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COVPCSI T\, THOD FOR PRODUCI NG FUEL RESI STANT LI QI [}&% THER
PCOLYMERS WT% LOW TEMPERATURE FLEXIBILITY This is a QQBIME i}

continuation-in-part of U S Patent Application Serial No. 08/802, 130,
fided February 19, 1997, the disclosure of which is incorporated in its
entirety herein by reference. Field of the Invention The present invention
relates to |iquid polythioether polynmers that have good | ow tenperature
fl.exibility and fuel resistance when cured. The invention is also directed
to nmethods for naki ng COMPOSITIONR AND METHOD FOB PRODUCINGI s Wi t h oxygenat ed

di enes (divinyl eth ' ' | 1D dor ous condensed
cyclic by-products. E@ﬁ%ﬁé’ﬁ’é&ﬁ&%%%ﬁﬁlﬁﬁﬁ%ﬁ%ﬁ nated -

sul fur-contai ni ng pol ywaTis GDOD KOWTEMPERATURE IFLEXIBIGTYf Or use in aerospace
seal ants due to their fuel resistant nature upon cross-I|inking. Anong the
commercially available polynmeric materials which have sufficient sulfur

cont ent thiseishiaddntinbatiordiapartabt @.81 Ppht \Appiicatidie SpadlyNol 08802m@0y filedmal
pol yme desqr.i . Q.. in US Patent No. 2,466 963, d _the al kyl side
ey SRS e 58 e Rissisafierorymiohs Brotagrayha it iy aerepfe b5, Statdnees o
Pat ent No. 4,366,307 to Singh eFienl of thRtlevensibs useful in this context also
have t he_desirabl e.propert.i of lowte ature flexibili | ow al ass
et 3H: RiFENS iente, relifes” ko ol BERENBHISE AR et hevm BAeH R o
desi r atdnepezatube Miakibility ahd fuelprsistatel Whert eumsip aThe daaEntioh Ss vdlsocdirdcsed s h
nore difficult tg.obtain is the copbination of, | ong appli.cati,Qn.tj L.e.,
et 1 PSR R o8 R, B reB S Bvab e S oiViShoRHE difee sADini, et

(t he t whichr sdpstangidily elimieamalogoreds icendensed cgtlicangprofuctsi ngh et al ., U S
Patent No. 4, 366, 307, discl Oﬁ Egch gskgri ﬁl ? .ﬁi ngh et al. teach the '
aci d-cat al yzed condensati on - | thioethers. The hydroxyl
groups aiTici-termnimatgdaulfiir-grotaining polwinets are kpoen td be well-slitad fon userinf aarospace

I ncrea sati bV The Si . et t he
use of Shangfl BFH ALk Al FEREnt Kb e erediing, shhongiAh Bty RATRRS ||
pol ynepslymerit mptemials whichhdye | sufficientculfugeententto dibitit/this desirebld ipsaneptycate

o T AR S B, iy 5% e S, b
[ er r] - Biggr ehajs gpmiaininarpelythioesher polyether galyfriecsAesarbedit ¢.0i.d8 Y.y Bateat INp. not
less t Q%BG?Wfo FindA odl. MUARILERY I%P{Hg_b ef_?é @Q@ﬁ%\‘@éhleﬁéfrﬁm ﬁroggnq:iegiogm y
mal odor ous cyclic byproducts, such as 1-thia-4-oxa-cycl ohexane. a
resul t lowhtemparatre ifgwibviﬂadiqvv tglags trapsitign stempeeatugeoiNyrand liqyidity nat gepm
temperature. '
An additional desirable combination of properties for aerospace sealants which is much more
difficult to obtain is the combination of long application time {i.e., the time during which the
sealant remains usable) and short curing time (the time required to reach a predetermined
strength). Singh et al., U.S. Patent No. 4,366,307, disclose such materials. Singh et al. teach
the acid-catalyzed condensation of hydroxyi-functional thioethers. The hydroxyl groups are in
the B-position with respect to a sulfur atom for increased condensation reactivity. The Singh
et al. patent also teaches the use of hydroxyl-functional thioethers with pendent _me'thyl groups
to afford polymers having good flexibility and liquidity. However, the disclosed condensation
reaction has a maximum yield of about 75% of the desired condensation product. Furthermore,
the acid-catalyzed reaction of B-hydroxysulfide monomers yields significant quantities (typically
not less than about 25%) of an aqueous solution of thermally stable and highly malodorous
cyclic byproducts, such as 1-thia-4-oxa-cycichexane. As a reéult, the c;ommercial Viability of

the disclosed polymers is limited.

