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The present invention relates to a developer and an image forming system for visualizing electrostatic
images in image forming methods, such as electrophotography, slectrostatic recording, and electrostatic
§ Dprinting.

More particularly, the present invention relates to a developer and an image forming system used in a
type of electrophotography including a charging step wherein a member to be charged by causing a
charging member externally supplied with a voltage to contact the member to be charged.

Hitherto, a corona discharger has been used as a charging means in elecirophotographic apparatus.

10 The corona discharger involves a problem that it requires application of a high voltage to generate a large
amount of ozone.

_ Recently, it has been studled to use a contact charging means instead of a corona discharger. More
specifically, it has been proposed to cause a conductive roller as a charging means to contact a member to
be charged such as a photosensitive member while applying a voltage to the conductive roller theraeby to

16 charge the member to be charged to a prescribed surface potential. By using such a contact charging
means, it becomes possible to use a lower voltage than by a corona discharger thereby fo decrease the
generation of ozone.

For example, Japanese Patent Publication JP-B Sho 50-13661 discloses the use of a roller comprising
a core metal coated with a dielectric of nylon or polyurethane rubber to charge a photosensitive paper by

20 application of a low voltage.

in the above embodiment, however, the roller comprising a core metal coated with nylon lacks a
resillence like that of rubber so that it can fail to maintain a sufficlent contact with the member to be
charged, thus providing an insufficient charge. On the other hand, in a roller comprising a core metal coated
with polyurethane rubber, a softening agent impregnating the rubber gradually exudes out so that, if the

25 member to be charged is a photosensitive member, the charging member is liable to stick to the
photosensitive member at the abutting part when the photosensitive member is stopped or the photosen-
sitive member is liable to cause fading of images at the abutting part. Further, if the softening agent in the
rubber material constituting the charging member exudes out to stick to the photosensitive member surface,
the photosensitive member is caused to have a lower resistivity fo cause image flow and even becomes

30 inoperable or causes sticking of & residual toner on the photosensitive member onto the surface of the
charging member, thus leading to filming. If @ large amount of toner sticks to the surface of the charging
member, the surface of the charging member locally loses its chargeability to charge the photosensitive
member surface ununiformly, thus adversely affecting the resultant toner images. This is because the

. residual toner is strongly pushed by the charging member against the photosensitive member surface, so

35 that the residual toner is liable to stick to the surfaces of the charging member and the photosensitive
member to mar or scratch the photosensitive member surface.

In a contact charging apparatus, the charging member is supplied with a DC voltage or a DC voltage
superposed with an AC voltage. In this instance, in the region or thersaround of contact betwsen the
charging member and the photosensitive drum, there frequently occur abnormal charging and repetitive

40 flying of residual toner particles having a small diameter and a small weight. Accordingly, the residual toner-
is liable to be electrostatically adsorbed by or embedded in the surfaces of the charging member and
photosensitive drum. This is very differant from a case where a non-contact charging means is used as in a
conventional corona discharger.

On the other hand, there have been used small-sized and inexpensive copying machines for personal

45 use and [aser heam printers in recent years. In these smafi-sized apparafus, it Is desirable to use a
cariridge integrally including a photosensitive member, a developing means, a cleaning means, etc., so as
to provide a maintenance-free system. It is also desirable to use a single-component, dry, magnetic
developer 30 as to simplify the structure of the developing means. '

The processes using magnetic toners may for example include: the magne-dry process using an

so electro-conductive toner disclosed in U.S. Patent No. 3,809,258, a process utilizing dielsctric polarization of
toner particies; a process ufilizing charge transfer by agitation with a toner; developing processes wherein
toner particles are caused to jump onto latent images as disclosed in JP-A 54-42141 and JP-A 55-18656;
efc.

In order fo form visible images of good image quality in such processes using a dry magnefic
developer, the developer is required to have a high fluidity and a uniform chargeability, so that it has, been
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silica. For this reason, it has been proposed to use hydrophobicity-imparted silica powder by JP-A 46-56782,

5 JP-A 48-47345, JP-A 48-47346, etc. Mare specifically, there has been used hydrophobic silica obtalned,
e.g.. by reacting silica powder with an organic silicon compound, such as dimethyidichiorosilane, to
substitute an organic group for silanol groups on the surfaces of the silica particles.

In a magnetic toner, the magnetic toner per se shows an abrasive function. In an image forming step
wherein a developer is pressed against a photosensitive member having a low surface-hardness such as an

10 organic photoconductor (OPC) member, if the developer comprises a mixture of a magnetic toner and
inorganic fine powder, several difficuities are liable fo be encountered, such as white dropout in developed
images due to scraping of the surfaces of both the pressing member and the photosensitive member,
damages of the pressing member and photosensitive member, and solling or contamination of the
phatosensitive member, such as melt-sticking and filming of the toner.

15 it has been proposed to add polymer particles smaller than toner particles by JP-A 60-186854, etc.
When we prepared a developer according to such teaching, the resultant developer was not effective
against toner sticking but was liable to cause charge irregularity in a contact charging apparatus.

On the other hand, in accordance with remarkable increases in capacity of host computers, a laser
beam printer showing a high printing speed has been required. Further, an image forming apparatus free

20 from ozone generation is desired in respect of an office environmental condition.

In contact charging, an increased voltage and an increased AC frequency are required so as to stably
charge the photosensitive member in accordance with a process speed, which also promotes sticking of the
developer onto the photosensitive member.

In recent years, severer requirements have been imposed on image qualities, and it is required to

25 visualize even an extremely fine latent image faithfully without resolving failure such as solidification or

" discontinuity. Accordingly, thers is a trend to use a smaller particle size of toner. For example, JP-A Hei 1-
112253 has proposed a develaper having a volume-average particle size of 4 - 9 microns.

A decrease in particle size of toner is generally accompanied with an increase in specific surface area
thereof, so that such a toner is liable to soil or contaminate the pressing member and photosensitive

50 member and also requires a larger amount of inorganic fine powder so as to ensure a sufficient fluidity in
compensation for the increase in agglomeration characteristic, As a result, there is a tendency to promoiss
image defects, such as white dropout due to scraping of the pressing member and photosensitive member,
and sticking and filming of toner due to damages of the pressing member and photosensitive member.

SUMMARY OF “THE INVENTION

An object of the present invention is to provide a developer for developing slectrostatic images which is
free from toner sticking or only accompanied with suppressed toner sticking, if any.
40 An object of the present invention to provide a developer and an image formlng apparatus providing
toner images which show a high density and are free from fog.
An object of the present invention is to provide a developer which hardly contaminates a contact
charging apparatus.
An object of the present invention is to image forming apparatus wherein charge irregularities onto a
45 photosensitive member by a contact charging means are suppressed.
An object of the present invention is to provide a developer which can stably form visible images which
are faithful to latent images, sharp and of high densities.
An object of the present invention is to provide a practical image forming apparatus including a contact
charging means and a developing means for effecting development with the developer by the present
s0 Invention. '
According to the present invention, there is provided a developer for developing electrostatic latent
images, comprising: a toner, and negatively chargeable resin particles having an average particle size of
0.03 - 1.0 micron and a volume resistivity of 10° - 10'2 ohm.cm.
According to another aspect of the present invention, there is provided an image forming apparatus,
g8 comprising:
a contact-charging means for charging a photosensitive member for bearing an electrostatic image while
contacting the photosensitive member, and
a developing means for devsloping an electrostatic Image formed on the photosensitive member with a
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wherein at least one of said contact-charging means and developing means is supported together with said
photosensitive member to form a single unit, which can be connected to or released from an apparatus
10 body as desired.

According to another aspect of the present invention, there is provided a facsimile apparatus,
comprising: an electrophotographic apparatus and a receiving means for receiving image data from a
remote terminal, wherein said electrophotographic apparatus comprises:

a contact-charging means for charging a photosensitive member for bearing an electrostatic image while
15 confacting the photosensitive member, and

a developing means for developing an electrostatic irmage formed on the photosensitive member with a

developer which comprises a toner, and negatively chargeable spherical resin particles having an average

particle size of 0.03 - 1.0 micron and a volume resistivity of 105 - 10'2 chm.cm.

These and other objects, features and advantages of the present invention will become more apparent

20 upon a consideration of the following description of the preferrad embodiments of the present invention
taken in conjunction with the accompanying drawings.

m

BRIEF DESCRIPTION OF THE DRAWINGS

" Figure 1 is a schematic illustration of a contact-charging roller, and Figure 2 is a contact-charging blade,
respectively according to the pressnt invention.
Figure 3 Is an illustration of an instrument for measuring triboelectric charges.
Figure 4 is an instrument for measuring volume resistivity.
30 Figure 5 is a schematic illustration of an embodiment of the image forming apparatus according to the
present invention.
Figure 6 is a block diagram showing a system conslituting a facsimile apparatus.
Figure 7 Is an lllustration of a checker pattern for evaluating reproducibility of minute dots.

85 DETAILED DESCRIPTION OF THE INVENTION

The dsveloper according o the present invention contains negatively chargeable resin particles having
an average particle size of 0.03 - 1 micron and a volume resistivity (i.e., specific resistance) of 105 - 1012
ohm.cm, so that it does not readily cause sticking of the toner onio a photosensitive member.

40 The negatively chargeable resin particles are effective for preventing the toner for sticking onto the
photosensitive member surface presumably for the following reasons. '

A cause of toner sticking onto a photosensitive member is a scratch formed when the surface of the
photosensitive member is rubbed with Inorganic particles and a pressing or abutting member. The removal
of free inorganic particles is effective for preventing the occurrence of such a scratch on the photosensitive

45 member to prevent the toner sticking onto the photosensitive member. The negatively chargeably resin
particles according to the present invention have a function of adsorbing free inorganic particles. This is
clearly observed through a scanning electron microscope.

In an image forming apparatus equipped with a contact-charging apparatus, a portion of the negatively
chargeable resin particles having passed by a cleaning blade may be adsorbed by a control charging

sa means and further adsorb free inorganic parhcles passing by the cleaning biade on their surfaces to protect
the photosensitive member surface.

The negatively chargeable resin particles used in the present invention have a primary average particle
size of 0.03 - 1.0 micron, preferably 0.05 -0.8 micron. Resin particles having an average particle size larger
than 1.0 micron provide too small a specific surface area, s0 that they are not adequate to adsorb free

65 inorganic particles such as silica, thus showing little effect in prevention of toner sticking. Resin particles
having an average particle size smaller than 0.03 micron are liable to cause cleaning failure.

The negatively chargeable resin particles are preferably spherical and should have a volume resistivity
of 10° - 10'2 ohm.cm. Below 10° ohm.cm, the charge of the developer Is lowered to result in a low image
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] The friboelectric charge of the negatively chargeable resin particles may be measured in the following

manner. :

0.2 g of sample resin particies are left standing ovemight in an environment of a temperature of 25 ‘C
and a humidity of 50 - 60 % RH and then charged in a 200 cc-aluminum pot together with 99.8 g of carrier
iron powder not coated with any resin and having a principal particle size in the range of 200 -300 mesh

10 {e.g., EFV 200/300), followed by mixing them for 60 minutes under the above-mentioned environmental
conditions. The mixiure is then subjected to sieving by using an aluminum, cell having a 400 mesh-screen
under a blow pressure of 0.5 kg/cm? to measure the friboelectric charge of the resin particles by the blow-
off methed. .

The number-average particle size may be measured by a Coulter counter N4 (suitable for measurement

15 in particle size range of 0.003 - 3 microns, available from Nikkaki K.K.} in a dispersed stats in a solvent
under application of an ulirasonic wave. It is also possible to use CAPA-5000 (available from Horiba
Seisakusho K.K.). Resin particles having a substantially mono-dispersion pattern as produced by emulsion
polymerization, etc. may also be taken as a scanning electron microscope (SEM) picture at a magnification
of 7500 - 50,000, preferably 7500 -10,000, for particle size measursment. For determining the number-

20 average particle size, 20 - 50 spherical particles selected at random in the picture may be used for
calculation.

The volume resistivity (specific resistance) may be measured by using an apparatus as shown in Figure
4 under the environmental conditions of a temperature of 23.5 * G and a humidity of 65 % RH. Referring to
Figure 4, the apparatus includes a bench 41, a pressing means connected o a hand press and equipped

25 with a pressure gauge 43, a hard glass cell 44 having a diameter of 3.100 cm for containing a sample 45, a
brass press ram 46 having a diameter of 4.266 cm and an area of 14.2857 cm?, a press bar 47 of stalnless
steol, a brass bench 48, insulating plates 49 and 50 of bakelite, a resistance meier 51 connected to the
press ram 48 and bench 48, and a dial gauge 52. .

In the apparatus shown in Figure 4, when an ofl pressure of 20 kg/cm? is applied by the hand press, the

30 sample is supplied with a pressure of 578 kg/cm2. The resistance Is read at an applied voltage of 10 valts
by the resistance meter 51, multiplied by the sample sectional area and divided by the sample height read
by the dial gauge 52 fo obtain a volume resistivity.

The negatively chargeable resin particles used in the present invention may preferably be spherical
and, more specifically, may have a long axis/short axis ratio in the range of 1.0 - 1.02 for providing an

35 excellent sticking-prevention effect onto a photosensitive member. Such spherical resin particles may be
produced by emulsion polymerization, spray drying, ste.

it is preferred to use resin particles having a glass transition point of 80 " C or higher obtained by
copolymerization of monomer components for producfion of a toner binder resin, such as styrens, acrylic
acid, methyl methacrylats, butyl acrylate, and 2-ethylhexy! acrylate through emuision polymerization.

40 The resin may be crosslinked by using a crosslinking agent such as divinylbenzene. It is also preferred
that the resin particles may be surface-freated with metal, metal oxide, pigment, dye, surfactant, etc., so as
to adjust the volume resistivity and the triboelectric charge.

" The toner contained in the developer of the present invention may preferably have a volume-average
particle size of 3 - 20 microns, particularly 4 - 15 microns.

45 In case where the toner is a magnetic toner, it is preferred that the magnetic toner has a volume-
average particle size of 4 - 8 microns, particularly 6 - 8 microns, so as to provide a developer having a
goad resolution and causing litle fog. The developer cantaining the magnetic toner may further preferably
have a BET specific surface area of 1.8 - 3.5 m?/g, a loose apparent density (or aerated bulk density) of 0.4
- 0.52 g/em?® and a true density of 1.45 - 1.8 g/cm? so as to provide a good resolution and cause little fog.

60 A developer having a BET specific surface area of 1.8 - 3.5 m?/g as measured by nitrogen adsorption

" shows an excellent performance from an esarly stage of operation, an excellent developer utilization

efficiency and also a toner sticking-prevention effect onto the photosensitive member.
The developer of the present inventlon may preferably have a true density of 1.45 - 1.8 g/cm?. In this
range, the developer provides an appropriate application amount onfo a fatent image fo provide a faithful,
g5 high-density image without thickening or thinning relative to the latent image. A true density of below 1.45 is
. liable to cause contamination in the apparatus due to scattering of the developer, toner-sticking onto the

_ photosensitive member and increased fog.

The developer of the present invention may have a loose apparent density of 0.4 - 0.62 g/cm?, which is
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The developer satisfying the above properties does not cause plugging in the developing apparatus but
may ensure a smooth supply to the developing zone, so that images showing a stable density can be
always formed without white dropout. Further, the toner does not cause lgakage, scattering or denaturation
even after a large number of printing tests but can prevent toner-sticking onto the photosensitive member.

The BET specific surface area of the magnetic developer may be measured according to the BET one-
point method by using a specific surface area meter (Autosorb 1, available from QUANTACHROME Co.).

The loose apparent density (or aerated bulk density) and paclked apparent (or bulk) density referred to
herein are based on the values measured by using Powder Test and the accompanying vessel (available
from Hosokawa Micron K.K.) and according to the handling manuai for the Powder Tester.

The true density referred to herein is based on values measured according to the following method
which may be an accurate and convenient method for fine powder.

A stainless steel cylinder having an inner diameter of 10 mm and a length of about 50 cm, a disk (A)
having an outer diameter of about 10 mm and a height of 5 mm, and a piston (B) having an outer diameter
of about 10 mm and a length of about 8 cm which can be inserted into the cylinder in a close fitting, are
provided. The disk (A) is placed at the bottom of the cylinder, about 1 g of a sample powder is placed
thereon, and the piston (B) is gently pushed against the sample. Then, a pressure of 400 kg/cm? is applied
to the piston by an oil press. After compression for § minutes, the compressed sample is taken out and
weighed (W g), and the diameter (D cm) and height (L cm) of the compressed sample are measured by a
micrometer caliper, whereby the true density is calculated according to the following equation:

True density (g/cm3) = Wi=x(D/2)%xL]

The magnetic toner used in the present invention may preferably have a volume-average particle size
of 4 - 8 microns, particularly, 8 - 8 microns, and such a particle size distribution including 17 - 60 % by
number of magnetic toner particles of 5 microns or smaller, 5 - 50 % by number of magnetic toner particles
of 8.35 - 10.08 microns and 2.0 volume % or less of magnstic toner particles of 12.7 microns or larger and
further satisfying the following equation:

NV = -0.05N + k,

wherein N denotes the contents in % by number of the magnetic toner particles of 5 microns or smaller, V
denotes the content in % by volume of the magnetic toner particles of 5 microns or smaller, k is a positive
number of 4.6 ~ 6.7, and N is a positive number of 17 - 60.

If the volume-average particle size of the magnetic toner is below 4 microns, the toner coverage on a
transfor paper becomes small to result in a low image density for a usage having a large image area such
as a graphic image. This may be atfributable to the same reason why the image density of an inner image
portion becomes lowsr than that at the contour or edge portion of the image as will be described
hereinafter, Further, a volume-average particle size of below 4 microns is liable to result in toner-sticking
onto the photosensitive member.

If the volume-average particle size of the magnetic toner is above 8 microns, the resolution is lowered
to cause a lower image quality in a successive copying. If the content of magnetic toner particles of §
microns or smaller is below 17 % by number, the amount of magnetic toner particles effective for a high
image quality and particularly, as the printing out is continued, the amount of the sffective magnetic toner
particle -component is decreased to cause a fluctuation in magnetic toner particle size distribution and
gradually deteriorates the image quality. If the content is above 60 % by number, mutual agglomeration of
the magnetic foner particles is liable to occur to produce foner lumps having a larger size than the proper
size, thus leading to difficulties, such as rough image quality, a low resolution, a large difference in density
between the contour and interior of an image to provide a somewhat hollow image, and also toner-sticking
anto the photosensitive member.

It is preferred that the content of the particles in the range of 6.35 - 10.08 microns is 5 -50 % by
number, parficularly 8 - 40 % by number. Above 50 % by number, the image quality becomes worse, and
excess of toner coverage is llable to occur, thus resulting in a poor reproducibility of thin fines and an
increased toner consumption. Below 5 % by number, it is difficult to obtain a high image density. The
contents of the magnetic toner particles of 5 microns or smaller in terms of % by number (N %) and % by
volume (V %) may preferably safisfy the relationship of N/V = -0.05N + k, whereln k represents a positive
number satlsfying 4.6 S k £ 6.7. The number k may preforably satisfy 4.6 < k £ 6.2, more preferably 4.6 Sk
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< 4.6, magnetic toner particles of sglmi ons or be?ow are insufficient, and the resultant image
density, resolution and sharpness decrease. When fine toner particles in a magnetic toner, which have

§ conventionally been considered useless, are present in an appropriate amount, they are seffective for
achieving closest packing of toner in development and contribute fo the formation of a uniform image free
of coarssning. Particularly, these particles fill thin-line portions and contour portions of an image, thereby to
visually improve the sharpness thereof. If k < 4.6 in the above formula, such component becomes
insufficient in the particle size distribution, and the above-mentioned characteristics become poor.

10 . Further, in view of the production process, a large amount of fine powder must be removed by
classification in order to satisfy the condition of k < 4.6, Such a process is however disadvantageous in
yield and toner costs. On the other hand, if k > 6.7, an excess of fine powder is present, whereby the
resultant image density is liable to decrease in successive print-out. The reason for such a phenomenon
may be considered that an excess of fine magnetic foner particles having an excess amount of charge are

15 triboelectrically attached to a developing sleeve and prevent normal toner particles from being carried on
the developing sleeve and being supplied with charge.

In the magnetic toner of the present invention, the amount of magnetic toner particles having a particle
size of 12.7 microns or larger is 2.0 % by volume or smaller, preferably 1.0 % by volume or smaller, more
preferably 0.5 % by volume or smaller. if the above amount is larger than 2.0 % by volume, these particles

20 are liable to impalr thin-line reproducibility.

The particle size distribution of a toner is measured by means of a Coulter counter in the present
Invention, while #t may be measured in various manners.

Coulter countsr Model TA-ll (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,

25 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 electrolytic solution 'is prepared by using a
reagent-grade sodium chloride. Into 100 to 150 ml of the electrolytic solution, 0.1 to 5 mi 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 sampie in the electrolytic liquid is subjected to a dispersion

a0 treatment for about 1 - 3 minutes by means of an ultrasonic disperser, and then subjected to measurement
of particle size distribution in the range of 2 - 40 microns by using the above-mentioned Coulter counter
Mode! TA-lIl with a 100 micron-aperture to obtain a volume-basis distribution and a number-basis distribu-
tion. Form the results of the volume-basis distribution and number-basis distribution, parameters char-
acterizing the magnetic toner of the present invention may be obtained.

35 The binder for use in constituting the toner may be a known binder resin for toners. Examples thereof
may include: polystyrene; homopolymers of styrene derivatives, such as poly-p-chicrostyrene, and poly-
vinylicluene; styrene copolymers, such as styrene-propylene copolymer, styrene-vinyltoluene copclymer,
styrene-vinylnaphthalene copolymer, styrene-methy! styrene-sthyl acrylate copolymer, styrene-butyl ac-
rylate copolymer, styrene-octyl acrylate copolymer, styrene-dimethylaminoethyl acrylate copolymer,

4 styrene-methyl methacrylate copolymer, styrene-ethyl methacrylate copolymer, styrene-butyl methacrylate
copolymer, styrene-dimethylaminoethyl methacrylate copolymer, styrens-vinyl methyl ether copolymer,
styrene-vinyl ethyl ether copolymer, styrene-vinyl methyl ketone copolymer, styrene-butadiene copolymer,
styrene-isoprens copolymer, styrene-maleic acid copolymer, styrene-maleic acid ester copolymer; poly-
methyl methacrylate, polybutyl methacrylate, polyvinyl acstate, polysthylene, polypropylens, polyvinyl

45 butyral, polyacrylic acid resin, rosin, modified rosin, terpene resin, phenolic resin, aliphatic or alicyclic
hydrocarbon resin, aromatic petroleum resin, paraffin wax, and carnauba wax. These resins may be used
singly or in mixture.

The colorant which may be contained in the toner may be a pigment or dye, inclusive of carbon black
and copper phthalocyanine, conventionally used.

80 Magnetic particles contained in the magnetic toner according fo the present Inventuon may comprise a
material which may be magnetized in a magnetic field. Examples thereof may include: powder of
ferromagnetic metal, such as iron, cobalt or nickel; or alloys or compounds, such as Ilron-based alloys,
nickel-bassd alloys, magnetfite, y-Fez03 and ferrites.

The magnetic particles may preferably have a BET specific surface area as measured by nitrogen

66 adsorption of 1 - 20 m?/g, particularly 2.5 - 12 m?/g and Mohs' hardness of 5 - 7. The magnetic particles
may be contained in a 10 - 70 % by weight of the toner.

The toner used in the present invention may preferably be negatively chargeable and may contain a
charge control agent, as desired, examples of which may include: metal complexes or salts of monoazo



The processes using magnetic toners may for exanple incmHW‘
process using an el ectro-conductive toner disclosed in Ul‘lﬁsS}Eammeej,\lﬁe ,aced
3,909, 258, a process utilizing dielectric polarization:15

particles; a process utilizing charge transfer by agitati $

devel opi ng processes wherein toner paptogabass & € caused to Jurrp ent
I mges as disclosed in JP-A 54-42141 and JP- A 55-18656; etc. In order to
formvisible images of good image 20 quality in such processes using a dry
magnet i c devel icylichpgid daltyistlioyie ecid. slafodsglicvliceagid: and inapithoie a¢id. dhe panptigitenpr mavd a
uni f or m char geisrebly thgve a yplymeqesigtivity (A 0'h @lCR S Yigsr i ReFiaHIarty 1 ?a’&‘?'&éﬂh'ﬂflf"ﬁdd
si | | cic acid f°F s g UVR@@'?‘?‘(?“WE:FV H:&P'FE’ET‘@ “"§F‘1 gharpteristic Tqe

[/ fe
(' ., sil |5C a an ele c ﬁe ﬂ Ofﬁ/ u imgga gu %ﬂ:‘plg gﬂ%g §?@Em %ﬂb
the silica ad &ﬁ\eﬁ% & 18 LIRS, Wh {3 DB3leto o ettt K dn the =Gl

its current value.

The toner-binder resin constituting the developer according to the present invention may particularly
preferably be one containing 3 - 20 wi. parts of polymerized units of a monomer having a carboxylic group

10 or an acid anhydride group derived therefrom per 100 wt. parts of the binder resin and having an acld value
of 1- 70.

The binder resin having an acid group may comprise various resins and may preferably be one
containing a tetrahydrofuran (THF)-soluble content which has a weight-average molecular weight/number-
average molecular weight ratio of 5 or larger (Mw/Mn X 5) and also has a peak in the moiecular weight

15 range of from 2000 to below 15000, preferably 2000 - 10000 and a peak or shoulder in the molecular weight
range of 15000 - 100,000 based on the molecular weight distribution by gel-permeation chromatography
(GPC) of the THF-soluble content. This is becauss the THF-Insoluble content principally affects the anti-
offset characteristic and anti-winding characteristic, a component having a molecular weight of below
15,000, particularly 10,000 or bslow, principally affects the blocking, sticking onto the photosensitive

20 member and filming, and a component having a molecular weight of 10,000 or above, particularly 15,000 or
above, principally affects the fixing characteristic.

The binder resin (copolymer) having an acid group of carboxyl or its anhydride may be contained in
either one or both of the above-mentioned two molecular weight regions.

The GPC (gel permeation chromatography) measurement arid Identification of molecular weight cor-

2s responding to the peaks and/or shoulders may be performed under the following conditions.

A column is stabilized in a heat chamber at 40 °C, tetrahydrofuran (THF) solvent is caused to flow
through the column at that temperature at a rate of 1 mi/min., and 50 - 200 i of a sample resin solution in
THF at a concentration of 0.05 - 0.6 wt. % is injected. The identification of sample molecular weight and its
molecular weight disiribution is performed based on a calibration curve obtained by using several

30 monodisperse polystyrenedisperse samples and having a logarithmic scale of molecular weight versus
count number. The standard polystyrene samples for preparation of a calibration curve may be those
having molecular weights of, e.g., 6x102, 2.1x103, 4x108, 1.75x10%, .1x10*%, 1.1x105, 3.9x108, 8.6x105, 2x108
and 4.48x10° available from, e.g., Pressure Chemical Co. or Toyo Soda Kogyo K.XK. It is appropriate to use
at least standard polystyrene samples. The detector may be an Rl (refractive index) detector. '

35 For accurate measurement of molecular weights in the range of 103 - 4x108, it is appropriate to
constitute the column as a combination of several commercially available polystyrene gel columns. A
preferred example thereof may be a combination of p-styragel 500, 103, 10* and 10° available from Waters
Co.; a combination of Shodex KF-80M, 802, 803, 804 and 805, or a combination of TSK gel G1000H,
G2000H, G2500H, G3000H, G4000H, G5000H, G6000H, G7000H and GMH available from Toyo Soda K.K.

40 The content of a component having a molscular weight of 10,000 or below in the binder resin Is
measured by cutting out a chromatogram of the corresponding molecular weight portion and calculating a
ratio of the weight thereof with that of the chromatogram covering the molscular weight range of 10,000 or
higher, to derive the weight % thereof in the whole binder resin.

Examples of the polymerizable monomer having an acid group which may be used in the present

45 Invention may include: «,8-unsaturated carboxylic acids, such as acrylic acid and methacrylic acid; «,8-
unsafurated dicarboxylic acids and half esters thereof, such as maleic acid, butyl maleate, octyl maleats,
fumaric acid and butyl fumarate; and alkenyldicarboxylic acids or half esters thersof, such as n-butenylsuc-
cinic acid, n-octenylsuccinic acid, butyl n-butenylsuccinate, n-butenylmalonic acid and n-butenyladipic acid.

In this case, it is preferred that the content of the polymerizable monomer unit in the whole binder resin

so may preferably be in a proportion of 3 - 30 wt. %, and the binder resin as a whole has an acid value of 1 -
70, further preferably 5 - 50.

The acid values referred to herein are based on values measured as follows according to JIS K-0670.

2 - 10 g of a sample resin is weighed in a 200 - 300 ml-Erlenmeyer flask, and about 50 ml of a solvent
mixture of ethanol/benzene (= 1/2) to dissolve the resin. If the solubility is insufficient, a small amount of

85 acefone may be added. The solution is titrated with a N/10-caustic potassium solution in ethanol, which has
been standardized in advance, in the presence of a phenolphthalein indicator, whereby the acid value
(MgKOH/g) of the sample resin is calculated from the consumed amount of the caustic potassium solution
according to the following equation (3):
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s as o-methyistyrene, m-methyistyrene, p-methylstyrane, p-methoxystyrens, p-phenylistyrens, p-
chlorostyrene, 3,4-dichlorastyrene, p-ethyistyrene, 2,4-dimethylstyrene, p-n-butylistyrens, p-tert-butylstyrens,
p-n-hexylstyrene, p-n-octylstyrense, p-n-nonylistyrens, p-n-decyistyrene, and p-n-dodecylistyrene; ethylenical-
ly unsaturated monoolefins, such as ethylene, propylene, butylens, and isobutylene; unsaturated polyenes,
such as butadiene; vinyl halides, such as vinyl chloride, vinylidene chloride, vinyl bromide, and vinyl

10 fluoride; vinyl esters, such as vinyl acetate, vinyl propionafe, and vinyl benzoate; amethylens-aliphatic
monocarboxylic acid esters, such as methyl methacrylate, ethyl methacrylate, propyl methacrylate, n-butyl
methacrylate, isobutyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-sthylhexyl methacrylate,
stearyl methacrylate, phenyl methacrylate, dimethylaminoethyl methacrylate, and disthylaminoethyl
methacrylate; acrylic acid esters, such as methyl acrylate, ethy! acrylate, n-butyl acrylate, iscbuty! acrylate,

15 propyl acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-chloroethyl
acrylate, and phenyl acrylate; vinyl ethers, such as vinyl methy! ether, vinyl ethyl ether, and vinyl isobutyl
ether; vinyl ketones, such as vinyl methyl ketone, vinyl hexyl ketone, and methyl isopropenyl ketone; N-
vinyl compounds, such as WN-vinylpyrrole, N-vinylcarbazole, N-vinylindole, and N-vinylpyrrolidone; and
derivatives acrylic acid and methacrylic acid, such as acrylonitrile, methacrylonitrile and acrylamide.

20 These vinyl monomers may be used singly or in mixture of two or more specras in combination with the
above-mentioned monomer having an acid group.

Among the above, a monomer combination providing a styrene copolymer or a styrene-(meth)acrylate
copolymer is particularly preferred.

A crosslinking monomer, .g., one having at least two polymerizable double bonds, may also be used.

25 Thus, the vinyl capolymer used in the present invention may preferably be a crosslinked polymer with a
- crosslinking monomer as follows:

Aromatic divinyl compounds, such as divinylbenzene and divinyinaphthalene; diacrylate compounds
connected with an alkyl chain, such as ethylene glycol diacrylate, 1,3-butylene glycol diacrylate, 1,4-
butanediol diacrylate, 1,5-pentanediol diacryiate, 1,6-hexanediol diacrylate, and neopentyl giycol diacrylate,

s and compounds obtained by substituting methacrylate groups for the acrylate 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, tristhylene glycol diacrylate, tetrasthylene glycol diacrylate,
polyethylens glycol #400 diacrylate, polyethylene glycol #600 diacrylate, dipropylene glycol diacrylate and
compounds obtalned by substituting methacrylate groups in the above compounds; diacrylate compounds

35 connected with a chain including an aromatic group and an ether bond, such as polyoxyethylene(2)-2,2-bis-
(4-hydroxyphenyl)propanediacrylate, polyoxysthylene(4)-2,2-bis(4-hydroxyphenyl)-propanediacrylate, and
compounds obtained by subsiituting methacrylate groups for the acrylate groups in the above compounds;
and polyester-type diacrylate compounds, such as one known by a frade name of MANDA (available from
Nihon Kayaku K.K.).

40 Polyfunctional crosslinking agents, such as pentaerythritol triacrylate, frimethylethane triacrylate,
tetramethyloimethane tefracrylate, oligoester 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 - § wt paris,

45 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, divinyl-
benzene) 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.

The binder resin according o the present Invention may suitably be prepared through a process for

s0 synthesizing two or more polymers or copolymers,

For example, a first polymer or copolymer soluble in THF and also in a polymerizable monomer is
dissolved in such a polymerizable monomer, and the monomer is polymerized to form a second polymer or
copolymer, thus providing a resin composition comprising a uniform mixture of the first polymer or
copolymer and the second polymer or copolymer.

56 The first polymer or copolymer may preferably be formed through solution polymerization or ionic
polymerization. The second polymer or copolymer providing a THF-insoluble content may preferably be
prepared through suspension polymerization or bulk polymerization of a monomer dissolving the first

' polymer or copolymer in the presence of a crosslinking monomer. It is preferred that the first polymer or
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5 preferred. The solvent may be selected depending on the product polymer Further, an mnhator, such as di-
tert-butyl peroxide, tert-butyl peroxybenzoate, benzoyl peroxide, 22 -azobisisabutyronitrile, 2, 2’ ~azobis{2,4~
dimethylivaleronitrile), stc., may be used in a propartion of 0.1 wt. part or mors, preferably 0.4 -15 wt. parts,
per 100 wt. parts of the monomer. The reaction temperature may vary depending on the solvent, initiator,
monomers, etc., to be used but may suitably be in the range of 70 - 180 * C. In the solution polymerization,

10 the monomer may be used in an amount of 30 ~ 400wt. parts per 100 wt. parts of the solvent.

The developer according to the present invention may preferably contain a hydrophobic inorganic fine
powder as an additive, which may preferably be a hydrophobic metal oxide fine powder, further preferably
hydrophobic silicic acid (sifica) fine powder. )

Among the above-mentioned inarganic powders, those having a specific surface area as measured by

15 the BET method with nitragen adsorption of 70 - 300 m2g, provide a good result. In the present invention, a
hydrophabic silica fine powder may preferably be used in an amount of 0.1 - 3.0 wt. parts, more preferably
0.2 - 2.0 wt. parts, with respect to 100 wt. parts of the toner.

In the present Invention, it is preferred to use negatively chargeable hydrophoebic silica fine powder. The
hydrophobic silica fine powder used in the present invention may preferably be one having a triboelectric

20 charge amount of -100 LLC/g fo -300 1C/g. When the silica fine powder having a triboelectric charge below
-100 uC/g Is used, it tends to decreass the triboelectric charge of the developer per se, whereby humidity
characteristic becomes poor. When silica fine powder having a triboelectric charge of above -300 C/g is’
used, it tends to promote a so-called "memory phenomenon™ on a devsloper-carrying member and the
developer may easily be affected by deterioration of the silica, whereby durability characteristic may be

25 Impaired. When the silica is too fine so that its BET specific surface area is above 300 m?/g, the addition
thereof produces little effect. When the silica is foo coarse so that its BET specific surface area is below 70
m2/g, the probability of free powder presence is Increased, whereby the dispersion thereof in the toner is
liable to be ununiform. In such a case, black spots due to silica agglomerates are liable to occur.

The triboelectric charge of the negatively chargeable silica fine powder may be measured in the

30 following manner.

0.2 g of silica fine powder which have been left to stand overnight in an environment of 23.5 *C and
relative humidity of 60 % RH, and 9.8 g of camier iron powder not coated with a resin having a mode
particle size of 200 to 300 mesh (e.g. EFV 200/300, produced by Nippon Teppun KK) are mixed
thoroughly in an aluminum pot having a volume of about 50 cc in the same environment as mentioned

35 above (by shaking the pot in hands vertically about 50 times for about 20 sec).

Then, about 0.5 g of the shaken mixture is charged in a metal container 32 for measurement provided
with 400-mesh screen 33 at the bottom as shown in Figure 3 and covered with a metal lid 34. The total
weight of the container 32 is weighed and denoted by W1 (g). Then, an aspirator 31 composed of an

~ insulaling material at least with respect to a part contacting the container 32 is operated, and the silica in

40 the container is removed by suction through a suction port 37 sufficiently while controlling the pressure at a
vacuum gauge 35 at 2560 mmHg by adjusting an aspiration control valve 38. The reading at this time of a
potential meter 39 connected to the container by the medium of a capacitor having a capacitance C (uF) is
denoted by V (voits.). The total weight of the container after the aspiration is measured and denoted by Wz
(¢)- Then, the triboelsctric charge (11C/g) of the silica is calculated as: CxV/(W1-W2).

45 The fine silica powder used in the present invention can be either the so-called “dry process silica® or
"fumed silica” which can be obfained by oxidation of gaseous silicon halide, or the so-called "wet process
silica™ which can be produced from water glass, etc. Among thess, the dry process silica is preferred to the
wet process silica because the amount of the silanol group present on the surfaces or in interior of the
particles is small and it is free from production residue such as Nas0, SOs%,

50 The dry process silica referred to herein can include a complex fine powder of sifica and another metal
oxide as obtained by using ancther metal halide, such as aluminum chioride or titanium chlaride together
with a silicon halide. _

The silica powder may preferably have an average primary particle size in the range of 0.001 - 2
microns, particularly 0.002 - 0.2 microns.

s5 In the present invention, the hydrophobicity of the silica fine powder may be measured in the following
manner, while another method can be applied with reference to the following method.

A sample in an amount of 0.1 g is placed in 2 200 mi-separating funnel equipped with a sealing
stopper, and 100 ml of ion-exchanged water is added thereto. The mixiure is shaken for 10 min. by a

[y
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water sample is e hydropho the silica.

The hydrophobic silica used in the present invention should preferably have a hydrophobicity of 60 %
or higher, particularly 80 % or higher. If the hydrophobicity is below 60 %, high-quality images cannot be
attained because of moisture absorption by the silica fine powder under a high-humidity condition.

10 The hydrophobicity-imparting treatment may be effected by using a known agent and a known method.
The hydrophobicity-imparting agent may for example be a silane coupling agent, or a silicon il or silicone
varnish. A silicone oil or silicone varnish may be preferred to a silane coupling agent in respects of
hydrophebicity and lubricity.

The silicone oll or silicone vamish preferably used in the present invention may be those represented

15 by the following formula: '

II! R
|
n : : :
" R -R251o-+1310+-n—-(-lsm-)-m-slazx"
R' R

wherein R: a Cy - C3 alkyl group, R':a silicone oil-modifying group, such as alkyl, halogen-modified alkyl,
25 phenyl, and modified-phenyl, R : a C1 - Cs alkyl or alkoxy group.

Specific sxamples thereof may include: dimethylsilicone ofl, alkyl-modified silicone ail, «-methylistyrene-
modified silicone oil, chlorophenyl-silicone oil, and fluoro-modified silicone oil. The above silicone oil may
preferably have a viscosity at 25° C of about 50 - 1000 centi-stokes. A silicon oil having too low a molecular
weight can generate a volatile matter under heating, while one having too high a molecufar weight has too

so high a viscoslity leading to a difficulty in handling.

In order to treat the silica fine powder with silicone oil, there may be used a method wherein silica fine
powder treated with a silane coupling agent is directly mixed with a silicone oil by means of a mixer such
as Henschel mixer; a method wherein a silicone oil is sprayed on silica as a base material; or a method
wherein a silicone oil is dissolved or dispersed in an appropriate solvent, the resultant liquid is mixed with

a5 silica as a base material, and then the solvent is removed to form a hydrophobic silica.

it is further preferred to treat the inorganic fine powder first with a silicone oil or silicone varnish.

When the inorganic fine powder is treated only with a silicone oil, a large amount of silicone oil is
required, so that the fine powder can agglomerate to provide a developer with a poor fluldity and the
treatment with a silicone oil must be carefully performed. However. if the fine powder is first treated with a

40 silane coupling agent and then with a silicone oil, the fine powder is provided with a goed moisture
resistance while preventing agglomeration of the powder and thus the treatment effect with a silicone oil can
be sufficiently exhibited. .
The silane coupling agent used in the present invention may be hexamethyldisilazane or those
represented by the formula: R,,,SiY,, wherein R: an alkoxy group or chlorine atom, m: an integer of 1 - 3, Y:
45 alkyl group, vinyl group, glycidoxy group, methacryl group or other hydrocarbon groups, and n: an Integer
of 3 - 1. Specific exarnples thereof may include: dimethyldichlorosilane, frimethyichiorosilane, allyldimethyi-
chiorosilane, allylphenyldichlorosilane, benzyldimethylchlorosilane, vinyltriethoxysilane, y-methacerylox-
ypropyitrimethoxysilane, vinyltriacetoxysilane, divinyichlorosilane, and dimethylvinylchlorosilane.
The treatment of the fine powder with a silane coupling agent may be performed in a dry process
s0 wherein the fine powder is agitated to farm a ¢loud with which a vaporized or sprayed silane coupling agent
is reacted, or in a wet process whersin the fine powder is dispersed in a soivent into which a silane
coupling agent is added dropwised to be reactsd with the fine powder.

