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-1 DESCRI PTI ON | MAGE FORM NG APPARATUS TECHNI CAL FI ELD
.The present invention relates to an inage form ng
apparatus, and particularly, an image form ng
apparatus for form ng an i mge by ejecting recording
liquid while a recordingtoediumis electrostatically
conveyed. 10 BACKGROUND ART As an image form ng
apparatus such as a priDBS€RIPEIONacsi mi|l e machine, a
copyi ng machi ne and a conpl ex machine thereof, for
exanpl e, an ink jet recording apparatus is known. 15
The ink jet recording machi ne perforns recordi ng (that
i's synonynous wi iNndrTB@RMIGTRPPARATER Cture printing,
character printing, printing, and the |ike) by
ejecting an ink drop from a recording head onto a
recor di ng- medi um such as a recording paper (referred

to as _a "paper" below but the nediumis not 20
_Eggﬁﬂﬁgﬁéigéﬁég paper, and the medi um can be al so

referred to as a recording-nmedium a transcription
paper, aTheapsesenti wvensdinumelrEesr 80 e idiads fdorméng
the like). The ink jet recording nmachi ne has sone
apmhstiisagendopahaitubpithe capdbibet forming epyediatpsa for
hi gh-definition i mage at high speed, |ow 25 runni ng
fore8¥y anOWmABESBy é{@cﬁild{nj fi%rooraaﬁtrﬂ Yi&eroreHing & col or
-2 i'mage using multi-color inks. 'n such an ink jet

reéé?ﬁyﬂaJ%gdieﬁaigtgfecﬂfoéf%tically conveyed.

BACKGROUND ART

As an image forming apparatus such as a printer, a
facsimile machine, a copying machine and a complei machine
thereof, fof 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 recerding
paper (referred to as a “paper” below, but the medium is not
iimited to a paper, and the medium can be alsc 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




10

15

20

25

necessary to increase the precision of the |anding
position of an ink drop on a paper for the attai nnment
of high image 5 quality. Therefore, for exanple, it is
known to prevent janms or contam nation caused by the
contact of a recording head wth a paper by uniformy
and positively charg[ng a conveyer belt for conveying
imagheupapermgbt aralerhahdst he paper due to

el ectrostatic attraction force, to keep the distance
bet ween 1 #ineh reecdindt jgtheadoading heppraadnscodst ast
to control the conveyance of the paper accurately to

necBL8¥ept t§ Nench 26 @BER e c0Eidn PdPEThe ARGABGPEBYERion of
floating of the paper, as disclosed in Japanese

Sl s A B R S e e

- ausgbver IoFTef i dndar PRATPLBE ot amAyer SparpeRar Jams

thus uniformy and positively charged to hold the
or papteminetien qawseshbyt thacePorrforale,a spcorkiagopead
ejected fromthe recording head is influenced by an
withl ecpaperfheluhiswrfigt ahHep281ti vpl ncdeetingf at henveyer
| andi ng position of the ink drop on the paper is
bel¢adsedcanfe ity he phhewssbagk £6 Hdlel ihde p@fpe&:hﬁue to
recording head. In order-to prevent the displacenent
. ti ; . ; ¢ .
elefirpibptinl e Ry FeReg, 8 Ot (P fbteRe bkt
of the_.paper on a veyer belt - aviing a_surfa
theCRaPGER O Hesh TN FOPrEERAF ECPEE TN GO RePh Eod Ehe
pol arity opposing that of the conveyer belt is_apglied
conyeyapRe 9pstReRARSTIECrHTa At FONRITHN e dhPefilgglacement
recordi ng head
of a paper, and to prevent floating of the paper, as disclosed

in Japanese Laid-Open Patent Application No. 4-201469,
Japanese Laid-Open Patent Application No.3%-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
recording 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 cor the flowing back of ink mist, it is

known that, to the surface of the paper on a conveyer belt
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so that the electric potential of the surface of the
paper is 5 lowered and the influence of the electric
field on the ejected ink drop is reduced, and the
el ectric potential with the same polarity as that of
the surface of the conveyer belt is |owered fromthe
side of the paper so that” the holding of the paper to
havihg &osvefate ktlargddewtioht i atifaed idharigerca thatfe with
i nproved, as disclosed in Japanese Lai d- Open Pat ent
a pARRELEALLNg 2080- 2824R- EMMIdREy Rt iReLbpd ikarat

charginhg 'a conveyer belt, - it is known that an

al.terpating chargin N ' :
tnedp 8 P e e SRR bR ool P a5 2EhRELhE heaa

application device and alterpately applying a, positive,
80 EﬁaFg%he P HEYROEFRLLALr G TP aS%TF%ﬁy?—? apS8 RERREr1Ls

on the surface of the conveyer belt, as disclosed in
lowgzpdnane e dmilNence28970B0. eyecesr riigdd abotbe @anented

a paper is held by 20 electrostatic attraction force,

inkadrepets riedidderl,d and phevelledtrbetpwemtd ajunfiahethé same
t he paper and the recording head. Therefore, there

polakerProbl enst id¥ that saRrhBK &f opnel @stredh gamntt g
recording head is polarized by the influence of the

tELC i . h vel i fothe | r

1ovEr 85 Ehn IR e 5 bt Pabb P Ikt o BBl BR e

well, and -4 also, .ink mist, caused by the traveling of
panFRkthr DR TR TalEL bt BUReEP HRe diitkiasd ey Sece s
. ejection portion of the head (a nozzle face fornmed on
imprhwefozas edisslapadednl vappnehe LpbidinenFadensét the

i nk drop.
Application 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.
28978960.

As described above, when a paper is held by
electrostatic attraction force, an electric field is provided
between a surface of the paper and thé recording head.
Therefore, there are problems in that an ink drop ejected from
the recordihg head is peolarized 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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{ t th
_Conaggggrlgé]n@ aéﬁgnt%saﬁd TEgu

To address these problens, charges in an alternating
charging (positive chargi ng and negative chargi ng due
to an alternate current) pattern are applied to the
conveyer belt and, as a result, an attraction force is
gener ated between the paper and the conveyer belt as
di scl osed 10 in Japanes§4Patent No. 2897960.
alsSl NUht aNEQUHNiseBOB LXE +EAvEDasy &3 1RRJALEME ehék8eSack
I nduced alternately on the surface of the paper are
e at. _t LE , ot Iy
to SREYHESdRaqee 46, MR aftior U BB HREY (2,
other so as to, reduce the average el ectric_potentia
noZghe 15 e TEACE Shet REZPLBra® Fharh eotlie O8] GBET I ¢
field that causes the displacenment of the |anding
polposraiion off the ipk dapBp and the flowi ng back of the
ink mst is reduced. Meanwhile, the use of a
pi gnent -Tordddrdsyg thelke pnobidmsh chmmyegannc api gnent
or carbon black is used, is being 20 studied or is in

altHsBafsnd® QMY inkg (@eeRtive ehiegeiy dnBeegatet Bl BBarging
apparatus using ink in order to attain high quality

. ¢ . : . U
e P81 88 Sl Ot FRCe0RR Erg ZPi2e8 PrbrTRty
i gment iggnorwm

ly m.xed with a,
! B PTFRGICOuSOFAR O ¢ he
condition that the pignment is -5 stably dispersed. in
gengapbed thRloIRAT D@ PHEPSI BRApERR e3Vesifeh Pe4t as disclosed
pi gnent -containing ink generally has a viscosity
in bephees¢ hzatertthato.oRB8878¢6. cobimibiangousl yangosheive
viscosity of the pigment- containing ink drastically
chatgkkesndM ddydt ird ahgeget bnalsed dIveighe29 BRSthe
surface of the paper are conveyed so that the influences of
the positive charges and the negative chafges are canceled by
each other so as to reduce the average electric potential on
the surface of the paper. Then, the electric field that
causes the displacement of the landing pesition 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 agqueous ink on the condition that the pigment is
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A drop of such highly viscous ink is defornmed into a
cylindrical shape such that it instantaneously extends
long in ejection directions after a main drop of ink
is ejected. Then, a phenonmenon of dielectric
pol ari zati on occurs sucQSLhat 10 a charge on the
conveyer belt induces an opposite charge on a portion
staBiytdEspdksell dp Waitelk phrbigin 4 slidpesedbnt probess. Such
conveyer belt and a charge further opposite thereto,

- LS GO W LBnbhe1 SRR DPY iiskhs28yt Aegher than
@ p%ﬁ@%%% %%F%ﬁ% bé?tnbnban por%?on of tﬁg iﬁk gropgmh{ch

ortion,is furth fr V. bel-t
tha ng%h%rd¥ﬁf ?ﬁ?a#ﬁyggdﬁgggéggiég ﬁ@ﬂ“%%ﬁé iggdtP%EPlgment
cylinder is divided_into ipk at,the side of tEe
congaheyer eI 4L ARTICRIBECEAELES gt iThapd2RAg Phk>altt he
side of the head which returns to the inside of the
thrpoghl 20 ®Bsthis tinme, an internmediate portion of the
ink cylinder is divided 20 nore finely and becone
tailing Ankrop SOf sSichcaigheyt vhsddury iriknk snidetfolmmsdt heto
same charge as the charge on the conveyer belt, the

a cggihdkicéfFﬁﬂdﬁgjéﬂbhtﬂﬁa@eii sk AthelRust 9 ardengbt Bong

ntam nates the nozzle face. Consequently, the

in BSEELER Lo Bched ey dhadienen ol sy,

ooy LIRS EEOOLY (LS CONEN S PO L 9L CONEOL e

using such a highly viscous recording liquid. 5
a chRSEECSURENOFCONE YENVERTECRNPREEE EVE CROCBSE tsochepagyon
- THE I NVENTI ON one of the objects of the present :
poritiwanbEothé sittlo drop which portion is clesest to the

conveyer belt énd 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 dielectricaliy
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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provi de an image form ng apparatus that may inprove
image quality by effectively reducing the '
contam nation on a head 10 nozzle face. Another

obj ect of the present invention is to provide an

i mage form ng apparatus ysing a highly viscous
recording liquid and el ectrostatic conveyance, which

Canﬁggaﬁété@iﬁﬂﬁéﬂe@@b§V§nlﬁaﬂﬁeCb&ﬂﬁédtﬂ@hagfEﬁék?iﬁ?YControl
reducing the 15 contam nation on a head nozzle face.

For B peet O R 1 &Zeil rtent A prOPLes To A rege ®

. rming apparatus,.including a 20 recording head
hlg{ii%ﬁbg%loﬁggz%cé’rg&ﬁﬁi gﬁ@éﬁ to eject a liquid drop of

recording liquid so as to forman image on the
recording-nmediumwith a liquid drop ejected fromthe
nozzl e of the recording head, a conveyer configured
DISCDOBURE QD SIHR ITOABIENTIONol d and convey a
recordi ng- medi um by a charge provided to the 25

PROSOAMSYES , RRIBbIVEY @anirAg drviEEIonfigured to clean a
nozzie -7 tace of the recording head based on a

tol er ancg,d hreshel %é’g\é%;l}gfﬁgftﬁ@%laégé}?& i0ReRkibleis to

nozzl e face genera ejection of a liquid

dr, and, t he nber of liqujd drons__eject fr he
S R N e R A o A
second aspect of the present invention, provided |s
quagatynByee FErGh e lah FECREGETI R eRTHE R Natdenr fng Read
havi ng a nozzle configured to eject a liquid drop of
nozizéeofdecag | iquid and a conveyer configured to
- electrostatically hold and convey a recordi ng- nedi um
by a Bnother object of the present invention is to

provide an image forming apparatus using a highly viscous
recording liguid and electrostatic conveyance, 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 liquid

drop of recording liguid so as to form an image on the

recording-medium with a ligquid 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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10 charge provided to the conveyer, the image form ng
apparatus being capable of form ng an i nage on both
faces of the recording-nediumwith a liquid drop

ej ected fromthe nozzle of the recording head,
wherein a frequency of cleaning of a nozzle face of
the recordi ng head when-ifmages are formed on 15 both

faces .of the recording-pediymijs_ I cy
ot SF ot TP e S RO R E o agh Broied T og, ChrREMELY
when an image is fornmed on one face of the
valnecef droRt HEHIAOTABTARFACEOERL EFcer S3PoFRECANDENTTON
20 According to the first aspect of the present
ejechient oHna 1imyel qapi apdcahebeurlygy Gfed gpid drops
effectively elinmnating contam nation on a nozzle
ejebaee whbghtie nieytmAngoheatls foaulmalyd yforimstt igener at ed
in electrostatic conveyance. According to the second

aspect Oﬁcé@ﬁdﬂﬁ SENE 12D skRUaAt h8Pect NBE & Hi @rekgnean
be i nproved by effectively and -a efficiently

., elimnating _contam nati. n I Whisehy,43 a
1nVEDLL Ry ngﬁg‘é}]&fé lcsauagk‘ed&%)?gmfgfﬁgé%e%&{%&eﬁun TReneing

el ectrostatic conveyance in dguble-$iged. r%ntiﬂ S0
reagrddrgt ReadchaTing %160 SPhETHBLSY &9 G2 T

relatively low 5 BRIEF DESCRI PTI ON OF THE DRAW NGS
drdgl Gf treterdipertihmtid \Bad iBe WOBVEHAY SAWPI IS &9

i mge form ng apparatus according to the present
elddtrenrtheicastgnhdldnridednveyt asrdeotdiongoiedild BYGa 2

is a schematic diagramillustrating the structure of
ché-JERhaRieRL B8 tndfcdiiRyaTg0entoinhgg BRRRAIR] Wpparatus
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 freguency of

cleaning of the nozzle face of the recording head when an

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

ADVANTAGEOUS 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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FIG 3 is a plan view of an essential part of the
nmechanical part. FIG 4 is a schematic di agram
illustrating one 15 exanple of the structure of a
conveyer belt of the image formng apparatus. FIG 5
Is a schematic diagramillustrating another exanple
of the structure of a cofveyer belt of the inmge
form par.at rQs [ ’
effbgl%%a T 151g Fpatalal%?tlon Og'lcf:é ?10%%&% dfgé!a whEH
constituting a recording, head of the g %orn%ng.
conpaptRal R} alDIFUSRE PYnd: P EAPRA TR GMECFOgtaTic
liquid chamber. FIG 7 is a cross-sectional view of
convbpaheadinldnpleesided paietbrgdiiediiehstde a |iquid
chanmber. -9- FIG 8 is a schematic diagram of a
confBh{th SOBAE eorortHee Horklagfaee hawi s afividly lowge
form ng apparatus. FIG 9 is a schematic bl ock di agram
illustrating a control part of the image form ng
apparatus. FIG 10 is a diagramillustrating one

a| A supplied by the control
ERI REEpIQH Of MO BAEIRGS | 11A, 11B, and 11C are
diagrans_illustratin respective driyin ul ses of
the dr | vFRG: vhvel of RETSPECRLES Y59Y O T GREHRIE OF
|IIustrat|ng the first enbodi nent of a process of
imagki fibmaihagrrANaiMmaccondéagstd By RRaRenkhil@yention

process is performed by the control part.
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. 5 is a schematic diagram illustrating another
example of the structure of alconveyer belt of the image
forming apparatus.

FIG. 6 is a cross-sectional view of an example of a
liquid drop ejection head constituting a recording head of the

image forming apparatus along the longitudinal directions of a

liquid chamber.

FIG. 7 is a cross-sectional view of the head aleong

the lateral directions of a liguid chamber.
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FIG 13 is a flowhart illustrating the second
enbodi nent of a process of elimnating contam nation
caused by 15 nmist which process is perfornmed by the
control part. FIG 14 is a flowhart illustrating the
third enbodiment of a process of elimnating
contam nati on caused by 9mi st which process is

per f or y .t he conty Gl
fl owcharEt'dIé)l Buder &t Fﬁ #)ﬁ% our&%%l%rb CJefn‘%lo lngﬁ'tan%?c% °or
process of elinmnati % cont anl nat.i on _cause ?y m st
restpring Fasdesd sis of eiﬂr1 r HERED Q%“&RPPSFagS FI G
16 is a flowchart illustrating the fifth enbodi nent
of a protEs Dfiseki sEherahic dorrei HAGTER é&&§58r5§lng a
m st which process is performed by the control part.
conBoflard off £he fimagehfotmihd usppatdtvg.t he sixth -10
enbodi ment of a process of elimnating contamn nation

Caused by mfd i@lacBlatgesﬁ%ll@s@ﬁﬁlefgmgoyexmple of
control part 1S a flowhart illustrating the

'sevent h nbodi ne p e I n g rdin
Az gERE W FE T O sug%l&géyﬁym%% i retsese 39recording
performed by the control part. FIG 19 is a diagram
head-| ustrating the charging control for a conveyer belt
by the control part. FIG 20 is a flowchart

i || ust r aFT@g Bl dddss 268 1dRarERnG FERM ddntisratdry
a conveyer belt by the control part. 10 15 20 25
respective driving pulses of the driving waveforms.

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
ﬁdst 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 flowchart 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




EXPLANATI ON OF LETTERS OR NUMERALS 10: Ink cartridge

33: Carriage 34. Recording head 35: Sub-tank 51:

Conveyer belt 52: Conveyer roller 53: Ildler roller

56: Charging roller 81: Mintenance or restoring

mechani sm 82: Gap 83: W.per bl ade 84: Bl ank ejection

recei ver 300: Control ﬁ&pT 315: AC bi as suppl ying

- 7 i.at.epanges: rd o

el o8 By BeCR CEL R CPI AR IR e by

., F RRYI NG QUT THE_LNVENTI.ON Enbadi S t he
nishruaEFE TIRRERA O RPECOBOEY| Bod by FRTEL: PAS Lo t he
appended drawi ngs below FIG 1 is a pers tive Vi
of an exBHp elfoflsa@ fﬂﬁﬂ@@#%rh%%‘%‘ﬁﬁ%’@?%&%&%?agﬁlg
to the present invention 10 seen fromthe front side
embblément .ol prictege br el hyindpinatasntianinagdsonaraused by
apparatus body 1, a paper feed tray 2 for feeding a
misPaRBichOptdeess is performed by the control part.
FIG. 19 is a diagram illustrating 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
B2: Gap |
83: Wiper blade

84: Blank ejection receiver

.300: Control part

315: AC bias supplying part
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apparatus body 1 which tray is attached thereto, and a
paper ejection tray 3 for stacking paper on which an
image is 15 recorded (fornmed) which tray is attached
to the apparatus body 1 detachably. Further, at one
side of the front face of the apparatus body 1 (one

| ateral side of the paperl¥eed and paper ejection

: LI
et al | 97 S SRR Age WRTCFL AT PoER €57 ine

the front 20 face to the front S|de of the apparatus

parfody 1 and is located below the top face thereof is
provi ded and an operation/indication part 5 on which
an oper aB2adn Enrimorgeat@l sAanfadicator are provided is
made on the top face of the cartridge installation
part 4. 25 Plural ink cartridges 10k, 10c, 10m and by
which -12- are recording |iquid cartridges for

Bmi‘g@bﬁhnﬁ g éﬁ@l@fﬁdﬂ%ud e ﬂmtfowol ors different
(K) i nk, cyan (O

icglr(t ri dgg@fjpg%gr}l g fo%g% ¥&|e car ges rg%’l}eev\hdescglbed

there is no need to distjnguish t ol ors) can be
by inefearied tPntl?%eaE&%?rridﬁdd&g‘ f"ﬁggﬁh}P%fci’%h part 4 by

inserting themfrom the front face of the apparatus
body 1 t&Wardlthe daeksiRgstivReVésV. oAtan RXaRie &f an
the front face of the cartridge installation part 4,

1mégélﬂ@&h;ﬁgVEppéfa&ms|atpbndimgrto6thhapresemﬂ)xnuaﬂﬂion
when the ink cartridge 10 is attached or detached is

dednsortbat iiacamdecgnened or closed. Also, the
Se#ﬁffyﬁmutrldges 10k, 10c, 10m and by have

g?g;h?ﬁgqéggn?mgﬁs aﬁéEL %ﬁﬁég%&ﬁs'gﬁéfuéég 40 apparatus

body 1, a paper feed tray 2 for feeding a paper to the
apparatus 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
i 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 Qart 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, 1Cm, and 10y which
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side by side. 15 This front cover 6 is entirely nade
of a transparent or sem -transparent material such
that the plural ink cartridges 10k, 10c, 10m and 10y
installed in the cartridge installation part 4 can be
viewed fromthe outside _thereof on the condition of
closing the front cover ~82-20 Additionally, the cover
can_be..conf.i.qur.ed . : 1L ke ;o

are HROGHHY AP IEPLIOR Sorftebealnihy r EOVELL
wher eby the _.ink ¢

artridges_10k, 10c m an _
LBt Rl G AaEEar ST ROl S50 PR (FBE Srametd)
indication parts for the 25 respective colqrs iﬁk,
BﬁHYﬁ g ()

