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Description

The present invention relates to a toner which in-
cludes a vinyl polymer binder that has been prepared
by a particular polymerisation method. The vinyl poly-
mer binder used in the toner of the present invention
is prepared by suspension polymerisation using a
particular dispersing agent and initiator.

There have been a large number of inventions re-
lating to binder resins for dry toners. Vinyl polymers
for use as binder resins in toners are produced by
many different types of polymerisation such as sus-
pension polymerisation, bulk polymerisation, solution
polymerisation, emulsion polymerisation, etc. Sus-
pension polymerisation is preferred because the
manufacturing costs are minimised.

Such toners are described for example in EP-A-
297839 and GB-A-2197656. EP-A-297839 describes
a method for making a toner by polymerisation of vinyl
monomers in the presence of carbon black. GB-A-
2197656 relates to preparation of toners having uni-
form particle size distribution.

However, suspension polymerisation is disad-
vantageous in that the binder resin produced will con-
tain residue of the suspension polymerisation proc-
ess, including residues of the dispersing agent and
initiator used in the polymerisation. These binder res-
ins are undesirable because toners prepared using
them are problematic in terms of chargeability and
stability (life) of the image quality. The present inven-
tors have studied these problems and found that if the
toner is prepared using a vinyl polymer binder ob-
tained by suspension polymerisation of a polymerised
vinyl monomer with a non-ionic dispersing agent and
an azo initiator, the resultant toner will have superior
stability of image quality.

According to the present invention, there is pro-
vided a toner comprising a polymeric binder obtained
by suspension polymerisation of a mixture of vinyl
monomers including both styrene or a styrene deriv-
ative and a (meth)acrylic acid ester and an acid vinyl
monomer in an amount of 0.5 to 10 wt% based on the
total weight of the vinyl monomers, the suspension
polymerisation being carried out using a non-ionic
dispersing agent and an azo initiator.

Preferably the polymerisable vinyl monomer in-
cludes an acid monomer in an amount 1 to 10 wt%.

The vinyl monomer used in the present invention
may be any of those that may be polymerised by sus-
pension polymerisation but will include both styrene
or a styrene derivative, such as a-methylstyrene and
substituted styrenes having methyl at an o- or m-pos-
ition of the benzene ring, or methyl, ethyl, butyl, hexyl,
octyl, nonyl, decyl, methoxy, phenyl or vinyl at a p-
position of the benzene ring, or methyl at 2- and 4-
positions thereof; and an acrylic acid ester or metha-
crylic acid esters such as those represented by the
formula: CH, = CR-COOR’, where R represents hy-
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drogen or methyl, and R’ represents methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
bytyl, n-pentyl, n-hexyl, n-octyl, 2-ethylhexyl, n-non-
yl, isononyl, decyl, dodecyl, triadecyl, stearyl, doco-
syl, cyclohexyl, benzyl, phenyl, methoxyethyl, ethox-
yethyl, butoxyethyl, phenoxyethyl, etc. Other vinyl
monomers which may be included are vinyl esters
such as vinyl acetate, vinyl propionate, etc.; and ac-
rylic acid derivatives or methacrylic acid derivatives
such as acrylonitrile, methacrylonitrile, etc. These
polymerisable vinyl monomers are used alone or in
admixture of two or more of them.

When a combination of two or more polymeris-
able vinyl monomers is used, the preferred monomer
mixtures include those having styrene and/or its der-
ivatives and alkyl (meth) acrylates as the main con-
stituents of the mixture.

When the acid monomer is used as one compo-
nent of the polymerisable vinyl monomers, the life of
the toner obtained is further improved. The amount of
the acid monomer is 0.5 to 10 wt.% based on the total
weight of the polymerisable vinyl monomers. When
the vinyl polymer is obtained by copolymerising less
than 0.5 wt% of the acid monomer, toners containing
this vinyl polymer as a binder exhibit no effect of co-
polymerisation of the acid monomer. On the other
hand, when the vinyl polymer is obtained by copoly-
merising more than 10 wt.% of the acid monomer, to-
ners containing this vinyl monomer as a binder exert
adverse effects on their other characteristics.

