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PCT/ US96/ 05454 1_PHENQL 1 C RESI N COVPOSI TI ONS-\WIH-LMPROVED | MPACT: :
RESI STANCE 5 Field of the Invention The present invention relates generally
to phenolic resin conpositions useful in providing fire resistance, along
wi th | ow snoke em ssion and | ow snoke toxicity, heat resi skg.gﬁgvlmm cal
resi st ance, WRA#33¥d abrasi on and wear resistance in nuner

applicgtions. Mre particularly, the present invention relates to phenolic
conpositions nodified with siloxane that, in addition to the excellent fire
and heat resistance properties, etc. described above, provide inproved

i npact strength and t oughnes®, mmmosmm& h after fire

exposure, inproved fl exur aWrImia HMPROVED IMPACOT RESISTANGECe-i n phenolic
foam 15 Background of the Invention Phenolic resins are the ol dest of the

synt hefics, being forned early on by catal yzed reacti on between phenol and
fornaldehyd-“eﬂlu—Al ARVENAMOBI ns are generally, but not exclusively,

thermosetting i nmwsentanﬁemm msagemranyem pbenolieiresis oomipbsitionshesefyl ' in

flame and 2

resi stance t'o rmmgturemeg\ig%m{c?k g&k exce afgﬁées?lng#dt m‘ﬁ%&e@%ﬁ'ﬁg?&tf
substr at es, P#%c ’fﬁ‘@péﬁll wear, resistaneey qouumerXus

wi despnead L@phﬂhoﬁ)erMbteCpamaﬂmy thcspredenambnnmtreims tos phenolic aompbsitions

bondi ng, bong fineds t:geﬁé, aﬁ'dﬂﬁﬁmnfﬁhfetéﬁalﬁ{ﬁ@m&mbmﬂﬁh& priperiiegd

nol ds and core struc and nt act dheSLves
i ndustri al WBG@ ‘t“@ Rove residual

conmpounds armtengthmftugﬁreteupm lmplfoeml ﬂmmmmmé wtminmhendve
excel | ent phyghcal properties of heat, flame and chemi cal resistance,
phenolig resins are inherently hard and brittle and, therefore, have

rel ati \} |y poor i rrpact reS| stance and flexibility. Phenol I c resins produced
by base cat JB3cK§ AV Anal dehyde reaction, i.e., phenolic resoles,

dlhspl ay a brlthtlpﬁaﬁﬁctrmdrslmedo?&e amemgfamedﬂyrﬂnwemlypd

of ety of SRGReOAbe, et %45'32‘%’@% E E;W it Al seadlfy, HiORSS

brittleness mbswelakﬂsrmmemnnmw aze, ehardctarized h"@&ﬁ% %’@/

their @9e chemical resistance, good electrical properties, good res1stance to moisture and oxygen,
excellent adhesion to a wide variety of substrates, and low cost of production. The
properties have led to widespread use of phenolic resins in such applications as wood and
fiber bonding, bonded and coated abrasives, friction elements, binders for sand molds and
cores in the foundry, structural and contact adhesives, industrial and decorative laminates,

25 composites, and molding compounds and coatings to name a few.

Although cured phenolic resins have excellent physical properties of heat, flame and
chemical resistance, phenolic resins are inherently hard and brittle and, therefore, have
relatively poor impact resistance and flexibility. Phenolic resins produced by base catalyzed
phenol and formaldehyde reaction, i.e., phenolic resoles, display a brittleness that is caused

30 by a high cross-link density that exists throughout the polymeric structure by virtue of large
numbers of methylol groups which participate in methylolation reactions.

The brittleness and lack of flexibility of such cured phenolic resins prevents their use
in applications where it is desired that the structure formed by such resin, or substrate coated
with such resin, be flexible or impact resistant to some degree. Substrates coated with such

35 phenolic resins that are subjected to some degree of flexure or impact lose the heat, flame
and chemical resistance afforded by the coating because such flexing or impact causes the
brittle coating to break away and leaving the underlying substrate unprotected. Industry has
for decades sought improved impact resistance of phenolic compositions.
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in applications where it is desired that the structure fornmed by such
rresin, or substrate coated with such resin, he flexible or i-npaet- resistant
to some degree. Substrates coated with such 35 phenolic resins that are
subj ected to sonme degree of flexure or inpact lose .the heat, flame and
cheni cal resistance afforded by the coating because such erX| ng . or. i npact
causes the WO%BIE8 coating to break away and IeaV| ng t he uR&E %’W
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nol dablsg theﬁﬁ%@g{aﬁﬂ% &W%g | nprégxgg #q%gpcgﬁ*’%&?%
However , have; #qubp reduging; the theate fiame iced, Fesistanes proyided by the pheaalict o
form such phaml awnecoxmmhglgnﬂhabﬂny heprzhideci flexiiblé phetolio ¢ompesitidccording®

and chem cal
;Bgvgb!{ Lghﬁlttoo grow w&%%fﬂno 1.C congom W?@?W
chemni cal0 r esofsheat; fiansenghdi chemical redistahesxis requides technpifjue istnoo practitads e bot h

LU T bt o gs;w e

a phenol i c rW&mg ‘ﬁg
In this tecf‘ﬂmﬁedabpaddlmnofgmm m'emmnellbrmacww!th
esterified. eB{lﬁ WM@%WBO'U&BF&;@ reduces

dm!
referenti al reac he, oet (o) S, LO ut o 5| e chai,ns
ltoo t he esollé‘éh HW%@H’ ﬁfes bggﬂggp flé" g‘%‘?ﬁ“ﬁ%g’ KB R ¢y
and i npr oveslowedng t:esmtfymmnalitb rﬂ%@n@%mm acgyired ghronghysuchn g
resin functieasiidqeis at oRxpénse bb feducad vde dlahiecnt Rhérmichl resistaicecfdr therresigting

such techni ex

‘esi st ance Wﬁ'ﬁ%‘é&ﬁ“ ﬂﬁ&ﬁ'@ﬁ‘@g‘} 5&%@?‘?@4‘%. 1 ubefi pRViifd £ BhiBlic resin

t echni que i sthabis both:flexible heat; fame and,chemigal F%“S?@P‘h flexible
and has20a hi gh dmmamny,rmnoncfm ﬂmchrelueeﬁnahaheanolﬂingmmpoﬁﬁls laminates

Addi tional Iy, p&%ﬁjﬁ{s ﬁé@%ﬁic‘;ﬂﬂ@ éng.ﬁﬁ?&gmfgpl QRéh Beat RS to
| am nat es anadndco es T.redquent h%h tal n hl;%mes s of, entral n wat.er .

Wien heat i sSUsP cured
amcle wluch can lower the tensile strength and flexural modulus of the resulting cured

phenolic resole resin, contributing further to the brittleness and nonflexibility of the cured
25 phenolic resole resin. These microvoids can also lead to increased moisture absorption via
- a porous surface structure, and reduced chemical resistance of the cured phenolic resole
resin,
1t is, therefore, desirable that a phenolic resin composition be prepared that displays
physical properties of good flexibility and impact resistance without reducing the properties
30 of heat, flame and chemical resistance inherent in the phenolic resin. It is also desirable that
the phenolic resin composition display decreased water retention during formation and,
thereby, display reduced microvoid formation during curing.

Brief Summary of the Invention

35 There are, therefore, provided in the practice of this invention phenolic compositions
prepared by using a sufficient amount of silicone intermediate to form phenolic siloxane
compositions having enhanced properties of flexibility and impact resistance in the cured
composition when compared to conventional non-siloxane containing phenolic compositions.
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such resoles during the curing process the water vaporizes, |-eaving .
m_ crovoids in the cured article '
fl exural nodulus of the resulting cured phenolic resole resin, contributing
fiurther to the brittleness and nonflexibility of the cured 25 phenol i c
resole resin. These m crovoids can also |lead to increased noisture

absor ption Wpd’ﬁ@i‘%rous surface structure, and reduced chefTHSHEE 4 ance
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are, theref os@mbﬁmmmhsﬂwmmmc fingradients meavbmmhm@h@flmmsreact

EOH?OSI ti (ﬁnstd)fdiﬂaﬁﬁﬁl f nctwok oﬁﬁmqhg lpﬁt cnqujdmdg@f te
o formp eng”g oper ies o

flexibility and™l rrpaggii'ribem !ga?fn;Ei 15&1!9&?§?-6M l?:iorafpos on when corrpar ed to

conventi onal nonia Aacids angpases

96/ 332380 is used to facxlmte formation of a deslred phenohc novolac or pheﬂiihtﬁ%hﬁﬁﬂw

first enbodi r N
clon;i ni ng aI %gﬁ?;‘or SB%@?&?M 2q” %ngﬁgﬁd&%&ﬁ& o) ae&ﬁ‘jﬁfi wsed
si l anol - func Mﬂ of the agyly-formed
enbodi ment |phth¢)a'=ﬂd duyphmuhcmesng mqﬁhgrmhtcna!nmdalcn ineleden acids hbasgsu. and

i ngr edi ent S | n ealﬁﬂesoﬂedt h@mms)frmﬂmbbm mmtpmm@nthagd
pol ynmer net V\%Kodiheﬁk ko FeilRatd By rolySis BV oP Beridehdatiod 6f theRilicomd iatepmediate at low

221323: Img,n!tooI ﬁﬁ?%t qi%l‘?ﬂy ﬁﬁ%@wﬁﬁw '(E:illges ang(;"‘ggses 10

i's used to fustues thegeaforAvpraferredseatalysy s mixiusef 48| arganeaetalic.compopnd
resol e 20esi nmﬁmelambeuﬁ)enol or substituted phenol, and al dehyde

ingredients. |f aqegigh&th, ﬁd&f}h@%&ﬂi&ﬁﬂ iBrohEfffle in the first embodiment; the phenolic
novolac resin, formaldehyde donor and silicone intermediate in the second embodiment; the
phenolic resole resin and silicone intermediate in the third embodiment; and any optionally
desired catalysts are mixed together to form a phenolic siloxane composition having improved
25 properties of impact resistance, tensile strength, flexural modulus, and density when
compared to conventional non-siloxane containing phenolic resin compositions. Additionally,
the phenolic siloxane compositions have equal or better properties of flame, heat and
chemical resistance when compared to conventional non-siloxane containing phenolic resin
compositions.
30

Theseandotherfeammandadvamageswmbecomeapprecmwdasthe same becomes

better understood with reference to the specification, claims and drawings wherein:
FIG. 1 is an isometric view of a filament wound pipe comprising filament bonded with

35 a phenolic siloxane composition prepared according to principles of this invention;
FIG. 2 is an isometric view of a filament reinforced steel pipe filament bonded with

a phenolic siloxane composition prepared according to principles of this invention;
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in the first, second or third enbodiments to facilitate condensation of the
newLy-fornmed phenalic resin or phenalic resin_starting material and-can

i ncl ude acids, bases, and fornmal dehyde donors, dependi ng on whet her the
phénol i c reSin forned or used as a starting 15 material is a phenolic
resole or a phenolic novolac resin. |If desired, a sufficient_anount of

catal yst can WO%%¥®in the first, second or third enbodinen?gnp
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ensity

| npact resi st &&?}gﬁg B}W mdﬂhﬂﬁmlra when
conpared to conv nH@ g non- si [ gx r%% cont al nligg eno resin
n

conposi tions. Addi |ip A0 IsQrREtHE VIR PF a8 abras &T@GWSO‘SW BFTEPTIENG: a nhgnolic
or bet t erl0r opsilokanesconipositien binderpreparediacconting @l prineciplestofnhie imvieation; onpar ed
to conventional non-sil oxane containing phenolic resin conpositions. 30
Brief Description.of the yawm ngs These and other features and advantages

1 )ets \'J €

wi |l becone ap® 3eriplion o sane becones better understood with
reference to the sﬁwdlcedoxampommumoﬂthwrmmmm gétetllyispeaking) by
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princi pl es of jekinsalready prepaied by PhendbasiCaididehyde, with a formaldehyde donor and

PCT/ US96/ 05454, Ei:&m%n&&x@d.&éomﬁﬁf et st eyl 65 AbihBie &' phndtRfsole resin,

conposite board conprisin
already prepared %y reacting phenol and an aldehyde, with a silicone intermediate. Phenolic

20 siloxane compositions of this invention have enhanced properties of flexibility and impact
resistance in the cured composition when compared to conventional non-siloxane containing
phenolic compositions.

Phenolic siloxane compositions of this invention can optionally be prepared by using:
. (1) catalysts to reduce the reaction times and lower the reaction temperature associated with

25 forming a phenolic siloxane composition; (2) additives and modifiers to enhance such
properties as flow, flexibility and the like; and (3) using pigments and/or ﬁllers to provide
a desired color and/or consistency.

Phenolic siloxane compositions formed, according to principles of this invention
comprise an interpenetrating polymer network (IPN). IPNs of this invention are composed

30 of chemically dissimilar crosslinking polymer chains; namely, siloxane polymer chains and
phenolic polymer chains, which have substantiaily no chemical bonding therebetween. The
siloxane and phenolic polymer chains are held together by permanent chain entanglements.
It is to be understood that IPNs of this invention do not include compositions having solids
or solid particles entrapped in a liquid or polymeric phase, such as solid silicon or siloxane

35 particles trapped in a phenolic polymeric phase.

A fey feature of compositions prepared according to principles of this invention is that
the phenolic polymer chain of the IPN includes siloxane groups in its backbone. The
siloxane groups are in the uncured prepolymer, when prepared in the original synthesis of
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phenolic siloxane conposition binder prepared according to principles of

this invention; FIG_4.is an isonetricwuewof a-—pleaceof foam conpri s-rg—a——o
phenol i c S|onane conposi tion prepared according to principles of this

i nvention; FIG 5a is an isonetric view of a brake Iining

conpri sing henol i c siloxane conposition prepared accordi g'EFI pl es
of this mveﬂ& 231G 5b is an isonetric view of a cl utch%#%ﬁ%
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such way is
i nt er medi at e. re&tsahbter such vvay S to corrbl ne a phenol iC novoI ac resin,

T e e,

al dehydelO Wi tisaepreiehadmmugrmmm,chnhsmzted)bhnolslsucm onho&résohameza-cmols para-

corrp03| tions glsdidi e estﬁ'&ﬂ&ﬂ
[ npact r esi st%?blﬁlﬁﬁ& ﬂ‘t’re héc%!rposm 0 gnﬁ?g{ota{?ﬁo MV nti ongﬁmi
non-si | oxane hl ) parg

conposi ti ons cAshewninut muwidoand:ms ﬂmrmflcgnﬂ&wm:r éaxebyonspﬁgsmg nl}enol
catalysts to 6ﬁ(iuﬁibsﬁtbﬁdr plitnbl 89 the SRR thaleAAF ay "EepERP GpbP Thé REGDAEs A

t I |
i 11 velS anchTIRHSEB B ”ﬁaﬁﬂ@&%@%ﬁe&ﬁ%ﬁﬁﬁ‘rﬁg&%@%ﬁmwm depired
the Iike; andpm% forghe resulting sompesition.f i | | ers to provide a desired col or
and/ or consi st encmtfheméﬂ f thiel alsslyde Ciagiedizhe, i forfalichydeds particalatly nprefepred.

