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WD 2006/ 102280 PCT/ US2006/ 010136 TONER Thi s
application clains the benefits of Provisional

We\pWbile2sd on No. 60/ 758,757 filed January 13, PQD0S2006/010136
and Provisional Application No. 60/663,422 5 filed
March 18, 2005. The contfﬁt\lg of the provisional
applications are incorpo 8 by reference herein. 1lo
BACKGROUND OF THE I NVENTION Briefly, there is a need

for inproved toners that can be charged either

POshis alitation BREAS tivebandfits of Peovisionalf Aprsticatipn &los and
| aser printers. The inprovenents sought are in

t
60/ 7485257 Gifed Tanuane i3 2a06; gl Risvitsiong] AppligationeNer 8r422

f Usi ng jlity to deink toners fromoffice waste
ﬁleddﬂﬁ@h,iga%qgoner 15 resins that are-derived from

Te?ﬁlé%'{tfeﬁt%‘?%ég?ovis]@ﬁal iplikatiorf areRcarperatet Gy

i nherently provide negative charging to tone
refeparfdetherelry charged |l atent electrostatic inmages 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 acryl ates, polyesters, polyam des,

BACKGROUESI oFs TRIE WRENTEON rom a renewabl e resource
f eedst ocks such as corn , soybeans and other p

| ant
ar Brighliyntiveyes daeed foeinegroveddonersdhat comhgharged either
S| inabiljt .t I - WM
sos B ol e PSR BRBRE e e
R L

eneegy feusipg) abilisuto deink temersdbr afficswag®: mpareand teneso
a need for toners incor

i ' ith th .
resia thal grerderiverdram enpNBaE TEsOUaRS (eatbi g o) e gpsin to
inndERHD Rrafbe SEBeLe PRt el e Ao, Ehdtenuty, Loe
eled'&dsgatid TREGRLEE opigasmat irderBe s aosignifibenteshiase af shee eopier

need for resins that flow at |ower fusing tenperature
and: primteninmarket use sechetoging: sysseip CopMeRtéonsh spners age based on

N
derp)eﬂ'fpﬁﬁeéjrér%%\%ﬁlé’fé%gﬁ% féé&st!f)ﬁ(sasu%% dAgeso9beans and

appl’ication areas nce of this interest is
otheeplages etk ?aintri@ewmmﬁer@t duevibesnvironwergalcsstainagtity long

ternF1> su/pg?yzggr?ce(r)r}so \}v?t% 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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articles that have been published through the years.
Efforts to utilize bio-based feedstock in the
w@wbhexss of pol yester resins are exenplifi edP@TUEE806/010136
patent 6,063,464, wherein corn bio-mss derived
I sosorbide is used in the synthesis of polyester
arfigles thatl kavesbers! pullishad tthioughutiesyeass. 5 FEBES @6 GitiliiS bio-based
6,025 061: US 6,063,464; and .US 6,107,447. BRI EF
fegglbek Brifle PRESIEST ROBRIECETOA GXATHRINGH s patent
6,069Mb64 HnERY; . Si%idd i
O o T Rin GohE B Fluchfsy BoBGame Kiseddhdfip RimtrtSis of

palyaster mataxtdls: t ype copying and printing machines. A
first enmbodi ment of the invention provides for a toner

i ncIRAKtRE At Inchidsisi Yo SRpSROGiNS 8, AA%ePoisplUsst,063,464; and

U%8|13O'7E447.Typi cally the toner conprises particles
aVving a’'mean particle size range of |ess than about

30 microneter, 15 nore preferably a nean particle size
range of |ess than about 25 m croneter, and nost
BRIEELESARIPTIOREM THEIINVENT IONze range of |ess than
abo 2 icroneter. Typically excipients sel ected
£ oreAdy ¢ iVetion: hrovides §6r & eigjaat Bas AeaaguncBarge or
| . ' . i iR "
2 BN ORI E, TR s YPlcalig st 1 BlechRNADE 7 Cbdving and

pristibgdhaehites. t he toner has a negative 20
tribo-electric char'ge of between about 10 to about 40

mi crPoltishemadimanto Fh@rifVﬁmt@fbpwi%esafOﬁ@gf@nevb’lbcluding a
j - i 0 . 20
coldrinBadir S € BBl EInG T ma el & shBef o Mbysda
pakteuled hénaNg ROmadan PRIAR sizg! réﬁ?e % ge%%ilthbﬁ %bbﬁgrgsfrﬁikwn%eter,

of between about 50C to abou . I n one enbodi nents
M@ praterablyentican particle sirerrange wf dessvihah gioub25ngicesrdeter,

5 ' . t furth diments of th
anf 0B 6T 2B e rieg hat e SHedaaoe af (ke ok ddat i ve

. it . Ie j

migRrREL TYBCHIERBR Sk DY R 158 SR CHRIBMY U e

comyrpl agerity, i@meontronpgentd; lnbricants) adtgsakimy@esnts] hd ehititires
t roll mll or the polgmsrsresmfor the toner 30

th%ﬁgf_p B esad ulibeometvpigRlsyabedmerts, dhergnalghas a negative
BT BRSS9 o3 PORAEENE) Lo
mdte Prefepally négf et Be-dIecthiPeharRl 6CHdtWaRn ghout 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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WD 2006/ 102280 PCT/ US2006/ 010136 Anot her enbodi nent of

the invention provides for a toner including an
w@rmcpbmss t her mopl astic pol ymer sel ected fronmP@ES2006/010136

group consisting of (1) a carboxyl or hydroxyl

functional polyester; (2) a polyester ether; (3) a

pol yinethaaambogifaenitef Bierinvertiqropipvisesifor eletonmemfudmg an

oribh e o Bir BaBe2 IR romtite drotn cggﬁ.gsagg?%n e
caraey or@a‘}érdﬁ@ﬁﬂﬁﬂdﬁlohﬁlep&?{s‘% C(;zgp% BFRster %3 (3?%‘”022

a nean partlc e size of
palytiyethanen antheherairbtheypolyfends demald W@W@:Slé%t (bﬁe bio-based

derived fr i anhydr ohexi t ol noi et )
mP@%@SF'bPHQ%H}BDQ? er hag @ fgtbelivaen abaw éé‘y: aach@bout 80°C;

o PRI a8t A8 Slrsh Sy AP BB B RIBREL I  mean

parsds csrzlen @felessatlﬁhya bt B0 $@s qrn%ﬁi?embh@mﬁér‘it%e‘ﬁa’f‘ﬁé@l IS
cl ohexanedi carboxylic acid, and the second

fua@gzﬂa?ﬁ pPlyegter dngeidyrd frﬁm a(duanhydzmhag(lt% g‘rmets}r(erg)lfram )
A { t

s REE s f@%@ Ff TBORbnENdYdice serar dac moiety,

op@ﬁnamalﬂﬁoﬁdwd'fﬁ@yaa‘%d Bk AR oxy?%&ﬂ%r an%@g[rHSnt the

group consi sting of

isgsgryee dsmmetypeIQ/-msamldeé,Zhe eflrstodhaaatlgll SBty@ohexabedrarboxylic
pol ymer is derived from

| h th
ac@? a?‘@a@% S%E%"‘%a@c §§ag’%ln3d}ﬁ@$?edlac'&iri@awm@ ejghit prenoreacaraon

atJrﬁslﬁ?EH@ bout 50C and about 80C, b. a coloring
agent ; 811(Elllaalnerel n the toner conprises a powder having

a mémothetembodinene of itze irklentie proass ﬁﬁOéJEor?é? iNldihg an
one, enbodi ment the carboxyl functional polyester 1s

ampgphoesthereeptastic ashyaeroselestedifranoitiee graup gonsisting of (1) a

co BRI ool b pobfsBiesnbd) v meststinirineD ai so
polyeréthahedssy Wh@ré‘nftHé?&Wr?]&”?%n% rc}rH gt 1R 3RERi8Based

noi ety is Disosorbid rst
mODOmerycanﬁwﬂ)ean@@In‘xearﬁaszd betz\feeacaubutasmctah@ SEARBHC;
idis a|l Haln&aC|d havi ng ei ght or nore

b. caa?‘ﬁB'H”g QSSH% q Whereim Higitones cgny:étses @rRaveder having a mean
h |

PSSl o SROGE 20 Uo7 Dok S BERERRE i,

furnttnanhlmtrlxads&an IsalerivBd fmmld@énhﬁd@heﬁf&/ rﬁbleﬂ/ ?é geén and

cid; C. a diacid, diester, or diacid chlo

isoqﬁpr%;ge Boiedik idofist d@@tchrrmty, armfyor 2) semopd ghigaid maletyet
opt‘?xﬂ%ll&/ Gaoﬁ‘\%hoS&H%ﬂéVSEo RGeS, TR RS gdﬂn%e%%tthe
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 thernoplastic polyester resin conprising the
reacti on product of 3 WD 2006/ 102280 PCT/ US2006/ 010136

Wa\200s/16028nhydr ohexi tol ; B. a diner diol and/ orPer/tisivee/010136
di acid; C. a diacid, d| est er, or diacid chloride; and

an optlonal catal |®$32) a pignent; and (3) a
cérd‘@@?ydrgh‘?)ﬁt@,oﬁea Iﬁjeldd abd/artedidearadiagidr conpri ses

2 R STl ;AT SO L,

(zplggﬂgh—p@togn@o& tive charge toner conposition
including a coloring agent and a thernoplastic

(%@lqamer lo BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
|s a schematic f art that shows a synthetic

(noogiaers tla% § PEr RAMBFIEES 8 MagRlicyatesial,
o o et Fbéher AU B fre PRBREGE o dbdEh 05&9%%?3965 A

prepavedewitic af hepativaror josRivesdtaYge forfef
foward 15 pega%sterﬂdgm ds brgé?]dl ngrgl(ﬁ)g%ds%)?@??rg@

COI¥ BRIt eang igpatymer. di aci ds and ot her
i ngredi ents. These can be utilized specifically in
toners. Figure 3 is a schematic flow chart that shows

BRIEE DESTRIPTIORIGERYE Br&m@m@ gol yur et hanes bl endi ng
or

hard, crystalline isos e wth diner diol,
anofigises! i arechetiatic fitwchot thatatvara Q‘Enthétl@ pathway toward

d oth 20 d
pofesfaiederd Yahaie Tardnayataying isosuhieoit s910rphousdiner
dlé‘@arbl’r?étm @éﬁe@ﬂ&hth\@rt@gr{eﬂ%%vgml on. Figure 5is a

schemati ¢ drawn OW n ri ous elenents of the

app&EHQUre igeesthiepiatitetdvicharetiat sByaR & tﬁettuf‘bé‘t"l%y?’ﬂc:)ward

5 Figure 6 is a graph that illustrates rhe
po @ﬁtﬁé@cmrblgndmgé@é@, erystiafiine isogrpideswith anmrslﬁbuslemer

ciefls FRDbee; B lshes o %%eéé‘q‘n?bé e d sbeciall ntomsed
BE?ZPE%%%%%%“%%E’&‘%@ AR R o RTREE Py

tovmr@mmlyunahleames\,{ﬂemdmg haodibirgstallinedsoesbidedyits @irfiér diol,
amorp Ol?ssg ime ede acués 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

feedst ocks can be utilized to 4 WO 2006/ 102280
weEFanbWe2806/ 010136 nmake resins with a bal ance PET/US2006/010136

properties appropriate to toner performance. These

resins can then be fornulated into a variety of toner
make fesiag witfsa bateppe @&Ipr@pertles apprapmiatel tortoriergdrfomaance.

