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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

5  The  present  invention  relates  to  an  ink,  an  ink  jet  recording  method  using  the  ink,  and  an  ink  jet 
recording  apparatus.  More  specifically,  it  relates  to  an  ink  for  ink  jet  recording  for  use  in  the  so-called 
thermal  jet  recording  in  which  thermal  energy  is  applied  to  the  ink  to  form  droplets  of  the  ink,  an  ink  jet 
recording  method,  an  ink  jet  recording  unit,  an  ink  cartridge,  and  an  ink  jet  recording  apparatus. 

io  Related  Background  Art 

As  ink  jet  recording  techniques,  various  methods  have  been  heretofore  developed,  and  above  all,  the 
socalled  thermal  jet  recording  method  described  in,  for  example  Japanese  Patent  Application  Laid-open  No. 
54-51837  is  useful,  because  this  method  uses  a  high-density  multi-nozzle  very  simply  constituted  and  has 

75  the  feature  that  high-quality  images  can  be  obtained  at  a  high  speed  and  at  very  low  costs  and  the  other 
feature  that  the  printing  is  possible  on  plain  papers  having  no  special  coating  films. 

According  to  this  thermal  jet  recording  method,  a  liquid  to  which  thermal  energy  has  been  applied  gives 
rise  to  a  state  change  owing  to  the  abrupt  increase  of  volume.  By  functional  force  based  on  this  state 
change,  droplets  are  ejected  through  an  orifice  at  the  tip  of  a  recording  head,  and  these  droplets  then  fly 

20  and  adhere  to  a  recording  material,  whereby  the  recording  is  carried  out. 
The  principle  and  the  constitution  of  the  thermal  jet  recording  method  are  very  simple,  but  in  order  to 

always  reliably  realize  the  characteristics  of  high  image  quality  and  the  high-speed  printing,  high  and  many 
techniques  regarding  an  ink  and  a  head  are  necessary.  In  the  ink  jet  recording  of  the  thermal  jet  type, 
performances  necessary  for  the  ink  which  can  be  printed  on  plain  papers  are  mainly  classified  into  a 

25  printing  performance,  a  reliability  and  an  ejection  performance. 
Important  points  regarding  the  printing  performance  and  the  reliability  are  following  five  items. 

(1)  Fixing  property:  The  fixing  property  can  be  evaluated  by  a  time  necessary  to  apparently  dry  an  ink 
printed  on  a  recording  paper  to  such  a  degree  that  the  paper  is  not  soiled  with  the  ink  even  when 
rubbing  the  ink  on  the  paper  with  a  finger.  It  is  preferable  that  this  time  is  short. 

30  (2)  OD:  OD  is  an  optical  density  of  an  image  printed  on  the  recording  paper.  In  general,  when  a  high 
ratio  of  a  dye  that  does  not  penetrate  into  the  paper  and  remains  on  the  surface  of  the  paper,  OD 
becomes  high,  which  is  preferable. 
(3)  Printed  letter  quality:  The  nearer  to  a  true  circle  a  recorded  dot  is,  the  more  excellent  the  printed 
letter  quality  is.  When  a  conventional  ink  is  printed  on  plain  paper,  the  printed  dot  having  a  rough 

35  boundary  is  obtained  owing  to  an  influence  of  the  fiber  of  the  paper. 
(4)  Crusting  property:  The  crusting  property  means  a  property  by  which  the  ink  evaporates  and  crusts 
(brings  about  clogging)  in  the  head  for  ink  jet  recording.  The  ink  which  scarcely  crusts  is  preferable. 
(5)  Initial  ejection  property:  The  initial  ejection  property  means  an  ejection  property  of  the  ink  at  a  time 
when  the  ink  is  initially  ejected  several  times,  after  the  moisture  of  the  ink  is  evaporated  through  a  nozzle 

40  point  during  the  rest  of  the  printing  to  increase  the  viscosity  of  the  ink.  There  may  be  some  cases  that  an 
ejecting  direction  is  slanted  or  the  ink  is  not  ejected. 
These  characteristics  can  be  roughly  classified  into  the  printing  performances  of  the  above-mentioned 

paragraphs  (1)  to  (3)  and  the  reliability  of  the  abovementioned  paragraphs  (4)  and  (5).  Most  of  these 
characteristics  are  contrary  to  each  other,  and  therefore  it  is  difficult  to  prepare  the  ink  which  meets  all  of 

45  the  requirements. 
For  example,  the  fixing  property  is  contrary  to  the  crusting  property.  If  much  attention  is  paid  to  the 

fixing  property,  the  easily  evaporable  property  of  the  ink  is  an  excellent  requirement  of  the  ink,  whereas  if 
the  crusting  property  is  predominantly  considered,  the  scarcely  evaporable  property  of  the  ink  is  an 
excellent  requirement  of  the  ink,  which  is  quite  opposite  to  the  former.  This  is  largely  inconsistent. 

50  Also  between  the  fixing  property  and  OD,  similar  inconsistency  is  present.  In  order  to  improve  the  fixing 
property,  the  penetration  of  the  ink  into  the  recording  paper  must  be  increased,  but  in  such  a  case,  the  ink 
inconveniently  sinks  in  a  depth  direction  of  the  paper.  When  the  ink  penetrates  into  the  paper,  the  fiber  on 
the  surface  of  the  paper  scatters  light  to  deteriorate  OD. 

There  is  also  inconsistency  between  the  fixing  property  and  the  printed  letter  quality.  That  is,  the 
55  increase  of  the  penetration  of  the  ink  into  the  recording  paper  leads  to  the  improvement  of  the  fixing 

property.  However,  the  structure  of  the  paper  is  nonuniform  (due  to  roughness  and  fiber),  and  therefore  the 
degree  of  the  penetration  varies.  When  the  highly  penetrative  ink  is  used,  the  degree  of  the  penetration  is 
further  variant,  so  that  each  dot  deviates  from  the  true  circle  and  has  a  rough  and  dim  boundary. 
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On  the  other  hand,  in  the  ink  jet  recording  of  the  thermal  jet  type,  the  following  four  points  are  required 
as  the  ejection  performances. 

(1)  Ejection  stability:  It  is  preferred  that  the  size,  velocity  and  direction  of  ink  droplets  ejected  through  an 
orifice  are  always  uniform  without  variation. 

