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-1- DESCRI PTI ON | MAGE FORM NG APPARATUS 5 TECHNI CAL
FI ELD The present invention relates to an i mge
form ng apparatus, and particularly, an inmage form ng
apparatus for forming an i mage by ejecting recording
liquid while a recording-nediumis electrostatically
conveyed. 10 BACKGROUND ART As an image form ng
apparatus such as a printéer, a facsimle machine, a
copyi ng machi ne and a coppt@gpfeeRi ne thereof, for
exanpl e, an ink jet recording apparatus is known. 15
The ink jet recording nmachi ne perfornms recording (that
is synonynmous with imge formation, picture printing,
character printin $rintin and _the |like) by
ej ecting an ink drgﬁA ¥ o E5F8RARGVRead onto a
recor di ng- medi um such as a recording paper (referred
to as a "paper"” below, but the nediumis not 20
limted to a paper, and the nedi um can be al so

TECHNTCZ RIEI@s a recordi ng-nmedium a transcription
paper, a transcription nedium recording material, or
the |'ke)Q&Eh%rbgﬁnkeﬁnvéﬁ¥§5ﬁ“ﬂéldﬁ@%h%Beaﬁaﬁméﬁgeforming
advant ages of "having the capability of recordihg a
hi gh-definition_inmage_at  high.speed.. [ ow 25 runnin

R s H06] SETCARE R LFY et TR J OF B8P PR B TOT dheT
-2-_ image using nulti-color inks., L )

forming an image by ejecting recording liquid while a

recording-medium is electrostatically conveyed.

BACKGROUND ART

As an image forming apparatus such as a printer, a
facsimile machine, a copying machine and a compleﬁ machine
thereof, for example, an ink jet recording apparatus is known.
The ink jet recording machine performs recording (that is
synonymous with image formation, picture printing, character
printing, printing, and the like) by ejecting an ink drop from
a recording head onto a recording-medium such as a recording
paper (referred to as a “paper” below, but the medium is not
limited to a paper, and the medium can be also referred to as
a recording-medium, a transcription paper, a transcription
medium, recording material, or the like). The ink jet
recording machine has some advantages of having the capability
of recording a high-definition image at high speed, low

running cost, low noise, and further, easily recording a color
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In such-an ink jet recording-apparatus, it is
necessary to increase the precision of the |anding
position of an ink drop on a paper for the attai nnent
of high image 5 quality. Therefore, for exanple, it is
known to prevent jans or contam nation caused by the
contact of a recording head wth a paper by uniformy
and positively chargi ng aZonveyer belt for conveying
. _the paper so.as ta hol.d.the paper due to
lﬂ@ﬁ@cgﬁggga??%t%ﬁ?$iﬂﬁi%ﬂ$sﬁorce, to keep the distance
between 10 the recordi ng head and the paper constant,
to controffnt fech cynvidaned ercopeipgapabPakdiitst dity itso
prevent the displacenent of a paper, and to prevent
nefdesabirggtof ithecgpspahe goediisibosed the DaphHnmeseosition of
Lai d- Open Patent Application No. 4-201469, Japanese

arlainG GPEP FAt £NtapiP|fcGathan ahe a9 nedd 605 rﬁgg% ikage
Japanese Lai d- Open Patent Application No. 2000-25249

YT ol s 5 SOUEHES Pl san

us-uni and positiVvely ed to

aper dye to the an, attraction. force, an ink dro
O1p CEPE BT AR BAPR HEE L5 GV RERE2FS Phi 5y pead
electric field so that the 20 di spl acenent of the
wilthn@i RgPpEsPY i Uil birmlye ansk pesdpialy hehapsieg § sonveyer
caused and ink mst flows back to the side of the

belecdodi cgnhenilng | theompdgrert aoprevent hohe the plageaneie to
of the landing position of an ink drop or the flow ng

elRtleogtaithk Atstactiod Torde KReWRebpathe t@i dthehcledGRen
of the paper on a conveyer belt -3- having a surface

£ P98 ¥ "hals Uld PHD Fide9€ cofstRAE I8 ddhtrol the

conveyance of the paper accurately to prevent the displacement
of a paper, aﬁd to prevent flocating of the paper, as disclosed
in‘Japanese Laid-Open Patent Application No. 4-201469,
Japanese Laid-Open Patent Application No.9-254460, and
Japanese Laid-Open Patent Application No. 2000-25249.

However, it is known that, as the conveyer belt is
thus uniformly and positively charged to hold the paper due to
the an attraction force, an ink drop ejected from the
recerding head is influenced by an electric field so that the
displacement of the landing position of the ink drop on the
paper is caused and ink mist flows back to the side of the
recording head.

In order to prevent the displacement of the landing
position of an ink drop or the flowing back of ink mist, it is

known that, to the surface of the paper on a conveyer belt
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a polarity opposing that of the conveyer belt is
applied at the upstreamside in directions for
conveying a recording head so that the electric
potential of the surface of the paper is 5 | owered and
the influence of the electric field on the ejected

ink drop is reduced, and the electric potential wth
the sane polarity as that3of the surface of the

o3RGk SR i keI oy Eng SBapbr coBh: Thias oy BFRSge, vich

due to the attraction faorce is 10 i nproved,, as .
2 PPdaras¥dOPROF AT o4 &Saoéﬁnﬁa@’%ﬁtbe%m% éapldrd at
No. 2000-25249. Further, as a nmethod for charging a _
theompeyeeabeside in digdatdwnst far aenweynda inefpording head
charging pattern is fornmed by contacting a surface of

sd h@agotneyelebetic Wdtdera 140l b&gehdSsapfddeaii ahed@apes is
and alternately applying a positive charge and a-

1&%&@@ gﬁdcpﬁé 9EnThéh P tHRaRed DRINCE 1 Oy Itcnnﬁ the ejected

surface of the conveyer belt, as discl osed

elt
7 B8, SPoThaNP Ry 6T recbrsetRit CORrTIAEt] OR FhiLs, Sane

an electric field is provided _between a surface of
polpgifypes BRAt iRk th& SUFIRGeheadthe TR BRI e Palffels

are problens in that an ink drop ejected from_ the
lowegeddifmgmhehe $sdpaifariheethalpprt Re thit ude dadfdimige of the

electric field so that the traveling of the ink drop
paper2$odiikuebete pael Hdiits duecandithg sannodt e pRYHoer fed

wel |, and -4- also, ink mst caused by the traveling
inffrovial, deQP8; §&PYSePaGK Japanese Laid-Open Patent
Rpplication No. 2000-252489.

Further, as a method for charging a conveyer belt,
it is known that an alternating charging pattern is formed by
contacting a surface of the conveyer belt with a voltage
application device and alternately applying a positive charge
and a negative charge in a strip-shaped manner on the surface
of the conveyer belt, as disclosed.in_Japanese Patent No.
2897960,

As described above, when a paper is held by
electrostatic attraction force, an electric field is provided
between a surface of the paper and the recording head.
Therefore, there are problems in that an ink drop ejected from
the recordihg head is polarized by the influence of the

electric field so that the traveling of the ink drop is

disturbed and thus recording cannot be performed well, and
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'to near or adheres to an ejection portion of the head
(a nozzle face forned on the nozzle) as a result of

" the polarization of the ink drop. 5 To address these
probl ens, charges in an alternating charging
(positive charging and negative charging due to an
alternate current) pattern are applied to the
conveyer belt and, as a résult, an attraction force is

ener

|SCF§%é%iﬁeR¥ﬁg%§%§Héggg Qv 1the<§§di§éﬁro%e £18%s pack

Si mul t aneousl y, positive char es and ne atlve charges

to| RAAE B ARG &0y agnefReticy rl?%ﬂéfe’-%? thg arle
conveyed so that the influences of the p05|t|ve

nochdegéscantbinesd magdtieveozhae jess & ecaideloddtbg each
other so as to reduce the average electric potentia

poQBribathen saif fiare iefk theppaper. Then, the electric
field that causes the displacenent of the | anding

position gf g&tgréggk th@s%pageﬁléHE flonmiqg haclkof the

ink mst Is reduced. Mean the use of "a
ontai nin an or ani ¢ ment _ .

18P RER AR ot arife Hhefgdh SOk Bhrpotng

use as a coloring agent in a recent |nage formn
dugpsar 8k uB1ERTIRFS FRIERNEY dBRLEST RIS RERldIedy el itg?

character printing on nornal paper. Since a pignent is
cogivEferepelt raom.a adye@ ardubds ap attidattics Jolngei sty

to water, the pignment is normally mxed with a

geflesREEa B@t@@nttm Ghaiper2antSele | GoriEM HIRK a@gndi Belosed
condition that the pignment is -5-- stably dispersed in

in"BLBaNLHE OGN IS PSiRBHABOP O8ERS1 taltiihisly, positive
charges and negative charges induced alternately on the
surface of the paper are conveyed so that the influences of
the positive charges and the negative chafges are canceled by
each other soc as to reduce the average electric potential on
the surface of the paper. Then, the electric field that
causes the displacement of the landing position of the ink
drop and the flowing back of the ink mist is reduced.
Meanwhile, the use of a pigment-containing ink, in
which an organic pigment or carbon black is used, is being
studied or is in use as a coloring agent in a recent image
forming apparatus using ink in order to attain high quality
character printing on normal paper. Since a pigment is
different from a dye and has no or little solubility to water,
the pigment is normally mixed with a dispersing agent and is

used in aqueous ink on the condition that the pigment is
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a pignment-containing ink generally has a viscosity

hi gher than that of a dye-containing ink and the
viscosity of the pignment- containing ink drastically
varies within a range of 5 nPs 5 through 20 nPs. A
drop of such highly viscous ink is deforned into a
cylindrical shape such that it instantaneously extends
long in ejection directiofs after a main drop of ink

LS, €j ec , he p on of  dielect ri
L R R S T e
conveyer belt induces an oggﬁfite char ge on.g— orlt_lion,th
a BLOPRRLTHROAIH RhIEK FEPEFONY 47 G5 a5 HHeltgher than
conveyer belt and a charge further opposite thereto,
thehaofi 8, dyeredrdraje imct ﬁnghénéa’ﬁl%e poleFqtiE va et fBe pigment-
charge on the belt on a portion of the ink drop which
coB@Rli hORgi $nik Wimsicafllgnmvhbeesd Switinire e rranglet ofl B mPs
anot her nmonment, the dielectrically polarized ink
LAd 8=divided into ink at the side of the
th%éh gyE? %g?i whi ch becone a drop shape and ink at the

si de of h ' I NS : 1N S .
nozsl o AP GHDS O U LSRRG by Gl N Ao into
ink cylinder is divided 20 nore fjnely and.becone
2 CHIARNELFRK ThaRS SHodahe LEr SnPHIG ISR This EEedenions
sane charge as the charge on the conveyer belt, the
inmiegecisonegbréeions @fderelt Mahd QEPRreS I difd ©I6FFeq-
contam nates the nozzle face. Consequently, the

THegbkephehbhénsenmf i elleatt ribe po2br Azkekiroroagfurisnisuch that

mst to a nozzle face of a recording head -6- cannot
akgﬁﬁ? erbﬂaEﬁQ S¥nAl et e +CaRweRkE0aR! ot idid\¢harge on a
0 .

con
portion of the ink drop which portion is closest to the
conveyer belt and a charge further opposite thereto, that is,
a charge with the same polarity as the charge on the belt on a
portion of the ink drop which portion is furthest from the
conveyer belt. In another moment, the dielectrically
polarized ink cylinder is divided into ink at the side of the
conveyer belt which become a drop shape and ink at the side of
the head which returns to the inside of the nozzle. At this
time, an intermediate portion of the ink cylinder is divided
more finely and become tailing ink mist. Since the trailing
ink mist has the same charge as the charge on the conveyer
belt, the mist is repelled by the belt and adheres to and
often contaminates the nozzle face.

Consequently, the problem still remains that the

adhesion of ink mist to a nozzle face of a recording head
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-for -a conveyer belt in an inmage form ng apparatus

using such a highly viscous recording liquid. 5

DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY

THE | NVENTI ON One of the objects of the present

invention is to provide an inmage form ng apparatus

that may inprove image quality by effectively

reduci ng the contam nati ofg-on a head 10 nozzle face.

Anot her object of the present invention is to provide
cagrotrhfest R HE B /Y2 CaLYs thei s nal whagghsg control

recording liquid and el ectrostatic conveyance, which
foappacahusyemybe lipriov eni naggeqiiatming Bprefrfadatsi velipyg such a

reducing the 15 contami nation on a head nozzle face.
hiMEANSYECESOLM &z Jidg RRGBLEM According to the first

aspect of the present invention, provided is an inmge

form ng apparatus including a 20 recording head

having a nozzle configured to eject a liquid drop of

rzigrglag |“§§%ﬁﬂ§ﬁ&ﬁ§gﬁ| forman inmage on the
D O bt iquid drop ejected fromthe
nozzle of the recording head, a conveyer configured
PROBLEMS T'@ 0BE o230 VHD \BY HHFEY INNENEHN ey a
recordi ng- medi um by a charge provided to the 25
conveyer , Onpadech tieabijegtdeviiceheopfespnediventieania to
nozzle -7- face of the recordi ng head based on a
priRligeangeshlige stint ng/ alpwa ratu s ot ainal i igprefret RRage

nozzl e face generated by the ejection of a liquid

qdyTREyaBQ Effeé%gqgﬁy‘yédJCQHbdtﬂéo@@ntamination on a head

nozzle face.

Another object of the present invention is to
provide an image forming apparatus using a highly viscous
recording liquid and electrostatic conveyanbe, which apparatus
may improve image quality by effectively reducing the

contamination on a head nozzle face.

MEANS FOR SOLVING THE PROBLEM

According to the first aspect of the present
invention, provided is an image forming apparatus including a
recording head having a nozzle configured to eject a liguid
drop of recording liquid so as to form an image on the
recording-medium with a liquid drop ejected from the nozzle of
the recording head, a conveyer configured to electrostatically
hold and convey a recording-medium by a charge provided to the

conveyer, and a cleaning device configured to clean a nozzle
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ejected fromthe recording head for image formation. 5

According to the second aspect of the present

i nvention, provided is an i mage form ng apparat us

including a recording head having a nozzle configured

to eject a liquid drop of recording liquid and a

conveyer configured to electrostatically hold and

convey a recording-nmedi umby a 10 charge provided to

t he conveyer, the imge form ng apparatus being

fLRPafF ehef réesmiingy dreddmgeecdn ohobhtbheesned titheeshold
recording-nmediumwith a liquid drop ejected fromthe

vd9fZ g EEnFEJ&fné@f&[ dingrheag,Waersks gehseauanay ehe

cleaning o nozzl e face of the recordi ng head when

J es are fornmed,on 15 hoih.fa €71 e
IR 0. Aedt ONHT ST B &TCh ke FRReE chby 574 SR

of the nozzle face of, the recordin heag when, an
ejarfgs EXoMoERBJTBFCTHENG At it orhdMREE of F Y=+ um

ADVANTAGEQUS EFFECT OF THE | NVENTI ON 20 According to

t he first Aaspedingfte heheressmd aspeeht PEnthe npgrsent

quality can be inproved by effectively elimnating

| eREE) apreriasdal oy | ende €omhiial eppraatmatirariuding a

caused by m st generated in electrostatic conveyance.

r&ESU AN 9 haeiﬁggélef}%z’ﬂﬁr@%r&&g{ﬁedpgsggj@c@% liquid

|nveﬁt|on, I mage ( ity can be i mprove

effectivel nd -8- efficientl lj.od '
SR RGO LIREI A FhCONURER COBREaRTeEtT%n i
caused by m st generated in electrostatic conveyance . .
e oCRRRAAEIGEA Y BRI FP T Gt i fSEAE BB IS WhT 6

on the nozzle face is relatively | ow .
charge provided to the conveyer, the image forming apparatus

being capable of forming an image on both faces of the
recording-medium with a liquid drop ejected from the nozzle of
the recording head, wherein a frequency of cleaning of a
nozzle face of the recording head when images are formed on
both faces of the recording-medium is less than a frequency of
cleaning of the nozzle face of the recording head when an

image is formed on one face of the recording-medium.

ADVANTAGEQOUS EFFECT OF THE INVENTION

According to the first aspect of the present
invention, image quality can be improved by effectively
eliminating contamination on a nozzle face which contamination
is caused by mist generated in electrostatic conveyance.

Accordingjto the second aspect of the present

invention, image quality can be improved by effectively and
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5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
perspective view of an exanple of an inmage form ng
apparatus according to the present invention seen
fromthe front side thereof. 10 FIG 2 is a schematic
diagramillustrating the structure of a nechanica
part of the image form ng apparatus. FIG 3 is a plan
view of an essential part_gf the nechanical part.
FIG 4 is a schematic diagramillustrating one 15
efeaiphe 19f el heisstind wenteminatdoneyperabedtzlf fdwee which
image formng apparatus. FIG 5 is a schematic
ccHitadi amtibhUskr ahh8eg anptient (exarakedofint ée st Fomiatie
of a conveyer belt of the image form ng apparatus. 20
odiv@yaceS 18 860896 SRId PO ntiRClnalin X e Of a
qlq P8 qr on hea

op ejectl constrtuting a recording

head .of the i e form ng _apparatu Long the
PR R OBl ELe P DIEAr it iaEhaREer o 6 7

IS a cross-sectional view of the head along 25 the

|ateral directions of a liquid chanber. -9- FIG 8 is

a schematic di agram of a nmai ntenance or restoring
BRERFh DESORIGTIONeOFnEle FRAWINGE apparatus. FIG 9 is a

schematic block diagramillustrating a control part
of the image. faorakng gePPasditiSre view of an example of an

image forming apparatus according to the present invention
seen from the front side thereof.

FIG. 2 is a schematic diagram illustrating the
structure of a mechanical part of the image forming apparatus.

FIG. 3 is a plan view of an essential part of the
mechanical part.

FIG. 4 is a schematic diagram illustrating one
example of the structure of a conveyer belt of the image
forming‘apparatus.

FiG..S is a schematic diagram illustrating another
example of the structure of a conveyer belt of the image
forming apparatus.

FIG. 6 is a cross-sectional view of an example of a
liguid drop ejection head constituting a recording head of the
image forming apparatus along the longitudinal directions of a
liquid chamber.

FIG. 7 is a2 cross-sectional view of the head along

the lateral directions of a liguid chamber.
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driving waveforns supplied by the control part to a
recording head. FIG 11A, 11B, and 11C are di agrams
illustrating respective driving pulses of the driving
waveforms. 10 FIG 12 is a flowhart illustrating the
first enbodi nent of a process of elimnating

contam nation caused by mst which process is

performed by the control part. FIG 13 is a flowhart

i 11 ustrat Fig. t heisec uheraicd dheoranf 08 provdsiengnce or
el imnating contam nation caused by 15 m st which

0628y hecpenian e the tikegeodbialingasppardt@s.14 is a
flowmhart illustrating the third enbodinment of a

process ofrgl i g patd NG HARkAE BALERN¢aYSEH fmlu%gﬁgting a

whi ch process is perforned by the contrdol part.

15 is a flowhart jllustrati.ng the_fourth 20

¢ giﬁéﬁF 8 ?wiﬁﬁﬁﬁ;ﬁgrqﬁn%wﬁﬁg?F%gu%bntanination
caused by m st which process is perfornmed by the
control pdrE. PGS 1% %§Q¥§m(ikﬂ%&FFaFFPQS??%I?*ﬁﬁﬁ%ﬁa°f
fifth enbodi nent of a process of elimnating

drcionanwvaatifonms asisepl Bd by sthewsionfirplopast e a recording
performed by the control part. 25 FIG 17 is a

hddcowechart illustrating the sixth -10- enbodi ment of a
process of elimnating contam nation caused by mi st

uhich progass h3apeffer it bid he o eabeobnpal i) ubl B ing

18 is a flowchart ustrating the sevénth enbodi nent

O rocess of seLhrioating cont ai;nat i on.fauzed by

FIG. 12 is a flowchart illustrating the first
embodiment of a process of eliminating contamination caused by
mist which process is performed by the control part.

FIG. 13 is a flowchart illustrating the second
embodiment of a process of eliminating contamination caused by
ﬁist which process is performed by the control part.

FIG. 14 is a flowchart illustrating the third
embodiment of a process of eliminating contamination caused by
mist which process is performed by the control part.

~FIG. 15 is a flowchar£ illustrating the fourth
embodiment of a process of eliminating contamination caused by
mist which process is performed by the control part.

- FIG. 16 is a flowchart illustrating the fifth
embodiment of a process of eliminating contamination caused by
mist which process is performed by the control part.

FIG. 17 is a flowchart illustrating the sixth
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5 m st - mhlch process is perforned by the control part.

FIG 19 is a diagramillustrating the charging

control for a conveyer belt by the control part. FIG

20 is a flowchart illustrating a process of charging

wi dth control for a conveyer belt by the control part.

10 EXPLANATI ON OF LETTERS OR NUMERALS 10: Ink

cartridge 33: Carriage 34:qdrecording head 15 35:

Sub-tank 51: Conveyer belt 52: Conveyer roller 53:
erbddefmentl bera @foce@mred rd imdheeing@Oc@itamnbiaitionaweased by

or restoring nechanism 82: Gap 83: W per bl ade 84:

m%lta%leheﬁib@@sé 0 ipaIFordRe bYOBhEOboRardl 3mrdl5: AC
bias supplying part -11- 317: Maintenance or restoring

BEST NODETEBR ARG (SIF R LRVERT RS e Feventh
embodiment of a process of eliminating contaminatioh caused by
mist which process is performed by the control part.

FIG. 19 is a diagram illﬁstrating the charging
control for a conveyer belt by the control part.

FIG. 20 is a flowchart illustrating a process of

charging width control for a conveyer belt by the control part.

EXPLANATION OF LETTERS OR NUMERALS

10: Ink cartridge

33: Carriage

34: Recording head

35: Sub-tank

51: Conveyer belt

52: Conveyer_roller

53: Idler roller

56: Charging roller

81: Maintenance or restoring mechanism
82 Gap

83: Wiper blade

84: Blank ejection receiver
‘300: Control part

315: AC bias supplying part
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Enbodi nents of the present invention are described by
referring to the appended drawi ngs below. FIG 1 is a
perspective view of an exanple of an image form ng
apparatus according to the present invention 10 seen
fromthe front side thereof. This imge form ng
apparatus includes an apparatus body 1, a paper feed
tray 2 for feeding a paperyji{o the apparatus body 1
which tray is attached thereto, and a paper’ ejection
tray 3 foB13tadkimigepaper con rekiching mewgwisn Biving
recorded (forned) which tray is attached to the
peAfpar at us body 1 detachably. Further, at one side of
"the front face of the apparatus body 1 (one |atera
"side of t pa ej ection trays), a
cartrldgeg?%stgﬁf %éﬁﬁ%éﬁﬁi'¥%8§ installing an ink
cartridge which part projects fron1the front 20 face
to the front side of the apparatus body 1 and is
Iocated belom1the top face thereof IS provided and an
RS JRBRY INfG QiEE (THE BMITEON an operati on
“buttons and an indicator are provided is made on the
top face @hbbhHémentstof dge imrssahtathvenphen ake 2Escribed
Plural ink cartridges 10k, | Cc, 10m and 10y which

%f&fﬁn@eeer Qhagaﬂaga&&uéa GBiainggeBelow. cont ai ni ng
¥ecord|ng |qU|ds with colors different from each

ot her, fOTIEXa n% €éf§g&é§ﬂxé 0K e C fnaﬁcax iffe of an

rragenta (lgb |nk the cartridges

referred to as ink cartrid n is no
sl OIS, PREGFRIE MECH TG TOaktBebTRRrar | Bt ion

seen from the front side thereof.

This image forming apparatus includes an apparatus
body 1, a paper feed tray 2 for feeding a papér to the
apparétus body 1 which tray is attached thereto, and a paper
ejection tray 3 for stacking paper on which an'image is
recorded (formed) which tray is attached to the apparatus body

1 detachably. Further, at one side of the front face of the

'apparatus body 1 (one lateral side of the paper feed and paper

ejection trays), a cartridge installation part 4 for
installing an ink cartridge which part prbjects from the front
face to the front side of the apparatus body 1 and is located
below the top face thereof is provided and an
operation/indication ﬁart 5 on which an operation buttons and
an indicator are provided is made on the top face of the
cartridge installation part 4.

