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@D Method and apparatus for electrophotographic printing.

In & conventional sisctrephotographic printing
machine, a cleaning device which has been used to
ramove rasidual toner is eliminated by using a toner
and a carrier each having a spherical configuration
80 &8 to cause a cleaning operation and a develop-
Ing operation to procesed simultangously at the de-
valoping unit. With this printing machine not only the
construction of the machine can be simplified but
algo an sxtremely fing toner can be sificiently usa'd.
11
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METHOD AND APPARATUS FOR ELECTROPHOTOGRAPHIG PRINTING

BACKGROUND OF THE INVENTION

Thig invention relates to & method and appara-
tus for elactrophotographic printing, more particu-
larly an slectrophotographic printing not reguiring
uze of a cleaning device.

In a prior art alecirophotographie copylng ma-
ching it was essentlai to use a cleaning device that
clegng or wipas off a toner ramaining on the sur-
tace of a photoconductive maemnber after transfer
printing a toner image. Claaning of the remaining
or residual toner had gn Importance of higher than
20% of the entire step of an electrophotographe
printing machine. Prior art clsaning davices Include
use of & brush or & blads and & so-called two
revolution device in which the polarity of a bles
voltage applied to a developlng device is reversad
at an interval of two ravolutions for eftecting clean-
ing. It haz long heen deglrad to aliminate such
cleaning device and method so as to simplily the
construction and operation of the electrophotog-
raphic printing machine, but no effective method
and device have been availabele.

Although Japansse Laid Open Patent Speci
tication Ne. 133179/1988 discloses an elog-
trophotographic printing machins not using a cleans
Ing device, this Laid Open Pstent Specification
doas not tench the subject matter recited in tha
appending claims.

SUMMARY OF THE INVENTION

It is an object of thisinvention to provide a
novel method and apparatus for slecirophotogs
raphic printing which are not necessary to use
cleaning davics.

Another object of thig Invention Is to provids &
novel method and apparatus for elestrophotog-
raphic printing wherein the dsveloplng operation
and the cleaning operation procoed simultanecusly
without uslng a conventional cleaning device.

A still other object of this invention % io pro-
vide & novel method and appsratus for eleg-
trophotographic printing capable of using a ioner
having an extremaly small digmater that cannot be
used satisfactory.

According to one aspact of thig invantion thera
Is provided an siactrostatic printing method for use
n an eisctraphotographlc copying machine com-
pritging a photosansitive mambaer, a charging unit
for charging the surface of tha photosensitive
member, 8 light image projscting unit for forming a
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latent Imags on the sutface of tha photossnaitive
membsr, 8 developing unlt for developing a latent
image by uillizing a dry type toner and a dry type
carrisr, a transfer printing unit for transfer printing &
devaloped latent image onto a copying shest, and
a light projecting unit for projecting light onto the
surface of the photoconductive member to erase
hysterssia thersof, a charge polarity of the toner
baing the same as that of the charging unit, char-
acterized in that the method comprises the step of
using a toner and a carrler both having spherical
configurations 8o as to cause a developing opera-
tion and & cleaning operation to procesd simultae
neously at the developing unit.

According to another aspect of this Inventlon
there I3 provided an slecirophotographic printing
machin® comprising a phologensitive membar, a
charging unit for charging the surface of the pho-
tosensitiva member, a light image projecting unit
for forming a latent image on the surface of the
photosensitive member, a developing unit for de-
veloping the latent Image by utilizing a dry type
toner and & dry typs carrier, a transfor printing unit
for transfer printing a developed latent image anto
a copying sheet, and 8 light projecting unit for
projecting light onto the surface of tha photoson-
ductive mermber for srazing hystaresis thereof, the
charge polarity ot the toner being the same as that
of the charging unit, charactarized In that both of
the toner and the carrler have spherical configura-
tiong 80 a8 to cause & developing opsration and &
cleaning operation proceed simultanssusly at the
daveloping unit,

BRIEF DESGRIPTION OF THE DRAWING

In the accompanying drawing:

Fig. 1 la a diagrammatic sectional view
showing the electrophotographle printer embadying
the invention; and

Fig. 2 is an enlarged sectional visw showing
a transfor balt utllized in the printer shown in Fig, 1.

DESCRIFTION OF THE PREFERRED EMBODI-
MENT

| have thoroughly Invastigated the opsration of
an alactrophotographic printer, more particulatly
the operation of & developing device and found that
whara spherical dry type tonar and carrier are used
the c¢lwaning device at the developing device can
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be eliminated.