SUBSTITUTE SHEET (RULE 26)



WO 98/ 39365
PCT/ US98/ 03223 -2- Another desirable feature in polynmers suitable for use

i n" aer ospwo®sgexwsants i s high tenperature resistance. |nclgsy ,ﬁ@ - .
coval ently bonded sul fur atoms in organic polynmers has been s vvn%
enRance high tenperature performance..glowever, in the polysulfide

pol yformal polynmers disclosed in U S. Patent No. 2,466,963, the nultiple

- S _s-tl | ieyes a‘tm,rme ﬁe{uymaﬁ mpkh@rumamswrt uden;rge?mémbssaélah&ewgi h

resi stance. In the e .

enhanced” ?‘?{Etl"'ﬁ%fes?fﬁlfe ﬁ'%" %fs'ﬁ‘f‘%g’é‘gytbﬁ%%ﬁ“@éﬁf%'ﬁéﬁ?a%‘f POJYMOES has| de

ljl nkfigbaemhdwrmleiylhhmaeﬁdtﬂenbeﬁt&e pendragace. thS\NWeﬁ.Gh Itﬁetpolbgmﬁd oht,foh,at al
isclo r er i stance, due to traces

of "t he PPWoTERt Hecilef .15, Bty FGTLE0R 56, ha piyiple 68 Hndaoes rshermeberer N

4, 609, Bétkbames (resdllem cmmmbmrsgd dhdriviab resistarica. slaahﬂqbaryyheﬁr of anbh%ﬂél alcshol s

to af f 1 QUi t.her avin Q.. ri c backbone.

Cur ed %(%%QIFTEWCHH%H&@ al gﬁ}ao??é&n gitﬂg lvfg ql %g’ﬁﬁqema%tbage,

howev epolystifide dinkagesfwith polyshie¢thac esaumkages. hén bea“ogee Nwmer,Oﬂwepﬁaéleﬁd

met hyl a diti resid catlstfote

di sc%/ogggég}gé}%caté%shag{]g’g‘% ?o%#g%ddéé%m a ‘l%s'étg & d4e It(? :J%? f%’. '?fédr"r@P@ﬁ'% U.S.

Pat ent chiodehis@@d aatdlystdi scl oses production of pol yt hi oet her pol yrrers by the

aci d- cat %%ﬁ@detca?nq_?QS%{eRPNgf 4%6&“7 desc !Qe:-‘.arcet N ﬁﬂ%o{]ﬁ!‘% g‘%{ért ZUCh

as HCOOH Thi’'s ocess’ géeneratés TRaes T
The addﬂlamlmo;srm afthmllgwda:fol\ethqopttuats saviing ho okwgem ih hhelpapmeri® backbone.has

0oen" e Dyt o 4 e g KUy G
(Nlhelr(n regysied ft@almmanmq dug g5 tigrigrgelaoter clﬂmnem metbyltdnwpslﬁwetm?ﬁeﬁnlt nor.
UyKen s hdtikfon. réﬂaﬁpaétﬁﬁoﬁoﬂfﬁé 'dfs\!L@éd k%(%% 9 FFH%&&?A&L*? Obl%s E§ e'ou's %Fld

divinyl ethers and dit , such 't or e quid
at roorWRsE?rperature and, upon curing, has excellent Iowterrperature

f1exibil 'da)he(’&now d.Fakdnk No%"ﬁb@hﬂf‘ disehdsad Brafictidh %f";%l%h\&th%r polﬂ)ﬁngDS\?Emaon

fluids. Nor do Kl emm-et al ghest production o
addi t i 3fid ‘?tﬁf\!ﬁeab?@daﬂsqt'aﬁrﬁfo‘?' igfnavith enties aerbpey. compoode such ke HGRRMI ons

di scl ogeginh hikpRiEk beritrated Listesit8HIB/dlSoUs KlRAE WaBles CYCIic byproducts.

