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TONER This application claims the benefits of Provisional Application No.
60/758,757 filed January 13, 2006; and Provisional Application No.
60/663,422 5 filed March 18, 2005. The contents of the provisional
applications are incorporated by reference herein. io BACKGROUND OF
THE INVENTION Briefly, there iggpegd for improved toners that can be
charged either positively or negatively for use in office copiers and laser
printers. The improvements sought are in the areas of improved flow and

ing, lower .enerqy. for fusi ili i ' aste
A A AP G e SRR A o
60/7@38!'7_!S¢||5fﬂ€@h RFi0dey 12008y pravRievisigady dpphicgtiantdleered)/ 663,422
positively charged latent electrostatic images is of greater interest as a
ﬁleds‘?@‘?‘ﬁﬁba{ﬁrs%% 8-0f the copier and printer market use such toning system.

Conpentignaliensr s phassden sppliteticresinsinuopasatdde
acrylates, polyesters, polyamides, etc. Resins 20 derived from a
refergRe@vBBI€ifbsource feedstocks such as corn , soybeans and other plants
are gaining wider interest due to environmental sustainability long term
supply concerns with petroleum-derived resins. Examples of bio-based
resins are derived from dimer acid and D-isosorbide that have good toning

[t i rrent petroleum resin-based toners. 25
BAC%QQMS%E?% g}rﬁtgtrﬁg?ﬁncorporating resins with the ability to
dISdBeréprrUmmts.ﬂtemwdipqﬂmmdrh@%ﬂs thatveanthscargaceeither
and D- isosorbjde, used in powder coating formulati . inal
pos'@fﬁ%@ﬁ/\ﬁ@g#‘\ﬁbfv . H@%Brﬂ?ﬁ&%%}?ﬁs @ﬂe%éqgégﬂfeﬁé %r resins
implaeLisnit loweht liRing Wwepesakiof improvetzfaeoadengttiogslawetion
to operate a copier. 30 There is a gre?t deal of interest in the r%ﬁl(%iement
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e number of review 1 articles that have been published through the
inhgreatly Pffovidedeoriy®icipegiag to tone positively charged latent

electrostatic images is of greater interest as a significant share of the copier
and printer market use such toning system. Conventional toners are based on
synthetic resins such as styrene acrylates, polyesters, polyamides, etc. Resins
derived from a renewable resource feedstocks such as corn , soybeans and
other plants are gaining wider interest due to environmental sustainability long
term supply concerns with petroleum-derived resins. Examples of bio-based
resins are derived from dimer acid and D-isosorbide that have good toning and
printing features like the current petroleum resin-based toners.

There is also a need for toners incorporating resins with the ability to
disperse pigments. Bio-based polyester resins derived from dimer acid and D-
isosorbide, used in powder coating formulations, gave a final coating with
improved pigment dispersion. There is also a need for resins that flow at lower
fusing temperature to minimize the energy consumption to operate a copier.

There is a great deal of interest in the replacement of some
petrochemical feedstocks with bio-based feedstocks for use in a wide range of
application areas. Evidence of this interest is reflected in the number of review
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feedstock in the synthesis of polyester resins are exemplified in US patent
6,063,464, wherein corn bio-mass derived isosorbide is used in the
synthesis of polyester materials. s Related art includes US 5,959,066; US
6,025,061; US 6,063,464; and US 6,107,447. BRIEF DESCRIPTION OF

[HE | Broadly.the inyention provides for a toner that has a
arh s e R LR PR ey B (L fo-basec
feetistudsiatithty pprtbpyis o bpdlypstingsirachinesxénipbtiempodsnsaent
6 ﬂ%gaé ntin? Provides for a toner inc;llé(%jn a coloring agent and a .
et e s e BocTeaR; SRESRFERHRINGLS aRrdRdlsHgiesis of
polyestepaitiedeigige range of less than about 30 micrometer, is more
preferably a mean particle size range of less than about 25 micrometer,
bind RS ABHUERSAAR PRIz A dio5H 063 tNEnBBaEd:; and
USTBE:I@V‘,QW: Typically excipients selected from the group consisting of
charge control agents, flow control agents, lubricants, anticaking agents,
and mixtures thereof are used. In some typical embodiments, the toner
i tri lectr f between about 10 to about 40
B%ﬁﬁ?@gﬁ%ﬁﬁ}@n@?ﬁ% m%m negative tribo-electric charge of

betwBroadlyotitel Diveraiionip 21V ihésr fF automdy gh Sones typieghtive charge or
ide for a fo lass transition

odiments pr er.haying a .polymer glass .
@ QLTRSS b IaEh S Pl LS cted st erhRarrRBHae And
prihignigvaatihiméae toner is used with printing and 25 copying paper. In yet
further embodiments of the invention, a method is provided for making a

negdtitESSPBRRAIBEN it dnue MR PEisles dahm Evmeiingit do@ang
coRSRiY agerk HRITARTHEMAbR poaRiEak 13sh - oo g nippides

powder mixing on a hot roll mill or the polymers resin for the toner
PagicisaMrRMBgvRIMAaparaBict Fivm jragenf Tags dhiantabasdnipotmicteheter,

PRk isdnigion if ifi riate, pasticle size
mofe ﬁ%ﬁg@%@%@%ﬁr@e&ggﬁ Icglﬁﬁﬁg;? (LRI G PR ISR 3 Reter,
and most preferably a mean particle size range of less than about 20

micrometer. Typically excipients selected from the group consisting of charge
control agents, flow control agents, lubricants, anticaking agents, and mixtures
thereof are used. In some typical embodiments, the toner has a negative
tribo-electric charge of between about 10 to about 40 microCoulomb/g and
more preferably a negative tribo-electric charge of between about 10 to about
20 microCoulomb/g. Some typical embodiments provide for a toner having a
polymer glass transition temperature of between about 50°C to about 70°C.

In one embodiments of the invention the toner is used with printing and
copying paper.

In yet further embodiments of the invention, a method is provided for
making a negative or positive charging toner by the step of compounding a
coloring agent and a thermoplastic polymer. Typically toner compounding
includes powder mixing on a hot roll mill or the polymers resin for the toner
can be extruded with dispersed coloring agent. Typically the compounded
toner is micronized and if needed classified for appropriate particle size
distribution according to the application.
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Another embodiment of the invention provides for a toner including an
amorphous thermoplastic polymer selected from the group consisting of
(1) a carboxyl or hydroxyl functional polyester; (2) a polyester ether; (3) a
polyurethane; and wherein the polymer is derived from at least one

bio-b , h b bouyt 50 d
e O R e
R oy Hional pocte e g o = ST T Uty
t erived from a dianhydrohexito
g R B 20 RoBlss) S, hctonc

patjarriethavietyarid apfiseilirerpelypasidgnmyialee pernalurad: Bha bEhRiseq
embodlr_nl%é}méhe isosorbide mo%ty is D-isosorbide, the first diacid Is
MOl A HERRAPIBR) IR2%8id schRiWReR At §RGIanc aboycRaRE;
b. dineisl ravinagRight SHARFRIGFPOR %ﬁ@?scﬁhﬁr?ﬁs.c&aép ORe8ehaving a mean
embodiment of the invention provides for a toner mclucﬁng an Is
p%ﬁﬂ%ﬁ@ﬁ%‘?ﬁ%}ﬂﬁsﬂ@ybIg%é%e@bm&fnbﬂt&rgmmmnammmof
f i ] i I X olyester ether; (3) a
e e S e B
Isqsierbigeomaiedyloradirdirdiatidl pudjetr ded er tDdeetvekdiatidunbRE/and
opﬁBﬂHYI %%Bng c JJo i enb‘) and I\Lv@%:‘tﬁin[the %O%Er corl%%rise_s a powder
havmg?a mean aé% p@%?%lag?% ,8%Y1E n A IYRDSEMediment the
Isasorbidenmeoietye s BrsosdridtitmafipstyRatad i derivgeifRahedicarboxylic
acganh&gohexnol gﬁ%}(ﬂ?% n |spso_rb|cje moiety), a first diacid moiety,
AP HSRERNG ARt ;ﬁ”&ﬂ)ﬁBﬁ%Q@%ﬁ@w&a gightpsamse carbon
atoncduisekhd eigafdrther embodiment the isosorbide moiety is D-isosorbide,
the first diacid is 1,4-cyclohexanedicarboxylic 25 acid, and the second

diacttQ1R%5 SGaRslimaBE Rf hgifyeriepravidasafoon tamendndubing an
e B S S PR L =
car @nidivalier SumictionalspotyeSter(@)ica gieltestaratiasigl ()orde;
o 0B AL ARt RS b e
monomer; and the polymer has a Ty between about 50°C and about 80°C;
b. a coloring agent; and wherein the toner comprises a powder having a mean
particle size of less than about 30 um. In one embodiment the carboxyl
functional polyester is derived from a dianhydrohexitol moiety (e.g. an
isosorbide moiety), a first diacid moiety, and/or a second diacid moiety,
optionally a monoacid may also be included. In a further embodiment the
isosorbide moiety is D-isosorbide, the first diacid is 1,4-cyclohexanedicarboxylic
acid, and the second diacid is a long chain diacid having eight or more carbon
atoms in the chain.

In a yet further embodiment, the toner includes (1) a thermoplastic
polyester resin that is the reaction product of A. a dianhydrohexitol; B. a dimer
diol and/or a dimer diacid; C. a diacid, diester, or diacid chloride; and D. an
optional catalyst; and (2) a pigment.

A yet additional embodiment provides for a developer that includes
(1) a thermoplastic polyester resin comprising the reaction product of
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(1) a thermoplastic polyester resin comprising the reaction product of 3 A.
a dianhydrohexitol; B. a dimer diol and/or a dimer diacid; C. a diacid,

diester, or diacid chloride; and D. an optional catalyst; (2) a pigment; and
(3) a carrier. 5 In some embodiments the developer comprises a magnetic

A-”%%ﬂ\afdy@%&rfeﬁtﬂ%ﬁﬁi@}?&%ﬂ;ﬁé@gﬁﬂgggﬁvid s for an image

prepared’with a' negative or positive ¢ 58 tion including a

C.cv(dianis agiasten dn diamichahlesitie palydrer. g0 BRUPRIRESHBIP TION OF

HE .DRAWINGS Figure 1 is a schematic flowchart that shows a synthetic
(Zggtﬁ)\@%?c\)n/gvaaragpolyester materials blending hard, crystalline isosorbide

(3yvahcamierphous dimer diols, aromatic diesters and other ingredients.

Figure 2 is a schematic flowchart that shows a synthetic pathway toward
Ini§ @S&&O&ﬁmemmﬁ NalePHRRIRRISeS 3 SrBEREtiMaiesidhous

tcl?eer’é.".??@’ﬁ'?!s%a O o e e ey

PrERRERd polLRcIRaAEYDRITRRSH IMarehdigettones kuspdstionvitchidiag diol,

cofSNRAPHREstmE Ldias] i s (e.g. diisocyanate), and other
20 in%)readignﬂéﬁgigﬁﬁgﬁlﬂ%%%e?%{/gica?'isomers of isosorbide (1a, 1b,
and 1c) that are useful with the invention. Figure 5 is a schematic drawing

' i aratus used for making resin
B@Eﬁ?&%ﬁﬁ@g@?ﬁagw&g@@%rwh that illustrates rr?eology
curvEigiebloibasstieasitie fowotRIeAR NSRS BN ROTERNANS) S Reard
train rate (1/second). The vertical axis shows Viscosity in Poise. These
P°§18%§£é8?é‘%ﬁﬁi£§?@%%ﬁ&h&%@§@@§&9| iRAsEIkide. WiRmanpRmIs dimer
didl- SfTMBHECQNSE T %IWEN;‘E@@&QHQ‘BEST MODE Broadly the

invention combines the desired use of bio-based feedstock
Figure 2 is a schematic flowchart that shows a synthetic pathway toward

polyester acids blending hard, crystalline isosorbide with amorphous dimer
diacids and other ingredients. These can be utilized specifically in toners.

