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1, 3/ 1, 4- CYCLOHEXANE DI METHANOL BASED MONOVERS AND

POLYMERS BACKGROUND OF THE | NVENTI ON Thi s application
w@b@imsopriority to US Provisional Patent Appl PCHUBING6/046696

Serial Nunmber 60/765,430 filed February 3, 2006. The

instant invention is in the field of nononers and

pol yners based on a m xture of cis and trans 1,3- and

1, 4-cycl ohexane di net hanol and net hods to produce such
L,3d x4-Grd S OREXIANE SNMETEANQY BASHID MONSBVERS AND ROLYMERS

i ght photopol yneri zation) coatings and inks are

W dely used in the coatings and printing industry.

BACGKRGRAUND GEMTEIE INVENTgOaNd i nk fornul ati ons based on
prior art cycl ohexane di met hanol . di acryl ates Fr ovi de
1

exd8is anplicaipn iy it ite US Brovisienat Bateat Apatiratipn Serial Number
60/7g§l4§5 ﬁ?éj $S 2008l strength) but such formulations
are difficult to’ use because the cycl ohexane
d| bt fasteoit ilweatloy issingbe fickl afohémbnmes end ablyedrs basethon a mixture

of iy SR BLAL P a0 400 PRl BRG] . BeIR0L R 820

mix@tdoxyl at ed or pr opoxyl ated cycl ohexane di et hanol
di acryl ates are known but the resulting coating has

po&ediatien gursse(tyrisyby fxeegadwatl B Jight @é\omoaawﬁ@éwhwatmgs and
.ot n
nks S By S L AR il 1 5 0558, A conting o i
formplagions drsasdome padr tanam'CMmeaIEoilmelhaqgl diagtylatoo mowde excellent end-

te ratur and rovnd roved S .
use RS L AL SRRl b SR BITR Hf romtions

are diffifculnsd ase bedausmtheoaycs«sﬂexeﬁe tdheethioml alisdrglaed 46 Q;bli& Materials at
The i nstant i,nvention lgfpjw des a m xture of
I

room \fempRaliR #nd; REETH 1D Rl Bompsheelylaly  Liquid coating and ink

formIAtIAE MRl &5 ethlok iRt & prbfidsiyliated clEBMRLBERRMBIENS dRElylates are
whi ch can be used to obtain coatings havi ng excel | ent
knoip byh thesesultipg sgeting basapeargr enghyuswspronenties dt wauls be an advance in
the ﬁggp%a‘?ﬁ a%heﬂﬂe ff)ﬁﬁ‘ﬁlﬁ%&g%s@@ fn %gélgﬁ&an%%ﬁﬁé{lﬁﬂglechemlstry if such
properti€s. |In one enbodi nent, e I nstant invention
formwdataongi wemr@seﬁveceﬂnﬂm nelsreulsah uliquid ataloenn tpopgratere @and provided

1mpr88§%815c91&¥ q{gee C}{tﬁt Pegl%tl?l]cg ngtqpounds conpri sing

SUMMARY OF THE INVENTION

The instant invention solves the above-stated problem. The instant invention
provides a mixture of cyclohexane dimethanol based acrylates and methacrylates which are
liquid at room temperature and which can be used to obtain coatings having excellent
hardness, strength, clarity, abrasion fesistance, adhesion, stain resistance and solvent
resistance properties.

In one embodiment, the instant invention is a mixture of compounds useful to make
a polymer or a prepolymer, the mixture of compounds comprising compounds having the
formula I:

/\ (.)R1 I

R,0O
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formula |I:wherein R is H, acryloyl, nethacryl oyl or

vinyl, wherein R2 is acryloyl, nethacryloyl or vinyl,
wobk@repa7conpounds having the fornula | consi sSPCDUSH06/046696

m xture of cis and trans- 1,3- and 1, 4-substituted

cycl ohexane and wherein the trans- 1,4-substituted

cycl ohexane content of the conpounds having the

formula | is less than forty nole percent. In another

enpddieirnR; ishél,i astybmd, imetbadrylon] i aviplocekseinoR, is acryloyl,

roduci ng.a . mxture of co unds conpri si canmpounds .
et LYo PHERCL §P SRR QN e B COIRIL A SO Shfbmixure of is
and T@4d8H 8 lahdCOASIuBLtitafedd cHtlshei e Ohnd i Whétth tth@Ngansly, Bsubstituted

and 1, 4-nethanol substituted cycl ohexane and wherein

cyclolxane gergent of theeavaprinds havingihe fameiach is hess Ahan fosiytaele percent.
foth ' F | i
o BRSSO 8 e RERROA A  miscar o

compbunddi ®hrigrisinpgompoundshesing thei formuld II:r ans- 1, 3- and
1. 4- nethanol substitu ycl ohexane, wherein the
trans- 1, 4-net ha exa content of
t he conpounds H® gre@ter tha ty five | e percent
to produce a distill fracyion and a iresidue
fraction, the residue I on being the m xture of
cis and trans- 1.3- and 1, 4-nethanol substituted

CY GHRAEN *BMpohiedschdvidd thet foanifita 11 céndt@itdTanglixture of cis and trans-1,3-
substituted cycl ohexane content of the conpounds

and Hafrpehannb sypbstifiech cydlopexane sady whgreinkag §pnst L épghanol substituted
cyclBREGRB confellt ¥ihe FRIHRGRILHRARE FR formuleIT I8 3¢s8Mhan twenty five mole

Invention i's a prepolynmer conprising units having the
perceut; rehhracierized Whidheistept bl ditillengh avihgure el ¢igramd| tianst]),3- and 1,4-
onsi i i ng- - )
et s el bR LR AU SN rketing Mgt ycohosans
conténtdes tHestorhpduads ¢y gleatee xhae twenty divte mibld hercemti tosproduce a distilled
having the formula IJI is less than.forty mmle per.cen
Sracti o B Er T FACHARe BT SRS, BRI B e o b e trams-13-
and COASh&thhR® SfibsHAltYE SdyRlohdkind afRSein Ptlley €5he!l ,4-methanol = substituted
net hacryl at es ycar bgnat e acryl ates, _pol ycar bonate

pol . ]
cyclpheyeae cppignkef thssoympospanheving e frawlaHds Jess thim fHepty five mole
per _hacryl at es. DETAI LED DESCRI PTI ON I n one enbodi nent,
the instant invention is a m xture of conpounds useful )
t o Ingkarmthmsleypedingmt sthe irgtasit ymvention hka piepplyneer @pmprising units

haw%%qggﬂﬂgﬁﬂ§ﬁfprising conpounds havi ng the

/O_/ } 1

wherein the units having the formula III consist of a mixture of cis and trans-1,3- and

