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(54) lmage recordlng method

(57) lmage recording method compnses the steps of forming electrostatuc latent image on a latent image catrier by a latent
image forming. means, developing the formed electrostatic latent image with toner, and transferring the visualized toner
image to a transfer material after repeating at least the developing step, wherein a two component developer comprising a
magnetic catrier with a density of 4.0g/cm® or less and a toner is used in at least the second and the succeeding developing
steps. The toners used in the developing steps may be the same or different colour. A copying apparatus is also described
in which a first electrostatic latent image corresponding to a-particular colour element in the original is formed by using the
output of a picture reading device, and an optical focussing system (comprising a lens, a light-dividing means and a

“moveable filter element) is used for guiding an optical image corresponding to a colour other than.the said particular colour

element in the original to the photosensitive medium thereby forming a second electrostatic latent image thereon.

The. drawing(s) origin'ally”ﬁléd was (were) informal and the print here reproduced is taken from a later filed formal copy.
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IMAGE RECORDING METHOD 2 LO 1 5 2 2

The present°invention relates to a method for
recording images or pictures utilizing electrostatic

letent images, and particularly to a picture reéording

method for obtaining a toner image by deveioping,

without disturbance, a visualized image (toner image)
formed previously on a latent image carrier. '
Various color image recordihg methods utilizing

electfonid photography methods have been proposed. As

- such color picture recording method, for example, a

so-called . repeated developing method has been

proposed. rThe repeated developing method obtains a

color'jpicture'by ‘a process V’in which electrostatic
latent images of two or three levels are formed on a
sihgle photosensitive meéium, the first latent image of
photosensitive medium having such latent images of two
or three levels is developed by a firsrt developing
device)rrthereafter the second latent image on the
photosensitive'rmedium~ is - developed by a second
developing deQicerand'a fiﬁally formed toner image is
then transferred at a time. This method is very
effective in realizing reduction of size and high
cepying'speed.r '

' However, in such a repeated developing method, the

photosensitive medium carrying a toner image through

‘-1..



the first,deveioping process is thenrrubbed by the
developer;inithe second and successive processes and
thereby the toner image formed bf the first developing
prooess is disturbed remarkably by the second and

successive developlng processes. As a result, this

£in

method is accompanled by the problem that the color.
plcture flnally,robtalned is Vcon51derably dlsturbed.
Therefore,,it is a very important object for a picture
forming,method utilizing a repeated developing method
to realiZe therdevelopment of successive stages without
distdroing toner'imeges'of preceding stages.

'rIt is also cohsidered to achieve the developing
procesSesr im_‘the successive stages with the |
simgle—element'nonfeontact development in order not to
disturtrtﬁe'toner image on the'photosensitive medium,
HoweVer;',single—element non-contact Vdevelopment is
difficultdto operate'highrspeed and it is therefore
desirable;;rrom this point of view, to use a double-r
element developer con51st1ng of carrier and toner.

, However, in the magnetic brush developlng method,
developmentiiSdcarried out by depositing the double-
element developer on a non-magnetic sleeve havimg a

magnet roll therein and rubbing a latent image with

o

magnetic'brush.  However, in the repeated developing

£y

method, the toner image formed in the developing
process-of:the,preceding stage is disturbed because the

-2 -
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tonér image»is rubbed with the tip part of the magnetic

- brush in the developing process'of the succeeding stage.

~As a means for solving such problems, the Japanese

- Patent Application - Unexamined Publication No.

126665/1985,p;op05esra color image developing device
which uses the double-element developer mixing the

magnetic carrier with its grain size of 50pm or less

e with the toner particle. However, reduction in grain

si?e of carrier,improvés disturbance of image, but when
the grain size Secomes smaller, more'cérrier transfers
to the s'Lrlrf'ac'e of photosens‘itive medium from the
developing device, namely the carry-over phenomehon
becomes mére distinctive. 1In order to avoid the

carry-over phenomenon, the magnetic force used must be

'enhanced. Accordingly, it is required to make large a
-certain degree the grain size of carrier particle.
'fThefefore, iny,regulatidn”of grain size of carrier

‘cannot result in a satisfactory result.

On the other hand, various image forming methods
to easily form'and'reco:d composite pictures utilizing
anrelectrbnic photographyghethod have been propbsed.
As such a picture forming method, the so-called

repeated negatiVefexposing method is typical as the

method using a single developing device. 1In this

method, after . the photosensitive medium of the

electronic photogiaphy'is uniformly charged, a latent

-3 -



image'of{a first'picture is negatively written on the
photpsensitiyermedium'by the exposing means to expose:
image parté.' A latent'image of arsecond picture is
also formed by ﬁhe,negative writing method to combine
the second picture with the first piéture and'ﬁhe firgt
and.se¢ond latent images are inversed at a timé to form
the éomposite'picfure. '

VMeanwhile,'és a composite picture forming method
utilizing two developingrdevices, a method to form-a_
combined picture by the process consisting of charging,
first negative'(ér,positive) image exposing,rsecond'
positive (or pegative) image éxposing, first developing
(regﬁlafideveioping or -inverse developing) and secénd
developing (inverse,developing orrregulé;'developing)
is,alreaéy'knowh; | ' |

':Mdfeover,7 the Jépanese Patent Appliqatién

Unex&minéd Publicatibn Noé 2047/1982.disclose5'a methbd
utiliiing the.'imége/ forming process conéisting ofrr
chargihg. - first 'neéative image exposing - firs£
develdping'(ihvérée'developiné) - second positive'image
expésing'—'secbhd deVélOping (regular developing);

Howeﬁér,_'the rrepeéted negative image exposing
methqdﬂTis certéinly'simplified in the structure but
also has aldisadvantage that thé pictﬁres canno£ be
combinédron_ﬁhéiorainary positive dbcument.

The present invention>-isr proposed herein
considering problems mentioned above. It is the: .. ore

- § =
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an object,oﬁ the present invention to provide a method

of recording images which realize development without

- disturbing the existing toner image even if a double-

‘element developer is used.

_Furthermore, it is Van object of the present
invention to providera colbr image recording method
which'usesra double-element develdpér which realizes
developing without disturbing existing toner image. It
is also én-object of the preseht invention to provide a
picture recording method which can combine éictures to
a positive'document;—ensure good reproducibilityrof low
concentration picture, eliminate disturbance of image

forméa by thé first developing and prevent picture

VQuality,from beihg gradually deteriorated.

The inventors of the present invention have

completed the present invention by finding that the

 density of carrier used in the double-element developer

is'a very important factor for disturbance of the toner

image through investigation with a magnetic brush

" developing device utilizing the double-element

‘developer.

- Thus, the image recording method'of the pfesent

invention comprises the steps of: forming an

~electrostatic latent image on a latent image carrier by

S a latent:image forming means; developing the formed

electrostatic latent image with toner; and transferring
the visualized toner image to a transfer material after



repeatlng at least the developing step plural ‘times,
whereln double element developer formed from m1x1ng ‘toner
and magnetlc carrier w1th a den51ty of 4.0 g/cm3 or less

is used in ~at least the second and the succeeding

developlng steps among the plural times of the developlng'

steps.,
Any carrler hav1ng a density of 4.0 g/cm3 or

less may be used in the present invention. For example,

the carrier hav1ng porous surface, ferrite carrier or the

carrier “in which magnetic powder is dispersedr into the
resin as.'the binder “may be used. (It is, of course,
requlred-that these carriers should have the density of
4.0'g/om3 or less.) The carrier obtained by dispersihg
magoetlc;po&der intorthertesin as the binder is prefetable
becauee it can easily cootrol the density depending oh the
content'of'magnetio powder included._ From the result of
experimeht, lt has become obvious that if the densityrp'is
in the range of from 1.7 to 4.0 g/cm3, preferably in the

range of from 1.7 ]tor 3.0 g/cm3, image disturbance and

carry over phenomenon can be controlled in the allowable

range.,, It can be estlmated from the £fact that the

magnetic brush or tip part formed becomes soft since each

carrier:has small deosity.
'Density'of carrier used in the present invention
can be'defined_by the density obtained with true specific

graVity measured by the following measuring method.

i

-
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In the so-called pycnometer method (true specific
gravity bottle method) where the spaces of powder are
perfectly replaced -with 1liquid and the true specific

gravity is obtained by substituting the relation between

‘weight andr volume tor'thé following equation, the true

specific gravity is obtained from the following equation

~using a ﬁmasuring'equipment; auto-true denser MAT-5000

(déveiopedr—by Seishin Corp.) for automatic pyenometer

method,

_ (Wb -Wa)
" Wb-Wa—Wc+Wd

Pd X Ld
(In this*eqﬁatioh,'Pd: true specific gravity; 1Ld:
specificigravity of liquid; Wa: cell tear (vacant cell)

(g); Wb: cell tear + powder (g); Wc: cell tear + powder

'+:liquid'(afte: determination of liquid surface) (g); Wd:

céli tear'+.liquid'(after determination of liquid surface)

(9))

BRIEF DESCRIPTION OF THE DRAWING

In the aécompanying drawing,

Fig. 1 shows structure of an example of a color
picture recording apparatus used for enforcement of the
first_eﬁbodiment’of the preseﬁt invention; ‘

Fig. 2 indicates the diagrams for explaining
surface vbl&age, of photosensitive medium and developing
éohdictiéh wheh“the color picture recording appafatus of

Fig.'lris,operatEd;



Fig. 3 shows structure of another ‘exmaple of a
color plcture recordlng ‘apparatus used for enforcement of
the flrst embodiment of the present invention;

| Flg. 4 1nd1cates the dlagrams for explalnlng
urface voltage of photosen51t1ve medium and developing
condltlon:whenrthe»color picture recording apparatus of
Fig. 3 is operated;

- Fig.r 5 indicates a diagram for explaining
relationship betueenucarrieridensity'and image disturbance
and earry,over phenomenon; ' | |

ai Flg. 6 shows structure of an example of a plcture
recordlng apparatus used for enforcement of the second
embodlment of the present invention; |

Flg 7 indicates surface voltage of photosen51t1ve
medlum and developlng condition when the picture recording
apparatus of F;g. 6 is operated;

| Fig; 8 ehowsfstructure of an example of a color

picture: reéerding ‘appratus usedr for enforcement of the
third embodimehtVOf the presnet invention;

,fEig.VVQ':indicates diagrams for explaiuing the

surfaee voltage of photosensitve’ medium and developing

condltlons accordlng to the Testing 1 in the apparatus of

Flg. 8,

'Fig.' 10 is {a graph indiéatihgr the relationship

bet5ween the‘filling,rage of developer and.thicking rate

of line-aCcording to the Testing 1;

[15]]
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Fig. 11 is a ”graph indicating the relationshrp
between the ﬁfilliné_ ratef of developer and toner mixing
rate according to the Testing 1;

' Fig. 12 indicates diagrams for explaining the
surface voltage of ~photosensitive medium andr developing
cohditioﬁ according to the Testing 3 in the apparatus of
Fig. 8; :

Fig. 13 is a graph indicatihg the relationship
between the filling rate of developsr and thickingrrate of
line accordlng to the Testing 3; | |

7 ) Flg.,rl4 ls ‘a graph - indicating the relatlonshlp
betweeﬁ the filling rate of developer and mixing rate of
toner in the Testing 3;

Fig. 15 shows structure of an example of a color

‘picture recording apparatus used for enforcement of the

fourth embodiment ;
Fig. 16 indicates diagrams for explaining the

surface voltage of photosensitive medium and developing

conditions when the color picture recording apparatus of

Flg. 15 is operated-
Flg. 17 shows structure of an example ‘of the
developing roll used in the fourth embodiment;

~Fig. 18 'is a graph indicating magnetic flux

' den51ty of the developint roll of Fig. 17;

Fig. 19 shows structure of the developlng roll

generally used for developlng device;



7 Fig 20 Vinrd,ica,tes diagrams for explaining voltages
of respective 'portions of the rphotosensitive medium
1nd1cat1ng an example of the color recording method of the
fifth embodlment, o

Flg. 21 shows structure of a . recording apparatus
which is sultable for enforcement of the color recordlng
method of the fifth embodlment of the present invention;

; Fig. 22 is ‘a graph for evaluatlng the effect of
the fifthjembodiment;

figr 23 indicates the diagram for explaining'
voltages‘OE respective,portions of photosensitive medium
indioeting another exmaple of the fifth embodiment;

| Fig. 24 shows structure of an exampld of a copylno
apparatusr of the s1xth;,embod1ment of the present
invention;, | | |

Fig.r 251'indicates dlagrams for explaining
operatlon of the apparatus of Fig. 24; |

,Frgs. 26 and 27 show structures of principai
portions of therexamplesrof the movable filters;

Fig.  28 is :ar block diagram indicating an
embodimentfof thersignal processing circuit;

Fig. 29 is a'greph'indieating characteristics of a

half-mirror; and

' Fig.”30,shows structure of anotehr example of the

copyingrepperatus of the sixrh embodiment of the present

invention.

