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USING fNK CONTAINER

*

5 " The pres;nt invention relates to an ink
container for cbntaining ink to be suppliqg to an ink
jet regording’heag, ink; and an ink jet recording
apparatus using thé £;k container.

The ink container used with an ink jet.

10 recording apparatus is required to be capable of
properiy 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
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apparatus is required to be capable of properly supplying 10 an anpunt of

I nk corresponding to the anmount of ink ej ected by a recordi ng head
during a recordi ng operation and to be free of ink |eakage through the
ej ection outlets of the recording head when a recordi ng operation

IS not being executed. 15 Where,the ink container is an-exchangeabl e
type, it ~ 1s required that the ink container can be easily nounted

or denounted relative to the recordi ng apparatus w thout i nk | eakage,
and that ink can be supplied to the recording head with certainty.

orifices. With the ink container, the ink is
contained in the porous material such as foamed
polyurethane material, and therefore, it is possible
to broduce 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
material, and a second ink container and an ink jet
recording head are connected with ;'porous naterial.
In this prior art, the porous material is not
- contained in the ink container, and it is disposed
15 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 air expansion in
the first ink container due to the temperature
20 increase (pressure decrease), is stored, by which the
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
25 entire space in the ink container layer, -and
thérefore, the ink capacity is limited, and in

addition, the amount of the non-usable remaining ink
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20 A conventional exanple of an ink container usable with the

I nk jet recording apparatus is disclosed in Japanese Lai d- Qpen Pat ent
Application No. 87242/1988 (first prior art), in which the ink jet
recordi ng head has an ink container containing foaned material and 25
having a plurality of ink ejecting orifiXes. In this contai ner, the
ink is contained in porous material such as foamed pol yur et hane
material and therefore it is. ‘

10

15

20

25

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
substantially constant vacuum during the ink
consumption period. These are additional procblems.

In the second prior art, when the recording
operation is not carried out, the vacuum producing
material is disposed in the ink passage, and
therefore, the porous material contains a sufficient
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
head by small impact or the like. This is a problen.
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 got
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
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
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2 possi ble to produce negative pressure by the capillary force

in the foaned material and to prevent ink | eakage fromthe ink
cont ai ner. Japanese Lai d- Open Patent Application No. 522/1990
5 (second prior art) discloses an ink jet recording

cartridge in which a first ink chanmber and a second ink chanber are
connected by porous material and the sécond I nk chanber and an ink
jet recording head are connected by porqus material. In this prior
art, porous material 10 is not contained in the ink chanber, but is

di sposed on%% 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. 1In 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
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.

15 1In 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 sepérated chamber type involves the problem that
when the ink container poéition is changed, the fine
opening becomes short of ink depending on the
remaining amount of the ink with the result of
instable internal vacuﬁm pressure even to the extent

25 that the ink is leaked, and therefore, the ink

container is imposed by limitation in the handling

thereof.
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in the ink passage, thereby inproving the efficiency, of use of the

I nk. By the provision of a secondary ink cont ai ni ng portion,

i nk

flowng out of the first ink chanber resulting fromair expansion in

the first
decr ease)

during the recordi ng operati on mai ntai ned substantially

ink 15 chanber due to a temperature increase (pressure

can be stored, and the vacuumin the recording head

const ant .

However, in the first prior art,-the foammterial- 20 is required to
occupy Subst SUMMARYY OFh @HEN INVENIION: | N the ink container |ayer

t her ef or e,
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the ink capacity

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

recording apparatus using the same, which is easy to
handle.

It is another alternative object of the present
invention to érovide an ink container, an ink jet
recording head using the same and an. ink jét recording
apparatus using the same in which the ink retaining
ratio is high.

It is_,gnother alternative object of the present
invention to provide an iﬁk container, an ink jet
recording head using the same and an ink jet recording
apparatus using the same in whiéh 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
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 of, the ink.

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
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is limted, and in addition, the anmount of the non-usable remai ni ng

ink is relatively large, that is, the efficiency of use of the ink is
poor. In addition, it 25 is difficult to detect the amobunt of ink
remai ni ng, and it is difficult to maintain a substantlally const ant
vacuum during the ink consunption perjgd. -
3 In the second prior art, when a recording operatlon

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
deécription of the preferred embodiments of the

present invention taken in conjunction with the
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I's not being carried out, because the vacuum produci ng material is

di sposed in the ink passage, the porous material contains a sufficient
anount of ink that the 5 production of the negative pressure by the
capillary force of the porous materjal is insufficient, and ink

| eaks through the orifices of the ink jet recording head as a result
of a small inpact or the like. In the case ~of an exchangeabl e i nk
cartridge in which the ink jet 10 recording head is forned integrally

with the ink.compaf@ididfeigsontainer which is nmounted on the ink
recordi ng head, t%e second prior art is not usable.

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 inﬁention.

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
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Japanese Lai d- Open Pat ent Applications Nos. 67269/ 1981 and
98857/ 1984 each disclose an ink container 15 wusing an ink bl adder

by a spring.
pressure is

configuration of the spring is requiredto

bi assed

This is advant ageous in that an internal negative
stably produced at the ink supply portion by using the
spring force. However, these systens hggg probl ens t hat alimted

20 provide a desired internal

negative pressure, the process of fixing the ink container to the

bl adder is

conplicated, and, therefore, the manufacturing cost

S

high. In adghtkReichQr a thin ink container, the ink retaining ratio

is small.

10 .

15

20

25

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
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
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
air-liquid interface starts to be formed.

Figure ;6 shows the state about an end of the
ink supply.

Figure 17 shows the state in which the ink
has been supplied out.

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
invention.

' Figure 20 shows a model of ink supply.

Figure 21 is a longitudinal sectional view of
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25 Japanese Lai d- Open Pat ent Appl i cation No.

214666/ 1990 di scl oses an ink cartridge or container in whi ch the
inside of the ink container is separated into

4 a plurality of ink chanbers which conmuni cate with each ot her
by a fine hoLe capable of providing theSacuum pressure. In the

separ ate chanber type, the interna

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 F;gure 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
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negative pressure at the ink supply portion is produced 5 by the

capillary force of the fine comrunication opening bet ween the ink
chanbers. The structure of this ink container is sinpler than that
of the spring bl adder system and therefore it is advantageous fromthe
standpoi nt of the manufacturing cost. A?ﬁltlonally the 10 configuration
of the ink container is not limted by structure. However, the
separated chanber type invol ves problens in that, when the ink

contai ner positionis -- changed, the fine opening becones short of ink,

dependi ng  jinvédkide. remai ni ng anount of the ink, resulting in an 15
unstabl e internal vacuum pressure even to the extent that

Figure 29 is a longitudinal sectional view of
an ink cartridge main body for the ink jet recording
in a comparison example.

5 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 eiample of the
compression ratio distribution of the compressed ink

25 absorbing material in the embodiment of Figure 35.

Figﬁre 37 shows a further example of the

compression ratio distribution of the compressed ink
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I nk | eaks out; therefore limtations are inposed on the handl i ng of
the i nk container. According to one aspect of the present

i nventi on, there is provided an ink cartridge connectable to an ink
20 jet recording head for an ink jet recordi ng apparatus, conpri sing
a first chanber containing negative presdure produci ng material and
having an ink outlet arranged, in use, at a |ower part of the
cartridge and connectable to the ink jet head to supply ink fromthe
cartridge to the 25 ink jet head and an_air vent for allomngg anbient air

into the cart AP§PFPIRGS 1gda e ithe AARRdLREN g of Fifgure

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 embodimeﬁf 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
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the first chanber by neans of a conmuni cation port

5 di sposed in use at the |ower part of the cartridge and
an ink reservoir for the first chanber, and anbi ent air introducing
means conprising a path substantially free of negative pressure

producing 5 nmaterial

fromthe air vent by the negative pressifre producing

10

15

20

25

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
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 .0f Figure 49.

Figure 51 illustrates fundamentals of 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.

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
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 emﬁodiment.

Figure 57 shows an exaﬁple of an ink

refilling method.

Figure 58 illustrates ink consumption,
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having an inlet_jn the first chanber separated



material and an outlet arranged to be | ower than the i nl et during
using of the cartridge to enable air to be supplied to the second
chanber through the negative 10 pressure producing material and the air
path as ink is wi t hdrawn fromthe ink outlet. I n anot her
aspect, the present invention provides =13=an ink cartridge connectable to
an ink jet recording head for an ink jet recording apparatus,
conprising a 15 substantially right parall el opi pedal housi ng separated

T oger voi ¢ AP (S5 AREHRAT SRPORIINRIS (S RASIE e 11 rat
chanber via a{ﬂ%en'¥é§?ion

Figure 59 illustrates a further ink
consumption according to the embodiment of Figure 58.

5 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
refilling, according to a further embodiment of the
present invention.

20 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.

25

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a sectional view showing
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port defined by the partition, the first chanber being 20 substantially

filled wth negative pressure producing mat eri al and having an ink

outl et arranged, in use, at a lower part of the cartridge and

connectable to the ink

the ink jet

10

15

20

25

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
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 111
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
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
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
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 signalé
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jet head to supply ink fromthe cartridge to
head during use of thejgartridge and an air vent, the
second chanber being seal ed apart fromthe comruni cation with the
first chanber and being substantially free of

t he negative pressure
produci ng material, and anbient air :

25



6 I ntroduci ng neans for introducing anbient air into the second

chanber, said anbient air introducing neans conprising at |east one
channel providing an air path extending at |east part way along the
partition and 5 having an i.nlet separated fromthe air vent by the
negative pressure producing material andSan outl et | ocated in use of
the cartridge below the inlet. Enbodi nents of the present

i nvention will now be '

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 piurality 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 1lll. 1In 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 hgad 20 by an engaging guide and
pressing means 103, and an ink absorbing material in

the ink supplying portion is brought into contact with
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descri bed, by way of exanple, with reference to the 10 acconpanying

drawi ngs, in which: Figure 1 shows coupling between a recording
head and an ink container included for illustrative purposes.

Figure 2 illustrates a recording head and an i nk cont ai ner incl uded
for illustrative purposes. 15 Figgre 3 illustrates an ink container
according to an enbodi nent of the present invention. - Figure
4 is a perspective view of a recording appar at us. Figure 5

illustrates an ink container according to
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
pudp 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 exchgngeahle ink container is urged,
by which the carriage and the recording head can be

assuredly positioned relatively to each other with
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20 a further enbodi nent of the present invention. Figure 6

illustrates an ink contai ner according to a further enbodi nent of the
present invention. Figure 7 illustrates an ink container
according to a further enbodi ment qQf the present invention. 25
Figure 8 illustrates an'ink container éégﬁrding to a further

enbodi nent of the present invention. Figure 9 illustrates an ink

cont ai ner according to

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
to establish the electric connection, by which the
latitude for the structure to assure the-recofding
head positioning and the connectioﬁ with the

15 exchangeable ink 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,
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7 a further enbodi nent of the present invention. Figure 10

illustrates a nodel of ink supply. Figure 11 is a graph show ng
i nternal pressure change at the ink supply portion in an ink
container. 5 Figure 12 shows a nodel of ink supply in a
conpari son exanpl e. Figure 131gs a graph show ng the internal
pressure change at the ink supply portion in the conparison
exanpl e.

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. Designafed by reference numerals
5007 and 5008 are photocouplers, which serve to detect
the presence of the carriage lever $006 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 eapping

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'determiping the sucking and recovery operation
timing moves together with the movement of the cam

5020 engaged with the carriage. The driving force
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10 Figure 14 illustrates an initial state in which the I nk

contai ner of the conparison exanple is filled with the ink

Figure 15 illustrates a state in which the air- liquid interface of

t he conparison exanple starts to be 15 éorned. Figure 16 shows
the state about an end of the ink L pply of the conparison exanple.

Figure 17 shows the state in which all of the ink has been supplied
fromthe second chanber in the 20 conparison exanple.

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 2610. 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 retractab;e
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
ié above the ejection part of the recording head 2010

faced to the recording material P, and therefore, it
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Figure 18 is a perspective view of a device having four heads

Ilntegrally to which respective ink containers t heref or are nount abl e.
Figure 19 illustrates an ink container according to 25 a further

enbodi nent of the present invention. Figure 20 shows a nodel of
i.nk supply. Figure 21 is a.ig&gitudinal sectional view of

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 thg
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.z 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
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anot her enbodi ment of an ink cartridge for an ink jet recordi ng

apparatus, according to the present invention. Figure 22 is a
cross-sectional view of the ink cartridge shown in Figure 21. 5
Figure 23 is a sectional view of the ink cartridge of Figure 21,
particularly show ng the surface of the =21- jp. Figure 24 is a
sectional view of another enbodi nent of an ink cartridge in accordance

with the invention, 10 .showing the surface of a rib.
ink into the ink jet recording head is inserted into

the ink container, and is urged to the wvacuum
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 thropgh an air vent, the air is
introduced into the ink container 4 through the

clearance 8 between the rib ends 8 and the ink
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Figure 25 is an enlarged sectional view of a rib of a cartridge

according to a further enbodi nent of the present invention.

Figure 26 is a |longitudinal sectional view of a 15 further enbodi nent
of an ink <cartridge for an exchangeabl e ink jet head, according
to the present I nventi on. -gp Figure 27 is a cross-sectional

vi ew of a further enbodi nent of an ink cartridge for an exchangeabl e
ink 20 jet head, according to the present invention. Fi gure

28 is a sectional view of a further
cartridge bottom 11 through the vacuum producing

material. At this time, the pressure difference
between the ink container 6 and the vacuum producing
maéerial container 4 is eliminated. During the ink
'S Jjet 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
I
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enbodi nent of an ink cartridge, show ng the surface of arib,

according to the present invention. . Figure 29 is a |ongitudinal
sectional view of an ink 25 cartridge in a conparison exanple. _
Figure 30 is a sectional view of the ink_ grtrldge shown in Figure
29.

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 menlscus level change in

the capillary tube 102, and the surface energy change

of the meniscus thereby increases the negative
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Figure 31 is a sectional view of the ink cartridge shown in Figure 29

Figure 32 is an enl arged sectional view of part of Fi gure 30 show ng
the cross-section of arib. 5 Figure 33 illustrates an ink jet
recordi ng apparat us using horizontal printing position.

Figure 34 illustrates | eakage i nk buffemglunction of the conpressed
I nk absorbing material in an ink chanber. 10 Fi gure 35 shows
an exanpl e of conpre55|on ratio dlstrlbutlon of the conpressed ink

absorbing materi al .
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
5 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 pf the 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 vacuum
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 supéiy
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
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Fi gure 36 shows anot her exanple of the conpression ratio distribution

of the conpressed i nk absor bi ng material of Figure 35. 15

Figure 37 shows a further exanple of the conpression ratio
distribution of the conpressed ink absghBing mat eri al of Figure 35.
Figure 38 shows an exanple of the conpression ratio di stribution of
the conpressed ink absorbing material in 20 a conparison exanple.
Figure 39 shows a further exanple of the conpression - ratio

di stributi onwhichheheoanireiiaididnkngbefsbends 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

10 the ink supply portion is maintained. As long as the
ink is supplied from the'ink containrer, 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 wvacuum
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
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material in a conparison exanple. Figure 40 shows an exanpl e of

an ink cartridge with 25 addi ti onal ink chanbers. Figure 41
shows use of ink in an ink cartridge with addi ti onal ink chanbers.
10 Figure 42 is a block diagram show ng an exanpl e of

- -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 1liquid 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. = -—
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the control systemfor ink jet recording apparatus. . Figure 43

shows a cartridge with neans for detecting t he remai ni ng anount of

t he ink. 5 Figure 44 illustrates the internal pressure of the

ink supply portion in the container showgin Figure 43. Fi gure
45 shows an exanple of an ink refilling met hod. Figure 46
illustrates another ink cartridge showing 10 I nk consunpti on.

Figure 47 illustrates further ink consunption in the cartridge of
Figure 46. 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 Plll in the state of no ink supply and a so-
called dynamic pressure P1l1l2 in the state of ink
supply being carried out.

The difference between the dynamic pressure -
P112 and the static pressure P1l1ll1l, is the preséure

20 loss 8P 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. 8. Embodiments in
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Fi gure 48 shows the state in which the renaining amount of the ink is
detected in the cartridge of Figure 15 46. . Fi gure 49
illustrates a cartridge-showi ng anat her way of detecting the remaining
amount of i nk. Figure 50 illustrates a nodified arrangenent for
detecting the ink remaining in the carigdgdge of Figure 20 46
Figure 51 illustrates a cartridge using a different nmet hod of ‘i nk
refilling. Fi gure 52 shows the amount of ink flow ng agai nst
pressure decrease. :

this respect will be described.

Embodiment 1
Figure 3 illustrates a first embodiment. The
vachum 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 A3l 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
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25 Figure 53 shows a rel ati onship between the.remnaining anount

of the ink and the electric resistance between el ectrodes.

11 Figure 1 is a sectional view show ng the connection

bet ween the recordi ng head, ink contalngg -and carri age in an ink jet
recordi ng apparatus. The recordlng hea

loss &6P. 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, magenta and cyan,
for example) can be accommodated in separate ink
containers. The respective ink cartridges may be
unified as an ink container. 1In 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
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20 is of an ink jet type using electrothermal transducers 5 for

- generating thermal energy for causing filmboiling in the ink in
accordance with an electric signal.. 1In Figure 1, major parts of the
recordi ng head 20 are bonded or pressed into a |lamnated structure on
. a head base plate 111 with posit+®e ng reference projections 111-1 10
and 111-2 on the head base plate 111. 1In the vertical direction on
the surface of the Figure 1 draw ng, the - positioning is effected by
_.the head positioning portion 104 of a carriage HC and a projection
111- 2. | rof Hehe cleaganc¢e hetween obhe witheend Bsandctherimk Figure 1, a

container bottom 11, volume ratio between the vacuum
producing material container 4 and the ink container
6,'bonfiguration and dimensions of the joint member 7
§ 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 ;ike 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, inh 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
récording abparatuses. corresponding pore density

foamed materials are required. It is desirable that a
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15 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 positioning. The heat egqboard 113 is produced through
filmformation 20 process, and incPudes el ect r ot her mal t ransducers
(ejection heaters) arranged on a Si substrate and electric wiring for
supplying electric power thereto, the Wi ring being nade of alum nium

or the like. FRamél mBEerial nb% ¥aReatedl boskaedicherinalt Bempeedstibaxi bl e
base (head 25 PCB) having the wiring which has end portion pads for
receiving el eghd haviggabs 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
sméll) 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 jo;nt in the vacuum producing material
container. In oréer to cause the flow of the ink in

the vacuum producing material at the position away
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-12- fromthe main assenbly. They are connected by wire bondi ng.
A top plate 112 integrally fornmed of pol ysul fone or the |ike conprises
wal I s for separating a plurality of ink passages corresponding to the

5 ejection heaters, a comon |iquid chanber for

10

15

20

25

~-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
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
cartridge per se, the joint opening and/or the air
vent is preferably sealed with a sealing member or
material to suppress the ink evaporation or the
expansion of the ink gir in the ink cartridge. The
sealing member is preferably a single layer barrier
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
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
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
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receiving i nk from an exchangeabl e i nk cont ai ner . through a passage and

for supplying the ink into the plurality of ink passages, and orifices
for providing the plurality of eJectlon outlets. The top plate 112 10
is urged to the heater board 113 by a spiing (not shown), and it is
pressed and seal ed- usi ng a seal i ng nenber, thus constituting the ink
ejection outlet part. For the purpose of conmmuni cation with
t he exchangeable ink cartridge 1, the passage 115 provided 15 by

seal i ngly cordpieniabgvé menitionedP Hirdtierl haterialPgieidotisAaddataugh t he
hol es of the head PCB 113 and
of the air transmissivity and the liquid

transmissivity.

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.
Manufacturing Method

The material of the main body of the ink

10 cartridge may be 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. 1In order to facilitate the bonding of the
above-described sealing materials or the like, the

provision of a projection as shown in the Figure is .
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the head base plate 111 to the opposite side of the head base pl ate

A1'l. I'n addition, it is bonded and fixed to the head base plate 111 at
the penetrating 20 portion. At an end connecting with the ink cartridge

1 of the passage 115, there is provided a filter 25 for preventing
introduction of foreign matter or ~3kubbl e into the ink ejectionpart.
The exchangeable ink cartridge is connected 25 with the recording head 20
by an engagi ng gui de and pressi ng neans 103, and an ink absorbing
material in the ink supplying portion is brought into contact with

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. 1t 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 BKla, Clb, Mic, Yid.
Cdmgarison Example 1

A comparison example will be explained with
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- 13- the filter 25 at an end of the passage 115 by which t he
mechani cal connection is established. After the connection, using a

recordi ng head sucki ng recovery punp 5015 of the main assenbly of the
recording 5 apparatus, the ink is forci44y supplied fromthe
exchangeabl e ink cartridge 1 into the recordi ng head

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 wvacuum 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 portiop coqtinues to increase until the air-liquid
interface (meniscus) is formed at the clearance at the

bottom of the ink chamber by the ink supply.
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20, by which the ink is supplied. Upon

t he. engagenent by the pressing neans, the recordlng head 20 and t he
10 exchangeable ink cartridge 1 are connected with each ot her, and
si mul t aneously, the recording head 20 and the carriage HC are
mechani cal ly and electrically conngeted in the sane direction, and
therefore, the positioning between the pad on the head PCB 105 and
the head driving el ectrodes 102, is ef f ect ed. A ring
seal is of arelatively thick elastic materi-al ring

so that the joint 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 1l2.

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,
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portion with the outer wall of the exchangeable ink 20 <cartridge is wde

enough to permt play in the ink supply portion. .
The exchangeabl e ink cartridge 1lis urged towards the recording
head 20. 25 Therefore the carriagesgnd the recording head can be

assuredly positioned relative to each other by way of a

R3 and R4 in the absorbing material 3, is displaced
more than the meniscuses at R3 and R4. When the
meniscus comes cloée to the clearance, the meniscus
force suddenly decreases with the result that the

S 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 34 not only from the
portion R2. The pressure. loss 8P 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 Rl, 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 Rl 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 absorb%ng material. If the air introduction
passage is not particularly provided, the internal

pressure at the ink supply portion is not stabilized,
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-14- sinple structure, and sinultaneously, the recording head and
t he exchangeabl e ink cartridge are connected outside the main assenbly
by way of a sinple structure, and thereafter, it is nmounted to the
carriage. Therefore, 5 it is an easy operationto exchange ink
cartridges. The el ectric connect @g-between the carri age
(recordi ng apparatus main assenbly) and the recording

and the pressure loss 8P 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
A5]1 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 ahsorbin§ material 3

15 simply by inserting a rectangular parallelopiped
absorbing material 3 into the vacuum producing |
material container 4. Therefore, the air introduction
passage A5l 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 cafried 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 thg.recording operation, and the

sharp exchange between the air and the ink is carried

out by the meniscus break down, and therefore, the ink
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head is sinultaneously effected. Therefore, the operativity upon the

exchange of the recording head 10 and the exchangeable ink cartridge

S

good. A possible alternative is for a separate connector to be used
to establish the electric connection. _an_ 15

Figure 4 shows a recordi ng apparatus of a horizontal position type.
Referring to this Figure, the arrangenent and the operation of the

recording head in the ink jet

10

15

20

25

can be supplied with small pressure loss, and
therefore, the high speed printing operation can be
carried out with stability.
Embodiment 3
| _ 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
confainer. According to this embodiment, the
plurality of air introduction passages A6l 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
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,
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
embodiments 2 and 3, ribs 81 are provided on the

partition rib to provide the air introduction passage

A71. .The ribs 81 are asymmetrical about the rib 5, by
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recordi ng apparat us 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 nmoving direction by a sheet confining plate 5002. A carriage
nmoving pin of the carriage HCis 25 enggged in a helical groove 5004. The
carriage is supported by the lead screw 5005 (driving source) and

a slider 5003 extending parallel with the |ead.screw,

which the passaée 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 6, 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 §P required for
the exchange between the ink and the air to approx.
one halEf.

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 wvacuum control.

More particularly, the ink is consumed from
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- 15- and it reciprocates along the surface of the material P on

the platen roller 5000. The | ead screw 5005 is rotated by the forward
and backward rotation of the driving roller through drive transni ssion
5 gears 5011 and 5009. Designated by refgyence nunerals 5007 and 5008
are phot ocoupl ers, which serve to detect the presence of the carriage
| ever 5006 to switch the direction of the notor 5013 (hone position

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 paséage 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 céntainer 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 fdrming a groove 100 in the
partition rib or wall.

According to this embodiment, the
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sensor). The recording image signal is transmtted to 10 the recording
head in tinmed relation with the novenent of the carriage carrying the
recordi ng head, and the ink droplets are ejected at the proper

positions, thus

effecting the recordi ng. Designated by a reference

nuneral 5016 is a nenber for supportirﬂf%f capping 15 nenber 5022 for
capping the front surface of the recordi ng head. Designated by a

ref erence nuner al

5015 i s sucking nmeans for sucking the inside of the

cap. Thus,
sucking thr

10

15

20

25

R ton 9, G Forp b1 d $oito 'JF the B LHFY Nod bY

material contained in the vacuum producing material
container is reduced, and therefore, the wvacuum
control is easy, so that the ink can be supplied
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
that the air introduction passage extends to 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
container at the initial stage of the ink consumption
displaces to the stabilized ink surface ppsition at an
end C of the air introduction passage A201l.
Thereafter, the ink in the ink container 6 is _
consumed, while the air-liquid exchange is carried out
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 shbwn
in Figure 21. The description wi%l be made as to the
model of Figure 21 in detail.

The absorbing material 3 is considered as
capillary tubes shown in Figure 20. The air

introduction passage A201 continues from the portion C

eet Has Been Replaced

"



20 in the cap. A cleaning blade 5017 is supported by-a supporting
menber 5019 for noving the blade to and fro. They are supported on a
supporting plate 5018 of the main assenbly. The sucki ng nmeans, the
bl ade or the |i ke may be of anothgujguwwntype. A l.ever 5012 25 for
determ ning the sucking and recovery operation ti mng noves together

with the novenent of the cam 5020 engaged with the carriage. The
driving- force :

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
por%ion 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 A20l, 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
gassage 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 posigion slightly lower than the
height C, and therefore, the internal pressure in the
ink supply portion is stabilized. When the ink supply

e e
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- 16- fromthe driving notor is controlled by a known transmtting
means such as clutch or the |ike. The recovery means carries out the
predeterm ned process - at the predetermning timng by the Lead screw
5005 at 5 the corresponding positions, when the carriage cones into
the region adjacent or at the hone pos+#éen. As shown in
Figure 33, the ink jet recording appar at us S
operable in a vertical printing position..In the vertical position,

stops, the meniscus in the capillary tube returns from
position E to the position D, thus p:oviding 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 heighf C is set at a

25 predetermined 1eve; 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
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10 the recording scanning operation is carried out while t he

recording material P faces the bottom surface of the recording
head 2010. In this case, the sheet feeding, printing and sheet

di schargi ng operations are pOSSiMJiéjISUbStantia||y the same 15

pl ane, and therefore, it is possible to éffect the printing to a thick
and high rigidity recording mat eri al such as a post card and an OHP
sheet . Therefore, the outer casing of the position changeabl e i nk

j et recordi nGegRRdr dfUSnPrdpairs i Gjd®itlord.s 20 provided with four
rubber pads on the bottom surface
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 Hl
to which the capillary force of the absorbing material
can suck the ink up from the ink supply portion level
20 and the height 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 (H1), and that the height
of the air introduction passage A from the ink
25 containing portion is 15 mm (H2), the internal
pressure of the ink supply portion is 45 mmag = 60 mm

- 15 mm = H1l - H2.
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of Figure 4, and with two ribs and retractable auxiliary leg 5018 on

-the | eft 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 cartridge 2001 i s above the
.ejection part of the recording head 2646- facing the recording

material P, and therefore, it

At the initial stage, in accordance with the
consumption of the-ink from the absorbing material,
the height of the liquid surface lawers
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 5y
the wvacuum.

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 tﬁe air introduction passage A201, and the

absorbing material above the air introduction passage
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-17- I's desirable to support the resulting static head of t he

ink and to maintain slightly positive, preferably, slightly negative
i nternal pressure of the ink at the ej ection part, so that the

meni scus of the ink of the - 5 ejection rt is stabilized.

The recordi ng apparatus shown in Figure % and Figure 33 is usable with
t he enbodi nents of the present invention which will be descri bed

her ei nafter.

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 wvalve,

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 éonsumption,
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, sc 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
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10 First, the structure and the

-operation of an ink container or cartridge wll be descri bed.

Structure As shown in Figure 2, the main body of the 15 ink
container or cartridge conprises an opening 2 for connection with an
-ink jet recording head, a vacuum produggng mat eri al chanber or
container 4 for acconmodati ng a vacuum produci ng material 3, and an ink
cont ai ni ng chanber or -an ink container 6 for containing the ink, 20
_the ink container 6 being adjacent to the vacuum produci ng materi al

cont ai ner bpowkjonf canbbeSpgatented.
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 fib 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
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being in comuni cation with the vacuum produci ng material container 4
at a bottom portion 11 of the ink container. 25 Qperation (1)

Figure 2 is a schematic sectional view of the i nk contai ner when a
joint menber 7 for supplying the —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 wvacuum 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 produéing material
adjusting chamber, as a Comparison Example.

