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Si I'i cone Am nopol yal kyl eneoxi de Bl ock Copol yners This application clains
priority fromU. S. Provisional Application No. 60/012,732 filed March 4,
1996. Background of the Invention Non-hydrolyzable '

si | oxane- pol yal kyl eneoxi de bl ock copolynmers of the (AB)[err]A type, i.e.,

10 with alterpabisdgssi | oxane and organic, nostly polyet her, pdtvosssmazesr e
known in the prior art. Methods of preparation of such copolyners is

provided in U S. Patent No. 4,242,466. U. S. Patent No. 4,833,225 discloses

(AB)[err]A type silico ' cked

pol ysi | oxane and | ow éﬁ%@%ﬁﬁ%ﬂﬁsmg%%agmmgﬁ no
endgroups. The resulting copolymers therein are polyquaternary and do not
contai n pol yal kyl eneoxide units in the 15 structure. U S. Patent No.
4,101,272 provi dThis applicaiemctaithopricrityfromilh§. Rrovisienal Applicationf Ndn 160/012,782 diledhl s,
in whichsthese materials are treated with a conposition of epoxy nodified
pol yor.ganosMaseha4)d996nd pol yam nes with two or nore primary and/ or
secondary am no groups, which react in situ to forma crosslinked,

non-linear pgingRblind dfhelavenliok fOrmation is essential 20 to achieve
desired shrinkage control and/or durability to dry-cleaning. It is also

Croun, 1t |11 AR A SRR oA s
ot et SRRt b Pl S g 17201
| provement yjof odb f Srepdratica Bt sick Ropoty&S N pbnided'id U.S Patent No. 4,242,466. US.
Patent No. 4,833,225 discloses (AB),A type silicone polyquats derived from an epoxy endblocked
‘polysiloxane and low molecular weight diamines with tertiary amino endgroups. The resulting
copolymexs therein are polyquaternary and do not contain polyalkyleneoxide units in the
15 structure. .

U.S. Patent No. 4,101,272 provides a process for improving properties of fibrous
materials, in which these materials are treated with a composition of epoxy modified
polyorganosiloxanes and polyamines with two or more primary and/or secondary amino groups,
which 1eact in situ to form a crosslinked, non-linear network. The network formation is essential

20 to achieve desired shrinkage control and/or durability to dry-cleaning.

It is also known that fluorochemicals, such 2s SCOTCHGARD® FC-248 (3M), are

effective soil release treatments for textile substrates. However, fabrics treated with
'SCOTCHGARD® FC-248, especially in.combination with durable press finishes, become very

harsh and unpleasant to wear. Although improvement in “hand"” is desirable, according to the
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SCOTCHGARD| err ] FC- 248 Product Bulletin, polysiloxanes are believed to
severely affect performance properties of the fluorochem cal. Summary of
the:lnvention 5 The present invention discloses non-hydrol yzabl e,

bl ock, (AB)[ &g e, copolymers conprising alternating units of
ponS|onane angﬁgﬁﬁﬁo pol yal kyl eneoxi de and provides a net RGHUPY03366 o
preparation of these copolyners. Also provided is the use of these

copol yner as_as softenq&m¥ in particular durable, hydrophilic textile

sof t eners, 248 BroduchBullsting polysilemenssiaze heligyed ta sevarsly afferte s

treated w th the commercial soil release finishes, without detracting from
10 their prpesfonnanse propeties of theBudrochiemits!.t r eati ng rel ati vel y hydr ophobic
substratres such as woven and non-woven substrates to inpart durable
softness and hydrophilicity thereto. O her uses include personal care
formul ati ons containing these copol yners, and substrates which have been
treated w t hsddithafy 6fthéllyvention 15 Detailed Description of the Invention A
Copol ynmer Structure The copol ynmers of the present invention have

al ternatigig uni t Sryeiprededt iehforAdigtioses non-hydml zable, block, (AB),A ty
[X(C[err]H[err]O)[err]R[err][(SlO(R[err]) err]][err]Sl( err])[err]R[err](O

Ny e o A R G TG G

di val ent or gpgpiu% ppé@h@ﬁa%oﬁih@s@@onp &s. ZRxsg e@id@@.stﬂé%%rﬁ.ew ct ed

froma secondary o and |ng opened epoxI uc hat

e eraby y oRask B u?a?%uﬁgﬁ, hy%rapm%mm oBecRA whlch 442 Aot proeced oF 4
the textile substrates treated with the commercial soil release finishes, without detracting from
10 their properties. Other uses include treating relatively hydrophobic substratres such as woven and
non-woven substrates to impart durable softness and hydrophilicity thereto. Other uses include
personal care formulations containing these copolymers, and subsirates which have been treated

with these copolymers.

15  Detalled Description of the Invention
A. Copolymer Structure
The copolymers of the present invention have alternating units of polysiloxane
[X(C.HaOWR’[(SIO(R");JSi(R')2R*(OC.Hs.)uX] and polyalkyleneoxides [YO(C.Ha0)aY]
wherein R' is a C, to C, alkyl, preferably methyl, R? is a divalent organic moiety, X and Y are
20  divalent organic groups selected from a secondary or tertiary amine and 8 ring opened epoxide,
such that when X is a ring opened epoxide, Y is an amine and vice versa, & is 2 to 4, preferably 2

to 3.eachoccufrence of bis 010 100, d is 0 to 100, (b + d) is | to 100, preferably 10 to 50, and ¢
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to 3, each occurrence of bis 0to 100, dis 0 to 100, (b +d) is | to 100,
preferably 10 to 50, and ¢ 2 WO 97/ 32917

PCT/ US97/ 03365 is 1 to 500, preferably 10 to 100. The total nunber of
repeating units is limted only by the ability to handl e high viscosity
mat eri al, sinceuddéfmayisscosity increases as does the nunber of (%2'5
practically there should be at |east two of each unit and maf

1,000 units. It is preferred that the unit containing the am ne should be

he Lerm Sl AR YO oy o U i
§¥8L§§' ;ﬁﬂfhgf? @Eﬁsgf‘ﬁl‘ixlyva“”{msﬁeﬂaﬁ 8 %v“%ﬂiﬁwm o8 8503 i RE b PR B o
e e A 1 s

-CH err] CH( (CH[err]) grr]CH CH err] OH -
-(CH err]) [ er Hipt tegpnit son glbcep[ng:rspfuld be the terminal units of the copolymer, i.e., the A in

-(CHerr])[err]CCH err]CH(CH err][OH)- with v = 2 to 6. Alternatively, the
ri ng openedl eb‘L&lﬂes may be derived fromthe foll ow ng epoxycycl ohexyl

al kyl ene groups, [err]-(3,4-epoxycycl ohexyl)al kyl ene,

[ err] - (3, 4- epoxycyThetimgopehat dppkidescrepresented by either X or Y, may be aliphatic, cycloaliphatic,
[err]-(3, 4-epoxycycl ohexyl)-[err]-nethyl et hyl ene, and

[err]- (3, 4- epadifiay&@iniin Smaiduings] Théyadlso conin bydaixy grepeandifay contain an diteer

am nes, represented by either X or Y, are secondary or tertiary am nes.
More specific ﬁMaFet Prfcrdblyhe nﬂgwpdaed &Poxidaes dhis§a from the following:

-RlerrI]N(Rlerr])(Rlerr])[err]-, where Rerr] nmay be an al kyl group with 1
-CH,CH(OH)(C! Iz).,CH(OH)CHz-. -CH[CI},O0H}(CH.),CH[CH,0H]-,

10 .-Cll,C!l(OH)(CIlz)vCl I{CI1,O0H}-, -(CHy).,-OCH,CH(OH)CH;-: -(CH,),OCH,CH{(CI1L,[O1])-
with-v=2to 6. Alternatively, the ring opened epoxides may be derived from the following
epoxycyclohexyl atkylene groups, o-(3,4-epoxycyclohexyl)alkylene,
B-(3,4-epoxycyclohexyljethylene, §-(3,4-epoxycyclohexyl)-B-methylethylene, and
B-(3.4-epoxy-4-methylcyclohiexyl)-B-methylcthylene.

15 The amines, scpresented by either X or Y, are secondary or tertiery amines, More
specifically, the amines may be of the type -R'N(R*)(R*),-, where R? may be an alkyl group with 1
10 4 carbons or hydrogen, most preferably methy), and R* is an alkylene, cycloaliphatic alkylene or
an aralkylene group, which may include heteroatoms, though an alkylene of less than ten carbons
is preferred, and g may be O or 1.

