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(54) Developer roller, method of manufacturing the same, and image forming apparatus including 
the developer roller

(57) A developer roller is spaced apart by a develop-
ing gap from a photosensitive medium and supplies toner
to an electrostatic latent image formed on the photosen-
sitive medium to develop the electrostatic latent image.

The developer roller includes a core and at least one
material layer formed on an outer circumference of the
core. A ten-point average roughness of an outermost lay-
er in the material layer is 5-15% of the developing gap.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent Application No. 10-2013-0014654, filed on February 8,
2013, in the Korean Intellectual Property Office, the disclosure of which is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present general inventive concept relates to a developer roller that transfers toner to a photosensitive
medium and develops an electrostatic latent image on the photosensitive medium, a method of manufacturing the
developer roller, and an image forming apparatus including the developer roller.

2. Description of the Related Art

[0003] In an image forming apparatus using an electrophotographic method, a light beam is irradiated onto a photo-
sensitive medium charged with a uniform electric potential to form an electrostatic image, and a toner of a predetermined
color is supplied through a developer roller to the electrostatic latent image to develop the electrostatic image.
[0004] The developer roller is an important member that affects the image quality. To form a background free of
contamination and secure a proper image concentration, a developer roller having a good toner transfer capability is
needed. To keep up with the demands on high-quality pictures, a spherical polymerization toner has been recently
employed instead of a pulverized toner. A developer roller that may transfer a spherical polymerization toner with good
efficiency is required.