TR Yo b dnen s RS inshal Vi o tah rdovanatieds. o
col OTyﬂﬂéallyaWoﬁé leffHdefman ¥ ?6ﬁé‘eéjccﬁpcghé 1o e Ivention

addi tional’”" mcroni zat1 on can be

prepbrati byrRultérzing kyerprincipsi r@sin? dry SR$AMd With £ pbl%ﬁiléd
ded, and m croni zed, The bl end can-be m croni zed
Oif?raﬁﬂ| ¢} seleeed opriveriead pdditipes; tadkitionsl microaizatiphreanl be

sl 1 BrareRid' QESiRRA Ble bayAdHTRbiiiS SnikEd Rt colorant,
e>dthﬁle‘dcmftf niicroned) iRt blend tan delicomséd aF Bu gp[\/eﬁﬁéen’ft& gh

the carrier is typically separated after a i cat1on.
desired pasdde |§IZ@d aod dinatly thse tedudting torfeorposmae ieolassifie@irite the
e derived at | east

e pplicie bRE A GAtiSF & BBy miged Wiy edons forppbeaion to a

B S S 0 A
pr oBiedmsed products beruged thareinfor sdrﬁeﬂmb@(ﬂﬁiéﬁfs ePthece

derived froma renewabl e pl ant cra(;g/ tree resource
'Wﬁﬂtl%meéawmti% are deydvad atdepstiiac flbﬁhc@@(ﬂrﬁuentdﬁat

e TR T TR
cheatit medifi€atioHeary oPbY Wlbg@él [Sl%@éss‘é? IsBich %%Lféﬁﬁer‘ftﬁﬁon

were: Negative or positive tTibo-electric charge wit
The q‘aabg@tsourceﬂs desivad fropo amanewﬁblel plabi gop/ Greeatesource unlike

coR RS S RS i e e e e
accempepdage gqunbé‘ m%ﬂegﬁrc@@.ég WdtSirahk 8&59? E% soner

t he magni tude of Iass rans

perﬂemp\enae uiTae(Key) probehies that gete ﬁia@@@oﬁﬂvé@ﬁ
c tabl e fusing and bl ocking resistance (i.e. toner

k¥R ok gPostiivertoparpisctrio shargeswith mdieygetrofi 1ktnc4Q
A, B SR
o s iAo e s ik
singgHewigerqualitsisaffested by th@magmmueieaafrthe h:hangﬂ ori ng
age'ﬁ’t ycl)'ﬁ]ert gSVaessS Prans&non?emper ure ('ILg) wnth zE‘\Iol!%rget of 50°C to 700C,
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 bel ow may be included in typical
toners to obtain desired toner perfornmance: Know ng
wo bmotieaghi ngs of the invention, those skill edPCTUS1986/010136
art 5 WD 2006/102280 PCT/ US2006/ 010136 are able to
sel ?ct addi tives and materials to obtain the desired
afereble R slect pddibves red matedalsdorohtain thgeimsied the charge

i de good powder flow Exanples include fumed 5
p@rpgﬁ%- and finely ground grains. Surface Additives -

typically lubricants to prevent toner offset to the
fuser rolls, cleaning aids, tribo-electric charging;
Flowrrantriol ageaisd- baprivide goed powder fioiv, ExZrRapie) iinchhd@fUrﬁed

A P25 o provides tribo-electric charge stability,
S'%%#%ﬁ%@?ﬂ@“ﬁi%@ﬂ% as a charge rate inprover and as

a bl ade cl eaner |ubricant; kynar (fluoropolyner) - as

a lubricating additive. Colorants - black, e.g. carbon

SurfamekAddithgzsst itysically |uBrieants ko pkéwht @bnrobiset tBitHB'AIS rolls,

color, full color gamut; typical color pignents -cyan
cleaning gids; tiikatelecineharging; ponerdlave padihaeslindpeegnnearosil
[ ' hol. i nof
075 B L SR e BB, i et
ot 88TaORH R impr IR QLo BRI Sand? L egnt -
aa.nd addit@%gﬁFAg‘rgggventéggr redué@gggégﬁgﬁ@fgﬁggﬂ of

(flrorgpiohmeeit) s- asid Ipbricatigsadditivef,ul | er devel opment of the
colorant in the toner. I the present invention sone

of the resins can act as internal dispersal agents as
iRl | ml e 3F. . Bul k
CAOEnBaTRE, E1E AP hekic AaBHeITE. B AombBkion ge ot
higtiigigolet fullasbtirt garast; tybiai @i pighttintd aRh — (ibstituted
coHt ai nment, devel opnent propertiés, col'or, cleaning.
MetgHenpOEha/ecyaninase Magenta tiquinaaiidones,eazonapshuis;al | y

ner,, 30Q.conductivity. For exanple,
andipffiorefet Sk Bondel oo hissl dsbaburios drmingbencny,

mdritaizeabhfpoupldack. 6 WO 2006/ 102280 PCT/ US2006/ 010136

Charge Control Agents - added to provide the correct

sign and magni t ude of
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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tribo-electric charge; for controlled charging rate;

fusing paraneters and fuser |ife; e.g.Aerosil R972. 5
waysaed28d her nopl asti ¢ pol yners (and their nonPOEDSI006/010136

useful with the invention either alone or as

adm xtures to a major ingredient include polyan des,

Chasge dansiot Agpatsyesfided &0 Peo\ide the yomretthsigre snd shagrdtude of
it r S ¢-.0r polyamdes, and m xtures thereof.

t”@?ﬁ'%ﬁ@%bﬁﬁg%ufoﬁ ot ?Péﬂ'@garéf%n HEIBY pArpMsESTg SR fluser

lifé 06, CREYOEIPRD7DY negative charge. Polystyrene acrylate
having a 1o hi gher styrene content when adm xed to the

polynmers herein is expected to inprove the anount of

ne ive charge. M xture as used herein can be a
co??@’&a%ﬁh%ﬂg%%%&m{v@eb% (ansk eiranenomers) usefdywith the

P bR P A
patyampidesnpslyestersnipelyeatcer ctherspblyubiinBges Blas® \W/Fth-actrylates

Degree of polynerization - it has been found by tests
orRaiamidenaend Rexibiees thareefer Strreneneordent imepplestyrene acrylate

mél? b TRek 3k, St o PeetaiesudtoRs oliedvipha amiieieciayng 2
hi?llﬁeﬁ stpiepl conediRtrwitéh bR R pol |1i’|%r§1"l'5}él%'irt.a1 %‘ d&ggﬁfeé;&et‘f)

ow easily onto paper or other 'substrate

impeove thsoambenthgf hegetive ciaoge t heir Tg. Typical degrees
of polynerization include 5-80 units. The materi al
shoul d not be brittle so as to break up and produce

. . | it i.fferen
MR el R e AXPUEHR ORIy Oy miftefilpeere
theleare substehtiallyhanforeiy tperedeBiiEdl§ dinkd O RRJPENEAE is a
In the exanples herein the additives used were
thesmepfagticpolymeg she camponentsdrsnaiatials arermels biehttad together.

aid in powder flow to achi eve good magnetic brush
formati on. The basic toner conposition used

. % . 1
DA oI ABE I 48 S oty eIt pes
matedalsyhsivea degrekudf patymeidzationatbias provids 286kd terwt&faterial

PCT/ Lg§2006/ 010136 A resin that is particularly useful
at LRUY MGty HEL Pracesss ¢asikand sy at a'r@@aiéow ance

. ' . i es: |
et PN koSS 4 B G Bt o e
anwrddhlequé wellaipanasdieg hebied sovRilelTRYS TYBitaNGegreté ofrust
al so_have,
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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5 (2) Arelatively high glass transition tenperature

(Tg) for good storage stability, characteristic of
w@eoostied2Bo ne resins. If the Tg is too | ow, theP@DUS®NG6/010136

particles will be "soft" and will coal esce into an

unusabl e mass on storage, especially at elevated
st oradesin dngidp pariedaryTysefobacoprdingds¢he poesantiimeertion has

2 808 BRBRCEYr B Fbaf ] SRR Beiies ol ends.
(1) yRileahMscosiep b meifopigaed fﬁ%@hf’bﬁ%ggﬁceitib% WrﬁéfTH
d properties. €.

I nvention provide thése desire
characeristist ofeambghosisaresing ebutymubiealso ¢bees i ng to the

O I Bhefin ge5 orsiion i -euwier ok Farcadast siveagenstabilty,
' : : i ti i scl d . :
R or A oS Pesihie i B TS SE R B oS poBER" ppeies wi
bedisoflr’ addoki¥l, coatesse intbdar deudabRd mads @hsstaffeo bsshdmly at
acids. Typically the carboxyl or hydroxyl
eli\aled lsads fgmaeratwies. Jorpyby ethese nopestics acel bblariche by
S S R
bldrids: i i i© : b
d3: bRgRehIIgetiasobedingd a@ébrhgmo&?%%‘%g% |)|({¥1elji’t‘r5n BRRAde

typically about 20 to about

thesendesiredapropettiesst er s based upon di mer diol s,
derived . diol Swﬁnd/ or di mer acids.