(P E&"E?"*Ph. : @"iem RN c%#wmkem caWMr

crossl i nki ng Phsng iloxans, compgsifipR {aeipde
pol yner 2Bhai naqemldehyde thmmlmmﬁmmmmmr ﬂhetammnt
The sil oxane rmﬁ,gwg,‘

pHEHYHE resin
SEREAEIE) o i o g e
liquid or pol mphmophmwhsmmsmomwm&orfomds W&neamenohc resole or
particles trapplié fovbli'is Aesited caR d¥pend ioh the'pirficular properties desired for the phenolic
25 siloxane composition. When the phenol ingredient is combined with a molar excess of
aldehyde and a silicone intermediate, the resulting reaction produces a phenolic resole
siloxane composition. When the phenol ingredient is combined with a molar deficiency of
aldehyde, the resulting reaction produces a phenolic novolac siloxane composition.
With respect to the silicone intermediate, alkoxy-functional and silanol-functional
30  silicone intermediates may be used to form the compositions of this invention. Silicone
intermediates as referred to in this invention are chemical polymer structures that have an
-Si-O- backbone and that are capable of undergoing further reaction, e.g., hydrolysis and/or
condensation to form a cured polymer structure. A preferred class of silicone intermediates
have the formula
35



A fey feature of conpositions prepared according to principles of this
invention is that_the phenolic polyner chain_of the |IPNincludes_siloxane
groups in its backbone. The sil oxane groups are in the uncured prepolyner,
when prepared in the original synthesis of -4- WD 96/ 33238

PCT/ US96/ 05454 1 t he phenolic siloxane, i.e., that formed from

conbi ni ng phd¥@A32® al dehyde, and are in the cross-linked JENERIPOS4M o
phenol i c yresol e and phenolic novolac, in any case. The siloxane groups are
in the backbone of the phenolic polyner and do not just appear as side
groups. These groups are believed to contrihute to the enhanced flexibility
of the phenolic polyner 5 and ke the &4 | okane cont ai ni ng phenolic

pol ymer nore inpact resistant and fljexi bl e thanl an unnodi fi ed phenolic

pol ymer gonposition, wthout sacrififcing chknic | and heat resistance. In a
first enbodi ment, a phenolic siloxane conpositipn is prepared by conbining
phenol or substituted phenol, w 6—=—R.| i cone internedi ate.
Al t hough phenol 10 is a preferred starting terial, substituted phenols
such as ortho-cresols, neta-cresols,] para- grespls, xylenols, nonyl phenol,
styreated phenol s, brono-phenols, cagtechol,_parfa-tert-butyl phenol,

par a- oct yl phenol, para-nonyl phenol, paraphdﬁylp enol , bisphenol A,

resorci ngd, cashew nut shell liquid,~ and m xturds thereof can al so be used.
The choi ce of using phenol or a substituted phenol as the starting nmateri al
may depend upon the econom cs and 15 availability of the raw materials,
t he manufacturing process, or may depend upon the desired properties for
the resulting conp05|t|on Wth respect to the aldehyde i ngredi ent,

f or mal dehyde ivhepheach®Ry isrindepsndently selectedsfroma! Mmymeme&vm;ym
donors o:lger talleyt, drol, raRy10£Y) Ve difkoxy gaoupsiiaving pi waik vdrbéh MORIBOWherereach R;

Zggts;: Ejghyde %&%%re %Ir%égﬁaﬁ@ammrzﬁ%a&gﬁws&lﬂw ura 0

The anount of URIBdR here-R is an inicger, indhe wnge of fromph i34, selected
determ nes t hehatymmﬁ-agemmbum waghmﬂmetsﬂnoid mtermédmeﬁsifmm aboat 150 to about

conbi nati on,
phenol i c novoI ac Si }I!g?aﬁgfefgog?‘?l% %ﬁcﬂ c‘wet P’P‘{E ﬁen I c "
resol e opgphelBYs ¥ IAAGE oR: gﬁ?@ﬂ ﬂﬁ’?‘g‘?"
properties dedommed, and theipropomtiorodf siloxane groups that copolymerize thhthephenohcpolymer
to form a continuous phase.

Another group of silicone intermediates can be represented by an hydroxyl (OH)-
- containing silicone material and includes those materials- that have the OH group or groups
attached directly to the silicon atom, such as the silanol materials having the general formulas

25
OH
]
R,-Si-OH
30 |
OH
and
35
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25 si | oxane conposition. Wen the phenol ingredient is conbined with a
ol ar_excess of aldehyde and a sili } ate, the resulting———
reaction produces a phenolic resole siloxane conposition. Wen the phenol
ingredient is conbined with a nolar deficiency of al dehyde, the resulting
reacti on produces a phenolic novol ac sil oxane conposition. *@@thgﬁgect to
the silicoO®#@%edi ate, al koxy-functional and silanol - f EXEPTONAl 30
silicoge internedi ates may be used to formthe conpositions of this
invention. Silicone internediates as rpferregp to in this invention are
chem cal polyner structures that have ah -Si- backbone and that are
capabl e of undergoing further reaction| e.g.l hydr ol ysi s and/ or
condensation to forma cured poly S¢f uppuse.aggrreferred class of.
silicore internmedi ates have the fg?E%IS{BE)- f WD 96/ 33238
PCT/ US96/ 05454 1 [err] 10 where each err] Is independently selected from
the group consisting of the hydroxy griup, lR% al kyl, aryl, aryloxy, and
al koxy groups having up to six carbon atons, Where each Rerr] is
i ndependently selected fromthe group consisting of hydrogen, alkyl, and
aryl groups haviﬂgfup to 12 carbon atons, and where n is an integer in the
range of from1l to 56, selected so at ﬁ%& aved@pe nol ecul ar wei ght of the
silicon® intermediate is from about about, 10, 000. It is believed
interdediate sel ected may 20
'ﬁN@f—Sihf@Hi ¢ pol ymer and

sil oxane polyner is forned, and th rop%&tion f sil oxane groups that

copol ynmeri ze with the phenolic pol r tg, florm &, Conti nuous phase. Anot her
group of silicone internedi ates cansge r fﬁgen by an hydroxyl (OH)-
contaig%ng silicone material and includes those materials that have the OH
group groups 25 attached directly to the silicon atom such as the
silanol materials having the general formulas [err]

20 where each Rg group may comprise a hydrocarbon radical selected from the group
including alkyl, alkenyl, cycloalkyl, aryl, alkaryl, or aralkyl radicals, and where n; may be
an integer in the range of from about one to thirty. _

Still another group of OH containing silicone materials are materials that comprise two
or more OH groups attached to a silicon atom that have two or more silicon atoms attached

25 through divalent organic radicals such as those having the general formula

R, R,

30 | HO-%‘i -R,-.:Si -OH
R, Ry
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30 35 -6- WD 96/ 33238
PCT/ US96/ 05454 [err] s and 10 [err].
may conprise a hydrocarbon radi cal

15 20 where each R err] group
sel ected fromthe group including al kyl,

al kenyl, cycloalkyl, aryl, alkaryl, or aralkyl radicals, and where n[err]
may be an |nteger I n the range of from about one to thlrty Stl|| anot her
group of OH™RMBA?8i ng silicone rraterlals are materials th&CT etvvo

or no CH
atomrg%tac%%‘i‘;ﬁsﬂmjﬁo §§: iV 8’ a raglﬁﬁs Slfj ﬁzas t #gvi ng
t he general |s& 5”“? “inclu ‘5‘8)‘&9&3

PCT/ US96/ 0545aﬂumls, where R—, mmmseadivala[neorg}mgmdwpl selegted drom thecrmapondhhngﬁ

Dol bl pg ol EAHAties folgmett it (g“’mﬂ”%é B 0 m‘&‘»‘q‘er
Rlerr] gy CO?’/YDI’I g‘% ’g*"yél‘d@ﬁfl ‘E"’P’%&Féi‘ﬁe @PE‘%‘ EHXW %PB ot
i ncl udi ng netimjted te: DS H4e (DGBORE from Do Foming, Corpom tganeof

and pol ycycl gyiaail melccxﬁar weight approihdi€ly Y1000y Gbd OMSE- 100/ frﬁﬁnnWacker thcon:
| ntermedi at egouscinbn: 'l SRL1o1' Sk Cenlft E‘e%kr%desu%i fifticBlor? bilicone intermediates
generally have in the range of from about 0.5% to 6% by weight Si-OH. Commercially
10  available silanol-functional silicone intermediates useful in this invention include, but are not
limited to: Diphenylsilandiol (molecular weight approximately 216), Wacker Silicones
SY-409 (molecular weight approximately 10,000) and SY-430; and the following materials
from Dow Coming: DC804, DC805, DC806A, DC840, Z-6018, DC-1-2530, DC-6-2230,
DC-1-0409, DC-1-0410 and laminating resins 2103, 2104 and 2106.
15 A preferred first embodiment of a phenolic novolac siloxane composition is prepared
by combining phenol, or substituted phenol, an aldehyde such as formaldehyde, and 2
silicone intermediate. On the basis of a charge weight of one mole of phenol, the weight of
formaldehyde will vary between 0.75 and 0.90 moles, and the weight of silicone intermediate
will vary between 0.01 and 0.3 moles. The molar ratio of phenol to formaldehyde in a
20 phenolic novolac resin is typically 1:0.75-0.90. Table 1 shows the typical molar ranges of
silicone intermediates, having different molecular weights, used to prepare the phenolic

novolac siloxane composition.
TABLE1
SILICONE MOLECULAR 1 MOLE PHENOL 1 MOLE PHENOL
INTERMEDIATE | ‘WEIGHT - |-AND AND
' 1. . 0.7SMOLE 9.90 MOLE
FORMALDEHYDE | FORMALDEHYDE
30 Diphenylsilandiol | 216 0.01-0.3 mole silicone | 0.01-0.3 mole silicone
intermediate intermediate
SY-231 1,000 0.01-0.2 mole siticone | 0.01-0.2 mole silicone
intermediate intermediate
35 SY-409 10,000 0.01-0.05 mole 0.01-0.05 mole
silicone intermediate silicone intermediate




limted to: DC-3074, DC-3037 from Dow Corning Corporation of Mdland,

M chigan; SY-231 _Ln:nLec_uJ_ar wei ght—approxinat-ely-1000) and MBE-100—£r om
Wacker Silicone Corporation; and SR 191 from General Electric.

Si | anol -functional silicone intermedi ates generally have in the range of

fromabout 0.5%to 6% by weight Si-OCH Comrercially 10 ﬁ%@h%’%@%‘%‘
silanol - fu¥@?¥RZ® si|icone intermediates useful in this i ] ncI ude

but ar® not |i m A €ist feﬁmﬂmdmd:aﬂﬁl pBénolic Pis6Ie éllGan¥ Bofips

216 V\ackee?mﬁbiln;tgoqﬁﬁn 3

SY- Z130 and oW h mat er| alp’i’&?ﬂrl Mr ni n%%@%e}wb%%

DC840, Zz- 60 imcrmediate. ‘!elshtoef onsomole) of (phenel. (theviweight rof
resins 2103fotﬂihmthydujwﬂll%y béﬁreen 1and 3 males)and ﬂkrvﬁigﬁtlof!ihcﬂidiﬁdtﬂﬁiﬁte@ifﬂla

phenol §¢ no qg&i t| Eﬂ“@ Cfaﬁghﬂhg,g r
subst i ?ut edY’ g\f&i \ﬁ‘,gfﬁ % iﬁaﬁgﬁg {0 an FI coﬁﬂémng
i nt er nedi at i is hi‘ﬂ’@

wei ght of fhvmgdﬁfqmmm”mghbmwﬂﬂhapmm&wblsﬂmmmanMwn
wei-ght of silicone internediate will vary between 0.01 and 0.3 noles. The

nolar ratio of phenol to formal dehyde in _a_20 phenolic novolac resinis
typically 1:0.75-0.90. Table 1 shoms t 1 cal nDIar ranges of S|I|cone

i nt er Qi at es, ~prtheeethar—mere e
phenolic novol snncbﬂxane co A ' ; ' FCULAR
1 MOLE PHENOL INTEMMEN'
AND 0.75 MOLE [: - =% .0%90 M FORMALD) :
Di phenyl si | and---e-l_—-——Q-lR — ¥ - -
si| i cone inter rpfbhdiiandiot .lawm&x,.eeaae .
0.01-0;9 nol e $ilicone 0.01}0. inlesidadiste | Nt er i
i nternedi ate SK=-409 10000 0.01-0.05 mole 0.0110.05
”p: e 35 sY-231 1,000 0.01-0.02 mole sﬁie&n'a.-‘{‘mﬁ-d.d}tn%iemd' are
silicone interfed ate _ intermediate silicone intermediate
SY-409 10,000 0.01-0.05 mole silicone | 0.01-0.05 mole
20 intermediate silicone intermediate

For each of the above-described first embodiments of the phenolic novolac and
phenolic resole siloxane composition, it is desired that in the range of from about 0.5 to 35
percent by weight of the silicone intermediate be used. First embodiments of the phenolic
siloxane composition comprising less than about 0.5 percent by weight of the silicone
intermediate may form a composition having good properties of heat, flame and chemical
resistance, but may have physical properties of reduced flexibility and increased brittleness
when compared with a composition comprising in the range of from 0.5 to 35 percent by
weight silicone intermediate. First embodiments of the phenolic siloxane composition
comprising greater than about 35 percent by weight of the silicone intermediate may form
a2 composition having properties of reduced heat, flame and chemical resistance, but
improved flexibility and reduced brittleness when compared with a composition comprising
in the range of from 0.5 to 35 percent by weight silicone intermediate.

