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® Monocomponent- type developer for developing electrostatic Image and image forming method.

@ A monocomponent —~type developer for developing electrostatic images, includes a magnstic toner contain —

. ing at least a binder resin and magnetic powder, and 0.5 - 10 wt. % (based on the magnetic toner) of inorganic
fine powder having a length —average particle size of 0.1 ~ § um. The developer has a number ~basis particle
size distribution such that particles of 4 um or smaller are contained at 5 — 18 % by number and particles of 4
= 10 um are contained at at least 60 % by number. The developer has a volume basis particie size distribution
such that particles of 12.7 wm or larger are contalned at at most 10 % by volume. The developer has a weight —
average particle size of 7 — 11 um. The developer is particularly useful for development under application of a
DC - superposed asymmetric AC bias electric fisld including a development-side voltage component with a
larger magnitude and a shorter duration than a reverse development ~ side voitage component.
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FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a monocomponent-type developer for developing an electrostatic
latent image formed in processes, such as eloctrophotography, electrostatic printing and electrostatic

§ recording and an image forming method using the developer.

Hitherto, a large number of electrophotographic processes have been known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363; and 4,071,361. In these processes, in general, an
electrostatic latent image is formed on a photosensitive member comprising a photoconductive material by
various means, then the latent image is developed with a toner, and the resultant toner image is, after being

10 transferred onto a transfer material such as paper etc., as desired, fixed by heating, pressing, or heating
and pressing, or with solvent vapor to obtain a copy.

Various developing methods for visualizing electrostatic images have also been known, inclusive of a
class of methods wherein developing is effected under application of bias voltages, e.g., as disclosed in
U.S. Patents Nos. 3,866,574; 3,890,929; and 3,893,418,

15 For example, it has been proposed to control the flying of a high - resistivity monocomponent toner
between a latent image—bearing member and a foner carrying member disposed to form a spacing
thersbetween by applying a non ~ symmetrical AC pulsed bias voltage. More specifically, in the developing
method, the latent image —bearing member and the developer—carrying member are disposed with a
spacing of 50 — 500 wm, preferably 50 — 180 um. The frequency is 1.5 — 10 kHz, preferably 4 — 8 kHz.

20 The development time T, is set to satisfy 10 lLsec £ T, £ 200 usec, preferably 30 usec £ T, < 200 usec.
The peeling (or reverse development) time Tp is set to satisfy 100 Lisec < TD s 500 iisec, preferably 100
usec S Tp S 180 usec. The development voltage Va and the peeling voltage Vp are set to satisfy Va2 —
150 V, Vp 2 400 V, and Vp — V, £ 800 V, preferably =150 VSV, £ —-200 V and 400 V £ Vp < 450 V.
According to this system, the jumping and attachment of toner particles onto non-image parts are

25 prevented to improve the gradation characteristic and the high ~ reproducibility.

According to a developing method as described above whersin the absolute value of AC bias voltage is
suppressed to a low value and the development voltage is made small, a sufficient image density cannot be
obtained in some cases.

As latent-image developing methods using a high ~resistivity monocomponent toner (with a volume

30 resistivity of 10" ohm.cm or higher), there have besn known the impression developing method (U.S.
Patent No. 3,405,682, etc.) and the jumping developing method (Japanese Laid — Open Patent Applications
JP-A 55~-18656 to 18659, etc.). According to the jumping developing method, in a development region
which is formed at the closest part between a developer ~carrying member and a latent image — bearing
member, a toner is reciprocally moved between the developer - carrying member and the latent image —

35 bearing member under application of an AC bias voltage between the developer —carrying member and the
latent image — bearing member to be finally transferred and attached selectively to the surface of the latent
image —bearing member corresponding to a fatent image pattern to visualize the latent image. The duty
ratio at this time is 50 %, and accordingly the development time and the reverse development time are the
same,

40 It has been also proposed in the jumping developing methad to control the duty ratio of the AC bias
voltage applied between the developer —carrying member and the latent image — bearing member depend —
ing on the residual amount of the toner so as to adjust the image density (JP ~ A 60—~ 73647).

In the developing method using a high - resistivity mono —component developer, a solid latent image
(high potential region) is effectively developed because of a high development —side bias voltage whereas

45 the developed toner image is liable to be peeled excessively becauss of a large reverse development - side
bias voltage in a low potential region, thus resulting in an image lacking a gradation characteristic. Further,
there is left a narrow latitude for setting the parameters for the development—side voltage (DC component
and AC voltage (amplitude Vpp and frequency)). When the voltage is adjusted (by lowering the DC
component or raising the AC component) so as to increase the density, a ground fog is liable to occur. An

s0 increase in AC frequency is effective for suppressing the ground fog but also functions to make thinner
character or line images to result in poor reproducibility of such images.

The above —mentioned two types of developing methods can be improved by applying a higher
development side bias voltage while setting a short time therefor, so that it becomes possible to obtain
images which have a high image density, are rich in gradation characteristic and are free from ground fog.

55 When the image forming method adopting the above developing method is repetitively applied,
deterioration of image qualities have been encountered in some cases, such as a lowering in image density,
an increase in ground fog, or deterioration in resolution or line ~reproducibility.
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In a specific case where the above —mentioned difficulties were encountered, the particle size distribu -
tion of the toner remaining in the developing apparatus was examined whereby the change in particle size
distribution was observed as compared with that of the initial stage and the deterioration in image qualities
was found to be caused by the change in particle size distribution of the toner due to selective consumption

§ of toner in a particular particle size range.

There are two important requirements A and B as described below in a developing method using an
insulating magnetic developer. Requirement A: To Torm a uniform coating layer of magnetic developer on a
developer —carrying member. Requirement B: To uniformly and effectively charge the magnetic developer
triboelectrically. It has been hitherto tried to satisfy the requirements A and B in combination.

10 For the requirement A of forming a uniform layer of developer on a developer — carrying member, it has
been known to dispose a coating blade at the outlet of a developer container. For example, in a developing
apparatus, a blade comprising a magnetic material is disposed opposite to a magnetic pole of a fixed
magnet enclosed within a developer ~carrying member to form ears of the developer along magnetic lines
of force acting between the magnetic pole and the magnetic blade and cut the ears with the tip edge of the

15 blade, thersby regulating the thickness of the resulting developer layer under the action of the magnetic
force (e.g., as disclosed in JP —A 54 ~43037).

As for the requirement A, a method of forming a uniform toner coating layer of a magnetic toner on a
developer —carrying member Is also proposed by JP—A 57-66455. In the developing apparatus for
effecting the method, the surface—of a developer—carrying member is provided with an indefinite

20 unevenness pattern by sand ~blasting the surface with irregular - shaped particles, so as to always provide
a uniform developer coating state for a long period of time. The entire surface of the developer - carrying
member thus treated has minute cuttings or projections disposed at random.

A developing apparatus using a developer ~ carrying member having such a specific surface state can
result in deterioration of developing characteristics, such as fog and lower image density depending on the

25 magnetic developer used. This is caused by occurrence of insufficiently charged toner particles in the
monacomponent developer leading to a lowering in electric charge of the developer layer. In some cases,
other difficulties can be encountered, such as tailing, scattering, or instability of reproduction of thin lines.

As for the requirement B, in order fo provide a developer —carrying member with an enhanced ability of
triboelectrically charging a magnetic toner, it has been proposed to make smoother the surface of a

30 developer—carrying member. According to such a method, however, the coating of a monocomponent—
type developer can become uniform to result in irregularities in developed images, thus failing to provide
good images. : '

A developing method for achieving the requirements A and B in combination has been proposed (EP —
A-—0331425). The developing method uses a developer —carrying member having a surface subjected to

85 Dblasting with definite —shaped particles in combination with a monocomponent -~ type developer having a
specific particle size distribution so as to be capable of forming a uniform developer coating layer for a long
period.

However, even if a developer—carrying member having such a specific surface and a
monocomponent —type developer having such a specific particle size are used in combination, the

40 developer —carrying member surface is gradually worn and changed into a smooth surface during use for a
long period to lose an initial effect obtained by blasting with definiteOshaped particles, thus being liable to
result in an ununiform developer coating layer accompanied with a developer coating irregularity and resuit
in images in a low image density and accompanied with irregular fog attributable to the coating irregularity
in the background. This problem is noticeable in a low humidity environment, particularly in an environment

45 of normal temperature and very low humidity.

On the other hand, in a high ~speed copying machine, an improved reliability is a crucial requirement,
and it is required to stably provide high-quality images even in a long period of successive copying
operation of several hundreds of thousand sheets or more. Accordingly, it is desired to provide a
monocomponent ~type developer capable of providing stable images even in case where the developer —

s0 carrying member surface is in a smooth uneven state.

, In general, when image formation is repeated according to the monocomponent developing system,
toner particles having a small particle size can be attached to the surface of the developer—carrying
member because of an image force due to their high slectric charge so that triboelectrification of the other
particles can be hindered. As a result, the proportion of toner particles having insufficient charge is

55 Increased to cause & lowering in image density in some cases. This phenomenon is liable to be-
encountered particularly under the low —humidity condition.

The above phenomenon is promoted when the toner on the developer—carrying member is not
consumed, o.g., so as to provide a white ground image, and results in a decrease in image density. This
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§ developing operation. When such a developer —carrying member having a memory of the previous
developing operation is subjected to latent image formation and development, there can result in differences
in tone image density, i.e., a higher density at the consumed part and a lower density-at the unconsumed
part. :

The above —~mentioned phenomenon is hersinafter called "developer—carrying member memory™ or

10 "sleeve memory". The developer—carrying member memory can be solved by the consumption of the
toner on the developer —carrying member as is understood from the mechanism of the occurrence. Thus,
the developer —carrying member memory is alleviated for each one rotation of the developer - carrying
member. Accordingly, a light degree of developer ~ carrying member memory disappears from the devel -
oped image after one rotation, but a serious developer —carrying member memory repeatedly appears in

15 several developed images.

According to our study, a developer—carrying member subjected to blasting with definite — shaped -
particles has better charge —imparting ability than a developer —carrying member subjected to blasting with
indefinite ~ shaped particles and is thus more advantageous in charging a toner. In some cases, however,
such a developer—carrying member is liable to excessively charge a toner to result in the developer—

20 carrying member memory.

On the other hand, the above —mentioned latent image —bearing member may comprise a photosen —
sitive member for electrophotography, which may for example comprise Se, CdS, an organic photocon -
ductor (OPC), and amorphous silicon (hereinafter called "a ~Si”).

In recent years, a variety of electrophotographic copying machines are required for reproducing color

25 images, for personal use, for intelligent use and for maintenance —free use. As a result, a photoconductor
having a novel characteristic and a high stability has been desired and has been developed. Among them,
a-—Si has been calling attention.

As a-8i has high sensitivities over the entirety of visible wavelength regions so that it is also apphcable
to a semiconductor laser and color image formation. Moreover, it has a high surface hardness as

30 represented by a Vickers hardness of 1500 —~ 2000 and is expected to have a long life as represented by a
copying or printing durability of 105 sheets or more. Further, a—Si also has a sufficient heat —resistance
which is satisfactory for practical use of electrophotographic copying machines.

Generally, an a-—Si photosensitive member is said to have a surface dark (par) potential which
depends on the thickness.

85 The surface dark potentials of commercially used photosensitive members are required to be 500 V at
the minimum for CdS photosensitive members and 600 — 800 V for Se photosensitive members and OPC
photosensitive members. An a-S8i photosensitive member is required to Have a large thickness for
accomplishing such potentials in view of variation in various characteristics and possible decrease in
sensitivity due to changes in environmental conditions.

40 As a resuit, such a large thickness of a - Si photosensitive member is inevitably accompanied with an
increase in production cost and a decrease in production efficiency. The increase in thickness is liable to be
accompanied with abnormal growth of the a-Si film and formation of a locally ununiform a - Si film, which
leads to a difficulty in practical use of the a -~ Si photosensitive member.

In order to deal with the problem, it has been proposed to make thinner the a—Si photosensitive

45 member so as to satisfy the productivity, production cost and performances thereof. In order to use a thin
a-Si photosensitive member, it is necessary to adopt a developing method capable of development at a
low potential. While use of a thin a —Si photosensitive member is satisfactory in respects of production cost,
capacity and photosensitive performances, it results in a lower surface potential, and attachment of
impurities onto the surface under a high humidity condition which leads to lower photosensitive char~

50 acteristics and image flow in the resultant image. A practical a—Si provides a surface dark potential of
about 400 V, and the stably applicable potential is about 300 V. In such a case of a low developing contrast
of 300 V between the light and dark parts providing a developing contrast of 150 — 250 V, it is extremely
difficult to obtain a sufficient density of solid black by an ordinary developing method. Herein, the
developing contrast in normal development refers to the absolute value of a difference obtained by

55 subtracting a developing potential from an average dark part potential over a photosensitive member.

Hitherto, a method of using a magnetic foner containing 12 % by number or more of particles of 5 um
or smaller having a large chargeability so as to improve the image quality has been proposed (e.g., JP—-A
3 -111855). Magnetic toner particles of 5 um or smaller cause a strong image force on the surface of a
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developing sleeve as a developer —carrying member, thus being liable to stick onto the slesve surface and
be affected by the sleeve surface. Further, even a slesve having a good surface characteristic at the initial
stage is liable to change its surface characteristic within a long period of successive operation, thus being
liable to cause a developer coating irregularity on the slesve surface and image difficulties, such as density
5 lowering, roughening and background fog, due to magnetic toner fine powder in the monocomponent - type
developer.
Under the situation, it is desired to provide a monocomponent - type developer capable of developing
low - potential iatent images, such as those formed on a thinner a - Si photosensitive member.

70 SUMMARY OF THE INVENTION

An object of the present invention is to provide a monocomponent —type developer having solved the
above —mentioned problems, and an image forming method using the developer and an asymmetric
developing bias voltage.

15 A more specific object of the Invention is to provide a monocomponent —type developer excellent in
durability and capable of stably providing images having a high density and free from background fog even
in a long period of repstitive use, and an image forming method using the developer.

Another object of the invention is to provide a monocomponent ~type developer capable of providing a
high image density without causing image flow even under a high humidity condition, and an image forming

20 method using the developer.

A further object of the invention is to provide a monocomponent-type developer capable of stably
providing images having a high image density and free from background fog even under a very low-
humidity condition, and an image forming method using the devsloper.

A still further object of the Invention is to provide a monocomponent~type developer capable of

25 faithfully developing electrostatic latent images having a low developing potential contrasts as obtained on
an a-Si photosensitive member to provide images which are rich in gradation characteristic and excellent
in resolution and thin ~line reproducibility.

According to the present invention, there is provided a monocomponent ~type developer for developing
electrostatic images, comprising: a magnetic toner containing at least a binder resin and magnetic powder,

so and 0.5 — 10 wt. % (based on the magnetic toner) of inorganic fine powder having a length - average
particle size of 0.1 - 5 um;

wherein the developer has a number—basis particle size distribution such that particles of 4 um or
smaller are contained at 5 — 18 % by number and particles of 4 ~ 10 um are contained at at least 60 %
by number;

35 the developer has a volume basis particle size distribution such that particles of 12.7 um or larger are
contained at at most 10 % by volume; and

the developer has a weight ~ average particle size of 7 — 11 um.

According to the present invention, there is further provided an image forming method, comprising:

disposing a latent image—bearing member for holding an electrostatic image thereon and a

40 developer ~carrying member for carrying a monocomponent~type developer with a prescribed gap at a
developing station; the monocomponent —type developer comprising a magnetic toner containing at least a
binder resin and magnstic powder, and 0.5 - 10 wit % (based on the magnefic toner) of inorganic fine
powder having a length — average particle size of 0.1 - 5 um; wherein the developer has a number ~basis
particle size distribution such that particles of 4 um or smaller are contained at 5 — 18 % by number and

45 particles of 4 = 10 um are contained at at least 60 % by number; the developer has a volume basis
particle size distribution such that particles of 12.7 um or larger are contained at at most 10 % by volume;
and the developer has a weight —average particle size of 7 — 11 um;

conveying the monocomponent—~type developer in a layer carried on the developer ~carrying member
and regulated in a thickness thinner than the prescribed gap to the developing station; and

50 applying an alternating bias voltage comprising a DC bias voltage and an asymmetric AC bias voltage
in superposition between the devsloper —carrying member and the latent image —bearing member at the
developing station to provide an alternating bias electric field comprising a development~side voltage
component and a reverse —development side voltage component, the development ~ side voltage compo —
nent having a magnitude equal to or larger than that of the reverse development~side voltage component

56 and a duration smaller than that of the reverse ~ development side voltage component, so that the developer
on the developer ~carrying member is transferred to the latent image ~bearing member to develop the
electrostatic image thereon at the developing station.
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5 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the number —basis particle size distribution of a monocomponent —~type
developer of Example 1.

Figure 2 is a graph showing the number ~basis particle size distribution of a monacomponent ~type

10 developer of Comparative Example 1.

Figure 3 is an illustration of an image forming apparatus for practicing an embodiment of the image
forming method according to the present invention.

Figure 4 is a waveform diagram illustrating bias voltage components.

Figure 5 is a waveform diagram showing an alternating bias voltage waveform used in Example 1.

15
DETAILED DESCRIPTION OF THE INVENTION

We made a study on the relationship between a toner particle size and a developing characteristic
under application of a developing bias (voltage) by using magnetic toners having a particle size distribution

20 ranging from 0.5 to 30 um. It was intended to observe a puise duration at which a magnetic toner began to
attach to a latent image —bearing member (to provide an image density of 1.0 or above after the transfer
and fixation) in a case where a certain development - side voltage (about 1000 V) in the form of a pulse was
applied between a developer—carrying member and the latent image — bearing member (disposed with a
spacing of about 250 um) in connection with the particle size distribution of the toner. When a latent image

25 was developed at a constant surface potential on the latent image —bearing member while changing the
pulse duration and the magnetic toner particles used for development on the latent image —bearing member
was collected for measurement of the particle size distribution thereof, it was found that there were many
magnetic toner particles having a size of 8 um or smaller and also there were many magnetic toner
particles having a size of 5 um or smaller in the case where the pulse duration was 200 pwsec or shorter.

30 When the pulse duration was made further smaller, the proportion of the magnetic toner particles of 5 km
or smaller was found to be increased. From these facts, it is understood that a magnetic toner particle .
having a smaller patticle size reaches a latent image —bearing member in a shorter time.

Accordingly, at the time of application of a development—side bias voltage, it is possible to use a
smaller magnetic toner particle selectively or preferentially for development by setting the bias to be higher

a5 and the application time to be shorter.

On the other hand, at the time of application of a reverse development—-side bias voltage, by setting
the (peeling) voltage to be lower and the application time to be longer, it becomes possible to surely return
a large magnetic toner particle or a magnetic toner particle having a small charge (thus having a slow
moving speed) to the developer—carrying member in a sufficient time. In this instance, a small magnstic

40 toner particle attached to an image part on the latent image —bearing member is not substantially peeled
because of a large image force and the low peeling voitage.

As a rosult, by applying a developing method using a developing bias voltage characteristic to the
present invention, developed images having a high image density can be obtained with good gradation
characteristic and thin ~ line reproducibility.

45 The features of the present invention will now be explained with reference to Figure 3 showing an
image forming apparaius for practicing an embodiment of the image forming method according to the
present invention. .

Referring to Figure 3, the apparatus includes a latent image —bearing member 1 which can be a latent
image ~bearing member (so-called photosensitive member), such as a rotating drum, for electrophotog -

50 raphy; an insulating member, such as a rotating drum, for electrostatic recording; photosensitive paper for
the Electrofax; or electrostatic recording paper for direct electrostatic recording. An electrostatic latent
image is formed on the surface of the latent image—bearing member 1 by a latent image forming
mechanism or latent image forming means (not shown) and the latent image —bearing member is rotated in
the direction of an indicated arrow.

55 The apparatus also includes a developing apparatus which in tum includes a developer container 21
(hopper) for holding a monocomponent - type developer and a rotating cylinder 22 as a developer - carrying
member (hereinafter, also called "(developing) sleeve™) in which a magnetic field - generating means 23,
such as a magnetic roller, is disposed.
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devel oper ¢ Q[aily édagorted and rotated in the direction of an indicated arrow. A doctor blade 24 as a developer
layer regulating means is disposed above the sleeve 22 with its lower edge close to the upper surface of
5 the sleeve 22. A stirrer 27 is disposed for stirring the developer within the hopper 21.

The sleeve 22 is disposed with its axis being in substantially parallel with the generatrix of the latent
image — bearing member 1 and opposite to the latent image - bearing member 1 surface with a slight gap «
thersfrom.

The surface moving speed (circumferential speed) of the sleeve 22 is substantially identical to or

10 slightly larger than that of the latent—image bearing member 1. Between the latent image ~ bearing member
1 and the sleeve 22, a DC voltage and an AC voitage are applied in superposition by an alternating bias
voltage application means Sy and a DC bias voltage application means S;.

In the image forming method of the present invention, not only the magnitude of the alternating bias

electric field but also the application time thereof are controlled as well as a triboelectric charge adapted to

15 the controlling developing bias voltage. More specifically, as for the alternating bias, the frequency thereof
is not changed, but the development - side bias component is increased while the application time thereof
is shortened and correspondingly the reverse development —side bias component is suppressed low whils
the application time thersof is prolonged, thus changing the duty ratio of the alternating bias voltage.

In the present invention, the development—side bias (voltage) component refers to a voltage compo -

20 nent having a polarity opposite to that of a latent image potential (with reference to the developer— carrying
member) on the latent image —bearing member (in other words, the same polarity as the toner for
developing the latent image), and the reverse development-side bias (voltage) component refers to a
voltage component having the same polarity as the latent image (opposite polarity to the toner).

For example, Figure 4 shows an example of an asymmetrical alternating bias voltage comprising an AC

25 bias voltage and a DC bias voltage. Figure 4 refers to a case where a toner having a negative charge is
used for developing a latent image having a positive potential with reference to the developer - carrying
member. The part a refers to a development—~side bias component and the part b refers to a reverse
development ~ side bias component. The magnitudes of the development~side component and the reverse
development — side component are dencted by the absolute values of Va and Vb.

30 In the present invention, the duty ratio of the alternating bias voltage is defined as follows:

Duty ratio = t,/(t; +t5) (x100) %, -

wherein t, denotes the duration of a voltage component with a polarity for directing the toner toward the
85 latent image ~bearing member (constituting the developing side bias component a), and t, reversely
denotes the duration a voitage component with a polarity for peeling the toner from the latent image —
bearing member (constituting the reverse development -side bias component b) respectively, within one
cycle of the alternating bias voltage.
Almost a right half geriphery of the developing sleeve 22 always contacts the developer within the
40 hopper 21, and the developer in the vicinity of the sleeve surface is attached to and held on the sleeve
surface under the action of a magnetic force exerted by the magnetic field — generating means 23 disposed
in the sleeve 23 and/or an electrostatic force. As the developing sleeve 22 is rotated, the developer layer
- held on the sleeve is leveled into a thin layer T; having a substantially uniform thickness when it passes by
the position of the doctor blade 24. The charging of the magnetic toner is principally effected by
45 triboelactrification through friction with the sleeve surface and the developer stock in the vicinity of the
slesve surface caused by the rotation of the sleeve 22. The thin magnetic developer layer on the
developing sleeve 22 rotates toward the latent image — bearing member 1 as the sleeve rotates and passes
a developing station or region A which is the closest part between the latent image ~ bearing member 1 and
the developing sleeve 22. In the course of the passage, the magnetic toner in the developer layer on the
50 developing sleeve 22 flies under the action of DC and AC voltages applied between the latent image —
bearing member 1 and the developing sleeve 22 and reciprocally moves between the latent image —bearing
member 1 surface and the developing sleeve 22 surface in the developing region A. Finally, the magnstic
toner on the developing sleeve 22 is selectively moved and attached to the latent image ~ bearing member
1 surface corresponding to a latent image potential pattem thereon to successively form a toner image Ta.
55 The developing sleeve surface having passed by the developing region A and having selectively
consumed the magnetic toner thereon rotates back into the developer stock in the hopper 21 to be supplied
again with the magnetic developer, whereby the thin developer layer T, on the developing sleeve 22 is
continually moved to the developing region A when developing steps are repeatedly effected.
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As described above, a problem accompanying such a developing scheme (non—contact developing
methed using @ monocomponent developer) is that a developing performance can be decreased due to an
increased force of attachment of magnetic toner particles in the vicinity of the developing sleeve surface in
some cases. The magnetic toner and the sleeve always cause friction with each other as the developing
sleeve 22 rotates, so that the magnetic toner is gradually caused to have a large charge, whereby the
electrostatic force (Coulomb’s force) between the magnetic toner and the sleeve is increased to weaken the
force of flying or jumping of the magnetic toner. As a result, the magnetic toner is stagnant in the vicinity of
the sleeve to hinder the triboslectrification of the other toner particles, thus resulting in a decrease in
developing characteristic. This particularly occurs under a low humidity condition or through repetition of
developing steps. Due to a similar mechanism, the above—mentioned developer—carrying member
memory occurs.

The force of flying the magnetic toner from the sleeve toward the latent image ~ bearing member 1 is
required to provide an acceleration @ so as to cause the magnetic toner to sufficiently reach the latent
image surface under the action of an AC bias electric field. If the mass of a foner particle is denoted by m,
the force T Is given by

f = m-3a.

If the charge of the toner particle is denotgd by q, the distance from the slesve is denoted by d and the
alternating bias electric field is denoted by E, the force Tis roughly given by

F=Bq- (e q?)/a2.

Thus, the force of toner reaching the latent image surface Is determined by a balance between the
electrostatic attraction force with the sleeve and the electric field force.

In this instance, toner particles of 5 wm or smaller which are liable to gather in the vicinity of the
developing sleeve can also be flied if the electric field is increased. However, if the development—side bias
voltage is simply increased, the foner is caused to fly toward the latent image side regardless of the latent

image pattern. This tendency is strong for toner particles of 4 um or smaller, thus being liable to cause -

ground fog. The ground fog can be prevented by increasing the reverse development —side voltage, but if
the altermating electric field acting between the latent image —bearing member 1 and the developing sleeve
22 is increased, a discharge is directly caused between the latent image ~bearing member 1 and the
sleeve 22 to remarkably impair the image quality in some cases.

Further, when the reverse development —side voltage is also increased, the toner attached not only to
the non ~latent image part but also to the latent image pattern (image part) is caused to be peeled. Thus,
magnetic toner particles having a relatively small image force to the latent image ~bearing member are
liable to be removed so that the coverage on the latent image part becomes poor to cause image defects,
such as disturbance of a developed pattern, deterioration of gradation characteristic and line — reproduc ~
ibility and liability of hollow image (white dropout of a middle part of an image).

From the above results, it is important to cause the toner in the vicinity of the sleeve to fly or jump and
reciprocally move without excessively increasing the alternating bias electnc field and by suppressing the
reverse development—side bias voitage to a low value.

Even if the reverse development—side bias electric field is weak, the duration thereof is prolonged so
that the effective force for pesling from the latent image —bearing member remains identical. The toner
image attached to the latent image is not disturbed so that a good image with a gradation characteristic is
attained.

Under the action of the developing bias voltage according to the present invention, when sars formed of
a magnetic toner fly and the tips of the ears touch the latent image —bearing member, the toner particles in
the neighborhood of the ear tips, particles of a small particle size and particles having a large charge are
attached to the latent image —bearing member for effecting development because of the image force,
whereas the particles constituting the trailing ends or particles having a small charge are returned to the
developer —carrying member under the action of the reverse development—side bias. Thus, the ears tend
to be broken so that difficulties such as tailing and scattering due to ears can be alleviated.

According to the alternating bias electric field used in the present invention, the development - side -
bias electric field is so strong as to cause toner particles near the sleeve surface to jump, so that toner
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to an electrostatic force, so that an image having a sharp edge can be obtained at a high resolution.

Further, magnetic toner particles having a large charge are effectively used to provide a good image.

5 In the image forming method of the present invention, a satistactory development may be effected for a
gap of from 0.1 mm to 0.5 mm between the developing sleeve 22 and the latent image — bearing member 1
while 0.25 mm was representatively used in Examples described hereinafter.

While being dependent on the gap between the developing sleeve and the latent image bearing
member, a satisfactory image can be obtained if the absolute value of the alternating bias voitage is 0.5 kV

10 or higher. Taking a possible leakage to the latent image —bearing member into consideration, the peak—
to— peak voltage of the alternating bias voltage may preferably be 0.5 — 3.0 kV, particularly 1.0 — 2.0 kV.
The leakage can of course change depending on the gap between the developing sleeve 22 and the latent
image — bearing member 1. '

The frequency of the alternating bias may preferably be 1.0 kHz to 3.0 kHz. If the frequency is below

16 1.0 kHz, a better gradation can be attained but it becomes difficult to dissolve the ground fog. This is
presumably because, in such a lower frequency region where the frequency of the reciprocal movement of
the magnetic toner particles is smaller, the force of pressing the magnefic toner particles onto the latent
image - bearing member due to the development —side bias becomes excessive even onto a non—image
part, so that a portion of toner attached onto the non - image part cannot be completely removed by the

20 poeling force due to the reverse development—side bias electric field. On the other hand, at a frequency
above 3.0 kHz, the reverse development-side bias electric field is applied before the toner sufficiently
contacts the latent image - bearing member, so that the developing performance is remarkably lowered. In
other words, the toner per se cannot easily respond to such a high frequency electric field.

In the present invention, a frequency of the alternating bias electric field In the range of 1.5 kHz to 2.5

25 kHz provided an optimum image quality.

The duty ratio of the alternating bias slectric field waveform according to the present invention may be
substantially below 50 %, preferably be a value satisfying: 20 % < duty factor S 45 % in view of the image
quality and developing characteristic. If the duty factor is above 45 %, the above—mentioned defects
become noticeable to fail to achieve the improvement in image quality according to the present invention. If

30 the duty factor is below 20 %, the response of the toner to the alternating bias electric field becomes poor
to lower the developing performance. The duty factor may opfimally be in the range of 25 to 40 %
{inclusive).

The alternating bias waveform may for example be in the form of a rectangular wave, a sine —wave, a

. saw —teeth wave or a triangular wave.

35 The monocomponent — type developer according to the present invention will be described hereinbelow.

As a result of our further study on performances of monocomponenttype developers in relation with
developing sleeves, we have found a monocomponent —type developer capable of providing images having
a high image density and excellent in gradation characteristic and thin —line reptoducibility under various
environmental conditions.

40 More specifically, images having such excellent image qualities can be obtained by using a
monocomponent —type developer comprising a magnetic toner containing at least a binder resin and
magnetic powder, and 0.5 — 10 wt. % (based on the magnetic toner) of inorganic fine powder having a
length — average particle size of 0.1 — 5 um; wherein the monocomponent — type developer has a number —
basis particle size distribution such that particles of 4 m or smaller are contained at 5 — 18 % by number

45 and particles of 4 ~ 10 um are contained at at least 60 % by number; the monocomponent-type
developer has a volume basis particle size distribution such that particles of 127 um or larger are
contained at at most 10 % by volume; and the monocomponent—type developer has a weight—average
particle size of 7 — 11 um.

When a monocomponent ~type developer comprising an external mixture of a magnetic toner and

50 inorganic fine powder having a length —average particle size of 0.1 — 5 um (preferably 0.5 ~ 3 um) is
used, the inorganic fine powder is selectively applied in the vicinity of the developing sleeve surface to form
a very thin layer of the inorganic fine powder. As a result, the magnetic toner does not directly contact the
developing sleeve surface, so that the magnetic toner is prevented from sticking onto the sleeve surface
due to the image force, thus not being liable to cause a coating irregularity of the developer.

§5 Further, if inorganic fine powder having a small charge of a polarity opposite to that of the magnstic
toner is added, the inorganic fine powder is separated from the magnetic toner under application of a
developing bias at the time of development, so that the charge of the magnetic toner can be increased.
Accordingly, if inorganic fine powder having a length —average particle size of 0.1 ~ 5 um, preferably 0.5
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of the inorganic fine powder at the developing sleeve surface. Herein, the length —average particle size of

5 the inorganic fine powder refers to an average particle size calculated as Ind/tn based on the number—

If the length — average particle size of the inorganic fine powder is below 0.1 Lm, it is too small so that
the inorganic fine powder shows too strong adherence onto the magnetic toner surface and the separation

10 the present invention. If the inorganic fine powder has a length —average particle size exceeding 5 um, the
inorganic fine powder shows a poor mixability with the magnetic toner, thus being liable to scatter from the
Further, inorganic fine powder having a high rigidity and also a large particle size is. liable to dame the
surface of the photosensitive member as a latent image — bearing member, thus being undesirable.
fine powder layer on the developing sleeve is insufficient, so that it is difficult to exhibit the effect of the
present invention. On the other hand, if the amount exceeds 10 wt. %, the inorganic fine powder layer on
the developing sleeve is hindered to result in poor images having low image densities.

20 It is preferred that the inorganic fine powder shows'a triboelectric charge in the range of 0.1 — 10 uC/g
{e.g.. "EFV 200/300" available from Powdertec K.K.) and separated under suction (at about 200 mmH20)
through a 500 mesh —stainless steel filter.

25 the developing sleeve surface, if the magnetic toner used in the present invention, when measured in
mixture with the inorganic fine powder, contains 5 — 18 % by number, preferably 7 ~ 15 % by number, of
insufficient in amount, so that the layer formation of the inorganic fine powder becomes insufficient on the
developing sleeve surface. On the other hand, in excess of 18 % by number, the amount of magnetic toner
magnetic toner forms a layer on the developing sleeve surface to suppress the formation of the inorganic
fine powder layer. As a result, when a developing operation is successively performed for such a long
magnetic toner causes sticking onto the developing sleeve. Further, magnetic toner particles having particle

35 size of 4 um or smaller present in a large amount are liable to be attached even onto a region of the latent
fog, thus being undesirable.

Particularly excellent results are attained if the monocomponent —type developer contains particles of 4

40 of 252 ~ 3.17 um in terms of a number —basis particle size distribution as shown in Figure 1. When such
a distribution is satisfied, a proper degree of the inorganic fine powder layer is formed on the developing
high image density and good image characteristics. In a normal temperature — very low humidity
environment, the magnétic toner is caused to have a large charge, so that the formation of the inorganic fine
as a monocomponent —type developer containing a larger proportion in the range of 2 - 2.52 um than in
the range of 252 - 3.17 um is obtained by removing fine powdery magnetic toner particles hindering the
inorganic fine powder layer on the developing sleeve is not hindered by fine powder of the magnetic toner

s0 even in a normal temperature — very low humidity environment.
and the inorganic fine powder has a particle size distribution including 1 — 10 % by number, preferably 2
~ 7 % by number, of particles of 2.00 - 2.52 um, 0.5 - 8 % by number, preferably 1 — 6 % by number,

s5 3.17 — 4.00 um pitch the proviso that the particles of 2.00 — 2.52 um is present in a larger proportion than

the particles of 252 - 3.17 um.
number of particles of 40 — 10 um and is provided with an improved chargeability on the developing
THIS SHEET HAS BEEN

Is effective for suppressing the ground fog but also functions—to—+a
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characteristic and are free from ground fog. When t he i nage
the sticking of the magnetic toner onto the developing sleeve surface because of the preferential presence
basis particle size distribution of the inorganic fine powder measured in a manner as described hersinafter.
of the powder from the magnetic toner surface cannot be readily caused, thus failing to exhibit the effect of
sleeve surface to soil the charging wire of the -corona charger or cause a decrease in image density.
15 If the Inorganic fine powder is added in an amount of below 0.5 wt. %, the formation of the inorganic
the developing sleeve becomes too thick, so that the triboelectric charging between the magnetic tonsr and
(absolute valus) when measured after being blended in a proportion of 5 wt. % with 95 wt. % of iron powder
Good results are obtained through formation of a suitable degree of the inorganic fine powder layer on
particles having particle sizes of 4 um or smaller. Below 5 % by number, the inorganic fine powder is
30 particles having a particle size of 4 um or smaller becomes remarkably large, so that the fine powder of
period and a large number of sheets as to change the surface characteristic of the developing sleeve, the
image ~bearing member having no electrostatic jmages at the time of development to cause background
um or smaller including a larger proportion in a range (channel) of 2 — 2.52 um than in a range (channel)
sleeve surface even in a normal temperature —~ very low humidity environment, thus being able to retain a
45 powder layer is more remarkably hindered by fine powdery toner particles in the magnetic toner. However,
formation of the inorganic fine powder layer and adding the inorganic fine powder, the formation of the
It is desirable that the monocomponent —type developer in the form of a mixture of the magnetic toner
of particles of 252 ~ 3.17 um, and 2 ~ 15 % by number, preferably 3 — 10 % by number, of particles of
The monocomponent —type developer according to the present invention contains at least 60 % by
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the particle size
sleeve by addition of the inorganic fine powder. A magnetic toner having a high charge is caused to
effectively jump from the developing sleeve onto the latent image ~bearing member under the action of a
developing bias at a duty ratio of below 50 % to faithfully attach to an electrostatic latent image to effect
development, thus providing a high quality image. However, if the particles of 4 ~ 10 um is less than 60 %

5 by number, the development of an electrostatic latent image becomes insufficient to provide a rather low
image density. Magnetic toner particles of 10 um or larger are provided with a lower charge, so that it
becomes difficult to faithfully develop electrostatic latent images. Further, magnetic toner particles of 4 -
10 um are consumed at a higher proportion and, as the continuation of a successive developing operation
for a long period, particles outside the range of 4 ~ 10 um are gradually accumulated to change the

10 particle size distribution.ot the magnetic toner on the developing sleeve, thus being liable to cause
problems, such as background fog and decrease in image density.

Particularly, in terms of volume - basis parlicle size distribution, if particles of 12.7 um or larger are
contained in a proportion exceeding 10 vol. %, this means that particles having a low charge which are not
desirable for development using a developing bias having a duty ratio of below 50 % are present in a large

15 proportion, to result in a low image density and Inferior image reproducibility. Accordingly, in the
monocomponent —type developer according to the present invention, particles of 12.7 um or larger should
be suppressed to at most 10 vol. % based on a volume —basis particle size distribution and, if this range is
satisfied, good results are attained even in a long period of successive image formation providing a large
number of sheets.

20 The monocomponent—type developer according to the present invention has a weight—average
particle size of 7 = 11 um, preferably 7.5 ~ 10.5 wm. While the weight - average particle size requirement
cannot be considered separately from the other requirements, a weight— average particle size of below 7
um means an increased proportion of relatively fine particles and is liable to result in background fog and a
rather low image density in an environment of normal temperature — very low humidity (e.g.. 23 °C, 5

25 %RH). On the other hand, if the weight—average particle size exceeds 11 um, rather coarse particles are
relatively rich in the magnetic toner, to result in a decrease in image density and a lowering in image
characteristics In a long term of successive image formation or in a high humidity environment.

If the monocomponent-type devsloper of the present invention is applied to an image forming method
using a development bias of asymmetric character as described above, the effects of the

30 monocomponent —type developer of the present invention are more effectively exhibited. :

The particle size distribution of a toner and a developer may be measured by means of a Coulter
counter in the present invention, while it may be measured in various manners.

Coulter counter Model TA-11 (available from Coulter Electronics Inc.) is used as an instrument for
measurement, to which an interface (available from Nikkaki K.K.) for providing a number —basis distribution

ss and a volume-basis distribution, and a personal computer CX-1 (available from Canon KK) are
connected.

For measurement, a 1 % —NaCl aqueous solufion as an electrolyte solution is prepared by using a
reagent—grade sodium chloride. For example, ISOTON® ~ [l (available from Coulter Scientific Japan K.K.)
may be used therefor. Into 100 to 150 mi of the electrolyte solution, 0.1 to 5 ml of a surfactant, preferably

40 an alkylbenzenesulfonic acid salt, is added as a dispersant, and 2 to 20 mg of a sample is added thereto.
The resultant dispersion of the sample in the electrolyte liquid is subjected to a dispersion treatment for
about 1 - 3 minutes by means of an uitrasonic disperser, and then subjected to measurement of particle
size distribution in the range of 2 - 40 um by using the above —~mentioned Coulter counter Model TA-1I
with a 100 micron —aperture to obtain a volume —basis distribution and a number —-basis distribution. Form

45 the resuits of the volume —basis distribution and number —basis distribution, parameters characterizing the
magnetic toner and developer of the present invention may be obtained.

The length ~average particle size (End/En, D = particle size) of inorganic fine powder referred to
herein is based on measurement of particle size distribution using a Coulter counter. The measurement
may be performed in a similar manner as the measurement of a toner particle size distribution as

so0 described. In the actual measurement, an electrolyte containing a sample suspended therein was subjected
to dispersion for 5 minutes by an ultrasonic disperser, followed by measurement of a number-basis
particle size distribution in the range of 0 — 40 um to calculate a length ~ average particle size.

The Counter counter should be equipped with an appropriate size of aperture so as to effect an
accurate measurement of the length — average particle size of the inorganic fine powder within an extent not

ss causing plugging of the aperture. More specifically, in case where coarse particles of 6 Lm or larger are
absent, it is preferred to use an aperture of 15 um. In case where particles of 8 - 20 um are present and
particles exceeding 20 um are not present, it is preferred to use an aperture of 50 um. In case where
particles of 20 — 40 um are present and particles exceeding 40 um are absent, it is preferred to use an

THIS SHEET HAS BEEN
REPLACED

EP 0 541 113 A1

12




.distribution of the toner remaining in the devel oping apparatus was

exam ned whereby the change in particle size distri bution—%a-s-gbsetund as
conpared with that of the initial stage and the deterloratlon in i

qualities was found to be caused by the change in particl e etHaSBeenRePIaced
distribution of the toner due to selegc&é4\qur%gpsurrptlon of ]IIIH"I I”",

particular particle size range. ere are two
requi renents A and B as described below in a devel opi ng met hod using an
i nsul ati ng nagpetutees 10enel oper . Requirement A To form a uniform coating
| ayer of magnetiTe dag@lco“pe powgigr ysed in the developer of the present invention may for example comprise
fine powder of inorganic oxides and fine powder of carbonate. The inorganic oxides may include: oxides,
such as zinc oxide, and tin oxide; and double oxides, such as strontium titanate, barium titanate, calcium
5 fitanate, strontium zirconate, and calcium zirconate. The carbonates may include calcium carbonate and
magnesium carbonate. Among these, fine powder of double oxide of titanium oxide, particularly strontium
titanate, shows excellent effects.

The inorganic fine powder having a length ~average particle size of 0.1 -~ 5 um may preferably be

hydrophilic and non —magnstic. The required degree of hydrophilicity may be satisfied if the fine powder
70 can be wetted with water and dispersed in water.

In addition to the inorganic fine powder having a length —average particle size of 0.1 — 5 um, it is
preferred to externally add hydrophobic colloidal silica fine powder to the magnetic toner so as to improve
the flowability and charge stability of the developer. The hydrophobic colloidal silica fine powder may
preferably have a BET specific surface area of at least 100 m?/g and used in an amount of 0.05 ~ 5 wt. %,

15 particularly 0.1 — 2 wt. %, based on the magnetic toner. The hydrophobic colioidal silica fine powder may
preferably have a triboelectric chargeability of the same polarity as the magnetic toner so as to attach the
surface of the magnetic tone particle surface and move together with the magnefic toner particles.

The hydrophobicity of hydrophobic colloidal silica fine powder refetred to herein are based on values
measured in the following manner while other methods may be applicable with reference to the following

20 method. _

100 mli of pure water and 1 g of a sample are placed in a vessel equipped with a closely fitted stopper
and vibrated for 10 minutes on a vibrator. After the vibration, the container is left standing for several
minutes fo allow separation into a silica powder layer and an aqueous layer. The aqueous layer is then
sampled, and the transmittance thereof at a wavelength of 500 nm is measured with reference to that of

25 pure water free from contact with the silica fine powder. The relative transmittance value thus obtained is
taken as the hydrophobicity of the sample silica fine powder.

The silica fine powder used in the present invention may preferably have a hydrophobicity of at least 60
%, more preferably at least 70 %.

The developer according fo the present invention may further contain other additives according to

30 necessity. Examples of such additives may include: lubricants, such as polytetrafluoroethylene (teflon),
polyvinylidene fluoride, and fatty acid metal salts; abrasives, such as cerium oxide, and silicon carbide;
flowability —imparting agents or anti -caking agents, such as surface —treated fitania and surface —treated
alumina freated by surface—treating agents, such as silicone oil, various modified silicone oil, silane
coupling agents, and silane coupling agents having functional groups; carbon black; and fixing acids, such

35 as low~-molecular weight polyethylene. More specifically, it is possible to add a waxy substance, such as
low —molecular weight polyethylens, low —molecular weight polypropylene, microcrystalline wax, carnauba
wax and sasol wax in an amaount of 0.5 ~ 5 wt. % to the toner of the present invention in order to imprave
the releasability at the time of hot roller fixation.

The binder resin constituting the magnetic toner used in the present invention may for example

40 comprise the following materials.