29 Even in the_ink cartridge of the Comparison
Example, the proper operation can be carried out

without problem through the mechanism described in the
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" ink into the ink jet recording head is inserted into the ink

container, and is urged to the vacuum produci ng material, and
therefore, the ink jet - recordi_ng apparatus is in the operable state.

At the 5 end of the joint nmenber, a filter may be provided to excl ude
foreign matter in the i.nk container. _sg- When the ink jet
recordi ng apparatus is operated, the ink is ejected through the orifice
or orifices of the ink jet recording head, so that an 10 ink sucking

force i.s produced in the ink container.
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 thg 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 1005, and
partly enters the air.introduction groove-1031. If
-this occurs, the cont;ct 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 1051. I1f this occurs, "the air- -
liquid exchange doeslnot 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
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The ink 9 is introduced into the joint nenber 7 by the sucki ng force
fromthe ink container 6 through the cl earance 8 between ends of the
ribs and the bottom 11 of the ink cartridge, and through the vacuum
producing 15 material 3 into the vacuunhﬁrodUC|ng mat eri al cont ai ner
4, and thereafter, the ink is supplied the ink jet recording head.
Then, the internal pressure of the ink container 6 which is

hermetically seal ed .except for the clearance 8, decreases with the 20

result of presgyr2:igkf iebsnﬁsveﬁt_;wae&fb%nltnEross-sae@&ahaﬁr 6 and the
vacuum produci ng materi al cont ai ner 4. th the continued recording

operation, 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 rid 1005 adiacent
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 rggion th;n in the upper part of the air-
liquid exchanging region.

This is because the air can -move more
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the pressure difference continues to increase. Since t he vacuum
producing material container 4 is opened to 25 the anbient air through an

air vent, the air is i ntroduced into the ink container 4 through the
cl earance 8 between the rib ends 8 and the ink
. -19- 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 ordei to provide the equivalent function

10 to the vacuum producing material adjusting chamber
. 1032 of this embodiment, the configuration of 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 areé 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 thé
internal pressure of the ink container .changes due to

25 ambient condition changé or the like.

Embodiment 10

The ink container 2001 of this embodiment is
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cartridge bottom 11 through the vacuum produci ng material. At this
time, the pressure difference between the ink container 6 and the
vacuum produci ng material container 4 is elimnated. During the ink 5
jet recording operation, the above process is repeated, so that a
substantially constant vacuumis, mePdtained in the ink cartridge. The
ink in the ink contai ner 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 LsS.i roved.
Operation (2)& hybrfﬁ type in which the inside ther of°15"™

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 provided
an air vent 2003.
In the state shown in Figure 15, the
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 inkIChamber 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
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The principal of operation of the ink container Is further described

in detail on the basis of a nodel 15 shown in Figure 10. I n
Figure 10, an ink container 106 corresponds to the ink container 6 and
contains the i nk. Designated by reference nunerals 102, 103-1 and
103-2 are capillary tubes equival ent togfhe vacuum 20 producing materi al
3. By the neniscus force.thereof, a vacuum is produced in the ink
container. An el enent . corresponds to the joint nmenber 7, and is

connected with an ink jet recording head, not shown.
' 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 io 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 qhamber b, and the meniscus of the
compressed ink absorbing material is maintained by the

reduced pressure. When the ink is supplied to the
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It supplies the ink fromthe ink container. The ink, 25 is ejected through

the orifices, by which the ink flows as indicated by an arrow O.
The state shown in this Figure is the state
- 20- in which a small anount of gge i nk has been supplied

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
coéresponding to the consumption of the ink. At this

5 time, the meniscus formed in the compreséed ink
absorbing material at the bottom of the ink chamber
wall is partly broken, by whiéh the air is introduced
into the ink chamber from which the ink is being -
consumed, so that the pressure of the excessively

10 pressure-reduced ink chamber 6 is balanced with the
meniscus retaining force of the compressed ink
"ahsorbing material and the static head of the ink -
itself in the ink chamber b. 1In 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
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

25 atmospheric pressure reduction or the like, from the
state shown in Figure 15. 1In this embodiment,.the ink
flowed into the ink chamber 2004 is retained in the -
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out fromthe vacuum produci ng material, and therefore, the ink
container, fromthe filled state of the ink cont ai ner and the vacuum
producing material. The: 5 balance is established anong the static head in
t he orifice of the recording head, the reduced pressure in the ink
contai ner 106 and the capillary forces.4gLthe capi |l lary-tubes 102,
103-1 and 103-2. When the ink is supplied fromthis state, the height
of the ink level 10 in the capillary tubes 103-1 and 103-2 hardly change,
and the ink is supplied fromthe ink container 106 t hrough a cl earance
108 correspaohprpdsed wbhadrbimnaaterial. 2008 s i The ecslbstidreshviguum i n t he
' nk Contauﬂietween the ink absorbing quantity of the compressed
ink absorbing material and the ink chamber is
determined from the standpoint of pteventing 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 ink
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
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106, so that the meniscus of the capillary tube 102 15 changes to produce
air bubble or bubbles. By the br eakdown of the neniscus, the air
bubbl e or bubbl es are introduceéd into the ink container 106. In this
manner, the consumed amount of the |nk |§ suppl i ed fromthe ink
contai ner 106 wi thout a substanti al Zﬁange in the level in the
capillary tubes 103-1 and 103- 2, that I's, wthout substantial change
in the ink di stribution.in the vacuum produci ng material, that

is, with the haksrsed bf‘tﬁﬁﬂaéoﬁ{)§§§§é§ #BLH}BiA§Umaterial in the Wien an
amount Q of the ink is supplied, 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 fhe flowed

10 ink is lower than the quantity of the ink cdntained in
the ink chamber 2006. Therefore, when 0.7 atm is
assumed, when the amount of the remaining ink becomes
not more than 30 %, 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 °C, 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
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25 vol une change appears as the neniscus | evel change in the capillary

. tube 102, and the surface energy change of the meniscus thereby
i ncreases the negative: -21-
pressure of the ink supply portlon However, the break down of the

meni scus permts introduction of the gg air into the ink contalner SO
that the air is

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
thé 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
récording abparatus used under the low pressure

condition such as a high attitude location is moved td
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exchanged with the ink, and therefore, the neniscus 5 returns to the
original position. Thus, the internal pressure of the ink supply
portion is maintained at the predeterm ned internal pressure by the

capillary

force of the tube 102. Figure 11 shows t

he

change of the internal 10 pressure at O i nk supply portion of the ink

cont ai ner

in accordance with the anmbunt of the ink

supply (consunption anount).- At the initial state (Figure 14),
supply start g oMt thde!iBcation of the normal atmospheric

10

15

20

25

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
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
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 toc immediately before the
exchange thereof. .Since the ink chamber 2006 is
closgd, 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
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
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
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15 producing nmaterial container, as described her ei nbef ore.
. particularly, fromthe ink contained in - t he vacuum produci ng

cont ai ner
bottom

Mor e
mat eri al -

until the meni scus is formed in the clearance 8 at the

portion of the ink container. Therefore, simlarly to

.ink container according to the first jgg-or art in whi ch the

cont ai ner

“in the ink supply

is filled with the absorbing material, the internal

20 the
nk
pressure

portion is produced due to the bal ance between the

capillary force at the ink"top surface (air-liquid 25 interface) of the
" conpr essed dhdortbsy Husptidieroflther ink chamber 20 pisvduci ng mat eri al

cont ai ner

10

15

20

25

and the static
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
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
the ink flowed out of the ink 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 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
inﬁ chamber wall is élso absorbed by the compressed
absorbing material in the ink chamber 2004, it is
considered that all qf the ink remaining in the ink
chamber 2006 (30 %.0f VB) is leaked out. When the
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
maximum amoqnt 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

ecet Has Been Replaced

\\Il\\\\ | \\\I Tl



head of the ink itself. Wien the state is reached in

-22- which the air-liquid interface is forned at the bottom
portion of the ink container as destribed in the foregoi ng due to the
reduction of the ink in the vacuum producing material container in

accordance with

19

15

20

25

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,
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
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
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
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
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 -
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5 the consunption of the ink (ink supply) (Figure 15, and Figure 11,
point X), the ink supply fromthe ink container starts. By the
capillary force of the conpressed i nk absorbing naterial adjacent the
bott om portion of the ink chanber, the internal pressure of 10 the ink
supply portion is naintained. As |ong a51he ink is supplied fromthe

I nk container, the substantially constant internal pressure is

mai nt ai ned. When the further ink consunption results in the decrease of
the ink level in the ink container 15 beyond the ink chanber wall bottom
subst anti al | yead!

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 finé pore radius Pl
25 of the compressed ink absorbing material 2003
pfeferably satisfies:

1 =27
P cos@/Pgh This Sheet Has Been Replaced

AW



of the ink container is consunmed (Figure 16 and Figure 11, point Y),
the air is introduced at once into the I nk container with the result
of conplete comuni cati on established between the ink container 20
and the outside air, so that a small anmount of the ink remaining in
the ink container is absorbed by the '53tonpressed I nk absorbing materia
I n the vacuum produci ng material container, and therefore, the’
anount of the ink contained in the vacuun1producing 25 material container

oo onSi 1 oSS SAF pamat G816E ke HAEEIE 56 oA Suishactr! Y
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
chambér 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 top 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, if 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 6f the"ink_supply portion is:
= 2Ttco0s8/Pg(h+i)
In the above equation, the height (i mm) of
the air-liquid interface right above the ink supply

25 portion is gatisfactory if it is at a position higher

than the top end of the ink supply portion. The ink

suckihg force (capillary force) is gradually decreased
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- 23- corresponding to the slight rise of the ink top surface
(air-liquid interface). Wien the ink is - further consuned, the ink in
t he vacuum produci ng material container is consuned. |If, however, the
air-

-64-

10

15

20

25

(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
adjacent the ink chamber wall 2005 (Figure 36), so
that the air-liquid interface gradually decreases
toward the iﬁk chamber wall in the further inside
portion of the compfessed ink absorbing material 2003
in the ink chamber 2004. The capillary force change
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 ﬁaterial 2003 which is below
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
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 éupply portion than the capillary force
(radius Pl pf 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
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5 1liquid interface | owers beyond the ink supply portion, t he recording

head starts to receive the air, and therefore, the ink supply system
reaches the limt (Figure 17). At this state, exchange of the ink
cartridge is required. The followi ng has been found 10 by the

I nvestigations of the inventors. By C@?Tying out sucking recovery
operation by sucking neans of the mai n assenbly of the recordihg

appar at.us upon the .connection with the recbrding head to renove the air

oporat 1 on ke 5ile MBRPERT FETRHES %) 1\ "t oFs{he o harefRE, 11

possibl e 105¢ 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
iS5 the bores satisfy:
Pl1 > P2
Preferably,
Pl > (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 = PS.

Referring to Figures 35, 36 and 37, there is -
25 shouwm prefer;ble comp;ession ratio distribution as an
example in which the above-~described relations are

satisfied by adjusting the compression ratio, using

This Sheet Has Been Replaced

T




maintain the stabilized ink internal pressure fromthe Initial stage.

In addition, even if the ink is supplied out fromthe vacuum produci ng
material 20 container at the initial stage and at the stage
i medi ately before the exchange of the inkcartridge t he recording

. property is not adversely influenced .dgg-~ - the ink stabilized supply
period shown in Figure 11, and therefore, proper recording
operation has been 25 <carried out. In order to establish ink supply
t hr ough t he above-descri bed nechanism the foll ow ng points are

" consi der ed.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 ratid 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 in 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 caée, 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 o; the compressed ink absorbing
material 2003 adjacent the bottom end portion (Figure
39(B))} or the ink chamber wall.side (Figure 39(A))
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- 24- It is desirable that the neniscus is forned stably
between the ink and the anbient air at a position very close to the

cl earance 8. O herwise, in order to displace the nmeniscus to the ink
container, 5 the ink has to be consungg,to such a large extent that

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 & 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
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a quite high vacuumis produced in the ink supply portion. Then, a high

frequency drive of the recordi ng apparatus becones difficult, and it is
t here fore dlsadvantageous fromthe standpoint of high 10 speed
recordi ng operation. Figure 11 shows the change of the

i nternal pressure at the ink supplasgsortion of the ink container in
accordance with the ink supply anount (consunption anount). It shows a
so-called static 15 pressure Pill in the state of no ink supply and a so-
called dynam c pressure P112 in the state of ink being suppl i ed.

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
chambef 2004 may be determined in consideration of the
leakage quantity from one ink chamber. Therefore, the
volume of the cdmpressed ink absorbing material 2003

25 can be reduqed as compared with that in Embodiment 10,
and' therefore, the ink retention ratio can be

increased.

e
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The difference between the dynam c pressure P112 and the static
pressure P111, is the pressure 20 |loss 5P when the ink is supplied. The
negative pressure produced at the tine of the meniscus

di spl acenent is influential. Accordingly, it is desirable

t hat the bieak down of the meniscui®%t this portion occurs wthout 25
del ay. For this purpose, there is provided an air i ntroducti on passage
for forcibly permtting air - i ntroduction adjacent the clearance 8.
Embodi ments ighhoaiment 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 dispaosed to promote the formation of the air-liquid
interface 2421 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 theréafter, it is
accommodated therein. This results in'a little bit
complicated manufacturing process of the ink

25 container, but the compression ratio (and therefore:
cépillary force) can be adjusted to be proper degrees

at respective positions. In addition, the low
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- 25- this respect will be described. Enbodinent 1 Figure 3
lllustrates a first enbodi nent. The vacuum producing material 3 in the ink
container is an ink absorbing material such as foamed urethane naterial

or the like. When the absorbing material is accommpdated in the vacuum
produci ng materi al -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
simiiarly to the 12th embodiment, the compressed ink
absorbing material 2003 is separated into three parts,
and there are high compression ratio portion 2432,

10 minimum compression ratio portion A434, and there is
small compression ratio portion (intermediate
capillary force) 2433 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 Dbottom 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. 1In this Figure, 2431 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
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cont ai ner 4,

i ntroducti on passage extends

It provides a clearance functioning as an air introduction
passage A32 at part of .the vacuum producing material container.

to the nei ghborhood of the clearance 8

The air

bet ween the ink container bottom 11 anq t he end of the rib 5. Thus,

communi cation with the air is established by the air vent. \Wen the ink

supply fromthe ink supplying portion is started,

the ink is consunmed from

the absorbing material -3, so that the internal pressure of the ink supply

portion reach@mpraisid HaHikeGdudint tHEinK hdrbles Wooace A31 shown in

Figure 3 is stably forned in the absorbing material 3, and the meniscus -

10

15

20

25

becomes locally high with the result of the local
increase of the capillary force. Then, there is a
poséibility that the air is blocked between the
portion adjacent the ink chamber 2004 having the
normal compression'ratio, and therefore, the smaller
capillary force, with'tie result of formation of
meniscus preventing the ink supply from the ink
chamber 2006. Therefore, this should be avoided.

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 wvent,
and there are further provided a supply ink cﬁamher
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
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. Thereforé, the ink container is easy to
handle, and the ink rgtention rate ‘'is high.
Embodiment 14

During pressure reduction tests for -the ink
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I's formed between the ink and the anbreht air adjacent the clearance 8.
The clearance 8 is preferably not nore than 1.5 mmin
the height, and is preferably long in its |ongitudinal direction. \Wen
this state is established the break dowmn of the neniscus at the clearance
8 occurs without delay by the subsequeli-ink consunption. Therefore, the
I nk can be supplied stably w thout increasing the pressure ‘
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 éontainer.
Figures 14, 45 and 46 show comparison of the
ink container resulting in the ink leakage. In Figure
45, (1) 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
(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 Seen consumed
froie the suppliable ink in the ink chamber 3004 and
20 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
25 temperature increase ?rom 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
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| oss 6P. Accordingly, the ink ejection is stabilized at hi gh speed

printing. When the recording operation is not carried out,
the capillary forces of the vacuum producing 5 material itself (or the
meni scus force at the interface be+®8en the ink and the vacuum

produci ng material), retain the ink so that the ink |eak fron1the I nk

] et recordi ng head can be suppressed.

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 aaddition, the ink can be filled into the ink

25 chamber 3004 to the ink retaining limit. Therefore,
in consideration of the above-described paints, the

ink is filled into the ink chamber 3006 to the limit
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For the purpose of using an ink cartridge enbodying 10 this invention in

-a color ink jet recordi ng apparatus, different color inks (bl ack,
yel | ow, nagenta and cyan, for exanple) can be accommodated in separate
I nk cartridges. The respective ink cartridges may be unified as an

-ink container. In another formthere=745 are provi ded an exchangeabl e i nk
cartridge for black I nk which is nost frequently used, and an’

- exchangeabl e ink cartridge unifying other color ink containers.

. O her conblnatlons are possible in consideration of i nk jet apparatus
used ther et Hts Mplume, and the ik héhid1lded fate Lhendnkhvention will be
descri bed

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 éhamber 3004, and
thereafter, the ink in the ink chamber 3006 is used.
When the ink ﬁs 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
sufficient;y 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, a;d 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
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in nore detail. In order to control the vacuumin the ink jet

recordi ng head when an i nk contai ner enbodying this I nvention is used,
the following is preferably 25 optim zed: nmaterial, configuration and

di mensi ons of t he vacuun1prodUC|rEb terial 3,.configuration and

di rensions of rib end 8, configuration and di mensi ons

-27-

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.
i1t 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
(IIl) show the similar things as with (I), (II) and
(111I) 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. 1In
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
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of the clearance 8 between the rib end and the ink cont ai ner bottom
11, volune ratio between the vacuum produci ng material container 4 and
t he ink contai ner 6, configuration and di nensions of the joint nenber 7
5 and the insertion degree thereof into the ink cartridge,
configuration, dinension and nesh of thgg. filter 12, and the surface
tensi on of the ink. The material of the vacuum producing
menber may be any-known material if it can.retain the ink 10 despite
t he wei ght thereof, the weight of the liquid '

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 éhamber
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 of 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 8ince 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 fundamental 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, ¢ and d, which communicate at the
25 bottom. An ink absorbing material 3002. having an
édjusted capillary force is packed into the

communication part between the ink chamber a and the
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(ink) and small vibration. For exanple, there are sponge like materials

made of fibres and porous mat eri al havi ng conti nuous pores. It is
preferably in the form of a sponge of pol yurethane foamed material 15
which is easy to adjust the vacuum and the ink retaining power.
Particularly, in“the case of the f 6drfed material, the pore density can
be adjusted during the manufacturing thereof. Wen the foamed -

material is subjected to.thermal conpression treatnent 20 to adjust the
oot i BRI S i oo G5 Bkl Bt [ L1 e
without substantial clearance. The ink chamber 4
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.
Figure 51 shows the principle of thelinternal
20 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
25 ink chambers, it is ip the atmospheric pressure. The
ink is supplied to the -recording head from the ink

supply portion through the communication parts between
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i nfluence to the record quality, and therefore, cleaning treatnent is
desirable. For the purpose of 25 neeting various i.nk cartridges for

various ink jet recordi ng apparatuses, corresponding pore density
foamed materials are required. It is desirable that a
- 28-

-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
preésure 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 portién-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'comp;essed ink absorbing material (compressed
portion) in the communicating part between the ink

chamber 3008 and the ink chamber 3007 in accordance
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foamed material not treated by the thermal conpression and having a

predet er m ned nunber of cells (nunber of pores per inch) is cut-into a
desi red di nensi on, and it is squeezed into the vacuum produci ng
material 5 container so as to provide the desired pore density and t he
capillary force. ™ Anbi ent té®dition change in the ink jet
recordi ng appar at us. In the ink cartridge having a closed ink
10 container, the ink can leak out. That is, when the anbi ent

conditions changetheBEha1Y Se" kRS PhxP E55H8t auring 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
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decr ease) with the ink cartridge contained in the ink jet

recordi ng apparatus, the air in the ink cont ai ner expands (the ink
expands too), to push out 15 the ink contained in the ink container, with
t he result of ink | eakage. In the ink cartridge of this

enbodi ment, the volune of air expansiagdlincluding expansi on of the

I nk, although the amount thereof is small) in the closed ink container
is estimated for 20 the predicted worst ambient condition, and the
correspondi ng anount of- i nk novenment fromthe ink cont ai ner

thereby is aldigid Qb iR/ AC UHN 410 Wb i ment MRS icWerdfIbwddier . The
position of the air vent is
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
S 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 timé of pressure reduction even if the
15 temperature increases by 50 9C 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 Emhadiment 15, therefore, the buffering
absorbing material 3203 is subjected to the experiehce
of ink absorption therein before use thereof. . It has'
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not limted unless it is at an upper position than the 25 opening for the

joint in the vacuum produci ng nateri al container. In order to cause
the flow of the ink in the vacuum producing haterial at the position
away fromthe opening fgr t he jOInt upon the anbi ent

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, at
the initial stage of the use, it is preferable that it
10 is not filled with the ink. Therefore, in this
embodiment, the ink chambers 3004, 3006 and 3007-&re
filled with the ink up to the limit, and the ink
chamber 3008 is filled with the imk substantially to
the limit, and thereafter, the ink is removed from the
15 ink chamber 3008, thus assuring the buffering 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
capiliary force and one or more ink chambers for

containing ink and in communication with the supply -
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condition change, it is preferably at a position renote fromthe joint
openi ng. The nunber, the configuration, the size and the |like of the

air vent

the art in consideration of the evaporation of the i nk.

Transportation of the Ink Cartridge pe

During the

5 can be properly determined by the ordinary person skilled in

;
transportation of the ink 10 cartri dgeS%er se, the joint opening and/or

the air

vent is preferably sealed with a sealing nenber or

to suppress the ink evaporat.ion or the

10

15

20

25

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
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
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
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
forms meniscuses in various portions of the absorbing
matérial. 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
of the ink ;herein. Rather, big bubbles remain, as
indicated by A611. When such an ink container is
joined with the recording head, the ink flow is not
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expansion of the ink air in the ink cartridge. The seal ing nmenber is
preferably a single | ayer barrier 15 used'in the packing field,
menber including it- and plastic film conpound barrier
mat eri al having them and al umi numfoil or reinforcing mat eri al
paper or cloth. It is preferable +83+ a bonding | &yer of the sane
simlar 20 material as the ink cartridge main body is ‘used,

i s bonded by heat thus i nproving the hernetical seal i ng

mul ti-Iayer

mat eri al or
and it
property.

air and the

ress the introduction of the

Su
SUEFLFARNE DBFARRE PRKEe, CRLSERRES, Pothe 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
the emptiness of the ink chamber 4006 because the ink

is contained in the absorbing materia1_4202 in the ink

' chamber 4004, and therefore, the recording operation

10

15

20

25

is possible even after the ink is used up in the ink
chamber 4006. The operator will become aware first
that the ink has been used up from the ink chamber
4004 and the ink chamber 40056 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
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
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
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
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25 that the ink cartridge is packaged, and then, the air I's renoved

therefrom and then it is sealed. As for the packing material, it is
preferably selected from ) - 30-

t he above nentioned barrier material in consideration of the air
transmssivity and the liquid -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 convefter 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. : e
This Sheet Has Been Replaced

 NEAVAI




transm ssivity. By the proper selection as described in the 5

f or egoi ng, I nk | eakage can be prevented with high reliability
during the transportation of the ink cartridge per se.

Manuf act uri ng Met hod The material of the main body of the ink
10 cartridge may be any known material .~8%is desirable t hat the

mat eri al does not influence the ink jet recording ink or that it has
been treated for avoiding . such influence. It is also preferable that

As shawn 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
betéeen the two electrodes abruptly increases, and a

5 corresponding vqltage is produced between the
electrodes. The ﬁoltage 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 staée, the internal pressure (negative

pressure) is produced by the capillary force of the -
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consideration is paid to the productivity of the ink 15 cartridge. For

exanpl e, the main body of the ink cartridge is separated into the
bottom portion 11 and . the upper portion, and they are integrally forned
respectively fromresin material. After the vacuum produci ng materi al

I s squeezed, the bottomportion 11 20 .gnd the upper portion are bonded,

t hus produci ng the ink cartridge. IT the resin material is transparent
or sem -transparent, the ink in the ink container can be observed
externally, and therefore, the timng of the ink cartridge exchange can

be di scri m nadmisreskedasii Yabddr vl mdteFa0l 14208 ad Rihbamd ng of the
chamber 4004. However, with the reduction of the ink
in the ink chamber 4004 by the consumption of the ink,
the'iniernal pressure by the capillary force gradually
5 increases in accordance with the compreséion 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
p;omoting 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 refillied 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
1ﬁto the ink chamber 4006 with a pipe 4052 or the

like. After the injection, the supply port 4005 is
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above-descri bed sealing materials or the |like, the provi sion of a

proj ection -31- pref erabl e.
From t he outer appearance standpoint, the outer surface of the ink
cartridge may be grai ned. The ink may be filled through
pressurization -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 foiegoing, 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. 1In 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 temgerature increases, as described with
respect to Embodiment 16. For example, when the

.airs in the ink chamber 4006 and the ink chamber 4007

e
- e ——
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and pressure reduction. It is preferable to provide 5 an ink supply port

in either of the containers since t he ot her openi ngs are not

contam nated at the tinme of the ink filling operation.

Af ter the ink filling operation, the ink filling port is preferably
plugged with a plastic or metal plug. ~880 O hers The
I nk container (cartridge) of the above- 15 described enbodi nents, my be

an exchangeabl e type, or

10

15

20

25

expand in the state of Figure 58, the expanded amount
of the ink chamber 4006 is released through the air
vent and through thé ink chamber 4004. As shown in
Figure 59, the expanded amount in the ink chamber 4007
ié.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 retaihing capacity of
the compressed ink absorbing material 4202 in the ink
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
ink chamber 4608, 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
4008, as shouwn in Figure 60. An ink injection port is
formed in the ink chamber 4006. In this embodiment,
the remaining amounf 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

containing ?he 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
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may be unified with the recordi ng head. When it is an
exchangeabl e type, it is preferable that the main assenbly can detect
t he exchange of the container and that the recovery 20 operation such
as asucking operation is carried out by t he operator. As
shown in Figure 18, the ink contai ner 488y be used in an ink jet
printer in which four recording heads are unified into a recording

head 20 connectable 25 mﬁth four color ink containers BKla, Cb, Mc, Yld.
Conpari son Exanple 1
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
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A conparison exanple will be explained with

- 32- the change of the internal pressure at the ink supply
portion of the ink container in accordance with the i nk supply.
There is no air introduction passage in the

-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 injéction 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 nee& of using the refléefion plate, and

25 the detection sensitivity is better since the light is

diiectly received.

In the foregoing, the description has been

Th1s Sheet Has Been Rep laced




p——

5 ink container, and in the vacuum pressure producing - materi al

contai ner, an absorbing material having substantially uniform pores
size distribution is cont ai ned. At the initial stage, as
shown in Figure 14, 10 the ink is substantially fully contained in the
I nk container 6, and a certain anobur8lef the ink is contained in
t he vacuum produci ng materi al contai ner 4. \Wen the ink supply starts
fromthis state, the ink is supplied out fromthe vacuum produci ng

mat eri al 15

container 4, and therefore, by the bal ance between the

static head of3dReWith ZeSPERE & singleoisk Gontgdner, but the

10

15

20

25

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
and yellow color. Also, the Qresent 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
in accordance with the-color of the ink to select a
predetermined wavelength light, and the ink remaining
amountlmay be detected on the basis of the
transmissivity of the ink.

In the foregoing, the ink container is
exchangeable. Howevgr, it is in the form of an ink

jet head cartridge having integral recording head and

the ink container.

Figure 64 shows Embodimént 19, in which the
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
chamber 4007 is prepared, and replaces the ink chamber
4007. Figure 64, (b) shows the state in which the

used-up ink chamber 4007 is removed, and a full .fresh
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ink top surface (air-liquid interface) of the absorbing material 3 in

t he vacuum produci ng materi al container 4, the internal pressure is
produced at the 20 ink supply portion. Wth the continued ink supply,

the ink top surface |lowers. Therefore, the negative pressure increases
substantially linearly in response _gol0 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 i nterface
(rmeniscus) is formed at the clearance at the - bottom of the ink chanber

by the ink syi¥oldbntainer is going to be mounted. In Figure 64,
(c), the exchange has been completed. Af this time, a
plug 4052 at the bottom of the ink chamber C is tone

by the injection port 4005 located at an upper

W

position of the ink chamber 4006, so that the ink is

supplied. By doing so, there is no need of using

pipetfe 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 Iq this embodiment, the recording head and

the ink container are separable. However, the

recording head may be integral with the ink container'
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- 33- Until the meniscus-fornmed state is est abl i shed at
the clearance, the ink surface in the absorbing material lowers to a
substantial extant, and the liquid surface nay | ower beyond the joint
portion 5 with the recording head, as tgg_case nay be.

including the iﬁk chambers 4004 and 4006.