" bla¢ic(K1lmkamyanlyC)r érkr reeapetas™ 13nkeps

quantity indication parts 1111 when there is no need
inkt otk séangeiickfest hefeoredshofas “imdk cartmgdgaat 1@fewhen
remai ning quantities of inks in the ink cartridges

the.fcﬁ ri5e806tddy e L itsngldkh 8¢, coll@msandahOpealnstalled
the condition of near-end or end 5 are arranged on the

in 9BET BLEONIMUIGAIAN2PA0L Bl 4 WiPlLAldeSLLAG BASK! FAGR

orr éspon I nst ation” positions
(arrangenment positions f the.ink.c ry S :
ther ESPRELFORE ot OTS TBROTR0LS HOM miq E0y. hor PROFS. The
operation/installation part 5 is also provideg wi,th a
thepefr 1Bt sthplsidsunfofherfranpairee G dheg CALEFEAEFng
restart button 13, and a cancel button 14. Next, a .
instrathanical paar t4 ,0fa threntrageet ofearigridgspseyeys psthat 1s
described with referring to FIG 2 and FIG 3.
ope\;&'lﬁafhﬂen Fie 2l cartsaberniocidi aigrarhdd lors deatichgdt he
ol e
provided so that it can be opened or closed. Also, the ink
cartridges 10k, 10c, 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
thereﬁf on the condition of closing the front cover 6.
Additionally, the cover can be configured such that a part of
the cover 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, 1llc, 1llm, and 1lly (referred to as




15 structure of the nechanical part and FIG 3 is a
pl an view of a specific part of the nechanical part.
A carriage 33 is held slidably in main-scanning
directions by a guide rod 31 as a gui de nenber
extending to left and right side plates 21A, 21B
constituting frame 21 and320 a stay 32, and is noved

for scanning.,.n the,directions of, .an r [
copala SRS, S EESH L E T PACE LS L e

that is not shown in the figures. .The carrjiage 33 is,
to piovinmpask (hea cPéeBR Y FYL MMt Ca4A 0, E?lagi iﬁﬁgf pEpaLing
l'i quid-drop ejection heads for ejecting ink drops
quaitt 1 b3 ¢ especitrikee inokbesink u@a:rc‘@@c!,a@s SRI( YSPeghAvE (jolors
-14 magenta (M, and black (Bk), as described above,
10kS01bBat 16 Arzley beeeil4shdasoritriain iofknepeeendnor end
ports (nozzles) that are arranged in directions
_ cr i t | N= NALAG: @& droRsrtasdathe
5 areChPRShOGL 10 (1R RpRCARALAGI ndlE R0

on jection is downward. 5 As an ink jet

.__head constituting the re | an hakihgt
inspaddaii PR BOpr rgoﬁgﬁggégégﬁggggﬁ%§§?gf gene%ating
pressure for ejecting a liqujd gr such as.a.
pospité2nal ééf?@@%ﬂ%@é’l&ﬁ%f’ﬁﬁs a i'@g%eltrg‘ctcﬁrc’?réfi@rer%n?r
a thermal actuator that utilizes phase change of
resipeqtti srebyol ot 10k, bdi0c, nd Omheredf 108i ngwther, the
el ectro-thernal conversion elenment such as an
opeetbay Fhet aEshsic partsiiape absoryrevided adithagopover
using metal phase change dependent on tenperature
10 sufiidN e BRd128N2CheELF 05Eadi Ky ﬁgsﬁaitqmgutﬁebrtan:ngbanton 13,

ctrostatic force, can be use 15 Adriver ICis
and Bi2e] bReths {pcording head 34
| Next, a mechanical part of the image forming
apparatus is described with referring to FIG. 2 and FIG. 3.
Herein, FIG. 2 is a schematic diagram illustrating the whole
15 structure of the mechanical part and FIG. 3 is a plan view of
8 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 21Aa, 21B constituting frame 21 and

20 a stay 32, and is moved for scanning in the directions of an
arrow (carriage main-scanning directions) by a main scanning
motor that is not shown inuthe figures.

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

25 drops with respective colors, such as yellow (Y), cyan (C),
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which ICis connected to a control part that is not
shown in the figures through a harness (flexible
print cable) 22. Also, the carriage 33 is provided
with sub-tanks for respective colors 35 for supplying
inks with respective 20 colors to the recordi ng head
34. To the sub-tanks forlfespective colors 35, inks

with respect| col are_s ' f in
magehter Pges TP PERpdEH Ve Boiore 15 AEERF e° B The”
cartridge installation part 4 as,describeg aboie that
nozeheofigpe | M@ hasp PLPTRlbaBKs 8iCTekPelONE (BPEFEC3E.
Additionally, the 25 cartridge 4 is provided with a
areSHppEygednin uhirtec24 oher cseading the MAINTF@NHLEnk in
the ink cartridges 10 and the ink supply tubes 36 are
g rhetdoRy, am@ngagidigertibar o25ink @jdmclomliat dogngard.
constituting the frame 21 in the course of extending

the tubeg. N ifie Qe Bardnstitac Dapaind eetopdingf head
f eedi ng § papers 42 stacked on a paper stacking part

(pressuyri zj | at 4 def@Vea? £oi
34!0@@5&8Et3%£2%%3#2ﬁ1t r & gggf%ggegéﬁeégﬁggﬂtrol FoIPer)
43 for separating papers 42 fromthe paper stackin

gensxating BAESFERRI IR HEMHFEc8 Eézqmp‘?e °P ar“‘r‘ﬁ?%aas 4
separation pad 44 opposing the paper feed control 10
pigmidlert43caadtnatter ofsingmgt PieaPeRPERIEC |heRent, 2

coefficient of friction are provided, wherein the .
+heyeRar akirgatpadtKdt i st jiustead phizset bbasgel o HfLidvd piyyefiln
feed control roller 43. Then, a guide nenber 45 for

[Nl PEEi AL ar e IGQUHHLAhEShb Bl cdve s nN \cdyarae
bo%%ngje%gnlg%g? %71 %n%l ae 15 pressurizing nenber 48

ool RGBS LS00 00 lepe! Rbhsty 25 acruscor
using metal phase change dependent on temperature change, and
an electrostatic éctuator utilizing an electrostatic force,
can be used.

A driver IC is installed in the recording head 34
which IC is conniected to a control part that is not shown in
the figures through a harness (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 respeﬁtive 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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conveying device for electrostatically holding the fed
and sent paper 42 and conveying it through the

| ocati on opposing the recording head 34 is provided,
in order to send the papers 20 42 fed fromthe paper
feed part to the downside of the recording head 34.
The conveyer belt 51 hasl®o end and is configured

~ such that it iis_exten ) t +Ranygya 1
liqy IQ% K 1§n5ﬁg %ggsgggt$%$ er]ggagﬁg revoﬁves a d%g
a belt conveyance 25 diregction (sub-scannin
tubgl r 22 t3 % el th 8Yc BRvEYIREE DT ié? “Pec %Fﬁe%l?%ﬁ 21c
provided with a charge) by a charging rol|er 56 WQiIe
constitstiteydihe Miparkh@lcdmydper cpereesdt aytepding the tubes.
mono- | ayer structure as shown in Fig. 4 or may have a
pl ural - |@yehd ehzrbhand; fml &i papseriesst pactuferageeding
shown in FIG 5. In the case of the conveyer belt 51
.5h %Pélﬂféc%%f 2SbEReUERacRiME drit (@eREsCLszihg
pap%%%e%§4 or the cha?g?ng roller 56, the layer is

-p;aggiiEﬁgégféﬁéqﬁéﬁgko%bga k?%g:?}iﬁgcfg§dﬂﬂﬁ¥c-céb%@ﬁlin

conveyer t"51 wth a plural-Iayer

structure, 10 preferahly, .the, side_of i '
roldght ABEREE w‘?%ﬁﬁ&n Affﬁo}/w#h&r) c‘hgrﬁ?%gse&’&%ﬁggep??e“ 12
formed as an insulating layer 51A and the side of it
fromhibh deper nstacomm®arthd lpaper fasdig sl PifgFgPHg
roller 56 is fornmed as an electrically conductive

pielcayeandlB. sdfarst iam ipasulidt bpgosteerthe Hamer deednhgontrol
the conveyance belt 51 with a nono-|ayer structure

ro13Rd 38 hASHAdd NSk Rttt ot EBr & hgrddecdatsilcdting of

ayer 51A of the

 friction 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 centrol
roller 49 are provided, and further a conveyer belt 51 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
reco;ding 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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conveyance belt 51 with a plural layer structure, a
material being a resin or an el astoner and contai ni ng
no electrical 20 conductivity control agent, such as
PET, PEI, PVDF, PC, ETFE, and PTFE, is preferable and
the volune resistivity of the material is 1012 S2cm
or higher, preferably 109%-S2cm or higher. Also, as a

material for formng.the electrically [
chapgpd (S1EPHVY cFaroacos! (DO G AT t1er se
plural -layer 25 structure, the volunme resistivity of
while i§ pPeFeF@HIYI05 - 17 through 107 12cm achi eved by
the material containing carbon in the resin or
el ast oneThe Thenwdeibeg tr Sl BAY5Ba¥R M deanetlayer
insulating |ayer 51A conposing the surface | ayer of

st iR ueeny ey aneen biel triky.5% Girnmafichawas ea aflurzd Hielye rwi(bl
a plural-layer structure) and is arranged to rotate

bi—ibglrffn%?{:gagéfef\f td et aki QRofh iRerIEo/eyancehe case

e both ends of the axis of the roller

of 312 RLESEULLZSE TOE ANAr U BEEObL AL, Sh ke BidIPds0ke 1t

conducti ve naterl

resistivity of 10 106 throyugh 109 12/0. To.t .
cordraitg K§er BRPRF 45,0% dhee HészrC"z]?F%fg@(cqueaslaYer 18
(high voltage) is applied froman AC bias suppLyin%
entpiaetly( ioghedof tameaposulafipoynaiesiabs delktqd by the
bel ow. The AC bias may be a sine wave or a triangle
caskl\«F, thet coptrefer dbd)t iFl aridduar pluseb-ldfeni stoucture,
gui de nmenber 57 is arranged at the backside of the

SanueMancenhekt aslosunh Jiialh idoneaEt SPIRadSaper A2 or the
pr|mage ggrea for printing by the recordi ng head 34. The

ch%ugi‘i'%%, %%gﬁ%% gﬁzi%%%&‘niaeé he Bihghh ¥t PrgciSer 51A and
the side of it which does not contact the paper 42 nor the
charging roller 56 is formedras 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, ETFE,
and PTFE, is preferable and the volume resistivity of the
material is 10 Qecm or higher, preferably 10*® Qcm or higher.
Alsc, as a material for forminé 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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belt 51 by projecting the top surface of the guide
menber 57 20 at the side of the recording head 35 from
the tangent line between the two rollers (the
conveyance roller 52 and the tension roller 53)
supporting the conveyance belt 51. The conveyance belt
51 revol ves al ong the bellf/- conveyance direction in
Fig. 3.due to the rotation of the_%ﬁ con¥e¥ance rol.l er .

threagh v chams gehiereB\oR i matatiithg CRBEBIPIRE THEon iR
is not shown in the figures via a driving belt.

the FoeshreromralasiongIpaper ej ection part for ejecting the
paper 42 on which recording is nade by the recording
head 34The ctepayiati epliéawd6lcdurasgepabat ingulpting
paper 42 fromthe 5 conveyance belt 51, the paper

-1ay§£e§iixoébzﬁ¢8éﬁfg 6Re 8drhbe Dnaper o etid eonventnok belt

roller 63 .are provided, and the paper ejection tray 3

51 @Pg{iﬁg i ?% L hed %\#tet Egleaﬁffhei eﬁidﬂ’l-fl@yle‘%r s82ucture) and

e heig of the paper ejection tray 3 froma

ertl, YHE el gne per-ej ect o tray 3 fron
i Bapenoed B aratals i PERSEAShES i e Sl BRToE 1Ehe

order to increase_the quantity of papers that can_b
conyessked balt h@l,pa.@gre @Pgét EBAS t q;%ytq'ga ayiSy O%a t%e rofler

doubl e-side unit 71 is attached detachably at the
arebpeksidei pédt heltgpmheatdsgbodylar Thelsidisamedsiodeanni t
15 71 receives and reverses the paper 42 that is sent

elek@rl BRI UG Eokdudiemal viaterialawiith estvanmeppesiisgivhey of
revolving direction of the conveyance unit 51, and

10° AR QAT PERCOoRpRe SRRty Upsausy chpl e,
kV'%% %.ebgggbkﬁiéﬂcg%fgg&é)7£sigpgﬁggdbfréh 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.

Blso, a guide member 57 is arranged at the backside
of the conveyance belt 51 such that it corresponds to an image
afea for printing by the recording head 34. The guide member
57 maintains the highly precise planarity of the conveyance
belt 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 revolvés 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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20 manual feed tray 72. Further, a 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 25
as shown in FIG 3. _19-R&r the mai ntenance or

restoring.nmechani 8 criyv S

that; 3t HYE GG aa ™ Sabor L BH 55 i 4 AT engnoasg
(referred to as "caps B2" when th%¥.are no% £ . in
di st i ngUFSHAPTOSE - c 3P pP ngPPeE patts veThE7% Fe TPECEL5GF Y
the 5 recording head 34, a w per blade 83 as a bl ade

thenpaber 42ron wihgichgracasding iadeadeamy 4hB ARRCEfERE Berd
receiver B4 for receiving a liquid drop at the tine

34,08 pepipstridg dlaankl Epecstépardtingjtéet pagea KRqbrdn the
drop that does not contribute to recording so as to

con@b?ﬁﬁcéhb&f@ﬁﬁg heeobdbay bijastin ylaellepr ovhdethe
Herein, the cap 82a 1s for aspiration and noisture
retentipn and t 0 a 8

PaPRE; &1 GFELCY ec?oe,nn %&n%ﬁ%ﬁ, B hgg%igs’%%@a i qgﬁi@d%%fg biper

. recording liquid roduced _b mai_nt enanc [

e3LES00r FRBY opet B PETGIEY e LR i EBRaRCESerLreR BPH R 62
mechani sm 81, ink ejected into the cap 82, .ink

Heregnpvitbebye bohlk i toeeRABRT8S] EEHThdd a¥o 3 K€ MBper
bl ade 63, and ink bl ank-ejected.to the bl ank ejection

posiedenvbetfdenrhejraread edrdtsvor edller Haliangosdle paper
liquid tank 100 being a container for storing the

ejtic3Rasab1hbauss Shawprbprid@eayviatg@lid ioreldm thl GncZease

ﬁhe quantity of papers that can be stacked on the paper
ejection tray 3.

Also, 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 revoléing 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 51 again.

Also, the top face of the double-side unit 71 is made be a
manual feed tray 72.

Further, a 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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Al so, 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 perforned in order to

ej ect thickened recordig%-liquid 25 during the
recording, is arranged % non-character printing -20
area at the .gther .si t 20013 j QRS pof -
t he car??%g%%%l}%%%fa ﬁfgebpgnﬁé e iHelBEh: 8 8%8

ej ection recel ver

is provided th apertures .89 alo t he di ' f
respRERLYRCCHH RABCOUIPESToR HR PR ARG TRAGH) 39285

Next, one exanple of a liquid drop ejection head
througbt P2dt [¥rfermesk fodpfg "Rehd 4" tHen gy BSEnTRY
apparatus is described by referring to FIG 6 and
disklitgushédddi fomradping EbEGpebtive anerziss fecesi ofiathe
view of the head al ong the I ongitudinal directions of
recorii g4l Heshaaera el Gladei 838as 19 Kl0Rs meadkirofiak
view Of the head along the lateral directions of the

- e iquid he, . jsuxt Bt i j f ahh
s BCapETb s el g b el g el sitecy

drop ej ecttion I's provided by
jQintin nd stacking,a_tl ow.chanpel ate 101 -.fornmed
re Vié‘ga%i ib‘ﬁ"r‘ icﬁfﬁﬂ g‘telti‘ﬁi g8 gfr%?lg%oﬁrg&gaﬂslg?l i con
substrate, a vibration plate 102 forned by, for |
ejeptdnpl Eorneiketing|edipisr AFAG, LRE PSS ok FEBgTEgute
the bottom face of the flow channel plate 101, and a
to nezzirdipbase 493q @jecdd thd ckhpedt ppedndinoofl igwd dsl oare
channel plate 101, thereby form ng a 20 nozzle
pryABEdNi Cakkaon £ hatinelapl @2aC agMibE casp g tiidrh andnawilseure

104 for ejecting a liquid drop (ink drop), a liquid
reééH%ﬂ%%rand the other caps 82b through 82 d are for moisture
retention. |

Then, the disposal liquid of recording liquid
produced by a maintenanbe or restoring operation of the
maintenance or restoring mechanism 81, ink ejected into the
cap 82, ink removed by a wiper cleaner B5 attached to the
wiper blade 83, and ink blanerjected to the blank ejection
receiver 94 are ejected and stored in a disposal liquid tank
100 being a container for storing the disposal liguid shown by
a virtual line in FIG. 2.

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

is performed in order to eject thickened recording liquid

during the recording, is arranged on a non-character printing
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106, and an ink supply opening 109 communi cating with
a common |iquid chanber 108 for supplying ink into
the liquid chanmber 106. 25 Also, two lines of stacked
pi ezoel ectric elenments -21 121 (only one line is shown
in the figures) as electronmechanical conversion

el ements being pressure "“‘g€nerati on devi ces (actuator

areggéic%ﬁé e%ﬂ{ezpré?&i%ur&fz ikRe 5P&nhThg tdie-ddtdvhd efapher

by deformng the vibration plate 102, 5 and a base
substrate 122 for .j.olntin fLXi : :
casiigSteRie 3T e minr s %P o A e e Braiged
. a columar support part 123 js provided hetwee e
withi apgeteresit® a%@eléi.re%%mg%ﬁﬁnéﬁ BﬁoP? fag?-t

123 is simultaneously formed with the piezoelectric
nozeglleseaf st Iragorid) nge pgrgt ly processing the materi al
for the piezoelectric elenents; however, it is nerely
a col uMmEexsupRR texsinide od adlignbd dmdg agedtion head
applied to it. Also, the piezoelectric elenments 121

con@kq +600ASCh efb cdiTRCHERBI 88 2Re f g Hiaealinkd sbBaratus

elenments'to a driving 15 circuit (driving I1C) that is
. not__sh LN i . en i pher al JNIY
s SR aBER bl e, 28, 10T O, e B O RaREibhany,
nmenber 130; concave portiqQns m%ich i nclude a
FIGeff dfatti GROPITITINCLEL FoFYalt ohdiid @L&’ﬁlg &Bfuat or
uni t qonEosed of the piezoelectric elements 121 and 20
londigudasalsdbseciensi 2L a Rdaubdmehambeiuiadd idtber 1682
and an ink supply hole 132 for supplying ink fromthe
cro@g-ekicolohal t heew cofmhiie hiegudi dlohantles 138 rale dioemidons
on the frame nenber 130.
of the liquid 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 liquid drop (ink drop), a liquid chamber

. 106, and an ink supply opening 109 communicating with a common

liquid chamber 108 for supplying ink into the liquid chamber
106.

Also, two lines of stacked piezoelectric elements
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The frame part 130 is formed by injection nolding of,
for exanple, a thernpbsetting resin such as an epoxy
resin or 25 pol yphenyl ene sul phite. -22- Herein, -the
concave portions and a hol e which becone the nozzle
conmuni cati ng channel 105 and the liquid chanber 108
are fornmed in the flow clpannel plate 101, for

exanpl e, by anisotropically etching a S|ngle crystal

121si{bhtgnose slirst rist shawphia ERysERWRfIa@A ¢ pl ane

direction of (101) wth an alkaline etching liquid
elestebmashani el emisrexalioni ehenént poveirsl ENEPEEXExi de
(KOH); however, the substrate is not limted to a

gen%'EQESnCB¥§1é@sfﬂédﬂﬁa%oiuaéﬁﬁ@ég)bi@rfpﬁﬁdkﬂrlzlng ink in
strate such as a stainless substrate and a

o EHSERCEAE A5 B o ey
| _and, f dyced, by, ;
R S TN s A

nmetal plate or a jointed plate of a met al t.e and a
piezesilecpiriteclemenih Ird Ao Pys¥ddeto t Jt?f%

plate 102, the piezoelectric elenments 121 and the

colafinamauppuppoparipara3 128 pravddpdi hebdedry e adhesi ve
and further the frane part 130 is jointed by an

&U&%dt%lcFe&e&@&@ozm e mirat eclOfnat heupmart qmrt0423 is
a 20 diameter of 10 through 30 mare forned and

51n1%T ?ﬂﬁﬁ%ﬂ?é%Brméﬁsﬁfﬁﬂ'ﬁﬂé|ﬁf¥%b@l§ﬁ§ﬂ@@réléﬁéhﬂé“iZ1 by

hoZ 71 I's connected to the flow channel 101 by
TR RS R
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 liguid 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 molding of, for

‘example, a thermosetting resin such as an epoxy resin or

polyphenylene sulphite.




