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Wth the ink container, the ink is

container for containing ink to be supplied to an ink

jet recording head, ink, and an ink jet recording

apparatus using the ink container.

The ink container used with an ink jet.

10 recording apparatus is required to be capable of

properly supplying the amount of the 1nk corresponding

to

the amount of the ink ejected from .a recordlng 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 tﬁat 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



contained in the porous material such as foamed polyurethane material, and
therefore, it is possible to produce negative pressure by the capillary
force in 5 the foamed material and to prevent the ink |eakage frormgregank
cont ai ner. Japanese Lai d-Open Patent Application No. 522/1990 (second
prior art) discloses an ink jet recording cartridge in which a first ink
contai ner and 10 a second ink contai ner %re connected with a, porqus 15

material, and a second ink container and“an ink jet recording head are
connected with a porous material. |In this prior art, the porous nmaterial
i's not contained in the ink container, and it is disposed only in the ink
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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 a7borous
material, and a2 second ink container and én ink jet
recording head are connected with ; porous material.
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 capécity is limited, and in

addition, the amount of the non-usable remaining ink



is relatively large, that is, the use efficiency of the ink is poor. These

are the problens therewith. In addition, it is difficult to detect the

remai ning anount of the ink, and it is difficult to maintain 5 17 OEC 2003
substantially constant vacuum during the ink consunption period. These are
additional problenms. |In the second prior art, when the recordi ng operation

s not carried out, the vacuum produci ng-3dmaterial is disposed in the ink
passage, and 10 therefore, the porous material contains asufficient anount
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
i s | eaked thrdggireladionllyi desrqnf, thmt niks | ethd ages dbngicildndieask by smal |
i mpact or the like. This is a problem In the case of an exchangeable 'ink

cartridge in WwWhecink is ipdoz.et . Mersw dre teadicbYemdrethd rdweigial |y with

t he ink.container, and the ink container is nmounted on the ink recording
head, the secd®d 3gdigdom.t it iptdififimul &0 Betedts thotimmaiprioh} em .
Japanese Lai d-Qpen Patent Applications Nos. 67269/1981 and 98857/ 1984

di scl ose an i TSR Sfnhdhe ddikhg and iidk 18 sHkfianledoynainmimg. This is
advantageogs in that-the _internal negative pressure is 25 stably produced

at the i nk?sufPFtastiiaddy apnstanthdaapm fpting echeldmver, these system

involve'probl%ps that. a |imted configuration of the spri is required 1
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In the second prior art, when the recording
operation is not carried out, the vacuum producing
material is disposed in the ink passage, and

10 therefore, the porous material contains a-sufficient
amount of the ink, and the production.oﬁ.the negative
pressure by the capillary force of the porous material
is insufficient, with the result that the ink is
leaked through the orifices of the ink jet recording

15 head by small impact or the like. This is a problem.
In the case of an exchangeable ink cartridge iu which
the ink jet recording head is formed integrally with
the ink container, and the ink container is mounted on
the ink recording head, fhe second prior art is not

20 usable. This is another problem.

Japanese Laid-~Open Patent Applications Nos.
67269/1981 and 98857/1984 disclose an ink container
using an ink bladder urged by a spring. This is
advantageous in that. the internal negative pressure is

25 stably produced at the ink supply portion, using the
spring force. However, these system involve problems

that a limited configuration of the spring is required



the process of fixing the ink container to the bladder 1is conplicated, and
therefore, the manufacturing cost is high. In addition, for a thin inﬁl
container, the 5 ink retaining ratio is small. Japanese Lai d- Open Paf éritEC 2003
Application No. 214666/1990 discloses a separated chanber type in which
the inside space of the ink container is separated into a plurality of ink
chanbers, which 10 communicate with each other by a fine hole capabl e of
provi ding the vacuum pressure. In the separate 15 chanber type, the

i nternal negative pressure at the ink supply portion is produced by the
capillary force of the fine opening communicating the ink chanbers. In
this system the structure of the ink container is sinpler than the spring
bl adder systteam pandidder elesired | intermal amgaebve Preafrhe. stAdlpoi nt of
the manufacturing cost and the configuration of the ink container is not
limted fronthéeosrcess we. fipirg ckhe 2ink orepbRaf e80chBRLBI2EYIBE i nvol ves
the problemthat when the ink container position is changed, the fine
openi ng becoh%scgmmﬁiC@#e¢nkaQﬁxﬁ#ﬁF¢EP¥#vt?ﬁﬁr@ﬂ%?ﬁﬁﬁﬁuﬁgﬁﬁnFoﬁF t he ink
with the-result of instable internal vacuum pressure _eyen to #he ext ent

25 that the i$nhighs | Bakaddiftier HEPEidrEn1R htk nROREALBFRer tPE i nposed by

limtation in the handling thereof. 1 7 DEC 2003 -5 SUMVARY OF THE
| NVENTI O ink retaining ratio is small.

Japanese Laid-Open Patent Application No.
21466671990 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 hdlg éapable of
providing the vacuum pressure. In the sepafate
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 position 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
2% that the ink is leaked, and therefore, the ink
container is imposed by limitation in the handling

thereof.



Accordingly, it is a principal object of the present invention to provide
an ink container, an ink jet'recording head using the sanme and an ink jet
5 recording apparatus using the sane, which is easy to handle. It 19 DEC 2003
anot her alternative object of the present invention to provide an ink
container, an ink jet recording head using the sane and an. ink jet
recordi ng 10 apparatus using the sane in5which the ink retaining ratio is
high. It is..anobher alternative object of the present invention to
provide an ink container, an ink jet recording head using the sane and an

Ink jet recoEgh@%gigﬁgggﬁggégﬁgﬁﬁiggLfhe sane in which the ink is not

| eaked even i . . ' Nchapges. It is. another alternative
Fecor ding head using thECEERENERY. (8 RH. 5 el izt raloPbiny aRiaritus usi ng
the same in which the; g gt ' suppl.y, i I |l zed against the
anbi ent cong?%io%ﬁgh%%gggyghg ?ﬁepgpggg? gﬁelﬁﬁk%gﬁ%%ﬁpg 'c%& %g supplied

to the recordjgg headrihhboHbainibURACERL0saka® A8eG aRPrQRerty of f, the

ink. 25 1t is’ yet anothef alternatiVve object of the prese invention to
provide ar i %esﬁaﬁhgeapﬁa?&;uggge%ggn@hehgaﬁe,a%i!c&ak 1Jsetear-.g90%fbod' ng

apparatus in which the in 3 6 _is efficiently uséd by the use
of vacuum pr asasdng. means.

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

10 apparatus using the same in which the ink-:etaining
ratio is high. '

It is_.a.lnoi:her alternative object of the present
invention to provide an iﬁk container, an ink jet
recording head using the same and an ink jet recording

15 apparatus using the same in which the ink is not
leaked even if the ambient condition changes.

It is another alternative object of the present
invention to provide an ink container, an ink jet
recording head using the same and thé ink jet

20 recording apparatus using the same in which the vacuum
in the ink supply is stabilized against the ambient
condition change, and therefore, the ink supplied can
be supplied to the recording head without influence to
the ejection property ogﬁghe ink.

25 It is- yet another alternative object of the present
invention to provide an ink container, ink, recording

head, and ink jet recording apparatus in which the ink



It is another alternative object of the present invention to provide an

I nk container, ink, an ink jet 5 recording head and an ink jet recor@bq&czw
apparatus in which the ink |eakage is reliably prevented even when 3
mechani cal inpact such as vibration or thermal inpact such as tenperature
change is given to the recording head or the ink container under the
condition of use 10 or transportation ofgihe ink jet recording apparatus.
According to an aspect of the present invention, there is provided an ink
containing - apparatus for containing ink, conprising: a negative pressure
producing material; a first container for 15 containing the negative

pressure producider imtait B .usddey i Fioé €98t 6f neachani pgoduckng vent and a
supply port for supplying the ink out; a second container for containing
i nk; a communectg on part for communication between bottom portions of the
first and second 20 contai ners; and anbient air introducing nmeans adjacent
the air vent for introbiicifgaabthdrmhbtdrnetiveonhjatitcaf ithe peasent These and
other features and advantages of the present invention will becone nore
25 ' appar ent iupeeniaiaonse deraride afh ihe contawney. déskri aRi dRXofethe
preferred enbodi nents of the present invention taken in conjunction with
the 1 7 DEC 2093rding chepdnyndgarr dnkngst BRFEFIERSCRPPEFNIEF1RHE
DRAW NGS Figure 1 shows coupling between_a recording
which the ink leakage is reliably prevénted 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 préseht
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 gecond container for
containing ink; a communication part for communicaticn
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



5 head and an ink container according to an enbodi nent of the present

I nvention. Figure 2 illustrates a recording head and an ink ContaigegﬂEEﬂml
according to anot her enbodi nent of the present invention. 10 Figur
illustrates an ink container according to an enbodi ment of the present,
invention. Figure 4 is a perspective view of a recording apparatus.

Figure 5 illustrates an ink container -¥5 according to a further enbodi nent
of the present invention. Figure 6 illustrates an.ink container according
to a further enbodi nent of-the present invention. 20 Figure 7 illustrates

an ink container according to a further enbodi nent of the present

i nventi on. FRGGPBPANYLRGsBFawésgan i nk container according to-a further
enbodi ment of the present 25 invention. Figure 9 illustrates an ink

contai ner according to a further enbodinent of.the present 1 7 DEC 2003 -a
I nventi on. Lales a nDdeI of ink supply. Figure 11 is a
graph show F REE 3 e | nk supply portion in an ink

5 cont ai'ner according to an fnbgdlnent of the pr esent
Fi ows coupling between a recording

5 head and an ink container according to an embodiment
of the present invention.

Figure 2 illustrates a recording head and an
ink container according to another embodiment of the
present invention.

10 Figure 3 illustrates an ink container
according to an embodiment of the present invention.

Figure 4 is a perspective view of a recording
apraratus.

Figure 5 illustrates an ink container

15 according tc a further embodiment of the present
invention. |

Figure 6 illustrates an .ink container
according to a further embodiment of the Present
invention. i

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



I nvention. Figure 12 shows a nodel of ink supply in a conparison exanple.
Figure 13 is a graph showing the internal 10 pressure change at the ink
supply portion in the conparison exanple. Figure 14 illustrates an?i7rRi7a03
state in which the ink container is filled with the ink. Figure 15
Illustrates a state in which the 15 air-liquid interface starts to be
formed. Figure 16 shows the state about an end of the ink supply. Figure
17 shows the state inwhich the ink hasgbeen supplied out. 20 Figure 18- is
a perspective view of a device having four heads integrally, and
respective ink containers therefor are nountable. Figure 19 illustrates an
I nk container according to a further enbodi nent of the present 25

i nvention. HgWegr2@nshows a nodel of ink supply. Figure 21 is a

| ongi tudi nal sectional view of 1 7 DEC 2003 -9 an ink cartridge nmain body

for an ink jet recordfiguareargoilingtiatasf Hr nbaklenifodnkegiuppl yt.he present
I nvention. Figure 22 is a cross-sectional view of an ink 5 cartridge main
body for the ink jet rFegerdliny ieppagpaps ehokligyr 8nRérnal
pressure change at the ink supply portion in an ink
5 container according to an embodiment of the present
invention.
Figure 12 shows a model of ink supply in a
comparison example.
Figure 13 is a graph showing the internal
10 pressure change at the ink supply portion in the
comparison example. L
Figure 14 illustrates an initial state in
which the ink container is filled with the ink.
Figure 15 illustrates a state in which the

15 air-liquid interface starts to be formed.

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

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

20 Figure 18 is a perspective view of a device
having four heads integrally, and respective ink
containers therefor are mountable.

Figure 19 illustrates an ink container
according to a further embodiment of the present

25 invention.
| Figure 20 shows a model of ink supply.

Figure 21 is a longitudinal sectional view of



Figure 23 is a sectional view of an ink cartridge main body, particularly
showi ng the surface of the rib of Figure 21. 10 Figure 24 is a sectiona
view of-:the ink cartridge main body, show ng the surface of the gbggc 0
according to a further enbodi ment of the present invention. Figur |@
an enl arged sectional view of a 15 rib according to a further enbodi nent
of the present invention. Figure 26 isga |ongitudinal sectional view of
an ink cartridge main body of an exchangeable ink jet recording according
to a further enbodi nent of the 20 present invention. Figure 27 is a
cross-sectional view of an ink cartridge nain-body for the exchangeabl e
ink jet recamdimg, cactoidgegnabnabdayt her enabedkngat ebcbbhainglesent

i nvention. 25 Figure 28 is a sectional view of an ink <cartridge mai n body,
showi ng t he ateerdingftoha fubthercexrdoaimentaofuthbhepresbadi nent of the
present 1 7 DEC 2003 -10 5 invention. Figure 29 is a |ongitudinal
sectional viEWeRtEink cartridge main body for the ink jet recording in
a conpari son exanple._Figure_30 is a sectional view of an ink cartridge

mai n body for the i nkF}@8reeédrifng FrROSHesectional 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 surf%ﬁe 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 ethangeable 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



conparison exanple. Figure 31 is a sectional view of the ink cartridge
mai n body showi ng the surface of the rib in 10 a conparison exanpleq rig?zﬁn
32 is an enlarged sectional view, showing the cross-section of the r g
the conparison exanple. Figure 33 illustrates horizontal printing 15
position. Figure 34 illustrates |eakage ink buffer function of the
conpressed i nk absorbing material in an jpk chanber. Figure 35 shows an
exanpl e of conpression 20 ratio distrittion of the conpressed i nk
absorbing material, according to a further enbodi nent of the present

I nvention. Figure 36 shows anot her exanple of the conpression ratio
distribution.of the conpressed ink 25 absorbing material in the enbodi nent
of Figure 35 M E™37 shows a further exanple of the conpression ratio

di stribution of the cqg i 7_.DE b ' ' in the
enbodi nent of Figure %gghﬁéfgﬁiéﬂgé}éﬁgﬁigéégigééaﬁégég&@%Eaiﬁﬁ%?ggsion
ratio distriluti. ! | i | '

conpari son e%glnﬁ% %%%u%?ﬁ%\%dygkffﬁfﬂ{eéﬁ %rﬁ%e%%ééﬂ%{hgonpr essi on
ratio distri Ry iprddpdiesdsParansrs. i nk  absorbing material in a

conpari son exanple. Figure 40 shows an exanpl e of additional ink
] Figure 30 is a sectional view of an ink

cartridge main body for the ink jet recording in the
comparison example.

Figqure 31 is a sectional view of the ink
cartridge main body showing the surface of the rib in

10 &a comparison example. . i

Figure 32 is an enlarged secticnal view,
showing the cross-section of the rib in the comparison
example.

Figure 33 illunstrates horizontal printing

15 position.

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

Figqure 35 shows an example of compression

20 ratio distribution of the compressed ink absorbing
material, accordingrto 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.

Figure 37 shows a further example of the

compression ratio distribution of the compressed ink



chanmber, according to a further enbodi nent of-the 10 present invention.
Figure 41 shows an exanple of an.additional ink chanber in the enbodinﬁﬂ{

of Figure 40. Figure 42 shows an exanple of the-divided conpressed itk EC 2003
absorbing material, according to a 15 further enbodi ment of the present

I nvention. Figure 43 shows an exanple of the ink absorbing materi al
arrangenment in the ink chanber, according to a further enbodi ment of the
present invention. 20 Figure 44 i |l ustThates problenms with the assenbling
of the apparatus for the Figure 43 enbodinment. Figure 45 illustrates ink
consunption in a conparison exanple. 25 Figure 46 shows the ink | eakage

upon pressur | I n.1 m%ggi e of - Fi 5. Figure 47
is a nodifie es{?(;tcr%lgéj gl{(;écﬂoér}cﬁér?g Jfrg %%%@%P{ ﬁpaFf%%?rél'enbodi ment of
t he present inventionfnﬁkgHg | | %ﬁ%ﬁ XML e O | :

enbodi nent. Figure 49 i's a sg%:%%oﬂ#\%év%\%’is 0 %g theﬁ?e Sé%%%%%égf t he

exchangeabl e dgi o iR Mgl 3 Kh (dI + AL CQEmb Aels 6@ 01 QP Drd b ri age,
according to an enbodi nent of the present i1nvention. Figure illustrates

i48k consunpt initd i dIN6n D RABMbAS S66 O Lhmen & 0 t he enbodi ment . of Figure
. 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

100 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 emhodimenf 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



10 Figure 51 illustrates fundanental sl of the exchange between the air and
the ink. Figure 52 illustrates the internal pressure of the ink sgpfhr 2003
portion, according to a further enbodi nent of the present inventian. %
Figure 53 illustrates the ink buffering function in the apparatus of
Figure 52 enbodinment. Figure 54 is a bl ock diagram show ng an exanpl e of
the control systemfor the apparatus. Fl@ture 55 shows the state when the
remai ning 20 anount of the ink is detected, according to a further

enbodi ment of the present invention. Figure 56 illustrates the internal
pressure of the ink supply portion in the container according to Figure
55 enbodi ment? %ﬂ%r%ﬁmd% oh Bhanpresent ghayartiesti|ing net hod.
Figure 58 illustrates | nk consunption, 1 7 DEC 2003 -13 acgording to a
further enbodi ment of #hﬁpﬁﬁe%%gfsSaiﬂ9%h¥+%ﬁ.exﬁmah?eOSQFFQPHEt dtes a

further ink co squtiqahaccording to the enbodi nent of Figure 58. Figure
60 shows the T e %hi ch t he remai ni ng anount of the ink is detected,

in the devi f the enbodi npat. of Fi 58, Fi 61 illystrates the
state in which the |nC9ST elhjiRiRFErtheriFR FROVHRT| FRechanber i s

5 mounting of the exchangeable ink container and the
recording head eonto the carriage, according to an
embodiment of the present invention.

Figure 50 illustrates ink consumption in the
apparatus according to the embodiment .cf Figure 49.

10 Figure 51 illustrates fundamentals of the
exchange between the air and the ink. o

Figure 52 illustrates the intexrmal pressure
cf the ink supply portion, according to a further
embodiment of the present invention.

15 Figure 53 illustrates the ink buffering
function in the apparatus of Figure 52 embodiment.

Figure 54 is a block diagram showing an
example of the control system for the apparatus.

Figure 55 shows the state when the remaining

20 amount of the ink is detected, accofding to a further
embodiment of the present invention.

Figure 56 illustrates the internal pressure
of the ink supply portion in the container according
to Figure 55 embodiment.

25 Figure 57 shows an example of an ink
refilling method.

Figure 58 illustrates ink consumption,



10 used out . Figure 62 illustrates remaining ink ambunt detection,
according to a further enbodi ment of the present invention. Figure16BDE( 2003
illustrates a nodified ink 15 remai ni ng anount detection, in the enbodi nent
of Figure 62. Figure 64 illustrates a nmethod of ink 20 25 refilling,
according to a further enbodi ment of the present invention. Figure 65 shows
the ink flow ng anbunt upon the pressufg-decrease. Figure 66 shows a
rel ati onshi p between the renaining anount of the ink and the electric
resi stance between el ectrodes. DETAI LED DESCRI PTI ON OF THE PREFERRED
ENI DODI MENTS Figure 1 is a sectional view showng 1 7 DEC 2003 -14
connecti on amangrdiregy resod dfugtheadembodinentabfiethe paeseage in an ink jet
recordi ng apparatus according to an enbodi ment of the present invention.
The recordiimvéreaib®0 in this enbodinent is of an ink jet 5 type using
el ectrothermal transducers for generating thermal energy for causing film
boiling in the ink inFigecerdntblusthatsesacar furshgmainkin Figure 1, nmjor
parts of. the recording head 20 are bonded or pressed into a |an nated
structure orcen$amptiberecaptarding| to the embodiment of Figure 58.
5 Figqure 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 furthér embodiment of the
present invention.
20 Figqure 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



10 with positioning reference projections 111-1 and 111-2 on the head base
plate 111. In the vertical direction on the surface of Figure 1 draw ng,
the positioning is effected by the head positioning portion 104 of] 7a0E( 2003
carriage HC and a projection. 111-2. In the vertical 15 direction in the
cross-section of Figure 1, a part of the projection 111-2 projects to
cover the head positioning portion 104,_,gnd the cut-away portion (not
shown) of the projection 111-2 and the head positioning portion 104 are
used for the correct 20 positioning.. The heater board 113 is produced
through filmformation process, and includes electrothermal transducers

(ej ection hediek-taldPRaRMLER Fecorditly Headind il Rt My, ng for

supplying electric power thereto, the w ring being made of alum num or 25

the like. Theaddiidye i H08 3OS e AA dd @dieathtdd edddaikase (head
PCB) having the wiring which has at the end portion pads for receiving

el ectric signa anl enbodidedd oif> theoPridsenthiinhvastasil.y- THeey are connected
by wire bonding. Atop plate 112 integrally formed of polysulfone or the

| i ke conpri seeawdding Meate 24 dln thi A dplbdidnicnt dfs 0K amIsageet
corresponding to the 5 ejection heaters, a common |iquid chanber for
recei vi ng 5i nkyfreo msamee edleartaesieanialk toansduoers thorogpnexraidsgpge and for
supplying the ink into the plurality of ink passages, and orifices for
provi di ng tHhernalaleneray foecaEusingutflidm bolld ng@npltihee ink2 ix0 i s urged
to the heater board 113 by an unshown spri ng,
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
10 with positioning reference projections 111-1 and 111-2
on the head base plate 111. In the vertiéal direction
on the surface of Figure 1 drawing, the positicning is
effected by the head positioning portion 104 of a
carriage HC and a projection 111-2. In the vertical
15 direction in the cross-section of Figure 1, a part of
the projection 111-2 projects to cover the head
positioning portion 104, and the cut-away portion (not
shown) of the projection ;11-2 and the head
positioning portion 104 are used for the correct
20 positioning. The heater board 113 is produced through
film formation process, and includes electrothermal
transducers {(ejection heaters) arranged on a Si
substrate and electric wiring for supplying electric
power thereto, the wiring being made of aluminum or
25 the like. The wiring is made correspond to the head
flexible base (head PCB) having the wiring which has

at the end portion pads for receiving electric signals



and it is pressed and shield using a sealing nenber, thus constituting the
i nk ejection outlet part. For the purpose of comunication with the
exchangeabl e i nk contai ner 1, the passage 115 provided 15 by sealindf&DECZMH
conbining with the top plate 112, penetrates through the holes of the head
PCB 113 and the head base plate 111 to the opposite side of the head base
plate 111. In addition, it is bonded and;éixed 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

I ntroduction of foreign matter or bubble into the ink ejection part. The
exchangeabl e fizrkn ctoheg ananii asseAPECt eTheySawé t BohRBctB8E0HYI Wgrhead 20 by
an engagi ng gquide and pressing neans 103, and an ink absorbing material in
the ink supplBAndindstidrtes biatghtl? nimtegndhty $oihed G£DEC 2003 -16 the
filter 25 at an end of the passage 115, by which the nechani cal connection
i s establ i sh@Plygulhone,cor cometikeonconpliges watbsdfay heparatikigng
recovery - pu 5015 of the_main assenbly of the recording 5 apparatus, the
ink is forceg¥yp¥ﬁﬁﬁﬁ4¥XI??cﬁﬁ#k@ﬁs%ﬁﬁﬁﬁn@@abﬁépbnﬂingntaihhe 1 into the
recordingsyead_ 20, by which the ink is supplied. In this enbodi nent, upon
t he engagenerftd $F1h 47 £RESF n@ neamaon t hisdy ke orBamberiefdr20 and the 10

MR e b R L
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 s;aling member,
thus constituting the ink ejection outiéf part.

For the purpose of communication with the
exchangeable ink container 1, the passage 115 provided

15 by seélingly combining with the top plate 112,
penetrates through the holes of the head PCB 113 and
the head base plate 111 to the opposite side of the
head base plate 111. 1In addition, iF is bonded and
fixed to the head base plate 111 at the penetrating

20 portion. At an end comnecting with the ink container
1 of the passage 115, there is provided a filter 25
for preventing introduction of foreign matter or
bubble into the ink ejection part.

The exchangeable ink container is connected

25 with the recording head 20 by an engaging guide and

pressing means 103, and an ink absorbing material in

the ink supplying portion is brought into contact with



the carriage HC are nechanically and electrically connected in the sane
direction, and therefore, the positioning between the pad on the hepy pPCH(3
105 and 15 the head driving el ectrodes 102, are assuredly effected. A ring
seal is of arelatively thick elastic material ring in this enbodi nent so
that the joint portion with the outer wall of the exchangeable ink 20
container is wide enough to permt plaﬁﬁggfthe I nk supply portion. As

|

described in the foregoing, inthis e ment, the exchangeabl e i nk
container 1 and the recording head 20 are sufficiently conbined, and 25
thereafter, the exchangeable ink container is urged, by which the carriage

ot her it 17 RRCHO0GEE 195 o €09 uaf uFBe RABSATHf F2ncRliety:cfne™”

ecordi o e Sk 06 S4EN3BREAELPob ks oaBt BbTELnaEe CREPEE! e ou: 5o

the main assenbly racture, an erea It is nmounted to

the carriage.cJheselose, Beifie £x¢ba90ANEGORESA bABKLAgeAsHove Ry hi S

enbodi nment , e eleciric con tron between the carriage (recording

appar at us mi&,@ﬁsgﬁ,@éyéfaeﬂ th8ihe5RLdhPYy Heagnksratavhiageously
effected. Therefore, the' o%era%ivity upo% t he exchange of the recording

head 10 and t&@@f&@@@geﬁ%emﬂkigoabﬂze@wi Supptiled! £rbf Bhepossi bl e
alternative that a separate connector is used 15

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 recordingﬂheéd 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
effécted.

A ring seal is of a relatively thick elastic
material ring in this embpdiment 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 portiocn.