The silicone oil or sificone varnish may be used in an amount 1 - 35 wt. parts, preferably 2 - 30 wt.
parts, to treat 100 wt. parts of the inorganic fine powder. i the amount of the silicone oil or silicone varnish

s5 Is too small, it is possible that the moisture resistance is not improved to fail to provide high quality copy
images. If the silicon oil or silicone varnish is too much, the inorganic fine powder is liable to agglomerate
and even result in free silicone oil or silicone varnish, thus leading to failure in improving the fluidity of the
developer.

1



solidiification or discontinuity. Accordingly, there is a trend to use a
smal | er aashkd GheBeon Redlackd t oner. For 20 exanple, JP-A Hei 1-112253 has

pr oposed} i !l vi-ng a vol unme-average particle size of 4 - 9
m crons.: E! , !i -particle size of toner is generally acconmpanied with
an increa - _Cl-fll C surface aresgdfgfogsa1s0 that such a toner is
liable to 25 soil- or contam nate the pressing nenber and photosensitive
menber and al so requires a |arger anount of inorganic fine powder so as to
ensure a suffi dn teteveloper f-thefpragentlinteptionsit icwefpreed Yat thecamofird (B wthoarts) nichedagrephiobic
aggl omer at i ofnotgknigfine pawderds larger thap the ameust (A wi. parth)eof the pagatiyely echardeable yesin @arfidiasnot es
i mage defects, lids perpfersad thatthe pegatively chargeable resin particles are used in an amount of 0.01 - 1.0 wt. part,

- preferably 0.03 - 0.5 wt. part, and the hydrophobic inorganic fine powder is used in an amount of 0.1 - 3.0

s wt parts, preferably 0.2 - 2.0 wt. parts, further preferably 0.6 - 1.6 wt. parts, respectively per 100 wt. parts
of the developer (only toner particles except for the carrier).

When the amount (A wt. parts) of the negatively chargeable resin particles is larger than 1.0 wt. part,
the image density is liable to decrease and, if the amount A is below 0.01 wt. part, the foner sticking-
prevention effect onto the photosensitive member is scarce. If the amount A 2 the amount B, the fluidity of

10 the developer is lowered to be liable fo cause fog. '

In the present invention, it is further preferred to use the negatively chargeable resin particles, the
hydrophobic inorganic fine powder and aliphatic acid metal salt fine powder in combination in the developer
in order to prevent or suppress the generation of ozone and prevent or suppress the toner sticking onto the
photosensitive member when the developer is used In an image forming apparatus equipped with a contact

76 charging means. '

The aliphatic acid metal sait fine powder used in the present invention may preferably be positively
chargeable so as not to cause easy transfer, have a primary average particle size of 1 micron or smaller
and contain 12 or more carbon atoms in the aliphatic acid. Specifically preferred examples thereof may
include fine powder of: zinc stearate and aluminum stearate.

20 It is preferred to use the aliphatic acid metal salt fine powder in an amount of 0.01 - 1 wt. part, more
preferably 0.05 - 0.7 wt. part, still more preferably 0.05 - 0.3 wt. part, per 100 wt. parts of the toner particles.

If the amount of the aliphatic acid metal salt fine powder is denoted by C wt. parts, it is preferred to set
the amount so as to satisfy the relations of A wt. parts + C wi. parts < B wt. parts and 4xC wt. parts < B
wt. parts.

25 In case of A wt. parts + C wt. parts 2 B wt. parts, the fluidity of the developer is lowered and, in case
of 4xC wt. parts 2 B wt. parts, the developer carrying member such as slesve, photosensitive member and
member contacting the photosensitive member are liable to be contaminated, and the decrease in image
density and image irregularities are liable to accur.

_ To the developer according to the present invention, it Is possible to further incorporated other additives
so within an extent not giving ill effects, which may for example inciude a fixing aid, such as low-molecular
weight polysthylene, and a metal oxide such as tin oxide as a chargeability-imparting agent. :

The toner used in the present invention may be prepared by a method in which toner constituents are
imeaded well in a hot kneading means, such as a kneader or eéxtruder, mechanically crushed and classified;
a method wherein a binder resin solutlon containing other components dispersed therein is spray-dried; a

35 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 fo provide a polymer; etc.

‘Hereinbelow, a contact-charging step applicable to the developer and the image forming method

* according to the present invention will be explained more specifically.

Figure 1 is a schematic illustration of a contact-charging apparatus as an embodiment of the invention.

40 The apparatus includes a photosensitive drum 1 as a member to be charged which comprises an aluminum
drum substrate 1a and an OPC (organic photoconductor) layer 1b coating the outer surface of the drum 1a
and rotates at a prescribed speed in a direction of an arrow. In this embodiment, the photosensitive drum 1
has an outer diameter of 30 mm. The apparatus further includes a charging roller 2 as a charging means
which contacts the photosensitive drum 1 at a prescribed pressure. The charging roller 2 comprises a metal

45 core 2a, an elecfroconductive rubber roller 2b and a surface layer 2¢c having a releasable film. The
electroconductive rubber layer 2b may suitably have a thickness of 0.5 - 10 mm, preferably 1 - 10 mm. The
surface layer comprising a film with a releasability Is preferred in respect of compatibility with the developer
and the image forming method according fo the present invention. If the releasable film has too high a
resistivity, the photosensitive drum cannot be charged but, if the resistivity is too small, an excessively large

so voltage is applied to the photosensitive drum, so that it is preferred for the releasable fiim to have an
appropriate resistivity value, preferably a volume resistivity of 10° - 10'* ohm.m. The releasable film may
preferably have a film thickness of 30 microns or below, particularly 10 - 30 microns. The lower limit in
thickness of the releasable film may be defermined so as not to cause peeling or tearing and may be about
$ microns.

85 In this embodiment, the charging roller 2 has an outer diameter of 12 mm and includes an about 3.5
mm-thick electroconductive rubber layer 2b of sthylene-propylene-diene terpolymer and 10 micron-thick
surface layer 2¢ of a nylon resin (more specifically, methoxymethylated nylon). The charging roller 2 has a
hardness of 54.5 degrees (ASKER-C). A prescribed voltage is supplied to the core metal 2a (diameter = 5
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dr opout due to scraping of the pr essing nmenber and 5 phot osensi tm

and sticking and filmng of toner due to damages of t he%%s&tm

phot osensi tive nmenber. SUVMARY OF THE | NVENTI ON 10 f of

the present invention is to provide a devel oper for devel L

el ectrostatic inmages which is free frggyptofgda St 1 cki ng or only a I ed

W th suppressed toner sticking, if any. An object of the present i nvention

to provide 15 a devel oper and an inage form ng apparatus providing toner

i.mages whi ch sholef shelshadingdelles? fram apaiversupply EciBigufer Dsimwsotlpat 2 AG vollageeis suppifed frire E

present i nventiubnDF witege sprewpoded eitrcandd vellegsjeprefaradch har dl y cont ami nates a

contact 20 chargliti§ 9&9’% o Alispesse elaptropnpiustive fing PowHes syph a8 earhon IniRecipptiogrndyctivenghber

i nmage layer orfand the rsleasable film so as to adjust the resistivity.

5 Preferred process conditions in this embodiment may be as follows
Abutting pressure: 5 - 500 gfem
AC voltage: 0.5 - 5 kVpp
AC frequency: 50 - 3000 Hz
DC voltage: -200 to -800 V.

10 ~ Figure 2 is an illustration of a contact-charging means according to another embodiment of the present
invention, wherein like reference numerals are used to denote like member as used in Figure 1, the
explanation of which is omitted here.

A contact-charging member 3 in this embadiment.is in the form of a blade abutted at a prescribed
pressure against a photosensitive member 1 in a forward direction as shown. The biade 3 comprises a

16 metal support 3a to which a voltage is supplied and on which an slectroconductive rubber piece 3b Is
supported. Further, the portion abutting or contacting a photosensitive drum is provided with a surface layer
3c comprising a releasable film. In a specific embodiment, the surface layer 3¢ comprised 10 micron-thick
nylon. According to this embodiment, a difficulty such as sticking between the blade and the photosensitive
member is nat encountered to show a similar performance as in the previous embodiment.

20 In the above-embodiment, charging members in the form of a roller and a biade have been explainad
but the shape is not restricted as such and other shapes can also be used. -

In the above embodiments, the charging member comprises an elsctroconductive rubber layer and a
releasable film but this is not necessary. Further, it is preferred to insert a. high resistance layer for
preventing leakage, such as a hydrin rubber layer having a good environmental stability between the

25 conductive rubber layer and the releasable film surface layer.

It is possible to use a releasable film of polyvinylidene fluoride (PVDF) or polyvinylidene chioride
(PVDC) instead of nylon resin. The photosensitive member may also comprise amorphous silicon, selenium,
Zn0, etc., in addition to an OPC photosensitive member. Particularly, in the case of using a photosensitive
member of amorphous sificon, image flow becomes noticeable when even a small amount of a softening

3¢ agent from the conductive layer attaches to the photosensitive member compared with a case of using
another photosensitive member, the coating of the conductive rubber layer with an insulating film becomes
remarkably effective.

In the cleaning step according to the present invention, the photosensitive drum after toner image
fransfer is wiped by a cleaning member such as a cleaner blade or roller for removal of the transfer residue

35 toner or other contaminants thereon to be cleaned and repetitively subjected to image formation.

Such a cleaning step can also be effected simultaneously as the charging step, developing step or
transfer step.

The present invention is partlcularly effective when applied to an image forming apparatus equipped
with a latenit image-bearing member which is surfaced with an organic compound. In case where the

40 surface layer is formed of an organic compound, a binder resin in the toner and the surface layer are likely
to adhere to each other and toner stlckmg is liable to occur at the contacting point especially when similar

- materials are used.

The surfacing material for .the latent image bearing member used in the present invention may
comprise, e.g., silicone resins, vinylidene chloride resins, ethylene-vinyl chloride resin, styrene-acrylonitrile

45 resin, styrene-methyl methacrylate resin, styrene resins, polyethylens terephthalate resins and polycar-
bonate resins, but can comprise another material, such as copolymers of or with other monomers,
copolymers between above enumerated components and polymer blends without being restricted to the
above. Among these, polycarbonate resins are particularly preferred.

The present invention is particularly effective when applied to an image forming apparatus using a

s0 latent image-bearing member having a diameter of 50 mm or smaller. In such a small-sized drum, an
identical linear pressure can produce a concentration of stress at the abutfing point because of a large
curvature.

A similar phenomenon may be encountersd also in case of a belt photosensitive member, and
accordingly the present invention is also effective to an image forming apparatus using a photosensitive

s5 member having a radius of curvature of 25 mm or smaller at the transfer zone.

Referring to Figure 5, the image forming method and image forming apparatus according to the present
invention are explained.

A photosensitive member 501 surfacs is negatively charged by a contdct charger 502 connected to a
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formi ng apparatus wherein charge irregularities onto a photosensitive

nberl'h hathaerteexdte Bkargi ng means are suppressed. 25 - An obj ect
of. the |on is to provide a devel oper which can stably form
VISIb|e are faithful to |atent inmages, sharp and -8- of

hi gh densities. n 0 Ject of the pre lon is to provide a
practical imge form ng apparatus m?rbtdﬁhqxgﬂiont act charging neans and a

devel opi ng nmeans for 5 effecting developnent wi th the devel oper by the

present i nventvbiRge apfRGioh cheslg 515 stilfsdtel HeFRGH-schriiv@ Wi REbr li§HI 805t ifém a digital latent
image, and the resultant latent image is reversely developed with a negatively chargeable monocomponent
magnetic developer 510 in a developing vessel 502 equipped with 2 magnstic blade 511 and a developing
sleeve 514 containing a magnet thersin. in the developing zone, an alternating bias, pulse bias and/or DC

& bias is applied betwesn the conduclive substrate of the photosensitive drum 501 and the developing sleeve
504 by a hias voltage application means. When a transfer paper P is conveyed to a transfer zone, the paper
is charged from the back side (opposite side with respect to the photosensitive drum), whersby the
developed image (toner image) on the photosensitive drum is elecirostaticaily transferred to the transfer
paper P. Then, the transfer paper P is separated from the photosensifive drum 501 and subjected to fixation

10 by means of a hot pressing roller fixer 507 for fixing the toner image on the transfer paper P.

Residual monocomponent developer remaining on the photosensitive drum after the transfer step Is
removed by a cleaner 508 having a cleaning blade. The photosensitive drum 501 affer the cleaning is
subjected to erase-exposure for discharge and then subjected to a rapeatmg cycle commencing from the
charging step by the charger 502.

15 The slectrostatic image-bearing member (photosensitive drum) comprises a photosensitive layer and a
conductive substrate and rotates in the direction of the arrow. The developing sleeve 504 comprising a non-
magnetic cylinder as a toner-carrying member rofales so as to move in the same direction as the
electrostatic Image holding member surface at the developing zone. Inside the non-magnetic cylinder
slesve 504, a multi-pole permanent magnet (magnet rofl) as a magnetic field generating means is disposed

20 so as not {o rotate. The monocompanent insulating magnetic developer 5§10 stirred by a stirrer 513 in the
developing vessel 509 is applied onto the non-magnetic cylinder sleeve 504 and the toner particles are
provided with, e.g., a negative triboelectric charge due to friction between the sieeve 504 surface and the
toner particles. Further, the magnetic docfor bfade 511 of iron is disposed adjacent fo the cylinder surface
(with a spacing of 50 - 500 microns) and opposite to one magnetic pole of the multi~pole permanent

25 magnet, whereby the thickness of the developer layer is regulated at a thin and uniform thickness (30 - 300
microns) which is thinner than the spacing between the electrostatic image bearing member 501 and the
toner carnrying member 504 so that the developer layer does not contact the Image bsaring member 501.
The ravolution speed of the toner carying member §04 is so adjusted that the circumferential velocity of
the sleeve 504 is substantially equal to or close to that of the electrostatic image bearing member 8§01. Itis

30 possible to constitute the magnetic doctor blade 511 with a permanent magnet instead of iron so as to form
a counter magnetic pole. In the developing zone, an AG bias or a pulsed bias may be applied between the
toner camrying member 504 and the electrostatic image bearing surface by the biasing means 512. The AC
bias may comprise f = 200 - 4000 Hz and Vpp = 500 - 3000 V.,

in the developing zone, the toner particles are transferred to the electrostatic image under the action of

35 an electrostafic force exerted by the electrostatic image bearing surface and the AGC bias or pulsed bias.

It is also possible to use an elastic biade of an elastic material, such as silicone rubber, instead of the
magnetic iron blade, so as to apply the developer onto the developer carrying member and reguiate the
developer layer thickness by a pressing force exerted by the elastic blade.

In the electrophotographic apparatus, plural members inclusive of some of the above-mentioned

40 members such as the photosensitive member, developing means and cleaning means can be integrally
combined to form an apparatus unit so that the unit can be connected to or released from the apparatus
body. For example, at least one of the charging means, developing means and cleaning means can be
integrally combined with the photosensitive member to form a single unit so that it can be attached to or
released from the apparatus body by means of a guide means such as a guide rail provided to the body.

45 In a case where the image forming apparatus according to the present invention is used as a printer for
facsimile, the laser light 505 may be replaced by exposure light image for printing received data. Figure 6 is
a block diagram for illustrating such an embodiment.

Referring to Figure 6, a controller 811 controls an image reader (or image reading unit) 610 and a
printer 619. The entirety of the controller 611 is regulated by a CPU 817. Data read from the image reader

s0 610 is fransmitted through a fransmitter circuit 613 to a remote terminal such as another facsimile machine.
On the other hand, data recelved from a remote terminal is transmitted through a receiver circuit 612 to a
printer 819. An image memory 616 stores prescribed image data. A printer controller 618 controls the
printer 819, A telephone handset 614 is connected to the racsiver circuit 612 and the transmitter circuit 613.

More specifically, an image recelved from a line {or circuit) 615 (i.e., image data received a remote

s5 terminal connected by the line) is demodulated by means of the receiver circuit 612, decoded by the CPU
617, and sequentially stored In the image memory 616. When image data corresponding to at least one
page is stored in the image memory 616, image recording or output Is effected with respect to the
corresponding page. The CPU 617 reads image data corresponding to one page from the image memory
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pr ovi déq

) 'glev_el oper for devel oping electrostatic |atent inmages,
conpri si BfgShest Re dnegatively 10 chargeable resin particles having
an aver aggl II e of 0.03 - 1.0 micron and a volune resistivity of
10[err] -¥ m According to another aspect of the present

invention, there is provided an i maggphokFugPasd apparatus, conprising: a
contact-chargi ng neans for charging a photosensitive nenber for bearing an
el ectrostatic inmge while contacting the photosensitive nmenber, and a
devel opi ng neétdsantl dransohits/ the derodng data cBfsinding to@w¢ adge do therguinter feontrolied6181Whdn ghe
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5
ohm cm Thus, receiving and recording of an image may be effected by means of the apparatus shown in Figure

6 in the above-mentloned manner.
The present invention will be explained in more detail with reference to Examples, by which the present
invention is not limited at all. In the formulations appearing In the Examples, parts are parts by weight.
10

Synthesis Example _1_

200 parts of cumene was charged in a reaction vessel and heated to a reflux temperature. Further, into
15 the vessel, 85 parts of styrene monomer, 15 parts of acrylic acid monomer and 8.5 parts of di-tert-butyl
peroxide were added. The solution polymerization was completed under refluxing of the cumene (146 - 156
* ©), followed by distilling-off of the cumene by raising the temperature. The resultant styrens-acrylic acid
copolymer was soluble in THF and showed parameters: Mw (weight-average molecular weigh) = 3,500,
Mw/Mn (weight-average molecular weight/number-average molecular welght) = 2.52, the molecular weight

20 at the main peak in the GPC chart = 3,000, and Tg (glass fransition point) = 56 " C.
30 parts of the above copolymer was dissolved In the following monomer mixture to form a mixture

solution.

25 [Monomer mixture]
Styrene monomer 50 parts
n-Butyl acrylaie monomer . 17 parts
Acrylic acid monomer 3 parts
Divinylbenzene 0.26 part

30 Benzoyl peroxide 1 part
tert-Butyiperoxy-2-ethylhexanoate 0.7 part

To the above mixture solution was added 170 parts of water containing 0.1 part of incomplstely
saponified polyvinyl alcohol to form a liquid suspension. The suspension was added to a nitragen-aerated
reaction vessel containing 15 parts of water and subjected to 6 hours of suspension polymerization at 70 -
95 “C. : : _

After the reaction, the product was recovered by filtration, de-watered and dried to form a copolymer
composition. In the composition, styrens-acrylic acid copolymer and styrene-n-butyl acrylate copolymer
were uniformly mixed. The THF-soluble content of the resin composition was subjected to measurement of
molecular weight distribution by GPC to provide peaks at molecular weights of about 3500 and about 31000
in the GPC chart, Mn (number-average molecular weight) = 5100, Mw = 115000, Mw/Mn = 225 and a
content of molecular weight being 10000 or below of 27 wt. %. The resin showed a Tg of 59 ° C, and the
o c:,ontent of molecular welght being 1000 or below isolated by GPC showed a glass fransition point Tg1 of 57

C.
The copolymer resin showed an acid value of 22.0.

as

40

50 Synthesis Example g

The following monomer mixture was subjected to solution polymerization in 200 parts of cﬁmene ata
cumene reflux temperature. :

§5
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25 : According to a further aspect of the presen*““nVEﬁffen—_Lhﬁ__ﬁ_
I's provided an apparatus unit conprising: a photosenS|t|v nb r a

contact charging -9- nmeans, a devel opi ng neans for dev e"R lmer
el ectrostatic image forned on the photosen3|t|ve menber w

whi ch conprises a toner, and negativ o:ﬁB%Qﬂ bl e spheri c

particles having 5 an average particle size o 0.03 - 1.0 mcron and a
volune resistivity of 10[err] - 10[err] ohmcm wherein at |east one of
sai d contact-chargi ng nmeans .oﬂgYn'ﬁ&uﬁ)e?' Ty TTEans 1S Ssuppgrted together with
sai d phot osensitive nenber mea-single unit —which 10 can be connected
to or rel eased from an appaf &ivese mengper 80 parts
i n-Butyl malsafe (half ester) monomer 10 parts
5 di-tert-Butyl peroxide 8.5 parts

After the reaction, cumene was removed by heating. The resultant styrens-n-butyl acrylate copolymer
showed parameters: Mw = 6,900, Mw/Mn = 2.36, a main peak molecular-weight = 7200 and Tg = 64 " C.

30 parts of the above styrene-n-butyl maleate (haif ester) copolymer was dissolved in the following
monomer mixture and subjected to polymerization in the same manner as in Synthesis Exampie 1 to form a
resin composition comprising styrene-n-butyl maleate (half ester) copolymer and styrene-n-butyl acrylate-n-
butyl maleate (half ester) copolymer. The resin showed an acid value of 20.6.

10

16

[Monomer mixture}

Styrene 45 parts

n-Butyl acrylate 20 parts
2 . n-Buty! maleate (half ester) § parts

Divinylbenzene 0.25 part

Benzoyl peroxide | 0.85 part

tert-Butylperoxide-ethylhexanoate | 0.85 part

25

Synthesis Example §

30 200 parts of cumene was charged in a reaction vessel and heated to a refiux temperature. Into the
vessel, a mixture of 78 paris of styrene, 15 parts of n-butyl acrylate, 7 parts of n-butyl maleate (half ester),
0.3 part of divinylbenzene and 1.0 part of di- tert-butyl peroxide was added dropwise in 4 hours under reflux
of the cumene, followed by 4 hours of polymerization and removal of the solvent by ordinary distillation
under reduced pressure to obtain a copolymer. The polymer showed: Mw = 25x10*, Mw/Mn = 11.0, Tg =
36 80 'C, and an acid value of 19.5.

Comparative Synthesis Example 1

40 A copolymer was obtained in the same manner as in Synthesis Exampie 3 except that 82 parts of
styrene and 18 parts of n-butyl acrylate were used and n-butyl maleate (half ester) was omitted. The
copolymer showed an acid value of 0.4.

45 Synthesis Example 5_

A copolymer was obtained in the same manner as in Synthesis Example 3 except that the amount of
the styrene was changed to 82 parts and the amount of the n-butylmaleate (half ester) was changed to 3
parts. The copolymer showed an acid value of 7.3.
50

Synthesis Exampla 5

A copolymer was obtained in the same manner as in Synthesis Example 3 except that the amount of
s5 the styrene was changed to 70 parts and the amount of the n-butylmaleats (haif ester) was changed to 15
parts. The copolymer showed an acid value of 48,
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as de5| red. According to another aspect of the present i nvention, there is
prodhdéhheﬂ{afsases,l hihc8g appar at us, conprising: an el ectrophotographic

appar recei ving means for receiving i mage data froma renote
term ai d el ectrophot ographi c apparatus conprises: a
cont act - c ans for chargi ng agphaiogs8agi ti ve nenber for bearing an

el ectrostatic 20 | mage while contacting the photosensitive nenber, and a
devel opi ng means for developing an electrostatic imge fornmed on t he

phot osensi tive nerrqggdue%n Baflpldf Vel OPET  whi Ch conprises a toner, and
negati vely char gegs= FEF .w' F-E5+-h Mrt :%! -SSR g—2E—ahr-aver-age

& con 00y -
particle size of %@ (g%ﬁfal&r unme resistivity Bﬂoopg]"‘:e r]

10[err] Ohmscm T atwely chargea o con lagent hromlumtc%rrnSex o?mgnoazo dye) 1.1 part
' ' Low-molecular weight polypropylene (Mw = 6000) 3 parts

The above components were meli-kneaded by means of a twin-screw extruder heated up to 140 °C,
and the kneaded product, after cooling, was coarsely crushed by means of a hammer mill, and then finsly
pulverized by means of a jet miil. The finely pulverized product was classified by means of a wind-force
classifier to obtain a classified powder product. Ulira-fine powder and coarse power were simuitaneously
and precisely removed from the classified powder by means of a multi-division classifier utilizing a Coanda
effect (Elbow Jet Classifter available from Nittetsu Kogyo K.K.), thereby to obtain a negatively chargeable
Insulating magnetic toner (1) (Tg = 57 ' C) having a volume-average particle size of 6.4 microns.

10

15

Production Example 2 .
20 Resin composition of Synthesis Example 2 ) 10Q parts
Magnetic fine powder (BET value = 8.6 m?/g) ' 110 parts
Negatively chargeable control agent {chromium complex of monoazao dye) 1.1 part
Low-molecular weight polypropylene (Mw = 6000) 3 parts
25
Negatively chargeable insulating magnetic toners (I} and (Ill} having different average particle sizes as
show in Table 1 appearing hereinafter were prepared from the above ingredients otherwise in a similar
manner as in Production Example 2.
30 "
Production Example 3
Resin composition of Synthesis Example 3 100 parts
Magnetic fine powder (BET valus = 8.6 m?/g) 80 parts
Negatively chargeable conirol agent (chromium complex of monoazo dye) 1.1 part
35 Low-molecular weight polypropyiens (Mw = 6000) 3 paris
A negatively chargeable msulatmg magnetic toner (IV) was preparsd from the above ingredients
@ otherwise in a similar manner as in Production Example 1.
Production Examples 4and$
o Negatively chargeable Insulatng magnetic toners (V) and (V) wel;e prepared by using the resin

compositions of Synthesis Examples 4 and 5 in place of the resin composition of Synthesis Example 3
otherwise in a similar manner as in Production Example 1.

Comparative Producti_gg_ Example 1

50 Resin composition of Comparative Synthesis Example 1 100 parts
Magnetic fine powder (BET value = 7.7 m2/g) 90 parts
Negatively chargeable control agent (chromium complex of salicylic acid) 1.1 part
Low-molecular weight polypropylens (Mw = 6000) - 3 parts

&6

A negatively chargeable insulating magnetic toner (VIl) (Tg = 55 " C) was prepared from the above
ingredients otherwise in a similar manner as in Production Example.
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-10- advant ages of the present invention will becone nore apparent upon a
consi d@v eemhepla"ﬁqdl | owi ng description of the preferred enbodi nents of
t he pre taken in conjunction with the acconpanying 5
dr aw ng PTI ON OF THE DRAWNGS Figure 1 is a schematic

illustration of a contact-chargi Ng repbalo gy Figure 2 is a contact- 10
charging bl ade, respectively according to the present invention. Figure 3

is an illustration of an instrunment for neasuring triboel ectric charges.
Figure 4 is an Thesetighsigetdistribytionswbibeiabiovecpbipined toners (1) - (VIY) are shown In the following Table 1.
Table 1
s Toner particle size distribution
Toner | Number % of| Volume % of zl Number % of Volume Number
No., s5um 12.7 um 6.35-10.8 um | average size | %/Volume % of S
(wm) 5um
0 [ 423 0 24,0 B4 23
] 38.1 0.6 305 6.9 29
m 74 18.8 47.3 124 218
v 275 1.1 38.0 7.8 3.4
5 v 306 0 35.5 7.0 . 8.0
Vi 314 0 38.2 7.2 3.1
vin 326 0 34.4 6.8 28

20

Examples 1 - 8 and Comparative Examples 1-4

The above-prepared magnetic toners were blended with negatively chargeable true-spherical resin

25 particles as shown in Table 2 below each having a long axis/short axis ratio of approx. 1 and hydrophobic or
non-treated silica particles as shown in Table 3 by means of a Henschel mixer to prepare developers of
these Examples as shown in Table 5 below.

Each developer was charged in an image forming apparatus (LBP-8II, mfd by Canon K.K.) remodelled
to be equipped with a contact charging device as shown in Figure 1. A DC voltage (-700 V) and an AC

30 voitage (600 Hz, 2000 Vpp) were applied in superposition to the contact-charging device, and a successive
image forming test was performed so as to fom 16 oopies per minute in‘a reversal development mode
under normal temperature - normal humidity conditions (25 ° C, 60 % RH).

The contact charging and image formation were performed more specifically as follows with reference
to Figure 1.

35 As described above, the charging roller 2 had a diameter of 12 mm and comprised a 5 mm-dia. core -
metal 2a coated with an approx. 3.5 mm-thick electroconductive rubber layer 2b and further with a 20
micron-thick releasable film 2C of methoxymethylated nylon. The charging roller 2 was pressed against the
OPC photosensitive member 1 so as to exert a total pressure of 1.2 kg (linear pressure of 55 g/cm).

The outline of the image forming apparatus Is illustrated in figure 5. In the apparatus, a toner layer was

40 formed in a thickness of 130 microns on the sleeve 504, and the sleeve 504 was disposed at a minimum
spacing of 300 microns from the OPC photosensitive drum 501 and the image formafion test was performed
under application of a DC bias of -500 V and an AC bias of 1800 Hz and 1600 Vpp to the sleeve.

The results of the image forming test are summarized in Table 5 below. In Table 5, the image density
represents an average of values measured at 5 polnts in a 5§ mm x 5 mm solid black square image. The

45 minute dot reproducibility represents the reproducibility of a checker pattern as shown in Figure 7 inciuding
100 unit square dots each having one side X measuring 80 micrans or 50 microns as shown in Figure 7,
whereby the reproducibility was evaluated by observation through a microscope while noficing the clarity
{presence or absence of defects) and scaftering to the non-image parts. The toner sticking onto the OPC
photosensitive member was evaluated by observing the resultant toner images and the surface state of the

so OPC photosensitive member (having a surface abrasion characteristic in terms of an abrasion decrease of
2.5x10~2 cm? by a Taber Abraser) after 10000 sheets of image formation.

Table 2 below summarizes the properties of the negatively chargeable resin particles, Table 3
summarizes the properties of the hydrophobic silica, Table 4 summarizes the propertiss of the developers,
and Table 5 summarizes the compositions and evaluation resulis of the developers. The evaluation

s5 standards ate shown below. '
Fog
o: Substantially no.

A: Observed but practically acceptable.
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15 resistivity. Figure 5 is a schematic illustration of an enbodi nent -of
the image form ng apparatus according to the present
a bl ock diagram showi ng a system 20 constituting a facsim | e apparat us.
Figure 7 is an illustration of a checker pattern for eval uating

reproduci bility of mnute dots. DETAI gkl 4t A+ T! ON
The devel oper according to the present invention cont
chargeabl e resin particles having an average particle size of 0.03 - 1
-11 - micron a¥@reeticglynageeoteliesi stivity (i.e., specific
Toner sticking onto photosensitive member

o No sticking at all.
0A: 1 - 3 white voids in A4 size solid black image atiributable to toner sticking.
A: 4 - 10 white voids in A4 size solid black image.

x: More than 10 white voids in A4 size solld black image.
Dot reproducibiiity

o: Less than 2 defects.
0A: 3 - 5 defects.

A: 6 - 10 defects.

x: 11 or more defects.

10

15

25

30

50

586

Table 2

I nvention. Figure 6 is

OF THE | NVENTI ON 25
ains negatively

Negatively chargeabie resin particles

Particle | Volume | Triboelectric | Tg Compasition
size resistivity charge |("C)
(m) {ohm.cm) {uClg)
A1] 05 101 -200 101 {Styrene-acrylic acid-2-ethyihexyl acrylate
A-2| 0.15 1010 =300 114 |Styrene-methyl methactylate-acrylic acid-butylacrylate
A-3] 0.08 108 -80 92 |Styrene-acrylic acid-2-ethylhexy| acrylate-divinylbenzene
A-4] 0.5 108 -70 20"
A-6] 0.5 10 - -160 105 |"
A-6| 15 1014 -450 92 ("
A-7{ 0.55 10f -30 65 ("
Table 3
Silica (B)
BET value| Triboelectric | Hydrophobicity Treating agent
(m2fg) | charge (uClg) (%) .
B-1 200 ° -180 93 | Alkyl-modified silicone oif
B-2 300 -250 98 | Hexamethyldisilazane and then silicone oil.
B-3 200 <30 Totally wettable | None
"This Sheet Has Been Replaced

(o
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resistance) of 10[err] - 10[err] ohmcm so that it does ereadlly cause
sticking of the toner onto a photosensitive nenber.

negatively chargeable resin particles are effective for p?fmshe&nggq;eg
toner for sticking onto the photosensitive nenber surface Wm
the followi ng reasons. A cause of toggly g onto a 10

menber is a scratch fornmed when the ggrfﬁgggﬁ‘\ﬂ he phot osensi

rubbed with inorganic particles and a pre55| ng or abutting nmenber. The

renoval of free inorganic particles is ¢hmbdt|ve for preventing the
occurrence of such a scratch on the 15 photosensitive nenber to prevent the

toner sticki fOEQREE | RaghGtel PS €N BudrhaPadddf dgbis 11N negqje{,é((?gr)bm?g}@eggeabl
resin particlies gccolf dbddgige0 |t he present inventi o have a function of
adsor bi ng f¥de inorgani garts
Silica powder Negatively BET Loose True
chargeable resin value apparent density
particles (m2/g) | density (g/cm) | (g/cm3)
" lex.1 ) B-1 |08part| A1 | O3pat | 25 048 | 167
Ex. 2 ) B2] 10"]| A2 01" 28 0.48 1.67
Ex. 3 1)} B-2 12" ] A8 005" 238 0.47 . 1.87.
Ex. 4 0] B-1 186" A4 02" 3.1 0.46 1.69
Ex. 5 )] B-2 16"] A5 0.7" 3.2 0.48 1.58
" e 8 ) B2| 06"| A1 03" | 24 0.49 162
Bx.7 W) B-1 14"} A1 ot1" 3.2 0.48 167
Ex. 8 Vi) B-1 14"} A-1 o1 3.1 0.48 1.87
Comp. Bx. 1 \'1)) B-3 09" | A8 03" 286 048 1.67
20 Comp. Ex. 2 (1) B-3 08"} - or 25 048 - 1.87
Comp. Ex. 3 ()] B3 05" | A7 12" 37 0.53 1.69
Comp. Ex. 4 {n B3 05° | A 01" 24 0.53 1.69
25
Table §
Example No. | Image | Fog | Dot reproduclbility | Toner sticking
a0 density (10000 shests)
x = 80| x =501
Ex. 1 14 o o o 0A
Ex. 2 14 0 4] o oA
Ex. 3 14 o] o] o] 0A
s Ex. 4 14 0 ) ) o.
BEx. 5 1.35 A o o o
Ex. 6 14 0 o oA oA -
Ex.7 14 a o o 0A
© Ex. 8 1.4 0 ] 4] oA
Comp. Ex. 1 0.9 o o o X
Comp. Ex. 2 08 o A A X
Comp. Ex. 3 0.9 X ° A X
Comp. Ex. 4 0.8 o A X A
45
Production Example 6
50 Resin composition of Synthesis Exampis 1 100 parts
Magnetic fine powder (BET value = 8.6 m?/g) 60 parts
Negatively chargeable control agent (chromium complex of monoazo dye) 1 part
Low-molecular weight polypropylene (Mw = 6000) 38 parts
§5

The above components were melt-kneaded by means of a twin-screw extruder heated up to 140 e
and the kneaded product, after cooling, was coarsely crushed by means of a hammer mill, and then finely
pulverized by means of a jet mill. The finely pulverized product was classified by means of a wind-force

20



parti cl es.
M Cr OSCORfis shebt FRE BLAR

This TS clearty observed through a scanning 20 el ectron
acEPr.M Ng appar atus equi pped with a contact-charging

char gi ng nmeans and

appar at us the ‘negatively chargeabl e resin particles having
passed byJM% m’ de may be adsorbed by a control [

25 furth

I nor gani ¢ palgpigcdi8agPAssi ng by the cleaning bl ade

on their surfaces to protect the photosensitive nenber surface. -12- The
negatively chargeable resin particles used in the present invention have a
primary aver agessiferte phtdinea negatieshofhargeadys insulatingmagnetic dmer (HildTe F | ") tavioga volgneg

m cron.

Resi n ayseee paiclesizhefv? Migorsa aver age particle

'5 Production Example 7
Resin composition of Synthasis Example 2, 100 parts
Magnstic fine powder (BET value = 8.6 m?(g) 60 paris
Negatively chargeable coniral agent (chromium complex of monoazo dyse) 1 part
Low-molecular weight polypropylene (Mw = 6000) 3 parts

0

A magnetic toner (IX) was prepared from the above ingredients otherwise in a similar manner as in

Praduction Example 6.

15

Production Example 8

Resin composition of Synthesis Example 3 100 pasts

Magnetic fine powder (BET value = 8.6 m%g) 60 parts
2 Negatively chargeable control agent (chromium complex of monoazo dye) 1 part

Low-molecular weight polypropylens (Mw = 6000) 3 parts

A magnetic toner (X) was prepared from the above Ingredients otherwise in a similar manner as in

25 Production Example 6.

Comparative Production Example 2
Resin composition of Comparative Synthesis Example 1 100 parts
30 Magnetic fine powder (BET value = 7.7 m?Q) 60 parts

Low-molecular weight polypropylene (Mw = 6000)

Negatively chargeable control agent (chromium complex of salleylic acid) | 3 parts

3 parts

d A magnetic toner (XI) was prepared from the above ingredients otherwise in a similar manner as in
Production Example 6.
% Production Examples i0 gn_g_ i1
Negatively chargeable insulating magnetic toners (X!} and (i) were prepared by using the resin
compositions of Synthesis Examples 4 and 5 in place of the resin composition of Synthesis Example 3
otherwise in a similar manner as in Production Example 8.
45

Examples 9-17 and Comparative Examnples 5- 7

- —

The above-prepared negatively chargeable insulating magnetic toners (V) - (Xl were blended with

5

o

Examples as shown In Table & below.

the negatively chargeable true-spherical resin patticles as shown in Table 2 above and hydrophobic or non-
treated silica particies shown in Table 3 by means of a Henschel mixer to prepare developers of these

Each developer was charged in an image forming apparatus (LBP-8ll, mfd, by Canon K.K.) remodelled
to be equipped with a contact charging device as shown in Figure 1 or Figure 2. A DC volitage (-700 V) and
an AC voltage (600 Hz, 1500 Vpp) were applied in superposition to the contact-charging device, and a
successive image forming test was performed at a printing speed of 16 sheets (Ad) per minute in a reversal
development mode under normal temperature -normal humidity conditions (25 *C, 60 % RH), whereby the
printed-out images were svaluated. The surface states of the charging member and the photosensitive drum
were also observed. The charging member was a roller-type as shown in Figure 1 in all the cases except

21



5 size larger than 1.0 mcron provide too small a specific surface area, so
that' they are not adequate to adsorb free inorganic part.iﬁgsg&e CBe@Renlaced
silica, thus showing little effect in prevention of toner n
particles having an average particle size smaller 10 than E' ﬁlﬁ&kﬁﬁl’e

| iable to cause cleaning failure. Th (¥ y char geabl | es
are preferably spherical and should ?g\r}gg‘gd\%?hne resistivity of 10[err] -
10[err] ohmcm Below 10[err] ohmcm 15 the charge of the devel oper is

| ower ed t 0 T eshat § blade-type bsoshownim Geurelwssiused.in Exibay 5. 10[ err] ohm cm t he
fluidity of the Thevasipogitions ¢f the devaleporscind the pvaluaiibn repuifs arersLarenarized intable € heldwog. | t

Is preferred that the negatively chargeable 20 resin particles have a
triboelectric charge of -50 [erf]C/ g to TM8® [err] C/ g, particularly -50

pC/g to -306 [err]1C/
' Example Magnetic Sllica Negatively Image Fag Toner sticking
No. toner 100 chargable resin density | (initial) (after 10000
parts . particles (initial) sheets)
10 |[Ex. 9 Vilt B-1 |05 part | A1 0.1 part - 14 o] 0A
Ex. 10 Vil B-1 |05 " A2 005" 14 a oA
Ex. 11 vl B-2 |04" A3 01" 14 0 oA
Ex. 12 IX B2 06" A-4 04" 1.36 o 0o
Ex. 13 X B2110" A5 08" 1.25 o 0
15 {Ex. 14 X B-1|1t0" A-1 02" 14 o 0A
Ex. 15 X B2 08" A2 o3" 1.35 0 0A
Ex. 16 X B-2|08" A-1 01" 14 o oA
Ex. 17 Xiit B2jo8" A-1 01" 14 o oA
2 Comp. Ex. 5§ Vil B-3j05" A-6 02" 1.0 X A
Comp. Ex. 6 Xi B3j05" A7 02" 1.0 A X
Comp. Ex. 7 Xi B-3|05" . 0 08 A X
25
Production Example 1_2_
Styrene-n-butyl acrylate copolymer {copolymerization weight ratio = 8:2, Mw = 25x10%) | 100 parls
Magnetic fine powder (BET value = 8.6 m?g) 80 parts
30 | Negatively chargeable control agent (chromium complex of monoazo dye) 1 part
Low-molecular weight polypropylene (Mw = 6000) : 3 parts

1

The above components were melt-kneaded by means of a twin-screw exiruder heated up'to 140 °C,

% and the kneaded product, after cooling, was coarsely crushed by means of a'hammer mill, and then finely
pulverized by means of a jet mill. The finely puiverized product was classifled by means of a wind-force
classifier to obtain a negatively chargeable insulating magnetic toner (XIV) (Tg = 60 ° C) having a volume-
average particle size of 12 microns.