Homopolymers or copolymers of vinyl monomers shown below: styrene; styrene derivatives, such as
o—-methyistyrene, m-—methylstyrens, p-methylstyrene, p-methoxystyrense, p - phenylstyrene, p-
chlorostyrene, 3,4 —dichlorostyrene, p -ethylstyrene, 2,4 —dimethylstyrene, p —n-butylstyrene, p —tert-
butylstyrene, p —n —hexylstyrene, p — n—octylstyrene, p —n —nonylstyrene, p —n—decylstyrene, and p—n-—

45 dodecyistyrene; ethylenically unsaturated monoolsfins, such as sethylene, propylene, butylene, and
isobutylene; unsaturated polyenes, such as butadiene; halogenated vinyls, such as vinyl chloride, vinylidene
chloride, vinyl bromide, and vinyl fluoride; viny! esters, such as vinyl acetate, vinyl propionate, and vinyl
benzoate; methacrylates, such as methyl methacrylate, sthyl methacrylate, propyl methacrylate, n-buty)
methacrylate, isobutyl methacrylate, n-—octyl methacrylate, dodecyl methacrylate, 2 -ethylhexyl

50 methacrylate, stearyl - methacrylate, phenyl methacrylate, dimethylaminosthyl methacrylate, and
disthylaminoethyl methacrylate; acrylates, such as methyl acrylate, ethyl acrylate, a—butyl acrylate,
isobutyl acrylate, propyl acrylate, n—octyl acrylate, dodecyl acrylats, 2-ethylhexyl acrylate, stearyl
acrylate, 2 ~chlorosthyl acrylate, and phenyl acrylate, vinyl ethers, such as vinyl methyl ether, vinyl sthyl
ether, and vinyl isobutyl ether; vinyl ketones, such as vinyl methyl ketone, vinyl hexyl ketone, and methyl

s5 isopropenyl ketone; N-vinyl compounds, such as N -vinylpyrrole, N —vinylcarbazole, N - vinylindole, and
N-—viny! pyrrolidone; vinylnaphthalenes; acrylic acid derivatives or methacrylic acid derivatives, such as
acrylonitrile, methacryronitrile, and acrylamide; vinyl compound derivatives having a carboxylic group, such
as acrylic acid, methacrylic acid, maleic acid, and fumaric acid; half esters, such as maleic acid half esters,
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.and fumaric acid half esters; maleic anhydride, maleic acid esters and fumaric acxd ester derivatives.

Further examples of the binder resin may include: polyesters, polyurethane, epoxy resin, polyvinyl-
butyral, rosin, modified rosin, terpene, resin, phenclic resin, aliphatic or alicyclic hydrocarbon resins,
aromatic petioleum resins, haloparaifins, paraffin wax, etc. These may be used singly or in mixture.

§ Among these, styrene—type resins, acrylic resins, and polyester resins are particularly preferred as
binder resins.

In view of the anti - offset characteristic of the resultant polymer, the binder resin may further preferably
be a crosslinked vinyl polymer, a crosslinked vinyl copolymer or a mixture of these polymers, obtained by
using a crosslinking agent as follows:

10 Aromatic divinyl compounds, such as divinylbenzene and divinyinaphthalene; dlacrylate compounds
connected with an alkyl chain, such as ethylene glycol diacrylate, 1,3 —butylene glycol diacrylate, 1,4—
butanediol diacrylate, 1,5- pentanediol diacrylate, 1,6 —hexanediol diacrylate, and neopentyl glycol dia—
crylate, and compounds obtained by substituting methacrylate groups for the acrylate groups in the above
compounds; diacrylate compounds connected with an alkyl chain including an ether bond, such as

15 diethylene glycol diacrylate, triethylene glycol diacrylate, tetrasthylene glycot diacrylate, polyethylene giycol
#400 diacrylate, polyethylene glycol #600 diacrylate, dipropylene glycol diacrylate and compounds obtained
by substituting methacrylate groups for the acrylate groups in the above compounds; diacrylate compounds
connected with a chain including an aromatic group and an ether bond, such as polyoxyethylene(2)-2,2 -
bis(4 — hydroxyphenyl)propanediacrylate, polyoxyethylense(4) — 2,2 — bis(4 —~ hydroxyphenyl)propanediacrylate,

20 and compounds obtained by substituting methacrylate groups for the acrylate groups in the above
compounds; and polyester—type diacrylate compounds, such as one known by a trade name of MANDA
(available from Nihon Kayaku K.K\). Polyfunctional crosslinking agents, such as pentaerythritol triacrylate,
trimethylolethane triacrylate, trimethylolpropane triacrylate, tetramethylolmethane tetracrylate, oligoester
acrylate, and compounds obtained by substituting methacrylate groups for the acrylate groups in the above

25 compounds; triallyl cyanurate and triallyl trimellitate.

These crosslinking agents may preferably be used in a proportion of about 0.01 - 5 wt. parts,
particularly about 0.03 - 3 wt. parts, per 100 wt. parts of the other monomer components.

Among the above—mentioned crosslinking monomers, aromatic divinyl compounds (particularly,
divinylbenzene) and diacrylate compounds connected with a chain including an aromatic group and an

s0 ether bond may suitably be used in a toner resin in view of fixing characteristic and anti-offset
characteristic. It is preferred that at least one of these compounds is used for constituting the binder resin.

The binder resin for constituting a toner to be used for a pressure fixing system may comprise a low—
molecular weight polyethylene, low ~molecular weight polypropylens, ethylene —vinyl acetate copolymer,
ethylene ~ acrylate copolymer, higher fatty acid, polyamide resin or polyester resin. These resins may be

35 used singly or in mixture.

The magnetic toner according to the present invention comprises a magnetic material, examples of
which may include: iron oxide and iron oxide containing another metal oxide, such as magnetite,
maghemite, and ferrite; metals, such as Fe, Co and Ni, alloys of these metals with other metals, such as Al,
Co, Cu, Pb, Mg, Ni, Sn, Zn, Sb, Be, Bi, Cd, Ca, Mn, Se, Ti, W and V, and mixtures of these materials.

40 The magnetic material may preferably have an average particle size of 0.1 ~ 2 um, and magnetic
properties under application of 10 k Oersted, inclusive of a coercive force of 20 ~ 150 Oersted, a saturation
magnetization of 50 ~ 200 emu/g, particularly 50 - 100 emu/g, and a remanence of 2 — 20 emu/g.

The magnetic toner according to the present invention may preferably be used by adding a charge
control agent internally or externally. The charge control agent may be known positive charge controllers,

45 examples of which may include: nigrosine and its modified products, e.g., with aliphatic acid metal salts,
quarternary ammonium salts, diorganotin oxides and diorganotin borates. These may be used singly or in
combination of two or more species. Among these, nigrosine type compounds and quarternary ammonium
salts may be particularly preferred.

Further, it is also possible to use as a posnive charge control agent a homopolymer of a nitrogen -
s0 containing monomer represented by the formula:

1;1
CH2=C
&5 /R2
COOCzH 4N
\R3 '
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- 6- material is disposed opposite to a magnetic pol e—of—a Tixed magnet

encl osed within a devel oper-carrying menber to form earspf of 4 Bralrep

al ong magnetic Ilines of force acting between the magnetic
magneti c bl ade and cut the ears with the tip edge of the bﬂ ‘m E‘I
regul ating the thickness of the resugppBg fgval oper | ayer
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magnetic force (e.g., as disclosed in JP-A 54-43037).
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wherein R: denotes H or CH;, and Rz and Rs respectively denote an alkyl group capable of having a
substituent; or a copolymer of the nitrogen — containing monomer with another polymerizable monomer as
described above, such as styrene, an acrylate or a methacrylate. The resultant nitrogen ~containing
homopolymer or copolymer can also function as a part or all of the binder resin.

Alternatively, in the present invention, it is also possible to use a negative charge control agent, which
may be known one such as carboxylic acid derivatives or their metal saits, alkoxylates. organic metal
complexes, and chelate compounds. These negative charge control agents may be used singly or in
mixture of two or more species. Among these, acetylacetone metal complex, salicyclic acid metal
complexes alkylsalicylic acid metal complexes, dialkylsalicyclic acid metal complexes, naphthoic acid metal
complexes, and monoazometal complexes may be particularly suitably used.

The toner according to the invention can contain an arbitrary appropriate pigment or dye as a colorant
as desired. The magnetic material may also function as a colorant.

The magnetic toner used in the present invention may preferably be prepared by a method in which
toner constituents are sufficiently blended in a mixer such as a ball mill and then kneaded well in a hot
kneading means, such as a kneader or extruder, mechanically crushed and classified. Alternatively, it is
possible to use a method wherein a binder resin solution containing other components dispersed therein is
spray ~dried; a polymerization method wherein prescribed ingredients are dispersed in a monomer
constituting a binder resin and the mixture is emulsified, followed by polymerization of the monomer o
provide a polymer; etc. The toner used in the present invention can be in the form of a microcapsule toner
comprising a core material and a shell material.

In the present invention, it is particularly preferred to use as a latent image —bearing member a
photosensitive member comprising an a— Si photosensitive layer on a conductive substrate in applying the
bias conditions according to the present invention.

Such an a-Si photosensitive member can be provided with a lower charge injection — prevention roller
below the photosensitive layer so as to prevent charge injection from the substrate.

it is further possible to provide a surface protective layer above the photosensitive layer in order to
improve the durability and provide an upper charge injection—preventing layer above the photosensitive
layer or between the surface protective layer and the photosensitive layer.

It is also possible to dispose a layer which functions as both a surface protective layer and an upper
charge injection ~ preventing layer.

It is also possible to dispose a long—wavelength light—absorbing layer above or below the lower
charge injection — preventing layer in order to prevent interference with long —wavelength light.

In this instance, so as to adapt the respective layers to their practical use, it is possible to introduce
various atoms inclusive of: hydrogen atom; Group Il atoms of the periodic table, such as boron, aluminum,
and gallium; Group IV atoms of the periodic table, such as germanium and tin; Group V atoms of the
periodic table, such as nitrogen, phosphorus and arsenic; Group VI atoms of the periodic table, such as
oxygen, sulfur, and selenium; and halogen atoms, such as fluorine, chlorine, and bromine, along or in
combination at the time of formation of a—Si.

For example, a photosensitive drum for holding a negatively charged electrostatic image can be
prepared by forming a photosensitive layer with hydrogenated (i.e., hydrogen —containing) a~Si, a lower
charge injection —preventing layer with hydrogenated a—Si doped with phosphorus, and an upper charge
injaction ~ preventing layer with hydrogenated a - Si doped with boron.

On the other hand, a photosensitive drum for holding a positively charged elactrostatic image can be
prepared by forming a lower charge injection ~ preventing layer with hydrogenated a - Si doped with boron
and a surface protective layer with an amorphous film comprising silicon, carbon and hydrogen (hersinafter
called a- SiC film).

An a-Si photosensitive member is generally excellent in heat resistance and abrasion resistance and is
thus excellent in durability. Accordingly, the image forming method according to the present invention is
advantageous for realization of a high - speed image forming apparatus. Further, it is possible to form a
latent image faithful to an original image so that it is advantageous in realizing a high image quality in an
image forming apparatus such as a copying machine.

An Se photosensitive member and an OPC photosensitive member can cause deterioration of the
photosensitive layer during a continuous use due to white reflection light, laser light and mechanical action
to result in difficulties, such as decrease in photoconductivity and chargeability and increase in dark decay,
so that they can fail to show sufficient electrophotographic performances in some cases. In such cases,
there can arise difficulties such that a sufficient dark potential can not be attained, it becomes impossible to
lower the light part potential to a necessary level, and it becomes difficuit to obtain an appropriate potential
contrast or a latent image potential corresponding to an original. As a result, an insufficient density, fog and
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As for the requirenent A a nethod of formng a uniformtoner coating
| ayer of a mmgnetic toner on a devel oper-carrying nemrber ﬁ§sﬁg§gsggegml§§gd

by JP-A 57- 66455. In the devel oping apparatus for ef fect
the surface of a devel oper-carrying nenber is provi ded wit w I ﬂ

unevenness pattern by sand-bl asti ”Eptohsﬁ face with irr eg
particles, so as to always provide a uni } orm devel oper coating state for a
| ong period of time. The entire surface of the devel oper-carryi ng nenber
t hus tr eat ediosstvéigradatian ¢hreocewil The Hg@io@tion [ @feiedtdd firrdarghr syrased inie foanrganties are
A devel opi ngrepsaedinat unit perivd pitfinme, shethag khe pisave difficulties are pronounced in a high - speed machine.
Accordingly, in order to obtain stable electrostatic latent images, an a—Si photosensitive member capable
of always maintaining a constant latent image potential is advantageous and such as a-—Si photosensitive
§ member can be applied to a high — speed machine without problem.

Further, an Se photosensitive member and an OPC photosensitive member can cause a disturbance in
thin or fine latent images for the above —mentioned reason. The magnetic toner used in the present
invention is capable of faithfully develop even thin latent images so that such a disturbance in latent image
can be reflected in a developed image, thus being disadvantageous in delicate expression of thin lines and

10 dots. On the other hand, an a—~ Si photosensitive member does not cause a disturbance in latent image so

" that the above —~mentioned problems are not caused. The problems are also pronounced at a higher

process speed. The magnetic foner used in the present invention has a large specific surface area, so that

it has a tendency to cause a frequency contact {0 accelerate the abrasion of the photosensitive member

when applied to a high —speed machine. Se and OPC phofosensitive members are particularly liabie to be

15 abraded to promote the problem. However, an a~Si photosensitive member has a high hardness so that it
is not concerned with such a probfem.

In the present invention, by controlling not only the magnitude but also the duration t of an AC bias
electric field, a portion of the magnetic toner capable of faithfully developing a latent image on an a-Si
photosensitive member is effectively flied to accomplish the object of present invention in a satisfactory

20 manner.

More specifically, in the present invention, an AC bias voltage is controlled so that the magnitude of the
developing — side bias electric field is increased and the duration thereof is shortened without charging the
entire frequency of the AC bias voltage. Corresponding thereto, the reverse development —side bias electric
field is suppressed to be low and the duration thereof is increased, whereby the duty ratio of the AC bias

25 voltage is controlled.

By sufficiently increasing the development—side bias electric field according to the above control
scheme, toner particles of 4 — 10 um on the sieeve which constitute an essential component for providing
an improved image quality are effectively flied reciprocally to fully develop a latent image on an a-Si
photosensitive member and prevent the sticking thereof onto the sleeve surface, whereby the decrease in

30 image density and developer - carrying member memory are suppressed.

Further, while the reverse —development side electric field is suppressed to be low, the duration thereof
is sufficiently prolonged, so that an excess of toner attached to outside a latent irhage pattern on an a—-Si
photosensitive member is supplied with a peeling force from the latent image —bearing member 1 to
suppress the ground fog.

85 At this time, the reverse development - side electric field is suppressed to be low, so that toner particles
of 4 -~ 10 um constituting an essential component for toner coverage are not peeled.

While the reverse development —side bias electric field is suppressed to be low, the duration thereof is
made longer, so that the effecting pesling force from the latent image —bearing member is ensured.
However, the toner image attached to a Iatent image pattern is not disturbed, whereby a good image quality

40 with gradation can be realized.

According to the present invention, the development ~side bias electric fisld of an AC bias voltage is
intensified to fly a portion of the toner present in the vicinity of the sleeve, so that such a portion of the
toner in the vicinity of the sleeve and having a large charge is more Intensively attached to a latent image
pattern. As a result, even to a weak latent image pattern on an a—Si photosensitive member, such a portion

46 of the toner having a large charge is attached because of a large electrostatic force, whersby an image
having an edge sharpness and a good resolution can be obtained, and magnetic toner particles of 4 — 10
um which are an sffective component for realizing a high image quality are effectively utilized to provide an
extremely goad image quality.

A latent image on an a-Si photosensitive member has a low surface potential ‘but has a large

60 capacitance, so that the charge thereof is large. Accordingly, the magnetic toner according to the present
invention is small in particle size and has a large charge, so that it is firmly aftached fo the latent image.
The toner thus attached to a latent image part having a potential to be developed (image part) is not
affected by the exterior and the image thereof is not disturbed.

As for a non—image part, a fog toner (attached to such a non—image part) can be pesled by the

s5 developing bias according to the present invention even on an a - Si photosensitive member. As for a latent
image on an a—Si photosensitive member, the magnetic toner is effectively flied under application of the
above —mentioned specific bias voltage, so that a high image quality can be stably attached for a long
period and the image quality is stable even under a continual use in a high —speed machine.
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carrying nmenber having such a specific surface state can result-
deterioration of developing characteristics, such as fog 'B;u($h¢eoHsrBe laced
density depending on the magnetic devel oper used. This is

occurrence of insufficiently charged toner particles in th

devel oper leading to a lowering in elggtddG1#RAA 9e of the deve oper Iayer

In the case where an a—-Si photosensitive member is used as the latent image ~ bearing member, the
above ~mentioned effect of the present invention can be remarkably exhibited if the development is
performed under a small difference between the light part potential and the dark part potential of 130 ~ 350
V, preferably 150 — 300 V.

§ Then, a developing sleeve used in a preferred embodiment of the present invention will be explained.

In the present invention, the developing sleeve may preferably have a surface unevenness comprising
sphere ~traced concavities. The surface state can be obtained by blasting with definite shaped particles.
Herein, the definite—shaped particles may preferably be spherical or spheroidal particles having a
substantially smoothly curved surface and having a ratio of longer axis/shorter axis of 1 ~ 2, preferably 1 -

10 1.5, further preferably 1 — 1.2. The definite — shaped particles may for example be various solid spheres or
globules, such as those of metals such as stainless steel, aluminum, steel, nickel and bronze, or those of
ceramic, plastic or glass beads, respectively, having a specific particle size.

A developing slesve preferably used in the present invention may also be obtained by blasting first with
indefinite —~ shaped particles and then with definite —shaped particles. Such indefinite — shaped particles may

15 comprise arbitrary abrasives.

By blasting the slesve surface with definite —shaped particles having a specrfuc particle size, it is
possible to form a plurality of sphere —traced concavities having almost the same diameter.

In the present invention, "thin ~line reproducibility” was evaluated in the following manner. An original
of a thin line image having a width of accurately 100 #m is copied under suitable copying conditions to

20 provide a sample copy for measurement. The line width of the toner image on the copy is measured on a
monitor of Luzex 450 Particle Analyzer. The line width is measured at several points along. the length of the
thin fine toner image so as to provide an appropriate average value in view of fluctuations in width. The
value of thin line reproducibility (%) is calculated by the following formula:

Measured line-width of a copy image

- - x 100
Llne width (100 pm) on the original

30
In the present invention, the resolufion was evaluated in the following manner. An original sheet having
10 original line images each comprising 5 lines spaced from each other with an identical value for line width
and spacing is provided. The 10 original images comprise the 5 lines at pitches of 2.8, 3.2, 3.6, 4.0, 4.5,
5.0, 5.8, 8.3, 7.1, 8.0. 9.0 and 10.0 lines/mm, respectively. The original sheet is copied under suitable
85 conditions to obtain a sample copy on which each of the ten line images is observed through a magnifying
glass and the maximum number of lines (lines/mm) of an image in which the lines can be discriminated
from sach other is identified as a resolution measured. A larger number indicates a higher resolution.
Hereinbslow, the present invention will be explained in more detail based on Examples. Hereinbelow,
"part(s)" used for describing a formation or composition are by weight.

40
Example 1
[Production of magnetic toner]
46 .
Styrene/butyl acrylate/monobutyl maleate/divinylbenzene copolymer (monomer wt. 100 parts
ratio = 67.7/25/7/0.3, Mw (weight — average molecular weight) = 38x10*
Magnetic powder (number — average particle size = 0.18 um; saturation 90 parts
50 magnetization = 85 emu/g, residual magnetization = 12.5 emu/g and coercive force
= 130 Oersted, as measured under an external magnetic field of 10* Oersted)
 Low — molecular weight butylene/propylene copolymer . 3 parts
3,5 - Di —tert - butylsalicylic acid Cr complex (charge control agent) 2 parts
55 The above ingredients were well blended in a blender and melt—kneaded at 130 °C by means of a

twin - screw extruder. The kneaded product was cooled, coarsely crushed by a cutter mill, finely pulverized
by means of a pulverizer using jet air stream, and classified by a fixed —wall type wind—force classifier
(DS - type Wind ~Force Classifier, mfd. by Nippon Pneumatic Mfg. Co. Lid.) to obtain a classified powder
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___’-,—’_"'_’_—_7 .
- ’ I'n some cases, other difficulties can be encountered, ShcB.AReplaced

tailing, scattering, or instability of reproduction of {Tas gb
As for the requirenment B, in order to provide a devel oper m“\\mm r
wi th an enhanced ability of triboelectrically charging a ,
it has. been proposed to make snoot heepplyi sigAhtace of a devel oper-carrying
menber. According to such.a nethod, however, the coating of a :
nonoconponent -type devel oper can becone uniformto result in -
w grgduct. Ultrz-fine gawder of 4 UM oOr smalier and coarse Pire simultaneously a"g Sﬁgﬁx
removed frm the classified POWAeY by means of a multl = division,, ,gfizing a Coanda & et'c toner.
Jet Classifier available from Nutte?su Kogyo K.K.), thereby to °bta'“t_iyelv chargeable 'magn.e ! ate (a5
The fhus ~ obtained m:f\gnetlc foner was mixed with 3 wi. dropnilic strontium titan e ely
§ inorganic fine powder? having a length - average particle SIZB' 91‘_‘-“ and 0.5 wt. % by negobicity
chargeable hydroPhobic dry —process colloidal sflica (BET specificy groa = 250 u.nzg, I_wdr(;).l:‘t > ion
= 85 %) by means of a mixed to prepars a monocomponent-typgper_ The pample size distr
of the monocomponent ~type developer is shown in Figure 1. 3 4 b
The triboslectric chargeability of the hydrophilic strontium iZfing powder was measure oé
10 accurately weighing 0.2 g of the fine powder sample after standingi*ght in an environment of 23.5
and 60 %RH and 9.8 g of uncoated carrier iron powder ("EFV 4w ayailable from Powdertec K.K)
having a mode particle size in the range of 200 ~ 300 mesh and jgth powders within an about 53
cc - polysthylene ~made wide -~ mouthed bottle covered with a ligjently (by shaking the bottle 5
times up and down within about 20 sec), followed by measurement /piow - off method. The measured
15 value is shown in Table 1 appearing hersinatter. %

{Production of a developing sleeve] ’
A stainless steel slesve (SUS 304) in the form of a 32 mm —dq?}\der containing a magnet th‘::g!er:’
20 was provided, and the surface thereof was blasted with spherical gkéads of #300 (53 — 62 :Lma)nd the
the conditions of a blast nozzle diameter of 7 mm, a distance ofimm between the nozzie
sleeve, an air pressure of 3.5 kg/cm? and a blasting time of 60 sec.

e o S

{Production of a— Si photosensitive drum}

25 ,

An a~Si photosensitive drum was prepared by means of a highsgquency plasma GVD apparatuslby
using a gaseous mixture principally consisting of SiHs, Hz, CHs, PHs H; and GeHs according to the giow
discharge process. - - '

An aluminum cyfinder substrate of 108 mm diameter and 360 1 jlength was provided with 2 lower

30 charge injection~preventing layer of hydrogenated a-Si doped w boron, then with a 25 um — thick
photosensitive layer of hydrogenated a-Si and with an uppermost suce protective layer ot hydr ogenated
a-SiC, whereby an a— Si photosensitive drum was prepared. ]

The above prepared a—~Si photosensitive drum was incorporatein an image forming apparatus as
shown in Figure 3 described below for image formation according to thpresent invention. )

35 Referring to Figure 1, the above —-prepared a—Si photosensitive am was used as the latent nmage-d
bearing member 1, the gap a between the latent image —bearing rember 1 and the above-pl’epa':e
developing sleeve 22 having a blasted surface was set at 0.25 mm, nd the gap between the d_evelopmg
sleeve 22 and the magnetic doctor blade 24 was set at 0.24 mm to forma magnetic toner layer thickness odf
about 100 um on the developing sleave 22. The magnstic field given by the magnet roller 23 as measurel

40 on the sleeve surface was 1000 gauss at the Ny pole, 1000 gauss at the St pols, 750 gauss at the Nz pole
and 550 gauss at the Sz pole. loper

A copying test was performed at a rate of 85 sheets (Ad)/min, while supplying 2 sample d_e"ef"ggo
intermittently into a hopper 21. In the test, an electrostatic latant image having a dark —part potential Od
V and a light— part potential of 50 V was found on the a~Si photosensitive drum 1, the photosensitive . r;xzna

45 1 was rotated at a speed of 400 mm/sec and the developing sjeeve 22 was rotated at @ speded c: -
mmi/sec, while applying a developing bias voltage between the photosensitive drum 1 and the deve cZpl g
sleeve 22. The developing bias used was a superposition of an AG voltage having a duty ratio of 30 % an
a DC voltage (180 V) as shown in Figure 5. ) .

Under normal temperature ~ normal humidity condifions (23.5 °C, 60 %RH), 2 continuous copying tgst

50 of 10° sheets was performed. In the initial stage. there were obtained images with excefient qualities having
an image density of 1.45, a thin—like reproducibility of 104 %, a resclution of _8.0 lines/mm, and a
background fog of 0.7 %. After 5x10° sheets of continucus copying, the developln_g sleeve began to
decrease its surface unevenness given by blasting, but no changes in image quality were cbserved.
Further, the copying operation was continued up 10 10° shoets. As a result ?he unevenness -of the

55 developing slesve was wormn to provide a smooth unevenness, byt there were cantln}.lally obtained '|mag.es
with substantially equal image qualities as in the initial Stage including an image density of 1.43, a thin -line
reproducibility of 102 %, a resolution of 8 lines/mm, and a background fog ot 0.8 %.
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irregularities jn devel oped |na es, thus failing to provide good inmages.

A devel opi ng ne © g the requirements A and B in conbination
has been propose ﬂ The devel opi ng net hod uses a
devel oper-carryi ng a surface subjected to blasting with

definite-shaped particles in convipatd Y4 Ay @ nonoconponent -type
devel oper having a specific particle S|ze dlstrlbutlon o) as to be
capabl e of form ng a uniform devel oper coating layer for a |ong period.
However, even iSimilalycdoud teayite wem anbtaipedgnderehighctemperature — high humidity (30 °C - 85 %RH)
conditions.
Further, a similar continuous copying test was performed also under normal temperature - very low
humidity conditions (23 °C - 5 %RH). In the initial stage, there were obtained images having an image

5 density of 1.36, a thin—~line reproducibility of 101 %, a resolution of 8 lines/mm, and a background fog of
1.4 %, thus with littte background fog. After 10° sheets of continuous copying, the developing sleeve
surface showed a smooth unevenness and there were provided images having slightly lowered image
qualities including an image density of 1.32, a thin-—line reproducibility of 97 %, a resolution of 7.1
lines/mm, and a background fog of 1.3 %.

10 The background fog was evaluated by measuring the reflectance of a background portion of a sample
image formed on a standard while paper by using a reflectometer ("REFLECTOMETER MODEL TC -6DS™,
available from Tokyo Denshoku K.K.) according to the reflectance mode using a green filter and by
calculation according to the following formula. A smaller value represents less background fog.

15 Background fog (reflectance)(%) = reflactance of a standard white paper — reflectance of a background
portion of a sample image formed on the standard white paper.

Comparative Example 1

20 A developer was prepared in the same manner as in Example 1 except that the strontium titanate
having a length —average diameter of 2.25 um was omitted. The patrticle size distribution of the developer
thus obtained is shown in Figure 2. The developer was subjected to continuous copying tests in the same
manner as in Example 1.

Under the normal temperature ~ normal humidity conditions, in the initial stage, there were obtained

25 images of similar image qualities as in Example 1, including an image density of 1.33, a thin—line
reproducibility of 102 %, a resolution of 8 liens/mm and a background fog of 1.8 %. However, from after
5x10° sheets of continuous copying, the image density began to be lowered gradually and slowly, and the
background fog also began to increase while it was slightly. Alter 10° sheets of copying when the
developing sleeve surface showed a smooth unevenness, the image qualities were lowersed down to an

30 image density of 1.18, a thin —line reproducibility of 82 %, a resolution of 4.5 lines/mm, and a background
fog of 2.6 %.

Under the normal temperature — very low humidity conditions, the image qualities included an image

density of 1.23, a thin —line reproducibility of 88 %, a resolution of 5.6 lines/mm and a background fog of

2.5 %, which were inferior fo the results in Example 1. Further, as a resuit of continuous copying test, from

a5 after 5x10° sheets, fine powder of the magnetic toner began to stick onto the developing sleeve surface and

also a developer coating irregularity occurred on the developing slesve. The resultant image qualities

included an image density of 1.14, a thin ~line reproducibility of 76 %, a resolution of 4.5 lines/mm, and a
background of 3.5 %, which were remarkably inferior to the results in Example 1.

40 Examples2 - 5

Developers were prepared in a similar manner as in Example 1 except for the matters specifically
mentioned in Table 1 and subjected to continuous copyling tests in the same manner as in Example 1.
The results under the: normal temperature — normal humidity conditions (23.5 °C -~ 60 %RH) are
45 shown in Table 2, and the results under the normal temperature — very low humidity conditions (23 °C -~
-5%RH) are shown in Table 3.

Comparative Example 2

50 A monocomponent—type developer was prepared in the same manner as in Example 1 except that
hydrophilic strontium titanate having a length — average particle size of 2.25 um was used in an amount of
03 wt. %. The particle size distribution data of the developer are shown in Table 1, and the results of
continuous image formation tests are shown in Tables 2 and 3.

55 Comparative Example 3

A monocomponent - type developer was prepared in the same manner as in Example 1 except that
hydrophilic strontium titanate having a length — average particle size of 2.25 wm was used in an amount of
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havi ng such a specific . a nonoconponent- type devel oper having
such a specific nﬁgghg@hgng&Z@Q are used in conbination, the

devel oper-carryin Ce is gradually worn and changed - into a
.snooth surface dﬂwﬁ ﬂum
- 8- initial ef

F | ong period to | ose an
by bl astd yig1Wi§ A1

11 Wt %. The particle size distribution data of the developgg,n in Table 1. and the reS
continuous image formation tests are shown in Tables 2 and 3.

ults of

Comparative Example 4
“Omparative Example %

5
A ty i : t that
onent —~type d repared in the in Example 1 excep!
Mmonocomp Pe developer was prep \anner as 2 amountof 3

hydrophific strontium titanate having a length — average particle g a5 um was used i s of
wt. %. The particle size distribution data of the developer .. in Table 1. and the resu
continuous image formation tests are shown in Tables 2 and 3.

10
Comparative Example 5

o . hat
A monocomponent — eloper was prepared in the s in Example 1 except !
ponent -type develop prep i Spanner a an amount of 3

hydrophilic strontium titanate having a length - average particle ; g.7 um was used in s of
15 wt %. The particle size distribution data of the developer zwn in Table 1, and the results

continuous image formation tests are shown in Tables 2 and 3.

Comparative Example 6

, . , dina
20 A monocomponent - developer having a weight —avera size of 14 um was prepared I
pe type pe 9 2 welg dicle of hydrophilic strontium

similar manner as in Example 1. The magnetic toner was mixith 3 wt. % )

titanate having a length—average particle size of 225 um 0.5 wt. % of negatlve!y' chargeal:le

hydrophobic dry - process colloidal silica (BET specific surface @ 250 m?/g, hydrophobicity = 85 %)

to prepare a monocomponent—type developer. The particle siflstribution data of the developer are
25 shown in Table 1, and the results of continuous image formation tare shown in Tables 2 and 3.

Comparative Example 7

. \ , dina
A monoccomponent - type developer having a weight— io size of 5 Wm was prepared I
P typ P 0 ght ~ averagartic * ¢ hydrophilic strontium

30 similar manner as in Example 1. The magnetic toner was. mixanith 3 wt. %
titanate having a length ~average pariicle size of 225 um a0.5 wt. % of negative!y_ chargeable
hydrophobic dry —process colloidal silica (BET specific surface ar = 250 m?/g, hydrophobicity = 85 %)
to prepare a monocomponent—type developer. The particle sizdistribution data of the developer are
shown in Table 1, and the results of continuous image formation tes are shown in Tables 2 and 3.

45

50
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hi gh-quality i §Sg¥g&3ammwh6ﬁg period of successive copying operation

of several hundre sheets or nore. Accordingly, it is desired
to provi de a nono developer capabl e of providing stable

| rages even in ca devel oper-carrying nmenber surface is in a
snoot h  uneven state | RpQFdNg134 a1 When inmage formationis

repeated according to the nmonoconponent developlng system toner
particles having a snall particle size can be attached to the surface of
t he devel oper-carrying nenber because of an image force due to their high

5 .58v O 060 O ~ «~ ® N NN O
a8
_ §E |
10 n B 3 gl e v, Yvwn®©qg-
. e 5 @ W~~~ YN < n < < o~
3 g 3
E:
w_ O $l
(=}
" SIEIEE
w ™M Q -4
oo ©
- =}
I—ﬁﬁn N W OO M S N N | MO Y N ®©
2 - 00 C o o «— © O~ @ © O
- Qﬁ
i)
g8 | &
20 5y
£ m OV T M N - © M o N O
oa S A S B R T
> Ladi B I - - - T
L 5
% 5%
% 35.::
q g9 :
- 81 slnaeesn annanomw
158 -38‘.— O O Q v = v - M - - - O ™M
30 B" 24
it | [5 2
gu' P =
' 2l2 gl 292997 2a¥29 779
8 ggg @ [~ 0 ™~ W O © N W W 0 v
@ "le =
* 3° |4
o ] Dy
- -
98 |&|ed
EE
g g S MmN e N M MmN N e
0 édﬂ o 0o 0 o0 o © SO~ 0O ®W O O &
g 'g:-' - - - — - -— - -
oy
[ N M W N T N M N N M - - o
o u < O™ M O M~ ™m ™ ™
4% gg « a e e s e e ® e e & o e
- - - ™ > Lol S o A
— N M TN W e N MO O
L] »
50 4 &

66




el ectric charge.so a triboelectrification of the other particles can be
hi ndered. As a r t n Replaced -9-

proportion of ton l aving insufficient charge is increased to
cause a lowering ity in sone cases. This phenonenon is liable

to EP 0 541 113 A1
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As is understood from the above description and experimental data, the monocomponent—type
developer according to the present invention exhibit the following advantageous effects when applied to a

s5 developing system using an asymmetric developing bias.
(1) Showing continually excellent characteristics even in a long period of continuous image formation of

10° shests or even more while continually providing images with a high density and free from
background fog.
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be encountered partlcularly under the lowhumdity condition.
The above ph Sﬁbuﬁhmmﬁaed when the toner on the devel oper-carrying
menber is not so as to provide a white ground inmage, and
results in a d ge density. This phenonmenon is alleviated to
gradual ly restore an |n ed |q§g8 §hhy when the toner on the
devel oper-carrying menber is consune so as to provide a black
i mage part. Thus, there are forned a consuned part where the
toner has bepRrogdystighe duaitn tnages axtaliant mummecling spioducibility and resolution even after a long
period of continuous image formation.
(3) Providing images having a stably high image density, exceilent in thin—line reproducibility and
resolution, and free from background fog.
5 A monocomponent—type developer for developing electrostatic images, includes a magnetic toner
containing at least a binder resin and magnetic powder, and 0.5 — 10 wt. % (based on the magnetic toner)
of inorganic fine powder having a length—average particle size of 0.1 — 5 um. The developer has a
number —~basis particle size distribution such that particles of 4 um or smaller are contained at5 — 18 %
by number and particles of 4 — 10 um are contained at at least 60 % by number. The developer has a
10 volume basis particle size distribution such that particles of 12.7 wm or larger are contained at at most 10
% by volume. The developer has a weight—average particle size of 7 — 11 um. The developer is
particularly useful for development under application of a DC —superposed asymmetric AG bias electric
field including a development —side voltage component with a larger magnitude and a shorter duration than

a reverse development - side voltage component. :
Claims
* € L M s =

1. A monocomponent—type developer for developing electrostatic images, comprising: a magnetic toner
containing at least a binder resin and magnetic powder, and 0.5 - 10 wt. % (based on the magnetic
20 toner) of inorganic fine powder having a length ~average particle size of 0.1 ~ 5 um;
wherein the developer has a number —basis particle size distribution such that particles of 4 um or
smaller are contained at 5 — 18 % by number and particles of 4 ~ 10 um are contained at at least 60
% by number; '
the developer has a volume basis particle size distribution such that particles of 12.7 um or larger
25 are contained at at most 10 % by volume; and
the developer has a weight ~ average particle size of 7 ~ 11 um.

2. The developer according to Claim 1, wherein the dsveloper contains particles of 2.00 ~ 252 um in a
larger proporfion than particles of 262 - 3.17 um in terms of the number~basis particle size
30 distribution.

3. The developer according to Claim 1, wherein the inorganic fine powder has a length —average particle
size of 0.5 — 3 um. . '
35 4. The developer according to Claim 1, whersin the inorganic fine powder is contained at 1 - 7 wt. %
(based on the magnetic toner).

5. The developer according to Claim 1, wherein the inorganic fine powder has a length —average particle
size of 0.5 — 3 um and contained at 1 — 7 wt. % (based on the magnetic toner).

40
6. The developer according to Claim 1, wherein the inorganic fine powder has a triboelectric chargeability
of 0.1 -~ 10 uC/g in terms of an absolute value.
7. The developer according to Claim 1, wherein the particles of 4 um or smaller are contained at 7 — 15
45 % by number.

8. The developer according to Claim 2, wherein the particles of 2.00 — 2.52 um are contained at 1 — 10
% by number and in a larger proportion than the particles of 2.52 - 3.17 um.

so 9. The developer according to Claim 8, wherein the particles of 2.52 — 3.17 um are contained at 0.5 - 8
% by number.

10. The developer according to Claim 8, wherein the particles of 2.00 — 2.52 um are contained at 2 - 7
% by number. .
55
11. The developer according to Claim 8, whersin the particles of 2.52 = 3.17 um are contained at 1 — 6
% by number.
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where the toner has not been consuned on a devel oper- car[yd ! a
result of previhed RiHeaPrdcedOPer ati on. Wien such a deveuww | [ull
menber havi ng Tﬁ previ ous devel opi ng operati i

to | atent irragemﬂll #fr r devel opnent, there can result in differences
In tone inmage UL

H., a hi gher, i t the consumed part and a
'l ower density at the unconsuned!part. Eﬁj@gﬁ 1tﬁ’{‘ﬁlThe above- nenti oned
phenonenon is hereinafter called "devel oper-carryi ng nmenber menory" or
"sl eeve nenor y2. Th§ develdgey adcardiay tocdain Viiwhereinthapaticlaseh®t7y- d8hubare cewdined dt Dy 15
t he consunpti on O% by umbeloner on the

13. The developer according to Claim 12, wherein the particles of 3.17 ~ 4.00 um are contained at 3 — 10
5 % by number.

14. The developer according to Claim 1, whersin the inorganic fine powder comprises hydrophilic non—
magnetic inorganic’ fine powder.

10 15. The developer according to Claim 14, wherein the inorganic fine powder comprises fine powder of an
inorganic oxide or an inorganic carbonate.

16. The developer according to Claim 14, wherein the inorganic fine powder comprises fine powder of an

inorganic substance selected from the group consisting of zinc oxide, tin oxide, strontium titanate,

15 barium titanate, calcium ftitanats, strontium zirconate, caicium zirconate, caicium carbonate, and
magnesium carbonate.

17. The developer according to Claim 14, wherein the inorganic fine powder comprises strontium titanate.

20 18. The developer according to Claim 1, wherein hydrophobic colloidal silica fine powder is further
: contained.

19. The developer according to Claim 18, wherein the hydrophobic colloidal silica fine powder is contained
at 0.05 — 5 wt. % (based on the magnetic toner).

20. The developer according to Claim 18, whersin the hydrophobic colloidal silica fine powder is contained
at 0.1 — 2 wt. % (based on the magnetic toner).

21. The developer according to Claim 18, wherein the hydrophobic colloidal silica fine powder has a BET
30 specific area of at least 100 m?/g.

22, The developer achrding to Claim 18, wherein the hydrophobic colloidal silica fine powder has a
hydrophobicity of at least 60 %.

85 28. The developer according to Claim 18, wherein the hydrophobic colloidal silica fine powder has a
hydrophobicity of at least 70 %.

24. The developer according to Claim 1, wherein the magnetic powder has an average particle size of 0.1

- 2 ium, and shows a coercive force of 20 — 150 oersted, a saturation magnetization of 50 - 200

40 emu/g and a residual magnetization of 2 ~ 20 emu/g when measured by application of 10 kilo-
oersted.

25. The developer according to Claim 24, wherein the magnetic powder has an average particle size of 0.1
— 0.5 um and a saturation magnetization of 50 ~ 100 emu/g.
45
26. An image forming method, comprising:
disposing a latent image ~bearing member for holding an electrostatic image thereon and a
developer — carrying member for carrying a monocomponent ~type developer with a prescribed gap at
a developing station; the monocomponent ~-type developer comprising a magnetic toner containing at
50 least a binder resin and magnetic powder, and 0.5 - 10 wt. % (based on the magnetic toner) of
inorganic fine powder having a length ~ average particle size of 0.1 — 5 um; wherein the developer has
a number —basis particle size distribution such that particles of 4 itm or smaller are contained at 5 —
18 % by number and particles of 4 = 10 um are contained at at least 60 % by number; the developer
has a volume basis particle size distribution such that particles of 12.7 i or larger are contained at at
s5 most 10 % by volume, and the developer has a weight—average particle size of 7 — 11 um;
conveying the monocomponent—type developer in a layer carried on the developer—carrying
member and regulated in a thickness thinner than the prescribed gap to the developing station; and
applying an alternating bias voltage comprising a DC bias voltage and an asymmetrical AC bias

25 THIS SHEET HAS BEEN
REPLACED -




-10- devel gper - carryi ng menmber as is under st ood fromth‘é’W
'yp as *

t he occurrenc&his as & oper- carrying menber mem)rg :
for each one r II devel oper-carrying nmenber. A |
| i ght degree of ) ryi ng _

EP 0 541 113 A1

voltage ‘in superposition between the developer—carrying member and the latent image —bearing
member at the developing station to provide an alternating bias electric field comprising a
development - side voltage component and a reverse—development side voltage component, the
development — side voltage component having a magnitude equal to or larger than that of the reverse
5 . development - side voltage component and a duration smaller than that of the reverse ~development
side voltage component, so that the developer on the developer —carrying member is transferred to the
latent image ~ bearing member to develop the electrostatic image thereon at the developing station.

27. The image forming method according to Claim 28, wherein the developer contains particles of 2.00 —
10 2.52 um in a larger proportion than particles of 252 — 3.17 um in terms of the number — basis particle
size distribution.

28. The image forming method according to Claim 26, wherein the alternating bias electric field has a duty
ratio of below 50 % as defined by the following equation:
15
Duty ratio = t/(t, +tp) (x100) %,

wherein t, denotes the duration of a voltage component with a polarity for directing the toner toward the
latent image - bearing member (constituting the developing side bias component a), and t, reversely

20 denotes the duration a voltage component with a polarity for peeling the toner from the latent image —
bearing member (constituting the reverse development-side bias component b), respectively, within
one cycle of the alternating bias electric field. B

28. The image forming method according to Claim 28, wherein the alternating blas electric fleld has a duty
25 ratio of 20 ~ 45 %.

30. The image forming method according to Claim 28, wherein the aiternating bias electric field has a duty
ratio of 25 ~ 40 %.

s0 31. The image forming method according to Claim 26, whersin the alternating biés electric field has a
frequency of 1.0 — 3.0 kHz.

32. The image forming method according to Claim 26, whersin the alternating bias electric field has a
frequency of 1.5 — 2.5 kHz. .

33. The image forming method according to Claim 26, wherein the alternating bias electric field has a
voltage of 0.5 = 3.0 kV (absolute valus).

34. The image forming method according to Claim 26, wherein the alternating bias electric fisld has a
40 voltage of 1.0 — 2.0 kV (absolute value).

35. The image forming method according to Claim 26, whersin the latent image -bearing member
comprises an a - Si photosensitive member.

46 36. The image forming method according fo Claim 35, whersin the a ~Si photosensitive member shows a
difference between dark —part potential and light—part potential in the range of 130 - 350 V.

37. The image forming method according to Claim 35, wherein the a—Si photosensitive member shows a
difference between dark - part potential and light— part potential in the range of 150 - 300 V.

50
38. The image forming method according to Claim 26, wherein the developer ~carrying member comprises
a developing sleeve having a surface unevenness formed by blasting with indefinite — shaped particles
and blasting with definite — shaped particles.

55 39. The image forming method according to Claim 26, wherein the monocomponent - type developer is a
developer according to any one of Claims 3 - 25.
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menber nenory di sappears fromthe devel oped i mage after one rotation, but

a serious devel oper-carrying nmenber nenory repeatedly appears in several
devel oped i nmges. According to our study, a devel oper-carrying
menber subjected to blasting with definite-shaped particles—has—better—

charge-inparting ability than a devgs g ri8aqryi ng nenber S ?ﬁt &L L Rerlaced
X _
! :

blasting with indefinite-shaped particles and is thus nor ;
in charging a toner. In sone cases, however, such a develo*ﬂ
menber is liable to excessively charge a toner to result i
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carrying nmenber nenory. On the other hand, the above-nentioned
| atent i nage-bearing nenber may conprise a photosensitive nenber for
el ect rophot ogr aphy, which may for exanple conprise Se, CdS, an organic
phot oconductor (OPC), and anorphous silicon (hereinafter called "a-Si").
In recent years, a variety of electgpgssphps K07 aphi c copying machines are

required for reproducing color inages, for personal use, for 1intelligent
use and for maintenance-free use. As a This Sheet Has Been Replaced.--
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-11- result, a photoconductor having a novel characteristic and a high
stability has been desired and has been devel oped. Anbng them a-Si has

been calling attention. As a-Si has high sensitivities over the
entirety of visible wavel ength regions so that it is al 3 |HagBdoh Replaoeda
seni conductor | aser and col or EP 0 541 113 Al ||I ﬂlll” I||

FIG 3
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| mage formati-on. 'Moreover, it has a high surface hardness as represented

by a Vickers harfdness of 1500 - 2000 and is expected to have a tong—tHfe——
as represented by a copying or printing durability of 10[erh§s]3h e‘;ﬁgsq-’t
nore. Further, a-Si also has a sufficient heat-resistance i ceh Keplaced
satisfactory for practical use of epgdsiqpd\Rf 0gr aphi c copyi m w Hﬂ "
Cenerally, an a-Si photosensitive nenber is said to have a

(part) potential which depends on the thickness. The surface dark
potentials of conmerci aIIy used photosensitive rrenbers are required to be

- 500 V

vVa

NN

ta |

FI1G. 4

600V

800V

350 sec
IS0 4 sec

FIG S
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at the mninum for_CdS phatosensitive nmenbers and 600 q_z, )Zfor
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MONOCOMPONENT-TYPE DEVELOPER

FOR DEVELOPING ELECTROSTATIC IMAGE

AND IMAGE FORMING METHOD REPLACEMENT SHEET

0 6 MAR 1997

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a

monocomponent-type developer for developing an. -
electrostatic latent image formed in processes, such
as electrophotography, electrostatic printing and
electrostatic recording and an image forming method
using the developer.