20 * R*is a divalent hydrocarbon group with at least one carban, which may have hydroxy

substitutions thereon and/or include an ether linkagé. It is preferred that it contain less than ten
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to 4 carbons or hydrogen, nost preferably nethyl, and R err] is an
al kyl ene, cycl oaliphatic al kyl ene or an aral kyl ene group, which may include
het er oat ons, though an al kyl ene ‘of | ess than ten carbons is preferred, and

g may be 0 or 1 20 Rlerr] is a dival ent hydrocarbon group with at
| east one cay, wnll ch may have hydroxy substitutions thereon and/or

I ncl ude an et er l"fl nkage. It is preferred that it contain | BCEU$NA6% oy 3
WO 97/ 32917 PCT/ US97/ 03365

carbons. Wihin auRatticu err A ulLe [ [r err
and Rlerr] t}(’"ﬁ ‘fﬁ‘éﬂ %&%‘m@?(‘éﬁ‘h&@h gl’}ﬁ%@?‘k%ﬁ!% R[sg%ﬁéf R !
r epr esent ed C[err]H[err]O) or (CCferr]Herr]) may be made up of

et hyl ene ox$ = 2), propyl ene oxide (a = 3) and butyI ene oxide (a = 4)

in a random or bI ocked s hion. The r OXI es is not of
particul ar i npor &R0 B’°"WI‘FP&}IQ9E“&H‘]°E@F§SY£&¥@0?(Q§- mpde up ef)
solubility paraneters of the resulting copolyner. The nol ecul ar wei ght of
the copol ynehylenapxisie (n5d) prenylang ovide (4 3) aod éuwnapmflam 24X apendomos Rl

conponent to am no conponent, by varying the nunber of oxyal kyl ene units

and the munﬁelnomf'l‘lwhm@n@gaugisomqsm ot pfpartfrylay Shpastaneee bitinayibe adjsstedenigh it
IS inportant to generate 10 materials with high nol ecul ar wei ght because

properties regsiesdforthe desiredisolubility pamateters of thearésulting sopdlymers and durability,
are dependent upon the nol ecul ar weight of the polyner, it is also

ﬁz is ggh : le t 0 pr orlieanolechiun weightof theiopolyiiersieai be modified By varying themioda 2itio of the
epoxy component to amino component, by varying the anumber of oxyalkylene units and the
number of siloxy groups within the polysiloxane blocks. Although it is important to generate
10  materials with high molecular weight because properties essential o the application, such as
softness and durability, are dependent upon the molecular weight of the polymer, it is also
essential to produce, non-crosslinked structures, i.e., only linear molecules. |
" Another important factor controlling the properties of the copolymers is relative silicone
content in the molecule, i.e., the values of ¢, and (b + d). Higher silicone content copolymers are
15 usually more hydrophobic, therefore less water soluble and impart better softness. A preferred
ratio of ¢ to (b +d) is 10:1 to 1:10, and most preferably 2:1.

The copolymers are terminated with hydrogen, when the terminal groups are ring opened
epoxides. When the terminal groups are amines as described herein, the copolymers are
terminated with primary sor secondary amine groups.

20 A particularly preferred copolymer may be of the following formula :
HN(R*)(C.H2:0),CH(CH3) CH:N(R*)[CH,CH(OH)CH,O(CH,)s(SiIOR' ),);Si(a' )2(CH2);OCH; -
CH(OH)CH,-N(R*)(C,H:, O)CH,CH(CH:)NR),H. (1)

4
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Anot her inportant factor controlling the properties of the copolyners is
rel’ative silicone content in the nolecule, i.e., the values of c[err] and
(b + d). Higher silicone content copolyners are 15 wusually nore

hydr ophobi c, therefore | ess water soluble and inpart better softness.

preferred ratlglogt, 40 (b +d) is 10:1 to 1:10, and nost pre&&g}r&%més
are

The copol yners are"term nated wi th hydrogen, when the termn
ri ng opened epoxi des. Wen the term nal groups are am nes as descri bed

her oi . Lhe capal iThiPruBfia RY B AOSBE ot Wil ¥ GISARABN YL Gcosit

groups. 20 A particu copo ymer

follow ng for : .
HN(R[err]><q5$*ﬂa°rﬁr°%ﬁ%rr%mfmﬁ‘tﬁf’%rrﬂ%wrﬁ?’dﬁfwﬁwﬁwﬂmer
r] ( CH2) 3(Si b)[err])[err]&(R[err])[err](CI—I[err])[err]G:l—I[err] -
CJ-l(G—i)CJ—l[err]qq%’P{aé T])(C[err]H[err]O)[err]CI-l[err]Cl—l(CI—l[err])N(R[err])][err
1H (1) 4 é\O % _ o
PCT/ US97/ 0336 “P@&E‘fetm and may be as high as allowable wthin
the art of manufacturin h" vi scosi t sjtions, t hus may r.ange
from2 to %bout 1, '“gé ﬁﬁl“ﬁ@%‘ﬂ"df Héh?ﬂe EmB?“"B“éﬂE’ Teacting fw §pasiss (| ) .

B. Met hod of I\/anuf act reparation of the conpounds of the

present inve nQ(%HMSIFK&dt] SIGR" LR vQ gnd polyalkyleneoxides [ZO(CoHz0)Z], which
qqerr]H[err]O)[err]R[err][(Sl QR[err])[err]ltLerr]Sl R[err])[err]R[err](a:

[err]H err]) [%etieQamnas Pokk ZiafecoithiiG) prémary o seoontanh
are the sane as the fornul ae above except that each Q and Z are either a
primary or seamineleran epoxide containing group, with the proviso that if Q contains an amine, Z contains an
cpoxide and vice versa. These species may be manufactured as is known in the art or are
10 commercially available.
In an exemplary process, o,w- hydrogenpolysiloxanes of the general formula
H(SIO(R")2),Si(R"),H are reacted with the unsaturated epoxides with a terminal olefinic bond,
such as allyl glycidyl ether, in the presence of a hydrosilation catalyst, such as for example
hexachloroplatinic acid, at elevated temperature, to produce epoxy endblocked polysiloxanes.
15  Such procedures are known in the art as indicated in U.S. Patent No. 3,761,444 or British Patent

No. 1,213,779. Examples of suitable epoxides with terminal olefinic groups are given below:

CH;=CH-CH;-O-CH—CH,
k+

20

CHy

o]

CH=C

25 | 0
CH,
CH,
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am ne or an epoxide containing group, with the proviso that if Q contains
an am ne, Z contains an epoxide and vice versa. These species may be

manuf actured as is known in the art or are 10 commercially available. In an
exenpl ary process, [err] hydrogenpol ysil oxanes of the general fornula

H(SIQ R err])&aear rr]Si(Rerr])[err]H are reacted with the unsaturated
epoxi des Wi t h&g,ggégr’%fnal ol efinic bond, such as allyl glyci &¢FFUSFINI3ES |
the presence of a hydrosilation catalyst, such as for exanple

endil ocked pRteresd AR Sests Gl hed i et e b O RO es

indicated in U.,S. Patent No. 3,71,444 or British Patent . 1,213, 779.
Exanpl es of tCEiiie] Witk BRIRITY axsehminty amying grayper Sisp apinopgly CY N
below. [err] 20 [err] éerr o VO 97/ 32917 .

PCT/ US97/ 03 36Bresented oy J B BD-909 prd IEFFAMINEG 5D;2001 availsble fromyHuptemanCo,

reacted with polyal kyl eneoxi des terminated with primary or secondary am no
groups. Suc randmayde of thefollowingstmetures HNCH(GH) €4k, INH:ze (1)

ED- 900 and JEFFAM NE[ err] ED-2001 avail able from Huntsman Co. and nmay be of
the fol | 6w ritheseaction isrcerried out in a suitable solvent, such as alcoho! or mixture of alcohol and water at
Herr]NCH(CH err])CH err] (O err]H err])[err]OCH err]CH(CH err])NH err]
(11). 5  Theflweaypically, epoxyandleiiedpulysiloxamesire ddided @ thosohtioh of the amirt<in the

al cohol or mxture of al cohol and water at

reaction solvent.
Similarly, the o, w-hydrogensiloxane may be hydrosilated with an allyl started epoxy
terminated polyoxyalkylenc oxide as is known in the art. Said epoxy terminated compositions
10 then may be reacted with diamines (e.g., ethylene diamine, 1,6-diaminohexane, piperazine) to link
the polyether siloxane units together. Other methods of manufacturing the present structures will
be clear to one of skill in the art.
For practical purposes, the reaction is carried out with an 1 to 30%, preferably 1 to 10%,
excess of the amine containing species. Despite the fact that the excess of the amine is used
15  during the preparation of the copolymers and the majority of the endgroups is expected to be
amines, it is possible that the epoxy end group on the polysiloxane can undergo side reactions
with the solvent, water or alcohol to form the corresponding diol or ether alcohol.
After the reaction, the solution of the copolymer can be neutralized by a direct addition of
the Bronstedt acid such as acetic acid, citric acid or tartaric acid, undergo solvent exchange witha
20  non-flammable solvent such as water, propylene glycol, dipropylene glycol and dipropylene glycol

methyl ether. A reaction product can be:also isolated by distilling off the solvent at atmospheric
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reflux. Typically, epoxy cndbl ocked pol ysil oxanes are added to the sol ution
of the amne in the reaction solvent. Simlarly, the [err]-hydrogensil oxane
may be hydrosilated with an allyl started epoxy term nated pol yoxyal kyl ene
oxi-de as is known in the art. Said epoxy term nated conpositions 10 then

