S e3eSLO¥sl 1] "L"$6$TOYAOL 3 MAY 2002 1 Silicone Terpolymers with High
Refractive Indices The present invention concerns substituted Y 2002
-pol ysi | oxanes havi ng high refractive 5 indices. Phenyl and phe‘tluei MA
.groups pendant pol ysiloxanes with high refractive indices are useful in
applications that benefit frominprovefd surface slickness and gl oss, such
as hair 10 care and coatings. See, e.g., U S Patent No. 3,389,159 and

Ger man Pat ent 56, 102 which provide synthesis of polysiloxanes wth phenyl
substitution. Areview article by M Berthiaune et al., J. Soc. Cosnetic
Cheni sts, No.l, 1®ilicopedPerjpolyneersowitiniighaRefractive Inidices - substi t ut ed
and phenet hyl -substituted silicones on hair. WO 94/ 08557 provi des exanpl es
of the hair care conpositions providing 15 conditioning and e d shine
to the hair conprising the conbination of high refractimmnumuﬁﬂmMM@

non-vol atile aryl substituted pol ysil oxanes, a novol ati agent
whi ch i Eieldhoptheilnventiont h t he pol ysil oxane fluid and a carriweostitable for
hair care application. However, generally, phenyl substituted pol ysil oxanes
are not readiThy pfRERdivéttRnonberns ssttiialted po19sileanes Boving RighTefradtiat Nos.
5,334,227 and 5,542,960 teach a class of silicone polynmers nodified with
bot i phenol derivatives substituents, such as eugenol, and pol yet her
grafted 8" a silicone backbone for diesel antifoam a ' e Such
pol ysi | oxanes tend to have vicosities which are too hiQﬂMWEﬂ”H“Eﬂmw
personal care fornulations though. 13 MAY 2002 2 Figu s of
Hai r Sanpl es according to the exanples. Figure 2 is the G 04%!%8f

Ter pol yBe¢lgrowndJV cured acrylate fornulations. Figure 3 is a correlation
bet ween gl oss and the refractive index of the terpol yner used.

Phenyl and phenethyl groups pendant polysiloxanes with high refractive indices are

useful in applications that benefit from improved surface slickness and gloss, such as hair

10 care and coatings. See, e.g., U.S. Patent No. 3,389,159 and German Patent 56,102 which
provide synthesis of polysiloxanes with phenyl substitution. A review article by M.
Berthiaume et al., J, Soc. Cosmetic Chemists, No.1, 1997, provides performance data of
the phenyl-substituted and phenethyl-substituted silicones on hair.

WO 94/08557 provides examples of the hair care compositions providing

15  conditioning and enhanced shine to the hair comprising the combination of high refractive
index, non-volatile aryl substituted polysiloxanes, a novolatile spreading agent which is
compatible with the polysiloxane fluid and a carrier suitable for hair care application.
However, generally, phenyl substituted polysiloxanes are not readily compatible with
personal care matrices.

20 US Patent Nos. 5,334,227 and 5,542,960 teach a class of silicone polymers
modified with both phenol derivatives substituents, such as eugenol, and polyether grafted
onto a silicone backbone for diesel antifoam applications. Such polysiloxanes tend to have

vicosities which are too high for use in personal care formulations though.



5 The present invention relates to fluids conprising terpolyners of (a)
aryl conponent including phenyl or substituted phenyl groups wtqiwf ﬁz
.one hydrocarbon side chain of 2-5 carbons; (b) polyal kyl eneoxi de ?ﬁ
silicone. Most preferably these terpolynmers 10 have refractive indices (Rl)
> 1.47. Fluids of the present inventiof when incorporated in conpositions
enpl oyed as surface treatnents inprove slip and gloss of the substrates to
whi ch the conpositions are applied. They al so offer an advantage over

phenyl - i tut + hyl - substi

tuted n‘é‘ﬁg‘ﬁjﬁ'%’s %niogglﬁ)é;?? y with nmedia comonly used in hair care
applications. 15 The present invention is directed nore specifically to

pol ysi | Bigwed inGlesseof Hatesamples A¢aeraing sq the examples.

[ Si 04, zI a] MeSi 03, z] e[ O-~MeSI (Q O~~] f[ O~, ~Si MezQ g 20 wherein: Qis R Rl or
Rz; but Fifuré 23s theaBRs§of Terpblyamds & Uleantd aosyldfe ferniatidisi s a nonoval ent
saturated straight, branched, or cyclic alkyl group having 1 to 10 carbon
at ons. fi om one
13 ey RS s BBl abRYBRh GRAR apT Tl Mfrablife ARE of o elpoAR peell T D
hexy . O these, |ower al kyI groups (Cl-C4) are preferred Mast preferably
Rignmthyl. R is -k'~C ~I~RR3 where R~ is a dival ent hydrocarbon group
of 2-5 carbons) R and R3 are the sanme or different and selected from

hydr ogeSummasy of theInveritionl , a C -Cs 5 al hoxy group) a

tri-(C,-C6-al kyl)siloxy ~troup, or an acyloxy group R-C(0)Q (wherein RAis
C -C~ allcyhe P?és&ﬁt inPérionrites tQ tﬂir'iﬁ’s' &om isxﬁé‘te?ﬁdd&m@rs otQaPaﬁll Kb{rgpéﬁéiﬁh as

benzyl or phene , an am de, (wherein

R 'Ts  nipaPYe AR P e cdﬁr*b%*xfgwrﬁas rz“érrra'f 5t e, gr#roms%ards iy %‘éo and

positions on the phenyl ring; Allcox glroups are the
2-5 carbons; (b) polyalkyleneoxide, and (c% silicone. Most preferably these terpolymers