Hitherto, a large number of
‘electrophotographic processes have been known,
inclusive of those disclosed in U.S. Patents Nos.
2,297,691; 3,666,363; and 4,071,361. Iﬁ these
processes, in-general, an electrostatic latent image
is forimed on a photosensitive member comprising a -
photoconductive maferial by wvarious means, then the
latent image is developed with a toner, and the
resultant toner image is, after being transferred onto
a transfer material such as paper etc., as desired,.
fixed by heating, pressing, or heating and pressing,
or .with solvent vapor to obtain a éopy.

Variousldeveloping methods for visualizing
elecfrostatic images have also been known, inélusive

of a class of methods wherein developing is effected_

under application of bias voltages, e.g., as disclosed

THIS SHEET HAS BEEN
1 pepuaceD




-12- As a resylt Nedibdr 9e t hi ckness of a-Si
photosen3|t|ve menber S conpanled with an increasein
production cost and a d [ ductlon ef ficiency. |TREPLAGEMENTE SHEET
thickness is liable to wi t h abnormal growtjh —
filmand formation of a IocaIIy ununlforn1a-Si film whigh
difficulty in practical use of the a-S,_photosensitive ngnb ﬁ?%?ﬂ&&'%87
In order to deal with the problem it has been proposed t|o
the a-Si phot osensitive

in U.S. Patents Nos. 3,866,574: 3.890,929; and
3,893,418.

For example, it has been proposed to control
the flying of a high-resistivity monocomponent toner
between a latent image-bearing member and a toner
cafrying member disposed to form a spacing
therebetween by applying a non-symmetrical AC pulsed
bias voltage. More specifically, in the developing
method, the latent image-bearing member and the
developer-carrying member are disposed with a spacing
of 50 - S00 pm, preferably 50 - 180 mm. The frequency
is 1.5 - 10 kHz, preferably 4 - 8 kHz. The
development time T, is set to satisfy 10 psec < T <
200 usec, preferably 30 psec < Ty < 200 psec. The
peeling (or reverse development) time Tp is set to
satisfy 100 psec < Tp < 500 usec, preferably 100 usec
S Tp £ 180 psec. The deveiopment voltage Vp and the
peeling voltage Vp are set to satisfy V, 2> =150 V, Vj
2 400 Vv, and Vp - V5 < 800 V, preferably -150 V < Vp <
~-200 V and 400 V < Vp < 450 V. According to this
system, the jumping and attachment of toner particles
onto- non-image parts are prevented to improve the
gradation characteristic and the high—reproducibifity;

According to a.develdping method as described
'aboée wherein the absolute value of AC bias voltage is

.suppressed to a low value aﬁd the development voltage

is made small, a sufficient image density cannot be

THIS SHEET HAS BEEN
REPLACED




menber .so as to satisfy the productivity, production. cost and perfornances
tthereof. In order—to use a thin a-Si photosensitive ng

‘necessary to adopt. a developlng nmet hod capabl e of dev |3EHE$EEMﬁﬁii§Hg§I

potential. Wiile FBQ&WSI phot osensitive nenpber—Ts—satistactiory
In respects of pro
it results in-al

capaC| ty and phot osensjt Ve wemmbﬂ%?n_ces
tential, and attachnen f~ inpurities
onto the surface under a hlgh hun1dity‘3condition whi chf | eadS to | ower
phot osensitive characteristics and image flow in the resultant inmage
practical a-Si provides a surface dark potential of '

obtained in some cases.

As latent-image developing methods using a
high-resistivity monocomponent toner (with a volume
resistivity of 1010 ohm.cm or higher), there have been
known the impression develoéing method (U.S. Patent
No. 3,405,682, etc.) and the jumping developing method
(Japanese Laid-Open Patent Applications JP-A 55-18656
to 18659, ‘etc.). According to the jumping developing

~method, in a development region which is formed at the
closest part between aldeveloper—carrying member and a
latent image-bearing member, a toner is reciprocally
moved between the developer-carrying member and the
latent image—beéring member under application of an AC
bias voltage between the developer-carrying member and
the latent image-bearing member to be finally
ﬁransferred and attached selectively to the surface of
the latent image-bearing member corresbonding to a-

| latent.ihage pattern to wvisualize the latent image.
The duty ratioc at this time is 50 %, and accordingly
the development time and the reverse development Eime
are the same.

It has been also proposed in the jumpiﬁg'
developing method to control the duty ratio of the AC

. bias, voltage applied between the develoéer-ca:rying
.membér and the latent image-bearing member depending
on the residual amount of the toner so as to adjust

THIS SHEET HAS BEEN
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about 400 V, and the stably applicable potential is about 300 V. In such a
case of a IOM/deveIoplng contrast of 300 V between the Ilqht and dark

parts providing a .- #dast of 150-- 250 V, |
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In the developing method using a high-
resistivity mono-component developer, a solid latent
image (high potential region) is effectively developed
because of a high development-side bias véltage
whe:eas the developed toner image is liable to be
peeled excessively because of a large reverse
development-side bias voltage in a low potential -
region, thus resulting in an image lacking a gradation
characteristic. Further, there is left a narrow
latitude for setting the parameters for the
development-side voltage (DC component and AC voltage
(amplitﬁde Vpp and frequency)). When the wvoltage is
adjusted (by lowering the DC component or raising the
AC component) so as to increase the density,.a grouné
fog is liable to occur. An increase in AC frequency
is effective for suppressing the ground fog but also
functions'tb make thinner character- or line’images to
result in poor reéroducibility of such images.

The above-mentioned two types of developing
methods can be improved by.applying a higher
development side bias voltage while setting a short
time therefor, so that it becomes posSible to oﬁtain
images which have a high image density, are rich in
gradgtion characteristic and are free from ground fog.
. | When the image forming method adopting the
above developing method is.repetitively applied,

deterioration of image qualities have been encountered

THIS SHEET HAS BEEN
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i nprove the inage quality has been proﬁﬁ%éd (e.g., JP- A 3- 111855)

Magnetic toner particles of 5 [err]mor snaller cause a StTTONg mage Torc
on the surface of a developing sleeve as a devel oper-carryi ng nenber,

in some cases, such as a lowering in image density, an
increase in ground fog, or deterioration in resolution
or line-reproducibility.

In a specific case where the above-mentioned
difficulties were encountered, the particle size
distribution ¢of the toner remaining in the developing -
apparatus was examined whereby the change in particle
size distributionfhas observed as compared with that
of the initial stage and the deterioration in image
gqualities was found to be caused by the change in
particle size distribution of the toner due to
selective consumption of tonor in a particular
particle size range.

There are two important requirements A and B
as described below in a developing method using an
insulating magnetic developer. Requirement A: To form
a uniform coating.layer of magnetic developer on a
developer-carrying member. Regquirement B: To
uniformly and effectively charge the magnetic
developer triboelectrically. It has been hitherto
tried to satisfy the requirements A and B in
combination.

For the requirement A of forming a uniform

. layer of developer on a developer-carrying member, it

has been known to dispose a coating blade at the
outlet of a developer container. For example, in a

developing apparatus, a blade comprising a magnetic

t hus
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being liable to stick onto the sleeve surface and be- af_ecLed hy the
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characteristic at the | [ l is |iable to change|i ts—surface
coa

characteristic wthin f successive operaji %Qg
Ing irregularity on the slegv §#q§§2 AN
d

|l iable to cause a devel oper
image difficulties, such as density |owering, rougheninp &re—backgrodun
fog, due to magnetic toner fine powder PhAn the nonoconpohent - type

devel oper. ' Under the situation, it is desired to—-prevede—=a
nonoconponent -t ype devel oper capabl e of devel opi ng

material is disposed opposite to a magnetic pole of a

2

fixed magnet enclosed within a developer-carrying
member to form ears of the developer along magnetic
lines. of force acting between the magnetic pole and
the magnetic blade and cut the ears with the tip edge
of the blade, thereby regulating the thickness of the
resulting developer layer under the action of the -
magnetic force (e.g., as.disclOSed in JP-A 54-43037).
As for the requirement A, a method of forming
a uniform toner coating layer of a magnetic toner on a
developer-carrying member is also proposed by JP-A 57-
66455. In the developing apparatus for effecting the
method, the surface of a developer-carrying member is
provided with an indefinite une&encess pattern by
sand-blasting the su:face with irregular-shaped
particles, so as to always provide a uniform developer
coating state for a .long period of time. The entire
surface of the developer-carrying membcr thus treated
has minute cuttings or projections disposed at random.
A developing apparatus using a developer;
carrying member having such a specific surface state
can result in deterioration of developing |
characteristics, such as fog and lower image density
depecding on the magnetic developer used. This is
'causéd by occurrence of insufficiently chargéd toner
particles in the monocomponent developer leading to a

lowering in electric charge of the developer layer.




| ow- potential |latent inages, such as those formed on a thioRElmaeSi

photosen3|t|ve nmenber . fﬁ?LACEMENMWHﬂHT
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OF
provi de a nonoco eloper havi ng sol ved the apo d
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In some cases, oﬁher difficulties can be encountered,
such as tailing, scattering, or instability of
reproduction of thin lines.

As for the requirément B, in order to provide
a developer-carrying member with an enhanced ability
of triboelectrically charging a magnetic toner, it has
been proposed .to make smoother the surface of a -
developer-carrying member. According to such a
method, hdwever, the coating of a monocomponent-type
developer can become uniform to result in
ir;egularities in developed images, thus failing to
provide good images.

A developing ﬁethod for achiéving the
requirements A and B.in combination has been proposed
(EP-A-0331425). The developing method uses a
developer-carrying member having a surface subjected
to blasting with -definite-shaped particles in
combination with a monocomponent-type developer having
a specific particle size distribution so as to be
capable of forming a uniform developer coating layer
for a long period.

However, even if a developer-carrying ﬁember
having such a specific surface and a monocomponent-
type developer having such a specific particle size
'are ﬁsed in combination, the developer-carrying member
surface is gradually worn and chanéed into a smooth

surface during use for a long period to lose an
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nmet hod using the devel oper _and an asymwetric devel oping bi as vol t age.
A nore specific object of t he lnven | nis-to provide a nonoconponent - t ype

devel oper excell ent |Tms$mm41 3° capable of stably p
having a high density ackground fog even irU Fﬁﬁ&%“B@fﬁggET
of repetitive use, and ng nmet hod using the

devel oper capabl e of providing a high-8rge density w thopt

Heyeroper
Anot her object of the |nvent|on |s to provide a nonoconpoh ¥gt&pMAR‘B97
flow even wunder a high humdity condition, and an inage form ng

initial effect obtained by blasting with

definiteOshaped particles, thus being liable

causl ng | nage

to result

in an ununiform developer coating layer accompanied

with a developer coating irregularity and result in

images in a low image density and accompanied with

irregular fog attributable to the coating irregularity

in the background. This problem is noticeable in a

low humidity environment, particularly in an

environment of normal temperature and very low

humidity.

On the other hand, in a high-speed copying

machine, an improved reliability is a crucial

requirement, and it is required to stably provide

high-quality images even in a long period. of

successive copying operation of several hundreds of

thousand sheets or more. Accordingly, it is

desired

to provide a monocomponent-type developer capable of

providing stable images even in case where the

developer-carrying member surface is in a smooth

uneven state.

In general, when image formation is

repeated

according to the monocomponent developing system,

toner partiéles having a small particle size

can be

attached to the surface of the developer-carrying

25 member because of an image force due to their high

electric charge so that triboelectrification

of the

other particles can be hindered. As a result, the
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met hod, usi ng the devel oper. A further object of the invention is to

pfovi de a nonoconponent -t S. C ble of stably providing i mges
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proportion of toner particles having insufficient
charge is increased to cause a lowering in image
density in some cases. This phenomenon is liable to
be encountered particularly under the low-humidity
condition.

The above phenomenon is promoted when the
toner on the developer-carrying member is not h
consumed, e.g., so as to provide a white ground image,
and results in a decrease in image density.' This
phenomenon is alleviated to graduaily restore an
intended image density when the toner on the
developer-carrying member is consumed, e.g., so as to
provide a black image part.

Thus, there afe formed a consumed part where
the toner has been consumed and an unconsumed part
where the toner has not been consumed on a developer-
carrying member as a ;esult of previous devel&ping
operation. When such ; de&eloper—carrying member
having a memory of thé previous'developing operation
is subjected to latent image formation and
development, there can result in differences in tone
image density, i.e., a higher density at the coﬁsumed
part and a lower density at the unconsumed part.

The above-mentioned phenomenon is hereinafter
.calléd "developer-carrying member memory" or "sleave
memory". The developer-carrying member memory can be

solved by the consumption of the toner on the

THIS SHEET HAS BEEN
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developer—-carrying member as is understood from the
mechanism of the occurrence. Thus, the developer-
carrying member memory is alleviated for each one
rotation of the developer-carrying member.
Accordingly, a light degree_of developer~carrying
menmber memory a;sappears from the developed image
after one rotation, but a serious developer-carrying
member memory repeatedly appears in several developed
images.

According to our study, a developer-carrying
member subjected to blasting with definite-shaped
particles has better charge-imparting ability than a
developer-carrying member sﬁbjected to blasting with
indefinite-shaped particles and is thus more
advantageous in charging a toner. In some cases,
however, such a developer-carrying member is liable to
excessively charge a toner to result in the developer-
carrying member memory.

On the other hand, the above-mentioned latent
image-bearing member may comprise a photosensitiée
member for electrophotography, which may for example
comprise Se, CdS, an organic photoconductor (OPé), and
amorphous silicon (hereinafter called "a-Si").

In recent years, a variety of electro-
.phothraphic copying machines are required for
reproducing color images, for personal use, for

intelligent use and for maintenance-free use. As a
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devel oper has a volune basis particle —klze distribution guCh TMat

particles of 12.7 pmor |arger are contained at at nost 10 % by vol une;
and o —

result, a photoconductor having a novel characteristic
and a high stability has been desired and has been
developed. Among them, a-Si has been calling
attention.

As a-Si has high sensitivities over the
entirety of wvisible wavelength regions so that it is
also applicable to .a semiconductor laser and color -
image formation. Moreover,-it has a high surface
hardness as represented by a Vickers hardness of 1500
- 2000 and is expected to have a long life as
represented by a copying or printing durability of 106
sheets or more. Further, a-Si also has a sufficient
heat—resistance which is satisfactory for practical
use of electrophotographic copying machines.

Generally, an a-Si photosensitive member is
said to have a surface dark (part) potential which-
depends on the thickness.

The surface dark potentials of commercially
used photosensitive members .are required to be 500 V
at the minimum for CdS photosensitive members and 600
-~ 800 V for Se photosensitive members and OPC
photosensitive members. An a-Si photosensitive member
is required to have a large thickness for
accomplishing such potentials in view of wvariatiom in
.variaus characteristics and possible decrease in

sensitivity due to changes in environhental

conditions. . _ ;
THIS SHEET HAS BEEN
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As a result, such a large thickness of a-Si
photosensitive member is inevitably accompanied with
an increase in production cost and a decrease in
production efficiency. The increase in thickness is
liable to be accompanied with abnormal growth of the
a-Si film and fofmation of a locally ununiform a-Si
film, which leads to a difficulty in practical use of
the a-Si photosensitive member.

In order to deal with the problem, it has
been proposed to make thinner the a-Si photosensitive
member so as to satisfy the productivity, production
cost and performances thereocf. In order to use a thin -
a-Si photoéensitive member, it is necessary to adopt a
developing method capable of development at a low
potential. While use of a thin a-Si photosensitive
member is satisfactory in respects of production cost,
capacity and photosensitive performances, it results
iﬁ a lower surface potenfial, and attachment of
impurities onto thé surface under a high humidity
condition which leads to lower photosensitive
characteristics.and image flow in the resultant image.
A practical a-Si provides a surface dark potential of
about 400 V, and the stably applicable potential is

_ about 300 V. In such a case of a low developing
' contfast of 300 V between the light and dark parts
providihg a developing contrast of 150 - 250 V, it is

extremely difficult to obtain a sufficient density of

THIS SHEET HAS BEEN
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solid black by an ordinary developing method. Herein,
the developing contrast in normal development refers
to the absolute value of a difference obtained by
subtracting a developing potential from an average
dark part potenfial over a photosensitive member.

Hitherto, a method of using a magnetic toner
containing 12 % by number or more of particles of 5 1m
or smaller having a large chargeability so as to
improve the image quality has been proposed (e.g., JP-
A 3-111855). Magnetic toner particles of 5 pm or
smaller cause a strong image force on the surface of a
developing sleeve as a developer—carrying member, thus
being liable to stick onto the.sleeve surface and be
affected by the sleeve surface. Further, even a
sleeve having a good surface characteristic at the
initial stage is liable to change its surface

characteristic within a long period. of successive

.operation, thus being liable to cause a develdper

coating irregularity on the -sleeve surface and image
difficulties, such as density lowering, rougheniné and
backéround fog, due to magnetic toner fine powder in
the monocomponent-type developer. '
Under the situation, it is desired to provide

a monocomponent-type developer capable of developing

low-potential latent images, such as those formed on a

thinner a-Si photosensitive member.
| THIS SHEET HAS BEEN
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an alternating bias voltage conprising aDC bias voltagk and an asymetri
AC bias voltage in superposition between the devel oper-

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a monocomponent-type developer having solved
the above-mentioned problems, and an image forming
method using the developer and an asymmetric
developing bias voltage.

"A more specific object of the invention is -to
provide a monocomponent-type developer excellent in
durability and capable of stably providing images
having a high density aﬁd free from background fog
even in a long period of repetitive use, and an image
forming method using the developer.

Another object of the invention is to provide
a monocomponent-type developer capable of providing a
high iﬁage density without causing image flow even
under a high humidity condition, and an image forming
method using the developer.

A further object of the invention is to
provide a monocomponent-type developer capable of
stably providing images having a high image density
and free from background fog even under a very 1§w-
humidity condition,.and an image forming mefhod'using
the developer.

A still further object of the invention is
to p;ovide a monocomponent-type developer capable of
faithfully developing electrostatic latent images

having a low developing potential contrasts as obtained
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on an.a—Si photosensitive member to provide images
which are rich in gradation characteristic and
excellent in resolution and thin-line reproducibility.

According to the present invention, there is
provided a monocomponent-type developér for developing
electrostatic images, comprising: a megnetic toner
containing at least a binder resin and magnetic -
pdwder, and 0.5 - 10 wt. % (based on the magnetic
toner) of inorgapic fine powder having a length-
average perticle size of 0.1 - 5 um;

wherein the developer has a number-basis
particle size distribution such that particles of 4 bl
of smaller are contained at 5 - 18 % by number and
particles of 4 - 10 pm are contained at at leaet 60 %
by nuﬁber; -

the developer has a volume basis particle
size distribution such that particles of 12.7 pm or
larger are contained at at tﬁost 10 % by volume; and-

the developer has a weight-averagé particle
size of 7 - 11 pm.

According to the present invention, there is
further provided an imege forming metﬂod, comprising:

disposing a latent image-bearing member for
holding an electrostatic image thereon and a
devéloper-carrying member for carrying a
monocomponent-type developer with a prescribed gap at

a developing station; the monocompbnent-type developer

REPLACED
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apparent upon a consideratign of the followjng™ description of

comprising a magnetic toner containing at least a
binder resin and magnetic powder, and 0.5 - iO wt. $
(based on the magnetic toner) of inorganic fine powder
having a length-average particle size of 0.1 - 5 pm;
wherein the developer has a number-basis particle size
distribution such that ?articles of 4 pym or smaller
are contained at 5 - 18 % by number and particles of 4
- 10 pm are contéined at at least 60 % by number; the
developer has a volume basis pafticle size
distribution such that particles of 12.7 pm or larger
are contained at at most 10 % by volume; and the
developer has a weight—aférage particle size of 7 - 11
wm;

conveying the monocomponent—tybe developer in
a layer carried oﬁ the developer-carrying member and
regulated in a-thickness thinner than the prescribed
gap to the developing station; and .

applying an alternating bias voltage
comprising a DC bias voltage and an asymmetric AC
bias voltage in superposition between the developer-
carrying member and the latent image-bearing.member.at
the developing station to provide an altermating bias
elgctric field comprising a development-side voltage.
component and a reverse-development side voltage
'compgnent, the development-side wvoltage component

having a magnitude equal to or larger than that of the

- reverse development-side voltage component and a
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nunber -basis particle S|ze
of Exanple 1. Flg
paticle size distribution of

Exampl e 1. - Figure 3 |s an |IIustration of an inpge formng
apparatus for practicing an enbodi nent o{71he I mge fornj ng nethod

asBeenReplaced FI gure 1 is aj gﬂﬁg StTow ng—tre
t

f a monoconpone CEMENY FHEES
h showi ng t he nunper-nasTs
nt-type devel opef Qfg (oARaggRipe

according to the present invention.

duration smaller than that of the reverse—-development

side voltage componént, so that the develaper on the

developer-carrying member is transferred to the latent

image-bearing member to develop the electrostatic

image thereon at the developing station.

These and other objects, features and

advantages of the present invention will become more

apparent. upon a consideration of the following

description of the preferred embodiments of the

present invention taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the number-basis

particle size distribution of a monocomponent-type

developer of Example 1.

Figure 2 is a graph showing the number-basis

particle size distribution of a monocomponent-type

developer of Comparative Example 1.

Figure 3 is an illustration of an image '

forming apparatus for practicing an embodiment of the

image forming method according to the present

invention.

Figure 4 is a waveform diagram illustrating

biasgvoltage components.

Figure 5 is a waveform diagram showing

an alternating bias wvoltage waveform used in
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Figure 4 is a waveform di agram. | ustr ting bias voltage'“onnonents.
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Example 1.

DETAILED DESCRIPTION OF THE INVENTION

We made a study on the relationship between a
toper particle size and a developing characteristic
under application of a developing bias (voltage) by
using magnetic toners having a particle size -
distribution ranging from 0.5 to 30 pm. It was
intended to observe a pulse duration at &hich a
magnetic toner began to attach to a latent image-
bearing member (to provide an image density of 1.0 or
above after the transfer and fixation) in a case where
a certain development-side voltage (about 1000 V) in
the form of a pulse-was applied between a developer-
carrying member and the latent image-bearing member
(disposed with a spacing of aﬁout 250 -pm) in
connection with the particle size distribution of the
toner. When a latent image was developed at a
constant surface potential on the latent image-bearing
member while changing the pulse duration and the
magnetic toner particles used for development'ﬁn the
latent image-bearing member was collected for
measurement of the particle size distribution thereof,
it wés.found that there were many magnetic toner

'particles having a size of 8 pym or smaller and also
there were many mggnetic toner particles having a size

of 5 um or smaller in the case where the pulse

. | THIS SHEET HAS'BEEN\
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under application of D ias (voltage) by usijing ENT' SHEEF <
having a particle sizﬁ i Emlgfl
I ntended to observe a

n rianging fromO0.5 t¢ JO TerTrm—Ht—yas
_ n at which a magnetjc it @ngrMRpqgg7 t
attach to a latent inmage- bearing neqq r (to provide ap iinmage men5| y pf
1.0 or above after the transfer and fiXation) in a casp where a certatn
devel opnent - si de voltage (about 1000 V) in

duration was 200 psec or shorter. When the pulse
duration was made fﬁrther smailer, the proportion of
the magnetic toner particles of 5 pm or smaller was
found to be increased. From these facts, it is
understood that a magnetic toner particie having a
smaller particle 'size reaches a latent image-bearing
member in a shorter time. -

Accordingly, at the time of application of a
development-side bias voltage, it is possible to use a
.smaller magnetic toner particle selectively or
preferentially for development by setting the bias to
be higher and the application time to be shorter.

On the other hand, at the time of application
of a reverée development-side bias voltage, by setting
the (peeling) voltage to be lower and the application
time to be longer, it becomes possible to surely
return a large magnetic toner particle or a magnetic
toner particle having a small charge (thus having a
slow moving speed) to the devéloper—carrying member in
a sufficient time. In this instance, a small magnetic
toner particle attached to aﬁ image part on the latent
image-bearing member is not substantially peele&
because of a large image force and the low peeling
voltage.

: As a result, by applying a developing method
using a developing bias voltage characteristic to the

present invention, developed images having a high
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the formof a pulse was applied between a devel oper- ca r%¢ TETTDet

all

the | atent image- marSheegHamn@Emplac(edh sposed with a spacin MENISSHEET
[err]m in connect article size distributipnjof the Lch
When a | atent inmge at a constant surface p(tenﬁ ﬁgq P
| at ent i nmage-bearin er e changi ng the pul se dufation an

magnetic toner particles used for devel nt on the |afent | mage-pearing

menber was
t her eof ,

- having a si

collected for nmeasurement of“the particle siige_distribution

it was found that there were nmany magnetic toner particles
lze of 8 [err]mor smaller and al so

image density can be obtained with good gradation
characteristic and thin-line reproducibility.

The features of the present invention will
now be explained with reference to Figure 3 showing an
image forming apparatus for practicing an embodiment

of the image forming method according to the present

invention.

Referring to Figure 3, the apparatus includes
a latent image-bearing member 1 which can be a latent
image-bearing member (so-called photosensitive
member), such as a rotating drum, for
electrophotography; an insulating member, such as a
rotating drum, for electrostatic recording;
pﬁotosensitive paper for the Electrofax; or
electrostatic recording paper for direct electrostatic
recording. An electrostatic latent image is formed on
the surface of the latent image-bearing member 1 by a
latent image forming mechanism or latent imége'forming
means (not shown) and the latent image-bearing member
is rotated in the direction of an indicated arrow.

The apparatus also includes a developing
apparatus which in turn includes a developer container
21 (hopper) for holding a monocomponent-type developer
and a rotating cylinder 22 as a developer—darrying

' membér (hereinafter, also called "(developing)
sleeve") in which a magnetic field-generating means

23, such as a magnetic roller, is diéposed.
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Almost a right half periphery (as shown) of
the developing sleeve 22 is disposed within the hopper
21 and almost a léft half periphery of the sleeve 22
is exposed outside the hopper. In this state, the
sleeve 22 is axially supported and rotated in the
difection of an indicated arrow. A doctor blade 24 as
a developer layer regulating means is disposed above
the sleeve 22 with its lower edge close to the upper
surface of the sleeve 22. A sti:rer 27 is disposed
for stirring the developer within the hopper 21.

The sleeve 22 is disposed with its axis being
in substantially parallel with the generatrix of the
latent image-bearing member 1 and opposite to the
latent image-bearing member 1 surface with a slight
gap a therefron. ' -

The surfacé moving speed (circumferential
speed) of the sleeve 22 is substantially identical to
or slightly larger than that of the latent-image
bearing member'l.‘ Between the latent image-bearing
member 1 and the sleeve 22, a DC voltage and an AC
voltage are applied in superposition by an alternating
bias voltage application means Sp and a DC bias
voltage application means §;.

In the imaée forming method of the present
'inveﬁtion, not only the magnitude of the alternating
bias electric field but also the application time

thereof are controlled as well as a friboelectric
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understood that a magnetic toner particle having a snall —particle si
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Accordi ngly,
voltage, it

h of appllcatlon of a devel opnent -

i |s ced |spml | er magnetic toner pa h é

sel ectively or for devel opnent by settingjt help? 4AR d99he
hi gher and the a

at the tinme of appllcatlon of a riever se devel opnent - si def bi as vol t age,

to be shgpter. On ther

hand,

y

setting the (peeling) voltage to be |ower and the appli cat+er—tine o _be
| onger, it becones possible to surely

charge adapted to the controlling developing bias
voltage. More specifically, as for the alternating

bias, the frequency thereof is not changed, but the

development-side bias component is increased while the

application time thereof is shortened and
correspondingly the reverse development-side bias
component is suppressed low while the application time
thereof is prolonged, thus changing the duty ratio of
the alternating bias voltage.

In the present invention, the development-side
bias (voltage) component refers to a voltage component
having a polarity opposite to that of a latent image
potential (with reference to the developer-carrying
member) on the latent image-bearing member (in other
words, “the same polarity as the toner for developing
the latent image), and the reverse development-side
bias (voltage) component refers to a voltage component
having the same polarity as the latent image (opposite
polarity to the toner).

For example, Figure 4 shows an example of an
asymmetrical alternmating bias Goltage comprising an AC
bias wvoltage and a DC bias wvoltage. Figure 4 refers

to a case where a toner having a negative charge is

. used for developing a latent image having a positive

poteﬁtial with reference to the developer-carrying
member. The part a refers to a development-side bias

component and the part b refers to a reverse

REPLACED
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return a |l arge nmagnetic toner parti-ffiSsme Ha BXR0Rplated - t onej

a small charge (thus having a slow o the d
menber in a sufficient tine. Inthlmgﬂlﬁlm |mal|
particle attached to an i nage part o mage- bear

not substantially peeled because of a |large inmage force
peeling voltage. As a result. By applying a deye

rar-tet-e—having
\FEP6ABEMENT rSHERY

[ I NaVaYd
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using a devel oping bias vol tage characterlstlc to the pregse

Opl llg reshod
nt inventi on,

devel oped i mages having a high

development-side bias component. The magnitude

the development-side component and the reverse

s of

development-side component are denoted by the absolute

values of Va and Vb.

In the pres??t invention, the duty rat
tﬁe alternating bias voltage is defined as foll

Duty ratio = tg/(ty+ty) (x100) %,
wherein ts denotes the duration of a voltage co
with a polarity for directing the toner toward
latent image-bearing member (constituting the
developing side bias Compcnent a), and ty rever
denotes the duration alvoltage component with a

polarity for peeling the toner from the latent

io of
OWS :

mponent

the

sely

image-

beariﬁg member (constituting the reverse development-

side bias component b), respectively, within on
of the alternating bias wvoltage.

Almost a right half periphery of the

e cycle

developing sleeve 22 always contacts the developer

within the hopper 21, and the developer in the

vicinity of the sleeve surface is attached to and held

on the sleeve surface under the action of a magnetic

force exerted by the magnetic field-generating meansl

23 disposed in the sleeve 23 and/or an electrostatic

~force. As the developing sleeve 22 is rotated,

the

deveioper layer held on the sleeve is leveled into a

thin layer T; having a substantially uniform thickness

when it passes by the position of thé dector bl

ade 24.
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The charging of the magnetic toner is principally
effected by triboelectrification through friction with
the sleeve surface and the developer stock in the
vicinity of the sleeve surface caused by the rotation
of the sleeve 22. The thin magnetic developer layer
on-the,developing sleeve 22 rotates toward the latent
image—bearing.member 1 as the sleeve rotates and -
passes a developing station or region A which is the
closest part between the latent image-bearing member 1
and the developing sleeve 22. Ig the course of the
passage, the magnetic toner inhthe developer layer on
the developing sleeve 22 flies under the action of DC
and AC voltages applied between the latent image-
bearing member 1 and the developing sleeve 22 and
reciprocally moves bethen the latent image-bearing
member 1 surface and the developing sleeve 22 surface
in the deyeloping region A. Finally, the magnetic
toner on the developing sleeve 22 is selectively moved
and attached to the latent image-bearing member 1
surface‘corresponding to a latent image potential
pattern thereon to successively form a toner imaée Ta.
The developing sleeve surface heving péssed

by the developing region A and having selectively

_ consumed the magnetic toner thereon rotates back into
"the developer stock in the hopper 21 to be supplied
again with the magnetic develope:, whereby the thin

developer layer T; on the developing sleeve 22 is
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I nventi on. Referring t ceappar at us |ncludes a
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el ectrostatic recording; photosen5|t|ve paper for the Elleqt 19;&

el ectrostatic recording paper for dlrect el ectrostatic ecord B
electrostatic latent image is formed om23rhe surface of the Tatent

| mage- bearing nmenber 1 by a |atent-inage form ng mechani smor | atent

form ng

continually moved to the developing region A when
developing steps are repeatedly effected.

As described above, a problem accompanying
such a developing schemé (non-contact developing
method using a monocomponent developer) is that a
developing performance can be decreased due to an
increased force of attachment of magnetic toner -
particles in the vicinity of the developing sleeve
surface in some .cases. The magnetic toner and the
sleeve always cause friction with each other as the
developing sleeve 22 rotates, so that the magnetic
toner is gradually caused to have - a large charge,

whereby the electrostatic force (Coulomb's force)

.between the magnetic toner and the sleeve is increased

to weaken the.force of flying or jumping of the -
magnetic toner. As a result, the magnetic toner - is

stagnant in the vicinityiof the sleeve to hinder the
triboelectrification of the other toner particles, -

thus resulting in a decrease in develdping

characteristic. This particularly occurs under a low

humidity condition or through repetition of developing

steps. Due to a similar mechanism, the above—meﬁtioned
developer-carrying member memory occurs.

The force of flying the'magnetic toner from

the éleeve toward the latent imageQbearing member 1 is

required to provide an acceleration 3 so as to cause

the magnetic toner to sufficiently reach the latent
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devel opi ng
(hopper) for hol ding a nonoconponent - type eve oper apd{agnrpt
cyIinder 22 as a devel oper-carrying menmber (hereinaft QI Jqégqggb

"(devel oping) sleeve") in which a nagngglc fi el d- genef atrrg—reans
such as a nagnetlc roller, is dlsposed

means .(not shown) and the | atent lageBrber st :
direction of an indi'cated arrow pparat SREPEAEHWENFJ
[ ‘apparatus which in tu

eveI op¢r reent al-Aer

9@5;13 |

image surface under the actien of an AC bias electric
field. If the mass of a toner particle is denoted by
m, the force T is given by f = m-a. If the charge of
the toner particle is denoted by q, the distance from
the sleeve is denoted by 4 and the alternating bias
electric field.is denoted by E, the force f is roughly
given by £ = E-q - (a-epaqz)/dz. Thus, the force of
toner reaching the latent image surface is detérmined
by a balance between. the electrostatic attraction
force with the sleeve and the electric field force.

In this instance, toner particles of 5 pm or
smaller which are liable to gather in the vicinity of
the developing sleeve can also be flied if the
electric field is increased. However, if the
development-side bias voltage is simply increaeed; the
toner is caused to fly toward the latent image side .
regardless of the latent image pattern. This tendency
is strong for toner particles of. 4 pm or smaller, thus
being liable to cause ground fog. The ground fog can
be prevented by increasing the reverse development-
side voltage, but if the alternating electric field
acting between the latent image-bearing member 1 and
the developing sleeve 22 is increased, a discharge is
) direptlf caused between the latent image—bearing
member 1 and the sleeve 22 to remarkably impair the
image quality in some cases. |

) .
Further, when the reverse development-side




-21- . Al nost a rightsnhelids Be@irepla@ay (as shown)

0“-Phe_dpvelop|ng

sl eeve 22 is disposed within and al nost a IeﬁEPhﬁ@
peri phery of the sleeve 22 LEI] HE%MMHF' de t he hopper.] | g~ “{MENT S‘yEET
the . . :

the sleeve 22 is axially!su ated in the dijr %
indi cated arrow. A doctor blade 24 as a devel oper layer fe uI H@ n@ﬁ

=

i s di sposed above the sleeve 22 withaits | ower edge clos¢ to L““ Haper

surface of the sl eeve 22. A stirrer 27 is disposed

voltage is also increased, the toner attached not only
to the non-latent image part but alsc to the latent
image pattern (image part) is caused to be peeled.
Thus, magnetic toner pafticles having a relatively
small image force to the latent image-bearing member
are iiable to be removed so that the coverage on the
latent image part becomes poor to cause image defects,
such as disturbance of a developed pattern,
deterioration of gradation characteristic and line-
reproducibility and liability of hollow image (white
dropout of a middle part of an image).

From the above results, it is important to
cause the toner in the vicinity of the sleeve to fly
or jump ;nd reciprocally move  without excessively
increasing the alternating bias electric field and by
suppressing the reverse development-side bias voltage
to a low wvalue.

Even if the reverse development-side bias
electric field is weak, the duration thereof is
prolonged so that the effective force for peeling from
the latent image-bearing member remains identical.
The toner image attaeﬁed to the latent image is not
disturbed so that a good'image with a gradation

~characteristic is attained.
‘ Under the action of the developing bias
voltage according to the present invention, when ears

formed of a magnetic toner fly and the tips of the

REPLACED
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for stirring the devel oper mnthlfhggm% er 2 _
di sposed with its axis being in rall e
of the' l|atent inmge-bearing nmenb n’mﬁgd etoth
| mage- beari ng nmenber 1 surface mn p a ther¢ffofh b MAR 1397
The surface noving speed (circunferential speed) of the|slkegye 22 is
substantially identical to or slightly-sgrger than thatfof the
| atent-i mage bearing nenber 1. Between the |atent inag L.ng  nmenber 1
and the sleeve 22, a DC voltage and an AC voltage are applied in —
superposition by an alternating

ears touch the latent image-bearing member, the toner

particles in the neighborhood of the ear tips,
particles of a small particle size and particles
having a'large charge are attached to the latent
image-bearing member for effecting development because
of the image force, whereas the particles constituting
the trailing ends or particles having a small charge
are returned tq the developer—carrying member under
the action of the reverse development-side bias.

' Thus, the ears tend t; be brokgn so that difficulties
such as tailing and scattering due to ears can be
alleviated.

According éo the alternating bias electric
field used in the present invehtion, the development-
sideﬁbiaé electric field is so strong as to cause
toner particles near the sleeve surface to jump, so
that toner particles having a large charge are more
intensively qsed for development of a.latent image
paftern. As a result, toner particles having a large
charge are firmly attached onto even a weak latent
image pattern due to an electrostatic force, so that
an image having a sharp edge can be obtained at a high
resolution. -Further, magnetic toner particles having
a la;ge charge are effectively used to provide a good
imagé.

In the image forming method of the present

invention, a satisfactory developmenf may be effected
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for a gap of from 0.1 mm to 0.5 mm between the
developing sleeve 22 and the latent image-bearing
member 1 while 0.25 mm was representatively used in
Examples described hereinafter.

While being dependent on the gap between the
.developing sleeve and the latent image bearing mémber,
a satisfactory image can be obtained if the absolute
value of the alternating bias wvoltage is 0.5 kV or
higher. Taking a possible leakage to the latent
image-bearing member into consideration, the peak-to-
peak voltage of the alternating bias voltage may
preferably be 0.5 - 3.0 kV, particularly 1.0 - 2.0 kV.
The leakage can pf course change depending on the gap
bétween the developing sleeve 22 and the latent image-
bearing member 1. .

The frequency of the alternating bias ma&
preferably be 1.0 kHz to 3.0 kHz.. If the frequency is
below 1.0 kHz, a better gradation can be attained but
it becomes difficult to dissolve the ground foé. This -
is presumably because, in éuch a lower frequency
region where the frequencf of the reciprocal movement
of the magnetic tomer particles is smaller, the force
of pressing the magnetic toner particles onto the
latent image-bearing member due to the development-
'side:bias becomes excessive even onto a non-image
part, so that a portion of toner attached onto the

non-image part cannot be completely removed by the




char ge adapt ed to The cont rui i ug devel opi ng bias voltj %1 or-e

specifically, g bias, the frequen ENENTSSHEET
changed, but the ﬁJ?h ee yblas conponent is ingr

application tine t ' H | ened and correspondi ngl

devel opnent - si de bi O I's suppressed | ow whil he appllggﬁeo
time thereof is prolonged, thus changing-the duty ratijo of tfe

alternating bias voltage. In the present invgntion, the
devel opnment -si'de bias (voltage) conponent refers to a voltagé conporent

peeling force due to the reverse development-side bias
electric field. On the other hand, at a freguency
above 3.0 kHz, the reverse development-side bias
electric field is applied before the toner
sufficiently contacts the latent image-~-bearing member,
so-that the developing performance is remarkably
lowered. In other words, the toner per se cannot -
easily respond to such a high frequency electric
field.

In the present invention, a frequency of the
alternating bias electric field in the range of 1.5
kHz to 2.5 kHz provided an optimum image quality.

The duty ratio of the alternating bias
electric field waveform according to the present
invention may be substantially below 50 %, preferably -
be a wvalue satisfying: 20 % §.duty factor ¢ 45 % in
view of the image quality and dewveloping
characteristic. I1f the duty factor is above 45 %, the
above-mentioned defects become noticeable to fail to

~achieve the improvement in image quality according to
the present invention. If the dutf factor is below 20
%, the response of the toner to the alternating bias
electric field becomes poor to lower the developing
. performance. The duty factor may.optimally be in the
’ rang; of 25 to 40 % (inclusive).
The alternating bias waveform may for exémple

be in the form of a rectangular wave, a sine-wave, a
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having.a pol arity opposite to thﬁgmggjﬁsﬁéh ge potential (wth
reference to the devel oper-carry he | atenf_j mage-béaring .
menber (in other words, the san’im ﬂ he toner f

| atent image), and the reverse d bias (v IRE¢E5€®@EMﬁ%%ﬁi

refers to a voltage conponent having the sane polarity & fhe | atent | ngge
(opposite polarity to the toner). -31~ For exanple, dhﬁ%?ﬁﬁ%ﬁﬁﬂs an
exanpl e of an asymmetrical alternating bias voltage congrising an AC _bijas

voltage and a DC bias voltage. Figure 4 refers to a casg where a toner
havi ng a negative charge is

saw-teeth wave or a trlangular wave.

The monocomponent-type developer according to
the present invention will be described hefeinbelow.

As a result of our further study on
performances of monocomponent-type developers in
reiation with developing sléeves, we have found a
monocomponent-type developer capable of providing - -
images having a high image density and excellent in
gradation characteristic and thin-line reproducibility
under various anvironmental conditidng.-

More specifically, images having such
excellent image qualitieé can be obtained by using a
monocomponent—type_developer comﬁrising a magneéic
toner containing at least a binder resin and magnetic
powder, and 0.5 - 10 wt. %—(based on the magnetic
toner) of inorganic fine powder having a length-average
particle size of 0.1 - 5 pm; wherein the monocomponent-
type developer has -a number-basis particle size
distribution such that particles of 4 pm or smaller are
contained at 5 - 18 % by number and particles of '4 - 10
pum are contained at at.least 60 % by number;.the
monacomponent-type developer has a volume basis
particle size distribution sudh that particlés of 12.7
pm or larger are contained at at most 10 % by volume;

" and %he monocomponent-type developer has a weight-
average particle size of 7 - 11 pmn.

When a monocomponent-type déveloper
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comprising an external mixture of a magnetic toner and
inorganic fine powder having a length-average particle
size of 0.1 - 5 um (preferably 0.5 - 3 pm) is used,
the inorganic fine powder is selectiveiy applied in
the vicinity of the developing sleeve surface to form
a fery thin layer of the inorganic fine powder. As a
result, the magnetic toner does not directly contact
the developing sleeve surface, so that the magnetic
toner is prevented from sticking onto the sleeve
surface due to the image force, thus not being liable
to cause a coating irregularity of the developer.
Further, if inorgani¢ fine powder having a
small charge of a polarity opposite to that of the
magnetic toner is added, the inorganic fine powder is
separated from the magnefic toner under application of
a developing bias at the time of development, so that
the charge of the magnetic tomer can be increased.
Accordingly, if inorganic fine powder having a length-
average particle size of 0.1 - S pm, preferably 0.5 -
3 pm, is externally added in an amount of 0.5 - 10 wt.
%, preferably 1 - 7 wt. %, based on the magnetic toner
to the magnetic toner, the charge of the magﬁetic
toner can be enhanced while preventing the sticking of
- the magnetic toner onto the developing sleeve surface
'beca&se of the preferential presence of the inorganic
fine powder at the developing sleeve surface. Herein,

the length-average particle size of the inorganic fine

THIS SHEET HAS BEEN
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| at ent 1 mage- beari ng nenber (constituT?

conponent a), and tb reversely denotes the duration
with a polarity for peeling the toner fromthe | aten

t

g the devel of

te

val ues” of Va and

d

HepLhCEMENT SHEET
onEfﬁggkgéh%ﬁﬁg

I N
voltage conmponent
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side bias

as Ind/In based on the number-basis particle size

distribution of the inorganic fine powder measured in

a manner as described hereinafter.

1f the length-average particle size of the

inorganic fine powder'is below 0.1 mm, it is too small

so that the inorganic fine powder shows too strong -

adherence onto the magnetic toner surface and the

separation of the powder from the magnetic toner

surface cannot. be readily caused, thus failing to

exhibit the effect of the presenf invention.

If the

inorganic fine powder has a length-average particle

size exceeding 5 pm, the inorganic fine powder shows a

poor mixability with the magnetic toner, thus being

liable to scatter from the sleeve surface to soil the

charging wire of the corona charger or cause a

decrease in image density. Further, inorganic fine

powder having a high rigidity and also a large

ﬁarticle size is liable to dame the surface of the

photosensitive member as a latent image-bearing

member, thus being undesirable.

If the inorganic fine'powder is added in an >

amount of below 0.5 wt. %, the formation of the

inorganic fine powder layer on the developing sleeve

is iﬁsufficient, so that it is difficult to exhibit

the effect of the present invention. On the other

hand, if the amount exceeds 10 wt. %, the iﬁorganic

|
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ernating
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peri phery of tﬁEPLA@éMEN
mu mggﬂﬂmhl n the hoppgr qrpSﬁEET
devel oper in the vicinity of face is attagh

ad d
on the sl eeve surface under the action of a magnetic foyck 2xeﬁ@@ﬂ1§§? he
magnetic field-generating neans 23 dispased in the slegve~28—andtor
el ectrostatic force. As the devel oping sleeve 22 is rotjated, the
devel oper | ayer held on the sleeve is leveled into a thrn Trayer—+
havi ng a substantially uniformthickness

fine powder layer on the developing sleeve becomes too

thick, so that the triboelectric charging between the
magnetic toner and the developing.sleeve is hindered
to result in poor images having low image densities.
It is preferred that the inorganic fine
pdwder shows a triboelectric charge in the range of
0.1 - 10 pC/g (absolute value) when measured after -
being blended in a proportion of S5 wt. % with 95 wt.
of irén powder (e.g., "EFV 200/300" available from
Powderﬁec K.X.) and separated ﬁnder suction (at about
200 mmH,0) through a 500 mesh-stainless steel filter.
Good results are obtained through formation
of a suitable degree of the inorganic fine powder
layer on the developing sleeve surface, if the
magnetic toner used in thé present invention, when
measured in mixture with the inorganic fine powder,
contains 5 -~ 18 % by number, preferably 7 - 15 % by
number, of particles having particle sizes of 4 pm or
smaller. Below 5 % by number, the inorganic fine
powder is insufficient in amount, so that the layér
formation of the inorganic fine powder becomes
insufficient on the developing sleeve surface. On the
other hand, in excess of 18 % by number, the amount of
- magnetic toner particles having a particle size of 4
Bpm o; smaller becomes remarkably large, so that the
fine powder of magmnetic toner forms a layer on the

developing sleeve surface to suppress the formation of
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when it passes by the position of the doctor blade 24.

