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‘Sl LI CONE COPOLYMERS FI ELD OF THE | NVENTI ON The prw on re
a process for the continuous production of silico and to

. the novel products produced by the process. BACKGROUND@E* THE IN\/EI\ITI ON

Silicone copolynmers serve as surface-tension | oweri i
agricultural adjuvants, stabilizers for—pol yuret haﬂ%ﬁ,@ﬂﬁﬂlﬂ@m’ﬁtl ves for
coatings applications, antifoans, and enul sifiers. i ent

manuf acture of silicone copolyners is desired for two pi%%ary reasons- -

| ower cost, and less waste. If) in addition, the equi pnent needed for that
net hod or procesSCWT@H@ESMAQ‘QFdQ'BHB@rQEtS“-!s@@ﬂ PR M ERS cess woul d
be inherently attractive. Mdrreover, there remains a need for a process to
prepare silicone copolyners that provides desirable properties in the
application for which they are intended, which process would offer

manuf act uFIEL® ORTHRE BV BN to 15 produce vari ations of products,
det erm ned by the choice of nethod of manufacture. Chem cal reactions may

pe conduct ed 1fhes, b%hﬁnvén%n'rémes o o &R0 HALR AR bRIuctRn SifAY | d
fashion (partially batch or partially contlnuous) For exanpl e, the

react ants_necessar e sili,co may be a silicone fluid
cont aﬂl ncc? Sﬁ@eﬁsr a tr°et % %‘ngré)ﬂuﬁf BWS %ebélgﬁ??/ c%%sﬁded to silicon (hereafter
referred to as a hydrogen siloxane or SiH fluid); and an 20 olefinically
term nated conpound (hereinafter referred to as an ol efinic conpound). The
t wo corrponents are m xed together in appropriate anounts) and whil e bei ng
suf fici eng4 ROUNDOF THEINMENTIOMJded. A vi gorous reacti on ensues) and
the olefin, by hydrosilation, beconmes chemically attached to the silicone.
2 7 JUN 200Z XNiBmmnaudsgolymerssate asosueface-teasibry bwegeg agantson agrécuftlizal edjevadtst he

ol etinic conpound are inmm scible, a conpatibilizing agent frequently is

used to fsdbillzetsdbepdipaethhi YoarhNAdRlitREERtr cbitings hlicadnk, Stifdat@] Atditimulsflerhhough
it is not necessary to use it in sufficient quantity to di ssol ve both

CONMORENt-Phe dificidd Gnd ?Mﬂ&ﬂﬂ?&gﬁkb%@lgﬁdeﬁ idl asdd @Ar%b gh&agoméaﬁsld- 18%Er cost,

sufficiently pure of m nor conponents, anount of "sol vent
can be decr [ cases . to zero. :

2gtat i o AR, B P68 shbafif e G t?n‘r“z"éét{“# NPTt e
two (relativ hases.,  The reaction betf@ﬁreovterh?h raw material s

e cible
need not 998st E{#rcfh‘ﬁll @B&Pﬂ OF, PSGPSS MyPulshhe Rheremly; agtractive ere remains a

need for a process to prepare silicone copolymers that provides desirable properties in the

application for which they are intended, which process would offer manufacturers the flexibility to
15  produce variations of products, determined by the choice of method of manufacture.

Chemical reactions may be conducted in a batch fashion, in a continuous fashion, or in
hybrid fashion (partially batch or partially continuous). For example, the reactants necessary to
prepare a silicone copolymer may be a silicone fluid containing one or more hydrogen atoms
directly bonded to silicon (hereafter referred to as a hydrogen siloxane or SiH fluid); and an

20  olefinically terminated compound (hereinafter referred to as an olefinic compound). The two
components are mixed together in appropriate amounts, and while being sufficiently agitated,
catalyst is added. A vigorous reaction ensues, and the olefin, by hydrosilation, becomes

chemically attached to the silicone.



" For exanple, if the reactivity of the hydrogen siloxane fluid is virxgpiﬁﬁ,
« the ol efinic conpound 10 may be charged to the reactor in its enti gt N2

- fraction of the hydrogen siloxane fluid may be charged, the reaction

catal yzed by addi ng.a noble netal catalyst solution, and the remaining
hydrogen sil oxane fluid added subsequently and at such a rate, after the
initial reaction exotherm has begun te- subside, as to keep the reaction
under control. This process is sonetinmes called sem -batch, or
(incorrectly) sem-continuous. |If both the hydrogen siloxane fluid and the
ol efinic 15 conpound are ad part. initiall and th n_ al
conponents a B"ggsec'ﬂ r‘ﬂqshﬁﬁﬁssq )éfgf’@%/‘ Silﬂ’é’"F duidiang the ‘gef%/”h‘f ?‘?"%Roé‘ﬂ A%nd added
until the reactor is full, the reaction is called (correctly) sem

cont i nuigusiscitied wrmmnbuhnumsent Gawenidnis opedtpdaciiijats redctionafiis hgent i oflsd ol ef i n
has, heretofore, not been successfully acconplished. This is for several

r easonscalmdhh@&vmitl Althoaglein tsmt aéeeskaiytodisé aiid suffdfentlqeamityroeditsotyebaihn t ypes of
continuous reactors for liquid phase systens: continuous stirred tank

react or Sorponens. ﬁ&h@%ﬂ?@% n sAGEhn® i ahd BMefiRi€ 6hPGURd ard)sUBRIERRIY pufe dfSmihdther ent
that not all of any of the reactants can be consuned conpl etely. However,

St | I£0Ng, £ARAlHIBLerc0 ggeaaraukuﬂgof“savzmdm AU delthgask edalytipgen ol oxane

fluid is unsul I'ng many commercia pro CSTRs

th I f th
above dHa¥FTHen e SARhas ﬂygf%laaﬁ@m@&%ﬁ%ﬁﬁf?ﬁﬁ&%@&twt? A HERRRE U, o
m ght be circunvented by use of a plug flow reactor, were it not that

Wi t houtb%WEWFM%Hele?lwgm%‘bi‘Qﬁhaé‘éi bl e hydrogen siloxane fluid and

ol efinic compound will phase separate very rapidly subsequent to initial

m xi ng) t husTheagaétiog betvecen dizecnivamateriispresd aetdberconductsidn ppueslsbasell fashiom f act
the reaction ceases rapidly wthout ongoing agitation, and then fails to

. pr oceedForasxempleif the reaueivityl ofifie higdrbgen, silvvaine Ruidfis eay higa, the oleiniedoinpolrd caused
by gradual, irreversible deactivation of the catalyst. Thus, neither of the

t wo1Gs t amehabélchabitdi 1h URURadt6AA itS entietySY RIS o tHRMgdH e@tifdxgheAtid fréy bé he
manuf act g’?e of silicone copol yme?rgty SUWARY OF THIS%I NVENTI ON anle%;cone

copol yg&{)af/geﬁfﬁh?éa‘chwcdtﬁzieﬁ‘bﬂd& g&’%tﬂé ﬁétafé’zﬁ'al ,gﬁ%H{qum bifing ONt | NUOUS

fashi o using a serie ast one CST y at east one

plug fl 5. been fo t

pr oduce%é?eesﬁh xan% ’t"d gﬂil “P?igﬁ %‘X a‘ﬁr@g ératégr gil' r%le%r)gﬁe'f? ¥ es mar edly

differet fromthos al ogous copo| ynmers produced i.n batch f i on.

Thus, rbﬁ%@ 5?‘8%“?"13 Hﬁﬁeﬂ Hiedradtigy H’é‘leé G?IBT%}nég‘é PrQCe§s,if Spetimes i %E? t he
f

steps Osemx-batch, or (incorrectly) semi-continuous. If both the hydrogen siloxane fluid and the olefinic

15  compound are added only in part initially, and then all components added continuously after the
reaction is initiated, and added until the reactor is full, the reaction is called (correctly) semi-
continuous.

Truly continuous reaction of hydrogen siloxane fluid and olefin has, heretofore, not been
successfully accomplished. This is for several reasons, which will be enumerated in detail.

20 There are two main types of continuous reactors for liquid phase systems: continuous
stirred tank reactors (known as CSTRs); and plug-flow reactors. In CSTRs, it is inherent that not

all of any of the reactants can be consumed completely. However, silicone copolymer containing



(a) continuously feeding hydrogen siloxane, olefinically substituted

“ conmpound capabl e of reacting with said hydrogen sil oxane, and cataly%?~mﬂﬂwz

"said reaction, to at least one ( 1) 20 CSTR in series and continuously

. wWthdrawing fromthe last CSTR in said series a crude product streamthat
contains silicone copolyner and unreagted hydrogen sil oxane and ol efinic
conpound) provided that said hydrogen~sil oxane and said ol efinic conpound
are reacted in said series of 2 7 JUN 2002 4 CSTRs to a sufficient extent
that said crude product streamis sufficiently honbogeneous that it does not

under go phase separatjon in.step (b)), .and (b) continuousl eedi sai d
crude p‘fng%ﬁﬁ‘tf:ﬁ h%?&éﬁ%‘loéa%ﬁw(iﬁé‘gs“&ﬁ%‘é 6?’d5a“§'r%wwye%?8}"b“f°‘?'r%%4‘\xﬁi gﬁ‘gi}r oduct
is withdrawn. 5 BRI EF DESCRI PTI ON OF THE DRAW NG Figure 1 is an exenplary
pr oduct $PMRssthemastyes 3Fe 4oy @oed for fraking sdiceste pplyEShe copol yners. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 10 Continuous systens are snaller than batch
react or systBwrmpresane dfelssaboss-tiésgribedontrericted hgdogpn pldwate, fluad exitorgsi €8TR o

cl ean, generate less waste (if cleaning is inplenmented between using the

react orregt& Right e dRKAVEMEY BY tht @5cdtta gHiOAO réaktoranéte tafs tHaBlRRbAl s | ost
from equi pnent "hol dup”, so overall efficiency is higher. From an operating

per %pecéowﬁxed%QﬂIF,f‘déxQHx?ni&}ﬁ ﬁ;{&g%ggﬁ SildKaRO AR AR ofefAE EohbARUSVil ﬁ‘gﬁe{) he sense

that the extent o egree o tion primarily s 15 determ y the

A D e S A R S

Vi or ¢ I NUOUS ure of

suitable si]icon opol yner.s; however, when used in_ conbinatio t he
 eact oy SO off (el YECHI PSR NS IR BB BRr e Plsoat
driving the reaction to conpletion, wthout undergoing the phenomenon of
phase JEpeeedtevemupemEgnewrd agiation alhtCh@gp‘éllsybﬂélﬁVqﬂrthF geused by gradwili ci pat ed
addi tional benefits. Reactants 2 7 JUN Z002 s The present invention is
appl i catreeertibie deactibatibmarfitheadatabyst. r Blas) neithyr ¢fithe oal $tyndeat @inyimenhs. reactor

10  systems alone is effective for the manufacture of silicone copolymers.

UMMARY QF INVENTION
Silicone copolymers exhibiting improved properties can be manufactured in continuous
fashion by using a series of at least one CSTR followed by at least one plug flow reactor. It has
15  been found that the silicone copolymers produced in this continuous fashion may have certain
properties markedly different from those of analogous copolymers produced in batch fashion.
Thus, a process for producing silicone copolymers is taught having the steps of,
(2) continuously feeding hydrogen siloxane, olefinically substituted compound
capable of reacting with said hydrogen siloxane, and catalyst for said reaction, to at least one (1)
20 CSTRin series and continuously withdrawing from the last CSTR in said series a crude product
stream that contains silicone copolymer and unreacted hydrogen siloxane and olefinic compound,

provided that said hydrogen siloxane and said olefinic compound are reacted in said series of



bet ween a hydrogen siloxane (or SiH fluid) and an oletinically unsaturated
- conpound - (hereinafter referred to as ol etinic conpound) The hydroggn JUN 2002
* sil oxane can be an organohydrogensi | oxane conpri sing any conbi nati on of
sil oxane units selected fromthe group consisting of R3Si0,~z, 5 RZHSI Ovz ,
RZSi Ovz, RHSi Ovz, Si O-z, HSi 03~z and RSi Caa, provided that the hydrogen
sil oxane contains sufficient R-contaiftng siloxane units to provide an
average froml .0 to 3.0 Rradicals per silicon atomand sufficient
H containing siloxane units to provide from. 01 to 1.0 silicon bonded

hydr ogen el=silicon atom and, a_t

o711 con- GoTEED £t RRaR R S AR Ak oL 8 Pr@Bfresys e
AIternatlverz< wherein M= (R3SiQiz) M (R)zHS|Oa) D= (RzS O D
( R) Hsi 0) dogs gokungdgrgophasesepasatandn step {Heafsk ef er abl e structures of the SiH
fluid would be 1VID, ~D ~M wherein x and y are in the respective ranges of 0
< X <160, 1 <_ y(b)<004mnu<anty feeding saidycrudemoducs sigeanDyertt Yaebt ame pgiicy YM
wherein x and y are is the eespective ranges of 0 5 x < 160, 0 Sy 5 40
aad x+y react@Ofom Whichpebaurets withdrawme gi ven here and el sewhere herein, such
as MbxD yM are to be 15 understood as representing the average

conpgsi tions of statistical polyners, unless otherw se noted. Sone
preferred SiH fluids are MD Mand MD M trisiloxanes. Each R group is
|ndependgﬁfgp/DéSgRﬁﬁrf%bpéFﬁgEgg%m&pd each represents a hydrocarbon

radi cal y radical. Illustrative of suitable R

bty - soperfigs Vs Hshgfoll efolatiof pyecry B du PamaRsnre 6 e cabammers

containing ~ to 12 carbon atons (such as cycl ohexyl and cycl ooctyl);

aral kyl radicals (such as phenylethyl); and aryl radicals (such as phenyl
optionally substltuted wthl to 6 aIkyI groups of up to 6 carbon atons,
such as RblAILE X AOFOTHE TN Y] ‘ Rradicals are C, to.C ~z 2 7
JUN 2002 6 aIkoxyI radlcals such as nethoxy, et hoxy, propoxy, butoxy) and
decyiboxy; andCqntihydisksydrenems ymalted tignlbatch weftarSystems, are less costly, contain less

CH~-Q( CHzCHzO), (CHZCH(CH3) O, ,-) in which the subscripts a and b nmay vary
from O t@RodRkeUre eaBQQt@aehnagé&Patéf 1Res Wise @f d@fing4s iiptinsedted barwddhh¥ihg thehe Si H

tluids are typically fluids with a hydrogen content (measured by Feaction

W th 5 i s té’ﬂgh?ﬁﬁc?dfﬂ%reh gg@%@ Bﬁﬂég‘fgl iy Fs)loé?ffroH ghRgpt 5 ce/g

to about e Vi sc05| can range rom | ess t han
1 cstk ( tl,stok r eat.e han. 300 cstk. The structures of these
fluids r8 oo o8 ﬁv%aﬁ ERERGE Pishel FFOm &SP DR P Ty P A PSR e
(MM) t rrerlcewllbratedflwd havi n astructure of IVDISCD' | oM
Di et hyl d’f‘ eF&'F‘PH €'e iBFE 8296 that the SRy e OF E9°HN REFRAIY § prepare

| i near bl ock, ) ) .
15  determined by the reactor or equipment design, as opposed to elapsed time.