Figure 3 is a schematic flow chart that shows a synthetic pathway
toward polyurethanes blending hard, crystalline isosorbide with dimer diol,
amorphous dimer diacids, polyisocyanates (e.g. diisocyanate), and other
ingredients.

Figure 4 illustrates typical isomers of isosorbide (1a, 1b, and 1c¢) that
are useful with the invention.

Figure 5 is a schematic drawing showing the various elements of the
apparatus used for making resin examples 1 through 3F.

Figure 6 is a graph that illustrates rheology curves for bio-based resins
Examples 1 and 3C. The horizontal axis is the strain rate (1/second).
The vertical axis shows Viscosity in Poise. These biobased resins are typical of
those useful for toners.

DETAILED DESCRIPTION OF THE INVENTION AND BEST MODE
Broadly the invention combines the desired use of bio-based feedstock
with the need for bio-based toners. Corn and soy feedstocks can be utilized to
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with the need for bio-based toners. Corn and soy feedstocks can be
utilized to 4 make resins with a balance of properties appropriate to toner
performance. These resins can then be formulated into a variety of toner
formulations. Typically, in one embodiment a toner according to the

' ion | e . Pulverizing the principal resin, dry blending with
R B et ol L AR AR et e ce
Thegeoesiaiaandhdre hséorrhuatediated ¢ igrerrie fopheticasin is

ed and micronized. The blend can be

mixed.with g cqlorant, e tru(f ] ( >
icroN PR b i, SR R A e B Ot Ae-Srsing 4@ FaiguBRtion is
pregsangin bye Rl peNIRY ﬁ\é'@?ﬁiﬁ%li'i*&imedf}i‘élé?ﬁ#@b%{??a GREIRE
pically mixed with the toner for application {o a 10 substrate from which

colRLent A seiprianly Rejyerized afditivspliasidiioralonianizatinucandse
useeEdIRese R A MENSFORRHERE A dveay g Cé8l8(§:§nt,

derived at least in part from conversgﬁr%fjnagncum%a and forest base
exieHdamprd sisieizegrodbssbieny camntiiominizeshoc puvedizdhtions

' ' ion.,15.Th .
S S SR BB T o
ﬁrtaimz’arﬁﬂ@aizmﬂl cinilerdtoaytionllganizedhaitis tiriteonae fisrfapblication to a
S ol 2 TR e A Shrafaier bt bptire.
NegaBivebaspdgitive ittioaelectir bRl idb mEaEsrbolikRind or 29

microCoulomb/gm. Greater negative or positive tribo-electric charge than

INVEINIRN §15RE BIRTE A R depie\AFdaarteln Bant SHRmecan isign:afie
ageRRYLLAHICENINRIB FURdXdS-afferissi b read 'Heéﬁ%iggggg’@g(’)%&éional

Polymer glass transition temperature (Tg) with a target o

chapiephappsliicatigns anotringyr diplegicl processes suwld@s fekmgraation.
: b T . o of
Th%“&ré’r%h iy rgo : dg{&iﬁ%ﬁ?‘é 9¥ng%ék&i§!§rj§§§ée§ﬂp@é) P t';gcgg%oef unlike

0% carbon an polymer was us ver. any
copyrntinngl fassinderiairedrban bewsetethed sofiltegaastieftsbeleptetintgs

T O e S e SRR o toner
performance. The key properties that were focused on were:

Negative or positive tribo-electric charge with a target of 10 to 40
microCoulomb/gm. Greater negative or positive tribo-electric charge than
about 10 microCoulomby/g is typically required to produce an acceptable copy
since image quality is affected by the magnitude of the charge.

Polymer glass transition temperature (Tg) with a target of 50°C to 70°C.
Acceptable fusing and blocking resistance (i.e. toner powder caking on storage)
is strongly influenced by Tg.

A basic toner composition of 10% carbon and 90% polymer was used
herein. However. any ratio of colorant to polymer desired can be selected so
long as the toner provides the properties needed for adhesion, fusion and so
on to retain the coloring agent on the substrate to which it is applied. Other
additives noted below may be included in typical toners to obtain desired toner
performance: Knowing the teachings of the invention, those skilled in the art
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30 additives noted below may be included in typical toners to obtain
desired toner performance: Knowing the teachings of the invention, those
skilled in the art 5 are able to select additives and materials to obtain the
desired the charge properties. Flow control agents - to provide good

T R o RS BTl et et

priemertiesaning aids, tribo-electric charging; toner flow and handling; e.g.
Aerosil (R972), Titania (P25) to provides tribo-electric charge stability,
zinc stearate io acts as a charge rate improver and as a blade cleaner

Flwbricanttokagantéluaropaivicerhoas BAWRIEaoe adsiiye COIREAME fumed
Iackhﬁj.]%.}éarbon black, magnetite, or a combination of both; highlight

D
sl OGS ARSI color pigments -cyan - substituted is
metallo-phthalocyanines, Magenta - quinacridones, azonapthols,
aminofluorenes (xanthenes), yellow, bisazo derivatives of

SuReRrEIREs 1 Triiraly bbsieptisiosy Bieprt sahag effisehihal tddfteer rolls,
t € ' 0 pi nts and provides for
e o e g ey SR BB etrtgodh
(RO ditaniaéBRs)danproviieintababllishir shizagersmbiitiorn@stetrdbe
rigl ample 3F.. Bulk additives - fusing and release promoters,

o o o o g S e Loprmeerar
(floevepobymre ) pr@seatiedricativig eediting. Conductive and nonconductive

additives - typically added to control toner 30 conductivity. For example,

silica can be added to control the conductivity of the carbon black. 6
Codvarge Conice) Aaeriarberdsdde ravAelie PHeH) BIgRARhBATRIHAC
_of tribo-electric charge; for controlled charging rate; fusing parame ers’
highlightgglor, full color gamut; typical color pigments -Cyan — substituted

metallo-phthalocyanines, Magenta — quinacridones, azonapthols,
aminofluorenes (xanthenes), yellow, bisazo derivatives of diaminobiphenyl,

monoazo compounds.

Dispersal agent — and additive that prevents or reduces agglomeration of
pigments and provides for fuller development of the colorant in the toner. I
the present invention some of the resins can act as internal dispersal agents as
for example the material in Example 3F..

Bulk additives — fusing and release promoters, e.g. wax.

Magnetic additives — typically for toner containment, development properties,
color, cleaning.

Conductive and nonconductive additives - typically added to control toner
conductivity. For example, silica can be added to control the conductivity of
the carbon black.
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life; e.g.Aerosil R972. 5 Typical thermoplastic polymers (and their
monomers) useful with the invention either alone or as admixtures to a
major ingredient include polyamides, polyesters, polyester ethers,
polyurethanes, blends with acrylates or polyamides, and mixtures thereof.

in noly ay be useful for controllin
R St s R el
trivoreaicatiricixbagethfop atymbeoticlechar ginex rereteflisin dmpieyadte samifiser
”fgf ae ﬂté\{e qg?ézg Mixture as used herein can be a collection of
componante terials where they are substantially uniformly
dispersed,; typically since one ingredient is a 1s thermoplastic polymer the

components or materials are melt blended together. Degree of

ooy MR TP RBLS SRl RARETS  Ro Sk moDTRN R B e
inh@veon @W@aﬁuﬁ@@%'&éﬁﬂﬂtﬁ?@%ﬁ@éﬂﬂ%ﬁ&?ﬁ[ﬂpe@@ﬁf efage. o

room temperature yet processes easily and quickly at typical toner 20

PakyYRIpidat. RAYsHE ImapslsteR @l elrsirgtharesabtansisotidr acrylates

. their T ol

O e ey SRR By SR ate

mayittie weefis fortnentialirantqgativeehargentBdigsiyre?e lacagdiionaving a
. iff lecul ight pol b dt ide th

P B s L L R O T S sRse

imipeosia the aciditine oisedatioeednérigaized; in general, fumed silica can be

added to aid in powder flow to achieve good magnetic brush formation.
The basic toner composition used throughout was 90% resin and 10%

Miseukeas0deaHerroai s B RAMENIGNErashpbhias Bp Wxé%éhfafs%%re

are typical useful carbon blacks. 7 A resin that is particularly useful
thexaseinvibstantaivedaiiormiyisRarsed atypisalharince onelogipgierinisya
Igtar TN L I It far
D Lo o E T K oI A LI e
have, 5 (2) A relatively high glass transition temperature (T9) for good

DeRUBY? PiAOHNization — it has been found by tests herein that the best
materials have a degree of polymerization that provides a solid toner material
at room temperature yet processes easily and quickly at typical toner
temperatures. The materials should flow easily onto paper or other substrate
and adhere well upon being heated above their Tg. Typical degrees of
polymerization include 5-80 units. The material should not be brittle so as to
break up and produce unwanted dust.

In addition, blends of different molecular weight polymers may be used
to provide the desired melt rheology for acceptable fusing behavior. In the
examples herein the additives used were minimized; in general, fumed silica
can be added to aid in powder flow to achieve good magnetic brush formation.
The basic toner composition used throughout was 90% resin and 10% carbon
black. Regal 330, RAVEN, and carbon black from Cabot Corp. are typical useful
carbon blacks.
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characteristic of crystalline resins. If the Tg is too low, the powder particles
will be "soft" and will coalesce into an unusable mass on storage,
especially at elevated storage temperatures. Typically, these properties
are balanced by blending crystalline and amorphous resins into

flecively sem ' in | . Typically resins obtained .
e B e R RS s e amgas
a genestabaneevdwpeanitateyity tan edittogytpibeartgunt of an
' ient tQ,weigh t (Wt%). Th th |
e B RE A cnuh s riation dueloace
chaeneteristieipdamdrhhmib neding)yestertibasre waga dimer diols,

ispsorbide-derived diols and/or dimer acids. Typically the carboxyl or
(2>1y 55 ‘fﬁﬁ(cﬁ ﬁ‘@%ﬁY@W%@@@étﬁﬁr&@ﬁ%gﬁ@dﬁ@@gm&ability,

charaletestiesss eipitapdecdingid B iaerdiol 95t | (;%u @@W@E{mc@ will

typically have a net bio-based content of at 20 least a mos
betygﬂfénﬁ%c\wllf@%@é%mm%mseammwsmmgmlgepmia||;eabd
|&RAB A ' H?pféfr% ide-dedi o r di acids, Typicall

© thebcgjr%tgéﬁg%ydroxyﬁ%tigyﬁi%I(%’téﬁe&&g@éjﬁé&%sdgfgfﬂﬁ#g&%@@e
bleadherarsiaing andezmamither thsintidni @ffdutvin geanipsryEheline resin

e i .net, hio-based content of at 25 least about
D B B8R T B b ectip e
thesgidssiisdgsegdrtiesn are useful in toners and pigment dispersion

ents..The present invention also pertains to the use of one or more of
Not%w@és[%nﬁﬁ%s-Qgégmﬁﬁtéﬂﬁﬂpiﬂga%@aw BriRdferhmamaiddt efianot
indiredliest o sapeiifiasiedennrten)bodiment were designed that
would have a ﬁ?{:&ss transition temperature (T9) of less than about 80C,

othef BRBSURMTERES RENRER| RBRISAEheR s TesinsynihesivtRsfulifanthe
invaPpeivh/Sisclyskiundie) B embodiments of less than about 60C, with

appropriate melt rheology. A resin according to a broad general

1. divebemiciinstionalnelvasiersabaseninipamdigies sioimstisoteitpeiatve]
diof htHBPI AR 2R 279 B B RFhBRIMSr hydroxyl functionality of the
polyester is determined by the ratio of the molar excess of either the diacid or
the diol groups. The polyesters typically have a net bio-based content of at
least about 5wt%, but most typically about 20 to about 50wt%

2. Carboxyl functional polyesters based upon dimer diols, isosorbide-derived
diols and/or dimer acids. Typically the carboxyl or hydroxyl functionality of the
polyester is determined by the ratio of the molar excess of either the diacid or
the diol groups. The polyesters typically have a net bio-based content of at
least about 5wt%, but most typically about 50 to about 70wt%

The polyester polyol resins disclosed herein are useful in toners and
pigment dispersion agents.

