17 D E C 2003 1 CAPILLARY CONTROL OF I NK FLOW I N I NK CONTAI NERS FOR JET

PRI NTERS FI ELD OF THE | NVENTI ON AND RELATED ART 5 The present invention

relates to an ink container for containing ink to be supplied to anLymgtzmﬁ
t I nk

jet recording head, ink, and an ink jet recording apparatus using ein
container. The ink container used with an ink jet 10 recording apparatus
Is required to be capable of properly,supplying the anount of the ink
corresponding to the anount of the ink ej ected froma recordi ng head
during the recording operation and to be free of ink |eakage through the
€j ection out¢ghSLOARY heoReROLUIOHI Thix Neasly WeRN rike doRF e oRggation is
not execut edget! prilpeER@Se that the ink container is an. exchangeabl e
type, it is required that the ink container can be easily nounted or
denmounted. relative to the recording apparatus w thout ink | eakage, and 20
that the ink can be supplied to the recording head wth certainty. A
conventional exanple of an ink container wusable with the ink jet recording
appar at us i SEIBLBCOBS®HEI aNTENTIONE ANDI @EDaeRpPaRent Application No. 25
87242/ 1988 (first prior art), in which the ink jet recording cartridge has
an ink coftai ner cont&hai pgeskagnedvenitebnalredB@elaton@na iphkural ity of ink
ejecting 17 DEC 2003 -2

container for containing ink to be supplied to an ink

jet recording head, ink, and an ink jet recording
apparatus using the ink container.

The ink container used with an ink jet

10 recording apparatus is required to be capable of
properly supplying the amount of the ink corresponding
to the amount of the ink ejected from .a recording head
during the recording operation and to be free of ink
leakage through the ejection outlets of the recording

15 head when the recording operation is not executed.

In the case that the ink container is an.
exchangeable type, it is required that the ink
container can be easily mounted or demounted .relative
to the recording apparatus without ink leakage, and

20 that the ink can be supplied to the recording head
with certainty. |

A conventional example of an ink .container
usable with the ink jet recording apparatus is
disclosed in Japanese Laid-Open Patent Application No.

25 87242/1988 (first prior art), in which the ink jet
recording cartridge has an ink container containing

foamed material and having a plurality of ink ejecting



orifices. Wth the ink container, the ink is contained in the porous
mat eri al such as foamed pol yurethane material, and therefore, it is
possi ble to produce negative pressure by the capillary force in 5 WWEUECZMB
foaned material and to prevent the ink | eakage fromthe ink container.
Japanese Lai d- 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 connetfed with a porous material, and a
second ink container and an ink jet recording head are connected with a
porous material. In this prior art, the porous material is not contained
in the ink container, and it is dlsgosed 15 onl¥ in the ink passage, by
which the usPEF¥ieeencyWibh the ik FeRtabR8TedthByinkeifrovision of the
secondary inK:cqptaiqing portion, the iEk tlgmﬁng out _of the first ink
contai ner due“TR*IHESR ne&%ﬁng?ﬁﬂu?nma BELRF SEEPnRS:SRRAPAer due to the
tenperature 20 Jjncrease %pre sur e, decrea %, LS stored, by whi t he
vacuum in tka?i%Rﬁ%ﬁhﬁP e@ﬁgﬁﬁ}?%g ?ﬂg fﬁ bREPRG. & eﬁﬁt¥8ﬁSF§Tﬁaintained
substantial | y_ const ant . Fbmeve& in_the fiést ﬁrior a;i thg f oanmed
material is rEGRTEHTD BEIRDYVSUBEEAREFSI Py tHE S8PLALRFE SBAEE PR the ink
cont ai ner 4 aysgr, -and heregfore, the jnk _capacjty,is.lijmte and in
i (1 on, % nethefitned ERECTS A0F, L8 Rr@PRRE (tphieab Leibned" s |
relatively | agge, {ﬁgﬂiﬁﬁ,c$ggayagr§ff|C|ency of
Japanese Laid-Open Patent Application No.
522/1990 (second prior art) discloses an ink jet
recording cartridge in which a first ink container and
10 a second ink container are connected with a ‘porous
material, and a second ink container and an ink jet
recording head are connected with a 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

therefore, the ink capacity is limited, and in

addition, the amount of the non-usable remaining ink



the ink is poor. These are the problens therewith. In addition, it is
difficult to detect the remaining anount of the ink, and it is difficult
to maintain 5 substantially constant vacuum during the ink consunptqquEtsz
period. These are additional problens. In the second prior art, when the
recordi ng operation is not carried out, the vacuum producing material is
di sposed in the ink passage, and 10 ther<fore, the porous nmaterial contains
a sufficient amount of the ink, and the production. of the negative
pressure by the capillary force of the porous material is insufficient,
with the result that the ink is | eaked through the orifices of the ink jet
recording 151Re&eltivedlyt lamgect tdratt hies | ittee Jdu SefSididd@playm I n the
case of an exchangeable '"ink cartridge in which the ink jet recordi ng head
i s formed int &§falnk st Poazhe iThes=o@ns rire mrmbldms i thersiltgi ner is
mounted on the ink recording head, the second prior art is not 20 usable.
This is anot héP BAgEtdmna.Jdfarkss dilffiicudde tatetrectApiie catnaiia dyps.

67269/ 1981 and 98857/1984 di scl ose an ink container using an ink bl adder
urged by a spPPRYRtTRELs the iakamndgdduds diffiiculte totmerimtairegat i ve
pressure i ZSUEt%bIé.produced at the ink supply portion, using the spring
force. HowdvePUPSHaB&1ia} Ve GomEtente RHmIm Gurinatthe |40k t ed confi gurati on
of the springcbish%g%ired 1 70 E C 7003 -4 to provide a desired internal
negative presSirs TPhAPD PeFigd;c.dbese @rg Addidqnal eueblems. to t he

bl adder 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.of the negative
pressure by the capillary force of the porous material
is insufficient, with the result that the ink is
leaked through the orifices of the ink jet recording

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

20 usable. This is another problem.

Japanese Laid-Open Patent Applications Nos.

67269/1981 and 98857/1984 disclose an ink container
using an ink bladder urged by a spring. This is
advantageous in that. the intermal negative pressure is

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

that a limited configuration of the spring is required



s conplicated, and therefore, the manufacturing cost is high. In
addition, for a thin ink container, the 5 ink retaining ratio is small
Japanese Lai d- Open Patent Application No. 214666/1990 discloses a 17 DEC 2003
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 capable of providing the vacuum pressure. In the
separate chanber type, the internal negative pressure at the ink supply
portion is produced by the capillary force of the fine opening

communi cating the ink chanbers. 15 In this system the structure of the ink
container is sinpler than the spring bl adder system and therefore, it is
advant ageousof pedvtide at degpekat iaterhal megaftdcleu pitgsunsd, aht he

configuration of the ink container is not limted fromthe structure.
However, 20 theepzepasat ed chathegr thepd nknvontead nere for didleehliddder when t he
I nk container position is changed, the fine opening becones short of ink
dependi ng odst kempldraiteidngaadotherefoee ithie wanmiidgdurdang tcaft i nstabl e
i nternal vacuum pressure even to the extent 25 that the ink is | eaked, and
t heref ore, tilsehigh. cdmt aidddrtios.i dpasad thyin iimk scndeinen.haheandl i ng
thereof. 1 7 DEC 2003 -5 SUWWARY OF THE | NVENTI ON Accordingly, it is a
principab objpéctresriniag pesdendsi ARaAdi-on to provide an ink container, an
' nk Japanese Laid-Open Patent Application No.
214666/1990 discloses a separated chamber type in
which the inside space of the ink container is
separated into a plurality of ink chambers, which
10 communicate with each other by a fine hole capable of
providing the vacuum pressure. In the separate
chamber type, the internal negative pressure at the
ink supply portion is produced by the capillary force
of the fine opening communicating the ink chambers.
15 1In this system, the structure of the ink container is
simpler than the spring bladder system, and therefore,
it is advantageous from the standpoint of the
manufacturing cost and the configuration of the ink
container is not limited from the structure. However,
20 the sepérated chamber type involves the problem that
when the ink container poéition is changed, the fine
opening becomes short of ink depending on the
remaining amount of the ink with the result of
instable internal vacuﬁm'pressure even to the extent
25 that the ink is leaked, and therefore, the ink
container is imposed by limitation in the handling

thereof.



jet recording head using the sane and an ink jet 5 recording apparatus
using the sanme, which is easy to handle. It is another alternative object
of the present invention to provide an ink container, an ink jet 17 DEC 2003
recordi ng head using the same and an. ink jet recording 10 apparatus using
the same in which the ink retaining ratio is high. It is another
alternative object of the present invenb+on to provide an ink container,
an ink jet recording head using the same and an ink jet recording 15
apparatus using the sanme in which the ink is not |eaked even if the
anbi ent -condig.j,0n Lhange 1. is another alternative object of the present

I nvention to~pte % bRESEHEY, an ink jet recording head using the
same and the ink jet %thec rdigg afga[atus using the same in which the
vacuum in the ink suppiSPietReENi 115elSaBaPRiRciRRLaRBIBRE ©€okBRtI On

change, and , ink supplied.can be supplied to the recordin
headgvm' t hout %}%ﬁng{n?em{%&ﬁ%% 51 ggf?%hd%rﬁ’ﬂe?‘?§ Sggf:ﬁénfaﬁk. apsipk jg. ygt
anot her al ternati ' sent _inventi.on to _prqvide an ink

cont ai ner, i%%ﬁrﬁgﬁﬁgﬁfﬁﬁ é%%%ﬁi%ﬁéain ejﬁ?m?e%%?d?ﬂglﬁgpA?gtus i n which
the ink 1e7 AE3he Gipd [ Gl e t he. use.of vacuum producin
nmeans. Itsi sQa%%ot he%%%%‘%%ﬁ%ééc%%{% %ltll(g% gﬁggbrggéﬁﬁ 1§m"78ﬁ%’i f ltoo °
provi de an i Marfgyd ai ner, ink, an ink jet

a2

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

10 apparatus using the same in which the ink retaining
ratio is high.

It is another alternative object of the present
invention to provide an iﬁk container, an ink jet
reccrding 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 cgndition 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 of the ink.

25 It is: yet another alternative object ©of the present

invention to provide an ink container, ink, recording

head, and ink jet recording apparatus in which the ink



5 recording head and an ink jet recording apparatus in which the ink

| eakage is reliably prevented even when nechanical inpact such as
vibration or thermal inmpact such as tenperature change is given tolt/h&EC 2003
recording head or the ink container under the condition of use 10 or
transportation of the ink jet recording apparatus. According to an aspect
of the present invention, there is proyded an ink containing . apparatus
for containing ink, conprising: 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

suppl yi ng thegi Bliffeuliant15PeRRG RN B sd Ur FRAhS NP s dliGg a _

comuni cation part for conmunication between bottom portions of the first
and second 2Qeapst.ai ners; and ambi ent air introducing neans adjacent the
air vent for introducing air into the conmunication part. These and ot her

features and advantades i¢f hhwheresBRrnativenstijent vdf thdgaesentnore 25
apparent upon a consideration of the follow ng description of the preferred

enbodi nent s ahviehe iopr exepiravivdentamnirilakesntia roemn uindt] am wink jée 1 7 DEC
2003 -7 acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
shows coupl i mgedvedieen heade@ordiarny itk et mecbabinglarpanatwerirnccor di ng
to an enbodi nrent of the present invention.
which the ink leakage is reliably prevented even when
mechanical impact such as vibration or thermal impact
such as temperature change is given to the recording
head or the ink container under the conditicn of use
10 or transportation of the ink jet recording apparatus.
According to an aspect of the présent
invention, there is provided an ink containing
apparatus for containing ink, comprising: a negative
pressure producing material; a first container for
15 containing the negative pressure producing material,
the first container having an air vent and a supply
port for supplying the ink out; a second container for
containing ink; a communication part for communication
between bottom portions of the first and second
20 containers; and ambient air introducing means adjacent
the air vent for introducing air into the
communication part.
These and other features and
advantages of the present invention will become more
25 apparent upon a consideration of the following

description of the preferred embodiments of the

present invention taken in conjunction with the



Figure 2 illustrates a recording head and an ink container according to
anot her enbodi nent of the present invention. 10 Figure 3 illustrates an

i nk container according to an enbodi ment of the present, inventionl7DE( 2003
Figure 4 is a perspective view of a recording apparatus. Figure 5

Il lustrates an ink container 15 according to a further enbodi nent of the
present invention. Figure 6 illustrated-an.ink container according to a
further enbodi ment of-the present invention. 20 Figure 7 illustrates an

i nk container according to a further enbodi nent of the present invention.

Figure 8 ill n ink _container according to a further enbodi nent of
t he present HggBﬁhgg ?FSnBrﬁFQEPE-g illustrates an ink container according

to a further enbodi nent of the present 1 7 DEG 2003 -8 invention. Figure
10 illustrates a nodel of ink supply. Figure 11 is a graph show ng

internal prespyEe HRARASPRYONIBH PoES WARLGRY tion in an ink 5 container
accordi ng to an enbodi ention. Figure 12 shows a
9 .
nmodel of ink supply iPjgure 1 shows coupling between a recording
5 head and an ink container according to an embodiment
of the present invention.

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

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

Figure 4 is a perspective view of a recording
apparatus.

Figure 5 illustrates an ink container

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

Figure 6 illustrates an .ink container
according to a further embodiment of- the present
invention.

20 Figure 7 illustrates an ink container
according to a further embodiment of the present
invention.

Figure 8 illustrates an ink container
according to a further embodiment of the present

25 invention.

Figure 9 illustrates an ink container

according to a further embodiment of the present



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 initial state in which the ink container is filled ywtyy(ty
ink. Figure 15 illustrates a state in which the 15 air-liquid interface
starts to be fornmed. 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 nountable. Figure
19 illustrates an ink container according to a further enbodi nent of the
present 25 invention. Figure 20 shows a nodel of ink supply. Figure 21 is
a longitudi nghvereio@nal viewof 1 7 0 E C 2003 -9 an ink cartridge main
body for an ink jet recording, according to a further enbodi ment of the

present invention. Frgguee2P0i 51 bustpPasteseat noaal vifewnkf sappilgk 5
cartridge nmain body for the ink jet recording 10 15 20
Figure 11 is a graph showing internal
pressure change at the ink supply portion in an ink
5 container according to an embodiment of the present
invention.
Figure 12 shows a model of ink supply in a
comparison example.
Figure 13 is a graph showing the internal

10 pressure change at the ink supply portion in the
comparison example.

Figure 14 illustrates an initial state in
which the ink container is filled with the ink.
Figure 15 illustrates & state in which the

15 air-liquid interface starts to be formed.

Fiqure 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



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

mai n body,

Figure 24 is a sectional view of the ink <cartridge main body, show
surface of the rib according to a further enbodi ment of the present

i nventi on.

secti onal

19 0E09003

Figure 25 is an enlarged sectional viewof a rib according to a
further enbodi nent of the present inveqtion. Figure 26 is a |ongitudinal

view of an ink cartridge mai n body of an exchangeable ink jet

recording according to a further enbodi nent of the present invention.
Figure 27 is a cross-sectional view of an ink cartridge main-body for the
exchangeabl @n kK etartmicigelingin desty daw 410 Bak ujéberecsbadihgent of the
present invention. 25 Figure 28 is a sectional view of an ink cartridge
mai N body, SFEATHERhdeE ffurthsr tdmbodimers cof dilng poesedtirt her

enbodi nent of the present 1 7 0 E C 2003 -10 5 inventi on.

Figure 29 is a

| ongi t udi nal*"¥&Rtigel view of an ink cartridge main body for the ink jet
recording in a conpaﬁgﬁon exanple. Figure 30 is a sectional view of an ink

10

15

20

25

igure 22 is a cross-sectional view of an ink
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.

Figure 24 is a sectional view of the ink
cartridge main body, showing the surface of the rib
according to a further embodiment of the present
invention.

Figure 25 is an enlarged sectional view of a
rib according to a further embodiment of the present
invention.

Figure 26 is a longitudinal sectional view of
an ink cartridge main body of an exchangeable ink jet
recording according to a further embodiment of the
present invention.

Figure 27 is a cross-sectional view of an ink
cartridge main body for the exchangeable ink jet
recording, according tc a further embodiment of the
present invention.

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



cartridge main body for the ink jet recording in the conparison exanple.
Figure 31 is a sectional view of the ink cartridge main body show ng the
surface of the rib in 10 a conparison exanple. Figure 32 is an enl qrpgg[;mm
sectional view, showi ng the cross-section of the rib in the comparison
exanple. Figure 33 illustrates horizontal printing 15 position Figure 34
Illustrates | eakage ink buffer function of the conpressed i nk absorbing
material in an ink chanber. Figure 35-4fRews an exanpl e of conpression 20
ratio distribution of the conpressed ink absorbing material, according to
a further enbodiment of the present invention. Figure 36 shows another
exanpl e of the conpression ratio distribution of the conpressed ink 25
absor bi ng net@YeRF1PA-t he enbodi nent of Figure 35. Figure 37 shows a
further exanple of the conpression ratio distribution of the conpressed
ink 1 7 DEC 2003 -11 EbgBrsi A8 #at 8r LendifudisadnBegtienglofipwy@fe 35.
Fi gure 38 shows an exanple of the conpression ratio distribution of the
conpressed i R iBEoFBragidaat Bainl PPAYafesnsRe 48K dRAnprEOTIiPdgure 39
shows a further exanple of the conpression ratio distribution of the
conpr essed I?'IR a comparison example.
5 Figure 30 is a sectional view of an ink
cartridge main body for the ink jet recording in the
comparison example.
Figure 31 is a sectional view of the ink
cartridge main body showing the surface of the rib in
10 a comparison example.
Figure 32 is an enlarged sectional view,
showing the cross-section of the ridb in the compariscn
example.
Figure 33 illuastrates horizontal printing
15 position.
Figure 34 illustrates leakage ink buffer
function of the compressed ink absorbing material in
an ink chamber.
Figure 35 shows an example of compression
20 ratio distribution of the compressed ink absorbing
material, according to a further embodiment of the
present invention.
Figure 36 shows another example of the
compression ratio distribution of the compressed ink
25 absorbing material in the embodiment of Figure 35.
Figure 37 shows a further example of the

compression ratio distribution of the compressed ink



absorbing material in a conparison exanple. Figure 40 shows an exanpl e of
additional ink chanber, according to a further enbodi nent of the 10
present invention. Figure 41 shows an exanple of an,additional ink1chppbE
in the enbodi nent of Figure 40. Figure 42 shows an exanple of the divided
conpressed i nk absorbing material, according to a 15 further enbodi nent of
the present invention. Figure 43 shows.an exanple of the ink absorbing

mat erial arrangenent in the ink chanbeF}l'according to a further enbodi nent
of the present invention. 20 Figure 44 illustrates problens with the
assenbling of the apparatus for the Figure 43 enbodi nent. Figure 45

1 Lustrates LKoSBORHTREESDILY 3p COIP UM SXATNEr 20 Gy e 46 shous

the ink | eakage upon~pressure” fedu npl e of

Figure 45. Figure- 47F't5_ﬁ_g§8rrggi Ehgglse@rr@x%m%ﬁi gro(y % %s?%;’%c%%%gg) -12 a

further enbodi nent of resent inventi on. ure d

gampl e of FLgyis 4{sr2dBAdigRNbs EhllBabldstal SEH ia?ﬁ‘?:’rbé’.:xﬁg\év showi ng t he

5 nmounting of the exchangea I nk cont al ner an recor head onto
the carri agemagee9hdi 8 hOcoRpa®dled Bnpdlk.t he present invention

5 Figure 39 shows a further example of the
compression ratio distribution of the compressed ink
absorbing material in a comparison example.

Figure 40 shows an example of additional ink
chamber, according to a further embodiment of the

10 present invention.

Figure 41 shows an example of an .additional
ink chamber in the embodiment of Figure 40.

Figure 42 shows an example of the divided
compressed ink absorbing material, according to a

15 further embodiment of the present invention.

Figure 43 shows an example of the ink
absorbing material arrangement in the ink chamber,
according to a further embodiment of the present
invention. '

20 Figure 44 illustrates problems with the
assembling of the apparatus for the Figure 43
embodiment.

Figure 45 illustrates ink consumption in a
comparison example.

25 Figure 46 shows the ink leakage upon pressure
reduction in the comparison example of Figure 45.

Fiqure 47 1s a modified example'according to



Figure 50 illustrates ink consunption in the apparatus according to the
enbodi nent-of Figure 49. 10 Figure 51 illustrates fundanental s of trﬁ
exchange between the air and the ink. Figure 52 illustrates the inte HEC 2003
pressure of the ink supply portion, according to a further enbodi nent of
the present invention. 15 Figure 53 illustrates the ink buffering function
I n the apparatus of Figure 52 enbodi nentiz-Figure 54 is a block diagram
showi ng an exanple of the control systemfor the-apparatus. Figure 55
shows the state when the remaining 20 amount of the ink is detected,
according to a further enbodinent of the present invention. Figure 56

i I lustrates tehefurtihemanhpdissmnte o dHfthde tederstipiyemoidanon in the
cont ai ner according to Figure 55 enbodinment. 25 Figure 57 shows an exanpl e
of an ink refilling rddwe 48 gis ea 58difisd retaspliekofdiisqupd i 9h, 17 D E
C 2003 -13 according to a further enbodi ment of the present 5 invention.
Figure 59 il |lamhodiments further ink consunption according to the enbodi nent
of Figure 58. Figure 60 shows the state in which the remaining anmount of
the ink is detected, iHigure df/iice a @eqtieonabodiershaWim gthe 58.

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

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

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

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

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, according to a further
embodiment of the present invention.

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

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

Figure 58 illustrates ink consumption,



Figure 61 illustrates the state in which the ink is reinjected after the
ink in the ink chanber is 10 used out. Figure 62 illustrates renmaining ink
amount  detection, according to a further enmbodi nent of the present7 DEC 2003
invention. Figure 63 illustrates a nodified ink 15 renai ni ng anmount
detection, in the enbodinent of Figure 62. Figure 64 illustrates a nethod
of ink refilling, according to a furt enbodi nent of the present

i nvention. 20 25 Figure 65 shows the ink Tl owi ng anount upon the pressure
decrease. Figure 66 shows a rel ationship between the renaining anount of
the ink and the electric resistance between el ectrodes. DETAILED

chow no 17 TECSI08 P L orERrrorment R §cord BETRea. Tk

cont ai ner, .?ﬁﬁéééﬁyai n an ink jet recording apparatus according to an
the pr

embodi ment o e€sent invention. The recording head 20 in this

embodi ment i s of an igKniRl S9tyPeuserafes! 2CEAPERBEMRhKE ransducers for
generating thermal energy for causing filmboiling in the ink in
accordance UddkslfRcidd aStSP@I ng ! fo FERET EmBodiBERE of Figure 58.
S Figure 60 shows the state in which the
remaining amount of the ink is detected, in the device
of the embodiment of Figure 58.

Figure 61 illustrates the state in which the

ink is reinjected after the ink in the ink chamber is
10 used out.

Figure 62 illustrates remaining ink amount
detection, according tc¢ a further embodiment of the
present invention.

Figure 63 illustrates a modified ink

15 remaining amount detection, in the embodiment of
Figure 62.

Figure 64 illustrates a method of ink
refilling, according to a further embodiment of the
present invention.

20 Figure 65 shows the ink flowing amount upon
the pressure decrease.

Figure 66 shows a relationship between the
remaining amount of the ink and the electric
resistance between electrodes.

25
ﬁETAILED DESCRIPTION OF THE PREEERRED EMBODIMENTS

Figure 1 is & sectional view showing



parts of the recording head 20 are bonded or pressed into a |am nated
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 verti ¢dEC 200
direction on the surface of Figure 1 drawing, the positioning is effected
by the head positioning portion 104 of a carriage HC and a projection

111-2. In the vertical 15 direction in,the cross-section of Figure 1, a
part of the projection 111-2 projects té"cover t he head positioning

portion 104, and the cut-away portion (not shown) of the projection 111-2
and the head positioning portion 104 are used for the correct 20

OSi L1 ONi 9. coliBASaeLARAR dabld ok Aiadised o Ngoberis Mefor mat | on

process, and Incl udés e er ma cers ~(ej ection heaters)

arranged on faficssHDIL Ahe (Al j8kesuthtdlid M da P B ElPCL T ¢

(o p ..
power thereto, e’wrin el ng nade o e like”™ The wiring

|5 made corr ¢3paRd ehcldigietads thexphlegehitsqnvaead JRCB) ghigvi ng the wiring

whi ch has at the end portion pads for receiving electric signals 17 DEC

2003 -15 fropelhediRgn naadedll ¥n TheY ah®oeaneed 8¢ B Wn' §nxbgedi ng. A top
plate 112 integrally formed of polysulfone or the |ike conprises walls for

separating atfpdr akiihy efielctcoRAasnaes teansawRed Forl gendeating ection
heaters, a conmon |iquid chanber for receiving ink froman exchangeabl e ink

contai ner titheuglalaepasydFornda@inguEiliy BRPiliag Ak theoihkeinpl urality
of i nk passages, and orifices for providing

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 1l1ll. In the vertical direction
on the surface of Figure 1 drawing, the positioning is
effected by the head positioning portion 104 of a
carriage HC and a projection 111-2. 1In 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



the plurality of ejection outlets. The top plate 112 10 is urged to the
heat er board 113 by an unshown spring, and it is pressed and shield using
a sealing nenber, thus constituting the ink ejection outlet part. HPTUEDﬂNS
pur pose of communication with the exchangeable ink container 1, the
passage 115 provided 15 by sealingly conbining with the top plate 112,
penetrates through the holes of the head, PCB 113 and the head base plate
ill to the opposite side of the head bab “plate 111. In addition, it is
bonded and fixed to the head base plate 111 at the penetrating 20 portion.
At an end connecting with the ink container 1 of the passage 115, there is
provi ded a fidded e o ' i d i | gn matter or

bubbl e into the ink gj eﬁ?gélg%%ﬁ%ﬁghe%é hgl%eg% egfégé%ﬁtgfﬁgr i's

connected 25asding he X eesp dbrwrdepth 20n pyg A £pIGHAGa94Ede and pressing
means 103, and an ink absorbing material in the ink supplying portion is

brought i nt o reditsaxitfond hod GhdEID0D condribes fihi €5 ?éraéeﬁﬂrﬁﬂgn i the
passage 115, by .which the nechanical connection is established. After the

connection, wipigmkErprof nink ek sagds Ngot LEHYSRI1inGUE® BRALS of the main
assenbly of the recording 5 apparatus, the ink I1s forcedly supplied from

the exchangedsatiiok heatersiera Icomten t hbqu e ocHafBefeadr 20, by which the
ink is supplied. In this enbodi nent, upon the engagenent by the pressing
neans, the r FRGARN Rk 20remaan exchangeable ink container
through a passage and for supplying the ink into the
pPlurality of ink passages, and orifices for providing
the plurality of ejection outlets. The top plate 112
10 is urged to the heater board 113 by an unshown spring,
and it is pressed and shield using a sealing member,
thus constituting the ink ejection outlet part.
For the purpose of communication with the
exchangeable ink container 1, the passage 115 provided
15 by sealingly combining with the top plate 112,
penetrates through the holes of the head PCB 113 and
the head base plate 111 to the opposite side of the
head base plate 111. 1In addition, it is bonded and
fixed to the head base plate 111 at the penetrating
20 portion. At an end- connecting with the ink container
1 of the passage 115, there is provided a filter 25
for preventing introduction of foreign matter or
bubble into the ink ejection part.
The exchangeable ink container is connected
25 with the recording head 20 by an engaging guide and

pPressing means 103, and an ink absorbing material in

the ink supplying portion is brought into contact with



10 exchangeabl e ink container 1 are connected with each other, and

si mul t aneously, the recording. head 20 and the carriage HC are
mechanically and electrically connected in the sane direction, and 17 DEC 7003
therefore, the positioning between the pad on the head PCB 105 and 15. the
head driving el ectrodes 102, are assuredly effected. Aring seal is of a
relatively thick elastic material ring _in this enbodinent so that the
joint portion with the outer wall of rﬂé'EXchangeable ink 20 container is
wi de enough to permt play in the ink supply portion. As described in the
foregoing, in this enbodinent, the exchangeable. ink container 1 and the
recordi ng head 2Q are sufficiently conbined, and 25 thereafter, .the
exchangeabl etffk fdd/eEi der aits 29 §&¢ OfhFhfhPATSARE 'igab“gﬁﬂﬂ}he

recordi ng head can be .assuredly positi.oned relatively to.,each.other with 1
7 DEC 2003 -f?esmﬁﬁg@n§FF&cFﬁﬂ§P Qﬂﬁﬁnqﬁﬁﬁgﬁkﬁ%ﬁAThéﬁ?ﬁ%bﬁﬁ%m] head

W th oi ol o CPABERGLER aHe e ar SRCORTH Ha oY & e 1 age,
erefore, °phis, SIS0 RIS AL ARE i L eigpl rent e
SETELY) s TSRS 900 Ay MR ol g Ther of e
exchangeabl e Jy 6QR1REE nS % iddr 1S 1hto 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

i0 exchangeable ink container 1 are connected with each
other, and simultaneously, the recording‘heéd 20 and
the carriage HC are mechanically and electrically
connected in the same direction, and therefore, the
positioning between the pad on the head PCB 105 and

15 . the head driving electrodes 102, are assuredly
effected.

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

20 container is wide enough to permit play in the ink
supply portion.