-24-  The char gi e doctor blade 24. oo~

triboelectrificati mggtion with the sleeve €
devel oper stock in1m mgﬁ Hl![_of the sl eeve surfacejc se% b}/ t he
rotation of the sl | hi n° magnetic devel oper ljaykt MAR 1397
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the.inorgénic fine powder layer. As a result, when a
developing operation is successively performed for
such a long period and a large number of sheets as to
changé fhe surface characteristic of the developing
sleévé, the magnetic toner causes sticking onto the
deVeioping sleeve. Further, magnetic toner particles
having particle .size of 4 pm or smaller present in a
large amount are liable to be attached even onto a
region of the latent imageQbearing member having no
electrostatic images at the time of development to
cause background fog, thus being undesirable.
Particularly excellent results are attained
if the monocomponent-type developer contains particles
of 4 um or smaller'idcluding a larger proportion in a
i range (channel) of 2 - 2.52 pm than in a range

(channel) of 2.52 - 3.17 um in terms of'a.number-basis
particle size distribution as shown. in Figure 1. When
such a distribution is satisfied, a proper degree of
the inorganic fine powder layer is formed on the
developing sleeve surface even in a normal temperature
- very low humidity environment, thus being able to
retain a high image deﬁsity and good image
characteristics. In a normal temperature - very low

- humidity environment, the magnetic toner is caused to

-have:a large charge, so that the formation of the
inorganic fine powder layer is more remarkably

hindered by fine powdery toner particles in the
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on the devel opi ng sfeeve 22 rotates toward the-latent inade-bearjngnénber
1 as the sleeve rohales, 4 asses a devel opi ng stati

which is the close u‘ﬁﬁliri" énfifﬁﬂ: the | atent inmge-bearl %ﬁ%@‘sﬁﬁ S(p&ﬂj'
C

t he devel opi ng sl ee ourse of the passage,| the nagneticC ne,
in the devel oper |a el opi ng sl eeve 22 flids urtidr MARe1987t ifon
of DC and AC voltages applied betweetr3&-he | atent i nmage- aring nenberf |
and the devel oping sl eeve 22 and reciprocally noves betjween the | atent
| mage- bearing’ nenber 1 surface and the devel oping sl eevwe 22 surface in

t he devel oping region A Finally, the magnetic .
magnetic toner. However, as a monocomponent-type

developer containing a larger proportion in the range
of 2 - 2.52 pm than in the range of 2.52 - 3.17 pm is
obtained by removing fine powdery_magnetic toner
particles hindering the formation of the inorganic
finé powder layer and adding the inorganic fine
powdér, the formation of the inorganic fine powder -
layer on the developing sleeve is not hindered by fine
powder of the magnetic toner even in a normal
temperature - very low humidity environment.

It is desirable that the monocomponent-type
developer in the form of a mixture of the magnetic
toner and the inorganic fine powder has a particle
size distribution including 1 - 10 % by number,
preferably 2 - 7 % by number, of particles of 2.00 -
2.52 pm, 0.5 - 8 % by number, preferably 1 - 6 % by
number, of particles of 2.52 - 3.17 pm, and 2 - 15 %
by number, preferably 3 - 10 % by number, of particles
of 3.17 - 4.00 ym pitch the pfoviso that the particles
of 2.00 - 2.52 mm is present in a larger proportion
than the particles of 2.52 - 3.17 pm.

The monocomponent-type developer according to
the present invention contains at least 60 % by number

_ of particles of 4o —710 pm and is provided with an
impréved chafgeability on the developing sleeve by
addition of the inorganic fine powder. A magnetic

toner having a high charge is caused to effectively
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toner on the devetoptng—sleeve 22 is selectively noved and attached to the
| at ent ‘i mage- bearjng nmenber 1 surface corresponding to al

B ARG S
potential patter it t eenReoplacessi vel y form a toner ‘i mggRERAGEMENT SHEET
The devel opi ng sle% I ng passed by the devel opi.n

ey Raghoi

o) Briie’ B4

havi ng sel ectively magneti c toner thereon rotat
t he devel oper stock in the hopper 21 teo3hpe supplied againjw
magneti ¢ devel oper, whereby the thin devel oper |ayer T[er{] "omrthe
devel opi ng sl eeve 22 is

jump from the developing sleeve onto the latent image-
bearing member under the action_of a developing bias
at a duty ratio of below 50 % to faithfully attach to
an electrostatic latent image to effect development,
thus providing a high quality image. However, if the
pafticles of 4 - 10 pm is less than 60 % by number,
the development of an electrostatic latent imaée -
becomes insufficient to provide a rather low image
density. Magnetic toner particles of 10 pm or larger
are provided with a lower charge, soO that it becomes
difficult to faithfully develop electrostatic latent
"images. Further, magnetic toner particles of 4 - 10
pm are consumed at a higher proportion and, as the
continuation of a successive developing operation for
a long period, partiéies outside the range of 4 - 10
pm are gradually accumulated to change the pérticle
size distribution of the magnetic toner on the
developing sleeve, thus being liable to cause
problems, such as background fog and decrease in image
density.

Particularly, in terms of volume-basis
particle size disfribution, if particles of 12.7 pm or
larger are contained in a proportion exceeding 10 vol.

. %, this means that particles having a low charge which
are ﬁot desirable -for development using a developing
bias having a duty ratio of below 50 % are present in

a large proportion, to result in a low image density
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afe repeatedly eff eqh@Gheet Has Been Replacks ‘descri bed above, a pf REPLAC ME

acconmpanyi ng such a nwﬂ&mluﬂwem (non-cont act devel opi rg—mettrod

usi ng a nonoconponent that a devel oping perfo

decreased due to an e of attachment of magngt mgﬁgﬁlﬂg’e
-38- |

and inferior image reproducibility. Accordingly, in
the monocomponent-type developer according to the
present invention, particles of 12.7 pm or larger
should be suppressed to at most 10 vol. % based on a
volume-basis particle size distribution and, if this
range is satisfied, good results are attained even in
a long period of successive image formation providing
a large number of sheets.

The monocomponent-type developer according to
the present invention has a weight-average particle
size of 7 - 11 pm, preferably 7.5 - 10.5 pm. While
the weight-average particle size requirement cannot be
considered separately from the other requirements, a
weight-average particle size of below 7 pm means an
increased proportion of relatively fine particles and
is liable to result in background fog and a rather low
image density in an environment of normal temperature
- very low humidity (e.g., 23 ©C, 5 $RH). On the
other hand, if the weight-average particle size
exceeds 11 pm, rather coarse particles are relatively
rich in the magnetic toner, to result in a decrease in
image density and a lowering in image characteristics
in a long term of successive image formation or in a
gighlhumidity environment.

. If the monocomponent~type developer of the
present invention is applied to an image forming

method using a development bias of asymmetric
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particles in the VICInIt f geveloping sl eeve surface.dn.sone. cases

The magnetic tonefhi al ways cause friction mﬁtﬂfpﬁﬂdkwﬂmnesHFET
t he devel oping sl , SO that the magnetic t ls..gradual

caused to have a | ereby the electrostatic forc % ﬁqﬂuk%SQ%
force) between the nagnetlc toner and the sleeve is incredsqd

the force of flying or junping of the -BaAgnetic toner. As 1
magnetic toner is stagnant in the vicinity of the sleeve {o hi nder t he
triboelectrification of the other toner particles, thus r ' '

decrease in devel opin )
character as described above, the effects of the

monocomponent-type developer of the present invention
are more effecti&ely exhibited. '

The particle size distribution of a toner and
a developer may be measﬁred by means of a Coulter
coﬁnter in the present invention, while it may be
measured in various manners. | -

Coulter counter Model TA-11 (available from
Coulter Electronics Inc.) is used as an instrument for
measurement, to which an interface (available from
Nikkaki K.K.) for providing a number-basis
distribution and a volume-basis distribution, and a
personal computer CX-1 (available from Canon K.K.) are
connected.

For measurement, a 1 %$-NaCl aqueous solution
as an electrolyte solution is prepafed by using a
reagent-grade sodium chloride. For example, ISOTO&EL
II (available from Coulter Scientific Japan K.K.) may
be used therefor. Into 100 to 150 ml of the
electrolyte solution, 0.1 to 5 ml of a surfactant,
pgeferably.an alkylbenzenesulfonic acid salt, is added
as a dispersant, and 2 to 20 mg of a sample is added
thereto. The resultant dispersion of the sample in
the electrolyte liquid is subjected to a dispersion
'treaément for abouf 1 - 3 minutes by means of an
ultrasonic disperser, and then subjected to

measurement of particle size distribution in the range
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characteristic. ¥hrs—ﬁaﬁ%reu+af+y—eecurs under - a-1 ow hun1d|ty condi tion or

through repetition_of develo In teps Due to a siml;

above- nent i oned menber menory occur " REPLACEMENT SHEET
force of flying the || r from the sleeve towjrg-the—tatent

| mage- beari ng nenbe d to provide an accel

r 4t in0 1o
cause the magnetic toner to sufficientiyoreach the |at¢nt 0°8 MARASSP.

of 2 - 40 pm by using the above-mentioned Coulter
counter Model TA-I1I with a 100 micron-aperture to
obtain a volume-basis distribution and a number-basis
distribution. Form the results of the volume-basis
distribution and number-basis distribution, parameters
characterizing the magnetic toner and developer of the
present invention may be obtained. -
The length-average particle size (Znd/In, D =
particle size) of inorganic fine powder referred to
herein is based on measurement of particle size
distribution using a Coulter counter. The measurement
may be performed in a similar manner as the
measurement of a toner particle size distribution as.
described. In the actual measurement, an electrolyte
containing a sample suspended therein was subjected to .
dispersion for 5 minutes by an ultrasonic disperser,
~ followed by measurement of a number-basis particle
size distribution in.the range of 0 - 40 nm to
calculate a length-average particle size.
| The Counter counter should be equipped with
an appropriate size of aperture so as to effect an
accurate measurement of the length—éverage particle
size of the-inorganiq fine powder within an extent not
_ causing plugging of the aperture. More specifically,
in c;se where coarse particles of 6 pm or larger are
absent, it is preferred to use an aperture of 15 pm.

In case where particles of 6 - 20 pm are présent and
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-26- . image surface under Thf@SheEﬂ-IalsB&n@tEplﬂ:@dAC field. If the mass of a
toner particle is denoted by

Is given by fpr=—mterria
the charge of the toner part]i Eﬂﬂd by g, the dis dﬁE&AﬂENEWTt$HEET

sl eeve is denoted by d and t bias electric Iwiu rs—denotet
by [err], the force [err] is roughly given by [err] =q - MAR 18
([err].[err].[err])/d[err]. Thus, the m rce of toner reaghin g the $ ?ent
i mmge surface is determined by a bal ance between. the el eftrostratiT

attraction

force with the sleeve and the electric field fprce.

particles exceeding 20 pm are not present, it is
preferred to use an aperture of 50 pm. In case where
particles of 20 - 40 pm are present and particles
exceeding 40 pm are absént, it is preferred to use an
apgrture of 100 wm.

The inbrganic fine powder used in the
developer of the present invention may for example -
comprise fine powder of inorganic oxides and fine
powder of carbonate. The inorganic oxides may
include: oxides, such as zinc oxide, and tin oxide;
and double oxides, such as strontium titanate, barium
titanate, calcium titanate, strontium zirconate, and:
calcium zirconate. The carbonates may include calcium
carbonate and magnesium carbonate. Among these, fine
powder of double oxide of titanium oxide, particularly
strontium titanate, shows excellent effects.

The inorganic fine powder having a length-
average particle size of 0.1 - 5 pm may preferably be
hydrophilic and non-magnetic. The required degree of
hydrophilicity may be satisfied if the fine powder can
be wetted with water and dispersed in water.

In addition to the inorganic fine powder
having a length-average particle size of 0.1 - 5 pm,
it is pfeferred to externally add hydrophobic
coll%idal silica fine ﬁowder to the magnetic toner so
as to improve the flowability and charge stability of

the developer. The hydrophobic colloidal silica fine

REPLACED
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In this instance, toner particies of 5 [err]mor smal l er which are |iable

to gather in the Vi ¢hinédedt HAL Bech gidgyvel oping sl eeve canratso e -fTiel '
TR T ' EVENGSHEETS

the electric field i megl mg However, if the deva”ﬁ%ﬁé
voltage is sinply i njmﬂgﬂmﬂﬂﬂ m
I mage side regardle

oner is caused to fl owara the Tateni
t image pattern. Thip feQderngsR 0%/
strong for toner particles of 4 [err]nré2-smaller, thu bgind.liable‘ o]
cause ground fog. The ground fog can be prevented by ihcreasing the
reverse devel opnent- side voltage, but if the alternatf{ng electric field

acting between the | atent image-bearing nenber 1 and
d powder may prefegably havg a BET specific surface area

V)" V)

of at least 100 m2/g and used in an amount of 0.05 - 5
wt. %, particularly 0.1 - 2 wt. %, based on the
magnetic toner. The hydrophobic colloidal silica fine
powder may preferably have a triboelectric
chargeability of the same polarity as the magnetic
toner so as to attach the surface of the magnetic tone
particle surface and move together with the magnetic
toner particles.

The hydrophobicity of hydrophobic colloidal
silica fine powder referred to herein are based on.
values measured in the following manner while other
methods may be applicable with reference to the
following method.

100 ml of pure water and 1 g of w-sample are
pléced in a vessel equipped with a closely fitted
stopper and vibrated for 10 minutes on a vibrator.
After the vibration, the container is left standing
for several minutes to allow separation into a silica
powder layer and an agueous layer. The aquéous layer
is then sampled, and the t:ansmittance thereof at a
wavelength of 500 nm is measured with reference to
that of pure water free from contact with the silica
fine powder. The relative transmittance value thus
obtéined is taken as the hydrophobicity of the sample
silica fine powder.

The silica fine powder used.in the present
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t he devel opi ng Slee“ﬁm%%etﬁuf%e a discharge is directly caused

bet ween the | atent er 1 'and the sleevg t
i mpair the inmage quTlﬂ"Tﬂml lﬁﬂ ses. Furt her‘?gp A@rﬁ“@r@.rgﬁ&]y
reverse devel opnent-s -2%- vol t 04
is also increased, the toner attached not only 0 6 MAR 1997
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invention may preferably have a hydrophobicity of at
least 60 %, morelpreferably at least 70 %.

The developer according to the present
invention may further cdntain other additives
according to necessity. Examples of such additives
may.include: lubricants, such as polytetrafluoro-
ethylene (teflon), polyvinylidene fluoride, and fatty
acid metal salts; abrasives, such as cerium oxide, and
siiicon carbide; flowability-imparting agents or anti-
caking agents, such as surface-treated titania and
surface-treated alumina treated by surface-treating
agents, such as silicone 0il, various modified
silicone o0il, silane coupling agents, and silane
coupling agents having functional groups; carbon
black; and fixing'acids, such as low-molecular weight
polyethyiené. More specifically, it is possible to
add a waxy substance, such as low-molecular- weight
polyethylene, low-molecular weight polypropylene,
microcrystalline wax, carnauba wax and sasol wéx in an
amount of 0.5 - 5 wt. % to the toner of the present
invention in order-%o improve the releasability at the
time of hot roller fixation.

The binder resin constituting the magnetic
toner used in the present invention may for example
'compfise the following materials.

Homopolymers. or copolymers of vinyl monomers

shown below: styrene; styrene derivatives, such as o-
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to the non-latent inmage part_but also to the |atent irrége'_ pattern (imge

part) is caused to b& ocen ed magnetic toner partic
relatively small |§?ﬁﬁiﬁiﬁﬁ” e latent inage-bearing Q&QE@? SHEET
|iable to be renoved verage on the latent i

je part Decone
poor to cause inmage defects, such as disturbance of a devil pp@db 4AR 4997,
deterioration of gradation characteristfé-and |ine- reprodugibility and
liability of hollowimge (white dropout of a mddle partj of an inage).

From the above results, it is inportant to cause the toner in the_ vicinity

of the sleeve I
me%gyas¥yrene, m~-methylstyrene, p-methylstyrene, p-
'methoxystyrene,'p—phenylstyrene, p-chlorostyrene, 3,4-
dichlorostyrene, p-ethylstyrene, 2,4-dimethylstyrene,

p-n-butylstyrene, p-tert-butylstyrene, p-n-

Lo

'hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene, p-n-
deéylstyrene, and p-n-dodecylstyrene; ethylenically
unsaturated moncolefins, such as ethylene, propylene,
butylene,'and isobutylene; unsaturated polyenes, such
as butadiene; halogquted vinyls, such as vinyl
chloride, vinylidene chloride, vinyl bromide, and vinyl
fluoride; vinyl esters, such as vinyl acetate, vinyl
propionate, and vinyl benzoate; methacrylates, such as
methyl methacrylate, ethyl methécrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-octyl methacrylate, dodecyl .o i}
methacrylate, 2-ethylhexyl methacrylate, stearyl
methacrylate, phenyl methacrylaté, dimethylaminoethyl
-methacrylate, and diethylaminoethyl methacrylate:;
acrylates, such as methyl acrylate, ethyl acrylate, n-
butyl acrylate, isobutyl acrylate, propyl acrylate, n-
octyl acrylate, dodecyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate, 2-chloroethyl acrylate, and
phenyl acrylate, vinyl ethers, such as vinyl methyl
ether, viny; ethyl ether, and vinyl isobutyl ether:;

‘ vinyi ketones, such as vinyl methyl ketone, vinyl hexyl
ketone, and methyl isopropenyl ketone; N-vinyl

compounds, such as N-vinylpyrrole, N-vinylcarbazole, N-




or junp and reci precally—nove-w t hout excessively i ncr easi ng the

alternating bias electric field and by suppressing the—treverse oo
devel opnent - si de bl]%lm een Replacgd | ow val ue. V”REFLACEMEN‘FVSHEQ'
devel opnent - si de bi g eI d is weak, the durhti-ea-therecf
prol onged so that rce for peeling fronml f{ ty

| mage- bearing menber remains entical . , Iﬁe tongr I mape aﬁtggﬁgﬁ 3@7t1e
| atent image i s not dlsturbed so that “a~good i mage wi | hla—gradation

g_har acteristic is attained. Under the action]of the devel oping
I as

vinylindole, and N-vinyl pyrrolidone; vinyl-
naphthalenes; aérylic acid derivatives or methacrylic
acid derivatives, such as acrylonitrile,
methacryronitrile, and acrylamide; wvinyl compound
derivatives having a carboxylic group, such as acrylic
acid, methacrylic acid, maleic acid, and fumaric acid;
haLf.esters, such as maleic acid half esters, and
fumaric acid half esters; maleic anhydride, maleic acid
esters and fumaric acid ester derivatives.

Further examples of the binder resin may
include: polyesters, polyurethane, epoxy resin,
polyvinylbutyral, rosin, modified rosin, terpene resin,
phenolic resin, aliphatic or alicyclic hydrocarbon

resins, aromatic petioleum resins, haloparaffins,

"paraffin wax, etc. These may be used singly or in

mixture.

Among these, styrene-type resins, acrylic
resins, and polyestef resins are particularly preferred
as binder resins.

In view of the anti-offset:characteriétic of
the resultant polymer, the biﬁder resin may further
preferably be a crosslinked vinyl polymer, a
crosslinked vinyl copolymer or a mixture of these

polymers, obtained by using a crosslinking agent as

' folfows:

Aromatic divinyl compounds, such as

divinylbenzene and divinylnaphthalené: diacrylate
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vol tage according to the present I nvention, when ears fo'r Qf

magnetic toner fly and fhigShept3ia ced

REP
- 28- ears touch the Ijmm “ Et ring menber, the toner ﬂggMENT SHEET
t he nei ghborhood of the icles of a small parlti
particles P [fGS'p-ﬁ?q ?9@9
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compounds connected with an alkyl chain, such as
ethylene glycol diacrylate, 1,3-butylene glycol
diacrylate, 1,4-butanediol diacrylate, i,S—pentanediol
diacrylate, 1,6-hexanediol diacrylate, and neopentyl
glycol diacrylate, and compounds obtained by
substitutiﬁg methacrylate groups for the acrylate
groups in the above compounds; diacrylate compounds-
connected with an alkyl chain including an ether bond,
such as diethylene glycol diacrylate, triethylene
glycol diacrylate, tetraethylene glycol diacrylate,
polyethylene glycol #400 diacrylate, polyethylene
glfcol #600 diacrylate, dipropylene glycol diacrylate
and compoundé obtained by substituting methacrylate
groups for the acrylate groups in the above compounds;
diacrylate compouhds connected with a chain including
an aromatic group and an ether bond, such as
polybxyethyiene(Z)-Z,2—bis(4—hydroxyphenyl)propanedi—
acrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-
propanediaCrylate, and compounds obtained by

~ sﬁbstituting methacrylate groups for the acrylate
groups in the above compounds; and polyester-type
diacrylate compounds, such as one known by a trade
name of MANDA (availabie'from Nihon Kayaku K.K.).

_ Polyfunctional crosslinking agents, such as

éentéerythritol triacrylaté, trimethylolethane
triacrylate; t;imethylolpropane triacrylate,

tetramethylolmethane tetracrylate, oligoester
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having, a | arge charge are att hed to the | atent i mage- bear i ng nmenber for

eTfectlng devel opnent because eplfeak ce, wher egs—t-he—particles
constituting the trailing end E having a sng| REPDA(BEMENPTS?!EET
returned to the devel oper-carr er the actijon—ef—~t-he-rever
devel opnment - si de bias. Thus, the ears ten to be broken |so t@@t MAR 1997
difficulties such as talllng and scatterlng due to ears|c

al | evi at ed. According to the df&ernatlng bi as ¢l eet-tr+e—iield
used in the present invention, the devel opnent- side-bigs electric field
IS so strong as to cause

acrylate, and compounds obtained by substituting
methacrylate groups for the acrylate groups in the
above compounds; triallyl cyanurate and triallyl
trimellitate.

These crosslinking agents may preferably be
used in a proportion of about 0.01 - 5 wt. parts,
particularly about 0.03 - 3 wt. parts, per 100 wt. -
parts of the other monomer components.

Among the above-mentioned crosslinking
MOnomers, aromatic divinyl compounds (particularly,
divinylbenzene) and diacrylate compounds connected with
a chain including an arcmatic gfoup and an ether bond
may suitably be used in a toner resin in wview of fixing
characteristic and anti-offset characteristic. It is
preferred that at least one of these compounds is used
for constituting the binder resin.

The binder resin for constituting a toner to
be used for a pressure fixing system may comprise a
low-molecular weight polyethylene, low~molecular weight -
polypropylene, ethylene-vinyl acetate copolymer,
ethylene—acrylate éopolymer, higher fatty acid,
polyamide resin or polyester resin. These resins may
be used singly or in mixture.

The magnetic toner accordlng to the present
1nventlon comprises a magnetic material, examples of
which may include: iron oxide and iron oxide containing

another metal oxide, such as magnetite, maghemite, and
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toner particles near the sleqme gurface to junp, so that

toner particles

having a |l arge charge are nnre edised for dey®
| atent image pattern. As a r articles havi
are firmy attached onto even i mage patter

el ectrostatic force, so that an inmage having a sharp edg
at a high resolution. Further, magnetic toner particles
charge are effectively used to provi de4B-good i nmage

i mage form ng nethod of the present i nvention, a satisfa
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hgving a large
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may be effected

ferrite; metals, such as Fe, Co and Ni, alloys of these
metals with other metéls, such as Al, Co, Cu, Pb, Mg,
Ni, Sn, Zn, Sb, Be, Bi, C4, Ca, Mn, Se, Ti, W and V,
and mixtures of these materials.

The magnetic material may preferably have an

. average particle_size of 0.1 - 2 pm, and magnetic
properties under aﬁplication of 10 k Oersted, inclusive
of a coercive force of 20 - 150 Oersted, a.saturation
magnetization of 50 - 200 emu/g, particularly 50 - 100
emu/g, and a remanence of 2 - 20 emu/g.

The magnetic toner according to the present
invention may preferably be used by adding a charge
control agent internally or externally. The charge
control agent may be ﬁnown positive charge controllers,
examples of which may include: nigrosine and its
modified products, e.g., with aliphatic acid metal
salts, quarternary ammonium salts, diorganotin oxides
and diorganotin borates. These may be used singly or
in combination of two or more species. Among these,
nigrosine type compounds and quarternary ammonium salts
may be particularly preferred. -

Further,'it is also possible to use as a
positive charge control agent a homopolymer of a
nitrogen-containing monomer represented by the formula:

. °,

CH,=C
—R2

cooczn,;N\\R
3 I

jIct ory devel opnent



-29- , for a gap of fromO..1 nmto O. nn1betmeen the devel oping sl eeve

22 and the | atent i mage- bearlrﬂ@ls ~0..25 mMm was
representatively used in I erelnafter -REPLAGEMENMi SKEET
bei ng dependent on the gap bet fre—t-he—tat-epnt—
| mage beari ng nenber,

plng sl eevela
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wherein Rj denotes H or CH3, and Ry and R3 respectively
denote an alkyl group capable of having a substituent:
or a copolymer of the nitrogen-containing monomer with
another pdlymerizable monomer as described above, such
as styrene, an acrylate or a methacrylate. The
resultant nitrogen-containing homopolymer or copolymer
can also function as a part or all of the binder resin.
Alternatively, in the present invention, it is

also possible to use a negative charge control agent,

vy

£

which may be known one such as carboxylic acid
derivatives or their metal salts, alkoxylates, organic
metal complexes, and chelate compounds. These negative
charge con;rol agents may be- used singly or in mixture
of two or more species. Among these, acetylacetone
metal complex, salicyclic acid metal complexes
alkylsalicylic acid metal complexes, dialkylsalicyclic
acid metal complexes, naphthoic acid metal complexes,
"and moncazometal complexes may be particularly suitably
used.

The toner according to the invention can
contain an arbitrary appropriate pigment or dye as a
colorant as desired. The magnetic material may also
function as a colorant.

The magnetic toner used in the present
inveﬁtion may preferably be prepared by a method in
which toner constituents are sufficiently blended in a

mixer such as a ball mill and then kneaded well in a
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a satisfactory inmage can be obtained if the absolute value of the
alternating bias voltage is 0. 5Ths\Shedt HadBeglRdplaceliaki Ng a pRmLMEmém-ag" tlo
RE.

the | atent inage-bearing nenber i tion, th -1 0-__peak"
vol tage of the alternating bias Feferably b
particularly 1.0 - 2.0 kV. The Ie course chang

0.5 - 3. Vv
5 BepaR ol
the gap between the devel oping sleeve 22 and the | aten = |

menber 1. The frequency of théGternating bigas may preferably
be 1.0 kHz to 3.0 kHz. If the frequency is below 1.0 k better
gradation can be attained but

hot kneading means, such as a kneader or extruder,
mechanically crushed and classified. Alternatively,
it is possible to use a method wherein é binder resin
solution containing pther components dispersed therein
is spray-dried; a polymerization metnod wherein
prescribed ingredients are dispersed in a monomer
constituting a binder resin and the mixture is _ -
emulsified, followed by polymerization of the monomer
to provide a polymer; etc. The toner used in the
present invention can be in the form of a microcapsule:
toner comprising a core material and a shell material.

In the present invention, it is particularly
p;eferred to use as a latent image-~-bearing member a
photosensitive member comprising an a-Si photosensitive
layer on a conductive substrate in applying the bids
conditions according to the present invention.

Such an a-Si photosensitive memher can be
provided with a lower charge injection-prevention
roller below the photosensitive layer so as to prevent
charge injection from the substrate.

1t is further possible to provide a surface
protective layer above the photosensitive layer in
order to improve the durability and provide an upper

. cﬁarge injection~preventing layer above the-
photbsensitive layer or between the surface protective
layer and the photosensitive layer.

It is also possible to dispose a layer which

THIS SHEET HAS BEEN
REPLAGED




it becones d|ff|cu++—%€p4u$snLMe_L___ground fog. This

because, in such a Iomer frequency
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novenment o WQMmﬁdtoner particles
of pressing the nmagn |cles onto the |at
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part, so that a por |on of toner attached o
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functions as both a surface protective layer and an
upper charge injectiOn—préventing iayer.

It is also possible to dispose a long-
wavelength light-absorbing layer above or below the
lower charge injection-preventing layer in order to
prevent interference with long-wavelength light.

In this instance, so as to adapt the -
respective layers to their practical use, it is
possible to introduce various atoms inclusive of:
hydrogen étom; Group III atoms of the periodic table,
such as boron, aluminum, and gallium; Group.1V atoms of
the periodic table, such as germanium and tin; Group V
atoms of the periodic tabiew-such as nitrogen,
phosphqrus and arsenic; Group VI atoms of the periodic

table, such as oxygen, sulfur; and selenium; and

halogen atoms, such as fluorine, chlorine, and bromine, .

along or in combination at the time of formation of a-

Si.

For example, a photosensitive drum for holding

a negatively charged electrostatic image can be
prepared by forming a photosensitive layer with
hydrogenated (i.e., hydrogen-containing) a-Si, a lower

charge injection-preventing layer with hydrogenated a-

Si doped with phosphorus, and an upéer charge

injection-preventing layer with hydrogenated a-Si doped

with boron.

On the other hand, a photosensitive drum for
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-30-  peeling force-due to-thefeverse developnent-side'bias electric
freld. On the other hand, at .a frequency above 3.0 kHz, the reverse

devel opnent - si de bi as This|She: cgry els applied before|t

sufficiently contacts t ﬂ [ iF-bearing menber, s@gﬁqﬂg?ﬁFNg SHEET
devel opi ng performance | owered. In other rds, the é%pe
per se cannot - easily respond to such a high frequenc I8c5rMBR3 9
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holding a positively charged electrostatic image can be
prepared by forming a lower charge injection-preventing
layer with hydrogenated a-Si doped with boron and a
surface protective layer with an amorphous film
comprising silicon,.carbon and hydrogen (hereinafter
called a-SiC £film).

An a-Si photosensitive member is generally
excellent in heat resistance and abrasion resistance
and is thus excellent in durability. Accordingly, the
image forming method according to the present invention
is adwvantageous for realization of a high-speed image
forming apparatus. Further, it is possible to form a
latent image faifhful to an original image so that it
is advantageous in realizing a high image quality in an
image forming apparatus such as a copying machine.

An Se photosensitive member and an OPC
photosensitive member can cause_deterioration of the
photosensitive layer during a continuous use due to
white reflection light, laser light and mechanical
action to result in difficulties, such as decrease in
photoconductivity and chargeability and increase in
dark decay, so that they can fail to show sufficient
electrophotographic performanéés in some cases. In
such cases, there can arise difficulties such that a
sufficient dark potential can not be attained, it
becomes impossible to lower the light part potential to

a necessary level, and it becomes difficult to obtain
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field.. I n The present inveut%on a frequency of t he alternating

bi as electrlc field |n1ﬁ£| gt 5 kk& t0-2.5 kHz praovided. an. optimy
i mage quality. of_the alternatl1gRgpuggENﬁN¢c$mEEI
field mavefornlaccordln i nvention may bé¢ substanti-aliy—
bel ow 50 % preferably |sfy|ng 20 %[err} dquty fﬁ£§q$gée r]
45 %in view of the inmge quallty and devel opi ng charagtgri pi' he¢

duty factor is above 45 % the above-1dntioned defects pedere—hoti-cesab

ToOT T oTTOT

to fail to achieve the inprovenent in image quality acc¢rding to

174

A1”4

an appropriate potential contrast or a latent image
potential corresponding to an original. As a result,
an insufficient density, fog and loss of gradation can
occur. The deterioration is accelerated if a larger
number of image forming cycles are repeated in a unit
period of time, so that the above difficulties are
pronounced in a high-speed machine. Accordingly, in
order to obtain stable electrostatic latent images, an
a-Si photosensitive member capable of always
maintaining a constant latent image potential is
advantageous and such as a-Si photosensitive member can
be applied to a high-speed machine without problem.
Further, an Se photosensitive member end an

OPC photosensitive member can cause a disturbance in
thin or fine latent images for the above-mentioned
reason. The magnetic toner used in the present
invention is capable of faithfully develop even thin
latent images so that such a disturbance in latent

- image can be reflected in a developed image, thus being
disadvantageous in delicate expression of thinilines
and dots. On the other hand, an a-Si photosensitive
member does not cause a disturbance in latent image so
that the above-mentioned problems are not caused. The
problems are also pronouhced at e higher process speed.
fhe ﬁagnetie toner used in the present invention has a
large specific surface area, so that it has a tendency

to cause a frequency contact to accelerate the abrasion
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t he present |nvent|omuslgﬁee¢}lfh§35gdtp¥ dagtor is below 20 % t he response of

t‘he toner to the alter ectric field becones poor-t-o-l-ewer—tire
devel opi ng perfor mancﬁmmqﬂll mrﬂ lﬁ
25 to 40 % (inclusive).

ctor may optimally be |REp|bch_MﬁI‘l’gSHEET
e alternating bias wayjef rm Frey—ort

exanple be in the formof a rectangul ar wave, a Sine-wavy, .

ity au v ! Ve P o 6 MAR 1397

-54-

of the photosensitive member when applied to a high-
speed machine. Se and OPC photosensitive members are
particularly liable to be abraded to promote the
problem. However, an a-Si photosensitive member has a

., high hardness so that it is not concerned with such a
problem.

In the present invention, by controlling not
only the magnitude but also the duration t of an AC
bias electric field, a portion of the magnetic toner
capable of faithfullf developing a latent image on an
a-Si photosensitive member is effectively flied to
accomplish the object of present invention in a
satisfactory manner.

More specifically, in the present invention,
an AC bias voltage is controlled so that the magnitude
of the developing-side bias electric field is increased
and the duration thereof is shortened without charging
the entire frequency.of the AC bias voltage.
.borresponding thereto, the reverse development-side
bias electric field is suppréssed to be low and the
duration thereof is increased, whereby the duty ratio
of the AC bias woltage is'controlled.

By Sufficiéntly increasing the development-

~ side bias electric field according to the above control
-scheﬁe, toner particles of 4 - 10 pym on the sleeve
which constitute an essential component for providing

an improved image quality are effectively flied
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saw-teeth wave or a triangul ar

devel oper according to the pre be desf
her ei nbel ow. As a resul er study oh
nmonoconponent -t ype devel opers' i developln

found a nonoconponent-type developer capable of providin
hi gh i mage density and excellent in gradation characteri
reproduci bility under various environmemal conditions.
specifically, i mages havi ng such

reciprocally to fully develop a latent image

The nDnoconponent type

HEPLACEMEMT, SHEET;

) $Teeves, we haye

| 08516!%&145%9 a

5tjc and thin-1ihe
Mor e

on an a-

Si photosensitive member and prevent the sticking

thereof onto the sleeve surface, whereby the

decrease

in image density and developer-carrying member memory

are suppressed.

Further, while the reverse-development side

electric field is suppressed to be low, the duration

thereof is sufficiently prolonged, so that an excess of

toner attached to outside a latent image pattern on an

a-Si photosensitive member is supplied with a peeling

force from the latent image-bearing member 1

suppress the ground fog.

to

At this time, the reverse development-side

electric field is suppressed to be low, so that toner

particles of 4 - 10 ﬁm'constituting an essential

component for toner coverage are not peeled.

While the reverse development-side bias

electric field is suppressed to be low, the duration

thereof is_made longer, so that the effecting peeling

force from the latent image-bearing member is ensured.

However, the toner image attached to a latent image

pattern is not disturbed, whereby a good image quality

with gradation can be realized.

According to the present invention,

the

development-side bias electric field of an AC bias

voltage is intensified to fly a portion of the toner

present in the vicinity of the sleeve, so that such a
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excellent image qualities can be obt ai ned by using a nonoconponent - type

and magnetic powder, and 0.5 - on the mag eﬂEéLA@EMEW SHEET
i norgani c fine powder having a I particle siz

[err]m wherein the nonoconponent - ype devel oper has a nuprbgr l@ﬂﬁﬂ 13
particle size distribution-such that particles of 4 [err]mo gnaller are
contained at 5 - 18 % by nunber and[xﬂ§QTles of 4 - 10 [efr are

contained at at |east 60 % by nunber; the nonoconponent-type devel oper has

devel oper conpri sing a magneti crhlstShweHaSé’ii E‘% g at | east a-bi-rder—+estn

a volune basis particle size distribution such that partickes—of~1277
portion of the toner in the vicinity of the sleeve and-

having a large charge is more intensively attached to a
latent image pattern. As a result, even to a weak
latent image pattern on an a-Si photosensitive member,

: such a portion of the toner having a large charge is
attached because of a large eiectrostatic force,
whereby an image having an edge sharpness and a good
resolution can be obtained, and magnetic toner
particles of 4 - 10 pm which are an effective
component for realizing a high image quality are
effectively utilized to provide an extremely good
image quality.

A latent image on an a-Si photosensitive
member has a low surface potential but has a iarge
capacitance, so that the-charge thereof is large.
Accordingiy; the magnetic toner according to the
present invention is small in particle size and has a
lafge charge, so that it is firmly attached to the
latent image. The toner thus attached to a latent
image part having a potential to be developed (image
part) is not affected by the exterior and the image
thereof is not disturbed.

As for a non-image part, a fog tomer

_ (attached to such a non-image part) can be peeled by
-the Aeveloping bias according to the present invention
even on an a-Si photosensitive member. As for a

latent image on an a-Si photosensitive member, the
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magnetic toner is effectively flied under application
of the above-mentioned specific bias voltage, so that
a high image quality can bhe stably attached for a long
period and the image quality is stable even under a
continual use in a high-speed machine.

In the case'where an a-Si photosensitive
member is used as the latent image-bearing member, the
above-mentioned effect of the present invention can be
remarkably exhibited if the.development is performed
under a small difference between the light part
potential and the dark part potential of 130 -~ 350 V,
preferably 150 - 300 V.

Then, a developing sleeve used in-a preférred
embodiment of the present invention will be explained.

- In the present invention, the developing
sleeve may preferably have a sgrfaée.unevenness
comprising sphere-traced concavitiés. The surface
state can be obtained by blastiﬁg with definite shaped
particles. Herein, the definite-shaped particles may
preferably be spherical or sphercidal particles having
a substantially smoothly éurved surface and having a
ratio of longer axis/shorter axis of 1 - 2, preferably
1 - 1.5, further preferably 1 - 1.2. The definite-
shapéd particles may for example be various solid
spheies or globules, such as thosé of metals such as
stainless steel, aluminum, steel, nickel and bronze, or

those of ceramic, plastic or glass beads, respectively,
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i norgani ¢ fine—powder—fraving a I ength-average particle size of 0.1 - 5
[errIm (preferably 5 1. Bech REfik& 1S used,. the inorganic fine powder is
sel ectively appli Wi nity of the devel opi ng ¢t C
form a very thi njmmn MHH“‘nor gani c fine powder. ﬁfﬁ/@@ﬁﬁ gﬂ%ﬁ
magnetic toner do contact the devel oping d4l'eeve surfacel do
that the magnetic toner is prevented L% m sticking ontg¢ tihd 6 MARE197
surface due to the image force, thus not being |iable tjo|cause a coaling
irregularity of the devel oper. Further, if ingrganic fine powder
having a small charge of a polarity opposite to that of_the

having a specific particle size.

A developing sleeve preferably used in the
present invention may also be obtained by blasting
first with indefinite-shaped particles and then with
definite-shaped particles. Such‘indefinite—shaped
particles mé& comprise arbitrary abrasives.

By blasting fhe sleeve surface with definite-
shaped particles having a specific particle size, it
is possible to form a plurality of sphere-traced
concavities having almost the same diameter.

In the present invention, "thin-line
reproducibility" was evaluated in the following manner.
An original of a thin line iﬁage having a width of
accurately 100 pm is copied.uﬁder suitable copying
conditions to provide a sample copy for-wmeasurement.
The line width of the toner image on the copy is
measured on a monitor of Luzex 450 Particle Analyzer.
The line width is measured at several poipts along the
length of the thin line toner image so as to provide an
appropriate average value in view of fluctuations in
width. The value of thin line reproducibility (%) is

calculated by the following formula:

Measured line-width of a copy image

x 100
Line width (100 pm) on the original :

In the present invention, the resolution was

evaluated in the following manner. An original sheet
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magnetic toner is added, the inorgdnic fine powder is separated fron1the
nmagnet.i ¢ toner undquusgmmagggén%e lac d a devel opi ng bi as at p+he~t+re—of

devel opnent,
Accordi ngly,
size of 0.1

so t hat

i f inor
- 5 [errl]

0.5 - 3 Jerr]m is exte nel ngw

an anount of 0.5 - 10 wt. 9% preferabLggl - 7 wt. % basgedjon the nagnet
toner to the magnetic toner, the charge of the magnetic |t oOmer——camrbe

enhanced whi

the magnetic toner cap RﬁPlAﬁEMEHk&iiEET
wm r mder having a |l ength avpr goe pal trcte

N
Cc

| € preventing the sticking of the nagnetic tpner onto the

devel opi ng sl eeve surface because of the preferential pré&Sence or tne

I norgani c

having 10 original line images each comprising S lines

. spaced from each other with an identical value for line

width and spacing is provided. The 10 original images
comprise the S5 lines at pitches of 2.8, 3.2, 3.6, 4.0,
4.5, 5.0, 5.6, 6.3, 7.1, 8.0. 9.0 and 10.0 lines/mm,
respectively. The original sheet is copied undér
suitable conditions to obtain a sample copy on which
each of the ten line images is observed through a
magnifying glass and the maximum number ¢of lines
(lines/mm) of an image in which the lines can be
discriminated from each other is identified as a
resclution measpred. A larger number indicafes a
higher resolution.

Hereinbeldw, the present invention will be
explained in more detail based on Examples.
Hereinbelow, "part(s)" used for describing a formation
or composition are by weight.

Example 1
[Production of magnetic toner]

Styrene/butyl acrylate/monobutyl
maleate/divinylbenzene copolymer 100 parts
(monomer wt. ratio = 67.7/25/7/0.3,

Mw (weight-average molecular weight)
= 38x104

ﬁagnetic powder ' 90 parts
(number-average particle size = 0.18 pm;

saturation magnetization = 85 emu/qg,
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fine powder at the devel opi ng sl eemfys shett fiAGRen R ﬁ&hn the'length aver age

particle size of the inorganic fine 3-
povvder refers to an average particl ‘IH!‘ Iwwllim,& a$ ﬁWEWMernHS
ion of the~TMorgani c {i e

based on the nunber-basis particle
powder neasured in a manner as described hereinafter. 0 6 MAR 1997
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residual magnetization = 12.5 emu/g and
coercive force = 130 QOersted, as measured
under an external magnetic field of 104 Oersted)
Low-molecular weight
butylene/propylene copolymer h 3 parts
3,5-Di~-tert-butylsalicylic acid
Cr complex (charge control agent) 2 parts
The above ingredients were well. blended in a
blender and melt-kneaded at 130 ©C by means of a twin-
screw extruder. .The kneaded product was cooled,
coarsely crushed by a.cutter mill, finely pulverized
by means of'a pulverizer using jet air stream, and
classified by a fixed-wail.type wind-force classifier
(DS-type Wind-Force Classifier, mfé. by Nippon
Pneumatic Mfg. Co. Ltd.) to obtain a classified pOwder
product. Ultra-fine powder of 4 pm or smaller and
coarse power were simultaneocusly and precisely removed
from the classified powder by means of a multi-
division classifier utilizing a Coanda effect (Elbow
Jet Classifier available from Nittetsu Kogyo K.K.),
thereby -to obtain a negatively chargeable magnetic
toner.
The thus-obtained magnetic toner was mixed
Qith'3 wt. % of hydrobhilic strontium titanate (as
' inoréanic fine powder) having a length-average
particle size of 2.25 pm and 0.5 wt. % by negatively

chargeable hydrophobic dry-process colloidal silica
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| f the length-average particl e ThisSkeetas Bérn Replaved gam c fine powder is be
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ng

adher ence onto the nmagnetic tone

fromthe magnetic toner surface cannot be readily cause
exhibit the effect of the present invention. If the I ho}
has a |l ength-average particle size excggding S [err]
powder shows a poor mxability with the magnetic tonef,

0.1 pm it is too small so that |ml I;ﬂ “I fine powder shows too st
the se IRENT 'SHEED

Her

br
i he
bl e

to scatter fromthe sleeve surface to soil the chargipg wire of the corgna

charger or cause a

(BET specific surface area = 250 ng, hydrbphobicity =
85 %) by meané of a mixed to prepare a monocomponent-_
type developer. The particle size distribution of the
monocomponent-type developer is shown in Figure 1.

The triboelectric chargeability of the
hyarophiliC'strontium titanate fine powder was
measured by accurately weighing 0.2 g qf the: fine -
powder sample after stahding overnight in an
environment of 23.5 ©C and 60 %$RH and 9.8 g of un-
coated carrier iron powder ("EFV-200/300" available
from Powdertec K.K.) having a mode particle size in
the range of 200 - 300 mesh and mixing both powders
within an about 50 cc-polyethylene-made wide-mouthed
bottle covered with a lid sufficiently {by shaking the
bottle 50 times up and down within about 20 sec),
followed by measurement by the blow-off method. The
measured value is shown in Table 1 appearing
hereinafter.