may be reacte am nes (e.g., ethylene diamne, 1,6-digm e,
pi perazine) to W’E”%e pol yet her sil oxane units together. Qaﬁt&gﬁgﬁ%ds of
manuf acturing the present structures will be clear to one of skill in the

ot ci er abl . 1 Pobtrsf HeBRE Bennilig 0¥ BirblPolal k{4 “ufithe Wit ot ot B
fact that the excess.of the amne.s used 15 during the preparation of
t he copol yner & WMG&W P AYEEL dgr oups | s expected to be amines,

it is possibl at, the epoxy end group on the polysiloxane can undergo
si de react|0n§ \#’P AymeeUSsS| vent, water or alcohol to formthe corresponding
di ol or ether alcohol. After the reaction, the solution of the copol yner
can be. neutral i zedwoaolme@@ﬂhaammtmewntmmgM%.saﬁmﬁowbmtes.
acetic acid, citric acid or tartaric acid, undergo solvent exchange with a
20 non- f4 anespetislysitendair mmlmmaawulmy inspainrelcag foomilativnpinoprpossting a

gl ycol and di propyl ene glycol nethyl ether. A reaction product can be al so
i sol at ed by dflsdro¢Hembgal, oWhilé the copalyntent ofthe presentsipbention cai: be usad@ent] fos 28kt bf
PCT/ US97/ 03365 or reduced pressure; depending on the nol ecul ar wei ght and
et hyl ene oxi dpplicationkeyQie disuslly applied to the substrates dissolved, dispersed or emuisified to a
suitable liquid medium. Preferably, the copolymers of the present invention are appliedtoa
substrate from an aqueous solution, emulsion or suspension. They may also be applied as a
10 solution in a non-aqueous solvent such as isopropanol, or in liquid in which the copolymer is
miscible, Most preferably, the copolymer is applied to a substrate as an aqueous dispersion.
Aqueous emulsions of the copolymers are prepared by combining the copolymer with one
or more emulsifiers such as nonionic surfactants and diluted with water to the desired
concentration. Nonionic surfactants commonly employed in such emulsions can include, for
1S example, TERGITOL® surfactants available from Union Carbide Chemicals and Plastics Co., Inc.
Stable aqueous dispersions of the copolymers can be, for example, prepared by directly
blending or mixing a solution of the copolymer in the water miscible solvent, such as isr;propaml.
propylene glycol, dipropylene giycol and dipropylene glycol methyl ether, with water to obtain
desired copolymer level.
20 ‘Thus prepared diqusbm, emulsions or solutions can be applied onto the substrate such
as by spraying, dipping or kiss roll applicaﬁ§n- orother application method typically employed in

fiber, hair or textile treatment. The substrate which can be treated with the copolymers of the

7
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copolymer it may be a viscous oil or a wax. C Copolyner Uses The

copol yners of the present invention are primarily intended as softeners for
substrates, 5 especially fiber, hair and textiles, and particularly in
stain release formul ations incorporating a fluorochem cal. Wile the
copolynmers of the present invention can be used neat, for ease of
applicati on WP ysually applied to the substrates di sSREEWESY?OWBS per sed
or emulsified to a suitable liquid nmedium Preferably, the copol yners of

the present_J ' Lh,ed to ubst gr yeous, sol ution,
ermul 51 o or PetPAEERidn ¥ SieBRiey 5 ohin gl Bich 3 o, B 0 oo ptatost e
non- aqueous,.sol vent such_as isopropanol. or in liguid in wich the ..
copol yner i @nﬁi‘f"\é‘@ . P%&"“p‘?’%ﬁ‘e’?’g'gﬂﬁ ﬂqef?e‘“ﬁlbﬁcﬂo& el ?@%ﬁ?‘ pelyaqrylontrile,
substrate as,a ueoys di spersjon. Agueous .enul signs of the copolyners are
or opar ed byPA¥FeeRplYTepyIags sad prbyurcihane: sadincspanif a5 glasg precathan fibges.
noni oni ¢ surfactants and diluted with water to the desired concentration.
Noni oni ¢ suFhesfabrigsubsteazwhish candereatpd with thesopolymens of the present investionisie, f or
15 exanple, TERGA TO [err] surfactants available from Union Carbide

Cheni calSs #xemplified fabric prodused Somitheaboyereutiongd Spronsmateralsor blenss thereof.
copol yners can be, for exanple, prepared by directly blending or m xing a
sol ution of t he logpuaeraltkerdispersionds applied omsldm, ihbir dibsnintextide sush tiat ysto 5%,

I sopropanol, propyl ene glycol, dipropylene glycol and dipropyl ene glycol

met hyl et hejreferdble0.256062.5% of tho tapolynitr diy weibhe of1bé dryatbstrate eémainélon the substratéhus
prepared di spersions, emnulsions or solutions can be applied onto the

substrate oMionally Slersadtitives)eommlonlp ustd 16 tredt hais of textile AbBttesTak BOeRpIOYRE"
application nethod typically enployed in fiber, hair or textile treatnent.

The subst r gfighgApidPifie eagblyifers 6fhS testht Mviditn GRS Bt fotinitell fo diditional

10 surfactants, curing resins, preservatives, dyes, colorants, formularies, and/or perfluorinated

stain/soil release finishes.

Maoreover, compositions including the [AB],A copolymers of the present invention may be

used in personal care formulations, including cleansers, body washes, soaps, [otions, creams,
15 shnving cream, hair sprays, conditioners, shampoos, deodorants, moisturizers, and sunblocks.

The copolymers of the present inventon can be formulated into these or other products
together with one or mort’; anionic surfactants, one or more amphoteris surfactants, one or more
nonionic surfactants, and/or one or more thickeners.

Suitable anionic surfactants include sulfonayed and sulfated alkyl, aralkyl and alkaryl

20 anionic compounds; alkyl succinates; “alkyl sulfosuccinates; and N-alkanoy! sarcosinates.
Preferred are the sodium, magnesium, ammonium, and the mono-, di- and triethanolamine salts of
alkaryl sulfonates. The alkyl groups preferably contain 8 to 22 carbon atoms. Sulfate ethers arc
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WO 97/ 32917

PCT/ US97/ 03365 present invention is exenplified by natural fibers such as
hair, cotton, silk, flax, cellulose, paper (including tissue paper) and
wool ; synthetic fibers such as polyester, polyanide, polyacrylonitrile,

pol yet hyl ene, I opyl ene and pol yuret hane; and inorganic fiher h as
gl ass or car boﬁ&"%ﬁé’r‘g The fabric substrate which can be tré’zﬁt}w t he
copolynmers of the present invention is 5 exenplified by the fabric

produced fr 0%%Ijﬂ:9€ll’ﬁreﬁ?£b‘l9&ﬂ&ﬂﬁg PloQ¢etiyRnE b1ide drdok pRpFlESolidoudRl . | N

general the dlspe sion'is app Ied oh skin, "hair, flber of“textile such that

SObstrate Fentiiaed Eutpie of t%@ﬂé‘%ﬁ{ﬁmﬁm‘? it S0t el Y
gig& ;i(r)reﬁseg; “?\?iee’ preseﬁ?‘&‘%ﬁ tigb | nc | ng @EW@eﬁqﬁmmm
For mul ar es,  STIPHP GRS el #V?E%f'pm? B
e g %m@%'npmsaw bl e

washes, soaps, Iotlons Creans, shavjhg crea hai r sprays
condi t i oner s, Subigmate, acth “ﬂ’é@ﬂ'ﬁﬁﬁ‘?‘ﬂ"&“’%‘?’s’l“ P‘%ﬁ%ﬂ"g \saicesinate, o
copol yners of the present inventon can be fornulated into these or, ot her
products toget her &hamphotegis surfagtants with wehichr the-copolymers of thepiresga) ipveation can
anphoteris surfactants, one or nore nonionic surfactants, and/or one or
mor e t hi ckenebeformuiatediscladessconmphoentbaxyglyeinate, cpepsmphnsarboxynsopionate, eongbetaine,
sul fated al kyl, aral kyl and al karyl

N- cocoamxdopmpyldtmethylglycme, and N-lauryl-N’-carboxymethyl-N’-(2-

10  hydroxyethyl)ethylenediamine, as well as the betaine and sultaine compounds disclosed in the

CTFA Dictionary as useful in personal care products.

Examples of useful nonionic surfactants with which the copolymers of the present
invention can be formulated include fatty acid mono- and dialkanolamides in which the fatty
portion preferably contains 10- 21 carbon atoms, and amine oxides such ag N-alkyl amine oxides.