=3

10  have refractive indices (RI) >1.47. Fluids of the present invention when incorporated in
compositions employed as surface treatments improve slip and gloss of the substrates to
which the compositions are applied. They also offer an advantage over phenyl-substituted

and phenethyl-substituted materials in compatibility with media commonly used in hair care

applications.
16
Detailed Descrinti f the I .
The present invention is directed more specifically to polysiloxanes of the general
formula (I)
[Si04/2]d[MeSiO3/2]e[O‘/zMeSi(Q)O%]f[O%SiMCZQ]g
20  wherein:

QisR, R'or R?; but at least one Q is R' and at least one QisR%.
R is a monovalent saturated straight, branched, or cyclic alkyl group having 1 to 10

carbon atoms. Each of the R groups present may be the same or different from one



10 nost preferred. Preferably at |east one of R4 and RS are not hydrogen;
nost preferably one is an al koxy group. Rl is represented by fornul
~(Omi2~~(0OCrH=, ~POR6 (B)) where R caa be hydrogen, R or acetyl 1?‘in 20N
i nteger ?rcater than zero) each nis 2to 4, pis fromO to 100.
Preferably) "nml ranges from2 to 8 amdl nis 2 or 3, nost preferably 2.

M xtures of 15 different n are possible within one RZ group. Generally d is

ci | oxadBote. Exwvé&sﬁarwas wgfé iiw? iyl horl” st Jowprafel 'O

siloxanes, dis 0, ais IS from4 to 12. In branched

si | oxanc¥9uRs (CsCal Qrgpgpferdcq SMGS‘tRS"f&"“bU Rismettyl, 3 ¢ 2: and f is 1 to SOO.
Preferably f |s fromb5 t o, 100, post p preferably 10 to 50. 20 The agtual

si | oxane chaiRd is éhg‘ieﬁw&déswh@@ Raistacdivalemidydigrarhen graspiofidexearhamshBRr it is
the ratio of the nunber of R  to Rand R to R, wwth R~ increasing R and
R and Randdraeadicrgme he different el seidcied frfm hydrogenrhed, R, dlkyl R ERL i s 1:5 tO
20:1, nore preferably 1:2 to 10:1. As stated it is prefcrrcil to nodify

t hi s 5r atjuexy rwlaeeﬁf(c?-@ﬁlklasﬂ%ﬁr&@ P adyMxyDErbd §R*‘ep)oe WitkteipR¥e an

appropriate gl oss |eve 4 Unlike terpolymers defined by US

pat et Yo S DAY TR WIESRCSENLu BB Logtio got ontal

phenol i y, pres groups on
substit [ REQPO y r rable
tactil e%g'rg%;%’[lﬁi gli;’g '&%@)ﬂ@q'%&q& fsl 0 EE cfh%é’}‘gky ?r%gadpo speed of
l'i ght C 0 the. s ) ]
di mensi 2%? %ﬁ’éf%‘} V\k‘h ’rldﬁéé% ?‘Eé’f‘i/\geﬁ%fig’gﬁﬂ(?%. ‘-SLBV?%OP'EFF&"{‘Y of
organic lJjquids. The refractive index is neasured using a beam of
monoc hr chedR R |4rg it the pegi aad mefa pasitiong an thepheny)iiingyf AKREY 8wWaPLFeDhe i ne
(wavel ength ~, 589.3 nn). Thus n250 I ndi gcates t he wavel ength used D, and
t hel Qenﬁemépmfe'r@S Preforably atlleashanedfdh ndR are dothydra@eanmod préfemablyfonky dr ogen
and G line of nmercury, but for purposes of the present invention references
are to tihen klkbxyrgroup.
R’ is represcnted by formula -(CHz,)(OC,Hap),OR® (), where RS can be
hydrogen, R or acetyl. “m” is an integer greater thun zero, eachnis 2 t0 4, p is from O to
100. Preferably, “m™ ranges from 2 to 8, and n is 2 or 3. most preferably 2. Mixtures of
15  different n are possible within one R? group.
GenerallydisOto4,eis0to4,gis0to (2*d + e + 2) and fis 1 to 500. In

linear siloxanes, d is 0, e is 0, g is 2 and f is from 1 to 500. In cyclic siloxanes, d is 0, e

is0, gis 0 and f is from 4 to 12. In branched siloxanes, d is Oto 4, ¢ is 0 t0 4, g is 2*d +

e + 2; and fis 1 to 500. Preferably f is from S to 100, most preferably 10 to 50.