The addition polymenzatnon of aliphatic dlth:ols with diene monomers has been’ described
in the literature. Ses, e.g., Klemm, E. et al., J. Macromol. Sci. — Chem., A28(9), pp. 875-883.
{1991); Nuyken, O. et al., Makromol. Chem., Rapid Co.mmun. 11, 365-373 {1990). However,
neither Klemm et al. nor Nuyken suggeét seiection of particular starting materials, specifica!ly.
divinyl ethers and dithiols, such that a polymer is formed that is liquid at room temperature
and, upon curing, has excellent low-temperature flexibility (low T,) and high resistance to fuels,
i.e., hydrocarbon fluids. Nor do Kiemm et al. suggest prodﬁction of a polymer that in addition
is curable at room or lower temperatures. Moreover, the reactions disclosed by Klemm et al.
also generate undesirable cyclic byproducts.
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-3 _ -~ Summary of the Preferred Enbodi ments I n accordance with one aspect of
the preseWOP839368 i on, there is provided a polythioether hm,%%ﬁorngjl a
| [err] wherein R err] denotes a (Jerr] n-al kylene, Cerr] branche

al kyl ene, C[err] cycloal kyl or (Jerr]-akylcycl oal 'kyI gr oup,

-[(-CH[err] ylerr]- X-J[err] -(- CH[err] )[err] , -1 (- CH[err]-.)[err]-
X-][err] -(-CHerr]-)[err§ : g Etnbodienentd er r | unit S

substi t uty P enot es rrj
branched g&%"e’ﬁ%&%ﬁ %agég#odafl%%gn%" Jveatian, ﬁ"ﬂ? P'&‘/ ‘9)’@'\‘@' W oup,
-({ I@nqrurthvgrmar! ][err] -{-CH2-)[err]- X denotes one sel ected from
the group consi sting of 0 S and - NR[err]-, R6 denotes Hor methyl, mis a
rational nurrber fromO to 10, nis an |nteger from1l to 60, p is an integer
from2 t oot 't!rSs—éﬁi*z’zrrt'ege{-B?mﬂl-l.t.—o(@-!z)za-ﬁ-cﬁf—ﬂb-la-ﬂ inteder from2 to 10,
the polythioether being a liquid at roomtenperature and pressure.
Preferably the pol ythi oether has a nunber average nol ecul ar wei ght between
about BS®UEreiRd about 20,000. In a first preferred enbodi nent, the
pol ythi oether has the formula I'l A -(-[ Rerr]][err] R[err])[err] wherein
A denotes a structure having the fornula I, y is 0 or 1, R3 denotes a
si ngl e Molrpolaseh G)zsi‘ dkylene, C.5 brapched) alkylere, GapR&ycidaliyl & CMelkylpycloélkylM
Eie(n(c):'lt_lgs) '2_ H-‘Slp F- & Qj? ')(‘L@F' _}r Qe -[Hdﬁz-)] me (—&H_r)o W%hlchcuzleast one
~CH;- umt |s substxtuted wuth a methyl group,

R? denotes C, ¢ n-alkylene, C, branched alkylene, Cq 4 cycloalkylene or Cq,, alkylcycloalkylene
group, of —={{~CH,~);~ X~}, ~{-CH~)~,

X denotes one selected from the group cons:stmg of O, S and - NR®~,

R® denotes H or methyl,

m is a rational number from O to 10,

n is an integer from 1 to 60,

p is an integer from 2 to 6,

g is aninteger from 1 to 5, and

r is aninteger from 2 to 10,

the polythioether being a liquid at room temberature and pressure.

Preferably the polythioether has a number average molecular weight between about 500 and
about 20,000.