In preparing first embodiments of the phenolic siloxane composition, catalysts are used
to form either a desired phenolic novolac or phenolic resole resin prepolymer. For example,
when forming the phenolic novolac siloxane composition, a strong acid such as sulfuric acid,
sulfonic acid, oxalic acid, or phosphoric acid is used to facilitate formation of the phenolic
novolac resin prepolymer. When forming the phenolic resole siloxane composition, a strong
base such as sodium hydroxide, calcium hydroxide or barium hydroxide is used to facilitate

35
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1 A first preferred enbodi nent of_a phenolic resole_sil oxane
conposition is prepared by conbi ning phenol, or substituted phenol, an
al dehyde such as formal dehyde, and a silicone internediate. On the basis of
a charge wei ght of one nole of phenol, the weight of formal dehg/de w |l vary
between 1 awmcd9@332s8 es, and the weight of silicone i nt er medPGHE 545

vary Do e Rl i pd el typ%r?EPW 1fiprdeiia HAF Rebglie Wgﬂﬁ*‘*de

WS

typi cal rangeayolse silpxane sAmPPSiticr sbmm&@mhos mmnégu

used to prepadysthandhephehdlic resclelsiloxint @ompesitiemjsoprepared by titighu abaut five
SI LI CONE mb& PHENC]_ 1 MOLE PHENQOL | NTERI\/EDl ATE
VEI GHT

1 MAL DEHY
Di phenyd si | andi ofCatalystsiother than, 3BdB‘l manM% ep%""ﬁBYBe“”“

silicone 15 inpreparing first embodiments of the phenolxc szloxane wmpmem&tm!ﬂensaﬂon
i nt er nedi at e Y

Sihd/of tfiperature
10,000 - o %:Sﬁ@g&m@% p%l;' CWﬁ%?ﬁW&%ﬂ@mﬂgdﬂwpmm

i nt er nedi at eresin and silicone istetmediate: averthe sameli andccaphe @ad;rm@he same propomon. as
above- dRBCr i ek Idesctibed BEIGH M. tarPfoptil mahsaqisw £0 Vistepa@ing N secpiid: ki third

resol e sil oxane ¢o oat? Onr‘bf I S des rm@fﬂ@%@%d"@%

0.5 to 35 pet®

enbodi ment s frbmtmmmnalsz&manM| BeNAlAs sTosing and SOl Frgolesingy, 5,
about 0.5 Pefegfe tivély. Wei ght of the S|I|cone |ntermed| ate nay forma
conposi tion haV| FQI ﬁﬁﬁfﬁé @MpOLIRBAS
but may have phy%g |es hgucedaﬁ@ | and. 1 n reas

brittl eess avgamepaseshhy Sigst Fg?rﬂéd Jhen

from 0.5 to Zidingeme aldehyie m@tmtefdrmmNofwmmalymers;sﬂmwmmm

of the phenat L@s@ﬁg sw rsmcaﬁbeinmbmﬁubf%
havi g propele .p@anmoaﬁmd h‘}%@‘go e ﬁﬁ%‘%ﬁ%mmé‘?i 2?33*%83?@@

i nproved f | exidehyide tipgredient; isdukey dtepiin preparingsfirstamhodinemtsofdbe cqmpesition beca
e 'ne on ﬁ%%&m& e mmoﬁﬁe&eeugm ghdups bf Me silicore mmfdmand
si | oxane conﬁB&Sﬁloﬂ"“@af’% &geng{' g’%ﬁ%& AD Ul Beib, COteBARER'reAcrions
between the silanol groups and the hydroxyl groups of the phenol ingredient is desired
because it introduces Si-O groups into the phenolic polymer, thereby providing enhanced
propertics of impact strength and toughness in the cured composition. After the aldehyde is
25 added, the silanol groups react with the phenolic hydroxyl and/or methylol hydroxyl groups
of the newly-formed phenolic resole or novolac, i.e., low molecular weight phenolic resole
or novolac resin, further introducing Si-O groups into the phenohc resin to provide the

above-described enhanced properties.

After the ingredients are combined, the temperature of the combined mixture is
30 elevated to reduce reaction times associated with forming the phenolic siloxane composition.
For example, a first embodiment of the phenolic novolac siloxane composition can be
prepared by a batch process using a jacketed stainless-steel reaction vessel equipped with a
turbine blade or anchor-type agitator, a vapor condenser, and a temperature controller.
Typically, molten phenol is charged to the reaction vessel, the agitator is started and silicone
35 intermediate is added. An acid catalyst can be added after the silicone intermediate to
facilitate formation of the phenolic novolac polymer. Formalin (37-40 percent aqueous
formaldehyde) is then charged to the reaction vessel, either before raising the temperature,
or by controlled addition at elevated temperature. A vigorous condensation reaction ensues

-10-



35 to formeither a desired phenolic novolac or phenolic resole resin

prepolyner. For_exanple, when formung-the phenglic novol ac sil oxare———

conposition, a strong acid such as sulfuric acid, sulfonic acid, oxalic
acid, or phosphoric acid is used to facilitate fornatlon of the phenolic

novol ac resin prepolynmer. Wen formng the phenolic resole

conposi ti o'VO ’-??ﬁ'ong base such as SOdI um hydrOX| de, cal ci B&¥ Wde or
PCT/ Usdo! 054t s ity Bochdtmics - Thy st Mol 34 e dsred mecta

Qr. on SQ nmer

preferred f.‘l"é%“]'é‘m‘m ma‘t’ee ﬁm%?m&? ﬁﬁ@@ﬁ%‘&%@?%ﬁ?@
prepar ed by with seganation of &gmnms sempanente nlhmtuabregmonaundwdhm ylspendmacona
phenol i c re&ﬂé&s&b&ﬁmﬁhﬁ%ﬁﬂﬁmdﬁﬂﬁrﬁﬁcg{iﬁ?mﬁté : th e
per cen ﬁ? §|¥§§!|g a ys s o er an, in
addi ti §n to%tpﬂ%é?%gﬁ l%oﬁr%'ﬁfl onal 'y be used in prepar| ng
first embodi ment Thefingredients ane imiged; togethen cderingy i Gmetthe fphenal; ang; silicone
condensat i orin®@imédigte PER0 @b idesciibed Absve tlie phienoend ﬂﬂdiyﬂédtﬁ@o ffornt @ Phenolis

ngfm n?o?nqg%?? Bfgplé\g condtﬂ%?gﬁogi%w he pﬂ@% P&g resin a%*ﬁ%@ﬁ?

i nt er nedi at Polycendensation, W egndensations gan gptionall by Action; of @
t hose descrldaa@vshdsms&hed baaw @H@nﬁklﬂmdomwﬂwmﬁnmmcmgmm&mnd

Esglrr{)gs?{?ggél rnlyri}reog;?aom séartl n ?)ﬁﬁ?grl @I S COEE fl n'ﬁq’h 0 |c nO\{?:f ane

resins and

phenolic no@hmixcdu&qﬁkmmememmmdphmhmmmmpmmswmm&o
prepared by linto G akkitme! N€ phenol and silicone internediate

ool 18 ol yer ABEsREY, 8 sk epoco orite A e BB Bt

phenol i ¢ polapdwilexane polymesiandacontinnous M@MM@CMHGP@\MW one

It0ﬁ| yrrF(rjsh ¢ alenmomtwgfou ps G ifs ackbdnk C OHY m%&fﬂeﬂeaﬂﬁoxyhﬁﬁafoﬂaﬁfiﬂm
e a e e _l nar en

the composi RsHaiRkE e opoudiny B s2bciFaled @éﬁ%ﬁ%%ﬂi . 35 R 1.
bet ween si | ditamagivelyp silappl-funetional siliepne intexmadiatesicap be usrd inthe progess gyhichganf

t he pheool icopolgpkerind diredtly dithahis pisshobsridonewly-forthed ;menonn novolad fesinprépedymern
the silanol mpﬁyﬁg&ig_he hydr oxyl groups of the phenol ingredient is
desired At the end of the condensation period, water, residual moisture, unreacted phenol and
low molecular weight species may be removed by atmospheric, vacuum or steam distillation.
It is important to note that the distillation step is carried out after the occurrence of
25 condensation reactions between the silanol groups of the silicone intermediate and the phenol
hydroxyl groups, and the phenolic resin hydroxyl groups and not before, as the presence of
substantial amounts of the silanol groups in conjunction with the phenol and newly-formed
phenolic resin is desired. The point at which distillation is stopped is usually determined by
taking a sample of the resin and measuring its melt viscosity. After the resin has cooled, it
30 can be treated in several ways. It can be sold in lump or flake form, compounded to form
molding powders, or it can be ground and blended with hexamine and other fillers.

As another example, a first embodiment of the phenolic resole siloxane composition
can be prepared by a batch process using the same equipment previously described for
preparing a first embodiment of the phenolic novolac siloxane composition. Typically,

35 molten phenol is charged to the reaction vessel, the agitator is started and silicone
intermediate is added. Alkaline catalysts may be added after the addition of the silicone
intermediate to facilitate formation of the phenolic resole polymer. Formalin is added and
the batch is heated. The initial reaction is exothermic. Condensation is usually carried out
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because it introduces Si-O groups into the phenolic polyner, thereby
provi di ng enhanced properties of inpact strength and toughness in_the cured

conposition. After the aldehyde is 25 added, the silanol groups react

wi th the phenolic hydroxyl and/or nethylol hydroxyl groups of the

new y-forned phenolic resole or novolac, i.e., |ow nolecular_ weight

phenol i c reW®%/338novol ac resin, further introducing Si- O’SFW& o t he
phenol i€ resj W&fﬁq@gﬁﬁ&

thelnglfedlets%p raturergl?&% |ne '{ els 30
el evated to ﬁ@ﬂ%d’iﬂ‘&& F‘l%%’ %@%&m&% 1Qn i

si | oxane cormmedmmqnwﬂyaxﬂmm emperatires $o m”tb(plhvmnveni-eabﬁm qd‘gatnionc The

Tacketog st ATaR gl ?“3'322? reactlgﬁmﬁés Mﬁ%@ﬁ%ﬂrﬁmﬁ?&%r

anchor X ype &
Typi cal |'y, rprbloag thmestotage stahllltyr ged to the reaction vessel the agitator is

Zélgreélegf ?2? t?lhleI gl | i cdgllr_?d thlrll"fier rre etiﬁfo’l I | %grﬁﬁ? or maialﬁ%ta ﬁéﬁbh&?&oiée

phenolic novAlloxane féﬁ‘% 7“s1ﬂ§ m%&@y‘el S
t hen char gecresio, mnm{mmM4 tm mrgsmgan be:used ¥ prepatgr e,
or by qont r ché pReridiid isiloxafie a&gtﬁm of tHie fveritivh ¥ is Witikiatly mmmtueon

t 3
IrD?J'Ia'/CUISSQI SEW&“ otk p@ ?ﬁ%"’%%ﬁ“ﬁé‘ ﬁ‘ms %éméucgﬁc}h?\sa oS ep | ’S
cont i nued urfubstitted phenols like nagt-aresol.cxylenel, bisphenok A henol, pagastert-butyl
achi eved, Dlpuenoj mamqmmmxmbmmmwpwwmbm

338223? Ingnon tsh éée |re ecu%g@?’ 3&5@ |bgfﬁon 9%&:‘5@? ox one o

more caPal ystmbod %‘FF‘P'EEF?@
nmol e rati os. twbhmylsr@perﬂmgmpnmhemm ugepﬂmary rehgtantsg)i. ey pbénol ambalddrhyde
phenol and sjnyi dapestin a;g,er,ﬁgﬁ&e as descri bed above, the phenol and

al dehyde react t form a enol resqle or novol ag.. .and_{ he | i
resol e or novol ag’ &Pg ‘Fﬂ?‘ 'ﬁﬂﬁ‘f%’ﬁﬁ% BMéﬁgﬁm&ml ch
pol ycondens sgenerally glassified inronelof twe classes| mlscnouwgmsmsmrohemhmesole resins.
calt al Y0, aspieaskd h&%ch@hﬁ%re%rhﬁﬁlgﬁﬁﬁ faatetisle andiire midebyyhea %t henobivith a
silicone int tes t i i e
S1iicone !t e@sﬂ‘% 62> sl %@% 1§% ' Brrhatn) ' &@W%f A0 3R bhknh
frequently oxahc acid or sulfuric acid). It is desired that the formaldehyde/phenol mole
ratio (F/P) be less than one, otherwise crosslinking and gelation will occur during
‘manufacture. ‘The reaction is strongly exothermic. The phenolic novolac resin forming
25 reaction can be represented as shown below.

30

35
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honopol yneri zation to forma sil oxane pol yner and copol ynerize with the

phenol and the phenolic hydroxyls of the newly.forned phenolic novolac——m— -

resin prepolyner to introduce Si-O groups into its backbone. 15

Accordingly, the resulting conmposition conprises an |IPN of phenolic novol ac

pol ymer and_sil oxane pol yner, and a continuous phase fornmed fromthe

phenol i c p(ﬂ’_?ﬁﬂ?’ ving one or nore siloxane groups in i tsP A4

Hydrol yisi s of the al koxy-functional silicone intermedi ates can optionally

be accel erated by action of a catal yst, as described below. Alternatively,

silanol -functional silicone internediates can be used in the process which

can 20 copol ynerize directly with the phenol and new y-forned phenolic

novol ac resin prepolymer without hydrolysis. At the end of the condensation

periodg water, resi@ggal noisture, unreacted enol anﬁﬁ;?Zanlecular wei ght ~
u

speci es may be rempMed by at nospheric, vac £n,8i ea illation. It is
i nportant to note fhat thgcglbstlllalﬂn..st i1$ caderi e oq after the
occurrence of 25 ndensation re¥ttion \ ween th anol groups- of
the silicone interngdiate sdadudde phenol hydroxyl groupsesend the phenolic
resin hydroxyl groupﬁ, and not be&pre, as theupresencg of substanti al
anmpunts of the sila @ PHPS | onj uncti &l henol and

new y- f1@r med phenof4c Yesipis es;r_ﬁﬂ‘._;l'eplnt i«Chpodi stillation is
stopped i s usually: ~:;LetI rm ned king a I e oY resin and nmeasuring
its nmelt viscosity. After the resin has cooled, it 30 can be treated in

several ways. It can be sold g | unp gn flakeuform ®snmpounded to form
nol di ng powders, or it can b rQ“ 2 d bl g4 exanm ne and ot her
fillers. As another awan@lef”a [Mrs odi:irent] of !t he jphenolic resole
Si | oxapg conpositi ON algamiess DE N are b  a Ric usi ng the sane
equi pment previously described for . prepati, a first enbodi nent of the
phenol i ¢ novol ac sil oxane conpositi on. nokspdedal | y, 35 nol ten phenol is

charged to the reaction vessel, the agitator is started and silicone
intermedi ate is added. Al kaline catalysts nmay be added after the addition
of the silicone internediate to facilitate formation of the phenolic resole.
polymer. Formalin is added and the batch is heated. The initial reaction is
exot he2®i c. Condensation is usually carried out -11- WD 96/ 33238

PCT/ US96/ 0548 reaction proceeds by first the formation of phenolic alcohols and second the condensation
of the phenolic alcohols, which occurs rapidly with excess phenol to form relatively short
chain phenolic polymers, e.g., comprising in the range of from two to ten phenolic rings,
in which the phenolic rings are linked together by methylene groups. Phenolic novolacs are

25 thermoplastic resins, comprise little methylo! functionality, have molecular weights in the
range of from about 125 to 5000, and display glass transition temperatures in the range of
from 45°C to 100°C. Phenolic novolacs do not condense further by themselves unless
additional formaldehyde or other reactive materials, i.e., formaldehyde donors such as
hexamethylenetetramine, are added. Although most of the cross-linkages in the phenolic

30 novolac are methylene bridges, benzylamine structures have also been identified.

