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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a surface treating apparatus for solid particles and a surface treating method
therefor.

Related Background Art

[0002] Various methods for surface treatment of solid particles and powder treating apparatus have already been
proposed. For example, powder treating apparatus of impact type utilizing a rotary blade and powder treating apparatus
utilizing heat treatment are already known. The powder treating apparatus of impact type utilizing the rotary blade is
described in Y. Takayama, Y. Kikuchi and K. Ono: "Zairyo Gijutsu" Vol. 8, No. 8, 10 (1990). There have been proposed
methods for treating the surfaces of powder particles (as described in Japanese Patent Publication No. 42-27021 and
Japanese Patent Application Laid-Open No. 7-244399), the method utilizing a hybridization system described in the
Japanese Patent Application Laid-Open No. 62-83029 and already put on the market by Nara Kikai Co., Ltd., or an
impact pulverizer described in Japanese Patent Publication No. 42-27021 and put on the market by Turbo Kogyo Co.,
Ltd.
[0003] In the hybridization system, for example, a treating apparatus as illustrated in Figs. 12, 13 and 14 is used,
wherein a casing 151, a stator 158, a stator jacket 177, a recycling valve 163, a discharge valve 159, a discharge valve
119 and a raw material charging chute 164 are shown.
[0004] In this apparatus, the powder particles and other fine solid particles charged from the raw material charging
chute 164 are subjected, in an impact chamber 168, to instantaneous impact by two or more rotor blades 155 provided
on a rotor 162 rotated at a high speed, and collide with a peripheral stator 158 to disperse in the system while breaking
up agglomeration of the powder particles and the other fine solid particles, whereby the other fine solid particles are
adhered onto the surface of the powder particles by electrostatic force or Van Der Waals force or, in case the powder
particles alone are charged, such particles are subjected to rounding and formation of spherical particles. Such process
proceeds with the flight and collision of the particles. Thus the particles are treated by plural passages through the
recycle pipe 163, along the air flow caused by the rotation of the rotor blades 155. In addition, through the repeated
impacts given by the rotor blades 155 and the stator 158, the other fine solid particles are uniformly dispersed and
fixed on the surfaces, or the vicinity thereof, of the powder particles or, in case the powder particles alone are charged,
the particles are shaped into a spherical form.
[0005] After such fine particle fixation, the particles are discharged through a discharge valve 159, controlled by a
discharge valve control device 128, and a discharge chute 119 and collected by a bag filter 122 connected with a
suction blower 124.
[0006] However such conventional powder treating apparatus requires the operation for a prolonged period, because
the surface treatment of the powder particles is effected by the rotor blades 155 rotating at a high speed, utilizing the
recycle pipe 163. Such operation may involve excessive collisions of the particles, leading to heat generation in the
powder and eventually to denaturing thereof. In such apparatus, in order to achieve uniform surface treatment it is
necessary to charge a predetermined amount of powder in a certain given volume and to execute a prolonged treatment
ranging from several tens of seconds to several minutes. In such operation, because of the prolonged process time
and of the high concentration of powder dust, re-agglomeration of the dispersed particles may occur in the course of
surface treatment or the formation of fused solid matter may be formed by the generated heat.
[0007] The powder treating apparatus as shown in Figs. 12 to 14, being a batch system, is incapable of continuous
processing. For this reason, accessory equipment such as a weighing machine for weighing and charging a predeter-
mined amount of the powder material into the treating apparatus, is required. Consequently such apparatus has been
associated with drawbacks such as a high production cost and a narrow tolerance for the stable manufacturing oper-
ation.
[0008] Such drawbacks tend to become particularly conspicuous in the surface treatment of the solid toner particles
for producing a toner used for developing an electrostatic charge image in a copying machine or in a printer.
[0009] Since, in general, various different properties are required for a toner, the characteristics of the toner are often
affected by its producing method, in addition to raw materials used therefor. In the surface treating process of toner
particles, it is required to produce toner particles with satisfactory quality in an efficient and stable manner at a low cost.
[0010] A binder resin used for toner particles is generally composed of a resinous material having a low melting
point, a low softening point or a low glass transition point, and the toner particles containing such resinous material
tends to cause fusing or adhesion to the surface treating apparatus in the surface treatment process.
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[0011] On the other hand, for energy saving in the copying machine utilizing toner fixation with heat and pressure,
binder resins having a low glass transition point or a low softening point came into use in order to achieve toner fixation
with a lower electric power consumption and at a lower temperature.
[0012] Besides, there is a tendency for the size of toner particles to be gradually made smaller in order to improve
image quality in copying machines and printers. In general, the smaller the solid particles are, the larger the force
between the particles is. Similarly, as the resin particles or the toner particles are made smaller, the agglomeration of
the particles is more easily brought about.
[0013] As a treating apparatus of a continuous processing type using an impact pulverizer, an apparatus as shown
in Figs. 15, 16 and 17 is proposed, which is provided with a cylindrical casing and a rotor 214 having a distributor 220
which is positioned in the casing concentrically with the axis of the casing. A liner 210 set on the internal periphery of
the casing 201 is provided with plural grooves in the direction of the rotary shaft 215. The rotor 214 is provided with
plural blades 221 made of an abrasion resistance metal and powder material is treated in a treating area 213.
[0014] On the upstream side of the casing 201, an inlet 211 for the powder raw material charged through a constant-
rate feeder 240 and a vibration feeder 215 and for the incoming air, and a spiral chamber 212 are provided. On the
downstream side of the inlet 211, a discharge opening 202 is provided, which is connected to a cyclone dust collector
229 or a bag filter 222 communicating with a suction blower 224. An example of such apparatus is the Turbo Mill
crusher manufactured by Turbo Kogyo Co., Ltd.
[0015] However such apparatus tends to form particles which are subjected to uneven surface treatment. In addition,
even when using cold air flow or a heater and regulating the revolution of the rotor to adjust the level of surface treatment,
grinding or re-agglomeration of the solid particles is liable to occur so that the stable surface treatment of the solid
particles has been difficult to achieve.
[0016] Furthermore, Japanese Patent Application Laid-Open No. 3-56131 (corresponding to U.S. Patent No.
5,087,546) discloses a continuous mixing apparatus as shown in Figs. 18 to 22 and a method for producing toner
utilizing such apparatus. The apparatus is provided with a cylindrical casing 301, and agitating blades 302 connected
to a rotor shaft 304 and fixed blades 303, both set in the casing 301. A disk 313 of the agitating blades 302 is provided
with plural blades 312, while annular fixed disk 315 of the fixed blades 303 is provided with plural blades 314.
[0017] On the upstream side of the cylindrical casing 301, an inlet 305 for the powder raw material charged through
a raw material hopper 307 and a vibration feeder 308 and for the incoming air is formed. On the downstream side of
the inlet 305, a discharge opening 306 is provided, which is connected to an external collecting cyclone 309 or a bag
filter 310 communicating with a suction blower 311. Such apparatus is used as a continuous mixing apparatus.
[0018] However, further improvements have been desired on such apparatus, since it is weak in the impact force of
the solid particles against the peripheral wall because of a wide gap between the agitating blades 302 and the side
wall of the apparatus, and tends to produce solid particles with uneven surface treatment.
[0019] Document US-A-4 792 238 discloses an apparatus for dispersibly mixing a solid phase with a liquid phase.
The starting material introduced into the apparatus is therefore composed of these two phases, i.e. of the liquid phase
and the solid phase. This known apparatus comprises a rotor having plural shearing edges and being contained in a
cylindrical treating chamber. The starting material current flowing in a turbulent state in the cylindrical treating chamber
undergoes a strong shearing action by the rotor having the blades so that the mixing and dispersion of the current is
highly promoted. The apparatus according to document US-A-4 792 238 is not suited for treating surfaces of solid
particles.

SUMMARY OF THE INVENTION

[0020] An object of the present invention is to provide a surface treating apparatus for solid particles and, a surface
treating method for solid particles in which the surface treating apparatus is used , which are free from the aforemen-
tioned drawbacks.
[0021] Another object of the present invention is to provide an apparatus and a method enabling efficient surface
treatment of solid particles.
[0022] Still another object of the present invention is to provide an apparatus and a method enabling uniform surface
treatment of solid particles.
[0023] Still another object of the present invention is to provide a surface treating apparatus for solid particles, in
which fusing of the particles is hard to bring about inside the apparatus.
[0024] Still another object of the present invention is to provide a surface treating apparatus and a surface treating
method for solid particles, capable of controlling the formation of coarse agglomerates of the particles.
[0025] Still another object of the present invention is to provide a surface treating apparatus and a surface treating
method for solid particles, enabling efficient adhesion and/or deposition of the solid particles onto the surfaces of solid
matrix particles.
[0026] Still another object of the present invention is to provide a surface treating apparatus and a surface treating
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method, in which the surfaces of solid particles can be treated in an inexpensive and efficient manner.
[0027] Still another object of the present invention is to provide a surface treating apparatus and a surface treating
method for solid particles, capable of efficiently reducing a shape factor SF-1 of the solid particles.
[0028] Still another object of the present invention is to provide a method for producing a toner for developing an
electrostatic charge image, excellent in developing and transferring properties.
[0029] Still another object of the present invention is to provide a method for producing a toner with a small shape
factor SF-1, from solid toner particles with undefined shapes.
[0030] According to the invention, these objects are achieved by the apparatus and method according to claims 1
and 30, respectively, and their advantageous developments as defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Fig. 1 is a schematic external view of a system having an example of the surface treating apparatus of a vertical
type of the present invention;
Fig. 2 is a schematic cross-sectional view of the surface treating apparatus of a vertical type of the present invention;
Fig. 3 is a schematic magnified partial cross-sectional view of the surface treating apparatus of vertical type of the
present invention;
Fig. 4 is a plan view of a rotor;
Fig. 5 is a cross-sectional view of the rotor taken along the line 5-5 shown in Fig. 4;
Fig. 6 is a perspective view of the rotor;
Fig. 7 is a perspective view of a rotary shaft on which the rotors are mounted;
Fig. 8 is a cross-sectional view taken along the line 8-8 shown in Fig. 2;
Fig. 9 is a cross-sectional view taken along the line 9-9 shown in Fig. 2;
Fig. 10 is a schematic external view of a system having an example of the surface treating apparatus of a horizontal
type of the present invention;
Fig. 11 is a schematic cross-sectional view of the surface treating apparatus of a horizontal type of the present
invention;
Fig. 12 is a schematic view of a conventional surface treating system;
Fig. 13 is a schematic cross-sectional view of a conventional surface treating apparatus;
Fig. 14 is a schematic cross-sectional view of a conventional surface treating apparatus taken along the line 14-14
shown in Fig. 13;
Fig. 15 is a schematic view showing another conventional surface treating system;
Fig. 16 is a schematic cross-sectional view taken along the line 16-16 shown in Fig. 15;
Fig. 17 is a perspective view of the rotor shown in Fig. 15;
Fig. 18 is a schematic view of another conventional surface treating system;
Figs. 19 and 20 are schematic cross-sectional views of the surface treating apparatus shown in Fig. 18;
Fig. 21 is a schematic view of a rotary blade;
Fig. 22 is a schematic view of a fixed blade;
Fig. 23 is a schematic view of a measuring apparatus for measuring the triboelectric charge quantity of toner or
powder; and
Fig. 24 is a schematic view showing an image forming method which can advantageously employ the toner pro-
duced according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] The surface treating apparatus of the present invention for solid particles can be used as a modifying apparatus
for solid particles with large shape factors SF-1 and SF-2, for the purpose of reducing such shape factors by applying
a mechanical impact force to such solid particles and rubbing their surfaces without destruction thereof. According to
such surface treatment, the solid particles come to have a spherical form or a form close thereto, and show improved
flowability.
[0033] The shape factors SF-1 and SF-2 of the solid particles, for example toner particles, are defined in the following
manner.
[0034] For example, using FE-SEM (S-800) manufactured by Hitachi, Ltd. as a measuring apparatus, 100 images
of solid particles of 2 µm or larger, magnified 1000 times, are sampled at random and the obtained image information
is supplied to, and analyzed in, an image analyzing apparatus (Luzex 111 manufactured by Nicoret Co.) in which the
shape factors SF-1 and SF-2 are defined according to the following equations:
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wherein MXLNG is the absolute maximum length of the solid particle, PERIME is the circumferential length of the solid
particle, and AREA is the projected area of the solid particle.
[0035] The shape factor SF-1 represents the roundness of a solid particle, and the shape factor SF-2 represents the
level of the surface irregularity of a solid particle. For an ideal sphere with a smooth surface, the shape factors SF-1
and SF-2 are both 100.
[0036] For the solid particles having the shape factor SF-1 of 150 to 180 and the shape factor SF-2 of 140 to 160
prior to the treatment, the treating apparatus of the present invention can reduce the shape factor SF-1 by 20 or more
into a range of 130 to 160, and also can reduce the shape factor SF-2 by 10 or more into a range of 110 to 150.
[0037] For realizing uniform surface treatment, the solid particles preferably have a weight-averaged particle size
within a range of 2.5 to 20 µm, more preferably 3.0 to 15 µm.
[0038] The particle size distribution, the weight-averaged particle size and the volume-averaged particle size of the
solid particles or the toner particles are measured by the following methods.
[0039] As a measuring apparatus, the Coulter Counter TA-II or the Coulter Multisizer-II (manufactured by Coulter
Inc.) is employed. The electrolyte employed is 1% NaCl aqueous solution prepared with first grade sodium chloride.
For example, ISOTONR-II (supplied by Coulter Scientific Japan Co.) can be employed for this purpose. To 100 to 150
ml of the above-mentioned electrolyte solution is added 0.1 to 5 ml of a surfactant (preferably alkylbenzenesulfonate)
and 2 to 20 mg of the sample to be measured. The electrolyte solution in which the sample is suspended is subjected
to dispersion for 1 to 3 minutes with an ultrasonic dispersing apparatus, and then the volume and the number of the
solid particles are measured using the above-mentioned measuring apparatus with a 100 µm aperture to determine
the volume distribution and the number distribution.
[0040] The weight-averaged particle size and the volume-averaged particle size are calculated from the measured
volume distribution of the solid particles. In the measurements, the center value of each channel is taken as the rep-
resentative value thereof.
[0041] The treating apparatus of the present invention can also be employed as an apparatus for external addition
of solid daughter particles to solid mother particles by adhering onto the surfaces of solid mother particles solid daughter
particles smaller than the solid mother particles. For realizing uniform external addition, the solid mother particles have
preferably a weight-averaged particle size within a range of 2.5 to 20 µm, more preferably 3.0 to 15 µm. The solid
daughter particles have preferably a particle size not exceeding 1/5, more preferably not exceeding 1/10, of that of the
solid matrix particles.
[0042] Further, the treating apparatus of the present invention can also be employed as a modifying apparatus for
fixing or implanting onto the surfaces of solid mother particles solid daughter particles smaller than the solid mother
particles, thereby modifying the surface of the solid mother particles with the solid daughter particles. In such case,
the solid matrix particles have preferably a weight-averaged particle size within a range of 2.5 to 20 µm, more preferably
3.0 to 15 µm. Also the solid daughter particles have preferably a particle size not exceeding 1/5, more preferably not
exceeding 1/10, of that of the solid mother particles.
[0043] Furthermore, the treating apparatus of the present invention can also be employed as a dry encapsulating
apparatus by adhering and/or fixing onto the surfaces of solid mother particles, thermoplastic solid daughter particles
smaller than the solid matrix particles, and crushing the solid daughter particles under the application of a mechanical
impact force and heat to the solid matrix particles and the solid daughter particles, thereby forming a film derived from
the solid daughter particles on the surface of each of the solid matrix particles. For forming the films on the surfaces
of the solid mother particles, the solid matrix particles have preferably a weight-averaged particle size within a range
of 2.5 to 20 µm, more preferably 3.0 to 15 µm. In this case, the solid daughter particles preferably have a particle size
not exceeding 1/5, more preferably not exceeding 1/10, of that of the solid mother particles. In addition, the solid
daughter particles are composed of a resinous material having preferably the glass transition point within a range of
50°C to 100°C, more preferably 55°C to 95°C.
[0044] Furthermore, the treating apparatus of the present invention can also be employed as a modifying apparatus
for treating the surfaces of toner particles containing at least a binder resin and a coloring material, thereby modifying
the surfaces of such toner particles. For example, when producing solid toner particles by fusing and kneading a binder
resin and a coloring material, cooling the kneaded material and pulverising and classifying the material, the toner
particles thus obtained can be treated with the treating apparatus of the present invention to reduce the shape factors
SF-1 and SF-2, thereby improving the developing performance and the transfer performance of such solid toner par-
ticles.

