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Mt hods as disclosed in U S. Patent No. 2,297,691, Japanese Patent

Publ cati ons No. 42-23910 “and No. 43-24748 and so forth are
conventional ly known as el ectrophotography. In general, copies are
obtained by formng an electrostatic |latent jnage on a photosensitive
menber, ut|I|Z|ng a ph oconductlve - 1 smaterial and according to various
nmeans, subseque \hxu “latent image by the use of a
toner, and f rr|n he tone i mage to a transfer nedium such

as paper |f necessary, follomed by fi
Electrostatic I

Process for i Production, and Binder

Resin and Prgcess for its Production

5 BACKGROUND OF THE INVENTION

Field of the invention

The present invention relates to a—toner—feor

charged—image},—used—ia an image forming breeess{such
10 @as electrophotography, electrostatic recording or
magnetic record;ng, aaé—a—pyesess—éey—pyeéueéag-sueh—e
“toner—Fhe-present—invention—aiso-relates—to—a—binder
- _ .

Related Background Art

15 Methods as disclosed in U.S. Patent No.
2,297,691, Japanese Patent Publications No. 42-23910
and No. 43-24748 and so forth are conventionaily known
as electrophotography. In general, copieé are
obtained by forming an electrostatic latent image on a

ﬁhotosénsitivé‘Eember,’utiiizing & photoconductive

20
| material and according to various means, subsequently
developing the latenthimage by the use of a toner, and
transferring the tone? image tp a transfer medium such
as paper if necessary, followed by fixing by'the
25 action of heat, pressure, heat-and-pressure, or

solvent vapor. In the case when the process comprises
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action-of heat, pressure, heat-and- pressure, or- * solvent vapor. In the

case when the process conprises ' -2-

a toner-image transfer step, the process is usually provi ded with the
step of renoving the toner remnaining on a photosensitive nmenber.

As devel opi ng processes in which an -eleectrostatic |latent image is fornmed

into a visible
1 a toner-image transfer sfep, the process is usually
_prbvided with the step of removing the toner remaining
on a photosensitive member. '
As developing processes in which an
5 electrostatic latent image is formed into a visible
image by the use of a toher, known methods includg the
magnetic brush development as disclosed in U.S. Patent
No. 2,874,063,'the cascade development. as disclosedfin
U.S. Patent No. 2,618,552, the powder_cloud
10 development as disclosed in U.S. Patent No. 2,221,776,
and the method in which a conductive magnetic téner is
used, as disclosed in U.S. Patent No. 3,909,258.
As toners used in these development processes,
fine powder obtained by dispersing a dye and/or
1s Ppigment in a natural or synthetic resin has been
hitherto used. For exampIe, particles formed by
finely grinding a binder resin such as polystyrene
comprising a colorant dispersed therein, to have a
size of about 1 to 30 pu are used as the toner. A
20 toner incdfpdféfed dith‘ﬁ;%ﬁétic‘ﬁatéfiéi ﬁéfticieS'
such as magnetite is also used as the magnetic toner.
On the other hand, in a system in which a two-
component type developer is used, the toner is used as
a mixture with carrier particles such as glass beads,
ion powder and ferrite particles.

25
Nowadays, -such recording processes have been
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| mage by the use of a toner, known nethods include tthe magnetic brush
devel opment as disclosed in U S. Patent No. 2,874,063, the cascade

devel opnment as disclosed in U.S. Patent No. 2,618,552, the powder cl oud
devel opment as disclosed in U S. Patent No. 2,221,776, and the nmethod in
whi ch a conductive magnetic toner is -uged, as disclosed in U S. Patent

No. 3,909, 258. As toners used in these devel opnent processes,
fi ne powder obtained by dispersing a dye and/or pignent in a natural or
synthetic resin has been hitherto used. For exanple, particles formed by

finely griindi wgdelpi utlikiizedi motuchlusipotyshyn bnecavailgblesicopping! or ant
di spersed therein, to have a size of about 1 to 30 [err] are used as the
toner. A tonBachiges pobut calspt fnnpyheters nferroutpyhrinfdmeation

from a computer, or for the printing of microfilms (or
copying from microfilms). Accordingly, a higher

5 performance has become required, and the above
recording processes have now been required to
simultaneously achieve the improvements in performance
such that an apparatus is ﬁade small-sized, |
lightweight, low-energy, high-speed, maintenence-free,

10 and personal. In order to meet these requirements,
the needs on toners have become severe in various
aspects.

For example, with wide application of the

recording processes and wide use thereof in usual

15 offices or homes as mentioned above, it has become
necessary e; course for toners to have safety as
materials and besides for manufacturers to pay
attention to odors thereof that are generated in the
course of fixing

For example, w1th w1de appllcatlon of the

20
recording processes such as electrophotography and
wide use thereof in usual offices or homes as
mentioned above, it has beceme necessary, of course,
for developers to have safety as materials and besides
25 for manufacturers to take care of odors thereof that

are generated in the course of fixing. In most
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sucth as' magnetite is also used as the nagnetic toner. On the other

hand,

in a systemin which a two- conponent. type devel oper- is used, the toner is
used as a mixture with carrier particles such as gl ass beads, ion powder
and ferrite particles. Nowadays, such recording processes have
been - 4 =3- widely utilized not only

i n commonly avail abl e copyi ng nmachi nes,

i nformati on

1

10

15

20

25

instances, deodorizing filters for adsorbing odors or
ozone are attached to copyving machines, printers and
so forth. This is not only disadvantageous for
production cost, but also troublesome for the
maintenance of deodorizing power because of periodical
replacement of filters.

With regard to this problem of odors, this is
of course an important problem when the standpoints of
users or manufacturers are taken into consideration.
In general, it is by no means easy from technical
viewpoints to solve this problem, when viewed from a
fixing method in which a toner containing a synthetic
resin as a main component is fixed on a transfer
medium such as papaer by utilizing the action of
softening and melting by heat. It is not advisable to
lower, for example, development performances such as
image quality and durebility of toner in order to
solve this problen.

Vatrlous methods have ‘been proposed SO that

- .,-..

=

these performances can be satisfied et the same t1me
However, a method in which an additive is used may
often cause unexpected problems.

For this reason, it is preferred to improve a
binder resin itself. For the purpose of such an
improvement, it is considered better to decrease.the

amount of a residual solvent or residual poiymerizable

This Sheet Has Been Replaced
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froma conputer, or for the printing of mcrofilnms (br  copying from

m crofilms). Accordingly, a higher perfornmance has becone required, and
t he above recording processes have now been required to simultaneously
achi eve the inprovenents in performance such that an apparatus is nade

smal | -si zed, |ightweight, |ow energy,-hggh-speed, nmaintenance-free, and
personal. In order to neet these requirenents, the needs on toners have
beconme severe in various aspects. For exanple, with w de

application of the recording processes and wi de use thereof in usual
of fi ces on honesomersethabecodioy eQddns haVareicore metdeebs drgvef course for
toners to have safety as
- been hitherto proposed for it with concurrent
attention to the influence on other development
performances.
5 For example, Japanese Patent Application Laid-
Open No. 55-155632 proposes that a polymer in which
the content of a solvent used for obtaining the |
polymer or that of polymerizable monomers is less fhan
0.1 % by weight is used as a binder resin for a toner
10 So thaf the offset resistance, storage stability and
fluidity of the toner can be improved.
Japanese Patent Application Laid-Open No. 53-
17737 also discloses that residual polygiérizable

monomers have influence on the triboelectricity.

15 blocking resistance and fixing properties of a toner,

and proposes to decrease a residual solvent or
residual polymerizable monomers of the solvent or
monomers used for obtaining a polymer as a binder

resin to be used for a toner.

20 Japahése Patent Aﬁpiicéfggﬁ ﬁéia-Open Nd. 64-

70765 also proposes a resin for a toner containing 200

' ppm or less of residual monomers, in order to cope
with the problems that a work environment becomes poor
because of the odors generated when toner materials
are melted and kneaded or that odors are generated at

25
the time of copying to give unpleasantness. This
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material s and besides for manufacturers to pay attention to odors thereof
that are generated in the course of fixing. - “For exanple, with

wi de application of the recording processes such as el ect r ophot ography and
wi de use thereof in usual offices or hones as nentioned above, it has
become necessary, of course, for develogers to have safety as materials
and besides for manufacturers to take care of odors thereof that are

generated in the course of fixing. In nost

1 publication also discloses that an amount more than
200 ppm of residual monomers may result in a lowering
of blocking resistance and resistance to a vinyl
chloride plasticizer, leaving the problem of odors.

5 - When, however, the problem is particularly
focused on the odors, it can not be said to be
sufficient to only decrease the amount of residual_r
polymerizable monomers, when taking account of the
possibility of wider application in future, of the.

10 image forming method such as elecrrophotography and
electrostatic recording method.

In general, methods of polymerizing binder
resins for toners are known to include solufion
polymerization, bulk polymerization and sﬁspension

15 polymerization.

In particular, as disclosed in Japanese
Patent Application Laid-Open No. 63-223014, the
suspension polymerization requires no removal of a

solvent and also requires no strong stlrrer, and hence

'l (. .- l

enables easy productlon of a re51n It also makes 1t

20
possible for a resin to be allowed to contain in any
desired amount of a THF-insoluble component that has
great influence on the fixing properties and offset
resistance of a toner. Thus, this is a preferable
25 method.

In the suspension polymerization, however, the

Hllllll i \ﬂ‘““d :



-4- . instances, deodorizing filters for -adsorbing-odors or ozone are
attached to copying nachines, printers and . so forth.: Thisis not only
di sadvant ageous for producti on cost, but also troubl esonme for the

mai nt enance of deodorizi ng power because of periodical repl acenent of

filters.

Wth regard to this_pyoblemof odors, this is of

course an inportant probl em when the stahdpoints of users or
manuf acturers are taken into consideration. In general, it is by no neans
easy from technical vi ewpoi nts to solve this problem when viewed froma

fixing metjhodrbBinhighoBthOREE E£RNERE Nfd¥h B WELHY | C Hed®S) Ni @Shds Mai N

conponent
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is fixed on a transfer
no step of removing a solvent or polymerizable

monomers that remain in sbiution polymerization in
which a resin is in a molten state,'and instead merely
has a drying step carried out for the pﬁrpose of
removing water content. As a résult, solvents or-
poiymerizable monomers tend to remain. in a large
quantity, and therefore it is necessary to pay
particular attention to the probleﬁ of odors as

discussed above.

SUMMARY OF THE INVENTION

An obJect of the present invention is to

_ | uBmge s willod
provide al ' .

that has solved the above problems.-eaééa—reeéﬁ—euéteé

image, which contain
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medi um'such as papaer by utilizing the action of: sof t eni ng and
heat. It is not advisable to | ower, for exanple, "devel opnent performances

such as
probl em

reason, it
of such an

a rESIduau SOF 2k PP EQSE ITe 5o P oEas
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i mage quality and durability of toner in order to SO

mel ting by

ve this

Vatrious methods have been proposed so that these
performances can be satisfied at the sang +inme. However, a nethod in which
an additive is used may often cause unexpected probl ens.

respect of other properties.

A still further object of the ppésent
invention is to provide a binder regin for a toner
improved in relation to odors.

A still further objecét of the present
invention is to provide 4 binder resin for a toner
polymerized in an agdeous medium, and impgoved in “
odors.

A st&ll further object of the present
inventiogr is to provide a binder resin for a toner

thatcan satisfy at the same time the performances

2
ARSI rS = 7 - v av "

invention, the present invention provides g

For this

is preferred to inprove a binder resin itself. For the purpose
|nprovenent it is considered better to decrease t he

anount of

developing an electrostatic image, comprising Sinder

resin and a coloring agent, said binder resdn
comprising a styrene type binder resin: wherein

an aldehyde is contalned said toner in an

* 0 A

weight of the toner.
The presen

for producing @”toner, comprising the steps of

-amount of not more than O. OO % by welght based on the

nvention also provides a process

elt-kneadirig a mixture containing at least a coloring

agent~and a styrene type binder resin containing an
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-5- nononers that produce odors.. Various nethods  have been hitherto
proposed for it with concurrent attention to the influence on other -
devel opnent per f or mances. For exanple, Japanese Patent
Application Laid- Open No. 55-155632 proposes that a polymer in which
the content of a solvent used for obtaining the pol ynmer or that of

pol yneri zabl e nononers is | ess than 0.1 % by weight is used as a binder

resin for a toner
-Sa_

image forming method comprising:

electrostatically charging a 'charqeable member for
supporting thereon an electrostatic image by a contact
charging'assembly:

forming an electrostatic image on the chargeable
member;

developing the electrostatic image on the chargeable
member to form a toner image with a toner comprising a
styrene binder resin and a coloring agent, wherein an
aldehyde is contained in said toner in an amount of not
more than 0.005% by weight based on the weight of the
toner:; | ' ,

transferring the toner image to a transfer paper; and

fixing the toner image on the transfer paper by
applying a heat and pressure to the toner image.

This Sheet Has Been Replaced
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so ‘that ‘the offset resistance, storage stability and . fluidity of the
toner can be i nproved. Japanese -Pat ent Application .Lai d- Open No.
53- 17737 al so discloses that residual polymerizable nononers have

i nfluence on the triboelectricity, bl ocki ng resi stance and fi xing
properties of a toner, and proposes togdecrease a residual solvent or
resi dual pol ynerizable nononers of the solvent or nmononers used for
obtaining a polyner @s a bi nder resin to be used for a toner.

Japanese Patent Application Laid-Open No. 64- 70765 al so proposes a resin
for a tonef cowdighy,ng 200 ppmor |ess of residual nononers, in order to
cope wth the proble that a work environnent becones poor

copling the melt-kneaded product to obtain a

cooled product, and

pulveXxizing the cooled product;

5 said toper containing the aldehyde in an
amount of not moke than 0.005 % by weight.

The present invention still also provides a
binder resin compriging a styrene polymer, a styrene
copolymer, a mixture Qf a styrene polymer and a.

10 styrene copolymer or a \mixture of styrene copolymers,
containing not less than\50 % by weight of a styrene
unit; wherein

an aldehyde is contained in an amount of not
more than 0.01 ¥ by weight baked on the weight of said
15 binder resin.
The present invention fuxXther provides a
process for producing a binder resY{n, comprising the
" steps of:
prepar1ng a monomer compos:t: n comprlszng a

polymerlzable monomer contalnlng at lea t not less

20
than 50 % by weight of a styrene monomer) and a
polymerization initiator, and
subjecting said monomer composition \to
suspension polymerization in an.aquédus mediuly having
25 dissolved oxygen in an amount of not more than

mg/lit to form a styrene polymer or copolymer

This Sheet Has Been
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because of the odors generated when toner materials .are .nelted and kneaded
or that odors are generated at the tine-of copying to give.unpl easant ness.
Thi s -6 publ i cation al so discloses
that an anount nore than 200 ppm of residual nononers may result in a

| owering. of blocking resistance and rigsi-stance to a vinyl chloride

pl astici zer, |eavi t he probl em of odors. When, however, the

problemis particularly

1 containi an aldehyde monomer in an amount of not

'mofe than §.01 % by weight.

The present invention still further provides

an apparatus unit comprising

5 an electrostatically chargeable member for
supporting theredn an electrostatic image,

a means foy electrostatically charging the )

chargeable member,
a developing neans for developing an

10 electrostatic image supported on said chargeable

member: wherein

said developing m s has a toner for

developing an electrostatic\image, comprising a
styrene type binder resin and\ a coloring agent;

15 Wherein an aldehyde is contained in said toner in an

amount of not mofe than 0.005 % by weight based on the

weight of the toner, and

said charging means and devgloping means are

1ntegrally held together with said chargeable member

20 to form a unit so that a sinblé unit chpable of being

freely mounted on and detached from an paratus main

body is formed.

The present invention still further\ provides a
facsimile apparatus comprising an electrophoXographic

25 apparatus and a means for receiving image infoymation

from a remote terminal; wherein
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focused-on the odors, it can not be-said to-be. sufficient to only
decrease the anount of residual_ polynerizable nononers, when taking
account of the possibility of wider application in future, of the inage
form ng net hod such as el ectrophotography and electrostatic recording
met hod. I n general, nethods ofjpolynerizing binder resins for
toners are known to include solution polynerization, bulk polynerization
and suspensi on polynerization. In particular as disclosed in
Japanese Pat ent Appllcatlon Lald Cpen hb 63 223014 the suspension
pol ynmeri zati on requi Fes SEBYOP ograpitle-cipp et wd-seofiPaiéi®g NO
strong stirrer, and hence
an electrostatically chargeable member fg

supporting an electrostatic image,
a means for electrostatically charging the
5 chargeable member, and
a developing means for dexeloping an
electrostatic image supported”on said chargeable
member; wherein |
said developjng means has a toner for

10 developing an elg€trostatic image, comprising a

styrene type-binder resin and a coloring agent;

15
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 schematically illustrates a charging
roller used in an electrophotographic apparatus.
Fig. 2 schematically illustrates an example of
20 the electrophotograéhlc gg;aratus + ‘
Fig. 3 is a block diagrgm showing an
example of a facsimile apparétus.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 The present inventors made intensive studies

on the factors of a binder resin for a toner that have
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enabl es easy production of a resin. It al'so nmakes it - possible for a resin
to be allowed to contain-in any desired amunt of a THF-insol uble
conponent that has great influence on the fixing properties and of fset
resi stance of a toner. Thus, this is a preferable nethod.
suspensi on pol yneri zation, however, thess _

resin is obtained in the formof beads. Hence, it has

10

15

20

25

“THT

influence on the odors of a toner. As a result, they
were convinced as follows: Although the amount of the
solvent or polymerizable monomers remaining in a
binder resin has an influence, the amount of oxidized
products thereof, in particular, residual aldehydes
produced as result of air oxidation of polymerizable
monomers, has a greater influence than the former Qes.
Hence, it is a good means for solving the problem of
preventing the odors of a toner to decrease the amount
of aldehydes that remain in a binder resin.

In particular, in a styrene type binder resin
such as a styrene polymer or copolymer most commonly
used as a binder resin, the benzaldehyde produced as a
result of air oxidation of styrene monomers was
revealed to be a cemponent that occurs most the
problem of odors. Thus, it was found that a great
care must be taken in reducing the amount of residual
aldehydes. |

Accordlng to the studles made by the present
inventers, the content of such aldehydee 1n'a blnder
resin must be not more than 0.01 % by weight, and
particularly preferably not more than 0.005 % by
weight. If the content of the aldehydes is more than

0.01 % by weight, a toner often gives out a strong -

odor.

According to further studies made by the
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no, step. of renobving a solvent or polynerizable mnononmers that remain in
solution polynerization in which aresinis in a nolten state, and instead
merely has a drying step carried out for the purpose of renoving water
content. As a result, solvents or polynerizable nmononers tend to renain
in alarge quantity, and therefore it %f hecessary to pay particular
attention to the problemof odors as scussed above. SUMWARY OF THE
| NVENTI ON An obj ect of the present invention is to provide

1 present inventors, the content of aldehydes in a toner
must be not more than 0.005 % by weight, and
particularly preferably not more than 0.004 % by
weight. If the content of the aldehydes is more than

5 0.005 % by weight, an odor is often strongly
perceived.

The binder resin of the present invention may
preferably include a styrene type binder resin |
containing a coﬁponent insoluble to tetrahydrofuran

10 (THF), which will be described later.

In the present invention, the binder resin may
also preferably be a styrene resin produced by.
suspension polymerization, containing an aldehyde in
an amount of not more than 0.01 % by weight.

15 As a result of intensive studies made by the

present inventors on account of such problems in order

to decrease aldehydes, it was found that what is aimed
\ by them can be achieved when the method as'will be

detalled below 1s employed

. . s 2
3T 1 .. . )

20 The dlssolved oxygen in the water that is a

dispersion medium used in suspension polymerization is
controlled to be not more than 2.5 mg/lit., and
preferably not more than 2.0 mg/lit., when measured at
a temperature of from 40 to_45'C.  This enables

25 suppression-of air oxidation of poiymerizable monomer
' such as styrene monomers, and consequently enables

is Sheet Has Been Reﬁlaced




an i mage form ng nethod 4hat has solved the above . probl ens.

- 8- To achi eve the above objects of the present invention, the present
i nvention provides an image form ng method conprising :

el ectrostatically chargi ng a chargeabl e nmenber for

1 suppression of formation of aldehydes such as

benzaldehyde.
It is conventionally known in suspension

polymerization that an atmosphere of a polymerization

5 system is replaced with nitrogen gas so that wasteful
~consumption of a polymerization initiator can be
saved. However, wpat is thereby aimed is to prevent
the Yie;d of polyaerization from being lowered, and is
unsatisfactory for the purpose of decreasing the rate

10 of formation of aldehydes. It was found that in order
t0 decrease the rate cf formation of aldehydes the
dissolved oxygen in the water used in suspension
polymerization must be decreased to a certain

concentration.

The mechanism thereof is presumed as follows:
Since in the suspension polymerization the -
polymerization takes place in the liquid droplets of
polymerizable monomers suspended in the water, it is
presumed that the 11qu1d droplets of polymerlzable
o9 Wonomers come 1nto dlrect contact w1th the water 1nl
the site of this polymerization reaction and are
strongly affected by the dissolved oxygen in the
agueous phase. Various known techniques can be used
as a specific method of decreasing such dissolved
oxygen. It is preferred to use a method in which a

25
nitrogen-feed pipe is fitted in the water or aqueous
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supporting thereon an electrostatic i mage by a contact = chargi ng assenbly;
form ng an el ectrostatic i nage ‘on the chargeable nenber; devel opi ng the
el ectrostatic i mge on the chargeable nenber to forma toner inage with a
toner conprising a styrene binder resin and a coloring agent, wherein an
al dehyde is contained in said toner in gg amount of not nore than 0.005%
by wei ght based on the weight of the toner; transferring the toner
image to a transfer paper; and fixing the t oner i mage on the transfer

paper by
1 phase so that nitrogen is flowed through water and
thereby the dissolved oxygen can be decreased in a

good efficiency.

As a result, when the dissolved oxygen is in a

5 concentration of not more than 2.5 mg/lit within the
temperature range of from 40 to 45°C, the amount of
aldehydes in the binder resin becomes not more than
0.01 % by weight. In a preferred instance, the
aldehydes becomes not more than 0.005 % by weight when

10 the dissolved oxygen is in a concentration of not more
than 2.0 mg/1lit. In addition, the wasteful
consumption of the polymerization initiator can be
decreased and at the same time it becomes possible to

. reduce the concentration of residual polymerizable

15 monomers .

It is advisable to carry_but in combination a
method in which the suspension of a polymer thus
obtained is heated at temperatures higher than about
70°C so that the res1dua1 monomers are evaporated at

5=
H :

the same t1me w1th the evaporat1on of water

20
The concentration of dissolved oxygen in water
can be measured in the following way: Using a DO
meter YSI, manufactured by Nikkaki Co., an electrode
is put in air or water containing oxygen in a known
25 amount, and an 02 calibration selector is turned to

adjust an indicated value to the oxygen concentration

laced
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applylng a heat and pressure to the t oner. I mage.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1

schenatlcally illustrates a charging

10

15
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25

- 16 -~

of a sample. Next, an electrode is put therein in the
state that water having a temperature of from 40 to
45°C is circulated in a flow velocity of about 30
cm/sec., and thus the dissolved 6xygen is measured.

In the case when the water is in a standstill, the
electrode is manually moved and thus the dissolved
oxygen is measured. The value is read when the
indicated value has become stable.

The determination of aldehydes in a binder
resin or a toner is carried out by gas dhromatography
in the following way.

Using 2.55'mg of dimethylformamide (DMF) as an
internal standard, 100 ml of acetone is added to make
up a solvent containing an internal standard material.
Next, 200 mg of a binder resin or 200 mg of a toner is
dissolved or dispe;sed in the above solvent to give a
solution or dispersion. The resulting solution or

dispersion is set on an ultrasonic shaking apparatus

for 30 mlnutes and thereafter left standlng for 1

hour. Next, flltratlon lS carrled out u51ng a 0.5 um
filter. In the gas chromatography, the sample is shot
in an amount of 4 ul.

The gas chromatography is carried out under
conditions as follows:

- Capillary column (30 m x 0.249 mm, DBWAX, film

thickness: 0.25 um)
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rokler used in an electrdphotogfaphﬁc appératus. - Fig. 2

schematically illustrates an exanple of. the el ectrophotographic apparat us.
Fig. 3 is a block diagram showi ng an exanple of a facsimle apparatus.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invetors nade

intensive studies on the factors of a pgnder resin for a toner that have

1 - Detector: FID (flame ionization aetector): nitrogen

pressure: 0.35 kg/cm2

- Injection temperature: 200°C; detector temperature:
200°C; Column temperature: raised for 30 minutes from
5 50°C at a rate of 5°C/min .
- Preparation of calibration curve:
An aldehyde to be measured is added to a solution of
DMF and acetone prepared in the saﬁe amount of a
sample solution. A standard sample thus obtained is
10 similarly subjected to measurement by gas
chfomatographv to determine a value for weight
ratio/area ratio between thé aldehyde and the internal
standard material DMF.
In the suspension polymerization, the
15 dissolved oxygen in the aqueous phase is controlled to
be 2?5 mg/lit. The binder resin as intended in the
present invention can be thereby obtained. In order
to highly satisfy grindability, offset resistance,
fixing prqperﬁies; filmiqq_qr melt-adhegion res{stance

* - V. % .

to a photosensitive member, image properties, etc.,

20
the binder resin may preferably contain from 10 to 70
% by weight, preferably from.10 to 60 % by weight, of
a tetrahydrofuran(THF)-insoluble matter, as proposed
in Japanese Patent Application Laid-Open No. 63—

25 223014._ The binder resin may be more preferable,

which i) having a weight average molecular
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- 10 - - i nfluence on the oders of a toner. As & result, they were
convinced as follows: Al though the amount of the . sdlivent or polynerizable
nononers remaining in a bi nder resin has an-influence, the anount of

oxi di zed products thereof, in particular, residual aldehydes pr oduced
as result of air oxidation of pol ymerizglgl e nononers, has a greater

I nfl uence than the forner has. Hence, it is a good neans for solving the
pr obl em of preventing the odors of a toner to decrease the anount of
al dehydes that remain in a binder resin. In particular, in a

styrene type kigigdit /mowber average molecular weight (Mw/Mn) of = 5,
at least one peak at :he region of a molecular weight
of from 2,000 to 10,000 and at least one peak or
shoulder at the region of a molecular weight of from

5 15,000 to 100,000, in the molecular. weight
distribution measured by gel permeation chromatography
(GPC) of a THF-soluble matter in the binder resin, and
ii) containing a component with a molecular weight of
not more than 10,000 in an amount of from 10 to 50 %

10 by wéight based on the THF-soluble resin composition.

The THF-insoluble matter referred to in the
present invention indicates the weight proportion of a
polymer component that has become insoluble to THF
(i.e., substantially a cross-linked polymer) in a

15 resin or\fesin composition. This can be used as a
parameter that indicates the degree of cross—iinking
of the'resin composition containing a cross-linked
component. The THF-insoluble matter in the binder
resin is defined by a value measured in the following

ey, i U . -

A sample (a 24 mesh-pass and 60 mesh-on
powder) of the resin or resin composition is weighed
in an amount of from 0.5 to 1.0 g (W1 g), which is
then put in a cylindrical filter paper (for example,
No. 86R, available from Toyo Roshi K.K.) and set on a

- 25
Soxhlet extractor. Extraction is carried out for 6
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such as'a styrene pol ymer or copolyner nost commonly . used as a binder
resin, the benzal dehyde produced as a result -of air ‘oxidation of styrene
mononers was revealed to be a conponent that occurs nost the problem of
odors. Thus, it was found that a great care nust be taken in reducing the
anount of residual al dehydes. ﬁpcordlng to the studies nade by
the present inventors, the content of such al dehydes in a binder resin
must be not nore than 0.01 % by weight, and particularly preferably not
nore than 0.006 % by weight. If the content of the al dehydes is nore than

0.01 % by yei ¢jurs? dAHY oY 4SS 200 md o B 28927 soivent,
and the soluble component extracted by the use of the
solvent is evaporated, followed by vacuum drying at
100°C for several hours. Then the THF-soluble resin

5 component is weighed (W2 g). The THF-insoluble matter
of the resin or resin composition is determined from

the following expression.

THF-insoluble matter (%) = W1 - W2 / W, x 100
The THF-insoluble matter in the toner is
10 defined by a value measured in the following way.

In the case when the toner is a non-magnetic
toner, the content of a dye or pigment is previously
measured by a known method. In the case when the
toner is é magnetic toner, the content of a dye or

15 pigmeng and that of a magnetic material are previously
measured by a known method. Next, a given amount of
from 0.5 to 1.0 g of the toner is weighed (Wi ag).
which is then put in a cylindrical filter paper (for
example, No. 86R avallable from Toyo Rosh1 K.K. ) and

set on a Soxhlet extractor Extractlon is carrled out

20
for 6 hours using from 100 to 200 ml of chloroform as
a solvent, and the socluble component extracted by the
use of the solvent is evapérated, followed by wvacuum
drying at 100°C for several hours. Then the THF-

25 soluble resin component is-weighed:'(w2 g). Then,

among coloring agents such as dyes or pigments and
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Accordlhg to further studles nade by the- ' - - . present inventors,
the content of al dehydes in a toner ~ nust be not nmore than 0.005 % by

wei ght, and particularly preferably not nore than 0.004 % by weight. If
the content of the al dehydes is nore than 0.005 % by weight, an odor is
often strongly perceived. Thgobinder resin of the present

I nventi on may

1 magnetic materials contained in a given amount of the
toner, the weight of the components soluble to THF is
represented by W3 g. and the weight of the components
insoluble to THF, by W4 g. The THF-inscluble matter

5 of the resin component in the toner is calculated from
the following expression.

Content of THF-insoluble matter (%)
- W) / (W - W

= (W, - W, 3

In the present invention, the molecular weight

- W4) x 100

10 @&t the peak and/or shoulder on the chromatogram
obtained by GPC (gel permeation chromatography) is/are
measured under the following conditions.

Columns are stabilized in a heat chamber
heated to 40°C. To the columns kept at this .

15 temperature, THF (tetrahydrofuran) as a solvent is
flowed at a flow rate of 1 ml per minute, and from 50
to 200 u2 of a THF sample solution of a resin prepared

\ to have a sample concentration of from 0.05 to 0.6 %

by weight 1s 1nJected therelnto to make measurement.

t

20 'In measur1ng the molecular we1ght of the sample, the
molecular weight distribution ascribed to the sample
is calculated from the relationship between the

logarithmic value and count numberfof a calibration
curve prepared using several kindstof monodisperse -

25 polystyrene standard samples. As the standard

polystyrene samples used for the preparation of the
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preferably i nclude a styrene type binder resin contai:ning a conponent

i nsoluble to tetrahydrofuran (- THF), which will be described |ater.