15 A typical shamppo formulation contains about 3 to 30 weight percent of an anionic and/or
amphoteric surfactant component, 0.1 to 10 weight percent of 2 nonionic surfactant component,
together with 0.1 to 20 weight percent of one or more copolymers of the present invention, and
water, preferably also with an effective amount on the order of 0.1 to 5 weight percent of a
thickener; examples of thickeners include sodium alginate, gum arabic, polyoxyethylene, guar

20  gum, hydroxypropyl guar gum, cellulosics such as methyl cellulose, methylhydroxypropyl
cellulose, and -hydroxypmpylcellulo'se. starch derivatives such as hydroxyethylamylose, locust

bean gum, and polysaccharides.
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20 ani oni ¢ conpounds; al kyl succinates; al kyl sul fosuccinates; and

N- al kanoyl ‘sarcosi nates. Preferred are the sodium nagnesium ammoni um and
the nono-, di- and triethanol anm ne salts of al karyl sulfonates. The al kyl
groups preferably contain 8 to 22 carbon atons. Sulfate ethers are 8 WO
97/ 32917 PCT/ US97/ 03365
cont enpl at ed?mp?’@F%'t’abl y containing 1 to 10 et hyl ene oxi de m’“ﬁ‘%pyl ene
oxide units. Preferred exanples of anionic surfactants include sodium

| auryl sulfate, sodiumlauryl ether sulfate, anrioniumlauryl sulfate,
triethanolamne lauryl sulfate, sodium Cl4-16 ol efin sulfonate, anmonium
paret h-25 sulfate. sodium nyristyl ether sulfate, ammoni um | auryl ether
sulfate, 5 EXAMBLESm nonool eani do- sul f osucci nat e, amoni um | auryl

sul f osucci nat e, sodi um dodecyl benzene sul fonate, triethanol am ne

dodecyl benzene sSynthetin procadures Sutithenreparation of/the sepolymérsiefithe inFantiph,cs weil as
anphoteric surfactants with which the copolyners of the present invention
can be f or mificirtapglicatioh axtalescnibebimtincioloving gximpléspwhieh are provided by way of
cocoanphocar boxypr opi onat e, cocobet ai ne, N cocoam dopropyl di net hyl gl yci ne,
and N-1 aar y iliustratiocardad xptiat wayl oflimitallon. 10 hydr oxyet hyl ) et hyl enedi ami ne, as
wel | as the betaine and sultaine conpounds disclosed in the CTFA Dictionary
as useful in personal care products. Exanples of useful nonionic
surfactants with which the copolynmers of the present invention can be

formul at ed 'mx;&mﬁfﬁtmpﬂfahdnmemm@B@Uﬁ&?hg{r?gdﬁﬁnmnm ch the fatty

portion preferably contains 10- 21 carbon "at'ons, am ne oxi des such as
N-al kyl am ne oXyfigfr 4-neck flask equipped with stirrer, addition funnel and reflux condenser,
a,w-hydrogensiloxane (charges provided in Table 1 corresponding to 8 molar excess of the
10 cpoxide) of the general formula HSi(CH,),0(Si(CHs),0},Si(CHs),H was heated to 80°C. A slow
addition of the allyl glycidyl ether started at 80°C after chloroplatinic acid (5 to 10 ppm as Pt) was
added to the pot. The temperature was maintained at 80 to 90°C until no SiH could be detected.
The excess allyl glycidyl ether was removed by vacuum strip at 50 mm Hg and 120°C; the

resulting epoxy endblocked fluid was characterized by its epoxy equivalent weight .

15
Table 1 - Charges for the Preparation of the Epoxyendblacked Polysiloxanes
p SiH Charge(g) Allyl Glycidyl Designationof  Epoxy Equivalent
Ether Charge (g) the Epoxy Fluid Weight (g)
20 500 917 A-20 7813
50 500 312 A-50 2127
75 500 21.0 A-75 3030
100 500 159 A-100 3703
150 - 500 11.2 A-150 4761

~ In a second step, the aminopolyalkyleneoxide (5% molar excess) [JEFFAMINE® ED-900 is
20  pursuant to Formula II above with a = 2.5 and b =15.5 and JEFFAMINE® ED 2001 is pursuant to

Formula II above with a = 2.5 and b = 40.5] detailed charges provided in Table 2 and a sufficient

10
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15 A typical shanpoo fornulation contains about 3 to 30 weight
percent of an anionic and/or anphoteric surfactant conponent, 0.1 to 10
wei ght percent of a nonionic surfactant conponent, together with 0.1 to 20
wei.ght percent of one or nore copolyners of the present invention, and

wat er, prefer with an effective anobunt on the order o 1t05
wei ght percen?&lg?”ék@gi ckener, exanples of thickeners incl udé’ctsr&of?

al gi nate, gum arabic, pol yoxyet hyl ene, guar 20 gum hydroxypropyl guar
gum cellulosics s ch as t |l ul gse rox cel |

and hydroxyprB‘B?\“ttél' g’e“ﬁ‘ﬁ?gﬁy PP%?%‘SEM%% %8%9@[ lﬁrfgﬂ“&&k
| ocust bean gum. and paqly accharl 97/ 3291

PCT/ US97/ 0336Haskyegyipped wd Fe‘gﬁwaééﬂﬁbééfgﬁ @n&m@bme@ﬁ e ¢ he
copol ymers of the |nvent|on as well as their application are described in
the fol | owi ngtempgratre of theme aewvemmwqu‘;toaﬁ 494 an a.o-lieppxysiloxp ed
not by way of limtation. EXAMPLE 1 Preparation of the (AB)[err]A

Copol yners of froinsanladdition fumnellimthreeiportibns, alawing 4 sXhre betimoenadditions: Fieireaction was
addi tion funnel and reflux condenser, [err]-hydrogensil oxane (charges
provided i 5 Tedihpliett whei tRpoxytutitionalityy demmined-byctitruion fwas bensimed:poxi de) of
the general formula

HSi (CH err])[err]g Si (CH err])[err]O[err]Si(CHerr])[err]H was heated to
80[err]C. A slow addition of the allyl glycidyl ether started at 80[err]C

after chl or opirghle?, CCR&dges for thPrePariBioh o8 eN'(ABIASCopolymers
Starting Epoxy  Chargeofthe JEFFAMINE® JEFFAMINE®  Designation of

Fluid Epoxy Silicone ED-900 ED-2001 the Copolymer
® (® ®)
A-20 50 30.5 AB-20-18
A-20 50 69.8 AB-20-43
A-50 100 300 AB-50-18
A-50 100 610 AB-50-43
A-75 200 ' 755 AB-75-43
A-100 300 40.1 AB-100-18
A-100 300 94.5 AB-100-43
A-150 200 499 AB-150-43

10 EXAMPLE2 Testing Softening Properties of (AB),A Copolymers.
In this example the test fabric and test procedures used were as follows:
= Bleached Cotton Interlock Knit, Stylc 460 (Test Fabrics Inc., Middiesex NJ)
Test Procedures
¢ Conditioning Textiles for Testing, ASTM Method D-1776-79
15 e Absorbency of Bleached Textiles, AATCC Method 79-1992
- o Softness evaluation was done by the hand panel and the tested fabrics were ranked

from the softest to the harshest (1 being the softest).

il
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added to the pot. The tenperature was nmaintained at 80 to 90C until no SiH
coul d be detected. The excess allyl glycidyl ether was renoved by vacuum
strip at 50 nm Hg and 120C;, the resulting epoxy endbl ocked fluid was
characterized by its epoxy equival ent weight. 15 Table 1 - Charges for the

Preparation of the Epoxyendbl ocked Pol ysil oxanes p Si H Charge (Q9)
Al lyl dyci dyYP?82si gnation of  Epoxy Equival ent Ether PREWYWINS t he
Epoxy Fluid Wight (g) 20 500 91.7 -
781.3 50 500 . 31.2 ... A-50 2127
75 Sclected pppolymers of the presenijnvention (as solutions ingjsopropanol), MAGNAS®OFT®1 00
500 15.9 A- 100 3703 150 500
11.2 PLUS feconrol, commercial premiund fdino|softenersfeany O8i Spesialties,fHoc. of Danbury, CT)

am nopol yal kyl eneoxi de (5% nol ar excess) [JEFFAM NE[err] ED-900 is 20

pursuant t oakdbMACGNASOFEVHSSD (éontrokhydréphflicaofener witbpéndautgolyilkileddonide and | ED
2001 is pursuant to Forrmula Il above with a = 2.5 and b = 40.5] detailed

char ges pr o¥miRrinips fiofl @SiSpeciaities) wekd dpplicidnta f00% cotlon kit mltﬁewbath. A
PCT/ US97/ 03365 anmount 2-propanol to nmake a 50% sol ution of the final

i t1 ot uSSafle Beafiftl ety fhed dhdi h oy A8 fene Bk, BRRS i thlnthetily! 1 €1
available) and curing catalyst (magnesium chloride) were used with all treatments to simulate
typical textile finishing procedure. The softener concentration in the finishing composition was
such that the effective add-on level on the fabric was 1%; curing conditions were 171°C for
1.5 minutes, Softening and absorbency data are summarized in Table 3.

10

Table 3 Softness Ranking andWettability

Softener Softness Ranking Wetting time (sec)
AB-150-43 3 3.5
AB-100-43 2 40
AB-75-43 4 7.0
MAGNASOFT?® Plus 1 66.0
MAGNASOFT® HSSD 5 10

! Higher reflectance values correspond to whiter fabrics
15 2 Lower ranks correspond to sofier fabrics

“Table 3 demonstrates that (AB), A copolymers, in the presence of thc durable press resin provided
softening properties superior to MAGNASOFT® HSSD silicone and wetting propesties superior
to MAGNASOFT® PLUS silicone.

