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ABSTRACT OF THE DISCLOSURE

Disclosed is a polyester resin comprising the polycondensation
oroduct of (a) at least one diacid, acid ester, or diester; and (b) at least
one diol: wherein either (i) at least one diacid, acid ester, or diester
comprises a rosin diacid, rosin acid ester, or rosin diester; or (i) at least one
diol comprises a rosin diol. Also disclosed is a toner composition comprising

oarticles which comprise the disclosed polyester resin and an optional

colorant.
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ROSIN-BASED RESIN AND TONER CONTAINING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Reference is made to U.S. Application 12/714,677, tiled March
01, 2010, entitled "Bio-Based Amorphous Polyester Resins for Emuision
Aggregatfion Toners,” with the named inveniors Valerie M. Farrugiaq,
Guerino G. Sacripante, Ke Zhou, Edward G. Zwartz, And Michael S.

Hawkins.

BACKGROUND

[0002] Disclosed herein are resins suitable for use In  foner
compositions used in imaging applications. More specifically, disclosed
herein are rosin-derived resins and toners containing these resins.

[0003] The formation and development of images on the surface of
photoconductive materials by electrostatic means is well known. The
basic electrophotographic imaging process, as faught by C. F. Carlson in
U.S. Patent 2,297,691, entails placing a uniform electrostatic charge on d
photoconductive insulating layer known as a photoconductor or
ohotoreceptor, exposing the photoreceptor to a light and shadow image
to dissipate the charge on the areas of the photoreceptor exposed 1o the
ight, and developing the resulting elecirostatic latent image by depositing
on the image a finely divided electroscopic material known as toner.
Toner typically comprises a resin and a colorant. The toner will normally be
attracted to those areas of the photoreceptor which retain a charge,
thereby forming a toner image corresponding to the electrostatic latent
image. This developed image may then be transferred 1o a subsirate such

as paper. The transferred image may subsequently be permanently

_]-
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affixed to the substrate by heat, pressure, a combination of heat and
pressure, or other suifable fixing means such as solvent or overcoating

freatment.
[0004]

the art for the preparation of toners. Emulsion aggregation (EA) is one such

Numerous processes are within the purview of those skilled in

method. Emulsion aggregation toners can be used in forming print and/or
xerographic images. Emulsion aggregation techniques can entail the
formation of an emulsion latex of the resin particles by heating the resin,
using emulsion polymerization, as disclosed in, for example, U.S. Patent
5,853,743. Other examples of emulsion/aggregation/coalescing processes
for the preparation of toners are illustrated in, for example, U.S. Patents
0,278,020, 5,290,654, 5,302,486, 5,308,734, 5,344,738, 5,346,797, 5,348,832,

5,364,729, 5,366,841, 5,370,963, 5,403,693, 5,405,728, 5,418,108, 5,496,676,

0,901,935
5,747,215
0,863,698
5,977,210
6,656,658

, 9,927,658,
, 9,763,133,
, 9,869,215,
, 9,994,020,
, 6,664,017/,

9,989,219,
5,766,818,
0,902,710;
6,976,389,
6,673,509,

9,600,255
5,804,349
5,910,387
6,617,092
6,730,450

, 9,650,256
, 5,827,633
9,916,725
, 6,627,373
, 6,743,559

, 9,723,253,
, 9,840,462,
; 9,919,8695;
, 6,638,677,
, 6,756,176,

0,/44,520,
5,853,944,
0,925,488,
6,656,657,
6,780,500,

6,830,860, and 7,029,817, and U.S. Patent Publication No. 2008/0107989.

[0005])

Polyester EA ultra low melt (ULM) toners have been prepared

utilizing amorphous and crystalline polyester resins as disclosed in, for
example, U.S. Patent 7,547,499

[0006]

Two exemplary emulsion aggregation toners include acrylate

based toners, such as those based on styrene acrylate toner particles as

llustrated in, for example, U.S. Patent 6,120,967, and polyester toner

poarticles, as disclosed in, for example, U.S. Patents 5,916,725 and 7,785,763
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and U.S. Patent Publication 2008/0107989.

[0007] Energy and environmental policies, increasing and volatile ol
prices, and public/political awareness of the rapid depletion of giobal fossil
reserves has created a need to find sustainable monomers derived from
biomaterials. By using bio-renewable feedstock, manutacturers can
reduce thew carbon footprint and move to a zero-carbon or even o
carbon-neutral fooiprint. Blo-based polymers are also very atfractive in
ferms of specific energy and emission savings. Using bio-based feedstock
can decrease the amount of plastic targeted for landfills, help provide
new sources of income for domestic agriculture, and reduce the
economic risks and uncertfainty associated with reliance on petroleum
imported from unstable regions.

[0008] While known compositions and processes are suitable for therr
intfended purposes, a need remains for improved resins and tfoner
compositions. In addition, a need remains for resins and toners derived
from sources other than petroleum and/or from renewable resources.
Further, a need remains for resins and toners derived from sources other
than bisphenol-A.  Additionally, a need remains for toners having
concurrent good tusing performance and good electrcal performance.
There is also a need for toners derived from relatively inexpensive sources.
In addition, there is a need for emulsion aggregation foners having the
aforementioned advantages. Further, there is a need for emulsion
aggregation toners derived either from petroleum-based sources or from
renewable resources that do not contain bisphenol-A and that can be
obtained in high vield, have small pariicle size, have controlled particle

morphology or shape, have a narrow particle size GSD, and have a core-

shell structure.
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SUMMARY

[0009] Disclosed herein is a polyester resin comprising the
polycondensation product of: (a) at least one diacid, acid ester, or diester;
and (b) at least one diol; wherein either (i) at least one diacid, acid ester, or
diester comprises a rosin diacid, rosin acid ester, or rosin diester; or (i) at least
one diol comprises a rosin diol. Also disclosed herein is a toner composition
comprising particles which comprise: (1) a polyester resin comprising the
polycondensation product of: {a) at least one diacid, acid ester, or diester;
and (b) at least one diol; wherein either (i) at least one diacid, acid ester, or
diester comprises a rosin diacid, rosin acid ester, or rosin diester; or (ii) at least
one diol comprises a rosin diol; and (2) an optional colorant. Further
disclosed herein is a toner composition comprising particles which comprise:
(1) an amorphous polyester resin comprising the polycondensation product
of: (a) at least one diacid, acid ester, or diester; and (b) at least one diol;
whereln either (i) at least one diacid, acid ester, or diester comprises a rosin
diacid, rosin acid ester, or rosin diester; or (i) at least one diol comprises o
rosin diol; (2) a crystalline polyester resin; and (3) a colorant; wherein the
toner i1s an emulsion aggregation toner.
[0009q] In accordance with an aspect of the present invention there is
provided a polyester resin comprising the polycondensation product of:

(a) at least one diacid, acid ester, or diester; and

(b) at least one diol comprising a rosin diol;

wherein at least one diacid, acid ester, or diester is or is derived from succinic
acid, azelaic acid, citric acid, or mixtures thereof.
[0009Db] In accordance with a further aspect of the present invention
there is provided a polyester resin comprising the polycondensation product
Of:

(a) at least one diacid, acid ester, or diester; and

(b) at least one diol which is a C36 dimer diol, isosorbide, or mixtures
thereof; wherein either

(1) at least one diacid, acid ester, or diester comprises a rosin

alacid, rosin acid ester, or rosin diester: or
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(t) at least one further diol is a rosin diol.
[0009¢] In accordance with a further aspect of the present invention
there Is provided a toner composition comprising particles which comprise:
(1) a polyester resin comprising the polycondensation product of:
(a) at least one diacid, acid ester, or diester; and
(b) at least one diol;
wherein at least one diacid, acid ester, or diester comprises a rosin diacid,
rosin acid ester, or rosin diester; and
wherein at least one diol is a rosin diol; and

(2) an optional colorant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 1s a curve representing the plot of crease as a function

of temperature tor the toner of Example IX.

[0011] Figure 2 1s a curve representing the plot of gloss as a function of

femperature for the toner ot Example IX.