10

15

20

25

surface thereof on the surface of a nozzle form ng
part made 25 of a netallic nenber through the
internediate of a required -23 |layer. The

pi ezoel ectric elenments 121 are a stacked-I1ayer- type
pi ezoel ectric el ement (PZT herein) in which a

pi ezoel ectric material T®E-and internal electrodes 152
are 5 stacked alternately. | e niRte

el ect r ode8raEY % 59515?%%;%&583?%&% notkehAdtn

rawn to correspondi ng end

surfaces of the piezoelectrigc el 12 € i .
beconaNEbe cuoTEL S CSERRPACET BPe ELRTNEL TOF R REETE

el ectrode 154. Additionally, a configuration such
chatibetr 1OR are tfrermsdydindtheafber coennal 3aseedfdri 264
usi ng the displacenment of the piezoelectric element
exahledl BRUat heothidretd10y etcti3Bgas similer culyetad silicon
direction is adopted in this enbodi nent, but a
Ligupathon éﬁ%@tatltl i iicnpl Bee | dijte ot ichamizer( 1006
suﬁ%?%%?%sgg%#zed al ong %thﬁﬁﬁregtion of d31 as a
. piezoelectric direct] I A Aaldued 1Ak8en of
Wl%%‘?Pr&&?ﬁﬁ%n%u%?FQ#ﬁﬁ(ﬁ%ﬁgagbgﬁﬁﬁ % i pf@%oelecf}ic " e
el ement 121 is provided on one substrate 122 can, he
pota s sdwed DYRROEHES t m@ﬂco MG EEd I%Fa u’T”%3 %‘rroagt eejlectnlo% n
head, for exanple, the piezoelectric elenment 121

1imcdred 4ot 8 ahugléecrstAbrddiieenp PPt 1S hite ST Thy

| owering a voltage applied to the piezoelectric
susdermi sh2h hsom staeflersencabsaiireigeand 2 tphmtadansitive
volume of the |iquid chanber 106 expands and ink

red {PVSHALG tEheahi Bl skhamber 106. Afterward, the

piezoelectric element 102 is extended in the

direCtioﬁ%eogibration plate 102 is formed from a metallic
plate of nickel and, for example, produced by means of an
electroforming method {electrocasting method); another metal
plaﬁe or a jointed plate of a metal plate and a resin plate-
cén be alsoc used. To the vibration plate 102, the
piezoelectric elements 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 pm are formed anﬁ 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 liayer as the tbp

surface thereof on the surface of a nozzle forming part made

of a metallic member through the intermediate of a required
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25 layer stacking by raising the voltage applied to
the -24 piezoelectric elenment 121 and the vibration
plate 102 is deformed toward the side of the nozzle
- 104 so as to reduce the volume of the liquid chanber
106. As a result, recording liquidin the liquid
chanmber 106 is pressurized-and a drop of 5 the
recording liquid is ejected (or jetted) fromthe
layeozzle 104. Then, the vibration plate 102 returns to
the initial position thereof by setting the voltag
appl i ed Tiee thie zqelerteliccet brent e gl are1 abé@ﬁci%dt'iéyer'
reference voltage and 10 the |iquid chanber 106
typSXﬁ%‘@Qéeiéb*&ﬁL@%1@me@;gat(jwe_mmﬁwr én thécki a. At this
time, the recording liquid is supplied from the

piefRETRAL AR SNaTD a6 1 108! Ontbendi eicttebasbon s20bre

e vibration of a neniscus surface of

i nk h | ' ; :
staghad PILOEAREly o AT LB ARIDENAR AN Re purbaee 152

0 an operation for next
ejection of a liquid drop i.s made

, Addi tional | t he
altmgnhﬁalfoﬁrﬁv$vﬁQKFQQﬂ§§Pﬁ€§&nFSEH¢KﬁuH'%ﬁ%ﬁe&%ig%ﬁhe

exanpl e descri bed above (pull - push ejection), and

piedklicefetti ehementp Ul @rec cPBReREG bES Fo e
dependent on provided driving waves. 20 Next, the

o118hekal 169Nk gthatdmmaf elketmaiat bhéinceddirt iaastlding
mechanism 81 is described with referring to FIG 8.

coxﬁ‘%ﬁg{%ﬁa‘&%h' ¥uchhendd QU iirs tReschenRdi enatitagr dd6 is

trating the maintenance or restoring mechanismin
N T S
eléggggﬂyﬁ?ngiéhgathe 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 directicn can be also
allowed. Also, a structure such that one column of a
piezoelectric element 121 is provided on one substrate 122 can
be allowed.

VIn the thus coﬁfigured 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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-25 cap hol der 201A including a hol di ng mechani sm f or
hol ding an aspiration and noisture retention cap 82a
and a noisture retention cap 82b, a cap hol der 201B
including a holding nechanismfor holding the
noi sture retention cap 82c and the 5 noisture
retention cap 82d, a bl ad#hol der for holding a w per

bl 3, bl ad . | ast] f
pleEnggFﬁﬁlg ? e&eﬁg) %ZSOQRSSEQ? of ; k8l @S Uie tRodYf 95

a'nozzl e face 34a of "the recordi ng

head 34, and a blank ejection receiver 84 _for
deTEERPS: HYWREDI iR SEPECET RS dRRFALT orD Y FPe g B8 FEAICe the
operation) for ejecting a liquid drop 10 that does not
volomet oEbtibe 1mréam@mberpwﬁu RS 3 FRYIE FECBFARRY
head 34 are provi ded as descri bed above. Herein, the
1igashi KAt tee hhghitictamberr 206nis opresguriged andt Redrop of
cl osest side of the character printing area is
theC2RBEEHSHG ! Pi QuidHiN@jRUFBA( 2681 {)@&tétn [fuem) the aszabe
15 asplra?lon device via a flexible tube 210.
104'Therefore, when the mai ntenance or restoring

Operation for the recording head 20 25 34 is

performed, the recordi head_34 e ' e
restori ngR6Ber BT OWQ?%O&CPgéngEﬁ%vlg%ﬂrg{%%éﬁ% on

at which the head can be capped by the ca %%ﬁigg %%’the

- inigiednpolationitherral by BSLELREI FPE Ui &

frame 212 is arranged bel ow the cap hol ders 201A, 201B
pietd Lot reanedtmént 273 tagkr 6oi dhe weferenre ) teges and
214A, 2143 for lifting or lowering the cap hol ders
the? 01iRn:1140 ER=ABEr 106 RefparcaMd1batioe &idégatgiwr pressure
| oweri ng the bl ade hol der 203.

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

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

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

face is dampened and the suriface is stabilized, the transfer
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 restoring mechanism in the

condition that a part of the mechanism is developed.

Tor the maintenance or restoring mechanism 81, a
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- asphrrbécnnaRg UHRIRAFETORBLIPR Calp

Then, in order to drive the tubing punp 211 and - 26-
rotate the camshaft 213 due to the rotation of a
notor 221, a punp gear 223 provided on a punp shaft
211a of the tubing punmp 211 is engaged with a notor
gear 222 provided on a notor shaft 21la, and further
an internedi ate gear 2364ovided with a 5

-di ' | .clutch_237,i Mt : '
G R ot R LR
via an internedi ate gear 235. ThegE %d%?gh%gﬁgtggg

internedi ate gear 228 that is co-axial with the,
retentéonedipt mear capeheldeanPHE sirrldiding gehP1d2Dg 10
In the mai ntenance or restoring mechani sm 81, the
mecHRh9EmUEsF K iridheheninel sedirat segeari a2 4apt Bécpang the
gear 223, and the internedi ate gears 235, 236 are

mois@h3EeHe P¥nt A AtdA0 soliheaBl Qe 2¢d1 ddY & J3O h@S&ldinﬁ a wiper
§itection and. t he tubi ng punp 211 operates by the

rotation of the shaft lacof t ' ;
blagy B3 85 BepiTh ¢ et Pienn; SFptt ity Bar e1stisns
(this operation_is referred to_as "cap i,nsid
(ViR ab) BRPLHE Tadroddoagt EhE: SRETEIAIE ke 4gedPd 2
228, etc., do not rotate since their rotation is
blgmieedectdodureteivaie 8dndodi PEEEPBRENT Rlalc RIEFEL R0t
engagi ng. 20. Al so, since the one-directional clutch

opRatics (pRgaghscthiorn aperangonhefont eje@2ing m dicenier seop
direction, the reverse rotation of the notor 221 is

rhdt! 8 Lhedobor £ 1Ga Mo @PRra280rt Prowging aromtthie
gear 222, the punp gear 223, the 1nternediate gear

R i

Herein, fhe aspiration and moisture 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 elecfively moved to a position at which
the head can be capped by the cap B8za.

Also, a cam shaft 213 that is rotatably supported
on a frame 212 is arranged below the cap holders 201A, 201B
and the cam shaft 213 is provided with the cap cams 214A, 214B
for 1lifting or lowering the cap holders 201A, 201B and a wiper

cam 215 for lifting or lowering the blade holder Z203.

Then, in order to drive the tubing pump 211 and
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-27- tubing punmp 211 has a structure such that it does

not operate during reverse rotation of the punp shaft

211a. Each of the cap cans 214A, 214B and the w per

~cam 215 is lifted or lowered at a predeterni ned

timng by the rotation of the camshaft 213. 5

Addi tionally, when the r&fs e face 34a of the

recordi ng head 34 is cleaned, the nqozzle face [
rotatpethecamshiad§ Lhe g%@oFGiFEFrﬁﬂﬁ§%§?nr8Fa%ivéé 0 ?%%’ 2

wi per bl ade 83 on the condition that the mﬁgeﬁPﬁlade
pumB2géar | 213 ertoviidethent BupueBn$hafir &d idmde tPEr FRYRI PUTP

apparatus, the 10 papers 42 fromthe paper feed tray
211218" Bn§8HE afiath andoted gpaec22dypyiwced Thed, mpher Shaft

paper 42 generally fed in the vertical and upward

di rechki on {15 OWHedthyrbheagyi geadR36 yanddideedith a
2118ét§één9€ﬁg§§%nveyer belt 51 and the counter-roller

46, and.conveyed. jFustbher, JLhe Lin,Din the RaRemetsate
ODQ§QPEQSEB9D€% %@éﬁﬁ? %%Trqgufég 3%

veye and t he paper is

- pressured to the conveyer belt by the .ti ,
geagr@§§uppépﬁ§ w&ﬁh,phe_p%ppbge&§,22% Y¥éu£h|%?ﬂ%rmedlate

conveyi ng

direction for the paper is changed by approxi natel 0.
geate@3des. ThAeni hi scant rgeara 5% iga6 pok %1?% %%ﬁ%ﬁ $13%1s
output are 20 _. applied alternately and repeat edl

. Y,
enddild e thaBnal hesmmdding e gesay@2Bsthppl I Ta5thadNn WACH
ias supplying part 215 of a control part described

+rhe AW, R iheschas 8 7k eid em FhteThediatargert &2fat i ng
charging voltage pattern, that is, a charging pattern

SHch {1t BLUBSAELL ALY o oS caht | pestentin o1, the
moégf égg}-é%%l 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.ihside of the aspiration cap B2a
(this operation is referred to.as “cap inside aspiration” or
“head aspiration”). The other gears 228, etc., do not rotate
since their rotation is prevented due to the one-directional
clutch 237, not engéging. |

| Also, since the one-directional clutch 237 is
engaged by rotating the motor 221 in a reverse direction, phe
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
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scanning direction being the rotational direction of
the conveyer belt; is forned on the conveyer belt 51.
As the paper 42 is fed and sent on the conveyer belt
51 which is alternately charged to plus or mnus, the
paper 42 is held on 5 the conveyer belt 51 and the
paper 42 is conveyed in t&¥% sub- scanning direction by

. th t at | i t t B1 _
CablBE P | Hid dFOhE SRS Vet aee eaia Y i, gBel nof operate

stop by driving the recordi ng head 34 cording,to.a
duriipggeeverss girlfatien €t keech Pa%éaéé Zﬂgaﬁovg&}%hs 8faghe

to record one line, and after the paper 42 is
capcoamey2H4R, 2 etRtanchithed vinest amee2ly déoddiffgdopralowered
next line is performed. Recording operations are
at & pirebedebyineget higy dy edw dictgtdonpbét tba csingahaft 213.
or a signal indicating that the rear end of the paper
15 42 reaghes; Snd EGP GiHag @heanoahle thacp@ter o2 the
ejected to the paper ejection tray 3. Also, the
carriage 33 1 v h i t ity
e o g B P b P SICEL GhEl CORRT I e o e Mioed by
character printing (recardi .and_the recordin a
moviAng §h20r€§%‘éﬁn‘3ﬁ?%qe%’é fggggivgot%sﬁ?eo%ﬁlg)é% tq‘%'@i% #3 on
nozzle in the wetted condition whereby the failure of
theejsadisaonatibet Hye aripargbdpdei AR 8 pHehRhted. Al so,
the recording liquid is aspirated through the nozzle
by an aspinr ahkobhpsngortfisgfuriest noegehfwming aprarfatgn.e the
(referred to as "nozzle aspiration" or "head 25
SR 143t iF9Bm) theNpdbér criul el Phate! beparoosdliag Head
P ié@-fgﬁcappegpﬁgfz t he capgéz, and a restoring

9 é”ﬁ?iﬁigcgqr @ﬁ@ﬁ}ifﬁb paper 42 generally fed in the

pie
vertical and upward direction is guided by the guide 453,

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 ﬁaper 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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the thickened recording liquid or air bubble is
perfornmed. Also, a blank ejection operation for
ejecting ink that does not relate to recording is
performed before the start of the 5 recording or
during the recording. Thereby, the stable ejection
performance of the recor&8rg head 34 is nmaintained.
Additionally, as descrjbed bel ow, anigperationffgﬁ
scaphbag| KFeFHEOMELIPE FRB T QA A h ELFEESFaPNEThE3T 34
by the wi per blade 83 is perfornmed based _gn a
contreyer dnekt i hrseSleainedy ahuthef CarVeysh Hflkation 87 the
nozzl e face and a counted val ue of the nunber of

papBiest eds i fikd direpsehithennthbeconteie dedd Bilgwhdch is

drops) by the image form ng apparatus. Next, one
Ofpd sedpfios bhenifwge iy Papgr appdsahesd on
alt%é?g?ég%r%ﬁ% c%Jquig, referred t§ as the "present 15
i nk" bel o .S descri : p t-d le$1 GeMpasedub-
theoFoPﬁgy?5$$%$ﬁA%L?§¥fQ?%rgégﬁr(%%§ﬁgﬁgkgk?%loring
agent for character

_ C ¢ printi a, pignment sal

ScanoRnaCERPES o 10F e pRrEE G EheragRt S et folEtler
an essential conponents, and further, a wetting 20

belagéit, a surface active agent, an enulsion, a
preservative, and a pH controlling agent nay be used
as addi t peesinA inetdrops agenejeched onvidhe ipRPsiydet 2 2
are mxed for utilizing the characteristics of the

ol venvethabidddiBnpmeatoss adiasdimg ddiean image
Stc{ﬁ??gsitly Ic;%et he 1 nk easiglay. 25 (1) a pignent (a
. sel.f-di.sperglve, pj t WMnote8l 380280 kedor@ one
s Gl Ay TRCERP P U005 Bt

line, and after the paper 42 is conveyed a predeterminéd
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 ?he 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



10

15

20

25

(3) a wetting agent 2 (4) an organic solvent 5 (5) an
anionic or nonionic surface active agent (6) a polyol
or glycol ether with a carbon nunber equal to or
greater than 8 (7) an enulsion (8) a preservative 10
(9) a pHcontrolling agent (10) purified water The
aforenentioned respecti ve&onponents of the ink are
cribed nore specifigall . .
corBRinhtr The SR v nePiof .¥§s%§#f€§fp‘gea%a%1%*€ Py edecting
limted and an iporganic,pi gnent ani_c
theptBhEREP SR T U TSBE TAG Phor ATy denPEEE TR on
bl ack produced by a publicly known nethod such as a
Alsppneablamktdiritice fperatéonefpbde] eFdny R Rt does
method in addition to titanium oxide and iron oxide
notC@slheeusedreddsiingad sapeafgamed pefpmntthe2Gtamrtapd the
pi gnent (which can include an azo |ake, an insoluble

recd®#9iRb9BBNur #hf AHEREed razagphi grReteRnd theC Relaglle azo
pi gment), a polycyclic pignent (for exanple, a

eje%QEgﬁlﬁg¥f@%£§h é”éyn?ﬂé r@cB§a¥£gn§eﬁﬁgﬂPQF'nélntalned.

perynone” pi gnen ant hraqui none pi grent
U|nac done p dloxa2|ne 25
naqlilacts done, PLATENL £y 17L0e. 28 LA, % caring
-31 qui nofranone pi t), a dye chelate (for exanpl e,

theanpazile fage-34pel eatrscaﬁélaa Beadi ¥ R thppeiver
chelate), a nitro pignment; a nitroso pignent, and
blaﬂéISBnésbpanﬁormﬁdkhasede@n 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 liguid
drops) by the image forming apparatus.

Next, one example of ink used for the image forming
apparatus (or recording liquid, referred to as the “presen£
ink” below) 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 bs used as additives. A
wetting agént 1 and alwetting agent 2 are mixed for utilizing
the characieristics of the respective wettabllities and for
adjusting the viscosity of the ink easily.

(1} a pigment (a2 self-dispersive pigment) 6 wt % or
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Anong these pignents, a pignment having an affinity 5
for water is preferably used. The particle size of a
pignment is preferably 0.05 mthrough 10 m nore
preferably 1 mor I|ess, and nost preferably 0.16 pm
or less. The |oading of a(glgnent as the coloring
agent in the ink is, it abl y, approximately 6
hrough 20 Wt % and 10 nore preferably, approximately
through 12 mﬁ@b As specific exanpl es of a pignment
that is efer use n,the present ink, the
follomﬁnéEL %Hﬁ% §' geBFoalded For bl ack col or,
carbon bl acks (C.I. pignent black 7) such as f ur nace
bl ack, | &b %ﬂ%ﬁﬂ¥ln§béﬂ§P§n@ bl ack, and 15 channel
bl ack, netals such as copper, iron (C.I. pignment black
11), and(ﬂ)t&nﬂqngam@Cdeplandtorganic pi gnents such as
aniline black (C 1. pigment black 1) are provided.
For col or5) 4 lanipirgrertr wehhonsc lsffsde weidiow Ghent
-3, 12 (disazo yellow AAA), 13, 14, 17, 24, 34, 35, 37,

42 20 , |
HR) | 9(5y@gj7 L 13%613)08::5%&;? é%ogéhi%gwi%oé%%fg’% ) fmber

0, 13 pi gment oranges 5, 13, 16,

equfi tg § eé% %ngp%gnent red 1, 2, 3, 5, 17, 22
(brllllant fast arlet), 23, 31, 38, 48:2 (pernmanent
red 2B (BA )"=1n498u 5(1|€élrrranent red 2B(Ca)), 48:3 25.
(permanent red 2B(Sr)), 48:4 (permanent red 2B (M)),
49: 1, -328) 52:XeBIVELIFE 1 (brilliant carmnine 6B),
60:1, 63:1, 63:2, 64:1, 81 (rhodam ne 6G | ake), 83,
88, 101 (pedaip®rcamtirdd)int04gedd5, 106, 108 (cadmi um
red), 112, 114, 122 (quinacridone nmgenta), 123, 146,
149, 166,1898udied &tek/7, 178, 179,

mor

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

In regard to (1) 2 pigment, the kind thereof 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 insoluble
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
anthragquinone pigment, 2 Quinacridone pigment, a dioxazine

pigment, a thicindigo pigment, an isoindolinone pigment, and-a
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5 185, 190, 193, 209, and 219, C.|. pignent violets 1
(rhodam ne |ake), 3, 5:1, 16, 19, 23, and 3B, C. |
pi gnent blues 1, 2, 15 (phthal ocyanine blue R), 15:1,
15: 2, 15:3 (phthal ocyanine blue E), 16, 17:1, 56, 60,
and 63, and C.I. pignment greens 1, 4, 7, 8, 10, 17,
18, and 36 are provided.-30D- Besi des, a graft pignent
obtai ned by treating the surface of a pi nt (for,
quiepdRpRone ok BHRL i th Her EBPAZES LT (RPAdrs fePErife
in water and a processed pignment obtained by )
dyepitgpedrhglate snd facecddis prgneype (Fhalabednplde pitro
carbon) with a functional group such as a sul fone
picHeop andifress hvomenty @ndupnidins hindie alirsfer siskelds
In water can be used. Al so, a mcrocapsul e containing

2 pi grenbsngasnise JBkRrdie B gEBREndeAl Bnerai bitriey

wat er nay be“use According to a preferr aspect of
t he present _ink, .f.or | O i K, T
Fort B BB el B SR S 20 et BrEber Coc ]t i ® Dioment
obt ai ned by di spersing the pigment wth di sper.si ng
is gy@fierablin0adbddl stHERMICN B, i RRTS RTEL® Yorlr & ©F
di spersing agent, a publicly-known dispersing liquid
ledisedridmoptepaciageibhe Tdrfvém ponaesand publicl y- known
pi gnent - di spersed |iquid can be used. 25 As the
di spersi mpel LgHdtngfof ®xamient tseth83colotimyiagpnt in
substances can be provided. Poly(acrylic acid),
£hd U MRS hace¥bien ] Mppasidte13CbdtRESYHIONE0 nitd% and
copolynmer; vinyl acetate-acrylate copolyners, acrylic

mo B P 8ty FeRECE R oK P e Ter ©

styrene- aACsr ):lslpiecc::i g:.icdégé.rlt% es of a pigment that is
preferably used in the present ink, the following pigments are
provided. For black color, carbon blacks (C.I. pigmeﬁt black
f) 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 ARA), 13, 14, 17, 24, 34, 35, 37, 42
(yellow oxide), 53, 35, 81, 83 (disazo yellow HR), 85, 97, 898,
100, 101, 104, 408, 109, 1i0, 1i7, 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)), 4B:3

(permanent red 2B(Sx)), 48:4 (permanent red 2B (Mn)), 49:1,
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acryl ate copol yners, 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 c -ggi-d copol yner, vinyl

acetate-ethylene copolyner, vinyl acetate-yinyl _ester
52:pf B3fht ty7dci(@prélhiheheCaEDHYt rrs,GO\ii%myﬁ¥'E' 6§-£'

acet ate-mal eate copol ymers, vinyl acetate- crotonic
64:8Ci gh Coppbduine @cdlakay) 83et88e-1Adr yived dxpg oxide),

copol yner are provided. 15 According to the preferred
104as?§gt 966}fﬁbgjq%§@ﬁﬁumiﬂgd)thEleﬂkﬂﬁf-d@@rdgainacrldone

frol'eclil ar wei ght's of the (co)polyners are preferably

3,000 t u 0,,0Q0, rejpgef £f@bliys2,5109Q 1t ough,
mag§6}9680, Eé\%ﬂgfﬁ%sg't 1%?’& %ggblyl/ 27000 t hrough 15,000, In

regard to_the | oadi f the additive, .4t ddi til-M8dams
1850(&3986 é@3ap%9%prq“é{g|1§’a§dgd Pﬁg%él}gr}rglél%ft%dﬁséer srag

a pignent stably and havin% no | oss of a o%}er e feEt 15
laked ,t Be présehér i ¥redSiornd Fhe FahgP¥BEht i tifvE’

is preferably 1:0.06 through 1:3, nore preferably
(pHkH152§ahhneughud K., Tike lgoAbeRt bF:3 hdlpigranyagdag blue

as a coloring agent 25 in the total weight of the ink
£y ,f 9, agondi Bg, i 60 5 amdoad)r emghC- 34-p2@memOoguekrishd, 4, 7,

pigment is a particle wth a particle size of 0.05

~tm thr oygh 6 dovridiesper sed with a di spersing
s,égghgwﬂ 4ah Dhd %fg%$9%> i

i'n “Wat er . the dispersing agent is a
pol ymeric dispersin t [ : | @ ei gt he
o 5. 000 Beagn 3 J00000 Tt E B BT o oa LA
derivative, particularly 2 pyrrolidon ’w&éhug’egeﬁ aly as

sutface oheé BiABCBE WERErSEPHI e C8TO0N

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.

