
reservoir  14  is  able  to  cool  to  the  solid  state  when  the  system  is  in  a  standby  mode.  As  shown  in  Fig.  1,  the 
pool  40  of  liquid  ink  is  maintained  in  an  otherwise  solid  state  mass  42  of  ink  extending  up  to  a  level  44. 

75  As  also  shown  in  Fig.  1  ,  a  transducer  46  is  juxtaposed  to  the  end  of  the  chamber  24.  The  transducer 
which  is  provided  with  electrodes  is  energized  by  a  signal  provided  through  a  printed  circuit  board  48 
located  above  the  member  36.  The  transducer  46  and  the  printed  circuit  board  48  are  then  housed  within 
head  members  50  and  52. 

As  also  shown  in  Fig.  1,  the  head  includes  a  chamber  plate  54  forming  the  chamber  24,  which  is  in 
20  communication  with  a  foot  56  located  at  the  end  of  the  transducer  46.  As  the  transducer  changes  state  in 

response  to  signals  applied,  the  position  of  the  foot  56  varies  so  as  to  expand  and  compress  the  volume 
within  the  chamber  24.  The  inlet  28  supplies  a  manifold  58  located  in  a  plate  60  which  is  coupled  to 
restricted  inlets  to  the  jet  12.  Actually,  the  manifold  58  serves  a  plurality  of  restricted  inlets  in  an  array  of  ink 
jets  identical  to  the  jet  12  shown  in  Fig.  1  . 

25  The  reservoir  14  as  shown  in  Fig.  1  also  includes  a  filter  62  which  is  located  below  a  port  64  which  is 
adapted  to  be  opened  and  closed  by  a  needle  valve  66.  The  needle  valve  66  is  employed  to  close  the  port 
64  during  the  priming  operation. 

As  also  shown  in  Fig.  1,  the  insulating  barrier  34  which  provides  a  high  thermal  resistance  path  is 
sealed  against  portion  70  of  the  reservoir  14,  using  an  O-ring  72  which  is  also  characterized  by  adequate 

30  insulating  properties.  Preferably,  the  member  36  which  extends  down  into  the  reservoir  14  toward  the 
lowermost  portion  30  is  slightly  spaced  from  portion  70  of  the  reservoir  14.  This  spacing  assures  an 
adequate  thermal  barrier  and  high  thermal  resistance  path  so  as  to  permit  independent  heating  of  the  ink 
within  the  head  as  compared  to  the  heat  within  the  reservoir  14. 

Finally,  Fig  1  shows  redundant  level  sensing  elements  74  and  76,  which  may  comprise  RF  level 
35  sensing  or  other  electrical  sensor  means.  Baffles  78  are  also  provided  in  the  reservoir  14. 

As  stated  in  the  foregoing,  it  is  preferred  that  the  head  10  as  well  as  the  reservoir  14  have  a  thermal 
conductivity  in  excess  of  0.03  g  cal/sec  cm2  (  C/cm)  [12.55  W/(m.K)].  Preferably,  the  thermal  conductivity  of 
the  head  10  and  the  reservoir  14  is  in  excess  of  0.2  g  cal/sec  cm2  (C/cm.)  [83.68  W/(m.K)].  In  this 
connection,  it  is  preferred  to  utilize  aluminum  although  stainless  steel  may  be  utilized  as  well  as  other 

40  materials  having  similar  conductivities,  e.g.,  metallic  and  plastic  composites. 
Various  materials  suitable  for  use  are  set  forth  in  the  following  table: 

45 

50 

55 

3 
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MATERIAL  THERMAL  CONDUCTIVITIES  

g  c a l / s e c   cm2  ( ' C / c m )   w / ( m . K )  
5  

Coppe r   0 . 9 2   3  8 4 . 9 3  

Aluminum  -  99%  0 . 5 0   2 0 9 . 2 0  

Aluminum  7075  0 . 2 8 9   1 2 0 . 9 2  

70  Aluminum  6061  0 . 4 0 9   1 7 1 . 1 3  

Aluminum  356  0 . 3 6 - 0 . 4 0   1 5 0 . 6 2 - 1 6 7 . 3 6  

Aluminum  A13  0 . 2 9   1 2 1 . 3 4  

Aluminum  380  0 . 2 3 - 0 . 2 6   1 0 4 . 6 0 - 1 2 9 . 7 0  
75 

3 r a s s   0 . 2 5 - 0 . 3 1   1 0 4 . 6 0 - 1 2 9 . 7 0  

400  S e r i e s  

S t a i n l e s s   S t e e l  
20  (420)  0  . 0595   2 4 . 8 9  

300  S e r i e s  

S t a i n l e s s   S t e e l  

as  (  316)  0 . 0 3 8 9   1 6 . 2 8  

Where  the  preferred  material  of  aluminum  is  utilized,  the  advantages  associated  with  high  thermal 
conductivity  so  as  to  minimize  so  as  to  minimize  temperature  gradients  and  hot  spots  is  achieved  as  well  as 

