
EP 0 259 819 B1 Description FIELD OF THE INVENTION AND RELATED ART 5
This invention relates to a toner for developing electrostatic images in
electrophotography, electrostatic recording, electrostatic printing,
particularly to a toner for developing electrostatic images suitable for
hot roller fixing obtained by a production process comprising
pulverization, and furthers binder resin fortonerto be used in the toner,
and a process for production of the resin. In the prior art, a large number
of electrophotographic processes have been known as described in U.S. 10
Patent 2,297,691, Japanese Patent Publication Nos. 23910/1967 and
24748/1968. Generally speaking, In these processes, electrical latent
images are formed on a photosensitive member of photoconductive sub- stance
by various means and subsequently developed by use of a toner, and the
toner image is optionally trans- ferred onto a transfer material such as
paper, and then fixed by heating, pressurization, heating and pressur-
ization, or with solvent vapor to obtain copied products. Then, the toner
remaining on the photosensitive mem- 15  ber without transfer is cleaned by
various methods, and the above steps are repeated. In recent years, such
copying apparatus are not only used as copying machines for office works
for copying original manuscripts generally referred to, but they are also
beginning to be used in the field of printers as output means of computers
or personal copiers for personal use. Accordingly, further miniaturization,
further reduction in weight and higher speed, higher reliability have 20
been severely pursued, and the machines are becoming to be constituted of
simpler elements in various re- spects. Consequently, the performances
demanded for toner have become severer, and more excellent ma- chines are
not practically feasible unless improvement in performance of toner can be
accomplished. For example, various methods and devices have been developed
concerging the steps of fixing toner im- ages onto sheets such as paper,
and the most general method currently available Is the pressure heating
sys- 25  tem by hot rollers. The pressure heating system performs fixing by
permitting the toner image surface on the sheet to pass between the
surfaces of not rollers having the surface formed of a material having
release characteristic for the toner while under contact therewith under
pressure. This method effects contact between the surfaces of the hot
rollers and the toner image on the sheet for fixing under pressure, and
therefore heat efficiency when so  the toner image sticks onto the sheet
for fixing is very good, and fixing can be very rapidly effected so that It
Is very effectively applied to high speed electrophotographic copying
machines. However, according to the above method, sine the hot roller
surfaces come into contact with the toner Images under pressure under mol-
ten state, a part of the toner images may be attached and transferred onto
the fixing roller surfaces, and the attached toner is then retransferred
onto the next sheet to be fixed, whereby the so-called offset phenomenon 35
may sometimes occur to contaminate the sheet to be fixed. One of the
essential conditions for the hot roller fixing system has been accepted to
prevent the hot fixing roller surface from attachment of toner. In the
prior art, for the purpose of preventing attachment of toner onto the
fixing roller surface, it has been practiced, for example, to form the
roller surface of a silicone rubber or fluorine-containing resin which is
the material excellent in release characteristic for toner, and further to
cover its surface with a thin film of a liquid 40  having good release
characteristic such as silicone oil for preventing offset and preventing
fatigue of the roller surface. However, although this method is very
effective in preventing offset, since a device for feeding a liquid for
prevention of offset is necessary, there is a problem that the fixing
device becomes complicated. This is in a direction opposite to the
requirement of miniaturization and reduction In weight, and moreover
silicone oil may be evaporated to contaminate internally the machine is
some cases. Accordingly, based on 45  the thought to feed an anti-offset
agent from inside of the toner during heating without use of a device for
feed- ing silicone oil, it has been proposed to add a release agent such as
low molecular weight polyethylene, low molecular weight polypropylene. When
a large amount of such additive is added for exhibiting sufficient effect, 



however, filming onto a photosensitive member or contamination of a
toner-carrying member such as carrier particles or sleeve may occur to
deteriorate images, posing a practical problem. Accordingly, it has been
prac- 50  ticed to add a small amount of a release agent into toner, and to
use in combination a slight amount of a re- leasable oil or a device for
cleaning the offset toner of the wind-up system, for example, by use of a
member such as web. However, in view of the recent demands such as
miniaturization, reduction in weight, and higher reliability, it is
necessary or preferable to remove even these auxiliary equipments.
Therefore, it is impossible to cope 55  with these problems without further
improvement in performances such as fixablilty and anti-offset charac-
teristic of toner, which cannot be realized so easily unless the binder
resin for toner is further improved. Con- cerning the technique for
improvement of the binder resin for toner, for example, Japanese Patent
Publication No. 23354/1976 proposes a toner by using a crosslinked polymer
as the binder resin. While this method has 2    EP 0 259 819 B1 an effect
of improving anti-offset characteristic and anti-winding characteristic, on
the other hand, fixing point is elevated by Increasing the degree of the
crosslinking, and therefore no toner provided with sufficiently low fixing
temperature, good anti-offset characteristic and anti-winding
characteristic and sufficient fixabilty has not been obtained. Generally
speaking, for improvement In fixability, the binder resin must be lowered
in mo- 5   lecular weight to lower the softening point, which is
antagonistic to the measure for improvement of anti-offset characteristic,
and lowering in melting point will necessarily result In lowering in
transition point of the resin, whereby undesirable phenomenon may also
occur that the toner during storage suffers from blocking. In contrast,
Japanese Laid-Open PatentAppin. JP-A56-158340 proposes a toner comprising a
lower mo- lecular weight polymer and a higher molecular weight polymer, but
it is difficult to have this binder resin contain 10   a crosslinking
component and, for improving anti-offset characteristic to a higher
performance, it is necessary to make the molecular weight of the higher
molecular weight polymer, or increase Its proportion. This approach leads
to remarkably lower pulverizabillity, and it is difficult to obtain a
practically satisfactory product. Further, concerning a toner comprising a
low molecular weight polymer and a crosslinked polymer, for example, Jap-
anese Laid-Open Patent Appln. JP-A 58-86558 proposes a toner comprising a
lower molecular weight polymer 15  and an infusible higher molecular weight
polymer as the main resin components. According to this method, fixablilty
and pulverizability tend to be Improved, but because the weight-average
molecular weight/number- average molecular weight (Mw/Mn) Is as small as
3.5 or lower and the content of the Insoluble and Infusible higher
molecular weight is so much as 40 to 90 wt.%, it is difficult to satisfy
both of anti-offset characteristic and pulverizability, and practically it
is extremely difficult to form a toner satisfying fixability (particularly,
high 20  speed fixing characteristic), anti-offset characteristic and
pulverizability of the kneaded product fortoner unless a fixer having a
device for feeding a liquid for prevention of offset is used. Further, if
an insoluble and infusible higher molecular weight polymer is Increased,
the melt viscosity In thermal kneading during preparation of toner becomes
very high, thermal kneading must be practiced at a tem- perature by far
higherthan in ordinary kneading, or at a high shear. Consequently, the
former will result in low- 25  ering in tonercharacteristics bythermal
deocmposition of other additives, while the latter will result in excessive
cleavage of molecules of the binder resin, thus having a problem that the
expected anti-offset performance cannot exhibited readily. Japanese
Laid-Open PatentAppln.JP-A50-166958 proposes a toner comprising a resin
composition com- ponent obtained by polymerization in the presence of a low
molecular weight poly-a-methylstyrene with a num- 30   ber average
molecular weight (Mn) of 500 to 1,500. Particularly, in the above Patent
publication, it is stated 



that the number-average molecular weight (Mn) in the range of 9,000 to
30,000 Is preferable, but if Mn is in- creased for further improvement in
anti-offset characteristic, fixability and pulverizability during toner
prepa- ration pose problems and it is difficult to satisfy anti-offset
characteristic and pulverizablity during toner prep- aration at high
levels. Atoner prepared by use of a resin composition with poor
pulverizability during toner prep- 35  aration is lowered in production
efficiency during toner preparation, and toner particles with coarse
particle sizes are liable to be entrained, whereby it may sometimes give
undesirably scattered images in respect of a toner performance. Japanese
Laid-Open Patent Appin. JP-A 56-16144 (corres. to U.S. Patent No. 4499168)
proposes a toner containing a binder resin component having at least one
maximum value in the regions of molecular weights 40   of [err],
respectively, in the molecular weight distribution obtained by GPC (gel
per- meation chromatography). In this case, although pulverizability,
anti-offset characteristic, anti-filming or anti- sticking onto a
photosensitive memberand image quality are excellent, further improvement
in anti-offset char- acteristic and fixability is demanded. Particularly,
it is difficult for to this resin maintain various other perfor- mances
with further improvement in fixability, or respond to the severe
requirements of today while omproving 45  such performances. Thus, it is
extremely difficult to realize both fixing characteristic and
pulverizability at high levels. Partic- ularly, pulverizabilityof the
kneaded productduring toner preparation is an importantfactorin the trend
of today to make smaller the particle size of toner from the demands of
giving higher quality copied image, higher re- solution and higher fine
iine reproducibility. Further, since the pulverization step requires
enormous energy, 50  improvement in pulverizability is also important in
aspect of conservation of energy. Sticking of toner onto inner walls of a
pulverizing device Is liable to be generated in a toner with good fix-
ability, whereby pulverization efficiency becomes worse. Further, as
another aspect, it is also necessary to pay attention to step of cleaning
the toner remaining on the photosensitive member after transfer In other
copy- ing steps. Today, cleaning with blade (blade cleaning) is generally
practiced in view of miniaturization, reduction 55  in weight, and
reliability. Along with prolonged life of photosensitive member,
miniaturization of photo-sensitive drum, etc. and acceleration of speed of
the system, anti-sticking and anti-filming characteristic onto a photo-
sensitive member demanded for toner are becoming more severe. Particularly,
amorphous silicon photosen- sitive members which have been practically
applied recently are highly durable, and also OPC (organic pho- 3    EP 0
259 819 B1 toconductor) is elongated in life, and accordinglyvarious
performances demanded fortonerare becoming high- er. Miniaturization of a
copying machine or a printer must be done by housing the respective
elements in a narrow space. For this purpose, the space where air is
allowed to pass becomes smaller, and also the fixer 5   and heating source
of exposure system are placed very close to the toner hopper and cleaner,
whereby the toner is exposed to a high temperature atmosphere. Accordingly,
a toner cannot be practically applied unless it has a further improved
anti-blocking characteristic. In view of examples as described above,
requirements for a toner are severe, but the demands cannot be satisfied
unless these can be improved at the same time. However, it is not
meaningful at all to realize thwse, 10  if image quality, durability of
toner, developing characteristic, further production efficiency are lowered
there- by. These performances are greatly attributable to primarily the
performances of the binder resin for toner. Although there are proposals to
improve these by use of additives of release agents, plasticizers and
others, 



but these are subsidiary. 15      As shown in Figure 7 of the accompanying
drawing, various performances required for toner are antag- onistic to each
other In most cases, and yet it has been Increasingly demanded to satisfy
all of them at high levels. SUMMARY OF THE INVENTION 20 An object of the
present invention is to provide a toner which has solved the problems as
described above. Another object of the present invention is to provide a
toner suitable for hot roller fixing system free from application of an
oil. Still another object of the present invention is to provide a toner
which can be fixed at a low temperature 25  and also is excellent in
anti-offset characteristic. Still another object of the present invention
Is to provide a toner which can be fixed at a low temperature and yet will
not generate sticking or filming onto a photosensitive member even in a
high speed system and use for a long term. Still another object of the
present invention is to provide a toner which can be fixed at low
temperature, 30  and yet is excellent in anti-blocking characteristic and
particularly sufficiently useful in a high temperature at- mosphere In a
small machine. Still another object of the present invention Is to provide
a toner which can be fixed at a low temperature and yet can be produced
continuously with good efficiency due to no sticking of the pulverized
product onto the inner walls of a pulverizing device in the pulverizing
step during manufacture of the toner. 35       Still another object of the
present invention is to provide a toner which is excellent in anti-offset
charac- teristic and can be produced with good efficiency due to excellent
pulverizability. Still another object of the present invention is to
provide a toner which is excellent In anti-offset charac- teristic,
contains no more resin components insoluble in tetrahydrofuran (THF) than
is necessary, and will not be denaturated or deteriorated in the thermal
kneading step of toner. 40      Still another object of the present
invention is to provide a toner which is little in amount of coarse powder
due to good pulverizability and therefore little in scattering of powder
around image, and can form stable and good developed images. Still another
object of the present invention is to provide a binder resin for toner
excellent in anti-sticking characteristic within the device during
pulverization or anti-sticking characteristic onto a photosensitive mem- 45
ber, and a process for production thereof. Still another object of the
present invention is to provide a binder for toner without any problem in
devel- opability, particularly image quality and durability, and a process
for production thereof. Still another object of the present Invention is to
provide a binderfortonersatisfying excellent performanc- es in various
items at the same time, and a process for production thereof. 50      Still
another object of the present invention is to provide a binderfor toner
which is excellent in fixing char- acteristic, and at the same in
anti-offset characteristic, anti-winding characteristic and anti-blocking
charac- teristic, and a process for production thereof. Still another
object of the present invention is to provide a binder for toner which is
good in pulverizability and also good in production efficiency of toner,
and a process for production thereof. 55      According to the present
invention, there is provided a toner for developing an electrostatic latent
image, comprising a colorant or magnetic powder and a binderresin, said
binder resin having 10 to 60wt.% of a chloro- form-insoluble or THF
(tetrahydrofuran)-insoluble and 40 to 90 wt% of a chloroform-soluble or
THF-soluble and comprising 10 to 50 wt.% of components having
molecularweights of 10,000 or less, the chloroform-solu- 4  



EP 0 259 819 B1 ble or THF-soluble having a molecular weight distribution
in the chromatogram of GPC (gel permeation chro- matography) thereof such
that it provides a ratio (Mw/Mn) of weight-average molecular weight
(Mw)/number- average molecular weight (Mn) [err] 5, and there are at least
one peak in the molecular weight range of 2,000 to 10,000 and at least one
peak or shoulder in the range of 15,000 to 100,000. 5      Preferred
embodiments of the toner according to the present invention are set out in
the sub claims to claim 1. According to another aspect of the present
invention, there is provided a process for production of a binder resin,
which comprises forming a polymer having a molecular weight distribution by
GPC such that it has the main peak in the region of molecular weights 2,000
- 10,000 and a ratio of weight average molecular 10  weight/number average
molecular weight (Mw/Mn) [err] 3.5 and Tg [err]  by solution polymerization
and car- rying out suspension polymerization reaction by dissolving said
polymer in a polymerizable monomer to pre- pare a resin composition
containing 10 to 70 wt% of chloroform- orTHF-insoluble, and the chloroform-
or THF- soluble having a molecular weight distribution such that it has a
ratio Mw/Mn [err] 5, and at least one peak in the region of molecular
weights 2,000 - 10,000, at least one peak or shoulder in the region of
molecular weights 15  15,000 -100,000 and the components of molecular
weights of 10,000 or less at a ratio of 10 to 50 wt.% based on the whole
resin. BRIEF DESCRIPTION OF THE DRAWINGS 20      Figure 1 shows a GPC
chromatogram of the THF-soluble of the toner of Example 1; Figure 2 shows a
GPC chromatogram of the THF-soluble of the resin of Synthesis Example 1;
Figure 3 shows a GPC chromatogram of THF-soluble of the polystyrene
obtained In polymerization un the first step in Synthesis Example 1; Figure
4 shows a GPC chromatogram of THF-soluble of the copolymer obtauned when
the styrene-n-butyl 25     acrylate copolymer in Synthesis Example 1 was
suspension polymerized alone; Figure 5 is a combined chart of the chart in
Figure 3 and the chart in Figure 4; Figure 6 is a chart prepared
byoverlapping the chart in Figure 2 (solid line) with the chart in Figure 5
(broken line) for comparative purpose; Figure 7 is a diagram showing
correlations between the respective characteristics demanded for the toner;
30      Figure 8 shows a graph showing the relation-ship between the
content of THF-insoluble and pulverizability; Figure 9 shows a graph
concerning the relationship between the content of the components of
molecular weights of 10,000 or less and the toner characteristics; Figure
10 shows a chromatogram of the THF-soluble of the resin composition-7;
Figure 11 shows a chromatogram of the THF-soluble of the binder resin used
in Comparative Example 9; 35        and Figure 12 shows a chart of GPC of
the THF-soluble of the resin composition prepared in Example 15. DETAILED
DESCRIPTION OF THE INVENTION 40     In orderto accomplish the objects as
mentioned above at the same time, we have made an intensive study on
compositions and performances of various binder resins from various
viewpoints. As a consequence, It has been found that the above mentioned
objects can be accomplished when the proportion of the THF-insoluble in the
binder resin and the molecular distribution of THF-soluble satisfy
specified conditions. When a binder resin is dissolved in a solvent such as
chloroform or THF, it can be separated into an insoluble and a soluble, 45
and the soluble can be subjected to measurement of the molecular weight
distribution by GPC (gel permeation chromatography). To attract attention
on the amount of THF-insouble and the position of the main peak of the
molecular weight distribution of THF-solubles, there is a relationship
between the position and pulverizability 



