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[DESCRIPTION]

[Title of Invention] RESIN FOR TONER AND TONER

[Technical Field]

[0001]

The present invention relates to a toner used in an
image-forming method of an electrophotographic system and

a resin for toner that composes the toner.

[Background Art]
[0002]

Accompanying increasing demands fof saving energy in
recent years, there is a growing need for a toner capable
of fixing at lower tempefatures. The use of a polyester
resin having a low softening temperature has been proposed
as means of lowering fixation temperature. However, the
use of an ordinary amorphous polyester resin having a low
softening temperature results in the occurrence of blocking
due to melt adhesion of toner particles during storage or
transport.

Therefore, a technology has been proposed that uses
a crystalline polyester resin having a sharp melt property
such that viscosity significantly decreases when the
melting point 1is exceeded as means for realizing both
blockingresistanceandlow—temperaturefixability(Patent
Literatures 1 to 3).

[Citation List]
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[Patent Literature]

(0003]

[PTL 1] Japanese Examined Patent Application Publication
No. S56-13943 |

[PTL 2] Japanese Examined Patent Application Publication
No. S62-39428

[PTL 3] Japanese Patent Application Laid-open No. H4-120554

[Summary of Invention]
[Technical Problems]
[0004]

When a conventional crystalline polyestér resin is
used as a binder resin of a toner for electrophotography,
although it is superior from the viewpoint of realizing both
fixing performance and blocking property due to the sharp
melt property of the resin, there are problems in terms of
charging characteristics. More specifically, there are
the serious problems of low electrical resistivity of the
crystalline polymer and gradual leakage of charge after
charging.

Therefore, an object of the present invention is to
provide a crystalline polyester resin having a sharp melt
property that realizes both fixing performance and blocking
property and demonstrates favorable charging performance,

and a toner containing that crystalline polyester resin.

[Solution to Problem]
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[0005]

The present invention relates to a crystalline
polyester resin for toner, satisfying the following
relationships:

25 £ Tg £ 70, and

(Tg+273)/ (Mp+273) = 0.75,

wherein

Tg (°C) represents a glass transition temperature of
the crystalline polyester resin for toner; and

Mp (°C) represents a melting point of the crystalline

polyester resin for toner.

[Advantageous Effects of Invention]
[0006]

According to the present invention, a crystalline
polyester resin.can be provided that has a sharp melt
property, realizes both fixing performance and blocking
'property, and demonstrates favorable charging performance.
In addition, a toner containing the crystalline polyester
resin can be provided.

Further features of the present invention will become
apparent from the following description of exemplary

embodiments.

[Description of Embodiments]
[0007]

As a result of conducting extensive studies on the
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problem of the charging performance of crystalline
polyester resins, the inventors of the present invention
found that a decrease in electric resistance value, caused
by the low glass transition temperature and high molecular
mobility of crystalline polyester resins used in toner
applications, is one of the factors behind this problem.
Since crystalline polyester resins having a low melting
point able to be used in toners are basically composed of
a long-chain alkyl backbone, the glass transition
temperature thereof ends up Dbeing at or below room
temperature. Consequently, movement of the molecular
chain under room temperature conditions is unable to be
inhibited, thereby resulting in increased susceptibility
to the occurrence of charge leakage.

Therefore, the use of a crystalline polyester resin
having a high glass transition temperature in a toner is
thought to result in favorable charging performance.
However, since there is a correlation between glass
transition temperature and melting point, themelting point
of an ordinary polyester resin having a glass transition
temperature equal to or higher than room temperature ends
up being 180°C or higher.

Furthermore, the correlation between glass
transition temperature and melting point is empirically
known to satisfy the following equation:

(glass transition temperature (°C) + 273)/(melting

point (°C) + 273) = 2/3.
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As a result of conducting extensive studies, the
inventors of the present invention found that by increasing
crystal interplanar distance in a crystalline polyester
resin having a glass transition temperature equal to or
higher than room temperature, melting point can be lowered
to a suitable range without lowering glass transition
temperature.

The following provides an explanation of the present
invention.

[0008]

The crystalline polyester resin for toner of the
presént invention (hereinafter to also be simply referred
to as "crystalline resin")' satisfies the following
relationships when glass transition temperature is defined
as Tg (°C) and melting point is defined as Mp (°C):

25 £ Tg £ 70, and

(Tg+273) / (Mp+273) = 0.75.

In the case glass transition temperature is lower than
25°C, movement of crystalline resin molecules at Troom
temperature is unable to be inhibited, and as. a result
thereof, charge retentivity decreases. On the other hand,
in the case glass transition temperature exceeds 70°C,
fixing performance becomes inferior. 1In addition, a glass
transition temperature of 40°C or higher is more preferable
from the viewpoint of charge retentivity. In addition, a
glass transition temperature of 60°C or lower 1is more

preferable from the viewpoint of fixing performance. In
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the case emphasis is placed on low-temperature fixability
in the crystalline resin of the present invention, a
crystalline resin can be selected that has a low glass
transition temperature within the above-mentioned range.
In the case of emphasizing charge retentivity and blocking
property, a crystalline resin can be selected that has a
high glass transition temperature within the
above-mentioned range.
The glass transition temperature and melting point
of the crystalline resin of the present invention become
"close to each otﬁer as a result of satisfying the
relationship of (Tg+273)/(Mp+273) = 0.75. Consequently,
even in the case glass transition temperature is equal to
or higher than room temperature, melting point decreases
to the fixable range of the toner resulting in favorable
fixing performance and charging performance.
Inaddition,glasstransitiontemperatureandn@ltihg
point preferably satisfy the relationship:
(Tg+273)/ (Mp+273) 2> 0.80
and more preferably:
(Tg+273) / (Mp+273) = 0.85
from the viewpoint of simultaneously realizing charging
performance, blocking property and fixing performance.
Furthermore, since Tg < Mp, the value of
(Tg+273)/ (Mp+273) is less than 1.00.
In addition, although any melting point can be used

for the melting point Mp of the crystalline resin of the
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present invention provided it satisfies the above-mentioned
conditions, it is preferably 180°C or lower, more preferably
125°C or lower and even more preferably 100°C or lower. As

a result of making the melting point to be 180°C or lower,
fixing performance of the toner is ensured in the case of
containing in a toner, as a result of making the melting
point to be 125°C or lower, the low-temperature fixability
of the toner is superior, and as a result of making the
melting point to be 100°C or 1lower, low-temperature
fixability becomes extremely favorable. On the other hand,
although there are no particular limitations on the lower
limit value of the melting point, it is preferably 70°C or
higher from the viewpoint of blocking property.

[0009]

Glass transition temperature (Tg) of the crystalline
resin of the present invention is measured in compliance
with ASTM D3418-82 using a differential scanning
calorimeter (DSC822/EK90, Mettler~Toledo) .

More specifically, glass transition temperature (Tg)
is measured in the manner indicated below.

i) 0.01 g of sample is weighed in an aluminum pan.

ii) The aluminum pan containing the sample is heated
to 200°C at a ramp rate of 10°C/min.

iii) The aluminunlpan‘containing the sample is cooled
from 200°C to -100°C at a cooling rate of 10°C/min. .

iv) The aluminum pan containing the sample is heated

from-100°C to 200°C at a ramp rate of 10°C/min, and the amount
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of endothermic energy (DSC curve) is measured in this step.

The temperature at the intersection on the resulting
DSC curve of a line extending from the low-temperature
baseline to the.high—temperatﬁre baseline, and a line drawn
at the point tangential to the slope of the curve at the
portion of the curve where the glass transition temperature
changes in steps reaches a maximum, is the glass transition
temperature.

In addition, in the‘ case glass transition
temperatures are detected at two or more points, the glass

. transition temperature detected at the point at the lower

temperature is taken to be the glass transition temperature
of the crystalline resin of the present invention.

Moreover, the glass transition temperature (Tg) of
the crystalline resin of the present invention contained
in a toner can be determined by measuring glass transition
temperature (Tg) according to the above-mentioned method
after having isolated the crystalline resin component from
resin contained in the toner. An example of a method for
iscolating the <crystalline resin component includes
isolating the crystalline resin component as residue by
Soxhlet extraction of the toner with ethyl acetate solvent.
Furthermore, the molecular structure of the extraction
residue can be confirmed to be that of crystalline resin
by measuring the NMR spectrum thereof.
[0010]

Melting point (Mp) of the crystalline resin of the
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present invention can be measured in compliance with ASTM
D3418—82 using a differential scanning calorimeter
(DSC822/EK90, Mettler-Toledo). More specifically, 0.01 g
of sample is weighed in an aluminum pan, and calorimetry
is carried out while raising the temperature of the sample
from room temperature to 200°C at a ramp rate of 10°C/min.
Next, the peak temperature of the endothermic peak as
determined from the resulting DSC curve is taken to be the
melting point.

In addition, themelting point (Mp) of the crystalline
resin of the present invention contained in a toner can be
determined by measuring the toner directly using the
above-mentioned method. At that time, a melting point
attributable to wax present in the toner may bevobserved.
The melting point attributable to crystalline resin can be
discrimiﬁated from the melting point of the wax by
extracting the wax from the toner by Soxhlet extraction
using a hexane solvent, carrying out differential scanning
calorimetry on the wax only according to the above-mentioned
method, and comparing the resulting melting point with the
melting point of the toner.