[Production of a developing sleeve]

" A stainless steel sleeve (SUS 304) in the
form of a 32 mm-dia. cylinder containing a magnet
therein was provided, and the surface thereof was
blasted with spherical glass beads of #300 (53 - 62

~ pm) under the conditions of a blast nozzle diameter of
7 mm; a distance of 150 mm between the nozzle and the

sleeve, an air pressure of 3.5 k‘g/cm2 and a blasting

time of 60 sec.
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[Production of a-Si photosensitive drum]

An a-Si photosensitive drum was prepared by
means of a high-frequency plasma CVD apparatus by
using a gaseous mixture principally consisting of
SiH4, Hp, CHy, PH4, BoHg and GeHy according to the
glow discharge process.

An aluminum cylinder substrate of 108 mm -
diameter and 360 mm length was provided with a lower
charge injection-preventing layer of hydrogenated a-Si
doped with boron, then with a 25 um-thick
photosensitive layer of hydrogenated a-Si and with an
uppermost-surface protective layer of hydrogenated a-
SiC, whereby an a-Si photosensitive drum. was prepared.

. The above preéared a-Si photosensitive drum
was incorporated in an-image- forming apparatus as
shown in Figure 3 described below for image formation
according to the present invention..

Referring to Figure 1, the above-prepared a-
Si photosensitive drum was used as the latent image-
bearing member 1, the gap a between the latent image-
bearing member 1 and the above-prepared developing
sleeve 22 having a blasted surface was set at 0.25 mm,

and the gap between the developing sleeve 22 and the

~ magnetic doctor blade 24 was set at 0.24 mm to form a

magnetic toner layer thickness of about 100 pm on the
developing sleeve 22. The magnetic field given by the

magnet roller 23 as measured on the sleeve surface was
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of 0.1 - 10 [err]d g} ( béoé%&\{@fe

1000 gauss at the Nj pole, 1000 gauss at the S; pole,
750 gauss at the N, pole and 550 gauss at the S; pole.
A copying test was performed at a rate of 85
sheets (A4)/min, while supplying a sample developer'
intermittently into a hopper 21. In the test, an-
electrostatic latent image having a dark-part
potential of 350 V and.a light-part potential of 50V
was found on the a-Si photosensitive drum 1, the
photosensitive drum 1 was rotated at a speed of 400
mm/sec and the developing sleeve 22 was rotated at a
speed of 520 mm/sec, while applying & developing bias
voltage between the photosensitive drum 1 and the
déveloping sleeve 22. The developing bias used was a
superposition of an AC voltage having a duty ratio of
30 $ and a DC voltage (180 V) as shown in Figure 5.
Under normal temperature - normal humidity
conditions (23.5 QC, 60 %RH), a continuous copying
test of 106 sheets was performed. In the initial
stage, there were obtained images with excellent
qualities having an image density of 1.45, a thin-like
reproducibility of 104 %, a resolution of 8.0
lines/mm, and a background fog of 0.7 %. After 5x10°
sheets of continuous copying, the developing sleeve
began to decrease its surface unevenness given by
blaéting, but no changes in image quality were
observed. Further, the copying operation was

continued up to 106 sheets. As a result, the




bei ng bl ended in a proportion of Bisgheet HosReanReflacet . % of ir
(-e. g.,” "EFV 200/ 300" availdble fro mﬂmmam K.) and sepdrg

el... —
suction (at about 200 mHerr]O nmesh- st ai nl eds EPg&i T SHEET
filter. Good results are obtal ne ugh formatio of
suitabl e degree of the inorganic fine powder [|ayer on the d¢vql &p%nﬂmR 1997
sl eeve surface, if the magnetic toner ysed in the present ifvéaton..uhen
measured in mxture with the inorganic fine powder, containg 5- 18 % by
nunber, preferably 7 - 15 % by nunber, of particles having ' '
of 4 [err]mor smaller. Below 5 % by nunber, the inorganic fine

unevenness of the developing sleeve was worn to

provide a smooth unevenness, but there were
continually obtained images with substantially equal
image qualities as in the initial stage including an
image density of 1.43, a thin-line reproducibility of
102 %, a resolution of 8 lines/mm, and a background
fog of 0.6 %. -

Similarly geood results. were obtained under
high temperature - high humidity (30 ©C - 85 %RH)
conditions.

Further, 2 similar continuous copying test
was pefformed alsc under normal temperature - very low
-humidity conditions (23 °C - 5 $RH). 1In the initial
stage, there were obhtained images having an image'
density of 1.36, a thin-line reproducibility of 101 %,
a resolution of 8 lines/mm, and a background fog of
1.4 %, thus with little background .fog. After 10°
sheets of continuoué copying, the developing sleeve
surface showed a smooth unevenness and there were
provided images having slightly iowered image
qualities including an imége density of 1.32, a thin-
line reproducibility of 97 %, ai:ésolution of 7.1 |
lines/mm, and a background fog of 1.3 %.-

The background fog was evaluated by meaéuring
'the.reflectanqe of a background portion of_a sample
image formed on a standard while paper by using a

reflectometer ("REFLECTOMETER MODEL TC-6DS", available
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from Tokyo Denshoku K.K.) according to the reflectance
mode using a green filter and by calculation according
to the following formula. A smaller value represents
less background fog.

Background fog (reflectance)(%) = reflectance of a
standard white paper - reflectance-of a2 background
portion of a sample image formed on the standard white
paper.

Comparative Example 1

A developer was prepared in the same manner
as in Example 1 except that the strontium titanate
having a length-average diameter of 2.25 pm was
omitted. The particle size distribution of thg
developer thus obtained is shown in Figure 2. The
developer was subjected to' continuous copying tests in

the same manner as in Example 1

Under the normal temperature - normal
humidity conditions, in the initial.stage, there were
obtained images of similar image qualities as in
Example 1, including an image density of 1.33, a thin-
line reproducibility of 102 %, a resolution of 8
liens/mm and a background fog of 1.8 %. However, from
after 5x10° sheets of continuous copying, the image
density began to be lowered gradually and slowly, and

- the background fog also began to increase while it was
| slightly. Aféer 106 sheets of copying when the

developing sleeve surface showed a smooth unevenness,

| THIS SHEET HAs BEeR
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- 35- the i i | owder |ayer. As a result, when g—devetroptng

operatjon is s :C ssively perforned for such a |ong period aREPLAQ 50 < $HEET
number of shee t13s Beem Reppeedt he surface characteristic of -tre—devetoping
sl eeve, the rrag?x ses sticking onto the develo irggssemg.igg?
Furt her, magneti | es having particle size of [jerr] mor

smal ler present in a |arge amount are-8-able to be attachedl evem onro =
region of the latent inage-bearing nenber having no electrgstatic inages

at the time of devel opnent to
the image qualities were lowered down to an image
density of 1.18, a thin-line reproducibility of 82 %,
a. resolution of 4.5 lines/mm, and a background fog of
2.5 %.

Under the normal temperature - very low
humidity conditions, the image qualities included an
image density of 1.23, a thin-line repreoducibility of
88 %, a resolution of 5.6 lines/mm and a background
fog of 2.5 %, which were inferior to the results in
Example 1. Further, as a result of continuous copying
test, from after leOS sheets, fine powder of the
magnetic toner began to stick onto the developing
sleeve surface and also a developer coating -
irregularity occurred on the dé&eloping sleeve. The
resultant image qualities included an image density of
1.14, a thin-line reproducibility of .76 %, a
resolution of 4.5 lines/mm, and a backgrdund of 3.5 %,

which were remarkably inferior to the results in

Example 1.

Examples 2 - 5§

Developers were prepared in a similar manner
as in Example 1 except for the matters specifically
mentioned in Table 1 and subjected to continuous
copying tests in the same manner as in Example 1.

. The results under the normal temperature -
no;mal humidity conditions (23.5_°C -~ 60 %RH) are

shown in Table 2, and the results under the normal

THIS SHEET HAS BEER
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cause ,background fog, us beln undesi rabl e. Pérticularly

éxcellent results are a cedpnoconponent - t ype padevetope

contains particles of 4 Ehm ler including a |a &EP%C(EN&NTl SHEETh
a range (channel) of 2 in a range (channgl) 2752
3.17 pmin terns of a nunber-ba5|s particle size distribgtijo ?omgﬁ
Figure 1. Wien such a distribution is sgtisfied, a prope cegree 0 e
i norganic fine powder |ayer is formed on the devel oping $l eeve s

even in a normal tenperature - very low humdity environgent, thus being

able to retain a high image density and good i nage
temperature - very low humidity conditions (23 °C -

5%RH) are shown in Table 3.

Comparative Example 2

A monocomponent-type developer was prspared
in the same manner as in Example 1 except that
hydrophilic strontium titanate having a length-average
particle size of 2.25 um was used.in an amount of 0-:3
wt. %. The particle size distribution data of the
developer are shown in Table 1, and the results of
continuous image formation tests are shown in Tgbles'z
and 3.

Comparative Exawple 3

A monocomponent-type developer was prepared
in fhe same.manner as in Example 1 except that
hydrophilic strontium titanate having a length-average
particle size of 2.25 yum was used in an amount of 11
wt. %. The particle size distribution data of the
developer are shown in Table 1, and -the results of
continuous image formation tests are shown in Tables 2
and 3.

Comparative Example 4

A monocomponentQtype developer was.prepared
in the same manner as in Example 1 except that
. hydrophilic- strontium titanate having a length-average
) part;cle size of 0.35 pm was used in an amount of 3
wt. %. The particle size distribution data of the

developer are shown in Table 1, and the results of

THIS SHEET HAS BEEN |
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characteristi cs—tnmanormat—tenperature - very |low hum dity envi ronment ,
the rragnetlc toneIlil Sﬁeeﬁ%‘é%@ aceddve a large charge, so that the formation

of thé inorganic yer is nore remarkably Hi i
powdery toner part m : ﬁgﬁ[ﬁﬁl\ﬁyl\_lég?ﬁﬂ

magnetic toner. nocomponent - t ype
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continuous image formation tests are shown in Tables 2

and 3.

Comparative Example 5

A monocomponent-type developer was prepared
in the same manner as in Example 1 except that
hydrophilic strontium titanate hawving a length-average
particle size of 6.7 pm was used in an amount of 3-wt.
%. The particle size distributioﬁ data of the
developer are shown in Table 1, and the results of

continuous image formation tests are shown in Tables 2

and 3.

Comparative Example 6

A monocomponent-type de?eloper having a
weight-average particle size of 14 pm was prepared in
a similar manner as in Example 1. The magnetic toner
was mixed with 3 wt. % of hydrophilic strontium
titanate having a length-average particle size of 2.25
pm and 0.5 wt. % of negati?ely chargeable hydrophobic
dry—-process colloidal silica (BET specific surface
area = 250 mz/g, hydrophobicity = 85 %) to prepare a
monocomponent-type developer. The particle size
distribution data of the developér are shown in Table
1, an§ the results of continuous image formation tests
are shown in Tables 2 and 3.

Comgaratlve Examgle 7
A monocomponent-type developer having a

weight-average particle size of 5 pm was prepared in a

THIS SHEET HAS BEEN
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devel oper contai ni

lng a larger proport

in the range of 2.52 - 3.17 [err]mis obtained by removngdi

magnetic toner par ﬂ%ﬂ’é@fﬂ%%fe ek he formati on of the ﬁﬁi&gﬁ'}ﬂgﬁWT
powder |ayer and addi

i norganic fine pomde

f

lon in the range of 2 - 2.52 pm t han

I ne powder of the nagnetlc toner even_Ln a normal tenpefjature -

hum dity environnment.
devel oper in the formof a nlxture

fine powder

ic fine powder, the fofmation of the

he devel opi ng sl eeve | s|n@t6 HAARI4ESH

very

Py

i's aé3|rable t hat thej nonoconponent-typ
of the magnetic tonef_and the inorgan

has a particle
similar manner as in Example 1. The magnetic toner

was mixed with 3 wt. % of hydrophilic strontium
titanate having a length-average particle size of 2.25
um and 0.5 wt. % of negatively chargeable hydrophobic
dry—process colloidal silica (BET specific surface
area = 250 mz/g, hydrophobicity = 85 %) tc prepare a
monocomponent-type developer. The particle size -
distribution data of the developer are shown in Table

1, and the results ¢f continuous image formation tests

are shown in Tables 2 and 3.
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insufficient to provide a rather |ow inmage i EToner
particles of 10 [err]mor larger are provided with a | ower} chagd MR 1997at
It becones difficult to faithfully7glevel op electrostatic ljatgent i nmages.
Further, nmagnetic toner particles of 4 - 10 [err]mare consuned at a

hi gher proportion and, as the continuation of a successivg_devel opi ng

an elegtrostatic latent inmage to ef f ecthi eplacdghus provi ding a hi gh

quality image. However, if the particlf s | 701

nunber, the devel opnent of an el ectros F;ge b @ﬂwgﬁ% S”%%T
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[err]mare gradually accunul ated to &hs eihhbe Bepldcal e size distribution

of the.magnetic toner on the develop
probl ems, such as background fog and

desirabl e for devel opnent using a deve
bel ow 50 % are present in a |large proportion, to
density _

-

Particularly, in terns of vol une-basis partlc e S|ze di sgrifb
particles of 12.7 [err]mor |arger are contained in a prppér
10 vol. 9% this nmeans that particles hz ing a | ow charge

r érng bi as havingfa duty ratio of

s bel 1CBEPL%GEMENT SHeEYe

aan_. \l

' Hap

resul t rrge—tgtFoge——

As is understood from the above description
and experimental data, the monocomponent-type
developer according to the present invention exhibit

the following advantageous effects when applied to a

developing system using an asymmetric developing bias. -

(1) Showing continually excellent characteristics
even in a long period of continuous image formation-of
106 sheets or even more while continually providing
images with.a high density aﬁd free from background
fog.

(2) Providing high-quality images excellent in
thin-line reproducibility and resolution even after a
long period of continuous image formation.

(3) Providing images having a etably high image
density, excellent in thin-line reproducibility and

resolution, and free from background foé.

A monocomponent-type developer for developing
electrostatic images, includes a magnetic toner
containing at least a blnder resin and magnetic

powder, and 0.5 - 10 wt. % (based on the magnetlc
toner) of inorganic fine powder having a length-
average partlcle size of 0. 1 - S pm. The developer
has a number-ba51s partlcle 312e dlstrlbutlon such
that-particles of 4 pm or smaller are contained at 5 -
i8 %iby number and particles of 4 - 10 pm are

contained at at least 60 % by number. The developer

THIS SHEET HAS BEEN
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I Nn
of 12.7 [err]mor |arger

on a vol une-basis partlcle S|ze Istri
satisfied, good results are attained even I n

- 38- and inferior inmage r @uHaslﬁeénReylaceAccordl ngl y, REH.AGEMENT SHEET
menocoiponent -t ype devel oper mi HI lwm present oAbk gD By C
utl

has a volume basis particle size distribution such
that particles of 12.7 wm or larger are contained at
at most 10 % by volume. The developer has a weight-
average particle size of 7 - 11 ym. The ‘developer is
particularly useful for development under application
of a DC-superposed asymmetric AC bias electric field
iﬁcluding a development-side voltage component with a
larger magnitude and a shorter duration than a reverse

development-side voltaée component.
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present inve ght - averade particie * S|ze O'EmJ@@M§WFEHEET '
el IR~ -
requi r enent

Wil e the wei ght-aver ge~pac e sSlz

| der ed separately fromthe joth it s}
wei ght - average particle size of bel ow 75 [err] mneans gn ﬁiéigﬁghkﬁ?e )

proportion of relatively fine particles and is |iabl

background fog and a rather low inage density in an

tenperature - very low humdity (e.g., 23 [err]C, 5 9
WHAT IS CLAIMED IS:

t raocul t i

nvi ronment of nor

1. A monocomponent-type developer for developing
electrostatic images, comprising: a magnetic toner
containing at least a binder rgsin and magnetic
powder, and 0.5 - 10 wt. % (based on the magnetic
téner) of inorganic fine powder having a length-
average particle size. . of 0.1 - S5 nm; o

wherein the developer has a number-basis
particle size distribution such that particles of 4 um
or smaller are contained -at 5 - 18 % by number and
particles of 4 - 10 pm.are contained at at least 60 %
by number;

the developer has'a volume basis parficle
size distribution-such that particles of 12.7 pm or
larger are contained at at most 10 % by-volume; and

the developer has a weight-average particle

size of 7 - 11 pm.

2. The developer according to Claim 1, wherein
the developer contains particles of 2.00 - 2.52 pm in
a larger proportion than particles of. 2.52 - 3.17 pm
in terms of the number-ba51s particle size ’ *

dlstrlbutlon.

3. The developer according to Claim 1, wherein
the inorganic fine powder has a length-average

particle size of 0.5 - 3 pm.

S SHEET HAS BEEN
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ot her hand, Tf—the-weight-aver ag
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decrease i
|l ong term
| f the non

[’ I erageforrration or ina Hhigh) ViTlonpent .
devel oper of the present jn R K% i d to
an image formng nmethod using a devel opfrent blas oft ap §angg%c

ower itng M nsi nage BEB\:A@M

n a

4. The developer according to Claim 1, wherein
the inorganic fine powder is contained at 1 - 7 wt. % )

(based on the magnetic tonér).

S. The developer according to Claim 1, wherein

"the inorganic fine powder has a length-average

particle size of 0.5 - 3 pm and contained at 1 - 7 .wt.

% (based on the magnetic toner).

6. The developer according to Claim 1, wherein

the inorganic fine powder has a triboelectric

‘chargeability of 0.1 - 10 pC/g in terms of an absolute

value.

7. 7 The developer-according to Claim 1, wherein

the particles of 4 pym or smaller are contained at 7 -

- 15 % by number.

8. The developer according to Claim 2, wherein
the particles of 2.00 - 2.52 pm are contained at 1 -
10 % by number and in a larger proportion than the

particles of 2.52 - 3.17 pm. . )

9. The developer according to Claim 8, wherein

the particles of 2.52 - 3.17 um are contained at 0.5 =

8 % by number.

THIS SHEET HAS BEEN
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- 39- character as descri bed M&Hﬂ"ﬂ!ﬂﬂﬂmamﬁ of the . :
nonoconponent -t ype devel oper of tion are nmore eff ively
exhi bi t ed. The particle size distribdtion (ﬁEFLACEMENTMETa '
devel oper nHWMbﬁmﬂEhsm*emqhaameans of a Coulter copnt he—pr

i nvention, whi neasured i n_various nmanpe
mummwﬂ)l e from Colfter Electréni cg Fn@@ ’9@7 U9

counter Mbdel
10. The developer according to Claim 8, wherein

t
[ter
‘as

* T

an i nstrunent

the particles of 2.00 - 2.52 pm are contained at 2 ~ 7

% by number.

11. The developer according to Claim 8, wherein
the particles of 2.52 - 3.17 pm are contained at 1 - é
% by number.

12. The developer according to Claim 1, wherein
the particles of 3.17 - 4.00 um are contained at 2 -

15 $ by number.

13. The developer according to Claim 12, wherein
the particles of 3.17 - 4.00 pm are contained at 3 -

10 % by number. : - -

14. The developer according to Claim 1, wherein -
the incrganic fine powder comprises hydrophilic non-

magnetic inorganic fine powder.

15. The developer according to Claim 14, wherein
the inorganic fine powder comprises fine powder of an *

inorganic oxide or an inorganic carbdnate.

‘L6, The developer according to Claim 14, wperein
the inorganic fine powder comprises fine powder of an

inorganic substance selected from the group consisting

THIS SHEET HAS BEEN
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neasurenent, to which an interface Nikk ki JCK )—f.or
provi di ng arh{slsnéaemaslaaﬁmpladéﬂ stribu E e“mi!‘ml“ ‘basi 5 REPUACENENT OSHERIN
)

.=

a personal avai IabI ons K.K.) ar :
E?Lpg‘fié“w U {&E!Ft Horade sodium chi o de. For . | efalpbenat 67" 1
| SOTON[err]- Il-(available from Coulte&® Scientific Japap MK b
used therefor. Into 100 to 150 m of the electrolyte splution, 0.1 to 5
m of a surfactant, preferably. an al kyl benzenesul fonic erSar——t g
added

of zinc oxide, tin oxide, strontium titanate,_barium

titanate, calciﬁm titanate, strontium zirconate,

calcium zirconate, calcium-carbonate, and magnesium

carbonate. -

17. The developer according to Claim 14, wherein
the inorganic fine powder comprises strontium .-
titanate.

18. The developer according to Claim 1, wherein
hydrophobic colloidal silica fine powder is further
contained.

19. The developer according to Claim 18, wherein

- the hydrophobic~colloidal silica fine powder is
contaihed at 0.05 - 5 wt. % (based on the magnetic
toner).

20. The developer according to Claim 18, wherein
the hydrophobic colloidal silica fine powder is
contained at 0.1 - 2 wt. $ (based on the magnetic
toner). .

21. The developer according to Claim 18, wherein
the hydrophobib colleoidal silica fine powder has a BET

specific area of at least 100 mz/g.

REPLACED
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207 |

di stribution |
22. The developer according to Cléim 18, wherein

the hydrophobic colloidal silica fine powder has a

hydrophobicity of at least 60 %.

23. The developer according to Claim 18, wherein
the hydrophobic colloidal silica fine powder has a

hydrophobicity of at least 70 %. ' .-

24. The developer according to Claim 1, wherein
the magnetic powder has an average particle size of
0.1 - 2 pm, and shows a coercive force of 20 - 150
oersted, a saturation magnetization of 50 - 200 emu/g
and é residual magnetization of 2 - 20 emu/g when

measured by application of 10 kilo—oersted.

25. The developer according to Claim 24, wherein
the magnetic powder has an average particle size of

0.1 - 0.5 pm and a saturation magnetization-of 50 -

100 emu/g.

26. An image forming method, comprising:
disposing a latent image-bearing member for --
holding an electrostatic image thefeon and a
_ deve;oper—éarrying.member for carrying a
'monoeomponent-type developer with a prescribed gap at
a developing station; the monocomponent-type developer

comprising a magnetic toner containing at least a

THIS SHEET HAS BEEN
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of 2 - 40 [e+++n;b¥_usLng_Lh§_§po coupter.Nodel TA: 1

w th a 100 mcron aperture to ob Hﬂm’"im Ls distr ¢ EﬁEﬁTf’SHEET
nunber - basi s Hvtﬂe@rRepE&am t resu vol ume %E:JL@G
di stribution a dlstrlbutlon paraneters char

e
magneti c toner of the present invention may{b bﬁaéhgggéf
The | engt h-aver age partlc e Size ([erhﬁﬂd/[err]n D = parf ' :

i norganic fine powder referred to herein is based on neasgrenent of

particle size - distribution using a Coulter counter. The

binder resin and magnetic powder, and 0.5 - 10 wt. %
(based on the magnetic toner) of inorganic fine powder
having a length-average particle size of 0.1 - S pm;
wherein the developer has a number-basis particle size
distribution su&h that particles of 4 pm or smaller
are contained at 5 -~ 18'% by number and particles of 4
- 10 pm are contained at at least 60 % by number; the
developer has a volume basis particle size
"distribution such that particles of 12.7 pm or larger
are contained at at most 10 % by wvolume, and the
developer has a weight-average particle size of 7 - 11
Bpm;
conveying the monocomponent-type developer in
a laver carried on the developer-carrying member.and
regulated in a thickness thinner than the prescribéd
gap to the developing station; and
abplying an alﬁernating bias voltage

comprising a DC bias voltage and an asymmetrical AC
bias voltage in superposition between the developer-
_carrying member and the latent image-bearing member at
the developing station to provide an alternating bias
electric field comprising a development-side voltage T
component and a revgrse—development side wvoltage
component, the development-~side voltage component.
'haviﬁg a magnitude equal to or larger than that of the
reverse development-side voltage component and a
duration smaller than that of the reQerse-development
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REPLACED |




rmybepmfm Im mann urenment § rorre:
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di spersion for n ultrasonic dlsperser f ol
measur ement of a number - basi s particle _size distributio
- 40 [err]mto calculate a | ength- aver%be particle size.
Count er counter should be equipped with an appropriate d4igze of aperture o)
as to effect an accurate neasurenent of the |ength-average parii cre—srz
of the inorganic fine powder within an extent not

side voltage component, so that the developer on the

developer~-carrying member is transferred to the latent
image-bearing member to develop the electrostatic

image thereon at the developing station,'

27. The image forming method according to élaim
26, wherein the developer contains particles of 2.00 -
2.52 um in a larger préportion than particles of 2.52
- 3.17 pm in terms of‘the number-basis particle size

distribution.

28. The image forming method according to Claim
26, wherein the alternating-bias electric field has a
duty ratio of below 50 % as defined by the following
equaticﬁ: |
Duty ratio = ta/(ta+tb) (x100) %,

. wherein ta denotes the duration of a voltage component
with a polarity for directing the tonef toward the
latent image~bearing member (constituting the
developing side bias component a), and ty reversely .
denotes the duration a voltage component with a
polarity for peeling'the toner from the latent image- Y.
‘bearing member (cénstituting'the reverse development-

_ side_bias component b), respectively, within one cycle

aof the altermating bias electric field.

29. The image forming method acéording to Claim




causi ng plugging of the aperture. in case where coarse
particles of 6 [err]mor larger ar g/mwmﬂ"[“mi"m refer ed.to use an

aperture of 15 [err][m —Th Tase Wwhere parti ct ess of* Of [FepL. hﬁE@EﬁTS
present and This Sheet Has Been Repla -41- pRar 89 pxm:p

[ZgrE]e:nr] Pnagzsgjm,mﬂm,”,m'r S preferred to use an ape’t Jl’ﬁ é.)fMEROmQ?

28, wherein the alternating bias electric field has a

duty ratio of 20 - 45 %.

30. The image forming method according to Claim
28,_wherein the alternating bias electric field has a
duty ratio of 25 - 40 %.

31. The image forming method according to Claim
26, wherein the alternating bias electric field has a

frequency of 1.0 - 3.0 kHz.

32. The image forming method according to Claim
26, wherein the alternating bias electric field has a

frequency of 1.5 - 2.5 kHz.

33. The image forming method according to Claim
26, wherein the alternating bias electric field has a

voltage of 0.5 - 3.0 kV (absolute wvalue).

34. The image forming method according to Cleim
26, wherein the alternating bias electric field has a

voltage of 1.0 - 2.0 kV (absolute value). ' t

35. The image forming method according to Clain
i 26, wherein the latent image-~bearing member comprises

. an a-Si photosensitive member.




particles of 20 - 40 [err]m are present an exceedi ng 40 [err]m

ar
are : % ﬂlllﬂllllﬁlﬂﬂllﬁl IIILf 1?ﬁe[s£ BERLACENENT SHET

may for exanpliEs Sheet HorRee x@m$&me pomder of |norgan|c oXxi dels pnaTTme
powder of carb gani c oxides may include: oXidesy 6 wHR €97
%nd doubl e ®%i des, such as strlonfiumtitanate,

Zi nc oxi de,
bari um tltanate ca CI anat e, strontlun1zirconate, nd calcrum

zirconate. The carbonates may include cal cium carbonate gnd nmagnesi um

carbonate. Anong these, fine
' _. 36. The image forming method according to Clain

35, wherein the a-Si photosensitive member shows a
difference between dark-part potential and light-part

potential in the range of 130 - 350 V.

37. The image forming method according to Claim
35, wherein the a-Si photosensitive member shows a..
difference between dark—part potential and light-part

potential in the range of 150 - 300 V.

38. The image forming method according to Claim
26, wherein the developer-carrying member comprises a
developing sleeve haﬁing a surface unevenness fArmed
by blasting with indefinite-shaped partiéles and

blasting with definite-shaped particles.

39. The image forming method according to Claim
26, wherein the monocomponent-type developer is a

developer according to any one of Claims 3 - 25.
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ABSTRACT OF THE DISCLOSURE

A monocomponent4type developer for developing
electrostatic images, includes a magnetic'toner
qontaining at least a binder resin and magnetic'

- powder, and 0.5 - 10 wt. % (based on the magnetic
‘toner) of inorganic fine powder having a length-
average particle size of 0.1 -~ 5 pm. The developer-'
has a number-basis particle size distribution such
that particles of 4 pm or smaller are contained at 5 -
18 % by number and particles of 4 ~ 10 pm are
contained at at least 60 % by number. The developer
has a volume basis particle size distribution such
that particles of 12.7 pm or larger are contained at -
at most 10 % by vo;ume. The déveloper has a weight-
average particle size oé 7 - 11 pm. The developer is
particularly useful for development under application
of a DC-superposed asymme;ric AC bias electric field
including a development—side voltage component with a
larger magnitude and 3@ shorter duration than a reverse

development-side voltage component.
FIGURE 1
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chargeability of the sane polarity as the magnetic

t he magnetic toner particles.

hydr ophobi ¢ col | oi dal silica fine powder referred to
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" After the vibration, the container is left standing for several minutes to -
ald ow separation into a silirca powder |ayer and an aqueous |ayer. The
aqueous layer is then sanpled, and the transnmittahce thereof at a

wavel ength of 500 nmis measured with reference to that WEMEﬂE%Hé €

fromcontact with the silica fine powlgr. The relative e val ue
thus obtained is taken as the hydrophobicCity of the sanpl § sili-ca fi
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Claims i _DATE OF

1.

3.

10.

1",

12,

13.

14.

A monocompanent-lype developer for developing electrastatic images, comprising: a magnetic toner containing
at least a binder resin and magnetic powder, and 0.5 - 10 wt. % based on the magnet;c toner of inorganic fine
powder having a length-average particle size of 0.1 - 5 pm;

wherein the developer has a numbaer-basis particle size distribution such that particles of 2.00 - 2.52 um are
contained in a larger propartion than particles of 2.52 - 3.17 um, that particles of 4 um or smaller are contained
at 5 - 18 % by number and that particles of 4 - 10 um are contained at at least 80 % by number,

the developer has a valume basis particle size distribution such that particles of 12.7 um orlarger are contained

at at most 10 % by volume; and
the developer has a weight-average particle size of 7 - 11 um.

The developer according to Claim 1, wherein the inorganic fine powder has 2 length-average particle size of 0.5
-3pm.

The developer according to Claim 1, whersin the inorganic fine powder is contained at 1 -7 wt. % based on the
magnaetic toner.

The developer according to Claim 1, wherein the inorganic fine powder has a length-average particle size of 0.5
- 3 um and contained at 1 - 7 wi. % based on the magnetic toner.

The developer according to Claim 1, wherein the inorganic fine powder has a triboelectric chargeability of 0.1 - 10

' uC/g in terms of an absolute vaiue.

The developer according to Claim 1, wherein the particles of 4 um or.smaller are contained at 7 - 15 % by number.
The developer according to Claim 1, wherein the particles of 2.00 - 2.52 um are contained at 1 - 10 % by number.
The developer according to Claim 7, wherein the particleé of2.52- 3..17 um are contained at 0.5 - 8 % by number.
The developer according to Claim 7. wherein the particles of 2.00 - 2.52 um are contained at 2 - 7 % by number.
The daveloper according to Claim 7, wherein the particles of 2.52 - 3.17 pm are contained at 1 - 6 % by number.
The developer according to Claim 1, wherein the particles of 3.17 - 4,00 um are contained at 2 - 15 % by number.
The developer according to Claim 11, wherein the particles of 3.17 - 4.00 um are contained at 3 - 10 % by number. |

The developer according to Claim 1, wherein the inorganic fine powder comprises hydrophilic non-magnetic inor-
ganic fine powder.

The developer according to Claim 13, wherein the inorganic line powder comprises fine powder of an inorganic
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15. The developer accarding to Claim 13, wherein the inorganic fine powder comprises fina powder of an inorganic
substance selected from the group consisting of zinc oxide, tin oxide. strontium litanate, barium titanate, calcium
titanate, strontium zirconate, calcium zirconate, calcium carbonate, and magnesium carbonate.

16. The developer according to Claim 13, wherein the inorganic fine powder comprises strontium titanate.
17. The developer according to Claim 1, wherein hydrophobic colloidal silica fine powder is further contained.

18. The developer according to Claim 17, wherein the hydrophobnc colicidal silica fine powder is contained at 0.05 -
5 wi. % based on the magnetic toner.

19. The developer accordmg to Claim 17, wherein the hydrophobic colloidal silica fine powder is contained at 0.1 - 2
wt. % based on the magnetic toner.

20. The developer according to Claim 17, wherein the hydrophobic colloidal silica fine powder has a BET specific area
of at least 100 m3/g. .

21. The developer according to Claim 17, wherein the hydrophobic colloidal sifica fine powder has a hydrophobicity
of at least 60 %.

22. The developer according to Claim 17, wherein the hydrophobic colloidal silica fine powder has a hydrophobicity
of at least 70 %.

23. The developer according to Claim 1, wherein the magnetic powder has an average particle sizeof 0.1 - 2um, and
shows a coercive force of 1591-11937 A/m (20 - 150 oersted), a saturation magnetization of SO - 200 Am2/kg (emu/
Q) and a residual magnetization of 2 - 20 Am%/kg (emu/g) when measured by application of 795 775 A/m (10 kilo-
oersted).

The developer according to Claim 23, wherein the magnetic powder has an average particle size of0.1-0.5um
and a saturation magnetization of S0 - 100 Am2/kg (emu/g).

24

25, An image forming method, comprising:

disposing a latent image-bearing member for holding an electrostatlc image thereon and a developer-carrying
member for carrying a monocomponent-type developer with a prescribed gap at developing station; the
monocomponent-type developer comprising a magnetic toner containing at least a binder resin and magnetic
powder, and 0.5 - 10 wt. % based on the magnetic toner of inorganic fine powder having a length-average
particte size of 0.1 - 5 um; wherein the developer has a number-basis particle size distribution such that par-
ticles of 2.00 - 2.52 pm are contained in a larger proportion than particles of 2.52-3.17 um, that particles of 4
um or smaller are contained at 5 - 18 % by number and that particles of 4 - 10 um are contained at at least
60 % by number; the developer has a volume basis particle size distribution such that particles of 12.7 umor
larger are contained at at most 10 % by volume, and the developer has a weight-average particle size of 7 -
11 um;

conveying the monocomponent-type developer in a layer carried on the developer-carrying member and reg-
ulated in a thickness thinner than the prescribed gap to the developing station: and

applying an alternating bias voltage comprising a OC bias voltage and an asymmetrical Ac bias voitage in
superposition between the developer-carrying member and the latent image-bearing member at the develop-
ing station {0 provide an allernating bias electric field comprising a development-side voitage component and
a reverse-development side vollage component, the development-side voltage component having a magni-
lude equal to or larger than that of the reverse development-side voltage component and a duration smaller
than that of the reverse-development side voltage component, so that the developer on the developer-carrying
member is transterred to the latent mage-beanng member o develop the electrostatic image thereon at the

developing station.

26. The image forming method according to Claim 25, wherein the alternating bias electric field has a duty ratio of
below 50 % as detined by the following equation:
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27.

28.

29.

30.

31.

32.

a3.

34,

" 3s.

36.

7.

et h rene, p-

¢ [(Urch-orestyrene,

JII!H wum REPLACEMENT SHEET
n-

octyl styrene'

exyl styrene |c')'
| styrene,_ apd p-n- dodecyl stlyr

| 5,

Duly ratio = t /{1, +1,) {x100) %,

wherain t, denotes the duration of a voltage camponent with a polarity lor directing the toner loward the latent
image-bearing membaer (canstituting the developing side bias component 3), and t, revarsely denotes the duration
a voitage companent with a polarity for peeling the toner {rom the latent image-bearing member (constituting the
reversa developmeni-side bias component b), respectively, within one cycle of the alternating bias electric field.

The image forming method according 1o Claim 26, wherein the aitemating bias electric field has a duty ratio of 20
- 45 %.

The image forming method according to Claim 25, wherein the alternating bias electric field has a duty ratio of 25
<40 %.

The image farming method according to Clalm 25, wherein the altemating bias electric field has a frequency of
1.0 - 3.0 kHz.

The image forming method according to Claim 25 wherein the aitemating bias electric field has.a frequency of 1.5
- 2.5 kHz.

The image forming method acccrding to Claim 25, wherein the alternating bias electric field has a voltage of 0.5
- 3.0 kV (absolute value). .

The image forming method according to Claim 25, wherein the altafnating bias electric field has a voltage of 1.0
- 2.0 kV (absolute vaiue).

-The image forming method according to Claim 25, wherein the latent image-bearing member comprises an a-Si

photosensitive member.

The image forming method according to Claim 33, wherein the a-Si photosensitive member shows a difference
between dark-part potential and light-part potential in the range of 130 - 350 V.

The image forming method according to Claim 33 wherein the a-Si photosensitive member shows a difference

-betwesn dark-part potential and light-part potential in the range of 150 - 300 V.

The image forming method according to Claim 25, wherein the developer-carrying member comprises a developing
sieeve having a surface unevenness formed by blasting with indefinite-shaped particies and blasting with definite-

shaped particles.

The image forming method according to Claim 25, wherein the. monocomponent-type developer is a developer
according to any one of Claims 2 - 24.
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WHAT IS CLAIMED IS:

1. A monocomponent-type developer for devgloping
electrostatic images, comprising: a magnetic toner
containing at least a binder resin and magnetic
powder, and 0.5 - 10 wt. % (based on the magnetic
toner) of inorganic fine powder having a length-
average particle size of 0.1 ; 5 pm;

‘wherein the developg{ has a number-basis
particle'size distribution ;;ch that particle; of 4 pm
Oor smaller are contained -at 5 - 18 % by number and
particles of 4 - 10 pym are contained at at least 60 %
by number;

the developer has a volume basis parficle
size distribution such that particles of 12.7 um or
larger are contained at at most 10 % by-volume; and

the developer has a weight-average particle

size of 7 - 11 um.

2. 'The developer according to Claim 1, wherein
the developer contains particles of 2.00 - 2.52 pm in

a larger proportion than particles of. 2.52 - 3.17 pam

in terms of the number-basis particle size REPLACEMEME

distribution.

3. The developer.acco:ding to Claim 1, wher®tin

the inorganic fine powder has a lenQ“'tﬂ'!-"5’-Ver"=’~g.e : ”!l’"c, m'!_’ I",," "lm

particle size of 0.5 - 3 pm.
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acrylate, vinyl ethers, such as vinyl nethyl ether,

and vinyl isobutyl ether; vinyl ketones, such as

vi nyl hexyIThlkﬂfeétsBamnlepmédhyl i sopropenyl ket onk;

conpounds,

.....

such as N-vi nyl carbazole, N
vi nyl i ndol eN-IHIm”“ rroli done vi nyl -

4. The developer according to Claim 1, wherein
the inorganic fine powder is contained at 1L - 7 wt. %

(based on the magnetic toner).

5. The developer according to Claim 1, wherein
the inérganic fine powder has a length-average
particle size of 0.5 - 3 pm and contained at 1 - 7 .wt.

% (based on the magnetic toner).

6. The developer according to Claim 1, wherein
the inorganic fine powder has a triboelectric

chargeability of 0.1 - 10 pC/g in terms of an absolute

value.

° 7. 7 The developer according to Claim 1, wherein
the particles of 4 pym or smaller are contained at 7 -

15.% by number.

8. The developer according to Claim 2, wherein
the particles of 2.00 - 2.52 um are contained at 1 -
10 % by number and in a largér proportion than the
particles of 2.52 - 3.17 pm.

9. The developer according to Claim 8, wherein
the barticles of 2.52 - 3.17 um are contéined at 0.5 -
8 % by number.

-—_
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napht hal enes; acrylic acid derivatives or methacrylH¢ acid derivatives,
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10. The developer according to Claim 8,

wherein

the particles of 2.00 - 2.52 pm are contained at 2 - 7

% by number.

11. The developer according to Claim 8,

wherein

the particles of 2.52 - 3.17 pm are contained at 1L - 6

% by number.

12. The developer according to Claim 1,

wherein

the particles of 3.17 - 4.00 mm are contained at 2 -

15 % by number.

13. The developer according to Claim 12, wherein

the particles of 3.17 - 4.00 pm are contained at 3 -

10 & by number.

14. The developer acco;ding to Claim 1, wherein

the inorganic fine powder cbmprises pydrophilic non-

magnetic inorganic fine powder.

15. The developer according to Claim 14, wherein

the inorganic fine powder comprises fine powder of an

inorganic oxide or an inorganic carbonate. -

'16. The developer'according to Claim 14, wherein

the inorganic fine powder comprises fine powder of an

inorganic substance selected from tﬁé group consisting
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of zinc oxide, tin oxide, strontium titanate, barium
titanate, calcium titanate, strontium zircconate,
calcium zirconate, calcium carbonate, and magnesium

carbonate.

17. The developer according to Claim 14, wherein

the inorganic fine powder comprises strontium .-

titanate.

18. The developer according to Claim 1, wherein

hydrophobiq colloidal silica fine powder is further

contained.

19. The developer according. to Claim 18, wherein
the hydrophobic~colloidal silica fine powder is
contained at 0.05 - 5 wt. % (based on the magnetic

toner).

20. The developer according to Claim 18, wherein
the hydrophobic colloidal silica fine powder is

contained at 0.1 - 2 wt. % (based on the magnetic

toner).

21. The developer according to Claim 18, wherein
the hydrophoblc colloidal silica fine powder has a BET

specxfic area of at least 100 m /g.
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22. The developer according to Claim 18, wherein

-79- 06 FEB 1398

the hydrophobic colloidal silica fine powder has a

hydrophobicity of at least 60 %.

23. The developef according to Claim 18, wherein
the hydrophobic colloidal silica fine powder has a

hydrophobicity of at least 70 %..

24. The developer according to Claim 1, wherein
the magnetic powder has an average particle size of
0.1 - 2 pm, and shows a coercive force of 20 - 150
cersted, a saturation magnetization of 50 - 200 emu/g
and a residual magnetization of 2 - 20 emu/g when

measured by application of 10 kilo-cersted.

25. The developer according to Claim 24, wherein
the magnetic powder has an average particle size of

0.1 - 0.5 pm and a saturation magnetization-of 50 -

100 emu/g.

26. An image forming method, comprising:
disposing a latent image-bearing member for
holding an electrostatic’ image thereon and a
- developer-carrying member for carrying a
monoéomponent-type-developer with a prescribed gap at
a developing station; the monocomponent-type developer

comprising a magnetic toner containing at least a

THIS SHEET HAS BEEN
REPLAGED
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diacrylate, 1, 6-hexanediol diacrytate, and neoﬂi@ﬂne gl ycol diacryl ate,

and conpounds obt ai ned by substltXI"l “ I
acryl ate grgups_J_n_t_h&—abe#e——eenp co _B ME«NJ‘InspEE'p

with an al kyl chain |nclud|n ether bond such as (i Lny.b“b

di acryl ate, tr1b§ dlacrylate tet.-raet hyl ¢n
di acryl ate, poI #400 digpcryl ate, pol yet ygen P%% @%%I #600
di acryl ate, dipr dlacrylate and conpounfls

substituting net acrylate groups for the acrylate grojps in the above
conpounds; diacryl ate conpounds connected with a chai i Tncrodrng

binder resin and magnetic powder, and 0.5 - 10 wt. §

(based on the magnetic toner) of inorganic fine powder
having a length-average particle size of 0.1 - 5 pm;
wherein the developér has a number-basis particle size
distribu;ion such that particles of 4 pm or smaller
are contained at 5 - 18 % by number and particles of 4
- 10 pm are contained at at least 60 % by number; the
developer has a volume basis particle size
distribution such that particles of 12.7 pm or larger
are contained at at most 10 % by -volume, and the
developer has a weight-average pérticie size 0of 7 - 11
Brm;

conveying the monocomponent-type developer in
a layer carried on the developer-car;ying mémber and
regulated in a thiékness thinner than the pfescribed
gap to the developing station; and

applying an alternating bias wvoltage
comprising a DC bias voltage and an asymmetrical AC
bias voltage in superposition between the developer-
carrying member and the latent image-bearing member at
the developing station to provide an alternating bias
electric field comprising a development-side voltage
component and a reverse-development side voltage
component, the development-side voltage component
haviﬁg a magnitude equal to or larger thah that of the
reverse development-side voltage component and a

duration smaller than that of the reéerse-development

THIS SHEET HAS BEEN
REPLACED




~

an aronatlc group and an et her bon
pol yoxyet hyl ene(2) -2, 2- bIS(4 hydro
pol yoxyet hyl ene(4H-22-bis{Z=hydr oxyphenyl.) - 'n pﬁopa

[
conmpounds obt ai ned S ng net hacryl ate grou sREP&/A‘ﬁ@"Qasg’ﬁ’éTe
éntlal(!éd
groups in the a
such as one kno

K.K.). Pol yfunctj

triacryl ate,

triacryl ate,

lfIiIlHllﬂﬂ . acrylate.

and pol yester-type di
ane of IVYDA (avail abl ¢ flr NFEBngﬂﬁydkL
klng agents such as ertaerythrijt ol
trlnethylolethane triacryl ate, trlnethylolpropane

tetranet hyl ol net hane tetracrylate, olig

side voltage component, so that the developer on the

cryy e _conpoungs

developer-carrying member is transferred to the latent
image-bearing member to develop the electrostatic

image thereon at the developing station.

27. The image forming method according to Claim
26, wherein the developer contains particles of 2.00 -
2.52 um in a larger préportion than particies of 2.52
- 3.17 pm in terms of the number-basis particle size

distribution.

28. The image forming method acéording to Claim
26, wherein the alternating bias electric field has a
duty ratio of below S0 % as defined by the following
equaticn:

Duty ratio = ta/(ta+tb) {x100) %,

wherein t, denotes the duration of a voltage component
with a polarity.for directing the toner toward the
létent image-~bearing member (constituting the
developing side bias component &), and t, reversely
denotes the duration a voltage component with a
polarity for peeling'the toner from the latent image-

bearing member {(constituting the reverse development-

_ 51de bias component b), respectively, within one cycle

of the alternating bias electric fxeld.