as shown In Figure 8. As a result it can be seen that a system with no or
little THF-insoluble is very disadvan- tageous, thus supporting the fact as
mentioned above that the shifting of the position of the peak In the mo- 50
lecular weight distribution simply toward the position of lower molecular
weight for the purpose of Improving pulverizability will worsen anti-offset
characteristic, whereby it is difficult to satisfy anti-offset
characteristic and pulverizability In combination. From this investigation,
it has been found that it Is very effective to incorporate a specific
amount of THF- insoluble not only for the purpose of Improving anti-offset
characteristic as conventionally considered but also 55  for the purpose of
improving pulverizability during preparation of toner. Further, the
molecular weight distribution of THF-soluble and the property as to whether
the fixable tem- perature is high or low (hereinafter merely referred to as
fixability), anti-offset characteristic, pulverizability and anti-blocking
characteristic were investigated. As a result, for example, as shown in
Figure 9, it has been 5    EP 0 259 819 B1 found that the components having
molecular weights of about 10,000 or less and 10,000 or more in the GPC
molecular weightdistribution have differentfunctions. It has been found
that the proportion of the components having molecular weight of 10,000
orless based on the total binderresin will not remarkably influence
fixablity or anti-offset characteristic contrary to that conventionally
mentioned, but it is substantially irrelevant if it is In 5   a specific
range above a certain value, and Instead it strongly relates to
pulverizability. Further, from other investigations, it has been also found
that in a binder resin system, the THF-insoluble influences primarily
anti-offset characteristic, anti-winding characteristic and pulverizablilty
basically, and that the components of molecular weights of 10,000 or less
of THF-soluble Influence primarily pulverizability, anti- blocking
characteristic, anti-sticking or anti-filming characteristic onto a
photosensitive member and sticking 10  onto the Inner walls of a
pulverizer, and further that the amount of the components of molecular
weights of 10,000 or more of THF-soluble influence primarily fixability. As
a result, the proportion of the components of molecular weights of 10,000
or less is 10 to 50 wt.%, preferably 10 to 39 wt.%. For exhibiting
sufficient per- formances, it is further required that the distribution has
a peak in the region of molecular weight of 2,000 to 10,000 (preferably
2,000 - 8,000) and a peak or a shoulder in the region of molecular weight
of 15,000 to 15  100,000 (preferably 20,000 - 70,000). If there Is no peak
in the range of 2000 -10000 and there is a peak at 2,000 or less, but the
proportion of the components of molecular weight 10,000 or less is 50 wt.%
or more, some problems may be caused in anti-blocking characteristic,
anti-sticking or anti-filming characteristic onto a photosensitive member,
or sticking onto inner walls of a pulverizer. If there is no peak at 10,000
or less, and there is a peak at 10,000 or more while the proportion of the
components of molecular weight 10,000 or less 20  Is 10 wt.% or less, there
Is posed a problem particularly with respect to pulverizability, and also
formation of coarse particles may pose a problem. If there is no peak or
shoulder in the region of molecular weight 15,000 or more and there is only
a peak in the region of molecular weight 15,000 or less, anti-offset
characteristic will pose a problem. If there is no peak or shoulder in the
region of molecular weight 15,000 - 100,000, and there Is the main peak at
100,000 or 25  higher, pulverizability will pose a problem. Further, the
THF-soluble is required to satisfy the relationship of Mw/Mn [err] 5, and
if Mw/Mn is lower than 5, anti-offset characteristic tends to be lowered
and problematic. Preferably, Mw/Mn may be 80 or less, more preferably
satisfy the relation of 10 [err] Mw/Mn [err] 60. Particularly, when Mw/Mn
is 10 [err] Mw/Mn [err] 60, especially excellent performances can be
exhibited In va- 30 rious characteristics such as pulverizability,
fixability, anti-offset characteristic, image quality, etc. 



Here, Mw is weight-average molecular weight measured by GPC as described
below, and Mn is number- average molecular weight by the same measurement.
The content of chloroform-insoluble or THF-insoluble in the binder resin
for toner is 10 to 60 wt.%. If it is less than 10wt.%, anti-offset
characteristic becomes a problem, while at a content over 60wt.%, thermal
fixing 35  temperature tends to be elevated. More preferably, the content
of chloroform-insoluble THF-insoluble may be 10 to 50 wt.%. Further prefer-
ably, the range of 15 to 49 wt.% is preferable in view of pulverizability
and anti-offset characteristic. The content of chloroform-insoluble
orTHF-insoluble is required to be controlled In view of the THF-soluble
content, the peak position in GPC chromatogram of THF-soluble and cleavage
of polymer molecular chains 40  during thermal kneading. In the process
according to the invention, the proportion of THF-insoluble in the resin
for toner is 10 to 70 wt.% (particularly 10 to 60 wt.%). If THF-insoluble
is less than 10 wt%, anti-offset characteristic and anti- winding
characteristic may become problematic, while at higher than 70 wt.%, the
problem of deterioration due to cleavage of molecular chains during thermal
kneading for preparation of toner may occur. Preferably, the 45  range of
15 to 59 wt.% (more preferably 1t to 49.%) may be used. When the glass
transition point [err] of the resin of the molecular weight components of
10,000 or less in the THF-soluble is compared with the [err] of the whole
resin, if the relationship of ([err]) [err] - 5) is satisfied, fixability,
pulverizability, anti-sticking, anti-filming characteristic onto a
photosensitive member, inhibition of sticking on inner walls of a
pulverizer, and anti-blocking characteristic will become better. 50
[err] as herein mentioned is measured by the following method. Under THF
flow at a rate of 7 ml/min. at [err], a sample solution in THF with a
concentration of about 3 mg/ml of THF-soluble in toner is injected in an
amount of about 3 ml into a molecular weight distribution measuring
apparatus, and the components of mo- lecular weights of 10,000 or less are
separated and collected. After collection, the solvent is evaporated under
reduced pressure and further dried in an atmosphere of [err] under reduced
pressure for 24 hours. The above 55   operation is repeated until about 20
mg of the components with molecular weights of 10,000 or less Is obtained.
The obtained sample is subjected to annealing at [err] for 48 hours, and
thereafter Tg is measured by differ- ential scanning calorimetry, and the
measured value is defined as [err]. As the column for separation, TSKgel,
G2000H, TSKgel G2500H, TSKgel G3000H, TSKgel G4000H (pro-    EP 0 259 819
B1 duced by Toyo Soda Kogyo KK.) may be employed, but in the Examples of
the present invention described hereinafter, TSKgel G2000H and TSKgel
G3000H were employed in combination. The value of [err] which is the Tg of
a toner is determined by differential scanning calorimetry after sub-
jecting the toner to annealing at [err] for 48 hours. 5      According to a
most preferred embodiment of the present invention, there is provided a
toner containing a binder resin, having a ratio of [err] of 0.4/1 to 4.0)1,
when the height of the highest peak in the region of molecular weight of
15,000 to 100,000 is denoted by [err] and the height of the highest peak in
the region of mo- lecular weight of 2,000 to 10,000 is denoted by [err] In
the GPC molecularweight distribution of THF-soluble, as shown in Figure 1.
Further, the number-average molecular weight of THF-soluble may be
preferably 2,000 [err] 10  Mn [err]9,000. If Mn < 2,000, anti-offset
characteristic becomes problematic, while If 9,000 < Mn, pulverizability
and fixability will become problematic. The chloroform-insoluble (gel
component) or THF-insoluble In the present Invention represents a weight
ratio of the polymer components (substantially crosslinked polymer) which
have become insoluble in chloro- form or THF solvent In the resin
composition In the toner, and can be used as a parameter indicating the
extent 



15  of crosslinking of a resin composition containing crosslinked
components. The chloroform-insoluble or THF- insoluble is defined by the
value measured as described below. A toner sample is weighed in an amount
of 0.5 to 1.0 g ([err] g), placed in a cylindrical f liter paper (e.g. No.
86 [err], produced by Toyo Roshi K.K.) and subjected to a Soxhlet's
extractor to effect extraction with the use of 100 to 200 ml of chloroform
orTHF as the solventfor 6 hours. The soluble extracted with the solvent is
subjected 20  to evaporation, and then vacuum-dried at [err] for several
hours, and the amount of the chloroform- or THF- soluble resin component is
weighed ([err] g). The weight of the components other the resin component
such as magnetic material or pigment in the toner is defined as ([err] g).
The chloroform- or THF-insoluble Is defined from the following formula: 25
Chloroform- or THF-insoluble (%)=[err] In the present invention, the
molecular weight of a peak or/and a shoulder in a chromatogram by GPC (gel
permeation chromatography), may be measured under the following conditions.
Through a column stabilized in a heat chamber at [err], THF
(tetrahydrofuran) as the solvent Is permitted to flow at a rate of 1
ml/min., and 50 to 200 u1 of a THF sample solution of a resin controlled to
a sample con- 30  centration of 0.05 to 0.6 wt.% is Injected for
measurement. In measuring the molecular weight of the sample, the molecular
weight distribution possessed by the sample is calculated based on a
calibration curve prepared from several kinds of mono-dispersed polystyrene
standard samples showing a relationship between the log- arithmic value of
the molecular weights and the count numbers. As the standard polystyrene
samples for prep- aration of the calibration curve, for example, those
produced by Pressure Chemical Co. or Toyo Soda Kogyo 35  K.K, having
molecular weights of 6x[err] 4.48 x [err] may be employed, and it is
suitable to use at least 10 points of standard polystyrene samples. As the
detector, an [err](refractive index) detector is used. As the column,
formeasuring adequately a molecular region of [err], a plurality of
commercially avail- able polystyrene gel columns may be preferably
combined. For example, a combination of p-styragel 500,103, 40  [err]
produced by Waters Co., a combination of Shodex KF-80M, KF-802, 803, 804
and 805 produced by Showa Denko K.K., or a combination of TSKgel G1OOOH,
G2000H, G2500H, G3000H, G4000H, G5000H, G6000H, G7000H and GMD produced by
Toyo Soda K.K., are preferred. The weight % of the components of molecular
weights 10,000 or lower relative to the binder resin Is de- termined by
cutting out the portion of chromatogram corresponding to the components of
molecular weights 45  of 10,000 or less, calculating the weight ratio
relative to the portion of chromatogram cut out corresponding to the
components of 10,000 or more, and calculating the weight % relative to the
whole resin by use of the weight % of the above THF insoluble. The above
binder resin characterized by the parameters may occupy 60 wt.% or more,
preferably 80 wt.% or more, particularly preferably 90 wt.% or more of the
total amount of binder resin in the toner of the present 0  invention.
Further, in the above molecular weight distribution of GPC, when the
chromatogram is divided into three portions with the molecular weights
3x104 and 50x104 as the boundaries, namely into a component A (region of
50x[err] or higher), a component B (region of 3x[err] to 50x[err]) and a
component C (region of 3x104 or lower), respectively, from the higher
molecularweightside, and the constituent ratios of the respective regions
relative 55  to the whole chromatogram are determined from integrated
values of the chromatogram or by the weight from the respective weights of
the chromatogram cut out into three portions, the constituent ratios may be
0 to 20 %, preferably 0 to 15 %, more preferably 0 to 10 %, furthermore
preferably 1 - 9 %, for the component A; 10 to 60 %, preferably 15 to 55 %,
more preferably 20 to 50 % for the component B; and 20 to 90 %, preferably
7   



EP 0 259  819 B1 35 to 80 %, more preferably 40 to 70 % for the component
C. The reason for these is because, in a relationship between the
chloroform- or THF-soluble and the chloro- form- or THF-insoluble, a resin
composition with a gel component of 60 % or higher will bring about
elevation in fixing temperature and further invite poordispersibilityof
theadditive when usedfortoner, due to the melting 5   characteristic of the
crosslinked components. Further, cleavage of the highly crosslinked
components will read- ily occur during kneading of the resin, thereby
causing troubles in designing of toner. When the gel component Is less than
0.1 %, offset, winding around rollers will readily occur, and further when
the gel component Is less than 0.1 % and the content of the higher
molecular region is high, pulverizability will be remarkably worsened. If
the molecular weights of the solvent soluble have no main peak value in the
range of 1,000 to 25,000, 10 and the main peak value is at 25,000 or
higher, the fixing temperature of the toner prepared will be elevated to
narrow the fixing temperature region, and also the pulverizability is
worsened to bring about lowering In pro- duction efficiency. If the
molecular weight of the main peak value is lower than 1,000, the toner
prepared will be remarkably worsened in anti-offset characteristic or
anti-winding characteristic around rollers, and further a problem may
sometimes occur in blocking. If there is no sub-peak or sub-shoulder In the
molecular weight 15  range of 3,000 to 150,000, and their values are higher
than 150,000, dispersibility of additive is poor, and also fixing
temperature is remarkably elevated, with pulverizability being further
remarkably worsened. If the mo- lecular weight for a sub-peak or
sub-shoulder is less than 3,000, the toner prepared Is worsened in
anti-offset characteristic, anti-winding characteristic around rollers, and
further a problem may sometimes occur In block- ing. In the tonerof the
present invention, the above problems are markedly improved, and a
tonerwith excellent 20 anti-offset characteristic, anti-winding
characteristic around rollers, broad fixing temperature region and yet with
excellent developing characteristics and good pulverizability can be
obtained. It is further preferred that the binder resin contains 10 - 50
wt.% of the chloroform-insoluble, and the THF- soluble of the binder resin
has, in the GPC chromatogram thereof, a main peak in the molecular weight
range of 2,000 to 15,000 and a sub-peak or shoulder in the molecular weight
range of 8,000 to 80,000. 25      The resin composition in the toner of the
present invention may be preferably polymers or copolymers ob- tained by
polymerization of at least one monomer selected from styrene type monomers,
acrylic acid type monomers, methacrylic acid type monomers and derivatives
thereof for developing characteristics and charg- ing characteristics.
Examples of the monomers may include styrene type monomers such as styrene,
a-me- thylstyrene, vinyltoluene, chlorostyrene and the like; acrylic acid
type monomers, methacrylic acid type mono- 30 mers and derivatives thereof
such as acrylic acid, methyl acrylate, ethyl acrylate, propyl acrylate,
butyl acryl- ate, octyl acrylate, 2-ethylhexyl acrylate, n-tetradecyl
acrylate, r-hexadecyl acrylate, lauryl acrylate, cyclohex- yl acrylate,
diethylaminoethyl acrylate, dimethylaminoethyl acrylate and other
acrylates, similarly methacrylic acid and methacrylates such as methyl
methacrylate, ethyl methacrylate, propyl methacrylate, butyl metha-
crylate, amyl methacrylate, hexyl methacrylate, 2-ethyihexyl methacrylate,
octyl methacrylate, decyl metha- 35 crylate, dodecyl methacrylate, lauryl
methacrylate, cyclohexyl methacrylate, phenyl methacrylate, 2-hydrox-
yethyl methacrylate, 2-hydroxypropyl methacrylate, dimethylaminoethyl
methacrylate, glycidyl methacrylate, stearyl methacrylate and the like.
Other than the monomers as mentioned above, a small amount of other
monomers within the range which can accomplish the objects of the present
invention may be employed, such as acrylonitrile, 2-vinylpyridine,
4-vinylpyridine, vinyl carbazole, vinyl methyl ether, butadiene, isoprene,
maleic 40  anhydride, maleic acid, maleic acid monoesters, maleic acid
diesters, vinyl acetate. As the crosslinking agent to be used in the toner
of the present invention, there may be included as a bi- functional
crosslinking agent, divinylbenzene, bis(4-acryloxypolyethoxyphenyl)propane,
ethylene glycol dia- crylate, 1,3-butylene glycol diacrylate,
1,4-butanediol diacrylate, 1,5-pentanedlol diacrylate, 1,6-hexanediol
diacrylate, neopentyl glycol diacrylate, diethylene glycol diacrylate,
triethylene glycol diacrylate, tetraethylene 