[ bi dg- !
NOHE%S@@'%F# 951%@“%%%@ G WRgarekeying te&he amaunt of an
i i i ' by th ti f th I
IndreGienPRARSIENCITHE PEIEEE” the drol oroups. The-

pol Yesteeaw thyee gehénal BpproaRNES Forie8mPaFesed® f
. at 25 I,e&st about 5wt %ppbut nost typically aE%ﬁﬂfSogtpg
INVEREAR sggtheseipol yest er pol yol resins di scl osed

' ysef ul d pi i '
L. DRI H R BolyeSherd B iPh Bnftiiols, ieosp i amalenyed
ol s opensecl Tty EoRp S o o
polyestes iredeterminsdnby the rativeofeiieaiolme rikcaws of sleriranediacid or

o LA ool e g i
e e B TERlR Bl PR aRe DA S0 ol et

2. Glarbees fumcivnabpollefters badddussPaRRs: @bB, 5brbide-derived
y. Aresin_ according to a broad general

. [ heol ogy.
d,ongyp iperoRCigds e Typivalit thencarhexyl arihyidnaxyl 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 (Ty) of less than about 80°C, other embodiments having
a glass transition temperature of less than about 70°C, yet further



10

15

20

25

30

glass transition tenperature of at |east about 20C and

a maxi nrum of about 80C, with appropriate nelt
w0 b@oehego Resins useful for flow control typiPeel/U§2086/010136
are at the lower end of the glass transition

tggﬁerature range (e.g. Exanple 3B where the Tg is
eBRUIMErss atiessiBar abpUt 63T, odith apppriate metbheol YT A Pesin

acEfitho 3R b B8 BTl FRECIB RN TEF ki BrPatidh an abinimesn
glads thahdiBdn T@ngéﬁaﬁtﬂf@bﬁatt |8ty &F&%oacfa%ﬁz? maﬁ{iringﬂ‘n af about

(Eor opertl es. 1 Resi ns accordin to the inve
815€, vdpapepriate meltrrbaology. Resirsomssfitisfo fiaty écﬁ*fg_ﬁblttvpically
e

arg e phe I Fodaf L ulobe Bacebotempermtatmmpenicso. biemple
S PRGISe B0 1t TR A MEMSTE! b el O et So°c to

aboet 88PGc#sd on &wmempdimmbxaﬁquieaw b&84bbIESSC to about
ggn’ponents into resins both 15 the fl'ow out and
60st-orléye Ts Mmperialscapbea mixadewith higin Thenaterials dblpeovide ra range

rigidifying conponents contain functiona
Of%ﬁ@%r@gﬁ groups, such as alcohol, ester, carboxylic

ey o8 S B L

aci Cﬂ{e@rnsaefdcdrdiﬁd};] :
which limts their nobility er eas exi ing

cogmepentsnthat &emd & nomtvibote rgilifyirigesffess, suehasisosorbide
bon chains. |Isosorbide is a

q , :
(e B cPuB e it eompenentsahteoniringte Gexioiing
_ . . q .

e oae T o2 Qe 6 or ot ol (el Wi WoRbattecd 1 o1
feddishaakshc Byt apprloptiately codieicting @heée EghPEMYMS Qnt%%gﬁusadbfﬂh

di-al cohol s, respectively, derived from bi o-base
the QPWVO%%SW%S@MW af & resin c?rbeicgrtmlleda.t mI? ?eneral,
o dif vi q ;
roRFEHabATS coh e iRl BeermicalBintios caihapiora.
estér, elrbRgicicR$ 8P heidHisHde 'ét%'cé@d 9 'éccgfrcﬁ‘@ strll&ure which limits

formul ation of a toner fromthe one nmor e inven
theiegiobity awheireas thaufletiblizing bempohents ohtaie fuctaP Bisdmical

or S AT to AR ERe hoD RIS, disopeibide 2 '%I(k):éqmprised of
Tty N f _ v

fUSEORYRAC Eftict rrfgsndl 183 MBmitRF Or oOprde Hemile B Bned Sugar

dertivgtivealdoynraonly eafdrretbuas BREhaMBIRKESIET ahRr Rld AfRalmer

. about 60C for storage stability of the ultimte toner
d'ogé(ﬁd@r@arbam'@ acidssaiashgli-alcphels, tfspeetivalyl destvedfasmdio-based

fa%%ﬁw&%ﬁé%&%é%a%%%@%ﬂ% t &%ifarlygchegg Irigsjid?fyi\#g) 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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Table illustrates the difficulty of producing a resin
Wi th an acceptable Tg from materials that include
WO owei10228Dsi ty soy-based nononers. Table 1. SopE€hESHEM6/010136
resi ns Resin No. Functionality Tg (C (if avail able)
Am do-am ne 61 R-2 Hydroxyl 45 R-3 Hydroxyl 28
T@’a ilistyasaes, dheogjEicalty f \nirgueay possiorwith aofackeptablda, from
Pol yester, of of R-6 Pol yester \Waxy
mgy%ﬂ%&%giﬁﬁuq\awwsﬁ@y‘@ 76 pﬁ%@c?r(‘g}onq}anerq- ‘0 achi eve
hi gher Tgs and maintain a high |oading of bio-based
material in the resins, isosorbide, another bio-based
mat eri al , bufalded.wboyrbbhsehrasieer ent Tg contr| buti on

walkedih Nol zed. ForF@x@mp,laﬁty a hijgher T Io-bpsed
mat eri al (der i ved from i sosor bi de(|f]a qﬁ waps derived

fTo T fegdstogk) vvaa.idcf‘ul \,u.. e
co- ?Pé?gt ed wth ‘%‘ﬁ@os'%?/" Pased materlgfs to g} ve

a-high hio-hased content and a
suf fR& ent Iy |hi gh Hydrexyluse i the té5er
formul ati ons| Soy based materials and ot her

i ngred ents an be estyd to achi evepygn apprppriate
bal ance of I&oper?ﬁ@s %yfrﬁ the reS| ns and ultimately

1

T he Q}ner 1 h See || es—H and 2)
The use of bi i@};ﬁ ? s|inth oduct|i on of
t oners can be \/@St%rpHOlMQl follows: A polyester

pol A& i s pf epAPedlyByogengted xi ng | nVaxy eact of

i sosorbide 20 (Ridyéstedpdlyolm corn feedstock);| fatty

LD'
M3

di meR-6di ol apd/ or Hplyestedli aci d| (der !Wﬁ?y from soybean
feedstock); @ diacid, diester,|or diacid chlaoride;

optional co- diof(s); and-optionat—co—dtacidfs) ,
co-diester(s) or co-diacid chloride(s), with a 10

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 Ty, 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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WO 2006/ 102280 PCT/ US2006/ 010136 condensati on cat al yst
sui tabl e for polynerizing aromatic diacids and diols;
w@eah6/1¢280 heati ng t he nonomers and cat al yst t oPCT/US2006/010136
pol ynmeri ze the nononers to yield a polyester. (See
Figure 1) A carboxyl functional polyester resinis
cqﬂd%

paatéen eatalys) Slpita?blajoq polymeriziegaaromatisatiaxits drd diols; and
Chieitind el rgnepes b 8at o Pobmscs Fh menaspersdrareld a

pdigedteel (Sde Fiﬁ{ﬁ,@l condensation catal yst; and (2)
heating the nonmers and catal yst to polynerize the

monohearbosyl ﬁgnetidnalz;;atyfsﬁ@zwsirf i;snﬂébax%albyloéﬂ)wﬂﬁﬁr@ in a

resin. ure A hydroxyl, carboxyl, or
rePE@EW&ﬁgg%ﬁgWi fgmﬁr %@ﬂ@;u@réttgmh é01déacﬂxﬂéma¢®diesmr($)wr co-

D) w e ! e ety e
O3 AIOHRA), S RSP Lo ESL i ke
heatingdi the (rdnoraacs St ta@pjst Wpé{yﬁ?ér%%e riGnsthesd & fiél)sdia

or co-diacid chloride(s), W or wthout a cata
cashptyhhunrctional pelygster resimg (Se@Figuradd di aci ds with

oot T REPORIE B i ik aRat SlclminRahsErneds prepared
bya(lg%b!(ﬁfgeﬁwrﬁé‘@agtéﬁg@%cﬁbwé“ %3 dﬂrﬁer%%&ﬁféﬂh?gggwa%rfgiol; a

Figures 1, 2, an at” di scl ose varrous
palidedayenate; aphienantmdioii)yt ancheporal cordiacld(d)] es-dicstés), or
di.scl o% d,q%grgr diols and diner acids the invention
cozliggif ?@' Sha ViHbaoWitheuta wakalystrasitablesfon poymaerizing diols
i ' ! [ t to_about 20 .
a0 W8t G0 o4 Ak 1ot to Puiiinirscing petiona
tedyst to 6rit t?ygﬁ, h -
Caad%}gti m,* mdriI seg?rﬁgghgﬁgéfe%lpﬁdsa n Or“e@rr%rn EégSgg Figure 3)

i ncIR@fleriagsiow torkigsises ij Agand Brthatdissiode vatieus sedutamty
sl P Bk Endits FRienan seBlorcoue WsassEabdiaante and
g thE I enigh sehlane) ARG bhboeh, AFRbefbRacc

chainsdipisalty saving fitaw @bodb4ttbabbat 20! cartist éRlé@n% Mor&2
rein = a

[ R2 = -OH, -0OR3, -Cl, wh
Prglé%ﬁ%nnﬁh@ JiRRetic rhdiNg dpawg :abpéhé tp@%mtu A 6ccarbom gmmsrs.

v 5 ot PR cib iy tnd dier BIAR Incu e B g
mémbéreritkgwidh 0 sidehsing Beihg aﬁra%gaﬁé ¥id€eﬂ_Hgﬁg§gaﬁd&ﬁt4 to 20

the aliphatic side chains in the diner aci I mer

caiiop) atpmsvantkthe otbwer tivesids chaingof pbaipte ty 12 aarbdreatoms
w3 Blnndl . BPbERL rBlSR RS, ot Serten 2t

F1 opdditialpBE diddEr<C iRidts, 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.

11
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the nore softening will be seen and the faster it wll

soften on heating. 11 WO 2006/ 102280 PCT/ US2006/ 010136
wabay/162260 al so believed to provide in sone enbPdi/D82006010136

i nproved pignent dispersion as illustrated in Exanple

9. (One consequence of better flow is superior wetting

of plhgyeare, alsh bekgyed toprevidegnsogreambddspentsiimproved

PigfRRk oo 85 o I erthled o Bheiconseauence oF etfer
floW 2NENPesRR Wéttiﬁ%%f Wﬁéﬁ?!twyﬁ@%g@ﬁﬁgipﬁnéésﬁtb%ﬁersion.