- lo-.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference to the accompanying drawing, the

preferred embodiments of the present invention will be

described‘below in greater detail. ’

,Thélfirst and-second embodiments of the present
invéntion.wiil be deséribed below, with reference to the
accompanYihg draWing. | The first embodiment is a color
image fécording method, to which ﬁhe present invention is
appiied. The second embodiment is a composite image
recording emthod, to which the present invention is
applied. o

According to the first and second embodiment of

'Ithe-presnét invention, in the developing processes (at the

second and the succeeding.developing processes), any kind

'ofwdouble-elemént developing devices may be used but it is -

preferable to wuse the moét ordinary magnetic. bfush
developiné deQiée., '

The' magnetic brush developing device forms a
magnetic brush by depositing the double-element developer
onrthe‘developing roil consisting of a magnet roll having
a plurality of maénéfic_poles and non-magnetic cylindricél
sleeve pfovided at the bircumference thereof and adjusting
the length of the tiéping'part or magnetiq brush*with a
freely selécted,magnetic brush or tipping part -limiting
member and realizes devélopﬁént through adhesion of toner

to the latent image by rubbing the photosensitive medium

-11 -



surface 'piovided' épposed  to the magnetic brush while
moving the magnetiérbrush through the relative movement of
magnet roll and éleéye;r In'ﬁhis case; it is desirable
from_the viewpoin£V6f bréQenting disturbance of image, to

fix the magnet roll and rotate the sleeve. = Moreover, it

is alsordésitable that the”rotating'direction of sieeve is

the same as'the photosenéiti&e medium at the developing

part. In aadition, it is most desirable that the magnet

roll fixed in the interior is arranged at least at the

deveioping nip position in such a manner . as forming
repulsion magnetic field.

The grain'siée:of carrier particle of low density

in the first and second embodiments of the present

inventidn'éan,be selected freely, but the average grain
sizercf from 25 fo 50 um is desirable from the resuit of
experiment and particﬁlarly the. average grainr size of
about 30:ﬁm is the moSt suitable. It is because if the

average grain size deviates from said range, it becomes

difficult to attain the balance - of pteventing carry bvér

phenbmenon and image'distUrbance phenomenon. 7

o The first embodimentrof thé presen£ invention will
be deséribed ‘hereinafter, with reference to Figs. 1
through's} ,Tﬁe first embodiment of the presnet inventibn
is a color image'recording hethod, to which the present
invention is applied.  The'color7image recording method of

the first embodiment comprises a latent image forming

(2]
)
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process to formraélectrostafic latent image on a 1latent
imége carrier by a latent image forming means, a
,déveloping pfpcess to viéualize the formed electrostatic
latent image with different toners for two or more colors
and a;tiansfer process for trénsferring visualized color
toner imagé to a transfer material after repeating several

times at least therrdeveloping process among the -latent

 image forming process and the developing process, in which

;a'kindﬂof doub;e-element'developer formed from mixing the

toner and the magnetic carrier with its density of 4.0
g/cm3  or less is used in the developing processes of at

least the second and the succeeding trials among the

-plural times of the developing processes.

'Fig. 1 shows one example of a color picture

-

reébrding 'apparatus, used for the color image recording

‘method of the first embodiment of the present invention to

form color picture through formation of 2-level latent

“images. Fig. 2 indicates the surface electric potential

of photoéensitive\medium and developing condition in case
the color picture recording apparatus of Fig. 1 is

operated. 1In Fig. 1, la is a first charger, 2a is a first

- exposing means, 3a is a first developing means, 1lb is a

second charger, 2b is a second exposing means, 3b is a

second developing means, 4 is a transfer corotoron, 5 is a

- preclean corotoron, 6 is a cleaner, 7 is an optical

preclean, 8 is a recording paper, 9 is a pretransfer

- 13 -



corotoron, 710, is é, photosensitive rdrum, 10a is a
phdtbSensiﬁivé layer. |

' The operation of the apparatus of Fig. 1 is as
follows: '

The photosensitive drum 10 rotates in the

direction indicated by'-the arrow mark. First, the

photqsensitivejlayer'IOa at the surfacerof photosensitive
drum- 10 is'uniformly charged by the first charger lar(Fig.
2(a)). '

Then, light irradiation is carried out depending

on Eheipictureiinformation corresponding'to a first color

by the first exposing means 2a ‘and 'the eiectrostatié

latent image is,fbrmed'correspohding to the first color ohr

the photosehsitivérmediﬁms As the exposing means, any
type of exposing meané may,bg used. The developing bias
voltage:is selected in accordance with the kind of the
achieved development} that is, an inverse or regular
development. rThereaftér;rthe tonér corresponding to the
firﬁtrrcolor' is suppiied to visualize the image by the
first aevélopihg,meéns,3a to the photosensitive layer 10a
having therfirst éiectrostatic latent image formed by the
first'exposing'meéns'(Fig. 2(b)). The color of toner may
be différent fromj'the first color. As the first
developing means, any type 6f developing means may be

used.r" In this case, the developing bias is selected

5
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depending on the regular developing or inverse developing
to be carried out.

Next, the photosensitive layer 1l0a is uniformly

- charged again by the-sécond charger 1lb (Fig. 2(c)). This

second charger 1b may be omitted depending on the image

" forming process. For example, in case negative image is

 written in the_fitst exposing part and positive image is

written in the second exposing part, such second charger

may be omitted. Thereafter, light.irradiation is -carried

out depending'on the picture information corresponding to

' the second color by the second exposing means 2b and the

latent image depénding on'the second color is formed on

the photosensitive layer 10a. The exposing means and

'writiné ‘system may be selected freely. The: toner

corresponding‘ to‘ the second color is then supplied to

visualize the image by the second developing means 3b to

the photosensitive 1layer 1l0a having the second

elecfrostatic latent'image formed by the second exposing
means (Fig.VZ(d)). In this.cése, the color of toner may
also be different from the second color and the developing
bias can aiso be seleéted freely. 7

| The p:e?transfer corotorén 9 is used to match the

polarities of first and second toners deposited on the

photosensitive medium before transfer and it also may be

- omitted for the particular process. The first toner image

and the second toner image are transferred by the transfer

- 15 -



corotoron 4'0n the recording paper but such transfer'may
also be done u51ng the means other than the electrostatlc
transfer,. The image is then flxed on the recordlng paper
in tne'tiging part not'illustrated. - The photosensitive
medium'having peSSed'the transfer part enters the cleaning
process by the preoleentcOroto;on 5, cleaner 6 and photo-
precleanerr7 for successive use. ,

‘As the first and second exposing means; those
consisting of the light irradiation means, document
scanning means and optical system for focusing may be used
but various kinds of devices such as the optical writing
device which realizesVOPticel modnlation depending'on the
picture Vinformetion, for enample, the laser writing

device, 1liquid ctystal light' bulb consisting of uniform

light source end iiquid ~crystal micro-shutter or LED

array,'optical fiber'may be usedras desiredVCOnsidering
the'pnrposes. | | o |

In the ﬁirst'embodiment of the present:invention,
two kinds of detelopers'in different color phases are used
as the developer forrdse of the color recording apparatus
indicated in Fig. 1, but it is essential to use tne

double-element developer consisting of the toner and the

magnetlc carrier with 1ts density of 4.0 g/cm3 or less in _

the at least second developlng means of the first and

second developxng means.

- 15 ~
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Fig. 3 shows another color picture recording

'apparatus used for the'color'image recording method of the

:,,first,embodiment, in which the color picture may be formed

by formation of the 3-level latent images.  Fig. 4
indicatesrsurface'potential of photosensitive medium and
developing condition when the color picture recording

apparatus of Fig. 3 is operated. In Fig. 3, 1lla is

primary charger; 1lb is secondary charger; 12 is uniform

exposihg,deVice;, 13 is first photosensitive layer; 14 is
second phdtosensitive layer; 15 is base material; and 16
is iaser source. Other reference numerals indicate the
same eleménts'as those in Fig. 1.

The operétion of the apparatus of Fig. 3 is as

_follows:

First, while the surface of photosensitive drum 10

is uniformly exposed with the uniform exposing device 12,

it- is subjected to the primary charginé with the p;imary

charger 1lla and is then subjected to the secondary

charging in the reversed polarity from the primary

- charging with  £he secondary charger 1l1lb (Fig. 4(a)).
Next, the surface‘is then exposed by the laser beam in the

"intensity of tvor levels obtained by modulation of the

laser béam:from the laser source 16 in order to form the
latent image of three levels,(Fié. 4(b)). Next, while the

developing bias is applied, the toner corresponding to the

first'éolor is supplied by the first developing means 3a

-17 -
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for visualizing the image (Fig. 4(c)). Moreover, the
developing bias is selected and the toner corresponding to

the second color is then supplied by the second developlng

means 3b for v1suallzlng the 1mage (Flg. 4(d)). The"

v1suallzed “toner ‘image is then tranefe:red to the

recording paper and is “then fixed thereon ‘as explained
earlier,regarding Fig. 1.

', Experiment 1

The double-element deﬁeloper to be used in the
first embodlment of the present invention is manufactured
as explalned below.r.

Carrier: |

The fOllOWlng carriers were obtained by mixing the
copolymer of stylene n= butylmethacrylate (density: 1.1
g/cm3) and_cublc type magnetite (den51ty:i 4.8 g/cm3) in
the réteriindicatedfebelow, then kneading melted raw

materials and finally milling such matetials.

B : Re51n/magnet1c ' Average grain
Carrier -No. powder Density size

R ’ o (weight part) (g/cm3) {um)

1 20/80 2.9 30

2 35/65 2.2 30

3 50/50 1.8 30

4 65/35 1.5 30
Tonere =

‘The toner with its average grain size of 9.8 um

was obtained by kneading melted resin with 92 weight part

a 18 -
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obtained through graft polymer of low molecule polyolefin

to thef stylenebutylmethacrjlate copolymer and the red
'color'pigment (for example, resolScarlet,Vmanufactured by
' BASF AG) w1th 8 weight part and then milling such kneaded
'materlal.

- Double—element developer.

The developer was obtalned by mixing the above-

indiceted carrier with 90 weight part and the above-

indicated toner with 10 weight part.
‘The testings were conducted using the color

picture recording apparatus indicated in Fig. 3. Here,

- the Se system photosensitive medium was used and the

charging _voltege of the first and second chargings was
1100V.;7For the exposure, the He-Ne laser (pulse width was
modulated by a single laser) was used and the
electrostatlc latent image of 3-level was formed 1n the
voltages of 1100V,for'the non-exposed region, 700V for the

intermediately exposed reQion and 200V for full exposed

region. = Then, while the developing bias of 800V was
1applied, the black tener image was formed by the double-
- element megnetic brush method with the £first developing

 means. Next, whlle the developlng bias of 600V was

applied, the red toner 1mage was formed by said double—

“element magnetic brush method with the second developing

means.

=19 -



'For comparison, the testings were also conducted

using follow1ng carriers of double-element developer to be

used for the second developlng means.

Average grain

Garrier No. ~ Density size
o , (g/cm3) (um)
5 ' Iron system p=7.8 60
: carrier . '
6 a Ferriter' 4.5 60
7 Ferrite | 4.5 15
' : B (5~50 um)

Relatlonshlp between the carrier density and image
disturbance and;carry over phenomenon in these tests was

indicated in Fig. 5;. In Fig. 5, the circle O means no

image disturbance or no carry over phenomenon, while cross

x means generation of" image disturbance and carry over

phenomenon.

;fﬁxoerimentré 7
Theo>teetihge were conducted under the same
conditioosras5the test sample No. 4 used in the Experiment
1, Vwith ﬁsihg the oolorr—picture, recording apparetus of

Fig. '1. - The first 'exposure, was the regular eXposure

(exposure of the no'picture part) and the second exposure'

was the lnversed exposure (exposure of plcture part) The
surface voltage of photosen51t1ve medium by the first
charglngr was 900V and voltage of exposure 'part by the
firSt_erposhre,waS'ZOOV, The first developing was carried

out using the,black-toner with the developing bias voltage

- 20 -
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of 300v. 'Moreover, the surface voltage of photosensitive

-medium by: the second xéharging was 900V and voltage of

exposure part by'the second exposure was 200V. The second
developing was Carfied out using the red toner with the
déveloping bias of voltage of 800V. The result of testing
was the same':as that of test sample No. 4 of the
Ekperiment,l.