As described in the foregoing, in this
embodiment, the exchangeable ink container 1 and the
recording head 20 are sufficiently combined, and

25 thereafter, the exchangeable ink container is urged,

by which the carriage and the recording head can be

assuredly positioned relatively to each other with



to establish the latitude for the head positioning exchangeable ink

el ectric connection, by which the structure to assure the-recordi ng7 Dapa3
the connection with the container. 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 recording apparatus of
this enbodi ment will be 20 described. LpgLhis Figure, a recording materi al
Pis fed upwardly by a platen roller 5000, and it is urged to the platen
roller 5000 over the range in the carriage noving direction by a sheet
confining plate 5002. A carriage noving pin of the carriage HCis 25
engaged in asimpieadtiotyee P0Ma dheuteankagelys thadppeebedihy the | ead

screw 5005 (driving source) and a slider 5003 extending parallel with the
| ead screw, Hedd(Oartd GROOBxchdnawablé ipki ppatatiaerabergcbheesteliace of the
recording material P on the platen roller 5000. The | ead screw 5005 is
rotated by téoretfodeathe andibagksemblyovithosimpiiet bérucitureg aod er t hrough
a drive transm ssion 5 gears 5011 and 5009. Designated by reference
nureral s 5007ezedf 6008 4Feiphoewebed! tosthehcelrrdegee t Fhesedore,t he
D O e rratey! Sherattss {9 SULio 09 (4he difegiion of the
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 goog. It is a
possible alternative that a separate éonnector is used
to establish the electric connection, 5; which the
latitude for the structure to assure the-recofding
head positioning and the connection with the
15 exchaﬁgeable 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 ?he 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,



sensor). The recording inmage signal is transmtted to 10 the recordi ng head
intinmed relation with the noverent of the carriage carrying the recbBE 7093
head; and the ink droplets- are ejected at the proper positions, thus
effecting the recording. Designated by a reference nuneral 5016 is a
menber for supporting a capping 15 nenber 5022 for capping the front

surface of the recording head. Designated by a reference nuneral 5015 is
a sucking neans for sucking the inside off 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

supporLi ng- ieutier, 5019, L9LRULNG RS, BhadS e 0l of ihe HibctiGesuppOr { od

on a supportF i nassenmdly. he sucki ng neans, the

bl ade or the lLike nay E]Ignq:fhgﬁgcita%ql kAW L SRR 0 A l1anen il Zotew

for-deterninlﬁg the suc g recovery operation timng noves together

Wth the moOveRpRl .of 1he:Cam:, 540 GogaRRd Wrd) Hdfard iRgatiBi riving

force 1 7 DE rom riving notor is controlled by a known

transm tting [ahe Hi9%i%y dolaeh Fnrdi idaribe trapmisiomans cariies

out the predetermned proCess at the predetermning timng by the | ead

screw 5003 age‘;fgﬁgoqqr I SDNY PeFilgrited Wierdfvrante iIgemai®es i nto
the region adjacent or at the hone position. As shown in Figure 33, the ink

j et recordi ng o RaIE 500 0 fadehiphodmedipients | winipeshr g mve ta Heteadr ti cal
printing position. In the vertical position,

the presence of the carriage lever 5006 to switching
the direction of the motor 5013 (home position
sensor). The recording image signal is transmitted to

10 the recording head in timed relation with the movement
of the carriage carrying the recording heéd: 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 6apping

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 fhe opening 5023

20 in the cap. . A cleaning blade 5017 is supported by a
supporting member 5019 for moving the blade to and
fro. They are supported on a supporting plate 5018 of
the main assembly.- The sucking means, the blade or
the like may be of another known type. A lever 5012

25 for determining the sucking and recovery operation
timing moves together with the movement of the cam

5020 engaged with the carriage. The driving force



10 the recording scanning operation is carried out while the recording

material P is faced to the bottom surface of the recordi ng head 20%91] 003

this case, the sheet feeding, printing and sheet discharging operatio

are possible in substantially the sane 15 plane, and therefore, It is

possible to effect the printing to a thick and high rigidity recording

mat eri al such as a post card and an CHP_g@eet. Therefore, the outer casing
[

of the position changeable ink jet recording apparatus of this enbodi nent
is 20 provided with four rubber pads on the bottom surface of Figure
4, .and wth two ribs and retractable auxiliary |leg 5018 on the left side

surface. By tlirem theedptivihighgiodpRAaMat benE3e10@aSHRPILY 1RRint | oned in the
respective printing positions. In the vertical 25 printing position, the

exchangeabl e tmknemntiingr m2aft sughahevelutehejoecidne 1axd. ofrHehe
recordi ng head 2010 faced to the recording material P, and therefore, it 1
7 DEC 1003 - 20eioveeyi mabhs tarsupsocutt hter predetedninad gl the
ink and to maintain slightly positive, preferably, slightly negative

i nt ernal presdtr §hef predeitekmininge tiejiagt bgn thar leasb sdrew HSOOSTRY scus of
the ink of _the 5 ejection part is stabilized. The recordi ng apparatus shown
in Figure 2 ahBe FPguPEP9Bdingupasisinnsh whenetbedicanttisgef comes present

i nvention which wil| be described hereinafter. The description wll be made
in detail as tBEC18PPhZCEARNCZATACRBE 6F B $henhome @esition. ' ' the

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 éhe bottom
surface of the recording head 2b10. Ithhis 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 émbodiment is

20 provided with four rubber pads on the bottom surface
of Figure 4, .and with two ribs and retractable
auxiliary leg 5018 on the left side surface. By this,
the printing apparatus can be stably positioned in the
respective printing positions. In the vertical

25 printing position, the exchangeable ink container 2001
is above the ejection part of the recording head 2010

faced to the recording material P, and therefore, it



structure and the operation of the ink container will be described.
(Structure) As shown in Figure 2, the main body of the 15 ink contai ner
conprises an opening 2 for connection with an ink jet recording heh@d.0£§ 2003
vacuum producing material chanber or container 4 for accommpdating a
vacuum produci ng material 3, and an ink containing chanber 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
comuni cation 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 gbslii@blienleoCaBbpo@r tHeeRedu1@ify TG hdad oTUPPI Ying
the 1 7 DEC 2003 -21 ink into the ink jet recording head is inserted into

the ink contaheeinkaadd oUm@eathaant R 1WARIYMpARIdNel NG rEFeHAly, and
therefore, the ink jet recording apparatus is in the operable state. At

the 5 end of sihghtdynheganhee, iatkirhbar praysheepodvitted ink a@xalnede the
foreign matter in the ink container. Wen the ink jet recordi ng apparatus
I S operat ed, ejhetinh pard) esbedhiitr ¢hgh melnd satisf ofe thie imld loifceheof the ink
jet recording head, so that the 10 ink sucking force is produced In the
i nk-, cont & negdecthoni pRrY is stabdddeed-.into the joint nmenber 7 by the
The recording apparatus shown in Figure 4 and
Figure 33 is usable with the embodiments of the
present invention which will be described hereinafter.
The description will be made in detail as to
10 the ink container of this invention. First;fthe
structure and the operation of the ink confainer will
be described. |
{Structure)
- As shown in Figure 2, the main body of the
i1 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 irnk 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
contalner.
25 Operation (1)

Figure 2 is a schematic -sectional view of the

ink container when a joint member 7 for supplying the



sucking force fromthe 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 produci ng nateri al 7 DEC 2003
container 4, and thereafter, the ink is supplied into the ink jet
recordi ng head. Then, the internal pressure of the ink container 6 which
Is hermetically seal ed except for the cl-@drance 8, decreases with the. 20
result of pressure difference between the ink container 6 and the-vacuum
producing material container 4. Wth the continued recording operati on,
the pressure difference continues to increase. Since the vacuum producing
materi al cont aPKeiknZoj $hepdmkd Jes reSordd ngnitieat is rindwmhegh jartair vent,
the air is introduced into the ink container 4 through the clearance 8
bet ween the r{thBeehB¥ Soptaines.i @edl ip pEgeR00® -2 ceaqwimige bottom 11

t hrough t he vacuun19roducing material. At this tine, the pressure

difference bBEREBRiRAcTRTRTAGA apiéy thexgfones iUMMriRtuci ng materi al

container 4 is elim.nated. During . the ink. 5 jet recording operation, the
above processrfgorgéﬂgéF€§F§§§th&§ dap dhe,argnaple shakemt Atadidien i s

mai nt ai ned inebﬁe %ng cartridge. The ink Jdn.the ink_ container can be
substantia?ly oP5ughey 3048k v ¥ ST mAY RHRGEIEASh tithe

LA e | eRtihABe LAk rdigal Bt Al 3 The ANk \NRIElQIS, e Tk Use
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 joini member 7 by the
sucking force from the ink container 6V£hrough the
Clearance 8 between ends of the ribs and the bottom 11
of the ink cartridga;-and through the vacuum producing

15 material 3 into the wvacuum 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 whigh 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 throggh an air vent, the air is
introduced into the ink container 4 through the

clearance 8 between the rib ends 8 and the ink



The principal operation of the ink container is further described in

detail on the basis of a nodel 15 shown in Figure 10. In Figure 10, an ink
contai ner 106 corresponds to the ink container 6 and contains the {nlfr on
Desi gnated by reference nuneral s'-102, 103-1 and 103-2 are capillary tubes
equi valent to the vacuum 20 producing material 3. By the neniscus
force.thereof, the vacuumis produced ngghe I nk container. An el enent

107 corresponds to the joint nenber 7, and is connected with an ink jet
recordi ng head not shown. It supplies the ink fromthe ink container. The
ink 25 is ejected through the orifices, by which the ink flows as

ndicated by argFiaye bolfonSi e ensbouR the! PheubhOpESabEihe state 1 7 0

EC 2003 -23 in which a snmall amount of "the In as been supplied out from

the vacuum prggyea] Tt £€ | 8hisaPsnk hetrl Opfesstpe ankseeahabner, from the
filled state of the ink container and the vacuum producing material. The 5

bal ance is espabhbshethéDHR &88t8iRktCoNeRd tRetP8cuhi pre8uinghe
recordi ng head, .the reduced pressure in the ink container 106 and the

capillary forggserfal heon€aphbtasyisubesmifzted03- busifigl@Be2inihen the ink
Is supplied fromthis state, the height of the ink level 10 in the

capi |l ary 3 ubgatlp8cdraimiglopBerahinn| ythbaageve ppdcébe isk is supplied
fromthe ink container 106 through a clearance 108 corresponding to the
cl earance 8.ré&peatedcrsastbathsubstantiablyhe coistantavaenum 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 uge

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 1is ejected through the orifices, by which the ink
flows as indicated by an arrow Q.

The state shown in this Figure is the state



106, so that the meniscus of the capillary tube 102 15 changes to produce
air bubble or bubbles. By the breakdown of the neniscus, the air bubble or
bubbles are introduced into the ink container 106. In this manner, fﬂ@hu
consuned anount of the ink is supplied fromthe ink container 106 w't ZUJ
a substantial 20 change in the level in the capillary tubes 103-1 and

103-2, that is, without substantial chagnge in the ink distribution in the
vacuum producing material, that 1is, with the balanced internal pressure
-mai nt ai ned. When an amount Q of the ink is supplied, the 25 volune change
appears as the neniscus |level change-in the capillary tube 102, and the

surface enengy phad9ea ShalheamB®ohECHe ther ey hasr baspssupplhegative 17 D
E C 2003 -24 pressure of the ink supply portion. However, the break down

of the nmeni s Lo £he i Vac@dHChroaueinghratairi al nt anthehieme foeat, ai ner, so
that the air is exchanged with the ink, and therefore, the neniscus

returns to tiiee O{hQi G6htROGeE| OBromhtre Ebeledt etask ofr édeudskof the ink
supply portion is nmaintained at the predetermi ned internal pressure by the
capillary fedmtabherhanubke188cuingpredtitisgomaterdadhanfbeof the
internal 10 pressure at the ink supply portion of the-ink container
accor di n¢ t babascenbsdestablisheld~ampngstshe stakdct hegd Anadder dance with
t he amount of the ink supply (consunption amount). At the initial state
(Figure 14), orhéicakofuppkyrecardingr deagdhe thec Feguced 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 hagdly change,
and the ink is supplie& from the ink ebntainer 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 changés 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 ;Pk 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



15 producing nmaterial container, as described hereinbefore. Mre
particularly, the ink contained in the vacuum producing material container
until the . nmeniscus is formed in the clearance 8 at the bottom p&ﬂﬂH$HMﬁ
of the ink container. Therefore, simlarly to 20 the ink container
according to the first prior art in which the ink container is filled with
the absorbing material, the internal prgssure in the ink supply portion

i s produced due to the balance between the capillary force at the ink top
surface (air-liquid 25 interface) of the conpressed ink absorbing materi al
in the vacuum produci ng material container and the static head of the ink

itsel f. V\henj.r,;xlga,ss%1 f e stﬂeg‘igi:egddﬁl%’ G cH03 rotevidit chriene air-1iquid
orme

interface is at the bottom portion of the ink container as

described inghe, ERAOYNEHY Gdrd s R O mfrddirctiin iof tite vacuum
produci ng materi al container in accordance with 5 the consunption of the

ink (ink supplip igicd4he Lihk cdittdiindy e skl that dheX)aist hiss i nk supply from
the ink container starts. By the capillary force of the conpressed ink

absor bi ng matgidingad aEHH e 0l (Ad Atddefiomd, tite imdnidmnber, the
i nternal pressure of 1Q the ink supply portion is maintained. As.long as
the ink i 5 sufahimrs fHoomid e diygs rexintmosidrion he Thauhstthe i tternhst ant
internal pressure is naintained. Wien the further ink consunption results
in the decr egeesfuteheofl rihd chndt supple . pomticohtis maintEinrd ¥ t he ink
chanmber wall bottom substantially all .
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-iﬂk
container according to this embodiment Pfitﬁe 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 tﬁe 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 supﬁly
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



of the ink container is consunmed-(Figure 16 and Figure 11, point Y), the

air is introduced at-once-into the ink container.with the result of

conpl ete comuni cation established between the ink container 20 and thEDEC 2003
outside air, so that a small amount of the ink .remaining in the ink
container is absorbed by the conpressed, ink absorbing material in the
vacuum producing material container, antPTherefore, the anount of the ink
contained in the vacuum produci ng 25 material contai ner increases. This
changes the internal pressure of the ink supply portion slightly - toward

t he positive_gisrgctl t n DEC 2003 -26 corresponding to the
sli gﬁt Iri Is\é (‘)‘?htcﬁett:h%: %}grﬁl & agleﬁ?eilffr?a} ‘T’(%ff ap?ﬂ?% f%5e§l.le O@%#?‘ﬁe ink is
furt her consgﬁﬁQ; ' [ N rodugi . eri ontainer is
consuned. |If, h0\/1\'/e0vrnhe(r?:',f'I t e‘:‘l ;!lel#lpgzi I qul ﬁ ?n%%r#%%’gnf%%risﬁgéﬁ nd the ink

suppl y porti @breqditid il UdG UM AL ich | IALE ifr&ti}? @ﬁéﬁ) and

therefore, the ink supply systemrea I gure . At this

state, the exclgf proddtdind natOial EntSidéAU S SthcdPfadd | HENY has

been found 10 by the investigations of the inventors.. By. carrying .out

sucki ng r gCcoteiey coRMptibd Yo B Utld NEhHTeE TSk Oéuxshxmy) nﬁﬁg@ﬁe@}y of the
recordi ng apparatus upon the connection with the recording head to renove

the air -bubleings Figudee Iink paeiasnge) preibicesk aduppey t £ 1ém ofhd hEnid 5
connecting operation and to flows a slight amount of ink out of the ink
cont ai ner, icaondaigey Htmntess. 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 container; tég
substantially constant internal pressuré.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 :esult of complete
communication established between th; 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
procducing 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



mai ntain 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 innediafﬁb¥
before the exchange of the ink container, the recording property is C 2003
adversely influenced in the ink stabilized supply period shown in Figure
11, and therefore, the proper recordi nggaperati on has been 25 carried out.
In order to establish ink supply through the above-described nmechani sm
the followng points are considered. 1 7 DE D 2003 -27 It is desirable
that the neniscus is fornmed - stably between the ink and the anbient air at
a position veryesposding the ttlecaldratd &is@t e wWiee,idin wygder to di spl ace
the meniscus to the ink container, 5 the ink has to be consunmed to such a
| ar ge ext ent sulrdiacea (quiirta ilgpgld dadenhaice )pr otneed the tik ik supply
portion. Then, a high frequency drive of the recording apparatus becones
difficult, addrthereconsumed ithediinkdianthgesacuium paddcirandpoi nt of
hi gh 10 speed recordi ng-operation. Figure 11 shows the change of the
internal proaderdadt comgaimlersdsplopnsamedon- aff,t hevever,cditeniaiar- i n
accordance with the ink supply amount, (consunption anmount).. It shows a
so- cal | edst ddagids iptesdace Roversn beyend: fhe dnknsuppd s Partiamd a so-
call ed dynam c pressure P112 in the state of ink, supply being carried
out . 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:méans 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. 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 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 conslidered.



The difference between the dynam c pressure,' P112 and the static pressure
P111, is the pressure 20 loss bP when the ink is supplied. The negative
pressure produced at the tinme of the neniscus displacenent is inflagniflajog;
Accordingly, it is desirable that the break down of the neniscus at this
portion occurs without 25 delay. For this purpose, there is provided air
‘introduction passage for forcedly pernitd’ing the air introduction

adj acent the cl earance-B. Enbodinents in 1 7 DEC 2003 -28 this respect wll
be described. Enbodinent | Figure 3 illustrates a first enbodi nent. The
vacuum produci ng material 3 in the ink container is an 5 ink absorbing
material such as foanedtuitét FERdTARLEr ithatothenaenigcusyich farameahsor bi ng

material is agc ga ed in _heiv cuug,prodycing material container 4, it
provi des a clﬁg?gﬂgg F%H?Ppoﬁ%ﬁg Eg ard & &3 on Passage A32 at a
Fo the nei ghoBPRESHOB: YERE" ErBRPaRES e ERRRATR: nk CHTRaRor bt tom 11
and the end Sotfiethec! bomollitee WIBGUINICHLONM IR AL 15
Poat! Phe TooLEasPdnd e S bo ERRSUIRA LEPBIO o WAL IR il 3. <0
predeter mi nedal guete nigBNwvalchen 1% PHdRfRATh W AD Fighye 3 1S stably
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 tﬁe 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 P112 in the state of ink
supply being carried out.
The difference between theQdynamic pressure -
P112 and the static pressure P111, is the pressure
20 loss 6P 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



formed in the absorbing material 3, and the neniscus 20 is fornmed between
the ink and the anbient air adjacent the clearance 8. The di nensi ons of
the clearance 8 is preferably not nore than 1.5 mmin the height, Bh@EL 3003
preferably long in its longitudinal direction. When this state is

est abl i shed, the break down of the 25 neniscus at the clearance 8 occurs

w t hout delay by the subsequent ink consunption. Therefore, the ink can
be supplied stably without increasing t#&  pressure 1 7 DEC 1003 -29 | ass
8P. Accordingly, the ink ejection is stabilized at high speed printing.
When the recording operation is not carried out, the capillary forces of

t he vaCUUn1p&gﬂgcE%%ggFgﬁ%gaéa#ﬁghégk%aﬁfr the nmeni scus force at the

i nterface betweén eﬁ]r‘oducing material), so that the

ink |eak frogblag;iimaks §t recording head can be suppressed. For the
usrﬂg“T#ééﬂﬂﬂr

pur pose of container of 10 this invention in a color ink jet

recordi ng appar at us, FQEEEQrgngliggg%ggggsa(Q&@g@,éﬂ% AW ge@hkp and

cyan, for exanple) can~be accomo I'n séparat e I'nk contai ners. The

respective i“ﬁcg%ht5&693E153ym9%ergahfbeqﬁa%h%ni'“kdﬁﬁﬂﬁ?ﬁgﬁ'ﬁﬁ;m3 not her

formthere 15 are provided an exchangeable ink cartr _ I nk
whi ch is BDStnk' eBeerbingUatterddd 8kcHXaRaFGAHREE uldthan@ tridge unifying

ot her-color ink containers. Qher conbinations are possible in
consi der at i omateriadk orethappakat us whead thheabWolrhing 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 clearancé extends
to the neighborhood of the clearance 8 befwéen 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 thé meniscus

20 1is 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



20 The present invention will be described in nore detail. In order to
control the vacuumin the ink jet recording head when the ink contajpch%EJ
this invention.is used, the following is preferably 25 optim zed:

material, configuration and di mensions of the vacuum producing material 3,
configuration and dinmensions of rib end 8, configuration and dinmensions 1

7 DEC 2003 -30 of the clearance 8 betmegathe rib end 8 and the ink
cont ai ner bottom 11, volune ratio between the vacuum producing nateri al
container 4 and the ink container 6, configuration and di nensions of the
joint menber 7 5 and the insertion degree thereof into the ink container,

confi gurati orjos ngPsi oRcesddiRghyof thBeinki bligbtidn 37d h®i5YLiace
tension of the ink. The material of the vacuum produci ng nmenber nay be. any

known mat eri aatilkigh speedepaintihg.ink 10 despite the weight thereof, the
wei ght of the liquid (ink) and snmall vibration. For exanple,-there are
sponge |li ke material nédenothéi becerdidgpopanatioat ki albthawirigegont i nuous
pores. It.is preferably in the formof a sponge of polyurethane foaned

mat eri al 15 whitth tRe eadpildazdj forceseofathenvandumheroducingt ai ni ng
power. Particularly, in the case of the foaned material, the pore density
can be adj ustBteFR} ntsatimhaaf sbeumengscher EorceWadn thiee f oanmed

material is sub%ec%%d to thermal conpression treatnent 20 to adjust the
pore density, 1BHeFREDMPBEVEEBNthe 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, ﬁﬁgenta and cyan,
for example) can be accommodated in seéérate ink
containers. The respective ink cartridges may be
unified as an ink container. In another form there

15 are piovided 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 ﬁnd dimensions



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 17 DEC 2003
meeting-various ink cartridges for various ink jet recording apparatuses,
correspondi ng pore density foamed materials are required. It is desirable
that a 1 7 DEC 2003 -31 foaned naterim_jvu treated by the thernal
conpression and having a predeterm ned nunber of cells (nunber of pores
per 1 inch) is cut-into a desired dinension, and it is squeezed into the
vacuum producing material 5 container so as to provide the desired pore

density andotth&heapilleladan de0 s e tAVEYE Hhet G td D & NatWernd i4ie i nk jet
recordi ng apparatus. in the ink cartridge having a closed ink 10

cont ai ner, t lkenitak nean doaadomoutl., Weahunies ,ratien Hdtveaibigdtvaanghti on
(tenperature rise or pressure decrease) occurs with the ink cartridge

cont ai ned i nprodacingk mate riadoodntinErardatairl e ik ddhtdinemnk
cont ai ner expands (the ink expands too)., to push out 15 the ink contained
in the ink cént siondiguxiatti drh@nd edimensdforisnilof eeagpidin nidmbdky cartri dge
of this enbodinent, the volunme of air expansion (including expansion of
the ink, &l tB8dgikbehdngsention degrele itherandfl I)ntio tthee ixlosed i nk cont ai ner
is estimated for 20 the predicted worst anbient condition, and the

cor r espondi n§OR¥BERETof QoML LGN atdpive fiimMensihamharddimesh 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,.fhére are
sponge like material made of fibers and porous
material having continuous pores. It is preferably in
the form of a sponge of polyurethane foamed material

15 which is easy to adjust the vacuum and the ink
retaining power. Particularly, in the case of the
foamed material, the pore density can be adjusted
during the manufacturing thereof. When the foamed
material is subjected to thermal compression treatment

20 to adjust the pore density, the decomposition is
produced by the heat with the result of changing the
nature of the ink with the possible result of adverse
influence to the record quality, and therefore,
cleaning treatment is desirable. For the purpose

25 meeting various ink cartridges for various ink jet
récording aﬁparatuses, corresponding pore density

foamed materials are required. It is desirable that a



container thereby is allotted to the vacuum producing material container.
The position of the air vent-is not limted unless it is at an upper
position than the 25 opening for the joint in the vacuum produci ng npyefCa)3
container. In order to cause the flow of the ink in the vacuum produci ng
material at the position away 1 7 DEC 2003 -32 fromthe opening for the
joint upon the anbient condition change.,i_t is preferably at a position
renote fromthe joint opening. The nunber,” the configuration, the size and
the like of the air vent 5 can be properly determ ned by the ordinary
skilled in the art in consideration of the evaporation of the ink.

Transportati Ofo8hedNRatBfiGd" hbitl9eeRReaS By e @%é%ﬂ% I ARFRYSA 0N of
n

the ink 10 cartridge per se, the joint opening and/or-the arr vent is

preferably seah@dhairihgaaspakidadeFaided ndinhe/Plge ic1 10 (HrgS S he ink
evaporation or the expansion of the ink air in the ink cartridge. The

seal i ng nmenbeporesppekelalhhyhy sisngue-iayer abaesiged dineedion,t Ragracki ng
field, nulti-layer menber including it and plastic film conpound barrier
mat eri al havi by fihesyeedzeduintemthel vaehuie produeiing mEediiizal such as
paper or cloth. It is preferable that a bonding |ayer of the same materi al
or simlar520cautainar se falketonproaite dhe deisireddpdre deaditgnd it is
bonded by heat, thus inproving the hernetical sealing property.
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”eontained in
the. ink jet recording apparatus, the air in the ink
container expands (the ink expands too), to push out
15 the iﬁk 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 agount thereof is
small) in the closed ink container is estimated for
20 the predicted worst ambient condition, and the
corresponding amount of the ink movement from the ink
container thereby is allotted to the vacuum producing
material container. The position of the air vent  is
not limited unless it is at an upper position than the
25 opening for‘the joint in the vacuum producing material

container. In order to cause the flow of the ink in

the vacuum producing material at the position away



In order to suppress the introduction of the air and the evaporation of
the-ink, it is effective 25 that the ink cartridge is packaged, and then,
the air is renoved therefrom and then it is sealed. As for the paCkadﬂsz
material, it is preferably-selected from17 0 E C 2003 -33 t he above
mentioned barrier material in consideration of the air transmssivity and
the liquid traasmssivity. by the propeB2sel ection as described in the 5
foregoi ng, the ink | eakage can be prevented with high reliability during
the transportation of the ink cartridge per se. Manufacturincr Method The
material of the main body of "the ink 10 cartridge may he any known
material . |t §ZO®Rdhe fpening for Hehernl @inth| uprest et ambieRbnce the ink jet
recording ink or that it has been treated for avoiding such influence. It
i's al so pref GUYHE 1 CRIRGE cobsi RrREeEATARL P AE Qop?ﬁbt{aPBduct ivity of
the ink 15 cartri For exanpl e, the main body of the ink cartridge is
separ at ed mt’EF“ECPﬁeegbﬁf‘?’Brﬁ%rl it 19PSRERT ¢ hel RpRHBRF ¢ | BRE and they are
integrally forne é& res fromre 5 ﬂpnater|al After the vacuum
produci ng’ nmat<H $Hze A4 ot ot 1ke P4 1tBe a8 YRRt ypper

d h d h K
Pateral 15 (AR ATe ] ° ShaSp e bk e irinesy I ipetenn
can be obserggd a?f%emaéérysi&‘&daéﬂ% P fne ' d0apMa ol 0f the
ink.

Transportation of the Ink Cartridge per se

During the transportation of the ink
10 cartridge per se, the joint opening and/or the air
vent is preferably sealed with a sealing_ﬁember or
material to suppress the ink evaporation or the
expansion of the ink air in the ink cartridge. The
sealing member is preferably a single layer barrier
15 used in the packing field, multi-layer member
including it and plastic film, compound barrier
material having them and aluminum foil or reinforcing
material such as paper or cloth. It is preferable
that a bonding layer of the same material or similar
20 material as the ink cartridge main body is used, and
it is bonded by heat, thus improving the hermetical
sealing property.
In order to suppress the introduction of the
air and the evaporation of the ink, it is effective
25 that the ink cartridge is packaged, and then, the air
is removed therefrom, and then it is sealed. As for

the packing material, it is preferably selected from



the ink cartridge exchange can be discrimnated 25 easily. In order to
facilitate the bonding of the ab ove-described sealing materials or the
like, the provision of a projection as shown in the Figure is 1 7 DET HGQ03
--34 preferable. Fromthe outer appearance standpoint, the outer surface

of the ink cartridge may be grained. The ink may be filled through
pressurization and pressure reduction. 4kt is preferably to provide 5 an

i nk supply port in either of the containérs since the other openings are

not contam nated at the tine of the ink filling operation. The ink filling
port after the ink filling, is preferably plugged with plastic or netal
plug. 10 Th #ﬁ&%%&ﬁ&!&?@&' BYLRL 2N nQl oG 1 B c&ﬁ%&h&%&%ﬂ” be

nodi fied wt Irit of the present invention. ers The 1 nk

cont ai ner (C@ftfhégsiroﬁraﬁeméegyeltfaﬁasmbqqqﬁ%odl ments, may be
exchangeabl e type, or may be unif the recording head. Wen it is

exchangeabl ecf¥R8mikkivetyPreferable that the main assenbly can detect the
exchange of the container and that the recovery 20 operation such as

suck!ng operatlon i's E?rthédprbeEYSeihEQ;QﬂEh%FQésc&ﬁh&hOWh theFi gure 14,
the ink container may be used in an ink jet printer in which four
recordi ngs 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 sqﬁeezed, 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
abbve—described sealing materials or the like, the

provision of a projection as shown in the Figure is



heads are unified into a recordi ng head 20 connectable 25 with four col or

I nk containers fKla, Clb, Mc, Yld. Conparison Exanple 1 A conparison
exanple will be explained with 1 7 0 E C 2003 -35 the change of th? DEC 2003
internal pressure at the ink supply Portion of the ink container ig
accordance with the ink supply. There is no air introduction passage in
the 5 ink container, and in the vacuumpjessure producing material .
cont ai ner, 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 anowﬁréﬁeﬁéﬁaéjW{ﬁﬁmefHEE@ﬁ@g&iﬁbéggr%gegugigﬁgggﬁgegiﬁ&&?;im

container 4. Wen the ink supply starts fromthis state,

suppl i ed out dutsr tder fieal T PEREl UCHIO OcaBE £ hge ﬂ%ycﬁétﬁfﬁﬁﬁe&a and
therefore, by the balance between the static head of the Iink and the

capillary force of therhd nink Gy Wé aeel 1éd rthisugy ﬁbf‘é%i‘:ﬁfﬁ&t%nt he
absorbing material 3 in the vacuum producing material container 4, the

i nternal pressnd eeresgurslursibetidhe 20t i 1K preofeyapDyt t&Npri¢idet he
continued ink supply, the ink top surface |owers. Therefore, the negative
pressure incramsiatk supnlantpaatt yind ieicthdy of thes pomseaiters heihes ght
thereof into the state shown by a in Figure 13. The.negative pressure in
the ink suppl§fe 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 contaiher (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 agsembly 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, Mlc, Yld.
Cdmgarison Example 1

A comparison example will be explained with



25 portion continues to increase until the air-liquid interface (nmeniscus)
is forned at the clearance at the bottomof the ink chanber by the iﬂ?&gmm
supply. 1 7 DEC 1003 -36 Until the meniscus-forned state is establishe

the clearance, the ink surface in the absorbing material |lowers to a
substantial extent, and the liquid subﬁgfe may | ower beyond the joint

portion 5 with the recordi ng head, as t case may be. If this occurs, the
air is introduced into the recordlng head with the result of instable
ejection or ejection failure.. Even if this is not reached, it is possible

10 that the i-plerpal R e35Yhe alh+d) teid ernk sbfosgvye[ porttgfbeg ],é}}ggsr%eﬁasle}ﬁebeyond a

pr edet er mi ned negati Ve- pressur é mne

absorbi ng mapeirtabn A | erH¥% o il G pk3- The
reason i s considered astt?ﬁl C.Ln\%: e ﬁor%%@%&ﬂ%l Qi orrpr essed
nore or |essik sagpipt.ernal wall of the vacuum producing naterlal
container 4 at the periphery thereof. However, because of the non-

exi stence of the wall Tderehq <CIHRAANC Gt doduE T l;%%g q1d dh the
result that the conpression ratio 20 thereat 1s slight §ﬁ§ | "as conpared