Phenolic resole resins are thermosetting resins, often referred to as one-stage resins.
They are prepared by heating phenol with formaldehyde (usually as formalin) using an
alkaline catalyst (usually caustic soda for water-soluble resins and ammonia or an amine for
electrical grade laminating resins). The formaldehyde to phenol mole ratio (F/P) is greater

35 that one. The phenolic resole forming reaction is represented as shown below.
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1 at atnospheric pressure and at tenperatures in the range of from 60
to 100C or at reflux. Because phenglic resole siloxane conpositions are

t hensel ves thernosetting, dehydration is carried out quickly and at | ow
tenperatures so as to prevent over-reaction or gelation. The end point is
found by manual determ nation of a specific hot-plate gel tinme, which
decreases 5 WO9/333% esini fication advances. Phenolic resol cPCHYHENHS
conposi §i ons can be refrigerated to prolong their storage stability. Second
and third enbodi nrents @ a phenolic novol resin and aewphenolic resole

si | oxane conposition prepared by usi ol i c_matnol ac resin and
phenolic resol e resi Spedihd V. i 4. ARy type of
phenolic resin can d to prepdte 1 gi | oxane

conposi Lions of this rMvention and is uItlcH %ely sel ect€d based on the

I nt ended end use appligation. Sui tablﬁﬁ_l pheniﬂ ic Lgsins oyl ncAHude t hose
based on phenol, substjgtuted phenols {1 ke para-cpiesol | enoly,” bi sphenol

A, paraphenyl phenol ,/pate<t ROy : and
resorcinol. The phe tabl e
phenol wi th an al dehy S e first 15
enbodi nent. The fundangpisl synthesis reaeki on of  phenolic resins may
proceedign one of two ways, depending upon the rgid os of the two primary
reactants, i.e., phenoB and al dehyde, and dependf on the pH or the

m xture. As discusSeg Qve, phenolic resins pileparfeds ko combi ni ng a phenol
and al dehyde are genf y classified in one t cl asses, phenolic
novol ac resins or_pksgali/c resol e resins. 2#%2 Phenolic novol ac resins are
t her nopl astic nei%¥? al ¥ and are nade by heating PHBenol with a deficiency of
f or mal depyde(usual Iy a®Mormalin) in the presenceesf an acidic catal yst
(frequertly oxalic acid or sulfuric acid). It is desired that the

f or mal dehyde/ phenol nole ratio (F/P) be |l ess than one, otherw se

crosslinking and gelation will occur during manufacture. The reaction is
strongly exotherm c. The phenolic novolac resin form ng 25 reaction can
be represented as shown below 30 35 -12- WO 96/ 33238

PCT/ US96/ 05454 puring reaction, methylolation of the phenol occurs with little condensation. The
20 resulting phenol alcohols may condense together under these conditions to give polymers with
ether as well as with methylene bridges between the phenolic rings. More importantly, the
reaction produces phenolic polymers that also bear many pendant methylol groups.
. Depending upon the type of phenolic raw material, and the extent to which the reactions are
allowed to proceed, the resoles can cover a wide spectrum of possible structures and may be
liquid or solid, water soluble or insoluble, alkaline or neutral, slow curing or highly reactive.
Typical phenolic resoles have molecular weights in the range of from 150 to 2000. ‘
Phenolic resoles will self condense with heat to form a cross-linked phenolic polymer
without the addition of any other curing agent. If desired, however, an acid catalyst may be
used to reduce the curing time. Suitable optional catalysts include inorganic acids such as
phosphoric, sulfuric and hydrochioric acids, and organic acids such as paratoluene sulfonic
and phenyl sulfonic acids. Proprietary inorganic and organic acids which liberate the active
acid functionality on heating can also be used. If desired, phenolic resoles can also be cured
using an optional base catalyst, such as proprietary magnesium oxides and the like.
Any phenolic resin, e.g., phenolic novolac or resole, can be used to prepare second
and third embodiments, respectively, of the phenolic siloxane compositions according to
principles of this invention. The particular phenolic novolac or resole that is selected is
based largely on the end use application, the desired physical and chemical properties of the
final product, and the methods of application or processing techniques that will be used.

25

30

35
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15 . [err] 15 20 The reaction proceeds by first the formation
of phenolic al cohals and second
whi ch occurs rapidly with excess phenol to formrelatively short chain
phenolic polyrrers e.g., conprising in the range of fromtw to ten

phenolic rin in which the phenolic rings are |inked toge

met hyl ene 83 $32%henol i ¢ novol acs are 25 t her nopl as?@?’é@%ﬁé
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Phenol i ¢ r edithea highilevel Qfé for yery fast garemtes.of erred to as
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I
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| ami nat i ng OF Sabstitutediphenplic mme pﬁe%m%m used Gombinatign
35 i0at ovith al epoxyhresinl ifar optinhine résistamego rehantcalsrandszoneﬁbﬁ.s%efkmle

Ii?:?msgg} 85454 | err pegﬂg?ﬁ?ﬁé ﬂ%“ acf{mt')n pm?ﬁ 'Ies? at|on A% of
t he phenol &m P, SuHuris ek WPFS‘E‘E or Wfé“%éﬁ [fpmic
al cohol s naprpbﬂlyésd&)mc)gaidkmmbnmdemmeﬁm priottotapplication. gi ve poI ymers with
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matenals are compounded with glass fibers, mineral extenders, mbber modifiers, etc
in a pulverized or pelletized form which is used to fabricate various articles by compression,
transfer, centrifugal and injection molding processes.
The solid phenolic novolacs found most useful in this invention are prepared from any
20 of the phenols and aldehydes previously described and have molecular weights in the range
of from about 400 to 5000 with glass transition temperatures in the range of from about 40°C
to 90°C. Phenolic resoles found most useful in this invention have molecular weights in the
range of from about 300 to 3000, solids contents from 50 to 90% by weight, and may
contain from 2 to 20% by weight free phenol or substituted phenol and from 1 to 10% by
25 weight water.
Manufacturers of suitable phenolic resins include: B.P. Chemical Division of British
Petroleum of Barry U.K.; the Packaging and Industrial Products Division of Borden, Inc.,
of Columbus, Ohio; the Durez Division of Occidental Petroleum of Dallas, Texas;
Georgia-Pacific Corporation of Atlanta, Georgia; Neste Resins Corporation of Eugene,
30 Oregon, as well as a number of other small producers. Some preferred phenolic resins
include B.P. Chemical’s Cellobond J2018L, and J2027L., Borden’s SL-898 phenolic resole,
and Georgia-Pacific’s GP5018 phenolic resole. '
A second embodiment of the phenolic siloxane composition, prepared according to
principles of this invention, comprises greater than about 50 percent by weight of the
35 phenolic novolac resin, and preferably comprises in the range of from about 50 to 95 percent
by weight of the phenolic novolac resin. A third embodiment of the phenolic siloxane
composition comprises greater than about 65 percent by weight of the phenolic resole resin,
and preferably comprises in the range of from about 65 to 99.5 percent by weight.
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Dependi ng upon the type of phenolic raw material, and the extent to which
the reactions are 25 all owed to proceed, the resoles can cover a w de
spectrum of possible structures and nay be liquid or solid, water soluble
or insoluble, alkaline or neutral, slow curing or highly reactive. Typical
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catal yst forw@’r‘?‘“ Sipd St iy %m&ﬂo @ Mﬂ‘?eéd
coati ng usedSuf be|fpmﬂgelwdedmmbﬂegqm » pamformg frigxane,
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primers can be pAepimnelic hbwhcaswxmbomposkmlmndngﬂss than about 3 percent by
weight of the formaldehyde donor may form a composition having a low degree of cross
_ linking and having a slow curing time when compared with a composition comprising in the
25 range of from 3 to 15 percent by weight of the formaldehyde donor and, therefore, may
display physical properties of reduced heat, flame and chemical resistance. A phenolic
novolac siloxane composition comprising greater than about 15 percent by weight of the
formaldehyde donor may form a composition having a high degree of cross linking and
having a faster curing time when compared with a composition comprising in the range of
30  from 3 to 15 percent by weight of the formaldehyde donor, thus, making working with and
application of the composition to form structures and/or coatings difficult.

In the third embodiment, a phenolic resole siloxane composition is prepared by
combining a phenolic resole resin with a silicone intermediate. If desired, either an acid or
base catalyst can optionally be used to reduce reaction time associated with finally curing the

35 resin. Suitable inorganic acid catalysts that can optionally be used in the third embodiment
include phosphoric, hydrochloric, and sulfuric acids. Suitable organic acids that can
optionally be used in the third embodiment include paratoluene sulfonic and phenyl sulfonic
acids. Suitable base catalysts for curing phenolic resoles include various forms of barium

-16-



I norganic (e.g., phosphoric, sulfuric or hydrochloric) acid or organic
(paratoluene sulfonic or phenyl sulfonic) acid conbined i mediately prior
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PCT/ U386/ 0538%s not required to prepare the first, second, and third embodiments of the phenolic
siloxane compositions according to principles of this invention, as a reduction in reaction
time can alternatively be achieved without such catalyst by using elevated reaction
temperatures.
Suitable catalysts are selected from the group consisting of organometallic compounds
25 amine compounds, and mixtures thereof. Combinations of an organometallic compound with:
an amine compound are preferred, when desired, for catalyzing hydrolysis and/or
condensation of the silicone intermediate. Useful organometallic compounds include metal
driers well known in the paint industry such as zinc, manganese, cobalt, iron, lead and tin
octoate, neodecanates and naphthenates, and the like. Organotitanates such as butyl titanate
- 30 and the like are also useful in the current invention.
A preferred class of organometallic compounds useful as a catalyst is organotm
compounds which have the general formula

h
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1 A phenolic sil oxane conposition conprising | ess than about 50
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where R;» and R, are each selected from the group consisting of hydrogen, aryl, and alkyl
groups having up to 12 carbon atoms, and where Ry, is selected from the group consisting

of alkyl, aryl, and hydroxyalkyl groups having up to 12 carbon atoms.
Suitable amine compounds useful as catalysts include dimethyl methanolamine,
35 ethylamino ethanol, dimethyl ethanolamine, dimethy] propanolamine, dimethy! butanolamine,
' dimethy] pentanolamine, dimethyl hexanolamine, methylethy! methanolamine, methyipropyl
methanolamine, methylethyl ethanolamine, methylethyl propanolamine,
monoisopropanolamine, methyldiethanolamine, triethanolamine, diethanolamine, and
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conbining a phenolic resole resin with a silicone internediate. If desired,
either an acid or base catalyst .can-optionally-be used to reduee-r—e&et—r—en— -

time associated with finally curing the 35 resin. Suitable inorganic
acid catalysts that can optionally be used in the third enbodi nent include
phosphoric, hydrochloric, and sulfuric acids. Suitable orgam c aecids that
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Increasing the latent acld catalyst level during the preparation of such compositions has, in
fact, resulted in phenolic resin compositions with cure times comparable to straight phenolic
resole/latent acid catalyst systems, but with significantly longer pot-life. The exact
25 mechanism for the unexpected improvement in the processability of the resulting composition
is not known but is believed to be related to neutralization of the latent acid catalyst by the
amine compound.
The first, second and third embodiments of the phenolic siloxane composition may
comprise up to about five percent by weight of the amine catalyst. A phenolic siloxane
30 composition comprising greater than about five percent by weight of the amine compound
may form a composition having a greater degree of flexibility when compared with a
composition prepared without using an amine compound or using less than five percent by
weight amine compound because of increased hydrolysis and/or condensation of the silicone
intermediate. Additionally, a phenolic siloxane composition prepared without the amine
35 catalyst may require longer time and/or higher temperature to achieve a desired condensation
reaction than for a phenolic siloxane composition with the amine catalyst.
A preferred ratio of organometallic compound to amine compound, when used together
as the catalyst, is approximately one to one. Therefore, the first, second and third phenolic
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time can alternatively be achi eved w thout such catal yst by using el evated
reaction tenperatures. Suitable catal ysts are selected fromthe group
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flexibility witemediate is not required.

20 The first, second and third embodiments of the phenolic siloxane composition can
result in the formation of phenolic resins having very low or zero water content, which
provides improved fire stability and processing characteristics. The silicone intermediate
functions as a reactive diluent to give a stable product with generally low viscosity.

Second and third embodiments of the phenolic siloxane compositions are prepared by

25 combining in the above-mentioned proportions a phenolic novolac or resole resin with a
methoxy or silanol-functional silicone intermediate. The phenolic resin and silicone
intermediate are kept together for a desired period of time, e.g., one hour, to ensure that a
sufficient degree of condensation reactions occur between the silanol groups of the silicone
intermediate and the phenolic hydroxyl groups, thereby introducing a desired amount of Si-O

30 groups, i.e., siloxane substitution, into the phenolic resin. This is done before
copolymerization of the phenolic resin.

A formaldehyde donor is added in the second embodiment. If desired, the catalyst for
the phenolic resin and the catalyst for the silicone intermediate, i.e., the organometallic
compound and/or the amine compound, can optionally be added to reduce reaction and cure

35 time and reduce reaction temperature.

The ingredients are mixed together until uniform, during which time the phenolic resin
undergoes polycondensation to form a phenolic polymer, which polycondensation is aided by
the formaldehyde domor in the second embodiment, and which polycondensation can
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conpared with a conposition formed w thout the catalyst or conprising |ess
than about five percent by weight : ' . hecause_of

i ncreased hydrol ysis and/ or condensation reactions by the silicone
internedi ate. Additionally, a phenolic siloxane conposition prepared

Wi t hout the organonetallic.catalyst may require | onger tinme and/or 20
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formati on  that are combined with the silicone intermediate mixture in the first container just before use
20 to form the composition. For example, in the construction of a glass filament phenolic pipe
the components of each container can be combined using a meter-mixing dispensing machine,
which pours or pumps the mixed material into a holding tank through which the glass
filament is passed. '

While not wishing to be bound by any particular theory or mechanism, it is believed

25 that the phenolic siloxane compositions of this invention are produced in the following
manner. In preparing a first embodiment of a phenolic siloxane composition by using a
phenol, aldehyde and a silicone intermediate as the starting ingredients, it is theorized that
either a phenolic resole or phenolic novolac may be formed accondin_g to well established
principles disclosed by P. W. Kopp, Phenolic Resins, Encyclopedia of Polymer Science and

30 Engineering, Vol. 11, 2d ed., pgs. 45-95 (1988), which is hereby incorporated by reference.

In preparing a first embodiment, it is theorized that silanol groups from the silicone
intermediate react with the phenol hydroxyl groups when the two ingredients are combined,
thereby introducing Si-O groups into the phenol ingredient. After the aldehyde ingredient
is added to the mixture, silanol groups continue to react with the phenolic hydroxyl groups

35 and/or phenolic methylol hydroxyl groups of the newly-formed, i.e., low molecular weight,
phenolic resin. Because silanol groups are present during the homopolymerization of the
phenolic resin, they continue to react with the phenolic hydroxyl and/or methylol hydroxy!
groups, thereby continuing to introduce Si-O groups into the phenolic resin. The silanol
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10 of hydroxide by hydrolysis of the silicone internediate in the event
that an al koxy-functional silicone_internediate is used, and _pol ynerization
by condensation of both the al koxy and sil anol -functional silicone
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g(r) gagglrrflt glnlsl C COTHeOMEchaniem By whiRh %ﬂé@ﬂd@ﬁbﬁ@r@bﬁi&%@t@?@&?'ﬂ&fﬂﬁ?&ﬂﬂﬁw
Phenol | : oo Bftchdnat, gﬁéﬁﬁg% eﬂ“ﬂgﬁﬁé% 3 Wepptihe? p&ﬁ?ﬁ%&’ e, § b Bapele
20 ugin meghanisms ether,