SUMMARY OF THE INVENTION

[0005] The present general inventive concept provides a developer roller that may enhance a transfer efficiency of a
spherical toner having a small particle diameter, a method of manufacturing the developer roller, and an image forming
apparatus including the developer roller.
[0006] The present general inventive concept also provides a developer roller which prevents the occurrence of a
discharge in a developing gap between the developer roller and a photosensitive medium, a method of manufacturing
the developer roller, and an image forming apparatus including the developer roller.
[0007] The present general inventive concept also provides a developer roller which prevents the periodical occurrence
of white or black spots in an image during a rotation thereof, a method of manufacturing the developer roller, and an
image forming apparatus including the developer roller.
[0008] Additional features and utilities of the present general inventive concept will be set forth in part in the description
which follows and, in part, will be obvious from the description, or may be learned by practice of the general inventive
concept.
[0009] Exemplary embodiments of the present general inventive concept provide a developer roller which is spaced
apart by a developing gap from a photosensitive medium to supply one-component toner to an electrostatic latent image
formed on the photosensitive medium to develop the electrostatic latent image, the developer roller including a core,
and a material layer formed on an outer circumference of the core, wherein a ten-point average roughness of an outermost
layer in the material layer is about 5-15% of a width of the developing gap.
[0010] The outermost layer of the material layer is a coating layer, and the coating layer may include beads having a
diameter of about 5-15% of the width of the developing gap.
[0011] An elastic layer may be provided between the coating layer and the core.
[0012] The beads may be at least one type selected from the group consisting of an acrylic resin particle containing
a PMMA particle, a silica particle, a urethane resin particle, a polyamide resin particle, and a fluorine resin particle.
[0013] A base resin of the coating layer may include a urethane resin.
[0014] Exemplary embodiments of the present general inventive concept provide a method of manufacturing a devel-
oper roller, which is spaced apart by a developing gap from a photosensitive medium to supply a toner having one
component to an electrostatic latent image formed on the photosensitive medium to develop the electrostatic latent
image, the method including providing a base material having an elastic layer formed on an outer circumference of a
core, preparing a coating solution including a base resin and beads having a diameter corresponding to about 5-15%
of a width of the developing gap and dispersed in the base resin, and coating an outer circumference of the base material
with the coating solution.
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[0015] In the preparing of the coating solution, a dispersion time of the beads may be about 4 hours or more.
[0016] The above method may, prior to the coating, further include passing the coating solution through an 800 mesh
sieve.
[0017] The beads may include at least one selected from the group consisting of an acrylic resin particle containing
a PMMA particle, a silica particle, a urethane resin particle, a polyamide resin particle, and a fluorine resin particle.
[0018] A base resin of the coating layer may include a urethane resin.
[0019] Exemplary embodiments of the present general inventive concept provide an image forming apparatus using
a non-magnetic, one-component toner, including a photosensitive medium on which an electrostatic latent image is
formed, and the above-mentioned developer roller.
[0020] The image forming apparatus may further include a gap maintaining member to maintain the width of the
developing gap between the photosensitive medium and the developer roller at a constant value.
[0021] The image forming apparatus may further include a layer regulation member to maintain the thickness of toner
attached to the developer roller at a constant value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and/or other features and utilities of the present general inventive concept will become apparent and
more readily appreciated from the following description of the embodiments, taken in conjunction with the accompanying
drawings of which:
[0023] FIG. 1 is a schematic view illustrating an image forming apparatus according to an exemplary embodiment of
the present general inventive concept;
[0024] FIG. 2 is a cross-sectional view illustrating a developer roller according to an exemplary embodiment of the
present general inventive concept;
[0025] FIG. 3 is a graph illustrating an example of changes in image density with a change in a width of a developing gap;
[0026] FIG. 4 is a partial detailed cross-sectional view illustrating an exemplary embodiment of the developer roller
illustrated in FIG. 2;
[0027] FIG. 5 is a schematic view illustrating protruded portions due to a large diameter particle and aggregated
particles;
[0028] FIG. 6 is a schematic view illustrating the occurrence of a white spot on a printed image due to a discharge in
a developing gap;
[0029] FIG. 7 is a schematic view illustrating the occurrence of a black spot on a printed image due to a discharge; and
[0030] FIG. 8 is a graph illustrating an example of a relationship between a surface roughness of a developer roller
and an image concentration.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0031] As used herein, the term "and/or" includes any and all combinations of one or more of the associated listed
items. Expressions such as "at least one of," when preceding a list of elements, modify the entire list of elements and
do not modify the individual elements of the list.
[0032] Reference will now be made in detail to the embodiments of the present general inventive concept, examples
of which are illustrated in the accompanying drawings, wherein like reference numerals refer to the like elements through-
out. The embodiments are described below in order to explain the present general inventive concept while referring to
the figures.
[0033] FIG. 1 is a schematic view of an exemplary embodiment of an electrophotographic image forming apparatus
300 according to an exemplary embodiment of the present general inventive concept. FIG. 2 is a cross-sectional view
of an exemplary embodiment of a developer roller 4 of the electrophotographic image forming apparatus of FIG. 1
according to an exemplary embodiment of the present general inventive concept. Referring to FIG. 1, a photosensitive
drum 1 is an example of a photosensitive medium on which an electrostatic latent image is formed. The photosensitive
drum 1 may include, for example, a conductive metal core (not illustrated), and a photo-conductive material layer (not
illustrated) formed on an outer circumference thereof. The photo-conductive material layer is a material layer which
operates as an insulator having a high resistance in a dark environment, and when exposed to light, reduces a resistance