5  (2)  Ejection  velocity:  This  ejection  velocity  means  a  velocity  of  the  ink  droplets  ejected  through  the 
orifice.  In  general,  the  ejection  velocity  is  preferably  high  and  usually  in  the  range  of  about  3  to  about  20 
m/sec. 
(3)  Frequency  response:  After  the  ink  droplets  have  been  ejected,  the  shorter  the  time  necessary  to 
replenish  the  ink  as  much  as  the  amount  of  the  ejected  ink  is,  the  higher  the  frequency  response  is, 

io  which  is  preferable. 
(4)  Life  of  the  head:  When  a  large  amount  of  the  recording  has  been  carried  out,  a  heater  of  the 
recording  head  is  broken  so  that  an  ejection  may  become  impossible  sometimes.  Alternatively,  a  deposit 
(the  so-called  scorch)  is  accumulated  on  the  surface  of  the  heater,  so  that  the  thermal  energy  of  the 
heater  is  not  effectively  transmitted  to  the  ink  inconveniently  at  times.  As  a  result,  ejection  performances 

is  such  as  the  ejection  stability,  the  ejection  velocity  and  the  frequency  response  deteriorate,  or  the  amount 
of  the  ejected  ink  droplets  changes  on  occasion.  The  life  of  the  head  is  represented  by  the  number  of 
ejection  pulses  during  maintaining  the  initial  ejection  performance. 

Particularly,  in  order  to  prolong  the  life  of  the  head,  the  improvement  of  the  ink  has  been  heretofore 
carried  out.  For  example,  the  life  of  the  head  can  be  improved  by  keeping  up  the  content  of  a  heavy  metal 

20  in  the  ink  at  a  certain  concentration  or  less,  as  apparently  disclosed  in  Japanese  Patent  Application  Laid- 
open  Nos.  61-113668  (Fe   ̂ 4  ppm),  61-113669  (Fe  +  Si   ̂ 9  ppm),  61-113671  (a  divalent  metal   ̂ 20  ppm) 
and  61-113673  (P   ̂ 2  ppm). 

On  the  other  hand,  for  example,  as  disclosed  in  Japanese  Patent  Application  Laid-open  No.  56-42684,  it 
has  also  been  suggested  that  a  substance  used  as  a  film-forming  means  is  included  in  the  ink  to  form  a  film 

25  on  the  surface  of  the  heater,  whereby  the  shock  at  the  times  of  generation  and  extinction  of  bubbles 
(cavitation)  can  be  relieved.  A  substance  used  as  the  film-forming  means  in  this  suggestion,  there  can  be 
used  metal-containing  compounds  such  as  organic  metal  chelate  compounds,  metal  salts  of  an  organic 
acid,  metallized  dyes  and  the  like. 

These  suggestions  can  improve  the  life  of  the  head  to  some  extent,  but  they  are  still  poor.  The  further 
30  improvement  of  the  life  is  desired. 

SUMMARY  OF  THE  INVENTION 

Thus,  an  object  of  the  present  invention  is  to  provide  an  ink  for  ink  jet  recording  which  is  excellent  in  all 
35  of  printing  performances  (fixing  property,  OD  and  printed  letter  quality),  reliability  (crusting  property  and 

initial  ejection  property)  and  ejection  performances  (ejection  stability,  ejection  velocity,  frequency  response 
and  the  life  of  a  head)  which  are  performances  necessary  for  a  plain  paper-applicable  type  thermal  jet 
recording. 

Another  object  of  the  present  invention  is  to  provide  an  ink  jet  recording  method  which  permits  high- 
40  speed  recording. 

Still  another  object  of  the  present  invention  is  to  provide  an  ink  jet  recording  apparatus. 
The  above-mentioned  objects  can  be  achieved  by  aspects  of  the  following  present  invention. 
That  is,  the  first  aspect  of  the  present  invention  is  directed  to  an  ink  containing  a  recording  agent  and  a 

liquid  medium  for  dissolving  or  dispersing  the  recording  agent,  said  ink  being  characterized  by  containing 
45  0.01  to  50  ppm  of  a  chelating  agent  based  on  the  total  weight  of  the  ink. 

The  second  aspect  of  the  present  invention  is  directed  to  a  method  for  ink  jet  recording  in  which  the 
recording  is  carried  out  by  ejecting  an  ink  in  the  form  of  droplets,  said  method  being  characterized  in  that 
the  ink  contains  a  recording  agent,  a  liquid  medium  for  dissolving  or  dispersing  the  recording  agent,  and 
0.01  to  50  ppm  of  a  chelating  agent  based  on  the  total  weight  of  the  ink. 

50  The  third  aspect  of  the  present  invention  is  directed  to  an  ink  jet  recording  unit  which  comprises  an  ink 
containing  portion  for  containing  an  ink  and  a  head  portion  for  ejecting  the  ink  in  the  form  of  droplets,  said 
unit  being  characterized  in  that  the  ink  is  an  ink  described  in  the  first  aspect  of  the  present  invention. 

The  fourth  aspect  of  the  present  invention  is  directed  to  an  ink  cartridge  equipped  with  an  ink  containing 
portion  for  containing  an  ink,  said  cartridge  being  characterized  in  that  the  ink  is  an  ink  described  in  the  first 

55  aspect  of  the  present  invention. 
The  fifth  aspect  of  the  present  invention  is  directed  to  an  ink  jet  recording  apparatus  which  comprises 

an  ink  containing  portion  for  containing  an  ink  and  a  head  portion  for  ejecting  the  ink  in  the  form  of  droplets, 
said  apparatus  being  characterized  in  that  the  ink  is  an  ink  described  in  the  first  aspect  of  the  present 

3 
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invention. 
The  sixth  aspect  of  the  present  invention  is  directed  to  an  ink  jet  recording  apparatus  which  comprises 

an  ink  cartridge  equipped  with  an  ink  containing  portion  for  containing  an  ink  and  a  head  portion  for  ejecting 
the  ink  in  the  form  of  droplets,  said  apparatus  being  characterized  in  that  the  ink  is  an  ink  described  in  the 

5  first  aspect  of  the  present  invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  shows  a  relation  between  the  concentration  of  EDTA  and  a  number  of  heater  disconnection 
io  pulses  and  the  life  of  a  head. 

Fig.  2  is  a  cross  section  of  a  head  portion  of  an  ink  jet  recording  apparatus. 
Fig.  3  is  a  longitudinal  cross  section  of  the  head  portion  of  the  ink  jet  recording  apparatus. 
Fig.  4  is  a  perspective  view  of  a  head  formed  by  multiplying  the  head  shown  in  Figs.  2  and  3. 
Fig.  5  is  a  perspective  view  showing  one  example  of  the  ink  jet  recording  apparatus. 

is  Fig.  6  is  a  longitudinal  cross  section  of  an  ink  cartridge. 
Fig.  7  is  a  perspective  view  of  a  recording  unit. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

20  An  ink  of  the  present  invention  is  characterized  by  containing  0.01  to  50  ppm  of  a  chelating  agent  in  the 
ink. 

