
17 DEC 2003 1 CAPILLARY CONTROL OF INK FLOW IN INK-CONTAINERS FOR  JET
PRINTERS FIELD OF THE INVENTION AND RELATED ART 5 The present invention
relates to an ink  container for containing ink to be supplied to an ink
jet recording head, ink, and an ink jet recording  apparatus using the ink
container. The ink container used with an ink jet.  10 recording apparatus
is required to be capable of  properly supplying the amount of the ink
corresponding  to the amount of the ink ejected from .a recording head
during the recording operation and to be free of ink  leakage through the
ejection outlets of the recording 15 head when the recording operation is
not executed.  In the case that the ink container is an  exchangeable type,
it is required that the ink  container can be easily mounted or demounted.
relative to the recording apparatus without ink leakage, and  20 that the
ink can be supplied to the recording head  with certainty. A conventional
example-of an ink.container  usable with the ink jet recording apparatus is
disclosed in Japanese Laid-Open Patent Application No. 25 87242/1988 (first
prior art), in which the ink jet  recording cartridge has an ink container
containing  foamed material and having a plurality of ink ejecting 1 7 0 E
C 2003 orifices. With the ink container, the ink is  



contained in the porous material such as foamed  polyurethane material, and
therefore, it is possible  to produce negative pressure by the capillary
force in 5 the foamed material and to prevent the ink leakage  from the ink
container. Japanese Laid-Open Patent Application No.  522/1990 (second
prior art) discloses an ink jet  recording cartridge in which a first ink
container and 10 a second ink container are connected with a,porous 15
material, and a second ink container and an ink jet  recording head are
connected with a porous material.  In this prior art, the porous material
is not contained in the ink container, and it is disposed  only in the ink
passage, by which the use efficiency  of the ink is improved. By the
provision of the  secondary ink containing portion, the ink flowing out  of
the first ink container due to the hir expansion in  the first ink
container due to the temperature 20 increase (pressure decrease), is
stored, by which the 25 vacuum in the recording head during the recording
operation is maintained substantially constant. However, in the first prior
art, the foamed  material is required to occupy substantially the  entire
space in the ink container layer,.and  therefore, the ink capacity is
limited, and in  addition, the amount of the non-usable remaining ink 1 7
DEC 2003 -3 



is relatively large, that is, the use efficiency of  the ink is poor. These
are the problems therewith.  In addition, it is difficult to detect the
remaining  amount of the ink, and it is difficult to maintain 5
substantially constant vacuum during the ink  consumption period. These are
additional problems.  In the second prior art, when the recording operation
is not carried out, the vacuum producing  material is disposed in the ink
passage, and 10 therefore, the porous material contains asufficient  amount
of the ink, and the production. of the negative  pressure by the capillary
force of the porous material  is insufficient, with the result that the ink
is leaked through the orifices of the ink jet recording  15 head by small
impact or the like. This is a problem.  In the case of an exchangeable 'ink
cartridge in which  the ink jet.recording head is formed integrally with
the ink.container, and the ink container is mounted on  the ink recording
head, the second prior art is not 20 usable. This is another problem. .
Japanese Laid-Open Patent Applications Nos.  67269/1981 and 98857/1984
disclose an ink container  using an ink bladder urged by a spring. This is
advantageous in that-the internal negative pressure is 25 stably produced
at the ink supply portion,. using the  spring force. However, these system
involve problems  that a limited configuration of the spring is required 1
7 D E D 2003 -4 to provide a desired internal negative pressure, that  



the process of fixing the ink container to the bladder  is complicated, and
therefore, the manufacturing cost  is high. In addition, for a thin ink
container, the 5 ink retaining ratio is small. Japanese Laid-Open Patent
Application No.  214666/1990 discloses a separated chamber type in  which
the inside space of the ink container is  separated into a plurality of ink
chambers, which 10 communicate with each other by a fine hole capable of
providing the vacuum pressure. In the separate 15 chamber type, the
internal negative pressure at the  ink supply portion is produced by the
capillary force  of the fine opening communicating the ink chambers.  In
this system, the structure of the ink container is  simpler than the spring
bladder system, and therefore,  it is advantageous from the standpoint of
the  manufacturing cost and the configuration of the ink  container is not
limited from the structure. However, 20 the separated chamber type involves
the problem that  when the ink container position is changed, the fine
opening becomes short of ink depending on the remaining amount of the ink
with the result of  instable internal vacuum pressure even to the extent
25 that the finis is leaked, and therefore, the ink container is imposed by
limitation in the handling  thereof. 1 7 DEC 2003 -5 SUMMARY OF THE
INVENTION 



Accordingly, it is a principal object of the  present invention to provide
an ink container, an ink  jet'recording head using the same and an ink jet
5 recording apparatus using the same, which is easy to  handle. It is
another alternative object of the present  invention to provide an ink
container, an ink jet  recording head using the same and an. ink jet
recording 10 apparatus using the same in which the ink retaining ratio is
high. It is..anobher alternative object of the present  invention to
provide an ink container, an ink jet  recording head using the same and an
ink jet recording 15 apparatus using the same in which the ink is not
leaked even if the ambient condition changes. It is. another alternative
object of the present  invention to provide an ink container, an ink jet
recording head using the same and the ink jet 20 recording apparatus using
the same in which the vacuum  in the ink supply is stabilized against the
ambient  condition change, and therefore, the ink supplied can  be supplied
to the recording head without influence to  the ejection property off, the
ink. 25 It is' yet another alternative object of the present  invention to
provide an ink container, ink, recording  head, and ink jet recording
apparatus in which the ink 1 7 DEC 2003 _6_ is efficiently used by the use
of vacuum producing means. 



it is another alternative object of the present  invention to provide an
ink container, ink, an ink jet 5 recording head and an ink jet recording
apparatus in  which the ink leakage is reliably prevented even when
mechanical impact such as vibration or thermal impact  such as temperature
change is given to the recording  head or the ink container under the
condition of use 10 or transportation of the ink jet recording apparatus.
According to an aspect of the present  invention, there is provided an ink
containing - apparatus for containing ink, comprising: a negative  pressure
producing material; a first container for 15 containing the negative
pressure producing material,  the first container having an air vent and a
supply  port for supplying the ink out; a second container for  containing
ink; a communication part for communication  between bottom portions of the
first and second 20 containers; and ambient air introducing means adjacent
the air vent for introducing air into the  communication part. These and
other features and  advantages of the present invention will become more
25 'apparent upon a consideration of the following description of the
preferred embodiments of the  present invention taken in conjunction with
the 1 7 DEC 2003 -7 accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 shows coupling between a recording  



5 head and an ink container according to an embodiment  of the present
invention. Figure 2 illustrates a recording head and an  ink container
according to another embodiment of the  present invention. 10 Figure 3
illustrates an ink container  according to an embodiment of the present,
invention.  Figure 4 is a perspective view of a recording  apparatus.
Figure 5 illustrates an ink container  15 according to a further embodiment
of the present  invention. Figure 6 illustrates an.ink container  according
to a further embodiment of-the present  invention. 20 Figure 7 illustrates
an ink container  according to a further embodiment of the present
invention. Figure 8 illustrates an ink container  according to-a further
embodiment of the present  25 invention. Figure 9 illustrates an ink
container  according to a further embodiment of.the present 1 7 DEC 2003 -a
invention.  Figure 10 illustrates a model of ink supply.  Figure 11 is a
graph showing internal pressure change at the ink supply portion in an ink
5 container according to an embodiment of the present  



invention. Figure 12 shows a model of ink supply in a  comparison example.
Figure 13 is a graph showing the internal  10 pressure change at the ink
supply portion in the  comparison example. Figure 14 illustrates an initial
state in  which the ink container is filled with the ink.  Figure 15
illustrates a state in which the 15 air-liquid interface starts to be
formed. Figure 16 shows the state about an end of the  ink supply. Figure
17 shows the state inwhich the ink  has been supplied out. 20 Figure 18- is
a perspective view of a device  having four heads integrally, and
respective ink  containers therefor are mountable. Figure 19 illustrates an
ink container  according to a further embodiment of the present  25
invention. Figure 20 shows a model of ink supply. Figure 21 is a
longitudinal sectional view of 1 7 DEC 2003 -9 an ink cartridge main body
for an ink jet recording,  according to a further embodiment of the present
invention. Figure 22 is a cross-sectional view of an ink  5 cartridge main
body for the ink jet recording  apparatus of Figure 21. 



Figure 23 is a sectional view of an ink  cartridge main body, particularly
showing the surface  of the rib of Figure 21. 10 Figure 24 is a sectional
view of-:the ink  cartridge main body, showing the surface of the rib
according to a further embodiment of the present  invention. Figure 25 is
an enlarged sectional view of a  15 rib according to a further embodiment
of the present  invention. Figure 26 is a longitudinal sectional view of
an ink cartridge main body of an exchangeable ink jet  recording according
to a further embodiment of the 20 present invention. Figure 27 is a
cross-sectional view of an ink  cartridge main-body for the exchangeable
ink jet  recording, according to a further embodiment of the  present
invention. 25 Figure 28 is a sectional view of an ink  cartridge main body,
showing the surface of the rib  according to a further embodiment of the
present 1 7 DEC 2003 -10 5 invention.  Figure 29 is a longitudinal
sectional view of an ink cartridge main body for the ink jet recording  in
a comparison example. Figure 30 is a sectional view of an ink  cartridge
main body for the ink jet recording in the  



comparison example. Figure 31 is a sectional view of the ink  cartridge
main body showing the surface of the rib in 10 a comparison example. Figure
32 is an enlarged sectional view,  showing the cross-section of the rib in
the comparison  example. Figure 33 illustrates horizontal printing 15
position. Figure 34 illustrates leakage ink buffer function of the
compressed ink absorbing material in an ink chamber. Figure 35 shows an
example of compression  20 ratio distribution of the compressed ink
absorbing material, according to a further embodiment of the  present
invention. Figure 36 shows another example of the  compression ratio
distribution of the compressed ink  25 absorbing material in the embodiment
of Figure 35. Figure 37 shows a further example of the  compression ratio
distribution of the compressed ink 1 7 DEC 2003 absorbing material in the
embodiment of Figure 35.  Figure 38 shows an example of the compression
ratio distribution of the compressed ink absorbing  material in a
comparison example. 5 Figure 39 shows a further example of the  compression
ratio distribution of the compressed ink  absorbing material in a
comparison example. Figure 40 shows an example of additional ink  



chamber, according to a further embodiment of-the 10 present invention.
Figure 41 shows an example of an.additional  ink chamber in the embodiment
of Figure 40. Figure 42 shows an example of the-divided  compressed ink-
absorbing material, according to a  15 further embodiment of the present
invention. Figure 43 shows an example of the ink  absorbing material
arrangement in the ink chamber,  according to a further embodiment of the
present  invention. 20 Figure 44 illustrates problems with the  assembling
of the apparatus for the Figure 43  embodiment. Figure 45 illustrates ink
consumption in a  comparison example. 25 Figure 46 shows the ink leakage
upon pressure  reduction in the comparison example of Figure 45.  Figure 47
is a modified example according to 1 7 DEC 2003 -12 a further embodiment of
the present invention. Figure 48 is a modified example of Figure 47
embodiment. Figure 49 is a sectional view showing the  5 mounting of the
exchangeable ink container and the  recording head onto the carriage,
according to an  embodiment of the present invention. Figure 50 illustrates
ink consumption in the  apparatus according to the embodiment .of Figure
49.  



10 Figure 51 illustrates fundamentalslof the exchange between the air and
the ink. Figure 52 illustrates the internal pressure  of the ink supply
portion, according to a further  embodiment of the present invention. i5
Figure 53 illustrates the ink buffering  function in the apparatus of
Figure 52 embodiment.  Figure 54 is a block diagram showing an example of
the control system for the apparatus.  Figure 55 shows the state when the
remaining  20 amount of the ink is detected, according to a further
embodiment of the present invention. Figure 56 illustrates the internal
pressure  of the ink supply portion in the container according  to Figure
55 embodiment. 25 Figure 57 shows an example of an ink  refilling method.
Figure 58 illustrates ink consumption, 1 7 DEC 2003 -13 according to a
further embodiment of the present 5 invention.  Figure 59 illustrates a
further ink consumption according to the embodiment of Figure 58.  Figure
60 shows the state in which the  remaining amount of the ink is detected,
in the device  of the embodiment of Figure 58. Figure 61 illustrates the
state in which the  ink is reinjected after the ink in the ink chamber is 



10 used out . Figure 62 illustrates remaining ink amount  detection,
according to a further embodiment of the  present invention. Figure 63
illustrates a modified ink 15 remaining amount detection, in the embodiment
of  Figure 62. Figure 64 illustrates a method of ink 20 25 refilling,
according to a further embodiment of the present invention. Figure 65 shows
the ink flowing amount upon  the pressure decrease. Figure 66 shows a
relationship between the  remaining amount of the ink and the electric
resistance between electrodes. DETAILED DESCRIPTION OF THE PREFERRED
ENIDODIMENTS Figure 1 is a sectional view showing 1 7 DEC 2003 -14
connection among the recording head, ink container,  carriage in an ink jet
recording apparatus according  to an embodiment of the present invention.
The  recording head 20 in this embodiment is of an ink jet 5 type using
electrothermal transducers for generating  thermal energy for causing film
boiling in the ink in  accordance with electric signal. In Figure 1, major
parts of the recording head 20 are bonded or pressed  into a laminated
structure on a head base plate Ill 



10 with positioning reference projections 111-1 and 111-2  on the head base
plate 111. In the vertical direction  on the surface of Figure 1 drawing,
the positioning is  effected by the head positioning portion 104 of a
carriage HC and a projection. 111-2. In the vertical  15 direction in the
cross-section of Figure 1, a part of  the projection 111-2 projects to
cover the head positioning portion 104, and the cut-away portion (not
shown) of the projection 111-2 and the head  positioning portion 104 are
used for the correct 20 positioning.. The heater board 113 is produced
through  film formation process, and includes electrothermal  transducers
(ejection heaters) arranged on a Si  substrate and electric wiring for
supplying electric  power thereto, the wiring being made of aluminum or 25
the like. The wiring is made correspond to the head  flexible base (head
PCB) having the wiring which has  at the end portion pads for receiving
electric signals 17 DEC 2o03 -15 from the main assembly- They are connected
by wire  bonding. A top plate 112 integrally formed of  polysulfone or the
like comprises walls for separating  a plurality of ink passages
corresponding to the 5 ejection heaters, a common liquid chamber for
receiving ink from an exchangeable ink container  through a passage and for
supplying the ink into the  plurality of ink passages, and orifices for
providing  the plurality of ejection outlets. The top plate 112 10 is urged
to the heater board 113 by an unshown spring, 



and it is pressed and shield using a sealing member,  thus constituting the
ink ejection outlet part. For the purpose of communication with the
exchangeable ink container 1, the passage 115 provided 15 by sealingly
combining with the top plate 112,  penetrates through the holes of the head
PCB 113 and  the head base plate 111 to the opposite side of the  head base
plate 111. In addition, it is bonded and fixed to the head base plate 111
at the penetrating  20 portion. At an end-connecting with the ink container
1 of the passage 115, there is provided a filter 25  for preventing
Introduction of foreign matter or  bubble into the ink ejection part. The
exchangeable ink container is connected  25 with the recording head 20 by
an engaging guide and  pressing means 103, and an ink absorbing material in
the ink supplying portion is brought into contact with 1 7 DEC 2003 -16 the
filter 25 at an end of the passage 115, by which  the mechanical connection
is established. After the  connection, using a recording head sucking
recovery  pump 5015 of the main assembly of the recording 5 apparatus, the
ink is forcedly supplied from the  exchangeable ink container 1 into the
recording head  20, by which the ink is supplied. In this embodiment, upon
the engagement by  the pressing means, the recording head 20 and the 10
exchangeable ink container 1 are connected with each  other, and
simultaneously, the recording. head 20 and  



the carriage HC are mechanically and electrically  connected in the same
direction, and therefore, the  positioning between the pad on the head PCB
105 and 15 the head driving electrodes 102, are assuredly  effected. A ring
seal is of a relatively thick elastic  material ring in this embodiment so
that the joint  portion with the outer wall of the exchangeable ink 20
container is wide enough to permit play in the ink  supply portion. As
described in the foregoing, in this  embodiment, the exchangeable ink
container 1 and the  recording head 20 are sufficiently combined, and 25
thereafter, the exchangeable ink container is urged,  by which the carriage
and the recording head can be  assuredly positioned relatively to each
other with 17 0CC2003 -17 simple structure, and simultaneously, the
recording  head and the exchangeable ink container are connected  outside
the main assembly with.simple structure, and  thereafter, it is mounted to
the carriage. Therefore, 5 the exchanging operation is easy. In this
embodiment,  the electric connection between the carriage  (recording
apparatus main assembly) and the recording  head is simultaneously
effected. Therefore, the'  operativity upon the exchange of the recording
head 10 and the exchangeable ink container is good. It is a  possible
alternative that a separate connector is used 15 



to establish the  latitude for the  head positioning  exchangeable ink
electric connection, by which the  structure to assure the-recording  and
the connection with the container. Figure 4 shows a recording apparatus of
a horizontal position type.  Referring to this Figure, the arrangement and
the  operation of the recording head in the ink jet recording apparatus of
this embodiment will be 20 described. In this Figure, a recording material
P is  fed upwardly by a platen roller 5000, and it is urged  to the platen
roller 5000 over the range in the  carriage moving direction by a sheet
confining plate  5002. A carriage moving pin of the carriage HC is 25
engaged in a helical groove 5004. The carriage is  supported by the lead
screw 5005 (driving source) and  a slider 5003 extending parallel with the
lead screw, 1 7 0 E C 2003 -18 and it reciprocates along the surface of the
recording  material P on the platen roller 5000. The lead screw  5005 is
rotated by the forward and backward rotation  of the driving roller through
a drive transmission 5 gears 5011 and 5009. Designated by reference
numerals  5007 and 5008 are photocouplers, which serve to detect  the
presence. of the carriage lever 5006 to switching  the direction of the
motor 5013 (home position  



sensor). The recording image signal is transmitted to 10 the recording head
in timed relation with the movement  of the carriage carrying the recording
head; and the ink droplets- are ejected at the proper positions, thus
effecting the recording. Designated by a reference  numeral 5016 is a
member for supporting a capping 15 member 5022 for capping the front
surface of the  recording head. Designated by a reference numeral  5015 is
a sucking means for sucking the inside of the  cap. Thus,-it is effective
to refresh or recover the  recording head by the sucking through the
opening 5023 20 in the cap.. A cleaning blade 5017 is supported by a
supporting-member 5019 for moving the blade to and  fro. They are supported
on a supporting plate 5018 of  the main assembly.- The sucking means, the
blade or  the like may be of another known type. A lever 5012 25
for-determining the sucking and recovery operation  timing moves together
with the movement of the cam  5020 engaged with the carriage. The driving
force 1 7 DEC 2003 -19 from the driving motor is controlled by a known
transmitting means such as clutch or the like. The  recovery means carries
out the predetermined process  at the predetermining timing by the lead
screw 5005 at 5 the corresponding positions, when the carriage comes  into
the region adjacent or at the home position. As shown in Figure 33, the ink
jet recording  apparatus of this embodiment is operable in the  vertical
printing position. In the vertical position, 