30  rapid  heating  to  the  desired  operating  temperature.  In  addition,  aluminum  by  virtue  of  its  relatively  low 
density  provides  a  relatively  lightweight  imaging  head  10  and  reservoir  14  so  as  to  minimise  the  inertia  of 
the  head  10  and  the  reservoir  14,  thereby  permitting  rapid  movement  of  the  jet  with  respect  to  a  surface 
being  scanned.  Moreover,  aluminum  will  not  chemically  react  with  ink. 

Of  course,  it  is  clear  that  the  entire  imaging  head  10  and  entire  reservoir  14  does  not  comprise  the  high 
35  thermal  conductivity  material.  For  example,  thermal  resistance  barrier  34  may  comprise  a  material  having  a 

thermal  conductivity  less  than  0.005  g  cal/sec  cm3  (C/cm)  [2.09  W/(m.K)].  The  thermal  barrier  may  also  be 
achieved  without  benefit  of  insulation  by  minimising  the  metal  contact  between  the  head  10  and  the 
reservoir  14.  However,  substantially  all  of  the  head  10  and  the  reservoir  14  which  is  in  direct  or  indirect 
contact  with  the  ink  does  comprise  the  high  thermal  conductivity  material,  a  notable  exception  including  the 

40  filter  62.  Indirect  contact  is  achieved  where  the  material  such  as  copper  is  coated  so  as  to  minimize  any 
reaction  with  the  ink.  It  is  also  possible  to  utilise  more  than  one  high  thermal  conductivity  material  in  the  ink 
jet  apparatus.  For  example,  it  may  be  possible  to  make  a  portion  of  the  head  10  from  aluminum  with  a 
portion  or  all  of  the  reservoir  14  comprises  stainless  steel. 

45  Claims 

1.  A  hot  melt  ink  jet  printing  apparatus  for  ejecting  droplets  of  phase  change  ink  comprising  at  least  one 
ink  jet  (12)  including  a  chamber  (24),  an  orifice  (26)  for  ejecting  phase  change  ink  in  a  liquid  state  from 
said  chamber,  an  ink  inlet  (28)  for  supply  of  phase  change  ink  in  a  liquid  state  to  said  chamber,  and  a 

so  reservoir  (14)  containing  a  supply  of  the  phase  change  ink,  said  reservoir  coupled  to  the  inlet  of  said  at 
least  one  ink  jet,  characterized  in  that  said  apparatus  comprises  first  heater  means  (32)  for  heating 
phase  change  ink  in  said  jet(s)  so  as  to  undergo  a  phase  change  from  a  solid  state  to  a  liquid  state 
without  degrading  the  ink,  second  heater  means  (20)  for  heating  ink  in  said  reservoir  so  as  to  undergo  a 
phase  change  from  a  solid  state  to  a  liquid  state  without  degrading  the  ink,  and  thermal  resistance 

55  barrier  means  (34)  between  said  ink  jet  and  said  reservoir,  whereby  said  first  heater  means  is  adapted 
to  be  controlled  independently  of  said  second  heater  means,  thereby  enabling  said  ink  jet  to  be 
maintained  at  a  different  temperature  than  said  reservoir,  said  jet(s)  comprising  a  material  having  a 
thermal  conductivity  of  at  least  0.03  g  cal/sec  cm2  (  C/cm)  [12.55  W/(m.K)]. 

4 
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2.  An  apparatus  according  to  claim  1,  wherein  said  material  has  a  thermal  conductivity  of  at  least  0.2  g 
cal/sec  cm2  (  C/cm)  [83.68  W/(m.K)]. 