Heretofore,  in  order  to  prevent  the  clogging  of  a  head  due  to  metal  ions  in  a  dye,  a  chelating  agent  has 
been  added  to  an  ink  for  ink  jet  recording  for  the  purpose  of  masking  the  metal  ions  (refer  to  Japanese 
Patent  Application  Laid-open  Nos.  51-85804  and  58-89667). 

25  However,  when  such  an  ink  is  used  for  thermal  jet  recording,  the  life  of  the  head  is  inversely  shortened. 
Thus,  the  present  inventors  have  investigated  a  relation  between  the  life  of  the  head  and  the  chelating  agent 
contained  in  the  ink,  and  as  a  result,  they  have  found  that  when  the  amount  of  the  chelating  agent  contained 
in  the  ink  is  in  the  range  of  0.01  to  50  ppm,  there  can  be  achieved  the  recording  which  is  excellent  in  all  of 
the  printing  performances,  reliability  and  ejection  performances  and  excellent  in  ejection  stability  and  which 

30  particularly  permits  prolonging  the  life  of  the  head.  In  consequence,  the  present  invention  has  now  been 
completed. 

A  durability  test  of  the  head  has  been  made  by  the  present  inventors,  and  in  this  test, 
ethylenediaminetetraacetic  acid  (EDTA),  the  chelating  agent,  has  been  added  to  an  ink  in  several  the 
concentrations  and  the  number  of  pulses  has  been  changed.  Afterward,  the  surface  of  the  heater  has  been 

35  observed  by  means  of  SEM.  As  a  result,  it  has  been  found  that  when  the  concentration  of  EDTA  is  high 
(more  than  100  ppm),  a  surface  layer  (16-a  in  Fig.  3)  of  the  heater  has  been  gradually  eroded;  so  that  the 
surface  layer  has  become  thin,  and  after  a  certain  time,  a  lower  layer  (16-b  in  Fig.  3)  has  been  completely 
exposed,  and  the  heater  has  been  finally  disconnected. 

In  the  case  that  EDTA  is  not  contained  at  all,  the  surface  layer  of  the  heater  does  not  become  thin  and 
40  the  disconnection  is  not  observed  at  all.  In  view  of  the  fact,  it  seems  that  if  the  chelating  agent  is  contained 

at  more  than  a  certain  concentration  in  the  ink,  the  chelating  agent  erodes  the  surface  of  the  heater  at  the 
times  of  generation  and  extinction  of  bubbles  to  disconnect  the  heater,  thereby  shortening  the  life  of  the 
head. 

Fig.  1  shows  a  relation  between  the  concentration  of  EDTA  contained  in  the  ink  and  the  number  of 
45  heater  disconnection  pulses  and  the  life  of  the  head  (the  test  ends  with  2  x  109  pulses).  It  is  apparent  from 

the  drawing  that  when  the  concentration  of  EDTA  in  the  ink  is  in  excess  of  100  ppm,  the  disconnection  of 
the  heater  occurs  with  4  x  10s  pulses  or  less  to  extremely  shorten  the  life  of  the  head. 

In  addition,  the  present  inventors  have  found  that  when  the  EDTA  concentration  in  the  ink  is  too  low 
(less  than  0.001  ppm),  the  disconnection  of  the  heater  does  not  take  place  as  described  above,  but  the 

50  ejection  performances  of  the  head  instead  deteriorate  in  a  longterm  recording  operation,  so  that  the  initial 
ejection  performance  cannot  be  maintained  and  the  life  of  the  head  is  shortened. 

This  cause  is  considered  to  be  as  follows:  When  generation  and  extinction  of  bubbles  are  repeated 
during  a  long  period  of  time,  a  scorch  is  formed,  depending  upon  the  kind  and  the  concentration  of  dye, 
even  if  the  concentration  of  an  impurity  such  as  a  heavy  metal  in  the  ink  is  below  a  certain  level,  in 

55  particular,  if  the  preparation  of  the  ink  having  a  high  OD  is  intended,  the  concentration  of  the  dye  becomes 
high,  so  that  the  scorch  tends  to  be  formed  inconveniently. 

If  the  scorch  adheres  to  a  heater  surface,  thermal  energy  of  the  heater  is  not  effectively  transmitted  to 
the  ink,  and  therefore  ejection  energy  is  short  to  cause  inconvenient  results  such  as  a  less  ejection 
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concentration  and  a  less  ejection  amount.  For  this  reason,  the  life  of  the  head  is  consumed  prior  to  the 
disconnection  of  the  heater. 

On  the  contrary,  in  the  case  of  the  ink  in  which  the  concentration  of  EDTA  is  in  the  range  of  about  0.01 
to  about  50  ppm,  the  disconnection  of  the  heater,  and  the  deterioration  in  ejection  performances  of  the  head 

5  do  not  occur,  so  that  the  life  of  the  head  has  been  remarkably  prolonged.  The  reason  why  the  deterioration 
in  ejection  performances  of  the  head  performances  do  not  occur  in  this  concentration  range  is  not  definite, 
but  it  can  be  presumed  that  even  if  any  scorch  adheres  to  the  heater  surface  owing  to  a  large  amount  of  the 
recording,  the  scorch  is  suitably  eroded  by  the  erosion  function  of  slightly  contained  EDTA  to  prevent  a 
large  amount  of  the  scorch  from  adhering  to  the  heater  surface  and  to  always  maintain  the  heater  surface  in 

io  a  smooth  state. 
No  particular  restriction  is  put  on  the  kind  of  chelating  agent  which  can  be  contained  in  the  ink  of  the 

present  invention,  so  long  as  the  effect  of  the  present  invention  can  be  obtained.  Nevertheless,  preferable 
examples  of  the  chelating  agent  include  ethylenediaminetetraacetic  acid  (EDTA),  trans-1  ,2-cyclohex- 
anediaminetetraaceticacid,  diethylenetriaminepentaacetic  acid,  ethylenediaminediacetic  acid  (EDDT),  diox- 

15  aoctanediaminetetraacetic  acid  (GEDTA),  N-(2-hydroxyethyl)ethylenediaminetriacetic  acid  (HEDTA),  N-(2- 
hydroxyethyl)iminodiacetic  acid  (HIDA),  nitrilotriacetic  acid  (NTA),  triethylenetetraminehexaacetic  acid 
(TTHA),  glycine,  dihydroxyethyl  glycine  and  salts  thereof  (e.g.,  EDTA«4Na). 

The  content  of  the  chelating  agent  in  the  ink  is  in  the  range  of  from  0.01  to  50  ppm,  preferably  from 
0.01  to  10  ppm,  more  preferably  from  0.01  to  4  ppm,  based  on  the  total  weight  of  the  ink. 