ISOTTEI‘S_. In preparirng rigl nmeans
of i Autditiquallytandmoire podadty, adihasthydrobexitwiiesn bgalsedin the
. digls can be used in the invention. Diols _ o
Iny oF B e i edehexitolsephiambing, Dasasoskide or its isomers

i b £ ; e n Lgidifving effe -
i §¥ it ey Mol SR Womalind P i aladiafod Bl copteiping
othescyulis diols ebd Depusedlinate vdritRndi DRfd mabippratif cfeldhexyl,
. unsaturated fatty acids. There are three biosources oc?xy
isqpiwroneangd ahed cyelia styucidiasscanvasgbthentigidifyiagl effsict sinsitet to
is |r é The C18 units can be |inked together in

@@vtg'ﬁ 1 ways. Four main structural types are known for

monoey el ey are PR Fltoous IGyHE brad AR i Y Flgrzption

of kamynsatunated fatty issimse rEhdrerare dlofeedfiothases of Cuclingatlirated
iopn of these structural télpes and

. Th ' ib
fa&i%ﬁ@&%&eta%i&é«LaﬁW anignal ndhes (e Upitseaathe khaﬁlritogether
. ' h . ' d .
T X
conTpinieat;t thei @gg Idiatiidys; iadyclicy PASRICY MU BRI clic) dreMBromatic. There

enbodi ments is a C18 diacid. 20 Four 'types of diner
aryAksei ANy strusturpleisdmer< fmeach iofithgseastiudtatil dypdsl) The

AR, B e Sl bineb SR dbeniencaa the
PR SREILIS oS, BTSSP LREEE B 4
preesiss iconditioné &mploged fdredimarnidatidrul Thie kyrdllegediaterdifad

ma jme stability. 25 The di nmer acids used to prepare
tYRIFRIVHSS LR D 6Mpodieenteds Arigs WG, Enpol 1018(r)

Ex ; [ I .

bot Ro0, P> B AL AR A ABtardly Eelihet R B eoB: )
stamaavd 4endistéitbd)y whRnichtaiGHRRK B0PP T:28mablci ks, 19} distilled,

i s manufactured by Uni gema. Cognis ﬁas since

in wihickoliei Gae etibasieacid ceptanitiias-heeneenhiinced tad2498%, (3)

diéﬁfle?g%%'p%rrltiélpy Ifnzfla(r%er?étetdquolr in%lloved 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

12
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properties and conposition of Pripol 1013(r) and
Waepel1022808(r) . Pripol 1013(r) is lighter in cRUDUSZNE010136

has a 12 WD 2006/102280 PCT/ US2006/ 010136 hi gher

di basi c acid content. The resultant carboxyl
highgrcdibasieacidecantentusThe resdant warbdixyif fenetionalirasins asingsthe

L. | hysi cal, prqperties. 5 Table 1A. D ner
m&i@ﬁ@ﬂ%@@@? i%%ﬁ‘ﬁbﬁ%&ﬁﬂg%*ﬁﬁ'@ PEPRREESRCi d Enpol (1)
1018 Pripol(r) 1013 (Batch # W42G151910) (Batch #
091687) Acid Value 193.5 195 Color, Gardner 8 3-4

Co i ] % basi cid 5.0.1 w09% Di basjc Acid
5157 TRORcHy IS ARidicommiositians and|Propdrgiescal |y

d by high-pressure hydrogenation of diner

Dinee Adidret hyl ester. Thepslengyigdi ol used to prﬁ%ﬁﬂ®1 13
t he bi o-based pol ye(ga@h#ﬂ:@;g@gjd@%f Exanpl e 13(Bl h#ﬁtl'@(¥687)
AP veme SPEZI OL C36/2 1079grs) dimer diol. This i's R5
corsieakigr based diner digl produced by Cognis. Th$_4
dd ’Olgﬁiogi scl osed herein have |ow viscosity relative'to

. Retrochem call y-based resins once nelted

Cg‘f’ld I'n toner > fornmulations, it my be 0.1

(SE8 0)%1'51’ l ‘e
nvét?gil?g ,‘%gﬁadd f1 owabl §lmaterial s (flow control 95
g £9V8&C Aador der to géft good fusion and other 3

accept abl e copy properties. The bio-based resins
require little or no such additives to achieve good

fi | Rimeedisl sy picad yaqmp@maelmgigmkmebwﬁumggemmsof dimer
j iti thensel ves in
i B it s cHi aferniObissoEi prahare (16 Ploctmseraalyapter
e e 0 P M) ST 2 = sredal i s @
Vegﬂ’:éb&rlmﬁeblydinﬂrtdicpiqjmdmédzm 'Cognisof i sosor bi de, dinmer

di d/or dinmer acid, a diacrd, diester, or diaci d_
clhloi-hggﬁms gisclasad ihegaindiaye(ew: visaesity pelatveto commercial

e RGN Bl Bt e B (o B R GR o
forpmegtiors, & mggibexydcebsdty tth ¥RRl IRPANE FAREriSR (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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w@oiogaerer s are crystalline. Blending the softPdi/bng2006/010136

diols with the highly functional isosorbide and with
t he créstal line aromatic di- acids results in a good
howeare By dnclpdipgertherematariils, sushascethyiane lwydotirptre rebdtion

006/.102280 PCT/ 200 010136 however, by including
('&'hérg}?a(@?% 11 E19UeR | A )t hyl ene glycol in the
rea
TSR R BRI g oG
with egmamslmrytesnpemtumst(mgsglraﬁglngrfmlﬁll°€rto 165°C (Tables 2A

tures T9s) ranging from61C to 165C (Tabl es 2A
a@fgﬁ B?'e %éh%WQN@Gﬁ%MOPWEE &f r@?l@@éymme@zm as geseribed

e L R REs VRS B ord O ol sl neratures
(Tedprangirantrong6 1@ @6@@ 0T36RQB A& it gﬁ .x;gioseal

properties of carbox functional resins eS|ze
cagboxye Sunctiowal r%l@amtgeszeu as desrrmed\mmexeﬁﬁﬂam%o

PCT/ US2006/ 010136 r. d oV V06 c O NNO OU C
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WD 2006/ 102280 PCT/ US2006/ 010136 The data shows the

| arge range of Tgs possible wth these nononers. A
test pol yester prepared mﬁthout i sosor bi de was not

s like those contal i de but was

o tStal A o AMeRlgh 158 eoRaBwith these monomers.
A tebt ﬁoﬁye@t&' p%g %@ﬁ?uﬂ%bé&bbe%@g P%?r@?ﬁ%fs a8k

and/ or" m xt'ur | SONer s
cthaIBmgoschnbededmul\dai)ewmme m bér@vmr of D-lsosorbi de.
6- di anhydr o- D- manni t ol and

1 4: Dﬁ@%ﬂﬁr @Hﬁ;(élr‘b3@ diaahvdﬂo @ﬂil)lCIm*)a(labmnlswnemth@feof

ORI BB 35 D ETAARR i
of \Blidosottsidarris4: 31@d¢€nhy§lﬂé‘>9"-|*h'aﬁﬁlt6|5 fbj'an\l’j'I ih. Zf @f‘dla?hydro -D- -

invention are iflustrated in Fi gure
idigqli(dabare o isomers of Isesonbide. thisogoibidd wastusedah this

'n\%?%%glméﬁ%@ggq g]pl @:Igps@ulp g% 2@5 g&lpgéte etg r\]N(greknaes v%cl—:- C(I).'l,czmers
of isosorbide useful with the invention are illustrated in Figure 4.

Examples of suitable polyols for forming the acid-fu‘nctional polyester
include: 1,2-ethanediol (ethylene glycol), 1,3-propanediol, 1,4- butanediol,
1,6- hexanediol, 1,10-decanediol, 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 ahd,
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 propertles as
needed.

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 compnsmg at least one of the foregoing polycarboxylic
acids. A preferred diester is the dlmethyl 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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1, 6- hexanedi ol, 1, 10-decanediol, 1, 12-dodecanedi ol
1,4 cycl ohexa ned i nethanol, diethylene glycol,
wao eooetibpzBene gl ycol, neopentyl glycol, 15 PCT/US2006/010136
tri met hyl ol propane, hydrogenated bi sphenol A
(2, 2- (di cycl ohexanol ) propane),
flexibility, thusnm:irmer acid-hawingeeightt 68), or more carbons in the chain is

-1, 3- propanedi ol , 2-net hyl -
p'ﬁf)%e ynet hyl - 1, 3- propaned| ol ,

2 et'i"tybb%1 Mﬂﬁ}lﬁﬁbhél I_Pérﬁs?él%rb?% |re8"?1%lec6l5fwe;%rt

tions co 1SIn east
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exggésl gEs ggbﬁd‘ g%ﬁaﬁ&t&? ﬂy@rpwlkmnstn@nahtyrmheie ite ajatm of

gtoAT RN aREs ol ooty solh e B Blelly o8- el ok ™

quésy@erdyewamgnyagm@eph@gl d esters and acid chlorides
i nclude those derived fromsuccinic acid, adipic

aci d%eferz’mgane,w doiRiguredy etbisd" g d§ a Schematls drawing showing

YRG0 Bidriatis Heha abBarRin )00 bged far inekighigsing according
to*tﬁé%\)éﬁ‘fti@)ﬁhtﬁﬂtebﬁn é31tl (f‘%]%ﬂ)ene edireayil &%béﬁn Jpart

acid, trinmel I|t|c carboxy c acl

andi irrised ¢b dentrahthet tmn;berh’eure ofimdactonb0n@bhtising reaction
rising at |east one of the foregoin

m'ﬁfBI'rpéc]&Abo gadter 1AL cagsisia Gfacraciien Ve 166 an tapet08. Top

106 P PEEeLp L% Ui 16 BoP B S VRS ' €

apbﬁamdsatsmﬁﬁg is Pragdets by l|@5€§1Eﬂd|@5120 (e g. typlcaIlX 45 ° angle
cl ohexanedi car boxylic acid

bladasb@ t1|@133(thg endofstirshaft 1%(e~.gnsﬁwles&steeA rﬁtBrSIaaaft ad2

paped o rBun 198 A Birmotolie Confiela idlhenaitad o
th&ahdRiphl 853 viBoreck @é#@?%hn‘o@rgﬁh‘?ecﬁ'ﬁ]d”aﬂ s inlet
To nal p

preferred obt al n ca unctro ol'yesters of

codneitoed 1 inih ecgaéad malggﬂmentt into PeEETLioR rmixtureuUr B, U REed ik
ically has an appropriate

COL@@&%B % eF’ %ﬁc&ﬁdﬂaﬂeabﬁ retptippghipx yh thermometer
e v e g g

hend) Y43 O tise Fidgteb iR c6Ra Y 1400 mhaéﬁserﬁejoeuermaeqt@a\/’dottﬁe

Figure 5, this figure is a schematic drawi ng show ng
Vigreauy seiuous 140 ainaeck 16# withe coippectert 146 viaocamsiedséinlet 152.

vigRRsir R i HG5bE areoarade ualforunds o 3 iadiet or dhe
jadk@t ind 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.