40

Production Example 1_3_

Styrene-2-ethylhexyl acrylate copolymer (copolymerization ratio = 8.2, Mw = 20x10¢) | 100 parts

Magnetic fine powder {BET value = 7.7 m?/g) 60 parts
. - Negatively chargeable control agent (chromium complex of salicylic acid) 1.1 part

Low-molecular weight polypropylene (Mw = 8000) 3 parts

A magnetic toner (XV) (Tg = 55 *C) was prepared from the above ingredionts otherwise in a similar
60 manner as in Production Example 12.

Examples 18 - 24 and Comparative Examples § =14

§5 The above pre_pared magnetic toners XIV and XV were blended with the negatively chargeable resin
particles shown in Table 2 above, hydrophobic or non-treated silica particies shown in Table 7 and aliphatic
acid metal salt particles shown In Table 8 below to prepare developers of these examples as shown in
Tabie 8.



Bel ow - 50 pC/g the stic ntion effect is small to result in a low

i mage density. Ty SheaHaélﬁé}n _, the fluidity becones worse. 25
The tri boel ectr ® negatively chargeable resin particles may
be measured in nner. -13- 0.2 g of sanple resin

particles are Ieft s ver ni gh I ronment of a tenperature of
25 [err]C and a humdity of 50 - B?ﬁ& andaeﬂﬁen charged in a rZrBO

cc-al um num pot together with 99. 8 5 of carrier iron powder not coated
with any resin a&af doalopdd Yrafichaigbdin a:paiagqofamﬁng(abnaraas ASPi8lh, mfd by Canag K.Kd fer@driied
300 nesh (e. gto,belshiippad @it38 Edntactf abdrginm/esichgs showr indiguie A DC voltage (700 V) and an AC
voltage (600 Hz, 2000 Vpp) were applied in superposition to the contact-charging device, and a successive
image forming test was performed so as fo form 16 coples per minute in a reversal development mode
§ under normal temperature - normal humidity conditions (25 ' C, 60 % RH), whereby the printed-out images
were evaluated. The surface states of the charging member and the photosensiive drum were also
obsarved. The charging member was a roller-type as shown in Figure 1 in al the cases except that a blade-
type as shown in Figure 2 was used in Example 24.
The compositions of the developers and the evaluation results are summarized in Table 8 below.

10

Table 7
Silica (B)
15 BET value| Triboelectric Hydrophobicity Treating agent
(m?g) | charge (nC/g) (%) ,
B-4 200 -250 98 | Hexamethyidisilazane and then silicone oil.
. B-5 300 * «230 98 | Hexamethyldisilazane
2 1'ss | 200 -30 Totally wettable | None
25
30
85
40
]
50
85



for 60 minutes under the above-nmentioned environmental conditions. The

m xture is then subjected to sieving 10 by using an al um

cel l having"é

400 - nesh-screen under a bl ow pressure of 0.5 kg/cnferr] to neasure the
triboelectric charge of the resin particles by the bIOMFOFIMmmkhQHsBJJWhMmmd
nunber -average particle size may be g5 fRagyagd by a Couls

(suitable for measurenent
avai |l abl e from Ni kkaki
application of an ultrasonic wave.

(avail able 20 from Hori ba Sei sakusho K K.).
substantial |y nono-di spersion pattern as produced by emnul sion

pol ymeri zati on,

etc.

in particle size range of 0.003:
K. K.)

in a dispersed state in a sol jmmwml

It is also possible to use CAPA-5000

Resin particles having a

may

(SEM picture at a nmagni

Table 8
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25 10, 000, fﬁf—paﬁ—ifl—e—s—i—ze—ﬁceasurerrent. For determ ning the

resistivity (

ance) may be measured by using an apparatus as

nunber - aver g e arg.i i 20 - 50 spherical particles selected at
randomin th s eﬁ'}i used -14- for calculation. The vol une

shown in Fi gu
23.5 [err] C and a humidity of 65 % RH Referring to Figure 4,

enV| ronngmpalo ggandi tions of a 5 tenperature of

t he appar at us

i ncludes a bench 41, a pressing nmeans connected to a hand press and
equi pped with a pressure gauge 43, a hard glass cell 44 having a dianeter
of 3.100 cmfor containing a sanple 10 45, a brass press ram 46 having a

of 4 26§es(‘2gﬁ 29 and Comparative Examples 15 17

di amet er

§

10

15

— —

The above prepared magnetic toners XIV apd XV were blended with the negatively chargeable resin
particles shown in Table 2 above, and the hydrophobic or non-reated silica particles shown in Table 3
above to prepare developers of these examples as shown in Table 9 below.

Each developer was charged in an image forming apparatus (LBP-8II, mfd. by Canon K.K.) remodelled
to be equipped with a contact charging device as shown in Figure 1 or Figure 2. A DC voltage {(-700 V} and
an AC voltage (300 Hz, 1500 Vpp) were applied in superposition to the contact-charging device, and a
successive image forming test was performed at a printing speed of 8 shests (A4) per minute in a reversal
development mode under normal temperature -normal humidity conditions (25 *C, 80 % RH), whereby the
printed-out images were evaluated. The surface states of the charging member and the photosensitive drum
were aiso observed. The charging member was a roller-type as shown in Figure 1 in all the cases except
that a blade-type as shown in Figure 2 was used in Example 29.

The compositions of the developers and the evaluation results are summarized in Table 9 below.

Table 8
20
Example No.| Magnetic Silica Negatively chargable Image Fog Toner sticking
toner 100 (part) resin particles (part) density | (initial) (after 6000
parts (initial) sheets)
25 | Ex. 25 Xiv B-1 1058 A-1 0.1 1.4 o o
Ex. 26 " A" 05 A2 0.0 14 o oA
Ex. 27 " B-2 { 04 A3 0.1 14 (<] c
Ex. 28 XV " 08 A4 0.4 136 o o
Ex, 29 " " 1.0 A5 0.8 12 o 0
% I Comp.Ex. 15 XV B3|05| AB 0.2 1.0 X A
Comp.Ex. 16 " i 05 AT 0.2 0.9 o X
Comp.Ex. 17 " . 05 - 0 0.8 o X
35 , '
Production Example 14 _
. Styrene-n-butyl acrylate copolymer (copolymerization weight ratio = 8.2,Mw = 25x10*) | 100 parts
40 Magnetic fine powder (BET value = 8.6 m2/g) 100 parts
Negatively chargeable control agent (chromium complex of monoazo dys) 1 part
Low-molecular weight polypropylens {Mw = 8000) 3 parts
4% The above components were melt-kneaded by means of a twin-screw extruder heated up fo 140 °C,
and the kneaded product, after cooling, was coarsely crushed by means of a hammer mill, and then finely
pulverized by means of a jet mill. The finely pulverized product was classified by means of a wind-force
classiffer to obtain a classifled powder product. Ultra-fine powder and coarse power were simultaneously
50 and precisely removed from the classified powder by means of a multi-division classifier utilizing a Coanda
effoct (Elbow Jet Classifier available from. Nittetsu Kogyo K.K.), thereby to gbtain a negatively chargeable
Insulating magnetic toner (XV1) (Tg = 80 C) having a volumeaverage particle size of 8.5 microns.
85



and an area of 14.2857 cn®, a press bar 47 of stainless steel, a brass

bench 48tyid dhedi Had BRUrE iaegdes ‘49 and 50 of bakelite, a resistance neter 51

connect ed am 46 and bench 48, and a dial gauge 52. 15

In the ap Hm M%@WILH Figure 4, when an oil pressure of 20 kg/cnferr]
Is applie ress, the sa plied with a pressure of 576
kg/cnferr]. The resistance is read atgplgﬁ %Eaf:lk':gd vol tage of 10 volts by the

ar ea and d|V|ded

resistance neter 51, multiplied by the 20 sarrpl e sectional

by the sanple JAUYE Juelus: 2

resistivity. The=nesgat=y o sent

i nventi on may |pigme '&W‘@"%@W@ l’@;&ﬂ"‘y'a?ﬁaﬂ"‘hﬁ?"e‘ Qﬁéﬁ'{ Flz@ﬁpﬂ)y 10%8¥tshhve a
| ong axi s/ shor|tMagaguisfine apydsr (BRT yakie =(7:011%@) of mplexofsaﬂcyhc amd)f Or provi d?‘ﬂ%:ﬁn
‘excel I ent "stig l{Tawﬁ ﬁumwmmpropyenezww = 6000) 3 parts

A negatively charge.able Insulating magnetic foner (XVIil) having a volurﬁe-average particle size of 6.7
microns and Tg of 55 C was prepared from the above ingredients otherwise in a similar manner as in
Production Example 4.

10

/s Production Exampie 16

A negafively chargeable magnetic toner (XVIll) having a volume-average particle size of 7.8 microns
was prepared in a similar manner as in Production Example 14 except that the amount of the magnetic fine
powder was reduced to 80 parts.

20
Production Example 17

A negatively chargeable magnetic toner (XIX} was prepared in a similar manner as in Production
Example 14 except that the classification condition was varied to provide a parﬁc!e size distribution as

25 shown in Table 10 below.
The particle size distributions of the toners (XVI) - (XVIIf) are also shown in Table 10 below.
Further, silica particles used together with these toners are shown in Table 11 below.
Table 10
30
Toner particle size distribution
Toner { Number % of| Volume % of 2] Number % of Volume Number %/Valume)
. No. S$5um 12.7 um 6.35-10.08 um | average size % of £ 5um
(wm)
vl 35.2 0 385 6.5 3.08
Xvi 39.0 0 290 6.7 273
Xviil 33.0 1.2 389 78 3.87
40 XX 62.3 0. 144 6.1 2.1
Table 11
45
Silica (B)
BET valus| Triboelectric Hydrophobleity Treating agent
50 (m%g) | charge (1C/g) (%)
B-7 200 -170 93 | Hexamethyldisilazane
B-8 300 -230 g5 | "
B-9 200 -30 Totally wettable } None -
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a photosensitive nenber. Such spherical resin particles may be produced by
ermul si on pol ynmerization, spray drying, etc. It is preferred to use resin
par tTﬁEISe@tHvaBbdn eEiacedi glass transition point of 80 [err]C or higher

obtar rrzatron of nonomer conponents for production of a
toner such as styrene,g@mghyd 493 ;ci d, net hyl nethacryl ate,
buty acry ate 2- et hyl hexyl acrylate through enul si on pol ynerizati on.
10 The resrn may be crosslinked by wusing a crosslinking agent

such as di vi redrig¥ene. It is also preferred that -the resin particles may

be surface- treated wth nmetal, netal oxrde)@gr gnment . dye, surfactant,
etc., so as ' to oftt[q% ako¥g- red magnetic toner was blended with 0.2 part of the negatrvely

chargeaLle resin particles A-1 shown in Table 2 and the hydrophobic silica B-7 shown in Table 11 above by
§ means of a Henschel mixer to obtain a developer. the properties of which are shown in Table 12 appearing
hereinafter.

The developer was charged in an image forming apparatus (LBP-8ll, mfd. by Canon K.K.,) remodelled to
be equipped with a contact charging device as shown in Figurs.1. A DC voltage (-700 V) and an AC voltage
(300 Hz, 1500 Vpp) were applied in superposition to the contact-charging device, and a successive image

10 forming test was performed at a printing speed of 8 sheets (A4) per minute in a reversal development mode
under normal temperature - normal humidity conditions (25 *C, 60 % AH), whereby the printed-out images
were evaluated. The results are also shown in Table 12. The evaluation standards of the image density
Dmax, dot reproducibility and fog were the sams as in Table 5. The toner sticking was evaluated by
observing the resultant toner images and the surface state of the OPC photosensitive member (having a

15 surface abrasion characteristic in terms of an abrasion decrease of 2.5x10~2 cm3 by a Taber abraser) after
6000 sheets of image formation.

As a result of the evaluation, the developer showed an excellent minute-dot reproducibility and provided
good images having an image density Dmax of 1.4 without fog as shown in Table 12. Further, no sticking
onto the photosensitive member was observed after image formation of 6000 sheets. '

Example 11_

A developer was prepared in the same manner as in Example 30 except that the negatively chargeable
25 resin particles were changed o the type A-2 in an amount of 0.05 part. The developer was svaluated in the
same manner as in Example 30 except that the Image formation was effected by using an image forming
apparatus (LBP-8ll), mfd. by Canon K.K.) remodslled to be equipped with a contact-charging device as
shown in Figure 2.
As shown in Table 12, the developer showed an excellent mmute-dot reproducibility and provided good
30 images at Dmax of 1.4 free from fog. Slight toner sticking onto the photosensitive member was observed
after 6000 sheets of the image formation but was practically of almost no problem.

Examples 32 - 38
35 -

Developers of these Examples were prepared in the same manner as in Example 30 except that the
formulations were'changed as shown in Table 12. The physical properties of the developers are also shown
in Table 12. These developers were respeciively evaluated in the same manner as in Example 30, whereby
similarly good results as in Example 30 were obtained as shown in Table 12.

Comparative Examples 18 - 20

For the purpose of comparison with Examples, developers of these Comparative Examples were

45 prepared in the same manner as in Example 30 except that the formulations were changed as shown in

Table 12. The physical properties of the developers are also shown in Table 12. These developers were

respectively evaluated in the same manner as in Example 30, whereby they showed inferior resuits in any
respects than those of Examples and failed to show satisfactory performances as shown in Table 12.

50



15 resistivi ty and the triboelectric charge. The toner—contaimned i the

devel oper of the present invention may preferably have, ,sgt%Lt‘iﬂ?B&“ﬁ 436d
particle size of 3 - 20 mcrons, particularly 4 - 15 m G . | | |

In case where the toner is a magnetic toner, it is pref r\m H \
magneti c toner has a vol une- average.Ege“_"bgwAﬁ ze of 4 .
particularly 6 - 8 mcrons, so as to provide a devel oper having a good
resolution and causing little fog. The devel oper 25 containing the magnetic

toner may further preferably h@ve a BEL specific syirfacg area of 1.8 - 3.5
nMerr]/g, a |oose apparent cegﬁgi,ty (or faerated bul k dengity) of 0.4 -16-
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- 0.52 g/cnferr] and a true density of 1.45 - 1.8 g/cnferr] so as to
provide a good resolution and cause little fog. A devel oper having a BET
Y iaanrdealof 1.8 - 3.5 n2/g as neasured by nitrogen adsorption
5 st | AHildiRdR i8Nt performance froman early stage of operation, an
exc mﬂ _ r utilization efficiency and al so a toner
sti k n effect onto the pPotdssessAti ve nenber. The devel oper of
the present invention may 10 preferably have a true density of 1.45 - 1.8
g/cnerr]. In this range, the devel oper provides an appropriate
application anmount onto a latent inage to provide a faithful, high-density
i mge Wi thout thickening or thinning relative to the latent inmage. A true .
density 15 m@f@f 4 A8l o &@%J‘egzp%% contami nation in the apparatus
due to scagt mer=-sti cking onto the photosensitive
menber and | NCrA@S8&ke propared magnetic toners XIV and XV were blended with the negatively chargeable resin
particles shown In Table 2 above, and hydrophobic silica particles shown in Table 11 above to prepare
developers of these examples as shown in Table 13 below.
Each developer was charged in an image forming apparatus (LBP-8Il, mfd. by Canon K.K.) remodsiled
16 ‘%o be equipped with a contact charging device as shown in Figure 1 or Figure 2. A DC voltage (700 V) and
an AC voitage {150 Hz, 1500 Vpp) were applied In superposition to the contact-charging device, and a
successive image forming test was performed at a printing speed of 4 sheets (A4) per minute in a reversal
development mode under normal temperature -normal humidity conditions (25 *C, 60 % RH), whereby the
printed-out images were evaluated. The surface states of the charging member and the photosensitive drum
15 were also observed. The charging member was a roller-type as shown in Figure 1 in all the cases except
that a blade-type as shown In Figure 2 was used in Example 41.
The compositions of the developers and the evaluation results are summarized in Table 13 below.

Table 13
20 .
Example No.| Magnetic Sillca Negatively chargable fmage Fog Toner sticking
toner 100 {part) resin particles (part) density | (initial) (after 3000
parts ' (initial) . sheets)
25 | Ex. 37 v B-7 105 A1 0.1 - 14 o o
Ex. 38 xav " 0.5 A2 0.05 14 o} 0
Ex. 39 xv " 05 A3 0.1 14 o o
Ex. 40 XV - |B-8|04 A4 0.4 1.35 e} 0
Ex. 41 xv B-8 | 1.0 A5 08 13 Q o
Y lcompEx. 21| .xiv  |Bolos| aAs 0.2 1.0 x A
Comp.Ex. 22 Xv " 05 A7 0.2 1.0 o] X
35 As described above, the developer according to the present invention can faithiully reproduce even thin

lines of latent image formed on a photosensitive member, can maintain high quality images without
depending on environmental conditions even in the case of continuous copying or printing, and can also
provided good copy images without causing toner-sticking onto the photosensitive member even for a long
period of successive copying.

40 A developer for developing electrostatic latent images is constituted by a toner, and negatively
chargeable spherical resin particles having an average particle size of 0.03 - 1.0 micron and a volume
resistivity of 10° - 10'2 chm.cm. The toner may comprise toner particles and hydrophobic inorganic fine
powder, which is generally used In a larger amount than-the negatively chargeable spherical resin particles.
The negatively chargeable spherical resin particles function to pravide a toner image which is faithful to an

45 olectrostatic latent image formed on a pholo-sensitive member while preventing toner-sficking onto the
photosensitive member preferably in combination with a contact-charging means for charging the photosen-
sitive member.

so Clalms

1. A developer for developing electrostatic létent images, comprising: a toner, and negatively chargeable
spherical resin particles having an average particle size of 0.03 - 1.0 micron and a volurne resistivity of 10°

- 10'2 ghm.cm.
s5 2. The developer according to Claim 1, wherein said toner comprises toner particles and hydrophobic

inorganic fine powder.
3. The developer according to Claim 1, wherein said toner comprises toner particles and hydrophokic metal

oxide fine powder.



fog. The devel oper of the present invention may 20 have a | oose apparent
density of 0.4 - 0.52 g/cnferr], which is characteristically small conpared
‘Whi ShéteHaxBgén Replded of t he true density. The porosity calculated fromthe
tru t he | oose apparent density according to the follow ng
equARiBl erably be 25 62 - 7Ep%paibaspaity ([err]a) = [(true
density) - apparent depsity)]/[true density] x 100 (% -17- The devel oper
may preferably have al!packed apparent density of 0.8 - 1.0 which may
provide a porosity (&p) of 40 - 50 %

Examples 37-41 and Comparative Examples 21 and 22

The above prepared magnetic toners XIV and XV were blended with the negatively chargeable resin
particles shown in Table 2 above, and hydrophobic silica particles shown in Table 11.above to prepare
developers of these examples as shown in Table 13 below.

Each developer was charged in an image forming apparatus (LBP-81l, mfd. by Canon K.K.) remodelled

10 to be equipped with a contact charging device as shown in Figure 1 or Figure 2. A DC voltage (-700 V) and
an AC voltage (150 Hz, 1500 Vpp) were applied in superposition fo the contaci-charging device, and a
successive image forming test was performed at a printing speed of 4 sheets {A4) per minute in a reversal
development mode under normal temperature -normal humidity conditions (25 *C, 60 % RH), whereby the
printed-out inages were evaluated. The surface states of the charging member and the photosensitive drum

15  were also observed. The charging member was a roller-type as shown in Figure 1 in all the cases except
that a blade-type as shown in Figure 2 was used in Example 41.

The compositions of the developers and the evaluation resuits are summarized in Table 13 below.

Table 13
20 .
Example No.| Magnetic Sllica Negatively chargable Image Fog Toner sticking
toner 100 (part) resin particles (part) density | (initial) {after 3000
parts (initial) . sheets)
25 | Ex. 37 Xv B-7 | 05 A-1 0.1 1.4 o 0
Ex, 38 v " Q.5 A-2 0.05 14 0 "0
Ex. 39 xv " 0.5 A3 0.1 1.4 a ]
Ex. 40 XV B-8 | 0.4 A4 04 1.36 o o
Ex. 41 XV B-8 |10 A5 0.8 1.3 0 o)
®lcompEx.21| .xv |B9|05| A6 02 1.0 X A
Comp.Ex. 22 XV " 0.5 A-7 0.2 1.0 o] X
35 As described above, the developer according to the prasent invention can faithfully reproduce even thin

lines of latent image formed on a photosensitive member, can maintain high quality images without -
depending on environmental conditions even in the case of continuous copying or printing, and can also
provided good copy images without causing toner-sticking onto the photosensitive member even for a long
period of successive copying.

40 A developer for developing electrostatic fatent images -is constitufed by a toner, and negatively
chargeable spherical resin particles having an average particle size of 0.03 - 1.0 micron and a volume
resistivity of 10° - 102 ohm.cm. The toner may comprise toner particles and hydrophobic Inorganic fine
powder, which is generally used in a larger amount than the negatively chargeable spherical resin particles.
The negatively chargeable spherical resin particles function to provide a foner image which is faithful to an

45 electrostatic latent image formed on a photo-sensitive member while preventing toner-sticking onto the
photosensitive member preferably in combination with a contact-charging means for charging the photosen-
sifive member.

so Claims

1. A developer for developing electrostatic latent images, comprising: a toner, and negatively chargeable
spherical resin particles having an average particle size of 0.03 ~ 1.0 mlcron and a volume resistivity of 108

- 10'2 ohm.cm.
ss 2. The developer according to Claim 1, wherein said toner comprises toner particles and hydrophobic

inorganic fine powder.
3. The developer according to Claim 1, wherein said toner comprises toner particles and hydrophobic metat

oxide fine powder.



The developer satlsfylng the above properties 5 does not cause plugging in

t he de hBtads but nmay ensure a snooth supply to the devel opi ng
zone, howi ng a stable density can be always formed w t hout
white d , the toner does not cause | eakage, scattering or
denaturation even 10 after a large rgp@ r% aAprinting tests but can prevent
toner-sticking onto the phot: osenS|t|ve nenber. The BET specific surface
area of the nagnetic devel oper may be neasured according to the BET one-
poi nt et hod 4oYheusveivger acopiing tof Glam $.unhérele eaidtvreacomptises todeb p4rikies esidyliroghpbic silica
avai | abl e fr dine @wdTACHROVE Co.). The | oose apparent density (or aerated
bul k density)s ahﬂjdgelweaccer rﬂaPeWé'm (lowhernin seid tgeen somnyises denar P”éé‘e? andniyerephebigr e
based on the "!Paai‘j“e R@"!?@UF‘*@'&“WSU?F% opgiitenervanighet and t he accorrg %éggne

vessel (avédiI%ah? ef:r%ze o BiChiR 1herels pag taen °°g\‘i[ff*°%uﬁ?6?5rpdmﬂﬁ hayn

handl i ng average pa microns.
7. The developer accordmg to claim 1, wherein said toner comprises magnetic toner particles.
8. The developer according to Claim 1, wherein said negatively chargeable spherical resin particles have a
triboelectric charge of -50 to -400 uC/g.

70 9. The developer according to Claim 1, which comprises 0.01 - 1.0 wt. part of the negatively chargeable
spherical resin particles and 0.1 - 3.0 wt. parts of hydrophobic morgamc fine powder per 100 wt. parts of
{oner particles constituting the toner.

10. The developer according to Claim 9, wherein said hydrophobic inorganic fine powder is contained In a
larger production than the negatively chargeable spherical resin particles.

15 11. The developer according to Claim 8, wherein 0.2 ~ 2.0 wt. parts of the hydrophobic inorganic fine
powder is mixed with 100 wt. parts of the toner particles.

-12. The developer according to Claim 9, wherein 0.6 ~ 1.6 wt. parts of the hydrophobic inorganic fine
powder is mixed with 100 wt, parts of the toner particles.
13. The developer according to Claim 1, wherein said toner comprises toner particies, hydrophobic

20 inorganic fine powder and aliphatic acid metal salt fine powder.

14. The developer according to Claim 13, wherein sald afiphatic acid metal salt fine powder has a positive
chargeability and a primary average patticle size of 1 micron or smaller.

15. The developer according to Claim 13, which comprises 0.01 - 1.0 wt. part of the negatively chargeabie
spherical resin particles, 0.1 - 3.0 wt. parts of the inorganic fine powder treated with silicone oil or silicone

25 vamnish, and 0.05 - 0.7 wi. part of the aliphatic acid metal salt fine powder per 100 wt parts of the toner
particles.

16. The developer according to Claim 13, wherein the amount of the hydrophobic inorganic fine powder |s
larger than the total amount of the negatively chargeable spherical resin particles and the aliphatic acid
metal sait and is also larger than 4 times the amount of the aliphatic acld metal salt.

g0 17. The developer according to Claim 1, wherein said toner comprises toner particles containing a binder
resin which comprises 3 - 30 wt. parts of polymerized monomer units having an acid group formed of a
carboxyl group or its anhydride per 100 wt. parts of the binder resin and has an acid value of 1 - 70.

18. The developer according to Claim 17, wherein said toner comprises magnetic toner particles.
~19. The developer according to Claim 17, whereln said toner particles have a volume-average particle size
g5 of 4 - 8 microns.
20. The developer according to Claim 18, wherein said magnetic toner particles have a volume-average
particle size of 8 - 8 microns; the developer has a BET speclfic surface area of 1.8 - 3.5 m?/g, a loose
apparent density of 0.4 - 0.52 g/cm?3, and a true density of 1.45 - 1.8 g/cm® and 100 parts of the magnstic
toner particles are mixed with 0.01 - 1.0 wt. part of the negatively chargeable spherical resin particies

40 having an average particle size of 0.03 - 1.0 microns, a volume resistivity of 10° - 10'2 chm.cm and a
triboelectric charge of -50 to -400 nC/g and 0.6 -1.8 wt. paris of the hydrophobic inorganic fine powder
treated with silicone oil or silicone varnish. .

21. Tho developer according to Claim 20, wherein said hydrophobic inorganic fine powder is contained in a
larger production than the negatively chargeable spherical resin particles.

45 22. The developer according to Claim 1, wherein said negatively chargeable spherical resin particles have a

" primary average particle size of 0.05 - 0.8 micron.

23. The developer according to Claim 1, wherein said nsgatively chargsable spherical resin particles

comprise a polymer or copolymer obtained by polymerizing a vinyl monomer selected from the group
consisting of styrene, acrylic acid, methyl methacrylate, butyl acrylate, 2-ethylhexyl acrylate and mixtures

s0 thereof.

24. An image forming apparatus, comprising:

a contact-charging means for charging a photosensitive member for bearing an electrostatic image while

contacting the photosensitive member, and

a developing means for developing an electrostatic image formed on the photosensitive member with a

86 developer which comprises a toner, and negatively chargeable spherical resin particles having an average
particle size of 0.03 - 1.0 micron and a volume resistivity of 10° - 10'2 chm.cm.

25. The apparatus according to Claim 24, whersin sald photosensitive member comprises an organic
photoconductor layer and said contact-charging means Is pressed against the photosensitive member at an

30



memuat—for the Powder Tester. The true density referred_Lg__heLeJ—n—l—s—based

o] actcording to the foll owi ng nethod whi ch may be a
aE:H nm mﬂﬂﬂ ient nethod for fine 25 powder. A st med
cyl+n Lhaw ng an i nner dianeter of 10 nmand a | ength
di sk -18- (A) having an outer di agphQio g gbout 10 Iof 5
nm and a piston (B) having an outer dianeter of about 10 mm and a length
of about 8 cmwhich can be inserted into the cylinder kn a close 5 fitting,
are provi ded.abittrg paisste of ) 500g/cpl aced at the bottom of the cylinder, about 1
g of a sarrpl e26p Bwcieparaius according to Claim 24, whersin said contact-charging means is In the form of a roller
comprlsmg an electroconductive rubber layer and a releasable coating.
27. The apparatus according to Claim 24, wherein said contact-charging means is equipped with a voltage
5 application means for applying an AC voltage or/and a DC voltage.
28. The apparatus according to Claim 24, wherein said contact charging means is equipped with a bias
voltage application means for applying an AG voltage at 0.5 - 5 kVpp and 50 - 3000 Hz and a DC voltage of
-200 to -800 volts. _
29, The apparatus according to Claim 24, wherein said developing means comprises a developing slesve
10 for carrying the developer.
30. The apparatus according fo Claim 24, wherein said photosensitive member is equipped with a cleaning
means.
31. The apparatus according to Claim 30, whereln sald cleaning means comprises a cleaning blade.
32. The apparatus according to Claim 26, wherein said electroconductive rubber layer has a thickness of
15 0.1 - 10 mm, and the releasable coating has a thickness of § - 30 microns.
33. The apparatus according to Claim 26, wherein said electroconductive rubber layer comprises ethylene-
propylene-diene terpolymer, and said releasable coating comptises nylon resin.
34. The apparatus according to Claim 24, wherein sald photosensitive member is surfaced with a resin
selected from the group consisting of silicone resin, vinylidene chloride resin, ethylene-vinyl chiotide resin,
20 styrsne-acrylonitrile resin, styrene-methyl methacrylate resin, styrene resin, polysthylene terephthalate resin
and polycarbonate resin.
35. The apparatus according to Claim 24, whersin said photosensltive member is surfaced with polycar-
honate resin.
36. The apparatus according to Claim 24, wherein said toner comprises foner particles and hydrophobic
25 Inorganic fine powder.
37. The apparatus according to Claim 24, wherein said toner comprises toner particles and hydrophobic
metal oxide fine powder.
38. The apparatus accordmg to Claim 24, wherein said toner comprises toner particies and hydrophobic
silica fine powder.
so 39. The apparatus according to Claim 24, whersin sald toner comprises toner particles and hydrophoblc
inorganic fine powder treated with silicone oil or silicone varnish.
40. The apparatus according to Claim 24, wherein sald toner comprises toner particles having a volume-
average particle size of 4 - 8 microns..
41. The apparatus according o Claim 40, wherein said foner particles have a volume-average particle size
85 of 6 - 8 microns, '
. 42. The apparatus according to Claim 24, whereln sald toner comprises magnetic toner particles.
43. The apparatus according to Claim 24, wherein said negatively chargeable spherical resin parttcles have
a triboelectric charge of -50 to -400 1.C/g.
44. The apparatus according to Claim 24, which comprises 0.01 - 1.0 wt. part of the negatively chargeable
4p spherical resin particles and 0.1 - 3.0 wt. parts of hydrophobic inorganic fine powder per 100 wt. parts of
toner particles constituting the toner.
45. The apparatus according to Claim 44, wherein said hydrophobic Inorganic fine powder Is contained in a
larger production than the negatively chargeable spherical resin particles.
48, The apparatus according to Claim 45, wherein 0.2 - 2.0 wt. parls of the hydrophobic inorganic fine
45 powder is mixed with 100 wi. parts of the toner particles.
47. The apparatus according to Claim 45, wherein 0.6 - 1.8 wi. parts of the hydrophobic inorganic fine
powder is mixed with 100 wt. parts of the toner particles.
48. The apparatus according to Claim 24, wherein said toner comprises toner particles, hydrophabic
inorganic fine powder and aliphatic acld metal salt fins powder.
s0 * 49. The apparatus according to Claim 48, wherein said aliphatic acid metal salt fine powder has a positive
chargeability and a primaty average particle size of 1 micron or smaller.
50. The apparatus according to Claim 48, which comprises 0.01 - 1.0 wt. part of the negatively chargeable
spherical resin particles, 0.1 - 3.0 wt. parts of the inorganic fine powder treated with silicone oil or silicone
varnish, and 0.05 - 0.7 wt. part of the aliphatic acid metal salt fine powder per 100 wt. parts of the toner
s5 particles.
51. The apparatus according to Claim 48, wherein the amount of the hydrophobic inorganic fine powder is
larger than the tofal amount of the negatively chargeable spherical resin particles and the aliphatic acid
metal salt and is also larger than 4 times the amount of the aliphatic acid metal sait.
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—pJ—ated—H‘reTverm—amj] the piston (B) is gently pushed agai ns’r—t—he—smmle—————-—

f: 400 kg/cnferr] is applied to the pi st o, e@ﬁas%eﬂl ac,,h, :
ﬂ!uma!@ﬂ g mﬁ/ﬁpresm on for 5 mnutes, the corrpressed s -
, and the dianeter (D cm) and hei ght ( “ml
rl

conpressed sanpl e are neasured by a cal i per,
density is cal culated according to té?e&§®r§§) 5ng equat i on True

density (g/cnB) = W[[err]x(D 2)[err]xL] The nagnetic toner used in the
present i nvermsbiThe affaigtud aeebraiidio| Ofainh 24y @hetoin/sald Wdier- caivigisesenePgiticles tontaitng € binder 4 -
8 mi crons, paestni vhich aorhpyises® - 303wtnpass ofBlymeriagll mancther anipchatingodnecig igrogp formed of a

di stribution CPfh@Mmehg'iti?ﬂW“G@)P%‘WM%EFdSUPS'WMQh@tqﬂ@c@ et haft i cl es
of 5 mi crons 53rThe pRRprpiay accayding te Glaigy,53. whereifypald) tonst coppiisanrapetc rernpaBielis | cl es of
6.35 - 10. 88 5t op apperalys according P fainm B2 whesin geid donergparti weik wlumgAraop particlesize s

icto
of 12.7 mcr @@gme?;ppara acco%mg to Claim 53, wherein said magnetic toner particles have a volume-average
particle size of 8 - 8 microns; the developer has a BET specific surface area of 1.8 - 3.5 m?g, a loose
_ apparent density of 0.4 - 0.52 g/cm?®, and a true density of 1.45 - 1.8 g/cm3; and 100 parts of the magnetic
10 toner particles are mixed with 0.01 » 1.0 wt. part of the negatively chargeable spherical resin particles
having an average particle size of 0.03 - 1.0 microns, a volume resistivity of 10° - 10'2 ohm.cm and a
triboelectric charge of -50 fo -400 1.C/g and 0.8 -1.8 wt. parts of the hydrophobic inorganic fine powder
treated with siliconse oil or silicone varnish,
56. The apparatus according to Claim 55, wherein said hydrophobic inorganic fine powder is contained in a2
16 larger production than the negatively chargeable spherical resin particles.
57. The apparatus according to Claim 24, wherein said negatively chargeable spherical resin particles have
a primary average particle size of 0.05 - 0.8 micron.
58. The apparatus according to Claim 24, wherein said negatively chargeable spherical resin parlicles
comprise a polymer or copolymer obtained by polymerizing a vinyl monomer selected from the group
20 consisting of styrene, acrylic acid, methyl methacrylate, butyl acrylate, 2-ethylhexyl acrylate and mbdures
thereof.
§9. An apparatus unit comprising: a photosensitive member; a contact charging means, a developing means
for developing an electrostatic image formed on the photosensitive member with a developer which
comprises a foner, and negatively chargeable spherical resin particles having an average particle size of
25 0.03 - 1.0 micron and a volume resistivity of 105 - 10'2 ohm.cm;
wherein at least one of said contact-charging means and developing means is supported integrallyl together
with said photosensitive member to fonn a single unit, which can be connected to or released from an
apparatus body as desired.
60. The apparatus unit according to Claim 59, wherein said photosensitive, member comprises an organic
30 photoconductor layer and said contact-charging means is pressed against the photosensitive member at an
abutting pressure of 5 - 500 g/cm.
61. The apparatus unit according to Claim 59, whersin said contact-charging means is in the form of a roller
comprising an electroconductive rubber fayer and a releasable coating.
62. The apparatus unit according to Claim 58, whersin said contact-charging means is equipped with a
85 voltage application means for applymg an AC voltage or/and a DG voltage.
63. The apparatus unit according to Claim 59, wherein said contact charging means is equipped with a bias
voltage application means for applying an AC voltage at 0.5 - 5 kVpp and 50 - 3000 Hz and a DC voltage of
-200 to -900 voits.
64. The apparatus unit according to Claim 58, wherein sald developing means comprises a devsloping
40 sleeve for carrying the developer.
65. The apparatus unit according to Claim 59, wherein said photosensitive member is equnpped wuth a
cleaning means.
686. The apparatus unit according to Claim 85, whersin said cleaning means comprises a cleaning bHlade.
67. The apparafus unit according to Claim 85, wherein said electroconductive rubber layer has a thickness
45 of 0.1 - 10 mm, and the releasable coating has a thickness of 5 - 30 microns.
68. The apparatus unit according to Claim 65, wherein said electroconductive rubber layer comprises
sthylene-propylens-diene terpolymer, and sald releasable coating comprises nylon resin.
69. The apparatus unit according to Claim 59, wherein said photosensitive member is surfaced with a resin
selected from the group consisting of sflicone resin, vinylidene chloride resin, ethylene-vinyl chioride resin,
s0 styrene-acrylonifrile resin, styrene-methyl methacrylate resin, styrene resin, polysthylene terephthatate resin
and polycarbonate resin.
70. The apparatus unit according to Claim 59, wherein said photosensitive member is surfaced with
polycarbonate resin.
71. A facsimile apparatus, comprising: an electrophotographic apparatus ‘and a receiving means for
85 receiving image data from a remote terminal, wherein said electrophotographic apparatus comptises:
a contact-charging means for charging a photosensitive member for bearing an slectrostatic image while
contacting the photosensitive member, and
a developing means for developing an electrostatic image formed on the photosensitive member with a
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f urt-her—satistying—the fol | owi ng equation: 25 NV = -0. 05N + k,
wherein_ N denotes the contents in % by nunmber of the nagne’fhlSCS"iﬂB‘Vi Been Replaced

par lw' ﬂl Ill!ﬂ Eﬂns or smaller, V -19- denotes the co 'ﬂlﬁ“
vol i Cc toner partlcles of 5 mcrons or small

positive nunber of 4.6 - 6.7, and N g ?0%6)&@ 4 ve nunber of 17 -

I f the vol une-average partlcle size of the nmagnetic toner is bel ow4

m crons, the toner coverage on a transfer paper becones snmall to result in

a | ow i mage chevemkipérywhich toreprisss agenet) and regaticelyl chirgrable pherieal desinapasicies hatisy @ ayeragehi C

i mge. This m;hclbdzea:ﬁ 0.83 HiA mibrbreand @ volume resistivity of 10° - 1012 chm.cm.
72. The facsimile apparatus according to Claim 71, whersin said electrophotographic apparatus comprises

an apparatus according to any one of Claims 25 to 58.