In the present invention, the binder resin may also preferably be a
styrene resin produced by. suspension polynerization, containing an

al dehyde in an anmount of not nore than,9.01 % by weight. As a
result of intensive studies made by the “present inventors on account of
such problens in order to decrease al dehydes, it was found that what is
aimed by them can be achieved when the nethod as will be detailed bel ow
i s enpl oyed. calibratidhlCcbs80! V€0 OXpEefeirbd Nt WRIEr dd1at is a

di spersion nediumused in suspension polynerizationis controlled to be
not nore thaneXafple)/ |sdmplé®idwith molecular weights of 6 x 10

3, 3, 1.15 x 10% 5.1 x 10%, 1.1 x 10%,
®, 2 x 10° and 4.48 x 10%, whicn

2.1 x 10 4 x 10

3.9 x 10°, 8.6 x 10
5 are available from Pressure Chemical Co. or Toyo Soda
Manufacturing Co., Lfd. It is suitable to use at.

least about 10 standard polystyrene samples. An RI
(refractive index) detector is used as a detector.
Columns may preferably be used in combination
10 ©f a plurality of commercially available polystyrene
gel columns so that the regions of molecular weights

3

of from 10" to 2 x 106 can be accurately measured.

For example, they may preferably comprise a

combination of u-Styragel 500, 103 and 104

. available

15 from Waters Co.; Shodex KF-80M or a combination of KF-
801, 803, 804 and 805 or'a combination of KA-802,—803,
804 and 805, available from Showa Denko K.K.; or a
combination of TSKgel G1000H, G2000H, G2500H, G3000H,
G4000H, GSOOOH GGOOOH GYOOOH and GMH, avallable from

l

Toyo Soda Manufacturlng Co., ‘Ltd.

20
In regard to the % by weight with respect to
the binder resin of the present invention, having a
molecular weight of not more than 10,000, a
chromatogram obtained by GPC is cut but at the part
95 corresponding td the molebular weighf-of not more than

10,000, and the weight ratio thereof to a cutting
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preferably not nore than.2.0 ng[llt ; when neasured at: a tenperature of
from40 to 45[err]C. This enabl és suppression of air oxidation of

pol'ymeri zabl e nonomer such as styrene nononers, and consequently enabl es

- 12 - suppression of formation of al dehydes such as benzal dehyde.

It is conventionally known in suspens[_og2 pol ymeri zation that an atnosphere
of a polynerization

1 corresponding to a molecular weight of mofe than
10,000 is calculated. Using the % by weight of the
above THF-insoluble matter, the % by weight with
respect to the whole binder resin is calculated.

5 A styrene type bihder resin is used as the
binder resin of the present invention.

The styrene type binder resin includes, for.
example, styrene polymers, styrene copolymers, resin
compositions comprising styrene poiymers and styrene

10 copolymers, and resin cdmpbsitions éomprising styrene
copolymers and different types 6f styrene copolymers.

The resin or resin composition in the toner of
the present invention includes those obtained by
polymerizing styrene &ith one or more kinds of

is monomers selected from styrenes, acrylic acids,
methacrylic acids and derivatives ;hereof. These are
preferable in view of development propefties and
triboelectric properties. As the examples of monomers
that can be used the styrenes include a-
20 methylstyrene, v1nyltoluene and chl&foéfyrene. The
acrylic acids, methacrylic acids and derivatives
thereof include acrylic acid, methyl acrylate, ethyl
‘acrylate, propyl acrylate, butyl acrylate, octyl
acryléte. 2-ethylhexyl acfylate, n-tetradecyl
25 acrvlate, n-hexadecyl acrylate, lauryl acrylate,

cyclohexyl acrylate, diethylaminoethyl acrylate,
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systen1|s repl aced mnth nltrogeﬂ gas so that masteful' consunption of a

pol ynerization initiator can be saved. However, whaf is thereby ainmed is
to prevent the yield of polymerization frombeing |lowered, and is

unsati sfactory for the purpose of decreasing the rate of formation of

al dehydes. It was found that in order_ o _decrease the rate of formation of
al dehydes the dissol ved oxygen in the ter used in suspension

pol ymeri zati on nmust be decreased to a certain concentration. The
mechani smthereof is presuned as follows: Since in the suspension

pol yNer i ZAt | Qi ey 1 MBIl 1kES mald3R iyl 1th @ diiaUin diyap! et s of
pol yneri zabl e nononers suspended in the water, it is presuned that the
i quid dropl edethafcyydlatieer iextiyle methacrylate, propyl methacrylate,
butyl methacrylate, amyl methacrylate, hexyl
methacrylate, 2-ethylhexyl methacrylate, octyl

5 methacrylate, decyl methacrylate, dodecyl
methacrylate, lauryl methacrylate, cyclohexyl
methacrylate, phenyl methacrylate, 2-hydroxyethyl
methacrylate, 2-hydroxypropyl methacrvlate,
dimethylaminoethyl methacrylate, glycidyl

10 methacrylate, and stearyl methacrylare. Besides the
above monomers, other monomers may be used in a small
amount so long as the objects of the present invention
can be achieved, which include, for example,
acrylonitrile, 2-vinylpyridine, 4-vinylpyridine,

15 vinylcarbazole, vinyl methyl ether, butadiene,
isoprene, maleic anhydride, maleic acid, maleic ;eid
monoesters, maleic acid diesters, and vinyl acetate.

One or more kinds of these vinyl monomers are
used in combznatlon of the styrene monomer. Of these,

20 preferred is a styrene copelvmer wh;ch ;s fermed using

styrene and an acrylate or methacrylate as main
components.

It is an important factor for obtaining the

resin intended in the present invention'to select the
kinds of a polymerization initiator, a solvent and a

25
solution or dispersion medium and the conditions for
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nunoners come into dlrect cont act’ mnth the wat er i-n -the site of this

pol ymeri zation reaction and are .strongly: affected by:the dissol ved oxygen
in the aqueous phase. Vari ous known techni ques can be used as a

speci fic method of decreasing such dissolved oxygen. It is preferred to
use a nethod in which a nitrogen-feedygipe is fitted in the water or
agueous - 13 -

1 reaction.

The polymerization initiator includes, fof
example, organic peroxides such as benzovyl peroxide,
1,1—di(t—butylperoxy)-3,3,5—trimethy1c§clohexane, n-

5 butyl-4,4-di(t-butylperoxy)valerate, dicumyl peroxide,
a,a'-bis(t-butylperoxydiisopropyl)benzene, t-
butylperoxycumene, and di-t-butyl peroxide; and azo or
diazo compounds such as azobisisobutylonitrile and
diazoaminoazobenzene.

10 The binder resin of the present invention may
also be cross-linked in part or in its entirety, using
a cross—linkable monomer.

A compound mainly having two or more
polymerizable double bonds is used as the cross-

15 linkable monomer.

For example, a bifunctionaz-cross—linking
agent can be used, which includes, divinylbenzene,
bis{4-acryloxypolyethoxyphenyl )propane, ethylene
glycol dlacrylate, 1 3—buty1ene glycol dlacrylate, 1,4—

butanediol diacrylate, 1 5-pentaned101 dzacrylate, 1,6-

20
hexanediol diacrylate, neopentyl glycol diacrylate,
diethylene glycol diacrylate,-triefhylene glycol
diacrylate, tetraefhylene glycol diacrylate,
diacrylates of polyethylene glycol #200, #400 and
25 #600, respectively, dipropylene glycol diacrylate,

polypropylene glycol diacrylate, and polyester type
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phase so that nltrogen is flomed t hrrough: wat er and -t hereby the dissol ved
oxygen can be decreased in a ;good -ef ficiency. - As a result, _when
the di ssolved oxygen is in a concentration of not nore than 2.5 ng/llt
wi thin the tenperature range of from40 to 45[err]C, the anount of
al dehydes in the binder resin beconmes jgpot_ nore than 0.01 % by weight. In
a preferred instance, the al dehydes becones not nore than 0.005 % by
wei ght when t he di ssolved oxygen is in a concentration of not nore t han
2.0 mg/lit. In addition, the wasteful consunption of the pol ynerization
i ni tiator!camircry oy cNDAndvaEti ldbd es fment iNppon Kegaik®s Gaassi bl e to
reduce the concentration of residual polynerizable nononer s.

Ltd.). It also include those in which the acrylate

units of the above acrylate type cross-linking agents

have been respectively replaced by methacrylate units.

5 A polyfunctional cross-linking agent can also

be used, which includes pentaerythritol triacrylate,

trimethylolethane triacrylate, trimethylolpropane

triacrylate, tetramethylolmethane tetraacrylate,

oligoester acrylate and methacrylate thereof, 2,2-

10 bis(4-methacryloxy, polyethoxyphenyl)propane, diallyl

phthalate, triallyl cyanurate, triallyl isocyanurate,

triallyl)l isocyanurate, triallyl trimellitate, and

diaryl chlorendate. Among these, divinylbenzene is

effective.

15 The components for the binder resin of the

present invention may preferably be synthesized by
suspension polymerization in order to control the THF-
insoluble matter. For the purpose of controlling

molecular welght d;str1butlon, preferred is a method

% .. .

20 of syntheslzzng ba51ca11y rwo or more.klnds of
polymers.
The method is exemplified by a method in which
a first polymer or copolymer soluble in THF and also
soluble in a polymerizable monomer is dissolved in

25 polymerizable monomers containing cross-linkable
monomers and then the monomers are polymerized to give
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It is advisable to carry out ih conbinaticon a: metHod in which the
suspensi on of a polyner thus obtained is:heated at tenperatures higher
than about 70[err]C so that the residual nononmers are evaporated at the
sane time with the evaporation of water. The concentration of

di ssol ved oxygen in water can be neasuggd-in the follow ng way: Using a DO
nmeter YSI, manufactured by Ni kkaki Co., an electrode is put in air or

wat er contai ni ng oxygen in a known anount, and an [err] calibration
selector is turned to adjust an indicated value to the oxygen
concentratli ona resin composition containing cross-linked resin

components. In this instance, the first polymer or
copolymer and the cross-linked latter (second) polymer
or copolymer are uniformly mixed, so that when the

5 product is asplied in a toner it becomes possible to
improve fixing properties and offset resistance
without damage of the durability and blocking
resistance of the toner.

The first polymer or copolymer soluble in THF

10 may preferasbly be obtained by solution polymerization
or ionic polymerization. The second polymer or
copolymer for produsing a component insoluble to THF
lmay preferably be synthesized by suspension
polymerization or bulk polymerization in the presence

15 ©of a cross-linkable monomer under conditions where the
firsf_ﬁolymer or copolymer is dissolved therein.. The
first pblymer or copolymer may preferably be used in
an amount of from 10 to 120 parts by weight, and
preferably from 20 to 100 parts by welght based on

20 “100 parts by welght of polymer1zab1e monomers used for

the formation of the second polymer or copolymer.

For example, in the process for producing the
binder resin of the present invent;on, it is preferred
that a first resin is prepared by solution
polymerization, the first resin thus prepared is

25
dissolved in polymerizable monomers, and the

Sheet Has Been Replaced

TN




-.14 - of a sanple. Next, an electrode is put therein in the state
that water having a tenperature_of from40 to 45[err]Cis circulated in a
flow vel ocity of about 30 cnisec., and thus the dissol ved oxygen is
measur ed. In the case when the water is in a standstill, the el ectrode
I's manual |y noved and thus the dissolvedy ~oxygen is neasured. The value is
read when the I ndi cat ed val ue has becone stabl e. The

determ nati on of al dehydes in a binder resin or a toner is carried out by
gas chromatography in the follow ng way. Using 2.55 ng of

di net hyl f ar napedgm¢DiErbde monomers are subjected to suspension

polymerization in the presende of the resin and a
cross-linking agent. The first resin should be
dissolved in an amount of 10 to 120 parts by weight,

5 preferably from 20 to 100 parts by weight, based on
100 parts by weight of the monomers for the suspension
polymerization. In carrying out the suspension
polymerization, the cross-linking agent may preferably
be used in an amount of from about 0.1 to about 2.0 %

10 by weight based on the monomers used for the
suspensioﬂ polymegization. These conditions may be
more or less varied depending on the kind of the
initiator and reaction temperatures.

There is a finding that a toner has a

15 difference in performance between the instance where
the first polymer or copolymer is dissolved in
monomers and the binder resin is obtained by
suspension polymerization and the instance where a
resin obtalned by suspenszon polymerlzatlon w1thout

l .

dlssolv1ng the flrst polymer or copolymer and the

20
first polymer or copolymer are merely mixed. The
former brings about better results particularly in
respect of fixing properties.
The soluéion polymerization and suspension
25 polymerization according to the present invention

will be described below.
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internal standard, 100 nl of acetone is added to nake up a sol vent
containing an internal standard material.. Next, 200 ng of a binder resin
or 200 ng of a toner is dissolved or dispersed in the above solvent to
give a solution or dispersion. The resulting solution or dispersion is
set on an ultrasonic shaking apparatus 280 30 minutes, and thereafter left
standing for 1 hour. Next, filtration is carried out using a 0.5 [err]
filter. In the gas chronat ography, the sanple is shot in an amount of 4
[err] The gas chromat ography is carried out under conditions as
follows: 1- Capill aryThel sahvéB0 wsadOiR4themsoDBBWOG film thickness: 0.25
[err] _
polymerization includes xylene, toluene, cumene,
cellosolve acetate, isopropyl alcohol, and benzene.
In the case of styrene monomers, Xylene, toluene or
5 cumene is preferred. These may be appropriately
selected depending on the polymer to be produced by
polymerization. The polymerization initiator includes
di-tert-butyl peroxide, tert—butvlperoxfbenzoate,
benzoyl peroxide, 2,2'-azobisisobutyronitrile, and
10 2.2'-azobis(2,4-dimethylvaleronitrile), which may be
used in a concentration of not less than 0.1 part by
weight, and preferably from 0.4 to 15 parts by weight,
based on 100 parts by weight of monomers. Reaction
temperature may vary depending on the solvent used,
15 the initiator and the polymer obtained by
polymerization. Preferably, the reaction may be
carried out at 70°C to 180°C. The solution
.polymerization may preferably be carried out using
from 30 parts by welght to 400 parts by welght of

1 t

monomers based on 100 parts by welght of the solvent.

20
It is also possible to use a method of obtaining the
product by thermal polymerization.

The suspension polymerization may preferably

be carried out using not more than 100 parts by

05 Weight, and preferably from'lO'to'QO-parts by weight,
of monomers based on 100 parts by:wéight of an aqueous
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- Detector: FID (flane'ionizatfdn detector); nitrogen pressure: 0.35 kg/

[err] - Injection tenperature: 200[err]C, detector tenperature:
200[err]C, Columm tenperature: raised for 30 mnutes from 50[err]C at a
rate of 5[err]C/mn - Preparation of calibration curve: An aldehyde to

be neasured is added to a solution of - P§F-and acetone prepared in the sane
anount of a
1 medium. A dispersant that can be used includes
polyvinyl alcohol, partially saponified polyvinyl
alcohol, and calcium phosphate. Its appropriate
amount depends on the amount of monomers based on the
5 aqueous medium. It is commonly used in an amount of
0.05 to 1 part by weight based on 100 parts by weight
of the aqueous medium. Polymerization temperature may
suitably be in the range of from 50 to 95°C, and :
should be appropriately selected depending on the
10 polymerization initiator used and_the polymer to be
obtained. The polymerization initiator may be of any
kinds, which can be used so long as they are insoluble
or sparingly soluble in water. For example, benzoyl
peroxide, tért-butylperoxyhexanoate or the like can be
15 used in an amount of from 0.5 to 10 parts by weight
based on 100 parts by weight of monomers.
In addition to the above binder resin
components, the toner in which the resin of the
present invention is émployed may_éléo contain the
20 "following.maéé;ials—in a;;;dboftiah émaiieE\tha; the
content of the binder resin components, for example,
in an amount of not more thén 50 % by weight, and more
preferably not more than 20 % by weight, so long as
the effect of the present invention ;s not adversely
25 affected. | |

Such materials include, for example, silicone
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sampl e solution. A standard sanple thus obtaired is simlarly subjected to
measurenent by gas chromatography to determ ne a value for weight
ratio/area rati o between the al dehyde and. t he internal standard nateri al
DIVF. In the suspension polynerization, the dissolved oxygen in
the aqueous phase is controlled to be Zp .ng/lit. The binder resin as
Intended in the present invention can be thereby obtained. In order to

highly satisfy grindability, offset resistance, fixing properties,
filmng or nelt-adhesion resistance to a photosensitive nenber, inmge

properties; etleesmghq,&nfmeﬁgesmblwmrﬁ@blgm%mﬂég fre@@x;,o to 70 %
by weight, preferably from 10 to 60 % by wei ght, of
t et r ahydr of ur ardglidls - ipwiwitel mitweral a&'q@mmsadadlfled rosins,
terpene resins, phenol resins, hydrocarbon resins such
as low—molecular polyethylene and low-molecular
5 polypropylene, aromatic petroleum resins, chlorinated
paraffins, and paraffin waxes.
Commonly known dyves and pigments can be usgd
as the coloring agent contained in the toner according
- to the present invention. Such dyes and pigments
10 include carbon black, nigrosine dyes, lamp black,
Sudan Black SM, First Yellow G, Benzidine Yellow,
Pigment Yellow, Indofirst Oraqnge, Irgazine Red,
Paranitroaniline Red, Toluidine Red, Carmine 6B,
Permanent Bordeaux F3R, Pigment Orange R, Lithol Red
15 2G, Lake Red C, Rhodamine FB, Rhodamine B Lake, Methyl
Violet B Lake, Phthalocyanine Blue, Pigment Blue,
Brilliant Green B, Phthalocyanine Green, 0il Yellow

GG, Zapon First Yellow CGG, Kayaset Y963, Kayaset YG,

Sumiplast Yellow GG Zapon Flrst Orange RR, 011

-~
b3 I

20 'Scarlet Sum1p1ast Orange G Orazole Brown B Zapon

First Scarlet CG, Aizenspiron Red BEH, and 0il Pink
OP. In general, these coloring agents may preferably
be added in an amount of from 5 to 20 % by weight
based on the binder resin.
25 In instances in which the .toner according to
the present invention is used as a magnetic toner,
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in‘Japahese Pat ent Application Laid-Cpen No. 63- 223014. The binder resin
may be nore preferable, which i) having a wei ght average nol ecul ar

wei ght/ nunber average nol ecul ar wei ght (Mv M) of [err] 5, at | east one
peak at the region of a nolecul ar wei ght of from 2,000 to 10,000 and at
| east one peak or shoul der at the reghon of a nDIecuIar wei ght of from

15,000 to 100,000, in the nol ecul ar wei ght

1 magnetic toner particles to be contained include
particles of metals composed of a ferromagnetic
element such as iron, cobalt and nickel, or alloys
comprising any of these metals,; compounds such as
5 ferrite and magnetite, and alloys which do not
comprise any ferromagnetic element but may exhibit
ferromagnetic properties as a result of suitable hégt
treatment (as exemplified by an alloy of the type “
called Heusler's'élloy containing manganese and
10 copper, such as manganese-copper-aluminum or manganese-
copper-tin, or chromium dioxide and others). Fine
powder of these magnetic materials may preferably be
contained in an amount of 30 to 150 parts by weight,
and more preferably from 40 to 100 parts by weight,
15 based on 100 parts by weight of the binder resin. It
is also possible to use magnetic fine particles as a
black or brown pigment.
A charge controlling agent contained in the
toner accordlng to the present 1nvent1on may be

- 1

20 selected from conventlonally known charge controlllng
agents. Examples of a positive charge controlling
agent are nigrosine,.azine dyes containing an alkyl
group having 2 to 16 carbon atoms (Japanese Patent
Publication No. 42-1627), basic dyes as exemplified by
25 C.I. Basic Yellow 2 (C.I;41000), C.1. Basic Yelléw 3,
C.I. Basic Red 1 (C.I1.45160), C.I. Basic Red 9
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di stribution neasured by gel perneation chronagography ".CCPC) of a

THF-sol ubl e matter in the binder resin, and -ii) " containiing.a conponent

wi th a nol ecul ar wei ght of not nore than 10,000 in an anount of from 10
to 50 % by wei ght based on the THF-sol uble resin conposition.

The THF-insoluble matter referred to i_nghe present invention indicates
the wei ght proportion of a pol ymer conponent that has becone insol uble
to THF (i.e., substantially a cross-linked polyner) in a resin or resin

conposi tion. This can be used as a paraneter that indicates the degree of
cross-1inking (fr .4 oms ©.aomMyild ¥caett ai nicna .a2686%S- ti. tked

conponent. The THF-insoluble matter in the binder resin is defined by a
val ue neasure®@dgid Wedl@td GM(0J I.42555), C.I. Basic Violet 10
{C.1.45170), C.I. Basic Violet 14 (C.1.42510), C.I.
Basic Blue 1 (C.1.42025), C.I. Basic Blue 3
5 (C.I.51005), C.I. Basic Blue § (C.I.42140), C.I. Basic
Blue 7 (C.I.42595), C.I. Basic Blue 9 (C.1.52015),
C.I. Basic Blue 24 (C.I.52030), C.I. Basic‘Blue 25 .
(C.I1.52025), C.I. Basic Blue 26 (C.I.44025), C.I.
Basic Green 1 (C.I.42040), and C.I. Basic Green 4
10 (C.I1.42000). Lake pigments of these basic dyes
(laking agents are exemplifeied by fungétophosphoric
acid, molybdophosphoric acid, tungstomolybdophosphoric.
acid, tannic acid, lauric acid, gallic acid,
ferricyanides, and ferrocyanides) include C.I. Solvent
15 black 3 (C.I.26150), Hanza Yellow G (C.I.11680), C.I.

Mordant Black 11, and C.I. Pigment Black 1.

They also include, for example, quarternary
ammonium salts such as benzoylmethyl-hexadecylammonium
chloride and qecyl—trime;hy;ammonium chloride, or

20 “polyaﬁide regi;s such'és?;iﬁyl pgifﬁéré'éoééaining én
amino group and condensed polymers containing an amino
group. They preferably include nigrosine, quarternary
ammonium salts, triphenylmethane nitrogen-containing
compounds, and-polyamides.

Exampleé of a negatiQe cha;ge'controlling

25
agent are metal complexes of monoazo dyes, as
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way. ' A sanple (a 24 nmesh-pass and 60 -nesh-on - powder) of the
resin or resin conposition is weighed in an anount of from:0.5to 1.0 g _
[err] g), which is then put in a cylindrical-filter paper (for exanple,
No. 86R, available from Toyo Roshi K K. ) and set on a  Soxhlet extractor.

Extraction is carried out for 6 33 - - 17 -
hours using from 100 to 200 ml of THF &S a sol vent,

1 disclosed in Japanese Patent Publications No. 41-
20153, No. 42-27596, No. 44-6397 and No. ;5—26478,
nitramines and salts thereof, as disclosed in Japanese
Patent Application Laid-Open No. 50-133338 or dyes or

5 pigments such as C.I.14645, metal complex salts formed
by the union of Zn, Al, Co, Cr or Fe with salicylic
acid, naphthoic acid or dicarboxylic acid, as
disclosed in Japanese Patent Publications No. 55-
42752, No. 58-41508, No. 58-7384 and No. 59-7385,

10 sulfonated copper phthalocyanine pigments, styrene
oligomers into which a nitro group or halogen has been
introduced, and chlorinated paraffins. PartIcularly
from the viewpoint of their dispersibility to a resin,
preferred are metal complexes of monoazo dyes, and

15 metal complex salts of salicylic acid, alkylsalicylic
acid, naphthoic acid or dicarboxylic é;id. These
éharge controlling agents may preferably be added in
an amount of from 0.1 to 3 parts by weight based on
100 parts by welght of the b1nder reSJn‘ The ill

20 effects such that the developlng power and |

environmental stability may be lowered because of the

contamination of the surface of a developing sleeve,
caused bf the above charge controlling agents, can be
thereby suppressed to minimums while keeping the good
triboelectric¢ chargeability as described above.

25
In the toner of the present invention, an
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and the,sol ubl e conponent extracted by the use of the solvent is
evaporated foll owed by vacuumdrying at -~ 100[err] C for several hours.

Then the THF-soluble resin “conponent is weighed (W2 g). The

THF-i nsol ubl e matter of the resin or resin conposition is determ ned from

the foll ow ng expression. THF-insol uble matter (99 = [err]

The THF-insoluble matter in the toner +s34 defined by a value neasured in
the foll ow ng way. In the case when the toner is a non-magnetic
toner, the content of a dye or pignment is previously neasured by a known
met hod. In_the case when the, toner is a netic_ toner, the content of a

dye or pi greRtEFeRiRCIRTin RYLEIST MR &9 dSed @S filgydy) aid
together with the binder resin.
Here, the polymer used as en ethylenic olefin_
homopolymer or ethylenic olefin copolymer includes
5 polyethylene, polypropylene, an ethylene/propylene
copolymer, an ethylene/vinyl acetate copolymer, an
ethylene/ethyl acrylate copolymer, and ionomers having
a polyethylene skeleton. The above ethylenic olefin
copolymer may preferably contain elefin monomers in an
10 amount of not less -than 50 mol %, and more preferably
not less than 60 mol %.
The toner of the present invention can be
usually be produced in the following way.
(1) The binder resin and the coloring agents such
15 as magnetic materials and dye or pigments are
uniformly dispersed us;;g-a mixing machine such as a
Henschel mixer.
(2) The dispersant thus obtained is melt-kneaded
at a temperature of _from 90 to 180°C using a melt-
20 kneader such as a kneader, an extruder and a roll
mill. |
(3) The resulting kneaded product is cooled, and
then tﬁe cooled kneaded product is crushed with a
crusher such as a cutter mill and a hammer mill.
Thereafter, the crushed product is finely pulverized:

25
using a fine grinder such as a jet mill.
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measured by a known method. Next, a given-anmount of from.0.5 to 1.
the toner is weighed [err] g), which is then put in a cylihdrical
paper (for exanple, No. 86R, available from Toyo Roshi K K. ) and
Soxhl et extractor. Extraction is carried out for 6 hours using fr
chloroformas a solvent g d t he sol ubl e conponent extracted

to 200 m of

by the wuse of the solvent is evaporate

100[ err] C for several hours. Then the THF- sol ubl e resin conponent
g). Then, anong coloring agents such as dyes or pignments and

wei ghed [err]
1

10

15

20

25

{4) The finely pulverized product is classified to
give a toner, using a olessifier such as a zig-zag
classifier and/or an elbow-jet classifier.

Electrophotography in which the toner
employing the resin binder of the present invention is
applied will be described below.

A process‘in which an electrostatic latent .
image is formedllnto a visible image by the use of a
toner includes.the magnetic brush development, the
cascade development, the powder cloud development, the
method disclosed in U.S. Patent No. 3,909,258 in which
a conductive magnetic toner is used, which are as
previously referred to, and a method in which a
magnetic toner with a high resistivity is used, as

disclosed in Japanese Patent Application Laid-Open No.

53-31136. The toner in which the binder resin
according to the present invention is used is also
suitable for a developmept process in which a one-
component developer compr;slng a magnet;c toner :
containing magnetic part1cles 1s'osed In the step of
transferring a developed toner image to a transfer
medium, electrostatic transfer methods are used, as
exemplified by the corona transfer.method and a method
in which a bias is applied to a contact transfer
member.

In recent years, a method in which a bias is
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magnetic materials contained in a given anobunt of the tonef, the weight of
the conponents soluble to THF is represented by [err] g, and the weight of
t he conponents insoluble to THF, by WA g. The THF-insol uble matter” of the
resin conponent in the toner is calculated from the follow ng expression.

Content of THF-insoluble matter (% _ 36 [err] In the
present invention, the nol ecul ar wei ght at the peak and/or shoul der on the

chromat ogram obtai ned by GPC (gel perneation chromatography) is/are
measured under the follow ng conditions.
1 applied through a member coming into direct contact

with a photosensitive member has attracted notices
since the methods for electrostatic charging and/or
transfer and/or residual charge elimination that

5 utilize corona discharging on a photosensitive member
from a member not coming into contact with the
bhotosensitive member are accompanied with generation
of ozone. Following the shift to such a new method,
the activated carbon filters often-attached to

10 conventional copying machines or printers are removed
in some instances. In.such instances, the toner of
the present invention can be remarkably effective.

In the toner in which the binder resin of the

present invention, the blade cleaning method, the fur

1s brush cleaning method or the like may be applied in
the step of removing the toner remaining on a
photosensitive layer or an insulating layer. In

particular, the toner is suited for the blade cleaning

-~ - - - 3
;:’: . -t.

method.
20 As a ﬁethod by whzch a toner image formed on
the transfer medium is fixed on the medium, the heat
fixing method, the solvent fixing method, the blush
fixing method, the laminate fixing method, etc. can be

used. The present invention is particularly suited

25 for the heat-roller fixing method.

An image forming process and an image forming
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Col untis are stabilized in a heat chanmber . heated to 40[err]C To the
colums kept at this tenperature, THF (tetrahydrofuran). as’a solvent is
flowed at a flowrate of 1 m per mnute, and from50 to 200 [err] of a
THF sanpl e solution of a resin prepared to have a sanple concentration of
from0.05 to 0.6 % by weight is injectgd-thereinto to nake neasurenent.