Neither a CSTR nor a plug-flow reactor, alone, provides for continuous manufacture of
suitable silicone copolymers; however, when used in combination, the reactor system of the
present invention is surprisingly effective at driving the reaction to completion, without
undergoing the phenomenon of phase separation, and the resuitant copolymer provides

20  unanticipated additional benefits.

Reactatits



10 copol yners) sonetines referred to as (AB)" structures. The Sikifl#?gﬁ
- may be blends of different nol ecul ar wei ght and nol ecul ar structure %ng
"There appears to be no limt to the structure of the hydrogen sil oxane

ot her than that inposed by handling (practical) aspects such as viscosity,
and the desired properties of the copg yner product. The reactive
substituent is an olefinically substitauted noiety. Preferably, the olefinic
15 conpound is a pol yoxyal kyl ene reactant corresponding to the fornul a

R (OC, H2,)"OR2, it being understood that the pol yoxyal kyl ene noi ety can be

a block or r Ter. yar | ene
units and isq@ggf]&égﬁﬁ'y"é@‘é%é"'@?m%%@ﬁ'ﬂg’s”@%%@é?“??ﬂr’{gQf@%ﬁ“.ﬁ'?ﬁgf‘(‘éﬁg&t‘%s and
conpositions. In the foregaing fornula, ais.2 to 4 for, each unit, .n.is 1
L0500, DReRRAILSSE R 9T St G frirereusisy sl e
cont ai ni nfg 3 to 10 carbon atons_and nost 20 preferably an allyl or

met hal | y¢fegjedigms clgticRempenat)e d ha hydrasemiilonanecar be ant orgpnahydiogpnsilorspelr ogen,
an al kyl group containing 1 to 5 carbon atons, an acyl group containing 2
to 5 carcbmprisihgany, combihatamotyslorarelinits gpieantgal fodm thetgrop cmsibiing AtREK)L,0r a
trialkylsilyl group Alternatively, if it is desired 2 7 JUN 2002 7 to

prepsr e RIASICAR) kzsw)g? RHFOLY 8., BSiO:78¥d RSIGAR, jbliestythaOhe WRirbgmafiexabl y an
al pha-ol etinic group) containing 2 to |0 carbon atons, and nost preferably

an all y'coﬁginggﬁﬂgg%ﬁ&-c&ﬁﬂhﬁﬂgﬁwﬂﬁé ifs¥o ‘B‘;od'icféeanl%:@é‘rfagé £64 190 Rl FRGEikMs

unsaturate reactant used can typically Tange from

pol yal kyl eneoxi de nmonoal | vl .et her. .of .nom nal. nol ecul ar Lght 204 Dal t ons,
7175 ePRMGRG ahots B serycishy Btonainioe oreor s B o0 s ¥om B % 40 6eBoy 1 ene
oxi de; WS%&) Dal tons all _pr op¥l ene oxi de qr t.o 1500 Daltons all-butylene
oxi de. efl diydrogen pemy gemhilcon atqm aprbytotd of R radicaipandsilicgp{bgndedihydiogery
uncapped {e.g. a nonoal lyl ether) is immterial. If the polyether is
uncappeatomstofifronpt.&fted Ogér silictn ssomappr opri ate buffering agent be present,
such as any of those disclosed in US Patent No. , 4,847,398, the disclosure
of ®hich is Aiembtively)ovhereor Nt -eRBSIOgL, Mby (RQHSES g2 FqR), SE,HRTr= R)EFSi0| cal | y
unsaturated ol efinic conpounds useful herein are an olefin-started al kane
(e.9., indLh@areintBgerg g prefehibiefficturés Bl tee/SIHORK ¥O6IH )be MD @ N1 whesdink t ed
al cohol, an olefin substituted epoxide (e.g., allyl glycidyl ether, or

i nyl | ' = td I ] t ed
vinyl cygy %Sﬂgegﬁg&gﬁ%egﬁgb ey § ?é}ﬁ%@,danﬁ 1@1{?}%@60 Ad MbFoMat €

olefin-starte t hacryl ate, vinyl-s ed’nitrite (e.g.,
15 acrylopjtrile)l or an acetylenically unsaturated naterjal ,. butyne
oty B MDY R e s S e T e esmbert paeny oL 8 B enb st §0 affesch
eugenol . Miltiple ol efinic _conpounds ng% be used on one copol ymer. For
exanpl e20Q:t e palemerdormae: givandierssand eldenherghergin, sychias MIddhdyl, arg t¢ bpr ove
conpatibility as a pol yuret hane foam surfactant; vinylcycl ohexene nonoxi de
i s USedurdersioaxbasirepreseating thietalerage yompusitipes bistatistical polymers2@ni¢ess oehyiser used
in 'textile softening; and eugenol and a polyether are used with a hydrogen
noted. Some preferred SiH fluids are MD’M and M’D M’ trisiloxanes.
Each R group is independently the same or different and each represents a hydrocarbon
radical or an alkoxy or polyalkyleneoxy radical. Illustrative of suitable R radicals are C, to Ci2
alkyl radicals (such as methyl, ethyl, propyl, butyl, isopentyl, n-hexyl, and decyl); cycloaliphatic
20 radicals containing S to 12 carbon atoms (such as cyclohexyl and cyclooctyl); aralkyl radicals
(such as phenylethyl); and aryl radicals (such as phenyl optionally substituted with 1 to 6 alkyl

groups of up to 6 carbon atoms, such as tolyl and xylyl). Also illustrative R radicals are C, to C;



'si | oxane fluid to produce a diesel fuel antifoam copol yner. 2 7 JUN 20062
s The reactants preferably are purified and dried. hfo corrpatlblllzﬂﬁé 0
agent or "solvent", is needed, but |ow | evels nay be added w t hout

_ conmprom sing the effectiveness of the process However, in that case, a

sol vent stripping systemwould need togbe incorporated; or the sol vent
would remain in the copol yner product —5 As previously indicated, the
hydrosil ation reaction is conducted in the presence of a hydrosilation
catal yst, preferably containing a noble netal. Thus, the hydrosilation
reacti on between the hydrogen siloxane and the ol efinically unsaturated

react antankécyf ?aalchllsfs@éheﬁ nRYhdA§ ] asm&a%@baiy GuRRP LAY %e&)ﬂlfxyeirfde&ﬂyaﬂ@leﬂé@dym s)

of a noble fretal -containing catalys Such catal ysts are wel|” known and

i owad iRy W&s@%b@%ﬂ&ﬁgﬁ GARYENS IR WA kPO BRI b A" © 10
di d Mar c , NY 1992. |
Selnte(raal QttPﬁB?HtggséP‘igﬁgo "2 é‘?db% dncaﬂ F}HFJT g[S)ISati nic acid gnd “t he

pl ati num corrpl exes of 1,3-divin I tetramet hyl di sil oxane are particularly
preferred. THBhecSiHlujdstar¢ typiseiiyl thdsavitha bydregensenteted meastied DsIFRCONSNEh 1 o
initiate, sustain and conplete 15 the hydrosilation reaction. The anount of
cat al5y stagusoussstrahg yaseitd liberate hedrogemggaspéf fFano abaai S wt/glto tabowt384dtcc/g0Thpar t s per
mllion (ppm of noble netal, based on the total parts of the m xture of

r eact antiscdkitlesS6r th€Mbids &a\traﬁgé&ionmmm [ Qitk Qentiabked 12 Qreaperansopcaker red.
The hydrosilation reaction optionally can be conducted in the presence of

addi ti vessé®yr iod salts
i scl osed 15 (e RSN B RS Bl |“25%%"‘§'°ﬁ‘§?*e§§?%”n%§‘ the use’ of

the. dony A BRBRUERISERENTaN SRS Bl o Bk RN Felilf iRl o b BLERE 1O
7t r oaucd st seRow Fiblopfed Hgreteh PRk S0 b say Brvk et ik of Le? ’

buffer selected, and the effects expected are process specific.

hydri@si I@Ppbmefsem‘?tmﬁsmfﬁmﬁmlaWAﬁgﬁtrb@Ut%r Ahe 8ikb{lwids may h@blpwﬁmf@r@f t he
sterically hindered nitrogen conmpounds disclosed in US Patent No. 5,191, |
03, or thaleptharsydigit @and sotesular structure fluids. There appears to be no limit to the structure of

the hydrogen siloxane other than that imposed by handling (practical) aspects such as viscosity,
and the desired properties of the copolymef product.
The reactive substituent is an olefinically substituted moiety. Preferably, the olefinic

15 compound is a polyoxyalkylene reactant corresponding to the formula R'(OC,H.).OR?, it being
understood that the polyoxyalkylene moiety can be a block or random copolymer of oxyethylene,
oxypropylene or oxybutylene units and is typically a blend of molecules of varying chain lengths
and compositions. In the foregoing formula, a is 2 to 4 for each unit, n is 1 to 200, R' denotes an
alkenyl group (pi'eferably an alpha-olefinic group) containing 3 to 10 carbon atoms and most

20  preferably an allyl or methallyl group; and R? denotes a monovalent radical, preferably hydrogen,
an alkyl group containing 1 to 5 carbon atoms, an acyl group containing 2 to 5 carbon atoms, a 2-

oxacycloalky! group of 4 to 6 carbon atoms, or a trialkylsilyl group Alternatively, if it is desired



5 disclosed in US Patent No. 5,159,096. Dependi ng on the nethod of 7 JUN 2002
- manufacture, and on the nature of the reactants, one or nore of thesé
additives may be present during the hydrosilation reaction. For exanple, a
tow, but sonetines adequate, |evel of carboxylic acid salts or phosphate
salts already may be present in olefinjcally substituted pol yoxyal kyl enes
foll ow ng cappi ng of hydroxyl-term nated allyl-started pol yoxyallryl enes
with allylic, nmethallylic, nmethyl or acyl groups, 10 or due to
neutralization of basic catalysts with phosphoric acid. In such instances,
the use of additional salt or other additive may not be necessary to

achi eve ' RePaesn{88)ctypecarclynes Bonayrhe an alkspyieyp (pseferably ap apherosdnigner of
the structure MDXD*yM, wherein M is SiAr~(CH3)ZR* or Ar~Si(CH3)3; 15 D
is as algowm) crtainmg Ji tOVID(c@tddBh RfomsRind mod @réferably fan alty! toh eethabdylignéup conpound
di scussed above by addition of an Si-H bond across an olefin noiety of the

vl efinic comseubtres\dieheirefead bleffiicdlBYin¥eurhiee psBeteOfeadiadt iugédetn;tysiduly 20 X
and y are as above. Alternatively if an [AB]" type copol ynmer is produced,

it will  Bee@font 9&&&&%&%&!8@"@O%@gtg&ggﬁéﬁnm e’ ﬁéightg_oh Dalthss, all-

substituent (exce erived I - In or simlar di 2 7 JUN 2002

10 functiopal starti eri ).nis |..ta.500 and mi.s Nor.eover,
vari St SHSean oFHE B Bahsta. R kubien® giat. Do roBlend Wi o, Lo g HE g
branched si| oxanes containing SiQO,~z) SiHO ?2), or SlI(CH3) B~z groups, nmay
be pr odRERY ene oige Ph e htO0Hdop: dskylens it i WREthY thapelyeberdtitarned (-«

| east one, and preferably two, CSTRs connected in series. These can be of
any conveathyl allvh ethgd sir gncappédGtg. wenangallyh ethgr) euimmatesiall e itheepplyeszar is on. Each
is equipped with inlet for the reactants, outlet for the product stream
and agi uatappedllits prefdradd thdt ah lappropsdte bifferingdgermbl presertf such s anyt dfehsseri es i s
connected to the inlet of a plug flow 10 reactor which al so can be of any

convent idiaplebeddf © TPat&rtNaL 4igwe 359 thelisdloRed of WECHIR hkFebdl incEpotdt@herdinBy t €1 M
plug flow reactor includes the functional equival ent thereof which may be a

serihgs offeferes, though a plug flow reactor is preferred. See Hll, An
I ntroduction to Chem cal Engineering Kinetics and Reactor Design, pp.