DETAILED DESCRIPTION

Resins

[0012] The resins included in the toners disclosed herein are derived
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from rosin. Rosin is generally derived from coniters and other plants and
comprises mixtures of organic acids such as abietic acid and related
compounds and isomers, including (but not limited to) neoabielic acid,

palustric  acid, pimaric  acia, levo-pimaric  acid, isopimaric  acid,

dehydroabietic acig, sandaracopimaric acid, and the like:
CH,

CH;
CHa

H,C COOH

Abietic Acid
CH;
/ CHs
CHs
H,C COOH
Neoabietic Acid
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CHj
‘ CH-,

COOH

Palustric Acid

COOH

Pimaric Acid
CH,

‘ B

COOH

| evo-Pimaric Acid
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H,C COOH

|lsopimaric Acid

CHj
H,C COOH
Dehydroabietic Acid
H,C COOH

Sandaracopimaric Acid

These materials can be reacted with acids or anhydrides to provide
monomers useful for making polyester resins suitable for use in emulsion

aggregation (EA) toners. For example, abietic acid reacts with acrylic

acid to generate a diacid compound as follows:

7-
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]
HOOC
H,C COOH

Acrylic Acid-Modified Abietic Acid

with fumaric acid to generate a compound as follows:

H
HOOC
HaC COOH

Fumaric Acid-Modified Abietic Acid

and with maleic anhydride to generate a compound as follows:
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CH

CHs
CHa

H,C COOHRH
Maleic Anhydride-Modified Abietic Acid

For the purposes of the present disclosure, the term "diacid” is to be
understood to include compounds with two or more carboxylic acida
groups, such as triacids and the like, as well as compounds having
anhydride functional groups thereon, since anhydride groups convert 10
diacid groups under polycondensation reaction conditions. Similarly, for
ourposes of the present disclosure, the term "diester" is to be understood to
include corhpounds with two or more ester groups, such as friesters and
the like. Other examples of suitable acids that can be reacted with the
rosin acids to generate rosin diacids include (but are not limited to) maleic
acid. fumaric acid, itaconic acid, and the like, as well as mixtures thereof.
Other examples of suitable anhydrides that can be reacted with the rosin
acids include (but are not limited to) maleic anhydride, fumaric anhydride,

itaconic anhydride, and the like, as well as mixiures thereof.

[0013] The reaction conditions between the rosin acids and the acids
and anhydrides are known in the art and are described in, for example,
"Preparation of Acrylic Modified Rosin,’ Noah J. Halbrook and Ray V.
Lawrence, Ind. Eng. Chem. Prod. Res. Develop., Vol. 11, No. 2, p. 200-202,

1972 "Fumaric Modified Resin,” Noah J. Halbrook and Ray V. Lawrence,

9.
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Industnial and Engineering Chemistry, Vol. 50, No. 3, March 1958, pp. 321-
322, and "Rosin-based acid anhydrides as alternatives to petrochemical
curing agents,” Xiaoging Liu, Wenbo Xin, and Jinwen Zhang, Green Chem.,
2009, 11, 1018-1025.

[0014] The rosin thus modified is then reacted with a diol in the
presence of an opfional catalyst to form a polyester. For the purposes of
the present disclosure, the term "diol" is intended to include compounds
with two or more alcoholic funciional groups, including triols and the like.
Examples of suitable diols include, but are not limited to, 1,2-propanediof,
1. 3-propanediol, 1,2-butanediol, . 3-buianediol, 1, 4-butanediol,
pentanediol, hexanediol, 2,2-dimethylpropanediol, 2,2,3-
fimethylhexanediol, heptanediol, dodecanediol, bis(hydroxyethyt)-
bisphenol A, pis{2-hydroxypropyl)-bisphenol A, 1,4~
cyclohexanedimethanol, 1,3-cyclohexanedimethanol, xylenedimethanol,
cyclohexanediol, diethylene glycol, bis{2-hydroxyethyl) oxide, dipropylene
glycol, dibutylene glycol, 2,2-dimethylpropanediol, 2,2,3-
fimethylhexanediol, bis(2-hydroxyethyl] oxide, combinations thereof, and
fthe like. The aiol can be selected in any desired or effective amount, in
one embodiment at least about 40 mole percent, in another embodiment
at least about 42 mole percent and in yet another embodiment at least
about 45 mote percent, and in one embodiment no more than about 40
mole percent, in another embodiment no more than about 55 mole
percent, and in yet another embodiment no more than about 53 mole
percent, and the alkall sulto-aliphatic diol can be selected in any desired
or eftective amount, in one embodiment O mole percent, and in another
embodiment no more than about 1 mole percent, and in one
embodiment no more than about 10 mole percent, and in another

embodiment no more than from about 4 mole percent of the resin,

although the amounts can be outside of these ranges.
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[0015] In addition, in one specific embodiment, rosin acids that have
heen reacted with acids to form diacids or triacids can be reduced 1o the

corresponding rosin diols or triols and used in the reaction:

H H
HOOC HO
CH, CHj
CHj, CH,
CH, CHj
-
H3C COOH HaC OH
Acrylic Acid-Modified Abietic Acid Corresponding Diol

The reaction can be carried out using known reduction methods with
hydrogen and a platinum catalyst or by reduction with a reducing agent
such as lithium aluminum hydride.

[0016] Further, in one specific embodiment, the diol is selected o be
non-petroleum based, so that the resulting polyester is derivea from
renewable resources. Products can be tested for whether they are
sourced from petroleum or from renewable resources by “C radiocarbon
dating. Products sourced from petroleum will have substantially high 14C
radiocarbon dating values, in the millions of years, compared 1o very
recent or present day radiocarbon values for those products derived from
renewable resources. Examples of such diols include (but are not limited
to) 1,2-propanediol, 1,3-propanediol, propylene glycol, dimer diol, such as

PRIPOL® 2033, a C-36 dimer diol mixture including isomers of the formula

OH

OH
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as well as other pbranched isomers which can include unsafurations and
cyclic groups, available from Unigema, New Castle, DE (further information
on C36 dimer diols 1s disclosed in, for example, "Dimer Acids,” Kirk-Othmer
Encyclopedia of Chemical Technology, Vol. 8, 4th Ed. (1992)., pp. 223 to
237, 1,4:3,6-dianhydro-D-sorbitol, also referred to as isosorbide, of the

formula

HooS

HO
which can be prepared as disclosed In, for example, Fleche et al,

Starch/Starke, 38(1), pp. 26-30 (1986), and Ballauff et al., Polyesters

(Dertved from Renewable Sources), Polymeric Materials Encyclopedia, Vol.
8, p. 5892 {1996).

[0017] Corresponding acid esters or diesters of the rosin diacids can
also be used to react with diols. One or both of the carpboxylic acid groups
can be replaced with ester groups prior to the reaction. Redaction
conditions 10 generate rosin-based acid esters are disclosed in, for
example, "Rosin-based acid anhydrides as alternatives to petrochemical
curing agents,” Xiaoging Liu, Wenbo Xin, and Jinwen Zhang, Green Chem.,
2009, 11, 1018-1025.

[0018]) The rosin diacid, rosin acid ester, or rosin diester monomers can

also be admixed with other diacid, acid-ester, or diester monomers to form

copolymers thereof when reacted with diols. Examples of suttable organic

diacids or diesters include, but are not imited to, terephthalic acid,

_19-
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ohthalic acid, isophthalic acid, fumaric acid, maleic acid, succinic acid,
itaconic acid, succinic acid, succinic anhydride, dodecylsuccinic acid,
dodecylsuccinic anhydride, glutaric acid, glutaric anhydride, adipic acid,
pimelic acid, suberic acid, azeloic acid, dodecanediacid, dimethyl
terephthalate, diethyi terephthalate, dimethylisophthalate,
diethylisophthalate, dimethylphthalate, phthalic anhydride,
diethylphthalate, dimethylsuccinate, dimethylfumarate, dimethylmaleate,
dimethylglutarate, dimethyladipate, dimethyl dodecylsuccinate, and the
like, as well as mixtures thereof.

[0019] In one specific embodiment, the other diacid or diester
monomers are selected to be non-petroleum based, so that the resulting
polyester is derived from renewable resources. Examples of such
monomers include (but are not limited to) succinic acid, azelaic acid, cifric
acid, esters or anhydrides thereof, and the like, as well as mixtures thereot.
[0020] The diacid can be selected in any desired or effective
amount, in one embodiment at least about 40 mole percent, in another
embodiment at least about 42 mole percent, and in yet another
embodiment at least about 45 mole percent, and in one embodiment no
more than about 60 mole percent, in another embodiment no more than
about 55 mole percent, and in yet another embodiment no more than
about 53 mole percent, although the amounts can be outside of these
ranges.

[0021] Polycondensation catalysts which can be wused for
preparation of either crystalline or amorphous polyesters include, but are
not limited to, tetraalkyl titanates such as titanium (iv) butoxide or fitanium
(iv) iso-propoxide, dialkyltin oxides such as dibutyltin oxide, tetraalkyltins
such as dibutyltin dilaurate, dialkyltin oxide hydroxides such as butyltin
oxide hydroxide, aluminum alkoxides, alkyl zinc, dialkyl zinc, zinc oxide,

stannous oxide, and the like, as well as mixtures thereof. Such catalysts

can be used in any desired or effective amount, in one embodiment at

13-
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least about 0.001 mole percent, and In one embodiment no more than
about 5 mole percent based on the starting diacid or diester used to
generate the polyester resin, although the amounts can be outside of
these ranges.