of the exposed portion, partially changing to a conductor state. The photosensitive material layer may be, for example,
an organic photoconductor layer. The photosensitive drum 1 may be replaced by a belt type photosensitive medium (not
illustrated).
[0034] A charge roller 2 is an example of a charger to charge a surface of the photosensitive drum 1 to a uniform
potential. The charge roller 2 may rotate in contact with the photosensitive drum 1. A charge bias voltage is applied to
the charge roller 2. The charge roller 2 may be replaced by a corona discharger (not illustrated).
[0035] An exposure unit 3 irradiates light modified according to image information onto the photosensitive drum 1 to
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form an electrostatic latent image. For example, a laser scanning unit (LSU) which scans light irradiated from a laser
diode (not illustrated) in a main scanning direction by using a polygon mirror may be employed as the exposure unit 3.
[0036] The developer roller 4 supplies a toner accommodated in a housing 101 to the electrostatic latent image formed
on the photosensitive drum to develop the electrostatic latent image, thereby forming a toner image on the surface of
the photosensitive drum 1. The toner adheres to a surface of the developer roller 4 and is transferred thereby to the
electrostatic latent image. In order for the toner transferred by the developer roller 4 to be uniformly attached to the
electrostatic latent image and to develop the electrostatic latent image, it is necessary to charge the toner and supply
the charged toner to the electrostatic latent image. Examples of a method of charging a toner include a two-component
method in which a toner is charged by mixing and agitating a carrier (not illustrated) and the toner within the housing
101, and a one-component method in which a toner is charged by a friction with another member in the housing 101,
for example a supply roller 5 and/or a layer regulation member 6, described later.
[0037] In the two-component method, a toner concentration control is required to maintain a mixing ratio of the carrier
and toner at a predetermined value. Also, the developer roller 4 needs to generate a magnetic force so as to carry the
carrier. Thus, a two-component type image forming apparatus is generally larger and more expensive than a one-
component type image forming apparatus.
[0038] Since the one-component type image forming apparatus charges a toner by a friction of the toner on the
developer roller 4 with a supply roller 5 and/or a layer regulating member 6, it may be miniaturized and manufactured
at low costs, compared with the two-component type image forming apparatus.
[0039] The one-component type image forming apparatus may be classified into a magnetic one-component type
image forming apparatus and a non-magnetic one-component type image forming apparatus. Generally, the non-mag-
netic one-component type image forming apparatus is frequently employed to produce high quality picture and colori-
zation. The one-component type image forming apparatuses may also be classified into a contact type image forming
apparatus and a non-contact type image forming apparatus according to an arrangement relationship between the
developer roller 4 and the photosensitive medium (corresponding to the photosensitive drum 1). The contact type image
forming apparatus is an apparatus in which the developer roller 4 contacts the photosensitive medium to perform image
development, and has limitations, such as wear of the developer roller 4 and the photosensitive medium, an increase
in a driving torque, contamination of a photosensitive medium surface due to the developer roller 4, and occurrence of
image spots in the form of a horizontal band due to prolonged contact between the developer roller 4 and the photosensitive
medium.
[0040] In consideration of the above-mentioned matters, the image forming apparatus 300 of the present exemplary
embodiment is a non-magnetic, non-contact, one-component developing type image forming apparatus.
[0041] Referring to FIG. 2, the developer roller 4 includes a core 41 and one or more material layers formed on an
outer circumference of the core 41. For example, the material layers formed on the core 41 may include an elastic layer
42 and a coating layer 43 formed on an outer circumference of the elastic layer 42. The coating layer 43 may be the
outermost material layer. The core 41 may be, for example, a shaft made of a metal, such as aluminium, stainless steel,
or the like. The elastic layer 42 may be, for example, a rubber layer, such as an acrylonitrile-butadiene rubber layer, a
urethane layer, a silicon layer, or the like. The coating layer 43 will be described in detail later.
[0042] The developer roller 4 is disposed such that the surface thereof is spaced apart by a developing gap (Dg,
illustrated in FIG. 1) from the surface of the photosensitive drum 1. Awidth of the developing gap Dg may be, for example,
in a range of a few ten microns to a few hundred microns. When the developing gap Dg is too small, a dimensional
tolerance and assembly tolerance are very tight so that a cost increase may be caused, and when the developing gap
Dg is too large, a developing potential between the developer roller 4 and the photosensitive drum 1 becomes so small
that the image density of a developed image may be too low. FIG. 3 is a graph showing test results of image density of
developed images according to the size of the developing gap Dg. In FIG. 3, the vertical axis indicates an optical density
(O.D.) corresponding to the image density. As apparent from FIG. 3, the image density decreases as the width of the
developing gap Dg increases. Referring to FIG. 2, a gap ring 44 may be disposed at both sides of the core 41 so as to
maintain the developing gap Dg at a constant value. A radius of the gap ring 44 is larger than a radius of the developer
roller 4 by the width of the developing gap Dg. The gap ring 44 may be coupled to the core 41 so as to be rotatable by
the core 41. An elastic force is applied to the developer roller 4 and the photosensitive drum 1 by an elastic member
(not illustrated). As the gap ring 44 contacts the surface of the photosensitive drum 1, an interval between the surface
of the developer roller 4 and the surface of the photosensitive drum 1, i.e., the developing gap Dg, may be maintained
constant by the interference of the gap ring 44.
[0043] A developing bias voltage including an AC voltage and a DC voltage that overlap may be applied to the developer
roller 4. The toner on the developer roller 4 is separated from the developer roller 4 by an AC potential and is attached
to the electrostatic latent image formed on the surface of the photosensitive drum 1 by a DC potential.
[0044] Referring to FIG. 1, the image forming apparatus 300 may further include a supply roller 5. The supply roller 5
charges the toner by a friction of the toner between the supply roller 5 and the developer roller 4, while supplying the
toner in the housing 101 to the developer roller 4. A supply bias voltage to charge the toner may be applied to the supply