The present invention also pertains to the use of one or more of these
bio-based materials in a variety of applications including, but not limited to
toners. Resins for one embodiment were designed that would have a glass
transition temperature (Tg) of less than about 80°C, other embodiments having
a glass transition temperature of less than about 70°C, yet further
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80C, with appropriate melt rheology. Resins useful for flow control
typically 5 are at the lower end of the glass transition temperature range
(e.g. Example 3B where the Tg is about 28.4C), however they can range
from about 20C to about 80C, and on some embodiments can typically be

t ials can be mixed with high Tg i
erﬁhgaetgﬁﬁéﬁg%?ow etlggrlgr?gg M\gﬁ gr%%aer {ﬂeﬁs.afa rﬁBEﬁ%é@@&éﬂ?&‘%ﬂbﬁeA resin
aceitinigrieaniveacb ggnesad erhbodivaett b fogmporartisthassenthigimum

0 O DS HEIR: GO AR BrmuEm e about
80fiﬁ;awimiapmdpsﬁateii@lemyﬁt@@lkvgyom&@tabgﬂzﬁﬁgﬂmﬁ%%mcally
iatel - ting t components into
ar%ﬁ%%@%&%@%ﬁﬂ%ﬁﬁﬁ%m sam %@’éﬁﬁ@d@é&a Reyen&@mple
3BiginEyiNtheorgne RAHSCRIT JURBHIRNRIHRIIES), gaﬁ’ggéfﬁ%lﬁ?}éﬁ?ut 20°C to

alcohal, ester, carboxylic acid or acid chloride, attac 0 acyc

aboih GArEniehamRRME EMbRstiTENim eIty picalt iblahayt 3R keatsout
SIS 3 T AP o

Isosorbide {s a diol comprised ther
of Prapeeias a larger family of bio-based sugar derivatives commonly

. ' itols. Di id and dimer dial are
s e L Ly
corapgrritis mammmwwqmammwg@ttﬁ)Igcwa%dsed%gjf&ii?g
; iblizi to polyurethanes as dep
o B e e e e e
effientsy éuah Hedioner IcTIE dveRHE! @siealy HI AR e oil

characteristic of one toner embodiment is negative charge, good f!ow,
fee&fﬁe‘:?@abﬁb(y?%W@aaakﬁb@%ﬁacaaﬁéméﬁ.c&mwr@aataméoimms both

thé&tﬂnﬁmgﬁarsk{aﬂs?@éﬁaﬁmﬂpaﬁﬂﬁé%&@%ﬁﬁ%&ﬁ@@?@g@e@? EFal,

~ (T9) which is typically at least’about 50C and pre .
rigistiy g cepnagaeRiBinaNtEithEInminast aheenipalgteupsaisiech ahalushlist

e B SR LR T R e
their mobility whereas the flexiblizing components contain functional chemical
groups attached to aliphatic carbon chains. Isosorbide is a diol comprised of
fused cyclic ether rings and is a member of a larger family of bio-based sugar
derivatives commonly referred to as dianhydrohexitols. Dimer acid and dimer
diol are di-carboxylic acids and di-alcohols, respectively, derived from bio-based
fatty acids which are largely aliphatic in nature. Similarly these rigidifying and
flexiblizing effects may also apply to polyurethanes as depicted in Figure 3.

The present invention also concerns the formulation of a toner from the
one or more inventive resins. A distinguishing characteristic of one toner
embodiment is negative charge, good flow, good fusability, and good pigment
dispersion.

A key characteristic of resins used for toner formulations is the glass
transition temperature (Tg) which is typically at least about 50°C and preferable
at least about 60°C for storage stability of the ultimate toner powder. Table 1
shows a list of several soy-based resins, their functionality, and their T,. This
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materials that include low-viscosity soy-based monomers. Table 1.
Soy-based resins Resin No. Functionality Tg (C) (if available) R-1
Amido-amine 61 R-2 Hydroxyl 45 R-3 Hydroxyl 28 R-4 100%

Hydrogenated Waxy Polyester of of R-5 50% Hydrogenated Waxy

6 F i he criteri .
T A e T oo SR T 6 sbkab T i
Miatehialsekdint inshsdedioledpcobity Isoykzeseat metryiakreut one with high

inherent T. contribution was utilized. For example, a higher T9, bio-based
material (derived from isosorbide io that was derived from corn feedstock)

was identified tipgisRNIbe S Basseckasif the soy-based maierials to give

regiasinviip a high blO-b%ﬁ&m&Vt and A sunrﬁge%b@gnigth for use in
Vit

the toner formulgtions. Soy based materials a(‘f'fja fegredients an be

selected to achigve an gpm }ﬁ}ﬁ pafante of propertres in-the resins and
ultimately the torjer. 15 Resgl ynthesis (See Examples 1 and 2): The use

N

of bitybaised Tateriats iIIHI\;‘j@ duction-gf-torers-canbe—described as
follows: A polyester polymg | >éﬁepared by (1) mixing in a reactor
isosorbide fived-frgm-corn-feedstopk)fatty dimer diol-and/or dimer

T Ut T CTOoto

m soy Qﬁ@@édstock); a diacid,2§iester, or diacid
o-diol(s);-and optional co-diacid(s), co-diester(s) or

co-diacH chlorid 3(§)me}'§/qtpgenated Waxy
Polyester polyol

R-5 50% Hydrogenated Waxy
Polyester polyol

R-6 Polyester Waxy

Only Resin 1 met the criteria for Tg. To achieve higher Tys and maintain
a high loading of bio-based material in the resins, isosorbide, another bio-based
material, but one with high inherent T, contribution was utilized.

For example, a higher T, bio-based material (derived from isosorbide
that was derived from corn feedstock) was identified that can be co-reacted
with the soy-based materials to give resins with a high bio-based content and a
sufficiently high T for use in the toner formulations. Soy based materials and
other ingredients an be selected to achieve an appropriate balance of

properties in the resins and ultimately the toner.

Resin Synthesis (See Examples 1 and 2):

The use of bio-based materials in the production of toners can be
described as follows:

A polyester polymer is prepared by (1) mixing in a reactor isosorbide
(derived from corn feedstock); fatty dimer diol and/or dimer diacid (derived
from soybean feedstock); a diacid, diester, or diacid chloride; optional co-
diol(s); and optional co-diacid(s), co-diester(s) or co-diacid chloride(s), with a

10
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condensation catalyst suitable for polymerizing aromatic diacids and diols;
and (2) heating the monomers and catalyst to polymerize the monomers
to yield a polyester. (See Figure 1) A carboxyl functional polyester resin is
prepared by (1) mixing in a s reactor isosorbide; fatty dimer diacid;

' d _ diacid chloride(s); and optional
R S B e Sy Sl B anb e anc
(2arieatitaystaonmuigmerz anbecatalystigrpilyyirlee grshaumoieeiadalield a

olyester resin_(See Figure 2) A hydroxyl, carboxyl, or isocyanate
pﬁYr‘%ﬁ% aﬁrSS?yﬁP W& is prepared 1o by (1) mixing in a reactor
isosombidebdxiy fdineioaingidIpacker cimiRTslisiegaRASOCRRFE GRYignal
co-dial(s); and optional QO-dIaC_Id(% co-diester(s), or co-diacid chioride(s),
FeRRRTISRRIIAIAS: EatYySiaeRAREIdIQRSigRA Fardasisisase slieskas @)tor co-
difQY isRRYRIESS: ti (o) ' st
'po_lyrigrize the'm%ﬁ@?%g@%%}rngﬁfﬁgﬁ géi%%%ﬁr@%’ té)nd (2)

haaingithg mAneseiguRed catalusidte pelymietis theamanoneersdotyiakdeful

%@E@M&E\ﬁ d%g@é‘ FEE%H}S ﬂés‘:'osed dimer diols and

cal®othi RINPAG
dimggﬁacidst@ﬁ@{)e on according to a btoad @mbodiment includes

aIiphAtittydl’mmf 'bls tﬁr?hmllw ﬁmviegc&ana@mnc%iwahwy%@emﬂn@i@bMEared
ra the aliphatic,chains have about 6 to about 16 carbon
o T T AR e Al B SReh A A AT G
potyisoupaniate riogtlaiialtos gidiesghaing bsithancalialaligsidesinis t%frgs), or

ahout 4‘jﬁ 20 é:{asbon_ E[oms and the other two side chains of about 8 to.
Col(g%%{ﬂ) ARSIl R IBRBH AR tRbShisuliABlR Fenl Bebuperizing diols
S A S AR R L S S
Cafptystdn RAYMRIZEHAR MoRspREONield fopelyarsthcammiSad Egute3)

. hati gy 1 b

o e B R oS anuse

useftt farethgmbodinentsaires dinthdroadditamrid@bldeddiselodied pliavitells and

s LT e e T
chiingéypielihaiaving from about 4 to about 20 carbon atoms. More
preferably, the aliphatic chains have about 6 to about 16 carbon atoms.

The additional disclosed dimer diols and dimer acids include a six
member ring with two side chains being an aliphatic side chain of about 4 to 20
carbon atoms and the other two side chains of about 8 to 12 carbon atoms
with an alcohol or carboxylic functional group.

Additionally, the diesters, diacids, co-~diacids and co-diesters may have
the formula R,-CO-R;-CO-R, wherein R, = -OH, -ORs, or —Cl, wherein R; = an
aliphatic chain having from one to four carbon atoms. R; can be an aromatic
group or an aliphatic group having from 2 to 12 carbon atoms.