20

EXAMPLE 3. Testing Hair Conditioning Properties

12

SUBSTITUTE SHEET (RULE 26)



tenperature of the reaction mxture was adjusted to 80[err]C and an
[err]-di epoxysil oxane was added from an addition funnel in three portions,
allowing 1-2 hrs between additions. The reaction was 5 conplete when the
epoxy functionality, determned by titration, was consuned. Table 2.

Charges for the Preparation of the (AB)[err] A Copolyners Starting Epox
Charge of the %&MNE[err] JEFFAM NE[ err] Designation ofPCEf‘%m&“

Epoxy Silicone ED- 900 ED- 2001 t he Copol yner (g)
'(A\%) 50-18 A- 20 (94 £%i8 -bygide comparisor? fst, one half of an ax%gxm%%!gmgm bair was washed with a
AB- 2043 A-50

AB- 50- 18 A. 50 control shampo%%g%the other hdlfwas?\’rs)a'sged using a conditioning shampoo containing the

ﬁg ?g 4"-33 A'_A\lgg present disclosedg)ggluct. Combability, gppearance and fly-away ZaSta a5re summarized in Table 4.
AB- 100- 18 A-100 300 94.5

AB- 100-43 A-150 200 49.0

AB- 150-43 10 EXAMPLE 2 Testing Softening Properties of (AB)[err]A

Copol yrer s 5 | SHAMPOOPREPARATION: est fabric and test procedures used were
as follows: [err] Bleached Cotton Interlock Kobigl SBampao ComilitiohéngtShimpoo cs
Inc., Mddlesex NJ) Test Procedures * Conditioni n(Wiextil es f (Wt%psting,
ASTM Met hod DAinfndniutf Ladryl Sulfate, 28% err] Absor bency3sf Bl eachg8sl0Texti | es,
AATCC Met hod IQudmfd@ DEAr] Softness eval uati on was 3pne by thgghand panel

and the t q§t e@EGaI20MethyiClacoseDioisate 20 2.0
“Glucamate” DOE-120"
AB-100-43 (25% in dipropylene glycol) 120
Citric Acid, anhydrous 0.4 04
Cocamidopropyl Betaine, 35% 10.0 10.0
15 Dimethicone Copolyol, 25 25
SILWET® surfactant L-7657°
Deionized Water qs gs
Preservative qs gs
20 a Amerchol

b: . OSi Specialties, Inc.
Procedure: Water was mixed with ammonium lauryl sulfate. The solution was heated to 45° C
and the remaining ingredients were added in the order listed, waiting for each ing_redient to
dissolve before adding the next. Preservative was added after cooling the formulation to room

25  temperature,

13
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fromithe softest to the harshest (1 being the softest). 11 WO 97/ 32917
PCT/ US97/ 03365 Sel ected copol yners of the present invention (as sol utions

i n isopropanol). MAGNASCFT[err] PLUS (control, comrercial prem um am no
softener from OSi Specialties, Inc. of Danbury, CT) and MAGNASOFT[err] HSSD
(control, hycci)g&pgdzbﬂc, softener with pendant polyal kyl eneoxi de and am no
groups from 0ol Speci'alties) were applied onto 100% cotton kiGHUS97/0386$ he
pad bath. A5 durabl e press resin (nethylated di nethyl ol di hydroxyet hyl ene
urea, which js commercially avail able) and curing catalyst (magnesium

chl ori de) me?@'ﬁgma Hajr ﬂ@&!‘#ﬂﬂ'ff'scm"’wmat’@“t‘}pi cal textile
finishing procedure. The softener concentration in the finishing

conposi tion was such t hatCOMBABIKIEYt | v COMBABMLITY Vel on the fabric was 1%
curing condi TREATMENE 171[eWBT for 1.5 nPR¥ es. SoFL¥rAWAYan APREARANCEY
data are summari zed in Tabl(BNGHER)0 Tabl e (NCHEShess RANKHES)and Wettablity

Sof t ener Control Sof t nea% Ranki ng S0 \Wetting t00re (secmoblk, d60- 43
3 3.5 AB-100-43 2

4.0 AB- 75- 4Tonditioning 4 7.0 silky soft,
MAGNASGOFT] erShhmpbo!s 4.8 1 9.0 5.0 66. Grlossy

Hair washed with the conditioning shampoo had improved wet and dry combability, provided
better gloss and reduced electrostatic charge.

EXAMPLE 4. Testing (AB),A Copolymers in Combination with Stain Release Agent

In this example the stain release agent, test fabric and test procedures used were as follows:

e Fluorocarbon Stain Release Agent - SCOTCHGARD® FC-248 fluorocarbon, 30%

aqueous dispersion (3M)

10 . - Bleached Cotton Interlock

Knit, Style 460; 65/35 Polyester Cotton Bleached Broadcloth, Style 7409
Test Procedures
e Soil Release: Oily Stain Release AATCC Method 130-1990
e Conditioning Textilcs for Testing, ASTM Method D-1776-79
15 o Reflectance, Blue and Whiteness of the Bleached Fabric, AATCC Method 110-1979

¢ Softness evaluation was done by the hand panel and the tested fabrics were ranked
from the softest to the harshest (1 being the softest).

Selected inventive copolymers, MAGNASOFT® PLUS (control, commercial premium

amino softener) and MAGNASOFT® HSSD (control, hydrophilic softener with pendant

14
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MAGNASOFT[ err] HSSD 5 1.0

[err] H gher refl ectance val ues correspond to whiter fabrics 15 [err] Lower

ranks correspond to softer fabrics Table 3 denonstrates that (AB)[err] A

copolynmers, in the presence of the durable press resin provided softening

properties SlI\J/&g!Ii/K r..to MAGNASOFT[ err] HSSD silicone and wettin roperties

superior to Terr] PLUS silicone. 20 EXAWMPLE 3. Testrﬁg"’g&"/m

Condi ti oni ng Properties 12 V\D 97/ 32917

PCT/ US97/ 033 é, of
1 dﬂgﬁe%bﬂﬂe Xifle & a Con Eéxﬁ?@: ﬁ%&ded%% 108%/co R{qﬁﬂtﬁﬁ%ﬂ

human hai r " s anpoo a thedot her was was
oo oy '%&%%ﬂé %mﬁ?ﬂr&h?@@i@‘ﬁ%@ é!ﬁ%%r@’nﬁ&n@w -
i hnron PRSP SR 2 i 5
Lauram de DEA Q0 10 PEG
120 Met hyl G {(magaesium chigrde) were used with all treatmens tg sxmulate typical textile ﬁmshmg procedure.

5  The softener and stain release agent concentrations in the finishing composition were such that the

effective actives add-on levels on the fabric were 0.5% (BOWF); curing condlitions were 171°C
for 1.5 minutes.
Whiteness of the treated fabrics was determined using a spectrocolorimeter from Hunter
Lab. Softness and reflectance data are given in Table 5.
10

Table 5. Reflectance and Softness Data for Fabrics Treated with {AB),A Copolymers and

Control Softeners
FINISH 100% COTTON KNIT
Reflectance'  Softness Rank?
AB-20-18 63.8 5
AB-20-43 732 9
AB-50-18 65.9 8
AB-75-43 68.6 |
AB-100-18 71.0 6
AB-100-43 711 2
AB-150-43 72.0 3
MAGNASOFT?® PLUS (control) 69.8 4
MAGNASOFT® HSSD {control) - 75.7 6
No Silicone 729 10

15 ' Higher values correspond to whiter fabrics
. 2 Lower ranks correspond to.softer fabrics

15
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"d ucamate" DOE-120[err] AB-100-43 (25% in dipropyl ene gI ycol )

12.0 Citric Acid, anhydr ous 0.4
Cocami dopr opyl Betaine, 35% 10.0 10.0 15

Di net hi cone Copol yol , 2.5 2.5
SILVET[err] surfactant L-7657[err] Deionized Water _

as wQ 47 ’ﬁ’b”ser vative PCT/US97/03p65

gs 20 Aner chol b: OSi Specialties, Inc. Procedure:

Wat er was m W nl.um | fat e sol utlon s heat to
45[err] C an ﬂg"?}!frﬁ ‘f‘fﬁmF‘i lj'ra%%esnt‘@ % '?V:Fﬁif
wai ting for egach in ient t ssol ve befqre, add the n

Preservat i ve igg’ %fdg%ée"éﬁ“m‘g it thepertiyorg gainfrieasy 31 ﬁi‘?"!g’mﬂ the fabrics.
tenperature. 13 WO 97/ 32917

PCT/ US9/ 03365 Tabireated fabricsvere subscqyently stained withdisty mphmlswewrﬁalrmﬁmm. 43
COVBABI LI TY COVBABI LI TY TREATMENT
FLY- AVAY APResceutiggrio ASTM 130-1990, washed once and evaluated Stam release ratings for dlrty motor

5 oil stain are summarized in Table 6.