As described in the foregoing, in this
emhodiment, 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 héad can be

assuredly positioned relatively to each other with



possi ble alternative that a separate connector is used to establish the

el ectric connection, by which the latitude for the structure to assure the
recording head positioning and the connection with the 15 exchangeabl dE( 2303
container. Figure 4 shows a recording apparatus of a horizontal position
type. Referring to this Figure, the arrangenent and the operation of the
recording head in the ink jet recordi ngjgpparatus of this enbodi nent wl|

be 20 described.. In this Figure, a recording material 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 Carrkﬂﬁplmtﬁgcﬂhﬁepfaﬁ@esﬁﬂﬁltaﬁéol‘ﬁl?ﬁ Zhechaeoeding a helical
groove 5004. The carriage is supported by the [ead screw 5005 (driving

source) and headl anérthéO8xehargdabllepank! kehtatinert e eatdneeted 17 BE C
2003 -18 and it reciprocates along the surface of the recording material P
an the pl at eoutsiderth@Ofaiihassemdlgcwivh S0ADplies statattadehy aride f or war d
and backward rotation of the driving roller through a drive transm ssion 5
gears 5011 ahbeb@f@8fteDesignidsemiobntedf tpethe camreiake. SThérafcore)08 are
phot ocoupl ers, which serve to detect the presence of the carriage |ever
5006 to st thengxchangihgeopeoatbont he pesyr 5013 thismembodimes®, sensor).
The recording i mage signal is transmitted to 10 the recording head in tinmed
rel ati on wi t RRehelagtERencongectienchptvage ther FaagFiage recordi ng head;

and the (recording apparatus main assembly) and the recording

head is simultaneocusly effected. Therefore, the-
operativity upon the exchange of the recording head

10 and the exchangeable ink container is good. It is a
possible altermative that a separate connector is used
to establish the electric connection, by which the
latitude for the structure to assure the recording
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 the ink jet
recording apparatus of this embodiment will be

20 .described. 1In this Figure, a recording material P is
fed upwardly by a platen roller 5000, and it is urged
to the platen roller 5000 over the range in the
carriage moving direction by a sheet confining plate
5002. A carriage moving pin of the carriage HC is

25 engaged in a helical groove 5004. The carriage is
supported by the lead screw 5005 (driving source) and

a slider 5003 extending parallel with the lead screw,



I nk droplets-are ejected at the proper positions, thus effecting the
recordi ng. Designated by a reference nuneral 5016 is a nenber for
supporting a capping 15 nmenber 5022 for capping the front surface off % het 2003
recordi ng head. Designated by a reference nunmeral 5015 is a sucking neans
for sucking the inside of the cap. Thus, it is effective to refresh-or
recover the recording head-by the sucking through the opening 5023 20 in
the cap., A cleaning blade 5017 is suppdBted by a supporting-nenber 5019
for noving the blade to and fro. They are supported on a supporting plate
5018 of the main assenbly.- The sucking neans, the blade or the |ike may
be of another known type. A |lever 5012 25 for-determ ning the sucking and
recovery opearddi bh reFhPRECAbessalepat KB RREH aCKe Cho e FECOF%ERE cam

5020 engaged with the carriage. The driving faorce 1 C 2003 -19 fromthe
dri vi ng nDtoWaFgrééﬁtPoPPeHhByPéaEﬁBwﬁ°19th?ﬁp rin&aﬁgiﬁ? FEF®Ys clutch

or the like. _The recovery neans, carries qQut the predeterm.ned process at
t he predeterﬁpﬂﬁnbstFﬁFﬁ&eﬂybYhEh?egﬂryéFgwa§80§a§Fw§ §°§g§} Spondi ng

ositions, when the _carriage nes_.into.the reqion ' . or at the hone
Bosition. AsoghB&ﬁ FﬁlﬁFﬂﬁ?€°gg?rtﬁ§rPH§ﬁ gtdfgggr F%?§%§§§§Pa us of this

embodi meny i 5 0perahhs Lhal BBoover hbE3LmBtiAl b30 AFerdrlie nlmdagsvertical

t
posi tion, cording scanni ng op on carried out while the

di i i i i ng head
ecording mgbhaknR 5h0GEE bRokBEAPILI, WL Sdiivd o aatedd ng hea

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 capping
15 member 5022 for capping the front surface of the
recording head. Designated by a reference numeral
5015 is a sucking means for sucking the inside of the
cap. Thus, it is effective to refresh or recover the
recording head by the sucking through the opening 5023
20 in the cap. . A cleaning blade 5017 is supported by 2
supporting member 5019 for moving the blade to and
fro. They are supported on a supporting plate 5018 of
the main assembly.- The sucking means, the blade or
the like may be of another known type. A lever 5012
25 for'determiping the sucking and recovery operation
timing moves together with the movement of the cam

5020 engaged with the carriage. The driving force



sheet feeding, printing and sheet discharging operations are possible in
substantially the sane 15 plane, and therefore, it is possible to effeﬁé
the printing to a thick and high rigidity recording nateri al such 1aDEC 2003
post card and an OHP sheet. Therefore, the outer casing of the position
changeabl e ink jet recording apparatus of this enbodinment is 20 provided

wi th four rubber pads on the bottom surtda®e 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 exchangeabl e ink
cont ai ner 200iromsthgodEivhngepeteirohsparntobliled begcar tinbgnhead 2010

faced to the recording material P, and therefore, it 1 7 DEC 2003 20 5 is
desirable to Eﬁﬁﬂﬁ?%tgﬁﬁgrﬁgéﬂﬁiﬁecbtéﬁi@lnéah ofr thiee likle.andheo nai ntai n
slightly positive, preferably, slightly negative internal pressure of the
ink at the ef%ﬁ??%ﬁypﬂ??PssﬁaFﬁbﬁstﬁBtnﬁthﬁﬁgdéﬁanénﬁﬂkPGpCBH§ ej ection

2 Usabl o i (RE¢ RBe RBBAPFERRSNDAS; RALHe ¥ EhEndend] STaN: SOR ME Do
decer, hed BerehpeLhShendlBadoacobpl ORIt Lo TS L0 deta L g Lo 0 e
the ink contajggeg %ﬁé'reBEoHGESELQSQt or at the home position.

As shown in Figure 33, the ink jet recording
apparatus of this embodiment is operable in the
vertical printing position. In the vertical position,

10 the recording scanning operation is carried out while
the recofding material P is faced to the bhottom
surface of the recording head 2010. 1In this case, the
sheet feeding, printing and sheet discharging
operations are possible in substantially the same

15 plane; and therefore, it is possible to effect the
printing to a thick and high rigidity recording
material such as a post card and an OHP sheet.
Therefore, the outer casing of the position changeable
ink jet recording apparatus of this émbadiment 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 caﬁ be stably positioned in the
respective printing positions. 1In the vertical

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

faced to the recording material P, and therefore, it



.(Structure) As shown in Figure 2, the main body of the 15 ink container
conpri ses an opening 2 for connectlon with an ink jet recording head
vacuum producing material chanber or container 4 for accommobdati ng h?UECZMJ
vacuum producing 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 25 produci ng naterlal ccnuéa ner by way of ribs 5 and being
in comunication with the vacuum produci‘ng material container 4 at a
bottom portion 11 of the ink container. operation (1) Figure 2 is a
schematic sectional view of the ink container when a joint nenber 7 for

suppl yi ng t hgsladsPEGHiR03 o %Lﬁp%‘%t' ?n‘éstﬁ?e%dl getsnea%\c}géég'{?m% Lbfiad 'S

inserted into the ink container, ur oduci ng

mat eri al , angnkhengf ana, tbhﬂla':l.'ﬁ"ﬁall?xt lri%qﬁ:rlq) %ﬁ%a’rfea| te éf%f{hbtfpr ovi ded

operable state. At the 5 end of the joint menber
to exclude kthhQ&?lﬁ@gﬁ&&b@rlh%e&ﬂﬁl'E&d@@@f@ %&rt aﬁﬁ H¥K | et
[

recordi ng apparatus is operated, the in S ejected t e orifice or
orifices of ehectiln partecepdithathend, meeilhals Ufethlao ﬂdikko%J jeng force

IS produced in the ink container. The ink 9 is introduced into the joint
menber 7 py eliectivokpagtl ascethbamitzed.i nk container 6 through 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, the
structure and the operation of the ink container will
be describeaqd.
{Structure}
As shown in Figure 2, the main body of the
15 ink container comprises an opening.z for connection
with an ink jet recording head, a vacuum producing
material chamber or container 4 for accommodating a
vacuum producing material 3, and an ink containing
chamber or an ink container 6 for containing the ink,
20 the ink container 6 being adjacent to the wvacuum
producing material container by way of ribs 5 and
being in communication with the vacuum producing
material container 4 at a bottom portion 11 of the ink
container.

25 Operation (1

Figure 2 is a schematic sectional view of the

ink container when a joint member 7 for supplying the



cl earance 8 between ends of the ribs and the bottom 11- of the ink
cartridge, and through the vacuum producing 15 material 3 into the vacuum
produci ng material container 4, and thereafter, the ink is supplied! Bt 2003
the ink jet recording head. Then, the internal pressure of the ink
container 6 which is hernetically sealed except for the clearance 8,
decreases with the. 20 result of pressur@ildi fference between the ink

contai ner 6 and the-vacuum producing material container 4. Wth the
continued recording operation, the pressure difference continues to

I ncrease. Since the vacuu roducing material container 4 is opened to 25
t he anbi ent aFFktHP@Ggﬁhﬁniaﬁrjﬁénﬁﬁcpﬁdiagrnaadiﬁﬁwﬂnhﬂmmhdlﬂnxd:he i nk
container 4 through the clearance 8 between the rib ends 8 and the ink 1 7
DEC 2003 -22 &8Pt IP¥gSoBGaiasc:1 apky dggmnged wacdihe pramtum ng naterial . At
this tinme, the ressure difference between the ink container 6 and the
vacuum producpﬁg RELBS Bategiadi nepds therefiorenattde imb id8t the ink 5 jet

recordi ng operatlogg t he above process is repeated, so that substantially

a constant vaCBGRFRINGBPRAIRTNS A5 dRe thek opemabl@ystate | Mt ithe he ink
deposi ted 5n RS At 3?1&2? 'o?éel ! mePrRze 2ok 113 eh aan b ARASE. tand
e el o o L n8xbRiiadS EneGbbB SO Ha e MEOYRE: 4 P UG AR e’
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 intoc the joint member 7 by the
sucking force from the ink container 6 through the
clearance 8 between ends of the ribs and the bottom 11
of the ink cartridge;-and through the wvacuum producing
15 material 3 into the vacuum producing material
container 4, and thereafter, the ink is supplied into
the ink jet recording head. Then, the internal
pressure of the ink container 6 which is hermetically
sealed except for the clearance 8, decreases with the.
20 result of pressure difference between the ink
container 6 and the- vacuum producing material
container 4. With the continued recording operation,
the pressure difference continues to increase. Since
the vacuum producing material container 4 is opened to
25 the ambient air 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



I's further described in detail on the basis of a nodel 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 nunerals 102, 103-1 &ridDEC 7003
103-2 are capillary tubes equivalent to the vacuum 20 producing material 3.
By the neniscus force thereof, the vacuumis produced in the ink
container. An elenment 107 corresponds 4224 he joint nenber 7, and is
connected with an ink jet recording head not shown. It supplies the ink
fromthe ink container. The ink 25 is ejected through the orifices, by
which the ink flows as indicated by an arrow Q The state shown in this
Figure is theattaidgey pitar 200X h2:dn ke crecuengitodinoiung of the ink
has been supplied out fromthe vacuum producing material, and therefore,
the ink cont #H&LiFromAthehis |Wdnest dike girasaureldiffanender and the
vacuum produci ng material. The 5 bal ance is established anbng the static
head in the Rkgtwearn Hie tnk reordiadingr Heand tthe reaiuae preadsei’gin  t he

i nk container 106 and the capillary forces in the capillary tubes 102,
103-1 and 1033temfrh qaptainer 4 ig @l inihatads t Ruringthe t3k hei ght of
the ink level 10 in the capillary tubes 103-1 and 103-2 hardly change, and
the ink is sulfpti®rfFq 9 W%Fﬁg&ﬂﬂﬂ ﬁif?era%’@ RIASKRRH L cl earance 108

Cont ai ner 1 PRE Rrarsd e A AT gy et s |
maintained in the ink cartridge. The ink in the ink
container can be substantially thoroughly used, except
for the ink deposited onn the internal wall surface of

10 the ink container, and therefore, the ink use
efficiency is improved.

Operation (2)

The principal operation of the ink container

is further described in detail on the basis of a model
15 shown in Figure 10.

In Figure 10, an ink container 106
corresponds to the ink container 6 and contains the
ink. Designated by reference numerals 102, 103-1 and
103-2 are capillary tubes equivalent to the wvacuum

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 Figqure is the state



15 changes to produce air bubble or bubbles. By the breakdown of
t he-neni scus, the air bubble or bubbles are introduced into the ink

container 106. In this manner, the consuned anount of the ink is quegtﬁﬁﬂ3
fromthe ink container 106 without a substantial 20 change in the |eve

the capillary tubes 103-1 and 103-2, that is, w thout substantial change
in the ink distribution in the vacuumgg-oducing material, that 1is, with

t he bal anced internal pressure maintained. When an anount Q of the ink is
supplied, the 25 volunme change appears as the neniscus |evel change in

the capillary tube 102, and the surface energy change of the neniscus

t hereby i ncifnaskRichhe segifli amotint GF @MROGRk Megrheaemnrsurdilieft i nk supply
portion. However, the break down of the neniscus pernits introduction of
the air inbattfeomitheoviesuue profuding material.s and HSREPIR1h t he

I nk, and therefore, the neniscus 5 returns to the original position. Thus,
the int er nalthepiakscoatafingr ifnom s Eiddad oitate ff B8 i at  the

predeterm ned internal pressure by the capillary force of_the tube 102.
Figure 11 skomtaimerciemnfydhs varuumpreficing preaial: atT™e ink supply
portion of the ink container according to this epbodi neni_of. the present
i nventi of i badeasieddifc @sha AFRedBiAng othe r%t"i“_i% %%n%lqsp(%%%surrpt i on
Vacuum 15 praRHEHTRY Mot ecart g dreads the crodiefd Prdeshal Enl rom (e
the ink container 106 aﬁd 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 haxdly change,
and the ink is supplied from the ink container 106
| through a clearance 108 corresponding to the clearance
8. This increases the vacuum in the ink container
106, so that the meniscus of the capillary tube 102
15 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 ink is supplied
from the ink container 106 without a substantial
20 change in the level in the capilléry tubes 103-1 and
103-2, that is, without substantial change in the ink
distribution in the wacuum 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



herei nbefore. Mrre particularly, the ink contained in the vacuum produci ng
material container until the neniscus is fornmed in the clearance 8 at the
bottom portion of the ink container. Therefore, sinmilarly to 20 thel §@EC 2003
contai ner according to the first prior art in which the ink container is
filled wth the absorbing material, the internal pressure in the ink

supply portion is produced due to the_Q | ance between the capillary force

at the ink top surface (air-liquid 25 inferface) of the conpressed ink
absorbing material in the vacuum producing material container and the
static head of the ink itself. Wen the state is reached in 1 7 DEC 2003

-25 which t %%é%%éCE%‘E%F“EE&aﬁﬁp%fnyéﬂﬁgoﬁﬁ t RewBeLEOMngorti on of the

i nk contain escribed in the oregol ng due to the reduction of the

ink in the PERK G | Pe "RERS L2k s COREAL PET 1hBragaetdaACefWEhB 5 the
consunption of the 1nk (1nk supply) (Figure 15, and Figure 11, point X),

the ink SUpQéfrf{ﬂﬁbt@ﬁeifﬁk EQRtALRBE, sk8r tRatByhkhaigapsl | ary force of
the conpressed 1 nk absorbing naterial adjacent the bottom portion of the

i nk- chanber , ek 8Rah §E8" R8EN PERESHAR, 0hndOth8cefbkesURRY mpALEEAB i S
mai ntai ned. As-long as the ink is supplied fromthe ink container, the

subst anti gl | yetefh&abd théeobhdbipaksposetion. nafhtaj netie Yhearnhd furt her
i nk consunption results in the decrease of the ink level in the.ink
contai ner lprbsyond ¢ficthakinkasbpplwabbrbbonohs sabotampedl Bf all of the
I nk container is consuned (Figure 16 and Fi gure
the predetermined internal pressure by the capillary
force of the tube 102.
Figure 11 shows the change of the intermal
10 pressure at the ink supply portion of the ink
container according to this embodiment of:the present
invention in accordance with the amount of the ink
supply (consumption amount). At the initial state
(Figure 14), the ink supply starts from the vacuum
15 producing material container, as described
hereinbefore. More particularly, the ink contained in
the vacuum producing material container until the
meniscus is formed in the clearance 8 ‘at the bottom
portion of the ink container. Therefore, similarly to
20 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



11, point Y), the air is introduced at once into the ink container with
the result of conplete conmunication established between the ink container
20 and the outside air, so that a small anmount of the ink remaining7ilECtH8
i nk container is absorbed by the conpressed ink absorbing nmaterial in the
vacuum producing nmaterial container, and therefore, the anount of the ink
contained in the vacuum produci ng 25 nmet28+4 al contai ner increases. This
changes the internal pressure of the ink supply portion slightly toward
the positive direction by the amount 17 0 1 C 2003 -26 corresponding to the
slight rise of the ink top surface (air-liquid interface). Wien the ink is
further consukégh the iaik-lniquid vavarfigredisi fgrmedt 2t | the dootémer i s
consuned. If, however, the air 5 liquid interface |owers beyond the ink
supply port i &Ttiome afeddialiing mantainer s described tie the, and
therefore, the ink supply systemreaches the limt (Figure 17) At this
state, the ef@l‘?&ﬁ&én@f quee fqikhes gradugidion ©F cthe rimk ihethel | owi ng has

been found 10 t he |nvest|gat|ons of the inventors.. By carrying out
sucki ng recov @#& uGing tAtRGIA RORRIRCT i argordaneabvithf t he

recordi ng_apparatus upon the connectlon with the recording head to renove
the air b%%@ 54%? sppRh) (Fgwre the 15

282[‘2?%2?9 | £ p%%r%dlefé’é 'w&ﬁﬁa@;' B iR I SR Pl pr essur e
fromthe container starts. By the capillary force of the

compressed ink absorbing material adjacent the bottom
portion of the ink chamber, the internal pressure of

10 the ink supply portion is maintained. As _long as the
ink is supplied from the ink container, the
substantially constant internal pressure is
maintained. When the further ink consumption results
in the decrease of the ink level in the .ink container

15 Dbeyond the ink chamber wall bottom, substantially all
of the ink container is consumed - (Figure 16 and Figure
11, point Y), the air is introduced at ‘once into the
ink container with the :esult of complete
communication established between the ink container

20 and the outéide air, so that a small amount of the ink
remaining in the ink container is absorbed by the
compressed ink absorbing material in the vacuum
producing material container, and therefore, the
amount of the ink contained in the vacuum producing

25 material container increases. This changes the
internal pressure of the ink supply portion slightly

toward the positive direction by the amount



initial stage. In addition, even if the ink is supplied out fromthe
vacuum produci ng nmaterial 20 container at the initial stage and at the

stage immediately before the exchange of the ink container, the retdDd( 2003
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-descri bed nechanism the follow ng points are considered. 17 BE C
2003 -27 It is desirable that the nmeniscus is forned stably between the

ink and the anbient air at a position very close to the clearance 8.

O herw se, i&on@Q@bnhQnQi%B|%B§ %ﬁggggn&§%%§c&ot%geﬂdy< tainer, 5 the

ink has to be consuned t0 such a large extent that a quite high vacuumis

produced in ishefladle FURRLY1qROWt 1oRerFAGR) .2 Ringh fhRAUGHCY Ldrive of the
recordi ng apparatus becones difficult, and therefore, It is

diSadvantageQu&tthﬁbbhguﬁband@ﬁbnﬁnﬁfiﬂiQhelgaﬁﬂﬁﬁﬂpﬁﬁERL Eﬂﬂ' operati on.
Figure 11 shows the change of the internal pressure-at the i'nk supply

portion-of thatenialcedhtaiferi @saconcdaaes Wil hdtevalr,SWH Yasaount
(consunption anount).. It shows a so-called static 15 pressure P111 in the

state of B0 Qukudidpphyeafdca Sowetsl begofanahieC iPke suppd yPbbrtiilbd,he state
of ink, supply being carried out. The difference between the dynamc
pressure 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 suckinglméans 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 additiqn, 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 consldered.



P112 and the static pressure P111, is the pressure 20 |oss 8P when the ink
I s supplied. The negative pressure produced at the tinme of the neniscus

di spl acenent is influential. Accordingly, it is desirable-that the quQECZMB
down of the neniscus at this-portion occurs without 25 delay. For this
purpose, there is provided air 'introduction passage for forcedly
permtting the air introduction adjacer7the cl earance 8. Enbodinents in 1
7 DEC 2003 -28 this respect will be described. Enbodinent 1 Figure 3
illustrates a first enbodi nent. The vacuum producing material 3 in the ink
container is an 5 ink absorbing material such as foamed urethane materi al
or the like. Wen the Hbsbs bileginabéei dhatsthacmamiedasedsi forhedvacuum
producing material container 4, it provides a clearance functioning as an

ai r introduct¥Padekpeensthe inkapndothehambaentnal® ptoduci ng nateri a
container. The clearance extends to the neighborhood of the clearance 8
bet ween the RRSLIIA &Y%y ®bPF8nte1thAdclnarandeslef Okberwbss, Thus, the
comuni cation with the air is established by the air vent. Wen the ink
supply from tHE2RhKER TR AGe 15 oReRdACRS Spathedinkneoptringreonsuned
fromthe bﬁﬂgbiﬂ g@éerial 3, so that the internal pressure of the ink
supply portio '?éﬂgﬁ $ TP PRt EPRAPHBR| EQefuchTRehargReektirRNEUthate A3l
shown in Figgge 3.1s g{agLy formed in the absorbing material 3, and the
TENni SCUS quiite g acuum 1s produced in the ink supply
portion. Then, a high frequency drive of the
recording apparatus becomes difficult, and therefore,
it is disadvantageous from the standpoint of high
i0 speed recording-operation.
Figure 11 shows the change of the intermal
pressure at the ink supply portion 'of the ink
container in accordance with the ink supply amount
(consumption amount). It shows a so-called static
15 pressure P1lll in the state of no ink supply and a so-
called dynamic pressure P1ll2 in the state of ink’
supply being carried out.
The difference between the dynamic pressure
P112 and the static pressure P111, is the pressure
20 loss &P when the ink is supplied. The negative
pressure produced at the time of the meniscus
displacement is influential.
Accordingly, it is desirable that the break
down of the meniscus at this portion occurs without
25 delay. For this purpose, there is provided air
‘introduction passage for forcedly permitting the air

introduction adjacent the clearance. 8. Embodiments in



20 is formed between the ink and the anbient air adjacent the clearance S.
The di nensions of the clearance 8 is preferably not nore than 1.5 mmin
the height, and is preferably long in its |longitudinal direction. VIhROEC 2003
this state is established. the break down of the 25 neniscus at the

cl earance 8 occurs wi thout delay by the subsequent ink consunption.
Therefore, the ink can be supplied stablgy without increasing the pressure
17 DEC 2003 -29 loss 8P. Accordingly, the ink ejection is stabilized at
hi gh speed printing. Wien the recording operation is not carried out, the
capillary forces of the vacuum producing 5 material itself (or the neniscus

force at thethist eekpeetbeiineebet Aesciibaad t he vacuum produci ng
material), so that the ink leak fromthe ink jet recording head can be
suppressed. Emboihmepdr pose of using the ink container of 10 this

i nvention in a color ink jet recording apparatus, different color inks
(bl ack, yellow, nmagentagame @ydhlustortesaapiférstaenbedimeatmoddhed i n
separate ink containers. The respective ink cartridges may be unified as
an i nk cont avasnum| pradocheg metertihérd igstheeipkovionddiaereishangeabl e
i nk cartridge for black ink which is nost frequently used, and an
exchangeabl eirknrbgarbinggmagerialngushhas- foroed nketdbang ners. O her

conbi nations are possible in _consideration of ink jet apparatus used
therewi th. 203%¥REiIfLeQEntRENY&KE: onWhER the abserbRag material is

accommodated in the vacuum producing material
container 4, it provides a clearance functioning as an
air introduction passage A32 at a part of the vacuum
10 producing material container. The clearance extends
to the neighborhood of the clearance 8 between the ink
container bottom 11 and the end 8 of the rib 5. Thus,
the communication with the air is established by the
air vent. When the ink supply from the ink supplying
15 portion is started, the ink is consumed from the
absorbing material 3, so that the internal pressure of
the ink supply portion reaches a predetermined level.
‘Then, the ink surface A3l shown in Figure 3 is stably
formed in the absorbing material 3, and the meniscus
20 is formed between the ink and the ambient air adjacent
the clearance 8. The dimensions of the clearance 8 is
preferably not more than 1.5 mm in the height, and is
preferably long in its longitudinal direction. When
this state is established. the break down of the
25 meniscus at the clearance 8 occurs without delay by
the subsequent ink consumption. Therefore, the ink

can be supplied stably without increasing the pressure



nore detail. In order to control the vacuumin the ink jet recording head
when the ink container of this invention is used, the followng is
preferably 25 optinized: material, configuration and dinensions of {HREC 2003
vacuum produci ng material 3, configuration and dinensions of rib end 8,
configuration and di nensions 17 DEC 2003 -30 of the clearance 8 between the
rib end 8 and the ink container botton1%%L volune rati o between the vacuum

produci ng material container 4 and the Ak container 6, configuration and
di mensions of the joint nmenber 7 5 and the insertion degree thereof into
t he ink container, configuration, dinension and nesh of the filter 12, and

(1 gurface, s Sge o ADgoFtnsTye PBCCR) cdbclen: SSUBRLAGn. rorber

may be.any known materia ain Ik~ 1 wei ght

t hereof, the i hofpntbs Li-9Hi i nk) and small vibration. For exanple,
there are spondgh$iképnatekkgﬁkgggé of fibers and porous material having

conti nuous pores. It iﬁh@ﬁeiﬁéa?éﬁokﬁénbh%pEQE%HBB gssgggg% Qgigﬁjyurethane
and t

foamed material 15 which is easy to adjust the vacuum ein

retaining povekt, Pekéi €abaihdryl AokBRsCREC 18k VARUURORFRAUELE al . the

pore density can be adjusted during the manufacturing thereof. Wen the
foamed ne§ erm@terfabubtsel d(be ther MBhiGeURr ¢32enall eakment 20 to adjust

the pore density, the deconposition is produced by the heat with the

result of chamtemfade between the ink and the vacuum producing
material), so that the ink leak from the ink jet
recording head can be suppressed.

For the purpose of using the ink container of

10 this invention in a color ink jet recording apparatus,
different color inks (black, yellow, magenta and cyan,
for example) can be accommodated in separate ink
containers. The respective ink cartridges may be
unified as an ink container. 1In another form there

15 are provided an exchangeable ink cartridge for black
ink which is most frequently used, and an exchangeable
ink cartridge unifying other color ink containers.
Other combinations are possible in consideration of
ink jet apparatus used therewith.

20 The present invention will be described in
more detail.

In order to control the vacuum in the ink jet
recording head when the ink container of this
invention is used, the following is prreferably

25 optimized: material, configuration and dimensions of

the vacuum producing material 3, configuration and

dimensions of rib end 8, configquration and dimensions



nature of the ink with the possible result of adverse influence to the
record quality, and therefore, cleaning treatnent is desirable. For the

pur pose 25 neeting-various ink cartridges for various ink jet recorqgmmEﬂzmH
appar atuses, correspondi ng pore density foanmed materials are required.