With the 6thénk peontiadher]hend Gre tHd &atdutd ipr@sdurd HrfaMidg Figure
12. In this Figure, the situation is shown in which the ink IS consuned

from_ t he vacmakepieducongaidiemuler isdsoxtiny rRitedilad IREmMxtent. [f, the
ik is 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 éhe ink is
contained in the vacuum producing matefial 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 15 produced at the

20 ink supply portion. With the continued ink supply.
the ink top surface lowers. Therefore, the negative
pPressure increases substantially linearly in response
to the height thereof into the state shown by a in
Figure 13. -The negative pressure in the ink supply

25 portion continues to increase until the air-liquid
interface (meniscus) is formed at the clearance at the

bottom of the ink chamber by the ink supply.



further supplied fromthis state, the neniscus R4 which corresponds to the
| ar gest pore size anong R2, 17DEC2003 -37 R3 and R4 in the absorbing
material 3, is displaced nore than the meniscuses at R3 and R4. Wiep pEpepy
meni scus cones close to the clearance, the neniscus force suddenly
decreases with the result that the 5 neniscus noves to the ink container
and the neniscus .is broken, by which the air is introduced in the ink
container. At this tinme,a small anount-8é-the ink is consunmed fromthe
portions R3 and R4 not only fromthe portion R2. The pressure. |oss 6P at
the tine of the 10 neniscus novenent is relatively |arge. However, the once
broken neniscus is reformed by the inertia at the tinme of the restoring,

I y : )
at the position closEtblthRecPeyEAGESpESFREENStak& ifherefore, the high
pressure | oss_st s, contjnues for_ 15 a [le. Until _the niscus is
stabilized a?s’g?m‘g{f%‘? oh hAsi e?ﬁé"ﬁ%r\é\%ﬁzénl% surface; iy &P€acti ons
are repeated._Once.t [ is stabilized theeglearan [

.th .t
BUbbl o5 ont GDTREDIRG BAFELIAL, 108BTHAED| a; RBPALARELES FREEBL: o8 oo ned

by Al pore shees Fluld MERLeha0tolar bl Iag 3R BhetlB
T e SPP RGOS, Khedalig RbaRTke O 2Rl R B 0RO NE TR ET S
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 supp1§ portion
increases beyond a predetermined negative:pfessure
determmined 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 vacﬁum 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 i1s 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. 1If the ink is
fﬁrther supplied from this state, the meniscus R4

which corresponds to the largest pore size among R2,



pressure at the ink supply portion is not stabilized, 1 7 0 E C 2003 -38
and the pressure loss 5P at the tinme of the ink supply is increased, and
therefore, the ejection property is deteriorated with the result of
difficulty of high speed printing. 5 Enbodiment 2 Figure 5 shows aldeliCZ803
according to another enbodinent. In this enbodinent, two ribs 61 is
provided on the partition rib 5 of thesgwacuum producing 10 materi al
container 4. The air introduction passage A5l is established between the
ribs and the absorbing material 3. The bottomend A of the rib 61 is

pl aced - above the bottomend B of the rib 5, by which the clearance 8 can
be covered bR3thedaBdoihi nhemabebirdling mb%¥esiiEn! 3 ,by ¢ Kiepliavgda
rectangul ar parall el opi ped absorbing material 3 into the vacuum produci ng
mat eri al conmargethan Ther ekoiscuskes aitr R3ntandd ®et.i owhepadsdege A51 can be
extended to the position very close to the clearance 8 without difficulty
and with 20 seabscusycomesowlAS2 thowhet lod eldrawcef, tthe gieniscaysing this ink
container, the printing operation is actually carried out, and it has been
confirned t hAPTEReSRAREndNf decrendesheiminitbeusesul ts At itheri gure 5 can
be quickly established by the 25 ink supply due to the recordi ng operation,
and the ghaﬂﬁ’“éﬁ@ﬁ&nﬁ'@"&ét Weefthendnk coataines.i mrd $heamENdFCUSUt by t he

nmeni scus break gomm, and therefore, the ink .
18 broken, by which the air is introduced in the ink

container. At this time, a small amount of the ink is

consumed from the portions R3 and R4 not only from the

portion R2. The pressure. loss &8P at the time of the
10 meniscus movement is relatively 1a:ge. '

However, the once broken meniscus is reformed
by the inertia at the time of the restofing- 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 R1, the similar actions
are repeated. Once the meniscus is stabilized at the
clearance, the air bubbles enter th; ink container

20 until the negative pressure determined by the pore
size Rl in the clearance is established, B¢ 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,



1 7 DEC 2003 -3-9 can be supplied with small pressure |oss, and therefore,
the high speed printing operation can be carried out with stability.

Enbodi ment 3 5 Figure 6 shows the device of the third enbodinent in)WMBECHIN
t he nunber of ribs 71 is increased, thus increasing the nunber of air

I ntroducti on passages. The ribs 71 are provided on the sealing of the
vacuum produci ng nmaterial 10 container.%ﬁgcording to this enbodinent,. the

plurality of air introduction passages can be provided with stability
fromthe air vent 13 to the nei ghborhood of the clearance 8, and therefore,
the ink supply-can be carried out with small pressure 15 loss, as in the

first and second gDOsiIBNiSe PSS sﬁe&efeﬁs,tﬂn@ﬁ? éﬂseﬂnﬁréﬁgbw .
I'n , even if

operation can be carried out with stability. t hi s enbodi nmen

the air vent {3 iScfesHa8ctardd EheLSELLON fsgoégéeéwmltbeoﬁéeayamge 8, 20
the air can be introduced snoothly Enbodi nent 4 Figure 7 shows a device

accor di ng to defepidéfatedhedinetlie OfediEt P6£SENE £1BYERYI 0. hignthis
enbodi ment, simlarly to the 25 enbodinents 2 and 3, ribs 81 are provided

an the partispeadrpbitntipgovide the air introduction passage A71. .The
ribs 81 are asymmetrical about the rib 5, by 1 7 DEC2003
S5 Embodiment 2

Figure 5 shows a device according to another
embodiment.

In this embodiment, two ribs 61 is provided
on the partition rib 5 of the vacuum producing

10 material container 4. The air introduction ‘passage
A51 is established between the ribs and tﬁe hbsorbing
material 3. The bottom end A of the rib 61 is placed
above the bottom end B of the rib 5, by which the
clearance 8 can be covered by the absorbing material 3

15 simply by imnserting a rectangular parallelopiped
absorbing material 3 into the vacuum producing |
material container 4. Therefore, the air introduction
passage AS51 can be extendeﬂ to the position very close
to the clearance 8 without difficulty and with

20 stability. Arrow A52 shows the flow of the air.

Using this ink container, the printing
operation is actually carried out, and it has been
confirmed that the ink surface and the meniscus as
shown in Figure 5 can be quickly established by the

25 ink supply due to 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



-40 which the passage for the ink flow fromthe ink container 6 through
the clearance 8 into the vacuum producing material container 4, anqéf@
passage of the air flow A73, corresponding to this ink flow A72, 5 'al ﬁbmm
the air introduction passage A71, through the <clearance 8 Into the ink
contai ner b, can be nmade independent reéﬁlive to the center line A by

whi ch, the pressure |oss-by the exchange can be reduced: Mre
particularly, this structure is 10 effective to reduce the pressure | oss SP
required for the exchange between the ink and the air.to' approx. one half

Thus, the inchﬁ”ersﬁb@ﬁ'i)édekﬁgﬁ-,e%nfe{ﬁmg esﬁ‘-}rfcqé%ggﬁgi‘ﬂs' 15 Embodi nent

5 Figure 8 shows a devicCe according to a urtne The device is

provi ded W t hthbR8fo@d., thet mﬁwé@gﬁ&fﬁé@%‘%@@‘aﬁq‘o% the ribs

91 are extended to the upper part oOf the inter u he wal | of
the vacuum predugliag atekidh st@eamy@dator 4. However, in this enbodi ment,
they are not extended to such extent. By doing so, the top part of the
absor bi ng nat Embalimenfo3 conpressed by the ribs 91, so that the
production of the neniscus 25 force at the conpressed portion can be
avoi ded, thus further Figalrel 6z ishgpuishehs@adc B alhe MYi&articul arly,
the ink is consumed from 17 DEC 2003 -41
embodiment in which the number of ribs 71 is
increased, thus increasing the number of air
introduction passages. The ribs 71 are provided on
the sealing of the vacuum producing material
10 container. According to this emhodiment, .the
plurality of air introduction passages A6l. can be
provided with stability from the air veht 13 to the
neighborhood of the clearance‘s, and therefore, 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
partition rib to provide the air introduction passage

A71. .The ribs 81 are asymmetrical about the rib 5, by



t he absorbing material 3 until the ink surface A81 in the absorbing
material 3 (vacuum producing material (3) noves to the stabilized lﬁﬁg 2
surface AB2 in the initial ink container fromwhich the ink is consu 8. @
That is, if the air-liquid exchange through the air introduction passage
air 82 is pronoted too soon, the consunption of the ink fromthe absorbing
material 3 becomes low as a result tha#Uthe ink is consumed-from the ink
contai ner. Therefore, the anount of the ink 10 capable of noving to the
vacuum producing -material container 4 fromthe ink container 6 at the
time of the anbient condition change such_as pressure chapge, is limted.
Therefore, tw¥bighftheipgssagecfosi thRelnkpEbeyi AGORatBRi ARFK3 against the

i nk | eakage can be 15 deteriorated. Therefore, in this _enbodinent, the air

i nt roduct i oncPA%IABRT AB3thEoReByFRRICLBRTAATSt et BFP the VAfPBBuced only
o e Tk SuCouS e, Lo L . ahaor bl PR B)sdabR BeCRRERI N |
20, Linus  ncr s2o! BOpUnR7 U LSLLAGEhAERE BOULRIL IR, ki hogkooe.
part 1 on’r i BL8ROLERS "4z BB radhEE e, RaRE AT " EREBREI £hE, 10 4
irregul arity 9bathR-E0BPiRES! 2He" 2hkOcBhthiRe2D8O BAObe 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 réﬁuired for
the exchange between the ink and the air;to;approx.
one half.
Thus, the ink can be stably ejected from the
recording head.
15 Embodiment 5
Figure 8 shows a device according to a
further embodiment. The device is provided with ribs
91. In the embodiments 2 - 4, 'the top end of the ribs
91 ére extended to the upper part of the internal
20 surface of the wall of the wvacuum préducing material
accommodator 4. However, in this embodiment, they are
not extended to such extent. By doing so, the top
part of the absorbing material is not compressed by
the ribs 91, so.that the production of the meniscus
25 force at the compressed portion can be avoided, thus
further stabilizing the vacuum control.

More particularly, the ink is consumed from



material contained in the vacuum producing nmaterial container is reduced,
and therefore, the vacuum control is easy, so that the ink can be supplied

S stab!y. Enbodi nment 7_Figure 20 shoms a further enbpdinent: The S’VQETQMB
is simlar to that of Figure 6 enbodinment. However, it is different
therefromin 10 that the air introduction passage extends tp the bottom end
of the rib. Sinmlarly to Enbodi nents 5%&nd 6, the ink is consunmed from
t he. absorbing-material 3 until the ink surface in the absorbing nmaterial 3
in the ink 15 container_at the initial st age pf,the i nk consunption
O e o e e a0 1 200, SULT ace POBhLI O Mocldel gy the
5 i ntrodddhe oRPASINGS RRFRELSLN. ATRCIRR: BageRcan D IBEerta | £nds ™o the
DO O o o ced £3; ShiCARHbATLAER, LB g dagodel shown i
deta | 25 THELTOF LB BoRhshed) slcke WBIRR Y5l g 18 Widuaian { bes shoun
f%;thhe a? g%ﬁiﬁ%&u%?i%ﬁgpggéggghﬁggl%%gk%%ﬁﬁggﬁifﬁﬁhIﬁhéEam@nSIderEd
introduction passage air 82 is promoted too soon, the
consumption of the ink from the absorbing material 3
becomes low as a result that the ink is consumed- from
the ink container. Therefore, the amount of the ink
10 capable of moving to the vacuum producingjmaterial
container 4 from the ink container 6 ét the time of
the ambient condition change such as préssure 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 egtent, by which the -
ink surface in-the absorbing material 3 is controlled,
20 thus increasing the buffering effect against the ink
leakage.

Embodiment 6

Figure 9 shows another embodiment. -
In this embodiment, the air introduction
25 passage is provided by forming a groove 100 in the
partition rib or wall.

According to this embodiment, the



again to the capillary tube at the portion above the portion C_ 5 As
descri bed hereinbefore, the ink surface in the absorbing nmaterial 3 is at
a certain level at the initial stage of the ink consunption. Fbmevirug n
accordance with the consunption of the ink, the - surface |owers graddtil03
In accordance with it, the 10 internal pressure in the ink supply portion
(negative pressure) increases gradually4-,\0hen the ink is consunmed to the
level Cat the top end of the air introduction passage A201, the neniscus
is formed at a position-Din the capillary 15 tube. Wien the ink is further
recei ved and consunmed, the ink neniscus, that is, the ink surface | owers,
again. |If thermeguliaaidy iocf neRckethpreleidhniratis o Gbsdidintk surface
in the air introduction passage suddenly reduces, so that the ink can be
20 consuned satexdali cdntaimed iim rtoeu Cacam piodyeingl merteafitadr , the ink
I's consunmed fromthe ink container, with this position maintained. That

is, the aircbngaidegxdsanrgeucedcaandedherefore,t ihe vamwoar, during the

i nk consunption-, the ink surface is 25 stabilized at a.position slightly

| ower than tgentixelglits @asand sch&haftothe tink icancbealsuppddedre in the |nk
supply portion is stabilized. Wien the ink supply 1 7 DEC 1003 -44 stops,

t he neni s8usSitAbdFe capillary tube returns from position E to the position

D, thus providing the stabilization.
Embodiment 7

Figure 20 shows a further embodiment.

The structure is similar to that of Figure &
embodiment. However, it is different therefrom in

10 that the air introduction passage extends tp the
bottom end of the rib.

Similarly to Embodiments 5 and 6, the ink is
consumed from the .absorbing material 3 until the ink
surface in the absorbing material 3 in the ink

15 container at the initial stage of the ink consumption
displaces to the stabilized ink surface position at an
end C of the air introduction passage A201.
Thereafter, the ink in the ink container 6 is
consumed, while the air-liquid exchange is carried out

20 through the air introduction passage. Since the air
introduction passage extends to the bottom end of the
ribs, the structure is equivalent to..the model shown
in Figure 21. The description wi%l be made as to the
model of Figure 21 in detail.

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

introduction passage A201 continues from the portion C



As described in the foregoing, the ink 5 surface in the absorbing materi al
reci procates 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 perjodF(and
A203 indicates non-ink-supply period. 10 Thereafter, the ink is consuned
fromthe ink absorbing material, and therefore, the internal pressure
(vacuum in the supply portion increase43-and the ink becones

non- suppl i able. 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 t he hiEPeuMACten and afei e Tibs heandbsbr bsngonatderald 3, and
therefore, the height Cis 20 set at a predetermned |level relative to the
i nk supply 6:5‘@[3 %?%.??r%??ﬁ‘%c%%%mﬁgeiﬂﬂt igecpnabttethat the pore

size of the ring material. 3 is relatively small. The reason why the
hei ght C isaggﬁghgth R AT 1eiPe Akl thel peFtionoabaeei hhesuppl v
portion- 6 igdd1af, id the ink surface is [ower than the supplying portion

6, the air I's introduced with the 17 DEC 20U3 -45 result of inproper ink
ot cdet or i ned.  becaudd! THECHIRATREBTere e: The {loSWRERCENERI nk 15

the absorbing material 3 is at a certain level at the
initial stage of the ink consumption. However, in
accordance with the consumption of the ink, the
surface lowers gradually. In accordance with it, the

10 internal pressure in the ink supply portion (negative
pressure) increases gradually. - |

| When the ink is consumed to the.level C at

the top end of the air introduction passage A201, the
meniscus is formed at a position D in the capillary

15 twbe. When the ink is further received and consumed,
the ink meniscus, that is, the ink surface lowers,
again. If the position E is reached, the meniscus
force of the ink surface in the air introduction
passage suddenly reduces, so that the ink can be

20 consumed at once in the air introduction passage.
Thereafter, the ink is consumed from the ink
container, with this position maintained. That is,
the air-liquid exchange is carried out. 1In this
manner, during the ink consumption, the ink surface is

25 stabilized at a.position slightly lower than the

height C, and therefore, the intermal pressure in the

ink supply portion is stabilized. When the ink supply



5 overflowed fromthe ink container to the absorbing material due to the

I nternal pressure change in the ink container attributable to the anbient
condition change, is reduced. In consideration of the above, the VPb%%E

of the absorbing material above the-height 10 Cis selected to the 2003
substantially one half the volume of the ink container. The above-descri bed
mechanismwill be explained in further4fetail. It is assumed that the
absorbing material has 15 a uniformdensity. The internal pressure in-the
ink supply portion (vacuum or negative pressure) is deternined as

a-difference H .- H2 between a height R to which the capillary force of

t he absor bi n§HP&Sar ithe MeRiscae ﬂﬁbﬁhﬂ<Qﬁ?¥%kﬁﬁ&rﬁyhﬁn$'{hﬁﬂ %kﬁ@ion

| evel 20 and the ,haig t H2 to whic he&%nk has alre%gy é@ sucked up
fn

fromthe hei PAS'FF-IhE ik HHpRy? k sucking

force of the 8% r.oi naterlal is 60 mMm (H), and that the height of the
air |ntroduc§| 13 &PA fromthe ink 25 containing portion is 15 mm

, the. | - i
15 me i e 17 rf%&%—’sfb%? A HE RIS e ﬁﬁ*‘*&?ﬁﬁrdaﬁgemﬂ th
the  ConsUPlhtale i £ak Hsdi &%%&%ﬁﬂhe | f;!fc?é ted Netigdapt of the

liquid surface | owers correspo nter na pressure omers 5
substanti al | ¥Hd PRAiBhons D and E until all of the ink is used up

in the ink container. 1In 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 inﬁefnal
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, aﬁd fherefore, the height C is

20 set at a predetermined level relative to the ink
supply portion 6., From this standpoint, it is
desirable that the pore size of the absorbing material
3 is relatively small.

The reason why the height C is set at a

25 predetermined level relative to the ink supply portion

6 1s that if the ink surface is lower than the

supplying portion 6, the air is introduced with the



When the ink container of the above-described structure is used, the ink
can be supplied stably by the vacuum The structure itself of the ink
container is 10 so sinple that it can be easily manufactured usin nol d
or the like, and therefore, a |large nunber of ink containers can b 7ﬂﬁfﬂﬂﬂ
stably. Wien the ink is consunmed to such an extent that the surface |evel
of the liquid in the absorbing 15 materj@l is at the air introduction.
passage A201, that is, C position, in other words, the ink surface is at

E, the neniscus in the air introduction passage A201 can not be

mai nt ai ned, and therefore,,the ink is absorbed into the absorbing

mat eri al , ancresitltief 20npmpenducthk onjpassage i s formed. Then, the
air-liquid exchange occurs at once. On the other hand, the 1liquid surface
in the absorbi ng nat eriewevers cbbets hetadssi pdblécthak ahsohbeghtrom t he

i nk container, by which the liquid surface Dis established, and the 25
air-liquid exdch &% gan \Whey predetermmined hepecagsenthenk in the air

i ntroduction passage A201, and the absorbing naterial above the air

i ntroduction tg‘ééé%%e"q ef fget afp3the7time (weemothe  1kkinsi ons sinply as a
valve. |f #he ink_is consumed again with this state, the liquid surface in
the absor b? nHeter9ued | hed sthe | igkisontadnen tortke pabsereingpeni ng of

the valve, 5 sgo that,the air-liqujd exchange occurs at once to permt the
consunpti on o'?a‘f%’élﬁ‘]hkgl‘f‘?gifﬁt%iiﬁtemal 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 H1
to which the capillary force of the absorbing material
can suck the ink up from the ink supéiy 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 examﬁle, the ink sucking force of the
absorbing material is 60 mm (Hl), 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 mmaq = 60 mm
- 15 mm = H1 - H2.



contai ner 6. Upon conpletion of the ink consunption, the liquid surface of
the absorbing material increases by the capillary force-of the absorbing
material. 10 Wen it reaches to the position D, the air-liquid excHahBE 2003
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, th I's, the height of the portion

C, and the capillary force of the absorbing mterial, 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 gherhdkif0pial ngtafel 01hhgcadsaantagwiehethal 4 due to
the internal pressure change in.the ink container due to the anbient

condi tion chageump$oapf | $10é Yiher EEomothéhgbgebsbihgngatarealal , that is,
the ink sucking .25 height is increased, by which the overflow of the ink
fromthe i nkkigorticd giet chntlhe Ppiguedtedrfancd rLbwersccurrence of positive
pressure at the ink supply 1 7 DEC 2003 -48 portion can be prevented.
Enbodi nent 8cotrpesmordingly, | andi thdi hakeseali pnassurewloweran i nk
cartridge for an ink jet recording apparatus 5 according to an eighth
enbodi nenfs ofubseaptzkly limeanlyeon. Figure 22 is a cross-sectional view

of the sane, and Figure 23 is a sectional view showing a
When the ink container of the above -describead

structure is used, the ink can be supplzed stably by
the vacuum.
The structure itself of the ink container is
10 so simple that it can be easily manufactured using
mold or the like, and therefore, a 1arge‘pumher 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 airx 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
2§ 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



surface of the rib. An air introduction groove 103 and a vacuum 10
produci ng material adjusting chanber 1032 are forned on a rib 1005 which
is a partition wall between the ink container 1006 and the vacuum 17 DEC 2003
produci ng material container 1004. The air introduction groove 1031 is
formed at the vacuum producing nmaterial container 1004 15 and is extended
fromthe central portion of the rib 100%7to an end of the rib 1005, that

is, to the «clearance 1008 fornmed 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 pr oduigt nighe meedel al fadftsbnagstinplpeas 2083laee formed, and are in
an excavated form Since the vacuum producing material 1003 is contacted
to the inside surfaceldfthheinkt ési abngBmednagrier wi®b4thdsdstheeef or e,
even if the vacuum producing material 1003 is non-uniformy squeezed into
the materi altkentdaned svofacehénctheasbsprbingr mate7iBEClR0€2S- 49
(conpression) to the vacuum producing material 1003 is partially eased, as
shown in Fi git¥@hhY anghdoh corsespends HRecAPERENANREIcEREUNBLVER from t he
head is started, the ink contained in the vacuum producing 5 material 1003
i s consunkd,SAnthtathesai5-LhEuid(PRSRARGSCAGRBES 2E39NCEf tPhe ink s

cont e | Sonkie B8 VIR snblE B0, FRpR Tk LRLRTA Gak e seus
container 6. Upon completion of the ink consumption,
the liquid surface of the absorbing material increases
by the capillary force of the absorbing material.

10 When it reaches to the position D, the ai;—liquid
exchange stops, so that the liquid suffacé is
stabilized at the position. .

In this manner, the ink liquid surface can be
stably controlled by the height of the air

15 introduction prassage 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



t he vacuum produci ng material 1003 is eased by the 10 adjusting chanbers
1032, and therefore, the air is quickly introduced into the air
introduction passage 1031, thus neking the vacuum control easier. hry Bf &3
enbodinment, it is desirable to use an elastic porous material as the
vacuum produci ng 15 material 1003. Wien the recording operation is not
carried out, the capillary force of the yacuum producing material 1003
itself (the nmeniscus force at the interfate between the ink and the vacuum
producing 20 material), can be used to prevent the | eakage of the ink from
the ink jet recording head. Figures 29 -- 31 show an exanple of an ink
cartridge w tho he _vacuum producing material adjusting chanber, as a
Conpari son Ef%ﬁ%ﬁg% f?qéﬁﬁwq Wﬁﬁi 4%<(xutridge of the Conpari son

Exanpl e, the oleTe]d l@ti on can be carried out wthout problemthrough
t he nechanis%@g%gtgg%ggjﬁn the 17 DEC 2003 -50- foregoing, in the usual

state. The stabilized pjQRENANIION d S ACHRYMUENEA RELAUSH AL Jis OVi sion
of the air introduction passage. However, in order to even further
stabilize 5 ddhg A AUgeL Ed SN G8ik (e tPHdBdrdisey Apgiiss resin
mat eri al having conti nuous pores as the negative pressure producing
materi al , § haddyrdielg Yoahid it enftdigint ofladid adaserds shown in
Figure 32 which is an enl arged

invention. Figure 22 is a cross-sectional view of the

same, and Fiqure 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 éie formed
on a rib 1005 which is a partition wall bét&een 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 neighborhéod of the air introduction
20 passage 1031 of the rib 1005, the wvacuum 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
pfoducing material 1003 is non-uniformly squeezed into

the material container 1004, the contact pressure



10 secti onal

1031. |If

view, the vacuum or negative pressure producing material 1003
contacts the rib 1,005, and partly enters the air introduction groo

e
this occurs, the contact pressure (conpression force) to yﬂémCZMB

material 1003 is not eased at the contact 15 portions A This nakes it nore
difficult that the air breaks the ink neniscus and enters the air
I ntroduction passage 1031. If this occud9-'the air- liquid 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 is a
liability that the ink becones non-suppliable fromthe ink absorbing

mat eri al 1006omRrewiomit to thetac@umprrodoaihganplterialagoodeseri bed in
the foregoing, this enbodinent is 25 advantageous agai nst this problem

Enbodi ment

ikl vseased, | angshaunndn- Eéguresallveed 8R2.17 DEC 2003 -51

two ribs 100 hqéég %different cross-sectional section. Figure 25 is an

enl arged cro

25

nafher Bhe ofnk FPRSUPBtiABWATPR the Regdrés the

configuration_of t he vacuum producing naterial adjusting chanber 1032
B%€Ct{§ﬁ

and the air Ther
icul | th t d ti f th ib 1005
tgm?%%£§3€3%%¢%E%%L%%%ﬁuﬂg Zre BeiﬁggéﬁéoggoFﬁﬁngedr{o further
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cont act ed
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enhance the 4$86tiRf chamber 1032. If the ink is continued to

10

15

20

25

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
adjusting chambers 1032, and therefore, the air is
quickly introduced into the air intro&uction passage
1031, thus making the vacuum control eééier.

In this embodiment, it is desirable to use an
elastic porous material as the vacuum producing
material 1003.

When the recording operation is not carried
out, the capillary force of the vacuum producing
material 1003 itself (the meniscus force at the
interface between the ink and the vacuum producing
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 pProducing material
adjusting chamber, as a Comparison Example.

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

without problem through the mechanism described in the



easi ng the press-contact and conpression., In the nei ghborhood of the rib
1005 adjacent the material container 1004 havi ng the rounded surface

the air is introduced into the ink in the material 15 1003, the tthDECZMB
I ntroduced air noves into the ink container 1006. Wth the novenent of the
air, the ink in the ink container 1006 is supplied into the materi al
contai ner 1004..- In an air-liquid exchggging region, the air is
introduced into the ink contained 20 in the material 1003. In order to
carry out the air-liquid exchange nore snmoothly, it is desirable that the
contact pressure between the material 1003 and the material container at

a lower portiefe@bih§e @h’ thkdukdal25t8¥ehanghnostgni RzLRan in the upper
part of the-air- liquid exchanging region. This is because the air can-nove

nore 17 BE Cop@Patioh2isnaetbhylisnant becgasephasehtopabviBkophage t hrough
the capillary tube of the vacuum pressure producing material 1003 whose
contacting fbtheeais tatedduEbtiomxpapbaget he desired effect can be 5
provi ded by for.mation of a partial vacuum producing naterial adjusting
chanber at the centraHowereroninfordae tobetéAS5fatrthae swdbpadikzieon of the
air introduction group. In order to provide the equivalent function 10 to
t he vacuuf ptheuebpegatheasi ar iadj asdengte pemmberuse 1682potouki s
enbodi ment, the configuration 46f the
resin material having continuous pores as the negative
pressure producing material, the further stabilization
control is desirable.
As shown in Figure 32 which is an enlarged
10 sectional view, the vacuum or negative pressure
producing material 1003 contacts the rib_iOOS, and
partly enters the air introduction groove 1031. If
-this occurs, the contact pressure (compression force)
to the material 1003 is not eased at the contact
15 portions A. This makes it more difficult that the air
breaks the ink meniscus and enters the air
introduction passage 1031. If this occurs, the air- -
liquid exchange does not occur even if the ink
continues to be consumed, and the effect of the air
20 introduction passage 1031 is not accomplished. There
is a liability that the ink becomes non-suppliable
from the ink absorbing material 1006.
As contrasted to the Comparison Example 2, as
described in the foregoing, this embodiment is
25 advantageous against this problem.