1,4-substituted cyclohexane and wherein the trans-1,4-substituted cyclohexane content of
the units having the formula III is less than forty mole percent and wherein the prepolymer
is selected from the group consisting of polyester acrylates, polyester methacrylates,
polycarbonate acrylates, polycarbonate methacrylates, polyurethane acrylates and

polyurethane methacrylates.
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formula | : wherein R is H acryloyl, nethacryl oyl or
vinyl, wherein Ris acryloyl, nethacryloyl or vinyl,
wobk@repa7conpounds having the fornula | consi sSPCDUSH06/046696
m xture of cis and trans- 1,3- and 1, 4-substituted
cycl ohexane and wherein the trans- 1,4-substituted
cycl ohexane content of the conpounds having the
formula | is less than forty nole percent. Preferably,
DETAREEDRRSCRIEAONIbst i t ut ed cyclohexane content of the
co ounds, having the formul a.l
o BmeRhite el BYeRituiy i € nptited vl to make
a pol T oF RShichUlyRifér,Cthe Inpiaira v cotiHoRnlls 66mphHEng eomponids having the
aving the formula | is less than fifteen nole
fbnnpbﬂtent Preferably, the m xture of conpounds
conpri sing canpod having thg formula | is a liquid
at room t epper . Yhe mi xxuré of yconpounds
conpri siRag co pounds hawving the fordula | can be used,
limtation, in coating, ink,
adhesi ve and el astomer applications. A prepolyner is
whergﬁlf Rh%j =4 atcpyléﬁg ?x{e%a'i:ﬂ/l&}m & ﬁH?lo G HEREh I@§1saacgﬁbyl\/ dhdtM&ryloyl or
e conpounds having the f ornula | which rivative
vmyl swhemen qsmmunds hawieg ahqa@rmvéa I copgstnefia grigtugy of cis and trans-1,3-
s 3B B RS, b SRBE PR o Bycrne e
of thmc&hipbfmmaf haﬁmmg ﬂxe d‘ommﬂmi;}s léss3tham ﬁdtﬁn@lecgaréaﬂﬂe?m‘fe'ably, the trans-

met hanol allable from,The Dow m cal ,,Coppan t.o
14-b IS SolhRERS PSRt Sotg STRPUES JRVE [ oAy 5 less than
twen%?h‘vg nitle pORBAL MBRIPREMFBly, ARE trhiky-1 dapdstathiedEytivBexane content of

IT qui d product fromthe SO|Id roduct (the liquid

the gnmappiads H@Wg theefogmylar bds hoss v)ﬁﬁ%nt BPleapergety | Profgrably, the

i L G BRSSOy 18 40 o oo

temperatuter afige tigureaolicampbuanyls Icgn@mamg qqumuhdﬁ baving the formula I can
l.abl e fr.om The em.c ) 0

be lﬁF@t fcr | Saar?lizlg Cafqd w1tgo V\{ @m@tmﬁu én f r ac mﬁ< a[&ég%gic Gn@ elastomer

on and a resi
applRefidhst A Rgefddymerek hlaﬁﬁe)d with rtgéarﬂ he thie smddém‘ielnﬁ a4 & darivative of the

The m xture of ci rans- and 1,4-cycl ohe ane
comped AHRE Thoforstola Ly high demBae g isea e e 218

Madge dG&RIrE bR Sorhfolnd hhAas M @emafa 1anRatstde by (a? acrylating (or

6, 252,121. The vinyl derivatives having the

|
methagrylaimaxkBNOKPLy brapd Hied (a Wéxw‘wﬁﬁl%ma% fensl argnd 14-cyclohexane
dlmétflﬁ'ﬂﬁ |a}a Bibl AR T iE X6 |G & 20&% wodﬁ\&etzp roduct that is a

ene at a pressure o
rmxtum an@a hquidtaad sisalid hy@pmdedmemmat gm’c (lesa)aratm@nhn thqmd product

fromictgl\é%n{i% glgociu%t &Léc’ ﬁql?ld %go or gemg ke cqe%grg& ippo%ugt).mA)ﬂelfllga%v%{y, the
mixture of compounds having the formula I can be made by: (a) distilling UNOXOL brand
diol (a mixture of cis and trans-1,3- and 1,4-cyclohexane dimethanol available from The
Dow Chemical Company) to produce a distilled fraction and a residue fraction; and (b)
acrylating (or methacrylating) the residue fraction. The mixture of cis and trans-1,3- and
1,4-cyclohexane dimethanol for either of these two processes can be made according to the
teachings of US Patent 6,252,121. The vinyl derivatives having the formula I can be made
by reacting the mixture of cis and trans-1,3- and 1,4-cyclohexane dimethanol with acetylene

at a pressure of 3-20 bar at 120-180 °C using a potassium hydroxide catalyst.

3
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conpri sing conmpounds having the formula Il: wherein

conpounds having the fornmula Il consist of a m xture
wo@toogis0and trans- 1,3- and 1, 4-net hanol substPCTIUSH06/046696

cycl ohexane and wherein the trans-1, 4-net hano

substituted cycl ohexane content of the conpounds

having the formula Il is less than twenty five nole

percent, characterized by the step of: distilling a

mi g irstatt izventign ds alsaaprocessfor gratluting-a wmistheenafl compounds

compg e B R R I I ohexane content of the

compounds is greﬁ}ek\}a wenty fiwm nole percent to

produce a disth ed f/Maction and resi du raction,

the residue fraction\being the m xture of s and

trans- 1,3- and 1, 4- substituted cycl ohexane

wherein the trans- 1,4 anol substituted

cycl ohexane content of the compounds having the

f oMgTean cpmpgupdsshavingthedigapiply If corsistnte mertaremf cis and trans-1,3-

and MIRHRABRLY sutlshfitdd BRSohexAndBhd é17'?(941‘@3i?xutl?iéttfatnléileﬁ-methanol substituted

cycl ohexane cont ent o? the conpounds having the

cyclélmxand gontenti af the comploands hfviee thentormuppeHdedgss than twenty five mole
unds_.having,t he f la,ll can. be used as

perci e BEREEE PR bR dog PpL o Hisfuine £ M0 dd Ta i drpsd - and 14

metHanblruhiatitutdd eyclohpana dehdiein i the tiahe-1{am@thaacl bustituté® cyclohexane

con Sy S TP 800, 0 Prepare Uhe AU, e

fracti&d Yad¥ lresiiRS RaGioH, Od redfdudi dtkion MRRILIHR & thiR of cis and trans-1,3-
or vinyl, wherein n is an

acryl oyl , methacryl oy A
and j hﬂg@fégamlu whstifigty Cyslohexanm Biberain then tranhéemathangls substituted
cycl?l%xhﬂ%r@&ﬁtértlﬂhﬁ &1@\?:\’{(1)6 glgﬁd a‘{hgé)ﬁegi:%%%ﬁq{/lﬁg ’lels,ﬁlfei‘ﬁe[nefv&bngs five mole
percomnpoBredeablay i thg tries-1.6rmethandl| sutestitited  epdolestand tdontent of the
di car hoxyl i cid d.th acryl ated or nethacrylated .
comppfis JHE Fie et R b e RV eR BT BreTr GuyREE having the
formuts Naan Pt atel 3 pebyssr ia.thd pepaaipa widsmpawhditalv g the formula I

fo la Il q? be reacted with di carbonates arid then
2o TP SOBROBRT AR Ry o e ieHaB~ Yoles €& PERPaRpIBted to prepare
the Bt J BHMBRAISTRVmeOhe PHEAINPONAt e net hacryl ate
prepol yners. And, the conpounds having the fornula I
ed with diisocyanates -and then acryl ated
ed to produce pol yurethane acryl ate

pregoPyner p met hacryl/at e Rrepylmers.
A £ of yierg i uni t I‘V’
haVi%g the fofgul a °).