45 glycol diacrylate, respective diacrylates of polyethylene glycol #200,
#400, #800, dipropylene glycol diacrylate, polypropylene glycol diacrylate,
polyester type diacrylate (MANDA, Nippon Kayaku, K.K.), and methacrylates
corresponding to the above acrylates. Examples of polyfunctional
crosslinking agent may include pentaerythritol acrylate, trimethylolethane
tri- acrylate, trimethylolpropane triacrylate, tetramethylolmethane
tetrascrylate, oligoester acrylate, and corre- 50 sponding methacrylates,
2,2-bis(4-methacryloxy-polyethoxyphenyl)propane, diallyl phthalate,
triallyl cyanu- rate, triallylazo cyanurate, triallyl isocyanurate,
triallyl trimellitate, and diallyl chlorendate. The method for synthesizing
the binder resin according to the present invention may be preferably a
meth- od in which two or more kinds of polymers are synthesized. In a
method for preparing the binder resin of the present invention, a first
resin is prepared by solution 55   polymerization, the first resin is
dissolved in a polymerizable monomer and the polymerizable monomer Is sus-
pension polymerized in the presence of the first resin and a crosslinking
agent. It is preferable to dissolve 10 to 120 parts by weight, preferably
20 to 100 parts by weight of the first resin per 100 parts by weight of the
monomer for suspension polymerization. During the suspension
polymerization, it is preferable to use about 8    EP 0 259 819 B1 0.1 to
2.0 wt.% of a crosslinking agent based on the monomer to be
suspension-polymerized. Slight change in these conditions may be tolerable
depending on the kind of initiator and the reaction temperature. It has
been found that a binder resin obtained by dissolving a first polymer in a
monomer followed by sus- pension polymerization of the monomer is different
from a blended polymer obtained by mere mixing of the 5   first polymer and
a polymerobtained by suspension polymerization of the monomer without
dissolving the first polymer. The difference resides in the point that the
former is slightly ricker in high molecular weight components in the
chromatogram of GPC of THF-soluble than the latter, giving a broader
molecularweight distribution. The former comprises molecular weights of
[err] or more at a ratio of 3 to 25 wt.% of the whole resin, which is 10
clearly greater than that of the latter. This may be attributable to the
fact that the first polymer dissolved influ- ences suspension
polymerization, which provides an advantageous effect not attainable by
homogeneous mix- ing of the polymers. This is described in more detail by
referring to the GPC charts shown in the accompanying drawings. Figure 2 in
the accompanying drawings shows a chart of GPC of a resin composition
obtained in Synthesis 15  Example 1 as described below. Figure 3 shows a
chart of GPC of a polystyrene prepared in solution polymer- lzation which
is a first polymerization. The polystyrenewas soluble InTHF, and also
soluble in styrene monomer and n-butyl acrylate monomer which were
polymerization monomers, and had a main peak at a molecular weight of
3,500. Figure 4 shows a chart of GPC of THF-soluble of the product formed
by suspension polymer- ization of a styrene-n-butyl acrylate copolymer
prepared in the second polymerization under the same condi- 20  tions
except that the polystyrene was not added. The styrene-n-butyl acrylate
copolymer was found to have a main peak at a molecular weight of 40,000.
Figure 5 is a combination of the chart in Figure 3 and the chart in Figure
4. Figure 6 shows a superposition of the chart in Figure 2 and the chart in
Figure 5 (converted into a line). As is also apparent from Figure 6, the
resin composition obtained in Synthesis Example 1 according to the 25
present invention was found to have a GPC chart which was different from
that of the product obtained by merely mixing the polystyrene and the
styrene-n-butyl acrylate copolymer separately polymerized. Particu- larly,
on the highermolecularside, a polymercomponentnotformed In the
styrene-n-butyl acrylatecopolymer 



alone is found to be formed. This higher molecular weight component may be
considered to be formed by the presence of the polystyrene prepared in the
first step solution polymerization during the suspension polymer- 30
ization which is the second step polymerization, with the polystyrene
functioning as the polymerization con- troller, whereby synthesis of
THF-insoluble and THF-soluble of styrene-n-butyl acrylate copolymer is
control- led. In the resin composition according to the present invention,
THF-insoluble, high molecular components soluble in THF, intermediate
molecular weight components soluble in THF and low molecular weight compo-
nents soluble In THF, are homogeneously mixed. Further, the resin
composition according to the present in- 35  vention has an ability of
forming a new peak in the region of the molecular weights of 30x104 or
higher (pre- ferably 50x1 04 or higher) through cleavage of molecular
chains in the melting and kneading step during prep- aration of toner, to
control fixability and anti-offset characteristic of the toner. Further, in
the present invention, it is preferable that the components of molecular
weights of [err] or more is contained in an amount of 5 to 30 wt.%
(preferably 10 to 30 wt.%) of the binder resin based on GPC 40  of
THF-soluble in the toner. In GPC of THF-soluble in toner, a binder resin
having a clear peak at molecular weights of [err] or higher (preferably
50x104 or higher) is more preferable with respect to improvement In
anti-offset characteristic and anti-winding characteristic. The solution
polymerization process and the suspension polymerization process according
to the present invention are described below. 45      As the solvent to be
used in the solution polymerization, xylene, toluene, cumene, cellulose
acetate, iso- propyl alcohol, benzene, etc. may be employed. In the case of
a styrene monomer, xylene, toluene or cumene is preferred. It may be
suitably selected depending on the polymer formed. The initiator may
include dl-tert- butylperoxide, tertbutyl peroxybenzoate, benzoyl peroxide,
2,2'-azobisisobutyronltrile, 2,2'-azobis(2,4-dime- thylvalelonitrile),
etc., which may be used at a concentration of 0.1 part by weight or more
(preferably 0.4 to 50  15 parts by weight) based on 100 parts by weight of
the monomer. The reaction temperature, which may de- pend on the solvent,
the initiator employed and the polymer to be polymerized, may be preferably
[err] to [err]. In the solution polymerization, it is preferable to use 30
parts to 400 parts by weight of the monomer per 100 parts by weight of the
solvent In the suspension polymerization, it is preferable to use 100 parts
by weight or less (preferably 10 to 90 55   parts byweight) of the monomer
per 100 parts by weightofan aqueous dispersion medium. Available dispers-
ing agents may include polyvinyl alcohol, partially saponified polyvinyl
alcohol, calcium phosphate, etc., and may be used in an amount of 0.05 to 1
part by weight based on 100 parts by weight of the aqueous dispersion
medium as an appropriate amount while it may somewhat depends on the amount
of the monomer relative to 9    EP 0 259 819 B1 the aqueous dispersion
medium. The polymerization temperature may be appropriately 50 to [err],
and it should be selected suitably depending on the initiator employed and
the desired polymer. Also, although any kind of initiator can be used so
long as it is insoluble or hardly soluble in water, for example, benzoyl
peroxide, tert-butylperoxy hexanoate, etc., may be used in an amount of 0.5
to 10 parts by weight based on 100 parts 5   by weight of the monomer. In
the toner using the resin of the present invention, in addition to the
above binder resin component, the following components may be Incorporated
at a ratio smaller than the content of said binder resin component, within
the range which does not adeversely affect the effect of the present
Invention. For example, there may be added silicone resin, polyester,
polyurethane, polyamide, epoxy resin, polyvinyl 10  butyral, rosin,
modified rosin, terpene resin, phenol resin, aliphatic or allicyclic
hydrocarbon resin such as low 



molecular weight polyethylene or low molecular weight polypropylene,
aromatic petroleum resin, chlorinated paraffin, paraffin wax, and others.
As the charge controller to be used in the toner of the present invention,
positive or negative charge con- trollers known in the art can be used.
Examples of charge controllers known nowadays in the technical field 15
concerned may include those as set forth below. (1) As the controller which
controls the toner to be positively chargeable, the following substances
may be Included: nigrosine, azine type dyes containing alkyl group having 2
to 16 carbon atoms (e.g., C.I. Basic Yellow 2 (C.I. 41000), C.I. Basic
Yellow 3, C.I. Basic Red 1 (C.I.45160), C.I. Basic Red 9 (C.I.42500), C.I.
Basic Violet 20   1 (C.I.42535), C.I. BaslcVlolet 3 (C.1.42555), C.I.
BasicViolet 10(C.1.45170), C.I. BasicViolet 14(C.1.42510), C.I. Basic Blue
1 (C.I. 42025), C.I. Basic Blue 3 (C.I. 51005), C.I. Basic Blue 6 (C.I.
42140), C.I. Basic Blue 7 (C.I. 42595), C.I. Basic Blue 9 (C.I. 52015),
C.I. Basic Blue 24 (C.I. 52030), C.I. Basic Blue 25 (C.I. 52025), C.I.
Basic Blue 26 (C.I. 44025), C.I. Basic Green 1 (C.I. 42040), C.I. Basic
Green 4 (C.I. 42000) lake pigments of these basic dyes (lake-forming agent
may be phosphotungstic acid, phosphomolybdic acid, phosphotun- 25
gustomolybdic acid, tannic acid, lauric acid, gailic acid, ferricyanide,
ferrocyanide), C.I. Solvent Black 3 (C.I. 26150), Hansa Yellow G (C.I.
11680), C.I. Mordant Black 11, C.I. Pigment Black 1. For example, there may
be employed benzoylmethyl-hexadecylammonium chloride, decyl-trimethylam-
monium chloride or dialkyltin compounds such as dibutyltin or dioctyltin,
metal salts of higher fatty acids, in- organic fine powder such as that of
zinc oxice and metal complexes of EDTA, acetylacetone, vinyl type poly- 30
mers containing amino group, polyamine resin of condensed type polymer
containing amino group. Particu- larly, In view of dispersibility,
nigrosine, metal salts of higher fatty acids and vinyl type polymers having
amino group are preferred. (2) As the controller which controls the tonerto
be negatively chargeable, there are the following substanc- es. First of
all, those as described in Japanese Patent Publications JP-B 41-20153,
42-27596, 44-6397, 45- 35  26478 may be included. There are also dyes or
pigments such as nitrohumic acid and salts thereof or C.I. 14645 as
disclosed In Japanese Laid-Open Patent Application JP-A 50-133338; Zn, Al,
Co, Cr, Fe metal complexes of sailcylic acid, naphthoic add, dicarboxylic
acid; sulfonated copper phthalocyanine pigment; styrene oligomers having
nitrile group or halogen introduced therein, and chlorinated paraffins.
Particularly, from the aspect of dispersibility, 40 metal complexes of
monoazo dyes, metal complexes of salicyclic acid, alkylsalicylic acid,
naphthoic acid, dia- crboxylic acid are preferred. The toner of the present
Invention can be also mixed with other additives, if desired, to give good
results. Examples of such additives may include lubricants such as Teflon,
zinc stearate, polyvinylidene fluoride (among them, polyvinylidene fluoride
is preferred); abrasives such as cerium oxide, silicon carbide, strontium
45 titanate (among them, strontium titanate is preferred);
flowability-imparting agents such as colloidal silica, alu- minum oxide
(among them, hydrophobic colloidal silica is particularly preferred);
caking preventives; conduc- tivity-imparting agents such as carbon black,
zinc oxide, antimony oxide, tin oxide; fixing aids such as low- molecular
weight polyethylene, low-molecular weight polypropylene, various waxes; or
anti-offset agents. It is also possible to use a small amount of white fine
particles and black fine particles of the opposite polarity as 50 the
developability improving agent. Further, when the toner of the present
invention is used as a two-component system developer, it Is used In the
form of a mixture with carrier powder. In this case, the mixing ratio of
the toner and the carrier powder may be 0.1 to 50 wt.% in terms of the
toner concentration, preferably 0.5 to 10 wt.%, more preferably 3 to 5
wt.%. 55      As the carrier which can be used in the present invention,
those known in the art may be available. For example, powder having
magnetic property such as iron powder, ferrite powder, nickel powder, glass
beads, 



etc., and these materials subjected to the surface treatment with fluorine
type resin or silicon type resin, may be employed. 10    EP 0 259 819 B1
Further, the toner of the present invention can be used also as a magnetic
toner by further incorporating a magnetic material. In this case, the
magnetic material also functions as a colorant. The magnetic material to be
contained in the magnetic toner of the present invention may include iron
oxides such as magnetite, he- matite, ferrite or compounds of divalent
metal and iron oxide; metal such as iron, cobalt, nickel or alloys of these
5 metals with metals such as aluminum, cobalt, copper, lead, magnesium,
tin, zinc, antimony, beryllium, bismuth, cadmium, calcium, manganese,
selenium, titanium, tungsten, vanadium, and mixtures thereof. These
ferromagnetic materials may have average particle size of 0.1 to 2 um,
preferably about 0.1 to 0.5 um, particularly preferably with spherical
shapes. The amount contained in the toner may be about 20 to 200 parts by
weight based on 100 parts by weight of the resin component, particularly
preferably 40 to 180 parts 10  by weight based on 100 parts by weight of
the resin component. Further, in the toner of the present invention, a
colorant may be added, as desired. As the colorant to be used In the toner
of the present invention, any desired appropriate pigment or dye may be
employed. For example, the pigment may include carbon black, aniline black,
acetylene black, naphthol yellow, hansa yellow, rhodamine lake, alizarine
lake, blood red, phthalocyanlne blue, indanthrene blue. These 15     may be
used in amounts necessary and sufficient to maintain the optical density of
the fixed image, namely 0.1 to 20 parts by weight, preferably 2 to 10 parts
by weight, per 100 parts by weight of the resin. For similar purpose, dyes
may be employed. For example, there are azo type dyes, anthraquinone type
dyes, xanthene type dyes, methine dyes, which may be added in amounts of
0.1 to 20 parts by weight, preferably 0.3 to 3 parts by weight, per 100
parts by weight of the resin. 20      For preparation of the toner for
development of electrostatic images according to the present invention, the
above resin composition according to the present invention and the charge
controller, optionally a magnetic material, a pigment or dye as the
colorant and additives are sufficiently blended by a mixer such as ball
mill, and melted and kneaded by a hot kneader such as heated rollers,
kneader, extruder to have the pigment or dye dispersed or dissolved in the
resins which have been made compatible with each other, and after solidi-
25  fication by cooling, pulverized and classified, whereby a toner with an
average particle size of 3 to 20 um can be obtained. The present invention
is described in detail below by referring to Examples, by which the present
invention is not limited at all. In the following formulations, parts are
parts by weight. 30 Synthesis Example 1 Into a reactor, 200 parts by weight
of cumene were charged and the temperature was raised to the reflux
temperature. To this was added dropwise a mixture of 100 parts by weight of
styrene monomer and 9 parts of di-tert-butyl peroxide under cumene reflux
over 4 hours. Further, under cumene reflux, solution polymeri- 35  zation
was completed ([err]), and cumene was removed. The polystyrene obtained was
found to be soluble in IHF, with Mw = 3,700, Mw/Mn = 2.64, and the main
peak of GPC was positioned at a molecularweight of 3,500, with Tg = [err].
The GPC chromatogram of the polystyrene Is shown in Figure 3. The above
polystyrene (30 parts by weight) was dissolved in the monomer mixture shown
belowto provide a mixed solution. 40 Monomer mixture
Formulated ratio 



Styrene monomer                               54 wt.  parts n-Butyl
acrylate monomer                      16 wt. parts Divinylbenzene
0.3 wt. part.: 50 Benzoyl peroxide
1 wt. part tert-Butylperoxy-2-ethyl-                    0.7 wt.  part
hexanoate 55 Into the above mixed solution, 170 parts by weight of water
containing 0.1 part by weight of a partially sa- ponified polyvinyl alcohol
dissolved therein were added to form a suspension. The above suspension was
add- ed into a reactor charged with 15 parts by weight of water and
replaced with nitrogen, and suspension poly- 11    EP 0 259 819 B1
merization was carried out at a reaction temperature of 70 to [err] for 6
hours. After completion of the reaction, the product was filtered off,
dehydrated and dried to give a composition of a polystyrene and a
styrene-n-butyl acrylate copolymer. This composition contained
THF-insoluble and THF-soluble homogeneously mixed there- in, and the
polystyrene and the styrene-n-butyl acrylate copolymer were found to be
homogeneously mixed. 5   The content of the THF-insoluble (measured as the
powder of 24 mesh pass, 60 mesh on) was 40 wt.%. More specifically, the
THF-insoluble content was measured by placing about 0.5 g of the resin
composition In a cyl- indrical filter paper (28x100 mm, No. 86R, produced
by Toyo Roshl K.K.) and effecting the extraction with a Soxhlet's extractor
at an average rate of about 7 times/hr. The molecular weightdistribution of
the THF-soluble was measured to give a result that there were peaks at the
positions of about O.4x[err] and about [err] in 10  the GPC chart, with Mn
= 0.56x[err], Mw = 13x[err], Mw/Mn = 23, and the molecularweights of [err]
or lower being 21 wt.%. Further, Tg of the resin was [err], and the glass
transition point [err] of the components of 104 or less separated by GPC
was [err]. Figure 2 shows the GPC chromatogram of the THF-soluble. The
characteristics concerning molecular weights of the respective resins and
resin compositions were 15  measured according to the following method. By
use of Shodex KF-80M as the column for GPC measurement, it was assembled in
the heat chamber of [err] of a GPC measuring device (150C ALC/GPC produced
by Waters Co.), and GPC operation was ef- fected by injecting 200 ul of a
sample (about 0.1 wt.% concentration of THF-soluble) under the condition of
THF flow rate of 1 ml/min. and by using an RI for the detector. As the
calibration curve for molecular weight 20   measurement, THF solutions of
mono-dispersed polystyrene standard materials (produced by Waters  Co.) of
the 10 points of molecular weights of [err] [err] were used. Comparative
Synthesis Example 1 25 The polystyrene obtained in Synthesis Example 1 (30
parts by weight) was dissolved in the following mono- mer mixture to
provide a mixed solution. 30           Monomer mixture
Formulated ratio Styrene monomer                                    54 wt.
parts n-Butyl  acrylate monomer                           16 wt.  parts
Divinylbenzene                                    1.5 wt.  parts Benzoyl
peroxide                                    1 wt.  part 