10 the recording scanning operation is carried out while  the recording
material P is faced to the bottom  surface of the recording head 2010. In
this case, the  sheet feeding, printing and sheet discharging  operations
are possible in substantially the same 15 plane, and therefore, It is
possible to effect the  printing to a thick and high rigidity recording
material such as a post card and an OHP sheet.  Therefore, the outer casing
of the position changeable ink jet recording apparatus of this embodiment
is 20 provided with four rubber pads on the bottom surface  of Figure
4,.and with two ribs and retractable  auxiliary leg 5018 on the left side
surface. By this,  the printing apparatus can be stably positioned in the
respective printing positions. In the vertical 25 printing position, the
exchangeable ink container 2001  is above the ejection part of the
recording head 2010  faced to the recording material P, and therefore, it 1
7 DEC 1003 -20 is desirable to support the resulting static head of  the
ink and to maintain slightly positive, preferably,  slightly negative
internal pressure of the ink at the  ejection part, so that the meniscus of
the ink of the 5 ejection part is stabilized. The recording apparatus shown
in Figure 4 and  Figure 33 is usable with the embodiments of the  present
invention which will be described hereinafter. The description will be made
in detail as to  10 the ink container of this invention. First,' 'the  



structure and the operation of the ink container will  be described.
(Structure)  As shown in Figure 2, the main body of the  15 ink container
comprises an opening 2 for connection with an ink jet recording head, a
vacuum producing  material chamber or container 4 for accommodating a
vacuum producing material 3, and an ink containing  chamber or an ink
container 6 for containing the ink, 20 the ink container 6 being adjacent
to the vacuum  producing material container by way of ribs 5 and  being in
communication with the vacuum producing  material container 4 at a bottom
portion 11 of the ink container.  25 Operation (1) Figure 2 is a schematic
sectional view of the  ink container when a joint member 7 for supplying
the 1 7 DEC 2003 -21 ink into the ink jet recording head is inserted into
the ink container, and is urged to the vacuum  producing material, and
therefore, the ink jet  recording apparatus is in the operable state. At
the 5 end of the joint member, a filter may be provided to  exclude the
foreign matter in the ink container.  When the ink jet recording apparatus
is operated, the ink is ejected through the orifice,or  orifices of the ink
jet recording head, so that the  10 ink sucking force is produced In the
ink-,container. The ink 9 is introduced into the joint member 7 by the  



sucking force from the ink container 6 through the  clearance 8 between
ends of the ribs and the bottom 11- of the ink cartridge,-and through the
vacuum producing 15 material 3 into the vacuum producing material
container 4, and thereafter, the ink is supplied into  the ink jet
recording head. Then, the internal  pressure of the ink container 6 which
is hermetically sealed except for the clearance 8, decreases with the.  20
result of pressure difference between the ink container 6 and the-vacuum
producing material  container 4. With the continued recording operation,
the pressure difference continues to increase. Since  the vacuum producing
material container 4 is opened to  25 the ambient air through an air vent,
the air is introduced into the ink container 4 through the  clearance 8
between the rib ends 8 and the ink 1 7 DEC 2003 -22 cartridge bottom 11
through the vacuum producing  material. At this time, the pressure
difference  between the ink container 6 and the vacuum producing material
container 4 is eliminated. During the ink.  5 jet recording operation, the
above process is  repeated, so that substantially a constant vacuum is
maintained in the ink cartridge. The ink in the ink  container can be
substantially thoroughly used, except  for the ink deposited on the
internal wall surface of 10 the ink container, and therefore, the ink use
efficiency is improved Operation (2) 



The principal operation of the ink container  is further described in
detail on the basis of a model  15 shown in Figure 10. In Figure 10, an ink
container 106  corresponds to the ink container 6 and contains the  ink.
Designated by reference numerals'-102, 103-1 and  103-2 are capillary tubes
equivalent to the vacuum 20 producing material 3. By the meniscus
force.thereof,  the vacuum is produced in the ink container. An  element
107 corresponds to the joint member 7, and is  connected with an ink jet
recording head not shown.  It supplies the ink from the ink container. The
ink 25 is ejected through the orifices, by which the ink  flows as
indicated by an arrow Q. The state shown in this Figure is the state 1 7 0
EC 2003 -23 in which a small amount of the ink has been supplied  out from
the vacuum producing material, and therefore,  the ink container, from the
filled state of the ink  container and the vacuum producing material. The 5
balance is established among the static head in the  orifice of the
recording head, the reduced pressure in  the ink container 106 and the
capillary forces in the  capillary tubes 102, 103-1 and 103-2. When the ink
is  supplied from this state, the height of the ink level 10 in the
capillary tubes 103-1 and 103-2 hardly change,  and the ink is supplied
from the ink container 106  through a clearance 108 corresponding to the
clearance  8. This-increases the vacuum in the ink container  



106, so that the meniscus of the capillary tube 102 15 changes to produce
air bubble or bubbles. By the  breakdown of the meniscus, the air bubble or
bubbles  are introduced into the ink container 106. In this  manner, the
consumed amount of the ink is supplied  from the ink container 106 without
a substantial 20 change in the level in the capillary tubes 103-1 and
103-2, that is, without substantial change in the ink  distribution in the
vacuum producing material, that  is, with the balanced internal pressure
maintained. When an amount Q of the ink is supplied, the  25 volume change
appears as the meniscus level change in  the capillary tube 102, and the
surface energy change  of the meniscus thereby increases the negative 17 D
E C 2003 -24 pressure of the ink supply portion. However, the  break down
of the meniscus permits introduction of the  air into the ink container, so
that the air is  exchanged with the ink, and therefore, the meniscus
returns to the original position. Thus, the internal  pressure of the ink
supply portion is maintained at  the predetermined internal pressure by the
capillary  force of the tube 102. Figure 11 shows the change of the
internal  10 pressure at the ink supply portion of the-ink container
according to this embodiment of-tl~e present  invention in accordance with
the amount of the ink  supply (consumption amount). At the initial state
(Figure 14), the ink supply starts from the vacudm 



15 producing material container, as described  hereinbefore. More
particularly, the ink contained in  the vacuum producing material container
until the .  meniscus is formed in the clearance 8'at the bottom  portion
of the ink container. Therefore, similarly to 20 the ink container
according to the first prior art in  which the ink container is filled with
the absorbing  material, the internal pressure in the ink supply  portion
is produced due to the balance between the  capillary force at the ink top
surface (air-liquid 25 interface) of the compressed ink absorbing material
in  the vacuum producing material container and the static  head of the ink
itself. When the state is reached in 1 7 DEC 1003 -25 which the air-liquid
interface is formed at the bottom  portion of the ink container as
described in the  foregoing due to the reduction of the ink in the  vacuum
producing material container in accordance with 5 the consumption of the
ink (ink supply) (Figure 15,  and Figure 11, point X), the ink supply from
the ink  container starts. By the capillary force of the  compressed ink
absorbing material adjacent the bottom  portion of the ink chamber, the
internal pressure of 1Q the ink supply portion is maintained. As.long as
the ink is supplied from the ink container, the  substantially constant
internal pressure is  maintained. When the further ink consumption results
in the decrease of the ink level in the.ink container  15 beyond the ink
chamber wall bottom, substantially all  



of the ink container is consumed-(Figure 16 and Figure  11, point Y), the
air is introduced at-once-into the  ink container.with the result of
complete communication established between the ink container 20 and the
outside air, so that a small amount of the ink  .remaining in the ink
container is absorbed by the  compressed ink absorbing material in the
vacuum  producing material container, and therefore, the  amount of the ink
contained in the vacuum producing 25 material container increases. This
changes the  internal pressure of the ink supply portion slightly  - toward
the positive direction by the amount 1 7 DEC 2003 -26 corresponding to the
slight rise of the ink top  surface (air-liquid interface). When the ink is
further consumed, the ink in the vacuum producing  material container is
consumed. If, however, the air 5 liquid interface lowers beyond the ink
supply portion,  the recording head starts to receive the air, and
therefore, the ink supply system reaches the limit  (Figure 17). At this
state, the exchange of the'ink  container is required. The following has
been found 10 by the investigations of the inventors.. By. carrying  .out
sucking recovery operation by sucking means of the  main assembly of the
recording apparatus upon the  connection with the recording head to remove
the air  bubbles in the ink passage produced at the time of the 15
connecting operation and to flows a slight amount of  ink out of the ink
container, it is possible to  



maintain the stabilized ink internal pressure from the  initial stage. In
addition, even if the ink is  supplied out from the vacuum producing
material 20 container at the initial stage and at the stage  immediately
before the exchange of the ink container,  the recording property is not
adversely influenced in  the ink stabilized supply period shown in Figure
11,  and therefore, the proper recording operation has been 25 carried out.
In order to establish ink supply through  the above-described mechanism,
the following points  are considered. 1 7 D E D 2003 -27 It is desirable
that the meniscus is formed  stably between the ink and the ambient air at
a  position very close to the clearance 8. Otherwise, in order to displace
the meniscus to the ink container, 5 the ink has to be consumed to such a
large extent that  a quite high vacuum is produced in the ink supply
portion. Then, a high frequency drive of the  recording apparatus becomes
difficult, and therefore,  it is disadvantageous from the standpoint of
high 10 speed recording-operation. Figure 11 shows the change of the
internal  pressure at the ink supply portion-of the ink  container in
accordance with the ink supply amount,  (consumption amount).. It shows a
so-called static 15 pressure P111 in the state of no ink supply and a so-
called dynamic pressure P112 in the state of ink,  supply being carried
out. 



The difference between the dynamic pressure,' P112 and the static pressure
P111, is the pressure  20 loss bP when the ink is supplied. The negative
pressure produced at the time of the meniscus  displacement is influential.
Accordingly, it is desirable that the break  down of the meniscus at this
portion occurs without  25 delay. For this purpose, there is provided air
'introduction passage for forcedly permitting the air  introduction
adjacent the clearance-B. Embodiments in 1 7 DEC 2003 -28 this respect will
be described.  Embodiment I Figure 3 illustrates a first embodiment. The
vacuum producing material 3 in the ink container is an  5 ink absorbing
material such as foamed urethane material or the like. When the absorbing
material is  accommodated in the vacuum producing material  container 4, it
provides a clearance functioning as an  air introduction passage A32 at a
part of the vacuum 10 producing material container. The clearance extends
to the neighborhood of the clearance 8 between the ink  container bottom 11
and the end 8 of the rib 5. Thus,  the communication with the air is
established by the  air vent. When the ink supply from the ink supplying 15
portion is started, the ink is consumed from the  absorbing material 3, so
that the internal pressure of  the ink supply portion reaches a
predetermined level.  Then, the ink surface A31 shown in Figure 3 is stably



formed in the absorbing material 3, and the meniscus 20 is formed between
the ink and the ambient air adjacent  the clearance 8. The dimensions of
the clearance 8 is  preferably not more than 1.5 mm in the height, and is
preferably long in its longitudinal direction. When  this state is
established, the break down of the 25 meniscus at the clearance 8 occurs
without delay by  the subsequent ink consumption. Therefore, the ink  can
be supplied stably without increasing the pressure 1 7 DEC 1003 -29 lass
8P. Accordingly, the ink ejection is stabilized  at high speed printing.
When the recording operation is not carried  out, the capillary forces of
the vacuum producing 5 material itself (or the meniscus force at the
interface between the ink and the vacuum producing  material), so that the
ink leak from the ink jet  recording head can be suppressed. For the
purpose of using the ink container of  10 this invention in a color ink jet
recording apparatus,  different color inks (black, yellow, mager}ta and
cyan,  for example) can be accommodated in separate ink containers. The
respective ink cartridges may be  unified as an ink container. In another
form there  15 are provided an exchangeable ink cartridge for black ink
which is most frequently used, and an exchangeable  ink cartridge unifying
other-color ink containers.  Other combinations are possible in
consideration of  ink jet apparatus used therewith. 



20 The present invention will be described in  more detail. In order to
control the vacuum in the ink jet  recording head when the ink container of
this  invention.is used, the following is preferably 25 optimized:
material, configuration and dimensions of  the vacuum producing material 3,
configuration and  dimensions of rib end 8, configuration and dimensions 1
7 DEC 2003 -30 of the clearance 8 between the rib end 8 and the ink
container bottom 11, volume ratio between the vacuum  producing material
container 4 and the ink container  6, configuration and dimensions of the
joint member 7  5 and the insertion degree thereof into the ink container,
configuration, dimension and mesh of the  filter 12, and the surface
tension of the ink. The material of the vacuum producing member  may be.any
known material if it can retain the ink  10 despite the weight thereof, the
weight of the liquid (ink) and small vibration. For example,-there are
sponge like material made of fibers and porous  material having continuous
pores. It is preferably in  the form of a sponge of polyurethane foamed
material 15 which is easy to adjust the vacuum and the ink  retaining
power. Particularly, in the case of the  foamed material, the pore density
can be adjusted  during the manufacturing thereof. When the foamed
material is subjected to thermal compression treatment 20 to adjust the
pore density, the decomposition is  



produced by the heat with the result of changing the  nature of the ink
with the possible result of adverse  influence to the record quality, and
therefore,  cleaning treatment is desirable. For the purpose 25
meeting-various ink cartridges for various ink jet  recording apparatuses,
corresponding pore density  foamed materials are required. It is desirable
that a 1 7 DEC 2003 -31 foamed material not treated by the thermal
compression  and having a predetermined number of cells (number of  pores
per 1 inch) is cut-into a desired dimension, and  it is squeezed into the
vacuum producing material 5 container so as to provide the desired pore
density  and the capillary force. Ambient condition change in the ink jet
recording apparatus. in the ink cartridge having a closed ink  10
container, the ink can leak out. That is, when the  ambient condition
(temperature rise or pressure  decrease) occurs with the ink cartridge
contained in  the. ink jet recording apparatus, the air in the ink
container expands (the ink expands too)., to push out 15 the ink contained
in the ink container, with the  result of ink leakage. In the ink cartridge
of this  embodiment, the volume of air expansion (including  expansion of
the ink, although the amount thereof is  small) in the closed ink container
is estimated for 20 the predicted worst ambient condition, and the
corresponding amount of the ink movement from the ink  



container thereby is allotted to the vacuum producing  material container.
The position of the air vent-is  not limited unless it is at an upper
position than the 25 opening for the joint in the vacuum-producing material
container. In order to cause the flow of the ink in  the vacuum producing
material at the position away 1 7 DEC 2003 -32 from the opening for the
joint upon the ambient  condition change, it is preferably at a position
remote from the joint opening. The number, the  configuration, the size and
the like of the air vent 5 can be properly determined by the ordinary
skilled in  the art in consideration of the evaporation of the  ink.
Transportation of the Ink Cartridge-per se  During the transportation of
the ink 10 cartridge per se, the joint opening and/or-the air  vent is
preferably sealed with a sealing.mezaber or  material to suppress the ink
evaporation or the  expansion of the ink air in the ink cartridge. The
sealing member is preferably a single layer barrier 15 used in the packing
field, multi-layer member  including it and plastic film, compound barrier
material having them and aluminum foil or reinforcing  material such as
paper or cloth. It is preferable  that a bonding layer of the same material
or similar 20 material as the ink cartridge main body is used, and  it is
bonded by heat, thus improving the hermetical  sealing property. 