10022} The polyester resin prepared from the rosin acids or esters in
specific embodiments can have a softening point {Ts) in one embodiment
of at least about 100°C, in another embodiment at least about 105°C, and
in yet another embodiment at least about 110°C, and in one embodiment
no more than about 150°C, In another embodiment no more than about
140°C, and Iin yet another embodiment no more than about 135°C,
although the temperature can be outside of these ranges.

[0023] The polyester resin prepared from the rosin acids or esters In
specific embodiments can have a glass transifion point (Tg) In one
embodiment of at least about 45°C, in another embodiment at least
about 50°C, and in yet another embodiment at least about 65°C, and in
one embodiment no more than about 70°C, in another embodiment no

more than about 66°C, and in yet another embodiment no more than

about 65°C, although the temperature can be outside of these ranges.
[0024] The polyester resin prepared from the rosin acids or esters in
specific embodiments can have an acid value in one embodiment ot at
least about 2mgKOH/g, In another embodiment of at least about
10mgKOH/g, and In yet another embodment of at least about
20mgKOH/g, and In one embodiment of no more than about
100mgKOH/g, In another embodiment of no more than about
60mgKOH/g, and In yet another embodiment of no more than about
S0MmgKOH/g, although the value can be outside of these ranges.

[0025] The polyester resin prepared from the rosin acids or esters can
have a number average molecular weight (Mn), as measured by gel

permeation chromatography (GPC) of in one embodiment at least about

1,000, and In another embodiment at least about 2,000, and in one

_14-
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embodiment no more than about 50,000, and In another embodiment no
more than about 25,000, and a weight average molecular weight (Mw) of
in one embodiment at least about 2,000, and in another embodiment at
least about 3,000, and In one embodiment no more than about 300,000,
and in another embodiment no more than about 14,000, as determined by
GPC using polystyrene standards, although the My and Mw values can be
outside of these ranges. The molecular weight distribution (Mw/Mn) of the
polyester resin can be in one embodiment at least about 1, and in another
embodiment at least about 1.5, and In one embodiment no more than
about 20, and in another embodiment no more than about 4, although

the value can be outside of these ranges.

[0026] The polyester resin prepared from the rosin acids or esters can
have a carbon to oxygen ratio (C/O) of in one embodiment at least than
about 1.5, in another embodiment at least about 2.5, in yet another
embodiment at least about 3.5, and in still another embodiment at least
about 4.0, and in one embodiment no more than about 6.0, iIn another
embodiment ho more than about 5.0, In yet another embodiment no more
than about 4.7, and In still another embodiment no more than about 4.5,
although the value can be outside of these ranges. Carbon to oxygen
ratio can be calculated as follows:
C/0O =3(Ci/Oi)

wherein C/O is the carbon to oxygen ratio, Ciis the sum of carbon atoms
present in the resin, and O;is the sum of oxygen atoms present in the resin.
[0027] When preparing the toners, the polyester resins prepared from
the rosin acids or esters, it desired, can be used In combination with other
polyester resins, including, it necessary, those derived from petroleum
sources. Examples of other suitable polyester resins include, but are not
imited  to, sulfonated, non-sulfonated, crystalline, amorphous,
combinations thereof, and the like. The polyester resins can be linear,

branched, combinations thereof, and the like. Polyester resins can include

-15-
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those resins disclosed in U.S. Patents 6,593,049 and 6.756,176. Suitable resins
also include mixtures of amorphous polyester resins and crystalline
polyester resins as disclosed in U.S. Patent 6,830,860.

[0028] Other examples of suitable polyesters include those formed by
reacting a diol with a diacid or diester in the presence of an optional
catalyst. For forming a crystalline polyester, suifable organic diols include,

but are not limited to, aliphatic diols with from about 2 1o about 36 carbon

atoms, such as 1,2-ethanediol, 1,3-propanediol, 1,4-butanediol, 1,5-
pentanediol, 1,6-hexanediol, 1,7-heptanedtiol, 1,8-octanediol, 1,9-
nonanediol, 1,10-decanediol, 1,12-dodecanediol, ethylene glycol,

combinations thereof, and the like. The aliphatic diol can be selected In
any desired or effective amount, in one embodiment at least about 40
mole percent, in another embodiment at least about 42 mole percent and
in yet another embodiment af least about 45 mole percent, and in one
embodiment no more than about 60 mole percent, in another
embodiment no more than about 55 mole percent, and in yet another
embodiment no more than about 53 mole percent, and the alkall sulfo-
aliphatic diol can be selected in any desired or effective amount, in one
embodiment 0 mole percent, and in another embodiment no more than
about 1 mole percent, and in one embodiment no more than apout 10
mole percent, and in another embodiment no more than from about 4
mole percent of the resin, although the amounts can be outsiae of these
ranges.

(0029] Examples of suitable organic diacids or diesters for preparation
of crystalline resins include, but are not limited to, oxalic acid, succinic
acid, glutaric acid, adipic acid, suberic acid, azelaic acid, fumaric acid,
maleic acid, dodecanedioic acid, sebacic acid, phthalic acid, isophthalic

acid, terephthalic acid, naphthalene-2,6-dicarboxylic acid, naphthalene-
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2,7-dicarboxylic acid, cyclohexane dicarboxylic acid, malonic acid and
mesaconic acid, a diester or anhydrnde thereof, and the like, as well as
combinations thereof. The organic diacid can be selected in any desired
or effective amount, in one embodiment at least about 40 mole percent,
iIn another embodiment at least about 42 mole percent, and In yet
another embodiment at least about 45 mole percent, and in one
embodiment no more than about 60 mole percent, In another
embodiment no more than about 55 mole percent, and In yet another
embodiment no more than about 53 mole percent, although the amounts
can be outside of these ranges.

[0030] Examples of suitable crystalline resins include, but are not
imited to, polyesters, polyamides, polyimides, polyolefins, polyethylene,
polybutylene, polyisobutyrate, ethylene-propylene copolymers, ethylene-
vinyl acetate copolymers, polypropylene, and the like, as well as mixtures
thereof. Specific crystalline resins can be polyester based, such as
poly(ethylene-adipate), poly(propylene-adipate), poly(butylene-adipate),
poly(pentylene-adipate), poly(hexylene-adipate), poly(octylene-adipate),
poly(ethylene-succinate), poly(propylene-succinate), poly(butylene-
succinate), poly(pentylene-succinate), poly(hexylene-succinate),
poly{octylene-succinate), poly(ethylene-sebacate), poly(propylene-
sebacate), poly(butylene-sebacate), poly(pentylene-sebacate),
poly(hexylene-sebacate), poly(octylene-sebacate), alkall copoly(5-
sulfolsophthaloyl)-copoly(ethylene-adipate), poly(decylene-sebacaie),
poly(decylene-decanoate), poly-{ethylene-decanoate), poly-(ethylene-
dodecanoate), poly{nonylene-sebacate), poly (nhonylene-decanoate),
copoly(ethylene-fumarate)-copolyl{ethylene-sebacate), copoly(ethylene-
fumarate)-copoly(ethylene-decanoate), copoly(ethylene-fumarate)-
copoly(ethylene-dodecanoate), and the like, as well as mixtures thereof.

The crystalline resin can be present in any desired or effective amount, In

one embodiment at least about 5 percent by weight of the toner

-1 /-
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components, and in another embodiment at least about 10 percent by
weight of the toner components, and in one embodiment no more than
about 50 percent by weight of the foner components, and in another
embodiment no more than dbou’r 35 percent by weight of the toner
components, although the amounts can be outside of these ranges. The

crystalline resin can possess any desired or effective melting point, in one

embodiment at least about 30°C, and in another embodiment at least
about 50°C, and in one embodiment no more than about 120°C, and In
another embodiment no more than about 20°C, although the melting
point can be outside of these ranges. The crystalline resin can have any
desired or effective number average molecular weight {Mn}, as measured
by gel permeation chromatography (GPC), in one embodiment at least
about 1,000, in another embodiment at least about 2,000, and In one
embodiment no more than about 50,000, and in another embodiment no
more than about 25,000, although the Mn can be outside of these ranges,
and any desired or effective weight average molecular weight (Mw), In
one embodiment at least about 2,000, and in another embodiment at
least about 3,000, and in one embodiment no more than about 100,000,

and in another embodiment no more than about 80,000, although the Mw

can be outside of these ranges, as determined by Gel Permeation
Chromatography using polystyrene standards. The molecular weight
dis’rribu’rion (MW/Mn) of the crystalline resin can be of any desired or
effective number, in one embodiment at least about 2, and in another
embodiment at least about 3, and in one embodiment no more than
about 6, and in another embodiment no more than about 4, although the
molecular weight distribution can be outside of these ranges.