I n nmeasuring the nol ecul ar weight of the sanple, the nolecular weight
distribution ascribed to the sanple is calculated fromthe relationship
between the |I|ogarithm c value and count nunber of a calibration curve

prepared usi rgppereid dd Do Arhddihs pbies @ onpel WFt thendreksandar d sanpl es.
As the standard polystyrene sanples used for the preparation of the
invention can be preferably used will be further
described with reference to'Figs. 1 and 2.
Fig. 1 schematically illustrates the
5 constitution of a contact charging assembly used in
Examples described later. The numeral 2 denotes a
photosensitive drum serving as a chargeable member, .
which is comprised of a drum substrate made of
aluminum and formed on the periphery thereof an
10 organic photoconductor (OPC) serving as a
photosensitive layer, and is rotafed at a given speed
in the direction of an arrow. The photosensitive drum
2 is 30 mm in outer diameter. The numeral 1 denotes a
charging roller which is a charging member brought
15 into contact with the photosensitive drum 2 at a given
pressure, and is comprised of a metallic core 1c, a
conductive rubber layer 1b provided thereon, and
further provided thereon a surface'laver ib, a release-

film. The conduct;ve rubber layer may preferably have

. a th1ckness of from 0. 5 to 10 mm,.and preferably from

20
1 to 5§ mm. .The surface layer comprises a release
film. It is preferred to provide the release film so
that the toner according to the present invention may
match the image forming_process; Since, however, a

25 release film wifh an expessiVely 1érge resistivity .may

give no electrostatic charges on the photosensitive
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-19- calibration curve, it S preferred to use, for  exanple, sanples
4

wth nDIecuIar wei ghts of 6 x [err] 3 3

4 5 2.1 x [err] 4 x [err]-;1.75 x [err] 5.1 x [err] 1.1 x [err]
3.9 x [err] 8.6 x [err] 2 x [err] and 4.48 x [err] , which are available
from Pressure Chenical Co. or Toyo Sodgg Manufacturing Co., Ltd. It is
suitable to use at. |east about 10 standard pol ystyrene sanples. An R
(refractive index) detector is used as a detector. Col ums may

preferably be used in conbination
1 drum 2 and, on the other hand, a release film with an

excessively small resistivity may cause an excessively

large voltage applied to the photosensitive drum 2 to

damage the drum or produce pinholes, the release film
5 should have an appropriate resistivity, preferably a

volume resistivity'of from 109

to 1014 Q-m. Here,- the
release film may preferably have e thickness of not .
more than 30 um, and more preferably from 10 to 30 um.
The lower limit of the release film may be
10 smaller so long as no peel or turn-up may occur, and
can be considered to be abut 5 um.
The charging roller 1 has an outer diameter of
12 mm. The conductive rubber layer 1b, having a layer
thickness of about 3.5 mm, is composed of an ethylene-
15 propylene-diene terpolymer (EPDM), and the surface
layer la is formed of a nylon resin (speciE;cally,

methoxymethylated nylon) in e thickness of 10 um. The

charging roller 1 is made to have a hardness of 54.5°

(ASKER—C) The numeral 3 denotes an electrlc source
20 that app11es a voltage to the charglng ;eller 1, and

feeds a given voltage to the metallic core 1c

(diameter: 5 mm) of the charging roller 1. The

electric source that applies a voltage to the charging

roller 1 may preferably be the one capable of applying
25 a DC voltage overlaid'with an AC wvoltage.

In order to adjust the electrical resistivity,
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of ‘a'plurality of commercially avail able polystyrene gel colums so that
the regions of nolecular weights of from[err] to 2 x [err] can be
accurately measured. For exanple, they may preferably conprise a

conbi nation of [err]-Styragel 500, [err], available fromWters Co.;
Shodex KF-80M or a conbination of KF-_ 8gl.- 803, 804 and 805 or a

conbi nati on of KA-802, 803, 804 and 805, avail able from Showa Denko K. K
or a conbination of TSKgel GLO00H, G2000H, &2500H, G3000H, - G4000H,
G5000H, 'G6000H, G7000H and GVH, available from Toyo Soda Manufacturing

Co., Ltd. 1 it is bretegeed t6 8RSpa-H whsﬁétwéhfiﬁéWdéP the binder
resin of the present invention, having a nolecular weight of not nore than

10, 000, a such as carbon in the conductive rubber layer and/or
the release film.
Preferable process conditions used here are
5§ shown below.
Contact pressure : 5 to 500 g/cm
AC voltage : 0.5 to 5 KVpp
AC frequency : 50 to 3,000 Hz
DC voltage (absolute value) : 200 to 900 V
10 In the apparatus shown in Fig. 2, the surface
of a photosensitive member 202 is negatively or
positively charged by the operation of a contact
charging aseembly 201 having a voltage applying means
215, and a digital latent image is formed by image
15 scanning through exposure 205 using a laser beaﬁ (or
an analog latent image is formed by analog exposure).
The latent image thus fbrmed is.reversely developed
(or normally developed) using a negatively chargeable
one-component magnetlc toner 210 held in a develop1ng

- - _‘

assembly 209 equlpped w1th a developlng sleeve 204 in

20
which a magnetic blade 211 and a maghet are provided.
In the developing zone, an AC bias, a pulse bias
and/or a DC bias is/are applied between a conductive
substrate of the photosensitive drum 202 and the

o5 developing sleeve 204 through a bias applying means

212. A transfer paper P is fed and delivered to a
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chfohﬁfogran1obtained by GPC is cut out at the paft corrésﬁonding to the
nol ecul ar wei ght of not nore than 10,000, and the weight ratio thereof to
a cutting - 20 corresponding to a

nmol ecul ar wei ght of nore than 10,000 is cal culated. Using the % by wei ght
of the above THF-insoluble matter, thegyp by weight with respect to the
whol e binder resin is cal cul at ed. A styrene type binder resinis
used as the binder resin of the present invention.

1 transfer zone, where the transfer paper P is
electrostatically charged from its back surface (the
surface opposire to the photosensitive drum) through a
transfer means 203, so that the developed image (toner

5 image) on the surface of the photosensitive drum is
electrostatically transferred to the transfer paper P.
The transfer paper P separated from the photosensitive
drum 202 is subjected to fixing using a heat—pressere
roller fixing unit (thermal platen) 207 so that the

10 toner image on the transfer paper can be fixed.

The one-component toner remaining on the
photosensitive drum 202 after the transfer step is
removed by rhe operation of a cleaning assembly 208
having a cleaning blade. After the cleaning, the

15 -residul charges on the photosensitive drum 202 is
eliminated by the erasing exposure 206, and thus the
procedure_starting from the charging step using the
contact charging assembly 201 is repeated.

An electrostatlc charge retalner (the

\ .

20 photosen31t1ve drum) comprlses a photosen51t1ve layer

and a conductive substrate, and is rotated in the
direction of an arrow. In the developing zone, the
developing sleeve 204, a non-magnetic cylinder, which
is a toner supporting member, is rotated so as to move
in the same direction as the direction in which the

25
electrostatic charge retainer is rotated. In the

This Sheet Has Been Replaced

LTI




The Sfyrene type binder resin includes, for exanple, styrene polyners,
styrene copolyners, resin conpositions conprising styrene polyners and
styrene copolyners, and resin conpositions conprising styrene copolyners
and different types of styrene copol yners. _ The resin or resin
conposition in the toner of the presengsinvention includes those obtained
by polynerizing styrene with one or nore kinds of nononers selected from
styrenes, acrylic acids, nmethacrylic acids and derivatives thereof. These
are preferable in view of devel opnent properties and triboelectric
propertied. Asnshdeexfinphesnofi-magneeis cyhbideidabaes Lispehy 20w, & yrenes
include [err]- nethylstyrene, vinyltoluene, and chl orostyrene. The
multi-polar permanent magnet (magnet roll) serving as
a magnetic field generating means is provided in an
unrotatable state. The one-component insulating
5 magnetic toner 210 held in the developing assembly 209
is coated on the surface of the non-magnetic
cvylindrical sleeve 204,_and, for example, negative
triboelectric charges are imparted to toner particles
because of the friction between the surface of the
10 sleeve 204 and the toner particles. A doctor blade
211 made of iron is disposed opposingly to one of the
magnetic pole positions pf the multi-polar permanent
magnet, in.proximity (with an interval of from 50 um
to 500 um) to the surface of the cylinder. Thus, the
15 thickness of a toner layer can be controlled to be
" thin (from 30 um to 300 um) and uniform so that a
toner layer smaller in thickness than the gap between
the photosensitive drum 202 and developing sleeve 204
in the developlng zone can be formed in a non—contact

\ .

state The rotatlonal speed of thls developlng sleeve

20
204 is regulated so that the peripheral speed of the
sleeve can be substantially equal or close to the
speed of the peripheral speed of the electrostatic
charge receptor. As the magnetic doctor blade 211,

25 permanent magnet may be used in place of iron to form

an opposing magnetic pole. In the developing zone,

i



acrylic acids, nethacrylic acids and derivatives thereof include acrylic
acid methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate,
octyl acrylate, 2-ethyl hexyl acrylate, n-tetradecyl acrylate, n-hexadecyl
acrylate, lauryl acrylate, cyclohexyl acryl ate, diethylam noethyl

acryl ate, - 42 =21 di met yl am noet hyl

acrylate, nethacrylic acid, nmethyl nethacrylate, ethyl nethacryl ate,
propyl nethacryl ate,

1 the AC bias or pulse bias may be applied througb the
bias means 212, between the developing sleeve 204 and
the surface on which electrostatic charges are
retained. This AC bias may have a frequency of from

5 200 to 4,000 Hz, and a Vpp of from 500 to 3,000 V.

When the toner particles are moved in the.
developing zone, the toner particles are moved to the
latent image side by the electrostatic force of the
electrostatic charge retaining surface and the action

10 of the AC bias or pulse bias.

In place of the magnetic doctor blade 211, an
elastic blade made of an elastic material such as
silicone rubber may be used so that the layer
thickness of the toner layer can be controlled by

pressure and thereby the toner can be coated on a

toner supporting member.
The electrophotographic apparatus may be
' constituted of a combination of plural components
1ntegra11y 301ned as one apparatus unit from among the

20 .constltuents such as the,above photosena1t1§e member,
developing means and cleaning means so that the unit
can be freely mounted on or detached from the body of
the apparatus. For example, at least one of the
charging means, developing means and cieaning means
may be integrally supported together with the

25
photosensitive member to form one unit that can be
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butyl nmethacryl ate, anyl nethacrylate, hexyl nethacryl dte; “2-ethyl hexyl
nmet hacryl ate, octyl nethacrylate, decyl nethacryl ate,” dodecyl -

met hacryl ate, lauryl methacryl ate, cyclohexyl nethacryl ate, phenyl

met hacryl ate, 2-hydroxyethyl nmethacrylate, 2-hydroxypropyl nethacryl ate,
di et hyl am noet hyl nethacryl ate, glyct+d¢$B —nethacryl ate, and stearyl

net hacryl ate. Besides the above nononers, other nononers may be used in a
small anpbunt so long as the objects of the present invention can be

achi eved, which include, faor exanpl

4-vi nyl pyrl di AEeeLyi APrtesa 28 8r 91‘63?3??&%‘@&%)3’;te{lliﬁl%rel?°%\_ﬁ¥ég¥|§ﬁ . d: ggiorene,
el €f ¢ anhydr LdSacHRLEl C AY dneBhekCol Ho PROSPY'S5Gac LB SLC acid
detached using a guide means such as a rail provided
in the body of the apparatus. Here, the above
5 apparatus unit may be so constituted as to be joined

together with the charging means and/or thé developing
means.
In the case when thé image forming apparatﬁs
having the toner of the present invention is used as a
10 printer of a facsimile system, optical image exposing
light 305 serves as exposing light used for the
printing of received data. Fig. 3 illustrates an
example the;eof in the form of a block diégram.
A controller 311 controls an image reading
15 part 310 and a printer 319. The whole of the
controller 311 is controIied by CPU 317. Image data_
outputted from the image reading part is sent to the
other facsimile station through a transmitting circuit
313. Data received from the other station is sent to

- - .

o0 @ printer 319 through a réceiving circuit 312. Given

image data .are stored in an image memory 316. A

printer controller 318 controls the printer 319. The

numeral 314 denotes a telephone.
An image received from a circuit 315 (image

25 information from a remote terminal connected through

the circuit) is demodulated in the receiving circuit
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One or nore kinds of these vinyl mononers are used in conbination of the
styrene nononer. O these, preferred is a styrene copolynmer which is

formed using styrene and an acrylate or nethacrylate as main conponents.
It is an inportant factor for obtaining the resin intended in the present

invention to select the kinds of a polggrerization initiator, a solvent and
a solution or dispersion nediumand the conditions for

- 22 -
1 312, and then successively stored in an image memory
316 after the image information is decoded by the CPU
317. Then, when images for at least one page have.
been stored in the memory 316, the image recording for
5 that page is carried out. The CPU 317 reads out the
image information for one page from the memory 316. and
sends the coded image information for one page to the
printer controller 318. The printer controller 318,
having received the image information for one page
10 from the CPU, 317, controls the printer 319 so that the
image information for one page is recorded.
The CPU 317 receives image information for
next page in the course of the recording by the
printer 319.

Images are thus received and recorded.

15 -
EXAMPLES
The present invention will be specifically
described below by g1v1ng Examples. The “part(s)“ and
20 "%" used in Examples all refer to "parts by welght“
and "% by weight".
Example 1
(1-1) Preparation of binder resin:
In a reaction vessel, 200 parts of cumene was
25 introduced, and heated to its reflux temperature. A

mixture of 100 parts of styrene monomers and 8 parts
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reacti on. The pol ymeri zation initiator:includes, for exanpl e,
organi c peroxi des such as benzoyl :peroxi de, c ' - )
1, 1-di (t-butyl peroxy)-3, 3,5-trinethyl cycl ohexane, n-

butyl -4, 4-di (t-butyl peroxy)val erate, dicunyl peroxide, [err]

-bi s(t-butyl peroxydii sopropyl)benzenes &5 - butyl peroxycunene, and

di -t-butyl peroxide; and azo or di azo conpounds such as

azobi si sobutylonitrile and di azoam noazobenzene. The bi nder
resin of the present invention nmay al so be cross-linked in part or inits
entirety, lusi @ digterdsbutvikaprexideaoties dropwise addednpBeretominly

having two or nore .
over a period of 4 hours under the reflux of cumene.

Also under the reflux of cumene (146°C to 156‘0),
polymerization was completed and then the cumene was
5 reméved. The resulting polystyrene was capable of
dissolving in THF, and had a weight average molecular
weight (Mw) of 3,700, a weight average molecular
weighf/number average molecular weight (Mw/Mn) of
2.64, a main peak at a molecular weight of 3,500 as

10 measured by GPC, and a Tg of 57°C.

The above polystyrene in an amount of 30 parts
was dissolved in the following monomer mixture to give

a mixed solution. -

= =
* 0 : L3

15 {(Monomer mixture Mixing proportion
- B Styrene monomer : 54 parts
n-Butyl acrylate monomer ' : 16 parts
Divinylbenzene 0.3 part
Benzoyl perogide 1.3 parts

In tﬁe above ﬁixed éolutiéh, 170 parts of

20
water with a dissolved oxygen of about 1.5 mg/lit. in
which 0.1 part of partially saponified polyvinyl
alcohol was dissolved was added tb-give a suspension
dispersion. In a reaction vessel, 15 parts of water
25 was put, gitrogen was introduced from a nitrogen feed

pipe, temperature was maintained at 40 to 45°C, and
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pol yner'i zabl e doubl e bonds is used as the cross- |inkable nonomner.

For exanple, a bifunctional cross-linking agent can be used, which
i'ncludes, divinylbenzene, bis(4-acryloxypolyethoxyphenyl)propane, ethylene
gl ycol diacrylate, 1,3-butylene glycol diacrylate, 1,4- butanedi ol

di acryl ate, 1,5-pentanediol diacrylate,48,6- hexanediol diacrylate,
neopentyl glycol diacrylate, diethylene glycol diacrylate, triethylene
glycol diacrylate, tetraethylene glycol diacrylate, diacrylates of

pol yet hyl ene gl ycol #200, #400 and #600, respectively, dipropylene glycol
diacrylatd, BbPypispouencwasytbowadase dat EOT ohke fbiserlwrd tfg’b%gen

to be in a concentration of about 1.5 mg/lit. In this
state, the above suspension dispersion was added in
the reaction vessel, and suspension polymerization was
S carried out at reaction temperatures of from 70 to
95°C for 9 hours. After completion of the reaction,
the reaction mixture was filtered, dehydrated and
dried to give a resin composition A comprised of
polystyrene and a styrene/n-butyl acrylate copolymer.
10 | In the resulting resin composition A, a THF-
insoluble matter and a THF-soluble matter were in a
uniformly mixed state and the polystyrene and the
styrene/n-butyl acrylate copolymer were also in a
uniformly mixed state. The resin composition A thus
15 obtained was formed into powder of 24 mesh-pass and 60
mesh-on. About 0.5 g thereof was weighed and put into
a cylindrical filter paper No. 86R, ménufactured by.
Toyo Roshi Co., of 28 mm in diameter and 100 mm in

length THF (200 ml) was refluxed at the rate of once

;_.. . ‘

in every about 4 minutes, and then the THF—1nsoluble

20
matter was measured. The THF-insoluble matter in the
resulting resin composition A was in an amount of 25 %
by weight. The molecular weight distribution of the
THF-soluble matter was measured to reveal that it had
25 peaks at molecular weights of 4,000 and 54,000,

respectively, an Mn of 5,500, an Mw of 130,000, and an
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23 - ' diacrylate (NANDA avallable from Ni ppon Kayaku Cb Ltd.). It
al so include those in which the acrylate units of the:above acrylate type
cross-llnklng agents have been respectively replaced by nethacryl ate
units. A pol yfunctional cross-1inking agent can also be used,

whi ch includes pentaerythritol triacrylafer trinethylolethane triacrylate,
trimethyl ol propane triacrylate, tetranethyl ol nethane tetraacryl ate,

ol i goester acrylate and nethacryl ate thereof, 2,2- bis(4-nethacryl oxy,

polyethoxyphenyl)propane di al |yl
Mw/Mn of 24. The component with a molecular weight of
not more than 10,000 was in an amount of 25 % by
weight. It was also confirmed that the glass
transition point'(Tg) of the resin composition A was
5 58°C.
The content of benzaldehyde was not more -than
0.003 % by weight, and that of styrene monomers wee
0.018 % by weight.
The resulting resin composition A (10 g) was
put in a sealed glass container of 200 cc, and then

10
heated at 150°C for 10 minutes. Thereafter, odors
were evaluated nith heating.

The resin composition slightly smelled, but
was regarded as non-problem in practical use.

15 The above resin composition A was pulverized
into powder of about 10 u in avere;e particle N
diameter, which was then put in a color cartridge for
a copyving machine FC-3, manufactured by Canon Inc., in
place of 1ts toner. Development blases, transfer

- x ! . - l

20 ”electrlc currents and so forth were adJusted or
modified so that a uniform resin particle layer can be
formed on the surface of paper, and development on the
photosensitive member and transfer to the paper were
carried out. Thereafter, the papertthus processed was

25 passed through a fixing unit (a platen assembly), and

odors generated in that case were observed.
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phihaidte triallyl cyanurate, triallyl isocyanurate, triallyl
triallyl trinmellitate, and. diaryl chlorendate.. Anong these,

I socyanur at e,

di vi nyl benzene is effective. ~ The conponents for the binder resin
of the present invention may preferably be synthesized by suspension
pol ynmeri zation in order to control the RgF—~ insoluble matter. For the

pur pose of controlling nolecular weight distribution,

nmet hod of synthesizing basically two or nore kinds of polyners.
The nethod is exenplified by a nmethod in which a first polymer or

copol ymer kol ubl e i n Enfalaradt iminseon sdbwbl sasnmadpoliynthe zAbl 2owbngner

di ssolved in

10

15

20

25

way: The above copying machine was placed at the
center of a small room of about 3 m square. Copies
were continuously taken according to the above
procedure of fixing the fesin particles on paper. On
its surroundings, 10 panelists chosen at random
smelled while they were changing their positions
little by little, and evaluated odors on the bases.of
the following:

(A): No odor at all.

(B): A slight odor, but wifhout any

particular problems.

(C): An offensive odor.

Evaluation was organoleptically made eccording
to a panel test form. As a result} very good results
were obtained. The results are‘she;ﬁ in Table 1. The
resin composition A of the present invention can be
applied to the surface treatment of paper by the means
as descrlbed above, even when used as it is.

® 0

(1- 2) Preparatlon of toner

X

Resin composition A (binder resin) 100 parts
Magnetite particles (average.particle diameter: 0.3 u;
se;ving as both a magnetic material and a coloring
agent) 60 parts
Low-molecular polypropylene _ 3 parts

Negatively chargeable monoazo dye (a charge

controlling agent) - . . - e imem—n 1 part
Sheet Has Been RTlaced
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polynerlzable nMoNomer s contalnlng cross-llnkable nDnonems and then the
nononers are polynmerized to give 24 a

resin conposition containing cross-linked resin conponents. In this
i nstance, the first polyner or copolymer and the cross-linked latter
(second) pol ymer or copol ymer are unlgorn1y_nixed, so that when the
product is applied in a toner it becdné possible to I mprove fi xing
properties and of fset resistance
! The above materials were mixed, and the
mixture was thereafter hot-melted and kneaded at 120°C
using an extruder. After cooied, the kneaded product
was pulverized and’classified to give a negatively
S chargeable magnetic toner with a volume average
particle diameter of 11 p.

The resulting magnetic toner was analyzed fb
reveal that the content of benzaldehyde was not more
than 0.002 % by weight.

10 The negatively chargeable magnetic toner (100
parts) and 0.4 % by weight of negatively chargeable
colloidal silica (about 4 parts) were mixed to give a
magnetic toner ha&ing silica on its toner particle
surfaces. The magnetic toner thus prepared was loaded

15 into a modified machine of a laser beam printer LBP-
SX, manufactu:ed‘by Canon Inc., in which a corona
charger was replaced with the contact charging roller
1 as shown in Fig. 1 in order to prevent generation of
ozone, and also-an ozone filter was removed.- -Printing

20 was continuously carried out to obtain prints in solid
black on thé whole area, and odors generated in that
case were observed. |

The contact charging roller 1 had a diameter
of 12 mm; its metallic pore-lc, a diameter of 5 mm;

25 its conductive rubber layer 1b, a thickness of about
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wi t hout damage of the durability and blocking -Tesistance of the toner.
The first polyner or copolyner soluble in THF nay.preféerably be obtained
by sol ution polynerization or ionic polynerization. The second pol yner or
copol ymer for producing a conponent insoluble to THF may preferably be
synt hesi zed by suspensi on polynerizajuﬁp_pr bul k pol yneri zation in the
presence of a cross-Ilinkable nononer under conditions where the first

pol ymer or copolyner is dissolved therein. The first polymer or copol ymer
may preferably be used in an amount of from 10 to 120 parts by wei ght, and

preferably frns 2fn} cad@OcRaris duse ik .1ahaeRGeRN o£100 parts by weight of
pol yneri zabl e nononers used for the formation of the second polyner or
copol yner . methoxymethylated nylon, a thickness of 20 um. The
roller 1 was pressed against the laminated-layer type
OPC photosensitive member 2 at a total pressure of 1.2
5 kg {linear pressure: 55 g/cm. A DC voltage (-700 V)
and an AC voltage (300 Hz, 1,500 Vpp) were applied to
the contact charging roller 1 through the voltage
applying means 3 so that the laminated-layer type oﬁc
photosensitive member 2 was electrdstatically charged
10 and then an electrostatic image was formed using a
laser beam. The magnetic toner on the developing
sleeve was formed in a thickness of 130 um, and the
closest gap between the developing éleeve and the

laminated-layer type OPC photosensitive member 2 was

sef to be 300 um. The electrostatic image ﬁas

15
developed to form a toner image, by a reversal
development system while a DC bias (-500 V) and An AC
bias (1,800 Hz, 1,600 pr) were applied to the
developing_slggve. .?he toner image thus‘formed was
20 électrostatic;iiy tranéfef;ea.to ;Méléiﬂ.paﬁér. l |

Thereafter, -the toner image transferred was fixed on
the plain paper by means of the heat roller having a
surface temperature of 180°C. - |
Evaluation on odors was made.in the following
'55 way: The above printer was placed at the center of a

small room of about 3 m square, and reproductions were
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For exanple, in the process for producing the binder resin of the present
invention, it is preferred that a first resin is prepared by solution
pol yneri zation, the first resin thus prepared is dissolved in ~

pol ynmeri zabl e nononers, and the - 25-
pol ynmeri zabl e nononers are subjected to suspen5|on pol ymeri zation in the
presence of the resin and a cross- | imRitng agent The first resin should

be

1 taken. On its surroundings, 10 panelists chosen at
random smelled while they were changing their

positions little by little, and evaluated odors in the

same manner as in the above.

5 As a result, very good results were obtained,
and the toner was judged to have no problem 6f odors
(See Table 2).

Example 2

({2—-1) Preparation of binder resin:

10 In a reaction vessel, 200 parts of cumene was
introduced, and heated to its reflux temperature. The
following mixture was dropwise added thereto over a

period of 4 hours under the reflux of cumene.

Monomer mixture Mixing proportion

15
Styrene monomer ‘95 parts

a-Methylstyrene monomer 5 parts

Di-tert-butyl peroxide 8 parts

‘Also under the reflux of-cumene£(1@6‘c to

20 156°C), polymerization was completed and then the

cumene was removed. The resulting styrene/a-
methylstyrene copolymer had an Mw of 4,500, an Mw/Mn

of 2.8, a main peak at a molecular weight of 4,400 in

the chart of GPC, and a Tg of 63°C.

25 The above stvrene/a—methvlstvrene'copolymer in

an amount of 30 parts was dissolved in the following
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di ssol ved in an amount of 10 to 120 .parts by weiight, .  preferably from 20
to 100 parts by weight, based on 100 parts by weight of the nononers for
t he suspensi on pol ynmeri zation. |In carrying out fhe suspension

pol ymeri zation, the cross-linking agent nmay preferably be used in an
amount of fromabout 0.1 to about 2.0 %, by weight based on the nononers
used for the suspensi on pol ynerizati oh” These conditions may be nore or
| ess varied depending on the kind of the initiator and reaction

t enper at ur es. There is a finding that a toner has a difference in

performance belbwesBr! RexklsbaRseg e’ 8 miRealfboshePohyMer or copolyner is
di ssolved in nononers and the brnder resin is obtalned by

Monomer mixture Mixing proportion
Styrene monomer 55 parts

5 n~Ethylhexyl acrylate monomer 15 parts
Divinylbenzene 0.3 part
Benzoyl peroxide 1.3 parts

In the above mixed solutibﬁ, 176 parts of

water with a dissolved oxygen of about 1.8 mg/lit. in
10 which 0.1_part of partially saponified polyvinyl

alcohol was dissolved was added to give a suspension

dispersion. 1In a reaction vessel, 15 parts of water

was put, and the dissolved oxygen in water was made to

be in a concentration of about 1.8 mg/lit. in the same
15 manner as in Example lﬂ Similarly, the above
suspension dispersion was added in the reaction
vessel, and the reaction was carried out at reaction
temperatures of from 70 to 95°C for 9 hours. After
completion of:She rgactigg,,the reactio? mixture was
20 filtered, deﬁydrated éﬂd éfgéd taméivé é resin
composition B comprised of styrene/a-methylstyrene
copolymer and a styrene/2-hexyl acrylate copolymer.

In the resulting resin composition B, the THF-

insoluble matter was in an amount 6f 32 % by weight.
The molecular weight distribution 6f the THF-soluble

25
matter was measured to reveal that it had peaks at
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suspensi on pol yneri zation and the instance where a resih obtained by
suspensi on polynerization without dissolving the first polyner or
copolymer and the first polynmer or copolynmer are nmerely mxed. The fornmer
bri ngs about better results particularly in respect of fixing properties.
The solution polynerization and suspensign_ pol ynerization according to the
present invention wll| be described Be#gmﬁ

- 26 -

1 molecular weights of 5,000 and 42,000, respectively,
an Mn of 6,200, an Mw of 130,000, and an Mw/Mn of 21.
The component with a molecular weight of not more than
10,000 was in an amount of 20 % by weight. It was

5 also confirmed thét the Tg.of the resin composition B
was 58°C.

The content of benzaldehyde in the resin
composition B was 0.004 % by weight, and that of
styrene monomers was 0.035 % by weight.

10 Using the above res;n composition B, tests
were carried out in the same manner as in Example 1 to

obtain good results.

(2-2) Preparation of toner:

A magnetic toner was prepared in the same
15 manner as in Example 1, except that the resin
composition was replaced with the resin composition B.
As a result, good results were similarly obtained.
The content of benzaldehyde in the toner was
“confi:med,to pg 0.003 % gyrweight.
20 Examéle 3 - -

{3-1) Preparation of binder resin:

In a reaction vessel, 200 parts of cumene was
introduced, and heated to its reflux temperature. The
following mixture was dropwise added thereto over a

25 period of 4 hours under the reflux of cumene.
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The solvent used in the solution ~ polymerization includes xyl ene, .tol uene,
cunene, cel l osol ve acet-ate, isopropyl alcohol, and benzene. In the case
of styrene nononers, xylene, toluene or cunene is preferred. These nay be
appropriately sel ect ed depending on the polyner to be produced by

pol yneri zati on. The polynerization initigator includes di-tert-butyl

peroxi de, tert-butyl peroxybenzoate, benzoyl peroxide,
2,2' -azobi si sobutyronitrile, and 2,2 -azobis(2,4-di nethylval eronitrile),
whi ch may be tSed—A—a—econrcentraten—of—rnet—-ess—t-han0-—1part—by
vei ght, and p{Mismdy nft@ipd. 4 to 15 parts by wei gliking B2 QrQ@o%,(O parts
by wei ght of pononmers. Reactiion tenperature nmay vary t he
sol vent used, |Styrene monomer 90 parts

Methyl methaérylate monomer 10 parts

Di-tert-butyl peroxide 8 parts

5 Also under the reflux of cumene (146°C to

156°C), polymerization was completed and then the
cumene was removed. The resulting styrene/methyl .-
methacrylate copolymer had an Mw of 3,900, an Mw/Mn of
2.6, a main peak at a molecular wéight of 4,100, and a
10 Tg of 60°C.
The above styrene/methyl methacrylate
copolymer in an amount of 40 parts was dissolved in

the following monomer mixture to give a mixed

solution.
15
Monomer mixture Mixing proportion
Styrene monomer 38 parts
n-Butyl methacrylate monomer 22 parts
Divinylbenzequ - s . ”0.24:part
20 Benzoyl pero#ide I - -. 0.60 part
tert-Butvlperoxy-2-ethylhexanoate 0.80 part
In the above mixed solution, 170 parts of
water with a dissolved oxygen of about 1.8 mg/lit. in
which 0.1 part of partially saponified polyvinyl
25 alcohol was dissolved was added to give a suspeﬁsion
dispersion. In a reaction vessel, 15 parts of water
This Sheet Has Been Replaced
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t he |n|t|ator and the polyner obtai ned by polynerlzatlon Preferably, t he
reacti on nay be carried out at 70[err]C to 180[err] C The sol ution

pol ymeri zation may preferably be carried out using from 30 parts by

wei ght to 400 parts by wei ght of nononers based on 100 parts by wei ght of
t he sol vent. It is also possible to-ugge a nethod of obtaining the

product by thermal polynerization. The suspensi on pol yneri zation
may preferably be carried out using not nore than 100 parts by weight,
and preferably from 10 to 90 parts by weight, of nononers based on. 100
parts by vei ghesoputin agdethis dissolved oxygen in water was made to

be in a concentration of about 1.8 mg/lit. in the same
manner as in Example 1. Similarly, the above
suspension dispersion was added in the reaction

S vessel, and the reaction was carried out at reaction
temperatures of from 70 to 95°C for 9 hours. After
completion of the reaction, the reaction mixture was
filtered, dehydrated and dried to give a resin
composition C comprised of stvrene/methyl methacrylate

10 copolymer and a styrene/n-butyl methacrylate
copolymer.