[0011]

The‘ratio of low diffraction angle components R (%)
in the crystalline resin of the present invention calculated
based on measurement by wide-angle X-ray diffraction
preferably satisfies the expression indicated below.

30 < R £ 100
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(wherein, R = (Iczo/Ic) x 100, Iy indicates the total area
of crystalline peaks detected within a range of 5 £ 20 <
20, Ic. indicates the total area of crystalline peaks detected
within a range of 5 <20 < 60, and 20 indicates a diffraction
angle (deg))

The above-mentioned ratio of 1low diffraction angle
components R (%) indicates the abundance of crystals having
a large interplanar distance. Consequently, in the case
the ratio of low diffraction angle components R (%) is such
that 30 <R <100, a large number of components having large
crystal interplanar distance are present, andmelting point
tends to become lower than that based on the commonly known
relationship between glass transition temperature and
melting point, thereby making this preferable. Inaddition,
if the ratio of low diffraction angle components R (%)

satisfies the relationship of 40 £ R £ 100, melting point
can be lowered without lowering glass transition
temperature, thereby making this more preferable.

[0012]

In addition, the degree of crystallinity of the
crystalline resin of the present invention calculated based
on measurement by wide-angle X-ray diffraction 1is
preferably at least 10% and more preferably 20% or more:

degree of crystallinity (%) = Ic/(Ic+Ia) x 100
(wherein, Ic indicates the total area of crystalline peaks
detected within a range of 5 £ 20 £ 60, and Ia indicates

the total area of amorphous scattering detected within a
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range of 5 £ 26 £ 60).

In the case the degree of crystallinity is less than
10%, the proportion of amorphous portions becomes high, and
blocking property during high-temperature storage of toner
in the case of being contained in a toner tends to decrease.

On the other hand, although there are no particular
limitations on the upper limit value of the degree of
crystallinity, it is preferably 70% or less from the
viewpoint of productionefficiency during toner production.

Crystallinity of the crystalline resin of the present

"invention can be measured by wide-angle X-ray diffraction
and assessed based on degree of crystallinity calculated
using a formula to be subsequently described, and the
crystalline resin of the present invention is considered
to be a crystalline resin in the case of having a degree
of crystallinity of 1% or more.

[0013]

The ratio of low diffraction angle components R and
degree of crystallinity of the crystalline resin of the
present invention can be measured by wide-angle X-ray
diffraction under the conditions indicated below.

X~-ray diffraction instrument: D8 ADVANCE, Bruker AXS

X-ray source: Cu-Ka radiation (wavelength: 0.15418
nm)

Output: 40 kV, 40 mA

Slit system: Slit DS, SS = 1° RS = 0.2 mm

Measurement range: 20 = 5° to 60°
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Step interval: 0.02°

Scanning rate: 1°/min

After grinding the crystalline polymer with a mortar,
a wide-angle X-ray diffraction profile is obtained under
the above-mentioned conditions. The resulting wide-angle
X-ray diffraction profile is separated into crystalline
peaks and amorphous scattering peaks, and the ratio of low
diffraction angle components R and degree of crystallinity
are calculated froﬁ their respective areas using the
above-mentioned expressions (1) and (2). Furthermore, the
ratio of low diffraction angle components R (%) and the
degree of crystallinity of the crystalline resin of the
present invention contained in a toner are determined by
isolating tﬁe crystalline resin component from the resin
contained in the toner followed by measurement of the ratio
of low diffraction angle components R (%) and the degree
of crystallinity according to the methods described above.
An example of a method for isolating the crystalline resin
component 1includes isolating the crystalline resin
component as residﬁe by Soxhlet extraction of the toner with
ethyl acetate solvent. The molecular strﬁcture of the
extraction residue can be confirmed to be that of
crystalline resin by measuring the NMR spectrum thereof.
[0014]

The following provides an explanation of the
structure of the crystalline resin of the present invention.

"Although any crystalline polyester resin can be used
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for thé crystalline polyester resin for toner of the present
invention provided it satisfies the above-mentioned
physical préperties, a crystalline resin obtained by
condensation polymerization of a dicarboxylic acid
component and a diol component is preferable.

A preferable example of the crystalline polyester
resin for toner of the present invention is a crystalline
resin obtained by condensation polymerization of a
dicarboxylic acid component containing at least one
compound selected from the group consisting of terephthalic
acid, 2,6-naphthalene dicarboxylic acid and derivatives
thereof, and a diol component containing at least one
compound selected from the group consisting of
2-methyl-1, 3-propanediol, 2,2-dimethyl-1,3-propanediol
and deriVatives thereof.

In addition, the crystalline polyester resin for
toner of the present invention 1is more preferably a
crystalline resin obtained by condensation polymerization
of a dicarboxylic acid component containing at least one
compound selected from the group consisting of terephthalic
acid, 2,6-naphthalene dicarboxylic acid and derivatives
thereof in a total amount of at least 50% by mole in the
dicarboxylic acid component, and a diol component
containing at least one compound selected from the group
consisting of 2-methyl-1, 3-propanediol,
2,2-dimethyl-1, 3-propanediol and derivatives thereof in a

total amount of at least 50% by mole in the diol component.
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As was previouslyﬁaescribed, the crystalline resin
of the present invention preferably contains at least one
compound selected from the group consisting of terephthalic
acid, 2,6-naphthalene dicarboxylic acid and derivatives
thereof as a dicarboxylic acid component in a total amount
of at least 50% by mole in the dicarboxylic acid component.
Here, the above-mentioned derivatives refer to derivatives
such as those obtained by methyl esterification, ethyl
esterification or acid chlorination of terephthalic acid
and 2,6-naphthalene dicarboxylic acid that allow the
obtaining of a similar resin struéture by the
above-mentioned condensation polymerization. Specific
examples thereof include dimethyl terephthalate, diethyl
terephthalate, terephthaloyl dichloride, dimethyl
2, 6-naphthalene dicarboxylate, diethyl 2,6-naphthalene
dicarboxylate and 2,6-naphthalene dicarboxylic acid
dichloride.

As a result of containing a compound selected from
the group consisting of terephthalic acid, 2, 6-naphthalene
dicarboxylic acid and derivatives thereof for the
above-mentioned dicarboxylic acid component, the aromatié
rings are arranged linearly and the glass transition
temperature of the crystalline resin becomes higher,
thereby facilitating the occurrence of crystallization.
Here, the dicarboxylic acid component used is not limited
to the above-mentioned specific compounds provided the

aromatic rings are arranged linearly.
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In addition, in order to further raise the glass
transition temperature of the crystalline resin to further
facilitate the occurrence of <c¢rystallization, the
above-mentioned dicarboxylic acid component more
preferably contains at least one compound selected from the
group consisting of terephthalic acid, 2,6-naphthalene
dicarboxylic acid and derivatives thereof in a total amount
of at least 90% by mole in the dicarboxylic acid component.
[0015]

As was previously described, the crystalline resin
of the present invention preferably contains at least one
compound selected from the group <consisting of
2-methyl-1, 3-propanediol, 2,2-dimethyl-1, 3-propanediol
andderivativesthereofas}adiolcomponentjjlatotalamount
of at least 50% by mole in the diol component. Here, the
above-mentioned derivatives refer to derivatives obtained
by esterifying 2-methyl-1, 3-propanediol and
2,2-dimethyl-1, 3-propanediol that allow the obtaining of
a similar resin structure Dby the above-mentioned
condensation polymerization. Specific examples thereof
include 2-methyl-1,3-propanediol dimethacrylate and
2,2-dimethyl-1, 3-propanediol dimethacrylate.

The melting point of the resulting crystalline resin
can be lowered as a result of both 2-methyl-1, 3-propanediol
and 2,2-dimethyl-1, 3-propanediol having a branched methyl
group. Among these, in the case of using

2-methyl-1, 3-propanediol, the decrease inmelting point can
|
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be made to be larger, thereby making this more preferable.

In addition, in order to further lower the melting
point of the crystalline resin, the diol component more
preferably contains at least one éompbund selected from the
group consisting of 2-methyl-1, 3-propanediol,
2,2-dimethyl-1, 3~propanediol and derivatives thereof in a
total amount of at least 90% by mole in the diol component.

As a result of introducing a baékbone in the manner
of a compound selected from the group consisting of
2-methyl-1, 3-propanediol, 2,2-dimethyl-1, 3-propanediol
and derivatives thereof as a diol component, branching is
present that consists of short methyl groups on a rigid main
chain and interplanar distance is thought to increase during
crystallization. Consequently, in the resulting
crystalline resin, the interplanar distance of the crystals
contained therein 1s suitably increased, and the
above-mentioned ratio of low diffraction angle components
R (%) can be controlled to within a prescribed range. As
a result, the melting point of the resulting crystalline
resin decreases and low-temperature fixability is thought
to be demonstrated in the case of containing in a toner.
Here, the diol component used is not limited to the
above-mentioned specific compounds provided branching
consisting of short methyl groups on a rigid main chain is
preéent.