R

wherein R; is H, acryloyl, methacryloyl or vinyl, wherein R, is acryloyl,
methacryloyl or vinyl, wherein n is an integer in the range of from one to ten, wherein m is
an integer in the rangé of from one to ten, wherein R3 is H or methyl, wherein R4 is H or
methyl.

The compounds having the formula II can be reacted with dicarboxylic acids and
then acrylated or methacrylated to produce polyester acrylate prepolymers or polyester
methacrylate prepolymers. The compounds having the formula II can be reacted with

dicarbonates arid then acrylated or methacrylated to produce polycarbonate acrylate

4
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wherein the units having the fornmula I H consist of a

m xture of cis and trans-1 ,3- and 1,4- substituted
weywroywrane and wherein the trans- 1, 4-subst i PCt/Es2006/046696

cycl ohexane content of the units having the fornul a

1l is less than forty nole percent (preferably |ess

than twenty five nole percent and nore preferably I ess

than fifteen nole percent). The acryl ate,
prepedyrhers roy | pel xearbondtevingthacryiate peepslamers prapd| thenspmpofinds having the
fom%lng If &51 nllelactsa %mh ai so%%ana éépdn%%ergﬁgrgia}!eﬁé{' llglgt%ggt})ﬂaﬁeél to produce

ree nerization techni S

polyiﬁahaxie @crplafeogmeﬁelyﬂmfs/ BEpblgatdidheaatihhyilate PespekSiiers. A common
uch nmononmers and repolﬁggrs of the instant invention

featarfe@fﬁﬂsspclpp@pe}wr? isporyinrving thepprnpledlly adi cal

phot opol yneri zation_techni ques usiyig a photoinitiator
acti vat ed fby . Kor appI|© |ons in which the
f or nul at’i ’ngkké ]gLadlatlon
a photoi ni\ti at or \ equired t initia

pol yneri zati on. nondners and prepol yners of the

instant invention can be blended with a filler,
whegeigfthe 4pits/havieg damiemylmBhsprsitof ¢ mirHresef ¢ippnditgas-1,3- and 1,4-

subg}isthdgﬁc g‘ﬁg%ﬁ}%a%ﬁ ?vgg}egtr 7 gtﬁééé g%gstug%?ﬁ?égg c?&% %&éﬂ Ehtent of the
umts |h|avmg tlae forlmal e B1 i lewd then fouy rrmkappicenta(lpdefwabl}oless than twenty five
imtati C esi stance t acryl ate
molg et o IR L it Bk iR e BeReh ) ool Deod” i n,
f orTiex adtplate, anethatriyhde)t ardd mdyﬁtm@{hméﬂs dnat olymers of the instant
4,177, 315 and 4,348, 462. EXAVPLES. The fol

inveaiighgrelypicatly eehmsrized by f@?gﬁﬁw@svcémmaﬁw tpeficues such as by the
use BEAL JU6xiE po tpagﬂﬁ’é?%ﬁﬁn Qhiaiie HRRFARE, éu@}{ §REASRers 3Rd Yeepolymers of

used to obtai'n coatings having excél | ent hardness,
the énstanh guvention ard mpst atﬁf@rgbldrpqlmpsz%bue freadrhélsalopmmpolymenzauon

tech%ﬁcﬁieg ursﬁ%I :ng%?oqnﬁg rsa%ltlvgt!gﬁ l; %gﬁ IO epgnﬁfcat?gns in which the

ercent ages” ar e
fommh]hﬁdsrvw‘s eured becalbemiorE)ﬁéa\ﬂL(EBb rﬁdﬁtlbn @gﬂﬁftﬁn@iﬁtdzﬂl‘i@)@t_ required to
brand di ol ga m xture of cis and trans-1,3- and 1, 4-
initigle ROIWBSAEOR; et hanol avail abl e from The Dow Cheni cal

Conprany oftiiérd Gnd prdpdiyinerd of thedinSlanCRRERIGN &in mgﬁde’awpm a filler,
by weight) is fractionally distilled at 123-1 34C and

prefera!vlsfnwwamgu myopaniFlesmsesi as serllpidal) siliga (to5 prgpages colloidal silica
prep-gﬂﬁlcfngsﬁé&ﬂeasfef asidian §11§caa:i@id¥?ee§§'s%)9 ABolloidal silica acrylates provide,

for example and without limitation, enhanced scratch resistance to acrylate coatings.
Colloidal silica acrylates are disclosed in, for example and without limitation, US Patent
4,177,315 and 4,348,462.

EXAMPLES

The following examples and comparative examples show that the mixture of
compounds of the instant invention can be used to obtain coatings having excellent
hardness, strength, clarity, abrasion resistance, adhesion, stain resistance and solvent

resistance properties. All parts and percentages are by weight unless otherwise indicated.
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chromat ogr aphy and found to contain about 15% by
wei ght of the trans-I,4-isoner. 0.1 kil ogram of the
wo ea7ae®7i s m xed with 400 mlliliters of tol uPCEUSIVA6/046696

252 grans of diisopropyl ethylam ne and cooled in an
ice bath. 153 granms of acryloyl chloride is added and
m xed for two hours. Then the mxture is warned to
roomtenperature and washed with water (2 K 300 m),

EXAMBLEIIcitric acid (5 x 300 m ), saturated NaHCO3 (300

Fotite RIS S S X QL Rt ol iR BLRIRAN gy TR and 1+
cyclﬁiex@@@irﬁétﬂa&l ‘avATABHY ffo?n JihéeD8wCChdiRichl Guhipany Qdizliﬁg a trans-1,4-

The crude Iqu|d product is chromatographed on si|
diol gententsefiigone3ndysveight) aisdrastiengly éﬁsgﬂ?&ﬁ 123134 Grfmd 0.7 mm Hg
r 0 a
wsin 1, s Kol 5y 855420 NS i) gl by s
chrofmb@{rahy) ards faandetd, cdﬂuansabbue 6% by emagntrtaft thet, tmmd,‘t—h:emer 0.1

. residye is dried in. vacuu a ified
kLo Ph 1BF JBBEES MrBinsh PPed0P PR GeLiLiqg dnd 252 grams of
diisdpPepyAGh GhinfiRdaky chM% ahén §asbah! orsat Qﬁﬁ@mc@ﬂoﬁ chloride is added

m Xt'ure  of conpounds conprising conpounds having the
and frgxed)far two hgwss.eiTherithe anixhpg |lsawammﬁé9 &peppgomperature and washed
ly c 1,Ng0h an(tH}é'u%NHco 300 ml
Wltha‘cg)’ns g Pw%ﬁkt u]r m&ﬁgﬁ%@a% )atqr(a)ms .3 and 1, 4 3 ( mb),
satustikiNa€C 360 ndy ehd isedoecravigSGneThe mlum is remevet, m vacuum, and the

e 3 Mt oS 0 S8 B S GTRRHIE g e i

prodRa{ f%%hﬁ@ﬁatbyaﬁlﬁ@ﬁb@&hba gmdrsmg/w@halamyy h@haexh ghodicam elution from
(1 RGACURE 184 br.and photoinjitiator from C ba) .is nlxggﬁnmahon