Is desirable that a 1 7 DEC 2003 -31 foaned material not treated by the
thermal conpression and having a predg% rm ned nunber of cells (nunber of
pores per 1 inch) is cut-into a desired™dinension, and it is squeezed into
t he vacuum produci ng nmaterial 5 container so as to provide the desired pore
density and the capillary force. Anmbient condition change in the Ink jet

recordi ng anpfirﬂélscléé}:e‘ixjﬂf e | Ok LLbEh 0k V\gﬂangﬂﬁ ﬁgﬁgﬁdt

contai ner, the ink can out. That is, |enbgcon ition

(tenper at ur echtsei e r BESEHH €11 defhEane) rQEsH’ ﬁe%héan_t Bfel B4 ﬁafnt ridge
contained in the. ink jet recording apparatus, e air tn the Ink

cont ai ner  expenslc idaud ke LD A R 4! SndUe OWhic BohPEhBK cONt ai ned

in the ink container, with the result of | eakage. e I'nk cartridge

of this en‘lﬁ)dlcfﬁh’ﬁlgdﬂ"@ti/&ﬁlﬁfﬁioéirﬁéﬁs%ﬂénéfoﬂhé'ﬂ&iﬂg'fﬂ&gbgfp§ns' on of
the ink, although the anount thereof is snal In the closed 1 nk container

is estins edarfdrthe? G Hdeer i @il Gd Pee &\OF 156 r 85D ﬁ@ioC@H@' ihen, and the
correspondi ng amount of the ink novenent fromthe ink container thereby is
allotted to ddmetaiamumaomfimiration, dimension and mesh of the
filter 12, and the surface tension of the ink.
The material of the vacuum producing member
may be.any known material if it can retain the ink
10 despite the weight thereof, the weight of the liquid
(ink) and small vibration. For example, there are
sponge like material made of fibers and porous
material having continuous pores. It is preferably in
the form of a sponge of polyurethane foamed material
15 which is easy to adjust the vacuum and the ink
retaining power. Particularly, in the case of the
foamed material, the pore density can be adjusted
during the manufacturing thereof. When the foamed
material is subjected to thermal compression treatment
20 to adjust the pore density, the decomposition is
produced by the heat with the result of changing the
nature of the ink with the possible result of adverse
influence to the record quality, and therefore,
cleaning treatment is desirable. For the purpose
25 meeting-vafious ink cartridges for various ink jet
recording apparatuses, corresponding pore density

foamed materials are required. It is desirable that a



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
producing material container. In order to cause the flow of the inkj TUEEﬁWJ
t he vacuum produci ng material at the position away 17 DEC 2003 -32 fromt
opening for the joint upon the anbient condition change, it is preferably
at a position renote fromthe joint open %ng 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. Transportation of the Ink Cartridge per se During

the transpor tRsdmen qﬁat@@lwkn&@ eeaafeégsyF)Eﬁesehe&lale %ﬂbrae‘é%ﬂg and/ or

the air vent is preferably sealed with a Sealing nenb materiral to

suppr ess the dmk leaneqig o4 | Pre@étéPRin8APAGRDER 8F EEle”Knﬁhbe&” ofhe ink
cartridge. The sealing menmber is preferably a single layer barrler 15 used

in the packi mpfesiper nulinchpyts oetbehtol achudiradi HimedsRbast kagf i | m
conmpound barrier material having themand al um num foil or relnforC|ng

material suchfasipapmueazed| dito theisapushepabiecihfamateleadi ng | ayer of
the sanme material or simlar 20 material as the ink cartridge main body is
used, and 3 i tcontiomiedsdyahett , provide nphevdagirbé persetienslityseal i ng
property. In ordqghéckéggquii éggcé?troduction of the
Ambient condition change in the ink jet
recording apparatus.
In the ink cartridge having a closed ink
10 container, the ink can leak out. That is, when the
ambient condition (temperature rise or pressure
decrease} occurs with the ink cartridge contained in
the. ink jet recording apparatus, the air in the ink
container expands (the ink expands too), to push out
15 the ink contained in the ink container, with the
result of ink leakage. In the ink cartridge of this
embodiment, the volume of air expansion (including
expansion of the ink, although the amount thereof is
small) in the closed ink container is estimated for
20 the predicted worst ambient condition, and the
corresponding amount of the ink movement from the ink
container thereby is allotted to the vacuum producing
material container. The position of the air vent .is
not limited unless it is at an upper position than the
25 opening for the joint in the vacuum producing material

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

the vacuum producing material at the position away



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 packing material, it is preferably-selected frpg[%ﬂm3
DEC 2003 -33 the above nentioned barrier material in consideration of the
air transmssivity and the liquid transmssivity. by the proper selection
as described in the 5 foregoing, the i+d24 eakage can be prevented with
high reliability during the transportation of the ink cartridge per se.
Manuf acturi ng 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

i nfl uence t hérioak thet opesdaradifing itrile grofriatupdn haee beaimi émeat ed f or
avoiding such influence. It is also preferable that the consideration is
paid to the govddddion chamge hdl s Breferablingat ForpesirddR, the nain
body of the ink cartridge is separated into the bottom portion 11 and the
upper portiofengie dxeom grh@ iJstiagr Anening nedhe auhervetYefrom resin
material. After the vacuum producing material is squeezed, the bottom
portion 11 26°RfdIuFatioser ther Sige And vdiriddke ik tho®REr ngetke ink
cartridge. If the resin materjal is transparent or sem -transparent, the
ink in the i MTcE8 BERGETId degerginad &Y dheqrdinaryskihedibie, the

timng of t I%%el r.=.]1l§:tcairnt rclo% E.‘\Ld%)%% %_rz)qle oC:f:a ntl?ee ed\;aspcorr.!argingrg egf 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 member or
material to suppress the ink evaporation or the
expansion of the ink air in the ink cartridge. The
sealing member is preferably a single layer barrier
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



25 easily. In order to facilitate the bonding of the above-described
sealing materials or the like, the provision of a projection as shomn I n
the Figure is 17 DEC 2003 -34 preferable. Fromthe outer appearance UEC&M}
standpoi nt, the outer surface of the ink cartridge may be grained. The
may be filled through pressurization and pressure reduction. It is
preferably to provide 5 an ink supply”fﬁ in either of the containers

ate

since the other openings are not conta d at the time of the ink
filling operation. The ink filling port after the ink filling, is
preferably plugged with plastic or netal plug. 10 The structure and

the S‘Ereiteh?ﬂ.* nS%bn@E‘.‘%nﬁ%m%?é&%e e tatbef e HEarPhbiEraERoRh. above.
15 descri bed, é%ﬁFEEaﬁgm&§§&€%ﬁﬁq%%§ %ypeggl? ' may be unified with

t he recordlng head. en 1t I's exc preferabl e that
the main assgphlyncady fefect the exchange of the container and that the
recovery 20 operation such as sucking operation is carried out by .the

operator. As shown i rpgighis Qépefh§ei@¥tf&ﬂtéé”&éeegibeaelﬂsﬁﬂe'” an ink

jet printer in which tour recording heads are uni Into a recording
head 20 connestadbindd ¥hé MARUIcERIGE EaK KONHALGEASBKERLtn GRBgnMic, Yid.
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 integralily formed
respectively from resin material. After the vacuum
producing material is squeezed, the bottom portion 11

20 and the upper portion are bonded, thus producing the
ink cartridge. If the resin material is transparent
or semi~transparent, the ink in the ink container can
be observed externally, and therefore, the timing of
the ink cartridge exchange can be discriminated

25 easily. In order to facilitate the bonding of the
above-described sealing materials or the like, the

provision of a projection as shown in the Figure is



Conmpari son Exanple 1 A conparison exanple will be explained with 1 7 DEC
2003 -35 the change of the internal pressure at the ink supply porﬁiﬂ? of
the ink container in accordance with the ink supply. There is no ail? DEC 2003
i ntroduction passage in the 5 ink container, and in the vacuum pressure
producing material container, an absorbing material having substantially
uni form pores size distribution is contg%ned. At the initial stage, as

shown in Figure 14, 10 the ink is substahtially fully contained in the ink

container 6, and a certain anmount of the ink is contained in the vacuum
produci ng material container 4. Wen the Ink supply starts fromthis

state, the ipHefeTabupl i oduci n teri 15

cont ai ner 4. F‘aﬂr?d thereforg%ogﬁtttierecat;ﬂéﬁt%c %%&[V\%g eﬁg‘éa“‘g?gf‘?‘é' h@éﬁ of the

ink and the oaidd &y ffaieC @ OfrHg nKd Had f ir-1iguid interface)

of the absorbing material 3 itn thé1 vacuu%%uﬁgg%agﬁ%%a'cont ai ner 4,

the internal pressureThe ALRIWERAH Y ﬂﬂrﬂéﬁ)fﬂybﬁﬁﬁ%#ﬁhé%ﬁfif jﬁggth t he
ere

continued ink supply, the ink fop surface |owers. ore, € negative

pressure i ncaeds eressirieardaddtl da.neart Vi d pAEPSS, {8 Shs-11el oht

thereof into the state shown by a in Figure 13. The ‘negative pressure in
the ink sSppap 2Gkpsuppdy poiti Hneeithdmefeas Widtailerfidrdddui d
interface (neniscus) is formed at the clearance at the

the other openings are not contaminated at the time of

the ink filling operation. The ink filling port after

the ink filling, is preferably plugged with plastic or

metal plug.

10 The structure and configquration of the ink
cartridge can be modified within the spirit of the
present invention.

Others

The ink container (cartridge) of the above-

15 described embodiments, may be exchangeable type, or
may be unified with the recording head.

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

20 operation such as sucking operation is carried out by
-the operator.

As shown in Figure 14, the ink container may
be used in an ink jet printer in which four recording
heads are unified into a recording head 20 connectable

25 with four color ink containers BKla, Clb, Milc, Yla.
Cdmgarison Example 1

A comparison example will be explained with



bottom of the ink chanber by the ink supply. 1 7 DEC 2003 -36 Until the
meni scus-forned state is established at the clearance, the ink surface in
the absorbing material lowers to a substantial extent, and the Iigpmgtzwj
surface may | ower beyond the joint portion 5 with the recording head, as
the case may be. If this occurs, the air is introduced into the recording
head with the - result of instable ejectti or ejection failure. Even if
this is not reached, it is possible 10 that the internal pressure at the
i nk supply portion increases beyond a predeterm ned negative.. pressure
determ ned by the pore size of the absorbing material at the clearance, as
shown in b i APF GHARGES ofTHde riedsumals Romsswher ext ashd aldowsappihe
absorbing 15 material is conpressed nore or less by the internal wall of
t he vacuum pP8&EoRy dfattdie dnk eendiaidien in aaderdandepharth titey eof .
However, because of the non- existence of the wall at the clearance, it is
not conpres%g WPR-¥he result that the conpression ratio 20 thereat is
slightly small as co red with the other ortion. Therefore, the
situation is as shown T¥Teri§um® fir Ilﬁlttrlﬂdglqﬂii@!ﬂr Passagssiiinudttieon i s shown
in whichgthe ink i s consuned fromthe vacuum producing 25 materi al
cont ai ner >4 ?gksgﬁéESQPgﬁ?.aPF.1?hé%%ﬂ¥ﬁQ§“ﬁUPFF@F“§@pMQQQ§Q¥ﬂ§ntrns
state. the Mhaeya1RtontllitlCORLCURID:LY Wit ATy S 26 AN
substantially uniform pores size distribution is

contained.
At the initial stage, as shown in Figqure 14,
10 the ink is substantially fully contained in the ink
container 6, and a certain amount of the ink is
contained in the wvacuum producing material container
4. When the ink supply starts from this state, the
ink is supplied out from the vacuum producing material
15 container 4, and therefore, by the balance between the
static head of the ink and the caplllary force of the
ink top surface {air-liquid interface) of the
absorbing material 3 in the vacuum producing material
container 4, the internél pressure ié 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.



1 7 DEC 2003 -37 R3 and R4 in the absorbing material 3, is displaced nore
than the neniscuses at R3 and R4. Wien the neniscus cones close to the

cl earance, the meniscus force suddenly decreases with the result t/gtDEIeg03
5 meni scus noves to the ink container, and the neniscus is broken, by
which the air is introduced in the ink container. At this tine, a snal
anmount of the ink is consuned fromthe portions R3 and R4 not only from
the portion R2. The pressure. |oss SP-d6-the tine of the 10 neni scus
novenent is relatively |arge. However, the once broken neniscus is reforned
by the inertia at the time of the restoring, at the position close to the
original position, and therefore, the high pressure | oss states continues
for 15 a while. UntiV¥Rthd HBejseBisryssfasmedzagiate £Re portion havi ng
the pore size Rl, the simlar actions are repeated. Once the neniscus is
st abi | i zed a?sFﬁﬁllﬁpﬁgr%BthetﬁéeﬁFﬁnﬁﬁbbFﬁg ek efurfacenkncshai ner 20
until the ne ative pressure determ ned by ore size Rl in the
clearance is E§?EB+$ hBatesyal nhpwens tgtﬁbﬁppgﬁ?FBhaiSQFEﬁEﬁedan¢he above

n which _the suned both fromthe ink

Ignfg?ﬁgrln Ehggg lgdaggﬁ#%?ﬂgmﬁﬁtéPwﬁFlQ?Yo?ﬂegﬁ?rj? BFoBAEELBR passage
|'s not pagtl&#{ {a% p%&XéQ&ﬁﬁg ﬁéi@ généﬁe RLEZSYLE Bb_the ink supply

portion i3 no | TZé
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 intermnal pressure at the ink supply portion
increases beyond a predetermined negative pressure
determined by the pore size of the absorbing material
at the clearance, as shown in b in Figure 13. The
reason is considered as follows. The absorbing
15 material is compressed more or less by the internal
wall of the vacuum producing material container 4 at
the periphery thereof. However, because of the non-
existence of the wall at the clearance, it is not
compressed with the resuit that the compression ratio
20 thereat is slightly small as compared with the other
portion. Therefore, the situation is as shown in
Figure 12.
In this Figure, the situation is shown in
which the ink is consumed from the vacuum producing
25 material container 4 to some extent. If the ink is
further supplied from this state, the meniscus R4

which corresponds to the largest pore size among R2,



-38 and the pressure loss 6P at the tine of the ink supply is increased,
and therefore, the ejection property is deteriorated with the result of
difficulty of high speed printing. 5 Embodiment 2 Figure 5 shows a H@WiEEa003
according to another enbodinment. In this enbodinment, two ribs 61 is
provided on the partition rib 5 of the vacuum producing 10 materi al
container 4. The air introduction passage/~ A51 is established between the
ribs and the absorbing naterial 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 by.the ag otbing material 3 15 sinply by inserting a
rect angul ar %ﬁrﬁ??e piBedheapOsPEbIgIaiardials 3 ntie tHSRIAGRHN pr oduci ng

mat eri al containeg. 4. erefore, the air introduyction assage A51 can be
ext ended to {“ﬁéepgls‘ua?i gﬁevg‘ﬁfz‘lér:b'é&s & ﬁ?gaadeé?“ancé’“%ép%ft%ut difficulty

a0, 0 20, RRABLLLLY colbbolh 32 ioun DS ool e Bides o 70 (1S, 0K
o LT, CEbehResh ety SRE AN S AR S B S e S et
e et B cHpeSicianaByRe MEERL 0 CAAAS b P et Y
is broken, by which the air is introduced in the ink
container. At this time, a small amount of the ink is
consumed from the portions R3 and R4 not only from the
portion R2. The pressure. loss 8P at the time of the
10 meniscus movement is relatively large.
However, the once broken meniscus is reformed
by the inertia at the time of the restoring, at the
position close to the original position, and
therefore, the high pressure loss states continues for
15 a while.
Until the meniscus is stabilized at the
portion having the pore size R1l, the similar actions
are repeated. Once the meniscus is stabilized at the
clearance, the air bubbles enter the ink container
20 until the negative pressure determined by the pore
size Rl in the clearance is established, so that the
stabilization is reached.
The above is shown in Figqure 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,



can be supplied with small pressure |oss, and therefore, the high speed
printing operation can be carried out wwth stability. Enbodinent 3 5
Figure 6 shows the device of the third enbodinent in which the nunber of
ribs 71 is increased, thus increasing the nunber of air introductypit( 2003
passages. The ribs 71 are provided on the sealing of the vacuum producing
material 10 container. According to thlaaenbodlnent the plurality of air

i ntroducti on passages A61 can be provided°with stability fromthe air vent

13 to the neighborhood of the clearance 8, and therefore, the ink supply

.can be carried out with small pressure 15 loss, as in the first and second
enbodi nent s, h p I ptlng t

carried out wt éggéfg%g&%?nl$%lsaé gg?ﬁ%n? I{'lgvce’ﬁ ?ég %%ﬂagrpeeﬁt 13 is

di sposed at al§0§ﬁéféﬂﬂ%0nnéﬁaffﬂ@%é?@r&'e@ﬁﬁ EfeBtion %Eggcco?dlgn be

I ntroduced snoot hly dinment 4 Figure 7°s a devi ng to a
fourth embodhaesti Gfatdis | VST 4 09 APk Dig) £PDGE! sinilarly
to the 25 enbodinﬁhtéaZ an gﬁeaﬁ%s 8l are progfde oﬁg?ﬁ H?gﬂtltion rib
to provide thepadd pidk tion passage A71. The ribs 81 are asymmetrica
about the rib 5. by 1 7 2003 -40 which the passage for the ink flow

fromthe ik Embodiment 2

Figure 5 shows a device according to another
embodiment.

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

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

15 simply by imserting a rectangular parallelopiped
absorbing material 3 into the vacuum producing |
material container 4. Therefore, the air introduction
passage A5l can be extended to the position very close
to the clearance 8 without difficulty and with

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

Using this ink container, the printing
operation is actually 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



container 6 through the clearance 8 into the vacuum producing materi al
container 4, and the passage of the air flow A73, corresponding to this
ink flow A72, 5 along the air introduction passage A71, through thek C
clearance 8 into the ink container 6, can be nade independent rela 79@ g@”
the center line A by which, the pressure |oss by the exchange can be
reduced: More particularly, this structaP@-is 10 effective to reduce the
pressure | oss 6P required for the exchange between the ink and the air to
approx. one half. Thus, the ink can be stably ejected fromthe recording

head. 15 Enbg%%pgﬂg Lgure 8.shows device according to a further
enbodi ment. The evﬁ%&gggl%SOVfggdSWF?ﬁ PrBESuge. 1Pfsyh&M€nbodi ments 2 - 4,
the top end ofpdheedds e ed to the upper part of the interna
20 surface of the d%ﬁ%ﬁo¥§%h§£§%c§%§$§rgaﬁEFﬁagnﬁP FRELOTLE ator 4.
Fbmever,i|1t&3g%fg§x5u{mﬁg t not extended to such extent. By
doing so, the top part o %%egg%ggggFﬁg material is not conpressed by the
ribs 91, so tModiledf Oglucti on of the nmeniscus 25 force at the conpressed
portion can bé avorded, thus further stabilizing the vacuumcontrol. More
particulardy, the ink Fﬁgﬁggsyngﬂo&goghéYdEE§5%0g§ 1fid hg gbsorbing

e

material 3 until the ink surface A81 in t absorbing nmatérial 3 (vacuum
produci ng natembatliment 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 wvacuum producing material
10 container. According to this embodiment, the
plurality of air introduction passages A6l can be
provided with stability from the air vent 13 to the
neighborhood of the clearance 8, and therefore, the
ink supply can be carried out with small pressure
15 1oss,.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



(3) noves to the stabilized ink surface A82 in the initial ink container
fromwhich the ink is consuned. 5 That is, if the air-liquid exchange
through the air introduction passage air 82 is pronoted too soon, 1thBEC 2003
consunption of the ink fromthe absorbing material 3 beconmes |ow as a
result that the ink is consuned-from the ink container. Therefore, the
amount of the ink 10 capable of noving-t4@-t he vacuum produci ng;. materi al
container 4 fromthe ink container 6 at the tinme of the anbient condition
change such as pressure change, is |limted. Therefore, the buffering
effect of-the absorbing material 3 against the ink | eakage can be 15

det eri or at edwhikfr ¢her pasis@gehifs rethediimmntel owh & it tHentimdduct i on passage
A83 is provided so that the air is introduced only after the ink is
consuned frogviltainalkser knrgudhtl ¢hiealcldarantec @ tiaito edtteetgcunym which the

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

t he buf f er i ngrefitedngagaitest atheonnlsinkesakagandEthedipessag® Efghhe 9 shows
anot her enmbodinent. In this enbodi nent, the air introduction 25 passage is
provi ded by hamifigwaAfJ3oovertesSponding tearthits dmk ifidasr A¥A. . According
to thisenbodi nent, the 17 DEC2003 -42 irregularity of the conpression ratio
of the ab$or bilogg rleckiial intmrodiuedd onn DalsS agec dirh.pridaiigly thet eri al

container is reduced, and therefore, the vacuum
clearance 8 into the ink container 6, can be made

independent relative to the center line A, by which,
the pressure loss by the exchange can be reduced.
More particularly, this structure is
10 effective to reduce the pressure loss 8P required for
the exchange between the ink and the air to approx.
ocrnne half.
Thus, the ink can be stably ejected from the
recording head.

15 Embodiment 5

Figqure 8 shows a device according to a

further embodiment. The device is provided with ribs
91. 1In the embodiments 2 - 4, 'the top end of the ribs
91 are extended to the upper part of the internal

20 surface of the wall of the wvacuum producing material
accommodator 4. However, in this embodiment, they are
not extended to such extent. By doing so, the top
part of the absorbing material is not compressed by
the ribs 91, so.that the production of the meniscus

25 force at the compressed portion can be avoided, thus
further stabilizing the vacuum control.

More particularly, the ink is consumed from



control is easy, so that the ink can be supplied 5 stably. Enbodi ment 7
Figure 20 shows a further enbodinment. The structure is simlar to that of
Figure 6 enbodinment. However, it is different therefromin 10 that Tt7hBE(3003
i ntroducti on passage extends tp the bottomend of the rib. Simlarly to
Enbodi ments 5 and 6, the ink is consuped fromthe . absorbing- material 3
until the ink surface in the absorbiﬁ@lﬁaterial 3 in the ink 15 container
at the initial stage of the ink consunption displaces to the stabilized

i nk surface position at an end C of the air introduction passage A201.
Thereafter, the_ ink in the ink ¢ ain n ig he
air-1iquid %WQ@%dﬁ‘f%ﬁl% t£ gH‘l Bh?jh ﬁﬁeég@rﬂi r?}tMer uc:n| on

Phe 7bs, e ansarhins TeCehitlar LPSRHR BERERER obf etentd PO 2001

In Figure 21.
The d d i d . 2
The aﬁiﬁﬁb.%ﬂfm%%a?be FREec Ao ! 91508 1HRIELB0CE Mk 121 da detai .25

3“1's Tonsidere capi llary tubes shown in Figure

20. Th 1 C1 7 DEC
2003 a3t o hELES HEL QinPas ﬁ?ﬁef%@ “'ﬁ%h' Hes 1hiOd Rorimdn

eri and it is considered that the air

i ntroducg i opy €Sf§9§%¢\t2g%ﬁi%isema&ﬁ&adexaaahget eHoudARiHd atir tube at the

portion abové
introduction passage air 82 is promoted too soon, the

consumption of the ink from the absorbing material 3
becomes low as a result that the ink is consumed  from
the ink container. Therefore, the amount of the ink
10 capable of moving to the vacuum producing. material
container 4 from the ink container 6 at the time of
the ambient condition change such as pressure change,
is limited. Therefore, the buffering effect of the
absorbing material 3 against the ink leakage can be
15 deteriorated. Therefore, in this embodiment, the air
introduction passage 383 is provided so that the air
is introduced only after the ink is consumed from the
absorbing material 3 to a certain extent, by which the
ink surface in the absorbing material 3 is controlled,
20 thus increasing the buffering effect against the ink
leakage.
Embodiment 6
Figure 9 shows another embodiment.
In this embodiment, the air introduction
25 passage is provided by forming a groove 100 in the

partition rib or wall.

According to this embodiment, the



5 As described hereinbefore, the ink surface in the absorbing material 3
Is at a certain level at the initial stage of the ink consunption.
However, in accordance with the consunption of the ink, the surfacé 7 BMES
gradually. In accordance with it, the 10 internal pressure in the ink
supply portion (negative pressure) increases gradually. Wen the ink is
consuned to the level Cat the top eng%?f the air introduction passage

|

A201, the neniscus is formed at a positfon Din the capillary 15 tube.
Wien the ink is further received and consunmed, the ink neniscus, that is,
the Ink surface lowers, again. If the position E is reached, the neniscus

force of thehilgetiipep o0 tHe BbiolLLPGNCELON, BRSEAQSUGMETRY T educes,

so that the ink Tan med ‘at once in e alr 1 ntroduction passage.

Thereafter, ddafik | SotASHERILAT ORe L PE-LK pFOALAIAS  matklDaihi s position
mai ntai ned. That is, the air-liquid exchange is carried out. In this

manner, duridightdithd Nki £ ORSAIBEA ONand  Mfe téKoS4! f BRE L8cdRmSt abilized at a
position slightly |lower than the height C, and therefore, the internal

pressure in ddetronki Sudpsy, POG t £108t | 6hét ok | £28dpe VBEPpLheai Nk supply 1 7
OEC7003 -44 stops, the neniscus in the capillary tube returns from
position ¥ tstdabkey position D, thus providing the stabilization. As
described in the foregoing, the ink 5 surface in the absorbing materi al

reci procat eEnkadiment 7
Figure 20 shows a further embadiment.

The structure is similar to that of Figure 6

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

Similarly to Embodiments 5 and &, 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



the positions D and E until all of the ink is used up in the ink
container. In the Figure, A202 indicates ink supply period, and A203
i ndi cates non-ink-supply period. 10 Thereafter, the ink is consune?7ﬂﬁgquj

the ink absorbing material, and therefore, the internal pressure (vacuu
in the supply portion increases, and the ink beconmes non-suppliable. The
internal pressure at the ink supply *33portion is provided as a difference
between the capillary force of the absorbing material 3 (the height to

whi ch t he absorbing material 3 can suck the ink up) and the ink surface

| evel helgh£ g the absorbing material 3, and therefore, the height Cis
20 set at a-Pr BﬁtBPﬁFﬁEdepévéﬁ toLaEilps . t@n@héhlﬂsanqﬁqdqnﬁdlon 6. _ From

this standp9h2£ # desirable that the pore size of the absorbing
nat eri al rE 3t?§5l§n§HBFPCt?H§ Pegssgavd? tlhd snedqyimeated set at a 25

predetern1n % lative.to th nk supply portion 6 is that if the
i nk surface gakﬁogér£ ﬁaﬁaPﬁé&a§¥p§PbFn§tp5%ﬁ &g iamahgve ithg nt r oduced
with the 1 ? pg% R083 -45 result of inproper ink ejection. However, it is
not desirab t The height is larger than the predetermn ned, because

the buf§ering effecjg aheEE§1L g? H%g%8lnk ﬁiﬁ? erflomed Eébn1the i nk

container to the absorblng na eri change in
t he the absorbing material 3 is at a certain level at the

initial stage of the ink consumption. However, in
accordance with the consumption of the ink, the
surface lowers gradually. In accordance with it, the

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

- When the ink is consumed to the level C at
the top end of the air introduction passage A201, the
meniscus is formed at a position D in the capillary

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

20 consumed at once in the air introduction passage.
Thereafter, the ink is consumed from the ink
container, with this position maintained. That is,
the air-liquid exchange is carried out. 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 internal pressure in the

ink supply portion is stabilized. When the ink supply



I nk container attributable to the anbient condition change, is reduced. In
consi deration of the above, the volune of the absorbing material above the
height 10 Cis selected to the substantially one half the volunme of FrEECIM3
i nk container. The above-descri bed nechanismw ||l be explained in further
detail. It is assuned that the absorbing material has 15 a uniform
density. The internal pressure in the &~ supply portion (vacuum or
negative pressure) is determned as a difference HL - H2 between a hei ght
H to which the capillary force of the absorbing material can suck the
ink up fromthe ink_supply, portion |evel 20 and the height H2 to which the
i nk has MIwﬁﬁEP%eéﬁhesﬁﬁﬁégFﬁi 37 ohhe heaRit YREY oF UPRe FFARTESppFY™por ti on
For exanple,_the_ink sucki force, of the absorbin terial is 60 mm (H),
and that théPdthhe? (€6 hEe, ?O%H%'auﬁuﬁﬁuﬁaegagéggnfsr 5Bfthe ink 25
containing p lop.is, 15 mm (H2), the internal pressure of the ink supply
portion is é‘g%zﬁ%"ﬂm - 15 mmeH --H2. 1 7 DEC2003 -46 At the initial

stage, in accordance XétEkééfﬁPéﬁﬁﬁynpﬁ%OPO?%%%%?%1ngg%rgﬂkthe absor bi ng

material, the hei ght of surtace reéspondi ngly, and
oo ver Sy S GHE o ply Rbtetiny | FOERE RS tbETpbbEc!
supplied staphy pWsitions D and E until all of the ink is used up

in the ink container. In the Figure, A202 indicates

ink supply period, and A203 indicates non-ink-supply

period.

10 Thereafter, the ink is consumed from the ink
absorbing material, and therefore, the internal
pressure (vacuum} in the supply portion increases, and
the ink becomes non-suppliable.

The internal pressure at the ink supply

15 portion is provided as a difference between the
capillary force of the absorbing material 3 (the
height to which the absorbing material 3 can suck the
ink up} and the ink surface level height in the
absorbing material 3, and therefore, the height C is

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

The reason why the height C is set at a
25 predetermined level relative to the ink supply portion

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

supplying portion 6, the air is introduced with the



the vacuum The structure itself of the ink container is 10 so sinple that
It can be easily manufactured using nold or the like, and therefore, a

| arge nunber of ink containers can be formed stably. Wen the ink ils7 DEC 2003
consuned 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 surfacgsis at E, the neniscus in the air
i ntroduction passage A201 can not be maintained, and therefore, the ink is
absorbed into the absorbing material, and the air 20 introduction passage
is fornmed. Then, the air-liquid exchange occurs at once. On the other

hand, the | F§HYd @ daprapanheinbsaidrtipmat eri al i ncreases because of
the ink absorbed fromthe ink container, by which the liquid surface Dis
establ i shed, and the ®4aven, it d ex@dtardgsstaipke tliah thé sheight, there

IS no ink in _the air introduction passage A201, and the absorbing
materi al abov& tHEIST than ﬂ&tﬁ’iﬁé%@%ﬂg@%? IBRawD3thel7 in the nodel,

functions.sig&#& as a %ﬁéye. I f_the ink is consuned again with this state,
the liquid s 85’1_“@ S edfs Abhithe nedns ihen g sink|ight |y, which
coeUr 5 at onG g 1B e Al SRR Heo [ He (PR ENEG Nk
Cont el e . g ST 0 Al IR LB P PRI enad i L YRS oo O
ink container attributable to the ambient condition
change, is reduced. 1In 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 example. 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 mmaqg = 60 mm
- 15 mm = H1 - H2.



by the capillary force-of the absorbing material. 10 Wen it reaches to the
position D, the air-liquid exchange stops, so that the liquid surface is
stabilized at the position. In this manner, the ink liquid surface chii l&€ 2003
stably controlled by the height of the air 15 introduction passage A201,

that is, the height of the portion C,. and the capillary force of the
absorbing material, that is, the ink sggking height, is adjusted

bef orehand, by which the internal pressure of the ink supply portion can

be controlled easily. 20 In order to retain the ink overflowed from the

I nk container 6 to-the absorbing material 4 due to the internal pressure

change in the ink con{aipes fherih0 EbggaNbigNiceePdhht@NwitANgRe the
capillary force of the absorbing matertal, that is, the ink sucking .25

hei ght is incteassseidy 8bi chet D8kOYEHA! OHeOAbEDEDLAK mAtapishe ink
cont ai ner can be prevented, and the occurrence of positive pressure at the

i nk supply lihdbge: of8tperiiquigasubfapecyented. Enbodi ment 8 Figure
21 is a longitudinal sectional view of an ink cartridge for an ink jet

recordi ng appgfabesoRdaa§Dy (i agdt ehanirtgbhhl epbedsnert loverke present
invention. Figure 22 is a cross-sectional view of the same, and Figure 23
i s a sectsonehbytant sADW nYiaeaslyface of the rib. An air introduction
groove 103 and a vacuum
When the ink container of the above-described
structure is used, the ink can be supplied stably by
the vacuun.
The structure itself of the ink container is
10 so simple that it can be easily manufactured using
mold or the like, and therefore, a large number of ink
containers can be formed stably.-
When the ink is consumed to such an extent
that the surface level of the liquid in the absorbing
15 material is at the air introduction passage A201, that
is, C position, in other words, the ink surface is at
E, the meniscus in the air introduction passage A201
can not be maintained, and therefore, the ink is
absorbed into the absorbing material, and the air
20 introduction passage is formed. Then, the air-liguid
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
26 air-liquid exchange stops. With this state, there is

no ink in the air introduction passage A201, and the

absorbing material above the air introduction passage



10 producing nmaterial adjusting chanber 1032 are formed on a rib 1005

which is a partition wall between the ink container 1006 and the vacuum

produci ng materi al

contai ner 1004. The air introduction groove 10311 7 8EC 2003

formed at the vacuum produci ng material container 1004 15 and i s extended
fromthe central portion of the rib 1005 to an end of the rib 1005, that
Is, to the clearance 1008 forned with-f4he bottom 1011 of the ink
cartridge. Between the vacuum producing nmaterial 1003 contacted to the

nei ghbor hood of the air introduction 20 passage 1031 of the rib 1005, the
vacuum producing material adjusting chanbers 1032 are forned, and are in
an excavat edift othe modeE, t banvacodm pinduei ag Aavalival. 1003 is contacted
to the inside surface of the material 25 container 1004, and therefore,
even i f the vacuum pEifdtbendgnkatisr cahstfiéd8 agamhanwdmhf ahtlsy stqteezed i nto
the material container 1004, the contact pressure 17 DEC 2003 -49

(conpr essi onfjhe ol idreidasunfiapeodncicthg ahserbahgl@@lersialpdoweals y eased, as
shown in Figures 21 and 22, Therefore, when the ink consunption fromthe
head is staftightivie vhkcBogearasnopdst ke onendngprddibenyadveat eri al 1003
i's consuned, and reaches to the adjusting chanber 1032. If the ink is

cont i nueddt 50t Heat okRenddr-Lhguids exghapgsi PgcHrsartt BRCENEO meni scus at

t he portion mherf tgg cont act Eressure of the _vacuum pr.oduci ng nateri al
1003 is easdHPth

% 0CIBFHCPEAGCRENbBRs 1B 35 XoR EbehdMEr ore, the air is

container 6. Upon completion of the ink consumption,

the liquid surface of the absorbing material increases

by the capillary force of the absorbing material.

10 When it reaches to the position D, the air-liquid

exchange stops, so that the liquid surface is

stabilized at the position.