279-299 ( 19Z)Qe'r ngfﬁinfc::ta]H)i Ensgtﬂlga?erdo it n%cegonbp%ﬁﬁjisnusg%l herein are an olefin-started alkane

(e.g., 1-octene, 1-hexene, ethylene, vinylcyclohexane), an olefin-started alcohol, an olefin-
substituted epoxide (e.g., allyl glycidyl ether, or vinylcyclohexene monoxide), a vinyl-substituted
alkylamine, a halogenated olefin-started alkane, allyl methacrylate, a vinyl-started nitrile (e.g.,

15  acrylonitrile) or an acetylenically unsaturated material (e.g., butyne diol). Other specific e)'camples
include 4-methyl-1-pentene, styrene, or eugenol.

Multiple olefinic compounds may be used on one copolymer. For example, ethylene is
sometimes used with an allyl-polyether to improve compatibility as a polyurethane foam
surfactant; vinylcyclohexene monoxide is used as a co-reactant with allyl-polyether to form a

20  terpolymer used in texiile softening; and eugenol and a polyether are used with a hydrogen

siloxane fluid to produce a diesel fuel antifoam copolymer.



reference. 15 The nunber of CSTRs wi |l depend sonewhat on the identity of
- the particular reactants and on the desired rate of throughput. For 2QrgN 2002
"cases, it has been found that one CSTR is sufficient, e.g.) trisiloxane
fluids. For nost reactions, formation of the desired silicone copol yner
proceeds at a rate such that two CSTRg are needed. I n other reactions,
three or even four (and rarely, nore)—€ ~TRs are needed. The nunber of C .
STRs needed is related generally to the "clear 20 point" of a batch
reaction of the reactants, as discussed below. In any case, the outlet of
the first CSIR feeds directly to the inlet of the second CSTR, the outl et
of the secondhesTRtantscusterblyass puyrities anddrigdy| Mo coppativdizingjagent oS TRIVeR olfe |
present) and so on. 2 7 JUN 2002 11 The design of the CSTRs and plug fl ow
r eact or ieededyitilow heyels may beladdeir withcan cormsrosirmgathe fettivéress aitbepioeessn " An
I ntroduction to Chem cal Engineering Kinetics and Reactor Design" John

Wley & reonskr, linfhat ¢3¢ ) soRa8SEripiaty systd@dvodll héedriebeirbsrdidl; bhehekblerite.,
there is an hydrogen siloxane fluid teed Iine |, an olefinic 5 conmpound

feed i ine 3. It is preferred to pre-heat the

ol efini ggc%dn%%hﬂniqﬁé%péghégx Jiatnger 4. There is a first CSTR 5) which has
a prqeduct wthdrawal  str.e 6 eeds to.an resent second
CSTRE? The " ex AR Prey puslyniFatedh e Bbloned 7RacyoR 4cipe ‘e%ed‘;ma%%r R Ract or 9,
whi ch feeds 10 to a product separator 11. The lig products are w t hdrawn
12 whi | @Ytiwelqﬁleawabﬁtoaw&rtbm@w@%wpléa mefpl. aTWéaEhe-héir@ﬁ&Lraereamon Fi nal
copol ymer product may 10 be collected in storage 15. Cperation At steady
state, tbigeveep thethydragen siboxarsiandshe plafimcatly yinsagurated ireagtant tstacilitated by €HTR i n t he
series. Catalyst also can be fed continuously, or intermttently. As wll
be descrcatalytic amoentt (drl effetrle@niouts) ofiwenoble hetalRconedihgcdtaysan8hdr casalights drenal
catal yst also can be fed to the second and/ or successive CSTRs. Preferably,

the t ot ayelladBWA an®{nchid€ pRlifinh, PaladhANRAY dund- @&tilﬁn% BempsLREESThdyaps esent s a
stoi chionetric excess based on the total amount of drogen sil oxane fed;

Si nqg | tedidwdd iR iR Jo%FBfeBél% Borehdds Qﬁfangﬂ'ﬂ)‘ﬁl rdr8§ I lq{i'&{ ?1%“%'@ no nore

than a trace am)un than 0.1

yas ogen@efils SRUb R e Y PSRN RGP %X?ff%n?{%f’f farn%" Gt et er o
t he secon

i f used). contajns reaction rod or part reaction
product gj&f? %(prgelap%g agid apd the p 1aprﬁlcﬁglp I,{;énzvmyltetr hyllcla siloxane

are particularly preferred.

The catalyst is employed in an effective amount sufficient to initiate, sustain and complete
15  the hydrosilation reaction. The amount of catalyst is usually within the range of from about 1 to
about 100 parts per million (ppm) of noble metal, based on the total parts of the mixture of
reactants and solvent. Catalyst concentrations of 2-20 ppm are preferred.
The hydrosilation reaction optionally can be conducted in the presence of additives (or
“buffering” agents) such as the carboxylic acid salts disclosed in US Patent No. 4,847,398. In
20  that patent, the use of “buffering” salts is disclosed, which salts have the effect of preventing the

dehydrocondensation of hydroxyl groups with the SiH moiety. The salt preferably is predissolved



2 7 JUN 2002 12 nvoieties), unreacted hydrogen sil oxane and ol efin) aml 0
. amounts of catalyst, and the reaction thereof continues in the second cﬂw
“If the residence tinme in the series of CSTRs is prolonged, the catal yst may
no | onger be active when the reaction m xture enters the plug tlow reactor
The time required for this to occur ig dependent on variables such as the
identity and the purity of the 5 ol ef+nic conpound) and is thus peculiar to
every individual reaction system In general, however, it is desirable to
have not | ess than 50% by wei ght, and no greater than 90% by wei ght of the
limtin i VAo TIY, R i | r tion
w1l be BeaRgeist SRS} Rink i AloRE CoTRr Tohaant RSk dhe W or iR Ty
can be added after the first CSTR i.e., to the second, or optionally third
or |at e?’,uge@fggt,eg’t%dégecﬁ?ﬁﬁsie%ecéeﬁéf%%{f)‘éérss Gt of reaction. 10 In a
preferred enmpodi nent, the reaction proceeds.in the series of CSTRs to such
an extent t hatehydoslariemreretionraptienalliisar ke cagred s dr the Psgserss ol Shesiaricallyy t he

| ast C STR i s honpbgeneous. The crude product streamis considered to be

suf fi ci dvndesed nsrogge neropaunids distiosdd esUH Bateaniier oo b ek or Hephomhitenaltss it
continues to react under |am nar flow conditions in the plug ilow reactor.
It hgs higeldsddins PAetH: N, SUSP0OE | Deerding bAthd Method efmetufadurboma@anid ty can
be achieved in the series of 15 CSTRs in spite of the inconpatible natures

of the hygrosERe ﬁéa&%@%te%slgww@ftﬁ&@%a&iwes%fyfqeryrsseﬁp&mum Hy@ashahs, and

in spite of the fact that there may be residual anmounts of unreacted

il anic | Lofini . . ¢

or  mor o "R O AR bbb EAPRRReL R IR CeliroRle e BueRrbile (U2
D

if it is visibly cloudy when it. exits the |ast TR t crude product

st r eam GBBSEBY T rEHE QlaReicl s hrbaihp EReopRIse B FRBETEIER w ¢ hout
under goi ng the phase separation. 2 7 JUN 2002 13 The point at which the
or ude - prigeRY - tpreeRRdkaliy b arges R yoryayienss peP alise MethaliyichBeiy! aCT SRupS
conversion) though sonetines | ower, of the hydrogen s~l oxane to silicone
copdfyner dihiosepuilizatidrsofbasie tatalpss wih phosptiorimacid Intsachi mitesges,pbé nie"of The
nunber of CSTRs required in the series generally is related to the clear
poi nt  ofadéitibnab &dltCdt dtiRRGldiove BONKHI 6 acbesiany! ldeachiev@theRsitedRtfectas Wi | | be used
in the continuous process of the present invention. If the clear point
occurs at | egmehbRhtia 36dueAs b islPonePofimad bethestHrctlufe MFD EMes may suffi ce.
However, for general processing of a’'variety of copolyners, a series of at
| east tWﬂm TRs is preferred, to achi eve the degree of honpbgeneity
descri bed above. In those cases where the clear point occurs at greater

than 90% reacti 0Ny 8 E{Bllrz&}g%'ﬁlaomag&ﬁ&gui red. If staged

15 D is as above;

=

D* is SiO2>(CH;3)R*;

R* is derived from the olefinic compound discussed above by addition of an Si-H
bond across an olefin moiety of the olefinic compound, wherein each R* may be the same or
different; and

20 x and y are as above.
Alternatively if an [AB], type copolymer is produced, it will be of the structure

(-B-[SiO(CHj3);]a-]m Wherein B is the substituent (except derived from a di-olefin or similar di-



10 addition, described below, is used, then a third reactor may be

- required. However, unless staged addition is desired, a third reactof 7iJN 200
‘not generally required. By decreasing the flowrates to the first CSIR, a
third CSTR may be avoi ded; but because of phase separation which will occur
prior to the clear point, it is prefergpble to use a secpnd CSTR To hel p
ensure that the product stream has passed the clear point, it is preferred
to carry 15 out the reaction in the series of CSTRs under conditions such
that the streamthat exits the next to-last tank of the series is visibly
honbgeneous. As noted, the streamstill contains unreacted material and so
cont i nuefuntwonakstarting matdnal)] mstl t€STRaed enis Aft¢ 800 hslorenyemviraitinedorhtheeb@rei t y.
Since catal yst deactivation proceeds rapidly at the end of the reaction,

and becagggnirss, arg. | @rglcyardil&ahR Sai¥mgWhiRAet ﬁdxﬁﬁﬁb@rﬂﬁﬁhﬁ S&0.8, SIH@Y,Sor
present in the exiting mxture, it is 20 preferred that the conpletion of

reaction ortion of the system Thus, the crude

pr oduct g??gggslagreéggﬁonﬁyg%ggé&l‘@e ave been taker: exhaustively to conpletion
of the reaction in the CSTR series to formsilicone copol ymer. 2 7 JUN
2002 14 The plug Flow reactor should have a tlow rate such that there is

|l am nar flow therein The space tine (r), and therefore reactor size, of the
react E@H@% on the catalyst concentration used. The tenperature should
be the sane as or higher than that in the | ast CSTR Thus, in one enbodi nent
of the invent Tempresenpipivgnsion éy capredojugfping atieashond; an@nwf@abrhm}vmg?éﬁl’e si | oxane
fluid are netered into a first CSTR, and the tenperature of the contents is
rai sed tcomecledvini seties. ITH@seadan be ofeercohbéntional dedpCeffeene tdardyious the @G&stfdi S

hal f to-conpletely full, flow of the hydrogen siloxane fluid, polyether and

ol ef i ni creaeao Wadh isSeqﬁitpE&pﬁﬁh i1 GorGRé Pda¥@hts] SutREfR the ABHE: Yreath, had gftafrough
aliquot initially to take the entire contents to the desired concentration

of nobl erRebiler Sfthgﬁzl%%txrﬁéﬁttkﬁkere%ﬁh}{ﬁé §én ﬂ@%br‘ﬁﬁcte Bl i1 of Op@.% fi¥f " nci ent

only to maintain that 10 concentrati on. ter cata yst additi

eXOLIET M 5 0PRERE zsg ehid Jnl LhRen mf%e g B iSo LETSI A iR .46l eved

the desire poi r ogen

si |l oxane_f | ui d, ol efi-nj c nto he rea at the sane
or & | at Bhe Eraatosireunt neudbonrial fSeleaSrregErRhaRy je P it 2 acond
CSTR of sarre or simlar size. The second CSTR i s maintained at_ an effective
r eact i onC®ERp dhanshreplugfier reagtor kscprefgrred. aSeedtlillnAn fntrodugtign to|Chemizak j r st | but
preferabe W|th| n 250 of the tenperature in the first CSTR Once the second

gihee I dReactop Desigs |p|py2791299n(d9%)rrwhr¢hmecorp¢mt¢d@hrem byhird
and opti onal |y subsequent CSTR(s), or preferably directly to a rising plug
fl ow r eaefeveéncef vol une equal to or greater than

15 The number of CSTRs will depend somewhat on the identity of the particular reactants
and on the desired rate of throughput. For some cases, it has been found that one CSTR is
sufficient, e.g., trisiloxane fluids. For most reactions, formation of the desired silicone copolymer
proceeds at a rate such that two CSTRs are needed. In other reactions, three or even four (and
rarely, more) CSTRs are needed. The number of CSTRs needed is related generally to the “clear

20 point” of a batch reaction of the reactants, as discussed below. In any case, the outlet of the first
CSTR feeds directly to the inlet of the second CSTR, the outlet of the second CSTR feeds

directly to the inlet of the third CSTR if one is present, and so on.