In order to suppress the introduction of the  air and the evaporation of
the-ink, it is effective  25 that the ink cartridge is packaged, and then,
the air is removed therefrom, and then it is sealed. As for  the packing
material, it is preferably-selected from 17 0 E C 2003 -33 the above
mentioned barrier material in consideration  of the air transmissivity and
the liquid  traasmissivity. by the proper selection as described in the  5
foregoing, the ink leakage can be prevented with high  reliability during
the transportation of the ink cartridge per se.  Manufacturincr Method The
material of the main body of the ink 10 cartridge may he any known
material. It is desirable  that the material does not influence the ink jet
recording ink or that it has been treated for avoiding  such influence. It
is also preferable that the  consideration is paid to the productivity of
the ink 15 cartridge. For example, the main body of the ink  cartridge is
separated into the bottom portion 11 and  the upper portion, and they are
integrally formed  respectively from resin material. After the vacuum
producing material is squeezed, the bottom portion 11 20 and the upper
portion are bonded, thus producing the  ink cartridge. If the resin
material is transparent  or semi-transparent, the ink in the ink container
can  be observed externally, and therefore, the timing of  



the ink cartridge exchange can be discriminated 25 easily. In order to
facilitate the bonding of the  ab ove-described sealing materials or the
like, the  provision of a projection as shown in the Figure is 1 7 DEC 2003
--34 preferable. From the outer appearance standpoint, the  outer surface
of the ink cartridge may be grained. The ink may be filled through
pressurization  and pressure reduction. It is preferably to provide  5 an
ink supply port in either of the containers since the other openings are
not contaminated at the time of  the ink filling operation. The ink filling
port after  the ink filling, is preferably plugged with plastic or  metal
plug. 10 The structure and configuration.of,the ink  cartridge can be
modified within the spirit of the present invention. Others The ink
container (cartridge) of the above- 15 described embodiments, may be
exchangeable type, or  may be unified with the recording head. When it is
exchangeable type, it is  preferable that the main assembly can detect the
exchange of the container and that the recovery 20 operation such as
sucking operation is carried out by  -the operator. As shown in Figure 14,
the ink container may  be used in an ink jet printer in which four
recording  



heads are unified into a recording head 20 connectable 25 with four color
ink containers fKla, C1b, Mlc, Yld.  Comparison Example 1 A comparison
example will be explained with 1 7 0 E C 2003 -35 the change of the
internal pressure at the ink supply  Portion of the ink container in
accordance with the  ink supply. There is no air introduction passage in
the  5 ink container, and in the vacuum pressure producing  material
container, an absorbing material having substantially uniform pores size
distribution is  contained. At the initial stage, as shown in Figure 14,
10 the ink is substantially fully contained.in the ink  container 6, and a
certain amount of the ink is  contained in the vacuum producing material
container  4. When the ink supply starts from this state, the  ink is
supplied out from the vacuum producing material 15 container 4, and
therefore, by the balance between the  static head of the ink and the
capillary force of the  ink top surface (air-liquid interface) of the
absorbing material 3 in the vacuum producing material  container 4, the
internal pressure is produced at the 20 ink supply portion. With the
continued ink supply,  the ink top surface lowers. Therefore, the negative
pressure increases substantially linearly in response  to the height
thereof into the state shown by a in  Figure 13. The.negative pressure in
the ink supply 



25 portion continues to increase until the air-liquid interface (meniscus)
is formed at the clearance at the  bottom of the ink chamber by the ink
supply. 1 7 DEC 1003 -36 Until the meniscus-formed state is  established at
the clearance, the ink surface in the  absorbing material lowers to a
substantial extent, and  the liquid surface may lower beyond the joint
portion 5 with the recording head, as the case may be. If this occurs, the
air is introduced into  the recording head with the result of instable
ejection or ejection failure.. Even if this is not reached, it is possible
10 that the internal pressure at the ink supply portion  increases beyond a
predetermined negative-pressure  determined by the pore size of the
absorbing material  at the clearance, as'shown in b in Figure 13. The
reason is considered as follows. The absorbing 15 material is compressed
more or less by the internal  wall of the vacuum producing material
container 4 at  the periphery thereof. However, because of the non-
existence of the wall at the clearance, it is not  compressed with the
result that the compression ratio 20 thereat is slightly small as compared
with the other  portion. Therefore, the situation is as shown in  Figure
12. In this Figure, the situation is shown in  which the ink is consumed
from the vacuum producing  25 material container 4 to some extent. If, the
ink is 



further supplied from this state, the meniscus R4  which corresponds to the
largest pore size among R2, 17DEC2003 -37 R3 and R4 in the absorbing
material 3, is displaced  more than the meniscuses at R3 and R4. When the
meniscus comes close to the clearance, the meniscus  force suddenly
decreases with the result that the 5 meniscus moves to the ink container,
and the meniscus  .is broken, by which the air is introduced in the ink
container. At this time,a small amount of the ink is  consumed from the
portions R3 and R4 not only from the  portion R2. The pressure. loss 6P at
the time of the 10 meniscus movement is relatively large. However, the once
broken meniscus is reformed  by the inertia at the time of the restoring,
at the  position close to the original position, and  therefore, the high
pressure loss states continues for  15 a while. Until the meniscus is
stabilized at the  portion having the pore size Ri, the similar actions
are repeated. Once the meniscus is stabilized at the clearance, the air
bubbles enter the ink container  20 until the negative pressure determined
by the pore size RI in the clearance is established, so that the
stabilization is reached. The above is shown in Figure 13, b, in which  the
ink is consumed both from the ink container and  25 the absorbing material.
If the air introduction passage is not particularly provided, the internal



pressure at the ink supply portion is not stabilized, 1 7 0 E C 2003 -38
and the pressure loss 5P at the time of the ink supply  is increased, and
therefore, the ejection property is  deteriorated with the result of
difficulty of high speed printing.  5 Embodiment 2 Figure 5 shows a device
according to another  embodiment. In this embodiment, two ribs 61 is
provided  on the partition rib 5 of the vacuum producing 10 material
container 4. The air introduction passage  A51 is established between the
ribs and the absorbing  material 3. The bottom end A of the rib 61 is
placed  above the bottom end B of the rib 5, by which the clearance 8 can
be covered by the absorbing material 3  15 simply by inserting a
rectangular parallelopiped  absorbing material 3 into the vacuum producing
material container 4. Therefore, the air introduction  passage A51 can be
extended to the position very close  to the clearance 8 without difficulty
and with 20 stability. Arrow A52 shows the flow of the air.  Using this ink
container, the printing  operation is actually carried out, and it has been
confirmed that the ink surface and the meniscus as  shown in Figure 5 can
be quickly established by the 25 ink supply due to the recording operation,
and the  sharp exchange between the air and the ink is carried  out by the
meniscus break down, and therefore, the ink 



1 7 DEC 2003 -3-9 can be supplied with small pressure loss, and  therefore,
the high speed printing operation can be  carried out with stability.
Embodiment 3 5 Figure 6 shows the device of the third  embodiment in which
the number of ribs 71 is  increased, thus increasing the number of air
introduction passages. The ribs 71 are provided on the sealing of the
vacuum producing material  10 container. According to this embodiment,. the
plurality of air introduction passages A61,can be provided with stability
from the air vent 13 to the neighborhood of the clearance 8, and therefore,
the  ink supply-can be carried out with small pressure 15 loss, as in the
first and second embodiments, and  therefore, a high speed printing
operation can be  carried out with stability. In this embodiment, even if
the air vent 13 is disposed at a position remote from the clearance 8,  20
the air can be introduced smoothly Embodiment 4 Figure 7 shows a device
according to a fourth  embodiment of the present invention. In this
embodiment, similarly to the 25 embodiments 2 and 3, ribs 81 are provided
an the  partition rib to provide the air introduction passage  A71. .The
ribs 81 are asymmetrical about the rib 5, by 1 7 DEC2003 



-40 which the passage for the ink flow from the ink  container 6 through
the clearance 8 into the vacuum  producing material container 4, and the
passage of the  air flow A73, corresponding to this ink flow A72, 5 along
the air introduction passage A71, through the  clearance 8 Into the ink
container b, can be made  independent relative to the center line A, by
which,  the pressure loss-by the exchange can be reduced: More
particularly, this structure is 10 effective to reduce the pressure loss SP
required for the exchange between the ink and the air.to'approx. one half .
Thus, the ink can be stably ejected from the  recording head. 15 Embodiment
5 Figure 8 shows a device according to a  further embodiment. The device is
provided with ribs  91. In the embodiments 2 - 4,'the top end of the ribs
91 are extended to the upper part of the internal 20 surface of the wall of
the vacuum producing material  accommodator 4. However, in this embodiment,
they are  not extended to such extent. By doing so, the top  part of the
absorbing material is not compressed by  the ribs 91, so that the
production of the meniscus 25 force at the compressed portion can be
avoided, thus  further stabilizing the vacuum control. More particularly,
the ink is consumed from 17 DEC 2003 -41 



the absorbing material 3 until the ink surface A81 in  the absorbing
material 3 (vacuum producing material  (3) moves to the stabilized ink
surface A82 in the  initial ink container from which the ink is consumed. 5
That is, if the air-liquid exchange through the air  introduction passage
air 82 is promoted too soon, the  consumption of the ink from the absorbing
material 3  becomes low as a result that the ink is consumed-from  the ink
container. Therefore, the amount of the ink 10 capable of moving to the
vacuum producing -material  container 4 from the ink container 6 at the
time of  the ambient condition change such as pressure change,  is limited.
Therefore, the buffering effect of-the  absorbing material 3 against the
ink leakage can be 15 deteriorated. Therefore, in this embodiment, the air
introduction passage A83 is provided so that the air  is introduced only
after the ink is consumed from the  absorbing material 3 to a certain
extent, by which the ink surface in the absorbing material 3 is controlled,
20 thus increasing the buffering effect against the ink  leakage.
Embodiment 6 Figure 9 shows another embodiment. In this embodiment, the air
introduction  25 passage is provided by forming a groove 100 in the
partition rib or wall. According to thisembodiment, the 1 7 0EC2003 -42
irregularity of the compression ratio of the absorbing  



material contained in the vacuum producing material  container is reduced,
and therefore, the vacuum  control is easy, so that the ink can be supplied
5 stably.  Embodiment 7 Figure 20 shows a further embodiment. The structure
is similar to that of Figure 6  embodiment. However, it is different
therefrom in 10 that the air introduction passage extends tp the bottom end
of the rib. Similarly to Embodiments 5 and 6, the ink is  consumed from
the.absorbing-material 3 until the ink  surface in the absorbing material 3
in the ink 15 container at the initial stage of the ink consumption
displaces to the stabilized ink surface position at an  end C of the
air-introduction passage A201. Thereafter, the ink in the ink container 6
is  consumed, while the air-liquid exchange is carried out  20 through the
air introduction passage. Since the air introduction passage extends to the
bottom end of the  ribs, the structure is equivalent to-the model shown  in
Figure 21. The description will be made as to the  model of Figure 21 in
detail. 25 The absorbing material 3 is considered as  capillary tubes shown
in Figure 20. The air  introduction passage A201 continues from the portion
C 1 7 DEC 2003 -43- to the bottom end of the ribs, and it is considered
that the air introduction passage A201 is connected  



again to the capillary tube at the portion above the  portion C_ 5 As
described hereinbefore, the ink surface in  the absorbing material 3 is at
a certain level at the  initial stage of the ink consumption. However, in
accordance with the consumption of the ink, the - surface lowers gradually.
In accordance with it, the  10 internal pressure in the ink supply portion
(negative pressure) increases gradually. When the ink is consumed to the
level C at  the top end of the air introduction passage A201, the  meniscus
is formed at a position-D in the capillary 15 tube. When the ink is further
received and consumed,  the ink meniscus, that is, the ink surface lowers,
again. If the position E is reached, the meniscus  force of the ink surface
in the air introduction  passage suddenly reduces, so that the ink can be
20 consumed at once in the air introduction passage.  Thereafter, the ink
is consumed from the ink  container, with this position maintained. That
is,  the air-liquid exchange is carried out. In this  manner, during the
ink consumption-, the ink surface is 25 stabilized at a.position slightly
lower than the  height C, and therefore, the internal pressure in the  Ink
supply portion is stabilized. When the ink supply 1 7 DEC 1003 -44 stops,
the meniscus in the capillary tube returns from  position E to the position
D, thus providing the  stabilization. 



As described in the foregoing, the ink 5 surface in the absorbing material
reciprocates between  the positions D and E until all of the ink is used up
in the ink container. In the Figure, A202 indicates  ink supply period, and
A203 indicates non-ink-supply  period. 10 Thereafter, the ink is consumed
from the ink  absorbing material, and therefore, the internal  pressure
(vacuum) in the supply portion increases, and  the ink becomes
non-suppliable. The internal pressure at the ink supply  15 portion is
provided as a difference between the  capillary force of the absorbing
material 3 (the  height to which the absorbing material 3 can suck the ink
up) and the ink surface level height in the  absorbing material 3, and
therefore, the height C is  20 set at a predetermined level relative to the
ink supply portion 6._ From this standpoint, it is  desirable that the pore
size of the absorbing material  3 is relatively small. The reason why the
height C is set at a 25 predetermined level relative to the ink supply
portion  6 is that if the ink surface is lower than the  supplying portion
6, the air is introduced with the 17 DEC 2OU3 -45 result of improper ink
ejection. However, it is not desirable that the height  is larger than the
predetermined, because the  buffering effect at the time when the ink is 



5 overflowed from the ink container to the absorbing  material due to the
internal pressure change in the  ink container attributable to the ambient
condition  change, is reduced. In consideration of the above,  the volume
of the absorbing material above the height 10 C is selected to the
substantially one half the volume of the ink container. The above-described
mechanism will be  explained in further detail. It is assumed that the
absorbing material has  15 a uniform density. The internal pressure in-the
ink  supply portion (vacuum or negative pressure) is  determined as
a-difference Hl.- H2 between a height Rl  to which the capillary force of
the absorbing material can suck the ink up from the ink supply portion
level 20 and the haight H2 to which the ink has already been  sucked up
from the height of-the ink supply portion. For example, the ink sucking
force of the  absorbing material is 60 mm (HI), and that the height  of the
air introduction passage A from the ink 25 containing portion is 15 mm.
(M), the internal pressure of the ink supply portion is 45 mmaq = 60 mm  -
15 mm = HI - H2. 1 7 DEC 2003 -46 At the initial stage, in accordance with
the  consumption of the ink from the absorbing material,  the height of the
liquid surface lowers  correspondingly, and the internal pressure lowers 5
substantially linearly. 



When the ink container of the above-described  structure is used, the ink
can be supplied stably by  the vacuum. The structure itself of the ink
container is  10 so simple that it can be easily manufactured using  mold
or the like, and therefore, a large number of ink containers can be formed
stably. When the ink is consumed to such an extent  that the surface level
of the liquid in the absorbing  15 material is at the air introduction
passage A201, that is, C position, in other words, the ink surface is at
E, the meniscus in the air introduction passage A201  can not be
maintained, and therefore,,the ink is  absorbed into the absorbing
material, and the air 20 introduction passage is formed. Then, the
air-liquid  exchange occurs at once. On the other hand, the  liquid surface
in the absorbing material increases  because of the ink absorbed from the
ink container, by  which the liquid surface D is established, and the 25
air-liquid exchange stops. With this state, there is  no ink in the air
introduction passage A201, and the  absorbing material above the air
introduction passage 1 7 DEC 2003 -47 in the model, functions simply as a
valve. If the ink is consumed again with this state,  the liquid surface in
the absorbing material lowers  slightly, which corresponds to opening of
the valve, 5 so that the air-liquid exchange occurs at once to  permit the
consumption of the ink from the ink  



container 6. Upon completion of the ink consumption,  the liquid surface of
the absorbing material increases  by the capillary force-of the absorbing
material. 10 When it reaches to the position D, the air-liquid  exchange
stops, so that the liquid surface is  stabilized at the position. In this
manner, the ink liquid surface can be  stably controlled by the height of
the air 15 introduction passage-A201, that is, the height of the  portion
C, and the capillary force of the absorbing  material, that is,-the ink
sucking height, is adjusted  beforehand, by which the internal pressure of
the ink  supply portion can be controlled easily. 20 In order to retain the
ink overflowed from  the ink container 6 to-the absorbing material 4 due to
the internal pressure change in the ink container due  to the ambient
condition change, the capillary force  of the absorbing material, that is,
the ink sucking .25 height is increased, by which the overflow of the ink
from the ink container can be prevented, and the  occurrence of positive
pressure at the ink supply 1 7 DEC 2003 -48 portion can be prevented.
Embodiment 8 Figure 21 is a longitudinal sectional view of  an ink
cartridge for an ink jet recording apparatus 5 according to an eighth
embodiment of the present  invention. Figure 22 is a cross-sectional view
of the  same, and Figure 23 is a sectional view showing a  



surface of the rib. An air introduction groove 103 and a vacuum  10
producing material adjusting chamber 1032 are formed  on a rib 1005 which
is a partition wall between the  ink container 1006 and the vacuum
producing material  container 1004. The air introduction groove 1031 is
formed at the vacuum producing material container 1004  15 and is extended
from the central portion of the rib 1005 to an end of the rib 1005, that
is, to the  clearance 1008 formed with the bottom 1011 of the ink
cartridge. Between the vacuum producing material 1003  contacted to the
neighborhood of the air introduction 20 passage 1031 of the rib 1005, the
vacuum producing  material adjusting chambers 1032 are formed, and are  in
an excavated form. Since the vacuum producing material 1003 is  contacted
to the inside surface of the material 25 container 1004, and therefore,
even if the vacuum  producing material 1003 is non-uniformly squeezed into
the material container 1004, the contact pressure 1 7 DEC 2003 -49
(compression) to the vacuum producing material 1003 is  partially eased, as
shown in Figures 21 and 22.  Therefore, when the ink consumption from the
head is  started, the ink contained in the vacuum producing 5 material 1003
is consumed, and reaches to the  adjusting chamber 1032. If the ink is
continued to  the consumed, the air can easily break the ink  meniscus at
the portion where the contact pressure of  



the vacuum producing material 1003 is eased by the 10 adjusting chambers
1032, and therefore, the air is  quickly introduced into the air
introduction passage  1031, thus making the vacuum control easier. In this
embodiment, it is desirable to use an  elastic porous material as the
vacuum producing 15 material 1003. When the recording operation is not
carried  out, the capillary force of the vacuum producing  material 1003
itself (the meniscus force at the interface between the ink and the vacuum
producing  20 material), can be used to prevent the leakage of the ink from
the ink jet recording head. Figures 29 -- 31 show an example of an ink
cartridge without the vacuum producing material  adjusting chamber, as a
Comparison Example. 25 Even in the ink cartridge of the Comparison
Example, the proper operation can be carried out  without problem through
the mechanism described in the 17 DEC 2003 -50- foregoing, in the usual
state. The stabilized  operation is accomplished because of the provision
of  the air introduction passage. However, in order to even further
stabilize  5 the operation, or in order to permit use of porous  resin
material having continuous pores as the negative  pressure producing
material, the further stabilization  control is desirable. As shown in
Figure 32 which is an enlarged  