Although not wishing to be bound by theory, it is presently believed that
the aliphatic side chains in the dimer acid and dimer diol provide a low viscosity
property for the resins. The aliphatic side chains tend to soften at low
temperatures causing lowered viscosity and better flow. The longer the chain
the more softening will be seen and the faster it will soften on heating.
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the more softening will be seen and the faster it will soften on heating. 11
They are also believed to provide in some embodiments improved
pigment dispersion as illustrated in Example 9. One consequence of
better flow is superior wetting of pigment, thereby improving pigment

di ' ti dly, dihanhydrohexitols.can b
ain e e e Y s R BRI RATE Beoteibice
piomientsdispetsion me jastptaidiyb@stpletres iy coasagunoewpbettsg

icyclic containing. other cyclic dioJs can be used in the inventign. Dials
AR SEPTOL e PIOI e GG GIREPP B G ERA AR
the rigatifingatiffesicimias roisasowise RIRIMSHORER Be txaigMthe
. _Viscous |Ii1 ids produced by the dimerization of C18 unsaturated fatty

MO hdRta iR dignissRhexipts ranirealerarByiseag/bidRIor its isomers
in \EpENS, fRIiRfiAg SRR B MLSANEF iﬁ%BrB%#&hﬁ.‘ﬂ B%Yﬂe{‘omaining
or the pr ominant

several ways. Four main structural types are known

otegfripsHEfialsCaB b aiBERtkinEiR oY ansiassy Elic)bogolipoeatingr oycinicexyl,
SRR R R O S G URTSE S o
isaserhislemono/poly-unsaturation ratio of the starting fatty acid feedstock

o g SRS S sion e s
of & gitmmadinates! aaetywmwym@nmgrééd;lgeg;gﬂggkiﬁg %t)@%éﬁgﬁ%a&:uriﬁted
oS98 B TPL SOIGHT RS bUbR anbbcto S Bk spGether
in disiiien w@waﬁauvrhxm%gﬂwﬁalfwd&%%%wﬁfﬁo%f%ﬂé@@?mﬁﬁ nt

and fully hydrogenated for maximum stability. 25 The dimer acids used to
CoB?BB@?@%hg‘ﬁi@?@égéﬂi%lwﬁhéﬁﬁmﬁﬁﬁc/ﬂﬂfwliQDiB@)a(EmﬁpleEmre
o e iy st ST BE T o
distibgtionsaf esa sty Uyipsanddsomierhis dependtintantithed their
md’r’?&/ﬁt@ﬁ%ﬁ?ﬁt‘iﬁiﬂg}? Fa%%do? rt%%us anrﬁri\ré f%\f?yr g&tdal e%”clstock and the
process conditions employed for dimerization. The smallest dimer diacid
typically used in some embodiments is a Cyg diacid.

Four types of dimer diacids are currently commercially available; (1)
standard (undistilled), which contain about 80% Cs dibasic acids, (2) distilled,
in which the Cs dibasic acid content has been enhanced to 92-98%, (3)
distilled and partially hydrogenated for improved color, and (4) distilled and
fully hydrogenated for maximum stability.

The dimer acids used to prepare the bio-based polyester resins were
Empol 1018® (Examples 3 and 3C) and Pripol 1013® (Example 2), both
vegetable-based dimer acids. Empol 1018® is manufactured by Cognis
Corporation and Pripol 1013® is manufactured by Unigema. Cognis has since
discontinued their vegetable-based dimer acid production in favor of tall oil-
based dimer acid. Table 1A compares the physical properties and composition

of Pripol 1013® and Empol 1018®. Pripol 1013% is lighter in color and has a
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composition of Pripol 1013(r) and Empol 1018(r). Pripol 1013(r) is lighter
in color and has a 12 higher dibasic acid content. The resultant carboxyl
functional resins using the two different dimer acids had similar physical

i dies. | imeg Ac ositions and Properties, Dimer
e S o e P S s s e s g the
twoodi6&TEnA diinéslaeid B 195il@opiy Saiidpepedids. Composition wt%

Monobasic Acid 5 0.1 wt% Dibasic Acid 81 97 wt% Polybasic Acid 14 3
Dimer diol is typically produced by high-pressure hydrogenation of dimer
diacid methyl e:ﬁ. The dimer diol used to prepare the bio-based
polyester ﬂ¥’||8 (BRI AfId Lommposifigns and Ropesties1075(r)

getable-based dimer dial produced by Cognis. The

Dasiddisklosed herein have Empoldsitg relative to commercRipol® 1013
petrochemically-based reSiwcbricg42elt6ddser examples). I(BROEH 091687)
AeidnVitdEions, it may be necessaryl §8.4dd flowable materials (flow camgol
Crdosgdidasy in order to get good&usion and other acceptable copy3-4
Gevppesifesn) The bio-based resins require little or no such additives to
attiedogoebestilicldveling and appearance. The bio-based resins gan
A&oiDinetion Asilow additives th&selves in formulations containirgy
cutredinipbriipéieithemically- badéd resins in which they were 3

successfully incorporated. 20 Thé inventive polyeSter potyImers were
prepared by melt polymerization of isosorbide, dimer diol and/or dimer

acidpm(g@ldg @@@J}ydma@@@md;nigmmassmdmeoganatmoﬁalimer
o e sei o) el SOHEM o o G
resins (Example 1, 1A, and 3B) was SPEZIOL C36/2 1075® dimer diol. This is a
vegetable-based dimer diol produced by Cognis.

The resins disclosed herein have low viscosity relative to commercial
petrochemically-based resins once melted (see examples). In toner
formulations, it may be necessary to add flowable materials (flow control
additives) in order to get good fusion and other acceptable copy properties.
The bio-based resins require little or no such additives to achieve good film
leveling and appearance. The bio-based resins can also function as flow
additives themselves in formulations containing conventional petrochemically-
based resins in which they were successfully incorporated.

The inventive polyester polymers were prepared by melt polymerization
of isosorbide, dimer diol and/or dimer acid, a diacid, diester, or diacid chloride;
optional co-diol(s); and optional Co-diacid(s), co-diester(s) or co-diacid
chloride(s) (Method from Figure 1)

A typical procedure used to prepare a hydroxyl functional polyester is
described in Example 1. Aliphatic polyesters are soft, flexible rubbery
materials. Most aromatic polyesters are crystalline. Blending the soft dimer
diols with the highly functional isosorbide and with the crystalline aromatic di-
acids results in a good balance of properties. This balance can be helped,

13
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25 described in Example 1. Aliphatic polyesters are soft, flexible rubbery
materials. Most aromatic polyesters are crystalline. Blending the soft
dimer diols with the highly functional isosorbide and with the crystalline
aromatic di- acids results in a good balance of properties. This balance

R B R 2 e

(I xeariasishaddaoifeirs Migaresidieddy preparing polyesters with glass
trans%bont eratures (Tgs) ranging from 61C to 165C (Tables 2A 5 and
2B). a&%%ggﬁ?wer@é&%rg?&aiq%gvaﬁ Red rRrspadng Rrl¥erkwa
withrelassefitife eterploratifes [IOSprRAGINY AR T T A81BB°C (Tables 24
temperatures (Tgs) ranging from 61C to 165C. Table 2B shows typical
af}ﬁ&@mé@@k@ BONRNRIHPreRME ey AfeasinsusyBhesaskasitiescribed

her&ymmiestRe3efe gsSiibackars Wi "GN 3
N 70,L0 © 0 ccijgé1 é)f o‘%’ﬁ%ﬁﬂ?ﬁ (\)/?lg% %Q}%ﬁvﬁ%&g%ﬁt@nﬁ%\r@&%
(TesAtapatmefrom 61°C to 165°C. Table 2B shows typical properties of

carboxyl functional resins synthesized as described in examples 2-3.

14
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NN:bV;-00COQ~,"'30+iLn CN fIC(Y.~*k Nm'DU)A.CLC4
aN-+CCraCL roaiErmll WW W Z Z The data shows the large range
of T9s possible with these monomers. A test polyester prepared without
isosorbide was not amorphous like those containing isosorbide but was
crystalline in behavior. s D-Isosorbide (1,4:3,6-dianhydro-D-glucitol) (1a)
or isomers thereof and/or mixtures of all isomers, including D-Isosorbide,

could’he dséal mmm@wgelaangddﬁ‘ngép‘o@@bwb%{l@hmb (?HBH@M@FQ_
-3,8-dianhydro-P- jditol (1c) are tywo isomers of Isosorbide.
A Rt delvere et wiheurisam C&N@BM@WQ@%M@@@&
coaxaientecisosuesidashve ivsenetaliRofi1raesbige useful with the

inventiqn are illustrated in Figure 4. Examples of suitable polyols for

formfig REAEIIG Hettohér diaiRyese-Pratiston) A Lad adamnesetheneof
eSOl BEreaptiod & SHARRAID- 1 BRrNRRC Gl d 50 dee o tidke

1,12-dodecanediol, 1,4- cyclohexane ene glycol,

Oftﬁelﬁgﬂ;@ﬁ'éi@chl,,‘h_é@éiﬁvf@(mt)ﬂrﬁanmmh(/ﬂcbbrmpﬂriec,}m;dmgﬁ‘lw&tb-l} ‘
A LA Wosorah s osaniis
inventioRybut ttspirieBsod Paisesiobize tird-Sxhedtedyimeioyk bSwelparediels
of et e R R g e et B Ei0MS omten, he

prefeixaehPlep iy slsitatsidaaigaNoR K For R HsEosKHaNM iReS 35t dighy
. (fram soybean stock), ethylene glycol and others may be used to
QL R REIOLL B SBeRRb b BONORARb defibLbanedirs
1,6nasie s ides-Mstdrdiol, 1,12-dodecanediol, 1,4- '
cyclohexanedimethanol, diethylene glycol, triethylene glycol, heopentyl glycol,
trimethylolpropane, hydrogenated bisphenol A (2,2-(dicyc|ohexanol)p‘ropanel),
2,2,4-trimethyl-1,3-pentanediol, 2-methyl-1,3-propanediol, 2-methyl-2-
hydroxymethyl-1,3-propanediol, 2-ethyl-2-hydroxymethyl-1,3-propanediol a.nd‘
the like, and combinations comprising at least one of the foregoing polyols.
Since the current work targets maximizing biomass content, the preferred
polyols are isosorbide (from corn stock) and dimer acid diol (from soybean
stock), ethylene glycol and others may be used to enhance properties as
needed. o

Suitable polycarboxylic acids, acid esters and acid chlorides include

those derived from succinic acid, adipic acid, azelaic acid, sebacic acid, 1,12-
dodecanedioic acid, terephthalic acid, isophthalic acid, trimesic acid,
tetrahydrophthalic acid, hexahydrophthalic acid, 1,4-cyclohexanedicarboxylic
acid, trimellitic acid, naphthalene dicarboxylic acid, dimer acids, and the like,
and combinations comprising at least one of the foregoing polycarboxylic
acids. A preferred diester is the diméthyl ester of terephthallic acid.
Dodecanedioic acid (DDA) is used as a modifier in several formulations.
Diacids such as 1,4-cyclohexanedicarboxylic acid, Empol 1018, Pripol 1013®,
and the like can be used. A preferred diacid has a long chain to provide
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those derived from succinic acid, adipic acid, azelaic acid, sebacic acid,
1,12- 25 dodecanedioic acid, terephthalic acid, isophthalic acid, trimesic
acid, tetrahydrophthalic acid, hexahydrophthalic acid,
1,4-cyclohexanedicarboxylic acid, trimellitic acid, naphthalene

. © acid_dimer.acids. and the like. and binati .