EP 2 778 791 A1

5

5

10

15

20

25

30

35

40

45

50

55

roller 5. The supply roller 5 may contact the developer roller 4, and may be spaced apart by a predetermined interval
from the developer roller 4. The supply roller 5 may include a metal core (not illustrated) and a foam elastic layer (not
illustrated) formed of, for example, foam urethane, foam silicon, or the like on an outer circumference of the metal core.
The toner supply performance may be improved by allowing toner to be received in a cell formed in the foam elastic
layer of the supply roller 5 and then supplying the received toner to the developer roller 4.
[0045] The layer regulating member 6 is disposed at a downstream side of the supply roller 5 with respect to a rotational
direction of the developer roller 4. The layer regulating member 6 charges the toner while contacting the outer circum-
ference of the developer roller 4 to regulate the thickness of a toner layer attached to the outer circumference of the
developer roller 4. When the amount of the toner carried to the developing gap Dg is too large, the toner may not be
sufficiently charged by frictional charging, and thus, the charged amount of toner decreases. Thus, developing the
electrostatic latent image to a sufficient image density becomes difficult, and defects, such as toner attachment to the
image background, an increase in toner consumption, contamination of the image forming apparatus 300 due to the
flight of the toner, etc., may be caused. When the amount of the toner carried to the developing gap Dg is too small, a
sufficient image density may not be obtained, and the characteristics of the toner may be easily lost due to a mechanical
stress applied to the toner. Therefore, the thickness of the toner layer attached onto the outer circumference of the
developer roller 4 is regulated by using the layer regulating member 6. The layer regulating member 6 may be manu-
factured, for example, of stainless steel sheet, phosphor bronze steel sheet, or the like. It may be possible to regulate
the toner layer on the outer circumference of the developer roller 4 to a desired thickness by controlling the thickness
of the layer regulating member 6, the length (free length: L) from a support portion 61 supported in the housing 101 to
a contact portion 62 contacting the developer roller 4, and the like. Two agitators 102 agitating the toner in the housing
101 and carrying the agitated toner toward the developer roller 4 and the supply roller 5 may be disposed in the housing
101. Although two agitators 102 are illustrated in FIG. 1, one, three, or more agitators 102 may be employed.
[0046] A transfer roller 7 is an example of a transfer unit to transfer a toner image formed on the photosensitive drum
1 to a recording medium (P). A transfer bias voltage is applied to the transfer roller 7. The transfer bias voltage may
have an opposite polarity to the charged polarity of the toner. The transfer roller 7 may be replaced by a corona transfer
unit (not illustrated).
[0047] The toner image transferred to the recording medium P is maintained on the recording medium P by an elec-
trostatic attractive force. A fusing unit 9 fuses the toner image on the recording medium P by applying heat and pressure
to the toner image to melt the toner image.
[0048] A cleaning member 8 removes the toner remaining on the surface of the photosensitive drum 1 after the
transferring of the toner image is completed. The cleaning member 8 may be, for example, an elastic blade which contacts
the surface of the photosensitive drum 1 to scrape the remaining toner.
[0049] The developer roller 4, the supply roller 5, and the layer regulating member 6 may be installed in the housing
101 to constitute a developing unit 100. Also, the photosensitive drum 1, the charge roller 2, and the cleaning blade 8
may be installed in a frame (not illustrated) to constitute a photosensitive unit 200. Accordingly, when the periods of use
of the developer unit 100 and the photosensitive unit 200 have expired, the developer unit 100 and the photosensitive
unit 200 may be individually replaced. Alternatively, the developer unit 100 and the photosensitive unit 200 may be
connected to each other and replaced as one unit.
[0050] Operations of the image forming apparatus 300 according to the above-described configuration will be briefly
described below.

[Charge]: When a printing command is inputted from a host (not illustrated), a charge bias voltage is applied to the
charge roller 2. While the charge roller 2 contacts the photosensitive drum 1 and rotates, the surface of the photo-
sensitive drum 1 is charged to a uniform potential, for example, -600V.