In this manner, the ink liquid surface can be

stably controlled by the height of the air

15 introduction passage 4201, 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

ffom the ink container can be prevented, and the

occurrence of positive pressure at the ink supply




qui ckly introduced into the air introduction passage 1031, thus naking the
vacuum control easier. In this enbodinent, it is desirable to use an
el astic porous material as the vacuum producing 15 nmaterial 1003. Wen the
recording operation is not carried out, the capillary force of the Vachtfiigs
producing material 1003 itself (the neniscus force at the interface
between the ink and the vacuum producing 20 material), can be used to
prevent the | eakage of the ink fromthasg-nk jet recording head. Figures 29
-- 31 show an exanple of an ink cartridge w thout the vacuum produci ng
material adjusting chanber, as a Conparison Exanple. 25 Even in the ink
cartridge of the Conparison Exanple, the proper operation can be carried
out w t hout pprtbbancihr begprekentedhani sm described in the 1 7 DEC 2003
-50 foregoing, in the usual state. The stabilized operation is
acconpl i shedEmbodimensf 8t he provision of the air introduction passage.
However, in order to even further stabilize 5 the operation, or in order
to permit use of porofdguresid st & ilangdiiudigadoseatioralpiew &F t he
negative pressure producing material, the further stabilization control
i s desirabl eanpdnkheamtradpegdres 32 vkcH ets resoadiaggapraratasct i onal
vi ew, the _vacuum qQr negative pressure_  producing material 1003 contacts the
rib 1_005§ aﬁ&cordlng 0 an eighth embodiment of the present
invention. Figure 22 is a cross-~sectional view of the
same, and Figure 23 is a sectional view showing a
surface of the rib.
An air introduction groove 103 and a vacuum
10 producing material adjusting chamber 1032 are formed
on a rib 1005 which is a partition wall between the
ink container 1006 and the vacuum producing material
container 1004. The air introduction groove 1031 is
formed at the vacuum producing material container 1004
15 and is extended from the central portion of the rib
1005 to an end of the rib 1005, that is, to the
clearance 1008 formed with the bottom 1011 of the ink
cartridge. Between the vacuum producing material 1003
contacted to the neighborhood of the air introduction
20 passage 1031 of the rib 1005, the vacuum ‘producing
material adjusting chambers 1032 are formed, and are
in an excavated form.
Since the vacuum producing material 1003 is
contacted to the inside surface of the material
25 container 1004, and therefore, even if the vacuum
producing material 1003 is non-uniformly squeezed into

the material container 1004, the contact pressure



partly enters the air introduction groove 1031. If this occurs, the
contact pressure (conpression force) to the material 1003 is not eased at
the contact 15 portions A. This nakes it nore difficult that the air

breaks the ink nmeniscus and enters the air introduction passage 103&?DFFZNB
this occurs, the air- liquid exchange does not occur even if. the ink
continues to be consuned, and the effeeqgof the air 20 introduction passage
1031 is not acconplished. There is a liability that the ink becones
non-suppliable fromthe ink absorbing material 1006. As contrasted to the
Conpari son Exanple 2, as described in the foregoing, this enbodinent is 25
advant ageoud cgmirestsitdii 5 o otthee nvacilum quirodiut i g Fhgtieei 2l 16803 is

| ongi t udi nal -sectional view of 17 DEC 2003 -51 two ribs 1005 havi ng

di fferent ciREstistchy maged sexs | smowri JurBi@sres 2h amda?@ed
cross-sectional viewof arib. As shown in the Figure, the configuration
of 5 the vARRFBIATRIUGMRRD MEherink censirrhior hEndarthe3keadntlst he air

i ntroduction groove 1031, are different fromthat in Enbodi nent 8. Mre
particul ar | Btared: sfedporeonirined hin the vaosumopredeeingo t he vacuum
produci ng. material 10 1003 is rounded to further enhance the effect of
easing tht FEeTihtRY3 47 conpiradi gind | FeasResct@hb® hood of the rib

1005 adj acenfyugting chamber 1032. If the ink is continued to

the consumed, the air can easily break the ink
meniscus at the portion where the contact pressure of
the vacuum producing material 1003 is eased by the

10 adjusting chambers 1032, and therefore, the air is
quickly introduced into the air introduction passage
1031, thus making the vacuum control easier.

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

15 material 1003.

When the recording operation is not carried
out, the capillary force of the vacuum producing
material 1003 itself (the meniscus force at the
interface between the ink and the vacuum producing

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

Figures 29 - 31 show an example of an ink
cartridge without the vacuum producing material
adjusting chamber, as a Comparison Example.

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

without problem through the mechanism described in the



the material container 1004 having the rounded surface R,. the air is
I ntroduced into the ink in the material 15 1003, the thus introduced air
nmoves into the ink container 1006. Wth the novenent of the air, the|ngEqu

in the ink container 1006 is supplied into the material container 1004. In

an air-liquid exchanging region, the air is introduced into the ink
contained 20 in the material 1003. In_géger to carry out the air-liquid
exchange nore snoothly, it is desirable that the contact pressure between
the material 1003 and the material container at a | ower portion of the
air-liquid 25 exchanging region than in the upper part of the air- liquid

exchangi ng rﬁ%ﬁbiﬁ_&] S]hﬂ Stl??%ﬁ t%@%%gec?ﬁ% g%g%b{q_)}{lge&7 DEC 2003 -52

snoothly fromt gas phase to an in e capillary tube of

the vacuum piRssal for! 06 Usd Obimp TP 584 dhe IO eV@PSEn&%{»@G%@nfekce I s

eased. For exanple, the desired effect can be 5 provided ormation of a

partial vacuHB 08U #iEbaddt £6n Padshgst | Ng chamber at the central portion
of the rib 1005 at the end portion of the air introduction group. In

order to provide the msidved eMin farEdi OFo d¥led OFhPENNACSHALPT PHUCI NY
mat eri al adj usting Chanber 1032 of this enbodinment, the configuration of

the vacusimyte e rgr i crofl id Baepytdpaenrngadse THE p&poasgurati on and
the dimensions are not limted if
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 1005, 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 1051. 1f 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 absorbiqg material 1006.

As contrasted to the Comparison Example 2, as

described in the foregoing, this embodiment is

25 advantageoqs against this problem.

Embodiment 9

Figure 24 is a longitudinal. sectional view of



t he above-described requirenents are satisfied: 15 As described in the
foregoing, according to this enbodinment, the air and the ink in the ink
contai ner are stably and snoot hly exchanged upon the ink supply OpeLﬂbE@ﬂWﬂ
and as a result,, the internal pressure in the ink supply portion c
stably 20 controlled. This enables the recording head to effect stabilized
ink ejection at high speed. In addition,.stjhe ink container is
substantially free fromthe ink | eakage even if the 'internal pressure of
t he i nk container changes due to 25 anbi ent condition change or the |ike.
Enbodi nent 10 The ink contai ner 2001 of this enbodinment is 1 7 DEC 2003 -53
a hybrid typetwa whbshlORS hasvidg didfeafenits crpas-sdciieshdint o two ink
chanbers a and b, which comunicate with each other at a bottom portion,
and wherein 8ACFhRnabsBigimg ROt dsi @n 2002 rged nyoadi-statd dnadapi | | ary
force is packed in the ink container a substantially w thout clearance,
and there is BiBY¥i8€d2 &hbPair vent 2003. In the state shown in Figure 15,
the suppliable ink has been supplied fromthe ink chanber 10 4 and one
hal f of the ink in-the®PnRbeWaNBEr thehfiquresn thensomsd gurarhitdie of
initial-state_where the ink_chanbers 4 and 6 are sufficiently filled. In
Figure 152 thBe KRCPHM: RECEYRPREs Baterirlapdiustdganatanber 3032
mai nt ai ned ata%dhghghgigﬁ h which the static head

ntroduction groove 1031, are different

from that in Embodiment 8.

More particularly, the stepped portion of the

rib 1005 contacted to the vacuum producing material
10 1003 is rounded to further enhance the effect of
easing the press-contact and compression.

In the neighborhood of the rib 1005 adjacent
the material container 1004 having the rounded surface
R, the air is introduced into the ink in the material

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

20 in the material 1003.

In order to carry out the air-liquid exchange
more smoothly, it ;s 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



15 fromthe ink ejection part of the recording head, the vacuumin the ink
chanber 6 and the capillary force of the.conpressed ink absorbing
material. When the ink is supplied fromthe ink supplying portion, ﬁﬁggczmn
amount of the ink in the ink chanber 4 does not reduce, but 20 the ink 1s
consuned fromthe ink chanber 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 correspondi ng t®2-he ink consunption with the

bal anced internal pressure 25 maintained. Correspondingly, the air is

i ntroduced. through the ink chanber 4 and through the air vent. At this
tinme, as shown in Figure 15, the ink 1 7 0 E C 2003 -54 and the air are
exchanged atsmdedhiat tfammoftheh@asniphasteariferan datk tasefRERIR ormed in the
conpressed ink absorbing material in the ink chanber 4, is partly bl ocked
from t he portfieoraniddany tuke jofc tigaMRGUUR BFSFRPIH L IR @ of the ink
chanber 6 is balanced with the neniscus retaining force of the conpressed
ink absor bimakerirdr 1003 mpase qantasHing &PTse the €859 nto the i nk
chanber 6. Referring to Figure 2, the  ink supply and th roduction of the
ink internal 10 presdifi% 9B hile feasiyed \)é)qiiye% ?Pé%??‘?bed in nore

detail. The conpressed ink absor bi mat eri.al, .adjacent_the i chanber
wall is ih aﬁﬁﬂﬁﬁ%ﬁYoﬁwl%é’qgﬁ RATRHy 68 lf%rf’%enc’trlq% ink in the
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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 chamber
1032 of this embodiment, the configuration of the
vacuum producing material 1003 may be changed. The
configuration and the dimensions are not limited if
the above-described requirements are satisfied.

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

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

In addition, the ink container is
substantially free from the ink leakage even if the

internal pressure of the ink container changes due to

25 ambient condition change or the like.

Embodiment 10
The ink container 2001 of this embodiment is



at nospheric pressure. The ink internal pressure at the ink supply portion
s maintai ned by the conpressed ink absorbing material adjacent to the-ink
chanber wall which is adjusted to the predeternined capillary 20 f o7 3
proper conpression. A closed space at the top of the ink chanber 6 before
the flow out of the ink, is balanced with the capillary force of the
conpressed ink absorbing material adjace to the ink chanber wall and the
static head of the ink remaining 25 in the i nk chanber b, and the neni scus
of the conpressed ink absorbing material is maintained by the reduced
pressure. When the ink is supplied to the 1 7 DEC 2003 -55 5 10 recording

head throughat hebrild W Vi PUH{ QD ﬁ%]_? t{}h dét@ﬁ%ﬁ%ge i nk flows out of

the ink chanber 6, and the pressure I hk™C is further

reduced corr empaidiRgdd i Gans éﬁﬁég e, i time, the
. i g a sd?%%la na?erTaTg%fh

meni scus fornmed in the conpressed ink g t he bottom of

the ink chanmeemnmundldates wiait |aady Wby By Wi i nt r oduced
into the ink chanmber from which the |nkr|s belh%t{mrgéft%g sothat the

pressure of whereincs ielly aH¥AISHE WAWCEH K0 E g6% :gu%@ (gnced
S

with the nmeniscus retaining force of the conpressed In
mat eri al andceipd ldeatyl Cdward iof pgdukddlin el fni Neddteai dee anber b, In

this manner; the internal pressure of the ink supply portion is
substantially without clearance, and there is provided
an air vent 2003.
In the state shown in Figure 15, the

suppliable ink has been supplied from the ink chamber

10 4 and one half of the ink in the ink chamber 6 have
been consumed from the initial.state where.the ink
chambers 4 and 6 are sufficiently filled. 1In 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 §
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



15 maintained at a predetermned |evel by the capillary force of the
conpressed i nk absorbing material at the position adjacent to the bottom
end of the ink chamber wall. Figure 34 illustrates function of thg 7 B 7003
conpressed absorbing material as the buffering material. It shows the
state in which the ink in the ink chanber 2006 has been flowed out into the
I nk  chanmber 2004 due to the expansion-gfgthe air in the ink chanber 2006
due to the tenperature rise or the 25 atnospheric pressure reduction or the
like, fromthe state shown in Figure 15. In this enbodinent, the ink
flowed into the ink chanber 2004 is retained in the 1 7 DEC 7003 -56
conpressed akedr Hihey aiet erelex2Mihgethaat el ibystinp o etneernit he i nk
absorbing quantity of the conpressed ink absorbing material and the ink
chanber is debamfersd andorhhehaestimmioifivrmefd preved idunpdtesdak ifdk | eakage
when the anbi ent pressure or the tenperature changes. The maxi mum i nk
absor bi ng quabsorpisld maderniald dmartiber iZG04hasbeed af,Miedgartigonsi deration
of the quantity of the ink flowed out fromthe ink chanber 2006 in the
predi ct abl e RePgkedodfFiom dhe pertien iqllesk) tquaihe tiynk ettemiezt i, t he i nk
chanber 2004 at  the time of ink supply fromthe ink chanber 2006. The ink
chanber 2004 23R4s thee BFSSFREec fatihe dnkachombedats rig halaneesd width an ink

guantity by Eﬁ conpressed absorbifgﬁnaterial. Figure 65 shows a graph in
whi ch 15 a s& % EPEUFoketaindng faras 9 &hte SomPTesSad idmk

absorbing material, by the introduction of the air
into the ink chamber 6. Referring to Figure 2, the
ink supply and the production of the ink internal
10 Ppressure in the hybrid type, will be described in more
detail. The compressed ink absorbing materiil
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



space vol une of the ink chanber 2006 before the pressure reduction and the
quantity of flowed ink when the pressure is reduced to 0.7 atm 1In the
graph, the <chain Iine shows the case in which the nmaxi mum 20 pressp?ﬂ C 2003
reduction is 0.5 atm As for the estimation of the quantity of the é

fl onwed out of the ink chanber 2006 under the worst condition, the quantity
of the ink flow fromthe ink chanber 206.s nmaxi num wth the condition of
t he maxi num reduced pressure is 25 0.7 atm when 30 % of the volune VB of
the ink chanber 2006 remains in the ink chanber 2006.. If the ink bel ow
the bottomend of the ink chanber wall is also 17 DEC 7003 -57 5 absorbed

by the conpressedrabsgrhead #BESHLA! thB ' . 2004, it is
considered that all of the ink rgnaininghﬁnskﬁglgﬂgggﬁéo e%n266%5(30 % of

VB) is |eakestate. thenitkefvowstoaendict 8B i5x0chadbB 20 ¢ he
vol une of the ink chanber 2006 is fl owed out. Thg gﬁ% In fhéhfﬁ&h%hanber

2006 expandi reFressune oprthsuinkrelambednsi $sl apgeher! g cegMai ni ng anmount
of the ink is smaller. Therefore, a larger ink is pushed out. However, the

maxi mum anourffos¥espendingetio 1the nkonsuinpteent BEnthBe iguant aky +@f st he i nk
contained in the ink chanber 2006. Therefore, when 0.7 atmis assuned,
when the atodt®®f PR Repdseusgfenredecinnthe oohprasecihanx30 % the
remai ni ng anoynt qf, the ink becones | ower than the expanded vol unme of the
air, so 15 t SRS IEREeRial &t f thechothon ofiethakinkachemha@0s
wall is partly broken, by which the air is introduced
into the ink chamber from which the ink is being
consumed, so that the pressure of the excessively
10 pressure-reduced ink chamber 6 is balanced with the
meniscus retaining force of the compressed. ink
absorbing material and the static head of the ink
itself in the ink chamber b. In this manner, the
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 illustrates function of the
20 compressed absorbing material as the buffering
material. It shows the state in which the ink in the
ink chamber 2006 has been flowed out into the ink
chamber 2004 due to the expansion of the air in the
ink chamber 2006 due to the temperature rise or the
25 atmospheric pressure reduction or the like, from the

state shown in Figure 15. 1In this embodiment, the ink
flowed into the ink chamber 2004 ig retained in the



reduces. Therefore, 30 % of the volume of the ink chanber 2006 is the
maxi mum | eaked i nk quantity (50 % at 0.5 atm. The sane applies to the
case of the tenperature change. However, even if the tenperature 207[m[2m5
i ncreases by 50 C, the anmpbunt of the flowed out ink is smaller than the
above-descri bed pressure reduction case. 25 If, on the contrary, the
atnospheric pressure increases, the diffkgrence between the air of the |ow
pressure because of the ink static head in the upper portion of the ink
chanmber 2006 and the increased anbient pressure, is too |large, and
therefore, there 1 7 DEC 2093 -58- is a tendency of returning to the

predet er m nedcoppesssed dbkbebengemiy &EEEOQQQBIOHTﬁE I3 aQi Righilpt 0 the
i nk chanber 2006. In such a caseﬁ ?lnf larly to the case g% d%khl pply from

the i nk chanbpet@as, thaelﬁknaasa@ESngfqhaatﬁQ@prS%a@ coimprasaedl N9
material 2003 adjacent the bottomend portion of the ink chanber wall

2005, is brokenk abdorbengf aaeerihe ah# theMihkl ¥hamberoduced into the ink
chanber 2006 into the pressure balance state, and therefore, the internal

pressure of l1@etheminkdsfippyther skandpaidlyothpreeentihgothe JuRst anti al

i nfluence to the recording property. In the foregoing exanple, when the
anbi ent pr ésslieakaget whes tbet Ambbehnyi pakbsstiabeort hhearemperaftuirae i nk
corresponding to the introduced air into the ink 15 chanber 2006 flows from
t he i nk chanbehapges.i nThet Maximum ink absorbing quantity of the

ink chamber 2004 is determined in consideration of the
quantity of the ink flowed out from the ink chamber
2006 in the predictable worst condition, and the ink
10 quantity retained in the ink chamber 20Q4 at the time
of ink supply from the ink chamber 2006. The ink
chamber 2004 has the volume capable of accommodating
at least such an ink gquantity by the compressed
absorbing material. Figure 65 shows a graph in which
15 a solid line shows a relationship between the initial
space volume of the ink chamber 2006 before the
pressure reduction and the quantity of flowed ink when
the pressure is reduced to 0.7 atm. In the graph, the
chain line shows the case in which the maximum
20 pressure reduction is 0.5 atm. As for the estimation
of the quantity of the ink flowed out of the ink
chamber 2006 under the worst condition, the quantity
of the ink flow from the ink chamber 206 is maximum
with the condition of the maximum reduced pressure is
25 0.7 atm, when 30 % of the volume VB of the ink chamber
2006 remains in the ink chamber 2006.. If the ink

below the bottom end of the ink chamber wall is also



I nk chanber 2004, and therefore, simlarly to the foregoing enbodi nent,

the anobunt of the ink in the ink chanber 2004 tenporarily increases with
the result of rise of the air-liquid interface. Therefore, 20 S|n1hpynycmm3
the initial state, the ink internal pressure is tenmporarily slightly
positive than that at the stabilized state, however, the influence to t he
ink ejection property of the recording_phgad is so snall that there is no
practical problem The above 25 describ probl em ari ses when, for exanple,
the recording apparatus used under the | ow pressure condition such as a
high attitude location is noved to 1 7 DEC 2093 _59 a low attitude |ocation

of the norm@bgﬁfgéa) 'QhepéSQ yég vggsbﬁb%ggtmggggla@cﬁh @puaurs is only

the introduction of e ar ink c en i is used

after noved m{tmﬂb ;a@@utus.i@ §sl Eéﬁéiéaréﬁatﬁat""ﬁitl 8chd saionly the
slight increase of the ink internal pressure in the ink supplying

portion. Sinesmifeingeinfthde;RPahahbsr BOOJET (Qbe%ce@dw)ogsof _extrenely
hi gh pressure over the normal atnospheric pressure is not feasible, and 10

therefore, tiwdied Sowp. prigéhCthePhebseNtonAerink k8 BSSURRR| Yshekai ned in
the ink chanber 2004 by the conpressed i nk absorbing material ~ 2003 in the

i nk chanbgr @D0zhd revlime Sf athe oinkhehamBerofobbeiknlE16na8abaer to
i mmedi ately before the 15 exchange thereof. -Since the ink chanber 2006 is
cl osed, ther®he saim imktheakakechamberh200peakpgndahg by the
pressure reduction is larger if the remaining amount
of the ink is smaller. Therefore, a larger ink is
pushed out. However, the maximum amount of the flowed
10 ink is lower than the quantity of the ink contained in
the ink chamber 2006. Therefore, when 0.7 atm is
assumed, when the .amount of the remaining ink becomes
not more than 30 %, 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



vent and the ink supply portion) and it permts the easy handling. The
description will be nade as to the 20 desirable conditions about the
conpressed ink absorbing material and the ink chanber structure in Hf
hybrid type ink container. The rel ationship between the ink absorbi&j C 2003
gquantity of the conpressed ink absorbing material 2003 25 and the ink
chanber is determned fromthe standpoint of preventing the ink |eakage
when the anbient pressure or the tenper28ure changes. The maxi mumink 17
DEC 7003 -60 absorbing quantity of the ink chanber 2004 is determned in
consideration of the quantity of the ink flowed out fromthe ink chanber
2006 in the ngedict bl e worst condition, and the _ink quantity 5 retained
inthe ink ¢ H%e?eﬁékﬂF¥ﬂ°fkﬁﬁ¥4¥ﬁﬁ%ﬁ taktheuppederesMinRe i nk chanber
2006. The ink chamber . ?04 has t he, vol upe cggablg gf accommodat i ng at

| east such BFEFHREY eyeRge (e HRhhPeRsEyCRneE: BPKgOTnBLE A3 As for
the estimati on of the quanti f 10 the ink flowed out _of _.the i nk chanber
2006 under tHRe %&#s?h%kﬁﬁﬁté%wg°th%nq%%ﬁFi?yc%?eth@ipﬁEaFﬂngPron1the i nk

730, 7 atm VRRNCr 8br R uRRfErdm Br: 1R, rRoBRaRbeP 08008 R Pehe no | 1
chanber wil Heatgrad G0 g o recf Al BaREbLAN RPefial 'T00a™) 1 (he
ink chanber 2994-eif tfe bottom end portion of the ink chamber

wall 2005, is bfoken, and therefore, the air is mainly

introduced into the ink chamber 2006 into the pressure

balance state, and therefore, the internal pressure of

10 the ink supply portion hardly changes without
substantial influence to the recording property. 1In
the foregoing example, when the amhient 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 inte 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-

2% described problem arises when, for example, the

recording apparatus used under the low pressure

condition such as a high attitude location i1s maved to



considered that all of the ink remaining in the ink chanber 2006 (30 % of
VB) is | eaked out. When the 20 worst conditionis 0.5 atm 50 %of the

vol ume of the ink chanber 2006 is flowed out. The air in the ink thﬂgﬁamz
2006 expandi ng by the pressure reduction is larger if the remaining a

of the ink is smaller. Therefore, a larger ink is pushed out. However, the
25 maxi mum anmount of the flowed ink is I-@8er than the quantity of the ink
contained in the ink chanber 2006. Therefore, when 0.7 atmis assuned,
when the amount of 17 0 E C 2003 -61 the remai ning i nk becones not nore
than 30 % the renaining anmount of the ink becones |ower than the

expanded vol ufreloV angifide docefdon v dimeumnprofali @tafdsplectiait o the ink
chanmber 2004 reduces. Therefore, 5 30 % of the volunme of the ink chanber
2006 is the RBRFAUFRL-cak¥en ik dhah cepeS5ehHtaocguEsatiy ondy fthe t he si ze
of the communi cating part between the ink chanbers formed at the bottom
portion of thBtraguekafBepindhe 2005 ingondhel dok hamhesi20061.0 i ncapabl e
of formation, at the conmunication part, of the ink in the ink chanber
2006 whi ch i sWBPBsdl if pRed gdfserasomes ftor Shec high dftitpde size |s

sel ected guc in resggnse to the maxi mumink supply speed fromthe

i nk sypplyin998%2£%8ﬁ BERARNsuMPRF SFEE Sad S197 e oS 1d9hdol i d bl ack
ppar at ds) . sHOSERORPr Of; Ehe T Ao Faerstacodd tHenidtigh the
ConnuniCatiOnsﬁBﬁE&@ﬂgiBo%%gﬁhqergﬁh%% %%e use of the apparatus
under the condition of extremely high pressure over
the normal atmospheric pressure is not feasible, and
10 therefore, there is no practical problem.
The ink is assuredly retained in the ink
chamber 2004 by the compressed ink absorbing material
2003 in the ink chamber 2004 from the start of the use
of the ink container to immediately before the
15 exchange thereof. .Since the ink chamber 2006 is
closed, there is no ink leakage from the opening (air
vent and the ink supply portion) and it permits the
easy handling.
The description will be made as to the
20 desirable conditions about the compressed ink
absorbing material and the ink chamber structure in
the hybrid type ink container.
The relationship between the ink absorbing
quantity of the compressed ink absorbing material 2003
25 and the ink chamber is determined from the standpoint
of preventing the ink leakage when the ambient

pressure or the temperature changes. The maximum ink



the nature of the ink such as viscosity. However, the 20 consi deration
shoul d be paid to the fact that when the top surface of the ink remaining
in the ink chanber 2006 becomes |ower than the bottom portion of thF%bE¢
chanber wall 2005, as described hereinbefore, the internal pressure ﬂ@3
i nk supply portion changes 25 tenporarily to the positive direction, and
therefore, the size is selected to avoigpthe influence of this event to
the ink ejection property of the recording 1 7 DEC 2003 -62 head. As
described in the description of the operation of the ink container, in the
hybrid type ink container, the ink internal pressure at the ink supply 5

portion is rehESoduiny qusentinpres setk | 1kk absarbePg2008t €51 al 2003 adj acent
the ink chanber wall, and therefore, in order to maintain the desired
internal preaiftieErined hmn t¢ores ide t el o ko £ UEHé Yqh 4961 £ €oF Nkne ChaRDET
2006, the capillary force of the conpressed 10 ink absorbing material 2003
adj acent t he ficmesdnautl fyom tihon iofk tdteambdr ch@ddein 2008 i s desirably
adjusted. Mre particularly, the conpression ratio or the initial pore
size i s sel eRT&AiftkAbIehworste cuplition, dmtcehefisbheqeampiessed i nk
absorbing naterial 2003 15 adjacent the bottomend of the ink chamber wall
2005 is capdsiteigied gy idindahchanbdht20ml atprides urime refjuinied for the
recordi ng operatlon For exanple, when the internal ink pressure at the

ink supply SHRI%fram the rﬁ%)ehae“ﬂ@%@rﬁﬁfe-sseﬂm nkala bshandien

2004 has the volume capable of accommodating at least
such an ink quantity by the compressed abscrbing
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 2006 remains in the ink

15 chamber 2006. If the ink below the bottom end of the
ink chamber wall is also absorbed by the compressed
absorbing material in the ink chamber 2004, it is
considered that all of the ink remaining in the ink
chamber 2006 (30 %.0f VB) is leaked out. When the

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

25 maximum amount of the flowed ink is lower than the
quantity of the ink contained in the ink chamber 2006.