Plural ink cartridges 10k, 10c, 10m, and 10y which
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in the cartridge installation part 4 by inserting them
from the front face of the apparatus body -1 toward
t he backside thereof. At the side of the front face
of the cartridge installation part 4, a front cover
(cartridge cover) 6 that-is 10 opened when the ink
cartridge 10 is attached or detached is provided so
that it can be opened or —alpesed. Al so, the ink
cartridges 10k, 10c, IOm and by have configurations
arsuchcordibng thepisr earhsidoeedion erdwdndgIpssrereasg
and j uxtaposed side by side. 15 This front cover 6 is
ligRi BEekyriesa ofs aliffeasapafenh adcts erhel, afiopaceatple, -
material such that the plural ink cartridges 10Kk,
p1L0% (fk?”ln]é‘,ndc (cyst ak! eﬂa@é‘nﬁi‘e%M)Ceirrﬂdﬂ dad yellow (Y)
I'nstallation part 4 can be viewed from the outS5ide
. thereof on the condition_,of closi 1t f I COWar
00 ] EROWRR CE 6808, CBaRe bet Borit st oS udh  hae™
a part of the cover is made of a tran%parengﬁgn
theari i6r BASPREGHC HiatéPPRLShnERRPINS )i MaTc het APggadted
10k, 10c, 10m and by can be viewed fromthe outside.

irAltke, crehmidge girpiaitiationngacht 4 dry parrer tigg them ,@som_

respective colors Ilk, Ilc, Ilm and bly (referred to
tHRS frédt faesvbfidle: Gyppatrhtysi bddgal i swaal tthel Backisede
there is no need to distinguish the colors) for

t}{ehr}%io%at i B thatside JEMRENiFRENt APARE i df @heDTodrths dgR

ink cartri ges for respective colors 10k, 10c,
BRI ADRELE | BT AR Al OB B 1
opened when-the ink cartridge 10 is attached or detached is
provided so that it can be opened or closed. Also, the ink
cartridges 10k, 10c_,r 10m, and 10y have configurations such
that they are installed in standing positions and juxtaposed
side by side.

This front cover 6 is entirely made of a
transparent or semi-transparent material such that the plural
ink cartridges 10k, 10c, 10m, and 10y installed in the
cartridge installation part 4 can be viewed from the outside
thereéf on the condition of closing the front cover 6.
Additionally, the cover can be configured such that a part of
the covef is made of a transparent or semi-transparent
material whereby the ink cartridges 10k, 10c, 10m, and 10y can
be viewed from the outside.

Also, remaining quantity'indication parts for the

respective colors 1lk, llc, 1llm, and 1ly (referred to as
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i nstallation positions corresponding to the

installation positions (arrangenment positions) of the

ink cartridges for respective colors 10k, 10c, |1 QOm

and 10y. Further, the operation/installation part 5

is also provided with a power 10 supply button 12, a

paper sending / printing restart button 13, and a

cancel button 14. Next, a-feechanical part of the image

formng apparatus is described with referring to FIG
“r2raidiBgGusntiterisidication parssalitHeren ithafisadlane need

illustrating the whole 15 structure of the nechanica
tPAitlstandufk® tBei oo )arfod ewdatatangpenat itheparemadhing

t he mechanical part. A carriage 33 is held slidably in
q@%ﬂ%@r‘ekngnkg' :{ﬁcérliéfri%l@)éa%t&% 8s! 86r edfect 164 E@lors

er extending to eft and right side plates 21A,

LGSRSO AT B AL, LAY R ndlLdR ox enc

iTections
(carriage main-scanning directjons) by a main scanning
arptagirapesd PE hbe ¥9?4ﬂﬂ§lF?§&PBSPa§€E%d%ﬁriage

33 is provided with a recording head 34 including,
irisherl latdend pdsdpiensctomre spemdi ndoitcefbet i pgta e tips
drops with respective colors, such as yellow (Y), cyan
pd£dtionkd-(aFrgageachM podithidilsclof( Bkp, iak destridypss for
above, so that a nozzle face 34a has plural ink

r%p?é:éﬂi% %%%%s(m@i,z'ﬁga, thal, RIE 1857 angesthdr, the

rections crossing t mai n-scanni ng directions, and
o PR Lo SHEE'S S MBS feaSefin 0 e
supply button 12, a paper sending / printing restart button 13,
and a cancel button 14.

Next, & mechanical part of the image forming
apparatus is described with referring ﬁo FIG., 2 and FIG. 3.
Herein, FIG. 2 is a schematic diagram illustrating the whole
structure of the mechanical part and FIG. 3 is a plan view of
a specific part of the mechanical part.

A carriage 33 is held slidably in main-scanning
directions by a guide rod 31 as a guide member extending to
left and right side plates 21A, 21B constituting frame 21 and
a stay 32, and is moved for scanning in the directions of an
arrow f{carriage main-scanning directions) by a main scanning
motor that is not shown in fhe figures.

The carriage 33 is provided with a recording head
34 including four liquid-drop ejection heads for ejecting ink

drops with respective colors, such as yellow (Y), cyan (C),
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34, an ink jet head with a pressure generation device

for generating pressure for ejecting a liquid drop

such as a piezoelectric actuator using a

pi ezoel ectric elenment, a thermal actuator that

utilizes phase change of liquid by film 10 boiling

t hereof using an el ectro-thernmal conversion el enent

such as an exotherm c resissfor, a shape nenory all oy

actuator using netal phase change dependent on
mabeRPEr ai)f eadasigesk ABk) , ansebestristditdbmveactsgatbat a

utilizing an electrostatic force, can be used. 15 A

no%%il}ée?.a&g 88 isd glihedli Ankhejeeeosdi perieathc¥tleshi ¢hat

I's connected to a control part that is not shown in

the fi .Ih : (] exi . Ord .
acgySxxegei i SRR R R by, Pl e T R L

for respective colors 35 for supplyin jnks.m&{h
QiresenPy can3 0t be| TGy P @tr cBbr B Ho- Huhd SACFETHs
sub-tanks for respective colors 35, inks with ,
respect i vascahoiskajet haasl icompstitomnraktharigsersiag head
for respective colors 10 installed in the «cartridge
34,nghalihat 'E@a pesdl wits xlesesshed gboseatidn alaghidenkfor
supply tubes for respective colors 36. Additionally,

odpLingietiL ity lehs aruited s saesy ot |
e Tl Sl Y et
constituting the frane,fl in heeF% rse of _ext endi £i1m
CharRluBEF uaBRT RB2bt Fot LT PTIAToa CPARET P Eok i Hor
feeding 5 papers 42 stacked on a paper stacking part
b idriess hieziond using an electro-thermal conversion element
such as an exothermic resistor, a shape memory alloy actuator
using metal phase change dependent on temperature change, and
an electrostatic actuator utilizing an electrostatic force,
can be used.

A driver IC is installed in the recording head 34
which IC is connected to a control part that is not shown in
the figures through a barness (flexible print cable) 22.

Also, the carriage 33 is provided with sub-tanks
for respective colors 35 for supplying inks with respective
colors to the recording head 34. To the sub-tanks for
respective colors 35, inks with respective colors are supplied
from ink cartridges for respective colors 10 installed in the
cartridge installation part 4 as described above, through ink

supply tubes for respective colors 36. Additionally, the

cartridge 4 is provided with a supply pump unit 24 for sending
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plate) 41 of the paper feed tray 2, a crescentic
control roller (paper feed control roller) 43 for
separating papers 42 fromthe paper stacking part 41
and feeding them piece by piece, and a separati on pad
44 opposi ng the paper feed control 10 roller 43 and
made of a material with a large coefficient of

friction are provided, wherein the separation pad 44

is pushed to the side of the paper feed contro
1i6ekbesf48nk Therthen igiki dertedtges450f and dguidiimk supeper

42, a counter-roller 46, a conveyance gui de nmenber

tubls 380a8e 19 1M 455 Wr Znk@ gTRBbREMASr N2y i dig A Hddk plate 21C
pressurizing control roll'er 49 are provided, and

further.a conve VeWd Les R8E tubes.
OB B Ea: FobI ToPMol 4 i t Ao {ed e Dhs o papey 5o tubes
and conveying it throygh the | ocation sin he )
recor di ngPRebl® JALHET 'dé@;aiRaBFae?g$€ @ﬁéﬁj#9ﬁafeedlng
papers 20 42 fed fromthe paper feed part to the |
pag@mss d8e sbhcked on et atiany svesdisg. PTRE (RFRASIEIL B
51 has no end and is configured such that it is

pledieandedogir ehiadpdssh feezbriveywadcear akbeces2ic amhtarol
tension roller 53 and revol ves along a belt conveyance

| recten ~ SRR idr§CUROmbr JBFa CONMRY PMgRers 42
riﬁ%ﬁ? é?%FEQ-Eé?&B%arged ?%?gbﬁgvided aﬁtﬁﬁz ch\a/ﬁr%e).bfs

f%o&ﬁ g gk:%%ér'?ls%%élﬁglgg tﬁ%}lﬂ &1 s lf%@ﬂh&i Plem Biece by

_ _ ave” a nono-layer “structure as
SRk 2 B S IR DRVE B LB 8 8B eontron
r£§§§; 43 and made of a material with a large coefficient of
friétion are provided, wherein the separation pad 44 is pushed
to the side of the paper feed control roller 43.

Then, a guide member 45 for guiding a paper 42, a
counter—rollef 46, a conveyance guide member 47, and a
pressurizing member 48 having a tip pressurizing control
roller 49 are provided, and further a conveyer belt 31 as a
conveying devicé for electrostatically holding the fed and
sent paper 42 and conveying it through the location opposing
the recording head 34 is provided, in order to send the papers
42 fed from the paper feed part to the downside of the
recording head 34.

The conveyer belt 51 has no end and is configured
such that it is extended around both a conveyance roller 52

and a tension roller 53 and revolves along a belt conveyance

direction ({(sub-scanning direction). The conveyance belt 51 is
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of the conveyer belt 51 wth a nono-|ayer structure,
since it contacts the paper 42 or the charging roller
56, the layer is entirely formed froman insulating
material. Also, in the case of the conveyer belt 51
with a plural-layer structure, 10 preferably, the side
of it which contacts the paper 42 or the charging
roller 56 is forned as an-i@sul ating | ayer 51A and
the side of it which does not contact the paper 42 nor
chargedcHargbngvided efi 8 3 $heaigeedb¥s2 afRT ST iXAYeF 6
conductive layer 51B. 15 As an insulating nateri al
wHidre fier Aengetbeviegnveyance belt 51 with a nono-Iayer
structure and an insulting material for form ng the

i nsul at i ngnkayshveddr Belh& L oRNLYARECababhoSlayét h a
plural |ayer structure, a material being a resin or
I

an. el ast I [ ni [ -
SRR 9 sBah. PRI By d SoLha BEvhe P Py (o
PC, ETFE, .and PTFE, is preferabl e and tEﬁ$vo u h
bire Qs fuditiy 1a¥er heSt Tt BHiRI2S SPPYR2180ENF or hi gHethe case
preferably 1015 Qcmor higher. Al so, as a material, ]
off arhef momveyerhbedt ebl rikidl 13 mEBTdEBYeStTaGeirS1 Figice it
t he conveyance belt 51 wth a plural-layer 25
cattdetidinde papevoldner rigsd sthardiypgotrollersSr efler dldyer is
105 -17- through 107 11cm achieved by the materi al

e&tﬂﬂe@wfagmgar BOBmi 8n 1ML TRSIHY eatekasi OMeAlsdein the
chargi'ng roller 56 contacts the insulating [|ayer 51A

oSR5SR, COETEiat P OBy Deliccie,

r r n ,
pégfégggi;? E%edside of it which contacts the paper 42 or the

charging roller 56 is formed as an insulating layer 51A and
the side of it which does not contact the paper 42 nor the
charging roller 56 is formed-as an electrically conductive
layer 51B. |

As an insulating material for forming the
conveyance belt 51 with a mono-layer structﬁre and an
insulting material for forming the insulating layer 51A of the
conveyance bélt 51 with a plural layer structure, a material
being a resin or an elastomer and containing no electrical
conductivity control agent, such as PET, PEI, PVDF, PC, ETEE,
and PTFE, is preferable and the volume resistivity of the
material is 102 Qcm or higher, preferably 10%° Qcm or higher.
Also, as a material for formin; the electrically conductive

layer 51B of the conveyance belt 51 with a plural-layer

structure, the volume resistivity of it is preferably 10°
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Is arranged to rotate in accordance wth the rotation
of the conveyance belt 51, where both ends of the
axis of the roller are pressurized. The chargi ng
roller 56 is fornmed of an electrically conductive
material with a volunme resistivity of 10 106 through
109 0/0. To the charging roller 56, for exanple, 2 KkV
of AC bias (high voltage)-is applied froman AC bi as
supplyin% part (high voltage power supply) 315, as
thdesghi bed Qte) cechiBvedABybihs mayebinlh cinteindwng cargon in
triangle wave, but preferably is a square wave. 15
trAl sesia eui deasEsmref. 57 is arranged at the backside
of the conveyance belt 51 such that it corresponds to

an imge rgLe iR i Y1RG BY EBAthEeoT thd G rad 134
The guideTﬁ%nggéfﬁ%égnnintains the highly precise 9

1755 2Pt HeBPBr T e REROR TS 96 YR ey PR

the recording head 35 fromthe tangeni g%ne betmggn :
51t Hért iber 6RPEr 8T (Elife RO diaRce PORFRt— S emfieture) and

tension roller 53) supporting the conveyance belt 51.
isTherramgedy anceobate H1 awyoidepseardhl the mafiation of the
conveyance direction in Fig. 3 due to the rotation of

cdie 25 ce0REeYapt e wiektebdid, entiscbfi shdraxin diff the roller
sub-scanning nmotor -18- that is not shown in the

add PHEIM:36A. dr Nt NehP&)itng FYILREr BB €5 BSredaielan
ejection part for ejecting” the paper 42 on which

recor.di IS de by the recardj. e 4, S
e%ﬁﬁﬁﬁ%ﬁ%ﬁ;¥ EPEaF%Elg%Hm%éﬁﬁfh %ﬁggt%eegégﬁ? Eé%#%%ﬁﬁlty of
the 5 conveggnce belt 51, the paper ejection roller
1B2 thapyghhdd” /0. To the charging roller 56, for example, 2

¥V of AC bias (high voltage) is applied from an AC bias
supplying part (high voltage power supply) 315, as described
below. The AC bias may be a sine wave or a triangle wave, but
preferably is a square wave.

Also, a guide member 57 is arranged at the backside
of the conveyance belt 51 such that it corresponds to an image
area for printing by the recording head 34. The guide member
57 maintains the highly precise planarity of the conveyance
pelt 51 by projecting the top surface of the guide member 57
at the side of the recording head 35 from the tangent line
between the two rollers (the conveyancé roller 52 and the
tension roller 53) supporting the conveyance belt 51.

The conveyance belt 51 revolves along the belt
conveyance direction in Fig. 3 due to the rotation of the

conveyance roller 52, which is driven by a sub-scanning motor -
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paper ejection control roller 63 are provided, and the
paper ejection tray 3 is provided bel ow the paper
ejection roller 62. Herein, the height of the paper
ejection tray 3 froma position between the paper
ejection roller 62 and the paper 10 ejection roller 63
is appropriately large in order to increase the
quantity of papers that cangbe stacked on the paper
ejection tray 3. A so, a double- S|de upit 71 is

thAR 46haatdehaEhaH! yrheaf igvESFadiai BedBViHE Ridar at us
body 1. The doubl e-side unit 15 71 receives and
.reverses fFhethbapeorel2 ashat riapegerferbiohepami tfyy ejecting
revolving in a direction opposing the revolving

tHH Relron2 eh wheck onveyrariery Usl malé, banthd esdsordieig head
reversed paper between the counter-roller 46 and the

3&03% G&tREht < Pdy aPRIFL Qat HS LRP S&%E of2 thRnm the

e unlt 1 1s made O nanua feed tray
72. Furth a enance or, storln
cqBeNRITR FEAENg '}?‘-‘eﬁa&ﬁﬁqgelt% B EHO G b
of the recordlng head 34 is arranged |n
PaRAT E@cadérar cprtFr} P ldida 63ataré’nér§’f’é|%e%'f ane} the paper
directions for scanning of the carriage 33 25 as
emwimd tiEyG3 3s piovided bakownine eprprre aeatdsromiolger 62.
nechanisn181 respective cap nenbers (referred to as

Hekas" thel aw)i gBRaot tiHO Yaib? & jEcefienr eday 03 aSrdm aps
82" when t hey are not I stingui shed) for capping

PEREES] AR LEe 35 yiah rnees! 8 Deathd e
ejection roller 63 is appropriately large in order to increase
the quantity of papers that can be stacked on the paper
ejection tray 3.

Blso, a double-side unit 71 is attached detachably
at the backside of the apparatus body 1. The double-side unit
71 receives and reverses the paper 42 that is sent to the unit
by revol&ing in .a direction opposing the revolving direction
of the conveyance unit 51, and feeds the reversed paper
between the counter-roller 46 and the conveyance belt 31 again.
Also, the top face of the double-side unit 71 is made be a
manual feed tray 72.

Further, a2 maintenance or restoring mechanism 81
for maintaining or restoring the condition of a nozzle of the
recording head 34 is arranged in a non-character printing area

at one side of the directions for scanning of the carriage 33

as shown in FIG. 3.
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W pi ng a nozzle face, and a blank ejection receiver 84 -
for receiving a liquid drop at the tine of performng
blank ejection for ejecting a |liquid drop that does
not contribute to recording so as to eject thickened
recording liquids, are 10 provided. Herein, the cap
82a is for aspiration and noisture retention and the
ot her caps 82b t hrough 82—b9are for noisture
retention t he di sposal uid of recardin
| Cautd  pFOHIEES TRt SR i e b P ea LB 81,
operation of the 15 maintenance or restoring mechani sm
regpedtieefepterbens (uaferngs &2 apnkcareoRliay £2a
wi per cleaner 85 attached to the w per blade 83, and
tHydodhl 80K- éreféered otd has Dlcaps 8p&cwhem theceinemd
are ejected and stored in a disposal liquid tank 100

dlbﬁdl@@ﬁsﬁeas af&?rcaféﬁlrﬁgf qrés@;@cttheedhw@ﬁéﬂ fdddBligk the
sh omn by 20 a virtual Tine'in FIG 2. Also as shown

recQD 1gxg %Eaa gl} ané( Vgir]%eclt Vl\ﬂ.%c{ e%%l é?ank 5 é 8% for

e|V|ng a t hé ectlon

ejectin [ |d drop. t hat es no contribute to
wzrf@cra & %gmh qg%?%raﬁﬁcb 3 Ao FIPE ELP RO T Wert £oF

recording liquid 25 during the recordin I's arranged
regrelarimgn ac hagasd edrqw it |t31; tige afeReBfOFMNHan

side of the scanning directions of the carriage 33,
e-pet didhe flolraskeef bog | @il iqckel irop88hias goeyinted caittdibute

apertures 89 along the directions of the line of the

té“%?@dcﬁ%ll%fg tRea s eeor e &t hanit@thedd rhlestdi Mnel LXAMY € are

i qui'd drop ejection head
provided. Herein, the cap B2a is for asplratlon and moisture
retention and the other caps 82b through 82 d are for moisture
retention.

Then, the disposal ligquid of recording.liquid
produced by a maintenance or restoring operation of the
maintenance or restoring mechanism 81, ink ejected into the
cap B2, ink removed by a wiper cleaner 85 attached to the
wiper blade 83, and ink blank-ejected to the blank ejection
receiver 94 are ejected and stored in a disposal liguid tank
100 being a container for storing the dispeosal liquid shown by
a virtual line in FIG. 2.

Also, as shown in Fig. 3, a blank ejection receiver
88, for receiving a liquid drop when the blank ejection for
ejecting a liquid drop that does not contribute to recording

is performed in order to eject thickened recording liquid

during the recording, is arranged on & non-character printing
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constituting a réecording head of the inmage formng
apparatus is described by referring to FIG 6 and
FIG 7. Additionally, FIG 6 is a cross-sectiona
view of the head along the | ongitudinal directions of
a liquid chanber and FIG 7 is a 10 cross-sectiona
view of the head along the |lateral directions of the
liqui d chamber (the juxtapd8ition directions of the
nozzl.es).. The Li quj ej [ h [.Ss V] by
a:]-eoa} nattl ?}céeaﬁgﬁg a%ﬁ#%gg%%ﬁfeoﬁ %ﬁgﬁﬁ& 8%?%‘%21% ?]gﬁzqrrleed
by 15 ani_sotrqpically etchjng .a single crystal silicon
cmqeagé,r andy e a2k pﬁ%ﬁ‘%lf@z rﬁgﬁﬁﬁarbié, Fprprovided
exanpl e, nickel- electroformng, which is jointed to
witile dpstrtomesa88 siontethe |dbwesiaons! ofl the 1Dl ehdhe
nozzle plate 103 jointed to the top face of the flow

nedEidelofpl-akeré@drdimeriedya for.m ng a 20 nozzle
conmuni cati ng channel 105 communicating with a nozzle

104 for ejgghingna ék&‘rﬁ%ﬂe Bop Qidaidr el%g &Lt head
chanmber 106, and an i nk supply opening 109

commyni.cating._w a i,qui 108 for
G Acrrreeitnd TrRLiof REsuroe1pambas gffpratus
.two lines of stacked, piezoelectric elenents -21- 121
ig AasFromed PrerpEcERbum 0 1% 6 §0Ae§)Cas/. Additionally,

el ectronechani cal conversion el enents bei ng pressure
Fifenes dits en cdogecesctaenahtorewlef ¢be) head alengurheri ng

ink in the liquid chanber 106 by deform ng the
londitaidimalpbatect0ans Sofng i didse chabbbrased IPPGf oF is a

jointing and fixing the
cross—sectional view of the head along the laterzl directions
of the liguid chamber (the juxtaposition directions of the
nozzles).

The liquid drop ejection head is provided by
jointing and stacking a flow channel plate 101 formed by
anisotropically etching a single crystal silicon substrate, a
vibration plate 102 formed by, for example, nickel-
electroforming, which is jointed to the bottom face of the
flow channel plate 101, and a nozzle plate 103 jointed to the
top face.of the flow channel plate 101, thereby forming a

nozzle communicating channel 105 communicating with a nozzle

104 for ejecting a liguid drop (ink drop), a liguid chamber

. 106, and an ink supply opening 108 communicating with a common

liquid chamber 108 for supplying ink into the liguid chamber

i0e.

Also, two lines of stacked piezoelectric elements
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pi ezoel ectric elenment 121 are provided. Additionally,
a columar support part 123 is provi ded between the
pi ezoel ectric elenments 121. The col umar support part
123 is simultaneously formed with the piezoelectric
el ements 121 by 10 separately processing the materi al
for the piezoelectric elenents; however, it is nerely
a columar support since ng;_driving voltage is
applied to it. Also, the prezoelectric elenments 121
12 gonapneatelling oi FRBwablies th2 fayueesnexs i ng the
el ements to a driving 15 circuit (driving 1C) that is

e 11 FhRWR AR ch DecddEhE SN El%&»enftgebefﬁét; phesadyROr ti on
of the vibration plate 102 is jointed To a frane

nber. 130Q; ' ich - .. . ,
oS e SORE Y Aot ol cptg o 5o
LSS ea ot L0 b1 zosl scirl ¢ el erEnts, 1oL and 29,

and an ink supply hole 132 for supplying ink fromthe
arektelbiase sobsheateoh@drfdd quiidtdhgnBad 108irg eheor med
on the frame nmenber 130. The frame part 130 is forned
pitzddljeetinieneMbheh gl 21 ,afoproedded. e, Addi hiesmalsit,t iang
resin such as an epoxy resin or 25 pol yphenyl ene

l”ﬂﬂg > [ the [HORA ' d a hole
C%&nc I%S%%ﬁéthggﬁgzgﬁé:%ﬁnnuni?%?iﬁgﬁcﬁgﬁﬁg?9105 and

the liquid_chambe ar e..f or iLn.the. .
PR R 1o RS ER o byt Zatrnar APy AN Es 1o

single crystal silicon 5 substrate wth, a
S%?‘iﬂgiaé?eloé’g“rléfpﬁPE“%‘iia‘ﬁjeﬂHit'rbé:"ctﬁlr?ﬁ‘%fle(:iﬁi‘)’ elements 121 by

separately processing the material for the piezoelectric
elements; however, it is merely a columnar support since no
driving voltage is applied to it. .

Also, the piezoelectric eleﬁents 121 are connected
to FPC cables 22 for connecting the elements to a driving
circuit {driving IC) that is not shown in the figures.

Then, the peripheral portion of the vibration plate
102 is jointed to a frame member 130; concave portions which
include a perforation portion 131 for accommodating an
actuator unit composed of the piezoelectric elements 121 and
the base substrate 122, the common liquid chamber 108, and an
ink supply hole 132 for supplying ink from the exterior to the
common liquid chamber 108 are formed on the frame member 130.
The frame part 130 is formed by injection melding of, for
example, a thermosetting resin such as an epoxy resin or

polyphenylene sulphite.
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with an al kaline etching I'iquid such as an aqueous
sol ution of potassium hydroxi de (KOH); however, the
substrate is not limted to a single crystal silicon
substrate but another substrate such as a stainless
substrate and a photosensitive 10 resin substrate can
be used. The vibration plate 102 is forned froma
netallic plate of nickel-gpd, for exanple, produced
by neans of an el ectroform ng nethod (el ectrocastjng
net hod) ; #ecthnr bee atongier EWtignSorRted MR ebicCh
nmetal plate and a resin plate 15 can be al so used. To
bddine/ itheatben1pl esmmidiatiey qaenedl 205 rand effeneit@iid
121 and the columar support part 123 are jointed by
c%%n@&h% gverandoimed het dhe framenaankl 180ats 1010j reead

an adhesive. For the nozzle plate 103, the nozzles
104 with a__20 di anet f it u p f ol
R e A T s S
nozzle plate is connected to,tgg_floguchagnel %@1 fﬁ&
Sulps HATEs WiEh FheTkeEel Eorarta B3 anes APFEr Ry By (171
formng a water-repellent |layer as the top surface |
witieraofabmline stchine bigaidtodhe aoen AGUPARS FRYECion of
25 of a netallic nmenber through the internediate of a
phbesis 186 m2Boxiagenkoihe poesoat edthd subkenenesid ot
are a stacked-|ayer- type piezoelectric elenment (PZT
L)+ d ingh edcrPhezpe i JIserhab BEE @Asther
l|n €$%5F521g%fgggegrgggggr%fgii?acked alternately. The

sﬁgg gg%é%ﬁxﬁp%%r%agtgkgféggdgﬁbgéggte and a photosensitive

resin substrate can be used.