SF-1 = (MXLNG)2/AREA 3 π/4 3 100

SF-2 = (PERIME)2/AREA 3 1/4π 3 100
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[0045] The surface treating apparatus of the present invention for the solid particles will be more concretely described
below with reference to the attached drawings.
[0046] Fig. 1 illustrates an example of the surface treating system having a treating apparatus I of the present in-
vention, Fig. 2 is a partial cross-sectional view of the treating apparatus I, and Fig. 3 is a partial magnified cross-
sectional view of the treating apparatus I.
[0047] The treating apparatus I shown in Fig. 2 is provided, in a cylindrical casing 1, with first to fourth cylindrical
treating chambers 29a - 29d in succession, which respectively include rotors 2a, 2b, 2c, 2d each having 8 blades and
fixed on a rotary driving shaft 3 by means of keys 5 (cf. Fig. 8). The rotors 2a - 2d are rotated clockwise by the rotary
shaft 3, which is rotatably supported by bearings 11, 12 and rotated at a high speed by a motor 34 through a belt and
a pulley 4 at the lower end. Fig. 7 is a perspective view of the rotary driving shaft having 4 rotors. The rotors 2a - 2d
are rotated according to the rotation of the rotary shaft 3 to which the rotors are connected.
[0048] The solid particles contained in a constant-rate feeding apparatus 16, shown in Fig. 1, are supplied through
a vibration feeder 15, a hopper 32 and a powder supply tube 31 into the first cylindrical treating chamber 29a, together
with air, by the suction force of a suction blower 24, through a powder charging aperture 30 provided at the center of
a front wall 33 of the first cylindrical treating chamber 29a. The solid particles introduced into the first cylindrical treating
chamber 29a collide with a sidewall 7a thereof by an air flow from the center to the sidewall 7a generated by the rotation
of the rotor 2a bearing 8 blades, whereby the solid particles are subjected to surface treatment. The solid particles are
subjected to the surface treatment in the course of flow in the space of the first cylindrical treating chamber, and
gradually pass through a gap between the sidewall 7a and the blades 9a and a gap between the rear face of the rotor
2a and a first rear wall 8a (also called "guide plate 8a" or "second front wall 33b") and discharged through a first powder
discharging aperture 10a provided at the center of the first rear wall 8a. In the treating apparatus I, the first powder
discharging aperture 10a constitutes the powder charging aperture of the second cylindrical treating chamber 29b,
whereby the solid particles are introduced through the first powder discharging aperture 10a into the center of the
second cylindrical treating chamber 29b. The solid particles already subjected to the surface treatment in the first
cylindrical treating chamber 29a are further subjected to surface treatment by the rotation of the rotor 2b having 8
blades in the same manner as in the first cylindrical treating chamber 29a. After the surface treatment in the second
cylindrical treating chamber 29b, the solid particles are further surface-treated in the third and fourth cylindrical treating
chambers 29c, 29d. Figs. 8 and 9 are cross-sectional views respectively along the lines 8-8 and 9-9 shown in Fig. 2.
[0049] After the surface treatment in the fourth cylindrical treating chamber 29d, the solid particles are discharged
through a fourth powder discharging aperture 10d provided at the center of a guide plate 8d, a discharging aperture
13a of a discharge pipe 13 provided in the tangential direction of the cylindrical casing 1 and a connecting tube 17,
and are collected and stored in a cyclone 20. The surface treated solid particles, contained in the cyclone 20, are
conveniently taken out from a valve 21. The sidewall 7a - 7d of the treating apparatus I are preferably free from surface
irregularities when effecting surface treatment for reducing the shape factor SF-1 of the solid particles.
[0050] The treating apparatus I, the cyclone 20, the bag filter 22 and the suction blower 24 mutually communicate
through communication means such as a pipe. The suction amount of the suction blower 24 can be regulated with
valves 19a, 19b under the observation of the flow rate with a flow meter 44. The fine powder contained in the bag filter
22 is conveniently taken out through a valve 23.
[0051] It is preferable to adjust the temperature in the cylindrical treating chambers, by providing the cylindrical casing
1 with a jacket structure and supplying cooling water, hot water or heating steam in the jacket.
[0052] In the first cylindrical treating chamber 29a, the height Ha of the blades 9a integrated to the first rotor 2a to
form a single entity, the gap L1a between the tip of the blades 9a and the front wall 33, the largest diameter R1a of the
first rotor 2a and the gap L2a between the blades 9a and the sidewall 7a of the first cylindrical treating chamber 2a
satisfy the following conditions:

and

The ratio L2a/R1a is preferably within a range from 1.5 3 10-3 to 85.0 3 10-3, more preferably from 2.0 3 10-3 to 80.0
3 10-3. Under these conditions, the uniform and efficient surface treatment can be applied to the solid particles, since
the solid particles efficiently receive the mechanical impact force by the blades 9a and the sidewall 7a in the first
cylindrical treating chamber 29a and have a prolonged detention time by circulating in the first cylindrical treating
chamber 29a.

0.1 ≤ L1a/Ha ≤ 5.0, 50 3 10-3 ≤ Ha/R1a ≤ 400 3 10-3

0.1 3 10-3 ≤ L2a/R1a ≤ 95 3 10-3.
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[0053] For more efficient surface treatment, Ha is preferably within a range from 10.0 to 500.0 mm, more preferably
from 20.0 to 400.0 mm; L1a is preferably within a range from 1 to 300 mm, more preferably from 5 to 200 mm; R1a is
preferably within a range from 100 to 2000 mm, more preferably from 150 to 1000 mm; and L2a is preferably within a
range from 1.0 to 15.0 mm, more preferably from 1.0 to 10.0 mm.
[0054] In order to efficiently carry out the surface treatment of solid particles, the first rotor 2a is preferably provided
with 2 to 32 blades, more preferably 4 to 16 blades. Fig 4 is a plan view of the rotor 2a having 8 blades 9a radially and
integrally formed thereon at an approximately equal intervals, Fig. 5 shows a cross section of the rotor taken along the
line 5-5 as represented by hatched areas, and Fig. 6 is a perspective view of the rotor. The rotor 2a is provided with a
boss portion 2a' for increasing the connectability with the rotary shaft 3. In order to prolong the detention time of the
solid particles and to efficiently generate the mechanical impact force to the solid particles by the sidewall, the height
Ha of the blades of the rotor 2a is 1.1 to 2.0 times as large as the half-value width Wa of the blades.
[0055] In order to prolong the stay time of the solid particles, it is preferable that the internal volume Va of the first
cylindrical treating chamber 29a is within a range from 1 3 103 to 4 3 106 cm3, the area Sa of each blade 9a is within
a range from 10 to 300 cm2 and the half-value width Wa of the blade 9a is within a range from 10 to 300 mm.
[0056] For achieving efficient surface treatment, it is preferable that in the first cylindrical treating chamber 29a, the
largest diameter R4a is within a range from 100.5 to 2020 mm, the largest diameter of the powder charging aperture
30 is within a range from 50 to 500 mm, and the largest diameter R3a of the first powder discharging aperture 10a is
within a range from 50 to 500 mm, and that the largest diameter R2a of the boss portion 2a' of the rotor 2a is within a
range from 30 to 450 mm.
[0057] The gap L3a between the rear face of the rotor 2a and the first rear wall 8a can be adjusted by varying the
height of a spacer 14. The level of surface treatment of the solid particles in the first cylindrical treating chamber 29a
can be varied by the adjustment of the magnitude of the gap L3a, the relationship between the largest diameters R3a
and R2a, the revolution of the rotor and the suction rate of the suction blower 24.
[0058] In prolonging the detention time of the solid particles, it is preferred that the gap L3a is within a range from 1
to 30 mm.
[0059] Furthermore, the largest diameter R1a of the rotor 2a and the largest diameter R3a of the first powder dis-
charging aperture provided in the first rear wall 8a preferably satisfy the following conditions:

and more preferably R1a, R2a and R3a satisfy the following conditions:

[0060] When the surface treatment is carried out to reduce the shape factor SF-1 of solid particles such as toner
particles, the peripheral speed of the outermost periphery of the rotor is preferably within a range from 10 to 200 m/
sec, more preferably from 50 to 150 m/sec, for achieving efficient treatment. In such case, the rotor is rotated preferably
within a range from 90 to 40,000 rpm, more preferably from 900 to 20,000 rpm.
[0061] When treating the surfaces of the solid mother particles by adhering and/or fixing onto the surfaces of the
solid mother particles solid daughter particles smaller than the solid mother particles, the peripheral speed of the out-
ermost periphery of the rotor is preferably within a range from 10 to 200 m/sec, more preferably from 50 to 150 m/sec.
In such case, the rotor is rotated preferably within a range from 90 to 40,000 rpm, more preferably from 900 to 20,000
rpm.
[0062] When adhering and/or fixing onto the surfaces of solid mother particles thermoplastic solid daughter particles
smaller than the solid mother particles while thermally softening the solid daughter particles, thereby forming a film
derived from the solid daughter particles on the surface of the solid mother particles, the peripheral speed of the out-
ermost periphery of the rotor is preferably within a range from 10 to 200 m/sec, more preferably from 50 to 150 m/sec.
In such case, the rotor is rotated preferably within a range from 90 to 40,000 rpm, more preferably from 900 to 20,000
rpm.
[0063] In order to efficiently conduct the surface treatment of solid particles, it is preferred that 2 or more cylindrical
treating chambers are provided, and, more preferably, such cylindrical treating chambers mutually communicate. The
cylindrical treating chambers are provided preferably in a number from 2 to 10, more preferably from 3 to 10. In each
cylindrical treating chamber, the solid particles are subjected to the surface treatment in a continuous manner by the
blades of the rotor and the sidewall.
[0064] It is preferable, for efficiently obtaining the uniformly surface-treated solid particles, that each of the cylindrical
treating chambers positioned behind the first one 29a satisfies the same conditions as those explained on the first

0.2 ≤ R3a/R1a ≤ 0.9,

0.01 ≤ (R3a - R2a)/R1a ≤ 0.35.
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cylindrical treating chamber 29a.
[0065] For example, the second cylindrical treating chamber 29b shown in Figs. 2 and 3 communicates with the first
cylindrical treating chamber 29a through the powder discharging aperture 10a provided at the center of the first rear
wall 8a, and the solid particles subjected to the surface treatment in the first cylindrical treating chamber 29a are
introduced through the powder discharging aperture 10a into the central part of the second cylindrical treating chamber
29b and are further subjected to surface treatment therein.
[0066] In the second cylindrical treating chamber 29b, the height Hb of the blades 9b integrated to the second rotor
2b to form one structure, the gap L1b between the tips of the blades 9b and the guide plate 8a constituting the rear
wall of the first cylindrical treating chamber 29a, which is the front wall of the second cylindrical treating chamber 29b,
the largest diameter R1b of the second rotor 2b and the gap L2b between the blades 9b and the lateral wall 7b of the
second cylindrical treating chamber 2b satisfy the following conditions:

and

The ratio L2b/R1b is preferably within a range from 1.5 3 10-3 to 85.0 3 10-3, more preferably from 2.0 3 10-3 to 80.0
3 10-3. Under these conditions, the uniform and efficient surface treatment can be applied to the solid particles, since
the solid particles efficiently receive the mechanical impact force by the blades 9b and the sidewall 7b in the second
cylindrical treating chamber 29b and have a prolonged detention time by circulating in the second cylindrical treating
chamber 29b.
[0067] For more efficient surface treatment, Hb is preferably within a range from 10.0 to 500.0 mm, more preferably
from 20.0 to 400.0 mm; L1b is preferably within a range from 1 to 300 mm, more preferably from 5 to 200 mm; R1b is
preferably within a range from 100 to 2000 mm, more preferably from 150 to 1000 mm; and L2b is preferably within a
range from 1.0 to 15.0 mm, more preferably from 1.0 to 10.0 mm.
[0068] In order to efficiently carry out the surface treatment of the solid particles, the second rotor 2b is preferably
provided with 2 to 32 blades, more preferably 4 to 16 blades. For prolonging the detention time of the solid particles
and efficiently generating the mechanical impact force to the solid particles by the sidewall, the height Hb of the blades
of the rotor 2b is preferably larger than the half-value width Wb of the blades, and more preferably 1.1 to 2.0 times as
large as Wb.
[0069] In order to prolong the detention time of the solid particles, it is preferable that the internal volume Vb of the
second cylindrical treating chamber 29b is within a range from 1 3 103 to 4 3 106 cm3, the area Sb of each blade 9b
is within a range from 10 to 300 cm2 and the half-value width Wb of the blade 9b is within a range from 10 to 300 mm.
[0070] Furthermore, for achieving efficient surface treatment, it is preferable that in the second cylindrical treating
chamber 29b, the largest diameter R4b is within a range from 100.5 to 2020 mm, the largest diameter of the powder
discharging aperture 10a is within a range from 50 to 500 mm, and the largest diameter R3b of the second powder
discharging aperture 10b is within a range from 50 to 500 mm, and that the largest diameter R2b of the boss portion
2b' of the rotor 2b is within a range from 30 to 450 mm.
[0071] The gap L3b between the rear face of the rotor 2b and the second rear wall 8b can be adjusted by varying
the height of the spacer. For prolonging the stay time of the solid particles, the gap L3b is preferably within a range
from 1.0 to 30.0 mm.
[0072] In addition, the largest diameter R1b of the rotor 2b and the largest diameter R3b of the second powder dis-
charging aperture provided in the second rear wall 8b preferably satisfy the following conditions:

and more preferably R1b, R2b and R3b satisfy the following conditions:

[0073] Figs. 10 and 11 respectively show a system and a treating apparatus in which the rotary driving shaft is
positioned in the horizontal direction.

0.1 ≤ L1b/Hb ≤ 5.0, 50 3 10-3 ≤ Hb/R1b ≤ 400 3 10-3

1.0 3 10-3 ≤ L2b/R1b ≤ 95 3 10-3.

0.2 ≤ R3b/R1b ≤ 0.9,

0.01 ≤ (R3b - R2b)/R1b ≤ 0.35.