40      The above mixture was subjected to suspension polymerization in the
same manner as in Synthesis Ex- ample 1 to obtain a composition of a
polystyrene and a styrene-n-butyl acrylate copolymer. The content of THF-
insoluble in this resin was 75 wt. %, thus containing a large amount of
THF-insoluble. Comparative Synthesis Example 2 46 The polystyrene obtained
in Synthesis Example 1 (30 parts by weight) was dissolved in the following
mono- mer mixture to provide a mixed solution. Monomer mixture
Formulated  ratio Styrene monomer                                      54
wt.  parts n-Butyl  acrylate monomer                            16 wt.
parts Divinylbenzene                                       0.13 wt.  part
tert-Butylperoxyhexanoate                            1.0 wt.  part 12    EP
0 259 819 B1 The above mixture was subjected to suspension polymerization
in the same manner as in Synthesis Ex- ample 1 to obtain a composition of a
polystyrene and a styrene-n-butyl acrylate copolymer. In the GPC chro-
matogram of the THF-soluble of this composition, there were peaks at the
positions of a molecular weight of about 4,000 and a molecular weight of
15x104. 5 Comparative Synthesis Example 3 Into a reactor, 150 parts by
weight of xylene was charged and the temperature was raised to the reflux
temperature. To this was added dropwise a mixture of 100 parts by weight of
styrene monomer, 2 parts by 10  weight of tert-butylperoxybenzoate, and 1
part by weight of di-tertbutylperoxide under xylene reflux In 4 hours.
Further, solution polymerization was completed under xylene reflux ([err]),
and xylene was removed. The polystyrene obtained was soluble In THF, with
Mw = 10,000, Mw/Mn = 3.22, and the main peak was positioned at a molecular
weight of 11,000, with Tg = [err]. The above polystyrene (30 parts by
weight) was dissolved in the monomer mixture shown below to provide 15  a
mixed solution. Monomer mixture                              Formulated
ratio 20          Styrene monomer                                   52 wt.
parts n-Butyl  acrylate  monomer                        18 Divinylbenzene
0.25      " 25          Benzoyl  peroxide
0.4 tert-Butylperoxy-2-ethylhexanoate   1 30      The above mixture was
subjected to suspension polymerization in the same manner as in Synthesis
Ex- ample I to obtain a composition of a polystyrene and a styrene-n-butyl
acrylate copolymer. In the GPC chro- matogram of theTHF-soluble of this
composition, there was substantially no peak at molecularweights of about
10,000 or less. 35   Comparative Synthesis Example 4 In the monomer mixture
shown below, 170 parts by weight of water containing 0.1 part by weight of
a par- tially saponified polyvinyl alcohol dissolved therein were added to
provide a suspension. 40 Monomer mixture
Formulated  ratio 



Styrene monomer                                70   wt.  parts 45
a-Methylstyrene  monomer                         6 n-Butyl  acrylate
monomer                     23 Divinylbenzene
0.9 50 Benzoyl peroxide                                3 The above
suspension was added Into a reactor charged with 15 parts by weight of
water and replaced with nitrogen, and suspension polymerization was carried
out at a reaction temperature of [err] for 6 hours. 55   After completion
of the reaction, the product was filtered off, dehydrated and dried to give
a styrene-n-butyl acrylate copolymer. The copolymer had a main peak at a
molecular weight of about 17,000, and substantially no peak at mo- lecular
weights of [err] or less. 13    EP 0 259 819 B1 Synthesis Example 2 Into a
reactor, 150 parts by weight of cumene was charged, and the temperature was
raised to the reflux temperature. The following mixture was added dropwise
under cumene reflux over 4 hours. 5 Monomer mixture
Formulated  ratio Styrene  monomer                              97.5  wt.
parts 10 n-Butyl  acrylate  monomer                      2.5 Di-tert-butyl
peroxide                          4 15      Further, polymerization was
completed undercumene reflux ([err]) and cumene was removed. The
styrene-n-butyl acrylate copolymer obtained had Mw = 6,900, Mw/Mn = 2.3 a
main peak at a molecular weight of 7,100, and Tg = [err]. The above
styrene-n-butyl acrylate copolymer (40 parts by weight) was dissolved in
the following mono- mer mixture to provide a mixture. 20 Monomer mixture
Formulated ratio Styrene monomer                                38 wt.
parts 25 n-Butyl methacrylate monomer    22 Divinylbenzene
0.24      " 30             Benzoyl  peroxide
0.65 tert-Butylperoxy-2-ethyl- hexanoate
0.85       " 35 Into the above mixture, 170 parts by weight of water
containing 0.1 part by weight of a partially saponified polyvinyl alcohol
dissolved therein were added to form a suspension. The above suspension was
added into a reactor charged with 15 parts by weight of water and replaced
with nitrogen, and the reaction was carried out at a temperature of 70 to
[err] for 6 hours. After completion of 40  the reaction, the product was
filtered, dehydrated and dried to give a composition of a styrene-n-butyl
acrylate 



copolymer and a styrene-n-butyl methacrylate copolymer. Synthesis Example 3
45      Into a reactor, 200 parts by weight of cumene were charged, and the
temperature was raised to the reflux temperature. The following mixture was
added dropwise under cumene reflux over 4 hours. Monomer mixture
Formulated ratio 50            Styrene  monomer
100  wt.  parts Di-tert-butylperoxide                             8       "
55      Further, polymerization was completed under cumene reflux ([err])
and cumene was removed. The polystyrene obtained had Mw = 3,700, Mw/Mn =
2.64, a main peak at a molecular weight of 3,500, and Tg = [err]. The above
polystyrene (30 parts by weight) was dissolved in the following monomer
mixture to provide a 14    EP 0 259 819 B1 mixture. Monomer mixture
Formulated ratio Styrene monomer                                  56 wt.
parts 2-Ethylhexyl acrylate monomer    14 10           Divinylbenzene
0.14   " tert-Butylperoxy-2-ethylhexanoate  1.6 wt. parts 15      Into the
above mixture, 170 parts by weight of water containing 0.1 part by weight
of a partially saponified polyvinyl alcohol dissolved therein were added to
form a suspension. The above suspension was added into a reactor charged
with 15 parts by, weight of water and replaced with nitrogen, and the
reaction was carried out at a temperature of 70 to [err] for 6 hours. After
completion of the reaction, the product was filtered, dehydrated and dried
to give a composition of a polystyrene and a styr- 20  ene-2-ethylhexyl
acrylate copolymer. Synthesis Example 4 Into a reactor, 150 parts by weight
of cumene were charged, and the temperature was raised to the reflux 25
temperature. The following mixture was added dropwise under cumene reflux
over 4 hours. Monomer mixture                             Formulated ratio
Styrene monomer                                100 wt.  parts Di-tert-butyl
peroxide                           4 wt.  parts Further, polymerization was
completed under cumene reflux ([err]) and cumene was removed. The 35
polystyrene obtained had Mw = 5,200, Mw/Mn = 2.74, a main peak at a
molecular weight of 5,300 and Tg [err]. The above polystyrene (50 parts by
weight) was dissolved In the following monomer mixture to provide a
mixture. 40 Monomer mixture                             Formulated ratio
Styrene  monomer                               37 wt. parts n-Butyl
acrylate  monomer                      13 Divinylbenzene
0.2 Benzoyl peroxide                               0.8 50 



Into the above mixture, 170 parts by weight of water containing 0.1 part by
weight of a partially saponified polyvinyl alcohol dissolved therein were
added to form a suspension. The above suspension was added into a reactor
charged with 15 parts by weight of water and replaced with nitrogen, and
the reaction was carried out at a temperature of [err] for 6 hours. After
completion of 55  the reaction, the product was filtered, dehydrated and
dried to give a composition of a polystyrene and a styr- ene-n-butyl
acrylate copolymer. 15    EP 0 259 819 B1 Synthesis Example 5 Into a
reactor, 200 parts by weight of cumene were charged, and the temperature
was raised to the reflux temperature. The following mixture was added
dropwise under cumene reflux over 4 hours. 5 Monomer  mixture
Formulated  ratio Styrene monomer                                90 wt.
parts Methyl methacrylate monomer                    10 Di-tert-butyl
peroxide                          8 15      Further, polymerization was
completed undercumene reflux ([err]) and cumene was removed. The
styrene-methyl methacrylate copolymer obtained had Mw = 3,900, Mw/Mn = 2.6,
a main peak at a molecular weight of 4,100, and Tg = [err]. The above
styrene-methyl methacrylate copolymer (30 parts by weight) was dissolved in
the following monomer mixture to provide a mixture. 20 Monomer mixture
Formulated ratio Styrene  monomer                               54 wt.
parts 25              n-Butyl  methacrylate  monomer                  16
Divinylbenzene                                 0.3 Benzoyl  peroxide
1.4 Into the above mixture, 170 parts by weight of water containing 0.1
part by weight of a partially saponified polyvinyl alcohol dissolved
therein were added to form a suspension. The above suspension was added
Into a reactor charged with 15 parts by weight of water and replaced with
nitrogen, and the reaction was carried 35   out at a temperature of [err]
for 6 hours. After completion of the reaction, the product was filtered,
de- hydrated and dried to give a composition of a styrene-methyl
methacrylate copolymer and a styrene-n-butyl methacrylate copolymer.
Synthesis Example 6 40 Into a reactor, 200 parts by weight of cumene was
charged, and the temperature was raised to the reflux temperature. The
following mixture was added dropwise under cumene reflux over 4 hours.
Monomer mixture                           Formulated ratio Styrene monomer
95 wt.  parts a-Methylstyrene                                5 wt.  parts
50            Di-tert-butyl  peroxide                        8 wt.  parts
Further, polymerization was completed undercumene reflux ([err]) and cumene
was removed. The styrene-a-methylstyrene copolymer obtained had Mw = 4,500,
Mw/Mn = 2.8, a main peak at a molecular weight 



55   of 4,400 and Tg = [err] The above styrene-methyl methacrylate
copolymer (30 parts by weight) was dissolved in the following monomer
mixture to provide a mixture. 16    EP 0 259 819 B1 Monomer mixture
Formulated ratio Styrene monomer                               53 wt. parts
5             n-Butyl  methacrylate  monomer                 17 wt.  parts
Divinylbenzene                                0.3 wt. part Benzoyl peroxide
1.4  wt.  parts 10 Into the above mixture, 170 parts by weight of water
containing 0.1 part by weight of a partially saponified polyvinyl alcohol
dissolved therein was added to form a suspension. The above suspension was
added into a reactor charged with 15 parts by weight of water and replaced
with nitrogen, and the reaction was carried out 15  ata temperature of
[err] for 6 hours. After completion of the reaction, the productwas
filtered, dehydrated and dried to give a composition of a
styrene-a-methylstyrene copolymer and a styrene-n-butyl methacrylate
copolymer. Comparative Synthesis Example 5 20 Into a reactor, 200 parts by
weight of cumene were charged, and the temperature was raised to the reflux
temperature. The following mixture was added dropwise under cumene reflux
over 4 hours. 25               Monomer  mixture
Formulated  ratio Styrene monomer                            100 wt.  parts
Di-tert-butyl  peroxide                       8       " 30 Further,
polymerization was completed under cumene reflux ([err]) and cumene was
removed. The polystyrene obtained had Mw = 3,700, Mw/Mn = 2.64, a main peak
at a molecular weight of 3,500, and Tg = [err]. The above polystyrene (30
parts by weight) was dissolved in the following monomer mixture to provide
a 35   mixture. Monomer mixture                           Formulated ratio
40  Styrene  monomer                                         56 wt. parts
n-Butyl acrylate  monomer                   14 wt. parts Divinylbenzene
0.05 wt. part 45              Benzoyl  peroxide
2 wt.  parts Into the above mixture, 170 parts by weight of water
containing 0.1 part by weight of a partially saponified polyvinyl alcohol
dissolved therein was added to form a suspension. 50      The above
suspension was added into a reactor charged with 15 parts by weight of
water and replaced with nitrogen, and the reaction was carried out at a
temperature of [err] for 6 hours. After completion of the reaction, the
product was filtered, dehydrated and dried to give a composition of a
polystyrene and a styr- ene-n-butyl acrylate copolymer. This composition
contained about 3 wt. % of THF-insoluble, thus containing only a small
amount of THF-insoluble. 55 



17    EP 0 259 819 B1 Example 1 Resin composition of Synthesis Example  1
100 wt.  parts Magnetic material                                    60
Negative charge controlling  agent                     2 10 Low-molecular
weight polypropylene                     3 The above materials were
premixed by a Henschel mixer and then kneaded on a two-roll mill heated to
15  [err] for 20 minutes. After the kneaded product was left to cool, It
was coarsely crushed by a cutter mill, then pulverized with the use of a
micro-pulverizer by use of jet air stream, further classified by a
wind-force classifier to obtain black fine powder with a volume-average
particle size of 11.5 um. The GPC chart of the THF-soluble of the black
fine powder Is shown in Figure 1. A developer (toner) was obtained by dry
blending 0.4 part by weight of hydrophobic colloidal silica fine 20  powder
with 100 parts by weight of the black fine powder. The pulverizability of a
kneaded cooled product for toner can be represented by a treating rate,
I.e., the amount of the product which can be pulverized per unit time and,
in the case of this toner, the rate was very good as 15 kg/hr under an air
pressure of 5.5 kg/[err]. No sticking occurred within the pulverizer.
Anti-blocking characteristic was examined by placing about 10 g of the
toner in a plastic cup of 100 cc, 25  and the change in agglomeration
degree when the toner was left to stand at [err] for. one day was examined.
The agglomeration degree was measured by a powder tester produced by
Hosokawa Micron K.K. The product left to stand at room temperature and the
product left to stand at [err] for one day exhibited substantially the same
values of 10 wt. % and 12. wt%, respectively, with the difference ([err]G)
being 2 %. From this result, it was confirmed that substantially no
blocking occurred. 30      Fixability, anti-offset characteristic,
anti-winding characteristic and image quality, successive copying
characteristics were examined by means of a high speed copying machine
(NP-8570 produced by Canon K.K., 70 sheets per minute, 100 V).
Particularly, anti-offset characteristic was evaluated by dismantling the
cleaning mechanism of the fixing rollers and counting the number of the
sheets of successive copying after which the image or the rollers were 35
contaminated. The test was conducted by lowering the set temperature of the
fixer by [err]. Fixability was measured by rubbing the image with Silbon C
paper reciprocally for 10 times under a load of about 100 g, and peeling of
the Image was represented by a lowering in percentage (%) of the reflective
density. The evaluation of image was effected on a 200th sheet when 200
copies were continuously taken. 40      Anti-winding characteristic was
evaluated by copying three sheets of a whole surface black image and by
observing the trace remaining on the copies of a pawl for peeling attached
to the fixing roller to judge how the peeling relied on the pawl. As the
result, fixability was very good with a lowering in percentage of 3 %,
anti-offset characteristic was good without any contamination on image or
roller, and anti-winding characteristic was very good, although a 45  trace
of the pawl showing the reliance on the pawl was slightly observed on the
Image. By using an image with an image area ratio of about 5 %, a
successive copying test of 50,000 sheets was conducted, whereby good Images
were obtained without sticking or filming onto the photosensitive member. 



Comparative Examples 1 - 5 50 By use of the resin compositions prepared in
Comparative Synthesis Examples 1 - 5 in place of the resin composition In
Example 1, toners were prepared in the same manner as In Example 1, and the
toners thus obtained were called Comparative Examples 1 - 5. The toners of
Comparative Examples were evaluated to provide the results shown in Table
1. 55    EP0259819B1 [err] 55 19    EP 0259819 B1 Example 2 Resin
composition of Synthesis Example 2                                    100
wt.  parts Magnetic  material                               60 wt.  parts
Positive charge controlling  agent    2 wt.  parts 10 Low molecular weight
polypropylene 4 wt. parts Blackfine powderwas prepared from the above
mixture and then atonerwas prepared in the same manner 15 as in Example 1.
The black fine powder had a volume average particle size of 11.7 um. A
colloidal silica fine powder treated with an amino-modified silicone oil
was employed. The pulverizablilty of the kneaded cooled productfor toner
was very good as indicated by the treating rate of 16 kg/hr. No sticking
occurred in the pulverizer. There was no problem in anti-blocking
characteristic with [err]G=3%. 20     Image quality and fixing relationship
were evaluated by a personal copying machine (FC-5 produced by Canon KK).
As the result, image quality was good, with good images being continually
produced until there was no toner, and there was neither filming nor
sticking onto the photosensitive member. With the set temperature in the
fixer being lowered by [err], the cleaning mechanism in the fixer was re-
25   moved and the above image formation was effected to give the
resultthatfixabilitywas very good with a lowing in percentage-reflective
density of about 0 %, without problems in anti-offset characteristic or
anti-winding characteristic. Example 3 30 Except for changing the resin
composition in Example 2 to the resin composition of Synthesis Example 3,
black fine powder was prepared, and then a toner was prepared in the same
manner as in Example 2. The black powder had a volume-average particle size
of 11.3 um. The pulverizability of the kneaded cooled productfortoner was
very good as the treating rate of 15.5 kg/hr. 35 Also, no sticking occurred
In the pulverizer. 