The vibration plate 102 is formed from a metallic
plate of nickel and, for example, produced by means of an
electroforming method (electrocasting method); another metal
plafe or a‘jointed plate of a metal plate and a resin plate-
can be also used. To the vibration plate 102, the
piezoelectric eleﬁents 121 and the columnar support part 123
are jointed by an adhesive and further the frame part 130 is
jointed by an adhesive.

For the nozzle plate 103, the nozzles 104 with a
diameter of 10 through 30 mm are formed and corresponds to
respective liquid chambers and the nozzle plate is connected
to the flow channel 101 by an adhesive. The nozzle plate 103
is provided by forming a water-repellent layer as the tbp
surface thereof on the surface of a nozzle forming part made

of 2 metallic member through the intermediate of a required
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alternately drawn to corresponding end surfaces of the

pi ezoel ectric elenment 121 are connected to a separate

el ectrode 153 or the conmon el ectrode 154.

Addi tionally, a configuration such that ink in the

liquid chanber 106 is 10 pressurized using the

di spl acenent of the piezoelectric elenent 121 al ong

the direction of d33 as apjezoelectric directionis

adopted in this enbodi ment’” but a configuration such
lagggg ink in the liquid charber 106 is pressurized

long the direction of d31 as a piezoelectric

directionTﬁggp£g%6ﬂfg&t cAkhoMedes A B0 are & s4elckea-layer—
such that “one columm of a piezoelectric elenment 121

is provided on, one substr 22_can . | howed. In
tYPﬁeP?-ﬁﬁgel:%?leg%re:lﬂeIn%ui@tz@r%%r%Jllgctllrgﬁqhﬁ'eégd\,ge f or

exanpl e, the piezoelectric element 121 contract nd
piezeelpotvibrmaterial did epd hﬁ%%%n%v&]i%%ﬁoa\ﬁér .‘1?2 gre
~voltage applied to the piezoelectric elenent 121 from
stadkelieseneenypdlvge Be respecthvevbhigmnadf elipetiroggisd 152

chanber 106 expands and ink flows into the liquid

a1¢haniee 1306 rabh tes Waithe dptRidinbeand| eut fdweselcdehie 102

I's extended in the directions of 25 | ayer stacking by
PR 3E ShEFRE AN senrared it P i ed
B b e

recording liquid in the Iiquid chanber 106 is .
corfigpurEitzen anahatrlopledt 1 tthe Fé%}giﬁ@fﬁ?%ilﬁ ss

ejected (or jetted) fromthe nozzle )
pressurized using the displacement of the piezoelectric
element 121 along the direction of d33 as a piezoelectric
direction is adopted in this embodiment, but a configuration
such that ink in fhe liquid chamber 106 ié pressurized along
the direction of d31 as a piezoelectric direction can be also
aliowed. Also, a structure such that one column of a
piezoelectric element 121 is provided on one substrate 122 can
be allowed.

In the thus configured liquid drop ejection head,
for example, the piezoelectric element 121 contracts and the
vibration plate 102 moves down by lowering a voltage applied
to the piezoelectric element 121 from a reference voltage so
that the volume of the liquid chamber 106 expands and ink
flows into the liquid chamber 106. Afterward, the

piezoelectric element 102 is extended in the directions of

layer stacking by raising the voltage applied to the
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104. Then, the vibration plate 102 returns to the
initial position thereof by setting the voltage
applied to the piezoelectric elenment 121 back to the
reference voltage and 10 the |iquid chanber 106
expands to cause a negative pressure therein. At this
time, the recording liquid is supplied from the
common |iquid chanber 108_4p_the |iquid chamber 106.
Then, after the vibration of a nmeniscus surface of

piddodlrdtie cnezahent f e drsl daepenbdaandntpbatariGed s
stabilized, the transfer 15 to an operation for next

deefcﬁﬁrﬁécp%o%ra bhausthdram tne MRE91e AJEi bboaal ty rdditce the
d for driving this head is not |limted to the

Cki, S fio
R R e nﬁ‘é Eer%‘ﬁﬁ% poiths
dependent on proylded r|V| 20 é, £
n &6 LyERAE] e BERSRBEL 20 ?%ét%rérr@ °
nechanlsn181 i's descrlbed W th reﬂerrin? to FIG
the ditdamukiinigy 1ighadf fgwriedted (©ehdratpd) df agnakhe nOZZle
illustrating the mai ntenance or restoring mechanismin
104he condition that a part of the nechanismis
devel oped. 25 For the mai ntenance or restoring

mechani sm ,2théSvikAR I dera 0 1A RekudhBotd the
hol di ng nec anlsn1for hol ding an aspiration and

TR AR5 4 S LO0r 50 S LU g eLERLIR vo

PSR oL e Tt e Cebanin Cap ¢ o,

for holding a w per ]
the liguid chamber 106 expands to cause a negative pressure

therein. At this time, the recording liquid is supplied from

' the common liquid chamber 108 to the liguid chamber 106. Then,

" after the vibration of a meniscus surface of ink on the nozzle

face is dampened and the surface is stabilized, the eransfer
to an operation for next ejection of a liquid drop is made.

Additionally, the method for driving this head is
not limited to the example described above (pull - push
ejection), and pull-ejection or pﬁsh—ejection may be performed
dependent on provided driving waves.

Next, the general configuration of the maintenance
or restoring mechanism 81 is described with referring to FIG.
8. Additionally, the figure is a schematic diagram
illustrating the maintenance or restorihg mechanism in the
condition that a part of the mechanism is developed.

For the maintenance or restoring mechanism 81, a
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bl ade 83 as ‘a bl ade conposed of an el astic body for
cleaning (w ping) a nozzle face 34a of the recording
head 34, and a blank ejection receiver 84 for
perform ng blank ejection operation (pre-ejection
operation) for ejecting a liquid drop 10 that does not
contribute to character printing fromthe recording
head 34 are provided as desgri bed above. Herein, the
aspiration and noisture retention cap 82a at the

cagl beddersP @A oinchelictineadicddipgi nethgnisreddrs holding an
connected to a tubing punp (aspiration punp) 21 as an

as%'ir&%ﬁ!'bhahhé méteyt o6 We et thilotX ichpbesabend 10 moisture
herefore, when the maintenance or restoring

retREabhoBahO2E NG, (£GP NG00d s el Bafiey e Bk righe

recor ding head 34 for performng the restoring .

operation is electively maved to_a,position at i_C
re e Lo E D BRI EIp Rt B A Eas C5BaEL 5 Yhel 82 B, he
shaft 213 that is rotatably supported on a frame 212
ngigtareangeanbetpwramh S achp shélldseshoddar bom Bolghd g Re Wiper
cam shaft 213 is provided with the cap canms 214A, 214B
blfagte 18i3f isng biadlewsmpusadetam kdbdéic POIN fR0IBeamdng
a wper cam?215 for lifting or |owering the bl ade

(ﬁ?i@'ﬁj) 3030z2%e Thete 34k ¥ahd Gedbirdend edditB )0 apdTR
211 and -26- rotate the cam shaft 213 due to the

IFERSRT sRLee P . o BURCARIho SRt it o
ol SR OL H52%, 252 BLOYag o8 URLOL Al 4 2P o
tlquf a%g (g:ltgif:g ggil'lt:(t::lt_ll)'l'lg‘g Q t203 7cliasraec:|%%?:g %glxvlmt g.r?g afn rom the
recording head 34 are provided as described above.

Herein, fhe aspiration and meisture retention cap
82a at the closest side of the character printing area is
connected to a tubing pump (aspiration pump) 21 as an
aspiration device via a flexible tube 210. Therefore, when
the mainténance or restoring operation for the recording head
34 is performed, the recording head 34 for performing the
restoring operation is elecﬁively moved to a position at which
the head can be capped by the cap B2a.

Also, a cam shaft 213 that is rotatably supported
on a frame 212 is arranged below the cap holders 201A, Z01B
and the cam shaft 213 is provided with the cap cams 214A, 214B
for lifting or lowering the cap holders 201A, 201B and a wiper

cam 215 for lifting or lowering the blade holder 203.

Then, in order to drive the tubing pump 211 and
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gear 224 united with the punp gear 223 via an
internmedi ate gear 235. Then, a cam gear 230 fixed on
the camshaft 213 is engaged with an internedi ate
gear 228 that is co-axial wth the internediate gear
226 via an internedi ate gear 229. 10 In the
mai nt enance or restoring nechanism 81, the notor gear
222, the internedi ate gearp,224, the punp gear 223,
and the intermedi ate gears 235, 236 are rotated by
rokgtat thg cameshaitor132tuenta bbe nedbtatiicecidfon megorhé2l, a
tubing punp 211 operates by the rotation of the shaft
pufiblBedt bBS SHIRED WP alpudplsnat FL1D oS pieatentng pump
I nsrde of the aspiration cap 82a (this operation is
referred to,as.,\.c jasi.d pheat.lon:: ;
2100 6Fr BUPBHST VHb DIRETgUsis 538, P Bt B kS e TeLoE, ghatt
since their rotation.is prevented d Q. the .
21310. arfoBEFBREF 2% GIGTTRS SEfopeahgtdl R O30oR #Eh 2
since the one-directional clutch 237 is engaged by
onestitrentibhel notercly 287 i sa epeeapdeviih &t iG-S late
reverse rotation of the nmotor 221 is transnmtted to
gdste 2oamungesd @86h tioouyingt yearo?ds gharap2htamediare
gear 223, the internediate gear 224, and the

| di ear 23¥B0 28x3d8onaflge 220y simfAtha3 is
gétaﬁé%?g‘rah sﬁgg?gz%séar%fg}taes. Then,X thgn-27- t ubi ng punp

- 211 has., t I ! j ] ,
B S Sl ey rdcesabots ostaken o

e punp shaft 21la. Each
e rireie B Aaer SRET 26 Frodet SrERBRILRH ra by THe
rotation of the camshaft 213. 5 Additional]y, B when
t he nozz| dnf Abe Bainpgnapee or restoring mechanism 81, the
motor gear 222, the intermediate gear 224, the pump'gear 223,
and the intermediate gears 235, 236 are rotated by rotating
+the motor 221 in a normal direction and.the tubing pump 211
operates by the rotation of the shaft 21la of the tubing pump
211, so as to aspirate the inside of the aspiration cap 82a
(this operation is referred to‘as “cap inside aspiratioh” or
“head aspiration”). The other gears 228, etc., Qo not rotate
since their rotation is prevented due to the one-directional
clutch 237, not engéging. 7
Also, since the one-directional clutch 237 is
engaged by rotating the motor 221 in a reverse direction, the
reverse rotation of the motor 221 is transmitted to the cam
gear 230 through the motor gear 222, the pump gear 223, the

intermediate gear 224, and the intermediate gears 235, 236,

228, and 229, so that the cam shaft 213 rotates. Then, the



10

15

20

25

‘recordi ng ‘head 34 is cleaned, the nozzle face 34a is -
w ped by noving the recording head 34 relative to the
wi per blade 83 on the condition that the w per bl ade
82 is lifted. In the thus configured image form ng
apparatus, the 10 papers 42 fromthe paper feed tray
2 are separated and fed piece by piece. Then, the
paper 42 generally fed in3fhe vertical and upward
direction is guided by the guide 45, sandw ched
uketnise eamph2 1t oneeyersteidtse sndht bbatolhtdres gldieoperate
46, and conveyed. Further, the tip of the paper is
ABUIREGErdE AoEOMVEY SF GHedpudp 8RAfEhBIMpPErEdch of the
pressured to the conveyer belt 51 by the tip
o4 B PAURY 52RETa Hld Sk B BRGLi L el £ O IRrered
I rection for e paper 1s ghange by approxi mately
90 degrees. At this tinme, a_plus output a m._nus
aly 1/ FRHEdfrt@m%ﬁengWé’agalWe?lﬁ%t’é‘?glg%\]ﬁ rogglg’teeé"l?ﬂ shaft 213.
that is, an alternating voltage is_applied_froman AC
bi as suppPgdagipapllel 5vhan theesvzzde pare 4t cef pewe
bel ow to the charging roller 56. Then, an alternating
red@rdiineg heabt adeipatieaned t Hite nozzadechacyi Mp patwigras by
such that a plus strip and a mnus strip are 25
nérigf L lrbBravhgelead 3¢ pfadatieenitsedhai WipenlsgHe 83 on
the sub -28- scanhing direction being the rotationa
pr {4 f ;@S 0K E n the
tlg%n%%/del%lggﬁ £ hg? tfi%”x%fﬁ%@f é}gégfref i's ?' ggggg_'d sent on

(e onveset el Lo5L el oo AULEN LG GEGEABEELE, e

[ veyer
belt 51 and the paper 42 is conv%yed in the sub-
papers 42 from the paper feed tray are separated and fed

piece by piece. Then, the paper 42 generally fed in the
vertical and upward direction is guided by the guide 45,
sandwiched between the conveyer belt 51 and the counter-roller
46, and conveyed. Further, the tip of the paper is guided by
a conveyer guide 47 and the paper is pressured to the conveyer
belt 51 by the tip pressurizing control roller 49, so that the
conveying direction for the paper is changed by approximately
90 degrees.

At this time, a plus output and a minus output are
applied alternately and repeatedly, that is, an alternating
voltage is applied from an AC bias supplying part 215 of a
control part described below to the charging roller 56. Then,
an alternating charging voltage pattern, that is, a charging
pattern such that a plus strip and a minus strip are

alternately provided at a predetermined width along the sub-
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scanning direction by the rotational novenent of the
conveyer belt 51. Herein, ink drops are ejected on
the paper 42 at a stop by driving the recordi ng head
34 according to an inmage 10 signal while the carriage
33 is noved, so as to record one line, and after the
paper 42 is conveyed a predeterm ned distance,
recording of a next line ig.performed. Recording
operations are finished by receiving a recording
scaanphet ddrecsigndeiony &hei gnabtiovikdirartilea ofhghe
rear end of the paper 15 42 reaches a recordi ng area,
co%%@y&?eb@%eflﬁfdﬁne@ %l @Bet BontBgepaRelrt glact penthe
tray 3. Al'so,” the carriage 33 is noved to the side of .

pa&%gt I,;ga 0 £08NGS %r{te%h%hegcgﬁsag& SRR il ch is

aracter printing (recording) and
t he recordlng h d 34.is 20 ca th the AP
alyerpgtra¥pChARIF A PIUS Pﬁe“\hg‘ﬁ?ed T AT off %érh%gd on
the failure of ejection caused by drying of ink is
ther ecenever Peto, 51 mnd ddsr @ergrl A4uid ?%mé%}fﬂdr dfedhe sub-
t hrough the nozzle by an aspiration punp that is not
shewng direbeibn doy ecHe efcdatédnad mevemerzl@f the conveyer
aspiration” or "head 25 aspiration”), on the condition

bélgnaﬂhe recording head 34 is -29- capped with the cap
and a restoring operatlon for ejecting the

thi ckenes HSEOR( D | AR S e Ay cRUBDLA he NOISDY Ml at a

Al so, a blan ef ecton operati or ejectlng |nk t hat-
Sy OF HB% R BT TR 7 CRECTORRt qrgh Hage

Thereby, the stable
signal while the carriage 33 is moved, so as to record one
line, and after the paper 42 is conveyed a predetermined
distance, recording of a next line is performed. Recording
operations are finished by receiving a recording completion
signal or a signal indicating that the rear end of the paper
42 reaches a recording area, and the paper 42 is ejected to
the paper ejection tray 3.

Also, tﬁe carriage 33 is moved to the side of the
maintenance or restoring mechanism 81 while waiting for the
character printing (recording) and the recording head 34 is
capped with the cap 82 so as to keep the nozzle in the wetted

condition whereby the failure of ejection caused by drying of

ink is prevented. Also, the recording liquid is aspirated

- through the nozzle by an aspiration pump that is not shown in

the figure (referred to as “nozzle aspiration” or “head

aspiration”), on the condition that the recording head 34 is
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ej ection performance of the recording head 34 is
mai ntai ned. Additionally, as described bel ow, an
operation for cleaning the nozzle face 34a of the
recordi ng head 34 by the wi per blade 83 is perforned
based on a tol erance threshold val ue of 10
contam nation on the nozzle face and a counted val ue
of the nunber of ejected-2®k drops (the nunber of
ejected liquid drops) by the inmage form ng apparatus.
capped wahd Ehanpie %f iam@iy ds ¢St BF IPBeCPHERfe Forfitngiecting
apparatus (or recording liquid, referred to as the
tHepradehents rekdrdiotow)igus.ddescriibedubihe i aserfiormsid.
is conposed of the followng (1) through (10). As a
A1GQ, Ok B aaGe8t e&OLon NieatitdlonPEoRt Bfigct Bng RirgiBiHataibes
a sol vent for deconposing or dispersing the agent are
rx&?%%l%%eagoe§§8€£&fﬁ CUPANERL S AR b HE RS siirt of the
wetting 20 agent, A GUrtace active agent, an emul sion,
a preservative, and a pH.cantrollin ent, ma
rrei38 Shaprrine e SR T gene SRRy thedraatis
agent 2 are mxed for utilizing, the characteristics
ejfctilva pespermanes wof tdl IGaccasdingdhedd Sadiudtaingaimed-
viscosity of the ink easily. 25 (1) a pignent (a
Adiiltfi-cthiad e, Sheedpsgnired Welww,Ymor op8Patihan efq2)cleaning
wetting agent 1 (3) a wetting agent 2 (4) an organic
tlf@'dé{?ﬁtlé o8 3NaaBf oS rHcdingNheadusl ase Bl iwiper
agent -

blade 83 is performed based on a tolerance threshold value of
contamination on the nozzle face and a counted ﬁalue of the
number of ejected ink drops (the number of ejected liquid
drops) by the image forming apparatus.

Next, one example of ink used for the image forming
apparatus (or recording liquid, referred to as the “presenf
ink” belcow) is described.

The present ink is composed of the following (1)
through (10). As a coloring agent for character printing, a
pigment and a solvent for decomposing or dispersing the agent
are used as an essential components, and further, a wetting
agent, a surface active agent, an emulsiqn, a preservative,
and a pH controlling agent may be used as additives. A
wetting agent 1 and a wetting agent 2 are mixed for utilizing
the characteristics of the respective wettabilities and for
adjusting the viscosity of the ink easily.

(1) a pigment (a self—dispersive pigment) 6 wt % or



(6) a polyol or glycol ether-w-th-a carbon nunber
equal to or greater than 8 (7) an enmulsion (8) a
preservative 10 (9) a pH controlling agent (10)
purified water The aforementioned respective
conmponents of the ink are described nore
specifically. In regard to (1) a pignent, the kind
thereof is not 15 particuggsly limted and an
i norgani c pignment or an organic pignment can be used.
mOAE an i norganic pignment, a carbon black produced by a
publicly known nethod such as a contact nethod, a
furnace né2hod, weid ray taeentall method in addition to
titanium oxide and iron oxide can be used. Also, as

an organi q3pi §npdtsirdP KAz pi gment (which can
i nclude an azo | ake, an 1 nsoluble azo pignent, a

condensed 3 oagi tiéﬂg%f%e @elate azo pignment), a
polycyclié éignen or “‘exanpl e, a phthal ocyanine

pi gment , eryl ene pignent, a perynone pignment, an
anthraquizé ea%iiﬂﬁﬂﬁicz?QyHQQ&EBFGOﬁErE? tiye agent
di oxazi ne 25 pignent, a thioindigo pignent, an
i soi ndol i H6hea ppefient oramdacod1 ethairneitandnearbon number
pignment), a dye chelate (for exanple, a basic

eqiyd- ttyyperchetater attthra® aci di ¢ dye-type chel ate), a
nitro pigment, a nitroso pignent, and aniline black

can be usedy AnoagLid@se pignents, a pigment having an
affinity 5 for water is preferably used. The particle

si ze of a(§59gﬁﬁ§eservative

(9) a pH controlling agenf

(10) purified water

The aforementioned respective components of the.ink
are described more specifically.

In regard to (1) a pigment, the kind thereocf is not
particularly limited and an inorganic pigment or an organic
pigment can be used. As an inorganic pigment, a carbon black
produced by a publicly known method such as a contact method,
a furnace method, and a thermal method in addition to titanium
oxide and iron oxide can be used. Also, as an organic pigment,
an azo pigment (which can include an azo lake, an insocluble
azo pigment, a condensed azo pigment and a chelate azo
pigment), a polycyclic pigment (for example, a phthalocyanine
pigment, a perylene pigment, a perynone pigment, an
anthraquinone pigment, a quinacridone pigment, a dioxazine

pigment, a thioindigo pigment, an isoindelinone pigment, and-a
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I's preferably 0.05 mthrough 10 m nore preferably 1
pmor |ess, and nost preferably 0.16 pmor |ess. The
| oadi ng of a pignent as the coloring agent in the ink
is, preferably, approximately 6 through 20 Wt % and
10 nore preferably, approximately 8 through 12 wt% As
specific exanples of a pigment that is preferably
used in the present ink, the follow ng pignents are
provi ded. For bl ack color carbon bl acks (C. 1. pignment
qﬂ%anahes%gam@stfpralm Rihadlatel Aprbeeatplaceat Haavie
bl ack, and 15 channel bl ack, netals such as copper,
ayd- 0:3@% che1BLAMER gt’rkaacéﬁ_dl:l':l)d yeARYpki LRBTHER PXI i iyl
I'c prgnents such as aniline lack (C. 1. pignent
black 1) rovi ded. For_ cpl or. g t
P Yvs alnefg-agﬁoy@r%%) arith i3 ing %%%gky S5 i Aﬁd
13, 14, 17, 24, 34, 35, 37, 42 20 (ye||OMIOXIde)
55, 81, 83MCHDshERBSSaPIFRIHRY, %M?lg@?ntgbaVl&@oanJﬁﬁflnlty
104, 408, 109, 110, 117, 120, 138, and 153, C.I.
Fqf grElr dsapgeseBably, usdd. 1The3®ard3clansisd , opiaymsrment
red 1, 2, 3, 5, 17, 22 (brilliant fast scarlet), 23,

1§lpdre%(r€a§y20 bgeﬁuﬁaﬂ?fgutj o 2 Bird, Babre gﬁéﬁefﬂﬂmﬂ% or

48: 3 25 (permanent red 2B( , 48:4

10854 [TIaAPEaPheRe-toyY Bold byt 23 .2 52411 a1

(rhodam ne_6G.I| ake 88, 101 (re ron.,oxkde) .
104105, TGe 1oR88hEcGENR I FEY: 7o) A 184588) agent in
(qui nacri done _ magenta), 123 146 149 166, 168, 170,
the2ink 75, preferablye aBBroRgwatelys 6 3bgoughq291¢t®, and
C.l1. pignment violets 1 (rhodam ne
more preferably, approximately 8 through 12 wt5.

As specific examples of a pigment that is
preferably used in the present ink, the following pigments are
ptovided. For black color, carbon blacks (C.I..pigmeﬁt black
7} such as furnace black, lamp black, acetylene black, and
channel black, metals such as copper, iron (C.I. pigment black

11), and titanium oxide, and organic pigments such as aniline

_black (C.I. pigment black 1) are provided.