29. The image forming method acéording to Claim

THIS SHEET HAS BEER
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‘28, wherein the alternating bias electric field has a

duty ratio of 20 - 45 %.

30. The image forming method according to Claim
28, wherein the alternating bias electric field has a

duty ratio of 25 - 40 %.

31. The image forming method according to Claim
26, wherein the alternating bias electric field has a

frequency of 1.0 - 3.0 kHz.

32. The image forming method according to Claim
26, wherein the alternating bias electric field has a

frequency of 1.5 - 2.5 kHz.

33. The image forming method according to Claim
26, wherein the alternating bias electric field has a

voltage of 0.5 - 3.0'kV (absoclute value).

34. The image forming method according to Claim
26, wherein the alternating bias electric field has a

voltage of 1.0 - 2.0 kV (absolute wvalue).

35. The image forming method according to Claim
26, wherein the latent image-bearing member comprises

an a-Si photosensitive member.
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particularly about 0.03 - 3 wt_ parts, “ﬂ['m, wmll Hmjts of the other
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36. The image forming method according -to Claim
- 35, wherein the a-Si photosensitive member shows a
difference between .dark-part potential and light-part
potential in the range of 130 - 350 V.

37; The image forming methad according to Claim
35, wherein the a-Si photosensitive member shows a..
difference between dark-part potential and light-part
potential in the range of 150 - 300 V.

38. The image forming ﬁethod according to Claim
26, wherein the developer-carrying member comprises a
developing sleeve having a surface unevenness fo;med
by blasting with indefinite-shaped partieles and -
blasting with definite—shaped particles. |

. 39. The image forming method according to Claim

26, wherein the monocomponent type developer is a

developer according to any one of Claims 3 - 25.
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L ow nol ecul ar wei ght pol ye e, | ow nol ecul ar wei ght I | &N
ethylene-vinyr_éﬁéfgfg_E%B%Piﬁg? ethyl ene-acryl ate CJp!R Nﬂﬁﬁ'ﬁﬁfkT
‘fatty acid, polmgghdaa{d'seeanmemcc\pol yester resin. Thesefr si n é/ Esed
singly or in mxt The magnetic toner accpr tfol HB‘BS)r bsent
I nvention conpri sgmm rrater|-§I4- exanples of ph h nay. incl ude:
iron oxide and ir contai ning another netal ox) de, such as
magnetite, maghenite, and ABSTRACT

MONOCOMPONENT-TYPE DEVELOPER FOR DEVELOPING
ELECTROSTATIC IMAGE AND IMAGE INFORMING METHOD

ABSTRACT OF THE DISCLOSURE

| A monocomponent-typg developer for developing
-electrostatic images, includes a magnetic toner
containing at least a binder resin and magnetic
powder, and 0.5 - 10 wt. % (haséd on the magnetic
toner) of inorganic fine poﬁder having a length-
average particle size of 0.1 - 5 pm. The developer-
has a number-basis particle size distribution such
that particles of 4 pm or smaller are éontained at S -
18 % by number and particles of 4 - 10 pum are
contained at at least 60 % by number. The developer
has a voiume basis particle size distribution such
that particles of 12.7 um or larger are contained at
at most 10 % by §o;ume. The dévéloéer has a weight-
avarage particle size oé 7.- 11 ym. The developer is
particularly useful for developmept under application
of a DC-superposed asymmetric AC bias electric field
including a development-side voltage component with a
larger magnitude and a shorter dnrétion than a reverse

development-side voltage component.
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-48- ferrite, such as Fe, Co and Ni, alloys of these netals
‘Wi'th othet netals, such as A, Co, Cu, Pb, My, N, Sn, Zn,, Sb, Be, Bi, Cd,
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FIELD OF THE INVENTION AND RELATED ART

The present invention relatés to a
monocomponent~type developer for developing an
electrostatic latent.image formed in processes, such
as electrophotography, electrostatic printing and
electrostatic recording and an image forming method
using the developer.

Hitherto, a large number of
eléctrophotographic processes have been known,
inclusive of those disclosed in U.S. Patents Nos.
2,297,691;

3,666,363; and 4,071,361. In these

processes, in-.-general, an electrostatic latent image
is formed on a photosensitive member comprising a -

photoconductive material by various means,

then the -
latent image is developed with a toner, and the

resultant toner image is, after being.transferred onto

a transfer material such as paper etc., as desired,

fixed by heating, pressing, or heating and pressing{

st -

or with solvent vapor to obtain a copy. - 7

Various déveloping methods for visualizing

e . -4 feeie

electrostatic images have also been known, inclusive

of a class of methods wherein developing is effected

under application of bias voltages, e.g., as disclosed




magneti zation of 50 - 200 emu/g, particularly 50 - 100 enu/g, and a
remanence of 2 - 20 enu/g. The magnetic toner a .
present invention may preferably be used by adding a charBEPLAGEMENT SHEENt
internally or externally. The charge. control agent nay P OWR—POS+-tlle
charge controllers, exanples of which may include: nigr 5|n® @?ﬂ'@*
nodi fi ed products, e.g., with aliphatic-a+4d netal salt$, [guart ary
anmoni um sal ts, diorganotin oxides and diorganotin borafesT—Fhese—ray-be
used singly or in conbination of two or nore species. Afong these,

ni grosi ne type conpounds and uarternar amoni um sal ts
_ in U.S. Patents Nos. .574; 3,890,929; and

3,893,418.

For example, it has been proposed to control
the flying of a high—resistivity monocomponent toner
between a latent image-bearing member and a toner
carrjing @ember disposed to form a spacing
therebetween by applying a non-symmetrical AC pulsed
bias voltage. More specifically, in tﬁe developing
method, the latent image-bearing member aﬁd the
developer-carrying member are disposed with a spacing
of 50 - S00 pm, preferably 50 - 189 pm. The frequency
is 1.5 - 10 kHz,_prefefably 4 - 8 kHz. The
development time Tp is set to satisfy 10 psec 5 T <
200 usec, preferably 30 psec < Ta £ 200 psec. The
peeling (or reverse develcopment) time Tp is set to
satisfy 100 psec < Tp £ 500 psec, preferably 100 psec

<€ Tp ; 180 psec. The development voltage Vp and the
peeltng voltage Vp are set to satisfy-vA > =150 Vv, Vp 7
> 400 V, and Vb - Va < 800 V, preferably -150 V g Va <
=200 V and 400 V. Vp < 450 V. Accsrding to this
system, the jumping and attachment of toner particles
onto'nén-image parts are prevented to iﬁprove the
gradation characterisﬁic ‘and the high-reprbducibility;

According to a developzng method as described
above wherein the absolute value of AC blas voltage is
suppressed to a low value and the development voltage

is made small, a sufficient image density cannot be



may be particularly preferred. Further, it is also possible to
use as a positive charge control agent a honopol yner of a

ni t rogen-cont ai ni ng nononer represented by the fornul g—tew] .
-49 - wherein Rerr] denotes Hor CHerr], and R ef rRERAIACERERT' $HEET
respectively o
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obtained in some cases.

As latent-image developing methods using a
high-resistivity mondcomponent toner (with a volume
resistivity of lOlo_ohm.cm or higher), there have been:
known the impression developing method (U.S. Patent
No. 3,405,682, etc.) and the jumping developing method
(Japanese Laid-Open Patent Applications JP-A 55-18656
to 18659, -etc.). According to the jumping developing
method, in a development région which is formed at the
closest part Setween a developer~carrying member and a
latent image-bearing member, a toner is reciprocally
moved between the developer-carrying member and the
latent image-beéring member under application of an AC
bias voltage between the developer-carrying member and
the latent.image-bearing member to be finally
transfe:red and attached selectively to the surface of
the latent image-bearing member correséonding to a
latent image pattern to visualize the latent image. —
The duty ratio at this time is 50_%, and accordingly
the development time and the reverse development time-
are the same.

It has been also proposed in the jumping
developing method to control the duty ratio of the AC
bias, voltage applied between the_develoéér-garrying
membér and the latent image-bearing member depending
on thé residuﬁ; amount of the toneé‘so as to ggjust

the image density (JP-A 60-73647).



denote an al kyl group capable of having a substituent;

p~—a.copol yner of

t he nitrogen-containi ng nononmer with another polyneri zablRgp
descri bed above, such as styrene, an acrylate or a nethaCLy!a;PIEiﬁsﬁEET

resul tant .ni trogen-cont ai ni ng honopol yner or copol yner
as a part or all of the binder resin. Al t er nat
present invention, it is also possibleg.o use a negati
agent, which nay be known one such as carboxylic acid -

e

)

ge.contro

fi”

their metal salts, al koxylates, organic netal conpl exeS—eand

derivatives or

chel at e

conpounds. These negative charge control agents may be used singly or
m xture In the developing method using a high-

‘'resistivity mono-component developer, a solid latent
image (high potenfial region) is effectively developed
because of a high development-side bias wvoltage
whereas the developed toner image is liable to be
peeled excesSiQely because of a large raeverse

development-side bias voltage in a low potential

region, thus resulting in an image lacking a gradation

characteristic. Further, there is left a narrow
latitude for setting the parameters for the
development-side veltage (DC component and AC voltage
(amplitﬁde Vpp and frequency)). When the voltage is
adjusted {(by lowering the DC component or raisingithe
AC component) so as to increase the density, a grouna
fog is liable to occur. An increase in AC frequency
is effective for suppressing the ground fog but also
functions to make thinner character. or line images to
resUIt in poor reproducibility of such images.

The above-mentioned two types of developing
hethods éan be improved by'applying a higher
development side'ﬁias voltage while setting a short
time therefor, so that it becomes possible to oStain
images which have a high image density, are rich in
gradgtion characteristic and are free from ground fog.

| When the image forminé méthod adopting the
above developing method is repetitively applied,

deterioration of image qualities have been encountered

in




of two or nore species. Anong these, acetyl acetone | conpl ex,

salicyclic acid netal conplexes alkylsalicylic acid ne EtTgﬁaaweAco,

di al kyl salicyclic acid netal conplexes, naphthoic aci E%TéﬂEET
and nonoazonetal conpl exes may be particularly suitabl sed.

The toner according to the invention can contain an a bltdhﬁygggpﬁﬂgrlat
pi gnent or dye as a colorant as desired.gThe nmagnetic erial may al §o
function as a col orant. ' The magnetic toner uged in the present

i nvention may preferably be prepared by a nethod in

in some cases, such as a lowering in image density, an
increase in ground fog, or deterioration in resolution
or line-reproducibility.

In a specific case where the aboﬁe-mentioned
difficulties were encountered, the particle size
distribution of the toner remaining in the developing -
apparatus was examined whereby the change in particle
size distribution was observed as compared with that
of the initial stage and the deterioration in image
quaiities'was found to be caused by the change in
particle size distribution of the toner due to
selective consumption of toner in a particular
particle size range.

There are two important requiremeﬁts A and B
as described below in a developing'method using an
insulating magnetic developer. Requirement A: To form
a uniform coating layer of magnetic developer on a
devEloper-carrying member. Requirement B: To T
uniformly and effectively charge the magnetic
developer triboelectrically. It has been hitherto
tried to satisfy the requirements A and B in
combination.

For the requirement A of forming a uniform

. layer of developer on a developer-carrying member, it
has been known to dispose_a coating blade at the
outlet of a developer container. For example, in a

developing apparatus, a blade comprising a magnetic



whi ch toner constituents are sufficiently blended in a'rﬁger Steh—a5—a
ball mll and then kneaded well in a PLACEMENT SHEET
- 50- hot kneadi ng neans, such as a kneader or extrudgr | TeCHamceak
crushed and classified. Alternatively, it is possible fofuges ajmet

wherein a binder resin solution containing other conponepts disper§é%
therein -6~

material is disposed oppbsite to a magnetic pole of a
fixed magnet enclosed within a developer-carrying
member to form ears of the developer along magnetic
lines. of fofce acting between the magnetic pole and
the magnetic blade and cut the ears with the tip edge
of the blade, thereby regulating the thickness of the
resulting developer layer under the action of the -
magnetic force (e.g., as disclosed in JP-A 54-43037).
As for the requirement A, a method of forming
a uniform toner coating layer of a magnetic toner on a
developer-carrying member is also proposed by JP-A 57-
66455. In the developing apparatus for effecting the
method, the surface of a developer-carrying member is
provided with an indefinitelunevenﬁess pattern by
sand-blasting the surface with irregular-shaped
particles, so as to always provide a uniform developér
coating state for a long period of time. The entire
surface of the developer-carrying member thus treéted
has minute cuttings or projections disposed at random.
A developing apparatus using a developer;
carrying member having such a specific surface state
can result in deterioration of developing .
characteristics,_such as fog and lower image density
depegding on the magnetic developer used. This is
caused by occurrence of insufficiently charged toner
particles in the monocomponent develcoper leading to a

lowering in electric charge of the developer layer.




I's spray-dried; a polynerization nethod wherein rescr I aredrent-s—ag e
dispgrsgd in a nnngne¥ constituting a binder resPn and BﬁﬁLﬁBEUENE SHEET

enul sified, followed by polynerization of the nonomner ofprovide—a—
pol yner; etc. The toner used in the present invention fap QebiNgy hagagf of
of a mcrocapsule- toner conprising a core nmaterial and p shell materi IL

In the present invention, it is particularly preferred to use as a rdten
| mage- beari'ng nenber a photosensitive nmenber conpri si an_a-S
phot osensitive |ayer on a conductive substrate in applying the bras
conditions according to the present invention. _

In some cases, other difficulties can be encountered,

such as tailing, scattering, or insfability of
reproduction of thin lines.

-As for the requirement B, in order to provide
a developer-carrying member with an enhanced ability
of triboelectrically charging a magnetic toner, it has
been proposed to make smoother the surface of a -
developer-carrying member. According to such a
method, however, the coating of a ﬁonocomponent-type
developer can become uﬁiform-to result in
ir;eguiarities in developed images, thus failing to
provide good images.

A developing methodlfor achieving the
requirements A and B.in combination has been proposed
(EP-A-6331425). The developing method uses a
developer-carrying member having a surface subjected
to blasting with -definite~shaped particles in
conbination with a monocomponent-type developer having
a specific particle size distribution so as to be
capable of forming a uniform developer coating layer
for a long period.

However, even if a developer-carrying hember
having such a-specifiC'surface and a monocomponent-
type developer having suéh a specific particle size
are ASed in combination, the developer-carrying member
surface is gradually worn énd changed into a smooth

surface during use for a long period to lose an



Such an a-Si photosensitive nenber can be provided mﬁfg&g*howeﬁqﬂuu4ye.
I njection-prevention roller below the photosensitive LAGBVENTﬁnEET _

prevent . charge injection fromthe substrate. T Ts—Hur-ther

possible to provide a surface protective |ayer above jth @hp tijve
| ayer in order to inprove the durability and provide Janf upper ~ chargg
I njection-preventing | ayer above the phqgosensitive l{ayer

t e
surface protective Ilayer and the photosen5|t|ve | ayeq. It is

al so possible to dispose a | ayer which

initial effect obtained by blesting with
definitelshaped particles, thus being liable to result
in an ununiforg developer coating layer accompanied
with a developer coating irregularity and result in
images in a low image density and accompanied with
irregular fog attributable to the coating irregularity
in the background. This problem is noticeable in &
low humidity environment, particularly in an
environment of normal temperature and wvery low
humidity.

On the other hand, in a high-speed copying
machine, an improved reliability is a crucial
requirement, and it is required to stably prdvide'
high-quality images even in a long period of
successive copying operation df several hundreds of
thousand sheets or more. Accordingly, it is deeired
to prcvxde a monocomponent-type developer capable of
prov:.d:.ng stahle images even in case where the
developer—carrying member surface is in a smooth
uneven state.

In generalf when idage formation is repeated
according to tﬁe monocomponent developing system,
toner partiéles having a small particle size can be
attached to the surface of the developer-carrying
member because of an image force due to their high
electric charge so that triboelectriﬁication of the

other particles can be hindered. As a result, the



-51- functions as both a surface protective |ayer a cirarg6

I nj ection-preventing |ayer. It is al so possi ?WCE%HJS&H@ET

| ong- wavel ength |ight-absorbing |ayer above or bel owjt ;e [TOWer —Ttrar
br

injection-preventing layer in order to prevent interfg ngeﬁvwlvrmgg
| ong- wavel ength |ight.

-9-

proportien of toner particles having insufficient
charge is increased to cause a lowering in image
density in some cases. This phenomenon is liable to
be encountered particularly under the low-humidity
condition.

The above phenomeﬁon is promoted when the
toner on the developer-carrying member is not
;onsumed. e.g., soO es to provide a white ground image,
and results in a decrease in image density. This
phenomenon is alleviated to gradually restore an
intended image density when the toner on the
developer—-carrying member is conSumed, e.g., so as to
provide a black image part. |

| Thus, there are formed a consumed part where
the toner has been consumed and an unconsumed part
'where the toner has not been consumed on a developer-
carrying member as a result of previous developing
oée;gizon. When such a developer—carrying member T
having a memory of the previous developing operation
is subjected to latent image formation and
development, there can result in differences in tone
image density, i.e., a higher density at the coesumed
part and a lower density at the unconsumed part.

The above-mentioned phenomenon is hereinafter
called "developer—caerying member memory" or "sleeve
memory". The developer-carrying memper memory can be

solved by the consumption of the toner on the




In this instance, so as to adapt the respective |ayer a.their

practi cal

use, it is possible to introduce various atons incl usilVREPFAC

atom Goup Il atons of the periodic table, such as Ror

;EME@ﬁ;§5??5nd

gallium Goup IV atons of the periodic table, such as ger' nj and
ool

G oup V. atons of the periodic table, such as nitrogen,
~arsenic; Goup VI atonms of the periodic bl e, such a$

[~

89N

sel enium and hal ogen atoms, such as fluorine, chlorife, and brom ne,

along or in conmbination at the tinme of formation of a-~S

1
I

in;

and

developer-carrying member as is understood from the
mechanism of the occurrence. Thus, the developer-
carrying member memory is alleviated for each one
rotation of the developer-carrying member.
Accordingly, a light degree of developer-carrying
member memory disappears from the developed image
after one rotation, but a serious developer-carrying
member memory repeatedly appears in several developed
images..

According to our study, a developer-carrying
member subjected to blasting with definite~shaped
particles haS'better charge-imparting ability than a
developer-carrying member subjected to blasting with
~indefinite-shaped particles and is thus more
advantageous in chérging-a toner. In some cases,
however, such a developer-carrying member is liable to

excessively charge a toner to result in the developer-~

———

carrying member memory.

On the other hand, the above-mentioned latent
image-~-bearing member may comprise a photosensitiée
member for electrophdtography. which may for example
comprise Se, CdS, an organic photoconductor (OPC), and
amorphous silicon (hereinafter called "a-Si").

In recent years, a variety of electro-
photographic copying machines are required for
reproducing color images, for personal use, fdr

intelligent use and for maintenance-free use. As a



For exanple; a photosensitive drumfor holding a negatively charged _
el ectrostatic image can be prepared by form ng a photos ngﬁﬁlve ey et——wi-t-5
hydrogenated.(i.e., hydrogen-containing) a-Si, a |ower ¢hRFJACEMENT SHEET
i njection-preventing |layer with hydrogenated a- Si dope iifn phosphotus,

and an upper charge injection-preventing |ayer with hydfo eoaﬁqwe@1§§§
doped w th boron. On the other;hand, a photosgngitive drumto

result, a photoconductor having a novel characteristic
and a high stability has been desired and has been
developed. Among them; a-Si has been calling
attention.

As a-Si has high sensitivities over the
entirety of visible wavelength regions so that it is
also applicable to .a semiconductor laser and color -
image formation. Moreover, it has a high surface
hardness as represented by a Vickers hardness of 1500
- 2000 and is expected to have a long life as
represented by a copying or prinfing durability of 106
sheets or more. Further, a-Si also has a sufficient
heat-resistance which is satiSfactory for practicai
use of electrophotographic copying machines.

Generally, an a-Si photosensitive member is
said to have a surface dark (part) potential which-
depends on the thickness.

Ll s

- " The surface dark ﬁotentials of cémmercially T
used photosensitive members .are required to be.SOO v
at‘fhe minimum for C4dS photosensitive members and 600
- 800 V for Se photosensitive members and OPC
photosensitive members. An a-Si photosensitive member
is reqﬁired to have a large fhickness for

. accomplishing such pdtentials in vieﬁ of variation in
various characteristics and possible decrease in

sensitivity due to changes in environmental

conditions.



hol ding a positively charged electrostatic inma an _be prepared

by formng a | ower charge injection-preventing |ayer Rgptwgg ﬁyggr
i doped with boron and a surface protective |ayer an_anorp
film conprising silicon, carbon and hydrogen (herelnafte >£)h%agled aé?

resi stance and abrasi on resistance _y5_

An a-Si photosensitive nenber is genefalfl Q¥cioo8nd iln

As a result, such a large thickness of a-Si.
photosensitive member is inevitably accompanied with
an increase in production cost and a decrease in
production efficiency. The increase in thickness is
liable to be accompanied with abnormal growth of the
a-Si film and formatign of a locally ununiform a-Si
film, which leads to a difficulty in practical use of
the a-Si photosensitive member.

In order to deal with the.problem, it has
been proposed to make thinner the a-Si photosensitive
member so as to satisfy the productivity, production
cost and performances thereof. In order to use a thin
a-Si photoéensitive member, it is necessary to adopt a
developing method capable of development at a low
potential. While uselof a thin a-Si photosensitive
member is satisfactory in respects of production cost,
capacity and photosensitive performances, it results
in -a lower surface potential, and attachment of
impurities onto the surface under a high humidity
condition which leads to lower photosensitive
characteristics.and image flow in the resultant image.
A practical a-Si provides a surface dark potential of
about 400 V, and the stably applicable potential is
about 300 V. 1In such a case of a2 low developing
contrast of 300 V between the light and dark parts
providing a developing contrast of 150 - 250 V, it is

extremely difficult to obtain a sufficient density of



and is thus excellent in durability. Accordingly, the image formng ne;hod

according to the present invention is advantageous for
hi gh-spegd I mage IOf orm ng apparatus. Further, it is poss iBERU’tQEME!‘)}TnSHEET
latent image faithful to an original image so that it n
realizing a high image quality in an image formng appgreé
copyi ng machi ne. An Se phot osemngitive nenber |
phot osensi tive member can cause deterioration of the phot
during a continuous use due to white reflection |light,

mechani ca

t sNaY |ega
a@llisd!g% ] aeg

ensi
| aser |ight and
action to result in difficulties, such as decrease 1n
solid black by an ordinary developing method. Herein,

the developing contrast in normal development refers
to the absolute value of a difference obtained by
subtracting a developing potential from an average
dark part potential over a photqsensitive_membér.

Hitherto, a method of.using a magnetic toner
containing 12 % by number or more of particles of 5 um
or smaller having a large chargeability so as to
improve the 'image quality has been proposed (e.g., JP-
A 3-111855). Magnetic téner particles of 5 pm or
smaller cause a strong image force on the surface of a
developing sleeve as a developer-carrying member, thus
being liable to stick onto the sleeve surface and be
affected_by the slee&e surface; Further, even a
sleeve having a good surface characteristic at the
initial stage is liable to change its surface
characteristic within a long period. of successive
opefatidn, thus being liable to cause a developer
coating irregularity on the -sleeve surface and image
difficﬁlties, such as density lowering, rougheniné and
background fog, due to magnetic toner fine powder in
the monoconmponent~-type developer.

Under the situation, it is desired to pfcvide
a monocomponent-type developer capable of developing
low-potential latent images, such as those formed on a

thinner a-Si photosensitive member.



phot oconductivity and chargeability and increase in dark decay, so that
they can fail to show sufficient electrophotographic perfornmances in sg
cases. In such cases, there can arise difficulties such tﬁEE!ﬁEENﬁyﬁﬁgﬂE@mt
dark potential can not be attained, it becones inpossiblje ‘
light part potential to a necessary level, and it beconé

obt ai n - _14- > di[)f%i ﬁﬁbtggijé’

SUMMARY OF THE INVENTION

An object of the éresent invention is to
provide a monocomponent-type developer having solved
the above-mentioned problems, and an image forming
method using the developer and an asymmetric
developing bias wvoltage.

A more specific objecﬁ of the invention is-to
provide a monocomponent-type developer excellent in
durability and capable of stably providing images
having a high density and f£ree from background fog
even in a long period of repetitive use, and an image
forming method using the developer.

Another object of the invention is to provide
a monocomponent-type developer capable of providing a
high iﬁage density without causing imagé flow even
under a high humidity condition, and an image forming
method using the developer.

"7 ~ A further object of the invention is to
provide a.monocomponent-type developer capable of
stably providing images having a high image density
and free from background fog even under a very low-
humidity condition,.and an image forming meﬁhod'using
the deyeloper. |

A still further object of the invention is
to provide a monocomponent-type developer capable of
faithfully developing electrostatic latent images

having a low developing potential contrasts as obtained
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corresponding to an original. As a result, an insufficigefrt—dens] M ng%T
and | oss of gradation can occur. The deterioration is amﬁﬁﬂ#@@@ﬂ Tt
nunber of inmage form ng cycles are repeated in ajugirt—period of

| ar ger

an appropriate potential contrast or a latent inage potential

time, so that the above difficulties are pronounced in h igh53@@¢q£58

machi ne.
I mages,
const ant

| atent image potential is

Accordingly, in order to obtaipjgtable electroptatic |atent

a-Si photosensitive nenber capable of always| rmarntaining a

on an a-Si photosensifive member to provide images
which are rich in gradation characteristic and
excellent in resolution and thin-line reproducibility.

- According. to the present invention, there is
provided a monocomponent-fype developer for developing
electrdstatic images, comprising: a mégnetic toner
containing'at least a binder resin and magnetic
powder, and 0.5 -~ 10 wt. % (based on the magnetic
toner) of inorgagic fine powder having a length-
average particle size of 0.1 - 5 pm;

wherein the developer has a number-basis
particle size distribution such that particles of 4 pm
of smaller .are contained at 5 - 18 $ by nuﬁber and
particles of 4 - 10 pm are contained at at leaét 60 %
by number; -

the developer has a volume basis particle
size distribution such that particles of 12.7 uym or
13fgder are contained at at most 10 % by volume; and-

the developer has a weight-average particle'
size of 7 - 11 pm.

According to the present invention, there is
further provided an imége forming metﬁcd, comprising:

disposing a latent image-bearing member for
holding an electrostatic image thereon and a
devéloper-carrying member for carryiﬁg a
monocomponent-type developer with a prescribed gap at

a developing'station;'the monocomponent~type developer



advant ageous and such as a-Si photosensitive nenber c
hi gh- speed nmachi ne wi t hout probl em Furt her
and an OPC photosensitive nenber can cause a
or fine latent inmages for the above-nenttoned reason hg qg%%t
used in the present invention is capable of faithful}lyid v@ﬁ%@ge

i mges so that such a disturbanceliér [atent ifm
in a devel oped i mage, thus being disadvantageous in gelicate expressi o
thin lines -1

does not cause a disturbance in | atent inmage so

(el alaVal

FEPLACEMEBNT BHEETI
i

and dots. On the other hand, an a-Si phot
comprising a magnetic toner containing at least a
binder resin and magnetic powder, and 0.5 - iO wt. %
(based on the magnetic toner) of inorganic fine powder
having a length-average particle size of 0.1 - 5 pm;
wherein the developer has a number-basis particle size
distribution such that particles of 4 um or smaller
are contained at 5 - 18 % by number and pafticles of 4
- 10 pm are contained at at least 60 % by number; the
developer has a volume basis particle size
distribution such that particles of 12.7 pm or larger
are contained at at most 10 % by volume; and the
developer has a-weight-avérage particle size of 7 - 11
wm;

conveying the monocomponent-tybe developer in
a2 layer carried on the developer-carrying member and
regulated in a thickness thinner than the prescribed
gap to the developing station; and .
-~;7- - applying an alternating bias voltage
comprising a DC bias voltﬁge and an asymmetric AC
bias wvoltage in superposition bétween the developer-
carrying member and the latent image-bearing member. at
the developing station to provide an alternating bias
electric field comprising a development-side voltage
component and a reverse-development side voltage
compgnent, the development-side voltage component
having a magnitude equal to or larger than that of the

reverse development-side voltage component and a

\.r_pll\.): ti Ay meimrocel



that the above-nmentioned problenms are not caused. The problems are also
pronounced at a higher ‘process speed. The magnetic toneF—usea—ta—tire—
present invention has a |large specific surface area, s HEELAG_JEMEME %‘EET

tendency to cause a frequency contact to accel erate thel apraston
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duration smaller than that of the reverse-development
side voltage component, so that the developer.on the
developer-carrying member is transferred to the latent
image-bearing member to develop the electrostatic
image thereoh at the de%elbping station.

- These and other objects, features and
advantages of the present invention will become more
apparent. upon a considergtion of the following
description of the preferfed embodiments of thé
present invention taken-in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION dF THE DRAWINGS

Figure 1 is a graph.showing the number-basis
particle size distribution of a mono;omponent-t?pe
deveioper of Example 1.

Figure 2 is a graph showing the number-basis
‘Particle size distribution of a monocomponent-type -
developer of Comparative Example 1.

Figure 3 is an illustration of an image
forming apparatus for practicing an émbodiment of the
image forming method according to the present
in&ention._

Figure 4 is a waveform diagram illustrating
bias’'voltage components.

Figure 5 is a waveform diagram showing

an alternating bias voltage waveform used in



of the photosensitive nenber mhen'applied to a high- speed nmachine. Se and
OPC phot osensitive nenbers are particularly liable to be abraded to

pronote the

hardness so that it is not concerned with such a pr
present invention, by controlling not only the magnift
duration t of an AC bias electric fieldyg portion df
capable of faithfully developing a | atent inmge on an
menber is effectively flied to acconplish the object| o

in a

probl em However, an a-Si photosensitivg

bREPLACEMENT SHEET

e,

Example 1.

DETAILED DESCRIPTION OF THE INVENTION

We made a study on the relationship between a
toner particle size and a developihg characteristic
under application of a developing bias (voltage) by
using magnetic toﬁers having a particle size -
distribution ranging from 0.5 to 30 pm. It was
intended to observe a pulse duration at thch a
magnetic toner began to attach to a latent image-
bearing member (to provide an image density of 1.0 or
above after the'transfer'and fixatipn) in a case where
a certain development-side voltage (about 1000 V) in
the form of a pulse.was applied between a developer-
carrying member and the latent image-bearing member
(disposed with a spacing of aéout 250-pm) in
connection with the particle size distribution of the
tofié?. ~ When a latent image was developed at a o
constant surfacé.potential on the latent image-bearing
member while changing the pulse duration and the
magnetic toner particles used for development'ﬁn the
latent iﬁage—bearing member was collected for

measurement of the particle size distribution thereof,

.1t was found that there were many magnetic toner

particles_haviﬁg a size of 8 pm or smaller and also
there were many magnetic toner particles having a size

of 5 mm' or smaller in the case where the pulse

t he

ve
on



satisfactory manner. More specifically, in th
an AC bias voltage is controlled so that the magnitudep—of—tie
devel opi ng-side bias electric field is increased and

is shortened without charging the entire frequency of
Corresponding thereto, the reverse devel opnent-side b
suppressed to be low and the duration +h®feof is incre
duty ratio of the AC bias voltage is controll ed.

i ncreasing the devel opnent- side bias electric field $

e. pr esent i nvent [ on

HRERLACEMENT $hihTe ¢

t re—ACDias—vo

as @l cafg e
aseg E§§%¥e sat

age.
diis
he

By Sufticiently
ccording to the

above control

duration was 200 pusec or shorter. When the pulse.
duration was méde further smaller, the éroportion of
the magnetic tone; particles of 5 um or smaller was
found to be increased. From these facts, it is
understood that a magngtic toner particle having a
smaller particle size reaches a latent image-bearing
member in a shorter time. : -

'Accordinglyf at the time of application of a
development-side bias voltage, it is possible to use a
smaller magnetic toner particle selectively or
preferentially for development by setting the bias to
be higher and the application time to be shorter.

On the other hand, at the time of application
of a_reverée development-side bias voltage, by setting
the (peeling) voltage to.be lower and the application
time to be longer, it becomes péssible to surely
return a large ﬁagnetic toner particle or a magnetic
torné?¥ particle having a small.charge (thus having a
slow moving speed) to the developer-carrying member in
a sufficient time. In this instance, a small magnetic
toner particle attached to an image part on the latent
image-bearing member is not substantially peeled
because of a'lafge image force and the low peeling
voltage. |

As a result, by applying a developing method
using a developing bias voltage characteristic to the

present invention, developed images having a high

——



schene, toner particles of 4 - 10 [err]mon the sleeve phrchrconst+ttte—ay
essential conponent for providing an inproved inmage qua.lﬁ LACEMENT SHE

effectively flied -5b ucu1pIUba$ y
to fully develop a latent inmage on an a- Si photosensit|ve

prevent the sticking thereof onto the sleeve surface, whefeby the dEEreas=
) -20-

image density can be obtained with good gradation
characteristic and thin-line reproducibility.

The features of the present invention will
now be explained with reference to Figure 3 showing an
image forming apparétus for practicing an embodiment
of the imége forming method according to the present
invention. : _ -

Referring to Figure 3, the apparatus includes
a latent image-bearing member 1 which can be a latent
image-béaring member (so-called photosensitive
member), such as a rotating drum, for
electrophotography; an insulating member, such as a
rotating drum, for electrostatic recording:;
photosensitive paper for the Electrofax; or
electrostatic recording‘papér for direct electrostatic
recording. An electrostatic latent image is formed on
the surface of the latent image-bearing member 1 by a
latent-image forming mechanism or latent image forming
means (not shown) and the latent image~bearing member
is rotated in the direction of an indicated arrow.
| The apparatus also includes a developing
apparatus which in turn includes a developer container
21 (hopper) for holding a'monocomponent—typé developer
and a rotating cylinder 22 as a developer-carrying
membér (hereinafter, also called "(developing)
sleeve") in which &_magnetic field~generating means

23, such as a magnetic roller, is diéposed.



in inmage density and devel oper-carryi ng nmenber
while the reverse-devel opment side
"the duration

Furt her,
to be | ow,
excess of

t oner

attached to outside a | atent

menory are suppressed.

electric field. is suppresse

i mage patjt

phot osensi ti ve nenber
| mge- beari ng nenber

the reverse devel opnent - si de
particles of 4 -

t hat toner

I's supplied with a peeling
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Almost a right half periphery (as shown) of

the developing sleeve 22 is disposed within the hopper

21 and almost a left half periphery of the sleeve 22
is exposed outside the hoppér. In this state, the
sleeve 22 is axially supported and rotated in the
direction of an indicated arrow. A doctor blade 24 as
a developer layer regulating means is disposed above
the sleeve 22 with its lower edge close to the upper
surface of the sleeve 22. A stirrer 27 is disposed
for stifring the developer.within tﬁe hopper 21.

The sleeve 22 is disposed with its axis being
in substantially'parallel with the generatrix of the
latent image-bearing member 1 and opposite to the
latent image-bearing member 1 surface with a slight
gap a therefrom.

The surface moving speed (circumferential
speed) of the sleeve 22 is substantially identical to
or-s¥ightly larger than that of the latent~image
bearing memberil. Between the latent image-bearing
member 1 and the sleeve 22, a DC voltage and an AC
voltage are applied ih superpos?tion by an alternating
bias voltage application means Sy and a DC bias
voltage application means Sj.

In the_imaée forming method 6f the present
invention, not only the magnitude of the alternating
bias electric field but also the application time

thereof are controlled as well as a triboelectric



conponent for toner coverage are not peel ed. VWil e the reverse
devel opnent-side bias electric field is suppressed to be | ow, the duration
thereof is made | onger, so that the effecting peeling t

| at ent i mage-bearing nmenber is ensured. However, the { 6§?EA E&@@ﬁ-$$E§I @d
to a latent image pattern is not disturbed, whereby a ua
with gradation can be realized. -2According to reﬂpt &“ﬁg

i nvention, the developnent-side bias electric field of 4n_AC bias __voltqge

is intensified to fly a portion of the toner present §n the vicinity of
the sl eeve, so that such a .
charge adapted to the controlling developing Dbias

voltage. More specifically, as for the alternating
bias, the frequency thereof is not changed, but the
development-side bias component is increased while the
application time thereof is shortened and
correspondingly the reverse development-side bias
component is suppressed low while the application time
thereof is prolénged, thus changing the duty';atio of
the alternating bias voltage.
| In the present invention, the development-side

bias (#oltage) component refers to a voltage component
having a polarity opposite to that of a latent image
potential (with réference to the developer-carrying
member) on the latent image-~bearing member (in other
words,-“the same polarity as the toner for'developiﬁg
the latent image), and the reverse development-side
bias (voltage) component refers to a voLtage component
‘liaving the same polarity as the latent image (opposite—
polarity to the toner). |

For example, Figure 4 shows an example of an
asymmetrical alternating bias éoltage comprising an AC
bias voltage and a DC bias voltage. Figure 4 refers
to a case where a toner having a negative charge is
used for developing a latent image having a positive
pote&tiai with reference to the developer-carrying
member. The part a refers to a development-side bias

component and the part b refers to a reverse



- 56- portion of the toner in the vicinity of the sleeve and- __having

| arge charge is nore intensively attached to a |atenf 4 RiNTe EETAS
result, even to a weak latent inmage pattern on an a- ihgﬁgﬁggensi§?v
menber, such a portion of the toner having a | arge char

9% Enov 1008
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development-side bias component. The magnitudes of
the development-side component and the reverse
dééelopment-side component are denoted by the absolute
values of Va and Vb.

In the present invention, the duty ratio of
the alternating bias wvoltage is defined as follows:

Duty ratio = ty/(tg+tp) (x100) %, 3 -
wherein t, denotes the duration of a voltage component
with a polarity for directing the toner toward the
latent image-bearing member (constituting the
developing side bias component a)., and tp reversely
denotes the duration a voltage component with a
polarity for peeling the toner from the -latent image-
beariﬁg member (constitutihg the reverse development-
side bias component b), respectively, within one cycle
of the alternating bias wvoltage.

Almost a right half periphery of the'
de¥eloping sleeve 22 always contacts the developer —
within the hopper 21, and the developer in the
vicinity of the sleeve surface is attached to and held
on the sleeve surface under the action of a magnetic
force exerted by the magnetic field—generating means
23 disposed in the sleeve 23 and/or an electrostatic

_forcg. As the developing sleeve 22 is rotated, the
deveioper layer held on the sleeve is leveled into a
thin layer T; having a substantially uniform thickness

when it passes by the position of thé doctor blade 24.



attached because of a large electrostatic force, whereby an |inmage having

an edge sharpness and a good resolution can be obtai ned, |
toner particles of 4 - 10 [err]mwhich are an effectivg Rg@ﬂ%@ﬁ@ﬂffﬁ%EET
realizing a high image quality are effectively utilized to providé an
extremely good inmage quality. A | atent image |on| o BaNBY 1638
phot osensitive nenber has a | ow surfaceddotential but Has| a | arge.
capaci tance, so that the charge thereof is large. Accorldingly, the
nmagnetic toner according to the present invention is s'all in particle

—+

size and has @
The charging of the magnetic toner is prxncxpally

effected by triboelectrification through friction with
the sleeve surface and the developer stock in the
vicinity of the sleeve surface caused by fhe rotation
of the sleeve 22.- The thin magnetic developer layer
on the developing sleeve 22 rotates toward the latent
image-bearihg.member 1l as the sleeve rotates and -
passes a developing station or region A which is the
closest part between the latent image-bearing member 1
and the'developing sleeve 22. Ig the course of the
passage, the magnetic toner inzthe developer layer on
the developing sleeve 22 flies under the action of DC
and AC voltages applied between the latent image-
bearing member 1l and the developing sleeve 22 and
reciprocally mo§es between the latent image-bearing
member 1 surface and the developing sleeve 22 surface
in the deyéloping'region A. Finally, the magnetic
tones on the developing sleeve 22 is selectively moved —
and atfached to the latent image-bearing member 1
surface.corresponding to a latent image potential
pattern thereon to successively form a toner image Tj.
The developing sleeve surface héving péssed
'by the developing region A and having selectively
consumed the magnetic toner thereon rotates back into
the &éveloper stock in the hopper 21 &o be supplied
again with the magnetic developer, whereby the thin

developer layer T; on the developing sleeve 22 is



| arge charge, so that it is firmy attached to the | at ent i mage. The toner

thus attached to a latent 1inmage part having a potenti
(image part) is not affected by the exterior and the |ﬂ§§é@gﬁaM&SéebHEETrot
di st ur bed. As for a non-inmage part, a fog t¢ngr (attacneaé q

such a non-inage part) can be peeled by the devel opi fg |bifab KB¥olagn
the present invention even on an a-Si @@Qtosen3|t|ve nber. As for
| atent image on an a-Si photosensitive nmenber, the

(0]

continually moved to the developing region A when
develbping steps are repeatedly effected.

As described above, a problem accompanying
such a developing schemé (non-contact developing
method using a monocomponent developer) is that a
developing performance can be decreased due to an
increased force of attachment of magnetic toner -
particles in the vicinity of the developing sleeve
surface_in some .cases. The magnetic toner and the
sleeve always cause friction with each other as the
developing sleeve 22 rotates, so that the magnetic
toner is gradually caused to have- a large charge,
whereby tﬁe electrostatic force (Coulomb's force)
between the 'magnetic toner and tne slgeve is increased
to weaken the.force 6f flying or jumping of the
magnetic toner. As a result, the magnetic toner is
stagnant in the vicinity:of the sleeve to hinder the
éfIEBefectrification of the other toner particles, -
thus resulting in a decrease in developing
characteristic. This particularly occurs. under a low
humidity condition or through repetition of developing
steps. Due to a similar mechanism, the above-meﬁtioned
developer-catrrying member memory ;écurs.

The force of flying the magnetic toner from
the sleeve toward the latent image-bearing member 1l is
required to provide an acceleration 3@ so as to cause

the magnetic toner to sufficiently reach the latent



-57- magnetic toner is effectively flied under app

ication of the

above-mentioned specific bias voltage, so that a high |nage quality can be

stably attached for a long period and the inmage qual
under a continual use in a high-speed nmachine.
an a-Si photosensitive menber is used as the latent i

the above-nentioned effect of the prese@6-i nventi on da

image surface under the action of an AC
field. If the mass of a toner particle
m, the force f is given by £ = m-a. If

the toner particle is denoted by g, the

bras—elteetric |

t-s—s+-able—aven
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is denoted by
the charge of

distance from

the sleeve is denoted by d and the alternating bias

electric field is denoted by E, the force f is roughly

given by f = E-q - (-9 q2)/@%. Thus,

toner reaching the latent image surface

the force of

is determined

by a balance between. the electrostatic attraction

force with the sleeve and the electric £

In this instance, toner particl

ield force.

es of 5 pm or

smaller which are liable to gather in the vicinity of

the de&eloping éleeve can also be flied
electric field is increased. However, i

development-side bias voltage is simply

if the
£- the

increased, the

toner is caused to fly toward the latent image side .

regardless of the latent image pattern.

This tendency

is Strong for toner particles of. 4 pm or smaller, thus—

being liable to cause ground fog. The ground fog can

be prevented by increasing the reverse devélopmedt—

side voltage, but if the alternating electric field

acting between the latent image-bearing

member 1 and

the developing sleeve 22 is increased, a discharge is

_ directly caused between the latent image-bearing

membér 1 and the sleeve 22 to remarkably impair the

image quality in some cases.

Further, when the reverse development-side

re



remar kably exhibited if the devel opnent is perforned 'nggg ;U]
difference between the |ight part potential and the dar

130 - 350 V, preferably 150 - 300 V. Then, devel oping

used in a preferred enbodinent of the present inventipniwgl§ KBy gzgd a
- . I'n the present invention, the el oping sleeyelmmy prefera

L
S1

have a surface unevenness conprising sphere-traced cohcavities. e
surface state can be obtained by blasting with defini Shaped particlps.

TeBHEET |of

I
neéd.

Her ei n, the'définite-shaped particles may preferably be spherical
spheroi dal RYIHAeLSi NAMIFY increased, the toner attached not only

to the non-latent image part but also to the latent
image pattern (image part) is caused to be peeled.
Thus, magnetic toner pafticles having a relatively
small image force to the latent image-bearing member
are liable to be removed so that the coverage on the
latent image part becomes poor to cause image defects,
such as disturbance 0of a developed fattern,
deterioration of gradation characteristic¢ and line-
reproducibility and.liability of hollow image (white
dropout of a middle part of an image). |

From the above results, it is important to
cause the toner in the wvicinity of the sleeve to fly
or jump and reciprocally move'without'exceséively
increasing the alternating bias electric field and by -
suppressing the reverse development-side bias woltage
to a low vaiue.

- ——w -Even if the reverse development-side bias
electric field is weak, the duration thereof is ..
prolonged so that the effective force for péeling from
the latent image-bearing member remains identical.

The toner image attéched'to the latent image is not
disturbed so 'that a good 'image with a gradation
. characteristic is attained.

| Under the action of the developing bias
voltage according to the present invention, when ears

formed of a magnetic toner fly and the tips of the

or



axi s/ shorter

a substantially snmoothly curved surface and having a rpHEPLAGEN %{EET
1.2. The definite- shaped particles nay for exanple bdg varj '

spheres or gl obules, such as those of netals such as dt A?gggg;ggbg,
al um num steel, nickel and bronze, or those of ceramjc, '
beads, respectively, —£0-

axis of 1 - 2, preferably 1 - 1.5, furthg

=

>

as

ears touch the latent image-bear;ng member, the toner
particles in the neighborhood of the ear tips,
particles of a small particle size and particles
having a large charge are attached to the latent
image-bearing member for effecting development because
of the image force, whereas the particles constituting
the trailing ends or particles having a small charge
are returned tq the developer-carrying member under
the action of the reverse development-side bias.

Thus, the ears tend to be broken so that difficulties
such as tailing and scattering'due to ears can be
alleviated.