10

1§

20

25

35

40

50

56

33



10 the same reason why the imge denS|ty of an inner i mage portion beco;;;\\\\\
| oner than that at the contour or edgé portion of the image as will be

descrlbaﬁmbmméhnaé lace)r ther, a vol une-average particle size of bel ow 4
m crons | sult in toner-sticking onto the 15 photosensitive
menber.

verage parti clgp ¢aivpas9fatt he magnetic toner is above
8 n1crons e resolutlon Is lowered to cause a |ower inmage quality in a
successi ve copylng If the content of magnetic toner particles of 20 5
mcrons or smaller is below 17 % by nunber, the anount of magnetic toner
particles effective for a high image quality and particularly, as the
printing out is continued, the ajount o e effective magrfeti c toner
particle conponent is decreased o cause a fluctuation 25 ijn magnetic toner
particle size distribution and gijadual |y deteriorates the ijmage quality. If
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content is above 60 % by nunber, mnutual aggl oneration -20- of the
magnetic toner particles is liable to occur to. produce toner lunps having a
| arger size than the proper size, thus leading to difficulties, such as
rough image quality, a lowresolution, a large 5 difference in density

bet ween the contour and interior of gpoi4agss A0 provi de a sonewhat hol | ow

i mge, and al so taoner-sticking onto the photosensitive nenber. It is
preferred that the content of the particles in the range of 6.35 - 10.08
mcrons is 5 - 10 50 % by nunber, particularly 8 - 40 % by nunber. Above
50 % by nunber, the inmge qualif?‘BEEﬁﬁES-mﬂ+seT_and excess of toner

coverage is liable to occur, thuUdisShéetHas Been Replaced

I
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resulting in a poor reproducibility of thin lines and an increased toner

consunpt i Qw 5 @6by nunber, 15 it is difficult to obtain a hi gh

I mage deqil The conten of the magneti c toner particles of 5 mcrons
or smaller l%%ynuﬂmr(N‘m and % by volune (V % may

pr ef er abl y’ el ationshi p ofp MNgtg 483-49- OSN + k, wherein k
represent nunber satisfying 4.6 [err] k [err] 6.7. The

nunmber Kk may preferably satisfy 4.6 [err] k [err] 6.2, nore preferably 4.6
[err] k' [err] 5.7. Further, as described above, the percentage N satisfies
17 [err] N [err] 60, preferably 25 [er;& N [err WDF%. referably 30
[err] N[err] 60. 25 If k < magng DIre %articles of 5.0
m crons or below are insufficient, and {he resu mage density,

resol uti on and shar pness decrease. \Wen
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-21--mee&tﬂhb$B in a magnetic toner, which have conventionally
been co ﬁ are present in an appropriate amount, they are
effectl g cl osest packing of toner in developnent and
contrlbute 5 to the formation of a uniformimge free of coarsening.
Particularly, these particles fill tgpgaid48 Agortions and contour portions
of an inmage, thereby to visually inprove the sharpness thereof. If k < 4.6
in the above formula, such conponent becones insufficient in the 10
particle size distribution, and the above-nenti oned characteristics becone
~poor. Further, in view of the proqgﬁﬁlon process, a |large anount of fine
powder nust be removed by classif lon in order to satisfy the condition
of k <15 4.6. Such aj r di sadvant ageous in
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0754 WOS
yielp_apd toner.costs. On the other hand, if-k-2-6.7;: an-exgess-of—fipe—;
powdier | BEBL&SEN srltarseby tdhe Fesul t ant i mage, der i'apt e toS9 3
decr/é ébsmnw&uc@e§ﬁlve g{&@&aout The reason'¥ e’ ipher ‘ﬁdﬁt&@
be dofsidelgd t@@gmanqg&pﬁ gd R,flne nagnetlc-t et barﬁﬂ es?Ha %h@“qy
excé$$famemg@\o%agﬁagg§ r|b00lectr|calfyﬁ? Fed :
sl eewé ARGaddr ev%géednoﬁf% ocp'éj"“b articles fro "HY carpized. it!rtift hréf
develﬂpungq§lgg¥g ?nd beln supptied mnth charge. 25 In the :
nagnetqc_{@ﬂep_ﬁfl hespresentp-avention, the amount. ofs Amegret Lgsfoner, :

particles having a partlcle size of 12.7 m_trons or- targer T2 T225 %
by vol une or snal |D®VELm&§f1£rﬁi§ YEVELSP VG VEL BOBROSTATIC IMAGES
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AND IMAGE FORMING APPARATUS

"while applying a voltage to the conductive roller

FIELD OF THE INVENTION AND RELATED ART
The present invention relates to a developer

and an image forming system for visualizing

"electrostatic iméges in image forming methods, such as

electrophotography, electrostatic reéording, and
electrostatic printing. .

More particularly, the present invention
relates to a developer and an image forming system used
in a type of electrophotography including a charging
step wherein a member to be charged by causing a
charging member externally supplied with a voltage to
contact the member to be charged.

Hitherto, a corona discharger has been used as
a chargihg means in electrophotograpﬁic apparatus.' The
corona discharger involves a problem that it requires
application of a high_voltage to generate a large .
amount of ozone.

Recently, it has been studied to use a contact

charging means instead of a corona discharger. More

‘specifically, it has been proposed to cause a

conductive roller as a charging means to contact a

member to be charged such as a photosensitive member j
i
L

REPLACEMENT SHE
| 42 MAY B9t

thereby to charge the member to be charged to a
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.éumuJ4uwm4@W4?§¥fjerably 0.5 % by volune or smaller. If the above amount is
Rg?ﬁﬁﬂﬁyﬁ§ﬁ'3 1% by vol une, these particles are liable to inpair thin-line

15 y} The particle size distribution of a toner is neasured by
ntan§¥ﬂgA91&ﬁul_e counter in the present invention, while it may be '
ngasured T n varijods manners. Coul ter counter Mdel TA-Il (available from 10
Cd ids Inc.) is used as an-2rstrument for nmeasurenent, to

whi ch an interfacgqg (available from Ni kkaki K. K.) for providing a
‘romberirast s UT™STTi buti on, and a vol unme-basis distribution and a personal
conputer CX-1 (avail able from Canon K K. ) are_ 15 connected. For

nmeasur enent, PUeIFERERPd sBHEERSesBPELRSA2de aBYevEdmDISHGl B FARGARE i S

repared by using a, reagent-grade sodi umchloride. Into 100 to 150 ml of
prep y ché&gipg geans? %g becomes possible to use a lower

voltage than by a corona discharger thereby to decrease
the generation of ozone. |

5 For example, Japanese Patent Publication JP-B
Sho 50-13661 discloses the use of a roller comprising a
core metal coated with a dielectric of nylon or
polyurethane rubbér to charge a photosensitive paper by
application of a low voltage.

10 _ In the above embodiment, however, the roller
comprising a core metal coated with nylon lacks a
resilieqce'like that of rubber so that it can fail to
maintain a sufficient contact with the member to be
charged, thus providing an insufficient charge. On the

15 other hand; in a'roller'comprising a core metal coated
with polyurethane rubber, a softening agent
impregnating the rubber gradually exudes out so.that,
if the member to be charged is a photosensitive member,
the charging memberlis liable to stick to the

20 photosensitive menber at the abutting part when the
photosensitive member is stopped or the photosensitive
member is liable to cause fading of images at the
abuttinglpart. Further, if the softening agent in the
rubber material constituting the charging member exudes

25 out to stick to the photosensitive member surface, the
photosensitive member is caused to have a lower

resistivity to cause image flow and even becomes



the electrolytic solution, 0.1 to 5 nml of a surfactant, 20 preferably an
al kyl benzenesul fonic acid salt, is added as a dj : 0 20 ng of
a sanple is added thereto. The resultant di sper ShOILraAdlapibe 3 in the
electrolytic liquid is subjected to a dispersiof reatnent for gbput 1 - 3
m nutes by neans of an 25 ultrasonic disperser, ahd 1 paapystivifeci el to
measur enent of particle size distributied-in th¢ ange of 2 - 4D i crons by
using the above-nentioned Coul ter counter -28- Modet—TATT W th a 100

m cron-aperture to obtain a vol ume-basis distrifution and a numbef--basis

distribution. Formthe results of the vol ume-basTs disiributlon and
nunber - basi s diBeperRPlenorpaaufeseficking of a residual toner on

the photosensitive member onto the surface of the
charging member, tﬂus leading to filming. If a large
amount of toner sticks to the surface of the charging
5 member, the'surface of the charging member locally
.loses its chargeability to charge the photosensitive
member surface ununiformly, thus adversely affecting
the resultant toner images. This is because the
residual toner is strongly pushed by the charging

10 member against the éhotosensitive member surface,'so
that the residual tomner is'liable to stick to the
surfaces of the charging member and the photdsensitive
member to mar or scratch the photosensitive member
surface.

15 In a contact charging apparatus, the chérging
member is supplied with a DC voltage or a DC voltage
superposed with an AC voltage. 1In this instance, in
the region or therearound of contact between the
charging member and the photosensitive drum, there

20 frequently occur abnormal charging and repetitive
flying of residual toner particles having a small
diameter and a small weight. Accordingly, the residual
toner is liable to be electrostatically adsorbed by or
embedded in the surfaces of the charging member and

25 photosensitive drum. This is very different from a
case where a non-contact cﬁarging means is used as in a

conventional corona discharger.



5 characterizing the magnetic toner of the present invention may be

wl herhhder for use in constituting the toner may be a known
zﬁﬁﬂéﬁﬁg@ﬁih #3toners. Exanpl es thereof may include: polystyrene;
nopol ynmers of |1(Q styrene derivatives, such as poly-p-chlorostyrene, and
ydihMAYabdigénd; |styrene copol yners, such as styrene- propyl ene copol yner,
rene-vi nyl t oljugne copol yner, styrene4wi nyl napht hal ene copol yner,
St yrene-ethyl acrylate copol yner, styrene-butyl 15 acrylate
opolyner, styreng-octyl acrylate copol yner, styrene-di nmethylam noet hyl
acrylate copol yner, styrene- nethyl nethacrylate copol ymer, styrene-ethyl
net hacryl at e copol ynerOnsthecatbatt ppngdet fherp hovwe higen ised small- '

styrene-di net hyl agi noet hyl net hacryl ate .20 copal yner, styrene-vi nyl netﬁyl
et her copol yriEt2S8: FPAnLOGKRERS SV Ry FOBYADE BRSHLIRS £a% JFRRRENA nyise

and laser beam printers in recent years. .In these

small-sized apparatus, it is desirable to use a

5 caféfidge integrally including a photosensitive member,
a developing means, a cleaning means, etc., so as to
provide a maintenance-freé system. It is also
desirable to use a single-component, dry, magnetic
developer so as to simplify the structure of the

10 developing means.

The processes using magnetic toners may fo;
example include: the magne-dry process using an
electro-conductive toner disclosed in U.S. Patent No.
3,909,258, a process utilizing'dielectric polarization

15 of toner particles; a process utilizing charge transfer
by agitation with a toner; developing processes wherein
toner particles are caused to.jump onto latent images
as disclosed in JP-A 54-42141 and JP-A 55-18656; etc.

In order to form visible images of good image

20 quality in such pfocesses using a.dry magnetic
developer, the developer is required to have a high
fluidity and a uniform chargeability, so that it has
been conventionally practiced to add silicic acid fine
powder to toner particles. Silicic acid fine powder

25 (i.e., silica powder) per se is hydrophilic, so that a
developer containing the silica added thereto

agglomerates due to moisture in the air to lower its
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aliphatic or

_copol yner, styrene-butadi ene copol yner, styrene-isoprene
¥rene-mal ei ¢ acid copol yner, styrene-nmaleic acid ester

wvﬁ'--'iojlymethyl nmet hacryl ate, pol ybutyl nethacrylate, polyvinyl

et hyl ene, pol ypropyl ene, pol yvinyl butyral, polyacrylic acid

3} pAly : .
1, n, -24- nodified rosin, terpene resin, phenolic resin,
ﬁi @8@ dified [ [ h I

| | cyclic hydrocarbon resis,. aromatic petrol eumresin,

paraf fin wax, _ :
Loyt o s oo The col orant which nay be contained in the toner may

be a pi gnent
conventi onal |

aphd carnauba wax. These resins may be used singly or in

or dye, inclusive of carbon black and copper phthal ocyani ne,
%}uﬁ&;ﬁy or even lower its chargeability due to .

moisture absorption by the silica. For this reason, it
has been proposed to use hydrophobicity-imparted silica
powder by JP-A 46-5782, JP-A 48-47345, JP-A 48-47346,

etc. More specifically, there has been used

hydrophobic silica obtained, e.g., by reacting silica

10

15

20

25

powder with an organic silicon compound, such as
dimethyldichlorosilane, to substitute an organic group
for silanol groups on the surfacés of the silica
particles.

In a magnetic toner, the magnetic toner per se
shows an abrasive function. In an image forming step
wherein a developer is pressed against a photosensitive
member having a low surface-hardness such as an organic
photoconductor (OPC) member, if the developer comprises
a mixture of a magnetic toner and inorganic-fine
powder, seﬁeral difficulties are liable to be
encountered, such as white dropout in developed images
due to scraping of the surfaces of both the pressing
member and the phétosensitive member, damages of the
pressing member and photosensitive member, and soiling
or contamination of the photosensitive member, such as
melt-sticking and filming of the toner.

It has been proposed to add polymer particles
smaller than toner particles by JP-A 60-186854, etc.
When we prepared a developer according to such

teaching, the resultant developer was not effective

£



Magnetic particles contained in the magnetic toner di.ng.-t-o-the present
i nvention may conprise a 10 material which may REPEAﬁEmdMW% %BFd magneti c
field. Exanples thereof may include: powder of flergera alf, such as
iron, cobalt or nickel; or alloys or conpounds, |sych :ﬁMii?%Fba ed all oys,
ni ckel - based all oys, magnetite, [err]-Fe[err](4grrj 3 f teg. |15

The magnetic particles nmay preferably hage a BE ecific._sur elarea as
measured by nitrogen adsorption of 1 - 20 nierr]yg, particularly 3.5 - 12
nerr]/g and Mohs' hardness of 5 - 7. The nmagneth einesrray—te
contained in a 10 - 70 % by wei ght of the toner. 20 The toner .
used in the pragaimstnbeneroatiaiipgebutabayg Bdabdgattiosslansshahgegs e and
may contain a charge_control agent, as desired, exanples of which may

i ncl ude: et al LEERPrEREELYr 18Rt SOBFaAbN6RAEIdNEs apPaTabHUS.c aci d,
alkyl'salicylic acid, dlggkzhgagkﬁéngand, in accordance with

remarkable increases in capacity of host cémputers, a
5 1laser beam printer showing a high printing speed has
-been requirea. Further, an image forming apparatus
free from ozone generation is desired in respect of an
office environmental condition.
In contact charging, an increased voltage and -
10 - an increased AC frequency are required so as to stably
charge the photosensitive member in accordance with a
process speed, which also promotes éticking of the
developer onto the photosensiﬁive member.
In recent years,'éeverer requirements have
15 been imposed on image qualities, and it is required to
visualize even an extremely fine latent image
faithfully without resolving failure such as
solidification or discontinuity. Accordingly, there is
a trend to use a smaller particle size of-toner. For
20 example, JP-A Hei 1-112253 has ﬁroposed a'developer
having a volume-average particle size of 4 - 9 microns.
A decrease in particle size of toner is
generally accompanied with an increase in specific
surface area thereof, so that such a toner is liable to
'25 soil or contaminate the pressing member and
photosensitive member and also requires a larger amount

of inorganic fine powder so as to ensure a sufficient



25 acid, and naphthoic acid. The magnetic tons
volume resistivity of 10[err] ohmcm or hi ghe@ErhACHNE N O
or higher in respects -25- of triboel ectrijc ycha agd
el ectrostatic transfer characteristic. The vd| 9" tﬁ@ﬂt) eferred to
herein may be defined as a val ue obtai ned by Idléﬁﬁggtoner s.nple under a
pressure of 100 5 kg/cnferr], applying av-el

measuring a current value at a tine one m nutfe after the commencenent of

t he application, whereby the volunme resistivi -tased on the

measured current value. 10 The toner-binder resjn constituting
t he fluidity in compensation for the increase in

agglomeration characteristic. As a result, there is a
tendency to promotes image defects, such as white
dropout due to scraping of the pressing member and

5 photosensitive member, and sticking and filming of
_toner due to damages of the pressing member and

photosensitive member.

SUMMARY OF THE INVENTION

10 An object of the present invention is to
provide a developer for developing electrostatic images -
which is free from toner sticking or only accompanied
with suppressed toner sticking, if any.

An object of the present invention to provide

15 a developer and an image_forming‘apparatus providing
toner images which show a high density and are free
from fog.
| An object of the present invention is to
provide a developer which hardly coﬂtaminates a contact

20 charging apparatus. |
An object of the present invention is to image
forming apparatus wherein charge irregularities onto a
photosensitive member by a contact charging means are
suppressed.
25 An object of the present invention is tb
provide a developer which can stably form visible

images which are faithfullto latent images, sharp and



devel oper according to the present invention may particularly preferably be

one containing 3 - 20 wt. parts of polynerizeg havi ng a
- carboxylic group or an acid anhydride group dag#Feas NN i per 100
wt. parts of the binder resin and having an a%i varue ot T The bi nder
resin having an acid group may conprise varlois reg éﬂﬁmﬁﬁﬁ%ﬂa r ef erabl y
be one containing a tetrahydrofuran (TH®&sol gblle content dch has a
wei ght - aver age nol ecul ar wei ght/nunber - averad { ratio of 5
or larger (MVVWn [err] 5) and al so has a peak in the nol ecul ar Jei ght range

of from 2000 to_b 500Q preferably 2000 -—ro000—and-"apeak or shoul der
in the nnlecuIQF &%%gh% Pﬁﬁ&é €§f 15000 25 - 100, 000 based on the nol ecul ar.

wei ght distribution by gﬁl r@at&foqﬂ%hrp(ﬁ%t nso rt%“(,gf&)l ](_); Ege

THF-sol ubl e content. This Is-Becalse econtent
provide a practical image forming apparatus including a

contact charging means and a developing means for
5 effecting development with the developer by the present
invenﬁion. 
According to the present invention, there is
provided a developer for developing electréstatic
latent images, comprising: a ﬁoner, and negatively
10. chargeable resin particles having an average particle
size of 0.03 - 1.0 micron and a volume resistivity of
10® - 1012 ohm.cm.
According to another aspect of the.présent
invention, there is provided an image forming
'15 apparatué, comprisings: |
a éontact-charging means for charging a
photosenéitive member for bearing an electrostatic
imaée while contacting the photosensitive member, and
a developing means for developing an
20 electrostatic image formed on the photosensitive member
with a developér which comprises a toner, and
negatively chargeable spheriéal resin particles having
an average particle size of 0.03 - 1.0 microﬁ and a

012 ohm.cm.

volume resistivity of 109 - 1
25 According to a further aspect of the present
invention, there is provided an apparatus unit

comprising: a photosensitive member; a contact charging



-26- principally affects the anti-offset characterlstlc and anti-w ndi ng

characteristic, a conponent having a nol ecul ag:
particularly 10,000 or below, principally aff g€

Wai5, 000,
i@y sticking 5

onto the photosensitive menber and filming, agdfa conponent h ng a

nol ecul ar wei ght of 10, 000.or above, parti cul

€,

principally affects the fixing characte®tsticjy ¥The binder resfnj(copol yner)
having an acid 10 group of carboxyl or its anly&rrde-may—be—Tton}ai ned in
ei ther one or both of the above-nentioned twojnol ecul ar weight fegions. The

GPC (gel perneation chr omat ogr aphy)

10

15

20

25

means, a developing means for developing an
electrostatic image formed on the photosensitive member
with a developer which comprises a toner, and
negatively chargeable spherical resin particles having
an average particle size of 0.03 - 1.0 micron and a
volume resistivity of 10% - 1012 ohm.cm;

wherein at least one of said contact-charging
means and developing means is supported together.with
said photosensitive membér to form a single unit, which
can be connected to or released from an apparatus body
as desired.

According to another aspect of the present
invention, there is provided a facsimile apparatus,
comprising: an electrqphotographic apparatus and a
receiving mgans for receiving image data from a femote
terminal, wherein said electrophotographic apparatus
comprises:

a contact-charging means for charging a
photosensitive member for bearing an electrostatic
image while contaéting the photosensiti&é member, and

a déveloping means for developing ah
electrostatic image formed on the photosensitive member
with a developer which comprises a toner, and
negatively chargeable spherical resin particles having
an average particle size o# 0.03 - i.O micron and a

012

volume resistivity of 106 -1 ohm.cm.

These and other objects, features and -



measur ement and identification of nolecular wei
peaks and/ or shoul ders may be perfornmed under t
colum is stabilized in a heat chanber at 40 [e
solvent is caused to flow through the colum at
of 1 20 mM/mn., and 50 - 200 [err]l of a sanpl
concentration of 0.05 - 0.6 wt. % is injeoted.
nol ecul ar wei ght and its nol ecul ar wei ght distr
on a calibration curve obtained by using several _
pol yst yrenedi sperse sanples and having a logarithm c scal e of nol ecul ar
wei ght ~ ver sus adanrtage®cef the Breaentdipyeptipnemwd ldahesicomef more

apparent upon a consideration of the following
description of the preferred embodiments of the present
invention taken in conjunction with the accompanying

5 drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of a
contact-charging roller,iand Figure 2 is a contact-
10 charging blade, respectively according to the bfesent
invention.
Figure 3 is an illustration of an instrument
for measuring triboelectric chq;ges.
Figure 4 is an instrument for measuring volume
15 resistivity. |
Figure-S is a schematic illustration of an
embodiment of the image forming apparatus according to
the present invention.
Figure 6 is a block diagram showing a system
20 constituting a facsimile apparatus.
Figure 7 is an illustration of a checker

pattern for evaluating repnoducibility of minute dots.

DETAILED DESCRIPTION OF THE INVENTION

25 The developer according to the present
invention contains negatively chargeable resin

particles having an average particle size of 0.03 - 1



-27- preparation of a calibration curve may be thase. having nol ecul ar
wei ghts of, e.g., 6x102, 2.1x103, 4x10[err], 1. ¢ @;p rr],
1. 1x10[err], 3.9x105, 8.6x10[err], 2x10[err] an . e | abl e
from e.g., Pressure Chemcal Co. or 5 Toyo Sofaj K ) KK It s
K gvss e

appropriate to use at |least 10 standard pol ystyfephe det ect or
may be an Rl (refractive index) detector=11For afc asure t of
nol ecul ar weights in the range of 10[err] - 4x1P[err], it is apprjopriate to

10 constitute the colum as a conbi nati on of SeEvetgl—ceRiRilal avai l abl e
pol ystyrene gel ,col ums.. A %r ferred exanple thereof may be _a conbination
of p- styragel "E65°n18Pg A mesdiF 10 er {1 e ai | SPEELEEEM Waters Co.
a conbi nation of Shodex KF-80M 802, 8§33, 804 and 15_805, . or .a conbjnation
of TSK gel Gloﬁﬁﬁ}séﬁﬁﬁﬁ gﬂ@OH' é?OOOISEhWFJOI—?°(i%EI—E8C%98§|—P° 000H

and GVH readily cause sticking of the toner onto a
photosensitive_member.

5 The negatively chargeable resin particles are
effective for preventing the toner for sticking onto
the photosensitive member surface presumably for the
following reasons.

A cause of tonef sticking onto a

10 photosensitive member is a scratch formed when the
surface of the photosensitive member is rubbed with
inorganic particles and a pressing or abutting member.
The removal of free inorganic particles is effective
for preventing the occurrence of such a scratch on the

15 photosensitive member to prevent the toner sticking
onto the photosensitive member. The negatively
chargeably resin particles according to the present
invention have a function of adsorbing free inorganic
particles. This is clearly observed through a scanning

20 electron microscope.

In an image forming apparatus equipped with a
contact-charging apparatus, a portion of the negatively
chargeable resin partiqles,having passed by a cleaning
blade may be adsorbed by a control charging means and

25 further adsorb free inorganic particles passing by the
cleaning blade on their surfaces to protect the

photosensitive member surface.



avai l abl e from Toyo Soda K. K. The content of a conponent havi ng a nol ecul ar
wei ght of 10,000 or below in the binder resin|ps e Sy cutting out
a chromat ogram of the correspondi ng nol ecul ar wa d o dosia ) il B v i |
calculating a ratio of the weight thereof with {hat of the chfo t ogram
covering the nol ecul ar wei ght range of 10, 000}of Kl WA é der) ve the
wei ght % thereof in the 25 whol e bi nder1resin anpl es of thg
pol ymeri zabl e nononer having an acid group which nay be used in{the present
-28- invention may include; [err]-unsaturatedicarhaxyli.c acld such as
acrylic acid and nethacrylic acid; [err]-

The negatively chargeable resin particles used

in the present invention have a primary average
particle size of 0.03 -~ 1.0 micron, preferably 0.05 -
0.8 micron. Resin particles having an average particle

S size larger than 1.0'micron provide too small a
-épecific surface area, so that they are not adequate to
adsorb free inorganic particles such as silica, thus
showing little effect in prevention of toner sticking.
Resin particles having aﬁ average particle size smaller

10 © than 0.03
micron are liable to cause cleaning failure.

The negatively chargeable resin particles are
preferably spherical and should have a .volume |
resistivity of 106.— 101? ohm.cm. Below 10% ohm.cm,

15 the charge of the developer is lowered to result in a
low image denéity. Abové 1012 ohm.cm, the fluidity of
the develéper is lowered to result in images with much
fog.

It is preferred that the negatively chargeable

20 resin particles have a triboelectric charge of -50 pC/g

- to -400 pC/g, particularly -50 pC/g to -300 pC/g.
Below.—50 pC/g, the sticking prevention effect is small .
to result in a low image density. Above -400 uC/g, the
fluidity becomes worse.

25 The triboelectric charge of the negatively
chargeable resin particles may be measured in the

following manner.



unsat urated di carboxylic acids and half esters

mal ei c
acid, butyl naleate, octyl nmaleate, 5 fumaric L B : H{(tar at e; and
al kenyl di carboxylic acids or half esters ther : nyl succi ni c
acid, n-octenylsuccinic acid, butyl n-butenyl sjudci t gnytl mal oni c
acid and n- butenyladipic acid. 10 N thﬁ?@gggﬁt preferred
that the content of the polynerizabl e mddener 1oi nder
resin may preferably be in a proportion of 3 - @6 and t hg bi nder
resin as a whole has an acid value of 1 - 70, terabi 5 - 50. 15

The acid values referred to herein are based on val ues neasur d as foll ows

according to JI'S K-0678-229. ofp sgmgl %1%9§ﬁﬂe?@¥£&?ﬂ?% 3%e ghedtin a 200 -
300 nl - ErIenneger flask, and oyt 50 of a solven n1éture

et hanol / benzefl

10
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ae 1Tg2?vpgqﬁg |a&3qq“§nV1ronment o empergLure
of 25 °C and a humidity of 50 - 60 % RH and then

charged in a 200 cc-aluminum pot together with 99.8 ¢
of carrier iron powder not coated with any resin and

having a principal particle size in the range of 200 -

" 300 mesh (e.g., EFV 200/300), followed by mixing them

for 60 minutes under the above—mentioned environmental
conditions. The mixture‘is then subjected to sieving
by using an aluminum cell having a 400 mesh-screen
under a blow pressure of 0.5 kg/cmz.to measure the
triboelectric charge of the resin particles by the
blow-off method.

The number-average particle size may be

measured by a Coulter counter N4 (suitable for

measurement in particle size range of 0.003 - 3
microns, available from Nikkaki K.K.) in a dispersed
state in a solvent under application of an ultrasonic
wave. It is also possible to use CAPA-5000 (available
from Horiba Seisakusho K.K.). Resin particles having a
substantially mono-dispersion pattern as produced by
emulsion polymerization, etc. may also be taken as a
scanning electron microscope (SEM) picture at a
magnification of 7500 -.50,000, preferably 7500 -
10,000, for particle size measurement. For determining
the number-average particle size, 20 - 50 spherical

particles selected at random in the picture may be used



20 resin. If the solubility is insufficient, a small anDunt of acetone may
be added. The solution is titrated with a N l0-~sa«stse—potasesam sol uti on
in ethanol, which has been standardized in aqj;?ji;l;'“" Srornik
phenol pht hal ei n i ndi cator, whereby the 25 aci §

sanple resin is calculated fromthe consuned j ,uqtzﬂfmt

pot assi um sol uti on according to the fol4d1d ng} equatt on ( 29- Acid
val ue = Anmount of KOH solution (m) x N x 56. e ! C
(3) wherein N denotes the nunber of factor fo danpl es of

t he conmononer for providing the 5 binder resi
for calculation.

rd group through
The volume resistivity (specific resistance)
may be measured by using an apparatus as shown in
Figure 4 under the environmental conditions of a
5 temperature of 23.5 °C and a humidity of 65 % RH.
Referring to Figure 4, the apparatus includes a bench
41, a pressing means connected to a hand press and
equipped with a pressure gauge 43, a hard glass cell 44
having a diameter of 3.160 cm for containing a sample
10 45, a brass press ram 46 having a diameter of 4,266 cm

and an area of 14.2857 cm2

, a press bar 47 of stainless
steel, a brass bench 48, insulating plates 49 and 50 of
bakelite, a resistance meter 51 cénnected to. the press
ram 46 and bench 48, and a dial gauge 52.

15 In the apparatus shown in Figure 4, when an
oil pressure of 20 kg/cm2 is applied by the hand press,
the sample is supplied with a pressure of 576 kg/cmz.
The resistance is read at an applied voltage of 10
volts by the resistance meter 51, multiplied by the

20 sample sectional area and divided by the samplg height
read by the dial gauge 52 to obtain a volume
resistivity.

The negatively chargeable resin particles
used in the present inveﬂfion may preferably be

25 spherical and, more specifically, may have a long
axis/short axis ratio in the range of 1.0 - 1.02 for

providing an excellent sticking-prevention effect onto



copol yneri zat i

i ncl ude: styrene; styrene derivatives, such as

m net hyl styren
chl orost yr ene,

p-n-butyl styrene, p-tert- butylstyrene, p-n-hex |,tyf%ﬁ§“ﬂ§5§

p- n- nonyl styr
unsaturated no
i sobutyl ene; u
as vinyl chlor
vi nyl esters,
20 [err]-nethyl
nmet hacryl at e,
met hacryl at e,

5

10

15

on with the polynerizabl e nononer phs

e, p-nethylstyrene, p-nmnmethoxystyr¢
3, 4-dichlorostyrene, p-ethylstyrég

ene, p-n-decyl styrene, and1®-n-do
nool efi ns, such as 15 ethylene, p opylene L and
nsat urat ed pol yenes, such as but adt Fyte=frad-Hdes,

i de, vinylidene chloride, vinyl bron1de and Vi nyl quorlde
§uEh°§§5§Pﬁ}Fla@bﬂﬁN?eﬁHrnﬁ“?ﬂcﬁﬂhﬁﬁ&Q? eﬁﬁﬁk@nyl benzoat e;

ene phatl nonocar bo c aci d esters, s et hyl
FyicheshBery e STRHART b @mSaR o TR p1atlor,
|sobut

pray &rylng, etc.

It is preferred to use resin particles having
a glaés transition point of 80 ©°C or higher obtained by .
dopolymerization of monomer-compohents for production
of a toner binder resin, such as styrene, acrylic acid,
methyl methacrylate, butyl acrylate, and 2-ethylhexyl
acrylate through emulsioﬁ polymerization.

The resin may be crosslinked by using a
crosslinking agent such as divinylbenzene. It is also
preferréd that the resin particles may be surface-
treated with metal, metal oxide, pigment, dye,
surfactant, etc., so as to adjust the volume
resistivity and the triboelectric charge.

The toner contained in the developer of the

present invention may preferably have a volume-average

20

25

particle size of 3 - 20 microns, particularly 4 - 15
microns.

In case where the toner is a magnetic toner,
it is prefeired that the magnetic toner has a volume-
average particle size of 4 - 8 microns, particularly 6
- 8 microns, so as ﬁo providé a developer having a good
resolution and causing little fog. The developer .
containing the magnetic toqer may fﬁrther preferably
have a BET specific surface area of 1.8 - 3.5 m2/g, a

loose apparent density (or aerated bulk density) of 0.4

t hyl ptyrene,
| styrene,
ylenically



met hacryl ate, n-octyl nethacrylate, dodecyl nethacrylate, 2-ethyl hexyl
net hacryl ate, stearyl 25 nethacryl ate, phenyl g DR CTVIERITCQHER

di mret hyl am noet hyl nethacryl ate, and di et hyl amj]hgs '*;rﬁte;
acrylic acid esters, such as nethyl acrylate, yi at e,
n-butyl acrylate, isobutyl acrylate, propyl ac yIat%Zhh%bﬁﬁVI ac yl at e,
dodecyl acrylate, 2- ethyl hexyl acryl atleg-steafjyll acryl ate, 2-Eh]oroethyl
acryl ate, and phenyl acrylate; vinyl ethers, slich as 5 vinyl nethyl ether,
vinyl ethyl ether, and vinyl isobutyl ether; vi icht as vi nyl
met hyl ketone, vi exyl ketone, and nmethyl isop p | ket on N-V|nyl
conpounds, sutl éjlﬂ/\qﬂ“%ﬁ:ﬁﬁr (| trugydensity of 1. R g/ /em3 so

as to provide a good resolution and cause little fog.

A developer having a BET specific surface area
of 1.8 - 3.5_m2/g as measured by nitrogen adsorption_

5 shows an excellent performance from an early stage of
operation; an excellent developer utilization
efficiency and also a toner sticking-prevention effect
onto the photosensitive member.

The developer of the present invention may

10 preferably have a true density of 1.45 - 1.8 g/cm3. In
this range, the developer provideé an appropriate
application amount onto a latent image to provide a
faithful, high-density image wiFhout tﬁickening or
thinning relative to the latent image. A true dénsity

15 of below 1.45 is liable to céuse contaminqtion in the
apparatus due to scattering of the developer, toner-
sticking onto the photosensitive member and increased
fog.

The developer of the present invention may

20 have a loose apparent density of 0.4 -~ 0.52 g/cm3,
which is characteristically small compared with the
magnitude of the true density. The porosity calculated
from the true density and the loose apparent density
acqording to the following equation may preferably be

25 62 - 75 %.

Porosity (£a) = [(true density)-(apparent

density)l/[true density] x 100 (%)



vinyl carbazol e, N-vinylindole, and N-vinylpyrrolj-¢epe..ll.and. derivatives
acrylic acid and nethacrylic acid, such as acryl Gz QRO

and acryl am de. These vinyl nononers may be use Xtjur e of
two or nore species in conbination wth the above- j | Jondmdr havi ng

er i's
particularly preferred. A crosslinking nononer, je.g., one having &t | east
two pol yneri zabl e doubl e bonds, nay al so be used™26 oo FRUS, T he

vinyl copol yner used in % res I nventi on_may Rreferably be a
crosslinked pol yner wit itBe f@¥e ?HﬂFnﬂaHDHSHEFrG§ VohPGWBa-Rﬁﬂhﬁﬂtz

di vi nyl conpou such as diyvin ene and naphthalene
diacryl ate 25 cHERBIFS @%ﬂﬂtﬁ¥e§km§t anlalPk g Y Hroyide
porosity (Ep) of 40 - SO %.

The developer satisfying the above préperties
5 dbes not cause plugging in the developing apparatus but
‘may ensure a smooth supply to the developing zone, so
that images showing a stable density can be always
formed without white dropout. Further, the toner does
not cause leakage, scattéring or denaturation even
10" after a large number of printing tests but can prevent

toner-stickihg onto the photqsensitive member.

The BET specific surface area of the magnetic
developer may be méasured according to the BET one;
point method by using a specific surface area meter

15 (Autosorb 1, available from QUANTACHROME Co.).

The 1oose.appa;ent density (6r aerated bulk
density) and packed appareht (or bulk) density referred
to herein are based on the values measured by using
Powder Test and the accompanying vessel (available from

20 Hosokawa Micron K.K.) and according to the handling
manual fof the Poﬁder Tester.

Tbe true density réfeﬁ:ed to herein is based
on values measured according to the.following method
which may be an accurate and convenient method for fine

25 powder.
A stainless steel cylinder having an inner

diameter of 10 mm and a length of about 50 cm, a disk



et hyl ene glycol diacrylate, 1,3-butylene glycal dlarrvLaLg' 1-4- but anedi ol
di acryl ate, 1, 5-pentanedi ol - 31- dlacrylatgggfqﬁ.ﬂ"‘ \ 4di acryl ate,
and neopentyl glycol diacrylate, and conpounds {bts by=sgbgtituting
met hacryl ate groups for the acrylate groups flor} ta%aﬁ@ﬁygﬁge goups in the
above conpounds; 5 diacrylate conpounds con aljkjl chain

I ncl udi ng- an et her bond, such as di et hyllgashe gf vk 2 at-d, ttriethylene
gl ycol diacrylate, tetra- ethylene glycol dia rylate polyethylene gl ycol
#400 di acrylate, polyethylene glycol #600 dia yl ene glyco

di acryl ate and compounds obt ai ned by substituting nethacrylate groups in
t he above (A) having an outer diameter of about 10 mm and a

height of 5 mm, and a piston (B) having an outer
diameter of about 10 mm and a length of about 8 cm
which can be inserted into the cylinder in a close

5 fitting, are provided. The disk (A) is placed at the
bottom of the cylinder, about 1 g of a sample powder is
placed thereon, and the piston (B) is gently pushed
agéinst the sample. Then, a pressure of 400 kg/cm2 is
applied to the piston by.an oil press. After

10 ~ compression for 5 minutes, the compressed sample is
taken out and weighed (W g), and the diameter (D cm)
and height (L cm) of the cﬁmpressed sample are measured
by a micrometer. caliper, whereby:the true density is
calculated according to the following eguation:

15 True density (g/cm3) = W/ [rx(D/2)%xL]

The maghetic toner used in the present
invention may preferably have a volume-average particle
size of 4 - 8 microns, pafticularly,,G - 8 microns, and
such a particle.éize distribution including 17 - 60 %-

20 5y number of magnetic toner particles of 5 microns or
smaller, 5 - 50 % by number of magnetic toner particles
of 6.35 - 10.08 microns and 2.0 volume % or less of
magnetic toﬂér particles of 12.7 microns or larger and
further satisfying the following equation:

25 N/V = ~0.05N + k,
wherein N denotes the contents in % by number of the

magnetic toner particles of 5 microns or smaller, V



conpounds; diacryl ate conpounds connected mnth a chaln |nclud|ng an
aromatic group and an ether bond, such as : i e

groups in the above conpounds; and pol yesg3er-t p\ dlacrylate cﬁ ounds,
e ‘ TM N pon Kayaku
I

K. K). Polyfunctlonal crosslinking agents, suclp as pentaer th
triacrylate, trinmethylethane triacrylate, tetrametnyl ol net ane
tetracryl at e, danafmssttdre monttente inrd by nyolune gﬁt theenagpebsc
substituting nethacrylate groups for the acryl ate groups |n t he above
conpounds; tritnen RArFhFlae ohd mierens Qmmlgeat ek is a

positive number of 4.6 - 6.7, and N is a positive
number of 17 - 60. |
5 If the volume-average particle size of the
magnetic toner is below 4 microns, the toner coverage
on a transfer éaper becomes small to result in a low
image density for a usage having a large imagé area
such as a graphic image..This may be attributable to
10 the same reason why the image density of an inner image
portion becomes lower than that at the contour or edge
portion of the image as will be described hereinafter.
Further, a volume-average particle size of below 4
miérons is liable to result in toner-sticking onto the
15 photosensitive member.

If the volume-average particle size of the
magneticltoner is above 8 microns, the resolution is
lowered to cause a lower image guality in a successive
copying. If the content of magnetic toner particles of

20 5 microns or smaller is below 17 % by number, the
‘amount of magnetic toner particles effective for a high
image quality and particularly, as the printing out is
continued, the amount of the effective magnetic toner
particle component is decreased to cause a fluctuation

25 in magnetic toner particle size distribution and
gradually deteriorates the image quality. If the

content is above 60 % by number, mutual agglomeration



-32- These crosslinking agents may preferably be used in a proportion of
3-wiparts per 100

about 0.01 - 5 w. parts, particularly about

wt. parts of the other nononmer conponents. 5

above-nmenti oned crosslinking nonomers, aronat
(particularly, divinylbenzene) and di acryl ate
chain including an aromatic group and an,gthe
a toner resin in view of fixing 10 characteri
characteristic. The binder resin according to
suitably be prepared through a process for sy

Per)3--

REPLACE,WMEEEP

i
the present inve

c

TrresTrremre—
pol ymers or CPlpHEmfagrietieXtomee, particibsPebyRable tep@cwmr to

produce toner lumps having a larger size than the

proper size, thus leading to difficulties, such as

rough image quality, a low resolution, a large

5 difference in density between the contour and interior

-

‘of an image to provide a somewhat hollow image, and

also toner-sticking onto the photosensitive member.

It is preferred that the content of the

particles in the range of 6.35 - 10.08 microns is 5 -

10 50 % by number, particularly 8 - 40 % by number.

Above

50 % by number, the image quality becomes worse, and

excess of toner coverage is liable to occur, thus

resulting in a poor reproducibility of thin-lines and

an increased toner consumption.

Below 5 $ by number,

15 it is difficult to obtain a high image density. Th

e

contents of the magnetic toner particles of 5 microns

or smaller in terms of $ by number (N %) and % by

volume (V %) may preferably satisfy the reLationship of

N/V = -0.05N + k, wherein k represents a positive

20 number satisfying 4.6 ¢ k ¢ 6.7.
preferably satisfy 4.6 ¢ k ¢ 6.2, more preferably 4.6

k ¢ 5.7. Further, as described above, the percentage N

satisfies 17 « N

in

preferably 30 ¢ N £ 60.

The number k may

60, preferably 25 ¢

N ¢ 50, more

lin

25 If k < 4.6, magnetic toner particles of 5.0

microns or below are insufficient, and the resultant

image density, resolution and sharpness decrease.

When



15 soluble in THF and also in a pol ynerizable—mononer_is dissolved in such

a pol ymeri zabl e nononer, and the nononer is pﬁEﬂﬁAﬁE&ﬁgﬂtgﬁﬁg@ﬁla second
c ' ri

pol ymer or copolynmer, thus providing a resin

sing a

uniform m xture of the first polymer or 20 cg _ . pcond pol yner

or copol yner.
t hrough sol ution pol ynerization or ionie2pely

for med
bcond pol yner

The first polymer or copol yner

or copolymer providing a THF-insol ubl e contengt nay preferably be 25
prepared t hrough suspensi on polynerizati on or~btik~—potynertzaid on of a

nmononer di ssolving the first

ol ymer or copolyner in the presence of a

crosslinking fing3toner partEcles in a magnetic toner, which have

10

15

20

25

conventionally been considered useless, are present in
an appropriate amount, they are effective for achieving
closest packing of toner in development and contribute
to the formation of a uniform image free of coarsening. .