A e e S b T o et ginnsda Erecsbr
préferdadethyl ester of terephthallic acid. 30 Dodecanedioic acid (bDA) is
difier i f lafions. Diacid h ,

o] SRR AL R ECUERREGS Bt 195TB6) TOleeraHEigRs

thikenoporherupedufenister W@iﬁﬁ?iﬂwéfﬁ) 206 H)RIBAIRMAYIER ebpropriate

flexibility, thus a dimer acid having eight (8) or more carbons in the chain

XL O RIA0NY SuRsHonIEYAA-RvskasHblwsliesrlie ovbersrdaeniatiscofar
Q0L ' | " fypiealy has an
Rl R e iR S AT S

Pajyesterthareiirialy REXgIRRiSalents over acid equivalents is typically

Pt e B TR R R SR L A A uing
thefvakicuspziementOof ihedajoparatkiag 08sirsec Copnaiaking(-ésitireaccording

to e RO et o SR edtan it abem I part
andhiistused @4. ReacptHd teaonsistaef ofiearion Ves@ntamhmedriar468-

Top 108 has multiple necks 110, 112, 114, 116 for connection to various
m'élsl;!ﬁ%fgg 5. REAAHY ik brsnneigteyhaderetion keesal pRampdSeaHfe iSop
108aeshiltble Metie and of strshaft 122 (Bdesiaiblesh 15 Arplishaft

122 passes through neck 116. A thermocouple controller 130 connected
appjiaResmosbitiing 1S PiRxidedfacradiie badesantppighllyedk 1 a0glegas

: ] : iy ; : _
D s S et

pagsesibroegh pedulld. ottheemperaplecordasiemiBdevirmiectadunted at
tndE 08 (a0, ReRt5 95D 6 GO A D1 S PSS e
connector 111 in a sealed arrangement into reaction mixture 104. Vigreaux
column 140 is mounted on neck 114 in sealed relationship. A thermometer
141 or other temperature measuring device is mounted at the top (distillation
head) 142 of the Vigreaux column 140. Condenser 150 is mounted to the
Vigreaux column 140 at neck 144 with connector 146 via condenser inlet 152.
Vigreaux column 140 may be a separate unit surrounded by a jacket or the
jacket and column may be unitary. Condenser outlet 154 is connected at
neck inlet 162 of neck 160 that has a gas exit outlet 164, and neck outlet 166.
Receiver flask 170 has an inlet 172 connected to neck outlet 166. Cooling
liquid 155 enters condenser 150 at inlet 156 and exits at outlet 158.

In operation, argon gas 111-1 enters at gas inlet connector 111 to
blanket reaction mixture 104 and flows out at gas exit 164. Ingredients can
be added before the apparatus is closed or through sealed connector 118 at
neck 112. Note that in Figure 5, neck 112 is located directly behind neck 116.
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Vigreaux column 140 at neck 144 with connector 146 via condenser_inlet
152. Vigreaux column 140 may be a separate unit surrounded by a jacket
or the jacket and column may be unitary. Condenser outlet 154 is
connected at 25 neck inlet 162 of neck 160 that has a gas exit outlet 164,

N e e A Rt el dee

codiritkedt iouteziehfS. flaghpEration, argon gas 111-1 enters at gas inlet .
connector 111 to blanket reaction mixture 104 and flows out at gas exit

164. Ingredients can 30 be added before the apparatus is closed or

th stlewingraenifsdd Srat meeil f biedhativerdevtiaue
[ rIglég{tﬂeed direc%lygbehind neck 116. 18 Neck 112 is Icl)cated onl tHe eggfnjtéréﬁ%

Of 0R TYETHOBRAIG BN PiSHRAR 1 Nyt ébReztenarpfdba javemtrn rvany

Wa'Ebe following examples are meant to be illustrative of varioys aspect; 5
of the invention and are not meant to limit the scope of the invention in
any way. Resin Production (Example 1 through Example 3F) Example 1

10 This exag@ﬁ]iWBH |I1h . Iréti r%l’ﬂ‘fo% cgox I fl.m L nal_ bio_—
based polyester . ' = _C)_/Imqlrlcal
Examipie tound bottom glass flask, jacketed Vigreaux column, distillation

h inlet and exjt ad stainless steel is stir shaft and four,
iy TR AR RIS e e DEP LR B o PYERY e
basedcpatyesteehrashed with dimethyl terephthalate (DMT) (228.30 g, 1.1757

moles), Spezigl C36/2 10750 dimer diol (Batch # 415252) (77.61 g, -
EqH!EMﬁ@%@ ,'@U@o@)rbide (123.90 g, 0.84785 moles), and ethylene

ceeiatb iy T Y R Dl o),
Vigirgux saiveny (distlatiendiead, gag inatcanthebs diphisestaiittess sheel
stirl §194¥t and four blade (45° angle) paddle, condenser, and receiver flask.
Procedure

The reactor was charged with dimethyl terephthalate (DMT) (228.30 g,
1.1757 moles), Speziol C36/2 1075® dimer diol (Batch # 415252) (77.61 g,
0.1411 moles), D-isosorbide (123.90 g, 0.84785 moles), and ethylene glycol
(EG) (102.81, 1.6563 moles), followed by manganese (II) acetate
tetrahydrate (0.0917 g), cobalt (II) acetate tetrahydrate (0.0618 g), and
antimony (III) oxide (0.103 g). The reactor was blanketed with argon. Then,
1,2,3,4-tetrahydronaphthalene (2 ml) was added to the reaction mixture
under argon. The temperature of the reactor contents was raised to 200°C
with stirring (after solids melted) under argon. This temperature was
maintained for 30 minutes. The reaction mixture was slowly heated to 250°C
over a 30 minute period (1.6°C/min). This temperature was maintained for
30 minutes or until the temperature dropped at the top of the Vigreaux
column to 30°C or less. Methanol was continuously collected as the reaction
was heated above approximately 150°C. When the temperature drops at the
top of the Vigreaux column, this indicates that the methanol has been

removed. Approximately 95 ml of methanol was distilled over. Subsequently,
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1,2,3,4-tetrahydronaphthalene (2 ml) was added to the reaction mixture
under argon. The temperature of the reactor contents was raised to 200C
25 with stirring (after solids melted) under argon. This temperature was
maintained for 30 minutes. The reaction mixture was slowly heated to

2 SO G RC08 R A T B e dRRe e
regsdiongmiaturecollineratg G0 Cow Iete. dlethdrotawasicontigotswaotesiagtd
the reaction 30 was, heated abqve abs roximately 150C. When the

and WHEN NECSRsng JEHHCSE TR RIOWIERES Tk FSIRR, aveichdisitingeyer

isaberbiéthaMhkhastieem mbtaeerad BIIRK PR MBaPMEAIOh WS
distilled over, Subsequently, 19 a solution of polyphosphoric acid (0.0634
PELIFh B2t AL alibe 6 ke ERaRT Rk b needit thev petem

reééﬁ@é?%tﬁ@é@@ﬂrﬁ‘W%@M@Eé?ﬂﬁﬁbﬁﬁe&gQ Wtﬁ%@?ﬁ@@%ﬂgwﬁﬁ toa

slow rate in order to avoid distilling over isoso n mixtlre

ethylenasirgolcdigtiied o609 bedr ansbarevyendeqal2sesigng. poheistillate

o et Tikaws Gripg e AR AP R o

hotgs gnchih@ mioutesoldhedaendiont waty beemiftatadchyT bankatiientheixture
intaingd at 280C for 3 h d 10 minutes. Th
e R BRI B S RIBR R 25 to

mishisdvestisahedolpbrs W asTE AT HouraeHe WaRkIBHHEP IS OgTass
250C and poured onto a fluorinated fiber glass sheet. A resin was

Sh%? ‘duced having the following properties: Solution inherent viscosity: 0.29
(solv,eméﬁrpwé%qﬁﬁpdwwmmg%% EW&JMH%F gk Hydroxyl Value
= 24.3 Acid Value = 8.0 Molecular Weight (MW) ='3470 (Calculated from

Soldian N eyerbyseatites) 0x2PHsRIMRt Charablerapiaenol, only 92%

soluble)

Tg = 610C
Hydroxyl Value = 24.3
Acid Value = 8.0

Molecular Weight (MW) = 3470 (Calculated from acid and hydroxyl values)
Polymer Characteristics:

Color: Brown

Tackiness: Non-tacky

Clarity: Slightly translucent

Flexibility: Brittle

Solid

Example 1A
This example illustrates the production of a bio-based polyester resin.

Equipment (see Figure 5)
1 liter 4-neck cylindrical walled round bottom glass flask, jacketed
Vigreaux column, distillation head, gas inlet and exit adapters, stainless steel
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Color: Brown Tackiness: Non-tacky Clarity: Slightly translucent
Flexibility: Brittle 25 Solid Example 1A This example illustrates t.he
production of a bio-based polyester resin. 3o Equipment (see Flggre 51
liter 4-neck cylindrical walled round bottom glass flask, jacketed Vigreaux

istilati [ it adapters, stainless steel_20
S PR T ) Bl e SlesedGernsk
Prpgedudaire The reactor was charged with dimethyl terep2t6h3alatei (DMaTrzOI

- ide (119.05 g, 0.81 moles),
s e ke
e sy g e e
[ : reactor was .

10 R IE] (ke i LoaRs LAkt e8P 3Z0000IME) et
Lageeropirondehaiarhe Thinis AR EIHRIA ARSI e

minutes. The reaction mixture was io slo eraz2

Thg, ?Iﬁﬁ@@‘ey}@@ pjmmﬁ)wmiarmnp&m rte;gzaerat:garadﬁfqe;m\?v&greated
e N AR SRR S S
Thisigreapsrabinenwathmainiaites foatenimetéanditeasebessr mﬁ‘f&% was
S s VBN o A2 A 505Ser) Neduoed to 2
tersloevaturcimvasieTaintaimid distidingraresisosonkifp) whs é@_ﬁﬁ%@%&?\lﬁ&e
A R A e A ReShBPRY S BT oK R ENAL B sibbise tne
tertib®itor® dobH3 BORE) B HE BREOAESIE CERFHAN A T T NSt the
reaction mixture was heated to 280."This temperature was
methanol has been removed. Approximately 83 ml of methanol was distilled
over. The argon flow rate over the reaction mixture was checked and when
necessary, reduced to a slow rate in order to avoid distilling over isosorbide.
The reaction mixture was slowly heated to 280°C over 13 minute period
(2.3°C/min). Then, the reaction mixture was allowed to cool to 260°C.
Additional D-isosorbide (14.87g, 0.1018 moles) was charged to the reaction
mixture. The reaction mixture was heated to 280°. This temperature was
maintained for 30 minutes. The distillate receiver was replaced with the
vacuum receiver and vacuum was gradually applied (< 9 Torr). During this
time, a low molecular weight polymer formed. The reaction mixture
temperature was maintained at 280°C for 2 hours and 40 minutes. The
reaction was terminated by blanketing the reaction mixture with argon to
obtain atmospheric pressure. The reaction mixture was then cooled to <
250°C and poured onto a fluorinated fiber glass sheet.

A resin was produced having the following properties:
Solution inherent viscosity: 0.10 (solvent is o-chlorophenol)
Tg = 1650C
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maintained for 30 minutes. The distillate receiver was replaced with the
vacuum receiver and vacuum was gradually applied (<_ 9 Torr). During
this time, a low molecular weight polymer formed. The reaction mixture
temperature was maintained at 280C for 2 hours and 40 minL_Jtes. The 25
NMRR EIHNG ted by blanketing the reaction mixture with argon to
ob?gﬁ?atmospherlc pressure. The reaction mixture was then cooled to <_
Acid0laadpaued onto a fluorinated fiber glass sheet. 30 A resin was

e W et PR RS (e e ucho Keles)

P()Mﬂiu[er:c:ﬁa%aumiasuw Weight (MW) = 2372 (Calculated from acid and
dro Polymer Characteristics: 5 Color: Light Brown _
C'kl @ﬁaélrg Clarity: Translucent Flexibility: Somewhat Brittle Solid

Tat&;ﬁgggnptga( his example illustrates the production of a carboxyl .
functlonal bio- based polyester resin. is Equipment (see Figure 5). 5 liter
Clasityg hErfsierats reaction vessel with 4 neck top, jacketed Vigrelaux

as inlet and exit adapters, stainless steel stir

Fliﬁﬁ?@ﬁ?%%ﬁdﬁﬁ g%gle) paddle, condenser, and receiver flask.
Satitbcedure 20 The reactor was charged with D-isosorbide (1337.0 g,
9.1490 moles) (as received), Pripol 10135 dimer acid (batch # 091687)

(699.1 g, 1.215

Example 2
This example illustrates the production of a carboxyl functional bio-

based polyester resin.
Equipment (see Figure 5).