For colors, C.I. pigment yellows 1 (fast yellow G),
3, 12 (disazo yellow AAR), 13, 14, 17, 24, 34, 35, 37, 42
(yellow oxide)}, 53, 55, Bl, 83 (disazo yellow HR), 85, 87, 98,
100, 101, 104, 408, 109, 110, 117, 120, 138, and 153, C.I.
pigment oranges 5, 13, 16, 17,'36, 43, and 51,'pigment red 1,
2, 3, 5, 17, 22 (brilliant fast scarlet), 23, 31, 38, 48:2
(permanent red 2B (Ba)), 48:2 (permanent red 2B(Ca}), 48:3

(permanent red 2B(Sr}), 48:4 (permanent red 2B (Mn)), 49:1,
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| ake), 3, 5:1, 16, 19, 23, and 38, C I. pignment blues
1, 2, 15 (phthal ocyanine blue R), 15:1, 15:2, 15:3
(pht hal ocyanine blue E), 16, 17:1, 56, 60, and 63,
and C.1. pignent greens 1, 4, 7, 8, 10, 17, 18, and
36 are provided. 10 Besides', a graft pignment obtained
by treating the surface of a pignent (for exanple,
carbon) with a resin so as%%Fo be dispersible in water
b

and a processed pignment o ined by providing the
5254 f age10f 59; pi gty iGher caxanpkecBLArdmI), W3k, &3:2,
functional group such as a sulfone group and a
car bgxyl 10Ye) dikgpefsi bled ;
6433 300 MR P 2 Bheed B3 CORP o Ot e i el
as to_make the pi nt be dijsp i b [ ter..
10850d05, AGbBr of iy | P PErEr ed Aepottt of  And dBERdaone
ink, for a pignent for black ink, it is preferable to
meaytohta) 20 13Bgnehb - i &berldd 1i6ui d78bt hihedt by 178, 179,
di spersing the pignment wth a dispersing agent in an
1guaees megi updd ntand rkl9,AL.4. pighent edielisierlsi (mpodamine
agent, a publicly-known dispersing liquid used for

144 8parg ng.4hejgonventivnainamg,publki chygh@emblues 1, 2, 15
pigrment-di spersed |iquid can be used. 25 As the

LSRG 5 L ! [ AXAPle,. of Nes: 331, {00 Wi ihine blue
(éhﬁﬁgiﬂﬁygglggng%gepé8Vi éaf ﬁbry(acry i}:PacicﬁB,Mﬁg-l
pol y(nethacrylic Ciéﬁ crylig acid-acrylonitrile
Ebop'{ﬁ(rylﬁr-,lf ﬁnyﬁgac & -’aﬁrﬁ&'g'c%gﬁn r%’fee&sry%’i gr T
aci d-al kyl acrylate copolynmers, styrene-acrylic acid
8 cadbl Viver 18st pndnd6 arethieridet acid copol ymer,
styrene-acrylic acid-al kyl
Besides, a graft pigment obtained by treating the
surface of a pigment (for example, carbon) with a resin so as
to be dispersible in water and a processed pigment obtained by
providing the surface of a pigment (for example, carbon) with
a functional group such as a sulfone group and a carboxyl
group so as to be dispersible in water can be used.
Also, a microcapsule containing a pigment so as to
make the pigment be dispersible in water may be used.

Bccording to a preferred aspect of the present ink,

for a pigment for black ink, it is preferable to add a

pigment-dispersed liquid obtained by dispersing the pigment

with a dispersing agent in an aqueous medium into ink. As a
preferred dispersing agent, a publicly-known dispersing ligquid
used for preparing the conventional and publicly-known
pigment-dispersed liquid can be used.

As the dispersing liquid, for example, the
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acryl ate copol yner's, styrene-nethacrylic acid-alkyl
acrylate copolyners, styrene-a-nethylstyrene-acrylic
acid copolynmer, a styrene-a-nethylstyrene-acrylic
acid copolyner-an acrylic acid-alkyl acrylate
copol ynmer, styrene-maleic acid copolyner, 10
vi nyl napht hal ene-nal ei ¢ aci d copol yner, vinyl
acet at e- et hyl ene copolyngiy_vinyl acet ate-vinyl. ester
of a fatty acid-ethylene “Copol yners, vinyl
£oR86L 208" SR SairR-ceopahyBEr providyd. adetiat(@cryildtoacid),
acid copolyner, and vinyl acetate-acrylic acid
o]o]e jyde i AC ' iheipeetepbedmer,
po%g@%%?ﬁgérﬁ& Q) 3 chrgg’lé SOL &L A6 1rd pbEgm

e prese t he wei ght - aver age

.nmol ecul ar_ wei ghts .of " the.,(co)pol . .ara prekera
V13008 R B0 00 CoRBP TR By iy i e lRiodtviate

30,000, and nost preferably 7,000 through 15,000. In
copedamdree SHErensrAcRyldf BRéJagEPPVReT 4 FEYEFHE i ve

may be 20 appropriately added in a range of dispersing
mek hRc@YRAE st Bd|gopadhelrayisthyrapetassybic amddrad katlf ect

of the present invention. The range for the additive
adr¥1Rkef %Eaﬁ@iymér:&- Qft yireheugbthadrylboracipt-eflandblagrylate

170. 125 through 1:3. The content of the pignment used

as .a colori: age ' o) I : Of j
CRGLITEESr o ha T e RSS2
pigment is a particle with.a particle size of 0,0 M
sﬁwe@@gﬁt-&emygﬁ?%%n%‘sa%y EEFIFPRODY T S 58t Sy
agent in water. Al so, the dispersing agent is%f
aqioi-EIdwilc acay Lpke SFORP MGG FAVERGCENADE He AT \RIBgHY™eT
of 5,000 through 5 100,000. If a pyrrolidone
viteninsahithel eparmated ardgid -copolymer, vinyl acetate-ethylene

* copolymer, vinyl acetate~vinyl ester of a fatty acid-ethylene

copolymers, vinyl acetate-maleate copolymers, vinyl acetate-
crotonic acid copolymer, and vinyl acetate-acrylic acid
copolymer are provided.

According to the preferred aspect of the present
ink, the weight-average molecular weights of the (co)polymérs
are preferably 3,000 through 50,000, more preferably, 5,000
through 30,000, and most preferably 7,000 through 15,000. Ih
regard to the loading of the additive, the additivé may be
appropriately added in a range of dispersing a pigment stably
and haviné no loss of another effect of the present invention.
The range for the additive is preferably 1:0.06 through 1:3,
more preferably 1:0.125 through 1:3.

The content of the pigment used as a coloring agent

in the total weight of the ink for recording is 6 wt% through
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pyrrolidone, is used as at '| east one ki nd of
wat er -sol ubl e organic solvent, inmage quality is
improved. In regard to (1) through (2) wetting agents
1 and 2 and the water-sol uble organic solvent, in the
case of the 10 present ink, water is used as a liquid
mediumin the ink, but for exanple, the follow ng
wat er - sol ubl e organi c solvents are wused for the
pur poses of giving the ink a desired physica

2(pmagerny, theepbonnémy ishe ipakcticdm wWivh iy, pantdcle size of
i nproving the dissolution stability for the ink.

0. 0% 56 Phebabh V@l £5 -180ldHY & s18iepaased willy enlcs spksheg
m xed for uSe. Specific exanples of the wetting agents

nfé}lq: the wa‘E@Eer ﬁf%é’ bl D r&%{?e&‘sﬁﬁbvgﬁén@rfs A Pddgtdric

or exanple, IS polyhydrlc al cohol s

such as eth J d|e | ene yC
C’“ts‘p‘-i eﬁg r;%‘?l raoﬂﬁleeﬁ 5‘% gSFgFHQ ]gspfr G 1deush
ycol , trlpropylene gl ycol , tetraethyle; lyco
1%)@%9% 1§ 9cBYIrpbiderdiaiaagiyeol paJ@B}W}? e
glycol, 1,5-pentanediol, 1,6-hexanediol, glycerol, :
pymﬁbuidmﬂeanésrhséd asﬂaxz&daﬂtmmaerkéhd of water-soluble
1,2,3-butanetriol, and petriols, polyhydric alcohol

%&iﬁc %Toll%ﬁtfuﬁﬁa@é Qidnd ne glivpebveanoet hyl et her,
ethylene gl ycol nnnobutyl et her, diethylene glyco

nononet hyl; ?ga@&h ? j edrpd (@hyﬁﬁktfﬁ@oﬁﬁéﬂ%s 1and 2

et her, d|e ne g yco nonobut yl

oL ST L5 DO P St B0 e

et hers such as ethyl ene gl ycol nDnophenyI ether and
PeasFiiteddls yRGes LroRedems |2 eyijpyld medium in the ink, but
ni trogen-contai ni ng heterocyclic
for example, the following water-soluble organic solvents are

used for the purposes oflgiving the ink a desired physical
pfoperty, preventing the ink from drying, and improving the
dissolution stability fér the ink. These plural water-soluble
organic solvents may be mixed for use.

Specific examples of the wetting agents and the
water-soluble organic solvent are provided, for example, as
follows. That is, polyhydric alcohols such as ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol,
dipropylene glycol, tripropyleﬁe glycol, tetraethylene glycol,
hexylene glycol, polyethylene glycol, polypropylene glycol,
1,5-pentanediol, 1,6-hexanediol, glycerol,-1,2,6—hexanetfiol,
1,2,4-butanetriol, 1,2,3~butanetriol, and petriols, polyhydric
alcohol alkyl ethers such as ethylene glycol monoethyl ether,

ethylene glycol monobutyl ether, diethylene glycol monomethyl
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conpounds such as 2-pyrrolidone,

N- et hyl - 2- pyrrol i done, N hydroxyet hyl - 2- pyrrol i done,

1, 3-di met hyl i m dazol i di none, E- caprol actam and

y-butyrol act one, am des such as formam de, N

met hyl f ormam de, and N, N-di net hyl f or manm de, am nes

such as 10 nonoet hanol am ne, di et hanol am ne,

triethanol am ne, nonoethytao ne, diethylam ne, and

triethylam ne, sulfur- containing conmpounds such as
ettiamt Wieshif exé dgl ysol frodraeehyadndthehj odietlgnoine glycol

propyl ene carbonate, and ethyl ene carbonate are

mdBtdad et har APagri HEse Sl Yliveol OhyeAbsthyl ether, and
parti cul arly, diethylene glycol, thiodiethanol,

ol et hyl I u [
ARG GE05e 0 J5R4SRED e g pR1pRRaxLo! A SN eyt
1,2,4-butanedi o], petriols, 1,5-pentanedj.ol '
e PABRCCERHE N HOTHA TEPGRRPD T deHiss and ethylene
preferable. These organic 20 solvents can provide
gkyadl memobentydt ether: Hel wwlagm-copfaangngtprterocyclic
prevention of the failure of ejection property caused

chiypom@pauehi as pfpyateliddise atetiechyhel tpygrasdane i (N-
is preferable to contain a sugar. As exanples of

h@#ﬁ%ﬁ%ﬁb UQSgggy?%%ggﬁe, £xHi3Re0)2h9887011idinone, &~

hari at can include -36- trisaccharides

and tetrasacchari.des an al ysae ri . _

Ciﬁ%ﬂ&?ﬁﬁfm’aﬁ&ggriﬁﬁ;gfo%ﬁgiﬁggé,a?%%%?d%g$§fﬁ%gg%ﬁnmnlde' N
xyl ose, ar.abi nose, __gal act ose, | tos cel | obi ose

e Uy BRTAT oo 800 Ny SR DAY LT RER ¢ r FBbees, sach as

provi ded. Herein, 5 polysaccharides mean_generalized
mgm@ﬁﬁganpiﬁmhmgpudéegggquﬁm*ﬁp, triethanolamine,

monoethylamine, diethylamine, and triethylamine, sulfur-
containing compounds such as dimetyl sulfoxide, sglfolane, and
thiodietanol, propylene carbonate, and ethylene carbonate are
provided.

Among these organic solvents, particularly,
diethylene glycol, thicdiethanol, polyethylene glycols 200
through 600, triethylene glycol, glycerol, i,2,6-hexanetriol,
1,2,4~butane&iol, petriols, 1,5-pentanediocl, 2-pyrrolidone,
and N-methyl-2-pyrrolidone are preferable. These organic
solvents can provide excellent effects to the solubility and
the prevention of the failure of ejection property caused by
evaporation of water.

As another wetting agent, it is preferable to
contain a sugar. As examples of sugars, monosaccharides,

disaccharides, oligosaccharides (that can include
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that are wdely existing in the natural world,  such as
a- cyclodextrin and cel lul ose. Also, as derivatives
fromthese sugars, reduced sugars (for exanple, sugar
al cohols (represented by a general 10 fornula
HOCH2( CHOH) nCHZOH, wherein n represents an integer of
2 through 5)), oxidized sugars (for exanple, aldonic
acid and wuronic acid), agggp acids, and thio acids
fromthe aforenentioned sugars are provided.

trRant-taRkaakY , asdigast radlacehalrddas e, pared eraly s cuitirdsies are
the specific exanples thereof, 15 maltitol and

: hi.ol e ide BaeCort-aRto8E, thf xylose,
przsgép%gfi a8 3955 ‘%%éj ?“aar%e of 0.1 W%t hr ouﬁmﬁio’% %

o 5280 YA DU L ) L0 NS s,

Ive ‘agen
particularly Iimted, and as ani g face active

y i¢ S
tregadese, fBA I@%h%%%oso’ow&xyépmaﬁae ;ﬁ%ﬁl%t her
acetate salts, dodecyl benzenesul fonate salts, laurate
pclaiseschad idps| pexy egdndmaid zgidk pngat Reand yi Batede gfubstances
are provided. As nonionic surface active agents, for

LIENA R wiBRh yoxyes e ey Zheallsthral hes8ld, such as o~
pol yoxyet hyl ene al kyl esters, esters from-37-

Y B e P eI Vet hyl eneal kyl 4 nes. " and.

ot ve “agbnbcan Berncan il FEEY phafrly (Red

nore kinds of the 5 surface active agents _can be m xed
sugarsler example, sugar alcohols (represented by a general
formula HOCH(CHOH),CH,OH, wherein n represents an integer of 2
through 5)), oxidized sugars (for example, aldonic acid and
urcnic acid), amino acids, and thio acids from the
aforementioned sugars are provided. Particularly, sugar
alcohols are preferable and as the specific examples thereof,
maltitol and sorbitol are provided.

The dontent of the sugar is appropriately in a
range of 0.1 wt% through 40 wt%, preferably 0.5 through 30 wth
of the ink composition.

Also, (5) a surface active agent is not
particularly limited, and as anionic surface active agents,
for example, polyoxyethylene alkyl ether acetate salts,
dodecylbenzenesulfonate salts, laurate salts and
polyoxyethylene alkyl ether sulfate salts are ?rovided. As

nonionic surface active agents, for example, polyoxyethylene

alkyl ethers, polyoxyethylene alkyl esters, esters from
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" 'The surface tension of the present ink is an '
i ndi cator of the perneability of the ink into a paper
and, particularly, it is the dynam c surface tension
of the ink over short tine period of 1 second or |ess
fromthe surface 10 formation, which is different from

static surface tension neasured wirthin a tine period
of saturation. As the ne rement nethod for the

surface tension, any of nethods that can neasure the

poq%%?e%hﬂééﬁéw@oﬂﬁﬁﬁdrp Fawitihiaeidl, Spobyckyarhyless such
as the conventional and publicly known nethod 15

21938k 2369 LOndpDANsse .3t onencRakoNinARnj ad on No.

can owever, the neasurenent was

erformed. usi W | hel my Lifti.ng=pl -t f
eflgevsnimieEee Refatire T ars, Aray ARt pet B, Yas RSy
tension is preferably 40 ml/nR or |ess, nnrgr £ th
agsméf @eabbg 85eRUFERELIRT IR ST thke ¥Ry OB Rk st © e

fixation and drying properties can be obtained. In

sueGRid aonif6) agehys| carobainicwsid enlensedhi ch  have t he
carbon nunber of 8 or greater, it was found that the

wet t abi | i tpeOkurReck ke ®i én tdertme pekesrttink is an
i mproved and ejection.stability and frequency

. stabiJ i be . A t I
A  Fa N T S
wat er - sol_ubl e pol s and_al ycol_.et he LN .
PR B At 'e&GgFS%/gg% rgﬁ?aé%[ée/rs%ﬁ%ﬁg Oﬁng%ﬁl (gg A i
4.5w % in water at 25 C by 0,1 througE 10. O mﬁ@bgg
ovée shorfl tagiegRerief efhel | FRCINS QredsSdi nGOMsthy)Surtace

2-ethyl -1, 3-hexanediol solubility: 4.2 % (20 C .
formation, which is different from static surface tension

measured within a time period of saturation. As the
measurement method for the surface tensicn, any of methods
that can measure the dynamic surface tension within 1 second
or less, such as the conventional and publicly known methed
disclosed in Japanese iaid—Opeﬁ Patent Application No. 63-
31237 can be used; however, the measurement was performed
using a Wilhelmy lifting-plate-type surface tension meter
herein. The value of the surface tension is preferably 40
mJ/m* or less, more preferably 35 mJ/cm? or less, whereby
excellent fixation and drying properties can be obtained.

In regard to (6) polyols or glycol ethers which
have the carbon number of 8 or greater, it was found that the
wettability of the ink to a thermal element is improved and
ejection stability and frequency stability can be improved

even on the small loadings, by adding at least one of
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(b) 2,2,4-trinmethyl -1, 3-pentanedi ol solubility: 2.0 %
(25 C) A penetrating agent having solubility equal to
or greater than 0.1 and less than 4.5 wt % in water
at 25 C has 10 an advantage of having consi derably
hi gh perneability instead of |ow solubility.

Therefore, ink with considerably high perneability
can be manufactured by the_ conbination of the
penetrating agent having Py ol ubility equal to or

ped%3318G LDAC:- OoryAdl nasRikhaflalgbydsl etttk

anot her vént or another surface active

t

agent. In regard to (7 a.resi | Si ' 5
SR §TiahdeR o TARE e tRl Pk b g, than 4.5 wt

emul si on neans an enul sion containing water as_a .
ircomttieruets2phis dvafd lathespah Edn dﬁ'eﬁwtOfa§%8e Setpbeleight

bel ow as a di spersed phase. As the 20 resin conponent
oPftHehdnti Sper secorgdrese, acrylic resins, vinyl

acetate resin, styrene-butadiene resin, vinyl chloride

resin acryh- SLYfRpE-1 esinbxpidadicaelnpsintyaml.2 & (20 °C)
styrene resin are ~provided. According to the

preferred gspect of ﬁfan,%- thAkdibhessBEbin itSy:
preferabl¢%§ ngygeF a%?gg bothqgé-sg- hydr ophi lic
portion and a hydrophobic portion. Also, the particle
260 Ze A the resin conmponent is not linmted as |ong as
t he component forns_an enul sion,, but is ef erab
approxina@eEFDE$63?FHGO?9?%§§F“ﬁﬁﬁbsﬁﬁgpgﬁé%erqugi to or
approximately 5 5 through 100 nm

[=]

greater than 0.1 and less than 4.5 wt % in water at 25 °C has
an advantage of having considerably high permeability instead
of low solubility. Therefore, ink with considerably high
permeability can be manufactured by the combination of the
penetrating agent having a solubility equal to or greater than
0.1 and less than 4.5 wt % in water at 25 °C and another
solvent or another surface active agent.

In regard to (7), a resin emulsion is preferably
added to the present ink; The resin emulsion means an
emulsion containing water as a continuous phase and a resin
component as described below as a dispersed phase. As the
resin component of the dispersion phase, acrylic resins, vinyl
acetate resin, styrene-butadiene resiﬁ, vinyl chloride resin
acryl-styrene resin, butadiene resin, and styrene resin are
provided.

According to the preferred aspect of the present

ink, the resin is preferably a polymer having both a
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The resin enul sion can be obt-ai-ned by m xing resin:
particles with water and, in sone cases, a surface
active agent. For exanple, an enul sion of acrylic
resin or styrene- acryl resin can be obtai ned by
m xing a (nmeth)acrylate ester, 10 or styrene and a
(nmeth)acrylate ester, and, in sonme cases, a surface
active agent with water. Coymonly, the mixing ratio
of the resin conponent to the surface active agent is,
hyairefrl Abt ypoapirmdmb e hydiopBobhe guapc Eorl..  Hlschethe
| oadi ngs of the surface active agent are |ess than
par?8 clanggzgeserimed-bi rabowponkiht i Bs didd i CHlittddd afs0NBhg as
an emulsion. If the lIoadings of the surface active

tHRORRBhEN DT BRERL A RS Jhang6e I§|~°;|§rt‘é ve, the

wat'er-resistrng property or pernea y of the ink

unf ayor ab ds to he |owered or deterjorated. .Th
SBEACRS B h b0 (R0 (e Jessh niREe he SEeAieln b Aol S

of the enmulsion is appropriately in a range of 60
thueughgh0200m- pref erably 100 t hrough 200, parts by

wei ght of water-to 100 parts by wei ght .of the resin.

As conmer Chal tgshvaemaldienr esnnbenobsaimsd By oniogelg resin

E- 1002 and M crogel E-5002 (styrene-acryl resin

pRilcseanyi 2B Paesbcat by NspReNcRabsf £osurdddh Jactive
Boncoat 4001 (acrylic -40- resin emulsion, produced by

itr]i p@’SQ !agéﬁnéié:,heam (‘éﬁ{ ’S.iloEllC o%’r %8%2%9 g%/esfigdbr stgrene—

Sstyrene-acryl~resin enul sion, I ni ppon
oy SRR R 903 BB AOHRS D B g g er,
Sai bi nol SK-200 (acrylic resin enul sion, produced by
orsgtygagne -and a (methyacrylate ester, and, in some cases, a
surface active agent with water. Coﬁmonly, the mixing ratio
of the resin component to the surface active agent is,
preferably, approximately 10:5 through 5:1. If the ioadings
of the surface active agent are less than the range described
above, it is.difficult to form an emulsion. If the loadings
of the surface active agent are greater than the range
described above, the waﬁer resisting property or permeability
of the ink unfavorably tends to be lowered or deteriorated.
The ratio of water to the resin as a dispersed
phase of the emulsion is appropriately in a range of 60
through 400, preferably 100 through 200, parts by weight of
water to 100 parts by weight of the resin.
As commercially available resin emulsions, Microgel

E-1002 and Micfogel E-5002 (styrene—écryl resin emulsion,

produced by Nippon Paint Co., Ltd.), Boncoat 4001 (acrylic



10

15

20

25

“Chem cal I'ndustry Co., Ltd.) are provided. The present
ink preferably contains the resin enulsion such that
the content of the resin conmponent is 0.1 through 40
W % of the ink, nore preferable in a range of 1 10
through 25 wt % The resin enul sion has a thickening or
coagul ating property and effects of suppressing the
penetration of the coloring conponent, thereby
further facilitating the T4%ation to a

re%%%?%%%?%igﬁdiég%%g%ﬁﬁgng?aﬁgﬁgﬁgnefﬁﬁci MHerfi¥alsNg18c. ),

g oh ne so as to enhance the

abrasi on_ resj stance of .a _pri.nted object, i on
Bankeaki RAS4t (FEETHCGARYY 6%.5%‘9?‘853#%&( O‘{;%}S:?fét% %g’gh
(10), a conventionally known additiy ther than th
Dadialippiong Iakeht Chersicadin,, 1% ) rzéAguilPiée %Tcifri‘%}'be‘é’;féﬁ(ﬁ
descri bed above can be added into the present ink.
rdiin exanehen, asradyces drw atiiprenoZenn| Gewprlded i)ng and
agent, sodi um dehydroacetate, sodium sorbate, sodi um
il @ i DX G s iSO Fntshenz opteduesdl o dainen
S%ﬁ?%ﬁgﬁtggﬁ?gpogﬁgﬁ%late can be used.z-ﬁl- As a pH

S ¥ L A

xampl s dhe RESBERE T ok TRy by, aeRgeecits Sk

di et hanol am ne and tri et hanol am ne, al kali netal .
etyllrioxi daxch that the content of the resin component is 0.1
through 40 wt% of the ink, more preferable in a range of 1
through 25 wt%.

The resin emulsion has a thickening or coagulating

property and effects of suppressing the penetration of the
coloring component, thereby further facilitating the fixation

to a recording-medium. Alsco, it has an effect of forming a

coating on a recording-medium so as to enhance the abrasion

resistance of a printed cbject, depending on the kind of resin

emulsion.

In regard to (8) through (10), a conventionally
known additive other than the coloring agent, solvent, and
surface acti%e agent described above can be added into the
present ink.

For example, as a preservative or mildewproofing
agent, sodium dehydroacetate, sodium sorbate, sodium 2-
pyridinethiol-l-oxide, sodium benzoate, and sodium

pentachlorophenolate can be used.



10

15

20

25

such as |ithium hydroxi de, sodi um hydroxi de, and
pot assi um hydroxi de, ammoni um hydroxi de, quaternary
amoni um hydr oxi des, quaternary phosphoni um
hydr oxi des, and al kali netal carbonate such as
['ithium carbonate, sodium carbonate, and potassium 10
carbonate are provided. As a chelating reagent, for
exanpl e, sodium ethyl enedsanmi netetraacetate, sodi um
nitrilotriacetate, sodium
hydr oxyet Bgl at b} a9t bt agsric e fayeSuldseangs can be used
di et hyl enetri am nepent aacetate, and sodi um

asinamg disacktapR af echel Sink wanded. adust@driws] ar greater
i nhibitor, for exanple, acidic sulfite salts, sodium

wfﬂHdﬁ%U%B%E§se§§téf@%ﬁtlﬂﬁ‘%Hé“?@rhﬁl&ted ink. As the
di 1 sopropylammdnium nitrite, pentaerythrito

t li
Aot L 30enET =L G R AR Ik & Che
algeeraetiap AR e%%‘?qt%r%? S CFRTAL thigiroxides

figure is a block diagramillustrating the entirety
swih tawe ldghtingl hpdrexidihe arshitumo hypgapriden urt|Refassdum
CPU 301 serving to 25 control the entire apparatus; a
hyREM:30, T afimsh Ot Nigy dr gt ad amuad2rnaxe catresh hyn thedrdddes,
301 a value of contami nation on a nozzle face with

ShdsPhEHSLE NI dask i d¥s elagat ama:@mn@tépzczalfbonate

ace co%ian1nat|on tol'erance threshol d val ue used in

s‘%ﬁr}her f | xe I ?Béﬁ@@%ﬁ%%éﬂ[? g%%%?a?ﬁ@schgrl%n%%

i mage dat a, etc
carbonate are prov1ded

As a chelating reagent, for example, sodium
ethylenediaminetétraacetate, sodium nitrilotriacetate, sodium
hydroxyethylethylenediaminetriacetate, sodium
diethylenetriaminepentaacetate, and scdium uramildiacetate are
provided.