Particularly, these particles f£ill thin-line portions

" and contour portions of an image, thereby to visually

improve the sharpness thereof. If k < 4.6 in the above
formula, such.component Eecomes insufficient in the
particle size distribution, and the above-mentioned
characteristics become poor. |

Further, in view of the production process, a
large amount of fine powder must be removed by
classification in order to satisfy the condition of k <
4.6. Such a process is however disadvantageous in
yield and toner costs. On the other hand, if k > 6.7,
an excess of fine powder is present, whereby the
resultant image density is liable to decrease in
successive print-out. The reason for such a phenomenon
may be considered that an excess of fine magnetic toner
particles having an excess amount of charge are
triboelectrically attacheﬁ to a developing sleeve and
prevent normal toner'particles from being carried on
the developing sleeve and being supplied with charée.

In the magnetic tqner of tﬁe present
invention, the amount.of magnetic toner particles

having a particle size of 12.7 microns or larger is 2.0



mononer. It is preferred that the first pol yner.Qr.copolyner is used in a

proportion of 10 - 120 wt. parts, particul arl YREP A !nv !VSHEET.S, per 100
wt. parts of the polynerizabl e nononer giving|the=seeenrd oot yher or

copol ynmer. The solvent used in the solution pl hZakl ¢ pe Xyl ene,

t ol uene, cunene, acid cellosolve, isopropyl allcéhot®® efc. In case
of a styrene nononer, Xxylene, toluene or-Z2aurehe 0B efred. The
sol vent may be sel ected depending on the proddct polyner. Furthpr, an
initiator, such_as di-tert-butyl peroxide, temte : eyperzoat e,

benzoyl perOX|de 2,2' -azobi si sobutyronitrile, 2, Z

azobi s( 2, 4- d|nétWWIVQLMN9MQﬂwsm®11Qn£:Preﬁgrihdnsbdolﬁ b¥ velwneportion of
0.1 w. part or nore, preferably 0.4 - 15 w. parts, per 100 wt. parts of
the monomer. TH@aldgXni Hetee Brafanablyrd. Y4 ybsde‘p@hmeugm@nsmmblgm vent ,

If the above amount is larger than 2.0 % by volume,
these particles are liable to impair thin-line

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

Coulter counter.Model TA-II (available from

10 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-bas;s distribution and a
personal computer CX-1 (available from Canon K.K.) are

15 connected. o

For measurement, a 1 %-NaCl aqueous solution

as an electrolytic solution is prepared by using.a
reagent-grade sodium chloride. 1Into 100 to 150 ml of
the electrolytic solution, 0.1 to 5 ml of a surfactant,

20 preferably an alkjlbenzenésulfonic 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
eléctrolytic liquid is subjected to a dispersion
treatment for about 1 - 3 minutes by means of an

25 ultrasonic disperser, and then subjected to measurement
of particle size distribution in the range of 2 -~ 40

microns by using the above-mentioned Coulter counter



initiator, nononers, etc., to be used but may SU|tany be in the range of

70 - 180 [err]C In the solutlon 20 polyner|2blﬂ.
in an anount of 30 - 400wt. parts per 100 wt.
devel oper according to the present invention

-y may be used
WACEMENISEGE et . The
preferab]y [ ain a

hydr ophobi ¢ i norganic fine powder as an additf{ve, waigly 97 2b preferably
be a hydrophobic netal oxide fine pomde;23tur1har preferably hydr ophobi ¢
silicic acid (silica) fine powder. - 34- Anpng—tire—above=ment| oned

i norgani ¢ powders, those having a specific sufface area as neaspred by the
BET nmethod with nitrogen adsorption of 70 - 300 merrjrg

10

15

20

25

Model TA-II w1th 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 of the present
invention may be obtained.

The binder for use in constituting the toner
may be a known binder resin for toners. Examples
thereof may include: pol&styrene; homopolymers'of
styrene derivatives, such as poly-p-chlorostyrene, and
polyvinyltoluene; styrene copolymers, such as styrene-
propylene copolymer, styrene-vinyltoluene copolymer,
styrene-vinylnaphthalene copolymer, styrene-methyl
sty?ene-ethyl acrylate copolymer, styrene-butyl
acrylate copolymer, styrene-octyl acrylate copolymer,
styrene-dimethylaminoethyl acrylate copolymer, styrene-
methyl methacrylate copolymer, styrene-ethyl
methacrylate copolymer, styrene-butyl méthacrylaté
copolyﬁéf} styrene-dimethylaminoethyl methacrylate
copolymer, styrené—vinyl methyl ether copdlymer,
styrene-vinyl ethyl ether_copolymer, styrene-vinyl
methyl ketone copolymer, styrene-butadiene copolymer,
styrene-isoprene copolymer, styrene-maleic acid
copolymer, styrene-maleic acid ester_dopolymer;
polymethyl methacrylate, polybutyl methacrylate,
polyvinyl acetate, polyethylene, polypropylene,

polyvinyl butyral, polyacrylic acid fesin, rosin,



provide a good result. In the present inventiGEw.s c silica
fine powder may preferably be used in an anoyREFPDACBMEN] S . parts,
nore preferably 0.2 - 2.0 wt. parts, with res ' “ypfrts of the
toner. In the present invention, it is prefer ad négatively

char geabl e hydrophobic silica fine powder. TH drop ca fine
powder used in the present invention nmaypgref ving a
triboelectric charge anmount of -100 pC/g to - silica fine
powder having a triboelectric 15 charge beld used, it

tends to decrease the triboelectric charge of the devel oper per se, whereby
hum dity char acid&ifiisd acdsiconssenpene Yésingi pheaolicerpsidgr having a
triboelectric charge of above -300 [err]C/g is used, it tends to pronote a
so- 20 cal | ed aldmhatigpen@ldeyelion hydeocaopen- resinjngromatic

10

15

20

25

petroleum resin, paraffin wax, and carnauba wax. These
resins may be used singly or in mixture.

The colorant which may be contained in the
toner may be a pigment or dye, inclusive of carbon
black and copper phthalocyanine, conventionally used.

Magnetic particles contained in the magnetic
toner according to the péesent inventipn may comprise a
material which may be magnetized in a magnetic field.
Examples thereof may include: powder of ferromagnetic
metal, such as iron, cobalt.or nickel; or alloys or
compounds, such as iron-based alloys, nickel-based
alloys, magnetite, T-Fe,05 and ferrites.

The magnetic particleé'may preferably have a
BET specific surface area as measured by nitrogen
adsorption of 1 - 20 mzlg; particularly 2.5 - 12 m?/g
and Mohs' hardness of 5 - 7. The magnetic particles
may'be contained in a 10 - 70 % by weight of the toner.

The toner used in the present invention may
preferably be negatively chargeable and may contain a
charge control agent, as desired, examples of which may .
include: metal compléxes or salts of monoazo dyes,
salicylic acid, alkylsalicylic acid, dialkylsalicylic
acid, and naphthoic acid. The magnetic toner may
preferably ha?e a volume resistivity of 1010 ohm.cm or

higher, particularly 1012 ohm.cm or higher in respects



menber and the devel oper may easily be affecte] q ﬁ?¥ ratton of the
silica, whereby durability characteristic may pPed 'J@&I

is too fine so that its BET specific surface afe

addi tion thereof produces little effect. Wien [ he 2 Max 4997t do {coarse so
that its BET specific surface area is bel ow 70f n

free -35- powder presence is increase®S-whefe

is liable to be ununiform In such a case, black sgots due to

in the toner

D)

i s above 30 5 nk/ g,

P/ g, the probgbijflity of

silica agglonerates are |iable to occur. 5 The triDboelectric
charge of the negatively chargeable silica fine powder may be neasured in .

t he

10
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of triboelectric chargeability and electrostatic
transfer characferistic. The volume resistivity
referred to herein may be defined as a value obtained
by molding a toner sample under a pressure of 100
kg/cm?, applying an electric field of 100 V/cm and
Measuring a current value at a time one minute after
the commencement of the apﬁlication, whereby the volume
resistivity is_calculated based on the measured current
value. .

The toner-binder resin constituting the
developer according fo the present invention may
particularly preféfably be one containing 3 - 20 wt.
parts of polymerized units of a monomer having a
carboxylic group or an acid anhydride group derived
therefrom per 100 wt. parts of the binder resin and
having an acid value of 1- 70.

The bindér resin having an acid group may'
comprise various resins and may preferably be one
containing a tetrahydrofuran (THF)-soluble content
which has a weight-average molecular weight/number-

average molecular weight ratio of 5 or larger (Mw/Mn

liv

5) and also has a peak in the molecular weight range of
from 2000 to below 15000, preferably 2000 - 10000 and a
peak or shoulder in the molecular weight range of 15000

- 100,000 based on the molecular weight distribution by

'gel-permeation chromatography (GPC) of the THF-soluble

content. This is because the THF-insoluble content

the silica

t he

i dn thereof



following manner. 0.2 g of silica fine powder wt
overnight in an environnent of 23.5 [err]C 10 agu
RH, and 9.8 g of carrier iron powder not coated

RMENT ISHEET

th a resin navi

t to stand
ty of 60 %
ng a node

particle size of 200 to 300 mesh (e.g. EFV 200/]340, jprqaycesy by N ppon
Teppun K K. ) are m xed thoroughly in an al um ndmjpot having a \ollune of
about 50 cc in the 15 sane environnent agguentijo —shaki ng the

pot in hands vertically about.- 50 tinmes for aboyt 20 sec).
of the shaken m xture is .charged in a netal contarner .

Then, gbout 0.5 g
vreTeasur ement

provi ded with 400-nmesh screen 33 at the bottom as shown 20 in Figure 3 and
covered with spniteipallly3dffdabst thel antighif falett tharadtamiati? arsd

wei ghed and denoted by Werr] (g). Then, an aspirator 31 conposed of an

i nsul ati ng mataetitwindiegscharadteviptic,t 8 copponendnhastingy & he
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molecular weight of below 15,000, particularly 10,000
or below, principally affects the blocking, sticking
onto the photosensitive member and filming, and a

component having a molecular weight of 10,000 or above,

' particularly 15,000 or above, principally affects the

fixing characteristic.:

~The binder resiﬂ (copolymer) having an acid
group of carboxyl or its anhydride may be contained in
either one or both of the above-mentioned two molecular .
weight regiomns.

The GPC (gel permeation chromatography)
measurement and identification of molecular wéight
corresponding to the peaks and/or shoulders may be
performed under the followiné conditions. |

A column is stabilized in a heat chamber at 40
Oc, tetrahydrofuran (THF) solvent is caused to flow
through the column at that temperature at a rate of 1
ml/min., and 50'-'200 pl of a sample resin solution in
THF at a concehtration of 0.05'— 0.6 wt. % is injected.
The identification of sample molecular weight and its
molecular weight distribution is performed bésed on a
calibration cﬁrve obtained by using several
monodisperse polystyrenediéperse samples and having a
logarithmic scale of molecular weight versus count

number. The standard polystyrene samples for



container 32 is operated and the silica in the 25 contalner I S renoved by
suction through a suction port 37 sufficientl yipueyleusens w’""ﬁ the
pressure at a vacuum gauge 35 at 250 mmHg by ¥ 3

-36- control valve 36. The reading at this ti

it of the 5
' Then t he

capacitance C ([err]F) is denoted by V 626Fts.)f
container after the aspiration is neasured and
triboelectric charge (pC/g) of the silicais

CxVI(Werr]-Werr]). The fine silica powder used in the#pfesent I nventi on.
can be either PFePagREipreaf @, gapibsagdon curve may be those having

molecular weights of, e.g., 6x102, 2.1x103, 4x103,
1.75x104, .1x10%, 1.1x105, 3.9x10%, 8.6x10%, 2x10 and
4.48x;106 available from, e.g., Pressure Chemical Co. or
5 Toyo Soda Kogyo K.K. It is appropriate to use at least -
10 standard polystyrene samples. The detector may be
an RI (refractive index) detector.
For accurate measurement of molecular weights
in the range of 103 - 4x{06, it is appropriate to
10 constitute the column as a combination of several
commercially available polystyreﬁe gel columns., A
preferred example thereof may be a combinetion of p-
styragel 500, 103, 104 and 10° available from Waters
Co.; a combination of Shodeg KF-80M, 802, 803, 804 and
15 805, or a combination of TSK gel G1000H, G2000H,
G2500H, G3000H, G4000H, G5000H, G6000H, G7000H and GMH
available from Toyo Soda K.K.
The content of a component having a molecular
weight of 10,000 or below in the binder resin is
20 measured by cuttin§ out a chromatogram of the
corresponding molecular weight portion and calculating
a ratio of the weight thereof with that of the
chromatogram covering the molecular weight range of
10,000 or higher, to derive the weight % thereof in the
25 whole binder resih.
Examples of the polymerizable monomer having

an acid group which may be used in the present



10 silica” or "fumed silica" mhlch can be obtai ned by oxidation of gaseous
silicon halide, or the so-called "wet process sifiEa s Wakahn casaRg produced
fromwater glass, etc. Anbng these, the dry prov5<’*f*»”%hfwftnw jerred to
the wet process silica because the amobunt 15 of =

on the surfaces or in interior of the particles j

silicareferred to herein can include a conplex ~5i Ifi ca and
another 20 netal oxide as obtained by using another netal )
al um num chl oride or titaniumchloride together wth_a si |coQ§haIide. The.

silica powder ﬁﬂyﬁ&Q&QQ%ﬂi%/@ﬁﬁk?Qﬁvav aﬁ%s%FFﬁﬁiﬁ dpSREPRKELAPe in the.
2 L A A 4 e BB,

unsaturated dicarboxylic acids and half esters thereof,

such as maleic acid, butyl maleaée, octyl maleate,

5 fumaric acid and butyl fumarate; and |

alkenyldicarboxylic acids or half esters thereof, such

as n-butenylsuccinic acid, n-octenylsuccinic acid,

butyl n-butenylsuccinate, n-butenylmalonic acid and n-

butenyladipic acid.

10 In this case, it is preferred that the content
of the polymerizable monomer unit ih the whole binder
resin may preferably be in a proportion of 3 -~ 30 wt.
%, and the binder resin as a whple has an acid value of
1 - 70, further preferably 5 - 50.

15 | The acid values referred.to herein are based
on values measured as follows according to JIS K-0670.

2 - 10 g of a sample.resin is weighed in a 200
- 300 ml-ErlenmeYer flask, and about 50 ml of a solvent
mixture of'ethanollbenzene (= 1/2) to dissolve the

20 resin. If the solubility is insufficient, a small
amount of acetone may be added. The solution is
titrated with a N/10-caustic potassium solution in
ethanol, which has been standardized in advance, in the
presence of a phenolphthalein indicaﬁor, whereby the

25 acid value (mgkOH/g) of the sample resin is calculated

| from the consumed amount of the caustic potassium

solution according to the following equation (3):



of the silica fine powler may be neasured

. W ng nmanner,
whi | e anot her nethod can be applied wth refii#hat

Hhiilfowi ng et hod.
g funnel

equi pped with a sealing 5 stopper, and 100 water is
added thereto. The m xture is shaken for 10 jm Shaker M xer
nmodel T2C at a rate of 90 r.p.m The sefZ&at} ' " allowed to
stand still for 10 mn. so that a silica powder 0 aqueous

| ayer are separated from each other, and 20 =3O~m—ortAEcontent is

wi t hdrawn fromthe b%Ft0n1 A portion of the water is taken in_a 10 nmcel.
and t he Acid value = Amount of KOH solution (ml) x N )

X 56.1/sample weight eee (3)
wherein N denotes the number of factor for the N/10 KOH.
- Examples of the comonomer for providing the

5 binder resin having an acid group through

.copolymerization with the polymerizable monomer having

an acid group may include: styrene; styrene

derivatives, such as o-methylstyrene, m-methylstyrene,

p-methylstyrene, p-methoiystyrehe, p-phenylstyrene, p-

10 chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene,
2,4-dimethylstyrepe, p-n-butylstyrene, p-tert-
butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-n-
nonylstyrene, p-n-decylstfrene,-and p-n~dodecylstyrene;
ethylenically unsaturated monoolefins, such as

15 ethyléne, propylene, butylene, and isobutylene;
unsaturated polyenes, sﬁch as_butadiene; vinyl halides,
.such as vinyl chloride, vinylidene chloride, vinyl
bromide, and vinyl fluoride; wvinyl esters, such as
vinyl acetate, vinyl propionate, and vinyl benzoate;

20 & -methylene-aliphatic monocarboxylic acid esters, such
as methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl '
methacrylate, n-octyl methacrylate, dodecyl
methacrylate, 2-ethylhexyl methacrylate, stearyl

25 nmethacrylate, phenyllmethécrylate, dimethylaminoethyl
methacrylate, and diethylaminoethyl methacrylate;

acrylic acid esters, such as methyl acrylate, ethyl



transmttance of the ;hus mﬁthdramn water is sured. by a colorineter
(wavel ength: 500 rm in conparison 15 with ion EEPDQQEHEEﬂa53f'?F a bl ank
gontalglng no silica fine powder. The transmt ARECwBF—the water § sanple is
enoted as the hydrophobility of the silica. The hyﬂ%ﬁ@&f%&@ sfl{ca used in
2/M. y
it

the present invention should preferably have ajhydr pf§ 60 20 %
or higher, particularly 90 % or higher. -30-th | i b bel ow 60
% high-quality imges cannot be attai ned becafise of npisture abporption by
the silica fine powder under a high-hum dity coReit y—
hydr ophobi city-inparting treatnment nmay be-25 effected by using a known
agent and a kn@mrmhaﬂﬂxin‘hu#?ﬁuﬁqxviéﬁéit?s¢h9§Y%iﬁgrﬁbéﬁﬁvnEF°P8#

exanpl e be a silane coupling agent, or a silicon oil or_silicgne
acrylate, n—é%ty acrylate, dodecyl acrylate, 3-

ethylhexyl acrylate, stearyl acrylate, 2-chloroethyl
acrylate, and phenyllacrylate; vinyl ethers, such as’

5 vinyl methyl ether, vinyl ethyl ether, and vinyl
.isobutyl ether; vinyl ketones, such as vinyl methyl
ketone, vinyl hexyl ketone, and methyl isopropenyl
ketone; N-vinyl compounds, such as N-vinylpyrrole, N-
vinylcarbazole, N-vinyliﬁdole, and N—vinylpy:rolidone;

10 and derivativeé acrylic acid and methacrylic acid, such
as acrylonitrile, methacrylonitrile and acrylamide.

These vinyl monomers maj be used singly or in
mixture of two or more species in combination with the
above-mentioned monomer having an acid group.

15 Among the above, a monomer combinatioﬁ
providing a styrene copolymer or a styrene-
(meth)acrylate copolymer is particularly preferred.

A crosslinking monomer, e.g., one having at
least two polymerizable double bonds, may also be used.

20 Thus, the vinyl copolymer used in the present
invention may preferably be a crosslinked polymer with
a crosslinking monomer as follows: |

Aromatic divinyl compounds, such as
divinylbenzene and divinylnaphthalene; diacrylate

25 compounds connected with an alkyl chain, such as
ethylene glycol diacrylate, 1,3-butylene glycol

diacrylate, 1,4-butanediol diacrylate, 1,5-pentanediol



-38- varnish. A silicone oil or silicone varni
silane coupling agent in respects of hydrophohy asrefaf ; :
silicone oil or silicone varnish 5 preferably lu ed in the pr egernt
may be those .represented by the follow ng for
Cerr] - (Jerr] alkyl group, R: a silicone oi
al kyl, hal ogen-nodified al kyl, phenyl, angquoodj f1
Cerr] alkyl or. al koxy group. Specific exanpl
di rethyl silicone oil, alkyl-nodified.silicone oil,

[err]-nethyl styrene-nodified silicone oil, chlorophenyl- silicone oil, and
fl uoro-nodi fi edliAdryiatee pi1,6Thexanediol diacrylate, and neopentyl

glycol diacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups for the acrylate groups in the above compounds;

5 diacrylate compounds connected with an alkyl chain

-including an ether bond, such as diethylene glycol

diacrylate, triethylene glycol'diac;ylaﬁg:_tetra-

ethylene glycol diacrylate, polyethylene glycol #400

diacrylate, polyethylene'glycol #600 diacrylate,

10 dipropylene glycol diacrylate and compounds obtained by
substituting methaérylaté groups in the above
compounds; diacrylate compounds connected with a chain
ihcluding an aromatic group and an ether bond, such as
polyoxyethylene(Z)-z,2—bis(44hydfoxyphenyl)p:opanedi-

15 acrylate, polyoxyethylene(4)-~2,2-bis(4-hydroxyphenyl)-
propanediacrylate, énd 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

20 of MANDA (available from Nihon Kayaku K.K.).

| Polyfunctional crosslinking agents, such as
pentaefythritol triacrylate, trimethylethane
triacrylate, tetramethylolmethane tetracrylate,
oligoester acrylate, and compodnds obtained by

25 substituting methacrylate groups for the acrylate
groups in the above compounds; triallyl cyanurate and

triallyl trimellitate.



above silicone oil may preferably have a viscosity at 25
- 1000 centi-stokes. A silicon oil 20 having toR: T
generate a volatile matter under heating, mhli*“&iﬂ

nol ecul ar wei ght has too high a viscosity | eadi
handling. In order to treat the silica fine pd
there may be used a nethod wherein sili€34ingqg gowder treated
coupling agent is directly mxed with a silicdneorT Dby neans off a m xer
39- such as Hénschel mxer; a nmethod wherein & silicone oll.is~dprayed on

silica as a base material; or a nmethod wherein a silicone oil_is dissolved
or di Spersed in an hese crOSSIlnking agents may preferably be

- of about 50
M wei ght can
‘j%‘igha

fy in

one oil,

th a silane

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.

5 Among the above-mentioned crosslinking
mbnome;s, aromatic divinyl compounds (particularly,
divinylbenzene) and diacrylate compounds connected with
a chain including an aromatic group and an ether boﬁd
may suitably be used in é toner resin in view of fixing

10 characteristic and anti-offset characteristic.

The binder resin according to the present
invention may suitably be preparéd through a process
for synthesizing two or more polymers or copolymers.

| For example, a first polymer or copolymer

15 soluble in THF and also in a polymerizable monomer is
dissolved in such a polymerizable monomer, and the
monomer is polymerized to form a second polymer or
copolymer, thus providing a resin composition
comprising a uniform mixture of the first polymer or

20 copolymer and the'second-polymer or copolymer.

The first polymer of copolymer may preferably
be formed through solution polymerization or ionic
polymerization. The second polymer or copolymer-
providing a THF-insoluble content may preferably be

25 prepared through suspension polymerization or bulk
polymerization of a monomer dissolving the first

polymer or copolymer in the presence of a crosslinking



ica as a base
¢ silica. It

appropriate solvent, the resultant liquid is mxed mnth 5 sili
material, and then the solvent is renoved to 5& TECATE

is further preferred to treat the inorganic fF_ aivy \";': s{ WM th a
silicone oil or silicone varnish. 10 v%en t he orgami c fine
powder is treated only with a silicone oil, & Iarbém ¥ of $ilicone oil
is required, so that the fine powder can-Zpgljorferate to provifde¢ a devel oper

with a poor fluidity and the treatnent with g silicone oil nusf be
carefully 15 perfornmed. However, if the fine Lpowdekwismiikah =tfcated Wth a
sil ane coupling agent and then with a silicone oil, the fine powder is
provi ded with mogowernoi Jtuide m@aﬁﬂnﬂﬂﬂahhﬁteﬁmﬂeﬂanstngobggeﬁnétat|on of

t he powder and thus the treatnment effect with a 20 silicone oil can be
sufficiently efAPRl¥YmMEr 1is used in a proportion of 10 - 120 wt.

parts, partlcularly 20 - 100 wt. parts, per 100 wt.
parts of the polymeriiable monomer giving the second

5 polymer or copolymer.
- The.solvent used in the solution
polymerization may be xylene, toluene, cumene, acid
cellosolve, isopropyl alcohol, benzene, etc. 1In case
of a styrene monomer, xyiene, toluené or cumene may be

10 preferred. The solvent may be selected depending on
the product polyﬁer. Furthef, an initiator, such as
di-tert-butyl peroxide, tert-butyl peroxybenzoate,
benzoyl peroxide, 2,2'-azobisisobutyronitrile, 2,2'-
azobis(2,4-dimethylvaleronitrile), etc., may be used in

15 a proportibn of 0.1 wt. part or more, preferably.0.4 -
15 wt. parts, per 100 wt. parts of the monomgr. The
reaction temperature may vary depending on the solvenf,
initiator, monomers, etc., to be used but may suitably
be in the range of 70 - 180 °C. In the solution

20 polymerization, the monomer may be used in an amount of
30 - 400wt. parts per 100 wt. parts of the solvent.

The developer accordihg to the present
invention may preferably contain a hydrophobic
inorganic fine powder as an additive, which may

25 preferably be a hydrophobic metal oiide fine powder,
further preferably hydrophobic silicic acid (silica)

fine powder.



The silane coupling agent used in the present—-Aveat-ion.aay b

hexamet hyl di si | azane or those represented b>REREA€bEﬁﬁ658HEE$rr[SiY[err],
wherein R an al koxy group or chlorine atom ﬁ 1-3, 25Y:

al kyl group, vinyl group, glycidoxy group, nethagk ,@ﬂp riot her
hydrocarbon groups, and n: an integer of 3 { }. gﬁé@@?? ‘expnpl es t her eof
may i ncl ude: - 40- di net hyl di chl or osit¥he | ' DS} | ane,

al I yl di met hyl chl orosi | ane, allyl phenyl di chl §rosil ane,

benzyl di met hyl chl orosi | ane, vinyltriethoxysiTane; . p—

[err]- nethaceryloxyprop Itr| hox S|Iane |tri- 5 acetoxysil ane,

di vi nyl chl or osi | ane, q§§|%ﬂg;ganlc P°xgers'

those having a specific surface area as measured by the
BET method with nitrogen adsorption of 70 - 300 m?/g,
provide a good result. 1In the present invention, a

5 Thydrophobic silica fine powder may preferably be used

in an amount of 0.1 - 3.0 wt. parts, more preferably

0.2 - 2,0 wt. parts, with respect to 100 wt. parts of

the toner.

In the present invention, it is preferred to

10 use negatively chargeable hydrophobic silica fine
powder. The hydrophobic silica fine powder used in fhe
present invention may preferably be one having a
triboelectric charge amount of -100 pC/g to -300 pC/g.
When the silica fine powder having a triboelectric

15 charge below -100 puC/g is used, it tends to decrease
the triboelectric charge of the developer per se,
whereby humidity characteristic becomes poor. When
silica fine powder having a triboelectric charge of
above -300 pC/g is used, it tends to promote é so-

20 called "memory phenomenon" on a developer-carrying
member and the developer may easily be affected by
deterioration of the silica, whereby durability
characteristic may be impaired. When the silica is too
fine so that its BET specific surface area is ébove 300

25 mz/g, the addition thereof produces little effect.

When the silica is too coarse so thaﬁ its BET specific

surface area is below 70 mz/g, the probability of free



The treatnent of the fine powder with a silane GouRli.Rg..a
performed in a dry process wherein the fine po%naﬂ;Tf@m' D
cloud 10 with which a vaporized or sprayed S|Ig‘Z¥M'
reacted, or in a wet process wherein the fine powde

solvent into which a silane coupling agent is add
with the fine powder. 15 The si33cong di
be used in an amount 1 - 35 w. parts, preferabjy 2 - 30 Wt .

treat 100 wt. ‘parts of the inorganic fine pomd-- S B

silicone oil or_silicone varnish is too s ble that t he

moi sture 20 rePPY¥ERACR |§%9§9|Hﬁﬂﬁﬂﬁﬁf§§£§2uvh?fp?¥oegss hEBR™Goari ty copy
. If th t t h
e pouter 1o TieshBe"ad bl s3ad? AW FANSd oo Ronfif Parhy £iCT I ©

such a case, black spots due to silica agglomerates are

liable to occur.
5 The triboelectric charge of the negatively
chargeable silica fine powder may be measured in the
following manner.
0.2 g of silica fine powder which have been
left to stand overnight in an environment of 23.5 °C
10 and relative humidity of 60 % RH, and 9.8 g of carrier
iron powder not coated with a resin having a mode
particle size of 200 to 300 mesh (e.g..EFV 200/300,
produced by Nippon Teppun K.K.) are mixed thoroughly in
an aluminum pot having a volume of about 50 cc in the
15 same environment as mentioned above (by shaking the pot
in hands ve££ically about 50 times for about 20 sec).
Then, about 0.5 g of the shaken mixture is
charged in a metal container 32 for measurement
ﬁrovided with 400-mesh screen 33 at the bottom as shown
20 in Figure 3 and covered with a metal 1id 34. The total
weight of the container 32 is weighed and denoted by W1'
{(g). Then, an aspirator 31 compésed of an insulating
matérial at least with respect to a part contacting the
container 32 is operated, and the silica in the
25 container is removed by suction through a suction port
37 sufficiéntly while controlling the pressure at a

vacuum gauge 35 at 250 mmHg by adjusting an aépiration



oil or silicone varnish, thus leading to failure in 25 |nprOV|ng t he

fluidity of the developer In the devel oper of
preferred that the anount (B wt. parts) of th
i norganic fine powder is |larger than the anoumt (A W .
negatively chargeable resin particles. It is

chargeable 5 resin particles are used in3gn a

REPTAGES

preferably 0.03 - 0.5 wt. part, and the hydroph

is used in an ampunt of 0.1 - 3.0 w. parts,
parts, further preferably 0.6 - 1.6 w. parts,

10°

15

20

25

FEespec |véTy
control valve 36.  The reading at this time of a

potential meter 39 connected to the container by the

medium of a capacitor having a capacitance C (pF) is

-denoted by V (volts.). The total weight of the

container after the aspiration is measured and denoted

by W5 (g). Then, the triboelectric charge (pc/g) of

" the silica is calculated as: CxV/(W1-W2).

The fine silica powder used in the present
invention cae be either ﬁhe so-called “dry process
silica“ or "fumed silica" which can be obtained by
oxidation of gaseous silicon halide, or the so-called
"wet process silica" which can be produced from water
glass, etc. Among these, the dry pfocess silica is
preferred to the wet process silica beEause the amount
of the silanol group present on the surfaces or in
interior of the particles is small and it is free from
production residue such as Na,O0, 3032". |

The dry process silica referred to herein-can
include a complex fine powder of silica and another
metal oxide as obtained by using another metal halide,
such as aluminum.chloride or titanium chloride together
with a silicon halide.

The silica powder may preferably have an
average primary particle.size in the range of 0.001 -'2
microns, particularly 0.002 - 0.2 microns.

In the present invention, the hydrophobicity

of the silica fine powder may be measured in the

It

S




10 per 100 wt. parts of the devel oper (only t - pt for the
carrier). Wen the anount (A w. parts) of th g fiak.geabl e resin
particles is larger than 1.0 w. part, the infg¢ density is ple to
decrease 15 and, if the amount A is below 0.0 1 28AY, logite § oher :
sticking-prevention effect onto the photgsensf{t}jve nenber is |sclarce. If the
anount A [err] the amount B, the fluidir8y-of | he deveroper—i wered to be
|iable to cause fog. 20 I n the present.inyention, it fis further

preferred to use the negatively chargeable resin particles, the hydrophobic

inorganic fin
conbi nation i

FobhE¥EhacRapBeLy nohudsl Srbthen anthsa b e Stk g

generati on ofwgéﬂggg?ggﬁgégrﬁgttﬁg %BRRBWT%&NE%QH§&¥ sticking onto t

phot osensi tive e

10

15

20

25
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A sample in an amount of 0.1 g is placed in a
200 ml-separating funnel equipped with a sealing
stopper, and 100 ml of ion-exchanged water is added
thereto. The mixturé is shaken for 10 min. by a
Turbula Shaker Mixer model T2C at a rate of 90 r.p.m.
The separating funnel is then allowed to stand still
for 10 mip. so that a siiica powder layer and an
aqueous layer are separated from each other, and 20 -
30 ml1 of the content is withdrawn from the bottom. A
portion of the water is taken in a 10 mm-cell and the
transmittance of the thus withdrawn water is measured
by a colorimeter (wavelength: 500 nm) in comparison
with ion-exchanged water aé a blank qontainiﬁg no
silica fine powder. The transmittance of the water
sample is denoted as the hydrophobility of the silica.

The hydrophobic silica used in the present
invention should preferably have é hydrophobicity of 60
% or higher, particularly 90 % or higher. If the
hydrophobicity is below 60 %, high-quality images
cannot be attained because of moisture absorption by
the silica fine powder under a high—humidity condition.

The hydrophobicity-imparting treatment may be

effected by using a known agent and a known method.

The hydrophobicity-imparting agent may for example be a

silane coupling agent, or a silicon oil or silicone

he



devel oper is used in an inmage form ng appar atus -42- eqU|pped with a
contact charging neans. The aliphatic acid netga r used in
the present invention may preferably be positiMe&a AlIgig8adeisag as not to
cause easy transfer, have a 5 prinmary averagejp e Stze of {1 micron or
smal | er and contain 12 or nore carbon atons invtﬂ61ﬁ¢ fdog aci
Specifically preferred exanples thereof gy ingllde I ne pomd
I

f: zinc

stearate and al um num stearate. 10
aliphatic acid netal salt fine powder in an a
nore preferably 0.05 - 0.7 w. part, still noré=~ e

varnish. A silicone o0il or silicone varnish may be

preferred to a silane coupling agent in respects of
hydrophobicity and lubricity.
| The silicone oil or silicone varnish
5 preferably used in the present invention may be those

-fepresented by the following formula:

R R

|
R"~RySi0—Si035—4Si035SiR,R"

I -

"R R

10 wherein R: a Cq; - C3 alkyl group, R': a silicone oil-
modifying group, such as alkyl, halogen-modified alkyl,
phenyl, and modified-phenyl, R": a C; - C3 alkyl or
alkoxy group.

' Specific examples thereof may include:

15 dimethylsilicone o0il, alkyl-modified. silicone oil,

_ u—methylstyrene—modified silicone o0il, chlorophenyl-
silicone oil, and fluoro-modified silicone oil. The
above silicone oil may preferably have a viscosity at
25 OC of about 50 - 1000 centi-stokes. A silicon oil

20 - having too low a molecular weight can generate a
volatile matter under heating, while one having too
high a molecﬁlar weight has too high a viscosity
leading to a difficulty in handling.

In order to treat the silica fine powder with

25 silicone oil, there may be used a method wherein silica
fine powder treated with a silane coupling agent is

directly mixed with a silicone oil by means of a mixer



present

preferably 0.05 - 0.3 wt. part, per 100 wt. parts of the t i?s {icles.
15 If the anmobunt of the aliphatic acid (E%ﬂEN et bpwder i s
denoted by C w. parts, it is preferred to set t}g@?ﬁﬂ o} satisfy
the relations of Aw. parts + Cw. parts < B wj. pa{:&aﬂﬁgg parts
< Bw. parts. 20 .In case of A w. parts ) rr] B
w. parts, the fluidity of the devel oper-3%-1owerded _and. in 4xC w
parts [err] B wt. parts, the devel oper carrying renber such as slegve,
phot osensi tive nenber and nenber contacting the phe ; : per are
.25 liable to be cgntam nate and the decrease_in e den5|t and i nmage .
irregularities BiSa H&D qﬁxﬂﬁxerﬁ)ﬁrﬂPEEH%IEB%Fe CBrHFHQCPBetHél

is sprayed on silica as a base material; or a method
wherein a silicone oil is dissolved or dispersed in an

appropriate solvent, the resultant liquid is mixed with

5 silica as a base material, and then the solvent is

removed to form a hydrophobic silica.

It is further preferred to treat the inorganic

fine powder first with a silicone o0il or silicone

varnish.

10

When the inorganic fine powder is treated only

with a silicone o0il, a large amount of silicone oil is

required, so that the fine powder can agglomerate to

provide a developer with a poor fluidity and the

treatment with a silicone oil must be carefully

15

performed.

However, if the fine powder is first

treated with a silane coupling agent and then with a

silicone o0il, the fine powder is provided with a good

moisture resistance while preventing agglomeration of

the powder and thus the treatment effect with a

20

The silane coupling agent used in the

silicone oil can be sufficiently exhibited.

present

invention may be hexamethyldisilazane or those

represented by the formula: R, SiY,, wherein R:

an

alkoxy group or chlorine atom, m: an lnteger of 1 - 3,

25

Y: alkyl group, vinyl group, glyc1doxy group, methacryl

group or other hydrocarbon groups, and n: an integer of

3 -1,

Specific examples thereof may include:



-43- invention, it is possible to further incorporated oth addi tives
within an extent not giving ill effects, whi CRDEBY AL At hGEm]

v}g i

K FAYEE =§:
h

h

bf al oxide 5

fixing aid, such as | ow nol ecul ar wei ght pol y4 PR
j used in the

such as tin oxide as a chargeability-inparting
present invention nmay be prepared by a nethodji
are kneaded well in a hot kneadi ng nmeanss4guch ps a kneader of gxtruder
mechani cal |y crushed and classified; a 10 nethod ereinaornder resin

sol ution containing other conponents di spersed.tlarain js spraydried;, a
poly- nerization nmethod wherein prescribed ingredients are dispersed in a
mononer const i dimetpyd diohderasddianendtrinethylchkorgsthanheifi ed, fol | owed

by polynerization 15 of the nonomer, to provide a polyner;_ etc.
allyldimethylchlorosilane, allylphenyldichlorosilane,

benzyldimethylchlorosilane, vinyltriethoxysilane,
¥-methaceryloxypropyltrimethoxysilane, vinyltri-

5 acetoxysilane, diviﬁylchlorosilane, and dimethyl-

vinylchlorosilane.

The tréatment of the fine powder with a silane
coupling agent may be performed in a dry process
wherein the fine powder is agitated to form a cloud.

10 with which a vaporized or sprayed silane coupling agent
is reacted, or in a wet process wherein the fine powder
is dispersed in a solvent intb which a silane coupling
agent is added dropwised to be ;eacted with _the fine
powder.

15 | The silicone 0il or silicone varnish may be
used in an amount 1 - 35 wt. parts, pféferably 2 - 30
wt. parts, to treat 100 wt. pgrts of the inorganic fine
powder. 1If the amount of the silicone oil or silicone
varnish is too-smalli it is possible that the moisture

26 resistance is not'improved to fail to provide high |
quality copy images. If the silicon o0il or silicone
varnish is too much, the inorganic fine powder is
liable to agglomerate and even result in free silicone
oil or silicone varnish, thus leading to failure.in

25 improving the fluidity of the developer.

in the developer of the ptesent invention, it

is preferred that "the amount (B wt. parts) of the



Her ei nbel ow, a contact-charging step applicable to the developer and the

i mge form ng method according to the present irgyem - xpl ai ned
nore specifically. 20 Figure 1 is a éﬁkﬁ@ﬂ1ﬁ§mﬁﬁ ion of a
cont act-chargi ng apparatus as an enbodi nent of |t he |nvent|on. hg appar at us

i ncl udes a photosensitive drum1l as a nenber t
an al um num drum substrate la and an OPC.4prgafpi ¢ 25 p otocond cior) layer
1b coating the outer surface of the drum la an ekcri bed
speed in a direction of an arrow. In this enbodliment, the -44
phot osensitive drum 1 has an outer dianmeter of 30 nm, mms—

hydrophobic inorganic fine powder is larger than the

e £h hj conprises

amount (A wt. parts) of the negatively chargeable resin
particles. _
It is preferred that the negatively chargeable

5 resin particles are used in an amount of 0.01 - 1.0
-ﬁt. part, preferably 0.03 - 0.5 wt. part, and the
hydrophobic inorganic fine powder is used in an amount
of 0.1 - 3.0 wt. parts, preferably 0.2 - 2.0 wt. parts,
further preferably 0.6 -.1.6'wt. parts, respectivelj

10 peri100 wt. parts of the developer (only toner
particles except for the carrier).

When the amount (A wt. parts) of the
negatively chargeable resin particles is larger than
1.0 wt. part, the image density is liable to decrease

15 and, if the amount A is below 0.01 wt. part, the toner
sticking-prevention effect onto the photoseﬁsitive
member is scarce. If the amount A > the amount B, the
fluidity of the developer is lowered to be liable to
cause fog.