40:1pfor A0lhe Blaﬁ fRriens fram theppibigy el é’ﬁ&"’&‘béf%&%‘ﬁ"%? glPR
1nh1151ﬁ§'tME qprﬁ)"fjs, £ddie8 B YoVERP BUER: Bﬂlté&‘/ aha@dh@tdsfihe is dried in

to produce a m croneter thick coa I ng gp us or
vacuvinntespradugecs purifiask liquié avadugt. alimpwiefiebliqHd perdustisgharacterized by

dnes IQ%”

NM él S%@%@@%pﬁ@f 3yr?g?h{ c mcf:t}cg):‘m entﬁ %tQ b %ﬁg%%qn ds having
the foadulads of 4.84 GPa; a light transmttance of 9 1

percent; an initial haze,of Ooaccordlqgio ASTM

test D1003/D1044; a pe according to

ASTM test D3363; andR:@ MEK(rub tes reater t

100 rubs according to ASTMYX est 402. Five parts per

hundred of 1-hydroxy cycl ohe henyl ketone
whe&éiﬁ%qg%rﬂgﬁ WHRRGn ﬁiloits Odcpyblt)j/latv@{erélfl %h@oﬁﬁ)is havillh $88 formula I

e purlfled ['1qui d product and coated on a
consist of a mixture of cis and trans 1,3 and 1,4 substituted cyclohexane and wherein the

trans 1,4 substituted cyclohexane content of the compounds having the formula I is about
13.6 % by weight.

Five parts per hundred of 1-hydroxycyclohexylphenyl ketone (IRGACURE 184
brand photoinitiator from Ciba) is mixed with the purified liquid product and coated on a
glass test subsirate and cured by exposure to UV radiation to produce a 10 micrometer thick
coating (plus or minus 2 micrometers) having a universal hardness of 193 N/mm?; a Vickers
hardness of 18.6 (determined by Fischerscope H100C dynamic microindentation); a

modulus of 4.84 GPa; a light transmittance of 91 percent; an initial haze of 0.15% according
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pol ycar bonat e substrate and cured by exposure to W
radi ation to produce a 35 mcroneter thick coating

W@ pioa®920r71 m nus 2 m crometers) having a uni verB@&l/US2006/046696
hardness of 180 NNm®2; an initial haze of 0.61%
according to ASTM test D1003/D1044; a pencil hardness
of HB according to ASTMtest D3363; an MEK rub test of

greater than 200 rubs according to ASTMtest D5402, an
to AGENBtsisoR 1 093/BB04% eareacil hardnepsTiiH eeqordingdo ASIM test D3363; and a

br 2 glh% @f ter 100
ME@ esc‘% gagévm ?tﬁ‘fﬁ%ﬂgb&]agcgrél S andll/Irt %8%0 gram | oad
ac FWedpaﬁgs b& Wmbhed estl lﬁgmdmy apclokexyh qmemdlkeamub €RAGACURE 184
resi stance score accordl n STM

t
brang Rl a0 JEOR CIgH) 8 M KR R A Pradugt god coated on a
polyggrgé%dtg ghﬁsﬁ%?esaﬂ c‘ﬂi‘é‘d BYRkSbRkdMo BV fAdiation %o pPodhce & 3 Pmicrometer

respectively for"tap water, ethanol, vinegar,
thlclbbmkxgo(pms aithintie Zaammm@tessé dtavmg@l Urdversaldragdngss of 180 N/mm?; an

SR 07 SRS NS BRI B Bpes of 1

accoléﬁﬁ kb ST PhREO D3BER 240 MEKOfbGiebtagf greatt tiesth BO0 Mulss according to
%O bl end by wei ht of the purified |]j UId 1produc

ASTM ERlafBie2.1 it rrfhgsioR ol RB PECAIRIBEHiN & 359, an abrasion
resm@ir{cg QgL 9@?%@&!:1 $492 hEOMOCHALRE ):%cﬁgsdwﬁﬁ@@‘mqﬂwﬁeels and a 1000

ycar bona ubstrate and cured exposure to
grams ddachtaconding pr AN 13138‘35)1&4&mcbtaeqthermcaikartcbatalmgeslstance score

o i 05 TP, BA LML) D PR Sohn o o sors o 5

indi@f€s04 diagntmd ASAME 651, QLO0B/ (DID&AI 0 acgpectivdly ar @p e;saster ethanol,
of B according to ASTM tesﬁ D3363 K rub test.

vinegate Rlagk dyyHiuiqRpustip,80dde X3 Hljls{%d Tpeand pamesia ‘é(ﬁtef
adhesi on of 5B according to ASTMtest D3359 and an
abrasi on resi stance of 14.1% change in haze after 100

EXAIM&EécE%ycI es with CS-10 F wheels and a 1000 gram | oad

ac t 0
o5l R SIS R Ry kPR CUR 15
brarﬂrphoiqmmauydhmm éklaar) gs diined Withal Sk¥&ablead by Waighn Oftike Parified liquid
an Vi n ans-.1, 4- di con
prodRgE ok ERUR R GhEIPLe A ba e RSO0 R (R G T 3402 from
Cytdcylan@ %a RAbn2S BoBtaitongtt sUbstBnp o turidity epoitreadUV radiation to
cooled in an ice_ bath. 153 gﬁarrs of acryloyl chloride

produse g uAIMAStSHIKoatRg (B, MWE? FHEOMeIT S BAYiRe a universal
hardiBETBEL § IONTRRP JEHRE! Habé 6 8894 hédoRlifE td ASTM test D1003/D1044; a

pencil hardness of B according to ASTM test D3363; an MEK rub test of greater than 100
rubs according to ASTM test D5402, an adhesion of 5B according to ASTM test D3359 and

_ an abrasion resistance of 14.1% change in haze afier 100 Taber cycles with CS-10 F wheels

and a 1000 gram load according to ASTM test D1044.

EXAMPLE 3

0.1 kilogram of UNOXOL brand diol (a mixture of cis and trans-1,3- and 1,4-
cyclohexane dimethanol available from The Dow Chemical Company having a trans-1,4-
diol content of about 30% by weight) is mixed with 400 milliliters of toluene and 252 grams
of diisopropylethylamine and cooled in an ice bath. 153 grams of acryloyl chloride is added
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renmove the solid phase. The filtrate is washed with
water (2 x 300 M), 0.1 Mcitric acid (5 x 300 m),
wa@ adgoanggoed NaHCO3 (300 ml), saturated NaC ( 30PCTUF20861046696

dried over MgSOH. The toluene is renoved in vacuum
and the residue is dried at 600C and 0.7 mmHg to give
about 180 g of crude liquid product. The crude liquid
product is chromatographed on silica gel using

and thivedrfor &ivo hplirsacBieattbe fuxtrath watmes] ¢t foom femmeratgreanddfiltered to

i f, he sjli | 2 COl
ook ) s o 2 e VA AR TR i i
300 A Ssurad ENSHOGRNB0O SR caRedtiad BRC] {30 infearndedriedusver MgSO4. The