20 The actual siloxane chain length does not affect the refractive index; rather it is the

ratio of the number of R' to R and R' to R?, with R' increasing RI and R and R? decreasing

the RI. The ratio of the number R! to R +R? is 1:5 to 20:1, more preferably 1:2 to 10:1.

As stated it is preferred to modify this ratio to achieve an RI > 1.47 so that the

polysiloxane will have an appropriate gloss level.



‘Manuf acture Terpol yners of the present invention can be prepared by

pl ati num catal yzed 15 hydrosilation reaction of an allyl started? hpﬂwlpw?
.derivative (e.g., of formul a CH2=CHCH2C6H3( OCH3) (OR3) ) and the rom nal Ty
unsat ur at ed pol yal kyl eneoxi de (of formula CHZ=CH (Cm 2Hzm a) ( CCoHz~pOR6

wi t h hydrogen-substituted silanic flui4l under typical hydrosilation
conditions, such as those disclosed in U S. Patent Nos. 3,299,112 and

5, 334, 227, ' ' e r j t he
R A s e A R bR S
Pergamon Press, First Edition. 1992 .ncorporated_ by reference herein),

yr oot MyEngn e nof Gaotaim phetolisanasdaselts aiendsof e by GioxurBiops Sbor

hydrides to the multiple bonds such as carbon-carbon, carbon-oxygen,

car bon- anomatigesnbstitgents tesolyeh inoighy arscosityecapebymérs iwitdalespdesirable tactder di ng t o
a free-radi cal nechani smor when catal yzed by transition 1 3 MAY 2002 s
netal sgidpertpid conpl exes as well as other catalysts the mechanismis
predom hantly polar. The catal yst can be selected fromthe group of

pl atd num pald adi ym .rhodi um.and rut henium| ess.c nly nickel or al urnum
e T or h A SiiTorrORatRiE e ol 8% e Fhee 23 4EALIRR kool e S o
commonl y hydrosilation reactions are catal yzed by platinumb5 catal yst such
as chl oﬁ&ﬁ?ﬁl inttheymediman. d Thisuig @rdimensionlessrpargnetey whighheangessbriween basangdil.bhe
foregoing fornula (1) are commercially avail abl e. Eugenol ethers and esters

of f or miyramdst of @eganiEliquies amhe réfeacdive imdextio nivaowyed pisigerbeagsos ui t abl e for
preparation of aromatic ethers (e.g., C. Mreau, F. Roessac, J.M Coni a,

Tetrahe . 1 : : - gt . T Speeden,
vl v chieavetiBinatie g fypicilo e beMoy it o die oS8 1 (laBindty 1P P
Tetr ahe Lett,, 2431, 1979; P.A Stadler, Helv. Chim Acta,,61, 1675,
1978), g#ﬁogﬁ‘ér éh}‘?]BoPdBﬁh&?‘éﬂ ﬂ}‘Fe‘V%‘fellF’Ba’ P\‘?F‘é?eﬁ%?heﬂﬁ@ﬁrag‘r?aé £~e Yymer s
of the present invention can be used neat, or for ease of application
wavelengths used are C and F line of hydrogen and G line of mercury, but for purposes of

the present invention references are to the D line.

Manufacture
Terpolymers of the present invention can be prepared by platinum catalyzed

15  hydrosilation reaction of an allyl started phenyl derivative (e.g., of formula
CH,=CHCH,C¢H;(OCH,)(OR;) ) and the terminally unsaturated polyalkyleneoxide (of
formula CH2=CH-(C,,,_zl-Iz,,H.,)(OC,,HZ,.‘)F,OR6 with hydrogen-substituted silanic fluid under
typical hydrosilation conditions, such as those disclosed in U.S. Patent Nos. 3,299,112 and
5,334,227, which are incorporated herein by reference.

20 According to the Comprehensive Handbook on Hydrosilation, edited by Bogdan
Marciniec ( Pergamon Press, First Edition 1992) (incorporated by reference herein),
hydrosilation is a term that describes addition reaction of silicon hydrides to the multiple
bonds such as carbon-carbon, carbon-oxygen, carbon-nitrogen and nitrogen-oxygen. The

reaction can proceed according to a free-radical mechanism or when catalyzed by transition



they can be applied dissolved, dispersed or enulsified in a suitable liquid
medi um such as water, alcohol, glycols, other silicones, etc. P?;fhﬁwlﬁﬂz
.Ssilicones which may be used are cyclic siloxanes and | ow vi scosi S Q <
100 cps). Standard surfactants may be used in such liquids, such as

ani onic, nonionic and 20 cationic surfgctants. Particul ar classes of
surfactant woul d be pol yether nodified pol ysil oxanes and pol ysor bat es.