As described in the foregoing, according to

Embodiments 16 ~ 19, there is provided an ink
T ) container provided with ink supply portion for the
5 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

10 predetermined amount of the ink remains in the ink -
Cchamber, 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 preférable ink shows
the stability of the air-liguid 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, color;ng material and water-soluble
organic soléent. The organic solvent is low volatile

and low viscosity material having high
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If this occurs, air is introduced into the recording head with the

result of unstable ejection or ejection failure. Even if
this is not reached, it is possible 10 that the internal pressure at the
i nk supply portion i ncreases beyond a predeterm ned negative pressure
determ ned by the pore size of the abgarbing materi al at the cl earance,
as shown in b in Figure 13. The reason i s considered as follows. The
absorbing 15 nmaterial is conpressed nore or -l ess by the internal wal |

of the vacuum produci ng material container 4 at
compatibility with water. The following is examples:

amides such as dimethylformamide and dimethyl-
acetoamide, ketones such as acetone, ethers such as
tetrahydrofuran and dioxane, polyalkylene glycols such

5 as polyethylene glycol and polypropvlene 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, triethanclamine, sulfolane and
dimethyl sulfoxide. No particular limitation is
imposed on the content of the water-soluble organic
solvent. However, ii may preferably be withiﬁ 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

suriace tension. Examples of such a surfactant used
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t he periphery thereof. However, because of the non- exi stence of the

wall at the clearance, it is not conpressed with the result that the
conpression ratio 20 thereat is slightly snmall as conpared with the other
portion. Therefore, the situation is as sww in Fi gure 12.

In this Figure, the situation is shown in which the ink is consuned
fromthe vacuum producing 25 material container 4 to sone extent. °'If the
ink is further supplied fromthis state, the nmeniscus R4 whi ch

corresponds t dirddiuder gEEdn RO SfdCtMBNBdEh as fatty acid salts,

higher alcohol sulfuric ester salts, alkylbenzene-
sulfonates and higher alcohol phosphorié 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, ethyléne oxide adducts of
alkylphenols, ethylene oxide-propylene oxide
copolyrers, ethylene oxide adducts of acetylene glycol

20 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.

25 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
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- 34- R3 and R4 in the absorbing material 3, is displaced nor e

than the neniscuses at R3 and R4. Wen the meni scus comes close to the
cl earance, the neniscus force suddenly decreases with the result that
the 5 neniscus nobves to the ink container, and the neni scus i s broken,

by which the air is introduced in the LB%-

organic solvent,

In addition to the above components, the
first liquid@ may contain additives such as viscosity
modifiers, pH adjusters, mildewproofing agents or

5 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

10 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

15 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

20 may be lower than the ink retaining capacity of the
vacuun producing material. Here, the ink retaining
capacity is the amount of the ink capable of being
retained in the individual material.

The ihks according to the embodiments of the

25 present invention and the comparison example will be

described.

A mixture of water and water-soluble organié
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container. At this tine, a small anobunt of the ink is consuned fromthe

portions R3 and R4 not only fromthe portion R2. The pressure | oss 6P
at the time of the 10 neniscus novenent is relatively |arge.

However, the once broken neniscus is refqrned by the inertia at the
time of the restoring, at the p05|tP n close to the original position,
and therefore, the high pressure | oss states continues for 15'a while.
Until the meniscus is stabilized at the portien having the pore size
R1,

Simléﬂid@ﬂﬂ‘%ESStirred 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.

10 Ex.1l Ex.2 Ex.3 - Ex.4
diethylene
glycol 15 & 10 % 10 % 10 %
cyclohexanol 2 %
glyceroi 5%
thiodiglycol 5 % 5 %
15 -
SURFRON S-~145
{£luorinated 0.1 %
surfactant)
ACETYLENCL EH
(acethylene 2 %
glycol-ethylene
oxide adducts)
20 gdyestuff 2.5 & 2.5 % 0.2 % 2.5 %
water rest rest rest rest
[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
frouble. for all of Examples 1 - 4.

e
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are repeated. Once the neniscus is stabilized at the cl earance, the air
bubbl es enter the ink container 20 until the negative pressure determ ned
by the pore size RL in the clearance is established, so that the
stabilization is reached. The above is shown in Figure 13, b,

i n which the ink is consuned both_gromthe ink container and 25 the
absorbing material. If the air introducfron passage i s not

particul arly provided, the internal pressure at the ink supply portion
Is not stabilized, . . .

Comp. Ex. 1 Comp. Ex. 2

diethylene
glycol 15 %

glycerol : 5 %

thiodiglycol 5 %

SURFLON S-145 0.1 %

(fluorinated

surfactant)

ACETYLENOL EH

(acethylene

glycol-ethylene

oxide adducts)

10 Qdyestuff 2.5 2.5 &

water ’ rest rest

[surface tension] 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

15 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 °C
through Wilhelmy method.
The following is the surface potential at 20
- 25 ©C 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),
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- 35_
i ncr eased,

and the pressure loss 6P at the tine of the ink supply

and therefore, the ejection property is deteriorated with’

the result of difficulty of high * speed printing. 5 Enbodi nent 2
Figure 5 shows a_Qevice according to anot@gr

10.

15

20

25

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
by mixture with water.

The method of controlling the ink surface
tension- using surfactant will be described.

For example, 28 dyne/cm of the surface - _
tension can be provided by addition of 1 % of sorbitan
monolaurate ester on the basis of water; 35 dyne/cm
can be provided by addition of 1 % of polyoxyethylene-
sorbitan monolaurate ester; 28 dyne/cm can be provided
by addition of not less than 1 % of ACETYLENOL EH
(acetylene glycol-ethylene oxide adducts). If a lower
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,
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
composition of the ink..

The following is a comparison example.
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enbodi nment . In this enbodi nent, two ribs 61 are 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
t he absor bi ng material 3. The bottomend A of the rib 61 is placed
above the bottomend B of the rib 5, ByO®R ch the cl earance 8 can be ~
covered by the absorbing material 3 15 sinply by inserting a rectangul ar
‘par al | el opi ped absorbing material 3 into the vacuum produci ng
mat eri al container 4. Therefore, the air introduction passage A51 can
be ext ended G#P-h&EXposi ti on very cl ose
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 pfessu;e

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 aré
close in the color recording, and fherefore, uniform

coloring is possible. The following is an example of

the composition:

25
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to the clearance 8 without difficulty and with 20 stability. Arrow A52

shows the flow of the air. Using this ink cartridge , the
printing operation is actually carried out, and it has been
confirmed that the ink surface and the neniscus as shown in Figure 5
can be quickly established by the 25 i-#lupply due to the recording
operation, and the sharp exchange between the air and the ink is
carried out by the neniscus break down, and therefore, the ink
Dat e:
Ex. 5
dye 4 parts
glycerol 7.5 parts
’ thiodiglycol 7.5 parts
3] 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
by the absorbing”maierial 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

15 rise or the pressure reduction in the atmosphere, as
shown in Figure 34.

As described hereinbefore, the air-liquid
'interface of the ink in the ink chamber 2004 when the
ink is supplied from the ink chamber 2006, is -

20 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

25 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,
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- 36-

can be supplied with small pressure |oss, and t her ef ore,

hi gh speed printing operation can be carried out with stability.

Enbodi ment

10

15

20

25 .

3 5 Figure 6 shows the device of the third

-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
the iﬁk 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
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.
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
head, the vacuum in the ink chamber 2006 and the
caplillary 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
absorbing qaterial 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
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enbodi nent in which the nunber of ribs 71 is i ncreased, thus increasing
t he nunber of air I ntroducti on passages. The ribs 71 are provided on
the ceiling and wall of the vacuum producing nmaterial 10 contai ner.
According to this enbodi nent, the plurality of air introduction
passages A61 can be provided with stl#-ity fromthe air vent 13 to the
nei ghbor hood of the clearance 8, and therefore, the I nk supply can be
carried out with small pressure 15 loss, as in the first and second

enbodi nents, .an therefaore, a high speed _printing operatiaon _can be
carried out \R?Is[%gt ga:iqm,,t >;l cc of t%e irz):k whr:)i.ch is ppg'ox. 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 = 2Y¥cosb/Pgr
where T is the surface tension of the ink, © is the
contact angle between the ink and the ink absorbing
material, £ 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
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In this enbodi nent, even if the air vent 13 i s disposed at a position:
renote fromthe clearance 8, 20 the air can be introduced snoothly.

Enbodi nent 4 Figure 7 shows a device according to a fourth
enbodi ment of the present invention. _ I'n this enbodi ment,
simlarly to the 25 enmbodinents 2 and g ribs 81 are provided on the
partition rib to provide the air introd gfron passage A71. The ribs 81

are asymetrical about the rib 5, by

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 (cosé
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
between the ink and the ink absorbing material, it
means to increase the wettability of the ink to the
absorbing material. 1In order to accomplish this,
15 surfactant is used.

In the case of Example 5 ink, the surface
tension is small (30 dyne/cm?) 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 m;terial) is immersed in the
Comparison Example 3_ink and the Example 5 ink, and

the height of ink absorption was measured. The
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-37- whi ch the passage for the ink flow fromthe ink contai ner 6
t hrough the clearance 8 into the vacuum produci ng 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 6, ¢&® be nade "

Comparison ﬁxample 3 ink ﬁardly absorbed the ink
(several mm), whereas the Example S5 ink was absorbed
to the height of not less than 2 cm. It will be
understood that the ink having the improved

5 permeability by containing the surfactant, as in the
case of Example 5, the ink can be sufficiently
absorbéd 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 aerosol, sodium
dodecylbenzenesulfonate, sodium laurylsulfate, higher
alcohol-ethylene oxide adducts represented by genéral
Formula [1], alkylphenol-ethylene.oxide adducts

15 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].

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

[2]; min is preferably 6 - 14 in Formulas [3] and [4].
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I ndependent relative to the center line A, by which, the pressure | oss
by the exchange can be reduced More particularly, this
structure is 10 effective to reduce the pressure loss [err]P required for
t he exchange between the ink and the air to approx. one hal f.

Thus, the ink can be stably ejected fraog-he recordi ng head. 15
Enbodi nent 5 Figure 8 shows a device according to a
further enbodi ment. The device is provided with ribs 91. In the

enbodi nents 2 - 4, the t%P end of the ribs

10

15

20

25

R-0—¢CHCHy07-H (2]

where R is alkyl,

. RY Y-0tciyCi 0958 [2]

where R is alkyl,
H3
H—{CH5CH5037—¢CH-CH50}5-R [31]

where R is hydrogen or alkyl,

Cl:H3 CH3 CH3 CH3
CH3 —CH—CHZ ?-CEC-CI-CHZ -CH-CH3

’T‘ ’ol‘
CH, CHy (4]
clmz CI-IZ

O 0
1. 1.
H H
where m and n are respectively an integer.

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.
The hydroph;lic 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
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91 are extended to the upper part of the internal

20 surface of the wall

of the vacuum producing nmateri al cont ai ner 4. However, in this
enbodi ment, they are not extended to such extent. By doing so, the top
part of the absorbing material is not co essed by the ribs 9, so.
that the production of the neniscus f@{ce at the conpressed portlon can

be avoi ded,

t hus further stab|I|Z|ng t he vacuum control.

More particularly, the ink is consuned from

10

15

- 20

25

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 propérty is insufficient, and the ejection
property is deteriorated. Therefore it is preferably
6 - 14.

The amount of the nonionic surfactant is
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.

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
improve bubble creation stability and fixing property
on the recording ma;erial.

The water-soluble organic solvents
constituting the ink of the embodiment may include
polyalkylene glycols such as polyethylene glycol, and
polypropylene glycol; alkylene glycols having -2 to 6
carbon atoms such as ethylene glycol, propylene

glycol, butylene glycol, triethylene glycol, 1,2,6--
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t he absorbing material 3 until the ink surface A81 in t he absor bi ng

mat erial 3 (vacuum producing nmateri al (3) noves to the stabilized ink
surface A82 in the initial ink container fromwhich the ink is
consuned. 5 That is, if the air-1liquid exchange through the air
.introduction passage air I S pronot eqgigao soon, the consunption of

the ink fromthe absorbing material 3

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
5 monomethyl (or ethyl) ether; alcohols such as methyl
alcohol, ethyl alcohol, n~propyl alcohol, isopropyl
alcohol, n-butyl alcchol, sec~butyl alcohol, t-butyl
alcohol, isobutyl alcohol, benzyl alcohol, and
cyclohexanol; amides such as dimethylformamide, and

10 dimethylacetamide; ketones and ketdne alcohols -such as
acetone, and diacetone alcohol; ethers such as
tetrahydrofuran, and dioxane; and nitrogen-containing
cyclics such as N-methyl-2-pyrrolidone, 2-pyrrolidone,
1,3-dimethyl-2-imidazolidinone.

15 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 1 - 3 % by weight. And,

20 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

25 1liquid components anq 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,
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becones low as a result that the ink is consunmed from the ink
container. Therefore, the anount of the ink 10 capable of noving to the
vacuum produci ng nateri al container 4 fromthe ink container 6 at the
time of t he ambi ent condition change such as pressure change, S
limted. Therefore, the buffering effeclO§f the absorbing material 3
agai nst I nk | eakage can be 15 deteriorated. Therefore, in this
enbodi ment, the air i ntroduction passage A83 is provided so that the.

air is introduced only_after the ink is consuned fromthe
absor bi ng naPEFF&Fa§§?bRa’cgrﬁaPW ¥eA8HE- by which the

By addition of the thioglycol or urea (or
derivatives thereof) in the ink, the ejection property
and the clog (solidification) preventing property is

5 remarkably improved. This is considered to be because
the solubility of the dye in the ink is improved. The
content of the thioglycdl or urea (or the derivatives
thereof) is preferably 1 - 3 %, and may be added ‘as
desired.

10 . The main constituents of the ink of the
present first invention are described above. Other
-additives may be incorporated provided that the-
objects of the invention are achievable. The additive
includes viscosity-adjusting agents such as polyvinyl

15 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

20 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
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I nk surface in the absorbing material 3 is controlled, 20 thus increasing

‘the buffering effect against the ink | eakage. Enbodi nent 6
Figure 9 shows anot her enbodi nent. In this enbodi ment, the
air introduction 25 passage is provided by form ng a groove 100 in the
partition rib or wall. Agggrding to this enbodinent, the
ethyl alcohol 3 parts
pure water 84 parts

In this case, when the ink is overflowed from

the ink container to the absorbing material container
5 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
10 wall and the absorbing materiél.

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

15 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.

20 Comp. Ex. 6

dye 3 parts
glycerol 5 parts
thioglycol 5 parts

ethylene oxide-propylene

25 oxide copolymer . 3 parts
urea _ 5 parts
pure water 79 parts «—«___;

_—
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- 39- irregularity of the conpression ratio of the absorbing

mat eri al contained in the vacuum produci ng materi al container is
reduced, and therefore, the vacuum ’ control is easy, so that the ink can
be supplied 5 stably. Enbodi nent 7_;4 Figure 19 shows a
further enbodi nment. The structure is simlar to that of the
Figure 6

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 éonverter such as.éiezoelectric element, - but is
particularly suitably usable in an ink jet recording -

head and recording apparatus wherein thermal energy by
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enbodi nent. However, it is different therefromin 10 that the air

I ntroducti on passage extends to the bottom end of the rib.

Simlarly to Enbodiments 5 and 6, the ink is consunmed fromthe
absorbing material 3 until the ink-’ surface in the absorbing material 3
in the ink 15 container at the initial;sjage of the ink consunption

di splaces to the stabilized ink surface position at an end C of the
air introduction passage Thereafter, the ink in the ink container 6 is
consuned, while the air-liquid exchange is carri-ed out

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 recording
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 &uick 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
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20 through the air introduction passage. Since the air i ntroduction
passage extends to the bottom end of the ribs, the structure is

equi val ent to the nodel shown in Figure 20. The description will be
made as to the nodel of Figure 20 &q detail. 25 The
absorbing material 3 is considered as Tcapillary tubes shown in Figure
20. The air i ntroduction passage A201 continues fromthe portion C

contraction of fhe bubble can be effécted
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. iIn
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-coﬁbination 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. 12367071984 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 +o
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
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-40- to the bottomend 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 descri bed

herei nbefore, the ink surface in ° the absorbing material 3 is at a
certain level at the initial .stage_pfsthe ink consunption. However, in
accordance with the consunption of the |nﬁ t he '

applicable to ; so-called full-line type recording head
having a length corresponding to the maximum recording
width. Such a recording head may comprise a single
récording heéd 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
ﬁountable{ ;t.may be a single corresponding to a single

color ink, or may be plural corresponding to the
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surface lowers gradually. 1In accordance with it, the 10 internal pressure

in the ink supply portion (negative pressure) increases gradually.

When the ink is consuned to the |evel C at the top end of the air

i ntroducti on passage A201, the nmeni scus is formed at a position Din
the capillary 15 tube. Wen the ink i s Tt her received and consuned.

the ink neniscus, that is, the ink surface | owers, again. If the .
position E is reached, the neniscus force of the ink surface in the air

i ntroduction p3uRAII39DS YIEE MM d8UGES v;i%%@ffte'}%xiﬂﬂ%e%&%g 20

a
consuned at ofice in the air 1 ntroduction pass
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
°C and not higher than 70 °C to stabilize the viscosity
15 of Fhe 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
enerqy, thé'ink is liquefied, and the liquefied ink may

be ejected. Another ink material may start to be

This Sheet Has Been Replaced




Thereafter, the ink is consunmed fromthe ink container, with this

position maintained. That is, the air-liquid exchange is carried out.
In this manner, during the ink consunption, the ink surface is 25
stabilized at a position slightly |ower than the hei ght C, and

therefore, the internal pressure in thellé- ink supply portion is
stabilized. Wen the ink supply
solidified at tﬁe 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
5 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
10 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
15 - 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
20 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
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-41- stops, the nmeniscus in the capillary tube returns from

position E to the position D, thus providing the stabiTization.

As described in the foregoing, the'ink 5 surface in the abdwbisiShas tenRiepjpced
reci procates between the positions_fand E until all of tnnmam“lm“‘m“
up in the ink container. In the Figure, A202 indicates

period, and A203 indi cates non-ink-supply peri od

10

15

20

25

WHAT IS CLAIMED-IS:
1. An ink containing apparatus for containing
ink, comprising:

a negative pressure'producing material;

a first container for containing said
negative pressure'producing material, said first
container héving 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 said first and second
containers; and

ambient air introducing means adjacent said

air vent for introducing air into said communication

part.

2. An apparatus according to Claim 1, wherein
said ambient air introducing means introduces the
ambient air to a region where a meniscus is formed

adjacent said communication part.

3. An apparatus according to Claim 1, wherein

-said ambient air introducing means includes a rib

extending above the communication part.

4. An apparatus according to Claim 1, wherein

said ambient air introducing means includes a groove

* [ L M $ *



10 Thereafter, the ink is consunmed fromthe ink absor bi ng

material, and therefore, the internal pressure(vacuum 1 n the supply
portion increases, and the i nk becones non- §uiP§Hettdas Boen Replaced The
internal pressure at the ink supply 15 portion i NI a difference
bet ween t he capillary force of the-ppgorbing mnﬂﬂmﬂm!aﬂ‘ve hei ght
to which the absorbing nmaterial 3 can suck the t he ink

surface |l evel height in the absorbing material 3, and therefore, the
height Cis 20 set at a predetermined level relative to the ink
extending above said communication part.

5. An apparatus according to Claim 4, wherein a
stepped portion is formed above the groove on a

5 surface of said first container.

6. An apparatus according to Claim 1, wherein
said negative pressure producing material_includes an
ink absorbing material.

10

7. An apparatus according to Claim 1, wherein
said negative pressure producing member includes an
ink absorbing material having a compression ratio
which is smaller adjacent said communication part than

15 another portion.

8. An apparatus according to Claim 1, wherein
said second container contains an ink comprising
water, coloring material and water-soluble organic

20 solvent and having a surface tension of 20 dyne/cm -

55 dyne/cm.

9. An apparatus according to Claim 1, wherein
said second container contains an ink containing at

25 least one nonionic surfactant.

10. An apparatus according to Claim 1, wherein

LI



suppl y portiren—-6—Froemthts standpoint, it is desirabl e that the pore
si ze of tHE RLSALHO%R grial 3isrelatively small. The

reason why ' | S set at a 25 predetermined level relative to the
I nk supplyﬂn“ “E m!listhat I f the,i;pk surface is lower than the
suppl yi ng : air is introduced with the

said second ink container is provided with a detection
means for detecting an amount of the ink which is

lower than a predetermined level.

5 11. An apparatus according to Claim 1, wherein

said second container is detachably mountable to an

ink jet recording head.

12. An apparatus according to Claim 11, wherein
10 said ink jet recording head is provided with
electrothermal transducers for producing thermal

energy to eject the ink.

13. 2An ink jet recording épparatus, comprising:

15 an ink container for containing ink including
a negative pressure producing material; a first
container for containing said negative pressure
producing material, said first container having an air
vent and a supply port for supplying the ink out; a

20 second container for containing ink; a communication
part for communication between bottom portions of said
first and second containers; ambient air introducing
means adjacent said air vent for introducing air -into
said communication part; and

25 a mounting portion for mounting said ink

container.

- - —
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-42- result of inproper ink ejection. However, it is not

desirabl e that the—height-———__is larger than the predeterm ned | evel
because the vk Sfkd R9p&f fegt at the tine when the ink 5 overflows
fromthe ink cont ° rblng material due to the interna
pressure change i mm ont ai Agpoattri butable to the anbi ent
condi tion cha In consideration of the above, © the

vol une of the absorbing material above the height 10 Cis selected to be
substantially one half the vol une

' 14. An apparatus according to Claim 13, wherein

said ambient air introducing means introduces the

ambient air to a region where a meniscus is formed

adjacent said communication part.

-

5
15. An apparatus according to Claim 13, wherein
said ambient air introducing means includes a rib
extending above the communication part.
10 16. An apparatus according to Claim 13, wherein

said ambient air introducing means includes a groove

extending above said communication part.

17. An apparatus according to Claim 16, wherein a
15 stepped portion is formed above the grooée on a

surface of said first container.

18. An apparatus according to Claim 13, wherein
said negative pressure producing material includes an

20 ink absorbing material.

19. An apparatus according to Claim 13, wherein
said negative pressure producing member includes an
ink absorbing material having a compression ratio

25 which is smaller adjacent said communication part than

another portion.



of the ink container. The above- descri bed—+weechantsmwii—be
explained in further detail. It is assunegmggﬁa e RpREd N

material has 15 a uniformdensity. The internal pressur
supply portion (vacuum or negative pres§i1£f) S det % “ H “l
difference HL - H2 between "a height Hl “to which the e of

t he absorbing nateri al can suck the ink up fromthe ink supply portion
| evel 20 and the height. H2 to which the ink has already been sucked

up fromthe hei ghgpof ARCapphrstP! ¥cBOFAiRG to Claim 13, wherein
said second container contains an ink comprising
water, coloring material and water-soluble organic
solvent and having a surface tension of 20 dyne/cm -

5 55 dyne/cm.

21. An apparatus according to Claim 13, wherein
said second container contains an ink containing -at
least one nonionic surfactant.

10

22. An apparatus according to Claim 13, wherein
said second ink container is provided with a detection
means for detecting an amount of the ink which is
lower than a predetermined level.

15

23. 2An apparatus according to Claim 13, wherein

said second container is detachably mountable to an

ink jet recording head.

20 24. An apparatus according to Claim 23, wherein
said ink jet recording head is provided with
electrothermal transducers for producing thermal

energy to eject the ink.

25 25. BAn apparatus according to Claim 13, further
comprising recording material feeding mechanism for

feeding a recording material to a recording region by

R



For exanple, the ink sucking force of the absorbing material is 60 nm

(H1), and t he hei ght of the air introduction passage A fromthe
ink 25 containing portion is 15 mm (H2). the internal pressure of
the ink supply portion will be 45 mmag = 60 mm - 15 mm = Hl - H2.
- 43-

- 122 -

said ink jet recording apparatus.

26. An ink container having a first ink chamber
iﬁcluding negative pressure producing material and an
5 outlet for ink, and a second ink chamber substantially
without =~ negative pressure producing material
communicating with the first chamber towards a lower part
thereof, the container also being provided with an air
vent located at an upper part thereof and communicating
10 via negative pressure producing material with the second

ink container.

27. An ink container substantially as described herein

with reference to any of the accompanying drawings.
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At the initial stage. in accordapce w.th the consunption of the ink

fr'om the absorbing material, [

correspondi ngly
| i nearly.

Structure is used,
The structure itself of the iggk cartridge is 10 so sinple that it-can be

easily manufactured using a =

102

_ hei ght of the I'iquid surface | owers
and the interndl pfessure lowers 5 substantially

When the ink cartridge of the above-described
t he vacuum

the ink can be supplied stably by
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td or the like, and therefore, I e nunber of ink cartridges can
bé.-dtably forned. VMen e ink is consuned to such an extent
that the surface level of the liquid in the absorbing 15 material is at
the ‘air introduction passage 1201 t hat is, Cposition, in other words,

the ink surface is ar-~——E—ﬁﬂﬂ?1naﬁ;r15 I n the air introduction passage
A201 can not be nésntalned and t"erefore, the ink is absorbed into

the absdrbing Matertal, _and TME air 0 Tharroduct i on passage is forned.

A S — ——— s S A S S S — —

Then, the air - |feAr<——tFc" APO%, OLTaOr S - 9Jice )3 the other hand, the
l'iquid surface [gn +he—absorbh1o natarlal |dc= ases
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because of the ink absorbed fromthe ink container, by which the liquid

surface D is established, apd e 25 air-liquid exchange stops. Wth this
state, there is - no inﬁSi he air introduction passage A201, and the
absorbing material above the air introduction passage

- 44-
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in ¢he nodel, functions sinply as quhgsf/ If the ink is
consuned again with this state, i quid surface in the absorbing

mat erial | owers slightly, which corresponds to opening of the valve, 5
so that the air-liquid exchahnge occurs at once to permt the
consunption of the ink fromthe ink container 6. Upon conpletion of

the i nk consunpti on, the liquid surface of the absorbing materi al

i ncreases by the capillary force of the absorbing material. 10 Wen it -
reaches the position D, the air-liquid exchange stops, so that the
liquid surface is

=
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stabilized at the position, In this manner, the ink liquid
surface can be stably controE%?hf§§’the hei ght of the air 15
[

i ntroducti on passage A201, that e height of the portion C, and
the capillary force of the absorbing material, that is, the ink sucking
height, is adjusted bef orehand, by which the internal pressure of the

I nk 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 anbient condition change, the capillary force
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of,-t he absorbing material,

t hat

| ncreased, by which the overflow
and the

be prevented,

suppl y
prevent ed.

Ar2

A7i

<< A

)gﬁsrfnk sucking 25 height is

I n fromthe ink container
occurrence of positive pressure at the ink

- 45-

portion can be
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Enbodi nent 8 Figure 21 is a |longitudinal sectional view of
an-ink cartridge for an ink jet r rdiag apparatus 5 according to an
el"ght h enbodi nent of the present Ndventi on. Figure 22 is a

cross-sectional view of the - same, and Figure 23 is a sectional view
show ng a surface of the rib. An air introduction groove
1031 and a vacuum 10 producing material adjusting chanber 1032 are forned
on a rib 1005 which forns a partition wall between the i nk cont ai ner

1006 and the vacuum produci ng materi al

FI1G. 8
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contai ner 1004. The air introduction groove 1031 is - forned at the
vacuum produci ng nmateri al - cont ai ner §Qﬂ§’§5 and is extended fromthe

central portion of the rib 100 o an end of the rib 1005, that is, to
t he cl earance 1008 forned with the bottom 1011 of the ink
cartridge. Between the vacuum producing material 1003 contacted to the
nei ghbor hood of the air introduction 20 passage 1031 of the rib 1005, the
vacuum ptoduci ng " material adjusting chanbers 1032 are forned, and are -
in an excavated form Si nce the vacuum produci ng nmateri al
1003 is contacted to the inside surface of the materi al

O

=

FIG. 9
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25 cont ai ner
ateri al

1004, and therefore,
1003 is non-uniformy sq

even if the vacuum

the nmateri al

pr oduci ng

cont ai ner

ereg-nto

1004. the contact pressure 45 - 46-
(conpression) to the vacuum producing material 1003 is partially eased,
as shown in Figures 21 and 22. Therefore, when the ink consunption from
the head is ’
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started. the ink contained in the v «ﬁrbducing 5 material 1003 is
coénsuned, and reaches to the ad zz%g chanber 1032. |If the ink

continues to be consuned, the air can easily break the ink meni scus
at the portion where the ccntact pressure of t he vacuum produci ng
material 1003 is eased by the 10 adjusting chanbers 1032, and therefore,
the air is qui ckly introduced into the air introduction passage’

1031, thus naking the vacuum control easier. In this
enbodinment, it is desirable to use an el astic porous material as the

vacuum pr oduci ng
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15 material 1003. When the recording operation is not carried

aut, the capillary force of the v cr oduci ng - material 1003 itself
(the meniscus force at the i ntle £L bet ween the ink and the vacuum
producing 20 material), can be used to prevent the |eakage of the I nk
fromthe ink jet recording head. Figures 29 - 31 show an
exanpl e of an ink cartridge enbodying the invention but w thout the
vacuum produci ng nateri al adj usting chanber 1032, as a Conpari son
Exanmpl e. 25 Even i'h the ink cartridge of the Conparison

Exanpl e, the proper operation can be carried out
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- 47z foregoi ng, in the usual e stabilized operation is
acconpl i shed because of the provisi the air introduction passage.
However, in order to even further stabilize

wi t hout probl em t hr ough t he nechani sm jescri bed in the
t
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5 the operation, or in order to pegmgtgsgg of porous resin materia
Ravi ng conti nuous pores as the negat+ pressure producing nateri al
the further stabilization . control is desirable. As shown
in Figure 32 which is an enlarged 10 sectional view, the vacuum or
negative pressure produci ng nat ggi al 03 contacts the rib 1005, and
partly enters the air |ntrodyct|on 3500 031. ¥ this occurs, the

contact pressure —to—t-he—pater+-a+—1i003 i s not eased
at the contact 1 that the air

breaks the ink rrE/ scus- and- erters t-hefatr-, RS
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I nt roduction passagé 1031. If this occltﬂsp'{-ge air- | i qui d exchange

does not occur even if the ink continues to be consuned, and the effect
of the air 20 introduction passage 1031 is not acconplished. There S
a liability that the ink beconmes non-suppliabl e fromthe ink absorbing
material 1006. cont r asBed EBthe npari son Example 2, as
described in the for | s _enbodi t_is ,advantageous agalnst
this problem ' ongi t udi nal

sectional view of
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- 48- two ribs 1005 having different cross-sectional section.