On the other hand, if only 1,3-propanediol and the

like absent of a branching structure is used as a diol
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component, although packing of the main chain improves and
crystallization of the crystalline resin occurs more easily,
melting point becomes higher and low-temperature fixability
decreases in the case of containing in a toner, and this
tends to make it difficult to obtain desired effécts. In
addition, when only 1,2-butanediol having a large branched

. portion is used as a diol component, the branched portion
thereof is thought to inhibit crystallization and it tends
to be difficult for crystallization to occur.

In addition, during production of the crystalline
resin of the present invention, other carboxylic acid
components and alcohol components may also be used as
necessary to a degree that does not impair the
above-mentioned physical properties. However, in the case
of combining the use of a long-chain aliphatic dicarboxylic
acid component having 6 or more carbon atoms or a long-chain
diolcomponenthaving6cn:ﬁorecarbonatoms,resinnwbility
increases locally and charging performance tends to
decrease. Examples of other carboxylic acid components
include carboxylic acids such as oxalic acid, malonic acid,
maleic acid, fumaric acid, citraconic acid, itaconic acid,
glutaconic acid or succinic acid; alicyclic dicarboxylic
acids such as l,lfcyclopentene dicarboxylic acid,
1,4-cyclohexane dicarboxylic acid, 1, 3-cyclohexane
dicarboxylic acid or 1,3-adamantane dicarboxylic acid;
aromatic dicarboxylic acids such as "phthalic acid,

isophthalic acid, p-phenylene diacetic acid, m-phenylene
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diacetic acid, p-phenylene dipropionic acid, m-phenylene
dipropionic acid, naphthalene-1,4-dicarboxylic acid or
naphthalene-1,5-dicarboxylic acid; and polyvalent
carboxylic acids having a valence of 3 or more such as
trimellitic acid, pyromellitic acid, naphthalene
tricarboxylic acid, naphthalene tetracarboxylic acid,
pyrene tricarboxylic acid or pyrene tetracarboxylic acid.
However, other monomers are not limited thereto.

Examples of other alcohol components include divalent
alcohols such as 1,2-propanediol, 1,3-propanediol,
1,4-butanediol, 1, 5-pentanediol, 1,4-butenediol,
cyclohexanediol and cyclohexanedimethanol. In addition,
examples of alcohols having a valence of 3 or more include
glycerol, pentaerythritol, hexamethylolmelamine and
hexaethylolmelamine. However, other monomers are not
limited thereto.

[0016]

The weight—average molecular weight (Mw) of the
crystalline resin of the present invention as measured by
gel permeation chromatography (GPC) is preferably at least
5,000 and not more than 50,000, and more preferably at least
5,000 and not more than 20,000. In the éase the
weight-average molecular weight (Mw) is less than 5,000,
strength as a resin decreases and Tg tends to lower. In
addition, in the case the weight-average molecular weight
(Mw) exceeds 50,000, since the crystalline resin of the

present invention has a rigid structure, viscosity tends
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to increase when dissolved in an organic solvent and the
like during toner production. Consequently, 1t is
difficult for resin deformation to occur even at
temperatures equal to or higher than the melting point, and
low-temperature fixability as toner tends to decrease.

- Furthermore, the above-mentioned weight-average
molecular weight (Mw) of the crystalline resin can be easily
controlled by various known crystalline resin prodﬁction
conditions.

In addition, the above-mentioned weight-average
molecula; weight (Mw) of the crystalline resin is measured
in the manner indicated below using gel permeation
chromatography (GPC).

Special grade 2, 6-di-t-butyl-4-methylphenol (BHT) is
added to o-dichlorobenzene for gel chromatography to a
concentration of 0.10 wt/vol% and dissolved at room
temperature. Crystalline resin and the above-mentioned
o-dichlorobenzene to which BHT has been added are placed
in a sample bottle followed by heating on a hot plate set
to 150°C to dissolve the crystalline resin. Once the
crystalline resin has dissolved, it is placed in a preheated
filter unit and installed in the main device. The solution
that has been passed through the filter unit is referred
to as a GPC sample. Furthermore, the sample solution is
adjusted to a concentration of about 0.15% by mass.
Measurement is then carried out using this sample solution

under the conditions indicated below.
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Instrument: HLC-8121GPC/HT (Tosoh Corporation)

Detector: High-temperature RI

Column: TSKgel GMHHR~-H HT, 2 in series (Tosoh Corporation)
Temperature: 135.0°C |

Solvent: o-dichlorobenzene for gel chromatography (with
0.10 wt/vol% of BHT)

Flow rate: 1.0 ml/min

Injection volume: 0.4 ml

In calculating the molecular weight of the
crystalline resin, a molecular weight calibration curve is
used that was prepared using standard polystyrene resins
(e.g., trade name "TSK Standard Polystyrene F-850, F-450,
F-288, F-128, F-80, F-40, F-20, F-10, ¥-4, F-2, F-1, A-5000,
A-2500, A-1000, A-500"; Tosoh Corporation).

In addition, the weight-average molecular weight (Mw)
of the crystalline resin of the present invention contained
in toner is determined by isolating the crystalline resin
component from the resin contained in the toner, and
measuring the weight-average molecular weight (Mw)
according to the above-mentioned method. An example of a
method for isolating the crystalline resin component
includes isolating the crystalline resin component as
residue by Soxhlet extraction of the toner with ethyl
acetate solvent. Themolecular structure of the extraction
residue can be confirmed to be that of crystalline resin
by measuring the NMR spectrum thereof.

[0017]
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There may be cases in which it 1is difficult for
crystallization of the crystalline resin of the present
invention to occur due to the high glass transition
temperature thereof. Therefore, in the case of desiring
to more reliably carry out crystallization of a crystalline
resin obtained by condensation polymerization of monomers
that compose the resin, or in the case crystallization of
the crystalline resin has been judged to be inadequate,
crystallization treatment is carried out either after
condensation polymerization of the monomers that compose
the resin or during the toner production process.

There are no particular limitations on the method used
for crystallization treatment, and a known method can be
used. Specific examples of such methods are as follows:
(1) a method including heating and dissolving a resin
obtained by condensation polymerization of monomers in an
organic solvent followed by lowering the temperature;
(2) a method including dissolving a resin obtained by
condensation polymerization of monomers in an organic
solvent, and removing the organic solvent from the resulting
resin solution; and
(3) a method including combining the methods described in
(1) and (2).

Although the reason why resin crystallization is
promoted by these methods is uncertain, it is thought that
dissolution of the resin in an organic solvent may mimic

reduction of the glass transition temperature, resulting
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in facilitation of crystallization.

Examples of organic solvents used at that time include
toluene, xylene, acetone, tetrahydrofuran, ethyl acetate,
propyl acetate, butyl acetate and supercritical CO;. In
particular, organic solvents having a solubility parameter
(SP) value of 8 to 9 tend to promote resin crystallization.

In additicon, specific examples of the method
described in (1) above are indicated below.

(i) A resin obtained by condensation polymerization
of monomers 1is addéd to an organic solvent followed by
heating to about 60°C to 100°C to dissolve the resin in the
organic solvent and prepare a resin solution.

(ii) Subsequently, the resulting resin solution is
gradually cooled to 40°C or lower, and preferably to about
room temperature (for example, about 25°C), at the rate of
about 1°C/hr to 50°C/h£ to cause the resin to precipitate.
On the other hand, specific examples of the method described
in (2) above are iﬁdicated below.

(i) A resin obtained by condensation polymerization
of monomers is dissolved in an organic solvent to prepare
a resin solution.

(ii) The resulting resin solution is held at a
temperature of about 60°C to 100°C for about 15 minutes to
1 hour.

(iii) Subsequently, the organic solvent is removed
over the course of about 2 hours to 120 hours at a temperature

of about 4°C to 30°C and pressure of about 250 mmHg to 760
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mmHg to obtain a resin.
(0018]

On the other hand, since the crystalline resin of the
present invention has the previously described
characteristics, after the crystalline resin of the present
invention has been crystallized in an organic solvent,
crystallization stops when the organic solvent is removed.
Consequently, it has the characteristic of being resistant
to the occurrence of changes over time, such as the
progression of crystallization, during storage as a toner.

In particular, the crystalline resin of the present
invention is resistant to changes over time if an amount
of heat of fusion as measured by a differential scanning
calorimeter (DSC) satisfies the following expression (3),
thereby making this preferable:

H2/H1 < 0.1 (3)

wherein, H1l (J/g) represents an amount of heat of
fusion after a first temperature rise from.25°tho 200°C at
a ramp rate of 10°C/min, while H2 (J/g) represents an amount
of heat of fusion after a second temperature rise from 25°C
to 200°C at a ramp rate of 10°C/min carried out after cooling
to 25°C at a cooling rate of 1°C/min after the first
temperature rise and holding for 24 hours at 25°C).

Here, Hl indicates degree of crystallinity in the
initial state, while H2 indicates the degree to which the
crystalline resin crystallizes in the case of having been

cooled gradually in an air atmosphere after being melted.
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Thus, [H2/H1] refers to the extent to which the crystalline
resin returns to its initial crystalline state in an air
atmosphere. 1In other words, in the case [H2/H1] is small,
crystals are unlikely to undergo a change in an air
atmosphere and are resistant to changes over time during
storage.