In the resulting resin composition C, the THF-
insoluble matter was in an amount of 35 % by weight.
The molecular weight distribution of the THF-soluble

g matter was measured to reveal that it had peaks at
molecular weights of 4,000 and 43,000, respectively,
an Mn of 5,900, an Mw of 92,000, and an Mw/Mn of 16.
The component with a molecular weight of not more than
10 000 was 1n an amount of 32 % by welght It was
also conflrmed that the Tg of the resin composition C

20
was 60°C.

The content of benzaldehyde in the resin
composition C was not more than 0.003'% by weight, and
that of styrene monomers was 0.021 % by weight.

25 Evaluation on odors was made in the same manner as in

Example 1 to obtain good results.
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- 27 - medi um A di spersant that can be used incl udes pol yvi nyl

al cohol, partially saponified polyvinyl al cohol , and cal ci um phosphat e.
Its appropriate anount depends on the anount of nononers based on the
aqueous nedium It is comonly used in an anount of 0.05 to 1 part by

wei ght based on 100 parts by wei ght -ofsthe aqueous nedium Polynerization
t enperat ure may suitably be in the range of from50 to 95[err]C, and
shoul d be appropriately sel ected dependi ng on the pol ymeri zati on
initiator used and the polyner to be obt ai ned. The pol yneri zation
initiatorimay be of afh3—2) Preparation of toner:

A magnetic toner was pfepared in the same
manner as in Example 1, except that the resin
composition was replaced with the resin composition C

5 and the temperature for hot-melt kneading in the
extruder was changed to 100°C. As a result, some -
panelists perceived a slight odor, but judged it to .be
of no particular problem.

The content of benzaldehyde in the toner in

10 that case was confirmed to be 0.005 % by weight.

Example 4

.(4—1) Preparation of binder resin:

Monomer mixture Mixing proportion
15 |Styrene monomer 55 parts
n—BUtyl acrylate monomer B 15 parts -
Divinylbenzene ' 0.14 part
tert-Butylperoxy—2—ethv1hexanoate 1.5 parts

In the above mzxed solutlon, 170 parts of

water w1th a d1ssolved oxygen of about 1 5 mg/l:Lt in

20
which 0.1 part of partially saponified polyvinyl
alcohol was dissolved was added to give a suspension
dispersion. In a reaction vessel, 15 parts of water
was put, and the dissolved oxygen in water was made to
o5 be in a concentration of about 1.5 mg/lit. in the same

manner as in Example 1. Similarly, the above
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ki nds, which can be used so long as they are insoluble or sparingly
soJuble in water. For exanple, benzoyl per oxi de, - '

tert-butyl peroxyhexanoate or the |ike can be used in an anmount of from
0.5 to 10 parts by wei ght based on 100 parts by wei ght of nononers.

In addition to the above binder resiq_fﬁpqponents, the toner in which the
resin of the present invention is enpl/oyed may al so contain the follow ng
materials in a proportion smaller than the content of the binder resin
conmponents, for exanple, in an anmount of not nore than 50 % by wei ght, and

oL LSl " B G  H 20, Y i 386! Rcttog [ el ect of
include, for weygl earid |[{HPeaction was carried out at reaction
temperatures of from 70 to 95°C for 9 hours. After
completion of the reaction, the reaction mixture was
5 filtered, dehydrated and dried to give a resin
composition D comprised of a styrene/n-butyl acrylate
copolymer.
In the resulting resin coﬁposition D, the TﬁF—
insoluble matter was in an amount 6f 44 % by weight.
10 The molecular weight distribution of the THF-soluble
matter was measured to reveal that it had a peak at a
molecular weight of 20,000, .an Mn of 8,000, an Mw of
28,000, and an Mw/Mn of 3.5. The component with a
molecular weight of not more than 10,000 was in an
15 amount of 21 % by weight. It was also confirmed that
the Tg of the resin composition D was 56°C.
The content of benzaldehyde in the resin
composition D was not more than 0.003 % by weight, and

that of styrene monomers was 0.024 % by weight.

Evaluation on odors was made in the same manner as in

20
Example 1 to obtain good results, although fusing or
fixing properties to paper was slightly poor.
(4-2) Preparation of toner:
A magnetic toner was prepared in the same
o5 ~manner as in Example 1, except that the resin

composition was replaced with the resin composition D.
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s'28'-' resins, polyesters, polyurethanesﬁ;polyahidés, epoxy resins,
pol yvi nyl butyral, rosins, nodified rosins, t er pené resins, phenol
resins, hydrocarbon resins such as | ow nol ecul ar pol yet hyl ene and

| ow nol ecul ar pol ypropyl ene, aronatic petroleumresins, chlorinated
paraffins, and paraffin waxes. _ 58Cpmmnly known dyes and pignents

can be used

1 Evaluation was also made.“lAs a result, a solid black
image obtained was tolerable to practical use, but
fixing properties was slightly poor. In respect of
the odor, however, similarly good results were

5 obtained. |

The content of benzaldehyde in the toner was
confirmed to be 0.003 % by weight.

Example §

Evaluation of a panel test.form was made in

10 the same manner as in Example 1, except that the
corona charger of the printer LBP-SX was not changed
and the ozone filter only was removed. As a result,
although the odor of aldehyde was little pointed out,
some panelists perceived the odor of ozone. The

15 toner, however, was judggp to be good for practical

use.

Comparative Example 1

(1) Preparation of binder resin:

In a reactlon vessel 200 parts of cumene was

20 introduced, and heated to 1ts reflux temperature A

mixture of 100 parts of styrene monomers and 8 parts
of di-tert-butyl peroxide was dropwise added thereto
over a period of 4 hours under the reflux of cumene.
Also under the reflux of cumene (146°C to 156°C),

polymerizarion was completed and then the cumene was

25
removed. The resulting polystyrene was capable of
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as'the col oring agent contained in the toner according . 'to the present

I nvention. Such dyes and pignents I ncl ude carbon bl ack, nigrosine dyes,
| anp bl ack, Sudan Black SM First Yellow G Benzidine Yell ow, Pi gment
Yel l ow, Indofirst Oragnge, Irgazine Red, - Paranitroaniline Red, Tol uidine

Red, Carm ne 6B, Per manent Bordeaux F3R, Pignment Orange R Lithol Red
2G, Lake Red C, Rhodanmi ne FB, Rhodanmi ne5® take, Met hyl Vi ol et B Lake,

Pht hal ocyani ne Bl ue, Pignent Bl ue, Brilliant Green B, Phthal ocyani ne
Geen, Gl Yellow GG Zapon First YeIIow CGG, Kayaset Y963, Kayaset YG
Sun1p|ast Yel | qw GG, Zapgn Eirst Orange RR, Scarlet, Sum plast O ange

G Orazol & Br Q&ﬁssl"Z&Eoﬁn Tﬂ?rs?“@c%?qie?nd@ ‘Nz%n%‘lﬁrcﬁf‘ﬂé‘ﬂ”ﬁﬂ-@f and QO |
Pink 0P 19 §g7ehnshN 588K Rk LT HOLESEN2 WRYo! STE 8% do s
measured by GPC, and a Tg of 57°C.
The above polystyrene in an amount of 30 parts

5 was dissolved in the following monomer mixture to give

a mixed solution.

Monomer mixture Mixing proportion
Styrene monomer | | 54 parts

10 n-Butyl acrylate monomer. 16 parts
Divinylbenzene 0.3 part
Benzoyl ﬁeroxide 1.3 parts

In the above mixed solution, 170 parts of
water with a dissolQed oxygen of ébout 3.5 mg/lit. in
15 which 0.1 part of partially saponified polyvinyl
alcohol was-dissol#ed was added to give a suspension
dispersion. In a reaction vessel, 15 parts of water
was put, and the dissolved oxygen in water was made to
be in a concgpgration'qf;gbqptISzg_mgflit.{_gnd_:
20 suspension polymerization was carried out at reaction
temperatures of from 70 to 95°C for 9 hours. After
completion of the reaction, the reactioh mixture was
filtered, dehydrated and dried to gi#e a comparative
resin composition E comprised of bolystyrene and - a
25 styrene/n-butyl acrylate copolymer. |

The content of benzaldehyde in the above
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be édded In an anount of from5 to 20 % by wei ght based on the binder

resin. In instances in which the toner accordlng to the present
invention is used as a nagnetic toner, -
29 - magneti c toner particles to be contalned i ncl ude particles of

nmetal s conposed of a ferronmagnetic el enent such as iron, cobalt and
ni ckel , or alloys - 60 -

1 comparative resin composition E was 0.019 % by weight,
and that of styrene monomers was 0.07 % by weight. As
a result of a panel test carried out in the same
manner as in Example 1, many panelists perceived an

5 odor and considered it offensive, and the resin
composition was judged to be no good for its
application in the surface processing of paper.

(2-2) Preparation of toner:

Example 1 was repeated, exbept that the resin

10 composition was replaced with the comparative resin
composition E. As a result, many panelists perceived
an odor and considered it offensive, and the toner was

judged to be no good for practical use.
The content of benzaldehyde in the toner in

that case was confirmed to be 0.009 % by weight.

20

25
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conprising any of these netals, conpounds such as ferrite and magnetite,
and al |l oys which do not conprise any ferrormagnetic el.enent but my

exhi bit ferromagnetic properties as a result of suifable heat

treatnment (as exenplified by an alloy of the type call ed Heusler's alloy
cont ai ni ng manganese and copper, suchggs manganese- copper - al um num or

manganese- copper-tin, or chrom umdidxide and others). Fine powder of
t hese nmagnetic materials may preferably be contained in an amount of 30
to 150 parts by weight, and nore preferably from40 to 100 parts by

wei ght,  jbased on 10@cpghtat¥eVBiSb1Qf2the binder resin. It is al so
pOSSIb|e to use magnetTc ftNe partTcres as a bl ack or brown pignent.

A charge controlling agenpbrepaiatied éf BiYeder resin:

In a reaction vessel, 200 parts of cumene was
in%roduced, and heated to its reflux temperature. A
5 mixture of 100 parts of styrene monomers and 8 parts
of di-tert-butyl peroxide was dropwise added thereto
over a period of 4 hours under the reflux of cumene:
Also under the reflux of cumene (146°C to 156°C),
polymerization was completed and then the cumene was
10 removed. The resulting polystyrene was capable of
dissolving in THF, and had an Mw of 3,700, an Mw/Mn of
2.64, a main peak at a molecular weight of 3,500 as
measured by GPC, and a Tg of 57°C.
The above polystyrene in an amount of 30 parts
15 was dissolved ip the following monomer mixture to give

a mixed solution.

Monomer mixture Mixing proportion
Styrene monomer - i o ;. 54 parts

20 n-Butyl acrylate monomer | N | 16 parts
Divinylbenzeéne ' 0.3 part
Benzoyl peroxide ’ 1.3 parts

In the above mixed solution, 170 parts of

3

water with a dissolved oxygen of about 2.8 mg/lit. in

25 which 0.1 part of partially saponified polyvinyl

alcohol was dissolved was added to give a suspension
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toher according to the present invention may be ., selected from
conventional |y known charge controlling agents. Exanples of a positive
charge controlling. agent are nigrosine; azine dyes containing an al kyl
group having 2 to 16 carbon atons (Japanese Patent Publication No.
42-1627), basic dyes as exenplified by C. 1. Basic Yellow 2 (C.1.41000),
C.l1. Basic Yellow 3, C. . Basic Red I (62 I~ 45160), C. |. Basic Red 9

30

1 dispersion. In a reaction vessel, 15 parts of water
was put, and the dissolved oxygen in water was made to
be in a concentration of about 2.8 mg/lit., and the
reaction was carried out at reaction temperatures of

S from 70 to 95°C for 9 hours. After completion of the
reaction, the reaction mixture was filtered,
dehydrated and dried to give a comparative resin
composition F comprised of'polystyrene and a styrene/n-

butyl acrylate copolymer.

10 ' The content of benzaldehyde in the above
comparative resin composition F was 0.015 % by weight,
and that of styrene monomers was 0.03 % by weight. As
a result of a panel tesf carried out in the same
manner as in Example 1, the resin composition was

15 Judged to be no good as in Comparative Example 1.

{(2) Preparation of toner:

Example 1 was repeated, except that the resin
composition used was replaced with the comparative
resin composition F. _As;g;:gsul§4_the toner was
judged to be no good as in Comparative Example 1.

20
The content of benzaldehyde in the toner in

that case was confirmed to be 0.007 % by weight.

Example 6

In a reaction vessel, 150 parts of cumene was

25 introduced, and heated to its reflux temperature. The

following mixture was dropwise added thereto over a

eet Has Been Tlaced
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(C.1.42500), .
(C. 1. 42555),
(C.1.42510),
(C.1.51005),
(C.1.42595),
(C.1.52030),
(C.|.44025),
(C.1.42000).

exenpllfeled
tungstonnlyb
ferricyani de

10

Basic Violet 1 (C1.42535), CI. Basic Violet 3

C I

C |

C 1. Basic Blue 1 (C |.42025), C|I. Basic Blue 3
Cl. Basic Blue 5 (C.1.42140), C. 1. Basic Bl ue 7
C.1. Basic Blue 9 (C.I.5201 )., C.l1. Basic Blue 24
C. 1. Basic Blue 25. (C |8 2025), C.|1. Basic Blue 26
C I
La

ke pignments of these basic dyes (laking agents are

dg U B90SEOPMRSPRO hiiger AERL LI WPAOPIOSRURL! © act O

osphorlc acr d, ann C acl

S, and ferrocyanldes) i nclude C. 1. Sol vent

Monomer mixture ' Mixing proportion
Styrene monomer 100 parts
Di-tert-butyl peroxide 4 parts

Also under the reflux of cumene (146°C to’
156°C), polymerization was completed and then the
cumene was removed. The resulting styrene/methyl
methacrylate copolymer had an Mw of 6,900, an Mw/Mn of
2.3, a main peak at a molecular weight of 7,100, and a
Tg of 75°C.

The above styrene/methyl methacrylate
copolymer in an amount of 30 parts was dissolved in

the following monomer mixture to give a mixed

20

solution.

Monomer mixture Mixing proportion
Styrene monomer 52 parts
qAButyl acrylggg monomer st o s ;B%par;s
Divinylbenzené . 0.3 part
Benzoyl peroxide : 0.9 part
tert-Butylperoxy-2—ethylhexanoate 0.7 part

25

In the above mixed solution, 170 parts of
water with a dissolved oxygen of about 2.3 mg/lit. in
which 0.1 part of partially saponified polyvinyl

alcohol was dissolved was added to give a suspension

This Sheet Has Been RTilaced

Basic Violet 10 (C.1.45170), C.|. Basi.¢c Violet 14

Basic Green 1 (C. I 42040) and C.I. Basic Geen 4
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black 3 (C. 1.26150), Hanza Yellow G (C.1.11680),. C.1. _ Mrdant Black 11
and C. 1. Pignent Black 1. They al so i nclude, for exanple,
guarternary anmonium salts such as benzoyl net hyl - hexadecyl anmoni um
chloride and decyl -tri net hyl anmoni um chl ori de, or polyam de resins such as
vinyl polyners containing an am no group and condensed pol ynmers contai ni ng
an am no . group. They preferably-incFU&é Nl grosi ne, quarternary amoni um
salts, triphenyl net hane nitrogen-containing conpounds, and pol yam des.
Exanpl es of a negative charge controlling agent are netal conpl exes of

mnoazo dyesﬂfgbersion. In a reaction vessel, 15 parts of water
“was put, and the dissolved oxygen in water was made to
be in a concentration of about 2.3 mg/lit. in the same
manner as in'Example 1. The above suépension
5 dispersion was added in the reaction vessel, and the
reaction was carried out at reaction temperatures of
from 70 to 95°C for 9 hours. After completion of the
reaction, the reaction mixture was filtered,
dehydrated and dried to give a resin composition G
10 comprised of a styrene polymer and a styrene/n-butyl
acrylate copolymer.
In the resulting resin composition G, the THF-
insoluble matter was in an amount of 30 % by weight.
The molecular weight distribution of the THF-soluble
iS matter was measured to reveal that it had peaks at
molecular weights of 7,500 and 43,000, respectively,
an Mn of 6,500, an Mw of 100,000, and an Mw/Mn of 15.
The component with a molecﬁlar weight of not more than
}0,000_was.inzgp amount °§:18 $ bg weighf. “It was

also confirmed that the Tg of the resin composition G

20
was 61°C. The content of benzaldehyde in the resin
composition G was 0.008 % by weight, and that of
styrene monomers was 0.056 % by weight.
An odor test on the above resin composition G -
25 was carried out in the same manner as in Example 1.

As a result, some panelists perceived an odor, but the
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-31- di scl osed in Japanese Patent Publications No. 41- 20153, No.
42- 27596, No. 44-6397 and No. 45-26478, nitram nes and salts thereof, as
di scl osed i n Japanese Pat ent Application Laid-Open No. 50-133338 or dyes
or pignents such as C.1.14645, nmetal conplex salts forned by the union
of Zn, A, Co, G or Fe with salicylic ggacid, naphthoic acid or

di carboxylic acid, as di scl osed in Japanese Patent Publications No. 55-
42752, No. 58-41508, No. 58-7384 and No. 59-7385,- sulfonated copper

pht hal ocyani ne pi gnents, styrene
1 resin composition was judged to be good for practical

use.

Results of panel tests on odors, carried out
in Examples and Comparative Examples are shown below

5 in Tables 1 and 2.

Table 1

Evaluation on odors of binder resins

10 : Comparative
Example - example
1 2 3 4 6 1 2

Resin composition:

A B c D G E F
15 Evaluation: (persons)
(a): 9 7 8 8 5 2 3 -
(B): 1 3 2 2 5 3 3
(C): O 0 0 0] 1 5 4

Overall Judgement

:-.' R 1.

Good Good Good Good Good No No
good good

20

25
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oligoners into which a nitro group or hal ogen has been I nt roduced, and
chlorinated paraffins. Partlcularly fromthe viewoint of their

di spersibility to a resin, preferred are netal conpl exes of nbnoazo dyes,
and nmetal conplex salts of salicylic acid, alkylsalicylic aci d,

napht hoi c acid or dicarboxylic acid. Th €€ charge controlling agents may
preferably be added in an armount of fromO0.1 to 3 parts by wei ght based

on 100 parts by weight of the binder resin. The ill ef fects such that
t he devel opi ng power and- environnental stability nmay be | owered because
of the gontami nation of the suffacepgf;j@ glevel opi ng sl eeve, caused by

the above charge controlling agents, can be t hereby suppressed to
m ni muns whil e keeping theggapgation on odors of toners

Comparative
5 Example example
1 2 3 4 5 1 2
Resin composition:
A B c D A E F
Evaluation: | | _ (persons)
10 (A): 10 8 6 8 5 2 3
(B): O 2 4 2 5 2 3
(C): 0 0 0 0 0 6 4
Overall judgement: |
Good Good Good Good Good No No
15 : . good good |
With wide spread of electrophotography, toners
are requlred also to have_good propert1es agalnst
20 -odors that may be generated at the time of fus1ng or

fixing by heat. The present inventors made intensive

studies so that such requirement can be met. As a

result, they have discovered that the émount of

oxidized products of polymerizable mdnomers remaining
25 in a binder resin-for.a toner, in pafticular, the

amount of aldehydes remaining therein has a great

Sheet Has Been Reﬂlaced




triboel ectric chargeability as described above: ~:In the toner of the

present invention, an - 32 - et hyl eni c
‘ol efin polyner may be used as a fixing aid toget her with the binder
resin. Here, the polynmer used as an ethylenic olefin

honopol ymer or ethylenic olefin copolyggr_includes pol yet hyl ene,
pol ypropyl ene, an et hyl ene/ propyl ene” opol yner, an ethyl ene/vinyl acetate

copol ymer, an

1 influence, and has reached a finding that, for the
achiévement of a decrease thereof, it is necessary to
control the amount of dissolved oxygen in the water
used when suspension polymerization is carried out.

5 The binder resin for a toner that has been
synthesized through suéh measures brings about_very
good results on odors. Thus, they have made it
possible to provide a suspension polymerization resin
and a toner which are free from thé prpblem of odors.

10 The present invention provide a toner for-
developing an electrostatic image. The toner comprises
a binder resin and a coloring agent. The binder resin
comprises a styrene type binder resin. The amount of
an aldehyde contained in the binder resin is not more

15 than 0.005 % by.weight based on the weight of the toner.
The binder resin is produced by a process comprising
the steps of preparing a monomer composition comprising
a polymerizable monomer containing at leést nof less
than SQ $ by qq;ght of a §gygeng ggﬁome;@ and a

20 polymerizatioﬁ initiator, and subjecting said monomer
composition ‘to suspension polymerization in an agueous
-medium having dissolved oxygen in an amount of not more
tﬁan 2.5 mg/lit to form a styréne polymer or copolymer
containing an aldehyde monoméf in an amount of not more

25 than 0.01 % by weight.
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et hyl ene/ et hyl acryl ate .copol yner, .and i ononers having a pol yet hyl ene
skel eton. The above ethylenic olefin copol yner may preferably contain

<ol efin nononers in an amount of not |ess than 50 nol % and nore
preferably not | ess than 60 nol % The toner of the present

I nvention can be usually be ’tpéﬁged in the follow ng way. (1) The

bi nder resin and the colorlng agents such as magnetic materials and dye or
pignents are unifornmy dispersed using a m xi ng machi ne such as a

Henschel m xerche (pHesentl Hvéin®In: vides obtained is nmelt-kneaded at a
tenperature of _ from9 .180 er using.a.nelt kneader such as a

kneader, an e df2ge; %&?& comp lSln :

electrostatlcally charging a chargeable member for
supporting thereon an electrostatic image by a contact
charging. assembly: |

forming an electrostatic image on the chargeable
member :;

developing the electrostatic image on the chargeable
member to form a toner image with a toner comprising a
styrene binder resin an a coloring agent, wherein an
aldehyde is contained in said toner in an amount of not
more than 0.005% by weight based on the weight of the
toner; ' |

transferring the toner image to a transfer paper; and

fixing the toner image on the transfer paper by
applying heat and pressure to the toner image.

num\ \|||\\ \\\I \“Ti



and a
u5| ng,/a

(3) - The resulting kneaded product is cool ed, Hps BelyeR
kneaded product is crushed with a crusher such as
hanmer mll. Thereafter, the crushsesd product is f

mll. - -

fine grinder such as a jet _ _ _ _
(4) The finely pulverized product is classified to give a toner, using

a classifier such aClsdins d- Aa0 32 Gloxs thiki divasdbaklanpphbewtieh cl assifier.

1. An image forming méthod comprising:

electrostatically charging a chargeable member for
supporting thereon an electrostatic image by a contact charging
assembly; .

forming an electrostatic image on the chargeable
membex; |

developing the electrostatic image on the chargeable
member to form a toner image with a toner comprising a styrene
binder resin and a coloring agent, wherein an aldehyde is
contained in said toner in an amount of not more than 0.005% by
weight based on the weight of the toner; ' ,

transferring the toner image to a transfer paper; and

fixing the toner image on the transfer paper by
applying heat and pressure to the toner image.

2. The image forming method according to claim 1,
including employing a contact charging roller to
electrostatically charge the chargeable member.

3. The image forming method according to claim 1,
including employing a photosensitive drum as the chaz-'_geable
member for supporting thereon an electrostatic image and a
contact charging assembly to electrostaticaliy charge the
chargeable member.

4. The image fofming ? method =---=aCcor'ciing” ' to ‘ claim 1,
including employing a photosensitive drum as ~the chargeable
member for supporting thereon an electrostatic image and a
contact charging roller +to electrostatically charge the
chargeable member. |

5. The image forming method accordixig to claim 1,
J.ncludJ.ng fixing the toner image on the transfer 'paper employing

a heat-pressure roller fixing unit.

6. The image forming method according to claim 1, wherein

* C L M s *




present Invention is applied will be described bel ow

in which an electrostatic latent i e_is forned into a
the use of a toner includes the magnétic brush develop
devel opnment, the powder cloud devel opnent, the nethod dlsclosed in U S.
Patent No. 3,909, 258 in which a conductive nagnetic toner is used, which
are as preui d s DA _ q@gg@ c toner
with a hi gs;:a\irde);g .#ﬁ?.@%%&ﬁg‘sﬁﬁﬁ%%sﬁpi n apanese téeif.lt :
Application Laid-Open No. 53-31136. The toner in which the binder resin

according to tihe pregRNima@écbiRing hcthdd 46cdt8ng to any one of claims
1l to 6, wherein said styrene binder resin comprises a cross-
linked styrene polymer or styrene copolymer or a mixture thereof.

El ectrophot og-r aphy in which the toner enploying t he reﬂﬁsrghgmg%r eg
€Ss
meh%g ade

8. The image forming method according to any one of claims
1l to 7. wherein said styrene binder resin contains THF-insoluble
matter and contains an aldehyde in an amount of not more than
0.01% by weight based on the weight of the styrene binder resin.

9. The image forming method according to claim 8, wherein
said styrene binder resin comprises a cross-linked styrene resin
and contains an aldehyde in an amount of not more than 0.005% by
weight based on the weight bf the styrene binder resin.

10. The image forming method according to claim 9, wherein
said aldehyde comprises benzaldehyde.

11. The image forming method according to any one of claims
1l to 10, wherein said styrene binder resin comprises a styrene |
polymer “or a styrene copolymer prepared by suspension
polymerization or a mixture thereof.

12. The image forming method according to any one of élaims
1 to 11, wherein said aldehyde is 'c.ont:ained in an amount of not
more than 0.004% .by weight bdsed on the weidht of the toner.

13. The image forming method according to any one of claims
1 to 12, wherein said coloring agent comprises a magnetic

material.

14. The image forming method according to claim 13, ‘wherein
said magnetic material is present in an amount of from 30 to 150
parts by weight based on 100 parts by weight of the binder resin.

15. <The image forming method according to claim 13, wherein



SU|tabIe ﬁﬁksﬂwdﬁxﬁ nt process |n whi ch a one- conponent devel oper
Le%@,ﬁace cont ai ni "Ag-magnetic particles is used. In the

conpr|5|ng _ , :
step of HE, eveI oped foner inmage to a transfer nedium
electrostatl thods are used, as exenplified by the corona

transfer method and a method in which a bias is applied to a contact
transfer - nenber. In recent years, a method in which a bias is

- 34 - said magnetic material is present in an amount of from 40 to 100
parts by weight based on 100 parts by weight of the binder resin.

16. The image forming method according to any one of claims
1 to 15, wherein said coloring agent comprises at least one of

a dye and a pigment.

17. The image forming method according to claim 16, wherein
said coloring agent is present in an amount of from 5 to 20 % by
weight based on the weight of the binder resin.

18. The image forming method according to any one of claims
1 to 17, wherein said styrene binder resin is cross-linked with

divinylbenzene.

19. The image forming method according to any one of claims
1 to 18, wherein said styrene binder resin comprises a styrene~

acrylate copolymer.

20. The image forming method according to any one of claims
1 to 19, wherein said styrene binder resin comprises a styrene-

methacrylate copolymer.

21. The image forming method according to any one of claims
1 to 20, wherein said styrene binder resin contains from 10 to
70% by weight of a THF-:.nsoluble matter.

= iT '

22. The image' forming method according to any one of claims
1 to 21, wherein said styrene binder resin contains from 10 to
60% by weight of a THF-insoluble matter.

23. The image forming method according to any one of claims
1 to 22, wherein said binder resin (i) has a weight average
molecular we:.ght/m:mber average molecular weight(Mw/Mn) of 2 5,
at least one peak in the region of a molecular weight of from
2,000 to 10,000 and at least the peak or shoulder in the region
of a molecular weight of from 15,000 to 100,000 in the molecular

A



appl [ ed t hrough a nenber com ng intog direct mﬂslﬁ&hasgéehkﬁl #RedPNOt Osensi tive

menber has attracted notices since the neth static charging
and/ or transfer and/or residual chatige eli m
di scharging on a photosensitive nenber from

utilize corona
onlng into

contact with the phot osensitive nmenber are acconpani ed with generation

of ozone. Fqllowi_ng the shift to such _a new nethod, t he actlvated car bon

filters oMedghk fiskEabrEion meamred by 9ed BEReRELIR RIF TR tRI5ARNY: O o
renoved ai IMHFED IublleAiefSter Nirs U I!ﬂﬁid?étseﬁes:hhﬁ dede(in) cohltaipsezent

Ib|mr1§2£ I ?ggf%ngbeepﬁr e%[tlfxagl Xoifez:ufgrvv?elght of not rx‘uotrhee ttlaoner:l.ol,'bowli%h :-.1t he

amount of from 10 to 50 % by weight based on the THF-soluble

resin composition.

24. The image forming method 'accdrding to claim 23, wherein
said binder resin contains from 10 to 70% by weight of a THF-

insoluble matter.

.25. The image forming method laccording to claim 23, wherein
said binder resin contains from 10 to 60% by weight of a THF-
insoluble matter.

26. The image forming method according to claim 23, wherein
said binder resin comprises a styrene ‘binder resin cross-linked
with a cross-linking agent and the cross-linked styrene binder
resin is prepared by suspension polyme_rization; '

27. .The image forming method accarding to eny-'ene of claims
1 to 26, wherein said binder resin comprises a styrene binder
resin containing coproduced benzaldehyde contaminant having an
undesired odor, wherein said her_xzaldehyde is present— in said
toner in an amount of not more than 0.005% by weight based on the

weight of the toner.

. 28. The image fornu.ng method accord:.ng to any one of claims
1 to 27, wherein said binder resin contains THF-J.nsoluble matter
and contains benzaldehyde in an amount of not more than 0.01% by
weight based on the weight of the styrene binder resin.

29. The image forming method acddrding to claim 28, wherein
said styrene binder resin comprises a cross-lined styrehe resin
and contains benzaldehyde in .an amount of not more than 0.005%
by weight based on the weight of the cross-linked styrene resin.

30. The image forming method according to any one of claims



. present i nvention, the bl ade cleaning met hod, the fur brush cl eaning
“method or the Ilke may be appllgg the step of renoving the toner

remai ning on a photosensitiveé yer or "an insulating layer. In
-particular, the toner is suited for the blade cleaning nethod. As
a nmethod by which a toner inmage fornmed on the transfer nediumis fixed on
the medium the heat fixing nethod, the solvent fixing nethod, the blush

fixing retdodoe, tlsﬁekaﬂh@Afd o g@g ys;mcha@acweﬁgptbsveyésd meﬁc.giﬁent

invention |s artlcu ar | yswte for the heat-ro fiIxinhg met .

An |rragé’ef‘tﬂbrﬁp Theg average Aelemdert getoRy (Mw/Mn) of = 5, at least
one peak in the region of a molecular weight of from 2,000 to
10,000 and at least the peak or shoulder in the region of a
molecular weight of from 15,000 to 100,000 in the molecular
weight distribution measured by gel permeation chromatography of
a THF-soluble matter in the binder resin.