As a corrosion inhibitor, for example, acidic
sulfite salts, sodium thiosulfate, antimony thioglycollate,
diisopropylammonium nitrite, pentaerythritol tetrénitrate, and
dicyclohexylammonium nitrite are provided.

Next, the general configuration of the control part
of the image forming apparatus is described with referring to
FIG. 9. Herein, the figure is a block diagram illustrating
the entirety of the control part.

The control part 300 includes a CPU 301 serving to

control the entire apparatus; a ROM 302 for storing a program
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nonvol atil e storage (NVRAM 304 for holding the data
while the power supply of the apparatus is turned
of f; and a ASIC 305 for processing each kind of

signal for the inmage data, for inmage processing to
performsorting, etc., and for processing 10 i nput and
output signals to control the entire apparatus. Al so,
the control part 300 includes an |I/F 306 for
transmtting to or receivitty fromthe host side data

e rcut%idgﬂ?l Sne &cHH i’:‘édln,g_a"‘@‘éqlilgr B 08HLE Shi ot I tor3@7 nozzle
or generating a driving waveformto drive and

control a pressure generati . dey, ce. i
e T R e e e
motor driving part 311 for driving . a nmpin-scapnin
Fams cOnSERINAT oD SSRGS FOLGFPALA TGP A es B 1he
driving a sub-scanning notor 314, an AC bias supply

prEEdnt3ihvent ios it iving arvaCopmadata, t &red cig diihgr fixed
roller 56, a maintenance 20 or restoring nmechani sm

adlrd Vighgapanb 334y f esmptitanng stbeingt dhag@2datod, tdtes.; a
mai nt enance or restoring nmechani smBl, an encoder 321

néé?of%gﬂigtEEB???§dgﬁ@ﬁﬁ@P Ty 681HSSEOME NeatD WHiSe the

vement quan novenent velocity of the

conveyer _bel 1, and an |1/.0 318 far jpputti
P‘Ef’éei%gué’é’lé’i ﬁﬁaFg?rma&r%}]seﬁ\ﬁ r%élﬁfﬁ?%t 8{595(;%‘@%?&3%21? 50>
detecting at |east one of -43- enviropnental
foxmracassiadaracknkird pertignaudedi theaiese et
signal from each kind of sensor that is not shown in i
irthdnge fomuressifige tooper Bbrpaart3ow,i stconnedd@dies RIRCESSINg
operation/indication part 5 for performng an input or
irphP dirdtduepuefl sheaessaty ¢aftaraintthenehotréhepparatus.

appar at us.

Also, the control part 300 includes an I/F 306 for
transmitting to or receiving from the host side data or
signals, a driving waveform generation part 307 for generating
a driving waveform to drive and control a pressure generation
device of the recording head 34, a head driver 308, a main-
scanning motor driving part 311 for driving a main-scanning
motor 312, a sub-scanning motor driving part 313 for driving a
sub-scanning motor 314, an AC bias supply part 315 for
supplying an AC bias to the charging roller 56, a maintenance
or restoring mechanism driving part 317 for driving the motor
221 of the maintenance or restoring.mechanism 81, an encoder
321 for outputting a detected signal corresponding to the
movement quantity and movement velocity of the conveyer belt

51, and an I/0 318 for inputting a detected signal from a

environmental sensor 322 for detecting at least one of
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The control part 300 receives printing data, etc.,  -on
the I/F 306 through a cable or network, fromthe host
side such as an information processing apparatus such
as a personal’ conputer, an inage readi ng apparatus
such as an i nmage scanner, 10 and an inmagi ng appar at us
such as a digital canera. Then, the CPU 300 reads out
and anal yzes printing dq%ﬁgjn a signal -receiving
buffer included in the I/ 06, executes necessary
erl/TRBBMBA 08 & SSdMiek Aitthréatads enti Agnmatncke saimigliay the a
ASI C 305, sends inmge data corresponding to 15 one

deﬂe%%eafSEFS%Ieff&ﬁ“%%%hh@ﬂﬂdséftQeﬁgﬁkr%ﬁH¥‘ﬂg‘ﬂﬂf 388wn in

I
as serraf data wth synchronizing to a clock signal,

I

and.,al so sends a |at.ch_sig or cont,r ol .si | to
thﬁw%lﬁ?éﬁa'drf&%rcowlatpagtp@bef‘%r?aﬁ%e e?érn'tr?g.q;@]%hen,

the CPU 301 reads out and analyzes printing 20 data
operathendigRarateiRAnty S EPrePEF Ao TS 3 ¥RMY OoF

306, executes necessary image processing and data
imtchitdgnpodcessesgpmn inferAStCo8050r arhle tapprsfaIus .

i mage data to the head driver 308. The generation of

dot patterpRedabatf&I pHYt i3MBOCecRBipet pRINbEnExBms edtc.,
for exanple, by storing font 25 data in the ROM 302

orf19, T8y £ 8 ol @Hf‘é@%ﬂead cta%lteh%rag_e%éfﬂ,s PYori 44ie host side
devel 061 ng the rmage data into bit map data on a
rinter driver_at the host .side. The drivi wavef ar.
SRt &% EPo RS APPSR (BRATEEI S SBPACE oY eT el or Prroonal
D) A-converting driving waveformpattern data , 5 and
canpattEy, 28 dPRYR nECIRIVT GRPECSYHSs SHCR 2P diagsFeanner,
pul se
and an imaging apparatus such as a digital camera.

Then, the CPU 300 reads out and analyzes printing
data in a signal-receiving buffer included in the I/F 306,
execufes necessary image processing and data sorting
processing on the ASIC 305, sends image data corresponding to
one line of the recording head 34 to the head driver 308 as
serial data with synchronizing to a clock signal, and also
sends a latch signal or a control signal to the head driver
308 at a predetermined timing.

Then, the CPU 301 reads out and analyzes printing
data in the signal-receiving buffer included in the I/F 306,
executes necessary image processing and data sorting
processing on the ASIC 305, and transfers image data to the
head driver 308. The generation of dot pattern data for an
image output may be executed, for example, by storing font

data in the ROM 302 and may be transferred to the apparatus by
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“(driving signal) or plural driving pul ses (driving
signals) is output to the head driver 308. The head
driver 308 drives the recording head 34 by
sel ectively applying a driving pulse constituting a
driving 10 waveform presented fromthe driving
wavef orm generation part 307 to the pressure
generation device of the regcording head 34 based on
i mage data (dot pattern data) corresponding to one

debENEp Phgt e reeydicagaheado3dit npay datsen al prdniet.
Further] the control part 300 controls a charging 15

atte ' .cfiarge quantity) on the conveyer
drggFF éﬁ %@éq%%gfg?%?ﬁg an OV OFF control of an AC bias

supplied fromthe, AC bi suppl [

char gi ng F%?F%Fl?ﬂﬁg N@?F%%Fﬂe8§P¥5$ﬁbéﬁégﬁgﬁé?ﬁﬁ?gPCludes a

driving the recording head 34 in the inmage formn
D/appanueuter sfele HAtseaveztingt AT et ey rYag P@?t%én data

and FIG 11. Herein, as shown in FIG 10, a driving
andgVehetabyywha odrividlgidesefbom exmppsed dhuneddnivigg pulse

pul ses P1 through P4 in one driving cycle, is

(d&§%§h§I§§gﬁQﬁ)Qﬂégﬂﬁuﬁﬂpﬂk&bﬁpérbulﬁgs vanvisfiorgnsignals) is
generation part 307. The driving waveformis 25

Oéﬁﬁﬁ%?ié?tﬁg ﬁeéﬁié@{¥éﬂ“§0%? P1 for small drop ejection

argée drop ejection, a driving pulse P2 for

i vi mg. paPecBLss SERE A G SR tho rere ey by

ejection; driving pulses to be used are selected, . .
sedemdridiedy SRPLIENG| 7 iViMDPULEepEONSE LR 2 driving
waveform presented from the driving waveform generation part
307 to thé pressure generation device of the recording head 34
based on image data (dot pattefn data) corresponding to one
line of the recording head 34 input in serial format.

Further, the control part 300 controls a charging
pattern (provided charge gquantity) on the conveyer belt 51 by
performing an ON/OFF control of an AC bias supplied from the
AC bilas supply part 315 to the charging roller 56.

Next, the driving waveform for driving the
recording head 34 in the image forming apparatus is described
with referring to FIG. 10 and FIG. 11.

Herein, as shown in FIG. 10, a driving waveform
which includes, for example, four driving pulses Pi through P4
in one driving cycle, is generated and output from the driving

waveform generation part 307. The driving waveform is

composed of a driving pulse Pl for small drop ejection and
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As shown in FIG 11A, the driving pulse for snmal
drop ejection P1 includes a waveformel enent Si that
drops froma reference electric potential Vref to a
voltage Va; a waveformelenment S2 that is continuous
to the waveformelenent 10 Si and is retained at the
voltage Va; a waveformelenent S3 that is continuous
to the waveform el enent S2 §pd rises from the voltage
Va to a voltage Vb | owner t%an the reference electric
1ReRirogl eYestiom, W \Rieimgebamest pS4fdhatiddle drop
continuous to the waveformelenent S3, rises to the
referen 1 I ' ak N e Lk 1y lelse
JSrder SR PhE L BRP Sosstart i i e
and further rises tq a,_voltage Vc.higher than.the
bk See8 BPLECETE e AR 2PRr OB TR I TErRnEReS
during the required retention tinme; a waveform
teelmesedss rehael ¢ated ranarskiact ant ke vila? dHimEEdn be
20 $4 and is retained at the voltage during a required
ejdd@ed.peri od; and a waveformelement S6 that is
continuous to the waveformelenent S5 and drops from

the vol tagg Wect® ihericefamgneacebectinhg polswticd small
Vref. As the driving pulse Pl is applied to the 25

i ezoel I g+ ek r j
S R B R
to the waveform _ elenment Si, .so.that _the vibration. .
£3Pm 3 ZRGETEOREr §LERH T he&O A Ihid g?e?h ol?qﬂ?gtac%earyﬁér a
106 expands. Then, the expanded condition is retained
vacetrm s erenth82 wehat oF n rirReNeus  tosthy g Logh ¢ Lement

pi ezoel ectric elenment 121 expands according to
S1 and is retained at the voltage Va; a waveform element S3

that is continuous to the waveform element S2 and rises from
the voltage Va to a voltage Vb lower than the reference
electric potential Vref; a waveform element S4 that is

continuous to the waveform element S3, rises to the reference

electric potential Vref during a required retention time (so

that drop ejection is not caused) and furfher ;ises to a
voltage Vc higher than the reference electric potential Vref
after the retention during the required retention time; a
waveform element S5 that is continuous to the waveform element
S4 and is retained at the voltage during a required time
period; and a waveform element S6 that is continueous to the
waveform element S5 and drops from the voltage Vc to the
reference electric potential Vref.

As the driving pulse P1 is applied to the

piezoelectric element 121 of the recording head 34, the
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the waveformel ement S3 so that the vibration plate
102 noves to the inside of the liquid chanber and the
vol une of the |iquid chanber 106 is reduced, whereby
aliquid drop (main drop) is ejected fromthe nozzle
104. At this time, the 10 ejected liquid drop is a
small drop (dwarf drop) since the voltage does not
rise to the reference elecfjgic potential Vref. Then,
after ejection of the main drop, the vibration plate
pikddlecgradual éyettovigtledamtdectsheccef@imnde s iWeivedorm
according to the waveformel enent S4 so that the 15
elr%l{l:’rftc 43 MEMeshi© the Sirdetabnt Beavebiee | Dbwgt At BRthe
the volunme of the liquid chanber is reduced with drop
jectiqn T .t h |t [ ai C [
vy e naver b anid SR B pabar ] RO LS Mbanded
vi brati on caused by the atural _vibratipn of the
AP RaNBEFA RS B A FEP VST B A IR A2
peri od has passes, the voltage Vc is dropped to.the
Fustfrerentbeepéetottepriantdlameptefl 23 ce8PAPEY 3@-ERg to
waveform el enent S6 so as to restore the vi-bration
+1 alfrefO2m bleibet r el esendmtpadiet vabrati s, pkstes Hididh moves
in FIG 11B, the driving pulse for 25 mddle and
td AR 'gfsﬂla\% B2 and iiGuil icHMAbeRubsa £0E YEIgke BORhe

P4 1 ncludes the waveform el enent Si that drops
fromthe .ref n j C i al at@-ddbeimas
1P sdeonet: §08"EE S fiordr BRRRG, 1KY b Cmain
continuous to the waveformele t ' d is,retai,ned

SERBY HE FIRCHGE VoM at WAL dmenteSohss | hiftes (e
continuous to the waveform el ement S2 and rises from
ejected liquid drop is a small drop (dwarf drop) since the

voltage does not rise to the reference electric potential Vref.

Then, after ejection of the main drop, the
vibration plate 102 is gradually lowered under the reference
position according to the waveform element S4 so that the
meniscus moves to the side of the vibration platé'and the
volume of the liquid chamber is reduced with drop ejection.
Then, the condition is retained acqording to the waveform
element S5 so that‘the meniscus vibration caused by the
natural vibration of the liquid chamber is suppressed. After
a required time period has passes, the voltage Vc is dropped
to the reference electric potential Vref according to the
waveform element S6 so as to restore the vibration plate 102
to the refefence positioen.

Also, as shown in FIG. 11B, the driving pulse for

middle and large drops P2 and the driving pulse for large drop
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" the voltage Va to the voltage Vc higher than the
reference electric potential Vref, a waveform el enent
S8 that is continuous to the waveformel ement S7 and
is retained at the voltage Vc during a retention tine
Twin a range of Tc x 1/2 10 through To x 2/3 wherein
Tc is the frequency of the natural vibration of the
liquid chanber, and a mayg{pjn1elenent S9 that is
continuous to the waveform el enent S8 and drops from

p4t hacYaHEagENY Ovdve fidren edkeranchletket rdxopmtfa dhe
Vref. As the driving pulses P2 and P4 are applied to

rehfﬁ%gng Qiﬁé%i@%dﬁe%t@aﬁw%fl% ohe L1611 tRRONH, NG he

pi eézoel ectric el ement 121 contracts

ordln f t £
Wam P5?|8 eﬁ?%{nsaggi%b%ErgogkgH?E&sS%%lﬁﬁﬁaJ%gtEe elemen
l'iquid chanber 106 expand The t he expanded
SlcoRdl LFORSFa1Red Ahddiea O tamRg VR0 EHERHERRbahement S7
el ement S2. 20 Further, the piezoelectric elenment 121
thetpasdsoat tondasgte dhe mavedeemorhreeeheh? B 9o.S88ad ron
the vibration plate 102 noves to the inside of the
tHd eil¢aghanhetoatite thel teglelve bfighbe thamuihe creference
106 is reduced, whereby a liquid drop (main drop) is
| gGtied Qf OZE| & Yo filrmt BLEmbhFESB A RAUsl 25
eg?é%EQ%#%%g rop) Iarger tﬁ%nrﬁhe case of the driving
.S€e -48- IS ejecte [ t age d ot th
4) NSa g8 %% Efbm#k%;éﬁgiec?qoéﬁgfE?hééééﬁﬁ?ci ©
the vibration plate 102 is retalned at a 03|é%
val@asoic suedndi Agre PN HEME @M &lefehtleR TtCha‘t 1/2
the volume of the 5 liquid chamber is retained at the
tioanighadid kg2¢8nehétain Tc is the frequency of the natural

vibration of the liguid chamber, and a waveform element S9
that is continuous to the waveform element S8 and drops from
the voltage Vc to the reference electric potential Vref.

As the driving pulses P2 and P4 are applied to the

piezoelectric element 121 of the recording head 34, the

piezoelectric element 121 ccntracts according to the waveform
element S1, so that the vibration plate 102 lowers and the _
volume of the liquid chamber 106 expands. Then, the expanded
condition is retained according to the waveform element 52.
Further, the piezoelectric element 121 expands according tc

the waveform element S7 so that the vibration plate 102 moves

to the inside of the liguid chamber and the volume of the

liquid chamber 106 is reduced, whereby a liquid drop (main
drop) is ejected from the nozzle 104. At this time, a liquid

drop (middle drop) larger than the case of the driving pulse
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After the retention tine Twin a range of Tc x 1/2
through Tc x 2/3 has passed wherein Tc is the
frequency of the natural vibration of the |iquid
chanber, the voltage Vc is dropped to the reference
electric potential Vref according to the 10 waveform
el ement S9 so as to restore the vibration plate 102
to the reference position.,Jn this case, the voltage
‘i's dropped after the voltage Vd is retained during

p1l bg égé@{‘é& Y deTR nEWvb Dt agé anpses ofo Thex vbl2agkr Bagh
Tc x 2/ 3 wherein Tc is the frequency of the 15 natura

vi brati onpol, { Ne-dd:auldcelanbes . MO o fheimp Lous

nmoves downwar'd Wi n drop ejection according to
.the natural vjhration of the_|igui ,
vibrpE4PR ORI P&t f@zrleg\?épggs%{t%;égﬁlhe%\%%ﬁeﬁe% t he

liquid chamber 106 increases and, therefare, tH? £ th "
2 cebbitoho othe heTREsEs 63 eMenB0SarfRridiF e voltme of the

superinposi ng the increase of the volume of the
1lilgugui dhahBabers M aimerhatnabar abniragtingeaiditien.
liquid chanber. However, since the retention tine is

X 2 SlEne TR 1@l FhHge 6f Tde natudrough Tc X
Af&%grg Foﬁg%?ngﬁe quﬁ d chanber ?s reduced. As the

esult . the.v 14 iL o ' PECHEhatural

ZéﬁZ§FePagﬁ§da$%§%%P¥F$£Jﬁ?%ggefgggggﬁﬁi -49- pressure

to the side of the npzzl e which, pr [
VRS TRERUPal CUP bt LN SRR MESer SLFien 7 Thetmatee

drop, does not beconme a main dro%. Furt her, siq&f t he
theelmediergnee elpetsit etandiddoy HEcBRESTIHEALE?  Mi%he

amount of m st between 5 the main drop and the
wSai®idn ta efieap B8 sedkEdh rREssode fhagvibration plate 102

to the reference position. |

In this case, the voltage is dropped after the
voltage Vd is retained during the retention time Tw in a range
of Te x 1/2 through Te x 2/3 wherein Tc is the frequency of the
natural vibration of the liquid chamber. When the meniscus
moves downward with main drop ejection accerding to the
natural vibration of the liguid chamber, the vibration plate
102 lowers so that the volume of the liquid chamber 106
increases and, therefore, the vibraticn of the meniscus is
enhanced by sﬁperimposing the increase of the volume of the
1iquid chamber 106 on the natural vibration of the liguid
chamber. However, since the retention time is Tc X 1/2 or
greater, the amplitude of the natural vibration of the liquid
chamber is reduced. As the result, the velocity of the

meniscus becomes greater and a satellite drop ejected by
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waveformis referred to as an additional vibration
- suppression driving waveform As shown in FIG 11C
the driving pulse for large drop P3 includes the
wavef orm el ement S1 that drops fromthe 10 reference
electric potential Vref to the voltage Va; the
waveform el enent S2 that is continuous to the waveform

element Sl and is retainegd,at the voltage Va; the
waveform el enent S7 that 1S continuous to the

prdRLehar A ef IBidS faRthel K828 1Er ONLch heresiimgd sVaased by
the voltage Vc higher than the reference 15 electric

th(%gtr]aggﬁkgﬁ. V{E;E?T%Pon‘“’a\é%ft%%ﬁleeggggt?éﬁ dhathd Snain drop,

i nuous e Waveformele S7 and is retained
at the voltage Vc duying a_required ti eri
doggy 8P5r RPEPBRReh ™21 ARt iEi‘rgg‘ﬁFr nﬁ%%(g@t%% h‘gedlocgty of

wavef orm el ement S10, further rises to a voI%agg V%g
thier smtehditvel dage hrcomard ausahers bber @paiie i iy Retween

required time period; and a waveformelenment S12 that
tHes redft dropusnd ochd esatmidficemdeiopnest r&iucethd dFhgpriving
to the reference electric potential Vref. Wen the

walfdfErR0 iBUk e Phed St Y iR dddithenapi ezioed el i suppression
el ement 121 of the recording head 34, drop 25 ejection

1.S..per imlar to the aforenentioned driving
dg%ﬁiﬁ%b&%%g%gﬁé‘

S€ES and P4, and subsequently, while the

meni scus nove down it in drop_ej. Lon
accor di ng?oS Hgnn%?ngg?'begrgﬁﬁ%ﬁggngﬁesﬁ#égi%Or targe
chanber, the vibration plate 102 further IQwers so as
ditap rBdiceludesyshaneaviame aisqend SlchRAberraps trom the
according to the waveform el enent 511. As a
reference electric potential Vref to the voltage Va; the

waveform element S2 that is continuous to the waveform element
S1 and is retained at the voltage Va; the waveform element S7
that is continuous to the waveform element S2 and rises from
the voltage Va to the voltage Vc higher than the reference
electric potential Vref; a waveform element S10 that is
continuous to the waveform element S7 and is retained at the -
voltage Vc during a required time period; a waveform element
S11 that is continuous to the waveform element S10, further
rises to a voltage Vd froﬁ the voltage V¢, and then is
retained during a required time period; and a waveform element
812 that is continuous to the waveform element S1l and drops
to the reference electric potential Vref.

When the driving pulse P3 is applied to the
piezoelectric element 121 of the recording head 34, drop

ejection is performed similar to the aforementioned driving
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“result, the vibration is suppressed (vibration
suppression is mnade). The driving pulse P3 is

referred to as a vibration suppression driving

wavef orm Then, when a large drop is ejected, the
driving 10 pulses P1 through P4 are applied as shown

in Fig. 10 so as to eject four liquid drops, and

during the traveling of the,drops, they are united to

formone large drop. Wien a mddle drop is ejected,
wiBesdppving MY sevdPubsegekaclliyy ekli Bppitice dhearics crisemostes

snall drop IS ejected the driving pulse P1 is

dO%J%L\TSE& % 2th ARl %‘3 c-'t_'i‘.Bﬁ a8ebsahd Nt d ae Giakeigal
TS5 cl

ones Sl no drop ejectlon can be

races [ eI| ng atiingn
V¥9¥351°ﬂ05§ gh?gkg %ﬁmﬁ réaugéd %%P%#% IHEé %8%to
the nozzle face of the recordlng head t qg%
fugltberr doVats cSQ % difv &pavee ithe kel P%g%to f

apparatus (referred to as "m st contam nation
clehibsirnatkoacpontibss "t bdhewwaviefodmset et Shth As a
referring to FIGs. 12 through 20. First, the val ue of

ré%ﬂﬂ%awkﬁétbQBré%&éﬂNagﬂﬁﬁﬁp&es%%de(Oibtﬁélmmcxmppﬂ3551on is
head, whi ch |s caused by predeterm ned 25 ink

m%GLSC-t ! %BEC drd ]I% pﬂﬁﬂé g 138 Q@ rirBat JBS BOM 3p38ft ion

rt 300. Also, the val ue of
contan1nat|on .(contam nation quantity) on the nozzle
SYRRES S5 O8n AP HNALTE S A e at whi ch the val ue does
not reach causing the failure of , ejection is retaj ned
as a tol eThgde V¥ ?’ésﬁo]r%lr%lcl@%fl%eéﬁﬁttﬁ n&L? ofE oY
t he nozzle face. Herein, the value is based
pulses Pl through P4 are applied as shown in Fig. 10 so as to

eject four liquid drops, and during fhe traveling of the drops,
they are united to form one large drop. When a middle drop is
ejected, the driving pulse P2 is selectively applied and when
a small drop is ejected, the driving pulse Pl is selectively
applied. Thus, dots with four grade tones which tones include
no drop ejection can be formed.

Next, a process for eliminating contamination on a
nozzle face, which is caused by mist adhering to the nozzle
face of the recording head together with electrostatic
conveyance in the image forming apparatus (referred to as
“mist contamination elimination process” below), is described
with referring to FIGs. 12 through 20.