[0031} Examples of suitable diacid or diesters for preparation of
amorphous polyesters include, but are not limited to, dicarboxylic acids,
anhydrides, or diesters, such as terephthalic acid, phthalic acid, isophthalic

acid, fumaric acid, maleic acid, succinic acid, itfaconic acid, succinic
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acid, succinic anhydride, dodecylsuccinic acid, dodecylsuccinic
anhydride, glutaric acid, glutaric anhydride, adipic acid, pimelic acid,
suberic acid, azelaic acid, dodecanediacid, dimethyl terephthalate,
diethy! terephthalate, dimethylisophthalate, diethylisophthalate,
dimethyiphthalate, phthalic anhydride, diethylphthalate,
dimethylsuccinate, dimethyltumarate, dimethylmaleate,
dimethylglutarate, dimethyladipate, dimethyl dodecylsuccinate, and the
ike, as well as mixtures thereof. The organic diacid or diester can be
present in any desired or effective amount, in one embodiment at least
about 40 mole percent, In another embodiment at least about 42 mole
percent, and in yet another embodiment at least about 45 mole percent,
and in one embodiment no more than about 60 mole percent, in another
embodiment no more than about 55 mole percent, and in yet another
embodiment no more than about 53 mole percent of the resin, although
the amounts can be outside of these ranges.

[0032] Examples of suitable diols for generating amorphous polyesters
Include, but are not limited to, 1,2-propanediol, 1,3-propanediol, 1,2-
butanediol, 1,3-butanediol, 1,4-butanediol, pentanediol, hexanediol, 2,2-
dimethylpropanediol, 2,2,3-trimethylhexanediol, heptanediol,
dodecanediol, 1,4-cyclohexanedimethanol, 1,3-cyclohexanedimethanol,
xylenedimethanol, cyclohexanediol, diethylene glycol, bis(2-hydroxyethyl}
oxide, dipropylene glycol, dibutylene, and the like, as well as mixtures
thereof. The organic diol can be present iIn any desired or effective
amount, In one embpbodiment at least about 40 mole percent, in another
embodiment at least about 42 mole percent, and In yet another
embodiment at least about 45 mole percent, and in one embodiment no
more than about 60 mole percent, in another embodiment no more than
about 55 mole percent, and in yet another embodiment no more than

about 53 mole percent of the resin, although the amounts can be outside

of these ranges.
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[0033] Examples of suitable amorphous resins Include polyesters,
polyamides, polyimides, polyolefins, polyethylene, polybutylene,
polyisobutyrate, ethylene-propylene copolymers, ethylene-vinyl acetate
copolymers, polypropylene, and the like, as well as mixtures thereof.

[0034] Suitable crystalline resins also include those disclosed in U.S.
Patent /7,329,476. One specific suitable crystalline resin comprises ethylene
glycol and o mixture of dodecanedioic acid and fumaric acid co-

monomers with the following formula:

O O O
(CH5) —L O O
A 2/10 O/% Y\)Lo/\/
O
b

wherein b is from about 5 to about 2000 and d is from about 5 to about

d

2000, although the values of b and d can be oulside of these ranges.

Another suitable crystalline resin 1s of the formula

0O
%0/\/\/\/\/\0
®
wherein n represents the number of repeat monomer units.
Emulsification
[0035] The emulsion 1o prepare emulsion aggregation parificles can

be prepared by any desired or effective method, such as a solventiess
emulsification method or phase inversion process as disclosed in, for
example, U.S. Patent Publications 2007/0141494 and 2009/0208864.
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As disclosed in 2007/0141494, the process includes forming an emulsion
comprising a disperse phase including a first aqueous composition and a
continuous phase including molten one or more ingredients of a toner
composition, wherein there is absent a toner resin solvent in the continuous
ohase; performing a phase inversion to create a phase inversed emulsion
comprising a disperse phase including toner-sized droplets comprising the
molten one or more ingredients of the toner composition and a continuous
phase including a second aqueous composition; and solidifying the toner-
sized droplets to result in toner particles. As disclosed in 2009/0208864, the
process includes melt mixing a resin in the absence of a organic solvent,
optionally adding a surfactant to the resin, optionally adding one or more
additional ingredients of a toner composition to the resin, adding to the
resin a basic agent and water, performing a phase inversion to create a
phase inversed emulsion including a disperse phase comprising toner-sized
droplets including the molten resin and the optional ingredients of the
toner composition, and solidifying the toner-sized droplets fo result in toner
particles.

[0036] Also suitable for preparing the emulsion is the solvent flasn
method, as disclosed in, for example, U.S. Patent 7,029,817. As disclosed
therein, the process includes dissolving the resin in a water miscible organic

solvent, mixing with hot water, and thereafter removing the organic solvent

from the mixture by flash methods, thereby forming an emulsion of the resin

in water. The solvent can be removed by distillation and recycled for

future emulsifications.

[0037] Any other desired or effective emulsification process can also
be used.

Toner

[0038]} The toner particles can be prepared by any desired or
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effective method. Although embodiments relating to toner particle
production are described below with respect to emulsion-aggregation
processes, any suitable method of preparing toner particles may pbe useq,
including chemical processes, such as suspension and encapsulation
orocesses disclosed in U.S. Patents 5,290,654 and 5,302,486. Toner
compositions and toner particles can be prepared by aggregation ana
coalescence processes in which small-size resin particles are aggregated
fo the appropriate toner particle size and then coalesced to achieve the
final foner-particle shape and morphology.

[0039] Toner compositions can be prepared by emulsion-
aggregation processes that include aggregating a mixture of an optionadl
colorant, an optional wax, any other desired or required addifives, and
emulsions including the selected resins described above, optionally iIn
surfactants, and then coalescing the aggregate mixture. A mixture can be
prepared by adding an optional colorant and optionally a wax or other
materials, which can also be optionally in a dispersion(s) including o
surfactant, to the emulsion, which can dlso be a mixture of two or more

emulsions containing the resin.

Surfactants

[0040]} Examples of nonionic surfactants include polyacrylic acid,
methalose, methyl cellulose, ethyl cellulose, propyl celiulose, hydroxy ethyi
cellulose, carboxy methyl cellulose, polyoxyethylene cetyl ether,
polyoxyethylene lauryl ether, polyoxyethylene octyl ether, polyoxyethylene
octylphenyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorpitan
monolaurate, polyoxyethylene stearyl ether, polyoxyethylene nonylphenyil
ether, dialkylphenoxy poly(ethyleneoxy) ethanol, available from Rhone-

Poulenc as IGEPAL CA-210™ IGEPAL CA-520™, IGEPAL CA-720™, IGEPAL
CO-890™, IGEPAL CO-720™, IGEPAL CO-290™, IGEPAL CA-210™,

09
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ANTAROX 8%90™, and ANTAROX 89/™. Other examples of suitable
nonionic surfactants include a block copolymer of polyethylene oxide and
polypropylene oxide, including those commercially available as
SYNPERONIC™ PE/F, such as SYNPERONIC™ PE/F 108.

[0041] Anionic surfactanits include sulfates and sulfonates, sodium
dodecylsulfate (SDS), sodium dodecylbenzene sulfonate, sodium
dodecylnaphthalene sulfate, dialkyl benzenealkyl sulfates and sulfonates,
acids such as abitic acid available from Aldrich, NEOGEN R™, NEOGEN
SC™ available from Daiichi Kogyo Seiyaku, combinations thereof, and the
ike. Other suitable anionic surfactants include DOWFAX™ 2A1, an
alkyldiphenyloxide disulfonate from Dow Chemical Company, and/or
TAYCA POWER BN2060 from Tayca Corporation (Japan), which are
branched sodium dodecyl benzene sulfonates. Combinations of these
surfactants and any of the foregoing anionic surfactants can be used.
[0042] Examples of cationic surfactants, which are usually positively
charged, include dalkylbenzyl dimethyl ammonium chlonde, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride,
alkylbenzyl methyl ammonium chloride, alkyl benzyl dimethyl ammonium
bromide, benzalkonium chloride, cetyl pyridinium bromide, Ciz, Cis, Ci7
frimethyl ammonium  bromides, halide salis of  quaternized

oolyoxyethylalkylomines, dodecylbenzyl triethyl ammonium chloride,

MIRAPOL™ and ALKAQUAT™, available from Alkaril Chemical Company,
SANIZOL™ (benzalkonium chlonde), available from Kao Chemicals, and

the like, as well as mixiures thereof.