Table 6. Stain Release Ratings of Fabrics Treated with Scotchgard in Combination with

(AB),A Copolymers and Control Softeners

FINISH STAIN RELEASE RATING' STAIN RELEASE RATING
100% Cotton Knit 65/35 Polyester Cotton
AB-20-18 ' 3.0 3.75
AB-20-43 35 35
AB-50-18 3.5 3.75
AB-75-43 . 3.0 35
AB-100-18 s 40
AB-100-43 2.5 375
AB-150-43 3.0 35
MAGNASOFT® PLUS 1.5 1.5
MAGNASOFT® HSSD 25 35
No Silicone 3.75 75

10

! Soil Release rating: 1=most visible; 5=invisible

As demonstrated in Table 6, copolymers of the present inventions, are useful as softeners for the
stain release finishes, since they, unlike traditional hydrophobic sofieners, have only minimal effect

15  on the performance of the perfluoro chemical.

16
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(1 NCHES) (1 NCHES) (1 NCHES) Contr ol 2.7

5.0 10.0 snoot h, dull Conditioning

sil ky soft, Shanpoo 4.8 9.0 5.0

gl ossy Hair washed with the conditioning shanpoo had i nproved wet and dry
conbability, provided better gloss and reduced el ectrostatic charge. 5
EXAMPLE 4. TeNPREP2B)[err] A Copol ymers in Conbi nation wit PCFESITNRES ease
Agent In this exanple the stain rel ease agent, test fabric and test

S coTCHeARD) Efriﬁ%@ﬁ PRUPE AR Tomagmierk R SEEEAFE mad 8 dbablef B ol Yo
ot ton | nter | ock.KARHEEIDEs R fiseepons oF 5 conbiert st haroishayspte wesiied

Broadcl oth, Style_7409 Test Procedures * Soil Rel ease; ly St i n ReI ease
AATCC Net hod T8ble 7aeree weyiappliedin bpthisides afrorusptional-d-plyfact weighod
D 1776-79 15 [err Ref | ect ance, Bl ue and Wi teness of the Bl eached
Fabric; AATCCPEen silicaneolids meere presept onhe tissue after oin drying: Bling samples {inchylingh o
hand panel and the tested fabrics were ranked fromthe softest to the
harshest (1 beonitpls) weresyrluated by S panelists aud tated donspfiucss, apdtheaverage ofitignabgs for
PLUS (control, commercial prem um am no softener) and MAGNASOFT[err] HSSD
(control, hydemhhhmphmmmrded audireponted dcTblel?! The rating scale ranged from 1 (softest) to

14 (harshest). Also, wettability was tested in accordance with AATCC test protocol 79-1995.

Table 7. Evaluation of (AB),A Copolymers on 3-Ply Facial Tissue

16 PRODUCT TESTED WETTABILITY, sec, . SOFTNESS RATING
AB-20-43 4 44
AB-100-43 >180 5.6
AB-20-13 4 34
AB-50-43 15 : 8.6

15 AB-50-18 14 8

Commercial Silicone 2 12.3

Softener

Water Control 1 14
20

All materials in accordance with the present imvention which were tested showed
excellent softening properties, superior to an existing commercial product, and most showed good

. 25 . wetting characteristics.

17
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WO 97/ 32917 PCT/ US97/ 03365
pol yal kyl eneoxi de and am no groups) silicones were padded onto 100% cotton
knit and 100% cotton woven, in conbination with SCOTCHGARD err] FC 248. A
durabl e press resin (nethylated di nethyl ol di hydroxyet hyl eneurea, which is
commercially available) and curing catal yst (nagnesium chloride) were used
with all trea™HPSYo sinulate typical textile finishing precrabevesssd The
softener and stain rel ease agent concentrations in the finishing

conposition t e effectiv tiwves.add-on] evel s t he
Cobrie vero BSAMPLERHSapmifs SaraRly pEaBTA. Cabontteea i Nomparen Falvirbhriens.
Whi t eness of the tretgt ed Pﬂgﬁ}rﬂi cs was determ ned usi n%,aﬁﬂ)ectr )COJ ori net er
from Hunter Lab. Aqtherase copalyraers gt the prespntinyention 1S jn.purfage application to 1 o
Table 5. Reflectance and Softness Data for Fabrics Treated with (AB)[err]A
Copol ynmer s apemmaly hydspphobicisubstrptes such pspenwoven polypropylene, in order to increase the 10095
COTTON KNI T Refl ectance[err] Soft ness Rank[err] AB-20-18

63. 8 weitability ofthegubstrate. A product that would be used for this purpose should beableto

9 AB-50-18 65. 9 8
AB- 75- 43 5§  resist being washed off of the substrate when aqucous @gidgare applied to the substrate. One
established technique for assessing the ability of surface treatments to resist being washed off is to
apply the product, and subject it to repeated treatment (“insults”) with an aqueous solution, and
to measure the amount of the product remaining on the substrate after each insult. This technique
was used in this Example.
10 Aqueous solutions or dispersions of (AB),A copolymers of the present invention
identified in Table 8 were prepared and spray applied to one side of 100% polypropylene (0.65
o0z/yd?) nonwoven fabric such that 0.5% silicone solids was present on the nonwoven after air
drying. The samples, and controls, were assessed for hydrophilic durability to repeated insults
(using 0.9% NaCl aqeous solution) using EDANA Test Method 150.3-96 (Liquid Strike Through
15 Time). The results are reported in Table 8. Keeping in mind that the objective is to continue to
impart wettability even after repeated insults, a low number in the table is preferred as

representing a shorter time needed to wet the substrate and, accordingly, a higher proportion of

the product remaining on the substrate.

20
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AB- 100- 18 71.0 _ 6 AB-10-43

71. 1 2 AB-150-43 72.0

3 MAGNASOFI[err] PLUS (control) 69. 8 4
MAGNASOFT[ err] HSSD (control) 75.7 6 No
Silicone 72.9 10 15

[ err] Hi gher valte e, espond to whiter fabrics [err]Lower raPfkEU3103385,0nd
to softer fabrics 15 WD 97/ 32917

PCT/ US97/ 0336 t he t tai ned i ners of

t he present 'E'G'é'ﬁ r%ﬁ‘%?ﬁ?g&m%ﬂ&ﬁﬁe“cﬂ“ ’(‘ﬁépm f‘t@'keﬂFﬁg the
perfl uoro stal n.rel ease finish vmthout di scal or| .

fabrics were subsequently st ai nedUgiReeqnds hequige i ltin e el
corn oil, according to ASTM 130- 1990 washed once and eval uat ed St al n
rel ease ratings for diNeyoffemls=51 oi| st&din are sudmarized ¥n Table 63
Tabl e 6. SPai n—Release-Ratings..of Fabrics Treated with Scotchgard in
Conbi nati on wProdugtA®ytedr r] A Copol ymers and Control Softeners FINSH
STAI N RELEASE RATI NJ err] STAI N RELEASE RATI NG 100% Cott on Kni t

65/ 35 Pol yest AB-20s18 on 14.6 9.9 11.1 12.1 113
Silicone Copolymer 28 4,0 43.1 67.7 93.2
10  w/Pendant Polyalkoxy
Chains (control)
AB-20-43 42 32 304 15.0 23.1
Untreated >180 >180 >180 >180 >180
15 The dats in Table 8 show that the copalymers of the present invention are more

hydrophilically durable after repeated insults than conventional silicone copolymers with pendant

polyalkyleneoxide side chains.

20
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AB. 50. 43 ﬁ S
AE- &;g;és lﬂljmlﬂ m"" ”"sl @'@ TH’5 SFi\gPELT Aggg BEEE 72
a5 100.43 OB > 2 PCTUSYImIgS 75
AB- 150- 43 3.0 3.5
VAGASOET] o HATEEELAIMED 15: s
3.5 No Silicone 3.75

3.75 10 [err] Soil Releaserating 1=nost visible; 5=invisible As

denonstrated in Tabl e, 6,

1.

are usef ul

5

ners of the_present inventiqQns,
as softeners for the &tz a| P‘é&gﬁ' QEBWHE%‘“PH polysiioxiae of foramia Gl
hydr ophobi ¢ sof

t nh effect 15  on the performance of
the perfluoro ché&&eél dSO(RVé jzjb@c.ﬂz.)d() (1)

PCT/ US97/ 03365 EXAMPLE 5. Testing (AB)[err] A Copol yners for Softening and
de-of Sormpplad

Wet t abi 1§ t yansrpolyaliylaneaxi

s solutions or dispersions of the

copol yners of the present invention identified in

10

15

20

(YO(C,H.0)Y) (2)

wherein each R' is independently a C, to C, alky! group, R? is a divalent organic moiety, X and Y

are divalent organic groups selected from the group consisting of secondary and tertiary amines

and ring opened epoxides, such that when X is a ring opened epoxide, Y is an amine and vice

versa, a is 2 to 4, each occwrrence of b is 0 to. 100, d is 0 to 100, (b +d)is 1 to 100, and cis 1 to

500.