According 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 liquid
used for preparing the conventional and publicly-known
pigment-dispersed ligquid can be used.

As the dispersing liquid, for example, the



10

15

20

25

© coplpyerel Tiovk, ace RV @EESKi abrk,

organi c solvent, image quality is inproved. In regard
to (1) through (2) wetting agents 1 and 2 and the
wat er - sol ubl e organic solvent, in the case of the 10
present ink, water is used as a liquid nediumin the
i nk, but for exanple, the follow ng water-sol uble
organi c solvents are used-for the purposes of -giving
the ink a desired physical property, preventing the
follmwidg aruldtpnngs ann bepowidpd-he Fodvdasrytiencid)
stability for the ink. These plural water-soluble 15
polPlRedhLesalivents dpyadey et fdraarydon$petl¢i eopolymer,
exanpl es of the wetting agents and the water-soluble

i . )] e | , fry@xanpkbed-askyl acrylate
v1n?%?$%%é?fé?é€?ﬂia@é cOPOVifiess Ty vy

hat “i s, polyhydric al cohols such as ethyl ene

col, i et hyl ene c tLl e -
COPg#%%??%ﬂméﬁﬂ%ﬁﬁé—?cfggé¥p?%%%I%éeall f%glfg ??g%opylene
gl ycol, tetraethylene glycol hexyl.ene _qgl yc
methatysh by 25E GORRANmeHol SEYERT eHE Hryo s ey
1, 5-pentanedi ol, 1, 6-hexanediol, glycerol,
acryl2+6- bepeaarol ,sty,r.?;z?nmﬁﬁltlafﬁ%ff%|a,cld‘alkyl acrylate
1,2,3-butanetriol, and petriols, polyhydric alcohol
cop®iLiMbr 81 Ne¥ Pravici-amtayhytepengtycoyl imreethyopel per, 2
25 ethyfene gl ycol nonobutyl -ether, diethylene glyco

L¥tng —acthal 13
oo Rl B O et closmoansutin
tetraet hyl and '
oSSR i)l mase e e anlc s covoter
viﬁﬁggﬁggggﬁ%ﬁeh%%gﬁ%ﬁg mng? ? pxpﬁ{w a%tel%%[l_:e@gghylene

ni trogen- cont ai ni ng het erocyclic °°”98ﬁ3%5a%%31e%%y1ene

- hydr oxyet hyl - 2- pyrrol i done,
copb13miiraet kyhiyhi sleeicd ietimadie@tee 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 additive may'be
appropriately added in a range of dispersing a pigment stably
and haviné no loss of another effect of the present inventien.
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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caprol actam and y-butyrol actone, am des such as
formam de, N net hylf ormam de, and

N, N- di net hyl f or mani de, am nes such as 10 :
nonoet hanol am ne, di et hanol am ne, triethanol am ne,
nmonoet hyl am ne, diethylam ne, and triethylam ne,
sul fur- containing conpefds such as di netyl

20 GhPLEMALBIe FHGTBERLBng EAFhUNET ¢ Kb s BPRVHLR. ige of

Anong these organic solvents, particularly,

'0.08i phhyhensslglO.d@ pmt Bhddiet GbsRersasbMishng| ehePgr§Ends

200 through 600, triethylene glycol, glycerol, .
ageht2if- heranet rAlalo, the2ddspersanegiajentpdisr vopolymeric
1, 5-pentanediol, 2-pyrrolidone, and
disg}e Efl&' adePY 'HAHIrgoRe md ecpl &F ewadite. oEh&s@00r gambagh
.20 sol vents can provide excellent effects to the
0oSQhRPi I EEY LeVRRt L9p; OF, the i1k yob-
100ép8§fio%%ﬁ?gggkﬁégﬁégigeﬁgg% Qetapbréﬁﬁ'gh of méfer. As
" another wettin ent, .t i r ef er abl ont.ai
PYIIRG&FACNRs %%a‘h%l’% Sofats&&gfg, gﬁ%ngls%gc%ah% ee% , %%35513 18
- di saccharides, oligosaccharides (that can include -36-
orgepicasohuentesinadr @ElddacdfalPBEeyed and
pol ysacchari des are provided, and glucose, nmannose,
fruct oseInrrbgsed tyl Ode thraugbi ndsevelfalnttagpgants 1 and 2
mal t ose, cell obi ose, | actose, sucrose, trehal ose, and '

andTBIHeObhi-asesal € Te QMigiaric Heleknt, Sipotlys aechardifiehe
irean generalized sugars and include substances that

prédd tWI&g&I ngf(lafgié‘q]l%é& the snatuhal wedieh SUGhaAS X, but
cyclodextrin and cellul ose. Al'so, as derivatives from
foétgﬁg%ﬁi%ga%gé %gfig§¥£g water-soluble organic solvents are
used for the purposes of giving the ink a desired physical
property, preventing the ink from drying, and improving the
dissolution stability for 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 alcchols such as ethylene glycol,
diethylene glycol, triethylene glycol, propylene glycol,
dipropylene glycol, tripropyléne glycol, tetraethylene glycol,
hexylene glycol, polyethylene glyéol, 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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sugars (for exanple, sugar alcohols (represented by a
general 10 fornmula HOCH2( CHOH), CH2OH, wherein n
represents an integer of 2 through 5)), oxidized
sugars (for exanple, aldonic-acid and wuronic acid),
am no acids, and thio acids fromthe aforenentioned
sugars are provided. Partdxul arly, sugar alcohols are

preferabl e and as the_specifi¢ exanpl f,
o trha t At SFRBHIS GBIl TP EebP By SRR TRE SONeAE IFIERL
sugar is appropriately_in a _range of %%%Iﬁggb hroughd
monobuiwdy e pres ertefisperiy 1eREoSHHCRD TR hE AR, =P
conposition. Also, (5) a surface active agent is not
prod¥ipaet gtytel Imordatinydd ethat, apoyhwhiic a&yilve
agents, for exanple, polyoxyethylene al kyl ether
otHRGAL ahiehSak t sthyXageylveenzapasphéoyintetizal tad leabyaere
salts and pol yoxyethylene al kyl ether sulfate salts
[ r.OVy . Ni. QR L Ad & clfer
T BB EEY L S e et Lo heeanicy
ol yoxyet-hyl ene, al kyl .esters, ,.e f4am. - 34 _
CO“E’& y 8tfi I%ﬁez—s%\f%ﬁ'ql&ﬁito Sttd ‘3‘%’?‘3?1 p%loé}t)rxr;b;ltlﬁiﬁngﬁelq
al kyl phenyl ethers, polyoxy ethyl eneal kyl ani negs, and
hy iy L hg+preselddend d éls%aFiémEF]alﬂ 12z HioNge e 8-
active agent-can be used singularly or the two or
capiyladtiangdsant t-Hmtyreletaore acamnidengaints asafoppamised N-
and used. The surface tension of the present ink is an
met i feat@mmi gk, t Sed ney Nk thyy fotmbinide nlkemities syrdpers
and, particularly, it is the dynam c surface tension

mo#@egﬂgaélgﬁingye&iéf%ﬁﬂoﬁdﬂﬁ%eQeEEQQtEéndlé@ﬁﬂﬂﬁ or |ess

omthe surface

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

Among these organic solvents, particularly,
diethylene glycol, thiodiethanol, polyethylene glycols 200
through 600, triethylene glycol, glycerol, 1,2,6~hexanetriol,.
1,2,4—butaneaiol, petriols, 1,5-pentanedicl, 2-pyrrolidone,
and N-methyl-2-pyrrolidone are preferable. These crganic
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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10 formation, which is different fromstatic surface
tension neasured within a tine period of saturation.
As the neasurenent nmethod for the surface tension,
any of nmethods that can neasure the dynam c surface
tension within 1 second or |less, such as the
conventional and publickwsknomn met hod 15 di sclosed in

Japanese Lai d- Open Patent Ilcatlo 63-, 31237
et aanoer LRl AT REFER 52 RO NS orA B SBEPTaF RaRE 27

using a VVIheIny lifting-plate-type surface tension
protttied, 4wt ejluccEee pahuesef fHECKERTaddPOERsi SHIPEE:

preferably 40 m/m- or less, nore preferably 35
araB?lﬁSE@ Ofa] fsosayhebtbysa) eesl:bd»bierﬁe,f ibeattiose , agdcrose,

drying properties can be obtained. |In regard to (6)

tregg.ll.égés oL 4 U aker aruhpebvidiaye tthaedar,bon nunber

of greater, it was found that the mettablllty of

polé;fsgspﬂrflﬂ, Pa% &gé]are}{a??? e%laig?gg %ﬁgéf@r C_}Lrﬂ":‘i%deels%égﬁﬂces

ncy y can be 1 nproved
even on the small | oadi ngs, addj n | east one _of
thatsarepﬁidEhYl%Kxﬁhiﬂg-é@l%BﬁenBBPﬁ%i ééﬁiﬁ@ﬂ%ﬁéh &t Rer s
having solubility equal to or greater than 0.1 and

cydleslextitan 4nd owllbsldse.water at 25 C by 0.1 through
10.0 % of the total weight of the ink for

recordi ngish, (83 Qeweiativel, Irbmxahese obugttbitaduged
4.2 % (20 C (b) 2,2,4-trinethyl-1, 3-pentanedi o

sui?ys q%%&t%xaﬁp9e96éﬁgéﬂgahﬁo@©ﬂ@tﬂﬁépﬂ@sé@kﬂd thaw ngneral
olubility equal to or greater than 0.1 and |ess than

oS A P S, R e oo o
through 5)), oxidized sugars (for example, aldonic acid and
uronic 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 content of the sugar is appropriately in a
range of 0.1 wt% through 40 wt%, preferably 0.5 through 30 wt%
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, laprate salts and
polyoxyethylene alkyl ether sulfate salts are ?rovided. As
nonionic surface active agents, for example, polyoxyethylene

alkyl ethers, polyoxyethylene alkyl esters, esters from




10

15

20

25

of low solubility. Therefore, ink with considerably
hi gh perneability can be manufactured by the

conmbi nation of the penetrating agent having a
solubility equal to or greater than 0.1 and |l ess than
4.5 w %in water at 25 C and anot her 15 solvent or
anot her surface active aget. In regard to (7), a

resin enmulsion is preferably  added to th resent
poliyokyeThplens  sprHipsi 6AThEaRS1GN P %ﬁeGﬁY@SH?aining
wat er as a conti nuous phase and a resin conponent as
alk¢ephehpe detied oy aslyodiyepbytetephiasamigesy hando resin
conponent of the dispersion phase, acrylic resins,
polg,bﬁggthﬁ@ﬁ@ég{ﬂ%&ii@esshyéepmbﬂdaﬂii erfther esirdacei agrive
hl'oride resin acryl-styrene resin, butadiene resin,

agegx?g F%%lyﬁgr\?séc?%i%g?ﬁt%ﬁl@r gy dBd. t#s COf Gide kandeeof the

erred aspect e present 25 ink, the resinis

preferably a polyner havin t z hydrophilic
Surﬁ@F@iéﬁté%ﬁ %& S O%FCH%§?gi%%a so, the particle
size of the resin conponent i.s

ot limted as .o as
the compBhensurER®R tERemm S0 pBISTE hrk ":}cerlaso:g?}1
approxi mately 150 nmor |ess, nore preferably
inddppted ot ehy Bermeakidddgh OfO@hﬁrT?-ngh@?césat PRAN &R6n
can be obtained by mxing resin particles with water
pafithuliat 19 CRS eshe alysiamfiac suadeceetengion of-dhe ink
exanpl e, "an enul sion of acrylic resin or styrene-

ovéll r%orrteéiiﬁecggrP&i bt ai nRtEdad Birx 1 8gs af fdaetie cfaice
ester, 10 or

tyrene and a (neth)acrylate ester, and,

fo:i@gar?:rs]jgﬁﬁy %%ﬁ.ﬁg P'ﬁ% Xg%%'f%xg%cr?co Ay §£39¢R! st Edd&Hsion
measured within a time period of saturation. As the
méasurement method for the surface tension, any of methods
that can measure the dynamic surface tension within 1 second
or less, such as the conventional and publicly known method
disclosed in Japanese Laid-Open Patent Application No. 63~
31237 can be used; however, the measurement was performed
uéing 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/CHF 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 fregquency stability can bes improved

even on the small loadings, by adding at least one of
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of the resin conponent to the surface active agent is,
preferably, approximately 10:5 through 5:1. If the
| oadi ngs of the surface active agent are |ess than
the range described 15 above, it is difficult to form
an emulsion. If the | oadings of the surface active
agent are greater than thg-range described above, the
wat er resisting property or perneabilit¥ of %he_ink
parthi Bvprattiertsedadleopbdypbaernd Hhycddt EFREFEt BT Fhe
ratio of water to the resin as a dispersed 20 phase
Sol%iibg(]@‘%las_ﬂ @ ics appabpri dhat \0iln aadr drge shapod-o wt ¥
t hrough 400, preferably 100 through 200, parts by

in JELANL.0Moc WAL EL o1 LOD-fias 9,000 WRROBE dlhe ! betaPsiight

cial'l y“aval e Tesin enul sions, Mcroge

_ E-1002 apd M craogel  E-5002 (styrene-acryl resin

of EPEI%PEn,°§5r?ﬁ?§ﬁ;§§§ by Ni ppon Paint Co., Ltd.),
Boncoat 4001 (acrylic -40- resin.e i.on,. prgduced °
Dainippoﬁaln%"%?ﬁykﬂﬁnﬁﬂh??apﬁg??} g%iﬁhé%htyg4%4% 4 (36 )
(styrene-acryl resin emul sion,_ produced hy L Ni;pRON
I nk” & Chéb cal %541W¥T9%t1'1§AE11§IHe’(1§?%CgH§= é&%bﬂf% i'n
enmul si on, produced by N ppon Zeon Co., Ltd.), and 5

> _ooal hiomobcySK-200 (acrylic resin enulsion, produced by
Sali

en em cal Industry Co., Ltd.) are provided. The

present h”?eﬁé@ﬁfﬁ%hééﬁﬁ @aRinpheoteisititemdusilorto or
such that the content of the resin component is 0.1

sriatst oA R o400 it TRECB €L Pl g 2nochas
on LRSI O LCOR| L4 0 A AREEL 1200 L5018 Plinsond
of low solubility. Therefore, ink with considerably high
permeabllity 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 régard to (7), a resin emulsion is preferably
added to the present ink. The resin emulsion means an
emulsion containing water as a continuous phaze 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 becth a
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col oring conponent, thereby further facilitating the
fixation to a recording-nedium Also, it has an
.effect of formng a 15 coating on a recordi ng-medi um
.S0 as to enhance the abrasion resistance of a printed
obj ect, depending on the kind of resin enulsion. In
regard to (B) through (I8P a conventionally known

i £ , ' |
hydgﬁpc%%llrj;/cg ggcat%g%nt han Ehﬁy%%%c%tgtg: ARt onSOl Xe8s, £l

ti've agent ed "above can be added

into the opr nt ink. For_ exanpl.e, .a D ryati
ParB%C¥ﬁ|%ﬂ%ﬁbﬁggiﬁﬁgreﬁ@%n??m%ﬁﬂﬁ lﬁéﬁ€§r§é@é?§§e¥g 13 as

sodi um sorbate, sodium 2- pyridinethiol-I-oxide,
the sooRenSEh A0S, aan§MYbSH e 2 ek é’éﬁlfSFBBﬁéfnol at e

can be used. -41 As a pH adjusting agent, any
appstiitanekry d&0 be osedesas hory preferebgy spprhginakely S

can be adjusted to 7 or greater w thout adversely

threh§gcio®adhe fornulated ink. As the exanples of the
pH adj usti ng agent, am nes such as 5 di et hanol am ne

and tri e@’i‘é‘%ﬁ | fé%mlghlsa' Eafebdl ol 89S mi%ish 88sin

['ithiumhydroxide, sodi um hydroxi de, and pOtassi um

hydr oxi de,. a ni um_.hydr oxi de, ern LUE
parf Y651 HELP IR APRAr 5P pRECRHE o S e ey
al kali netal carbonate _such as |ithi.um carbonate
agesbdi URPE FFMRA, 28nETHSEASR| Ui AT WD IFELD QreStyTene-
provided. As a chelating reagent, for exanple, sodium
acrglthykenedéam bretakitedaedt By enlxbey Ain Meth) esrrvilaget aFeeT,
sodi um hydroxyet hyl et hyl enedi am netri acetate, sodi um
or styrene and a (meth)acrylate 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. 1If the lcadings
of the surface active agent are less than the rangé described
above, it is difficult to form an emulsion. If the loadings
of the surface active agent aré 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-acryl resin émulsion,

produced by Nippon Paint Co., Ltd.), Boncoat 4001 (acrylic
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di et hyl enetri am nepent aacetate, and sodi um
uram | di acetate are 15 provided. As a corrosion
inhibitor, for exanple, acidic sulfite salts, sodium
thi osul fate, antinony thioglycollate,
di i sopropylainnoniumnitrite, pentaerythrito
tetranitrate, and dicychohexylammoniumnitrite are
provi ded. 20 Next, the general configuration oi thf

s, Inc.),

resT®Némlsiparnt profuche bymdRi 1R ¢k FaF BERECE

described with referring to FIG 9. Herein, the
BonkbUI 155 @tiireak-dtagl aresih umiulationg praguendi pety
~of the control part. The control part 300 includes a
- L 9eryicienti@a13p £A8LT plsAe 3t i(seyapparatuyl a
Daléi%#%%zl or storinS a program -42- executed by the CPU
301, val ue of cont.am.nat | &h ezzl erdf aceaniit h
resi’ésﬁ@g}s%%n'a pﬁ'oé%é:?gr %ngg}b}?ﬁa% ection and a nozzle
face contam nation ,tol erance threshol d val ed_ kg
S5aibhBolpfEsehl (aRFHtiCORSSHP 9@H§S%%%efpgﬁ°r%%&§?ag§a§%it Re
other fixed 5 data; a RAM 303 for,t%$porally storing
Cheiniege Ondastey ¢3o- -a Ltdehvarat PFevidttage (NVRAM) 304
for holding the data while the power supply of the
appar at ugheSptesered iofd praférabAgl CoROBEING ghe resin
processing each kind of signal for the image data, for
o198 RLEACERANGHO depilediMoForhengesit ccgmpamerfon s 0.1
processing 10 input and output signals to control the

entire appar 0 i poeRbrah1 9aid BQRrigeclodes
thropgh E%gggf %% ?air?lsk?ﬁ ﬁoitrlr%gpt o0 or receiving fromthe

host side data or signals, a driving waveform
thrgaidy £5 ¥it®part 307 for generating a driving waveform

to drive and control a pressure generation _
The resin emulsfgn has a % 1c&en1ng or coagulating

property and effects of suppressing the penetration of the
coloring component, thereby further facilitating the fixation
to a recording-medium. Also, it has an effect of forming a

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

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

emulsion.