20 In the present invention, it is further
preferred to use the negatively chargeable resin
particles, the hydrophobic inorganic fine powder and
aliphatic acid metal salt fine powder in combination in
the developer in order to prevent or suppress the

25 generation of ozone and prevent or suppress the toner
sticking onto the photosensitive member when the

developer is used in an image forming apparatus



The apparatus further includes .a charging roller 2 as a chargi ng nmeans
whi ch contacts the photosensitive drum 1l at a preg{t o BRESSILE.~iThe
charging roller 2 5 conprises a netal core 2a, an fggﬁﬁﬂﬂgﬁ3§§ﬁﬁ§k rubber
roller 2b and a surface layer 2c having a releasaple film The | .

el ectroconductive rubber |ayer 2b may suitably hajvel afthpmaymgss df j0.5 - 10
mm preferably 1 - 10 mm The surface | aj@- conprjsjing a filmwtthja 10

rel easability is preferred in respect of conpatib} | TTy wtitie—de\el oper
and the inmage form ng nethod according to the present invention. Iif the
rel easable filmhas too high a resistivity, the phot osensitive drum cannot.
be charged butedpirpgad Wé§gsﬁiﬁppyap§ charging mgansan excessively | arge.
voltage is applied to the photosensitive drum so that it is preferred for
the rel easable filmto RBfe2diPhabispacide natalsisastt £ine jeovwderivsadl y a

vol ume res'St'XEtthfp%g gh%]ihv£%k%gH may preferably be positively

chargeable so as not to cause easy transfer, have a

5 primary average particle size of 1 micron or smaller
and contain 12 or more carbon atoms in the aliphatic
acid. Specifically preferred examples thereof may
include fine powder of: zinc stearate and aluminum
stearate. |

10 - It is preferred to use the aliphatic acid
metal salt fine powder in an amount of 0.01 - 1 wt.
part, more preferably 0.05 - 0.7 wt. part, still more
prefefably 0.05 - 0.3 wt. part, per 100 wt..parts of
the toner particles.' . |

15 : If the amount of the aliphatic acid metal sa1£
fine powder is denoted by C wt. parts, it is preferred
to set the amount so as £o satisfy the relations of A
wt. parts +«+ C wt. parts < B wt; parts and 4xC wt. parts
< B wt. parts.

20 In case of A wt. parts + C wt. parts ) B wt.
parts, the fluiditf of the developer is lowered and, in
case of 4xC wt. parts 2B wt. parts, the developer
carrying member such as sleeve, photosensitive member
and member contacting the photosensitive member are

25 1liable to be contaminated, and the decrease in image
density and image irregularities are liable to occur.

To the developer according to the present



ohm m The rel easable filmnay preferably have
m crons or below, particularly 10 - 30 m crons.

peeling or tearing and may be about 5 m crons. Iin thﬂglxﬂpqgnme t{ the
charging roller 2 has 25 an outer dianeter of 12 rpm and i ncl ude n about

3.5 mmthick el ectroconductive rubber |aygz-2b 9f.

ylene-di ene

terpol ymer and 10 micron-thick surface -45- ltayer 2c of a nylop resin
(nore specifically, nethoxymethylated nylon). The EﬁﬁTﬁfﬁgﬂﬂﬂ 2 has a

har dness of 54.5 degrees (ASKER-C). A prescribed voltage is supplied to the
core netal 2a (aivemdtion,=ix is possible to further incorporated other
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additives within an extent not giving ill effects,
which may for example include a fixing aid, such as
low-molecular Qeight polyethylene, and a metal oxide
such as tin oxide as a chargeability-imparting égent.

The toner used in the present invention may be
prepared by a method in which toner constituents are
kneaded well in.a hot kneading means, such as a kneader
or extruder, mechanicallf crushed and classified; a

method wherein a binder resin solution containing other

-components dispersed therein is spray-dried; a poly-

merization method wherein preécribed ingredients are
dispersed in a monomer.constituting a binder resin and
the mixtuie is emulsified, followed by polymerization
of the monomer to provide a polymer; etc.

Hereinbelow, a contact-charging step
applicable to the developer and the image forming :

method according to the present invention will be

~explained more specifically.

Figure 1 is a schematic illustration of a
contact-charging apparatus as an embodiment of the
invention. The épparatus includes a photosensitive
drum 1 as a member to be charged which comprises an
aluminum drum substrate 1a and an OPC (organic
photoconductor) layer 1b coating the outer surface of
the drum 1a and rotates at a prescribed speed in a

direction of an arrow. 1In this embodimént, the



5 m) of the charging roller 2 froma power sup

ply E. Fiqure 1 shows that a
DC voltage is supplied fromE but a DC voltage §$ r Z;'L TS Al
voltage is preferred. It is preferred to disper$ fa¥avdinra e 10 fine
powder such as carbon in the el ectroconductive ubber or/pand the
releasable filmso as to adjust the resistivity Dre &&ﬂﬁ!oces
conditions in this enbodi ment may be as fd#tows Abut t i pressure:
5 - 500 g/cmAC voltage: 0.5 - 5 kVpp AC frequ=ncy 50 - 3000 DC
vol tage: -200 to -900 V. Flgure 2 is an illustr&tdioRedima.co 20

char gi ng neans
wherein like r
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éﬁchiord' n% ’ D‘f an{gﬂ}?ﬂc}a(ra ng)gdérrlreg‘tltgi alamg ent rbvent i on,

The apparatus further includes a charging roller 2 as a
charging means which contacts the photosensitive drum 1
at a prescribed pressure. The charging roller 2

comprises a metal core 2a, an electroconductive rubber -

_roller 2b and a surface layer 2c having a releasable

film. The electroconductive rubber layer 2b may
suitably have a thickness of 0.5 - 10 mm, pfeferably 1
- 10 mm. The surface la&er comprising a film with a
releasability is preferred in respect of compatibility
with the developer and the image forming method
according to the present invention. If the releasable
film has too high a resistivity, the photosensitive
drum cannot be charged but, if the resistivity is too
small, an exceséively large voltage is applied to the
photosensitive drum, so that it is preferred for the
releasable film to have an appropriate resistivity
value, preferably a volume resistivity of 109 - 1014
ohm.m. The releasable film may preferably have a film
thickness of 30 microns or below, particularly 10 - 30
microns. The lower limit in thickness of the
releasable film may be determined so as not to cause
peeling or tearing and may be about S microns.

In this embodiment, the charging roller 2 has
an outer diameter of 12 mm and includes an about 3.5
mm-thick electroconductive rubber layer 2b of ethylene-

propylene-diene terpolymer and 10 micron-thick surface



used to denote |ike nmenber as used in Figure 1,
onmtted here. A contact-charging nenber 3 in thi§@
formof a blade abutted at a prescribed pressure!
menber 1 in a forward direction as shown. The bl fd;
-46- support 3a to which a voltage is supplied aj
el ectroconductive rubber piece 3b is suppthted. | |
abutting or contacting a photosensitive drumis provided with a su
| ayer 3c 5 conprising a releasable film In a spéetfie—erodi-rrer

surface layer 3c comprised 10 micron- thick nylon. According to this
enbodi ment, a laver 2c of a nylon resin (more specifically,

methoxymethylated nylon). The charging roller 2 has a
hardness of 54.5 degrees (ASKER-C). A_prescribed
voltage is supplied to the core metal 2a (diameter = 5
5 mm) of the charging roller 2 from a power supply E.

.Figure 1 shows that a DC voltage is supplied from E but
a DC voltage superposed with an Al vq;tagé is
preferred.

It is preferred.to disperse electroconductive

10 fine powder such as carbon in the electroconductive
rubber layer or/and the releasable film so as to adjust
the resistivity.

Preferred process conditions in this
embodiment may be as follows.

15 Abutting pressure: 5 - 500 g/cm

AC voltage: 0.5 - 5 kVpp
AC frequency: 50 - 3000 Hz
DC voltage: -~200 to -900 V. .
Figure 2 is an illustration of a contact-

20 charging means acéording to another embodiment of the
present invention, wherein like reference numerals are
used to denote like member as used in Figure 1, the
explanation of which is omitted here.

A contact-charging member 3 in this embodiment

25 is in the form of a blade abutted aé a prescribed
pressure against a photosensitive member 1 in a forward

direction as shown. The blade 3 comprises a metal



difficulty such as sticking between the bl ade lﬂ@@ﬁﬁﬁﬁwﬂaﬂ ilti ve menber
IS not encountered to show a 10 simlar perfo | revi ous

enbodi ment. In the above-enbodi ment, charging bers in the florimof a

roll er and a bl ade have been expl ai ned, but the phdpeMA( 8 rleskricted as
such and ot her shapes can al so be used. 15 I.n the abpv

enbodi ments, the chargi ng nenmber conpri seb-an ¢l ectToconducti ve fubber

| ayer and a releasable filmbut this is not neg¢essary. Furthel -4t is
preferred to insert a high resistance |ayer for preventing | eakage, such as

a hydrin rubber layer 20 having_ a good environnental  stabilit bﬁ&mgen t he
conducti ve rubBEPPPEFeBaak@ Mid Chejde ¥ol1age i1, swpphied| apgd, on yhig -

possibl e 0 use 2.2k R25a Al D Rl HLASeRE [1U9L08:LEN0D) o

Further, the portion abutting or contacting a

photosensitive drum is provided with é surface layer 3¢
5 comprising a releasable film. 1In a specific
‘embodiment, the surface layer 3¢ comprised 10 micron-
thick nylon. According to this embodiment, a
difficulty such as sticking between the blade and the
photosensitive member is.not encountered to show a
10 similar performance as in the previous embodiment.

In the above-embodiment, charging members in
the form of a roller and a blade have been explained,
but the shape is not restricted as such and. other
shapes can also be used. ‘

15 Tn the above embodiments, the charging member
| comprises an electroconductive rubber layer and a
releasable film but this is nét necessary. Further, it
is preferred to insert a high résistance layer for
preventing leakage, such as a hydrin.rubber layer
20 having a good environmeﬁtal stability between the
conductive rubber layer and the releasable film surface
layer.

It is possible to use a releasable f£ilm of
polyvinylidene fluoride (PVDF) or polyvinylidene

25 chloride (PVDC) instead of nylon resin. The
photosensitive member may also comprise amorphous

silicon, selenium, Zn0O, etc., in addition to an OPC



25 chloride (PVDC) instead of nylon resin. Trwy gV* v?-,

al so conprise anorphous silicon, selenium ZnOj € o i o ek~ s i o s

-47- photosensitive nmenber. Particularly, in tHelca of u5|ng !

phot osensi tive nenber of anorphous silicon, indgd f iEUWﬂﬁ gt i ceabl e
when even a small amount of a softening agent firqm.the conduct e | ayer
attaches 5 to the photosensitive nenber‘éanpared with a case of fusing
anot her photosensitive nenber, the coating of tlhe-sonduati.ve.bber |ayer
with an insulating fil mbecones remarkably effective. In the cleaning step

according to the present i nveniion
i mge g gEosenSL%gve mgm eg.’ Eart&%% OS f?tl\”% élgg gt§¥ toner.

g nber may
O to an OPC

using a photosensitive member of amorphous silicon,
image flow becomes noticeable when even a small amount
of a softening agent from the conductive layer attaches
5 to the photosensitive member compared with a case of
using another photosensitive member, the coating of the
conductive rubber layer with an insulating £ilm becomes
- remarkably effective.
In the cleaning step according to the present
10 invention, the photosensitive drum after toner image
transfer is wiped by a cleaning member such as a
cleaner blade o;ﬂroller for removal of the tranéfer
residue toner or other contaminants thereon to be
cleaned and repetitively subjected to image formation.
15 Such a cleaning step can also be effected
simultaneoﬁsly as the charging step, developing step or
transfer step.
The present invention is particularly
effective when applied to an image forming apparatus
20 equipped with a latent image-bearing member which is
' surfaced with an organic compound. In case where the
surface layer is formed of an organic compound, a
binder resin in the toner and the surface layer are
likely to adhere to each other and toner Sticking is
25 liable to occur at the contacting point especially when
similar materials are used.

The surfacing material for the latént image



transfer is

w ped by a cl eaning nmenber such as a cl eaner blade or r

ol |l er

for removal of the transfer residue toner or ot L CONCIRY &Hs ereon to
be cl eaned and repetitively subjected to inage ﬂﬂﬁ@] ENGMREIN | | eani ng
step can al so be effected sinultaneously as thefcparging step, gejyel opi ng
step or transfer step. The present invention is|partj2pmyi9@7effecti ve when
applied to an image form ng apparatus 2@gequi ppgd{with a | atent}

i mage- beari ng menber which is surfaced with an prgantc conpound. | n case
where the surface layer is formed of an organi ciconpound, a bindef resin in

the toner and the surface |layer are likely to adhere to eagﬁ'giher and
toner sticki npeasidg hember nsedcdur the tpresemt dotvertimm mayspecial ly

when sim | ar
I mage

5
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materials are used. The surfacing material for the |at
comprise, e.g., silicone resins, vinylidene chloride

resins, ethylene-vinyl chloride resin, styrene-

ent

acrylonitrile resin, styrene-methyl methacrylate resin,

styrene resins, polyethylene terephthalate resins and

polycarbonate resins, but can comprise another

‘material, such as copolymers of or with other monomers,

copolymers between above enpmerated components and
polymer blends without béing restricted to the above.
Among these, polycarbonate resins are particularly
preferred.

The present inventign is particularly
effective when aéplied to an image.forming apparatus
using a latent image-bea;ing member having a diameter
of 50 mm or smaller. In such a small-sized drum, an
identical linear pressure can produce a concentration
of stress at the abutting point because of a large
curvature. .

A similar phenomenon may be encountered also

in case of a belt photosensitive member, and

accordingly the present invention is a}so effective to

an imagé forming apparatus using a photosensitive

member having a radius of curvature of 25 mm or smaller

at the transfer zone.
Referring to Figure 5, the image forming
method and image forming apparatus according to_the

present invention are explained.



-48- bearing nenber used in the present invention may conprlse e.g.,
silicone resins, vinylidene chloride resins, ethp-ene- : _;_,,unaoe resin,
styrene- acrylonitrile resin, styrene- nethyl netiagiwﬂ‘ 3 ~3'?Estyrene

resins, polyethylene terephthalate resins and poly .r-ona'e resiinsg but can
conprise another material, such as copol yners of '\ﬂ At ey npnbners,
copol yners bet ween above enunerated conpogents a*d po yner bl endp W t hout

- being restricted to the above. 10 Anobng t hese, p¢l s are

particularly preferred. The present invention is partlcularly effe‘tlve

-when applied to an inage form ng apparat us
' A photosensitive member 501 surface is

negatively charged by a contact charger 502 connected
to a voltage application means 515, subjected to image-
scanning with laser 1ight 505 to form a digital latent
5 image, and the resultant latent image is reversely

developed with a negatively chargeable monocomponent
magnetic developer 510 in a developing vessel 509
equipped with a magnetic blade 511 and a developing
sleeve 514 containing a ﬁagnet therein. In the

-10. developing zone, an alternating bias, pulse bias and/or
DC bias is applied between the conductive substrate of
the photosensitive drum 501 and the developing sleeve
504 by a bias voltage'application means. When a
transfer paper P is qonveyed to a transfer zone, the

15 paper is charged from the back side (opposite side with
respect to the photosensitive drum), whereby the
developed image (toner image) on the photosensitive .
d;um is electroetatically transferred to the transfer
paper P. Then, the transfer paper P is seperated from

20 the photosensitive drum 501 and subjected to fixation
by means of a hot pressing roller fixer 507 for fixing
the toner image on the.transfer paper P.

Residual monocomponent developer remaining on

the photosensitive drum after the transfer step is

25 removed by a cleaner 508 having a cleaniﬁg blade. The
photosensitive drum 501 after the cleaning is subjected

to erase-exposure for discharge and then subjected to a



using a | atent

| mage- beari ng nenber having a dianeter 15 of 50 nm or

smal ler. In such a small-sized drum an identiﬂwﬁwéggﬁmﬂ?p;_ Mrie can
produce a concentration of stress at the abutt io¥o Heclalst jof a |l arge
curvature. A simlar phenonenon may be encountgrgd also 20 in e of a

belt photosensitive nenber, and accordingly th

Or s WA 89€ntl dn i s al so

D

effective to an i mage forn1ng appar at us-89ng h photosensitiv nber
having a radius of curvature of 25 nmor snallgr at the transfer|zone. 25

Referring to Figure 5, the inmage form ng metho

appar at us

according to the gresent |nvent|on are expl ai ned.
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repeating cycle commencing from the charging step by
the charger 502.

The electrostatic image-bearing member
(photosensitive drum) comprises a photosensitive layer

and a conductive substrate and rotates in the direction

of the arrow. The developing sleeve 504 comprising a

" non-magnetic cylinder as a toner-carrying member

rotates so as to move in the same direction as the
electrostatic image hdlding mémber surface at the
developing zone. Inside the non-magnetic cylinder
sleeve 504, a multi-pole permanent magnet (magnet roll)
as a magnetic field generating means is disposed so as
not to rotate. The mogocomponent insulating magnetic
developer 510 stirred by a stirrer 513 in the
developing vessel 509 is applied onto the non-ﬁagnetic
cylinder sleeve 504 and the toner particles are
provided with, e.g., a negative triboelectfic charge
due to friction betﬁeen the sleeve 504 surface and the
toner particles. Further, the magnetic doctor blade
511 of iron is disposed adjacent to the cyiinder
surface (with a spacing of 50 - 500'microns) and
opposite ﬁo one magnetic pole of the multi-pole-
permanent magnet, whereby the thickness éf the
developer layer is regulated at a thin and uniform
thickness (30 - 300 microns) which is thinner than the
spacing between tﬁe electrostatic image bearing member

501 and the toner carrying member 504 so that the



y @ cont act

-49- A photosensitive nenber 501 surface is negaLLMeLy“&naLgedﬁ
charger 502 connected to a voltage application (g h’“st,p. i

i mge- scanning with |aser light 505 to forma BT
the resultant latent image is reversely devel opgd MA%zgﬁﬁpggg ‘
| n g

equi pped with a nmagnetic blade 511 and abtlevel opi ng , ohtaining a

magnet therein. In the 10 devel opi ng zone, an allternating blas pll se bi as
and/or DC bias is applied between the conductiva gty e

phot osensi tive drum 501 and the devel opi ng sl eeve 504 by i as voltage .
appl i cati on mg¥elopsn layendoes B@BeFOPtP§tCGH\?e}E@%%§at%f er zone,

the 15 paper is charged fromthe back, si de (opposi_t e wWwth respect to
t he phot osensﬂ‘ﬁ“!}-@rd&tﬂﬁ wHee eEgvehetion s eed’of Ene toner carrying

member 504 is so adjusted that the circumferential
velocity of the sleeve 504 is substantially equal to or

5 close to that of the electrostatic image bearing member
501. It is possible to constitute the magnetic doctor
blade 511 with a permanent magnet instead of iron so as
to form a counter magnetic pole. In the developing
zone, an AC bias.or a pulsed bias may be applied

10 between the toner carrying member 504 and the
electrostatic image bearing surface by the biasing
means 512. The AC bias may comprise £ = 200 - 4000 Hz
and Vpp = 500 - 3000 V.

In the developing zone, the toner particles

15 are transferred to the electrostatic image under the
action of an electrostatic force exerted by the
electrostatic image bearing surface and the AC bias or
pulsed bias.

It is also possible to use an elastic blade of

20 an elastic material, such as silicone rubber, instead
of the magnetic iron blade, so as to apply.the
developer onto the developer carryiné member and
regulate the developer layer thickness by a pressing
force exerted by the elastic blade. |

25 In the electrophotographic apparatus, plural
members iﬁclusive of some of the above-mentioned

members such as the photosensitive member, developing



devel oped i mage (toner inmage) on the photosensitive. drumis.

electrostatically transferred to the transfer pap =

paper P is separated from 20 the photosensitive {t u:;f:ffé };7w;
fixation by means of a hot pressing roller fixery 07 for fixing

i mage on the transfer paper P. Residual nonocongorieny dgielper |
on the photosensitive drumafter the tran8%er stled is 25 renovédiby a
cl eaner 508 having a cleaning blade. The phot osenstttve=trumn
~cleaning is subjected to erase-exposure for disc

a -50- repeating cyc| i arging.atep.
p g cycle comencing fromthe cha;cglgrégﬁye%;ﬁr&gitne% cthoarger..

502.
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means and cleaning méans can be in

form an apparatus unit so that the unit can be
connected to or released from the apparatus body. For
example, at least one of the charéing means} developing

means and cleaning means can be integrally combined

.with the photosensitive member to form a single unit so

that it can be attached to or released from the
apparatus body by means of a guide means such as a
guide rail provided to tﬁe body.

In a case where the image forming apparatus
according to the present iqvention is used as a printer
for facsimile, the laser light 505 may be replaced by
exposure light image for printing received ﬂata.'
Figure 6 is a block diagram for illustrating such an
embodiment. .

Referring to Figure 6, a controller 611
controls an image reader (or image reading unit) 610
and a priﬁter 619. The entirety of the controller 611
is regulated by a CPU 617. Data read from the image
reader 610 is transmitted through a transmitter circuit
613 to a remote terminal such as another facsimile
machine. On the other hand, data received from a
remote terminal is transmitted through a receiver
circuit 612 to a printer 619. An image memory 616
stores prescribed image data. A printer controller 618
controls the.printer 619. .A telephone handset 614 is

connected to the receiver circuit 612 and the

591 %after the
harge and then sulfj ected to



The el ectrostatic inage-bearing nenber (photosensitive drum conprises a
photosensitive layer 5 and a conductive substlate.and.rotates in the

direction of the arrow. The devel opi ng sleeveiggﬁquﬁﬁﬁﬁsg- Fapinon- magneti c
cylinder as a toner-carrying nmenber rotates sp pe—+ =l e sane
direction as the electrostatic i mage hol di ng pe t it he 10
devel opi ng zone. Inside the non-magnetPé-cylihder mul ti-pole
per mmnent magnet (nagnet roll) as a nagnetic fi ans is
di sposed so as not to rotate. The nonoconponent |nsulat|ng magrjeti c

sel 509 is

devel oper 510 sti ﬁg by a stLg gq 513 in the
appl i ed onto ﬁ%sﬂb ﬁﬁgﬁéFFBL yPiAder sleeve 504 and the toner particles

oL, D0V e 2 fora sBBRREINRINY PRRL SURAS Ao Ui 4ot "
magnetic doci Pheb{8Hecircuit) 615 (i.e., image data received a
remote terminal connected by the line) is demodulated
5 b¥ means of the receiver circuit 612, decodéd'by the
CPU 617, and sequentially stored in the image memory
616. When image data correspohdiﬁé to at least one
page is stored in the image memory 616, image recording
or output is effected wiéh respect to the corresponding
10 page. The CPU 617 reads image data corresponding to
one page from the image memory 616, and transmits the
decoded data corresponding to one page to the printer
controller 618. When the printer controller 618
receives the image data corresponding to one page from
15 the CPU 617, the printer controller 618 controls the
printer 619.so that image data recording corrgsponding
to the page is effedted. During the recordiné by the
printer 619, the CPU 617 receives another image data
corrésponding to the next page. |
20 Thus, receiving and recording of an image_may'
be effected by means of the apparatus shown in Figure
6 in the above-mentioned manner.
The presént invention will be explained in
more detail with reference to Examples, by which the
25 present invention is not limited at all. 1In the
formulations éppearidg in the Examples, parts are parts

by weight.



20 511 of iron is disposed adjacent to the cylinder surface (wth a spacing

of 50 - 500 microns) and opposite to one magnetic pole of the, | - pol e
per manent magnet, whereby the thickness of the 20K rTINED regul at ed
at a thin and uniform 25 thickness (30 - 300 m o y b ijnner than

t he spaci ng between the electrostatic inqgglbe rii nNg nenbér 50 and t he
toner carrying nenber 504 so that the ~

elel o MIMy'@P ddes not

contact the image bearing nenber 501. The revol ufipn speed of { oner

carrying menber 504 is so adjusted that the circy

sl eeve 504 is
el ectrostatic
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'Ey of the

g#&ﬁ,g%y a[éx)ém%ggh to or 5 closel{to thal..gf.tdien =

200 parts of cumene was charged in a reaction

vessel and heated to a-reflux temperaturé. Further,
into the vessel, 85 parts of styrene monomer, 15 parts
of acrylic acid monomer and 8.5 parts of di-tert-butyl
peroxide were added. The solution polymerization was
completed under refluxing of the cumene (146 - 156 °C),
followed by distilling-off of the cumene by raising the
temperature. The resultant styrene-acrylic acid
copolymer was soluble in THF and showed parameters: Mw
(weight-average molecular weight) = 3,500, Mw/Mn

(weight-average molecular weight/number-average

molecular weight) = 2.52, the molecu;ar weight at the

main peak in the GPC chart = 3,000, and Tg (glass
transition point) = 56 °cC. |

30 parts of tﬁe above copolymer was dissolved
in the following monomer mixture to form a mixture
solution.

[Monomer mixture]l

Styrene monomer N - 50 parts
" n-Butyl acrylate monoﬁer - 17 parts
-Aqrylié acid monomer 3 parts

Divihylbenzene ' 0.26 part

Benzoyl peroxide . 1 part

tert-Butylperoxy-2-ethylhexanoate 0.7 part

To the above mikture solution was added 170

parts of water containing 0.1 part of incompletely



501. It is possible to constitute the magnetic dacior blade 511 with a

per manent nagnet instead of iron so as to form { pole. In
t he devel opi ng zone, an AC bias or a pul sed biap pey—-be—abpl bet ween
the toner carrying nenber 504 and the el ectrostht Cijﬂ%ﬁ; bearijnd surface
by the biasing nmeans 512. The AC bias may conpr} sk f 997 4dod Hz and
Vpp = 500 - 3000 V. In the devel opi ng ze%®+ thef tloner particle 5 are
transferred to the electrostatic inage under the action of an el gctrostatic
force exerted by the electrostatic image beari AC bi as or
pul sed bias. It is also possible to use an elastic blade of 20 an elastic.
material, suclPapendfiiedrolupinyl aleekal te fasmnaghéarddiron bl ade, so.

as to apply the developer onto the devel oper carryi.ng nenber and
PRLY suspensiJ). fhe suspensionpwas addéd go a nitrogen-

UJ .

—

aerated reaction vessel containing 15 parts of water
and subjected to 6 hours of suspension polymerization
5 at 70 - 95 °cC.

After.the reaction, the product was recovered
by filtration, de-watered and dried to form a copolymer:
composition. In the composition, styrene-acrylic acid
copolymer and styrene—n-ﬁutyl acrylate copolymer were

10 uniformly mixed. The THF-soluble content of the resin
composition was subjected to measurement of molecular
weight distribution by GPC to provide peaks at
molecular weights of about 3500 and about 31000 in the
GPC chart, Mn (number-average molecular weight) = 5100,

15 Mw = 115000, Mw/Mn = 22.5 and a content of molecular
weight being 10000 or below of 27 ﬁt. %. The resin
showed a Tg of 59 °C, and the content of molecular
weight being 1000 6r below isolated by GPC showed a
glaés transition point Tgl of 57 °cC.

- 20 The copolymer resin showed an acid value of
22.0.

Synthesis Example 2

The following monomer mixture was subjected to
solution polymerization in 200 parts of cumene at a
25 cumene reflux temperature.
[Monomer mixfure]

Styrene monomer 90 parts



regul ate the devel oper |ayer thickness by a pre55|ng force exerted by the
el astic blade. 25 In the el ectropho PRt AL s, plura
menbers inclusive of sonme of the above- nentloiaﬁa;ﬁﬁaﬁﬁﬁT sMitt b t he

phot osensi ti ve nenber, devel opi ng -52- neaps{and cl eani ng jmglans can be
integrally conbined to forman apparatus unit sa thamayhgopnit jcan be
connected to or released fromthe appar&®uds bpdy. For exanpl g jat | east one
of the chargi ng neans, developing 5 neans anfl tieanrnmg—means’ dan be

integrally combined with the photosensitive ngnber to forma S|ngle unit so

that it can be attached to or rel eased fromthe apparat us B"”X by means of
a gui de nmeans such-Bytyl maleate (half ester) monomer parts

—

di-tert-Butyl peroxide 8.5 parts
After the reaction, cumene was removed by
heating. The resultant styrene-n-butyl acrylate
5 copolymer showed parameters: Mw = 6,900, Mw/Mn = 2.36,
'é main peak molecular-weight = 7200 and Tg = 64 °C.
30 parts of the above styrene-n-butyl maleate
(half ester) copolymer was dissolved in the following
monomer mixture and subjected to polymerization in the
10 same manner as in Synthesis Example 1 to form a resin
composition comprising styrene-n-butyl maleate (half
ester) copolymer and styréne-n-butyl acrylate-n-butyl
maleate (half ester) copolymer. The resin showed an
acid value of 20.6. |

15 [Monomer mixture]

' Styrene o 45 parts
n-Butyl acrylate 20 parts 
n-Butyl maleate (half ester) 5 parts
Divinylbenzene ' 0.25 part
20 Benzoyl peroxide _ 0.65 part

tert-Butylperoxide-ethylhexanoate 0.85 part

Synthesis Example 3

200 parts of cumene was charged in a reaction
vessel.and heated to a reflux temperature. Into the
25 vessel, a mixture of 78 parts of styrene, 15 parts of
n-butyl acryiate, 7 parts of n-butyl maleate (half

ester), 0.3 vart of divinylbenzene and 1.0 part of di-



guide rail provided to the body. 10 In_a._case where the inmge
formi ng apparatus according to the present inven}pmm ifsoNiSEs %3_,:mr|nter
for facsimle, the laser |ight 505 may be repl ack USSRl dis
i nti i i i '»gran1for i || Ustrating
such an 15 enbodi nment. Referrlng to Figure 6, a foht ricd M&Y ©97 ‘
i mge reader (or inmage reading unit) 610_ged a pfi} 619. Thelertirety of
‘the controller 611 is regulated by a CPU 617. a read fromthe ijmage 20
-reader 610 is transmtted through a transmtter I ' 0.3
term nal such as another facsimle machine. On the other hand dat a
recei ved from adriiftyEgiritids wdensadédedrbpivagehin Mehoure udidegui t .
612 to a printer 619. An inmage nenory 616 25 stores prescribed i nage data.
A printer contrsdflaix @B the cumene, followed by 4 hours of

polymerization and removal of the solvent by ordinary
distillation under reduced pressure to obtain a
5 copolymer. The polymer showed: Mw = 25x104, Mw/Mn =
11.0, Tg = 60 °C, and an acid value of 19.5.

Comparative Synthesis Example 1

A copolymer was obtained in the same manner as
in Synthesis Example 3 eicept that 82 parts of styrene
10 and 18 parts of n-butyl acrylate were used and n-butyl
maleate (half ester) was omitted. The copolymer showed
an acid value of 0.4.

Synthesis Example 4

A copolymer was obtained in the saﬁe manner as
15 in Synthesis Example 3 except that the amount oﬁ the
'styrene was changed to 82 parts and the amount of the
n-butylmaleate (half ester) was changed to 3 parts.
The copolymer showed an acid value of 7.3.

Synthesis Example 5

20 . A copolymer was obtained in the éame manner aé
in Synthesis Example 3 except that the amount of the
styrene was changed to 70 parts and the amount of the
n-butylmaleate (half ester) was changed to 15 parts.
The copolymer showed an acid value of 48.

25 Production Example 1

Resin composition of Synthesis

Example 1 100 parts



controls the printer 619. A tel ephone handset 614 is connected to the
receiver circuit 612 and the -53- transmtter circuit 613. Mire
specifically, an inmage received froma |ine (or[H Pty fdbemfein—g. , | MAQE
data received a renpote term nal connected by t hg\k 'fMV.éﬁﬁﬁH]ated 5 by
means of the receiver circuit, 612, decoded by tjh¢ ) sdquentially
stored in the image nenory 616. \Wen i nagggdat a corHQ§ﬂqupr tjo fat | east
one page is stored in the inage nenory 616, inggg recording or foytput is
effected with respect to the corresponding 10 feads i nage

data corresponding to one page fromthe inmge , and trgnsnits the
Magnetic fine powder — K Svwn ] .

enory 616

(BET value = 8.6 m2/g) 100 parts
Negatively chargeable control
agent (chromium complex of
5 monoazo dye) | 1.1 part
| Low-molecular weight poly-
propylene (Mw = 66605 3 parts
The above components weré melt-kneaded by
means of a twin-screw exéruder heated up to 140 °¢, and
10 the kneaded product, after cooling, was coarsely
crushed by means of a hammer miil, and then finely
pulverized by means of a jet mill. The finely'
pulverized product was classified by means .of a wind-
force classifier to obtain a classified powder product..
15 Ultra-fine powder and coarse power wvere simultanéously
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
20 insulating magnet{c toner (I} (Tg = 57 ©C) having a
volume-average particle size of 6.4 microns.

Production Example 2

Resin composition of Synthesis |
Example 2 , 100 parts
25 Magnetic fine powder

(BET value = 8.6 m2/g) _ 110 parts



decoded data corresponding to one page to the printer controller 618. Wen
the printer controller 618 receives the i nage dat rorrespondlng to one

page from 15 the CPU 617, the printer controller

619 so that

| mage data recording corresponding to ¥
During the recording by the printer 619, the CPU B
data corresponding to the next page. 20-59-

I’ECEI Ves anct {er i mage

hud 2 V&Y P97 ng

recordi ng of an inmage nay be effected by nmeans off t{he apparatus ghgwn in

Figure 6 in the above-nentioned nmanner. The presgnt invention W
explained in nore detail with reference to Exanpltess—by-uhich. th

present invention Negatotveivrichargeakle comtxod fornul ati ons appearing in

t he Exanpl es,

10

15

20

25

parts are parts by weight,
agent (chromium complex of

monoazo dye} - : 1.1 part

Low-molecular weight poly-

propylene (Mw = 6000) _ 3 parts |

Neéatively chargeable insulating magnetic

toners (II) and (III).having different average particle
sizes as show in Table 1 appearing hereinafter were
prepared from the above ingredients otherwise in a
similar manner as in Production Example 2.

Production Example 3

Resin composition of Synthesis
Example 3 __  100 .parts
Magnefic fine powder .
(BET value = 8.6 m2/g) 80 parts
Negatively chargeable control
agent (chromium cbmplex 6f
monoazo dye) ' 1.1 part
Low-molecular weight poly-
propylene (Mw = 6000) 3 parts
A negatively chargeable insulating magnetiq
toner (IV) was prepared from the above ingredients
otherwise in a similar manner as in Production Example
1.

Production Examples 4 and 5

Negatively chargeable insulating magnetic

toners (V) and (VI) were prepared by using the resin



-54- Synthesis Exanple 1 200 parts of cunmene was charged in a reaction
vessel and heated to a reflux tenperature. Further, into the vessel 85

parts of styrene nononer, 15 parts 5 of acryli | =7d 8.5 parts
of di-tert-butyl peroxide were added. The sol utli 1'dn was

conpl eted under refluxing of the cunene (146 -{ 15 %LM #C} Ilomed by
distilling-off of the cunene by ra|S|rmL§@e t gmge gul t ant
styrene-acrylic acid 10 copol ynmer was sol ubl e }i THF and sho d par aneters:
Mv (wei ght -aver age nol ecul ar wei ght) = 3,500, [MM Mh (wel ght-avejage

mol ecul ar wei ght/ nunber - aver age nDIecuIar wWei htmmn 2vmn 2. el D18 1B ecul ar

wei ght at thecomipdshedlonsn I & vaia iy tExa:@pﬂ@Q 428AaTg gl place of
the resin composition of Synthesis Example 3 otherwise
in a similar manner as in Production Example 1.

Comparative Production Example 1

5 Resin composition of Comparative
| Synthesis Example 1 100 parts
Magnetic fine powder
(BET value = 7.7 m2/g) 90 parts
Negatively chargeablé control
10 agent (chromium conplex of
salicylic acid) 1.1 part
Low-molecular weight poly-
propylene (Mw = 6000) _ 3 parts
A negatively chargeable insulating magnetic
. 15 toner (VII) (Tg = 55 ©C) was prepared from the above
| ingredients otherwise in a similar manner as in
Production Example. |
The particle size distributions of the above-
obtained toners (I) - (VII) are shown in the following

20 Table 1.

25



15 transition point) =56 [err]C. 30 parts of the above copol ynmer was
di ssolved in the follow ng nononmer m xture to forma m xture solution

[ Mononmer m xture] 20 St yrene nononer 50 parts
n- Butyl acryl ate nononer 17 parts Acrylic acid nononer

3 parts Divinyl benzene 0.26 part Benzoyl peroxide

1 part 25 tert-Butyl peroxy-2-ethyl hexaggat e 0 ve

m xture solution was added 170 parts of water contai JREP] A0
i nconpletely - -55- : '
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saponi fied polyvinyl alcohol to forma liquid suspen5|on The suspension
was added to a nitrogen- aerated reaction vessel . !

wat er and subjected to 6 hours of suspension pol ynefi; ""Eﬁﬁgﬁ‘ 95
[err]C. After the reaction, the product was recoveried by filtratio i
de-wat ered and dried to forma copol ymer conpositidn. 4 WM& Miwip o |jion,
. styrene-acrylic acid copol yner and styrengzn-butyl aérylate copol yiref were

10 uniformy mxed. The THF-sol uble content of thejresin conp05|trbn \Was
subj ected to nmeasurenent of nol ecul ar wei ght distrithutdan. by . GPC to
peaks at nol ecul ar wei ghts of about 3500 and about 31000 in the GPC chart,
- Mh (nunber - averExpnpiscul ar8 vand hCompatadvel Expmpies] 10604 MV Mn = 22.5 .
.and a content of nolecular wei ght being 10000 or bel ow of 27 w. % The
'resin showed a Tg of 59'ngrthveﬂnrenerednmégneﬁﬁCnﬁpeémSaMere

blended with negatively chargeable true-spherical resin
particles as shown in Table 2 below each having a long
5 axis/short axis ratio of approx. 1 and hydrophobic or
ﬁon-treated silica particles as shown in Table 3 by
means of a Henschel mixer to prepare developers of
these Examples as shown in Table 5 below.
Each developer was charged in an image forming
10 apparatus (LBP-8II, mfd. by Canon K.K.) remodelled to
'be equipped with a contact charging device as shown in
Figure 1. A DC voltage (-700 V) and an AC voltage (600
Hz, 2000 Vpp) were applied in superposition- to the
contact-charging device, and a successive image forming
15 test was performed so as to form 16 copies per minute
in a reversal development mode under normal temperature
- normal humidity conditions (25 ©C, 60 % RH).
The contact charging and image formation were
performed more specifically as follows with reference
20 to Figure 1.
As described above, the charging roller 2 had
a diameter of 12 mm and comprised a 5 mm-dia. core
metal 2a coated with an approx. 3.5 mm-thick
electroconductive rubber layer 2b and further with a 20
25 micron-thick releasable film 2C of methoxymethylated
nylon. The charging roller 2 was pressed against the

OPC photosensitive member 1 so as to exert a total



wei ght being 1000 or bel ow isolated by G°PC showed a glass transition poi nt

Tgl of 57 [err]C. 20 The copol yner rj d val ue of
22.0. Synthesis Exanple 2 The foll ow ng nonong 'ected to
sol ution polynerization in 200 parts of cuneng a 25 cunene {r4f | ux
tenperature. [Mononer mixture] Styrene nononer 12 MAY v/

90 parts -56- n-Butyl naleate (half est®r) nomer Ofparts
di-tert-Butyl peroxide - 8.9 p rfeact i on,
cunmene was renoved by oy o e

10

15

20

25

pressure of 1.2 kg (linear pressure of 55 g/cm).
The_outline of the image forming apparatus is

illustrated in figure 5. 1In the apparatus, a toner

layer was formed in a thickness of 130 microns on the

sleeve 504, and the sleeve 504 was disposed at a

minimum spacing of 300 microns from the OPC

-

photosensitive drum 501 and the image formation test °
was performed under application of a DC bias of -500 V
and an AC bias of 1800 Hz and 1600 Vpp to the sleeve.
The results of the image forming test are
sumﬁarized in Table 5 below. In Table 5, the image
density represents an average of values measured at 5
points in a 5 mm x 5 mm solid black square image. The
minute dot reproducibility represents the
reproducibility of a checker pattern as shown in Figure
7 including 100 unit square dots each having one side X
measuring 80 microns or 50 microns as shown in Figure
7, whereby the reproducibility was evaluated by
observation throughca microscope while noticing the
clarity (presence or absence of defects) and scatterihg
to the non-image parts. The toner sticking onto the
oPC photosensitive member was evaluated by observing

the resultant toner images and the surface state of the

OPC photosensitive member (having a surface abrasion

characteristic in terms of an abrasion decrease of
2.5x10~2 cm3-by a Taber Abraser) after 10000 sheets of

image formation.



heati ng. The resultant styrene-n-butyl acrylate 5 copol ynmer showed
paraneters: Mv = 6,900, MV Mh = 2. 36, a nain peak nol ecul ar-wei ght = 7200
and Tg = 64 [err]C. 30 parts of the above styrene-n-butyl naleate (half
ester) copolynmer was dissolved in the follow ng nonomer m xture and

subj ected to polynerization in the 10 same manner as in Synthesis Exanple 1
'to forma resin conposition conprising styggne-n-butyl naleate (half ester)
.copol ynmer and styrene-n-butyl acrylate-n-butyl maleate (half ester)

.copol ymer. The resin showed an acid value of 20.6. 15 [Mononer m xture]

 Styrene 45 parts n-Butyl acrylate
120 parts n-Butyl nal eat e T@hild 2Hedlgw summarizes Stiparpsopertiigsbetizehe

0. 25 part 20 Benzoyl peroxide 0. 65 part
? negatively chargeable resin particles, Table 3

summarizes the properties of the hydrophobic silica,

Table 4 summarizes the properties 6f the developers, -
5 and Table 5 summarizes fhe compositions and evaluation
?esults of the developers. The evaluation standards
are shown below. |

Fog |

o: Substantialiy no.
10 A: Observed but practically acceptable.
x: Practically uqacceptable.