2. A copolymer according o clsim 1 wherein said secondary and tertiary
amines correspond to the structure -R*N(R*)(R"), -, wherein R® is an aikyl group with 1to 4
carbon atoms or hydrogen, R* is an alkylene, cycloaliphatic alkylene or an aralkylene group
which may include heteroatoms, and g may be 0 or 1.

3. A copolymer according to claimm 1 wherein X is a secondary or tertiary
amine and Y is a ring opened epoxide.

4. A copolymer according to claim | wherein Y i3 a secondary or tertiary

amine and X is a rimp opened spoxide.

This Sheet Has Been Repl

RS
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Table 7 were spray aﬁﬂuﬂﬂ des of conventronal 3-ply facial
ti ssue such that 2.0 l Il "HHHHM' l'icone CEEPE HASRSERNEPL on the
tissue after air dryihg.c Bl4ind sa (i ncl 4di § Brols wer e
eval uated by 5 panelists and rated for softness Lt‘ﬁg_aue-r—a-[)e of the
ratings for eaGliposasweie were recorded and reported in Table 7 The rati ng
scale ranged from 1 (softest) to 14 (harshest). Al so, vvettabrr

tested in accordance with AATCC test protcol 79 1995. Table 7. EvaI uation

of (AB)[err]A Copol ynerss.on &%g%og_ﬁrﬁ%% rdl YRint § whicBH-Shthe folsia A B), A

WETTABI LI TY, sec. NG AB- 20- 43

4 . . . . .

5 6 AB-20- 18 wherein each A is a unit ofﬂhn%lﬁﬁ)%ﬁ@&ﬂ;’tmnmd thhaseconduyortenmrfﬁ'ﬁg- '
AB- 50- 43 . . . . e o . .

AB- 50- 18 each B is a unit of formula (2) whﬁ: is terminated with ring opened epoxide, and n m? tg 13030.

Connercial Silicone 3
Sof t ener Water Control 6. Acopolymeraccordmgtoclamllwhlchlsoftheformuln (AB).,.E

14 20 Al rrat erjals i ccorda t resent ntion,whi ch were
tested show® h s%?'t“ﬁ r}%ﬂ“mao&é qﬁ‘ Pé%?%@ﬂ#@'mm,
commer ci al product and, npst showed %ood 25 wett | ng char acteristics,

each B is a unit of formula (1) which is terminated with ring opened epoxide, andantolOOﬂ

7. A copolymer according to claim | wherein a is 2 or 3.
8. A copolymer according to claim 1 wherein (b+d) is 10 to 50.

10 9. A copolymer according to claim 1 wherein each R' is methyl.

10. A copolymer according to claim 1 wherein the ratio of ¢ to (b+d) is 10:1 to
1:10. .

11. A copolymer according to claim 1 wherein the ring opened epoxide is
selected from the group msisﬁng of -CH,CH(OH)(CH,),CH(OH)CHy-,

15 -CH{CH,OH}(CH,),CH{CH:,0H}-, -CH,CH(OH)CH:),.CH{CH,OH}-,
-(CH,)-OCH,CH(OH)CH,~; and ~(CH;).OCH,CRH(CH,{OH)})- in each of which vis 2t0 6,
and o-(3,4-epoxycyclohexylalkylene, B-(3.4-epoxycyclohexyl)ethylene,
B-(3,4-epoxycyclohexyl)-f-methylethylene, and
B-(3,4-epoxy-4-methylcyclohexyl)-B-methylethylene.

20
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EXASI\Q/IZ’{_EZgNHydroph l"’",m'"m"”lsl‘,ﬂmf (AB)[err] A Copolyners onpgﬁ\ﬁ%ﬁ]ow%
Pol ypr opyl ene Anot her eseL ESHRET e BEENSENt invention is in

surface application to normally hydr opro e ﬁﬁq@tes stich as nonwoven
pol ypropyl enqygbfs@ffer to increase thgq wett R IR of 1e substrate. A
product that would be used for this purpose shoul d be abI e PETHSITIRIS| St
bei ng washed off of the substrate when aqueous fluids are applied to the
substrate. One establ uzhedAmeﬁmau@omgmalonmeu‘muabl lity of surface
treatnments to resist bei ng washed off is to apply the product, and subject
it to repeated t R EHL)%EEN(Rﬁh an aqueous solution, and to
nmeasur e the anount of e pr uct remsu ning on the substrate after each

insult. This tec@ﬁﬂg@ﬁ(m ?i_”]fsb E@szhéghc}#oﬂresqueoys

solutions or dispersions o err opol mers ent invention

I dentified in Takjep? pr goo°ne side of 100%
pol ypr opyl ene (O. )gcﬁg?berr?? ?:N\Agi‘g B r| c ﬁﬂ, ]Hat 0.5% silicone
solids wgs present on the nonwoven after a| r dry| ng. The sanpl es, and
controls, were assessed for hydrophilic durability to repeated insults

Ly mg 0, 9% Nl 20k =k Vgl 5k epd S5 Y Wit 2ot ¢

m nd that the ogieg}lve |s to continue to inpart wettability even after
repeated in B baunber in the table is preferred as representing a
shorter tinme needed to wet the substrate and, accordingly, a higher
proportion of the product remaining on the substrate. 20 18

14, A substrate according to claim 13 wherein said substrate is selected from

10 the group conisting of natutal and synthetic fibers and nonwoven materials.
15. A method of imparting durable hydrophilicity t0.a substrate comprising
applying to said substratc a copolymer according to claim 1.
16. A method according to claim 15 wherein said substrate is selected from the
group conisting of natutal and synthetic fibers and nonwoven materials.
15 17. A method of imparting durable sofiness to a substrate comprising applying
to said substrate a copolymer according to claim 1.
18. A method according to claim 17 wherein said substrate is selected from the
group conisting of natutal and synthetic fibers and nonwoven materials.
19. A personal care formulation comprising a copolymer according to claim 1,
20  a surfactant component, and water.
20. A personal care formulation according to claim 19-further comprising 2

thickener.
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¥\gb19<7a/ gzggal uat i U"'"H"lluw“u" ,", Copol ynmers on 100% Pol ypr ogﬂéig&gﬁgsgn
Time in Seconds RefuiTed td Wet ’the- ch Insult No. of

Insults = 1 2 THIS S:ggp‘gég EE 5 5 Product Tested:
AB- 20- 18 WO 97/32917 14 6 D. 9 11.1

11.3 Silicone Copol ymer 2.8 70 43.1 'J&’ds’%’“ﬁ“f
93.2 10 w Pendant Pol yal koxy Chains (control) AB-2043 42
32 30.4 21.15. Apersonal careformulagionwiuthdsia shampoo comprising a-cbpGiymer
>180 >180 .>180 >180 15 The data in Table 8
show t hat t heacwpdibg/welamdf a surfactantadmpbndnt setsvteddronecthe groop eorsistingpafaniondal | y
durabl e aft.er repeated insults than conventional silicone copolyners wth
pendant pol yabisficeantspamploteic dafematsend miktuidd thereof, a nonionic surfactant, a thickener

component, and water.
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alterna f’a@llmmmﬂuum e

Cerr]JHerrq O err] R err]{ eir]Si(Rerr])[err]Rerr] (O
C[err]H[err])[err]X) (1) and poI I ' f iformula (2)
(YO(C[er(r;_} r e (2) W r? h | is independently a
Clerr] W @JF AL&]{NE§D1§FOUD RiErgl ' nt} hydrocarbon group with
at | east one carbon, which nmay h

i ncl ude an et her Ilnkage X and b . gani ¢ groups sel ected from
the group consisting of secondary and tertlary am nes and ring opened

epoxi des, such that whe OXI de am ne and_vice
vgrsa ais 2to 4 ead Dé‘ @i&}r%éyﬁgglg Bl% cgp‘g giqgépos%d ?gﬁfgrqaélng@@xts eh +
d is 1 to 100, and ¢ |slto a$ nmgr according to claim1l
wher ei np%]é(F‘EP@B%Bﬁmlaaﬂﬂ @%ﬁﬂa@%%(ﬁ@é& )neYitRe GQCaﬂ'ba)t)ﬁ)e(lit ructure
-Rlerr]N(Rlerr])(Rlerr])[err] -, wherein Rlerr] is an alkyl group with 1 to
4 car boandipalyslkpienénxideogfeformiladRy | | s (RO(QJHDRVE, @cl oaliphatic al kyI ene
or an aral kyl ene group which may include heteroatons, and g is 0 or

A copol wiBfeig e Rl Bgn&egeﬁdeﬂggﬁj%%% ed/&ﬁylgégb%%ﬁ%%% hg&roEfr@{négF#lfam ne

and Y is a ring opened epoxi accor § g
wh econd r. tertiar ne and is a ring opened epoxide.
5. ere n %%l‘%i?“%%@?%"ﬁacli gy hay >1 TRKY é‘I‘PSFlEmBPS thsesopangder anqluds)qner r] A

wher ei n each Ais.a unit of fornula (1) which is termnated with a
secondartheplinkage; Xaand ¥ rarndivalencorgBnic greupsrsetectod font thel grogPonshiing of s
termnated with ring opened epoxide, and n is
secondary and tertiary amines and ring opened epoxides, such that when X is a ring opened
epoxide, Y is an amine and vice versa, a is 2 to 4, each occurrence of b is 0 to 100, d is 0 to
100, (b + d) is 1 to 100, and c is 1 to 500.
2. A copolymer according to claim 1 wherein said secondary and tertiary
~ amines correspond to the structure -R4N(R3)(R4)g -, wherein R” is an alkyl group with 1 to 4
carbon atoms or hydrogen, R*is an alkylene, cycloaliphatic alkylene or an aralkylene group

which may include heteroatoms, and g is O or 1.