Furthermore, the amount of heat of fusion of the
crystalline resin of the present invention (H1 and H2) can
be measured in compliance with ASTM D3418-82 using a
differential scanning calorimeter (DSCB822/EK90,
Mettler-Toledo). More specifically, 0.02 g of sample is
weighed in an aluminum pan followed by raising the
temperature from 25°C to 200°C at a ramp rate of iO°C/min
and measuring the amount of heat of fusion H1 (J/g) at that
time. Continuing, after cooling to 25°C at a cooling rate
of 1°C/min, the temperature is held at 25°C for 24 hours
followed by raising the temperature a second time from 25°C

to 200°C at a ramp rate of 10°C/min and measuring the amount
of heat of fusion H2 (J/g) at that time. Here, in the.
temperature range where an‘endothermic peak appears, the
amount of endothermic energy calculated from the area
surrounded by the differential scanning calorimetry curve
having an endothermic peak obtained when the temperature
was raised the first time and the baseline of the
differential scanning calorimetry curve is defined as the
amount of heat of fusion H1 (J/g). On the other hand, the

amount of endothermic energy calculated from the area
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surrounded by the differential scanning calorimetry curve
having én endothermic peak obtained when the temperature
was raised a second time and the baseline of the differential
scanning calorimetry curve is defined as the amount of heat
of fusion H2 (J/g).

The above-mentioned [H2/H1] can be controlled by, for
example, the constituent components of the crystalline
resin. As a specific example thereof, the above-mentioned
range can be controlled by containing for the diol component
a diol having a branched structure in the manner of a
compound selected from the group consisting of
2-methyl-1, 3-propanediol, 2,2-dimethyl-1, 3-propanediol
and derivatives thereof.

In addition, the amount of heat of fusion (H1 and H2)
of the crystalline resin of the present invention contained
in a toner can be determined by measuring the toner directly
using the above-mentioned method. At that time, an
endothermic peak attributable to wax present in the toner
may be observed. The endothermic peak attributable to wax
can be discriminated from the endothermic peak attributable
to the crystalline resin by extracting the wax from the toner
by Soxhlet extraction using a hexane solvent; carrying out
differential scanning calorimetry on the wax only according
to the above-mentioned method, and comparing the resulting
endothermic peak with the endothermic peak of the toner.
[0019]

The toner of the present invention contains the
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crystalline polyester resin for toner of the present
invention.

The toner of the present invention can be produced
by a known production method such as pulverizing, suspension
polymerization, emulsification aggregation or dissolution
suspension, and the production method is not particularly
limited. However, among these production methods, the
toner of the present invention is preferably produced by
the dissolution suspension method from the viewpoint of
controlling crystallinity of the crystalline resin of the
present invention.

The following indicates an example of a toner
production method using the dissolution suspension method.

The dissolution suspension method is a method for
producing toner by dissolving or dispersing a colorant and
release agent and the like in an organic solvent, dispersing
the resulting solution or dispersion in a poor solvent such
as water approximately at the size of toner particles, and
distilling off the organic solvent while in that state. In
the dissolution suspension method, toner is produced by
going through a resin dissolving step, a granulating step,
a solvent removal step, and a washing and drying step.

An example of a production method of the toner of the
present invention comprises a step of obtaining a resin
composition by at least dissélving the crystalline
polyester resin for toner of the present invention or resin

prior to crystallization treatment of the crystalline
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polyester resin for toner of the present invention (to be
referred to as the pre-crystallization treatment resin) in
an organic solvent (resin dissolving step), a step of
obtaining a dispersion by dispersing the resulting resin
composition in an aqueous medium (granulating step), and
a step of removing the above-mentioned organic solvent from
the resulting dispersion (solvent removal step).

[0020]

<Resin Dissolving Step>

The above-mentioned resin dissolving step is a step
of producing a resin composition.by'heating‘and dissolving
the crystalline resin of the present invention or a resin
prior to crystallization treatment of the crystalline resin
of the present invention in an organic solvent to prepare
a resin solution, anddissolving or dispersing another resin,
colorant or release agent and the like in the resin solution
as necessary;

A preferable example of an embodiment for obtaining
the resin composition includes, but is not limited to,
dissolving, in an organic solvent, a polyester resin
obtained by condensation polymerization of a dicarboxylic
acid component containing at least one compound selected
from the group <consisting of terephthalic acid,
2,6-naphthalene dicarboxylic acid and derivatives thereof,
and a diol component containing at least one compound
selected from the group consisting of

2-methyl-1, 3-propanediol, 2,2-dimethyl-1, 3-propanediol
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and derivatives thereof.

Any arbitrary solvent can be used for the organic
solvent used provided it is an organic solvent that
dissolves the resin. Specific examples thereof include
toluene, xylene, chloroform, methylene chloride and ethyl
acetate. Furthermore, in the present invention, toluene
and ethyl acetate are used preferably from the viewpoirits
of promoting crystallization of the crystalline resin and
facilitating removal of solvent. In addition, if a solvent
such as toluene having high efficacy for promoting
crystallization is used alone, the resulting toner easily
adopts a hollow structure and strength tends to decrease.
Consequently, decreases in strength can be prevented by
mixing a solvent having low efficacy for promoting
crystallization such as chloroform with a solvent having
high efficacy for promoting crystallization such toluene.
As a result of combining the use of a solvent haVing high
efficacy for promoting crystallization with a solvent
having low efficacy for promoting crystallization, the
resulting toner has a solid structure and strength can be
improved. As aresult, thereis less likelihoodof the toner
beingfracturedduringusejjlacopyingnachineandfhelike.

Promotion of crystallization of an organic solvent
can be assessed based on whether or not the crystalline resin
precipitates by dissolving the crystalline resin in an
organic solvent at a concentration of 70% by mass while

heating as necessary, cooling to 25°C, and allowing to stand
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for 24 hours. The crystalline resin precipitates in the
organic solvent in the case of having high efficacy for
promoting crystallization, while precipitation does not
occur in the case of having low efficacy for promoting
crystallization. |

In the present invention, the above-mentioned organic
solvent at least comprises an organic solvent A (solvent
having high efficacy for promoting crystallization) and an
-organic solvent B (solvent having low efficacy for promoting
crystallization), and preferably satisfies the following
conditions (1) and (2):

(1) the organic solvent A causes the polyester resin
to precipitate as crystalline resin in the case of
dissolving the polyester resin dissolved in the organic
solvent in the resin dissoclving step at a concentration of
70% by mass and allowing to stand for 24 hours at 25°C; and

{(2) the organic solvent B does not cause the polyester
resin to precipitate as crystalline resin in the case of
dissolving the polyester resin dissolved in the organic
solvent in the resin dissolving step at a concentration of
70% by mass and éllowing to stand for 24 hours at 25°C.

_Here, the mixing ratio of the organic solvent A and
the organic solvent B (mass ratio) is more preferably 10/1
to 1/10 from the viewpoint of realizing both promotion of
toner crystallization and prevention of decreases in toner
strength.

Although there are no particular limitations on the
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amount of the above-mentioned organic solvents used, the
amount is that at which the resin composition has a viscosity
that enables it to be dispersed and granulated in an agueous
medium. More specifically, the mass ratio of the resin
composition containing the crystalline resin of the present
invention, other resin, colorant and release agent and the
like to the organic solvents is preferably 10/90 to 50/50
from the viewpoint of granulating properties to be
subsequently described and production efficiency of the
toner.‘

In the present invention, although other resins can
be used as toner binding resin in addition to the crystalline
resin of the present invention, the crystalline resin of
the present invention is preferably contained at not less
than 10% by mass and not more than 100% by mass, and more
preferably at not less than 30% by mass and not more than
100% by mass, based on total toner mass.

In addition, in order to efficiently demonstrate the
effects of the crystalline resin of the present invention
by combining the use of another resin, the crystalline resin
of the present invention is preferably designed so that it
ispresentcn1theoutsidecﬁftheproducedtonerusingeaknown
method. For example, in the case‘<xf the dissolution
suspension method, by using the crystalline resin of the
present invention for the binder resin of the toner,
selecting a resin for use as another resin that has a lower

hydrophilicity than that of the crystalline resin of the
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present invention, or rendering the crystalline resin of
the present invention to have higher hydrophilicity than
another resin, the crystalline resin of the present
invention can be made to be presént on the outside of the
produced toner. Examples of other resins that can be used
‘include conventionally known thermoplastic binder resins,
specific examples of which include styrene acrylate-based
resins, epoxy resins, polyester resins, polyurethane resins,
polyamide resins, cellulose resins and polyether resins.
[0021]

On the other hand, the colorant and release agent are
not required to be dissolved in an organic solvent, but may
also be dispersed. In the case of using the colorant and
release agent in a dispersed state, they are preferably
dispersed using a disperser such as a bead‘hill.

There are no particular limitations on colorants able
to be used, and examples thereof include known organic
pigments or oil dyes, carbon black and magnetic powder.
Examples of cyan colorants include copper phthalocyanine
compounds and derivatives thereof, anthraguinone compounds
and basic dye lake compounds. Examples of magenta
colorants include condensed azo compounds,
diketopyrrolopyrrole compounds, anthraquinone compounds,
guinacridone compounds, basic dye lake compounds, naphthol
compounds, benzimidazolone compounds, thioindigo
compounds and perylene compounds.