dried in vacuumto produce 138 nms of purified
toluepp duineenoved i vaey iy Bt the yepigur ép %?Paﬂs@ 6ARd aad 9ol WEr pigdegive about

r d
180 % Ofd; u Cc?e ﬁ%‘iaﬁgég%c?erﬁ%e %é hﬁ*)R ggge drnfcl)drtm% gr apgﬁi silica gel
using Beleserhylxdodtate CEf gadivgad Hhrﬂlsmdbmrpr4(31 o) 10dnp dthedfactions from the

haV|n the for . wherein | oyl.
silicq, 48k G RBHD GO e PP RS aien VERHS (B0 $pis aded, the
solvdtk )ﬁ H&eﬁ) wited sndnE résidiesis biridd idVdcdurd 16 pRasduck llBS%Tarns of purified
cycl shexane ‘and wherein the txans-1,4- substitu

ed
produgtcdoppissing ef e bapignbagg andha S‘éld*rﬁé%ﬁ crénﬂa%ersgpqrﬁféd y filtration. The

pr 5 PO B VGl 08 S i s mixr of

compoutids k:ermphsmgrqommdsdx:lmvmg thedgrmadapoun d s having the
formula I: and R are, acryloyl, wherein
conpounds onsist of a mxture of

[ ubsti tutled cycl ohexane and

substltuted cycl ohexane

[®)

wherein the trags-1

content of the c nds having the fornmula | is about
YR Yarie rm
h ?1]"123 R 1P HefeiR Lo PoRAlE Baline the formula I consist of a
W m% roxycgc ohexyﬁyﬁenyllketone (IRGK 382 blrlandC nsi

mlxtpi’eobﬁ icis| andatrens-1.3eandi hapubstitutieg @dclmht:mleh@dpwhmfeuédle trans-1,4-
d duct and d I a

i S BERASE PSP BB AR 1k S 106

weighit.cr omet er thick coating (plus or mnus 2 mcroneters)

havi ng a.uni versal hard S 198 N . a Vicker .
ot 60 BRRsES® Sraresiire o R ALt SECTRP GRARRY b De mixture of

comﬁéﬁf@i‘ér&bﬁfp&@ﬁfg RimpduddPRivegthe fafimulailt i al haze of 0. 08%

according to AST t D1003/D1044; a pencil hardness

of 3H accor 63; and a MEK rub test
of greatg”thag 100 ru ording tp ASTM test D5402.

wherein R, and R, are acryloyl, wherein compounds having the formula I consist of a
mixture of cis and trans-1,3- and 1,4-substituted cyclohexane and wherejn the trans-1,4-
substituted cyclohexane content of the compounds having the formula I is about 52% by
weight.

Five parts per hundred of 1-hydroxycyclohexylphenyl ketone (IRGACURE 184
brand photoinitiator from Ciba) is mixed with the purified liquid product and coated on a
glass test substrate and cured by exposure to UV radiation to produce a 10 micrometer thick
coating (plus or minus 2 micrometers) having a universal hardness of 198 N/mm?; a Vickers

hardness of 15; a modulus of 4.94 GPa; a light transmittance of 91 percent; an initial haze of
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COVPARATI VE EXAMPLE 1 Five parts per hundred of
1- hydr oxycycl ohexyl phenyl ketone (I RGACURE 184 brand
w@b@vodarti ator from G ba) is mxed with Sart oP€r/USR06/046696
238 brand nononer (hexanedi ol diacrylate) and coated
on a glass test substrate and cured by exposure to W
radi ation to produce a 10 mcroneter thick coating
(plus or mnus 2 mcroneters) having a universal
0.08Moactnekisz tf ASTM Nisip2 003 D\i0d4ea perival abmdusss of 3Hrogording to ASTM

| us . of 78 cea ljght transmtita i.ce, of
test {2508 o S MEK b et of Boralenfing 10000 AL 5P 1€ AR et Ds402.
test D1003/D1044; a pencil hardness of H according to

ASTM test D3363; a MEK rub test of greater than 100
COMRABAIIE & BXKAYKEASTM t est D5402 and a stain

resgistan fi0 S JA i
o 5 Ry ISR ACARHRg prgacs 1o
bran@f pRotofhifiato?, frip Tibd) &ndniked espibetSavtetner f SR 3P brand monomer

wat er, .ethanaql, vin r, blac e, dilute caustic
(hexgagiol Garp e ned St o o Rl el st e GRREbY Sy to UV
radiRRAUB Profucd PP MiisbR Bick @8htisdIGahe af MiABD litiethdRys) having a
exposure to UV radiation to produce a_35 mcroneter

univetsak kardnessi afgl PpNmmor 2 igkess hardneroped @05, medus of 2.78 GPa; a
. C . . . .

igh{ RRbefRellES oF % YELSFL AOTANAS o8 R Tectieordfly to ASTM tes
D1003/B0B48L0 péncibhpelness| offBiradewrdngoto ABTHE trot BI3AG31 @ MIGEWHD test of

test 3:,.a MEK.rub t f e an.200.rub
grealet SoprT ) 05 eTTPedR A gest TSR ind BRiF REHIRR score (for 35
micra&fefd Hob@niLo\® Pl jcationbi23m9strae) adoadihg o AT ttastd21 308 of 0, 0,
of 20.0%after 100 Taber cycles %{ th CS- égpﬁ Wh?fﬁls i sod
0, 2,4hd - 8 anddoregpeshy Py dar 128 Swtch ﬁéﬂ? s REPRA% Y dilute caustic soda,
W‘ﬁ%l & Jriv®aear ts per hundred of
yell1- y rox’y%/éi?: oh(%gylégﬁlerr}lyl ﬁetone (1 RGACURE 184 br and

phd¥bémicpatgd oen far pmy@qbgyatp stesti suhgtraget nnc.g&'ﬁlrw gosure to UV
radi%lgoglt go(rj %poddu@ nﬁo g rm{cie'céria&%lo PYLE Q:%a@x'l% gﬁllus derﬁiE) 2% GhicAiikters), the

on a gl ass substrate and cured by exposure
coatirz hhé nadiiedrial rhardngss adfutles N/mén’niaor initiet draze hifck 67% according to

ati I r mnus, 2 mcr ers) ..havi e
AsTi o ERA Bl e 2o n g BT SRR M DYgp>: « MEK
rub $esf &f @chlRelUhatt 200 @b ActHdingatd IAFBIML @snPH40L ARG eadbbsion of 5B
91.1 percent; an initial haze of 0.06% %%o di {10%_}% .
accopdjngte AN ITM test D3359, an abrasion resistance o 20.0% atter aber cycles with
CS-10 F wheels and a 1000 gram load according to ASTM test D1044.