According tO'the,colo: picture recording method of
the first embodiment of the presént invention for the

repeatéd development with'the magnetic brush method using

Vthé double—elemént, developer, the toner image in the

'precedihgr'stage,,in' the repeated developing is not

disturbed and the carry'ovériphenomendn is not generated.
Therefore, highrquaiity color picture without disturbance
can be obtained by the present invention,

The second embodiment of the present invention
Qill be described hereinafter with reference to Figé. 6 to

7. The second embodiment is a composite image recording

‘method, to which the present invention is applied. The

imége recording methdd of the second embodiment comprises
a latent image forming process to form elect;ostatic
latent image on a latent image carrier by a latent image
forming meané, a developing proéess to visualize the
formed electrostatic latent image with different toners
fbr,single color and a:tranéfer process for transferring

visualized toner image to a transfer material after

- 21 -



repeating several times at least the developing process
among the latent 1mage forming process and the developing
process, whereln a kind of double -element developer formed
from mixing the toner and the magnetic carrier With its

den51ty of 4.0 g/cm3 or less is used in the developing

process of at least the second and the succeeding trials

amongrthe plural times of,the developing processes.

- Fig. 6 is ‘an -example of a picture recording
apparatus to be used for the image recording method of the
second 'embodiment of the present invention. Fig. 7
indicates'the'surface electric voltage of photosensitive
mediumrand'deveiopinolcondition when the picture recording
appata-tus of Fig. 6 1s operated. In Fig. 6, 101 is a
photosensitive drum; 102 is'a charging corotoron, 103 is
and LED array, 104eisran exposing means, 105 is a first
developiug means; 106 isra second developing means; 107 is
a transfer corototon, 108 is a recording paper, 109 is a
fixing ueans,'ilo is preclean cototoron, 111 is a cleaner

and 112 is an original document.

The operationr of the apparatus of Fig. 6 is as -

foliows,r

‘The surface of photosensitive drum 101 is

unifofmly charged~ by the charging corotoron 102 (Fig.

7(a)).fiThen,rlight irradiation is carried out depending
on picture information by the LED array»lOB and thereby a

first electrostatic 1latent image is formed on the

)
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photosensitiverrmedium;, ' Next, while an adéquate bias
voltage ié' applied, the first tonerr image is formed by
déveloping with the £first developing means 105 (Fig.
7(b)). ';'In-'succession, ﬁhe eléctroétatic latent image
corresponding to the picture of 6riginal document 112 is
formed by the positive image developing with the exposing
means 104 consisting of the 1light irradiation means,

document scanning means and optical focusing system.

‘Moreover, while- the developing bias voltage is set to the .

adequate valué, developing is conducted by the second
developing means 106 to form the second toner image (Fig.
7(¢c)). - The toner image is thus formed by the. repeated
developing. on the surfacek of photosensitive drum 101.
This toner image is transferred to a recording paper 108
by £hé transfer corotoron 107'5ut it may be transferred by
fhe means other than the electrostatic transfer means.
The imagé on the recording paper is then fixed. by the
fixing_meéns 109. The photosensitive drum 101 enters the
cleanihg process by the ?reclean corotoron 110 and the
cleaner 111 for repeated use.

In Fig. 6, the LED array is used as the first
exposing means, while the means consisting of the 1light
irtadiationzrﬁeans, ~document scanning means and optical
focusing system as the secopd exposing means. These first
and second exposingrmeans*méy be replacéd with other well

known means.
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‘In the second embodiment, the developer of the

singleréolor is;use&_as thé developer for use of the color

recq:ding appatatus indicated in Fig. 6. It is essential
to use ,fﬁe ‘double-element developer consisting of the
tonef ahd thermagnétic cafrief with its density of 4.0
g/cm3 or less in £he at;least second developing meéns of
the first and second dEVelpping means.

'  EXPERIMENT

The testings wete conducted utilizing the picture

recording éppa:atus>indicéted in Fig. 6. In the testings,

the'same double-element dévelopers as used in the testings

achieved to the first embodimentrof the present invention
wererusédi, in other words; fhe'double~element developers
used in the 'following -testings were the developers
manufaéturédrés,described-already in the firsfrembodiment
whichrcoﬁtain thé car;iers Nos. 1 through 4, and,Nos. 5
throuéh 7 for compérison. ,

As the Vphbtosensitive medium, én organic
semicoﬁductor syétem material was  used. The chafging
voltage was 900V. As the fifsp exposure, LED_afray was
used énd;the'latent image was formed to the non-exposing
regioh,with'BDOV and'tO'fhe exposing region with 200V,
Next, while the developing bias voltage qu 800V was
applied, the black toner image was formed by the double-
element mégnetic brﬁsh method with the first,developing

meahs;'iNext, therelecﬁxostatic latent image corresponding

T
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to the picture of original document was newly formed by
the second image exposing using the exposing means

consisting  of the 1light irradiation means, document

‘scanning means and optical focusing system. - ‘This

: electrostatic'letent image developed by the double-element

magnetic brush method with the second developing means and
the?eby the black toner image was formed. 1In this case,
the deveioping bias voltage wae set to 300V.

' Relatienship between the carrier density and image
disturbance and carry over phenomehon in the testing was
thereame as shown in Fig.iS.

According te the picture recording method of the
secoﬂd embodiment,of the present invention which conducts
repeated developing by the magnetic brush method using
said double-element -developer, pictures can be combined to
the positive eriginal ‘document and moreover reproduci-
bility of low concentration picture is good. The picture

formed by the first deVeloping' is not disturbed by the

-second developing and the carry over phenomenonfis also

not generated. Therefore, high quality picture without

"diStutbance':ofr image can be obtained by the present

invention.

The third embodiment of the present invention will
berdescribed with referenee to Figs. 8 to 1l4. The third
embodiment is eelor imaée-:ecerdiné method, to which the

presnet invention is applied.
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A color picture recording method of the third ,

embodiment comprises a latent image forming process to

form electrostatic'latent image on a latent image carrier

by a latent image forming'means, a developing process to
visualiaer the-rformed, eiectrostatic latent‘ image"with
different'ttoners for two or more colors and a transfer
processrfor transferring Qisuaiized color toner image to a
transfer material after repeating several times at least
the developing process among the 1latent image forming
process and the developing process, wherein double-element

developer formed from m1x1ng the toner and the magnetic

carrier with 1ts‘dens1ty of 4,0 g/cm3 or less is used in

therdeveloping'processes of at- least the second and the
following¥triais.amohg'the plural times of the deveioping
processes and waerein the developer filling rate in the
developing'nip'is ranged_from 10 to 50s%. The magnetic
carrier used in the. third embodiment is formed by
dispersingr the magnetic powder into the resin as the
binder and the density thereof should be 4.0 g/cm3 or
1ess.: The -density can be easily controlled by adjusting

the amount of magnetic powder contained.

e,The grain size ' of such 1ow denSity carrier

particle used in the third embodiment can be determined

freely but the de51rable average grain size is ranged from

30 ,to 50 um, from the: result of experiment, and.

particularly thefoptimum average grain size is about 40 um

§
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- when ,increese"of developing efficiency by reduction of

grain size of carrier and adhesion of carrier to the
latent image part by the frioge field are considered.

. The magnetic brush developing device used in the

- developing device of the third embodiment of the present

invention comprises a developing roll consisting of a

magnet roll having a:plurality of magnetic poles and non-
magnetic cylindricallsleeve'provided at the circumference
thereof and forms a magnetic brush by depositing the
double-element developer on the developing sleeve of such
developihg. roll and adjusring the magnetic brush or

tipping part 1ength with a freely selected magnetic brush

'limiting_member and thereby realizes development through

adhesion of toner to the latent image by rubbing the
photosensitive medium surface provided opposed to the
magnetiC—brush while moving the megnetio brush through the

relative movement of magnet'roll and sleeve. The magnetic

:roli is fixed and the‘eleeve is rotated. It is preferable

‘that the f£illing rate of developer in developing nip

should be ranged from 10 to _SO%V'in the second and
successive developing processes. In this case, the
developing oapability becomes further sufficient and

sufficient developing can be realized. Furthermore, the

“damage on the toner 1mage by the first developlng ‘becomes

small and thereby the thlckenlng rate of line and mixing

rate,of toner also become lower.
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- Here, the "filliﬁg'rate" means arfiliing degfee of
carrier of the double-element developer in the developing

nip and lt 1s expressed by the follow1ng equatlon.

erxd 1
thXd p :

Dev
v

- -

v "VPRI_F 1 lv -V

PR
- In above equation,
D: filling,rate (%)
1}', efﬁective'developing roll length (cm) -
rdt jdeveloping nip width (cm) |
h distance between photosensitive medium and
developing roll (cm)
F: ‘amount of developer tramsferred on the
developing roll (g/cm2)
;'p§-rr ttge density of,carrier (g/cm3)
Vpr: moving velooity of ,photoseﬁeitive medium
(Cm/sec) | |
' Vpev: moving velocity of developer (cm/sec).
rIn'the}thitd embodiment, the desired toner filling
rate' can be obtainedi_oy adequately selecting the above
parameters. , '
rr'Fig. S'is an e&ample of a color pictore,reoording
apparetus"used' for enforcino' ‘the color “image recording

method of the thlrd embodlment to form color picture

through formatlon of 2 level latent 1mages. In Fig. 8,

201 is a cha:ger, 202a is a flrst;exp051ng means, 203a is

a first developing means, 202b is a second exposing means,
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ZO;b is a seéond ,developing ﬁeans,' 204 is a transfer
corotoron, 205 is a preclean cofotoron, 206 is a cleaner,
207 is an optical.pfeclean, 208 is a recording paper, 209
is a éfé—transferi corotoron, 210a isr a photosensitive
layer. ; | '

7 The_operafion'of the épparatus of Fig. 8 is as
follows: |

~ The photosensitive drum 210 rétates in the

ditection of arrow mark. 7First,*the photosensitive layer
210a at the surface of photosensitive drum 210 is
unifdrmly charged by the charger éOl.

© Next, 1ight irradiation is conducted by the first
exposing means*ZOZé depending on the picture information
cortesppﬁding, to the first coldr ‘and thereby the
electrostatic latenﬁ' image - corresponding to the first
colo: is formed onrthe photosensitive medium. Any type of
eprsingj'means may be selected. = Next, the - first

electrostatic latent image is visualized with the first

'3'dEVeloping;means by supplying the toner of the first color

to the photosensitive layer 210a having the first
electtostaticrlatent image formed by the first exposing
means. - As the first developihg means, any type of

developing means may be used. In this case, the

 developing bias is selected in accordance with the. regular

devéloping or inverse developing to be conducted.
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In succession, light irradiation is conducted

depending on the picture information corresponding to the

second color with the second exposing means 202b and the

electrostatic"latent ‘image corresponding to the second

color is formed on fhe'photosensitive layer 210a. The

exposing ﬁeans‘andlwfiting system may be selected freely.
Theféafte;, the tonef cbrresponding to the second color is
then'rsupplied ‘to ‘visualize the image ‘by the second
developiﬁg means '203b to the photosensitive layer 210a
havihgfthe second eléctrostétic latent image formed by the
second exposing means. In this case, the deveioping bias
can alsé bé'éelected free1y.

B The,'pre—ttans;ferr corotoron 209 is used to match

the polarities 6f first and second toners deposited on the 7

photbéehsitive,medium before transfer and it also may be

omitted for Eheiparticular-process. The first toner image

and,the'second toner imagé'arertransferred by the transfer

corotoron 204 on the recording paper but such transfer may

also be done using the means other than the electrostatic;

transfer. The image is then fixed on the recording paper
in the'fixihg part not illustrated. The photosensitive

medium having passed the transfer part enters the cleaning

proceés ‘by 'the preélean' corotoron 205,' cleaner 206 and -

photo-precleaner 207 for successive use. -

As the first and 'gecond exposing méans, those

consisting of the 1light irradiation means,. document

L]
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' scanning means and optical system for focusing may be used

but various kinds of devices such as the optical writing

device wﬁich realizes optical modulation depending on the

picture, ihformation, for example, the laser writing

device, liquid crystal 1light Qalve‘consisting of uniform
light source and 1liquid crystal micro-shutter or LED
array, optical fiber may be usedras desired considering
rthe,puiposes,

In some cases, it is also possible to provide the
secbnd charging means beforerthe second'exposing means.