Examples of vyellow colorants include compounds
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represented by condensed azo compounds, isoindolinone
compounds, anthraguinone compounds, azo metal complexes,
methine compounds and allylamide compounds.

Examples of black colorants include carbon black,
magnetic powder, and colorants obtained by mixing the
above—meﬁtioned yellow, magenta and cyan colorants to
obtain black color. These colorants can be used alone or
mixed, and can also be used in the form of a solid solution.
The colorant used in the present invention is selected based
on hue angle, chroma, lightness, lightfastness, OHP
transparency and dispersibility in toner.

In the present invention, the content of cyan, magenta,
yellow or black colorant is preferably from at least 1 part
by mass to less than 20 parts by mass based on 100 parts
by mass of the resin that composes the toner.

[0022]

On the other hand, there are no particular limitations
on release agents able to be used, and examples thereof
include low molecular weight polyolefins such as
polyethylene; silicones having a melting point (softening
point) due to heating; fatty acid amides such as oleic acid
amide, erucic acid amide, ricinoleic acid amide or stearic
acid amide; ester waxes such as stearyl stearate;
plant-based waxes such as carnauba wax, rice wax, candelilla
wax, Japan wax or Jjojoba oil; animal—based waxes such as
beeswax; mineral and petroleum-based waxes such as montan

wax, ozokerite, ceresine, paraffin wax, microcrystalline
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wax, Fischer-Tropsch wax or ester wax; and modified forms
thereof.

The above-mentioned release agent preferably has a
melting point of 150°C or lower, more preferably 40.0°C to
130.0°C, and particularly preferably 40°C to 110°C. 1In
addition, the above-mentioned release agent is preferably
used at 1 part by mass to 20 parts by mass based on 100 parts
by mass of the resin that composes the toner.

[0023]
<Granulating Step>

The above-mentioned granulating step is a step of
preparing a dispersion (granulated substance) by dispersing
the resulting resin composition in an agueous medium to a
prescribed toner particle diameter using a dispersing agent.

~Water is mainly used,;for the aqueous medium. In addition,
the aqueous medium preferably contains a monovalent metal
salt at not less than 1% by mass and not more than 30% by
mass. As a result of containing a monovalent metal salt,
diffusion of the organic solvent in the resin composition
in the aqueous medium is inhibited, thereby increasing the
crystallinity of the resin contained in the resulting toner
particles, facilitating the obtaining of favorable toner
blocking property, and facilitating the obtaining of
favorable toner particle size distribution.

Examples of the above-mentioned monovalent metal salt

include sodium chloride, potassium chloride, lithium

chloride and potassium bromide, and among these, sodium
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chloride and potassium chloride are preferable.

In addition, the mixing ratio of the aqueous medium
to the resin composition (mass ratio) is preferably such
that aqueous medium/resin composition = 90/10 to 50/50.

Although there are no particular limitations on the
above-mentioned dispersing agent, cationic, anionic and
nonionic surfactants are used as organic dispersing agents,
and anionic surfactants are used preferably. Examples
thereof‘include sodium alkylbenzene sulfonate, sodium
a-olefin sulfonate, sodiumalkyl sulfonate and sodium alkyl
diphenyl ether disulfonate. On the other hand, examples
ofinorganicdispersingagentsincludétricalciumphosphate,
hydroxyapatite, calcium carbonate, titanium oxide and
silica powder.

An inorganic dispersing agent in the form of calcium
triphosphate is used preferably in the present invention.
The reason for this is that calcium triphosphate has a
minimal detrimental effect on granulating properties, the
stability thereof and on the properties of the resulting
toner. The amount of dispersing agent added is determined

~corresponding to the particle diameter of the granulated
substance, and increasing the added amount of dispersing
agent results 1in a decrease in partible diameter.
Consequently, although differing according to the desired
particle diameter, the amount of dispersing agent added is
preferably within a range of 0.1% by mass to 15% by mass

based on the resin composition. If the added amount is less
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than 0.1% by mass, coarse granules are formed easily, while
if the added amount exceeds 15% by mass, unwanted fine
particles are formed easily. In addition, when preparing
a dispersion of the resin composition in an agueous medium,
it is preferably prepared under high-speed shearing. The
dispersion of the resin composition dispersed in an aqueous
medium 1is preferably granulated to a weight—average
particle diameter of 10 pum or less and more preferably

granulated to about 4 pum to 9 um.

Examples of devices for imparting high-speed shearing
include wvarious - types of high-speed dispersers and
ultrasonicidispersers.

Ontheotherhand,theabove-mentioﬂedweight—average
particle diameter of the dispersion can be measured with
a particle size distribution analyzer using the Coulter
method (Coulter Multisizer III, Coulter Inc.).

[0024]
<Solvent Removal Step>

The solvent removal step is a step of removing organic
solvent from the resulting dispersion. Organic solvent is
preferably removed slowly while stirring. 1In addition, the
removal rate of the organic solvent can be controlled by
heating or reducing pressure as necessary.

In a production method such as the dissolution
suspension method for forming a dispersion in an aqueous
medium, since the previously described crystallization

treatment is included in the production steps thereof,



WO 2014/168252 PCT/JP2014/060560
36

crystallization of the crystalline resin of the present
invention can be carried out more reliably.

For example, the organic solvent 1is removed aftef
precipitating and crystallizing the crystalline resin by
holding the temperature of the agueous medium at about 60°C

- to 100°C in stage prior to the solvent removal step, namely
in the granulating step, and then cooling to a temperature
of 40°C or lower, and preferably to room temperature (such
as a temperature of about 25°C) at a cooling rate of about
1°C/hr to 50°C/hr while stirring after the granulating step
and before the solvent removal step or during the solvent
removal step. In addition, a preferable technique for
promoting crystallization of the crystalline resin of the
present invention includes allowing an adequate amount of
time for dissolving the crystalline resin of the present
invention in an organic solvent and slowing the solvent
removal rate. More specifically, an example of such a
method includes removing the organic‘solvent from the
resulting dispersion over the course of about 2 hours to
120 hours, preferably over the course of 24 hours or more
and more preferably over the course of 72 hours or more,
at a temperature of about 4°C to 30°C and pressure of about
250 mmHg to 760 mmHg.

[0025]
<Washing and Drying Step>
A washing and drying step may be carried out after

the above-mentioned solvent removal step by washing several
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times with water and the like followed by filtering and
drying the toner particles. In addition, When the
dispersing agent 1s used which dissolves under acidic
conditions such as tricalcium phosphate, the toner
particles are preferably rinsed with water after first
washing with hydrochloric acid and the 1like. The
dispersing agent used for granulation is removed as a result
of carrying out washing, thereby making it possible to
improve toner properties. After washing, toner is obtained
by filtering and drying. Inorganic particles such as
silica, alumina, titania or calcium carbonate particles,
or resin particles such as vinyl-based resin, polyester
resin or silicone resin particles, may be added to the
resulting toner as necessary by applying shearing force in
a dry state. These inorganic particles and resin particles
function as external additives such as auxiliary agents for
charging, auxiliary agents for flowability or auxiliary
agents for cleaning.

[0026]

The amount of the toner of the present invention
remaining on a sieve having a mesh.size of 75 pm‘after
allowing to stand undisturbed for 3 days at 40°C and sifting
with the sieve for 120 seconds at a shaking width of 1 mm
is preferably 10% or less. 1Inthecase thecrystalline resin
for toner of the present invention is present on the outside
of the toner, it becomes eaéier to satisfy the

above-mentioned conditions and blocking property becomes:
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even more favorable.

[Examples]
[0027]

Although the following provides a more detailed
explanation of the present invention using examples and
comparative examples, these examples and comparative
examples do not limit the present invention in any way.
[0028]

(Production of Resin)

<Example 1>

(Production of Polyester Resin 1)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole
Diol component:

2-methyl-1, 3-propanediol 200 parts by mole

The abéve—mentioned monomer components were placed
in an adequately heated and dried two-mouth flask, 0.05
parts by mass of tetraisopropyl orthotitanate were added
to 100 parts by mass of the resulting mixture, and after
introducing nitrogen gas into the flask and raising the
temperature while maintaining an inert atmosphere, a
condensation polymerization reaction was carried out at
230°C followed by reducing the pressure and raising the
temperature to 250°C to synthesize a resin
(pre-crystallization treatment resin 1).

The resulting resin was subjectéd.to crystallization
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treatment by adding 40 g of the resulting resin to a beaker
containing 160 g of toluene and heating to 90°C to dissolve

the resin, followed by gradually cooling to 25°C over the
course of 6 hours to precipitate resin. The precipitated
resin was then filtered and dried to obtain polyester resin
1 (weight-average molecular weight ([Mw]: 9,500, glass
transition temperature [Tg]: 42°C, melting point [Mp]:
glec).

[0029]

<Example 2>

(Production of Polyester Resin 2)

Polyester resin 2 was obtained in the same manner as
Example 1 with the exception of changing the amount of
tetraisopropyl orthotitanate added to 0.03 parts by mass
(Mw: 6,400, glass transition temperature: 30°C, melting
point: 79°C).