Therefore, when 0.7 atm is assumed, when the amount of



20 material 2003 adjacent the bottomend of the ink chanber wall 2005 is
satisfactory if it has the <capillary force capable of sucking the ink to h
mm If the structure of the conpressed ink absorbing material 20037i[£( 2003
simplified, the fine pore radius Pl 25 of the conpressed ink absorbing
material 2003 preferably satisfies: Pl - 2rcos9/pgh 1 7 DEC 2003 -63 where
Pis the density of the ink, r is the stkface tension of the ink, 9 is a
contact angle between the ink absorbing material and the ink, and g is the
force of gravity. 5 During the ink is being supplied fromthe ink chanber
2006, when the air-ljiquid interface-of the ink in the ink chanmber 2004
becones | ower'q HEE "E%p“'é‘hcpe‘&ﬁm%%é‘?%km%{&)ptga%o:ﬁ@i ®n, thée air is

supplied to, the recor head, and therefore, the alr-lqu|d 10
i nterface acﬁeé%ae‘rﬂ“f%ea‘?‘?fﬁ%'sﬁﬁ)l’i}"%ow ¥ PESPRRS dlemer nkhakathed at a

Conpr essed (HREHRD R RPeRE ‘%é’fazo%ge%%(?éﬁ%’ﬁﬁn«% RBQHBE| 9L poRE] on I s
(i) wher dioed gl She S e S“%“P (e or PREESEoFSnoa t fon (i
ma 2’?%&3@ o% qﬁ]ce]é c%%ie%oé@%ge sor @%ﬂ%@éy ?st]t%?rrpl Ia??\elg !t];]e
radius P2 OfpdSmal) Jédied B8 QladfifeyOfH oFSef 4Nk Apgprbing material at
As for the size of the communicating part
between the ink chambers formed at the bottom portion
of the ink chamber wall 2005 is not less than a size
10 incapable of formation, at the communication part, of
the ink in the ink'chamber 2006 which is closed at the
top, as the first condition. The size is selected
such that in response to the maximum -ink supply speed
from the ink supplying portion (ink supply speed at
15 the time of solid black printing or the sucking
operation by the main assembly of the recording
apparatus), smooth air-liquid exchange is carried out.
through the communication opening in consideration of
the nature of the ink such as viscosity. However, the
20 consideration should be paid to the fact that when the
top surface of the ink remaining in the ink chamber
2006 becomes lower than the bottom portion of the ink
chamber wall 2005, as described hereinbefore, the
internal pressure at the ink supply portion changes
25 temporarily to the positive directioﬁ, and therefore,
the size is selected to avoid the influence of this

event to the ink ejection property of the recording



the top of the ink supply portion is: P2 = 2rcos6/pg(h+i ) In the above
equation, the height (i m) of the air-liquid interface right above the
ink supply 25 portion is satisfactory if it is at a position higheq7qnﬁqmn
the top.end of the ink supply portion. The ink sucking force (capillary
force) is gradually decreased 1 7 0 E C 2003 -64 (if the material of the
absorbing nmaterial is the sane, the reggigs P3 of the fine pores is
gradually increased) (Figure 35), or the capillary force of the conpressed
i nk absorbing material is reduced only 5 adjacent the ink chanber wall
2005 (Figure 36), so that the air-liquid interface gradually decreases
toward the i pkagghanber wall in the further inside portion of the
conpressed i nk absorbing nmaterial 2003 in the ink chanber 2004. The

capi | lary force changas 4@sicyibedas athd Adhe iGARidd Y dyy ce at the
bottomend of the ink chanmber wall 2005 (if the material 1s the sanme, it

is Pl). The epprbktaby b@r ¢BeOfiniheddalin®t,ofint Rhe GYBYiRPI8Hd Nxabsor bi ng
mat erial 2003 which is below 15 the air-liquid interface in the conpressed

i nk absor bi ngomktaénieal, 2R3 imky it eamali fpriddeuirek atC ¥HaAIINN JupPIgt
subj ected to shock, inclination, rapid tenperature change or another
speci al e¥ eppatiohoiseretialeedr by rther demptresgedninks @¥orbding he i nk 20
remai ning in. the ink chanmber 2004 even if such external force is inparted
or if the i nphatgripé RAR3 adjacent the ink chamber wall, and
therefore, in order to maintain the desired intermal
pressure at the time of the ink supply from the ink
chamber 2006, the capillary force of the compressed
10 ink absorbing material 2003 adjacent the bottom end
portion of the .ink chamber 2005 is desirably adjusted.
More particularly, the compression ratio or the
initial pore size is selected such that the capillary
force of the compressed ink absorbing material 2003
15 adjacent the bottom end of the ink chamber wall 2005
is capable of producing the ink internal pressure
required for the recording operation. For example,
when the internal ink pressure at the dink 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
preferably satisfies:

Pl = 2Tcos®/Pgh



chanber 2006 is all consuned, the capillary force is increased (radius P4
of the fine pores) gradually toward the ink supply portion than the
capillary force 25 (radius Pl of fine pores) at the bottom end port{ ¢r}tGf2003
t he i nk chanmber wall 2005, and the capillary force at the ink supply
portion is made larger (radius P5 of 1 7 C 2003 -65 the fine pores)
(Figure 37). That is, the adjustnent of84he capillary force distribution
satisfies: (the capillary force at the end portion of the ink chanber
wall) < (the capillary force right above 5 the ink supply portion)
Preferably, [ f o, otiam epnd, portion o t he ink
chanmber wal | 54{&(%2@ ﬂcéa?)%lli/? a%&?oﬁeé]g?tg% h%rﬁbb'?fojﬁgp%%g?i%lﬁr $¢he niddle
of the ink 1&&lwddieros Sidi ' ] | nk chanber)
< (right above the ink ?u%@p%m'pﬁt%%né)r@%gn%@s% %/e%%fr:‘f%%%t#@ t he
structure of idie AWEMESEP dnd e ADSHDI Fige MBLIET | g 2008 | %i f‘@t&%i ed, the
radii of 15 the bores satisfy: PI > P2 Preferably, "P1 Qé? 3, P4) < (P2,
P5) As regar asf tdwmvigtyt i on between P3 and P4, 20 and the relation between
P2 and P5, may be in accordance with the distribution of the conpression

rati o such5that P3 < Mhriang ##e <db,i®bdhg S¥ppDPied 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 ailr-liquid

10 interface adjacent the ink supply portion should be
maintained at a position higher than the top end of
the ink supply portion. Thus, the compressed ink
absorbing material 2003 above the ink supply portion
is given the capillary force capable of sucking the

15 ink up to the height (h+i), wherein i is the height of
the air-liquid interface set position (i mm) above the
top of the ink supply portion. Similarly to the
above, if the structure of the compressed ink
absorbing material is simplified, the radius P2 of the

20 fine pores of the compressed ink absorbing material at
the top of the ink supply portion is:

P2 = 2Ycos8/Pg(h+i)
In the above equation, the height (i mm) of

the air-liquid interface right above the ink supply

25 portion is satisfactory if it is at a position higher
than the top end of the ink supply portion. The ink

sucking force (capillary force) is gradually decreased



P2 = P5. Referring to Figures 35, 36 and 37, there is 25 shown preferable
conpression ratio distribution as an exanple in which the above-descri bed
relations are satisfied by adjusting the conpression ratio, using 17 DEC 2003
17DEC2003 -66 the sane material as the ink absorbing material 2003. 'In

t hese Figures, A351, A361 and A371 indicate the air-liquid interface, and
arrows A352, A362 and A372 indicate theqconpression ratio of the
conpressed ink 5 absorbing material which is increasing. Figure 38 shows a
conparison exanple 3, in which the capillary force of the conpressed ink
absorbing material 2003 at the ink supply portion is not |arger than that

i n the nei ghbiof Howel mitehial nkf 16he halbberbivag | mataeiilgisetabows the state
iii which the ink has been supplied out to a certain extent fromthe ink
chanber 2004samé). t¥he tadpasi BInoExthel Einanpares isqgirddiatéyface A381 Is
-fornmed adj acent the bottom end portion of the ink chanmber wall 2005, and
the 15 commﬁﬂ@%ﬁasﬁﬂbaffiﬁwtﬂeéﬁfth@rrhkechambklazﬁoﬂoand ofh&henk chanber
2006 is positioned at _the air phase side. In this case, the ink can not be
suppl i ed outCORRERFSeR ipk apsebeingoustenial t he meducadroddred through
the air vent portion 2013 is directly supplied 20 into the recording head
fromthe Fni@ Rt gehe | bRk C%ﬂﬂb‘f—ﬁé@hﬁ 0% of htgupecafds ABn- operabl e at

that tine. Hé%we 39 shows a, Conpari son Exanple 4, in
th the air-liquid interface gradually decreases

toward the ink chamber wall in the further inside
portion of the compressed ink abhsorbing material 2003
in the ink chamber 2004. The capillary force change
10 is connected to the capillary force at the bottom end
of the ink chamber wall 2005 (if the material is the
same, it is Pl).
The capillary force of the portion of the
compressed ink absorbing material 2003 which is below
15 the air-liquid interface in the compressed ink
absorbing material 2003 may be any if the ink
container is not subjected to shock, inclination,
rapid temperature change or another special external
force. However, in order to permit supply of the ink
20 remaining in. the ink chamber 2004 even if such
external force is imparted or if the ink in the ink
chamber 2006 is all consumed, the capillary force is
increased (radius P4 of the fine pores) gradually
toward the ink supply portion than the capillary force
25 (radius Pl of fine pores) at the bottom end portion of
the ink chamber wall 2005, and the capillary force at

the ink supply portion is made larger (radius PS5 of



whi ch, contrary to the enbodinment of this invention, 25 the capillary force
of the conpressed ink absorbing material 2003 adjacent the bottom end
portion (Figure 39(8)) or the ink chanber wall side (Figure 39(A)) ﬂ7ﬂ’62ﬁﬁ
2003 -67 than that in the ink supply portion. Simlarly to the Cbnparlgo
Exanple 3, before the formation of the gir- liquid interface A391 is forned

adj acent the bottom end portion of the PRk chanber wall 2005, the air 5
liquid interface decreases beyond the top end of the ink supply portion,
and therefore, the ink can not be supplied fromthe ink chanber 2006, and

T e
et event. PO G0N PLOGTebica™ LORABLABRTLEL LBbbe oredorng (e
one 1o0or 10 nefbhe MGl Hyersabodhoehs ghg i-gRoll SEDLfelenf, 010!

for exanple) c f.efjectin I, f I LaKS single
recordi ng head gg%ggﬁgpd?ggfgc%igsﬂéd%g?g?%%%QCgPSFQ'ﬁﬁggtléﬁ?ﬁgt case,

means ar esadded g%btfhﬁiggﬁpiyeggpgpgﬁging position and direction of the
exchangeabl e ink container.”  I'n the foregoi ng enbodi nents, the ink

cont ai ner i spexEdpagegpl e, but these enbodinments are applicable to a
recordi ng head cartridge having a
(the capillary force at the bottom end portion of

the ink chamber wall) < {the capillary force at
the bottom portion in the middle of the ink
10 chamber) < (upper position in the middle of the
ink chamber) < (right above the ink supply
portion) < (ink supply portion) |
If the structure of the compressed ink
absorbing material 2003 is simplified, the radii of
15 the bores satisfy:
P1 > P2
Preferably,
P1 > (P3, P4) < (P2, P5)
As regards the relation between P3 and P4,
20 and the relation between P2 and 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 preferable compression ratio distribution as an
example in which the above-described relations are

satisfied by adjusting the compression ratio, using



25 unified recording head and ink container. Enbodinment 11 Fi gures 40 and
41 shows a device according to 17 DEC 2003 -68 an el eventh enbodi nent.

Addi tional two ink chambers 2008 and 2009 are provided in comuni cat 7 &AC 2003
with the ink chanber 2006. In this nodified exanple, the ink 1is consuned
in the order of the ink chanber 2006, the 5 ink chanber 2008 and the ink
chanmber 2009. In this nodified exanpl es68te ink chanber is separated into
four chanbers, for the purpose of further better prevention of,the ink

| eakage upon the anbient pressure reduction and the tenperature-change

whi ch 10 have been described with respect to the foregoing enbodinents. I|f
the air is eXhdPe Materialk as Harheiniposscertil nd enatde cdkhnd @03 2008 in
the state of _ Figure 41, the expanded part of the air in the ink chanber
2006 is rel edSed FHFATRS i fid Tharfbthl Zo0h A hnkhdigatgthéie air vent
portion 2013, .and .the . expanded. portion of the ink chanber 2008 is

rel eased by e *HBDAEeFLage i fl FHE QWK AR 36D EedAB720 the ink

chanmber 2004., .Thugabthe i nk chanber 2004 1is given the functipn of
buf feri ng chaMEEITH thee SAMRTessIaR iTak i hiths compressediinke

ot or m noc® | ARSOIELAS, ARAH 161, ML df AETRARHIZy {1 om one | nk. shamber.
P! Ehc e A compar G R E R S AT 1 200 29 con

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))



and therefore, the ink retention ratio can be increased. 17 DEC 2003 -69
Enbodi nent 12 Figure 42 shows a twelfth enbodinent, in which the
conpressed i nk absorbing naterial contained in the ink chanber ZOOﬁ Hﬁ
separated into three parts, 5 each of which is given particular fu gt 8@@”
In Figure 42, the conpressed ink absorhing material adjacent the ink
supply portion which occupies a najor'ﬁﬂart of the ink chanber 2004 has
been conpressed beforehand with relatively high conpression ratio in 10
order to increase the capillary force. The conpressed ink

bsor bi ng- ' dj; t th d- ti .of the,, i.nk ch ' |
Than chat, Bog; eoeE Al R dAF SRERY Bl cRam a5 9% co 1o
d th ' : ot ' ' f t 15
e i S N i

al,ong the Wakimoh theckRheeChaBles PUeheH Y MRS UAR ! | 0 Ml eri al

Ad24 is disposed to pronote t ormation e alr- I nterface

AA21 ad] aceghat BerkebhoBreRBePAbk LhaRhewadl 2oL hafherasyr I this
embodi nent, the conpressed ink absorbing material 2003 is separated into

three pamstsiiqand iateg¥pEessed raaleihriéndthd R HdEor ithd S
accommodated therein. This results in a little bit conplicated

manuf act uri igkpsoppdy pbritheni, nkanb therediorer, Hhd ihe eiMHEsHON ratio
(and therefore~ capillary force) can be adjusted to be proper degrees
supplied from the ink chamber 2006, and therefore, the
air introduced through the air vent portion 2013 is
directly supplied to the recording head from the ink
10 supply portion. At that event, the ink container is
no longer usable.

In the foregoing the description has been
made as to a monochromatic recording apparatus having
cne recording head. However the embodiments are

15 applidable to a color ink jet recording apparatus
having four recording heads (BK, C, M and Y, for
example} capable of ejecting different color inks or
to a single recording head capable of ejecting
different color inks. 1In 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



at respective positions. In addition, the low 17 DEC 2003 -70 capillary
force absorbing material is disposed at the |lateral ink chanber wall, and
therefore, the internal pressure of the ink supply portion reaches1qqni
quickly to the predeterm ned | evel. 5 Enbodinment 13 Figure 43 shows'a émw
enbodi nent, in which simlarly to the 12th enbodi nent, the conpressed ink
absorbing material 2003 is separated into three parts, and there are high
conpression ratio portion A432, 10 m ni mum conpression ratio portion A434,
and there is small conpression ratio portion (internmediate capillary

force) A433 éHﬁ op ot L of I.nk _.chanber .20Q6. .In this
enbodi nent , ag-{/e%]lr% t r}a | n(é)dlidée(\%‘er%' i r##ﬁetll%n alcgwr%eﬁn}ﬁfg%a@e%rosrms | ower
than the 15 Jfyid WREhed 4 L UG Gy : ' | schar ge
into the ink chanber 2004 clg'ﬁ Item:suppr egl'rse , uéﬁl.t learr{;%%{g%( *tl%e I nk

internal prayaUchaid A0S | 1 14 Nehd Dol ki d Ok e T educed.

Therefore, the opening for the conmunication between the | nk chanbers

at the bottan tdsHAfled aih Dend WFERASYE S ididicHddhdd Bddy, ¥hd N the

design of the Ink container <can be slightly reduced. In thi's Figure, A431
shows  ai §- liifii chdnbea¥ TZ008 ARV ,ink) dHAnbeHTEU9TEN L &thisShown in
Figure 44, if the ink absorbing material is 25 further conpressed partly
(P441) at t modifiredfexansanb thtg idke dhembess 80 depa it bintg materi al
2003 at the bottomend portion of the ink chanmber wall, the

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 chamber 2004

15 and through the air vent portion 2013, and the
expanded portion of the ink chamber 2008 is released
by .the flow of the ink into the ink chamber 2006 and
to the ink chamber 2004. .Thus, the ink chamber 2004
is given the function of buffering chamber.

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

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

increased.



1 7 DEC 2003 -71 conpression ratio adjacent the ink chanber 2006 becones

|l ocally high with the result of the local increase of the capillary force.
Then, there is a possibility that the air is bl ocked between the 5 pqgﬁtqmn
adj acent the ink chanber 2004 having the normal conpression ratio, an
therefore, the smaller capillary force, with the result of formation of

meni scus preventing the ink supply froseshe ink chanber 2006. Therefore,
this should be avoided. 10 As described in the foregoing, according to
Enbodi ments 10, 11, 12 and 13, the hybrid type ink container is inproved,

and there are Eroyided the supply portion to the recording head and the
air vent, a urther provided a supply ink chanmber 15

contai ning ink absorbing nmaterial having adjusted capillary force, and one
or nore ink chanber i éhﬁﬁnﬁﬁn%%@W%natﬁ%@bﬁthhemmhéimapthIény force of the
| east .t he upper part of the ink supply portion

i nk absorMng*. terial at | ¢ : J ;
to the.recorl#g}t1 FURERRSSH 12k gRhseraing heatapi pl aFgntainedof the ink
whi ch the stibi e itk EmERE 14004 2 s Sefdnatanatebe harageasts: ne i ik
the ink rorsat s MEALYS ol vl B e et unftg8r colare reduction.
tests for tb%dﬂﬁ%:@Qfx%aéxggﬁpressed ink absorbing material
adjacent the ink supply portion which occupies a major
part of the ink chamber 2004 has been compressed
beforehand with relatively high compression ratio in
10 order to increase the capillary force. The compressed
ink absorbing-material adjacent the end portion of the
ink chamber is smaller than that, but it is sufficient
to supply sufficient capillary force to produce the
internal pressure of the ink required for the supply
15 thereof (it is relatively low compression ratio
(A423)). In addition, along the wall of the ink
chamber, even smaller compression ratio material A424
is disposed to promote the formation.of the air-liquid
interface 2421 adjacent the bottom end portion of the
20 ink chamber.. In this embodiment, the compressed ink
absorbing material 2003 is separated into three parts,
and is compressed beforehand, and thereafter, it is
accommodated therein. This results in a little bit
complicated manufacturing process of the ink
25 container, but the compression ratio (and therefore-
cépillary force) can be adjusted to be proper degrees

at respective positions. 1In addition, the low
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-72 containers described in the foregoing, a problemhas been found that

| eaked out in some of the 1ink container when the ink having the

which will be stated in the conparison ink 3 which 5\Mﬂ7up@mm
ereinafter, therefore, the | eakage prevention performance I's
I ndi vidual ink containers. Various investigations and test of
ors have revealed that the ink buffering effect 1is influenced
by affinity between the ink and the i nk7070 cont ai ner. Figures 14, 45 and

ink container resulting in the ink | eakage. |

(1) indicates a region in which the ink absorbing materi al
EIFELERG Yot TR, eProsbia BRtedaed hrng PROFAKICrERGT 14
LitaPrLc Bk Cenbaf kRh OB, RBeraepfHLorES, AR BRRRR i i
nitial otargrerrde F thei Sk BubBly Botninnl ReSPRRS PAZEne ik chanber

: I pf. 0,4 he.i 4,by expansion of the air in
gﬁ%@?”%%ogadﬁégtBkgﬁ%tgg@?gﬁé ggggéﬂre decrease or 25
tenperat uge RS EAREnEr P the state of Figure 45. A part of the ink is

to the portton which has once absorbed the ink. However,

s not 17 Defg@P8 433shows a 13th embodiment, in which
similarly to the 12th embodiment, the compressed ink
absorbing material 2003 is separated into three parts,
and there are high compression ratio portion A432,
minimum compression ratio portion A434, and there is
small compression ratio portion (intermediate
capillary force) 2433 at the bottom portiocn of the ink
chamber 2006. In this embodiment, even if the ink
level in the ink chamber 2006 becomes lower than the
bottom end of the ink chamber wall 2006, the ink
discharge into the ink chamber 2004 can be suppressed,
and therefore, the ink internal pressure variation in
the ink supplying portion can be reduced. Therefore,
the opening for the communication between the ink
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
further compressed partly (P441) at the time of
assembling the compressed ink absorbing material 2003

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

t he

n
has




absorbed by the absorbing material but |eaks out from the air vent 3003

al ong the ink container wall or the clearance between the ink container
wal | and the absorbing material. 5 The reason for this is considered] 2$E( 2003
follows. The ink absorbing material never contacted by the ink exhibits
poor ink absorbing property. The ink absqrbing material having the
experience of ink absorption, has di ff&'émt surface state to permt 10
better ink absorption. This has been confirmed in the foll ow ng manner. A
unused conpressed absorbing material (polyurethane foaned material) and a

conpressed absgorbing _naterial. having the experience of ink absorption
once, are innégggaegﬁlPﬁerF%%? gﬂéa%ﬁ€t1§%ﬁeﬁﬁﬁ:QHaWQﬂFzﬁﬁﬂﬁmnions are
nmeasured. |t n t th nysed _i nk ,abs ing material hardly
absorbs the i ggé?tgggerlé?g%, p‘\%hgr é’as?l}l’t %@eaﬁ?&uﬂ‘i é’%r %ﬁ’teer]ioﬁ"ﬁhavi ng the
experience of jj Ofpt | M-l | esgthan . several cm and

t herefore, théhggeﬁgﬁaésaglﬂg g???%?'g%?gf?’%tcfﬁe ?rlﬁ? dbs%xr I"lengisna‘."t ure has 25

been confirmedoskinlihe+iNknadr bhidas LOf ot HQEF e ink can be
filled in thes?ﬁk chanbgr 3006 to theiFi%ﬁ?Cb |%% VO Eﬂe at the initia

state. |n5adgbtedn hBgabBktC@Rebenk chafinkd! 2002° Ha¥ing haber 3004 to
the ink retaining limt. Therefore, in consideration of "the

above- descri badrmalntempreesibnk ratibi,| hed ithiedefagd, NienEhaman «3006 to the
limt 1 7 DEC 2003 -74

capillary force, with the result of formation of

meniscus preventing the ink supply from the ink

chamber 2006. Therefore, this should be avoided.

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

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

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

25 handle, and the ink retention rate is high.
Embodiment 14

During pressure reduction tests for the ink



of its volune, and the ink is filled into the ink chanber 3004 to
establish the once wet state of the absorbing material is established
before the use thereof. Further thereafter, in order to maintain thp7ﬁ C 2003
predet erm ned vacuum imedi ately after the ink cartridge is unpacked, 5
proper anmount of the ink can be renoved so that the ink contained in the
ink chanber 3004 is less than the ink-7@raining limt- thereof . 10 After
t he unpacking of the ink container, the ink is consunmed fromthe ink
chanmber 3004, and thereafter, the ink in the ink chanber 3006 is used.
When the ink is consunmed fromthe ink chanber 3006 requiring the buffering
function, theochbkindsordesgribedninrthe fareteingk ehawobbleg0bashas once
been wet, and therefore, the ink can be easily absorbed thereby, and
therefore, theepufeendnthatintheohnkahshéeakadf PuteAn| FofEcOfptighed.
Therefore, the ink is effectively prevented froml eaking out through the
air 20 vent.inmk ¢comtabpeni weenthhe prEdNABARESsTREURPERCOSATAAT i nk j et
recordi ng apparatus,_and the pressure reduction tests are carried out. It
has been foUHHlCFhﬁ%lih@eiﬁkagﬁﬁ hBt theakOBRATREBM ARY of YBAED nk

containers, and.in addition, .the resultant cord has 5 hi rint
quality. Pn ¥tdirPeo ﬁ%ﬁﬁ*gﬁ?ugﬁrFﬁBaF%ﬁrco%ﬁﬁFﬁ Preprgéfdgﬁg%ﬁgﬁ such
functions. 1l aounfs o SONRLIRLedal] DEE-2003 £ol™:hA2Y 111812530 P N0
containers. Various investigations and test of the
inventors have revealed that the ink buffering effect
is influenced by affinity between the ink and the ink
10 container.
Figures 14, 45 and 46 show comparison of the
ink container resulting in the ink leakage. In Figure
45, (1) indicates a region in which the ink absorbing
material has never been contacted by the ink; (11) is
15 the region which has once been absorbed the ink; and
(I1I) is a region containing the ink. Figure 14 shows
the initial state of the ink container, Figure 45
shows the state in which the ink has been consumed
from the éuppliable 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 absorhed the ink. However, the other ink is not



anot her agent providing good rewetting nature before the absorbing

material is set in the container. However, this may require the drying

step or the like. 5 O, if the agent other than the ink is used, the]7 DEC 2003
consideration should be paid to the possibility of the danage to the

heater by the agent solved into the ink.__It would be al so considered that
the ink having good affinity with the 'E%brblng material is used. 10
However, such an ink generally exhibits better seeping property in the
paper, and therefore, the printed ink snears along the fibers of the paper

th d t I ' 47
and 45 Show ST o ormsi AR e T FAD e (o R gur es.
I I IFily) velaw d 1]
f)f )i Fi E:jur)e Z‘theE] atlﬁl) S exarrjpdlﬂbgJl %lrgdqa H(ﬁ hqgﬁbe@% adléd%% nee pE ovi éed
whi ch are in cQeEPMRiceA et thd *1%& Qéihe AT Chw%ﬁe-ranggo s enbodi ment,

the 20 ink is consuned in the order , the ink
chanber 3007 amyadrtiag MatEEEer 3008. In this nodified exanple, the ink
chanmber is separated into four chanbers, for the purpose of preventing the
| eakage of the ink at THee AddBorfEdheHI €S G dOis td O b d1e
tenperatur% change, as described wth the foregoing enbodi nents. Wen the
airs in the Thek inkaribsord(0f matbrial ifevdiK ddittEEerea I8P A 6wy DEC 2003
-76 expanded in the state of Figure 48, for exanple, the expanded vol une
of the air iexhoiitsk potahiiark 30 IEing property. The ink

absorbing material having the experience of ink
absorption, has different surface state to permit
10 better ink absorption. This has been confirmed in the
following manner. A unused compressed absorbing
material (polyurethane foamed material) and a
compressed absorbing material having the experience of
ink absorption once, are immersed in the ink, and the
15 height of ink absorptions are measured. It has been
found that the unused ink absorbing material hardly
absorbs the ink (several mm), whereas the absorbing
material having the experience of ink absorpticon
exhibited not less than several cm, and therefore, the
20 remarkable difference in the ink absorbing nature has
been confirmed. In the ink cartridge of this
embodiment, the ink can be filled in the ink chamber
3006 to the limit of its volume at the initial state.
In addition, the ink can be filled into the ink
95 chamber 3004 to the ink retaining limit. Therefore,

in consideration of the above-~described points, the

ink is filled into the ink chamber 3006 to the limit



rel eased through the air vent through the ink chanber 3004. The expanded
volume in the ink chanber 3007 is 5 released by the ink flowi ng out from

t he i nk chanmber 3006 and the ink chamber 3004. In this manner, the if@E 063
chanber 3004 is given the buffering chanber. The ink retention capaéit %%
the conpressed ink absorbing material in the ink chanber 3004 nmay be

determ ned in 10 consideration of the | eaking anount fromone ink chanber.
In this case, too, the entirety of the~7éonpressed absorbing material of

the ink chanber 3004 is once subjected to the ink absorption, so that the
above-descri bed advant ageous effects can be provided. 15 Since the

buf feri ng chanmber (ink chanmber 3004) can be _reduced in the size, and
therefore, tHe ¥e%itRAEIT® nkan@nbhft 1iehSt RALLAR L8tPefBed™®fter filled in
the manufacturing process, can be reduced: Enbodi nent 15 éotggierring to
Figure 49, EriftheentCds tw) pshaPlygicrhBedncenefufidarenal ucture of

t he recordinq? head is the sape.as mﬁ%ﬁ Figure, 1. The Lnside of the
exchangeabl ER$RERIRG SALRT28Y 115 eSERRL46B69; ReEOFEuERe HR chanbers a, b,

c and d, which co ni cate at e _25_bottom An_ink abagnbing material 3002
having an atfesE® 'ca%??gﬁ?§ %B?EﬁaFgeﬁacﬁEdoFﬂFﬁ tRe &Bﬁﬁuﬁrgéflon par t
B e e dRbflaShed S Mo g TR R e
ink chanber 4, fayhdd 20 @hpatkBh, 3908rbpePaGkBdnY bt 2nRUiher iag
be removed so that the ink contained in the ink
chamber 3004 is less than the ink retaining limit
thereof.
10 After the unpacking of the ink container, the
ink is consumed from the ink chamber 3004, and
thereafter, the ink in the ink chamber 3006 is used.
When the ink is consumed from the ink chamber 3006
requiring the buffering function, the ink absorbing
15 material in the ink chamber 3004 has once been wet,
and therefore, the ink can be easily absorbed thereby,
and therefore, the buffering function can be
sufficiently accomplished. Therefore, the ink is
effectively prevented from leaking out through the air
20 vent. An ink container thus produced is mounted on an
ink jet recording apparatus, and the pressure
reduction tests are carried ocut. It has been found
that the ink did not leak out from any of the ink
containers, and in addition, the resultant record has
25 high print quality.
In order to manufacture the ink container

provided with such functions, it would be considered



absorbing material to prevent the | eakage of the ink. 5 This is such a
hybrid type ink cartridge. In the state of Figure 49, about one half of

the ink in the ink chanber 3007 has been consumed from the initial E?ﬁEE%W3
having sufficiently filled ink chanbers 3004, 3006 and 3007. Wen the I'n

is further 10 consunmed, the ink is-supplied fromthe ink chanber 3006, as
shown in Figure 50, fromthe tine at whithr the ink is used up fromthe

i nk chanber 3007. The ink is further consumed fromthe state shown in
Figure 50, and at the tinme when the ink is used up fromthe ink 15 chamber

3006, the in r t supplied fro he i nk absorbjng material in the
i nk chamber ?k,tdﬁlta %enéb%:lébllrfﬁg HALE i%ﬁ-??t%fge‘dlEB T?Ir"ﬁrrHlﬁeank
chamber 300 | nk_cont ainer is, exchapged., Figure 51 shows
Che or 1 noi pl SRS SR AR AT (AR et 8 RARREE ke and t he

I nk supply i rgggﬁ t tod h r.in_Figure 51, the
I nk 328? %asrtt%%n su éBt%'g{rﬁ %E{Elﬁéyed{%p%%nﬂk e%a%‘é%@% Rfhe gommni cation

Wi th the ambiigs dNr s ddie laééuf/ﬁ't%%@g‘%%@ﬁomi §BULRY POLLI on

between the 25 ink chambers, it 15 int errc pressure. & inkis

suppl i ed t9 tdye; rec ainl HpdRAbAHOM £leh | ke %gp%yénlggéai,oghghrough t he

communi cation parts between 17 DEC 2003 -78 i ers, In response to
whi ch the i nkediidéfatsopEncad O We fpora the t1K $HeEDsI1iByCcoFMPpLcation

with the ink chanber which has the atnospheric pressure through the ink
absor bi ng natdamage 320the heater by the agent solved into the ink.
It would be also considered that the ink having geood
affinity with the absorbing material is used.