Suitable acid monomers for use in the present in-
vention are monomers having one or more acid sub-
stituents in addition to the polymerisable vinyl group.
For example, suitable monomers are acrylic acid, me-
thacrylic acid, itaconic acid, citraconic acid, maleic
acid, fumaric acid, crotonic acid, monobutyl itacon-
ate, monomethyl maleate, monobutyl maleate, mono-
octyl maleate, monooctyl itaconate, 2-sulfoethyl me-
thacrylate, 2-sulfoethyl acrylate, 2-acrylamide-2-me-
thylpropanesulfonic acid, vinylbenzenesulfonic acid,
etc. These acid monomers are used alone or in admix-
ture of two or more of them.

The vinyl polymer used in the present invention is
produced by suspension polymerisation.

The azo initiator used in this method is not critical,
it being possible to use the well-known ones. Suitable
examples are azobisisobutyronitrile, 2,2'-azobis-
(2,4-dimethylvaleronitrile), dimethyl-2,2’-azobisiso-
butyronitrile, 2,2'-azobis-(2-methylbutyronitrile),
1,1’-azobis-(cyclohexane-1-carbonitrile), 2,2’-azo-
bis-(2-cyclopropylpropionitrile), 2,2’-azobis-(4-me-
thoxy-2,4-dimethylvaleronitrile), etc. Among these
initiators, it is preferred to use azobisisobutyronitrile,
2,2'-azobis- (2,4-dimethylvaleronitrile), dimethyl-
2,2’-azobisisobutyronitrile or 2,2’-azobis-(2-methyl-
butyronitrile) because these initiators have proper-
ties to keep a polymerisation activity upon the mono-
mer and complete the polymerisation in a relatively
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short time, and because they do not have a high ten-
dency to leave their decomposition by-products in the
resulting polymer.

These azo initiators are used alone or in admix-
ture of two or more of them.

The toner of the present invention has a remark-
ably improved life as compared with toners containing
binder polymers obtained by the conventional meth-
ods, because it uses a vinyl polymer binder obtained
by suspension polymerisation with a non-ionic dis-
persing agent.

The non-ionic dispersing agents for use in the
present invention are preferably polymeric. Suitable
examples include polyvinyl alcohol, methyl cellulose,
ethyl cellulose, hydroxypropyl cellulose, gelatin, poly-
ethylene oxide, etc. of these nonionic dispersing
agents, polyvinyl alcohol having a saponification de-
gree of 70 to 90% and a polymerisation degree of 500
to 3000 is preferred because resins obtained with it
have good binder characteristics for toners.

The nonionic dispersing agent is used in such an
amount that the polymerisation operation can be
completed without causing aggregation of the pro-
duced resin particles in the course of the polymerisa-
tion. The amount of the agentis usually 0.01 to 5 parts
by weight, preferably 0.05 to 2 parts by weight based
on 100 parts by weight of water.

If necessary, a dispersion auxiliary may be used.
It includes for example electrolytes such as sodium
chloride, potassium chloride, sodium sulfate, potas-
sium sulfate, etc.

The necessary conditions for the suspension
polymerisation vary with the particular polymerisable
vinyl monomer/s, and azo initiator/s used and the
amounts thereof. However, the optimum polymerisa-
tion temperature is generally 30° to 130°C, preferably
60° to 100°C, and the polymerisation time is prefer-
ably about 1 to about 10 hours.

After the completion of the suspension polymer-
isation, the reaction solution is filtered, and the result-
ing polymer is thoroughly washed, dehydrated and
dried. A coloring agent and other additives are added
to this polymer to obtain the toner of the present in-
vention.

The presentinvention is illustrated below with ref-
erence to the following examples. In the examples,
parts are by weight. However, these examples are not
to be construed to limit the present invention.