ESL- Llrvgﬁo?s;gmﬁéd aespohsibler fote csuo:anbl ms the pherolicPpoigtiet ®f the ﬁrstI g
cat al ygt | ev u'%ﬁtg]t e pr eggi?w é“gﬂ %WW@@@%

resul ted in phenebe
strai ght phenol i dnrfemhg/althirdrﬁnbadimtncet abhaiohsyesblﬁmoxhwtcomﬁohuon, using an

signi figgnt| Rt f& ﬁ‘mﬂ o g?%%; ed
|rrproverrent ?ﬂﬁ e roceszssglg‘Tr esul Ci ng“?qd ?S tlong?oslwno wn
but is beli e SZ‘H’E‘G z‘StfPBHao phenolig resole. pgyil B‘ﬁ?ﬂ?@st
by the am nebelowdnRedctiolNo.fl.rst, second and third enbodi nents of the
phenol i ¢ sil oxane conposition may conprise up to about five percent by

wei ght of the anmine catalyst. A phenolic siloxane 30 conmposi tion
conprising greater than about f|ve percent by wei ght of the am ne conpound
may forba conposition h g IESRHEr degrBEACHONH ] exi bi | i ty when conpar ed

with a conposition prepare ut™usi ng an_am ne conpound or using |ess

than five percent by wei ght e corrpd'tlgﬂ B&¥§sTof™ i ncreased hydr ol ysis
and/ or condensation of the silicone inter rredl ate. Additionally, a phenolic
sil oxane conposition prepared wthout the am ne 35 catal yst may require

ature to achieve a desired condensation
g NG compy |t| ép t he al yst.
en used

@ oun
aw

ely one one. Ther e, +3g

| onger tinme and/or higher tenp
reacti oggpthan for a phenolic si
A preferred ratio of organonetallic
together as the catalyst, is approx
first, second and third phenolic

In forming a second embodiment of a phenolic novolac siloxane composition, the
phenolic novolacs undergo polymerization with other phenolic novolacs and formaldehyde,
or a formaldehyde donor, to form a cured phenolic novolac as illustrated below in Reaction
No. 2. Itis believed that most of the bridges between the phenol groups are methylene, but
30 benzylamine structures have also been identified.
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$+l-0xaRe—coAPOSi ti-oRs—ARY- coNpr i se—up—to—abott—l0—percent—by weight

conbi ned organonetal lic and am ne catal yst. Accordingly, a phenolic -

si | oxane conposition prepared by conbining an organonetallic and am ne
catal yst, and an optional acid or base catal yst may conprise up to about 25
percent by WRPUREBcatal yst. Preferred first, second and t 5@“5““
phenol yc sil oxane conpositions may conprise catalyst in the range of from5
to 25 percent by weight of the total conposition. Water may be present in
the formof an aqueous phenolic resole or in the formof an aqueous

formal dehyde. For exanple, the phenolic resol RBEACEONGEPri se in the range of
from3 to 12 percent by H?"mater OHnd the formal dehyde may conprise
formalgn, which is 10 ap percent aqueous formal dehyde.
When an al koxy-functional si ne i medi at & #&0sET™t 0 prepare the
conposi tions, water is desired to pronote the hydrolysis gh t he al gaxy
groups. This water can be present in the phenolic conpb

fromthe air during processing. However, it is to be ¢ ood t
phenol i ¢ sil oxane conpositions prepared according to i pl es o0
i nvention can be prepared w thout 15 added water, or in the_abd®

any t yd of sol vent. A nonaqueous phenolic resole or phenolic Y
i.e., a phenolic resole that does not conprise added water, can &
the event that a silanol-functional silicone internediate, ratfrer than an
al koxy-functional silicone internediate, is used to prepare the
conposition as hydrolysis of the silicone internediate is not required. 20

The first, ion
can rngIt LN formagmcl)n o{l I C, rquglns mtsu\/% wor z@ln(i,irg‘(?)ﬁ“E
vat er cont i g"kﬁ‘f%'ﬁn ?‘ﬂg\"m js ZE rocessi ng
characteristics Ifmelkgxy-iﬁwnenal nllleoneemwmedlitansusedna cemhmanmawuth\aephhnblnent
to give a shovola dif 1Rsulé ndvih BpEHEAE

bigahométallic/infie Catal &ﬁ@
enbodi nment s Ll ne co £ pr o)
conbi ni ng Iﬁﬁ@%ﬂ%&éﬁle rré @F%ﬂ‘gﬁ"% &%ﬁf aﬁﬁaﬁé‘ﬂg“ﬁgﬂa@@&& ’%F’We@%‘f e
resin with ® rﬁlmtnaﬂ@nmmws\ndmmmlm beliewed tor eccur firse as
phenol30c reﬂmmaﬁnskéacammol Bibelowedi at e are kept together for a desired
period of tinme, e.g., one hour, to ensure that a sufficient degree of
condensati on reactions occur between the silanol groups of the silicone
internediate and the phenolic hydroxyl groups, thereby introducing a
desired amount of Si-O 30 groups, i.e., siloxane substitution, into the
phenolic resin. This is done before copolynerization of the phenholic
resin.25
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A formal dehyde donor is added in the second enbodinment. |f desired, the
catal yst for the phenolic _resin and the catalyst for the silicone
internediate, i.e., the organonetallic conpound and/or the am ne conpound,
can optionally be added to reduce reaction and cure 35 time and reduce
reaction tenperature. The ingredients are m xed together until uniform
duri ng whi cfVQ@96@8238he phenolic resin undergoes pol ycondens RGIHSB54Hr m a
phenol i g pol ymer, which polycondensatiqg%%%ﬂghged by the formal dehyde donor
in the second enbodi nent, and whi ch pol ation can -20- WO
96/ 33238 ; ' PCT/ US96/ 05454 1
optionally be acc Ieratedey action of the catalyst, i.e., an acid or base,
in the third enmbofdi nment. ring|{this time, the al koxy-functional silicone
i nternedi ates confinue torﬁndergo hydrol ysis, form ng silanol-functional
silicong intermedf ates. The sil pnol -functional silicone internediates both
' i 18kane—p€yreiCH;. & Aming st |organometallice| BEO
and condense wth the phenolic polynmer to further
i ntroduce Si-O grppups in fhe phgnolic polyner. Hydrolysis of the
al koxy-functi onal silicogﬁ '.pe'nediates can optionally be accel erated by
catalytic action jof the éyégqﬁnﬂlic conpound and t he am ne conpound.
Accordi 8@l y, the resulting conposition conprises a | PN of phenolic polyner
and sil oxane pol yner, 10 wherein the phenolic polynmer has sil oxane
groups in its backbone. A phenolic sil oxane conposition prepared in this
manner may have a pot life in the|range froml to 3 hours, depending on
the particular ingredients selectgd and their] proportions. Alternatively, a
phenol i ¢ sil oxane conposition accdrding tP prf nci pl es of this invention may
be prepiéed as a three conponent absent added materg by conbi ni ng,
in the proper proportion Sio iQHer nd any opti onal
a first container, which can
be stored until just before use. resinis stored in a second
contai ner, and the fornmal dehyde ddgnor in the |second enbodi mrent and any
optional catalyst for the phenolid resin@#h leach be stored in separate
third containers that are conbined with the silicone internediate m xture
in the pprst container just before use 20 to formthe conposition. For
exanple, in the construction of a glass filanment phenolic pipe

pol yneri ze, t
chain of the IPN

The silanol groups of either the hydrolyzed alkoxy-functional silicone intermediate or
the silanol-functional silicone intermediate can react with the phenolic prepolymer according
25 to many different mechanisms. In one mechanism, the silanol groups undergo condensation
reactions with the phenolic hydroxyls of the cured phenolic resin to introduce Si-O groups
into the phenolic polymer, as illustrated in Reaction No. 4 below.

30
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t he conponents of each contai ner can be conbi ned using a neter-m Xi ng

} } chi ne—which pours or—puhpes—the—xed—material into aholding——
tank through which the glass filament is passed. Wile not wishing to be
bound by any particular theory or nmechanism it is believed 25 that the
phenolic si conpositions of this invention are produ in the
fol |l ow ng r?&ﬁﬁ&?ﬁsﬁ n preparing a first enbodi nent of a pheﬁ@ﬁ’%xane
conpositti on by using a phenol, aldehyde and a silicone internediate as the
starting ingredients, it is tIrEscTigeaat hat either a phenolic resole or
phenol i ¢ novol ac may be forned according to well established principles
di scl osed by P. W Ko@B, Phenollic sins Encycl opedi a of Pol yner Science
and 30 Engi ne ol . %1, 2dl ed., pgs. 45-95 (1988), which is hereby
incorpgrated by refe e. N P& Wy aTTTSt enbodinent, it is theorized
that silanol groups fromthe sili e internmedi ate react with the phenol
hydr oxyl groups when the two imngredfents are conbi ned, thereby introducing
Si-O groups into the phenol ingredient. After the al dehyde ingredient is
added to the m xture, silanol groups centin togyreact with the phenolic
hydr oxyl groups 35 and/ or phenolic thyf ¢l hydroxyl groups of the
newy-formed, i.e., |ow nolecular wei opfsral+ g I esip.upecause sil ano
groupsl@re present during the honppol i zlati onf of the phenolic resin,
they continue to react with the phenolic h (0)'¢ and/ or met hyl ol hydr oxyl
groups, thereby continuing to introduce Si-O grollps into the phenolic
resin. The silanol -21- WO 96/ 33238
PCT/ US96/ 05454 1 groups of the silicone internmediate also react with
silanol groups of other silicone internediates, form ng a sil oxane pol ymer.
The meghani sm by which such reactions are believed to occur are simlar to
t hose nechani snms di scussed below and illustrated in Reactions 1-6. However,

it is to be 5 Thesildnolgrowpiof the isilamdhfiricionalsilioond REPmEife 'mdyh@sd FAOSRith

specificall thﬁ H,Qgﬁo alﬂﬂrd. e 3 ' | ci.pg
sil oxane in tﬁg h noll.l C ig* gfjl%:)ofﬂfrﬁgﬁér'iq"r?s E%ﬁﬁ%%%t. &%ﬁ%@ﬂ%’ Ia§/,
it is theorﬂgﬁﬁm?hgl EﬁgﬂnS@MQr ®%hction mechani sns may produce phenolic
sil oxane structures different than those specifically described and
illust#hted. In formng a third enbodi nent of a phenolic resole siloxane

conposi tion, using an

REACTION 5
. . -
25 Tz
%L@AZOH + Rl = ?i +0O0H ———p
OH
~ Jﬂ
30
r N
R2
|
’LLL@/CHZ"O "?i— 0 L Rl
OH
35 9§ Jq



10 optional acid or base catalyst to cure the phenolic resole, the
phenolic resoles undergo_polynerization with.other phenolic reseles to form
a cured phenolic resole as illustrated below in Reaction No. 1. 15

[err] 20 25 In form ng a second enbodi nent of a phenolic novol ac sil oxane
conposi tion, the phenolic novol acs undergo pol ynerization wth o%hgr
phenol i ¢ ndVE196/333%nd fornaldehyde or a fornaldehyde dono?

cured phenolic n %ﬂﬁ%d

bel i eved t hat m)w (? 'ﬁ% es e r s ar %

but 30  beRfRelEmer, Llustra @i“ﬁ’&v@ %I an%gegre ‘&E‘ﬁﬁ%r "5@’ Xf

96/ 33238 improved properties of impact resistance, tensile strength, andﬂexm‘al muww&y 1
[err] 5 10 Tie m&sm%ﬁ stfonf Or mal dehyde addl tion to the phenol group

of the phenoli volac, 15 d .subsequent rd zat | owne i
still rot clearliﬂﬁm %"MM ?@F’ggﬁoﬁé&ﬁ% M@Wate
is used in cgmumaf mﬂwrvmlmona iptecmediates fo forny @ s;lomomomanmpt

or ganonet al |4 cuBerRittRAefctiole whR 8@ headt diséﬁ%ﬂids

Lo form a o P2 O mtlﬁ@ﬁé‘r’ storndbblhbn Bictoff aﬁtﬁe*alﬁ’aimﬁf*ﬁﬁ%ﬁ&ﬁ ks

bel i eved t o eressclinked mkyswmnetwom ag iustrated in Reaction Nog f below.3 pe| ow 25 30
35 -23-10
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REFAUS96/ 05454 1 — [err] 10-45

[err] 20 The silanol groups of either the hydrolyzed al koxy-functi onal
silicone intermediate or the silanol-functional silicone internediate can
react with e phenolic prepol ymer according 25 to many different
mechani sm chani sm the silanol groups undergo coR&EISEQSEM
reactidns with the phenolic hydroxyls Mﬂ?ﬁ_ﬁured phenolic resin to

i ntroduce Si-O groups into the phenoliC porymer, as illustrated in Reaction
No. 4 below 30 35 -24- WO 96/ 33238

PCT/ US96/ 05454 [4drr] 15 e s|lanol group of the silanol-functional
silicone internedi ate maiy al sp react with phenolic nethylol hydrozyl groups
to introduce Si-@ groups intojthe phenolic polyner, as illustrated in
Reaction No. 3Rpdt&@r—28i| ervO86—OCHY 9cdrganometallic + Amine + HO —

PCT/ US96/ 05454 | : _

OCH, |
10
R,
I
R~ O—si —OH + CH,OH —.,
15 . |
OH |
R, R, R,
20
| I I
R—O—§i—O——§i—0——§i—OH _
I I |
»s o o o
I I I
R—Si—O—-Si—R, OH-Si—R, + H,0
I | I
I I I
R— Si s Si—O0— Si —R
| | |
OH
35 R, OH
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1 The condensation reactions of the silicone internediate with
the phenolic resin prepolyner illustrated in_Reactian Nos. 4 and 5 are
believed to be responsible for the inproved properties of inpact

resi stance, tensile strength, and fl exural nodul us displaced by the
phenolic sil oxane conposition. 5 The silanol groups of the
silicone i nWOMH2¥t e al so undergo condensation with SI | an ﬂF’W“of

other sylicone "%&B{H?ﬁé fienbfic sfibxiné COnlpoNAbE fion EBfmpiisd QNN
pr epol yrrer ynder ensatlo reactions wt ol ol

as di scussed° istine of siloxape @mﬁﬁ‘ﬁm Cfs Jhersip é@‘ﬁ"ﬁ sp‘\iﬂ'g‘ﬁ sg@me
Erep;)! ymerNi gmupmumtsabackm I'Fhel;ﬂd&qnopg;lyiﬂewafnhc mﬂgggm also|be<crosadinked n
eact i on

P Usog o5 et o st g

It is believed that the improved properties of impact strength and flexibility of the
phenolic siloxane compositions are due to: (1) the presence of siloxane as a linear polymer,
forming an IPN of siloxane polymers and phenolic polymers; (2) the presence of siloxane as
a copolymer in the phenolic polymer. and (3) the presence of siloxane polymer in a cross-