Embodiment 9

Figure 24 is a longitudinal.sectional view of



vacuum produci ng material 1003 may be changed. The configuration and the
dinensions are not limted if the above-described requirenents are
satisfied; 15 As described in the foregoing, according to this enb @
the air and the ink in the ink container are stably and snoothly exchang 83
upon the 1ink supply operation, and as a result,~ the internal pressure in
the ink supply portion can be stably 20 ebhtrolled. Thi s enabl es the
recording head to effect stabilized ink ejection at high speed. In

addi tion, the ink container is substantially free fromthe ink |eakage

even if the I nt er.nal essure of - the I nk cont ai ner-changes due to 25
anbi ent condlﬁiSh &Rﬁuﬁ?q; Q§ﬁ?49t&§ texrenti eepss19eqhtonak contai ner 2001

of this enbodgggﬁ is 1 3. -53 gwgégrld type in which the inside
thereof is Ched ’tﬁ“bret ik Th 5390 ;REPBS - SRFERON@bmuni cat e
w th each oth Epgtqhtportlon and wherein an ink absorbing material
2002 havi ng a uste caplllary force is packed |n the I nk contalner a

substantial ly mnthout q%é re LS % ent 20 In the
state shown in Figure rOVI o StPht T an el?ﬁp Lgupak °§uﬁ§lled

have been %nitﬁ‘?;?%?mmthe -0 B4 g LAl SHTT ©

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.i

In the neighborhood of the rib-lOOS adjacent
the material container 1004 having the rounded surface
R,. the air is introduced into the ink in the material

15 1003, the thus introduced air moves into the ink
container 1006. With the movement of the air, the ink
in the ink container 1006 is supplied into the
material container 1004.. In an air-liquid exchanging
region, the air is introduced into ehe ink contained

20 in the material 1003.

In order to carry out the air-liquid exchange
more smoothly, it is desirable that the contact
pressure between the material 1003 and the material
container at a lower portion of the air~-liquid

25 exchanging region than in the upper part of the. air-
liquid exchanging region.

This is because the air can move more



chanbers 4 and 6 are sufficiently filled. In Figure 15, the ink in the
conpressed i nk absorbing material 3 is nmaintained at a height with which
the static head 15 fromthe ink ejection part of the recording head) 7t 2003
vacuumin the ink chanber 6 and the capillary force of the.conpressed ink
absorbing material. Wien the ink is supplied fromthe ink supplying
portion, the anmount of the ink in the ink chanber 4 does not reduce, but
20 the ink is consuned fromthe ink chatvber b. That is, the ink
distribution in the ink chanber 4 does not change, and the ink is supplied
fromthe ink chanber 6. into the ink.chanber 4 corresponding to the ink

ti ith t | d int | 5 L nta
cor T sshonat ISPEATE Sfo 6 4abctnae NS Rt ratReg BhlStar 4 g
th h th ' At thi j ' ' ink 1 7 DEC
20g8u954 aﬁdgééegggilgﬁgyé?%ﬁ%ﬁ%%gpg%a?ﬁ%m%%g?%%$%#g€Lgréﬁﬂc£€ﬁahger, and
th ) . . bi Cal in the ink
chanber araafelEe TGI8 RGEY Eanbact ity AOROL PLEGeRBLE &1 LM Lonber 6,
5 and the pressure ofpdfCddlip LOATDRL GelPrOd @PEEL Ll pkhe Mmeni scus

r

retaining force of the conpressed In absorbing material, by the

| ntroduct sony pbyt Bea by sbRRSCidR dFka ObRRDEAL bvallRi! pEBBuEOGi QUTe 2, the

i nk supply and the production of the ink internal 10 pressure In the hybrid
type, will bgagescal badyiustiRg echalaber | at THige COsRt £a5 eflorbkonbsdr bi ng

material adjacent the 1nk chanber wall is in conmmunication with
the rib 1005 at the end portion of the air
introduction group.

In ordef to provide the equivalent function

10 to the vacuum producing material adjusting ‘thamber
11032 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—descrihed requirements are satisfied.

15 As described in the foregoing, according to
this embodiment, the air and the ink in the ink
container are stably and smoothly exchanged upon the
ink supply operation, andlas a result, the internal
pressure in the ink supply portion can be stably

20 controlled. This enables the recording head to effect
stabilized ink ejection at high speed.

In addition, the ink container is
substantially free from the ink leakage even if the
internal pressure of the ink container changes due to

25 ambient condition change or the like.

Embodiment 10

The ink container 2001 of this embodiment is



the air venting portion when the ink in the ink chanber .4 has been
consuned to a predeterm ned extent, 15 and therefore, a neniscus is forned
agai nst the atnospheric pressure. The ink internal pressure at thqj!M$2mB
supply portion is maintained by the conpressed ink absorbing materi al

adj acent to the.ink chanber wall which is adjusted to the predeterm ned
capillary 20 force by proper conpression. A closed space at the top of the
i nk charmber 6 before the flow out .of th&23ink, is balanced with the
capillary force of the conpressed ink absorbing material adjacent to the
ink chanber wall and the.static head of the ink remaining 25 in the ink

chanmber b, ang # | s.9f 1he npressed ink absorbing material is
mai nt ai ned by tﬁ€€r$§35§gg ﬁgegéﬁfg.%aﬁeﬁnﬁﬁgeiﬁReF§°§uﬂﬁlied to the 1 7

DEC 2003 55 : e h h_t heink suppl oftion.in this state,
the ink fromsﬁﬁﬁ?ig%agﬁé ?ﬂﬁgcﬁgﬁggP&6ghgﬂ§eFﬁgg épgs ur ¥B&Fht he i nk
chanber 6 is c S ing,to the,consunpti on of the ink.
TR 5 ¢l Sehe chEOee e CORLR RN My 8 haFLER0ROTRECR0 28401 bi ng

material at tiige @ik 08 Of nkhepi | 5} rtly braken, by which
the air is introducedahi%?g §E§B¥%EH§E§§%%F¥$¥OﬁPE Pgﬁggﬁg Fﬁﬂu?§eﬁeing

consured, S0 ¢dwt11hey preoeu! £s hathea CXRCERLVELK cBhBaSHEE- Leduced ink

chanber 6 is balanced with the neniscus retaining force o he conpressed
ink absorbi repbetantial bydwl thoat atleahedde Of ahlieth8¥e is provided

an air wvent 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 wﬁere\the ink
chambers 4 and 6 are sufficiently filled. In Figure
15, the ink in the compressed ink absorbing material 3
is maintained at a height with which the static head
15 from the ink ejection part of the recording head, the
vacuum in the ink chamber 6 and the-capillary force of
the compressed ink absorbing material. When the ink
is supplied from the ink supplying portion, the amount
of the ink in the ink chamber 4 does not reduce, but
20 the ink is consumed from the ink chamber b. That is,
the ink distribution in the ink chamber 4 does not
change, and the ink is supplied from the ink chamber 6
into the ink chamber 4 corresponding to the ink
consumption with the balanced internal pressure
25 maintained. Correspondingly, the air is introduced .
through the ink chamber 4 and through the air vent.

At this time, as shown in Figure 15, the ink



itself in the ink chanber b. In this manner; the internal pressure of the
I nk supply portion'is 15 maintained at a predeterm ned |evel by the
capillary force of the conpressed ink absorbing naterial at the pogiﬁmEﬁQMB
adj acent to the bottomend of the ink chanber wall. Figure 34 illustrates
function of the 20 conpressed absorbing material as the buffering 25
material. It shows the state in which tdggd nk in the ink chanber 2006 has
been flowed out into the ink chanber 2004 due to the expansion of the air
in the ink chanber 2006 due to the tenperature rise-or the atnospheric
pressure reduction or the like,"fromthe state shown in Figure 15. In this
enbodi ment, w©hd ibhe afilrowed iexohadnged it ettt f sthetimmed in the 17
DEC 2003 -56 conpressed absorbing material 2003. The rel ationship between
t he i nk absorfcbidfipequadnid hef mend s rfeswed iimnk heb sonp ressed enlal  and
the ink chanmber is determned fromthe standpoint of preventing the ink 5
| eakage whenabperkipge materdsduia dhet Hak anasbetrurde  ichagegesly The maxi num
i nk absorbing _quantity of the ink chanber 2004 is determned in

consi der at i oR18CkeRe TIg fhe positione glasef [tonddeodinlf raarbiar ik chanber
2006 in the predictable worst condition, and the ink 10 quantity retained
in the inkd cREfpEReoBFRsSSuTE QL ithe 1ok chamdesnby is Arkancadhwidianber

2006.,, . The i%k chanber ZOQA.hgg t he volu apabl e of accomodati ng
the ménisCus retaining force of the compressed ink

absorbing material, by the introduction of the air
into the ink chamber 6. Referring fo Figure 2, the
ink supply and the production of the ink internal
10 Ppressure in the hybrid type, will be described in more
detail. The compressed ink absorbing matefial
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 ghamber b, and the meniscus of the
compressed ink absorbing material is maintained by the

reduced pressure. When the ink is supplied to the



at | east such an ink quantity by the conpressed absorbing material. Figure
65 shows a graph in which 15 a solid |line shows a rel ati onship between the
initial space volume of the ink chamber 2006 before the pressure 17 DEC 2003
reduction and the quantity of flowed.ink when the pressure is reduced to
0.7 atm 1In the graph, the chain |line shows the case in which the maxi num
20 pressure reduction is 0.5 atm As foLEghe estimation of the quantity of

the ink flowed out of the i.nk chanber 06 under the worst condition, the
gquantity of the ink flow fromthe ink chanber 206 is maxinum wth the
condition of the maxi numreduced pressure is 25 0.7 atm when 30 % of the

vol une VB of rheckdknghhehar th28Q6h" eRRi Afk BuLRS r . If the
ink below the bottom end of the ink chanber WEP|Y:§%§%§%E?§HDE%B%b03 -57

absorbed by tAbateaptBesédkaliiowki ngtraerhal ik ChambeK 6Chamer 004, it
Is considered that all of the ink remaining in the ink chanber 2006 (30 %
of VB) is |ecBKkessvue. ofhthet hakwohambesndi §is0fuirgh@r5 radiced0 5 of the

vol une of -the ink chanber 2006 is flowed out. The air in the ink chanber
2006 expandi n§eEyefpendgrgstar theedoosumptisnl afgehei finkhe meMhAKNg anount
of the inkg s, smaller. Therefore, a larger ink is pushed out. However, the
maxi mum anduntiBe- t RRerPendacas fakmpd Lowehet bamptressedanhkt y of the ink.

contained in ﬁ%he £$k chanpber 2006. Therefore, when 0.7 atmis assuned,
when t he. anoufTS3FPHE PRE&FARAgatnkbeebbtitemnof fbeeinkachadber t he

remai ni ng a"qygiloist£§r£f§ broken, by which the air is introduced
into the ink chamber from which the ink is being
consumed, so that the pressure of the excessively
10 pressure-reduced ink chamber 6 is balanced with the
meniscus retaining force of the compre;sed\ink
‘absorbing material and the static head éf the ink -
itself in the ink chamber b. 1In this manner,; the
interqal 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 illusfrates 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. In this embodiment, the ink
flowed into the ink chamber 2004 is retained in the



beconmes | ower than the expanded volune of the air, so 15 that the anount of
ink flowed into the ink chanber 2004 reduces. Therefore, 30 % of the vol une
of the ink chanber 2006 is the maxi num | eaked ink quantity (50 at Qi%EEﬂNJ
atm. The sane applies to the case of the tenperature change. However,

even if the tenperature 20 increases by 50 OC, the anmobunt of the flowed out
ink is smaller than the above-describedggressure reduction ease. If, on
the contrary, the atnospheric pressure -Increases, the difference between
the air of the | ow 25 pressure because of the Ink static head in the upper
portion of the ink chanber 2006 and the increased anbient pressure, is too

| arge. and t hepepoessetinabgotbingERaz@@3a152009.a trerderQatdfonsiiy Ning to
the predeterm ned pressure difference by introduction of ink or air into
the i nk chanbbetgees. the sokhahsoadbdngsiquizhatilty of thiee coageredfsddik supply
fromthe ink chanmber 2006, the 5 neniscus of the conpressed ink absorbing
mat eri al 2003inkdghsenbingembtierdmle atddpahei ankokthiambemnkdschanber wal |

2005, is broken,. and therefore, the air is mainly introduced into the ink
chanber 2006 Artgrmasegdr xom thepsitandpodingt of pmevendiaigporbhe timk i nt er nal
pressure of 10 the ink supply portion hardly changes w thout substanti al

i nfluence tho LREXREEOFEPRytHROBEPLENt| RresRuTRoPEgSNgy tempesiadurghen t he
anbient pressure returps to the original state, the anount of the ink
correspondingcﬁﬁngﬁé'inFPSdH@é&mHPriPﬁtébFﬁ€bFﬁH 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 20Q4 at the time
of ink supply from the ink chamber 2006._;Tﬁe ink
chamber 2004 has the volume capable of accommodating
at least such an ink qguantity by the compressed
absorbing material. Figure 65 shows a graph in which
15 a2 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. ¥n the graph, the
chain line shows the case in which the mazximum
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 maximunm
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



15 chanber 2006 flows fromthe ink chanber 2006 into the ink chanber 2004,
and therefore, simlarly to the foregoing enbodi nent, the anount of %Wﬁ
ink in the ink chanber 2004 tenporarily increases with the result oﬂ fé@ﬂ
of the air-liquid interface. Therefore, 20 simlarly to the initial state,
the ink internal pressure-'is tenporarily slightly positive than that at
the stabilized state, however, the inflibmce to the ink ejection property
of the recording head is so small that there is no practical problem The
above 25 described problem ari ses when, for exanple, the recording
apparatus used under. the | ow pressure condition such as a high attitude

| ocation i s ROVEIPEE PY Bhe coppaesseg absewhdmd matediedatliorthe t he

nor mal atnosggﬁriﬁémgres ure. Even in that case, what occurs is only the

i ntroduction £ BE 2004 -t A& Lk cOmsierezhbdhat Widn Gt tihe usdd after
noved to the high attitude 5 |l ocation again, what occurs is only the slight

increase of TREGHREDENLB kBe inksShagher 2006 {180 dusfl WBig isortion. Since

the use of t -apparat us nder .t he condition of extrenely high pressure
over the no?%ﬁ?ggtﬁﬁ pheP%@on@§sHP§% RFAitden F1%e 0-andtm Herfef ore,

chanber 2004%5y PRo ey AEE oB e 3R SBPATRS AULE iR Y13488 BFtne Ink |
Due! Pl ahEOEE a1t CAGRE Al Ml gl Lo T 1Y

pPressure reduction is larger if the remaining amount
cf 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 contained in
the ink chamber 2006. Therefore, wheﬂ 0.7 atm is
assumed, when the amount of the remainiﬁg ink becomeé
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.

I1f, 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



closed, there is no ink | eakage fromthe opening (air vent and the ink
supply portion) and it permts the .easy handling. The description wll be
made as to the 20 desirable conditions about the conpressed ink abéb}BE&aMJ
material and the ink chanmber structure in the hybrid type ink container.

The rel ati onship between the ink absorbing quantity of the conpressed ink
absorbing material 2003 25 and the inksghanber is determned fromthe
standpoi nt of preventing the ink | eakage when the anbi ent pressure or the
tenperature changes. The maximumink 1 7 0 E C 2003 -60- absorbing quantity
of the ink chanber 2004 is -determned in consideration of the quantity of

the ink floinedaotenfensyt BE rekuthafgeto2@he iprdded:edfriedict abl e wor st
condition, and the ink quantity 5 retained in the ink chanber 2004 at the

time of ink psepplhyefdofhfeencekbghanitenddo@BonlteE ik eradiar ind¥4 has
t he vol une capabl e of accomodating at | east such an ink quantity by the
conpressed abker bnkgchambeti aD06As far stkh a@sicamet,i eindfladle quantity of 10
the ink flowed.out of the ink chanber 2006 ' Under the worst condition, the
quantity of the chak of. lpkwstpphwt figom tkecliakbhohag®@r 2006k hhm with the
condition of the maxinmumreduced pressure is 0.7 atm when 30 % of the
vol ume VBYof MeRSCHR efakber conpeessrti Ak Abswebimg meterdader2 00506.
|f-the ink below the bottomend of the ink chanber wall is also absorbed
by the conpr%gééﬂent the bottom end portion of the ink chamber
wall 2005, is broken, and therefore, the air is mainly
introduced into the ink chamber 2006 intc the pressure
balance state, and therefore, the internal pressure of
10 the ink supply portion hardly changes without
substantial influence to the recording propérty. 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 inta the
ink chamber 2004, and therefore, similarly to the
foregoing embodiment, the amount of the ink in the ink
chamber 2004 temporarily increases with the result of
rise of the air-liquid interface. Therefore,
20 similarly to the initial state, the ink internal
pressure is temporarily slightly positive than that at
the stabilized state, however, the influence to the
ink ejection property of the recording head is so
small that there is no practical problem. The above-
25 described problem arises when, for example, the

recording apparatus used under the low pressure

condition such as a high attitude location is moved to



absorbing material in the ink chanber 2004, it is considered that all of
the ink remaining in the ink chanber 2006 (30 %of VB) is |eaked Oﬂ?ﬁﬂﬁﬁﬁ&
the 20 worst condition is 0.5 atm 50 $ of the volune of the ink c

2006 is flowed out. The air in the ink chanber 2006 expandi ng by the
pressure reduction is larger if the renaéging anount of the ink is

smal ler. Therefore, a larger ink is pushed out. However, the 25 maxi num
anount of the flowed ink is |lower than the quantity of the ink contained
in the ink chanber 2006. Ther.efore, mhen 0.7 atmis assuned, when the

The. T enmi ni ng-anaunt o (TR T beehnad FASISFRAR e 08”5%%%23%3&??% of

the remaini ng anount of eln econes | ower

the air, so th@feﬁ@@r@ﬂDU@$eﬂf1hnkh££0E§ge'n&9%£h§ctﬂ ;608Rés t he

reduces. Therefore 5 30 %of the volune of t

maxi mum | eak edintkodit@i b Yof 56n&6 8 r0i B+t Me ﬁ?kfeﬁaﬁxﬂﬁrsgéﬁ g0f the

comuni cating part between the ink chanbers forned at t of t Om portion

of the ink chaiben ilis2066di 8600t he66dtPaNtRe Shign APripsapabl e of
formation, at the comunication part, of the ink in the ink chanber 2006

which is clBsekbcaticm agajn, ashabeottuss LONGhIY Obhe TERiGhEE | S sel ected
such that in response to the maxi numink supply speed fromthe ink
suppl yi ng por tingprgask clipphy tpketnterdal t peesswee oinsthédihkack printing
or the sucking operation by the main assenbly of the recording

appar atus), srURPLEIRT |PeEtioRxch3tmeei the ausé eoff othe apparatus

under the condition of extremely high pressure over
the normal atmospheric pressure is not feasible, and
10 therefore, there is no practical problen. ..

The ink is assuredly retained-in the ink
chamber 2004 by the compressed ink absofﬁing material
2003 in the ink chamber 2004 from the start of the use
of the ink container to immediately before the

15 exchahge 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 descriptidn will be made as to the

20 desirable conditions about the compressed ink
absorbing material and the ink chamber structure in
the hybrid type ink container.

The relationship between the ink absorbing
quantity of the compressed ink absorbing material 2003

25 and the ink.chamber is determined from the standpoint
of preventing the ink leakage when the ambient

pressure or the temperature changes. The maximum ink



t hrough the comuni cati on opening in-consideration of the nature of the

I nk such as viscosity. However, the 20 consideration should be paid to the
fact that when the top surface of the ink remaining in the ink chanbnggzmj
2006 becones | ower than the bottom portion of the ink chanber wall 2005,
as described hereinbefore, the internal pressure at the ink supply portion
changes 25 tenporarily to the positive dggection, and therefore, the size
is selected to avoid the influence of this event to the ink ejection
property of the recording 1 7 DEC 2003 -62 head. As described in the
description of the operation of the ink container, in the hybrid type ink
cont ai ner, tRPSIULing cruritignesslurchatinhechaibesnppd§45iportion is

retai ned by the conpressed ink absorbing nmaterial 2003 adjacent the ink
chanber wal | defRFninad dioreons idexratsion oo frat e ajuantittylest rede i haler nal
pressure at the tine of the ink supply fromthe ink chanber 2006, the

capi | lary forfdewsid i dam dhwed o ¢hambirs RM0Ggimetkei al 2003 adj acent
the bottomend portion of the.ink chamber-2005 is desirably adjusted.

More parti cu|%c{}cq%%mﬁ%gcmirm% ond hehe i ink i qapbity si ze i s

sel ected sgch that the capillary force of the conpressed ink absorbing

mat eri al 200F SR d HOARAMRET A04 R itHHe chmdt vnk 2005 s
cperat i on. FORRBLHAEN iieh Al TG 200k priis vk GhamRET nk Supply |

2004 has the volume capable of accommodating at least
such an ink quantity by the compressed absorbing -
material. As for the estimation of the quantity of

10 the ink flowed out of the ink chamber 2006 under the
worst condition, the quantity of the ink 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 2005 remains in the ink

15 chamber 2006. If the ink below the bottom end of the
ink 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

20 worst condition is 0.5 afm, 50 ¥ of the volume of the
ink chamber 2006 is flowed out. The air in the ink
chamber 2006 expanding by the pressure reduction is
larger if the remaining amount of the ink is smaller.
Therefore, a larger ink is pushed out. However, the

25 maximum 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



portion is -h (mmuaq), the conpressed ink absorbing 20 material 2003

adj acent the bottomend of the ink chanber wall 2005 is satisfactory 1§UTEZM3
has the capillary force capable of sucking the ink to h nm [If the
structure of the conpressed ink absorbing material 2003 is sinplified, the
fine pore radius PI 25 of the conpressed ink absorbing material 2003
preferably satisfies: PL = 21' cos6/ pgh-817 0 E C 2003 -63 where P is the
density of the ink, r is the surface tension of the ink, 0 is a contact
angl e between the ink absorbing material and the ink, and g is the force

of gravity. During. the ink is being supplied fromithe_ink chanber 2006,
when the air- %(ﬁﬁ%ﬁ%ﬁéﬁﬁf%&%-?ﬁc?ﬂﬁgiﬂ? Pare hEhRR K38 hAnbERe2004 becones

| ower than tpe t

. end, of the_i I tion, th iroi lied t
the ecor diHENIS SROEHE, oF oFhe TRE HePSpequlowss thed Hieo ad acent
the ink f14 I.nt ai t Lt I gh th th
tap end of (RPERELIFIEE0F B Thtc, SbnehalipRelttbtrRiotekining

terial 20 - ' 3 ' [ ' th ' f
Capab o of SU g THE (8 PuERiadber’ 2B0e, Fedhies. | MneBREorEY | DL
height ofs e fidr |4 ol he' dACEns nkOShakBEr (208%) 180eKE the  top of

the ink supply portion. Simlarly tot ove, the structure of the

conpressed infdeei i OF MIEA NBRRT d@dnt Bt$i (B §1 &€, ot Heatafius P2 of the

As for the size of the communicating part

=

between the ink chambers formed at the bottom portion
of the ink chamber wall 2005 is not less than a size

10 incapable of formation, at the communication part, of
the ink in the ink chamber 2006 which is closed at the
top, as the first condition. The size ié selected
such that in response to the maximum -ink supply speed
from the ink supplying portion (ink supply speed at

15 +the time of so0lid black printing or the sucking
operation by the main assembly of the recording
apparatus), smooth air-liquid exchange is carried out.
through the communication opening in consideration of
the nature of the ink such as viscosity. However, the

20 consideration should be paid to the fact that when the -
top surface of the ink remaining in the ink chamber
2006 becomes lower than the bottom portion of the ink
chamber wall 2005, as described hereinbefore, the
internal pressure at the ink supply portion changes

25 temporarily to the positive directioﬁ, and therefore,
the size is selected to avoid the influence of this

event to the ink ejection property of the recording



20 fine pores of the conpressed ink absorbing material at the top of the

I nk supply portion is: P2 = 2rcoso/pg(h+i) In the above equation, the
height (i mm of the air-liquid interface right above the ink supplly DEX003
portion is satisfactory if it is at a position higher than the top-end of
the ink supply portion. The ink sucking force (capillary force) is
gradual l'y decreased 1 7 0.EC 2003 -64 (Jgh_the material of the absorbing
material is the same, the radius P3 of the fine pores is gradually

i ncreased) (Figure 35), or the capillary force of the conpressed ink
absorbing material is reduced only 5 adjacent the ink chanber wall 2005
(Figure 36), head.that the air-liquid interface gradually decreases toward
the ink chanmber wall in the further inside portion of the conpressed ink
absorbing naterial 20A3 idesidrd bedk inhaMecde2@@4 ptilod eapitdHeary force change
10 is connected to the capillary force at the bottomend of the ink
chanmber wal | ope@at(ioh blie timet dénkalkconsatiner,sdme thet hybrRld tyhee ieapi | | ary
force of the portion of the conpressed ink absorbing material 2003 which
is below 15con&agner.i ghiedinkt dnftecaaln priesseaepads dde ilmk swpElly ng
material 2003 may be any if the ink container is-not subjected to shock,

i ncl i nati oh, POF&pra ﬂénﬁ@ﬁéﬂﬁﬁé biaitje compressed Jpéciaisoziimanal for ce.