[0030]
<Example 3>
(Production of Polyester Resin 3)

Polyester resin 3 was obtained in the same manner as
Example 1 with the exception of changing the amount of
tetraisopropyl orthotitanate added to 0.10 parts by mass
(Mw: 42,000, glass transition temperature: 50°C, melting
point: 83°C).

[0031]
<Example 4>

(Production of Polyester Resin 4)
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Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole

Diol component:

2-methyl-1, 3-propanediol 100 parts by mole

1,4-butanediol 100 parts by mole
éolyester resin 4 was obtained in the same manner as

Example 1 with the exception of changing the monomer

components as indicated above (Mw: 17,000, glass transition

temperature: 28°C, melting point: 107°C).

[0032]

<Example 5>

{(Production of Polyester Resin 5)

Dicarboxylic acid compoﬁent:

Dimethyl terephthalate 100 parts by mole

Diol component:

2-methyl-1, 3-propanediol 150 parts by mole

1,4-butanediol 50 parts by mole
Polyester resin 5 was obtained in the same manner as

Example 1 with the exception of changing the monomer

components as indicated above (Mw: 8,900, glass transition

temperature: 34°C, melting point: 79°C).

[0033]

<Example 6>

(Production of Polyester Resin 6)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole

Diol component:
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2~-methyl-1, 3-propanediocl 150 parts by mole

1, 3~-propanediol 50 parts by mole
Polyester resin 6 was obtained in the same manner as

Example 1 with the exception of changing the monomer

components as indicated above (Mw: 10,000, glass transition

temperature: 38°C, melting point: 106°C).

[0034]

<Example 7>

(Production of Polyester Resin 7)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole

Diol component:

2,2-dimethyl-1, 3-propanediol 200 parts by mole
Polyester resin 7 was obtained in the same manner as

Example 1 with the exception of changing the ﬁwnomer

components as indicated above (Mw: 19,000, glass transition

temperature: 57°C, melting point: 151°C).

[0035]

<Example 8>

(Production of Polyester Resin 8)

Dicarboxylic acid component:

2,6-naphthalene dicarboxylic acid 100 parts by mole

Diol component:

2-methyl-1, 3-propanediol 200 parts by mole
Polyester resin 8 was obtained in the same manner as

Example 1 with the exception of changing the monomer

components as indicated above (Mw: 7,900, glass transition
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temperature: 68°C, melting point: 154°C).

[0036]

<Comparative Example 1>

(Production of Polyester Resin 9)

Dicarboxylic acid component:

Decane dicarboxylic acid 100 parts by mole

Diol component:

1,6—hexanediol 200 parts by mole
The above-mentioned monomer components were placed

in an adequately heated and dried two-mouth flask, 0.05

parts by mass of tetraisopropyl orthotitanate were added

to 100 parts by mass of the resulting mixture, and after

introducing nitrogen éas into the flask and raising‘the

temperature while maintaining an inert atmosphere, a

condensation polymerization reaction was carried out at

230°C followed by reducing the pressure and raising the

temperature to 250°C to polymerize a resin. The resulting

resin was dried to obtain polyester resin 9 (Mw: 27,000,

glass transition temperature: -62°C, melting point: 67°C).

[0037]

<Comparative Example 2>

(Production of Polyester Resin 10)

Dicarboxylic acid component :

Decane dicarboxylic acid 100 parts by mole

Diol component:

1,10-decanediol 200 parts by mole

Polyester resin 10 was obtained in the same manner
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as Comparative Example 1 with the exception of changing the

monomer components as indicated above (Mw: 37,000, glass

transition temperature: -57°C, melting point: 77°C).

[0038]

<Comparative Example 3>

(Production of Polyester Resin 11)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole

Diol component:

1, 3-propanediol 200 parts by mole
Polyester resin 11 was obtained in the same manner

as Comparative Example 1 with the exception of changing the

monomer components as indicated above (Mw: 9,100, glass

transition temperature: 38°C, melting point: 227°C) .

[0039]

.<Comparative Example 4>

(Production of Polyester Resin 12)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole

Diol component:

1, 3-propanediol 200 parts by mole
Polyester resin 12 was obtained in the same manner

as Example 1 with the exception of changing the monomer

components as indicated above (Mw: 9,100, glass transition

temperature: 385C, melting point: 230°C).

[0040]

<Comparative Example 5>
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(Production of Polyester Resin 13)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole

Diol component:

1,2-ethylene glycol 200 parts by mole
Polyester resin 13 was obtained in the same manner

as Comparative Example 1 with the exception of changing the

monomer components as indicated above (Mw: 15,000, glass

transition temperature: 65°C, melting point: 243°C).

[0041]

<Comparative Example 6>

(Production of Polyester Resin 14)

Dicarboxylic acid component:

Dimethyl terephthalate ‘ 100 parts by mole

Diol component:

2-methyl-1, 3-propanediol 200 parts by mole

| Polyester resin 14 was obtained in the same manner

as Comparative Examble 1 with the exception of changing thé

monomer components as indicated above (Mw: 9,500, glass

transition temperature: 42°C, melting point: none).

[0042]

<Comparative Example 7>

(Production of Polyester Resin 15)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole

Diol component:

2,2-dimethyl-1,3-propanediol 200 parts by mole
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Polyester resin 15 was obtained in the same manﬁer
as Comparative Example 1 with the exception of changing the
monomer components as indicated above (Mw: 7,100, glass
traﬁsition temperature: 58°C, melting point: none).
[0043]
<Comparative Example 8>
(Production of Polyester Resin 16)

Dicarboxylic acid component:

2,6-naphthalene dicarboxylic acid 100 parts‘by mole
Diol component:

2-methyl-1, 3-propanediol 200 parts by mole

Polyester resin 16 was obtained in the same manner
as Comparative Example 1 with the exception of changing the
monomer components as indicated above (Mw: 7,900, glass
transition temperature: 68°C, melting point: none).
(00447
<Comparative Example 9>
(Production of Polyester Resin 17)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole
Diol component:

1, 3-butanediol 200 parfs by mole

Polyester resin 17 was obtained in the same manner
as Example 1 with the exception of changing the monomer
components as indicated above (Mw: 6,400, glass transition

temperature: 30°C, melting point: none).

[0045]
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<Comparative Example 10>

(Production of Polyester Resin 18)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole

Diol component:

1,2-propanediol 200 parts by mole
Polyester resin 18 was obtained in the same manner

as Example 1 with the exception of changing the monomer

components as indicated above (Mw: 8,900, glass transition

temperature: 73°C, melting point: none).

[0046]

<Comparative Example 11>

(Production of Polyester Resin 19)

Dicarboxylic acid component:

Dimethyl terephthalate 100 parts by mole

Diol component:

1,2-butanediol 200 parts by mole
Polyester resin 19 was obtained in the same manner

as Example 1 with the exception of changing the monomer

components\as indicated above (Mw: 7,200; glass transition

temperature: 58°C, melting point: none).

[0047]

<Comparative Example 12>

(Production of Polyester Resin 20)

Dicarboxylic acid component:

Terephthalic acid 80 parts by mole

Dodecyl succinic acid 20 parts by mole
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Diol component:
Bisphenol A-ethylene oxide (EO) Z2Z2mole adduct
33 parts by mole
Bisphenol A-propylene oxide (PO) 2 mole adduct
| 67 parts by mole
Polyester resin 20 was obtained in the same manner
as Comparative Example 1 with the exception of changing the
monomer components as indicated above KMw: 14,000, glass
transition temperature: 56°C, melting point: none).
[0048]
<Comparative Example 13>
(Production of Polyester Resin 21)
Dicarboxylic acid component:
Terephthalic acid 80 parts by mole
Dodecyl succinic acid 20 parts by mole
Diol component:
Bisphenol A-ethylene oxide (EO) 2 mole adduct
33 parts by moie
Bisphenol A-propylene oxide (PO) 2 mole adduct
67 parts by mole
Polyester resin 21 was obtained in the same manner
as Example 1 with the exception of changing the monomer
components as indicated above (Mw: 14,000, glass transition
temperature: 56°C, melting point: none).
[0049]
The physical properties of the resulting polyester

resins are shown in Table 1.
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[0050]
<Evaluation of Polyester Resins>
(Evaluation of Melting Point)

The melting points of the resulting polyester resins
were measured according to the previously described method
and evaluated based on the criteria indicated below. The
evaluation results are shown in Table 1.

(Evaluation Criteria)

A: Melting point of 60°C to lower than 100°C

B: Melting point of 100°C to 125°C

C: Melting point of higher than 125°C to 1less than 180°C

D: Melting point of 180°C or higher or nomelting point
[0051]

(Evaluation of Charge Retention Rate)

0.01 g of the resulting polyester resins (samples)
were weighed in an aluminum pan and charged to -600 V using
a scorotron charger. Continuing, the behavior of changes
in surface potential was measured for 30 minutes using a
surface electrometer (Model 347, Trek Japan) in an
atmosphere at a temperature of 25°C and humidity of 50% RH.
The measurement results were substituted into the following
equation to calculate charge retention rate, and charge
retention rate was evaluated based on the criteria indicated
below. The evaluation results are shown in Table 1.