EP 0 822 002 B1

5

10

15

20

25

30

35

40

45

50

55

9

[0074] An example of the surface treating method for the solid particles utilizing the system including the treating
apparatus I will be explained below with reference to Figs. 1 to 3.
[0075] The treating apparatus I shown in Fig. 1 is provided with four rotors in the vertical direction. The rotary driving
shaft 3 is so rotated by the motor 34 that the outermost peripheral speed of the rotors 2a - 2d is, for example, 100 m/
sec, where the revolution of the rotors 2a - 2d is, for example, 7900 rpm. The suction blower 24 is operated to suck
an amount of air equal to, or larger than, the amount of air flow generated by the rotation of the blades 9a - 9d. The
suction amount of the suction blower can be adjusted by the valves 19a, 19b under the observation of the flow meter
44. The solid particles are introduced by the suction from the vibration feeder 15 into the hopper together with air, then
introduced through the powder supply tube 31 and the powder charging aperture 30 into the center of the first cylindrical
treating chamber 29a and subjected to surface treatment therein by the blades and the sidewall. The solid particles
subjected to surface treatment are introduced, through the first powder discharging aperture 10a provided at the center
of the guide plate 8a, into the center of the second cylindrical treating chamber 29b and further subjected to surface
treatment therein by the blades and the sidewall.
[0076] The solid particles subjected to surface treatment in the second cylindrical treating chamber 29b are intro-
duced, through the second powder discharging aperture 10b provided at the center of the guide plate 8b, into the center
of the third cylindrical treating chamber 29c and further subjected to surface treatment therein by the blades and the
sidewall. The solid particles are further introduced, through the third powder discharging aperture 10c provided at the
center of the guide plate 8c, into the center of the fourth cylindrical treating chamber 29d and further subjected to
surface treatment by the blades and the sidewall. The air carrying the solid particles is passed, via the first to fourth
cylindrical treating chambers 29a - 29d, through the discharge pipe 13, the pipe 17, the cyclone 20, the bag filter 22
and the suction blower 24 and discharged to the exterior of the system.
[0077] In each cylindrical treating chamber, the solid particles introduced therein receive instantaneous mechanical
impact force by the blades and also receive mechanical impact force upon colliding with the sidewall. The rotation of
the blades of a predetermined size provided on the rotor generates a convective air flow circulating in a space above
the rotor from the central portion to the peripheral portion and from the peripheral portion to the central portion, whereby
the solid particles are detained in the cylindrical treating chamber and are subjected to surface treatment. The detention
time of the solid particles can be regulated by the rotation speed and revolution of the rotor, the height and width of
the blade and the number of the blade, and also by the suction air amount of the suction blower.
[0078] Accordingly by passing through the cylindrical treating chambers in succession, the solid particles can be
uniformly surface-treated in a continuous and efficient manner.
[0079] The surface treatment is concretely described below in the case where the solid particles or the solid matrix
particles are toner particles containing at least a binder resin and a coloring material.
[0080] As the binder resin for forming the toner particles, know resins may be used. Examples of the binder resin
include polystyrene; homopolymers of substituted styrene such as poly-p-chlorostyrene or polyvinyltoluene; styrene-
type copolymers such as styrene-p-chlorostyrene copolymer, styrene-vinyltoluene copolymer, styrene-vinylnaphtha-
lene copolymer, styrene-acrylic ester copolymer, styrene-methacrylic ester copolymer, styrene-methyl α-chlorometh-
acrylate copolymer, styrene-acrylonitrile copolymer, styrene-vinyl methyl ether copolymer, styrene-vinyl ethyl ether
copolymer, styrene-vinyl methyl ketone copolymer, styrene-butadiene copolymer, styrene-isoprene copolymer or sty-
rene-acrylonitrile-indene copolymer; maleic resin; acrylic resin; methacrylic resin; silicone resin; polyester resin; polya-
mide resin; furane resin; epoxy resin; and xylene resin. Particularly preferred are styrenic copolymer, polyester resin
and epoxy resin.
[0081] In the styrene-type copolymers, examples of counter comonomers to a styrene monomer include a double
bond-containing monocarboxylic acid or a substitution product thereof such as acrylic acid, methyl acrylate, ethyl acr-
ylate, butyl acrylate, dodecyl acrylate, octyl acrylate, 2-ethylhexyl acrylate, phenyl acrylate, methacrylic acid, methyl
methacrylate, ethyl methacrylate, butyl methacrylate, octyl methacrylate, acrylonitrile, methacrylonitrile or acrylamide;
a double bond-containing dicarboxylic acid or a substitution product thereof such as maleic acid, butyl maleate, methyl
maleate or dimethyl maleate; a vinyl ester such as vinyl chloride, vinyl acetate or vinyl benzoate; an olefin such as
ethylene, propylene or butylene; a vinyl ketone such as vinyl methyl ketone or vinyl hexyl ketone; and a vinyl ether
such as vinyl methyl ether, vinyl ethyl ether or vinyl isobutyl ether. Such vinylic monomers may be used alone or in
combination. As a crosslinking agent, a compound containing two or more polymerizable double bonds may be prin-
cipally used. Examples of such a compound include an aromatic divinyl compound such as divinylbenzene or divinyl-
naphthalene; a carboxylic acid ester containing two double bonds such as ethylene glycol diacrylate, ethylene glycol
dimethacrylate or 1,3-butanediol dimethacrylate; a divinyl compound such as divinylaniline, divinyl ether, divinyl sulfide
or divinyl sulfone; and a compound containing three or more vinyl radicals. These compound may be used alone or in
combination.
[0082] The coloring material may be an inorganic pigment, an organic pigment or an organic dye.
[0083] As a black coloring material, there can be employed carbon black, a magnetic material such as magnetite or
ferrite, and a black mixture of yellow/magenta/cyan coloring materials.
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[0084] The non-magnetic black coloring material, such as carbon black, is used in an amount of 10 to 20 parts by
weight per 100 parts by weight of the binder resin.
[0085] An example of the magnetic material is a metal oxide which is principally composed of iron and contains
elements such as cobalt, nickel, copper, magnesium or manganese as arbitrary components. Particularly preferred
are magnetic materials principally composed of iron oxide such as triiron tetroxide or γ-ferric oxide. For controlling the
chargeability of a magnetic toner, the magnetic material may contain another metallic element such as silicon or alu-
minum. Such magnetic material has a BET specific surface area, measured by nitrogen adsorption, preferably within
a range of 2 to 30 m2/g, more preferably 3 to 28m2/g, and preferably has a Mohs hardness of 5 to 7.
[0086] It is preferred that the magnetic material has an octahedral, hexahedral or spherical shape and is less in
anisotropy, in order to increase the image density. The number-averaged particle size of the magnetic material is
preferably within a range of 0.05 to 1.0 µm, more preferably 0.1 to 0.6 µm, and most preferably 0.1 to 0.4 µm.
[0087] With respect to 100 parts by weight of the binder resin, the magnetic material is used preferably in an amount
of 30 to 200 parts by weight, more preferably 40 to 200 parts by weight and most preferably 50 to 150 parts by weight.
An amount less than 30 parts by weight tends to deteriorate a transportability in a developing device utilizing the
magnetic force in the toner transportation, thus causing unevenness in the developer layer on a developer carrying
member, and is liable to lower an image density due to an increase in the triboelectricity. On the other hand, an amount
exceeding 200 parts by weight deteriorates the fixing ability of the magnetic toner.
[0088] As a yellow coloring material, there may be employed various compounds represented by condensed azo
compounds, isoindolinone compounds, anthraquinone compounds, azo metal complexes, methine compounds and
arylamide compounds. Preferred specific examples include C.I. Pigment Yellow 12, 13, 14, 15, 17, 62, 74, 83, 93, 94,
95, 97, 109, 110, 111, 120, 127, 128, 129, 147, 168, 174, 176, 180, 181 and 191.
[0089] As a magenta coloring material, the following may be used: condensed azo compounds, diketopyrrolopyrroles,
anthraquinones, quinacridones, basic lake dyes, naphthols, benzimidazolones, thioindigo compounds and perylenes.
Preferred specific examples include C.I. Pigment Red 2, 3, 5, 6, 7, 23, 48:2, 48:3, 48:4, 57:1, 81:1, 144, 146, 166, 169,
177, 184, 185, 202, 206, 220, 221 and 254.
[0090] As a cyan coloring material, copper phthalocyanines and derivatives thereof, anthraquinones and basic lake
dyes may be used. Preferred specific examples include C.I. Pigment Blue 1, 7, 15, 15:1, 15:2, 15:3, 15:4, 60, 62 and 66.
[0091] These non-magnetic chromatic coloring materials may be used alone, or in a mixture, or in a solid solution.
The colored coloring material is selected in view of a hue angle, chroma, brightness, weather resistance, transparency
for overhead projection and dispersibility into a toner. The chromatic coloring material is preferably employed in an
amount of 1 to 20 parts by weight based on 100 parts by weight of the binder resin.
[0092] Wax is preferably contained in toner particles to improve releasability from a fixing means at the time of toner
image fixation and fixability. Examples of such wax include paraffin and derivatives thereof, microcrystalline wax and
derivatives thereof, Fischer-Tropsch wax and derivatives thereof, polyolefin wax and derivatives thereof and ester wax
and derivatives thereof. These derivatives include oxide, block copolymers with vinyl monomers, and graft-modified
compounds.
[0093] A charge control agent is preferably used in the toner particles either by incorporation therein (internal addition)
or by mixing with the toner particles (external addition). The charge control agent allows the charge quantity to be
controlled in the optimum manner matching the developing system, particularly, stabilizing the balance between the
particle size distribution and the charge amount. A negatively chargeable toner can be obtained using organometallic
complexes or chelates, such as monoazo metal complexes, acetylacetone metal complexes, aromatic hydroxycarbox-
ylic acid metal complexes, or aromatic dicarboxylic acid metal complexes. Other examples include aromatic hydroxy-
carboxylic acids, aromatic mono- and poly-carboxylic acids, and metal salts, anhydrides and esters thereof; and phenol
derivatives such as bisphenol.
[0094] A positively chargeable toner can be obtained using negrosin and modification products thereof modified with
metal salts of fatty acids; quaternary ammonium salts such as tributylbenzylammonium-1-hydroxy-4-naphthosulfonate
or tetrabutylammonium tetrafluoroborate; onium salts such as phosphonium salts and lake pigments thereof; triphe-
nylmethane dyes and lake pigments thereof (a laking agent such as phosphotungstic acid, phosphomolybdic acid,
phosphotomolybdic acid, tannic acid, lauric acid, gallic acid, ferricyanides, ferrocyanides, etc.); metal salts of higher
fatty acids; diorgano tin oxides such as dibutyl tin oxide, dioctyl tin oxide or dicyclohexyl tin oxide; and diorgano tin
borates such as dibutyl tin borate, dioctyl tin borate or dicyclohexyl tin borate. These compounds can be employed
alone or in a combination of two or more kinds.
[0095] The charge control agent mentioned above is preferably used in the form of fine particles, where the number-
averaged particle size is preferably not larger than 4 µm, more preferably not larger than 3 µm.
[0096] In case of internal addition of such charge control agent to the toner particles, it is preferably used in an
amount of 0.1 to 20 parts by weight, more preferably 0.2 to 10 parts by weight, based on 100 parts by weight of the
binder resin.
[0097] The toner particles, which have not been subjected to the surface treatment, can be produced by, for example,
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a method of producing toner particles by uniformly dispersing a binder resin, coloring material, wax, charge control
agent, etc. by the use of a pressure kneader, an extruder or a media disperser, then pulverizing the mixture to a desired
toner particle size by mechanical pulverization or by collision against a target under a jet stream, and sharpening the
particle size distribution by a classifying step; a method of obtaining toner particles by spraying a fused mixture in the
air by the use of a disk or a multi-fluid nozzle as described in the Japanese Patent Publication No. 56-13945; a method
of directly forming toner particles by suspension polymerization as disclosed in the Japanese Patent Publication No.
36-10231 and in the Japanese Patent Application Laid-Open Nos. 59-53856 and 59-61842; a method of directly forming
toner particles by dispersion polymerization in organic solvent in which the monomer is soluble but the resulting polymer
is insoluble; or an emulsion polymerization for directly forming polymer particles by polymerization in the presence of
a water-soluble polar polymerization initiator, which is typified by the soap-free polymerizing method.
[0098] It is preferred for improving the developability, the resolution and the transferrability of toner particles, that
toner particles having large shape factors SF-1, SF-2 obtained by a pulverizing method are treated with the surface
treating apparatus of the present invention to make the shape factors SF-1 and SF-2 small.
[0099] In the present invention, from the viewpoint of the inhibition of agglomeration and productivity, the thermome-
chanical impact is preferably applyed in the mechanical impact method at a processing temperature close to a glass
transition point Tg of toner particles, namely within a range of Tg ± 10°C. More preferably the process is executed at
a temperature of the glass transition point Tg ± 5°C of the toner particles, which is particularly effective in reducing the
number of 10nm or larger fine pores on the surface, allowing the inorganic fine powder externally added to the toner
particles to effectively function and improving the image transfer efficiency.
[0100] The glass transition point of the toner particles or the binder resin is measured with a differential thermal
analysis apparatus (DSC mesuring apparatus) such as DSC-7 manufactured by Perkin Elmar Inc.
[0101] The specimen to be measured is precisely weighed in an amount of 5 to 20 mg, preferably 10 mg.
[0102] The weighed specimen is placed in an aluminum pan, and while using an empty aluminum pan for reference,
is subjected to measurement at a temperature rising rate of 10°C/min in a temperature range of 30°C to 200°C under
normal humidity and temperature conditions.
[0103] In the course of the temperature rise, a main endothermic peak appears in the temperature range of 40°C to
100°C.
[0104] The glass transition point Tg is defined by the point of intersection at which a line connecting the centers of
the base lines before and after the endothermic peak intersects the differential thermal curve.
[0105] The surface-treated toner particles are usually mixed with an externally added material to prepare the toner.
The obtained toner is used as a one-component developer as it is, or mixed with carrier particles to be used as a two-
component developer. As the externally added material, an inorganic fine powder or inorganic fine powder of which
surface has been subjected to organic treatment may be used.
[0106] The inorganic fine powder is preferably silica, alumina, titania or double oxides thereof, for improving charge
stability, developability, flowability and storability. Usable silica includes dry silica, which is called dry-process silica or
fumed silica, prepared by vapor phase oxidation of silicon halide or alkoxide, or wet-process silica prepared from
alkoxide or water-glass, while the dry-process silica is preferred because it is less in the content of silanol radicals
present on the surface, and in the interior, of the silica fine powder, and less in the content of residue such as NaaO
and SO3