[Exposure]: The exposure unit 3 irradiates light onto the photosensitive drum 1, the light having been modified
corresponding to image information. On the surface of the photosensitive drum 1, the potential of a portion where
the light is irradiated becomes, for example, -50V, and the potential of a portion where light is not irradiated is
maintained at -600V. Thus, an electrostatic latent image is formed on the surface of the photosensitive drum 1.

[Development]: The toner in the housing 101 is carried by the agitator 102 to a region where the developer roller 4
and the supply roller 5 are installed. The toner is charged by friction between the supply roller 5 and the developer
roller 4. The toner is attached on the outer circumference of the developer roller 4 by a supply potential formed
between the supply roller 5 and the developer roller 4 as well as an electrostatic force, and thus, a toner layer is
formed on the developer roller 4. As the developer roller 4 rotates, the toner layer is carried to a region where the
layer regulating member 6 contacts the developer roller 4. The toner layer is regulated to a desired thickness by the
layer regulating member 6. Also, while passing through the contact region, the toner is charged by friction with the
layer regulating member 6. As the developer roller 4 rotates, the regulated toner layer is carried to a developing
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region where the developer roller 4 and the photosensitive drum 1 form the developing gap Dg and face each other.
A developing potential caused by a developing bias voltage applied to the developer roller 4 is formed between the
developer roller 4 and the photosensitive drum 1, and the toner is separated from the developer roller 4 by the
formed developing potential and then attached on the electrostatic latent image formed on the surface of the pho-
tosensitive drum 1 across the developing gap Dg. Thus, a toner image is formed on the surface of the photosensitive
drum 1.

[Transfer]: As the photosensitive drum 1 rotates, the toner image is carried to a transfer region where the photo-
sensitive drum 1 and the transfer roller 7 face each other and the recording medium P passes between the photo-
sensitive drum 1 and the transfer roller 7. The toner image is transferred to the recording medium P by a transfer
potential formed by a transfer bias voltage applied to the transfer roller 7.

[Fusing]: The recording medium P having the toner image transferred thereon is transferred to the fusing unit 9.
While passing through the fusing unit 9, the toner image is melted by heat and the melted toner image is fused onto
the surface of the recording medium P by pressure applied thereon, thereby completing printing.

[Cleaning]: The toner not transferred to the recording medium P and remaining on the surface of the photosensitive
drum 1 is removed by the cleaning member 8.