Toner sticking onto photosensitive member

o: No sticking at all.
oa: 1 - 3 white voids in A4 size solid black
15 . image attributable to toner sticking.
A: 4 - 10 white voids in A4 size solid black
image.
x: More than 10 white voids in A4 size solid
black image.

20 Dot reproducibility

o: Less than 2 defects.

oa: 3 - 5 defects. REPLACEMENT SHEET
A: 6 - 10 defects. 12 MAY 1997
x: 11 or more defects.

25 ) W Jenare vl



tert-Butyl peroxi de-et hyl hexanoate 0.85 part Synthegi- ﬂEx&&EkenerQGm@arts
of cunene was charged in a reaction vessel and heategiiﬁAgﬁﬁﬂWBgﬂEET

tenperature. Into the 25 vessel, a mixture of 78 parjt  Of STYTens,
of n-butyl acrylate, 7 parts of n-butyl mal eate (halif esi;grr)l v GogF Par of
- divinyl benzene and 1.0 part of di- -57- tert-buty peroxiﬁe was gddled
dropwi se in 4 hours under reflux of the_ggaene, folllo
pol ymeri zati on and renoval of the solvent by ordinafy distillation unger
reduced pressure to obtain a 5 copolymner. The pol yne =

25x10[err], MV M = 110 Tg = 6Q [err]C, and an acid value of 19.5.
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Conparative Synthesis Exanple 1 A copol yner was obtained in the same nmanner
as in Synthesis Exanple 3 except that 82 parts of styrene 10 and 18 parts
of n-QgL¥L_agLMLgLEMmere used and n-butyl raleate (half ester) was omtted.
The ¢ ﬁﬁ?gqgg% Ieamtaci d value of 0.4. Synthesis Exanple 4 A copol yner
was olpt gt ﬁﬂﬂaﬁgﬁﬁu manner as 15 in Synthesis Exanple 3 except that

o

ntbgf t he styfehe was changed to 82 pgr%g and the anount of the

I P@WZHEFf est er) was changed to 3 pg ts. The copol yner showed an
ntfhesi s Exanple 5 20 A copol yner was

nner as in Synthesis Exanple 3 except that the

alue of 7.3.
ed in the sane

anou YLene s changed to 70 parts and the anount of the
n- butyl mal eate (half ester) was changed to 15 parts.
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10 the kneaded product, after cooling, was coarsely crushed by neans of a
hammer mll, and then finely pulverized by neans of .a jet mll. The finely
pul veri zed product was classified by nmeans of a wind- force classifier to
obtain a classified powder product. 15 U tra-fine-s and._coarse power
wer e sinmultaneously and precisely renoved fron1t',1,1g§§mﬂﬂep SMERTEr by
means of a nmulti-division classifier utilizi-gg-a {Cqamta—effteect—tfl how Jet
Classifier available fromN ttetsu Kogyo K K.), there? %Ekélr
negatively chargeable 20 insulating nmagnetic torer ¥2$$ﬁ
havi ng a vol une-average particle size of 6.4 nlcrorc Produciion

;rr]CD
anple 2.

Resi n conposition of Synthesis Exanple 2 100
parts 25 Magnetic fine powder (BET value = éTﬁ‘ﬂfETT++£»m~ﬂ"
110 parts
u
e
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-59- Negatively chargeable control agent (chrom um conpl ex of nonoazo dye)
1.1 part Low nol ecul ar wei ght poly- 5 propy!l efre—~cMa-=..6000)

3 parts Negatively chargeabl e insulating magnetic RB AACEmﬂﬂfﬁﬁﬂﬁﬁT 1)
having different average particle sizes as showin|T

hereinafter were prepared fromthe above ingredi enfs{ otshegwa,S. E 10
simlar manner as in Production Exanpl e-&9-Productj o gggﬁﬁﬁﬁﬁgkﬁmsin

conposition of Synthesis Exanple 3 100.fpdrts
Production Example 6 e
Resin compqsition of Synthesis
Example 1 | 100 parts
Magnetic fine powder
5 (BET value = 8.6 mz/g) 60 parts
. Negatively chargeable control
) agent (chromium complex of
) monoazo dye) ' 1 part
Low-molecular weight poly-
10 propylene (Mw = 6000) 3 parts

The above components were melt-kneaded by
means of a twin-screw extruder heated up fo 140 °C, and
the kneaded product, after cooling, ﬁés.coa:sely
crushed by means of a hammer mill, aﬁd then finely

15 pulverized by means of a jet mill. The finely
pulverized product was classified by means of a wind-
force classifier to obtain a negatively chargeable
insulating magnetic toner (VIII) (Tg = 57 °C) having a
volume-average particle size of 12 micronms.

20 Production Example 7

Resin composition of Synthesis
Example 2 | ' 100 parts
Magnetic fine powder
(BET value = 8.6 m2/g) 60 parts
25 Negatively chargeable control
" agent (chromium complex of

monoazo dye) 1 part



Magnetic fine powder 15 (BET value = 8.6 nferr]/Q) | 80
parts Negatively chargeabl e control agent (chrom um conpl ex_ of nnnnazo dye)

1.1 part Low nol ecul ar wei ght poly- 20 pr opyHe Qﬁﬁﬂﬁi S

3 parts A negatively chargeabl e insul ati ng magnetijc wa° repar ed
fromthe above ingredients otherwwse in a simlar nner b&gp dgiction
Exanpl e 1. 25 Production Exahpl es 4 and-30Negati vqly ch éﬁ 'ﬁ sdl ati ng
magnetic toners (V) and (VI) were prepared by usirfgithe resin

10

15

20

25

Low-molecular weight poly-
éropylene (Mw = 6000) 3 parts
A magnetic toner (IX) was prepared from the
above ingredients otherwise in a similar manner as in

Production Example 6.

‘Production Example 8

Resin composition of Synthesis
Examéle 3 100 parts
Magnetic fine powder. |
(BET value = 8.6 mzlé) 60 parts
Negatively chargeable cgntrol
. agent (chromium complex of
monoazo dye) 1 part
Low-molecular weight poly-
propylene (Mw = 6000) ' 3 parts
| A magnetic toner (X) was prepared from the
above ingredients otherwise in a similar manner as in
Production Example 6. |

Comparative Production Example 2

Resin composition of Comparative

Synthesis Example 1 100 parts
Magnetic fine powder

(BET value = 7.7 m2/g) | 60 parts
Negatively chargeable control

agent (chromium complex of

salicylic acid) 3 parts



-60- conpositions of Synthesis Exanples 4 and 5 in place of the re5|n
conposition of Synthesis Exanple 3 otherw se in a [EiRt | ot b ‘ '

Producti on Exanple 1. Conparative Production Exangtex
conposition of Conparative Synthesis Exanple 1
Magnetic fine powder (BET value = 7.7 n2/g) 3
Negati vely chargeable control 10 agent (chrcn1un1conp|ex of fsalicylic
ylene (Mwv
3 parts A negatively charqeabl e |nsulat|n ghetic

acid)
6000)

15 t oner (VII) (Tg =

1.1 part Low nol ecul ar v

55 [err]C) was prepared fromthe above ingredients

ot herwi se in a si mlioar-modrearlaas weight poly-

10

15

20

25

propylene (Mw = 6000) 3 parts
A magnetic toner (XI) was prepared from the
above ingredients otherwise in a similar manner as in

Production Example 6.

froduction Examples 10 and 11

Negatively chargeable insulating magnetic
toners (XII) and (XIII) were prepared by using the
resin compositions of Syﬁthesis Examples 4 and 5 in
place of the resin composition of Synthesis Example
3 otherwise in a similar manner as in Production
Example 8.

Examples 9 - 17 and Comparative Examples 5 - 7

The above-prepared nega;ively chargeable
insulating magnetic toners (VIII) - (XIXII) were blended
with the negatively chérgeable true-spherical resin
particles as shown in Table'z.above and hydrophobic or
non-treated silica particles shown in Table 3 by méans
of a Henschel mixer to prepare developers of these
Examples as shown in Table 6 below.

Each developer was charged in an image forming
apparatus (LBP-8II, mfd. by Canon K.K.) remodelled to
be equipped with a contact charging device as shown in
Figure 1 or Figure 2. A DC voltage (-700 V) and an AC
voltage (600 Hz, 1500 Vpp) were applied in
superposition to the contactécharging device, and a

successive image forming test was performed at a



Producti on Exanple. The particle size distributions of the above- obtained
toners (1) - (VIl) are shown in the followng 20 Table 1. 25 -61- [err]
-62- Exanples 1 - 8 and Conparative Exanples 1 - 4 The above- prepared
magneti c toners were bl ended with negatively chargeabl e true-spheri cal
resin

-72-

printing speed of 16 sheets (A4) per minute in a
reversal development mode under normal temperature -
normal humidity conditions (25 ©C, 60 % RH), whereby
the printed-out images were evaluated. The surface

5 states of the charging member and the photosensitive
drum were also observed. The charging member was a
roller-type as shown in Figure 1 in all the cases

| except that a blade~type as shown in Figure 2 was used

in Example 15.

10 The compositions of the developers and the

evaluation results are summarized in Table 6 below.
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particles as shown in Table 2 bel ow each having a long 5 axis/short axis
rati o of approx. 1 and hydrophobic or non-treate ] as shown
in Table 3 by neans of a Henschel mxer to preparBEBLé mﬂ(s X E‘gwese
Exanpl es as shown in Table 5 bel ow. Each devel opgr jwas charged |Lan I mage

form ng 10 apparatus (LBP-8I1, nfd. by Canon K. Kj) Ir ebi@I¢AY d#s of b
equi pped with a contact chargl ng device as,shownijing Figure 1. A
(-700 V) and an AC vol tage (600 Hz, 2000 Vpp) werle appried N ]

superposition-to the contact- charg| ng device, and_a_successive.lnage

A1

vol t age

formng 15 t.est”i/as_peu.oumcLsmm to form16 cqples per mnute in a
- reversal devel op de¢ under normal tenperaturq - nor rmal Hum dity
~conditions (25 [efrfG 60 % RH). The contact charding and ingge formation

wer e perforned rmreég)ec fically as follows with rleference 2Q to Figure 1.
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As descri bed above, the charging roller. 2 had a dianmeter of 12 nm and

conprised a 5 nmdia. core netal 2a coated with an approx. 3.5 mmthick
el ectroconductive rubber |ayer 2b and further with a 20 25 m cron-thick
rel easable film2C of nethoxynethyl ated nylon. The.charging roller 2 was

pressed agai nst the OPC photosensitive nenber 1 soé?ﬁ)j.-ﬁ,f 9 al
-63- pressure of 1.2 kg (linear pressure of 55 g/ gme- i the
image fornming apparatus is illustrated i m’fi-gure §. 4§, a
toner layer was formed in a thickness of 130 m crgng 504,
and the sl eeve 504 was di sposed at a m ni num spacijn from

t he OPC

10

15

20

25

Production Example 12
| Styrene-n-butyl acrylate éopolymer
(copolymerization weight ratio = 8:2,
Mw = 25x10%) 100 parts
Magnetic fine powder
(BET value = 8.6 m%/g) 60 parts
Negatively chargeable control
agent (chromium complex of
monoazo dye) . _ 1 part
Low-molecular weight pblyQ .
propylene (Mw = 6000) 3 parts
The above components were melt-kneaded by
means of a twin-screw extruder heated up to 140 °C, and
the kneaded product, after cooling, was coarsely
crushed by means of a hammer mill, and then finely
pulverized by means of a jet mill, The finely .
pulverized product was classified by means of a wind-
force classifier to obtain a negatively chargeable
insulating magnetic toner (XIV) (Tg = 60 OC) having a
volume-average particle size of 12 microns. .

Production Example 13

Styrene-2-ethylhexyl acrylate copolymer
(copolymerization ratio = 8.2,
Mw = 20x104) | 100 parts
Magnetic fine powder

(BET value = 7.7 mzlg) 60 parts -



phot osensitive drum 501 and the image formation test was perfornmed under
application of a DC bias of -500 V and an AC bias of 1800 Hz and 1600 Vpp
to the sleeve. 10 The results of the image forn1ng test are

summari zed in Table 5 below. In Table 5, the inmage gz 5 an
average of values neasured at 5 points in a 5 nm X {3 Bquar e
i mge. The m nute dot reproducibility represents t i ty of
a checker pattern as shown in Fi gure 7-i756l udi ng 1_0‘unﬂ@g fggy dpt B each
havi ng one side X neasuring 80 microns or 50 ﬁ]CFOﬁS‘aS shomn In Fjigire 7,
wher eby the reproducibility was eval uated by obserya

m croscope while noticing the 20 clarity (presencejor absence of defvcts)

and scattering toNegethvalynehargeabde Tostwoder sticCKIN oPC
phot osensi tive nmenber was eval uated by _observing the resultant toner inmages
and the surface st3¥@nbf(ghgomium complex of

salicylic acid) | 1.1 part
Low-molecular weight poly-
5 ' propylene (Mw = 6000) 3 parts
A magnetic toner (XV) (Tg = 55 °C) was
prepared from the above ingredients otherwise in a
similar manner as in Produétion Example 12.

Examples 18 - 24 and Coméarative Examples 8 - 14

10  The above prepared magnetic toners XIV and XV
were blended with the_nega;ively chargeable resin
particles shown in Table 2 above,.hydrophobic or non-
treated silica particles shown in Table 7 and
aliphatic acid metal salt particles shown in Table 8

15 below to prepare developers of these e#amples as shown
in Table 8.

Each developer was charged in an image forming
apparatus (LBP-8II, mfd. by Canon K.X.) remodelled to
be equipped.with a contact chafging device as shown in

20 Figure 1. A DC voltage (-700 V) and an AC voltage (600
Hz, 2000 Vpp) were applied in superposition to the
contact-charging device, and a successive image formingll-
test was performed so as to form 16 copies per minute
in a reversal development mode under normal temperature

25 - normal humidity conditions (25 ©C, 60 % RH), whereby
the printed-out images weré evaluated. The surface

states of the charging member and the photosensitive



OPC phot osensi tive nenber (having a surface abrasion 25 characteristic in
ternms of an abrasion decrease of 2.5x10[err] cnferr] by a Taber Abraser)
after 10000 sheets of inage formation. -64- Table 2 bel ow summari zes the
properties of the negatively chargeable resin particles, Table 3 summari zes
the properties of the hydrophobic silica, Table 4 sunmarizes the properties
of the developers, 5 and Table 5 sunmari zes the conpositions and eval uation
results of the devel opers. The eval uatigpgstandards are shown bel ow. Fog o:
Substantially no. ' :

drum were also observed. The charging member was a
roller-type as shown in Figure 1 in all the cases
except that a blade-type as shown in Figure 2 was used
in Example 24.

5 - The compositions of the developers and the

‘evaluation results are summarized in Table 8 below.

10
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unaccept abl e.

def ect s.

[err]:

Table 7

Qobserved but practically acceptable.
Toner sticking onto photosensitive nenber o:
3 white voids in A4 size solid black 15
i mage attributable to toner sticking.
solid black image.
[ Dot
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-68- [err]
Exanple 1
(BET val ue =

10

15

20

25

100 parts Magnetic fine po
8.6 nk/ Q) 60 partd ﬁﬁ?ggtEﬂﬁqu able

control agent (chrom um conpl ex of nmonoazo dyd
part Low nol ecul ar wei ght poly- 10 propyl dne (Mwv =
3 parts The above conponents were nelt-kneaded Hy 12 Mﬁﬁ'ﬁg?

-69- Production Exanple 6 Resin conposition of Synthesis

~79-~

ThiArs, SO, piun

Examples 25 - 29 and Comparative Examples 15 - 17

The above prepared magnetic toners XIV and XV
were blended with the negatively chargeable resin
particles shown in Table 2 above, and the hydrophobic
or non-treated silica particles shown in Table 3 above
to prepare developers of these examples as shown in
Table 9 below.

Each developer was charged in an image forming
apparatus (LBP-8II, mfd.'by Canon K.K.) remodelled to
be equipped with a contact charging device as shown in
Figure 1 or Figure 2. A DC voltage (-700 V) and an AC
voltage (300 Hz, 1500 Vpp) were applied in
superpoéition to the cqntact-charging devicé, and a
successive image forming test was performed at a
printing speed of 8 sheets (A4) per minute in a
reveréal development mode under normal temperature -
normal humidity conditions (25 °C, 60 % RH), whereby
the printed-out images were evaluated. The surface
states of the charging ﬁember and the photosensitive
drum were also observed. The charging member was a
roller-type as shown in Figure 1 in all the cases
except that a blade-type as shown in Figure 2 was used
in Example 29. |

The compositions of the developers and the

evaluation results are summarized in Table 9 below.



means of a tw n-screw extruder heated up to 140 [err]C, and the kneaded
product, after cooling, was coarsely crushed by neans of a hamrer mll, and
then finely 15 pul verized by neans of a jet mll. The fi
product was classified by means of a w nd- force cl assjfdils
negatively chargeabl e insulating nagnetic toner (VIII)
vol une-average particle size of 12 mcrons. 2¢4Productji
conposition of Synthesis Exanple 2

Magnetic fine powder (BET value = 8.6 nferr]/qg)

Negati vely chargeabl e control agent (chrom um conpl ex{of nobnoazo dye)‘
1 part
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-70- Low nol ecul ar wei ght poly- propylene (Mv = 6000) 3
parts A magnetic toner (1X) was prepared fromthe above ingredients
otherwise in a simlar nmanner as in 5 Production Exanple 6. Production
Exanpl e 8 Resin conposition of Synthesis Exanple,3

100 parts Magnetic fine powder 10 (BET val {@Fpl ACENER
60 parts hbgatlvely char geabl e. contr ol ﬁgﬁ (chi ronoazo
dye) : 1. part Low nol ecul

Production Example 14

Styrene-n-butyl acrylate copolymer

(copolymerization weight ratio = 8.2,

Mw = 25x10%) | 100 parts
5 . Magnetic fine powder
(BET value = 8.6 m%/g) 100 parts

Negatively chargeable control

agent (chromium complex of

monoazo dye) ’ 1 part
10 Low-molecular weight poly-
propylene (Mw = 6000) 3 parts

The above components were melt-kneaded by
means ofla twin-screw extruder heated up to 140 Cc,
and the kneaded product, after cooling, was coarsely

15 crushed by means of a hammer mill, and then fineiy
pulverized by means of a jet mill, The finely
pulverized product was classified by means of a wind-
force classifier to obtain a classified powder
product. Ultra-fine powder and coarse power were

éo ‘simultaneously and precisely removed from the
classified powder by means of a multi-division
classifier utilizing a Coanda effect (Elbow Jet
Classifier available f£rom Nitﬁetsu Kogyo K.K.),
thereby to obtain a negatively chargeable insulating

25 magnetic toner (XVI) (Tg = 60 °C) héving a volume-

average particle size of 6.5 microns.



T

15 propyl ene (Mv = 6000) 3 parts A magnetic toner (X)

was prepared fromthe above ingredients otherwise in a simlar manner as in
Producti on Exanple 6. Conparative Production Exanpl e 2-20 Resi-f
conposition of Conparative Synthesis Exanple 1 REPLACEMENT SHRET
parts Magnetic fine powder (BET value = 7.7 nferr]/Q) 60
parts Negatively chargeable control 25 -82-agent (chyom df
salicylic acid) 3 parts ~%1-QE%&gﬁ§chular

wei ght pol y-

Production Example 15 S

Styrene-2-ethylhexyl acrylate copolymer

{copolymerization ratio = 8.2,

Mw = 20x10%) 100 parts
5 - Magnetic fine powder
{BET value = 7.7 m2/g) © 100 parts

Negatively chargeable control

agent (chromium complex of

salicylic acid) ' | 3 parts
10 Low-molecular weight poly-
propylene (Mw = 6000) 3 parts

A negatively chargeable insulating magnetip
tonér (XVII) having a volume-average partic}e size of
6;7 microns and.Tg of 55 °C was-prepared from the above
15 ingredients otherwise in a similar manner as in
Production Example 4.

Production Example 16

A negatively chargeable magnetic toner (XVIII)
having-a volume-average particle size of 7.8 microns
20 was prep;¥ed in a similar manner as in Production
Example 14 except that the amount of the magnetic fine
powder was reduced to 80 parts.

Production Example 17

A negatively chargeable magnetic toner (XIX)
25 was prepared in a similar manner as in Production
Example 14 except that the classification condition was

varied to provide a particle size distribution as shown



propyl ene (Mv = 6000) 3 parts A magnetic toner (Xl) was
prepared fromthe above ingredients otherwise in a simlar manner as in 5
Producti on Exanple 6. Production Exanples 10 and 11 Negatively chargeabl e
insul ating magnetic toners (XI1) and (XI11) were % he
resin conpositions of Synthesis Exanples 4 and 5 %= Qﬁﬁ%ﬁ?“ﬁﬁhiﬂé resin
conposition of Synthesis Exanple 3 otherwise in ajsjmlar manner jasf i n
Production Exanple 8. Exanples 9 - 17 anggfonparafile TEXMAY 9975 |- |7 The
above- prepared negatively chargeable 15 insulating jraghetic tonerls (VII1) -
(XI1'1) were blended with the negatively chargeabl e tTUe-spheritat rlesin
particles as shown in Table 2 above and hydrophobic _or_non-treatedijsilica-
particles showin Tabdkl g 03 balaoweans ‘ -

The particle size distributions of the toners
(XVI) - (XVIII) are also shown in Table 10 below.
Further, silica particles used together with

5 these toners are shown in Table 11 below.

10
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20

25



of a Henschel m xer to prepare devel opers of these 20 Exanples as shown in
Tabl e 6 bel ow. Each devel oper was charged in an image form ng apparat us
(LBP-8I1, nfd. by Canon K. K.) renodelled to be equi pped with a contact
chargi ng device as shown in Figure 1 or Figure 2. A DC voltage (-700 V) and
an AC 25 voltage (600 Hz, 1500 Vpp) were applied in superposition to the

. contact-charging device, and a successive inmaggaformng test was perforned
at a -72- printing speed of 16 sheets (A4) per minute in a reversal

devel opment node under normal tenperature - normal humidity conditions (25
[err]C, 60 % RH), whereby the printed-out images were eval uat ed The

surtace REPLACEMENT SHEE:
1.2 MAY 1997

@
%
2elw o o~
dpiml\m!—
ml®m @« o af
gw
uy
¢]
§ |o@
&
gu
1 |§E|w & o -
e + Tlw v o~ v
3 |5g
g 3 |38
g Q. 0 -
& o >
)
g |2
-408
E_ el 2 @
Tl @ o o w«
Lag]
; %
6
w & ~
g'\.OOFO
o
1-61—
> Al
) '
0
© | N e 9 m
gl 9 & @ o
gm
2wl
M
H H
Es |8 & & &
- 5




5 states of the charging nenber and the photosensitive drumwere al so
observed. The chargi ng nenber was a roller-type as shown in Figure 1 in al
the cases except that a bl ade-type as shown in Figure 2 was used in Exanple

15. 10 The conpositions of the devel opers and the eval uation
results are summari zed in Table 6 below. 15 20 25 -73- [err]
-85~ ‘ REPLACEMENT S il
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-74- Production Exanple 12 Styrene-n-butyl acrylate copol yner
(copol yneri zation weight ratio = 8:2, Mwv = 25x10[err])

100 parts 5 Magnetic fine powder (BET val ue =

60 parts Negatively chargeable control agent (chrom
dye) 1 part 10 Lo
. propyl ene (Mv = 6000) 3 parts T,

- mel t - kneaded

.the kneaded product, after cooling, was coarsely 15

“hamrer m |,

10

15

20

25

by neans of a twi n-screw exBfader heatk

and then finely

Example 30

100 parts of the above-prepared magnetic toner
XVI was blended with 0.2 part of the negatively
chargeable fesin particles A-1 shown in Table 2 and the
hydrophobic silica B-7 shown in Table 11 above by means

of a Henschel mixer to obtain a devgloper, the

'properties of which are shown in Table 12 appearing

hereinafter.

The developer was charged in an image forming
apparatus (LBP-8II, mfd. by Canon K.K.) remodelled to
be equipped with a contact charging device as shown in
figurg 1. A DC voltage (-700 V) and an AC voltage (300
Hz, 1500 Vpp) were applied in superposition to the
contact-charging device, and a_sucéessive image forming
test was performed at a printing speed of 8 sheets (A4)
per minute in a reversal development mode under normal
temperature - normal humidity_conditions (25 °c, 60 %
RH), whereby the printed-out images were evaluated.

The results are also shown in Table 12. The evaluation
standards of the image density Dmax, dot
reproducibility and fog were the_same as in Table 5.
The toner sticking was evaluated by observing the
resultant toner images and the su?face state of the OPC
photosensitive member (having a surface abrasion
characteristic in terms_of an abrasion decrease of
2.5x10"2 cm3 by a Taber abraser) after 6000 sheeﬁs of.

image formation.



pul veri zed by neans of a jet mll.
classified by neans of a w nd-
chargeabl e insulating magnetic toner (XIV) (Tg =
vol unme- average particle si'ze of 12 mcrons.

3 T "‘;‘g'
Pr odu¥tH &Rl el

The finely pulverized product was
force classifier to obtain a negatlvely

St yrene- 2- et hyl hexyl

izatlon I’atIO

acryl ate copol yner (copoly

20x10[err]) . 100 parts 25 Nyt 1987 f i
(BET value = 7.7 nferr]/Q) ‘8ki)part\ - 75- Negat

chargeabl e contro

10

15

20

25

agent (chrom um conpl ex of

TN —

As a result of the evaluatxon, the developer

showed an excellent minute-dot reproducibility and

provided good images having an image density Dmax of

1.4 without fog as shown in Table 12. Further, no

sticking onto the photosensitive member was observed

after image formation of 6000 sheets.

) Example 31

A developer
in Example 30 except
resin particles were changed to the type A-2 in an

amount of 0.05 part.

that the negatively chargeable

was prepared in the same manner as

The developer was evaluated in

the same manner as in Example 30 except that the image

formation was effected by using an image forming

apparatus (LBP-8II), mfd. by Canon K.K.) remodelled to

be equipped with a contact-charging device as shown in

Figure 2,

As shown in Table 12, the developer showed an

excellent minute-dot reproducibility and provided good

images at Dmax of 1.4 free from fog. Slight toner

sticking onto the'photosensitive menber was observed

after 6000 sheets of the image formation but was
practically of almost no problem.

Examples 32 - 36

Developers of these Examples were prepared in

the same manner as in Example 30 exéept-that the

formulations were changed as shown in Table 12,

The

physical properties of the developers are also shown in



salicylic acid) 1.1 part Low nol ecul ar weight poly- 5
propyl ene (Mv = 6000) 3 parts A magnetic toner (XV) (Tg =
55 [err] C) was prepared fromthe above ingredients otherwise in a simlar
manner as in Production Exanple 12. Exanples 18 - 24 and Conparative
Exanples 8 - 14 10 The above prepared nmagnetic toners XV and XV
were blended with the negatively chargeable resin particles shown in Table.
2 above, hydrophobic or non- treated sggiLca particles shown in Table 7 and
aliphatic acid netal salt particles shown in Table 8 15 below to prepare
devel opers of these exanples as shown in Table 8. Each devel oper was
charged in an image form ng apparatus (LBP-8I1, nfd. by Canon K K.)

renodel | ed tEallee elRu ppEliese tdevelopéast webar gespedtiived yaevalmstdd

in the same manner as in Example 30, whereby similarly
good results as in Example 30 were obtained as shown in
Table 12. |

5 Comparative Examples 18 - 20

For the purpose of comparison with Examples,

Aevelopers of these Comparative Examples were prepared in
the samé manner as in Example 30 except that the
formulations were changea as shown in Table 12. The

10 physical properties of the developers are also shown in
Table 12. These developers were respectively evaluated
in the same manner as in Example 30, whereby they
showed inferior results in any respects than £hose of

Examples and failed to show satisfactory performances

15 as shown in Table 12.
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20 Figure 1. A DC voltage (-700 V)

wer e applied in superposition to the contact- chargf

mnute in a reversa

phot osensitive

and an AC vdiEk

1 B .Mfﬂf“‘i ﬁ—lﬁgﬁﬁi& 0 Vpp)

roller-type as 9
as shown in Figu
of the devel oper

Table 12

Magnetic
toner
100 parts

XVI
XVI
XVI
XVII
XVII
XVIII

XIX
XVI .

XVI

device, and &
successive image formng test was performed so a t()fggpmﬂaggpple< per
devel opnment node under | {tenperature 24 4 norna
hum dity conditions (25 [err]C, 60 % RH), whereby]t ljmages
were eval uated. The surface states of thegghargi ng menber and the
-76- drum were al so observed. nenber was a
Hewh—A—F-gyre—t—matt—tThe Ttases except that albl ade-type
re gwas.us¢d in Exanple 24. Positions
0
s il g hdl
§3§8$ 0O 0 0 0 00O »
w34
ol = B s o o0 o o o
3 410
2| 8
| Bla
Qoo O 0 00 0O o
g§180 11
o] q | %
=1
IR
E o O 0 0 0 0 O <
@
) mé? R o —  ©
o] v e e & e e a - - -
S
Do
--lg B S S > ~ ~
4R wewygywvwww e v oW
mggg = T - v L Ll L
3
AWER
85?% W o ® W W O N © a; @
Hl8dig| 333888 3 % %
’g‘gm@" O O O O O O © [ o o
g?ﬁ
E‘To"} M e w9
_ 8 a >.§ NN NN M o~ o~ ]
wn
g | 9892 aa) 1 3
gv—l O O O O O O o (=] o
4
8%%% TETIfSICI] % %
o= I EEEEERE & &
~ : : -
El 1% |e2cauegt o o 9
'g :i E% 0~ I~ 0~ @ ™~ > o) o o)
wn | S A SO I A | L L L
4 Mm@ mm@amMam M M M m
F
;

Exanmple

No.

30

Ex.

m‘ 31
Ex. 34
Ex. 35

Ex. 33

Ex. 32

Ex. 36

Ex. 18

19

D{.

20

&.




evaluation results are sunmarized in Table 8 below. 10 20 25 -77- [err]
-78- [ er r] - e et
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Examples 37. - 41 and Comparétive Examples 21 and 22

The above prepared magnetic toners XIV and XV
were blended with the negatively chargeable resin
particles shown in Table 2 above, and hydrophobic

5 silica particles shown in Table 11 above to prepare
developers of these examples as shown in Table 13
below.

Each developer was charged in an image forming
apparatus (LBP-8II, mfd. by Canon K.K.) remodelled to

10 - be equipped with a contact charging device as shown in
Figure 1 or Figure 2. A DC voltage (-700 V) and an AC
voltage (150 Hz, 1500 Vpp) were applied in
superposition to the contact-charging device, and a
successive image forming test was performed at a

15 printing speed of 4 sheets (A4) per minute in a
reversal development mode under normal temperature -
normal humidity conditions (25 ©C, 60 % RH), whereby
the printed-out images_were evaluated. The surface
states of the cherging member and the photosensitive

20 dfum were also observed. The charging meﬁber was a
roller-type as shown in Figure 1 in all the cases
except that a blade-type as shown in Figure 2 was used .
in Example 41.

The compositions of the developers and the

25 levaluation results are summarized in Table 13 below.
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normal humdity conditions (25 [err]C, 60 % RH), whereby the printed-oEt

i mges were eval uated. The surface states of tpe—charHy and the
phot osensitive 20 drum were al so observed. The Eﬁﬁhﬁﬁiﬁﬁﬂ ﬁﬁﬁgggas a
roller-type as shown in Figure 1 in all the cage$ except that p pl ade-type
as shown in Figure 2 was used in Exanple 29. The|coppasty 987s ¢f |t he

devel opers and the 25 eval uation resultsd%was miari zed in Table|9 bel ow.
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As described above, the developer according to
the present invention can faithfully reproduce even
thin lines of latent image formed on a photosensitive
member, can maintain high quality images without

5 depending on environmental conditions even in the case
of continuous copying or pfinting, and can also
provided good copy images without causing toner-
sticking onto the photosensitive member even for a long
period of successive copying.

10 A developer for developing electrostatic

latent images is constituted by a toner, and negatively
chargeable spherical resin particles having an average
pérticle size of 0.03 - 1.0 micron and a v;lume
resistivity of 108 - 1012 ohm.cm. The toner may
15 comprise toner particles and hfdrophobic inorganic fine
powder, which is generally used in a larger amount than
the negatively chargeablé spherical resin particles.
The negatively cha:geable spherical resin particles
function to provide a toner image which is faithful to
20 an electrostatic latent image formed on a photo-
sensitive member while preventing toner-sticking onto
the photosensitive member preferably in combination

with a contact-charging means for charging the

photosensitive member.
25



-81 - Production Exanp Ie 14 Styrene-n-butyl acrylate copol yner

1““”“"““ ﬂlll Hllmglngmcr?f ing posvdgr ?AIQIE'T' \2/2?1112[?;])6 R/l gy

100 parts Negatively chargeabl e control agent (cREQEA@ENE@ﬁﬁSHEEE nmonoazo

dye) 1 part 10 LOVfF t {pol y-
propyl ene (Mv = 6000) arts THe q@@pe tg were
nel t - kneaded by neans of a tw n- screm/ex€3uder Hegt gtﬁ%&fo 40i[¢rr] C, and
t he kneaded product, after cooling, was coarsely 15 _crushed-bylngans of a
hammer mll, and then finely pulverized by neang of a jet mll. THe. finely
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20

25
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WHAT IS CLAIMED IS:

1. A developer for developing electrostatic
latent images, comprising: a toner, and negatively
chargeable spherlcal resin partlcles having an average

particle size of 0.03 - 1.0 micron and a volume

- resistivity of 10% ~ 1012 ohm.cm.

2. The developer according to Claim 1, wherein
said toner comprises toner particles and hydrophobic

inorganic fine powder.

3. The developer according to Claim 1, wherein
said toner comprises toner particles and h&drophobic

metal oxide fine powder.

4, The developer according to Claim 1, wherein

said toner comprises toner particles and hydrophobic

silica fine powder.

5. The developer according to Claim 1, wherein
said toner comprises toner particles and hydrophobic
inorganic fine powder treated with silicone oil or

silicone wvarnish.

6. The developer according to Claim 1, wherein

said toner comprises toner particles having a volume-

average particle size of 4 - 8 mlcrons.lhmsmthm Been

NI

pia




pul veri zed product was classified by neans of a wind- force classifier to
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Exanpl e 15 Styrene-2-ethyl hexyl acrylate copol ynmef (copolynerizatioh ratio
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7. The developer according to claim 1, wherein

said toner comprises magnetic toner particles.

8. The developer according to Claim 1, wherein

said negatively chargeable spherical resin particles

have a triboelectric charge of -50 to -400 pC/g.

9. The developer according to Claim 1, which
comprises 0.01 - 1.0 wt.'part of the negatively
chargeable spherical resin particles and 0.1 - 3.0 wt.
parts of hydrophobic inorganic fine powder pef 100 wt.

parts of toner particles constituting the toner.

~10. The developer according to Claim 9, wherein
said hydrophobic inorganic fine powder is contained in
a laréer production than the negatively chargeable

spherical resin particles.

11. The developer according to Claim 9, wherein
0.2 - 2.0 wt._parﬁs of the hydrophobic inorganic fine
powder is mixed with 100 wt. parts of the toner

particles.

12. The developer according to Claim 9, wherein
0.6 ~ 1.6 wt., parts of the hydrophobic inorganic fine

powder is mixed with ]OO wt. parts of the toner _

_particles. quﬁmaHa n Repi face

O
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3 parts A negatively chargeabl e |nsulat|ng magnét ijc 13réhY (384 1 aving a
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20 was prepared |q3a simlar manner as in Production
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. The developer accordlng to Claim 1, wherein
said toner comprises toner particles, hydrophobic
inorganic fine powder and aliphatic acid metal salt

fine powder.

14. The developer according to Claim 13, wherein
said aliphatic acid metal salt fihe powder has a
positive chargeability and a primary average particle

size of 1 micron or smaller.

15. The developer according to Claim 13, which
comprises 0.01 - 1.0 wt. paft of the negatively
chargeable spherieel resin particles;'0.1 - 3.0 wt.
parts of the inorganic fine powder treated with
silicone o0il or silicone varnish, and 0.05 - 0.7 wt.
part of the aliphatic acid metal salt fine powder per

100 wt., parts of the tomer partieles.

16. The developer according to Claim 13, wherein
the amount of the hydrophobic inorganic fine powder is
larger than the total amount 6f the negatively
chargeable spherical resin particles and the aliphatic

acid metal salt and is also larger than 4 times the

amount of the aliphatic acid metal salt.

17. The developer according to Claim 1, wherein

said toner comprises toner particles containing a



Exaane—%A*eXC€‘T”‘ﬁat ‘the anount of the magnetic fine powder was reduced

to 80 t|on Exanpl e 17 A negatively ¢ ¢ toner
>u |aﬁ\m%‘ red-in a simlar manner as in {REPHA Epbie 14
@ ckassification condition was varijeq~toprovide a}particle
si ze dlstrlbutlon as shown -83- in Table 10 bdgl qw. &) clielsi ze
0 émp%’ ahyl
S

distributions of the toners (XVlI) - (XVIIL) are 4l s ¢ 10
bel ow. Further, silica particles used thther wijt Lo these tonedslare
shown in Table 11 below. 10
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binder resin which comprises 3 - 30 wt. parts of
polymerized monomer units having an acid group formed
of a carboxy; group or its anhydride per 100 wt. parts

of the binder resin and has an acid value of 1 - 70.

18. The developer according to Claim 17, wherein

said toner comprises magnetic toner particles.

'19. The developer according to Claim 17, wherein
10 said toner particles have a volume-average particle

size of 4 - 8 microns.

20. The developer according to Claim 15, wherein

said magnetic toner particles have a volume-average

15 particle size of 6 - 8 microns; thé developer has a BET
specific surface area of 1.8 - 3.5 mzlg, a loose
apparent density of 0.4 - 0.52 g/cm3, and a true
density of 1.45 - 1.8 g/cm3; and 100 parts of the
magnetic toner particles ére mixed with 0.01 - 1.0 wt.

20 part of the negatlvely chargeable spherical resin
partlcles having an average particle size of 0.03 - 1.0
microns, a volume resistivity of 108 ~ 1012 ohm cm and
a triboelectric charge of -50 to -400 pC/g and 0.6 -
1.6 wt. parts of the hydrophobic inorganic fine powder

25 treated with silicone oil or silicone varnish.

This Sheet Has Been Rewlaced
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. The developer according to Claim 20, wherein
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said hydrophobic inorganic fine powder is contained in

a larger production than the negatively chargeable

spherical resin particles.

22. The developer according to Ciaim 1, Wherein

-said negatively chargeable spherical resin particles

have a primary average particle size of 0.05 - 0.8

micron.

23. The developer according to Claim 1, wherein
said negatively chargeable spherical resin particles
comprise’'a polymer or copolymer obtained by
polymerizing a vinyl monomer selected from the group
consisting of styrene, acrylic acid, methYl
pethacrylate, butyl acrylate, 2-ethylhexyl acrylate and

mixtures thereof.

24, An imagé forming appératus; comprising:

a contact-charging means for charging a
photosensitive member for bearing an electrostatic
image while contacting the photosensitive member, and

a developing means for developing an
electrostatic image formed on the photosensitive member
with a developér which comprises a toner, and
negatively chargeable spherical resin pérticles having

an average particle size of 0.03 - 1.0 micron and a

volume resistivity of 106 - 1012-ohm.cm.
heet Has Been Replaced
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—Exanpte—30-106-—parts of the above-prepared magnetic toner XVI was bl ended

| r faaf N€ negatively chargeable resir W i n
ﬁﬁlﬂ'ﬂﬂimmﬂalﬂbydrophobl c silica B-7 shown i MLA@@QE y means

xc crehl sinxer to obtain a developer, the prdperties of whijch are
shown in Table 12 appearing herei nafter The devieljopqr2 Mp¥ ®harded in an
I mge formng 10 apparatus (LBP-8I1, g by Canony K. K. ) renodelil gd to be
equi pped with a contact charging devi c6°85 sho | 'm—FrgureT T A vol t age
(-700 V) and an AC voltage (300 Hz, 1500 Vpp) re applied in_supgrposition
to the contact-chargi ng device, and a successive Trage formng 15 test was

erfored at 2 or a8t NensPegdaphel S RBLIANY WEICIAY amk e o

devel opment node under erature - mormal con lons ¢25-
0C, 60 % said photosensitive member comprises an organic

-

photoconductor layer and said contact-charging means is
pressed against the photosensitive member at an

5 abutting pressure of 5 - 500 g/cm.