First, the value of contamination on the nozzle
face of the recording head, which is caused by predetermined

ink ejection, is digitized and stored in the ROM 302 of the
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on the val ue of contam nation when the failure of

ej ection such as the bending of ejection direction,

the lack of ejection, and color mxing, is generated,

which is caused by the contam nation on the nozzle

face of the recording head. 10 Then, the first

enbodi nent of the m st contam nation elimnation

process is described by refierring to FIG 12. In this

process, as an instruction for character printing is
cohegel vesrt a3q0 edatlevoyi hhe peduesst fernicimnedion

printing (image formation) is perforned. Al so, the

(cRHERREn9E 145 Qiantiad)i Bk @repsoksleofatediwien aliewable
Image formation is "performed and the contam nation on

sthhg 1o Zzhfq%a&?e LI, L8 g Riefet eral e doduds R @4Hd FRilsre of
PE5d%but” en, operational processing is perforned
based on the read_ out val ye.of _contamn i n e
©3RGEAPE FCES T D S5 APER LT TE 20 S
such that the contam nation quantity, of the nazzle
cohdlemination| ol the hegrd euf@sted, Hareifhethp i '¢e 1s based
contami nation quantity of the nozzle face is stored.
orHenel Ralspectf tomtdnyindtiercahenl sheofabiurheof ejection
contam nation quantity of the nozzle face may be but
such R theSrkhfi£8%bt & i iRnoduetcel onpt shactholaldfes
such as "the value -5Z- of contam nation on the nozzle
face in th t j ned i ' O, Jthe indesy
e (;Cé’joél ey g&‘ai %EE%E ﬂﬁr&be gég enBhr8EEHOMh¥ch the by

r ops rrection coefficient

determ ned by other,  factors". [For exapple, in_ ..
t&ﬁiqqﬂﬁﬂméFaEﬁSPg?ﬁgt?ﬁsﬁo sfggﬁ Oé o?n¥%¢§%§lng head.

non-charged area, that is, in the case of ejection
Then, the first embodiment of the mist

contamination elimination process is described by referring to

. FIG. 12. In this process, as an instruction for character

printing is received, a predetermined process for character
printing (image formétion) is performed. Alsc, the number of
ejected ink drops is counted when the image formation is
performed and the contamination on the nozzle face in the
predetermined ink ejection is read out. Then, operational
processing is performed based on the read out value of
contamination on the nozzle face and the number of ejected ink
drops such that the contamination quantity of the nozzle face
is calculated and updated, and the updated contamination
quantity of the nozzle face is stored.

Herein, specifically, the calculation of the
contamination quantity of the nozzle face may be but is not

limited to the product of obtained values such as “the value
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to a location except the conveyer belt and a

recordi ng-nmedi um that adheres to the belt, according
to the generation mechani smof the mst. Therefore,
when pre-ejection (blank ejection) for ejecting

thi ckened ink inside the nozzle to a 10 di sposa
liquid receiving vessel by ejection operation is
perfornmed during the imageg formation, it is preferable
to execute a process for t reflecting the nunber of

of BKnfLQPna€ &EtdPNgd Bbzihe Phesejgctiopredeifemined ink
contam nation quantity of the nozzle face that is

.obt ai ned_by .t he operati.on. Thi C , Leal ;
3PGF LERAnI LR R i C SHErREY STSrCIIRR ot ReCoar Get o

of contam nation, on &?e ngézl% f?ce gaused by the
cogfdiefienti dpteymingd oy, 5. LAFt8FWar d, whet her the

updated contami nation quantity of the nozzle face is
greater tEan ekamplderiancxringdbilke eSheFLRGA IS THfdoes not
contam nation on the nozzle face i s determ ned. Then,
fOMER M Benbpdehethed nimsE nadhadn igyanhi tlye ofase hef myedtdon
face is equal to or less than the tolerance threshold

to\/%I 4o 2k sbheccontammatd vt Be180Z2H €a f sy rdigy-medium
val ue of contamhation on the nozzle face 34a of the

recordi ng 25 head t -1 hi . C :
O AoTEE: BR Fh° (AT TRL R riage bl Generation
determned to be.in a allowabl e range_and_t he proc
mgchasyifgl OfednRi Fhdut a”ﬂ%ﬁrrﬁﬂvgoéepr 6’3& sPETepts ot h@’slsank
ot her hand, when the updated contam nation quantity
etdctitn)ndozl eikateny sthirakanad tifdn i0REAR oF P aPRe2He to 2

t hreshol d val ue of the contam nation on the nozz!e _
df A¢®sal N8 quid receiving vessel by ejection operation i1s

performed during the image formation, it is preferable to
execute a process for not reflecting the number of ink drop
ejections for the pre-ejection on the contamination gquantity
of the nozzle face that is obtained by the operation. This
can be realized, for example, by a simple method such that
“the value of contamination on the nozzle face caused by the
pre-ejection” is set to zero.

Afterward, whether the updated contamination
quantity of fhe nozzle face is greater than the tolerance
threshold value of contamination on the nozzle face is
determined. Then, when the updated contamination quantity of
the nozzle face is egual to or less than the tolerance
t+hreshold value of the contamination on the nozzle face, the
value of contamination on the nozzle face 34a of the recording

head 34 at this stage, which contamination is caused by the
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val'ue of contam nation on the-nozzle face 34a of the -
recording head 34 at that stage, which contam nation
is caused by the mnmist, is determned to be in an
unal | onabl e condition. Then, the wi per blade 83 is
lifted and a cl eaning operation (w ping 10 operation)
for wiping the nozzle face 34a of the recording head
34 is performed. Thus, in-the image form ng apparatus
in which the contam nation on the nozzle face is
mieasi iy detsedihgd duthdss om aorldbaphéd warge @Whrtdiengrocess
m st) on the nozzle face of the 15 recording head with
ié'E%n%h%@bﬁOﬁ&ﬂhb@tQﬁﬂwemﬂnﬁgmotbes sesp®ri ng operation
can be perfornmed w thout excess or deficiency so as

to clean bﬁetﬁgzé£ﬁef %c@f ffednd \E%EYuﬁaQtétﬂecontamlnatlon
~degradation o |nage qual ity can be prevent ed,

revi ously and stori t
U i FBR BREETR SR ass R erasE Btk %t"%lherance
predeterm ned ink ejection, countin the nu of
thyjeshoddl Wﬁ&uér@ﬁst@%r¢9ﬁf%ﬂﬂ§a$&§PaP%oF Bf ¢ . face, the
formati on, cal culating the value of contamnmi nation on
vdhee mmmmanetbgntm Upematzdzde Wech Bhe ektEisaecording
val ue of contamnation on the nozzle face, conparing

nddte oeratdhar 2Bagesultiiom tdorthamihakecanie tdmsshdyd the
val ue of contamination on -54- the nozzle face at a

mfét?d LLrd0aed hi Al Esz?éng% pﬁ‘[ftﬁ'faml%gabmg c@ﬁ’@i@iér@n Then,

of" cl'eaning the noz ce mhen t he val ue of
EERAR g, 5 %) PR RS PR Sy fcotns
val ue of
operation) for wiping the nozzle face 34a of the recording
head 34 is performed.

Thus, in the image forming apparatus in which the
contamination on the nozzle face is easily caused by adhesion
of charged mist (charging mist)_on the nozzle face of the
recording head with the electrostatic conveyance, the
restoring operatioﬁ can be performed without excess or
deficiency so as to ciean th; nozzle face effectively and the
degradation of image quality can be prevented, by previoﬁsly
digitizing and storing the value of contamination on the
nozzle face caused by tﬁe predetermined ink ejection, counting
the number of ejected ink drops during-the operation of image
formation, calculating the value of contamination on the
nozzle face by the operation with the retained value of

contamination on the nozzle face, comparing the operation

result with the tolerance threshold value of contamination on
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contam nation on the nozzle face is a value
corresponding to the condition of generating the
failure of ejection such as the bending of ejection
direction, the lack of ejection, and color mxing if
the contam nation is over the threshold value, 10 and
is digitized by the sane nethod as the val ue of '
contanmi nation on the nozzlsyface caused by the
predeterm ned ink ejection. Accordingly, the _
thepepatlenfate clieaninnpdeiermiaped| einknd andyperforming the
unnecessary timng can be avoided so as to prevent
opeasteonfl fopkeDsarnine thaddivkizdsafhiye wWimreddtee ralved of5
ink ejection (predeterm ned ink drop ejection)” may
co%? i AL+ 16X30R e "REZ1€) ¢akadiongrei@dr -tHeh R &aSeshold
0 ormng one drop for formng an image from plura
ub-drops, it nmay be "per one sub-drop”. Next, the
d€ond embodi nent of the mist 20 contamination
elimnation process is describeg bg rﬁferrﬁgﬁ ﬁg FI G
13. In thPsTBiBcelRe HRlemncRstPEEERSH r i W hdthct er
printing is received, the information of a printin
com@minatipagandthe nerstltefacke i6chavabi®rdopigspanggng to
node is a one-face printing node or-a double-face
tHY idahidRg iBRderi gediat irrd thab fAfitermasfl, efection such as
predet erm ned process for character printing -55-
| bgr pat ' iR, Ah8OladReoNWHRILi®n, and
1j%%g%%§&58i§3 g?%%gi?%ng%unted when the inmage formation
i.s per.fornmed_a the retali I f ' [
et RRBEz e P e PR PRe Pl b i AR IR bete,

at the character printing.node is 5 read out. Then
bR PP ELSRT P FEFrEa BaSeE HiE Of

contamination on the nozzle face caused by the predetermined

v

ink ejection. Accordingly, the operation of cleaning the
nozzle face at an unnécessary timiﬁg can be avoided so as to
prevent waste of ink or time. Additionally, “predetermined
ink ejection (predetermined ink drop ejection}” may be, for
example,.“per ejected one drop”. In the case of forming one
drop for forming an image from plural sub-drops, it may be
“per one sub-drop”.

Next, the second embodiment of the mist
contamination elimination process is described by referring to
FIG. 13. 1In this process, as an instruction for character
printing is received, the information of a printing mode in
regard to whether the (character) printing mode is a cone-face
printing mode or a double-face printing mode is obtained.

Afterward, a predetermined process for character printing
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the read out val ue of contam nation on the nozzle face
and the nunber of ejected ink drops such that the
contami nation quantity of the nozzle face is
cal cul ated and updated, and the wupdated contamni nation
quantity of the nozzle face is stored. 10 Afterward,.
simlar to the first enbodi nent of the m st

contanmi nation elimnation ocess, when the :
contam nation quantity of"the nozzle face is equal to

.or _Le h | .thaeshpl thy aluideaf ofhejected

atron on the nozzle face, the process is

. conpl eted W thout. a s 15 Weeothed and
inKoRESRPNAE i SR t"‘zl%iéf/lngbgt E@gﬁgzg?e ?acélis gr eat er
than the. tol erance threshol d,value of the :
theomehainadi Balem Qﬁw&onﬁéﬁpégil%e?na&%? dijaslg face in the
operation (w ping operation) for w ping the nozzle ,
pricaie c34anetl ihke epTUridiongthshe SBaraCteerRiiedd Fede 1s
Herein, the relation between "the character printing

cdRfeurandThbg, repetatgdnalalprecetstogt asi petfarmeash based on
nozzle face in the predeterm ned ink ejection" is

£ desc raici3 et Theuguaptidnk afirgenenabadtrbangriige nfade and the
éﬁbes 5epeng|ng on the charging condition on the

R o PG R b T ST he ebe T fogar o1 b hd
rl o e DRECLR T30S I e L RIa P End R e and the
printing .nDQe (printing node) is one-face printirg%ored.
updtehgortenfioation granthie widfedheurrzgéeofa¢fel S

recordi ng-medium On the other 5 hand, when it is

doubl e- f agertpirvatrdngsitheaf i tsttfeaddrst embodiment of the
mist contamination elimination process, when the contamination
qﬁantity of the nozzle face is equal to or less than the
tolerance threshold valuve of the contamination on the nozzle
face, the process is completed without any more process steps.
When the contamination quantity of the nozzle face is greater
than the.tolerance threshold value of the contamination on the
nozzle face, a cleaning operation (wiping ope;ation} for
wiping the nozzle face 34a of the recording head 34 is
perférmea.

Herein, the relation between “the character
printing mode” and the retained “value of contamination on the
nozzle face in the predetermined ink ejection” is described.

The quantity of generated charging mist changes

depending on the charging condition on the surface of a

recording-medium, the charging condition on the surface of the
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(referred to asa face to be printed previously, a
front face or one face) on which an inmage is forned
is a dried surface of the recording-nedium and the
second face (referred to as a face to be printed
|atterly, a back face, or the other face) 10 is
frequently in the condition of being wetted by
previously adhered ink drgps. Then, the nore the
recordi ng-nmediumdries, the nore the charging of an

rebBEqE9R9Pnd$1 18R SId Yingausadelywitle tishalgamepsoviidedeon
the conveyer belt for the adhesive conveyance, at the

tine.of for hQn. Hergih, + 1 I i nti
IEESEEé nation on gb%%zgége'fggtﬂi$P%{E?ﬁﬁagﬁgfggﬁ%ﬁgéng
ink ejection" is set such_that when. the character
oI BFRGEMIREE ) e GHE-FACE BFERTITY iudtophe s formed

nunber (frequency) of cleanings . is relatively high apd

onwttbe driedssurfacifl dheacecpErhnImetode, f%‘et:l?%nﬁé er
(frequency) of 20 cleanings is relatively |ow

hahger gheneitthe dmikld-dfisicen pafintihe, velheietimrafisicey) of
contam nation on the nozzle face based on the nunber

(r¥retieat 64 £oka 0F RS 1GAMbeC Prigspangrévi dlly charfacher face
printing node and unnecessary cl eaning operations can

orggaﬁ{eg%éﬁgsi' Sﬁ%rgﬁﬁﬁ eatrf hetda 5d epbpdineata rilflsurface of

I M ndtion process Is described

wth referring.to FI 4. 1n_this _process n

£ PECL DR PO ERaA b (4 SEERPEnGSrE Crenerva B4 e 2
information of a printing node in regard tqQ whether

fadwe tecber RetaEyd pratieHg med®3CK SREST st S MUhRF Face)
node or doubl e-face printing node is obtained. _

i Affteiguentlyvatin the condition of being wetted by previously

adhered ink drops. Then, the more the recording-medium dries,
the more the charging of an ink drop is easily caused by the
charge provided on the conveyer belt for the adhesive
conveyance, at the time of image formation.

Hérein,.“the value of contamination on the nozzle
face in the predetermined ink ejection” is set such that when
the character printing mode is the one face printing mode, the
number {(frequency} of cleanings is relatively high and when it
is the double-face printing mode, the number (frequency) of
cleanings is_re;atively low. Therefore, the calculation of
the value-(quantity) of contamination on the nozzle face based
on the number of ejected ink drops can correspond to the
character printing mode and unnecessary cleaning operations
can be reduced.

Next, the third embodiment of mist contamination
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' enV|ronnentaI condition (at | east one of environnental

tenperature and environnental humdity) is nmeasured
based on a detected signal fromthe environnental
sensor 222. Then, a predeterm ned process for
character printing (imge formation) 10 is perforned.
Al so, the nunber of ejected ink drops is counted when
the inmage formation is perdprned and the retained

val ue of contam nation on the nozzle face in the

c1Rfedatesni pested Nk ejdectrdbedantith hee ehariagt ¢o FIG. 14.
printing node and the environnental condition are read

%51 TE?QC operal inpalnstkackhieaesst Nehdradieif @rifeding is
aseg e Tead out val ue of contam nation on the

reRi bt 268 PLEO LI MRS 2O ShEFhe hddll 1rfluapR e

i"on quant he noz e face
cal cul ated and updated .and the dated cQ tanlnat
whishedi theof CRABRFRE) SHRENIsTOEs 12, ongy 14 é’r ng
simlar to the first enbodi nent of the ntst
mosEntcanidoablenfate mmiatting podeeds, ohkrinadhe Afterward, an

contami nation quantity of the nozzle face is equal to

erffi des@enthancéhei tiot eftndeatshr esbobfl et morodertted
contanination on the nozzle face, the process is

ég@mqi fled Whhowd: Asmdi A, @ﬁﬁﬁ@iﬁﬁtfmnea?sﬁlwama@ée on a

ntantnat|on quantlty of the nozzlie face is greater

il Tebhn SR IS g 20 mhen, 2
pﬁé’;{%@ﬁﬁ%@%ﬂ'@?%éﬁ%% f%4PF%HLb%?fG§?£Q%ZZ imation)

Herein, the relation between "the environnental )
is performed. Also, the number of ejected ink drops 1is
counted when the image formation is performed and the retained
value of contamination on the nozzle face in the predetermined
ink ejection, and the character printing mode and the
environmental condition are read out. Theh, operational
processing is performed based on the read out value of
contamination on the nozzle face and the number of ejected ink
drops such that the contamination quantity of the nozzle face
is calculated and updated, and the updated contamiﬁation
quantity of the nozzle face 1s stored.

Afterward, similar to the first embodiment of the
mist contamination elimination process, when the contamination
quentity of the nozzle face is equal to or less than the
tolerance threshold value of the contamination on the nozzle

face, the process is completed without any more process steps.

When the contamination quantity of the nozzle face is greater
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~condi tion"” and the retained "val ue of contam nation on
the nozzle face in the predetermned ink ejection"” is
descri bed. As described above, the quantity of
generating charging m st changes dependi ng on the
charging condition on 10 the surface of a
recordi ng- medi um and the charging condition on the
surface of the recordi ng-ngdiumis influenced by the
dryness of the recordi ng-nedium Therefore, the val ue
thah tEenesBiiniteftHrieghohdr gahge noSttle guinftiepdnakyon on the
changes depending on the environnental tenperature
t 5 i brBunbdi twipAld hpeghatiilbe) wieke
no%ggﬁa£$§%1Hﬁgyﬁ%?ﬁgggﬁé elucida%eJ)yé%, when t he
.envi ronment al . hum di i S gl (Kol Lum
wifite PhA, Tee hd 15 oua 1Y Shar baPrdff MERalpres
electricity by a charge provided on the conveyer belt
pexforweds he adhesi ve conveyance, whereby the anount of
charging mst increases. In this case, the |ower the
envi r onneHeaeinhutielinalatdonnhetieen i Ythe gnatigignpental
hum dity or absolute humdity, the nore the charging
cdidak ibandsndotihe wasiined Jentuat efl. cthisopinaidon e the
environmental humdity is |low, the 25 absol ute content
ncYz AP LESEHN €n Cﬂhﬁl& %f@&ﬂéhﬁ'n@d‘ $nkous evetbrat i+ Yedditebed.
sane relative humdity and the mediumis easily
char ged ith static.el,ecirigity fore, :
amount of hges%ﬁjal?%ﬁi n%bOSn;eé t qL‘llhtr"?c Fg%ﬁgé_ﬁ’ F%J?t%%{r%ﬁtﬁ ng
the case of | ow tenperat [

re, it_js considered that,

ChAnHea RdSH SBRTES GPTHLTG PRk PRCFBASEI g APl o on

mst is easily generated at the tinme of .
+he surface of a recording-medium, and the charging condition
on the surface of the recording-medium is influenced by the
dryness of the recording-medium. Therefore, the value of
generation of the charging mist significantly changes
depending on the environmental temperature and the
environmental humidity.

Although the whole mechanism has not been
elucidated yet, when the environmental humidity is low, the
recording-medium itself dries and is easily charged with
static electricity by a éharge provided on the conveyer belt
for the adhesive conveyance, whereby the amount of charging
mist increases. In this case, the lower the environmental
humidity is, whether it is relative humidity or absolute
humidity, the more the charging migt tends to be easily

generated. Also, when the environmental humidity is low, the

absolute content of moisture centained in air is low even at
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ink ejection, the anount of the ink flow ng back to-
the nozzle face is increased by the charge provided
on the conveyer device and the anmobunt of the charging
m st increases. Then, the values of contam nation on
the nozzle 10 face in the predeterm ned ink ejection
are retained as val ues dependent on at | east one of
the environnmental tenperature and the environnental
hum dity, and the contam nation quantity of the
tha0%zle 18¢srife tGniRanAineN Bk hedgen f1¥ ldiQy icharged
cal cul ated using the value of contam nation on the
.nozzl e, face ' c S t nt
T L S T
tenperature and the envifo ntal _hym dity.
chprerietofeStt HRCHPRTE | orfniffrmglreaﬁflngﬁ% h%a‘élneozozq eFace
can be executed depending on the use environnment of '
t eiripe riatmge , f dEni Agconpistaradishat ipFepeie tYHAGRFLLY of the
wher eby unnecessary cl eaning 20 operations can be
imeducedaand ehfii chenti<cd eanicagidyegahepated ceth the time of
attained. Additionally, in this exanple, since the
in"l?leg}%d%fion‘}oﬁhénbﬂé‘ﬁﬁ@rb@rtHe_hQ.nfkoﬂ_bﬁifl@Cf@attlﬂ fdeche nozzle
predetermned ink ejection is set based on the

rinting node ang t | I L td

R R R R o

t he second_enbodi nent _can b er.f or ned . However t he
demiase 81 EbRt RPHAE| of Ot (HEERGRY BLPEcER TR -

predeterm ned ink ejection my be set based on only

the envirihementhe Tohdesi ohsCom-aupeliPReCOR olire HOZZ1e

enbodi nent of m st contam nation .
face in the predetermined ink ejection are retained as values

dependent on at least one of the environmental temperature and
the environmental humidity, and the contamination quantity of
the nozzle facé in the operation of image formation is
calculated using the value of contamination on the nozzle face
which corresponds to the measurement value of at least one of
the environmental temperature and the environmental humidity.
Therefore, the operation of cleaning the nozzle face can be
executed depénding on the use environment of the image forming
apparatus at a proper timing, whereby unnecessary cleaning
operations can be reduced and efficient cleaning operations
can be attained.

Additionally, in this example, since the value of
contamination on the nozzle face in the predetermined ink
ejection is set based on the printing mode and the

environmental conditions, a cleaning operation that is more
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~elimmnation process i's described with referring to
FIG 15. In this process, as an instruction for
character printing is received, information with
respect to the kind of a recording- nmedi um
(information for the kind of paper) is obtained and 10
whet her the recording-nmediumis a paper that hardly
contam nates the nozzle fag®-is determ ned. Then, when
the recording-nediumis a paper that hardly
effdutiantnahas the Frnozide ehRediMERE PRDRR PIELUEFH et ed
W t hout any nore process steps. On the other hand,
Hotleer rt hehdbvabeordlf ngntediinatisnnot theapmziehdfiace in the
hardly contam nates the nozzle face, the
preEteORRARAE n £ OBl dd i il beasktOpgséd dh®nly the

environnental tenperature and the environnent al

e%ﬁﬂgﬁﬂﬁ? Shsgﬁggfé#gﬁgi Afterward, a predetermn ned

aracter " printing (imge formation) is

performed. Al so, the nunber of,,. 20 _ejected ink draps. .

i s count ediekenthRel PWEG: FRHTESH #g LRt SE AR o

the retained val ue of contam nation on the nozzle
efiacimationhprpredst ks rderaribed afiést referfingdo FI1G. 15.

envi ronnmental condition is read out. Then, operationa
TIPOGIes Privgelss , pes f & s thased oan folrecheraicoant paainteing is

25 contam nation on the nozzle face and the counted

JUHERTS Of; B limaCl 85 1@k H e HeRRS taUeRet RBAIIHE a recording-
contamnation quantity of the nozzle face is

cal cul ated and, upd Naddesipdples ;gontan fay
m%ﬁalﬁ?iﬁg}%gofmia%égﬁo%’fegt}?egce 'S St %rg .?A%tervvar ,

simlar to the first enppodi nent of thg 5 n1§£d1
wheHiad et ifGiTOsPRTTRRT O pro Ce PR ERSE hgdtdly

cont am nati on . . '
contaminates the nozzle face is determined.

Then, when the recording-medium is a paper that
hardly contaminates the nozzle face, the process is completed
without any more process steps. On the other hand, when the
recording-medium is not a paper that hardly contaminates the
nozzle face, the environmental condition (at least one of the
environmental temperature and the environmental humidity) is
measured. Afterward, a predetermined process for character
printing (image formation) is performed. Also, the number of
ejected ink drops is counted when the image formation is
performed and the retained value of contamination on the
nozzle face in the predetermined ink ejection at the
environmental condition is read out. Then, operational

processing is‘performed based on the read out value of

contamination on the nozzle face and the counted number of
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quantity of the nozzle face is equal to or |less than
the tolerance threshold value of contam nation on the
nozzle face, the process is conpleted w thout any
nore process steps. Wien the contami nation quantity
of the nozzle face is greater than 10 the tol erance
t hreshol d val ue of contam nation on the nozzle face,
a cl eaning operation (W pigg-operation) for w ping the
nozzl e face 34a of the recording head 34 is perforned.
ejderteidn inkhdrops atian thettwede ‘tcohtakimat bfn quantity of the
recor di ng- nedi unf and the nozzl e contam nati on caused
ndPz 1t &ack5iBi 641 sl AesT EnetipdAscdpsand btk alpated he
charging m st is generated by chargi ng of an inmage
[ a : rnecor di.ng:
anq{a%gxaggo{jh a5 7 (L0 dgeMedb U M) dcs

cause ence a charge provided on the

conveyer ice and accardingl y.chargipg aof .ejecte
i nk. Ther g&%%‘fam‘tens E\reg%r %Pﬁg?ﬁgapu?@ﬂ%%e% SF the
physi cal thickness such that the charge provided on )
miste condapanatieR e LEnwdd oo ProfPEGentleR H§ mgptamination
formation face (recording face), or has a high
quedredittn odl thhi ebzlibe Bfdedts, equhad toage Iessmwthaon thace
of the recordi ng-nmedi umthat opposes the nozzle face

tedditd @6@eghHld hearhd oS ciermenat96f ohtthhedAld Eace,
electricity, and therefore, the generation of the -62-

. et L ani £ L . he
LRSS i PLO SR g epd, oty WA M men
enenﬁfes t he char

ihg mst, . that i medi um tqﬁt
R AR COREARP AL TV 110 HS PREeLBr Tehe Th g than
head 5 by the charging mst, no cleaning‘operation IS
threrfgamsdces ghreshold value of contamination on the nozzle
face,'a cleaning operation (wiping operation) for wiping the
nozzle face 34a of the recording head 34 is performed.