[0051] To secure a good toner-carrying performance, the surface of the developer roller 4 may have an irregular shape.
The irregular shape may be formed by grinding the outer circumference of the elastic layer 41. As demands for high
quality pictures have recently increased, a polymerization toner is employed instead of a pulverization toner. Particles
of polymerization toner has a uniform shape close to a sphere, as compared with the pulverization toner. Also, the
particles of the polymerization toner have a diameter range of about 5-7 mm, which is smaller than the diameter of
particles of the pulverization toner having a diameter range of about 7-8 mm. Therefore, a sufficient toner carrying
performance may not be secured only by grinding the surface of the developer roller 4.
[0052] FIG. 4 is a detailed partial cross-sectional view of the developer roller 4. Referring to FIG. 4, a coating layer 43
containing beads 45 is provided onto an outer circumference 42 of the developer roller 4 according to the present
exemplary embodiment. Due to the beads 45 contained in the coating layer 43, an irregular surface is formed on the
surface of the developer roller 4, and thereby a surface roughness (Rz) to carry the toner may be secured. The coating
layer 43 may be formed by coating a coating solution including the beads 45 dispersed in a base resin on the outer
circumference of the elastic layer 42, for example, by a spray method, or the like. The base resin may be, for example,
a urethane resin. The beads 45 may be, for example, acrylic resin particles such as poly-methylmethacrylate (PMMA),
or the like, silica particles, urethane resin particles, polyamide resin particles, and fluorine resin particles. The beads 45
may be any type of the particles presented above, or may include two or more types of the particles presented above.
[0053] A hardener, a conductor, or the like may be further dispersed in the base resin. Examples of a disperser to
uniformly disperse the beads 45 and an additive such as a hardener, a conductor, or the like in the base resin may
include, for example, a paint shaker, a magnetic stirrer, a propeller agitator, a beadsmill, and the like. The dispersing
time may be properly adjusted. Prior to the coating, the coating solution may be filtered using a sieve such that large
diameter beads 46 and aggregate beads 47 (illustrated in FIG. 5) in the coating solution are separated.
[0054] To secure a uniform toner carrying performance, it is required that the irregular surface formed on the surface
of the developer roller 4 have a predetermined uniformity. For example, as illustrated in FIG. 5, when a protruded portion
46a by a large diameter bead 46, or a protruded portion 47a by aggregation of aggregate beads 47 is formed on the
surface of the developer roller 4, a distance between the protruded portion 46a or 47a and the surface of the photosensitive
drum 1 becomes smaller, so that a discharge may be generated between the protruded portion 46a, 47a and the surface
of the photosensitive drum 1. Due to the discharge, the potential in the surface of the photosensitive drum 1 is changed,
so that a white spot or a black spot may occur periodically on the developed image during the rotation of the developer
roller 4. The discharge may be more easily generated in a high humidity environment.
[0055] The white spot indicates that the toner is not attached to an image portion of the electrostatic latent image, and
thus, a developed image is not completely formed. For example, FIG. 6 is a schematic view illustrating the occurrence
of a white spot. Referring to FIG. 6, the surface potential of the photosensitive drum 1 charged by the charge roller 2 is
V0, and when light modified according to image information is irradiated onto the surface of the photosensitive drum 1
by the exposure unit 3, the potential of a portion where the light is irradiated becomes VL. Thus, an electrostatic latent
image is formed on the surface of the photosensitive drum 1. The portion where the surface potential is V0 is a non-
image portion of the electrostatic latent image, and the portion where the surface potential is VL is an image portion of
the electrostatic latent image. The value of a DC voltage, i.e., VDD, of a developing bias voltage is between V0 and VL.
That is, an absolute value of VDD is between an absolute value of V0 and an absolute value of VL. Due to a potential
difference between the potential of the image portion and the DC voltage of the developing bias voltage, i.e., a developing
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voltage difference, the toner is attached on the image portion so that the electrostatic latent image is developed. When
a discharge is generated in a region corresponding to the image portion as illustrated in FIG. 6, a potential of the region
becomes similar to VDD, and thus, the developing potential difference is greatly lowered. The toner is attached toward
a portion where the developing potential difference is relatively high, i.e., toward the image portion where a discharge
is not generated, and is not attached to a portion where the discharge is generated. As a result, a white spot where no
image is included occurs on the developed image, as illustrated by the dashed box in FIG. 6.
[0056] A black spot indicates that the toner is attached to the non-image portion of the electrostatic latent image, and
thus, the background is contaminated. For example, FIG. 7 is a schematic view illustrating the occurrence of a black
spot. Since the potential polarity of the non-image portion is the same as the charged polarity of the toner, even though
the developing bias voltage is applied, the toner is not attached to the non-image portion but is attached to the image
portion having the relatively opposite polarity. However, when a discharge is generated in a region corresponding to the
non-image portion, the potential of the region becomes almost equal to VDD. Then, the toner which is not attached to
the non-image portion due to repulsion by a repulsive force, may be attached to a portion where the repulsive force is
relatively weak. Thus, the toner is attached to the background of the developed image, so that a black spot occurs, as
illustrated by the dashed box in FIG. 7.
[0057] According to the present exemplary embodiment, by setting the surface roughness (Rz) of the developer roller
4 to be about 5-15% of the width of the developing gap Dg, a good toner carrying performance may be secured. Also,
an image failure due to occurrence of a black spot and/or a white spot may be prevented by preventing the occurrence
of a discharge in the developing gap Dg.

[Example 1]

[0058]

Surface charged potential of photosensitive drum 1 (Potential of non-image portion): - 600V

Potential of image portion (VL): -50V

Developing gap (Dg) width: 200 mm

Developing bias voltage: AC 1.8 kV-3.2 kHz, DC -300 V

Developer roller 4: Surface roughness (ten-point average roughness) Rz 15-20 mm, Resistance 53104-23106 Ω.