20  As  a  quantitative  analyzing  method  of  a  trace  amount  of  the  chelating  agent,  the  atomic  absorption 
method  [Kunkel,  R.,  et  al.,  Anal.  Chem.,  Vol.  45,  pp.  1465  (1973)]  is  preferably  used  in  which  a  copper  ion 
of  Cu  (ll)-the  chelating  agent  is  quantitatively  analyzed.  Therefore,  the  concentration  of  the  chelating  agent 
in  the  present  invention  is  based  on  values  obtained  by  this  analyzing  method.  If  the  concentration  of  the 
chelating  agent  is  so  low  that  the  scatter  of  the  analyzed  values  is  influential,  it  is  also  possible  to  analyze  it 

25  after  the  ink  is  concentrated. 
The  ink  of  the  present  invention  contains  at  least  a  recording  agent  and  a  liquid  medium  for  dissolving 

or  dispersing  the  same  in  addition  to  the  chelating  agent. 
As  the  recording  agent,  a  dye  or  a  pigment  is  selectively  used  in  compliance  with  a  requirement,  but  a 

preferable  example  of  the  recording  medium  in  the  present  invention  is  a  water-soluble  dye. 
30  Usable  examples  of  the  dyes  include  various  water-soluble  dyes  such  as  direct  dyes,  acid  dyes  and 

basic  dyes.  The  concentration  of  the  dye  is  usually  suitably  selected  from  the  range  of  from  0.1  to  10%  by 
weight  based  on  the  total  weight  of  the  ink. 

As  the  liquid  medium  which  can  be  used  in  the  ink  of  the  present  invention,  it  is  preferable  to  use  water 
and  a  water-soluble  organic  solvent  together. 

35  A  usable  example  of  the  water-soluble  organic  solvent  is  a  water-soluble  organic  solvent  which  is 
usually  used  in  the  ink  for  ink  jet  recording.  That  is,  the  water-soluble  organic  solvent  preferably  has  low 
vapor  pressure  in  itself,  decreases  the  vaporization  velocity  of  moisture  in  the  ink,  has  properties  for 
dissolving  the  dye  and  the  like,  and  thus  has  an  effect  as  a  crusting  property  improver. 

Examples  of  the  preferably  usable  water-soluble  organic  solvents  include  amides  such  as  dimethylfor- 
40  mamide  and  dimethylacetamide;  ketones  and  ketone  alcohols  such  as  acetone  and  diacetone  alcohol; 

ethers  such  as  tetrahydrofuran  and  dioxane;  nitrogen-containing  heterocyclic  ketones  such  as  N-methyl-2- 
pyrrolidone,  1  ,3-dimethyl-2-imidazolidinone  and  2-pyrrolidone;  polyalkylene  glycols  such  as  polyethylene 
glycol  and  polypropylene  glycol;  alkylene  glycols  containing  an  alkylene  group  of  2-6  carbon  atoms  such  as 
ethylene  glycol,  propylene  glycol,  butylene  glycol,  triethylene  glycol,  thiodiglycol,  hexylene  glycol  and 

45  diethylene  glycol;  glycerin;  1  ,2,3-hexanetriol;  and  lower  alkyl  ethers  of  polyvalent  alcohols  such  as  ethylene 
glycol  methyl  (or  ethyl)  ether,  diethylene  glycol  methyl  (or  ethyl)  ether  and  triethylene  glycol  monomethyl 
(or  ethyl)  ether. 

Water  is  used  in  an  amount  of  usually  from  40  to  96%  by  weight,  preferably  from  60  to  95%  by  weight, 
more  preferably  from  73  to  94%  by  weight  based  on  the  total  weight  of  the  ink.  If  the  amount  of  water  is 

50  less  than  40%  by  weight,  there  may  be  caused  some  problems  such  as  viscosity  increase,  feathering  and 
deterioration  of  the  fixing  property.  If  it  is  more  than  96%  by  weight,  a  large  amount  of  components  are 
evaporated,  and  so  the  crusting  property  deteriorates.  In  order  to  improve  the  crusting  property,  there  can 
be  used  a  crust  inhibitor  which  is  different  from  conventionally  used  water-soluble  organic  solvents  and 
which  has  an  evaporation  preventing  effect,  can  improve  the  solubility  of  the  dye  and  can  inhibit  the 

55  increase  of  the  viscosity. 
Examples  of  the  crust  inhibitors  include  urea  a  salt  of  triethylamine  such  as  triethylamine  hydrochloride, 

a  salt  of  triethanolamine  such  as  triethanolamine  hydrochloride,  and  derivatives  of  toluenesulfonamide. 
Preferably,  the  crust  inhibitor  is  suitably  selected  from  the  above-mentioned  examples  and  then  used  in  an 
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amount  of  from  0.1  to  30%  by  weight  based  on  the  total  weight  of  the  ink. 
When  such  a  crust  inhibitor  is  used,  any  clogging  of  the  head  does  not  occur  and  high  reliability  can  be 

kept  up,  even  if  constitutional  components  (the  solvent  and  the  like)  other  than  water  are  used  in  an 
extremely  small  amounts.  Furthermore,  since  the  content  of  water  in  the  ink  is  high,  the  ink  on  a  print 

5  material  is  liable  to  evaporate,  which  is  beneficial  for  recording  performances  on  plain  paper  such  as  OD, 
fixing  property  and  printed  letter  quality.  In  addition,  urea  has  an  effect  for  inhibiting  a  viscosity  increase, 
and  so  it  is  effective  for  the  improvement  of  the  initial  ejection  property. 

In  addition  to  the  above-mentioned  solvents,  another  solvent  for  improving  the  fixing  property  may  be 
used.  The  ink  in  which  such  a  solvent  is  used  is  very  excellent  in  drying  characteristics,  when  printed  on 

io  the  recording  paper.  Preferable  examples  of  the  solvent  which  can  expect  such  the  effect  include  alkyl 
alcohols  having  1  to  4  carbon  atoms  such  as  methyl  alcohol,  ethyl  alcohol,  n-propyl  alcohol,  isopropyl 
alcohol,  n-butyl  alcohol,  sec-butyl  alcohol,  tert-butyl  alcohol  and  isobutyl  alcohol;  a  cyclic  alkyl  alcohol  such 
as  cyclohexanol;  amides  such  as  dimethylformamide  and  dimethylacetamide;  a  ketone  and  a  ketone  alcohol 
such  as  acetone  and  diacetone  alcohol;  ethers  such  as  tetrahydrofuran  and  dioxane;  nitrogen-containing 

is  heterocyclic  ketones  such  as  N-methyl-2-pyrrolidone  and  1  ,3-dimethyl-2-imidazolidinone;  glycerin;  fatty  acid 
alkylolamide,  thiodiglycol  and  N-acyl-sarcosinate. 