Q her additives typically enployed in hair care applications can be
included with the terpolyners of the present invention or applied

separ at éngfalisglts ged complexes as. welliahodigriratplysts the mechagsm ixpredemingatly polatide
resins, preservatives, biocides) biostats, pignents, dyes, fragrances, pll
buf f er s ThRndatalyyaesn bedele@éd aoRT e graus onplatinan e papidiurg athiodiisn aggpeci al |y
those where clarity may be an issue may be m~radc with cerpol yners of the
present j Nt ' i nfyl ot | m . i ' i

anti - per"é%}éﬁ‘g[ﬁ’l fS%QS %%@@bwsrﬁé@ o%@gg.ﬁg@ lg g}é%g&n{jg{ngp%eéﬁf g%%ﬁg) ?&%Exogrrpl es of
the hair care fornulations that can benefit fromthe incorporations of the
t er pol yheteEogsnousgatalysis o Most sommanby, hydrepiltionggagtions are ¢atyyzedcbyplatinger s |
hair dressings, leave -in conditioners, styling nousses and hair sprays.
See,b e. gatalysOsuol/ BRBForophatinichicids i ncor porated herein by reference. 10

Mor eover, terp~lymers of the present invention tray be used in other

appl i cati ons pilyeRolPindls8hiRUf ifs Mt hhd esiefiRAhE FQE Y& mAs (§ake CAT €,

g .
decorative coatl ngs ang over print varni shes ere nmghe gl oss of the final
product is inpoytant. The foll ow speel pc_exanpl es, are set, forth for
Pl Fust r SORBIFTORTY Sepigble, cBighiol e o ery ahfogutils (F EANRE BEPERE pr esent
invention. For the exanples Mis (M)3Si0,,~ Dis [, ~MSi O-,t%}; D' is

[ O-MeSi Recrding; to kingwiy procedueis-snisghle fompreparatipe of axgmaticeaibera o g..t©. det er mi ne
refractive indices of the polysiloxanes of the pr~sont invention was LElI CA

ABBE MARKorkhu,Ref Reeskau)giMl , Cotia,| T@tdh@didnEetd, B527,r 197084, N hGr4ie 3% UPRISNt S
were taken at 20 2sC. Exanple 1 Hair evaluations were performed on |U 1nch

ggﬂgnﬁgg%?ﬁ&%ﬁe&fHeﬁ%fé”%&' Ala! ke, 413 r19§§)§%§d]e§f A6iGric BERTe' ", VobUARe Tor

o renove any natdral’ oi’ls tha

Tetrahedron Lett., 2431, 1979; P.A. Stadler, Helv. Chim. Acta, 61, 1675, 1978), which

are incorporated herein by reference.

Use
15 The terpolymers of the present invention can be used neat, or for ease of application
they can be applied dissolved, dispersed or emulsified in a suitable liquid medium, such as
water, alcohol, glycols, other silicones, etc. Particular silicones which may be used are
cyclic siloxanes and low viscosity oils (< 100 cps).
Standard surfactants may be used in such liquids, such as anionic, nonionic and
20  cationic surfactants. Particular classes of surfactant would be polyether modified
polysiloxanes and polysorbates.
Other additives typically employed in hair care applications can be included with the

terpolymers of the present invention or applied separately to the substrate. Such additives



"13 MAY ?~a2 7 contribute to the gloss. Terpolyners I-111 (Table 1) were

di ssol ved in isopropanol to a concentration of 0. lwt. %) and §cy MMy ¢8ih
~solution was applied and worked through the tresses; control tresses were
treated with isopropanol. Al tresses were then air dried for 1 hour. Hair
eval uations were perforned by a panel @f three observers who conpared gl oss
5 and feel of the treated sanples to the untreated control. The results are
summar i zeglinchdd 243, Breserladles, vhocidds] umtursabci%hraﬁ@r dyels] fegrances, pH

For mul aRefracti vVi scositya | ndex(cps) - 25CTer pol ymer

| MDSD* 6 ), . A Incgier i vedwherein Rt is - C3H6- C6H3( OH) (OCH3) f rom
eugenol ?&ﬁ%é. n @%gﬂr@:@—?‘f OCZH4) bOCH3) with b anunber such that R has an

average MAE3G0Ter pal - LLVDS ' in.. - < OCH3) zRz
o () o( PP crskBpyicat, Sypbian gt NRPERY Ml it WRKAR S oDy o
SML. 51942. . wherein R -C3H6- C6H3( OCH3).zRz.is (CHz) 3( OCzHA bECJ-B Wth Rz
of aver ad’é"%%’f’@lweﬁﬁf&ﬂ SRR W@%‘f'i'ﬂ‘du%%'thﬁ'f @M%nﬁ?’ Pel5hes-
Conpared to Control After-Feel Conpared to Control Terpol yner .

| i npPov gt pRISEprants gbady Teashes, JRsgara. (SPFRys BULEKSENSOthe EXargpiey of by Bpissagner |11 ~
i nprovedsnoot her, softer All terpolyners inparted gloss to hair. The

t er pol yrfermuations that esn banafit fierd theecipnorpocitibnsaf the tehpadyryern off thetpvesentof f er ed
better after-feel. In addition, gloss of these hair tresses has been
assessednventiog irichude fshdripos Ninse @onditityees; thajralréseings, (fetviacih conditiSndvilY 2UOZ s ~
G oss - G oss data were generated using a Garaner Mcro-Tri-d oss Meter.
Two tr e%&ﬂﬁlg"hﬁflﬁseﬁ AP AsedpaRs] SRasy ewd M/08857 Nwhichiis theofpdfdied Hiepsift byas

subj ected to eight readi ngs taken at 45 increnents by rotating the neter on

t he hai rm;&&ié. An average of the eight readi ngs was cal cul ated for each
hair tress. ‘data point was generated fromthe 5 average of two tresses

Forigach 1 Nigleoved Crefiifinss oPEE HELE R dntdhubh HY Be tsed dn2RRer PG RR]

more preferably coating compositions, such as car care, decorative coatings and overpriat

varnishes wherein the gloss of the final product is important.