10 linked form.
Features and advantages of phenolic siloxane compositions prepared according to
principles of this invention are better understood with reference to the following examples.
Table 3 lists the ingredients that were used to form two inch (50 mm.) inside diameter
glass reinforced pipes that were prepared, using a conventional filament winding process,
15 from both an unmodified phenolic resole resin (Example 1), and from a third embodiment
of the phenolic resole siloxane composition (Examples 2 and 3). Table 4 summarizes tested
properties for each of the pipes identified as Example 1, 2 and 3 in Table 3.
20
25
Cellobond J2027L
{phenolic resole resin)
Phencat 381 (phenolic : 10 9 14 11 14 11
resin catalyst)
30
DC-3074 (silicone - - 15 12 - -
intermediate)
Hydrolyzed DC-3074 - - - - 15 12
(silicone intcrmediate)
35
Dibutyltin diacetate - - 4 3 4 3
(catalyst)




WD 96/ 33238
BCT/USA6/065454 1 Accordingly—phenekie—siloxane conpositi ons- of
this invention conprise an | PN consisting of siloxane polyner, phenolic

pol ymer, wherein the phenolic polyner has Si-O groups in its backbone. The
si | oxane polyners of the conposition may al so be cross |linked wth other

si | oxane poW é 338 Additional |y, crosslinking may al so tak sone
extent 15 bet ween phenol i ¢ pol ymers and/ or between phenolic and sil oxane
polyners. It is belleved that the |nproﬂ!lnﬁiopert|es of |npact strength
and 1 exi bi e o ran Twm : ' T et luald
presence of|s:|oxane ‘as’ a“‘*””””
pol yners ang phenet.ic ‘polyref:
in thesphenl i C- INGREPEENTS 214 (

cross- 10 § l1nked Sor i Egatur es - aiid. -ad tages ¢ qrre scio
conposi ti ondprepared - aceordin %‘ F’"W rW .- qie béBier
under st ood > et o=t o ot ted—- -
I ngredients tmmmremsed tlo form< [ ) insisge di angter gI3 ss
rei nforced | [ ing
process, 15} ' | :
and frdth a fjh i c|resol e §|ona
(Exanmpl es 2] d propertles
pi pes identiTied as I < : ]
TABLE 3 EXAMPLE EXAMPLE 2 EXANPLE 3 1 I NGREDI ENTS PBW
1% PBW 1% PBW 1% 25 Cel | obond J2027L 100
91 85 70 85 70 (phenolic resole resin) Phencat 381
(pheno 10 9 14 1 14 11 resin
catalys%) DC- 3074 (S|I|cone ]A!LE} - 15 12
- 15 oG, 11
20
| Glass content (wt. %)
| Outside diameter (in.)
25
Thickness (in.)
t Short-term burst pressure
(ps)
30
Hoop stress (psi)
f Impact strength (2 Ib. steel
| ba)
35




35 Dibutyltin diacetate . 4 3 4

3 (Catal yst) -28- WO 96/ 33238 —_— —

PCT/ US96/ 05454 TABLE 3 EXAMPLE EXAMPLE 2 EXAMPLE 3 5

Et hyl am no et hanol - - 4 3

4 3 (catalyst) 10 Pot life (hours

5 & osasaly ) B 1E (hours) PCTIUS96/05d5s”
TABLE 4120 gxampl Specific gavity 1.85

1.95 ontent. (wt. .

74.0 gu@%ﬁsﬁf SBSTHIE Hige, af Plpogred by combining B Cefiobond 120271
2.418 (phenoliz. régide) with mms(lmaqtd catalyst). 0. 159

0. 184 0 159 Short-term burst pressure 3,-500 _
4,100 200 (psi) Hoop stress (psi) 25, 000
28 1805 mm&@mo | rpact strength (2 |l b. steel

48" ﬁgghqu&p Ipjpe3wasformed ggg\ta phenolic resole slloxane compoi;g%accordmg

pass thirf @fibodidfent this iNVenfiéiis prepated, using the same phenolic resole and latent acid
PCT/ US96/ 054%}& as used in Example 1, with the addition of 15 percent by weight DC-3074 (a
methoxy functional silicone intermediate from Dow Corning with an average- molecular
10 weight of 1400 and a methoxy content of 15-25 percent), four percent by weight dibutyltin
diacetate (organometallic silicone intermediate catalyst), and four percent by weight
ethylamino ethanol (amine silicone intermediate catalyst). The ingredients were combined

and blended together by conventional means to form a homogeneous mixture.

15  Example 3
A phenolic pipe was prepared in the same manner as Example 2 with the exception
that prehydrolyzed DC-3074 was used in place of non-prehydrolyzed DC-3074.
Prehydrolyzed DC-3074 was prepared by charging 3640 grams of the DC-3074, 153.4 grams
deionized water, 153.4 grams methanol, 220 grams xylene and 16.25 grams glacial acetic
20 acid to a 5000 milliliter round bottomed flask equipped with heating mantel, stirrer and
condenser. The mixture was heated to refiux and held for approximately two hours. The
flask was then fitted with a distillation head and receiver, and distillate was coliected until
the pot temperature reached 300°F (150°C). The resulting product, prehydrolyzed DC-3074,
was a viscous, slightly turbid liquid. '
25 About 4000 grams of each phenolic siloxane composition was prepared and mixed in
a one gallon can and then transferred to a holding tank. Glass roving was passed through
the phenolic siloxane composition and wound around a holiow steel mandrel on a
reciprocating process pipe machine to the desired thickness. Each pipe was then cured for
about 30 minutes at 140-190°F (60-88°C) by passing a steam/water mixture through the
30 hollow mandrel. The pipe was then stripped from the mandrel and post cured about two
hours at 250°F (120°C).
The compositions of Examples 2 and 3, i.e., the phenolic resole siloxane compositions
formed according to the third embodiments of this invention, each had a pot life of about
2-1/2 hours, compared to a pot life of about 1-1/2 hours for the unmodified phenolic resin
35 composition of Example 1. Glass reinforced pipes made from the phenolic siloxane
compositions of Examples 2 and 3 also demonstrated significantly higher short term burst
pressure, hoop stress and impact strength than that of glass reinforced pipes formed from the
unmodified phenolic resin of Example 1.



An unnodi fied phenolic pipe was prepared by conbining BP Cel |l obond J2027L
(-phenolic resol e}—with-Phencat 38l (latentacid catalyst). 5 Exanple 2

A phenolic pipe was forned froma phenolic resole siloxane conposition
according to a third enbodinent this inventions prepared, using the sane

phenolic r le and latent acid catalyst as used in Exanple 1, with the
addi ti on oﬁ%@zﬂ’@i’%ent by wei ght DC- 3074 (a net hoxy functlmms%‘t’qsﬂ@one

i ntermgdi ate frmpeaﬁ&ﬁ})rtﬂé nw l\ﬁi QEE 9
1400 and a 5 er cew per, cen? Wel fnc
di butyl tin gl aceiﬁ a eﬁﬁéﬁg aﬁhﬁ ibe; nv CBFF&P% tsjloxane d
four per cenfomposikionsiaf thisigyeatiomto make:pipe, Whenmparddbdhecommmlpmm
catal yst). ﬁpeofrﬂ;mﬁleentmm ktise BSlarfip) ésbﬂneaae%%&%;ﬁ&@én%m
convengi ona ggg @633 ?% ous ur, &orthc
phenol T ¢ pi %are n ?Fntﬁ‘?t gh‘lﬂﬁﬂf

exception t dropcusing 3 summemom qﬂalmmofmtnnmmmmnﬂ gzed
DC- 3074. Pr phgmblxolcpmp&xﬁﬁﬁaé’ﬂmg% of thiy invBmical Ng 3640 grans of the

)E))C/:I 22;4an35§6 %5 g{%ﬁmb ac iaft%&e'ﬁ%m ﬁs@é@?%‘%ﬁ%ﬁﬁ&w&'@g%und

bott oned f| S 1#he, compasition, of Exampl bla rls elndl&atmgcdwd&)mnon ‘Bfea
m xt ur H0 vvascmmmmhavmgfrédncemfdnﬂ@ ihd‘leduo'eo

flask was t fififeffdc M&dd ver di ate
o A P e i feﬁ?&ﬁ%ﬁ ﬁ?ﬁmﬁi’ﬁmﬁ
|iquid. 25 reduce the lemoqftexmmdgmrs thn&ehyamﬂuqiimnﬂémcoxdlfoﬁﬁﬂm CANRediiced ON

\rl‘vgfdﬂép?;ﬁ n%.%&rﬂ%gbﬂh Bém‘z passed ?ﬁgl@ﬁgolﬁhﬂiﬂ%nopﬁe S1 oxalgcgé‘mgth

conmposition a I'mB‘H: EESISEANCS)r ocat i ng
process pi pe mmt@cmemmmummmmmammmmfor

about 30 m mmemm&éoass%ﬁﬁmﬁwn&ﬁbamwlmbw oﬁsﬁﬁg@‘m?]eﬁb Md ure
t hrough th was Jt.hen stri o) e

mandr gl gslﬁgax%engwggﬂ ou%ﬁm%nw}ﬁﬁgg %]'I‘%
conposi t | 0 SHRde sompesitions hydrophobic; heApnmlangnshdvmgam@uced
conmpo0t i omctmxulhchlﬂcmmssbcmd aeduction ki Wﬂhﬁfbtiﬁﬁﬂhﬁ ®k debirdbld for RAKIAY

iaiyzhﬁgu?s for t&gﬂgﬂﬁ%&ﬁkﬂ% 1% [ esl, % corrp‘dé‘g’ﬁﬁh’ﬁ(??é about

1. dass r eﬁmpc £ail| cover,eomposites constru
according to Mil Spec M14G.

No deleterious effect on the fire resistance of phenolic siloxane pipe was observed.
25 All three systems passed a five-minute, 1000°C jet flame test without burning. Accordingly,
phenolic siloxane compositions of this invention provide the above-identified advantages and
- improvements without detracting from the flame, heat and chemical resistance inherent in the
phenolic resin. These examples clearly indicate the advantages and improvements imparted
by the phenolic siloxane compositions of the present invention.

30 Table 5 summarizes the results of chemical resistance testing on castings that were
formed from an unmodified phenolic resole and from third embodiments of phenolic resole

siloxane compositions prepared according to principles of this invention.
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conposi tions-of Exanples 2 and 3 al so denonstrated significantly higher
short termburst pressure, hoop stress and inpact strength than_that of
glass reinforced pipes forned fromthe unnodified phenolic resin of Exanple

1. -30-

WD 96/ 33238
PCT/ US96/ 05454 Speci fically,

t he pi pes made according to Exanples 2 and 3

illustrate tWe9€33a3atic i ncrease in inpact strength that cECHESIOHSEyed
when ushng t he phenolic sil oxane conpositions of this invention to nake

pi pe, when conpared to the conventional

conparing th
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25 Al'l three systens passed a five-mnute, 100[err]C jet flane test

wi t hout burning. Accordingly, phenalic siloxane coppositions of this——

i nvention provide the above-identified advantages and i nprovenents w t hout
detracting fromthe flane, heat and chem cal resistance inherent in the

phenolic resin. These exanples clearly indicate the advant a%es n
i mprovenent sSWORS@PBRd by the phenolic siloxane conpositions "‘Eﬁ esent

inventign. 30 Table 5 summari zes the results of chem cal
resistance testing on castings that were TABLE®$d from an unnodi fi ed phenol i c
resole andfr !7 a -.nn..”--nr e 7n---n777”7- ol g a alal-aNilaXalsaa¥aX ”7.-!
prepared accd d| et Pt A6k _;.:;;,:;'31‘ "';Z.._;.:-__':;__'LT i B E‘ﬁ%%ﬁ: 23R8
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In Example 4, a casting has been formed from a composition comprising a
conventional unmodified phenolic resole. Examples 5 and 6 are castings formed from a
phenolic siloxane composition according to a third embodiment of this invention, using the

25  same chemical ingredients as that previously described for Examples 2 and 3. Each
formulation was mixed in a plastic beaker at ambient temperature and then poured into 12"
x 1" (30 x 2.5 cm.) steel molds to a height of about 5/16 inch (8 mm.). The castings were
cured one hour at 150°F (65°C), followed by five hours at 250°F (120°C). Each casting
was then cut into two-inch (5 cm.) lengths and allowed to cure for one month at 70°F (21°C)
30 and at 50 percent relative humidity. Each two-inch length of casting was weighed on an
analytical balance and immersed into the test chemical. After two weeks immersion at the
indicated temperature, the samples were removed, rinsed and dried for one hour at 250°F
(120°C) before reweighing.
Surprisingly, the test results of Examples 4, S and 6 show that castings formed from
35  the third embodiment of the phenolic resole siloxane composition exhibit improved chemical
resistance to organic and inorganic acids, alkali and alcohol, over that of the unmodified
casting formed from the phenolic resole alone.
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Example 7
A first embodiment of the phenolic resole siloxane composition was prepared by
20 charging approximately 385 grams molten phenol to a 1000 ml, three neck, round bottomed
flask equipped with heating mantle. The flask was heated to approximately 125°F (52°C),
and approximately 60.4 grams of SY-231 (silicone intermediate) and 7.7 grams of 50 percent
sodium hydroxide was added while stirring. The combined ingredients were held at a
temperature in the range of from about 120°F to 130°F (49°C to 54°C) for approximately
25 60 minutes. Approximately 370 grams of 50 percent formaldehyde was added to the mixture
and the temperature was increased over a period of about 20 minutes from approximately
126°F to 190°F (52°C to 87°C) to approximately 20 mimtes. The temperature was then -
adjusted and held at a temperature in the range of from about 185°F to 195°F (85°C to
90°C) for a period of about 90 minutes. A vacuum of approximately 15 mmHg was applied
30 to the mixture, at a temperature in the range of from about 140°F to 200°F (60°C to 93°C),
and distillate was removed and collected over a 40 minute period.

The phenolic resole siloxane composition formed in this manner had a Brookfield
viscosity of approximately 28,000 centipoise at 77°F (25°C), a water content of between two
and three percent by weight, a weight average molecular weight by gel permeation

35 chromatography (GPC) of less than about 580.
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presence of sciusingl ther .emperature ttb erise otopatout I350°F m&err)prm tﬂhslalwaerdoaledeub a

bondi ng sou-rcﬁ-I,J,gdseg,m.Pa,tee g&g&"?mb‘cisat%ﬁ‘éi&héhﬁrv s wal 3blealdd and

applied to a straje to support a coating. Phenolic
si | oxane conp t wap Wi’fc mfgwp be used in the sane
manner ats convent |'Bnaphepdmn¢\rotac:rsd9m comppsition formed tin this maspner. hadwsmlngslt
coatings, e. gwsccfsﬁiltat R66° FO(130*C)S(Epin A105 2 1250000854} of aprorimiftely X Boise; a2 Welght

by 20" e?ﬁifmwﬁﬁr&? y GRC 5 SoRip Rl e R € Bl 38 o eé’
neck, round b ehul8ed with heating mantle. The flask was
heated to appr oxi rRhiefidlit sild®irR dohiposificiisqirépated acosrding(to printiples of thisivehtion eams
of SY-23Jg (Si bi GS¥Fin tBE SAHE HaBhé) asfiventibnd FhEHoIR resifls REPrOFIE, in addition to the
inherent fire resistance, heat resistance, chemical resistance, abrasion and wear resistance,
improved properties of impact strength, toughness, flexural modulus, resiliency.
For example, phenolic siloxane compositions of this invention can be used in the
construction of composites. Composites, are understood to refer to a multi-phase system or

25 structure comprising a binder material and a reinforcing material, that combine to produce
some structural or functional properties not present in any individual component. The
phenolic siloxane composition can be used in part or in whole as the binder in such
composite, while the reinforcing materials may be in the form of fibers, particles, metal
strips, wood and the like that are bonded to, or bonded together by, the binder.