2-. In the production process of the dry-process silica it is also possible to obtain complex fine powder of silica
and other metal oxides by using another metal halide such as aluminum chloride or titanium chloride together with
silicon halide, and such complex fine powder is also usable.
[0107] Satisfactory results can be obtained with the inorganic fine powder having the BET specific surface area,
measured by nitrogen absorption in the BET method, of 30 m2/g or more, particularly 50 to 400 m2/g. The inorganic
fine powder may be used in an amount of 0.1 to 8 parts by weight, preferably 0.5 to 5 parts by weight, more preferably
1.0 to 3.0 parts by weight, based on 100 parts by weight of the toner particles.
[0108] The inorganic fine powder preferably has a primary average particle size not larger than 30 nm.
[0109] The inorganic fine powder may be treated, if necessary, with a treating agent such as silicone varnish, various
modified silicone varnishes, silicone oil, denatured silicone oil, a silane coupling agent, a silane coupling agent with
radicals, or other organosilicon or organotitanium compounds, imparting hydrophobicity or regulating chargeability. It
is also preferable to treat the inorganic fine powder with two or more kinds of the treating agents.
[0110] For maintaining a high charge amount and achieving a high transfer rate, the inorganic fine powder is treated
more preferably at least with silicon oil.
[0111] For improving transferability and/or cleaning ability, it is also preferable to form the toner by adding, in addition
to the above-mentioned inorganic fine powder, inorganic or organic quasi-spherical fine particles having a primary
particle size exceeding 30 nm (preferably a specific surface area not exceeding 50 m2/g), more preferably having a
primary particle size equal to or larger than 50 nm (preferably with a specific surface area not exceeding 30 m2/g). For
example, can be advantageously employed spherical silica particles, spherical polymethylsil sesquioxane particles or
spherical resin particles.
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[0112] Still other externally added materials may be added to the toner particles within an extent in which no detri-
mental effect is exhibited. Examples of such materials include a lubricant powder such as teflon powder, zinc stearate
powder or polyfluorovinylidene powder; abrasive such as cerium powder, silicon carbide powder, calcium titanate pow-
der or strontium titanate powder; an anticaking agent; an electroconductivity imparting agent such as carbon black
powder, zinc oxide powder or tin oxide powder; and organic or inorganic fine particles having a polarity opposite to
that of the toner particles.
[0113] The surface treatment with the treating apparatus of the present invention allows amorphos toner particles
to be transformed into spherical particles or particles having at least rounded shapes, and can efficiently produce the
toner particles having a specific surface area Sr per unit weight of toner within a range of 0.5 to 1.4 m2/g and a charge
quantity (in a two-component method) per unit weight of toner within a range of 16.0 to 50.0 mC/kg (preferably 18.0
to 30.0 mC/kg).
[0114] The toner particles having a spherical shape are hard to crush in a developing device, inhibit its particle size
distribution from varying its charge quantity distribution from broadening, and can control background fogging or re-
versal fogging and improve the flowability of toner. Also, the specific surface area Sr and the charge amount per unit
weight of toner maintained in the above-mentioned ranges can improve the transfer efficiency of toner images at the
time of transfer from an electrostatic image bearing member to a transfer receiving material, and inhibit faulty transfer
(or blank area) from occurring in the middle of a line image.
[0115] With reference to Fig. 24, an example of an image forming method and an image forming apparatus will be
described below in which the toner produced by the method of the present invention can be advantageously employed.
[0116] Referring to Fig. 24, around a photosensitive member (drum) 500, there are provided a primary charging roller
517 which is a contact charging means, a developing unit 540 which is a developing means, a transfer roller 514 and
registration rollers 524. The photosensitive drum 500 is charged by the primary charging roller 517, for example, to
-700 V. Bias application means 531 applies, for example, a DC voltage of -1350 V. A digital electrostatic latent image
is formed on the photosensitive drum 500 by irradiation with a laser beam 523 from a laser unit 521 and is developed
with a magnetic one-component toner in the developing unit 540, and the resulting toner image is transferred onto a
transfer receiving material 527 by means of a transfer roller 514 which is in contact with the photosensitive drum 500
via the transfer receiving material 527 and to which a bias voltage is applied by bias application means 534. The transfer
receiving material 527 bearing the toner image 529 is transported by a conveyor belt 525 to a heat-pressure fixing
device having a heating roller 526 and a pressure roller 527 where the toner image is fixed to the transfer material.
[0117] After the transfer step, the toner remaining on the photosensitive drum 500 is removed by cleaning means
such as a cleaning blade 516.
[0118] The developing unit 540 is provided with a developing sleeve 502 including magnetic field generating means
such as a magnet 504, an elastic blade 503, magnetic toner 505 and an stirring rod 505, and a developing bias is
applied to the developing sleeve 502 by bias application means 533.
[0119] The charging roller 517 is basically composed of a central core metal 517b and a conductive elastic layer
517a constituting the external periphery. The charging roller 517 is brought into pressure-contact with the surface of
the photosensitive drum 500 and rotated in a direction opposite to that of the photosensitive drum 500.

Example 1

[0120] Following materials:

were well mixed in a Henschel mixer (FM-75 manufactured by Mitsui-Miike Kakoki Co.) and then kneaded in a two-
axis kneader (PCM-30 manufactured by Ikegai Tekko Co.) set at 150°C. The kneaded material was granulated with a
hammer mill to a size of 1 mm or less to produce a granulated material, which was then pulverized in an air-impact
pulverizer and classified in an air classifier to produce magnetic toner particles with a weight-averaged particle size of
6.7 µm (containing particles not larger than 4.00 µm in 15% by number and containing particles equal to, or larger than,
10.01 µm in 2.0% by volume). The untreated magnetic toner particles had shape factors SF-1 of 160 and SF-2 of 155,
a glass transition point of 58°C, a BET specific surface area of 1.65 m2/g and a two-component triboelectric charge
quantity of 12.1 mC/kg.
[0121] The magnetic toner particles were subjected to surface treatment in the system shown in Fig. 1 having the

Styrene-butyl acrylate-divinylbenzene copolymer (monomer ratio: 80.0/19.0/1.0 in polymer;
weight-averaged molecular weight Mw: 350,000) as binder resin

100 parts by weight

Magnetic iron oxide (average particle size: 0.18 µm) as coloring material 100 parts by weight
Monoazo iron complex as charge control agent 2 parts by weight
Low molecular weight ethylene-propylene copolymer (wax) 4 parts by weight
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vertical treating apparatus I shown in Figs. 2 and 3 and set as indicated in Tables 1 and 2.
[0122] The magnetic toner particles introduced into the vibration feeder 15 were introduced through the hopper 32
at a rate of 20 kg/hr. The rotors were rotated at a revolution of 8000 rpm and an outermost peripheral speed of the
rotors of 101 m/sec, and the temperature inside the treating apparatus I was 47°C.
[0123] When introducing the magnetic toner particles, the blower 24 was operated to suck the air from the cylindrical
treating chambers in an amount which is somewhat larger than the amount of air flow generated by the rotation of the
blades 9a - 9d, and the magnetic toner particles were collected by the cyclone 20. The introduced magnetic toner
particles were surface-treated and collected for a time period of 20 seconds or less. The surface-treated magnetic
toner particles had a weight-averaged diameter of 6.5 µm (containing particles not larger than 4.00 µm in 20% by
number and containing particles equal to, or larger than, 10.01 µm in 1.5% by volume), SF-1 of 145, SF-2 of 122, a
BET specific surface area of 0.89 m2/g and a two-component triboelectric charge quantity of 23.8 mC/kg.
[0124] 100 parts by weight of the surface-treated magnetic toner particles and 1.8 parts by weight of hydrophobic
dry silica having a primary particle size of 12 nm and subjected to hydrophobic treatment with silicone oil and hexam-
ethyldisilazane to produce a negatively chargeable magnetic toner for developing electrostatic charge image.
[0125] The obtained toner was employed in the image forming apparatus shown in Fig. 24, in which a digital latent
image (dark potential Vd = -700 V, light potential VL = -210 V) was formed by the laser beam on an organic photocon-
ductor (OPC) drum serving as an electrostatic image bearing member. The gap between the photosensitive drum and
the developing sleeve was maintained at 300 µm. Used as a toner bearing member was a developing sleeve composed
of a resinous layer with a thickness of ca. 7 µm and a JIS center-line average coarseness (Ra) of 1.5 µm, formed on
a mirror-finished aluminum cylinder having a diameter of 16 mm. Developing magnetic poles of 95 mT (950 Gauss)
and a toner regulating member composed of an urethane rubber blade with a thickness of 1.0 mm and a free length
of 10 mm were used and brought into contact with the sleeve at a linear pressure of 14.7 N (15 g/cm). The thickness
of the toner layer on the developing sleeve was 7 µm.

[0126] The developing bias was composed of a DC bias component Vdc = -500 V and a superposed AC bias com-
ponent Vp-p = 1200 V with a frequency f = 2000 Hz. The developing sleeve was rotated at a peripheral speed (72 mm/
sec) of 150% of the peripheral speed (48 mm/sec) of the photosensitive member in the same direction (i.e., the rotating
direction being inverse to that of the photosensitive member).
[0127] The digital latent image was developed by a reversal developing method, and the image formation was carried
out under the conditions of 23°C and 65% RH while applying a transfer bias of +2000 V. The transfer sheet was
composed of paper of 75 g/m2.
[0128] The image transfer from the photosensitive drum to the transfer receiving material was carried out in an
efficiency as high as 93%, whereby a satisfactory image was able to be obtained without faulty transfer in the middle
of charater or line images and without toner scattering around the image.
[0129] The toner scattering was evaluated on fine lines relating to the image quality of a graphical image, namely,
lines of a width of 100 µm which tend to cause scattering more easily than letter or line images.
[0130] The transferability was evaluated by peeling off the toner in a solid black image area on the photosensitive
drum with a Mylar adhesive tape, adhering the tape on paper to measure the Macbeth density, and subtracting the
Macbeth density of the tape only adhered on the paper.
[0131] The specific surface area was calculated according to the BET method, in which nitrogen gas is adsorbed on
the surface of a specimen by the use of a specific area measuring instrument Autosorb I (manufactured by Yuasa
Ionics Co.) and a calculation is made according to the multi-point BET method.
[0132] The charge quantity of the toner particles or the toner according to the two-component method (two-compo-
nent triboelectricity) was measured in the following manner, using a measuring instrument shown in Fig. 23.
[0133] Under the conditions of 23°C and 60% RH, a mixture of 9.5 g of iron powder (EFV200/300 supplied by Powder
Tech Co.) as a carrier and 0.5 g of toner particles or toner was placed in a polyethylene bottle of 50 to 100 ml and was
manually shaken 50 times. Then 1.0 to 1.2 g of the above-mentioned mixture was placed in a metal measuring container
432 having a screen 433 of 500 mesh at the bottom, and the container was capped with a metal cover 434. In this
state, the weight W1 (g) of the entire measuring container 432 was measured. Then air was sucked from a suction
aperture 437 of a suction device (composed of an insulating material at least in a part in contact with the measuring
container 432), while adjusting a regulating valve 436 so that the pressure was 2450 Pa (250 mm Aq) on a pressure
gauge 435. The toner particles or the toner was removed by suction for 1 minute in this state. The potential indicated
on a potential meter 439 was measured as V (volt). A capacitor 438 had a capacitance C (µF). The weight W2 (kg) of

Phenol resin 100 parts by weight
Graphite (particle size ca. 7 µm) 90 parts by weight
Carbon black 10 parts by weight
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the entire measuring instrument after the suction was measured. The triboelectricity of the toner particles or the toner
was calculated by:

Example 2

[0134] The surface treatment of the toner particles was conducted in the same manner as in Example 1, except that
the introduction amount of the untreated magnetic toner particles into the hopper 32 was selected as 15 kg/hr and the
revolution of the rotors was selected as 9000 rpm. The surface-treated magnetic toner particles had a weight-averaged
particle size of 6.4 µm (containing particles not larger than 4.00 µm in 22% by number and containing particles not
smaller than 10.01 µm in 1.5% by volume), SF-1 of 140 and SF-2 of 125, a BET specific surface area of 0.92 m2/g
and a two-component triboelectric charge amount of 22.1 mC/kg.
[0135] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in an efficiency as high as 91%, whereby a satisfactory image could be obtained without faulty transfer
in the middle of character lines and without toner scattering around the image.

Example 3

[0136] The magnetic toner particles were subjected to surface treatment in the system shown in Fig. 1 having the
treating apparatus shown in Figs. 2 and 3 and set as indicated in Tables 1 and 2.
[0137] The surface treatment of the toner particles was conducted in the same manner as in Example 1, except that
the amount of introduction of the untreated magnetic toner particles into the hopper 32 was selected as 80 kg/hr and
the revolution of the rotors was selected as 4200 rpm.
[0138] The surface-treated magnetic toner particles had a weight-averaged particle size of 6.5 µm (containing par-
ticles not larger than 4.00 µm in 19% by number and containing particles not smaller than 10.01 µm in 1.5% by volume),
SF-1 of 140 and SF-2 of 125, a BET specific surface area of 0.88 m2/g and a two-component triboelectricity of 21.0
mC/kg.
[0139] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in an efficiency as high as 92%, whereby a satisfactory image could be obtained without faulty transfer
in the middle of character lines and without toner scattering around the image.

Example 4

[0140] Following materials:

were well mixed in a Henschel mixer (FM-75 manufactured by Mitsui-Miike Kakoki Co.) and then were kneaded in a
two-axis kneader (PCM-30 manufactured by Ikegai Tekko Co.) set at 150°C. The kneaded material was cooled and
granulated with a hammer mill to a size of 1 mm or less, obtaining a granulated material, which was then pulverized
by the use of an air-impact pulverizer and classified in an air classifier to produce magnetic toner particles with a weight-
averaged particle size of 6.8 µm (containing particles not larger than 4.00 µm in 14% by number and containing particles
not smaller than 10.01 µm in 1.4% by volume). The magnetic toner particles had shape factors SF-1 of 170 and SF-2
of 157, a BET specific surface area of 1.75 m2/g and a two-component triboelectricity of 11.9 mC/kg.
[0141] The magnetic toner particles were subjected to surface treatment in the system shown in Fig. 1 having the
treating apparatus shown in Figs. 2 and 3 and set as indicated in Tables 1 and 2.
[0142] The surface treatment of the toner particles was conducted in the same manner as in Example 1, except that
the introduction amount of the untreated magnetic toner particles into the hopper 32 was selected as 17 kg/hr and the
revolution of the rotors was selected as 8300 rpm.
[0143] The surface-treated magnetic toner particles had a weight-averaged particle size of 6.6 pm (containing par-

Unsaturated polyester resin (binder resin) 100 parts by weight
Magnetic iron oxide (average particle size 0.18 µm, coloring material) 100 parts by weight
Monoazo iron complex (charge control agent) 2 parts by weight
Low molecular weight ethylene-propylene copolymer (wax) 4 parts by weight

Triboelectricity (mC/kg) = C 3 V/(W1 - W2).
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ticles not larger than 4.00 µm in 19.5% by number and containing particles not smaller than 10.01 µm in 1.6% by
volume), SF-1 of 142 and SF-2 of 130, a BET specific surface area of 0.99 m2/g and a two-component triboelectricity
of 20.0 mC/kg.
[0144] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in an efficiency as high as 90%, whereby a satisfactory image could be obtained without failed transfer
in the middle of character lines and without toner scattering around the image.

Example 5

[0145] The surface treatment of the toner particles was conducted in the same manner as in Example 4, except that
the introduction amount of the untreated magnetic toner particles into the hopper 32 was selected as 75 kg/hr and the
revolution of the rotors was selected as 4400 rpm.
[0146] The surface-treated magnetic toner particles had a weight-averaged particle size of 6.3 µm (containing par-
ticles not larger than 4.00 µm in 25% by number and containing particles not smaller than 10.01 µm in 0.5% by volume),
SF-1 of 144 and SF-2 of 131, a BET specific surface area of 0.83 m2/g and a two-component triboelectricity of 20.1
mC/kg.
[0147] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in an efficiency as high as 90%, whereby a satisfactory image could be obtained without faulty transfer
in the middle of character lines and without toner scattering around the image.