Supply roller 5: Roller having a urethane foam elastic layer

Layer regulating member 6: Stainless steel plate having a thickness of 70 mm, free length 100 mm

[0059] The developer roller 4 included an NBR elastic layer 42 formed on a stainless steel core 41, and a coating layer
43 formed on the NBR elastic layer 42 by coating the NBR elastic layer 42 with a coating solution containing PMMA
particles dispersed in a urethane resin, is used. To obtain a surface roughness (ten-point average roughness) Rz of
15-20 mm, PMMA particles having an average diameter of about 15-20 mm were used. Solid images were formed by
using 20 developer rollers 4 which were left undone in an environment of high temperature and high humidity (HH),
normal temperature and normal humidity (NN), and low temperature and low humidity (LL) for three days, and it was
tested whether or not a white spot occurred. The test results are shown in Table 1.

[0060] In Table 1, "0" means that a white spot did not occur in the solid image. As listed in Table 1, it was confirmed
that a white spot occurred 7 times periodically during the rotation of the developer roller 4 in the environment of high
temperature and high humidity (HH). The surface of the developer roller 4, which was confirmed to have a white spot,

[Table 1]

Height of protruded portion formed by beads (mm) 25 or less 26-35 36-45 46-55 56 or more

HH 0 0 4 2 1

NN 0 0 0 2 1

LL 0 0 0 0 0
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was observed using a microscope, and it was confirmed that the surface has a protruded portion of about 40-60 mm.
Regarding the developer roller 4 where a white spot did not occur, the size of a protruded portion on the surface thereof
was not higher than about 30 mm. Accordingly, since the developing gap Dg is about 200 mm, it is known that the
occurrence of a white spot may be prevented by setting the protruded amount of the irregular surface on the surface of
the developer roller 4 to be about 15% or less of the width of the developing gap Dg. At this time, the surface roughness
(Rz) of the developer roller 4 was also about 15% or less of the width of the developing gap Dg. The above-described
surface roughness Rz of the developer roller 4 might be realized by setting the diameter of the beads 45 to about 15%
or less of the width of the developing gap Dg, and sufficiently dispersing the beads 45 in the coating solution.
[0061] The lower limit of the surface roughness Rz in the developer roller 4 may be related to the toner carrying
performance. For example, FIG. 8 is a graph showing a test result regarding the relationship between the surface
roughness Rz of the developer roller 4 and the optical density of the developed image. Referring to FIG. 8, the surface
roughness Rz needs to be about 10 or more so as to obtain a sufficient optical density (O.D.) of not less than about 1.3.
Therefore, the lower limit of the surface roughness Rz in the developer roller 4 needs to be about 5% or more of the
width of the developing gap Dg. To obtain such a surface roughness Rz, the diameter of the beads 45 may be about
5% or more of the width of the developing gap Dg.
[0062] Accordingly, it is known that a sufficient toner carrying performance may be secured and the occurrence of a
white spot or a black spot due to a discharge in the developing gap Dg may be prevented by setting the surface roughness
Rz of the developer roller 4 to be 5-15% of the width of the developing gap Dg. To obtain such a surface roughness Rz,
the diameter of the beads 45 may be set to about 15% or more of the width of the developing gap Dg.
[0063] To manufacture the developer roller 4 having a uniform surface roughness Rz, large diameter beads 46 may
be removed before the coating solution is coated on the outer circumference of the elastic layer 42. Although the beads
45 are uniformly dispersed in the coating solution by using the disperser, since aggregate beads 47 may be generated,
the aggregate beads 47 may be removed before the coating solution is coated on the outer circumference of the elastic
layer 42. For this purpose, a sieve may be used.

[Example 2]

[0064] Developer rollers 4 were manufactured by passing a coating solution prepared under the condition of Example
1 through a 300 mesh, a 600 mesh, and an 800 mesh, respectively, and coating the coating solution on the outer
circumference of the elastic layer 42 of each of the developer rollers 4. A dispersing time of the coating solution was
about 4 hours. By using the above-described respective meshes, 20 developer rollers 4 were manufactured, and solid
images were printed in an environment of high temperature and high humidity using the manufactured developer rollers
4, and whether or not a white spot occurred was tested. The test results are shown in Table 2.