Examples

15 The following specific examples are set forth for illustration only and are not to be
construed as limiting of the present invention. For the examples M is Me);8i0,; D is
[0,Me,Si0y]; D* is [0, MeSiR'0,); and D’ is [OxMeSiR?0,]. The instrument used to
determine refractive indices of the polysiloxanes of the present invention was LEICA
ABBE MARKX I Refractometer, utilizing line D light and the measurements werc taken at

20 25°%C.

Example 1
Hair evaluations were performed on 10 inch (25.4 cm) tresses of Oriental hair.

Hair tresses were soaked in toluene for 10 minutes to remove any natural oils that could



hair sanples treated with high refractive index copolyners were higher than
the untreated control. Exanple 2 10 The 20 gl oss of Terpolyners A-D (as
given in Table 3) was evaluated in the followi ng nodel acrylate Pg MiYedll?
overprint varnish formulation: Conponent ~ Manuf. pph EBECRYL 745 UCB
Radcure 35 Trinethyl ol propane triacryl e Al drich Chem Co. 47 Tripropyl ene
glycol diacrylate Aldrich Chem Co. 10 | RGACURE 184 Ci ba Specialty Chem

Co. 7 Terpalymer .1 The formul ati drawn. d .on Lenet a unl acquered
opact ty RRAPYE R0k % TRPORmE 4Bl R st optobad B e wound
rod (5 panels per group for, a total 15 of 20 panel s). The drawdowns were
conpl et é@!‘c&{“f%@“%ge‘d‘{‘-%nﬂ‘dtlﬁéoﬁ%ﬁqglsgluﬁﬂﬂ ¥as applisdandryrekes trepsiythe bench top
UV curing unit (UV Process Supply Inc. ). The 20 gl oss of the cured panels
was neasessest conolHasses ereireated witlyisaptiopanod  MilinkresTasi wagk des apairied forel

G ossneter (Byk-Gardner Inc.). 20 Table 3. Structural Information for

Ter pol ymenirs Hair Byalatiohd wérepeifbrned biyef paael oftBrek pBsetvers who dorivpared-Gloss~ 9

Ter pol ymer ANMDSD* 3D'4ML. 4723wherein R~ is -C3H6-C, ~Fi 3(OCH3) 2R is

(CH25 ~( Ghd He) Bt iRedbd Shanfles@b uR\RRREd MNP0 T8E PRUNSRE summarized in _
BMDSD* 6D, ML. 4949wherei n R~ - C3H6- C6H3( OCH3) ~R* i s (CHZ) 3( OCZH4) bOCH3 wi t h
RZ of gﬁé e MAE350Ter pol yner CVDsD*6D', ML. 4950wherei n R~

- C3H6- l? )zR is (CH ~3(0CZH4) bOCH3 with RZ of average

MAE350Ter pol yner DVDsD*6. SD'o sML. 5150. wherein R is

- C3H6- C6H3( OCH3) zwherein R=is (CHZ) 3(OC2H4) bOCH3 with RZ of averageMW =350
The resur,jrjéts a(rﬁe sumﬁé{?zed.in Figures 2 and 3. Figure 2 shows the 20 gl oss
measur erf8Rifd - oYTUCHEa fmAinol yners, while Figure 3 shows the correl ation
bet ween__the gl ass the formilation and the refractive index of the
terpol ymer. Clearly|Hemue 5 refractive i ndex of thel Refrasty yin¥iscasittr ealses )
t he meﬁisured gl oss Jof the cured fornul ati on i ncr easelst InBganyl(eps3 - 25°C

Eval uat iTerpolymesiloss | HiIAIDBEM in the Tire Dressing ['$® of |87Gn", a
comer ¢i(cntryl derived abhtereln R Hr-C5i8j-OgHAOHNUCH ) on, as| receivgd and 10
cont ai Niffagh éhgendth of | WherelERPBI - ,(DC,Mp{@CHpPYitiesaont o SBR
(styreme-but adi ene 1 giaBdr)such that R® has an average MW =350

Terpolymer II MD;D*,D”" M 1.49 880
wherein R' -C;H-C¢H;(OCH;),

R? is -(CH,);(OC,H,),OCH, with R* of
average MW =350

Terpolymer m MDSD*6.5D”0.5M 1.51 942
wherein R' -C;H-C¢H;(OCH,),

R? is (CH,);(OC,H,)»OCH; with R? of
average MW =350

10 Table 2. Hair Testing Results

Hair Sample Gloss Compared to Control After-Feel Compared to Control
Terpolymer I improved softer, tacky