the prior CSTR, and maintained within the same tenperature range, usually
-the sane as or hotter than the second CSTR. Once the pIug-fIOM/reagwlhwg@m
“full, optionally flow begins to a 2d conventional stripping unit td're
trace volatiles, reducing odor and flammuability, or the product can be
coll ected and further processed, as f_i exanple) by filtration or stripping
2 7 JUN 2002 15 el sewhere, if needed. —*he copol yner exiting the plug fl ow
react or does not require any further reaction to be suitable for use. If a
third CSTRis used) it is first tilled,,and, then the flow exits to the
plug tlow reactor, as described above. A third CSTR can hel p obtain phase
conpat i bi | i zaEheatesigy of/ihg €1STRs anet plog flowsreadforags welt-kmowif iortheart,anger peri od,
or to allow further reaction conpletion if staged addition (di scussed

bel ow) i smeuplzed €6k dxambleen SAE QilbdEGRbR to UhemieEBhdimderidy Kietich 26 RRaotbd |
beconme apparent if a sanple of the reaction m xture exiting the second CSTR

shows evpg qum\wg ?Leso%gg@qa;gﬁn =s 284 . gxanpl e, the devel.opnent of two

di stinct phases; upon centiiflagation to renove air bubbles, the

sanpl e remai referred enbodi nent o the rea tor system
recircul ati ny |t€6%§re3$e toﬁlP @8&L38t§/\%‘ewdm$§ xtan%@u'fj ttueedflm?i " back
to tg\(,avlnflow nd fromthe exit of the_ second STR (i f used), back to the
i nfl Gw FPMPRENG F% fingcang 2 eqtalyst feed ipgéy L igp ﬁayr%@ah@eale@awwﬁ@pg&*%t up,
to reduce reactor size requirenents, or to return product to an earlijer
CSTR i n ip hdeataxrhangerth Bhereis aifingtGSTReY vdrichorasarpredust wishdrewnistreamiewhish t he
remai ni ng content of hydrogen bound to silicon of the 15 outflow of the
second (eedRto an apuianallyplesdne seebhdCEERE , Theredit isfreano of the sexohd CSTRGBafeedsa0 a
partially or fully recycled back to the first CSTR which prevents any
phase segfhal fdw edacte OUivhich el 16 Rea probget fsbiratb£BIC t THe lighDSroti@&Y &leSvithagdv r om
the outflow of the first CSTR back to the inflow can be nonitored by an IR

det ect Oflzﬁlnﬁfé thph@ v%ﬁrdam:ts rl?'alfe' J&%le}i in'? ﬂ&t leRcHay t?%e? 1&.6‘%%% %pﬁfoduéttmd
used during start- ensure reaction S progresse ficlren
befqge fI||p he Secol gd CSTR. 20 In the nost' pr~ferred enbodi nent) a
thir e&dﬁ? hly if staged addition (described below) is
practi ced. 2 7 JUN Z002 16 In the present invention, consistent

i ntroduction of a second ol etinic conpound easily is

Operation
At steady state, the reactants are fed continuously to at least the first CSTR in the series.
Catalyst also can be fed continuously, or intermittently. As will be described more fully below,”
15  one or both reactants and/or additional catalyst also can be fed to the second and/or successive
CSTRs. Preferably, the total amount of the olefinic compound(s) fed to the process represents a
stoichiometric excess based on the total amount of hydrogen siloxane fed, since it is preferred that
the silicone copolymer product contain no more than a trace amount of unreacted hydrogen
siloxane (i.e., less than 0.1 cc/g hydrogen content, as described above), and preferably no
20  unreacted hydrogen siloxane at all.
The stream that exits the first CSTR and enters the second CSTR (if used) contains

reaction product(s), or partial reaction product(s) (i.e., molecules still containing some SiH



acconplished: it can be added to the second CSTR Because this second
. component is not present in the first CSTR) reaction in the first CSTR JuNgf0l
‘occur only between the hydrogen siloxane fluid and the first olefinic
conpound. Upon entering the second CSTR, the second ol efinic conpound is
avail able to react with the hydrogen ghl oxane fluid, along with any
unreacted first olefinic conmpound.. ourse, it is not necessary to add
ei ther ol efinic conpound exclusively to one CSTR, they may be fed to two or
nore CSTRs in different ratios. If staged addition is used, it generally is
preferred not to add any additional reactants to the last in the series of
CSTRs. Tmugties), unaeacted dydGgdsiloamtei agd ofin,cand rewontanf satwlpy) shdabe adctanh t o t he
first and the 10 second CSTRs, in the proportions desired, but not to the

third CHdreoftcortiligsinQfié betbh®TSTRACH the Fesidaficeltimisinbite @ttt CYERYs pidipded to
t he degree of honogeneity required (as di scussed above). Likew se, it

PecOnEs RORRIIAR nal N8 lofkePEANJe whld hETEiRfioN HEERYEREA thONBE ROl idorC athe D

introduced in sinmlar aged fashion. fact, any conbi nation of reactants

can be nbi ned .i.n staged fashi on, and silicon e] r. pr.oduct can be
obt ai ned TRIGRUIR e Pisdy et oepenticn’ L aRahley U af ok anfl sty Fthe
acconplished in a batch node, unless the desired products could be obtained
in separfiBicsemPRunde 284 [Sdhus nereliaf KesyeooRdY el reactien SYSHE r BLensraln Bowsvsr.
conplete. The copolyners of the present invention nmay be used as

sur f act atris desirabie td bavemot key thani§Q% balweigli, and no greates ghan| %% hynwsightsif theeact i ve
dilvents, coating additives, wetting agents, hydrophobizing agents) inter
alia, adimmirg refgencleacted Inan@ ige/eAICSTRI | Theirémdihder af the r242tiGomall 0d cdnfpteted in

copol ynmers produced by the above-described process can be unique, and can

di ffer shegshig Aewnédctor! AddiRhil cRIaGBEIptibRAly{ca B sdtealafterthe AiFRASTR! D& ke sanme
reactants in batch processes. One manner in which this uniqueness appears

isint Q@coﬁ@,rJergﬂ@xﬁg? tfkd $h§teﬁ‘§§?§l{i¥%racco l@h‘i?%a@(&ggrlz of fRafifgpduct i on of

pol yur et hane Foam |'1 cone co ners made according to the present
[ [ b ducti. f ! h ' h
800 £ PR bRl S BN o B ShARIR (ST Bl 7

m xture is Formed co i si.ng .a paol yol couponent, a i.socyanat e) e or
more cafiff hesiream fte At bR aFrUdtIRIOMYEL Sieash JRIHBS Hgdat f%%ﬁ%ds PAEoBEER S, rides
copol ymer surfactant. The conposition is reacted to _produce the

pol yur eChda@radyginstrepm is eansidered 6o be sufficiently-homegeneeus i€ 8 slors/nasrundergo phase
continuously produced copol yner can afford flexible pol yurethane foamthat
has a msedaragioeas it conprmas tedehct uodérdaninar\flovhcandjviohs imghe plag dobyreadter. dohdsi nuous
process, there appears to be a wi der range of potency vis-a-vis

br eat habédni foynd, Gaied durprysinply, ahat tHid dugrdetofGu@bgdnsizy Eancbig achiehed ihakeseriegiel Wi t h
this copol ymer renains

15 CSTRs in spite of the incompatible natures of the hydrogen siloxane and the reactive olefinic

compound reactants, and in spite of the fact that there may be residual amounts of unreacted
silanic hydrogen and olefinic compound in even the last of a series of two or more CSTRs. It has
also been found, all the more sux_'prisingly, that even if it is visibly cloudy when it exits the last
CSTR, the crude product stream does retain its homogeneity through the plug flow reactor

20  without undergoing the phase separation.



10 soft and flexible throughout the surfactant nol ecul ar wei ght range that

is practical based on other considerations such as viscosity Thus, by
produci ng the copol yner in continuous fashion in accordance with the 77 JUN00
present invention, the manner of conbination~of the hydrogen siloxane fluid
with the ol efinic conpound appears toj;Rave been unexpectedly altered,
consistent with the observed change i.a-breathability. 15 This discovery,

that the node of synthesis of the copolyner affects breathability, provides
the very significant advantage that the continuous process of the present

invention -- PRE hdifttht Whick tl@écrﬁ@é‘ﬁr'b_é@ét%hch& HoR{ozEndi® dRen co®@PoRB tHRBG: T ed
purposefully to cause any of a variety of desired copol ynmer structures.

This asp hj d, . i t r of t
nvent: ooosy e TR U aec R [BeBbrotd R GGRE ke e,

t he reactrsmt s. 20 Conti nupus, co 041ykr;n=1\r manyf acture offers significant new
oppor t uni ‘§pP’c5‘tl§(§ﬂ’§Ft§?"érfFﬁeVe‘3/H’r§‘ feCiehr 8P but i on of pendant groups on the
copolyner) and thus "tailor" the properties to enhance the desired

char act eri st i Eke pumbenef @GHPRS teavireshin thansriesganeglly tsaglaigd ae Hietciesnpoiat afis r d
CSTR i s Z 7 JUN 2002 18 preferred, allowng a greater degree of reaction
conpl &t i batclpreactiontcondureedningheisamecnet@antngs wilidbepisedinFhowntieanis prodess afsheal so
preferred in such cases to add reactants to all of the CSTRs other than the

| ast oneprefentmddtion I f Weadi@a poinh ScctfsoR Ges9thah Ie%reftiOR! a 4iMRI€TETRMN tife s8fés
forth in the appended clains, the follow ng specific exanples illustrate

ot hods T SunT i ro o REHa DRk s Rl SRoBoBRES FHRE PR IR B e
exanpl es set _{or for illustrati.on only. and ar ot to,be construed as
i Fat s SuCRa R Rt T peBien e Gt o BfmORntiof &5 R0ed ST, IR die GRENAE,
wei ght unl ess otherw se specified 4~ The foll ow test praqcedyres re
used to @Séﬁ’ﬁ%?%mt%%“rbPb%fﬁ%?‘stfhﬂbg%zﬁﬁa&t‘?% atth’éé)gl§§%ﬂf’@’sb.e @@T%ﬁ%ﬁ%nl ess
otherwi se indicated in the Exanples, the polyurethane foans were prepared
accoldi nifldition; dascrihed delow, fsrused diane thisd ceacios may e requirehaHeweyrsnynless ytaged
Applications"' K N Edwards, Ed., Anmerican Chem cal Society Synposium

Seri es Nulditioniydesirgd, @ tird reddtohismgt generally @quiré®8BY denyeasid@ thanflow ratGetolthd ar

Pl astics) Novenber/-Decenber 1981 pgs. 333-334. The basic steps in the
pr ocedur st CSTR M third € STROmAyORg dviatiedf bud bevatisedst! phbsessepaitton Wisieh @il dcur prior

| aboratory scal e
to the clear point, it is preferable to use a second CSTR.
To help ensure that the product stream has passed the clear point, it is preferred to carry
15 out the reaction in the series of CSTRs under conditions such that the stream that exits the next-
to-last tank of the series is visibly homogeneous. As noted, the stream still contains unreacted
material and so continues to react in the last CSTR even after having attained homogeneity.
Since catalyst deactivation proceeds rapidly at the end of the reaction, and because in an
idealized CSTR some unreacted components are always present in the exiting mixture, it is
2Q  preferred that the completion of reaction occur in the plug flow portion of the system. Thus, the

crude product stream does not need to have been taker exhaustively to completion of the reaction

in the CSTR series to form silicone copolymer.



2a are: 2 7 JUN 2002 19 | The fornulation ingredients are wei ghed and
made ready to be added in the predeterm ned sequence to the m xing
container 2 The fornulation ingredients (with the exception of 77 JUN 2002
_ pol yi socyanate) aSe m xed intensively, and allowed to "degas" for a
prescribed tinme; an auxiliary blow ng jggent, other than water, may be 5
added (if such auxiliary agent is used}—prior to mxing. 3. Polyisocyanate
is added and the fornmulation is m xed again. The m xed fornulation is
poured quickly into an open-topped contai ner such as an open-topped

di sposabl e plastic pail for slab foamand the foamis allowed to rise. 4.