31. The image forming method according to any one of
claims 1 to 30, wherein said styrene type binder resin comprises
a mixture of a non~crosslinked styrene polymer or styrene
copolymer and a crosslinked styrene polymer or styrene copolymer.

32. The image forming method according to any one of claims
1 to 31, wherein said styrene type binder resin comprises a
mixture of a styrene polymer or styrene copolymer prepared by
solution polymerization and a styrene polymer or styrene
copolymer prepared by suspension polymerization.

i /imd
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. 35. - apparatus in both of which the toner of the present
|nvent|on can be preferably used wi 7B be further described with reference
to Figs. 1 and 2. Fig.”1 schematically illustrates the
constitution of a contact chargi ng assenbly used in Exanpl es descri bed
| ater. The nuneral 2 denotes a phot osensitive drum serving as a
char geabl e nenber, which is conprised of a drum substrate nade of
al um num and fornmed on the periphery thereof an or gani ¢ phot oconduct or
(OPC) serving as a

Abstract of the disclosure

The present invention provides

an image forming method comprising:

electrostatically charging a chargeable member for
supporting thereon aﬁ electrostatic image by a contact
charging assembly:;

forming an electrostatic image on the chargeable
member;

developing the electrostatic image on the chargeable
member to form a toner image with a toner comprising a
styfene binder resin an a coloring agent, wherein an
aldehyde is contained in said toner in an amount of not
more than 0.005% by weight based on the weight of the
toner;

transferring the toner image to a transfer paper; and

fixing the toner image on the transfer paper by
applying heat and pressure to the toner image.

eet Has Been RTlaced
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phot osensitive layer, and is rotated at a given speed. : in the direction
an arrow. The photosensitive drum 2 is 30 mmin outer_dlanever “The

nuneral 1 denotes a charging rollgrawhich is a chargl brought
into contact with the photosensiti 29un12 at a me%H” and is
conprised of a netallic core 1c, a "tconductive r prOV|ded

t hereon, and further provided thereon a surface I | ease

film The conductive rubber |ayer nay preferably have a t hi ckness of from
0.5 to 10 mm and preferably from 1 to 5 nm The surface |ayer conprises
a rel ease film It is preferred to provide the release filmso that the
toner according to the present invention nmay mat ch the image form ng
process. Since, however, a

FIG. 1

3




release filmw th an excessively large resistivity may  give no

el ectrostatic charges on the photosengitive . .

- 36 - drum 2 and, on the othef nd, a release filmwth an
excessively small resistivity may c n excessively | ar ge vol tage
applied to the photosensitive drum2 to damage the drum or produce
pi nholes, the release film should have an appropriate resistivity,

pr ef er abl y—a—vol-urre resi-stivity of from[err] . Here, the

"~ This Sheet Has Been Reﬁlaced

~212

FIG. 2

215



LT ———

rel ease filmmay preferably have a thickness of not™ nmore than 30 [err]
and nore preferably from10 to 30 | The.lower limit of the

rel ease fil mmay be smaller so | 53 no peel or turn-up may occur, ‘and
can be considered to be abut 5 [egr The char gl’ﬂh Sheaukaelsee]uia Sce@ N
outer diameter of 12 mm The conductive rubber |ayer

t hi ckness of about 3.5 mm is conposed of an ethyl ene- Jj HHEWH!E?&
terpolyner (EPDM), and the surface layer lais formed of a ny
(specifically, nethoxynmethylated nylon) in a thickness of 10 [err] The
charging roller 1 is nmade to have a hardness of 54.5[err] (ASKER-C). The
nuneral 3 denotes an electric source that applies a voltage to the
charging roller 1, and . feeds a given voltage to the netallic core Ic

FIG. 3
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(dianeter: 5 mm of the charging roller 1. The o—t-Rat.
applies a voltage to the charging roller 1 nma & one SG
capabl’e of applying a DC voltage overlaid w tifean™} t Baged ... to paged 16b
order to adjust the electrical resistivity, /4 Claim(s)  :paged .27 to paged .. 4! .
- 37 - . it is preferred to di sperselcenducidverawingésiponaged ... g0 pheeds.. 3. ..
carbon in the conductive rubber |ayer and/or |ifihabstxarieasepaed 2., to paged ...~

DATE OF RECEIPT ... 22/10/96

----------------

IMAGE FORMING METHOD

' 9604700-6

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an image forming
method such as electrophotography, eléctrostatic
recording or magnetic recordj.ng.

Related Background Art

Methods as disclosed in U.S. Patent No.
2,297,691, Japanese Patent Publications No. 42-23910
and No. 43-24748 and so forth are conventionally known
as electrophotography. 1In general, copies are
obtained by forming an electrostatié latent image on
a photosensitive member, utilizing a photoconductive
material and according to various means, subsequently
developing the latent image bymthe use of a toner, and
transferring the toner image to a transfer medium such
as paper if necessary, followed 'b'y“ fixing by the
action of heat, pressure, heat-and-pressure, or

solvent vapor. In the case when the process comprises

This is the replacement sheet
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Preferabl e process conditions used here are shown bel ow. Contact
pressure : 5 to 500 g/cm AC voltage : 0.5 to 5 [err]. AC frequency : 50
to 3,000 [err] DC vol tage (absolute value) : 200 to 900 V In

t he apparatus shown in Fig. 2, the surface of a photosensitive nmenber 202
I s negatively or positively charged by the operation of a contact
chargi ng assenbly 201 having a voltage angyLng nmeans 215, and a digital

| atent image is formed by inmge scanni ng t hrough exposure 205 using a

| aser beam (or an analog latent inmage is fornmed by anal og exposure).

The latent image thus formed is reversely devel oped (or normally

devel oped) using goRegatimugky teBa598a8b5€ep, the process is usually
provided with the step of removing the toner remaining
on a photosensitive member.. -

As developing processes in which an
electrostatic latent image is formed into a visible
image by the use of a toner, known methods include the
magnetic brush development as disclosed in U.S. Patent
No. 2,874,063, the cascade development as disclosed‘in
U.S. Patent No. 2,618,552, the powder cloud
development as disclosed in U.S. Patent No. 2,221,776,
and the method in which a conductive magnetic toner is
used,  as disclosed in U.S. Patent No. 3,909,258.

'As toners used in these development processes,
fine powder obtained by dispersing a dye and/or
‘pigment in a natural or synthetic resin has been
hitherto used. For example, particles formed by
finely grinding a binder resin such as polystyrene
comprising a colorant dispersed therein, to have a
size of about 1 to 30 p are used as the toner. A
toner incofpdrated with magnetic material particles
such as magnetite is also used as the magnetic toner.
On the other hand, in a system in which a two-
component type developer is used, the toner is used as
a mixture with carrier particles such as glass beads,
ion powder and ferrite particles.

Nowadays, such recording processes have been
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one- conponent magnetic toner 210 held in a devel opi ng assenbly 209

equi pped with a devel opi ng sl eeve 204 in whi ch a magnetic bl ade 211 and a
magnet are provided. In the devel opi ng zone, an AC bias, a pul se bias
and/or a DC bias is/are applied between a conductive substrate of the
phot osensitive drum 202 and the devel opi ng sl eeve 204 through a bias

appl ying neans 212. A transfer paper P Ls3f§d and delivered to a

widely utilized not only in commonly available copying
machines, but also in printers for output information
from a computer, or for the printing of microfilms (or
copying from microfilms). Accordingly, a higher
performance has become required, and the above
recording processes have now been required to
simultaneously achieve the improvements in performgpce
such that an apparatus is made small-sized,
lightweight, low-energy, high-speed, maintenance-~free,
and personal. In order to meet these requirements,
the needs on toners have become severe in various
aspects.

For example, with wide application of the
recording processes and wide use thereof in usual
offices or homes as mentioned above, it has become
necessary of course for toners to have safety as
materials and besides for manufacturers to pay
attention to odors thereof that are generated in the
course of fixing.

For exéﬁple, with wide application of the
recording processes such as electrophotography and
wide use thereof in usual offices orﬂhomes as
mentioned above, it hés become necessary, of course,
for developers to have safety as materials and besides
for manufacturers to take care of odors thereof that

are generated in the course of fixing. In most
This is the replacement sheet
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transfer zone, where the transfer paper P.is el ectrostatically charged
fromits back surface (the surface opposite to the photosensitive drum

through a transfer neans 203, so that the devel oped i mage (toner i mage)
on the surface of the photosensitive drumis el ectrostatically
transferred to the transfer paper P. The transfer paper P separated from

t he phot osensitive drum 202 is subjectedstQ fixing using a heat-pressure
roller fixing unit (thermal platen) 207 so that the toner image on the
transfer paper can be fixed. The one-conponent toner remaining on
t he photosensitive drum 202 after the transfer step is renoved by the
operation of a thetemogs asdeoddbyi20Bg fhavérg fosl gasbreihyadgerdf ber the

cl eani ng, the
ozone are attached to copying machines, printers and
so forth. This is not only disadvantageous for
production cost, buf also troublesome for the
maintenance of deodorizing power because of periodical
replacement of filters.

With regard to this problem of odors, this is
of course an important problem when the standpoints of
useré or manufacturers are taken into consideration.
In general, it is by no means easy from technical
viewpoints to solve this problem, when viewed from a
fixing method in which a toner containing a synthetic
resin as a main component is fixed on a transfer
medium such as papaer by utilizing the action of
softening and melting by heat. It is not advisable to
lower, for example, development performances such as
image quality and durability of toner in order.to
solve this problem.

Vatrious methods have been proposed so that
these performances can be satisfied at the same time.
However, a method in which an additive is used may .
often cause unexpected prgblems.

For this reason, it is preferred to improve a
binder resin itself. For the purpose of such an
improvement, it is considered better to decrease the

amount of a residual solvent or residual polymerizable
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resi dul charges on the photosensitive drum 202 is elimnated by the
erasi ng exposure 206, and thus the procedure starting fromthe charging
step using the contact charging assenbly 201 is repeat ed. An

el ectrostatic charge retainer (the photosensitive drun) conprises a

phot osensitive |layer and a conductive substrate, and is rotated in the
direction of an arrow. In the devel oping zone, the devel oping sl eeve 204,
a non-magnetic cylinder, which is a tone§ supporting nenber, is rotated so
as to nove in the same direction as the direction in which the

el ectrostatic charge retainer is rotated. In the

monomers that produce odors. Various methods have
been hitherto proposed for it with concurrent
attention to the influence on other development
performances.

For example, Japanese Patent Application Laid-
Open No. 55-155632 proposes that a polymer in which
the content of a solvent used for obtaining the
polymer or that of polymerizable monomers is less than
0.1 ¥ by weight is used as a binder resin for a toner
so that the offset resistance, storage stability and
fluidity of the toner can be iﬁproved.

Japanese Patent Application Laid-Open No. 53-
17737 also discloses that residual polymierizable
.monomers have influence on the triboelectricity,
blocking resistance and fixing properties of a toner,
and pfoposes to decrease a residual solvent or
residual polymerizable monomers of the solvent or
monomers used for obtaining a polymer as a binder
resin to be used for a toner.

Japanese Patent Application Laid-Open No. 64—
70765 also proposes a resin for a toner containing 200
ppm or less of residual menomers, in order to cope
with the problems that a work environment becomes poor
because of the.odors generated when toner materials
are melted and kneaded or that odors are generated at
the time of copying to give unpleasantness. This
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- 39 - I nside of the non-magnetic cylindrical sleeve 204, a

mul ti-pol ar pernmanent magnet (nagnet roll) serving as a magnetic field
generating nmeans is provided in an unrotatabl e state. The one-conponent

i nsul ating magneti c toner 210 held in the devel opi ng assenbly 209 S
coated on the surface of the non-nmagnetic cylindrical sleeve 204, and,
for exanple, negative triboelectric charges are inparted to toner
particles because of the friction betweé% The surface of the sl eeve
204 and the toner particles. A doctor bl ade 211 made of iron is disposed

opposingly to one of the
publication also discloses that an amount more than

200 ppm of residual monomers may result in a lowering.
of blocking resistance and resistance to a vinyl
chloride plasticizer, leaving the problem of odors.

When, however, the problem is particularly
focused on the odors,. it can not be said to be
sufficient to only decrease the amount of residual
polymerizable monomers, when taking account of the
possibility of wider application in future, of the
image forming method such as elecfrophotography and
electrostatic recording method.

In general, methods of polymerizing binder
resins for toners are known to include solution
polymerization, bulk polymerization and suspension
polymerization.

In particular, as disclosed in Japanese
?atent Application Laid-Open No. 63-223014, the
suspension polymerization requires no removal of a
solvent and also requires no strong stirrer, and hence
enables easy production of a resin. it also makes it
possible for a resin to be allowed to contain in any
desired amount of a THF-igsoluble component that has
great influence on the fixing properties and offset
resistance of a toner. Thus, this is a preferable

method.

In the suspension polymerization, however, the
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magneti c pol e positions of the nulti-polar pernmanent magnet, in

proximty (with an interval of fromb50 [err] to 500 [err] to the surface
of the cylinder. Thus, the t hi ckness of a toner |ayer can be controlled
to be thin (from30 [err] to 300 [err] and uniformso that a toner

| ayer smaller in thickness than the gap between the photosensitive drum
202 and devel opi ng sl eeve 204 in the delet opi ng zone can be formed in a
non-contact state. The rotational speed of this devel oping sleeve 204 is
regul ated so that the peripheral speed of the sleeve can be substantially
equal or close to the speed of the peripheral speed of the electrostatic

charge receptor. As ihe neti e doctor. bl ad 11, a er manent .,magnet may
be used in pl a%%st? :H o‘#&a%‘r%eodr r:ﬁn Q:(fxe form o% geads. ence, i hasg

no step of removing a solvent or polymerizable
monomers that remain in solution polymerization in
which a resin is in a molten state, and instead merely
has a drying step carried out for the purpose of
removing water content. As a result, solvents or
polymerizable monomers tend to remain in a large
quantity, and therefore it is necessary to pay
particular attention to the problem of. odors as

discussed above.

SUMMARY OF THE INVENTION

‘An object of the present invention is to provide
an image forming method that has solved the above

problems.
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an opposi ng nmagnetic pole. In the devel opi ng zone, _
- 40 - the AC bias or pul se bias nay be applied through the bi as

nmeans 212, between the devel opi ng sl eeve 204 and t he surface on which

el ectrostatic charges are retajned. This AC bias may have a frequency of
from 200 to 4,000 Hz, and a Vpp of from500 to 3,000 V. When
the toner particles are noved in the. devel opi ng zone, the toner
particles are noved to the - -

To achieve the above objects of the present invention,
the present invention provides an image forming method

comprising :

electrostatically charging a chargeable member for
supporting thereon an electrostatic image by a contact

charging assembly;

forming an electrostatic image on the chargeable

member;

developing the electrostatic image on the chargeable
member to form a toner image with a toner comprising
a styrene binder resin and a coloring agent, wherein
an aldehyde is contained in said toner in an amount of
not more than 0.005% by weight based on the weight of

the toner;

transferring the toner image to a transfer paper; and
fixing the toner image on the transfer paper by

applying a heat and pressure to the toner image.
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| atent image side by the electrostatic force of the
retaining surface and the action of the AC bias or

el ectrostatic charge
pul se bi as.

In place of the magnetic doctor blade 211, an el astic bl ade nade of an
el astic material such as silicone rubber nmay be used so that the |ayer
t hi ckness of the toner |ayer can be cont rol | ed by pressure and thereby
the toner can be coated on a toner supporting nenber. The

el ectrophot ographi ¢ apparatus may be constituted of a conbination of

pl ural conponents integrally joined as one apparatus unit from anong the

constituents such as the above photosensitive nenber,
cl eaning neans so that the unit

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. -1 schematically illustrates

devel opi ng neans and

a charging

roller used in an electrophotographic apparatus.

Fig. 2 schematically illustrates an example of

the electrophotographic apparatus.

Fig. 3 is a block diagram showing an example of

a facsimile apparatus.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invetors made intensive studies on

the factors of a binder resin for a toner that have
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can be freely nounted on or detached fromthe body of the apparatus. For

exanpl e, at

nmeans nmay be integrally supported together with the
to formone unit that can be

| east one of the charging neans, devel opi ng neans and cl eani ng

phot osensi tive menber
- 41 -

freely mounted on or detached fromthe B8dy of the apparatus, and the
unit can be freely nounted or det ached using a guide neans such as a rai

provi ded

influence on the odors of a toner. As a result, they
were convinced as follows: Although the amount of the
solvent or polymerizable monomers remaining in a
binder resin has an influence, the amount of oxidized
products thereof, in particular, residual aldehydes
produced as result of air oxidation of polymerizable
monomers, has a greater influence than the_former Qas.
Hence, it is a good means for solving the problem of
preventing the odors of a toner to decrease the amount
of aldehydes that remain in a binder resin.

In particular, in a styrene type binder resin
such as a styrene polymer.or_copolymer most commonly
used as a binder resin, the benzaldehyde produced as a
result of air oxidation of styrene monomers was
revealed to be a component that occurs most the
problem of odors. Thus, it was found that a great
care must be taken in réducing the amount of residual
aldehydes.

According to the studies made by the present
inventors, the content of such aldéhydes in a binder
resin must be not more than 0.01 % by weight, and
particularly preferably not more than 0.005 % by
weight. If the content of the aldehydes is more than
0.01 % by weight, a toner often gives out a strong

odor.

According to further studies made by the
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in the body of the apparatus. Here, the above apparatus unit may be so
constituted as to be joined together with the chargi ng neans and/or the
devel opi ng nmeans. In the case when the imge form ng apparatus
having the toner of the present invention is used as a printer of a
facsimle system optical inmge exposi-n@dl - ight 305 serves as exposing

|l i ght used for the printing of received date. Fig. 3 illustrates an
exanpl e thereof in the formof a block diagram A controller 311
controls an image reading part 310 and a printer 319. The whol e of the
controller 311 is controlled by CPU 317. Inmage data outputted fromthe

e S PRlioh® P80Lat8rbNCend! BheLAFSLE LEaghhes sh N OHSER
must be not more than 0.005 % by weight, and
particularly preferably not more than 0.004 % by
weight. If the content of the aldehydes is more than
0.005 % by weight, an odor is often strongly
perceived.

The binder resin of the present invention may
preferably include a styrene type binder resin
containing a coﬁponent insoluble to tetrahydrofuran
(THF), which will be described later.

In the present invention, the binder resin may
also preferably be a styrene resin produced by.
suspension polymerization, containing an aldehyde in
an amount of not more than 0.01 % by weight.

As a result of intensive studies made by the
present inv;ntors on account of such problems in order
to decrease aldehydes, it was found that what is aimed
by them can be achieved when the method as will be
detailed below is employed. |

| The dissolved ox?gen in the water that is a
dispersion medium used in suspension polymerization is
controlled to be not more-than 2.5 mg/lit., and
preferably not more than 2.0 mg/lit., when measured at
a temperature of from 40 to 45°C. This enables

suppression-of air oxidation of polymerizable monomer

such as styrene monomers, and consequently enables
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313. Data received fromthe other station is sent to a printer 319 through
a receiving circuit 312. Gven inmge data are stored in an inage nenory
316. A printer controller 318 controls the printer 319. The nuneral 314
denotes a tel ephone. An image received froma circuit 315 (inmge

information froma renote terminal connk®ted through the circuit) is
denodul ated in the receiving circuit

- 42

suppression of formation of aldehydes such as

benzaldehyde.

It is conventionally known in suspension
polymerization that an atmosphere of a polymerization

system is replaced with nitrogen gas so that wasteful

consumption of a polymerization initiator can be

saved. However, wpat is thereby aimed is to prevent
the vyield of polyﬁerization from being lowered, and is
unsatisfactory for the purpose of decreasing the rate
of formation of aldehydes. It was found that in order
to decrease the rate of formation of aldehydes the
dissolved oxygen in the water used in suspension
polymerization must be decreased to a certain

concentration.

The mechanism thereof is presumed as follows:
Since in the suspension poiymerizétion the
polymerization takes place in the liquid droplets of
polymerizable monomers suspended in the water, it is
presumed that the liquid droplets of polymerizable
;onomers come into difect contact with the water in
the site of: this polymerization reaction and are

strongly affected by the-4&issolved oxvgen in the

agqueous phase. Various known techniques can be used

as a specific method of decreasing such dissolved
oxygen. It is preferred to use a method in which a

nitrogen—feed pipe is fitted in the water or aqueous
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312, and then successively stored in an i nage nenory 316 after the inmage
i nformation is decoded by the CPU 317. Then, when inmages for at |east one
page have been stored in the nmenory 316, the imge recording for t hat
page is carried out. The CPU 317 reads out the i mage i nformation for one
page fromthe nenory 316 and sends thd3ceded i mage i nformation for one
page to the printer controller 318. The printer controller 318, havi ng
received the imge information for one page fromthe CPU 317, controls
the printer 319 so that the i mage i nformation for one page is recorded.
The CPU 317 receives imge information for next page in the course of the

recording by tfb asé”géuéﬁééyg%trogen is flowed through water and

thereby the dissolved oxygen can be decreased in a
good efficiency.

As a result, when the dissolved oxygen is in a
concentration of not more than 2.5 mg/lit within the
temperature range of from 40 to 45°C, the amount of
aldehydes in the binder resin becomes not more than
0.01 % by weight. In a preferred instance, the
aldehydes becomes not more than 0.005 % by weight when
the dissolved oxygen is in a concentration of not more
than 2.0 mg/lit. In addition, the wasteful
consumption of the polymerization initiator can be
decreased and at the same time it becomes possible to
reduce the concentration of residual polymerizable
monomers.

It is advisable to carry out in combination a
method in which the suspension of a polymer thus
obtained is heated at temperatures higher than about
70°C so that the residual monomers are evaporated at

"the same time with the evaporétion of water.

The concentration of dissolved oxygen in water
can be measured in the fo&lohing way: Using a DO
meter YsSI, manufactured by Nikkaki Co., an electrode
is put in air or water containing oxygen in a known
amount, and an 02 calibration selector is turned to

adjust an indicated value to the oxygen concentration
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| mages are thus received and recorded. EXAMPLES _ The present
invention will be specifically described below by giving Exanples. The
"part(s)” and "% used in Exanples all refer to "parts by weight" and "%
by wei ght ™. Exanmple 1 (1-1) Preparation of binder resin
In a reaction vessel, 200 parts of cuneng4was introduced, and heated to
its reflux tenperature. A mxture of 100 parts of styrene nononers and 8

parts

of a sample. Next, an electrode is put therein in the
state that water having a temperature of from 40 to
45°C is circulated in a flow velocity of about 30
cm/sec., and thus the dissolved oxygen is measured.
In the case when the water is in a standstill, the
electrode is manuall? moved and thus the dissolved
oxygen is measured. The wvalue is read when the
indicated value has become. stable.

The determination of aldehydes in a binder
resin or a toner is carried out by gas chfomatography

in the following way.

Using 2.55 mg of dimethylformamide (DMF) as an
internal standard, 100 ml of acetone is added to make
up a solvent containing an internal standard material.
Next, 200 mg of a binder resin or 200 mg of a toner is
dissolved or dispersed in the above solvent to give a
solution or dispersion. The resulting solution or
dispersion is set on an ultrasonic shaking apparatus
for 30 minutes, and thereafter left standing for 1
.hour. Next, filtration is carfied out using a 0.5 um
filter. In the gas chromatography, the sample is shot

in an amount of 4 ul.

The gas chromatography is carried out under
conditions as follows:
- Capillary column (30 m x 0.249 mm, DBWAX, film

thickness: 0.25 um)
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- 43 - of di-tert-butyl peroxide was dropw se added thereto over a
period of 4 hours under the reflux of cunene. Al so under the reflux of
cunene (146[err]Cto 156[err] O, pol ymeri zati on was conpl eted and t hen

t he cunene was removed. The resulting polystyrene was capabl e of

di ssolving i'n THF, and had a wei ght aver¥ye- nol ecul ar wei ght (Mwy) of
3,700, a weight average nol ecul ar wei ght / nunber average nol ecul ar wei ght
(MM M)  of 2.64, a main peak at a nol ecul ar wei ght of 3,500 as nmeasur ed

by GPC, and a Tg of 57[err]C.
- Detector: FID (flame ionization detector); nitrogen
pressure: 0.35 kg/cm2
- Injection temperature: 200°C; detector temperature:
200°C; Column temperature: raised for 30 minutes from
§0°C at a rate of 5°C/min .
- Preparation of calibration curve:
An aldéhyde to be measured:is added to a solution of
DMF and acetone prepared in the saﬁe amount of a
sample sclution. A standard saﬁple thus obtained is
Ssimilarly subjedted t0 measurement by gas
Chromatography to determine a value for weight
ratio/area ratio between the aldehyde and the internal
standard material DMF.

In the suspension polymerization, the
dissolved oxygen in the aqueous phase is controiled to
be 2.5 mg/lit. The binder resin as intended in the
Present invention can be thereby obtained. 1In order
to highly satisfy grindability, offset resistance,
fixing properties, filming or melt-adhesion resistance
to a photosensitive meﬁber, image properties, efc.,
the binder resin may preferably contain from 10 to 70
¥ by weight, preferably from.10 to 60 % by weight, of
a tetrahydrofuran(THF)-insoluble matter, as proposed
in Japanese Pa;ent Application Laid-Open No. 63—

| 223014. The binder resin may be more preferable,

which i) having a weight average molecular
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The above polystyrene in an anmount of 30 parts was di ssolved in the

foll ow ng nononer m xture to give a m xed sol ution. Monomer m xture
M xi ng proportion St yrene nononer 54 parts
n- Butyl acryl ate nononer ) 16 parts Di vi.nyl benzene

0.3 part Benzoyl peroxide - 1€ - 1.3 parts

In the above m xed solution, 170 parts of water wth a dissol ved oxygen of
about 1.5 ng/lit. in which 0.1 part of partially saponified polyvinyl
al cohol was di ssol ved was added to give a suspension dispersion. In a
reaction vessel, 15 parts of water was put, nitrogen was introduced froma

nitrogen feed weight/number average molecular weight (Mw/Mn) of = 5,
at least one peak at the region of a molecular weight
of from 2,000 to 10,000 and at least one peak or
shoulder at the region of a molecular weight of from
15,000 to 100,000, in the molecular weight
distribution measure& by gel permeation chromatography
(GPC)-of a THF-soluble matter in the binder resin, and
ii) containing a component with a molecular weight of
not more than 10,000 in an aﬁount of from 10 to 50 %
by weight based on the THF-soluble resin composition.

The THF-insoluble matter referred to in the
present invention indicates the weight proportion of a
polymer component that has become insoluble to THF
(i.e., substantially a cross-linked polymer) in a

"1f resin or resin composition. This can be used as a

parameter that indicates the degree of cross—linking
of the resin composition eﬁhtaining a cross-linked
component. The THF~insoluble matter in the binder
resin is.defingd by a vg%ﬁe'measured in the following
way. . |

A sample (a 24 mesh-pass and 60 mesh-on
powder) of the resin or resin composition is weighed
in an amount of from 0.5 to 1.0 g (W1 g), which is
then put in a cylindrical filter paper (for example,
No. 86R, available from Toyo Roshi K.K.) and set on a

Soxhlet extractor. Extraction is carried out for 6
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pi pe, tenperature was nmaintained at 40 to 45 C, and
- 44 - the nitrogen was flowed so as for the dissolved oxygen to be

in a concentration of about 1.5 ng/lit. In this state, the above
suspensi on di spersion was added-in the reaction vessel, and suspension
pol yneri zati on was carried out at reaéffion tenperatures of from70 to

95 C for 9 hours. After -conpletion of the reaction, the reaction m xture

was filtered, dehydrated and

hours using from 100 to 200 ml of THF as a solvent,
and the soluble component extracted by the use of the
solvent is evaporated, followed by vacuum drying at
100°C for sevéral hours. Then the THF-soluble resin
component is weighed (W2 g). The THF-insoluble matter
of the resin or resin composition is determined from
the following expression. -

THF-insoluble matter (%) =W, - W, / W, x 106

The THF-insoluble matter in the toner is
defined b? a value measured in the following way.

In fhe case when the toner is a non-magnetic
toner, the content of_é dyve or pigment is previously
measured by a known method. In the case when the
toner is a magnetic_toner, the content of a dye or
pigment_and that of a magnetic material are previously
measﬁred by a known method. Next, a given amount of
from 0.5 to 1.0 g of the toner is weighed (W1 g).
which is then put in a qylindricgl filter paper: (for
example, No. 86R, available from Toyo Roshi K.K.) and
set on a Soxhlet extractor. Ektraction is carried éut
for 6 hburs using from 100 to 200 ml of chloroform as
a solvent, and the soluble component extracted by the
use of the solvent is evapérated, followed by vacuum
drying at 100°C for several hours. Then the THF-
soluble resin component is weighed (W2 g). Then,

among coloring agents such as dyes or pigments and
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dried to give a resin conposition A conprised of pol ystyrene and a

styrene/ n-butyl acryl ate copol yner. In the resulting resin
conposition A, a THF- i nsol uble matter and a THF-sol uble natter were in a

uni formy mxed state and the pol ystyrene and the styrene/ n- but yl
acrylate copolynmer were also in a urm f# My nmixed state. The resin
conposition A thus obt ai ned was forned into powder of 24 nesh-pass and 60
mesh-on. About 0.5 g thereof was weighed and put into a cylindrical

filter paper No. 86R, manufactured by Toyo Roshi Co., of 28 mmin

di aneter and 100 mmin l ength. THF (200 M) was refluxed at the rate of

o eu” ne YOS ek EEy SOMcAEE I dErodT UMl oFRLAg ves
toner, the weight of the components soluble to THF is
represented by W3 g, and the weight of the components
insoluble to THF, by W4 g. The THF-insoluble matter
of the resin component in the toner is calculated from
the following expression.

Content of THF-insoeluble matter (%)
= (W, - W, - ﬁ;) / (wln' - W, = W,) x 100
In the present invention, the molecular weight
at the peak and/or shoulder on the chromatogram
obtained by GPC (gel permeation chromatography) is/are
measured under the following conditions. |
Columns are stabilized in a-heat chamﬁer
heated to 40°C. To the columns kept at this
.'temperature, THF (tetrahydrofuran) as a solvent is
flowed at a flow'rate of 1 ml per minute, and from 50
to 200 u2 of a THF sample solution of a resin prepared
to have a sample concentration of from 0.05 to 0.6 %
by weight is injected thereinto to make measurement.
In meésuring the molecular weight of the sample; the
molecular weight distribution ascribed to the sample
is calculated from the relationship bétween the
logarithmic value and count number of a calibration
curve prepared using several kinds of monodisperse

polystyrene standard samples. As the standard

polystyrene samples used for the preparation of the
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resulting resin conposition A was in an anmount of 25 % by weight. The
nol ecul ar wei ght distribution of the THF- sol ubl e matter was neasured to
reveal that it had peaks at nol ecul ar wei ghts of 4,000 and 34, 000,
respectively, an M of 5,500, an Mwv of 130,000, and an '

- 45 - Mv Mh of 24. The conponéhtl%m1l1 a nol ecul ar wei ght of not
nore than 10,000 was in an anount of 25 % by weight. It was al so
confirnmed that the gl ass

calibration curve, it is preferred to use, for

example, samples with molecular weights of 6 x 102,

2.1 x 103, 4 x 103, 1.75 x 10%, 5.1 x 10%, 1.1 x 105,

6 and 4.48 x 106, which

3.9 x 10°, 8.6 x 10°, 2 x 10
are available from Pressure Chemical Co. or Toyo Soda
Manufacturing Co., Ltd. It is suitable to use at.
least about 10 standard polystyrene samples. An RI
(refractive index) detéétdfiis used as a detector.