18



10

15

20

25

30

and is used to control the tenperature of reactor 101
containing reaction mxture 104. Reactor 101 consists
wo@Rooa/1028ct i on vessel 106 and top 108. Top 10BCTIEHS2006/010136
mul tiple necks 110, 112, 114, 116 for connection to
vari ous appliances. Stl rring is provided by paddle
Negkol 12eisgocatpgiosdineycentrah axisdi%® afsrepttda<) . t Diatillate B8 is

of .sti 122 (e.g. stainless steel).
Cogpﬁﬁﬁﬂggcqﬁtq;gﬁj& t hrough neck 116. A thernocoupl e
controller 130 connected to thernocouple 132 via
connector 131 passes through neck 110 at gas inlet
conniget folloddng exaraples are theamt 40 Geniustrativiecof eiBUsAdpects
xture 104. Vigreaux colum_ 140 is nmounted on necE
Of%ﬁ Inyendion) ang 1@ natirpaam te. linit the srepeottheinvertionin any
her tenperature neasuring device is nounted at the
t'op (distillation head) 142 of the Vigreaux colum
140. Condenser 150 is nounted to the Vigreaux colum
140 at neck 144 W th connector 146 vi a condenser i nl et

W

nded bya Jacket or the Jacket and coI um ey

Ex l ftary. Condenser outlet 154 is connect ed at 25
o it Bodain 85 A o

baseai eolyeglzr(reﬂnect ed to neck outl et 166 CooI i ng
dtléSS enters condenser 150 at inlet 156 and exits
Htp ge figliredy operation, argon gas 111-1 enters at

Joa taeF hrER @“”iﬁa]fééé@@ﬁ‘?ﬁ@ﬂ&o PEbaTk. otkated 20
Vigreaax deldinfre fditiiatiba hepBaagas h‘ﬁeﬂ éncFlaﬁ% %Eiaﬁt’e% @t@lﬁ%s steel

seal ed connector 118 at neck
stisshafbard fagr blade ¢45% aagle) paddlrey cdmlenser rerukrekbeber ﬂtBk

Pr%?dﬁﬂegﬁl 102280 PCT/ US2006/ 010136 Neck 112 is | ocated
central axis 190 of reactor 101. Distillate 178

|s_TRlr&GLPWasThaRGEl Yith ditl HEontibal-oldt (830 ,

exanpl es are neant
1. ]a?§|5e'notes),55pﬁ2|dl 636/ 11075 P aimandich(Bateht# AR8R62Y 07746 gt

01413 TR brDrseare (12380 dudHe ERPINSFINd EXigetycol
R R B T T PR
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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Equi prrent (see Figure 5) 1 liter 4-neck cylindrical

wal | ed round bottom gl ass fl ask, jacketed Vigreaux
w@odoaie28@i stil |l ati on head, gas inlet and exi tPCT/US2006/010136

adapters, stainless steel 15 stir shaft and four

bl ade (450 angl e) paddl e, condenser, and receiver

a $olggen of pelypbaspkorawrcid 0063 g)ds Ehér gpavasiadded to the

j [, t ht h DIMT 228.30 g, 1.1757
refiil b€ TR Pgef Boucrabt bySiifiicaaflon mikaieivas checked
St Sy S0 D BSOS ko

isqsooizidel  The. meﬂomrhhimm)'e wWasl dlowlgchdatedan @80%S evéd 2 hour

tate, tetrahydrate (0.0917 g), cobalt (I tat
pef i Crir Ui of sedstigte Tardveahes feblaced 1ML thgivaeuu

relehy S ac i el BnlleBS® | fort), Bl its sese
etinglane ighyrohtistiled off(dey), and @nowTﬂﬁ@IécQSIHP%eﬁgHt; ﬁ?lyi‘neP he

reactor contents was raised to 200C 25 wt ring
formed.e Thedpaeiomanixtars tampenatureguas niBintaineengict80°Grior 3
[ i hed r 30 mnutes. The reaction mxture
ol andf SO HBES. o 40% 23 Wess Barminaiginibleakefina bif
i i KRi [ i Lned
SRR W Fouf BRI EEn IR BRI TR eefon,

Mixhere Wag thenxcoobed toms 259°GCGAdopoured Dntd/at atratedsiber glass
caontinuously collected as the reaction 30 was heated

Sh% ve approxi mately 150C. Wien the tenperature drops

at taAheic ' this.indicates
Chat e W2 Rhodfted ARl FORMTRot RS rac ol y o5
Solutionfinhetdmaiwscoviaa di2st (solveft AVEchioPyBREBIEHIY 02049 WO
2006/ 102280 PCT/g%ZZOOG/ 10136 a sol ution of 9392/%
solgBl8)phosphoric acid (0.0634 g) in EG (1 g) was added
T. Lo i!fqe reaction m xture. The argon flow rate over the
greg t1ion m xture was checked and when necessary,

HyteSyF Qeldeo=34s3 0w rate in order to avoid distilling
over isosorbide. The reaction mxture was slowy

Acideéalee =t 8.0280C over 2 hour 5 period (0.25C/ min). The
istillate r iver was replaced with the vacuum
MOfeé;yiqr Flﬁﬁ&%abﬁﬂ%@mmﬁma@m ARd hyeroxyingalugs)
POlngérr@Tgfg&ﬁrigﬂi&E' et hyl ene glycol distilled off (91
, and a low ol ecul ar wei ght polyner formed. The

Coloea®@rown ni xture tenperature was nai ntai ned at 280C
for 3 hours and 10 m nutes. The reaction was

Tagkdnessh dNewrrtagkybl anket i ng t he
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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10 reaction mxture with argon to obtain atnospheric

pressure. The reaction mxture was then cooled to <_
wWQ@20@@1en280 poured onto a fluorinated fiber gl asBCT/Ebme/010136

A resin was produced having the followi ng properties:

Sol ution inherent viscosity: 0.29 (solvent is
Sﬁé-sgﬁftcﬂmbﬂﬁ?@ﬁ bladeotftsy amgbe) pesldisy lcobtenseFyafd Cecdityatritask|

= 24.3 Acid Value = 8.0 Mol ecul ar Wight (MN =

Pré@é?cgﬁ?Cal cul ated fromacid and hydroxyl values) 20

e A v S B Gl KT S
1.8183 maless DSGbsi;Gi‘]pidE‘x(gJ_’IBl%S gﬁ%.8n4|63 em?g?j, :agg! %pe&td% ?36;32
[ - ol yes )
1025%@{;%%@'4@3&% ﬁﬁ“rlébg?) (112.06.0, ﬁ.mk rgr;ales_h,dﬁoilowaed by
f . .Yl X
1,234 Eetratinitihah e O3 'atch &5 B agile ©0.588°).
Thedept®r wassblahkétedsyig 8 on.ﬁhé’@@@@@t%r%z%ﬁ@]l dfthe  Jeactor

PCT/ US2006/ 010136 stir shaft and four angl e)
CoRENGs wasdaised e 00 andth stiréingdaftet aslids meltedpdoder argen.

TSl (TR aleadet  Bnidlles ook 'r‘%a%%bﬁbﬁixd e l”v’vas
0 i:0l I 10

SSRGSl B AR i )

temperatyi® Bag maintaiedifor sapihiutes.e MethandtiwaPeshtitiousny

[ 1] i d . 089 g). The reactor was bl anketed w th
Co'if‘r%%% ?—*g %%?% @r\ﬁ@% atefl abewe appEdmately iS6RE.s Wisan the

e BARRLH RO HE by BE LIS 0B Ko ARl e B ane
methanslds Geen repdiddo APPrskiniReM@S3 mi 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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1o slowWy heated to 250C over a 20 m nute period

(2.5 mn). This tenperature was maintained for 8
worevatieso Met hanol was conti nuously col | ect edPEBEUS1986/010136

reacti on was heated above approxi mately 150C. Wen the

t erature drops at the top of the Vigreaux col um,
HY%&Y'iYﬁiP@a”(é@-Q hat the nethanol has been renoved.

A ly 83 ml of nmethanol was distilled 15 over.
Aépﬁgag'?égg?'sl ow rate over the reaction mxture was

Moleeglse V@t m\ﬂg = Q?,ls’l??(@arcwatécf%ﬁ?gcig?adr@_ ﬁ;'/c#péeqrfﬁ}a?uésﬂ

order to avo istilling over 1Isosor

Pqlyer Coaraetsristice: was sl owl y heated to 280C over 13

C 'n_uLe g%l od (2.3C/mn). Then, the reaction mxture
5 GIONHREIRo cool to 260C. Additional D-isosorbide

TdcktheB<9:T 018 nol es) was charged to the reaction 20
m Xt ure. a%% reaction m xture was heated to 280. This

ClagtypeT@ngiueemas mai ntained for 30 minutes. The
di. Iﬁjl |l ate receiver was replaced wth the vacuum
F"?)ﬂé W somawhatRritte was gradual |y applied (<_ 9 Torr).
OE?H” ng this tinme, a |ow nol ecul ar wei ght pol yner
ormed. The reaction m xture tenperature was
mai nt ai ned at 280C for 2 hours and 40 m nutes. The 25
reaction was term nated by bl anketing the reaction
m xture with argon to obtain atnospheric pressure.

E The reaction m xture was then cooled to < 250C and
lﬁ%@%g onto a fluorinated fiber glass sheet. 30 A

ot U1 e P EEFr PR I Prd oA o ARy FRGCH e bic-

based pblyesigneasih) Tg = 165C 21 WD 2006/ 102280
PCT/ US2006/ 010136 Hydroxyl Value = 45.0 Acid Value =
Eqgipmen (seeiFauredi)ght (MY = 2372 (Cal cul ated from acid

a0 SN Rt M AL SRR RO E i B3, ke
Vigreans colefiH, distliRtbRIHealY gaSHIBVAIR B bhibbers, Rhinfss 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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wda 2oeqea2pent (see Figure 5).

10 Exanple 2 This exanple illustrates the production
of a carboxyl functional bio- based pol yester resin.

gl ass reaction vessel with 4 neck top, jacketed
Vi gr eaux colum, distillation head, gas inlet and exit
offRprales has berniredwved e dippreximatelsi29 mhaf water distitiel over.

T SR SRR 8 SRR s Shetemnd disnoi ae
neckssary Oretjuc8d 34 20s16W! 88 in éﬁ%{) ?(Zé%)ﬁd?‘cg%bglui’é 898rlli_sgi%rbide.

1013(r_5 di mer acid (batch
Thepreaskion anidture wvasyslbaheheatedito 2898 lver a@chour period

- . 9. les) fol | owed b
(Ogiﬁ",@ﬁ',qﬁ’.“)(ﬁqlggﬁﬁtgge@%ygrg@g@)~ eplasrd WEGhBrvaRkEmM receiver

ar‘id, % H3“?'4i f ?Sgﬁéﬁﬁ‘%’%ﬁ%ﬁgﬁeﬂ - Ryringthis Sme, desidya)
watiee distiflet] iover, rarnxt alfev wnslecular @@g;htﬂ@ rh&MRPaHU M fheof
the reactor contents was raised to 2Z00C wth stirring

reaeiareMixtgre tmpeatwe) wasm maintaingsnat 2803CSor 3rhpersiande 0
' j f 0 _mnutes. The reagtion Jm xture
e A s O e O Bl e
v . e . !
e e R P bt T YRR s tnen
cogfedt tioe<\A5§P€and puiredmontoaFRGrioatddfser Mateshaums

continuously collected as the reaction was heated
above approxi mately 180C. When the tenperature drops

A e D e P TS R G B0 0136 of < ne vt e
Torra$4t®€n renoved. Approximately 329 m of water

%sti I1ed over. The argon flow rate over the reaction
Aci Yelyee= w48 checked and when necessary, reduced to a

e er to avoid distilling over
M@é@s@%‘i@{e@ﬂ%g reaction mxture was slowy heated to
280 GPYYglolysteRe tamfirPd, 5= (8gg5C/ nmin) . The

distillate receiver was’ replaced with the vacuum

r ec &Re(polysiyrenastandands Mgr-addssily applied (< 1 Torr).
[ wat er distilled over, and

During this.tine, si dual
alb ﬁiﬁp@E%Waﬁangﬁtgﬁél yner formed. The reaction
Pomnﬁ(éﬁ%l‘?aréaréﬁ%&t-ure was mai ntained at 280C for 3 hours
and 1 '
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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m nutes. The reaction was term nated by bl anketing the

reaction mxture io with argon to obtain atnospheric
w@e@s3u280 The reaction m xture was then cool BOI/US2086/010136

250C and poured onto a fluorinated fiber glass sheet.