In regard to (B} 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

pentachlorophenclate can be used.
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15 device of the recording head 34, a head driver 308,
a mai n- scanning notor driving part 311 for driving a
mai n-scanning notor 312, a sub-scanni ng notor driving
part 313 for driving a sub-scanning notor 314, an AC
~ bias supply part 315 for supplying an AC bias to the
charging roller 56, a mai%¥tenance 20 or restoring
mechani sm dri_vj . 31 [ Vi 2
of the ot i GndedtFp fatRt, S| Aberaclibah paised
encoder 321 for_outputtin det ect ed signal
as LGrdesporien i 05 CHE SRbvERRIRS USRS SAd TmBUeERFEST
velocity of the conveyer belt 51, and an 1/0O 318 for
withoptbt edverselieaddesyispghbe FeEm RS di-r oRfeRPal
sensor 322 for detecting at |east one of -43
exafplesonfrettialpl enpesatingeagadt enamirersmencal asum dity
and a detected signal fromeach kind of sensor that
diekBaR8l g hdd tiiRehbheUeRi ndheaTidltir aletpAr hyd@oxides
connected to the operation/indication part 5 for
erform ' . Qr kadi-cati n :
e A A S
receives printing data, .etc, on the I/FE ;
hydgoxatPe BRTIAYD IS RIeY hEUAEETP e e Eina] i hiRtA Taes,
i nformati on processi ng apparatus such as a persona
quaterpatyr PhosPhorigE MyadioRd dg5parat l&l’gﬁaclh mgd-adn CPE&BBEW
scanner, 10 and an inagi ng apparatus such as a
sudhi gist Ak thauerearbiiterte, t sodthy gatberalis GNd ApFassium
anal yzes printing data in a signal-receiving buffer
cardplavdedrenptbeiddd 306, executes necessary inage
processi ng and data sorting processing on the ASIC

305, sends LBgE) datg; SUIRERONdLRTekindfe Od e of

the recor ead 34 to tthe head driver 308 as

ethylenediaminetetraacetate, sodium nitrilotriacetate, sodium

hydroxyethylethylenediaminetriacetate, sodium

diethylenetriaminepentaacetate, and sodium uramildiacetate are

provided.

As a corrosion inhibitor, for example, acidic
sulfite salts, sodium thiosulfate, antimony thioglycollate,
diisopropylammonium nitrite, pentaerythritol tetranitrate, 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 ililustrating
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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serial data with synchronizing to a clock signal, and
al so sends a latch signal or a control signal to the
head driver 308 at a predetermned timng. Then, the
CPU 301 reads out and analyzes printing 20 data in
t he signal -receiving buffer included in the I/F 306,
execut es necessary i nmge4processi ng and data sorting
processing on the ASIC 305, and transteri,ina e datgazle
exedotddéy Hdad CBUI 381, 398valtfe Qe fOPAFMOR261 ot pat t et
data for an image output may be executed, for
£acEXRID Sedpecat @bl agptedet@Bnidmd iink eHecRORR39Dd fhdRozz1e
may be transferred to the apparatus by -44 devel opi ng
Fackng.d & Aala toterbhte mMprekticl dvaduer usedr indtheer
at"The host side. The drivi ng wavef orm generation part
307 i ncludes a Ascanyert er..f iz Y Axg@nvaet ohfer fixed
Prea?PBi%v%d?fe ndrr%gﬁggﬁgrﬁgdata 5 and, t hereby, a
driving waveform conposed of. one drivj l.S€etc. :
datedr avﬁﬁ‘é 39 tgpparaigy jage lﬁ%%"g?& &iving °
signals) is output to the head drjyer 8. .Th
nongoleei 1808t eraase sMVREM e 88~ dE R %%ﬂa%mﬁ% ahts Ufdde the
sel ectively applying a driving pul se constitutin% a
powdirl ¥upp1§0cpanies eppameesent edtrroes toil dranA fy ASIC 305
wavef orm generation part 307 to the pressure
foxg%g%fcégls%gdsawqm{dtdfeS,ELe;mrLdfog tisadirgpe islafed 6RT
I mage data”(dot pattern data) corresponding to one
. line of ecording headr34ngnpetci n seid aforf gromessing
lm?%ﬁfﬂﬁ??gggggcgﬁtg%ﬁgﬁart 300 gontrols a charging 15
_‘pattern (proyided charge it 08n 1 e CANVENETuS .
inmE Bnsh 9 P‘%e?f%‘? fig-an é%%é};%gntrol of ‘an AC bi as
SqulledpaggH]%Eg 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 signai 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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AC bias supply part 315 to the charging roller 56. -
Next, the driving waveform for driving the recording
head 34 in the imge form ng apparatus i s descri bed

20 with referring to FIG 10 and FIG 11. Herein, as
shown in FIG 10, a driving waveform which includes,
for exanple, four drivind3pulses Pl through P4 in one

drivin | e, is.qgenerate ﬁﬂq . Nt d
enva¥?%$?é%§%év%FﬁfﬁFgéﬁe?@%i%% pafﬁﬁ%%%. %he g??@i%ﬁ ?
waveformis 25 conposed,of a_driving pulse Pl _for :
deteated HHaT e i3OM SROANHINST AGETh GR35 St Pgh, SBovR 1D
driving pulse P2 for mddle drop ejection and the
thel Aigerar ofihs ecnitael BABL d38Yi 17y gunesdeds toghlieps
used only for the large drop ejection; driving pulses
opett Den ppesh @it selpacted fepepet frmuimg ke dnpetobrdrop
to be 5 ejected. As shown in FIG 11A, the driving

ind@#gﬁfoﬁoéfSﬁ%#éssééﬁoﬁnfbﬁﬁéfﬂﬁnFfoﬁfﬂHéﬂappa&awaﬁeform

enent that drops froma reference electric
potenti al, Vref a t . e rimEelarant «82.,
that is %%%t?%ﬁ%%g'F%g%hggaagé?%?ﬁ$%ﬁ%nen#‘ 0 Sl ang
is retained at the voltage Va; a_ waveform el 3.
on thet T7E S0t T HIUD PoCERESWt ePEFITE e tenT Soeahgss Side
rises from the voltage Va to a voltage Vb |ower than 1
suchhesr efieinficwmatsla DricseFLBAt RRPANAEIS SPR RSt §r RFTSOna

el ement S4 that is continuous to the waveform el enent
conrPtelri, Saa imagheramfiogenppaibtebestch aparenmiage Veapner,
during a required retention tinme (so that drop

andeja%c_t:i}nﬁﬁihg Bobafause Guchndsh ur ihgttal sesndma.a vol t age
Vc highér Than the reference electric potential Vref
Then, the CPU 300 reads out and analyzes printing
data in a signal-receiving buffer included in the 1/F 306,
executes 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 ih 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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after the retention during the required retention
time; a waveformelenent S5 that is continuous to the
wavef orm el ement 20 S4 and is retained at the voltage
during a required tine period; and a waveform el enent
S6 that is continuous to the waveformelenent S5 and
drops fromthe voltage VYé4to the reference electric

potential Vref. As the, drivi ulsg.Pl is_a ' to

devEheoiE e S0EREcERE BPLAeE TP oPPnePr oo HIHeF
head 34, .the -46 piezoelectric elenent 121 contracts

drieeroztdi iy theosthéidavef orm el ement Si, so that the

vibration plate 102 |lowers and the volunme of the
liquid chesrhiriviog expafdsm Jemeratinn @apindfd includes a
condition is retained according to the waveform

p/ACLENBOEL SR fox Tm-Behvetbengi @zDelms twavefelranpatté?d data
expands according to the waveform el enent S3 so that

andlt, Ihg{%%g%ﬁt | or}iﬂﬁga%t %Qgefpifﬁscoﬂlﬁo§é@ dinshdeaeiviRg pulse

anber "an e volunme of the |iquid chanber
106 i s reduced, ereby .a.liquid dro fﬂg' d | :
(dIéFéEBeal??%%ﬁtQﬁ;gLEf?&edbe?ggup?#%%én' ne?apﬁegﬁghahg) s
ejected liquid drop is_a small drop (dwarf drop) since
outphé teothageeabelriye PP8e to the reference electric

potential Vref. Then, after ejection of the main

drop, thehwibead idnvyenatd8102ivesgtheuetdardiageenegd 34 by

under the reference position according to the
selWRtEHANR Q}Tyﬁﬂﬁﬁﬁg 4 EQviihat pulise 15oneni tolingrey égiveng

the side of the vibration plate and the volune of the

e RHREE rpGohgone ozt
30 7? :4:23”?: té %?:eggu£elg aéeﬁehr%tr{%w T cgi B E aEl'nQ r‘ré@ﬁﬁ‘?lgb}ﬁead 34
based on image data (dot pattern 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 quantity) on the conveyer belt 51 by
performing an ON/OFF control of an AC bias supplied from the
AC bias supply part 315 to the charging roller 56.

Next, the driving waveform for driving the
recording head 24 in the image forming apparatus is described
with referring to FIG. 10 and FIG. 11.

Berein, as shown in FIG. 10, a driving waveform
which includes, for example, four driving pulses Pl 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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natural vibration of the liquid chanber is suppressed.
After 20 a required tinme period has passes, the
voltage Vc is dropped to the reference electric
potential Vref according to the waveformelenent S6
So as to restore the vibration plate 102 to the
reference position. Al segsas shown in FIG 11B, the
driving pulse for 25 mddle and |arge dr Rﬁgand
larghedtvp B iaFtpons eaf Griving L Hksh Pﬁiprwlgai?u Pt he
waveform el ement Si that drops fromthe reference
ejeete6h ramd pteenkirge ¥rep epechionolandgdryginghpulses P3
waveform el enent S2 that is continuous to the waveform
andehbenBsdd Bl1AFdy sheelargeddidp tdieatdohagdraing pulses
waveformelenent S7 5 that is continuous to the
vefo | geVelrt agep Veotive
Lo PRe"Vd ?%%%%%%E%Fgﬁe?e?ﬁgﬁ§$?Q&EQ?E?Eﬁbe elect?ic
~potential Vref, a waveformelenent S8 that is
ejegRti nuous to the waveformel ement S7 and is retained
at the voltage Vc during a reteQéipn tinme.Twin_a 11
range of AFcshowly Am FlGhr ddfn oo xABY B RghEFdST T80T §72
the frequency of the natural vibration of the liquid
drophafbet ioanell dnwdvelesr m whwatorm Solenandt Sls toast PREBES
to the waveform el ement S8 and drops from the voltage
frofC al Qekbeekh€d adrnae-ied eottentipbt'eérdf dlo W efoltAget Ne; a
driving pulses P2 and P4 are applied to the 15
wav%hfgﬁelafgﬁé £ ¢ apit L2Loatihhsus ecoriiadgrahedd radelement

prezoel ectric elenment 121 contracts according to
the waveform el t S t pat | iQR-RlLat 83
S 508 HOWEPE e 1110 CHPorSHESgr TR 11t BRbiaere o6
expands. Then, the expanded con itti éfsgﬁgi¥fg%% From
thafe dgr GPRELPBORR N SRS CERe it S0
the voltage Va to a voltage Vb lower than the reference

electric potential Vref; a waveform element 5S4 that is

continuous to the waveform element 53, rises to the reference

electric potential Vref during a required retention time (so

that drop ejection is not caused) and furﬁher ;ises to a
voltage Vc higher thaﬁ the reference electric potential Vref
after the retention during the recquired 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 continucus to the
waveform element S5 and drops from the voltage Vc tq the
reference electric potential Vref.

Bs the driving pulse Pl is applied to the

piezoelectric element 121 of the recording head 34, the
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20 Further, the piezoelectric element 121 expands
according to the waveformelenent S7 so that the

vi bration plate 102 noves to the inside of the liquid
chanber and the volune of the 1|iquid chanber 106 is

reduced, whereby a liquid drop (main drop) is ejected
fromthe nozzle 104. At t4fis tine, a [iquid 25 drop

ple%?’egglcg ﬁgé o%er!le%{tg 1t Ié":%ﬂtﬁ:ﬁ@tg @c&fc}ltrl?ge & itheNgdaveform

I'S eject since the voltdge rises to

the voltage Vc. Then, ,after ejectio t he mai_n .d
elepgat Gilpr ?iUPprl‘%EteeV 3 %OPePg?E%Ql% 1&’“%6:51 grd, the

thereof according to the waveformel engnt S8 so that
voluime o6l the biqwik chambgy 406harBaRdss el nddeaf*Phaded

contracting condition. After the retention tine Twin
cor@ifrangeisf rdcaindd Zaddurdiigh To Rhe MBvefympadeagnt S2.
wherein Tc is the frequency of the natural vibration

Fu@herhe thiayi 8- 6dpsdbieric hemeakt age deparsidraappading to
the reference electric potential Vref according to the

th%f‘)"’gt\é%\f?’%g‘r Q;L%In%ﬁg@?» D R3S the §E5LLF forl HA M DNAY @Bves

reference position. In this case,

t he vol tage i.s, dropped after.the 0 '
tof%F%Pﬁé&ggqunbh? @gvﬁﬁ%@gﬁefiﬁ%HTﬁﬁ?ﬁﬁﬁﬂgg%gg'E&?

Tc x 1/2 through Tc x_2/3 whereipn Tc js the frequeng
ligfid W@E-I@eﬁaﬂgga}s VFeFERs%hn WB‘FI?EI@ i mer(_mal%

VWhen the neniscus noves downward with main drop
dr@pledts erieatedr from the trozzleatl@dal AFbklais g, tHhe

iquid chanber, the vibration plate 102 |owers so

ejddialg tihenvel uFBpof s t Aesthd Iuidtophddberf 18fop) nereas ehe
and, therefore, the vibration of the neniscus is 20

ﬁof&% gfcgesb otUREEERESkRY theetBsteasSP @ rild@ot@intial 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 plate 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 $6 so as to restore the vibration plate 102
to the refefence position.

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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l'iquid chanmber 106 on the natural vibration of the
liquid chanber. However, since the retention tine is
Tc x 1/2 or greater, the anplitude of the natura
vibration of the liquid chanber is reduced. As the
result, the velocity of the 25 neni scus becones
greater and a satellite-diffep ej ected by -49- pressure
~to the side of the nozzl e whi ressyre i s_cau by
P4 ihelwdes e WayeaordnclapeRy gﬂéﬁgﬁééﬁ$§ﬁ %Fthgﬁgain
drop, does not becone a mmin drop. Further, since the
refeebncet glattrich@otanshiplt Bref ofe Heoied tgo&at’er | thfie
anmount of m st between 5 the nain drop and the
waveabeh! k1 englioEd ThaedieedonTheuous indhanaeardonm slement
referred to as an addi‘tional vibration suppression
s1 9k Viggrgﬁ%fﬂéﬁ'ﬁt.@%esbgmﬁagé ¥4 G a Mdgefiditn @liemeng S7
pul'se for Targe drop P3 includes the waveform el enent
1.that _drops_ from.the e | Ctdp ises from
thagoﬁénFPﬁngE%ﬁstE?1ﬁﬁe vgﬁggggﬁvé?&%%ggjgggﬁ%fﬁ?élenent
S2 that is continuous to t

‘
the gongagPnia 5t FH NAYERGe oal PREDWAVET GT i BFANER G

that is continuous to the waveform el ene t@gg and
eledtsds poorntiak Vsfage W@éfetférf“h@l%‘?‘?%g%b At gifer

than the reference 15 electric potential Vref; a
contaveiasmeel ehentaiiforimhatleimentc 6t andiols tefaimed at the
wavef orm el ement S7 and is retained at the voltage Vc

vo]tq%?[engfca dﬁ%ﬂﬂ%r§dré1j:é'fﬁ:m tQehe @wWaMeEd Ofifipd enPImc xS1Y2

i's contl huous to the waveform el enent 510,

Ll 9SSt a0 Csomilin ot lage e,
S0 el oL STl SU2 (1Bl Lo uSOOEL AU S
that is continuous te 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 cqntracts 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 5Z.

Further, the piezoelectric element 121 expands according tq

+he waveform element S7 so that the vibraticon plate 102 moves

to the inside of the liquid chamber and the volume of the

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

drop (middle drop) larger than the case of the driving pulse
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to the reference electric potential Vref. Wen the
driving pulse P3 is applied to the piezoelectric

el enent 121 of the recording head 34, drop 25 ejection
is perforned simlar to the aforenmentioned driving
-50- pulses P2 and P4, and subsequently, while the
meni scus noves downward4ei-th nmain drop ejection

- according to the natural vibration OL t he %i UL&

Pl thamjmrted langebERe| WAl RGR 1SS tPULPReVOT ﬁ%?s %o as
to reduce the volume of the liquid 5 chanber 106
accor di Nthdry tlfeemaeséot el efrerte SELD A5CR, FB8ult,
the vibration is suppressed (vibration suppression is

vib n phadniogi hg petsendd ats 4 efevitddnt thaseal
vibrati'on suppression driving waveform Then, when a .
| arge drop.,is . el ; | &g tHatpdheegobPime of the’

acc?ﬁcl'l%%%htcbgche w%'v%‘ffa?ﬂ eﬁ.gﬁezﬂ{ Y8 b t

are applied as shown in Fig. 10 so as to

_eject four liquid_drops,,apd duri t : | of

liguhd dpdpeer %quﬁééﬁﬁge n?Fegg?oégéﬁgﬁéﬂgéﬁ 5?3255?%%.
Wen a mddle drop is ejected, the driving Bugﬁe P2 ¢

Aftbs theerttentiomnfimecdvaht ahBARSe Hallc dr dp2i shrough Tc
ejected, the driving pulse P1 is selectively 15

2/33pRki pdssdBushemis T s tber foparRnObREs thRi BRLEEASS
include no drop ejection can be forned. Next, a

TiPa0888S ok OFne! 1 Thulat ichgmbert, athearebragem V& isogzppped to
ace, which is caused by m st adhering to the nozzle

the‘;%%%e%nl:geei&&@fﬁ g thead st ogebhescadidirg) et rhst atic

conveyance 1 n thé inmage form ng apparatus (referred
to as _.mst contamnation gliglLnabl o fyRG8%5 plate 102
wavsd1ogw) ?1P§‘EBE5€$i%% L %"t hq:e‘r%le':: glra r?%% (o M Gs 12
t hrough 20. L,
to the reference position.

X

In this case, the voltage is dropped after the
voltége vd is retained during the retention time Tw in a range
of Te x 1/2 through Tc 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 according to the
natural vibration gf the liquid chamber, the vibration plate
102 lowers so that the volume of the liquid chamber 106
increases and, therefore, the vibration of the meniscus is
enhanced by sﬁperimposing the increase of the volume of the
liquid chamber 106 on the natural vibration.of the ligquid
chamber. However, since the retention time is Tc x 1/2 or
greater, the amplitude of the natural vibration of the liguid
chamber is reduced. As the result, the velocity of the

meniscus becomes greater and a satellite drop ejected by
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First, the value of contam nation on the nozzle face
of the recordi ng head, which is caused by
predetermined 25 ink ejection, is digitized and
stored in the ROM 302 of the -51- control part 300.