Example 6

[0148] The magnetic toner particles prepared in the same manner as in Example 1 were subjected to surface treat-
ment in a system shown in Fig. 10 having the horizontal treating apparatus shown in Fig. 11 and set as shown in Tables
1 and 2.
[0149] The magnetic toner particles were introduced into the vibration feeder 15 through the hopper 32 at a rate of
9.5 kg/hr. The revolution of the rotors was selected as 8000 rpm.
[0150] When introducing of the magnetic toner particles, the blower 24 was operated to suck the air from the cylin-
drical treating chambers in an amount which is somewhat larger than the amount of air flow generated by the rotation
of the blades 9a - 9d, and a collection was made by the cyclone 20. The introduced magnetic toner particles were
surface-treated and collected for a time period of 20 seconds or less.
[0151] The surface-treated magnetic toner particles had a weight-averaged diameter of 6.6 µm (containing particles
not larger than 4.00 µm in 18% by number and containing particles not smaller than 10.01 µm in 1.3% by volume), SF-
1 of 145, SF-2 of 122, a BET specific surface area of 0.97 m2/g and a two-component triboelectricity of -21.7 mC/kg.
[0152] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in an efficiency as high as 90%, whereby a satisfactory image could be obtained without faulty transfer
in the middle of character lines and without toner scattering around the image.

Example 7

[0153] The surface treatment of the toner particles was conducted in the same manner as in Example 6, except that
the introduction amount of the untreated magnetic toner particles into the hopper 32 was selected as 17.5 kg/hr and
the revolution of the rotors was selected as 8300 rpm.
[0154] The surface-treated magnetic toner particles had a weight-averaged particle size of 6.8 µm (containing par-
ticles not larger than 4.00 µm in 17% by number and containing particles not smaller than 10.01 µm in 1.3% by volume),
SF-1 of 150 and SF-2 of 130, a BET specific surface area of 1.02 m2/g and a two-component triboelectricity of 19.8
mC/kg.
[0155] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in an efficiency as high as 89%, whereby a satisfactory image could be obtained without faulty transfer
in the middle of character lines and without toner scattering around the image.

Comparative Example 1

[0156] The magnetic toner particles were subjected to surface treatment in a system shown in Fig. 1 having the
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vertical treating apparatus shown in Figs. 2 and 3 and set as shown in Tables 1 and 2. In the treating apparatus used
in Comparative Example 1, the ratios H1a/R1a to H1d/R1d were set smaller than the lower limit value in the present
invention, and the ratios L2a/R1a to L2d/R1d were set larger than the upper limit value in the present invention.
[0157] The magnetic toner particles prepared in the same manner as in Example 1, were introduced through the
hopper 32 at a rate of 20 kg/hr. The revolution of the rotors was selected as 8000 rpm. The blower 24 was operated
to suck the air from the cylindrical treating chambers in an amount which was somewhat larger than the amount of air
flow generated by the rotation of the blades 9a - 9d, and the treated magnetic toner particles were collected by the
cyclone 20. The introduced magnetic toner particles were surface-treated and collected for a time period of 20 seconds
or less.
[0158] The surface-treated magnetic toner particles had a weight-averaged diameter of 6.7 µm (containing particles
not larger than 4.00 µm in 16% by number and containing particles not smaller than 10.01 µm in 1.6% by volume), SF-
1 of 158, SF-2 of 151, a BET specific surface area of 1.57 m2/g and a two-component triboelectricity of -14.2 mC/kg.
[0159] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in an efficiency of 83%, and faulty transfer in the middle of the character lines and toner scattering around
the image occurred.

Comparative Example 2

[0160] The magnetic toner particles were subjected to surface treatment in a system shown in Fig. 1, having the
vertical treating apparatus shown in Figs. 2 and 3 and set as shown in Tables 1 and 2. In the treating apparatus used
in Comparative Example 2, the ratios L1a/Ha to L1d/Hd were set smaller than the lower limit value in the present invention,
and the ratios Ha/R1a to Hd/R1d were set larger than the upper limit value in the present invention.
[0161] The untreated magnetic toner particles prepared in the same manner as in Example 1 were introduced through
the hopper 32 at a rate of 20 kg/hr. The revolution of the rotors was selected as 8000 rpm. The blower 24 was operated
to suck the air from the cylindrical treating chambers in an amount which was somewhat larger than the amount of air
flow generated by the rotation of the blades 9a - 9d, and the treated magnetic toner particles were collected by the
cyclone 20. The introduced magnetic toner particles were surface treated and collected for a time period of 20 seconds
or less.
[0162] The surface-treated magnetic toner particles had a weight-averaged diameter of 6.9 µm (containing particles
not larger than 4.00 µm in 15.5% by number and containing particles not smaller than 10.01 µm in 2.5% by volume),
SF-1 of 155, SF-2 of 150, a BET specific surface area of 1.52 m2/g and a two-component triboelectricity of -14.8 mC/kg.
[0163] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in efficiency of 85 %, and faulty transfer in the middle of the character lines and toner scattering on the
image occurred.

Comparative Example 3

[0164] The magnetic toner particles were subjected to surface treatment in a system shown in Fig. 1 having the
vertical treating apparatus shown in Figs. 2 and 3 and set as shown in Tables 1 and 2. In the treating apparatus used
in Comparative Example 3, the ratios L1a/Ha to L1d/Hd were set larger than the upper limit value of the present invention.
[0165] The untreated magnetic toner particles prepared in the same manner as in Example 1 were introduced through
the hopper 32 at a rate of 20 kg/hr. The revolution of the rotors was selected as 8000 rpm. The blower 24 was operated
to suck the air from the cylindrical treating chambers in an amount which was somewhat larger than the amount of air
flow generated by the rotation of the blades 9a - 9d, and the treated magnetic toner particles were collected by the
cyclone 20. The introduced magnetic toner particles were surface-treated and collected for a time period of 20 seconds
or less.
[0166] The surface-treated magnetic toner particles had a weight-averaged diameter of 6.7 µm (containing particles
not larger than 4.00 µm in 14.9% by number and containing particles not smaller than 10.01 µm in 2.0% by volume),
SF-1 of 158, SF-2 of 152, a BET specific surface area of 1.53 m2/g and a two-component triboelectricity of -12.8 mC/kg.
[0167] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in efficiency of 82 %, and faulty transfer in the middle of the character lines and toner scattering around
on the image occurred.
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Comparative Example 4

[0168] The magnetic toner particles were subjected to surface treatment in a system shown in Fig. 1 having the
vertical treating apparatus shown in Figs. 2 and 3 and set as shown in Tables 1 and 2. In the treating apparatus used
in Comparative Example 4, the ratios L2a/R1a to L2d/R1d were set smaller than the lower limit value of the present
invention.
[0169] The untreated magnetic toner particles prepared in the same manner as in Example 1 were introduced through
the hopper 32 at a rate of 20 kg/hr. The revolution of the rotors was selected as 8000 rpm. The blower 24 was operated
to suck the air from the cylindrical treating chambers in an amount which was somewhat larger than the amount of air
flow generated by the rotation of the blades 9a - 9d, and the treated magnetic toner particles were collected by the
cyclone 20. The introduced magnetic toner particles were surface treated and collected for a time period of 20 seconds
or less.
[0170] The surface-treated magnetic toner particles had a weight-averaged diameter of 6.7 µm (containing particles
not larger than 4.00 µm in 15% by number and containing particles not smaller than 10.01 µm in 2.0% by volume), SF-
1 of 160, SF-2 of 155, a BET specific surface area of 1.65 m2/g and a two-component triboelectricity of -12.1 mC/kg.
[0171] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. In the image formation under the same conditions same as in Example
3, the image transfer from the photosensitive drum to the transfer material was effected in efficiency of 80 %, and failed
transfer in the middle of the character lines and toner scattering around the image occurred.

Comparative Example 5

[0172] The magnetic toner particles were subjected to surface treatment in a system shown in Fig. 1 having the
vertical treating apparatus shown in Figs. 2 and 3 and set as shown in Tables 1 and 2. In the treating apparatus used
in Comparative Example 5, the ratios L1a/Ha to L1d/Hd were set smaller than the lower limit value of the present invention,
and the ratios Ha/R1a to Hd/R1d and the ratios L2a/R1a to L2d/R1d were set larger than the upper limit values of the
present invention.
[0173] The untreated magnetic toner particles prepared in the same manner as in Example 1 were introduced through
the hopper 32 at a rate of 20 kg/hr. The revolution of the rotors was selected as 8000 rpm. The blower 24 was operated
to suck the air from the cylindrical treating chambers in an amount which was somewhat larger than the amount of air
flow generated by the rotation of the blades 9a - 9d, and the treated magnetic toner particles were collected by the
cyclone 20. The introduced magnetic toner particles were surface-treated and collected for a time period of 20 seconds
or less.
[0174] The surface-treated magnetic toner particles had a weight-averaged diameter of 6.7 µm (containing particles
not larger than 4.00 µm in 15% by number and containing particles not smaller than 10.01 µm in 2.0% by volume), SF-
1 of 160, SF-2 of 155, a BET specific surface area of 1.65 m2/g and a two-component triboelectricity of -12.1 mC/kg.
[0175] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer from the photosensitive drum to the transfer material
was effected in efficiency of 80 %, and faulty transfer in the middle of the character lines and toner scattering on the
image occurred.
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Comparative Example 6

[0176] The magnetic toner particles prepared in the same manner as in Example 1 were subjected to surface treat-
ment in a batch-type treating apparatus having the recycle valve 163 as shown in Figs. 12 to 14. The rotor 162 having
the blades 155 had a largest diameter of 242 mm, and was rotated at a revolution of 8200 rpm. The batch-type treating
apparatus employed in Comparative Example 6 had no powder discharging aperture in the wall opposed to the rear
face of the rotor 162, but the magnetic toner particles were recycled through a recycle valve 163 provided on the side
wall, so that the uniform surface treatment of the magnetic toner particles was harder to achieve than in the treating
apparatus of the present invention. Because of the batch operation, each cycle of "weighing, charging, surface treat-
ment and discharging" took 3 minutes, and since the amount charged at a time was 300 g, the processing rate was
3.6 kg/hr, which was less than 1/5 the capacity of the treating apparatus of the present invention. If the magnetic toner
particles of a larger amount was supplied, the fusing of the magnetic toner particles occurred in the impact chamber
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168 or a longer processing time was required for reaching the desired level of treatment.
[0177] The surface-treated magnetic toner particles had a weight-averaged diameter of 6.5 µm (containing particles
not larger than 4.00 µm in 23% by number and containing particles not smaller than 10.01 µm in 1.5% by volume), SF-
1 of 145, SF-2 of 122, a BET specific surface area of 0.81 m2/g and a two-component triboelectricity of -25 mC/kg.
[0178] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer efficiency was 88% and inferior to that of the magnetic
toner in Example 1.

Comparative Example 7

[0179] The magnetic toner particles prepared in the same manner as in Example 4 were subjected to surface treat-
ment in the batch-type treating apparatus employed in Comparative Example 6. The rotor 162 was rotated at a revo-
lution of 8600 rpm.
[0180] Because of the batch operation, each cycle of weighing, charging, surface treatment and discharging took 5
minutes, and the amount charged at a time was 300 g. Consequently the amount of processing, being 3.6 kg/hr, was
less than 1/5 as compared with the capacity of the treating apparatus of the present invention. With the supply of the
magnetic toner particles of a larger amount, the fusing of the magnetic toner particles occurred in the impact chamber
168.

Comparative Example 8

[0181] The magnetic toner particles prepared in the same manner as in Example 1 were subjected to surface treat-
ment by using a rotary impact-type pulverizer shown in Figs. 15 to 17 as a surface treating apparatus. The distributor
had a largest diameter of 246 mm, and the rotor 214 had a largest diameter of 242 mm. The rotor 214 was rotated at
a revolution of 9000 rpm. The magnetic toner particles were introduced into the apparatus at a rate of 17 kg/hr. A larger
supply amount resulted in a sharp rise in temperature in the apparatus to cause the fusing of the toner particles in the
apparatus.
[0182] The surface-treated magnetic toner particles had a weight-averaged diameter of 5.9 µm (containing particles
not larger than 4.00 µm in 30% by number and containing particles not smaller than 10.01 µm in 0.2% by volume). SF-
1 of 160, SF-2 of 150, a BET specific surface area of 1.42 m2/g and a two-component triboelectricity of -15.5 mC/kg.
[0183] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer efficiency was 85% which was inferior to that of the
magnetic toner of Example 1. The obtained image had a lot of faulty transfer in the middle of the lines and characters,
and remarkable scattering of the toner.

Comparative Example 9

[0184] The untreated magnetic toner particles prepared in the same manner as in Example 1 were subjected to
surface treatment in a rotary mixing apparatus shown in Figs. 18 to 22 as a surface treating apparatus. The rotary
blade 302 was provided in 15 units and had a diameter of 242 mm, and the gap between the rotary blade 302 and the
casing 301 was 24 mm wide. The rotary blade 302 was rotated at a revolution of 9000 rpm. The magnetic toner particles
were introduced into the apparatus at a rate of 24 kg/hr. A larger supply amount resulted in a sharp rise in temperature
in the apparatus to cause the fusing of the toner particles in the apparatus.
[0185] The surface-treated magnetic toner particles had a weight-averaged diameter of 7.0 µm (containing particles
not larger than 4.00 µm in 18% by number and containing particles not smaller than 10.01 µm in 0.6% by volume), SF-
1 of 156, SF-2 of 145, which means insufficient surface treatment, a BET specific surface area of 1.61 m2/g and a two-
component triboelectricity of -13.3 mC/kg.
[0186] The magnetic toner was prepared from the surface-treated magnetic toner particles in the same manner as
in Example 1 and evaluated as in Example 1. The image transfer efficiency was 81% which was inferior to that of the
magnetic toner in Example 1. The obtained image had a lot of faulty transfer in the middle of the images and characters,
and considerable scattering of the toner.

Example 8

[0187] Spherical particles of nylon 12 (weight-averaged particle size : 6.0 µm) were employed as solid mother par-
ticles, and fine particles of titanium dioxide (number-averaged particle size : 0.3 µm) were employed as solid daughter
particles. The solid mother particles of nylon 12 and the solid daughter particles of titanium dioxide were mixed in a
Henschel mixer (manufactured by Mitsui-Miike Kakoki Co.) in a ratio of 7 : 3 to adhere the solid daughter particles onto
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the surface of the solid mother particles.
[0188] The mixture thus obtained was subjected to surface treatment in the system shown in Fig. 1 having the vertical
treating apparatus set as in Example 1. In this operation, the mixture was introduced into the vibration feeder 15 through
the hopper 32 at a rate of 12 kg/hr. The rotors were rotated at a revolution of 9500 rpm.
[0189] When introducing the mixture, the blower 24 was operated to suck the air from the cylindrical treating chambers
in an amount which was somewhat larger than the amount of air flow generated by the rotation of the blades 9a - 9d,
and the collection was made by the cyclone 20. The introduced magnetic toner particles were surface-treated and
collected for a time period of 20 seconds or less.
[0190] The observation of the powder thus surface-treated with a scanning electron microscope revealed that the
fine particles of titanium dioxide were uniformly and firmly implanted on the entire surface of the spherical particles of
nylon 12.