There was no problem at all in anti-blocking characteristic with AG =2 %.
Image quality and fixing relationship were evaluated by a copying machine
(NP-5540 produced by Canon K.K; OPC photosensitive member, 40 sheets per
minute). As the result, good images were stably obtained by successive
copying of 50,000 sheets. There was no 40 filming or sticking onto the
photo-sensitive member. With the set temperature in the fixer being lowered
by [err], the cleaning mechanism in the fixer was re- moved and the above
successive copying was conducted to give a result that fixability was very
good with a lowering in percentage-reflective density of about 3 %, without
problems in anti-offset characteristic and anti- winding characteristic. 45
Example 4 Exceptfor changing the resin composition in Example 2 to the
resin composition of Synthesis Example 4, black fine powder was prepared,
and then a toner was prepared in the same manner as in Example 2. 50
The black powder had a volume-average particle size of 11.7 pm. The
pulverizabilityof the kneaded cooled product for tonerwas very good as the
treating rate of 15.2 kg/hr. No sticking occurred in the pulverizer. There
was no problem at all in anti-blocking characteristic with [err]G = 3%.
Image quality and fixing relationship were evaluated by a digital copying
machine using an amorphous Si 55   photosensitive member (NP-9030 produced
by Canon K.K.). As the result, good images were stably obtained by
successive copying of 50,000 sheets. There was no filming or sticking onto
the photosensitive member. With the set temperature in the fixer being
lowered by [err], the cleaning mechanism in the fixer was re- moved and the
above successive copying was conducted to give a result that fixability was
very good with a 20    EP 0 259 819 B1 lowering in percentage-reflective
density of about 2 % without problems in anti-offset characteristic or
anti- winding characteristic. Example 5 5 Except for changing the resin
composition in Example 1 to the resin composition of Synthesis Example 5,
black fine powder was prepared, and then a toner was prepared in the same
manner as in Example 1. The black powder had a volume-average particle size
of 11.4 pm. The pulverizability of the kneaded cooled product for tonerwas
very good as the treating rate of 17.1 kg/hr. 10   No sticking occurred in
the pulverizer. There was no problem at all in anti-blocking characteristic
with [err]G = 3 Image quality and f ixing relationship were evaluated by a
copying machine (NP-400 RE produced by Can- on KK). As the result, good
images were stably obtained by successive copying of 50,000 sheets. There
was no 15  filming or sticking onto the photosensitive member. With the set
temperature in the fixer being lowered by [err], the cleaning mechanism In
the fixer was re- moved and the above successive copying was conducted to
give a result that fixability was very good with a lowering in
percentage-reflective density of about 4 %, without problems in anti-offset
characteristic or anti- winding characteristic. 20 Example 6 



Resin composition of Synthesis 25           Example  6
100 wt.  parts Carbon black                                           6 wt.
parts Positive charge controlling  agent                     2 wt.  parts
30 Low-molecular weight polypropylene                     3 wt.  parts
Blackfine powderwas prepared from the above mixture and then a tonerwas
prepared in the same manner 35  as in Example 1. This toner was mixed with
about 10 wt. % of iron powder with particle sizes of 200 - 300 mesh to
provide a developer. The pulverizability of the kneaded cooled product for
tonerwas very good as the treating rate of 15.2 kg/hr. No sticking occurred
in the pulverizer. There was no problem in anti-blocking characteristic
with [err]G =4 %. Image quality and fixing relationship were evaluated by
an ultra-high speed copying machine (NP-8500 40   Super produced by Canon
KK.). As the result good quality of Images could be stably obtained by
successive copying of 100,000 sheets. There was neither filming nor
sticking onto the drum. With the set temperature in the fixer being lowered
by [err], the cleaning mechanism in the fixer was re- moved and the above
image formation was effected togive a resultthatfixabilitywasverygood with
a lowering in percentage-reflective density of about 5 %, without problems
in anti-offset characteristic or anti-winding 45  characteristic. The
characteristic parameters of the above-described toners are inclusively
shown in Table 2. 50 55 21 55 In the following, the present invention is
described by referring to other Synthesis Examples and Examples. Parts in
the following formulations are all parts by weight. 22    EP 0 259 819 B1
Synthesis Example 7 Into 200 parts of toluene at the boiling point, a
mixture of 70 parts of styrene, 20 parts of n-butyl acrylate, 10 parts of
a-methylstyrene and 6 parts of benzoyl peroxide was added dropwise over 5
hours, and thereafter 5   polymerization was further carried out by
maintaining the mixture at the boiling point for 3 hours, followed by
removal by vacuum drying, to give a low-molecular weight polymer-1. Next, a
homogeneous mixture of 70 g ofthe low-molecularweight polymer-1, 75 parts
of styrene, 24 parts of n-butyl acrylate, 1 partofdivinylbenzene and 4
parts of benzoyl peroxide, was suspended in 300 parts of water containing
0.8 part of a partially sapo- nified polyvinyl alcohol dissolved therein,
and polymerization was carried out at a temperature of [err] for 15 10
hours to obtain a pearl-like resin composition in which from high-molecular
weight polymers to low-molecular weight polymers were homogeneously mixed.
The resin composition was dried under a reduced pressure to give a resin
composition-7. The resin composition-7 was accurately weighed In about 0.5
9, placed in a cylindrical filter paper (No. 86R produced by Toyo Roshl
K.K.) and subjected to Soxlet's extraction by using 180 ml of chloroform
for 6 15  hours, After evaporation for removal of the medium from the
soluble extracted, the residue was vacuum-dried at [err] for 12 hours, and
the soluble resin component was weighed. From the original sample weight
and this value, the gel component weight (crosslinking degree) was
determined according to the formula as descrl- 



bed before. Further, the soluble resin component was dissolved in THF to
form a sample with 0.1 wt. % con- centration and passed through a sample
pretreatment filter for non-aqueous system to provide a sample for 20  GPC.
Shodex KF-80M as the column for GPC measurement was assembled in the heat
chamber at [err] of a GPC measuring device (150 C ALC/GPC produced by
Waters Co.), and GPC was effected by injecting 200 ul of a sample (about
0.1 wt. % concentration of the THF-soluble) under the condition of THF flow
rate of 1 ml/min and by using an RI for the detector. As the calibration
curve for molecular weight measurement, THF solutions of mono-dispersed
polystyrene standard materials (produced by Waters Co.) of the 10 points of
mo- 25  lecular weights of [err] [err] were used. The gel content in the
resin composition-7 was found to be 33 wt. %, and the molecular weight main
peak value of the eluted component was 6000 and the sub-peak value was
51000. Figure 10 shows the chromato- gram by GPC. 30 Synthesis Example 8 In
the suspension polymerization, 120 parts of the low-molecular weight
polymer, 0.5 parts of divinylben- zene and 2 parts of
t-butylperoxy-2-ethylhexanoate as the polymerization initiator were used,
and following 35   otherwise the same procedure as in Synthesis Example 7,
a pearl-like resin composition-8 was obtained. This resin composition
showed a gel component of 5 wt.%, with the main peak value of molecular
weight of the eluted component being 5000 and the shoulder value 82000.
Synthesis Example 9 40 In the suspension polymerization, 1.4 parts of
divinylbenzene and 4.5 parts of benzyl peroxide as the poly- merization
initiator were used, and following otherwise the same procedure as in
Synthesis Example 7, a pearl- like resin composition-9 was obtained. The
resin composition contained a gel component of 45 wt. %, with the main peak
value of molecular weight of the eluted component being 5000 and the
shoulder value 31000. 45 Synthesis Example 10 In the suspension
polymerization, 60 parts of the low molecularweight polymer, 1.9 parts of
divinylbenzene and 4.5 parts of benzoyl peroxide as the polymerization
Initiator were used, and following otherwise the same 50  procedure as in
Synthesis Example 7, a pearl-like resin composition-10 was obtained. This
resin composition contained a gel component of 55 wt. %, with the main peak
value of molecular weight of the eluted component being 5000 and the
shoulder value 33000. Synthesis Example 11 55 In the suspension
polymerization, 1 part of triethylene glycol diacrylate was used as the
crosslinking agent in place of divinylbenzene, and following otherwise the
same procedure as in Synthesis Example 7, a pearl- like resin
composition-11 was obtained. This resin composition contained a gel
component of 27 wt. %, with 23    EP 0 259 819 B1 the main peak value of
molecular weight of the eluted component being 5800 and the sub-peak value
48000. Comparative Synthesis Example 6 5      In synthesis of the
low-molecular weight polymer, carbon tetrachloride was added to the
solvent, and 65 parts of styrene, 15 parts of a-methylstyrene and 7 parts
of benzoyl peroxide were used, and following other- 



wise the same procedure for synthesis of the low-molecular weight polymer-1
as in Synthesis Example 7, a low-molecular weight polymer-2 was obtained.
Next, the same procedure as in Synthesis Example 7 was re- peated except
for using 70 parts of the low-molecular weight polymer-2, 8 parts of
a-methylstyrene and 5 parts 10  of benzoyl peroxide, to obtain a pearl-like
comparative resin composition-6. This resin composition had a gel component
of 30 wt. %, with the main peak value of the eluted component being 900,
and the shoulder value 13000. Comparative Synthesis Example 7 15 In
synthesis of the low-molecular weight polymer, without use of
a-methylstyrene and by use of come- spondingly increased amount of styrene
and 3 parts of benzoyl peroxide, and following otherwise the same procedure
for synthesis of the low-molecular weight polymer-1 as in Synthesis Example
7, a low-molecular weight polymer-3 was obtained. Next, the same procedure
as in Synthesis Example 7 was repeated except 20  for using 70 parts of the
low-molecular weight polymer-3, 0.8 part of t-butylperoxy-2-ethylhexanoate,
to obtain a pearl-like comparative resin composition-7. This resin
composition had a gel component of 36 wt%, with the main peak value of the
eluted component being 28000, and the sub-peak value 98000. Comparative
Synthesis Example 8 25 Synthesis Example 7 was repeated except for adding
15 parts of the low-molecular weight-1 in Synthesis Example 7,2.2 parts of
divinylbenzene and 2 parts of t-butylperoxy-2-ethylhexanoate as the
initiator, to obtain a pearl-like comparative resin composition-8. This
resin composition had a gel component of 78 wt %, with the main peak value
of the eluted component being 8000, and the sub-peak value 86000. 30
Comparative Synthesis Example 9 In synthesis of the low-molecular weight
polymer, without use of a-methylstyrene and by use of corre- spondingly
increased amount of styrene and 2.5 parts of benzoyl peroxide, and
following otherwise the same 35  procedure for synthesis of the
low-molecular weight polymer-1 as In Synthesis Example 7, a low-molecular
weight polymer-4 was obtained. Next, the same procedure as in Synthesis
Example 7 was repeated except for using 70 parts of the low-molecular
weight polymer-4 and 0.6 part of t-butylperoxy-2-ethylhexanoate, to obtain
a pearl-like comparative resin composition-9. This resin composition had a
gel component of 32 wt. %, with the main peak value of the eluted component
being 113000, and the sub-peak value 27000. Figure 11 40  shows the GPC
chart of the eluted component Comparative Synthesis Example 10 The
procedure of Comparative Synthesis Example 7 was repeated except for using
70 parts of the low- 45  molecular weight polymer-3 and 0.5 part of
t-butylperoxy-2-ethylhexanoate, to obtain a pearl-like comparative resin
composition-10. This resin composition had a gel component of 40 wt. %,
with the main peak value of the eluted component being 23000, and the
sub-peak value 195000. Synthesis Example 12 50 A pearl-like resin
composition-12 was obtained in the same manner as in Synthesis Example 7
except for using 20 parts of the low-molecular weight polymer-1 in
Synthesis Example 7, 1.3 parts of divinylbenzene and 4.5 parts of benzoyl
peroxide as the initiator in the suspension polymerization. This resin
composition had a gel component of 45 wt. %, with the main peak value of
the eluted component being 25000, and the shoulder 55  value 5000. 24   



EP 0 259 819 B1 Synthesis Example 13 A pearl-like resin composition-13 was
obtained in the same manner as in Synthesis Example 7 except for using 1.3
parts of triethylene glycol diacrylate and 4.5 parts of benzoyl peroxide as
the initiator in the suspen- 5   sion polymerization. This resin
composition had a gel component of 41 wt. % with the main peak value of the
eluted component being 5000, and the shoulder value 36000. Synthesis
Example 14 10     A low molecular weight polymer-5 was obtained in the same
manner as In synthesis of the low molecular weight polymer-1 is Synthesis
Example 7 except for using 15 parts of 2-ethylhexyl acrylate and 75 parts
of styrene. Next, except for using 70 parts of the low molecular weight
polymer-5, Synthesis Example 7 was re- peated to obtain a pearl-like resin
composition-14. This resin composition had a gel component of 29 wt. % with
the main peak value of the eluted component being 5500, and the sub-peak
value 48000. 15     The proportions of the component A, the component B and
the component C of the vinyl polymers obtained in the respective synthesis
examples are shown in Table 3. 20 25 30 35 40 45 50 55 25    EP 0 259 819
B1 [err]    EP 0 259 819 B1 Example 7 Resin composition-7
100 parts 5         Magnetite
60 parts Low-molecular weight polypropylene                           4
parts 10         Nigrosine
2 parts The above materials were blended well by a blender, and then
kneaded on two rollers heated to [err]. After the kneaded product was left
to cool, crushed by a cutter mill, then pulverized by a micro-pulverizer by
use of jet air stream, and further classified by means of a wind-force
classifier to obtain black fine powder 15  with a volume-average particle
size of 11 to 12 um. The black fine powder was mixed with 0.5 part by
weight of silica produced by the wet process per 100 parts by weight
thereof in a Henschel mixer to form a toner. The toner was subjected to
successive copying of 3000 sheets by use of a copying machine (NP-3525
produced by Canon K.K.) in which an OPC photosensitive member was used. As
the result, sharp images of high reso- lution with image density of 1.2 -
1.3 without fog were obtained. Further, by use of the fixer for the NP-3525



20  copying machine and byvarying the fixing rollertemperature,
investigations were made about off-set, fixability, and winding. As the
result, as shown in Table 4, no offset was generated from [err], and
fixability at [err] was also good without generation of winding around
rollers. The kneaded product fortonerwas found to be excellent also in
pulverizability and anti-blocking characteristic by the test at a
temperature of [err] for one day. 25 Example 8 A toner was prepared in the
same manner as in Example 7 except for using 100 parts of the resin com-
position-8, and successive copying of 3000 sheets was conducted by use of a
copying machine (NP-3525 pro- 30 duced by Canon K.K), to give sharp Images
of high resolution with image density of 1.2 - 1.3 without fog. Fur- ther,
by use of the NP-3525 fixer and by varying the fixing roller temperature,
investigations were made about off-set, fixability, and winding. As the
result, as shown in Table 4, no offset was generated from [err] up to
[err], and fixabililty at [err] was also good without generation of winding
around rollers. The kneaded product fortonerwasfound to be good also in
pulverizability and anti-blocking characteristic by the test ata
temperature 35  of [err] for one day. Example 9 A toner was prepared in the
same manner as in Example 7 except for using 100 parts of the resin com- 40
position-9, and successive copying of 3000 sheets was conducted by use of a
copying machine (NP-3525 pro- duced by Canon K.K.), to give sharp images of
high resolution with image density of 1.25 - 1.35 without fog. With the use
of NP-3525 fixer, by varying the fixing roller temperature, investigations
were made about off- set and fixability, winding. As the result, as shown
in Table 4, no offset was generated from [err], and fixability at [err] was
also good without generation of winding around rollers. Further, there was
no prob- 45 lem in anti-blocking characteristic by the test at a
temperature of [err] for one day, and also the kneaded prod- uct for toner
was found to be excellent in pulverizability. Example 10 50      After 100
parts of the resin composition -10, 60 parts of magnetite, 4 parts of a low
molecular weight poly- propylene and 2 parts of a salicylic chromium type
complex compound were blended well by a blender, the blend was kneaded on
two rollers heated to [err]. After the kneaded product was left to cool,
crushed by a cutter mill, then pulverized by a micropulverizer by use of
jet air stream, and further classified by means of a wind-force classifier
to obtain black fine powder with a volume-average particle size of 11 to 12
um. The black 55  fine powder was mixed with 0.4 part by weight of dry
process silica subjected to hydrophobicity modification per 100 parts by
weight of the black fine powder in a Henschel mixer to form a toner. The
toner was subjected to successive copying of 3000 sheets by use of a
copying machine (NP-7550 produced by Canon K.K.) in which an amorphous
silicon photosensitive member was used. As the result, sharp images of high
resolution with 27    EP 0 259 819 B1 image density of 1.2 - 1.3 without
fog were obtained. Further, by use of the fixer for the N P-7550 copying
ma- chine and by varying the fixing roller temperature, investigations were
made about off-set, fixabililty and wind- ing. As the result, as shown in
Table 4, no offset was generated from [err], and fixability at [err] was
also good without generation of winding around rollers. There was no
problem in anti-blocking character- 5   Istic under the conditions of a
temperature of [err] for one day, and also the kneaded product for toner
was found to be excellent in pulverizability. Example 11 