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

Figures 47 and 48 show a modified embodiment

15 of this invention. In these Figures, (I), (II} and
(I11) show the similar things as with (I), (I1I) and
(III) of Figure 45. In this example, two ink chambers
3007 and 3008 are provided which are in communication
with the ink chamber 3006. In this embodiment, the

20 ink is consumed in the order of the ink chamber 3006,
the ink chamber 3007 and the ink chamber 3008. 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



5 having an enhanced capillary force by conpression, between the
The pressure of the ink chanber is reduced correspondi ng
consunption of the ink. Then, the air is introduced into the ink
fromwhich the ink is consunmed so that the 10 pressure of the ink chanber
whose pressure i;9 reduced by partial break down of the neniscus
conpressed i nk absorbing material 3202 between the ink chanbers. The
pressure of the ink supply peié-on is maintained at a
predeterm ned | evel by the 15 capillary force of the conpressed ink
absorbing material in the ink comunicating part between ink chanbers.
Figure 52 shows the change of-the internal pressure at the ink sup
portion of thxpandedndeathe B¢atek afodtigune 48, Harodxammlels the response
to the ink

chanbers.

i nt er nal
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ink chamber 3004 is given the buffering chamber. The
ink retention capacity of the compressed ink abscérbing
material in the ink chamber 3004 may be determined in
consideration of the leaking amount from omne ink
chamber. In this case, too, the entirety.of the
compressed absorbing material of the ink chamber 3004
is once subjected to the ink absorption, so that the
above~described advantageous effects can be provided.
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

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
bottom. An ink absorbing material 3002 having an
adjusted capillary force is packed into the

communication part betwean the ink chamber a and the

nk
to the

chamipengs

n the

ply

d by the
ng

rce 25
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r 3007
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the switching of the ink chanber, the internal pressure at the ink supply
portion slightly varies. It is considered that this phenonenon is related
with the measurement of the internal pressure with the 10 conti nuouls7 TBK 2003
supply and the tenporary occurrence of the pressure reduction state-both
in the ink chanbers 3007 and 3006. However, it has been confirned that
the variation is not a significant probhemwi th respect to the function
such as the recording 15 performance of the recording head. Wen the ink
beconmes stably consuned fromthe ink chanber 3006, the internal pressure
Is stabilized again. Wien the ink is consunmed up fromthe ink chanber
3006, the inknkschappérsdi@nonsomtdy bsofhehenROsupl1ghpalesog004. It has
been found that the recording operation is not adversely affected by the
i nk supply svibhoutzasubatpatied cheewanwoeki grhe 3ak. chiagbee @3 illustrates
the function of the buffering absorption material. 3203, and the ink has
25 been overPaviRg aRoadrheenkk30A3nber paoREddwé tho at baffieriegpansi on in
the ink chanber 3007 attributable to the reduction of the atnospheric
pressure and2Pferhingmmabegialgyor prpEentutber leakage pffi $hentiodti.ment, the
overfl owe ink into the ink chanber 3008 is retained by the buffering
absor bi ng°matB#fals fAchnd Bx¥bEidf tgpe imkomsrtrhidgenk retaining capacity
of the buffering 5 absorbing material 3300 is determ ned 30 % i nk | eakage
fromthe ink chamber 3Bo¥hgtstatengt; Fagnrendf. ¢ ppout one half of

the ink in the ink chamber 3007 has been consumed from
the initial state having sufficiently filled ink
chambers 3004, 3006 and 3007. When the ink is further
10 consumed, the ink is- supplied from the ink chamber
3006, as shown in Figure 50, from the time at which
the ink is used up from the ink chamber 3007. The ink
is further consumed from the state shown in Figure 50,
and at the time when the ink is used up from the ink
15 chamber 3006, the ink starts to be supplied from the
ink absorbing material in the ink chamber 3004. When
the ink is substantially used up from the ink chamber
3004, the exchangeable ink container is exchanged.
Figure 51 shows the principle of the internal
20 pressure production of the ink and the ink supply in
Embodiment 15. From the left ink chamber in Figure
51, the ink 3201 has been substantially used up, and
because of the communication with the ambience through
the air vent and the communicatiné portion between the
25 ink chambers, it is in the atmospheric pressure. The
ink is supplied to the -recording head from the ink

supp;y portion through the communication parts between



at nospheric pressure restores to the |level before pressure reduction (1
atm, the ink |leaked into the 1ink chanber 3008 and retained in the
buffering 10 absorbing material 3203 returns to the ink chanmber 30 7BEEUNE
phenomenon occurs in the simlar manner in the case of the tenperature
change of the ink container, but the anount of |eakage is smaller than
that at the tine of pressure reduction even if the 15 tenperature increases
by 50 C approximately. In this case, thesitnk buffering material is

designed in consideration of the maxi num | eakage. However, during the
pressure reduction test, a problem has been found that the ink | eaks out
in some of the 20 ink containers, and therefore, the |eakage prevention
property is kRbcAlanrenss. the resbenseatocehiahnthe. ink Ba6lbésn found t hat
this is because of the affinit bet ween the ink and the buffering

absor bi ng net@PPhied 3998 fromnhthe nknkhahbmbes0s. cogmunigabadnnent 15,
therefore, the buffering absorbing material 3203 is subjected to the
experience W%WtRnkbeptek ghambercvRighpeasrthesatmaspheric|t has 17DEC2003
-81 been confirnmed that when the ink is pushed out into _the ink chanmber
3008 due to RFESERPANSRLONGR the imk a??ﬁ%?&PQrmaEﬁﬁhﬁér3§@®7 due to the

IR (it N6 PR AR R e S
the ink does,d\pbedfHnd Ink "EndiSers PeUrS" SLODEL QL Cop L D! Ix CAMDET

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

chamber 3008 and the ink chamber 3007 in accordance



3008 is an ink buffering chanmber, and therefore, at the initial stage of
the use, it is preferable that it 10 is not filled with the ink. Therefore,
in this enbodiment, the ink chanbers 3004, 3006 and 3007-are filled '&h
the ink up to the linit, and the ink chanber 3008 is filled with thb7ﬁk 2003
substantially to the limt, and thereafter, the ink is renoved fromthe 15
i nk chanber 3008, thus assuring the .buffgring effect. The-ink container
produced in this manner is loaded in an ink jet recordi ng apparatus, and
the pressure reduction tests are carried out. As a result, it has been
confirmed that there occurs no 20 | eakage, and the resultant record is of

hi gh qual ity wabhl théisipplyyos Ashdesak) D88 tRathanfoRgIehad Rkt N T espect
to Enbodinents 14 and 15, there is provided an ink coOntalner cartridge
havi ng an i nksepghy yfromnbie 2hkcohambairngodnk ehsoshbhBganeigih
havi ng- adj usted capillary force and one or nore ink chanbers for
cont ai ni ng i NKORSERRY tRmPRessurenisi bhihbaiseaphy ddsBECHEQ08n- 82 i nk
chanber, in which the absorbing nmaterial has been wetted with the ink, by
whi ch the i nktR@etorRgoirgk Whenevbe ifikths Aubthatr condiimba@) ehet he ink
jet recording apparatus changes, when the recording 5 material is carried
out or not? catif RPRRAY fFemi ke imkdchamberecB96i $shistarted. t heppai nt
quality is algso hig@. Enbodi nent 16

the switching of the ink chamber, the internal

Pressure at the ink supply portion slightly varies.

It is considered that this phenomenon is related with

the measurement of the internal pressure with the

10 continuous ink supply and the temporary occurrence of

the pressure reduction state. both in the ink chambers

3007 and 3006. However, it has been confirmed that

the variation is not a significant problem with

respect to the function such as the recording

15 performance of the recording head.

When the ink becomes stably consumed from the
ink chamber 3006, the internal Pressure is stabilized
again. When the ink is consumed up from the ink
chamber 3006, the ink is supplied (consumed) from the

20 ink chamber 3004. It has been found that the
recording operation is not adversely affected by the
ink supply stabilization period shown in Figure 52..

Figure 53 illustrates the function of the

buffering absorption material 3203, and the ink has
25 been overflowed from the ink chamber 3007 due to the
air expansion in the ink chamber 3007 attributable to

the reduction of the atmospheric pressure and the



In the ink cartridge of the foregoing 10 enbodi nents, when the supply ink
chanber-containing the ink absorbing material becones enpty, it is

difficult to refill the container in sone cases. Figure 61 shows thd 7 DEC 2003
situation in which 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 suppiy_ink chanber (ink chamber 4004)
after the ink in the ink chanber 4006 has been used up, a slight anount
of-ink remains in the absorbing material. The ink 20 forns neniscuses in
various portions of the absorbing material. Wien the ink is going to be

suppl i ed i ntngdiatuie HASDEr ADOG IOteROBEARMMAY tHE GPSPEDLRGa Mteri al

4202, the neniscuses in the absorbing nmaterial In the 1nk chanber 4004

prevent densgf iidtdxnd 0k theankdkr tIei®i Is Fatdtiea bBi-Otkelbbl es remain,

as indicated by A611. Wen such an ink container is joined wth the
recordi ng heagffding Hodd¥ing mvterdial PEQR0fKe -d@seUsfi ¢l Bnt because of

the existence of the air bubbles in the absorbing material 4202 in the ink
chamber 40Qdsomnd theradlorsetdirei nakedpani easof ytis apsfférihdi s case, the
operator does not notice 5 the enptiness of the ink chanber 4006 because
the ink § s asdrbireyl natdiiea R B3I00I 1y determiaied 22 ¥ nidkel eakagehanber
4004, and therefore, the recording operation is possible even after the
ink is used fupm nthenelninkchanbeh 300006 e maximgwy \When behenme aware
first 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 individnal 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



10 that the ink has been used up fromthe ink, chanber 4004 and the ink
chanber 4006 only after the recording operation becones not possible as a
result of the conplete consunption of the ink in the absorbing naHengdzmﬂ
4202 in the ink chanber 4004. Even if the 15 ink is refilled in the-i
chanber 4006 of this state, the ink in the ink chanmber 4006 does not in
contact with the ink contained in the aB3orbing material in the ink
chanber 4004, and therefore, it is not possible to supply the ink so that
no bubble remains 20 in the absorbing material 4202 in the ink chanber
contaj ner conprises an ink

ggggiylghggggée &d@gééerégéfﬁgéﬁq+ﬁgks%%%l;2%0??i8H5P69 PHE ABEBrdi ng head,
i chanber 1 PEoepkrCaaRBEE aPPR BhE' FAE RS BPSREHRoBE BhA bRt e ning
the' romai i ng anodn -0 Ciaebes 0% | dda R0 Ee ChelBLRSE] FERE BRe | nk
for detecting T e Fanaree nsedRer £6aET ERE SR aBRoEBER 3R KRl ol e

of a Contrel bEyfdLIgCaptotbing ombtLsi VRSO LheCOMR ERAGRRE,

controller in the formof a mcYtoconputer having a .
a vol tage cony@0s £radd@Ofhesardfe Al BhET DKk d8NES Cnd#0Pealeshgnat ed by a

reference
As described hereinbefore, the ink chamber
3008 is an ink buffering chamber, and therefore, at
the initial stage of the use, it is preferable that it
10 is not filled with the ink. Therefore, in this
embodiment, the ink chambers 3004, 3006 and 3007 dre
filled with the ink up to the limit, and the ink
chamber 3008 is filled with the ink substantially to
the limit, and thereafter, the ink is removed from the
i5 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



nunmeral 4010 is a recording head. The alarm ng device may be in the form
of an LED display or the Iike or tone producing nmeans such as buzzer or
the like, or in the formof conbination thereof. A main scan 15 neg tqmg
4500 for scanningly noving the carriage HC includes a notor or the |
sub-scan nechani sm 4600 includes a notor or the like for feeding the
recordi ng medium Designated by a reference Vis a renaining anpount
detection signal fromthe ink 20 contai-g@~. In this enbodi nent, the
constant current flows between the two el ectrodes in the ink chanber

4006, and the remai ning anmount of the ink in the ink chanber 4006 is
determ ned on the basis of the resistance between the two el ectrodes.. In
this case, 28ktbaabes, ainehiicbnshiep absoshdng matergale hes beeneen the
remai ni ng anount of the ink and the resistance between electrodes. 1 7 DEC
2003 -85 As wRsthAdi Wikhgtihe iBk.whanwhich fhel dnkl does med iL§@kchanber 4006
| owers to bel ow the upper electrode of the two el ectrode 4100, the

resi stance PBBtwRERNt hE the ambienddeongitipnl ¢fi fdecdsds jednd a 5
correspondi ng voltage is produced between the electrodes. The voltage is
supplied d|rEEFP§déP9 PRPBEGRUS FGPPQGéchﬁ#ErF§P ERCORAING300 to the A/D
converter .in the controller, and is A/D-converted . thereb Wen t he

measur ed val fiat @E&@éd%sacﬁﬁrﬁﬁgd89§rﬁFh@thE?éF RFhothe @@éé?#ty of the

I nk InJeCtlon IS QREESEgypﬂstﬁlgﬁe oggr %OBrl a%%% ggis also

high.
Embodiment 16
In the ink cartridge of the foregoing

10 embodiments, when the supply ink chamber. containing
the ink absorbing material becomes empty, it is
difficult to refill the container in some cases.

Fiqure 61 shows the situation in which the

ink is going to be supplied {(refill) into the ink

15 container with which the ink in the supply ink chamber
has been used up. Even if the ink is used up in the
supply. ink chamber (ink chamber 4004) after the ink in
the ink chamber 4006 has been used up,:a slight amount
of - ink remains in the absorbing material. The ink

20 forms meniscuses in various portions of the absorbing
material. When the ink is going to be supplied into
the ink chamber 4006 not containing the absorbing
material 4202, the meniscuses in the absorbing
material in the ink chamber 4004 prevent dense filling

25 of the ink therein. Rather, big bubbles remain, as
indicated by A6ll. When such an ink container is

joined with the recording head, the ink flow is not



t he warni ng device 4400. At this tinme, the operation of the main apparatus
may be stopped, or the apparatus may be stopped after the current
operation is 15 conpl eted. Thus, the ink consunption is stopped mhilg ?EEZNB
smal | amount of the ink remains in the ink chanber 4006, and theref ? ,
the ink can be refilled continuously in the absorbing material in the ink
20 chanber 4004, and therefore, the i nk-&bntai ner can be reused. Figure 56
shows the change of the internal pressure at the ink supply portion of the
exchangeabl e ink container according to this enbodinment in 25 accordance
with the ink_ s I opsunption). At the initial stage, the interna
pressure ( neaﬂﬁggé{ﬁﬁsgﬁrﬁuqe‘s S ddikc ariFtanre ebitharais dulblds the 1 7
DEC 2003 -86_.conpressed ink absaorbing material 4202 in the ink chanber
4004. However?® ha?’ﬁé’rPgdWcﬂa&%W%t 2 G5idn i the Hnk hashemer 4004 by

t he consunpti of e .k nk the internal pressure by the capillary force
gradually 5 #ﬁgééagég Fh%ﬁﬁgﬂr ruﬁ}ﬁmﬁﬂkt Y TS PRS:t i O

di stribution (pore distribution) in the conpressed ink absorbing material
4202. Wen the ink isﬂ.‘ur'{%#éér < &sm,°ﬁqr%§9ﬁ< &% MPutiPiEGah the ink
chanmber 4@044pfS nlleze i pk 0 t ' chanmber 4006 10 starts
to be consumeg, g’rﬁllh%?'?gsz% (r'jjfl ?%%n??’g{dégigdnq%ﬁ rﬁ‘ﬁﬁ’ﬁ‘fﬁ?ﬁ%ﬁ%% in the

manner descr gedohRatiba % W WrsokHitg WAL Yddh PR Ht e nal

chamber 4004, and therefore, the recording operaticn

is possible even after the ink is used up in the ink
chamber 4006. The operator will become aware first

10 that the ink has been used up from the ink chamber
4004 and the ink chamber 4006 only after the recording
operation becomes not possible as a result of the
complete consumption of the ink in the absorbing
material 4202 in the ink chamber 4004. Even if the

15 ink is refilled in the ink chamber 4006 of this state,
the ink in the ink chamber 4006 does not in contact
with the ink contained in the absorbing material in
the ink chamber 4004, and therefore, it is not
possible to supply the ink so that no bubble remains

20 in the absorbing material 4202 in the ink chamber
4004.

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

25 air vent and ink absorbing material contained therein,
at least one ink chamber in communication with the ink

supply chamber and containing ink, and ink detecting



pressure i s maintained. Wien the ink is further consuned to such an extent
that a predeterm ned anmount 15 of the ink is consuned fromthe ink chanber
4006, the remaining anount detector operates, and the action of prpNiEC 2003
ink refilling and stoppage of the printing operation, is carried out. By
doing so, the refilling is-possible before the ink is consuned fromthe

I nk 20 chanber 4004 beyond a predeterm.pggd degree, and therefore, the ink
can be refilled in the refillable. state. As for the refilling nmethod, as
shown in Figure 57, for exanple, an ink supply port 4005 of the 25 ink
chanmber 4006 is unplugged, and the ink is injected into the ink chanber
4006 with a geqres 4050 detédieingi kedudtienr bhethaj eemk@Ainghamsugpl y port
4005 is 17 DEC 2003 -87 plugged by a plug 4051. The refilling nmethod is not
limted to tof stheuinndhike aephedeterminblcamdbet pdstheomnkf the ink
supply port 4005 is not limted to that described above. Thus, the ink
cartri dge caeRRing inushkel inh ¢hrmber egoi ng, the renmi ni ng anount of the
ink is detected on the basis of the resistance between electrodes in the
cont ai ner. However, tThe mMeseuiptionjarillbs hadeoss| tai the meanhi s type.
Mechani cal or 10 optical detection nethod is usable. In this enbodinent,
the ink conttihdteteCting &hg FrRPBAHI NG yBount i of t thayisk- an ink j et

recordi ng head cartrgd e hq¥ln a recordi ng head_and an ink
1éhre ows 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 fhe ink

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

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

between electrodes.



container as a unit. 15 Enbodinment 17 Referring to Figures 58, 59 and 60,
Enbodi ment 16 will be described. In fluid comunication with the ink
chanber 4006, two ink chambers 4007 and 4008 are provided. In this 2PDEC 2003
enbodi ment, the ink is consuned in the order of ink chanber 4006, ink
chanber 4007 and the ink chanber 4008. In this enbodinent, the ink chanber
Is divided into four parts, for the pUT%%Se of preventing the ink |eakage
when the anbi ent pressure reduces or the 25 ambi ent tenperature increases,

as described with

respect to Enbodi nent 16. For exanple, when the airs in

t he i nk chanber 4006 I nk_chanber 4007 17 DEC 2003 _88 _expand in
thfa sta'sjet ﬁfqig%utrrg{eS , t%ﬂéo%ﬁh?e’(ﬁt h%uﬁ)t h“bti".a’{‘ E@inﬁ%h’éﬁ’g%t Hg(s)G ihs

rel ease r g \. rou e i nk_chanber : shown
in Figure 59 the e%ﬁeecfea%r%%?lqhﬁe’ﬁgt‘? RELFANERE WBBST5 i s.rel eased by
the flow of taddded t i 40 nd_t he_ink chanmber 4004.
Thus, the ink chanbeér“djlroo% s%o%%%%&\;&% hgﬁ]% bﬁé? eF?'ﬁgsﬁ?l% er

function. Thejeth@deh HHee tudk d1¢d

absorbing material 4202 in the |r{fﬁégéiéﬁgﬁéé%%8%p$ég%%%%pﬁ%ﬁi

consi
case,
i nk

sed i nk

in

der at3 ortonﬁsﬁdaﬁidgeam&%gg_Mepf'méé@rs%éxghkta%a”bef- In this

the ink is consuned sequentially fromthe
chanber ed@@trodean t lhd Molitadd EdIBbFTwa tderé@fly or

er 4006 and the

through a voltage converter circuit 4300 to the A/D

converter in the controller, and is A/D-converted

thereby. When the measured value exceeds a

10 predetermined level Rth, the necessity of the ink

injection is informed of to the operator by actuating

the warning device 4400. At this time, the operaticn

of the main apparatus may be stopped, or the apparatus

may be stopped after the current operation 1is

15 completed.

Thus, the ink consumption is stoppred while a

small amount of the ink remains in the ink chiamber

4006, and therefore, the ink can ba refilled

continuously in the absorbing material in the ink

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

reused.

Figure 56 shows the change of the internal

pressure at the ink supply portion of the exchangeable

ink container according to this embodiment in

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

initial stage, the internal pressure (negative

pressure) is produced by the capillary force of the



15 ink chanber 4008, then the ink is consuned fromthe ink chanber 4004
containing the absorbing nmaterial up to the ink supply stops. In order to
detect the renmining anount of the ink in the ink, chanmber 4008, fE%rﬁ
are provided el ectrode 4100 in the ink chanmber 20 4008, as shown in ié i
60. An ink injection port is formed in the ink chanber 4006. In this
embodi ment, the remaining amount of the.ink is detected only in the ink
chanmber 4008; and therefore, the ink chanber 4006 and the ink chanmber 4007
are capable of 25 containing the ink to the all volune thereof except for
the communicating part. If the electrodes are |ocated at the sane |evel as

in Enbodi medordPreddtd 1k %%&gﬁ%ﬁﬁam ‘pﬁ%? hegn i ke rERI NiNg in the

i nk chanber not containing th I ng mat er| at the time when the

el ectrodes deigambedt D04 M Howede PE WONCEKe FOIRCEIGA offfhei £k use of
the space. 5 1In this enbodinment, simlarly to Enbodinent 16, the refilling

I s possi bl e fiefre fdle dHEmBECOIR By Sthd | Chedhimpidieof Nkhé hamper 4004
containing the _ absorbing material. Enbodi nent 18 10 Figure 62 shows

Embodi ment s tife intednalh gressurd |bwfthidecapdl Tory of tete | gradudI Bpspar ent
or sem - transparent material, so that the remaining anmount of he ink can
be detect &d ioptreadds/ .inl maduiarse widh |tlghtcompression mate 4002 such as
mrror for 15 reflecting the light is provided on the ink chanber
distribution (pore distribution) in the compressed ink
absorbing material 4202. When the ink is further
consumed, the ink distribution in the ink chamber 4004
is stabilized, and the ink in the ink chamber 4006
10 starts to be consumed, and the air is introduced into
the ink chamber 4006 in the manner described in the
foregoing. Thus, substantially constant internal
pressure is maintained. When the ink is further
consumed to such an extent that a predetermined amount
15 of the ink is consumed from the ink chamber 4006, the
remaining amount detector operates, and the action of
promoting ink refilling and stoppage of the printing
operation, is carried out. By doing so, the refilling
is possible before the ink is consumed from the ink
20 chamber 4004 beyond a predetermined degree, and
therefore, the ink can be refilled in the refillable-
state.
As for the refilling method, as shown in
Figure 57, for example, an ink supply port 4005 of the
25 ink chamber 4006 is unplugged, and the ink is injected
into the ink chamber 4006 with a pipe 4052 or the

like. After the injection, the supply port 4005 is



wall in the ink chanber 4006 to reflect the light, and a photosensor
conprising a light emtting elenent 4043 and a light receiving el enent
4044 is disposed outside the container. The light emtting el ement 12043 2003
and 20 the light receiving el ement 4044 may be provided on the carriage,

or at the honme position having the recovery system In Figure 62, the
light is emitted fromthe |light enmttit87-el ement 4043 at a predeterm ned
angle, 25 and the light is received by the light receiving el enent 4044
after it is reflected by the reflection plate. For exanple, the |ight
emtting el engnt 4043%1;‘21 DEC 2003 -90 is of LED el enent, and the l'i ght
recei ving el &gl 3 spldl%tﬂﬂfblt-r ar%l?%tziﬂ'ﬁdrht‘tﬂa method |1s metire 62,

a), the ink tantially such i fuati the_Jight enttted
A he s o B s B L5999 ke TR Lhe i nk
chamber 400 ther f t.he | recei Vi el ement, 4044 es not
receive the I|H g%&,%on & ht(cai}eefio }% ﬁ'ﬁ; tppﬂl‘ft I%éd?hles J&7 cjtw:"?%d ﬁ%

[T ont 7 om ¢ nein (RS LR ayd 7 7 A ik Tt GG a*éb%%eﬁﬂfeorif’

t he out putgof,.d dlght recei ving el ement becones high. Wen the |ight
ener gy (output the detector) of the light receiving element 4044

exceeds a predete_rm negh t{REShOtShofnd > MRE NEdieh £h IR ahQinP’ FOEAEY the
injection of the ink 1is produced.
ink is detected on the basis of the resistance between
electrodes in the container. However, the method of
detection is not limited to this type. Mechanical or
10 optical detection method is usable.

In this embodiment, the ink container is an
exchangeable type, but it may be an ink jet recording
head cartridge having a recording head and an ink
container as a unit.

15 Embodiment 17

Referring to Fiqures 58, 59 and 60,
Embodiment 16 will be described. In fluid
communication with the ink chamber 4006, two ink
chambers 4007 and 4008 are provided. 1In this

20 embodiment, the ink is consumed in the order of ink
chamber 4006, ink chamber 4007 and the ink chamber
4008. In this embodiment, the ink chamber is divided
into four parts, for the purpose of preventing the ink
leakage when the ambient pressure reduces or the

25 ambient temgerature increases, as described with

respect to Embodiment 16. For example, when the

airs in the ink chamber 4006 and the ink chamber 4007



Figure 63 shows a nodified exanple in which the light emtting el enent and
the light receiving elenent is opposed with the ink container 20
therebetween. Figure 63(a) is a top plan view, and Figure 63(b) isigp gmﬂ
cross-sectional view. In this case, the material of the ink chanber 40

is also transparent or semi-transparent. In this exanple, there is no
need of using the reflection plate, anq3 ’5 the detection sensitivity is
better since the light is directly received. in the foregoing, the
description has been 17DEC2003 -91 nmade with respect to a single ink

contai ner, but the present invention is applicable to ink containers for

a col or i Nk d;QfarcP G WHa0 PRPA BHF QREIAIE \%zw %pﬂdﬁcﬁle{x&durpé recording

head for black, cyan, nagenta 5 and yellow col or. e present
i nvention i sof usrblisnidianbed NEGs e Welidis e ach CARAD ﬁa&faiﬁl ecting
different color inks. The threshold nmay be changed for t respective

colors. A fiddrf #8id thdugdte 1Y Hifk UshRthbelO 401)@00%1 id the color

of the ink to select a predeterm ned wavel ength |ight, and the i nk

remai ni ng  ahite 5, dlgrdribo anidigitbas THe e cHamsifravity of

the ink. In the foregoing, the ink container is 15 exchangeabl e. However,
it is in3hdd aebeafsetih bynkheg efldweat amid rinkgd v itige ifxkegral recordi ng
head and the ink container.

chamber 4006 and the ink chamber 4004. Thus, the ink

chamber 4004 is provided with the buffering chamber

function. Therefore, the ink retaining capacity of

the compressed ink absorbing material 4202 in the ink

10 chamber 4004 is determined in consideration of the

leakage of the ink from one ink chamber.

In this case, the ink is consumed
sequentially from the ink chamber 4006 and the ink
chamber 4007. When the ink is consumed from the last

15 ink chamber 4b08, then the ink is consumed from the
ink chamber 4004 containing the absorbing material up
to the ink supply stops. 1n order to detect the
remaining amount of the ink in the ink.chamber 4008,
there are provided electrode 4100 in the ink chamber

20 4008, as shown in Figure 60. An ink injection port is
formed in the ink chamber 4006. In this embodiment,
the remaining amount of the ink is detected only in
the ink chamber 4008, and therefore, the ink chamber
4006 and the ink chamber 4007 are capable of

25 containing the ink to the all volume thereof except

for the communicating part. If the electrodes are

located at the same level as in Embodiment 16, the



Enbodi nent 19 Fi gure 64 shows Enbodi ment 19, in which the 20 ink chamnber
4006 in Enbodinent 16 is divided into two parts, and one of them (ink
chanber 4007) is exchangeable. Figure 64, (a) shows the state in whi7cht( 2003
t he remai ni ng anount detector is actuated as a result of the ink
consunption. In this case, a fresh ink 25 chanber 4007 is prepared, and
repl aces the ink chamber 4007. Figure f4g_(b) shows the state in which the
used-up i nk chanmber 4007 is renoved, and a full fresh 17 DEC 2003 -92 ink
container is going to be nounted. In Figure 64, (c), the exchange has been
conpleted. At this tine, a plug 4052 at the bottom of the ink chanber Cis
tone by the dampect ieh tivet1i400Peh@LRi R 24 BRe UPRR' cRamlfakthep of the ink
chanber 4006, so that the ink is supplied. By doing so, there is no need
of using pipstitaining|ehé ozbsorsiafongterealt 56 BRET RiMESwhbhNgRLS are
not contamnated. It is possible that the ink chanber 4004 and the ink
chanber 4006 ebaetrodds cdetect ethe alfimi ber €dnrve tBEubkal MIA parhiexchange
is sufficient, and therefore, it is advantageous fromthe econom cal

st andpoi nt . |efEbirhheese 16f the spaeeni ng anount detector is not linmted
to the type using the 15 resistance between the el ectrodes. It nmay be an
optical type as in Enbbrli Hehs dmbodimemb: heimilaelystouEabbdimént urt her
preferable ink remaining anmount detecting nethod is to detect whether or

not there is 16, the refilling is possible before the ink becomes
insufficient in the ink chamber 4004 containing the
absorbing material.

Embodiment 18

10 Figure 62 shows Embodiments 18, in which the
wall of the ink container is of transparent or semi-
transparent material, so that the remaining amount of
he ink can be detected optically. 1In this case, a
light reflecting plate 4002 such as mirror for

15 reflecting the light is provided on the ink chamher
wall in the ink chamber 4006 to reflect the light, and
a photosensor comprising a light emitting element 4043
and a light receiving element 4044 is disposed outside
the container. The light emitting element 4043 and

20 the light receiving element 4044 may be provided on
the carriage, or at the home position having the
recovery system.

In Figure 62, the light is emitted from the
light emitting element 4043 at a predetermined angle,

25 and the light is received by the light receiving
element 4044 after it is reflected by the reflection

plate. For example, the light emitting element 4043



the ink liquid continuing through the communicating 20 part between the ink
chanber 4004 and the ink chanber 4006. As a structure for doing this, the
el ectrodes 4100 may be di sposed at the opposite sides of the 17 DEC 2003
comuni cating part between the ink chanber 4004 and the ink chanmber 4006,
respectively. 25 In this enbodi nent, the recording head and the ink
container are separable. However, the _ggcording head may be integral with
the ink container 1 7 DEC 2003 -93 5 10 i ncluding the ink chanbers 4004 and
4006. As described in the foregoing, according to Enbodinents 16 - 19,
there is provided an ink container provided with ink supply portion for

the recordipg deadepndlanent! ¥LAt thihichheOPBLES9SnENel BltensUPPl Yy chanber
containing the ink absorbing material, at |east one ink chanber for

contai ning the4dnksaadphoeonuahsenstng wit Bhéheikak swppFygekaneer, in which
the insufficiency of the ink is detected while a predeterm ned anount of
t he-ink rema{aj, i théhénknks £hahbeubstadrihelyesuls stichhe detection is
notified to the operator. Then, the recording operation can be stopped so
as to perm tstheatnanchalbeligbtbemitfed| Edomwthld lhehtnemiseihfat the ink
contai ner _can be reused. 15 The inventors have investigated the property
of the inR selemenry 484B| éswplackee Pnktbeniaknénsthé inkechambgoi ng
enbodi ments. The preferable ink shows
4006, and therefore, the light receiving element 4044
does not receive the light, and therefore the output
of the detector is small. However, the ink is
consumed to the state shown in Figure 62, (b), the
10 light from the light emitting element 4043 is not
blocked, and therefore, the output of the light
receiving element becomes high. When the light energy
(output of the detector) of the light receiving
element 4044 exceeds a predetermined threshold, a
15 warning signal for promoting the 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-sectional view. 1In this case,
the material of the ink chamber 4006 is also
transparent or semi-transparent. In this example,
there is no need of using the reflection plate, and
25 the detection sensitivity is better since the light is

directly received.