Experiment

'Ah example of the double-element developer to be

used in the third embodiment is manufactured as follows.

Carfier:
The carrier with its density of 2.9 (g/cm3) and
its average g:ain size of 40'um was obtained by mixing the

copolymer of stylene-n-butylmethacrylate (density: 1.1

,g/cm3) and cubic type magnetite (density: 4.8 g/em3) in

the rate (weight ratio) of 20/80, then kneading melted raw
materials_and finally milling such materials.
Toner: _r' .

The toner with average grain size of 9.8 um was

obtained by kneading melted resin with 92 weight part

obtained through graft polymer of low molecule polyolefin
to the stylenebutylmethaérylate copolymer and the red

color pigment (for example, resolscarlet, manufactured by
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BASFVAG),with'a ﬁeighﬁ part and then millingrsuoh kneaded
materials. | 7
Double-element developer:

~The developer was obtained by mixing said carrier
with790,weight part and the toner with 10 weight part.

The;testings'irto 3 conducted with using the color

picture'reCOrding appa:atue shown in Fig. 8 are explained

below.
7  Testing 1

As tﬁe photosensitive drum, the drum made of the
organlc photoconductlve materxal with outer diameter of 84
mm was used. The drum was charged unlformly to ~1000V by
theo,cherget' (Fig. 9(a)). Next, - the 1nverserrexp051ng
(exposing of:picture'oarﬁ) Qae carried out using the He-Ne
laser torformothe electrostatio'latent image having the
surface voltages of f300V7fOI the expoeed,part and -1000V
for Vthe non*exPosed oart, and 'deveioping was conducted
using the red color toner by the flrst developing means
unde; the developlng blas of -800V '(Flg. 9(b)).

Thereafter, the,regular exp051ng,(exposing of non-picture

part). was carrled out by the exposing lamp to form the

electrostatlc latent 1mage hav1ng the surface voltage of
—1000V for non-expo51ng part and -200V for exposing part,
and such latent iﬁage was developed using the black color

toner by the "second developing means'unde: the developing

o 12 -
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bias of -400V (Fig. 9(c)). 1In this case, other operating
conditions were as follows. -
The moving speed of photosensitive drum is set to

140 mm/sec.” . The developing roll used in the £irst

f;developing means had the stainless steel sleeve with outer

diameter of 40 mm and 8-pole symmetrical magnetizing roll

with outer diameter of 20 mm. The developing roll used in
the second developing means was composed of the stainless
steel sleeve with outer diameter of 40 mm and the 8-pole
magnetizing roll with outer:diamefer of 20 mm and formed
repulsion field in the developing nip region.

As the developer, the dbuble,.element developer

consisting of the red toner and ferrite carrier particle

with its density of 5.0 g/cm3-and its grain size of 100 um
was used for the first devéloping means. The double-
eiement developers consisting of the black toner and the
following'four kinds of carrier particles ﬁith their grain

sizes of 40 um were,'respéctively used for the second

“developing méans; (i) carrier particle with its density

of 2.2 g/cm3 obtained by dispersing magnetic powder into
the resin as the binder, (ii) carrier particle with its

density of 3.8 'g/cm3 obtained by dispersing magnetic

- powder into thé,resin as the binder, (iii) ferrite carrier
>particle with its density of 5.0 g/cm3 and (iv) Fe carrier

particle with its density of 7.2 g/cm3.
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Moreovef,, the moVing speed (Fpev) I[em] of

develbpet used inr the second developing means, distance

(h)[em]  between the-photosensitive medium and developing

roll énd”émount of transfer of developer on the developing

roll (F) [g/cm?] were as indicated in Table 1. 1In this

case, the_fillihg rate (D) [%] of the toner was also as

indicated in Table 1.
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Tabte L

gy - Lu) (th) (N

() 0=2.2(g /ci) | (B) 0=3.8 OV p=50 (=) p=1.2
. F| hlvbe D| F h Vo DI F[{h]voey D] F] hlvoel D

0.03]10.09] 70| 8.0/0.05]0.09] 210] 7.3[0.07[0.09] 210 7.8/0.08]0.09| 210] 6.2

1

0.05 0,09 210 12,6 0.05] 0.08 | 260 14.6: 0:13|0.12| 210]10.8]0.08] 0.09| 280(12.3

0.0310.09) 280]15.0/0.100.10{-280]26.3] 0.07]0.09| 260]15.6]0.15 0. 10 280 | 20.8

0.05/0.09] 280125.3]0.11{0.09] 280[32.2[0.13]0.12| 200] 21.7(0.15 0.09] 2801 23.7
0.08]0.10] 280)36.4/0.10]0.10| 420]52.6(0.13]0.10] 2060 26.0 , :

(VPR=140 mm/sec)

0.0510.09] 420)50.5)0:11/0.09] 420]64.3]0.07]0.09| 420]31.2
0.08/0.10 420 72.8/ N ,

- 35

0.0310.09{ 80| 8.0/0.05 ,c.cw 240] 7.210.07]|0.09( 240( 7.8(0.08]0.09] 240 6.2

0.0910.09( 240112.610.05}0.09| 320] 14:6]0.13]0.12 240/ 10.8]0.08] 0. 09 3204 12.3

0.03]0.09| 320(15.0]0.10]0.10( 320[26.4|0.07 0.09[ 3204 15.6]0.15|0.10| 320( 20.8

2

0.05/0.09{ 320/26.0]|0.11]0.09] 320f32.2(0.13]0.12| 320 21.7(0.15 0.09} 320} 23.1

0.08[0.10| 320{36.4]0.10{0.-10| 480 52.610.13]0.10| 320( 26.0

R

0.05/0.09| 48052.0)|0.11]0.09| 480]64.3{-0.07]0.09] 400] 3t.2] -

(VPR=160 mnsec)
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7Hefe,ramountrof transfef of developer used in fhe
second de&eloping means was changed by adjustment of
trimﬁer gap. 17 -

fFig. 10 and. Fig. 11 indicaté the results of
testings' ¢onductéd with: the filling rate of déveloper
within the developlng nip in the second developing means.
In these flgures, the thickening rate of line and mixing
rate of toner are evaluated 'in accordance with the
followingreqﬁatiohs. |

1 Thickening rate (blur rate of line) (%)

{(line width of toner (line width of toner

image of. first develop- - image of first develop-

ing after passing second ing before passing

developing nip) ) second developing nip)}

= (line width of toner image of first develop1ng x 100
before passxng second developing nxp)
2 Mixing rate of toner (weight$)

. B {weight of toner of first

{(weight of toner of - developing after passing

f1rst developing) : _second developing nip)}

= (we;ght of toner of first developing) * 100

Testing 2
':The"ytocessings were the same as those in the
Testlng 1, exéept that 'the double-element developer
con51st1ng of the red color toner and carrier particle
with Lts-den51ty of 2.2 g/cm3 and its grain size of 40 um
obtained byi disperéihg Vmagnetic powder into the binder

resin was used as the developer in the first developing

means. The result obtained was similar to that of Testing

1.
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Testing 3
A Se systemrdrum'with outer diameter of 84 mm was
used a photosensitive drumrénd it is uniformly chafged to
1000V with a 'cﬁafger (Fig. 712(a)).7 Next, the regular

exposing (exposing of the nbn—picture part) was conducted

with an exposing lamp to form an electrostatic latent

'image having the éurface voltages of 300V for exposing
part.and lOOOV.forrnon-eprsing part. This latent image
was'-then de&eloped using the - red color toner with the
first develbping'méans under the developing bias of 400V
(Fig. 12(b)). ,While, the polarity ofrtoner was kept to
negative with the second charging means, the drum was
chafged uniformly by the voltége 900V (Fig. 12(c)). The

drum was then exposed revefselyr(exposing of picture part)

: by"LED to form electrostatic latent image having the
 surface voltages of 900V for'non-exposing part and 200V

, for éxposing part; Such latent image was developed using

black color tonefrwith the second developing means under
the developing'bias of 700V (Fig. 12(d)). In this§ case,
other'processing conditions were as follows.

The movingrspeéd of photosensitive drum was set to

160 mm/sec. The developing roll consisting of the

stainlesé'steel sleeve with outer diameter of 40 mm and
the 8?pole . symmetrical magnetizing roll with outer
diameter of 25 mm was used in the first developing means.

The roll consisting of the stainless steel sleeve with
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outer. diaﬁeter of 40 mm and_the 8—pole:magnet12ing roll
withrrquéer: diametef'_of 20 mm and forming repulsion
magnetic fiéld in the_develbping niprregion was used in
the secoﬁd,deQeloping'means{r7 |

o On the "other hand, the doﬁble-elementr developer
conéisting of the black colof toner and the ferrite system
carrier'particle:ﬁith its densiﬁy of 5.0 g/cm3 and its
grain sizé of 100 um wasl used in the first developing
means, while the double-eléméni developer consisting of
the red color toner and the same carrier patticle as that
used'iﬁ the Testing'l'was used in the second develéping

means.

The moving speed (Fnev) [cm] of developer used inr

the sééond,developing'means,'distance (h) [cm] between the
phoﬁoéensitive xhediunl and 'dévelopihg roll and amount of
transfer of'developér on thé developing roll (F) [g/cm2]
were as indicated  in Table 1. 1In this case, the filling
rate_(D),f%i'of the toner was alsé as indicated in Table
. Bmount of developer transferred in the second

developingfmeéns wasfcﬁénged by adjusting trimmer gap.
| Fig. jl3 and Fig; 14 indicate the results of

testings,rconduCtédr with changing the filling rate of

developgrr-within the debeioping nip in the second

developing'meéns; In these figures, the thickening rate

137
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of line and"mixingl'rater of Vtoner are evaluated in
accofdanqe Qith the already explained equations.

From »above result, it is obvious that the
developer filling rate in the developing nip in the second

déveloping‘vmeans should preferably be within the range

- from 10 'to 50%, and that the carrier in the developer

should have the density equal to or less than 4;0'g/cm3
and'should_bé formed”f;om,dispefsing'magnetic powdér,into
the binder resin. In this case, the toner image is not

damaged and mixing of toner and disturbance of toner image

. can bercohtrolled.

According to the color picture recording method of
the third'embodiment of the present invention in which the

fépeéted developing is carried out by the magnetic brush

- method wusing xhe. double-element developer, sihée the
: ,&eveloper filling rate in the developing.nip of the second
V;déVeloping means is set to the range from 10 to 50%, the

'tbner image'ih'the preceding étage is neither disturbed

~even duringﬁ the repeated developing and the carfy over

phenomenon is nor generated. - Therefore, the -present

‘invention provides high quality color picture without

~ ~ disturbance.

The fourth embodiment of the present invention

will be described with reference to Figs. 15 to 19. The

fourth embodiment is a color picture recording method, to

~which the present invention is applied.
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A color piéturer recording method of the fourth
embodiment »of',the' p:ésent invention comprises a latent
image forming p:océss/to form electrostatic latent image

onrthérlatent'image carrier with a latent image forming

means, a - developing process to visualize formed latent

image with the toners in two or more different colors and

a transfer process for transferring visualized color toner

image- after,;repeafingﬂ several times at least the

deveioping'pIOCess of'saidrlatentrimage forming process

and developing' process, wherein a déveloping roll,

consisting of 'a,'deve10ping éleeve and magnet roll and
having fhe’magneﬁizingfpattern in which the magnetic poles
of the same polarity are édjacent in'the developing nip
region and the magneticr flux' density of main pole for

devéloping of SODVGauss or more, is used at least in the

developing pfocesses at the second and  the following

trialsr amdng plurélr times of developing processes, and
deveioping is cénducted'by depositing the dbuble—element
deveioper' cdnéistin§ of the toner and magnetic carrier
with its dEnsity of 4.0 g/cm3 or less on said developing
sleeve. | . _ | | |

ViThe graih ,Siée of ~such low denéity carrier
parﬁicie used in the present invention can be determined
freély bu;*ﬁhe,désirableravérage graih size ié faﬁged from

30 tdl”SO,rum} from the 'resulf of experiment, and

R
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particularly the optimﬁm'averége grain Size is about 40
. ' o

The mégnetic brush developing device used in the
developing pfocess in the fourth embodiment of the present
ihvéntion:provides the developing roll éonsisting of the
magnetic ‘roll having a pltrality-'of ,magnétic pbles and
nonfﬁagnetic cylindrical sleeve provided to the
circumference thereof. | The developing roll at least in
the second or successive developing processes - should
preferably ,havér the magﬁétizing péttern in which the
méénétiq poles of the same polarity are adjacent in the

deVeloping nip and has the magnetic flux density of main

"~ pole for developing of 500 Gauss or more. Moreover, it is

also desitable for the developing roll to have the level
difference of 200 Gauss or more between the maximum and

minimum levels in the distribution of magnetic flux of the

'méin:pole for developing and it is particularly desirable
to have the level difference of 350 to 500 Gauss. An
example:thereof is indicated in Fig. 17. In this Fig. 17,

“the developihg roll 311 is cdmpoéed of a developing sleeve

312 made of'non-magnetic,material and a magnet roll 313

and;has non-symmetricél 7-pole magnetizing pattern and it

- is provided opposed to the photosensitive drum 310. The

main poles for developing are consisting of N2 and N3
which are adjacent to each other and form the repulsion

magneticrfiéld as indiqatéd in Fig. 18 in the developing
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nip régién.  314,is thermaghetic brush or tipping part

limitingrmembér;

The mégneticr brush is formed by depositing the
double-elementVGEVeloper.6n the developingisleeve of such
develqpihg roll:'and- adjusﬁing' the magnetic brush or
tippingxpart 1eng£hrwith,é-freely selecﬁed'magnetic brush
limiting memberr and thé developing is rrealized Ehrough
adhesién,rofr toner' to the 1aten£ image by rubbing the
photosensitive meaiumV surface provided opposed to the
maghetic brusﬁ while mdving the magnetic brush through the
relatiVe movement of magnet roll and sieeve. - In this
case,  the magnet roll is fixed and the sleeve is rotatéd,
andrit is'desirable that Ehe moving speed of surface is
set .equal to that of the,photésensitive,medium, namely of

the latent image carrier surface.