Firstly, | have found that tha printer of this
Invention and the prior art printer are based on
diffsrent theories. More particularly, where Se is
used to prepars a photosapnsitive membsr of an
electrophotographic copying maching, the surface
of the photossnsitive member is charged with a
positive charge which is discharged by dright por-
tions of a projectsd light image. A powder toner
does not adhere to such discharged portions. By
utilizing this fact so-cailed positive visualizing or
devasloping method has been utllized In which a
negativaly charged toner ig used. On the other
hand, In a printer so-called negative developing
method haa been used by utllizing the fact that
electric charge applied onto the portions of the
photosensitive member which are irradisted with &
light image discharges so as to decrsase the sur-
tace charge and that ihe toner i3 caused to adhera
1o such discharged portions,

It has not been well undarstoed the fact that
the parformance of the toner ditfors greatly in these
two methods 20 that these metheds have not been
usad practically.

! heve noted the following facts. More particu-
larly, in the case of a printer utilizing a positive
type photosensitive member, the surface thereof s
applied with positive charge, the charge i portions
of the photosensitive member liluminated by 8 light
image ls discharged and & latent image at portions,
the charge thereof has besn discharged, Is visuals
jzed by a posltively charged toner. This oycle of
operation is rapeated. In this case, oven when a
positively charged toner is subjected to a negative
corona discharge during {ransfer printing, the toner
would be finally charged positively. In other words,
at the time of entering the next oparating cycls, the
remaining toner has a tendency of having the
originally charged polerity. Thig fact is Important.

Where a positive development is sffected as in
& copying machine, at the lime of entering the next
cycle the ramaining toner would be charged to a
polarity opposita to that inherently applied. For the
roason described abova, in the next cycle a mix-
tura of toners having opposite polarities would exist
and the toners flocculate to form particular lumps,
thus not only losing the inherent performange of
the tonar but also diglocating the mechanism of an
alsctrostatic system.

Another problem to be solved lias In that the
rasidual tonar hinders the light Image projaction of
the next operating cycle.

It is said that the afficiency of transfsr printing
Is ganerally 70 to 80%. Thiz low transfer printing
efficlancy can be incraased by improving the toner.
Howaver, avan whean the rasidual tongr oxists, care
ghould be taken that the optical offect of the pro-
jected light image would not be impaited. In a
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printer, the average particle diameter of the tonar is
smallar by one order of magnitude than the diams
eter of the projected optical dots so that even when
a residual toner of 20 to 30% exists, 70 to 80% of
the surface of the photosensitive membar would
recelve uniform light projéction which ls sufficiently
large light exposure quantity.

Actually, howaver, the quality of the picture
Image I3 greatly influsmced by the characteristic of
the toner used. it is a third important feature of this
invention to determine the characteristic of the
tonsr.

In the method of thig Invention charasterized
by not using & cleaning devics, it Is necessary {o
remove tha rasidual toner producad at the tima of
{ransfer printing in the previous operating cycls, at
the same time as the developmeént. To thig end, it
Is necessary that the surface area of the davelop-
ing agent, aspecially a carrier, ig sufficiently large
and that tha developing agent ¢an readily roll at ths
time of development. This ie the gecond important
feature of this Invention.

In this invention, suitable sslaction of the ma.
terlal and gysterm that satisfy the conditions de-
scribed above 19 ogsentlal to realize the method
and appargiug of this invantion cheracterized by

not using 8 cleaning davige.

To reallze the method and apparatus of thls
invention characterized by not using 2 cleaning
davice, the following conditions must be satisfied.

(1) Different from & copying machine, In a
printar effacting negative devslopment, it Is a re-
cent tendency to eliminate a cleaning device,but
mere use of prior art materials and mathod ig not
sufficient.

(2) The developing device and the davelop-
ing agent should have smooth movement and a
high fluldity so that cleaning and development can
bs performed simultaneously.

(3) The toner should have as far as possible
high efficiency of transfer printing and it is desk-
able that even a residual toner may axist its optical
shielding effect iz small,

(4) A case wharain the tonar I8 charged with
&n opposita polarity should ba svoided.

Conditiona (1) - (4) sre arrangad In accordance
with thelr degras of importance.

The dstail of this Invention will bs described
with refersnce to the accompanying drawing.