Figure 25 is an enl arged cross-sectiogfl ~view of a rib. As
shown in the Figure, the configuratié 5 the vacuum produci ng nateri al
adj usting chanmber 1032 and the air I ntroduction groove 1031, are

di fferent
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fromthat in Enbodi nent 8. ]Q?‘éks/particularly, t he stepped

portion of the rib 1005 contacted to the vacuum producing material 10
1003 is rounded to further enhance the effect of easi ng the
press-contact and conpression. In the nei ghborhood of ‘the rib
1005 adj acent the material container 1004 having the rounded surface
R the air is introduced into the ink in the material 15 1003, the'thus
i ntroduced air nmoves into the ink contai ner 1006. Wth the novenent of
the air, the ink in the ink container 1006 is supplied into the
M
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material container 1004. In an air-liqg¢gid changi ng region, the air is
i ntroduced into the ink contained fﬁ)'h+ he material 1003.

I'n-order to carry out the air-liqui.d ekchange nore snoothly, it is
desirabl e that the contact pressure between the material 1003 and the
mat eri al container at a |lower portion of the air-liquid 25 exchanging
region is greater than in the upper part of the air- | i qui d exchangi ng
region. ~ This Ls because the air can nove nore
M
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- 49- snoothly fromthe gas phasp%t) N |nk phase t hrough t he

capillary tube of the vacuum pressure UCI ng mat eri al 1003 whose
contacting force i s eased. For exanple, the desired effect can
be 5 provided by formation of a partial vacuum produci ng mat eri al
adj usting chanber at the central pmb'pn of
1006 1004
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I nt roducti on group.

the rib 1005 at the end portion of the a
In order to provide the equival ent fUQQLLQES/EO to the vactuum produci ng
nmbodi ment, the configuration

mat eri al adj usting chanber 1032 o
of” t he vacuum produci ng material 1003 may be changed. The
limted if t he above-descri bed

configuration and the dinensions are not
As described in the fore90|ng

requi renments are satisfied. 15
this enbodi nent, the air and the ink in the ink
t he

according to
contai ner are stably and sm)?bﬂg exchanged upon
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I nk supply operation, and as a resul qrg& nt er nal pressure in the ink
supply portion can be stably 20 contro Thi s enabl es the recording

head to effect stabilized ink ejection at high speed. In
addition, the ink container is substantially free fromthe | eakage
even if the internal pressure dOOHe ink container changes due to 25
anbi ent condition changﬁERSthe—krkef
)0 1004
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the 20 conpressed absording nmatey] a buffering material. It shows

the state in which the ink in thé I nk chanber 2006 has f1 owed out
into the ink

15 Exanmple 1 ' F)gur 34 illustrates the function of
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chanber 2004 due to the expansioggﬁé theZair in the I nk chanber 2006

(due to tenperature rise or
| i ke, fromthe state shown in Figure 15. The ink which has
into the ink chanber 2004 is retained in the
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conpressed absorbing material 2003. m} r-f:ﬂ/tlonshl p between the ink °
absorbi ng quantity of the corrpresse@ absorbing material and the ink
chanber is determ ned fromthe standpoint of preventing ink 5

| eakage when t he anbi ent pressure or 20’ errperature changes. The

maxi mum i nk absor bi ng qu ' of the er 2004 is determned in
consi derati on of th.ejga.dﬁﬁi.ugt om the ink
chanber 2006 o ink 10 -
guantity retaine vrim: :
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of ink supply fromthe ink chanber 2Q06. The ink chanber 2004 has a
(vol une capabl e of acconmopdati ng Fl Lﬁ$gést such an ink quantity by the

conpr essed “absorbing materi a gure52 shows a graph in which 15 a
solid line shows a rel ationship between the initial space vol une of the
I nk chanber 2006 before the pressure reduction and the quantity of ink
flow when the pressure is reduced to 0.7 atm In the graph, the

chain line shows the case in which the maxi num 20 pressure reduction-is
0.5 atm As for the estimation of the quantity of the ink flow out
of the ink chanber 2006 under the worst condition, the quantity
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of the ink flow fromthe ink chan@@j&?fﬁs maxi mum when t he
condition of the maxi numreduced presdure is 25 0.7 atm when 30 % of the

vol ume V8 of the ink chanber 2006 remains in the i nk chanber 2006. |f
the ink bel ow t he bottom endzéongmls chanmber wall is al so
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_absor bed by t he conpressed absorb;g% efial in the I nk chanber 2004,
bt Is considered that all of the remai ning in the ink chanber 2006

(30 %of VB) is | eaked out. V\hen the worst condition is 0.5 atm 50 %
5 of the vol une of mkgp elnk ger Zggglows out . The air in
t he i nk chanmber 2Q06 2 n nis larger if
the remai ni ng ano a&elgnk |32@Qﬁle b’gm)re " ink
S pushed g AT Yara .mm-.- L0k 10 flow is
1 ower than thg I(Ilﬂl'llllllf £l Ll Ll AY L nk chanber 2006.
Ther ef or e, V\/nepiﬂ-'fat-m o assyjged, when he a.rh;)un, pf the remaining
ink becomes AT _T_~ N~ _~ 1
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not nore than 30 % the remaini ngﬁg
t-he expanded volune of the air, s

t he i nk chanmber 2004
chanber 2006 is the nmaxi rum | eaked ink

reduces. The

gz‘.’éthe I nk

ref ore,

of

F*at t he anount of
30 % of the volune of the ink
tity (50 %

becones | ower than
ink fl ow into

at 0.5 atm. The

sane applies to the case e te u nge. However, even if
the tenperature ZQ_J_uu.egggéb.y_Eﬂ_[er ehﬁ i nk fl ow ng out
S smal | er | - case.
If, on the contr ) . .
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i ncreases, the difference between the air of ‘the low 25 pressure because
sof the |nk static head in the upper J. ~ portion of the ink chanber 2006

and the increased "anbi ent , is too large, and therefore, there
-53- is a tendency of returning to the predeterm ned
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pressure difference by introducttgﬁ)fi+5ﬁf or air into the ink chanber

2006. In such a case, simlarly ’ Phe case of ink supply fromthe ink
chanber 2006, the 5 neniscus of the conpressed ink absorbing material 2003
adj acent the bottom end portion of the ink chanber wal I 2005, is
broken, and therefore, the air is minlFOOI introduced into the ink
chanber 2006 into the pressure balfance state, and therefore, the

i nternal pressuy
substantial inf
exanpl e, when t

’,lﬁliﬁrlﬂfﬁﬂﬂ"ﬁquﬂ;ldﬁﬂ' '2'12:12"4&'7'
ence to the recordi ¥

ambi ent PGS

nges, with no
fe foregoi ng
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" L d
_returns to the original state, thgur(a&§t of I nk corresponding to
'ﬁ—he air introduced into the ink 15 chanber 2006 flows fromthe ink chanber

2006 into the i nk chanber 2004, and therefore,
t he amount of i nk 15005 |nk3005chan‘1300’504 tenporarily increases

‘resulting in a S r

mmlarlytothgﬁgggL ( he ‘ S B :"S&Sthelnkls

tenporarily sl P raTav, e ' stabilized state.

However . the JMJ@;ﬂﬂl”lﬂlﬂMHma of the recording
Snal T thgy tThere T :

head is so SgaLlLn (TPF above-
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26 described problem arises when,
| ow pressure

used under

| ocation is noved to

Qr pxgaple, a
c ;

recordi ng appar.atus

s such as a high altitude
- 54- a

low altitude |ocation at normal atnospheric pressure.
case, what occurs is onI%Jthe
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I ntroduction of air into the |nk er 2006. When it is used
after being noved back to the hlg de 5 location again, what occurs

is only the slight i ncrease of t ink internal pressure in the ink
supplying portion. Since the use of the appar at us under the condition
of extrenely high pressure over t he normal atnospheric pressure is not
feasible 10 there is no practical problem -The ink
S retained jn the ink chanber 2004 by the conpressed ink

-absor bi ng AL Qrea—— 0 St ra e irer—p0@u=fmem) t he start of the
use
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of the ink contai ner to i mmedi at el ¥ iaggkfhe 15 exchange thereof. Since
the i nk chanber 2006 is cl osed, e~ is no ink | eakage fromthe

opening (air vent and the ink supply portion) which permts easy
handl i ng. 20 The rel ati onship between the ink
absor bi ng quantity of the conpressed ink absorbing material 2003 25

and the i nk chamret i;—UCLcrnrnCUAfrum e
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it enper at ure changes.

- 55- absorbing quantity

nk chanber 2004 is determ ned in

of preventing | eakage of the ink when the anbi ent pressure or the
The maxi mg.géa[

consideration of the quantity of the ink

2006 under the
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pre
chanber
i nk chanber

2004 at the time of ink

such an ink quantity by the conpressed absorbing
10 the ink flow

the quantity of the ink flow fromthe
maxi mum r educed

estimation of the quantity of
2006 under the

wor st condi tion,
i nk chanmber 206 is maxi mum wi-th the condition of the

di,ctabl e worst conditions and the_in

qu

out of the

ity 5 retained in the ink
romthe i nk chanber

a
2004 has a volunme capahl e of accommpdati ng at | east
mat eri al .

2006. The

As for the
i-nk chanber

2006

pressure is 0.7 4tm en 30 o or tne vorume— j nk chanber
remains in the ink 15 chanber 2006. If the ink bel ow the ttomend of the
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I nk chanber wall is also absorbed by fhe_eonpressed absorbing materi al
-in the ink chanber 2004, it is S ered that all of the ink remaining

“in the ink chanber 2006 (30 % of *VB) is | eaked out. When the 20 worst
condition is 0.5 atm 50 % of the volune of the i nk chanber 2006

- flows out. The air in the ink chanber 2006 expanding by the pressure
reduction is larger if the remai nig@0@ount of the ink is smaller.
Therefore, nore ink is pushed out. wever, the 25 maxi mum anount of .

. ink flow is lower than the °~ qpantity of the ink c&ﬁ&inedinthe
i nk chamber 2006. 4
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Therefore, when 0.7 atmis assuneggg?géq:ggg amount of
- 56- the remai ning i nk beco t re than 30 % the remai ni ng

anount of the ink beconmes |ower than the expanded vol unme of the air, so
that the anount of ink flowinto the ink chanber 2004 reduces.
Ther ef or e,
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5 30 % of the volune of the ink chanber 2006 is the maxi mum | eaked i nk
quantity (50 %at 0.5 atm. 1 The size of the comrunicating
port between the ink chanber forg@ﬂlZfié t the bottom portion of ink
chanber wall 2005 is sel ected S at in response to the maxi mum i nk
supply speed fromthe ink supplying portion (ink supply speed at 15
the time of solid black printing or the sucklng operation by the main
assenbly of the recording
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apparatus), snooth air-liquid excﬁgHaéLkg carried out t hrough t he

conmuni cati on opening in consideration of the nature of the ink ,such
as viscosity. However, 20 consi dgGQSn shqpHlbe @DOIo the fact that
when t he top surface of the inkf{remaining in the/i nk chanber 2006
becones | ower | er wall 2005, as
descri bed here nk supply portion
changes 25 tefiffgorarity tjg the posifive direc on, gnd refore, t he
size is select To avor ¥} hée influghce of thiKg.. eve to the ink
ej ection prope y.nf.lhe.gecardLng_,J_ — _?'[
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-57- head. ALdﬁﬁ{ﬂk I nternal pressure at the ink
;supply
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5 portion is retained by the corrpreé@d/?"ﬁk absor bi ng mat erial 2003

adj acent the ink chanber wall, and therefore, in order to naintain the
desired internal pressure4105|he ti ma&bﬂ ink supply fromthe ink
chanber 2006, the capillary forcey %ssed 10 i nk absorbing

mat eri al 2003 adj
I s desirably adj us
initial pore size

[ al=JlaYe Nnm.p h >
.ﬁlﬂlﬂy’"‘gr chanmber 2005

rati o or the

I sel ected agﬁﬁ t haf{ ft-he- caplflary-",uf ce of the .
conpressed i nk abggr bi ng materi 15. adqaceﬂt 1 he batftpm end of the
i nk chanmber wall PS5 — s ia.pg;bl__e_gi pr’odum ng t'he "nk"' ernal pressure
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required for the recording operation. Fge exanple, when the internal
1l nk pressure at the ink supply ? lon is -h (mMmuaqg), the conpressed ink

wabsorbing 20 material -2003 adj acen e bottom end of the ink chanber
wal I 2005 is satisfactory if it has the capillary force capabl e of
.sucking the ink to If the structure of the conpressed ink
absor bi ng materi gl " 2003 is sinplified, the fine pore radius Pl " 25 of
t he conpressed ink absorbing material 2003 preferably satisfies:
P1L = 2[err]cos[er rr]gh
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- 58- where [err] is the dens#ﬂ%{4¢fé;e ink. r is the surface

tension of the ink, [err] is a contact’ angLe between the I nk absor bi ng
terial d the ink, d [ y | f ity. 5 Dur i
TRLer Al and the Ink. and 9, [4ddF ol 008’ oravity g
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chanber 2006, mhen the air-liquid in e of the ink in the ink
chamber 2004 becones | ower than L%, AP bend of the ink supply portion,
the air is supplied to t-he ordi ng head, and therefore, the
air-liquid 10 interface adjacent the ink supply portion should be
maint ai ned at a posituan hi gher than the top end of t he ink supply
portion. Thus, the conpresseg ink absorbing materi al 2003 above the ink
supply portion i\éa B{ven the capi I/ary force capabl e of sucking the 15

ink up to the height (h+¥. -wherein i}is the height of the air-liquid
Interface set position (i\qp‘above t'he top of the ink supply portion.
SSmlarly to the’ .
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above, if the structure of the conpressed ink absor bi ng material is
sinplified, the radius P2 of the Fﬁehi+ne~nnreq of..the c

absorbing material at t he topTHS SHEET His BERYpI|y porlt IRQPLA@EMENT SHEET
P2 = 2rcos[err]/[err]g(h+i) REPLAGED t he gbove { i on—ithe

hei ght (i nmm) of the air-liquid |nterf bo e t Qe i’_ mFﬁp
25 portion is satisfactory if it is. DT@&%@?’\P Qitm e
end of the ink supply portlon The ink sucklng_forc . '

i s gradual | y decreased :

CAPILLARY CONTROL OF INK FLOW IN INK CONTAI
JET PRINTERS

FIELD OF THE INVENTION AND RELATED ART
5 The present invention relates to an ink
container for containing ink toc be supplied toc 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 fhe ink container is an.
exchangeable t&pe, 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 cexrtainty.

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
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(if the material of the absorbing material is the sane, t he radi us P3
of the fime pores is gradually increased). (Figure 35), so that the

air-liquid

chanber wall inthe 5 in T conprie nlg
mat eri al 2003 in the Wﬁﬁﬂ@ﬁgﬁ 2/{?&0’6%# the {c PEAQWE@grce of

i nterface hei ght gradual I y decreases toward the ink

2§ Jul 1333

e

ABSTRACT

CAPILLARY CONTROL OF INK FLOW IN INK CONTAINERS
FOR JET PRINTERS

In an ink container of the kind having a first vented chamber containing
ink-absorbent material and a second chamber adapted to contain liquid ink, and in which the
first chamber has an ink dispensing outlet and is in communication with the second chamber
via a channel in the lower part of the container, means are provided for facilitating the
passage of venting air to the intercommunicating channel.

In one form (Fig 3) the vented air (arrowed) passes first via the unsaturated
absorber and then via a gap (A32) between the absorber and the inter-chamber wall.

In other forms (of which many examples are given) the container structure
includes formations facilitating the passage of air.

Also disclosed are multi-chamber constructions wherein the chambers are in
liquid communication via an extended ink-absorber, and wherein the chamber furthest from

the one with the dispensing outlet is vented.

Fig. 3
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A _
t he ¢onpressed i n}< abs¢r bi 'REPDACEMENT $BEEEuUsed only adj acent the
i nk ¢hanmber wal | :2005 ﬁmﬁm{‘&nﬁ@an :£I§t% lto paq& ﬁl lary force |evetp

connects with the capilfl &Iakﬁe&{ %gd cﬁttotﬂgg?&%om er@[ﬁé& he i %AF[MENTS

chanber wal1 -2005 (i-f ¢ & Drawind

As-long as ink is stablly :© chanber 2006 the
capillary force of the p@g#ﬁ gtFF ﬁf ‘L‘rlf'éé’edtt ° pc,ag?f!pllgé/ssed I nk absor bi ng
material 20Q3 which isibel ow 15 the ai A ._HW erface in the
conpressed i nk abdor RAYE 2% BECEIPBaha he lany if the ink

container is not syRkeEhMPRDEH A IR RERBROING APPARATUS
. &

USING SUCH A CARTRIDGE

The present invention relatés to an ink cartridge

5 or container for containing ink to be suppliéd to an ink

jet recording head and an ink jet recording apparatus
using such an ink container or cartridge.

| _An ink container used with an ink jet recordiné

apparatus is required to be capable of properly supplying

10 an amount of ink corresponding to the amount of ink
ejected by a recording ﬁead during a recording operation
and to be free of ink leakage through the ejection
outlets of the recording head when a recording operation
is not being executed.

15 Where the ink container is an exchangeable type, it
is reQuired that the ink container can be easily'mounted
'or_q§mounted relative to the recording apparatus without
inkf'leakage, and that ink can be supplied to the
recording head with certainty.

20 A conventional example of an ink container usable
with the ink jet recording apparatus is disclosed in
Japanese Laid-Open Patent Application No. 87242/1988
(first prior art), in which the ink jet recording head
has an ink container containing foamed material and

-2§;*:ﬁaving a plurality of ink ejecting orifices. In this
container, the ink is contained in porous material such

as foamed polyurethane material and therefore it is

This is the replacement sheet
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rapi d tenperature change or another special external force. However,
in order to permt supply of the ink 20 remaining in the in hanber 2004

even if such external force is inparted or if the ink in éA
chanber 2006 is all consuned, the capillary force is "~ increased (rgaﬁﬁir
P4 of the fine pores) gradually toward the ink supply portion fromthe
capillary force 25 (radius P1 of fine pores) at the bottomend portion of

the ink chanmber wall 2005 so that the caplllary force at the ink
supply portion is made | arger (radius P5 of?

possible to produce negative pressure by the capillary
force in the foamed material and to prevent ink leakage
from the ink container.

Japanese Laid—Open Patent Application No. S522/1990
5 (second prior art) discloses an ink jet recording
cartridge in which a first ink chamber and a second ink
- chamber are connected by porous material and the second
ink chamber and an ink jet recording head are connected
by porous material. In this prior art, porous "material
10 is not contained in the_ink chamber, but is disposed only
in the ink passage, thereby improving the efficiency of
use of the ink. By the provision of a secondary ink
containing portion, ink flowing out of the first ink
chamber resulting from air expansxon in the first ink
15 chamber due to a temperature increase (pressure decrease)
can be stored, and the vacuum in the recording head
during the recording operation maintained substantially

constant. |
However, in the first prior art, the foam material
20 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 is relatively large, that is, the
efficiency of use of the ink i§ poor. In addition, it
25 is difficult to detect the amount of ink remaining, and
it is difficult to maintain a substantially constant

vacuum during the ink consumption period.

This is the replacement sheet
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- 60- the fine pores) (Figure 37). That is the adjustnment of the

capillary force distribution satisfies:
bottom end portion of the ink

ri ght above

10

15

20

25

(the capillary forte@dCepp
chanmber wall) < (the capillary foFceﬁrsHE

the ink supply portion) Preferably, (the capillary
force at the bottom end portion of :

3

In the second prior art, when a recording operation
is not being carried out, because the vacuum producing
material is disposed in the ink passage, the porous
material contains a sufficient amount of ink that the
production of the negative pressure by the capillary
force of the porous material is insufficient, and ink
leaks through the orifices of the ink jet recording head
as a result of a small impact or the like. 1In the case
of an exchangeable ink cartridge in which the }nk jet
recording head is formed integrally' with the ink
cartridge or container which is mounted on the ink
recording head, the second prior art is not usable.

Japanese Laid-Open Patent ‘Applications Nos.
67269/1981 and 98857/1984 each disclose an ink container
using an ink bladder biassed by a spring. This is
advantageous in that an internal.negative pressure is
stably produced at the ink supply portion by using the

spring force. However, these systems have problems that

a limited configuration of the spring is required to

provide a desired internal negative pressure, 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 ink
retaining ratio is small.

Japanese Laid-Open Patent Applicatibn No.
214666/1990 discloses an ink cartridge or container in

which the inside of the ink container is separated into

This is the raplacament sheet
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the ink chanber wall) < (the capillary force at the bottom portion in

the mddle of the ink chanber) <(the capillary force at the upper
position in the mddle of the i nk chanber) < (the capiIREPUAdamgN$§yE,
ri ght above the ink supply portion) < (the capillary force at the ink —
supply portion). If the structure of the conpressed ink

absorbing material 2003 is sinplified, tha radii of the bores satisfy:

P1 > P2 Preferably, P1 > (P3, P4) < (P2, P5) As regards

the rel ati on bat adugapd tyn@fP4nk chambers which communicate with each

other by a fine hole capable of providing the wvacuum

pressure. In the separate chamber type, the internal

negative pressure at the ink supply portion is produced

) by the capillary force of the fine communication opening

between the ink chambers. The structure of this ink

container is simpler than that of the spring bladder

system and therefore it is advantageous from the

standpoint of the manufacturing cost. Additionally the

10 conﬁiguration of the ink container is not limitad by the

structure. Howeéer, the separated chamber type involves

problems in that, when the ink container position is

changed, the fine opening becomes short of ink, depending

on the remaining amount of the ink, resulting in an

15 unstable internal vacuum pressure even to the extent that

ink leaks out; therefore limitations are imposed on the
handling of the ink container.

According to one aspect of the present invention,

there is provided an ink cartridge connectable to an ink

20 jet recording head for an ink jet recording apparatus,

comprising a first chamber containing negative pressure

producing material and having an ink outlet arranged, in

use, at a lower part of the cartridge and connectable to

~the ink jet head to supply ink from the cartridge to the

25 ink jet head and an air vent for allowing ambient air

into the cartridge, a second chamber communicating with

the first chamber by means of a communication port

This is the roplacement sheet
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and the rel ation between P2 and P5, nmay be in accordance with the
distribution of the conpression ratio such that P3 < P4, andé§§)< P5, or
P3 = P4, or P2 = P5. Referring to Figures 35, 36 Lé@;MENgo
is shown preferable conpression ratio distribution as an exanple in mhlc
t he above-described relations are satisfied by adjusting the conpression
rati o, using 5

disposed in use at the lower part of the cartridge and

providing an ink reservoir for the first chamber, and

ambient air introducing means comprising a path

~substantially free of negative pressure producing

5 material having an inlet in the first chamber separated

from the air vent by the negative pressure producing

material and an outlet arranged tc be lower than the

iplet during using of the cartridge to enable air to be

supplied to the seéond chamber through the negative

10 pressure producing material and the air path ;s ink is
withdrawn from the ink outlet.

In another aspect, the present invention provides

an ink cartridge connectable to an ink jet recording head

for an ink jet recording apparatus, comprising a

15 substantially right parallelopipedal housing separated

by a partition into a first chamber and a second chamber

providing an ink reservoir for the first chamber

.éommunicating with the first chamber via a communication

port defined by the paftition, the first chamber being

20 substantially filled with negative pressure producing

material and having an ink outlet arranged, in use, at

-a lower part of the cartridge and connectable to the ink

jet head to supply ink from the cartridge to the ink jet

head during use of the cartridge and an air vent, the

25 second chamber being sealed apart from the communication

with the first chamber and being substantially free of

the negative pressure producing material, and ambient air

This is the raplacement sheet

Date: 27 UL e



the sane material as the ink absorbing material 2003. In these Figures,

A351, A361 and A371 indicate the air-liquid interface, and arrows A352

and A372 i ndicate the increasing conpression ratio of thﬁﬁggggressed

ink 5 absorbing material. Fi gure 38 shows a conp MENTSH:::

exanple 3, in - which the capillary force of the conpressed ink i
6

introducing means for introducing ambient air into the
second chamber, said ambient air introducing means
_comprising at least one channel providing an air path
extending at least part way along the partition and
5 having an inlet separated from the air vent by the
negative pressufe producing material and an outlet
located in use of the cartridge below the inlet.
Embodiments of the present invention will now be
described, by way of example, with reference “to the
10 accompanying drawings, in which:
Figure 1 shows coupling between a recording head and
an ink container included for illustrative purposes.
Figure 2 illustrates a recording head and an ink
containgr included for illustrative purposes.
15 Figure 3 illustrates an ink container according to
an embodiment of the present invention.
Figure 4 is a perspective view of a recording
apparétus.
Figure 5 illustrates an ink container according to
20 a further embodiment 6f the present invention.
Figure 6 illustrates an ink container according to
a further embodiment of the present invention.
Figure 7 illustrates an ink container according to
a further embodiment of the present invention.
25 Figure 8 illustrates an ink container according to

a further embodiment of the present invention.

Figure 3 illustrates an ink container a4cGOXRGiBg:80:ameni shes:

R
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absorbing material 2003 at the ink supply portion is not |arger than
that in the neighborhood of the ink 10 chanber wall. The figure shows the

state in which the i nk has been supplied out to a certain extent from

t he i nk_chanber 2004. In this conparison exanple, an air- REPLAGENIENT h
interface A381.is fornmed adjacent the bottom end portion of the ink ‘
chanber wall 2005, and the 15 commrunication port between the ink chanber
2004 and the ink chanber 2006 is positioned at the air phase si de.
In this case, the ink can not be supplied qut fromthe ink chamber

2006, and the air introduced t hrough the air vent portion 2013 is

directly suppligd

further embadiment of the present 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 container.
5 Figure 12 shows a model of ink supply in a
comparison example.

Figure 13 is a graph showing the internal pressure
change at the ink supply portion. in the Somparison
example.

10 Figure 14 illustrates an initial state in which the
ink container of the comparison example is filled with
the ink.

- Figure 15 illustrates a state in which the air-
liquid interface of the comparison example starts to be

15 formed.

Figure 16 shows the state about an end of the ink
supply of the comparison example.

Figure 17 shows the state in which all of the ink
has been supplied from the second chamber in the

20 comparison example.

Figure 18 is a perspective view of a device having
four heads integrally to which respective ink containers
therefor are mountable.

Figure 19 illustrates an ink container according to

25 a further embodiment of the present invention.

Figure 20 shows a model of ink supply.

Figure 21 is a longitudinal sectional view of

This is the replacement sheet
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20 into the recording head fromthe ink supply portion The ink
cont ai ner then becones non-operabl e. Fi gure ﬁﬁfihBMF a )
Conparison Exanple 4, in which, contrary to the enmbodi meMEFGACEMENT SHEET
i nvention, 25 the capillary force of the conpressed ink absorbing

mat eri al 2003 adj acent the bottom end portion (Figure 39(8)) or the
I nk chanber wall side (Figure 39(A))

8
another embodiment of an ink cartridge for an ink jet
recording apparatus, according to the present invention.
Figure 22 is a cross-sectional view of the ink
cartridge shown in Figure 21.

S Figure 23 is a sectional view of the ink cartridge
of Figure 21, particularly showing the surface of the
rib.

Figure 24 is a sectional view of another embodimentc
of an ink cartridge in accordance with the invention,
10 showing the surface of a rib.
Figure 25 is an enlarged sectional view of a rib of
a cartridge according to a further embodiment of the
present invention.
Figure 26 is a longitudinal sectional view of a
15 further embodiment of an ink cartridge for an
exchangeable ink jet head, according to the present
invention.
figure 27 is a cross-sectional view of a further
embodiment of an ink cartridge for an exchangeable ink
20 jet head, according to the present invention.
Figure 28 4is a sectional view of a further
embodiment of an ink cartridge, showing the surface of
"a rib, according to the present invention.
Figure 29 is a longitudinal secticnal view of an ink
25 cartridge in a comparison example.
Figure 30 is a sectional view of the ink cartridge

shown in Figure 29.
This is the replacement sheetl
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Is greater than that in the ink supply portion. Simlarly to the

Conpari son Exanple 3, before the air- h ﬁuNCEMENTSHEET
interface A391 is fornmed adj acent the bottom end portion of the ink
chanber 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 fromthe i nk chanber 2006. Therefore, the air introduced

t hrough the air vent portion 2013 is

9

Figure 31 is a sectidnal view of the ink cartridge
shown in Figure 29.