[0065] The image evaluation result shows the occurrence frequency of a white spot. As apparent from Table 2, no
image failure occurred when the developer roller 4 was manufactured by removing large diameter beads 46 and aggregate
beads 47 by using the 800 mesh.

[Example 3]

[0066] Beads 45 need to be uniformly dispersed in the coating solution so as to prevent occurrence of aggregate
beads 47 that cause a white spot or a black spot. Also, a conductor may be further dispersed in the coating solution.
When the conductor is insufficiently dispersed, a resistance spot occurs on the outer circumference of the developer
roller 4, so that an image spot may occur on the developed image. Table 3 shows a test result as to whether or not an
image failure occurs according to a dispersion time. The condition of the coating solution was the same as that in Example
1 and an 800 mesh was used.

[Table 2]

Metal mesh 300 mesh 600 mesh 800 mesh

Mesh opening size 45 mm 20 mm 16 mm

Image evaluation result 7 3 0

[Table 3]

Dispersion time 2 hours 4 hours 12 hours 24 hours

Image evaluation result in HH environment 1/20 0 0 0
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[0067] As apparent from Table 3, when the 800 mesh was used and dispersion was performed for 4 hours, no image
failure occurred.
[0068] While the above examples describe image forming apparatuses 300 forming a monochromatic image, the
scope of the present general inventive concept is not limited thereto. The developer roller 4 according to exemplary
embodiments of the present general inventive concept may be also applied to a single-pass type or multi-pass type color
image forming apparatus using, for example, cyan, magenta, yellow, and black colors.
[0069] Although a few embodiments of the present general inventive concept have been shown and described, it will
be appreciated by those skilled in the art that changes may be made in these embodiments without departing from the
principles and spirit of the general inventive concept, the scope of which is defined in the appended claims and their
equivalents.

Claims

1. A developer roller which is spaced apart by a developing gap from a photosensitive medium and supplies one-
component toner to an electrostatic latent image formed on the photosensitive medium to develop the electrostatic
latent image, the developer roller comprising:

a core; and
at least one material layer formed on an outer circumference of the core,
wherein a ten-point average roughness of an outermost layer in the material layer is about 5-15% of a width of
the developing gap.

2. The developer roller of claim 1, wherein the outermost layer of the material layer is a coating layer that includes
beads having a diameter of about 5-15% of the width of the developing gap.

3. The developer roller of claim 2, wherein an elastic layer is provided between the coating layer and the core.

4. The developer roller of claim 2 or 3, wherein the beads are at least one selected from the group consisting of an
acrylic resin particle containing a PMMA particle, a silica particle, a urethane resin particle, and a fluorine resin particle.

5. The developer roller of one of claims 2 to 4, wherein a base resin of the coating layer comprises a urethane resin.

6. A method of manufacturing a developer roller which is spaced apart by a developing gap from a photosensitive
medium and supplies one-component toner to an electrostatic latent image formed on the photosensitive medium
to develop the electrostatic latent image, the method comprising:

providing a base material having an elastic layer formed on an outer circumference of a core;
preparing a coating solution including a base resin and beads having a diameter corresponding to about 5-15%
of a width of the developing gap and dispersed in the base resin; and
coating an outer circumference of the base material with the coating solution.

7. The method of claim 6, wherein a dispersion time of the beads in the preparing of the coating solution is about 4
hours or more.

8. The method of claim 6 or 7, prior to the coating, further comprising passing the coating solution through an 800
mesh sieve.

9. The method of one of claims 6 to 8, wherein the beads are at least one selected from the group consisting of an
acrylic resin particle containing a PMMA particle, a silica particle, a urethane resin particle, a polyamide resin particle,
and a fluorine resin particle.

10. The method of one of claims 6 to 9, wherein the base resin comprises a urethane resin.

11. An image forming apparatus using a non-magnetic, one-component toner, comprising:

a photosensitive medium on which an electrostatic latent image is formed; and
a developer roller of one of claims 1 to 5.
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12. The image forming apparatus of claim 11, further comprising:

a gap maintaining member to maintain the width of the developing gap between the photosensitive medium
and the developer roller at a constant value.

13. The image forming apparatus of claim 11, further comprising:

a layer regulation member to maintain the thickness of toner attached to the developer roller at a constant value.
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