After the ri smeipfu teatter sHollR Ha@ilo® radel sutedat erdtiaAhidal A6Wtheeif | TRe t he
m xi ng procedure 10 began a total of 3 mnutes, and is then post-cured in

an oven : i \ S j i T) IS
Fldged BN by Het R eI or RORTGPU el o Epye BB il [
cell structure and a " 14" s | arge non-uni formcoarse ce structure.
Foanms wer#d-e %ﬁ‘ﬁ&’f’%’é“‘i’%j@ﬂgﬂle Léﬁ%’”%?r?d %51%%’5‘%[\/@?%1‘@@& lagh (& TRane foam A r
Flow (Table 1, AF) are obtained utilizing a NOPCO instrunment on a

hori zont al 1/Thup,fg Ang amigogimgnt phtheknventionpf pPERELR Aetine@r bothemd BRyHi9ERR S
fxomthe bottomof the foam bun. The Porcssity of the foamis neasured in
ft 3/ Bi n sddxane fluidl aosvmetereduno atfirer ASTRiand khe(terhp@7tucenf théicakemuts roasedftoand
CLOUD PO NT Cloud point is a neasurenent of water solubility and as used

herei n insairithiged fTHREHEhUSEC @id B3 @hiNaRn theStrkt COTR isiHlfteicombletppRIL YTV of f Or
exanpl e, begins to precipitate out of a 1 copolyner/99% water solution. The

vaor ol ROl oG B UELARRE AR TREPA AR DB RIA | ue A

| - gram of .ganpl.e was dissol ved i of.distille ter in a | i
poaker Ko7 Rges sy Aioon aiefo ek s bsyrch B ind e el utdn B e
e b O LD RSBy RBhAL 1 2

inch (I 27 cm fromthe bottom of the beaker. )
concentration. After catalyst addition, an exotherm is observed in the first CSTR. After the

temperature has achieved the desired set point, ﬁow is begun ~again of the catalyst, hydrogen
siloxane fluid, and olefinic compound(s) into the reactor, and at the same or a later time, flow
begins out of the first CSTR optionally into a second CSTR of same or similar size. The second
CSTR is maintained at an effective reaction temperature, usually the same as or higher than the

15 first, but preferably within 25°C of the temperature in the first CSTR. Once the second CSTR is
full, flow is begun optionally in the same manner through a third and optionally subsequent
CSTRC(s), or preferably directly to a rising plug flow reactor of volume equal to or greater than
the prior CSTR, and maintained within the same temperature range, usually the same as or hotter
than the second CSTR. Once the plug-flow reactor is full, optionally flow begins to a

20  conventional stripping unit to remove trace volatiles, reducing odor and flammability, or the

product can be collected and further processed, as for example, by filtration or stripping



5 Wth mld stirring, the contents of the beaker were heated at the ?9t~ﬁJN%UZ
1 to 2C per mnute. The tenperature at which the subnerged portion of the

t hernoneter was no | onger visible was recorded. VISCOSITY Viscosity was
determ ned at 25C, using a calibrated Ostwal d vi sconeter which gives an 10
ei ~lux time of approximtely 100 seconRds. The neasurenents are repeated
until the efflux tine readings agree wthin 0.1 seconds. Calcul ations are
determ ned by the equation: E x F = Viscosity (cstk), where E = Ei ~lux tine
in seconds; F = Calibration factor. EXAM ?LES 15 Exanples 1 =3 are
conparati ve exanples in which the nethod of preparation utilizes a batch
hydr osi ledseivberepif oesdled . TEecaupplyesr éxitingthp gluglowdreasinsdaeanet tetparemny durtiter on  of
Copol ynmers enpl oyi ng a Conti nuous hydrosilation process utilizing two

cont i NuUQE4ctish td beshitawacdraise fol l owed by a plug flow reactor in series.
Example 1 (batch) and Exanple 4 (continuous) utilizes the sanme raw

materials in : i i i r.akqi i N i ed
bol yet her 1 8 LnHiRAET ULl S fika el i R {he Pl o fasedn o

material  is.,used in ,os i fo | ations in whi.ch hi gher.water .

Sol ubi | (4EPEReL e i &tﬁyg‘éﬁgﬁgagéﬁp@ag}% g Syt iAo 35 Bl R pasnip

Exampl e 2 (batch) and Exanple 5 (continuous) util|ize the sape.raw materials
"o the SBITEORIEE & mEFTRePs e Al ﬁJT‘I‘iE’s’éa‘&@ar?ﬁF‘@L‘mﬁ'E fiiosged ef{drﬁfqnﬁfiww
substituted polyethers which are nmethyl term nated. These products are used
i n Fl exibglow) po¢mplowadhiathe stemhGSTRm Thetrieed riarthih CEER golb deaomiefapparertaf &
structure and open (as neasured by higher air flow) cell structure is

i npor t arhmple oExrPdction mivhatecGhting fd sexamdd STTO siovarevidenweus phase isepazation Refos anme
raw materials in the same stoichionetric ratios. These exanpl es teach

utili zi Rgafplefthé H&RIdpheRtorTivb Idistifd pRseY:Qir e 1o \benEiTugitiBn AF RIXY air BLBBI&AL ed.
These products are also used in flexible polyurethane foam fornul ati ons and
as note | en cell structure is desirable. 10 List of

Mat er i alqlggan l%l%’%‘%@\gn aétiions M= (CH3)sSiQiz) D= (CH3)ZSiO and D =

CH3 Si 0 40HA150Q- = t hyl d al]vl ; t ] %
ot P o oxi 0BRSS FrRoTGhent of 5 BREC, Sitelh rhBMaM Y Bloxileh el

I I i ght 40 000- = t hyl d A d
Séigggﬁﬁﬁtﬁ#t%f% SR HegK b b intio e AT Bt 565 A RIELGY T wiehe (PO
) back tcc))ntfsxe inmélvow of the first CSTR. Such a recycle stream may be used during startup, to reduce

reactor size requirements, or to return product to an earlier CSTR in the series. Thus, an infrared
or other monitor senses whether the remaining content of hydrogen bound to silicon of the

15  outflow of the second CSTR is above a tolerable ievel, and if so the outflow can be partially or
fully recycled back to the first CSTR, which prevents any phase separation occurring in the plug-
flow reactor. The recycle loop from the outflow of the first CSTR back to the inflow can be
monitored by an IR detector also, but is not routinely used in this fashion. Rather, it is used
during start-up to ensure that reaction has progressed sufficiently before filling the second CSTR.

20 In the most preferred embodiment, a third CSTR is required only if staged addition

(described below) is practiced.



40HA1500- CAc = Acet oxy-capped allyl random pol yether with 40 wt %egyhﬁﬂ]ﬁl[}?
oxide (EO)/60 wt % propyl ene oxide (PO - 1500 Daltons nmwv 40HA4000-

Acet oxy- capped allyl random pol yether with 40 wt % et hyl ene oxi de (EQ)/60
wt % propyl ene oxide (PO - 4000 Daltons mv zo Exanple | (Conparative) 2
7 JUN 2002 22 To a 4-necked, round botfom flask, equipped with a stirrer)
Friedrich condenser, a tenperature-coatroller and a spurge tube the
following nmaterials were charged. 133 3 grans of allyl oxypol yet hyl ene

glycol (APEG (38S mw), 66 8 grams of equili brat ed rret hyI hydrogen

pol ysi i oxane fl.uid havi ruct u

D o . dh e resstin0chin RO RRL it ddi o ot LlecMd dginidontpon HrllRes "t o

85C reaction tenperature with a light _nitrogen s urge. At the 85C

t enper ataera@,mlrs@glo ihepndecdaed todbrsecanst ¢ ER nBeeause Gon@MPRBEN d5%i on was
catalyzed with 0.28 cc of 3.3%chloroplatinic acid solution in ethanol ( 1
S ppm Ptpresediin khenfir3t0C $TRUeasion ethe §estc CSTR. exsdoheuroaty tmneeen hig: Hyldagden
tenperature peaked at 117C. This one-pot batch reaction produced a clear

haze- f r egosne duidtan@ the3fré dléfinic @mboaﬁd?qﬁfdﬁckn&ﬁng@mc&dmmQh&isera@:imt of
50C. No residual Silanic hydrogen was tected in the product. Exanple 2

(Comaar afidane)c E%o@n&rs@@ﬁiﬁﬁﬂrto FALNit PR h9&Ro %E@ﬁl@maﬁe%ﬂxd’%ﬁﬂ ‘Mnih*'hn? uﬁ?e‘aEt@@r

Friedrich condenser, a t enper at ur e- cont r ol a spurgé tube

fol |l ow [l e [ 4 7539rams
of 40HA %ﬁm C%@o\é\ﬁ({:] qu glqlls,ll (ﬁ ngc& &g% 9{%&ﬁw &%gg%n@\{{?‘ysr | oxane
fluid havi n nom n uct ure of MD~oD sM cont ent

agi t at oSlitivale ff%T R gberi e fs%tq %@fﬁ?fﬁ&%ﬁ%@%ﬂbmlom ffﬁ@geﬁ
spurge. At the BSC tenperature, heating and ni trogien spurge were stopped
and t he addition isoisedudtsgenenally is peafervack not ¢zt any agtlitignal zeastantsrto thedestin theseries
solution in ethanol ( 1 S ppmPt). Wthin 3 5 mnutes the reaction

exot her mf €SIBRsaflahisf ine thieaISTTReamégartiorerepetahts evoatd @4ddedtoi the Hrseambthebat ch
reacti on produced a clear haze free product of 1821 cstk and afforded an

aqueQus se¢oad CITWsNin thé pdp6rtiohDddsied, Bubhot$o kiRnthied CRTROGRMywrRSilatioh eiciien | N
t he product. 7 7 JIIN 2002 23 Exanple 3 (Conparative) To a 4-necked,
rou nd behh gk bé afdctivag dki®d thhtletepre b héMbgenkity RYhLir&d(a§ BRERSREbovE.

Likewise, it becomes apparent that a second, different hydrogen siloxane fluid can be
introduced in similar staged fashion. In fact, any combination of reactants can be combined in
staged fashion, and silicone copolymer product can be obtained much more reproducibly and

15 cdnsistently than could be accomplished in a batch mode, unless the desired products could be
obtained in separate batch reactions and then combined after the reactions are complete.

The copolymers of the present invention may be used as surfactants, antifoams,
agricultural adjuvants, textile finishes, reactive dilvents, coating additives, wetting agents,
hydrophobizing agents, inter alia, as will be clear to one of skill in the art.

20 Some of the copolymers produced by the above-described process can be unique, and can

differ significantly in their properties from copolymers made from the same reactants in batch

processes. One manner in which this uniqueness appears is in the performance of the copolymer



tenperature-controller and a spurge tube the followng materials weﬁ

. charged: 73 45 grams of 5 40HA 1500- OAc, 76.15 grams of 40HA4000- OAé] SN 1001
grans of equilibrated methyl hydrogen polysiloxane fluid having a nom nal
structure of MD~oD sM The flask contents were agitated and heated to 80C
reaction tenperature with a light ni tr@gen spurge. At the 80C 'tenperature,
heating and nitrogen spurge were stopped and the reaction was catal yzed
with 0 29 cc of 3 3%chloroplatinic acid solution in ethanol ( 1 Sppm Pt).
Wthin 15 mnutes the reaction exothernmed 10 and the flask tenperature
peaked at 81C. . This one-pot batch .reactign produced a,.clear haze-free,

pr oduct 'BP’%E@%%HHQ?Y&H“(&E%FF%e%“%ﬂﬂ‘e &ai?fgb'ﬂgf § H%E&“ﬁ&f'?ﬁ “’d*F‘e Bgeent pjyention
residual silanic hydrogen was detected in the product. Exanple 4 15 In a
st eady stnte usgsen die paductionsf molyuretharefoun inthe s1mg maniep as pskngivesbcogey col
(APEG 385 mw, containing 500 ppm sodi um propi onat e suspended, sane | ot of
mat er i alcopsigther surfagang &hdy, aviesndbétmixnireistfbrenddi costprisiog) b ipolyoiu®npbhented
reactor 5 apparatus shown in the FI GURE through pipeline 2 and 667.5
grams/ h 1$c I b | bR A0xiRaY Yiwi At hhdling siidrieng a
nom nal Odsﬂl};ﬁ{:ﬁ@g gf@?@%@;gﬁéfﬁ(g@@ | ot agﬂgsed ?gr(ligéxarrpl e #1), was fed

i n ower pi i 0 e : f I -yl ene gl ycol
bei ng 1 SaPPRmelEerhera, THaGol BIRAS AL el to BREUE Ik gB¥RBlgHEfdH,

or ganohydr ogenpol ysi | oxane .flui.d through pipeline abqut 28C., The

201 L at ear each BHTHEISPRES PriFtsprodised aRlaer ARF VUL EH I SORIYHER a 106
chloroplatinic_acid 2 7 JUN 2002 24 solution in ethanol _at a rate of 9 9
m / hour %Qr%ﬂe’%hlq prleathane foamthat thas » puehereaier epeiofell cortent Withrcopplymerum i n
the first CSTR 5 through pipeline 3. Because of the continuous

hydr osi |Teadedy thescontineous grasesse there appearCRTIR Swidses rangé of patensy vista-ds const ant
tenperature of approximately 85-90C by the use of an external jacket on the
first CSféatiabilinatfadilityloflaiafowakirotgtiihe dodieathe fddne madawith eiis ¢opslyttiee rémass
punped out of the first CSTR 5 at the sane rate at which it entered the

firgp CIbR and ASEHIE 118085 HTE the QurFactdnb ko leaaPEighd H&ﬁgeﬁhﬁﬂﬁ?ﬂa&idﬁl Bas&LEPBteCSTR
7 The tenperature in the second CSTR 7 was nai ntal ned at 85 -90C by the use

of an e%ﬁ?‘g@hﬁﬁgg&&d‘ls&gscgﬁyl ed jacket on the second CSTR 7. The reaction

m xture left the second stifred reactor with a tenperature of 85 - 90C-
ar s/ hour - arfuehY ErauHaRaaRRRE: f G Hishol ebthBatrnRaRS ol | ng
o g, e BB S Sk A e
o 2 9° shBeruiadeyeheen unexpectodly atarod, Consistont with the obsésved thange i breathabiity.
15  This discovery, that the mode of synthesis of the copolymer affects breathability, provides the
very significant ad;lantage that the continuous process of the present invention -- particularly as
contrasted to batch mode -- can be modified purposefully to cause any of a variety of desired
copolymer structures. This aspect may be achieved by carrying out the process of the present
invention using the embodiment referred to herein as “staged” addition of the reactants.
20 Continuous copolymer manufacture offers significant new opportunity to consistently vary

the distribution of pendant groups on the copolymer, and thus “tailor” the properties to enhance

the desired characteristics in the application. When using staged addition, a third CSTR is