Terpolymer II improved smoother, softer

Terpolymer III improved smoother, softer

All terpolymers imparted gloss to hair. The terpolymer structures that had been
modified with eugenol ether offered better after-feel. In addition, gloss of these hair

tresses has been assessed using the following non-subjective test method :



sheets rinsed with water to renove excess dust. 0.2g of the fornmul ati on was
applied in 3-4 drawdowns with the manual draw down machi ne, wire#3. The 60
gl oss of the air dried sanples was neasured using a Mni Tri-d opg H,QYtg}gpe
G ossneter (Byk-Gardner Inc.). Results are sumrarized in Table 4

MAY 2D02 10 Table. 4 d oss Measurenent8 of the Rubber Sanples (Hoss

Val uesAverage" Son of a @un" Bl ank18.8 35.5 42 40.7 19.9 35.3 43.2
38.634"Sgn_of A @un/" Terpolyner 11162.9 71.3 67.5 37.360.563.,3 70.4 65.7
44. 6 | nbAgessar Cless gta teee %Fff"é‘?‘&/‘l‘?é’f’g?ﬁa{%%w%@ Tri-Cdosy Meter, ng™® or mul ati on
enhanced the gloss of the treated rubber. 5 Exanple 4 - Fornul ati ons The

f ol | owi tmepses were pagppred aind measusedyiog gprchhfinish.c Each tress nals subjesied foetdghtir i ng

pal ysi | oxanes of the present invention: 10 d oss Enhancing C ear Sham

For nul azeadiinw akérentdsVincRearenarty\wokGol Mefmétet (WiHednirGeossp. ApAvempe afmheaur vl

Sul f at e, 80/()35 7TW TCAM DE CMEA (Wtco Corp.) (Cocam de MEA)2.215 PEG 120

Met hyl &G | Pls@aicBlared I eERR iirRresd. | AQagGdift wasAehéhated from the
anhydrousO 4R ERIC AMB14 (Wtco Corp.) (Coacam dopropyl Betaine, 35 %)

10- 81 ARG Wl BLAS2R RLSSHLNA' THEAT, M oL S S § ORoss Uikl B OPe! | €7

agi tTat i ‘on, anmoni-um | aur Heat” to 45 C

and ad enai ni n i.ent orde Ilsted it for each
mgredﬁ@r‘l‘i sampl ﬁl‘&ﬁpg‘@&gﬁ%ﬁ%’a&ﬂ%ﬁ €% FRPONERETS w@iforpvf% u:""é‘gﬂ? PEdsdat ure. At
the 2 5 recommended use | evel, Terpolymer |11l may cause slight haze and up
to 20 %OMekosity 1 3 MAY 2002 11 decrease depending on the primary

surfactants system Carity of the shanpoo nmay be inproved by pre-blending
Terpolymer 11l with dipropylene glycol at 1:5 ratio.

Example 2
10 The 20° gloss of Terpolymers A-D (as given in Table 3) was evaluated in the

following model acrylate UV cured overprint varnish formulation:

Component Manuf. pph
EBECRYL 745 UCB Radcure 35
Trimethylolpropane triacrylate Aldrich Chem. Co. 47
Tripropylene glycol diacrylate Aldrich Chem. Co. 10
IRGACURE 184 Ciba Specialty Chem. Co. 7
Terpolymer 1

The formulations were drawn down on Leneta unlacquered opacity charts using a
TMI K-Control coater equipped with a #3 wire wound rod (5 panels per group for a total
15  of 20 panels). The drawdowns were completed at #4 speed, and the panels cured at
300 mJ/cm® using a bench top UV curing unit (UV Process Supply Inc.). The 20° gloss of
the cured panels was measured one hour after curing using a Mini Tri-Gloss Portable

Glossmeter (Byk-Gardner Inc.).

20 Table 3. Structural Information for Terpolymers A, B, C, D.

Formula Refractive
Index




5 Formul a: Ingredients W Percent Terpolyner I11 0.30 VAR SOFT CRC (Wtco
Corp.) (quatenulsifier) 5.00 "ACTISEA" TM 100 (Active O ganics, ‘i“réCM)AY 2007
(seaweed extract) 0.50 10 DL "PANTHENOL" (Tri-K Industries, Inc.

(provitamn B) 0.20 Gitric Acid 0.05 Dei onized V\ater gs Preservative Qs 15
M xing Instructions: Wiile agitating the water, add citric acid and
Varisoft CRC. Wth m xing, heat to 75-80C and add remai ni ng i ngredi ents.
Cool to roomtenperature with mxing. Adjust to pH 4.5-5.5 with citric acid
i f necessary. Add preservative as needed. 20 Fornula: Ingredients W
Percent BALANCE ~'~'', 50 % Resin - National Starch (polyacrylate) 8.0 2 5
MBDITXnDF Mdenat ured 55. 0 Am nonet hyl Proppna?2i MPA) Jto pH
evhefbSn ﬁolslxt3§{6rw{ (GCHYstions: Conbi ne Bal pnce Resi n,
T{ér.@@tuggod m).-,oc\zmlvﬂh@lotfabéra Modid3bPA. | 1 3 MAY 12002