Figure 32 is an enlarged sectional view of part of
Figure 30 showing the cross-section of a rib.

5 Figure 33 illustrates an ink jet recording apparatus
using horizontal printing position.

Figure 34 illustrates leakage ink buffer function
of the compressed ink absorbing material in -an ihk
chamber. .

10 Figure 35 shows an example of compression ratio
distribution of the compressed ink absorbing material.

Figure 36 shows another example of the compression
ratio distribution of the compressed ink absorbing
material of Figure 35.

15 - Figure 37 shows a further example of the compression
ratio distribution of the compressed ink absorbing
material of Figure 3S.

.Figure 38 shows an example of the compression ratio

distribution of the compressed ink absorbing material in

20 a comparison example.

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 an ink cartridge with

25 additional ink chambers.
Figure 41 shows use of ink in an ink cartridge with

additional ink chambers. . _
Vi i ine roplacament shes!



directly supplied to the recording head fromthe ink 10 supply_ portion.

The ink container isthen no | onger usable. RRPEMEMENT onEET
foregoi ng the description has been made as to a nonochromatic recording
appar at us havi ng one recordi ng head. However 15 a col or

i nk jet recordi ng apparatus may have four recording heads (8K, C, M and
Y, for exanpl e) capable of ejecting different color inks or to a
singl e recordi ng head capabl e of ejecting different color inks. In that

case, neans are added 20 to limt thelgonnecting position and direction of
t he .

Figure 42 is a block diagram showing an example of
the control system for ink jet recording apparatus.
Figure 43 shows a cartridge with means for detecting
the remaining amount of the ink.
5 Figure 44 illustrates the internal pressure of the
ink supply portion in the container shown in Figure 43.
Figure 45 shows an example of an ink refilling
method.

-Figure 46 illustrates another ink cartridge showing

10 ink consumption.
Figure 47 illustrates further ink consumption in the
cartridge of Figure 46.
Figure 48 shows the state in which the remaining
amount of the ink is detected in the cartridge of Figure
1s  46.
Figure 49 illustrates a cartridge_showing anothexr
way of detecting the remaining amount of ink.
Fiéure 50 illustrateé a modified arrangement for
detecting the ink remaining in the cartridge of Figure
20 46.
Figure 51 illustrates a cartridge using a different
method of ink refilling.
Figure 52 shows the amount of ink flowing against
pressure decrease.
25 Figure 53 shows a relationsﬁip between the rémaining

amount of the ink and the electric resistance between

electrodes.
This is the replacement sheet
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exchangeabl e i nk cont ai ner. In the foregoing t he

I nk cartridge I s exchangeabl e, but the cartridge may be I nt egral
with a recording head. 25 Exanpl e 2. Fi gures ABPACEMENTHRE!
an exanple of an ink cartridge -

11 -
Figure 1 is a sectional view showing the connectigp
between the recording head, ink container and carriage
in an ink jet recording apparatus. The recording head
20 is of an ink jet type using electrothermal transducers
S for generating thermal energy for causing film boiling
in the ink in accordance with an 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 111 with positioning reference projections 111-1
10 and- 111-2 on the head base plate 111. 1In the:vertical
direction on the surface of the Figure 1 drawing, the
positioning is effected by the head positioning porticn
104 of a carriage HC and a projection 11l1-2. In the
vertical direction in the cross-section of Figure 1, a
15 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 positioning. The
heater board 113 is produced through film formation
20 process, and includes electrothermal transducers
(ejection heaters) arranged on a §Si substrate and
electric wiring for supplying electri& power thereto, the
wiring being made of aluminium or the like. The wiring
is made corresponding to the head flexible base (head
25 PCB) having the wiring which has end portion pads for

receiving electric signals

This is the repiacement sheest
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- 63- i n which an additional two ink chanber, 2008 and
2009 are provided in comrunication with the I nk chanmber 2006. In this
nodi fi ed exanple, the ink is consunmed in the order of tfRfHLﬂKEMPﬁﬁEQEET
2006, the 5 ink chanber 2008 and the ink chanmber 2009. In this

nodi fi ed exanple, the ink chanber is separated into four chanbers, for
t he purpose of further better prevention of the ink | eakage upon the
anbi ent pressure reduction and the t-éBperature change which

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 progiding
the plurality of ejection outlets. The tap plaée 112
10 1is urged to the heater board 113 by a spring- (not shown),
and it is pressed and sealed usiz_:g a sealing member,
thus constituting the ink ejection oﬁtlet part.
qu the purpose of éommunication with the
exchangeable ink cartridge 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 11l. 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 cartridge
1l 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 cartridge 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

: L
v i e :ﬂ;i.}u;,l.-“:}ﬂu w3t S8
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10 have been described wth respect to the foregoing enbodi nents. |f

the air is expanded in the ink chanber 2006 and the ink chanber 2008 in
the state of Figure 41, the expanded part of the air in the ink

chamber 2006 is rel eased through the ink chanber 2004 15 &fLAGEMENT SHEET
air vent portion 2013, and the expaqged portion of the ink chanber 2008
Is rel eased " by the flow of the ink™'ffo the ink chanmber 2006 and to
t he ink chanber 2004. Thus, the ink chanber 2004 is given the function

of buffering chanber. 20 Therefore, the ink retention capacity of the
the filter 25 at an end of the passage ll5, 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 forcibly supplied from the

exchangeable ink cartridge 1 into the recording head

20, by which the ink is supplied.
; _Upon ° the engagement by
the pressing means, the recording head 20 and t?e
10 exchangeable ink _cartridge 1 aré 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, 1s
effected.

A ring seal is of a relatively thick elastic
material ring _ so that the joint
portion with the outer wall of the exchangeable ink

20 cartridge is wide enough to permit play in the ink

supply portion.

i The exchangeable ink cartridge 1 is

urged towards the recording head 20.

25
Therefore the carriage and the recording head can be

assuredly positioned relative to each other by way of a

This is the replacement shest
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conpressed i nk absorbing material 2003 in the ink chanber 2004 may be
determ ned in consideration of the | eakage quantity from one ink
chanber. Therefore, the vol une of the conpressed i nk absorbing materi al
2003 25 can be reduced as conpared with that in Exanple Co
therefore, the ink retention ratio can be I ncr eased. hEPLACﬁﬁgN'b”CtT

~la=

simple structure, and simultaneously, the recording

head and the exchangeable ink cartridge are connected

outside the main assembly by way of a simple structure, and

thereafter, it is mounted to the carriage. Therefore,

S it is an easy operation to exchange ink carctridges.

The electric connection between the carriage
(recording apparatus main assembly) and the recording
head is simultaneously effected. Therefore, the

operétivity upon the exchange of the recording head

10 and the exchangeable ink cartridge is good. A

possible alternative is for aseparate connector to be used

to establish the électric connection. ° T

15 - Figure 4 shows a

recording apparatus of a horizontal position type.
Referring to this Figure, the arrangement and the
operétion of the recording head in the ink jet
recording apparatus will be

20 described. 1In 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 50095 tdriving source) and

a slider 5003 extending parallel with the lead screw,

This is the replacement sheet
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- 64- In the above-described ink cartridge. Whenaudwve s ink ==
supply chanber containing the ink absorbing nmaterial becones enpty, it
i's difficult to refill the cartridge in sone cases. A
description will be nade as to the nmeans 5 for detecting the remaining
amount of the ink. Fi gure 42 shows an exanple of a control
systemfor an ink jet recording apparatus. It conprises a controller in
the formof a mcroconputer having a -lhuilt-in A/D converter, a voltage
converter 4300 and an 10 alarm devi ce 4400. Designated by a reference
and it reciprocates along the surface of the recocding,.
material P on the platen roller S5000. The lead screw
S005 is rotated by the forward and backward rotation
of the driving roller through drive transmission
3 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 switch
the direction 6f the motor S013 (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'thé front surface of the
recording head. Designated by a reference numeral
5015 is sucking means for sucking the inside of the
.cap. ‘- Thus, it is effective to refresh or recover the
recording head by sucking through the opening 5023
20 1in 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 aad :ecdvery operation

timing moves together with the movement of the cam

5020 engaged with the carriage. The driving force

. . 3 I D 2T o & N 4
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nuneral 4010 is a recording head. The alarm devi ce e in the
hLAChy

formof an LED display or the like or t one produci ng nea 5N5§HEET
buzzer or the like, or in the formof a aconbination thereof. A main
scan 15 mechani sm 4500 for scanningly noving the carriage HC . i ncl udes
a notor or the-like. A sub-scan nechanism 4600 i ncludes a notor or the
li ke for feeding the recordi ng medium Designated by a reference Vis a
remai ni ng anount detection signal fromtheténk 20 contai ner.

The constant current fl ows between the two el ectrodes in the ink
chanber

from the driving motaor 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 is operable in 2 -
vertical printing position. In the vertical ﬁbsition,

10 the recording scanning operation is carried out while
the recording material P faces the bottom
surface of the recording head 2010. In this case, the
shegt 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.
Thérefore, the outer éasing of the position changeable
ink jet recording apparatus of this embodiment is

20 pfovided 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 caruﬁdge. 2001
is above the ejection part of the recording head 2010

facing the recording material P, and therefore, it

This is the replacement sheet
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4006, and the remmining anount of the ink in the ink chagbescAdaé St

determ ned on the basis of the resi stance between the two el ectrodes.
In this case, 25 there is a relationship as shown in Figure53 between
t he remai ni ng anount of the ink and the resistance bet ween el ectr odes.
- 65-

-17-

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.

10 i : First, the
structure and the operation of an ink containeraar
cartridge will be described.

Structure
' As shown in Figure 2, the main body of the

15 ink container or cartridge comprises an opening 2 for connection
qith an ink jet recording head, a wvacuum éroducing
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 S and
being in communication with the wvacuum producing
material container 4 at a bottom portion 1l of the ink
coatainer.

'25 Operation (1)
Figure 2 is a schematic sectional view of the
ink container when a joint member 7 for supplying the

et shees!
. . % ”C._‘- o8
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As shown in Figure 43 when the ink level in t he i nk chanmber 4006 | owers

to bel ow the upper el ectrode of the two el ectrodes 4100, the resi
bet ween the two el ectrodes abruptly increases, and a 5 corresﬂﬁﬁﬂﬁﬁ@agﬁﬂ%ﬂ
voltage is produced between the el ectrodes. The voltage is supplied

directly or

t hrough a voltage converter circuit 4300 to the A/ID

converter in the controller, and is A/ D-converted t hereby. When the
nmeasured val ue exceeds a 10 predetermiBed | evel Rth, the warning device

4400 is

10

15

20

25

act uat ed.

ink into the ink jet recording head is inserted into
the ink container, and is urged to the vacuum
producing haterial, and therefore, the ink jet
recording apparatus is in the operable state. At the
end of the joint member, a filter may be provided to
exclude 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 jéL_
ink sucking force ;s 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 1l
of the ink cartridge, and through the vacuum producing
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 contéiner € which is hermetically
sealed except for the clearance 8, decreases with the
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
the ambient air through an air wvent, the air is .
introduced into the ink container 4 through the

clearance 8 between the rib ends 8 and the ink
| “Uis le the replacement sheel

o
Nate:  « ¢ JUi wlls



At this tinme, the operation of the main apparatus nmay be stopped, or

t he appar at us may be stopped after the current operation is 15

conpl et ed. Thus, the ink consunption is stopped WmmtgcgwE T
smal | amount of the ink remains in the ink chanber 4006, and there¥o§§557
the ink can be refilled continuousln in the absorbing material in the
ink 20 chanber 4004, and-therefore, the’ink cartridge can be reused.
Figure 44 shows the change of the internal pressure at the ink supply

portion of the exchangeable

cartridge bottom ll1 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 Jjet recording operation, the above pracess is
repeated, so that a substantially. -constant vacuum is
maintained in the ink cartridge. The ink in the ink
-confainer can be substéntially thoroughly used, except
for the ink depositead on the internal wall surface of

10 the ink container, and therefore, the ink use
effiéiency is improved.'
Operation (2}

The principal °f 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.coﬁiainer 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,
2, vacuum is produced in the ink container. An
element . 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

This is the raplacement sheet
Dt~ T M 1009



I nk cartridge in 25 accordance mnth LleLm%EE
supply (consunption). At the initial stage, the internal Al
(negative pressure) is produced by the capillary force of the

=20~

in which a small amount of the ink has been supplied
out from the vacuum produciang material, and therefare,
the ink container, from the filled state of the ink
.container and the vacuum producing material. The

S 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 changes,
‘and the ink is supplied from the ink container 106
through a clearance 108 corresponding to the clearance
8. This incre3§gs the vacuumr in the ink container
106, éo 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

This is the replacement sheet
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conpressed i nk absorbing material 4202 in the ink chanber 4004. However,

with the reduction of the ink in the ink chanmber 4004 by the COF WERT
of the ink, the internal pressure by the capillary force BER ‘

i ncreases in accordance with the conpression ratio di stribution (pore
distribution) in the conpressed ink absorbing material 4202. \Wen the
ink is further consuned, the ink dist¥ibution in the ink chanber 4004
is stabilized, and the ink in the ink chanber 4006 10 starts to be
consuned, and air is introduced into the ink chanber 4006 in the

manner descrifedstirbGe tnel QhRIGLBS1 ¢! BdTe 3RSt ABLE3LLY €qastant

i nt er nal

break down of the meniscus permits introduction of the
air into the ink container, so that the air is
exchangéd 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 integnal
10 preséure at the ink supply-portion of the ink
container
in accordance with the amount of the ink
supply (consumption amount). At the initial state
(Figure 14), the ink supply starts from the vacﬁum
15 producing material container, as described

‘hereinbefore. More particularly, from 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 supély
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

Trig i e raplecement sheel
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pressure i s maintained. Wien the ink is further consuned to §ﬁ§h @QM St
extent that a predeterm ned anount 15 of the ink is consuned Rty ?ﬂ '|BE

chanber 4006, the remai ni ng anount detector operates, and the action
of promoting ink refilling and stoppage of the printing

operation, is carried out. By doing so, the refilling I's possible
before the ink is consuned fromthe ink 20 chanber 4004 beyond a
predet er mi ned degree, and t herefBdfe, the ink can be refilled in the
refillable state. As for the refilling nethod, as shown
in

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 ll1, point X), the ink supply from the ink
container starts. By the capillary force 6f the
compressed ink absorbing material adjacent the bottom
partion of the ink chamber, the internal pressur;-of

10 the ink supply portion is maintained. As long as the
ink is supplied from the ink contﬁiner, 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 Dbeyond 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

This is the roplacement sheet
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Figure 45 , for exanple, an ink supply port 4005 of the 25 ink chanber

4006 i s unplugged, and the ink is injected into the irﬂﬁﬁﬁt&ﬁﬁﬁfm4 £
with a pipe 4052 or the |ike. After the injection, the supply port
4005 is -67- pl ugged by a plug
4051. The refilling nmethod is not Limted to this met hod.
The E

-23=

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-
$ 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, exchange of the- ink
~carcridge is required. The.foylowing 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 producéd at the time of the

15 connecting operation and to slight flows of

ink out of the ink container, it is possible ta
maintain the sfabilized ink internal pressure from the
initial stage. 1In 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 inkcartridge |,
the recording property is not adversely influenced in
the ink stabilized supply period shown in Figure 11,
and therefore, proper recording operation has been

25 carried out. In order to establish ink supply through
the above-described mechanism, the following points

are considered.
Th%isthsraﬁacamentsheet
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position of the ink supply port 4005 is not limted to t hat descri bed

above. Thus, the ink cartridge can be 5 reused. 8 1 :
f oregoi ng, the renaining anount of the ink is detected oanﬁb&ggéTQI%#EE
t he resi stance between el ectrodes in the container. However, the nethod

of detection is not limted to this type. Mechanical or 10 optical
detection nmethod s are usabl e. In this exanple , the ink

cartridge is an exchangeabl e type, be-it may be an ink jet recording
head cartridge having a recordi ng head and an ink container as a unit.

It is desirable that the meniscus is formead
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,
S 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 it is there-

fore - disadvantageous from the standpoint of hiéh
10 speed recording operation.

Figure 11 shows the change of the internal
pressure at the ink supply porticn of the ink
conta;ner in accordance with the ink sﬁpply amount
(consumptién amount). It shows a so-called static

1S pressure Plll in the state of no ink supply and a so-
called dynamic pressure P112 in the state of ink being
supplied.

The difference.between the dynamic pressure
P112 and the static pressure Plll, is the pressure

20 loss &P 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 2an air
introduction passage for forcibly permitting air

introduction adjacent the clearance 8. Embodiments in

. e . N PR A B 3 l'.’
Thig g the ‘:i)‘;}'“ff?’m‘-ﬂ th
7 we weR
¥ i teanhug

WL



15 Exanmple 3 Referring to Figures46 , 47 and48 Exanpl e 3
will be described. In fluid communi cation with the ink chanber 4006,
two ink chanbers 4007 and 4008 are provided. 20 REPLAREMENK SHi
is consuned in the order of ink chanmber 4006, ink chanber 4007 and the
I nk chanber . 4008. 25~ The i nk chanber is divided

into four parts, for the purpose of preventing the ink | eakage when

t he ambi ent pressure reduces or the 25 anbient tenperature increases.

this respect will be described.
Embodiment 1

Figure 3 illustrates a first embodiment. The
vacuum producing material 3 in the ink container is an
ink absorbing material such as foamed urethane
material or the like. When the absorbing material is
accommodated in the wvacuum producing material
container 4, it provides a clearance functioning as an
air introduction passage A32 at part of the vacuum

producing material container. The air introduction passage extends

to the neighborhood of the clearance 8§ between the ink
container bottom 11 and the end of the rib S. Thus,
communication with the air is established by the
air vent. When the ink supply from the ink supplying
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 A3l shown in Figure 3 is stably
formed in the absorbing material 3, and the meniscus
is formed between the ink and the ambient air adjacent
the clearance 8. 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
meniscus at the clearance 8 occurs without delay by
the subsequent ink consumption. Therefore, the ink

can be supplied stably without increasing the pressure

This is the ropiacement sheet
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For exanpl e, when the air in the ink chanber 4006 and the ink chanber

4007 - 68- expands in the stat
of Figure 46, the expanded anount of the ink chanber 40@@PLSCM%EN%§Q
through the air vent and through the ink chanber 4004. As shown in

Figure 47 , the expanded anount in the ink chanber 4007
=26~

10ss 8P. Accordingly, the ink ejection i's stabilized

at high speaed 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),retain the ink so that the ink leak from the ink jet

recording head can be suppressed.

For the purpose of using an ik cartridge embodying

10 this invention in a color ink jet recording apparatus,

different color inks (black, yellow, magenta and cyan,

for example) can be accommodated in separate ink

cartridges. 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 ¢artridge unifying other color ink containers.

Other combinations are possible in consideration of

ink jet apparatus used therewith.

20 Embodiments of the present invention will be described

in more detail.

In order to control the vacuum in the ink jet

recording head when an ink container embodying 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

This is

the roptacement sheet
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51is released by the flow of the ink into the ink chanmber 4006 and the

I nk chanmber 4004. Thus, the ink chanber 4004 is provided with the
buf f eri ng chanber function. Therefore, the ink retaini ng RERPACEMYNDEHEE
t he conpressed ink absorbing material 4202 in the ink 10 chanber 4004 is
determ ned in consideration of the I?fkage of the ink fromone ink
chanber. In this case, thé“iThk is consuned sequentially
fromthe ink chanmber 4006 and the ink chanmber 4007. Wen the ink-is
consuned fromthe last 15 ink chanber 4008, then the ink is consuned from

the I nk C%m%re %qoel}arca%rgeaienibne%geheen atpr?grnbiigger@t erét% utﬂ'tzei | ink
container bottom ll, 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
cartridge, 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 vibratibn. For example, there are
sponge like materials made of fibres 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
matefial 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 of
25 meeting various ink cartridges for various ink jet
recording apparatuses, corresponding pore density

foamed materials are required. It is desirable that a
1o e the ropacement shest
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the ink supply stops. In order to detect the remai ni ng amount of the

ink in the ink chanber 4008, el ectrodes 4100 are provided in the ink
chanber 20 4008, as shown in Figure 48. An ink injection port is

formed in the ink chanber 4006. In this case the remainin %pnunt of
the ink is detected only in the ink chamber 4008, and t herREFBAEEMENE SHE
I nk chanber 4006 and the ink chanber 4007 are capable of 25

containing a full volune of ink -28-~ except for the

comuni cating port. If the electrodes are | ocated at the same | evel as
descri bed earlier, t he

foamed material not treated by the thermal compression
and having a predetermined number of calls (number of
pores per inch) is cut-into a desired dimension, and
it is squeezed into the wvacuum producing material
s container so as to provide the desired pore density
and the capillary force.
Ambient condition change in the ink jet

recarding apparatus.

-

In the ink cartridge having 2 closed ink

10 container, the ink can leak out. That is, when the

ambient conditions thange(temperature rise or pressure

decrease) 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, alﬁhough the amount thereof is
small) in the closed ink container is estimated for

20 the predicted worst ambient condition, and the
corresponding amount of ink movement from the ink
container therebf 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 wvacuum producing méferial
container. In order to cause the flow of the ink in

the vacuum producing material at the position away
This is the repltacement sheet
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- 69-

amount of the ink remaining in the ink chanber not

containing the absorbing naterial at the tinme when the el ectt64RSEMENT SH
detect the limt, can be reduced, to permt ef ficient use of the space.
5

10

15

20

25

In this exanple

-29-

from the opening for the joint upon the ambieﬁt
condition change, it is preferably at a position
remote from the joint opening. The number, the
configuration, the size and the like 6f the air wvent

can be properly determined by the ordinary person skilled in

the art in consideration of the evaporation of the
ink.
Trahsgortation of the Ink Cartridge per se

During the transportation of the ink -
cartfidge'per se, the jéint opening and/or the air
vent is preferably sealed with a sealing member 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
used in the packing field, multi~layer member
inciuding 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
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
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
This is ths roplacement sheet
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refilling is possible before the ink becones insufficient _in the ink
chanber 4004 containing the absorbing materi al . ExanpRer ACEMENT SHE!
Figure 49 shows Exanple 4 , in which the wal | of the ink container
is of transparent or sem - transparent material, so that the

anount of ink remai ning can be detected optically. In this case, a
light reflecting plate 4042 such as a mrror for 15 reflecting the Iight
is provided on the ink chanber wat+l04 n the i nk chanber 4006 to reflect

the light, and

the above mentioned barrier material in consideration
of the air transmissivity and the liquid
transmissivity.
_JEL the proper selection as described in the
5 foregoing, . ink leakage caﬁ be prevented with high
reliabili?y during the transportation of the ink
cartridge per se.
Manufacturing Method -
The material of the main body of the iné
10 cartridge may.be 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
consideration is paid to the productivity of the ink
15 cartridge. .For ex;mple, the main body of the ink
cartridge is separated intc the bottom portion 11 and
the upper portion, and they are integrally formed
respeétively from resin ﬁaterial. 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
above-~described sealing materials or the like, the

provision of a projection . is

Trig g e raplacament dhest
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a photosensor conprising a light emtting el enent 4043 and a |ight

recei ving el enment 4044 is disposed outside t he containe 17 '
emtting el enent 4043 and 20 the light receiving el ement 40§SP%§EFWﬁ¥¥§HEET
provi ded on the carriage, or at the hone position having the

recovery system In Figure 49, the light is emtted fromthe
light emtting el enent 4043 at a predef@ﬂﬁined angle, 25 and the light is
received by the light receiving el enent 4044 after it is reflected by
the reflection pl ate. For exanple, the light emtting el enent 4043

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 preferahle to provide
§ an ink supply port in either of the containers since
the other openings are not contaminated at the time of
the ink £illing operation. ; After

the ink filling operation, the ink filling port is_preferably

plugged with a plastic or metal plug.
10 '

Others
The ink container (cartridge) of the above-
15 described embodiments, may be an exchangeable type, or
may be unified with the récording head.

When it is an exchangeable type, it is
preferable that the main assembly can detect the
exchénge of the container and that the recovery

20 operation such as asucking operation is carried out by
the operator.

As shown in Figure 18, 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 BKla, Clb, Mlc, Yld.
Comparison Example 1

A comparison example will be explained with

This is the replacement sheet
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70. may be an LED el enment, and the |ight receiving el enent 4044
may be a phototransistor or the like. In Figure 49 (a), the ink chanber

is substantially full. In such a situation, the |ightReprpttMENT EREET he
light emtting 5 elenent 4043 is blocked by the ink in the ink chanmber

=12~

the change of the internal pressure at the ink supply
portion aof the ink container in accordance with the
ink supply.
There is no air iantroduction passage in the
5 ink container, and in the wvacuum 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. Whgn 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 preducing material
contaiger 4, the internal pressure is produced at the
20 ink supply portidn. 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 2 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
baottom of the ink chamber by the ink supply.

This is the replacement shest

pae:  — ¢ JuL 1958



4006, and therefore, the light receiving el enent 4044 does not receive

the light, and therefore the output of the detector is snmdp,. t@mﬁ
when the ink is consuned to the state shown in Figure 49m?%&€§, t Z%ﬁ¥%

light fromthe light emtting el enent 4043 is not bl ocked, and
therefore, the output of the |ight recei ving el ement becones high. Wen
the light energy (output of the detector) of the light receiving

el enent 4044 exceeds a predeterm ned thre%QoId, a 15 warning signal S
pr oduced. Figure 50 shows a’nddified exanple in which

Until the meniscus-formecd state Ls
established at the clearance, the ink surface ia the
absorbing material lowefs to a substantial axtant, angd
the liquid surface may lower beyand the joint portion

S with the recording head, as the case may be.

If this occurs, air is introducad into
the recording head with the result of unstable
ejection or ejection failure. _ -

Even if this is not reached, it is possibls

10 that the internal preséure at the ink supply portion
increases beyond a predetermined negative prassure
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 intermal
wall of the vacuum producing material container 4 at
the periphery thereof. ;However, because of the non-
exisﬁenee 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 largaest pore size among R2,
Tiig g Wne ‘-3_{%;’:(@”‘8"* st
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the light emtting element and the |ight receiving el ement are opposed
with the ink container 20 therebetween. Figure 50 (a) is a top plan

vi ew, and Figure 50(b) is a cross-sectional view In thi Repag
the material of the ink chanber 4006 is al so transparent or GEMENTSHEE

sem -transparent. In this exanple, there is no need to use- the
reflection plate, and 25 the detection sensitivity is better since the
light is directly received. =34~ In the foregoing, the

description has been

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

S 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 portionms R3 and R4 not only from the
portion R2. The pressure loss &P 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 Rl, similar actions
are reéepeated. 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 Rl in the clearance is established, so that the
stabilization is reached.

The above is shown in Figufe 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,
This is the roplacement sheet
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-71- made with respect to a single ink cartridge, but the  ink...

cartridge nmay be for a color ink jet recordi ng apparatus %ﬁafﬁble wth
a plurality of recording heads for black, cyan, magenta 5 and yell ow
col or or a single recording head capabl e of ej ecting

di fferent col or inks.

=15

and the pressure laoss 3P ar the time of the ink supply
is increased, and thersfore, 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, twao ribs 61 are provided
on the partition rib 5 of the vacuum ﬁroducing )

10 material container 4. The air introduction passage
AS1 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 S, by which the
clearance 8 can be covered by the absorbing material 3

15 simply by inserting a rectangulaf parallelopiped
absorbing material 3 into the vacuum producing
material container 4. Therefore, the air introduction
passége ASl can be extended to the position very close
to the clearance 8 without difficulty and with

20 stability. Arrow AS2 shows the flow of the air.

Using this ink cartridge ', 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

This is the ropldcement sheet
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The threshold may be changed for the respective colors. Afilter or the
like may be used 10 in accordance with the color of the iRREPUAGENENSAS!
predet ermi ned wavel ength |ight, and the anmount of ink remaining

may be detected on the basis of the transm ssivity of the ink.

In the foregoing, the ink cartridge is -¥s exchangeable. However,

t he I nk jet head cartridge may have an integral recording
head. Exanpl e 5 Figure 51, shows Exanple 5 , in

whi ch t he

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 ceiling and wall of the vacuum producing material

10 container. According to this embodiment, the
plurality of air introduction passages A6l can he
provided with stability from the air vent 13 to the
neighborhood of the clearance 8, and therefors, the
ink supply can be carried out with small pressure

15 1loss, 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 on the

part;tion rib tb provide the air introducfion passage

A7L. The ribs 81 are asymmetrical about the rib 5, by

Thig g Y& roplenomant shes!
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20 ink chanber 4006 is divided into two part.s @ﬁ§*
one of them (ink chanber 4007) is exchangeabl e. Figure 51 REPLAVEYR ‘
the state in which t he remai ni ng anobunt detector is actuated as a
resul t of the ink consunption. In this case, a fresh ink 25 chanber
4007 is prepared, and replaces the ink chanber -4007. Figure 51, (b)
shows the state in which the used-up i nk chanber 4007 is renoved, and
a full fresh -137-

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,

S along the air introduction passage A7l, through the
clearance 8 into the ink container 6§, can be made
independent relative to the center line A, by which,
the pressure loss by the exchange can be reduceds

More particularly, this structure is
10 effective to reduce the pressure loss &P required for
the exchange between the ink and the air to approx.
one half.
Thus, the ink can be stably ejected froghgge
recording head.