Columns may preferably be used in.combination
of a plurality of commercially available polystyrene
gel columns so that the regions of molecular weights
of from 103 to 2 x 106 can be accurately measured.
Fo; example, they may preferably comprise a
combination of p-Styragel 500, 10° and 10%, available
from Waters Co.; Shodex KF-80M or a combination of KF-
801; 803, 804 and 805 or a combination of.KA-SOZ,—éO3,"
804 and 805, available fram Showa Denko K.K.; or a
combination of TSKgel G1000H, G2000H, G2500H, G3006H,
G4000H, GSOOOH(:GGOOOH, G7000H and GMH, available from
foyo Séda Manﬁfécturiﬁg Co., ﬁtd.

In regard to the % by ﬁeight with respect to
the binder resin of the pzesent inveﬁtion, having a
molecular weight of not more than 10,000, a
chromatogram obtained by GPC is cut out at the part

corresponding to the molecular weight of not more than

10,000, and the weight ratio thereof to a cutting
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transition point (Tg) of the resin conposition A was 58[err]C

The content of benzal dehyde was not nore than 0. 003 % by wei ght, and that
of styrene nononmers was 0.018 % by wei ght. The resulting resin
conposition A (10 g) was put in a sealed glass container of 200 cc, and

t hen heated at 150[err]C for 10 m nut®®. - Thereafter, odors wer e

eval uated with heating. The resin conposition slightly snell ed,
but was regarded as non-problemin practical use. The above
resin conposition A was pul verized i nto powder of about 10 [err] in

average particle dianeter, which was then put in a color cartridge for
corresponding to a molecular weight of more than

10,000 is calculated. Using the ¥ by weight of the
above THF-insoluble matter, the % by weight with
respect to the whole binder resin is calculated.

A styrene type binder resin is used as the
binder resin of the present invention.

The styrene type binder resin includes, for.
example, styrene polymefs,jétyrene copolymers, resin
compositioné comprising styrene polymers and styrene
copolymers, and resin cdmpbsitions comprising styrene
copolymers and different types of styrene copolymers.

The resin or resin composition in the toner of
the present invention inclﬁdes those obtained by
polymerizing styrene with one or more kinds of
monomers selected from styrenes, acrylic acids,
methacrylic acids and derivatives thereof. These are
preferable in view of development properties and
triboelectric properties. As the examples of monomers
that can be used, the styrenes include a-
gethylstyrene, vinyltoluene, and chlorostyrene. The
acrylic acids, methacrylic acids and derivatives
thereof include acrylic auid, methyl écrylate, ethyl
acrylate, propyl acrylate, butyl acrylate, octyl
acryléte, 2—-ethylhexyl acrylate, n—-tetradecyl
acrylate, n-hexadecyl acrvlate, lauryl acrylate,

cyclohexyl acrylate, diethylaminoethyl acrylate,
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a copying machi ne FC- 3, manufactured by Canon Inc., in pl ace of its
toner. Devel opnent bi ases, transfer electric currents and so forth were
adj usted or nodi fied so that a uniformresin particle |ayer can be
formed on the surface of paper, and devel opnent on the phot osensitive
menber and transfer to the paper were- 2karried out. Thereafter, the paper
t hus processed was passed through a fixing unit (a platen assenbly), and
odors generated in that case were observed.

- 46 -

dimetylaminoethyl acrylate, methacrvlic acid, methyl
methacrylate, ethyl methacrylate, propyl methacrylate,
butyl methacrylate, amyl methacrylate, hexyl
methacrylate, 2-ethylhexyl methacrylate, octyl
methacrylate, decyl methacrylate, dodecyl
methacrylate, lauryl methacrylate, cyclohexyl
methacrylate, phenyl mthgg;ylate, 2-hydroxyethyl
methacrylate, Z—ﬁvdfoxvprapyl hethacrylate,
dimethylaminoethyl methacrylate, glycidyl
methacrylate, and stearyl methacrylate. ﬁesides the
above monomers, other monomers may be used in é small
amount so long as the objects of the present invention
can be achieved, which include, for example,
acrylonitrile, 2-vinylpyridine, 4-vinylpyridine,
vinylcarbazole, vinyl @ethyl ether, butadiene,
isoprene, maleic anhydride, maleic acid, maleic ;;id
monoesters, maleic acid dieéfers, and vinyl acetate.

One or more kinds of these vinyl monomers are
used in co@bination of the styrene monomer. Of these,
breferred is a styrene copolymer which is formed.using
styrene”and-an acrylate or methacryléte as main
components. |

It is an important factor for obtaining the
resin intended in the present invention to select the
kinds of a polymerization initiator, a solvent and a

solution or dispersion medium and the conditions for
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Eval uati on on odors was made in the followng way: The above copying
machi ne was pl aced at the center of a small room of about 3 m square.
Copi es were continuously taken according to the above procedure of
fixing the resin particles on paper. On its surroundings, 10 panelists
chosen at random snelled while they ws®2-changing their positions
little by little, and evaluated odors on the bases of the foll ow ng:

(A): No odor at all. (B): A slight odor, but wthout any
particul ar problens. (©: An offensive odor.
Eval uati on was organol eptically nmade accordi ng

reaction.

The polymerization initiator includes, for
example, organic peroxides such as benzoyl peroxide,
1,1-di(t-butylperoxy)-3,3,5-trimethylcyclohexane, n-
butyl-4,4-di(t-butylperoxy)valerate, dicumyl peroxide,
a,a'—bis(t-butylperoxydiisopropyl)benzene, t-
butylperoxycumene, and di-t-butyl peroxide; and azovbr
diazo compounds such és azobisisobutylonitrile and
diazoaminoazobenzene.

The binder resin of the present invention may
also be cross-linked ih part or in its entirety, using
a c;oss—linkable'monomer.-

A compound mainly having two or more
polymerizable double bonds is used as the cross-—
linkable monomer.

For example, a bifunctional cross-linking
agent can be used, which'inéludes, divinylbenzene,
bis(4—acry1oxypoiyethoxyphenyl)propane, ethylene
glycol diaqrylate, 1!3-butylene glycol diacrylate, 1,4-
butanediol diécrylate, i,5-penténediol diacrylate, 1;6—
hexanediol diacrylate, neopentyl glycol diacrylate,
diethylene glycol diacrylatg,-triethyiene glycol
diacrylate, tetréethylene'glycol diacrylate,
diacrylates of polyethylene glycol #200, #400 and
#600, respectively, dipropylene glycol diacryiate,

polypropylene glycol diacrylate, and polyester type
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to a panel test form As a result, very good results were obtained. The
results are shown in Table 1. The resin conposition A of the present
i nvention can be applied to the surface treatnent of paper by the neans

as descri bed above, even when used as it _is. (1-2) Preparation of
toner: Resin conposition A (binder resfd)- 100 parts Magnetite
particles (average particle dianeter: 0.3 [err] serving as both a nmagnetic
material and a coloring agent) 60 parts
Low nol ecul ar pol ypropyl ene 3 parts Negatively chargeable
nonoazo dye (a charge controlling agent) ' 1 part

diacrylate (MANDA, available from Nippon Kavaku Co.,
Ltd.). It also include those in which the acrylate
units of the above acrylate type cross-linking agents
have been feépegtively replaced by methacrylate uﬁits.'

A polyfunctional cross-—-linking agent can also
be used, which includes pentaerythritol triacrylate,
trimethylolethane tria§?y;§te, trimefhylolpropane
triacrylate, tetramethylolmethane tetraacrylate,
oligoester acrylate and methacrylate thereof, 2,2-
bis(4—methaéry16xy, polyethoxyphenyl)propane,.- diallyl
phthalate, triallyl cyanurate, triallyl isocyanurate,
triallyl iscocyanurate, triallyl trimellitate, and
diaryl chlorendate. Among these, divinvlbenzene is
effective. |

The components for the binder resin of the
present invention may preferably be synthesized by
suspension polymerizafion in order to control the THF-
insoluble matter. For thg purpose of controlling
molecular weight distribution, preferred is a method
of synthesizing basically-two qr.more kinds of |
polymers. |

The method is exemplified by a method in which
a first polymer or copolymer soluble in THF and also
soluble in a pqumerizable monomer is dissolved in
polymerizable monomers containing cross-linkable

monomers and then the monomers are polymerized to give
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- 47 - The above materials were m xed, and the m xt ure was
thereafter hot-nelted and kneaded at 120[err]C using an extruder. After
cool ed, the kneaded product was . pul veri zed and classified to give a
negatively chargeabl e magnetic toner with a vol ume average particle

di aneter of 11 [err] The resuP#ing magnetic toner was anal yzed to
reveal that the content of benzal dehyde was not nore than 0.002 % by

wei ght .

a resin composition containing cross-linked resin
components. In this instance, the first polymer or
copolymer and the cross-linked latter (second) polymer
or copolymer are uniformly mixed, so that when the
product is aﬁplied in a toner it becomes possible to
improve fixing properties and offsef resistance
without damage of the durability and blocking
resistance of the toner.

The first polymer or copolymer socluble in THF
may preferably be obtained by solution polymerization
or ionic,polyme;ization. The seéond polymer or |
copolymer for produ&ing a component insoluble to THF
may preferably be synthesized by suspension
polymerization or bulk polymerization in the presence
of a cross-linkable monomer under conditions where the
first polymer or copolymer is dissolved therein. The
first pblymer or copdlyme; may preferably be used in
an amount of frpm 10 to 120 parts by weight, and
preferably from 20 to 100 parts by weight, based on
100 parts by weight of poiymerizéble.ﬁonomers used for
the fofmation of the second pol?mer or copolymer.

For example, in the process for producing the
binder resin of.the presént invent;on, it is preferred
that a first rgsin is prepared by solution
polymerization, the first resin thus prepared is

dissolved in polymerizable ﬁonomers, and the
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The negatively chargeabl e magnetic toner (100 parts) and 0.4 % by wei ght

of negatively chargeable colloidal silica (about 4 parts) were mxed to
give a nmagnetic toner having silica on its toner particle surfaces. The
magneti c toner thus prepared was | oaded into a nodified nachine of a | aser
beam printer LBP- SX, manufactured by @&nen Inc., in which a corona
charger was replaced with the contact charging roller 1 as shown in Fig. 1
in order to prevent generation of ozone, and al so an ozone filter was
removed . Printing was continuously carried out to obtain prints in solid
bl ack on the whol e area, and odors generated in that case were observed.

The contact ChapghfletebbBie'nBAdndrd GHE' Sloj8ledd UL sLL3HE NI C core

lc, a dianeter
polymerization in the presence of the resin and a

cross-linking agent. The first resin should be
dissolved in an'amount of 10 to 120 parts by weight,

. preferably from 20 to 100 parts by weight, based on
100 parts by weight of the monomers for the suspension
polymerization. 1In carryinq.out the suspension
pol?merization, the cross—linking agent may preferably
be used in an amount of from about 0.1 to about 2.0 %
by weight based on the monomers used for the
suspension polyﬁe;ization. These conditions may be
more or less varied depending on the kipd of the
initiator and reaction temperatures.

There is a finding that a toner has a
difference in performance between the instance where
the first polymer or copolymer is dissolved in
monomers and the binder resih is obtained by
suspension polymerization and the instance where a
resin obtained by suspension polymerization without
dissolving the first polymer-or copolymer and the
first polymer or copolymgr are merely mixed. The
former brings about better vesults particularly in
respect of fixing properties.

The so;ution polymerization and suspension
polymerization according to the present invention

will be described below.
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Its conductive rubber |ayer Ib, a thickness of about
- 48 - 3.5 mm and the release filmla formed of met hoxynet hyl at ed

nyl on, a thickness of 20 [err] The roller 1 was pressed agai nst the
| am nat ed- | ayer type OPC phot osensitive nmenber 2 at a total pressure of
1.2 kg (linear pressure: 55 g/cm AD@&citage (-700 V) and an AC
vol tage (300 Hz, 1,500 [err] ) were applied to the contact charging

roller 1 through the voltage

The solvent used in the solution
polymerization includes xylene, toluene, cumene,
cellosolve acetate, isopropyl alcohol, and benzene.
In the case of styrene monomers, xylene, toluene or
cumene is preferred. These may be appropriately
selected depending on the poiymer to be produced by
polymerization.  The polymerization initiator inclq@es
'di—tert—butyl péroxide, tért-butylperox&benzoate,
benzoyl peroxide, 2,2'—azobisisobutyrogit:ile, and
2,2'-azobis(2,4-dimethylvaleronitrile), which may be
used in a concentration of not less than 0.1 part by
weight, and p;eferabl§ from 0.4 to 15 parts by weight,
based on 100 parts by weight of monomers. Reaction
temperature may vary depending on the solvent used,
the initiator and the polymer obtained by
polymerization. Preferably, the reacfion may be
carried out at 70°C to 180°C. The solution
'polymerization may preferably be carried out using
from 30 parts by weight to 400 parts by weight of
monomers based on 100.parts by weight of the solvenf.
It'is also possible to use a method of obtaining the
product by thermal polymerization. l

The suspension polymerization may preferably
be carried out.using not more than 100 parts by
weight, and preferably from 10 to. 90 parts by weight,

of monomers based on 100 parts by weight of an aqueous
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applying nmeans 3 so that the | am nated-|ayer type OPC photosensitive
menber 2 was el ectrostatically charged and then an electrostatic inmage
was formed using a | aser beam The magnetic toner on the devel opi ng

sl eeve was forned in a thickness of 130 [err] and the cl osest gap between
t he devel opi ng sl eeve and the | ami nat &J- |-ayer type OPC photosensitive
menber 2 was set to be 300 [err] The electrostatic i mge was devel oped
to forma toner inage, by a reversal devel opnment system while a DC bi as
(-500 V) and an AC bias (1,800 Hz, 1,600 [err] ) were applied to the
devel opi ng sl eeve. The toner image thus forned was el ectrostatically

]E_rangferred to Redi@h N PRAPEisperddet celd €lcad e t@SCd iM@DEassansferred was
R polyvinyl alcohol, partially saponified polyvinyl

alcohol, and calcium phosphate. Its appropriate

amount depends on the amount of monomers based on the
aqueous medium. It is commonly used in an amount of

IO.OS to 1 part by weight based on 100 parts by weight
of the aqueous medium. Polymerization temperature may
suitably be in the rangé of from 50 to 95°C, and

should be appropriately selected depending on the
polymerization initiator used and the polymer to be
obtained. The polymerization initiator may be of any
kinds, which can be used so long as they are insoluble
or sparingly soluble in water. For example, benzoyl
peroxide, tért—butylperoxyhexanoate or the like can be
used in an amount of from 0.5 to 10 p;rts by weight
based on 100 parts by weight of monomers.

In addition to the above binder resin
components, the toner in which the resin of the
present inwvention is émployed may also contain the
following materials in a proportion smaller than the
content of the binder resin components, for example,
in an amount of not more_ghén 50 % bé weight, and more
preferably not more than 20 % by weight, so long as
the effect of the present invention is not adversely
affected.

Such materials include, for example, silicone
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the plain paper by neans of the heat roller having a

of 180[err]C

surface tenperature

Eval uation on odors was nade in the follow ng way:
room of about 3 m

The above printer was placed at the center of a snall
square, and reproductions were 49 - _
taken. On its surroundings, 10 panel i-st28 chosen at random snel | ed whil e

they were changing their

in the

positions little by little, and eval uated odors

resins, polyesters, polyurethanes, polyamides, epoxy
resins, polyvinyl butyral, rosins, modified rosins,
terpene resins, phenol reéins, hydrocarbon resins such
as low-molecular polyethylene and low-molecular
polypropylene, aromatic petroleum resins, chlorinated
paraffins, and paraffin waxes.

Commonly known dyes and pigments can be used
as the coloring agent contained in the toner according -
to the present invention. Such dyes and pigménts
include carbon black, nigrosine dyes, lamp black,
Sudan Black SM, First Yellow G, Benzidine Yellow,
Pigment Yellow, Indofirst Oraqnge, Irgazine Red,
Paranitroaniline Red, Toluidine Red, Carmine 6B,
Permanent Bordeaux F3R, Pigment Orange R, Lithol Red
2G, Lake Red C, Rhodamine FB, Rhodamine B Lake, Methyl
Violet B Lake, Phthalocyanine Blue, Pigment Blue,
Brilliant Green B, Phthalocyanine Green, 0il Yellow
GG, Zapon First Yellow CGG, Kayaset Y963, Kayaset YG,
Sumiplast Yellow GG, Zapoanirst Orange RR, 0il
Scarlet, Sﬁmiplast Orange G, Orazole Brown B, Zépon
First Scarlet CG, Aizenspiron Red BEH, and 0il Pink
OP. 1In general,_these cckprihg agents may prefgrably
be added in an amount of from 5§ to 20 % by weight
based on the binder resin.

In instances in which the .toner according to

the present invention is used as a magnetic toner,
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same manner as in the above. As a result, very good results were
obt ai ned, and the toner was judged to have no probl em of odors (See
Tabl e 2). Exanpl e 2 (2-1) Preparation of binder resin
In a reaction vessel, 200 parts of cunene was i ntroduced, and heated to
its reflux tenperature. The fol | owi ng2/i xture was dropw se added thereto
over a period of 4 hours under the reflux of cunene. Monomer m xture

M xi ng proportion St yrene nononer 95 parts
[err]-Methyl styrene nononer 5 parts D-tert-butyl

per oxi de 8 parts
magnetic toner particles to be contained include

particles of metals composed of a ferromagnetic
element such as iron, cobalt and nickel, or alloys
comprising any of these metals, compounds such as
ferrite and magnetite, and alloys which do not
comprise any ferromagnetic element but may exhibit
ferromagnetic properties .as a result of suitable heat
treatment (as exemplified by an alloy of the type “
called Heusler's'élloy containing manganese and
copper, such as manganese—copper-aluminum or manganese-
copper-tin, or chromium dioxide and others). Fine
powder of these magnetic materials may preferably be
contained in an amount of 30 to 150 parts by weight,
and more preferably from 40 to 100 parts by weight,
based on 100 parts by weight of the binder resin. It
is also possible to use magnetic fine particles as a
black or brown pigment. -

A charge controlling agent contained in the
toner according to the present invention may be
‘selected from conventionally known charge controiling
agents. Examples of a positive charge controlling
agent are nigrosine,.azine dyes containing an alkyl
group having 2 to 16 carbon atoms (Japanese Patent
Publication Nof 42-1627), basic dyes as exemplified by
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
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Al so under the reflux of cunene (146[err]Cto 156[err]C), polynerization
was conpleted and then the cunene was renoved. The resulting styrene/a-
nmet hyl st yrene copol yner had an Mv of 4,500, an MM Mn of 2.8, a nain peak
at a nol ecul ar weight of 4,400 in the chart of GPC, and a Tg of 63[err]C
The above styrene/[err]-methyl styrene-cdPotynmer in an amount of 30 parts
was dissolved in the follow ng - i - 50 -

(C.1.42500),.C.I. Basic Violet 1 (C.I.42535), C.I.
Basic Violet 3 (C.I.42555), C.I. Basic Violet 10
{C.1.4517Q), C.I. Basic Violet 14 (C.I.42510), C.I.
Basic Blue 1 (C.1.42025), C.I. Basic Blue 3
(C.I1.51005), C.I. Basic Blue 5 (C.I1.42140), C.I. Basic
Blue 7 (C.I.42595), C.I. Basic Blue 9 (C.I.52015),
C.I. Basic Blue 24 (C.;.SZOQO), C.I. Basic Blue 25.
(C.I.52025), C.I. Basic Blue 26 (C.I.44025), C.I.
Basic Green 1 {(C.I1.42040), and C.I. Basic Green ¢
(C.1.42000). Lake pigments of these basic dyes
(laking agenfs'ére exemplifeied by iungétophosphoric
acid, molybdophosphoric acid, tungstomolybdophosphoric.
acid, tannic acid, lauric acid, gallic acid,
ferricyanides, and ferrocyanides) include C.I. Solvent
black 3 (C.1.26150), Hanza Yellow G (C.1.11680), C.I.
Mordant Black 11, and C.I. Pigment Black 1. |

They also include, for example, quarternary
ammonium salts such as benzovlimethyl-hexadecylammonium
chloride and decyl—trimethylammonium chloride, qf
polyamide resins such as vinyl polymers containing an
amino group and condensed polymers containing an amino
group. They preferably-include nigrosine, quarternary
ammonium salts, triphenylmethane nitrogen-containing
compounds, and'polyamides.

Examples of a negative charge controlling

agent are metal complexes of monoazo dyes, as
This is the replacement sheet

27 0CT 9%

Data.



mononmer mxture to give a mxed sol ution. Monomer m xture
M xi ng proportion Styrene nononer 55 parts
n- Et hyl hexyl acryl ate nononer _ : 15 parts Di vi nyl benzene

0.3 part Benzoyl peroxide _ : 1.3 parts
In the above mixed solution, 170 parts- ¥l -water with a dissol ved oxygen

of about 1.8 ng/lit. in which 0.1 part of partially saponified polyvinyl
al cohol was di ssol ved was added to give a“ suspension di spersion. In a
reacti on vessel, 15 parts of water was put, and the dissolved oxygen in

wat er was made to be in a concentration of about 1.8 ng/lit. in the sane

disclosed in Japanese Patent Publications No. 41-
20153, No. 42-27596, No. 44-6397 and No. ;5—26478.
nitramines and sélts thereof, as disclosed in Japanese
Patent Application Laid-Open No. 50-133338 or dyes or
pigments such as C.I.14645, metal complex salts formed
by the union of Zn, Al, Co, Cr or Fe with salicylic
acid, naphthoic acid or dicarboxylic acid, as
disclosed in Japanese Patent Publications No. 55-
42752, No. 58-41508, No. 58-71384 and No. 59—7385,
sulfonated copper phthalocyaniné pigments, styrene
oligomers into which a nitro group or halogen has been
introduced, and chlorinated paraffins. PartIcularly
from the viewpoint of their dispersibility to a resin,
preferred are metal complexes of monoazo dyes, and
metal complex salts of salicylic acid, alkylsalicylic
acid, naphthoic acid or dicarboxylic acid. These
charge controlling agents may preferably be added in
an amount of from 0.1 to 3 parts by weight based on
100 parts by weight of the binder resin. The ill
effects such that the developing power and
environﬁental stability may be lowered because of the
contamination of the surfa;e-of a developing sleeve,
caused by the above charge controlling agents, can be
thereby suppressed to minimums while keeping the good
triboelectric chargeability as described above.

In the toner of the present invention, an
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manner as in Exanple 1. Simlarly, the above suspensi on di spersion was
added in the reaction vessel, and the reaction was carried out at
reaction tenperatures of from70 to 95[err]C for 9 hours. After
conpletion of the reaction, the reaction m xture was filtered, dehydrated

and dried to give a resin conpositioB® ctonprised of

styrene/[err]-nethyl styrene copol yner and a styrene/[err]-hexyl acrylate
copol yner. In the resulting resin conmposition B, the THF-

i nsol uble matter was in an amobunt of 32 % by weight. The nol ecul ar wei ght
di stribution of the THF-soluble nmatter was nmeasured to reveal that it had

peaks at ethylenic olefin polymer may be used as a fixing aid
together with the binder resin.

Here, the polymer used as an ethylenic olefin
homopolymer or ethylenic olefin copolymer includes
polyethylene, polypropyvlene, an ethylene/propvlene
copolymer, an ethylene/vinyl acetate copolymer, an
ethylene/ethyl acrylate copolymer, and ionomers having
a polyethylene skeleton. The above ethylenic olefin
copolymer may preferably contain olefin monomers in an
amount of not less than 50 mol %, and more preferably

not less than 60 mol %.

The toner of the present invention can be
usually be produced in the following way.
(1) The binder resin and the coloring agents such
as magnetic materials and dye or pigments are
uniformly dispersed using a mixing machine such as a
Henschel mixer.
(2) The dispersant thus obtained is melt-kneaded
at a temperature of-ffom-SD to_lBO'C_uséng"a melt
kneader such as a kneader, an extruder and a roll
mill.
(3) The resulting kne&®ded product is cooled, and
then the cooled kneaded product is crushed with a
crusher such as a cutter mill and a hammer mill.
Thereafter, the crushed product is finely pulverized:

using a fine grinder such as a jet mill.
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nol ecul ar wei ghts of 5,000 and 42,000, respectively, an M of 6,200, an Mwv
of 130,000, and an MW Mh of 21. The conponent with a nol ecul ar wei ght of
not nore than 10,000 was in an anount of 20 % by weight. It was also
confirmed that the Tg of the resin conposition B was 58[err]C.

The content of benzal dehyde inthe resi&3 =conposition B was 0.004 % by

wei ght, and that of styrene nononers was 0.035 % by wei ght.

Usi ng the above resin conposition B, tests

(4) The finely pulverized product is classified to
'give a toner, using a classifier such as a zig-zag
classifier and/or an elbow-jet classifier.

Electrophotography in which the toner
employing the resin binder of the present invention is
applied will be described below.

A process'in thch an electrostatic latent ..
image is formed.into a visible image by the use of a
toner includes the magnetic brush development, the
cascade development, the powder cloud development, the
method disclosed in U.S. Patent No. 3,909,258 in which
a cdndugtive magnetic toner is used, which are as
previously referred to, and a method in which a
magnetic toner with a high resistivity is used, as
disclosed in Japanese Patent Application Laid-Open No.
53-31136. Tﬁe toner in which the binder resin
according"to.the present invention is used is also
suitable for a development process in which a one-
component develqper comprising a magnetic toner
containing magnetic particles is used. In the step of
transférring a developed toner image to a transfer
medium, electrostatic traﬂsfer methods are used, as

exemplified by the corona transfer method and a method

in which a bias is applied to a contact transfer

member.

In recent years, a method in which a bias is
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were carried out in the same manner as in Exanple 1 to obtain good
results. (2-2) Preparation of toner: A magnetic toner
was prepared in the sane nanner as in Exanple 1, except that the resin

conposi tion was replaced with the resin conposition B. As a result , good
results were simlarly obtained. - 34 Fe content of benzal dehyde in

the toner was confirned to be 0.003 % by wei ght. . Exanple 3
(3-1) Preparation of binder resin: ~ In a reaction vessel, 200 parts
of cunene was introduced, and heated to its reflux tenperature. The

foll owi ng m xture was dropw se -added thereto over a

applied through a member coming into direct contact
with a photosensitive member has attracted notices
since the methods for electrostatic charging and/or
transfer and/or residual charge elimination that
utilize corona discharging on a photosensitive member
from a member not coming into contact with the
photosensitive member are_accompanied with generation
of ozone. Following the shift to such a new method,
the activated carbon filters often attached to
conventional copying machines or printers are removed
in some instances. In such instances, the toner of °
the present invention can be remarkably effective.

In the toner in which the binder resin of the
present invention, the blade cleaning method, the fur
brush cieaning method or the like may be applied in
the étep of removing the toner remaining on a
photosensitive layer or an insulating layer. In
particu;ar, the toner is suited for the blade cleaning
method.

As a method by which a toner image formed on
the transfer medium is fixed on the medium, the heat
fixing method, the solvend fixing method, the blush
fixing method, the laminate fixing method, etc. can be
used. The present invention is particularly suited
for the heat-roller fixing method.

An image forming process and an image forming
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period of 4 hours under the reflux of cunene. _
- 52 - Monomer m xture M xi ng proportion
St yrene nononer 90 parts Met hyl net hacryl ate

nononer 10 parts D -tert-butyl peroxide
8 parts Al so under the refl ux38f -cumene (146[err]C to
156[err] C), polynerization was conpl eted and then the cunene was renoved.

The resulting styrene/ et hyl

apparatus in both of which the toner of the present
invention can be preferably used will be further
described with reference to Figs. 1 and 2.

Fig. 1 schematically illustrates the
constitution of_a contact charging assembly used in
Examples described later. The numeral 2 denotes a
photosensitive drum serving as a chargeable member,
which is comprised of a drum substrate made of
aluminum and formed on the periphery thereof an
organic photoconductor (OPC) serving as a
photosensitive layer, and is rotated at a given speed
in the direction of an arrow. The photosensitive drum
2 is 36 mm in outer diameter. The numeral 1 denotes a
charging roller which is a charging member brought
into contact with the photosensitive drum 2 at a given
pressure, and is comprised of a metallic core 1c, a
conductive rubbér lJayer 1b provided thereon, and
furthe: provided thereon a surface layer 1b, a release
film. The'conductive rubber layer may p:eferably have
a thickness of from 0.5 to'lb mm, and preferably from
1 to 5§ mm. .The surface layer comprises a release
film. It is preferred to gprovide the release film so
that the toner according to the present invention may
match the image'formiﬁg process. Since, however, a
release film wifh én excessively large resistivity .may

give no electrostatic charges on the photosensitive
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met hacryl ate copol ynmer had an Mwv of 3,900, an Mw Mh of 2.6, a main peak
at a nol ecul ar weight of 4 ,100, and a Tg of 60[err]C. The
above styrene/ nethyl nethacrylate copolyner in an anount of 40 parts was
di ssolved in the foll owi ng nmononer m xture to give a mxed solution.
Mononer m xture - -MB&i Rg proportion Styrene nonomner

38 parts n-Butyl nethacryl ate nononer 22 parts
Di vi nyl benzene 0. 24. part Benzoyl peroxide
0.60 part tert-Butyl peroxy-2-ethyl hexanoate 0. 80 part

drum 2 and, on the other hand, a release film with an
excessively small resistivity may cause an excessively
large voltage applied to the photosensitive drum 2 to
damage the drum or prodﬁce pinholes, the release film
should have an appropriate resistivity, preferably a

volume resistivity of from 109

to 1014 Q-m. Here,. the
release film may preferably have é thicknesé of not .
more than 30 um, and more preferably from 10 to 30 um.

The lower limit of the release film may be
smaller so long as no peel or turn—-up may occur, and
can be considered to be abut 5 um.