e W|t tLh _~nhced” d osc Forrru a: I ngredi entsW Per gent 5
rbomret :Jl+U —BfF—Goodrcir— pu: Y& ly49|4§ act Pha
. ﬁeG 8 F_lP ster USP (Wtco Corp )
(dycetin)3. OPropy (5% on| zeq W\t .B1 5 PWP
(PVP-KB0) (I1SP) (gdt y’éu Pt hajth B, a"efage 52
Terpolymer C | MDsD*.D" M 1.4950

wherein R' -C;H,-C¢H;(OCH,),
R? is (CH,),(OC,H,),OCH, with R? of average MW =350

Terpolymer D MDsD 6. 5D 0. 5M 1.5150
wherein R is -C;H4-C¢H4(OCH,),

wherein R? is (CH,),(0C,H,),OCH, thh R?of average
MW =350

The results are summarized in Figures 2 and 3. Figure 2 shows the 20° gloss
measurements of the four terpolymers, while Figure 3 shows the correlation between the
gloss of the formulation and the refractive index of the terpolymer. Clearly as the

5 refractive index of the terpolymer increases, the measured gloss of the cured formulation

increases.

Example 3 - Evaluation of Gloss Enhancment in the Tire Dressing
“Son of a Gun”, a commercially available tire dressing formulation, as received and

10  containing 0.2% of the Terpolymer II were applied onto SBR (styrene-butadiene rubber)
sheets rinsed with water to remove excess dust. 0.2g of the formulation was applied in 3-4
draw-downs with the manual draw-down machine, wire#3. The 60° gloss of the air dried
samples was measured using a Mini Tri-Gloss Portable Glossmeter (Byk-Gardner Inc.).

Results are summarized in Table 4.

15



e E2.0s Terpolyner I110.1TWEEN 20 (1Cn (pol ysorbate)1.0 20 M xi ng

| nstructions: Conbine ingredients of Phase A) add Phase B with ﬁnxw @c}d
cphase C. Prem x ingredients of Phase D and add to the batch whi é i AG
Add prem xed conponents of Phase E and mi x until uniform 1 3 MAY ~~02 13
What . Is Cainmed Is: 1. Terpol yner pol yH | oxanes of the formula:

[Si0~, 2] ~[MeSi Oyz],[O ~, MSIi (QO "]f[O-Si M2Q 0 wherein: Qis R R or R2
but at least one Qis R and at least one Qis Rz; Ris a nonoval ent
saturated straight, branched, or cyclic alkyl group having 1 to 10 carbon

at ons, vvasreeungmﬁlM@JsuiehﬁmB & e RubBeeSAafplesBY be the sane or different
fromone another; R |s - R9- C6HOR R5 where R3| s a dival ent hydrocar bon

gr.oup f—2—5—caf Jﬁm"‘lo, R-ane—R5S ka? thre—sgn ct—f-et UIIL allL!%ecll ch,L d from

hyd = |
g)r/oLg?eégOlhéf/P@Wl”gmé% R‘C(O)O18 8an amg %gza)ﬁpl (), |or 34 Jsthoxy

(-OCYH2~), OR , wherein; R2 is -ISCHHer(dﬁ-BIZ") Rsi s hydrlogen, R
or acet{yBon offA Gan/arTérpolgaes IOr6éRVer thanl.dero, Fa&h B71% 2 to6@.5 pfis from
0 to 1007 R™TS C~ -Cro arkyl, |gg ¥l . or #pgaryl -¢sl7C pag kylj; R is|a

C,-CIO tivatetrit hydlubaIJGUH, V1S——Z—T0O 4,1ia;tuﬂ.0, R—t-s hydlugnor R
above; disQo4,eisto4,gisGo(2*d+e+2),fis 1to500; at |least one of R or RS
is not hydrogen; and the ratio_of the nunber of R to RZ+ Ris 1:5 to 20: 1.
2. A policorpgsatier ofidesreapolymen lcintg the tirgidsessing flermulapien gphanced the gloss of

the treated rubber.

Example 4 - Formulations
The following are examples of the model hair care formulations featuring

polysiloxanes of the present invention:

10  Gloss Enhancing Clear Shampoo

Formula:

_Ingredients Wt Percent
WITCOLATE NH (Witco Corp.)(Ammonium Lauryl Sulfate, 28 %) 35.7
WITCAMIDE CMEA (Witco Corp.) (Cocamide MEA) 2.2

15  PEG-120 Methyl Glucose Dioleate, 2.0
Terpolymer III 0.3
Citric Acid, anhydrous 0.4
REWOTERIC AMB14 (Witco Corp.) (Coacamidopropyl Betaine, 35%) 10.0
Deionized Water gs
20  Preservative qs

Mixing Instructions: With propeller agitation, mix deionized water and ammonium lauryl
sulfate. Heat to 45°C and add remaining ingredients in the order listed, waiting for each
ingredient to dissolve before adding the next. Cool to room temperature. At the

25 recommended use level, Terpolymer III may cause slight haze and up to 20 % viscosity