3. A copolymer according to claim 1 wherein X is a secondary or tertiary

amine and Y is a ring opened epoxide.

4, A copolymer according to claim 1 wherein Y is a secondary or tertiary
amine and X is a rimg opened epoxide.

5. A copolymer according to claim 1 which is of the formula (AB), A
wherein each A is a unit of formula (1) which is terminated with a secondary or tertiary

amine, each B is a unit of formula (2) which is terminated with ring opened epoxide, and n is

2 10 1,000,

20



2to'1060 20 6. A topotynmer—accordimg to claim ' s of EET
formula (AB)[err] A wherein of formul a?%p%Q%'VQENHFESH
termnated with a secondarylm (H Immltmw each Bis a unit of fornula

(1) which i's termnated wth+ing opemec epoxide, and nis 2 to 1,000. 7.

A copol yner according to claim1 wherein ais 2 or 3. 8. A copol ymer
according to claiyn 1 erein (b+d) is 10 to A copoly ccordi ng
to claim1 whereih ea cﬁ["&‘}‘%f s m%&‘?ldmﬁbl Wh‘ci IEBF)BHC);HEPUIQC@)(‘J&Q to
claiml1l wherein the ratio of .¢c to (b+d) is 10:1 to 1:10. 11. A copol yner
accor diwhgrein ea¢tairis 3 wniteafdormulhe(2) whirhois eererinapibwittia sesorsletyeat tediaty om t he
group consisting of -CHerr]CHOH)(CH err])[err]CH OH)CH err] -

- g"{_l[ g*%?ﬁufiﬁ g—l)ﬁ&l% é’jkf?:tﬁlg (%fgfl‘ﬁ{;r%lﬁli'{(g:{«lglﬁ‘? liQdtminated with ring opened epoxlde and n is

(CH[ef%oHﬁbé] OCH err]CH(OH) CH err] - and

-(CH erT err]OCI—|[err]CH(CI—|[err]{O—|}) in each of which vis 2 to 6, and
derived from[err]-(3, 4-epoxycycl ohexyl)al kyl ene,

[err]- (3, 4- epoxycicl ohéwpylymaya@wdmg t0 claim 1 wherein a is 2 or 3.

[err]-(3, 4-epoxycycl ohexyl)-[err]-nmethyl ethyl ene, and
[err]-(3, 4- epoxy-8&- met AydopylyhieR @edording € thinmtvieréihiyans 101&.50. A

copol ymer according to claim1l of the formula

9. A copolymer according to claim 1 wherein each R'is methyl

10'. A copolymer laccording to claim 1 wherein the ratio of c to (b+d) is
10:1 to 1:10.

11. A copolymer according to claim 1 wherein éhe ring opened epoxide is
selected from the group consisting of -CHzCH(OH)(CHZ)VCH(OH)CHZ-,
-CH{CH,OH}(CH,),CH{CH,0H}-, -CH,CH(OH)(CH,),CH{CH,0H}-,
-(CHy),-OCH,CH(OH)CH,-; and -(CH,),OCH,CH(CH,{OH})- in each of which vis 2 to 6,
and derived from w-(3,4-epoxycyclohexyl)alkylene, B-(3,4-epoxycyclohexyl)ethylene,

B-(3 .4-epoxybyclohexyl)-B-methylethylene, and
B-(3,4-epoxy-4-methylicyclohexyl)-p-methylethylene.

12. A copolymer according to claim 1 of the formula
HN(R’)(C,H,,0),CH(CH;)CH,N(R?)-
{CH,CH(OH)CH,0(CH,);(SiOR"),)Si(R"),(CH,);OCH,CH(OH)CH, -
N(R*)(C,H,,0),CH,CH(CH;N(R?},H wherein y is 2 to 1,000.

13. A substrate comprising on at least one surface thereof a copolymer

according to claim 1.
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HN(REerr]) (Qer ] Hierr] O err]CH(CI—l[W]”CH[erT N( R[ REPLACE ' f“)\lT "ﬁgT
rr

;
CHerr]CHOH)CH err]OQ(CH err] Y[err])[err]SIi(Rerr])[e
HE%[”e]r?][)iEE:][err][ﬁ{ re]r ﬂ_I(O)O[_De?r_l][ g!plll’]rl]'@l(lﬂ'ﬂn—![lsljm!l) N(Rerr]))[err]H wherein y

Is 2 to 000. 13 A substrate corrpri Si ng on at | east one surface thereof
a copol yner accoigl ng,to claiml. A substrate accordi n& to

cl ai m 13 wher ei n*%ai dAsﬁffB?ﬁ[%P@OF‘im&éq 6'6’&"@5&3f"fh?ﬁ?li‘ﬁ%‘d(ﬂ”éﬁjﬁ%@rﬂ*@tz?

natutal and synthetic fibers and nonwoven materials. 15. A et hod of

i mpar t iheggrbup aohstihg df oghial and synthenic iversoatdr minwovenqrateziatsyy appl ying to said
substrate a copol yner according to claim1l. 16. A net hod according to

cl ai m 15 wherei nysai d 4 Sﬁﬁ@ﬁ,ﬁ&%ffﬁabﬁtxﬁglgﬁ%) rm)fd'if@ﬁﬂl S' t%;aoéﬁﬂstg\ﬁﬁigt&hggﬂg f

nat utal and synt hetic fibers and nonwoven teri a

tl d fl t bst . at | yi t id
cubet r BBYECE o BT  Srtitiger HRIUREASRL © A'met hotl accor ding Lo

claim 17 wherein said substrate is selected fromthe group conisting of
natutal and synt B6ti c & misthod ageerdingrincleim Ifavbereiml wid substrate As gelec ¢mcar e
formul ati on conprising a copolyner according to claim11, a surfactant

conpongid grédircomistivng. of Hdtutal afid RPEBORAiberafid heswNctrhaBriagcor ding to claim
19 further conprising a

17. A method of imparting durable softness to a substrate comprising
applying to said substrate a copolymer according to claim 1.

18. - A method according to claim 17 wherein said substrate is selected from
the group conisting of natutal and synthetic fibers and nonwoven materials.

19. A personal care .\formulation cpmprising a copolymer according to claim
1, a surfactant component, and water.

20. A personal care formulation according to claim 19 further comprising a
thickener.

21. A personal care formulation which is a shampoo comprising a copolymer
ac;ording to claim 1, a surfactant component selected from the group consisting of anionic

surfactants, amphoteric surfactants, and mixtures thereof, a nonionic surfactant, a thickener

component, and water.
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t hi ckener.

y S :
21. . A personal care formulation which is a shanpoo cORPERBNY

a copol ymer according to claim1, a surfactant conmponent sel ect ed 1PO® TSP
group consisting of anionic surfactants, anmphoteric surfactants, and

m xfures thereof, a nonionic surfactant, a thickener conponent,

22 WO
PCT/ US97/

97/ 32917
03365 21. personal care formnmulation which is a sha

conprising a copolm accor di WW"WM&aﬁ corrpon ug

sel ected fr

sur f act an
conponent
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(54) Title: SILICONE AMINOPOLYALKYLENEOXIDE BLOCK COPOLYMERS vV
(57) Abstract

The present invention discloses non-hydrolyzable. block, (AB)pA type, copolymers comprising altemating units of polysiloxane and
ammo-polyalkylmeoxidemﬁprmidunmethodfor mpmtionofttueoopolymm Also provided is the use of these copolymers
a8 softeners, in particular dumable, hydrophilic textile softeners, which unprove tactile properties of the textiles substrates treated with
thecommacmlsoﬂmleueﬁmhu without substantially detracting from properﬁes.'mecopolyme:sofﬂnepmentinvmonhave
alternating units of polysiloxane [X(CaHz2sORR2[(SIOMR1)2)8i(R")2R2(CoH240)X] and polyalkyleneoxides [YO(CaH240)aY) wherein R! is
a Cy to Cy alkyl, preferably methyl, R2 s a divalent organic moiety, X and Y are divalent organic groups selected from a secondary or
mryminemdanngopuwdepmdde such that when X is a ting opened epoxide, Y is an amine and vice versa, a = 2 to 4, preferably
203, b=010100,d =010 100, b+ d = 1 to 100, preferably 10 to 50, and ¢ = 1 to 500, preferably 10 to 100.