Of  these  compounds,  most  of  alcohols  such  as  ethyl  alcohol  have  relatively  low  boiling  points,  and  so 
each  of  these  alcohols  can  function  as  an  accelerator  of  bubbling  which  is  an  ejection  energy  source  in  the 
recording  method  in  which  the  thermal  energy  is  applied  to  the  ink  to  eject  ink  droplets.  Thus,  such  an 

20  alcohol  also  has  the  effect  of  increasing  the  ejection  velocity. 
In  the  ink  of  the  present  invention,  a  surface  active  agent  can  also  be  used.  The  surface  active  agent  is 

used  in  an  amount  of  usually  from  0.01  to  0.5%  by  weight,  preferably  from  0.01  to  0.2%  by  weight  based 
on  the  total  weight  of  the  ink. 

The  viscosity  of  the  ink  which  can  be  used  in  the  present  invention  is  in  the  range  of  from  0.7  to  12  cP, 
25  preferably  from  1  to  5  cP  at  25  °C.  The  ink  having  a  viscosity  outside  this  range  is  slightly  poor  in  an 

ejection  stability  in  the  ink  jet  recording.  Particularly,  in  the  case  of  the  ink  having  a  viscosity  of  more  than 
12  cP,  its  penetration  into  a  recording  material  is  slow  owing  to  its  viscosity  resistance,  which  means  that 
the  fixing  property  is  also  poor. 

The  ink  which  can  be  used  in  the  present  invention  preferably  has  a  surface  tension  of  from  26  to  60 
30  dyne/cm  at  25  °C.  If  the  surface  tension  of  the  ink  is  less  than  26  dyne/cm,  some  disadvantageous 

phenomena  that  bubbles  may  be  engulfed,  an  orifice  portion  may  be  wetted  and  the  like,  due  to  a  weak 
power  for  retracting  a  meniscus  after  droplets  are  ejected,  or  inversely,  due  to  a  weak  power  for  retracting  a 
meniscus  when  a  meniscus  is  projected,  will  occur,  which  may  cause  slippage  sometimes.  If  the  surface 
tension  of  the  ink  is  more  than  60  dyne/cm,  wettability  is  poor,  so  that  a  nozzle  wall  of  the  head  is  not 

35  wetted  with  the  ink  and  this  ink  remains  in  the  state  of  bubbles. 
By  investigating  the  constitution  of  such  an  ink  as  mentioned  above,  the  ink  for  use  in  the  plain  paper- 

applicable  type  thermal  jet  recording  can  be  provided  which  is  excellent  in  head  life,  OD,  fixing  property, 
printed  letter  quality,  crusting  property,  initial  ejection  property,  ejection  stability,  ejection  velocity  and 
frequency  response. 

40  The  ink  of  the  present  invention  can  be  particularly  suitably  used  in  the  ink  jet  recording  method  in 
which  the  droplets  of  the  ink  are  ejected  by  the  function  of  the  thermal  energy  to  achieve  the  printing,  but 
needless  to  say,  it  can  also  be  used  as  a  usual  writing  implement. 

As  the  suitable  method  and  apparatus  for  carrying  out  the  printing  by  the  use  of  the  ink  of  the  present 
invention,  there  can  be  enumerated  a  method  and  an  apparatus  for  applying  thermal  energy  corresponding 

45  to  a  recording  signal  to  the  ink  in  a  chamber  of  the  recording  head  to  generate  droplets  by  thermal  energy. 
A  constitutional  example  of  the  head  which  is  the  main  portion  of  the  apparatus  is  shown  in  Figs.  2,  3 

and  4.  A  head  13  is  obtained  by  combining  a  glass,  ceramic  or  plastic  plate  having  a  groove  14  for  allowing 
an  ink  to  pass  therethrough  with  a  heating  head  15  (the  head  is  shown  in  the  drawings,  but  the  present 
invention  is  not  limited  thereto).  The  heating  head  15  is  constituted  of  a  protective  film  16  formed  from 

50  silicon  oxide,  aluminum  electrodes  17-1  and  17-2,  a  heating  resistor  layer  18  formed  with  Nichrome  or  the 
like,  a  heat  accumulating  layer  19  and  a  base  plate  20  made  of  a  material  having  a  good  heat  releasing 
property  such  as  alumina. 

An  ink  21  reaches  an  ejection  orifice  (fine  pore)  22  and  forms  a  meniscus  23  by  pressure  not  shown  in 
the  figure.  Now,  when  an  electrical  signal  is  applied  to  the  electrodes  17-1  and  17-2,  heat  is  abruptly 

55  generated  from  a  region  indicated  by  n  of  the  heating  head  15  to  generate  bubbles  in  the  ink  21  which 
comes  in  contact  with  the  heating  head  15.  Then,  the  meniscus  23  is  projected  by  the  resultant  pressure  to 
eject  the  ink  21,  so  that  recording  droplets  24  fly  from  the  orifice  22  toward  a  recording  material  25.  Fig.  4 
shows  an  appearance  of  a  multi-head  in  which  many  heads  one  of  which  is  shown  in  Fig.  2  are  arranged. 
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The  multi-head  is  formed  by  closely  combining  a  glass  plate  27  having  a  multi-groove  26  with  the  same 
heating  head  28  as  in  Fig.  2. 

Fig.  2  is  a  cross  sectional  view  of  the  head  23  along  an  ink  flow  channel,  and  Figs.  3  is  a  cross 
sectional  view  cut  along  a  line  A-B.  Fig.  5  shows  one  example  of  an  ink  jet  recording  apparatus  incorporated 

5  with  the  head.  In  Fig.  5,  reference  numeral  61  is  a  blade  as  a  wiping  member,  and  its  one  end  is  a  fixed 
end  which  is  supported  by  a  blade  supporting  member  and  which  functions  as  a  cantilever.  The  blade  61  is 
disposed  adjacent  to  a  recording  region  for  the  recording  head. 