COMPARATIVE EXAMPLE 2
Five parts per hundred of 1-hydroxycyclohexylphenyl ketone (IRGACURE 184
brand photoinitiator from Ciba) is mixed with Sartomer SR 306 brand monomer

(tripropylene glycol diacrylate) and coated on a glass test substrate and cured by exposure to

UV radiation to produce a 10 micrometer thick coating (plus or minus 2 micrometers)

having a universal hardness of 116 N/mm?; a Vickers hardness of 8.78; a modulus of 3.07
GPa; a light transmittance of 91.1 percent; an initial haze of 0.06% according to ASTM test
D1003/D1044; a pencil hardness of B according to ASTM test D3363; an MEK rub test of
greater than 190 rubs according to ASTM test D5402 and a stain resistance score (for 35
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D1003/ D1044:; a pencil hardness of B according to ASTM
test D3363; an MEK rub test of greater than 100 rubs
wa@ewangiony to ASTM test D5402 and a stain resi BEHOSH06/046696
score (for 35m croneter coatings on a pol ycarbonate
substrate) according to ASTMtest D1308 of 1, 2, 1, 3,
2, 1, 0 and 1 respectively for tap water, ethanol,
vi negar, black dye, dilute caustic soda, yellow
micromstea cdatir@stomdd pelyamoaatmnbarawt@pormw ASEMGBS@EIQOS of 1, 2,

L3 B BRSO o M B Y B v s

yellowPiStall, Bekddliree %ﬁld"&fﬁlh@ﬁﬁt\%téﬁ the coati ng has a
uni versal hardness of 105 NmmP; an init haze of
0. M%Uaé@aiﬁbl|Qﬁgatléplmm>ftaé%tte®1%}@3‘]fﬁiomd cyrede By gxposure to UV

radla?laorild{g)eﬁls)dr ea? Q‘E%% @%IM f@lu%@%mu@ %fo%ters), the

acc Ing to ASTM t est
coatﬂ@%b% a aml\&éd’aESiaﬁhlesé of EiOécNtmmz nen tivitiaABhivk¢ @ft0. W&S@:CCI‘dlng to

an abras t f. 36. ft 00
ASTH et B30 D101 S P s 6B 4 g A ASAT) (NG pey @ MBX
rub &%FMft g@iteﬂtha%éoo CEDPARAThME E;XAW tastFmeopaaﬁ Sada@sron of 1B
hundred of 1- éB%ox ycycl ohexyl phenyl ketone

accongngm ASTMpkest DBADY.antabrasiomipsistangg of 36 ﬁ/%faervwﬁraber cycles with
yco@gf, ﬁ&ﬁ% o%ian Coa?g@ﬁ%@'&§fpﬁ/ﬂe%1

acry ass test substrate
and cured by exposure to UV radiation to produce a 10

1.CLOonet. [ ating (plus or mnus 2 mcroneters)
CO%&W@#&%MM%SS of 156 NNmm2; a Vickers

hargne partd el Zwhdred 8P dubiionfcyéloBéxyEtnyn Hctcgﬁt (IRGACURE 184

transmttanee of 91.0 ercent an initial

brang, pBotHEEYPH; femt SibETH 1BsE dDY6ts /SeTeme” Sg 58§cP¥and monomer

\I afh 4
o RE bl pRETisl e ASTRbLSL IR 0 AR ipor

UV padigom el peodsicaian 19 evicsemniee thickreoating(pRS ¢ grigHe gpicrometers)

haw%é%f\}:n}lngergﬁ %Tgcb‘%g ¥1G 85(1:? Tﬁx%%r? %Wl%f{ér%thg%gn%gsc 85 ﬁjﬁ E’,gatrﬁ’odulus of 4.34

GPat esmctran/sahuaﬁcaroﬂ%m patent; aeididaldaze of 0Pab acduirdinl to ASTM test

1o, S s 10 g o NS SR AR et o

greafitABid abE rélfkdadék#fcﬁﬂg Iy A@W&@itﬂ)S@Md a(ita’.iﬁ |remstme score (for 35
produce a 35 mcroneter thick coating | us or

MiCTRMSRIRIPERSY O ¢ OIXEERINALY %@§H%Pemﬁ°\9’é41§&|t° A M des 1'6%3208 of 0, 1,
0, 2,1f",21 , Y e re@&ch@él'y'fﬁil tag%e{;’gthgngg %&%&9 bcRGiyt Odilute caustic soda,

yellow mustard, Betadine and ammonia water.

When coated on a polycarbonate test substrate and cured by exposure to UV
radiation to produce a 35 micrometer thick coating (plus or minus 2 micrometers), the
coating has a universal hardness of 142 N/mm?; an initial haze of 0.62% according to
ASTM test D1003/D1044; a pencil hardness of 2B according to ASTM test D3363; a MEK
rub test of greater than 200 rubs according to ASTM test D5402; an adhesion of 0B
according to ASTM test D3359, an abrasion resistance of 26.6% after 100 Taber cycles with
CS-10 F wheels and a 1000 gram load according to ASTM test D1044.
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ASTM test D 003/ D1044; a pencil hardness of 2B
according to ASTMtest D3363; a MEK rub test of
w@e@ane207t han 200 rubs according to ASTM t est BBSHO200a046696

adhesi on of OB according to ASTMtest D3359, an

abrasion resi stance of 26.6% after 100 Taber cycles

wth CS- 10 F wheel s and a 1000 gram | oad according to

ASTM t est D1044. COVWPARATI VE EXAMPLE 4 Five parts per
COMMKAE&IVEfEXAhWJE)%ycyCI ohexyl phenyl ketone (1 RGACURE

sof tanen RO B ER ol TSR B e S GRoACURE 14

brand p}6RiniHhde Mo Ua) a8 ehikedirgth Sdrtdng! S& D008 Brand monomer (propox
substrate and cured by exposure to UV_ radiation t

neoppriyh glysohdinorylatel adeeated AR ékgléﬁﬁaieﬁhﬁlbéwtﬁsanérc”ﬁ?‘g by ezposure to

oV FYRHITFLP AR 18 A0k b R Sy lrints  micomerr)

havifga univerial hbrdnessnsfit .1 Aoenfa YickSrspleardmsss jof #D; |ann‘tO|da1us of 1.62

GPas R HAURANEE oL ARSI G 03 FRGETR Vte 1539RA0E I, ASTM test

D10@3/ME644 UbpdRAthagdnedd of BOScOLE eB RSTM tABDYB68S4ndBDHAK rub test
and a staln resi stance score é or 35 nlcroneter

of 5@ ouzhsi avggrdmg to ASITHE ash 1408 a @s@tmrgylseﬁe%mrﬁ §for 35 micrometer
coati g L&SH @?&81 e°§ub§trat% a&oréin Af!s*n\q #1808 of 2, 2:0.4,1,1,0
ect % 0 ano ?

rtap vva vi negar,
and dyxespedtl’» elyefocaaIBWater,seﬁhanoly ehﬂexgvxr rhlatkadyk, @butfadauselcamia yellow

a ni a.wat e Wien ¢ at ed on a pol ycarbonate test
mus@%eF%ﬂ%e%%P%% “lexposure to UV radiation to

Pr QOSE c8atdd oFi BT PETRERPoRAN GkstCastrg 4rl WEredr by ipdsdre to UV

m croneters), the coating has a -universal hardness of

radiafignafoNPRMRee A1 AHETORIEIHAKC FORinga Q1ML b IR 4 SrisTgters), the

coatlk Sﬁas@-%ﬂ&e%@%érdn@sdogfq €7l4|3 fendress ftia? Badl %‘?r(ﬂ!ﬂ‘ﬁ dRording to
TMtest D3363; a MEK rub test of greater th