10 sectional view, the vacuum or negative pressure  producing material 1003
contacts the rib 1,005, and  partly enters the air introduction groove
1031. If  this occurs, the contact pressure (compression force)  to the
material 1003 is not eased at the contact 15 portions A. This makes it more
difficult that the air  breaks the ink meniscus and enters the air
introduction passage 1031. If this occurs,'the air- liquid exchange does
not. occur even if. the ink  continues to be consumed, and the effect of
the air 20 introduction passage 1031 is not accomplished. There  is a
liability that the ink becomes non-suppliable  from the ink absorbing
material 1006. As contrasted to the Comparison Example 2, as  described in
the foregoing, this embodiment is 25 advantageous against this problem.
Embodiment 9 Figure 24 is a longitudinal-sectional view of 17 DEC 2003 -51
two ribs 1005 having different cross-sectional  section. Figure 25 is an
enlarged cross-sectional  view of a rib. As shown in the Figure, the
configuration of  5 the vacuum producing material adjusting chamber 1032
and the air introduction groove 1031, are different  from that in
Embodiment 8. More particularly, the stepped portion of the  rib 1005
contacted to the vacuum producing material 10 1003 is rounded to further
enhance the effect of  



easing the press-contact and compression., In the neighborhood of the rib
1005 adjacent  the material container 1004 having the rounded surface  R,.
the air is introduced into the ink in the material  15 1003, the thus
introduced air moves into the ink container 1006. With the movement of the
air, the ink  in the ink container 1006 is supplied into the  material
container 1004..- In an air-liquid exchanging  region, the air is
introduced into the ink contained  20 in the material 1003. In order to
carry out the air-liquid exchange  more smoothly, it is desirable that the
contact  pressure between the material 1003 and the material  container at
a lower portion of the air-liquid  25 exchanging region than in the upper
part of the-air- liquid exchanging region. This is because the air can-move
more 17 BE C 2003 --52 smoothly from the gas phase to an ink phase through
the capillary tube of the vacuum pressure producing  material 1003 whose
contacting force is eased. For example, the desired effect can be 5
provided by formation of a partial vacuum producing  material adjusting
chamber at the central portion of  the rib 1005 at the end portion of the
air  introduction group. In order to provide the equivalent function  10 to
the vacuum producing material adjusting - 6hamber  .1032 of this
embodiment, the configuration 46f the  



vacuum producing material 1003 may be changed. The  configuration and the
dimensions are not limited if the above-described requirements are
satisfied; 15 As described in the foregoing, according to  this embodiment,
the air and the ink in the ink  container are stably and smoothly exchanged
upon the  ink supply operation, and as a result,~,the internal  pressure in
the ink supply portion can be stably 20 controlled. This enables the
recording head to effect  stabilized ink ejection at high speed. In
addition, the ink container is  substantially free from the ink leakage
even if the  'internal pressure of-the ink container-changes due to 25
ambient condition change or the like.  Embodiment 10 The ink container 2001
of this embodiment is 1 7 DEC 2003 -53 a hybrid type in which the inside
thereof is  partitioned into two ink chambers a and b, which  communicate
with each other at a bottom portion, and  wherein an ink absorbing material
2002 having adjusted 5 capillary force is packed in the ink container a
substantially without clearance, and there is  an air vent 2003. In the
state shown in Figure 15, the provided suppliable ink has been supplied
from the ink chamber  10 4 and one half of the ink in the ink chamber 6
have been consumed from the initial-state where the ink  



chambers 4 and 6 are sufficiently filled. In Figure  15, the ink in the
compressed ink absorbing material 3  is maintained at a height with which
the static head 15 from the ink ejection part of the recording head, the
vacuum in the ink chamber 6 and the capillary force of  the.compressed ink
absorbing material. When the ink  is supplied from the ink supplying
portion, the amount  of the ink in the ink chamber 4 does not reduce, but
20 the ink is consumed from the ink chamber b. That is,  the ink
distribution in the ink chamber 4 does not  change, and the ink is supplied
from the ink chamber 6  into the ink chamber 4 corresponding to the ink
consumption with the balanced internal pressure 25 maintained.
Correspondingly, the air is introduced  through the ink chamber 4 and
through the air vent.  At this time, as shown in Figure 15, the ink 1 7 DEC
2093 -54 and the air are exchanged at the bottom of the ink  chamber, and
the meniscus formed in the compressed ink  absorbing material in the ink
chamber 4, is partly  blocked from the portion close to the ink chamber 6,
5 and the pressure of the ink chamber 6 is balanced with  the meniscus
retaining force of the compressed ink  absorbing material, by the
introduction of the air  into the ink chamber 6. Referring to Figure 2, the
ink supply and the production of the ink internal 10 pressure in the hybrid
type, will be described in more  detail. The compressed ink absorbing
material  adjacent the ink chamber wall is in communication with  



the air venting portion when the ink in the ink  chamber .4 has been
consumed to a predetermined extent, 15 and therefore, a meniscus is formed
against the  atmospheric pressure. The ink internal pressure at  the ink
supply portion is maintained by the compressed  ink absorbing material
adjacent to the.ink chamber  wall which is adjusted to the predetermined
capillary 20 force by proper compression. A closed space at the  top of the
ink chamber 6 before the flow out of the  ink, is balanced with the
capillary force of the  compressed ink absorbing material adjacent to the
ink  chamber wall and the.static head of the ink remaining 25 in the ink
chamber b, and the meniscus of the  compressed ink absorbing material is
maintained by the  reduced pressure. When the ink is supplied to the 1 7
DEC 2003 _55 recording head through the ink supply portion in this  state,
the ink flows out of the ink chamber 6, and the  pressure of the ink
chamber 6 is further reduced corresponding to the consumption of the ink.
At this  5 time, the meniscus formed in the compressed ink 10 absorbing
material at the bottom of the ink chamber  wall is partly broken, by which
the air is introduced  into the ink chamber from which the ink is being'
consumed, so that the pressure of the excessively  pressure-reduced ink
chamber 6 is balanced with the  meniscus retaining force of the compressed
ink  absorbing material and the static head of the ink  



itself in the ink chamber b. In this manner; the  internal pressure of the
ink supply portion'is 15 maintained at a predetermined level by the
capillary  force of the compressed ink absorbing material at the  position
adjacent to the bottom end of the ink chamber  wall. Figure 34 illustrates
function of the  20 compressed absorbing material as the buffering 25
material. It shows the state in which the ink in the  ink chamber 2006 has
been flowed out into the ink  chamber 2004 due to the expansion of the air
in the  ink chamber 2006 due to the temperature rise-or the  atmospheric
pressure reduction or the like,"from the  state shown in Figure 15. In this
embodiment, the ink  flowed into the ink chamber 2004 is retained in the 17
DEC 2003 -56 compressed absorbing material 2003. The relationship  between
the ink absorbing quantity of the compressed  ink absorbing material and
the ink chamber is determined from the standpoint of preventing the ink  5
leakage when the ambient pressure or the temperature  changes. The maximum
ink absorbing quantity of the  ink chamber 2004 is determined in
consideration of the  quantity of the ink flowed out from the ink chamber
2006 in the predictable worst condition, and the ink 10 quantity retained
in the ink chamber 2004 at the time  of ink supply from the ink chamber
2006.,,.The ink  chamber 2004 has the volume capable of accommodating  



at least such an ink quantity by the compressed  absorbing material. Figure
65 shows a graph in which 15 a solid line shows a relationship between the
initial  space volume of the ink chamber 2006 before the  pressure
reduction and the quantity of flowed ink when  the pressure is reduced to
0.7 atm. In the graph, the  chain line shows the case in which the maximum
20 pressure reduction is 0.5 atm. As for the estimation  of the quantity of
the ink flowed out of the i.nk  chamber 2006 under the worst condition, the
quantity  of the ink flow from the ink chamber 206 is maximum  with the
condition of the maximum reduced pressure is 25 0.7 atm, when 30 % of the
volume VB of the ink chamber  2006 remains in the ink chamber 2006. If the
ink  below the bottom end of the ink chamber wall is also 17 DEC 2003 -57
absorbed by the compressed absorbing material in the  ink chamber 2004, it
is considered that all of the ink  remaining in the ink chamber 2006 (30 %
of VB) is  leaked out. When the worst condition is 0.5 atm, 50 5 of the
volume of the ink chamber 2006 is flowed out.  The air in the ink chamber
2006 expanding by the  pressure reduction is larger if the remaining amount
of the ink is smaller. Therefore, a larger ink is  pushed out. However, the
maximum amount of the flowed 10 ink is lower than the quantity of the ink.,
contained in  the ink chamber 2006. Therefore, when 0.7 atm is  assumed,
when the.amount of the remaining ink becomes not more than 30 t, the
remaining amount of the ink  



becomes lower than the expanded volume of the air, so 15 that the amount of
ink flowed into the ink chamber 2004 reduces. Therefore, 30 % of the volume
of the ink  chamber 2006 is the maximum leaked ink quantity (50  at 0.5
atm). The same applies to the case of the  temperature change. However,
even if the temperature 20 increases by 50 OC, the amount of the flowed out
ink is  smaller than the above-described pressure reduction  case. If, on
the contrary, the atmospheric pressure  -Increases, the difference between
the air of the low 25 pressure because of the Ink static head in the upper
portion of the ink chamber 2006 and the increased  ambient pressure, is too
large. and therefore, there 1 7 DEC 2003 -58 is a tendency of returning to
the predetermined  pressure difference by introduction of ink or air into
the ink chamber 2006. In such a case, similarly to  the case of ink supply
from the ink chamber 2006, the 5 meniscus of the compressed ink absorbing
material 2003  adjacent the bottom end portion of the ink chamber  wall
2005, is broken, and therefore, the air is mainly  introduced into the ink
chamber 2006 into the pressure  balance state, and therefore, the internal
pressure of 10 the ink supply portion hardly changes without  substantial
influence to the recording property. In  the foregoing example, when the
ambient pressure  returns to the original state, the amount of the ink
corresponding to the introduced air into the ink 



15 chamber 2006 flows from the ink chamber 2006 into the  ink chamber 2004,
and therefore, similarly to the  foregoing embodiment, the amount of the
ink in the ink  chamber 2004 temporarily increases with the result of  rise
of the air-liquid interface. Therefore, 20 similarly to the initial state,
the ink internal  pressure is temporarily slightly positive than that at
the stabilized state, however, the influence to the  ink ejection property
of the recording head is so  small that there is no practical problem. The
above 25 described problem arises when, for example, the  recording
apparatus used under the low pressure  condition such as a high attitude
location is moved to 17 0 E C 2003 -59 a low attitude location of the
normal atmospheric  pressure. Even in that case, what occurs is only the
introduction of the air into the ink chamber 2006.  When it is used after
moved to the high attitude 5 location again, what occurs is only the slight
increase of the ink internal pressure in the ink  supplying portion. Since
the use of the apparatus  under the condition of extremely high pressure
over  the normal atmospheric pressure is not feasible, and 10 therefore,
there is no practical problem.., The ink is assuredly retained in the ink
chamber 2004 by the compressed ink absorbing material  2003 in the ink
chamber 2004 from the start of the use  of the ink container to immediately
before the 15 exchange thereof. -Since the ink chamber 2006 is  



closed, there is no ink leakage from the opening (air  vent and the ink
supply portion) and it permits the  .easy handling. The description will be
made as to the  20 desirable conditions about the compressed ink  absorbing
material and the ink chamber structure in  the hybrid type ink container.
The relationship between the ink absorbing  quantity of the compressed ink
absorbing material 2003  25 and the ink chamber is determined from the
standpoint  of preventing the ink leakage when the ambient pressure or the
temperature changes. The maximum ink 1 7 0 E C 2003 -60- absorbing quantity
of the ink chamber 2004 is  determined in consideration of the quantity of
the ink  flowed out from the ink chamber 2006 in the  predictable worst
condition, and the ink quantity 5 retained in the ink chamber 2004 at the
time of ink  supply from the ink chamber 2006. The ink chamber  2004 has
the volume capable of accommodating at least  such an ink quantity by the
compressed absorbing  material. As for the estimation of the quantity of 10
the ink flowed out of the ink chamber 2006 'Under the  worst condition, the
quantity of the -ink ,f.lo`w from the  ink chamber 206 is maximum with the
condition of the  maximum reduced pressure is 0.7 atm, when 30 % of the
volume VB of the ink chamber 2006 remains in the ink 15 chamber 2006.
If-the ink below the bottom end of the  ink chamber wall is also absorbed
by the compressed  



absorbing material in the ink chamber 2004, it is  considered that all of
the ink remaining in the ink  chamber 2006 (30 %.of VB) is leaked out. When
the 20 worst condition is 0.5 atm, 50 $ of the volume of the  ink chamber
2006 is flowed out. The air in the ink  chamber 2006 expanding by the
pressure reduction is  larger if the remaining amount of the ink is
smaller.  Therefore, a larger ink is pushed out. However, the 25 maximum
amount of the flowed ink is lower than the  quantity of the ink contained
in the ink chamber 2006.  Therefore, when 0.7 atm is assumed, when the
amount of 1 7 DEC 2003 -61 the remaining ink becomes not more than 30 %,
the  remaining amount of the ink becomes lower than the  expanded volume of
the air, so that the amount of ink flowed into the ink chamber 2004
reduces. Therefore,  5 30 % of the volume of the ink chamber 2006 is the
maximum leaked ink quantity (50 % at 0.5 atm). As for the size of the
communicating part  between the ink chambers formed at the bottom portion
of the ink chamber wall-2005 is not less than a size, 10 incapable of
formation, at the communication part, of  the ink in the ink chamber 2006
which is closed at the  top, as the first condition. The size Is selected
such that in response to the maximum ink supply speed  from the ink
supplying portion (ink supply speed at 15 the time of solid black printing
or the sucking  operation by the main assembly of the recording
apparatus), smooth air-liquid exchange is carried out.  



through the communication opening in-consideration of  the nature of the
ink such as viscosity. However, the 20 consideration should be paid to the
fact that when the  top surface of the ink remaining in the ink chamber
2006 becomes lower than the bottom portion of the ink  chamber wall 2005,
as described hereinbefore, the  internal pressure at the ink supply portion
changes 25 temporarily to the positive direction, and therefore,  the size
is selected to avoid the influence of this  event to the ink ejection
property of the recording 1 7 DEC 2003 -62 head. As described in the
description of the  operation of the ink container, in the hybrid type ink
container, the ink internal pressure at the ink supply 5 portion is
retained by the compressed ink absorbing  material 2003 adjacent the ink
chamber wall, and  therefore, in order to maintain the desired internal
pressure at the time of the ink supply from the ink  chamber 2006, the
capillary force of the compressed 10 ink absorbing material 2003 adjacent
the bottom end  portion of the.ink chamber-2005 is desirably adjusted.
More particularly, the compression ratio or the  initial pore size is
selected such that the capillary  force of the compressed ink absorbing
material 2003 15 adjacent the bottom end of the ink chamber wall 2005  is
capable of producing the ink internal pressure  ,required for the recording
operation. For example, when the internal ink pressure at the-ink supply 



portion is -h (mmaq), the compressed ink absorbing  20 material 2003
adjacent the bottom end of the ink chamber wall 2005 is satisfactory if it
has the  capillary force capable of sucking the ink to h mm.  If the
structure of the compressed ink absorbing  material 2003 is simplified, the
fine pore radius PI 25 of the compressed ink absorbing material 2003
preferably satisfies: P1 = 21'cos6/pgh 1 7 0 E C 2003 -63 where P is the
density of the ink, r is the surface  tension of the ink, 0 is a contact
angle between the  ink absorbing material and the ink, and g is the force
of gravity. 5 During the ink is being supplied from the ink  chamber 2006,
when the air-liquid interface-of the ink  in the ink chamber 2004 becomes
lower than the top end  of the ink supply portion, the air is supplied to
the  recording head, and therefore, the air-liquid 10 interface adjacent
the ink supply portion .should be  maintained at a position higher than the
tgp end of the ink supply portion. Thus, the compressed ink  absorbing
material 2003 above the ink supply portion  is given the capillary force
capable of sucking the 15 ink up to the height (h+i), wherein i is the
height of  the air-liquid interface set position (i mm) above the  top of
the ink supply portion. Similarly to the  above, it the structure of the
compressed ink  absorbing material is simplified, the radius P2 of the 