Comparative Example 1

3 Parts of azobisisobutyronitrile, an azo initiator,
was dissolved in a polymerizable vinyl monomer com-
prising 83 parts of styrene, 17 parts of 2-ethylhexyl
acrylate and 0.3 part of divinylbenzene. The resulting
mixture was mixed with a polymerization medium ob-
tained by dissolving 0.2 part of partially saponified
polyvinyl alcohol (PVA-224E produced by KURARAY
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CO., LTD.) in 220 parts of deionized water. The mix-
ture was heated to 80°C, and suspension polymeriza-
tion was carried out for 90 minutes at this tempera-
ture. The resulting polymer dispersion was cooled to
room temperature and filtered. The solid matter ob-
tained was thoroughly washed, dehydrated and dried
to obtain a bead-form binder resin.

92 Parts of the above binder resin, 7 parts of car-
bon black (#40 produced by Mitsubishi Kasei Corp.)
and 1 part of a charge control agent (BONTRON S-
34 produced by ORIENT CHEMICAL INDUSTRIES,
LTD.) were kneaded at 150°C for about 5 minutes on
a twin-screw extruder. After cooling, the kneaded
product was finely pulverized on a jet mill. The fine
powders obtained were classified to collect fine pow-
ders having a particle size of 5 to 15 um. The volume
mean diameter of the fine powders was 9.6 um.

A copying test was carried out on a commercially
available copying machine (Ricopy FT 4510 pro-
duced by RICOH CO., LTD.) using the above fine
powders as a toner. As a result, fog-free high-
resolution clear images were obtained at the initial
stage of copying and after 10,000 copying operations.
After 20,000 copying operations, however, the im-
ages showed a faint touch of fog and a somewhat low-
ered resolution degree, which were however of such
a degree as to be out of the question in practical use.

Example 1

A toner was obtained in the same manner as in
Example 1 except that 82 parts of styrene, 17 parts
of 2-ethylhexyl acrylate, 1 part of methacrylic acid
and 0.3 part of divinylbenzene were used as the poly-
merizable vinyl monomer. The performances of this
toner were evaluated, and it was found that fog-free
high-resolution clear images were obtained even af-
ter 20,000 copying operations.

Example 2

A toner was obtained in the same manner as in
Example 1 except that 82.5 parts of styrene, 17 parts
of 2-ethylhexyl acrylate, 0.5 part of methacrylic acid
and 0.3 part of divinylbenzene were used as the poly-
merizable vinyl monomer. The performances of this
toner were evaluated, and it was found that fog-free
high-resolution clear images were obtained at the ini-
tial stage of copying and after 10,000 copying opera-
tions, but after 20,000 copying operations, the im-
ages showed a faint touch of fog, which was however
of such a degree as to be out of the question in prac-
tical use.

Example 3

A toner was obtained in the same manner as in
Example 1 except that 73 parts of styrene, 17 parts
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of 2-ethylhexyl acrylate, 10 parts of methacrylic acid
and 0.3 part of divinylbenzene were used as the poly-
merizable vinyl monomer. The performances of this
toner were evaluated, and it was found that fog-free
high-resolution clear images were obtained even af-
ter 20,000 copying operations, but the fixability and
grindability were somewhat lowered.

Comparative Example 2

A toner was obtained in the same manner as in
Comparative Example 1 except that 3 parts of ben-
zoyl peroxide, which is not an azo initiator, was used
as the polymerization initiator, and that the polymeri-
zation temperature was 85°C. The performances of
this toner were evaluated, and it was found that the
images at the initial stage of copying were fog-free
high-resolution clear ones, but that after 5,000 copy-
ing operations, only images having a touch of fog and
a lowered resolution degree were obtained.

Comparative Example 3

A toner was obtained in the same manner as in
Example 1 except that 3 parts of benzoyl peroxide
was used as the initiator and the polymerization tem-
perature was 85°C. The performances of this toner
were evaluated, and it was found that the images at
the initial stage of copying were fog-free high-
resolution clear ones, but that after 10,000 copying
operations, only images having a touch of fog and a
lowered resolution degree were obtained.

Comparative Example 4

A toner was obtained in the same manner as in
Comparative Example 1 except that 0.2 part of an
anion-modified polyvinyl alcohol (KL-318 produced
by KURARAY CO., LTD.), which is not a nonionic dis-
persing agent, was used as the dispersing agent. The
performances of this toner were evaluated, and it was
found that the images at the initial stage of copying
were fog-free high-resolution clear ones, but that af-
ter 5,000 copying operations, only images having a
touch of fog and a lowered resolution degree were ob-
tained.