Al so, the value of contam nation (contam nation
quantity) on the nozzl e-#4@e at an all owabl e stage at

whi ch the val ue does not reach gausing the failure_of
presfure tn the 1Kdte REITES BOTOIGrUNCE PRPESHER DafRaset DY

5 contam nation on the nozzle face. Herein, the val ue
thei sabased vidratienyakfbedf thominftian 64 WhenTRRB dTOP,

failure of ejection such as the bending of ejection
doefi FEEth&bmd ke radek debp. e] Battler, ardceoltbe wekpagtyief

generated, which is caused by the contam nation on

the%?gg?f%%%%é%%%ﬁh%thgg oot &k Norheashouh® bifemisthbetween

t of the"m st contam nation

thejzelhafer tri JHE0 3219806 ADG By ARhRIH N0 THE aEkEing

as an instruction for character

printing is_received, a predetern ned .process f ;
waveharaci &rre iLRgd ¢ P§nﬁ§eaag?ﬁﬁf?%§%v% a%éf%bf%%ﬁFeSSlon
Al so, the nunmber of 15 ejected ink drops is counted
driwen whecfomge formation is perforned and the
- contami nation on the nozzle face in the predeterm ned
i Nk ej echkoshbwn rieadritut 11Thebheopeivinomalse for large
processing is perfornmed based on the read out val ue of

drog]%tsaghﬁ%&@@ e they a1z e1basataptl tHe mimdyer fofom the

ected ink 20 drops such that the contam nation
oAt gkt A deteer Bpraheatatant o
wa\%%]noéﬁ;a%ﬁgg? E%Ih E?g oir seddonl{:l?.%%ioﬂs £8 ei?tlxé iv?ﬂéﬁ’orﬂ réqement
g1 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 Ve during a required time period; a waveform element
511 that is continuous to the waveform element 510, further
rises to a voltage Vd from the voltage Ve, and then is
retained during a required time period; and a waveiorm element
g12 +hat is continuous to the waveform element S11 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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contami nation quantity of the nozzle face may be but
is not 25 limted to the product of obtained val ues
such as "the value -52- of contam nation on the nozzle
face in the predetermned ink ejection” x "the nunber
of ejected ink drops" x "a correction coefficient
determ ned by other factd0s". For exanple, in
principle, charging m st does not .,.5 formaon.a :
pulaes- Bharbddr éad FRRECHEENTIY ¢ fridas e PePeett It
a |l ocation except the conveyer belt and a
dowheand dirigh medirudrophal catiher cacerding 6o theababrirhg
to the generation mechani smof the mst. Therefore,
vibWheNoR! 6F ejlestiiomidbthakbeej eche onbradiocsj pdetagl02
thi ckened ink inside the nozzle to a 10 di sposa
rurkhl! oh&F8isd N ¥@S38kubY £hECHTRORA ablolitaid
perfornmed during the inage formation, it is preferable
t e ute a process r | £cdH nugheg of
Chmﬁﬁrdiﬁg a%‘f%’%‘flin&%%f 5h; HQQ%F@EJ' S e . TUERCE
contam nation quantity o e f.ace

f th | IS .
resgBtai 5RE E§b¥¢ﬁ9QRx%5a§PBHFe?ﬁ$§nﬁéf?ﬁﬁFﬁﬁg'Fe |§§ ron 18

for exanple, by a sinple nethod such that " QEHy%Lue
madaf) .coFhaniniving wH seh&3nészrelenrrd RSy py Pration

pre-ejection".is set to zero. Afterward, whether the
supfdatedncani atngatdwmforgquantity of the nozzle face is
greater than the tolerance 20 threshold val ue of

cont am nahiAn $Red he aZE erbpcesi o7 deted itted drivemg
when the updated contam nation quantity of the nozzle

ool 215 EOATon By St BRIt St ey ol mehldeo
e) e\;%lc gﬁ%ﬂ?qfq d.%.%]lti%mdggtpis?nagg é@:?lnr.]go Z.gﬂee ’Jxaacv%ﬁ.%% Qfr 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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25 head 34 at this stage, which contam nation is
caused by the -53 mst, is determned to be in a
al l owabl e range and the process is conpleted wthout
any nore process steps. On the other hand, when the
updat ed contam nation quantity of the nozzle face is
greater than the tol erarca-6 threshold val ue of the
contam nation on the nozzle face, the value of
contool apaxiatilh oRleke B8 Valta SALTGIPREIPRCor di ng
. head 34 at that stage, which contam nation is caused
(coh¥atbeat s tquant idet eoni heel hezbke i TR alinan| BhapVable
condition. Then, the w per blade 83 is |lifted and a
sta?%eﬁei 75; QPR Wl ueWspeBgndd oeErlatdarsinkothei frhgure of
e nozzle face 34a of the recording head 34 is

eje%ﬁﬁ%ﬁrgggreggﬁﬁ%d!é% Lhe oh BRERCE OF i dEh RN B2 laeS off N

contanmi nation on the nozzle face is easily

caused by adhesion of charged mist.(c a9 & St) b9Bed
Conﬂ:ﬁ@lﬁﬁﬂgﬁ ‘?récé”eofm‘}tzﬁéelgg%éorlglé%%l%’ea e'\‘/Jvlvltah “the ©

el ectrostatic conveyance, the restorjng operation.can
on BboperiBened WIRAABIcRs SIGR LT Tet ik i, e s5R

cl ean the nozzle face effectively and the degradation
suchkf dsmape hemdiny careiseticaydiredtioy, prsi Pr

digitizing and storing the value of contam nation on
e3ddt8 20 BRAzkelbaaki alned shyehbeapedderteiati st dawsed by

ej ection, counting the nunber of ejected ink drops

dyr | ; r &t 100 Hfo A Ry&FackopABthe Nrectdilngaticag .
thef hlggﬂ\}%ﬁéggggegont am natc? on on the nozzle face by the

Che. novsltBepac B cohEer I aRIE oF rheE Lo o "
cor\llgatrgir}allei otno le?. E_I%.g.llc‘:lgtlt.&{ eg?rhoocl,eds g ?Llsu %eg];r%ggé 6}5'31( nat¢ SHHAY to
FIG. 12. In this process, as an instruction for character
printing is recelved, a predetermined process for character
printing (image formétion) is performed. Also, 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 guantity of the nozzle face may be but is not

limited to the product of obtained values such as “the value
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-54 the nozzle face at a predeterm ned timng, and
perform ng the operation for cleaning the nozzle face
when the value of contam nation on the nozzle face is
greater then the threshold value. 5 Herein, the

tol erance threshold value of contam nation on the

nozzl e face is a val ue e@presponding to the condition
of generating the failure of ejection sucg S _the, . K
of bemdimmpaificn oot tha WPEetei BALS tie thEcRTE EE?E’EW%%}“
and color mxing if the contam nation is over the
ejebBLEsNOL drrRl WenbeD afidejsctbd)itrik etopy”t Kie" s apmrrection
nmet hod as the value of contam nation on the nozzle

coe fE&%?@%?&é%ih%a pegeher niaetbrsmk e ection.

ccordingly, the operation of cleaning the nozzle

face at agru qssany bEﬁhBEpﬁ@P HerMeigded s$0dasst Aot

pr event ste of 1Ak or“tinme.” Additionally,

"predeterm ned 15 ink_ejection_(p term.ned dropn
formj @Rt RoRIR~TRAFFE 3F6P7 géghpf%f {ﬁgﬁﬁ%f%%?e fo% ©
drop”". In the case of form ng on drop for faorm.n n
to mmageatiom Preari té@bsa’rla'ﬁg?g i Pe?ew‘éfrb?g a %&P%ﬂré’gﬂ%egwm
sub-drop"”. Next, the second enbodi nent of the mst 20
thagoAHARreat tontled ibdltat roropddpgsto | BhelrngT5ed OBy
referring to FIG 13. In this process, as an

medhASL EHC bEORhE Ofi #thar atieate fopei, nwhay pre-rejesibies, (bhenk
Information of a printing node in regard to whether

o3 AT ERCLTRN R e s Sne (g st oo
diéggéa% a%géa_gégg¥¥fﬂénég§éeﬁr%&eéﬁeégfoﬁrﬁﬁé¥aﬁ¥bn is
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 ﬁhe 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 ﬁozzle face is egual to or less than the tolerance
fhreshold 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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(image formation) is perfornmed. Al so, the nunber of
ejected ink drops I's counted when the inmge
formation is perforned and the retained val ue of
contam nation on the nozzle face in the predeterm ned
ink ejection at the character printing node is 5 read
out. Then, operational processing is performed based

, on ,the read out .value.of _c ' i e+Razgk8
MiSEacdS a‘ﬁ%{?ﬁﬁln‘?ﬂc{] e ?Jléofl ge?e%%j%%ﬁ%% d:% 21 E%n S ?}? hth a% cess
t he cont am nation quantitérof t he .nozzle face is

is camplehee v @YedOTEnETPHRSS UFit%d cont ami nati on
quantity of the nozzle face is stored, 10 Afterward, .
sinilar ©o the dthen hamsbdwhent the prateq gontamination
contam nation elimnation process, when the '

qua@Atgbpathemomlantisdoe dk gheaherzihard dde itolegqaarcet o

. or less than the tolerance threshold value of the

thr%%ﬂb?@ 9at oo P & mzElifath 8acon tilee ploxeAss flage, the
conpleted w thout any nore process steps. 15 Wen the
cont am na iallggngyfgﬁi | Zgh&e THLL dfS tHLFeRbrdin

valuga tﬁgn%o er afce fﬁ?é@ﬁbﬁ'%§gﬁue of the J
contami nation on the. nqozzle face, a clean]

heasheraBitoRnEhi BFARR op R G PO SR B i (He sy e the
face 34a of the recording head 34 is perf%{nad. 20

mi sHr disn detRamiBedt t@ P ifvddn e dorRRI S T/ TGt i Agen
mode” and the retained "val ue of contanmination on the

thdazzler bdedei A3t he bt end redlpaRing eepemniriqrs (wiping
descri bed. The quantity of generated chargi ng m st

opEEEANGES f@%p%mgim@ e thez Aharfgiceg 3¢andt ttien wrodihking
surface of a 25 recordi ng-nmedium the charging

C j .. 0 surface of the -56- recordi ng-nmedi um
he§ nﬁ%fﬁhgﬁ%ggkﬁﬁgh the dryness of the

Thus, in the image forming apparatus in which the
contamination on the nozzle face is easily caused by adhesiocn
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 clean the nozzle face effectively and the
degradation of image quality can be prevented, by previously
digitizing and storing the value of contamination on the
nozzle face caused by the predetermined ink ejection, counting
the number of ejected ink drops duringlthe 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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recording-medium In this case, when the character
printing node (printing node) is one-face printing,
an image is formed on the dried surface of the
recordi ng-medium On the other 5 hand, when it is
doubl e-face printing, the first face (referred to as
a face to be printed prevdsusly, a front face or one
face) on_which an inage is,formed is a _dried urfaﬁ
P 5

theopoztle ¥ak&EAd iy BRTRIRES Ne RN A R8T ngérge%he
to as a face to be printed latterly, a back face, _or

opetrheion hEer feleaning itsef pegadnt T3¢ M hehe oG JRLHEN Obf
being wetted by previously adhered ink drops. Then,

contBfi AR toit hen rdeordizagenédcanigrgesten ibempitbet areshold
charging of an ink drop is easily caused by the

valgBarge provided on the conveyer belt for the adhesive
conveyance, at the tine of imge formation. 15 Herein,

"the val %sﬁe%nfg%&@moﬁgyaageoehkggnm4aqugaﬁe in the

predet er ejection” is set such that when the
character printing node i.s the one_face printj e
conRBAPALIBRY OF (Y RQEHANE GRCBl SarT it 1 TRV S B
high and when it is the double-face printing node
thet sendatben ¢f reenrirbindotheofalLure fys $Ieqtn Bishy as
| ow. Therefore, the calculation of the value '

thel Geams htypfoé]eomtamidiarictioon the hazklef iectisdedand
on the nunber of ejected ink drops can correspond to

colld¥e mikhagagterhordsitand nadenans oneecess dryradtednd vglue,
operations can be reduced. 25 Next, the third

o ORER B g Al st A4 TR o,
coéggﬁingEg%%Sgh BRe A0, 1 NSt ralctd on, ko ﬁ?a{ﬁ§“§¥edgﬂéyﬂf%%d
ink ejection. Accordingly, the operation of cleaning the
nozzle face at an unnécessary timing can be avoided so as to
prévent waste of ink or time. Additionally, “predetermined
ink ejection (predetermined ink drop ejection)” may be, for
example,-“per ejected one drop”. 1In the casg 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
contaminatioﬁ elimination process is described by referring to
FIG. 13. 1In this process, as an instruction for ch;racter
printing is received, the information of a printing mode in
regard to whether the (character) printing mode is a one-face

printing mode or a double-face printing mode is obtained.

Afterward, a predetermined process for character printing
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received, the information of a printing node in regard

to whether the (character) printing node is one-face

printing 5 node or double-face printing node is

obtai ned. Afterward, an environnental condition (at

| east one of environnmental tenperature and

envi ronnmental hum dity) -5$—-neasured based on a

detected signal fromthe enviyonmental sensor 22
(imTpenformaticadeisr REAESPFIce s SUr %"ﬁan%‘ESF Bfi ?%%ed

(image formation) 10 is performed. Al so, the nugber gf d
inkefigepedis niowhtegs when thaniBRIHH e P na§ePRot AEIT O™

is performed and the retained value of contamnination
theOPet 8En&0 27 101d aFe contihengt boeten ihsediozizak &peet fanthe

and the character printing node and the environnental

ondit} r Qbh. afheRe GReFatticanadrinting mode is
preéﬁgggééﬁﬁaq?§<p rfornedabased on the read out val ue of

reag Bufed TS (hikraidcRairbeobass: A0t d M TuERen Bhsed on

Suc at the contam nation

quantity of the nozzle face, .is cal cul at n
theypeatedut sl i e FPREEHPERE R Rt 1&%)%1 %Og%z}%t i(%taf/: 2opnd the

the nozzle face is stored. 20 Afterward, sinilar, to
nundee bifr sf eetbddinerdrops sheh fpat B SHR R IRG Lo

el imnati-on process, when the contam nation uantity
quadit ithe ofoEBk endaLke ifacequal chdculatedsandapdared, and the

tol erance threshol d val ue of the contam nation on the

upcﬁ%ﬁ Qonk8kSnat 16n RAOGRST Y DECconpl abedle fdmritisamfpored.
nmor € process steps. 25 Whén the contami nation quantity

of the NAszhenhaae LanirAalel chelsik8lnetbonimel aane

t hreshol ue o e contamination on the nozzle
i Sy SR ILBO PP SO, GRS, OBELAL A0 lapinacion
qﬁantity of the nozzle face is egual 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-
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
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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performed. 5 Herein, the relation between "the
envi ronnmental condition" and the retained "val ue of
contanmination on the nozzle face in the predeterm ned
ink ejection"” is described. As described above, the
quantity of generating charging m st changes
dependi ng on the chargi rRgéecondition on 10 the surface
of a recording-nmedium and the chargjng conditi.on on
recoheisgrmieticmnilst eI UeBEed n‘@l-ﬁ%d?mﬁng%ré’%ﬁﬁ'ﬂ BEnELE by
the dryness of the recordi ng-nedium Therefore, the,
recyalieg-afedigener ani shisf cahe, cianitly ehgracter printing
significantly changes depending on the environmental
modée@ﬁﬁiﬁﬁiﬂqiﬁﬁaé)th@ bheepute opmbmtialg,ham dinege is formed
Al though the whol e nechani sm has not been el ucidated

on ¥§%69§@§@ éﬁ%?éagddTongniébofaﬂﬁéuﬁédﬂdm.|Omh the other

'hg-nmedium itse dries and is easily charged

wth static electrici : r r|qVisge t he
hanggn{B§Rr 1 het§ %ﬂﬁﬁ%ﬁ;%?%é g%ﬁ@%#@@'g%ﬁeéggﬁge%aaﬁereby
t he anount of chargi ng nisgnhga{eases.

lin thi e
(refRaTeEwe? 2hHed SRS GBIt BF BTV e E‘t fzphit, face
is relative humdity or absolute humdity, .the nore £
or ohe Chaeli og whisth BandSage BE EAEMEY 1% éh&itdSey SUATEGS ©
when the environnmental humdity is [ow, the 25
theaki%@olfﬁﬁnggmé@mm afnditet weecodnfacaetréfieziad it® pewa
even at -59- the sane relative humdity and the nmedi um
fa at S 12A%! ﬁrgggé@epatﬁ/gltllyrstaaba@keﬂeé; | 62 thhe Dtéreef deee)
*he “arpuht ~of t he charging m st increases. Further,

is L dle 095818 O ARMEI AL Boibl herearu ot Iy
.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.

Herein, “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 bigh and when it
is the double-face printing mode, the number (freguency) of
cleanings is‘re;atively low. Therefore, the calculation of
rhe 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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5 ink increases and the mst is easily generated at
the tinme of ink ejection, the anobunt of the ink

fl ow ng back to the nozzle face is increased by the
charge provided on the conveyer device and the anount
of the charging m st increases. Then, the val ues of
cont am nation on the noz&’ 10 face in the

| deferm ned ink ejecti  ret ained |
R o e R

tenperature and the environnental hum dity, and the .
In tbhsaprerRsHN 2FuaRt ARYTERCTLRR ffb%ﬂhé‘rﬁ%gi RTtRENg 18
operation of image formation is cal cul ated using the
recedied, ot he antfmimadtioon ofnat beiming acdgcdn FSIRRACHO
corresponds to the neasurenent value of at |east one
whe®hert BRe e R abri anprgahode Bndnehdace printing
envi ronnental humidity. Therefore, the operation of

mod%L@@nhggbigﬁﬁéEgz 2 rdeg fBRebes et degeedivagdpnan

use environnment of the inmage form ng apparatus at
a prope I m.ng..-. whereb eGES SH VerR)1EHNRG 29
enWﬁ&QPQEP%ﬁi %ﬁﬁgﬁgi¥%dﬁgege§%g e§§i0|ent gﬁggﬁ?hg
operations _can be attaineg; Agd'tionwl inc{%
CompRaRBEES SPACETHETFENGE oM I GhT B Ha (IR hESed on 2
nozzle face in the predetermned ink ejection is set
detated sighhk fHromtilmy srodacamantad NN isGmerdtah, 2
conditions, a cleaning operation that is nmore -60 o
preidtcahghbdt padcéde Sec ot rachedi peittieg Uengus fiermedion)
However, the value of contam nation on the nozzle face
is '&5%1% R edgt g5 M ned dudeesi ost besctey hek shtopmsad on
nl'y the environnmental conditions. 5 Next, the fourth
coégggjlw 20t 8k 88 COMAPNG! 11@Nperformed and the retained
value of contamination on the nozzle face in the predetermined
ink ejection, and the character printing mode and the
environmental conditiorni are read cut. 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
iz 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 the contamination on the nozzle

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

When the contamination gquantity of the nozzle face is greater
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elimnation process is 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 recordi ng-nmedBemis a paper that hardly

tha]t(i %gl'taqa %%Eeggagggﬁéﬁd ;@%]gtbeiefmf‘tj %gut%r @EQ?%I&?D@D Ve the

contam nates the nozzle face, the process |s C | et ed

nozml ¢ hbate afy ahsPaipaocrssakieps(WiBtnenePsE ﬁt?oﬂg%r
when the 15 recording-nediumis not a paper that

wiphag Otlye cesrzdnd ifaes 3theof ndke | redoredngt head 34 is
envi-ronnmental condition (at |east one of the

Bwuhig@nnental tenperature and the environmental
perﬁu?nfnd‘?ty) is measured. Afterward, a predeterm ned

" process aragt RE LA bBGwddRahd ehnfairioamknt 81
per for rre%&%%g’o,%%h:rre%&rrger of .20 ejected ink drops

i s _counted en the.imge.f £ O : fs

conggE1ppt a?%%\(/]ghfaﬁ? g g?onf’%?nﬁggﬁ ot%)ﬂon tﬁgrtlﬁglg?ﬁeeﬂg
face in the predeternm ned ink,e}cecti on at, t.he e

nozedei Eaafeht aihe ATAdStEATLESHe bk RHECTARL 15, SPSFFoRE!
processing is perfornmed based on the read out val ye of

25 cont aREnd¢sonilad tdreveez the gurktihg ¢hIEETF e
nunber of -61 ejected ink drops such that the

cha2@AhdMniat | eRafya tddperafinghen hbe z¢mafgicey icondition on
cal cul at ed and updated, and the updated contam nation

chd WLy gk %2§?£6¥&%ﬁaiﬁaaiuh§ sharese Afdwrway dondition

simTar tot I'rst embodi nent of the 5 m st
on ddia %mr%%t?lfagﬁfe%%nn{]%éy%_ gafs]"g?z ee a%Iel%nsceedql}fgl tth o
dr;geggﬁg% %ggnrgggrding—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 caée, the lower the environmental
humidity is, whether it is relative humidity or absolute
humidity, the more the charging miét tends to be easily