20 fine pores of the compressed ink absorbing material at  the top of the
ink supply portion is: P2 = 2rcoso/pg(h+i) In the above equation, the
height (i mm) of  the air-liquid interface right above the ink supply  25
portion is satisfactory if it is at a position higher than the top-end of
the ink supply portion. The ink  sucking force (capillary force) is
gradually decreased 1 7 0 EC 2003 -64 (if the material of the absorbing
material is the  same, the radius P3 of the fine pores is gradually
increased) (Figure 35), or the capillary force of the compressed ink
absorbing material is reduced only  5 adjacent the ink chamber wall 2005
(Figure 36), so  that the air-liquid interface gradually decreases  toward
the ink chamber wall in the further inside  portion of the compressed ink
absorbing material 2003 in the ink chamber 2004. The capillary force change
10 is connected to the capillary force at the bottom end  of the ink
chamber wall 2005 (if the material is the  same, it is Pl). The capillary
force of the portion of the  compressed ink absorbing material 2003 which
is below  15 the air-liquid interface in the compressed ink absorbing
material 2003 may be any if the ink  container is-not subjected to shock,
inclination,  rapid temperature change or another special external  force.
However, in order to permit supply of the ink 20 remaining in. the ink
chamber 2004 even if such  



external force is imparted or if the ink in the ink  chamber 2006 is all
consumed, the capillary force is  increased (radius P4 of the fine pores)
gradually  toward the ink supply portion than the capillary force 25
(radius P1 of fine pores) at the bottom end portion of  the ink chamber
wall 2005, and the capillary force at  the ink supply portion is made
larger (radius P5 of 1 7 DEC 2003 -65 the fine pores) (Figure 37). That is,
the adjustment  of the capillary force distribution satisfies: (the
capillary force at the end portion of the ink  chamber wall) < (the
capillary force right above 5 the ink supply portion)  Preferably, (the
capillary force at the bottom end portion of  the ink chamber wall) < (the
capillary force at  the bottom portion in the middle of the ink 10 chamber)
< (upper position in the middle of the  ink chamber) < (right above the ink
supply  portion) < (ink supply portion) If the structure of the compressed
ink  absorbing material 2003 is simplified, the radii of  15 the bores
satisfy: P1 > P2  Preferably,  P1 > (P3, P4) < (P2, P5) As regards the
relation between P3 and P4,  20 and the relation between P2 and P5, may be
in  accordance with the distribution of the compression  



ratio such that P3 < P4, and P2 < P5, or P3 = P4, or  P2 = P5. Referring to
Figures 35, 36 and 37, there is  25 shown preferable compression ratio
distribution as an example in which the above-described relations are
satisfied by adjusting the compression ratio, using 1 7 DEC 2003 -66 the
same material as the ink absorbing material 2003.  In these Figures, A351,
A361 and A371 indicate the  air-liquid interface, and arrows A352, A362 and
A372  indicate the compression ratio of the compressed ink 5 absorbing
material which is increasing. Figure 38 shows a comparison example 3, in
which the capillary force of the compressed ink  absorbing material 2003 at
the ink supply portion is  not larger than that in the neighborhood of the
ink 10 chamber wall. The figure shows the state iii which the  ink has been
supplied out to a certain extent from the  ink chamber 2004. In this
comparison example, an air- liquid interface A381 is -formed adjacent the
bottom  end portion of the ink chamber wall 2005, and the 15 communication
part between the ink chamber 2004 and  the ink chamber 2006 is positioned
at the air phase  side. In this case, the ink can not be supplied-out  from
the ink chamber 2006, and the air.,introduced  through the air vent portion
2013 is directly supplied 20 - into the recording head from the ink supply
portion,  and the ink container becomes non-operable at that  time. 



Figure 39 shows a Comparison Example 4, in  which, contrary to the
embodiment of this invention, 25 the capillary force of the compressed ink
absorbing  material 2003 adjacent the bottom end-portion (Figure  39(D)) or
the ink chamber wall side (Figure 39(A)) 1 7 0 E C 2003 -67 than that in
the ink supply portion. Similarly to the  Comparison Example 3, before the
formation of the air- liquid interface A391 is formed adjacent the bottom
end portion of the ink chamber wall 2005, the air 5 liquid interface
decreases beyond the top end of the  ink supply portion, and therefore,
the-ink-can not be  supplied from the ink chamber 2006, and therefore, the
air introduced through the air vent portion 2013 is  directly supplied to
the recording head from the ink 10 supply portion. At that event, the ink
container is  no longer usable. In the foregoing the description has been
made as to a monochromatic recording apparatus having  one recording head.
However the embodiments are 15 applicable to a color ink jet recording
apparatus - having four recording heads (BK, C, M and Y, for  example)
capable of ejecting different color inks or  to a single recording head
capable of ejecting  different color inks. In that case, means are added 20
to limit the connecting position and direction of the  exchangeable ink
container. In the foregoing embodiments, the ink  container is
exchangeable, but these embodiments are  



applicable to a recording head cartridge having a 25 unified recording head
and ink container.  Embodiment 11 Figures 40 and 41 shows a device
according to 1 7 0 E C 2003 -68 an eleventh embodiment. Additional two ink
chambers  2008 and 2009 are provided in communication with the  ink chamber
2006. In this modified example, the ink  is consumed in the order of the
ink chamber 2006, the 5 ink chamber 2008 and the ink chamber 2009. In this
modified example, the ink chamber-is separated into  four chambers, for the
purpose of further better  prevention of.the ink leakage upon the ambient
pressure reduction and the temperature.change which 10 have been described
with respect.to the foregoing  embodiments. If the air is expanded in the
ink  chamber 2006 and the ink chamber-2008 in the state of  Figure 41, the
expanded.part of the air in the ink  chamber 2006 is released through the
ink chamber 2004 15 and through the air vent portion 2013, and the
expanded. portion of the ink chamber 2008 is released  by.the flow of the
ink into the ink chamber 2006 and  to the ink chamber 2004. .Thus, the ink
chamber 2004  is given the function of buffering chamber. 20 Therefore, the
ink retention capacity of the  compressed.ink absorbing material 2003 in
the ink  chamber 2004 may be determined in consideration of the  leakage
quantity from one ink chamber. Therefore, the  volume of the compressed ink
absorbing material 2003 



25 can be reduced as compared with that in Embodiment 10,  and therefore,
the. ink retention ratio can be  increased. 1 7 0 E C 2003 -69 Embodiment
12 Figure 42 shows a twelfth embodiment, in  which the compressed ink
absorbing material contained  in the ink chamber 2004 is separated into
three parts,  5 each of which is given particular functions. In Figure 42,
the compressed ink absorbing material  adjacent the ink supply portion
which occupies a major  part of the ink chamber 2004 has been compressed '
beforehand with relatively high compression ratio in 10 order to increase
the capillary force. The compressed  ink absorbing-material adjacent the
end. portion of the  ink chamber is smaller than that, but it is-sufficient
to supply sufficient capillary force to produce the  internal pressure of
the ink required for the supply 15 thereof (it is relatively low
compression ratio (A423)). In addition, along the wall of the ink  chamber,
even smaller compression ratio material A424  is disposed to promote the
formation of the air-liquid  interface A421 adjacent the bottom end portion
of the 20 ink chamber.- In this embodiment, the compressed ink  absorbing
material 2003 is separated into three parts,  and is compressed beforehand,
and thereafter, it is  accommodated therein. This results in a little bit
complicated manufacturing process of the ink 25 container, but the
compression ratio (and therefore- 



capillary force) can be adjusted to be proper degrees  at respective
positions. In addition, the low 1 7 DEC 2003 -70 capillary force absorbing
material is disposed at the  lateral ink chamber wall, and therefore, the
internal  pressure of the ink supply portion reaches more quickly to the
predetermined level.  5 Embodiment 13 Figure 43 shows a 13th embodiment, in
which  similarly to the 12th embodiment, the compressed ink  absorbing
material 2003 is separated into three parts,  and there are high
compression ratio portion-A432, 10 minimum compression ratio portion A434,
and'.there is  small compression ratio portion (intermediate  capillary
force) A433 at the bottom portion of-the ink  chamber 2006. In this
embodiment, even if the ink  level in the ink chamber 2006 becomes lower
than the 15 bottom end of the ink chamber wall 2006, the ink  discharge
into the ink chamber 2004 can be suppressed,  and,therefore, the ink
internal pressure variation in  the ink supplying portion can be reduced.
Therefore,  the opening for the communication between the ink 20 chambers
at the bottom thereof can be increased, so  that the limitation in the
design of the ink container  can be slightly reduced. In this Figure, A431
shows  air-liquid interface. However, in this embodiment, as  shown in
Figure 44, if the ink absorbing material is 25 further compressed partly
(P441) at the time of  assembling the compressed ink absorbing material
2003  



at the bottom end portion of the ink chamber wall, the 1 7 DEC 2003 -71
compression ratio adjacent the ink chamber 2006  becomes locally high with
the result of the local  increase of the capillary force. Then, there is a
possibility that the air is blocked between the 5 portion adjacent the ink
chamber 2004 having the  normal compression ratio, and therefore, the
smaller  capillary force, with the result of formation of  meniscus
preventing the ink supply from the ink  chamber 2006. Therefore, this
should be avoided. 10 As described in the foregoing, according to
Embodiments 10, 11, 12 and 13, the hybrid type ink  container is improved,
and there are provided the  supply portion to the recording head and the
air vent, and there are further provided a supply ink chamber  15
containing ink absorbing material having adjusted  capillary force, and one
or more ink chamber in- communication therewith. The capillary force of the
ink absorbing material at least the upper part of the ink supply portion to
the recording head is made 20 larger than the capillary force of the ink
absorbing  material at the communicating part with the ink  chamber, by
which the stabilized ejection is  maintained, and the leakage of the ink
can be  prevented. Therefore, the ink container is easy to 25 handle, and
the ink retention rate'is high.  Embodiment 14 During pressure reduction
tests for,the ink 



1 7 DEC 2003 _72_ containers described in the foregoing, a problem has
been found that the ink is leaked out in some of the  ink container when
the ink having the composition  which will be stated in the comparison ink
3 which 5 will be described hereinafter, therefore, the leakage  prevention
performance is varied for individual ink  containers. Various
investigations and test of the  inventors have revealed that the ink
buffering effect  is influenced by affinity between the ink and the ink  10
container. Figures 14, 45 and 46 show comparison of the  ink container
resulting in the ink leakage. In Figure  45, (I) indicates a region in
which the ink absorbing  material has never been contacted by the ink; (II)
is 15 the region which has once been absorbed the ink; and 20 25 (III) is a
region containing the ink. Figure 14 shows  the initial state of the ink
container, Figure 45  shows the state in which the ink has been consumed
from the suppliable ink in the ink chamber 3004 and  one fifth the ink in
the ink chamber 3006, from the initial state. Figures 46 shows the time
when the ink  in the ink chamber 3006 is pushed out into the ink  chamber
3004 by expansion of the air in the ink  chamber 3006 due to the ambient
pressure decrease or  temperature increase from the state of Figure 45. A
part of the ink is absorbed into the portion which has  



once absorbed the ink. However, the other ink is not 1 7 DEC 1003 -73
absorbed by the absorbing material but leaks out from  the air vent 3003
along the ink container wall or the  clearance between the ink container
wall and the absorbing material. 5 The reason for this is considered as
follows. The ink absorbing material never contacted by the ink  exhibits
poor ink absorbing property. The ink  absorbing material having the
experience of ink  absorption, has different surface state to permit 10
better ink absorption. This has been confirmed in the  following manner. A
unused compressed absorbing material (polyurethane foamed material) and a
compressed absorbing material having the experience of  ink absorption
once, are immersed in the ink, and the 15 height of ink absorptions are
measured. It has been found that the unused ink absorbing material hardly
absorbs the ink (several mm), whereas the absorbing  material having the
experience of ink absorption exhibited not less than several cm, and
therefore, the 20 remarkable difference in the ink absorbing nature has
been confirmed. In the ink cartridge of this  embodiment, the ink can be
filled in the ink chamber  3006 to the limit of its volume at the initial
state.  In addition, the-ink can be filled into the ink 25 chamber 3004 to
the ink retaining limit. Therefore, in consideration of the above-described
points, the  



ink is filled into the ink chamber 3006 to the limit 1 7 DEC 2003 -74 of
its volume, and the ink is filled into the ink  chamber 3004 to establish
the once wet state of the  absorbing material is established before the use
thereof. Further thereafter, in order to maintain the 5 predetermined
vacuum immediately after the ink  cartridge is unpacked, a proper amount of
the ink can  be removed so that the ink contained in the ink  chamber 3004
is less than the ink retaining limit  thereof. 10 After the unpacking of
the ink container, the  ink is consumed from the ink chamber 3004,. and
thereafter, the ink in the ink chamber 3006 is used.  When the ink is
consumed from the ink chamber 3006  requiring the buffering function, the
ink absorbing 15 material in the ink chamber 3004 has once been wet,  and
therefore, the ink can be easily absorbed thereby,  and therefore, the
buffering function can be  sufficiently accomplished. Therefore,.the ink is
effectively prevented from leaking out through the air 20 vent. An ink
container thus produced is mounted on an  ink jet recording apparatus, and
the pressure  reduction tests are carried out. It has been found  that the
ink did not leak out from any of the ink  containers, and in addition, the
resultant record has  25 high print quality. In order to manufacture the
ink container  provided with such functions, it would be considered 



1 7 DEC 2003 -75 that the absorbing material is treated with the ink or
another agent providing good rewetting nature before  the absorbing
material is set in the container.  However, this may require the drying
step or the like. 5 Or, if the agent other than the ink is used, the
consideration should be paid to the possibility of the  damage to the
heater by the agent solved into the ink.  It would be also considered that
the ink having good  affinity with the absorbing material is used. 10
However, such an ink generally exhibits better seeping  property in the
paper, and therefore, the printed ink  smears along the fibers of the-paper
in the random  directions, thus decreasing the print quality. Figures 47
and 48 show a modified embodiment  15 of this invention. In these Figures,
(I), (II) and  (III) show the similar things as with (I), (II) and  (III)
of Figure 45. In this example, two ink chambers  3007 and 3008 are provided
which are in communication with the ink chamber 3006. In this embodiment,
the  20 ink is consumed in the order of the ink chamber 3006, the ink
chamber 3007 and the ink chamber 3008. In  this modified' example, the ink
chamber is separated  into four chambers, for the purpose of preventing the
leakage of the ink at the time of the pressure 25 reduction and the
temperature change, as described  with the foregoing embodiments. When the
airs in the  ink chamber 3006, and in the ink chambers 3007 are 17 DEC 2003



-76 expanded in the state of Figure 48, for example, the  expanded volume
of the air in the ink chamber 3006 is  released through the air vent
through the ink chamber  3004. The expanded volume in the ink chamber 3007
is 5 released by the ink flowing out from the ink chamber  3006 and the ink
chamber 3004. In this manner, the  ink chamber 3004 is given the buffering
chamber. The  ink retention capacity of the compressed ink absorbing
material in the ink chamber 3004 may be determined in 10 consideration of
the leaking amount from ohe' ink  chamber. In this case, too, the entirety
oi the  compressed absorbing material of the ink chamber 3004 is once
subjected to the ink absorption, so that the  above-described advantageous
effects can be provided.  15 Since the buffering chamber (ink chamber 3004)
can be reduced in the size, and therefore, the residual ink  amount when
the ink is removed after filled in the  manufacturing process, can be
reduced~ Embodiment 15 20 Referring to Figure 49,-Embodiment 15 will be
described. -The fun;da n al structure of the recording  head is the same as
with Figure 1. The inside of the  exchangeable ink container 3001 is
separated into four  ink chambers a, b, c and d, which communicate at the
25 bottom. An ink absorbing material 3002.having an  adjusted capillary
force is packed into the  communication part between the ink chamber a and
the T7 DEC 2003 -77 



ink chambers functioning as the ink supply portion  without substantial
clearance. The ink chamber d  having an air vent 3003 is packed with a
buffering  absorbing material to prevent the leakage of the ink. 5 This is
such a hybrid type ink cartridge. In the state of Figure 49, about one half
of  the ink in the ink chamber 3007 has been consumed from  the initial
state having sufficiently filled ink  chambers 3004, 3006 and 3007. When
the Ink is further 10 consumed, the ink is- supplied from the ink.-chamber
3006, as shown in Figure 50, from the time,at which the ink is used up from
the ink chamber 3007. The ink  is further consumed from the state shown in
Figure 50,  and at the time when the ink is used up from the ink 15 chamber
3006, the ink starts to be supplied from the  ink absorbing material in the
ink chamber 3004. When  the ink is substantially used up from-the ink
chamber  3004, the exchangeable ink container is exchanged. 20 25 Figure 51
shows the principle of the internal  pressure production of the ink and the
ink supply in  Embodiment 15. From the left ink chamber in Figure  51, the
ink 3201 has been substantially used up, and  because of the communication
with the ambience through  the air vent and the communicating portion
between the  ink chambers, it is in the atmospheric pressure. The  ink is
supplied to the-recording head from the ink  supply portion through the
communication parts between 1 7 DEC 2003 