Fig. 15 is an example of a color picture recording

apparatus used fof-:enfofcment of the image recording

method of the  fou:th embodiment, in which the color

picturef is :fo:med by'_formation of latent image of two
levels;rz Fig. 16 indicates the diagrams for explaining
surfaéer Volﬁage 'of' photosensitive medium and developing
conditioﬁ-in,césé the color-piéture :ecordihg apparatusrbf
Fig. 15 is'operatéd.r In Fig. 15, 301 is a charger, 302'is
a firsﬁfexpoéing'mééns, 303a is a,first developing means,
302b  ié, a ’second' gxposing means, 303b is a second

develéping means, 304 is a transfer corotoron, 305 is a

- 42 =
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pfeclean cdrotoron( 306 is arcleaner, 307 is an optical
:pfeclean, 308 is a recording paper, 309 is a pre-transfer
corotoron, 310# isva'phptosensitiVe layer.
g The operation of therapparatus of Fig. 15 is as
foliowsi:" | ,
. The photosensitive drum 310 rotates in the
direction of arrow mark. First, the photosensitive layer
310a at the surface of photosensitive drum 310 is
unifdrmly charged by»ﬁhe charger 301. (Fig. 16(a))

~ Next, light irradiation is conducted by the first

- exposing means 302a depending on the picture information

corresponding to .the first color and thereby the

electrostatic latent image corresponding to the. first

‘color is formed on the photosensitive medium. Any type of

exposing means may be selected. Next, the first
eiectrostatic latent image is visualized with the first
developing means by supplying the toner of the first color

to . the photosensitive layer 310a having the  first

' electrostatic latent image formed by the first exposing

means. (Fig. 16(b)) As the first devéloping means, any'

type of developing means may be used. In this case, the

'develqning bias is selected in accordance with the regular

developing or inverse developing to be conducted.
In succession, 1light irradiation is conducted
depending on the picture'information corresponding. to the

second color with the second exposing means 302b and the

- 43 -~



electrostatic iatent'fimage corresponding to the second
colorfiS'formed-on the photosensitive,layef,310a. The
exposing means and wfiting system may be selected freely.
Theréafter; théitoﬁer'cqrresponding to the second color is
then rsﬁpplied to visualize the image by the second
developing means 303b to the photosensitive layer 310a
having the éecond*gleétrostatic latent image forﬁed by the
secoﬁd exposing means. (Fig. 16(c)) In this case, the
developing bia$ cén also be selected freely.
Therpre—transférrcorotorOn 309 is used to match
the polérities of first and second toners deposited on the
photééénsitive'medium before E:ansfer and it also may be
omitﬁed:fof the pafticular process. The first toner imagg
andrthe secdnd toher'image'ére transferred by the transfer
corotofén 304 onfthe'reCOfding paperrbut such t:ansfef may
alsd be AQné dsingrthé meahs othei thaﬁ the electrostatic
transfer. The image is theh fixed on the recording paper

in the fixing part not illustrated. The photosensitive

medium having passed the transfer part enters the cleaning 7

process"by the précleéh corotoron 305, cleaner 306 and
photo-pfecleaher 307 for successive use.

As the ‘first and second exposing means, those

conSistinQ' of:'thé "light - irradiation means, document

scanning means and optical system for focusing may be used

but Various kinds of devices such as the optical writing

device which realizes optical modulation depending on the

- 44 -
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pictdre information, for Vekémple, the laser writing
device, liquid crystal light bulb consisting of uniform

light source and liquid crystal micro-shutter or LED

1array,'bptical,fiber may be used as desired:considering

" the purposes.

- In some cases, it is also possible to provide the

second charging means before the second exposing means.

Experiment 4
An example of the double-element developer to be

used in the fourth embodiment is manufactured as follows.

- Carrier:

The carrier with its density of 2.9 (g/cm3) and

its average'grain size of 40 um was obtained by mixing'the

copolYmer of stylene-n-butylmethacrylate (density: 1.1

g/cm3) and cubic type magnetite (density: 4.8 g/cm3) in

‘the rate (weight ratio) of 20/80, then kneading melted raw

materials and finally milling such materials.
Toner:

The toner with average grain size of 9.8 um was

obtained by kneading melted resin with 92 weight part

6btained thiough-graft polymer of low molecule polyolefin

‘to the stylenebutylmethaérylate copolymer and the red

color pigment - (for example, resolscarlet, manufactured by

BASF AG)rwith 8 weight part and then milling such kneaded

‘materials.
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Double-elehent,deVeloper;,
- The developer was obtained by mixing the carrier
with'90'weight part and the toner with 10 weight part.

'-Ehe teStings conducted w1th u51ng the color

plcture recordlng apparatus shown in Figqg. 15 are explained

below. .

As the photosen51t1ve drum, the Se system drum was
used and 1t was’ then charged uniformly to 1100V by the
charger.r Next, the ;nverse exp051ng (exposing of picture
part)twae carried out ueing the He-Ne laser to form the

electrostatic latent image having the surface volteges of

200V for the'exposed part and 800V for the non-exposed

part and developing was conducted using- the red color

tonecrby the firsttdevelOping means under the developing
biae onESOV."Thereaftef, therregular exposing (exposing
of nonépicture oert) Was carried out by.the exposing lamp
to form'tue electrosteticrlatent image having the surface
voltage of 750V  for non-exposing part and 100V for
exposing part, and such latent image was developed using
the black coloritoner by'the'second developing means under
the developing biasrrof; 250V.  In this case, other

operating conditions are as follow.

The surface line mov1ng speed of photosensitive -

drum was set to 50 mm/sec. The carrier of the double-

element developer used by the flrst and second developlng'

means was obtalned-by dispersing the magnetic powder 1nto

- 46_
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the binder ,resih, and has the density of 3.0 g/cm3 and

'iavetage grain size of 40 um.

- The developing roll in the first developing means

- was the 6-pole symmetrical magnetization roll and the

magnetic flux density 6f main pole magnet was 800'i 50
Gauss.' Meanwhiie, the déveloping roll in the second
develqping means 'wés the non-symmetrical 7-pole
magnétizing roll rindicated in Fig. 17 and its surface

moving line speed was 50 mm/sec. The surface magnetic

- flux dénsity of main pole magnet of the developing roll of
- the second—developing'means, N2, N3 = 1200 + 50 Gauss and

"ilevel,difference between the maximum and minimum levels

formed by N2 and N3 weréVSOOVGauss. The magnetic flux
density of~6ther poles is 800 + 500 Gauss. (Test 1) .

' 'For'comparison; the testing was conducted -in the
same way as explained above, except for that the iron

system carrier with density of 7.8 g/cm3 and average grain

size of 60 ﬂm as the carrier of double-density developer

used in the second developing means. (Test 2)

Moreover, the'testing was conducted in the same

way as explained above, except that the iron system

carrier with density of 7.8 g/cm3 and average grain size

of 60 umfwas used as the double-element developer carrier,

' the 6-pole symmetrical magnetization developing roll (the

surface magnetic'fth'density of main pole magnet N2 = 800

+ 50 Gauss) indicated in Fig. 19 was used as the
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developing roll in the second ,developing means and the
surface moving line speed of developing roll was set to
150 mm/sec. (In this,case, the developing roll speed was

increased so that the similar developing concentration to

that of the repulsion magnetic field can be obtained. x3)

(Test 3)
o Iﬁ adaition, the testing was conducted in the same
way as the'Test 1, excebt that the surface magnetic flux
density'ofrmain pole}mééhEt of the developing roll in the
second develbping-meané, N2, N3, were 300 i 50 Gauss and
the level  d;ffe:eng§ Vbetween' the maximum and minimum
levels formed By N2 and N3 was 100 Gauss. (Test 4)
TherrESults-éfrﬁhese tests are indicated in the
followihg table. In this table, the circle O means NO(not
exist),:théfc:dss x means YES(exist) and the triangle JAN
means 'prSibilify' to 'praétical use but not preventing
picture'quality_from beiné detriorated. |

Deterioration of

picture of 1lst develobing Deterioration
' o - Deterioration - of picture 7

- Disturbance - of picture concentration of

Test No. of picture  concentration 2nd developing
O O 0]
2 e A (0]
3 A x Ko
4 o o A

As is obvious from the result indicated in above

table, deterioratidn of de§eloping capability may be
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pfevented and the operation of scratching the toner image
alreédy formedvmay also be. reduced by using the developing
roll, in the second developing process, which has the
repulsion magnetic poles in therdeveloping nip region. 1In
this case, it is prefefred thaé the'ﬁagnetic flux density
of repulsion poles in the developing nip should be 500

Gédss or more'and,sufficient.developingrcapability can be

‘attained in case the level difference between the maximum

and minimum levels in the magnetic flux distribution in

the developing nip is 200 Gauss or more. It can also be

' unde:stood'that'deteribfation of toner image by the first

 developing may - be remarkably reduced by wusing, in

combination with tﬁe_developing roll, the double-element

developér'containing»thé.magnétic carrier with its density

" of 4.0 g/cm3 or less.

According to the color picture recording method of

the fourth embodiment of the present invention in which

" _the repeated developing is conducted by the magnetic brush

method utilizing said developing roll and double-element
developer, thé—ﬁoner imageriﬁ the preceding stage is not
distufbéd,even;in the repeated developing and carry over
,phenoménon— ié',not  §enerated. ~ Accordingly, the color
picture'in highfquality without any disturbance of picture
may be obtained by the pfesent invention.

o Thérrimage Vrecording method of the present

invention described -with the first through the fourth
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embodimenﬁs can be applied to the fifth embodiment shown

in Figs. 20 to 23.

Thévfifth'émbodimént of the present invention is
color recording method 'charactefized in that the first
charging prééess isrconducted to a photoseﬁsitive medium,
a first'giectroétatic 1a£ent image is foimed by exposing
the phdﬁosensitiVe'medium, a first toner image is formed
by ,deyéioping 'the "electrostatic latent image, a. second
eleétrostatic'latent'imagerisrformed by exposing the toner
image oh'the;photosensitivé medium and this second latent
image is devéloped uSing the toner of the color different
fromj‘theﬂ color of rther firstr toner image under the
relationsﬁiﬁ oﬁrresPectivé voltages of IVp - Vel = V4 - Vel
where Va'ié non—pictﬁreVpart3voltage, Vp is first toner
image_&bltage and'VEfis developing bias vqitage of éecond
developing'device. o

In above methbd, ‘the photosensitive medium is

firstr'qharged ~and it is exposed to form the first-

electrostatic ,iatenﬁ fimége. This latent image is
develdped to,fbrm the;firét,toner image. ,Moreover,rthe
secoﬁd.eléétrdstatic latent imageris formed by the éécond
exposinggvr_ In  this case, the operating conditions of
respéctive pé:ts 65 appéfatus are pfeviouély set so that
voltage:differen¢e:betwéen the first toner image voltage

Vp and the developingr bias Ve of the second developing

device -is higher fhan the voltage difference between the-

- 5@ =

By

ah

)



@

non-picture part VOitage Va and voltage Vp of the first

_tonér image. Thereby, the electrostatic adhesive force to

the photosensitive medium of the tonner is enhanced and
the first tonner is no longer scratched out easily by the
second developing device.