The charging roller 1 has an outer diameter of
12 mm. The conductive rubber layer 1b, having a layer
thickness of about 3.5 mm, is composed of an ethylene-
propylene-diene terpolymer (EPDM), and the surface
layer la is formed of a nylon resin (specifically,
methoxymethylated nyloﬁ) in a thickness of 10 um. The
charging roller 1 is made to have a hardness of 54.5°
(ASKER-C). The numeral 3 denotes an electric source
éhat applies a voltage to the charging rollér 1, and
feeds a'given voltage to the metallic core 1c
(diameter: 5 mm) of the qbarging roller 1. The
electric source that applies a voltage to the charging’
roller 1 may preferably be the one capable of applying
a DC voltage overlaid with an AC voltage.

In order to adjust the electrical resistivity,
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In the above m xed solution, 170 parts of water wth a dissol ved oxygen of
about 1.8 ng/lit. in which 0.1 part of partially saponified polyvinyl
al cohol was di ssol ved was added to give a suspension dispersion. In a-

reaction vessel, 15 parts of water _ - 53 -
was put, and the dissol ved oxygen in waB&r -was nmade to be in a
concentration of about 1.8 ng/lit. in the sane manner as in Exanple 1

Simlarly, the above

it is preferred to disperse conductive fine powder
such as carbon in the conductive rubber layer and/or
the release film.

Preferable process conditions used here are
shown below.
Contact pressure : 5 to 500 g/cm
AC voltage : 0.5 to § KVpp
AC frequency : 50 to 3,000'Hz
DC voltage (absolute wvalue) : 200 to 900 V

In the apparatus shown in Fig. 2, the surface
of a photosensitive member 202 is negatively or
positively charged by the operation of a contact
charging asgembly 201 having a voltage applying means
215, and a digital latent image is formed by image
scanning through exposure 205 using a laser beam (or
an anglog latent image is formed by analog exposure).
The latent image thus formed is reversely developed
(or normally developed) using a negatively chargeable
one-component magnetic toner 210 held in a developing
éssembly 209'equipped with a developing sleeve 204 in
which a magnetic blade 211 and a magnet are provided.
In the developing zone, ar.AC bias, a pulse bias
and/or a DC bias is/are applied between a conductive
substrate of the photosensitive drum 202 and the
developing sleeve 204 through a bias applying means

212. A transfer paper P is fed and delivered to a
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suspensi on di spersion was added in the reaction vessel, and the reaction
-was carried out at reaction tenperatures of from70 to 95[err]C for 9
hours. After conpl etion of the reaction, the reaction m xture was
filtered, dehydrated and dried to give a resin conposition C conprised of
styrene/ net hyl nethacryl ate copol ymer 38nd- a styrene/ n-butyl nethacrylate
copol yner. In the resulting resin conposition C, the THF- .

i nsol uble matter was in an anmount of 35 % by weight. The nol ecul ar wei ght
di stribution of the THF-soluble nmatter was nmeasured to reveal that it had
peaks at nol ecul ar wei ghts of 4,000 and 43, 000, respectively, an M of

5,900, an Mw of 92 000, and an NM/Nh of 16.
transfer zone, where the transfer paper P is

electrostatically charged from its back surface (the
surface opposite to the photosensitive drum) through a
transfer means 203, so that the developed image (toner.
image) on the surface of the photosensitive drum is
electrostatically transferred to the transfer paper P.
The transfer paper P separated from the photosensitive
drum 202 is subjected to fixing using a heat-pressure
roller fixing unit (thermal platen) 207 so that the
toner image on the transfer paper can be fixed.

The one-component toner remaining on the
photosensitive drum 202 after the transfer step is
removed by Fhe operation of a cleaning assembly 208
having a cleaning blade. After the cleaning, the
‘residul charges on the photosensitive drum 202 is
eliminated by the eras;ng exposure 206, and thus the
procedure startlng from the charging step u51ng the
contact charglng assembly 201 is repeated.

An electrostatic charge retaiher (the
photosensitive drum) dompriées a photosensitive laver
and a conductive substrate, and is rotated in the
direction of an arrow. Ip the developing zone, the
developing sleeve 204, a non-magnetic cylinder, which
is a toner supporting member, is rotated so as to move
in the same direction as the direction in which the

electrostatic charge retainer is rotated. In the
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The conponent with a nol ecul ar weight of not nore than 10,000 was in an
anmount of 32 % by weight. It was also confirnmed that the Tg of the resin
conposition C was 60[err]C. The content of benzal dehyde in the
resin conposition C was not nore than 0.003 % by wei ght, and that of
styrene nononers was 0.021 % by wei ght.39Eval uati on on odors was made in
the sane manner as in Exanple 1 to obtain good results.

- 54 -

inside of the non~mégnetic cylindrical sleeve 204, a
multi-polar permanent magnet (magnet roll) serving as
a magnetic field generating means is provided in an
unrotatable stafe. The 6ne—component insulating
magnetic toner 210 he;d in the developing'assembly 209
is coated on the surface of the non-magnetic
cylindrical sleeve 204, and, for example, negative .
triboeleétric charges are imparted to toner particles
because of the friction between the surface of the
sleeve 204 and fhe toner particles. A doctor blade
211 made of iron is disposed opposingly to one of the
magnetic pole positions pf the multi-polar permanent
magnet, in proximity (with an interval of from 50 pﬁ
to 500 pm) to the surface of the cylinder. Thus, the
thickness of a toner layer can be controlled to be

" thin (from 30 um to 300 um) and uniform so that a
toner layer smaller in thickness than the gap between
the photosensitive drum 202 and developing sleeve 204
in the developing zone can be formed in a non-contact
;tate. The rotational speed of this developing sleeve
204 is regulated so that the peripheral speed of the
sleeve can be substantially equal or close to the
speed of the peripheral speed of the electrostatic
charge receptor. As the magnetic doctor blade 211, a
permanent magnet may be used in place of iron tb form

an opposing magnetic pole. In the developing zone,
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(3-2) Preparation of toner: A magnetic toner was prepared in the
sane manner as in Exanple 1, except that the resin conposi tion was
replaced with the resin conposition C and the tenperature for hot-nelt
kneading in the extruder was changed to 100[err]C. As a result, sone

panel i sts perceived a slight odor, but #Qdged it to be of no particular
The content of benzal dehyde in the toner in that case

pr obl em
was confirmed to be 0.005 % by wei ght. Exanpl e 4 (4-1)
Preparati on of binder resin: Monomer mi xture M xi ng

proportion
the AC bias or pulse bias may be applied through the

bias means 212, between the developing sleeve 204 and
the surface on which electrostatic charges are
retained. This AC bias may have a frequency of from
200 to 4,000 Hz, and a Vpp of from 500 to 3,000 V.

When the toner particles are moved in the,
developing zone, the toner particles are moved to the
latent image side by the electrostatic force of the
electrostatic charge retaining surface and. the action
of the AC bias or pulse bias.

In place of the magnetic doctor blade 211, an
elastic blade made of an elastic material such as
silicone rupber may be used so that the layer
thickness of the toner layer can be controlled by
pressure and thereby the toner can be.coaéed on a
toner supporting member.

The electrophotographic apparatus may be
constituted of a combination of plural components
integrally joined as one apparatus unit from among the
bonstituents such as the above photosensitive membef,
developing means and cleaning means so that the unit
can be freely mounted on or detached from the body of
the apparatus. For example, at least one of the
charging means, developing means and cleaning means
may be integrally supported together with the

photosensitive member to form one unit that can be
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St yrene nononer 55 parts n-Butyl acrylate
nonomner 15 parts Divinyl benzene
0.14 part tert-Butyl peroxy-2-ethyl hexanoate 1.5 parts In

t he above m xed solution, 170 parts of water with a dissolved oxygen of
about 1.5 ng/lit. in which 0.1 part of 4lartially saponified polyvinyl

al cohol was dissol ved was added to give a suspension dispersion. In a
reaction vessel, 15 parts of water was put, and the dissolved oxygen in
water was made to be in a concentration of about 1.5 ng/lit. in the sane

manner as in Exanple 1. Simlarly, the above
freely mounted on or detached from the body of the

apparatus, and the unit can be freely mounted or
detached using a guide means such as a rail provided
in the body of the apparatus. Here, the above
apparatus unit may be so constituted as to be joined
together with the charging means and/or the developing
means.

In the case when the image forming apparatus
having the toner of the present invention is used as a
printer of a facsimile system, optical image exposing
light 305 serves as exposing light used for the
printing of received datai _Fig. 3 illustrates an
example the;eof in the form of a block diagram.

A controller 311 controls an image reading
part 310 and_a printer 319. The whole of the
controller 311 is controlled by CPU 317. Image data
outputted from the image reading part is sent to the
other facsimile station through a transmitting circuit
313. Data received from the other station is sent to
a prihter 319 through a receiving circuit 312. Givén
image data .are stored in an image memory 316. A
printer controller 318 épnfrols the printer 319. The

numeral 314 denotes a telephone.
An image received from a circuit 315 (image

information from a remote terminal connected through

the circuit) is demodulated in the receiving circuit
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- 55 - suspensi on di spersion was added in the reaction vessel, and
the reaction was carried out at reaction tenperatures of from70 to 95 C
for 9 hours. After conpl etion of the reaction, the reaction m xture was

filtered, dehydrated and dried to give a resin conposition D conprised of

a styrene/n-butyl acrylate copol yner - 42 - In the resulting resin
conposition D, the THF- I nsol uble matter was in an anount of 44 % by

wei ght . The nol ecul ar wei ght distribution of the THF-sol ubl e

312, and then successively stored in an image memory
316 after the image information is decoded by the CPU
317. Then, when images for at least one page have
been stored in the memory 316, the image recording for
that page is carried out. The CPU 317 reads out the
image information for one page from the memory 316. and
sends the coded image information for one page to the
printer controller 318. The printer controller 318,
having received the image information for one page
from the CPU, 317, controls the printer 319 so that the

image information for one page is recorded. -

The CPU 317 receives image information for
next page in the course of the recording by the

printer 319.

Images are thus received and recorded.

EXAMPLES

The present invention will be specifically
described below by giving Examples. The "part(s)" and
J%" used in Examples all refer to "parts by weight”
and "% byiweight".

Example 1

(1-1) Preparation of binder resin:

In a reaction vessel, 200 parts of cumene was
introduced, and heated to its reflux temperature. A

mixture of 100 parts of styrene monomers and 8 parts
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matter was neasured to reveal that it had a peak at a nol ecul ar wei ght of
20, 000, an M of 8,000, an Mw of 28,000, and an Mw~ Mh of 3.5. The
conponent with a nol ecul ar wei ght of not nore than 10,000 was in an
anount of 21 % by weight. It was also confirned that the Tg of the resin
conposition D was 56[err]C ¥hé3centent of benzal dehyde in the
resin conposition D was not nore than 0.003 % by weight, and that of
styrene nononers was 0.024 % by wei ght. Evaluation on odors was made in
the sane manner as in Exanple 1 to obtain good results, although fusing or
fixing properties to paper was. slightly poor. (4-2) Preparation of

toner: of BRIRELkCHLRPEr p¥RSxPEEPRESdatBphiSeSaRRed thereto
over a period of 4 hours under the reflux of cumene.
Also under the reflux of cumene (146°C to 156°C),
polymerization was completed and then the cumene was
removed. The resulting polystyrene was capable of
dissolving in THF, and had a weight average molecular
weight (Mw) of 3,700, a weight average molecular
weight/number average molecular weight (Mw/Mn) of

2.64, a main peak at a molecular weight of 3,500 as

measured by GPC, and a Tg of 57°C.

The above polystyrene in an amount of 30 parts

was dissolved in the following monomer mixture to give

a mixed solution.

Monomer mixture Mixing proportion
Styrene monomer 54 parts
{n-Butyl acrylate monomer ' 16 parts
Divinflbenzene ‘ 0.3 part
Benzoyl peroxide _ 1.3 parts

In the above mixed solution, 170 parts of
water with .a dissolved oxygen of about 1.5 mg/lit. in
which 0.1 part of partially saponified polyvinyl
alcohol was dissolved was added to give a suspension
dispersion. In a reaction vessel, 15 parts of water
was put, nitrogen was introduced from a nitrogen feed

pipe, temperature was maintained at 40 to 45°C, and
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manner as in Exanple 1, except that the resin conposition was repl aced

with the resin conposition D - 56 -

Eval uati on was al so nade. As a result, a solid black i mage obt ai ned was
tolerable to practical use, but fixing properties was slightly poor. In
respect of t he odor, however, simnm4 a4y good results were obt ai ned.

The content of benzal dehyde in the toner was

the nitrogen was flowed so as for the dissolved oxygen
to be in a concentration of about 1.5 mg/lit. In this
state, the above suspension dispersion was added in
the reaction vessel, and suspension polymerization was
carried out at reaction temperatures of from 70 to
95°*C for 9 hours. After completion of the reaction,
the reaction mixture was filtered, dehydrated and
dried to give a resin composition A comprised of
polystyrene and a styrene/n-butyl acrylate'copolymer.
| In the resulting resin composition A, a THF -
insoluble matter and a THF-soluble matter wefé in a
uniformly mixed state and the polystyrene and the
styrene/n-butyl acrylate copolymer were a;so in a
uniformly mixed state. The resih composition A thus
obtained was formed into powder of 24 mesh—bégs and 60
ﬁeshaon. About 0.5 g thereof was weighed and put into -
a cylindrical filter paper No. 86R, ﬁanufactured by
Toyo Roshi Co., of 28 mm in diameter and 100 mm in
length. THF (200 ml) was refluxed at the rate of once
'in every about 4 minutes, and then the THF-insoluble
matter was measured. The THF-insoluble matter in the
resulting resin composition A was in an amount of 25 %
by weight. The molecular weight distribution of the’
THF-soluble matter was measured to reveal that it had
peaks at molecular weights of 4,000 and 34,000,
respectivgly, an Mn of 5,500, an Mw of 130,000, and an

This is the replacement sheet

22 0CT 19%

Date:



confirnmed to be 0.003 % by wei ght. Exampl e 5 Eval uati on
of a panel test formwas nmade in the same manner as in Exanple 1, except

that the corona charger of the printer LBP-SX was not changed and the
ozone filter only was renoved. As a result, al t hough t he-odor of al dehyde
was little pointed out, sone panel i sts4percei ved the odor of ozone. The

toner, however, was judged to be good for practical use.

Conpar ative Exanple 1 (1) Preparation of binder resin: In
a reaction vessel, 200 parts of cunene was introduced, and heated to its

reflux tenperature. A mxture of 100 parts of styrene nononmers and 8 parts

Mw/Mn of 24. The component with a molecular weight of
not more than 10,000 was in an amount of 25 % by
weight. It was also confirmed that the glass
transition point (Tg) of the resin composition A was
58°C. |

The content of benzaldehyde was not more -than
0.003 %'by weight, and that of styrene monomers was
0.018.% by weight.

The resulting resin composition A (10 g) was
put in a sealed glass container of 200 cc, and then
heated at 150°C for 10 minutes. Thereafter, odors
were evaluated Qith heating.

The_resin composition slightly smelled, but
was regarded as non-problem in practical use.

The above resin composition A was pulverized
inio powder of about 10 p in average particle
diameter, which was then put in a color cartridge for
a copying machine FC-3, manufactured b? Canon Inc., in
place of ;ts toner. Development biases, transfer
elect?ic currents and so forth were adjusted or
modified so that a uniform resin particle layer can be
formed on the surface of paper, and development on the
photosensitive member and transfer to the paper were
carried out. Ihereafter, the paper thus processed was
passed through a fixing unit (a platen assembly), and

odors generated in that case were observed.
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of di-tert-butyl peroxide was dropw se added thereto over a period of 4
hours under the ref lux of cunmene. Also under the reflux of cunene (146 C
to 156[err]C), polynerization was conpleted and then the cunmene was

removed. The resulting polystyrene was capabl e of
- 57 - di ssolving in THF, and ha#él6an Mv of 3,700, an Mw Mh of

2.64, a main peak at a nol ecul ar wei ght of 3,500 as

Evaluation on odors was made in the following
way: The above copying machine was placed at the
center of a small room of about 3 m square. Copies
were continuously taken according to the above
procedure of fixing the fesin particles on -paper. On
its surroundings, 10 panelists chosen at random
smelled while they were changing their positions
little by little, and evaluated odors on the bases of
the following:

(A): No odor at all.

{B): A-slight odor, but without any

particular problems.

(C): An offensive odor.

Evaluation was organoleptically made according
to a panel test form. As a result, very good results
were obtained.. The results are shown in Table 1. The
resin composition A of the present invention can be “
applied to the surface treatment of paper by the means
as described above, even when uéed as it is. |

(1—2) Preparafioﬁ of toner:

Resin composition A (binder resin) 100 parts
Magnetite particles (average.particle diameter: 0.3 p;
serving as both a magnetic material and a coloring

agent) 60 parts

Low-molecular polypropylene 3 parts

Negatively chargeéble monoazo dye (a charge
controlling agent) 1l part
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measured by GPC, and a Tg of 57[err]C. The above polystyrene in
an anount of 30 parts was di ssolved in the foll ow ng nononmer m xture to
gi ve a m xed sol ution. Monomer m xture M xi ng

proportion St yrene nononer 54 parts n- But yl
acryl ate nononer 16-p&7ts D vi nyl benzene

0.3 part Benzoyl peroxide 1.3 parts
In the above m xed solution, 170 parts of water with a di ssol ved oxygen of

about 3.5 ng/lit. in which 0.1 part of partially saponified polyvinyl
al cohol was di ssol ved was added to give a suspension
The above materials were mixed, and the

mixture was thereafter hot-melted and kneaded at 120°C
using an extruder. After cooied, the kneaded product
was pulverized and.classified to give a negatively
chargeable magnetic toner with a volume average

particle diameter of 11 n.

The resulting magnetic toner was analyzed ib

[

reveal that the content of benzaldehyde was not more
than 0.002 % by weight.

The negatively chargeable magnetic tqner (100
parts) and 0.4 % by weight of negatively.chargeable
colloidal silica (about 4 parts) were mixed to give a
magnetic toner ha%ing silica on its toner particle
surfaces. The magnetic toner thus prepared was loaded
into a modified machine of a laser beam printer LBP-
sX, manﬁfaétured by Canon Inc., in which a corona
charger was replaced with the contact charging roller
1 as shown in Fig. 1 in order to prevent generation of
ozone, and also-an ozone filter was remowved.- -Printing
was continuously carried out to obtain prints in solid
black on thé whole area, and odors generated in that
case were observed.

The contact charging roller 1 had a diameter
of 12 mm; its metallic core 1lc, a diameter of 5 mm:

its conductive rubber layer 1b, a thickness of about
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di spersion. In a reaction vessel, 15 parts of water was put, and the

di ssol ved oxygen in water was nmade to be in a concentration of about 3.5
ng/lit., and suspension polynerization was carried out at reaction
tenperatures of from70 to 95[err] C for 9 hours. After conpletion of the
reaction, the reaction mxture was fi-l #8red, dehydrated and dried to give

a conparative resin conposition E conprised of polystyrene and a .
styrene/ n-butyl acryl ate copol yner. The content of benzal dehyde in

t he above - 58-

3.5 mm; and the release film la formed of
methoxymethylated nylon, a thickness of 20 um. The
roller 1 was pressed against the laminated-layer type
OPC photosensitive member 2 at a total pressure of 1.2
kg (linear pressure: 55 g/cm. A DC voltage (-700 V)
and an AC voltage (300 Hz, 1,500 Vpp) were applied to
the contact charging roller 1 through the voltage
applying means 3 so that the laminated-layer type OPC
photosensitive member 2 was electrostatically charged
and then an electrostatic image was formed using a
laser beam. The magnetic toner on the developing
sleeve was formed in a thickness of 130 um, and the
closest.gap_between the developing sleeve and the
laminated-layer type OPC photosensitive member 2 was
set to be 300 um. The electrostatic image was
developed to form a toner image, by a reversal
development system while a DC bias (=500 V) and an AC
bias (1,800 Hz, 1,600 pr) were applied to the
developing sleeve. The toner image thus formed was
électrostatically transferred fo a plain paper.
Thereafier,-the toner image transferred was fixed on
the plain paper by means-&f the heat roller having a
surface temperature of 180°C.

Evaluation on odors was made in the following
way: The above printer was placed at the center of a

small room of about 3 m square, and reproductions were
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conparative resin conposition E mas 0.019 % by weight, and that of styrene

nononmers was 0.07 % by wei ght. a regult of a panel test carried out in
the sane nanner as in Exanple 1 many ganelists perceived an odor and
considered it offensive, and the resin jconposition was judged to be no
good for its application in the surfac gooeessi ng of paper.

(2-2) Preparation of toner: Exéanpl e 1 was repeated, except that
the resin conposition was replaced with the conparative resin conposition
E. As a result, many panelists perceived an odor and considered it

of fensive, and the toner was %
taken. OQOn its surrounqings, 10 panelists chosen at

B

random smelled while tﬁey were changing their

positions little by liftle, and evaluated odors in the

same manner as in the above.

As a result, very good results were obtained,
and the toner was judged to have no problem 6f odors
(See Table 2).

Example 2

(2-1) Preparation of binder resin:

In a reaction vessel, 200 parts of cumene was
introduced, and heated to its reflux temperature. The
following mixture was dropwise added thereto over a

period of 4 hours under the reflux of cumene.

Monomer mixture .Mixing proportion
Styrene monomer 95 parts "
a-Methylstyrene monomer S5 parts
Di-tert-butyl peroxide 8 parts

Also under the reflux of cumene (146°C to
156°C), polymerization was completed and then the
cumene was removed. The resulting styrene/a-
methylstyrene copolymer h&d an Mw of 4,500, an Mw/Mn
of 2.8, a main peak at a molecular weight of 4,400 in
the chart of GPC, and a Tg of 63°C.

The above styrene/a-methylstyrene copolymer in

an amount of 30 parts was dissolved in the following
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judged to be no good for practical use. The content of benzal dehyde
in the toner in that case was confirned to be 0.009 % by wei ght.

- 59 - Conpar ati ve Exanple 2 (1) Preparation of

bi nder resin: In a reaction vessel, 200 parts of cunene was

I ntroduced, and heated to its reflux tegpecature. A

monomer mixture to give a mixed solution.

Monomer mixture Mixing proportion
Styrene monomer 55 parts
n-Ethyvlhexyl acrylate monomer 15 parts
Divinylbenzene 0.3 part-
Benzoyl peroxide 1.3 parts

In the aBove mixed solution, 176 parts of
.water with a dissolved oxygen of about 1.8 mg/lit. in
which 0.1 part of partially saponified polyvinyl
alcohol was dissolved was added to give a suspension
dispersion. In a reaction vessel, 15 parts of water
was put, and the dissolved oxygen in water was made to
be in a concentration of about 1.8 mg/lit. in the same
manner as in Example 1. Similarly, the above
suspension dispersion was added in the reaction
vessel, and the reaction was carried out at reaction
temperatures of from 70 to 95°C for 9 hours. After
completion of the reaction, the reaction mixture was
filtered, dehydrated énd dried to give a resin
composition B comprised of styrene/a-methylstyrene
copolymer and a styrene/2shexyl acrylate copolymer.

In the resulting resin composition B, the THF-
insoluble matter was in an amount of 32 % by weight.
The molecular weight distribution of the THF-soluble
matter was measured to reveal that it had peaks at
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m xture of 100 parts of styrene nononers and 8 parts of di-tert-butyl
peroxi de was dropw se added thereto over a period of 4 hours under the
reflux of cumnene; Al so under the reflux of cunmene (146[err]Cto

156[err] O, pol yneri zati on was conpl eted and then the cunene was
renoved. The resulting polystyrene was sppabl e of di ssolving in THF, and
had an Mv of 3,700, an Mw Mh of 2.64, a main peak at a nol ecul ar wei ght

of 3,500 as nmeasured by GPC, and a Tg of 57[err]C. The above
pol ystyrene in an anmount of 30 parts was dissolved in the follow ng
mononmer mxture to give a mxed sol ution. Monomer m xture

M xi ng proportion Styrene nononer 54 parts

molecular weights of 5,000 and 42,000, respectively,
an Mn of 6,200, an Mw of 130,000, and an Mw/Mn of 21.
The component with a molecular weight of not more than
10,000 was in an amount of 20 ¥ by weight. It was
also confirmed thét the Tg of the resin composition B
was 58°C.

The content of benzaldehyde in the resin
composition B was 0.004 % by weight, and that of
styrene monomers was 0.035 % by weight.

Using the above res;n composition B, tests
were carried out in the same manner as in Example 1 to
obtain good results.

(2-2) Preparation of toner:

A magnetic toner was prepared in the same
manner as in Example 1, except that the resin
compésition was replaced with the resin composition B.

As a result, good results were similarly obtained.

The content of benzaldehyde in the toner was

confirmed to be 0.003 % by weight.

Example 3

(3-1) Preparation of binder resin:

In a reaction vessel, 200 parts of cumene was
introduced, and heated to its reflux temperature. The
following mixture was dropwise added thereto over a

period of 4 hours under the reflux of cumene.
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acryl ate nononer 16 parts Divinyl benzene

Benzoyl peroxide 1.3 parts I n
t he above m xed solution, 170 parts of water with a dissolved oxygen of
about 2.8 ng/lit. in which 0.1 part of partially saponified polyvinyl
was di ssol ved was added to giwe52 suspension

0.3 part

di spersion. In a reaction vessel, 15 parts of water

Monomer mixture Mixing proportion
Styrene monomer 90 parts
Methyl methacrylate monomer 10 parts
Di-tert-butyl peroxide 8 parts

Also unde; the reflux of cumene (146°C to
156°C), polymerization was completed and then the
cumene was removed. The resulting styrene/methyl
methacrylate copolymer had an Mw of 3,900, an Mw/Mn of
2.6, a main peak at a molecular wéight of 4,100, and a
Tg of 60°C.

The above styrene/methyl methacrylate
copolymer in an amount of 40 parts was dissolved in

the following monomer mixture to give a mixed

solution.

Monomer mixture Mixing proportion
Styrene monomer 38 parts
n-Butyl methacrylate modomer 22 barts
Divinylbenzene _0.247part
Benzoyl peroxide 0.60 part
tert-Butylperoxv—z-ethylhexanoate . 0.80 part

In the above mixes solution, 170 parts of
water with a dissoclved oxygen of about 1.8 mg/lit. in
which 0.1 part of partially saponified polyvinyl
alcohol was dissolved was added to give a suspension

dispersion. In a reaction vessel, 15 parts of water
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was put, and the dissol ved oxygen in water was nade to be in a
concentration of about 2.8 ng/lit., and the reaction was carried out at
reaction tenperatures of from70 to 95[err]C for 9 hours. After
conpletion of the . reaction, the reaction mxture was filtered,
dehydrated and dried to give a conparatgge-resin conposition F conprised
of polystyrene and a styrene/n- butyl acryl ate copol yner. The
content of benzal dehyde in the above conparative resin conmposition F was
0. 015 % by wei ght, and that of styrene nmononers was 0.03 % by wei ght. As
aresult of a panel test carried out in the sane manner as in Exanple 1,
the resin conposition was j udged to be _no good as in Conparative Exanple
1. (2)"#$d%%ﬁei§%ﬁl e i¢irggolved oxygen in water was made to

be in a concentration of about 1.8 mg/lit. in the same
manner as in Example 1. Similarly, the above
suspension dispersion was added in the reaction
vessel, and the reaction was carried out at reaction
temperatures of from 70 to 95°C fof 9 hours. After
completion of the feaction, the reaction mixture was
filtered, dehydrated and dried to give a resin
composition C comprised of styrene/methyl methacrylate
copolymer and a styrene/n-butyl methacrylate

copolymer.

- In the resulting resin composition C, the THF—
insoluble matter was in an amount of 35 % by weight.
The molecular weight distribution of the THF-soluble
matter was measured to reveal that it had peaks at
molecular weights of 4,000 an& 43,000, respectively,
an Mn of 5,900, an Mw of 92,000, and an Mw/Mn of 16.
The component with a molecular weight of not more than
10,000 was in an amount of 32 % by.weight. It was
also confirmed that the Tg of the resin composition C

was 60°C.

The content of bemzaldehyde in the resin
composition C was not more than 0.003 % by weight, and
that of styrene monomers was 0.021 % by weight.
Evaluation on odors was made in the same manner as in

Example 1 to obtain good results.
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Exanple 1 was repeated, except that the resin conposition used was
repl aced with the conparative resin conposition F. As a result, the

toner was judged to be no good as in Conparative Exanple 1. The
content of benzal dehyde in the toner in that case was confirnmed to be
0. 007 % by wei ght. Example 6 54 - In a reaction vessel, 150

parts of cunene was introduced, and heated to its reflux tenperature. The
follow ng m xture was dropw se added thereto over a

(3-2) Preparation of toner:

A magnetic toner was prepared in the same
mander as in Example 1, except that the resin
composition was replaced with the resin composition C
and the temperature for hot-melt kneading in the
extruder was changed to 100°C. As a result, some -
panelists perceived a slight odor, but judged it to_.be
of no particular problem.

The content of benzaldehyde in the_toner in
that case was confirmed to be 0.005 % by weight.

Example 4

.(4-1) Preparation of binder resin:

Monomer mixture Mixing proportion
Styrene monomer 55 parts
n;Butyl acrylate monomer 15 parts
Divinylbenzene 0.14 part
tert—-Butvlperoxy—-2—-ethylhexanoate 1.5 parts

In the above mixed solution, 170 parts of
Qater ﬁith a dissolved'éxygen of about 1.5 mg/lit. in
which 0.1 part of partially saponified polyvinyl
alcohol was dissolved was added to giQe a suspension
dispersion. In a reaction vessel, 15 parts of water
was put, and the dissolved oxygen in water was made to
be in a concentration of about 1.5 mg/lit. in the same

manner as in Example 1. Similarly, the above

This is the replacement sheet

Date: 2 2 OCT 9%



- 61 - period of 4 hours under the reflux of cunene. Monomner
m xture M xi ng proportion Styrene nononer

100 parts D -tert-butyl peroxide 4 parts _ _
Al so under the reflux of cunene (146[err]C to 156[err] C), polynerization

was conpleted and then the cunene was56erpved. The resulting
styrene/ net hyl met hacryl ate copol ymer had an Mv of 6,900, an Mw Mh of
2.3, a main peak at a nol ecul ar weight of 7,100, and a Tg of 75[err]C.

The above styrene/ nethyl nethacryl ate

suspension dispersion was added in the reaction
vessel, and the reaction was carried out at reaction
temperatures of from 70 to 95°C for 9 hours. After
completion of the reaction, the reaction mixture was
filtered, dehydrated and dried to give a resin
composition D comprised of a styrene/n-butyl acrylate
copolymer.

In the resulting resin composition D, the THF-
insoluble matter was in an amount of 44 % by weight.
The molecular weight distribution of the THF-soluble
matter was measured to reveal that it had a peak at a
molecular weight of 20,000, an Mn of 8,000, an Mw of
28,000, and an Mw/Mn of 3.5. The component with a
molecular- weight of not more than 10,000 was in an
amount of'21 % by weight. It was also confirmed that
the TQ of the resin composition D was 56°C.