Charge retention rate after 30 minutes (%) = {[surface
potential after 30 minutes]/(initial surface potentiall)

x 100
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(Evaluation Criteria)

A: Charge retention rate after 30 min of 90% or more

B: Charge retention rate after 30 min of less than
' 90% to 50% or more

C: Charge retention rate after 30 min of less than
50%
[0052]

[Table 1-1]
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<Example 9>
(Production of Toner 1)

11.7 parts by mass of trisodium phosphate
dodecahydrate (Wako Pure Chemical Industries) and 1200
parts by mass of ion exchange water were added to a beaker
placed in a water bath followed by dissolving the trisodium
phosphate dodecahydrate. Continuing, the temperature of
the water bath was raised to 60°C. Once the temperature had

reached 60°C, an aqueous solution containing 5.15 parts by

mass of calcium chloride (Kishida Chemical) dissolved in
100 parts by mass of ion exchange water was added. The
solufion was stirred for 30 minutes after addition to obtain
an aqueous medium containing tricalcium phosphate as
dispersing agent.
Next,‘the following materials:

pre-crystallization treatment resin 1 40 parts by mass
colorant (cyan pigment: Pigment Blue 15:3 Dainichiseika
Color & Chemicals) 2 parts by mass
release agent (behenyl behenate, melting point: 75°C)

4 parts by mass
toluene 160 parts by mass
weremixed, followed by dissolving and dispersing by heating
to 80°C while stirring to prepare a resin composition. On
the other hand, 600 parts by mass of the above-mentioned
aqueous medium were heated to 80°C while stirring with a
Clearmix disperser (M Technique). The resin composition

was added to the above-mentioned aqueous medium followed



WO 2014/168252 PCT/JP2014/060560
53

by stirring for 10 minutes at a rotating speed of 10,000
rpm to obtain a dispersed solution. The resulting
dispersed solution was cooled to 25°C over the course of
12 hours while stirring with a stirring blade followed by
continuing to stir for 3 days at a femperature of 25°C under
normal pressure conditions to remove the toluene. When the
particle diameter of the resulting'resin particles was
measured according to the Coulter method with a particle
size distribution analyzer (Coulter Multisizer III,
Coulter), the weight-average particle diameter was 5.5 um.
Subsequently, solid-liquid separation was carried out by
washing and filtering with aqueous hydrochloric acid
solution and further washing and filteringwith ion exchange
water. Next, the resulting solid fraction was dried to
obtain toner 1. The resulting toner 1 had a weight-average
particle diameter of 5.5 pm and a hollow structure.
[0054]
<Example 10>
(Production of Toner 2)

Toner 2 was obtained in the same manner as Example
9 with the exception of using 40 parts by mass of toluene
and 120 parts by mass of chloroform instead of 160 parts
by mass of toluene. The . resulting toner had a
weight-average particle diameter of 5.5 pum and a solid
structure. In addition, when the polyester resin formed
in the toner was heated and dissolved in toluene at a

concentration of 70% by mass and allowed to stand for 24



WO 2014/168252 PCT/JP2014/060560
54

hours at 25°C, polyester resin 1 precipitated in the form
of crystals. Moreover, when the polyester resin formed in
the toner was heated and dissolved in chloroform at a
concentration of 70% by mass and allowed to stand for 24
hours at 25°C, precipitation of polyester resin 1 was not
obser?ed.

[0055]

<Example 11>

(Production of Toner 3)

Toner 3 was obtained in the same manner as Example
10 with the exception of adding 40 parts by mass of sodium
chloride to the aqueous medium. The resulting toner had
a weight-average particle diameter of 5.5 pum and a solid
structure. As shown in Table 2, the degree of crystallinity
increased considerably as a result of adding sodium
chloride.

[0056]
<Examples 12 to 18>
(Production of Toners 4 to 10)

Toners 4 to 10 were obtained in the same manner as
Example 11 with the exception of changing
pre-crystallization treatment resin 1 to polyester resins
2 to 8 prior to carrying out crystallization treatment. All
of the resulting toners had a weight-average particle
diameter of 5.5 pm and had solid structures.

[0057]

<Comparative Example 14>
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(Production of Toner 11)

The following materials:
polyester resin 9 100 parts by mass
release agent (behenyl behenate, melting point: 75°C)

10 parts by mass
colorant (cyan pigment: Pigment Blue 15:3 Dainichiseika
Color & Chemicals) 5 parts by mass
were mixed, and the resulting mixture was melted and kneaded
with a twin-screw extruder heated to 130°C. The resulting
melt-kneading product was cooled and coarsely pulverized
with a hammer mill. The resulting coarsely pulverized
material was finely pulverized with a turbo mill and the
resulting fine powder was classified with angair<:lassifier
toobtain toner 11 having a weight-average particle diameter
of 7 pm.

[0058]
<Comparative Examples 15 to 17, 24 and 25>
{(Production of Toners 12 to 14, 21 and 22)

Toners 12 to 14, 21 and 22 were produced in the same V
manner as Comparative Example 14 with the exception of
changing polyester resin 9 to polyester resin 10, 11, 13,
20 and 21, respectively. All of the resulting toners had
a weight-average particle diameter of 7 pm.

[0059]
<Compara£ive Example 18>
(Production of Toner 15)

Toner 15 having a weight-average particle diameter
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of 5.5 um was obtained in the same manner as Example 11 with
the exception of changing pre-crystallization treatment
resin 1 to polyester resin 14, cooling the resulting
dispersed solution from 80°C to 50°C ovér the course of 10
minutes while stirringwith a stirringblade, and continuing
to stir for 5 hours at a temperature of 50°C to remove the
toluene. |

[0060]

<Comparative Examples 19 and 20>

(Production of Toners 16 and 17)

Toners 16 and 17 were produced in the same manner as
Comparative Example 18 with the exception of changing
polyester resin 14 to pélyester resins 15 and 16,
respectively. Both of the resulting toners had a
weight-average particle diameter of 5.5 um.

[0061]
<Comparative Examples 21 to 23>
(Production of Toners 18 to 20)

Toners 18 to 20 were produced in the Same manner as
Example 11 with the excebtion of changing
pre-crystallization treatment resin 1 to polyester resins
17 to 19, respectively. All of the resulting toners had
a weight-average particle diameter of 5.5 pm.

[0062]
(Evaluation of Toners)
<Evaluation 1 of Blocking Property (Using a Sieve)>

After allowing 10 g of toner to stand undisturbed for
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3 days at 40°C, the amount of toner remaining on a sieve
having a mesh size of 75 pm after sifting for 120 seconds
at a shakingwidth of 1 mm was evaluated based on the criteria
indicated below. The evaluation results are shown in Table
2.
(Evaluation Criteria)

A: Amount of toner remaining of 10% or less

B: Amount of toner remaining of greater than 10%
[0063]
<Evaluation 2 of Blocking Property (Storage Stability)>

1.8 parts by mass of silica fine particles subjected
to hydrophobic treatment with silicone o0il (specific
surface area as measured according to BET method: 200 mz/g)
were dry-mixed with 100 parts by mass of toner with a
Henschel mixer (Mitsui Mining). The toner was allowed to
stand undisturbed for 3 days in a constant temperature and
humidity bath at a temperature of 50°C and humidity of 10%
followed by visually evaluating the degree of blocking based
on the criteria indicated below. The evaluation results
are shown in Table 2.
(Evaluation Criteria)

A: No blocking after 3 days or easily dispersed by
slight vibration even if present

B: Blocking present after 3 days, but able to be
dispersed by continuous vibration

C: Blocking present after 3 days and unable to be

dispersed even if vibrated
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[0064]
<Evaluation of Low-Temperature Fixability>

1.8 parts by mass of silica fine particles subjected
to hydrophobié treatment with silicone o0il (specific
surface area as measured according to BET method: 200 m?/qg)
were dry-mixed with 100 parts by mass of toner with a
Henschel mixer (Mitsui Mining). The toner was mixed with
a ferrite carrier coated with silicone resin (average
particle diameter: 42 pm) to a toner concentration of 8%
by mass to prepare a two-component developer. The
two—componenf‘developer was filled into a commercially
available full-color digital copying machine (CLC1100,
Canon) and an unfixed toner image (0.6 mg/cm?®) was formed
on image receiving paper (64 g/m?). A fixing unit removed
from a commercially available full-color 'digital copying
machine (image Runner Advance C5051, Canon) was modified
to allow adjustment of fixation temperature, and a fixation
test of the unfixed image was carried out using this modified
fixing unit. Pfocessing speed was set to 246 mm/sec at
normal temperature and normal humidity, and the result of
fixing the above-mentioned unfixed image was evaluated
visually based on the criteria indicated below. The
evaluation results are shown in Table 2.
(Evaluation Criteria)

A: Image is able to be fixed at or lower than 140°C

B: Image is able to be fixed at higher than 140°C and

at or lower than 160°C
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C: Image is only able to be fixed at higher than 160°C
[0065]
<Evaluation of Charge Retention Rate>

0.01 g of toner was weighed in an aluminum pan and
charged to -600 V using a scorotron charger. Continuing,
the behavior of changes in surface potential was measured
for 30 minutes using a surface electrometer (Model 347, Trek
Japan) in an atmosphere at a temperature of 25°C and humidity
of 50% RH. The measurement results were substituted into
the following equation to calculate charge retention rate,
and charge retention rate was evaluated based on the
criteria indicated below. The evaluation results are shown
in Table 2.