However, in order tQ permt supply of the ink 20 remaining in. the ink
chamber 2004Matrefigd 589@ 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 desirablﬁ 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 intermal ink pressure at the .ink supply
portion is -h (mmaq), the compressed ink absorbing
20 material 2003 adjacent the bottom end of the ink
chamber wall 2005 is satisfactory if it has the
capillary force capable of sucking the ink to h mm.
If the structure of the compressed ink absorbing
material 2003 is simplified, the fine pore radius Pl
25 of the compressed ink absorbing material 2003
pfeferably satisfies:
Pl = 2Tcos@/pgh



external force is inparted or if the ink in the ink chanber 2006 is al
consuned, the capillary force is increased (radius P4 of the fine pores)
gradually toward the ink supply portion than the capillary force iﬁdgx
(radius P1 of fine pores) at the bottomend portion of the ink ch 2003
wal | 2005, and the capillary force at the ink supply portion is nade

| arger (radius P5 of 1 7 DEC 2003 -65 t [83fi ne pores) (Figure 37). That is,
the adjustnent of the capillary force distribution satisfies: (the
capillary force at the end portion of the ink chanber wall) < (the

capillary for Lgpt ; ab |,nk .S I orti qn Preferably, (the

capillary forﬁgeg%gfhégbg¥§o§$éggtgoPFigﬁgoﬁngrhzl3ﬁLt@FaﬁH§Faﬁﬁ¥l) < (the
capillary forggnaiont t opt kan i i ddl.e 0 he ink .10 chanber)
< (upper positi%n ?ﬂ ?ﬁebﬁédgﬁgpo? %%ea ?ﬁ&ggﬁgkggﬁﬁek F&F%ﬁf avove the ink

supply portin} shébbPbifigpPRh [ t st Gt 0 h ressed
I nk absorbing nmaterial 2003 nggﬁﬁpﬁﬁpiggf ?ﬁg'rgﬁﬁiﬁgﬁs %gbt%g&%%$es
satisfy: Pl >oP2gr&veterably, Pl > (P3, P4) < (P2, P5) As regards the

rel ati on between P3 and P4, 20 and the relation between P2 and P5, may be
in accordance with thbudiagrthat iaR ©F bBEngOEREP1Led from the ink

chamber 2006, when the air-liquid interface of the ink
in the ink chamber 2004 becomes lower than the top end
of the ink supply portion, the air is supplied to the
recording head, and therefore, the air-liquid

10 interface adjacent the ink supply portion should be
maintained at a position higher than tﬁe-top end of
the ink supply portion. Thus, the compféssed 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:

P2 = 2Tcos6/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

sucking force (capillary force) is gradually decreased



ratio such that P3 < P4, and P2 < P5, or P3 = P4, or P2 = P5. Referring to
Figures 35, 36 and 37, there is 25 shown preferable conpression ratio
distribution as an exanple in which the above-described rel ati ons a%§ 20
satisfied by adjusting the conpression ratio, using 1 7 DEC 2003 -6 Pﬁ@ 3
same material as the ink absorbing material 2003. 1In these Figures, A351,
A361 and A371 indicate the air-quUid'ﬁﬂrerface, and arrows A352, A362 and
A372 indicate the conpression ratio of the conpressed ink 5 absorbing
material which is increasing. Figure 38 shows a conparison exanple 3, in

whi ch the capi. |l force.of the co essed ink . absorbing material 2003 at
the ink supp §fp§ﬁ¥i8ﬁtf§laﬁop I&ﬁ&gg FRARIPRaPATRTERE A& §RBor hood of the

i nk hanb I he .f.i 10, whi ink h b
7K 10,5 pe RS LGS 00UR! DBl Bl Lol | 1 12 oo
comar i son XaRRkGeeR) Trsubhie] | B igreSatars chRER e hgcen (e

part bet ween cblif rbBlseHNIReL 2000, 3 Inale: 8K 181 200GaAOBR ks pOSI L1 oned

at the air s caseé, the ink can not be supplied-out from

tzgisi I“‘; gif‘sﬁlg'gtaﬁa%g%, tﬁ%dihﬂe_c:ﬁlahbe'h:“hﬁ‘ﬁ“ﬁ@@s_ t(?&%'d&% ?%‘}‘,a% vent portion
y supplied 20 Into the recordi ng hea romthe i nk supply
portion, angnkkethak agenhaignely bacarescBOFranakabledakrbhaks ti ne.
toward the iﬁk chamber wall in the further inside
portion of the compressed ink absorbing material 2003
in the ink chamber 2004. The capillary force change
10 is connected to the capillary force at the bHottom end
of the ink chamber wall 2005 (if the material is the
same, it is Pl).
The capillary force of the portion of the
compressed ink absorbing material 2003 which is below
‘15 the air-liquid interface in the compressed ink
absorbing material 2003 may be any if the ink
container is not subjected to shock, inclination,
rapid temperature change or another special external
force. However, in order to permit supply of the ink
20 remaining in. the ink chamber 2004 even if such
external force is imparted or if the ink in the ink
chamber 2006 is all consumed, the capillary force is
increased (radius P4 of the fine pores) gradually
toward the ink éupply portion than the capillary force
25 (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



Fi gure 39 shows a Conparison Exanple 4, in which, contrary to the

enbodi nent of this invention, 25 the capillary force of the conpresggd iﬂ@
absorbing material 2003 adjacent the bottom end-portion (Figure 3 (EB% W
the ink chanber wall side (Figure 39(A)) 1 7 0 E C 2003 -67 than that in
the ink supply portion. Simlarly to tbhgg.Conparison Exanple 3, before the
formation of the air- liquid interface A391 is forned adjacent 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,

t he-i nk-can fmwé Pene SpPppés pd(Figareéhe7ih ok thatbes, 2008, aandsthenefore, the
air introduced through the air vent portion 2013 is directly supplied to

the recordi ngf hehd capiliseyi Psrd@ aippkybpeibhosatdsfiibat event, the ink
container is no longer usable. In the foregoing the description has been
made as to a nonptheodapitlaegofdirog appahat eadhperhjononé theoidkng head.
However the enbodinents are 15 applicable to a color ink jet recording
appar atus - havi ohakber watdddkn{theadepiBkarg, fhrgedrightombogranpl e)
capabl e of ejecting different color inks or to a single recording head
capabl e of5 ej ectthg inkf$wpphy POFSiondks. In that case, means are added 20
to limt the_connecting position and direction of the exchangeable ink
cont ai ner. |RTeReT®#BLEgoi ng enbodi nents, the ink container is

xchan | h | men '
exchangeabl e, buEtﬂeeggpiggggyn§o%%eaa% 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 midd%e of the
ink chamber) < (right above the ink'supply
portion) < (ink supply portion) J
If the structure of the compressed ink
absorbing material 2003 is simplified, the radii of
15 the bofes satisfy:
Pl > P2
Preferably,
Pl > (P3, P4) < (P2, P5) .
As regards the relation between P3 and P4,
20 and the relation between P2 and PS5, may be in
accordance with the distribution of the compression
ratio such that P3 < P4, and P2 < P5, or P3 = P4, or
P2 = P5.
Referring to Figures 35, 36 and 37, there is -
25 shown prefer;ble comp;ession ratio distribution as an

example in which the above-described relations are

satisfied by adjusting the compression ratio, using



applicable to a recording head cartridge having a 25 unified recordi ng head
and i nk container. Enbodinent 11 Figures 40 and 41 shows a device
according to 1 7 0 E C 2003 -68 an el eventh enbodi ment. Additional tWbDEGRI
chanbers 2008 and 2009 are provided in comunication with the ink chanber
2006. In this nodified exanple, the ink is consuned in the order of the

i nk chamber 2006, the 5 ink chamber 2008&md f'he i nk chanber 2009. In this
nodi fied exanple, the ink chanber-is separated into four chanbers, for the
purpose of further better prevention_ of.the ink |eakage upon the anbient

pressure redygtion and the tenperature.change which 10 have heen descri bed
with respect % 5786 FRRGFLRY i et SPSarhing fatedad piifed in the

i nk hanb 20 d_t.he ink er-2008 int state of Figure 41, the
Ierangieg. pS: tIno%Q'teta‘?ge i"rg%irlr?%t'hg}fﬁg Pcﬁw@éﬁf@%é i a&lé?aé‘%&i’e?hr ough the

i nk chanb 4 . h th | r_vent | 0 3, e
lana(r:]dZd. e[)or%Iq%(;r} %Fﬂt%ﬂe]'ﬁq%%%?%%nadzﬁ%qwsg %#as&?%%fqﬁgi%w of the
ink into-the.i ' nb 004. . Thus, the ink
Lﬂan‘i)gr 02002 1'@%@&?{%%%%%%%&#&3%% eryr%l %aecﬁg{ ere.ssﬁﬁI TH Sef or g, | ?he

I nk tentd | f : ' bi terial 2003 i
I nk retentd o3RRG y%}ﬁ%&e%’%}eqﬂ%ﬁqﬁ- ing materi a I n

the ink chanber 200 I'n consi ation of the |eakage

quantity from one ink rghrifeer3s B A @onpde-iskl Wamfid ke qenpressed ink

absorbing material 2003
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))



25 can be reduced as conpared with that in Enbodi nent 10, and therefore,
the. ink retention ratio can be increased. 1 7 0 E C 2003 -69 Enbodi nent
12 Figure 42 shows a twel fth embodi ment, in which the conpressed ilnkDEC 2003
absorbing material contained in the ink chanmber 2004 is separated into
three parts, 5 each of which is giveqéfuticular functions. In Figure 42

the conpressed ink absorbing nateri al dj acent the ink supply portion
whi ch occupies a nmajor part of the ink chanmber 2004 has been conpressed
beforehand with relatively high conpression ratio in 10 order to increase

end. por i onar (REt ol RONGEC Stpedy BABUE I Sy O8I GRET | oy

to supply StchipeirdRont Sllddele/ .01t die RIRIWSddCion UL e pipssure of
the ink required for the supply 15 thereof (it Is ré?atlve y | ow
conpr essi on 1@ (AdéePacd AFAdId Gproid il {diey@l th@fndP€aknk chanber,
even smaller conpression ratio material A424 s disposed to pronpte the
formati on oferd@caitidd @F tthd Nirgd fALE Wwadi 008, tHige boi#0m end portion
of the 20 ink chanber.- In this enbodinment, the conpressed ink absorbing
mat eri al 20Q3quiids dptierfiabd ariddsas MRficnd el tSp candres sele bef or ehand,
and thereafter, it is accommpdated therein. This results in a little bit
conpl i cat ed imdn sfupetlyr ipar tpiarce smdfthdrefode 25tmonisk nean hot bée
conpression ratio (and therefore-

supplied from the ink chamber 2006, and therefore, the

air introduced throungh 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 descriptiﬁh has been

-made as to a monochromatic recording apparatus having
one recording head. However the embodiments are

15 applicable to a color ink jet recording apparatus
having four recording heads (BK, C, M and ¥, for
example) capable of ejecting different color inks or
to a single recording_head capable of ejecting
different color inks. Ih 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



capillary force) can be adjusted to be proper degrees at respective
positions. In addition, the low 1 7 DEC 2003 -70 capillary force absorbing
material is disposed at the l|ateral ink chanber wall, and thereforé,7 Q8003
internal pressure of the ink supply portion reaches nore quickly to the
predeterm ned |l evel. 5 Enbodinent 13 Flgure 43 shows a 13th enbodinent, in

which simlarly to the 12th enbodlnenf The conpressed i nk absor bi ng
material 2003 is separated into three parts, and there are high
conpression ratio portion-A432, 10 nininun1conpression ratio portion A434,

force) ausa o SRevbafRoRRERRRBRtC:  FRBCFhRAZL L ERbCr "B0BReRPR RN s
Chan the 15 Eatbomdnacar ke PRBviRBef LARnGIRERELoA MR Roeqics, | Doc

into the '“klﬁEaEHSﬁb890ﬂ068” b??ﬁgﬂPéeﬁéﬁﬁf eé”QxEHFQSfOEﬁe thg 1 nk

I nternal pressure variation I nk supp ying portibn can be reduced.

Therefore, {he-gRenKAY iﬁrth@eoEHE?U8fCéﬁéoﬂﬂQeEﬂﬁﬁﬂfEhﬁobﬁk gechambers

at the botton1thereof can be I ncreased Imtation In the

desi gn of st henknknsapéai DeDS 888 PReSihRhEhimbedUseds. ! N1AhtAiEi gure, A431
shows air-liquid interface. However, in this enbodi nent, as shown in

Figure 44, ifofibeitakerhaplsi ngnaaiﬁr:lahamﬁe£51EU§ébsfaﬁeapiﬁﬁaed partly
(P441) at the tine of assenbling the conpressed ink absorbing materi al
2003 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 forégoing
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 chambexr 2004
15 and through the air vent portion 2013, and the
expanded portion of the ;hk 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 coﬁpressed ink absorbing material 2003

25 can be reduqed as compared with that in Embodiment 10,

and therefore, the ink retention ratio can be

increased.



at the bottomend portion of the ink chanber wall, the 1 7 DEC 2003 -71
conpression ratio adjacent the ink chanber 2006 becones locally high with
the result of the local increase of the capillary force. Then, thdrkDEG2083
possibility that the air is blocked between the 5 portion adjacent the ink
chanber 2004 having the normal conpression ratio, and therefore, the

smal ler capillary force, with the resuH&#®-of fornati on of neniscus
preventing the ink supply fromthe ink chanber 2006. Therefore, this
shoul d be avoi ded. 10 As described in the foregoing, according to

Enbodi ments 10 1, 1 d 13, the hybrid type ink container is inproved,
and there arémgﬁé%ﬂﬁgé—ige supply portion to the recordi ng head and the
air vent, and there apg furtgﬁr Brovided a_supply ink chanmber 15
cont ai ni ng i nk absor bf AUAEL &F SRSy iEn FWEditd &baddmantar ¥ or ce, and one
or nore ink ef..L.n- Lgation _therewith. The capillary force of the
i nk absorbingﬁga e?Pé|cg§BF§§§93tﬁgﬂu EP T &Pﬁ'HPFﬁﬁ?%iﬂFQEﬁﬁ$QFQMNtion to
t he recordi ng,h ' I r,th t he capillary.force of the ink
absor bi ng rrg?e??lﬁgl h%n?ggmégmﬁggati%nggﬁgﬁat\ﬁ%toP:I'nttt?e\ﬁhﬁl?e &FfFer, by

whi ch thesst aQihi 28Rl BRL § AN i i | eakgge of the ink
can be prevented. Tﬁergﬁoég,g?%gnrﬁﬁgkgﬁﬁggﬁé%%g§&g§§?'to§%5 handl e, and

the ink reterigagerabs khehkalipre5saadimRNanks My BategsEyr € reduction
tests for,the ink

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. Tge compressed
ink absorbing-material adjacent the en&-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
(R423)). 1In addition, along the wall of the ink
Chamber, even smaller compression ratio material A424
is disposed to promote the formation_of the air-liquid
interface A421 adjacent the bottom end portion of the
20 ink chamber.. In this embodiment, the compressed ink
absorbing material 2003 is separated into three parts,
and is compressed beforehand, and 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. 1In addition, the low



1 7 DEC 2003 _72_ containers described in the foregoing, a problem has

been found that the ink is | eaked out in sone of the 1ink container when
the ink having the conposition which will be stated in the conparibkdBET 3803
3 which 5 will be described hereinafter, therefore, the |eakage prevention
performance is varied for individual ink containers. Various

I nvestigations and test of the inventors have revealed that the ink
buffering effect 1is influenced by affrﬁpry between the ink and the ink 10
container. Figures 14, 45 and 46 show conparison of the ink container
resulting in the ink | eakage. In Figure 45, (1) indicates a region in

whi ch the ink abf rbing mat eri al . has ne er_bfen C ntacteg b % e ink; (I1)

's 15 the reGPBhLURF ¥ ARSC oABEOERENOABEbEEEL, e RARPOSRE 26 386(1 1) s a
: 9 he i : he initi . he |

contai ner . i Brega)tnl Enahbfs' §alf “HRM cpbnErpRel | BrelafsBra C g

fromthe SUﬁggégg%g%iggriﬂet.Sk!EhPﬁg?ngggFgggéfggghegn&o%ifth the ink in

the i nk cha omthne ini g. ures-4 ﬁoms the time

when t he:inkg,.} €.l N h ' d out into the ink chanber
3004 by expaﬁgégﬁigft?hghgi?gpﬁgfégggﬁﬁa gﬁgggér 3006 due to the anbient

pressure gectfBs8ifbnt! ggperature increase fromthe state of Figure 45. A
part of the Tnk 1S absorbed into the portion which has

Figure 43 shows a 13th embodiment, in which
similarly to the 1l2th embadiment, the compressed ink
absorbing material 2003 is separated into three parts,
and there are high compression ratio portion A432,

10 minimum compression ratioc portion A434, and there is
small compression ratio portion (intermediate
capillary force) A433 at the bottom portion of. the ink
chamber 2006. In this embodiment, even if the ink
level in the ink chamber 2006 becomes lower than the

15 bottom end of the ink chamber wall 2006, the ink
discharge into the ink chamber 2004 can be suppressed,
and therefore, the ink internal pressure variation in
the ink supplying portionlcan be reduced. Therefore,
the opening for the communication between the ink

20 chambers at the bottom thereof can be increased, so
that the limitation in the design of the ink container
can be slightly reduced. In this Figure, A431 shows
air-liquid interface. However, in this embodiment, as
shown in Figure 44, if the ink absorbing material is

25 further compressed partly (P441) at the time of
assembling the compressed ink absorbing material 2003

at the bottom and portion of the ink chamber wall, the



once absorbed the ink. However, the other ink is not 1 7 DEC 1003 -73
absorbed by the absorbing material but |eaks out from the air vent ﬁﬁ@iZNB
along the ink container wall or the clearance between the ink cont i

wal | 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 permt 10
better ink absorption. This has been confirnmed in the follow ng manner. A

unused conpr eggad a8R89KRI Qﬂtﬁﬁt ah4&e Loy %}p%micbn@aéaeri al) and a

conpressed absorbing material havirng the experience o bsor ption

once, are i MbegomheksN1bla11Knighd Wite: Ehd gl Ofof NnabrsEptions are
measured. It has been found that the unused ink absorbing material hardly

absorbs the idkcieager af fHe, cabangasyt TR raRsor iHuh, dterd als havi ng the

experience of ink absorption exhibited not |ess than several cm and

therefore, thepod@ibdtdrtkakhatdithiecadrca s bilidukdd bathesdrdi #lge nat ure has
been confirmed. In the ink cartridge of this enbodinent, the ink can be

filled in thepomtionasddeced®0ahio irike dhaniberof2004 heotinme the the initi al
state. In addition, the-ink can be filled into the ink 25 chanber 3004 to
the ink r et ai Moxgalli Foppressionoratioy anditheargiare ofthéesmaloler descri bed
poi nts, the capillary force, with the result of formation of

meniscus preventing the ink supply from the ink

chamber 2006. Therefore, this should be avoided.

10 As described in the foregoing, according to
Embodiments 10, 11, 12 and 13, the hybéid type ink
container is improved, and there are prévided the
supply portion-to the recording head and the air vent,
and there are further provided a supply ink chamber

15 containing ink absorbing material having adjusted
capillary force, and one or more ink chamber in:
communication therewith. The capillary force of the
ink absorbing material at least the upper part of the
ink supply portion to the recording head is made

20 larger than the capillary force of the ink absorbing
material at the communicating part with the ink
chamber, by which the stabilized ejection is
maintained, and the leakage of the ink can be
prevented. Therefore, the ink container is easy to

25 handle, and the ink retention rate 'is high.

Embodiment 14

During pressure reduction tests for the ink



ink is filled into the ink chanber 3006 to the limt 1 7 DEC 2003 -74 of

its volunme, and the ink is filled into the ink chanber 3004 to establish
the once wet state of the absorbing material is established before gﬁgfyﬁﬁj
thereof. Further thereafter, in order to maintain the 5 predeterm ne
vacuum i nmedi ately after the ink cartridge is unpacked, a proper amount of
the ink can be renoved so that the ink’2ontained in the ink chanber 3004
is less than the ink retaining limt thereof. 10 After the unpacking of

the ink container, the ink is consunmed fromthe ink chanber 3004,. and

t hereafter, the ink in ‘'t he i'nk chanber 3006 is_ used the ink is
consumed fr oFPBHRiReKS ResOEPadoBn F%ﬁuﬁ??ﬁ%o%ﬂ% bﬁf?@??ﬂﬁmfﬂﬂﬁtlon t he

i nk absorbing 15 paterial in the_ ink g 3004 Qas once ?eg and
therefore, thBeeRnpkewag E@aEaEF?ylﬁﬁsb?b *ﬁ%r%ﬂ§ B aRE™En&F et dF e the

offect i vel y PRbveRRERTAREReathG bhk BATRgNcPRecarPOsBt iRl = an tnk
o i AR BRTEE Ebe caPRA e R o SRR L1
0K % ARFS BULabSORIBEN REbbRabol combelises, S Loapighl on, Lhe
I nk Conta'“eﬁre@éﬂ¥igﬁdp&££8rﬁaﬁéefHEC%éPﬂéd £brPHEY vhauaeNghier ed
containers. Various investigations and test of the
inventors have revealed that the ink buffering effect
is influenced by affinity between the ink and the ink
10 container.
Figures 14, 45 and 46 show comparisbn of the
ink container resulting ir 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
(III1) is a region containing the ink. Figure i4 shows
the initial state of the ink container, Figure 45
shows the state in which the ink has ﬁeen consumed
from 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 from the state of Figure 45. A
part of the ink is absorbed into the portion which has

once absorbed the ink. However, the other ink is not



1 7 DEC 2003 -75 that the absorbing material is treated with the ink or

anot her agent providing good rewetting nature before the absorbing

material is set in the container. However, this may require the dryliﬁ@ECZf]UJ
step or the like. 5 O, if the agent other than the ink is used, the

consi deration should be paid to the possiqhility of the damage to the
heater by the agent solved into the ink. It would be al so 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 t absefrbed, biyheher absetbing marediglalbty ldikd idiey S£mt he- paper
in the random directions, thus decreasing the print quality. Figures 47
and 48 show Zhepdifri senén3ddidnaliongl Thef ink conteerdmwalh ddhedee Fi gures,
(r)y, (rr) and (I11l) showthe simlar things as with (1), (1l) and (I11)
of Figure 45clearahce bedwelea theo inkk comtaiores WBAA7 amtl 3608 are provi ded
whi ch are in conmunication with the ink chanber 3006. In this enbodi nent,
the 20 ink iabsoshdngedateniad.order of the ink chanber 3006, the ink
chamber 3007 and the ink chanmber 3008. In this nodified exanple, the ink
chamber is5separated Thet Fepson feanitdis isocansddangsbas dfolghawent i ng t he
| eakage of the ink at the tine of the pressure 25 reduction and the
tenperature CREndSk 2pseEddmg,Batepial neyetocaRhartachinli g ik wien t he

airs in the gl SRR W05 oSy 3 At SO, 30YY are 17 DEC 2003

absorbing material having the experience of ink
absorption, has different surface state to permit
10 better ink absorption. This has heen confirmed in the
following manner. A unused compressed'absérbing
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. 1In the ink cartridge of this
embodiment, the ink can be filled in the ink chamber
3006 to the limit of its volume at the initial state.
In addition, the ink can be filled into the ink
25 chamber 3004 to the ink retaining limit. Therefore,

in consideration of the above-described paints, the

ink is filled into the ink chamber 3006 to the limit



-76 expanded in the state of Figure 48, for exanple, the expanded vol une
of the air in the ink chanber 3006 is released through the air vent

t hrough the ink chanber 3004. The expanded volune in the ink chanpgmfggﬁﬁ
is 5 released by the ink flowng out fromthe ink chanber 3006 and the Kk
chanmber 3004. In this manner, the ink chanber 3004 is given the buffering
chanber. The ink retention capacity of _the conpressed i nk absorbing
material in the ink chanber 3004 nay be?dstermined in 10 consideration of

t he | eaki ng anount from ohe' ink chanber. In this case, too, the entirety
oi the conpressed absorbing material of the ink chanmber 3004 is once

bj ect ed t he i nk ab ti that t ove-d ib dvant
o Tets can BE LrbvraLane. and koa thE bar FAtRE SREADERS ARE anaabe: 9004
b d in th i f , _th i i t wh
Che Th ! PaucehatRat 5004’ o) BARabITLR WhE ShAE LES D43d BE AEOUT When

educed~ Enbodl JERL »d5n20eBRLE NGk ANT QNS SBeoPadlTRAL 15 Wi I I be

descri bed. - an-a ructure o € recording head is the sane as

W th Figure %he'ffasfi. ”_Sirg‘i-gﬁ%rt Reer84¢RaR9e3N %ghg\l?mi%%”hﬁiiﬁ%%iiocé%ei s

separated into four ink nbers a, b, ¢ and h comuni cate at the
25 bot t omy Ag:aa&a?a&ehaanea&&hﬁr i Ained?@2el PV b¥¢edn tnadjinkt ed capillary
c

force is packed into the conmunication part between the ink chanber a and
the T7 DEC 2@Q3tridge 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 inkrchamber 3004, and
thereafter, the ink in the ink chamber 3006 is used.
When the ink is consumed from the ink chamber 3006
requiring the buffering function, the ink absorbing

15 material in the ink chamber 3004 has once been wet,
and therefore, the ink can be easily abscorbed thereby,
and therefore, the buffering function can be
sufficiently accomplished. Therefore, .the ink is
effectively prevented from leaking out through the air

20 vent. An ink container thus produced is mounted on an
ink jet recording apparatus, aﬁd 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 gquality.

In order to manufacture the ink container

provided with such functions, it would be considered



I nk chanbers functioning as the ink supply portion w thout substanti al

cl earance. The ink chanber d having an air vent 3003 is packed with a
buffering absorbing material to prevent the | eakage of the ink. 5 THiBEG 203
such a hybrid type ink cartridge. In the state of Figure 49, about one half
of the ink in the ink chanber 3007 has_bgen consuned from the initial
state having sufficiently filled ink chanhbers 3004, 3006 and 3007. Wen
the Ink is further 10 consunmed, the ink is- supplied fromthe ink.-chanber
3006, as shown in Figure 50, fromthe tinme,at which the ink is used up from

the ink chanbglia8Ofie dAbfoiting imateFidersopsedesafPPht PReSiAkEoghOWN in
Figure 50, and at the tinme when the ink is used up fromthe ink 15 chanber

3006, the inkasdtiidés dgede prdppldbtlg fgesa t Fevet Pkngbs@traopsebeei al in the
i nk chanber 3004. When the ink is substantially used up fromthe ink

chanber 3004the habsoaihimy asdteri 2k tondéat Nt the cxshpagadr. 20 25 Figure 51
shows the principle of the internal pressure production of the ink and the
i nk supply i nHowevpedi nes Ifay Frequibe thé tdrypinghshdperorntheghike. 51, the
i nk 3201 has been substantially used up, and because of the communi cation
with the a¥rbi@ncelf htkeigdgenthcother voman able t tmk chsmasedat the portion
between the ink chanbers, it is in the atnospheric pressure. The ink is
suppl i ed to tFeRFHLRFUFIRR heenld e tPRid ko Ehpppgspbbilbhyt afotle t he

conmuni cati on ggrts between 1 7 DEC 2003
damage to the heater by the agent solved into the ink.

It would be also considered that the ink having good
affinity with the absorbing material is used.

10 However, such an ink generally exhibits better seeping
property in the paper, and therefore, fhe printed ink
smears along the fibers of the paper in éhe randon
directions, thus decreasing the print quality.

Figures 47 and 48 show a modified embodiment

15 of thié invention. In these Figures, (I), (I1)} and
(I11) show the similar things as with (I), (II) and
(I1I) of Figure 45. 1In this example, two ink chambers
3007 and 3008 are provided which are in communication
with the ink chamber 30b6. In this embodiment, the

20 ink is consumed in the order of the ink chamber 3005,
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



-78 ink chanmbers, in response to which the ink 3201 is supplied out from
the ink chanber in conmmunication wth the ink chanber which has the

at nospheri c pressure through the ink absorbing nmaterial 3201 5 having an
enhanced capillary force by conpression, between the ink chanbers. 1ThBEC 2003
pressure of the ink chanber is reduced corresponding to the consunption of
the ink. Then, the air is introduced into the ink chanber from which the
ink is consuned so that the 10 pressure76f the ink chanber whose pressure
is reduced by partial break down of the neniscus in the' conpressed ink
absorbing material 3202 between the ink chanbers. The internal pressure of
the ink supply portion.is maintained at a predeterm ned |l evel by the 15
capi | | ary foezpanfledhéncher stete iofk Filgveebitly Ieat éXegiPlen (1€ i nk
comuni cating part between ink chanbers. Figure 52 shows tg change of -t he
internal presparded: vohamenREstbel Rigodn Sheof nih ELEEDREN G ilﬁ &%20 ink
cont ai ner of Enbodinment 15 in response to the ink supﬁgé %&Pn qution).
The i nt er nal rpleasede thsoughoghee@ify vend ERsPMaRy Fhey buf f eri ng
absorbing material or ink absorbing material, hu ressure is

produced by 2R84capThraPFPREAes vE3Uge ffe WS %%%m#%%egﬁﬁﬂﬂ"sng
Chanber 3808 TRRERE FHK BRaRBE: HIGHI o Sk G aih del FRE e
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 absdrbing
material in the ink chamber 3004 may be determined in
10 consideration of the leaking amount from one ink
chamber. 1In 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 Since the buffering chamber (ink chamber 3004) can be
reduced in the size, and therefore, the residual ink
amount when the ink is removed after filled in the

manufacturing process, can be reduced.

Embodiment 15

20 Referring to Figure 49, Embodiment 15 will be
described. ‘'The 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 abscorbing material 3002 having an
édjusted capillary force is packed into the

communication part between the ink chamber a and the



with the supply of the ink, so that during the ink supply fromthe ink
chanber 3007, the substantially constant ink pressure is maintained1?;<pig
described in the foregoing. Wien the ink is further consuned, the 5'i C 2003
supply fromthe ink chanber 3006 is-started. Upon the switching of the ink
chanber, the internal pressure at the ink supply portion-slightly varies.

It is considered that this phenonenon iz’ felated with the measurenent of
the internal pressure with the 10 conti nuous ink supply and the tenporary
occurrence of the pressure reduction state-both in the ink chanbers 3007

and 3006. Ho M ot o] enconfirned that, the variation is not a

si gni fi cant \g?l\gﬁlcehndf&vaétlﬁé fk{g‘sc&elcqn{%g 32 ‘f%&%rﬁ‘ﬁﬁ? ROTHLPY ecording 15
erfor mance ; | e ik becones stably consuned

Pr omthe i nglcﬁﬁg%%%oﬁ%{?%]t erna é‘%‘r es'lts}ber eierfc]%ncgq ?Ii'_z d again.