Example 9

[0191] Spherical particles of polystyrene (Tg : 95°C; weight-averaged particle size : 15.0 µm) were employed as
solid mother particles, and fine particles of polymethyl methacrylate (PMMA; Tg : 85°C; number averaged particle size :
0.4 µm) were employed as solid daughter particles. Polystyrene and PMMA were mixed in a Henschel mixer (manu-
factured by Mitsui-Miike Kakoki Co.) in a ratio of 9 : 1 to adhere the solid daughter particles onto the surface of the
solid mother particles.
[0192] The mixture thus obtained was subjected to surface treatment in the system shown in Fig. 1 having the vertical
treating apparatus set as in Example 1. In this operation, the mixture was introduced into the vibration feeder 15 through
the hopper 32 at a rate of 10 kg/hr. The rotors were rotated at a revolution of 8800 rpm, and the temperature in the
apparatus was adjusted to 80°C.
[0193] The observation of the powder thus surface-treated with a scanning electron microscope revealed that PMMA
was uniformly and firmly fixed on the entire surface of the spherical particles of polystyrene, whereby encapsulated
particles were formed.

Claims

1. An apparatus for treating surfaces of solid particles, comprising, at least:

a first cylindrical treating chamber (29a); and
a rotary shaft (3) and a first rotor (2a) having two or more blades (9a) on its front face, contained in said first
cylindrical treating chamber (29a);

wherein a powder charging aperture (30) for introducing the solid particles into the first cylindrical treating
chamber (29a) together with gas is provided at the center of a front wall (33) of the first cylindrical treating chamber
(29a), opposed to the front face of the first rotor (2a);

a first powder discharging aperture (10a) for discharging the treated solid particles is provided at the center
of a rear wall (8a) of the first cylindrical treating chamber (29a), opposed to the rear face of the first rotor (2a);

the first rotor (2a) is connected with the rotary shaft (3) and is rotated by rotation of the rotary shaft (3)
a height Ha of the blades (9a), a gap L1a between a tip of each of the blades (9a) and the front wall (33), a

largest diameter R1a of the first rotor (2a) and a gap L2a between the blades (9a) and a sidewall (7a) of the first
cylindrical treating chamber (29a) satisfy the following conditions:

and

and is 1.1 to 2.0 times as large as a half-value width wa of each of the blades (9a).

2. An apparatus according to claim 1, wherein Ha is within a range from 10.0 to 500.0 mm, L1a is within a range from
1 to 300 mm, R1a is within a range from 100 to 2000 mm, and L2a is within a range from 0.5 to 20.0 mm.

0.1 ≤ L1a/Ha ≤ 5.0, 50 3 10-3 ≤ Ha/R1a ≤ 400 3 10-3

1.0 3 10-3 ≤ L2a/R1a ≤ 95 3 10-3;
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3. An apparatus according to claim 1, wherein Ha is within a range from 20.0 to 400.0 mm, L1a is within a range from
5 to 200 mm, R1a is within a range from 150 to 1000 mm, and L2a is within a range from 1.0 to 15.0 mm.

4. An apparatus according to claim 1, wherein the first rotor (2a) is provided with 2 to 32 blades (9a).

5. An apparatus according to claim 1, wherein the first rotor (2a) is provided with 4 to 16 blades (9a).

6. An apparatus according to claim 1, wherein an internal volume Va of the first cylindrical treating chamber (29a) is
within a range from 1 3 103 to 4 3 106 cm3, and an area Sa of each of the blades (9a) is within a range from 10
to 300 cm2.

7. An apparatus according to claim 1, wherein the powder charging aperture (30) has a largest diameter R5 within a
range from 50 to 500 mm, the first powder discharging aperture (10a) has a largest diameter R3a within a range
from 50 to 500 mm, and a boss portion (2a') of the first rotor (2a) has a largest diameter R2a within a range from
30 to 450 mm.

8. An apparatus according to claim 1, wherein the first cylindrical treating chamber (29a) has a largest diameter R4a
with a range from 100.5 to 2020.0 mm.

9. An apparatus according to claim 1, wherein the gap L3a between the rear face of the first rotor (2a) and the first
rear wall (8a) is within a range from 1.0 to 30.0 mm.

10. An apparatus according to claim 1, wherein R1a and a largest diameter R3a of the first powder discharging aperture
(10a) satisfy the following conditions:

11. An apparatus according to claim 1, wherein R1a, a largest diameter R2a of a boss portion (2a') of the first rotor (2a)
and a largest diameter R3a of the first powder discharging aperture (10a) satisfy the following conditions:

12. An apparatus according to claim 1, wherein two or more cylindrical treating chambers (29a,29b,29c,29d) each
having a rotary shaft (3) and a rotor (2a,2b,2c,2d) having two or more blades (9a,9b,9c,9d) on its front face, are
provided while communicating each other.

13. An apparatus according to claim 12, wherein the powder discharging aperture (10a) of the first cylindrical treating
chamber (29a) constitutes a powder charging aperture of a second cylindrical treating chamber (29b) for introducing
the solid particles treated in the first cylindrical treating chamber (29a).

14. An apparatus according to claim 12, wherein the cylindrical treating chambers (29a,29b,29c,29d) are provided in
a number of 2 to 10.

15. An apparatus according to claim 12, wherein the cylindrical treating chambers (29a,29b,29c,29d) are provided in
a number of 3 to 10.

16. An apparatus according to claim 12, wherein the two or more cylindrical treating chambers (29a,29b,29c,29d)
have a common rotary shaft (3).

17. An apparatus according to claim 12, further comprising a second cylindrical treating chamber (29b) and a second
rotor (2b) included in the second cylindrical treating chamber (29b) and provided with two or more blades (9b) on
its front face:

wherein a height Hb of the blades (9b) integrated to the second rotor (2b), a gap L1b between a tip of each
of the blades (9b) and a front wall (8a) of the second cylindrical treating chamber (29b), a largest diameter R1b of
the second rotor (2b) and a gap L2b between the blades (9b) and a sidewall (7b) of the second cylindrical treating
chamber (29b) satisfy the following conditions:

0.2 ≤ R3a/R1a ≤ 0.9.

0.01 ≤ (R3a - R2a)/R1a ≤ 0.35.
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and

18. An apparatus according to claim 17, wherein Hb is within a range from 10.0 to 500.0 mm, L1b is within a range
from 1 to 300 mm, R1b is within a range from 100 to 2000 mm, and L2b is within a range from 0.5 to 20.0 mm.

19. An apparatus according to claim 17, wherein Hb is within a range from 20.0 to 400.0 mm, L1b is within a range
from 5 to 200 mm, R1b is within a range from 150 to 1000 mm, and L2b is within a range from 1.0 to 15.0 mm.

20. An apparatus according to claim 17, wherein the second rotor (2b) is provided with 2 to 32 blades (9b).

21. An apparatus according to claim 17, wherein the second rotor (2b) is provided with 4 to 16 blades (9b).

22. an apparatus according to claim 17, wherein an internal volume Vb of the second cylindrical treating chamber (29b)
is within a range from 1 3 103 to 4 3 106 cm3, an area Sb of each of the blades (9b) is within a range from 10 to
300 cm2 and a half-value width Wb of each of the blades (9b) is within a range from 10 to 300 mm.

23. An apparatus according to claim 17, wherein a powder charging aperture (10a) for introducing the solid particles
into the second cylindrical treating chamber (29b) has a largest diameter R3 within a range from 50 to 500 mm,
and a boss portion (2b') of the second rotor (2b) has a largest diameter R2b within a range from 30 to 450 mm.

24. An apparatus according to claim 17, wherein the second cylindrical treating chamber (29b) has a largest diameter
R4b within a range from 100.5 to 2020.0 mm.

25. An apparatus according to claim 17, wherein the gap L3b between the rear face of the second rotor (2b) and a
second rear wall (8b) is within a range from 1.0 to 30.0 mm.

26. An apparatus according to claim 17, wherein R1b and a largest diameter R3b of a second powder discharging
aperture (10b) satisfy the following conditions:

27. An apparatus according to claim 17, wherein R1b, a largest diameter R2b of a boss portion (2b') of the second rotor
(2b) and a largest diameter R3b of a second powder discharging aperture (10b) satisfy the following conditions:

28. An apparatus according to claim 17, wherein Hb is larger than a half-value width Wb of each of the blades (9b).

29. An apparatus according to claim 28, wherein Hb is 1.1 to 2.0 times as large as Wb.

30. A method for treating surfaces of solid particles, according to any of claims 1 to 29, using the surface treating
apparatus the method comprising the steps of:

rotating the first rotor (2a) by driving the rotary shaft (3);
introducing the solid particles together with gas into the first cylindrical treating chamber (29a) through the
powder charging aperture (30) provided at the center of a front wall (33) of the first cylindrical treating chamber
(29a);
treating the surface of the solid particles by applying mechanical impact force thereto while retaining the solid
particles in the first cylindrical treating chamber (29a); and
discharging the treated solid particles from the first powder discharging aperture (10a).

0.1 ≤ L1b/Hb ≤ 5.0, 50 3 10-3 ≤ Hb/R1b ≤ 400 3 10-3

1.0 3 10-3 ≤ L2b/R1b ≤ 95 3 10-3.

0.2 ≤ R3b/R1b ≤ 0.9.

0.01 ≤ (R3b - R2b)/R1b ≤ 0.35.
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31. A method according to claim 30, wherein the mechanical impact force is applied to the solid particles when they
are passed through the gap between the blades (9a) and the sidewall (7a) of the first cylindrical treating chamber
(29a).

32. A method according to claim 30, wherein the first rotor (2a) is so rotated that an outermost peripheral speed is 10
to 200 m/sec.

33. A method according to claim 32, wherein the first rotor (2a) is so rotated that the outermost peripheral speed is 50
to 150 m/sec.

34. A method according to claim 30, wherein the first rotor (2a) is rotated at a revolution within a range of 90 to 40,000
rpm.

35. A method according to claim 34, wherein the first rotor (2a) is rotated at a revolution within a range of 900 to 20,000
rpm.

36. A method according to claim 30, wherein the powder discharging aperture (10a) of the first cylindrical treating
chamber (29a) constitutes a powder charging aperture of a second cylindrical treating chamber (29b) for introducing
the solid particles treated in the first cylindrical treating chamber (29a), and the solid particles treated in the first
cylindrical treating chamber are further subjected to surface treatment by a mechanical impact force in the second
cylindrical treating chamber (29b).

37. A method according to claim 30, wherein the solid particles have a weight-averaged particle size within a range
from 2.5 to 20 µm.

38. A method according to claim 37, wherein the solid particles have a weight-averaged particle size within a range
from 3.0 to 15 µm.

39. A method according to claim 30, wherein the solid particles prior to introduction into the surface treating apparatus
have a shape factor SF-1 within a range from 150 to 180 and a shape factor SF-2 within a range from 140 to 160;
the treated solid particles discharged from the surface treating apparatus have a shape factor SF-1 within a range
from 130 to 160 and a shape factor SF-2 within a range from 110 to 150; and the shape factor SF-1 of the solid
particles after the treatment is reduced by 20 or more as compared with the factor prior to the treatment, and the
shape factor SF-2 of the solid particles after the treatment is reduced by 10 or more as compared with the factor
prior to the treatment.

40. A method according to any one of claims 30 to 35,
wherein the solid particles introduced together with gas into the first cylindrical treating chamber (29a) are

composed of said mother particles and solid daughter particles smaller than the solid mother particles;
wherein the solid daughter particles are adhered and/or fixed onto the surfaces of the solid mother particles

by applying the mechanical impact force thereto while retaining the solid mother particles and the solid daughter
particles in the first cylindrical treating chamber (29a); and wherein the treated solid mother particles are discharged
from the first powder discharging aperture (10a).

41. A method according to claim 40, wherein the solid mother particles have a weight-averaged particle size within a
range from 2.5 to 20 µm.

42. A method according to claim 41, wherein the solid mother particles have a weight-averaged particle size within a
range from 3.0 to 15 µm.

43. A method according to claim 40, wherein the powder discharging aperture (10a) of the first cylindrical treating
chamber (29a) constitutes a powder charging aperture of a second cylindrical treating chamber (29b) for introducing
the solid mother particles and the solid daughter particles treated in the first cylindrical treating chamber (29a),
and the solid mother particles treated in the first cylindrical treating chamber (29a) are further subjected to surface
treatment by a mechanical impact force in the second cylindrical treating chamber (29b).

44. A method according to any one of claims 40 to 43,
wherein the solid daughter particles are thermoplastic solid daughter particles, and



EP 0 822 002 B1

5

10

15

20

25

30

35

40

45

50

55

27

wherein the mechanical impact force and heat are applied to the solid mother particles and the solid daughter
particles while retaining the solid mother particles and the solid daughter particles in the first cylindrical treating
chamber (29a), thereby crushing the solid daughter particles and forming films derived therefrom on the surfaces
of the solid mother particles.

45. A method according to any one of claims 30 to 39, wherein the said particles are solid toner particles containing
at least a binder resin and a coloring material, and wherein a toner is produced from the treated solid toner particles.

46. A method according to claim 45, wherein the treated solid toner particles have a volume-averaged particle size
within a range from 2.5 to 6.0 µm.

Patentansprüche

1. Vorrichtung zur Behandlung der Oberflächen von Feststoffteilchen, die mindestens
eine erste zylindrische Behandlungskammer (29a) und
eine Welle (3) und ein erstes Laufrad (2a), das an seiner Vorderseite zwei oder mehr Schaufeln (9a) hat, die in
der erwähnten ersten zylindrischen Behandlungskammer (29a) enthalten sind, umfasst; wobei
in der Mitte einer der Vorderseite des ersten Laufrades (2a) gegenüberliegenden Vorderwand (33) der ersten
zylindrischen Behandlungskammer (29a) eine Pulvereintragöffnung (30) bereitgestellt ist, die dazu dient, die Fest-
stoffteilchen zusammen mit Gas in die erste zylindrische Behandlungskammer (29a) einzuführen;
in der Mitte einer der Rückseite des ersten Laufrades (2a) gegenüberliegenden Rückwand (8a) der ersten zylin-
drischen Behandlungskammer (29a) eine erste Pulveraustragöffnung (10a) zum Austragen der behandelten Fest-
stoffteilchen bereitgestellt ist;
das erste Laufrad (2a) mit der Welle (3) verbunden ist und durch Drehen der Welle (3) gedreht wird;
die Höhe Ha der Schaufeln (9a), der Abstand L1a zwischen der Spitze von jeder der Schaufeln (9a) und der Vor-
derwand (33), der größte Durchmesser R1a des ersten Laufrades (2a) und der Abstand L2a zwischen den Schaufeln
(9a) und einer Seitenwand (7a) der ersten zylindrischen Behandlungskammer (29a) die folgenden Bedingungen
erfüllen:

und

und
Ha 1,1- bis 2,0-mal so groß ist wie die Halbwertsbreite Wa von jeder der Schaufeln (9a).

2. Vorrichtung nach Anspruch 1, bei der Ha im Bereich von 10,0 bis 500, 0 mm liegt, L1a im Bereich von 1 bis 300
mm liegt, R1a im Bereich von 100 bis 2000 mm liegt und L2a im Bereich von 0,5 bis 20,0 mm liegt.