5 liter round bottom glass reaction vessel with 4 neck top, jacketed
Vigreaux column, distillation head, gas inlet and exit adapters, stainless steel
stir shaft and four blade (45° angle) paddle, condenser, and receiver flask.
Procedure

The reactor was charged with D-isosorbide (1337.0 g, 9.1490 moles)
(as received), Pripol 1013® dimer acid (batch # 091687) (699.1 g, 1.215
moles), and 1,4-cyclohexanedicarboxylic acid (1,4-CHDA) (1563.8 g, 9.0826
moles) followed by antimony (III) oxide (1.231 g). The reactor was
blanketed with argon. Then, 1,2,3,4-tetrahydronaphthalene (2 ml) was
added to the reaction mixture under argon. The temperature of the reactor
contents was raised to 200°C with stirring (after solids melted) under argon.
This temperature was maintained for 30 minutes. The reaction mixture was
slowly heated to 250°C over a 47 minute period (1.1°C/min). This
temperature was maintained for 3.1 hours or until the temperature dropped
at the top of the Vigreaux column to 30°C or less. Water was continuously
collected as the reaction was heated above approximately 180°C. When the
temperature drops at the top of the Vigreaux column, this indicates that most
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moles), and 1,4-cyclohexanedicarboxylic acid (1,4-CHDA) (1563.8 g,
9.0826 moles) followed by antimony (Ill) oxide (1.231 g). The reactor was
blanketed with argon. Then, 1,2,3,4-tetrahydronaphthalene (2 ml) was 25
added to the reaction mixture under argon. The temperature of the reactor

_ Mot Miiasiam .
O e R A R R TIE Vet sifles over.
Theiigenfiswsiaielpveribd re500 oviztuard Was uhieckedemdLvlisemin).

Thi intained for 3.1 or untj| the temperature
P R R P i Rk A ARG eivaasorbide.
Thentactiorsimnixbitectessasohdyrhaatian tuambeaisirkpyaappisiately

. When the temperature drops at the top of the Vigreaux column,
(Ogﬁ{&mases%ﬁtqﬁg IS BERIEIMARS IRplaseanvitin BV yaswb KRAciNey

arazeammwa@rgiﬁaugﬂyoaﬁﬁr@e@@%ﬁlﬁwmg% VETidNEieariot al

mixture was checked and when necessary, reduced to a slow rate in

WaliRletl RS TERi Vst Dl isteleasitas Weightaaotyoremizinedvas tstowly
reﬁ%?ﬂﬁ&%ﬁ%Qéfﬁ‘?)%?a@JFQ WREHR R dRh&R 8{"2%@'?&%5@%%@%9 N

was replaced with the vacuum receiver and vacuuni was g

migsiieed (e rackicbusag teisimateddsjdbiain keting drstitedaicaT raixdure

, lag. el - formed. Th tion. mixture t
S B B et 0 i FRRELoR B e e
corladitate 259 Wamkepogrix oeectnflupibatedonnih geaerskreptain

atmospheric pressure. The reaction mixture was then cooled to <_ 250C
and poured onto a fluorinated fiber glass sheet. A resin was produced with

A tosifohewipepereeertiag tFe Tohwind Brpishy@lue = 34.8 Molecular
Wei%t'}r%/lW) GPC (polystyrene standard) Mn = 1689 GPC (polystyrene

9sTal MW = 11681 Polydispersity (MW/M) = 6.91 20 Polymer
Acfehgspsdedsties

Molecular Weight (MW)
GPC (polystyrene standard) M, = 1689
GPC (polystyrene standard) M,, = 11681
Polydispersity (My/M,) = 6.91

Polymer Characteristics:

Color: Light Amber

Tackiness: Non-Tacky

Clarity: Translucent

Flexibility: Brittle

Solid

Example 3
This example illustrates the production of a carboxyl functional bio-

based polyester resin.
Equipment (see Figure 5).
1 liter 4-neck cylindrical walled round bottom glass flask, jacketed
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Color: Light Amber Tackiness: Non-Tacky Clarity: Translucent Flexibility:
Brittle 25 Solid Example 3 This example illustrates the production of a
carboxyl functional bio- 30 based polyester resin. Equipment (see Figure
5). 1 liter 4-neck cylindrical walled round bottom glass flask, jacketed 23

Y/ i ) d exit ad stain
Ve R e e R Ao s detes, saiess e
stitestia fPandefdureblader 48temgle) gaekgled suitdenser, and receiver flask.

P 1.4-cyclohexanedicarboxylic acid (1,4- 5 CHDA) (204.66 g, 1.1886 moles),
rE%‘?ﬁglr %018(r) dimer acid (batch # U42G151910) (72.54 g, 0.1251

moleFhearehtdsasasifiarde® w01 41§ oHBRIaRdRIPKSE Ry A9t
) oxide (0,1594 g) The reactor was blanketed with argon. Then,
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200C with stirring (affer soiids melted) under argon. ture was

meleshEaliewedrboantimeny tHY r@ﬁd@o@:ﬁﬁﬁ&rgwagesr?a@meam to
ﬁﬁg& : i ' . in). This temperature wa
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2 hour period
at the top of the Vigreaux column to 30°C or less. Water was continuously

collected as the reaction was heated above approximately 180°C. When the
temperature drops at the top of the Vigreaux column, this indicates that most
of the water has been removed. Approximately 47 ml of water distilled over.
The argon flow rate over the reaction mixture was checked and when
necessary, reduced to a slow rate in order to avoid distilling over isosorbide.
The reaction mixture was slowly heated to 280°C over 2 hour period
(0.25°C/min). The distillate receiver was replaced with the vacuum receiver
and vacuum was gradually applied (< 1 Torr). During this time, residual
water distilled off and a low molecular weight polymer formed. The reaction
mixture temperature was maintained at 280°C for 3 hours and 10 minutes.
The reaction was terminated by blanketing the reaction mixture with argon to
obtain atmospheric pressure. The reaction mixture was then cooled to <
250°C and poured onto a fluorinated fiber glass sheet.

A resin was produced having the following properties:

Solution inherent viscosity = 0.25 dl/g (solvent is o-chlorophenal);
Ty = 66.9°C

Hydroxyl Value = 13.0
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(0.25C/min). The distillate receiver was replaced with the vacuum receiver
and vacuum was gradually applied (< 1 Torr). During this time, residual
water distilled off and a low molecular weight polymer formed. The
reaction mixture temperature was maintained at 280C for 3 hours and 10

AdRINERR 253'Bh§ reaction was terminated by blanketing the reaction
mixture with argon to obtain atmospheric pressure. The reaction mixture
Molesuine Ysighsa(MVW) 250C and poured onto a fluorinated fiber glass

sheeldresi s produced having th owing properties: 30 Solution

inher%ﬁ?v@é@é@@) rbe.gqmga(gaI{%nfigéggnlorophenol): Tg =66.9C

HydroR{] (molestyeh@ Shrdaddy aye==¥%8 Molecular Weight (MW) GPC
= 2995 GPC (polystyrene standard) Mw = 9560

olystyrene standard) M.
gpPgB%%%EPs%;'M?\/W ) ?.f@llgolymer Characteristics: Color: Light
PoBneien Chaekinesstiften-tacky Clarity: Mostly Translucent 10 Flexibility:
rittle but hard. Solid Example 3B is This example illustrates the
C 56&69%‘51 B{ioyRydroxyl functional bio- based polyester resin. Equipment
Ta%@UWt%EW 4-neck cylindrical walled round bottom glass flask,
jacketed Vigreaux column, distillation head, gas inlet and exit adapters,
Clasify 4o sityeT raosbtieanmiaft and four blade (45 angle) paddle, condenser,

FISASHIgreNAEas: Ripgedure
Solid

Example 3B
This example illustrates the production of a hydroxyl functional bio-

based polyester resin.
Equipment (see Figure 5)

1 liter 4-neck cylindrical walled round bottom glass flask, jacketed
Vigreaux column, distillation head, gas inlet and exit adapters, stainless steel
stir shaft and four blade (45° angle) paddle, condenser, and receiver flask.
Procedure

The reactor was charged with dimethyl terephthalate (DMT) (228.30 g,
1.1757 moles), Speziol C36/2 1075® dimer diol (Batch # 415252) (129.40 g,
0.23523 moles), D-isosorbide (123.90 g, 0.84785 moles), and ethylene glycol
(EG) (89.66 g, 1.444 moles), followed by manganese (IT) acetate tetrahydrate
(0.0917 g), cobalt (II) acetate tetrahydrate (0.0618 g), and antimony (III)
oxide (0.103 g). The reactor was blanketed with argon. Then, 1,2,3,4-
tetrahydronaphthalene (2 ml) was added to the reaction mixture under argon.
The temperature of the reactor contents was raised to 200°C with stirring
(after solids melted) under argon. This temperature was maintained for 30
minutes. The reaction mixture was slowly heated to 250°C over a 30 minute
period (1.6°C/min). This temperature was maintained for 30 minutes or until
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The reactor was charged with dimethyl terephthalate (DMT) (228.30 g,

1.1757 moles), Speziol C36/2 1075(r) dimer diol (Batch # 415252) (129.40
g, 0.23523 moles), D-isosorbide (123.90 g, 0.84785 moles), and ethylene
glycol 25 (EG) (89.66 g, 1.444 moles), followed by manganese (II) acetate
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polymer formed. The reaction mixture temperature was maintai
ThegRagiien Was ke Epinatesh by tdanketin gdioepaticntenintneeedibly argon to
} ¢ i Ixt ' obtain, atmospheri
o o T o e o DB RE B i R
2587 oand psrieck drificen flassrsdtest fibeegiassahpebduced having the
following properties: Solution inherent viscosity: 0.19 (solvent is
o-chlorophenol) 20 Tg = 28.4C
A resin was produced having the following properties:

Solution inherent viscosity: 0.19 (solvent is o-chlorophenol)
Ty = 28.4°C

Hydroxyl Value = 35.4

Acid Value = 6.1

Molecular Weight (MW) = 2700 (Calculated from acid and hydroxyl values)
Polymer Characteristics:

Color: Brown

Tackiness: Non-tacky

Clarity: Mostly translucent

Flexibility: Brittle

Solid

Example 3C
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Hydroxyl Value = 35.4 Acid Value = 6.1 Molecular Weight (MW) = 2700
(Calculated from acid and hydroxyl values) Polymer Characteristics: 25
Color: Brown Tackiness: Non-tacky Clarity: Mostly translucent Flexibility:
Brittle Solid 30 Example 3C 26 This example illustrates the production of

a hy i o) resin, Equipm see Fi r_e_5)
T o e S e e Bener s R g Bo
bagetazalyasikmnesidistillation head, gas inlet and exit adapters, stainless
ir shaftand four blade (45 angle) paddle, condenser, and receiver
E%@%%ﬁo@&&ﬁgwﬁe%actor was charged with Qimethy_l terephthalate
(DMT) i2a38hark HARLRicadiRa)lddmeohd Bdtein &@%@@tgﬁgﬁeted

U42G151910) (71.02 g, io 0.1225 moles), D-isosorbide (128.79
VIgTEATS SRR, QRN F ety 55 (B3N b acanterss Hheess steel