(Consunady 1 o 1 TR gt 0 B00Y 438 PR el Wibaddlieddy | D SUPPI! e

(consuned) fromthe 20 ink chanber een foun

recordi ng opeikddHind mtedWE S| préfd et @t We%&%ﬁ Li%(r%&e)g%'e function

stabilization period shown in Figure 52. Figure 5

of the bufferiing fabsaidt iDhybB¥Rl i pS2id avktiggd Nk has 25 been
overflowed fromthe ink chanber 3007 due to the air expansion in the ink

chanber 3007 attri but dld ethe stdtee refiRiditre of9 ! habaitasddh eid e Rgessure and
the 17 DEC 1003 -80- tenperature rise. In this enbodinent, the overfl owed

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 éime,at which:
the ink is used up from the ink chamber75007. 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 the internal

20 pressure production of the ink and the ink supply in
Embodiment 15. From the left ink chaﬁber in Figqure
51, the ink 3201 has been substantially used up, and
because of the communication with the ambience through
the air vent and the communicatiné portion between the

25 ink chambers, it is ig the atmospheric pressure. The
ink is supplied to the recording head from the ink

supply portion through the communication parts between



ink into the ink chanber 3008 is retained by the buffering absorbing
material. In the case of 0.7 atons, the ink retaining Capacity of th
buffering 5 absorbing material 3300 is determned 30 % i nk | eakage ffamEcsz
the ink chanmber 3007 at the maxi rum Wen the atnospheric pressure
restores to the |l evel before pressure reduction (1 atm, the ink | eaked
into the 1ink chanber 3008 and retained in the buffering 10 absorbi ng
material 3203 returns to the ink Chanbet78-3007. Thi s phenonenon occurs in
the simlar manner in the case of the tenperature change of the ink

contai ner, but the amount of |eakage is smaller-than that at the tinme of
pressure reduction even if the 15 tenperature increases by 50 C

appr oxi mat el ¥PX| FhARPETrSasdn mesPomseh Hof afiimh tdreeringt 3201 diesi gned i n
consi deration of .the maxi num | eakage. However, during the pressure
reduction t eSEPPA1ffoREME IREs theed nko GRAMIRR it CqmMURIGARELPUt in some of

the 20 ink containers, and therefore, the |eakage prevention property is
dependent onWF%E ﬁﬁ i&PgugpaﬂgﬁFéVﬁéFQ has e sdaesmiardG hat this is

Tt or ol . 32BEeRRUERe RS BRaThE, 130 s P sR R ARt 91 therefore, the
bufferingg a QLN ri.al, 3 .5 subjected.to the experience of ink
absorptioﬁ t é?éﬁh %gpgbgaé%gdtégﬁééﬁg;yiF%ﬁg? f?yﬁq?afﬁéﬁi?qﬁnf__been

conf i Ted t NB+WRBA e ki ChalSied Othd BLQedld I (TR 3008 due to

t he expansion of the air
chamber is reduced corresponding to the consumption of

the ink. Then, the air is introduced into the ink
chamber from which the ink is consumed so that the
10 pressure of the ink chamber whose pressure is reduced
by partial break down of the meniscus in the’
compressed ink absorbing material 3202 between the ink
chambers. The internal pressure of the ink supply
portion is maintained at a predetermined level by the
15 capillary force of the compressed ink absorbing
material in the ink communicating part between ink
chambers.
Figure 52 shows the change of-.-the internal
pressure at the ink supply portion-of the exchangeable
20 ink container of Embodiment 15 in response to the ink
supply (consumption). The internal pressure is
produced by the capillary force of the buffering
absorbing material or ink absorbing material, but the
internal pressure is produced by the capillary force
25 of the'comp;essed ink absorbing material (compressed
portion) in the communicating part between the ink

chambexr 3008 and the ink chamber 3007 in accordance



in the ink chanber 3007 due to the tenperature rise or the pressure
reduction, the ink is absorbed in the 5 buffering absorbing nateriaikj%8§mn
in the ink chanber 3008, and therefore, the ink does not |eak out.

descri bed herei nbefore, the ink chanber 3008 is an ink buffering chanber,
and therefore, 'a't the initial stage of the use, it is preferable that it
10 is not filled with the ink: Therefore7%n this enbodinment, the

i nkchanbers 3004, 3006 and 3007-dre filled with the ink up to the limt,
and the ink chanber 3008 is filled with the ink substantially to the

limt, and the[ﬁafggr, the_ ink is renoved fromthe 15 i nk chanmber 3008,

t hus assuring"th8. b8ff PPR{YePEethe inke sk thait Ausdngpitdeuddd in this

manner is | oaded.in.an ing jgt recordi ng §B aratus, and the pressure
eoapk SO0

reduction testePRrs £&PF & agbery ¢ Heng¥b5EaRtdeAan ned t hat
Lher e PCCUT S, B8ualah RANCR AN LY LR LANL Leoad s Ol vl Y
oand 1o, theks escREANkicd BheklltncC 3R oln S0 i har 0 g0 1K
communt cat Fon it ROPRSTasgly 99 BEK 5TiBet 380 S8 ERaRE IS "BRBR, e
foak our cver Tt hecnaRr of el i ChabEr, "Ene"iataLhl! e 1 Mk does not
pPressure at the ink supply portion slightly varies.
It is considered that this phencmenon 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 tﬁe ink chambers
3007 and 3006. However, it has bheen confirmed that
the variation is not a significant problem with
respect to the function such as the recording
15 perfofmance 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 Dbeen 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



recordi ng apparatus changes, when the recording 5 material is carried out
or not carried out. The'ink wused efficiency is high and the print quality
is also high. Enbodiment 16 In the ink cartridge of the foregoi ng WDDEC 2003
enbodi nents, when the supply ink chanber. containing the ink absorbing

mat eri al becones enpty,. it' is difficult torefill the container in sone
cases. Figure 61 shows the situation i480hich the ink is going to be
supplied (refill) into the.ink 15 container with which the ink in the
supply ink chanber has been used up. Even if the ink is used up in the
supply i'nk chamber (ink chanber 4004) ‘after the ink in the ink chanber
4006 has beertempedalpres rdisieght Iandunits eafbddimersiaitrise i owehfl awesbr bi ng
material. The ink 20 forns neniscuses in various portions of the absorbing
material . Whéik Hatonthes igh wpambeare MHlierdatained thy ithe chanber 4006
not containing the absorbin material 4202, the meniscuses in the

absorbi ng mitudfiez1ing, abger Klgclﬂlﬂﬁ?efriadO041[§’ré#@1tcaﬁ§n§éf f@47ing 25 of the

i nk therein. Rather, big bubbles renain, ] |nd|cated by A611. Wen such
an ink cont aidtoms.s’ lﬁeollﬁédr\ﬁtﬁ%ntll?é?r"é’tﬁ?r% g e q}b\gﬁ?ﬂé’-f*g owis not 1

T Rl SR S e MR LA BB 5,
ink flow ea5|flr¥3mstt%%s 1nl.kncrham§:e CaSRoT Qﬁ'; QRer %a%ri does r?’ﬁ;[ nq.:t | ce
atmospheric pressure restores to the level before
pressure reduction (1 atm), the ink leaked into the
ink chamber 3008 and retained in the buffering
10 absorbing material 3203 returns to the ink chamber
3007. This phenomenon occurs in the similar manner in
the case of the temperature change of the ink
container, but the amount of leakage is smaller than
that at the time of pressure reduction even if the
15 temperature increases by 50 °C approximately.

In this case, the ink buffering material is
designed in consideration of the maximum leakage.
However, during the pressure reduction test, a problem
has been found that the ink leaks out in some of the

20 ink containers, and therefore, the leakage prevention
property is dependent on the individual containers.
It has been found that this is because of the affinity
between the ink and the buffering absorbing material
3203 in the ink chamber 3008.

25 In Embodiment 15, therefore, the buffering
absorbing material 3203 is subjected to the experience

of ink absorption therein before use thereof. . It has



5 the enptiness of the ink chanber 4006 because the ink is contained in
the absorbing material 4202 in the ink chanber 4004, and thereforehébfﬁgmn
recording operation is possible even after the ink is used up int

chanmber 4006. The operator w.l|l becone aware first 10 that the ink has been
used up fromthe ink chanber 4004 and the ink chanber 4006 only after the
recordi ng operation becones not possitﬂﬂ?las a result of the conplete
consunption of the ink in the absorbing material 4202 In the ink chamber
4004. Even if the 15 ink is refilled in the-ink chanber 4006 of this state,

the ink in the_iok r. 4006 does n in contact wth the ink contained

in the absor blsﬁgﬂngt% g‘r%{lgﬁefin%%ﬁjfe "'ﬁi’r‘ﬁ?t %ﬁéﬁbrbﬁﬁo@u% tHEy éifIB-'r{én t,hel t is

not possi bl e S I i that .no _bu e renains ) _

absoni ng nat tg?ﬁeaFHEZéE_ | netrnhiéoi%n_ c‘:’ﬁaﬁt?e_rtt%:mfﬁ‘faqsﬁﬂod’r d%f;rzﬁ pri}!zgdt h:/vist )
roblem the EaK+heORhLA RigBSS &R | q!é hamh (

gn i nk supply poF?ﬁonh?o?ﬁ?ﬁgggggg?§?ng eadf%%ﬁ TR iHk

absor bi ng mat thahrégﬁhi"hn%ﬂﬁh@%{i%@ trl{%te rj.lngﬁatscgﬁrhesér@&cf r}.% reai o

comuni cation with the ink supply cha alni ng i nd i nk

detecting B 7b0E€e208d aBéoany haked2:AC1ING &%g%ﬁ]ée% : feA38.d:£Mai ni ng

anmount of the ink while a predeterm ned anount o remains in the
i nk chanber. 3R08desnd phetefoire, e AhE FodsO nidie 1@ANDUD, for detecting

t he remai ni ng anount of the ink.
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, ig this
embodiment, the ink chambers 3004, 3006 and 3007-&dre
filled with the ink up to the limit, andlthe ink
chamber 3008 is filled with the ink substantially to
the limit, and thereafter, the ink is removed from the
15 ink chamber 3008, thus assuring the 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

capillary force and one or more ink chambers for

containing ink and in communication with the supply



Figure 54 shows an exanple of a control systemaccording to this

I nvention. It conprises a controller in the formof a nicroconputerdp I n
a built-in AAD converter, a voltage converter 4300, an 10 aIarningT e@mtgﬂi
4400. Designated by a reference nuneral 4010 is a recording head. The
alarm ng device may be in the formof an LED display or the like or tone
produci ng neans such as buzzer or the like, or in the formof conbination
thereof. A main scan 15 mechani sm 4500 €@ scanni ngly noving the carriage
HC includes a notor or the |ike. A sub-scan mechanism 4600 includes a
notor or the like for feeding the recording nedium Designated by a

reference V i,s _a _repaining anount .detection signal fro he i.nk 20
cont ai ner. Iﬁnfhfga@ggﬁdiﬁghfggfﬁbt@€h§P§ﬁFb&&ﬂrEWFEQH FoREEh the. two

| d ' ' h 006 d I ni he i nk
The i nk.chaWBEEesols e tht dilimdy sfieRe s oot BB e ce bet veen'
the two el echigdegen i} WHeS diene 20ddRitd 8.2 01l QO P as shown in

Fi gure 66 betwee € remal ni ng anmount oOf 't resi stance
bet ween el ec ; Q%a@§§ ' | 4 , When the ink
| evel in thge%%?éﬁén%g?aig?gé%oomr tgg\sl‘)ﬁ%glvvqt E(ralljgllppercﬁ €l ectrode of the
two el ect 50dg4E90a1t Y RIS RDOYNERA Ae WA SRS I adRs 13l upt |y
increases, and a 5 corresponding voltage i s produced between the
el ectrodes. TaRdv@flfadq dntys WPlHiemh @ndedte) pint quality is also

high.

Embodiment 16

In the ink cartridge of the foregoing
10 embodiments, when the supply ink chamber-coﬁfaining
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) intc the ink
15 container with which the ink in the supply ink chamber
has been used up. Even if the ink is used up in the
supply. ink chamber (ink chamber 4004) after the ink in
the ink chamber 4006 has been used up,:a slight amount
of - ink remains in the absorbing material. The ink
20 forms meniscuses in various portions of the absorbing
material. When the ink is going to be supplied into
the ink chamber 4006 not containing the absorbing
material 4202, the meniscuses in the absorbing
material in the ink chamber 4004 prevent dense filling
25 of the ink #herein. Rather, big bubbles remain, as
indicated by A6l1ll. When such an ink container is

joined with the recording head, the ink flow is not



t hrough a voltage converter circuit 4300 to the AAD converter in the
controller, and is AID--converted thereby. Wen the neasured val ue exceeds
a 10 predetermned |l evel Rth, the necessity of-the ink injection '@ZDEEZMB
informed of to the operator by actuating the warning device 4400. A

time, the operation of the main apparatus may be stopped, -or the-apparatus
may be stopped after the current operatrgﬁ is 15 conpl eted. Thus, the ink
consunption is stopped while a small anmount of the ink renains in the ink
chanber 4006, and therefore, . the ink can be refilled continuously in the

bsor bi ng mat gg 0_¢h 4904, and ! her ef the ink
absor D! 10 TGkl it Dkl CoB "RERCL s 120Enca el UL “eie bbbiss
pressure at the tRE abEpHY1AEMhhOH-Ph1! 138X shARARANLE ik Conta'“er

according to this enbodi nent accordance w &5pl y

(consunption)4odd, t&ea t r e (negative
pressure) is produced bgﬂ?ﬁggéggla?é?yiggrggkgfggﬁ R% %%BE% 2003 -86

conpressed i nk absorbipg #Ri8" take4208ei Bp EEthdeggg4HE%rP§egé However,

with the reduction of the ink in the ink chanber consunptlon

of the ink§ the émpeinésspsESEHEeCiRy éﬂsmsaEIhb@%ybhehﬁéegEﬁQUQ y 5
I ncreases in accordance with the conpression ratio distribution (pore

di stribution)isncomcainedr tasthei absosbingbnageiraher 4ah24282+n¥hegxt he ink
's further chamber 4004, and therefore, the recording operation
is possible even after the ink is used up in the ink
chamber 4006. The operator will become aware first
10 that the ink has been used up from the ink chamber
4004 and the ink chamber 4006 only aftér the recording
operation becomes not possible as a resﬁit of the
complete consumption of the ink in the absorbing
material 4202 in the ink chamber 4004. Even if the
15 ink is refilled in the -ink chamber 4006 of this state,
the ink in the ink chamber 4006 does not in contact
with the ink contained in the absorbing material in

the ink chamber 4004, and therefore, it is not

4

possible to supply the ink so that no bubble remains
20 in the absorbing material 4202 in the ink chamber
4004.

In order to solve this problem, the ink
container comprises an ink supply chamber provided
with an ink supply portion for the racording head, an

23 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



consuned, the ink distribution in the ink chanber'4004 is stabilized, and
the ink in the ink chanber 4006 10 starts to be consuned, and the air is
introduced into the ink chanber 4006 in the manner described in the7 DEC 2053
foregoi ng. Thus, substantially constant internal pressure is naintained.
When the ink is further consuned to such an extent that a predeterm ned
amount 15 of the ink is consunmed from tgg_i nk chanber 4006, the remaining
anount detector operates, and the action of pronoting ink refilling and
stoppage of the printing operation, is carried out. By doing so, the
refilling is-possible before the ink is consumed fromthe ink 20 chanber

4004 beyond mepnedeber aeBedtdag’ eeduetdont B ¢her & S iinaK sgAmRne refilled
in the refillable- state. As for the refilling netﬁg%} égﬁghownn?n Fi gure

57, for exanpfethaninhkwhippl u peetete@miobdt Bacabti blf ¢mamel 4006 is
unpl ugged, and the ink is injected into the ink chanber 4006 with a pipe
4052 or the rémaénsAitnethéhenknphambes,. the supply port 4005 is 1 7 DEC
2003 -87 plugged by a plug 4051. The refilling method is not limted to
this, but another metThd desusapteonThellpbei made at tberhekmewpgl y port
4005 is not limted to that described above. Thus, the ink cartridge can
be 5 reudedforndekectirggthagremhéningnanongtaofutheofinkhe ink is
detected on the basis_of the resistance between electrodes in the
cont ai ner. However, "t R&gWEeH84' shows an example of a control

system according to this invention. It comprises a
controller in the form of a microcomputer having a
built-in A/D converter, a voltage converter 4300, an

10 alarming device 4400. Designated by a reference
numeral 4010 is a recording head. The alarming device
may be in the form of an LED display or the like or
tone producing means such as buzzer or the like, or in
the form of combination thereof. A main scan

15 mechanism 4500 for scanningly moving the carriage HC
includes a motor or the like. A sub-scan mechanism
4600 includes a motor or the like for feeding the
recording medium. Designated by a reference V is a
remaining amount detection signal from the ink

20 container. In this embodiment, the constant current
flows between the .two electrodes in the ink chamber
4006, and the remaining amount of the ink in the ink
chamber 4006 is determined on the basis of the
resistance between the two electrodes.. In this case,

23 there is a relationship as shown in Figure 66 between
the remaining amount of the ink and the resistance

between electrodeas.



detection is not limted to this type. Mechanical or 10 optical detection
method is usable. In this enbodinent, the ink container is an exchangeable
type, but it may be an ink jet recording head cartridge having a r?iqjgi@@
head and an ink container as a unit. 15 Enbodinent 17 Referring to 'é J
58, 59 and 60, Enbodinment 16 will be degcribed.’" In fluid comunication
with the ink chamber 4006, two ink chanBers 4007 and 4008 are provi ded. In
this 20 enbodinment, the ink is consuned in the order of ink chanber 4006,

I nk chanber 4007 and the ink .chanmber 4008. In this enbodinent, the ink

hanb is divided f [ he i nk
chanmber is divided ingg §ﬁ%bnpart ﬁﬂgésggr ? oggﬁ Pg igggh%ggat ein

| eakage when the anbi ent pressu ture

i ncreases, as S p t d 16. _For exanple, when
the .airs |nt§ﬁe§?%k8€ﬁﬂa%€r4g§€ fé 5r$hggb§ﬁi3ﬁaﬁ5 r9BB8% 1 7 DEC 2003

- 88 expand | Neléetsd f X ed f_the ink
chanber 4006 is reIé%%S%Ptﬁg%gﬂﬁg %ge%%$8d€e% ghdtﬁﬁbggéﬁsgﬁa Fnk chanber
4004. As showbetweedi €& ecidd, elder FSBRRIEH-aFPLP! 11 0rbCLIK er 4007 5

is-rel eased by the flow of the ink into the ink
chanber 4084.cdhnsspoieingkvoTfegdel s 49PdahSed ByEEEEn WhE the “butferi ng

chanber function. Therefore; the ink retaining capacity of the conpressed
i nk absorb|ngehagbr¢d¢84202hervﬁitag@kis 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 operatér by actuating
the warning device 4400. At this time,-éhe operation
of the main apparatus may be stopped, - or the apparatus
may be stopped after the current operation is
15 compléted.

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 abséthing material in the ink

20 chamber 4004, and therefore, the ink container can be
reused.

Figure 56 shows the change of the internal
pressure at the ink supply portion of the exchangeable
ink container according to this embodiment in

25 accordance with the ink supply (consumption). At the

initial stage, the internal pressure (negative

pressure) is produced by the capillary force of the



10 chanber 4004 is determ ned in consideration-,,of the |eakage of the ink
fromone ink chanber. In this case, the ink is consuned sequentially from
t he i nk chanmber 4006 and the ink chanmber 4007. Wen the ink is consF?%g
fromthe last 15 ink chanber 4008, then the ink is consunmed fromthe' /i f 2003
chanber 4004 containing the absorbing material up to the ink supply stops.
In order to detect the renmaining anmoungt0f the ink in the ink, chanber
4008, there are provided el ectrode 4100 in the ink chanber 20 4008, as
shown in Figure 60. An ink injection port is formed in the ink chanber
4006. In this enbodi mnent, the remaining amount of the ink is detected only

in the ink ehmptassdd0fnk aalsd 61 8d OhSretDgl | foshaADERe #8R6 and the ink

chanber 4007 are capable of 25 containing the ink to the all vol une thereof
except for ¢imntoonmd0b4at i Bowgesd, «ithhehel pedhedesnase thacahred at the
sanme | evel as in Enbodi ment 16, the 17 DEC 2003 -89 anount of the ink
remai ni ng i niz highe niak haivdmive 110400 £ @Y ot e Ngoti $empbsonbongthat £rikal at the
time when the electrodes detect the limt, can be reduced, to permt

ef ficient usthefinternphqredsure thy stikerboap hrbary startar gyadoaFipodi nent
16, the refilling is possible before the ink becomes insufficient in the

i nk chanbér YTEZRI/RA althi IRFATRENCH SOF P ngheacerpraess Eabodatemt 18 10

Fi gure 62 shows Enbodi ments 18, in which the
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
pPressure is maintained. When the ink is further
consumed to such an extent that a predetermined amount

15 of the ink is consumed from the ink chamber 4006, the
remaining amount detector operates, and the action of
promoting ink refilling and stoppage of the printing
operation, is carried out. By doing so, the refilling
is- possible before the ink is consumed from the ink

20 chamber 4004 beyond a predetermined degree, and
therefore, the ink can be refilled in the refillable-
state.

As for the refilling method, as shown in

Figure 57, for example, an ink supply port 4005 of the

25 ink chamber 4006 is unplugged, and the ink is injected
iﬁto the ink chamber 4006 with a pipe 4052 or the

like. After the injection, the supply port 4005 is



wal | of the ink container is of transparent or sem - transparent nmaterial,
so that the remaining anount of he ink can be detected optically. In this
case, a light reflecting plate 4002 such as mrror for 15 reflectinlg.]bpf2
light is provided on the ink chamber wall in the ink chanber 4006 to 0C3
reflect the light, and a photosensor conprising a light emtting el enent
4043 and a light receiving el enent 4044gys di sposed outside the
container. The light emtting el ement 4043 and 20 the |ight receiving

el enent 4044 may be provided on the carriage, or at the hone position
having the recovery system In Figure 62, the light is emtted fromthe

| i ght emttinplegge@nby4d48lag 409t edeThenratill ahgyemetRddahd tbe |ight is
received by the light receiving el enent 4044 after it is reflected by the
reflection plimétedoroeckhipl ebuthanothar sethedngsctepabhe.40T8e17 0 E C
2003 _90 is of LED elenent, and the light receiving element 4044 is a

phot ot r ansi st BPSbEiemeof ke iﬂkF$BBPbY629rt(6995tg§ nak Llimited to
substantially. In such a situation, the Iight emtted fromthe |ight
emitting 5 el Ehdhtd8ad93ipedppBeked bibuse the ipkiRartxkdgRaRBEr Pe4006, and
t herefore, _the Iigat recei ving el ement 4044 does not receive the |ight,
and t her ef 3r eTBHE€But put of the detector is small. However, the ink is

i tting olemont 4043 18 Ke PFogRLAs. ahne epersied eReth: ph th the o
l'i ght 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 c&ptainer 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 4?06, 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

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



recei ving el ement beconmes high. When the |light energy (output of the
detector) of the light receiving elenment 4044 exceeds a predeterm ned
threshold, a 15 warning signal for pronoting the injecti on of the ilrkDED 2003
produced. Figure 63 shows a nodified exanple in which the light emtting

el ement and the light receiving elenent is opposed with the ink.container
20 therebetween. Figure 63(a) is a top-pBan view, and Figure 63(b) is a
cross-sectional view. In this case, the material of the ink chanber 4006
is also transparent or sem -transparent. In this exanple, there is no
need of using the reflection plate, and 25 the detection sensitivity is
better sincet¥Ranfi Yhtthe SBPEQCPfyFiﬁéﬁﬁvéﬁr thet perpafdegopmgunthe

description hgs ﬁeen %7 DEC 2003 __91 nade_w th respect to a single ink
contai ner, bt FRE 1pkechamberyaRPPoisi Tedgprraabheoreh; fkec8afai ners for

head for bl kRt oyt ChEguaRoERe ik, BRRBRRECFOPS- o 85, ShAwpiBgent
ventLon | se iRl Bolt Hhecesuiahen' SaSLaL Ta"ERd AR EhE L S8 1S
color:  ne" SEpBEebd b B dTHRHE M7t ks AEEOEAEOE R LT, e ool
remaining  agRupbeFBY08E 2AHCEAEUiAR EREmPAS! 3064 .  Nenus, the ink
chamber 4004 is provided with the buffering chamber
function. Therefore, the ink retaining capacity of
the compressed ink absorbing material 4202 in the ink
10 chamber 4004 is determined in consideration of the
leakage of the ink from one ink chamber.
In this case, the ink is consumed
sequentially from the ink chamber 4006 and the ink
chamber 4007. When the ink is consumed from the last
15 ink chamber 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
20 4008, as shown 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
25 containing Fhe 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



transm ssivity of the ink. In the foregoing, the ink container is 15
exchangeabl e. However, it is in the formof an ink et head cartriggﬁ 0
havi ng-i ntegral recording head and the ink container. Enbodinment 1 p5%2g3
64 shows Enbodi nent 19, in which the. 20 ink chanber -4006 in Enbodi ment 16
Is divided into two parts, and one of them (i nk chanber 4007) is
exchangeabl e. Figure -64, (a) shows the-&%ate in which the renaining
anount detector is actuated as a result of the ink consunption. -lIn this
case, a fresh ink 25 chanber 4007 is prepared, and replaces the ink chanber
40 07. Figure 64, (b) shows the state in which the used-up ink chanber
4007 is renD\ARPWENPH Fhe |1tk oxgmdiving BC R2093in2chakbeomatner i s goi ng
to be mounted. In Figure 64, (c), the exchange has been conpleted. At this
tinme, a plufPBLRNG Hehgrhspring heatekizhaabethe time owken biyhe he

i njection port 4005 | ocated at an upper 5 position of the ink chanber 4006,
so that the iSeFEFodHHsREt Bhelolymito, Camadre redweedecto abenring

pi pette orirgfaior, and therefore, the operators fingers are not
cont ani nat ed.S541GEHo N5 *F (¥BR $PRFEnk chanber 4004 and the ink chanber

SUFTi Gi ontS and ¢ nor oF it GEAT SESGEASR bbbl FHEHY (Ho ERROAGRERl

standpoi nt. I%'Er@péii]g@ﬂ{]_f@ngt{lg ;goesnsa:j.ﬁé]gbgggggtthe 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. 1In 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 iq 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



detector is not limted to the type using the 15 resi stance between the
“electrodes. It may be an optical type as in Enbodi nent 18, or another type
is usable. A further preferable ink remaining anount detecting met hddEl 003
to detect whether~or not there is the ink liquid continuing through the
comuni cating 20 part between the ink chanber 4004 and the ink chanber

4006. As a structure for doing this, thee®lectrodes 4100 may be di sposed

at the opposite sides of the conmunicating part between the ink chanber
4004 and the ink chanber 4006, respectively. 25 In this enbodi nent, the
recording head and the ink container are separable. However, the

recordi ng head meEy LUs® iellee@nal, Wnkh thee 1iih1C QR N8 gl & REe003 -93 5 10
i ncluding the ink chanmbers 4004 and 4006. As described in the foregoing,

accordi ng to 40Eabddi mephethd rankd stidies ithednaweded 1an difarL @Y ai ner
provided with ink supply portion for the recording head and an air vent,

whi ch conpri ges ,arthenknks ipplfyldhanbert ag@iladilv .ng Ithe&uddik aabsor bi ng
material, at |east one ink chanber for containing the ink and
communi cat i ngiviatipme itile Jdugblty eghianiedr £ riom whiech i ghlte dnfittfifricei ency of
the Ink is detected while a predeterm ned amount .of the- ink remains in
the ink chafBémenindOiie iseddiocker bive titet datki dm ithendinik iahdmber t he
operator. Then, the recording operation can be
. 4006, and therefore, the light receiving element 4044
does not receive the light, and therefore the output
0of the detector is small. Howevér, the ink is
consumed to the state shown in Figure 62, (b), the
10 1light 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 injection 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-secticnal view. In this case,
the material of the ink chamber 4006 is also
transparent or semi-transparent. In this example,
there is no need of using the reflection plate, and
25 the detection sensitivity is better since the light is

difectly received.

In the foregoing, the description has been



stopped so as to permt the ink chanber to be refilled wth 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 17 BEC 2003
f oregoi ng enbodi ments. The preferable ink shows the stability of the
air-liquid exchange portion against the vibration of the ink, and it is
stabilized 20 agai nst the anbi ent condi tyen change. The description wll be
made such inks suitably usable with the ink containers of the foregoing
enbodi nents. The fundanental structure of the ink includes 25 at |east
water, coloring material and water-soluble organic solvent. The organic

sol vent is | cwed®lwithereapdctovovasenagly MAkeebatalaerNobvhitghhd 7 DEC

2003 -94 conpatibility with water. The following is exanples: ani des such
as di met hyl f @vesenrie tnvexntioet hgl apptétahbhedeo kakoreatatinkras faget one,
ethers such as tetrahydrofuran and di oxane, polyal kyl ene glycols such 5 as
pol yet hyl ene 3| GRIRPT akk pheyprepgrdasggpparatus| bpkeeablgl wiéths asuch as
et hyl ene gl ycol, propylene glycol, butylene glycol, triethylene glycol,
t hi odi gl ycol ,PH&Ea4 of yeeronding beag| énr Ylackl , cyBovwemagkehyh et hers of
pol yhydri c. al cohol s such as 10 ethyl ene glycol nethyl ether,
di et hyl ene® gl 3RDI Y2 RSP YT - et AbFOanther PEeRgNENENYRPESPNNBSOTRL hy
et her, nonohydﬂtiéuéiggls sgchlas et hanol and isoprogyl al cohol , and
besi des, glyd%ﬁﬁﬁ, with_a single recording head capable of
ejecting different color inks.
The threshold may be changed for the
respective colors. A filter or the like may be used
10 in accordance with the-color of the ink tq select a
predetermined wavelength light, and the ink remaining
amount may be detected on the basis of the
transmissivity of the ink.
In the foregoing, the ink container is
15 exchangeable. However, it is in the form of an ink
jet head cartridge having integral recording head and
the ink container.