15 Embodiment S

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

_container 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

This is the roplacement shet
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-72- ' ink cartridge is going to be mounted. In Figure 5I (c),

t he exchange has been conpleted. At this tine, a pl ug 4052 at the
bottom of the ink chanber C is opened by the injection port 40 53
located at an upper 5 position of the ink chanber 4006,RERbAChaE)+Re LNk
S supplied. By doing so, there is no need of using a 'pipgﬁggror
I njector, and therefore, the operators fingers are not contam nated.
It is possible that the i nk chanber 4084 and the ink chanber 4006
remain

the absorbing material 3 until the ink surface A8l 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 is promoted %too soon, the
consumption of the ink from the absorbing material 3
becomes low as a result that the ink is consuq?d 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 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
abéorbing 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 grooée 100 in the

partition rib or wall.

According to this embodiment, the

Thig is the roplacement sheet
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10 connected, and therefore, the m nimum part exchange is sufficient,

and therefore, it is advantageous from an econom cal standpoint.

In Exampl e 5 , the renaini ng anount detector is o1 lhpAj t he
type using the 15 resistance between the el ectrodes. Itqﬁ;§hEgMgﬁ?SHgE{
optical type as in Exanple 4 , Or another type is usable. A further
preferable ink remaini ng anmunt detecting nethod is to detect whether
or not there is any ink flowfﬁﬁ t hrough t he communi cati ng
20 port between the ink chanber 4004 and the ink chamnber 4006. To

achi eve this, t he el ectrodes

Lrregularity of the compression ratio of the absorbing
material contained in the vacuum producing material
cantainer is reduced, and therefore, the vacuum

control is easy, so that the ink can be supplied

5 stably.
Embgdiment 7
Figure 19 shows a further embodiment.

The structure is similar to that of the Figure 6

embodiment. However, it is different therefrom in
10 that the air introduction passage extends to the
bottom end of the rib.

Similarly to Embodiments S5 and 6, the ink is
ccnsumgd 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
Thereafter, the ink in the ink container 6 is
consumgd, 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 20. The description will be made as to the
madel of Figure 20 in detail.

25 - The absorbing material 3 is coasidered as
capillary tubes shown in Figure 20. The air

introduction passage A201 continues from the portion C

Trig is e ropatament shes!
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4100 may be di sposed at the opposite sides of the communi cati ng pert

bet ween the i nk chanber 4004 and the i nk chanber 4006, respectively.
25 In this exanple, t he recordi ng head and the ink
cartridge are separable. However, the recordi ng head may be integra

with the ink cartridge
REPLACEMENTSHEET

~40-

to the bottom end of the ribs, and it is considered

that the air introduction passage A201l 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 i;. 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
forée 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 léwet fhan the
height C, and therefore; the internal pressure in the

ink supply portion is stabilized. When the ink'supply
This is the raplacement sheet
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-71- i ncluding the ink chanbers 4004 and 4006. As
described in the foregoing, there is |

i nk cartridge provided with an ink supply portion for ﬁﬁ@LgééﬁtﬂFgHégr
recordi ng head and an air vent, which conprises an ink supply chanber
contai ning the:ink absorbing materi al, at | east one ink chanber for
containing the ink and comuni cating with the ink supply chanmber, in
whi ch the insufficiency of the ink, js detected while a 10

predet ermi ned anount’” of the ink remai n3*ih the ink

10

15

20

25

stops. the meniscus in the capillary tube returns from
position E to the pasition D, thus praviding the
stabilization.

As described in the foregoing, the ink
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 gupply period, and A203 indicates non-ink-supply
period.

Thereafter, thé ink is consumed from the ink
absorbing material, and therefore, the intermal
pressure (vacuum) in the supply portion increases, and
the ink becomes non-suppliable.

The internal pressure at the ink supply
portion is provided &s 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
set at a predetermined level relative to the ink
supply portion §. 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
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

This is the raplacement shest
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chanmber, and the result of the detection is notified to the operator.

Then, the recordi ng operation can be stopped so as to permt the ink
chanber to be refilled with the ink, so that the ink cartridge can be
reused. 15 The inventors have investigated the f
the ink suitably usable with the above-described ink F@%ﬁ%ﬁ?@g@TSHEE?
The preferred ink shows the stability of the air-liquid exchange
portion agai nst the vibration of thetd-nk, and it is stabilized 20
agai nst the anbient condition change. The description wll be

made such inks
result of improper ink ejection.
However, it is not desirable that the height

is larger than the predeterminecd level, because the

buffering effect at the time when the ink
5 _overflows 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. 1In consideration aof the above,
the volume of the absorbing material above the:heignt
10 C is selected toc be . substantially one half the volume
of the ink container.
The above-described mechanism will be
explgined in further detail.
It is assumed that the absorbing material has
1S 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 Hl
to which the capillary force of the absorbing material
can_suck the ink up from the ink supply portion level
20 - and the height 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 (Hl), and the height
of the air introduction passage A from the ink
25 containing'portion is 15 mm (H2), the internal

pressure of the ink supply portion will be 45 mmaq = 60 mm

Thig % the repianement thes!
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suitably usable with the above-described in containers. or
The fundanental structure of the ink includes 25 at |east 8 oloring
 BESlcrl

mat eri al and wat er-sol ubl e organi ¢ solvent. The organ NT SHEE
| ow vol atile and | ow viscosity material having high
-74-

AL

At the initial stage. in accordance with the
consumpgtion of the ink from the absorbing material,
the neight of the liquid surface lowers
correspondingly., and the internal pressure lowers

S5 substantially linearly.
When the ink cartridge of the above-described

structure is used, the ink can be supplied stably by

the vacuum.

The structure itself of the ink cartridge is
10 so simple that it can be easily manufactured using a
mold or the like, and therefore, a large number of ink

cartridges can be stably formed.

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 nét 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—iiquid exchange stops. With this state, there is
no ink in the air introduction passage A201, and the

absorbing material above the air introduction passage o
Thig is WA ragAGTGmEnt shest
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conpatibility with water. The follow ng is exanples: am des such as

di nmet hyl f or mam de and di net hyl - acet oam de, ketones such as acetone,

et hers such as t et rahydr of uran and di oxane, polyal kyl ene

5 as pol yethyl ene glycol and pol ypropyl ene gl ycol, alkylgkéE§¢@%@v§QHEEr
such as et hyl ene glycol, propyl ene gl ycol, butylene glycol, triethylene
gl ycol , t hi odi gl ycol, hexyl ene glycol and diethyl ene glycol, | ower

al kyl ethers of polyhydric al cohols such ag~ 10 ethylene glycol nethyl

et her, diethylene glycol nononet hyl ether and triethyl ene glycol
nmononet hyl

.4n the model, functiaons simply as a vélve.

Lf the ink is consumed again with this state,
rhe liquid surface in the absorbing material lowers
slightly., which corresponds to opening of the wvalve,

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 abscrbing material iqgreases
by the capillary force of the absorbing material.

10 When it reaches 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
beférehand, by which t&e 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 conﬁainer can bé prevented, and the
occurrence of positive pressure at the ink supply

This is the roplacement sheet
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et her, nonohydric al cohols such as ethanol and | sopropyl al cohol, and
besi des, glycerol, 1,2, 6- hexanetriol, N-nethyl-2-pyrrolidone,
1,3-dimethyl-2- 15 imidazolidinone, triethanol am ne, sulfEPLAGEMENTSHEET
di met hyl sulfoxide. No particular limtation is i nposed on the content
of the water-soluble organic sol vent. However, it may preferably be

wi thin a range of froml to 80 %by weight. The coloring material 20

usable with this invention nay be a dygsu a pignent. ~ The dye may
preferably be water-soluble acid dye, di rect color, basic dye,
reactive dye or the |ike.

partion can be prevanted.
Embodiment 8
Figure 21 is a longitudinal sectional view of
an ink cartridge for an ink jet recording apparatus
§ 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 1031 and a vacuum
10 producing material adjusting chamber 1032 are formed
on 2 rib 1005 which forms a partition wall between the
ink container 1006 and the vacuum producing material
container 1004. The air introduction groove 1031 is
forme& 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 Qacuum 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

Thic is the raplacemednt shest
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The content of the dye fs not particularly limted, but 0.1 - 20 % by
wei ght on the basis of the ink total 25 weight is preferable T
Use of surfactant is desirable to adjust the surface tens?%%l‘.AclgygryﬁlseHs
of such a surfactant used - 75-

I ncl ude ani onic surfactants such as fatpyﬁa0|d salts,

(compression) tao the vacuum producing material L0033 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. 1If the ink continues to
be consumed, the air can easily break the ink
meniscus at the portion where the ccntact 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 wvacuum producing

20 material), can be used to prevent the leakage of the
ink from the ink jet recording head.

Figures 29 - 31 shbw an example of an ink

cartridge embodying the invention but without the vacuum producing material

adjusting chamber 1032, as a Comparison Example.

25 Even in the ink cartridge of the Comparison
Example, the proper operation can be carried cut

without problem through the mechanism described in the

This is the ropiacement sheest
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hi gher al cohol sulfuric ester salts, alkyl benzene- sul fonat es and

hi gher al cohol phosphoric ester salts, cationic surfa <

al i phatic amne salts and 5 quaternary ammoni um salts, ﬁgﬁﬁ%ﬁF@gﬁ?S%“ET
surfactants such as et hyl ene oxi de adducts of higher al cohols,

et hyl ene oxi de adducts of aIkyIpheQQ;§, al i phatic ethyl ene oxi de
adducts, ethyl ene oxi de adducts of higher al cohol fatty acid esters,
et hyl ene oxi de adducts of 10 higher alkyl am nes, ethylene oxide adducts
of fatty acid am des, ethylene oxide adducts of pol ypropyl ene.

O Yoo am ot Th I Ya L SRS PRI AL R cee ool anc
operation is accomplished because of the provision of
the air introduction passage.

However, in aorder to even further stabilize
S 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 secfional view, the vacuum or negative pressure
producing material 1003'ccntacts the rib 1005, and
partly enters the air introduction groove 1031. If
this occurs, the contéct 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
confinues to be consumed, énd 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 tﬁis problem.

Embodiment 9

Figure 24 is a longitudinal sectional view of

This is the apacement shest

& T HEH
M. T “75 }gﬂg
AT LT e i W I



aci d- and betai ne-type anphoteric surfactants. No 15 particular limtation

I's i nposed on such a surfactant. However, nonionic surfact as
et hyl ene oxi de adduct s of hi gher al cohols, ethylene cﬂaﬁméC§@§@E§§%g¥

al kyl phenol s, et hyl ene oxi de- propyl ene oxi de copol yners, ethyl ene

oxi de adducts of acetylene glycol 20 are preferably used. Further, it is
particul arly preferred that the nur8r of nol es of added et hyl ene
oxide in the ethylene oxide adducts should be within a range of from4

to 20. No particular limtation is i nposed on the anmobunt of the

surfactant to P@bagﬁﬁg-Loos having different cross-sectional

sectiaon. Figgre 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 wvacuum producing matg;ial
10 1003 is rounded to further enhance the effect of
easing the press-contaét and compression.

In the neighborhcod of the rib 1005 adjacent
the material container 1004 having the rounded sﬁrface
R, the air is introduced into the ink in the material

15 1003, the thus introduced air moves into the ink
container 1006. Wifh the movement of the air, the ink
in the ink contaiﬁer 1006 is supplied into the
material container 1004. In an air-liquid exchanging
region. the air is introduced intoc 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 is greater than in th'e upper part of the air-
liquid exchanging region.

This is because the air can move more

This is the replacement sheet
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25 However, it may preferably be within a range of from 0.01 to 10 %

by wei ght. The surface tension may be controlled by the

above- descri bed wat er-sol ubl e - 76-

organi ¢ sol vent. In addition to the above conpqEPRAEEMENT SHEET
~40-

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

S 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 prowvide the equivalent function

10 to the vacuum producing material adjusting chamber
1032 of this embodiment, the configuration of the
vacuum producing material 1003 may be changed. The
configﬁration 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'émocthly 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 leakage even if the
internal pressure of the ink container changes due to

25 "ambient condition change or the like.

This is the roptacement sheet
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first liquid may contain additives such as viscosity nodi fiers, pH
adj usters, nildewproofing agents or 5 antioxidants, as neede%ﬁn_CEMENTSHEi
S

The viscosity of the ink is 1 - 20 cp. The - surface tensi oul d be
20 dyne/cm - 55 dyne/cm Further preferably, it is 25 - 50 dyne/cm |If
t he surface tension of the ink is within this range, it 10 does not
occur that the neniscus of the recasgLing head orifice is broken and
but the ink is | eaked out from the head orifice when the printing
operation is not carried out. The quantity of the ink

contained in the ink

10

15

Example 1
Figure 34 illustrates the function of the
20 compressed absorbing material as a buffering
material. It shows the state in which the ink in the
ink chamber 2006 has flowed out into the ink
chamber 2004 due to the expansion of the air in the
ink chamber 2006 due to temperature rise or

25 atmospheric pressure reduction or the like, from the

state shown in Figure 15. The ink which has

flowed into the ink chamber 2004 is retained in the

This ke tha roplaiainent shest
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15 cartridge nmay be properly determned up to the Iimt of

its inside
volume. In order to naintain the vacuum I mredi ately after the ink
cartridge is unpacked, the ink may be filled to its limts. However,
t he quantity of the ink in the vacuum produci ng nmat erREALACRMENRGHBET

| ower than the ink retaining capacity of the

vacuum pr oduci ng
material. Here, the ink retaining

capacity is the anount of the ink

capabl e of being retained in the individual material.
Exanpl es of such inks 25 and the conparison exanple
will be -3l -

compressed absorbing matecial 2003. The relationship

between the ink absorbing quantity of the ;ompressed
ink absorbing material and the ink chamber is
determined from the standpoint of preventing ink

5 leakage when the ambient pressure or temperature
changes. The maximum ink absorbing quantity of the
in# chamber 2004 is determined in consideration of the
quantity of the ink flow oﬁt from the ink chambér
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 " 2 volume capable of accommodating
at least such an ink quantity by the compressed
absorbing material. Figure 52 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 ink flow 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 flow out of the ink
chamber 2006 under the worst condition, the quantity
of the ink flow from the ink chamber 2006 is maximum
vhen . the condition of the maximum reduced pressure is

25 O.f atm, when 30 % of the volume VB of the ink chamber
2006 remains in the ink chamber 2006. Lf the ink

below the bottom end of the ink chamber wall is also

Thig is the roplacement sheet
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descri bed. A m xture of water and water-sol uble organic

-77- solvent is stirred with a dye for four hours, and
thereafter, a surfactant is added thereto. Then, it i%ﬂﬂﬁﬁﬁfd t hr ough
a filter to renove foreign matters. -AGEMENT SHEET

~52-

absorbed by the compressed absorbing matertal La the
ink chamber 2004, it is considered that all of che 1iak
remaining in the ink chamber 2006 (30 % of VB) is
leaked cut. When the worst condition is 0.5 atm, S0 %

5 of the volume of ink in the ink chamber 2006 flows out.

The air in the ink chamber 2006 expanding by the.
pressure rgduction is larger if the remaining amount
of the ink is smaller. Therefore, more ink is
pushed out. However, the maximum amount of the,Eﬂi_
10 flow 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 %, the remaining amount of the ink
becoméé lower than the expanded volume of the air, so
15 that the amount of ink flow into the ink chamber 2004 -
reduces. Therefore, 30 % of the volume of the ink
chamber 2006 is the ﬁaximnm 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 9C, the amount of ink flowing out 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

This is the roplacement shee
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The ink has been supplied in the ink cartridge of 5 Figure 11, and the

recordi ng operation is carried out I n the recording apparatus of
Figure 12. The followi ng is conposition, nature of the

ink and the result of record. 10 Ex.1 Ex. 2

Ex. 3 Ex. 4. di et hyl ene gl ycol 15 SEPLACEMNT SHEET
10% 10 % cycl ohexanol 2 %
gl ycer ol 5% 1§¥ odi gl ycol

5% 5 % 15 o

is a tendency of returning.to the predetermined
pressure difference by introduction of ink or air ineg
the ink chamber 2006. In such a case, similarly to
the case af ink supply from the ink chamber 2006, the
5 meniscus of the compressed ink absorbing material 2003
adjagent 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 oI
10 the ink supply portion haédly changes. with no
substantial influence to the recording property. In
the foregoing example, when the ambient pressure
returns to the original state, the amount of ink
corresponding to the air iatroduced into the ink

15 chamber 2006 flows from the ink chamber 2006 into the
iﬁk chamber 2004, and therefore,

the . amount of ink in the ink

chamber 2004 temporarily increases resulting in a )

rise of the air-liquid interface. Therefore,

20 similarly to the initial state, the internal pressure of

the ink is temporarily slightly more 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 praoblem. The above-
25 described problem arises when, for example, a
recording apparatus usaed under low pressure

conditions such as a high altitude location is moved to _ ’
Trig ie tha roplanement sheet
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SURFRON S- 145 (fluorinated 0.1 % surfactant)

ACETYLENOL EH (acet hyl ene 2 % gl ycol - et hyl ene |
adducts) 20 dyest uff 2.5% 2.5 % 0.2 %EPLACE‘.\"EN%H%T
wat er rest rest r est rest [ surface
tension] (31 . (25 (40 (40

dyne/cm dyne/cnm dyne/cn] dyne/cm Cl ear col or inages
have been recorded, and 25 the ink igg.the cartridge has been used up

wi t hout trouble, for all of Exanples 1 - 4.

a low altitude Jocation at . normal atmospheric
pressura. Even in that case, what occurs is oaly the

introduction of air into the ink chamber 2006.

When it is used after being moved back to the high altitude

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 ovgr
the normal atmospheric pressure is not feasible )

10 ' there is no practical problem.

The ink is ratained in the ink
chamber 2004 by the compressed ink absorbing material
2003 in_the ink cﬁamber 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)jfﬁf&_ permits
easy handling. .

20

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 leakage of the ink when the ambient

pressure or the temperature changes. The maximum ink

This is the roplacement sheet
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- 78- | Cpmp. Ex. 1 Conp. Ex. 2

di et hyl ene gl ycol 15 % gl ycerol
5 % t hi odi gl ycol 5 % RppLASERENDSHEET
S- 145 0.1 %

absorbing quantity of the ink chamber 2004 is
determined in consideration of the quantity of the ink
flow out from the ink chamber 2006 under the
predictable worst conditions 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 a2 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 flow out of the ink chamber 2006 under the
worst condition, the quéntity of the ink flow from the
ink chamber 206 is maximum with the éondition of the
maximum reduced pressure is 0.7 atm, when 30 % of the
volume VB of the ink chamber 2006 remains in the ink

13 chamber 2006. If the ink below the bottom end of the
ink chamber wali 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, SO % of the volume of the
ink chamber 2006 flowsg 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, more ink is pushed out. However, the

25 maximum amount of ink flow is lower than the

quantity of the ink contained in the ink chamber 2006.

Therefore, whaen 0.7 atm is assumed, when the amount of

This is the roplacement sheet
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(fluorinated surfactant) ACETYLENOL EH (acet hyl ene

gl ycol - et hyl ene oxi de adducts) 10 dyestuff 2.5

2.5 % wat er rest rest urese

t ensi on] 17.6 dyne/cm 57.4 dyne/cm REPLACEN éegrEET
color images .Bl eedi ng has has been forned.

occurred between The ink has dropped colors. The

I nk out fromthe hygad - has dropped out 15

by small input. fromthe head by

smal | i npact.

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

flow into the ink chambexr 2004 reduces. Therefore,
S 30 % of the volume of the ink chamber 2006 is the

maximum leaked ink quantity (50 % at 0.5 atm).

10

The size of the communicating port between the ink chamber formed

at the bottom portion of ink chamber wall 2005 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,

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

Trig i the roplacement sheat
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The yel |l ow dye was Acid Yell ow 23, the cyan dye was Acid Blue 9, the
magenta dye was Acid Red 289, 20 and the black dye was D rect Bhgﬁﬁé%ﬁgﬁ

The surface tension was neasured at 25 [err]C through‘“%ﬂﬁg
The following is the surface potential at 20 - 25 [err]C of typical
wat er - sol ubl e organi c sol vents: 25 Et hanol (22 dyne/cm
| sopropanol (22 dyne/cm, cycl ohexanol (34 dyne/cm, glycerin (63
dyne/cm, diethyleneglycol (49 dyne/cm,
: -57-
head.

T he ink internal pressure at the ink supply

S 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 ink supply from the iéﬁ
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 interﬁal 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 2605 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 Pl

25 of the compressed ink absorbing material 2003
preferably satisfies:

PL = 2Vcos@/Pgh This is the roplacement sheet
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-79- di et hyl enegl ycol nononet hyl et her (35 dyne/cm.
triethyl eneglycol (35 dyne/cm, 2-pyrrolidone (47 dyne/cm,

N-rret hyl pyrrol i done (41 dyne/cm. The desi r abREPEAGENIINET SHEET
tension can be provided 5 by mixture with water. The net hod
of controlling the ink surface

=58=

where © is the density of the ink. { is the surface
rension of the ink, ¥ is a contact angl2 berween the
ink absorbing material and the ink, and g i3 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 ;p the

recqrding head, and therefore, the air-liquid )

10 interface adjacent the ink éupply portion should Dbe

maintained at a position higher than the top 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, if the structure ¢f the compressed ink
absorbing material is simplified, the radius P2 of the

20 fine pores of the compressed ink absorbing material at

the top 6f the ink supply portion is:
P2 = 2Vc0s8/0g(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 higher

than the top end of the ink supply portion. The ink

sucking force -(capillary force) is gradually decreased

This is tha roptacement sheet
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tension using surfactant will be descri bed. For exanple, 28
dyne/ cm of the surface tensi on can be provided by addition of 1 %&@f
sorbitan 10 nonol aurate ester on the basis of water; 35RQ%FKUEW5NTSH an
be provided by addition of 1 % of pol yoxyethyl ene- sorbitan
nonol aurate ester; 28 dyne/cm can be provided by addition of not |ess
than 1 % of ACETYLENOL EH (acetyl ene glycol -et hyl ene oxi de adducts).
If a lower 15 surface tension is desired, 17 dyne/cmis provided by
addition of 0.1 % of SURFLONS-145 (perfluoroal kyl - et hyl ene oxi de
adducts) (available from Asahi G ass

-390~

(Lf the material of the absorbing material is the Sama,
the radius P3 of the fine pores is gradually incr:eaSed)-
(Figure 35), so that the air-liguid interface heighr
gradually decreases toward the ink chamber wall in the

5 inner portion of the compressed ink absorbiag material
2003 in the ink chamber 2004 or the capillary force of
the compressed ink absorbing material is reduced only
adjacent the ink chamber wall 2005 (Figure JQj. The
capillary force level connects witch the capillary level

10 at the bottom end of the ink chamber wall 2005 (if the
material is the same, it is Pl).

As long as ink is stably supplied from the ink

chamber 2006, the capillary force of the portion of the

compressed ink absorbing material 2003 which is below

15 the air-liquid interface in the comprassad 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 from the capillary forcge

25 (radius Pl of fine pores) at tﬁe bottom end portion of
the ink chamber wall 2005, so thatthe capillary force at

the ink supply portion is made larger (radius PS of

This 16 the replacement shee.
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Kabushi ki Kai sha, Japan). The surface tension slightly varies by
anot her additives, and therefore, 20 proper adjustnent can h@PEKq?MéNTSHEET
the i

skilled in the art. As described in the foregoing, I nk
buf f er is designed in consideration of the maxi num | eaking I nk
quantity. It has been found that the ink buffering effect is

significantly influenced by the 25-ggnposition of the ink
The following is a conparison exanpl e.

the fine pores) (Figure 17). That is, the adjustment
of the capillary force distribution satisfies:
(the capillary force at the bottom end portion of the ink
chamber wall) < (the capillary force right abaove
the ink supply portion)
Preferably,
(the capillary force at the bottom end portion of
the ink chamber Qall) < (the capillary force at
the bottom portion in the middle of the ink

chamber) <(the capillary force at the upper position in the middle of the

ink chamber) < (the capillary force right above the ink supply
portion) <(the capillary force at the ink supply portion)

If the structure of the compressed ink

absorbing material 2003 is simplified., the radii of

the bores satisfy:
PL > P2
Preferably,
PL > (P3, P4) < (P2, PS5)

" As regards the relation between P3 and P4,
and the relation between P2 and PS5, may be in
accordance with the distribution of the compression
ratio such that P3 < P4, and P2 < PS, or P3 = P4, or
P2 = PS5,

Referring to Figures 35, 36 and 37, there is
shown preferable compression ratio distribution as an
example in which the above-described relations are

satisfied by adjustihg the compression ratio, using

This is the raplacement sheet
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- 80- Conp. Ex. 3 dye e
gl ycerol 7.5 parts t hi odi gl ycol ﬁEBEﬂLuﬂE@:%ﬁEE

parts 5 urea 7.5 parts pure water

73.5 parts v%en the ink is pushed fromthe ink chanber
3006 into the ink chanmber 3004 due to the expansion of

-6l=

the same material as the ink absorbing material 2003. h
In these Figures, A3S1l, A361 and A37l indicate the
air-liquid interface, and arrows A3S52 and A372

indicate the increasing compression ratio of the compressed ink

S absorbing material. -
Figure 38 shows a comparison example 3, in

which the capillary force of the compressed ink
absorping material 2003 at the ink supply porticé-is
not larger than that in the neighborhood of the ink

10 chamber wall. The figure shows the state in which the
ink has been supplied out to a certain extent from the
ink chamber 2004. In this comparison example, an air-
1iquid'interface A381 is formed adjacent the bottom
end portion of the ink chamber wall 2005, and the

1S communication port 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

The ink container then becomes non-operable.

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 endlportion (Figqure

39(8)) or the ink chamber wall side (Figure 39(A))
This ie the replacement sheet
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the air in the ink chanber 3006 due to the pressure 10 reduction or

tenperature rise, as shown in Figure 46, the problem occurs that the
ink is not absorbed by the absorbing material and is | SHAACEMENTGHEET
the air vent 3003 or the |ike through the cl earance between the
container wall and the absorbing material. 15 The ink for the
ink jet recording containing surfactant has been proposed. The ink is
advant ageous in that the fixing préperty is very good for a copy
sheet, bond sheet or another plain paper, that in proper col or m xing

(bl eed or the like) does not occur 20 even when different color ink
recording reg 9E§al."é'i'ethan that in the ink supply porcion. Similarly to the

Comparison Example 3, before the air-
liquid interface A391 is formed adjacent the bottom
end portion of the ink chamber wall 2005, the air-

S 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- T herefora, the
air introduced through the air vent partion 2013 is

directly supplied to the recording head from the ink

10 supply portion. ‘ The ink container isthen

R ]

no longer usable.

In the foregoing the description has been
madg as to a monochromatic recording apparatus having
one recording head. However

15 . 2 color ink jet recording apparatus
zmwhme_ four recording heads (BK, C, M and Y, for
example) capable of ejecting different color inks or
to a éingle 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 the ink

cartridge - is exchangeable, but the cartridge may be

lacegral with a recording head.

25
Example 2

Figures 40 and 4l showan example of an ink cartridge

Thig i the replanament shesi
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close in the color recording, and therefore, uniform CRESA ]
possi ble. The following is an exanpl e of t he conpositiOEELAGM%EQ%SHEET

-63-

in which an additional two ink chamberg

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
prgvention of the ink leakage upon the ambiené'
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 _Example 1

.

and therefore, the ink retention ratio can be

increased. This is the rggacemen't- sheet
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Ex. 5 dye 4 parts gl ycero

I
7.5 parts t hi odi gl ycol 7.5 parts ad¥.PERMENT SHI
gl ycol - et hyl 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 out of the ink cartridge because the
Ink is absorbed by the absorbing material 2003 in the ink chanber 2004
when the ink is pushed out of the ink ghanber 2006

[n the above-described ink carcridge, when the ink supply

chamber containing the ink absorbing macerial becomes empty, LC i3

difficult to refill the cartridge in some cases.

A  description will be made as to the means
5 for detecting the remaining'amount of the ink.
Figure_ﬁg shows an example ¢of a control

system for an ink jet recording apparatus. It comprises a

controller in the form of a microcomputer having a
built-in A/D converter, a voltage converter 4300~mm an

10 alarm device 4400. Designated by a reference
numeral 4010 is a recdrding head. The alarm 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 2 combination thereof. A main scan

15 mechanism 4500 for scanningly moving the carriage HC
includes a moter or the like. A sub-scan mechanism
4600 includes a motor ar the like for feeding the )
recofding medium. Desigﬁated by a reference V is a
remaining amount detection signal from the ink

20 container. 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 FiguréSB between

the remaining amount of the ink and the resistance

between electrodes.