A resin was produced with the follow ng properties:
Viggpatixaeplaron; distilatipnvaeach gasanles antteExitcadagpterde staivlegd\itkel

A B e, ATt P

PrBekyiver Characteristics: Color: Light Anber
Tacklwﬁess Non- Tacky d arity: Transl ucent

Fl exThe teacyor \Bas tharged wiBolt ;@cymlnedﬁamﬁx%@ééwh%
C"ﬂ)d)}é) @L‘fa éé%éhﬁﬁ%{/%gf%s) E%@gﬂlgﬁua%%récna gg&tk?ﬁgﬁf e

U1 172 £ o] BRSSP 0T 624
S Lnlel and. on 0 ATEPONIER A O Ihev o ara
blaegted sidh argon. bThete 1(23,4bejtahy doanibehalena d2 el wasand
ad R0 1R reg @S mpdBaR e g dTeciemperarest Ehegactor
coh?@t‘t(s: %ggra&%gggﬁ)g’g vﬁ?%gnﬁﬁ@%f%@ %Q@qsdh@ftégf‘ﬁhquargon
Thts tesogenahireavgs FRidaingd for 36?rﬂmut@£i e¥he k@adtionadix®ire was

ti mop I [ L), oxide O 1594 g) The reactor was

slofy{/] ,lng@{:%g (?)]Caqa\gqgra treiRute perlod (1.6°C/min). This
gl RS AR ARk T M S B
at tie@ o 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-chlorophenol):
Ty = 66.9°C

Hydroxyl Value = 13.0
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10 contents was raised to 200C with stirring (after
solids nelted) under argon. This tenperature was
woradoatien2sed for 30 minutes. The reaction m xt uPET/vWaE06/010136
slowy heated to 250C over a 30 m nute period

1. 6C/mn). _This tenperature was maintained for 30
A#N@B@s:é)r&ﬁntil the tenperature dropped at the top
t . colum to 30C or |less. Water was
Mgl%ﬁlf'lgm%fédgﬁﬁm)col | ected as the reacti on was heat ed
abO\(aD(apm| f@feegtgnaggzMV\he@gﬁshe t enper ature drops

at thetop the Vigreaux column, this indicates that

nostGPQ){PQIMﬁymmtahdardb%m r@56fved. Approxi mately 47
ter d qver The argon flow rate over
thecﬁpéyﬁ?qed'ﬁ&rf Mé w%sl%hecked and when necessary,
PONRHBEEH Ww rate in order to avoid distilling
o)\?gr |sosagF lsggg 20 The reaction m xture was slowy
Cdim“atbght Bra®®C over 2 hour period (0.25C/ nmn). The

stillate receiver was replaced with the vacuum
TaFk'@@?%&Oﬂaﬁae K¥acuum was gradual Iy applied (< 1 Torr).
esidual water distilled off and a
Clm %?getyuf'éaﬁqsc@ﬁagt pol ymer fornmed. The reaction
Flaxibilityt eBriteleRitaidtde Was mai ntained at 280C for 3 hours
and 10 m nutes. 25 The reaction was term nated by
Solidl anket i ng the reaction mxture with argon to obtain
at nospheric pressure. The reaction m xture was then
cooled to < 250C and poured onto a fluorinated fiber
gl ass sheet. A resin was produced having the foll ow ng
properties: 30 Solution inherent viscosity = 0.25 dl/g
Exgmglalalat is o chl orophenol): Tg = 66.9C Hydr oxyl
Val 111_ = 13.0 24 WO 2006/ 102280 PCT/ US2006/ 010136 Acid
val 'S~e>@6n@e Wﬁm%thwogucthmm admarend fyrsttionehbio-
2995 GPC (pol ystyr ene standard) MW =
ba%ééﬂ@&%&ér d| 'spersity (MV M) 3.19 Pol yner

Eq@bm@mt(g@e FFgluGéS) Col or: Light Br own Tacki ness:
Non-t acky
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 (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
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Clarity: Mostly Translucent 10 Flexibility: Brittle
but hard. Solid Exanple 3B 15 This exanple

WO bdoa30128¢ es t he production of a hydroxyl funce¢DO82006/010136
bi o- based pol yester resin. Equi pnent (see Figure 5) 1
liter 4-neck cylindrical walled round bottom gl ass

the) tegpergtaic dreppedvatgihediop of dhevigrediz tcolunan t@B0P@ ad Jess.

MEfBriol Bl BBfin i TR 3 135 Foskbian avis GemeraBoveand
SR ORTHRCl R YRR Koo eRum o1 DhS ot 32 169 B Bfbuipreau

catwrhasihis Biekcetes tiERGha methano) hab besn eirabvdd3ansprokimately
0. 23523 nol es), D-isosorbide

94%@2?3’3 5129.40 - !
I 1P 9F iethane wasBistilied evsr. SuhkseguBptiwresgutionlof25 (EQ)
PphdPSre pelitD RIS G gt DIa SR i Rabtin igture.

Theeargahyftbvatste(SeP@AS ractiodNfidiid Was Ehéél{we'd)ancp%lhgﬁh en

(0.103 g). The reactor was bl anketed w th argon.
necessagy A-edueed &madii@n apte incordeetd avoitl Jdistikngddedsosorbhie.
tenperature of the

THEREHE ottt v HaNhfedad ko 2B8eoupt » 30 mindtmgesiod
(1RGN, Tho iR Fetplye U rebleRytl e bR RetHiver and
vaaesmsivaswyacuaily egptied 260CTonEr Duridd thigtihe, eBfidmdglycol
. J[SC/&Q This tenperature was maintained for 30 _
d'§’H ledafs (&t gurand a lovg WQ-O@'BW@@M@OMerg@Bde/'DTﬂ)mnon
; Vi
b R AL i ABBB B o D bl A e
Theolehetidre dag tetmat&Rp ib%hk\éﬁﬁct; tl‘.ﬁé'i“éi-‘é’ctfﬂ)*?]ol’r‘l§<ture with argon to

approxi mat el y 150C, en the Tenperature drops a
obtajp asmospleend prassuse. Tt teaction mistunedivasithen ¢duied tde

anol has been _renoved. _ Approxinmately 5 95 m of

25§E¢ Haﬂcﬂo%@oaﬁ? ifIIrUPE'BaWeﬁ'bAé%ﬁ tiy, a solution
of  pol yphosphoric acid (0.0634 g) in EG (1 g) was
added to the reaction mxture. The argon flow rate

A esay wah eroduaedi aving afaiowdsy plopekiges:and when
reduced to a slowrate in order to avoid

So&?&%ﬁﬁﬁét}é@t Y{sEPSIEYs 08 dihisglvent 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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The reaction mxture was slowy heated to 280C over a

30 mnute period 10 (1C mn). The distillate receiver
woemeneptaced with the vacuumreceiver and vaRC/IS2486010136

gradually applied (< 1 Torr). During this tinme,

et hyl ene glycol distilled off (84 g), and a | ow

ol ebi &xamsig Hiusatesibe mrodusion ahe hyeeoxtyl fimctiohatt hioe

s mai ntained at 280C for 3 hours and 10
bé&ﬁﬁfcgzéslﬂé'e Feaction was terninat ed by bl anketi ng
EdUimena¢ddcORigiiectyre with argon to 15 obtain

at rmsEherl C pressure. The reaction m xture was then

cool ktitarst-reck aBindriaaldvpited mlindrbattemfdlass il getkbideer
VIEI ass sheet produced having the toll ow ng

Fespiqalwan, d@E[EEqubﬁe@itﬁ@rséﬁlet@ﬁgcﬂﬁia ptersy stainless steel

PP ) OO gl o, S AR

Pra&fureCal cul ated from aci d and hydroxyl val ues)
Pol ymer Characteristics: 25 Color: Brown Tackiness:
Non- the:rgactan was efjarged svitly dimethyl tarephthalaite XDMIT)i(RY3.96 g,

15048 badee 'be%ﬂé@lgﬁ.dir‘%smé 3o Hal A LA (71.02 g,

0. DZZ’S’ HElEHN DOfsoé’orB)ﬁér (]q.pB' 79 I;J”Gt88‘128' m&le?)é)aﬁﬁ?lsftﬂylene glycol

yester resin. ment see I gure

(EG) r(ét& 28yd,in8r34 mole@ Fabwerling nizrighnese (1Ap acdtags K,
olum, distillation head, gas
telrAfidroi 0 ofbd Siphell al) Beatie tebeahyctise (0470 Gmand
orAR AR 808 heedtlr u BARRAE g
Thaing 1, 2)B etdtydhydesrephithalbnd €2 (Yas(@Rd3S tBe 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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1.1018 nol es), Enpol 1018(r) diner acid (Batch #

U42G151910) (71.02 g, io 0.1225 noles), D-isosorbide
w@ 1@8/1728@, 0.88128 nol es), and et hyl ene gl ycoPCT/[E8P6/010136

(116.28 g, 1.8734 noles), followed by manganese (I1)

acetate tetrahydrate (0.0859 g), cobalt (I1) acetate
tefrinaiey by slenkasingsthe repctiemnixtare ithrergbh Itb Jobtainde

The actor. was. bl anketed wi th argon.

atfhefiBc Blasshie o TRETHAEDRENE Wk Then Fo9leddd Sagert and
pduretipts BaTlorMarS Bk gHESshader ar gon. - The

tenperature of the reacCtor contents was raised to

200C with stirring (after solids nelted) under argon.