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

absolute content of moisture contained in air is low even at
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tol erance threshol d val ue of contam nation on the

nozzl e face, the process is conpleted wthout any

nore process steps. When the contam 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-3%g operation) for w ping the

nozzl e face 34a of the recordin ead .34 is.per
the Heames nr,eltawéweelhalfﬂil%tﬁewéewat 33t 4 3ope3ity EREREE

recordi ng-nmedi um’ and the nozzl e contam nati gn_caused
withystheic I edtstidigydesEhebeforas s &enad 8%09@? t he

charging m st is generated by chargi ng of an inmage
chakgi A8t D facerafseshe Fnetbed) nip nevi wasehpghlpy

caused by the influence of a charge provided on the

[0 | & ApEiaeserdipgt ys thee gitkg vakcoejiegt efl the
temP%E¥€¥ﬁ%?gf%F§$ mheﬁaghe recor di ng- medi um has a 20
._.physical thic SS h.th i ded OBme of
i RS EaR e e A 8 Hods SBT T Coner The ' mage

formation face (recording face).,oOr. i.gh :
inkepdeFEieat S ARRHY é%f See, SRELELONY %r’ér}at%i Shepagzele

of the recordi ng-nedi umthat opposes the nozzle face
facef ishénceeased ey Hawd dhargel BERYEREH FIH Wi FPF YRt i ¢

electricity, and therefore, the generation of the -62-
devah@r @inBgthe sémbsnisi ahithiec mhalrgingdutsld . im0ygasafhen t he

recordi ng-nmediumis such a nmedium that hardly
~ gener at eghkRe gRAreiNEdNcH cobftamihstien nedithe ndzatle

hardly contam nates the nozzle face of the recording ,

head y LW 18 teq @ 16heant NEe el iz viadues
faﬁ?e ano%[l}% dpkggefgﬁg%é@ :L'Hkgteg e ichea

an unnecessary cl eani ng operation

deRC%{]qegﬁ:i rﬁgxtd ;gﬁQéasl\E Xcgr&e tohi'e gﬂef R SRRl LB Egmﬁ'gl%tture 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
éxecuted 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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elimnation process is described with referring to
FIG 16. |In 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-nmedium (information for
the kind of paper) are i ned and whet her the

e£ i EEOLMI NG IRAIAIDA 3,48 BABSL1AOAL faf Bl pearbankaat es

ace 1s defermned. 15 Then, when the

recordi hg-nediumis a_paper.that r di t gni.pat es
HoweNer noEli‘gev‘? ,Oﬁ ﬁgnﬁ%&@gggl% Tonp eetr%eé&(‘z(i\%i ? %gt E§n§he

more process steps. On the other hand, when the
predeteruingd niek ANGCF 188t maYpRBeret RASThL R PRy the

contam nates the nozzle face, the environnental
envd@pdmehdal (edndigaisinsoene of the 20 environnent al

tenperature and the environmental humdity) is

measur edyeRf | ef@rfhurahpepeteénghtedf miixtesonftamination
character printing (imge formation) is perforned. '

eliﬁ;lzlgitigﬂep?&}@% Af gticegbed inkndronsiisie denrad, when

mage formation 1s perforned and the Tretained
val,ue of contam nati.on.on the 2 0 [ :
10 (0 HoPEPRFRBY THI ] RO AP ReC E R g Faaring 1o
printing node and the environnenta£ C nﬁglio are 4ing-
reqeda@dou LRt OREA LEpardi GRAPCRFOERSERRGE S Forsegrding
based on the read out value of contam nation on the
medionw | (€ nfacmathontfer Woukied afnbepebl & clrtednask and
drops such that the 5 contam nation quantity of the

whd1072! ehbacecbsdind-arddihed iand papdat ekt dedrdlne
updat ed contam nation quantity of the nozzle face is

co@ﬂéﬁfﬂ%teéfEﬁ&“ﬁégzléifadé“ié'ﬂeﬁ@@mﬁhé@t enbodi ment of

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 éounted 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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m st contam nation elimnation process, when the
contam nation 10 quantity of the nozzle face is equa
to or less than the tol erance threshold val ue of
contam nation on the nozzle face, the process is
conpl eted w t hout any nDQﬁtprocess steps. Wien the
contam nation quantity of°‘the nozzle face is greater

' eje%%@? shiieat P Lranee thikeshe! donghbhAfid@uantity of the

ntam nati on on the 15 nozzle fare, a cleaning

operation, (W pin rat.i;o ol t | e

noffg. 2a58 "t At PatBR 2t eahPhy, 1L e Dpcaten ]
performng such a prqcess, a cleapi ng operati can

Con S BRF SP AU E i GBFI BOBFYS WATH Corieesonds to
the 20 val ue of contam nation caused by chargi ng m st
on the ndfkexwardceiotilame tpetbrdf hgsheambodimant fethe
si xth enbodi nent of m st contam nation elimnation

mi SR eeesamt Satiat rdhed naittibnr ptecesng wierFltBe rontamination
this process, as an instruction for character printing

quar® 129 beCeh¥ethz i1 ordrRl eneghad £hasACicss MHaH ithe
node“and -64 information with respect to the kind of a
recordi pg- ' [ I ' 3 ' f

colfFERH SPRERUHE v R iR LRI fAe L6 oL Khed AR Kace,
condition, (at | east one of the__environmental

they SGEEREULE. SR LT L PO TeAPH LR )] Stgps-  When
measured. Afterward, a predeterm ned pr ocess for

the leardemépat hen ravans iivimade ther RREFOR) T3S piet (iGREET than
Al so, the nunber of ejected ink drops is counted when

thd e lierageef thnashold ivwlysecifocoptanhoatien rat diedozzle
val ue of contam nation on the nozzle face in the

fad¥ edetarahngd ép&retrs! i @ipiagdopBeation) 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. BAs 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
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10 character printing node, the kind of the paper, and
the environmental condition are read out. Then, :
operational processing is performed based on the read
out value of contam nation on the nozzle face and the
counted nunber of ejected ink drops such that the
contam nation quantity ef2the 15 nozzle face is
cal cul ated .and updated, and the dated contam nation
chaxging imhptof st RdIRGL2FRNFBE TS ored.  Afterward,
simlar to the first enbodi nent of the nist ,
cont ami M&nison whehnthat reRo bR Heedied e sy fuch a medium
contam nation quantity of the nozzle face is equal to
tha®lhi BSBy e rahes26he otea pging irsdshdhaty dpueaoredium
contam nation on the nozzle face, the process is
that OH?J:&E)E - MhQ vk taBY tHBI o DS efftes tofpsheWWenorting head
contfamation quantity of the nozzle face is greater
. an_. the tol erance t iQfn tiRkeperformed, so
by %gﬁt%m??%ﬁ%3nﬁi§%’t & E%%%ﬁ?égf%g%fgifqg ean?ng
operation (w ping.operation) for 25 w Ri.n ozzle
thatagd BARCEASIHRY %é@@P&Pﬁg"ﬁéﬁ?j&ﬁg et B %eeppgsgréd.
Herein, whereas no cl eaning operation js executed_._for
a certai Rextndchst Tidddr Gmﬁﬁ’dh%ﬁﬁﬁn?fﬁmt% % T
fifth enbodinents, "the val ues of contam nation on
e1iii8a0027| précess Gs mesheipeddwi bh n¥¢ariifg & dtlfonl®-
are retai ned as val ues dependent on "the kinds of .
In.QEﬁEUBEOEQs§§ é@Qﬁf@Q@txu&mdphhforCchafaﬁﬁﬁﬂipﬁinting is
guantity of the nozzle face in the operation of inmage
farmat i ' I [ he lte nof mode and
LeEMt ﬁiEQFF%%QE%%yfﬁ%%ﬂgg%ﬁggfgceI&ﬁichngbrresponds to
t he ki,nd of recordi ng .10 di 0 i L JRge, :
S ARG V5P pEF T e ® T S OeOE Bt sod iRy mediun

erefore,
(informaticn for the kind of paper) are cbtained and whether
the recording-medium is a paper that hardly 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 envirommental condition (at least one of the
environmental temperature and the environmental humidity) is
measu#ed. Afterward, a predetermined process for character
printing (image formation) is performed. Alsc, 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, and the
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operation of cleaning the nozzle face can be executed
dependi ng on the kind of recordi ng-nediumat a proper
timng, whereby unnecessary cleaning operations can

be reduced and efficient cleaning operations can be

attained. 15 Additionally, in this exanple, although

the conbination of the~®&¥aracter printing node and

the envirqnnental. condily ' 'éHHM% edy cbheivabnesre
ChaB?Ct?fnﬁEﬂﬁﬁﬁﬁﬁ o dgng$§e£%%3?ré' acehin the i
predeterm ned ink ejection” may bhe set LRY
Iea@n@?*trm;hﬁqﬂjQBer?ZESPa'n§¥°%%y éﬁlp%ggﬁgg%ﬁengEd on
sevent h enbodi nent of mi st contanination ili 'natiog h
thepresdseut svalaisc ofh sniERPANEE R r9h e Nepale §ace gnd the
this process, as an instruction for character printing
couhBedl g@thaethf igifeatedt ink dfoms chartadthat fhenting
nmode, 25 information with respect to the kind of a
conESﬁQﬁ?ﬁfSﬁ e O G £( kRboneBEl ONfddy Ishealicndated and
paper), and character printing face information wth
respect, so | BEt PoA it i thaed kbet RBzzle
ude?Fgf %%et%gq%#§&§§%g%§E?§%e are ggiaiﬁé and
subsequent |y the environnental condition (at |east one

facg 1pnEL8T8Avi ronnent al tenperature and the

environmental humdity) is neasured. Afterward, a

pr edet er AEEREWPFbC eSFHIHT EﬁaFQEtE}rSEN?Wquﬁ}?ﬂtn§6éthe

formation) is perfornmed. Al so, the nunber of ejected |,
mi sthkofitapinbsion uxtietnsidon peoragge ¥inhdthooFondamination

perfornmed and the retained val ue of contam nation on
q1;a1n_ttf:‘.t3_l;r0 HOZREEnbBLE: i Thddhd sPreedal etai oedidsk Wjaectthen,

the Character printing node, the kind of the paper,
told1e CRALAGLERCPE T L1 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 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 & character printing mode and
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face and the environnental condition are read out.
Then, operational processing is perforned based on
the read out value of contami nation on the nozzle
face and the counted 15 nunber of ejected ink drops
such that the contam nation quantity of the nozzle
face is calcul ated and uptfated, and the updated

- ab{ et ¥ o0 nk hei 9774 & Hae®rds ngteeagun
1nf%?ﬂ£?§%ﬁd éﬁnn to ?he flrét enbodi nent oféfhe

ont a t|o I P n the
lngé rAat d% &&%angktégggg H%%%oz 22 gbekls equa
to or | ess than the tol erance thresho é&p aIu £ th
subsGRUGRT hat T T IHIETREE 2 eCPATEELOR 1 5EE SOPE ot the
conpl eted wi thout any nore- process steps. Wen the
envéontmenbal | terrpratiney apf tgé povi@radel] Hugddity) is
than the tolerance threshold val ue of contam nation
mea@irelie NRZzZéewadnlf acpredetbeninad mperests dox( whpragter
- operation) for wiping the -67 nozzle face 34a of the
pri %‘iﬂ[gd'(ﬂﬂaa?@aﬁo%ﬁl%rﬁeriﬁobgﬁﬂorﬁéd degarddjed nebeveber of

e generation of the charging mst is reduced in the

5338 ShxPREOL NG GHALACLALAPLL DU ithe AR 1900 30

At Face ¢ aracter pri tlng D
conpared to jn the case o ormn r.act er
perforaef,gnfnthe ke E aP ctept Qﬁ 95 sy

on the first face in the double face character
nozzlientarg ADdEhe predaterpangd dpk ebrtlaiithatdnth ©&used

by the charging m st on the nozzle face 1is also
charediteedprTheing "mdue v dahee kiofl obntieni prpenn and ttihe 10

nozzl e face in the predetermned ink ejection" are

envi8lAinRedads coNdl tash dapendent oaB. " tieerwhamatarional

printing faces", and the contam nation quantity of

proéE%é¥%62 1§ ﬁéffofﬁbéiﬁéégﬁe Al kBB Pfad out value of

contamination on the nozzle face and the counted number of
ejected ink drops such that the contaminatioﬁ 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
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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i mge formation is cal cul ated using the val ue of
contam nation on the nozzle face which corresponds to
the character printing 15 face of the
recor di ng- medi um on mhich face image formation is
performed. Therefore, the.operation of cleaning the
nozzl e face can be exec ed depending on the printing

Per&ﬁgﬁegf the recording-nediumat a proper timng,

- ereby unnecessary cl eani ng operations can be

reduced a fﬁfl‘"ﬂ I Fi chgagi i%g C%efa%tloﬁniscéﬁel%ﬁted

attalned tiona I'n t ' e, although the

conbi natjon of .t char cter printi.n d d
foryp 5§5E?ln i 8 &GEPraéEgr%gﬁﬁﬂ%éagt %b&&@ﬁ 558 fifth

enV|ronnentaI condition is adopted, "the val ues_of
enbodamant aat 1O Ol ltke AB7SPRLEELEATYPmEN ke nozzle face

predeterm ned ink ejection" may be set depending_on
in @hkypré8etdémnicteal dotkeejprinonfigefacewtaiingg, ashgalues
i nfl uence of charging of a recording- mediumto the

dep@%ﬂ@hﬁgoﬂf“m@%x@% difr petii ans of o dse Imdcdrded’d and the
depends on the kind of ink. The reason is considered

cont REapi LR at%udél%ﬁgzﬁp ogg k73t henzPE OpeEd Vi rPitHen l&plee'?i’:a%lon of

rglng co pends on the klnd of I nk
Therefor for th

lma@ﬁalﬁpﬁnﬁgﬁ? 1+ &Iéﬁ%%aglgggae e Vo a| ne %r ntam:L ation

contam nati on on _the nozzle fa e in the J&gp%%ﬁrnlneg,
on jthie pozelecizem WhideCOrgesEoq Fa?%e"rh% TEfrerding-
ot her hand, for the ink that generates a | ower
medjuanbint yhotht eaashdicyimad iphsis penEoreadi ndherafeseef the
contami nation on the nozzle face in the predeterm ned
opdrdt iehne el 6Dersi i@ ttieo rlow za es fakk ecan dbaies@mhited

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 mede and the
environmental condition is adopted, “the values of
contamination on the nozzle face in the predetermined ink
ejectioﬂ” may be set depending on only the kind of'recording—
medium.

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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the kind of used ink is recognized. Then, the val ue of
15 contam nation on the nozzle face in the
predeterm ned ink ejection at the kind of the ink is
.used for the calculation of the value of
contam nation on the nozzle face, thereby perform ng
W t hout excess or deficiency the operation for
(in€benat 1h tiher neezikentiace phpeh) | srslidhalrbetber prheting
property of 20 the ink. This m st contam nation

fact! iﬂfgﬁﬁé&rbrprvﬁ%%s§egﬁéct Pes for i g tah%h%‘ﬂrﬁéﬁéﬁgﬁrlntlng
operatlon for the nozzle face dependlng on the

[ t [ 0
facg] K B Srentet RExt e s e aroars SEtaiherotld
operation for the 25 con eyer pelt as a.conye
subgeqrent 1 e GTRATPER=L cFeRaT PR 06 J5PFG, 088 afdthe
FIG 20. The novenent quantity of the conveyer belt 51
enviigonmentz} cbripereduse andetbet eV srgmantado jdity) is
encoder 321 including a slit disk 331 and a
meaphota: SeaSrvdid, Wal plredateteinéd isrquems ded chaaacter
edge portion of the conveyer roller 52 for driving

prlhﬁgnﬁonyﬁﬁﬁg e tabn) The Eébféﬁ@@ﬂjngﬂﬁﬁkothalﬁuhﬁer of
drivén and controlled by the control part 300 and the

enegi?gc?fé%”_f%%%i%&%%ﬁ‘ﬁl erﬂﬁ%ﬁan i i %ﬁ%%lﬁegi?:
' ' 31
pexEREBRREN G HEVAERG) 1P oPF croRT ST O e

The presence or absence of charge appllcatlon on the
nozgier §pag inlths prtaﬁﬂ@tﬁrequeﬁcyngfe}a%%‘frﬂtqrve@ﬁp&né?asﬁer
negati vel y-pol ar applied voltages, the width of each
pripeiayg mode, the kind of the paper, the character printing

face and the envirornmental 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
quantity of the nozzle face is calculated and updated, and the
updated contamination guantity 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 gquantity of the nozzle face is greater than
the tolerance chreshold value of contamination on the nozzle

face, a cleaning operation (wiping operation) for wiping the
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15 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

control ling the output fron1the AC bi as suppl yi ng part
315. 20 As described abow~ a charge on a

r di ngs d| t LeW%L-ALRY the
nozéﬁ é% %n e:%g%§%€é%grg P?egﬁ&%éggngipgn tEﬂ

envi ronnment al at ure, envi r.onnent

huni di t y2& Saﬁﬁﬁqqiggd‘ OHF’t%E r ST M e di the Thagaing

as shown in FIG 20, as an instruction_for
mlsthasacEQMClelﬁlﬁh?|Q§Sﬁe@§|P@Efo%mlﬂgﬂﬁﬂ?§§ﬁ§e6fPrlntlng

environmental -70 tenperature and environnment al
on hugi getynd afa@n\iin e dbableebade t¢hEnadtempadotagg mode,

and, subsequently, information for the kind of a
conf\%%%@ﬁdtB 01 ReghdIB{d e kighe retmpapecharacteht gmedingTha

of a charging pattern (charging width) on the 5

the g%ﬁ\éle acebSﬁé dé%théé ﬂ?ﬁ%ﬁtﬁ%ﬁeﬂoﬁg P e FRFRRL #hce in

on paper, and the alternatlng

frequenc osi tivel char and td
thecﬁié’ﬁj’llﬁg ﬂ%"fﬁ%ﬁer(# g g% 2 %Igcg%?\ed romtﬁ-e |
AC bi as supplyln part 315 to the ,chargi r ol
cont@ng@atmna@é@fﬁ%cgrmé thie wheggisgt mtpla gt ﬁg‘g&ﬁé‘% h; 2ce
and charging control for changing the output
is (Ficicarietiyredt r dfheme “YAabehivad uesppf yEeriFumaEtion an the
set frequency is perfornmed. Accordingly, the quantity

" noPf1A fEkAr 48 BReVHEetkt mirke dakveyectbeit & amtadimed as

controlled. Also, while a stable 15 electrostatically
valRl QUG LR Con T Ornd GReNRS DRSREh§Ufaces”, 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 corresponds 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 envirconmental 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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medi um which force is dependent on the environnental
condition or the kind of the recording-nedium is
ensured, the contam nation on the nozzle face of the
recordi ng head which contam nation is caused by the
generation of charging m st 20 caused by charging the
conveyer belt 51 and thQQﬁTWan back of the m st can

thegggéfgg%eegr@@e@é%ﬁ géggossi bl e. Next, practical

es a bel ow but the present

invention is not limted to these exanples. o P

t he conf%ﬁﬁﬁ@uﬁhﬁw18EhHeU§8d°%n§§%¥§%ﬂ4¥%§8%a68§§% Eg?

25 the nunber of papers for evaluation, uysed Lnﬁ, and,
medibe papehe bertindeedr 81 RGEHRAI BT OB OfoPPods X ¢igRyd

i mage form ng apparatus) A printer having the
depeatti gorate doiraf ofn inkageThéoredsnn dipaoasisiezedotdi hg

to the enbodi nent of the present 5 invention was used
tha@N8nhd Ops e 51 it 1230 pRepertpr bAt ingsimer ehzavtiogmedntidt ion

I mage eval uation. Inmedi ately when an image failure

depgggg 85 1he Lack & iejkection was observed during the
. print '

I'ngs, manual cleaning was performed by an

ol | on, THEES SR (10 “BEach P ARSI ek T o5
usmeAby af | Bhe EABES LSt By SRR TR Fce

active agent: 3 % by weight Antifoam ng agent: 0.1 %
cortpmimibghon on the nozzle face in the predetermined ink
ejection is set to be a larger value. On the other hand, for
the ink that generates a lower guantity of the charging mist,
the retained value of contamination on the nozzle face in the
predetermined ink 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 at 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 aﬁy of the
first through sixth embodiments.