product optionally was conveyed to a thin-filmevaporator 11 in mhicﬂ tﬂﬁg
- product was devol atilized under reduced pressure. The resulting prod ¢ @2
‘cooled to <SOC in a heat 15 exchanger 14 and optionally filtered (not
shown) to product storage 15 via pipeline 13. The copol yner product thus
prepared was a cl ear haze-free |iqui +gffording a viscosity of 332 cstk and
an aqueous cloud point of S7C. No res+dual silanic hydrogen was detected in
the product. Exanple S 20 In a steady 'state operation, 2956.8 grans/ hours
of a honmpbgenous m xture conposed of 49.1 wei ght percent 40HAL S00- Ovke and
SO0. 9 wei gh reent 40HA400 me of materjal .used in
s 1 od HETEAIOR IS Hir deBtis 0L SR e PP Pdéerﬁe'wega&ap%??ug 27
JUN 2D02 25 shown in the FIGURE t hrough pipeline 2 and | 040 rans/ hour
of equi | fay sraetgr ntisaiso prof@rred énsupbrases logdd ieactants tg al b thed” T §fdhan the
structure of MD,nC sM (sane_|lot as used m Exanple ~2) was fed in over
pi pel i nelagg.ondhe tenperature of the
al I yl oxypol y(oxyet hyl ene) (oxypol ypropyl ene) being fed through pipeline 2
was nai nt ai ned about 85C and the nethyl hydrogen polysiloxane 5 fluid of
pi peline 1 about 28C. The agitated reaction in the first CSTR 5 was

cat aIyz%&%ousl y with a | %chloroplatinic acid solution in ethanol at
arate o our which afforded a co:.stant concentration of 25 ppm of

platinumin t t CST cause  of t.he ontlnuous
fvar osi | at | o perste TRkt e PRESH IR Ride: ‘i i L BRE A comE Ry

const ant @Prrperat re of apErom mat el y 85-90C by the, use, of an external

j acket 8 ‘Y‘H%SH‘?C igexarapies Wlastente gegtaincaspRcts ofdle ETFS‘?“EWB%“’H@& M9Re reaction
m xture was punped out of the first C STRS5 at the sane rate at which the
conbi necpaﬁmnparﬂwmm@msnw@pés efvalupting the emae. Jt iri8 ba snderstopd, sharefors fat thee 6
and entered the second CSTR 7. The tenperature of the second CSTR 7 was
“mai nt ai rexemples &9 set BAKCdr\illusiratiersenlp indoare eat terbrabnstmiad esllimitationooh 6 | acket
on the first CSTR 7. The reaction m xture left the second stirred reactor 7

Wi thoa tresestiavdatién. OAll Bbrts ardferdehiaetdte BY Paight\énicss athepwitdsReifiegenous cl ear
liquid at rate of 4030 granms/hour and entered the plug flow reactor 9. The

heating and %@Iﬂsm.ﬁgﬁstl FoQduteld el 148d td %Ja?é\ﬁ& sfod%ct\éf%ﬁtaﬁfa@smu ed so
that the reaction m Xtur energi ng through pipeline 10, had a tenperature

of 85 - pelele The aver age re5|dence time of the reaction m xture was about
2.0 hour® wﬁe reacti on product optionally was conveyed to a thin film
evaporator 11 in which it was devolatilized under reduced pressurE. The
resulting product 20 was cooled to <50C in a heat exchanger 14 and
optionally filtered (not shown)' tghgroduct storage 15 via pipeline 13. The
copol yner product thus prepared N@AMTESEar haze-free liquid

15 Unless otherwise indicated in the Examples, the polyurethane foams were prepared
according to the general procedure described in “Urethane Chemistry and Applications™ K.N.
Edwards, Ed., American Chemical Society Symposium Series No. , 172, A.C.S., Washington,
D.C. (1981) pg 130 and J. Cellular Plastics, November/-December 1981 pgs. 333-334. The basic
steps in the procedures for mixing and foaming of blown polyurethane foam on a laboratory scale

20  are:



2 7 JUN 2002 26 affording a viscosity of 1867 cstk and an aqueous cl wdﬂm 2002
- point of 38C No residual silanic hydrogen was detected in the product.
Exanple 6 5 In a steady state operation, 2993 3 grans/hours of a
honbgeneous m xture conposed of 49 1 weight percent 40HA1500- OAc and 50.9
wei ght percent 40HA4000- OAc (sane |otgg9of material used in Exanple 3) was
fed into the first continuous stirred-reactor 5 apparatus shown in the
FI GURE t hrough pipeline 2 and 1008.5 grans/ hour of equilibrated nethyl
hydr ogen pol ysil oxane fluid having a nom nal structure of MD~oD sM (samne
| ot as used in Exanple #3) 10 was fed in over pipeline 1. The tenperature

of the allpHeTsimmdtivhmpredictyd £9Ne(ghdy Bl viRdeoRydyad®p abd@ddg tHeqrledeiirough
pi peline 2 was mai ntai ned about 85C and the nethyl hydrogen pol ysil oxane

fluid Ofseﬂh&fiud‘ﬁe%iﬁﬁ@%nﬁﬁg The agitated reaction in the first CSTR 5
y ze

was continuously cata wth a 1% chloroplatinic acid solution in

et hanol ?t ﬁ {at@ of .33 ./th?urhvvni ch ?ffoFd d a cn%ﬁt ant. con ers1itvrlati aqn of
25 ppm of pratrREATeHRgTgdiepts (ith (Repreeptipy, O PIVsQEY ALY afe mixehiniensivaly 1 #id ¢
the continuouys hydrosilation reaction exotherm the first CSTR 5 wag

mai nt ai ndlPwst tg %ﬂﬁ%tfah% Preasfbed Hngirad agkihiany iQyinsagedt- wihes thin vatss. MREO%se of
an external jacket on the first CSTR 5 that could add or renove heat. The

r eactd onadded {ifisushwasligsy agentl isoised) piiot tpemixingst CSTR 5 at the same rate at

whi ch the conbined raw naterials are entering (4034.8 grans/hour) through

pi pel i ne3.6Palpidocymiate S atidedl and el fdrrifidttdnds mited ap@np&heined faiuldtion ssspounall CSTR
7 was nmai ntained at 85 - 90C 20 by the use of an external heated and cool ed

j acket i InBLAOs e &SPPRd Contdiner JuBREd dn0dheRitdéel QispSiabletpllris parfoe siah i rred
react or with a tenperature of 85 - 90C through pipeline 8 as a

honogen re ) 1 QU e of 4034.8 grans/hour and entered the plug
BB U BRpA Wyl

fl ow reacto 002 27 heating and cooling mantle of the

plug flow reactor 9 was, controlled so that t reaction m.xture mer gi ng

Phr sugh b Pirdtse & SRRictE e Bpmnsaifivet 3f vaad FomGhe g ey araifonce

tinme of the reactign m xture was about 2.0 hours The reaction, produyct

opt i Ghal Yegama totel Gh egimtes dndyisthan post-suss iR QveR ¢l 1p°G fordifigen piutes. fgam

devol ati|ized under reduced pressure. The resulting 8roduct 5 was cooled to
W

<50C i n Gelhunformine(TablgdrST)4s indeeddiyithe staucture pf the deasei whersta “d haatiap hespsmpaloduct

uniform cell structure and a “14” has large non-uniform coarse cell structure. Foams were

evaluated in duplicate and values averaged. Urethane foam Air Flow (Table 1, AF) are obtained

utilizing a NOPCO instrument on a horizontal 1/2 inch (1.27cm) thick cut of foam obtained three
15  inches from the bottom of the foam bun. The Pordsity of the foam is measured in ft’/min of air

flow through the 1/2 inch (1.27 cm) thick cut of foam.

CLOUD POINT
Cloud point is a measurement of water solubility and as used herein is the temperature at
20  which a silicone polyether copolymer, for example, begins to precipitate out of a 1%
copolymer/99% water solution. The higher the cloud point the more prolonged (as temperature

increases) the water solubility.



storage 15 via pipeline 13. The copol yner product thus prepared was ?~ﬁ§9@7
- haze-free liquid affording a viscosity of 2822 cstk and an aqueous % ou
poi nt of 37C. No residual silanic hydrogen was detected in the product.
These data show a nore water soluble (by cloud point) copolymer is obtained
by the 10 continuous process which is,heneficial far personal care
applications. The copol yner nade by t conti nuous process al so produced
nore open cell foamthan standard batch copol yners. TABLE 1 Foam
Test E: anpl e Nunber Process T a Pol etherViscosity cstkC oud Point C A
i cati onConc hRise cmAF ft'lsec STl Bat chAPED 3S034450Per sonal

Car e- - - - 4ContQIsuOREMRiRs (RaPRmed IPRIIENNA | iR of sample Bas Gibsoptn 99 ml of
15U0/ 4000-Ove | 821 37 Urethane FoanD.5 0 836.8 39 07.9 5.96 6 Conti nuous

40HA 15QR4ARPRaMa 2l B8 m3Raker A I inch (2 54 cm) plastic coated stirrer bar was inserted in the

beaker, and the beaker was placed on a combination stirrer/hot plate. A 0 to 100°C thermometer
was suspended in the solution with the bulb 1/2 inch (1 27 cm) from the bottom of the beaker.

5  With mild stirring, the contents of the beaker were heated at the rate of 1 to 2°C per minute. The
temperature at which the submerged portion of the thermometer was no longer visible was
recorded.

VISCOSITY
Viscosity was determined at 25°C, using a calibrated Ostwald viscometer which gives an
10 efflux time of approximately 100 seconds. The measurements are repeated until the efflux time
readings agree within 0.1 seconds. Calculations are determined by the equation: E x F =

Viscosity (cstk), where E = Efflux time in seconds; F = Calibration factor.

EXAMPLES
15 Examples 1 -3 are comparative examples in which the method of preparation utilizes a
batch hydrosilation process. Examples 4 - 6 below, demonstrate the production of Copolymers
employing a Continuous hydrosilation process utilizing two continuous stirred reactors followed
by a plug flow reactor in series. Example 1 (batch) and Example 4 (continuous) utilizes the same
raw materials in the same stoichiometric ratios. The olefinically substituted polyether is uncapped
20  and possesses hydroxyl functionality. This material is used in cosmetic formulations in which

higher water solubilities and higher cloud points are desirable.



"Uret hane FoanD.5 0.834.8 37.88.2 8.77 6 3 Batch 401-1A 1500l 4000- CAc 3328

- 36 Urethane FoanD.5 4 837.6 40.07.2 6.77 6 6 Conti nuous 40l -1 A1500I 1(70@1&3&@2
" 2822 37 Urethane FoanD.5 0.834.8 37.88.8 9.35 51 NQ@ NVLCZNOON

2 7 JUN 72002 29 CLALMS What is clained is:

21

e

Example 2 (batch) and Example S (continuous) utilize the same raw materials in the same
stoichiometric ratios. These examples utilize olefinically substituted polyethers which are methyl
terminated. These products are used in flexible polyurethane foam formulations in which good
uniform cell structure and open (as measured by higher air flow) cell structure is important.

5 Example 3 (batch) and Example 6 (continuous) utilize the same raw materials in the same
stoichiometric ratios. These examples teach utilizing olefinically substituted polyethers which are
Acetoxy terminated. These products are also used in flexible polyurethane foam formulations and

as noted good uniform open cell structure is desirable.

10 List of Materials and Abbreviations
M = (CH;)3Si0y/2, D = (CHj),Si0, and D’ = CH3(H)SiO
40HA1500-OMe = methyl capped allyl random polyether with 40 wt % ethylene oxide (EO)/60
wt % propylene oxide (PO) - 1500 Daltons number average molecular weight (mw)
40HA4000-OMe = methyl capped allyl random polyether with 40 wt % ethylene oxide (EO)/60
15  wt % propylene oxide (PO) - 4000 Daltons mw
40HA1500-OAc = Acetoxy-capped allyl random polyether with 40 wt % ethylene oxide (EO)/60
wt % propylene oxide (PO) - 1500 Daltons mw
40HAA4000-OAc = Acetoxy-capped allyl random polyether with 40 wt % ethylene oxide (EQ)/60
wt % propylene oxide (PO) - 4000 Daltons mw
20

Example 1 (Comparative)



1. A process conprising: (a) continuously feeding hydrogen siloxane)zgmmﬁﬁmz
- nmore ol eiinic conpounds reactive towards said hydrogen sil oxane, and

catal yst for said reaction, to the first in a series of at |east one
continuously stirreci tank reactor (CSTR)) and continuously w t hdraw ng
fromthe last CSTR in said shies a crhycie rrociuet streamthat eontw ns

si | oxane copol yner and unreael ed hydregen sil ox~nG noieties and ol etinic
conmpound; (b) continuously feeding the product streamof step (a) to at

| east one plug flow reactor wherein a product streamis wthdrawn
continuously wherein the 'reactions of steps (a) and (b) are catalyzed by a
nobl e netal dJdatad-petked Zoudthotnolask.seqoipped withm stimkre Faednch lsendepsir.ogen

sil oxane and said olefir~ic conpounds are reacted in said series of CSTRs
to a su-tempdthtupxidmfrollérinl aspirgde Gibb R BHOMNE attial avere ShastdC1IN3 byims of
honogeneous that the crude product stream does not undergo phase separation

i n step aﬁl%xyp%lye%%nﬁ%@?ﬁ?@@b) @ds@%@hw@%rﬁm SHRLRbARE rﬂéthy“%?%géry‘@ CSTRs.