Comparative Example 5

A toner was obtained in the same manner as in
Example 1 except that 0.2 part of an anion-modified
polyvinyl alcohol (KL-318 produced by KURARAY
CO., LTD.) was used as the dispersing agent. The
performances of this toner were evaluated, and it was
found that the images at the initial stage of copying
were fog-free high-resolution clear ones, but that af-
ter 10,000 copying operations, only images having a
touch of fog and a lowered resolution degree were ob-
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tained.
Comparative Example 6

A toner was obtained in the same manner as in
Comparative Example 1 except that 0.2 part of a ca-
tion-modified polyvinyl alcohol (C-318 produced by
KURARAY CO., LTD.) was used as the dispersing
agent. The performances of this toner were evaluat-
ed, and it was found that the images at the initial stage
of copying were fog-free high-resolution clear ones,
but that after 5,000 copying operations, only images
having a touch of fog and a lowered resolution degree
were obtained.

Comparative Example 7

A toner was obtained in the same manner as in
Example 1 except that 0.2 part of a cation-modified
polyvinyl alcohol (C-318 produced by KURARAY CO.,
LTD.) was used as the dispersing agent. The perfor-
mances of this toner were evaluated, and it was found
that the images at the initial stage of copying were
fog-free high-resolution clear ones, but that after
10,000 copying operations, only images having a
touch of fog and a lowered resolution degree were ob-
tained.

Claims

1. Atoner comprising a polymeric binder obtainable
by suspension polymerisation of a mixture of vi-
nyl monomers including both styrene or a styrene
derivative and a (meth)acrylic acid ester, and an
acid vinyl monomer in an amount of 0.5 to 10 wt%
based on the total weight of the vinyl monomers,
the polymerisation being carried out using a non-
ionic dispersing agent and an azo initiator.

2. Atoner according to claim 1 including the acid vi-
nyl monomer in an amount of 1 to 10 wt.%.

3. Atoner according to any preceding claim wherein
the nonionic dispersing agent is polyvinyl alcohol.

4. Atoner according to claim 3 wherein the polyvinyl
alcohol has a saponification degree of 70 to 90%.

5. A toner according to claim 3 or claim 4 wherein
the polyvinyl alcohol has a polymerisation degree
of 500 to 3000.

6. Atoner according to any preceding claim wherein
the amount of nonionic dispersing agent is 0.05
to 2 parts by weight based on 100 parts by weight
of water.
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7. Atoner according to any preceding claim wherein

the azo initiator is at least one member selected
from the group consisting of azobisisobutyroni-
trile, 2,2'-azobis(2,4-dimethylvaleronitrile), di-
methyl-2,2’ -azobisisobutyronitrile).

Use of an acid vinyl monomer in a process for
making a polymeric binder by suspension poly-
merisation of a mixture of vinyl monomers in the
presence of a nonionic dispersing agent and an
azo initiator, the vinyl monomer mixture including
both styrene or a styrene derivative and a
(meth)acrylic acid ester and including the acid
monomer in an amount of 0.5 - 10 wt.% based on
the total weight of the monomers, to provide en-
hanced stability of the image produced using the
polymer in a toner.

Patentanspriiche

1.

Toner, umfassend einen polymeren Binder, er-
héltlich durch Suspensionspolymerisation einer
Mischung von Vinylmonomeren, einschliesslich
von sowohl Styrol oder einem Styrolderivat und
einem (Meth)acrylsdureester und einem sauren
Vinylmonomer in einer Menge von 0,5 bis 10
Gew.%, bezogen auf das Gesamtgewicht der Vi-
nylmonomeren, wobei die Polymerisation unter
Verwendung eines nicht-ionischen Dispersions-
mittels und eines Azoinitiators durchgefiihrt wird.

Toner gemass Anspruch 1, einschliessend das
saure Vinylmonomer in einer Menge von 1 bis 10
Gew.%.