Embodiment 1

| have uged substantiaily tha samse printer a8 &)
commercially available lassr beam printer amplay-
Ing & So typs photosansitive member. Tha diam-
star of & photosensltive drum was 80 mm and the
process spead was 114 mm/gec. This embodiment
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is characterized in that a rosidual tonsr cleaning
davice Is not used. | have improved the diraction of
rotation and the number of revolutions of a devel-
oper, and the surface of & magnet roller such that
the developing agent used adheres most smoothly
o a daveloping surface and that the developing
agent can roll aver the deveioping surface. Further-
more, In aocordancs with this invention, the operats
ing iming of a transfar printing corona discharge
davice was adjusted such that while a copying
paper is not being sent the transfer printing corona
discharge davice would not operats,

As 4 daveloping agent was used & carrier man-
ufagtured by Tetsugensha Co., Japan. Tha cartier
compriged by spherical iron powder having a mean
perticle diameter of 50 u , the surface of each
spherical iron pewder being magnetized.

As a toner was used a spherical toner having a
mean particle diameter of 7 & manufactured by
Nippon Paint Co., Japan, the surface of each toner
being covered by @ polarlzable high molecular
weight substance.

Other conditions were the same as the operate
ing conditions of a prior art printer.

It was found that even though the clesning
dsvice was omitted, perfect print out without any
hystaresis was continuously obtained. Whether the
print out is effactsd continuously or intarmittantly or
whan the ralative humidity was varied in a range of
from 20% to 80% or when the ambient tempera-
ture wag varied in a range of from 0°C to 30°C,
perfect printing without any hysteresls could be
stably mada.

The characteristics of the developing agent uti
lized in the embodiment 1 Is characterized by the
mathod of manufacturing the developing agent.
With regard o the carrlor, the iron powdsr conslsts
essentlally of a sphetical iron powdsr produced by
a carbon eliminating step of tha iron manufacturing
staps. The surface of the iron powder is heat
treated In & nitrogen atmosphers or covered by an
anion regin. The Iron powder is charactarized in
that each powder has a substantially pertect spheri-
cal conflguration &nd that the lron powder consists
of nearly 100% iron. Of course, the surface of aach
powder should be extremaly smooth, The toner is
ajso spherical. Each toner comprises a spherical
core obtained by polymerzing an organic sub-
stance contslhing a coloring agent, and uniformly
coverad by a cation rasin of a small quaniity.

The fact that both carrier and foner ara spheri-
cal enables the develpping agent to exhibit ax-
tremaly uniform characteristics as wsll as an ex-
tremely satisfactory fluldity. Spherical configuration
maans the widest actual moving area. Moreover
both carrier and toner are spherical irrespective of
& state of admixture of the toner and carrier zo that
it is possibla o establish a stabls charged state.
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it has been sald that with a2 spherical toner,
cleaning of the residual toner is ditficult. For sxam-
ple, as disclosed in Japanesa Lald Open Patent
Specification No. 501040/1888 the surface of the
spherical toner is intentionally made irregular for
increasing the cleaning efficiency. In my invention
no such measure is taken. More particularly, the
toner can be chargad uniformly and the particle
diameter of the toner is substantlally uniform; for
example 7 4 £ 1 w. Substantlally 100% of the
surface of each toner particle is toverad by a
cation resin. The surface of the carior iz also
homogensous and. smooth. The reason that the
characteristics of the toner were carefully selected
Hos in that there is no toner charged to the op-
posite polarity. Should toner particles charged to
the opposits polarity present, the toner would ageu-
mulate using the toner particles as nuclel, thue
forming lumps. In a case whersin tongr particles
having extramely difierent dlamaters are used the
same disadvantageous phenomenon oceurs, theres
by not only decreasing resolution but also resulting
in a nonuniform transfer printing. If ona tries to
improve the mean transfer printing efficiency,
lumps described above result in poor transter print-
Ing. The residual toner not only pravents formation
of high quality optical images, but also prevents
cloaning which is effactad at the same time ag the
davelopment.

An unstable toner produced by crushing has
such delectes as a poor fluldity, a largs particle
diametsr and a nonuniform charging caused by
insufficlent dispersion of a charge control agent
(CCA).

it should be understood that the carrler is not
limitad to an iron powder used in Embodiment 1.
For example, a ferrite type carrler can also be
used,

The effect of using a spherical toner and a
sphoerical carrier ¢an ba avaluated from ancther
aspect. Spherical carriers having 8 mean particle
diameter of 30 w or 20 1 can readlly ba prepared.
Also spharical tonars having a mean paricla diam-
etor of 30 & or 1 U can readly be prepared
because the spherical toners are manufaciured by
& polymerization method, In the mathod of this
application, when an adequats charge relation
holds between the carrer and toner, the paricle
diamaeter of the toner does not pragent any prob-
lem. Agcotdingly, whera an extromealy fine toner
having & mean particle diameter of 1 K, for exam-
ple, is used and where the carrler particle diametar
ls solocted to 20 W comesponding to the small
mean dismeter of the toner, the advantage of elimi-
nating the clsaning device can be oblained. As a
consaquence, there is the advantags that toners
having an exiramely small mean particle diamatsr,
such as 1 i, and which have net been able to be
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uged in the past bacauss of the difficulty of han-
diing, can now bs used practically, to realize a
picture imaga having high raselution.