According to the alternating bias electric
field used in the present invention, the development~
side~bias electric field is so strong as to cause
toner particles near the sleeve surface to jump, so

that toner particles having a large charge are more

-intensively qsed for development of a latent image —

pattern. As a result, toner particles having a large
charge are firmiy attached onto even a weak latent
image pattern due to an electrostatic force, so that
an image having a sharp edge can be obtained at a high
resolution. "Further, magnetic toner particles having
a la;ge charge are effectively used to provide a good
imagé. |

In the image forming method of the present

invention, a satisfactory developmenf may be effected



- 58- . having a specific particle size. A.devéloping sl eeve

preferably used in the present invention may also be obf: U by—btasting
first with indefinite-shaped particles and then with Qefﬁgﬁiécgé
Such indefinite-shaped particles may conprisle Frbltraly

particles.
abr asi ves.

particles having a specific particle size9-it is possiljlg to form
plurality of sphere-traced concavities having al nost the same drametet

ENE SHEET

By blasting the sleeve surface with d frﬁ@ﬁ: %gaped

for a gap of from 0.1 mm to 0.5 mm between the

developing sleeve 22 and the latent image—bearing_

-member 1 while 0.25 mm was representatively used in

Examples described hereinafter.

'While being dependent on the gap between the

developing sleeve and the latent image bearing member,

' a satisfactory image can be obtained if the absolute

value of the alternating bias voltage is 0.5 kV or

higher. Taking a possible leakage to the latent

.image-bearing member into consideration, the peak-to-

peak voltage of the alternating bias voltage may
preferably be 0.5 - 3.0 kV, particularl? 1.0 - 2.0 kv.
The leakage can pf course ghange.depending on the gap
Bétween the developing sleeve Zi.and the latent image-
bearing member 1.

The frequency of thé alternating bias may
preferably be 1.0 kHz to 3.0 kHz. If the frequency is
betow 1.0 kHz, a better gradation can be attained but —
it becomes difficult to dissolve the g:ound foé. This
is presumably because, in such a lower frequency '
region where the frequencf of the reciprocal movement
of the magnetic toner particles is smaller, the force

of pressing the magnetic toner particles onto the

. latent image-bearing member due to the development-

side’ bias becomes excessive even onto a non-image
part, so that a portion of toner attached onto the

non-image part cannot be completely removed by the



In the present invention, "thin-line reproducibility" was luated in the
following manner. An original of a thin Iine inmage havindg REP| At

accurately 100 [err]mis copied under suitable copying cqndi lnégwﬁﬁJ'SHEET
provi de a sanple copy for nmeasurenent. The |ine w dth of {tHe tgner i mage
on the copy is neasured on a nonitor of Luzex 450 Particle {Afa yQGV.mﬂgm

\174

line wdth is neasured at several point§1ﬂﬁnm)the-- | enft h—ef—the thin
| ine toner inmage so as to provide an appropriate averagefvalue in view o
fluctuations in wdth. The value of thin |ine reproduci brrty{24 i s

cal cul ated byp%Qﬁid%'f%@é@JJHQ"?Q‘%ne reverse development-side bias

electric field. On the other hand, at a frequency
above 3.0 kHz, the reverse development-side bias
electric field is applied before the toner
sufficiently contacts the latent-image-bearing member,
so that the developing performance is remarkably
lowered. ;n other words, the toner per se cannot -
easily_respond to such a high frequency electric
field.

In the present invention, a frequency of the
alternating bias electric field in the range of 1.5
kHz to 2.5 kHz provided an optimum image quality.

The duty ratio of. the alternating bias
electric field waveform according to the present
invention may be substantially below 50 %, preferably
.be" a _value satisfying: 20 % £ duty factor ¢ 45 % in |
view of the image qﬁality and developing
.chgﬁacteristic. If the duty factor is above 45 %, thg_._
above-mentioned defects become noticeable to fail to
achieve the improvement in image quality according to
the present invention. If'the'dutf factor is below 20
%, the response of the toner tc the alternating bias
electric field becomes poor to lower the developing
performance. The duty factor may optimally be in the
rang;_of 25 to 40 % (inclusive). |

The alternafiﬁg bias waveform may for ekample

be in the form of a rectangular wave, a sine-wave, a



Measured |ine-width of a copy inmage

x 100 Line wwdth (100 [err]n) on the orlglnal FT-the—present
i nvention, the resolution was evaluated in the follow n &gﬁhﬂﬁﬂwﬁNﬂ SHEET
original sheet_ o _ - 59- havimg—t6
original line inmges each conprising 5 qugs 06 MOY 1908

saw-teeth wave or a triangular wave.
| The monocomponent-type develbper according to
the present invention will be described hereinbelow.
.As a result of our further study on
performances- of monocomponent-type developers in
relation with developing sleeves, we have found a
monocomponent-type developer capable of providing -
"images having a high image density and excellent in
gradation characteristic and thin—line reproducibility
under various environmental condltlons.
More specxflcally, images having such
excellent image qualities can be obtained by using a
monocomponent~-type developer comprising a.magneéic
toner containing at least a binder resin and magnetic
powder, and 0.5 - 10 wt. %—(based on the maghetic
. toner) of inorganic fine powder having a length-average
particle size of 0.1 - 5 pm; wherein the monocomponent-
type_developer has -a number-basis particle size —
distribution: such that pérticles of 4 pm or smaller aré
contained at 5 - 18 % by number and particles of'4 - 10
pm are contained at at least 60 % by number;.the
monocomponent-type developer has a volume basis
particle size distribution suéh that particles of 12.7
rm ér larger are contained at at most 10 % by volume; |
and fhe monocomponent-type developer.has a weight-
average particle size of 7 - 11 pm.

When a monocomponent-type developer



spaced fromeach other with an identical value for line w.udih _and spacing

I's provided. The 10 original inages conprise the 5 lines #t Eﬂpﬁe
2.8, 3.2, 3.6, 4.0, 4.5, 5.0, 5.6, 6.3, 7.1, 8.0. 9.0 and}1
respectively. The original sheet is copied under suitable C)ndbglons to
obtain a sanple copy on which each of the ten |ine inages

through a nagnifying glass and the maxi AR hunber of |ine (Lines/ M of

ENT SHEET

S8 4998

an image in which the lines can be discrimnated fromeach other is
identified as a resolution nmeasured. A |arger nunber i ndi s—a_ hjigher

resol ution.

comprising an external mixture of a magnetic toner and
inorganic fine gowdef.having a length-averaée particle
size of 0.1 - 5 um (preferably 0.5 - 3 pm) is used,
the inorganic fine powder is selectiveiy applied in
the vicinity of the developing sleeve surface to form
a very thin layer of the inorganic.fine powder. As a
result, the magnetic toner does not directly contact
the developing sleeve surface, so that the magnetic
toner is prevented from sticking onto the sleeve
surface due to the image'forée, thus not being liable
to cause a coating irregularity of the developer.
Further, if inorganic fine powder having a
small charge of a polarity opposite to that of the
magnetic toner is added, the inorganic fine powder is
separated from the magnetic toner under application of
a developing bias at the time of development, so that

the charge of the magnetic toner can be increased.

-Accardingly, if inorganic fine éowder having a length-_

average particle size of 0.1 - S pm, preferably 0.5 -
3 pm, is externally added in an ambunt of 0.5 - 10 wt.
%, preferably 1 - 7 wt. %, based on the magnetic toner
to the magnetic toner, the charge of the magnetic
toner can be’ enhanced whilé preventing the sticking of’
the magnetic toner onto the developing sleeve surface
because of the preferentlal presence of the inorganic
fine powder at the developing sleeve surface. Herein,

the length-average particle size of the inorganic fine




Her ei nbel ow, the present i nvention will be - explained in nore detail based

on Exanples. Hereinbelow, "part(s)" used for describing

[Tl T OTT OF
conposition are by weight. Exanple 1 (Production of nagné’tﬁ%'&—AGBWENT SHEET
Styrene/ butyl acryl at e/ nonobut yl ' mal eat e/ di vi nyl behzfnecopotyme
100 parts ~(nmononer wt. ratio = 6452/ 25/7/0. 3, 6 A
(wei ght - average nol ecul ar wei ght) = 38x10[ err] N@%etﬁ{y!gsg
90 parts :

powder refers to an average particle size caiculated
as Ind/In based on the number-basis particle size
distribution of the inorganic.fine powder measured in
a manner as described hereinafter.

If the length-average particle size of the
inorganic fine powder is below 0.1 um, it is too small
so that the inorganic,fine powder shows too strong .
adherence onto the magnetic toner surface and the
separation of the powder from the magnetic toner
surface ¢annot. be readily caused, thus failing to
exhibit the effect of the present invention. If the
inorganic fine bowder has a length-average particie
size exceeding 5 pm, the inqrganic fine powder shows a

~poor mixability with the magnetic toner, thus being
liable to scatter from the sleeve surface to soil the
charging wire of the corona charger or cause a
decrease in image density. Further, inorganic fine
powder having a high rigidity and- also a large
pérticle size is liable to dame the surface of the
photosensitive member as a latent image-bearing
member, thus being'undesiraﬁie.

'If the inorganic fine powder is added in an
amount of below 0.5 wt. %, the formation of the
inorganic fine powder iayer on the developing sleeve
is iﬁsufficient, so that it is difficult to exhibit
the effect of the present invention. On the other

hand, if the amount exceeds 10 wt. %, the iﬁorganic




(nunber-average particle size = 0.18 [err]m sat ur apt+on

magnet | zation

as neasur ed

85 emu/ g, ' o REPODACEMENT SﬁfET
resi dual nagnetlzatlon = 12.5 enu/g and coercive force p-136-Gsrste

under an external nmagnetic field of 10[erj
-34-

e

F'6° %8V 1908

fine powder layer on the developing sleeve becomes too
thick, so that the triboelectric charging between the
magnetic toner and the developing sleeve is hindered
to result in poor images having low image densities.
It is preferred that the inorganic.fine
powder shows a triboelectric charge in the range of
0.1 - 10 uC/g (absolute value) when measured after -
being blended in a proportion qf S wt. % with 95 wt. ‘%
of irén powder (e.g., "EFV 200/300" awvailable from
Powdertec K.K.) and separated under suction (at about
200 mmH,0) through a 500 mesh-stainless steel filter.
Good results are obtained through formation
of a suitable degree of the inorganic fine powder
layer on-the developing sleeve surface, if the
magnetic toner used in the present invention, when
measured in mixture with the inorganic fine pqwder,

contains 5-- 18 % by number, preferably 7 - 15 % by

number, of particles having particle sizes of 4 pm or

sméller. ‘Below 5 % by number, the inorganic fine
powder is insufficient in amount, so that the layer
formation of the inorganic fine powder becomes
insufficient on the developing éleeve surface. On the
other hand, in'excess of 18 % by number, the amount of
magnetic toner particles having a particle size of 4
Bm o; smaller becomes remarkably large, so that the
fine powder of magnetic toner forms a layer on the

developing slee#e surface to suppress the formation of




Low nol ecul ar wei ght but yl ene/ propyl ene copol yner 3 parts

3,5-Di-tert-butylsalicylic acid Cr conpl ex (charge I
2 parts The above ingredients were well bl ended iﬁqﬂﬂﬁﬁﬁgwﬁgfqﬁﬁgT
nmel t- kneaded at 130 [err]C by nmeans of a twin- screw extfufler. The

kneaded product was cool ed, coarsely crughed by a cutter 'Iﬁ,ﬁf!@@]\él%_ggs_
pul verized by means of a pulverizer using jet air stream and classifiefl
by a fixed-wall.type wind-force classifier (DS-type WndfForce Cassifier,
nfd. by N ppon Pneurmatic Mg. Co. Ltd.) to obtain a clasgified powder

the inorganic fine powder layer. As a result, when a
developing operation is successively performed for
such a long period and a large number of sheets as to
change the surface charactefistic of the developing
sleeve, the magnetic toner causes sticking onto the
developing sleeve. Further, magnetic toner particles
having particle size of 4 pm or smaller present in a
large amount are liable to be attached_even cnto a
region of the latent image-bearing member having no
electrostatic images at the time of development to
cause background fog, thus being undesirable.
Particularly excellent results are attained
if the monocomponent-type developer contains-particlés_
of 4 pm or smaller including a larger proportion in a
range (channel) of 2 - 2.52 upm than in a range
(channel) of . 2.52. - 3.17 pm in terms of a number-basis
particle size distribution as shown.-in Figure 1. When
;gg&_a;distribution is satisfied, a proper degree of
thé inorganic fine powder layer is formed on the
developing sleeve'surface even in a normal temperature
- very low humidity environment, thus being able to
retain a high image density and good image
characteristics. In a normal temperature - very low
humidity environment, the magnetic toner is caused to
have:a large charge, so that the formation of the
inorganic fine powder-la?er.is more remarkably

hindered by fine powdery toner particles in the



product. Utra-fine powder of 4 pmor snaller and coarse ﬁeweLgmpre

si mul taneously and precisely renoved fromthe classified pRERACEM —
of a multi- division classifier utilizing a Coanda effect]| (kbow §§§3§HEET

Classifier available fromN ttetsu Kogyo K K. ), thereby tp ¢b
negatively chargeabl e nmagnetic toner. The thus-pb ab?éz}‘g"-ﬁééﬁ'%ti C
toner was mxed wth 3 w. % of hydromﬁqﬁ c strontiumtitjan

i norgani c fine powder) having a | ength-average particle gize of 2.25
[err]mand 0.5 wt. % by negatively chargeabl e hydrophobi cdry—p+escsss

col loidal sipheRetic toner. However, as a monocomponent-type -

developer containing é larger proportion in the range
of 2 - 2.52 pm than in the range of 2.52 - 3.17 pm is
obtained by removing fine powdery magnetic toner
particles hindering the_formation of the inorganic
fine powder layer and adding the inorganic fine
powder, the formation of the inorganic fine powder -
layer on the developing sleeve'is not hindered by-fine
powder of the magnetic toner even in a normal
temperature - very low humidity environment.

It is desirable that the monocomponant-type
developer in the form of a mixture of the magnetic
toner and the inorganic fine powder has a particle

_size distribution including 1 - 10 % by number,
preferably 2 -7 % by number, of particles of 2.00 -
2.52 pm, 0.5 - 8 ¥ by number, preferably 1 - 6 % by
number, of particles of 2.52 - 3.17 um, and 2 -~ 15 %
by nupber, preferably 3 - 10 % by number, of particles ___
of 3.17 - 4.00 pm pitch the proviso that the particles
of 2.00 - 2.52 pm is present in a larger proportion
than the particles of 2.52 - 3.17 pm.

The monocomponent-type developer according_to
the present invention contains at least 60 % by number

. of particles of 4o -.10 pm and is provided with an
imprsved chargeability on the developing sleeve by
addition of the inorganic fine powder. A magnetic

toner having a high charge is caused to effectively



-61- (BET specific surface area = 250 nferr]g, hydrophobjeity—=_85 % .
by means of a m xed to prepare a nonoconponent- type deveIrALPLAﬂ' _
particle size distribution of the nonoconponent-type develjopet i<£”§*ﬂﬁ§ﬂEﬁT

Fi gure 1. The triboelectric chargeability of the phi.l,i ¢
strontiumtitanate fine powder was _37- q{% Bbb'ﬁﬁS
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jump from the developing Sleeve onto the latent image-

bearing member under the action of a developing biaé
at a duty ratio of below 50 % to faithfully attach to
an electrostatic latent image to effect development,
thus providing a high quality image. ﬁowever,‘if the
particles of 4 - 10 pm is less than 60 % by number,
the development of an electrostatic latent image -
becomes insufficient.to provide a rather low image
density. Magnetic toner particles of 10 pm or larger
.i are pro#ided with a lower charge, so tﬁat it becomes
difficult to faithfully develop electrostatic latent
images. Further, magnetic toner particles of 4 - 10
nm are consumed at a hiéher proportion and, as the
continuation of a succeséive developing operation for
a long pericd, partiéies outside the range of 4 - 10
pm are gradually accumulated to change the particle
size distribution of the maghetic toner on the
devgloging sleeve, thus being liable to cause

——

problems, such as background fog and decrease in image
density. |
Particularly, in terms of wvolume-basis

particle size distribution, if particles of 12.7 pm or
larger are contained in a proportion exceeding 10 vol.
%, this means that particles having a low charge which
are ﬁot desirable -for development using a developing
bias having a duty ratio of below 50 % are present in

a large proportion, to result in a low image density




- measured by accurately weighing 0.2 g of the fine powde i
st andi ng ozerni ght in an environment of 23.5 [err]C and CREﬂEHC.QMEN? S}{EET
of un- coated carrier iron powder ("EFV 200/300" avail ab) er—rem-Rowdertec
K.K.) having a node particle size in the range of 200 -
m xi ng both powders wthin an about 5Q{§§;polyethylene-

bottle covered with a lid sufficiently (by
and down within about 20 sec), followed by nmeasurenent

met hod. The
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shaki ng the -

measured value is shown in Table 1 appeari ng— NMerermattet-
and inferior image reproducibility. Accordingly, in

the monocomponent-type developer according to the
present invention, particles of 12.7 pm or larger

should be suppressed to at most 10 vol. % based on a

volume-basis particle size distribution and, if this

range is satisfied, good results are attained even in

a2 long period of successive image formation providing

a large number of sheets.

The monocomponent-type developer according to

- the presént invention has a weight—average particle

size of 7 - 11 pm, preferably 7.5 - 10;5 pm. While
the weight-average particle size requirement cannot be
considered separately from the other requirements, a
weight-average particle size of below 7 pm means an
increased proportion of'relatively fine particles and.
is liable to result in background fog and a'rather low
image density in an environment of normal temperature

- .very low humidity (e.g., 23 °C, 5 %RH). On the

" other hand, if the weight-average particle size

exceeds 1l pm, rather coarse particles are relatively
rich in the magnetic toner, to result in a decrease in
image density and a loye;ing in image characteristics
in a2 long term of sucdééSive image formation or in a
high humidity environment.

‘ If the monocomponent-type developer éf the

present invention is appiied to an image forming

method using a development bias of asymmetric



provi ded, and the surface thereof was blasted with sphdri

of #300 (53 - 62 [err]n under the conditions of a blagt
7 nm a distance of 150 mm between tRg nozzle and the
pressure of 3.5 kg/cnferr] and a blastin '

[ Producti on of a devel opi ng sl eeve] A stainl eds e Teve
formof a 32 mmdia. cylinder containing a nﬁékﬁéﬂEhﬁhgféHE

cal gl ass Deéa

nqy Bl HOUi 19881 4

sl eeve, an ai

R

time of 60 s¢c.

character as described above, the effects of the
monocomponent-type developer 6f the present invention
are more effectively exhibited.

The particle size distribﬁtion of a toner and
a developer may be_measured by means of a Coulter
counter in the present invention, while it may be
measured in various manners. -

Coulter counter Model TA-I1 (available from
Coulter Electronics Inc.) ié used as an instrument for
measurement, to which an interface (available from
Nikkaki K.K.) for providing a2 number-basis
distribution and a volume-basis distribution; and a
personal computer CX-1 (available from Canon K.K.) are
connected. |

For meésurement,'a 1 $-NaCl aqueous solution
as an electrolyte solution is prepared by using a

reagent-grade socdium chloride. For example, ISOTO§§L

”JLL_Layailable from Coulter Scientific Japan K.K.) may —

be used therefor. Into 100 to 150 ml of the
electrolyte solution, 0.1 to 5 ml of a surfactant,
preferably. an alkylbenzenesulfonic acid salt, is added
as a dispersant, and 2 to 20 mg of a sample is added
thereto. The resultant dispersion of the sample in
the electrolyte liquid is subjected to a dispersion
trea&ment for about 1 - 3 minutes by means of an
ultrasonic disperserﬁ and then subjected to

- measurement of particle size distribution in the range

S



-62- [Productlon of a-Si photosen5|t|ve drunj  Anfa=Si-
phot osensitive drum was prepared by neans of a hi gh-frequenc %EMMEND SHEET
apparatus by wusing a gaseous m xture principally consisting of |nlc..1,

Herr], CHerr], PHerr], Blerr]Herr] and GeH err] accordi ng Qh@ _\g& 9848
discharge process. An al um num cyl i nder substrate o {0 mm -
di aneter and 360 mm | ength was provided_ﬂﬂ A a | ower

of 2 - 40 pm by using the above-mentioned Coulter
counter Model TA-II with a 100 micfon—aperture to
obtain a volume-basis distribution and a humber-basis
distribution. Form the results of the volume-basis
distribution.and number-basis distribution, parameters
-characterizing the magnetic toner and developer of the
present invention may be obtained.

The length~-average particle Size (Znd/Zn, D =
particle size) of inorganic fine powder referred to
herein is based on measurement of particle size
distribution using a Coulter counter. The measurement
may be performed in a similar manner as the |
measurement of a.toner particle size distribution as.
described. In the actual measurement, an electrolyte
containing a sample suspended tlerein was subjected to
dispersion for S5 minutes by an ultrasonic disperser,
followed by measurement of a number-basis particle
ﬂsize distribution in the range of 0 - 40 pm to —_—
calculate a 1en§th4average particle'sizg.

The Counter counter should be equipped with
an appropriate size of apertﬁre so as to efféct an
accurate measurement of the lengthréverage particle
size of the inorganic fine powder within an extent not

_ causing plugging of the aperture. More specifically,
in cése where coarse particles of 6 ﬁm or larger are
absent, it is preferred to use an aperture of 15 um.

In case where particles of 6 - 20 pm are present and



charge injection-preventing |ayer of hydrogenated a-Si doped with boron
then with a 25 [err]mthick photosensitive |ayer of
with an uppernost surface protective |ayer of hydrog nquuAeEMEN§<SHEET
whereby an a-Si photosensitive drum was prepared.
prepared a-Si photosensitive drum was incorporated i N ¢q$ﬁ§rfmgg
apparatus as shown in Figure 3 describedipbel ow for inpgg Yo 5 on
according to the present invention. Referring to gbt-e—t—tthe

he | at ent i mage-

a

above-prepared a- Si photosensitive drumwas used as

bearing nenber 1, the gap a between the | atent inmage-
particles exceeding 20 pm are not present, it is

preferred to use an aperture of'SO pm. In case where
particles of 20 - 40 pm are present and particles
exceedlng 40 pm are absent it is preferred to use an
aperture of 100 npm.

The inorganic fine powder used in the
developer of the present invention may for example -
comprise fine powder of inorganic oxides and fine.
powder of carbonate. The inorganic oxides may
includé: oxides, such as zinc oxide, and tin oxide;
and double oxides, such as strontium titanate, barium
titanaté, calcium titanate, strontium zirconate, and
calcium zirconate. The carbonates may include calcium
carbonate and magnesium éarbonate. Among these, fine
powder of double oxide of titanium oxide, particularly
strontium titanate, shows excellent effects.

The inorganic fiﬁe powder having a length-
average particle size of 0.1 - 5 um may preferably be
hydrqphilic and non-magneﬁic. The required degree of
hydfophilicity may be satisfied if the fine powder can
be wetted with water and dispersed in watef.

In addition to the inorganic fine powder
having a length-average particle size of 0.1 - 5 pn,
it is preferred to externally add hydrophobic
coll;idal silica fine powder to the-magnétic toner so
as to improve the flowability and charge stability of

the developer. The hydrophobic colloidal silica fine



bearing nenber 1 and the above-prepared devel oping sleeve 22 having a

bl asted surface was set at 0.25 mm and the gap between Egﬁ ﬁ¥)l
sl eeve 22 and:the nmagnetic doctor blade 24 was set at (. HEET
magnetic toner |ayer thickness of about 100 [err]mon tHe | devel oping

sl eeve 22. The magnetic field glven by theg,nmgnet rollgr 23}§s¥@Va§ggec
the sl eeve surface was

powder may preferably have a BET specific surface area
of at least 100 mz/g and used in an amount of 0.05 - 5
wt. %, particularly 0.1 - 2 wt. %, based on the
magﬁetic toner. The hydrophobic cﬁlloidal silica fine
pqwder may preferably have a triboelectric
chargeability of the same polarity as the magnetic
toner so as to attach the surface of the magnetic tone
particle surface and move together with.the magnetic
toner particles.

The hydrophobicity oflhydrophobic colloidal
silica fine powder referred to herein are based on
.values measured in the following manner while other
methods may .be applicable with reference to the
following method.

100 ml of pure water and 1 g of & -sample are
placed in a vessel equipped with a closely fitted
stopper and vibrated for 10 minutes on a vibrator.

. Affer the vibration, the container is left standing
f;r several minutes to allow sepération into a silicé
powder layer and an agqueous layer. The aqueous layer
is then sampled, and the transmittance thereof at a
wavelength of 500 nm is measured with reference to
that of pure waﬁer free from contact with the silica
fing powder. The relative transﬁittance value thus
obtéined is taken as the hydrophobicity of the sample
silica fine powder. |

The silica fine powder used in the present



1000 gauss at the N err] pole, 1000 gauss at the § erpg4—pole,—750 gauss at

the N2 pole and 550 gauss at the S[err] pole. REPLAGHEMENT SHEET [was

performed at a rate of 85 sheets (A4)/mn, while sugpl _
ogtatic

| atent inmage having a dark-part = potential of 350 V gnd
potential of 50 V was found on the a-54%ﬂmnosensitive

developer intermttently into a hopper 21. In the tgst} &b 1€
P &8 E}'ﬁ#’ B
—eH-tH-

photosensitive druml was rotated at a speed of 400 {nm sec and the

t

devel opi ng sleeve 22 was rotated at a speed of 520 rmfsec—whtte—apphyli ng

a devel opi ng

in@ition may preferably have a hydrophobicity of at
least 60 %, more preferably at least 70 %.

The developer'according to the present
invention may further cdntain other additives
according to necessity. Examples of_such additives
may include: lubricants, such as polytetrafluoro-
ethylene (teflon), polyvinylidene fluoride, and fatty
acid metal salts; abrasives, sﬁch as cerium oxide, and
silicon carbide; flowability-imparting agents or anti-
caking agents, such as surface-treated titania and
surface-treated alumina treated by surface-treating
agents, such as silicone o0il, various modified
silicone o0il, silane coupling agents, and silane
coupling agents having functional groups:; carbon
blackf and fixing -acids, such as low-molecular weight_
polyethylene. Mofe specifically, it is possible to
add a waxy sﬁbstance, such as lcwvﬁolecular-weight
pel¥?th¥lene, low-molecularpweight pblypropylene, —
microcrystalline wax, carnauba wax and sasol wax in an
amount of 0.5 - S wt._% to the toner of the present
invention in order-%o improve the releasability at the
time of hot roller fixationm.

The binder resin constituting the magnetic
toner used in the present invention may for example
compfise the following maferials.

| Homopolymers. or copolymers of vinyl monomers

shown below: styrene; styrene derivatives, such as o-



vol tage between the photosensitive drum 1 and the developing sleeve 22.

The devel opi ng bias used was a superposition of an AC.voI 11
duty ratio of 30 %and a DC voltage (180 V) as shown in g@?&ﬁ@g ﬁﬁ'SHFET

Under normal tenperature - normal humidity conditions (23. gg[errjb 60—
u

%RH), a continuous copying test of 10[eL£L sheets was pe f fed. Noy 1908
initial stage, there were obtained i mages with excell ent alities having
an image density of 1.45, a thin-like reproducibility of J]104 % a =
resolution of 8.0 lines/nm and a background fog of 0.7 After 5x10[err]

sheets of contmdtioebs €PPYMEY, miMetHeYELPPEAE, ShER¥®hylstyrene, p-

methoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4-

dichlorostyrene..p—ethylstyrene, 2.4-dimethylstyrene,
p-n-butylstyrene, p-tert—butylstyrene, p-n-
héxylstyrene, p-n-octylstyrene, p-n-nonylstyrene, p—n;
decylstyrene, énd p-n-dodecylstyrene; ethylenically
unsaturated monoolefins, such as ethylene, propylene,
butylene,'and isobutylene; unsaturated polyenes, such
as butadiene; halogquted vinyls, such as vinyl
chloride, vinylidene chloride, vinyl bromide, and vinyl
fluoride; vinyl esters, such as vinyl acetate, vinyl
propionate, and vinyl benzoate; methacrylates, such as
methyl methacrylate, ethyl methécrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-octyl methacrylate, dodecyl
methacrylate, 2-ethylhexyl methacrylate, stearyl
methacrylate, phenyl methacrylate, dimethy;aminoethyl
.mggggq;ylate, and diethylaminoethyl methacrylate:
acéylates, such-as methyl acrylaté, ethyl acrylate, n-
butyl acrylate, isobutyi acrylate, propyl acrylate, n-
octyl acrylate, dodecyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate, 2-chloroethyl acryiate, and
phenyl acrylate, viny; ethers, such as wvinyl méethyl
ether, vinyl ethyl ether, and vinyl isobutyl ether;
vinyi ketones, such as vinyl methyl ketoﬁe, vinyl hexyl
ketone, and methyl isopropenyl ketone; N-vinyl

compounds, such as N-vinylpyrrole,_N-vinylcarbazo;e. N-




began to decrease its surface unevenness given by blasting, but no chaqges
in imge quality were observed. Further, the copyi hg opgratton—was—————
continued up to 10[err] sheets. As a result, the REPLACEMENE (GHEES
of the devel opi ng sl eeve was worn to :

-45-~
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vinylindole, and N-vinyl ﬁyrrolidone: vinyl-
naphthalenes; acrylic acid derivatives or methacrylic
acid derivatives, such as acrylonitrile,
methacryronitrile, and acrylamide; vinyl compound
derivatives having a'carboxylic group, such as acrylic
acid, methacrylic acid, maleic acid, and fumaric acid:
half esters, such as maleic acid half esters, and .
fumaric acid half eﬁters; maleic anhydride, méleic acid
esters and fumaric acid ester derivatives.

| Further examples of the binder resin may
include: polyesters, polyurethane, epoxy.fesin,
polyvinylbutyral, rosin, modified rosin, terpene resin,
phenolic resin, aliphatic or alicyclic hydrocarbon
resins, aromatic petioleum resins, haloparaffins,
paraffin wax, etc. These may be used singly or in
mixture.

Among these, styrene-type resins, acrylic
résihs, and polyestef resins are particularly preferfé&“’
as binder resins. |

In view of the anti-offset characteristic of
the resultant polymer, the binder resin may further
preferably be a crosslinked vinyl polymer, a
crosslinked vinyl copolymer or a mixture of these
polgmers. obtained by using a crosslinking agent as
foliows:

Aromatic divinyl compounds, such as

- divinylbenzene and divinylnaphthalené: diacrylate



provi de a snooth unevenness, but there were continually obtained i mges
with substantially equal image qualities as in the initi p~stage—including
an image density of 1.43, a thin-line reproducibility of| REPRABEMENT SHEET

resolution of 8 lines/mm and a background fog of 0.6 %
Simlarly good results were obtained under high tenperat
humdity (30 [err]C - 85 %H conditi angs- Fur
continuous copying test was perfornmed al so under nornal

low humdity conditions (23 [err]C - 5 %H). In the ini

compounds connected with an alkyi chain, such as
ethyiene glycol diacrylate, 1,3-butylene glycol
diacryiate, l,4-butanediol diacrylate, 1,5-pentanediol
diaérylate, l,6-hexanedioi diacry;ate, and neopentyl
glycol diacrylate, and compounds obtained by
substituting méthacrylate groups for the acrylate
groups in the above compounds; diacrylate compounds-
connected with an alkyl chain including an ether bond,
such as diethylene glycol diacrylate, triethylene
glycol diacrylate, tetraethylene glycol diacrylate,
polyethylene glycol #400 diacrylate, polyethylene
glycol #600 diacrylate, dipropylene glycol diacrylate
and compounds obtained by substituting methacrylate
groups'for the acrylate groups in the above compounds;
diacrylate compounds connected with a chain including
an aromatic group and an ether bond, such as
polyoxyethyiene(Z)—Z,Z-bis(4—hydroxyphenyl)propanedi-

: géf?Iaté, polyoxyethylene(4)—2,2-bis(4-hydfoxyphenyl)— .
propanediacrylate, and com@ounds'obtained by
substituting methacrylate groups for the ac¢rylate
groups in the above compounds; and polyester-type
diacrylate compounds, such as one known by a trade
name of MANDA (available from Nihon Kayaku K.K.).

_ Polyfunctional crbsslinking.agents, such as
pentéerythritol triacrylaté, triméthylolefhane
triacrylate, trimethylolpropane triacrylate,

tetramethylolmethane tetracrylate, oligoester



stage, there were obtained i mages having an i mage densi
thin-line reproducibility of 101 % a resolution of 8 I

fy of 1.36, a
i nes/mMm and a

background fog of 1.4 % thus with little background f [
sheets of continuous copying, the devel oping sl eeve surfagiﬁéh@@E&Péﬁ&%%

snoot h unevenness and there were provided i mages havingj sjightly [ owere
image qualities including an i mage densi_ty,s, of 1.32, a thip-0 3iﬁh¥

reproducibility of 97 % a resolution of 7.1 [|ines/nmm
fog of 1.3 % The background fog was eval uat
the refl ectance of a background portion of a sanple

1338

angd_a backgr oun
d by measuring

acrylate, and compounds obtained by substituting

methacrylate groups for the acrylate groups in the

above compounds; triallyl cyanurate and triallyl

trimellitate.

These crosslinking agents may preferably be

used in a proportion of about 0.01 - 5 wt. parts,

particularly about 0.03 - 3 wt. parts, per 100 wt.

parts of the other monomer components.

Among the above-mentioned crosslinking

monomers, aromatic divinyl compounds (particularly,

divinylbenzene) and diacrylate compounds

connected with

a chain including an aromatic group and an ether bond

may suitably be used in a toner resin in

view of fixing

characteristic and anti-offset characteristic. It is

preferred that at least one of these compounds is used

for constituting the binder resin.

The binder resin for constituting a toner to

‘be- used for a pressure fixing system may

—

comprise a

low-molecular weight polyethylene, low-molecular weight-.

polypropylene, ethylene-vinyl acetate copolymer,

ethylene-acrylate copolymer, higher fatty aéid,

polyamide resin or polyester resin. These resins may

be used singly or in mixture.
The magnetic toner according to

invention comprises a magnetic material,

the present

examples of

which may include: iron oxide and iron oxide containing

another metal oxide, such as magnetite, maghemite, and



I mage forned on a standard whil e paper by using a reflectonéfer

(" REFLECTOMETER MODEL TC- 6DS", avail abl e

- 65- from Tokyo Denshoku K. K.) according to the reflg (ﬁEﬂhﬂGEMﬁﬂaeSHEﬁﬁ1

a green filter and by cal culation according to the fol rg—forrt-a:

smal l er value represents |ess background fog. E 0 6 MOV 1998
-48- A

ferrite; metals, such as Fe, Co and Ni, alloys of these
metals with other metals, such as Al, Co, Cu, Pb, Mg,
Ni, Sn, Zn, Sb, Be, Bi, Cd, Ca, Mn, Se, Ti, W and V,

and mixtures of these materials. |

The magnetic material may preferably have an
average particle.size of 0.1 - 2 pm, and magnetic
properties under aéplication of 10 k Oersted, inclusive
of a coercive force of 20 - 150 Oersted; a saturation

'hagnetization of 50 - 200 emu/g, particularly 50 - 100
emu/qg, énd a remanence of 2 - 20 emu/g.

The magnetic toner according to the present
invention may preferably be used by adding a charge
control agent interqaliy or externally. The charge
control agent may be known positive charge controllers,
examples of which may include: nigrosine and its
modified products, e.g., with aliphatic acid metal
salts, quarternary ammonium salts, diorganotin oxides
éﬁ&?&iérganptin borates. These may be used singly or —
in combination of two or more species. Among these,
nigrosine type compounds and quarternary ammonium salts
may be particularly'preferred. .

Further,'it is also possible to use as a
positive charge control agent a homopolymer of a
nitrogen—-containing monomer represented by the formula:
: . 5y

CH2=C
—R

cooczrx,iu\R X
3 ¢



»

Background fog (reflebtance)(@@ = reflectance of a standard white

refl ectance of a background portion of a sanple inmage f
standard white paper. Conparative Exanple 1

prepared in the sane manner as in Exanple 1 except that
titanate having a | ength-average dianeter of 2.25 [err]
particle size distribution of the developer thus obtain
Fi.gure 2. The devel oper was subjected to continuous cof

paper -

1
oT TTETTotr—t-Re

AREBLACEIENT SHEET

testrontrtH

o 1% o A R

T

yi Ng TESTS™™N

same manner as in Example 1

the

wherein Ry denotes H or CH3, and R; and R3 respectively

denote an alkyl group capable of having a

substituent;

or a copolymer of the nitrogen-containing monomer with

another pélymerizable monomer as described above, such

as styrene, an acrylate or a methacrylate.

The

resultant nitrogen-containing homopolymer Or copolymer

can also function as a part or all of the binder resin.

Alternatively, in the present invention, it is

also possible to use a negative charge control agent,

which may be known one such as carboxvlic acid

derivatives or their metal salts, alkoxylates, organic

metal complexes, and chelate compounds. These negative

charge control agents may be-used singly or in mixture

of two or more species. Among these, acetylacetone

metal complex, salicyclic acid metal complexes

alkylsalicylic acid metal complexes, dialkylsalicyclic

acid metal complexes, naphthoic acid metal

complexes,

afnd Monoazometal complexes may be particularly suitably

used.

The toner according to the invention can

contain an arbitrary appropriate pigment or dye as a

colorant as desired. The magnetic material may also

function as a colorant.

The magnetic toner used in the present

invention may preferably be prepared by a method in

which toner constituents are sufficiently blended in a

mixer such as a ball mill and then kneaded well in a



Under the normal tenperature - normal humdity conditions._in.the initial

stage, there were obtained inmges of simlar imge qual'tREQJﬁiMENTSHEET

Exanple 1, including an i mage density of 1.33, a thin- |

reproducibility of 102 % a resolution of 8 I|iens/nm an a %ag 9 g

of 1.8 % However, from after 5x10[err] sheets of conti ua @@ '@ 8

I mge density began to be lowered gradu: and slowy, }la

background fog al so began to increase whi it-mas slightly. After 10[err]

sheets of copying when the devel oping sleeve surface sh

nmnaot h

unevenness,

hot kneading means, such as a kneader or extruder,
mechanically crushed and classified. Alternatively,
it is possible to use a method wherein a binder resin
solution containing other components dispersed therein
is spray~dried; a'polymerization.metﬁod wherein
prescribed ingredients are dispersed in a monomer
constituting a binderlresin and the mixture is
emulsified, followed by polymerization of the monomer
to provide'a polymer; etc. The toner used in the
present invention can be in the form of a microcapsule-
toner comprising a core material and a shell material.

In the p:esent invention, it is particularly
p;eferred to use as a latent image-bearing member a
photosensitive member comprising an a-Si'photosensitive
layer od a conductive substrate in applying the bids
conditions according to the present invention.

Such an a-Si photosensitive.member can be
bfasidéd with a lower charge injection-prevention
foller below the photosensitive layer so as to prevent
charge injection from the substrate.

| It is further possible ﬁo provide a surface
protective layer above the photosensitive layer in
order to improve the durability and provide an upper

charge injection-preventing layer above the

Vi photdsensitive layer or between the surface protective

layer and the photosensitive layer.

It is also possible to dispose a layet which



- 66- the image qualities were | owered down to an imag density of 1.18,

a thin-line reproducibility of 82 % a resolution of 4.5 htpfﬁdeEN S&EEB
ratlre -_ve . OV

background fog of 2.6 % Under the nornmal tenge

hum dity conditions, the inage qualities included an

0 6 NOV 138
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functions as both a surface protective layer and an
upper charge injection-preventing layer.

It is also possible to dispose a long-
wavelength light-absorbing layer above or below the
lower charge injection-preventing layer in order to
prevent ihterferénce with long-wawvelength light.

In this instance, so as to adapt the
respective layers to their practical use, it is
possible to introduce wvarious atoms inclusive of:
hydrogen atom; Group II1I atoms of tha periodic tabie,
such as boron, aluminum, and gallium; G;oup.IV atomé of
the periodic table, such as germanium and tih; Group V
atoms of the periodic tabie,-such as nitrogen,
phosphorus and arsenic; Group VI atoms of the periodic
table, such as oxygeﬁ; sulfur; and selenium; and
halogen atoms, such as fluorine, chlorine, and bromine, ..

along or in combination at the time of formation of a- .

- e —_—
Si.- . }

For example, a photosensitive drum for holding
a negatively charged electrostatic image can be
prepared by forming a photosensitive layer with
hydrogenated (i.e., hydrogen-containing) a-Si, a lower
charge injection-preventing layer with hydrogenated a-
Si doped withlphosphorus; and an upber charge
injeﬁtion—preventing layer with hydrogenated'a-Si'doped
with boron.

On the other hand, a photosensitive drum for



I mage density of 1.23, a thin-line reproducibility of 88 % a resolution
of 5.6 lines/mm and a background fog of 2.5 % which ' Y -+
results in Exanple 1. Further, as a result of conti nuoisRERIAGENENT: SSEET
fromafter 5x10[err] sheets, fine powder of the magnetjc fromer—begamtp
stick onto the devel oping sleeve surface and al so a de eloges Qggqggg
irregularity occurred on the devel opi ng s% eve. The regs Itant'lnpggl
qualities included an image density of I”fZF a thin-lifpe reprogucT bty
of 76 % a resolution of 4.5 lines/mm and a backgroungd of 3.5 % which
were remarkably inferior to the results in _

holding a positively charged electrostatic image can be

prepared by forming a lower charge injection-preventing
layer with hydrogenated a-Si doped with boron and a
surface protective layer with an amorphous film
comprising silicbn, carboﬁ and hydrogen (hereinafter
called a-SiC film).

An a-Si photosensitive member is generally
excellent in heat resistance and abrasion resistance
and is thus excellent in durability. Accordingly, the
image forming method according to the present invention
is advéntageous for realization of a high-speed image
forming apparatus. Further, it is possible to form a
latent image faifhful to én original image so that it
is advantageous in realizing a high image quality in an
image forming apparatus such as a copying machine.

An Se photosensitive member and an OPC
photosensitive member can cause detefioration of the
fggzséénsitive layer during a continuocus use due to
white reflection light, laser light and mechanical
action to result in difficulties, such as decrease in
photoconductivity and chargeability and increase in
dark decay, so that they can fail to show sufficient
electrophotographic performanées in some cases. In
such cases, there can arise difficulties such that a
sufficient dark poténtial cén not be attained, it
becomes impossible to lower the light part potential to

‘a necessary level, and it becomes difficult to obtain



Example 1. Exanmples 2 - 5 e |
manner as in Exanple 1 except for the matters specifi
Tabl e 1 and subjected to continuous copying tests in

Exanpl e 1. The results under the nornal tenperptore=——Torm
hum dity conditions (23.5 [err]C - 60 %H) are shown |in ﬁgmeﬁgyggyp
results under the nornal -53-

Th

D

an appropriate potential contrast or a latent image
potential corresponding to an original. As a result,
an insufficient density, fog and loss of gradation can
occur. The deterioration is aecelerated if a larger
number of image forming cycles are repeated in a unit -
period of time, so that the above difficulties are
pronounced in a high-speed machine. Accordingly, in
order to obtain stable electrostatic latent images, an
a-Si photosensitive member capable of always
maintaining a constant latent image potential is
advantageous and such as a-Si photosensitive member can
be applied to a high-speed machine without problem.
Further, an Se photosensitive member end an
OPC photosensitive member can cause a disturbance in
thin or fine latent images for the above-mentioned
reason. The magnetic toner used in the present
invention is capable of faithfully develop even thin
latent images so that.such a disturbance in latent
image can be reflected in a developed image, thus being
disadvantageous in delicate expression of thin lines
and dots. On the other hand, an a-Si photosensitive
member does not cause a disturbance in latent image so
that the above-mentioned problems are not caused. The
problems are also pronounced at a higher process speed.
The ﬁagnetic toner used in the present invention has a
large specific surface area, so that it has a tendency

to cause a frequency contact to accelerate the abrasion

Devel opers were prepared in a simlar



-67- tenperature - very low humdity cbnditions (23 C- 5%H are shown

i n Table 3.
was prepared

strontiumtitanate having a | ength-average particle sigefor 225 T&rti
was used in an anount of 0.3 w. % The particle size fi$tpi®yidpnagmtp of
the developer are shown in Table 1, andche results off. '

r

-

Conparative Exanple 2 A nonoconpprEn-type-devel
in the same manner as in Exanple 1 except Jﬁ%ﬂA0§ﬁ5N6dmm€ﬁ?
m

of.the photosensitive member when applied to a high-
speed machine. Se aﬁd OPC photosensitive members are
particularly liable to be abraded to'promoté the |
problem. However, an a-Si photosensitive member has a
high hardness so that it is not concerned with such a
problem.

In the present invention,'by ccntrolling'not
only the magnitude but also the duration t of an AC
bias electric field, a portion of the magnetic toner
capable of faithfully.develqping a latent image on an
a-Si photosensitive member is effectively flied to
accomplish the object of present invention in a-
satisfactory manner.

More specifically, in the present invention,
an AC bias voltage is controlled so that the magnitude
of the developing-side bias electric field is increased
and the duration thereof is shortened without charging
the entire frequency of the AC ﬁias voltage. T
Corresponding thereto, the revérsé development-side
bias electric field is éuppressed to be low and the
durétion thereof is increased, whereby the duty ratio
of the AC bias voltage is controlled.

Bf sufficiently increasing the develépment—
side bias electric field according to the above cbntrol
scheﬁe, toner particles of 4 - 10 pm on the sleeve

which constitute an essential component for providing

an improved image quality are effectively flied



continuous inmage formation tests are shown in Tables 2 and 3. Conparative

Exanple 3

same manner as in Exanple 1 except that hydrophilic gt REPLAGERIENT SHEET
having a | engt h-average particle size of 2.25 [err] mjwa j
The particle size distribution data of tlhe
shown in Table 1, and-the results of conggnuous I mags§
shown in Tables 2 and 3. Conparative Exanple 4

of 11 w.