Toner geméass einem der vorhergehenden An-
spriiche, bei dem das nicht-ionische Dispersions-
mittel Polyvinylalkohol ist.

Toner gemass Anspruch 3, bei dem der Polyvinyl-
alkohol einen Verseifungsgrad von 70 bis 90 %
hat.

Toner gemass Anspruch 3 oder Anspruch 4, bei
dem der Polyvinylalkohol einen Polymerisations-
grad von 500 bis 3000 hat.

Toner geméass einem der vorhergehenden An-
spriiche, bei dem die Menge des nicht-ionischen
Dispergiermittels 0,05 bis 2 Gew.-Teile, bezogen
auf 100 Gew.-Teile Wasser, betragt.

Toner geméass einem der vorhergehenden An-
spriiche, bei dem der Azoinitiator wenigstens ein
Glied ausgewdhlt aus der Gruppe, bestehend
aus Azobisisobutyronitril, 2,2’-Azobis(2,4-dime-
thylvaleronitril), Dimethyl-2,2'-azobisisobutyro-

10

15

20

25

30

35

40

45

50

55

nitril, ist.

Verwendung eines sauren Vinylmonomers in ei-
nem Verfahren zur Herstellung eines polymeren
Binders durch Suspensionspolymerisation einer
Mischung von Vinylmonomeren in Gegenwart ei-
nes nicht-ionischen Dispergiermittels und eines
Azoinitiators, wobei das Vinylmonomer sowohl
Styrol oder ein Styrolderivat und einen
(Meth)acrylséureester einschliesst, und das sau-
re Monomer in einer Menge von 0,5 bis 10
Gew.%, bezogen auf das Gesamtgewicht der Mo-
nomeren eingeschlossen ist, um dem unter Ver-
wendung des Polymers in einem Toner herge-
stellten Bild eine erhdhte Stabilitat zu verleihen.

Revendications

Un toner comprenant un liant polymére pouvant
étre obtenu par polymérisation en suspension
d’'un mélange de monomeéres vinyliques compre-
nant a la fois du styréne ou un dérivé du styréne
et un ester d’acide (méth)acrylique, et un mono-
mére vinylique acide en une quantité de 0,5 a 10
% en poids par rapport au poids total des mono-
méres vinyliques, la polymérisation étant effec-
tuée en utilisant un agent dispersant non ionique
et un initiateur azoique.

Un toner selon la revendication 1, comprenant le
monomére vinylique acide en une quantité de 1
2 10 % en poids.

Un toner selon I'une quelconque des revendica-
tions précédentes, dans lequel I'agent dispersant
non ionique est un alcool polyvinylique.

Un toner selon larevendication 3, dans lequel I'al-
cool polyvinylique a un degré de saponification
de 70 2 90 %.

Un toner selon la revendication 3 ou la revendi-
cation 4, dans lequel I'alcool polyvinylique a un
degré de polymérisation de 500 a 3000.

Un toner selon I'une quelconque des revendica-
tions précédentes, dans lequel la quantité
d’agent dispersant non ionique est de 0,05 a 2
parties en poids pour 100 parties en poids d’eau.

Un toner selon I'une quelconque des revendica-
tions précédentes, dans lequel l'initiateur azoi-
que est au moins un membre du groupe formé par
I'azobisisobutyronitrile, le 2,2’-azobis(2,4-dimé-
thylvaléronitrile), le diméthyl-2,2’-azobisisobuty-
ronitrile.
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Utilisation d'un monomére vinylique acide dans
un procédé de préparation d’un liant polymére
par polymérisation en suspension d’'un mélange
de monoméres vinyligues en présence d'un
agent dispersant non ionique et d'un initiateur
azoique, le mélange de monomeéres vinyliques
comprenant a la fois du styréne ou un dérivé du
styréne et un ester d’acide (méth)acrylique et
comprenant le monomeére acide en une quantité
de 0,5 2 10 % en poids par rapport au poids total
des monomeres, pour obtenir une meilleure sta-
bilité de I'image produite en utilisant le polymére
dans un toner.
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