3.  An  apparatus  according  to  claim  1  ,  wherein  said  material  comprises  stainless  steel. 
5 

4.  An  apparatus  according  to  claim  1  ,  wherein  said  material  comprises  aluminum. 

5.  An  apparatus  according  to  any  preceding  claim,  wherein  said  apparatus  comprises  a  reservoir  (14) 
coupled  to  said  second  heater  means  (20),  said  reservoir  (14)  also  comprising  a  material  having  a 

w  thermal  conductivity  of  at  least  0.03  g  cal/sec  cm2  (C/cm)  [12.55  W/(m.K)]. 

6.  An  apparatus  according  to  claim  5,  wherein  said  material  of  said  reservoir  (14)  has  a  thermal 
conductivity  of  at  least  0.2  g  cal/sec  cm2  (C/cm)  [83.68  W/(m.K)]. 

15  7.  An  apparatus  of  claim  5,  wherein  said  material  of  said  reservoir  (14)  comprises  stainless  steel. 

8.  An  apparatus  of  claim  5,  wherein  said  material  of  said  reservoir  (14)  comprises  aluminum. 

Revendications 
20 

1.  Un  dispositif  d'impression  a  jet  d'encre  liquefiee  a  chaud,  pour  ejecter  des  gouttes  d'encre  a 
changement  de  phase  comprenant,  au  moins,  un  ajutage  d'encre  (12)  comprenant  une  chambre  (24), 
un  orifice  (26)  pour  ejecter  de  I'encre  a  changement  de  phase  a  I'etat  liquide  a  partir  de  ladite 
chambre,  une  entree  d'encre  (28)  pour  alimenter  de  I'encre  a  changement  de  phase  a  I'etat  liquide 

25  vers  ladite  chambre,  et  un  reservoir  (14)  contenant  un  approvisionnement  d'encre  a  changement  de 
phase,  ledit  reservoir  etant  relie  a  I'entree  au  moins  dudit  ajutage  d'encre,  caracterise  en  ce  que  ledit 
dispositif  comprend  des  premiers  moyens  de  chauffage  (32)  pour  chauffer  I'encre  a  changement  de 
phase  dans  le  ou  les  ajutages  d'encre,  de  maniere  a  lui  faire  subir  un  changement  de  phase,  de  I'etat 
solide  a  I'etat  liquide,  sans  degradation  de  I'encre,  des  seconds  moyens  de  chauffage  (20)  pour 

30  chauffer  I'encre  dans  ledit  reservoir,  pour  lui  faire  subir  un  changement  de  phase,  de  I'etat  solide  a 
I'etat  liquide  sans  degradation  de  I'encre,  et  des  moyens  formant  barriere  a  resistance  thermique  (34), 
entre  ledit  ajutage  d'encre  et  ledit  reservoir,  de  maniere  que  lesdits  premiers  moyens  de  chauffage 
soient  adaptes  de  fagon  a  etre  regies  independamment  desdits  seconds  moyens  de  chauffage,  afin  de 
permettre  de  maintenir  ainsi  ledit  ajutage  d'encre  a  une  temperature  differente  de  celle  dudit  reservoir, 

35  le  ou  lesdits  ajutages  d'encre  etant  composes  d'un  materiau  possedant  une  conductibilite  thermique 
d'au  moins  0,03  g  cal  /  secern2  (°  C/cm)  {12,55  WV(m.K)}. 

2.  Un  dispositif  a  jet  d'encre  selon  la  revendication  1,  dans  lequel  ledit  materiau  a  une  conductibilite 
thermique  d'au  moins  0,2  g.cal/sec.cm2  (°  C/cm)  {83,68  W/(m.K)}. 

40 
3.  Un  dispositif  a  jet  d'encre  selon  la  revendication  1,  dans  lequel  ledit  materiau  comprend  I'acier 

inoxydable. 

4.  Un  dispositif  a  jet  d'encre  selon  la  revendication  1,  dans  lequel  ledit  materiau  comprend  I'aluminium. 
45 

5.  Un  dispositif  a  jet  d'encre  selon  I'une  quelconque  des  precedentes  revendications,  dans  lequel  ledit 
dispositif  comprend  un  reservoir  (14)  relie  auxdits  seconds  moyens  de  chauffage  (20),  ledit  reservoir 
(14)  comprenant  egalement  un  materiau  possedant  une  conductibilite  thermique  d'au  moins  0,03 
g.cal/sec  cm2  (°  C/cm)  {12,55  W  /  (m.K)}. 