A nonoconponent -type devel oper was.-arepared .in the.

mount

—

-électfic field is suppressed to be low, the duration

or&g¥§%ﬁpgg@?reare'

reciprocally to fully dévelop a latent image on an a-
Si photosensitive member and prevent the sticking
thereof onto the sleeve surface, whereby the decrease
in image density and devgloperfcarrying ﬁember memory
are suppressed. |

Further, while thé reverse-development side
electric field is suppressed to ﬁe low, the duration
thereof is sufficiently prolonged, so that an excess of
toner attached to outside a latent image pattern on an
a-Si photosensifive member is supplied with a peeling
force from the latent image-bearing member 1 to
suppress the ground fog.

At this time, the reverse development-side
electric field is suppressed to be low, so that toner
particles of 4 - 10 pm 'constituting an essential
component for toner coverage are not peeled.

While the reverse development-sidé bias
thereof is made longer, so that the effecting peeling
force from the latent_imagefbearing member is ensured.
However, the toner.image attached to a latent image
pattern is not disturbed, whereby a good image quality
with gradafibn can be realized.

According to the present invention, the
development-side bias electric field of an AC bias
voltage is intensified to fly a portion of the toner .

present in the vicinity of the sleeve, so that such a



A nonoconponent -type devel oper was prepared in the sane manner as in
Exanpl e 1 except that hydrophilic- strontiumtitanate hew-ig—a

T

| engt h-average particle size of 0.35 [err]mwas used if EEPH&@EMENTOSHEET
w. % The particle size distribution data of the develloget—ate—shoewi—
Table 1, and the results of

b 6 NOvOR0s
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portibn of the toner in the vicinity of the sleeve and-
having a large charge is more intensively attached to a
lateﬁt iﬁage pattern. As a re#ult, even to é weak
latent image pattern on-an a-Si photosensitive member,
such a portion of the toner_haviné a large charge is
attached because of a large electrostatid force,
whereby an image héving an edge sharpness and a good
resolution can be obtained, and magnetic toner
particles of 4 - 10 um which are an effective
component for realizing a high image quality are
effectively utilized to provide an extremely good
image quality.

A latent image on an a-Si photosensitive
member has a low surface potential but has a iarge
capacitance, so that the-charge thereof is large.
Accordingly, the magnetic toner according to the
present invention is small in particle size and has &
lé;gg'éﬁarge, so that it is firmly attached to the
latent image. The toner_thus attached to a latent
image part having a potential to be developed (image
part) is not affected by the exterior and the image
thereof is not disturbed.

As for a non-image part, a fog toner
(attached to such a non-image part) can be peeled by
the Aeveloping bias according to the presenf invention
even on an a-Si photosensitive member. As for a

latent image on an a-Si photosensitive member, the




continuous inmage formation tests are.shown in Tables 2 and 3. Conparative

Exanple 5 A nonoconponent -type devel oper was pr e +
sane manner as in Exanple 1 except that hydrophilic strdnRERRAGENENRISHEET

having a | ength-average particle size of 6.7 [err]mwas |usF .
of 3 wt. % The particle size distribution data of the |deye @@\ i988
shown in Table 1, and the results of comt7i-nuous i mage farnption tests arfe
shown in Tables 2 and 3. )

magnetic toner is effectively flied under appiication
of the above-mentioned specific bias voltage, so that
a high image quality can be stably attached for a long
period and the image quality is stable even under a
continual use in a high-speed machine.

In the case'where an a-Si photosensitive
member is used as the latent image-bearing member, the.
above-mentioned effect of the present invention can be .
remarkably exhibited if the development is pérformed
under a sﬁall difference between the.light part
potential and-the dark part potential of 130 - 350 V,
preferably 150 - 300 V.

Then, a déveloping sleeve used in-a preferred
embodiment of the present invention will be explained.

- In the present invention, the develoéing
sleeve may preferably have a surface. unevenness
comprising sphere-traced cohcavitiés. The surface
state can be obtained by blasting with definite shapéd“'
particles. Herein, the definite-shaped particles may
preferably be spherical or spheroidal particles having
a substantially smoothly curved surface and having a
ratio of longer axis/shorter axis of 1 - 2, preferably
1 - 1.5, furthér preferably 1 - 1.2. The definite-
shaped particles may for example be various solid
sghefes.or globules, such as those of metals such as
stainless steel, aluminum, steel, nickel and bronze, or

those of ceramic, plastic or glass beads, respectively,



Conpar ati ve Exanple 6 A nonoconponent -type devel oper having a
wei ght - average particle size of 14 [err]mwas prepared in _g_sinmlar manner

stronti um
and 0.5 wt.

as in Exanple 1. The magnetic toner was mxed with 3 w. /?&bLg§§M?QT#¥#$

titanate having a | ength-average particle size
% of negatively chargeabl e hydrophobic dry-prjpc

~d

PSS l{,Q! Iaoi dal
silica (BET specific surface area = 250 APerr]/g, hydrophob| c8tY 818438
to prepare a nonoconponent-type devel oper. The particle size_distributign
data of the devel oper are shown in Table 1, and the resuljts of continuous

i mage for”at'QQa$f§§Sa specific particle size.

A developing sleeve preferably used in the
present invention may also be obtained by blasting
first with indefinite-shaped particles and then with
definite-shaped particles. Sdch indefinite-shaped
particles may comprise arbitrary abrasives.

By blasting the sleeve surface with definite-
shaped particles having a specific particle size, it
is.possible to form a plurality of sphere-traced
concavities having almost the same diameter.

In the present invention, "thin-line
reproducibilify“ was evaluated in the following manner.
An original of a thin line ihage having a width of
accurately-ioo wm is copied.under suitable copying
coﬁditions to provide a sample copy for-measurement.
The line width of the toner image on the copy is
measured on a'monitor of Luzex 450 Particle Analyzer.
The-line width is measured at several points along the—
length of the thin line toner image so as to provide an
appropriate average value in view of fluctuations in

width. The value of thin line reproducibility L%)-is

- calculated by the following formula:

Measured line-width of a copy image

x 100
Line width (100 pm) on the original :

In the present invention, the resolution was

evaluated in the following manner. An original sheet



are shown in Tables 2 and 3. Conparative Exanple 7 A
nmonoconponent -t ype devel oper having a weight-average particle size of
[err]mwas prepared in a - 69-
simlar manner as in Exanple 1. The magnetic toner

-59-

having 10 original line images each comprising 5 lines

. spaced from each other with an identical value for line
width and spacing is provided. The 10 original images
comprise the S5 lines at pitches of 2.8, 3.2, 3.6, 4.0,
4.5, 5.0, 5.6, 6.3, 7.1, 8.0. 9.0 and 10.0 lines/mm,
respectively. The original sheet is copied under
suitable conditions to obtain a sample copy on which
each of the ten line images is abserved through a
magnifying glass and the maximum number of lines
(lines/mm) of an imége in which the lines can be
discriminated from each other is identified as a
resolution measgred, A larger number indicates a
highe; resolution.

Hereinbelbw, the present invention will be
explained in more detail based on Examples.
Hereinbelow, "part(s)" used for describing a formation
or composition are by weight.

Example 1 ' —

{Production of magnetic toner] |

Styrene/butyl acrylate/monobutyl
maleate/diviﬁylbenzene copolymer 100 parts
(monomer wt. ratio = 67.7/25/7/0.3, |
Mw (weight-average molecular weight)
= 38x104
_ﬁagnetic powder 90 parts

(number-average particle size = 0.18 pm;

saturation magnetization = 85 emu/q,



was mxed with 3 wt. % of hydrophilic strontium titanate having a
| engt h-average particle size of 2.25 [errJmand 0.5 w. %of negatively.

char geabl e hydrophobic dry-process colloidal silica (BET] gppcAdEMENTSHEEE
area = 250 nferr]/g, hydrophobicity = 85 % to prepare a

nonoconponent -type devel oper. The particle size distributi>n L4 he
nupds B i loss

- devel oper are shown in Table 1, and.the&®sults of conti
formation tests are shown in Tables 2 and 3.
REPLACENMENT SHEET

residual magnetization = 12.5 emu/g and
coercive force = 130 Oersted, as measured
under an external magnetic field of 104 Oersted)
Low-molecula; weight
butylene/propylene copolymer h 3 parts
3,5-Di-tert~butylsalicylic acid
Cr complex (charge control agent) 2 parts
The above ingredients were well. blended in a
blender and melt-kneaded at }30 ©C by means of a'twin-
screw extruder. .The kneaded product was cooled,
coarsely crushed by a cutter mill, finely pulverized
by means of.a pulverizer using jet air stream, and
classified by a fixed-wall type wind-force classifier
(DS-type Wind-Force Classifier, mf&. by Nippqn-
Pneumatic Mfg. Co. Ltd.) to obtain a classified pdwder
prodgct. Ultra-~fine powder of 4 pm or smaller and
coarse power were simultaneously and precisely removed
from- the classified powder-by_méans of a multi- -
division classifier utilizing a Coanda effect (Elbow
Jet Classifier available from Nittetsu Kogyo K.K.),
thereby. to obtain a negatively chargeable magnetic
tonér.
The thus-obtained magnetic toner was mixed.
Qith_3 wt. % of hydrophilic strontium titanate (as
inoréanic fine powder) having a length-average
particle size of 2.25 pm and 0.5 wt. % by negatively

chargeable hydrophobic dry-process colloidal silica
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REPLACEMENT SHEET ~Z1- [err]

REPLAGEMENT SHEET
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{BET specific surface area = 250 ng. hydrophobicity =
85 %) by means of a mixed to prepare a monocomponent-
type developer. The particle size distribution of the
monocomponent-type developer is shown in Figure 1.

The triboelectric chargeability of the
hydrophilic strontium titanate fine powder was
measured by accurately weighing 0.2 g of the fine -
powder sample after standing overnight in an
environment of 23.5 ©C and 60 %RH and 9.8 g of un-
coated carrier iron powder ("EFV -200/300" available
from Powdertec K.K.) having a mode particle size in
the range of 200 -~ 300 mesh and mixing both powders
within an about S50 cc-polyethylene-made wide-mouthed-
bottle covered witﬁ a lid sufficiently (by shaking the
bottle 50 times up and down within about 20 sec),
followed'by measurement by the blow-bff method. The
measured value is shown in Table 1 appearing
hereinafter.

(Production of a developing sleeve]

A stainless steel sleeve (SUS 304) in the
form of a 32 mm-dia. cy;inder containing a magnet
therein was provided, and the surface thereof was
blasted with spherical glaés beads of #300 (53 - 62
pm) under the conditions of a2 blast nozzle diameter of
7 mm; a distance of 150 mm between the nozzle and thé
sleeve, an air pressure of 3.5 kg/cm2 and a blasting

time of 60 sec.



. -T12- [err] -73- . As is
understood fromthe above description and experinental data, the

onocomponent - type REPLACEMENT SHEET

-62- £ o KOV 1398

[Production of a-Si photosensitive drum]

An a-Si photosensitive drum was prepared by
means of a high-frequency plasma CVD apéaratus by
using a gaseous mixture principally consisting of
SiHg4, Hy, CH4, PH3, BqHg and GeH,4 according to the
glow discharge process. '

An aluminum cylinder substrate of 108 mm -
diameter and 360 mm length was provided with a lower
charge injection-preventing layer of hydrogenated a-Si
-doped with boron, then with a2 25 umm-thick
photosensitive layer of hydrogenated a-Si and with an
uppermost -surface protective'layér of hydrogenated a-
SiC, whereby an a-Si photosensitive -drum. was prepared.

. The above prepared a-Si photosensitive drum
was incorporated in an:image- forming apparatus as
shown in Figure 3 described below for image formation
according to the present invention..

..o—w _ Referring to ?igure 1, the above-prepared a- ——
Si pﬁotésensitive drum was used as the latent image-
bearing member 1, the gap a between the latent ihage—
bearing member 1 and the above-prepared developing

| sleeve 22 having a blasted surface was set at 0.25 mm,
and the gap between the developing sleeve 22 and the

- magnetic doctor blade 24 was set at 0.24 mm to form a
magnétic toner layer thickness of about 100 pm on the
developing sleeve 22. The magnetic field given by the

magnet roller 23 as measured on the sleeve surface was



devel oper according to the present invention exhibit the follow ng

advant ageous effects when applied to a devel opi ng syst ep-us+hg—atr

o Ty Aatd

asymmretri ¢ devel opi ng bi as. (1) Showi ng continuallyiﬁﬁ%ﬁBEMENT SHEET
characteristics even in a long period of continuous inaperf rUrnuLIUH of

106 sheets or even nore while contlnually roviding 'imapes$ hy
density and free from background fog. g hpg% {@V ?ﬁ

(2) Providipg ‘qual

i mages excellent in thin-line reproducibility and resol jyt Fomevenmafter
| ong period of continuous inmage formation. (3) Proyiding i mages

a

having a Stamﬁbdﬁﬁghdégﬁki the N; pole, 1000 gauss at the S; pole,

750 gauss at the N; pole and 550 gauss at the S, pole.
A copying test was performed at a rate of 85
sheets (A4)/min, while suppiying a sample devel&per
intermittently into a hoppér 21. In the test, an
electrostatic latent image having a dérk-part |
potential of 350 V and.a light-part potential of 50- V
iwas found on the a-Si photosensitive drum 1, the |
photosensitive drum 1 was rotated at a speed of 400
mm/sec and the developing sleeve 22 was rotated at a
speed of 520 mm/sec, while applying a developing bias
voltage between the photosensitive drum-1 and the
developing sleeve 22. The developing bias used was a
superposition of an AC voltage having a duty ratio of
30 $ and a DC voltage (180 V) 'as shown in Figure'S.
Under normal temperature -~ normal humidity
conditions (23.5 ©C, 60 %RH), a continuous copying.
tes:.qf 105 sheets was performed. In the initial —
stage, there were obtained images with excellent
qualities having an image density of 1.45, a thin-like
reproducibility of 104 %; a resolution of 8.0
lines/mm, and a background fog of 0.7 %. After leo5
sheets of continuous copYing, the developing sleeve
began to decrease its surface unevenness given by
blaéting, but no changes in image quality were
cbserved. Further, the copying operation was

continued up to 106 sheets. As a result, the




density, excellent in thin-line reproduoibiiity and resdqt
from background fog. A nonoconponent -type develogéﬁﬂggmﬁmﬂlghﬁﬁ-

devel oping electrostatic images, includes a magnetic toner[ contalni ng at
| east a binder resin and magnetic powder, and 0.5 - 10 . %Gb_ggyonga& 1he
magnetic toner) of inorganic fine powder having a | ength- | average
particle size of 0.1 - 5 [err]m The deveT%ﬁér has a nurfber-basis particl g
size distribution such that particles of 4 [err]m or sihualler are
contained at 5 - 18 % by nunber and particles of 4 - 10 [err]mare

contained at atlyfAsinddl BOYeHld W e1 P ndCYBLL0E" was worn to

provide a smooth unevenness, but there were
continually obtained images'with substantially equal
image qualities 2s in the initial stage including an
image density of 1.43, a thin-line reproducibility of
102 %, a resolution of 8 lines/mm, and a background
fog of 0.6 %. -
Simiiarly good results were obtained uﬁder'
high temperature - high humidity (30 ©C - 85 $RH)
conditions. | |
Further, a'similar continuous copying test
was performed also under normal temperature - very low
‘humidity conditions (23 °C - 5 '%RH). In the initial
stage, there were obtained images having an image
density of 1.36, a thin-line reproducibility of 101 g,
a resolution of 8 lines/mm, and a background fog of
1.4 %, thus with little background fog. Aafter 10°
nsgeets of continuoué_copying, the developing sleeve
surface showed a- smooth unevenness and there were
provided images haviﬁg slightly_lowered image
qﬁalities including an image density of 1.32, a thin-
line reproducibiiity of 97 %, a.résolution-of 7.1
iiﬁéé/mm, and a background fog of 1.3 %. .
The background fog was evaiuated by meaéuring-
the:reflectan¢e of a background portion of a.sample_ :yﬁﬁﬂﬁ
image formed_dn_a standard while paper by-uéing a_' |

. reflectometer (“"REFLECTOMETER MODEL TC-6DS", available



-74- has a volune basis particle size distribution such that particles of
12.7 [err]m or larger are contained at at nost 10 % bypvettme—Th

[
devel oper has a weight- .average particle size of 7 - 11 FREPU\BEMBWe?PWr
[}

is particularly useful for devel opnent under applicatioh f
DC- super posed asymmetric AC bias-electric field - 0 6 NOV 1998
- -65- '

from Tokyo Denshoku K.K.) according to the reflectance
mode using a green filter and by caléuiation according
to thg foilowing formula. A smaller.value fepresents
less background fog.

Backéround fog (reflectance)(%) = reflectance of a
standard white paper - reflectance of a background
portion oﬁ a sample image formed on the standard white
paper.

Comparative Example 1

A developer was prepared in the same manner
as in Example 1 except that the strontium titanate
having a léngth—dverage diameter of 2.25 pm was
omitted. The particle size distribution of the
developer thus obtained is shown in Figure 2. The
developer was subjected to'continuous copying tests in
the same manner as in Example 1.

‘Under the normal temperature - normal
humtdity conditions, in the initial stage, there were
obtained images of similar image gqualities as in |
Example 1, including an image density of 1.33, a thin-
line reproducibility of 102 %, a resolution of 8
liens/mm and a background fog of 1.8 %. However, from
after 5x105 sheets of continuous copying, the image
density began to be lowered.gradually and slowly, and
the background fog also began to increase whilé it was
slightly. After 106 sheéts of copying when the

developing sleeve surface showed a smooth unevenness,



I ncl udi.ng a devel opnent - si de vol tage conponent with a |arger magni tude and

a shorter

75 -

duration than a reverse devel opnent-side VOltEgﬁEﬁﬂﬂE£M§ﬁISHEET

CLAI M5
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the image qualities were lowered down to an image
density of 1.18, a thin-line reproducibility of 82 %,
a resolution of 4.5 lines/mm, and a background fog of
2.6 %.

Under the normal temperature - very low
humidity conditions, the image qualities included an
image density of 1.23, a thin—line reproducibility- of
88 %, a resolution of 5.6 lines/mm and a background
fog of 2.5 %, which were inferior to the results in
Example 1. Further, as a result of continuous copying
test, from after leoS sheets, fine powder of the
magnetic toner began to.stick onto the developing
sleeve surface and also a developer coating -
irregularity occurred on the déveloping sleeve. The
resultant image qualities included an image density of
1.14, a thin-line reproducibility of 76 %, a
resolutién of 4.5 lines/mm, and a background of 3.5 %,
whi;p.wgre remarkably inferior to the results in -
Example 1.

Examples 2 - 5

Developers were prepared in a similar manner.
as in Example 1 except.for the matters specifically
mentioned in Table 1 and subjected to continuocus
copying tests in the same manner as in Example 1.

The results under the normal temperature -
normal humidity conditions (23.5 °c - 60 $RH) are

shown in Table 2, and the results under the normal



1.. A nonoconponent-type developer for developing eleg

rtTostat-6—-Rages .
conprising: a nmagnetic toner containing at |east a binder rﬂERhAGENENT SHEET
magneti c powder, and 0.5 - 10 w. % based on the magneti c|t gmer—of

i norgani c fine powder having a | ength-average particle sige @I 6 flﬁv égﬁ

[err]m wherein the devel oper has a nunber-basis pgr a
di stribution such that particles of 2.00-672.52 [ er r] mare—cont-at+re
in a larger proportion than particles of 2.52 - 3.17j[err]m that
particles of 4 [err]m or smaller are contained at 5 - I8 9% by munbes
and that particles of 4 - 10 [err] mare contained at at | east 60
% by number:; temperaturedeydegiyerl GrahumidiitiecoRdisionst (28e°Si ze
distribution such that particles of 12.7 [err]mor | arger are
contai ned at 2*RbstarR 3%%‘57‘\/‘61 FAblenk the devel oper has a
meight-averag%ga rticle size of 7 - 11 [err]m

mparative Example 2 :

A monocomponent-type developer was prepared
~in the same manner as in Example 1 except that
hydrophilic strontium titanate having a length-average
particle size ¢of 2.25 um was used in an amount of 0:3
wt; %. The particle size distribution data of the
developer are shown in Table 1, and the results of
continﬁous image formation tests are shown in Tables 2
and 3.
Comparative Example 3

A monocomponént-type developer was prepared
in the same-manner as in Example 1 excsept that
hydrophilic strontium titanate having a length-average
particlelsize of 2.25 um was used in an ambunt of 11
wt. $. The particle size distribution data of the
dev&loper are shown in Table 1, and-the results of -
continuous image formation tests are shown in Tables 2
and 3.
Comparative Example 4

A monocomponent-type developer was prgpared
in the same manner as in Example 1 except that

_'hydrpphilic-strontiﬁm titanate having a length-average

part;cle size of 0.35 pm was used in an amount of 3_
wt. %. The_particle size distribution data of the

developer are shown in Table 1, and the results of




2. The devel oper according to Claim1, wherein the inorgani dEPLXCEumMC.

has a | ength-average particle size of 0.5 - 3 [err]m IWENT'SHEET
- 76- 3. The devel oper according to Claim 1, mhereln t he Tnorygante
fine powder is contained at 1 - 7 wt. @6 0 6 NOV 1998

-68-

continuous image forﬁation tests are shown in Tables 2
and 3.
Comparative Example 5
A monocomponent-type developer was prepared
in the same manner as in Example 1 except that
hydrophilic strontium titanate having a length—average
particle size of 6.7 pm was used in an amount of 3. wt.
%. The particle eize distribution data of the
developer are shown in Table 1, end the results of
- continuous image formation tests are shown in Tables 2
and 3. |
Comparative Examgle.s
A monocomponent-tyée defeloper having a
weight-average.particle size of 14 pm was prepared in
2 similar manner as in Example 1. The magnetic toner
was mixed with 3 wt. % of hydrophilic strontium
titanate having a length-average particle size of 2.25
u&.;;a 6.5 wt. % of negatively chargeable hydrophobic
dry-process colloidal silica (BET specific surface
area = 250 mz/g, hydrophobicity = 85 %) to prepare a
monocomponept-type developer. The particle size
distribution data of the developer are shown in Table
1, ane the results of continuous image formation tests
are shown in Tables 2 and 3.
Comgaratlve Examgle 7
A monocomponent type developer having a

weight-average particle size of 5 pm was prepared in a



based on the magnetic toner 4. The devel oper
wherein the inorganic fine powder has a | ength-average
0.5 - 3 [err]lmand contained at 1 - 7 w. % based orn
5. The devel oper according to Claim1l1, wherein the i
has a triboelectric chargeability of 0.1 - 10 [err] g
absol ute val ue. ' -69-

ccording to Caiml

nlola glla

ic TIne

r Rﬂvof;}ggn

similar manner as in Example 1. The magnetic toner

was mixed with 3 wt. % of hydrophilic strontium

titanate having a lengthéaverage particle size of 2.25
uﬁ and 0.5 wt. % of negafively chargeable hydrophobic
dry-process c¢olloidal silica (BET specific surface
area = 250 m2/g. hydrophobicity = 85 %) to prepare a
monocomponent-type developer. The particle size -
distribution data of the developer are showﬁ in Table
1, and the results of continuous image formation tests

are shown in Tables 2 and 3.

PERLAGRMENT SFEer

er



!

ajutiogres unyoteo oytyudoaphy =
9jeuwd 3 umyreq O TTYdoIpAy =
ejeue)Ty untjuans o Tyydorpiy =

'O'O'H
.B.m.z
"L'S'H ‘¥

- L1y
&
I8 | &
- ‘..(-—
D
P8 b Bo
,%Ma.mwo
D
94— = O
D .:I_ﬁa
. O
LT
o) ()] ()
Snpe ~—~
(&) Q.=
— N ®©
- .0 0 =
N~ - C
. N OO
o > 0
1 O .
() T O
< o [
— Oma
N E
c . o
— S Y
*8°% 5
S
g€ ®
.mue (9p]
c _
(] 1
- S 1
- O o )
-
ess T
—_ o «
T8
Y—
O < .o
— S
O . e%
e
~cEB2
oD — SO0
Cw O C.
— O +—
° O > -
rd.mba
cv=so9o
oc >
Q.— - [«§}
C ©—HOC
— =
rnm
L O .—
OO0 @, C
(@] ——
—0o04do©
O —
anaome
)
T =
L OO
. 0—_—C O -
_ml.ln_/
T .—
mram
N 0O - .—
Cma
e O
owocolO

% by nunber.

S £°0 p°'€E9 | G'9EC 5 '8l ol L°L 0'¢t 't 1 TAR A ‘L°'S°H L
4 g'is v'Es |8°8 S'¢E 1°e .C't 0°¢c t't 1 TN ‘%'S°H 9
6 €L TANA I A YA (] § S°¢ 9°1 0°¢ €0 L9 ‘&'S'H S
£'e AN £'lg | 2'9 0'¢€ £l 6°0 0'€ 8°'s GE'D ‘L'S°H b
1°6 8'L 1°89 |8°¢C g9 €'S Lol (41 't 1 TANA ‘L'S'H .| €.
t'6 1'8 ¢'LL jotol 1°v A b'E €0 't +.5C'C "L'S'H r4
£°6 £'s 1'ig | 8°¥p 0'¢t £l S'0 - - - - —&MM
s'ot t'6 LiL | s'st 8°S 13 4 b'Ss 0'L L0 68°¢ *D'O°H 9
6°L 9°¢" 9°'le | P'9 [ sl gl 0°t S0 £€S°0 .B.m.l S
9°6 S8 g'sL [9°¢l 9P 8't e’s 0°9 0°'¢t 9.°¢ ‘L°S°H v
b8 2 b's8 | €°L Al 8L £C 0°¢ | (8'0 ‘L'S'H €
L8 S'9 i'ee |8l 2 v'e L'v Sy 8¢ vo'l ‘L'S°H 4
£°6 i'g €'LL | crol (A S$°Z 9°¢ 0°¢ AR 3 62'¢ ‘L'S°H (I |
(und) _ ud url url (s:am) | (B/0d) (uxt)
9zTs undz g1z | wrol-p {umps 00" p-LL°€ | L1 €-2S°C | 25°C-00°C ebxeyo 9218

sbeiase . _ oy130919 arot3ed | -

ybtap | sumioa Aq § taqumu Aq g amouy | -oqyad | cene—yabuey | ysetoads

aadotensp Jusuoduoooucl JO UOTINQIIISTP 921S BToTITed

_ aspmod aury oyuehrour

| otqey,




17
e oy

0 6 NOV 1398

2

L~

REPLACENIBNT BHEET

.

wher ei p—t-he—partith e Samm

7. % by nunber.
the particles of
-71-

wher ei n

6

!

L'y L°L 86 1z°1 S°¢ 0°'8 1ot le"t L
Lo 0°S 8 gL1 8'0 £'9 cot et 9
8¢ Sy 98 T Al L1 €9 ot gt S
9'2 N 8L 80° 1 8L 0'S <8 AN v
4 9°g €6 £2°1 Sl €9 1] 1 ze'l €
- - - - Al % 8¢ gL S0°L 4
9°'¢ Sy (4] gL't gl 08 7ol €e L m%mw
£l 9°'g ZiL 0 gL €9 Lol ze'l 9
Lt £°9 v Ge°l pot 0°6 Lol pe°t S
8°0 L'L €0l A} 01 i zol A" v
S0 L'L €0t ppel 9°0 0°'8 S0l 9p°1 £
L0 0°8 901 9p° 1 6°0 A €0l % AN ! 4
9'0 0'8 ol £v°L Lo 0'8 vol Gh' L i
(%) (uu/sUTT) (%) (%) (u/sUTT) (%)
bog K3t11qronpoad | Aarsuap boz K3rTrgronpoxd | A3fsusp
punoxbjoeg | UOTINTOSIY | —8X DUFT-UTYL obewy | punoxbyoed :0ﬂu1H0moz -9X SUTT-UTYL abruiy

S399US o0l 193V

obeys TeTITUI

9. The devel oper according to Caim?7,

2.52 [ertr]mare contained at 2 -

devel oper according to Claim?7,
[err]mare contained at 1 -
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11. The devel oper according to Caiml,
wherein the inorganic fine powder
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magneti c i norgani e72ne powder.

particles of 3.17 - 4.00 [err]mare contained at-2 -
The devel oper according to Claim 11,

% by nunber .
4.00 [err]mare contained at 3 -
hydr ophi Il i ¢ non-
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14. The devel oper according to Claim 13. wherein the inorganic fine powder

conprises fine powder of an inorganic oxide or an inorgph t
15. The devel oper according to Caim13, wherein t he ﬁgﬁﬁgﬁFQEQfﬁngT
powder conprises fine powder of an |norgan|c subst ance| s¢l ected fromt

group consi sting s 0 6 NOV 1398

As is understood from the above description
and experimental data, the monocomponent-type
developer according to the present invention exhibit
the following advantageous effects when applied to a
developing system using an asfmmetric developing bias.

(1) Showing continually excellent characteristics
even in a long period of continuous image formation-of
lO6 sheets or even more whi;e continually providing
images with a high density and free from backgrouﬁd
fog.

(2) Providing high-quality images excellent in
‘thin-line reproducibility and resolution even after a
long period of continuous image formation.

(3) Providing images having a étably high image
density, excellent in thin-line reproducibility and

resolution, and free from background fog.

A monocomponent-type developer for developing -
elég;;oétatic images, includes a magnetic toner
containing at least a blnder resin and magnetic
powder, and 0.5 - 10 wt. % (based on the magnetlc
toner) of inorganic fine powder having a length-
average particle size of 0.1 - 5 mm. The developer
has a number;basis particle size distributicn such
that:particles of 4 pm or'smaller are contained at S5 -

18 %.by_number'and particles of 4 - 10 pm are

contained at at least 60 % by number. The developer



- 78 - of zinc oxide, tin oxide, strontiumtitanate, barRERDACEMENTASREET
calciumtitanate, strontium zirconate, calcium zirconate, |Caelts

car bonat'e, and magnesi um car bonat e. 16. The devel ppgr i t
0 T B8 T s

Claim 13, wherein the inorganic fine powder conprises str
17. The devel oper according to Caim1l, wherein

=14 -

has a volume basis particle size distribution such

that particles of 12.7 um or larger are contained at

at most 10 % by vo;ume. The developer has a weight-

average particle siéé 6£ 7 - 11 pwm. The developer is
particularly useful for development under application
of a DC-superposed asymmetric AC bias electric field |
including a.development-side voltage component with a
larger magnitude and a shbfter duration than a reverse

development-side voltage component.




hydr ophobi ¢ colloidal silica fine pomder is further contai ned. 18.

The devel oper according. to Taim17 e hydrophobic_collojda
silica fine powder is contain E rm 'Hjﬂ[ % based OREPDRCEMEN‘P
t oner 19. The developer%ﬂ! | m 17, whgreln %HEET
hydr ophobi c colloidal silica fine pomder |s contained at] O 1 -
based on the nagnetic toner ' ]5 b éﬂv mgé

- 75 =

CLAIMS

1. A monocomponent-type developer for developing
electrostatic images, comprising: a magnetic toner
containing at least a binder resin and magnetic powder,
and 0.5 - 10 wt. % based on the magnetic toner of
inorganic fine powder having a length-average particle
size of 0.1 - 5 um; _

wherein the developer has a number-basis particle
size distribution such that particles of 2.00 - 2.52
um are contained in a larger proportion than
particles of 2.52 - 3.17 um, that particles. of 4 um
or smaller are contained at 5 - 18 ‘% by number and.
- that particles of 4 - 10 um are .contained at at
least 60 % by number;

the developer has a volume basis particle size
distribution such that particles of 12.7 um or
larger are contained at at most 10 % by volume; and

iﬁg'developer has a weight-average particle size of

2. The developer according to Claim 1, wherein the
inorganic fine powder has a length-average particle size
of 0.5 - 3 um.



20. The devel oper according to 0

Si I ica fi gi powder has a BET sp Jmﬁmurlm(“‘mm"Itggs'?ycljag?ﬁgg;\éﬁf;&';'(gﬁgz;
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The devel oper accordinrg to & afnml¥, wherein
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3. The developer according to Claim 1, wherein

the inorganic fine powder is contained at 1 - 7 wt. %

- based on the magnetic toner .

4. The developer according to Claim 1, wherein
the inorganic fine powder has a length-average
particle size of 0.5 - 3 pm and contained at 1 - 7 wt.

% based on the magnetic toner .

5. The developer according to Claim 1, wherein
the inorganic fine powder has a triboelectric

chargeability of 0.1 - 10 nC/g in terms of an absolute

value.

6. The developer according to Claim 1, wherein

" the particles of 4 pm or smaller are contained at 7 -

15'% by number.

7. The developer according to Claim i, wherein

the particles of 2.00 - 2.52 um are contained at 1 -
10 % by number,

8. The developer according to Claim 7,. wherein
the particles of 2.52 - 3.17 pm are contained at 0.5 -
8 % by number.



~ the hydrophobi c coll oi dal siIica—%fﬁe—pUmU’T—ﬁ—’—_——h drophahbicity. of at .
| east 60 % 22. The devel op H;‘“ln!““gi\i Mal m 17
hydr ophobi ¢ col loidal silica fine ﬁm WS ophobi di WEPMEME*#%HEET
70 % 23. The devel oper accordlng “to Claim 1, wherdin
powder has an average particle size of 0.1 - 2 [err]m and
force of 1591 - 11937 A/m (20 - 150 oers#ed), a saturation | | |
50 - 200 AnR2/ kg (emu/g) and a residual magnetization of 2 1 20 Al err]/kg
(emu/ g) when nmeasured by application of 795 775 A/m (10 Ki |"o—eewsted)

9. The developer according to Claim.'ﬁ,wherein

the particles of 2.00 - 2.52 pm are contained at 2 - 7

% by number.

10. The developer according to Claim 7 wherein
the particles of 2.52 - 3.17 pm are cecntained at 1 - 6

% by number.

11. The developer according to Claim 1, wherein
the particles of 3.17 - 4.00 pm are contained at 2 -

1S % by number.

12. The developer according to Claim ]], wherein
the particles of 3.17 - 4.00 um are contained at 3 -
10 % by number.

13. The deﬁeloper according to Claim 1, wherein

the inorganic fine powder cbmprises hydrophilic non-

magnetic inorganic fine powder.

14, The developer according to Claim 13, wherein
the inorganic fine powder comprises fine powder of an

inorganic oxide or an inorganic carbonate. -

15.. The d.evéloperv according to Claim 13, wherein
the inorganic fine powder comprises fine powder of an

inorganic substance selected from tﬂe group consiéting



24. The devel oper according to J ai e magneti c pomder has
an average particle si ze of 0.1 - Imﬁﬂeﬂmmﬁlmlm aturatlo%gP%‘ﬁél\ﬁatslH%ET

of 50 - 100 An2/kg (emu | vage rmn

conpri si ng: disp03|ng a | atent image-bearing nenter for holding
an electrostatic image thereon and a devel oper-carrying ng rf) oMY 1998
at

carrying a nonoconponent-type devel oper7gith a prescri bed
devel opi ng station; the nonoconponent - type devel oper conpfr

g a
i sing a magnetic

toner containing at |east a

of zinc oxide, tin oxide, strontium titanate,

barium

titanate, calcium titanate, strontium zirconate,

calcium zirconate, calcium carbonate, and magnesium

carbonate.

16. The developer according to Claim 13,

the inorganic fine powder comprises strontium

titanate.

wherein

17. The developer according to Claim 1, wherein

hydrophobic colloidal silica fine powder is further

contained.

18.. The developer according to Claim 17,

wherein

the hydrophobic*éo¥loidal silica fine powder is

contained at 0.05 - 5 wt. % _based on the magnetic

toner .

19. The developer according to Claim 17,

wherein

the hydrophobic colloidal silica fine powder is

contained at 0.1 - 2 wt. ¥ based on the magnetic

toner .

20. The developer according to Claim 17,

wherein

the hydrophobic colloidal silica fine powder has a BET

specific area of at least 100 mZ/g.




bi nder resin and magnetic powder, n I i
toner of inorganic fine povvder EH“‘I " “"
- 5 [err]m wherein the devel oper *has atnutb
di stribution such that particles of 2.00 -

| arger proportion than particles of 2.52 -
[err]mor smaller are contained -79 -

21.. The developer according

the hydrophobic colloidal silica

% based on the magnetic
g"'l "mlerage particle size of 0.1

basis parti
2.52 [err]mare JﬁﬁﬁéﬁﬁgﬁNT S@FET

3.17 [err]m that [particles of
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to Claiml7, wherein

fine powder has a

hydrophobicity of at least 60 $.

22. The developef according

the hydrophobic colloidal silica

to Claim 17, wherein

fine powder has a

hydrophobicity of at least 70'%.‘

23. The developer according

to Claim 1, wherein

the magnetic powder has an average particle size of

0.1 - 2 um, and shows a coercive force of 1591 - 11937
A/m (20 - 150 oersted), a saturation magnetization of 50 .
- 200 Am?’/kg (emu/g) and a residual magnetization of 2 -
20 Am*/kg (emu/g) when measured by application of 795 775

A/m (10 kilo-oersted).

24. The developer according

to Claim 23, wherein

the magnetic powder has an average particle size of

0.1 - 0.5 pm and a saturation magnetization -of 50 -

100 Am?/kg (emu/g).

25. An image forming method, comprising:

disposing a latent image-bearing member for

holding an electrostatic image thereon and a

. developer-carrying member for carrying a

»

monocomponent-type developer with a prescribed gap at

a developing station; the monocomponent-type developer

comprising a magnetic toner containing at least a




at 5 - 18 % by nunber and that p I LI I] - m pm are contained at at
| east 60 % by nunber, the devel__oaznll mn Hﬂllrlu asi s part

di stribution such that particles of 12.* pthof |&arger are

JoREBMAREVIENT SHEET

nost 10 % by vol unme, and the devel oper has a wei ght-averaggq partrclre size
of 7 - 11 pm conveyi ng the nonoconponent -type devielpheiliini2od
| ayer carried on the devel oper-carryi ng 8enber and regul atjed in a

t hi ckness thinner than the prescribed gap to the devel opinjg station; and
applying an alternating bias voltage conprising a DC bias

vol tage and an

asymmetrical AC bias vol tage in superposition between the developer-

carrying nmenber and the | atent | mage- bearing nenber at

binder resin and magnetic powder, and 0.5 -

10 wt. %

based on the mégnetic toner of inorganic fine powder
having a length-average particle size of 0.} - 5 um;
wherein the developer has a number-basis particle size
distribution such that particles of 2.00 - 2.52 im are
‘contained in a larger proportion than particles of 2.52 -

3.17 um, that particles of 4 uym or smaller are contained
at 5 - 18 % by number and that particles of 4 - 10 um are
contained at at least 60 % by number, the developer has
a volume basis particle size distribution such that
particles of 12.7 um or larger are contained at at most
10 % by volume, and the developer has a weight-average
particle size of 7 - 11 um; '

conveying the monocomponent-type developer in
a layer carried on the developer-carrying member and
regulated in a thzckness thinner than the prescribed
gap to the developing station; and

applying an alternating bias voltage
comprising a DC bias voltage and an asymmetrical AC
bias voltage in superposition between the developer-
carrying member and the latent image-bearing member at
the developing station to provide an alternating bias
~electric field comprising a development-side voltage
component and a reverse-development side volt;ge
component, the development-side voltage component
haviﬁg a magnitude equal to or larger than that of the
reverse development-side voltage component and a

duration smaller than that of the re@erse-developmeﬁt



the devel oping station to p(rjovi dF 3““"5“““?“4'“ "mF electric field
I Si are
conprising a devel opment -side volt I gﬂgﬁAeEwgb?ﬁgﬁg%

volt-age conp

side voltage conponent, the devel ophent - si

magni t ude equal to or larger than that of the reverse dpv
vol t age conponent and a duration snaller than that of thg

reverse-devel opnent - 81-

nlopnent si de
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side voltage component, so that the developer on the

developer-carrying member is transferred to theslatent

image-bearing member toc develop the electrostatic

image thereon at the developing station.

26. The image forming method according o Claim

25, wherein the alternating bias electric field has a

duty ratio of below S0 % as defined by the following

equatica:

Duty ratio = ty/(ta+ty) (x100) %,

wherein ta denotes the duration of a voltage component

with a polarity for directing the toner toward the

latent image-bearing member (constituting the

developing side bias component a), and t, reversely

denotes the duration a voltage component with a

. polarity for peeling the toner from the latent. image-

bearing member (constituting the reverse development-

_ side bias component Q); respectively, within one cycle

of the altermating bias electric field.

27. The image forming method according to Claim




si de voltage conponent, so that—the—devetoper—om the devel oper-carrying

menber is transferred to the lat I]mm)“mm g nmenber ta.develaop the
el ectrostatic inmage thereon at nmuuu flation. REPLAGEMENT SHEET
t e ting hi.as

i mage forming method according to*Cl@irh 25, Swhérein the al g
electric field has a duty ratio of below 50 % as defi ned by hﬁdg ?Jdvo\%i%g
Duty ratio = t[err]48¢ferr]+t[err]) (x |10P) W :

equat i on:

26, wherein the alternating bias electric field has a

duty ratio of 20 - 45 %.

28. The image forming method according to Claim
26, wherein the alternating bias electric field has a

duty ratioc of 25 - 40 %.

29. The image forming method according to Claim
‘25, wherein the alternating bias electric field has a

frequency of 1.0 - 3.0 kHz.

30. The image forming method according to Claim

- 25, wherein the alternating bias electric field has a

frequency of 1.5 - 2.5 kHz.

31. The image forming method according to Claim
25, wherein the alternating bias electric field has a

voltage of 0.5 - 3.0 kV (absolute value).

32. The image forming method according to Claim
25, wherein the alternating Bias electric field has a

voltage of 1.0 - 2.0 kV (absolute wvalue). -

33. The image forming method according to Claim

- 25, wherein the latent image-bearing member comprises

an a-Si photosensitive member.



Clam

.MMEFEIH ta denotes the duration of onent "wWth a polarity for
directing the toner toward the ﬂ“ﬂ"gﬁ ﬁWE“ Cconsttut-+hg
the devel opi ng side bias conponen rsely &ﬁthQBWHWESHEET

duration a voltage conmponent with a polarity for peellng |e tomet
the | atent-image- bearing nmenber (constituting the rever|s

si de bias conponent b), respectively, wighin one cycle dgf khe alperﬁgﬁ g
bias electric field. 27. The inmage form ng nmethod accordimg—to

IIU

D

34. The image forming method according -to Claim
- 33,wherein the a-Si photosensitive member shows a
difference between .dark-part potential and llght-part

potential in the range of 130 - 350 V.

35. The image forming method according to Claim
33,. wherein the a-Si photosensitive member shows a..
difference between dark-part potential and light-part

potential in the range of 150 - 300 V.

*36. The image forming ﬁethod according to C;ai@
25, wherein the developer-carrying member comprises a
developing sleeve having a surface unevenness formed
by blasting with indefinite-shaped partiéles and

blasting with definite-shaped particles.

37. The image forming method according to Claim

-

25, wherein the monocomponent-type developer is a

developer according to'any one of Claims 2 . 24.




82 26, wherein the alternating bias electric field has a duty ratio of

20 - 45 % 28. The inmmge forning method according to daim 26, L
wherein the alternating bias electric field has a duty rati ) 4094
' J _ "REPLACEMENT SHEET
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MONOCOMPONENT-TYPE DEVELOPER
FOR DEVELOPING ELECTROSTATIC IMAGE
AND IMAGE FORMING METHOD

" ABSTRACT

A monocomponent-type developer for developing

electrostatic'images,_inclﬁdes a magnetic toner
icontaiﬁing at least a binder resin and magnetic
powder, and 0.5_- 10 wt. % (based on the magnetic
toner) of inorganic fine powder having a length-
averagé particle size of 0.; - 5 pm. The developer-
has a number-basis_particle size distribution such
that particles of 4 um or smaller are contained at 35 -
18 % by number and particles of 4 - 10 pm are

' contained at at least 60 % by nuhber. The developer
has a volume basis particle size distribution such
that particles of 12.7 pm or larger are contained at
at most 10 % by vo%ume. Ihe dévelqper has a weight-
average particle size oé 7 - 11 pm. The developer is
particulariy useful for'development under apglication
Qf a DC-superposed asymmetric AC bias electrié field
including a development-side voltage compopent with a
larger magnitude and a shorter duration than a revetse

developmentfside voltage component.




29. The inmage form ng nmethod according to aim 25, wherein the
“alternating bias electric field has a frequency of 1.0 - 3.0 kHz.
30. The image form ng nmethod according to Claim 25, wherein the
alternating bias electric field has a frequency of 1.5 - 2.5 kHz,.
31. The image form ng nethod according to aim 25, wherein the

L

alternating bias electric field has a _VPI_t age of 0.5 - §. ﬁE#ﬁ/Adm SHEET

val ue).
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32. The image forning method according to Caim 25, wherein the
alternating bias electric field has a voltage of 1.0 - 2.0 kV (absolute
val ue). 33. The image form ng nmethod according to Claim 25, wherein

the latent image-bearing nenber conprises an a-Si photosensitive nenber.
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- 83 - 34. The inmage forming nethod according to Claim 33,wherein
the a-Si photosensitive nenber shows a difference between dark-part
potential and light-part potential in the range of 130 - 350 V.

35.. The image form ng nethod according to Caim 33, wherein the a-Si _
phot osensiti ve nenber shows a. difference between dark-part poteéntial and

light-part potential in the range of 15p - 300 V. REPLACEMENT SHEET

0 5 N3y 1298




36. The image form ng nmethod according to Claim 25, wherein the

* devel oper-carryi ng nenber conprises a devel oping sl eeve paving.a.surface

unevenness formed by blasting with indefinite-shaped par}iRERRACENENT SHEET
bl asting with definite-shaped particles. _ 37. The ) B
met hod according to G aim 25, wherein the nonoconponent-{y egdgvﬁ]\?%‘ggi b

>4

a devel oper according to any one of Cl_aagns 2 - 24.
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