In  this  embodiment,  the  blade  61  is  held  into  such  a  form  that  it  protrudes  to  a  moving  passage  of  the 
recording  head.  Reference  numeral  62  is  a  cap  which  is  disposed  at  a  home  position  adjacent  to  the  blade 

io  61  and  which  can  move  in  the  moving  direction  of  the  recording  head  and  a  vertical  direction  in  order  to 
come  in  contact  with  and  cap  an  ejection  hole  surface.  Furthermore,  reference  numeral  63  is  an  ink 
absorber  arranged  adjacent  to  the  blade  61  and  held  into  such  a  form  that  it  protrudes  into  the  moving 
passage  of  the  recording  head.  An  ejection  recovery  portion  64  is  constituted  of  the  blade  61,  the  cap  62 
and  the  absorber  63,  and  water  and  dust  on  the  ink  ejection  hole  surface  are  removed  therefrom  by  the 

is  blade  61  and  the  absorber  63. 
Reference  numeral  65  is  a  recording  head  which  has  an  ejection  energy  generating  means  and  ejects 

the  ink  to  the  recording  material  which  is  disposed  so  as  to  confront  the  ejection  hole  surface,  thereby 
carrying  out  the  recording.  Reference  numeral  66  is  a  carriage  on  which  the  recording  head  65  is  mounted 
and  which  can  move  the  recording  head  65.  The  carriage  66  is  slidably  engaged  with  a  guide  axis  67,  and  a 

20  part  of  the  carriage  66  is  connected  (not  shown)  with  a  belt  69  which  can  be  driven  by  a  motor  68,  whereby 
the  carriage  66  can  be  moved  along  the  guide  axis  67  to  the  recording  region  for  the  recording  head  65  and 
a  region  adjacent  thereto. 

Reference  numeral  51  is  a  paper  feeder  for  feeding  the  recording  material,  and  reference  numeral  52  is 
a  paper  feed  roller  which  can  be  driven  by  a  motor  not  shown  in  the  figure.  According  to  this  constitution, 

25  the  recording  material  is  fed  to  a  position  which  confronts  the  ejection  hole  surface  of  the  recording  head, 
and  as  the  recording  proceeds,  the  material  to  be  recorded  is  forwarded  to  a  paper  discharge  section  where 
paper  discharge  rollers  53  are  arranged. 

In  the  above-mentioned  constitution,  when  the  recording  head  65  returns  to  the  home  position  at  the 
time  of  the  end  of  the  recording  or  the  like,  the  cap  62  of  the  head  recovery  portion  64  retracts  from  the 

30  moving  passage  of  the  recording  head  65,  but  the  blade  61  protrudes  into  the  moving  passage.  As  a  result, 
the  ejection  hole  surface  of  the  recording  head  65  is  wiped.  In  this  connection,  when  the  cap  62  comes  in 
contact  with  the  ejection  hole  surface  of  the  recording  head  65  to  cap  the  ejection  hole  surface,  the  cap  62 
moves  so  as  to  protrude  into  the  moving  passage  of  the  recording  head. 

In  the  case  that  the  recording  head  65  moves  from  the  home  position  to  a  recording  start  position,  the 
35  cap  62  and  the  blade  61  are  at  the  same  position  as  in  the  above-mentioned  wiping  operation.  As  a  result, 

even  at  the  time  of  this  movement  of  the  recording  head  65,  the  ejection  hole  surface  of  the  recording  head 
65  can  be  wiped.  The  movement  of  the  recording  head  to  the  home  position  adjacent  to  the  recording 
region  is  carried  out  at  a  predetermined  interval  at  the  end  of  the  recording,  at  the  time  of  ejection  recovery 
and  during  the  movement  of  the  recording  head  in  the  recording  region,  and  the  above-mentioned  wiping 

40  operation  is  made  during  this  movement. 
Fig.  6  shows  one  example  of  an  ink  cartridge  in  which  an  ink  fed  to  the  head  via  an  ink  feed  member, 

for  example  a  tube,  is  contained.  Here,  reference  numeral  40  is  an  ink  containing  section  containing  the  ink 
to  be  fed,  and  for  example  it  is  an  ink  bag.  At  the  tip  of  the  ink  bag  40,  a  plug  42  made  of  a  rubber  is 
mounted.  The  ink  in  the  ink  bag  40  can  be  fed  to  the  head  by  inserting  a  needle  (not  shown)  into  this  plug 

45  42.  Reference  numeral  44  is  an  ink  absorber  for  absorbing  and  receiving  a  waste  ink.  In  the  present 
invention,  the  surface  of  the  ink  absorber  which  comes  in  contact  with  the  ink  is  preferably  made  of 
polyolefin,  particularly  polyethylene. 

The  ink  jet  recording  apparatus  used  in  the  present  invention  may  not  be  limited  to  the  above- 
mentioned  apparatus  in  which  the  head  and  the  ink  cartridge  are  separated.  Therefore,  an  apparatus  in 

50  which  they  are  integrally  associated  as  shown  in  Fig.  7  can  be  also  used. 
In  Fig.  7,  reference  numeral  70  is  a  recording  unit,  and  in  this  recording  unit,  an  ink  containing,  section 

for  containing  the  ink,  for  example  an  ink  absorber  is  placed.  The  ink  absorber  is  constituted  so  that  the  ink 
in  the  ink  absorber  can  be  ejected  in  the  form  of  ink  droplets  through  the  head  portion  71  having  a  plurality 
of  orifices.  As  the  material  of  the  ink  absorber,  it  is  preferable  for  the  present  invention  to  use  polyurethane. 

55  Reference  numeral  72  is  an  air  passage  for  communicating  the  interior  of  the  recording  unit  70  to  the 
atmosphere.  The  recording  unit  70  can  also  be  used  in  place  of  the  recording  head  shown  in  Fig.  5  and  it  is 
detachably  attached  to  the  carriage  66. 
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Examples 

The  present  invention  will  be  described  more  detail  in  reference  to  Examples  and  Comparative 
Examples,  but  the  scope  of  the  present  invention  should  not  be  limited  to  these  Examples.  In  this 

5  connection,  it  is  to  be  noted  that  parts  and  percent  are  based  on  weight,  unless  otherwise  specified. 

Examples  1  to  6  and  Comparative  Examples  1  to  3 

Components  shown  in  Table  1  were  mixed  in  a  beaker  and  then  stirred  at  25  °C  for  4  hours.  The 
io  resultant  mixture  was  filtered  through  a  membrane  filter  having  a  pore  size  of  0.22  urn  under  pressure  to 

obtain  inks  of  the  present  invention. 
By  the  use  of  these  inks,  printing  was  carried  out  on  a  plain  paper  (a  PPC  paper  SK  made  by  Canon 

Inc.)  by  a  Canon  thermal  jet  printer  BJC-820J  (resolution  =  360  DPI,  and  ink  ejection  amount  =  45  pi), 
respectively,  and  evaluations  were  then  made  with  regard  to  fixing  property,  OD,  printed  letter  quality, 

is  crusting  property,  ejection  stability,  ejection  velocity,  frequency  response,  initial  ejection  property  and  the 
life  of  the  head,  and  also  the  viscosity  and  the  surface  tension  of  the  ink  were  measured.  These  results  are 
set  forth  in  Table  1  . 