50 
6.  Un  dispositif  selon  la  revendication  5,  dans  lequel  ledit  materiau  dudit  reservoir  (14)  a  une  conductibilite 

thermique  d'au  moins  0,2  g.cal/sec  cm2  (°  C/cm)  {83,68  W  /  (m.K)}. 

7.  Un  dispositif  selon  la  revendication  5,  dans  lequel  ledit  materiau  dudit  reservoir  (14)  comprend  I'acier 
55  inoxydable. 

8.  Un  dispositif  selon  la  revendication  5,  dans  lequel  ledit  materiau  dudit  reservoir  (14)  comprend 
I'aluminium. 

5 
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Patentanspruche 

1.  Schmelz-Tintenstrahldruckgerat  zum  Aussto/i  von  Tropfchen  phasenveranderlicher  Tinte  mit  minde- 
stens  eine  Tintenstrahlduse  (12),  mit  einer  Kamme  (24)r,  einer  Offnung  zum  Aussto/3  phasenveranderli- 
cher  Tinte  im  flussigen  Zustand  aus  der  Kammer,  einem  TinteneinlaC  (28)  zur  Versorgung  der  Kammer 
mit  phasenveranderlicher  Tinte  im  flussigen  Zustand  und  einem  Reservoir  (14)  mit  einem  Vorrat  an  der 
phasenveranderlichen  Tinte,  wobei  das  Reservoir  mit  dem  Einlafi  der  mindestens  einen  Tintenstrahldu- 
se  verbunden  ist,  dadurch  gekennzeichnet,  da/3  das  Gerat  eine  erste  Heizvorrichtung  (32)  zum 
Erhitzen  phasenveranderlicher  Tinte  in  der  (den)  Strahlduse(n)  aufweist,  so  daC  ein  Phasenubergang 
vom  festen  Zustand  in  den  flussigen  Zustand  bewirkt  wird,  ohne  die  Tinte  zu  schadigen,  einer  zweiten 
Heizvorrichtung  (20)  zum  Erhitzen  von  Tinte  im  Reservoir,  so  dafl  eine  Phasenveranderung  vom  festen 
Zustand  in  den  flussigen  Zustand  erzielt  wird,  ohne  die  Tinte  zu  schadigen,  und  eine  thermisch 
isolierende  Trenneinrichtung  (34)  zwischen  der  Tintenstrahlduse  und  dem  Reservoir,  wodurch  die  erste 
Heizvorrichtung  so  ausgelegt  ist,  dafl  sie  unabhangig  von  der  zweiten  Heizvorrichtung  gesteuert  werden 
kann  und  es  somit  ermoglicht,  die  Tintenstrahlduse  auf  einer  von  der  des  Reservoirs  verschiedenen 
Temperatur  zu  halten,  wobei  die  Strahlduse(n)  aus  einem  Material  bestehen,  das  eine  Warmeleitfahig- 
keit  von  mindestens  0.03  g  cal/sec  cm2  (°  C/cm)  (12.55  W/(m.K))  aufweist. 

2.  Gerat  nach  Anspruch  1  ,  wobei  das  Material  eine  Warmeleitfahigkeit  von  mindestens  0.2  g  cal/sec  cm2 
(°  C/cm)  (83.68  W/(m.K))  aufweist. 

3.  Gerat  nach  Anspruch  1  ,  wobei  das  Material  rostfreien  Stahl  enthalt. 

4.  Gerat  nach  Anspruch  1,  wobei  das  Material  Aluminium  enthalt. 

5.  Gerat  nach  einem  der  vorhergehenden  Anspruche,  mit  einem  Reservoir  (14),  das  mit  der  zweiten 
Heizvorrichtung  (20)  verbunden  ist,  wobei  das  Reservoir  (14)  ebenfails  aus  einem  Material  mit  einer 
Warmeleitfahigkeit  von  mindestens  0.03  g  cal/sec  cm2  (°  C/cm)  (12.55  W/(m.K))  besteht. 

6.  Gerat  nach  Anspruch  5,  wobei  das  Material  des  Reservoirs  (14)  eine  Warmeleitfahigkeit  von  0.2  g 
cal/sec  cm2  (°  C/cm)  (83.68  W/(m.K))  aufweist. 

7.  Gerat  nach  Anspruch  5,  wobei  das  Material  des  Reservoirs  (14)  rostfreien  Stahl  enthalt. 

8.  Gerat  nach  Anspruch  5,  wobei  das  Material  des  Reservoirs  (14)  Aluminium  enthalt. 
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