Embodiment 19
Figure 64 shows Embodiment 19, in which the
20 ink chamber 4006 in Embodiment 16 is divided into two
parts, and one of them (ink chamber 4007) is
exchangeable. Figure 64, (a) shows the state in which
the remaining amount detector is actuated as a result
of the ink consumption. ' In this case, a fresh ink
25 chamber 4007 is prepared, and replaces the ink chamber
4007. Figure 64, (b) shows the state in which the

used-up ink chamber 4007 is removed, and a full.fresh



hexanetriol, N--nethyl-2-pyrrolidone, 1, 3-dinethyl-2 15 i m dazoli di none,
triethanol am ne, sulfolane and dinethyl sulfoxide. No particul ar
limtation is inposed on the content of the water-soluble organic 17 DEC 2003
solvent. However, it may preferably be within a range of from1 to 80 % by
wei ght. The coloring material 20 usable with this invention may be a dye or
a pignent. The dye may preferably be mq%gr-sOluble acid dye, direct

P

col or, basic dye, reactive dye or the . The content of the dye is not
particularly limted, 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 #ignPdtra AN LGP nP %,TZ] pEé;i 2003 -95
i ncl ude anloﬁic surfé?iants such asqﬁgfﬁi ac sa]tsﬂ§%ﬁ cohm
sul furic estefcpalée aldVAMRNZRNEC bSEH f% mghﬁ; ‘ﬁ
al 1 phatic an1ne salts

phosphoric ester salts, cationic surfactants such as

and 5 quat er nAryg AUBI AN GRY ot LN he YrlidCHhSe S UE aé?rﬁé hyl ene
oxi de adducts of higher al cohols, ethylene oxide adducts ? yl phenol s,

al i phati ¢ et hyy etitse Mjé&i&ﬁdlﬁ‘dﬁa A0y enated dee agd pf hi gher
al cohol fatty acid esters, ethylene oxide adducts of 1 |gher al kyl

am nes, ethylmrsi toddmemdthe timiofcHamtar 40060 a6 dgsat ety Ane 0xi de
adduct s of pol ypropyl ene glycol, higher alcohol fatty acid esters of
pol yhydric currhigied an®wldaing au .ndHeatd i sacial meadlast whithgnm no  aci d-
and betai ne-type anphoteric surfactants. No
pipette or injector, and therefore, the operators
fingers are not contaminated. It is possible that the
ink chamber 4004 and the ink chamber 4006 remain
10 connected, and therefore, the minimum part exchange is
sufficient, and therefore, it is advantageous from the
economical standpoint.
In Embodiment 19, the remaining amount
detector is not limited to the type using the
15 resistance between the electrodes. It may be an
optical type as in Embodiment 18, or another type is
usable. A further preferable ink remaining amount
detecting method is to detect whether -or not there is
the ink liquid continuing through the communicating
20 part between the ink chamber 4004 and the ink chamber
4006. As a structure for doing this, the electrodes
4100 may be disposed at the oppasite sides of the
communicating part between the ink chamber 4004 and
the ink .chamber 4006, respectively.
25 In this embodiment, the recording head and

the ink container are separable. However, the

recording head may be integral with the ink container



15 particular limtation is inposed on such a surfactant. However,

noni oni ¢ surfactants such as ethyl ene oxide adducts of higher alcoh?hsE

et hyl ene oxi de adducts of al kyl phenol s, ethyl ene oxi de-propyl ene oxi éjﬁdmﬁ
25 copol yners, ethyl ene oxide adducts of acetylene glycol are preferably
used. Further, it is particularly preferred that the nunber of noles of
added- et hyl ene oxide in the ethyl ene oxT @8-adducts shoul d be within, a

range of from4 to 20. No particular Iimtation is inposed on the anount

of the surfactant to be added.. However, it may preferably be within a

range of fromirtIGiaimy Hhdb Dk Weh hberd N rface pepsion may be

controll ed by the above-descri bed mat%?ggg?ﬁglin ?6§EC2003 --96 5 10 15 20
25 organic solvent. inksldidd@ritaat e oV nts, the first liquid
may contain additives such as viscosity rmfh?%%?gagpkﬁsﬁ?ﬁ§%%$sF°

m | dewpr oof i nEnbgpdimenirs Iﬂﬂ4(@@;k¥ﬁéﬁea§SQ£§%ﬁg viscosity of the ink
is 1 - 20 cp. The surface tension should be d%ﬁégéﬁh% %5 dyne/ cm
Further pref e@Bainer iprd8idedwikneloM sddpiPSortion for the

§ recording head and an air vent, which comprises an ink

supply chamber containing the ink absorbing material,
at least one ink chamber for containing the ink and
communicating with the ink Supply chamber, in which
the insufficiency of the ink is detected while a

10 predetermined amount of the ink remains in the ink
chamber, and the result of the detectibn is notified
to the operator. Then, the recording oﬁération can be
Stopped so as to permit the ink chamber to be refilled
with the ink, so that the ink container can be reused.

5 . The inventors have investigated the Property
of the ink suitably usable with the ink'containers of
the foregoing embodiments. The preférahle ink shows
the stébility of the air-liquidqd exchange portion
against the vibration of the ink, ané 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 wa?er. color;ng material and water-soluble
organic solvent. The organic solvent is low volatile

and low viscosity material having high




surface tension of the ink is within this range, it does not occur that
the nmeni scus of the recording head orifice is broken and but the ink is

| eaked out from the head orifice when the printing operation is “017DEE2gB
carried out. The quantity of the ink contained in the ink cartridge nay be
properly determned up to the limt of its inside volune. In order to

mai ntai n the vacuum imediately after thg-ink cartridge is unpacked, the
ink may be filled to its limts. However, the quantity of the ink in the
vacuum produci ng material may be |ower than-the ink retaining capacity of
the vacuum producing material. Here, the ink retaining capacity is the
amount of thecompatapablieyokilhi Rgteret arThedfon1blengndisVieddabieaterial .
The inks according to the enbodi nents of the present invention and the
conpari son examptieswshithbes démethptfdormanideuandofiimatByland wat er - sol ubl e
organic 1 7 DEC 2003 -97 solvent is stirred wwth a dye for four hours, and
thereafter, aaserfpamidet ketaddedstbbrasoacéhene,i ethesspsaghdakhrough a
filter to.remove foreign matters. The ink has been supplied in the ink
cartridge of tefrghvdrofurandaniediesandi ngodpelhylenei glgaovlseduant in
the recordi ng apparatus of Figure 12. The followi ng is conposition, nature
of the inrk aR8 PALYPER¥]ensfgiEesl dandoprlypPropEkese- gkygol,

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-glftol
monomethyl ether and triethylene glycol monoﬁethyl
ether, monchydric alcohols such as ethanol and
isopropyl alcohel, 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, it may preferably be within a range
of from 1 to 80 % by weight. The coloring material
20 usable with this invention may be a dye or a pigment;
The dye may preferably be water-soluble acid dye,
direct color, basic dye, reactive dye or the like.
The content of the dye is not particularly limited,
but 0.1 - 20 % by weight on the basis of the ink total
25 weight is preferable.
| Use of surfactant is desirable to adjust the

surface tension. Examples of such a surfactant used



di ethylene 15 %40 %40 %0 % gl ycol cycl ohexanol 2 % glycerol 5 %
thiodiglycol 5 % % 15 SURFRON S-145 0.1 % (fluorinated surfactant)
ACETYLENOL EH 2% (acethylene glycol -ethyl ene 20oxide adducts) 2.5967 BEC 2003
9.2 %2.5 %dyestuff waterrestrestrestrest [surface tension] (31 [25[40[40
dyne/cnj dyne/cnjdyne/cnjdyne/cn] C ear color inages have been recorded,

and 25 the ink in the cartridge has befP-used up without trouble, for al

of Exanples 1 - 4. 17 DEC 2003 -98 Conp. Ex. 1 Conmp. Ex. 2 5

include anionic surfactants such as fatty acid salts,
higher alcohol sulfuric ester salts, alkylbenzene-
sulfonates and higher alcohol phosphoric ester salts,
cationic surfactants such as aliphatic amine salts and
5 quaternary ammonium salts, nonionic surfactants such
as ethylene oxide adducts of higher alcohols, ethylene
oxide adducts of alkylphenols, aliphatic ethylene
oxide adducts, ethylene oxide adducts of higher -
alcohol fatty acid esters, ethylene oxide adducts of
10 higher alkyl amines, ethylene oxide adduc;é of fatty
acid amides, ethylene oxide adducts of polypropyliene
glycol, higher alcohol fatty acid estefé 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
copolymers, ethylene oxiﬁe 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



t hi odi gl ycol 15 %5 %0.1 % diethylene glycol glycerol 5 % SURFLON S-145
(fluorinated surfactant) ACETYLENOL EH (acethyl ene glycol-ethylenp £

oxi de adducts) 10 dyestuff water [surface tension] 15 2.5 2.5 % reép 2003
rest 17.6 dyne/cm 57.4 dyne/cm O ear color inmges Bl eeding has has been
formed. occurred between The ink has dropped colors. The ink out fromthe
head has dropped out by small input, frggnthe head by small inpact. The
yel |l ow dye was Acid Yellow 23, the cyan dye-was Acid Blue 9, the magenta
dye was Acid Red 289,

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
vacuum 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 organic



20 and the black dye was Direct Black 168. The surface tension was neasured
at 25 oC through Wlhelny nethod. The following is the surface potenti al

at 20 -- 25 oC of typical water-soluble organic solvents: 25 Ethanppg@ggmﬂ
dyne/cm, isopropanol (22 dyne/cm, cyclohexanol (34 dyne/cn), glycerin
(63 dyne/cm), diethyleneglycol (49 dyne/cn), 1 7 DEC 7003 -99

di et hyl-enegl ycol nononet hyl et her (35 dyaa?gn), triethyl eneglycol (35

dyne/cm, 2-pyrrolidone (47 dyne/cm), nmet hyl pyrrol i done (41 dyne/cn).
The desirable surface tension can be provided 5 by m xture with water. The
met hod of controlling the ink surface tension- using surf actant wll be
descri bed. Fosokxempl s 28idyaa/ 4itaf at AQeS¥LAEBuLA BN GaR be provided
by addition of I % of sorbitan 10 nonol aurate ester on the basis of.
water; -,35 diheteaften,ba purfadednlty iaddiddiean tbferetd’ ofrneel yxyet hyl ene-
sorbitan nonol aurate ester; 28 dyne/cm can be provided by addition of not
| ess than 1 % sfpasEad ENCbughTa fadteyl ¢pergmpoel feriailgenmattieds . adducts).
If a lower 15 surface tension is desired, 17-dyne/cmis provided by
addi ti on of OTheodnk BaRFbem8- supplpedf Lonotbel ink- caidtyiidge @fi de adducts)
(availabl& from Asahi G ass Kabushi ki Kai sha, Japan). The surface tension
slightly VvariEs98yeahdt herdatbet recording oheratdéps, is2Caprdpdr oadj ust nent

can be done b{ skilled in_the art.
n 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 % 5%
15
SURFRON S-145
(£luorinated 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.



As described in the foregoing, the ink buffer 1is designed in consideration
of the maxi mumleaking ink quantity. It has been found that the ink
buffering effect is significantly influenced by the 25 conposition bf DE0¢R
ink.. The following is a conparison exanple. 17DED2003 -100 Conp. Ex. 3 dye
4 parts glycerol 7.5 parts thiodiglycol 7.5 parts 5 urea 7.5 parts pure
water 73.5 parts Wien the ink is pushed-§gemthe ink chanber 3006 into the
i nk chanber 3004 due to the expansion of the air in the ink chanber 3006
due to the pressure 10 reduction or tenperature rise, as shown.in Figure
46, the problemoccurs that the ink is not absorbed by the absorbing
material and is |eaked through the @mpveEkx. 3003 or tRembikBxt hRough t he
cl earance between the container wall and the absorbing material. 15 The ink
for the ink j@étetkyde®eng containing surfactant has been proposed. The ink
i s advant ageo®sYC®h that the fixing proper¥y is very good for a copy

sheet, bond sheet or another plain paper, that in proper color mXxing

(bl eed or. theI}y¥®@yoHoes not occur 20 even when different €ofor ink
recording regions_are close in the color recording, and tgeéefore, uni form

col oring igs poREPRISLYTFAL fol I owing is an exanpl e of
SURFLON S-145 D.1 %
(£luorinated
surfactant)
ACETYLENOL EH
{acethylene
glyceol-ethylene
oxide adducts)

10 dyestuff 2.5 . 2.5 %
water ' rest .. rest
[surface tension] 17.6 dyne/cm 57.4 dyne/cn

Clear color images Bleeding has
has been formed. occurred between
The ink has dropped c¢olors. 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),



the conposition: 25 1 7 DEC 2003 -101 5 Ex. 5 dye 4 parts glycerol 7.5
parts thiodiglycol 7.5 parts acetylene glycol-ethyl oxide adducts (gﬁg =
10) 5 parts wurea 7.5 parts pure water 68.5 parts Wien such an ink1u C 2003
the ink does not |eak 10 out of the ink cartridge because the ink-is
absorbed 15 20 25 interface of the ink in the ink chanber 2004 when the by

t he absorbing-material 2003 in the ink 'ct¥tber 2004 when the ink

i s- pushed out of the ink chanber 2006 into the ink chanber 2004 due to the
expansion of the air-in.the ink chanber 2006 due to the tenperature rise

O e D eoSU BN ARSI S 82 (Slou LA T aure S b
part of “the rocaraieg e TRl G e et ™ 4 TR AR 00%7 and the
capillary forceydl/ch), N-methylpyrrolidone (41 dyne/cm).
i - The desirable surface tension can be provided
5 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
10- monolaurate ester on the basis of.water:.?s dyne/cm
can be provided by addition of 1 % of.polyoxyethylene—
sorbitan monoclaurate ester:; 28 dyne/cm éan be provided
by addition of not less than 1 % of ACETYLENOL EH
(acgtylene glycol-ethylene oxide adducts). If a lower
15 surféce 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 surf§ce tension
slightly varies by anofhér additives, and therefore,
20 proper adjustment can be done by skilled in the art. -
As described in the foregoing, the ink buffer
is designed in consideration of the maximum leaking
ink quantity. It has beenr found that the ink
buffering effect is significantly influenced by the

25 composition of the ink.

The following is a comparison example.



conpressed i nk absorbing material. It is assuned that the average ink

hei ght of the air-liquid interface in the ink chanber 2004 at this tine is
H Wien the ink is flowed out fromthe ink chamber 2006 due to thd7 DEC 2063
at nospheric pressure reduction or tenperature rise, 1 7 DEC 2003 -102 the
hei ght of the air-liquid interface of the ink chanber 2004 is desirably
mai ntai ned further higher by h. In an exanple of this enbodi nent, the
total height in the ink chanber is 3 cm*%hre i nk chanber 2004 and 5 the

i nk chanber 2006 have the volunme of 6 cc, respectively. At the tine of the
initial stage, the ink chanmber 2006 is conpletely filled (6 cc), and the
I nk chanber 2884 cog%ai?ing the conpressed absorbing naterial 2003

(pol yur et hane G8met™ma erial) contains 10 4 cc ink (ink total: 10 cc}.
-The porosity, of ?Rg absorbing material is not &%ss than 95 % and if it
I's assumed that e ink is conpletely containB8%R the all of the por es
of the absorbing gk, the ink chanbe 0 .S capabl e of containing
approx. 6 cc. 15 e%%éhis first consuned&fgoﬁéfhg i nk chanber 2004, and

a while after, theyighisiekbs to be consungdcf the i nk chanber 2006.
The air-liquid inter?aéé g% the ink changgfszgggkfs mai nt ai ned at the

| evel whese the gtahic head of the ejectignspggtktaf the recording 20 head,
the vacuumin the ink chanber 2006 and the capillary force of the
conpressed i nk abparéi wgtepaterial are bahansegared the average, the |evel
of the air-liquid interface at this tinme is approx. 1.5
When the ink is pushed from the ink chamber
3006 into the ink chamber 3004 due to the expansion of
the air in the ink chamber 3006 due to the pressure
10 reduction or temperature rise, as shown .in Figure 46,
the problem occurs that'the ink is not absorbed by the
absorbing material and is leaked through the air vent
3003 or the like through the clearance between the
container wall and the absorbing material.
15 The ink for the ink jet recording containing
surfactant has been proposed. The ink is advantageous
in that the fixing property is very good for a copy
sheet, bond sheet or another plain paper, that in
proper color mixing (bleed or the like) does not occur
20 even when different color ink recording regions are
close in the color recording, and therefore, uniform

coloring is possible. The following is an example of

the composition:

25



cm If it is assuned that all of the pores of the 25 absorbing materi al
contain the ink, the quantity of the ink in the ink chanber 2004 is approx.
3 cc. Here, the nmaxi mum pressure reduction of the atnosphere 1 7 D&g @ﬁgﬁ
-103 is 0.7 atom 1.8 cc of the ink which is approx. 30 % of the I @%
the ink chanber 2006, can be overflowed. Therefore, the ink chanber 2004
preferably absorbs and retains approx. 31ga-<t 1.8 cc 5 (ink |evel of
approx. 2.4 cm. Wen the maxi num reduced pressure 0.5 atom 3 cc of the
ink which is approx. 50 % of the volume of the ink chanber 2006 can be
overfl owed, and therefore, the ink chanber 2004 can absorb and retain
approx. 3 cc ¥x3 €c (ink liquid 10 surface hei ght of approx. 3 cm.
Therefore, the ink chanber 2004 has a enough volune to contain the vol une
of the absorbing R¥Cerial, the volume of the ink réteaxes in the ink
chanber 2004 and the volune of the 1ink overflowed fromthe ink chanber
2006. Therefore, F5¥YERE%ol une of the ink chanmber? ZD@AXES nfl uenced by
the estimation of ,{he in5 overflow volunme fromthe i nk chanber 2006. The
retaining ink hei §hteat porous absorbing neterBaFt$s generally

expressed y capi L Lar 20 fqrce.e ti.on, as follows: H = 2rcosQ pgr where
Tis the éﬁrface F&ﬁ%&%ﬁ“&rgﬁﬁgqld£¥ﬁ¥¥s9ﬁﬁa9 contact angle between the

i nk and the ink abggihi erial,, Pis the densigy of the ink, g is the
for ce %ﬁd@xc@g (%tn = 6}.0) § 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 material 2003 in the inkchamber 2004
when the ink is pushed ocut 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,



25 of gravity, and r is an average pore radius of the ink absorbing
material. It will be understood that in order to 1 7 DEC 2003 -104 increase
the ink retention capacity by increasing the height H it is consi ddrHd 2003
that the surface tension of the ink is increased, or the contact angle
between the ink and the ink absorbing material is decreased (cos9 5 is

i ncreased). As regards the increase of th82+nk surface tension, the ink of
conparison exanple 3 as a relatively high surface tension (50 dyne/cn).
However, as described hereinbefore, the ink has not 10 been absorbed
properly by the ink absorbing material. As regards the reduction of the
contact angl ete BRAGREO nEe I anbiganedi ARtapE8EE A§ FReeindl, it neans

to increase the ttqgéé%t¥ of the ipk to the absaorbing material. In order
to acconplisH® er j. rfSceeptraklyspaintaipgd £4SEhEr PLghEFeby ink,

t he surface tens'bn Is smal] (30 dyne/cn®) because of the addition of the
surfactant, it t#ﬁa%ﬁﬂ?%&ﬂ?i?yoggF%k%neTﬂédlmﬁﬁ§orEpﬁgtﬁﬁﬁérPSFgﬁﬁd t he
wet tapi 11Ty of V% 1k PaePRee 15| FBr cbePnOnEnEReapPaceOPenghon 1n
order L0, SIDrENS LE HeLRRRIIAON.nERL LA JHARRBSGR! sopIbarl son 11 he 1k
material) is fégﬁﬁé%ibéiyrh33t the time of the initial stage, the
ink chamber 2006 is completely filled (6 cc), and the
ink chamber 2004 containing the compressed absorbing
material 2003 (polyurethane foamed material) contains
10 4 cc ink {(ink total: 10 cc). -The porosity of the
absorbing material is not less than 95 %, and if it is
assumed that the ink is completely contained in the
all of the pores of the absorbing material, the ink
chamber 2004 is capable of containing approx. 6 cc.
15 The ink is first consumed from the ink chamber 2004,
and a while after, the ink starts to be consumed from
the ink chamber 2006. The air-liquid interface of the
ink chamber 2004 is maintained at the level where the
static head of the ejection part of the recording
20 head, the vacuum in the ink chamber 2006 and the
capillary force of the compressed ink absorbing
material are balanced. On the average, the level of
the air-liquid interface at this time is approx. 1.5
cm. If it is assumed that all of the pores of the
25 absorbing 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



Conpari son Exanple 3 ink and the Exanple 5 ink, and the height of ink

absorption was neasured. The 17 OEC 2003 -105 5 Conpari son Exanple 3 _ink

hardly absorbed the ink (several m), whereas the Exanple 5 ink wab7 DEC 2003

absorbed to the height of not less than 2 cm It will be understood that

t he i nk having the inproved perneabilltédéi containing the surfactant, as
i

in the case of Exanple 5, the ink can be ficiently absorbed even when
the ink is overflowed fromthe ink chanber due to the pressure reduction
or tenperature rise. 10 The preferable penetrating agents.. ; include

ani on surfactanf guchitam Oh tg/Re acgfrﬁ_q.% ]jﬂ-, I%H oIl odecdrla‘%)ig_nz;éte%ul fonat e,
ol - ylen S

sodium lauryl sul. fate, hlgher al co e oxX1 de resent ed

by general is dornd adiidme dKWHhenal éﬁél}ﬂ & 0 J& C@-Pq}écts represent ed

by general Fornula [2], ethylene oxide- propy ene oxr copol yner

represent ed bywgaaiodled Formd e dcde artd:é‘%hé" gfthyl ene oxi de
adducts; represented by general Fornula [4] . e anlon surfactant has

stronger foampieferabilei rbsanie ma ﬁﬁﬂhﬂd&F&gﬁfﬁxlrgtégaiﬂpqﬂl , color
uniformty and feathering or the Iike than the nonionic surfactant t he

f ol | ow ng honi{dmkc lsxveflactfarppreenr es.entcat) by wHem ftold asiGudornul a is
used. 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). Therefo;e. the ink
chamber 2004 has a enough volume to cantain the volume
of the absorbing material, the volume af the ink
retained in the ink chamber 2004 and the volume of the
ink overflowed from the ink chamber 2006. Therefore,
15 the vblume 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 génerally expressed by capillary
20 force equation, as follows:
H = 2Tcos@/Par
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 gravity, and r is an average pore radius of the ink

absorbing material.

It will be understood that in order to



Here, n is preferably 6 - 14, and R 25 preferably has 5 - 26 carbon atons,
in Formula [1] and [21; mtn is preferably 6 - 14 in Fornulas (3) and [4).
1 7 DEC 2003 -106 R-O -&CHZCHZO;n H5 where Ris alkyl, -0O-CH2 CHi?JWﬁém?
where Ris alkyl, CH3 Hf CH2CH20 {-CHCH2Gn R10 C "H3 CH3 C

CH3-CH CH2CG-CCCCH2-CH CH3 0 0 CH2 CHZ 15 where R is hydrogen or al kyl,
HH CH COOHHI[21 [2] [31 (41 wher  if4and n are respectively an

i nteger. 20 Anpong the ethyl ene oxi de nonionic

increase the ink retention capacity by increasing the

height H, it is considered that the surface tension of

the ink 1s increased, or the contact angle between the

ink and the ink absorbing material is decreased {(cos6
5 1is 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
100 Dbeen absorbed properly by the ink absorbing material.
As regards the reduction of the contact angle 0
between the ink and the ink absorbing material, it
means to increase the wettability of the ink to the
absorbing material. In order to accomplish this,
15 surfactapt is used,

In the case of Example 5 ink, the surface
tension 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 deoing

20 so, it is more effective to improve the wettability of

the ink latter than increasing the surface tension in
order to improve the permeability.

For the purpose of comparison in the ink
permeability, the compressed absorbing material

25 (polyurethane foam material) is immersed in the
Comparison Example 3 ink and the Example 5 ink, and

the height of ink absorption was measured. The



surfactants, acetylene glycol-ethyl ene oxi de adducts are preferable from

t he standpoi nt of absorption in the ink absorbing material, inage quality
on the recording material and ejection performance in total. 25 T?$
hydrophilic property and penetrating property can be controlled by DEC 2003
changi ng nunber mtn of ethylene oxides tb0be added. If it i.s smaller than
6, the 17 DEC 2003 -107 5 penetrating property is good, water sol ution
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 pgﬁéhqﬁ}sqﬂjg%ﬁp |$.1mf hardly| abgerbediahhelinkhe

penetrating property Js ipsufficient, and the ejection property is
deteriorated. Ther %%;ém? - jhetess the Exgmple 1% imkewaspahsoobedhe

noni oni ¢ surf I,s 1 referably 0.1 - 20_% by weight. If it is |ower
than 0.1 % ?‘%‘}éﬂﬁg%ehqﬂhtpi?é M i/‘ﬁ%s pERdR &t FRg pFbpeil) bes not
sufficient. If_.i4_J than 20 %. no. inprovenent is expected, and the
cost increaseslfd%endsstécﬂ%gﬁeﬁif %?i*%d@%?k’&%g&elsmmvﬁﬁi nore of the above
descri bed surfagtanty s b |.n, conbi pation. _The ink nmay contain dye,
low vol atiTe cﬁfam C 112{0 (ﬁ? ésoﬁlc%a%rgf%%lgﬁ?/d?‘i”éf%‘ﬁ%ﬁ s3% ot rebent

SLSEPITYy Sna AT Pl ¥l kel Sl eodbelpugig e ereetton
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 aeros&l, ;odium
dodecylbenzenesulfonate, sodium laurylsuifate, higher
alcohol~ethylene oxide adducts represented by genéral
Formula {1}, alkylphencl-ethylene oxide adducts

15 represénted 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 pProducing tendency, and is poorer. in the bleeding,
color uniformity and feathering or the like than the
nonionic surfactant, the following nonionié surfactant
represented by the following formula is used.

Here, n is preferably 6 - 14, and R
25 PpPreferably has 5 - 26 carbon atoms, in Formula {1] and

[2]; m+n is preferably 6 - 14 in Formulas (3] and [4].



on the recording material. The water-soluble organic solvents constituting
the ink of the enbodi ment may include -polyalkylene glycols such as

pol yet hyl ene gl ycol, and 25 pol ypropyl ene glycol; al kyl ene glycols havi ng-2
to 6 carbon atons such as ethyiene glycol, propylene glycol, butyl 2B&C 2003
glycol, triethylene glycol, 1,2,6 17 DE§P§OOS -108 5 10 15 20 25

hexanetriol, hexylene glycol, and dieth ne glycol; glycerin; |ower alkyl
et her of polyhydric al cohols such as ethylene glycol nethyl ether,

di et hyl ene glycol nethyl (or ethyl) ether, and triethylene glycol
nmononet hyl (or ethyl t parnyal gohol s such as nethyl al ol , ethyl

al cohol’, n-propy gfﬁgﬁgngPgﬁﬁﬁopyl al cohol , n-butyl aﬁ? hol , sec-butyl
al cohol , t-byphuke fl ¢ehghxyhsobutyl al cohol, benzyl al cohol, and

cycl ohexanol ; am des such as di nmet hyl f ormam de, and di net hyl acet am de;

ket ones and ketone cohol ssuch as acetone, and di acetone al cohol; ethers
such as tetrahy L ggoz ne; and nitrogen-cont gpni ng cyclics
such as N—nethylggé:§r?gfﬁggﬁ@ ?-gyrrolidone, 121

1, 3-di net hyl - 2-i m dazol i di none. The water sol uble organic solvent can be
added w thhouwndekeri esakiRgit he i mage quality or the

CH,

H—{-CH2CH20-)m—{—CH-CH20-)—n— R [3]
where R is hydrogen or alkyl,

10 CH3 ?H3 Hy CHj

i
CH3-CH-CH2C-CEC—?-CH2-CH—CH3

ci, CH, [4]
CH CH
. (2 772

where m and n are respectively an integer.

20 Among the ethylene oxide nonionic
surfactants, acetylene glycol-ethylene oxide adducts
are preferable from the standpoint of absorption in
the ink absorbing material, image quality on the
recording material and ejection performance in total.

25 The hydrophilic property and penetrating property can
be controlled by changing number m+n of ethylene

oxides to be added. 1I1f it is smaller than 6, the



ejection reliability. Preferably, it is polyhydric alcohols or alkyl ether
of pol yhydric, al cohols. The <content thereof is preferably I - 3 % by

wei ght. And, the pure water content is 50 - 90 % by wei ght. The dy¢$EC2mB
usable with the present invention include direct dyes, acid dyes, reactive
dyes, dispersive dyes, vat dyes or the-liokRe. The content of the dye is
det erm ned depending on the kinds of the |Iliquid conponents and the
required properties of the ink, the ejection volune of the recordi ng- head
or the |like. Generally, however, it is 0.5 - 15 %by weight, 1 7 DEC 1003
-109 5 10 15 BERBFERELEE Properryyisy apsidghwatBy sddiutiiom ofatiwe tils ogl ycol
or urea (or derivatives thereof) in the ink, the ejection property and
the clog (sol Pt FEGHy oA EBGEREOTE - prtdise SOY ubd L itahelrk MA8LY i oved. This

I s consi dered tg be Hecagie the soluhility of the dye in the ink is
i nproved. The®%tofPefr t A& £Ri 59 d6F IS Ghea hydrantei & i vat i ves

AT TRy v g s e e o
D £ 2mh Loie) 16"4B8 RS S5 gk B EPIGS of (he Trvention
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 i§ lower than
0.1 %, the image quality and the peneérating 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 wolatile arganic
solvent such as polyhydric alcohols_to prevent
clogging, or organic solvent such as alcohols to

- 20 improve bubble creation stability and fixing property

on the recording maﬁerial.