AThi.s te eratel(ﬁg was intained for 30 m nutes. The

el WagPredyesd Baving the flioyving prererties250C over a 30
' | 400/ ' engper at ur e, was

S R scobs B It sl Se e ERb e G per ot ur e

Ty GBBE at the top of the Vigreaux 20 colum to 30C or
| ess. Methanol was continuously collected as the

Hycaxli Ve¥ue wad3.Heat ed above approxi mately 150C. \When

nperature drops at the top of the Vigreaux
Acici;l@afﬁﬁ’_t ?s i ndi cates that the methanol/water m xture

Mdleculgewreigi gy = ! :
met hanol / %vat er ?}1 x?ﬂm%ﬂ@%d&/??ﬁ éedd gbgrhydroxyl values)
Polyimerego@nacteyistias:sol uti on of pol yphosphoric acid

0, 0594 in 25 EG (1 g) was added to the reaction
Co iyt PRt 2I*?‘{)é"'ar gon flow rate over the reaction

Ta 'mé € S cked and when necessary, reduced to a
g(owggr aygﬁistﬁe%r der to avoid distilling over

Claritps Gamelehatirensieesit] SiyHringzdre was slowy heated to
é%ﬁgc over 2 hour period (0.25C/mn). The distillate
Fi yv Britlgs  repl aced with the vacuum recei ver and
Sowﬁcuun1mas gradual ly applied (< 1 30 Torr). During
is time, ethylene glycol distilled off (95 g), and a
| ow nol ecul ar wei ght polynmer forned. The reaction
m xture tenperature was nmaintained at 280C for 3
hours and 10 minutes. The reaction was 27 WO
8

I O
i 1 NS e

xample 3E { B 8I0RAJENA) gon to obtain atnospheric
pre r ; I ] > then cooled to <
D50 e e e e Wbt B AT ridionaher
bagedApolgsstar vestn.pr oduced havi ng the follow ng
roperties: Solution inherent viscosity: 0.23

P, .
EquigBlané(see Eigere Alor ophenol ) Tg = 58. 8C
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 (III) 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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Hydroxyl Value = 23.7 Acid Value = 1.4 io Ml ecul ar
Weight (MN = 4470 (Calculated from acid and hydroxyl
wQo 200626280 Pol ynmer Characteristics: Col or: Li gheCBUS206/010136
Tacki ness: Non-tacky Carity: Sonewhat translucent,
slight haze is Flexibility: Brittle Solid Exanple 3F
CQW%WEVM@S rRisgsbcs 2000 CayBhtstirming (after solidsphadtad) lungler atgen.

ThS RoREBEMl 8B Mol R S milies. Begpaciom ivies was
slolyiedted k9 Po0PCBTer 830 nfility BRABY ;#égﬁ/rﬁgﬁg%éggp’

j acketed Vigreaux colum,
teniiesetuae avasxinaintaiapd dos 2. 1shaurs) aystestves) cordmudtisly collected

af&%ﬂ nd four bl%?e é45 angl e) paddl e, condenser, an
JieEYOR asiheates] gbavi RRPIOXENRIEhc 180 Gralhendhged

: | j 4 VA I .
ti%"f@?@é% PO ot O SR R Vipreduk SRR ol BB gy ost
of(thewdte Dedd 362 fsti

(1, 4-c clrgﬁfaxgnedi cg?/ gg{(??)lb Eoﬁﬂgﬁégeq/ 11’32}_n(lJlH%fA\S\/aEeégdés.tﬂlgdgo’ver.
The a7geh flcyp rals @y thereadtisn mixtare: wes checked ncbwihda

t | apketed witl . Ther

o8l Ry To arushit i uher to ke dibingaredsesrbie.
TH ki ' . 0 f.oL

ot or TOE S5oar Tl Btebia PR SURG SR et
(Ov%%’cfralréedrheodistgmewecewen Wwas reygaderf with taelxﬁagggmmeggi%r

nder argon. t enperature was_ nmi nt ai ned for
i VeELuBl R8R orod R anpTRer et Tomae DusTngttys Hew echidaa
: ' ' . ) .. Lhi

s oReri T S F i bigPEofly ey inder Thes
readion mixiuss teoperabetadasnamthinedrRIFPCToMBS niRatRd The

ahove approxi mately 180C. When the tenperature drops
re 'Ot”h‘@ag E@fnunaﬁeﬁiebwbl@n&aﬁmg the eadtion mhixture dvittaaegort tuat
bR gtmBEp e MR Shr AP O EENHR TRV Te VIBPAN (B 1 £

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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The argon flow rate over the reaction m xture was

checked and when necessary, reduced to a slowrate in
wo@e@enox280 avoi d distilling over isosorbide. iPBCI82006/010136

reaction mxture was slowy heated to 280C over a two

hour, period (0.25C/mn). The distillate receiver was
F‘Pé‘?}l'aéled Wi th the vacuum receiver and vacuum was

Peai g R ?%PE%’D%%@PSI@@ alver oG lorsed from
et o o Caneatey e ditfer TSR el R) o Exgrppte

te
113G e_ibohdiackasrodeiced bat(éaﬂ)obfobﬁ@rlaﬁehj ng the reaction
m xture with argon to obtain atnospheric pressure.
The reaction m xture was then cooled to < 250C and

a}ggrlgﬁ% o 36 tﬁ%ﬁﬁrvkékaff"n% ?fdhﬁ&ﬂt gc# ﬁ’ﬁ%pﬁf]zggthe l:ig%rb%gecrl]

pdhgeﬁer @0eAthah Yataredard B (gji’na‘t’ eBERIhémt rﬁbn&%@ttﬁertgﬁe?r This
Viscosity at 160 247 Poi se

W@%QFHEH@@ o thedligher mlawlarw&nghtmur@mnomased polyester

rit nsl t
TERCAVD iRy MOl FPEiShe sritie'Sios B doaBuChigme cEhs biss
bdsed pol t I | 4 t er k. .
t yp{pé’a’fesﬁnfﬁ‘@???ﬁﬁp@?%ﬁ@%% } B iR b ficls sira ot 24
Hmo Hewagosimaxtser monﬁaﬂm/céﬁtaha@uo-ﬁasw balyésr tresigr

{i s, prepared using a polyester resin
withEafbort Btk uBLE B Bt s rawicaito: Uaymadishess that
théire ve) from Exanple 1, and carbon

bré%EQQQE%ﬁq éﬁ@%ﬁ%ﬁ@gt Corporation. 5 It was found
that it was nore difficult to mcronize the bio-based

pol yester toner than a standard origi nal equi pnent
manuf acturer toner. This

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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was attributed to the higher nolecul ar weight of the

bi o- based pol yester. Typically, toners have average
wW@2006i1¢1280 si zes of | ess than 30 pm The bi o | oPGHESH06/010136

pol yest er toner (resrn plus colorant) had an average

particle size pm However, in another
reﬁ?‘@@ﬁlfﬁ%’ﬂltbﬂ 2tr@ﬂtn‘llllhe bi o- based pol yester resin

14pﬁ“*grhfe§d§ﬁ30§%ﬁﬁkwa§ PP BldiéeR iy S 5@??5’ i diy fce
Lo 8 570k, by S L 0
scregryesd eolle‘l‘ccberdafommmrgrngcavlaUeeral i"e@oﬁen(;ﬁﬂrbhﬁﬁammergwrll 1

terpolymer) 17.862 g Degussa R-
Wi%ﬁésg ré m§ '1%)"3 W@ifpﬁlewrr@r@@ereageery) The
e, r‘?%ﬁgr%ﬁ@%&ﬁb b e Bt Burer imieaproepriats:

partciesizanck 20 umh %méaevertabey lpvith é?%mgt?rtgv%rttrﬂﬂle(‘Model No.
formul ation using the resin from Ex

M'br%&r#eﬁm ) 20 835 goind qagssuue 20 pelsﬁeedfpresswfe angll aenGrfﬁber
250 CB on a Thro

R A YK R L

0.E8gram3PRihutr 20 to 30 minutes. About 98.98 g of
bl gnde material was 30 WO 2006/ 102280

PCT/ UM@@E@Mﬁﬁatrwmmrmﬁrtle@m Wes, 2oy eblunig, 11,7 The
mat er | was then broken up and ni xed with dry

m'Fr&é‘St‘%'gh EHNERN r@emet.er alPaspEon OHnlbﬁF,deg314rlﬁl:¢rﬁrl’Srn N f1
cte or
i O Eerd Wert Bl uBlnod S SRl fcentragn of
A%mmsicEMiZeR @s(matd carbRREDISER, AN Be MRSeS W#)r'ré‘rdF tli'”%% when

recovery The hammermil| treated toner formula
he ithe casier btained appavesadentribo- plectrictiarge o€ absuo

14@@#@@@@5;9@%&segr@a@rh%ggh%rr.h il Enohoh e
nef &Rk EifgaUbHraddcclgiiRfages.

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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3 setting on the vibrator feed tray. The approxi mate
material feed rate was 10 0.14 grans/ m nute. The
wo ewen 0280 mul ati on mean particle size was, by ROI/UR®)6/010136
11.7 mcrons with a nean di aneter, based on nunber,
of 5.4 m crons. Devel oger_s were prepared using the
Farguwa daareifellowed a Acomnes haviagionegatiedeharge simikedortaat in

r: ack, on the carrier. Toner Formula 2 when
F@Eﬂ%%g%\%}?k&ﬁhe carrier obtained an average
tribo-electric charge of about - 14.2 m croCoul onb/g.
It is expected that the resin has a | arge enough
negati ve charge to produce good i nages. An inage was

repacred from soy based toner nade fromresin or
FOZQ%E%E@@@@'P% a Mbdel D Xerox copier. 20 Formula 3

8l i konal . in fi
Bcanp s eyhpi 8 aes Ihe BrtaraliB bf BXpsiR Sl Scaiictho
chaegeetgnapcessi ng condi tions and steps as in 25

preparation of Fornula 2 are followed. A toner having
a nelddierwaschigpgeed &pm 9wt of hasin fronFexamble 2 was milled

. ) ' 30. Thi I
il RO %Rl HieBi B Eak I tPortiony viaeeb geted ethe oo
| i o i i s .
TEOR) 2 SN SRR QGRS R T TAS e i
the Ssedewdnigniticatctheifoltmviag dositlitions afeddpriesSRRN GRE (P PsiOfrind

31 V\D\ﬂig86/ 10%}%12?8 PCT/ US2006/ 010136 Fornula 2 are
PresUroRedY REit edaatengr 8- 2@Hainute charge simlar to

th j j t ed. | 5 .

b e oo Earier BPaubeHEAPED: () RS L5R, YR camias hasa
cord naterdedidficoppr blide haat), ¢incCHadd e~ 9O aga mro%@é

%]rl?/par ed from 90 w % of resin from exanpl'e
(~ilvo)eand (6 cortad wikma stiicwimrasinc Khe foamerGaamblended on the

- DQfatd s pdlended jn the 10 Thropp 2 roll|l mll
FO'EW"E ﬁ@ﬁsﬂg‘%e%@%diﬁ%a@oae’f Ao BRS0bCaTgh 6N ReAdinsted do
contiol &teobtdith b%’e%%d'ﬂibb-e?éctﬁ@éhé@b'. owi ng conditions:

feed pressure of 60 psi, grin
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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pressure of 90 psi, and feed rate of 0.2 g/ m nute.