Wax

[0043] Optionally, a wax can also be combined with the resin and
other toner components in forming toner particles. When included, the
wax can be present in any desired or effective amount, In one

embodiment at least about 1 percent by weight, and In another

203-
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embodiment at least about 5 percent by weight, and in one embodiment
no more than about 25 percent by weight, and in another embodiment no
more than about 20 percent by weight, although the amount can be
outside of these ranges. Examples of suitable waxes include (but are not
imited to) those having, for example, a weight average molecular weight
of in one embodiment at least about 500, and in another embodiment af
least about 1,000, and in one embodiment no more than about 20,000,
and in another embodiment no more than about 10,000, although the
weight average molecular weight can be outside of these ranges.
Examples of suitable waxes include, but are not limited to, polyolefins, such
as polyethylene, polypropylene, and polybutene waxes, including those
commercially available from Allied Chemical and Petrolite Corporation, for
example POLYWAX™ polyethylene waxes from Baker Petrolite, wax
emulsions available from Michaelman, Inc. and Daniels Products
Company, EPOLENE N-15™ commercially available from Eastman
Chemical Products, Inc., and VISCOL 550-P™, a low weight average
molecular weight polypropylene available from Sanyo Kasel K. K., and the
ike: plant-based waxes, such as carnauba wax, rice wax, candelilla wakx,
sumacs wax, jojoba oil, and the like; animal-based waxes, such as
beeswax and the like; mineral-based waxes and petroleum-based waxes,
such as montan wax, ozokerite, ceresin, paraffin wax, microcrystalline wax,
Fischer-Tropsch wax, and the like; ester waxes obtained from higher tatty
acids and higher alcohols, such as stearyl stearate, behenyl behenate,
and the like; ester waxes obtained from higher fatty acid and monovalent
or multivalent lower alcohols, such as butyl stearate, propyl oleate,
glyceride monostearate, glyceride distearate, pentaerythritol
tetrabehenate, and the like; ester waxes obtained from higher ftatty acids
and multivalent alcohol muliimers, such as diethyleneglycol monostearate,
dipropyleneglycol distearate, diglyceryl distearate, triglyceryl tetrastearate,

and the like; sorbitan higher fatty acid ester waxes, such as sorbitan

4-
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monostearate and the like; and cholesterol higher fatty acid ester waxes,
such as cholesteryl stearate and the like; and the like, as well as mixtures
thereof. Examples of suitable functionalized waxes include, but are not
imited to, amines, amides, for example AQUA SUPERSLIP 6550™, SUPERSLIP
6530™ available from Micro Powder Inc., fluorinated waxes, for example
POLYFLUO 190™, POLYFLUO 200™, POLYSILK 19™, POLYSILK 14™ available
from Micro Powder Inc., mixed fluorinated amide waxes, for example
MICROSPERSION 19™ qvailable from Micro Powder Inc., imides, esters,
quaternary amines, carboxylic acids or acrylic polymer emulsions, for
example JONCRYL 74™, 89™ 130™, 537™, and 538™, all available from
SC Johnson Wax, chlorinated polypropylenes and polyethylenes available
from Allied Chemical and Petrolite Corporation and SC Johnson wax, and
the like, as well as mixtures thereof. Mixtures and combinations ot the
foregoing waxes can also be used. Waxes can be included as, for
example, fuser roll release agents. When included, the wax can be
present in any desired or effective amount, in one embodiment at least
about 1 percent by weight, and in another embodiment at least about 5
percent by weight, and in one embodiment no more than about 25
percent by weight, and in another embodiment no more than about 20

percent by weight, although the amount can be outside of these ranges.

Colorants
[0044] Examples of suitable colorants include pigments, ayes,

mixtures thereof, and the like. Specific examples include, but are nof
limited to, carbon black; magnetite; HELIOGEN BLUE L6900, D63840, D/7080,
D7020, PYLAM OIL BLUE, PYLAM OIL YELLOW, and PIGMENT BLUE 1,

available from Paul Uhlich and Company, Inc.; PIGMENT VIOLET 1, PIGMENT
RED 48, LEMON CHROME YELLOW DCC 1026, E.D. TOLUIDINE RED, anad BON
RED C, available from Dominion Color Corporation, Ltd., Toronto, Ontario;
NOVAPERM YELLOW FGL and HOSTAPERM PINK E, available from Hoechst;

05_
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CINQUASIA MAGENTA, available from E.I. DuPont de Nemours and
Company; 2,9-dimethyl-substitfuted quinacridone and anthraguinone dye
identified in the Color Index as ClI 60710, Cl Dispersed Red 15, diazo dye
identified in the Color Index as Cl 26050, CI Solvent Red 19, copper
tetra(octadecyl sulfonamido) phthalocyanine, x-copper phthalocyanine
pigment listed in the Color Index as Cl 74160, ClI Pigment Blue,
Anthrathrene Blue identified in the Color Index as Cl 69810, Special Blue X-
2137, diarylide vyellow 3.,3-dichlorobenzidene acetoacetanilides, a
monoazo pigment identified in the Color Index as Cl 12700, Cl Solvent
Yellow 16, a nitrophenyl amine sulfonamide identified in the Color Index as
Foron Yellow SE/GLN, CIl Dispersed Yellow 33, 2,5-dimethoxy-4-sulfonanilide
ohenylazo-4'-chloro-2,5-dimethoxy acetoacetanilide, Yellow 180,
Permanent Yellow FGL; Neopen Yellow 075, Neopen Yellow 159, Neopen
Orange 252, Neopen Red 336, Neopen Red 335, Neopen Red 366, Neopen
Blue 808, Neopen Black X53, Neopen Black X55; Pigment Blue 15:3 having
a Color Index Constitution Number of 74160, Magenta Pigment Red 81:3
having a Color Index Constitution Number of 45160:3, Yellow 17 having @
Color Index Constitution Number of 21105, Pigment Red 122 (2,9-
dimethylguinacrnidone), Pigment Red 185, Pigment Red 192, Pigment Red
202, Pigment Red 206, Pigment Red 235, Pigment Red 269, combinations
thereof, and the like.

[0045] The colorant is present in the toner in any desired or ettective
amount, in one embodiment at least about 1 percent by weight of the
toner, and in another embodiment at least about 2 percent by weight of
the toner, and in one embodiment no more than about 25 percent by
weight of the toner, and in another embodiment no more than about 15

percent by weight of the toner, although the amount can be outside of

these ranges.
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Toner Preparation
[0046] The pH of the resulting mixture can be adjusted by an aciqg,

such as acetic acid, nitric acid, or the like. In specific embodiments, the
oH of the mixture can be adjusted to from about 2 to about 4.5, although
the pH can be outside of this range. Additionally, if desired, the mixture
can be homogenized. If the mixture Is homogenized, homogenization can
be performed by mixing at from about 600 to about 4,000 revolutions per
minute, although the speed of mixing can be outside of this range.
Homogenization can be performed by any desired or etfective method,
for example, with an IKA ULTRA TURRAX T50 probe homogenizer.

[0047] Following preparation of the above mixture, an aggregating
agent can be added to the mixture. Any desired or effective aggregating
agent can be used to form a toner. Suitable aggregating agents include,
but are not limited to, aqueous solutions of divalent cations or a multivalent
cations. Specific examples of aggregating agents include polyaluminum
halides such as polyaluminum chloride (PAC), or the corresponding
bromide, fluoride, or iodide, polyaluminum silicates, such as polyaluminum
sulfosilicate (PASS), and water soluble metal salts, including aluminum
chloride, aluminum nitrite, aluminum sulfate, potassium aluminum sulfate,
calcium acetate, calcium chlornde, calcium niinite, calcium oxylate,
calcium sulfate, magnesium acetate, magnesium nitrate, magnesium
sultate, zinc acetate, zinc nitrate, zinc sulfate, zinc chloride, zinc bromide,
magnesium bromide, copper chloride, copper sulfate, and the like, as well
as mixtures thereof. In specific embodiments, the aggregating agent can
be added to the mixture at a temperature below the glass transition
temperature (Tg) of the resin.

[0048] The aggregating agent can be added to the mixture used 1o
form a toner in any desired or effective amount, in one empbodiment at
least about 0.1 percent by weight, iIn another embodiment at least about

0.2 percent by weight, and In yet another embodiment at least about 0.5

ya
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percent by weight, and In one embodiment no more than about 8
percent by weight, and in another embodiment no more than about 5
percent weight of the resin in the mixture, although the amounts can be
outside of these ranges.

[0049] To control aggregation and coalescence of the particles, the
aggregating agent can, if desired, be metered into the mixture over time.
For example, the agent can be metered into the mixture over a period of
in one embodiment at least about 5 minutes, and in another embodiment
at least about 30 minutes, and in one embodiment no more than about
240 minutes, and in another embodiment no more than about 200 minutes,
although more or less time can be used. The addition of the agent can
also be performed while the mixture is maintained under stirred conditions,
in one embodiment at least about 50 rom, and in another embodiment at
least about 100 rom, and in one embodiment no more than about 1,000
rom, and in another embodiment no more than about 500 rom, although
the mixing speed can be outside of these ranges, and, In some specific
embodiments, at a temperature that is below the glass transition
temperature of the resin as discussed above, In one specific embodiment
at least about 30°C, in another specific embodiment at least about 35°C,
and in one specific embodiment no more than about 90°C, and In another
specific embodiment no more than about 70°C, although the temperature
can be outside of these ranges.