10      A toner was prepared in the same manner as in Example 7 except for
using 100 parts of the resin com- positlon-11, and successive copying of
3000 sheets was conducted by use of the NP-3525 copying machine to give
sharp Images of high resolution with image density of 1.15 - 1.3 without
fog. With the use of the NP- 3525 fixer, by varying the fixing roller
temperature, investigations were made about off-set, fixability and wind-
ing. As the result, as shown in Table 4, no offset was generated from
[err], and fixability at [err] 15  was also good without generation of
winding around rollers. Further, there was no problem in anti-blocking
char- acteristic under the conditions of a temperature of [err] for one
day, and also the kneaded product for toner was found to be excellent in
pulverizability. Example 12 20 A toner was prepared in the same manner as
in Example 7 except for using 100 parts of the resin com- position-12, and
successive copying of 3000 sheets was conducted by use of the NP-3525
copying machine to give sharp images of high resolution with image density
of 1.2 - 1.3 without fog. With the use of the NP- 3525 fixer, by varying
the fixing roller temperature, investigations were made about off-set,
fixability and wind- 25  ing. As the result, as shown in Table 4, no offset
was generated from [err], and fixability at [err] was also good
withoutgeneration of winding around rollers. Further, there was no problem
in anti-blocking char- acteristic under the conditions of a temperature of
[err] for one day, and also the kneaded product for toner was found to be
satisfactory in pulverizability. 30   Example 13 A toner was prepared in
the same manner as in Example 7 except for using 100 parts of the resin
com- position-13, and successive copying of 3000 sheets was conducted by
use of the NP-3525 copying machine to give sharp images of high resolution
with image density of 1.15 - 1.3 without fog. With the use of the NP- 35
3525 fixer, by varying the fixing roller temperature, investigations were
made about off-set, fixability and wind- ing. As the result, as shown in
Table 4, no offset was generated from [err], and fixability at [err] was
also good withoutgeneration of winding around rollers. Further, there was
no problem in anti-blocking char- acteristic under the conditions of a
temperature of [err] for one day, and also the kneaded product for toner
was found to be excellent in pulverizability. 40 Example 14 A toner was
prepared in the same manner as in Example 7 except for using 100 parts of
the resin com- position-14, and successive copying of 3000 sheets was
conducted by use of the NP-3525 copying machine 45  to give sharp images of
high resolution with Image density of 1.15- 1.25 withoutfog. With the use
of NP-3525 fixer, by varying the fixing roller temperature, investigations
were made about off-set, fixability and winding. As the result, as shown in
Table 4, no offset was generated from [err], and fixability at [err] was
also good withoutgeneration of winding around rollers. Further, therewas no
problem in anti-blocking char- acteristic under the conditions of a
temperature of [err] for one day, and also the kneaded product for toner 50
was found to be excellent in pulverizability. Comparative Example 6 A toner
was prepared in the same manner as in Example 7 except for using 100 parts
of the comparative 55 resin composition-7, and successive copying of 3000
sheets was conducted by use of the NP-3525 copying machine, to give sharp
images of high resolution with image density of 1.2- 1.3 withoutfog.
However, as shown in Table 5, in evaluation of anti-offset characteristic,
fixability and winding by use of the NP-3525 fixer, fixability at [err] had
no problem, but offset at [err] and offset at [err] were noticeable, with
winding around rollers 28   



EP 0 259 819 B1 being generated. Further, under the conditions of [err] and
one day, blocking of toner was confirmed. Comparative Example 7 5      A
toner was prepared in the same manner as in Example 7 except for using 100
parts of the comparative resin composition-7, and successive copying of
3000 sheets was conducted by use of the NP-3525 copying machine, to give
sharp images of high resolution with Image density of 1.1 - 1.2 without
fog. In evaluation of anti-offset characteristic, fixability and winding by
the NP-3525 fixer, although no offset or winding at [err], blocking at[err]
for one daywas generated, itwasfoundthat offsetwas generated at [err] as
shown In Table 10  5, the fixability at [err] was poor, and the
pulverizability of the kneaded product for toner was found to be remarkably
inferior. Comparative Example 8 15     A toner was prepared in the same
manner as In Example 7 except for using 100 parts of the comparative resin
composition-8, and successive copying of 3000 sheets was conducted by use
of the NP-3525 copying machine, whereby only images with a shade offog and
with low image density of 0.95- 1.15 could be obtained. In evaluation of
offset, fixability, winding bythe NP-3525fixer, therewas no problem in
offset, winding at[err] or anti-blocking characteristic at [err] for one
day, but fixability at [err] and offset at [err] were poor, and 20  further
the pulverizability of the kneaded product for toner was not satisfactory.
Comparative Example 9 A toner was prepared in the same manner as in Example
7 except for using 100 parts of the comparative 25 resin composition-9, and
successive copying of 3000 sheets was conducted by use of the NP-3525
copying machine whereby only images with a shade of fog and with low Image
density of 1.1 - 1.2 could be obtained. in evaluation of offset, fixability
and winding by the NP-3525 fixer, no offset at [err], further no blocking
or winding around rollers under the conditions of [err] and one day was
generated, but both offset at [err] and fixability at 1500C were poor, and
further the pulverizability of the kneaded product for toner was remarkably
30  bad. Comparative Example 10 A toner was prepared In the same manner as
in Example 7 except for using 100 parts of the comparative 35 resin
composition-10, and successive copying of 3000 sheets was conducted by use
of the NP-3525 copying machine, whereby images obtained had no fog but low
Image density of 1.05 - 1.15. In evaluation of offset, fixability and
winding by the NP-3525 fixer, no offset at [err], no blocking or winding
around rollers under the conditions of [err] and one day was generated, but
both offset at [err] and fixability at [err] were poor, and further the
pulverizability of the kneaded product for toner was remarkably bad. 40
The results are summarized In the following Tables 4 and 5. 45 50 55 29
EP 0 259 819 B1 [err] 25 30  



EP 0 259 819 B1 [err] 10 31    EP 0 259 819 B1 Example 15 Into a reactor,
200 parts by weight of cumene was charged and the temperature was raised to
the reflux temperature. To the system was added dropwise a mixture of 100
parts by weight of styrene monomer and 8 5   parts of di-tert-butyl
peroxide under cumene reflux over4 hours. Further, undercumene reflux
([err]), solution polymerization was completed, and cumene was removed. The
polystyrene obtained was found to be soluble in THF, with Mw = 3700, Mw/Mn
= 2.64, and the main peak of GPC was positioned at a molecularweight of
3500, with Tg = [err]. The above polystyrene (30 parts byweight) was
dissolved in the monomer mixture shown below to provide 10  a mixed
solution. Monomer mixture                               Formulrated  ratio
15          Styrene  monomer                                 54 wt.  parts
n-Butyl  acrylate  monomer                       16 Divinylbenzene
0.3 Benzoyl  peroxide                                1.4 Into the above
mixed solution, 170 parts by weight of water containing 0.1 part by weight
of a partially sa- ponified polyvinyl alcohol dissolved therein was added
toform asuspension. The above suspension was added 25  Into a reactor
charged with 15 parts by weight of water and replaced with nitrogen, and
suspension polymer- ization was carried out at a reaction temperature of 70
to [err] for 6 hours. After completion of the reaction, the product was
filtered off, dehydrated and dried to give a composition of a polystyrene
and a styrene-n-butyl acrylate copolymer. This composition contained
THF-insoluble and THF-soluble homogeneously mixed there- in, and the
polystyrene and the styrene-n-butyl acrylate copolymer were found to be
homogeneously mixed. 30   The content of the THF-insoluble (measured as the
powder of 24 mesh pass, 60 mesh on) was 25 wt.%. The molecularweight
distribution of THF soluble was measured to give the result that there were
peaks at the pos- itions of about [err] and about [err] In the GPC chart,
with Mn = [err], Mw = [err], Mw/Mn = 24, and the molecularweights of [err]
or lower being 25 wt.%. Further, Tg of the resin was [err], and the glass
tran- sition point [err] of the components of 104 or less separated by GPC
was [err]. 35      Figure 12 shows the GPC chromatogram of the THF-soluble.
The chromatogram in Figure 12 was very approximate to the chromatogram in
Figure 1. The characteristics concerning molecular weights of the
respective resins and resin compositions were measured according to the
following method. By use of shodex KF-80M as the column for GPC
measurement, it was assembled in the heat chamber 40  of [err] of a GPC
measuring device (150C ALC/GPC produced by Waters Co.), and GPC operation
was ef- fected by injecting 200 ul of a sample (about 0.1 wt.%
concentration of THF-soluble) under the condition of THF flow rate of 1
ml/min and by using an RI for the detector. As the calibration curve for
molecular weight measurement, THF solutions of mono-dispersed polystyrene
standard materials (produced by Waters Co.) of the 10 points of molecular
weights of [err], 



45  [err] were used. Example 16 Into a reactor, 200 parts by weight of
cumene was charged, and the temperature was raised to the reflux 50
temperature. The following mixture was added dropwise under cumene reflux
over 4 hours. 55 32    EP 0 259 819 B1 Monomer mixture
Formulated  ratio Styrene monomer                                  95
wt.parts 5 a-Methylstyrene monomer                           5     "
Di-tert-butylperoxide                             8 10      Further,
polymerization was completed under cumene reflux ([err]) and the cumene was
removed. The styrene-a-methylstyrene copolymer obtained had Mw = 4500,
Mw/Mn = 2.8, a main peak at a molecular weight of 4400, and Tg = [err]. The
above styrene-a-methylstyrene copolymer (30 parts by weight) was dissolved
in the following mono- mer mixture to provide a mixed solution. 15 Monomer
mixture                                Formulated ratio Styrene monomer
55 wt. parts 2-Ethylhexyl acrylate                             15
Divinylbenzene                                    0.3 Benzoyl  peroxide
1.4 25 Into the above mixture, 170 parts by weight of water containing 0.1
part by weight of a partially saponified polyvinyl alcohol dissolved
therein was added to form a suspension. The above suspension was added into
a reactor charged with 15 parts by weight of water and replaced 30   with
nitrogen, and the reaction was carried out at a temperature of 70 to [err]
for 6 hours. After completion of the reaction, the productwas filtered,
dehydrated and dried to give a composition of a styrene-a-methylstyrene
copolymer and a styrene-2-ethylhexyl acrylate copolymer. The content of the
THF-insoluble in this composition was 32 wt.%. The molecular weight
distribution of THF-soluble was measured to give the result that there were
peaks at the positions of [err], 35   with Mn = [err], Mw = [err], Mw/Mn =
21, and the molecular weights of [err] or lower being 20 wt. %. Further, Tg
of the resin was [err], and the glass transition point [err] of the
components of [err] orless separated by GPC was [err]. Example 17 40 Into a
reactor, 200 parts by weight of cumene was charged, and the temperature was
raised to the reflux temperature. The following mixture was added dropwise
under cumene reflux over 4 hours. 45           Monomer  mixture
Formulated  ratio Styrene monomer                                 90 wt.
parts Methyl methacrylate  monomer                    10 Di-tert-butyl
peroxide                          8 



Further, polymerization was completed under cumene reflux ([err]) and
cumene was removed. The styrene-methyl methacrylate copolymer obtained had
Mw = 3900, Mw/Mn = 2.6, a main peak at a molecular 55   weight of 4100, and
Tg = [err]. The above styrene-methyl methacrylate copolymer (40 parts by
weight) was dissolved in the following monomer mixture to provide a mixed
solution. 33    EP 0 269 819 B1 Monomer mixture
Formulated ratio Styrene  monomer                                  38  wt.
parts n-Butyl methacrylate monomer                      22 Divinylbenzene
0.24 Benzoyl peroxide                                  0.65 10
tert-Butylperoxy-2-ethylhexanoate 0.85 Into the above mixture, 170 parts by
weight of water containing 0.1 part by weight of a partially saponified 15
polyvinyl alcohol dissolved therein was added to form a suspension. The
above suspension was added into a reactor charged with 15 parts by weight
of water and replaced with nitrogen, and the reaction was carried out at a
temperature of [err] for 6 hours. After completion of the reaction, the
product was f iltered, dehydrated and dried to give a composition of a
styrene-methyl methacrylate copolymer and a styrene-n-butyl methacry- late
copolymer. 20       The content of the THF-insoluble in this composition
was 35 wt. %. The molecular weight distribution of THF-soluble was measured
to give the result that there were peaks at the positions of [err], with Mn
= [err], Mw = [err] Mw/Mn = 16, and the molecular weights of [err] or lower
being 32 wt. %. Further, Tg of the resin was [err], and the glass
transition point [err] of the components of [err] or less separated by GPC
was 580C. 25 Example 18 Into a reactor, 200 parts by weight of cumene was
charged and the temperature was raised to the reflux temperature. The
following mixture was added dropwise under cumene reflux over 4 hours. 30
Monomer mixture                              Formulated ratio Styrene
monomer                               100 wt. parts Di-tert-butyl peroxide
8 Further, polymerization was completed undercumene reflux ([err]) and
cumenewas removed. The polystyrene obtained had Mw = 3700, Mw/Mn = 2.64, a
main peak at a molecular weight of 3500, and Tg = 40  [err]. The above
polystyrene (30 parts by weight) was dissolved in the following monomer
mixture to provide a mixed solution. Monomer mixture
Formulated  ratio Styrene monomer                                     55
wt. parts n-Butyl  acrylate  monomer                           15 50
Divinylbenzene                                       0.14
tert-Butylperoxy-2-ethylhexanoate   1.6 



55      Into the above mixture, 170 parts by weight of water containing 0.1
part by weight of a partially saponified polyvinyl alcohol dissolved
therein was added to form a suspension. The above suspension was added into
a reactor charged with 15 parts by weight of water and replaced with
nitrogen, and the reaction was carried out at a temperature of 70
to[err]for 6 hours. After completion of the reaction, the
productwasfiltered, dehydrated 34    EP 0 259 819 B1 and dried to give a
composition of a polystyrene and a styrene-n-butyl acrylate copolymer. The
content of the THF-insoluble in this composition was 44 wt. %. The
molecular weight distribution of THF-soluble was measured to give the
result that there were peaks at the positions of  [err] with Mn = [err], Mw
= [err], Mw/Mn = 17, and the molecular weights of [err] or lower being 21
wt. %. 5   Further, Tg of the resin was [err], and the glass transition
point [err] of the components of 104 or less separated by GPC was [err].
Example 19 10      Into a reactor, 150 parts by weight of cumene was
charged, and the temperature was raised to the reflux temperature. The
following mixture was added dropwise under cumene reflux over 4 hours.
Monomer mixture                           Formulated ratio 15
Styrene monomer                               100 wt.  parts
Di-tert-butylperoxide                           4 20      Further,
polymerization was completed under cumene reflux ([err]) and the cumene was
removed. The styrene-n-butyl acrylate copolymer obtained had Mw = 6900,
Mw/Mn = 2.3, a main peak at a molecular weight of 7100 and Tg = [err]. The
above polystyrene (30 parts by weight) was dissolved in the following
monomer mixture to provide a mixed solution. 25 Monomer mixture
Formulated ratio Styrene  monomer                                    52 wt.
parts n-Butyl  acrylate  monomer                          18 Divinylbenzene
0.3 35        Benzoyl  peroxide                                    1
tert-Butylperoxy-2-ethylhexanoate                   1.6 Into the above
mixture, 170 parts by weight of water containing 0.1 part by weight of a
partially saponified 40 polyvinyl alcohol dissolved therein was added to
form a suspension. The above suspension was added into a reactor charged
with 15 parts by weight of water and replaced with nitrogen, and the
reaction was carried out at a temperature of [err] for 6 hours. After
completion of the reaction, the productwas filtered, dehydrated and dried
to give a composition of a styrene-n-butyl acrylate copolymer and a
styrene-n-butyl methacrylate. The content of the THF-insoluble in this
composition was 30 wt. %. The molecular weight distribution of 45
THF-soluble was measured to give the result that there were peaks at the
positions of [err], with Mn = [err] Mw = [err], Mw/Mn = 15, and the
molecular weights of 104 or lower being 18 wt. %. Further, Tg of the resin
was [err], and the glass transition point [err] of the components of [err]
or less separated by GPC was [err]. 50 55 35 



EP 0 259 819 B1 Comparative Example 11 Monomer mixture
Formulated ratio Styrene monomer                                      77
wt. parts n-Butyl acrylate  monomer                            23
Divinylbenzene                                       0.4 10 Benzoyl
peroxide                                     0.75
tert-Butylperoxy-2-ethylhexanoate                    1.8 15 Into the above
mixture, 170 parts by weight ofwatercontaining 0.1 part by weight ofa
partially saponified polyvinyl alcohol dissolved therein was added to form
a suspension. The above suspension was added into a reactor charged with 15
parts by weight of water and replaced with nitrogen, and the reaction was
carried out at a temperature of 70 to [err] for6 hours. After completion of
the reaction, the product was filtered, dehydrated 20  and dried to give a
styrene-n-butyl acrylate copolymer. The content of the THF-insoluble in
this composition was 58 wt.%. The molecular weight distribution of
THF-soluble was measured to give the result that there was only a peak at
[err], with Mn = [err], Mw = [err], Mw/Mn = 8. 25   Comparative Example 12
Into a reactor, 200 parts by weight of cumene was charged, and the
temperature was raised to the reflux temperature. To this was added
dropwise a mixture of 100 parts by weight of styrene and 8 parts by weight
of di-tert-butyl peroxide under cumene reflux over 4 hours. Further,
polymerization was completed under cu- 30  mene reflux ([err]) and cumene
was removed. The polystyrene obtained had Mw = 3700, Mw/Mn = 2.64, a main
peak at a molecular weight of 3500, and Tg = [err]. The above polystyrene
(30 parts by weight) was dissolved in the following monomer mixture to
provide a mixed solution. Monomer mixture
Formulated ratio Styrene monomer                                54 wt.
parts n-Butyl  acrylate  monomer                     16 Divinylbenzene
1.5 Benzoyl peroxide                               1 45 Into the above
mixture, 170 parts byweight of watercontaining 0.1 part byweightof a
partially saponified polyvinyl alcohol dissolved therein was added to form
a suspension. The above suspension was added into a reactor charged with 15
parts by weight of water and replaced with nitrogen, and the reaction was
carried out ata temperature of 70 to [err] for6 hours. After completion of
the reaction, the productwasfiltered, dehydrated 50  and dried to give a
composition of a polystyrene and a styrene-n-butyl acrylate copolymer. The
content of the THF-insoluble in this composition was 75 wt. %. The
molecular weight distribution of THF-soluble was measured to give the
result that there were peaks at the position of 0.34x104, with Mn =[err],
Mw = [err], Mw/Mn = 2, and the molecular weights of 104 or lower being 18
wt. %. Further, Tg of the resin was [err], and the glass transition point
[err] of the components of [err] or less separated by GPC 55   was [err].
36 