This is the raplacement sheet
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into the ink chanber 2004 due to the expansion of the air in the ink
chanber 2006 due to the tenperature rise or the pressure re ' LN the
at nosphere, as shown in Figure 34. As descri bed %@?L&ﬁ@@é@?@ﬁEET
the air-liquid interface of the ink in the ink chanber 2004 when the

ink is supplied-fromthe ink chanber 2006,5 IS mai nt ai ned at a hei ght
where the static head fromthe ejectid# part of the recordi ng head, the
vacuumin the i nk chanber 2006 and the capillary force of the

conpressed i nk absorbing nmaterial are balanced. It is assuned that

As shown in Figure 43 , when the ink level in

the ink chamber 4006 lowers to below the upper

elgctrode of the two electrodes 4100, the resistance

between the two electrodes abruptly increases, and a
S corresponding voltage is produced between the
electrodes. The voltage is supplied directly or
through a voltage converter circuit 4300 to the A/D
cdnverter in the controller, and is A/D-converted

thereby. When the measured value exceeds a

10 predetermined level Rth, the warning device 4400 is
actuated, '

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 cartridge can be
reused.

Figure 44 shows the change .of thé internal
pressure at the ink supply portion of the exchangeable
ink cartridge. 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
s & the replacement stweet
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the average ink height of the air-liquid interface in
2004 at this time is H Wen the ink
2006 due to the

REDi
- 82- the height of the air-liquid interface of the ink Epléﬁ%ﬁﬁﬂﬁsHEE
2004 is desirably maintained further higher by h. 1n an exanple

the total height

10

15

20

25

at nospheri c pressure reduction or tenperatur
-0 -

compressed ink absorbing material 4202 ia 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
increases in accordance with the compression ratio
distribution (pore distribution) in the compressed ink
absérbing material 4202. When the ink is further
consumed, the ink distribution in the ink chambef 4004
is stébilized, and the ink in the ink chamber 4006
starts to be consumed, and air is introduced into
the ink chamber 4006 in the manner described in the
foregoing. Thus, substantially coastant internal
pressure is main;ained. When the ink is further
consumed to such an extent that a predetermined amount
of the ink is consumed from the ink chamber 4006, the
remaining amount detector operates, and the action of
prompting 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
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 45 , for example, an ink supply port 4005 of the
ink chamber 4006 is unplugged, and the iﬁk is injected
into the ink chamber 4006 with a pipe 4052 or the

like. After the injection, the supply port 4005 is

This is the ropiacement sheet

oaie: = T JUL 1099

t he i nk chanber
flows out fromthe i nk chanber



in the ink chanber is 3 cm the ink chanber 2004 and 5 the ink chanber ..

2006 have the volune of 6 cc, respectively. At the tinme of the initial
stage, the i nk chanber 2006 is conpletely filled (6 cc), and the
i nk chanber 2004 containing the conpressed absorbing mat eri al 2003
(pol yur et hane f.oamed material) contains6730 4 cc ink (ink total: 10 cc).
The porosity of the absorbing material is not less than 95 % and if
it is assurmed that the ink is conpletely contained in all of the
pores of the absorbing material, the ink .. chanber %904,is capabl e of
cont ai ni ng agﬁp@ggd6bgcg plug 4051. The refilling method is not

limited to this methad. The

position of the ink supply porct 4005 is not limited to
that described above. Thus, the ink cartridge can be
S 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 s are usable. N

In this example , the ink carctridge 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.

13

Ex'amgle 3
Referring to Figures 46 , 47 and48 ,
Example 3 will be described. In fluid

communication with the ink chamber 4006, two ink

chambers 4007 and 4008 are provided.

20 The ink is consumed in the order of ink

chamber 4006, ink chamber 4007 and the ink chamber

4008. 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.

For example, when the

air in the ink chamber 4006 and the ink chamber 4007

This is the roplacement sheet
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15 The ink is first consuned fromthe i nk chanber 2004, and a while

after, the ink starts to be consunmed from the ink cha 2006. The
air-liquid interface of the i nk chanber 2004 is mainta heHAQﬁMENﬁﬁHEET
| evel where the static head of the ejection part of the recording 20
head, the vacuumin the ink chanber 2006-&ad the capillary force of

t he conpressed i nk absor bi ng materi al are bal anced. On aver age,
the | evel of the air-liquid interface at this time is approx. 1.5

cm If it is assuned that all of the pores of the 25 absorbing material
contain the i ekpanlds HWushei sgatk aof Figure 46k ithd Rxpamdedhambent2004 is

approx. 3 cc.

of the ink chamber 4006 is released through the air
vent and through the ink chamber 4004. As shown in
Figure 47 , the expanded amcunt in the ink chamber 4007

5 1is 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 cf
the compressed ink absorbing material 4202 in the ink

10 chamber 4004 is determined in consideration of ;he
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 materialuntil
the ink supply stops. 1In order to detect the
remaining amount of the ink in the ink chamber 4008,

elecﬁrodes 4100 are provided in the ink chamber

20 4008, as shown in Figure 48. An ink injection port is
formed in the ink chamber 4006. In this case
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 a full volume of ink except

for the communicating part. If the electfodes are

located at the same level as described earlier, the

" &
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Here, the maxi mum pressure reduction of the atnosphere
- 83- Is 0.7 atm 1.8 cc of the ink which is approx. 30 % of the

vol une of the ink chanber 2006, can be over fl ow. TheWEFQAQEMENFSHE#r
chanmber 2004

=60~

amount of the ink remainiag in the iank 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.

S In this example

refilling is possible before the ink becomes
insufficient in the ink chamber 4004 containing the
absorbing material- . -

ExamEle %

10 Figure 49 shows Example 4 , in which the

wall of the ink container is of transparent or semi-
transparent material, so that the . amount of

ink remaining can be detected optically. In this case, .a

light reflecting plate‘fgig_suchasa mirror for

15 reflecting the light is provided on the ink chamber
wall in the ink chamber 4006 to reflect the light, and
a éhotpsensor 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 49, 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

This is the raplacement sheet
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preferably absorbs and retains approx. 3 cc +1.8cc 5 (ink level of

approx. 2.4 cm. Wen the nmaxi num reduced pressure is AEPLAGENIENT SHERT
of the ink which is approx. 50 % of the volunme of the I nk chanber 2006
can overfl ow and therefore, the ink chanber 2004 can absorb
and retain approx. 3 cc + 3 cc (ink liquid 10 surface height of approx. 3
cm. Therefore, the ink chanber 2004 has enough volune to contain

t he vol une of the absorbing materiral , the volume of the ink

retained in the ink chanber 2004 and the vol une of the i nk overfl owed

fromthe i nk chanber 2006. Therefore, 15 the volune of the ink chanber
2004 is influepced Eg '
may be an D elqmen:. and the lighe receiving el.emeLt:

4044 may be a phototransistor or the like. In Figure 49

(a). the ink chamber is substantially full. Ia such a

situation, the light emitted from the light emitting
5 element 4043 is blacked 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, when the ink is

—r

o

consumed to the state shown in Figure 49 , (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

1S warning signal
is produced.

Figure 50. shows a modified example in which
the light emitting element and the light receiviag
element are opposed with the ink container

20 therebetween. Figurejg_(a) is a top plan view, and
Figure 39(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 Lo use the reflection plate, and

35 the detection sensitivity is better since the light is

directly received.
In the foregoing, the description has been

This is the roptacement sheet

= 7 JUL 1%

M
Uaie!



the estimation of the ink overflow volune fromthe ink chanmber 2006.

The retaining ink height H of the porous absorbing material is
generally expressed by capillary 20 force equation, as f ®HPOASEMENT SHEET
H = 2[err]cos[err]/Pgr where [err] is the surface tension of the ink,
9 is the contact angl e between the i4ik-and the ink absorbing
material, [err] is the density of the ink, gis the force 25 of gravity,
and r is an average pore radius of the ink absorbing materi al .

made with respect to a single ink cartridge, but the

ink cartridge may be for

a color ink jet recording apparatus operable with a
plurality of recording heads for black. cyan, magenta
S and yellow color or
a single récording head capable of
ejecting different color inks. “
~ The threshold may be changed far the
respective colors. A filter or the like may be usad

10 in accordance with thé color of the ink to sele&t a

predetermined wavelength light, and the amount of ink remaining

" may be detected on the basis of the

transmissivity of the ink.

In the foregoing, the ink cartridge 1is

15 exchangeable. However, the . ink

jet head cartridge may have an integral recording head.

Example S -
Figure S1. shows Example 5 . in which the
20 ink chamber 4006 is divided into two

parts, and one of them (ink chamber 4007i is

exchangeable. Figures;:, (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
4007. Figure_éil (b) shows the state in which the

used-up ink chamber 4007 is removed, and a full fresh

Trig is ths mpdsoament shest
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It will be understood that in order to

- 84- I ncrease the ink retention capacity by increasi ENT SHEET
height H, it is considered that the surface tension of qﬂﬁﬁmﬁﬁw I's

i ncreased, or the contact angle between the i nk and the ink absorbing
material is decreased (cos[err] -72- '

ink cartridge is going to be mounted. [n Figure Sl

(c). the exchange has been completed. At this time, a
plug 4052 at the bottom of the ink chamber C isopened

by the injection port 40 53 located at an upper
SIS

w

position of the ink chamber 4006, so that the ink is
supplied. By doing so, there is no need of using a
pipette or injector, and therefore, the éperators
fingers are not contaminated. It is possible that the
ink chamber 4004 and the ink chamber 4006 remaig

10 connected, and therefore, the minimum part excn;nge is
sufficient, and therefore, it is advantageous from an_

econcmical standpoint.

In Example S , the remaining amount

detector is not limited to the type using the
135 resistance between the electrodes. It may be an

optical type as in Example &4 ., or another type is

usable. A further preferable ink remaining amount
detecting method is to detect whether or not there is

any ink flowing through the communicating

20 Port between the ink chamber 4004 and the ink chamber

4006. To achieve this, the electrodes

4100 may be disposed at the opposite sides of the
communicating port between the ink chamber 4004 and
the ink chamber 4006, respectively.

25 In this  example, the recording head and
the ink capsrridge are separable. However, the

recording head may be integral with the ink cartridge

This is the roplacement sheet
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5 1s increased). As regards the increase of the ink surface

tension, the ink of conparison exanple 3 as a relatively high surface
tension (50 dyne/cn). However, as described herei nbef oREPLAGEMENKSHES
not 10 been absorbed properly by the ink absorbing material. As
regards the reduction of the contact angle [err] bet ween the ink and
the ink absorbing material, it nmeans to increase the wettability of
the ink to the absor bi ng nateriaIuJHQ order to acconplish this, 15

surfactant i s used.

iacluding the ink chambers 4004 and 4004.
As described in the foregoing,
there is provided an iak
cartridge provided withM supply portion far the
§ recording head and an air vent, which comprises an ink
supply chamber containing the ink absorbing material,
at least cne ink chamber for containing the ink and
commgnicating with the ink supply chamber, in widch
the'insufficiency of the ink is detected while a
10 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 sc as to permit the ink chamber to be refilled
with the ink, so that the ink cartridge can be reused.
15 .' The inventors have investigated the property

of the ink suitably usable with the above-described ink .

cartridge. The preferred ink shows
the stability of the air-liquid exchange portion
against the wvibration of the ink, and it is stabilized
20 against the ambient condition change.
The description will be made such inks

suitably usable with the above-described in containers.

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
This is the roplacement sheet
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In the case of Exanple 5 ink, the surface tension is small (30

dyne/cnferr]) because of the addition of the surfactant, but the
wettability between the absorbing material and the ink g:$; h~EN;

doing 20 so, it is nore effective to inprove the wettabiliE)%L%\)(fnﬁv‘%\\ﬁegwfugiy
ink latter than increasing the surface tension in order to inprove the
permeability. For the purpose of conparison in the ink
permeability, the conpressed absorbi ng/4material 25 (pol yurethane foam
material) is imersed in the Conpari son Exanple 3 ink and the Exanple
5 ink, and t he height of ink absorption was neasured. The

compatibility with water. The following is examplas:
amides such as dimethylformamide and dimethyl-
acetoamide, ketones such as acetone, ethers such as
tetréhydrofuran and dioxane, polyalkylene glycols such
5 as polyethiylene glycol and polypropylene glycol,
alkylene glycols such as ethylene glycol, prapylene
glycol, butylene glycol, triethylene glycol,
thiodiglycol, hexylene glycol and diethylene glycol,
lower alkyl ethers of polyhydric alcohols such a;

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, 1l,3-dimethyl-2-

15 imidazolidinone, triethanoclamine, 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 of 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'bf such a surfactant used

Trig iz the rapianament She
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- 85- Conpari son Exanple 3 ink hardly absorbed the LNk oLl {severa

nmm, whereas the Exanple 5 i nk was absor bed to the height of not Iess
than 2 cm It will be understood that the ink having the inproved 5
perneability by containing the surfactant, as in the

=75~

include anionic surfactants such as fatty acid salts,
higher alcohol sulfuric ester salts, alkylbenzene-
sulfonates and higher alcohol phosphoric ester saltg,
cationic surfactants such as aliphatic amine salts and
§ gquaternary ammonium saltg, 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 adduets of
10 higher alkyl amines, ethflene oxide adducts of fatty
acid amides, ethylene oxide adducts of polypropylene
glycol, higher alcohol fatty acid esters of polyhydric
alcohols and. alkanclamine fatty acid amides, and amino
acid~ and betaine-type amphoteric surfactants. No
15 particular limitation is imposed on such a surfactant.
‘However, nonionic sﬁrfactants such as ethylene oxide
-adducts of higher alcohols, ethylene oxide adducts of
alkylphenols, ethylene oxide-propylene oxide
copélymers, ethylene oxide adducts of acetylene glycol
20 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.
25 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-éoluble

This is the roplacement sheet
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case of Exanple 5, the ink can be sufficiently absor bed even when the
ink is overflowed fromthe ink chanber due to the pFEESHD'TEdUcti on
or tenperature rise. 10 The preferabl e penetrating agents

i ncl ude ani on surfactant such as Ol type aerosol, sodium

dodecyl benzenesul fonate, sodium | auryl sul fate, higher al cohol - et hyl ene
oxi de adducts represented by general Formula [ 1], al kyl phenol -et hyl ene
oxi de adducts 15 represented by generar ®ormil a [ 2], ethyl ene oxide-

propyl ene oxi de copol yner represented by general

organic solvent.

In addition to the above components, the
first liquid may contain additives such as viscosity
modifiers, pH adjusters, mildewproofing agents or

5 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 rangef-it

10 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
carrigd out.

The quantity of the ink contained in the ink

15 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

20 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 ;n the individual material.

Examples of such inks

23 and the comparison example will be

described.

A mixture of water and water-soluble ofganic

This is the raplacement sheet
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Forrmul a [3] and acetyl ene gl ycol -ethyl ene oxi de adduct s represented by

general Fornula [4]. The ani on surfactant has ﬁﬁ?ﬁ?ﬁﬁ“ENVB“EET
20 producing tendency, and is poorer in the bleeding, | or
uniformty and feathering or the like than the noni oni ¢ surfactant,
the foll ow ng nonionic surfactant represented by the follow ng formula
i s used. Here, n is preferahlLy 6 - 14, and R 25 preferably
has 5 - 26 carbon atons, in-Fornula [1] and (2]; mtn is preferably 6 -

14 in Fornmulas [3] and [4].

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.

10 Ex.1 Ex.2 Ex.3 Ex.4

diethylene
glycol 15 % 10 % 10 & 10 %

cyclohexanol 2 %
glycerol 5%

thiodiglycol 5 % S %
15 -
SURFRON S-145
(fluorinated 0.1 %
-surfactant)

) ACETYLENOL EH
(acethylene 2 %
glycol~-ethylene
oxide adducts)

20 dyestuff 2.5 % 2.5 % 0.2 & 2.5 &
water rest rest rest rest
(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.

Tris g the roplacoment sheet
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- 86- R-O-(-CH err]CHerr]O-H REPLAUE["?"—]‘\“ oretl

where R is al kyl, R[err]-O(-CHerr]CH err]0-)-
[ 2] 5 where Ris alkyl. [err]
~78-
Coamp. Ex. 1L Comp. Ex. 2
diethvylene
glycol 15 %
glycerol 5 g
thiodiglycol 5 %
S
SURFLON S-145 0.1 %
(£fluorinated
surfactant)

ACETYLENOL EH
(acethylene -
glycol-ethylene -
oxide adducts)

10 dyestuff 2.5 2.5 %
water rest rest
{surface tension] 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
15 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 °C
through Wilhelmy method.
The following is the surface potential at 20
- 25 9¢ of typical water-soluble organic solvents:
25 Ethanol (22 dyne/cm), isopropanoi (22
dyne/cm), cyclohexanol (34 dyne/cm), glycerin (63

dyne/cm), diethyleneglycol (49 dyne/cm),
This is the raplacement sheet
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where R is hydrogen or alkyl, [err] where mand n
are respectively an integer. RErFLAULiete >

10

15

20

25

-79~

diethyleneglycaol 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
by mixture with water.

The method of controlling the ink surface
tenéion using surfactant will be described.

For example, 28 dyne/cm of the surface -
tension can be provided by addition of i % of sorbitan
monoclaurate ester on the.basis of water; 35 dyne/cm
can be provided by addition of 1 % of polyoxyethylene-
sorbitan monolaurate ester; 28 dyne/cm can be provided
by addition of not less than 1 % of ACETYLENOL EH
(acetylene glycol-ethylene oxide adducts). If a lower
surface-tension is desired, 17 dyne/cm is provided by
addition of 0.1 % of SURFLONS-145 (perfluoroalkyl-
ethylgne oxide adducts) (available from Asahi Glass
Kabushiki Kaisha, Japan). The éurface tension
slightly varies by another additives, and therefore,
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

composition of the ink.

The following is 2 comparison example.

This is the roplacement sheet
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20 Anong t he et hyl ene oxi de nonionic surfactants, acetyl ene

gl ycol - et hyl ene oxi de adducts are preferable fromthe st i f <
absorption in the ink absorbing material, inmage quality @ﬁqﬂﬁgﬂkN?SHEE

recording material and ejection performance in total. 25 The hydrophilic

property and penetrating property can _gg_ be controlled by changing number
mtn of et hyl ene oxides to be added. If it is smaller than 6, the

Comp. Ex. 3

dvye 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 48,
the problem occurs thatuthe ink is not absorbed by the
absorbing material and is leaked through the air wvent
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 imnk recording regions are
close in the color recording, and therefore, uniform
coloring is possible. The following is an example of

the composition:

25
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-87- penetrating property is good water solution nature is not
f

good, and therefore, the solubility in water is not good. If it -l ]
| arge, the hydrophilic property is too strong, and the nuﬁ§$p§@¢#ZSHQ9
property 5 is too small. If it is larger than 14, the penetrating
property is insufficient, and the g&ection property is deteriorated.
Therefore it is preferably 6 —14. The anpunt of the

noni onic surfactant is

Ex. S
dya 4 pacts
glycerol 7.5 parts
thiodiglycol 7.5 parts

acetylene glycol-ethyl axide

adducts (m+n = 10) S parts
urea 7.5 parts
pure water 68.5 parts

When such an ink used, the ink does not leak
out of the ink cartridge because the ink is absorbed
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
interface of thé.ink in the ink chamber 2004 when the
ink is éupplied 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 are balanced. It is assumed thac

the average ink height of the air-liquid interface in
the ink chamber 2004 at this time is H. When the ink
_fldws out from the ink chamber 2006 due to the

atmospheric pressure reduction or temperature rise,

This is the raplacement sheet
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10 preferably 0.1 - 20 % by weight. If it is lower than 0.1 % the

i mge quality and the penetrating property Is not sufficient. If it is
| arger than 20 % no i mprovenent i s expected, and the cost increases,
and the reliability decreases. 15 One or nore of the above
descri bed surfactant are usabl e i n-8dnbi nati on. The ink
may contain dye, |low volatile organic sol vent such as pol yhydric

al cohol s to prevent cl oggi ng, or organic solvent such as al cohols to

20 Inprove bubid &i@wd! QP eA@PALLLY:i 0f I XLOPeREAPSE Hhe (KON the

recordi ng nmateri al
chamber 2004 is desirably maintained further higher by

h. In an example .. 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,
raspectively. t 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 ¢c ink (ink total: 10 cc}. The porosity of'zhe
absorbing material is not less than 95 %, and if it is
assumed that the ink is completely contained in _
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 £rom
the ink chamber 2006. The air-liquid interface of the
ink chamber 2004 is maintained at the level where the
static pead of the ejection part of the recording

20 head, the vacuum in the ink chamber 2006 énd the
capillary force of the compressed ink absorbing
material are balanced. on 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.

Hére. the maximum pressure reduction of the atmosphere

This is the rapiacement sheet
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The wat er-sol ubl e organi c sol vents constituting the ink

may i ncl ude pol yal kyl ene gl ycols such as polyethyleneRgb%ggngwmgHEEB
pol ypropyl ene gl ycol ; al kylene glycols having 2 to 6 carbon atons such

as et hyl ene glycol, propyl ene gl ycol, butylene glycol, triethylene
gl ycol, 1,2.6- - 88-

-83-

is 0.7 atm, 1.8 cc of the ink which is approx. 30 %
of the volume of the ink chamger 2006, can be
averflow: - 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 is 0.5 am; 3 cc of the ink which is
approx. S0 % of the volume of the ink chamber 2006 can
overflow - and therefore, the ink chamber 2Qp4 can
absorb and retain approx. 3 cc +'3 ¢c (ink liquid
10 surface height of approx. 3 cm). Therefore, the ink
chamber 2004 has enocugh 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 = 2Tcos@/Pgr
where T is the surface tension of the ink, & 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 graviéy, and r is an average pore radius of the ink
absorbing material.
It will be understood that in order to

Thig is th8 ropiacaman sheat



hexanetri ol hexyl ene glycol and diethylene glycol: gl ycerin;

al kyl ether of polyhydric al cohols such as ethyl ene gIFEBLA&@WHW‘SHEE]
et her. diethyl ene gl ycol methyl (or ethyl) ether, and triethyl ene
glycol 5 nononethyl (or ethyl) ether; alcohols such as nethyl

al cohol , et hyl al cohol, n-propyl al cohol, isopropyl al cohol , n-butyl
al cohol ,. sec-butyl al cohol, t-butyl al cohol , isobutyl alcohol, benzyl
al cohol, and cycl ohexanol ; am des 84eh as di net hyl formam de and 10
di met hyl acet am de; ketones and ketone al cohols such as acetone, and

di acet one al cohol; ethers such as

increase the ink retention capacity by lacreasing 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 (cos6’
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 6
between the ink and the ink abéorbing 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
tensioh is small (30 dyne/cmz) 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 compresséd absorbing material

25 (polyurethane foam material) is immersed in.the
Comparison Egample 3 ink and the Example 5 ink, and

the height of ink absorption was measured. The

This is the replacement sheel
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tetrahydrof uran, and di oxane; and nitrogen-containing cycliGs~sucb..as

N- et hyl - 2- pyrrol i done, 2-pyrrolidone, 1, 3-di net hyl - 2-i m dazol i di none.
15 The wat er sol ubl e organic sol vent can be added wi t hout
deteriorating the imge quality or the ejection reliability.
Preferably, it is polyhydric al cohol s or al kyl ether of polyhydric

al cohol s. The content thereof is preferably 1 - 3 % by weight. And,

20 the pure water content is 50 - 90 % b¥5wei ght . The usabl e
dyes i nclude direct dyes, acid dyes, reactive dyes. di spersive

dyes, vat dyes or the like. The content of
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

5 perméability by containing the surfactant, as in the

case of Example S, 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 aerosol, sodium
dodecylbenzenesulfonate, sodium laurylsulfate, higher
alcohol-ethylene oxide adducts represented by general
Formula [1], alkylphenol-ethylene oxide adducts

15 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].

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

(2]; m+n is preferably 6 - 14 in Formulas (3] and [4].
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the dye is determ ned depending on the kinds of the 25 |iguid.conponents

and the required properties of the I nk, the ejection volune of the
recordi ng head or the | i ke. Generally, however, it is 0.5 - 15 % by
wei ght, - 89-
’ -86~
R-0 —+CH3CH50¥=H (2]

where R is alkyl,

R{Z:>—O+CHZCH20+5-H (2]

5 whera R is alkyl,
CH3

l

H—CHyCH9037—¢CH~CH 037 R (31
where R is hydrogen or alkyl,

10 | ?33 CHy CHy CHj
CH3-CH-CHZC—CEC-?-CHZ-CH-CH3

AL
CH, éHz (41
15 CHZ ?Hz
o) 0
Te Y
H H
whefe 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

This ig the repiacomant sheet



preferably 1 - 7 % by wei ght. By addition of the thiodLgI&qpl
or urea (or derivatives thereof) in the ink, the ejecth@ L RCENDEN b EET
and the clog (solidification) preventing property is 5 renmarkably

i nproved. This is considered to be because the solubility of the dye
in the ink is inproved. The content8df the thiodiglycol or urea (or.
the derivatives thereof) is preferably 1 - 3 % and may be added as
desired. 10 The main constituents of the ink

are descri bed above. O her additives may be incorporated provided that
t he

penetrating property is good, water solution natyre is
not good, and therefore, the solubility in water ig
nét good. If it is too large, the hydrophilic
property is too strong., and the penetrating property

5 is too small. 1If 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
clcéging; or organic solvent such as alcohols to

20 improve bubble éreation stability and fixing property
on the recording material.

The water-soluble organic solvents
constituting the inﬁ © +  may include
polyalkylene glycols such as polyethylene glycol, and

25 polypropylene glycol; alkylene glycols having 2 to 6
carbon atoms such as ethyiene-glycol, prdpylene

glycol, butylene glycol, triethylene glycol, 1,2,6-

Thig is the replacement she_e
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objects of the invention are achievable. The additive I ncl udes
vi scosity-adjusting agents such as polyvinyl 15 alcohol, %gkLHtg?@WTSﬁHﬁ
[ ano

wat er - sol ubl e resins; pH controlling agents such as d am ne,
tri et hanol am ne, and buffer solutions; fungicides and so forth. To the
i nk of electrically chargeable type _Hggd for ink-jet recording in
which the ink droplets 20 are charged, a resistivity-adjusting agent is
added such as lithiumchloride, anmmonium chloride, and sodi um

chl ori de. A conmparison exanple will be expl ai ned.

hexanetriol. hexylene glycol, and diethylene glycol:
glycerin: lower alkyl ether of polyhydric alcohols
such as ethylene glycol methyl ether, diethylene
glycal methyl (or ethyl) ether, and triethylene glycol
5 monomethyl (or ethyl) ether; alcohols such as methyl
alcohol, ethyl alcchol, n-prdpyl alcohol, isopropyl
alcohol, n-butyl alcohol, sec-butyl alcohol, t-butyl
alcohol, isobutyl alcohol, benzyl alcchol, and

cyclohexanol; amides such as dimethylformamide, and

10 dimethylacetamide; ketones and ketone alcohols such as
acetone, and diacetone alcohol; ethers such as
tetrahydrofuran, and dioxane; and nitrogen-containing
cyclics such as N-methyl—z-pyrrélidone, 2-pyrrolidone,
1,3-dimet§yl-2-imidazolidinone.

.15

The water soluble organic solvent can be
added without deteriorating the image quality or the
. @jection reliability. Preferably, it is polyhydric
alcohols or alkyl ether of polyhydric alcohols. The
content thereof is preferably 1 ~ 3 % by weight. And,
20 the pure water content is 50 - 90 % by weight.

The usable dyes

include direct dyes, acid dyes., reactive dyes,
dispersive dyes, vat dyes or the like. The coantent of
the dye is determined depending on the kinds of the
25  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,

This is the raplacement sheet
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Comp. Ex. 4 25 dye 3 parts

di et hyl enegl ycol 5 parts t hi odi gl ygol -MENT SHEET
5 parts -90- &ELLAC[ ewa _
al cohol 3 pacts

-89~

preferably 1 - 7 % by weight.

By addition of the thiodiglycol or urea (or

derivatives thereof) in the ink, the ejection property
and the clog (solidification) preventing property is

5 remarkably improved. This is considered to be because
the solubility of the dye in the ink is improved. The

content of the thiodiglycol or urea (or the derivatives

thereof) is preferably 1 - 3 %, and may be added 3as
desired.
10 . The main constitﬁents of the ink
are described above. Other
additives may be incorporated provided that the
objects of the invention are achievable. The additive
includes viscosity-adjusting agents such as polyvinyl
15 alcohol, celluloses, and water-soluble resins; pH-
controlling agents such as diethanolamine,
triethanolamine, and buffer solutions: fungicides and
sSQ foréh. To the ink of electrically chargeable type
uéed for ink-jet recording in which the ink droplets
20 are charged, a resistivity-adjusting agent is added
such as lithium chloridé, ammonium chloride, and

sodium chloride.

A comparison example will be explained.