[0050] The particles can be permitted to aggregate until a
predetermined desired particle size I1s obtained. A predetermined desired
size refers to the desired particle size 1o be obtained as determined prior to
formation, with the particle size being monitored during the growth process
until this particle size Is reached. Samples can be taken during the growth
process and analyzed, for example with a Coulter Counter, for average

particle size. Aggregation can thus proceed by maintaining the elevated

tfemperature, or by slowly raising the temperature to, tor example, from

78-
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about 40°C to about 100°C (although the temperature can be outside of
this range), and holding the mixture at this temperature for a time from
about 0.5 hours to about 6 hours, In embodiments from about hour 1 to
about 5 hours (although time periods outside of these ranges can be
used), while maintaining stirring, to provide the aggregated particles.
Once the predetermined desired particle size is reached, the growth
process is halted. In embodiments, the predetermined desired particle size
Is within the toner particle size ranges mentioned above.

[0051] The growth and shaping of the particles following addition of
the aggregation agent can be performed under any suitable conditions.
For example, the growth and shaping can be conducted under conditions
iIN which aggregation occurs separate from coalescence. For separate
aggregation and coalescence stages, the aggregation process can be
conducted under shearing conditions at an elevated temperature, for
example of from about 40°C to about 20°C, in embodiments from about
45°C to about 80°C, which may be below the glass fransition temperature

of the resin as discussed above.

Shell Formation
[0052] An optional shell can then be applied to the formed
aggregated toner particles. Any resin described above as suitable for the

core resin can be used as the shell resin. The shell resin can be applied 1o
the aggregated particles by any desired or ettective method. For
example, the shell resin can be in an emulsion, including a surtactant. The
aggregated particles described above can be combined with said shell

resin . emulsion so that the shell resin forms a shell over the formed
aggregates. In one specific embodiment, an amorphous polyester can be
used to form a shell over the aggregates to form toner particles having a
core-shell configuration.

[0053] Once the desired final size of the toner particies is achieved,

9.



CA 02763566 2012-01-10

the pH of the mixture can be adjusted with a base to a value In one
embodiment of from about 6 to about 10, and in another embodiment of
from about 6.2 to about 7, although a pH outside of these ranges can be
used. The adjustment of the pH can be used to freeze, that is to stop,
toner growth. The base used to stop toner growth can include any suitable
base, such as alkali metal hydroxides, including sodium hydroxide and
potassium hydroxide, ammonium hydroxide, combinations thereof, and
the like. In specific embodiments, ethylene diamine tetraacetic acid
(EDTA) can be added to help adjust the pH to the desired values noted
above. In specific embodiments, the base can be added in amounts from
about 2 to about 25 percent by weight of the mixiure, and in more specific
embodiments from about 4 to about 10 percent by weight of the mixture,

although amounts outside of these ranges can be used.

Coalescence

[0054] Following aggregation to the desired particle size, with the
formation of the optional shell as described above, the particles can then
be coalesced o the desired final shape, the coalescence being achieved
by, for example, heating the mixiure to any desired or effective
temperature, in one embodiment at least about 55°C, and in another
embodiment at least about 65°C, and in one embodiment no more than
about 100°C, and In another embodiment no more than about 75°C, and
IN one specific embodiment about 70°C, although temperatures outside of
these ranges can be used, which can be below the melting point of the
crystalline resin to prevent plasticization. Higher or lower temperatures may
be used, it being undersiood that the temperature is a function of the
resins used for the binder.

[0055] Coalescence can proceed and be performed over any
desired or etfective penod of time, in one embodiment at least about 0.1

hour, and In another embodiment at least 0.5 hour, and In one
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embodiment no more than about 9 hours, and in another embodiment no
more than about 4 hours, although pertods of time outside of these ranges
can be used.

10056} After coalescence, the mixiure can be cooled to room
temperature, typically from about 20°C to about 25°C (although
temperatures outside of this range can be used). The cooling can be
rapid or slow, as desired. A suitable cooling method can include
intfroducing cold water to a jacket around the reactor. After cooling, the
foner partficies can be optionally washed with water and then dried.
Drying can be accomplished by any suitable method for drying including,

for example, freeze-drying.

Optional Additives
[0057] The toner particles can also contain other optional additives

as desired. For example, the toner can include positive or negative
charge control agenis in any desired or effective amount, in one
embodiment in an amount of at least about 0.1 percent by weight of the
toner, and in another embodiment at least about 1 percent by weight of
the toner, and in one embodiment no more than about 10 percent by
weight of the foner, and in another embodiment no more than about 3
percent by weight of the toner, although amounts outside of these ranges
can be used. Examples of suitable charge control agents include, but are
not limited 1o, quaternary ammonium compounds inclusive of alkyl
oyridinium halides; bisulfates; alkyl pyndinium compounds, including those
disclosed In US. Patent 4,298,672, organic sulfate and sulfonate
compositions, including those disclosed in U.S. Patent 4,338,390; cetyl
pyridinium tetrafluoroborates; distearyl dimethyl ammonium methyl sulfate;
aluminum salts such as BONTRON E84™ or E88™ (Hodogaya Chemical);
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and the like, as well as mixiures thereof. Such charge control agents can
be applied simulianeously with the optional shell resin described above or
after application of the optional shell resin.

[0058] There can also be blended with the toner particles external
additive particles, including flow aid additives, which can be present on
the surfaces of the toner pariicles. Examples of these additives include,
but are not limited to, metal oxides, such as titanium oxide, siticon oxide, 1in
oxide, and the like, as well as mixtures thereof; colloidal and amorphous
silicas, such as AEROSIL®, metal salts and metal salts of fatty acids including
zZinc stearate, aluminum oxides, cerium oxides, and the like, as well as
mixtures thereof. Each of these external additives can be present in any
desired or effective amount, in one embodiment at least about 0.1
percent by weight of the toner, and in another embodiment at least about
0.25 percent by weight of the toner, and in one embodiment no more
than about 5 percent by weight of the toner, and in another embodiment
NnO more than about 3 percent by weight of the toner, although amounts
outside these ranges can be used. Suitable additives include, but are not
imited to, those disclosed in US. Patents 3,590,000, 3,300,583, ana
6,214,507. Again, these addifives can be applied simultaneously with an
optional shell resin described above or after application of an optiondl
shell resin.

[0059] The toner particles can be formulated into a developer
composition. The toner particles can be mixed with carer particles to
achieve a iwo-component developer compaosifion. The toner
concentration in the developer can be of any desired or ettective
concentration, in one embodiment at least about 1 percent, and In
another embodiment at least about 2 percent, and in one embodiment
no more than about 25 percent, and in another embodiment no more

than about 15 percent by weight of the total weight of the developer,
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although amounts outside these ranges can be used.

[0060] The toner particles have a circularity of in one embodiment at
least about 0.920, in another embodiment at least about 0.940, In yet
another embodiment at least about 0.962, and in sfill another embodiment
at least about 0.965, and in one embodiment no more than about 0.999, in
another embodiment no more than about 0.990, and in yet another
embodiment no more than about 0.980, although the value can be
outside of these ranges. A circularity of 1.000 indicates a completely
circular sphere. Circularity can be measured with, for example, a Sysmex
FPIA 2100 analyzer.

[0061] Emulsion aggregation processes provide greater control over
the distribution of toner particle sizes and can limit the amount of both fine
and coarse toner particles in the toner. The toner particles can have a
relatively narrow particle size distribution with a lower number ratio
geometric standard deviation (GSDn) of in one embodiment at leasi
about 1.15, in another embodiment at least about 1.18, and in yet another
embodiment at least about 1.20, and in one embodiment no more than
about 1.40, in another embodiment no more than about 1.35, In yet
another embodiment no more than about 1.30, and in still another
embodiment no more than about 1.25, although the value can be outside

of these ranges.

[0062] The toner particles can have a volume average diameter
(also referred to as "volume average particle diameter” or "Dsov’) Of In one
embodiment at least about 3 um, in another embodiment at least about 4
um, and in yet another embodiment at least about 5 ym, and in one

embodiment no more than about 25 um, in another embodiment no more
than about 15 um, and in yet another embodiment no more than about 12
um, although the value can be outside of these ranges. Dsov, GSDv, and
GSDn can be determined using a measuring instrument such as d

Beckman Coulter Mullisizer 3, operated in accordance with the
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manufacturer's instructions. Representative sampling can ocCcur as follows:
a small amount of toner sampile, about 1 gram, can be obtained ana
filtered through a 25 micrometer screen, then put in isotonic solution fo
obtain a concentration of about 10%. with the sample then run in @
Beckman Coulter Multisizer 3.