30 Phenolic siloxane compositions of this invention can be used in the construction of
composites such as fiber-reinforced plastics, in the form of moldings, sections and the like
used in the automotive, mass transit, building and construction, aerospace and defense, and
mining and tumnelling industries, to provide improved properties of flexibility, impact
resistance, and toughness. Specific examples of such composites pipes 10 having reinforcing

35 fibers or filaments, as illustrated in FIG. 1. Such pipes can be formed from windings of
filament formed from glass, Kevlar (aromatic polyamide), carbon, graphite or the like, or
combinations thereof, as described in Examples 1-3, that are bonded with a phenolic siloxane
composition of this invention. As described above in Examples 1-3, the use of a phenolic
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held at a tenperature in the range of from about 120[err]F to 130[err]F
(49[err]C to 54[err]C) for approximtely 25 60 m nutes. Approximtely
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approxwrately apllenggf‘m’we m x ur ) E || {ié Was, re% 8
and col | ect ed %Pdsa° éPl% gFFH%‘F Siloxang compositign and

t enper at ur e thardenee mmwm&nmnp&wmemowﬂg]ww Emenmpbmaha)wlmh

t enperature ? A
varcTEu_m r gﬁ.hq%g% t hgﬁ/“ﬁg%ﬁﬁ ::]fgamg lb?%tﬁgfﬂhﬁi foam?b:?fch? %h{d:%ﬁgiﬂiﬁsmon.
cont ai net. , mpletion of
its rise, cures into a ngid thermoset material. Such foams are used for insulation where fire
retardency is also required, i.c., in mass transit cars, commercial aircraft, and the like.
Foam made from a phenolic siloxane composition displays enhanced resiliency and
flexibility, thereby facilitating installation of the foam without breakage.
25 As another example, phenolic siloxane compositions of this invention can be used as
a binder in the construction of friction material composites, such as brake linings 18 for
brake shoes and pads for automobiles and the like, as illustrated in FIG. 5a, and clutch
linings 20 for clutch discs used in automobiles and the like, as illustrated in FIG. 5b. In
such applications, use of the phenolic siloxane compositions provides enhanced toughness and
30 impact resistance.
As another example, phenolic siloxane compositions of this invention can be used with
natural rubber and a wide range of synthetic rubbers to act as a rubber reinforcing agent in
such applications as cements, adhesives, conveyer belting, hoses, and footwear. Use of a
phenolic siloxane composition enbances the flexibility and toughness, and reduces the
35 moisture content of such materials.
As another example, phenolic siloxane compositions of this invention can be used
alone or blended together with other materials to form wash primers, industrial coatings,
paints and/or varnishes, having properties of improved coatability, flexibility, impact
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15 The phenolic novol ac sil oxane conposition forned in this manner

had an ICl nmelt viscosity at 266[err]lE (130[err] Q) (spin 4105 at 12,000
sec[err]) of approximately 3 Poise, a weight average nol ecul ar wei ght by

GPC of approxi mately 3102, and a nunber average nol ecul ar wei ght of
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sections an@n‘!ﬂ@ likey as db’é@aﬁmﬁ@aﬁjtmﬂ%abmw, such4s jabrasiye papers: Flothy
constructi oand msmefaryﬁeﬁkﬂfcammm litionNis suchl applicaddnsipdovidescinproveds

to provide IEP@VG&? iglfané:: %ﬂnﬁ# |rrpact resi stance, and
t oughness. Speciilic exarrp es of_such co es, pi 10 haV| ngﬂtel nf OI‘CI ng
35 fibers or Afpagihsriexample, phenglic siloxane compositi

f or med15 r ombindersi fog highi géalitysitica sdmis rin dhé mamfgtmaof démsl md meldsnfut casting a
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of a phenol ireduced mm:eam
PCT/ US96/ 05454 1ggr WWM tlhﬁ“lﬂ%hﬁ&ﬂcitpbé 95ed in the

over pide W&%ﬁ m&@ e Japiebopnt ”ﬁmﬁ% PR,
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steel pipe bf.a phéidlioSsilokdte édrhpoiition!iBtsuch appleation prévidesi physichlnprbpéstiesn of
“enhanced impact resistance, flexibility and toughness, and reduced moisture content.
Although but limited embodiments of phenolic siloxane compositions have been described
25 herein, many modifications and variations will be apparent to those skilled in the art.
Accordingly, it is to be understood that, within the scope of the appended claims, phenolic
siloxane compositions according to principles of this invention may be prepared other than
-as specifically described herein.

35

37-



Shenol ::gnt;: lngt(:agg g]:)rr;:)g?!t | \cl)mnng:‘ ﬂmﬁmum"ﬂ“mmwsnglng?

phenol i c sil oxane conpositions of *thi*s Fnventy ol can be Ysed-as
bui | di ng board applications, such as in the construction of wood conpo
board 14 such as pl ywood, particle board, and waferboard/ oriented

st randboar dyy@egdshigust rated in 10 FIG 3, to provide i npreavess6nssss
flexibility and noisture resistance. As anot her exanple, phenolic sil oxane
conposi i ons YWHATHIS CLAIMED 38: can be used in the production of foam 16, as
illustrated in FIG 4, to inprove resi Iiency and water resistance. Such a
foam can be made { romt | |

si | oxane conposi t | o g:l‘nﬁhl OWI ﬁﬁ%ﬁ co ‘rx#riﬁ _ b&lymr
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cars, connercial i rcpa Henolitﬂﬁlokhe icombiningohenol i c sil oxane
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facilitating i nstagﬁe"?l on o é# oam w hou ?5£Mle Sols,

anot her exanficta-cIssals, prraccresols, Ramd Phenols, shyrea i GMechels Pafa-
used aslé bi m‘Bbutyh phélmlcpmtom;dphend @M-mnylplnmln@mphaiylpinm]pstiﬂphmolsﬁch
as brake |inij ixﬁr £ and pads for autonobiles and the |ike,
as illustrate |n a, an utch linings 20 for clutch discs used in
aut onobi | es and t’\'?eal > as il I ustrated in FIG 5b. In such applications,
use of the phenolancacxlbmbmqeand)rrposmlons provi des enhanced toughness and
30 i npact resigifidme inteEmediugd;ner exanpl e, phenolic siloxane corrposi tions

of this,invention used w th nat. raI e ra

synt het'f’ r ubber ¥ ﬁ?‘ﬁgﬁe‘é‘g"@sﬂ?ﬂ o‘?‘?ﬂ’?’é"?@‘@%fﬁ"ﬁ"g %gﬁ%&f’%’%ns
as cenments, pobymer and siloxane, polpmene t i ng hoses, and footwear. Use of a
phenol i ¢ sil oxane conp05|t|on enhances the erxibiIity and toughness, and

reduces the 35
phenolic sil oxane congo Pﬁell%ns QWW#%Ventlon can ﬁ%?&m@%ﬁc

polymer has Si-O groups in its b
25 : |
6. The phenolic siloxane composition as recited in claim 4 comprising in the range
of from 1 to 3 moles of aldehyde, and in the range of from 0.01 to 0.7 moles silicone
intermediate per 1 mole of phenol.
30 7.  The phenolic siloxane composition as recited in claim 4 comprising a sufficient

amount of catalyst to facilitate processing and curing the composition at a temperature less
than about 100°C.

8.  The phenolic siloxane composition as recited in claim 7 wherein the catalyst is

35 selected from the group consisting of organometailic compounds, amine compounds, acids,
bases, and mixtures thereof.
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conp03|t|on-gﬂﬁ§53k

pressure 2
provi des phygﬁqﬁmmnﬂﬂ%

t oughness, and reduced nDisture content.

of phenolic siloxane conpositions have be
nDdIfIq&;IOHS and variations will be app

th& iphéxidlip 'polyntee shas Si-€5gvOPs Dits!s

flexibility, inpact reS|stance
phenolic sil oxane conpositions
manuf acture of electrical,

e,

and ddcorThe cmnpmiﬂonas ea:xteubhpclhm l@whexphr&ecmmtanalmnmé bbamne

gﬁ%‘f“?ﬁé’%g‘h oxane g@gpé)w i n suc‘ﬁ&app I ca

Iogumﬂﬁc
ﬁﬁé@FmF%S|stance flexibility and
t hough but |imted enbodi nents
descri bed 25 her ei n, many
ent to those skilled in the art.

Ry—Sn —R,,
Iql
25
where Rg, Rg, Rjo and R;; are each selected from the group consisting of alkyl, aryl,
aryloxy, and alkoxy groups having up to 11 carbon atoms, and where any two of Rg, Ry,
Ry and R, are additionally selected from a group consisting of inorganic atoms consisting
of halogen, sulfur and oxygen.
30
12. The composition as recited in claim 11 wherein the amine compound has the
formula
Rlz—’llv‘Rm
35 Rys
-39-
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Accordingly, it is to be understood th ope .

cl ains, phenolic siloxane conpositi onsﬁmmmm!meIHnm plies .of
i nvention may be prepared other than as*spkcifical Py 8escri

35 -37- WD 96/ 33238

PCT/ US96/ 05454 1 VWHAT IS CLAIMED | S: 1. A phenolic sil oxane
conposi tion ce/g¥ehsiaRgd an int erpenet rati ng pol ynmer networ k ofpchigdensissa
pol ymer and sil oxane pol yner. The phenolic sil oxane conp05|t|on as

recited ih cl awhere Ryoraodi wahswggmmesmpmme pydrogen; ary} and alkyk
phenolic sil| oxgivtps GEVIAS up RN tvasive earbbi dtom, Gind| q'ifiseletted feq RS igrdup)

Whete
g?l oxalnz Lgﬁgo‘g‘i‘{sﬁﬁ# prj'én‘glogléii ggdr%glﬂﬁ' %ﬁ;ﬁ% R cozrr%gﬁ%g& 1"Fect ed

fromthe group consisting of phenol ortho cresols, neta-cresols,

par a- cr ess)l s nonylprheAcdommsteyhnhtgedmhemmrmmﬁpihgm eompmltianfprépared
par a- lfcoﬂigﬁé/ , para-octyl phenol, para-nonyl phenol,

par aphenyl pheno I'spheno A resorcinol, and m xtures thereof; an :
al dehyde; an acid or base; and a silicone internediate; 20 wherein
t he conposition cogri sAsphamhcrsﬁleanelcempemﬁmgprpﬁrgdwby combiningk of phenolic
pol ymer and si| oxapehepdlREole fesin; 'Ne phenolic siloxane conposition as
recited i cI al m 4 erel n.the Fq?nol i ¢ pol yner has Si-O groups in its
backbone. _ e conposition as recited in claim4
conpri sing | n the ;aaengdyst to facxhtau: forming an interpenetrating polymer network of phenolic

polymer and siloxane polymer, wherein the phenolic polymer includes Si-O groups in its
backbone.

15 15. The composition as recited in claim 14 comprising greater than 65 percent by
weight of phenolic resole resin based on the total composition.

16. The composition as recited in claim 14 comprising silicone intermediate in the
range of from 0.5 to 35 percent by weight of the total composition.

a0
17. The composition as recited in claim 14 wherein the catalyst is selected from the
group consisting of organometallic compounds, amine compounds, acids, bases and mixtures
thereof. '
25 18. The composition as recited in claim 17 wherein the catalyst is a mixture of an
organometallic compound and an amine compound.
19. The composition as recited in claim 18 wherein the organometallic compound
is an organotin compound having the formula
30 Ra
Rg_'f" —R,
35 Ry,

where Rg, Rg, Ryg and Ry are each selected from the group consisting of alkyl, aryl,
aryloxy, and alkoxy groups having up to 11 carbon atoms, and where any two of Rg, Ro,
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phenolic siloxane conposition as Teditéd "'n tlaim4 conprisi pgpaaskhf | Ci efit
anount of catalyst to facilitate processing and curing!l POStor a
tenperature | ess than about 100C. 8. The phenolic sil oxane conposition as
recited inyghaéseads Wherein the catalyst is 35 sel ect ed PcIwUsdsos4sgr oup
consi sting of organometallic co oungrsoham ne co ,our(l)(tjs, aci,ds, bases,. and
mi xt urks t hBieatd Rypere additigpglly a group co Inorganic atoms consisting
PCT/ US96/ 05éfFHKaldgen, sulfur and @xygend conposite having a resin conponent
conprising a phenolic siloxane conposition prepared according to claim4.
10. A phenolic sjiloxagne conppsition . prepared hy conbipning. 5.

phenol with a sid0 coﬁg" Miaétrgc‘{%ﬂ ‘gt‘}i"r'ﬂlégrﬁ"mf‘éﬂ‘ s'ﬂlf%fz?mpmj“‘! Bas: the

m xt ur®; anforimdehyde; an acid or base; a silicone internediate; and a

catal yst selected fromthe group conq’tsL_jNg_ f organonetal lic conpounds,

am ne 10 conpounds, acids, bases, “ald m Xt es thereof; wherein the "
conposition conprises an interpenetratings,pol ymer network of siloxane

pol ymer and phenolic pol yner, and wherei #4he phenolic polynmer has Si-0O
groups in its backbone. 15 11. The conposition as recited in
claim i(p wherein the catalyst is a mxture of an qQrgangnetal lic conpound-
and an"am n¥hewiRyyand Rz aze oack selested fromythg grovpsonsisting of hiydrogen; aryl and alkyl
organotin cgroupsiidvingwpip tielvé earboh atgms,r dnd2@hére Ryeiseseldcedr fromRfher group
Rierr] and Rigidihg 3F SIKFP aby136b HyldRydin Brodps nbvink Bp 618 'cafbol drdils. 3! k! .

aryl,

21. The composition as recited in claim 14 comprising catalyst in the range of from
15 51025 percent by weight of the total composition.

22. A composite having a resin component comprising the composition prepared
according to claim 14.

20 23. A phenolic siloxane composition prepared by combining:
a phenolic resole resin;
a silicone intermediate; and
a catalyst to facilitate processing and curing the composition at temperatures below
100°C, wherein the phenolic resole resin and silicone intermediate react to form an
25 interpenetrating network of siloxane polymer and phenolic polymer, wherein the phenolic
polymer includes Si-O groups in its backbone, and wherein the composition comprises
" greater than about 65 percent by weight of the phenolic resole resin based on the total
composition. :

30 24. The composition as recited in claim 23 wherein the composition is free of
silicon-containing solid particles.