The content of benzaldehyde in the resin
composition D was not more than 0.003 % by'weight, and
that of styrene monomers was 0.024 % by weight.
Evaluation on odors was made in the same manner as in
Example'l to obtain good results, although fusing or
fixing properties to paper was slightly poor.

(4-2) Preparation of toner:

A magnetic toner was prepared in the same
manner as in Example 1, except that the resin

composition was replaced with the resin composition D.
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copolymer in an amount of 30 parts was dissolved in the foll ow ng nononer

m xture to give a mxed solution. Monomer m xture
M xi ng proportion Styrene nononer 52 parts
n- Butyl acryl ate nononer 18 parts Divinyl benzene

0.3 part Benzoyl peroxide - 56 - 0.9 part
tert-Butyl peroxy-2-ethyl hexcanoat e 0.7 part In the above
m xed solution, 170 parts of water with a dissolved oxygen of about 2.3

mg/lit. in which 0.1 part of partially saponified polyvinyl alcohol was

di ssol ved was added to give a suspension
Evaluation was also made. As a result, a solid black

image obtained was tolerable to practical use, but
fixing properties was slightly poor. 1In respect of

the odor, however, similarly good results were

obtained.

The content of benzaldehyde in the toner was

confirmed to be 0.003 % by weight.

Example 5

Evaluation of a pénel test form was made in
the same manner as in Example 1, except that the
corona charger of the printer LBP-SX was not changed
and the ozone filter only was removed. As a result,
although the odor of aldehyde was little pointed out,
some panelists perceived the odor of ozone. The
toner, however, was judged to be good for practical

use.-

Comparative Example 1

{1) Prepération of binder resin:

In a reaction vessel, 200 parts,of cumene was
introduced, and heated fo its reflux temperature. A
mixture of 100 parts of styrene monomers and 8 parts
of di-tert-butyl peroxide was dropwiée added thereto
over a period of 4 hours under the reflux of cumene.
Also under fhe reflux of cumene (146°C to 156°C),
polymeriza;ion was completed and then the cumene was

removed. The resulting polystyrene was capable of
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- 62 - di spersion. In a reaction vessel, 15 parts of water was
put, and the dissolved oxygen in water was nade to be in a concentration
of about 2.3 ng/lit. in the sane manner as in Exanple 1. The above
suspensi on di spersion was added in the reaction vessel, and the

reaction was carried out at reaction te®feratures of from70 to
95[err]C for 9 hours. After conpletion of the reaction, the reaction

m xture was filtered,

dissolving in THF, and had an Mw of 3,700, an Mw/Mn of
2.64, a main peak at a molecular weight of 3,500 as
measured by GPC, and a Tg of 57°C.

The above polystyrene in an amount of 30 parts

was dissolved in the following monomer mixture to give

a mixed solution.

Monomer mixture Mixing proportion

Styrene monomer | ‘54 parts
jn—Butyl acrylate monomer 16 parts

Divinylbenzene 0.3 part

1.3 parts

Benzoyl peroxide

In the above mixed solution, 170 parts of
water with a dissol?ed oxygen of ébout 3.5 mg/lit. in
which 0.1 part of partially saponified polyvinyl
alcohol was dissol%ed was added to give a suspension
dispersion. 1In a reactioﬁ vessel, 15 parts of water
was put, and thé dissolved oxygen in water was made to

- be in a concentration of about 3.5 mg/lit., and .
suspension polymerization was carried out at reaction
temperatures of from 70 to 95°C for 9 hours. After
completion of the reaction, the reaction mixture was
filtered, dehydrated and dried to giQe a comparative
resin composition E comprised of polystyrene and a

styrene/n-butyl acrylate copolymer.
The content of benzaldehyde in the above
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dehydrated and dried to give a resin conposition G conprised of a

styrene polyner and a styrene/n-butyl acryl ate copol yner. I n
the resulting resin conposition G the THF- i nsol uble matter was in an
anount of 30 % by wei ght. The nol ecul ar wei ght distribution of the

THF- sol ubl e matter was neasured to re88al that it had peaks at

nol ecul ar wei ghts of 7,500 and 43, 000, respectively, an Mh of 6,500, an
Mv -of 100, 000, and an Mw~ Mh of 15. The conponent with a nol ecul ar wei ght
of not nore than 10, 000 was in an anount of 18 % by weight It was al so
confirmed that the Tg of the resin conposition G was 61l[err]C. The
content of benzal dehyde in the resin conposition G was 0.008 % by wei ght,
and that of comparative resin composition E was 0.019 % by weight,

and that of styrene monomers was 0.07 % by weight. As
a result of a panel test carried out in the same
manner as in Exémple 1, many panelists perceived an
odor and considered it offensive, and the resin
composition was judged to be no good for its
application in the surface processing of paper.

(2-2) Preparation of toner:

Example 1 was repeated, except that the resin
composition was feplaced with the comparative resin
composition E. As a result, many panelists perceived
an odor and considered it offensive, and the toner was

judged to be no good for practical use.

The content of benzaldehyde in the toner in

that case was confirmed to be 0.009 % by weight.
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styrene nononers was 0.056 % by wei ght. An odor test on the above
resin conposition G was carried out in the same manner as in Exanple 1

As a result, sone panelists perceived an odor, but the
- 63 resin conposition was judged to be good for practical use.

Resul ts of panel tests on odors, carrte89out

Comparative Example 2

(1) Preparation of binder resin:

In a reaction vessel, 200 parts of cumene was
introduced, and heated to its reflux temperature. A
mixture of 100 parts of styrene monomers and 8 parts
of di~-tert-butyl peroxide waé dropwise added thereto
over a period of 4 hours under the reflux of cumene:
Also under the reflux of cumene (146°C to 156°C),
polymerization was completed and then the cumene was
removed. The resulting polystyrene was capable of
dissolving in THF, and had an Mw of 3,700, an Mw/Mn of
2.64, a main peak at a molecular weight of 3,500 as
measured by GPC,_and a Tg of 57°C.

The above polystyrene in an amount of 30 parts

was dissolved in the following monomer mixture to give

a mixed solution.

Monomer mixture Mixing proportion
§tyrene monomer 54_par;s
n-Butyl acrylate monomer 16 parts
Divinylbenzéne 0.3 part
Benzoyl peroxide 1.3 parts

In the above mixed solution, 170 parts of
water with a dissolved oxygen of about 2.8 mg/lit. in
which 0.1 part of partially saponified polyvinyl

alcohol was dissolved was added to give a suspension
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i n Exanpl es and Conparative Exanples are shown below in Tables 1 and 2.

Table 1 Eval uati on on odors of binder resins
Conparative Exanmple . exanpl e

1 2 3 4 6 1 2 Resin conposition: A
B C D G E F Eval rrat6Oorr:

(persons) (A: 9 7 8 8 5 2 3 (B)
1 3 2 2 5 3 3

dispersion. In a reaction vessel, 15 parts of water
was put, and the dissolved oxygen in water was made to
be in a concentration of about 2.8 mg/lit., and the
reaction was carried out at reaction temperatures of
from 70 to 95°C for 9 hours. After completion of the
reaction, the reaction mixture was filtered,

dehydrated and dried to give a comparative resin
composition F comprised of polystyrene and a styrene/n-

butyl acrylate copolymer.

The content of benzaldehyde in the.above
comparative resin composition F was 0.015 % by weight,
and that of styrene monomers was 0.03 % by weight. As
a result of ‘a panel tesf carried out in the same
manner as in Exémple 1, the resin composition was
judged to be no good as in Comparative Example 1.

(2) Preparation of toner:

Example 1 was repeated, except that the resin
composition uséd was replaced with the comparative
resin composition F. As a result, the toner was
judged to be no good as in Comparative Example 1.

The content of benzaldehyae in the toner in

that case was confirmed to be 0.007 % by weight.

Example 6

In a reaction vessel, 150 parts of cumene was
introduced, and heated to its reflux temperature. The

following mixture was dropwise added thereto over a
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(©O: O 0 0 0 1 5 4 Overall judgenent:
Good Good Good Good Good No No

good good - 64 -
Table 2 Eval uati on on odors of toners
Conpar ati ve Exampled - exanpl e

period of 4 hours under the reflux of cumene.

Monomer mixture Mixing proportion

Styrene monomer 100 parts

Di-tert-butyl peroxide 4 parts

Also under the refiux of cumene (146°C to-
156°C), polymerization was completed and then the
cumene ‘was removed. The resulting styrene/methyl
methacrylate copolymer had an Mw of 6,900, an Mw/Mn of
2.3, a main peak at a molecular weight of 7,100, and a
Tg of 715°C.

The above styrene/methyl methacrylate
copolymer in an amount of 30 parts was dissolved in

the following monomer mixture to give a mixed

solution.

Monomer mixture Mixing proportion
Styrene monbmer : 52 parts
n—Buty; acrylaye monomer 18 parts
Divinylbenzene | | 0.3 part
Benzoyl peroxide 0.9 part
tert-Butvlperoxy-2-ethylhekanoate 0.7 part

In the above mixed solution, 170 parts of
water with a dissolved oxygen of about 2.3 mg/lit. in
which 0.1 part of partially saponified polyvinvyl

alcohol was dissolved was added to give a suspension
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1 2 3 4 5 1 2 Resi n conposi tion:

A B C D A E F Eval uation:

(persons) (A: 10 8 6 8 5 2 3 (B):
0 2 4 2 5 2 3 (©O: O 0 0 0

0 6 4 COverall judgenent: - 62 - Good Good Good Good Good
No No good good

Wth w de spread of el ectrophotography, toners are required also to have

good properties against odors that nay be generated at the time of fusing

or
dispersion. 1In a reaction vessel, 15 parts of water

was put, and the dissolved oxyvgen in water was made to
be in a concentration of about 2.3 mg/lit. in the same
manner as in Example 1. The above suspension
dispersion was added in the reaction vessel, and the
reaction was carried out at reaction temperatures of
from 70 to 95°C for 9 hours. After completion of the
reaction, the reaction mixture was filtered,
dehydrated and dried to give a resin composition G
comprised of a styrene polymer and a styrene/n-butyl-
acrylate copolymer.

In the resulting resin composition G, the THF-
insoluble matter was in an amount of 30 % by weight.
The molecular weight distribution of the THF-soluble
matter was measured to reveal that it had peaks at
molecular weights of 7,500 and.43,000, respectively,
an Mn of 6,500, an Mw of 100,000, and an Mw/Mn of 15.
The component with a molecular weight of not.more than
10,000 was iﬁqu,amqnnt of 18 % by.weighr. It was
also confirmed that the Tg of the resin composition G
was 61°C. The content of benzaldehyde in the resin
composition G was 0.008 %'py_weight, and that of
styrene monomers was 0.056 % by weight.

An odor test on the above resin composition G -
was carried out in the same manner as in Example 1.

As a result, some panelists perceived an odor, but the
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fixing by heat. The present inventors made intensive studies so that such
requi renment can be net. As a result, they have discovered that the anpunt
of oxidized products of polynerizable nmononers remaining in a binder
resin for a toner, in particular, the anmount of al dehydes remaining

therein has a great - 63 - 65 -
I nfl uence, and has reached a finding that, for the achi evenent of a

decrease thereof, it is necessary to

resin composition was judged to be good for practical

use.

Results of panel tests on odors, carried out
in Examples and Comparative Examples are shown below

in Tables 1 and 2.

Table 1

Evaluation on odors of binder resins

Comparative
Example example
1 2 3 4 6 1 2
Resin composition:
a B c o G E F
Evaluation: (persons)|
(a): 9 7 8 - 8 5 2 3
(B)y: 1 3 2 2 5 3 3
(C): O 0 0 0 1 5 4
Overall judgement:
éood Good. Good Good Good No No
good good
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control the anount of dissolved oxygen in the water used when suspensi on
pol yneri zation is carried out. The binder resin for a toner that
has been synt hesi zed t hrough such neasures brings about very good
results on odors. Thus, they have nmade it possible to provide a
suspensi on pol ynerization resin and- a4 oner which are free fromthe
pr obl em of odors. The present invention provide a toner for
devel oping an electrostatic inmage. The toner conprises a binder resin and
a coloring agent. The binder resin conprises a styrene type binder resin.
The amount of an al dehyde contained in the binder resin is not nore than
0.005 % by wei ght based on the wei ght ofgghe 4oner. The binder resinis
produced by a process conpri sing

Evaluation on odors of toners

Comparative
Example example
1 2 3 4 5 i rs
Resin composition:
A B C D A E F
Evaluation: . {persons)
(A)y: 10 8 6 8 5 2 3
(B): o 2 4 2 5 2 3
(C): 0 0O 0 0 0 6 4
Overall judgement:
Good Good Good Good Good No No
’ good good

With wide spread of electrophotography, toners
are required also to have good properties against
odors that may be generated at the time of fusing or
fixing by heat. The present inventors made intensive
studies so that such requ¥ement can be met. As a
result, they have discovered that the amount of
oxidized products of polymerizable monomers remaining
in a binder resin for a toner, in particular, the

amount of aldehydes remaining therein has a great
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the steps of preparing a nononmer conposition conprising a polynerizable
nononmer containing at |least not less than 50 % by wei ght of a styrene
nononer and a polynerization initiator, and subjecting said nononer
conposition to suspension polynerization in an aqueous nedi um havi ng

di ssol ved oxygen in an anmount of not m®3% - than 2.5 ng/lit to forma
styrene polyner or copolyner containing an al dehyde nononer in an anount

of not nore than 0.01 % by wei ght. - 66

influence, and has reached a finding that, for the
achievement of a decrease thereof, it is necessary to
control the amount of dissolved oxygen in the water
used when suspension polymerization is carried out.

The binder resin for a toner that has been
synthesized through such measures brings about very
good results on 6dors. Thus, they have made it
possible to provide a suspension polymerization resin
and a toner which are free from the problem of odors.

The present invention provide a toner for-
developing an electrostatic image. . The toner comprises
a binder resin and a coloring agent. The binder resin
comprises a‘styrene type binder resin. The amount of
an aldehyde contained in the binder resin is not more
than 0.005 % by.weight based on the weight of the toner.
The binder resin is produced by a process comprising
the steps of preparing a monomer composition comprising
a polymerizable ménomer containing at least not less
than 50 § by weight of a styrene monomer and a
polymerization initiator, and subjecting said monomer
composition 'to suspension polymerization in an agueous
medium having dissolved oxXygen in an amount of not more
tﬁan 2.5 mg/lit to form a styrene polymer or copolymer
containing an aldehyde monomer in an amount of not more

than 0.01 % by weight.
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The present invention provides an image form ng nmethod conpri sing:

el ectrostatically charging a chargeabl e nenber for supporting thereon an
el ectrostatic imge by a contact chargi ng. assenbly; form ng an

el ectrostatic i mage on the chargeabl e nenber; devel opi ng the

el ectrostatic inage on the chargeable ffnber to forma toner inage with a
toner conprising a styrene binder resin an a coloring agent, wherein an

al dehyde is contained in said toner in an anount of not nore than 0.005% by
wei ght based on the wei ght of the toner; transferring the toner inmage
to a transfer paper; and fixing the toner image on the transfer paper
by appl yi ng heat andrpres ure to . the toner(inage.

- 67 - es

sent invention provi

an image forming method comprising:

electrostatically charging a chargeable member for
supporting thereon an electrostatic image by a contact
charging. assembly;

forming an electrostatic image on the chargeable
member;

developing the electrostatic image on the chargeable
member to form a toner image w1th a toner comprising a
styrene binder resin an a coloring agent, wherein an
aldehyde is contained in said toner in an amount of not
more than 0.005% by weight based on the weight of the
toner;

transferring the toner image to a transfer paper; and

fixing the toner image on the transfer paper by
applying heat and pressure to the toner image.
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Clains 1 to 32 for the divisional application 1. An image formng

nmet hod conpri si ng: el ectrostatically charging a chargeabl e
menber for supporting thereon an electrostatic imge by a contact charging
assenbl y; formng an electrostatic inage on the chargeabl e

menber ; devel oping the el ectre%tatic i mage on the chargeable

menber to forma toner inage wwth a toner conprising a styrene binder
resin and a coloring agent, wherein an aldehyde is contained in said toner

in an amount of noteyighe 4han ,003% by, yelahiobased g1 Lhe wei ght of the
t oner; t ' ' ' per; and
fixing the toner imge on the transfer, paper by applying heat and pressure

to the toner inBge. An image?.forklifg mBBESA &&Migtiidgt hod according to
claim 1, includirm;elég@y<g@ Qﬁ 13 gpntact ach r ingbl roll er to
el ectrostatical |y ciarge the Chargedbl e Henber 2 chargegdier SrageeT
f or mi ng nmetHRRPT Wt ridiemgont en gleaftrodtatiw|imdigey byeapkoptagt acharging
phot osensi §sy&niliysm as the chargeabl e nmenber for supporting thereon an

el ectrostatic inagefand,a cont act chargin%,assenbly to electrostatically
charge the orming an electrostatic imagé on the chargeable

member;

developing the electrostatic image on the chargeable
member to form a toner image with a toner comprising ‘a styfene
binder resin and a coloring agént, wherein an aldehyde is
contained in said toner in an amount of not more than 0-..005‘1 by
weight based on the weight of the toner;

transferring the toner image to a transfer paper; and

fixing the toner image on the transfer paper by

applying heat and pressure to the toner image.

2. The image forming method according to claim 1,
including employing a  contact charging  roller to
electrostatically charge the chargeable member.

3. The image forming method according to claim 1,.
including- employing a photosensitive drum as the chargeable
member for supporting thereon an electrostatic image and a
contact charging assembly +to electrostaticaliy charge +the
chargeable member.

4. The image forming .nethod:-according  to claim 1,
including employing a photosensitive drum as _the chargeable
member for supporting thereon an electrostatic image and a
contact charging roller +to electrostatically charge +the

chargeable member.

S. The image forming method according to claim 1,
?ncluding fixing the toner image on the transfer paper employing

a heat-pressure roller fixing unit.

6. The image forming method according to claim 1, wherein
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char geabl e nenber. 4. The image formng mnethod according to
claim 1, including enploying a photosensitive drum as the chargeabl e
menber for supporting thereon an electrostatic inage and a contact charging
roller to electrostatically charge the chargeabl e nenber. 5. The
image forming method according to -cf8im 1, including fixing the toner

I mge on the transfer paper enploying a heat-pressure roller fixing unit.

6. The inmage form ng nmethod according to claim1, wherein

- 68 - aAd SENE RSN JESD SRS TREE: ADSPUHPL S lBELE! -

7. The image forming method according to any one of claims
1l to 6, wherein saild styrene binder resin comprises a cross-

linked styrene polymer or styrene copolymer or a mixture thereof.

8. The image forming method according to any one of claims
1 to 7, wherein said styrene binder resin contains THF-insoluble
natter and contains an aldehyde in an amount of not mare than
0.01% by weight based on the weight of the styrene binder resin.

9. The image forming method according to claim 8, wherein
said styrene binder resin comprises a cross-linked styrene resin
and contains an aldehyde in an amount of not more than 0.005% by
weight based on the weight of the styréne binder resin. )

10. The image forming method according to claim 9, wherein

said aldehyde comprises benzaldehyde.

11. The image forming method according to any one of claims
1l to 10, wherein said styrene binder resin comprises a styrene
polymer "'or a styrene copolymer prepared by suspension

polymerizétion or a mixture thereof.

12. The image forming method according to any one of claims
1 to 11, wherein said aldehyde is contained in an amount of not
more than 0.004%.by weight based on the weight ‘of the toner.

13. The image forming method ;ccording to any one of claims
1 to 12, wherein said coloring agent comprises a magnetic

material.

1l4. The image forming method according to claim 13, wherein
said magnetic material is present in an amount of from 30 to 150
parts by weight based on 100 parts by weight of the binder resin.

15. The image forming method according to claim 13, wherein
S This is the replacément sheet
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7. The image form ng nmethod according to any one of clains 1 to 6,
wherein said styrene binder resin conprises a cross- |inked styrene

pol yner or styrene copolyner or a mxture thereof. 8. The i mage
form ng nethod according to any one of clains 1 to 7, wherein said styrene
bi nder resin contains THF-insol ubl e natgleer- and contai ns an al dehyde in an
anmount of not nore than 0.01% by wei ght based on the weight of the styrene
bi nder resin. The image form ng nmethod according to claim 8,

9.
wherei n said ;St ' resin,conprises.a cross-linke tyre resin
and cont ai nsg %n)ﬁggggﬁ%gﬂ %%eﬁﬁghérrjb‘ﬁ q'peb?ennotmrrﬁ?ea‘f'ﬂ'éﬂtfgo%/él%y‘{]‘ﬁe‘?cgrﬁ‘m
based on tR&rksS rtwetighhdaied one 1BPrnperts &y weight of e bimslemagasin .

form ng nethod according to claim9, wherein said al dehyde conpri ses
benzal dehyde. 1., The jmage forn ng nethod according to any one of
clains 1 to 10, l\ﬁlherg%ﬁ TR s‘%%ﬁ"%ﬁ@ BF%@& 39 ningei 3BE e af elaeims
pol ymer or latst i5eneheepdhysaldpiceiarddgbyganspesapoises! Y EELRE8E QR0 A
m xture thgr 992 and a pi&mgeni[he i mage form ng nmethod according to any one
of cl ains :
17. The image forming method according to claim 16, wherein
said coloring agent is present in an amount of from § to 20 % by

weight based on the weight of the binder resin.

18. The image forming method according to any one of claims
1 to 17, wherein said styrene binder resin is cross-linked with

divinylbenzene.

19. The image forming method according to any one of claims
1 to 18, wherein said styrene binder resin compriseé a styrene-

acrylate copolymer.

20. The image forming method according to any one of claims
1 to 19, wherein said styrene binder resin comprises a styrene-

methacrylate copolymer.

21. The image forming method according to any one of claims
1 to 20, wherein said styrene binder resin contains from 10 to
70% by weight of a THF-insoluble matter.

22. The image forming method according to any one of claims
1 to 21, wherein said styrene binder resin contains from 10 to
60% by weight of a THF-insoluble matter.

23. The image forming method according to any one of claims
1 to 22, wherein said binder resin (i) has a weight average
molecular weight/number average molecular weight(Mw/Mn) of 2 5,
at least one peak in the region of a molecular weight of from
2,000 to 10,000 and at least the peak or shoulder in the region
of a molecular weight of from 15,000 to 100,000 in the molecular

Ly
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1 to 11, wherein said al dehyde is contained in an anount of not nore than

0.004% by weight based on the weight of the toner. 13. The i nmage
form ng nethod according to any one of clains 1 to 12, wherein said
col oring agent conprises a nmagnetic nmateri al . ©14. The image formng

met hod according to claim 13, wherein sH d nmagnetic material is present in
an anount of from30 to 150 parts by wei ght based on 100 parts by wei ght of
t he bi nder resin. 15. The image form ng nethod according to clai m

13, wher e'vﬂal ht distribution measured b el permeati 9 chroma‘!?@ézdaélf?lg
material is gresent I n an anount mf— ?roymg40 ? 86 * parts by wei bas

on 100 pard s*HE-selyme gratter bimdeher Bipder resin, and (ii) contains a

component with a molecular weight of not more than 10,000 in an
amount of from 10 to 50 % by weight based on the THF-soluble

resin composition.

24. The image forming method according to claim 23, wherein
said binder resin contains from 10 to 70% by weight of a THF-

insoluble matter.

25. The image forming method according to claim 23, wherein
said binder resin contains from 10 to 60% by weight of a THF-

insoluble matter.

26. The image forming method according to claim 23, wherein
said binder resin comprises a styrene binder resin cross-linked
with a cross-linking agent and the cross~linked styrene binder

resin is prepared by suspension polymerization.

27. _The image forming method according to any ‘one of claims
1 to 26, wherein said binder resin comprises a styrene binder
resin containing coproduced benzaldehyde contaminant hav:.ng an
undesired odor, wherein said benzaldehyde is present in sa:.d
toner in an amount of not more than 0.005% by weight based on the

weight of the toner.

28. The image forming method accordina to any one of claims
1 to 27, wherein said binder resin contains THF-insoluble matter
and contains benzaldehyde in an amount of not more than 0.01% by

weight based on the weight of the styrene binder resin.

29. The image forming method according to claim 28, wherein
said styrene binder resin comprises a cross-lined styrene resin
and contains benzaldehyde in an amount of not more than 0.005%
by weight based on the weight of the cross-linked styreﬁe resin.

30. The image forming method according to any one of claims

HIIIIII lIIIII IIIII IIIII Il
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16. The image form ng nmet hod according to any one of clains 1 to 15,
wherein said coloring agent conprises at |east one of a dye and a pignent.
17.. The image form ng net hod according to claim 16, wherein said coloring
agent is present-in an amount of from5 to 20 % by weight based on the

wei ght of the binder resin. $871The i mage forming nethod according
to any one of clains 1 to 17, wherein said styrene binder resinis
cross-linked with divinyl benzene. 19. The inmage form ng net hod
according to any one of clains 1 to 18, wherein said styrene binder resin
conprises a styrene- acrylate copolyner. 20. The inmage formng

nmet hod according to any one of clains 1 to 19, wherein said styrene binder
resi n conprts @9 ,awvhieyednesaidehihadey lratsdincbpsl ymeright averaye mbledulrge
formng ne LN y {28! @b PBh (&0 eregn | d styrene
bi nder res%%&gg)}?%%%rfgg%?iggt%gfgc’g a I@h (J[ /t%:Q) X\@ =°5. 3 Qe
one peak in the region of a molecular weight of from 2,000 to
10,000 and at least the peak or shoulder in the region of a
molecular weight of from 15,000 tc 100,000 in the molecular
weight distribution measured by gel permeation chromatography of

a THF-soluble matter in the binder resin.

31. The image forming method according to any one of
claims 1 to 30, wherein said styrene type binder resin cox.n;_';orises
a mixture of a non-crosslinked styrene polymer or styrene
copolymer and a crosslinked styrene polymer or styrene copolymer.

32. The image forming method according to any one of claims
1 to 31, whexrein said styrene type binder resin comprises a
mixture of a styrene polymer or styrene copolymer prepared by
solution polymerization and a styrene polymer oxr styrene

copolymer prepared by suspension polymerization.

I
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70% by weight of a THF-insoluble matter. 22. The inmage formng

nmet hod according to any one of clains 1 to 21, wherein said styrene binder
resin contains from1l0 to 60% by weight of a THF-insol uble mtter.

23. The inmage form ng nethod according to any one of clains 1 to 22,
wherein said binder resin (i) has a wei @t -average nol ecul ar wei ght/ nunber
average nol ecul ar wei ght (Mv Mn) of [err] 5, at |east one peak in the region
of a nol ecular weight of from2,000 to 10,000 and at |east the peak or
shoul der in the region of a nolecular weight of from 15,000 to 100,000 in

t he nol ecul ar - 70 - wei ght

di stribution neasured by gel Eerneatlon chronatography of a THF-sol uble
matter in the binder resin, af¥AEE FORYANG METHPconponent with a nol ecul ar
wei ght of not nore than 10,000 in an

Abstract of the disclosure

The present invention provides

an image forming method comprising:

electrostatically charging a chargeable member for
supporting thereon aﬂ electrostatic image by a contact
charging assembly;

forming an electrostatic image on the chargeable
member; '

developing the electrostatic image on the chargeable
member to form a toner image with a toner comprising a
styrene binder resin an a coloring agent, wherein an
aldehyde is contained in said toner in an amount of not
more than 0.005% by weight based on the weight of the
toner;

transferring the toner image to a transfer paper; and

fixing the toner image on the transfer paper by
applying heat and pressure to the toner image.

FIGURE 1
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anount of from 10 to 50 % by wei ght based on the THF-soluble resin

conposi tion. 24. The image form ng nethod according to claim 23,
wherein said binder resin contains from10 to 70% by wei ght of a THF-

i nsoluble matter. 25. The inmage formrig method according to claim
23, wherein said binder resin contains from10 to 60% by wei ght of a THF-
i nsol ubl e matter. 26. The image form ng nethod according to claim

23, wherein said binder resin conprises a styrene binder resin cross-1linked
with a cross-1linking agent and the cross-linked styrene binder resin is
prepared by suspension pol ynerization. 27. The image form ng

nmet hod according to any one of clains 1 to 26, wherein said binder resin
conprises a styrene binder resin containing coproduced benzal dehyde
cont am nant havi ng an undesired odor, wherein said benzal dehyde is present
in said toner in an anmount of not nore than 0.005% by wei ght based on the
wei ght of the toner. 28. The inmage form ng nethod according to any
one of clains

FI1G. 1
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1 to 27, wherein said binder resin contains THF-insol uble matter and
cont ai ns benzal dehyde in an anount of not nore than 0.01% by wei ght based
on the wei ght of the styrene binder resin. 29. The inage form ng

met hod according to claim 28, wherein said styrene binder resin conprises a
cross-lined styrene resin and contai ns [Renzal dehyde in an anmount of not
nore than 0.005% by wei ght based on the weight of the cross-I|inked styrene

resin. + 30. The image form ng nmethod according to any one of clains
- 71 - 1 to 29, wherein said binder resin has a wei ght average
mol ecul ar

a

~212
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wei ght / nunber average nol ecul ar wei ght (Mv Mn) of [err] 5, at |east one peak
in the region of a nolecular weight of from2, 000 to 10,000 and at | east

t he peak or shoulder in the region of a mol ecul ar wei ght of from 15,000 to .
100,000 in the nol ecul ar wei ght distribution nmeasured by gel perneation
chromat ography of a THF-sol ubl e matter- i3n. <t he bi nder resin. 31. The
i mge form ng nethod according to any one of clains 1 to 30, wherein said
styrene type binder resin conprises a mxture of a non-crosslinked styrene
pol ymer or styrene copol yner and a crosslinked styrene polymer or styrene
copol yner. 32. The image form ng nethod according to any one of
clains 1 to 31, wherein said styrene type binder resin conprises a mxture
of a styrene polynmer or styrene copol yner prepared by sol ution

pol ymeri zation and a styrene polyner or styrene copolyner prepared by

suspensi on pol yneri zati on.
FIG.3

310 DQ«BM-

L PRINTER 318
CONTROLLER '

IMAGE READING PART
311
R et .—l
| ~ CONTROLLER|] :
3 [
! 316 121" Recewvine -
! (W CIRCUIT }
|| IMAGE i
i | MEMORY | 315
. vz S
} 317 TRANSMITTING| | |
| S| — CIRCUIT | CIRCUIT
al |
| |- CPU | 3513 :
{ - |
[ |
[ |
| |
; X
'l
|
| |
o

1319
PRINTER

st
?’.".X‘.'J&Lx{‘
kT
;.me::*?».
ot
S
%
ety
CoET
YW

£

This is- the replacemnm shee?
f‘s‘f'f* :

Oal: 007 g