3. Vorrichtung nach Anspruch 1, bei der Ha im Bereich von 20,0 bis 400,0 mm liegt, L1a im Bereich von 5 bis 200
mm liegt, R1a im Bereich von 150 bis 1000 mm liegt und L2a im Bereich von 1,0 bis 15,0 mm liegt.

4. Vorrichtung nach Anspruch 1, bei der das erste Laufrad (2a) mit 2 bis 32 Schaufeln (9a) versehen ist.

5. Vorrichtung nach Anspruch 1, bei der das erste Laufrad (2a) mit 4 bis 16 Schaufeln (9a) versehen ist.

6. Vorrichtung nach Anspruch 1, bei der das Innenvolumen Va der ersten zylindrischen Behandlungskammer (29a)
im Bereich von 1 3 103 bis 4 3 106 cm3 liegt und die Oberfläche Sa von jeder der Schaufeln (9a) im Bereich von
10 bis 300 cm2 liegt.

7. Vorrichtung nach Anspruch 1, bei der die Pulvereintragöffnung (30) einen größten Durchmesser R5 im Bereich
von 50 bis 500 mm hat, die erste Pulveraustragöffnung (10a) einen größten Durchmesser R3a im Bereich von 50
bis 500 mm hat und der Nabenbereich (2a') des ersten Laufrades (2a) einen größten Durchmesser R2a im Bereich

0,1 ≤ L1a/Ha ≤ 5,0; 50 3 10-3 ≤ Ha/R1a ≤ 400 3 10-3

1,0 3 10-3 ≤ L2a/R1a ≤ 95 3 10-3;
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von 30 bis 450 mm hat.

8. Vorrichtung nach Anspruch 1, bei der die erste zylindrische Behandlungskammer (29a) einen größten Durchmes-
ser R4a im Bereich von 100,5 bis 2020,0 mm hat.

9. Vorrichtung nach Anspruch 1, bei der der Abstand L3a zwischen der Rückseite des ersten Laufrades (2a) und der
ersten Rückwand (8a) im Bereich von 1,0 bis 30,0 mm liegt.

10. Vorrichtung nach Anspruch 1, bei der R1a und der größte Durchmesser R3a der ersten Pulveraustragöffnung (10a)
die folgenden Bedingungen erfüllen:

11. Vorrichtung nach Anspruch 1, bei der R1a; der größte Durchmesser R2a des Nabenbereiches (2a') des ersten
Laufrades (2a) und der größte Durchmesser R3a der ersten Pulveraustragöffnung (10a) die folgenden Bedingun-
gen erfüllen:

12. Vorrichtung nach Anspruch 1, bei der zwei oder mehr zylindrische Behandlungskammern (29a, 29b, 29c, 29d),
die jeweils eine Welle (3) und ein Laufrad (2a, 2b, 2c, 2d), das an seiner Vorderseite zwei oder mehr Schaufeln
(9a, 9b, 9c, 9d) hat, haben, bereitgestellt sind und miteinander in Verbindung stehen.

13. Vorrichtung nach Anspruch 12, bei der die Pulveraustragöffnung (10a) der ersten zylindrischen Behandlungskam-
mer (29a) eine Pulvereintragöffnung einer zweiten zylindrischen Behandlungskammer (29b) zum Einführen der in
der ersten zylindrischen Behandlungskammer (29a) behandelten Feststoffteilchen bildet.

14. Vorrichtung nach Anspruch 12, bei der die zylindrischen Behandlungskammern (29a, 29b, 29c, 29d) in einer Anzahl
von 2 bis 10 bereitgestellt sind.

15. Vorrichtung nach Anspruch 12, bei der die zylindrischen Behandlungskammern (29a, 29b, 29c, 29d) in einer Anzahl
von 3 bis 10 bereitgestellt sind.

16. Vorrichtung nach Anspruch 12, bei der die zwei oder mehr zylindrischen Behandlungskammern (29a, 29b, 29c,
29d) eine gemeinsame Welle (3) haben.

17. Vorrichtung nach Anspruch 12, die ferner eine zweite zylindrische Behandlungskammer (29b) und ein zweites
Laufrad (2b), das in der zweiten zylindrischen Behandlungskammer (29b) enthalten ist und an seiner Vorderseite
mit zwei oder mehr Schaufeln (9b) versehen ist, umfasst;
wobei die Höhe Hb der Schaufeln (9b), die mit dem zweiten Laufrad (2b) zusammenhängen; der Abstand L1b
zwischen der Spitze von jeder der Schaufeln (9b) und der Vorderwand (8a) der zweiten zylindrischen Behand-
lungskammer (29b), der größte Durchmesser R1b des zweiten Laufrades (2b) und der Abstand L2b zwischen den
Schaufeln (9b) und einer Seitenwand (7b) der zweiten zylindrischen Behandlungskammer (29b) die folgenden
Bedingungen erfüllen:

und

18. Vorrichtung nach Anspruch 17, bei der Hb im Bereich von 10,0 bis 500,0 mm liegt, L1b im Bereich von 1 bis 300
mm liegt, R1b im Bereich von 100 bis 2000 mm liegt und L2b im Bereich von 0,5 bis 20,0 mm liegt.

0,2 ≤ R3a/R1a ≤ 0,9.

0,01 ≤ (R3a - R2a)/R1a ≤ 0,35.

0,1 ≤ L1b/Hb ≤ 5,0; 50 3 10-3 ≤ Hb/R1b ≤ 400 310-3

1,0 310-3 ≤ L2b/R1b ≤ 95 310-3.
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19. Vorrichtung nach Anspruch 17, bei der Hb im Bereich von 20,0 bis 400,0 mm liegt, L1b im Bereich von 5 bis 200
mm liegt, R1b im Bereich von 150 bis 1000 mm liegt und L2b im Bereich von 1,0 bis 15,0 mm liegt.

20. Vorrichtung nach Anspruch 17, bei der das zweite Laufrad (2b) mit 2 bis 32 Schaufeln (9b) versehen ist.

21. Vorrichtung nach Anspruch 17, bei der das zweite Laufrad (2b) mit 4 bis 16 Schaufeln (9b) versehen ist.

22. Vorrichtung nach Anspruch 17, bei der das Innenvolumen Vb der zweiten zylindrischen Behandlungskammer (29b)
im Bereich von 1 3 103 bis 4 3 106 cm3 liegt, die Oberfläche Sb von jeder der Schaufeln (9b) im Bereich von 10
bis 300 cm2 liegt und die Halbwertsbreite Wb von jeder der Schaufeln (9b) im Bereich von 10 bis 300 mm liegt.

23. Vorrichtung nach Anspruch 17, bei der eine Pulvereintragöffnung (10a) zum Einführen der Feststoffteilchen in die
zweite zylindrisehe Behandlungskammer (29b) einen größten Durchmesser R3a im Bereich von 50 bis 500 mm
hat und der Nabenbereich (2b') des zweiten Laufrades (2b) einen größten Durchmesser R2b im Bereich von 30
bis 450 mm hat.

24. Vorrichtung nach Anspruch 17, bei der die zweite zylindrische Behandlungskammer (29b) einen größten Durch-
messer R4b im Bereich von 100,5 bis 2020,0 mm hat.

25. Vorrichtung nach Anspruch 17, bei der der Abstand L3b zwischen der Rückseite des zweiten Laufrades (2b) und
einer zweiten Rückwand (8b) im Bereich von 1,0 bis 30,0 mm liegt.

26. Vorrichtung nach Anspruch 17, bei der R1b und der größte Durchmesser R3b einer zweiten Pulveraustragöffnung
(10b) die folgenden Bedingungen erfüllen:

27. Vorrichtung nach Anspruch 17, bei der R1b; der größte Durchmesser R2b des Nabenbereiches (2b') des zweiten
Laufrades (2b) und der größte Durchmesser R3b einer zweiten Pulveraustragöffnung (10b) die folgenden Bedin-
gungen erfüllen:

28. Vorrichtung nach Anspruch 17, bei der Hb größer als die Halbwertsbreite Wb von jeder der Schaufeln (9b) ist.

29. Vorrichtung nach Anspruch 28, bei der Hb 1,1- bis 2,0-mal so groß wie Wb ist.

30. Verfahren zur Behandlung der Oberflächen von Feststoffteilchen unter Anwendung der Oberflächenbehandlungs-
vorrichtung nach einem der Ansprüche 1 bis 29, wobei das Verfahren die folgenden Schritte umfasst:

Drehen des ersten Laufrades (2a) durch Antreiben der Welle (3);

Einführen der Feststoffteilchen zusammen mit Gas in die erste zylindrische Behandlungskammer (29a) durch
die Pulvereintragöffnung (30), die in der Mitte einer Vorderwand (33) der ersten zylindrischen Behandlungs-
kammer (29a) bereitgestellt ist;

Behandeln der Oberflächen der Feststoffteilchen, indem darauf eine mechanische Stoßkraft ausgeübt wird,
während die Feststoffteilchen in der ersten zylindrischen Behandlungskammer (29a) gehalten werden; und

Austragen der behandelten Feststoffteilchen aus der ersten Pulveraustragöffnung (10a).

31. Verfahren nach Anspruch 30, bei dem die mechanische Stoßkraft auf die Feststoffteilchen ausgeübt wird, wenn
sie durch den Zwischenraum zwischen den Schaufeln (9a) und der Seitenwand (7a) der ersten zylindrischen Be-
handlungskammer (29a) hindurchgehen.

32. Verfahren nach Anspruch 30, bei dem das erste Laufrad (2a) derart gedreht wird, dass die äußerste Umfangsge-

0,2 ≤ R3b/R1b ≤ 0,9.

0, 01 ≤ (R3b - R2b)/R1b ≤ 0, 35.



EP 0 822 002 B1

5

10

15

20

25

30

35

40

45

50

55

30

schwindigkeit 10 bis 200 m/s beträgt.

33. Verfahren nach Anspruch 32, bei dem das erste Laufrad (2a) derart gedreht wird, dass die äußerste Umfangsge-
schwindigkeit 50 bis 150 m/s beträgt.

34. Verfahren nach Anspruch 30, bei dem das erste Laufrad (2a) mit einer Drehzahl im Bereich von 90 bis 40.000 U/
min gedreht wird.

35. Verfahren nach Anspruch 34, bei dem das erste Laufrad (2a) mit einer Drehzahl im Bereich von 900 bis 20.000
U/min gedreht wird.

36. Verfahren nach Anspruch 30, bei dem die Pulveraustragöffnung (10a) der ersten zylindrischen Behandlungskam-
mer (29a) eine Pulvereintragöffnung einer zweiten zylindrischen Behandlungskammer (29b) zum Einführen der in
der ersten zylindrischen Behandlungskammer (29a) behandelten Feststoffteilchen bildet und die Feststoffteilchen,
die in der ersten zylindrischen Behandlungskammer behandelt worden sind, ferner in der zweiten zylindrischen
Behandlungskammer (29b) einer Oberflächenbehandlung durch eine mechanische Stoßkraft unterzogen werden.

37. Verfahren nach Anspruch 30, bei dem die Feststoffteilchen eine massegemittelte Teilchengröße im Bereich von
2,5 bis 20 µm haben.

38. Verfahren nach Anspruch 37, bei dem die Feststoffteilchen eine massegemittelte Teilchengröße im Bereich von
3,0 bis 15 µm haben.

39. Verfahren nach Anspruch 30, bei dem die Feststoffteilchen vor dem Einführen in die Oberflächenbehandlungsvor-
richtung einen Formfaktor SF-1 im Bereich von 150 bis 180 und einen Formfaktor SF-2 im Bereich von 140 bis
160 haben; die aus der Oberflächenbehandlungsvorrichtung ausgetragenen behandelten Feststoffteilchen einen
Formfaktor SF-1 im Bereich von 130 bis 160 und einen Formfaktor SF-2 im Bereich von 110 bis 150 haben und
der Formfaktor SF-1 der Feststoffteilchen nach der Behandlung im Vergleich zu dem Faktor vor der Behandlung
um 20 oder mehr vermindert ist und der Formfaktor SF-2 der Feststoffteilchen nach der Behandlung im Vergleich
zu dem Faktor vor der Behandlung um 10 oder mehr vermindert ist.

40. Verfahren nach einem der Ansprüche 30 bis 35,
bei dem die Feststoffteilchen, die zusammen mit Gas in die erste zylindrische Behandlungskammer (29a) einge-
führt werden, aus Feststoff-Mutterteilchen und Feststoff-Tochterteilchen, die kleiner als die Feststoff-Mutterteilchen
sind, bestehen;
bei dem die Feststoff-Tochterteilchen an den Oberflächen der Feststoff-Mutterteilchen angeklebt und/oder befestigt
werden, indem die mechanische Stoßkraft darauf ausgeübt wird, während die Feststoff-Mutterteilchen und die
Feststoff-Tochterteilchen in der ersten zylindrischen Behandlungskammer (29a) gehalten werden; und
bei dem die behandelten Feststoff-Mutterteilchen aus der ersten Pulveraustragöffnung (10a) ausgetragen werden.

41. Verfahren nach Anspruch 40, bei dem die Feststoff-Mutterteilchen eine massegemittelte Teilchengröße im Bereich
von 2,5 bis 20 µm haben.

42. Verfahren nach Anspruch 41, bei dem die Feststoff-Mutterteilchen eine massegemittelte Teilchengröße im Bereich
von 3,0 bis 15 µm haben.

43. Verfahren nach Anspruch 40, bei dem die Pulveraustragöffnung (10a) der ersten zylindrischen Behandlungskam-
mer (29a) eine Pulvereintragöffnung einer zweiten zylindrischen Behandlungskammer (29b) zum Einführen der
Feststoff-Mutterteilchen und der Feststoff-Tochterteilchen, die in der ersten zylindrischen Behandlungskammer
(29a) behandelt worden sind, bildet und die Feststoff-Mutterteilchen, die in der ersten zylindrischen Behandlungs-
kammer (29a) behandelt worden sind, ferner in der zweiten zylindrischen Behandlungskammer (29b) einer Ober-
flächenbehandlung durch eine mechanische Stoßkraft unterzogen werden.

44. Verfahren nach einem der Ansprüche 40 bis 43, bei dem die Feststoff-Tochterteilchen thermoplastische Feststoff-
Tochterteilchen sind und bei dem die Feststoff-Mutterteilchen und die Feststoff-Tochterteilchen der mechanischen
Stoßkraft und Wärme ausgesetzt werden, während die Feststoff-Mutterteilchen und die Feststoff-Tochterteilchen
in der ersten zylindrischen Behandlungskammer (29a) gehalten werden, wodurch die Feststoff-Tochterteilchen
zerdrückt, zerquetscht bzw. zerrieben werden und auf den Oberflächen der Feststoff-Mutterteilchen daraus erhal-
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tene Filme bzw. Schichten gebildet werden.

45. Verfahren nach einem der Ansprüche 30 bis 39, bei dem die Feststoffteilchen Toner-Feststoffteilchen sind, die
mindestens ein Bindemittelharz und ein Farbmittel enthalten, und bei dem aus den behandelten Toner-Feststoff-
teilchen ein Toner hergestellt wird.

46. Verfahren nach Anspruch 45, bei dem die behandelten Toner-Feststoffteilchen eine volumengemittelte Teilchen-
größe im Bereich von 2,5 bis 6,0 µm haben.