(Procedures  of  evaluation  and  evaluation  standard) 
20 

(1)  Evaluation  of  fixing  property 

English  characters  and  figures  were  printed  on  an  SK  paper  by  a  printer  and  then  rubbed  with  a  filter 
paper  (trade  name  No.  2,  made  by  Toyo  Roshi  Co.,  Ltd.)  after  10,  20,  30,  40,  50  and  60  seconds  to 

25  measure  a  time  at  which  the  filter  paper  was  not  soiled  any  more  (the  measurement  was  made  at  20±5  °  C 
and  50±10%  RH).  The  fixing  property  was  judged  by  the  measured  time.  The  evaluation  was  ranked  as 
follows: 

o:  15  seconds  or  less 
A:  16-30  seconds 

30  X:  31  seconds  or  more 

(2)  Evaluation  of  OD 

Solid  printing  of  each  4.5  x  9  mm  was  carried  out  on  an  SK  paper,  and  the  printed  samples  were  then 
35  allowed  to  stand  at  ordinary  temperature  and  ordinary  humidity  for  24  hours  or  more.  Afterward,  the  printed 

portions  were  measured  by  a  Macbeth  densitometer  (RD918)  to  judge  OD  by  the  measured  OD  value.  The 
evaluation  was  ranked  as  follows: 

o:  the  OD  value  of  1.1  or  more 
A:  the  OD  value  of  0.8-1.0 

40  X:  the  OD  value  of  less  than  0.8 

(3)  Evaluation  of  printed  letter  quality 

English  characters  and  figures  were  printed  in  an  SK  paper  and  then  allowed  to  stand  for  one  hour  or 
45  more,  and  feathering  at  a  dot  level  and  the  sharpness  of  boundaries  of  the  English  characters  and  the 

figures  were  evaluated  at  25  °C  and  60%  RH.  The  evaluation  was  ranked  as  follows: 
o:  No  feathering  is  noted,  and  the  boundaries  are  sharp. 
A:  Slightly  feathering  is  noted,  and  the  boundaries  are  also  slightly  unsharped. 
X:  Feathering  is  noticeably  noted,  and  the  boundaries  and  dots  are  also  slightly  unsharped. 

50 
(4)  Evaluation  of  crusting  property 

A  printer  was  filled  with  a  predetermined  amount  of  an  ink,  and  English  characters  and  figures  were 
continuously  printed  for  10  minuts.  Afterward,  the  printing  was  stopped  and  a  cap  was  attached,  and  the 

55  printer  was  allowed  to  stand  for  30  days  (standing  conditions  =  60  °C  and  10±5%  RH).  Then,  the  English 
characters  and  the  figures  were  printed  again,  and  the  crusting  property  was  judged  by  the  number  of 
recovery  operations  until  the  initial  printing  state  could  be  reproduced  again.  The  evaluation  was  ranked  as 
follows: 
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©  :  The  initial  printing  state  can  be  obtained  without  the  recovery  operation. 
o:  The  initial  printing  state  can  be  obtained  by  carrying  out  the  recovery  operations  1-5  times. 
A:  The  initial  printing  state  can  be  obtained  by  carrying  out  the  recovery  operations  6-10  times. 
X:  The  initial  printing  state  can  be  obtained  by  carrying  out  the  recovery  operations  1  1  times  or  more. 

5 
(5)  Ejecting  stability,  ejecting  velocity  and  frequency  response 

By  the  use  of  a  head  evaluating  device  for  ink  jet  recording  made  by  Canon  Inc.  (a  device  in  which  the 
ejection  state  of  a  droplet  is  observed  by  a  microscopical  television  camera  under  a  synchronous 

io  stroboscopic  light),  the  scatter  of  the  ejection  velocity,  the  ejection  velocity  and  the  frequency  response  of 
various  kinds  of  inks  were  measured  under  the  same  head  driving  conditions  as  in  the  printing  by  a  printer. 

(a)  Evaluation  of  ejection  stability 

is  The  ejection  velocity  was  measured  30  times  at  4  kHz  by  means  of  the  above-mentioned  head 
evaluating  device,  and  its  standard  deviation  was  judged.  The  evaluation  was  ranked  as  follows: 

o:  Standard  deviation  0  to  0.49  m/sec 
A:  Standard  deviation  =  0.5  to  1.0  m/sec 
X:  Standard  deviation  =  1.1  m/sec  or  more 

20 
(b)  Evaluation  of  ejection  velocity 

The  ejection  velocity  was  measured  30  times  at  4  kHz  by  means  of  the  above-mentioned  head 
evaluating  device,  and  its  average  value  was  calculated  to  judge  the  ejection  velocity.  The  evaluation  was 

25  renked  as  follows: 
o:  Ejection  velocity  =  7.1  to  15  m/sec 
A:  Ejection  velocity  =  5  to  7  m/sec 
X:  Ejection  velocity  =  less  than  5  m/sec 

30  (c)  Evaluation  of  frequency  response 

Ejection  was  carried  out  at  a  driving  frequency  of  0.1  kHz  by  means  of  the  above-mentioned  head 
evaluating  device,  and  the  driving  frequency  was  gradually  increased.  The  frequency  response  was  judged 
by  measuring  the  frequency  at  which  an  ejection  became  in  an  unstable  sword  shape  having  no  main 

35  droplet.  The  evaluation  was  ranked  as  follows: 
o:  Frequency  response  =  more  than  4  kHz 
A:  Frequency  response  =  2  to  4  kHz 
X:  Frequency  response  =  less  than  2  kHz 

40  (6)  Evaluation  of  initial  ejection  property 

After  the  ink  was  ejected  under  circumstances  of  15  °C  and  10%  RH,  an  uncapped  state  was 
maintained  for  a  predetermined  time,  and  afterward,  the  ink  was  ejected  again.  At  this  time,  the  ejection 
state  of  the  first  several  droplets  was  observed,  and  the  initial  ejection  property  was  judged  from  a  time  for 

45  which  the  ejection  state  was  kept  good.  The  evaluation  was  ranked  as  follows: 
o:  More  than  20  seconds 
A:  5  to  20  seconds 
X:  Less  than  5  seconds 

50  (7)  Life  of  the  head 

The  ink  was  continuously  ejected  at  4  kHz  by  means  of  the  device  used  in  the  preceding  paragraph  (5), 
and  the  ejection  stability,  the  ejection  velocity  and  the  frequency  response  were  evaluated  at  each  interval 
of  107  pulses.  The  life  of  the  head  was  judged  from  the  number  of  the  pulses  at  which  these  performances 

55  changed  from  their  evaluation  results  before  the  continuous  ejection.  The  evaluation  was  ranked  as  follows: 
©  :  The  life  of  the  head  =  more  than  1.8  x  109 
o:  The  life  of  the  head  =  1  .5  to  1  .8  x  109 
A:  The  life  of  the  head  =  0.8  to  1.49  x  109 
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X:  The  life  of  the  head  =  less  than  0.8  x  109 

(8)  Viscosity 

5  By  the  use  of  an  E  type  viscometer  VISCONIC  ELD  (Tokyo  Keiki  Co.,  Ltd.),  the  viscosity  was  measured 
at  25  °  C. 