[0063]) The toner particles can have a shape factor of In one
embodiment at least about 105, and In another embodiment at leasi
about 110, and in one embodiment no More than about 170, and In
another embodiment no more than about 160, SF1*a, although the value
can be outside of these ranges. Scanning electron microscopy (SEM) can
he used fo determine the shape factor analysis of the toners by SEM and
image analysis (IA).  The average particle shapes are quantified by
employing the following shape factor (SF1*a) formula: SF17a = 100rd?2/(4A),
where A is the area of the particle and d is its major axis. A perfectly
circular or spherical particle has A shape factor of exactly 100. The shape
tactor SF1*a increases as the shape becomes more iregular or elongatead
in shape with a higher surface area.

[0064] The characteristics of the toner particles may be determined
by any suitable technique and apparaius ond are not limited to the
nstruments and techniques indicated hereinabove.

[0065] n embodiments where the toner resin is crosslinkable, such
crosslinking can be performed in any desired or effective manner. For
example, the toner resin can ~e crosslinked during fusing of the foner to
the substrate when the toner resin s crosslinkable at the fusing
temperature.  Crosslinking can also be effected by heating the fusea
image to a temperature ai which the toner resin will be crosslinked, for
example in a post-fusing operation. In speciiic embodiments, crosslinking
can be effected at temperatures of in one embodiment about 160°C or
less, in another embodiment from about 70°C to about 160°C, and in yet

another embodiment from aboul 80°C to about 140°C, although
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temperatures ouiside these ranges can be used.

[0066] Specific embodiments will now be described in detail. These
examples are intended to be illustrative, and the claims are not limited to
the matenals, conditions, or process parameters set forth In these
embodiments. All parts and percentages are by weight unless otherwise

indicated.

EXAMPLES I-VII

[0067] Polyester resins comprising 50 weight percent bio-based

content were prepared as follows. Reactors (2L Buchi in Examples I and 1l;

IL Parr in Examples 11I-V1I) equipped with a mechanical stirrer, bottom

drain valve, and distillation apparatus were charged with dimethyl
terephthalate (DMT, obtained from Sigma-Alanch, USA), bio-based 1,2-
propylene glycol (PG, obtained from Archer Daniels Midiand, USA), rosin-

maleic anhydride (RMA, obtained from Harima Chemical, Japan), rosin-

fumarate (R-F1, Examples [V-VII only; obtained from Harima Chemical,

Japan), 2-dodecenyl succinic anhydride (DSA, obtained from lvanhoe

Chemicals, USA), and either VERTECT™MAC422 catalyst (Example I; obtained
from Johnson Matthey Specialty Chemicals, USA) or FASCAT™4100 catalyst

(Examples [I-VII; obtained from Arkema Incorporated, USA). In each
case, the reactor was blanketed with nitrogen and the temperature of the
reactor was stowly raised 1o 190°C with stirming once the solids melted. This
reaction mixture was maintained for 16h under nitrogen while methanol
was continuvously collected in a collection flask. The reaction mixture was
then slowly heated to 205°C and low vacuum was applied for 30 minutes.
The vacuum was then switched to a higher vacuum (<0.1 Torr). Dunng this
time, ethylene glycol distilled off and when a first softening point (Tsi, listed

in the table) of the resin was reached, the reactor temperature was
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reduced to 150°C (Examples I-11I) or 180° (Examples IV-VII) and citric acid
(CA; Examples I-11I; obtained from Sigma-Aldrich) or rosin-fumarate (R-F2;
Examples [V-VII; obtained from Harima Chemicals) was added. The
reaction mixture temperature was stowly raised to 170°C (Examples I-111) or
200°C (Examples IV-VII) over 2h (Examples [-111) or 1h (Examples IV-V1I),
after which the reactor temperature was increased to 210°C (Examples I-

[11), 225°C (Examples IV-V1), or 230°C (Example VII) and the pressure was

reduced to 0.1mmHg. The reaction was allowed 10 heat for another 4h

(Examples I-III), é6h (Examples IV-VI), or 9h (Example VII) until a second

softening point (Ts2, listed in the table) was achieved, followed by
discharging the resin. An emulsion was subsequently prepared by either

(1) the solvent flash method using ethyl acetate as the solvent (Examples I-
[II) or (2) the phase inversion pProcess using methyl ethyl ketone and

isopropanol as the solvent (Examples [V-VII) to result in a solids contfent

and particle size as shown in the table below. Specific amounts In grams

were qas follows:

PG RMA R-F 1 DSA cat. CA R-F2
513.7 129.6 0 159.6 2.7 34.6 0
513.7 129.6 0 127.7 2.2 34.6 0
299.6 88.2 0 93.1 1.0 10.1 0
299.6 52.9 63 93.6 1.0 0 26.5
299.6 50.4 66.2 83.8 1.0 O 26.5
299.6 50.4 /1.4 73.1 1.0 O 21.2
299.6 37.8 /9.4 73.1 1.0 0 26.9
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acld parficie
solids |
Tsi Ts2 [fe value Mn Mw size
EX. content
(°C) | (°C) | (°C) | (g/g | (g/mol)} | (g/mOl) %) (nm]
KOH)
106 113 | 54.9 14.8 3,886 | 25,968 21.88 190

1058 | 1168 | 57.0 | 21.9 3,867 | 50,008 21.5 210

105.4 | 1163 | 53.7 | 11.8 A,445 | 126,477 | 21.8 195
101.9 | 113.7 | 563 | 15.9 3,300 | 24,800 24.4 177
101.7 | 1183 | 57.0 | 15.1 3,600 | 50,200 24.8 170
1019 | 1152 | 543 | 151 | 2,700 | 20,900 | 35.61 183
101.2 | 128.7 | 56.8 | 12.4 3,600 | 221,833 | 33.71 157
EXAMPLE V111
[0068] In a 2L Hoppes reactor equipped with a heated bottom drain

valve, high viscosity double turbine agitator, and distillation receiver with O
cold water condenser were charged 900g sebacic acid, .ob’roined from
Sigma-Aldrich, 84g fumaric acid, obtained from Sigma-Aldrich, 655.29
ethylene glycol, obtained from Sigma-Aldrich, and 1.5g butyliin hydroxide
oxide as the catalyst, obtained from Arkema Inc. The reactor was heated
to 190°C with stirring for 3 hours and then heatfed 1o 210°C over a one hour
poeriod, after which the pressure was slowly reduced from atmospheric
oressure to about 260 Torr over a one hour period, and then reduced 10 5
Torr over a two hour period, and then further reduced 10 about 1 Torr-over
a 30 minute period. The resulting polymer was then allowed to cool to
185°C, 24g trimellitic anhydride, obtained from Sigma-Aldrich was added,

and the mixture was stired for an additional hour followed by discharge

through the bottom drain. The crystalline polyester resin had a softening
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point of 93°C (29 Poise viscosity measured by cone and plate viscometer
at 199°C) and a melting point range of 70 1o 80°C as measured by DSC,
and an acid value of 10 meg/g KOH. An agueous emulsion of the resin
was prepared by dissolving 100g of resin in ethyl acetate (600g) and the
nixture was added to 1L of water containing 2g of sodium bicarbonate
and homogenized for 20 minutes at 4000 rpm, followed by heating to 80-
a5oC to distill off the ethyl acetate. The resultant aqueous crystalline
oolyester emulsion had a solids content of 34.9% by weight and displayed

a particle size of 155 nanometers.

EXAMPLE IX

[0069] An emulsion aggregation cyan toner was prepared as follows.
To a 2L glass reactor equipped with an overhead mixer was added 107g of

the. amorphous emulsion of Example 11, 107.4g of the amorphous emulsion

of Example 111, 23.4g of the crystalline polyester emulsion of Example VIII,

34.04g carnauba wax emulsion, obtained from Toa Kasei Co., Ltd. (Japan),
and 28.21g cyan pigment Pigment Blue 153, obtained from Sun Chemicais
(USA), 39.83g Alx(SO4)3, obtained from Sigma-Aldrich, was added in as @
flocculent under homogenization. The mixiure was heated to 38.3°C for
aggregation at 300 rom. The parficle size was monitored with a Coulter

Counter until the core particles reached a volume average oarticle size of

4.68um with a GSD of 1.23, after which 52g of the resin emulsion of Example
II and 52g of the resin emulsion of Example IlI was added as a shell,
resulting in core-shell structured particles with an average particle size of
5.71um, GSD 1.23. Thereafter, the pH of the reaction slurry was increased
to 8 using 3.08g EDTA and NaCH to freeze the toner growth. After freezing,
the reaction mixture was heated to 85°C and pH was reduced to 7.5 for
coalescence. The foner was quenched after coalescence, and had a

final particle size of 6.28um, GSD of 1.25, and circularity of 0.976. The toner
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slurry was then cooled to room temperature, separated by sieving (25pm),
filtered, washed, and freeze dried.