As nbove described, the negative polarity cor-
ona discharge applied at the time of transter print-
ing has a negative effsct upon the method and
apparatus of this Invention. A method and construc-
tion for eliminating the negative effect will be dis-
cussed In the following smbodiment 2.

Embodiment 2

Referring now to Fig. 1, an elactrophotographic
printer of this invention comprises a rotary drumn 1
made of metal and carrying a photosensitive mam-
ber, a corona discharge device 2 for applying &
positive or nagative charge onto the photogensitive
member, means 11 for projecting an Input light
signal 3, a daveloping device 4, a transfer belt & for
transterring a copying paper 7 to a transfer printing
station at the contact position batwaan rotary drum
1 and transfer belt 6, a corona discherge davice 8
for charging the surface of transfer belt 5, a deval
oper 8 for developing a toner image transfer print-
ad onto the copying paper 7 and a light souras 11
for eraging hystorosis of tha photosansitive mem-
ber, all the elements describad above being dis-
posed about the periphery of tha photosensitive
drum 1 in a manner well known in the art.

Fig. 2 shows a cross-sectional view of the
transfer belt § which comprises a lining 9 made ot
electroconductive rubber and & flexible insulating
thin layer 10, The congtruction of smbodiment 2 is
difterent from that of embodiment 1 in that a trans-
fer printing eystam shown by reférance numerals
as 5 and 6 is added.

The surface of the Haxible insulating thin leyer
10 Is charged to a polarity opposite to that of the
tonar, by the corona discharge devico 8 shown in
Flg. 1. The degree of charging is such that the
surface potential of the insulating thin layer 10
would be about 2000 V, for example,

The thickness of the flexible inguiating thin
laysr 10 is generally of the order of from 20 u to
70 u. The operating principle of the transfer print-
ing system shown in Fig. 1 i groatly different from
the prior art transter printing systam In that accords
ing to this Invention the toner Is transferred to the
copying paper from the surface of the photosen-
gitive mambar by an elsciric fleld created by the
charge prasenting on the surface of the transfer
belt, whoreas sccording to the prior art transfer
printing system the corona digcharge is appllad to
the rear surface of the copying paper. Mors par-
ticularly, the transfer printing effect by the transter
belt |z static 50 that there is no fear of injecting an
excesslve charge into the toner caused by the
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bombardment of the corona dischargs. Furthar,
gince the transfer belt is constructed to be hema-
geneous and smoath, the electric flald created by
the charge on the surface of the transfer beit ox-
tendg vertically to tha beft surface and has a uni-
form intensity at all pointe, As a consequence, the
regidual toner remaining after the transfer printing
can be reduced greatly. Since the decrsasze In the
quantity of Injsction of tha chargs of the opposite
polarity into the toner presenting on the surfsce of
the photossnsitive surlace ig not influsnced by the
presence or absgnce of & copying paper, in the
smbodimant 2 the charging of the transfer balt
surface can be effectad continuously irrespective of
the feeding of copying paper without causing any
trouble,

Elsments other than the transfer printing sys-
tam are identical to those used in the ambodimant
1

Embodiment 2 shows that it Is ussless to
tharge the toner presenting on the surface of the
photosansitive member to an opposite polarity with
reverse polarity corona discharge, Since & system
is required in which lons at tha transfar printing
member would not ba dirsctly bombsrded by the
opposite polarity corona discharge, the invention Is
not limited to the transfer belt of the embodimant 2
and various modified systems can also be used.
For exampls, the sisctric field can also be applied
by a corona discharge or a roller from & relatively
high resistanca balt or from the rear surface of the
insulating balt in the transfer printing device,

The performance Isolating typa transfer belt
was used in smbodiment 2 because such belt
oparatas most stably.

According to this invention, since the claaning
devico has besn omittad, the mechanical construe-
tion becomes simpla, Accordingly, the disposition
of the toner accumulating at the cleaning device
and the mochanism for raturning the accumulated
toner 1o the developing device are not necessary.
As a consaquence, the percentage of returned
toner becomas 100% so that the amount of tonar
that ig ugad in vain is reducad to substantially zero.

In the prior art machine, an element that im-
parts & great mechanical darmnage to the photossn-
sitive member wasg a cleaning device so that eliml-
nation thereof prolongs the useful life of the pho-
togensitive member. Further, use of the spharical
carrier enhances this advantage.