Fig. 21 shows an example of the apparatus which is

- suitable to enforcement of a color recording method of the

Vfifth embodiment.

‘This apparatus arranges a preclean corotoron 402,

a cleaniﬁg device 403, a charger 404, a first developing

‘device 405, a second developing device 406, a pre-transfer

‘corotoron 414 and a transfer device'408 at the external

circumferencerOflthe.phbfosensitive medium 401.. Moreover,
the first exposing part 410 is provided between the first
charger'404raﬁd the first developing device 405, and the
second 'exéoéing,rpért 420 between the first developing

device 405 and the second developing device 406. The

~recording paper 412 is sent from the pgper feed tray 416,

passes_ between the transfer device 408 and the

photosensitive medium 401 and is exhausted through the

fixing device 413.

Therfirst'exposing part 410 and second exposing

- part 420 of this apparatus use the so-called optical

focusing system using the mirror and lens system and so-

called optical writing device such as the laser diode
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array,ciight emitting diode array, liguid crystal shutter
array'andrflucresceht'lamp display element array, etc.
An example of the color recording system of the
fifth embodlment is explalned with reference to Fig. 20.
In ,this figure,, the alphabets a to e indicate
qhangesrrcf Voltage in respective portions of

photosensitive medium in the method of the fifth

embodiment. Moreover, the recorded picture contains the

white region (W), black region (B) and red region (R) as
indicated in the'upﬁet part of figure. |

-}First,_the'photcsensitive‘medium 401 is uniformly
charged bf the first charger 404 (Fig. 20a).

7 Next,;the photoseneitive medium 401 is negatively
exposed by the first exposing part 410. Thereby, the
photosensitive ﬂedium'401 is discharged up to the'voltace
V1 in theiregion'ccrre5ponding to the black region B. The
red reglon R 1s kept at the 1n1t1ally charged voltage Vo
(Fig. 20b)

Next)"ra. developing bias V2 is set between the

electrostatic latent image voltage V1 of black region B

and the 1n1t1a11y charged voltage V0 and developing is
carrled out u51ng ‘the positively charged black color toner

with the,flrst.developlng device 405 (Flg. 20c).

Thereafter, the second electrostatic latent image -

corresponding to the red region R is formed by pcsitive

exposing at the second exposing part 420 (Fig. 20d). 1In
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- this case, the,'region othér "than the red region R is

discharged up to the rather negative side than the voltage
Vb of thé'surface of first toner image. The voltage after
the‘diséharging,is called the non-picture part voltage Vj.
it'ris then developed using the negatively charged red
toner by the'sécohd deQeloping device 406 (Fig. 20). 1In
this case, the déveloping bias voltage V¢ of the second
developing deviceris set td the intermediate voltage of
the non-picture paft voltage V; and electrostatic 1latent
ihage Vbltage V3 of the red region R. thereby, the
doubie—color toner images are formed on the photosensitive
mediunl 1 and these toner images are transferred to the
recording‘paper 4lé'a£ é time. Before this transfer, both
black toner and red tdner are charged in the same polérity
by the pre-transfer corotoron 414.

."Thisrmethod does not allow lowering of the copying
spéedr and of course does not require high accuracy
:egistration. '

. Advantages obtained by the method of the fifth

~ embodiment indicated in Figs. 20a to 20e will be explained

on thérbasis of the results of experimental test.

Fig.; 22  shows - the result of evaluation for
diéturbance of the first tonner image with adequate ranks
afﬁer arbe1£~shaped first tonner image 421 is formed on
the photosensitive medium 401 in the direction parallel to

its rdtating axis and it is sent to the second developing
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device. Disturbahce ~of image appears mainly in the
c1rcumferenc1al dlrectlon {direction of the arrow 422) of
the photosen51t1ve medium, However, in case the'rotatlng
speed of developing brush of the second developing device
is higher than the c1rcumferenc1al speed of the
photosen51t1ve medium, -the image ViS' disturbed in the
forward dlrectlon and in case the rotatlng speed is lower
than sald c1rcumferenc1al speed, the image is disturbed in
the backward dlrectlon.

The evaluetlonr ranks are determined as follow:
no-disterbanee is ranked as "0", rather allowable
disturbance as "1" and fault as "2" or more.

~In the Vgraph ofi Fig; 22, image disturbeﬁce is

evaluated by changing a value of |Va - V¢| for the four

kinds of conditions from 100 V to 400 V of a value of

IVb-- Vcl; :In  this evaluation experiment, the first
charging voltage was set ﬁo,+800 V, the first developing
bias to +650 V,,the seeqnd developing bias to +400 V, and
the non-picture parfrvoltage Va was chahged by changing
the amount of second exposing. |

'From the vertical axis, the range of which

evaldation“,is "l" or less (the range where picture is

good) satisfies the conditions |Vp - Vel2lva - vel.

Namely,,itrmeenSf as explained earlier, that the charging

voltage and ekﬁoSing voltage should preferably be selected

so that the relationﬂof,Fig. le may be obtained. This is
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because an electrostatic attracting force to the

photosensitive medium of toner is thereby enhanced and
when the first ‘tonner image enters the second developing

device, the phenomenon that such tonner image is captured

by the develqping brush and it is then developed again is

%

no longer generated easily under said conditions.

In the case of example

o Phdtosensitivermedium
Selen system photosensitive medium

Drum diameter: 200 mm

° First developer

Double-element rsystemr (positively chérged black
tonner) '
Carrier:rFérrite system carrier with average
7 grain size of 100 pm

Black tonner: Stylené-n-butylmethacrylate
copolymer oﬁ 92 parf, carbon black
. #4000 (Mitsubishi Kasei) of 8 part and
- the charging control agent (Bontron P-
-51,7 Orient Chemicals) of 2 part are
mixéd, melted and kneaded. Thereafter
this material is milled into the fine
particlerwith avérage grain size of 12
pm. It is charged positively for the

carrier.
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Second,develqper
Double4element system (négatively charged red
tonner) | ' |
Cérrier::Stylene—n-butylmethacrYiate copolYmer
| s of 35 pa:t and magnetite of 65 part
rargi mixed, melted and kneaded.
 Theréafter this material is milled.
- Magnetic powder dispersion type.
'AVerage, grain size is 30 pm  with
dehsity of 2.2 g/cm3, '
Red_tonner: Stylené-n-butylmethaérylate
- co-polymer of 92 part, red color
pigment resolcarlet (BASF) of 8 part
ahd charging control agent (E-84,
Orient ChemicaIS) of 2 part are mixed,
rj»melted and kneaded. Thereafter, this

~ material is milled into the particle

- with average grain size of 12 pm. It

lis charged negatively for the carrier.
Processrépééd;; 150 mm/seé
',beveloping'pérametér'
 fFirst"develpping dévice, second developiﬁg
f,device) , '
:TG (trimmihg gap): 0.9 mm
'DRS (drﬁm roll space): 1.0 mm

,MSA,(magnetic'pole inclination): +5°

- 36—
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'_Vd'(developing roll rotating'speed):450 mm/sec |
Main pole of magnetic poles: 650 G
:Rotéﬁion of:developing roll:
' _WITH (forward direction with the
photosensitive meéium) |
'VIn' the above deécription, the photosensitive
medium is pcéitively charged_ by each charger but the
simila; _effect can also be obtained by wusing the
photosensitive medium to be chafged negatively.
MoreoVer, the devéloping'sysgem of each developing
deviceimay}:espectively'be selected freely.
| For exémple; the nega-posi exposing method is
employéd in the above description but the similar effect
can élsd be aEtained by the posi-nega exposing, posi-posi
exposing and nega-neéa exposing method.

Fig,1 23 shows another example of the color

‘recording method of the fifth embodiment utilizing the

positive-negative exposing method.

In this case, after the positivé exposing -and the
developing,rrthe: photosensitive medium is once uniformly
chafgéd Before the negative 'exposing to set the non-

picture part vdltage Va. In comparison of the developing

bias V. of the second developing device and voltage of

each part, Fig. 23 'satisfiesf the relationship, |vp -

Vel2|Vva - Vel. - From this fact, disturbance of tonner
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image- may be further prevented by setting the voltages of
respective portlons as 1nd1cated 1n Flg. 23.

According to the color recording meﬁhod of the
fifth embodiment explained earlier, the first tonner image
cannot enter 'the:.second developing deﬁice to eome into
contact Wieh-ihe'developing brush. Therefore, disturbance
of image can be pfevented effectiveiy. Mlgratlon of
tonner and m1551ng of recorded plcture may be prevented
thereby and hlgh speed and high quality color recording
may be reallzed. '

- Furthermore, the imege recording method of the
present invention aiso can ‘be applied to the sixth
embodiment shohn in Figs. 24 to 30. The sixth embodiment
of the present invention will be described hereinafter.

7 The reixth':embddiment is the copfing apbaratus
combrisipg a picture reading device which reads picture on
an origihal decument fand converts it into electrical
piceure' signal, an eptical output device which forms a
first electrostatic 1aten£ image, corresponding to the
particular colorielement signel inrthe pictute signal, on
a phetoseﬁeitive medium using the oﬁtput signal of the
picture reeding.device,'an optical focusing system which
guides an optiCal_image, correspondihg to a color element
othef than the 'pazticularr color in the picture ron -the
original document,,'to the photosensitive medium and

thereby forms a second electrostatic latent image, a first

“
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developing device which develops,the first electrostatic
latent,image with the tonner of the first color, a second
developing device which develops the second electrostatic

latent image with the tonder of a color other than the

first colqr, and a transfer device which transfers the

'tonnef,on a copying paper after developing by the first

developing device and second developing device, in which

the optical focusing system comprises a mirror and a lens

‘to guide the optical image of the freely selected copying

magnification to the photosensitive medium, the 1light

- being divided into two directions after passing through
- the lens, the one light beam entering the picture reading

‘device, the other light beam entering the photosensitive

medium to form the second electrostatic latent image after
passing the optical focusing system, and a filter which
allows the particular -color to pass therethrough, the

filter being Vprovided ‘movably away from and into the

incident optical paEh'to the picture reading device.

In the description, the 6pticai focusing system
means such analbg, dptical’ system as a device to guide
dirécfiy»the Oétical images to the photosensitive medium
with.uSing-mirror and lens. -

| The copying apparatus forms electrostatic létent
images‘qn a bhotosensitive,medium using an optical output
dé&ice for the partiéular'color’and an optical focusing

system for  the colors other than said particular color.
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These':electrostatic'blatent ~images are respectively
developed by 'individual, developing . devices using
develoberslfof different colors.

7 | 7F0r=instance, 1n case electrostatlc latent image
correspondlng to black color picture is formed using

optlcal fOCUSlng system, such electrostatic latent image

is developed by the black color tonner. the electrostatlc-'

latent image correspondlng to the picture of particular

color. formed by the opt1ca1 output device is developed by

the tonner of such color or freely selected deSLred color.

Thns, the tonnerr images of double colors are
formed on the; photosensitive medium and these are
transferied at a timeioh the copying paper. '

VIhrthis csse,Tthe light having passed the lends
for magnifyingrahd,feducing optical image is separated,
andrthecohe enters the picture reading device while the
other enters the photosenSLtlve medlum through the optical
focusing system. ,Therefore, the electrostatic - latent
image ﬁormed by the optical focusing system well'matches
thei‘electrostatic latent 1mage formed by the optical
output devzce drlven on the basxs of the plcture 'signal
output. from the plcture reading device.

o The, light entering the plcture reading"device
enters;r for exemple, through a filter by the Vfirst
scahning; and also renters ,mithout filter by the second

scanning.

o -
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The'particulér cclor:element can be extrééted by
comparing the light enﬁering by the first scanning and the
1ightr entering by the second scanning. The filter is
provided movable for the light path as explained above.

Fig.'24 shows an example of the copying apparatus

‘of the sixth embodiment.