The process of 3 wherein the streamexiting the next to |ast of

sai d serjes. of TRs i.s homogeneous. ' K..~The.pr f al further
conpr o Ry et T Bptef SBPE G R SR S R R RS A AT g ouna, and
catal.yst; to the second CSTRin .said series. g ohe process of claimb5
wher 8i n ARQRIPTHfe nl e ﬂaé&8‘?153’1‘%%’@@%!‘%53%5‘?‘3&‘%@%6‘?1 5 @S’F%t&’k{?m?%atﬂfq‘?"@} &nt from
t he hydrogen siloxane fed to said first CSTR 7. The process of claim5
wher ei n lighenitspgsn; sparge.c S HI8C tempemanwretredting angtniregensparg Were stopped ati CSTR
is different fromthe ol efinic conmpound or conpounds fed to said first
CSTR.  tRe réactid v23@2taBBeBwitA N28 pr o£23% dforoplatime dcidvbautiinnn sthiagollfydpmygen

si | oxane conpri ses any conbination of siloxane units selected fromthe
group C@upi Withii G0qhimkiesSihe teadtiomrendtiePmed?andRESHAR témpdritiie-pedked, at RB#O3 ~Phis
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conpound is added to all CSTRs in the series of CSTRs. 21. A process

o o Y NN P . o NN ~ ~ A

4



.A35. A" A& LA(,2 AAA.A%AQAE A Ay.As. A . Ay.Al.AA A AL.AAAUAAS
. AsF. A&; . AU AAIA Al (S% A. | . AE MIn7c ; ~ 7 JUN 2002
@/Q{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cafca] ca]
. caJca]ca]c”alca]ca]chalcalcalcTalcalc<al!B &M vxd| 3K
i ol wnhc”Y] ] ca] ca] ca] ca] ca] ca] ca] c”a] @3] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! e£ 2" H] f saxzupkfa\ W ca] ca] ca] ca] ca] ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] c”a] ca] ca] ca]ca] ca]ca]ca]c
ajcajca!'8
PIw <" " " THH#AQBS%Z WBRBE8&EEC ' (Q())j))-*b**}xsnid_Z] c]ca] ca]ca]ca]ca]ca]calc
aJ ca] ca]l ca] ca]ca]lca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalcalc
al*+,,a----6...D//0b00! 1/ 111N223x3dplé 44 Bopatalixeni d_Z] c] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
Ca] ca! 6A666WITSD3¥Rh&" Bul@8dttom Hask, equipped with a stirrer, Friedrich condenser, a
;) <6<8<<<4===3>>7q??2* @ Wr nhc’\Y] ]ca] ca ?ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca]

YL el sl S e 2 oyt
Lo A AR el L e

] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] cal ca] cabca cal calca]cal ca]ca]ca]ca]ca]c
a]cal 0  flit Teving oA RIS ]’est lask (captepts Mereigiiatedal cal c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cajmldieatad tor$Q°€ redGion temperatdre Withpa light nitrogen sparge. At the 80°C temperature,

bbb=ccc\ dde| ee2f fffg gg}xsni d_Z] c]]ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]c
E]) A&C ﬂ ca] salispidmialicodenapargt oRlccsadrpali and thelrerlicnivantaa) fd] it @YRbhofd 3%>] | kgk
n- NONNN<QMGERRGHE BRI E&hxt%u 1ﬂ£§]aﬁ&1](wdpﬁam alwdic ey aﬂhea]ts@ﬂeaalo%ksakmhc a] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca ]calrrDsssMttttWiuv$v

a]/\c\aﬁoc a] ca)ﬁé% ca] Z!g‘fe(%gar%llejiec aﬁﬁrﬂ??o t ﬁ%}f tqﬁl f@ﬁﬂgg@ (ﬁ?‘%?ﬁe}cﬁ Eﬂf

[ |(Wr mhc PRyt of diatafkand afprdsr aapaugeus ey e%wfc%ﬁ3éa$ Nedssidu dlapicdydapen) ca
cal ca] c"a] ca a] cal ca] ca] ca] ca] ca] ca! >bz! {. R_b} Aekq} xsni c”Y] c] ca] caV] ca] ca]
cal ca] ca‘]" L‘K]Pé ‘{95] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cajcajcajcal'M q5m

nNz*- 6] w mhc”~Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca! 6Ji &UOGbI (1 +}xsnid_Z]c]]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&]cam]lea] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca
] ca] ca] ca] ca] ca! =BDT(Je! @} Onyt oj e [ V] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
calUl1ga] ca] ca]igalscaaty ah&a:]peﬁhsa] 1333 @ g s/ souk opAllytorlysély ebylem] glydd] CABBG,486b#H]

Z\ a#@{vql gb] X]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca]

cal cal cahgal il o oah SaGALranCAlea) ;fadfa@zlrﬁ@i&ésﬁmtenm used in Example 1
2o val Sb*]sé“’r:é]ﬂtﬂaﬁ%]ﬁ%kfﬁ*ln Bt R PR SR B T aRE S cay can e

alUjcalc U ca].caU ca] ca

t\LAJ]o ]9<|%~§1}1} Ué, 3| %}re%{]lcla]oéawehqrgﬂ]af ealewaaqwmsﬂwaeaﬂ]"éémwca] cal]
ca] cal] ca] cal] ca] cal ca] ca]lca ca] cal ca] cal] ca] cal] ca] ca

M c E@y1 0wtnigal ste1@gig of MD 1sDGM-(am¢ Jot asusedi@Egample #1), was fed in over pipeline 1.

, F 310UKKE' ()-f10%&' ()--dn7i K- Y#10%& () - GY, %40%&' ()-"10%& ()-sYL10%&' ()-: 10%&
* () -201078hel tpmpeAHLEDEE the allyloxypolyethylene glycol being fed through pipeline 2 was maintained

p i K-41109%& ()-32"$109%& ()- 0 1109 ()-F.!'109%& ()-,"10%& ()-")I109& () -

Y' ! 10%&' °  Miron 9 & 5
(L451E BH O roa pIOE )

& 100 (EaEdevEtol Rue S £5TR 05?&% bt A Eubda i 038 Lobuidfafid) o

10%&' ()-y.- 109& ()- ,310%& ()-)!109& ()-fghivxdi K6-#10%&' ()-S
10%‘&'()-10%‘&'()-!10%&'()-f10%‘&'()

(Y10% & ()-101010d| 3i K- K9s10% & ()-!'10% & ()-10% & ()-!'10% & ()-f#10% & () -
L"10% & ()- , 10% & ()-K

i K-K-10% & ()-@10% & ()-y)!10% & ()-9' MB10% & () -

| 96 109 & () - SSH10% &' () -y&!

10% & ()-0/}si K-10% & () - & mO%& ()-10"10"10"6! 10% & () -

AT#10% & () - &S2Z9%40% & () -yO0-#10% & () - 2i K- K&10%& () - YLS10%& () -9
10%I'&() 1099°& () -9MLO%T& ()-9G 10%& () - 10%& () -

"H i K- K0/<8100/d'&() f# #100/6'&() 9! 100/(1'&() &

M A ANAT 1 ANA NAT 1 NA T NA T 17/ A PNA MY 7\ N A NAT 1 N\ PN NA PNA T

in




LO"10%& ()- . " 109& () - YBABELC " i K- KF#LOWTE () - GLOWE: () - &H100&! 8)7 JUN2002
 &s"1090& ()-&F "109%0& ()- 109F& ()- 9' Z109%& ()-' (A ()j))-*i K-K " 1097& (%
@ 10998 ()-%40%F& ()-10907& ()-Y"1090& ()-&@OYAE ()- & ! 109F7& ()--*b**+,, a--

. i K-K37@109& ()- , 5#10007& () - 2%4.0%& () -

*y#1090&" () - | (F0/<100/d'& ()- 4810948 ()-§,100& ()------- 6...1 K37@10%& () -
1092 & ()-10%& ()-"10%& ()- 10%& ()=-
(110%& ()-10T10T10T. D/ / 0b0O! 1/ 1i K- K, 10%& ()-"10%& ()-! 109%& ()-
1092 & ()-"10%& ()- 9
040% & ()-3F! 10%& ()-/111N223MB3i K- K, 10%& ()-) 10%& ()-' %0%& ()- % 10%&
() - ##168in8br In-ethandDR@&te)of BOIDINORE (hicB 3i5drdddid 46} 8K cABEILION-of |5 ppm of
(@10%g& ()-10z10z10z4: 10% & ()-f2f #10% & ()- 0! 10%& ()- 3.

10% & ( ta@ﬁurﬁ@@%@ﬁit'@gﬁ 5—9\ &%\( pipeind 8 Y8&cauie ofkRd@sHtinh ok, hydrbdiién ('éacl&M 10%g
& ()-g L0%& ()-310%& S0 K010 () e TH1006E () -

10%e (1, 000 TR SR A 1050k A0 5393l 3550 by

(1 K- K2
&gz<(lg;g%e<él> EF 10(y/d_36%£n(t (ygrst égTﬁ%lt& lﬁd(dzld OI'Z%GY-HOOOV %ea(t) (Ke l'f:a(():/f‘ilJ rgn)xtdre

1098 ()-s"10%& () - YGLOY%E&' () - (Z10%& () - 10g10gl0ga#10%g&’ () - <4===J>>?q?i K
KS#@O(V@/&S eymqu%j&f@l)eﬁr &2y the @me BdaE v jchypentersg dhe( rstl PRy R(3010.8
10%& () - q??* @ @ @aaD K- Kf ) 10%g& ()- ' 10%& () - f Y%
10%9&' ( pramsldue@hiough pipetind’ € Ind iNd@&ed¢gnd CSTR 7 The temperature in the second CSTR
#10%g& () - G\PAAMAKBLBVBI KA7f 10g10g6F" 10%& () - YA10%g& () -, 2" 10%8& () - 010%&
() - 10%eE n(alntfuﬁé@gf@kg 60°AVRNRE Bse&ﬂﬁ@'e%%ﬁieﬂ%\%@%@ac@t -dnShe second
109%@8 () - L&" 10%& () -

e OO A BRI R PR L (75

gg%w&tltr?ué\%%ﬁg &(a)h%%\g(y % QF%ﬁ%i‘%oalé@%ééf %%%%T%/)nour and entered the

00/ & G yY109 10@ 0@ 0@&710Q% 411 29%4.0%
= I%LJ\(])B'E‘&IVQ%W qgaggbg) Y@e]ém%u oeﬁng‘argt?e of the pug ow reactor% \@s‘ controlled so
(V&O%g& ()-1710%& () &S10%& () - &&! 10%g& () - 10%& () -KLalLLLLI MM K- K $10%&
() - % " 10%the(rpactign mixture, emerging through pipeline 10, had a temperature of 85-90°C. The
10%9& ()-!10%& ()-S10%& () - &&#10%g& () - @10%& () - MNgNN ONOOO K- K7: ! 10%g&
' () -4 lavgsge(rpsideniadgiie (i thexOmbihed@ding of the three reactors was 4.0 hours. The reaction
Y. 110%& ()-,, #10%& () -*@10%& () - OPPPPPOPPOQ K7: ! 10%g& () - SH109%& () - & #
10%& () Bi'ol-ig%ge%lbnil CBnveyed td a'thi /i dvaporator 11 in whlch the product was
10g10g1 SuSSi K- KSYd0%&:' () - &109& I()) #109&' ()-"109%& ()-!'10%& () -

%S%& (Yaddt %&@{ﬁq @c%&eﬁ}g E%&%%‘f?ﬁ%gmo@w&%ﬁ q, gfpgﬁ}ég%%e&) % 10%&
To ox%e%ss%%%%m%e@ﬁ oy WEBER 026" B 3 pen dda ) - ov100e

>& ()-1t$1
0% ( FORANTIT Hodu s Rt ey lpaciage ire%@"f pReringodaersip) of 39 cstk and
10%@& () - &#f 10%@& () - & #10%@& () - &' 10%@&

v] ] +A~Aan aqueogs ¢lo t1fHEBL ( Norerghroiaiod: 1@9@ y3sdetected in the product.