25. The composition as recited in claim 23 comprising silicone intermediate in the
range of from 0.5 to 35 percent by weight of the total composition.
35

26. The composition as recited in claim 23 wherein the catalyst is selected from the
group consisting of organometallic compounds, amine compounds, acids, bases and mixtures
thereof.
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aryl oxy, and al koxy groups having 'Itl“ Ilﬁ tons, and V\/nere any two
of Rlerr], Rlerr], Rlerr] and R[ernmmw ﬂ ﬂlﬂ up
consi sting of inorganic atons consi $tihg 'of "halfogén, duiTHiug SasaET HA&@EN

12. The conposition as recited in claim1l wherein t am mERATEBUNd hgs
the formula 35 =397 VO

96/ 33238 PGHE168%6/08434 54 1
wher e R[err] and 5’ err] are each selected fromthe group consisting of
hydroged, aryl compesitionas\recited in claim 2¢.wherein: thetsatalyst isaomixture ofianr e
Rlerr] is selopginosh mmmwaémmfmlmbmareydo@aﬁmnmpms

hydr oxyal kyl %pﬁ?%amw kg’fﬁ}ﬁ‘ém@&’f A

conposite havi esi n* cofmpo onprising g conposrtron prepared
according to claim 10. 14. A phenolic siloxane conposition prepared by

combi ni 8g: a phen?8.i c A esmposite daving aksin componenticomprisingthe icotposisii pieparednd
a catal yst tg%kﬁ@i‘ﬁn rm ng an interpenetrating pol yner network of
phenol i ¢ pol yner a oxahe pol yner, wherein the phenolic polyner -
includes Si-O groups in its backbone. 15 15. The conposition as

recited in clai m2o cmmlnmglgammpmhnp@mdrhgemmbmmgmi ght of

phenolic resol e rgshdhof felige total conposition. 16. The conposition
as reci d in clai & 14Id§§yr¥ lSI ng silicone internediate in the range of

fromO. to 35 pet of the total conposition. 20 17. The
conposi tion as r exsilicone intephediate;1 andher ei n t he cat al yst is selected from

Lhe gr 0“3 contSI St 4 Néatdly, ! a%gmﬂm&atokmmgcarmms imEipefetRfhP Opblyiher Aeiwbrk
ases an m Xt ures, el. C | . e n
ratm 17 whe oitarRk 3SR fotmer pnd.a piohlic poliifer” WBR tue Pheibiic' sy hat
81-0 groups in its backbone.
15
30. The composition as recited in claim 29 wherein the composition is free of

silicon-containing solid particles.

31. The composition as recited in claim 29 comprising silicone intermediate in the
20 range of from 0.5 to 35 percent by weight of the total composition.

32. The composition as recited in claim 29 wherein the catalyst is selected from the
group consisting of organometallic compounds, amine compounds, acids, bases and mixtures
thereof.

25 .
33. The composition as recited in claim 32 wherein the catalyst is a mixture of an
organometallic compound and an amine compound.

34. The composition as recited in claim 33 wherein the organometailic compound
30 is an organotin compound having the formula

R,
R9'"'L" 10

|
35
Rl 1
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recited in clai m18 wherein the org undli EHISPHRES A BEEN
corpound having the fornula 30 [err] *35%wher € Rerr], err] REPEAGCED and
Rlerr] are each selected fromthe group consisting of a kyl, aryl, aryloxy,
and al koxy groups having up to 11 carbon atons, .and where any two of
Rlerr], R ewg 96/3343- V\D 96/ 33238 PCTIUS96[05454

PCT/ U896/ 05454 1 d ditionally selected f

group donsi s¥hefg Re 391 Mﬂ g&?s“’@br%ﬁ’%ﬁ%&’“b%% qnsisting; of; aryl.
oxygen. 20. arrloxycmbdkoxyl grnoupsshaving upetd 1ihcarben atothsS, mlewhem anhmnfng Rg
conpound hasg are GifRtHalty sBledrhd 4B a 105 6GhiBiR b indilneldtchd crkritp "
sel ected froré %Q&BB*:ESIS?I ng of hydrogeh, ary gﬁa yl groups

havi ng upto P8 and where Rlerr] is selected fromthe

group donsisting of al kyl, aryl and hydroxyal kyl groups having up to 12

carbon atons. 213s, Thﬂl&&iﬁﬁbﬁiﬁbﬂ@@r&ﬁd%bﬁﬁﬂ%'ﬂﬁkﬁnw Ghas
cat al yst in og@ﬂ'ange of from 15 5 to 25 percent by weight of the total
conposi ti on. AN conposite having a re&& conponent conprising the
conposi tion prepared according to clai 23. A phenolic

si | oxane conposition prepared by combini n?@ a phenol ic resole resin; a

organonetal I'i ¢ conpound and an am nﬂmwmmmﬂu! The W”EW{

silico internmedi ate; and a catalyst to cilitate processing and curing
the conposition at tenperatures bel ow 100 d8r] C, wherein the phenolic
resole resin and silicone internediate react to forman 25

mterpenetra{v h Seiéddéa 6k b
the phenolic hﬁ?%rﬁ@k&? q%e.?hsgi%&r Oto%::@% #GOIE C ofliei &Q%rwtﬁg]n e
COMoSi t | on ive and ' where 14 18 selecte
consisting of alkyl, aryl and hydroxyalkyl groups having up to 12 carbon atoms.
15
36. The composition as recited in claim 29 compnsmg catalyst in the range of from
'S to 25 percent by weight of the total composition.

37. A composite having a resin component comprising the composition prepared
20 according to claim 29.

38. An phenolic siloxane thermoset composition prepared by combining:

a phenolic novolac resin;

a formaldehyde donor;

25 a silicone intermediate; and _

a sufficient amount of catalyst to facilitate curing the composition at temperatures
below 100°C, wherein the phenolic novolac resin, formaldehyde donor, and silicone
intermediate react to form an interpenetrating polymer network, wherein the phenolic resin
includes Si-O groups in its backbone, and wherein the composition comprises greater than

30 about 50 percent by weight of the phenolic novolac resin based on the total composition.

39. The composition as recited in claim 38 comprising silicone intermediate in the
range of from 0.5 to 35 percent by weight of the total composition.

35 40. ‘The composition as recited in claim 38 wherein the catalyst is selected from the

group consisting of organometallic compounds, amine compounds, acids, bases and mixtures
thereof.
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el

greater than about 65 percent by WEIH Hllm ”u eEHiseéH%fW\&&&hl '
on the total conposition. 30 |t| n as REBLACGEDI n |
cl ai m 23 wherein the corrp05|t|on S free of si | i con-cont '
particles. 25. The conposition as recited in claim23 corrprl sing silicone

internmediate in the range of fromO0.5 to 35 percent by weight of the total
conposition. WOMF3238The conposition as recited in clai m23 ReEUSIHNSIHe

am e’ corbounds. - ad i rﬂ%‘asgﬁ"’g"@“m i est%“ﬁﬂr % Y&wﬁ%ﬁﬁ B i
96/ 33238 organom ‘c theecomposition somprises

27. The corrpoma!ymnpansm@emcmbflﬂemltmcnmﬁ&mamel n the catalyst is a
m xture of an organonetallic corrpound and an am ne conmpound, and wherein

t he conpqsition copprisgs cat St. upto 10 ercent b vve ht of the total
corrp05|t|%:n 4. f a‘ﬁ\)i’@ HE’W@ ,m:gﬂponprepared
conpri si ng th@%@ﬂmsﬂltcim %&epar ed accordl ng to clai m 23 29. A phenolic
si | oxane conposition prepared by combining: a phenolic novol ac re5|n 10

For ming &  her ool n?ﬁ%@hﬁ?‘?‘éx‘#@%%@% il SRR  pBencd okt

pol yner and a Sompesitipe combinivg:n t he phenolic pol yner has SI -
groups inOits backbtphenolﬂ:!ies%& resi'ihe conposition as recited in claim 29

wherein the conposj gﬁg?éwf licon-containing solid particles. 31.
I'n

The conposition as re %1 m 29 cor%cl Si ng 5| licone internmediate in

t he icient amount 0 yst to t cure, wherein the phenolic resole resin and
silicom: intermediate react to form an interpenetrating polymer network of siloxane polymers
and phenolic polymers.

15 '

44. A foam formed from a blowing agent, a surfactant, and a phenolic siloxane
composition prepared by combining:
a phenolic resole resin; )
: a silicone intermediate; and
20 a sufficient amount of catalyst to facilitate curing the composition, wherein the
phenolic resole resin and siloxane intermediate react to form an interpenetrating polymer
network of siloxane polymers and phenolic polymers.

45. A method for forming a phenolic siloxane composition comprising the steps of:
25 combining a phenol ingredient with a silicone intermediate to form a mixture, wherein
silanol groups are present in the mixture and react with hydroxyl groups of the phenol
ingredient, and wherein the silanol groups react with other silanol groups to form a siloxane
polymer; and
adding an aldehyde ingredient to the mixture to form a phenolic polymer, wherein
30 composition comprises an interpenetrating polymer network made up of the phenolic polymer
and the siloxane polymer.

46. A method for forming a phenolic siloxane composition comprising the steps of:
- combining a phenolic resole resin with a silicone intermediate to form a mixture, the
35 mixture including silanol groups, phenolic hydroxyl groups, and phenolic methylo! hydroxyl
groups; ' |
reacting the silanol groups with at least one of the phenolic hydroxyl groups, and
phenolic methylol hydroxyl groups; and
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20 range of fromO0.5 to 35 percenlltm gﬁli L“I r“!me@'ﬁls‘@ﬁﬁdﬁﬁ BEEM.
32.  The conposition _as recited in_cl* cl A T“! hj at a'f*%%‘t GED | ‘
sel ected fromthe group consisting of organonetallic conpounds, am ne
conpounds, acids, bases and m xtures thereof. 25 33. The conposition as
recited in claim32 wherein the catalyst is a mxture of an organonetallic
conpound and W¥h?a33##¥e conmpound. 34. The conposition as reci'f‘é'guwsl? i m 33
wher ei n it he or gangimieh kaficeR RANRAE of Catalyst 't 1R mRRRE Ptk Tft@eREUNd havi ng
the formula [err] 42- WD 96/ 33238
PCT/ US96/ 05454 1 where R err], Rerr], Rerr] and R err] are each
sel ect ed from t he4fr ofRecoethod ms vecited inl glaim 46, comprising [forming andntgrpepsiyating
groups havin teiwork dF Phenolit Poymen AAd ¥ilXafe polymévRofifthddnixnide. R err],
Rl err] %nd err] are additionally selected froma group consisting of
I norganic atons consisti ng@gf hal ogen,  sul fur and oxygen. 5 35. The
Sorfouning A

conposi tion as re#dted me Phenolic silexane commpasitiop somprisiag; the steps of:
fornmula [err] 10 vémbiingl £ phénodicdndvbRt fesiar witk ar foramlidehyded dosicenanidha licoxe
0
st

consi sti ng of; @)ﬁﬂé@ﬂ? 3 yix‘gfeqﬁaﬁ iR VilR81 #‘Bﬂé? ﬂflm . ‘?gﬂ,
atons, and V\/nlgre erﬁfo?@wslg'iggf’g%g romthe %@%ﬁp CONns I ng oe}l'sléf% , !
aryl and hyd@E®P& kyl groups having up to 12 carbon atoms. 15 36. The
conposi #0on as r ereatting the sildnel grofifs withthe plienolicclydeoxnys groups;t aed r ange of from
5 0 25 percent bygdiy §Bimielent SiounPbPLaflfsi RO e rhitire &Y faciicfhOBRES L e havi ng

a resin conponent comnprising the conposition prepared 20 according to
cl ai m 29. '
49. The method as recited in claim 48 comprising forming an interpenetrating
polymer network of phenolic polymer and siloxane polymer from the mixture.

15

25

30

35
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38. An phenolic siloxane thernobset conposition prepared by conbining: a
phepelc—novol ac resis+—a-fornal dehyde—doRorie25—_ a silicone

internediate; and a sufficient amount of catalyst to facilitate curing the
conposition at tenperatures bel ow 100C, wherein the phenolic novol ac resin,
fornaldehyde nd silicone internediate react to form
|nterpenetrat|§38é&w? networ k, wherein the phenolic reS|n§Pﬁ%§ﬂ%§§“Si-
groups in its backbone, and wherein t he conposi tion conprises greater than
30 about 50 percent by weight of thd/$henolic novolac resin based on the
total conposition. 39. The conposition as recited in claim 38 conprising
silicone internediate in the range of from0.5 to 35 percent by wei ght of

the total conposition. 35 40. »~bhe nposition as recited in claim
38 wherein the catalyst is selected roup consisting of

-organonetal | i ¢ conpounds, am ne conpoun aci ds, bases and m xtures

t hereof. -43- WO 96/ 33238 -

PCT/ US96/ 00454 1 41. The ééhpl< tion as recited in claim40
wherein the catalyst is a mxture g organonet al i c conpound and an

am ne conpound, and wherein the co n“"
percent of the total conp05|t|
resin component conprising t
43. A conposite pipe hav4u
si | oxane conposition prro

resin;, a silicone inter
effect cure, wherein theg
react to form an |nterpe
phenolic polyners. 15

42. A conposite having a
prepared according to claim38.
*-nt eonprising a phenolic

C a phenolic resole
; # Ci ent am)unt of catalyst to

resin #@e|MeHmmaua
r netmor oxeme pol yners and




44. A foam fornmed froma bl ow ng agent, a surfactant, and a phenolic

silaxane conpositian prepared by conmbining...a-phenolic resole.resin—a - . .

silicone internedi ate; and 20 a sufficient anount of catalyst to
facilitate curing the conposition, wherein the phenolic resole resin and
si | oxane internegiate react to forman interpenetrating pol yner network of
si | oxane pol d phenolic polyners. 45. A nethod for féFWFﬁ@mﬁﬁ‘
phenol i ¢ sil oxane conposition conprising the steps of: 25

conbi ning a phenol ingredient with a siRlZone internediate to forma

m xture, wherein silanol groups are present in the mxture and react with
hydr oxyl groups of the phenol ingredient, and wherein the silanol groups
react with other silanol groups to f,eym a sil oxane pol yner; and addi ng an
al dehyde ingredient to the m xture orm a phenolic polyner, wherein 30

conposi tion conprises an ifferpg ng %%g§§9g;g2?mork made up of the
phenolic polyner and the si| oyapSyd ner. 7% A hod for formng a

k fing the eps of: conbining a phenolic
pdi ate to forma mxture, the 35

phenol i ¢ sil oxane conpositi

resole resin with a silicone

m xture including silanol grg bhenol i ¢ hydroxyl groups, and phenolic
e silanol groups with at | east one of

pnol i ¢ nmet hyl ol hydroxyl groups; and

nmet hyl ol hydroxyl groups; re
t he phenolic hydroxyl groups
-44- WD 96/ 33238

PCT/ US96/ 05454 addi ng a suffi gunt of catalyst to the mxture to
facilitate cure. 47. The met N\g@ al ited in claim46 conprising formng
an interpenetrating polymer net N\ Denol i ¢ pol yner and sil oxane

pol ymer fromthe mxture. 5 48.
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i nter‘ﬁedl ate té forma mxture, the mixture incl udi ng sil anoﬁ%'
phenolic hydroxyl groups; 10 : —reacting the silanol gro
phenol i ¢ hydroxyl groups; and adding a sufficient amount of catal yst to the

mxture to_facilitate cure. 49. The nethod as recited in claig48
conprising formng an interpenetrating polyner network of phvigio

and si | 'oxane pop(wpr 11 OM t iemidinkitikualRoRRnRadkauRon - 45-
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