Overall Structure of Apﬁaratus

- This apparatus comprises a platen glass 502 on
which an original document 501 is placed, a lamp sderwhich
irradiates the picture of original document, an optical

focusing system 507 consisting of a mirror 507a; which

~guides optical image corresponding to the picture on such

- original document, half mirror 507b and lens 507c, an

optical filter 508 inserted between this optical focusing

system 507 and photbsensitivé medium 509a, a picture

reading device 505 which receives the light having passed

the half mirror 507b through a movable filter 505a7and a

'signal,pfocessing'circuit 522 which processes the'bicture
'signal “obtained by reading said optical image with the
',pictﬁre reading device 505. This movable filter 505a is,

for example, a filter which transmits red color element

and is provided movably for the light image incident paéh

to picture reading device 505 by means of the drive

mechanism not illustrated.

The phbtosensitive drum 509 depositing the

photosensitive medium 509a at the circumference thereof is
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supported so that it is rotatably driven in the dlrectlon
lndlcated by the arrow mark 509b and the circumference is
provided with a ﬁlrst charger 510, a flrst developing

device(Sll, a secbnd charger 512, an optical'output device

513,7,a 'second developlng device 514, pre-transfer

corotoron 515, a transﬁer dev;ce 516, a peeling corotoron
517,7a preclean eorbtorcn 519, arcleaning device 520 and a
diseharging lamﬁtSZl. the‘picthre eignal output from said
picture readingr device 505 is processed by the signal
processing cireuit 522 and is connected withrthe optical

output device 513 so that it is driven in accordance with

the signal of the—particular color element in the picture

signal. Connecting path 'between this signal processing
circuit 522 and optlcal output device 513 is omitted in
this spec1f1catlon. | '
Moreover, this apparatus is provided with a paper
feeding tray 524 which,accommodates copying paper 525, a

paper"feed roiier 7526, a transmittingv roller 527, a

transmlttlng belt 528, a fixing device 529 and an exhaust

tray 530.

Two Klnds of Electrostatlc Latent Images

This apparatus,forms two kinds of electrostatic
latent'images on the phetqsensitive medium 509a with the
optical focusing system 507'and optical output device 13.

In the presehtrinventidn, the electrostatic latent image

formed by such;_optical output device 513 is called the

_62_
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first .electrostatic latent image and the electrostatic
latent image formed by the optical focusing system 507 is
called the second electrostatic latent image.

“In this example, an opticai image guided by the

'ioptical_ focusing sYstem 507 reaches the photosensiti#e

" medium 509a through an optical filter 508 which transmits

thé light beam of red color. Thereby, the red color beam
reflected by the red color picture -in the pictures on the
original document reaches the photosensitive medium 509a
in the intensity near to the white color beam reflected
from thé white picture part of the background. Therefore,
accbrding ;to the-'so—called positive writing, the'

electrostatic latent image corresponding to the red color

picture is not formed (discharged like the background) and

the electrostatic latent image corresponding to the
picturerof the other color is formed.

On the other hand, the'pictﬁre signal read by the

, pictufe reading device 505 enters the signal processing

circuit'522 and only the Signal corresponding to red color
picﬁure is extracted from such picture signal. - The
bptical output 'device 513 is driven by such extracted
signal‘and the éleéttostétic latent image corresponding to

the red color picture is formed on the photosensitive

medium 509a by so-called negative writing.

- 63 -



Processing'df Pictufersignal

The picture reading device 505 is the single

dimension image pickup element consisting of CCD (Charge

Coupled Device) and is used as an ordinary imagé'sensorr

for reading,monoch:ome picture.

The;épparatus of the present invéntion'once scans
the picture on the oriéinal document to read an optical
pictufe 'having. paésed thé movable  filter 505a which
transmité the red color with fhe ﬁicture reading device
505. =This sigﬁa1 is once stored and in the case of the
second trial of écanning,,the optiqal image is directly
read beﬁhe pictpfe reading device 505. The red color
element is extra¢£ed through comparison betﬁeen such read
signal andrthe signal stored previously. |

',Namely, the signal,proceséing circuit 522 compares

the picture signal obtained through the movable filter S5a

withitherpicture'sighal Obtainéd directly without passing
the fiiﬁer for,évéry picture element td.judge whether such
pictufé eleﬁeht'isrred or not. When it is judged as red
color, the circuit 522 cadses'a light emitting element of

optical output device 513 to light in order to discharge

the"photosensitive medium. In this case, since tﬁe '

negative Writinéris empioyed, the pictu:e:element of red
color can be developed with the red color tonner.
As théhéptiCal output device 513, various kinds of

well kngwn:devicesisuch as arlight emitting diode array, a

X
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liquid crystal microshutter array, a phosphor display tube
array, a. magnetic "optical shutter array and a

semiconductor laser scanner may be used.

Formation and developing of electrostatic laten image

- The sixthlembodiment forms the first electrostatic
latent image formed by the optical output device 13 and
the second electrostatic latent image formed by the
optical focusing system with registration' and therefore
employs following method for formation and developing of
the latent image.

The practical operations are explained with
reference to Fig. 24 and Fig. 25.

In Fig. 24, when the platen glass 502 on which the

original document 501 is placed is moved in the direction

indicated by the arrow mark 531, the first electrostatic

latent image and the second electrostatic latent image are

~ formed on the photosensitive medium 509a as explained

- previously (two kinds of electrostatic latent image).

- The photosensitive medium 509a rotates in the
direction indicated by the arrow mark 509b in
synchrénization with tfansfer/ of the platen glass 502.
the photosehsitive medium,509a is first subjected to the
cleéning of the surface'wiﬁh>the preclean corotoroﬁ 519
and cleaning device 520 and isrthén dischafged for the
unwanted éharge with a discharge lampr 521. | Next, the

photosensitive medium 9a is primarily charged (Fig. 25a)
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upto about 1000V with the first charger 510. Thereafter

the second electrostatic latent image is formed by the

opticalxsystem 507, the red color part and white color -

part are discharged,Vfor,example,'to 100 to 150 V and the
surfacé voitagé of black color bart is'kept at about 900V
(Fig.résb);‘ tﬁié-electrostatic latent image is developed
by the devélopihg device'Sli.

| . The idévelopihg rdévice' 511 develops such
electrbstétic latént image in the first»developing process
using tﬁe black color tonner of negative polarity (Fig.
25¢).. Injtﬁisiéase, the,developing'bias is selected to
200V.  ' | |

VNext, the second charger 512 chérges again the

surface of photosensitive medium '509a-'up to 600V (Fig.
25d).,7F0r,this purpose, the known corotoron is used.

1 Théreaftér,rthe first electrostatic latent image
is formed bY the>dptical output deﬁice 513.7 In this case,
the éait: éorreépohding to tﬁé‘ red color picture is
discharéed and the Surface voltage thereof becomes iOOV
(Fig. '25e) ~ The developing device 514 then reversely
developéfrsuch'Veiectrdstatic latent 4image using the

positive red color tonner (Fig. 25f). In this case, the

developing biaé is selected to 500V. 1In this embodiment,

the develéping* device 511 corresponds to the ,Secohd
developing devicé, while the developing device 514 to the

first'dévelopiné*device.
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, The tonner images of Slack color and red color are
Ehus'formed on:the photosensitive medium 509a and these
tonner images are set to poéitive by the pre-transfer
'procerssirrxg corotoron 515 (Fig. 25g). |

"The copying paper 525.is'sent by the paper feed
roiler 526 from the paper feed:tréy 524 and is then sent

'to thert:ansfef aevice 516 by the transmit roller 527.
The tonner images of double color is transferred at a time

_to- the copying paper 525, it is then peeled by the

peeling corotoron 517 and is then sent to the fixing
device 52§ by the transmit belﬁ 528. Finally, the copying
paper 525"whi¢h has compieted the fixing process by the
fixing devicé 529 is exhausted to the exhaust tray 530.

In the case of abbve'processing, the double-color

picture is transferred at a time, resulting in an

advantage that highly accurate registration of copying

paper is no longer required,‘different from the case where

the double—éolor picture is copied on the copying paper

with registration by repeating twice the transfer of
picture. Moreover, since the electrostatic latenf'image
ofrblack,colo: picture is formed by the optical focusing
system, the highipicture quaiity similar to that of the
existing coéying*apparaﬁus can be guarahteed.

Movable Filter

For'example, as indicated in Fig. 26, the movable

filter 505a located in front of said picture reading
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device 505 is,provided in such a mannerrthét it moves at
the: right._anglein ithe ‘direction indicated by the arrow
mark 533 for, the optical path 532. The filter is set in
the light pathrs32 at the time of first scanning and it is
then,moVed'ba¢kward‘at the time of the second scanning.
.Fig;_27 is'a modification example of the movable
filterf505a.,Vip'thiS'example, the red color filter 505al,
greéh color filter 505a2, blue color filter 505a3 and gray
colof‘filter (Np,filtér) 505a4 are respectively prdvided
radiaiiy:'around rthé :otating' axis. 534, In this case,
ext;éctiop of ¢olof elements of three colors of red, green

andrblde can be selected by rotating the filter 505a.

Practical Example of Picture Signal Processing
o Fig. 28 is a block diagram of a picture signal
procgssing»circuit; 7 | |
 - This:circuit irfédiatés an original document 501
with'é iamp 503, receives firsﬁ the'reflected light with
the pic£ureireading dEVicé 505 through a red color filter
5a and then réceives,it directly with the picture reading
device 505, and finaily drives the'optical output devicé

513 to form électrostatic latent image corresponding to

red color picturé on the photosehsitive medium . 509a. The

operatioh thereof is cdntrolled by' a microprocessor not
illustrated. |

The pictureVSignal photoelectrically converted by

the picture reading device 505 is amplified in any cases
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by an amplifier (AMP) 541, then converted into ‘digital
signal by an analog/digital (A/D) converter 542 and

thereby fluc;uation of output can be correéted by the well

~ known shading correction circuit 544.

In addition, a multiplier 545 adjusts leQel

difference of signals generated by sensitivity difference

of the picture reading device 505 in case the red color

filter 505a is inserted or not. The correction
cbefficiént is supplied from a gain correction coefficient
circuit 546. | o

| First, whehrthe signal of red cqlor element having

passed the red color filter 505a is read by the first

" scanning, such signal is once stored in the memory 552.

This memory 552 is ‘a page memory to store the signal for

one display screen. The first scanning is intended to.

'stqre"the ‘red color signal 545b and the photosensitive

drum 509 (Fig. 24) does not rotate.

. Next, when the second scanning is. started, the

- photosensitive drum 509 (Fig. 724) starts to rotate and

formation,of,the'seéonGVEIectrostatic latent image by the
optical focusing system7507 is started.

Simultaneously, the picture reading device '5

',starts to read the reflected 1light which is directly

ihcident from the original document. The picture-  signal
thereof - (monochrome signal) 545a is processed, like the

red cdlor,signal 5455, by the AMP'541, A/D converter 542,
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shadix}ig éor’rerctrio.n.'cii:cuit 544 and xﬁﬁlt‘iplier 545 and is
then dutput to thercomparator 547a. |

- ' In'jfhe same timing, the red color signal 545b
beihgrstored'in the mémorylssz is read and is then output
to tpercdmpafa£0rs7547a{ 547b.

7 aThé réd colof sighal_545b and mohochrbme signal
545a'ére,compared ih the level by the one comparator 547a.
This cdmﬁarator pfoVides £helhigh level output when the
red color signal '5455"15 Vhighéf in -ther level than Vthe
monochrome signal 54534 = 7

Méanwhilé, the red bolér signal 545b is compared
with ;qe reférehce value outéﬁt from the gray 1level
coeffidienf-ciréuit 548 in1the another comparator 547b.
This cir¢uit iS;pro?idedrconsidering,that the red color
pictﬁre of the concentration higher than. the cénsfant
levéli muét ;be copied as the black coldr picture.
Therefbré, when the fed-color signal has the concentration
higher than Vthé_,constant level, the comparator 547b
provides an oﬁﬁputlof low level. 7 '

7 'The'AND cirguit 549 sends the high level signal
for ccpyingrthefted bolpr picture to the memory 551 when
bothrouﬁbuté of_ccmparatgr5'547af 547b become,high level.
This memory 551 'stores' thé picture signél of 6ﬁe ‘line
outéﬁt ft¢m thé.picture reading‘device 505 and sends such
signa; térthe optiéai'oﬁtpuﬁ device (LED ROS} 513 in the

predetermined timing to drive it.

auy
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With the p;ocessings explained above, the red
color signal element is extracted from the picture signal
and the first elect#ostatic latent image is formed

corresponding to such red color signal element.