In the foregoing, the description has been



the stability of the air-liquid exchange portion against the vibration of
the ink, and it is stabilized 20 against the anbient condition change. The
description will be made such inks suitably usable with the ink corit ADb&Rg3
of the foregoing enbodi nents. The fundanmental structure of the ink

I ncludes 25 at |east water, coloring material and water-soluble organic
solvent. The organic solvent is |low volagile and |ow viscosity materi al
havi ng high 17 DEC 2003 -94- conpatibility with water. The following is
exanpl es: am des such as dinethyl formam de and di net hyl - acet oam de,

ket ones such as acetone, ethers such as tetrahydrofuran and di oxane,

pol yal kyl ene m@ide odistis ucdspe@s 6! yethygroaecigkysohtande ol ¥RE OPNbLENE

glycol, alkylene glycols such as ethylene glycol, propylene glycol,
butyl ene gl yeoteseanti etrnmernion| i/schpplibible gtycohk benyhenergl §eol and
di et hyl ene glycol, Iower alkyl ethers of polyhydric al cohols such as 10

et hyl ene gl yéolchimhyinkt tet  recetrdihenapphyatiis opevakléywithhar and
triethylene glycol nononethyl ether, nonohydric al cohols such as ethanol
and i sopropyBlunaldiy ohnkedesding, hgagctonl bldck, 6eyamx anagenté,

N-net hyl - 2- pyrrolidone, 1,3-dinethyl--2 15 i m dazoli di none,

tri et hanol~am3 ¥&A4¥Wf Frlefd Alaet hyhespréessnteinwenpioni tal ar

limtation is |q2$seﬂ on the content of the water-soluble organic

sol vent. HowdtdPle Witk & 2ingle) vegerding head rgagable 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 to 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 ipk 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 consumptiomn. ' 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



of from1l to 80 % by weight. The coloring material 20 usable with this
invention nay be a dye or a pignent. The dye nay preferably be

wat er - sol ubl e acid dye, direct color, basic dye, reactive dye or thé7mfkqw3
The content of the dye is not partlcularly limted, but 0.1 - 20 % by

wei ght on the basis of the ink total 25 weight is preferable. Use of
surfactant is desirable to adjust the surface tension. Exanples of such a
surfactant used 1 7 DEC 2003 -95 incl ud&&nionic surfactants such as fatty
acid salts, higher alcohol sulfuric ester salts, alkylbenzene- sul fonates
and hi gher al cohol phosphoric ester salts, cationic surfactants such as

aliphatic am;pg S d’e adg :é%tier{d‘ad'&’ R an qsal tﬁ} ﬂlogghoeme% surfactants

such as ethylene oxi higher "a oX|de adduct s

of al kyl phenqles,, alHdd @d&r@?‘ﬂ&”%eé}f'%ﬁ Al OXI de a%{%{] adducts

of hi gher al'cohol fatty acid esters hlgher

al kyl am nes bg@p qgﬂﬂﬁﬁf ene oxi de
adduct s of pollypr)(?pyl er?gzxtﬁ%ycol |gﬁ1¥ér cho o atty aci feﬁ%s of
pol yhydric aycohl s autaldanamand aldoatatd G2l Hegppand amino  acid-

and betai ne-type anmphoteric surfactants. No 15 partlcular imtation is

i nposed 08 SpinidivH lICHNY inkHAMMHar ROVONISH HABAHBN TS UG as
et hyl ene oxi de adducts of higher alcohols, ethylene oxide adducts of

al kyl phenol s susighyileehe ®¢ divipigopyd ertherd de erpRlaUiEicE Wiy ene oxi de
adducts of acetyl ene glycol

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 toc the type using the

15 resistance between the electrodes. It may be an
optical type as in Embodiment 18, or another type is
usable. A further preferable ink remaining amount
detecting method is to detect whether .or not there is
the ink liquid continuing through the communicating

20 part between the ink chamber 4004 and the ink chamber
4006. As a structure for doing this, the electrodes
4100 may be disposed at the opposite sides of the
communicating part between the ink chamber 4004 and
the ink chamber 4006, respectively.

25 In this embodiment, the recording head and

the ink container are separable. However, the

recording head may be integral with the ink container



20 are preferably used. Further, it is particularly preferred that the
nunber of noles of added- ethylene oxide in the ethylene oxide adducts
should be within a range of from4 to 20. No particular limtation ¥%0EC 2003
i nposed on the anmobunt of the surfactant to be added. 25 However, it may
preferably be within a range of from 0.01 to 10 % by wei ght. The surface
tension may be controlled by the above-d23¢ri bed water-soluble 1 7 DEC
2003 -96 5 10 15 20 25 organic solvent. In addition to the above

conponents, the first quuid may contain additives such as viscosity

nodi fiers, ers, demprooflng agents or antioxidants, as needed.
The V|sc05|ty 5 lﬁ? HQnFq%; k chtppbersy O%me@cé006n3|on shoul d be 20
dyne/cm - 55 dyne/cm lﬂ& en5é§$éerabl , is 25 - 50 dyne/cm |If the
surface tension of the % rﬁ?*ﬁ %9@&304@9 daesondingctar t hat

orifice is broken and but the ink is

t he meni scus B&kﬂﬁ
| eaked out from t ee%ead or|f| e vmqﬁegﬁ’f%ﬁ‘?ﬁdoﬁerh@kon i s not

carried out. FHag+Quygali contain in the ink cartridge may be
properly determ ned up tCJttﬁgégad{%h 12k ‘Supply ‘portion for the

5 recording head and an air vent, which comprises an ink
supply chamber containing the ink absorbing material,
at least one ink chamber for containing the ink and
communicating with the ink supply chamber, in which
the insufficiency of the ink is detected while a

10 predetermined amount of the ink remains in the ink
chamber, and the result of the detection is notified
to the operator. Then, the recording operation can be
stopped so as to prermit the ink chamber to be refilled
with the ink, so that the ink container can be reused.

15 The inventors have investigated the Property
of the ink suitably usable with the ink containers of
the foregoing embodiments. The preferable ink shows
the stability of the air-liquid exchange portion
against the vibration of the ink, and it is stabilized

20 against the ambhient condition change.

The description will be made such inks
suitably usable with the ink containers of the
foregoing embodiments.

The fundamental structure of the ink includes

25 at least water, coloring material and water-soluble
organic solvent. The organic solvent is low volatile

and low viscosity material having high



of its inside volunme. In order to maintain the vacuum inmediately after

the ink cartridge is unpacked, the ink may be filled to its limts.
However, the quantity of the ink in the vacuum producing material ThED&0]
| ower than the ink retaining capacity of the vacuum producing material.
Here, the ink retaining capacity is the anount of the ink capable of being
retained in the individual material. Thgjnks according to the enbodiments
of the present invention and the conparison exanple will be described. A
m xture of water and water-soluble organic 17 DEC 2003 -97 solvent is
stirred with a dye for four hours, and thereafter, a surfactant is added

thereto. TheRyoddatits ﬁgg%ka.f t0 V. tters.

The ink has bger?tasd'ppl | (,ei:}ss%gtrge I n carrI'ltﬂrFTt goel 0 vy]‘é{@ J('aure % érE t he

recording Op@wﬂdé§1ddbﬁﬁﬂé'd%hé%ﬁylfdkdiﬁidé“éHd’d%@é%%f%ﬁlus of Figure
an

12. The follow ng is conposition, nature of the he result of

record. 10EX gHetodmsddEX KetHidd e ald %@:o@é) Retitb P8 Hy@p!as
cycl ohexanol 2 @6g|ycero|5 % thiodiglycol5 % %1

tetrahydrofuran and dioxane, polyalkylene glycols such

5 as polyethylene glycol and polypropylene glycol,
alkylene glycols such as ethylene glycol, propylene
glycol, butylene glycol, triethylene glycol,
thiodiglycol, hexylene glycol and diethylene glycol,
lower alkyl ethers of polyhydric alcohols such as

10 ethylene glycol methyl ether, diethylene.glycol
monomethyl ether and triethylene glycol monomethyl
ether, monohydric alcohols such as ethanol and
isopropyl alcchol, and besides, glycerol, 1,2,6-
hexanetriol, N-methyl-2-pyrrolidone, 1,3-dimethyl-2-

15 imidazolidinone, triethanolamine, sulfolane and
dimethyl sulfoxide. No particular limitation is
imposed on the content of the water-soluble organic
solvent. However, it may preferably be within a range
of from 1 to 80 % by weight. The coloring material

20 usable with this invention may be a dye or a pigment;
The dye may preferably be water-soluble acid dye,
direct color, basic dye, reactive dye or the like.
The content of the dye is not particularly limited,
but 0.1 - 20 % by weight on the basis of the ink total

25 weight is preferable.

Use of surfactant is desirable to adjust the

surface tension. Examples of such a surfactant used



SURFRON S-145 0.1 % (fluorinated surfactant) ACETYLENOL ER 2 % (acet hyl ene
gl ycol -et hyl ene 20o0xi de adducts) 2.5 %2.5 %.2 %2.5 % dyestuff water rest

rest rest rest [surface tension][31[25(40[40 (}7DECZU
dyne/ cnj dyne/ cnj dyne/ cnj dyne/cnj C ear color inmages have been recorded, an
25 the ink in the cartridge has been used up wi thout trouble, for all of
Examples 1 - 4. 1 7 DEC 2003 _98_ Conp-9%x. 1 Conp. Ex. 2 5 diethylene
gl ycol 15 % gl ycerol
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
s quaternary ammonium salts, nonionic surfactants such
as ethylene oxide adducts of higher alcohols, ethylene
oxide adducts of alkylphenols, aliphatic ethylene
oxide adducts, ethylene oxide adducts of higher
alcohol fatty acid esters, ethylene oxide adducts of
10 higher alkyl amines, ethylene oxide adducts of fatty
acid amides, ethylene oxide adducts of polypropylene
glycol, higher alcohol fatty acid esters of polyhydric
alcohols and alkanolamine fatty acid amides, and amino
acid- and betaine-~type amphoteric surfactants. No
15 particular limitation is imposed on such a surfactant.
However, nonionic surfactants such as ethylene oxide
adducts of higher alcohols, ethylene oxide adducts of
alkylphenols, ethylene oxide-propylene oxide
copolymers, ethylene oxide adducts of acetylene glycol
20 are preferably used. Further, it is particularly
preferred that the number of moles of added .ethylene
oxide in the ethylene oxide adducts should be within a
range of from 4 to 20. No particular limitation is
imposed on the amount of the surfactant to be added.
25 However, it may preferably be within a range of from
0.01 to 10 % by weight. The surface tension may be

controlled by the above-described water-soluble



t hi odi gl ycol SURFLON S-145 (fluorinated surfactant) ACETYLENCL ER
(acet hyl ene glycol-ethylene oxide adducts) 5 %5 %0.1 % 10 dyestuff 2.5
2.5 % water rest rest (surface tension] 17.6 dyne/cm 57.4 dyne/ cmiIBBEC 2003
Cl ear col or images Bl eedi ng has has been fornmed. occurred between The ink
has dropped colors. The ink out fromthe head has dropped out by snmall
I nput. fromthe head by small inpact. Tﬁg_yeIIOM/dye was Acid Yell ow 23,

a

the cyan dye was Acid Blue 9, the mage dye was Acid Red 289, 20 and the
bl ack dye was Direct Black 168. The surface tension was neasured at 25 C
t hrough W1l hel ny nethod. The following is the surface potential at 20 --

25 oC of typical ters bl e organic solvents: 25 Ethanol (22 dyne/cn)
I sopr opanol ?Eganggng%%ﬁg?géyclohexanol (34 dyne/cm,.glycerin (63

In addition to the above components, the
first liquid may contain additives such as viscosity
modifiers, pH adjusters, mildewprcocofing 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 inks according to the embodiments of the

25 present invention and the comparison example will be
described.

A mixture of water and water-soluble organic



dyne/cm, diethyleneglycol (49 dyne/cm, 17 DEC 2003 -99 di et hyl enegl ycol
nononet hyl et her (35 dyne/cm, triethyleneglycol (35 dyne/cm,
2-pyrrolidone (47 dyne/cm), N-nethyl pyrrolidone (41 dyne/cn). The 17 DEC 2003
desirabl e surface tension can be provided 5 by mxture with water. The
met hod of controlling the ink surface tension- using surfactant will be
descri bed. For exanple, 28 dyne/cm of th@7surface tension can be provided
by addition of 1 % of sorbitan 10 nonol aurate ester on the basis of.

wat er; 35 dyne/cm can be provided by addition of 1. % of pol yoxyet hyl ene-
sorbitan nonol aurate ester; 28 dyne/cm can be provided by addition of not
| ess than | %66l vVATETYEENGCL rERd watdt v dye dloycdouet Mbuwse @tidle adducts).
If a lower 15 surface tension is desired, 17 dyne/cmis provided by

addi tion of OtRessafteprrrONSTfaGtapdr filsuaddeldk therettoyl erthemxi det adduct s)
(avail able from Asahi G ass Kabushi ki Kai sha, Japan). The surface tension
slightly vari &8 BfS&f6t kBronghi ai ¥ad tezngot wemever &ored@m magdersdj ust nent
can be done b skLILed inthe art. As described in the foregoing, the ink
buffer i s destgRed®EntasnBPEE: §UPBA16A dRe theximfmorssaifge ofk quantity.

It has been faund_that the.in buffering effect is significantly
ianuencegybygfﬁgrengCoﬁﬁgsFFFoﬁeGPrFﬁE%iHP?r?ﬁéOPOPFUﬁﬁﬁfﬁqg-&u@onparison

exanple. 17 DG %gg3recording 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 %
thiocdiglycol 5 % 5 %
15
SURFRON S-145
{fluorinated 0.1 %
surfactant)

ACETYLENOL EH

(acethylene 2%
glycel-ethylene

oxide adducts)

20 dyvestuff 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.



-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 fromthe_i E
chanber 3006 into the ink chanber 3004 due to the expansion of the1amE iz
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 t4%8ugh the air vent 3003 or the

| i ke through the cl earance between the container wall and the absorbing
material. 15 The ink for the ink jet recording containing surfactant has
been proposed. The ink is advantageous in that the fixing property is very
good for a copy sheet, bond sheet G@mpandi#herl pl ain pdpuwe. tBfat 4 n  proper
color mxing (bleed or the Iike) does not occur 20 even when different

col or ink reB¢edt¥e &g ons are close in the color recording, and
therefore, uft¥&Ph coloring is possibl®® *The following is an exanpl e of

the conpositign: 25 1 7 DEC 2003 -101 5 10 15
glycerol 5 %

thiodiglycol 5 %

SURFLON S-145 0.1 %

{£fluorinated

surfactant)

ACETYLENOL EH

(acethylene

glycol-ethylene

oxide adducts)

10 dyestuff 2.5 2.5 %

water rest rest

[surface tension] 17.6 dyne/cm 57.4 dyne/cm
Clear color images Bleeding has
has been formed. occurred between
The ink has dropped colors. The ink
out from the head has dropped out

15 by small input. from the head by
small impact.

The yellow dye was Acid Yellow 23, the cyan
dye was Acid Blue 9, the magenta dye was Acid Red 289,
20 and the black dye was Direct Black 168.
The surface tension was measured at 25 °C
through Wilhelmy method.
The following is the surface potential at 20
- 25 9C of typical water-soluble organic solvents:
25 Ethanol (22 dyne/cm), isopropanol (22
dyne/cm), cyclohexanol (34 dyne/cm), glycerin (63

dyne/cm), diethyleneglycecl (49 dyne/ca),



20 25 Ex. 5 dye 4 parts glycerol 7.5 parts thiodiglycol 7.5 parts

acetyl ene gl ycol -ethyl oxide adducts (mn = 10) 5 parts wurea 7.5 parts
pure water 68.5 parts \Wen such an ink used, the ink does not |eak 1§ubE(cH03
the ink cartridge because the ink ;is absorbed by the absorbing nmateri al
2003 in the ink chanber 2004 when the ink is pushed out of the ink chanber
2006 into the ink chamber 2004 due to th&@9%xpansion of the air in the ink
chanber 2006 due to the tenperature rise or the pressure reduction in the
at nosphere, as shown in Figure 34. As described hereinbefore, the
air-liquid in he ink in the ink chanber 2004 when the ink is
suppl i ed fron1%ﬁééﬁﬁgeg%g%ggPi268§9mF§EYﬁEFHF&iﬁ@@ &yne 5&)ght where the

e e S BRSBTS, BB S o
STl iquid Tneerreieh) ) RS tHRE 8 ab08 T4T BRa e To 1 when the
essire! i Fon b “TEACPRBLPABFEL g HUBeig! M DRSS
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; .35 dyne/cm
can be provided by addition of 1 % of polyoxyethylene-
sorbitan monolaurate ester; 28 dyne/cm can be provided
by addition of not less than 1 & of ACETYLENOL EH
{acetylene glycol-ethylene oxide adducts). If a lower
15 surface tension is desired, 17 dyne/cm is provided by
addition of 0.1 % of SURFLONS-145 (perfluoroalkyl-
ethylene oxide adducts) (available from Asahi Glass
Kabushiki Kaisha, Japan). The surface tension
slightly varies by another additives, and therefore,
20 proper adjustment can be done by skilled in the art. -
As described in the foregoing, the ink buffer
is designed in consideration of the maximum leaking
ink quantity. It has been found that the ink
buffering effect is significantly influenced by the

25 composition of the ink.

The following is a comparison example,



-102 the height of the air-liquid interface of the ink chanber 2004 is
desirably mai ntained further higher by h. In an exanple of this

enbodi nent, the total height in the ink chamber is 3 cm the ink cHanbiEr2003
2004 and 5 the ink chanber 2006 have the volume of 6 cc, respectively. At
the tinme of the initial stage, the ink chanber 2006 is conpletely filled
(6 cc), and the ink chanber 2004 containing the conpressed absorbi ng

mat eri al 2003 (pol yurethane foaned materil®%- contains 10 4 cc ink (ink
total: 10 cc). The porosity of the absorbing nmaterial is not |ess than 95
% and if it is assuned that the ink is conpletely contained in the al

of the pores of the absgrbing material, the ink chanber 2004 is capabl e of
cont ai ni ng ap PBR: BXcc? 15 The ink is first consumed fromthe ink chanber
2004, and a mhilg gfter, the ink starts to Qe consuned from the ink
chanber 2006. The“&fr-liquid interface of thé& PAXESchanber 2004 is

mai nt ai ned at the ifﬁg}oyhere the static Heﬁg of .the ejection part of the
e anbBRT%

recordi ng 20 head? vacuumin the ink c 2§06 and the capillary

force of the conp | bsorbing material _are bal anced. On the
average, the IeveFﬁ%§8?%%P§??-liquid inter?é%epﬁftfhis tinme is approx. 1.5

'm |If itgis assugpgdgthat all of the pores7o§ gggt 25 absorbing materi al
contain the ink, the quantity of the ink in"th Ik chamber 2004 is appr ox.
3 cc. Here, the npxtaugapegssure reduction3of Lherat mosphere 1 7 0 E C 2003
-103

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



Is 0.7 atom 1.8 cc of the ink which is approx. 30 % of the volunme of the
I nk chanber 2006, can be overflowed. Therefore, the ink chanber 2004
preferably absorbs and retains approx. 3 cc + 1.8 cc 5 (ink |evel oi]7 £ 2003
approx. 2.4 cm. Wien the maxi mum reduced pressure 0.5 atom 3 cc of PEe
ink which is approx. 50 %of the volume of the ink chanber 2006 can be
overfl owed, and therefore, the ink chanbep12004 can absorb and retain
approx. 3 cc + 3 cc (ink liquid 10 surface hei ght of approx. 3 cn).
Therefore, the ink chanber 2004 has a enough volune to contain the vol une
of the absorbing material, the volune of the ink retained in the ink
chamber 2004 B#d $he volume of the ink overflowed fromthe ink chamber
2006. Therefore, 15 the volunme of the ink chanmber 2004 is influenced by

the estimation ofd¥fe ink overflow vol ume from the 4 martzhanber 2006. The
retaining ink height H of the porous absorbing nmaterial is generally
expressed by capi 81¥fF§T020 force equation, as folll-SnPazts 2rcos8/ pgr 25
where r is the surface tension of the ink, 0 is the contact angle between
the ink and the i hR1G84ELBFRE material, P is théd-Fe®aARtS of the ink, g is
the forceg of gravity ~and r_is an average pore radius of the ink

absor bi ng nateria??e¥¥1ﬁP?lgB¥c8 get8¥dof*EAg in order to 17 DEC 2003 - 104

adducts (m+n = 10) 5 parts
urea 7.5 parts
pure water 68.5 parts

When such an ink used, the ink does not leak
10 out of the ink cartridge because the ink is absorbed
by the absorbing material 2003 in the ink chamber 2004
when the ink is pushed out of the ink chamber 2006
into the ink chamber 2004 due to the expansion of the
air in the ink chamber 2006 due to the temperature
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,



I ncrease the ink retention capacity by increasing the height H it is
considered that the surface tension of the ink is increased, or the

contact angle between the ink and the ink absorbing material is decﬂgéggémn
(cosO 5 is increased). As regards the increase of the ink surface

tension, the ink of conparison exanple 3_as a relatively high surface
tension (50 dyne/cm). However, as descrtBéd hereinbefore, the ink has not
10 been absorbed properly by the ink absorbing: naterial. As regards the
reduction of the contact angle O between the ink and the ink absorbing

t ial, it . [ h ttabilit f the ink to.th
gﬁsgibﬁng hal%#?a .1$§Fg€§;?ﬁ gagﬁg%ﬁgF%§h5FﬁF¥Fgf§ gﬁrkgﬁt&%ﬁ ig used. In
th f Ak, s Lh NS ' L (30 .d [ cn®
bocauce of t relaBher 200K 15 GeSLELREE RERALEInLE HRehars hAIELHE) |
b bi . . N . 0 S
arToctive 1o Fhprin o EREnb08 of, LAPLOURHa el 19ne) 2lal! mndiddlOI D 1

surface tensign tie DARCEnb@bLEPISVS LRE PEETEAR LhbiipekORojgle Ay PoSe of

conparison in the ink permeability, the conpresse sorbing material 25
(pol yur et hanecK®aRWBEIRAMISEY 2606 "HEVE €Ehk NvbDEme CBFPEN kgon Exanple 3 ink

and the Exanple 5 ink, and the height of ink absorption was neasured. The 1
7 DEC 2003 - lf#spectively. At the time of the initial stage, the

ink chamber 2006 is completely filled (6 cc), and the

ink chamber 2004 containing the compressed absorbing

material 2003 (polyurethane foamed material) contains

10 4 cc ink (ink total: 10 cc}. The porosity of the
absorbing material is not less than 95 %, and if it is
assumed that the ink is completely contained in the
all of the pores of the absorbing material, the ink
chamber 2004 is capable of containing approx. 6 cc.

15 The ink is first consumed from the ink chamber 2004,
and a while after, the ink starts to be consumed from
the ink chamber 2006. The air-liquid interface of the
ink chamber 2004 is maintained at the level where the
static head of the ejection part of the recording

20 head, the vacuum in the ink chamber 2006 and the
capillary force of the compressed ink absorbing
material are balanced. On the average, the level of
the air-liquid interface at this time is approx. 1.5
cm. If it is assumed that all of the pores of the

25 absorbing material contain the ink, the quantity of
the ink in the ink chamber 2004 is approx. 3 cc.

Here, the maximum pressure reduction of the atmosphere



Conpari son Exanple 3 ink hardly absorbed the ink (several mm, whereas the
Exanple 5 ink was absorbed to the height of not less than 2 cm It wll be
under stood that the ink having the inproved perneability by containj h§FEE ag3
surfactant, as in the case of Exanple 5, the ink can be sufficiently
absorbed even when the ink is overflowed fromthe ink chanber due to the
pressure reduction or tenperature rise.~1®-The preferable penetrating
agents include anion surfactant such as OT type aerosol, sodium
dodecylbenzenesulfonate sodi um | auryl sul fate, higher al cohol-ethyl ene

oxi de adducts .en ted gyageneral Formula [ 1], al kyl phenol - ethylene
oxi de adducts f5 r' p é’&‘nt Fy&tertdie Eadmybi gip]is @rtame ¥k

propyl ene oxi ol re ent.e eneral Formula [ 3] and acetylene

gl ycol - et hyl eg’gf gt%%dé’megﬂ’ 8&%%&%%@%% -alcanrttﬂna [4]. The

ani on surfactant Ly on C endenc and is poorer in
Wegtdpd e 1 i e

the bl eedi ng, &8r6f unlfo t han the

noni oni ¢ surf%u trabtlg'eé‘fb%de%\g r‘]:‘gldt(yg rét.}l]c surfa%ta £4 rep&e%ent ed by the
| l'a’1's an

foll owi ng for
b of orabl Y 6 Ly .1%@.%%?%3@%%&“ i Ef*“ %ézct@ed R 1 o200
-n H( 2) -0 dadudéd prdssure 0.5 atom, 3 cc of the ink which is
approx. 50 % of the volume of the ink chamber 2006 can
be overflowed, and therefore, the ink chamber 2004 can
absorb and retain approx. 3 cc + 3 cc (ink liquid
10 surface height of approx. 3 cm). Therefore, the ink
chamber 2004 has a enough volume to contain the volume
of the absorbing material, the volume of the ink
retained in the ink chamber 2004 and the volume of the
ink overflowed from the ink chamber 2006. Therefore,
15 the volume of the ink chamber 2004 is influenced by
the estimation of the ink overflow volume from the ink
chamber 2006.
The retaining ink height H of the porous
absorbing material is generally expressed by capillary
20 force equation, as follows:
H = 2Tcos@ /Pgr
where T is the surface tension of the ink, 6 is the
contact angle between the ink and the ink absorbing
material, £ is the density of the ink, g is the force
25 of gravity, and r is an average pore radius of the ink

ébsorbing material.

It will be understood that in order to



5 where Ris alkyl, CH3 H {CH2CH2Om (CH CH20)n-R 10 where R is al kyl,
where R is hydrogen or alkyl, CH3 CC H3 (C H3 4C H3 C
CH3- CH CH2C- C=C- G- CH2-CH- CH3 [21 [3] ~ 15 H H 20 (4] where mand n a7dEC 2003
respectively an integer. Anong the ethyl ene oxide nonionic surfactants,
acetyl ene glycol -ethyl ene oxide adducts_apg_preferable fromthe standpoint
of absorption in the ink absorbing material, imge quality on the
recording material and ejection performance in total. 25 The hydrophilic
property and penetrating property can be controlled by changi ng nunber mtn
of ethylene x¢xess¢othe bmidedetéfitioni sapsslter byhanckeakhagltheDEC 2003
-107 5 penetrating property is good, water solution nature is not good,
and t her ef or eieidiat sid) ubt| isycomsidéredi that the surface tension of
the ink is increased, or the contact angle between the
ink and the ink absorbing material is decreased (cosé
5 is increased).
As regards the increase of the ink surface
tension, the ink of comparison example 3 as a
relatively high surface tension (50 dyne/cm).
However, as described hereinbefore, the ink has not
10 been absorbed properly by the ink absorbing material.
As regards the reduction of the contact angle 0
between the ink and the ink absorbing material, it
means to increase the wettability of the ink to the
absorbing material. In order to accomplish this,
15 surfactant is used.
In the case of Example 5 ink, the surface
tension is small (30 dyne/cmz) because of the addition
of the surfactant, but the wettability between the
absorbing material and the ink is improved. By doing
20 so0, 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 $ ink, and

the height of ink absorption was measured. The



not good. If it is too large, the hydrophilic property is too strong, and
the penetrating property is too small. If it is larger than 14, the
penetrating property is insufficient, and the ejection property isl7DEC2HN)
deteriorated. Therefore it is preferably 6 - 14. The anount of the

noni oni ¢ surfactant is 10 preferably 0.1°10%0 % by weight. If it is |ower
than 0.1 % the image quality and the penetrating property is not
sufficient. If it is larger than 20 % no inprovenent is expected, and the

cost i ncreasegodil; |ability decreases. 15 One or nore of the above
descri bed surf%éJCt antlé%r?eé%smﬁa)]lbee# %r&?ﬁ‘if?d?‘PSW‘F nkheredflgont ai n dye,
low vol atile qrgan ve uch h I c_al cohols to prevent
cl oggi ng, or gr ganllcc%ﬂ'so%lﬁ11 e’np';%elsjzé%a%gﬁé‘?g%’fv‘u#g?os 2o R D\RPEREREE creation
stability andd XH0 qy4 t on the regcordi material, The water-sol uble
organi ¢ sol vents cor%]iq ut ia/nfg rfcﬁ:e e o%%eﬁ]g‘ﬁf‘bbdi 2 hRyP% nel ude
pol yal kyl ene gindeistcdie @&M%ﬁ{ﬂ%ﬁﬁ,ﬁ%y@éii@é\%ﬁ%pol ypropyl ene

0 car 0

gl ycol ; al kyl ene gl ycol s havi ng oh™ a as et hyl ene

%:E %cgl)b?)pfsigxéb?l?gﬁigmqtﬂy HH LOBRNE: Bl A he Idd LI E0E, Uy OOl ¢a 2 6 17
case of Example 5, the ink can be sufficiently
absorbed even when the ink is overflowed from the ink
chamber due to the pressure reduction or temperature
rise.

10 The preferable penetrating agents include
anion surfactant such as OT type aeroscl, sodium
dodecylbenzenesul fonate, sodium laurylsulfate, higher
alcohol-ethylene oxide adducts represented by general
Formula [1], alkylphenol-ethylene oxzide adducts

15 represented by general Formula [2], ethylene oxide-
propylene oxide copolymer represented by general
Formula [3] and acetylene glycol-ethylene oxide
adducts represented by general Formula [41.

The anion surfactant has stronger foam

20 producing tendency, and is poorer in the bleeding,
color uniformity and feathering or the like than the
nonionic surfactant, the following nonionic surfactant
represented by the following formula is used.

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

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



20 25 hexanetriol, hexylene glycol, and diethylene glycol; glycerin; |ower
al kyl ether of polyhydric alcohols such as ethylene glycol nethyl et Der 003
di et hyl ene glycol nethyl (or ethyl) ether, and triethylene glycol
nononet hyl (or ethyl) ether; al cohols such as nethyl alcohol, ethyl

al cohol, n-propyl al cohol, isopropyl algghol, n-butyl alcohol, sec-butyl

al cohol, t-butyl alcohol, isobutyl alcohol, benzyl alcohol, and

cycl ohexanol ; am des such as di net hyl formam de, and di met hyl acet ami de;

ket ones and ketone al cohol s.-such as acetone, and di acetone al cohol; ethers
such as tetrahydr@ H joxane; and nitrogen-contapning cyclics
such as N-nethyl-2-E§$?g$iggﬂgeﬁz-pyrrolidone, 1, eel

3--di met hyl -@nésedrzoti digpne. The water sol ubl e organi c sol vent can be
added without deteriorating the inmage quality or the ejection reliability.
Preferably, it is pQlyhydric alcohols or alkyl ether of polyhydric

al cohol s. The CE%GE»%O{@Hﬁe bofg-preferably 1 - 3 % by $eight. And, the
pure water content 50 - 90 % by weight. The dyes usable with the present
invention include direct dyes, acid dyes, reactive dyes, dispersive dyes,
vat dyes Jor wherkiReisTakkygbntent of 'the dye is determ ned depending on

the kinds of the 1liquid conponents and the required properties of the

i nk, the ejection volune of t gecording head or the like. Generally,

however, it is 0.5 - 15 % by ight, 17 0 E C 2003
H—¢CH,CH,0y7—CH~CH,0} R [3]

where R is hydrogen or alkyl,

10 ?Ha ?Ha CHy CHj

cn3-cn-cnzc-csc—ci'-cnz-CH-CH3

o o
CH, CH, (4]
CH CH

15 I 2 ] 2
0 o
H H

where m and n are respectively an integer.
20 Among the ethylene oxide nonionic

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

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

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



-109 5 preferably 1 - 7 % by weight. By addition of the thioglycol or urea
(or derivatives thereof) in the ink, the ejection property and the clog

(solidification) preventing property is renmarkably inproved. This {9 DEC 2003
considered to be because the solubility of the dye in the ink is inproved.