-78 ink chambers, in response to which the ink 3201 is  supplied out from
the ink chamber in communication  with the ink chamber which has the
atmospheric pressure through the ink absorbing material 3201  5 having an
enhanced capillary force by compression,  between the ink chambers. The
pressure of the ink  chamber is reduced corresponding to the consumption of
the ink. Then, the air is introduced into the ink  chamber from which the
ink is consumed so that the 10 pressure of the ink chamber whose pressure
is reduced by partial break down of the meniscus in the'  compressed ink
absorbing material 3202 between the ink  chambers. The internal pressure of
the ink supply  portion.is maintained at a predetermined level by the 15
capillary force of the compressed ink absorbing  material in the ink
communicating part between ink  chambers. Figure 52 shows the change of-the
internal  pressure at the ink supply portion-of the exchangeable 20 ink
container of Embodiment 15 in response to the ink  supply (consumption).
The internal pressure is  produced by the capillary force of the buffering
absorbing material or ink absorbing material, but the internal pressure is
produced by the capillary force  25 of the compressed ink absorbing
material (compressed  portion) in the communicating part between the ink
chamber 3008 and the ink chamber 3007 in accordance 17DEC2003 _79 



with the supply of the ink, so that during the ink  supply from the ink
chamber 3007, the substantially  constant ink pressure is maintained as
described in  the foregoing. When the ink is further consumed, the 5 ink
supply from the ink chamber 3006 is-started. Upon  the switching of the ink
chamber, the internal  pressure at the ink supply portion-slightly varies.
It is considered that this phenomenon is related with  the measurement of
the internal pressure with the 10 continuous ink supply and the temporary
occurrence of  the pressure reduction state-both in the ink chambers  3007
and 3006. However, it has been confirmed that  the variation is not a
significant problem with  respect to the function such as the recording 15
performance of the recording head. When the ink becomes stably consumed
from the  ink chamber 3006, the internal pressure is stabilized  again.
When the ink is consumed up from the ink  chamber 3006, the ink is supplied
(consumed) from the 20 ink chamber 3004. It has been found that the
recording operation is not adversely affected by the  ink supply
stabilization period shown in Figure 52. Figure 53 illustrates the function
of the  buffering absorption material 3203, and the ink has  25 been
overflowed from the ink chamber 3007 due to the air expansion in the ink
chamber 3007 attributable to  the reduction of the atmospheric pressure and
the 17 DEC 1003 -80- temperature rise. In this embodiment, the overflowed  



ink into the ink chamber 3008 is retained by the  buffering absorbing
material. In the case of 0.7  atoms, the ink retaining Capacity of the
buffering 5 absorbing material 3300 is determined 30 % ink leakage  from
the ink chamber 3007 at the maximum. When the  atmospheric pressure
restores to the level before  pressure reduction (1 atm), the ink leaked
into the  ink chamber 3008 and retained in the buffering 10 absorbing
material 3203 returns to the ink Chamber  3007. This phenomenon occurs in
the similar manner in  the case of the temperature change of the ink
container, but the amount of leakage is smaller than  that at the time of
pressure reduction even if the 15 temperature increases by 50 C
approximately. In this case, the ink buffering material is  designed in
consideration of the maximum leakage.  However, during the pressure
reduction test, a problem  has been found that the ink leaks out in some of
the 20 ink containers, and therefore, the leakage prevention  property is
dependent on the individual containers. It has been found that this is
because of the affinity  between the ink and the.buffering absorbing
material  3203 in the ink chamber 3008. 25 In Embodiment 15, therefore, the
buffering  absorbing material 3203 is subjected to the experience  of ink
absorption therein before use thereof.. It has 17 D E C 2003 _81*_ been
confirmed that when the ink is pushed out into  the ink chamber 3008 due to
the expansion of the air  



in the ink chamber 3007 due to the temperature rise or  the pressure
reduction, the ink is absorbed in the 5 buffering absorbing material 3203
in the ink chamber  3008, and therefore, the ink does not leak out. As
described hereinbefore, the ink chamber  3008 is an ink buffering chamber,
and therefore, 'a't  the initial stage of the use, it is preferable that it
10 is not filled with the ink. Therefore, in this  embodiment, the
inkchambers 3004, 3006 and 3007-dre  filled with the ink up to the limit,
and the ink  chamber 3008 is filled with the ink substantially to  the
limit, and thereafter, the ink is removed from the 15 ink chamber 3008,
thus assuring the.bdffering effect.  The.ink container produced in this
manner is  loaded in an ink jet recording apparatus, and the  pressure
reduction tests are carried out. As a  result, it has been confirmed that
there occurs no 20 leakage, and the resultant record is of high quality
and reliability. As described in the foregoing with respect to  Embodiments
14 and 15, there is provided an ink  container cartridge having an ink
supply chamber 25 containing ink absorbing-material having.adjusted
capillary force and one-or more ink chambers for  containing ink and in
communication with the supply 77 DEC 20113 -82 ink chamber, in which the
absorbing material has been  wetted with the ink, by which the ink does not
leak  out even if the ambient condition of the ink jet  



recording apparatus changes, when the recording 5 material is carried out
or not carried out. The'ink  used efficiency is high and the print quality
is also  high. Embodiment 16 In the ink cartridge of the foregoing 10
embodiments, when the supply ink chamber. containing  the ink absorbing
material becomes empty,. it' is  difficult to refill the container in some
cases.  Figure 61 shows the situation in which the ink is going to be
supplied (refill) into the.ink 15 container with which the ink in the
supply ink chamber  has been used up. Even if the ink is used up in the
supply ink chamber (ink chamber 4004) after the ink in  the ink chamber
4006 has been used up,,a slight amount  of-ink remains in the absorbing
material. The ink 20 forms meniscuses in various portions of the absorbing
material. When the ink is going to be supplied into  the ink chamber 4006
not containing the absorbing  material 4202, the meniscuses in the
absorbing  material in the ink chamber 4004 prevent dense filling 25 of the
ink therein. Rather, big bubbles remain, as  indicated by A611. When such
an ink container is  joined with the recording head, the ink flow is not 1
7 0 E C 2003 -83 sufficient because of the existence of the air bubbles  in
the absorbing material 4202 in the ink chamber  4004, and therefore, the
ink flow easily stops. In this case, the operator does not notice 



5 the emptiness of the ink chamber 4006 because the ink  is contained in
the absorbing material 4202 in the ink  chamber 4004, and therefore, the
recording operation  is possible even after the ink is used up in the ink
chamber 4006. The operator will become aware first 10 that the ink has been
used up from the ink chamber  4004 and the ink chamber 4006 only after the
recording  operation becomes not possible as a result of the  complete
consumption of the ink in the absorbing  material 4202 In the ink chamber
4004. Even if the 15 ink is refilled in the-ink chamber 4006 of this state,
the ink in the ink chamber 4006 does not in contact  with the ink contained
in the absorbing material in  the ink chamber 4004, and therefore, it is
not possible to supply the ink so that no bubble remains  20 in the
absorbing material 4202 in the ink chamber  4004. In order to solve this
problem, the ink  container comprises an ink supply chamber provided  with
an ink supply portion for the recording head, an 25 air vent and ink
absorbing material contained-therein,  at least one ink chamber in
communication with the ink  supply chamber and containing ink, and ink
detecting 1 7 DEC 2003 -84 means for detecting reduction of the remaining
amount  of the ink while a predetermined amount of the ink  remains in the
ink chamber. The description will be made as to the means  5 for detecting
the remaining amount of the ink. 



Figure 54 shows an example of a control  system according to this
invention. It comprises a  controller in the form of a microcomputer having
a  built-in A/D converter, a voltage converter 4300, an 10 alarming device
4400. Designated by a reference  numeral 4010 is a recording head. The
alarming device  may be in the form of an LED display or the like or  tone
producing means such as buzzer or the like, or in  the form of combination
thereof. A main scan 15 mechanism 4500 for scanningly moving the carriage
HC  includes a motor or the like. A sub-scan mechanism  4600 includes a
motor or the like for feeding the  recording medium. Designated by a
reference V is a  remaining amount detection signal from the ink 20
container. In this embodiment, the constant current  flows between the.two
electrodes in the ink chamber  4006, and the remaining amount of the ink in
the ink  chamber 4006 is determined on the basis of the resistance between
the two electrodes.. In this case,  25 there is a relationship as shown in
Figure 66 between  the remaining amount of the ink and the resistance
between electrodes. 1 7 D E C 2003 -85 As shown in Figure 55, when the ink
level in  the ink chamber 4006 lowers to below the upper  electrode of the
two electrode 4100, the resistance between the two electrodes abruptly
increases, and a  5 corresponding voltage is produced between the
electrodes. The voltage is supplied directly or  



through a voltage converter circuit 4300 to the A/D  converter in the
controller, and is A/D--converted  thereby. When the measured value exceeds
a 10 predetermined level Rth, the necessity of-the ink  injection is
informed of to the operator by actuating  the warning device 4400. At this
time, the operation  of the main apparatus may be stopped,-or the-apparatus
may be stopped after the current operation is 15 completed. Thus, the ink
consumption is stopped while a  small amount of the ink remains in the ink
chamber  4006, and therefore, the ink can be refilled  continuously in the
absorbing material in the ink 20 chamber 4004, and therefore, the ink
container can be  reused. Figure 56 shows the change of the internal
pressure at the ink supply portion of the exchangeable  ink container
according to this embodiment in 25 accordance with the ink supply
(consumption). At the  initial stage, the internal pressure (negative
pressure) is produced by the capillary force of the 1 7 DEC 2003 -86
compressed ink absorbing material 4202 in the ink  chamber 4004. However,
with the reduction of the ink  in the ink chamber 4004 by the consumption
of the ink,  the internal pressure by the capillary force gradually 5
increases in accordance with the compression ratio  distribution (pore
distribution) In the compressed ink  absorbing material 4202. When the ink
is further  



consumed, the ink distribution in the ink chamber'4004  is stabilized, and
the ink in the ink chamber 4006 10 starts to be consumed, and the air is
introduced into  the ink chamber 4006 in the manner described in the
foregoing. Thus, substantially constant internal  pressure is maintained.
When the ink is further  consumed to such an extent that a predetermined
amount 15 of the ink is consumed from the ink chamber 4006, the  remaining
amount detector operates, and the action of  promoting ink refilling and
stoppage of the printing  operation, is carried out. By doing so, the
refilling  is-possible before the ink is consumed from the ink 20 chamber
4004 beyond a predetermined degree, and  therefore, the ink can be refilled
in the refillable- state. As for the refilling method, as shown in  Figure
57, for example, an ink supply port 4005 of the 25 ink chamber 4006 is
unplugged, and the ink is injected  into the ink chamber 4006 with a pipe
4052 or the  like. After the injection, the supply port 4005 is 1 7 DEC
2003 -87 plugged by a plug 4051. The refilling method is not  limited to
this, but another method is usable. The  position of the ink supply port
4005 is not limited to  that described above. Thus, the ink cartridge can
be  5 reused. In the foregoing, the remaining amount of the  ink is
detected on the basis of the resistance between  electrodes in the
container. However, the method'of  



detection is not limited to this type. Mechanical or 10 optical detection
method is usable. In this embodiment, the ink container is an  exchangeable
type, but it may be an ink jet recording  head cartridge having a recording
head and an ink  container as a unit. 15 Embodiment 17 Referring to Figures
58, 59 and 60,  Embodiment 16 will be described.' In fluid  communication
with the ink chamber 4006, two ink  chambers 4007 and 4008 are provided. In
this 20 embodiment, the ink is consumed in the order of ink  chamber 4006,
ink chamber 4007 and the ink chamber  4008. In this embodiment, the ink
chamber is divided  into four parts, for the purpose of preventing the ink
leakage when the ambient pressure reduces or the 25 ambient temperature
increases, as described with  respect to Embodiment 16. For example, when
the  .airs in the ink chamber 4006 and the ink chamber 4007 1 7 DEC 2003
-88 expand in the state of Figure 58, the expanded amount  of the ink
chamber 4006 is released through the air  vent and through the ink chamber
4004. As shown in  Figure 59, the expanded amount in the ink chamber 4007 5
is-released by the flow of the ink into the ink  chamber 4006 and the ink
chamber 4004. Thus, the ink  chamber 4004 is provided with the buffering
chamber  function. Therefore, the ink retaining capacity of  the compressed
ink absorbing material 4202 in the ink 



10 chamber 4004 is determined in consideration-,,of the  leakage of the ink
from one ink chamber. In this case, the ink is consumed  sequentially from
the ink chamber 4006 and the ink  chamber 4007. When the ink is consumed
from the last 15 ink chamber 4008, then the ink is consumed from the  ink
chamber 4004 containing the absorbing material up  to the ink supply stops.
In order to detect the  remaining amount of the ink in the ink, chamber
4008,  there are provided electrode 4100 in the ink chamber 20 4008, as
shown in Figure 60. An ink injection port is  formed in the ink chamber
4006. In this embodiment,  the remaining amount of the ink is detected only
in  the ink chamber 4008, and therefore, the ink chamber  4006 and the ink
chamber 4007 are capable of 25 containing the ink to the all volume thereof
except  for the communicating part. If the electrodes are  located at the
same level as in Embodiment 16, the 17 DEC 2003 -89 amount of the ink
remaining in the ink chamber not  containing the absorbing material at the
time when the  electrodes detect the limit, can be reduced, to permit
efficient use of the space. 5 In this embodiment, similarly to Embodiment
16, the refilling is possible before the ink becomes  insufficient in the
ink chamber 4004 containing the  absorbing material. Embodiment 18 10
Figure 62 shows Embodiments 18, in which the  



wall of the ink container is of transparent or semi- transparent material,
so that the remaining amount of  he ink can be detected optically. In this
case, a  light reflecting plate 4002 such as mirror for 15 reflecting the
light is provided on the ink chamber  wall in the ink chamber 4006 to
reflect the light, and  a photosensor comprising a light emitting element
4043  and a light receiving element 4044 is disposed outside  the
container. The light emitting element 4043 and 20 the light receiving
element 4044 may be provided on  the carriage, or at the home position
having the  recovery system. In Figure 62, the light is emitted from the
light emitting element 4043 at a predetermined angle,  25 and the light is
received by the light receiving element 4044 after it is reflected by the
reflection  plate. For example, the light emitting element 4043 17 0 E C
2003 _90 is of LED element, and the light receiving element  4044 is a
phototransistor or the like. In Figure 62,  (a), the ink is full
substantially. In such a  situation, the light emitted from the light
emitting 5 element 4043 is blocked by the ink in the ink chamber  4006, and
therefore, the light receiving element 4044  does not receive the light,
and therefore the output  of the detector is small. However, the ink is
consumed to the state shown in Figure 62, (b), the  10 light from the light
emitting element 4043 is not  blocked, and therefore, the output of the
light  



receiving element becomes high. When the light energy  (output of the
detector) of the light receiving  element 4044 exceeds a predetermined
threshold, a 15 warning signal for promoting the injecti on of the ink  is
produced. Figure 63 shows a modified example in which  the light emitting
element and the light receiving  element is opposed with the ink.container
20 therebetween. Figure 63(a) is a top plan view, and  Figure 63(b) is a
cross-sectional view. In this case,  the material of the ink chamber 4006
is also  transparent or semi-transparent. In this example,  there is no
need of using the reflection plate, and 25 the detection sensitivity is
better since the light is  directly received. In the foregoing, the
description has been 17 DEC 2003 _91 made with respect to a single ink
container, but the  present invention is applicable to ink-containers for
a color ink jet recording apparatus operable with a  plurality of recording
head for black, cyan, magenta 5 and yellow color. Also, the present
invention is  usable with a single recording head capable of  ejecting
different color inks. The threshold may be changed for the  respective
colors. A filter or the like may be used  10 in accordance with the-color
of the ink tQ select a predetermined wavelength light, and the ink
remaining  amount may be detected on the basis of the  



transmissivity of the ink. In the foregoing, the ink container is 15
exchangeable. However, it is in the form of an ink  jet head cartridge
having-integral recording head and  the ink container. Embodiment 19 Figure
64 shows Embodiment 19, in which the  20 ink chamber -4006 in Embodiment 16
is divided into two  parts, and one of them (ink chamber 4007) is
exchangeable. Figure -64, (a) shows the state in which  the remaining
amount detector is actuated as a result  of the ink consumption. -In this
case, a fresh ink 25 chamber 4007 is prepared, and replaces the ink chamber
40 07. Figure 64, (b) shows the state in which the  used-up ink chamber
4007 is removed, and a full.fresh 1 7 0 E C 2003 -92 ink container is going
to be mounted. In Figure 64,  (c), the exchange has been completed. At this
time, a  plug 4052 at the bottom of the ink chamber C is tone  by the
injection port 4005 located at an upper 5 position of the ink chamber 4006,
so that the ink is  supplied. By doing so, there is no need of using
pipette or injector, and therefore, the operators  fingers are not
contaminated. It is possible that the ink chamber 4004 and the ink chamber
4006 remain 10 connected, and therefore, the minimum part exchange is
sufficient, and therefore, it is advantageous from the  economical
standpoint. In Embodiment 19, the remaining amount  