ASTM ket &i@@B@JW&% opagipardagss DS@@Zaccalrdlwt%éSEM tf-fst DB363 a MEK
di ASTM t
s 5Pt T 5] oA, AR SRS A iesion o 1

accoédiflg o ABADA gsrsﬁDBB@mdmammm rgistancASTWY tl%sﬁﬁeﬁi 100412hber cycles with

CSWEWB&%&@I NPLE A artsggk@%gﬁé? 4 brand

phot oi niti ator fromCl ba) is mxed wwth Sartoner CD
580 brand nononer (et hoxyl ated cycl ohexane di net hanol

COMPARANINEEXAMPEB At ed on a gl ass test substrate and
Five parts per hundred of l-hydroxycyclohexylphenyl ketone (JRGACURE 184

brand photoinitiator from Ciba) is mixed with Sartomer CD 580 brand monomer
(ethoxylated cyclohexane dimethanol diacrylate) and coated on a glass test substrate and
cured by exposure to UV radiation to produce a 10 micrometer thick coating (plus or minus
2 micrometers) having a universal hardness of 36.4 N/mm?; a Vickers hardness of 2.98; a
modulus of 0.92 GPa; a light transmittance of 91.1 percent; an initial haze of 0.04%
according to ASTM test D1003/D1044; a pencil hardness of B according to ASTM test
D3363; and a MEK rub test of greater than 100 rubs according to ASTM test D5402 and a
stain resistances score (for 35 micrometer coatings on a polycarbonate substrate) according to
ASTM test D1308 of 0, 1, 1, 4, 1, 2, 2 and 3 respectively for tap water, ethanol, vinegar,

black dye, dilute caustic soda, yellow mustard, Betadine and ammonia water.
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cured by exposure to UV radiation to produce a 10

m crometer thick coating (plus or mnus 2 mcroneters)
whanwifogeoal uni ver sal hardness of 36.4 N mm2; a RETKE2086/046696

har dness of 2.98; a nodulus of 0.92 GPa; a |light

transmttance of 91.1 percent; an initial haze of

0. 04% according to ASTM test D1003/D1044; a penci l

har dness of B according to ASTM test D3363; and a MEK

r ulVhems toaiéd gmeat molydanbonatd Gest Ldmbsmtcomﬂi agretlobASRpbsure to UV

iR 3 T, B35 GRS o Syl icrormetes,

coatlﬁgqgsdé ReivieRsaf\RAMNESS bf B3 I08/0N>0 an linitihl Mze bf 0260‘323 according to
resgect ively for tap water, ethanol, vineg

ASTM sasdepe /DiOp it %p@rmisharén%@ﬁBy@ngms@%TM fbst D3363; a MEK
rub Pesf og adl}gat%n %a%n%)(? {tc%'rd e& %%%Eg %nD§402 an ad{nesxon of 0B
t €s 0

onate rat e“and cured by expdsur
accoi:Mng el ASTIMD Rest D3@59}dn<abraslcﬁ“5remstanoemf 32.5Vdfeec 1©Oéitabagcycles with
llus or mnus 2 mc ter t he ti S
cs-{¥Fk Yeslsiennar DaG etimbfoungotorionts BN AR 13, e of
0. 60% according to ASTM test D1003/D1044; a penci l
har dness of 3B according to ASTMtest D3363; a MEK rub
COMBARAGHIVE BXNMPEHAN 200 rubs according to ASTM test

D5 3

O o PR e TSR ST s bR 10
brandi photGHififtoF frdraelCbanis amk@@OwghaSaftomdr a&osai nrand monomer

ASTM t, D1044. 6
(etnahRiFb 6 Py IR REABEN, poated et Elesuifispbstrate and
cured 8¢ drpafifie RHONOiadikioa te hrédueaQido@jcrometdt iﬂﬁek \M)ztthmg (plus or minus

Sartomer CD 581 brand nononer thoxyl ated .cycl an
2 migrqfatteih R Vine dcyy aFd)hasdness 6’£t(1§c? b g aegquéil rdness of 2.81; a

modiHRSSF Bl:R &pd: QUESH B¥nsSNRIRW 6f 1, 3U¥e1rc§ﬁth 3l ff3ti4IOhaze of 0.02%
produce”a 10 m crometer thick coating ég us or mnus 2

accopding terASdM Yesh B\ PAY DA 0dj a/pensill handpegh es tespthand3 gecording to ASTM
test %g;gg’a 1?:} ghlgljfig Iﬁ‘ul:!1 i%rsg Q? 53% IQlbe %\é?&g r%egoﬂgll“ﬂ/f tQJt 195% :imd a stain

ansmttance o rcent an 1nit
resishiaice sobre0(f0R %6 antooetey coatidgSTdh taepd)lyﬁl&ﬁ&&‘t@:bﬁﬂstrat@ according to

AsTREZES D DRI TR 2 % 25 BR S Ph s it AR, Sl vincger,
black 8§¢, dfdOZaueielsetlas yéllow ﬁﬁﬁtasd Braline aicaminodia Whater.
m croneter coatings on_a pol ycarhonate substra e

)
acbhen sgated %S?W?léfg%rbm%steﬁf supstrgte gnd wuresl by exposure to UV

radlﬁfb‘iil o E)ﬁ%%@ta' Y?ldlcf&ﬁet&aﬁulé@tc%ﬁmn?{ﬂ%‘ QJr’miﬁuEeE"i‘ﬁlcrometers) the
| ack dye, dilute caustic soda ["ow nust ard

coatmgt bak ﬁmmsaérh@ﬁh‘,legs Wht%e32 N/mm an initial haze of 0.63% according to
ASTM test D1003/D1044; a pencil hardness of 3B according to ASTM test D3363; a MEK

rub test of greater than 200 rubs according to ASTM test D5402; an adhesion of OB
according to ASTM test D3359, an abrasion resistance of 36.8% after 100 Taber cycles with
CS-10 F wheels and a 1000 gram load according to ASTM test D1044.

COMPARATIVE EXAMPLE 7
Five parts per hundred of 1-hydroxycyclohexylphenyl ketone (IRGACURE 184
brand photoinitiator from Ciba) is mixed with Sartomer CD 582 brand monomer

(propoxylated cyclohexane dimethanol diacrylate) and coated on a glass test substrate and
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When coated on a pol ycarbonate test substrate and
cured by exposure to UV radiation to produce a 35
wore@romerer thick coating (plus or mnus 2 PCT/US2006/046696

m croneters), the coating has a niversal hardness of

9.32 Nmm®2; an initial haze of 0.63% according to ASTM

test D1003/D1044; a pencil hardness of 3B according to

ASTM test D3363; a MEK rub test of greater than 200

cured bp exposnine th UY tadiabiBih b pegtuc®a402nicaomeigh detlopoaing@lus or minus

accor di n to ASTM te 5 rashon.l.esi s
2 migRorR I AYIDEA UL her et PE 6 NIES 4 0/ PR barEess of 1813 a
mod@R§ JF @GQOGQEaH‘ ki dtrﬁféﬁﬁftﬂ‘lo@goﬁ 91AShMcb@S tanDiniffl4haze of 0.08%
COVPARATI VE EXAMPLE 7 Five pa ts per hundred of

accotding de o&gﬂétyic tesh BXPOHRURYH; kaxeapié herdreaCoREl 2ewprdingrie ASTM test
D528 b ekt P Bedesp Rl HEA St PR 0T B (B rsitance

scordl (fg 3l ﬂﬁ@))mmd c@@ﬁuﬁgsdoxoa pblgdaﬂsamteesabssatastanmremg to ASTM test
andcur ed b 0 to UV r ion to produce a