Revendications

1. Dispositif pour traiter les surfaces de particules solides comprenant, au moins :

une première chambre de traitement cylindrique (29a), et
un arbre rotatif (3) et un premier rotor (2a) comprenant deux ou plusieurs pales (9a) sur sa face avant, con-
tenues dans ladite première chambre de traitement cylindrique (29a) ;

dans lequel une ouverture de chargement de poudre (30) pour introduire les particules solides dans la pre-
mière chambre de traitement cylindrique (29a) conjointement avec un gaz est disposée au centre d'une paroi avant
(33) de la première chambre de traitement cylindrique (29a) opposée à la face avant du premier rotor (2a) ;

une première ouverture de déchargement de poudre (10a) pour décharger les particules solides traitées est
disposée au centre d'une paroi arrière (8a) de la première chambre de traitement cylindrique (29a) opposée à la
face arrière du premier rotor (2a) ;

le premier rotor (2a) est relié à l'arbre rotatif (3) et tourne sous l'effet de la rotation de l'arbre rotatif (3) ;
une hauteur Ha des pales (9a), un espace L1a entre une pointe de chacune des pales (9a) et la paroi avant

(33), un diamètre maximal R1a du premier rotor (2a) et un espace L2a entre les pales (9a) et une paroi latérale
(7a) de la première chambre de traitement cylindrique (29a) satisfont aux conditions suivantes :

et

et
dans lequel Ha représente 1,1 à 2,0 fois une demi-valeur de largeur Wa de chacune des pales (9a).

2. Dispositif selon la revendication 1, dans lequel Ha est située dans une plage comprise entre 10,0 et 500,0 mm,
L1a est situé dans une plage comprise entre 1 et 300 mm, R1a est situé dans une plage comprise entre 100 et
2000 mm, et L2a est situé dans une plage comprise entre 0,5 et 20,0 mm.

3. Dispositif selon la revendication 1, dans lequel Ha est située dans une plage comprise entre 20,0 et 400,0 mm,
L1a est situé dans une plage comprise entre 5 et 200 mm, R1a est situé dans une plage comprise entre 150 et
1000 mm, et L2a est situé dans une plage comprise entre 1,0 et 15,0 mm.

4. Dispositif selon la revendication 1, dans lequel le premier rotor (2a) comporte 2 à 32 pales (9a).

5. Dispositif selon la revendication 1, dans lequel le premier rotor (2a) comporte 4 à 16 pales (9a).

6. Dispositif selon la revendication 1, dans lequel un volume intérieur Va de la première chambre de traitement cy-
lindrique (29a) est situé dans une plage comprise entre 1 x 103 et 4 x 106 cm3, et une surface Sa de chacune des
pales (9a) est située dans une plage comprise entre 10 et 300 cm2.

7. Dispositif selon la revendication 1, dans lequel l'ouverture de chargement de poudre (30) a un diamètre maximal
R5 situé dans une plage comprise entre 50 et 500 mm, la première ouverture de déchargement de poudre (10a)

0,1 ≤ L1a/Ha ≤ 5,0, 50 x 10-3 ≤ Ha/R1a ≤ 400 x 10-3

1,0 x 10-3 ≤ L2a/R1a ≤ 95 x 10-3 ;
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a un diamètre maximal R3a situé dans une plage comprise entre 50 et 500 mm, et une partie de protubérance
(2a') du premier rotor (2a) a un diamètre maximal R2a situé dans une plage comprise entre 30 et ,450 mm.

8. Dispositif selon la revendication 1, dans lequel la première chambre de traitement cylindrique (29a) a un diamètre
maximal R4a situé dans une plage comprise entre 100,5 et 2020,0 mm.

9. Dispositif selon la revendication 1, dans lequel l'espace L3a entre la face arrière du premier rotor (2a) et la première
paroi arrière (8a) est situé dans une plage comprise entre 1,0 et 30,0 mm.

10. Dispositif selon la revendication 1, dans lequel R1a et un diamètre maximal R3a de la première ouverture de dé-
chargement de poudre (10a) satisfont aux conditions suivantes :

11. Dispositif selon la revendication 1, dans lequel R1a, un diamètre maximal R2a d'une partie de protubérance (2a')
du premier rotor (2a) et un diamètre maximal R3a de la première ouverture de déchargement de poudre (10a)
satisfont aux conditions suivantes :

12. Dispositif selon la revendication 1, dans lequel deux ou plusieurs chambres de traitement cylindriques (29a, 29b,
29c, 29d) comportant chacune un arbre rotatif (3) et un rotor (2a, 2b, 2c, 2d) comportant deux ou plusieurs pales
(9a, 9b, 9c, 9d) sur sa face avant sont disposées, communiquant entre elles.

13. Dispositif selon la revendication 12, dans lequel l'ouverture de déchargement de poudre (10a) de la première
chambre de traitement cylindrique (29a) constitue une ouverture de chargement de poudre d'une deuxième cham-
bre de traitement cylindrique (29b) pour introduire les particules solides traitées dans la première chambre de
traitement cylindrique (29a).

14. Dispositif selon la revendication 12, dans lequel les chambres de traitement cylindriques (29a, 29b, 29c, 29d) sont
disposées en un nombre compris entre 2 et 10.

15. Dispositif selon la revendication 12, dans lequel les chambres de traitement cylindriques (29a, 29b, 29c, 29d) sont
disposées en un nombre compris entre 3 et 10.

16. Dispositif selon la revendication 12, dans lequel les chambres de traitement cylindriques au nombre de deux ou
davantage (29a, 29b, 29c, 29d) comportent un arbre rotatif commun (3).

17. Dispositif selon la revendication 12, comprenant de plus une deuxième chambre de traitement cylindrique (29b)
et un deuxième rotor (2b) inclus dans la deuxième chambre de traitement cylindrique (29b) et muni de deux ou
plusieurs pales (9b) sur sa face avant ;

dans lequel une hauteur Hb des pales (9b) intégrées au deuxième rotor (2b), un espace L1b entre une pointe
de chacune des pales (9b) et une paroi avant (8a) de la deuxième chambre de traitement cylindrique (29b), un
diamètre maximal R1b du deuxième rotor (2b) et un espace L2b entre les pales (9b) et une paroi latérale (7b) de
la deuxième chambre de traitement cylindrique (29b) satisfont aux conditions suivantes :

et

18. Dispositif selon la revendication 17, dans lequel Hb est située dans une plage comprise entre 10,0 et 500,0 mm,
L1b est situé dans une plage comprise entre 1 et 300 mm, R1b est situé dans une plage comprise entre 100 et

0,2 ≤ R3a/R1a ≤ 0, 9.

0,01 ≤ (R3a - R2a)/R1a ≤ 0,35.

0,1 ≤ L1b/Hb ≤ 5,0, 50 x 10-3 ≤ Hb/R1b ≤ 400 x 10-3

1,0 x 10-3 ≤ L2b/R1b ≤ 95 x 10-3.
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2000 mm, et L2b est situé dans une plage comprise entre 0,5 et 20,0 mm.

19. Dispositif selon la revendication 17, dans lequel Hb est située dans une plage comprise entre 20,0 et 400,0 mm,
L1b est situé dans une plage comprise entre 5 et 200 mm, R1b est situé dans une plage comprise entre 150 et
1000 mm, et L2b est situé dans une plage comprise entre 1,0 et 15,0 mm.

20. Dispositif selon la revendication 17, dans lequel le deuxième rotor (2b) comporte 2 à 32 pales (9b).

21. Dispositif selon la revendication 17, dans lequel le deuxième rotor (2b) comporte 4 à 16 pales (9b).

22. Dispositif selon la revendication 17, dans lequel un volume intérieur Vb de la deuxième chambre de traitement
cylindrique (29b) est situé dans une plage comprise entre 1 x 103 et 4 x 106 cm3, une surface Sb de chacune des
pales (9b) est située dans une plage comprise entre 10 et 300 cm2 et une demi-valeur de largeur Wb de chacune
des pales (9b) est située dans une plage comprise entre 10 et 300 mm.

23. Dispositif selon la revendication 17, dans lequel une ouverture de chargement de poudre (10a) pour introduire les
particules solides dans la deuxième chambre de traitement cylindrique (29b) a un diamètre maximal R3a situé
dans une plage comprise entre 50 et 500 mm, et une partie de protubérance (2b') du deuxième rotor (2b) a un
diamètre maximal R2b situé dans une plage comprise entre 30 et 450 mm.

24. Dispositif selon la revendication 17, dans lequel la deuxième chambre de traitement cylindrique (29b) a un diamètre
maximal R4b situé dans une plage comprise entre 100,5 et 2020,0 mm.

25. Dispositif selon la revendication 17, dans lequel l'espace L3b entre la face arrière du deuxième rotor (2b) et une
deuxième paroi arrière (8b) est situé dans une plage comprise entre 1,0 et 30,0 mm.

26. Dispositif selon la revendication 17, dans lequel R1b et un diamètre maximal R3b d'une deuxième ouverture de
déchargement de poudre (10b) satisfont aux conditions suivantes :

27. Dispositif selon la revendication 17, dans lequel R1b, un diamètre maximal R2b d'une partie de protubérance (2b')
du deuxième rotor (2b) et un diamètre maximal R3b d'une deuxième ouverture de déchargement de poudre (10b)
satisfont aux conditions suivantes :

28. Dispositif selon la revendication 17, dans lequel Hb est supérieure à une demi-valeur de largeur Wb de chacune
des pales (9b).

29. Dispositif selon la revendication 28, dans lequel Hb est entre 1,1 et 2,0 fois plus grande que Wb.

30. Procédé pour traiter les surfaces de particules solides, selon l'une quelconque des revendications 1 à 29,
utilisant le dispositif de traitement de surface, le procédé comprenant les étapes consistant à :
faire tourner le premier rotor (2a) en actionnant l'arbre rotatif (3) ;
introduire les particules solides avec un gaz dans la première chambre de traitement cylindrique (29a) par

l'intermédiaire de l'ouverture de chargement de poudre (30) disposée au centre d'une paroi avant (33) de la pre-
mière chambre de traitement cylindrique (29a) ;

traiter la surface des particules solides en appliquant une force d'impact mécanique à celles-ci tout en main-
tenant les particules solides dans la première chambre de traitement cylindrique (29a) ; et

décharger les particules solides traitées de la première ouverture de déchargement de poudre (10a).

31. Procédé selon la revendication 30, dans lequel la force d'impact mécanique est appliquée aux particules solides
lorsqu'elles traversent l'espace entre les pales (9a) et la paroi latérale (7a) de la première chambre de traitement
cylindrique (29a).

0,2 ≤ R3b/R1b ≤ 0,9.

0,01 ≤ (R3b - R2b)/R1b ≤ 0,35.
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32. Procédé selon la revendication 30, dans lequel le premier rotor (2a) tourne de telle sorte qu'une vitesse périphé-
rique le plus à l'extérieur est comprise entre 10 et 200 m/s.

33. Procédé selon la revendication 32, dans lequel le premier rotor (2a) tourne de telle sorte que la vitesse périphérique
le plus à l'extérieur est comprise entre 50 et 150 m/s.

34. Procédé selon la revendication 30, dans lequel le premier rotor (2a) tourne à une vitesse de rotation située dans
une plage comprise entre 90 et 40 000 t/min.

35. Procédé selon la revendication 34, dans lequel le premier rotor (2a) tourne à une vitesse de rotation située dans
une plage comprise entre 900 et 20 000 t/min.

36. Procédé selon la revendication 30, dans lequel l'ouverture de déchargement de poudre (10a) de la première cham-
bre de traitement cylindrique (29a) constitue une ouverture de chargement de poudre d'une deuxième chambre
de traitement cylindrique (29b) pour introduire les particules solides traitées dans la première chambre de traite-
ment cylindrique (29a), et les particules solides traitées dans la première chambre de traitement cylindrique sont
de plus soumises à un traitement de surface par une force d'impact mécanique dans la deuxième chambre de
traitement cylindrique (29b).

37. Procédé selon la revendication 30, dans lequel les particules solides ont une taille de particule de poids moyen
située dans une plage comprise entre 2,5 et 20 µm.

38. Procédé selon la revendication 37, dans lequel les particules solides ont une taille de particule de poids moyen
située dans une plage comprise entre 3,0 et 15 µm.

39. Procédé selon la revendication 30, dans lequel les particules solides avant l'introduction dans le dispositif de
traitement de surface ont un facteur de forme SF-1 situé dans une plage comprise entre 150 et 180 et un facteur
de forme SF-2 situé dans une plage comprise entre 140 et 160 ; les particules solides traitées déchargées du
dispositif de traitement de surface ont un facteur de forme SF-1 situé dans une plage comprise entre 130 et 160
et un facteur de forme SF-2 situé dans une plage comprise entre 110 et 150 ; et le facteur de forme SF-1 des
particules solides après le traitement est réduit de 20 ou plus par rapport au facteur avant le traitement, et le facteur
de forme SF-2 des particules solides après le traitement est réduit de 10 ou plus par rapport au facteur avant le
traitement.

40. Procédé selon l'une quelconque des revendications 30 à 35, dans lequel les particules solides introduites conjoin-
tement avec un gaz dans la première chambre de traitement cylindrique (29a) sont composées de particules mères
solides et de particules filles solides plus petites que les particules mères solides ;

dans lequel les particules filles solides adhèrent et sont fixées sur les surfaces des particules mères solides
grâce à l'application à celles-ci de la force d'impact mécanique, tout en maintenant les particules mères solides
et les particules filles solides dans la première chambre de traitement cylindrique (29a) ; et

dans lequel les particules mères solides traitées sont déchargées de la première ouverture de déchargement
de poudre (10a).

41. Procédé selon la revendication 40, dans lequel les particules mères solides ont une taille de particule de poids
moyen située dans une plage comprise entre 2,5 et 20 pm.

42. Procédé selon la revendication 41, dans lequel les particules mères solides ont une taille de particule de poids
moyen située dans une plage comprise entre 3,0 et 15 µm.

43. Procédé selon la revendication 40, dans lequel l'ouverture de déchargement de poudre (10a) de la première cham-
bre de traitement cylindrique (29a) constitue une ouverture de chargement de poudre d'une deuxième chambre
de traitement cylindrique (29b) pour introduire les particules mères solides et les particules filles solides traitées
dans la première chambre de traitement cylindrique (29a), et les particules mères solides traitées dans la première
chambre de traitement cylindrique (29a) sont de plus soumises à un traitement de surface par une force d'impact
mécanique dans la deuxième chambre de traitement cylindrique (29b).

44. Procédé selon l'une quelconque des revendications 40 à 43,
dans lequel les particules filles solides sont des particules filles solides thermoplastiques, et
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dans lequel la force d'impact mécanique et de la chaleur sont appliquées aux particules mères solides et
aux particules filles solides, tout en maintenant les particules mères solides et les particules filles solides dans la
première chambre de traitement cylindrique (29a), broyant ainsi les particules filles solides et formant des films
dérivés de celles-ci sur les surfaces des particules mères solides.

45. Procédé selon l'une quelconque des revendications 30 à 39, dans lequel les particules solides sont des particules
de toner solides contenant au moins une résine de liant et un matériau colorant, et dans lequel un toner est produit
à partir des particules de toner solides traitées.

46. Procédé selon la revendication 45, dans lequel les particules de toner solides traitées ont une taille de particule
de volume moyen située dans une plage comprise entre 2,5 et 6,0 µm.
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