detector is not limited to the type using the 15 resistance between the
electrodes. It may be an  optical type as in Embodiment 18, or another type
is  usable. A further preferable ink remaining amount  detecting method is
to detect whether~or not there is  the ink liquid continuing through the
communicating 20 part between the ink chamber 4004 and the ink chamber
4006. As a structure for doing this, the electrodes  4100 may be disposed
at the opposite sides of the  communicating part between the ink chamber
4004 and  the ink chamber 4006, respectively. 25 In this embodiment, the
recording head and  the ink container are separable. However, the
recording head may be integral with the ink container 17 DEC 2003 -93 5 10
including the ink chambers 4004 and 4006. As described in the foregoing,
according to  Embodiments 16 - 19, there is provided an ink  container
provided with ink supply portion for the  recording head and an air vent,
which comprises an ink  supply chamber containing the Ink absorbing
material,  at least one ink chamber for containing the ink and
communicating with the ink supply chamber, in which  the insufficiency of
the Ink is detected while a  predetermined amount .of the- ink remains in
the ink  chamber, and the result of the detection is notified  to the
operator. Then, the recording operation can be  



stopped so as to permit the ink chamber to be refilled  with the ink, so
that the ink container can be reused. 15 The inventors have investigated
the property  of the ink suitably usable with the ink containers of  the
foregoing embodiments. The preferable ink shows the stability of the
air-liquid exchange portion  against the vibration of the ink, and it is
stabilized 20 against the ambient condition change. The description will be
made such inks  suitably usable with the ink containers of the  foregoing
embodiments. The fundamental structure of the ink includes  25 at least
water, coloring material and water-soluble  organic solvent. The organic
solvent is low volatile  and low viscosity material having high 1 7 DEC
2003 -94 compatibility with water. The following is examples:  amides such
as dimethylformamide and di.methyl- acetoamide, ketones such as acetone,
ethers such as  tetrahydrofuran and dioxane, polyalkylene glycols such 5 as
polyethylene glycol and polypropylene glycol,  alkylene glycols such as
ethylene glycol, propylene  glycol, butylene glycol, triethylene glycol,
thiodiglycol, hexylene glycol and diethylene glycol,  lower alkyl ethers of
polyhydric alcohols such as 10 ethylene glycol methyl ether,
diethylene.glycol  monomethyl ether and triethylene glycol monomethyl
ether, monohydric alcohols such as ethanol and  isopropyl alcohol, and
besides, glycerol, 1,2,6- 



hexanetriol, N--methyl-2-pyrrolidone, 1, 3-dimethyl-2 15 imidazolidinone,
triethanolamine, sulfolane and  dimethyl sulfoxide. No particular
limitation is  imposed on the content of the water-soluble organic
solvent. However, it may preferably be within a range  of from 1 to 80 % by
weight. The coloring material 20 usable with this invention may be a dye or
a pigment.  The dye may preferably be water-soluble acid dye,  direct
color, basic dye, reactive dye or the like.  The content of the dye is not
particularly limited,  but 0.1 - 20 % by weight on the basis of the ink
total  25 weight is preferable. Use of surfactant is desirable to adjust
the  surface tension. Examples of such a surfactant used 17 DEC 2003 -95
include anionic surfactants such as fatty acid salts,  higher alcohol
sulfuric ester salts, alkylbenzene- sulfonates and higher alcohol
phosphoric ester salts,  cationic surfactants such as aliphatic amine salts
and 5 quaternary ammonium salts, nonionic surfactants such  as ethylene
oxide adducts of higher alcohols, ethylene  oxide adducts of alkylphenols,
aliphatic ethylene  oxide adducts, ethylene oxide adducts of higher
alcohol fatty acid esters, ethylene oxide adducts of 10 higher alkyl
amines, ethylene oxide adducts of fatty  acid amides, ethylene oxide
adducts of polypropylene  glycol, higher alcohol fatty acid esters of
polyhydric  alcohols and alkanolamine fatty acid amides, and amino  acid-
and betaine-type amphoteric surfactants. No 



15 particular limitation is imposed on such a surfactant.  However,
nonionic surfactants such as ethylene oxide  adducts of higher alcohols,
ethylene oxide adducts of  alkylphenols, ethylene oxide-propylene oxide 20
25 copolymers, ethylene oxide adducts of acetylene glycol  are preferably
used. Further, it is particularly  preferred that the number of moles of
added-ethylene  oxide in the ethylene oxide adducts should be within,a
range of from 4 to 20. No particular limitation is  imposed on the amount
of the surfactant to be added.  However, it may preferably be within a
range of from  0.01 to 10 % by weight. The surface tension may be
controlled by the above-described water-soluble 1 7 DEC2003 --96 5 10 15 20
25 organic solvent. in addition to the above components, the  first liquid
may contain additives such as viscosity  modifiers, pH adjusters,
mildewproofing agents or  antioxidants, as needed. The viscosity of the ink
is 1 - 20 cp. The  surface tension should be 20 dyne/cm - 55 dyne/cm.
Further preferably, it is 25 - 50 dyne/cm. If the  



surface tension of the ink is within this range, it  does not occur that
the meniscus of the recording head  orifice is broken and but the ink is
leaked out from  the head orifice when the printing operation is not
carried out. The quantity of the ink contained in the ink  cartridge may be
properly determined up to the limit  of its inside volume. In order to
maintain the vacuum  immediately after the ink cartridge is unpacked, the
ink may be filled to its limits. However, the  quantity of the ink in the
vacuum producing material  may be lower than the ink retaining capacity of
the  vacuum producing material. Here, the ink retaining  capacity is the
amount of the ink capable of being  retained in the individual material.
The inks according to the embodiments of the  present invention and the
comparison example will be  described. A mixture of water and water-soluble
organic 1 7 DEC 2003 -97 solvent is stirred with a dye for four hours, and
thereafter, a surfactant is added thereto. Then, it  is passed through a
filter to remove foreign matters.  The ink has been supplied in the ink
cartridge of 5 Figure 11, and the recording operation is carried out  in
the recording apparatus of Figure 12. The following is composition, nature
of the  ink and the result of record. 10Ex.1Ex.2Ex,3 -Ex.4 



diethylene 15 %10 %10 %10 % glycol cyclohexanol2 % glycerol5 %
thiodiglycol5 %5 % 15 SURFRON S-145 0.1 % (fluorinated surfactant)
ACETYLENOL EH 2%- (acethylene glycol-ethylene  20oxide adducts) 2.5%2.5
%0.2 %2.5 % dyestuff waterrestrestrestrest [surface tension](31 [25[40[40
dyne/cm] dyne/cm]dyne/cm]dyne/cm] Clear color images have been recorded,
and  25 the ink in the cartridge has been used up without trouble, for all
of Examples 1 - 4. 17 DEC 2003 -98 Comp. Ex. 1 Comp. Ex. 2 5 



thiodiglycol 15 % 5 % 0.1 % diethylene  glycol glycerol 5 % SURFLON S-145
(fluorinated  surfactant) ACETYLENOL EH  (acethylene  glycol-ethylene
oxide adducts) 10 dyestuff  water  [surface tension] 15 2.5 2.5 %  rest
rest  17.6 dyne/cm 57.4 dyne/cm Clear color images Bleeding has has been
formed. occurred between  The ink has dropped colors. The ink  out from the
head has dropped out  by small input, from the head by small impact. The
yellow dye was Acid Yellow 23, the cyan  dye-was Acid Blue 9, the magenta
dye was Acid Red 289, 



20 and the black dye was Direct Black 168. The surface tension was measured
at 25 oC  through Wilhelmy method. The following is the surface potential
at 20  -- 25 oC of typical water-soluble organic solvents: 25 Ethanol (22
dyne/cm), isopropanol (22  dyne/cm), cyclohexanol (34 dyne/cm), glycerin
(63  dyne/cm), diethyleneglycol (49 dyne/cm), 1 7 DEC 7003 -99
diethyleneglycol monomethylether (35 dyne/cm),  triethyleneglycol (35
dyne/cm), 2-pyrrolidone (47  dyne/cm,), N-methylpyrrolidone (41 dyne/cm).
The desirable surface tension can be provided  5 by mixture with water. The
method of controlling the ink surface  tension- using surf actant will be
described. For example, 28 dyne/cm of the surface  tension can be provided
by addition of I % of sorbitan  10 monolaurate ester on the basis of.
water; -,35 dyne/cm can be provided by addition of I. % of polyoxyethylene-
sorbitan monolaurate ester; 28 dyne/cm can be provided  by addition of not
less than 1 % of ACETYLENOL EFT  (acetylene glycol-ethylene oxide adducts).
If a lower 15 surface tension is desired, 17-dyne/cm is provided by
addition of 0.1 % of SURFLONS-145 (perfluoroalkyl- ethylene oxide adducts)
(available from Asahi Glass  Kabushiki Kaisha, Japan). The surface tension
slightly varies by another additives, and therefore,  20 proper adjustment
can be done by skilled in the art. 



As described in the foregoing, the ink buffer  is designed in consideration
of the maximum leaking  ink quantity. It has been found that the ink
buffering effect is significantly influenced by the 25 composition of the
ink.. The following is a comparison example. 17DED2003 -100 Comp. Ex. 3 dye
4 parts  glycerol 7.5 parts  thiodiglycol 7.5 parts 5 urea 7.5 parts  pure
water 73.5 parts When the ink is pushed from the ink chamber  3006 into the
ink chamber 3004 due to the expansion of  the air in the ink chamber 3006
due to the pressure 10 reduction or temperature rise, as shown.in Figure
46,  the problem occurs that the ink is not absorbed by the  absorbing
material and is leaked through the air vent  3003 or the like through the
clearance between the container wall and the absorbing material. 15 The ink
for the ink jet recording containing  surfactant has been proposed. The ink
is advantageous  in that the fixing property is very good for a copy
sheet, bond sheet or another plain paper, that in  proper color mixing
(bleed or the like) does not occur 20 even when different color ink
recording regions are  close in the color recording, and therefore, uniform
coloring is possible. The following is an example of  



the composition: 25 1 7 DEC 2003 -101 5 Ex. 5 dye 4 parts  glycerol 7.5
parts  thiodiglycol 7.5 parts  acetylene glycol-ethyl oxide adducts (m+n =
10) 5 parts  urea 7.5 parts  pure water 68.5 parts When such an ink used,
the ink does not leak 10 out of the ink cartridge because the ink-is
absorbed 15 20 25 interface of the ink in the ink chamber 2004 when the by
the absorbing-material 2003 in the ink 'chamber 2004  when the ink
is-pushed out of the ink chamber 2006  into the ink chamber 2004 due to the
expansion of the  air in the ink chamber 2006 due to the temperature  rise
or the pressure reduction in the atmosphere, as  shown in Figure 34. As
described hereinbefore, the air-liquid ink is supplied from the ink chamber
2006, is  maintained at a height where the static head from the  ejection
part of the recording head, the vacuum in the  ink chamber 2006 and the
capillary force of the  



compressed ink absorbing material. It is assumed that  the average ink
height of the air-liquid interface in the ink chamber 2004 at this time is
H. When the ink  is flowed out from the ink chamber 2006 due to the
atmospheric pressure reduction or temperature rise, 1 7 DEC 2003 -102 the
height of the air-liquid interface of the ink  chamber 2004 is desirably
maintained further higher by  h. In an example of this embodiment, the
total height  in the ink chamber is 3 cm, the ink chamber 2004 and 5 the
ink chamber 2006 have the volume of 6 cc,  respectively. At the time of the
initial stage, the  ink chamber 2006 is completely filled (6 cc), and the
ink chamber 2004 containing the compressed absorbing  material 2003
(polyurethane foamed material) contains 10 4 cc ink (ink total: 10 cc}.
-The porosity,of the  absorbing material is not less than 95 %, and if it
is  assumed that the ink is completely contained in the  all of the pores
of the absorbing material, the ink  chamber 2004 is capable of containing
approx. 6 cc. 15 The ink is first consumed from the ink chamber 2004,  and
a while after, the ink starts to be consumed from  the ink chamber 2006.
The air-liquid interface of the  ink chamber 2004 is maintained at the
level where the  static head of the ejection part of the recording 20 head,
the vacuum in the ink chamber 2006 and the  capillary force of the
compressed ink absorbing  material are balanced. On the average, the level
of the air-liquid interface at this time is approx. 1.5  



cm. If it is assumed that all of the pores of the  25 absorbing material
contain the ink, the quantity of the ink in the ink chamber 2004 is approx.
3 cc. Here, the maximum pressure reduction of the atmosphere 1 7 DEC 2003
-103 is 0.7 atom, 1.8 cc of the ink which is approx. 30 %  of the volume of
the ink chamber 2006, can be  overflowed. Therefore, the ink chamber 2004
preferably absorbs and retains approx. 3 cc + 1.8 cc 5 (ink level of
approx. 2.4 cm). When the maximum  reduced pressure 0.5 atom, 3 cc of the
ink which is  approx. 50 % of the volume of the ink chamber 2006 can  be
overflowed, and therefore, the ink chamber 2004 can  absorb and retain
approx. 3 cc + 3 cc (ink liquid 10 surface height of approx. 3 cm).
Therefore, the ink  chamber 2004 has a enough volume to contain the volume
of the absorbing material, the volume of the ink  retained in the ink
chamber 2004 and the volume of the  ink overflowed from the ink chamber
2006. Therefore, 15 the volume of the ink chamber 2004 is influenced by
the estimation of the ink overflow volume from the ink  chamber 2006. The
retaining ink height H of the porous  absorbing material is generally
expressed by capillary  20 force equation, as follows: H = 2rcosO/pgr where
T is the surface tension of the ink, 0 is the  contact angle between the
ink and the ink absorbing  material, P is the density of the ink, g is the
force 



25 of gravity, and r is an average pore radius of the ink  absorbing
material. It will be understood that in order to 1 7 DEC 2003 -104 increase
the ink retention capacity by increasing the  height H, it is considered
that the surface tension of  the ink is increased, or the contact angle
between the  ink and the ink absorbing material is decreased (cos9  5 is
increased). As regards the increase of the ink surface  tension, the ink of
comparison example 3 as a  relatively high surface tension (50 dyne/cm).
However, as described hereinbefore, the ink has not 10 been absorbed
properly by the ink absorbing material.  As regards the reduction of the
contact angle 0  between the ink and the ink absorbing material, it  means
to increase the wettability of the ink to the  absorbing material. In order
to accomplish this, 15 surfactant is used. In the case of Example 5 ink,
the surface  tension is small (30 dyne/cm2) because of the addition of the
surfactant, but the wettability between the  .absorbing material and the
ink is improved. By doing 20 so, it is more effective to improve the
wettability of  the ink latter than increasing the surface tension in
order to improve the permeability. For the purpose of comparison in the ink
permeability, the compressed absorbing material  25 (polyurethane foam
material) is immersed in the  



Comparison Example 3 ink and the Example 5 ink, and the height of ink
absorption was measured. The 17 OEC 2003 -105 5 Comparison Example 3 ink
hardly absorbed the ink  (several mm), whereas the Example 5 ink was
absorbed  to the height of not less than 2 cm. It will be  understood that
the ink having the improved  permeability by containing the surfactant, as
in the  case of Example 5, the ink can be sufficiently  absorbed even when
the ink is overflowed from the ink  chamber due to the pressure reduction
or temperature  rise. 10 The preferable penetrating agents.. ; include
anion surfactant such as OT type aeroso 1, sodium  dodecylbenzenesulfonate,
sodium laurylsul. fate, higher  alcohol-ethylene oxide adducts represented
by general is Formula (1], alkylphenol-ethylene oxide adducts  represented
by general Formula [2], ethylene oxide- propylene oxide copolymer
represented by general  Formula [3] and acetylene glycol-ethylene oxide
adducts; represented by general Formula [4]. I The anion surfactant has
stronger foam 20 producing tendency, and is poorer.in the bleeding,  color
uniformity and feathering or the like than the  nonionic surfactant, the
following nonionic surfactant  represented by the following formula is
used. 