The water-soluble organic solvents
constituting the ink of the emhodiment may include
polyvalkylene glycols such as polyethylene glycol, and

25 polypropylene glycol; alkylene glycols having -2 to 6
carbon atoms such as ethylene glycol, propylene

glycol, butylene glycol, triethylene glycol, 1,2,6-



I ncl udes vi scosity-adjusting agents such as polyvinyl alcohol, celluloses,
and water-soluble resins; pH controlling agents such as di et hanol am ne

tri et hanol am ne, and buffer solutions; fungicides and so forth. To {HE (i 280
of electrically chargeable type wused for ink-jet recording in which the
Ink droplets are charged, a resistivity- %gjusting agent is added such as

l'ithiumchloride, ammoni um chl ori de, and*Y85di um chl ori de. A conpari son
exanple will be explained. Conp. Ex. 4 25 dye 3 parts diethyleneglycol 5
parts thiodiglycol 5 parts 17 DEC 2003 -110 ethyl alcohol 3 parts 5 10 15

e R M i e L [

the ink container to t I'ng erial de to the
expansi on of Lhgcakk |n15ug | BKy\§0 ep¢d I C pressure
reduction or 5 28 teﬁperatufe nge EE ggpégbpsn?ﬂ ?ggg t aﬁe i nk | eaks

out through tQﬁcﬁ' asveeménbhelyelslsuaehyl aea&konak&the% the clearance
bet ween the cont ai ner

glycol methyl (or ethyl) ether, and triethylene glycol
S monomethyl (or ethyl) ether; alcohols such as methyl
alcohcl, ethyl alcohol, n-propyl alcohol, isopropyl
alcohol, n-butyl alcohol, sec-butyl alcohol, t-butyl
alcohol, isobutyl alcohol, benzyl alcohol, and
cyclohexanol; amides such as dimethylformamide, and

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-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‘'alcchols. The
content thereof is preférably 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 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,



wal | and the absorbing material. An ink for an ink jet recording apparatus
containing a surfactant has been proposed. Such an 1ink is advantageous in
that the fixing speed is very high for a copy sheet, bond sheet or] AO6E pogs
pl ain sheet paper, and that-inproper color mxture (bleed or the |ike),
even if different color record region areiggentacted, and therefore,

uni form col oring can be acconplished. Following is an exanples of such an
i nk. Conp. Ex. 6 dye 3 parts glycerol 5 parts thioglycol 5 parts

et hyl ene oxi de-propyl ene oxi de copolynmer 3 parts wurea 5 parts pure water
79 parts 17 DERrebezabh¥nlt hi § Rnkyi wedgbd. the is absorbed by the
absorbing material in the absorbing material container and does not |eak
out even when the ink i BYopdditdandoff tom thdogivadtlamreunea  dhe
absorbing material 5 container due to the expansion of the air in the ink
chanber due t odeRtvatiBegnEhpEepdsdnr Sheedndti ddeoejecthisr snaperntncr ease.
As described in the for goin , .there is- provided an ink cartridge

conpri si ng supﬁPé Fhe Tg ghégﬁéFdESﬁFéFHPﬁé R evigRtdngo tHoRentat dis al

havi ng an _adjusted capillary force-and one or nore ink chanbers,
9 5 Jremarkag?y 1mp¥oved. %hgs is considered to be because

the solubility of the dye in the ink is improved. The
content of the thioglycol or urea (or the derivatives
thereof) is preferably 1 - 3 %, and may be added -as
desired.

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

15 alcohél, celluloses, and water-soluble resins: pH-
controlling agents such as diethanolamine,
triethanolamine, and buffer solutions: fungicides and
so forth. To the ink of electricallg 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 S parts

thiodiglycol 5 parts



wherein the ink contains nonionic surfactant, by which the ink does not

| eak out.even if the anbient condition change occurs, during recordin%
operation or 15 when the recording operation is not carried out, hAdEC 2003
therefore, the ink use efficiency is high. The above-descri bed Enbodi nents
1 - 13, are advantageous respectively, _hogever the conbination thereof is
further advantageous. Further in addition, 20 the conbination of the
process in the Enbodi ments 14 and 15, and the structure wi th Enbodi ments
16 - 19 and the above-descri-bed ink, is further preferable. The present
invention is usabéehyithlasyolnk jet apparatus, sughr@g those using

el ectronechani cal 25 converter such as-piezoelectric elenent,-but is
particularly suitpbfg watbke in an ink jet recorgidngarhead and recording
apparatus wherein thermal energy by 1 7 DEC 2003 -112 an el ectr ot her nmal
transducer, |aser beaninrthibe tagke, whkenstdetbnkailseoaechangedofrshate of
the ink to eject or discharge the ink. This is because the high density
of the picturehe| enkncenbatnehetdi ghe Sabssobimgomatérihe cenvatihag are
possi bl e. The typical structure-and the operational principle

ar e- pr ef eb abl §heReeEneéde dtacter cerpansion oPatheataipsingtie3ink9o and
4,740,796: The principle and structure are applicable to_a so-called

on- demand tyﬁ%oﬁﬁﬁiﬁﬁ r dRe gty e R ReSBhe BhE | PERSSUT§pEedRebianngr system
Particul arly, Qowgver is suitable for the on-denmand %yggebfgﬁuse t he

principle is h ?ﬂ%$r%£ure rise, the problem arises tha
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 advantageocus 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 S5 parts

pure water 79 parts



| east one driving signal is applied to an electrothermal transducer

di sposed on a liquid (ink) 15 retaining sheet or |iquid passage, the
driving signal being enough to provide such a quick tenperature ri%e
beyond a departure from nucl eation boiling point, by which the t hdrinhC 2003
energy is provided by the el ectrothermal .ifgnsducer to produce filmboiling
on 20 the heating portion of the recordi ng head, whereby a bubble can be
formed in the liquid (ink) corresponding to each of the driving signals.
By the production, devel opnent and contraction of the the bubble, the
liquid (ink) is 25 ej edihsh tthimiginlani ®) eeéd ontelt 1 €t abgoPhOEUES Bhe! €aST
one droplet. The driving signal is preferably in the formof a pulse,
because the dARSVBHEI BAkPTIigl DHC 1093ab4dBo tngt nats+pal ofokbel hepbl e can
be effected instantaneousl and therefore, the liquid (ink) is ejected
with quick redh&ae esrﬁpﬁrfﬂﬁ%gnét gﬁ!fe&nlwhem hiehé oimk of s t treepfil SRed s
preferably su%p as1§$sclosed 5in US. Patents Nos. 4,463, 359 and

4, 345, 262. TStk rhanhae rkate ethﬁl(ﬁMIh@ganetefiahe heati ng

surface isgpr er disclosed in U S. Patent No. 4,313,124. The
structure of {1 aa %ﬁ@a FhfayPIRAnsion OF Hehe ahr LS. thattmk  Nos.

4, 558, 333 and e|n t he heat ortion is-disposed at a bent
portion, as me41 as the stru LHEE%ﬂ ﬁéhffiﬁé% ?%FF0F3¢¥E¢ ®ce¥on
outlet, |iqui ¢cRpetad@@ddddi®ase.
As described in the foregoing, there is-
provided an ink cartridge comprising supply ink
10 chamber containing an ink absorbing mater;al having an

adjusted capillary force and cne or mare ink chambers,

wherein the ink contains nonionic surfaétant, 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 gpe combination
therecf is further advantageous. Further in addition,
20 the combination of the process in the Embodiments 14

and 15, and the structure with Embodiments 16 - 19 and
the above-described ink, is further preferable.
The present invention is usable with any ink
jet apparatus, such as those using electromechanical
25 converter such as piezoelectric element,.but is

particularly suitably usable in an ink jet recording

head and recording apparatus wherein thermal enerqgy by



el ectrothermal transducer as disclosed in the above 15 nentioned patents.
In addition, the present invention is applicable to the structure

di scl osed in Japanese Laid-Open Patent Application No. 123670/ 1981 7\/\?\@@%
a comon slit is used as the ejection outlet for plural electrothernal
transducers, and to the structure 20 digﬁhﬁged i n Japanese Lai d- Qpen

Pat ent - Appl i cation No. 138461/1984 wheréi‘ff "an openi ng for absorbing
pressure wave of the thermal energy is formed corresponding to the
ejecting portion. This is because the present invention is effective to

perform the rsﬁoa@geqraﬁhggﬁ@atEQ%ﬁ@theeﬁrtaggkyFégﬁ Bl Ringh 194 Ciency

. : 1 : .
I rrespective of the type of the recordi ng head. he present invention is

effectively 1{sDEGed083 chidedRPliHadled of0 s# 23 62! ked fiuk! thi @8 pe

recording head having a |length corrésponding to the nmaxi mum recordi ng

wi dth. Such aoreg@kehA#gheatieMNKCOMRRHEE 13 Bob@u@er @GO #i1ag head and
plural recording head conbined to 5 cover the maxi mumw dth. In addition,
the present i AedRhit@NoifSthappliickaites elem@nt@l aadld kyBenigaor di ng head
wherein the recording head is fixed on the main assenbly, to-a

repl aceablse chiepolypéoneodr dheg rieeadtdihigc Ares pogsiaddeed 10 el ectrically
with the main apparatus and can be supplied with the ink when it is
mounted in the main a%hentvpical structareradgde thepeperatidnad head havi ng

an integral ink container. The provisions of the recovery neans and/or
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 quick temperature rise
-beyond a departure from nucleation boiling point, by
which the thermal energy is provided by the
electrothermal transducer to produce film boiling on
20 the heating portion of the recording head, whereby a
bubble can be formed in the liquid (ink) corresponding
to each of the driving signals. '
By the production, development and
contraction of the the bubble, the liquid (ink) is
- 25 ejected through an ejection outlet to produce at least
cne droplet. The driving signal is preferably in the

form of a pulse, because the development and



15 the auxiliary means for the prelimnary operation are preferable,
because they can further stabilize the effects of the-present invention.
As for such neans, there are capping neans for the recording head,17 DEC 2063
cl eani ng means therefor, pressing or sucking neans, 20 prelimnary
heat i ng- means which may be the electrothkldmal transducer, an additional
heating elenent or.a conbination thereof. Al so, neans for effecting
prelimnary ejection (not for the recording operation) can stabilize the

recordi ng operat, A ggar ds t variation_of the recording head
nmount abl e, i t-‘%adytq%é:té%ﬁ%f eﬁg%%%%%ﬁeno‘i’% he %fg?ﬁljﬁg color ink, or may
be plural corrgsfopgdi e C 2003 -11 lugal ity of ink materials
havi ng different recor|é%?£ikﬂ%#hgﬁi%é%ééf?i gﬁ% giggéht(gﬂﬁ ntfon is
effectivel ' I . avi at. least one o

nonochr oma%/i c%dde%iﬁ%/@vﬁag% ,@S%I tﬂ?%otﬁlc-)}r‘v%nﬂoﬁégﬂ?ihgﬂi fferent

col or ink ‘mat efHél for PO rt1e Pl se CO4 ¥r . nguéﬂeagi é%gafgg%f Egt .

colors, which nmay be an integrally formed recordi ng uni a

of plural §ecarding.heetsand3INtder DI 663,359 hend 0f 995 nggenbogdinent, the
10 ink has been liquid. It may be, however,..an in naterial “which is

solidified belagdittion,otthe erampeiatwre bifictéanihd cfage sherhgom
tenperature. Since the ink is controlled within the tenperature not | ower

than 30 oC af®atdmaisginfiacends Hrafetablsyt ahidh z@s tdEsy16668i ix 15 of the
ink to provide the stabilized ejection in usual
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 disposéd at a bent
portion, as well as the structure of thé combination of
the ejection outlet, liguid 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 Putlet for plural
electrothermal transducers, and to the structure

20  disclosed in Japanese Laid-Open Patent -Application No.
138461/1984 wherein an opening for absorbing pressure
wave of the thermal energy is formed corresponding to
the ejecting portion. This is because the present
invention is effective to perform the recording

25 operation with certainty and at high.-efficiency

irrespective of the type of the recording head.

The present invention is effectively



recordi ng apparatus of this type, the ink may be such that it is liquid
within the tenperature range when the recording signal is the preiﬁqﬁ
invention is applicable to other types of ink. In one of them th C 2003
tenperature 20 rise due to the thermal energy is positively prevented by
consumng it for the state change of the jnk from the solid state to the
liquid state. Another ink nmaterial is sotidffied when it is left, to
prevent the evaporation of the ink. In either of the cases, the 25
application of the recording signal producing thermal energy, the ink is

i quefied, Lquef.ied ink jected. Another ink material
Start Lo be 1APPREEHNS t0] B B e G O TS FER TRTTHE AR
hes th i j t_j nwentjon i  cabl
Lo such an | e angan AP Pamrkibdl BN led MOl Redefihe 100 Ty
energy. Such gRdkBK Maeh & JEGRAnd ‘?Ié'&d“%(;}asc ziz‘t:lé%ga ?ﬁlsc dd material

I n through holes or recesses fornedn a porous shee osed in

Japanese "Lai dyERerdRfiee heaP Rind #10h NG it dl Heha AW
Lai d- Open Pat ent Appl?gation No.%;71260/fb85. Tﬁ% sheet I's ace?ﬁfo t he

el ect r ot har makovieiraRs@U ek mu i3, effective one for the ink materials
descri bed above is the filmboiling system The ink jet recordi ng apparatus
may be used as 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
prreferable, 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;'it.may be a single corresponding to a single

color ink, or may be plural corresponding to the



an output termnal of an information processing apparatus such as conputer
or the like, as a copying apparatus conbined with an i nage reader or the
like, or as a facsimle machine having information sending and redél FE(E3
functions. Wiile the invention has been described with reference to the
structures disclosed herein, it is not -=loiffi4ned to the details set forth
and this application is intended to cover such nodifications or changes as
may come Wi thin the purposes of the inprovenents or the scope of the

fol |l ow ng claigs. 9,1 7 DEC 2003 - 117 1. A container for. containing

printing |iquPdF8ritugdl yotko mateardialsthatqng idiftarenik jeqordas ding 5

"apparatus, tha contai?grséﬁ ri%;ng: a first chanber containing negative
nd [

pressure proddtichg ke BRPSEP G XA b b B ERGHYe ld t h
nbi ent ai . | t f | yi i nt.i liquid to the ink jet
hosd: ‘and 10 S2E1iEe! B0 WB0ATRY HErHd e Hbagt Bt @hver via a
i cati I_di inti, i gyid oir f the first
chanber .t he BeRokpEBaaRasy bl e Bl i h 1A A BTN oduci ng.
raterial adl aggdl iR QiHRRNGIIANME LAURIIRUDN e LYy -

decreasing in a direction perpendicular To an owar ds

adj acent the pailoronodae usaHFWHeC alilxthRO'ds WHE Ld1HHPPYUHIRY Hd), Use of

the container.
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.roém 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 _1:hé 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. 1In either of the cases, the
25 application of the recording signal producing thermal
energy, theﬂink is liquefied, and the liquefied ink may

be ejected. Another ink material may start to be



20 2- A container according to claim1, wherein the capillary force of the
negative pressure producing naterial decreases gradually towards spy EC 2003
wall. 3. A container according to claim1l, wherein the 25 capillary force
of the negative pressure producing nmaterial is decreased toward said wall
in a step wwse manner. 1 7 DEC 2003 -_#ﬁ 4. A container according to

claiml1l, 2 or 3 wherein the capillary Ce of the negative pressure
producing material is smaller adjacent the communication port than
adj acent the supply port. 5 5. A container according to claiml1, wherein

sald wall i sopiayided Wkt ing QSHALLYSPLESULERLOQNE N0 e

I
adj ustnent ¢ I nt o whi an adj acent portion of nega ﬁﬁe pressure

producing MegtkahagxPandls boeREAY daviddidh 4RC103%¢ dgbiadiidie e for ce

towards said wall. 6. contai ner according to clarm1, erein the

capillary fogaenOhnt REkPRAELEPR2Q alsN8 sNGqJue'E B &3S WHe AYAdUGI Gt eri al

extending along the length of said 15 wall  is less“than the capillary force

of the renai pdeineOknbbmalcarbiryd .Pr S AnP G ¢S riRf1eA) Hd the first
chanber. 7. A container according to claim |, wherein the 20 capillary

force of gt heraegahedeaRrr @ssligailr edueold dThiatlirdlaladjraaditowdPidliean of the
first chanmber which 1is |lowernost in use and adjacent the comrunication
port and thercapickksey formedofint ke pregais vheeteasuid sclosed 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



produci ng materi al adjacent said wall are |ower than the 25 capillary force
of the reminder of the negative pressure producing material. 1 7 DECDZ0Q®3
- 119 S. A container according to claiml, wherein the capillary farce of
sai d negative pressure producing material at the end of said wall which is
| onernost in use of the Container and is adjacent the conmmunication 5 port
Is less than the capillary force of said negative pressure producing
material in the mddle of a portion of the first chanber which is

| ower nost in use, which capillary ferE¥/i-s in turn less than the capillary
force of the negative pressure producing 'material in the centre 10 of the
first chanber, | capillary- farce is in turn |less than the capillary
force of the §§gg#ﬁ€e pressure producing nmaterial which, in use, is above
the ink supply port, and which capillary force is in turn less than the
capillary force of the negative pressure producing 15 material at the ink

supply' port. 39. AxXogbaitagneaCCOHi NBALQA iGlidgM gri MPEAS flifc}f'ﬁd nggative
pressure producing material is formed of three portions, a Tirst portion
adj acent the-iseslppre port idR gjut oneapyifed sammjiak pjsd i eecokdi first
chanber, a second portion adjacent the comunication port and a third
porti on ex en®PRPEAWVHYy sSHI¥ aentainiarh adnpricapigl:l ary force of the first-
portion being greaterdEhan thﬁt of the second portion and the capillary
force of the 25 sechndt}bfti ofiNBEPRY gFeAtainingn pPRAGRtiYer hPTERFRES

producing material and having an air vent communicating
with ambient air and a supply port for supplying printing
liquid to the ink jet head; and |

10 a saecond chamber communicating‘ with the first
chamber via a communication port and provi&ing a printing
liquid reservoir for the first chamber, the capillary
force provided by the negative pressure producing
material adjacent a wall extending from the communjcation

15 poxt decreasing in a direction perpendicular to and
towards said wall at least adjacent the part of the

communication port which is uppermost in use of the

container.

20 2. A container according to claim 1, wherein the
capillary force of the negative pressure producing

material decreases gradually towards said wall.

3. A container according to <¢laim 1, wherein the
25 capillary foxce of the negative pressure producing
material is decreased toward said wall in a step wise

manner.



portion. 1 7 DEC 2003 - 120 10. A container according to claim1, wherein
the negative pressure producing material is formed of three portions, a
first portion occupying the part of the container which is |owernodt7 BEC 2003
use and covering the ink 5 supply port, a second portion occupying the
portion of the container which is g& ernost in use and a third portion

extending along said wall fromthe vent to the communication port, the
capillary force of the first portion being higher than that of the second
portion and 10 the capillary force of the second portion being higher than
that of the third portion. 11. P. container connectable to an ink jet
recordi ng head: f orAFPREAdner acsorddinggtappbait Us, 2coRpSiwhexrin fuhest 15
chanber 'and a_second chﬁg?er providing a reservoir for the first chamber
and communi catTH* WERYt nEPT99 r & Ehanbeegative mwessucat imneduwing t he

first chanber | ai r_.vwent grranged, in use, at an upper part of
t he cont ai ner %%?%%% ?1% out ]e]teraf‘aaﬁ&@gf:. thy crEaMuRication pRk: than of
the container 204lad&hIKQNEE I the ink jet head, the first chanber
bei ng substantiaﬁ?y fiIIedgﬁﬁéﬂpﬁ%ﬁ%$ive pressure produci ng material which

extends fr®mthe supply port to the air vent and the portion of the
negative pressure producing material 25 extending fromthe co m unication

port to the ai%.vend daviabner laswdrdiag kbacYalfr £& dheWeih G0 Wadq of the
negative pressure producing material. adjacent the ink 17 DBEC 2003
is provided with a negative pressure producing material
adjustment chamber into which an adjacent portion of the
negative prassure producing material expandg to provide

10 tha decrease in capillary force towards £aid wall.

6. A container according to claim 1, wherein the
capillary force of the portion of the negative pressure
prodicing material extending along the length of said
15 wall is less than the capillafy force of the remaindéf

of the negative pressure producing material in the first

chamber.

7. A container accoiding to claim.*l, wherein the
20 capillary forca of the negative pressure producing
material adjacent a portion of the first chamégr which
}s lowermost in use and adjacent the Ebmmuniéntion port
and the capillary force of the negative pres#ure
producing material adjacent said wall are lower than the

25 caplllaxy foxce of the remeindex of the negative pressure

producing material.



- 121 supply port. 12. A container according to any one of the preceding

clains, wherein the negative pressure producing materi al

5is a por

ous

material and the decrease in capillary force is provided by an incrddsi{i 2
pore size. 13. A container for containing printing liquid for supp
ink jet head for an ink jet recording 10 apparatus, the contai ner

conprising: a first chamber contai ni.ngjq_- porous negative

pressure

ly to an

produci ng material and having an air vent comrmunicating with anbient air
and a supply port for supplying printing liquid to the ink jet head; and
15 a second chanber providing a printing liquid reservoir for the first

chanber and cosnuni aatésgtaihlr (Nediditly CBaMElaih 218 CORBHELAAEHAN port,

the pore size of the 'negative pressure producing mat eri al

adj acent a

wal | ext endi ngecapoilakhy cHhonvai caf i ealaorrte%emj[ws pReskElrd0 Frélhiciaidg on

per pendi cular to and towards said wall at

east adjacent the part of the

communi cati on paterddilchat itheippel mfstsain wed bivhiiuh dontwemostldin A
cont ai ner according to claim13, wherein the pore 25 size is |arger

adj acent the cB#RuR cétﬂ%@%#ﬁln%mnchd}%cﬁliaqm SEipp| o i catd BEC -
122 15. A_contai ner, cord| o claim13, wherain said wall is

with a negatixPE%pr é‘fs

e ARt ATy ARRRS mhsaithitrgat

rovi ded
® which

an adj acent pob%QQu%E tﬂl%ddl:eﬁ% ive Aressyre ﬁ{eo%%ﬂ% r’roaé er |port£<é)ands to

provi dQ

10

15

20

25

of the first chamber wh:Lch is lowermost in use, which
capillary force is in turn leSS than the capillary force
of the negative pressure producing material in the centre

of the first chamber, which capillary force is in turn

~less than the capillaxy force of the-negat:ive pressure

producing material which, in use, is above the ink supply
port, and which capillary force is in turn less than the
caplllary force of the negative pressure producing

material at the ink supply port.

9. A container according to c¢laim 1, wherein the
negative pressure producing material is formed of three
portions, a first portion adjacent theink supply port
and occupying a major portion of the first chamber, a
second portion adjacent the communication port and a
third portion extending along said wall with the
capillary force of the firslL portion beaing greater than

that of the second portion and the caplllary force of the

-second portion being greater than that of the third

pertion.



5 the increase in pora size towards said wall.. 16. A container according
to. any one of the preceding clalne, wherein said negativG prGssurg
producing material includes a' foanmed material. 10 17. A contai ner 177 DEC 2003
according to any one- of the preceding clains, wherein the Container
contains printing liquid. 18. A container according -~o0 any one of the
preceding 15 cl-di nar wherein sald- §&ond chanb. er contains an ink

conpri sing watear, ol | mat eri al and wat er-so] ubl e cl ani ¢ sol vent
angphavi ng a g‘ﬁr’f a?:Le géﬁg{&gﬂeﬁf ALFOHHRE =tPo %Jsa’dg/né/'cni%ﬁﬁeig. the

cont ai ner acCALgaRd v pRRksBIS BZahOE;RE SEECLDT) Cl 81 FBmalies g 52l g second

chanber contains an in contal hing a east one -non-1ontc sur

20. A contai npbradesidi g €2 ravy 1S iQhn t@@c?ﬁffﬁz&li Ree ﬁ%af{:aiorfs,tp(@erei n

said second chanber is provided with means tor detecti Ink therein. 17

DEC 2003 - 128onfalfe2lwhAchonsalcwérmss0lidi RGel An@N¥oPBe1RE the precedi ng
claiine, wherein said second chanbar conprises first and second subsidiary

chanbers Wi t h8up@l¥e @Rt s whssaticoandy pottdmine fodmipyg nice s epdt €L o2 20 f A
container according to any one of the preceding clains, wherein said
negative.pres$thfe ‘g‘?‘b?ﬁ:%‘?% ihichi di= wppPRTRASE ain| ewst padt aof thikd wal |

and side and ttom. walls ,f the container.
%%rﬁaon exten&}ng along said wall from the air vent to

the communication port, the capillary force of the first
portion being higher than that of the second portion and
10 the capillary force of the second portion being higher

than that of the third portion.

11. A container connectable to an ink jet recording head
for an ink jet recording apparatus, comprising a- first
15 chamber ‘and a second chamber providing a reservoir for
the first chamber and communicating with the first
chamber via a communication port, the firat chamber
having an air vent arranged, in use, at an upper part of-
the container and an ink outlet arranged, *in use, at a
20 lower part of thg container and being cori_.nectable to the
ink jet haad., the first chamber being substantially
filled with negative pressure producing matexrial which
extends from the supply port to the air wvent and the
portion of the negative pressure producing material
25 extending from the communication port to the air vent
having a8 lower capillary force than the portion of the

negativae pressure producing material adjacent the ink



23. A container according to any one-L_of ; the preceding clains, wherein
sai d second chanber, is detachably connectable to an ink jet recor?hqﬂ
head. 15 24. An' ink jet recording assenbly conpriing a container C 2003
accordance with any one of clains 1 to. 22 and an ink jet head attachable
to and detachable fromthe container. 20 25. An ink jet recording assenbly
conprising a container in accordance \Wih any one of claims | to 22 and an
ink jet head integrated with the container. 25 26. An ink jet recording
as3cnbly according to claim?24 or 25, wherein said ink jet recording head
Is provided wth electrothernal transducers for producing thermal energy
to cause el ectaupplaf gade. - 1.24 27. An ink jet recording apparatus,
conprising a carriage fozr caxrying an ink jet recordi ng head and
container in accordance with any one of clains 1 to 23 or an ink jet.
zecoxdi ng assenbly in accordance with claim5 24, 25 or 26, and neans for
feeding _a. réddorditFIRIBE Roransdngditey anyi one obfsahe prkcpding
recordi ng appar,at.us :
claims, wherein the negative pressurs producing material
5 is a porous material and the decrease in capillary force

is provided by an increase in pore size.

13. A container for containing printing liquid for
Supply to an ink jet head for an ink jet xrecoxding
10 apparatus, the container comprising: |
a first chamﬁer containing a --porous negative .
pressure producing material and having an ailr wvent
cemmunicating with ambient air and a supply port for
supplying printing liquid to the ink jet head; and
15 a second chamber providing a printing liquid
reservoir for the first chamber and communicating with
the first chamber via a comwunication port, the pore size
of the negative pressure producing material adjacent a
wall extending from the communication péft increasing in
20 a direction perpendicular to and towaxds said wall at

least adjacent the part of the communication bort which

is uppermost in use of the container.”

l4. A container according to claim 13, wherein the pore

25 slze is larger adjacent the communication port than

adjacent the supply port.



10

15

20

25

- 122 -
15. A container according to claim 13, wherein said wall
is provided with a negative pressura producing material
adjustment chamber into which an adjacent portion of the
negative pressure producing material expands to provide

the increase in pora size towards said wall.

16. A container according to any one of the preceding

17 DEC 2003

claims, wherein sald negative pressure producing matexial .

includes a foamed material.

17. A container accordihg to any one of the preceding
claims, wherein tha container contains printing liquid.
18. a container according to any one of the preceding
claims, wherein said second ohambér contalns an ink
comprising watex, colouring material and water-soluble
organic solvent and having a surface tension of 20

dyne/cm to 55 dyne/cm.

189. A container according to any one of the preceding
claims, wherein said second chamber contains an ink

containing at least one non-ionic surfactant.

20. A containex according to any one of the precading

claims, wheaerein said second chamber is provided with

-means for detecting ink therein.
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21. A container according to any one Ot the preceding
claims, wherein said second chamber comprises first and
second subsidiary chambers with the seconﬁ subsidiary

chamber being replaceable.

22. A container according to any one of the preceding
claims, wherein said negative pressure producing'material

contacts at least pert of said wall and side and bottom

walls of the container.

23. A container aoccording to eany one‘ofi the preceding
claims, +wherein said second chamber. is detachably

connectable to an ink jet recording head.

24. An ink jet recording assembly compri¥ing a containex
in accordance with any one of claims 1 to 22 and

an ink jet head attachable to and détachable from the

container.
25. An ink jet recording assembly comprising a containerx
in accordance with any one of claims 1 to 22 and

an ink jet head integrated with the container.

26. An ink jet recording assembly according to claim 24
or 25, wherein said ink jet recording head is provided
with electrothermal transducers for producing thermal

energy to cause ejection of ink
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27. An ink jet recording apperatws, comprising a
caxriage for cexrying an ink jet recording head and
container in accordance with any one of claims 1 tTo 23
or an ink jot recording assembly in accordance-with claim
24, 25 or 26, and means for £eeding_q.récoxding medium

‘tc a recording region of said ink Jjet recording

apparatus.