EP 0 259 819 B1 Comparative Example 13 Into a reactor 200 parts by weight
of cumene was charged, and the temperature was raised to the reflux
temperature. To this was added dropwlse a mixture of 100 parts by weight of
styrene and 8 parts by weight 5   of di-tert-butylperoxide under cumene
reflux over 4 hours. Further, polymerization was completed under cu- mene
reflux ([err]) and cumene was removed. The polystyrene obtained had Mw =
5700, Mw/Mn = 2.65, a main peak at a molecular weight of 5300, and Tg =
[err]. The above polystyrene (30 parts by weight) was dissolved in the
following monomer mixture to provide a mixed solution. 10 Monomer mixture
Formulated ratio Styrene monomer                                    54 wt.
parts 15        n-Butyl acrylate  monomer                           16
Divinylbenzene                                     0.14   " 20
tert-Butylperoxy-2-ethylhexanoate                         1.0 Into the
above mixture, 170 parts by weight of water containing 0.1 part by weight
of a partially saponified polyvinyl alcohol dissolved therein was added to
form a suspension. The above suspension was added Into a reactor charged
with 15 parts by weight of water and replaced with nitrogen, and the
reaction was carried out 25  at a temperature of [err] for 6 hours. After
completion of the reaction, the product was filtered, dehydrated and dried
to give a composition of a polystyrene and a styrene-n-butyl acrylate
copolymer. The content of the THF-insoluble In this composition was 30 wt.
%. The molecular weight distribution of THF-soluble was measured to give
the result that there were peaks at the positions of [err] with Mn = [err],
Mw = [err] Mw/Mn = 42, and the molecular weights of [err] or lower being 22
wt. %. 30  Further, Tg of the resin was [err] and the glass transition
point [err] of the components of [err] or less separated by GPC was [err].
Preparation Example 1 35      The resin composition of Example 15 (100
parts by weight), 60 parts by weight of a magnetic material, 4 parts by
weight of a low molecular weight polypropylene and 2 parts by weight of a
positive charge controller were thermally kneaded, and a toner was prepared
by use of a micropulverizer and a classifying device. The pulverizability
of the toner starting material was very good, and the treated amount for
obtaining a volume-average size as the pulverized particle size of 10 u was
a value of 15.3 kg/hr. Also, there was no sticking 40  In the pulverizer. A
developer comprising 100 parts by weight of the toner mixed with 0.4 part
by weight of a hydrophobic silica was charged into a copying machine
(NP-5540 produced by Canon), and image quality and fixability were
evaluated. As the result of successive copying of 50000 sheets, stable and
good images were formed. Further, f ix- 45  ability was also good, with
good anti-offset characteristic and anti-winding characteristic. Further,
there was no filming or sticking onto the photosensitive member.
Preparation Example 2 50      Preparation 1 was repeated except for using
the resin composition of Example 16 to obtain substantially the same
results as in Preparation Example 1. Preparation Examples 3 - 5,
Comparative Preparation Examples 1 - 4 55      Toners were prepared in the
same manner as in Preparation Example 1 except for using the resin com- 



positions of Examples 17, 18 and 19 (Preparation Examples 3 - 5). On the
other hand, toners were prepared in the same manner as in Preparation
Example 1 except for using the polystyrene used as the starting material
for the resin composition in Example 15, and the resin compositions of
Comparative Examples 11, 12 and 13, 37    EP 0 259 819 B1 respectively
(Comparative Preparation Examples 1 - 4). Evaluation methods 5
Pulverizability of the toner starting material was evaluated by the amount
treated per unit time under an air pressure of 5.5 kg/[err] by a
micropulverizer by use of jet air steam as a measure. Fixability,
anti-offset characteristic, anti-winding characteristic and image quality,
successive copying characteristic were examined by use of a copying machine
(NP-5540 produced by Canon K.K.). Particularly, anti-offset characteristic
was examined by lowering the set temperature in the fixer by [err], 10
dismantling the cleaning mechanism in the fixing roller and observing
whether the image was contaminated or the roller was contaminated.
Fixability was measured by rubbing the image with Silbon C paper
reciprocally for 10 times under a load of about 100 g and representing the
peeling of the Image in terms of a lowering in percentage the reflective
density. The evaluation of image was conducted on a 200-th sheet when
successive copying of 200 sheets 15  was conducted. Anti-winding
characteristic was measured by forming 3 sheets of the whole surface black
image and by observing the trace of a pawl for peeling attached to the
fixing roller remaining on the copies to judge how the peeling relied on
the action of the pawl. 20 25 30 35 40 45 50 55 38    EP 0 259 819 B1 [err]
10 Claims 1. A toner for developing electrostatic latent images,
comprising: a colorant or magnetic powder and a binder 39    EP 0 259 819
B1 



resin; said binder resin having 10 to 60 wt.% of a chloroform-insoluble or
THF (tetrahydrofuran)-insoluble and a chloroform-soluble or THF-soluble and
comprising 10 to 50 wt.% of components having molecular weights of 10,000
or less, the chloroform-soluble or THF-soluble providing a molecular weight
distribution in the chromatogram of GPC (gel permeation chromatography)
thereof such that it provides a ratio 5       (Mw/Mn) of weight-average
molecular weight (Mw)/number-average molecularweight (Mn) [err] 5, and
there are at least one peak In the molecular weight range of 2,000 to
10,000 and at least one peak or shoulder in the range of 15,000 to 100,000.
2. A toner according to claim 1, wherein the binder resin comprises 40 to
90 wt.% of the chloroform-soluble 10      orTHF-soluble, the
chloroform-soluble orTHF-soluble of the binderresin comprising a vinyl type
polymer. 3. Atoneraccording to claim 2, wherein the binder resin comprises
10 to 50wt.% of the chloroform-insoluble or THF-insoluble. 15  4. Atoner
according to claim 2, wherein the binder resin comprises 10 to 50 wt.% of
the chloroform-insoluble or THF-insoluble, and the chloroform-soluble or
THF-soluble of the binder resin provides a molecular weight distribution In
the GPC chromatogram thereof such that there are a main peak In the
molecular weight range of 2,000 to 15,000 and a sub-peak or shoulder In the
molecular weight range of 8,000 to 80,000. 20  5. Atoneraccording to claim
2, wherein the chloroform-soluble orTHF-soluble of the binderresin
comprises 0-20% of a componentA having molecularweights of 500,000 or
above, 10-60% of a component B having molecular weights of 30,000 to
500,000, and 20-90 wt.% of a component having molecular weights of 30,000
or less based on the areal ratio in the GPC chromatogram of the
chloroform-soluble or THF-solu- ble. 25 6. Atoneraccording to claim 5,
wherein the chloroform-soluble orTHF-soluble of the binder resin comprises
1 - 9% of the component A. 7. A toner according to claim 1, wherein the
binder resin comprises 20 - 39 wt.% of the components having 30
molecular weights of 10,000 or less. 8. A toner according to claim 1,
wherein the chloroform-soluble or THF-soluble of the binder resin provides
a ratio [err] in the range of 0.4/1 to 4.0/1 In the GPC chromatogram
thereof, wherein [err] denotes a height of the highest peak In the
molecular weight range of 2,000 to 10,000, and[err] denotes the height of
the 35       highest peak in the molecular weight range of 15,000 to
100,000. 9. Atoneraccording to claim 8, wherein the chloroform-soluble
orTHF-soluble of the binder resin has a num- ber-average molecular weight
of 2,000 to 9,000. 40  10. A toner according to claim 1, wherein the
chloroform-soluble or THF-soluble provides, in the GPC chro- matogram
thereof, a peak in the molecular weight range of 2,000 to 8,000 and a peak
or shoulder in the molecular weight range of 20,000 to 70,000. 11. A toner
according to claim 1, wherein the chloroform-soluble or THF-soluble of the
binder resin provides an Mw/Mn ratio in the range of 5 to 80. 45 12. A
toner according to claim 11, wherein the chloroform-soluble or THF-soluble
of the binder resin provides an Mw/Mn ratio in the range of 10 to 60. 13. A
toner according to claim 1, wherein the chloroform-soluble or THF-soluble
of the binder resin satisfies 50      the following relationship: [err]
wherein [err] denotes a glass transition point ([err]) of the components
having molecular weights of 10,000 or less in the chloroform-soluble
orTHF-soluble and [err]denotes the glass transition point ([err]) of the
toner. 55  14. Atoner according to claim 1, wherein the binderresin has
been prepared by forming a first polymer which 



has a glass transition point of [err] or higher and provides a molecular
weight distribution thereof accord- ing to GPC such that there is a main
peak in the molecular weight range of 2,000 to 10,000 and It provides a
ratio (Mw/Mn) of weight-average molecular weight (Mw)/number-average
molecularweight (Mn) [err] 3.5; 40    EP 0 259 819 B1 and subjecting a
polymerizable monomer with the first polymer dissolved therein to
suspension polymer- ization. 15. Atoner according to claim 14, wherein the
binder resin comprises a crosslinked vinyl type polymer or co- 5
polymer. 16 Atoneraccording to claim 14, wherein thefirst polymercomprises
a non-crosslinked homopolymerorco- polymer. 17. Atoner according to claim
1, wherein the binder resin comprises styrene type homopolymer, styrene
type copolymer, styrene-acrylate copolymer or styrene-methacrylate
copolymer. 18. A process for producing a binder resin for a toner,
comprising: forming by solution polymerization a first polymer having a
glass transition point of 500C or higher and providing a molecular weight
distribution thereof according to the GPC such that there is a main peak 15
in the molecular weight range of 2,000 to 10.000 and It provides a ratio
(Mw/Mn) of weight-average mo- lecular weight (Mw)/number-average molecular
weight (Mn) [err] 3.5; dissolving the first polymer in a polymerizable
monomer to formulate a monomer composition; and subjecting the monomer
composition to suspension polymerization, thereby to form a resin com-
position comprising 10 to 70 wt.% of a chloroform-insoluble or
THF(tetra-hydrofuran)-insoluble and a 20       chloroform-soluble or
THF-soluble; the chloroform-soluble or THF-soluble providing a molecular
weight distribution in the GPC chromatogram thereof such that it has a
ratio Mw/Mn [err] 5; and there are at least one peak in the molecular
weight range of 2,000 to 10,000 and at least one peak or shoulder in the
mo- lecular weight region of 15,000 to 100,000; and components having
molecular weights of 10,000 or less are contained in a proportion of 10 -
50 wt.% of the total resin composition. 25 19. A process according to claim
18, wherein the first copolymer comprises a vinyl type homopolymer or co-
polymer. 20 A process according to claim 18, wherein the monomer
composition contains a crosslinking agent. 30 21. A process according to
claim 20, wherein the monomer composition contains a vinyl type monomer as
the polymerizable monomer and a divinyl type monomer as the crosslinking
agent. 22. A process according to claim 18, wherein the monomer composition
comprises 10 to 120 parts by weight 35     of the first polymer per 100
parts by weight of the polymerizable monomer. 23. A process according to
claim 22, wherein the monomer composition comprises 20 to 100 parts by
weight of the first polymer per 100 parts by weight of the polymerizable
monomer. 24. A process according to claim 20, wherein the monomer
composition contains the crosslinking agent in a 40      proportion of 0.1
to 2.0 wt.% of the polymerizable monomer. 25. A process according to claim
18, wherein the solution polymerization is effected at a temperature of 70
to [err] by using 0.1 wt. part or more of a polymerization initiator per
100 parts by weight of a polymer- izable monomer. 45 



26. A process according to claim 25, wherein the solution polymerization is
effected by using 30 to 400 wt. parts of the polymerizable monomer per 100
parts by weight of a solvent. 27. A process according to claim 18, wherein
the suspension polymerization is effected by using 100 parts 50      by
weightorless of the polymerizable monomer per 100 parts byweightof an
aqueous dispersion medium. 28. A process according to claim 27, wherein the
suspension polymerization is effected by using 10 - 90 parts by weight of
the polymerizable monomer per 100 parts by weight of the aqueous dispersion
medium. 29. Aprocess according to claim 20, wherein the suspension
polymerization is effected by using the monomer composition which comprises
the crosslinking agent in a proportion of 0.1 to 2.0 wt.% of the
polymerizable monomer and 0.5 to 10 parts by weight of a polymerization
initiator per 100 parts by weight of the poly- merizable monomer. 41    EP
0 259 819 51 PatentansprOche 1. Toner zur Entwicklung elektrostatischer,
latenter Bilder, umfassend: ein Farbemittel oder ein magneti- aches Pulver
und ein Bindeharz, wobel das Bindeharz 10 bis 60 Gew.-% elnes
chloroformunl~sllchen odor 5       THF-unl8slichen
(tbtrahydrofuranunloslichen) Bestandtbils und elnes chloroformloslichen
odorTHF-los- lichen Bestandteils enthilt und 10 bia 50 Gew.-% an
Bestandtbilen enthilt, die Molekulargewichte von 10000 oder weniger
aufwelsen, wobel der chloroforml8sliche oder THF-18aliche Bestandtell sine
solche Molekulargewichtsvertellung In selnem GPC-Chromatogrsmm
(Gelpermeatlonschromatogramm) auf- welst, daM es ein Verhaltnis (Mw/Mn),
[gewichtsmittleres Molekulargewicht (Mw)] 4zahlenmittleres Mo- 10
lekulargewicht (Mn)], 2 5 bereitstellit und es wenigsbans elnen Peak Im
Moiekulargewlohtsbereich von 2000 bls 10000 und wenigsens olnen Peak odor
sine Schulter Im Berelch von 15000 bla 100000 glbt. 2. Toner nach Anspruch
1, worin das Bindeharz 40 bis 90 Gew.-% des chloroformlosllchen oder
THF-losli- chen Bastandtalls umfafit, wobel der chloroformlOsliche odor
THF-lselche Bestandteil des Bindeharzes 5       sein Polymer vom Vinyltyp
umfamt 3.  Toner nach Anspruch 2, worl das Blndeharz 10 bls 50 Gew.-% des
chloroformunlasilchen oderTHF-un- I6slichen Bestandtials umfaSt. 20  4.
Toner nach Anspruch 2, worin das Bindeharz 10 bis 50 Gew.-% des
chloroformunloslichen odor des THF- unloslichen Bestandteils umafSt und der
chloroforml8sliche odor THF-losllche Bestandteil des Bindehar- zes elne
solche Molekulargewichtsvertellung in seinem GPC-Chromatogramm
bereitatellt, daB es olnen Hauptpeak im Molekulargewichtsbereich von 2000
bis 15000 und eonen Nebenpeak oder sine Schulter Im
Molekulargewichtsberelch von 8000 bis 80000 gibt. 26  S. Toner nach
Anspruch 2, wormn der chloroformisollche oder THF-losliche Bestandbtil des
Blndeharzes 0 bis 20% elner Komponente A mit Molekulargewichten von 500000
oder darfiber, 10 bis 60% elner Kom- ponente B mit Molekulargewichten von
30000 bis 500000 und 20 bis 90 Gew.-% einer Komponente mit
Molekulargewichten von 30000 oder weniger umfallt, bezogen auf das
Flachenverhaltnis Im GPC-Chro- matogramm des chloroformloslichen oder
THF-l8slichen Bestandtells. 30 6. Toner nach Anspruch 5, wormn der
chloroformlosliche oder THF-16siiche Bestandteil des Blndeharzes I bis 9%
der Komponente A umfagt. 7. Toner nach Anspruch 1, worin der Bindeharz 20
bis 39 Gew.-% der Komponenten umfaft, die Molekular- S6      gewichte von
10000 oder weniger aufwelsen. 8.  Toner nach Anspruch 1, worin der
chloroforml6sliche oder THF-losliche Bestandtebi des Bindeharzes sin 