Chargeretentionrateafter30ndnutes(%)==k[surface

potential after 30 minutes]/[initial surface
potential]) x 100
(Evaluation Criteria)

A: Charge retention rate after 30 min of 90% or more

B: Charge retention rate after 30 min of less than
90% to 50% or more

C: Charge retention rate after 30 min of less than
50%
[0066]

[Table 2-1]
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Ratio of low
Noystan| g Mel.ting (Tg+273) Degre('ac'>f diffraction Mol
Example |Toner|Resin ity | (°C) point (Mp+273) crystallinity|  angle H1 | H2 H1
(°C) (%) components
R (%)
9 1 1 Yes | 42 | 81 0.89 28 49 22101 0
10 2 1 Yes | 42 | 80 089 8 48 M10]0
" 3 1 Yes | 42 [ 80 0.89 27 48 281010
12 4 2 Yes | 30 | 79 0.86 25 37 26101] 0
13 5 1 3 Yes | 50 | 83 0.91 20 32 21101 0
14 6 4 Yes | 28 | 105 0.80 14 35 25101 0
15 7 5 Yes | 34 | 76 088 8 31 16104 0
16 8 6 Yes | 38 | 108 0.82 25 57 18100
17 9 7 Yes | 57 | 153 077 26 33 210 0
18 10 8 Yes | 68 [ 155 0.80 28 56 281010
Ratio of low
Comparative st | Tg (M9 (7q4a73) | Deoreeof | difiraction H/
Example Toner| Resin inity | (°C) point (Mp+273) crystallinity|  angle H1 | H2 HA
(°C) (%)  jcomponents
R (%)
14 " 9 | Yes (62| 65 062 52 3 951751079
15 12 1 10 | Yes |[-57 74 0.62 49 3 12911101 0.85
16 13 [ 11| Yes | 38 | 210 0.64 28 29 65 | 64 | 0.98
17 14 | 13 | Yes | 65 | 235 0.67 39. 15 43 1 39 {0.91
18 15 | 14 No | 42 - - - - - -
19 16 | 15 No | 58 - - - - -0 - -
20 17 | 16 No | 68 - - - -] - -
21 18 | 17 No | 30 - - - - -] - -
22 19 | 18 No |73 - - - - - -
23 20 | 19 No | 58 - - - - - - -
24 21 1 20 No | 56 - - - - - - -
25 2 2 No | 56 - - - - - - -
[0067]
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Blocking Low- Charge Blocking
Example | Toner |Resin ny?ta" Performfa nce | Temper Retention | Performance
inity Evaltfatlon1 .atur.e. Rate Evaluation 2
(Sieve) Fixability
9 1 1 Yes A A A A
10 2 1 Yes A A A B
" 3 1 Yes A A A A
12 4 2 Yes A A B A
13 5 3 Yes A B A A
14 6 4 Yes A B B A
15 7 5 Yes A A B B
16 8 6 Yes A B B A
17 9 7 Yes A B A A
18 10 8 Yes A B A A
Blockin Low-
Comparative Crystall Performar?ce Temper Charge Blocking
Toner |Resin| , Retention | Performance
Example inity | Evaluation1 | ature ,
) N Rate Evaluation 2
(Siewe) Fixability
14 11 9 Yes A A C A
15 12 10 Yes A A C A
16 13 1 Yes A C A A
17 14 13 Yes A o A A
18 15 14 No B A A c
19 16 15 No B B A C
20 17 16 No A C A A
21 18 17 No B A B C
22 19 18 No A C A A
23 20 19 No B A A c
24 21 20 No B A A C
25 22 21 No B A A C
[0068]

While the present invention has been described with
reference to exemplary embodiments, it is to be understood

that the invention is not limited to the disclosed exemplary
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embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
suchmodifications and equivalent structures and functions.
[0069]

This application claims the benefit of Japanese
Patent Application No. 2013-081252, filed on April 9, 2013,
which is hereby incorporated by reference herein in its

entirety.
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[CLAIMS]
1. A crystalline polyester resin for toner, satisfying
the following relationships:

25 £ Tg £ 70, and

(Tg+273)/ (Mp+273) = 0.75

wherein

Tg (°C) represents a glass tfansition temperature of
the crystalline polyester fesin for toner, and
Mp (°C) represents a melting point of the crystalline

polyester resin for toner.

2. The crystalline polyester resin for toner according
to claim 1, satisfying the following relationship:

30 £ R £ 100
[wherein,

R (%) represents a ratio of low diffraction angle
components of the crystalline polyester resin for toner as
calculated based on measurement by wide-angle X-ray
diffraction,

R = (Ic20/Ic) x 100,

Ic20 indicates the total area of crystalline peaks
detected within a range of 5 < 20 < 20,

I indicates the total area of crystalline peaks
detected within a range of 5 £ 20 < 60, and

20 indicates a diffraction angle (deg)].

3. The crystalline polyester resin for toner according
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to claim 1 or 2,

wherein

a degree of crystallinity of the «crystalline
polyester resin for toner as measured by wide-angle X-ray

diffraction 1s at least 10%.

4. The crystalline polyester resin for toner according
to any one of claims 1 to 3,

wherein

the crystalline polyester resin for toner is obtained
by condensation polymerization of a dicarboxylic acid
component containing at least one compound selected from
the group consisting of terephthalic acid, 2, 6-naphthalene
dicarboxylig acid and derivatives thereof, and a diol
component containing at least one compound selected from
the group consisting of 2-methyl-1, 3-propanediol,

2,2-dimethyl-1, 3-propanediol and derivatives thereof.

5. | The cryétalline polyester resin for toner according
to claim 4,

wherein

the diol component contains at least one compound
selected from the group consisting of
2-methyl-1, 3-propanediol, 2,2-dimethyl~-1, 3-propanediol
and derivatives thereof in a total amount of at least 50%

by mole in the diol component.
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6. The crystalline polyester resin for toner according
to claim 4 or 5,

wherein

the dicarboxylic acid component contains at least one
compound selected from the group consisting of terephthalic
acid, 2,6-naphthalene dicarboxylic acid and derivatives
thereof in a total amount of at least 50% by mole in the

dicarboxylic acid component.

7. The crystalline polyester resin for toner according
to any one of claims 1 to 6,

wherein

an amount of heat of fusion of the crystalline
polyester resin for toner as measuréd by a differential
scanning calorimeter satisfies the following relationship:

H2/H1 < 0.1
(wherein, H1 (J/g) represents an amount of heat of fusion
after a first temperature rise from 25°C to 200°C at a ramp
rate of 10°C/min, while H2 (J/g) represents an amount of
heat of fusion after a second temperature rise from 25°C
to 200°C at a ramp rate of 10°C/min carried out after cooling
to 25°C at a cooling rate of 1°C/min after the first

temperature rise and holding for 24 hours at 25°C).

8. The crystalline polyester resin for toner according
to any one of claims 1 to 7,

wherein
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the melting point of the crystalline polyester resin

for toner is not more than 125°C.

9. The crystalline polyester resin for toner according
to any one of claims 1 to 8,

wherein

the weight-average molecular weight of the
crystalline polyester resin for toner as measured by gel
permeation chromatography is at least 5,000 and nét more

than 50,000.

10. A toner comprising the crystalline polyester resin

for toner according to any one of claims 1 to 9.

11. A method for producing the toner according to claim
10,

comprising:

a resin dissolving. step of obtaining a resin
composition by dissolving, in an organic solvent, a
polyester resin obtained by condensation polymerization of
a dicarboxylic acid component containing at least one
compound selected from the group consisting of terephthalic
acid, 2,6-naphthalene dicarboxylic acid and derivatives
thereof, and a diol component containing at least one
compound selected from the group ~consisting of
2—methyl¥l,3—propanediol, 2,2-dimethyl-1, 3-propanediocl

and derivatives thereof;
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a granulating step of obtaining a dispersion by
dispersing the resulting resin composition in an aqueous
medium; and |

asolventremovalstepcﬁfremovingthecmganicéolvent

from the resulting dispersion.

12. The method for producing the toner according to claim
11,

wherein

in the granulating step, the temperature of the
aqueous medium is held at not less than 60°C and not more

than 100°C, and

after the granulating step and before the solvent
removal step or during the solvent removal step, the
temperature of the aqueous medium is cooled at a cooling

rate of at least 1°C/hr and not more than 50°C/hr.

13. The method fbr’producing the toner according to claim
11 or 12,
wherein

the aqueous medium contains a monovalent metal salt

at not less than 1% by mass and not more than 30% by mass.

14. The method for producing the toner according to any
one of claims 11 to 13,
wherein

the organic solvent contains at least an organic
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solvent A and an organic solvent B,

the organic solvent A is a solvent that causes the
polyester resin to precipitate when the polyester resin is
dissolved in the organic solvent in the resin dissolving
step at a concentration of 70% by mass and allowed to stand
for 24 hours at 25°C, and

the organic solvent B is a solvent that does not cause
the polyester resin to precipitate when the polyester resin
is dissolved in the organic solvent in the resin dissolving

step at a concentration of 70% by mass and allowed to stand

forb24,hours at 2b°C.
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