Scanning

As explained earlier, the copying apparatus of the

_present_invention'reads an optical image with the picture

_:eading device 505 (Fig. 24) by the first scanning and

forms simultaneously the first electrostatic latent image

and second electrostatic 1latent image on the

,photosensitiver medium 50%9a (Fig. 24) by the second

séanning.

7 'Here; the scanhings afe ﬁbt always required to be
conducted'in'the same direction, and7moreoyer the first
scanning may berdone'as the back-scanning while the second
scannihg may be done as. the fbré-scanning.

In this case, the scanning speed is set eqﬁél for
the fOre—scanning'ahd,back-schanning. '

In some existing copying apparatus, scanning is
once conducted to the original document before copying

process for automatic exposure adjustment as the pré—

~ scanning. In such arrcopyiﬁg 'apparatus, thé reading

pperatioh by the picture reading device is conducted

~ during such pre-scanning. In this case, the present
'inventiod can be enforced with the same operations as the

-operations generally'conducted to the apparatus.
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N ~ In addiﬁidn; for continuous copying of two or more
sheets uéiﬁg the same original document, the single triai
of scahning'ié,always:required for formation of the second
elecﬁros#atic 1éteﬁt image by fhe,opticalrfocusing system
in order'td :Ealizerﬁhercopying:tora sheef of paper, but
since the_réad Sigqal by the_picture reading device is
already stored in the memory,rthe second'aﬁd successive

scanning is no longer required.

Scale,magnification and reduction

In 5uchrc6pying apparatus, scale magnification or
redgctionris sbmetimés requested.  In this case, a zoom
typerlgﬁs 507q_is ﬁsed?for the optical focusing system 507
in Ordéf to directly magnify or reduce the optical image
and the corfespohding Sécond eleétrostatic 1a£ent image is
forméd.'VOn the Qﬁher,hapd, the picture signal read.by the
picture Vreading 'apﬁaratusr 505 is processed for scale
magnificatibn or redd&tion in the signal processing
circﬁitr 522 ih ‘case such signal is read through the
optical syséem independent of such optical focusing system
and this signai°drives thé optical output device.

;Ih the cdpying apparafns of the sixth embodiment,
the'optical.image whiCh'has passed the lens 507c andris
already Vmagnified' or téducéd is guided to the picture
reading de?ice 5057§a55ing the half-mirror 507b. Namely,
as is 65vioﬁé'ffom Fig. 24, the optical image guided to

the photosensitive medium 509a is the same as the optical
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image-entering therlight receivingrsurface of therpicture
reading device: 505 passing the half;mirrorr 507b and
thereforéj»there is no fear of generating deviation by
registration. :In'thisrcase, the signal processing circuit
522 is réquired; only to prccéss the readout signal in

order to drive the optical output device 513, without

- complicated magnification or reduction processing for

signal."Sincerdénsity of readout picture of the picture
reading device, 505 is usually smaller than that of the
éptical'oﬁtput device 513, thercircuit for adjusting such
picture density is naturally required.

In casé the picture of original document 501 is
read using individuai light source by the picture reading

device 505, the spacé is as much required. But this

‘device also has an advantage that it can be reduced in
'sizel Here, characteristics of the half-mirror 507b which
" is provided in the optical focusing system 507 and

, separétes the light into a pair of paths are explained

hereunder.

Fig. 29 1is an example of the characteristic

diagram of a means (half-mirror) to separate the light

hévingjpassed the lens 507c suitable for enforcement of
this example.

This half-mirror has theb structure that

nonmetallic evaporated film is deposited on the float

glass and shows loss of only 5%.
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Moreover, the transmission rate T of the incident
light with the ihcident'angle of 19° is about 50% and the
flat! ¢hérac§éristic 'is obtained for entiie part of the
visible light.r In case‘thgre is a difference betweénrthe
sensitivity of,photosénsitive medium 509a (Fig. 24) and
that of the picture reading device 505 (Fig. 24), it is

desirable to make adjustment by adequately changing the

refleétivity depending on the structure of the evapolated -

film'of'suéh half—mi;ror.

Thé' other Vhalfemirror can also be obtained, in
additioﬁ'to said,mirrqf, by vacuum—depositing'a metal £ilm
such as aluminum (A¢) on the float glass, but it shows the
large loss of720% and higher dependency on'wavelength.

| Theidepenaepcyron wavelength of the half-mir;or is
not always réquired to be flat in the copyiné appaf&tus of
the si#th, embodiment.,r Héwevér,_ in case the second
electrbstatic”iatent"image is formed on the photosensitive
medium'509a (Fig. 24) bf the 6ptica1 focusing system 507
(Fig. 24’,' the light should have the' particular color
elemént; In 'addition, since the light entering the
picture reéding'deVice 505 must also sufficiently include
the pa:ticularréolor'elément for successiverextractionrdf
the-éarticular color element. From this fact, it is most
desirable for - the ha;meirror that the dependency on

wavelength is flat 'in the sensitivity region of the

fe
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plcture readlng device 505 and that of photosen51t1v1ty
medlum 509a.

Modlflcatlon Example of. Apparatus

In the example of Fig. 24 and Fig. 25, the picture

on the orlglnal document is separated into the black color

element and red color element, and theee are respectively
developed by the black tonner and red tonnef.

‘However, it is also possible to obtain the copied
bpichure cembining,desired,COldrs by changing the color of

tonner used in each developing device. The black picture

may be developed by the blue tonner. Moreover, an optical

filter 508 may be changed to the fllter of another color.
On the other hand, if -the 51gnal of color element
extracted from the picture signai can be selected freely

in the signal proceesing circuit 522 and the colors of

‘tonners in the deVelopihg'devices 511, 514 can be selected

freely,,hot only the original document of double-color of
black and red but also the double-color document of black
and blue or black and green can also be selected freely.

Fig. 30 indicates,anotherrexample of the copying

~apparatus having such functions.

This copying apparatus is so constituted that the

switching for  three kinds of modes can be made for

extraction of blue coior,element and green color element

in addition to the red color element in the. signal

processing circuit 522. The circuit structure thereof is
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the same as that indicated in Fig. 28 and therefore detéil
explanation is omitted here.

' Meanwhile, three types of color filters Soba,

508b, - 508¢, 5053,"505b,” 505c which can be selected by

rotation are provided immédiateiy “before the optical

focusing system 507 and picture reading device 505. 508a,

505a are red color ‘filters, while 508b, 505b are blue

color filters and 508c, 505c are green color filters.

Moreover, three-deVeloping'devices.514a,'514b, 5l4c are

provided for developing the first electrostatic latent

image formed by the optical output device 513 and the red
tonner, blue tonner and green tonner are accommodated in

such,devides sequentially.

In the apparatus having such' structure, for

example,l.theriéicture; on the original document 501 is

printedirby"double ~colors of black and blue, the signal

procesSing ciicuit 522 is instructed to extract the blue
color,Signal, a blue color filter 508b7is inserted in the
optidal'system 507'§nd the developing process using the
bluer colsr tonner is carried out by operating ‘only the
developing device 514b. ‘ 77 |

) The ddubie-cblor copied:picture ofrblack and blue
colors cén,be'bbtainéd'és ekpléined ébéve.

7 Fof successful copying of the picture combining
varioué colbrs, it is desirable to use a 3—wave1én§th type

fluorescent lamp, day l;ght type fluorescent lamp, white



[l A

color ;ype fluofésdent lamp or xenon lamp' covering ‘the

spectrometric sensitivity ‘region as the lamp 503 for:

irradiating the original document. |
Aécbrding to the copying apparatus of the sixth

embodiment explaihedr previously, double—cdlor

‘electrostatic latent images are formed on the

photosensitive medium by the optical focusing system and

o pictﬁre reading device, theser images are individually

dgveloped by ,then‘tpnners of two colors and thereafter
these are transfefred at a time to a copying paper.
Thereforg, the transfer processing to fhe copying paper
can be_éomple;éd by only a single trial of transfer and

moreover high precision registration is not required. 1In

'addition; tbe electrostatic latent image is formed using

 optical focusing system for “the principal color element

suéh as black and thereby High quality picture may be
copied.  Moreovér, such high quality copying may also be

maintained even in case of the scale magnification and

‘reduction.

- Such a_two—color copying apparatﬁs in'black,plus
oﬁe_color qftthe six embodiment is useful to the original
ddcument of which greater part is occupied with black
picture. o

| This is because e#cept,for the particular cases, a
multi-color original document to be Vgenerally' used

contains characters or figures in black as the greater
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part of document and also chtains; in almost all cases,
the underlines or marks in red as the minority of the

other colors,

1‘\
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CLAIMS

l. 1Image recording method comprising the steps of:
forming'an'electrostatic latent image on a'iatent
image carrier; ”

developing the formed electrostgtic latent"image

~ with toner; and

t:ansferring the visualized toner image to a

transfer material after repeating at 1least the

~developing step plural times, wherein double-element

developer formed from'mixihg toner and magnetic carrier
with a'dehéity'of 4.0g/cm3 or less is used in at least

the second and the succeeding developing step among the

" plural times of thé»developihg steps.

2. Image recording method of Claim 1, wherein the

toner used in said developing steps are toners

different from one another for two or more colors.

3. Image recording method of Claim 1, wherein the

toner used in said developing steps are for the same

color with one another.

4, Image recording method of Claim 2, wﬁeréiq

said magnetic carrier is formed by'dispersing magnetic

powder into bindé: resin, and wherein the deveioper

£illing rate in a developing nib in said at least the

second and the succeeding developing steps is in a
range of 10 to 50%. '
o - 79 -
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5. 1Image recording method of Claim 2, wherein a

developing roll having a developing sleeve and a nmgnet
roll is ueed for ‘said at least the second and .the
sucoeeding;deVeloping steps, said developing roli having
magneﬁiziog patfern' in which the magnetic poles of the
same polafity areﬂadjacent to:each other in the developing
nip region, and'saidoaeveloping roll having the;magnetic
fluk:denSity of a-mein pole for developing of 500 Gauss or
more; end wherein said at least the second or the
succeediné developing step is conducted by depositing the
double-element developer on the developlng sleeve of the
developlng roll.

6. Image recordlng method,' wherein level

dlfference between the hlghest and lowest levels in‘

dlstrlbutlon of magnetlc flux of the main pole of said
developlng ;011_1s”200,causs or more.
' 7{, Color image recording method, comprisino the

steps of.:

charging a photosensztlve medium;

'exposzng the photosensitive medium to form a first
electrostatic letent image;

developlng the first electrostatic 1latent 1mage
w1th the flrst toner to form a flrst toner 1mage, 7

“exposing the photosensitive medium to form a

second electrostatic latent image; and
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developing the second electrostatic latent image
with thé second toner of color differnt from that of the
first toner {o form a second toner image:

whetein 'a"non—image formed voltage on the

‘photosensitive medium Va, a first toner image volfége Vb

and a second developing vias voltage Vc- satisfy the
equation: |Vp = Vc|2|Va - Vel, and wherein double-element
developer formed from mixing the second toner and the
magnetié carrier with a rdensity of 4.0 g/cm3 or less is
used in the second developing step.

8. A copying apparatus compfising:

a picture reading device fof reading imagé'on an

original document and converting it into electrical

- picture signal;

an optical output device for forming a first

electrostatic latent image corresponding to the particular

color element signal in said picture signal on a

photosensitive medium, with using the output signal of
said picture reading device; ' '

an optical focusing system for guiding an optical
image corresécnding to ra color element other than the

particular colbr'in the picturé on the original document

to the photosensitive medium and thereby forming a second

electrostatic latent image thereoh:

_ a1 -



a first developing device for developing the first
electrostatlc latent 1mage with the tonner of the flrst
color, , e -,

' a second developing device for developlng the
second electrostatlc latent image with the toner of 'a
color other than‘the,flrst color; and

o artransfer_device for transferring the toner on a
copyxngrpaper after developing by sald first and second
developing dev1ces,

'whereln said opticel focusing system comprises
lens,meane for guiding the optical image of the freely
seleceed copying magnification to the 'photoseositive
medium, light'dividing means for dividing the light into
two diiectiohe afﬁer passing through said lens so that the
one lightrbeeﬁdenters said picture reading device and the
other 1igh£rbeamfehters said photosensitive medium to form
the second'eiecerostatic latent image after passing said
opticel'focuSing system, and a filter means for aliowing
light beam of the particular color to pass therethrough,
said-fileer'meahs beincrﬁovably provided into and away
from an Vihcident optical path to said' picture reading
device,'énd?wherein,doubie-element developer formed from
mixing the second ‘toner and the magnetlc carrier with a
density of 4.0 g/cm3 or less is used in said second

developing device.
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