Verhaltnis hj/h2 Im Bereich von 0,4/1 bis 4,0/1 In seinem GPC-Chromatogramm
aufwelst, wormn h1 sine K..-1 Hohe des hochsten Peaks im
Molekulargewichtsbereich von 2000 bis 10000 und h2die Hohe des h8ch- 40
sten Peaks Im Modekulargewichtsbereich von 15000 bis 100000 bedeuten. 9.
Toner nach Anspruch 8, worin der chloroformlOslilche oder THF-l6sliche
Bestandteil des Bindeharzes sin zahlenmittleres Molekulargewicht von 2000
bis 9000 aufweist. 10. Toner nach Anspruch 1, worin der chloroforml8silche
oder THF-i6sliche Bestandteil in seinem GPC-Chro- matogramm einen Peak im
Molekulargewichtsbereich von 2000 bis 8000 und eonen Peak oder esne Schul-
tbr im Molekulargewichtsbereich von 20000 bis 70000 bereitstellt. 11. Toner
nach Anspruch 1, worin derchloroformi8sliche oder THF-losliche Bestandteil
des Bindeharzes sin Mw/Mn-Verhaltnis im Bereich von 5 bis 80 bereitstelit.
50 12. Toner nach Anspruch 11, worin derchlorofolrmisilche oderTHF-l8sliche
Bestandteil des Bindeharzes sin Mw/Mn-Vorhaltnis im Bereich von 10 bis 60
bereitstellt. 13. Toner nach Anspruch 1, wormn der chloroforml8sliche oder
THF-Isliiche Bestandteii des Bindsharzes die 5         ~foigende Beziehung
erfiillt: Tg1 2 Tgt - 5 wormn Tg1 eonen Glasubergangspunkt (in C) der
Komponenten darstellt, die Molokulargewichte von 10000 odor weniger im
chloroforml8slichen oder THF-ioslichen Bestandtoil aufwelsen, und Tgt den
Glasflber- 42    EP 0 259 819B1                      1111111 gangspunkt (in
C) des Toners darstelit.                            *C    L  M   S 14.
Toner nach Anspruch 1, worln das Blndeharz hergestellt wurde, Indem * ein
erstes Polymer gebildet wird, das eonen Glasubergangspunkt von 500C oder
mehr aufwelst und esine solche Molekulagewichtsvertllung gemAS GPC
bereltstellt, dam em einen Hauptpeak In der Mo- lekulargewichtsberelch von
2000 bis 10000 gibt, und daB ale ein Verhaltnis (Mw/Mn), [gewlchtsmitt-
leres Molekulargewicht (Mw)yIzahlenmittleres Molekulargewicht (Mn)], a 3,5
bereitstelit, und dann * sin polymerlsierbares Monomer, In dem das erste
Polymer geldst 1st, einer Suspenslonspolymerlsa- tion untbrworfen wird. 10
15. Toner nach Anspruch 14, worin das Bindeharz en Polymeroder Copolymervom
quervernetzten Vinyltyp umfalt. 16. Toner nach Anspruch 14, worin das erste
Polymerel nichtquervernetztes HomopolymeroderCopolymer umfaat. 15 17. Toner
nach Anspruch 1, worln das Bindeharz eIn Homopolymer vom Styroltyp, sin
Copolymer vom Sty- roityp, esn Copolymer aus Styrol und Acrylat oder eln
Copolymer aus Styrol und Methacrylat umfat. 18. Verfahren zur Herstellung
sines Bindeharzes fMr elnen Toner, umfassend: 20         * Bilden eines
ersten Polymers durch Lbsungspolymerisation, das eonen Glasflbergangspunkt
von 50C oder mehr besitzt und eine solche Molekulargewichtsvertellung gemaR
GPC bereltstellt, dal es einen Hauptpeak im Molekulargewichtsberelch von
2000 bis 10000 gibt, und daB sie ein Verhaltnis (Mw/Mn), [gowichtsmittleres
Molokulargewlcht (Mw)]/]zahlenmittleres Molekulargewicht (Mn)], 5 3,5
aufweist, 25         * Aufl8sen des ersten Polymers in einem
polymerisierbaren Monomer zur BlIdung einer Monomerzu- 



sammensetzung, und * Unterwerfen der Monomerzusammensetzung einer
Suspensionspolymerisation, wodurch eine Harzzusammensetzung gebildet wird,
die 10 bis 70 Gew.-% sines chloroformunislichen oder THF- unloslichen
(tetrahydrofuranunloslichen) Bestandteils und elnes chloroformloslichen
oderTHF-l6s- 30          lichen Bestandtials umfalt, wobel der
chloroformlosliche oder THF-18siiche Bestandteil eine solche
Molekulargewichtsverteilung in seinem GPC-Chromatogramm bereitstiit, dae
sie emn Verhiltnis Mw/Mn 2 5 aufwelst, und dal es wenigstens elnen Peak im
Molekulargewichtsberelch von 2000 bis 10000 und wenigsans einen Peak odor
esne Schulter Im Molekulargewichtsbereich von 15000 bis 100000 gibt, und
daB Komponenten mit Molekulargewichten von 10000 oder weniger In
elnemAnteil y   35      von 10 bis 50 Gew.-% enthalten sind, bezogen auf
die gesamte Harzzusammensetzung. 19. Verfahren nach Anspruch 18, worln das
erste Copolymerein Homopolymeroder Copolymervom Vlnyltyp umfagt. 40  20.
Verfahren nach Anspruch 18, worin die Monomerzusammensetzung ein
Quervernetzungsmitbl enthalt. 21. Verfahren nach Anspruch 20, worin die
Monomerzusammensetzung ein Monomer vom Vinyltyp als po- lymerisierbares
Monomer und ein Monomer vom Divinyltyp als Quervernetzungsmittel umfast.
22. Verfahren nach Anspruch 18, worin die Monomerzusammensetzung 10 bim 120
Gewichtstelle des ersten Polymers auf 100 Gewichtsteile des
polymerisierbaren Monomers umfalt. 23. Verfahren nach Anspruch 22, worin
die Monomerzusammensetzung 20 bis 100 Gewichtstelle des ersten Polymers auf
100 Gewichtsteiie des polymerinierbaren Monomers umfalt. 50  24. Verfahren
nach Anspruch 20, worln die Monomerzusammensetzung des
Quervernetzungmmittel in elnem Anteil von 0,1 bis 2,0 Gew.-% des
polymerisierbaren Monomers enthalt. 25. Verfahren nach Anspruch 18, worin
die Losungspolymerlsation bel elner Temperatur von 70 bis 180C durchgefihrt
wird unter Verwendung von 0,1 Gewlchtsteilen oder mehr elnes
Polymerlsationsinitlators 55       auf 100 Gewichtstelle eines
polymerisierbaren Monomers. 26. Verfahren nach Anspruch 25,: worin die
Ldsungspolymerlsation durchgefuhrt wird unter Verwendung von 30 bis 400
Gewichtstelien des polymerisierbaren Monomers auf 100 Gewbchtstelle eines
Lasungsmitteis. 43    EP 0 259 819 B31            I IN l!  11111 11111 lIII
1111N 27. Verfahren nach Anspruch 18, worin die Suspensionspolymerisation
durchgefflhrt wird unterVerwendung von 100 Gewichtstellen oderwenigerdes
polymerisierbaren Monomers auf 100 Gewlbhtstelle eines wai- rigen
Disperslonsmaterials. 2. Verfahren nach Anspruch 27, worin die
Suspensionspolymerisation durchgefihrt wird unter Verwendung von 10 bis 90
Gewichtstellen des polymerlslerbaren Monomers auf 100 Gewichtstelle des
wilrigen Dis- perslonsmalteials. 29. Verfahren nach Anspruch 20, worin die
Suspensionspolymerlsatlon unter Verwendung der Monomerzu- 10
sammensetzung durchgef0hrt wird, die das Quervernetzungsmittel In elnem
Anteil von 0,1 bis 2,0 Gew.- % des polymerlslerbaren Monomers und 0,5 bl 10
Gewichtstellen elnes Polymerlsatlonsinitlators auf 100 Gewichtstelle des
polymerlslerbaren Monomers umfast. 15   Revendlcations 1. Toner pour le
developpement d'lmages latentes dlectrostatiques, comprenant: un colorant
ou une poudre magn6tIque et une rdsine servant de lant; ladite rbsine
servant de llantrenfermantde 10 a 60 % en poids d'une matiere Insoluble
dans le chloroforme ou insoluble dans le THF (tetrahydrofuranne) et une
matiere ~ 20    soluble dans le chlorofonme ou le THF et comprenant 10 a 50
% en polds de constituants ayant des poids 



mol6culaires bgaux ou inf~rieurs a 10 000, la matiore soluble dans le
chloroforme ou soluble dans l THF engendrant une distribution des polds
molbculaires dans le chromatogramme de CPG (chromatographie de permoation
sur gel) de cette matibre, telle qu'elle donne un rapport (Mp/Mn) de la
moyenne pondorale du poids molboulaire (Mp) a la moyenne numerique du polds
molbculaire (Mn) supbrieur ou 6gal a 5, avec 25      au moins un pic dans
la plage des polds mol6culalres de 20009 10 000 et au moins un pie ou
epaulement dans la plage de 15 000 a 100 000. 2. Toner sulvant la
revendication 1, dans lequel la resine servant de llant comprend 40 a 90 %
en poids de la matiere soluble dans le chloroforme ou soluble dans le THF,
la matibre soluble dans le chloroforme ou 30      soluble dans le THF de la
rdsine servant de liant comprenant un polymere de type vinylique. 3. Toner
suivant la revendication 2, dans lequel la rbsine servant de liant comprend
10 a 50 % en poids de la matibre insoluble dans le chloroforme ou insoluble
dans le THF. 4. Toner suivant la revendication 2, dans lequel la resine
servant de liant comprend 10 9 50 % en polds de .3          la matibre
insoluble dans le chloroforme ou insoluble dans le THF, et la matiere
soluble dans le chloroforme ou soluble dans le THF de la resine servant de
Ibnt donne une distribution des polds mol~culaires dans son chromatogramme
de CPG tells qu'll existe un pic principal dans la plage des polds
molbculaires de 2000 a 15 000 et un pic secondaire ou epaulement dans la
plage des poids moleculaires de 8000 a 80 000. 40 5. Toner sulvant la
revendication 2, dans lequel la matiere soluble dans le chloroforme ou
soluble dans le THF de la rbsine servant de liant comprend 0 a 20 % d'un
constituant A ayant des poids moleculaires egaux ou supbrleurs a500000, 10
a 60 % d'un constituant B ayant des poids molculaires de 30 000a 500 000,
et 20 a 90 % en polds d'un constituant ayant des poids molbculaires egaux
ou Inf6rleurs a 30 45      000 sur la base du rapport des surfaces dans le
chromatogramme de CPG de la matibre soluble dans le chloroforme ou soluble
dans le THF. 6. Toner suivant la revendlcation 5, dans lequel la matibre
soluble dans le chloroforme ou soluble dans le THF de la resine servant de
llant comprend 1 a 9 % du constituant A. 50 7. Toner suivant la
revendication 1, dans lequel la resine servant de liant comprend 20 a 39 %
en poids des constituants ayant des poids moliculaires egaux ou Inf~rieurs
a 10 000. 8. Toner suivant la revendlcation 1, dans lequel la matlere
soluble dans le chloroforme ou soluble dans le THF de la resino servant de
llant donne un rapport h1/h2 compris dans 'intervalle de 0,411 a 4,0/1 dans
son chromatogramme de CPG, hi disignant la hauteur du pic le plus haut dans
la plage des polds molb- culalres de 2000 9 10 000 et h2 dbsignant la
hauteur du pic le plus haut dans la plage des polds moldcu- lalres de 15
000 a 100 000.    *k  C  L  M  5 0. Toner suivant la revendication 8, dans
lequel la matiere soluble dans le chloroforme ou soluble dans le THF de la
resine servant de liant possede une moyenne numerique du polds moleculaire
de 2000 a 9000. 10. Toner suivant la revendlcation 1, dans lequel la
matiere soluble dans le chloroforme ou soluble dans le s       THF donne,
dans son chromatogramme de CPG, un pic dans la plage des polds mol6culalres
de 2000 A 8000 et un pic ou epaulement dans la plage des poids mol6culaires
de 20 000 a 70 000. 11. Toner suivant la revendication 1, dans lequel la
matiere soluble dans Is chloroforme ou soluble dans le THF de la rMsine
servant de liant donne un rapport Mp/Mn compris dans I'intervalle de 5 b
80. 12. Toner sulvant la revendication 11, dans lequel la matiere soluble
dans le chloroforme ou soluble dans le 



THIF de la rbsine servant de liant donne un rapport Mp/Mn compris dans
llntervalle de 10 a 6o. 13. Toner suivant la revendication 1, dans lequel
la matiere soluble dans le chloroforme ou soluble dans le THF de la resine
servant de liant satisfait la relation sulvante 15
Tg1  Tgt - 5 dans laquelle Tg1 represente le point de transition vitreuse
(C) des constltuants ayant des polds moi6- culaires egaux ou Inf6rieursa A
10 000 dans la matilre soluble dans le chloroforme ou soluble dans le THF
et Tgt represent le point de transition vAtreuse (C) du toner. ->  20  14.
Toner suivant la revendication 1, dans lequel la r6sine servant de Runt a
ete preparee en formant un pre- mier polymere qui possade un point de
transition vitreuse egal ou superieur A 500C et qui presente une
distribution des poids mol6culalres par CPG telle qu'il exists un pic
principal dans la plage des polds mo- l6culaires de 2000 a 10 000 et qu'il
engendre un rapport (Mp/Mn) de la moyenne pond6rale du poids mo- loculaire
(Mp) A la moyenne num6riquedu polds mol6culalre (Mn) Inf6bleurou bgal a
3,5; et en soumettant 25      un monomere polymerisable, avec Is premier
polymere dissous dans ce monombre, A une polymerbsatlon en suspension. 15.
Toner suivant la revendication 14, dans lequel la resine servant de liant
comprend un polymere ou copo- lymere de type vinylique reticul6. 30 16.
Toner suivant la revendication 14, dans lequel le premier polymbre comprend
un homopolymere ou co- polymere non reticule. 17. Toner sulvant la
revendlcation 1, dans lequel la resine servant de liant comprend un
homopolymere du type styrne, un copolymere du type styrene un copolymere
styrene-acrylate ou un copolymbrestyrene- methacrylate. 18. ProcbdA de
production d'une resine servant de llant pour un toner, comprenant les
etapes consistant: A former par polym6risation en solution un premier
polymere ayant un point de transition vitreuse 40      egal ou superibur a
SO0C et pr6sentant une distribution des polds mol6culalres par CPG tells
qu'i1 exists un pic principal dans la plage des poids moleculalres de 2000
a I0 000 et qu'l donne un rapport (Mp/Mn) de Ia moyenne pond6rale du poids
moleculaire (Mp) A la moyenne numbrique du polds moleculalre (Mn) inferieur
ou egal A 3,5; a dissoudre le premier polymere dans un monomere
polymbrisable pour formuler une composition 45      de monomeres; et a
soumettre la composition de monomeres A une polymbrlsation en suspension,
pour former ainsi une composition de rbsine comprenant 10 A 70 % en poids
d'une matibre Insoluble dans le chloroforme ou Insoluble dans le THF
(tbtrahydrofuranne) etd'une matilre soluble dans le chloroforme ou soluble
dans le THF ; la matiere soluble dans le chloroforme ou soluble dans le THF
donnant une distribution des poids 50      moleculaires dans son
chromatogramme de CPG telle qu'elle possede un rapport Mp/Mn sup~rieur ou
egal A 5, et qu'il existe au moins un pic dans la plage des poids
moleculaires de 2 000 a 10 000 et au moins un pic ou bpaulement dans la
plage des poids moleculaires de 15 000 a 100 000; des constituants ayant
des poids moliculaires egaux ou inferieurs a 10 000 etant pr6sents en une
proportion de 10 a 50 % on poids de la composition de rMsine totale. 55 19.
Procedb suivant la revendication 18, dans lequel le premier copolymbre
comprend un homopolymere ou copolymere de type vinylique. 45    20. Procod6
suivant la revendication 18, dans lequel la composition de monombres
contient un agent de r6- 



ticulation. 21. Procede suivant la revondication 20, dans loquel la
composition do Monombres contient un monombre 5       de type vinylique
comme monomere polymerisable et un monomere de type divinylique comme agent
de r6ticulatlon. 22. Proc6dosulvantla revendication 18, dans lequel la
composition de monomeres comprend 10 a 120 parties en polds du premier
polymere pour 100 parties on poids du monomere polym6rlsable. 10  23.
Procode suivant la revendicatlon 22, dens loquel la composition de
monombres comprend 20 a 100 parties en polds du premier polymbre pour 100
parties en poids du monomere polymorisable. 24  Procode sulvant la
revendication 20, dans loquel la composition de monombres contlent l'agent
de reti- culation on une proportion de 0,1 A 2,0 % en poids du monomere
polym6risabie. 15 K--'     25. Proc6di sulvant la revendicatlon 18, dans
lequel la polymorlsatlon en solution est effectu6e A une tom- p~rature de
70 a 180C en utillsant une quantitb egale ou superieure A 0,1 partle en
polds d'un Initlateur de polymerisation pour 100 parties en polds d'un
monombre polymerisable. 20  26. Proced6 suivant la rovendication 25, dans
lequel la polymdrisatlon en solution est effectuee en utilisant 30 A 400
parties en poids du monomere polymerisabie pour 100 parties en poids d'un
solvant. 27. Procede suivant la revendication 18, dans lequel la
polymerisation en suspension est effectuee en utili- sant une quantlte
egale ou inferieure a 100 parties en poids du monomere polymerlsable pour
100 parties 25      en poids d'un milieu aqueux de dispersion. 28. Procede
suivant la revendlcation 27, dans lequel la polymerisation en suspension
est effectuee en utill- sant 10 A 90 parties en polds du monomere
polymdrlsable pour 100 parties en polds du milieu aqueux de dispersion. 30
29. Procede suivant la revendlcation 20, dans lequel la polymerisatlon en
suspension est effectu6e en utili- sant la composition de monombres qul
comprend l'agent do reticulation en une proportion deo 0,1 A 20 % en poids
du monombre polymerbsable et une proportion de 0 5 a 10 parties en polds
d'un initiateur de polymerisation pour 100 parties en poids du monomere
polymerisable. 35 40 45 50 55 46    