FBF- 300 carrier (Powdertech Co. Ltd.) was used. The
w@areilenshas a core material of copper oxide ¥EW/W006/010136

zinc oxide (N15%, and iron oxide is (N71% and is
_coated with a silicone resin. The carrier was bl ended
InRge predueed without Ehe hharnge cootret agdiie anount and type

of carrier can be adjusted to control and obtain a

desired tribo-electric charge. A toner having a
DBpEisid/ Begtéer age tribo-el ectric charge of about + 3.6

m cr oCoul onb/ g was obtai ned. The charge al t hough | ower

t hanTlex pesin efl Example2BF basevahraeed for itdeignfémrcmsbersion

control agent. Devel oper Formulation 1 This exanple
pﬁopﬁﬁﬁsr‘%ﬁg@ SOPEYPEI8Ei on and use of a devel oper

such as 25 that associated with a copy nmachi ne using

negati vely charged carrier and toner. The toner for
Maigeialsn this exanpl e was prepared as in Formnul ation 2.

Materials used for the devel oper were 200.0 g of FC 2

car riw cor gogcaitratedounlias avararaoser.oOne was arl,0%noaded

pifaf8d e R 1 SSIBRRI 2 Aol GBrene seit Temarael Giesothes s a
CUstdth @?@éﬁ mTJQlll %cryl@ﬁt@@@'t&ﬁ@ﬁe ¥‘§1f%¢’e°‘ S%Cyelﬁp%g,ngybased

i mage using a Mo rox co
carremesiz. r e wasionagredmacbrisstedof hibkawl af8tganic M@ hdrbsnic

.32 \A@Lézoqoe/ 1%%80 PCT/ US2006/ 010136 i mage pr oduced
PIFINERRANG Wes avatgd St inads. dgutikol sampigsewereorumedthdypical

eSS Hc oS TR M, SIHSE g o o BT

ethere bidtearanive @iop&isasienCcand tiad Samdl .
chosen. One was a I20%Ioaded phtgl éﬁg%(%@g\%'th the

dispgrsgnbm@id fiona Eyampia $Fene carrier resin and the ot her
was a 1o customgreen in an acrylonitrile butadiene
styrene copol yner (ABS) based carrier resin. The
Copmpsdupidigg:een consi sted of a blend of organic and
i norganit pignments and was about 18% | oaded. Contr ol

samgloaspaunding waswilank ihyepicsedtatidg I8eneatiatneE DeigFitz twin
scrzel\ApgxtSFh éelrrate and a conbi nati on of zinc stearate and

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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et hyl ene bi stearam de di spersants . and the sanples
were run with the 15 dispersant aid from Exanple 3F..

w@ovpooemsd ng:  Conpoundi ng was done in a co-r oPEL/USIYPodBL0136

mm di aneter Leistritz twin screw extruder 20 Testi ng:
Dispersion testing was done using filter tests and the

pres£ure buil | d8Upblends |r eporABSd i n bEBERNTRIC 0.82
pigment. This is a quantitative test for dispersion
and a | ower |val ue indi gates better d| sﬁ‘@aﬁ@n 25

\I\I*‘I"\ﬂ
U

rnglu t;/ S:rll- W?S%T@leﬁﬁr or rr{JId;al 1 gml;;tc é qmeéﬁ esin “CO'SS

3

P@:spﬁtam bheFi | ter test value nunber aids Bar/gm
gnent A 10% PB 15: 3 pol ystyrene zinc stearate 8.5 B

Aﬁ%% pPBYIDRitelgbutasiancestprabeargpobymdér 4.5 33 WO
06/ O@S(@PCT/ US2006/ 010136 C 18% bl end ABS EBS and
'iJS'V t€araide b 189 bl end ABS Exanpl e 3F 0. 55
PB phtal o blue ABS = acrylonitril e butadi ene styrene
copol ymer EBS = ethyl ene bistearanm de 5 The

corrpﬁne sompafison withanoemniertiaddispeisaanting 'sté‘aréﬁee%hétd‘i
m xture or EBS and zinc stearate showed good

mP@%Eﬁ eisEBS AR rmtﬁér%ﬁmved:@md E@ﬁult§uﬂ’éte ms;ttslsbowed
t
R e Rt WSO K SV Pl

i nventl on. 10 The proteins usef ul with the invention
may be derived fromaniml or plant sources such as
soy drpteineas dlsz:LQSﬁd i VO dg¢07 7,463 aire usefub irdihnthal invemstion.

Tf{éoﬁ@rtelggﬁ(tsg ﬁ‘? &ngrla,t{é(r)e rr@i)lrboet érrl]ve%of%%nénl(rﬁal torr]%lant
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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w%to about 20 Mt % is useful. More preferred is a

protein content of about O.Iw%to about | OMm % The
w@e@ba0n28pr ovi des i nproved dei nki ng 15 proper t PEFUS2006/010136

VWhile the fornms of the invention herein disclosed

constitute presently preferred enbodi nents, many

others are possible. It is not intended herein to

mention all of the possi bT®NERui val ent formnms or

ram fications of the 20 invention. It is to be

understood that the terns used herein are nerely

descriptive, rather than Jisid ng, and that various

changes may be made with eparting fromthe spirit
WefCldihe scope of the invention. 34 WD 2006/ 102280

PCT/ US2006/ 010136 TONER CLAIMS 5 W Caim 1. A

t hernopl astic toner conposition conprising: a mxture

0 nor phous t hermopl ast| ¢ pol yner sel ected
Lfégnévﬂﬁaﬁg%hﬁﬁ@BHQF@PPWSn&PmPﬂﬂQ§S a carboxyl or
a,hy@u@yyﬁ functional polyester; (2) a polyester ether;

(3) a polyurethane; and wherein the polyner is derived

a. f aro anerpheusstheomeplastic pabecemsniated fronafige ?F@Jm@émrng of
has ? Tg between about 50C and about 80C, 15 b. a
col 614 %C@'g’é’ﬁ‘([ Qi Rysiserad dunetianaé palyssterious

thergrg%gg&éggagh¥§pr; and wherein the toner

co er having a nean particle size of |ess

t haii3plopdlydfethane;Zandrhe t her mopl astic toner
conposition according to claim1, conprising a 20

car bdigreintiieqialynear ispaerivedtfeom teéasy anepbiosded shomomer;

di ' ti 3. The th lastic t

conpOd HIOROEES b g Te BeivesabelE a0REand aut 8% ur e
e T e L
wheheindhe toher campidsesl a bowder hawihg Roeaatmeiticle 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
mixture further comprises:

C. protein particles dispersed in the toner.
4. The toner according to claim 1, wherein the carboxyl functional polyester

is derived from a dianhydrohexitol, a first diacid moiety, and a second diacid
moiety, optionally a monoacid may also be included.

5. The toner according to claim 4, wherein the dianhydrohexitol comprises a
isosorbide moiety, the first diacid is 1,4-cyclohexanedicarboxylic acid, and the
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is derived froma dianhydrohexitol, a first diacid
noi ety, and a second diacid noiety, optionally a
woreweaea2sb may al so be included. 30 5. The t onePCT/US2006/010136
according to claim4, wherein the dianhydrohexitol
conprises a |sosorb|de moiety, the first diacid is
segond ehRnie e danerichpin Biscid haviagiefghtaorcmoteecardbn\aEboms in the
ch% 6/ 102280 PCT/ US2006/ 010136 second diacid is a |ong
chdin diacid having eight or nore carbon atons in the
chain. 6. The toner according to claim1l, wherein the
toner conprises at least 5 5 wt% biomass. 7. The
6.t bhetorercacadidiggtto claimi nveheratretiai toreheotrpiiees at least 5
g})ﬁrl ses particles that have a nean particle size of
WH7aOPRASH about 20 nicrometers. 10 8. The toner
according to Caiml, conprising: d. an excipient
selected fromthe group consisting of charge contro
7. afeatsner afdcowllﬁgl‘ﬂ@mélma@,ewhérelﬁ% tdh@'r‘tc% rﬁ&bbg@gﬂli‘&t at
gents and m xtures thereof . The toner acc
hayg agngpm Partigla sizei of lemtha@r@omz%) mignegatérse or
positive tribo-electric charge of between about 10 to
about 40 m croCoul onb/g. 10. The toner according to
8.Cr negative tribo-
ellz(?:ﬁr?acr agﬁgfcgh@té @galﬁ”l\j\'ggc;o t 10 to about 20

d. nare esdpignd sblegted2Borhithe roup @oagsmg of dhaget @nBichiaiedts,
ner has a nelgatlve tribo- electric

the t
f'%%ﬁ@éé] FtspieoGaHIES, AREs N0 rRgents, @ngi mixtyrestbeesof.
the ther rmpl astic conprises a 25 polystyrene acrylate
m xed with the polymer selected in Caiml.. 13. The

> (toms aacsih LyCRh uherthenss ek eipel At

pogijve mao@m% pearggaf dretivagn eboat 40 o moutmer ein the

m@@@b@ﬁfﬁ/ eonprl ses a magnetic material. 16. An inage

10. The toner according to Claim 9, wherein the toner has a negative tribo-
electric charge of between about 10 to about 20 microCoulomby/g.

11. The toner according to Claim 1, wherein the toner has a negative tribo-
electric charge.

12. The toner according to Claim 1, wherein the thermoplastic comprises a
polystyrene acrylate mixed with the polymer selected in Claim 1..

13. The toner according to Claim 1, wherein the thermoplastic is a polyester.

36



10

15

20

25

5 a substrate and a toner according to claim21 applied
to the substrate. 17. A toner conprising: (1) a
wWao b@sirepB@st i ¢ pol yester resin conprising the PEHUS1006/010136
product of A. a dianhydrohexitol; 1o B. a diner diol
@n Jor a dimer diacid, C. a diacid, diester, or diacid
12hiTHeidevelopen acoprding spClaimald, edterkipsthe develdpay cemprises a

' is.18. A devel oper conprising: (1) a
"%Hggﬁgb?a:ﬁ'fl?lc pol yester resin conprising the reaction

product of A. a dianhydrohexitol; B. a diner diol

and/or a diner diacid; C. a diacid, diester, or diacid

l@hAorimbge @ompriss@g D. an optional catalyst; (2) a
[ t; and_(3) a carrier. 19. The devel oper

a SH@%F%?@CF  tenedi arcasling ke lgim 1 appligshiol theesubstrats.i ses
a 25 magnetic material. 20. Al novel and nonobvi ous
materi als, nmethods, and uses disclosed herein. 37

17. 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.

18. 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.

19. The developer according to claim 18, wherein the developer comprises a

magnetic material.

20. All novel and nonobvious materials, methods, and uses disclosed herein.
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