Herein, the relation between “the kind of

recording-medium” and the nozzle contamination caused by the

‘mist is described. As described above, the charging mist is

generated by charging of an image formation face of the
recording-medium which is caused by the influence of a charge
provided on the conveyer device and accordingly charging of
ejected ink. Therefore, when the recording-medium has a
physical thickness such that the charge provided on the
conveyer device does not influence the image formation face
(recording face), or has a high electrical shielding effect,
the image formation face of the recording-medium that opposes
the nozzle face of the recording head is seldom charged with

static electricity, and therefore, the generation of the



that an unnecessary cl eani ng operati.on can be reduced.
Next, the fifth enbodi nent of m st contam nation
elimnation process is described with referring to
FIG 16. 1In this process, as an instruction for
character printing is 10 received, information of a
character printing node and information with respect
to the kind of a recording-Jredium (information for
the kind of paper) are obtdi ned and whether the

I LA Rgsiredd WRdS A cRapek, kBaticdardly contam nates
Chﬁﬁgg ﬁozz?e face€$§'detern?ned. 15 Then, when the

recor di ng-lﬁgj %ﬁ 13, P IR B AL -mBA G Vi € AUANTN 3eBS um

t he nozzI% ate, e process 1s conpleted wthout any
nore pr.ocess steps. t he ot.her hand, en th .

theg BRAVAY. SRURARAGS Tt CHAEE TRAL: Hahyor & medium
contam nates the nozzle face, the environnental .

thadntiatrddy ¢contimimatesndhel nogeleofessi ¢hitmigcording head
tenperature and the environmental humdity) is

5 byR3suesdrgfhl et d,na qireotdngr npaepat powcies peaformed, so

character printing (image formation) is perforned.

el An LRBPEERSFy A 1eBiiR] Rfbeirakighopsn itse amthiced .when
the 1mage formation is perforned and the retained

val ue °fnﬁ%%é??%ﬁgt%£¥ﬁﬁ”bﬂﬂga' n0g 2! 81 fac it Niition

predet er ej'ection, and the -63- character

rinting node and fhe_ environmental cendition ar
e Handagdon PREASSIpES a%%so?ﬁabe&f'g’&igsifﬁge’f’élfb%ﬁ%ﬁe@d 16.
based on the read out value of .contam nation on the |
ImoZvis pracesandas hen Rimustifmmier eRaEiettedPiHing 1s
drops such that the 5 contanmination quantity of the
10 réwgateri,f degormatabsubfteclenticter printing mode and

information with respect to the kind of a recording-medium
(information for the kind of paper) are obtained and whether
the recording-medium is a paper that hardly contaminates the
nozzle face is determined.

15 Then, when the recording-medium is a paper that

" hardly contaminates the nozzle face, the process is completed

without any more process steps. Oon the other hand, when the
recording-medium is not a paper that hardly contaminates the
nozzle face, the envircnmental condition (at least one of the

20 environmental temperature and the environmental humidity) is
measured. Afterward, a predetermined process for character
printing (image formation) is performed. Also, the number of
ejected ink drops is counted when the image formation is
performed and the retained value of contamination on the

55 nozzle face in the predetermined ink ejection, and the
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updat ed, -and t he updated contam nation quantity of the .. -
nozzle face is stored. Afterward, simlar to the
first enbodi ment of the m st contam nation

elim nation process, when the contam nation 10
quantity .of the nozzle face is equal to or |less than
the tol erance threshold val ue of contam nation on the
nozzl e face, the procéss_éi_conpleted wi t hout any
nore process steps. \Wen e contam nation quantity

cHfralhernpgzzheihgGRodess sgideaher ehbafonhderd 0l esmlicton are
threshold val ue of the contanm nati on on the 15 nozzl e

rd=38ut2 ChRAp nﬁg%éﬁ?a.cr;:i% gpg:yc@sggnepfé guclgéf)fenﬁéﬁ based on

W pi'ng 't hé nozz the récording head 34 is

performed, By._ perform such.a_praoc , ean
tfpaead Bt TARBEhaTOATRI AP BhprinTorES T pnd the
corresponds to the 20 value of contanination caused
cannteidangegrnpit etgctak indy Arerst gughofhaheth%cor di ng
head. Next, the sixth enbodi nent of m st contam nation
céltiddimatiion pnanessy ict déscmidzed ewifaher 8§ eralelated and
FIG 17. 1In this process, as an instruction for
upd RS @hdPEhB! Pdat & Lortesdinkedoni ghientity onf ofhe nozzle
character printing node and -64- information with
respect .t he kind of a recordi ng-medi um
f??%ﬁ%ﬁw%aé%#}for the kind of paper) are obtained and

ot T Rt AERT sFLRLTRRr (7 TaaefnghBbaliait 8 %ne

environmental humdity) is 5 nmeasured. Afterward,

mhstederdanined ipnoebEBina i h frpqess, when the Coftamination

quantity of the nozzle face is equal to or less than the
tolerance threshold valuerof cqntamination-on the neozzle face,
the process is completed without any more process steps. When
the contamination guantity of the nozzle face is greater than
the tolerance threshold value of the contamination on the
nozzle facé, a cleaning operation (wiping operation) for
wiping the nozzle face 34a of the recording head 34 is
performed.

By performing such a process, a cleaning operation
can be performed more appropriatély which corresponds to the
value of contamination caused by charging mist on the nozzle
face of the recording head.

Next, the sixth embodiment of mist contamination
eiimination process is.described with referring to FIG. 17.

In this process, as an instruction for character printing is

received, information of a character printing mode and
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printing (image formation) is perfornmed. Al so, the
nunber of ejected ink drops is counted when the image
formation is perfornmed and the retai ned val ue of
contam nation on the nozzle face in the predetern ned
ink ejection, and the 10 character printing node, the
kind of the paper, and the environnental condition
are read out. Then, operatggnal processing is
performed based on the read out val ue of

ircfyyinaytii pat woth one $hecindzy el &dedand &heecordieg-medium
nunber of ejected ink drops such that the

(SEYARRRN eBratietiking Af ey aezzbetéasedismd
cal cul ated and updated, and the updated contamni nation

uant | f e [ QL ed. f r
=GP thE eIl P Eh, (f 4B She of whe
contam nation elimnation process, ,when the ‘s .
enbricmeRABlo A TRRERT H1S B1S (e FOY/ZFERPERERT STttty 18
or less than the 20 tol erance threshold val ue of
mesonized.nafifbsreardhed movedat drad@ed pRecpescE’E ¢haracter
conpl eted wi thout any nore process steps. Wien the
pEiaidiay ndage duaniétignlofid herfermed.f aRksos pheatwrber of
than the tolerance threshold value of the
e FORLAMIRAL I19BpAN: & heouradd vihdrfG®e AmBLBaRbARation is
operation (W ping operation) for 25 wi ping the nozzle
face 34a of ' d |.S. 205 0
prEfer o 588 RSO RS R SR na bl PE e,
a certain kind of recgordi ng-nediymi.n the fourth and
ng371 LAROO FEALBTSOHET oo SISREANTnaFTOnE DT
the nozzle face 5 in the predeterm ned ink ejection”
chamemnmindagtiagvabdes the kind of the paper, and the

envirommental condition are read out. Then, operational

processing is performed based on the read out value of
contamination on the nozzle face and the counted number of
ejected ink drops such that the contaminatibﬂ quantity of the
nozzle face is calculated and updated, and the updated
contamination quantity of the nozzle face is stored.
Afterward, similar to the first embodiment of the
mist contamination elimination process, when the contamination
quantity of the nozzle face is equal to or less than the
tolerance threshold value of contamination on the nozzle face,
the process is completed without any more process steps. When
the contamination quantity of the nozzle face is greater than
the tolerance threshold value of the contamination on the
nozzle face, a cleaning operation (wiping operation) for

wiping the nozzle face 34a of the recording head 34 is
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dependent on "the klnds of nedluns to be recorded"
and the contam nation quantity of the nozzle face in
the operation of inage formation is cal cul ated using
the value of contam nation on the nozzle face which
corresponds to the kind of recording 10 nmedi um on
which image formation is perfornmed. Therefore, the
operation of cleaning the-g®mzzle face can be executed
dependi ng on the kind of recordi ng-nmedi um at a proper
parfigirmgd. wher eby unnecessary cl eani ng operations can
be reduced and efficient cleaning operations can be
att ai ned. HébeAddiwhanald Yo idl ebhiagespapie] ol thauglcuted
the conbination of the character printing node and

fchh% cBRYEE ANREM alr GRYAd19-ned2dAPi 80che LA M U8R fifth

contam nati on on the nozzle face in the

a‘@%ﬂcglf\eﬁ T "ethd e Sleetionoganhe. 26l LeRANNG AL race

. seventh enbodi nrent of ntst qontantnatlon e |n1nat|on
irpthce PEePS L BEEER¢ DT TESrE r PRG FOTEIRED B8 Valyes
‘this process, as an instruction for character printing
dependenteiprelfhée ntdmtafomestivasc har het secordedingnd the
node, 25 information with respect to the kind of a
cdracalidiangoffiedualit 1 66-of it matzienfhoe ihetled nshefation of
paper), and character printing face information with

Jﬂ%&&p%% 918ﬂeigeéafbdﬂgﬁéﬁnd§inﬁrtHE'GQluéaﬁﬁ déhtidi@nation

ITst face or the second face are obtai ned and

o UREBENLY e ST MBI badh! LD kAl 52 ring-
IMS%XLJ%SPE%&SL E%g%glgggmatlon is performed. Therefore, the
operation of cleaning the nozzle face can be executed
depending on the kind of recording-medium at a proper timing,
whereby unnecessary cleaning operations can be reduced and
efficient cleaning operations can be attained.

Additionally, in this example, although the
combination of the character printing mode and the
environmental condition is adopted, “the wvalues of
contamination on the nozzle face in the predetermined ink
ejection” may be set depending on‘only the kind of_recording—
rmedium.

Next, the seventh embodiment of mist contamination
elimination process is described with referring to FIG. 18.
In this process, as an instruction for character printing is

received, information of a character printing mode,

information with respect to the kind of a recording-medium
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nmeasured. Afterward, a predeterm ned process for

character printing (inmage formation) is perforned.

Al so, the nunmber of ejected ink drops is counted when

the image formation is perfornmed and the retained

val ue of contam nation on the 10 nozzle face in the

predeterm ned i nk ejection, the character printing

node, the kind of the papet%-the character printing

and the enviraonment condition_ are re

(SrRSRmatoghy £0F ot TITL Cus PRESFS  pBhF GF i ke it Lng

the read out value of contam nation on the nozzle &
fafoge dndpgme heor ovfitie drespasintier wbethpEct ethatackhopyinting

such that the contam nation quantity of the nozzle
fdcacdsi sheaftosat fatanst dpeatsedpndnatéeareipitsteihed and

contani nation quantity of the nozzle face is stored.

sufetftdy £h814a¢1 it il cohaerhed| (@E‘tléisfsﬂ hhe of the

n1st contanlnatlon el i m nation process, mhen t he

HPUMEN Rl e I IRERAEh
SR TR e R e LOERIECEEE L

contami nation quantity of the nozzle face is greater
pripdringt Hém@geegfam@tm)emlp@r\famdef bR anhmatiwgper of

on the nozzle 25 face, a cleaning operation (w ping
ejutfeal Hak) dkops W piagnritee! whén nbezinagacBoSdst iafn tilke

recording -head 34 is perfornmed. As described above,

pd o raRBe LAk fRe Of et dindd AR o fMesht bl i@ brl Rt He
case of perform ng character printing on the second

the.d ,
é%%%%?e gnlef{%hércase 0 q%%f?%%n? EE£ araQ%HEECﬁ%raCter

P fﬂéyhgn%ode, the kind of the paper, the character printing

face and the environmental condition are read out. Then,

- operational processing is performed based on the read out

value of contamination on the nozzle face and the counted
number of ejected ink drops such that the contamination
gquantity of the nozzle face is calculated and updated, and the
updated contamination quantity of the nozzle face is stored.
Afterward, similar to the first embodiment of the
mist contamination elimination process, when the contamination
quantity of the nozzle face is equal to or less than the
tolerancelthreshold value of contamination on the nozzle face,
the process is completed without any more process steps. When
the contamination Quantity of the nozzle face is greater than
the tolerance ﬁhreshold value of contamination on the nozzle

face, a cleaning operation (wiping operation) for wiping the
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the one-face character -printi-ng node or on the first
face in the double-face character printing node, and
the value of contam nation caused by the chargi ng

m st on the nozzle face is also reduced. Then, "the
val ues of contam nation on the 10 nozzle face in the
predeternined ink ejection"” are retained as val ues
dependent on "the characteg;printing faces”, and the
contam nation quantity of tLe nozzle face in the

nd¥dlcatfizes Bfia ohuige: Nyomtdiony hsadaBé ul st igsimegl.t he
val ue of contam nation on the nozzle face which

corresponds hestPerehafasisr i BkhBgatboh agf e tdiirging
recor di ng- medi um on whi ch face |nage formation is

mi Fg{ ;.l%r re ggcegeigf & c4dle S, %‘f’ g ChEAMNG W8 nting

can executed epen on the printing

oémi&%e%&cbﬁﬁegééégﬁ“ s Eﬂﬂhﬂge—%‘ageaﬁﬁaﬁé gty WAting mode,

reduced and efficient cleaning 20 operations can be
catgaietedo Agdtheonase \of inenivmpiagarpreackes HUGH ik 1n
conmbi nation of the character printing node, the kind
t1ed dﬁﬁﬂﬂace(thErktﬂdrqﬁrimﬂingﬂmmﬁenediun)th@dfiiﬁx face in
envi ronnmental condition is adopted, "the val ues of

t15OH ﬂyﬂﬁa%@ EHaEQ@t@P%&ffhﬁﬁﬁéeMd&e25ahﬁethe value of
predeterm ned ink ejecti'on" may be set dependi ng on

; . h
R AR I S e e
bendlng of ejectjon dlglctio of an ink, li g th
BT BIPERe KFREROF TR, Ve Shs ST SR EORE Gy P

to be 5 that the polarization property of ink in a
nehatei fapecdmditheopredetermined ink ejection” are retained as

values dependent on “the character printing faces”, and the
contamination quantity of the nozzle face in the operation of
image formation is calculated using the value of contamination
on the nozzle face which corresbonds to the character printing
face of the recording-medium on which face image formation is
performed. Therefore, the operation of cleaning the nozzle
face can be executed depending on the printing face of the
recording-medium at a proper timing, whereby unnecessary
cleaning operations can be reduced and efficient cleaning
operations can be attained.

Additionally, in this example, although the
combination of the character printing mode, the kind of paper
(the kind of recording-medium) and the envirommental condition
is adopted, “the values of contamination on the nozzle face in

the predetermined ink ejection” may be set depending on only
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depends on the kind of ink. Therefore, for the ink
that generates a higher quantity of the charging
m st, the retained value of contam nation on the
nozzle face in the predetermned ink 10 ejection is
set to be a larger value. On the other hand, for the
ink that generates a | ower quantity of the charging
m st, the retained val ue—-gg-contam nation on the
nozzle face in the predetermned ink ejection is set
the dbaracseul peinvibgiefaosd the kind of used ink is
recogni zed. Then, the value of 15 contam nation on the
nozzl e fag@sbp the phiflederarigfedhatlying] efta areadrdirey-
kind of the ink is used for the calculation of the

mé’cﬁlﬂ? tof teanbapkNad i 9n Sddiemneazkecisteor theraly 1iqu

performng wthout™ excess or deficiency the operatlon

for . cleaning,.the nozzl.e f [ i $.S

dgRRRds5, 8f)’eF%‘§ n‘go f e nk%ﬁ%a%ggt E(S:o%{’%%{)%% to be
el i m natign process for perforn1ng the cl ea

thidertdts BRLRELZEREORPAREF AL O dBFenbi ﬁgc%?F‘-iHégg iGanfition
of ink can be conbined with any of the first through

depertds embbdienkhng. ofNeitk. a charge provi di ng control
operation for the 25 conveyer belt as a conveyer
devi ce i s Tteserfbbed bt hthefialk ithgt- GBnetatédd G HiOglewd
FIG 20. The novenent quantity of the conveyer belt 51

b anst ectrd r%‘tgfﬂﬁledfﬁé’m@rbf
@g%gbgéi%gg%ﬂelggsﬁ%gﬂ% a sl |?;d|sk 331 and

BRI, B e LB ) LTG0, 0 1
ejection is set to be a larger value. On the other hand, for
the ink that generates a lower quantity of the charging mist,
the retained value of contamination on the nozzle face in the
predetermined iﬁk ejection is set to be a smaller value and
the kind of used ink is recognized. Then, the value of
contamination on the nozzle face in the predetermined ink
ejection aﬁ the kind of the ink is used for the calculation of
the value of cqntamination on the nozzle face, thereby
performing without excess or deficiency the operation for
cleaning the nozzle face which is suitable for the property of
the ink. This mist contamination elimination process for
performing the cleaning operation for the nozzle face
depending on the kind of ink can be combined with any of the
first through sixth embodiments.

Next, a charge providing control operation for the

conveyer belt as a conveyer device 1s described with referring
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driving the conveyer belt 51. The sub-scanning notor -
314 is driven and controlled by the control part 300
and the sub- scanning notor driving part 313 according
to the detected novenent quantity and an output from
the AC bias supplying 10 part 315 for applying a high
voltage (AC bias) to the charging roller 56 is
control l ed. The presence egg9absence of charge
application on the charging roller, the frequency of
tpddiG.i v pnPoFaF- add- negativel y-pol ar applied
vol tages, the width of each polar 15 area in the
conveyanc&hedi meckimens dqudret charcd nhewcdhbepér abelt 51 is
positively polar charging pattern 351 and a negatively

dYHed Thakdi B8 RABLESct3D% QhalnereanigySichedt ),
etc., can be controlled by controlling the output

ir(c.rbl%itn%e aAgl@caaiéﬂ PPLYi 0y %g}ho%ééseﬁgaﬁ‘%ﬁf%i&? Lncoder

apove, “a charge on a recordi ng-nedi um ichis

. gener ated, by providing the ch on _the conveyer

Bl R e AFOPERYPRr O EET (3 For
environnental humdity, and the kind of the .

dristigradithg- eeavarer Thekt k- sHoWh sR-Franndpg metern 314 is
instruction for 25 character printing'is received, at

dieasi amk cohteo¥lednopntlad co:rdleppet aBd eamddthe sub-
envi ronnental humidity (an environnental condition)

s¢shrBRS Woedrandi veHgseatiem1y addean ABt toncherdéhected
kind of a recording-nedium (the kind of paper) is

P ool o0 o SRl B A BB 1
péignéfﬁqgﬁﬂtgkpiggggté nigh voltage (AC bias) to the charging
roller 56 is controlled.

The presence or absence of charge application on
the charging roller, the frequency of positively-polar and
negatively-polar applied voltages, the width of each polar
area in the conveyance directions (the charging width of a
positively polar charging pattern 351 and a negatively polar
charging pattern 352 on the conveyer belt 51), etc., can be
controlled by controlling the output from the AC bias
supplying part 315.

As described above, a charge on a recording-medium

which is generated by providing the charge on the conveyer

‘belt 51 depends on the environmental temperature, the

environmental humidity, and the kind of the recording-medium.
Then, as shown in FIG. 20, as an instruction for

character printing is received, at least one of environmental
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and the kind of paper, and the alternating frequency
of positively charging and negatively charging the AC
bias (high voltage) applied fromthe AC bias
supplying part 315 to the charging roller 56 is set
in accordance with the set charging 10 w dth, and
charging control for changing the output (polarity)
fromthe AC bias supplyingygpart 315 at the set
frequency is performed. Accordingly, the quantity of
tempeiratysepandi gedixonnarita lc bhrederybéin Sivizonnmsntal
controlled. Also, while a stable 15 electrostatically
ca@iteynngikonessliosd ammhnsepedquendl dj npnfomeition for the
whi ch force is dependent on the environnental
KiGRN et laOEeQBr&ﬂ?gJ‘iﬁé@l@rf (he keRar dEngs WY ditained.

ensure the contam nation on the nozzle face of the

SRR DT, S TU00A5 SRS Y S

conveyer belt_51 and the flomnng back, of the m st can
copyeyedubedtasl it sl Rb?PV1£ﬁ%R§W?%ﬂ condition
exanpl es are descri bed beIOM/but t he present :
arichdsst kéndi efnpep¢s marst the ehsssnakangl Esequeireiaf,
the configuration of a used image form ng appar at us,
podh tikelpueherghg paRe redaayivel gl uaki-ging usiesl AMKeiaandhigh
t he papers -71- (recording nedia) are as foll ows.

vcs(lLﬂsa ?Qléérﬂ&ﬁl @R‘P@{catb‘i%)s LuBpiPiRg HeM Mg R, the

conf’ gura ion of an i mage form ng appar at us accor di ng
ol STRGULTEBLL oL pressiber Sl pYent o8 368 Hi¥ing
width, and charging control for changing the output (polarity)
from the AC bias supplying part 315 at the set frequency is
performed.
Accordingly, the quantity of a charge provided on
the conveyer belt 51 can be controlled. Also, while a stable

electrostatically conveying force for a conveyed recording—

medium, which force is dependent on the environmental

condition or the kind of the recording-medium, is ensured, the

contamination on the nozzle face of the recording head which

contamination is caused by the generation of charging mist

caused by charging the conveyer belt 51 and the flowing back

of the mist can be reduced as much as possible.

Next, practical examples are described below but
the present invention is not limited to these examples.
Herein, the configuration of a used image forming apparatus,

the number of papers for evaluation, used ink, and the papers



performed for image eval uation. | nmediately when -an
image failure such as the [ack of ejection was
observed during the printings, manual cleaning was
performed by an evaluator. (Inks) 10 The conpositions
of inks were as follows. [ Black ink] Black pignment
for black ink: 50 % by wei ght Polyhydric al cohol: 25
% by wei ght Penetration datkelerator: 2 % by weight 15

‘Sur f ace acti ye, agent: wei ght Antifoam ng
(CegORAing BG4 pl %&ﬁ %Oﬂéﬁ%éxchanged wat er: bal ance [
Ye||OM/Ink] E)sper3|on of polyneric fine particles,

whi ch 20 (Esatdaimrde fpamicw sPgaEREESH0 % by wei ght
Pol yhydric al cohol: 28 % by weight Penetration

accel er at ar pr2ntebynareirghttheSachéidguastiore @ent (inkge
% by weight Antifoam ng agent: 0.1 % by weight 25

fdﬁanexsagagsgu&%@éor&aga%e thé2embMaafi@ dMkdhe present
Di spersion of polyneric fine particles, mhlc

SRR G "85 REy ST gL B "Peldt 730 B RE BT B 505,

by wei ght
performe% for image evaluation. Immediately when an image

failure such as the lack of ejection was observed during the
printings, manual cleaning was performed by an evaluator.
{Inks)
The compositions of inks were as follows.
[ Black ink]
Black pigment for black ink: 50 % by weight
Polyhydric alcohol: 25 % by weight
Penetration accelerator: 2 % by weight
Surface active agentf 3 % by weight
Antifoaming agent: 0.1 % by weight
Ton—-exchanged water: balance
[ Yellow ink]
Dispersion of polymeric fine particles, which
contains a yellow pigment: 40 % by weight
| Polyhydric alcohol: 28 % by weight
Penetration accelerator: 2 % by weight
Surface active agent: 1.5 % by weight
Antifoaming agent: 0.1 % by weight

Ion~exchanged water: balance



Surface active agent: 1.5 % by weight Antifoam ng
agent: 0.1 % by weight |on-exchanged water: bal ance |
Cyan ink] 10 Dispersion of polyneric fine particles,
whi ch contains a cyan pignent: 40 % by wei ght

Pol yhydric al cohol: 28 % by weight Penetration

accel erator: 2 % by weight - Surface active agent: 1.5
% by wei ght 15 Antifoam ng7agent: 0.1 % by wei ght

| on-exchanged water: bal ance The ink conpositions

f or mul at eliM@gengéacinkled above were prepared and
stirred sufficiently at .roomtenperature, and
subsequentbiygpetrsibtnatf grolmientica fireebpantitlds erwhidih
an 20 average pore size of 1.2 mwas perfornmed. Thus

cé&iiAined makentMPoghdhONSS VY eyugeight Papers used for
character printings) Normal papers (Ey paper

(Cbnnerci@olﬁggﬁii r89&§%€%=§%’§2§ Ek%?ghgb., Ltd.) 25

The conditi o referre c -73-

performance condjtions", elov%:Fj re set as_shown in
Pabl o 1 CenERPEhi PRossse R ai0Rt SnBBuErst
(automatically) performed an operation for cleaning a
nozzl e faddrfereaarhgveprgsnton)-> kab¥dwehdltthe val ues

of contam nation caused by predeterm ned 5 ink
ej ecti on emttifieambrg| egémice,0 t1hé bynbheight ej ected ink

Ion—-exchanged water: balance

[ Cyan ink]

Dispersion of polymeric fine particles, which
contains a cyan pigment: 40 % by weight

Polyhydric alcohol: 28 % by weight

Penetration accelerator: 2 % by weight

Surface active agent: 1.5 % by weight

Antifoaming agent: 0.1 % by weight

Ion-exchanged water: balance

The ink compositions formulated as described above
were prepared and stirred sufficiently at room temperature,
and subsequently, filtration using a membrane filter with an
average pore size of 1.2 pm was performed. Thus obtained ink
compositions were used.