26. The apparatus according to Claim 24, wherein
said contact-charging means is in the form of a roller
comprising an electrpconductiVe rubber layer and a

10 releasable coating.

27. The apparatus according to Claim 24, wherein
said contact-charging means is equipped with a voltage
application means for applying an AC voltage or/and a

15 DC voltage.

28. The apparatus'according to Claim 24, wherein
said contact charging means is equipped with a bias -
voltage apblication means for applying an AC voltage at

20 0.5 -5 kVpp-énd 50 - 3000 Hz and a DC voltage of -200
to -900 volts. |

29. The apparatus according to Claim 24, wherein
said developing means comprises a developing sleeve for

25 carrying the developer.

Sheet Has Been: Replaced

”“m”l““l ”Il m . The apparatus according to Claim 24, wherein




, Whereby the printed-out images were evaluated. The results are also
sho e evaluation 20 standards g Re : de ty Dmax,
dot Vﬂlﬂ"“ﬂﬂﬂlﬁ”ﬂﬂ[l“lund fog were the sane as in RERUAC gr sticking
was eValuated"bySobserving the resul tant toner

ace state
of the OPC photosensitive menmber (having a surf

characteristic in terms of an abrasion decrease] o _ err] by ?
‘ result o

reprodu0|b|I|ty and prOV|ded good |nages haV|ng ar Dmax. of
said photosenSLtive member is equipped with a cleaning

means.

31. The apparatus according to Claim 30, wherein

5_ said cleaning means comprises a cleaning blade.

32. The apparatus according to Claim 26, wherein
said electroconductive rubber layer has a thickness of
0.1 - 10 mm, and the releasable coating has a thickness

10 of 5 - 30 microns.

33. The apparatus according to Claim 26, wherein
said electroconductive rubber layet comprises ethylene-
propylene-diene terpolymer, and said releasable coating

15 comprises nylon resin.

34. The apparatus according to Claim 24, wherein
said photosensitive member is surfaced wiﬁh a resin
selected from the group consisting of silicone resin,

20 vinylidene chloride resin, ethylene-vinyl chloride
resin, styrené—acrylonitrile resin, styrene-methyl
methacrylate resin, styreﬁe resin, polyéthylene

terephthalate resin and polycarbonate resin.

25 35. The apparatus according to'Claim 24, wherein

said photosensitive member is surfaced with
This Sheet Has Been Reilaced
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said toner comprises toner particles and hydrophobic

inorganic fine powder.

37. The apparatus according to Claim 24, wherein

" said toner comprises toner particles and hydrophobic

metal oxide fine powder.

38. The apparatus aécording to Claim 24, wherein
said toner comprises toner particles and hydrophobic

silica fine powder.

39. The apparatus according to Claim 24, wherein
said toner comprises toner particles and hydrophobic
inorganic fine powder treated with silicone o0il or

]
silicone varnish.

40. The apparatus according to Claim 24, wherein
said toner comprises toner:particles having a volume-

average particle size of 4 - 8 microns.

. 41. The apparatus according to Claim 40, wherein
said toner particles have a volume-average particle

size of 6 - 8 micrens.

42. The apﬁaratus according to Claim 24, wherein

said touer comprises magnetic toner particles.
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43. The apparatus according to Claim 24, wherein
said negatively chargeable spherical resin particles

have a triboelectric éharge of -50 to -400 pC/g.

44. The apparatus according to Claim 24, which

‘comprises 0.01 - 1.0 wt. part of the negatively

chargeable spherical resin particles and 0.1 - 3.0 wt,
parts of hydrophobic inorganic fine powder per 100 wt.

parts of toner particles bonstituting the toner.

45. The apparatus according to Claim 44, wherein
said hydrophobic inorganic fine powder is contained in
a larger production than the negatively chargeable

spherical resin particles.

46. The apparatus according to Claim 45, wherein
0.2 - 2.0 wt. parts of the hydrophobic inorganic fine
powder is mixed with 100 wt. parts of the toner

particles.

47. The apparatus according to Claim 45, wherein
0.6 - 1.6 wt. parts of the hydrophobic inorganic fine
powder is mixed with 100 wt. parts of the toner

particles.

48. The apparatus according to Claim 24, wherein

said toner comprises toner particles, hydrophobic



devel opers of these Cbéﬁ'q@&gg : ﬁ&Ek%F were prepared in the sanme manner
at

F"'" xcept ij I f I ons were changed as shown in
Tﬂ"m,mﬂ ﬂ,ﬂﬂmhym cd ﬁu Hﬂgf t he Y B MSO shown in
Tabl ¢ 12 These tlevel opd tivel)aga4<ua. i same manner
as in Exanple 30, whereby they showed inferfof results in yl respects than

t hose of Exanples and failed to show sati sffclory2 At ®%ankes 15 as shown
in Table 12. 20 25 -89- [err] -102¢
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inorganic fine powder and allphatlc acid metal salt

fine powder.

49, The apparatus according to Claim 48, wherein
5 said aliphatic acid metal salt fine powder has a
positive chargeability and a primary average particle

size of 1 micron or smaller.

50. The apparatus aécording tb Claim 48, which
10 * comprises 0.01 - 1. .0 wt. part of the negatively
chargeable spherical resin particles, 0.1 - 3.0 wt
parts of the inorganic fine powder ‘treated with
silicone oil or silicone varnish, and 0.05 =~ 0.7 wt,
part of the aliphatic acid metal salt fine powder per
15 . 100 wt. parts of the toner particles.

.51. The apparatus according to Claim 48, wherein
the amount of the hydrophdbic inorganic fine powder is
larger than the total amount of the negatively

20 chargeable spheriéal resin particles and the aliphatic
acid metal salt and is alsohlarger than 4 times the

amount of the aliphatiq-acid metal salt.

52. The apparatus according to Claim 24, wherein
25 said toner comprises toner particles containing a
binder resin which comprises 3 - 30 wt. parts of

polymerized monomer units having an acid group formed
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of the binder resin and has an acid value of 1 - 70.

53. The apparatus according to Claim 52, wherein

said toner comprises magnetic toner particles.

54. The apparatus according to Claim 52, wherein
said toner particles have a volume-average particle

size of 4 - 8 microns.

55. The apparatus according to Claim 53, wherein

said magnetic toner particles have a volume-average

.particle size of 6 - 8 microns; the developer.has a BET

specific surface area of 1.8 - 3.5 mzlg, a loose
apparent densitj of 0.4 - 0.52 g/cm3, and a true
density of 1.45 - 1.8 g/cm®; and 100 parts of the
magnétic toner particles are mixed with 0.01 - 1.0 wt.
part of the negatively chargeable spherical resin
particles having.an average particle size of 0.03 - 1.0
microns, a volume'resiStivity of 106 - 1012 ohm.cm and
a triboelectric charge of -50 to -400 pC/g and 0.6 -
1.6 wt. parts of the hydrophobic inorganic fine powder

treated with silicone oil or silicone wvarnish.

56. The apparatus according to Claim 55, wherein
said hydrophobic inorganic fine powder is contained in

a larger production than the negatively chargeable
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spherical resin particles.

57. The apparatus according to Claim 24, wherein
said negatively chargeable spherical resin particles

have a primary average particle size of 0.05 - 0.8

micron.

58. The apparatus according to Claim 24, ﬁherein
said negatively chatgeabie spherical resin particles
comprise a polymer or copolymer obtained.by
polymerizing a vinyl monomer selected from the group
consisting of styrene, acrylic acid, methyl
methacrylate, butyl acrylate, 2-ethylhexyl acrylate and

mixtures thereof.

59. An apparatus unit comprising: a photosensitive
member; a contact charging means, a developing means
for déveloping an electrostatic image formed on the
photosensitive member with a develoéer which comprises
a toner, and negaﬁively chargeable spherical resin
particles having an average particle size of 0.03 - 1.0
micron and a volume resistivity of 108 - 1012 ohm.cm;

wherein at least one of said contact-chérging
means and developing means is supported integrallyl
together with said photosensitiée member to form a

single unit, which can be connected to or released from

an apparatus body as desired. This heetHas Been Rep ]ac

[ M1 I




ove, the devel oper according to the present invention

Im Emm[ﬁ&boduce even thin lines of latent inage formeq_j%n a '
p can mai ntain high quality to® dependi ng
on+=envi onditions even in the case of 7ﬁﬁ§@E§TEﬁ' ' or

printing, and can al so provi ded good copy imgef W thout . cau5|nE oner -

sticking onto the photosensitive nmember even fof g I'bﬁ@dA)’eiﬁ%d
successi ve copying. 10 A devtP3per f ¢r{devel oping el bcirostatic
| atent inmages is constituted by a toner, and negativery char geab
spherical resin particles having an average par icle size of...0. - 1.0

meron and a vol ypp ol ML, O 1OEE Logod@h S LCOBLEM sBe toner ey

wherein said photosensitive member comprises an organic

photoconductor layer and said contact-charging means is
pressed against the photosensitive member at an

5 abutting pressure of 5 - 500 g/cm.

61. The apparatus unit according to Claim 59,
wherein said contact-charging means is ‘in the form of a
roller comprising an electroconductive rubber layer and

10 a releasable coating.

62. The apparatus unit according to Claim 59,
wherein said contact-charging means is equipped with a
voltage application means for applying an AC voltage

15 or/and a DC voltage.

63. The apparatus unit according to Claim 59,
wherein said contact charging means is equipped with a -
bias voltage application means fdf applying an AC

20 voltage at 0.5 - 5 kVpp and 50 - 3000 Hz and a DC
voltage of -200 to -900 volts.

64. The apparatus unit according to Claim 59,
wherein said developing means comprises a developing

25 sleeﬁe for carrying the developer.

Tlus Sheet Has Been Replaced
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cleaning means.

66. The apparatus unit accoraing to Claim 65,

wherein said cleaning means comprises a cleaning blade.

67. The apparatus unit according to Claim 65,
wherein said electroconductive rubber layer has a
thickness of 0.1 - 10 mm; and the releasable coating

has a thickness df 5 - 30 microns.

68. The apparatus unit according to Claim 65,
wherein said_eléctroconductive rubber layer comprises
ethylgne-propylene-diene terpolymer, and said

releasable coating comprises nylon resin.

69. The apparatus unit according to Claim 59,
wherein said photosensitive ﬁember is surfaced with a
resin selected from the group consisting of silicone

resin, vinylidene chloride resin, ethylene-vinyl

chloride resin, styrene-acrylonitrile resin, styrene-

methyl methacrylate resin, styrene resin, polyethylene

terephthalate resin and polycarbonate resin.

70. The apparatus unit according to Claim.59,

wherein said photosensitive member is surfaced with

polycarbonate resin.
This Sheet Has Been Re laced




of 0.03 - 1.0 [err]mand a volume resistivity of 106 - 10[err] ohmcm 2.
The devel oper according to Caim1l1, wherein said toner conprises toner

parti cmmﬂm'mmm["\ 'l'inc net al oxide fine powder. 3. The devel oper
accordid# ﬂ erein said toner conprises toner particles and
hydrophobi& stli'tasife powder. 4. The devel oper according to Claiml1,
wherein said toner conprises toner particl and hydr ophobi c i norganic fine
‘powder treated with silicone oil or silicon€ varnish. 5. The devel oper
raccording to Claim 1, wherein salid tonerconprises toner particles having a
'vol une-average particle size of 4 - 8 [err]m 6. The devel oper according to

claim1, wherein sahd topeq A TETAE é?gyyg'é:tégmg 2{i&clga. 7. The

devel oper accprdinngG Cﬁafﬁ%%, &hgfgﬁ saldin%gatlvgfy c%argeable

spherical resi nepabtiebBetba¥Rphild iRRrrdtafd 'ddd daF 88 0¥in§Ombans4€6r
[err]c/g. 8. The devel oper according to Claim1, which conprises 0.01 - 1.0
wt. part of therBegaving Ymak @t Exxgmel i femotestarninally! ehegadnl. 1 -
3.0 wt. parts of hydrophobic inorganic fine powder per 100 wt. parts of
toner particl essafdselectrophotodgraplic S ppdmaties etoppriaesording to G aim

8, wherein said hydrophobic inorganic fine powder is contained in a |arger
anmount than $he negati velay combagdaiihasying insans efon ghargihgsa

"photosensitive member for bearing an electrostatic
image while contacting the photosensitive member, and
a developing means for_developing an
electrostatic image formed on the photosensitive member
10 with a developer which comprises a toner, and
negaﬁively chargeable spherical resin particles having
an average particle éize of 0.03 - 1.b micron and a

volume resistivity of 108 - 1012 ohm.cm.

15 72. The facsimile apparatus according to Claim 71,
wherein said electrophotographic apparatus cbmprises an

apparatus according to any one of Claims 25 to 58.
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10. The devel oper according to Caim S8, wherein 0.2 - 2.0 wt. parts of the
hydr ophobi ¢ i norganic fine powder i's'mi:xed with 100 wt. parts of the toner
particles. 11. The devel oper according to Ctaim8, wherein 0.6 - 1.6 w.
parts of the hydrophobic inorganic fine powder is mxed with 100 wt. parts
of the toner particles. 12. The devel oper according to Claim1, wherein
said toner conprises toner particles,1gg/dophobic inorganic fine powder and
aliphatic acid netal salt fine powder. 13. The deyel.oper according to Caim
12, wherein said aliphatic acid netal salt fine powder has a positive

char geabi | i gﬂ‘@w&ﬁﬁor FOR yDEVBLOBENGar ELECTROSTATIC 1INAGES MAND snal | er.
14. The devdM&E EQRMGNG APBARAIUS m 12, which conprises 0.01 - 1.0 w.
part of the negatively chargeable spherical resin particles. 0.1 - 3.0 W.
parts of theﬁgé 08 C Ef e -powder treated with silicone oil or
silicone var rt of the aliphatic acid netal salt

fi ne powder per 100 W 3 W%@E&%H%f @@%1&¥yé%§gxq#3%#§?§£§%%T'e devel oper

according to daim 12, Srerh the Andunt RS |norgan|c fine
powder is |la h t IHHH %

spheri cal reggﬁéggr?ﬁgpgg %%ﬁé%he alip atlepa0| Iniej%ﬂa|€@%95 f‘%Llso
larger than dnhigeablibesphoilcadl A8 lddald Xe A4 15 3hn S&-Jrérage

5 'pérticle size of 0.03 - 1.0 micron and a volume

resistivity of 105 - 10'2 ohm.cm. The toner may
comprise toﬁen particles and_hydrophobic inorganic fine
powder, which is generally ugngin a larger amount than
the negatively chargeable éph;;ical resin particles.
10 . The negatively chargeable spherical resin particles
function to provide a toner image which is faithful-to
aﬁ electrostatic latent image formed on a photo—
' sensitive member while p;eventing toner-sticking onto
the photosensitive member preferably in combinétion
15 with a contact—charging ﬁeans for charging the

photosensitive member.

REPLACEMENT SHEET|
12 MAY 1991

Bae DS IR ST

-
Has Been Replaced -

T



16. The devel oper according to C ai m 1, V\/ner e| n said toner conprises toner
particles containing a binder resin V\/m ch:'conprises 3 - 30 wt. parts of
pol yneri zed nonomer units having an acid group formed of a carboxyl group
or its anhydride per 100 wt. parts of the binder resin and has an acid

val ue of 1 - 70. 17. The devel oper according to Caim 16, wherein said

t oner c : 1-{' oner particles, 18. The devel oper according to
O ai m 18 QRN ! igner particles "have a vol une- average parficle size
of 4 - B err]m 19. The

magneti £ | ongep Maar 199¢ |
[err]m{the devel oper

{devel oper according to Claim17. wherein said
have a vol unme-average particle size of 6 - 8

hias| a BET specific surface area of 1.8 - 3.5
nMerr]/g, density of 0.4 - 0.52 g/cnferr]. and a ftrue
density]of 1.45 -_1.§_g/c err]; and 1§00 parts of the nmagnetic toner
particléS”ﬁ?E'ﬁT?Eﬂ"Mnth 0.01 - 1.0 wt| part of the negatively chargeable

spherical resin particles having an average particle size of 0.03} 1.0
[err]m a volunme resistivity of 10[er l - 10[err] ohmcm and a
triboelectric charge of -50 to -4 g and 0.6 -1.6 wt. partjs oE the
hydr ophobi ¢ i norganic fin zae th silicone oil or si one.
varni sh. 20. The devel oper] acco ., ;ﬂ* m 19. wherein said hydrophobic
i norgani c fine powder i 2 d@bai --' er anmount than the nedatively

char geabl e spherical resi gﬁ
1, wherein said negativel ar ge
primary average particle size of 0 [err]m 22. The devel oper
according to Caim1i, wherei

TS har geabl e spherical resin
particles conprise a poI- /ﬂff/z,;, oBpaiNed by kblynerizing a vinyl

nononer sel ected fromt onsi st 1 ng ) , ,aa: ylic
| _ -

Z
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acid, nethyl nethacrylate, butyl acrylate, 2-ethylhexyl acrylate and

m xtures thereof. 23. The devel oper according to claim1, wherein the toner
. 1s negatively chargeable. 24. An image form ng el ectrophot ographic

: apparatus, conprising: a contact-charging neans for charging a _

phot osensiti ve nenber for bearing an electrostatic image while con- tacting
t he photosensitive nmenber, and a develop ng nmeans for devel opi ng an

el ectrostatic imge forned on the photosensitive nenber with a de- vel oper
whi ch conprises a toner conprising toner particles and hydrophobic
inorganic fine powder, and neg- atively chargeabl e spherical resin X
particles having an average particle size of 0.03-= ~errlm.and.a vol une

resistivity of 10[err] - 10[err] ohmcm 25. The @ﬁﬁ@ﬂ§ﬁ@@j@ﬁéﬁﬁﬂﬂfg to
Cl aim 24, wherein said photosensitive nenber co -
phot oconduct or | ayer and sai d contact-chargi ng i nst the

photosensitive member at an abutting pressure of 5| . |The
sisin
the formof a roller conpr|S|ng an el ectroconduct{ ve rubber Iayer dnd a
rel easabl e coating. 27. The apparatus according t ~=wherern sai d
contact-charging nmeans i s equi pped with a voltage application nmeans for
appl ying an AC vol tage or/ an#d DQD o\t age. 28. The apparatus according to
Claim 24, wherein said con aqb(iynégnv nexdgs i s equipped with a bias

vol t age ap-

39
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plication nmeans for applying an AC voltage at 0.5 - 5 kVpp and 50 - 3000 Hz
and a DC voltage of . -200 to -900 volts. 29. The apparatus according to

G |n12 By, § i d devel opi ng nmeans conprises a devel opi ng sl eeve for
cagy?i oper. 30. The apparatus according to Caim 24, wherein
e{menber is equipped with a cleaning neans. 31. The

gito Caim 30, mhereig?said ¢l eani ng nmearis conpri ses a

he apparatus according to C aim26. wherein said

C |ve rupber layer has a thickness of.0.1 - 10 nm and the

relfeasabl e ¢ s a thickness of 5 - 30 [err]m 33. The apparat us
ac g to Caim 26, wherein said el ectr ?gnductl e rulfber 4@yer
sai d [
o C

conpri ses ethyl ene-propyl ene- diene terpolYy,
conprises nylon resin. 34. The apparatus ag¢cordi ng
sai d photosensitive nmenber is,
consisting of silicone restm, Jvinylidene chlori]
~chloride resin, styreneeaesykgnitrile resin, st}
resin, styrene resin, polyethylene terephthalat,
resin. 35. The apparatus accoffding to C aim 24,
menber is surfaced with polycfrbonate resin.
d ai m 24, wherein saij
met al oxi de

fi m 24, wherein

et hyl ene- vi nyl

iyl net hacryl ate
and pol ycar bonat e
31 phot osensitive
Appar atus according to
zyd hydr ophobi c
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fine powder. 37. The apparatus according to C aim24, wherein said toner

conpri ses toner

foner conpr | ses toner

particles and hydrophobic silidg
apparatus according to Claim24, wherein said t
particles and hydrophobic i norganic fine powder] t
or silicone varnish. 39. The apparatus accordin
particles havi ng-a4gvel ung-
- 8 [err]m 40. The apparatus according to d ai
particles have a vol une-average particle size

BE2LACEY

S

1 The
r

g

§

m-s9,

f 6 - 8 Jerr]m 41

reated with syl ifcone oi

t 01 & MANIZHY
verage particlelsize of 4

rein said

i ¢l toner
The

apparatus according to Caim24, wherein said toner conprises nagnetic
toner particles. 42. The apparatus qsﬂgrding to Caim24, wherein said

negati vel y chargeabl e spherica
-50 to -400 [er
wherein said devel oper co
part of the negpt
0.1 - 3.0 wt. "parts of hy
according to Caim43, wherein sa

char ge of

- 1.0 wt.

contained in a |
particles. 45. T
parts of the hydr

spheri ggl] resin

resign particles have a triboe-
lar at us according to C aim 24,
rts of the toner

| ectric

Poccr 814,04

ic fine powder. 44. |The apparatus -
d_hydrophobi c ifiorganic fine powder is
rger amount than |t he r&(gﬁt]‘iﬂ@l_uamarg@@e spperical resin
e apparatus accorjding to Claim44. wserein 0. - 2,0 wt.
ophobi c 4 6.lé ‘ ’fi ne oom&jfcr:Eil\s“ﬂ}sxeb |
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with 100.wt. parts of the toner particles. 46. The. apparatus accor dt9g+t &
d ain144;_mherein 0.6 -1.6 wt. parts of the hydrophobic inorganic fine
powder is mxed with 100 wt. parts of the toner particles. 47. The '
apparatus according to Cl aim 24, wherein said toner ‘conprises toner. .
particles, hydrophobic inorganic fine powder and aliphatic acid netal salt -
- fine powder. 48. The apparatus accordi rAg8to G ai m 47, wherein said - '
aliphatic acid netal salt fine powder has a positive chargeability and a

primary avera e 49 La at us .
according to méﬁﬁ giééﬁoé%ﬁ;?é@ %%@Féggﬁ%?ﬁ&é‘é’s H’ge%ﬁ ' ts of
the toner particles art of the negatively chargeable
spherical resin particles, 0.1 - 3.0 w. parts of the inorganic fine powder
treated with syigggggtgndpcwgﬁlﬁig@E@gw@Enlsh and 0.05 - 0.7 wt-. part of
the aliphatic aci rne powder. 50. The apparatus according to
C aim 47, wherein the armtmév@Iogbéhe fydr aghebbpihgoefanteoktaeipowder is

| ar ger than the total ampunt of the negatively chargeabl e spherical resin
particles and thetent phwdges ats decomstitated bpdai soakrq hadgaeghhinedyt i nes
the amount of the aliphatic acid netal salt. 51. The apparatus according to
G ai m 24, wher eshmsgeablensphenipal seesionparpaciesl baviogt annavgragei nder
resin which conprises 3 - 30 wt. parts of polymerized nononer units having
an aci d group fPamebche %l%ar95x9koéroub §rmFF§°anH@@r@d€°B@meioo Ww. parts

~of the binder resin and has an agld ng of 1 -7
' resistivity of 10° - ohm.cm. The toner may

comprise toner particles and hydrophobic inorganic fine
powder, which is generally used in a larger amount than
the negatively chargeable spheéical resin particles.

. The negatively chargeable spherical resiq particles
function to provide a tonér image which is faithful -to
an electrostatlc latent image formed on a photo-
sensitive member while preventing toner-sticking onto
the photosensitive member preferably in combination
with a contact-charging ﬁeans for charging the

photosensitive member.
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- 96 - 52. The apparat us according to Caim51, wherein said toner

“conpr i particles. 53. The appar atus accordl ng to Caim

51, whey regdl ti cl es have a volu (& : t+-ze--of 4 -
8 [err]uﬁmﬂﬂ UBB%IEt us according to d ai m52 Wher ei't '
"t oner ol.ume- aver age9particlie '

, gne’filc !
gr r] AEE%he

devel oper has a BET specific surface area of i1,.8 5 - O: artesy.

apparent density of 0.4 - 0.52 g/cnferr], and _2":'1_ tr e""éiéhsi‘ :

g/cnferr]; and 100 parts of the magnetic toner” part ¢t es’ B¥ss

f-- It psEed. 1. 8
S -x@diagictih...
0.01 - Clﬂ.ifcswt part of the negatively chargeabl e spherical resin particles
havi ng an average particle size of 0.03 - 1.0 [err]m a‘v@lamgm yst|V|ty
of 10[err] -10[err] ohmcmand a tri boel ectrlc charge of 7T 50" To =400
[err]C/g and O. 6 - 1.6 vvt parts of the hydrophobic inorganic fine powder

treated wiLf,sll roPé%E‘e‘?o fostitie e %ErnAn‘Etn aviRar cmgns% RAd LM&&&&%Q' ng
Lo dl ai'm Ao aﬁ 1 oo 3%@ hkéiw J bl RN Avieif e Bg 11
a |arger gg@ByN{g g\mgl;;ggl ,ly\(,e e spherica e5| n artlc

56. The apparat us accor Ing to C aim 24, wher ein said negatively char geabl e
spher i cal THe@Sveldpd? Aécbidng m:&av.emarewsmmyr cOvRisbheP periicies b Hylirdghobié mBtalQRide

0. 8 [err]mepbsler. The apparatus according to Caim24, wherein said

negati vely chargeabl e spherical resin particles conprise a polyner or

copol yreer Thelrewionerdicdordingdd Qlaipy 1. whergin said/orey cormprisasiiener pastickes Recthyfinophebic Bilicadin®up
consi st i nepwg$r st yrene,

‘4. The developer according to Claim 1, wherain said toner comprises toner particles and Hydrophobic inorganic fine
powder treated with silicone ail or silicone vamish.

§. Thedeveloper accordmg to Clalm 1. whereln said toner comprises toner particles having a volume-average particle
sizeof 4-8 um.

6. The developer according to claim 1, wherein said toner comprises magnetic toner particles.

7. The deveioper according to Claim 1, wherein said negatively chargeable sphencal resm particles have a triboe-
lectric charge of -50 to -400 uc/g. .

8. The deveioper according tc Claim 1, which comprises 0.01 - 1.0 wt. part of the negatively chargeable spherical
resin particles and 0.1 - 3.0 wt. parts of hydrophabic inorganic fina powder per 100 wt. parts of toner particles
consmutmg the toner.

9. The developer according to Claim 8, wherein said hydrophobic incrganic fine powder is contained in a larger
amount than the negatively chargeable spherical resin particles. '

10, The dsveloper according to Claim 8, whersin 0.2 - 2.0 wt. parts of the hydrophoebic inorganic fine powder is mixed
with 100 wi. parts of the toner particies.

11. The developer according to Claim 8, wherein 0.6 - 1.6 wt. parts of the hydrophob:c inorganic fine powder is mixad
with 100 wt, parts of the toner pamcles

12. The developer according to Claim 1. wherain said toner comprises tonar particles, hydrophobi¢ inorganic fine
powder and aliphatic acid metal salt fine powder.

13. The developeraccordingto Ciaim 12, wherain said aliphatic acid metal salt fine powder has a positive chargeability
and a primary average particle size of 1 um or smaller.

14. The deveioper according to Claim 12, which comprises 0.01 - 1.0 wt. part of the negatively chargeablé spherical .
resin particles, 0.1 - 3.0 wt. parts of the hydrophobic inorganic fine powder treated with silicone oil or silicone
varnish, and 0.05 - 0.7 Wt. part of the aliphatic acid metal salt fine powder per 100 wt. parts of the toner particles.

15. The daveloper according to Claim 12, wherein the amount of the hydrophobic inorganic fine powder is larger than

the total amount of the negatively chargeable spherical resin particlas and the aliphatic acid metal sait and is also
larger than 4 times the amount of the aliphatic acid metal sait. ’
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acrylic acid, nethyl nethacrylate, butyl acrylate (L.nex
‘and m xtures thereof. 58. The appar at us accorh'. RiTS " AL

comt MAARBLRIERS: 223 - o Ea g& m

acryl ate
erein said
atus unit

a
devel*opi®ngmetins® f dr devel opi ng an el ect rost affi t he
phot osensitive nmenber with a devel oper which r| ses_a _tonell tonprising
toner particles and hydrophobic inorganic fing iver

char ge-1e.aih aevsipdeesdearaihg 1 Einn 1, PASbin sdlcﬂaaelfmmpnrsg Riaspasiies cua ghigia bigd

0. 03 - 1.dmprigesd 1RO Gharts of pdiymmaBzad@®h@er unitd haviog arﬂ@[d@rqut formeﬁ@[ ecarqoxxbbrmpmmts
wher ei n anhydddeper HAat. eéﬂssamelblwmeamnd(btﬁeﬁﬂgﬂﬁgﬁllmyahsmand devel opi ng neans is
supported integrally together with said photosensitive nenber to forma

si ngl e 1&nine dev@lRReE ACRing BE& A M #BeeiRisaddong T comatsas Sagtetic (s RT PARC!eY: ect r ophot o-

gr aphi aratus body as desired, 6 The P ar at us uni t accor di ntg

3 ar m 38, FRAAEReFesate BRBILECHEr DT RRis: AR IS Getmpednich ey $8#8con-
duct or ov@B%h: S3bding RUAS a&.ﬂéa%%aéiﬁ@énér arto oS RS Srta t icle

phot ose%SAtEFé’.ﬁnéje %QSUQ E’E %@wf;ﬁ a of 13 ocsg r@? I j%?

appar at Usydif ghg QG&@Je 9:1 43 -va cm ©f the .ﬁégh ic SABE %&d ith 58
is in th91 d Wththhe&ae&é?i iﬁhﬁ@%fa'sﬁie%lr@&p%h@@éﬁaﬁ% U&éde\é@mél @f0.d3aY 8l
a rel easadlormé Adiktiviidor 1652.101213Rm. R BRY AliddSlectHichargeCd? G0 € -A@ oy dek 8.8 p er el n
sai d conterydeinabigindrganiahiag fowdsr tReled Wipaiicors difer siicesd vamge appl i - cation nmeans
for applying an AC voltage or/and a DC vol t age.
20. The developer according to Claim 19, whersin said hydrophobic inorganic fine powder is contained in a larger
amount than the negatively chargeable spherical resin particles.

21. The developer accofding to Claim 1, wherein said negatively chargeable spherical resin particles have a primary
average particle size of 0.05 - 0.8 um,

22. The developer according to Claim 1, wherein said negatively chargeable spherical rasin particles comprise a pol-
ymer or copolymer obtained by polymarizing a vinyl monomer salected from the group consisting of styrene, acrylic
acid, methyl methacrylate, buty! acrylats, 2-sthylhexyl acrylate and mixtures thereof.

23. The developer according to claim 1, wherain the toner is negatively chargeable.
24. An image forming electrophotographic apparatus, compﬁeing:

a contact-charging means for charging a photosensitive member for bearing an electrostatic image while con-
tacting the photosensitive member, and .
a developing means for developing an electrostatic image formed on the photosensitive member with'a de-
veloper which comprises a toner comprising toner particles and hydrophobic inorganic fine powder, and neg-
atively chargeabie spherical resin particles having an average particle size of 0.03 - 1.0 um and a voiume
resistivity of 108 - 1012 ohm.cm.

25. The apparatus according to Claim 24, wherein said photosensitive member comprises an organic photoconductor
layar and said contact-charging means is pressed against the photosensitive member at an abutting pressure of
§ - 500 g/em.

26. The apparatus according to Claim 24, wherein said contact-charging means is in the form of a roiler oompnslng
an electroconductive rubber layer and a releasable coating.

27. The apparatus according to Claim 24, whersin said contact-charging means is equipped with a voltage application
means for applying an AC voitage or/and a OC voitage.

28. The apparatus according to Claim 24, wherein said contact charging means is equipped with a bias voltage ap-
plication means for applying an AC voltage at 0.5 - 5 kVpp and 50 - 3000 Hz and a DC voltage of -200 to -S00 volts.

29. The apparatus according to Claim 24, wherein said developing means comprises a developing sleeve for carrying
the daveloper.

30. The apparatus according to Claim 24, whersin said photosensitive member is equipped with a cleaning means.
31. The apparatus according to Claim 30, wherein said cleaning means comprises a cleaning blade.

32. The apparatus accarding to Claim 26, wherein said siectroconductive rubbar iayer has a thicknass of 0.1 - 10 mm,
and the reteasable coating has a thickness of 5 - 30 um. '



-

63. The apparatus unit accerding to Caim 59,

PEACEMENT SHEF'ﬁvt chargi ng

feans ot-appP ng an AC
voltaeat pp and 50- SOOOHzandaDCvItia\g ﬁOOt)-QOO
voI “ H atus unit according to C aijmj59; \7%‘87 ni fl :
dev ﬁ prises a devel opi Hg sl eeve{f@r_carrying the Eevel oper.
66. The apparatus unit according to O aim 59, erein said photogensitive
menber is equipped with a. cleaning neans. 66. us~tmit= accor di ng
to C ai % 5 aeedwiysaicorrdigitalClaii 86 mhargn mustrosmwwesetrbéaam coaprispgptiyleasi@ony@ie-
The appar Sfﬁfiféefﬂﬂ‘ﬁ“'te’ a%dciaﬂdekr?gabte(sowmw%s nxmeesm n said el ectroconductive

r ubber has a th| ckness of and the rel easabl e coating has

a thi ck:ﬁ' ggparaius acepql 24 G‘QB’Q'Tﬁ%d@ %?F%\‘t“ﬁg"”ﬂ?ﬁ'ts s&’f?ﬁ?f’r"d‘ihﬁ sin gelestegifAm 65
wher ein s "" "’?)'é vipYiAgna eripr ?'t':‘ %"g Lehlgidg %}g‘”"m“"“’
LR a%*ar%?fﬁg%g'v e PR .

Sl resm rene rasin
yl ene- di ene r, VP TR

97 69. g&h ?heaéawt@stdé&r%'t& CIQIFHCZQ rvﬂh@ﬂ ,s&iﬁphgogéngﬂné Hem PQ?J S éﬂilh%olﬁcarbona(t)eurasm

phot osensitive nmenber I's surface aresin selected Itomx

consi st 3eN Ghetippdrdtlsd 2EAAIng S Sikith 24 WihBikinissl@BRar 6&MRAEds HRed PRAIEIES an8 hyidYdoRdbR métalidde
chlori de fregpowderstyrene-acrylo- nitrile resin, styrene-nethyl nethacrylate
resin, styrene resin, polyethylene terephthal at e resin and pol ycarbonate

37. The apparatus according to Claim 24, wherein said toner comprises toner particles and hydrophobic silica fine
powder.

38. The apparatus according to Claim 24, wherein said toner comprises toner particles and hydrophabic inorganic fine
powder treated with silicone qil or silicone vamish.

39. The apparatus according to Claim 24, wherain said toner comprises toner particles having a vclume-avérage
particle size of 4 -8 um.

40. The apparatus according to Claim 39, wherain said toner particies have a volume-average particle size of 6 -8 um.
41. The apparatus according to Claim 24, wherein said toner comprises magnetic toner particles.

42, The apparatus according to Claim 24, wherein said negatively chargeable spherical resin particies have a triboe-
lectric charge of -50 to -400 uC/g.

43. The apparatus according to Claim 24, wherein said developer comprises 100 wt. parts of the toner particles, 0.01

- 1.0 wi. part of the negatively chargeable spherical rasin particies and 0.1 - 3.0 wt. parts of hydrophobic inorganic
fine powder.

44. The apparatus according to Claim 43, wherein said hydrophobic inorganic fine powder is contained in a larger
amournt than the negatively chargeable spherical resin particles.

45. The apparatus accarding to Claim 44, whersin 0. 2 2.0 wt. parts of the hydrophobic i morgan ic fine powder is mixed
with 100 wt. parts of the toner particles.

46. The apparatus according to Claim 44, wherein 0.6 - 1.6 wt. parts of the hydrophobic inorganic fine powder is mixed
with 100 wt. parts of the toner particias.

47. The apparatus according to Claim 24, wheraein said toner comprises toner particles, hydrophoblc inorganic fine
powder and aliphatic acid metal salt fine powder :

48. The apparatus accordmg to Claim 47, wherain said aliphatic acid metal salt fine powder has a positive chargeabuluy
and a primary average particle size of 1 um or smaiier.

49. The apparatus according to Claim 47, wharein said developer comprises 100 wt. parts of the toner particles, 0.01
- 1.0 wi. part of the negatively chargeable spherical resin particles, 0.1 - 3.0 wi. parts of the inorganic fine powder
treated with silicone oil or silicane varnish, and 0.05 - 0.7 wt. part of the aliphatic acid metal salt finre powder.

50. The apparatus according to Claim 47, wherein the amount of the hydrophobic inarganic fine powder is larger than
the total amount of the negatively chargeabla spherical resin particies and the aliphatic acid metal salt and is also
larger than 4 times the amount of the aliphatic acid metal sait.

§1. The apparatus according to Claim 24, wherein said toner comprises toner particles containing a binder resin which
comprises 3 - 30 wt. pans of polymerized monomer units having an acid group formed of a carboxyl group or its
anhydride per 100 wt. parts of the binder resin and has an acid value of 1 - 70.
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§8. The apparatus according to Claim 24, wherein said negatively chargeable spherical resin particles have a primary
average particle size of 0.05 - 0.8 um.

§7. The apparatus according to Claim 24, wherain said negatively chargeable spherical resin particles comprise a
polymer or copolymer cbtained by polymerizing a vinyl monomer selected from the group consisting of styrene,
acrylic acid, methyl methacrylats, butyl acrylate, 2-ethylhexy! acrylate and mixtures thereof.

§8. The apparatus according to claim 24, wherein said toner is negatively chargeable.

$9. An electrophotographic apparatus unit comprising: a photosensitive member; a contact charging means and a
developing means for developing an electrostatic image formed on the photosensitive member with a developer
which comprisas a tonar comprising toner particies and hydrophobic inorganic fine powder, and negatively charge-
able spherical resin particles having an average particle size of 0.03-1.0um and a volume resistivity of 108 - 1012
ohm.cm;
wherein at least one of said contact-charging means and developing means is supported integrally together with
said photosensitive member to form a single unit, which can be connected to or reieased from an electrophoto-
graphic apparatus body as desired.

60. The apparatus unit according to Claim 53, wherein said photosensitive member comprises an organic photocon-
ductor layer and said contagct-charging means is pressed agamst the photosensitive member at an abutting pres-
sure of 5 - 500 gfem.

61. The apparatus unit according to Claim 59, wherein said contact-charging means is in the form of a roller comprising
an electroconductive rubber layer and a releasable coating.

62. The apparatus unit according to Claim 59, wherein said contact-charging means is equipped with a voltage appfi-
cation means for applying an AC voitage or/and a OC volitage.

63. The apparatus unit according to Claim 59, wherein said contact charging means is equipped with a bias voltage
application means for applying an AC vaitage at0.5 - 5 kVpp and 50 - 3000 Hz and a UC voitage of -200 to -9C0 volts.

64. The apparatus unit according to Claim 59, wherein said deveioping means comprises a developing sleeve for
carrying the developer.

68. The apparatus unit according to Claim 59, wherein said photosensitive member is equipped with a cleaning means.
66. The apparatus unit according to Claim 65, wherein said cleaning means comprises a cleaning biade.

67. The apparatus unit according to Claim 65; wherein said electroconductive rubber layer has a thickness of 0.1 - 10
mm, and the releasable coating has a thickness of S - 30 pm.

88. The apparatus unit according to Claim 65, wheraein said electroconductive rubber léyer comprises ethylene-pro-
pylene-diene terpolymaer, and said releasable coating comprises nylon resin.
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69. The apparatus unit according to Claim 59, wherain said photosensitive rriembar is surtaced with a rasin selacted
from the group consisting of silicone resin, vinylidene chloride resin, athyiéna-vinyl chloride rasin, styrene-acrylo-
nitrile resin, styrene-methyi mathacryiate resin, styrene resin, polyethylene terephthalate resin and polycarbonate
resin.

70. The apparatus unit according to Claim 59, wherein said photosensitive member is surfaced with polycarbonate
rasin. )

71. The apparatus unit according to Claim 59, wherein said electrophotographic apparatus comprises an electropho-
tographic apparatus according to any of the claims 36 to S8.

72, Afacsimile apparatus, comprising: an electrophotographic apparatus and a receiving means for receiving image
data from a remote terminal, wherein said electrophotographic apparatus comprises:

a contact-charging means for charging a photosensitive member for bearing an electrostatic image while con-
tacting the photosensitive member, and

a developing means for deveioping an electrastatic image {ormed on the photosensitive member with a de-
veloper which comprises a toner comprising toner particles and hydrophobic inorganic fine powder, and neg-
atively chargeable spherical resin particles having an average particle size of 0.03 - 1.0 um and a volume
resistivity of 108 - 102 chm.cm.

73. The tacsimile apparatus according to Claim 72, wherein said electrophotographic apparatus comprises an appa-
ratus according to any one of Claims 25 to 53. '
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