Here, n is preferably 6 - 14, and R 25 preferably has 5 - 26 carbon atoms,
in Formula [1] and  [21; m+n is preferably 6 - 14 in Formulas (3) and [4).
1 7 DEC 2003 -106 R-O -&CHZCHZO}n H 5 where R is alkyl, -O{-CH2 CH2O_Yn_H
where R is alkyl, CH3  H-f CH2CH2O {-CH-CH2O}n R 10 C  'H3 C H3 C H3 IHC 3
CH3-CH-CH2C-C-C-C-CH2-CH-CH3 0 0 CH2 CHZ 15 where R is hydrogen or alkyl,
H2 C H2  C 0 0 H H [21 [2] [31 (41 where m and n are respectively an
integer.  20 Among the ethylene oxide nonionic  



surfactants, acetylene glycol-ethylene oxide adducts are preferable from
the standpoint of absorption in  the ink absorbing material, image quality
on the  recording material and ejection performance in total. 25 The
hydrophilic property and penetrating property can  be controlled by
changing number m+n of ethylene  oxides to be added. If it is smaller than
6, the 17 DEC 2003 -107 5 penetrating property is good, water solution
nature is  not good, and therefore, the solubility in water is  not good.
If it is too large, the hydrophilic  property is too strong, and the
penetrating property  is too small. If it is larger than 14, the
penetrating property is insufficient, and the ejection  property is
deteriorated. Therefore it is preferably  6 -- 14. The amount of the
nonionic surfactant is 10 preferably 0.1 - 20 % by weight. If it is lower
than  0.1 %, the image quality and the penetrating property  is not
sufficient. If it is larger than 20 %, no  improvement is expected, and the
cost increases, and  the reliability decreases. 15 One or more of the above
described surfactant  are usable in combination. The ink may contain dye,
low volatile organic  solvent such as polyhydric alcohols to prevent
clogging, or organic solvent such as alcohols to 20 improve bubble creation
stability and fixing property  



on the recording material. The water-soluble organic solvents  constituting
the ink of the embodiment may include  -polyalkylene glycols such as
polyethylene glycol, and 25 polypropylene glycol; alkylene glycols having-2
to 6  carbon atoms such as ethylene glycol, propylene  glycol, butylene
glycol, triethylene glycol, 1,2,6 17 DEC 2003 -108 5 10 15 20 25
hexanetriol, hexylene glycol, and diethylene glycol;  glycerin; lower alkyl
ether of polyhydric alcohols  such as ethylene glycol methyl ether,
diethylene  glycol methyl (or ethyl) ether, and triethylene glycol
monomethyl (or ethyl) ether; alcohols such as methyl  alcohol, ethyl
alcohol, n-propyl alcohol, isopropyl  alcohol, n-butyl alcohol, sec-butyl
alcohol, t-butyl  alcohol, isobutyl alcohol, benzyl alcohol, and
cyclohexanol; amides such as dimethylformamide, and  dimethylacetamide;
ketones and ketone alcoholssuch as  acetone, and diacetone alcohol; ethers
such as  tetrahydrofuran, and diozane; and nitrogen-containing  cyclics
such as N-methyl-2-pyrrolidone, 2-pyrrolidone,
1,3-dimethyl-2-imidazolidinone. The water soluble organic solvent can be
added without deteriorating the image quality or the  



ejection reliability. Preferably, it is polyhydric  alcohols or alkyl ether
of polyhydric,alcohols. The  content thereof is preferably I - 3 % by
weight. And,  the pure water content is 50 - 90 % by weight. The dyes
usable with the present invention  include direct dyes, acid dyes, reactive
dyes,  dispersive dyes, vat dyes or the like. The content of  the dye is
determined depending on the kinds of the  liquid components and the
required properties of the  ink, the ejection volume of the recording-head
or the  like. Generally, however, it is 0.5 - 15 % by weight, 1 7 DEC 1003
-109 5 10 15 20 preferably 1 - 7 % by weight. By addition of the thioglycol
or urea (or  derivatives thereof) in the ink, the ejection property  and
the clog (solidification) preventing property is  remarkably improved. This
is considered to be because  the solubility of the dye in the ink is
improved. The  content of the thioglycol or urea (or the derivatives
thereof) is preferably 1 - 3 %, and may be added-as  desired. additives may
be incorporated provided that the. The main constituents of the ink,of the
present first invention are described above. Other objects of the invention
are achievable. The additive  



includes viscosity-adjusting agents such as polyvinyl  alcohol, celluloses,
and water-soluble resins; pH controlling agents such as diethanolamine,
triethanolamine, and buffer solutions; fungicides and  so forth. To the ink
of electrically chargeable type  used for ink-jet recording in which the
ink droplets  are charged, a resistivity-adjusting agent is added  such as
lithium chloride, ammonium chloride, and  sodium chloride. A comparison
example will be explained.  Comp. Ex. 4 25 dye 3 parts  diethyleneglycol 5
parts  thiodiglycol 5 parts 17 DEC 2003 -110 ethyl alcohol 3 parts 5 10 15
20 25 pure water 84 parts In this case, when the ink is overflowed from
the ink container to the absorbing material container  chamber due to the
expansion of the air in the ink  container due to the atmospheric pressure
reduction or  the temperature rise, the problem arises that the ink  leaks
out through the air vent or the ink supply- portion by way of the clearance
between the container  



wall and the absorbing material. An ink for an ink jet recording apparatus
containing a surfactant has been proposed. Such an  ink is advantageous in
that the fixing speed is very  high for a copy sheet, bond sheet or another
plain  sheet paper, and that-improper color mixture (bleed or  the like),
even if different color record region are  contacted, and therefore,
uniform coloring can be  accomplished. Following is an examples of such an
ink. Comp. Ex. 6 dye 3 parts  glycerol 5 parts  thioglycol 5 parts
ethylene oxide-propylene oxide copolymer 3 parts  urea 5 parts  pure water
79 parts 17 DEC 2003 When this ink is used, the is absorbed by the
absorbing material in the absorbing material container  and does not leak
out even when the ink is overflowed  from the ink chamber into the
absorbing material 5 container due to the expansion of the air in the ink
chamber due to the atmospheric pressure reduction or  temperature increase.
As described in the foregoing, there is- provided an ink cartridge
comprising supply ink 10 chamber containing an ink absorbing material
having an  adjusted capillary force-and one or more ink chambers,  



wherein the ink contains nonionic surfactant, by which  the ink does not
leak out.even if the ambient condition change occurs, during recording
operation or  15 when the recording operation is not carried out, and
therefore, the ink use efficiency is high. The above-described Embodiments
1 - 13, are  advantageous respectively, however the combination  thereof is
further advantageous. Further in addition, 20 the combination of the
process in the Embodiments 14  and 15, and the structure with Embodiments
16 - 19 and  the above-described ink, is further preferable. The present
invention is usable with any ink  jet apparatus, such as those using
electromechanical  25 converter such as-piezoelectric element,-but is
particularly suitably usable in an ink jet recording  head and recording
apparatus wherein thermal energy by 1 7 DEC 2003 -112 an electrothermal
transducer, laser beam or the like  is used to cause a change of state of
the ink to eject  or discharge the ink. This is because the high  density
of the picture elements and the high 5 resolution of the recording are
possible. The typical structure-and the operational  principle
are-preferably the ones disclosed in U.S.  Patent Nos. 4,723,129 and
4,740,796: The principle and  structure are applicable to a so-called
on-demand type 10 recording system and a continuous type recotding  system.
Particularly, however, it is suitable for the  on-demand type because the
principle is such that at  



least one driving signal is applied to an  electrothermal transducer
disposed on a liquid (ink) 15 retaining sheet or liquid passage, the
driving signal  being enough to provide such a quick temperature rise
beyond a departure from nucleation boiling point, by  which the thermal
energy is provided by the electrothermal transducer to produce film boiling
on  20 the heating portion of the recording head, whereby a  bubble can be
formed in the liquid (ink) corresponding  to each of the driving signals.
By the production, development and  contraction of the the bubble, the
liquid (ink) is 25 ejected through an ejection outlet to produce at least
one droplet. The driving signal is preferably in the  form of a pulse,
because the development and 1 7 DEC 2003 -113 contraction of the bubble can
be effected  instantaneously, and therefore, the liquid (ink) is  ejected
with quick response. The driving signal in  the form of the pulse is
preferably such as disclosed 5 in U.S. Patents Nos. 4,463,359 and
4,345,262. In  addition, the temperature increasing rate of the  heating
surface is preferably such as disclosed in  U.S. Patent No. 4,313,124. The
structure of the recording head may be as  10 shown in U.S. Patent Nos.
4,558,333 and 4.,459,600  wherein the heating portion is-disposed at a bent
portion, as well as the structure of the combination of the ejection
outlet, liquid passage and the  



electrothermal transducer as disclosed in the above 15 mentioned patents.
In addition, the present invention  is applicable to the structure
disclosed in Japanese  Laid-Open Patent Application No. 123670/1984 wherein
a  common slit is used as the ejection outlet for plural  electrothermal
transducers, and to the structure 20 disclosed in Japanese Laid-Open
Patent-Application No.  138461/1984 wherein an opening for absorbing
pressure  wave of the thermal energy is formed corresponding to  the
ejecting portion. This is because the present  invention is effective to
perform the recording 25 operation with certainty and at high efficiency
irrespective of the type of the recording head.  The present invention is
effectively 17 DEC 2003 -114 applicable to a so-called full-line type
recording head  having a length corresponding to the maximum recording
width. Such a recording head may comprise a single recording head and
plural recording head combined to  5 cover the maximum width. In addition,
the present invention is  applicable to a serial type recording head
wherein the  recording head is fixed on the main assembly, to-a
replaceable chip type recording head which is connected 10 electrically
with the main apparatus and can be  supplied with the ink when it is
mounted in the main  assembly, or to a cartridge type recording head having
an integral ink container. The provisions of the recovery means and/or  



15 the auxiliary means for the preliminary operation are  preferable,
because they can further stabilize the  effects of the-present invention.
As for such means,  there are capping means for the recording head,
cleaning means therefor, pressing or sucking means, 20 preliminary
heating-means which may be the  electrothermal transducer, an additional
heating  element or.a combination thereof. Also, means for  effecting
preliminary ejection (not for the recording  operation) can stabilize the
recording operation. 25 As regards the variation of the recording head
mountable, it-may be a single corresponding to a single  color ink, or may
be plural corresponding to the 17 DEC 2003 -115 plurality of ink materials
having different recording  color or density. The present invention is
effectively  applicable to an apparatus having at least one of a
monochromatic mode mainly with black, a multi-color 5 mode with different
color ink materials and/or a full- color mode using the mixture of the
colors, which may  be an integrally formed recording unit or a combination
of plural recording heads. Furthermore, in the foregoing embodiment, the
10 ink has been liquid. It may be, however,..an ink  material which is
solidified below the room temperature  but liquefied at the room
temperature. Since the ink  is controlled within the temperature not lower
than 30  oC and not higher than 70 oC to stabilize the viscosity 15 of the
ink to provide the stabilized ejection in usual  



recording apparatus of this type, the ink may be such  that it is liquid
within the temperature range when the  recording signal is the present
invention is applicable  to other types of ink. In one of them, the
temperature 20 rise due to the thermal energy is positively prevented  by
consuming it for the state change of the ink from  the solid state to the
liquid state. Another ink  material is solidified when it is left, to
prevent the  evaporation of the ink. In either of the cases, the 25
application of the recording signal producing thermal  energy, the ink is
liquefied, and the liquefied ink may  be ejected. Another ink material may
start to be 1 7 DEC 2003 -116 5 10 15 20 solidified at the time when it
reaches the recording  material. The present invention is also applicable
to  such an ink material as is liquefied by the application  of the thermal
energy. Such an ink material may be  retained as a liquid or solid material
in through holes  or recesses formed in a porous sheet as disclosed in
Japanese Laid-Open Patent Application No. 56847/1979  and Japanese
Laid-Open Patent Application No.  71260/1985. The sheet is faced to the
electrothermal  transducers. The most effective one for the ink  materials
described above is the film boiling system. The ink jet recording apparatus
may be used as  



an output terminal of an information processing  apparatus such as computer
or the like, as a copying  apparatus combined with an image reader or the
like, or  as a facsimile machine having information sending and  receiving
functions. While the invention has been described with  reference to the
structures disclosed herein, it is not  confined to the details set forth
and this application  is intended to cover such modifications or changes as
may come within the purposes of the improvements or the  scope of the
following claims. 25 1 7 DEC 2003 - 117  1. A container for. containing
printing liquid for  supply to an ink jet head for an ink jet recording  5
'apparatus, tha container comprising: a first chamber containing negative
pressure  producing material and having an air vent communicating  with
ambient air and a supply port for supplying printing  liquid to the ink jet
head; and 10 a second chamber communicating with the first  chamber via a
communication port and providing a printing  liquid reservoir for the first
chamber, the capillary  force provided by the negative pressure producing
material adjacent a wall extending from the communication 15 port
decreasing in a direction perpendicular to and  towards said wall at least
adjacent the part of the  communication port which is uppermost in use of
the  container. 



20 2- A container according to claim 1, wherein the  capillary force of the
negative pressure producing  material decreases gradually towards said
wall. 3. A container according to claim 1, wherein the  25 capillary force
of the negative pressure producing material is decreased toward said wall
in a step wise  manner. 1 7 DEC 2003 - 118  4. A container according to
claim 1, 2 or 3 wherein the  capillary force of the negative pressure
producing  material is smaller adjacent the communication port than
adjacent the supply port. 5 5. A container according to claim 1, wherein
said wall  is provided with a negative pressure producing material
adjustment chamber into which an adjacent portion of the  negative pressure
producing material expands to provide 10 the decrease in capillary force
towards said wall. 6. A container according to claim 1, wherein the
capillary force of the portion of the negative pressure  producing material
extending along the length of said 15 wall is less than the capillary force
of the remainder  of the negative pressure producing material in the first
chamber. 7. A container according to claim `l, wherein the  20 capillary
force of the negative pressure producing material adjacent a portion of the
first chamber which  is lowermost in use and adjacent the communication
port  and the capillary force of the negative pressure  



producing material adjacent said wall are lower than the 25 capillary force
of the remainder of the negative pressure  producing material. 1 7 DEC 2003
- 119  S. A container according to claim 1, wherein the capillary farce of
said negative pressure producing material at the end of said wall which is
lowermost in  use of the Container and is adjacent the communication 5 port
is less than the capillary force of said negative  pressure producing
material in the middle of a portion  of the first chamber which is
lowermost in use, which  capillary force is in turn less than the capillary
force  of the negative pressure producing 'material in the centre 10 of the
first chamber, which capillary- farce is in turn  less than the capillary
force of the negative pressure  producing material which, in use, is above
the ink supply  port, and which capillary force is in turn less than the
capillary force of the negative pressure producing  15 material at the ink
supply' port. 9. A container according to claim 1, wherein the  negative
pressure producing material is formed of three  portions, a first portion
adjacent the-ink supply port 20 and occupying a major portion of the first
chamber, a  second portion adjacent the communication port and a  third
portion extending along said wall with the  capillary force of the first-
portion being greater than  that of the second portion and the capillary
force of the 25 second portion being greater than that of the third  



portion. 1 7 DEC 2003 - 120  10. A container according to claim 1, wherein
the  negative pressure producing material is formed of three  portions, a
first portion occupying the part of the  container which is lowermost in
use and covering the ink 5 supply port, a second portion occupying the
portion of  the container which is uppermost in use and a third  portion
extending along said wall from the air vent to  the communication port, the
capillary force of the first  portion being higher than that of the second
portion and 10 the capillary force of the second portion being higher  than
that of the third portion. 11. P. container connectable to an ink jet
recording head  for an ink jet recording apparatus, comprising a first 15
chamber 'and a second chamber providing a reservoir for  the first chamber
and communicating with the. first  chamber via a communication port, the
first chamber  having an air vent arranged, in use, at an upper part of
the container and an ink outlet arranged,..in use, at a 20 lower part of
the container and being connectable to the  ink jet head, the first chamber
being substantially  filled with negative pressure producing material which
extends from the supply port to the air vent and the  portion of the
negative pressure producing material 25 extending from the co miunication
port to the air vent having a lower capillary force than the portion of the
negative pressure producing material. adjacent the ink 17 DEC 2003 



- 121 supply port. 12. A container according to any one of the preceding
claims, wherein the negative pressure producing material 5 is a porous
material and the decrease in capillary force  is provided by an increase in
pore size. 13. A container for containing printing liquid for  supply to an
ink jet head for an ink jet recording  10 apparatus, the container
comprising: a first chamber containing a -porous negative  pressure
producing material and having an air vent  communicating with ambient air
and a supply port for  supplying printing liquid to the ink jet head; and
15 a second chamber providing a printing liquid  reservoir for the first
chamber and communicating with  the first chamber via a communication port,
the pore size  of the 'negative pressure producing material adjacent a
wall extending from the communication port increasing in 20 a direction
perpendicular to and towards said wall at  least adjacent the part of the
communication port which  is uppermost in use of the container.' 14. A
container according to claim 13, wherein the pore  25 size is larger
adjacent the communication port than  adjacent the supply port. 17 DEC -
122  15. A container according to claim 13, wherain said wall  is provided
with a negatixre pressure producing material  adJustment chamber into which
an adjacent portion of the  negative pressure producing material expands to
providQ  



5 the increase in pora size towards said wall.. 16. A container according
to. any one of the preceding  clalme, wherein said negativG prGssure
producing material  includes a'foamed material. 10 17. A container
according to any one- of the preceding  claims, wherein the Container
contains printing liquid. 18. A container according -~o any one of the
preceding  15 cl-dinar wherein sald. second chamb.er contains an ink
comprising water, uolouring material and water-soluble  Orclanic solvent
and having a surface tension of 20  dyne/= to 55 dyne/cm. 20 19. A
container according to any one o? the preceding  claims, where" said second
chamber contains an ink  containing at least one -non-ionic surizictant.
20. A container according to any one of the preceding  25 claims, wherein
said second chamber is provided with  means for detecting ink therein. 1 7
DEC 2003 - 123  5 10 21. A container according to any one of the preceding
claiine, wherein said second chambar comprises first and second subsidiary
chambers with the second subsidiary  chamber being replaceable. 22. A
container according to any one of the preceding  claims, wherein said
negative pressure producing material  contacts at least part of said wall
and side and bottom  walls of the container. 



23. A container according to any one-L_of ; the preceding claims, wherein
said second chamber, is detachably  connectable to an ink jet recording
head. 15 24. An' ink jet recording assembly compriing a container  in
accordance with any one of claims 1 to. 22 and  an ink jet head attachable
to and detachable from the  container. 20 25. An ink jet recording assembly
comprising a container in accordance with any one of claims I to 22 and  an
ink jet head integrated with the container. 25 26. An ink jet recording
as3cmbly according to claim 24  or 25, wherein said ink jet recording head
is provided  with electrothernal transducers for producing thermal  energy
to cause election of ink. - 1.24  27. An ink jet recording apparatus,
comprising a  carriage fozr caxrying an ink jet recording head and
container in accordance with any one of claims 1 to 23  or an ink jet.
zecoxding assembly in accordance with claim 5 24, 25 or 26, and means for
feeding _a. recording medium to a recording region of said ink jet
recording apparatus  