(9)  Surface  tension 

io  By  the  use  of  a  Kyowa  CBVP  type  surface  tension  meter  (Kyowa  Science  Co.,  Ltd.),  the  surface  tension 
was  measured  at  25  °  C. 
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**  Each  EDTA  c o n c e n t r a t i o n   was  a  v a l u e   m e a s u r e d   by  a n  
a t o m i c   a b s o r p t i o n   m e t h o d .  

According  to  the  present  invention  described  above,  the  reliability  of  a  recording  head  can  be  improved, 
and  high-speed  drying  characteristics,  high  recording  concentration  and  high  printed  letter  quality  can  be 
maintained  for  a  long  period  of  time.  The  present  invention  can  provide  an  ink,  an  ink  jet  recording  method 
using  the  ink,  and  an  ink  jet  recording  apparatus  using  the  ink. 
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Claims 

1.  An  ink  which  contains  a  recording  agent  and  a  liquid  medium  for  dissolving  or  dispersing  said  recording 
agent,  said  ink  being  characterized  in  that  said  ink  contains  0.01  to  50  ppm  of  a  chelating  agent  based 

5  on  the  total  weight  of  said  ink. 

2.  The  ink  according  to  Claim  1,  which  contains  0.01  to  10  ppm  of  said  chelating  agent  based  on  the  total 
weight  of  said  ink. 

io  3.  The  ink  according  to  Claim  1  ,  which  contains  0.01  to  4  ppm  of  said  chelating  agent  based  on  the  total 
weight  of  said  ink. 

4.  The  ink  according  to  Claim  1  ,  wherein  said  chelating  agent  is  ethylenediaminetetraacetic  acid  (EDTA). 

is  5.  The  ink  according  to  Claim  1,  wherein  said  ink  is  for  ink  jet  recording. 

6.  The  ink  according  to  Claim  1  ,  wherein  said  ink  is  an  ink  for  use  in  a  method  to  eject  ink  droplets  by 
applying  thermal  energy  to  said  ink. 

20  7.  The  ink  according  to  Claim  1  ,  wherein  the  viscosity  of  said  ink  is  in  the  range  of  0.7  to  12  cP  at  25  °  C. 

8.  The  ink  according  to  Claim  1  ,  wherein  the  viscosity  of  said  ink  is  in  the  range  of  1  to  5  cP  at  25  °  C. 

9.  The  ink  according  to  Claim  1,  wherein  the  surface  tension  of  said  ink  is  in  the  range  of  26  to  60 
25  dyne/cm  at  25  °  C. 

10.  The  ink  according  to  Claim  1,  wherein  the  content  of  water  in  said  ink  is  in  the  range  of  40  to  96%  by 
weight  based  on  the  total  weight  of  said  ink. 

30  11.  The  ink  according  to  Claim  1,  wherein  the  content  of  water  in  said  ink  is  in  the  range  of  60  to  95%  by 
weight  based  on  the  total  weight  of  said  ink. 

12.  The  ink  according  to  Claim  1,  wherein  the  content  of  water  in  said  ink  is  in  the  range  of  73  to  94%  by 
weight  based  on  the  total  weight  of  said  ink. 

35 
13.  A  method  for  ink  jet  recording  in  which  said  recording  is  carried  out  by  ejecting  an  ink  in  the  form  of 

droplets,  said  method  being  characterized  in  that  said  ink  contains  a  recording  agent,  a  liquid  medium 
for  dissolving  or  dispersing  said  recording  agent,  and  0.01  to  50  ppm  of  a  chelating  agent  based  on  the 
total  weight  of  said  ink. 

40 
14.  The  method  for  ink  jet  recording  according  to  Claim  13,  wherein  said  chelating  agent  is 

ethylenediaminetetraacetic  acid  (EDTA). 

15.  The  method  for  ink  jet  recording  according  to  Claim  13,  wherein  said  recording  method  is  a  method  to 
45  eject  ink  droplets  by  applying  thermal  energy  to  said  ink. 

16.  An  ink  jet  recording  unit  which  comprises  an  ink  receiving  portion  for  receiving  an  ink  and  a  head 
portion  for  ejecting  said  ink  in  the  form  of  droplets,  said  unit  being  characterized  in  that  said  ink  is  an 
ink  according  to  any  one  of  Claims  1  to  12. 

50 
17.  The  recording  unit  according  to  Claim  16,  wherein  said  head  portion  comprises  a  head  to  eject  ink 

droplets  by  applying  thermal  energy  to  said  ink  . 

18.  An  ink  cartridge  equipped  with  an  ink  receiving  portion  for  receiving  an  ink,  said  cartridge  being 
55  characterized  in  that  said  ink  is  an  ink  according  to  any  one  of  Claims  1  to  12. 

19.  An  ink  jet  recording  apparatus  which  comprises  an  ink  receiving  portion  for  receiving  an  ink  and  a  head 
portion  for  ejecting  said  ink  in  the  form  of  droplets,  said  apparatus  being  characterized  in  that  said  ink 

14 
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is  an  ink  according  to  any  one  of  Claims  1  to  12. 

20.  The  ink  jet  recording  apparatus  according  to  Claim  19,  wherein  said  head  portion  contains  a  head  to 
eject  ink  droplets  by  applying  thermal  energy  to  said  ink. 

5 
21.  An  ink  jet  recording  apparatus  which  comprises  an  ink  cartridge  equipped  with  an  ink  receiving  portion 

for  receiving  said  ink  and  a  head  portion  for  ejecting  said  ink  in  the  form  of  droplets,  said  apparatus 
being  characterized  in  that  said  ink  is  an  ink  according  to  any  one  of  Claims  1  to  12. 

io  22.  The  ink  jet  recording  apparatus  according  to  Claim  21  ,  which  has  an  ink  feed  portion  for  feeding  said 
ink  received  in  said  ink  cartridge  to  said  recording  head. 

23.  The  ink  jet  recording  apparatus  according  to  either  of  Claims  21  and  22,  wherein  said  head  portion 
contains  a  head  to  eject  ink  droplets  by  applying  thermal  energy  to  said  ink  . 
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