(Papers used for character printings)

Normal papers (My paper (Commercial name) produced
by NBS Ricoh Co., Ltd.)

The conditions (referred to as “automatic



drops, and a tolerance threshold value of _
contam nation on the nozzle face. Table 1 Automatic
Contents performance condition A The foll ow ng
val ues are used for all the environnmental conditions.
"t he val ues of contam nation caused by predeterm ned
ink ejection on the nozzle face" Black: 20 Cyan: 18
Magenta: 18 Yellow 18 "to®Berance threshold val ue of
contam nation on the nozzle face": 8000 B (1) The -
PEIAHFIG Fardesian ursl?e%‘tq #REScESE BF SB‘T@“EJO‘? Tade 1
or 15 RHO or less. "the values of contam nation caused
orpywhimhe ddeepitnbEr| sRORanaGUs Yo auhemabiea bl ¥ hgeer formed
Bl ack: 80 Cyan: 70 Magenta: 70 Yellow 60 "tol erance
an lopestalidny dbuecbéacing animetzlen fapet el eanirzd eopeacsion)
8000

based on the values of contamination caused by predetermined
ink ejection on the nozzle face, the number of ejected ink
drops, and a tolerance threshold value of contamination on the

neozzle face.

Table 1
Automatic Contents
performance
condition
A The following values are used for all the

environmental conditions.

“the wvalues of contamination caused by
predetermined ink ejection on the nozzle face”
Black: 20

Cyan: 18

Magenta: 18

Yellow: 18

nozzle face”: 8000

B (1) The following values are used in the case of
10 °C or less or 15 RH% or less.

“the values of contamination caused by
predetermined ink ejection on the nozzle face”
Black: 80

Cyan: 70

Magenta: 70

Yellow: 60

“tolerance threshold value of contamination on the
nozzle face”: 8000

{2} the vzlues of condition A are used for other
environmental conditions.

C No spontaneous cleaning operation is performed.

The dependence of the values on printing faces was

set as shown in Table 2.

“tolerance threshold value of contamination on the
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(2) the values of condltlon A are- used for other

envi ronnental conditions. C No spontaneous cleaning o
eration is performed. The dependence of the val ues on
printing faces was 10 set as shown in Table 2. -74-
Table 2 Printing Contents node M "The val ues of
contam nati on caused by predeterm ned ink ejection on
the nozzle face" are sane-for both the first face and
the second face. N "The values of contam nation caused
by predet@ﬁhﬂﬁea i nk ejection on the nozzle face" for

t.h O LU ‘70 U| “ l”e Vd.| ucs U|
Prifthind na??%ﬁ %%ised by predet ernined i nk ej ection on

ER-a

t he convejek eifetBm is et nagzdfofRcen ammpams f05 both
Tabl e 3 | tharferSonfarg snd dbel geagndofe®l X The

face" for-theftirsi—face—Fhe dependence————
Mof the va rw@@ Bl i Q:forﬁqnc?rlamﬂéﬁtl%pﬁ%% Rsh Rrgeetgrmined

N char gi ng| WrHé hvé s tof yeoaftamiaeppbhedatded ¢oy prsaletermined

set to beigRnsjantidmdepemdentzeliet €apEY afelf eche second face
is 70 % of “the values of contamination caused by
predetermined ink ejection on the nozzle face” for
the first face.

The dependence of the values on the control for

supplying charge to the conveyer belt 51 was set as shown in

Table 3.

Table 3

Charge Contents

1 supplying

control ,

X The charging width (quantity of a supplied charge)
was set to be constant independent of temperature
or humidity.

Y The charging width was reduced (charge supplying
control was relieved) at a humidity of 15 RH% or
less.

(Evaluation standard)

When the total number of the manual cleanings by
the evaluator was 5 times or more, the evaluatien was “x7,
When the total number of the manual cleanings by the evaluator
was any of 1 through 4 times, the evaluation was “A”. When
fhe total number of the manual cleanings by the evaluator was
) times, the evaluation was “0”. When excess spontaneous
cleanings were required, the explanation for them is appended.

(Practical example 1)

The automatic performance condition of “A”, the
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-.or humdity. Y The charging w dth was reduced (charge
supplying control was relieved) at a humdity of 15
RH% or | ess. (Evaluation standard) Wen the total
nunber of the manual cl eanings by the evaluator was 5
times or nore, the evaluation was "x". Wen the total
nunber of the manual cl eanings by the evaluator 10 was
any of 1 through 4 tines,_4$ie eval uation was "A'. Wen
the total nunber of the manual cleanings by the

depeabeater omashe OcHdreestert beintahganods as"Mherthexcéssge
spont aneous cl eani ngs were required, the explanation

su%%&g&ﬂ?nhbﬁtEQPQQ@e@?ﬁ(R@@9P¢Q£&1QX?QP|%n@)“éﬁergce
toma he -75-

i c performance condition of "A", t

CHGEERIETGE R be SLMaRLeL RRPHLR e gl {hone

"one-face character printing" as other conditions
refelé efpPBHeRtIMRe WaSesH t- of eval uation was 5

(Practical exanple 2) The automatic performance

condi ti on (Bracitcal mxamgdgeddence on the character

printing node of "N', the charge supplying control of

" X', "23 Chandubthmdfii@anbridomhheef aonditchan axf 2”7, the

printing” as other conditions were enployed. The 10

depRsidkhc8f ofVahe adh Db WRS T intEhgMhble Sof esut !t tHd cMagge

confirmed that the cleaning operation was perforned
sdﬁﬁi@g%% control of “X”, “23 °C and 50 %” and “double-face
character printing” as other conditions were employed. The
result of evaluation was “0”. From this result, it was
confirmed that the cleaning operation was performed without
excess or deficiency also in the double-face character
pr;nting mode.

. (Practical example 3)

The automatic performance condition of “A”, the
dependence on the character printing mede of “M”, the charge
supplying control of “X”, 23 °C and 50 %” and “double-face
character printing” as other conditions were employed. The
result of evaluation was “0”. However, the quantity of ink
that had not been consumed and remained was smaller than the
case of practical example 2. That is, more ink was consumed
through the automatic cleaning operation than the case of
practical example 2. Consequently, it was confirmed that the

value of contamination on the nozzle face for the second face

was so large that the number of the cleaning operations was
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excess or deficiency also in the double-face character
printing node. (Practical exanple 3) 15 The automatic
performance condition of "A", the dependence on the
character printing node of "M, the charge supplying
control of "X', "23 C and 50 % and "doubl e-face
~character printing" as other conditions were enpl oyed.
The result of evaluationMas "0". However, the
quantit ink 20 that had not been consuned and
Slﬂéﬁﬁiﬁe%l@%%rsnaller than the case of practica
exanple 2. That is, nore ink was consuned through the
aut omat i ¢ (Bracimical apergtlieod)t han the case of
practical exanple 2. Consequently, it was confirned

t hat the Tn@l aetdifiatcioniparifbainhote osohdie: iy 1 ZGe the
for the second face 25 was so | arge that the nunber of

de%: figb E@n.ﬁ‘gt}?é’ aﬁ%@%r"‘@:ﬁn@@n Sho@btdy Mghghe charge

racti ca exanp he™aut o |c perfornance

condi tion of ! thg q nc har act
sumlaftlpagcaﬁ%ofgfof- t h %ﬂf 1g"nsc’up n&ﬁ??&

of “X", "10 C and 15 % and "one-f ace character

|aﬁtﬁﬁgpra%t@?%era%<ﬂ#&etrl GREMEL DB NPy AP imied.  The
result of evaluation was "A". Thus, it-was confirned
rdshdt bifeevyabaeiai weantdfi.nathos, ot twees ol dermieat e hat the
was practically large on the conditions of |ower

vd1eEperatuhtadtat e lonl @ heupbdiely, fans wde pieamidad ly
operation tended to be insufficient but a generally

1890 JhegHbt 504 ¢ figs U allRee temperature and lower
humidity, and the cleaning operation tended to be insufficient
but a generally good result could be obtained.

(Practical example 5)

The automatic performance condition of “A”, the
dependence on the character prinfing mode of “M”, the charge
supplying control of “Y”, “10 °C and 15 %” and “one-face
character printing” as other conditions were employed. The
result of evaluation was “O”. Thus, it was confirmed that the
contamination oa the nozzle face was reduced and the cleaning
operation was performed without excess or deficiency by
relieving the control for providing a charge on the conveyer
belt, on the conditions of lower temperature and lower
humidity.

(Practical example 6{

The automatic performance condition of “B”, the

dependence on the character printing mode of “M”, the charge
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(Practlcal exanple 5) The automatic: perfornance
condition of "A", the dependence on the character
printing node of "M, the charge 15 supplying contro
of "Y', "10 C and 15 % and "one-face character
printing” as other conditions were enployed. The
result of evaluation was Thus, it was confirned that
the contam nation on the-1pzzle face was reduced and
the cl eaning operation was perforned mnthout excess
suppldehg ct@nioye by 20X el *80i Hy arde 160k’ r endf dpne-face
provi ding a charge on the conveyer belt, on the
chaeadt &t otwsi rofi dgfivars behperabudﬁtrmmblwnua emplmydidt.y. The
(Practical exanple 6) The automatic perfornance

reSQREI Lk 0Dy Of Iﬁfon“ thg ~gp depgpdence Qs tighEHHALH Pt the

printing nD 7 the ‘charge’ -77 suppl yi ng
control .4 % -
Clgﬁﬁ?ﬁgt%ﬁgiﬁé%r}ﬁé% geQQgﬁ&rdc%% Yng ﬁ%%i%gH&Eflcéency

The result of eval uat was Thus it mas confirned
byt Rie PRREEE} QAT S GOPREr cahas O F O R AR, Bn. the

excess or deficiency 5 by the control using a higher

nozalleefate copn dilhacngii tdenshef hover ctemparatyyg ped lower

conditions of |ower tenperature and |lower humdity.
hufr@anpet ati ve exanpl e 1) The automatic perfornmance
condition of "C' (the 10 cleaning operation was not

automat i cathyp §§ggiygng% 1khey dependence on the
character prlntlng node "-" (not

The automatic performance condition of “C” (the
cleaning operation was not automatically performed.), the
dependence on the character printing mode of “-# (not
relevant), the charge supplying control of “X”, “23 °C and
50 $” and “one-face character printing” as other conditions
were employed. The result of evaluation was “x”. Thus, it was
confirmed that the number of the manual cleanings was high
since no spontaneous cleaning operation was performed.

(Comparative example 2)

The automatic performance condition of “C” (the
cleaning operation was not automatically performed.), the
dependence on the character printing mode of “-" (not
relevant), the charge supplying control of “Y”, “10 °C and
15 &” and “6ne—face character printing” as other conditions
were employed. The result of evaluation was “x”. Thus, it was

confirmed that the number of the manual cleanings was high

even though the charge providing control was relieved at the
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“relevant), the charge supplying control of "X', "23 C-
and 50 % and "one-face character printing" as other
condi tions were enployed. The result of evaluation
was Thus, it was 15 confirned that the nunber of the
manual cl eanings was high since no spontaneous
cl eani ng operation was perforned. (Conparative
exanpl e 2) The automati c & ormance condition of "C'
(the cl eani ng operati on was not aufonatically

1opert BEREFL Y, tHECO FOdSPERIBRERIS SRt CRETt1on was
printing node of "-" (not relevant), the charge

peg@pphgiing control of "Y', "10 C and 15 % and
"one-face character printing" as other conditions
wer e enpl pyeitidde Iygswhe dhageafoation amsmratus Eedsrding
it was confirned that the nunber of the manua

toC 'tﬁ@n%?eéeﬂ@sﬂw{tl%% %eex{amayﬂ@dtie £ G i QW ¢hBg

contr was relieved at the -78- |ower humdity, since
no_spont an ani_n er n f.

reﬁESFE?%%a? %Wﬁ? %n%ﬁ?‘?%?ﬁ?%%gappara S@Iagigg) llmlted
to the resent i nvention_is explained as g r|nter |n

tog ﬁeesp%%%eﬁ% R &Y ﬁ%ﬁPsaHH 1gdarfplady 1 iforpéng

not limted to the printer and may be al so. applled to

 apparhtegestich eng cpasitesnsgbhnasoh ool t €acsimile

machi ne of printer, facsimle and copier. Further, it
anciagopeenl sorapiided itto can beagesof appd il etm)aarratiu'&ge

using a recording liquid other than ink or a 10
fo{x'gﬁ%aﬁgaﬁﬁwéwg-usﬁ% R §2eBkdi A¥eN k@M it dHIN t8® or a
fixing solution.

The present invention is not limited to the
specifically disclosed embodiment, and variations and
modifications may be made without departing from the scope of
the present invention.

The present application is based on Japanese priority
application No. 2004 - 347937 filed on December 1, 2004, the
entire contents ¢f which are hereby incorporated by reference.

{ Appendix] |

(1) An image forming apparatus comprising

a recording head having a nozzle configured to
eject a liquid drop of recording liquid so as to form an image
on the recording-medium with a liquid drop ejected from the
nozzle of the recording head, and |

a conveyer configured to electrostatically hold and

convey a recording-medium by a charge provided to the conveyer,
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specifically disclosed enbodi ment; and variations and-

nmodi fi cati ons may be nade wi thout departing fromthe
scope of the present invention. 15 The present
application is based on Japanese priority application
No. 2004 - 347937 filed on Decenber 1, 2004, the
entire contents of which are hereby incorporated by

reference. [Appendix] (179 inmage forning appar at us
conprising 20 a recording head having a' nozzle

confi gur eshexeinjtha aprarqtrg Snsphef FRESIdeRy |iquid

so as to forman imge on the recording-nediumwth a
liquid drapckacied davwdret henfhguzed ol ¢leamr ecorcdizig face
head, and a conveyer configured to electrostatically

ofhehd %Qor@ﬁu%%’a@i’ 1 se@C 8hda Ngo TBLAE hr@sehatd@alue of
prOV|ded to the conveyer, -79- wherein the apparatus

n £ d
cog 8}“%%‘:%%52 Asﬁgc%cﬁ)zﬁ Eﬁge g&%&&&ﬁ Bf%[gxgese %ocﬁlon of
tolerance t hr d value of. _cont nation on
2 OsDHa Sren Gehdna QEBYT A6 MEUIS GFaS S dted Egon the
drop and the nunber of liquid drops ejected fromthe
recordingnheadatpry gmagmdermeraati on. (2) The inmage
form ng apparatus as described in (1) above, wherein-

t he nozzl ¢2f atiee aimddee ficrodndi agpheats sas desarrddbed in (1)
according to a character printing node. 10 (3) The

aﬂo%gewﬁgfcam GrRPRM AU fasedegscEhdeeddrdilg Had 4k
above, wherein the nozzle face of the recordlng head

clened according to a character printing mode.

(3) The image forming apparatus as described in (1)
or (2) above, wherein the nozzle face of the recording head is
cleaned according to an environmental condition.

(4} The image forming apparatus as described in any
of (1) through (3) above, wherein the nozzle face of the

recording head is cleaned according to a kind of the

' recording-medium.

(5) The image forming apparatus as described in any
of (1) through (4) above, wherein the nozzle face of the
recording head is cleaned according to a kind of the recording
liquid.

(6) The image forming apparatus as described in any
of (1) through (5) above, wheréin the nozzle face of the
recording head is not cleaned when the kind of the recording-
medium is a predetermined kind.

{(7) The image forming apparatus as described in any
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cl eaned according to an environnmental condition. (4)
The image form ng apparatus as described in any of
(1) through (3) above, wherein the nozzle face of the
15 recording head is cleaned according to a kind of
the 'recording-nmedium (5) The imge form ng

appar atus as descri bed i TP ny of (1) through (4)

OfQQQVQﬂH%Qgﬁek@)Ehﬁﬂﬁgzgo%pgég§n8fatB@vi&@cording head

is cleaned according to a kind of. the recording 20

| A.quid. ) The | e_form.ng appara as describ
corlilila £8) odRErd IR0 T U BPPRL MU E2 SRR Fo tne

face of the .recordin%_head is not cleaned when the
COQ&%ﬁ?IbPCFHEd+%%cﬁQﬂ%ﬁg-eﬁé&iBﬁ?i%faa%r%QM&%ﬂqﬁﬁﬂﬁf%d nd.

25 (7) The image form ng apparatus as described in any

condig-iopf apd) atkrwlgif & zboesdivgrpediitng a devi ce
configured to control a quantity of the charge
provi ded (8D The immyw dpemiagcapdangtte aé deastitene ief any
‘an environnental condition and a kind of the

of r@gotdir-Bgghed! Ulbdve|8hIB8 EARIECHRA! M NhARP FrA AT nAS
described in any of (1) through (7) above,” which can

fackQ Braphk %%{g&p—g{édiﬁﬁc e&hzé’ie%x? etfﬂé?%%&g '%'Ee‘@l‘é ing

wherein the nu clednin he nozzl'e Tace 0

e recordi he en an i.na is, forned on a back
OF FRBcPEF el et TR mtre FECSTHIa RFER MBbrofinege 15
cl eani ngs when an inmage is formed on a front face of
formgd OPe%o?%ﬁ#mﬁ%ﬁﬁﬁ°§w1he medium is less than the number of

cleanings when an image is formed on a front face of the
recording-medium.

(2) An image forming apparatus comprising

a recording head having a nozzle configured to
eject a ligquid drop of recording liguid and

a conveyer configured to electrostatically hold and
convey a recording-medium by a charge provided to the conveyer,

the image forming apparatus being capable of
forming an image on both faces of the recording-medium with a
ligquid drop ejected from the nozzle of the recording head,
wherein |

a frequency of cleaning of a nozzle face of the
recording head when images are formed-on both faces of the
recording-medium is less than a frequency of cleaning of the
nozzle face of the recording head when an image is formed on

one face of the recording-medium.
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(9) An image form ng apparatus conprising a recording
head having a nozzle configured to eject a liquid
drop of recording liquid and 15 a conveyer confi gured
to electrostatically hold and convey a
recordi ng- medi um by a charge provided to the conveyer,
the i mage form ng appar at us1bei ng capabl e of form ng
an i mage on both faces of the recording-nmediumwth a
liquid drop ejected fromthe nozzle of the recording
head, 20 wherein a frequeh&yMdf cleaning of a nozzle
face of the recording head when i mages are fornmed on

bot hy{ acegy of i he c& £ROLS! MM LA L egspphan 2

frequency of eani ng o nozzl e ce of °t he

d f
o e . e g
. d ,
ST 10, SRS OIS SERTLOLL e DT e
d t
oFeERFSHRSC B ER 8F 013 TSR B08e, B1eEPE,, prpm oo
ogileogf @he rggo dlnqlhe d; a conveyer configured to
F&CEr 85t s |ca?? d?% ‘ convey a recordi ng- medi um

b h d t "

ol oafi RGOV Eo et w@%ée'&t Lot En e B s aT Ly gt gy
chfaresordlog head bangd ign 2 halhgLanss.t fLgshe! g
conveyer; and

a cleaning device configured to clean a nozzle face

of the recording head based on a tolerance threshold value of

contamination of the nozzle face generated by the sjection of

a liquid drop and the number of liquid drops ejected from the
recording head for image formation with the electrostatic
conveyance that causes adhesicon of charged mist on the nozzle

face of the recording head; and

the number of ligquid drops not reflecting the number of

liguid drop ejections for pre-ejection.

2. The image forming apparatus as claimed in claim

1, wherein the nozzle face of the recording head is cleaned

according to a character printing mode.

3. The image forming apparatus as claimed in claim

1, wherein the nozzle face of the recording head is cleaned

according to an environmental condition.



contam nation of the nozzle face generated by the
ejection of a liquid drop and the nunber of |iquid
drops ejected fromthe 15 recording head for inmage
formation with the electrostatic conveyance that
causes adhesi on of charged m st on the nozzle face of
the recordi ng head; and th& nunber of |iquid drops not
reflecting the nunber of Iliquid drop ejections for
pre-ejection. 20 2. The inmage form ng apparatus as .
cl ai fred iﬁh%l%w%ﬁe]ﬁoﬁmﬂﬂﬂe@ﬁpﬁﬁétﬁézﬁﬁecﬁaé@e@fl@r@#alm
recording head is cleaned according to a character

lpr vheragn nble. nomz 13 fRee ofadgdef seaPRgiapphrad uss agleaned

[ o, claj j 0 ace of the

PR TE g Read T Todnen T SoaoraRngerEuad
environnental condition. -82- 4. The imge formng
apparatus as clainmed in claim1, wherein the nozzle
facecof t recor di head . |_eane rding to a
ki nd”of the r%@a&edifr%-mr%g%i Sﬁ?)a%agasT%S ?%%%33 orh érjllgalm
lapggé%t i’ls Se Crlloazl'z?ed fl I?:eCl %J %el’re\c/:\'gegﬁlnn ﬁged nJ(_)sZch:leeaned
faCe of the Tecor ing headis &1 e&ned agcorﬁlng to a
akcndddhgt be 4 eciardliaty thequicdordingheigoage f orm ng
apparatus as clainmed in claim 10 1, wherein the
nozzl e face of the recording head is not cleaned when
the kind of the recording nediumis a predetermn ned

k: nde.7. The imegge formling .ppRaERUYSa8ScChans®din claim
claim

1, wherein the nozzle face of the reccrding head is not

cleaned when the kind of the recording medium is a

predetermined kind.

7. The image forming apparatus as claimed in c¢laim
1, comprising a device configured to control a
quantity of the charge provided to the conveyer according to

at least one of an environmental conditicon and a kind of the

recording-medium.

8. The image forming apparatus as claimed in claim

1, which can form an image on both faces of the recording-

medium, wherein the number of cleaning of the nozzle face of
the recording head when an image is formed on a back face of
the recording-medium is less than the number of cleanings

when an image is formed on a front face of the recording-medium.
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15 1, conprising a device configured to control a
guantity of the charge provided to the conveyer
according to at |least one of an environnental
condition and a kind of the recording-nedium 20 8.
The image form ng apparatus as clainmed in claim 1,

whi ch can form an i mage on8both faces of the

recordi ng- nedium wherein the nunber of cleaning of
the nozzle face of the recording head when an i nage

is formed on a back face of the recording-nmediumis

| ess_than the nunber of cleanings 25 when an inmage is
forned orf@ ¥R&FR ForEd nok aip@é‘rla%@ér EPEBr hBHRUmM - 83-

9. An image form ng apparatus conprising a recording
head? h&&F il R hdEA% heorfidgar 8gzeéde @p@gtgtarqacﬂ oe® d

drop of recording liquid and 5 a conveyer configured
eﬂ%¢£l%c¥#%ﬁﬂ@ﬂd%ﬁﬂl%ﬁIﬁﬂQ@rﬂﬁ@q ¢dAved and

recordi ng-medi um by a charge provided to the conveyer,

t he & n@RfevE03am oy sk Fo lsdeagreoapabl eably florld rapd
an i mage on both faces of the recording-nediumwth a
cpingey da dr ope e enrspdivomovhe gbarzbe pfovheéed ebpridiengonveyer,
head, 10 wherein a frequency of cleaning of a nozzle

f acetlvd imaue riswuridion g@prvead twiseheil nagespalr ke fof ned on
both faces of the recording-nediumis |ess than a
fpreguenty ofaad eanibeghoffacies ofothkertacedpigtimdium with a
l%%&?%géf Cg%ﬁgﬂggﬁgg%ﬁh#%%g%oE%lgoggeghgnréégég¥%gz%é%d,
wherein

a frequency of cleaning of a nozzle face of the

recording head when images are formed on both faces of the
recording-medium is less than a frequency of cleaning of the
nozzle face of the recording head when an image is formed on

cne face of the recording-medium.