BRRS 489 8 |
stgocﬁggﬁﬁggarg?g rate (0?6%;75‘3 @%éggﬁnﬁ%mg%%g 5 (?O}%%%? g';t)ﬂ%s(e
Precgéigravas blanketed with argon. Then, 1,2,3,4-tetrahydronaphthalene (2

o TR BRTLEn DIV BRI o
1.Lpd8 maetRs), EmpobitptsRiimenscit{Busthed mmmme)s(m@dz g,
0 AU DA e B0 TR PR o
(EEen{ieGeBagdmppad mdhes)yprolbired\bgramiiganese (I1) acetate
tetrahydrate (0.0859 g), cobalt (II) acetate tetrahydrate (0.0579 g), and
antimony (III) oxide (0.0965 g). The reactor was blanketed with argon.
Then, 1,2,3,4-tetrahydronaphthalene (2 ml) was added to the reaction
mixture under argon. The temperature of the reactor contents was raised to
200°C with stirring (after solids melted) under argon. This temperature was
maintained for 30 minutes. The reaction mixture was slowly heated to 250°C
over a 30 minute period (1.6°C/min). This temperature was maintained for
30 minutes or until the temperature dropped at the top of the Vigreaux
column to 30°C or less. Methanol was continuously collected as the reaction
was heated above approximately 150°C. When the temperature drops at the
top of the Vigreaux column, this indicates that the methanol/water mixture
has been removed. Approximately 93 ml of methanol/water mixture was
distilled over. Subsequently, a solution of polyphosphoric acid (0.0594 g)in
EG (1 g) was added to the reaction mixture. The argon flow rate over the
reaction mixture was checked and when necessary, reduced to a slow rate in
order to avoid distilling over isosorbide. The reaction mixture was slowly
heated to 280°C over 2 hour period (0.25°C/min). The distillate receiver was
replaced with the vacuum receiver and vacuum was gradually applied (< 1
Torr). During this time, ethylene glycol distilled off (95 g), and a low
molecular weight polymer formed. The reaction mixture temperature was
maintained at 280°C for 3 hours and 10 minutes. The reaction was
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20 column to 30C or less. Methanol was continuously collected as the
reaction was heated above approximately 150C. When the temperature
drops at the top of the Vigreaux column, this indicates that the
methanol/water mixture has been removed. Approximately 93 ml of

|/ i s _distill ver. Subsequently, a solution of
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W cessary, reduced to a slow rate in order to avoid distilling over
pqgggcg)'r@%garsﬁg éﬁ%ﬁf%ﬁlﬂ%%ﬂ‘gmly heated to 280C over 2 hour
period (0.25C/min). The distillate receiver was replaced with the vacuum
A receiver and vacuum was gradually applied (< 1 30 Torr). During this time,
E?ﬁWe\N@ngQ L@Eﬂl@”ﬁf@@@gﬁ?lw@lmﬁﬂm@éular weight polymer
Sdietipadnhb ' Xty 't iptai at 280C for 3
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hours apd 10 minutes. The reaction was 27 term blanketing the
Torgaefidh Gixture with argon to obtain atmospheric pressure. The reaction

HyBrRSeVRsthen peoled to <_ 250C and poured onto a fluorinated fiber
lass sheet. 5 A resin was produced having the following properties:
AcgbNalugs mhbrent viscosity: 0.23 (solvent is o-chlorophenol) Tg = 58.8C

| AR _AC = 1.4 jo. Molecular Weight (MW) = 4470
M A 5 P s s e I es
Potyoher: ClyhaBrenisticsackiness: Non-tacky Clarity: Somewhat translucent,

light hgze 15 Flexibility: Brittle Solid Example 3F (Pigment Dispersion
Cof%gén %?ﬁ &ample illustrates the production of a carboxyl functional

Tabkness: Non-tacky

Clarity: Somewhat translucent, slight haze
Flexibility: Brittle

Solid

Example 3F (Pigment Dispersion Agent)

This example illustrates the production of a carboxyl! functional bio-
based polyester resin.
Equipment (see Figure 5).

Two liter round bottom glass reaction vessel with 4 neck top, jacketed
Vigreaux column, distillation head, gas inlet and exit adapters, stainless steel
stir shaft and four blade (45° angle) paddle, condenser, and receiver flask.
Procedure

The reactor was charged with D-isosorbide (545.35 g, 3.7317 moles)
(as received), Pripol 1013® dimer acid (batch # 091687) (272.17 g, 0.47302
moles), and 1,4-cyclohexanedicarboxylic acid (1,4-CHDA) (632.49 g, 3.6734
moles) followed by antimony (IIT) oxide (0.498 g). The reactor was
blanketed with argon. Then, 1,2,3,4-tetrahydronaphthalene (2 ml) was
added to the reaction mixture under argon. The temperature of the reactor
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based polyester resin. Equipment (see Figure 5). Two liter round bottom
glass reaction vessel with 4 neck top, jacketed Vigreaux column,
distillation head, gas inlet and exit adapters, stainless steel 25 stir shaft
and four blade (45 angle) paddle, condenser, and receiver flask.
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mixture was then cooled to <_ 2 poured ont lhorinated r
obfik aRespherissrassi profinegeactipbnhaiidlowivgptoprrtesied to <

250°C and poured onto a fluorinated fiber glass sheet.

A resin was produced with the following properties:
Ty =52.9°C
Acid Value = 47.7
Viscosity at 120 °C = 7772 Poise
Viscosity at 160 °C = 247 Poise
Polymer Characteristics:
Color: Yellow/Light Amber
Tackiness: Non-Tacky
Clarity: Translucent
Flexibility: Brittle
Solid
The following examples Formula 1 through Formula 6 illustrate several
typical toner formulations according to the invention.
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20 T9 =52.9 C Acid Value = 47.7 Viscosity at 120 C = 7772 Poise

Viscosity at 160 C = 247 Poise Polymer Characteristics: 25 Color:

Yellow/Light Amber Tackiness: Non-Tacky Clarity: Translucent

Flexibility: Brittle Solid 30 The following examples_ Formula 1_through
Fcﬁ%mﬂlﬁ 6 illustrate several typical toner formulations accord_mg to the

invention. 29 Formula 1 A toner formulation was prepared using a

polyeBtéonesifortarilatibfronasipoepevite s 8¢k vﬁém@} aasslineerdfrom

le 1 b k produced b
A e R e M r s here dereamveriamnample
1 thadicataeed|mkynsdnteddi@ubattargaratriiginal equipment

manufacturer toner. This was attributed to the higher molecular weight of
the bio-based polyester. Typically, toners have average patrticle sizes of

less thana3rpundTitRbie mb@ﬁ@%ﬂﬂi’f&%%"ﬁﬁ%ﬁ}% R{Hso?é"B%%@H had

n average partlcle Slze Of 24 pm However, in another micronization test
paly

ETKaRer thanesatrnsard arignal mamsmcmahafpamm wireRvaghis
wESHE8BIRA 4B Thd hi ﬁgpmﬁgﬁ}laﬁh 8? ﬁseh 197 é%é %’/leesté?

Table 1. Bio-Based P Iyester on a|
Tyiisadl mp@mwmamnm@pwtlmemesmmswnawm (STh@am@nd
based polyester toner (resin plus colorant) had an average particle size of 24
Mm. However, in another micronization test the bio-based polyester resin
without carbon black, the particle size was reduced to 14pm. This shows that

the resin by itself is processable.

Table 1. Bio-Based Polyester Toner Resin Containing Dimer Diol
Developer Formula

Bio Polyester Toner 1.143 g

Carrier FC-2 (silica sand

coated on methyl

terpolymer) 17.862 g

Degussa R-972 (charge

control agent) 0.011g
The average tribo-electric charge was found to be -11.2 microCoulomb/g.
The blending of colorant was 90 wt% resin and 10 wt% carbon black.
Formula 2

A toner formulation using the resin from Example 3C was prepared.

90 g of soy based resin from example 3C was blended with 10 g of Raven
5250 CB on a Thropp 2 roll steam mill at a processing temperature of about
285 - 300°F for 20 to 30 minutes. About 98.98 g of blended material was
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coated on methyl terpolymer) 17.862 g Degussa R-972 (charge control
agent) 0.011 g The average tribo-electric charge was found to be -11.2
microCoulomb/g. The blending of colorant was 90 wt% resin and 10 wt%
carbon black. Formula 2 A toner formulation using the resin from

%%Eﬁ?ée r 20 90 g of soy based resin from example 3C
I‘ewas enﬁéﬁ"ﬁ% %r(?%?o@ aven 5250 CB on a Thropp 2 roll steam mill at
a protbeditentizdpeetariel otahthendB5ka00p MiRMivc30Tindigsichlaut
c ﬁf&}ﬁggﬁ of hlended mgﬁ{erial Wc]a'lf 30 recoYered from the 2 roll mill. The
"BlerdatHidinn WS HHIJRam TS ARl hized wasses thiows el mil
schéatedakatieatethforafidrianmamey M dtans F@érﬁ?é%ﬂ:%‘;‘ﬁ*ﬁ@rﬁﬂq@%illlh
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nd collected for micronjzing. Material recovery from Hammerm

Wég : Qe %@Qt@fﬁe%métﬁfé@émm"@ﬁ|¢¢ri@grr@g¢uem)er95h¢hg
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3 sesngyoudihmeibratar fieedoraywitfiterapprogtianatiandtesefifead vapdelas

' evelopers were prepared using the FC-2 carrier at a
0'% g%rlﬁrézm[h%éc 4% micronized resin and carbon black, on the carrier.

ToneﬂFFmrtuﬂ&rthﬁMaﬂﬁﬁﬂi?@ahVﬁﬁTﬁh%%ﬁé%é’-ﬁ?@}ﬂ@gl@ﬁl@,"?ﬁe}ge
tribo-ele: tE‘ric charﬁJe of about - 14.2 microCoulomb/q. It is expected that

MIGIAN YR & Mearhdiamsteh Brigstion BhaEenodhraduBEeRs images.

An IID@Q@J@W&QW@@I\?#%&'FM%P@P&%‘?@?Z BT &S Mitration of

example 3C using a Model D Xerox copier.
4% micronized resin and carbon black, on the carrier. Toner Formula 2 when
mixed with the carrier obtained an average tribo-electric charge of about -
14.2 microCoulomb/g. It is expected that the resin has a large enough
negative charge to produce good images.

An image was prepared from soy based toner made from resin or

example 3C using a Model D Xerox copier.

Formula 3 preparation

90 g of carboxyl functional soy resin from Example 2 is blended with 10
g of Raven 5250 CB. The same processing conditions and steps as in
preparation of Formula 2 are followed. A toner having a negative charge
similar to that in Formula 2 is expected.

Formula 4 preparation

This example illustrates a negative tribo-electric charge toner. 90 g of
carboxyl functional soy resin from Example 3 is blended with 10 g of Raven
5250 CB. The same processing conditions and steps as in preparation of
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20 Formula 3 preparation 90 g of carboxyl functional soy resin from
Example 2 is blended with 10 g of Raven 5250 CB. The same processing
conditions and steps as in 25 preparation of Formula 2 are followed. A
toner having a negative charge similar to that in Formula 2 is expected.