[0070] Unfused images were generated from a developer of this
toner using a modified XEROX DocuColor-12® copier where the fuser had
been disabled. A TMA (Toner Mass per unit Area) image of 1.00 mg/cm?
was made on XEROX® Color Xpressions+ paper, 90 gsm, uncoated, P/N
3R11540 and used for gloss, crease, and hot offset measurements.
Gloss/crease targets were a square image placed in the center of the
page.

[0071] The offline generated image samples were then fused with a
YEROX® DocuColor-700 DC70 Fusing fixture. A production fuser customer
replaceable unit was fitted with an external motor and temperature
control along with paper transports. Process speed of the DC700 tuser was
set to 220 mm/s (nip dwell of ~34 ms) and the fuser roll tfemperature was
varied from cold offset to hot offset or up to 210°C for gloss and crease
measurements on the samples. After the set point temperature of the tuser
oll had been changed there was a ten minute wait to allow the
temperature of the belt and pressure assembly to stabilize. The crease
curve as a function of temperature is displayed in Figure 1. A minimum fix
temperature of 140°C was determined at crease of 80. The gloss curve as
a function of temperature is displayed in Figure 2. A gloss value of about

30 to about 60 was achieved from a temperature range of from aboui

140°C to about 1920°C.

EXAMPLE X

[0072] An emulsion aggregation cyan toner was prepared as follows.

To a 2L glass reactor equipped with an overhead mixer was added 85.43g

of the polyester emulsion of Example V, 90.24g of the polyester emulsion of

Example VI, 36.45g polymethylene wax dispersion (obtained from |Gl
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Chemicals, USA), and 41.80g cyan pigment Pigment Biue 15:3. 41.829
AlL(SO4)3 was added in as flocculent under homogenization. The mixture
was heated to 51°C for aggregation at 300 rom. The particle size was
nonitored with a Coulter Counter until the core particles reached @

volume average particle size of 4.88um with a G3D of 1.23, after which

47.18g of the emulsion of Example V and 49.84g of the emulsion of
Example VI were added as a shell, resulfing in core-shell structured

oarticles with an average particle size of 5.7/7um, GSD 1.23. Thereafter, the
oH of the reaction slurry was increased to 9 using 9.69g EDTA and NaOH 1o
freeze the toner growth. After freezing, the reaction mixture was heated 10
85°C, and pH was reduced to 7.5 for codalescence. The toner was
quenched after coalescence, and had a final particle size of 6.34um, G3SD
of 1.30. and circularity of 0.980. The toner slurry was then cooled to room
temperature, separated by sieving (25um), filtered, washed, and freeze

drieq.

EXAMPLE XI

[0073] The process of Example Il is repeated except that equimolar
amounts of the following modified rosins are substituted for maleic
anhydride-modified rosin:

XI(a) maleic acid-modified rosin

X1(b) fumaric acid-modified rosin

XI(c) acrylic acid-modified rosin

XI(d) itaconic acid-modified rosin

XI(e) fumaric anhydride-modified rosin

X1(f) acrylic anhydride-modified rosin

X1I(g) itaconic anhydride-modified rosin

The resulting products are incorporated into a toner by the method of
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Example [X. It is believed that similar results will be obtained.

EXAMPLE XI11
[0074] The process of Example 11 is repeated except that:
XII{a) 30 mole percent of 1,2-propylene glycol is replaced

with dimer diol, available from Unigema, New Castle, DE.

XII(b) 70 mole percent of 1,2-propylene glycol is replaced

with 1,4:3,6-dianhydro-D-sorbitol, prepared as disclosed in, for exampie,
Fleche et al., Starch/Starke, 38(1), pp. 26-30 (1986), and Ballauff et al.,
Polyesters (Derived from Renewable Sources), Polymeric Materials
Encyclopedia, Vol. 8, p. 5892 (1996).

The resulting products are incorporated into a toner by the

method of Example IX. It is believed that similar results will be obtained.

EXAMPLE X111
[0075] To a 2L Buchireactor is added 400g of rosin-acrylate and 1L of

dry toluene. The mixture is cooled to -10°C. To this mixiure is added
dropwise over a 1h period 25g of lithium aluminum hydride in a 2M solution
of toluene. After an additional mixing of 2h, the mixture is allowed to warm
up to 25°C. The mixture is then drained into 1L of water, and to this is
added 5g of sodium bicarbonate. The organic fraction is then separated,

washed with brine, and distilled o afford the corresponding rosin-diol.

EXAMPLE X1V

[007 6] The process of Example X111 is repeated with rosin-fumarate to

afford the corresponding rosin-triol.
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EXAMPLE XV
[0077] A polyester resin derived from 400g of the rosin-diol of example
X111, 100g of propylene glycol, and 200g of succinic acid is made by the

procedure of Examples I-VI. A toner is made with the product by the

method of Example X. It is believed that simiiar results will be observed.

EXAMPLE XVI

[0078] A polyester resin derived from 400g of the rosin-diol of example
X1, 100g of propylene glycol, and 400g of rosin-acrylate is made by the

procedure of Examples I-VI. A toner is made with the product by the
method of Exampie X. It is believed that similar results will be observed.

[0079] Other embodiments and modifications of the present
Invention may occur to those of ordinary skill in the art subsequent to @
review of the informatfion presented herein;, these embodiments and
modifications, as well as equivalents thereof, are also included within the
scope of this invention.

[0080] The recited order of processing elements or sequences, or the
use of numbers, letters, or other designations theretor s not restricted to

any order and is within the scope of the invention.
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WHAT IS CLAIMED IS:

]. A polyester resin comprising the polycondensation product of:
(a) at least one diacid, acid ester, or diester; and
(b) at least one diol comprising a rosin diol;
wherein at least one diacid, acid ester, or diester is or is derived from succinic

acld, azelaic acid, citric acid, or mixtures thereof.

2. A foner composition comprising particles which compirise:
(1) a polyester resin according to claim 1; and

(2) an optional colorant.

3. A toner composttion according to claim 2 wherein at least one further
diacid, acid ester, or diester is the reaction product of (A) abietic acid,
neoabietic acid, palusiric acid, pimaric acid, levo-pimaric acid, isopimaric
acid, dehydroabietic acid, sandaracopimaric acid, or a mixture thereof; with
(B) acrylic acid, maleic acid, fumaric acid, itaconic acid, or a mixture

thereot.

4, A toner composition according to claim 2 wherein at least one further
diol compirises 1,2-propanediol, 1,3-propanediol, propylene glycol, a C36

dimer diol, isosorbide, or mixtures thereof.

5. A toner composition according to claim 2 wherein the polyester resin is
amorphous.
6. A toner composition according to claim 5 further comprising o

crystalline polyester resin.
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/. A toner composition according to claim é6 wherein the crystalline

polyester resin 1s (A) of the formula

O O ke |
. () A ) O
2— (QHQJIO_lLO N\(_)N \
O 5 o

~d

wherein b is from about 5 to about 2000 and d is from about 5 to about 2000;

(B) of the formula

- _ -

.

Q

~n

wherein n represents the number of repeat monomer units; or (C) a mixture

thereof.

8. A toner composition according to claim 2 wherein:

(a) the particles have a volume average diameter of at least 4 um;

(b} the particles have a volume average diameter of no more than 12
Um; and

(c) the particles have a particle size distribution of no more than 1.35.

9. A toner composition according to claim 2 wherein the toner is an

emulsion aggregation toner.

10. A toner composition according to claim 2 having a core-shell structure.

11. A polyester resin comprising the polycondensation product of:
(a) at least one diacid, acid ester, or diester; and
(b) at least one diol which is a C36 dimer diol, isosorbide, or mixtures
thereof; wherein either
(i) at least one diacid, acid ester, or diester Is a rosin diacid, rosin
acid ester, or rosin diester; or

(it) at least one further diol is a rosin diol.
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12. A polyester resin according to claim 11 wherein at least one diacid,

acid ester, or diester is a rosin diacid, rosin acid ester, or rosin diester.

13. A toner composition comprising particles which comprise:
(1) a polyester resin according to claim 11; and

(2) an opfional colorant.

14. A toner composition comprising particles which compirise:
(1) a polyester resin comprising the polycondensation product of:
(a) at least one diacid, acid ester, or diester; and
(b) at least one dioi;
wherein at least one diacid, acid ester, or diester is a rosin diacid, rosin acid
ester, or rosin diester; and
wherein at least one diol is a rosin diol; and

(2) an optional colorant.

15. A toner composition according to claim 14 wherein the polyester resin

IS AMOorphous.

16. A toner composition according to claim 15 further comprising @

crystalline polyester resin.

17. A toner composition according to claim 14 wherein:
(a) the particles have a volume average diameter of at least 4 um;
(b) the particles have a volume average diometer of no more than 12
um; and

(C) the particles have a particle size distribution of no more than 1.35.

18. A toner composition according to claim 14 wherein the toner is an

emuision aggregation foner.
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19. A toner composition according to claim 14 having a core-shell

structure.
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