DI3GS o dura 2 St b Cic! @843 fF@P?%Vag' B B mrerbeebso MR plack dye,

dllutg @Mﬁﬁﬁ s@di! We‘l’l@(vsfﬁ{lstﬁ‘lﬂr ﬁgﬁaﬁle%dll@nﬁorm Reer. @ Vi ckers

dness of 1.81; a nodulus of 0.38 GPa; a |ight
tr Hﬂm roatnd eorbfa palysarhenateriest subsiratiet prd cyEede byf exposure to UV

o L ERRRY 5 AL 5 UL S e, o

coatinigbhdses tundferS haudm:ssaof (ﬁr&ﬁ 17169 S AﬁTMﬁaésltazB&fOZG@%da@ordmg to

ASTH fes PP AT 0 R hrifeon AR GG L s PAET B 30%: a MBK

rub 38 off gréate? thah 260 rhbs %ccdrdﬁfgdt& ASIVIeRbl Yaky2f ah ddapsion of OB
wat er, et hanol , vinegar, black dye, dilute caustic

accordig 10 PHEITM fpsHIXSBAPin abEasien Wé‘sé?ﬁ‘&e Sl Y aalie L0, Tapgepveles with
CS-BPRRReRMnA PRIIGRUR IORE R cbRlg RURSTHALS: Bgu4Ur ed by

exposure to UV radiation to produce a 35 m croneter

thick coating (plus or mnus 2 mcroneters), the

coating has a universal Qg 6.80 NNmm®; an

initial haze of 0.60% accorgﬁ“g%%?g\f ASTM t est

D1 0f) 361021 Osidn, wehipethe ihstharidmﬁmdiasaﬁeadesmﬂied gibbee ASPMing to its
pref%%%ﬁ%ﬁﬁ@lﬁ%}?ﬁg%}ép{%b ; O&Iitg}rpe ergg%l %Qc&?sgggr gp %his disclosure.
ThlS icQtidg is thefsIdM infGide@IS 2Bverdinyabiaions, ﬁ&;@; 6 aﬂkq&atlons of the

50. 8% after_ 100 T%ber cycles with CS-10_F wh

mstaé'ﬁ vgntiopysigeihs BYKE wdrstYsdleseadeifive Q?‘umtbﬁlpsw"t application

is inteIEE YBLENr such departures from the present disclosure as come within the known

or customary practice in the art to which this invention pertains and which fall within the

limits of the following claims.
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In conclusion, while the instant invention has been
descri bed above according to its preferred enbodi nent,
w0 roocamobe nodi fied within the spirit and scopeCDUS1006/646696
di scl osure. This application is therefore intended to
cover any variations, uses, or adaptations of the
instant invention using the general principles
di scl osed herein. Thus, the instant application is
WHAM SridieA MBDcIGver such departures fromthe present
di scl osure as conme within the knog or_custonma .
L pr JoTPREY o SORPAA SR 1o Fkh A PO B RTeBRI gty e mixture of
comPBehddtoiibrisAlg compdiings héieng tH¥ifofmeth 1t he fol | owi ng
cl ai ns. T 1S CLAMED I S. 1. A mixture of conpounds
useful to make a p r or
of conpounds c i Si
I: wherein R is H adyloyl,
wherein R is acryl oyl,

r, the mxture

( avi ng tﬁE formul a

nmet hacryl oyl or vinyl,

cryloyl or vinyl, wherein
conmpounds having the fo la | consist af .a mixture qof
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viny@NEhYeRY %’ﬁlft’&ﬂﬁs tHa@ kg the Jofmhiila tli donbRE of YGhBli@¢as s and trans-1,3-

content of the conpounds having the formula | is |ess
and tliresutistintsd eyslehezane and whereimrpee Hang Letesubptitindodyigiiigxane content

of i [ : - ' d
R
2. forThel aniktirs lb€sesompamdswerfit Cldimy el ,noVvieerpior gbat {raid-1,4-substituted

eyelpeibe SyiERt b U THRE -0y SruRE IR CoEBlE drt 'Gp (bR renty five mole

percegfipounds having the fornula | is less than fifteen
nol e percent. 4. The m xture of conmpounds. of_ any of ]
3. O dihts mixgughef erompaendsi of u2aiBY bonplsifids the Hans-1.4-substituted

cycloh&iing @aﬁxtén@% HRMBRNFSUHAS - haRing! BR FdorldA S @f less than fifteen mole
conmpounds of any of aims 1-3 useful to make a
pergot-at ch resi stant coating, further conprising
col.oi dal i nor i r el Gl - k| .G
s £ ARy AP ndP PR S OLES £5, WABERE e ofcompoun
is a tiquiadoly netsn campurasirelg conpounds having the formula 11

5. mq)e({l}e?:,rgi:%?:%g? ScnodS Wgﬁg 91})? %f f :ﬁgulslll?-zl_ullsegﬁ 5 In‘?zgkeozf scfatch resistant

coating, further comprising colloidal inorganic nanoparticles or inorganic fillers.

6. A process for producing a mixture of compounds comprising compounds having the
formula II:

/\ OH II

HO

wherein compounds having the formula II consist of a mixture of cis and trans-1,3- and 1,4-
methanol substituted cyclohexane and wherein the trans-1,4-methanol substituted
cyclohexane content of the compounds having the formula II is less than twenty five mole
percent, characterized by the step of: distilling a mixture of cis and trans-1,3- and 1,4-
methanol substituted cyclohexane wherein the trans-1,4-methanol substituted cyclohexane
content of the compounds is greater than twenty five mole percent to produce a distilled
fraction and a residue fraction, the residue fraction being the mixture of cis and trans-1,3-
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met hanol substituted cycl ohexane and wherein the
trans- 1, 4-net hanol substituted cycl ohexane content of
wo b@7ogepounds having the formula Il is | ess tPEmUS2006/046696

twenty five nole percent, characterized by the step

of: distilling a mxture of cis and trans- 1, 3- and

1, 4- methanol substituted cycl ohexane wherein the
trans-1, 4- net hanol substituted cycl ohexane content of
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1S
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content of ‘the conpounds having the fornmula |11
polyuratbanetmagihacidatey. fi ve nol e percent. 10. The prepol yner

of 16,3y L, &h - - Rt .
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conthefvafithe tdrepdurdshhaing the fosmiubesKBI tsHess tharf tweaty fivd mole percent.

10. per’[%%rf:otrépolymer of Claim 8, wherein the trans-1,4-methanol substituted cyclohexane

content of the compounds having the formula III is less than fifteen mole percent.
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