I r i ' mple illustrates a negative, tribo-electric
R e B e TR M RE Aot
Fairandied isitxpegied.Raven 5250 CB. The same processing conditions

and steps as in preparation of 31 Formula 2 are followed. A toner having a
negative charge similar to that in Formula 2 is expected. 5 Formula 5
preparation This example illustrates the preparation of a positive
tribo:electric charge toner. Toner was prepared from 90 wt% of resin from
Fog% R'GRAIABA with 10 wt% carbon black (from Cabot Corporation)

was tiieRdsi el GsBrenR e BBl tdn P aBR ADATHANS. BRuctric

Formula 2. Toner was milled in t urtevant m owing
chasaitRiMa"-feed pressure of 60 psi, grind pressure of 90 psi, and feed

rate i - regolP eech Co. Ltd.) was used. .
The Zgﬁré‘r%%%%%é rglﬁtgﬁla ofbggogopggv%‘}e qub/?}(a{f#%l% i4as milled
With: 1oyt %nepifoprokleek iom @abmtCorporatidnyithas $liaadedrgsimer he

' ed on the roll mill. with_the. toner. The amount and type of
T T Bl 30 RN 5.6 dached 8155 BsRulea in
thetStugtevantnaillratvthe follonitive corrirumsirecaiofisisGhatgesol fhogkitd

3.6 micr, ouloma%/@ as, obtained. The charge although lower than

PrespE el P dRRd hatei Afitha SRy Rontrol agent. Developer

gg;ﬁg;ﬂg%ﬁﬂ?ﬁ@m%ﬁwr@@im RIER18LeN #Ad ESHdl Pas a
core material of copper oxide (~14%), zinc oxide (~15%), and iron oxide
(~71%) and is coated with a silicone resin. The carrier was blended on the
roll mill with the toner. The amount and type of carrier can be adjusted to
control and obtain a desired tribo-electric charge.

A toner having a positive average tribo-electric charge of about + 3.6

microCoulomb/g was obtained. The charge although lower than expected can

be enhanced with a charge control agent.

Developer Formulation 1
This example illustrates the preparation and use of a developer such as
that associated with a copy machine using negatively charged carrier and
toner.
The toner for use in this example was prepared as in Formulation 2. Materials
used for the developer were 200.0 g of FC-2 carrier, 8.0 g of micronized toner
formulation, and 0.0418 g of Aeorosil R-972 charge control agent. The
resultant average tribo-electric charge was -13.9 microCoulomb/g.
The developer was used to make an image using a Model D Xerox
copier. The image transferred well and had better image quality than the
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25 that associated with a copy machine using negatively charged carrier
and toner. The toner for use in this example was prepared as in
Formulation 2. Materials used for the developer were 200.0 g of FC-2
carrier, 8.0 g of micronized toner formulation, and 0.0418 g of Aeorosil

R 'SEEH e t..Jhe 30 resultant ayerage tribo-electric charge
m\%gqg 61 . m.gé%}ﬁilﬂ?ngﬁ/%.@#%e‘%?ﬁg’ﬁ Pﬂ%ﬁused to make an image
using a Model D Xerox copier. The image transferred well and had better

Dljénaaﬁe %Jtlit%tlstshan the 32 image produced without the charge control
aBS 0B % ion Tests The resin of Example 3F was evaluated for its

pigm@heciesier 9PExarRFIL SR B AQkLATOFSRIBIGH MRETRIS SO

color concentrate formulas were chosen. One was a 10% loaded phtalo

PIORRITBBYME) £@B GORCEBIaene carrier resin and the other was a 10
custom green in an acrylonitrile butadiene styrene copolymer (ABS) based
carrier resin. The custom green consisted of a blend of organic and

Mﬁ?@?@é‘ﬁic pigments and was about 18% loaded. Control samples were

run Wi | i inc stearate and a combination of

Jine S L LS SRR O AR il gacec
PRz e (RB)tAS i3(8Bp énsapohistiremetommia e . aGoouttbAgVas a

' done in a co-rotating 18 mm diameter Leijstritz twin

L 8 i B P R e Ao eE - s
caarier tresipre Sheechsishygraersdemsasted 6F RAplarRIbe DRHRRNENSIGanic

.quan |tat|vg test for d|$€§r5|on and a lower value indicates better
pign s@ﬁ;gigﬂ. J¥as about 18% loaded. Control samples were run with typical
dispersants such as zinc stearate and a combination of zinc stearate and
ethylene bistearamide dispersants . and the samples were run with the

dispersant aid from Example 3F..

Compounding:
Compounding was done in a co-rotating 18 mm diameter Leistritz twin
screw extruder

Testing:

Dispersion testing was done using filter tests and the pressure build up
was reported in bar/gram of pigment. This is a quantitative test for
dispersion and a lower value indicates better dispersion.

Table 17 shows the formulations used for tests and the results.

Table 17.
Formula Pigment Carrier resin Dispersion Filter test value
number aids Bar/gm pigment
A 10% PB 15:3 | polystyrene Zinc stearate 8.5
B 10% PB 15:3 | polystyrene Example 3F 4.5
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15:3 polystyrene Example 3F 4.5 33 C 18% blend ABS EBS and Zinc

ABSExamp te-3F0;55RPB=phtalo-blue ABS

LAdl

cop er EBS Eq,sdﬂﬂavr@'?ﬁstearamideo-sz

5 The comparigon with a commercial dispersant zinggigay@ie, and a
mixty and-zincstearate showed good|results. The resijlts

wonr ERS
T | —

showd Uconstaﬁt@?f?eﬁ@r”é’ol r develSment in vixafledfpolymer  0.55

PBYSiBAtaIFEAiRINS as disclosed In WO 047077, 169 are usefut withrthe
invention. 10 The proteins useful with the invention may be derived from

ABRimAcsYIprifiile butesicnecstueeyeopedyaier zein, collagen, casein,

alej | ins and the like. Protein content of the toner
E%gan rg%l e rorert\ﬂ gé%%t}spé%tv(vgt% to about 20 wt% is useful. More preferred is

a protein content of about 0.lwt% to about IOwt%. The protein provides

impraved deinking 15 properties. While the forms of the invention herein

disc&%%@&ﬂ@ﬂﬂ%%@ﬁfﬁ&OWﬁQ& PRSSERNEARC Phay B hie
mpdesébte- EBS aatliniendeshheteizhinvag iy Hai e npesils rgwiNaleay

f ificati f the 20 invention. It is to be understood that the
OB SRR BF R RS cghe, it ARGy tamsat

various changes may be made without departing from the spirit of the

scope of the invention. 34 TONER
Proteins as disclosed in WO 04/077,169 are useful with the invention.

The proteins useful with the invention may be derived from animal or plant
sources such as soya protein, zein, collagen, casein, protein albumen, fish
proteins and the like. Protein content of the toner can range from about ) 0
wt% to about 20 wt% is useful. More preferred is a protein content of about
0.1wt% to about 10wt%. The protein provides improved deinking
properties.

While the forms of the invention herein disclosed constitute presently
preferred embodiments, many others are possible. It is not intended herein
to mention all of the possible equivalent forms or ramifications of the
invention. It is to be understood that the terms used herein are merely
descriptive, rather than limiting, and that various changes may be made
without departing from the spirit of the scope of the invention.
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functional polyester is derived from a dianhydrohexitol, a first diacid
moiety, and a second diacid moiety, optionally a monoacid may also be
included; wherein the polymer is deg\gfl from at least one bio-based
monomer; 15 and the polymer has a Tg between about 50C and about
80C; b. a coloring agent dispersed in the amorphous thermoplastic
polymer; and wherein the toner cempr%es a powder having a mean
particle size of less than about 30 um. 20 2. The thermoplastic toner
ctvepdaition according to claim 1, comprising a carboxyl functional
polyester having improved color dispersion properties. 3. The
thermoplastic toner composition according to claim 1, wherein the toner
furtharteemppizssic 2orer RuptiosidonT tsniprisihgiccording to claim 1,
wherein the dianhydrohexitol comprises an isosorbide moiety, the first
dmBHXtere afeyclohexanedicarboxylic acid, and the 35 second diacid is a

|05!9£h§1iﬁog(§!ﬁ\@iﬁgrtﬁém%ﬁlmk%dwm& eBrRSAPMS in the chain. 5. The

toner according to claim 1, wherein the toner comprises at least 5 5 wt%

biomas$. @rhhekensydiexyt dingtionel pelyestamersieihtheosrspedrhprises
particle i ! : .
micromygri&.x %qjﬁﬁ@]éﬁto er’ggcgz%%ﬁéis%?tlggéﬁﬁﬁ ﬁom@réﬁ%&é@éﬁ first
excipiertiaeiteneidtiaandiaesgeong dianisistoigtyf optivpallganmonasgedmsay
flow conﬁrol enﬁs Il%pricants, anticaking agents, and mixtures thereof.
also be’ included;
wherein the polymer is derived from at least one bio-based monomer;
and the polymer has a T4 between about 50°C and about 80°C;
b. a coloring agent dispersed in the amorphous thermoplastic polymer; and
wherein the toner comprises a powder having a mean particle size of less

than about 30 um.

2. The thermoplastic toner composition according to claim 1, comprising a

carboxyl functional polyester having improved color dispersion properties.
3. The thermoplastic toner composition according to claim 1, wherein the
toner further comprises:

C. protein.

4. The toner according to claim 1, wherein the dianhydrohexitol comprises an

isosorbide moiety, the first diacid is 1,4-cyclohexanedicarboxylic acid, and the
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a negative tribo- electric charge of between about 10 to about 20

MyEEBRPHINTHDa ?&1&%5#&%‘9&]&’Iﬁ%ﬂ?ﬁ?@ﬁﬁt@r%@@érﬁ!ﬁ'ﬂ%&iﬁﬁhﬁ tRger

has a negative tribo- electric charge. 1 e toner according to Claim 1,
WE@IBin the thermoplastic comprises a 25 polystyrene acrylate mixed with
the polyester. 36 12. An image comprising: a substrate and a toner
according to claim 1 applied to the substrate. 13. A toner comprising: 5
(B. alihetonep lactirdindytssoaime djinvteneprithedganer reaspinsepaideastd A. a
dianhydrohexitol; B. a dimer diol and/or a dimer diacid; C. a diacid,

dlegb rb%r S?Smd chloride; and D. an optional catalyst; and io (2) a
plgment 14. A developer comprlsmg (1) athermoplastlc polyester resin

cam ing the reactlon uctof ad| droheX|toI 15B. a
P STt or e G S i e V1 R B RS RAEL Fa Tt

aﬁé@@'@ﬁ@a‘ﬁﬁé@ﬂﬁe@i@dﬁ'%ﬁﬁbrﬁ&%d@?@rﬁ&%ﬁﬁe@sw The
developer according to claim 14, wherein the developer comprises a

magnetic material.
7. The toner according to Claim 1, comprising:

d. an excipient selected from the group consisting of charge control agents,

flow control agents, lubricants, anticaking agents, and mixtures thereof.
8. The toner according to Claim 1, wherein the toner has a negative or
positive tribo-electric charge of between about 10 to about 40

microCoulomb/g.

9. The toner according to Claim 8, wherein the toner has a negative tribo-

electric charge of between about 10 to about 20 microCoulomb/g.

10. The toner according to Claim 1, wherein the toner has a negative tribo-

electric charge.

11. The toner according to Claim 1, wherein the thermoplastic comprises a

polystyrene acrylate mixed with the polyester.
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12. An image comprising:

a substrate and a toner according to claim 1 applied to the substrate.

13. A toner comprising:
(1) athermoplastic polyester resin comprising the reaction product of
A. a dianhydrohexitol;
B. a dimer diol and/or a dimer diacid;
C. a diacid, diester, or diacid chloride; and
D. an optional catalyst; and

(2) a pigment.

14. A developer comprising:
(1) athermoplastic polyester resin comprising the reaction product of
A. a dianhydrohexitol;
B. a dimer diol and/or a dimer diacid;
C. a diacid, diester, or diacid chloride; and
D. an optional catalyst;
(2) a pigment; and

(3) a carrier.

15. The developer according to claim 14, wherein the developer comprises a

magnetic material.
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