Comp. Ex. 4
25 dye 3 parts
diethyleneglycol 5 parts
thiodiglycol - 5 parts .
. This is tha ranlacement sheet
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pure water 84 parts In this case, when

the ink is overflowed from the ink container to the absorbLPg EE?erial
container 5 chanber due to the expansion of the air meLm@£MEN‘°H
contai ner due to the atnospheric pressure reduction or the tenperature
rise, the problemarises that the ink | eaks. out through the air vent
or the ink supply portion by way O[bee cl earance between the
container 10 wall and the absorbing nmaterial. 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

ethyl alcohol ] parts

pure water 84 parts

In this case; when the ink is overflowed from
the ink container to the absorbing material container
5 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
10 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
15 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
aécomplished. Followin§ is an examples of such an
ink.

20 Comp; Ex. 6

dye 3 parts
glycerol 5 parts
thiodiglycol 5 parts

ethylene oxide-propylene

25 oxide copolymer 3 parts
urea S parts
pure water 79 barts

Thig is the roplacemont sheet
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hi gh for a copy sheet, bond sheet or another plain 15 sheet paper, and

that inproper color mxture (bleed or the like), even if different
color record region are contacted, and therefore, uni@@pgg@@ﬂﬁWﬁﬁ@ﬁ%%n
be acconplished. Followi ng is an exanples of such an ink. 20
Comp. Ex. 6 dye 3 parts

gl ycerol ) 5 parts t hi odi gl ycol 5
parts et hyl ene oxide-propylen%1

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
témperature increase.

As described in the foregoiné,‘there is
pro?ided an ink cartridge comprising supply ink

10 chamber containing an iﬁk 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 - 9. are
advaﬁtagecus respéctively, however the combination

- thereof is further advantageous. Further in addition,

20 the combination of the process in the -Examples 1 and 2

and the structure with Examples 3 to 5 and

the abaove-described ink, is further preferable.
The present invention is usable with any ink
jet apparatus, such as those using electromechanical
25 éonverter such as piezoelectric element, but is
particularly suitably usable in an ink jet recording
‘head and recording apparatus wherein thetmai energy by

This is the replacement shee
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25
5 parts

oxi de copol yner 3 parts urea

When this ink is used, the is absorbed by the

10

15

20

25

REPLACEMENT SHEET
-92~

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 high
density of the picture elements and high
resolution of the recording are possibie.

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 princ%ple and
structure are apélicable to a so-called on-demand type
recording system and a continuous type recording
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)
retaining sheet or liquid passage, the driving signai
being enough to provide such a quick temperature rise
beyond a departure from nucleation boiling point, by
whicﬁ the thermal energy is provided by the
electrothermal transducer to produce film boiling on
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
ejected through an ejeétion outlet to produce at least
one droplet. The driving signal is preferably in the

form of a pulse, because the development and
This is ths replacement sheet
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absorbing material in the absorbing material container d does

| eak out even when the ink is overflowed fromthe |nkiﬁﬁﬁﬁ5§MENﬁ§UEgﬁe
absorbing material 5 container due to the expansion of the air in the ink
chanber due to the atnospheric pressure reduction or tenperature

I ncrease. As described in the foregoing, there is .

provi ded an i nk cartridge conprising supply_ink 10 chanber containing an
i nk absorbing material having an adj usted capillary force and one or
nore ink chanbers, wherein the ink contains nonionic surfactant, by
whi ch the ink does not |eak out even if the anbient

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
S in U.S. Patents Nos. 4,463,359 and 4,345,262. 1In
addition, the temperature increasing rate of the
hgating surface is preferably such as disclosed in
U.S. Patent No. 4,313,124.
The structure of the tecofding head méy be as
10 shown in U.S. Patent Nqs. 4,558,333 and 4,459,600
wherein the heating portion is disposed at a bent
portion, as well as the structure of the comﬁination 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 the 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 typé of the recording head.

The present invention is effectively
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condi tion change occurs, during recording operation or 15 when the

recordi ng operation is not carried out, and therefore, the ink use -
efficiency is high. The above-described EnbodRERIAGEMENT GIEET
are "advant ageous respectively, however the conbi nation t her eof
is further advantageous. Further in addition, 20 the conbination of the,
process in the Exanples 1 and 2 and the structure with
Exanples 3 to 5 and - the above-described ink, is further

pr ef er abl e. The present invention is usable with any ink

j et ‘apparatus, such as those using el ectronechani cal
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 c;nnected

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 t&pe 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 hay 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 single corresponding to a single

color ink, or may be plural corresponding to the

This is the reptacement sheet
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25 converter such as piezoelectric elenent, but is pPat i GUERENY SHEE

suitably usable in an ink jet recording head and recordi ng appar at us
wherein thermal energy by -92-
an el ectrothermal transducer, |aser beamor the |ike s used to cause

a change of state of the ink to eject

95—

plurality of ink materials having different recording
color or density. The present iavention is effectively
applicable to an apparatus having at least one of a
monochromatic mode mainly with black, a multi-color

S 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 d¢escription, +tne

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 femperature range 30

°c to . 70 9C 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
recofding signal of 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. Aanother 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 produc® thermal
energy, the ink is liquefied, and the liquefied ink may

be ejected. Another ink material may start to be
This iz the replacement shee
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or discharge the ink. This is because hi gh density of the picture
el enrents and. high 5 resolution of the recording are p i
The typical structure and the operational principle arggéxéﬂéyéﬂﬁ§ﬂﬁﬁﬂa

ones disclosed in U S Pat ent 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 recording system
Particularly, however, it is suitable for the on-denand type because
the principle is such that at | east one driving signal is applied to
an -96~

solidified at the time when it reaches the racording
material. The present invention is also applicable to
such an ink material as it is liquified by the
application of the thermal energy. Such an ink material

5 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 faces the electrothermal transducers. )

10 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

15 receiving functions. |

As will be appreciated from the above, embodiments
of the present invention provide ink cartridges, ink jet
reéording heads and an ink jet recording apparatus using
the same which are easy to handle, in which the ink

20 retaining ratio is high and from which ink does not leak
out even if ambient conditions change.

Also, in embodiments of the present invention the
vacuum in the ink supply may be stabilized against
ambient condition changes, and therefore, ink can be

25 supplied to the recording head without infiuencing the
ejection properties of the ink. Also, the ink can be

efficiently used by the use of vacuum producing means and

; .. b ot
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el ectrothermal transducer disposed on a liquid (ink) 15 retaining sheet

or liquid passage, the driving signal bei ng enough to provide such a
qui ck tenperature rise beyond a departure from nucl eati on boi]_i -
poi nt, by whi ch the thermal energy is provided by the REPLACE‘V[ER”SHEE
el ectrothermal transducer to produce filmboiling on 20 the heating
portion of the recordi ng head, whereby a bubbl e can be fornmed in the
liquid (ink) correspondi ng to each of the driving signals.

By the production, devel opnent and contraction of the the bubble, the

liquid (ink) is 25 ejected through amr®]ection outlet to produce at |east

ink leakage can be reliably prevented even when
mechanical impact such as vibration or thermal impace
such as temperature change is applied to the recording
head or the ink container under conditions of use or

S transportation of the ink jet recording apparatus.
Reference is hereby directed to Application Number
9607472.9 (Publication Number 2297724) which is divided
from the present application and which relates to a
liquid container connectable to a recording head for an
10 ink ‘jet recording apparatus having a £first chamber
containing negative pressure producing material and a
second chamber providing a reservoir for the first
chamber, wherein the capillary force of the negative
pressure producing material decreases in a direction
15 perpendicular to and towards a wall extending from the
communication port between the first and second chambers
at least adjacent a part of the communication port which
is uppermost in use. Reference is also directed to
Application Number 9625750.6 (Publication Number ).
20 Application Number 9625750.6 relates to a liquid
container connectable to an ink jet recording head for
an ink jet recording apparatus, comprising a first
chamber containing negative pressure producing material
and having an ink outlet and an air vent and a second
25 chamber communicating with the first chamber and
providing an ink reservoir for the first chamber wherein
the second chamber comprises first and second subsidiary

chambers with the second subsidiary 'chamber being

replaceable.
This is the replacement sheet

_Date: - 7 ’UI_ m



one droplet. The drivfng signal is preferably in the formof a pul se,

because the devel opnent and - 93-
contraction of the bubble can be effected | nst ant aneaypk XCEMBMT SHEET
therefore, the liquid (ink) is ej ected with quick response. The

driving signal.in

- 98 -
CLAIMS:
1. An ink cartridge connectable to an ink jet recording
head for an ink jet recording apparatus, comprising a
first chamber containing negative pressure producing
S material and having an ink outlet arranged, in use, at
a lower part of the cartridge and connectable to the ink
jet head to supply ink from the cartridge to the ink jet
head and an air vent for allowing ambient air into the
cartridge, a second chamber communicating with th; first
i0 chamber by means of a communication port disposed in use
at the lower part of the cartridge and providing an ink
reservoir for the first chamber and ambient air
introducing means comprising a path substantially free
.of negative pressure producing material having an inlet
15 in the first.chamber separated from the air vent by the
negative pressure producing material and an outlet
arranged to be lower than the inlet during use of the
cartri&ge to enable air to be supplied to the second
chamber through the negative pressure producing material

20 and the air path as ink is withdrawn from the ink outlet.

2. An ink cartridge according to claim 1, wherein said
air introducing means is defined between a surface of the
25 negative pressure producing material and a wall

separating the first and second chambers.

* c L L] 3 *
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the formof the pulse is preferably such as disclosed 5 in US. Patents

Nos. 4,463,359 and 4, 345,262. In addition, the tenperature increasing
rate of the heating surface is preferably such as disclosed in

U.S. Patent No. 4,313, 124. The structure of the RERGHEMGT SHE
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 conbination of -99he ejection outlet, liquid
passage and the el ectrot hermal transducer as disclosed in the above-

3. An ink cartridge according to claim 1, wherein said
air introducing path is formed in a partition wall

5 between said first and second chambers.

4. An ink cartridge according to claim 3, wherein said
air introducing path is provided by a rib.
10 S. An ink'cartridge according to claim 3, wherein said

air introducing path is in the form of a groove.

6. An ink cartridge according to claim 1, wherein said
air path is defined by at least one rib extending along
15 at le;st part of a wall separating the first and second
chambers to define a space between the negative pressure

producing material and the wall.

7. An ink cartridge according to claim 1, wherein said
20 air path is defined by at least one groove extending

along part of a wall separating the first and second.
chambers.

8. An ink cartridge according to claim 6, wherein the

25. at least one rib extends along the entire height of said

wall.

* c L M S *
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15 nentioned patents. |In addition, the present invention
applicable to the structure disclosed in Japanese Lai d-
Application No. 123670/ 1984 wherein a common slit is u§§§$é§5ﬁt§P%HEET

ej ection outlet for plural el ectrot hermal transducers, and to the
structure 20 disclosed in Japanese Laid-Open Patent Application No.
138461/ 1984 wherei n an openi ng for absorbi ngthe pressure wave of the
thermal energy is forned corresponding to the ejecting portion. This
I s because the present invention is effective to performthe
recording 25 operation with certaintyl@dd-at high efficiency )

I rrespective of the type of the recording head. :

An ‘1lnk cartridge according to claim 6, 7 or 8,
wherein the wall separating the first and second chambers
has a step portion projecting into the first chamber

adjacent the inlet of the air path.

10. An ink cartridge according to claim 7, wherein a

bottom of the groove is spaced from the communication

port.

10 11. An ink cartridge according to claim 1, wherein the
air path comprises at leaét one groove extending part way
along a wall separating the first and second chambers,
the at least one groove being widened to extend
throughout the thickness of the said wall adjacent the’

15 communication port.

12. An ink cartridge according to any one of the
precéding claims, wherein the ink outlet is disposed on
a wall of the first chamber opposed to the communication

20 port between the first and second chambers.

13. An ink cartridge connectable to an ink jet recording
head for an ink jet recording apparatus, comprising a
substantially right parallelopipedal housing separated
25 by a partition into a first chamber and a second chambér

providing an ink reservoir for the first chamber

commun;catxng w1th the first chamber via a communication

Hllllll HIIH IIIH Hlll | lll! Trie e the replacement shee

=7 JUL 198

Date:



The present invention is effectively
-94- applicable to a so-called full-line type recordi ng head

having a | ength corresponding to the maxi mum recordi ng wi dth. Such a
recordi ng head may conprise a single

- 101 -

port defined by the partition, the first chamber being
substantially filled with negative pressuré producing
material and having an ink outlet arranged, in use, at

a lower part of the cartridge and connectable to the ink

5 jet head to supply ink from the cartridge to the ink jet
head during use of the cartridge and an air vent, the
second chamber being sealed apart from the communication
with the first chamber and being substantially free of

the negative pressure producing material, and ambient air

10 introducing means for introducing ambient air_into the
second chamber, said  ambient air introducing means
comprising at least bne channel providing an air path
extending at least part way along the partition and
having an inlet separated from the air vent by the

15 negative pressure producing material and an outlet | 4

located in use of the cartridge below the inlet.

14. An ink cartridge according to any one of claims 3
to 11 or 13, wherein the ink outlet is provided in a wall

20 opposed to said partition wall.

15. An ink cartridge according to claim 14, wherein the

air vent is provided in a different wall from the ink

outlet.

25

16. An ink cartridge according to any one of the

preceding claims, wherein the inlet of said air path is

) O Ths i the repiacormont sheet
* [+ L M H * .
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recordi ng head and plural recording head conbined to 5 cover the maxi num

wi dt h. In addition, the present invention is appl i cabl e
to a serial type recording head wherein t he recording head is f'ﬁﬁq%ﬁﬁ
the main assenbly, to a repl aceabl e chip type recording RiEEPAACHME
connected 10 .electrically with the main apparatus and can be

supplied with the ink when it is nmounted in the main assenbly, or to a

cartridge type recordi ng head having AN |ntegral i nk contai ner.
The provisions of the recovery neans and&or the auxiliary means foy

the prelim nargt apepasi@DoA 8bove a top end of the ink outlet in use

of the cartridge.

17. An ink cartridge according to any one of the
5 preceding claims, wherein the outlet of said air path is
positioned at a top end of the communication port in use

of the cartridge.

18. An ink cartridge according to any one. of the
10 preceding claims, wherein said air introducing path
extends from a position'between a top and a bottom of the

cartridge to a position right above the communication

port.

15 19. An ink cartridge according to any one of the
preceding claims, wherein the ambient air introducing

‘means defines a negative pressure producing material

adjustment volume.

20 20. An ink cartridge according to any one of the
preceding claims, wherein the negative pressure producing

means iLs a porous material.

21. An ink cartridge according to any one of the
25 preceding claims; wherein said negative pressure

producing material includes a foamed material.

Trig y thi replacement eheat
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preferable, because they can further stabilize the effects of the
present invention. As for such neans, there are cappi ng neans for the

recordi ng head, cl eani ng nmeans therefor, pressing or suck] i
20 prelimnary heating nmeans which may be the electrothztﬁgﬁgﬁaEﬁTSHtﬁ

transducer, an-additional heating el ement or a conbination thereof.

Al so, neans for effecting prelimnary ejection (not for the recording

operation) can stabilize the recordi ng-éf8rati on. 25 As regards

the variation_qf the recording head mountable, it may be single

correspondi ng“o a®%i n§f& cartridge according to any one of the
preceding claims, wherein said negative pressure
producing material includes an ink absorbing material
having a compression ratio which is smaller adjacent said

5 communication port than adjacent another portion.

23. An ink cartridge according to any one of the
preceding claims, wherein said second chamber contains
an ink comprising water, coloring material and water-

10 soluble organic solvent and having a surface tension of

20 dyne/cm - 55 dyne/cm.

24. An ink cartridge according to any one of the

preceding claims, wherein said second chamber contains

15 an ink containing at least one nonionic surfactant.

'25. An ink cartridge according to any one of the

preceding claims, wherein said first and second chambers

contain ink.

20

- 26. An ink cartridge according to any one of the
preceding claims, wherein said second chamber is

detachably mountable to an ink jet recording head.

25 27. An ink cartridge according to any one of the

preceding claims, wherein said second chamber is provided

with means for detecting ink therein. This is the replagement shest
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color ink, or may be plural corresponding to the

- 95- plurality of ink materials having different recording
color or density. The present invention is effectively appl i CS&I
an apparatus having at | east one of a nonochr omati c nDd%EifbﬁQE N%%*&ET

bl ack, a nmulti-col or

- 104 - S
28. An ink cartridge according to any one of the

preceding claims, wherein said second chamber |is

refillable.

5 29. An ink cartridge connectable to an ink jet head
substantially as hereinbefore described with reference
to any one of Figures 3, S to 13, 19 and 21 to 32 of the
éccompanyin'g drawings.

10 30. An ink jet recording assembly comprising an ink
cartridge in accordanc.:e with any one of the preceding
claims and an ink jet head attachable to and detachable

from the cartridge.

15 31. An ink jet recording apparatus, comprising:
a carriage for carrying an ink jet recording head
and an ink cartridge in accordance with any one of claims
1 to 29, the carriage having a mounting portion for
mounting said ink cartridge to enable supply of ink to
20 the ink jet head, and a recording material feeding
mechanism for feeding a recording material to a recording

region of said ink jet recording apparatus.

B

This is tha raplacement shest
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5 node with different color ink materials and/or a full- col or node

using the mxture of the colors, which may be an integrally forned
recording unit or a comnbination of plural recordi ngﬂgm_@@EMENT SHEET
Furthernore, in the foregoing description, the 10 ink has been |iquid.

It may be, however, an ink material which is solidified below the room
t enperat ure but liquefied at the roomtenperature. Since the ink

is controlled vvithin,t,heterrperatu.r:‘_el-.(léa,ﬁge 30 [err]c

to 70 [err]C to stabilize the viscosity 15 of the ink to provide the
stabilized ejection in usual

ABSTRACT

CAPILLARY CONTRQL OF INK FLOW IN INK CONTAINERS
FOR JET PRINTERS

In an ink container of the kind having a first vented chamber containing
ink-absorbent material and a second chamber adapted to contain liquid ink, and in which the
first chamber has an ink dispensing outlet and is in communication with the second chamber
via a chax_mel in the lower part of the container, means are provided for facilitating the
passage of venting air to the intercommunicating channel. '

In one form (Fig 3) the vemed'air (arrowed) passes first via the unsaturated
absorber and then via a gap (A32) between the absorber and the inter-chamber wall.

In other forms (of which many examples are given) the container structure
inctudes formations facilitating the passage of air.

Also disclosed are multi-chamber constructions wherein the chambers are in
liquid communication via an extended ink-absorber, and wherein the chamber furthest from
the one with the dispensing outlet is vented.

Fig. 3
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recordi ng apparatus of this type,

the ink may be such
recordi ng signal of the

liquid within the tenperature range when the

present invention is applicable

the tenperature 20 rise due to the therma

that it is

to other types of ink. In one of them

by consuming it for the state change of the ink from
material is solidified when it is
In either of the cases,

to the liquid state. Another ink
|l eft, to prevent the

evapor at i ontof the ink.

energy is p05|t|v§tg'€FgmgNﬁ
the solid state

the 25 application of the recording signal produces therm
energy, the ink is liquefied, ,and the liquefied ink may be ej ect ed.
Anot her ink material may startIto be
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- 96- solidified at the tine when it reaches the recording

material. The present invention is also applicable to such an ink
material as it is liquified by the application of the ther ergy.
Such an ink material 5 may be retained as a liquid or solid Prmi'ﬂ‘ QVTg%EET
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hol es or recesses formed in a porous sheet as disclosed I n Japanese
and Japanese Lai d- Open

Lai d- Open Patent Application No. 56847/ 1979 R
The sheet faces the elRECLAGEMENHAHEE

Pat ent Application No. 71260/ 1985.

transducers. 10 The ink jet recording apparatus nay be used as an
such as

output term nal- of an informati on processi ng appar at us
conbi ned with an i nmage

conputer or the like, as a copying apparatus
reader or the like, or as a facsi gi Fe machi ne having information

sending and 15 receiving functions. As will be appreciated from
t he above, enbodi nents

5005 ~5006
5023

5022 5004
F_IG. 4

5020

o
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5011
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of the present invention provide ink cartridges, ink jet recordi ng

heads and an ink jet recordi ng apparatus using the sane which are easy
to handle, in which the ink 20 retaining ratio is high and f r SHERMACENENAIS
does not | eak out even if anbient conditions change. Al so,
I n enbodi nents .of the present invention the vacuumin the ink supply
may be stabilized against anbi ent condition changes, and therefore,
ink can be 25 supplied to the recordtngy head without influencing the

ej ection properties of the ink. Also, the ink can be efficiently

used by the use of vacuum produci ng neans and
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-97- I nk | eakage can be reliably prevented even when mechani cal

I mpact such as vibration or thermal inpact such as t enpRERLATEVIENTOSIgEE
is applied to.the recording head or the ink container under conditions
of use or 5 transportation of the ink jet recordi ng apparat us.

Ref erence is hereby directed to Application Nunber 9607472.9
(Publication Nunber 2297724) which is giyided
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fromthe present application and which relates to a
I ng head for an

connectable to a recordi
having a first chanber

and a

10

i nk

] et

i quid container
recordi ng appar at us

cont ai ni ng negative pressure producing materi al

wherein the capi'llary force of the negatlve

mat eri al decreases in a
extending fromthe
chanbers at
I S uppernost in use.
Number
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second chanber providing a reservoir for the first REPLAEP@%R?%HEET

pressure producing
erpendicular to and towards a wal
ri between the first and second

| east adj acent a part of the conmmunication port which
Reference is also directed to
9625750. 6 (Publication Nunber

Application
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20 Appl i cation Nunber 9625750. 6 relates to a liquid cont ai ner

connectable to an ink jet recordi ng head for an ink jet recording
apparatus, conprising a first chanber cont ai ni ng negat FERLAGEAENTr SHEET
produci ng materi al and having an ink outlet and an air vent and a
second 25 chanber communicating with the first chanber and
providing an ink reservoir for the first chanber wherein t he second
chamber conprises first and second suffsidi ary chanbers with the
second subsi di ary chanber being repl aceabl e.
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- 98 - CLAI MS: 1. An ink cartridge connectable to an ink jet
recordi ng head for an ink jet recordi ng apparatus, conprising a
first chanber containing negative pressure producing 5 materj d
havi ng an ink outlet arranged, in_use, at a | owner parﬂEPbAb@hEﬁfl"HEET
cartridge and connectable to the ink jet head to supply ink fromthe
cartridge to the ink jet . .

- 8 -
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head and an air vent for allow ng anbient air

second chanber comunicating with the first

comuni cation port disposed in use

and providing an ink
I ntroduci ng neans conprising a path substantially free

pressure producing nateri al
separated fromthe air vent by the

mat eri al
of the

and an outl et

into the

10

chanber

cartridge, a

by nmeans of a

at the | ower part of t

havi ng an inl et

15

reservoir for the first chanber

in the fi

- 9 negative pressure

arranged to be |lower than the

cartridge to enable air to be supplied to the
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chanber through the negative pressure producing material 20 and the air

path as ink is withdrawn fromthe ink outlet. 2. 9&#

cartridge according to claim1, wherein said air intro iLz‘gEMgHﬂi&irs
defined between a surface of the 25 negative pressure producing
material and - a wall separating the first and second chanbers.
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- 99- 3. An ink cartridge according to claim1, wherein said
air introducing path is formed in a partition wall 5 betweBbEPISOEMENTISHEE

and second chanbers. 4. An ink cartridge according to claim 3,
wherein said air introducing path is provided by a rib. 10 5.7 An
ink cartridge.according to claim3, wherein said
- 11 -
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air introducing path is in the formof a groove. 6. An ink

cartridge according to claiml, wherein said air path is defined by at
| east one rib extending along 15 at |least part of a wall

first and second chanbers to define a space between Jﬁ?ﬁﬁgﬁ@% ﬁguEhF
pressure produci ng material and the wall. 7. An |nk cartrldge
according to claiml, wherein said 20 air path is defined by at |east one
groove extendi ng along part of a WalF separating the first and second
chanbers.
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8. An ink cartridge according to claim®6, wherein the
rib extends along the entire height of said
An ink cartridge according to claim®6, 7 or

- 100 - 9.
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wherein the wall separating the first and second chanbers has a step

portion projecting into the first chanber adj acent the inlet of the
air path. 5 10. An ink cartridge according to claim7, wherein a
bottom of the groove is spaced fromthe conmunication port. 10 11.
An ink cartridge according to claim1l, wherein the air path conprises
at | east one groove extendi ng part way along a wall separating the
first and second chanbers, t he at 1@315'[ one groove being wi dened to
ext end 6 4
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t hroughout the thickness of the said wall adjacent the 15 comunication
port. 12. An ink cartridge according to any one of the

preceding clains, wherein the ink outlet is disposed on a | ~Qf

first chanber opposed to the communication 20 port between thgg?{"&%@”%ﬂg%
second chanbers. 13. An ink cartridge connectable to an ink jet

recordi ng head for an ink jet recordi ng apparatus, conprising a

substantially right parallel opi pedal hot®inhg separated 25 by a partition
into a first chanber and a second chanber
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providing an ink reservoir for the first chanber coy ' ' Wit h
the first chanber via a communication %ﬂi&%ﬂl\n%rmm

- 101 - port defined by the partition, the first chanber being
substantially filled with negative pressure producing mat eri al and
havi ng an ink -outlet arranged, in use, at
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a lower part of the cartridge and connectable to the ink 5 jet head to
supply ink fromthe cartridge to the ink jet head during use of the
cartridge and an air vent, the second chanber bei ng sedPUABPHMENT SHEET
t he conmuni cati on with the first chanber and being substantially free
of t he negative pressure producing material, and anmbient air 10

I ntroduci ng neans for introducing anbient air into the second chanber,
said ambient air introducing nmeans -~ 1Tomprising at |east one channel
providing an air path extending at |east part way along the partition
and having an inlet separated fromthe air vent by the 15 negative
pressure producing material and an outlet
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| ocated in use of the cartridge below the inlet. 14 An i nk

cartridge according to any one of clains 3 to 11 or
ink outlet is provided in a wall 20 opposed to said part?E E?\ﬁlrrsﬁéﬁ
15. An ink cartridge according to claim 14, wherein the air vent is
provided in a different wall fromthe ink outlet. 25 16. An
ink cartridge according to any one 0{8 t he
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preceding clains, wherein the inlet of said air path is

- 102 - at a position above a top end of the ink outlet %n use of
the cartridge. 17. An ink cartridge according to any LACEMENT SHEET

precedi ng clains, wherein the outlet of said air path is
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positioned at a top end of the communication port in use of the

cartridge. 18. An ink cartridge according to any Onﬁﬂﬂﬁggwgﬂ?ﬁﬁggr
preceding clains, wherein said air introducing path extends fro
posi tion between a top and a bottom of .t he cartridge to a position
ri ght above the commrunication port. 15 19. An ink cartridge
according to any one of the precedi ng clainms, wherein the anbient
ai r introducing means defines a-ne@ative pressure producing materi al
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adj ust nent vol une. 20 20. An ink cartridge according to an¥ QQF of
t he precedi ng clainms, wherein the negative pressure;pﬁQAOEMﬁﬂ SH
nmeans IS a porous material . 21. An ink cartridge according to any
one of the 25 preceding clainms, wherein said negative pressure
produci ng material includes a foamed nmateri al .
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-103- 22. An ink cartridge according to any one of the Erecedln
cl ai ms, wherein said negative pressure produci ng mat er i'HFLAREVEAESHART
i nk absorbing materi al having a conpression ratio which is snaller
adj acent said 5 conmmunication port than adjacent another portion.
23. An ink cartridge according to any one of the precedi ng cl ai ns,
wherei n said second chanber contains an ink conprising water, coloring
mat eri al and wat er - - 22 -
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10 sol uble organic solvent and having a surface tension of 20 dyne/cn1

- 55 dyne/cm 24. An ink cartridge according to any one of th
precedi ng cl ai ns, wherein said second chanber contains 15 BEPUAQEMENTSHEET
contai ning at | east one nonionic surfactant. 25. An ink cartridge
according to any one of the precedi ng clains, wherein said first and
second chanbers contain ink. 20
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26. An ink cartridge according to any one of the

wherein said second chanber is
recordi ng head. 25 27. An ink cartridge

t he

wi th neans for detecting i nk t her ei n.

precedi ng cl ai ns,

det achably nountable to an ink jet

according t

o any one of

preceding clains, wherein said second chanber is HepyAJEMENT SHEET
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- 104 - 28. An ink cartridge according to any one of the_

precedi ng cl ai ns, wherein said second chanber is refillable. ™" itkl
29. An ink cartridge connectable to an ink jet head substantially as
her ei nbef ore described with reference to any one of Figures 3, 5to
13, 19 and 21 to 32 of the acconpanyi ng draw ngs. 10 30. An ink

jet recording assenbly conprising an | % )
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cartridge in accordance with any one of the preceding

ink jet head attachable to and detachabl e

31. Ani
carrying
w th any
for

ink jet
a recordi

appar at us.

nk j et
an ink jet
one of clains

recordi ng appar at us,
recordi ng head
1to 29,

nmounting said ink cartridge to enable supply of

clains and an

fromthe cBREPUAGRYENT SHEES

conpri si ng:
and an ink cartridge in accordance
the carriage having a nounting portion

head, and a recording naterraléfeedi ng

ng nate

a carriage for

ink to 20 the
mechani sm for feeding

rial tozsorgcoraﬂg5 20|r%g'é%n0(‘){ said ink jet recording
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