3. A polysiloxane according to claim2 wherein R and R5 are in the para
and neta positions, respectively, on the phenyl ring. 1 3 MAY ? 4 4,
-A pol ysil oxane according to claim3 wherein at |east one of R"ba_MA¥5%m3
.al koxy groups. 5. A polysiloxane according to claim2 wherein dis 0, ais
0O, gis 2and f is from1 to 500. 6. Aipolysiloxane according to claim4
wherein d is 0, ais 0, gis Oand f is from4 to 12. 7. A polysiloxane
according to claim2 which has a refractive index > 1.47. 8. A conposition
conprising a polysiloxane according to claim1l and an emulsifier. 9. A hair

care for t
Ay Ay Aﬁ&! %isk%’épéxgﬁ?éﬁ%% ﬂ»r]]g xé/hsi ﬁg&ﬁ 'y%éﬁ;” Ag}%hq? b tHE shampoo may be
ABVP' R9AY\ >~ytnid ZUgca cal ca] ca] C
aJ ca] ca] eaqr@af%ay P58 l&pe@gcm@ar@apéa‘]%qhewlﬂrﬁg&%q L@ @HPca] cRa] ca] caU
c<a]jca]c a]jc a'H
] ux&]tSJg% Wr]nhc’\X] cYl ca ca cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]
ca] ca] cafdessdaphancing HaircGonditiensrc a] ca] ca] ca! } HKy+9Awy. D?{ vql gb] Xmhc”~X] c] ca
] ca] ca] ca] cal calca]calcalcalc aUc a]ca]ca]ca]cra
Ul c" a] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca
’?&xx cpr q<['7%l?wa ga\ V]] c”a] ca] cha] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] c a] ca] c&#mﬂmlta] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!l V¥ Percent

A $5%RBBRRBEOE{ vpke ZU] ca] c”Ma] ca] c”a] g alca]ca]calc
n I
ol ol ettt oo o oo g o oo
a] c"a] ca] cAACAUREA]"CEM] H¥) @activa |Orghmied, da¢.0 deavkedigxtadot)’ a] c"E)c” a] ca] ca] ca]
ca] q@ ca] cpr. kpANTHEI‘IUU”%Qfﬁ%&Mé?%&@&%MQ{M‘H)“M 0.20

5152upkf [ c%c cajJ caJca
a) ca] ca] caﬁ ]C a] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] czﬂ 9%] c’\a] ca] ca] ca
Ul ca] ca] caDeBIdgACWaRS 889i 999999(:):5:z:|::::+ 2, A Z;;;:; z@pkf  Ykf [ UU] ¢
Ul cral] ca] p@ds@a]aﬁa} ca] ca] ca] caU] ca] caU] ca] caU] ca] ca] ca] ca] c gs
a] ca] calTarcarcarcarcajcarcajcajcaicajcajca

; <<z<} <- =0=<=B=W-==D>>>>?R?] ?t 78@ @ @ @asAvAAA~-ysni d_YSkf ] c*aV] ca] ca] ca
] call BaV] Miting lesthaapns] While/hgitdting]the s cadd citric acid and Varisoft. CRC. With
a] ca] ca] ca] caV] ca] ca] c”al] ca] caU] ca] caU] ca] cal] caV] ca
AB~BBUBEBAREARAPCCT SIB0aC 50 FEPERRRIIRERU NN ) 10 thotBidsevierl Gth"al ca

] c~a] ca] cMa]l ca] cMa] ca] cha] ca] c™a] ca] cta] ca] cha] ca] c”aV] cal cMa]lcalcalc aUc

?Lg .?.!] ga\/{g%llg gj'_%g ®] %g%g%_tg_lg‘]agﬁ A HAd'&%rger\lauve as needed.

a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]cal calca]ca]ca]ca]c
a] ca] ca] ca! KL LSLFEZEEEEFJ FFFFKGGG( H| HHHH#I Qll

a] c2fxa] a] ca] ca] ca ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]c
ajcaljcaljca ABi K- YION & ()-L10% & ()-10% & () -

Formula:
_Ingredients Wt Percent
BALANCE ™, 50% Resin - National Starch (polyacrylate) 8.0
25  Terpolymer III 0.1
Ethanol, denatured 55.0
Aminomethy! Propanol (MPA) to pH 7 gs
Deionized Water qs

30

Mixing Instructions: Combine Balance Resin, water ethanol and Terpolymer III. While

agitating, add MPA.
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101910

PRASOBE () - 9610%& () - 35! 10%& ()-F1
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10 PhaseC
Kemester USP (Witco Corp.) (Glycerin) 3.0
Propylene Glycol 3.0
Phase D
Deionized Water 22.3
15 PVP (PVP-K30) (ISP) (polyvinyl pyrrolidone) 2.0
Phase E .
Terpolymer III 0.1
TWEEN 20 (ICI) (polysorbate) 1.0

20  Mixing Instructions: Combine ingredients of Phase A, add Phase B with mixing. Add phase
C. Premix ingredients of Phase D and add to the batch while mixing. Add premixed

components of Phase E and mix until uniform.
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6. A polysiloxane according to claim 4 wherein dis 0, eis 0, gis 0 and fis

from 4 to 12.

7. A polysiloxane according to claim 2 which has a refractive index > 1.47.
8. A composition comprising a polysiloxane according to claim 1 and an
emulsifier.

9. A hair care formulation incorporating the polysiloxane of claim 2.