A#10%& () - 19409 () -/ & 10%a& ()- - 10%& ()-$ 1 4 @ " iK-K3$10%& () -
10%g& ()-10%@& ()- "10%9& ()-F 10%& ()-10%& ()-&Y10%& ()- [aa

bbb=cci K-K!I'l 10%g&' ()-!10%& () - #10%& () -

10%9& () |, #10%& () - S3" 10%g& ()E,&ﬁgp@@& ()-cc\dde| ee2fi K- KOZ10%&' () - . g#10
%& () - 10%;& ()-s*!1'10%& () -

ot g ) S G P UG gsszéoééfg&%&&r KREHO80S hixture composed of
L0 T b AR i S R B,

10%g& () -
# #?owé)&m(e}ia! ysed igyExample owgpded intasthedivg goptjupyhsgred rsacsyr (CE RN #APHARL 09 10g
410%g& ()-2@10%& () - 0g#10%g& ()-1. 110%g& ()-S, ! 109%g& ()- & - #10%g& ()-n

n- nOnnn<oo} A710g3& 109d& ()- " !'109%& ()-s!10%0& ()-10%& ()-F10%& ()-3' mlO
%& ()-10gooRppquqgbri K-7

11090& ()-3%0%& ()-!10%& ()-#10%0& ()-Y"1090& ()-fl090& ()-L#109%& ()-5r
rrDsssMtiK-7- 1090& ()- +1090& ()-)

1090& ()-'$109%0& ()-9 10%& ()-f#! 1090& ()-9!10%& ()-ttWiuvvvvsv}si K-
10%‘&'()-

' Z1099°& ()-10T10T10T6- #1090 & () -4" 10%0& () f2940%& ()-9010%& ()-$v' vvwv=ww
w@xi K- K loo/d'& (0)- Fs 10°/d'& (0)- &3 1090 & ()

M A NA N1 A NAT M NA T A PNA T



[ ~~~~(Ei K* 0
1 9%40%HE () - &#109%&' () - &109%&' () -y10%&' ()-F 109%&' ()-910%&' () - 9S#10%&l z)J-UM ;(-
+ "109& ()-)F"109%& ()-' @10%& ()-%d0%& ()-L!10%& () -

z10%&' ()-3"10%&' ()-ki K+ "10%&' ()-f mlO%@& () -

(Y10%@&' ()-101010S210%& () - 90y#109%&' (95 . #10%&' ()- @

[i K-KO! 10%@&' () - L#10%@& ()-1 10%&& (Y=L "10%@& ()-Ly"10%a& ()-L 10%& ()-s
F10%@& () - >bzi K- K&R&@#10%@&' () - &#" 10%@& () - &

109%@&' () -9" 10%a& () - FYd0%@& () - 9& 10%@& () - 39FG 10%@& ()-z!{. O K- K0&6
10%@& (shewsnl' the FEBRURE- tRIcLigbr@péli(e) 2 4n@1 040 2 grams/hour of equilibrated methyl hydrogen
1096 ()-. 109 ()-&9*10%@& () - ($10%& ()- OPQR_b}i KO&6

10%@& (polydlidxat@ Suid)iavitig @%WBRirdal stfucture of MD7,D’sM, (same lot as used in Example #2)

10% & () -F10%& ()-F Z10%& ()-10@o0@ 0@ Aei K- K$10%z &' () -sS

oo e {5 BRIk st The o Bifdrite ARl atienexonypolypropytene)
3($10% & ()-&10%& ()-!10%& ()-T R :

10z (CFIRH BTOUDETY B HGsE Pyt sboi 75 254 sheabyydiopsr pofusionane
28%$10% & () -0#10% & () -\ Qg5i K- KF109&' () - g#10%& () -3%40%& ()-'!10%& ()- @ 10%&k
() _5&#1Ibnépf(glpg}mgoty&o%t)28\g;ﬁ, The agitated reaction in the first CSTR § was catalyzed

ni K- Ks' 10%& () -9% 109%&' ()-#109& ()-!"10%& ()-10%& ()- S@O0%& () -

109%&' ( )cohtnuAsly WathOEA @R r¢platinizlopiRio(urio il @Biio] ht 4 rafefdfBB&hI(HouvhitDoR' () - *f #
109 ()-*-6} _A7s10l 10%& ()- @10%& () - &' 10%& () -

109%9& (affofded YBbnéthniTohdehiikGdn 6625339&1 diiiatiniOh@He firkt SAPR@G&hroNgpiddlHed. () - f #1
0%& ()-"10%& ()-F'10%& ()-3#10% & ()-&U6I K- 76 10%g& ()-49!10%& () -
2$10(y 3 - * 0, ') - 0, ', - 04"V 0 ! - . 1

25100 s A ol A B AR PR

(SO ORI bR P A A R b 1%
0) 18054 A PHbAESTAT RO Y 805 000 00 T3S @UTPEd PRIE the irst CSTR S at the

"10% u&' () - 310%& (2, -Z& Fml0%&' () - 10- ul0-ul0-u9&6Z7"10% u&' (%- 93!'10% u& ()-13
9%4.0% u&ammy rate at which the combined raw materials were entering (4030 grams/hour) through pipeline

(Jei K- KN 10%&' () - g#10%& () - QAO0%& () - #109&' () - SH109%&' () - &#10%&' () - @¥10%& () -
e! @ K- @4nd 208eRed( the setbO&& STR- 7. gFeQeBbdraturd QRBe §ecohd/LOTR 1 Was thdid@ed 4f) 833
"10%&' () - On$i K- K37-#10%&' ()-5Z"10%&' () - s23%40%& () -

0109%& (-)90FC by EHéfusk bf & &deHUE! Hedted aidlE84Fed(jaciel/En he@rdITSTRLDYEh¢ Peattion

@L0W & ()-@"10%W & ()-#10% & ()-Ff310%W & ()- &Z10% & () -

101010 Ghiuks 1B #OKESd diintedtddli8r & itk é/%&%'r&'o@ks V38eOMBodgh pifet8 45 4) - 1 10%
"& ()-"10% & () - Ha#l K- Ky+#10% & ()-fS)#10% & () -

9&,810% & () -v9.109% &. ().-y."'! LO0W% & () -
g #113%, 5)0%0&%%6%%%/&‘;%.‘%%‘%2 fiﬁ{%&f&?ﬂ#gurl awﬂ G%e&ed(tyg plug flow reactor 9. The
"10" 10" "10% & () - W& ()-
1" Toodhgat ngfla%d %@'%%%WL%‘rlvﬁhle%@Mmcw 9 wag Gopigolie so ghap hegeqoyion Furrere ) -
1092 & ()-F, 10%& ()-F310%& ()- VoliK-K&#10% & ()-#T#10%& ()-!
10% & Ememingihpqugh)pineling 00zhed @ remperatanof 86 )- 9P10vE ke gverapraesidercetimepiihe) -
3ntd0% & ()-0-#10%& ()-F. #10%& ()-, #10%& ()- *"10%& ()-
(94.0%z geac)iod Inixtdrei wasabOMrR0 hyurs. The reaction product optionally was conveyed to a thin-

film evaporator 11 in which it was devolatilized under reduced pressure. The resulting product
20 was cooled to <50°C in a heat exchanger 14 and optionally filtered (not shown) to product

storage 15 via pipeline 13. The copolymer product thus prepared was a clear haze-free liquid



&g#10%g& () - @10%& ()- YmLO%g& () - 27 JUN 2002
' Z10%9& ()-10z10z10zl 7@10% & ()-ZsG K- K910%g&' ()- 10%& () -
10%9& ()-!10%& ()-"10%& ()-"10%& ()-S"10%9& ()-G 99 110%h& () -
110%& ()- 110%& ()-10%& ()-10910gl0gl 10%g& () - SY40%9&' () - x D599 110
110%& ()- 110%& ()- 110%& ()- 110%& ()-1 110%& ()- 110%h& () -
110%& ()-'.6:z[ <x"DnBS99 110%& ()-) +HO0%& ()- 110%& ()- 110%& ()-
k$l (?+. 1:; EOTZcdi JOnS 110%h& () - 110%& ()-1 110%& ()-1 110%& ()-1
110%& () - 110%& ()- 110%& ()-dotv{~eFOnS 110%& ( 110%& ()- 110%& ()-
110%& ()- 110%& ()- 110%& () -

affording a viscosity of 1867 cstk and an aqueous cioud point of 38°C No residual silanic

hydrogen was detected in the product.

Example 6
5 In a steady state operation, 2993 3 grams/hours of 1 homogeneous mixture composed of
49 1 weight percent 40HA1500-OAc and 50.9 weight percent 40HA4000-OAc (same lots of
material used in Example 3) was fed into the first continuous stirred reactor § apparatus shown in
the FIGURE through pipeline 2 and 1008.5 grams/hour of equilibrated methyl hydrogen
polysiloxane fluid having a nominal structure of MD+,D’sM, (same lot as used in Example #3)

10  was fed in over plpelme 1. The temperature of the allyloxypoly(oxyethylene)(oxypolypropylene)
being fed through plpelme 2 was maintained about 85°C and the methyl hydrogen polysiloxane
fluid of pipeline 1 about 28°C. The agitated reaction in the first CSTR 5 was continuously
catalyzed with a 1% chloroplatinic acid solution in ethanol at a rate of 33 ml/hour which afforded
a constant concentration of 25 ppm of platinum in the first CSTR 5 through pipeline 3. Because

15  of the continuous hydrosilation reaction exotherm, the first CSTR S was maintained at a constant
temperature of approximately 85-90°C by the use of an external jacket on the first CSTR § that
could add or remove heat. The reaction mixture was pumped out of the first CSTR 5 at the same
rate at which the combined raw materials are entering (4034.8 grams/hour) through pipeline 6 and
enters the second CSTR 7. The temperature of the second CSTR 7 was maintained at 85 - 90°C

20 by the use of an external heated and cooled jacket on the second CSTR 7. The reaction mixture
left the second stirred reactor 7 with a temperature of 85 - 90°C through pipeline 8 as a

homogeneous clear liquid at rate of 4034.8 grams/hour and entered the plug flow reactor 9. The
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heating and cooling mantle of the plug flow reactor 9 was controlled so that the reaction mixture,
emerging through pipeline 10, had a temperature of 85 - 90°C The average residence time of the
reaction mixture was about 2.0 hours The reaction product optionally was conveyed to a thin-
film evaporator 11 in which it was devolatilized under reduced pressure. The resuiting product
5  was cooled to <50°C in a heat exchanger 14 and optionally filtered (not shown) to product
storage 15 via pipeline 13. The copolymer product thus prepared was a clear haze-free liquid
affording a viscosity of 2822 cstk and an aqueous cloud point of 37°C. No residual silanic
hydrogen was detected in the product.
These data show a more water soluble (by cloud point) copolymer is obtained by the
10 continuous process which is beneficial for personal care applications. The copolymer made by the

continuous process also produced more open cell foam than standard batch copolymers.
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CLAIMS

.What is claimed is:

1. A process comprising:

(a) continuously feeding hydrogen siloxane, one or more
olefinic compounds reactive towards said hydrogen
siloxane, and catalyst for said reaction, to the first in a
series of at least one continuously stirred tank reactor
(CSTR), and continuously withdrawing from the last
CSTR in said series a crude product stream that con-
lains siloxane copolymer and unreacled hydrogen
siloxane moieties and olefinic compound;

(b) continuously feeding the product stream of step (a) to
at least one plug flow reactor wherein a product stream
is withdrawn continuously
wherein the reactions of steps (a) and (b) are catalyzed by

a noble metal catalyst.

2. The process of claim 1 wherein the hydrogen siloxane
and said olefinic compounds are reacted in said series of
CSTRs to a sufficient extent that said crude product stream
is sufficiently homogeneous that the crude product siream

does not undergo phase separation in step (b).

3. The process of claim 2 wherein there are at least two
CSTRs. ’

4. The process of claim 3 wherein the stream exiting the
next to last of said series of CSTRs is homogeneous.

5. The process of claim 3 further comprising feeding one
or more of hydrogen siloxane, olefinic compound, and
catalyst, to the second CSTR in said series.

6. The process of claim § wherein hydrogen siloxane is
fed to said second CSTR that is different from the hydrogen
siloxane fed to said first CSTR.

7. The process of claim 5 wherein the olefinic compound
or compounds that is fed to said second CSTR is different
from the olefinic compound or compounds fed 1o said first

CSTR.
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8. The process of claim 1 wherein said hydrogen siloxane
comprises any combination of siloxane units selected from
the group consisting of R38i0,,, R;HSi0;,, R,Si0,,,
RHSi0,,,, RSi0,,,, HSiO,,, and Si0,,, provided that the
hydrogen siloxane contains sufficient R-containing siloxane
units to provide from 1.0 to 3.0 R radicals per silicon atom -
and sufficient H-containing siloxane units to provide from
0.01 to 1.0 silicon-bonded hydrogen atoms per silicon atom
and a total of R radicals and silicon-bonded hydrogen atoms
of from 1.5 to 3.0 per silicon atom, and each R group is
independently the same or different and each represents a C,
to C,, alkyl radical, a cycloaliphatic radical containing 5 to
12 carbon atoms, or a phenyl radical optionally substituted
with 1 to 6 alkyl groups of up to 6 carbon atoms.

9. The process of claim 8 wherein each R is methyl.

10. The process of claim 8 wherein. each said olefinic
compound is an olefinically substituted block or random
polyoxyalkylene corresponding to the formula
R}(OCH,CH,),(OCH,CHR?), —OR? wherein R* denotes
an alkenyl group containing 3 to 10 carbon atoms; each R?
is independently methyl or ethyl; R? denotes a monovalent
organic group; and the subscript v has a value of 0 10 200 and
the subscript w has a value of 0 to 200, provided that the sum

of (v+w) is greater than 0.

11, The process of claim 10 wherein R? denotes bydrogen
or an alkyl or alkenyl group containing 1 1o 5 carbon atoms,
a 2-oxacycloalkyl group of 4 to 6 carbon atoms, an acyl
group containing 2 to 5 carbon atoms, or a trialkylsilyl
group.

12. The process of claim 10 wherein R® is methyl.

13. The process of claim 10 wherein R? is allyl.

14. A process according to claim 3 wherein there is a
recycle stream from the outlet to the inlet of at least one
CSTR.

15. A process according to claim 1 wherein an [AB],

copolymer is made.
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17. A process according fo claim 15 wherein each said
olefinic compound is an olefinically substituted block or
random polyoxyalkylene corresponding to the formula
R’(OCHzC]-lz)V(OCH,C]—IRE’),,—OR1 wherein R? denotes
an alkenyl group containing 3 to 10 carbon atoms; each R?
is independently methyl or ethyl; and the subscript v has a
value of 0 to 200 and the subscript w has a value of 0 10 200.
18. A process according to claim 5 wherein at least one of
. the olefinic compounds is a hydrocarbon or substituted
hydrocarbon.

19. A process according to claim 16 wherein a second S
different olefinic compound is added to a second reactor in ‘ B
the CSTRs.

20. A process according to claim 16 wherein the same
olefinic compound is added to all CSTRs in the series of
CSTRs.

21. A process according to claim 3 wherein the series of
CSTRs contains two CSTRs.

22, A process according 1o claim 1 wherein the series of
CSTRs contains one CSTR.
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