Next, a charge providing control operation for the

conveyer belt as a conveyer device is described with referring
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I on- exchanged water: balance [Yellow ink] D spersion
of polyneric fine particles, which 20 contains a

yel | ow pignment: 40 % by wei ght Pol yhydric al cohol: 28
% by wei ght Penetration accelerator 2 % by wei ght

Surface active agent: % by wei ght Antifoam ng
agent: 0.1 % by wei ght Zé%(ﬂ1exchanged wat er : bal ance
dﬂqzoa spersion of polyneric fine
to part|%$ %ch contains a magenta pignment: 50 % by

wei ght ﬂ%%h dric al “q‘ég%lt%tﬁg%’@fe r%ge% belt 51 is

Penet r at e erat y melg rface acfive

agent: 1.5 % by wei Antifo ent : %.by

det AR gR: bF e Ok SRS STt BLONGLI BT T G e 2
Di spersion of polyneric fine particles, which

incdoningns lilyaH 9 gRAnEndse BPRBLOTRSTRAAT Poid Mydchc encoder
al cohol : 28 % by weight Penetration accelerator: 2 %

is Pyowelghton S feipe gotitienagénthe lcdnvéyer weildler 58 for
Antifoam ng agent: 0.1 % by wei ght |on-exchanged

dri¥@her thhatanes,dhedirk 5aQnpeskt smﬂsSéaﬂrmﬂgatxwioas 314 is
escCri bed above

driven and controlled by the control part 300 and the sub-
scanning motor driving part 313 according to the detected
movement cuantity and an output from the AC bias supplying.
part 315 for applying a high 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

‘pelt 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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were prepared and stirred sufficiently at room
tenperature, and subsequently, filtration using a
menbrane filter with an 20 average pore size of 1.2 pm
was perfornmed. Thus obtained ink conpositions were
used. (Papers used for character printings) Nornal
papers (M paper (Commercial nanme) produced by NBS
temPe £QPuLD  and-lhvi réamER€atORGhidDNS (drefe@fiedninenasal

automatic -73 performance conditions", below were

cont;i%\Ei )Sigo\sé%aiéﬁrgﬁblaﬁdl gPP%%‘%%}%%?’ R ekt ion for the

ont aneously (autonatic med an operation
. _f.or_cleaning,a nozzl.e f (gl eani oper.at.i_on based
KingOf e P T Pt HE | e At S o pr8doP S Rt
5 ink ejection on the nozzle face, the nunber of
Theepddtodof ik ChIGHNY RABTETRof EraFdend Misshd| @y &hGe of
contanmination on the nozzle face. Table 1
conAayenabe TICH g sgiebheenann etle refitimmmaTitelf cohdht hon
val ues are used for all the environnental conditions.
and the ¥ahalest Baget amidnaheosl causeei iy freefiehemotied

ink ejection on the nozzle face" Black: 20 Cyan: 18
posyﬁgggiﬁ:cﬂé&ging and negatively charging the AC bias (high

voltage) applied from the AC bias supplying part 315 to the
charging roller 56 is set in accordance with the set charging
width, and charging control for changing the output (polarity)
from the AC bias supplying part 315 at the set frequency is
performed. |

Accordingly, the guantity of a charge provided on
the conveyer belt 51 can be controlled. Also, while a stable
electrostatically conveying force for a conveyéd 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 ¢f 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




Yellow. 18 "tol erance threshold val ue of contam nation
on the ,nozzle face": 8000 B(1) The follow ng val ues
are used in the case of 10 OC or less or 15 RH% or
| ess. "the values of contam nation caused by
predet erm ned i nk eject|$q]on the nozzl e face" Bl ack:
80 Cyan: 70 Magenta: éllow. 60 "tol erance
rebbkﬁﬁﬂ@|ﬁbdiﬁﬁkéﬂg a@ombalbwat i on on the nozzle face":
8000 (2) the values of condition A are used for other

envi ronmeptal G tA.003 ngChBpsPLRLANEOUs cl eani ng
operation Is p The dependence of the val ues on

printing,face e S I :

Tobl'e 2 BPRET Goean S e PTG ifftoe
cont anmi nati on caused by predeter d i nk tion on

FOTTIRBNBERR A Fat GCRE IS EOT BRep ff P?t ScBTEAGNT

the second face. N'The val ues of contanlnqthn caused
5 inveptprede:srwusertbcnd 10 sets of 250 paper printings were

performed for image evaluation. Immediately when an image
failure such as the lack of ejection was cbserved during the
printings, manual cleaning was performed by an evaluator.
{Inks)
10 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
15 Surface active agentf 3 % by weight
Antifecaming agent: 0.1 % by weight
Ion-exchanged water: balance
[ Yellow ink]
Dispersion of polymeric fine particles, which
20 contains a yellow pigment: 40 % by weight
| Polyhydric alcohol: 28 % by weight
Penetration accelerator: 2 % by weight
Surface active agent: 1.5 % by weight
Antifecaming agent: 0.1 % by weight

25 Ion-exchanged water: balance




ink ejection on the nozzle face" for the second face
is 70 % of "the values of contam nation caused by
predeterm ned ink ejection on the nozzle face" for the
first face. The dependence of the values on the
control for supplying thﬁge to the conveyer belt 51
was set as shown in Table 3. Table 3 ChargeContents

suppl yi nomegstit=plinkThe charging width (quantity of a
suppl i ed charge) was set to be constant independent of

tenmper at §f &, s HHNH b1 yMeRec Chaidigid-tiicdlell Was i ch

reduced (charge supplying control was relieved) at a

hum. dity. OfI#b EHW l.e .g(ﬁya% gﬂhpn standard) When
- CONERANE oF P %% 36%%%ﬁé ﬁgnﬁa (:%? ings by the
eval uator was 5 tines or nore, the evaluyation was "x".
VWhen theP?%Y%Yg%ﬁfggfcog‘Plfhégn%r@élw%‘t%i ngs by the
eval uator 10 was any of 1 through 4 times, the
5 eval uat i Benglratimn aggederahert of &8 DIMRIGhST t he
manual cl eanings by the evaluator was O tines, the
eval uat i porfase Wi vex ageats pbnd ahdopsveighdani ngs were
required, the explanation for themis appended. 15
(Practi caht xRy Bgent: 0.1 % by weight
Ion-exchanged water: balance
[ Cyan ink]
10 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
15 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
20 average pore size of 1.2 pum was performed. Thus obtained ink
compesitions were used.
{(Papers used for character printings)
Normal papers (My paper (Commercial name)} produced

by NBS Ricoh Co., Ltd.)

25 The conditions (referred to as “automatic
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The automatic performance condition of "A", the -75
dependence on the character printing node of "M, the
charge supplying control of "X', "23 C and 50 % and
"one-face character printing" as other conditions
were enployed. The resultzof evaluation was 5
(Practical exanple 2) The autonmatic perfornmance
peréopfahtconcaiditAonst’hebedepd ndens esein asheholar dat Bable 1
~ printing node of "N', the charge supplying control of
on wﬁl@h”@ﬁ%(bfﬂﬂiéEJéﬁbn@&ﬁe deupl emfae@t icRanygt eerformed

printing" as other conditions were enployed. The 10

an 5§§?££h§% {ﬁ?ﬂéf%] gm@SnogzleFféEEtJEféaﬂi glkgeEEEfgﬁ)

F at 't eanlng operati on was péer

excess or def|C|enc also . in face

bastiapctas Voiih oy CRBGETSORE K %m%aafse@i%ﬁzppef%e%f@%%d

aut omati c performance condition of "A", th
inkdeperbier CBitheh doZFdLaEREr: pERRIFR T ®E @ﬂeqmed iRk

charge supplying control of "X', "23 C and 50 % and
drobdoubhé-éammﬂenanmea¢heesboidtVa@ﬂeznf(ﬂdmaam@@ﬁdﬁbhons the

were enpl oyed. The result of evaluation was However,
nozthe ggaatity of ink 20 that had not been consuned and

remai ned was smaller than the case of practica

exanple 2. ,fhaf is, nore ink was consuned through the

automati c c eani ng operation than the case of

Autpmacticcall Cexaeple 2. Consequently, it was confirned
pertfBainahBe | val ue of contami nation on the nozzle face
coﬁﬁgﬁlbﬂe gecond face 25 was so large that the nunber of

n (ne creanifg ¢p8RakiAlSvdPSes are used for all the

environmental conditions.

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

Cyan: 18

Magenta: 18

Yellow: 18

“tolerance threshold value of contamination on the
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: &0

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

(2) the values 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.




-76 slightly higher. (Practical exanple 4) The
automati c performance condition of "A", the
dependence on the character printing node of "M, the
charge 5 supplying control of "X', "10 C and 15 %
and "one-face character 4nt|ng" as other conditions
were enployed. The result*of evaluation was "A".
Thus, itoy@pecpnfirmed that the value of
contan1nat|on on the nozzle face was practically

[ Prihaine drcdrieerdenditions of | ower tenperature and | ower
modd0 humidity, and the cleaning operation tended to be

M | NSUTTTICVEE vile sA ofe B8hBahingoDsh residdd equbtdebetermined
obt ai nedln}g RE-actHical ofxanBl foP)1d henuM GiFRl iseme for both
perfor {HEHtfd%@ ahd' fhe fd&ondlepgudence on the

Q.

cbor o
eraract { redetermine

. lgl 1t |e% gpgta%ﬁ ié}? %
suppl yi g % % (f(?l;l:dl Ieoﬁ,gca%d face

"one-fa e Fa o ;Z%
enpl oye[ttS THe ‘5ﬁﬁ%ul 0 u

conf i rneﬁﬁﬁmewe%éﬁﬁaﬁﬂﬁ‘éﬂ% Ih s nﬁ&i‘ﬂeeff'“ﬁ@e for
was redutle Eiwsh f@csl-eaning aperation was perfornmed

wi t hout cess or def|C| reli
contr ol % ?%%n%ﬁ*%ce a c%g%ggx%ﬁg% h@l1 c%#/cg%) IMl%bl for
on the condltlons of | ower teggfg % re and Ioggshown in

suppdaiiapt Gharee oke i e CORYGYeS he! SADmAS @
performance condition of "B", the 25 dependence on.

Takillee 3char act er printing node of "M, the charge -77

Table 3

Charge Contents

supplying

control

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

Y The charging width was reduced (charge supplying
contrecl 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 evaluatibn was “x”.
When the total number of the manual cleanings by the evaluator
was any of 1 through 4 times, the evaluation was “A”. When
fhé total number of the manual cleaninés by the evaluator was
0 times, the evaluation was “0”. When excess spontaneous
cleanings were regquired, the explanation for them is appended.

(Practical example 1}

The automatic performance condition of “A”, the
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supplying control of "X', "10 C and 15 % and
"one-face character printing" as other conditions
were enployed. The result of evaluation was "0".
Thus, it was confirnmed that the cleaning operation
was perfornmed w thout exgsss or deficiency 5 by the
control using a higher vaPue of contam nation on the

dep%g%é'}c?e fo@'l:q:h gE!BSc.:EQf‘ %firﬁfh%gOfIan%V\@E h@ e’(:l@é UtRarge

ower (Conpar at.i've exanpl e 1 e

autonatlc erforna ce ¢ thIO (
supRt EHE (P aPFoanas %%t aﬁpgngpléal?y per %H%%ﬁ?)
the dependence, on the character. printing nng h
Chapagker (OTGHIRE]  SehBCRra GE IS No-BoRPPOrYSE- » Ehe
"23 Cand 50 % and "one-face character printing" as
resalhest cordivzEtdon waer 80&npl oyed. The result of
eval uation was Thus, it was 15 confirmed that the
nunber otPﬁdutﬂﬁaﬂu&hampmanihgs was high since no
spont aneous cl eani ng operation was perforned.

( Conpar afphey ea@aba{éml% Bhr FHENAM O MBS tiRM OFMTRACE the
-condition of "C'" (the  cleaning operation was not

I o
L i ARG e

charge suppl ying contrgl oj "Y" y . 9% and
Suppéﬁénga%QP?ﬂﬂﬁ%§% el pri fAfi ity n§558tﬁ aeg g tace

were enpl oyed. The result of eval uation was "x". Thus,
chareches PTOHIiNGfe@st RARSE heoRSHBIND Melfe SHRAGYP-  The
cl eani ngs was hi gh 25 even though the charge providing
res@0ot 66| eveBudEldrewad 20"t heFrd8 thiverrduuiitgi tit, waeisnce
no spont aneous cl eani ng operation 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 mode 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 “O”. However, the guantity 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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performed. Additionally, the image form ng apparatus
~according to the present invention is explained as a
printer in the 5 respective enbodi ments and exanpl es.
But it is not limted to the printer and may be al so.
applied to an image form apparatus such as a
conposite machine of print¥r, facsinmle and copier
, efighdrCan be also applied to an image formng
Sllgggggaﬁl% J%lng a recording liquid other than ink or a
10 fixing_solution. Th rgsent invention is not
limted ?%r??Efcé%xﬁﬁam %%I?§ di scl osed enbodi nent, and
variations and nodifications may be,nmade wi.t hout
depar t i NG r 3 TR 1 &5 TEFMRRES pF AL Thient Fon. t18
The present application is based on Japanese priorjty
depepdencat PontiNg. OB ter3p7IBing | Bete PDedEnbdihel charge
2004, the entire contents of which are hereby
suﬁyftgﬁahgoaaﬁ@ﬁopyof efser,enge. °C [apparsdisx] abd) “énetfage
of m ng apparatus conprising 20 a recording head
cha!}%\é't@g, Brigezhg canfdigiaredohaitebRStwdrd idplbydp The
recordihg lirquid so as to forman inmage on the
recordi ng-nmediumwith . a.,liqguid_dr | ec fram
re ng B?aﬁ%brcé%o"fadﬁ n% heaggngghdgg ‘g%%v%%gfrl thee the
configured tp el ectrost ticall¥ hgld and 25c:anv a
valuge GEd FREEABHRA B & i geZ6roviaed Yo e Coveyer,
-79 wherein the apparatus further conprises a cleaning
lanpeyiope thentppdieiono of dewex KEFPpEataEe 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 contrel of “Y”, “10 °C and 15 %” and “one-face
character printing” as other conditions were employed. The
result of evaluation was “0O”. Thus, it was confirmed that the
contamination oﬁ 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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of the recordi ng head based on a tol erance threshold
val ue of contam nation on the nozzle face generated
by the ejection of 5 a liquid drop and the nunber of
liquid drops ejected fromthe recording head for
i mage formation. (2) The_ijmage form ng apparatus as
described in (1) above,'7 herein the nozzle face of
the. rec j dyrbrS W ageokdi t -
A e R

appar at us. as _descr.i LN - b ; rei
chafRRPRE bl GE BRflek lotidicing Shot B oYaR Sl the

according to an envirp mental condition. , Thﬁ [ e
restdt phoeepp@tdons vas abSeri BRgSi nihmps &ngf)rm@ rsE’é‘ the

(3) above, wherein the nozzle face of the 15 recording

clehriing | epetalHmed vasc peafagned wlihawt excege or deficiency
"recordi ng-nmedium (5) The imge form ng apparatus as

by #Bscedbetbli nusAmy aohighyrt habughof Hordbmiestiber ennthe

the nozzle face of the recording head is cl eaned

-noz%%éofgégg &P heKiRdekibhe SLCREWHE NGt emdrhit@uedandb)ower

e i mage form ng apparatus as described in any of
humﬁé% t hrough (5) above, wherein the nozzle face of the
E¥ding head i s not cleaned when the kind of the

recording- nmediumis a predetermned kind. 25 (7) The
i mage fo%ﬁmﬁ?Qé#%W%fﬁeﬁﬁ edigcribed in any -80 of (1)
through (6) above, conprising a cleaning devicge

conf i gur Be tanedmtis PRIGQEARENEY SANIHELTh&TyeC” (the

provided to the conveyer according to at | east one of
cleaniagvopenateidralwas not automatically performed.), the

dependence on the character printing mode of “-7 (not
relevant), the charge supplying control of “X”, “23 °C and
50 %7 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 “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

even though the charge providing control was relieved at the
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condition and a kind of the recording-nmedium 5 (8)
The image form ng apparatus as described in any of
(1) through (7) above, which can forman i nage on both
faces of the recording-nmedi um wherein the nunber of
cleaning of the nozzle;H%ge of the recording head
when an image is forned on a back face of the nmedi um

lowks hEssdithan dikgennabeportadébid @ARZAGHgWAEEratibiBges
Is formed on a front face of the recording-nedi um

erégﬁﬂ i mage form ng apparatus conprising a recording
P ead having a nozzle configured to eject a liquid

drop of ording.liquid and 15.a cqonveyer configur .
o 6l eothSEEiarEa vy RbF o hRes ORvRy Separstls! E8faing
recordi ng- nmedi um by a charge provided to the conveyer,

to the P¥ﬁ§ﬁﬁﬁcﬂﬂﬁ3%§%§ﬁpéﬁa?ﬁﬁl%kﬁ?ﬁ;%ﬁa&aEFénS?rféPn¥%%
an i mage on both faces of the recording-nmediumwth a

respequi de derpodijrerited ahdorkahpelemz z| Sugf ithésr sebr Himgted
head, 20 wherein a frequency of cleaning of a nozzle

to tBeeppintde aneeprdibagaheadaphbied mrges dnegkofoeding
both faces of the recording-nediumis |ess than a

apphFEOUENSY P Ta £ LUYRB Pt et HEch Oz 7 E ﬁﬁ%%egf thesimile

recordi ng head when“an inmage 1s forned on one face

and?Eph P! CBLALE T, AL ELO MR ool B8O
ForraDE: APRRERTY 1P 95 A5 TEGOFOLRT SHTHEtIeE than ink or 2
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 applicétion is based on Japanese priority
application No. 2004 - 347937 filed on December 1, 2004, the
entire contents of which are hereby incorporated by reference.

[ Appendix] |

(1) An image forming apparatus comprising

a recording head having a nozzle configured to
eject a liguid drop of recordiné liquid so as teo form.an image
on the recording-medium with a ligquid 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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on the recording-nmediumw th a liquid drop ejected
~fromthe nozzle of the recordi ng head; a conveyer
configured to electrostatically hold and convey a
recordi ng-medi um by a charge provided to the 10
conveyer; and a cleaning_device configured to clean a
nozzl e face of the recﬁﬁérng head based on a
tol erance,d esigld yastecol nEAHATAL98:Q! the
nozzl e face génerate y the ejection o aliquid
drop and the nunber, of |iquigd. dro | eGt r
15 recor%iékaHkﬁg FSVlFﬁag%n %?ﬁ%#fé%J%%?gghé gﬁ%ggg face
form ng apparatus as clainmed in claim é, mgeigin he
of Hog recordnmheaRePRERSr BN Ry TRIGFANEec FhzRaRoLd value of
according to a character printing node. 20 3. The
contamiyea f omiary thigpavarls Hzcelganmitied dyathe ¢jection of
wherein the nozzle face of the recording head is
a wégﬁﬂaearog% dihag nRbap €AVl iguineriralpsceddctednfrdd the
-82 5 4. The inmage form ng apparatus as clained in

i Iy e ace of the recording
recﬁ%ﬁ%ﬂ%sﬂ%ﬁ&wfﬂ&elﬂggg £8PR&L Sorl

eaned ording to a kind of the ,
recor di ng; um_ 5. %Ee L TRg %éo 1] I S
cl ai med ?% i mmeEe Epégﬁ % a%%%%?égfgggékggFﬁeln (1)
recordi ng head is cleaned according to,,a k%nd of. the
abOW@coWH?ﬁﬁlmi?hﬁ(Poag;eTﬁ@C?nﬁéetq?wqégﬂfQiﬁﬁa ge0s*8s
claimed in claim _
cleaned 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 a2 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 predeterminéd kind.

(7) The image forming apparatus as described in any
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10 1, wherein the nozzle face of the recording head is
not- cl eaned when the kind of the recording nediumis a
predeterm ned kind. 7. The inmage form ng apparatus as
claimed in claim 15 1 .conprising a cleaning device
configured to control %ﬁintlty of the charge
provided to the conveyer “atcording to at |east one of

of Eﬁﬁ)eegi:SQ&qE(’é)al atsRRdi EbﬁEr?Qijné‘ 5'&%&3{1@%ev1ce

ecor di ng- medi um 20 8 e imge form ng "apparatus as

. n cI n h
conf43hTE L, EFURT 5 MALERAFRTOEOHR Al nr%%ﬁ?%‘i po the
cl eani ng of the nozzI face of he recardi
CONYRY¥AT aACTREGET £ Fe§2sh aRBat ?%ceéwolfronﬁf%@
recording-mediumis |ess than the nunber of cleanings
congitaonr5and & neiged iaf fthensgcondingrmediwace of the
recordi ng-nmedium -83 9. An inmage form ng apparatus

conpri si ng) aThe cofghien f dradéghappagatus oz |de sanifbegudiadany
to eject aliquid drop of recording liquid and a

of GAYVeNebugRN{T QU d, 0 wiliea! EQSt 8bikadn Yinkdd ANdoth
convey a fecording- nedlun1by a charge provided to the

fad% LeYelhe réégi& ‘EéH&@H%EQp@PQEﬁi@ﬁ% &HHHE%’%QP%H gnlng

Oor M Ng an 1na aces
cordin diumw th a uid dro ectedfronwthe
OPEZ8i={ FRES b ditn oGRS HEFR THTD 45 FriaFer By
of cleaning of a nozzle face of the recordln head
forpiesn onnagesclar E2¢orafe dhen MEALHMS Aeeke®¥ e the number of

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

{9) An image forming apparatus comprising

a recording head having a nozzle configured to
eject a liquid drop of fecording liquid 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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recording-mediumis less than a frequency of cleaning
of the nozzle face of the recordi ng head when an

image is formed on one face of the recordi ng- nedi um
15 '

-81-
CLAIMS

1. An image forming apparatus comprising:

a recording head having a nozzle configured to
eject a liquid drop of recording liguid so as to form an image
on the recording-medium with a liguid 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 face
of the recording head based on a tolerance threshold value of
contamination of the nozzle face generated by the ejection of
a ligquid drop and the number of liquid drops ejected from the

recording head for image formation.

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.
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-82-

4. The image forming apparatus as claimed in claim
1, wherein the nozzle face of the recording head is cleaned

according to a kind of the recording-medium.

5. The image forming apparatus as claimed in claim
1, wherein the nozzle face of the recording head is cleaned

according to a kind of the recording liguid.

6. The image forming apparatus as claimed in claim
1, wherein 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 claimed in claim
1, comprising a cleaning device configured to contrel a
guantity of the charge provided to the conveyer according to
at least one of an enviromnmental condition 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-
ﬁedium, wherein the number of cleaning of the nozzle face of
the recording head when an imagé is formed on a back face of
the recording-medium is less than the ﬁumber of cleanings when

an image is formed on a front face of the recording-medium.
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9. An image forming apparatus comprising

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

a conveyer configﬁred 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
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.