To make clear the subject mattar of this inven-
tion the term elacigrophotographic printer s de-
finad as follows. In an electrophotographic printer,
an elsctrostatic Jatent Image is formed by projec-
ting a light Image onto the surface of a photosen-
sitive member which has bsen previously sensi-
fized to a gpacific polarity, for axampla a positive
polarity, and the alectrostatic lstent image is davei-
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oped uging a oner charged with a spacific polarity,
for example positive polarity. Of course, thooratl-
cally a system may be considersd in which the
charge polarities of tha photossnsitive member and
the toner are opposite. Howaver it should bs under-
stoed that the Inventlon of the instant application
excludes such a case.

~ In recent years, however, algo in the fisld of the
elactrophotographic copying machine, a method
has been used in which the light image of an
objact is electrically decomposed and thoreaftor
reproduced as & copy with a printer. The dafinition
of the printer defined hersinabove includes such
modifisd meathod.

As above described, according 1o this invention
the cleaning device which has been an assential
element in the prior art printing machine is slimi-
ngied s0 that a novel method and apparatus of
electrophotography can ba provided wherein the
developing operation and the cleaning oparation
cEn be procesded simultansously. In addition, it
becomes postible to use extremaly fine toner
which was difficult to use in the prior art printer.

Claims

1. An electrophotographic printing method for
usa in an selectrophotographic copying machine
compriging:

& photosensitive mambar;

& charging unit for charging a surtace of said
photosensitive member;

B light Image projecting unit for forming a latent
image on the surface of sald photosensitive mems
bar;

a developing unit for developing sald latent image
by utilizing & dry typs tonar and & dry type carrier;
& transfer printing unit for transfer printing 2 devel-
oped latent Image onto a copying sheet; and

a light projecting unit for projecting light onto the
surface of said photouonductive membar to erage
hystergsis thergof;

2 charge polarity of said toner being the same ag
that of sald charging unit;

characterized In that said msthod comprisas the
step of using a toner and a carrler both having
spherical configurations s as to cause a develop~
ing operation and a cleaning operation to procesd
simultaneously at sald devaloping unit,

2. The electrophotographic printing method ac-
- cording to claim 1 further comprising the step of
adjusting an operating timing of a transfer printing
corong discharge device such that while a copying
sheet is not belng ssnt, said transfer printing cor-
ona discharge device would not oparate.

3. An slectrophotographic printing machine
comprising:
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a photosensitive membar;

a charging unit for charging a surface of said
photosensitive member;

a light image projecting unit for forming a latent
image on the surface of =ald photosansitive mems
bar;

& developing unit for developing said latent image
by utilizing a dry type toner, and & dry type carrisr;
2 transisr printing unit for transter printing a devel-
oped latent Image onto a copying sheet; and

a light projecting unit for projecting light anto the
suriace of said photoconductive member for eras-
Ing bysteresis theraof, .

a charge polarity of said tonar being the same as
that of gaid charging unit; characterlzad in that

both of said toner and said carrier have spherical
configurations so as to cause a davaloping opera-
tion and a clsaning operation to procesd simulta-
necusly at said daveloping unit,

4. The glectrophotographic printing machine
according to claim 3 which further comprises a
transfar belt extending between sald transfer print-
ing unit and seid developing unit for transferring
sald copylng shest to gaid dsvaloping unit through
sald trangfer printing unit, and a corona discharge
unit for applying an alactric ¢harge to said transfer
beit,

5. The electrophotographic printing machine
according to claim 4 whereln sald transfer bait
comprises an electric insulating laysr and a backs
ing layaer made of an electroconductive elastic ma-
terial and said slectric Insulating layer is charged
by sald corona dischargs device to a polarity op-
posite to that of sald toner whereby said toner is
transfarred to sald copying sheet from a surface of
sgid photogensitive member by an slectric field
created by a charge presenting on a surface of
gald transfer balt,

6. The olectrophotographic printing machine
according to claim 4 wherein said transfer belt is
made of & relatively high resistance.

7. The slectrophotographic printing machine
according 1o claim 4 wherain said transfer belt is
made of an slactric insulating material, a rear sur-
face of said transfer belt being charged by a cor-
ona dischargs devics,

8. The alactrophotographic printing machine
according to claim 3 wherein said spharical toner
has a mean diameter of 1 to 7 L. ,

8. The slectrophotographlc printing machine
according to claim 3 whereln said spherical carriar
has a mean dlamster of 1 to 50 L.

10. The slectrophotographic printing maching
according to claim 3 whorsin a surface of said
toner is covared by a polarizable high molegular
weight substance,
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