The content
preferably 1
of the ink o

addi tives may be incorporated provided that the

are achi evab|ReR T t PTePer hE| 48eg00s cHatey- adfuttiong nagames isuch as

pol yvi nyl 15
agents such
fungicides a
for ink-jet
resistivity-
chloride, an

Conmp. Ex. <4

1 7 DEC 2003
10
15
20
25

of the thioglycol or urea ¢&07+he derivatives thereof)

S

- 3% and may be added-as desired. 10 The main constituents

f the present first invention are described above. O he

r

obj ects of the invention

al cohol, cel |l uloses, and water-soluble resins; pH controlling

0% 99 hn A% hRerefpres hkhel aRLHRI1ARY BOf Matesolst i ons:

nd . so fort To. the ink of electrically chargeable type
RS | L Bt EnEOP nkadaBy) bhe. aakpeRdRdEyed. a

used

PG, 28780 <505, R LR entinbreTindl Proversiar ned.
2 W SehRl1S  FECLEYIENPGLYED! cRaR2TYS QI Odi Olycol 5 parts

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

The amount of the nonionic surfactant is
preferably 0.1 - 20 % by weight. If it is lower than
0.1 %, the image quality and the penetrating property
is not suifficient. 1If it is larger than 20 %, no
improvement is expected, and the cost increases, and
the reliability decreases.

One or more of the above described surfactant
are usable in combination.

The ink may contain dye, low volatile organic
solvent such as polyhydric alcohols toc prevent
clogging, or organic solvent such as alcohols to
improve bubble creation stability and fixing property
on the recording material.

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

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



-110 ethyl alcohol 3 parts 5 10 15 20 25 pure water 84 parts In this case,
when the ink is overflowed from the ink container to the absorbing

mat eri al container chanber due to the expansion of the air in the ilffkDEC 2003
contai ner due to the atnospheric pressure reduction or the tenperature
rise, the problemarises that the ink |eaks out through the air vent or
the ink supply portion by way of the ctk@@ance between the container wall
and the absorbing material. An ink for an ink jet recordi ng apparatus
containing a surfactant has been proposed. Such an ink is advantageous in

that the fixin ed |s ver high for a copy sheet, bond sheet or another
plain sheet hﬁg‘p‘?éf& ’glﬁ']rﬁﬂ%rﬁii?'ﬁﬂ oranf xdigehyberebreothe | ke),

even if dlfferent Qolor recor ion are _contacted, and therefore,

uni f or m col oG A 'belo“éecrc ¥ t%’iihe’f:d?# (ﬂﬁ’lrﬂghﬁ’%ria‘h GERPES of such an
thyl ener Eguc% (%%” éﬁg’ ene lelyCOq et }Paréfshe:}',hl 'E/l%%l.ene parts

et hyl ene oxi de-pr
glycol methyl (or ethyl) ether, and triethylene glycol

5 monomethyl {or ethyl) ether; alcohols such as methyl
alcohol, ethyl alcohol, n-propyl alcohol, isopropyl
alcohol, n-butyl 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 alcchol; ethers such as
tetrahydrofuran, and dioxane; and nitrogen-containing
cyclics such as N~methyl-2-pyrrolidone, 2-pyrrolidone,
1,3~dimethyl-2~imidazolidinone.

15 The water soluble organic solvent can be
added without deteriorating the image quality or the
ejection reliability. Preferably, it is polyhydric
alcohols or alkyl ether of polyhydric ‘alcohols. The
content thereof is preferably 1 - 3 % by weight. And,

20 the pure water content is 50 - 90 % by weight.

The dyes usable with the present invention
include direct dyes, acid dyes, reactive dyes,
dispersive dyes, vat dyes or the like. The content of
the dye is determined depending on the kinds of the

25  liquid components and the required properties of the
ink, the ejection volume of the recording .head or the

like. Generally, however, it is 0.5 - 15 % by weight,



oxi de copolyner 3 parts urea 5 parts pure water 79 parts 17 DEC 3 -111 5
10 15 When this ink is used, the is absorbed by the absorbing natergfbHL%
t he absorbing material container and does not |eak out even when tH 03
is overflowed fromthe ink chanber into the absorbing nmaterial container
due to the expansion of the air in the inkpghanber due to the atnospheric
pressure reduction or tenperature increase. As described in the foregoing,
there is provided an ink cartridge conprising supply ink chanber
containing an ink absorbing material having an adjusted capillary force and
one or nore inRTefarBELY, L whar & byt keiighit .cont ai ns noni oni ¢ surfactant, by
which the ink does not |eak out even if the anbient condition change
occurs, during recordi n§Yopddition of thieerchileydyemdr dimmmEzer(ais on i s not
carried out, and therefore, the ink use efficiency is high. The

above- descri bet@EABBBL HEft $hereof] inr dhedviai,addwu jeespant ipmiperthowever
the conbination  thereof is further advantageous. Further in addition, 20
the conbi nati ofB8f thReChPEC£§011ALEACAEHISI RISvemI N o rand s he

structure with Enbodingnts 16 - 19 and  the above-described ink, is further
pref erabl e. remarkably improved. This is considered to be because

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

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

15 alcohol, celluloses, and water-soluble resins; pH-
controlling agents such as diethanolamine,
triethanolamine, and buffer solutions; fungicides and
so forth. To the ink of electrically chargeable type
used for ink-jet recording in which the ink droplets

20 are charged, a resistivity-adjusting agent is added
such as lithium chloride, ammonium chloride, and
sodium chloride.

A comparison example will be explained.
Comp. Ex. 4

25 dye 3 parts

diethyleneglycol 5 parts

thiodiglycol 5 parts



The present invention is usable with any ink jet apparatus, such as those
usi ng el ectronechani cal 25 converter such as piezoelectric elenent,.but is
particularly suitably usable in an ink jet recording head and record?B§C 2003
apparatus wherein thermal energy by 17 DEC 2003 -112 5 10 15 20 25 an

el ectrot hermal transducer, | aser bean1orh£@e like 1is used to cause a

change of state of the ink to eject or” charge the ink. This is because

the high density of the picture elenments and the high resolution of the
recordi ng are possible. The typical structure and the operational

principle are pr bl ones disclosed in Utg' Patent Nos. 4,723,129
R oo F7ER

and 4, 740, 796. The I NCI and structure are 4d Ble to a so-called

on-denand type |§§¥gwuégb§ysten1and a continwmﬁit ég%éecording system
Particularly, however, i1t Is suitable for the on-denand type because the

principle i s such thatyften{LastsdNgeli ve'ﬁag.ighgiff#k)éé?e PRy £ 08"

el ectrothermal transducer disposed on a |iqui ai ni ng sheet or

li qui d passagte tihk Hdtidiheyt AAltndSiHD, Tnd Qe Y £V dsnetiilep aUl ck
tenperature rise beyond a departure from nucl®eation boil1ng point, by
whi ch t he t hehabesN @Y tics tHeO\dxdRthdiord ¥ the air in the ink
container due to the atmospheric pressure reduction or
the temperature rise, the problem arises that the ink
leaks out through the air vent or the ink supply
portion by way of the clearance between the container
10 wall and the absorbing material.
An ink for an ink jet recording apparatus
containing a surfactant has been proposed. Such an
ink is advantageous in that the fixing speed is very
high for a copy sheet, bond sheet or another plain
15 sheet paper, and that.improper color mixture (bleed or
the like), even if different color record region are
contacted, and therefore, uniform coloring can be
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 S parts

pure water 79 parts



el ectrothermal transducer to produce filmboiling on the heating portion
of the recordi ng head, whereby a bubble can be fornmed in the liquid (ink)
corresponding to each of the driving signals. By the production, 1702003
devel opmrent and contraction of the the bubble, the liquid (ink) is
ej ected through an ejection outlet to pngg?Q at | east one droplet. The

0

driving signal is preferably in the form a pul se, because the
devel opnment and 17 DEC 1003 -113 contraction of the bubble can be effected
i nstant aneously, and therefore, the liquid (ink) is ejected with quick

response. The driving sSilgmalthis ihe §9r gxeh t?ﬁeDEESSbEErBEEfEQanﬁ such
as disclosed 5 in US. Patents Nos. 4,463,359 and 4,345°262. In" addition,

the tenperat urdsarrinsimytental ofnt hre BPALEPBYNn§URERERiRS BLREEGARLY such
as disclosed in U S. Patent No. 4,313,124. The structure of the recording
head may be a$ndlagmwrt nleals owat ewenNoBen4tho8iRR8318N8var£59wEa0
wherein the heating portion is disposed at a bent portion, as well as the
structure of tfrﬁé’"bg?ﬁﬁ ndth gthambeneirfecthenabstringl nguegipassage and the
el ectrothegmal transducer as disclosed in the above- 15 mentioned patents.
In additioh, tIBEYHE&MAYHEhithm eXPanplotabE ethe &be $hrunéuiakdi scl osed
I n Japanese Eﬁ{d-gyen Pat ent plication No. 123670/1984 wherein a conmon
slit is used &5 FHE% MW it | FXDPBPhOT ¢ apresserer vedectibnt oansducer s,

and to the StouGilne. e increase.

As described in the foregoing, there is
provided an ink cartridge comprising supply ink
10 chamber containing an ink absorbing material having an
adjusted capillary force and one or more ink chambers,
wherein the ink contains nonionic surfactant, by which
the ink does not leak out.even if the ambient
condition change occurs, during recording operation or
15 when the recording operation is not carried out, and
therefore, the ink use efficiency is high.
| The above-described Embodiments 1 - 13, are
advantageous respectively, however the combination
thereof is further advantageous. Further in addition,
20 the combination of the Process in the Embodiments 14
and 15, and the structure with Embodiments 16§ - 19 and
the above-described ink, is further preferable.
The present invention is usable with any ink
jet apparatus, such as those using electromechanical
25 converter such as piezoelectric element, - but is

particularly suitably usable in an ink jet recording

head and recording apparatus wherein thermal energy by



20 di sclosed in Japanese Lai d-Open Patent-Application No. 138461/1984
wherei n an openi ng for absorbing pressure wave of the thernal energi I S
formed corresponding to the ejecting portion. This is because the pi@dHbt2003
invention is effective to performthe recording 25 operation with certainty
and at high efficiency irrespective of the type of the recordi ng head.

The present invention is effectively 1 71DBE 2003 -114 applicable to a
so-called full-line type recording head having a |length corresponding to
the maxi numrecording w dth. Such a recording head may conprise a single
recordi ng head an gﬁur recgrding head conbined to 5 cover _the maxi mum
wi dth. In addPti One-the-PPERBnt tFABEARFBRA- i $3s8FpPraBALPE tHealdbei al type
recordi ng heag m@grﬁigothg recorgin hegd IS fixgd on the nmain assenbly,
to a replaceabl 8 ¢chi p°t §PBSTeloFAriEen8adShAitenof s tBEnARK: £8 edect

| ectricall L th, | t d b ' {th the ink wh
Tt s moant et rOtRETRETS tR6CEHB - TBTS: 50o8aReRFaERe: BAhr ecording head.
havi [ [ t ai . Th | Si f th
andror 15 ¢ naSEEREY Of ERE RO RO e REeBrREporRE, sBe bR o are
preferabl g, bf%é‘&f@tiﬁﬁyofaﬂné“J:%ESEd%ﬁ@bELLZﬁo%Q&l%ffECtS of the-present
As for t cappfrng ne

I nventi on. such neans, ere ar p ans for the recording

head, = cl eaning means +herefofcaP' 882hLEuLE SHAKLAG B5aPSt18AaR" ¢! 1 M nary
heati ng means whi ch may be The

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
one droplet. The driving signal is preferably in the

form of a pulse, because the development and



el ectrothermal transducer, an additional heating elenment or a conbination
thereof. Also, neans for effecting prelimnary ejection (not for the
recording operation) can stabilize the recording operation. 25 As repimgf
the variation of the recording head nountable, It-may be a single 2003
corresponding to a single <color ink, origgy be plural corresponding to the
17 DEC 2003 -115- 5 10 15 20 25 plurality of ink materials having different
recording color or density. The present invention is effectively
applicable to an apparatus having at |east one of a nonochromatic node

mai nly with bfeRkIagtient pfcsher bubbde wahhbei kffdeerttedcol or ink material s
and/or a full- color node using the m xture of the colors, which may be an
integral |y fothEB2RERBRENEGYunrRdottherefoenatthen 1igfuid Urialk ¥ ecor di ng
heads. Furthernore, in the foregoing enbodi ment, the ink has been |iquid.
It may be, ho%eé§ered anitRkauiskerraPonfiech Thesdriidifnice ilgradw ite room

t enperat ure Fﬁt %iﬁaefied at the roomtenperature. Since the ink 1is
control | ed wi EREnIeHR PEnPBRaPULEENAE PERERTERAN TUCB asd disclusger than

70 Cto sgabiliZﬁ éhe V] SCOSI of the_ink to praovide the stabilized
ST REFERTS Hpar 4r 463

ejection n ukdal Stel ar &r 830f>Pnr8d; $p845RE2%-nk Imy be such

addition, the temperature increasing rate of the
heating surface is preferably such as disclosed in
U.S. Patent No. 4,313,124.
The structure of the recording head may be as

10 shown in U.S. Patent Nos. 4,558,333 and 4,459,600
wherein the heating portion is disposed at a bent
portion, as well as the structure of the combination of
the ejection ocutlet, liquid passage and the
electrothermal transducer as disclosed in the above-

15 mentioned patents. In addition, the present invention
is applicable to the structure disclosed in Japanese
Laid-Open Patent Application No. 123670/1984 wherein a
common slit is used as the ejection ocutlet 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



that it is liquid wthin the tenperature range when the recording signal
Is the present invention is applicable to other types of ink. In one of
them the tenperature rise due to the thernal energy is positively 7 DEC.
prevented by consuming it for the state change of the ink from thé séligi[13
state to the liquid state. Another ink material is solidified when it is
left, to prevent the evaporation of thel¥kk: In either of the cases, the
application of the recording signal producing thermal energy, the ink is

| iquefied, and the liquefied ink may be ejected. Another ink material may
start to be 17DEG.1003 -116 5 10 15 20 solidified at the tine when it
reaches the r &8 dFﬁ‘g’ SriPerd A°-CRld 95t -1 iR ETRe Fecardngpheadabl e

to such an i teriagl as.is liquefied by the application of the thernal
energy. Such ganlé"{%g ﬁa?@f’iggﬁh r?é%fr%e‘p‘i‘éf’a‘}%e? a%hg I oFeSRF N Fat er i al
I n through ho or sses forned in a porous sheet as_disclopsed in
Japanese Lai d!‘?gétrlll’Patszln Eo%lelc&ft%ﬁélr? R}ﬁaﬁéﬁf"ﬁ‘i@%ﬂ%oﬁ FARHR e
Lai d- Open Pat i i [V 0/.1985...The sheet is faced to the
eIectrotherna?gkfégﬁéﬁﬁg%¥§p epﬁbstqéf SHVRDAEIDCTIRITHE Tomteri al s

descri bed sabo¢gvies e Hh&ghgggghggjfysten1 The ink jet recording apparatus
may be used as an output termnal of an information processing

In addition, the present invention is
applicable to a serial type recording head wherein the
recording head is fixed on the main assembly, to a
replaceable chip type recording head which is connected

10 electrically with the main apparatus and can be
supplied with the ink when it is mounted in the main
assembly, or to a cartridge type recording head having
an integral ink container.

The provisions of the recovery means and/or

15 the auxiliary means for the preliminary operation are
preferable, because they can further stabilize the
effects of the present invention. As for such means,
there are capping means for the recording head,
Cleaning means therefor, pressing or sucking means,

20 preliminary heating.means which may be the
electrothermal transducer, an additional heating
element or. a combination thereof. Also, means for
effecting preliminary ejection (not for the recording
operation) can stabilize the recording operation.

25 As regards the variation of the recording head
mountable, it. may be a single corresponding to a single

color ink, or may be plural corresponding to the



apparatus such as conmputer or the |like, as a copying apparatus conbi ned
with an image reader or the like, or as a facsimle machi ne having

i nformation sending and receiving functions. Wile the invention hpg [iPeess
described with reference to the structures disclosed herein, it is not
confined to the details set forth and thilgsapplication is intended to
cover such nodifications or changes as nay cone wthin the purposes of the
i nprovenents or the scope of the following clains. 25 1 7 DEC 203 - 117
CLAIM5S 1. Aliquid_container for containing printing liquid for supplying
to a recordi nBLRE&Y1FEr ofninkkmajtetrivdsohdivigigadidfatrent theecoatitra) ner
conprising: a first chanmber containing a negative pressure producing
material and R9vPARgPE BERAitiHg FhguPdesendl \nyentioonhsc ediflesttivealye

recordi ng head Eoraﬁalo$ﬁngﬂprintin liquid to be supplied to the
recor di ng heaBPBAUCER"&i FOvERt BPBRTAENSWIRYiagbEdntleagty one @ft & t he
contai ner; an out§ﬁ£d hﬁk%om/extension extended from said first chanber in

fluid comuni BREPGHERPERSaf@der PRIPLIEL Wikhdr DiagKka @omdiilca0leF port: and

a second ¢ha I Nas ' nmuni cati on wWith aid_first. chanber via said
oufmard h§||g§§§%{§ﬁ§¥3ﬁ9fgﬁﬁe§§:80 éﬁhﬁﬁ%c@?ﬁ%ﬁaﬁéﬁiﬁigdﬁa §eé@ﬂétch2n%er

providing a pghibngohkadkdngCERLY Rk kel 20 %Qethgriglors, which may
be an integrally formed recording unit or a combination
of plural recording heads.
Furthermore, in the foregoing embodiment, the
10 ink has been liquid. It may be, however, an ink
material which is solidified below the-room temperature
but liquefied at the room temperature. Since the ink
is controlled within the temperature not lower than 30
°C and not higher than 70 °C to stabilize the viscosity
15 of the ink to provide the stabilized ejection in usual
recording apparatus of this type, the ink may be such
that it is liquid within the temperature range when the
recording signal is the present invention is applicable
to other types of ink. In one of them, the temperature
20 rise due to the thermal energy is positively prevented
by consuming it for the state change of the ink from
the solid state to the liquid state. Another ink
material is solidified when it is left, to prevent the
evaporation of the ink. In either of the cases, the
25 application of the recording signal producing thermal
energy, the ink is liquefied, and the liquefied ink may

be ejected. Another ink material may start to be



chanber and being substantially closed apart froma portion for

comuni cation with said outward hollow extension to allow the printin
liquid to flowinto said first chanber via said outward hoIIOM/extbﬁﬁiﬁﬁMB
and to allow air to be introduced into said second chanber fromsaid first
chanber via said outward holl ow extensign, wherein said second chanber is
det achably nountable to said outward hBFﬁgw extension. 2, A container for
containing printing liquid for supply to a recording head for an ink jet
recordi ng apparatus, the container conprising; a first chanmber containing

negative pre%g#gﬁgg%ﬁd%{%i BYoRE fL! ahgﬁ”chg?éirag%e%g%%”&je%%ﬂd"ih‘éi d supply

port connect e recording head for rinting I'rquid to be

suppl i ed to Lgereed di dgehpadoeand;A0eas Kot LasAlumisnauambient air to

enter the container; 1 7 an outward hol'l ow ext ensi on

extended frogycahf §hiShatB2aher agg égl m&queemnu}attih@na\y#l&c?aaﬂm first

chanber via a communi cation port; a a second chafber |

comuni cati O fWirhid +pairfhall! Eﬁhrﬁg@”bghc}ii anSahntt GiearitiNaldyoWeext ensi on
and sai d conmuni cation port, said second chanmber providing a printing

liquid reserveitaiben hReafl Lighiachangelianmakeirialsybs tditiouyt dileesed
apart froma portion for comunication with said outward holl ow extension
to all ow pri aid receisgeisd foemeldowni At posoud shieett ashdilzerloses da d out ward

hol | ow extension to
Japanese Laid~Open Patent Application No. 56847/1979
and Japanese Lalid-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 hoiling 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



allow air to be introduced into said second chamber fromsaid first

chanmber via said outward holl ow extension;

provided with a groove extending fromsaid communi cation port
contributable to introduce anbient air into said second chanber;

wherein said second chanber is replaceable while retaining said first

hol | ow exterdslilon. 3. A container according to
outward hol | ow extension is provided with detecting
4. A container according to

chanber

Claim1l, wherein
means for detecting liquid remaining therein.

and sai d outward

wherein said first chanber

S

LAMEC 2003

d aim2, whelisddMSaid outward holl ow extension is provided with detecting
nmeans for detecting liquid remaining therein. 5. A container according to

Claim3 or 4,

2003 -

detecting neans c

wherein said detecting nmeans conprises an el ectrode.
119 6. A gontalner according to Claim3 or 4, wherein said
rpr i 8eL1Q0I 9 qEPRt 2} ReT efot eombabeing apdiet pegt of sai d

1

| i quid contanIQﬁlasbeaQ§§§19ﬂhg o & EQ?%@&?@E ggrpépqatoéﬁ%alm 1,

wher ei n

t he,second c ngrlses a

integrally with fRECF +§$ %ﬂ%

rst subsidiary Tht

7

DEC

er forned
tugndthe ceebmbnet bon 2 sindanber

rel easably coupl ed toathersti¢BamBabstehes yn Ehabeioyd & ¢ coupling port of

t he

pressure producing material and having a printing
liquid supply port connectahle to the recording head
for allowing printing liquid to be supplied to the
recording head and an z2ir vent for allowing ambient
air to enter the container;

an outward hollow extension extended from
said first chamber in fluid communication with said

first chamber via a communication port: and

a second chamber in fluid communication with
said first chamber via said outward hollow extension
and said communication port, said second chamber
providing a printing liquid reservoir for the first
chamber and being substantially closed apart from a
portion fo; communication with said cutward hollow
extensjon to allow the printing liquid to flow into
said first chamber via said outward hollow extension
and to allow air to he introduced into said second
chamber from said first chamber via said ocutward
hollow extension, wherein said second chamber is
detachably mountable to said outward hollow extension.

2. A container for containing printing liquid
for supply to a recording head for an ink jet
recording apparatus,the container camprising:

a first chamber containing negative pressure
producing material and having a printing liquid supply
port connectable to the recording head for allowing
printing llqu1d to be supplied to the recording head
and an air vent for allowing ambient air to enter the
container;



first subsidiary chanber, with the coupling port projecting fromthe first
subsi di ary chanber, the coupling port being arranged to dislodge a cl osure
menber of the second subsidiary chanber to enable printing liquid fd BECMA
fromthe second subsidiary chanber to the first subsidiary chanber when
the second subsidiary chanber is coupled to the first subsidiary chanber.
8. A container according to Claiml -0r118 - wherein said container contains
liquid for printing. 9. A container according to Caiml or 2, wherein
sai d negative pressure producing material includes a foanmed material. 10.
A container according to Claim1l or 2, wherein said second chanber
contains an ink conprPQiﬂﬁtwﬂﬁﬁeh?léQWoexngngﬁbﬁrég{eﬁagdm9{§$-soIuble
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11. A contai9$tq€cc$rgﬁn to daiml or
contains an 1nk cohtarnthg"1atd| e@punheahber ipmi€; ssd act ant. 17 DEC 2003
- 120 12. A contai ned secsoidi @ghiesC 8 nglludlo{f GsmmVherein sai d recording

head is provj ' | ectrot her mal transducer s 18 GHoRt itk her nal
energy to ca%%géje%l\ie%{ltl 0 %r?%?ﬁk‘flifaw R Tk rhalclonr dist@edsidd aim 1 or 2.

V\,herei n sai @%m@ﬁdq&om@i%dﬁdxﬁ%ﬁd,ng;dl@dsé&ﬁm %%rarnlb%dr on a carriage,
sai d CarrlEKﬁ%oéﬁHfhd“H“ﬁ?fH%ing liquid reservoir for the first

chamber ang being suhstantially closed apart from a

portion for communication with said outward hollow

extension to allow printing liquid to flow into said

first chamber via said outward hollow extension to

allow air to be introduced into said second chamber

from said first chamber via gaid outward hollow
extension:

wherein said first chamber is provided with a
groove extending from saiq Communication port
contributable to introduce ambient air into said
sacond chamber: and

wherein said second chamber is replaceable

while retaining said first chamber and said outward
hollow extension. |

3. A container according to Claim 1, wherein

outward hollow extension is provided with detecting
means for detecting liguiq Yemaining therein

4. A container according to Claim 2
said outward hollow

wherein
extension is provided with
detecting means for detecting liquid remaining
therein.

5. A container according to Claim 3 or 4

wherein said detecting means comprises an electrode



and said recording head thereby being included in an. ink jet recording
apparatus, and said apparatus further conprises neans for feeding a
recording medium to a recording region of said ink jet recording 17 DEC 2003
apparatus. 14. A container according to Claim1 or 2, wherein said
negative pressure producing material is a non-heat-conpression-treated
sponge material, and is conpressed il said second chanber 15. A liquid
accomodati ng container for supplying liquid to a liquid container having
therein a negative pressure producing material and including an air vent
portion for fluid comunication with an anbience, a liquid supply portion
for supplying |igUId to a liquid ejection head and a |l iquid receiving
portion, wherein saldAIFaHF31§€Eoﬁﬁ585@%ﬂ§ EBnthrHBr3 QuphHties the liquid
through thewhégein segai ﬁéﬁgctp@gtm@ﬂnﬁocdﬁlﬂpﬁhséﬁlé iiqu'ial accommmodat i ng

cont ai ner | et achabl gnneg erein s accommuodat i ng
cont ai ner gcg ngéPgdméfgﬁ Salﬁgl?q%Fﬁ ?gcﬁ?%s g BB?#l%ﬂ“B?lﬁﬁfd l'i qui d
cont ai ner, ihettaqabdrenh.the | i qui d acconmpdati ng container is permtted
to enter the liquid container while the anbience is introduced through

the liquid rece|V|ng Rortion_fron1 the air vent, said |iquid accommbdating
contai ner conpr¥singd ¢ontpErepodscording tp Chikimull evhenetd s

detachably enansstéedd tRatber! EtbbHi £€66h VENBs POstHhOaLiry he i nk contai ner,
chamber formed integrally with the first chamber and a
second subsidiary chamber releasably coupled to the
first subsidiary chamber via a coupling port of the
first subsidiary chamber, with the coupling port
projecting from the first subsidiary chamber, the
coupling port being arranged to dislodge a closure
maember of the second subsidiary chamber to enable
printing liquid to flow from the second subsidiary
chamber to the first subsidiary chamber when the
second subsidiary chamber is coupled to the first

subsidiary chamber.

8. A container according to Claim 1 or 2,
wherein said container contains liguid for printing.

9. A container according to Claim 1 or 2,
wherein said negative pressure producing material
includes a foamed material.

10. A container according to Claim 1 or 2,
wherein said second chamber contains an ink comprising
water, cecloring material and water-soluble organic
solvent and having a surface tension of 20 dyne/cm to
55 dyne/cm.

11, A container according to Claim 1 or 2,
wherein said second chamber contains an ink containing
at least one non-ionic surfactant.



and a plug nenber for sealing said ink accomodating contai ner against the
anbi ence before the ink accommodating container is connected to the
cont ai ner, said plug nenber being noved inwardly of said |liquid 17 DEC 2003
accomodati ng container by said liquid receiving portion when said ink
outlet of said ink accomodating container is connected to said liquid
receiving portion of said ink containerz016. A liquid container for
containing printing liquid for supplying to a recording head for an ink

jet recording apparatus, the container conprising: a first chanber
containing a negative pressure producing material and having a printing

liquid supply pprt canssetaiier tectga]gﬁrrgiogcgiﬂga-lﬁpaid od & @allowng printing
liquid to be sug&lied to the. . recording head and an ai'r Vent-for allow ng

anbi ent  aPeiStRnt 2Tt FRCQEIIT M&ad G RENEIE AW ext ensi on ext ended
from sai cefecstothanbsl tradddichrooniomipadd iny Whesaiad first chanber

via a comyun i on rt: and .a second ghanmber in fluid communication with
said first c%]g%%eér)o v‘?%u%%i?%%%]\/%{’r d’ﬂo‘ﬂ W extension and said
conmuni cation port, said second chanmber providing a printing liquid

reservoir for jhe figs&on{glq{g)‘_erah@bq:@_gﬁ]%ﬁ;r %ﬁgﬁn}lio\%lrl éxd osed apart from

a portion for communication wth sai tension to all ow
the printi¥PEreguiR1Id FIFAINAT anghispifd restcarifdmge heaida asai d out war d
hol I ow extefisil dP &daWidige, @ iRE datiiadiacedHint @o5diadggeond chanber
and said recording head thereby being included in an
ink jet recording apparatus, and said apparatus
further cowprises means for feeding a recording medium
to a recording region of said ink jet recording
apparatus.

14. A container according to Claim 1 or 2,
wherein said negative pressure producing material is a
non-heat-compression-treated sponge material, and is
compressed into said second chamber.

15. A ligquid accommndating container for
supprlying liquid to a ligquid container having therdin
3 negative pressure producing material and including
an air vent portion for fluid communication with an
ambience, a liquid supply portion for supplying liquid
to a2 liquid ejection head and a liguid receiving
portion, wherein said liquig accommodating container
supplies the liguid through the liguid receiving
portion to which said liquid accommodating container
is detachably connectable, wherein £aid liguid
accommodating container is connected with said ligquid
receiving portion of said liquid container, the liqu:id
in the liguid accommodating container is permitted to
enter the liquid container while +the ambience is
introduced through the liquid receiving portion from
the air vent, said liquid accommodating container
comprising:



fromsaid first chanber via said outward hol |l ow extension, wherein said

second chanber is replaceable wthout contacting to the negative pressure“3
producing material in said first chanber. 17 DEC 26
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an ink outlet which is detachably connected
to the liguid receiving portion of the ink container:
and

a plug member for sealing said ink
accommodating container against the ambience before
the ink accommedating container is connected to the
container, said plug member being moved inwardly of
said ligquid accommodating container by said liquid
receiving portion when said ink outlet of said ink
accommodating containexr is connected to said liquid
receiving portion of said ink container.

16. A liquid container for containing printing
liguid fdr supplying to & recording head fer an ink
jet recording apparatus, the container comprising:

a tirst chamber containing a negative
pressure producing material and having a printing
liquid supply port connectable to the recording head
for allowing printing liguid to be supplied to the
recording head and an air vent. for allowing ambient
air to enter the container;

an outward hollow extension extended from
said first chamber in fluid communication with said
first chamber via a communication port; and

a second chamber in fluid communication with
said first chamber via said outward hollow extension
and said communication port, said second chamber
providing a printing liquid reservoir for the first
chamber and being substantially closed apart from a
partion for communication with said outward hollow
extension to allow the printing liquid to flow into
sald first chamber via said outward hollow extension
to allow air to be introduced into said second chamber
from said first chamber via said outward hollow
extension, wherein saild second chamber is replaceabla
without contacting to the negative pressure producing
material in said first chamber.