In a first preferred embodiment, the polythicether has the formula I
A —-[R%,—RY, Il
wherein

A denotes a structure having the formula |,

y isOor1,

R® denotes a single bond wheny = 0
and -8 —{CH,), - [-O0 —R*-],~O-wheny = 1,

R* denotes ~SH or ~ S —(-CH;~),,~ O — R® wheny = 0
and - CH; = CH, or - (CH;~),- S — R wheny = 1,
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-4-.Sis an integer fromO to 10, R5 denotes (Jerr] n-alkyl which is
unsubst i Wb 88lsg3Es substituted with at |east one -OH or -NH ' nd R7

denot es H or a gerr] n-al kyl group. Pol ythioethers in whic c‘%&g@”ﬁSH are
"urcapped, " that is, include unreacteq termnal thiol groups.

Pol yt hi oet hers accordlng to the invention also include "capped"

pol yt hi Oﬁtéﬂ%%gextﬁ%d& 1§ol ythi oethers including term nal groups other
t han unreacte grou These term nal groups can be groups such as -

OH or B® denptes,Cr.gr-alyEwhishris yasubstituted,pr substituted V\etl'mn leastane|~PH asNHR 3t ed
gr oups. bg@,agme particul ar preferred enbodi nent, vy Oin fornmula Il and
R4 denotes - SH That is, the pol yt hi oet her is an uncapped pol yt hi oet her

havi ngRt dencses Her &G .amsalkyiigrous. s _(c2)2 -0 -[- 0] m (CH)2 -S - R
In SH | PolﬂtﬂmeflﬁFs iR RY is -CSH?%Fe Nrﬁﬁﬁﬁéde‘dtrﬁﬁéoﬂﬁdm unrbB&ed WrRivdl tRiol
pol yt hi oet I s a capped pol yt hi oet her, =0 in formula Il and R4

denot e8rouPs3 ?'YM"S'FE rarc]mfdms toghe Paﬁem'@m'a? W'%PeFEPm "yeolythioethers, that,
unsubsis] hothRidetersSHiladihg Worffindl grdupklotitkr RHh Sntebictad tmbhyﬂoupé *nselsepeev.hwavl or

3-am nopropyl In still another partlcul ar preferred enbodi prent §¥’ I n
f or mul 8FoMPs EanderarouRs Bobcas.~ @ o ik, ongraups such agalkyl 9F termivakethy §'caw

uncappgssapstetediyregpdier having termnal vinyl groups. In yet another nore
particul ar preferred enbodi nent, the inventive pol ﬁthl ogther is a ca‘%ped

pol yt hi ol hBpre Rartiftienpreferred embodispent) w =1 P in ferule @At e denotegpShlo

R5. | nispuieSscflicetidr 8 & dneipped ipBRtiicsthéehaviigihbisebtige has the forrml alll
B-(A [ R3]J[err]- R4] 111 wherein A denotes a structure having the formul a

I, yis Oor 1, R3 denotes a single bond wheny =0and - S- (CHR)2 - [-
O R2 -1} HE-—ie- B =(GH,)R4- JeQoRRS- osm,,.oqcuzyzs_g-qw-n,{snr] 0 - R5 when y

=0 and - CH2 = CH2or - (CH2-)2- SSR5 wheny =1,, sis an integer fromO
to 10,

In another more particular preferred embodiment, the inventive polythioether is a capped
polythioether in which y = 0 in formula It and R* denotes ~ S —{~CHy~),,,— O — R®. Particularly
“preferably, R® is an unsubstituted or substi'tuted n-alkyl group such as ethyl, 4-hydroxybutyl or
3-aminopropyl. -
in still another particular preferred embodiment, y = 1 in formula )l and R* denotes — CH =
CH,, That'is, the polythioether is an uncapped polythioether having terminal vinyl groups.
| In yet another more partxcular preferred embodlment the inventive polythioether is a capped
polythioether in which y = 1 in formula Il and R‘ denotes — (CH=)- S — R®.

in a second preferred embodiment, the polythioether has the formula lil
B —{A- [ R, —RY, i
wherein

A denotes a structure having the formula |,

y isO or. 1, _

R® denotes a single bond wheny = 0
and =S - (CH,), - [-0 —R?*~],~O-wheny = 1,

R* denotes ~SH or - S —(-CH,-),,,~ O —R° wheny = O
and — CH, = CH, or - (CH,-),-S—R*wheny = 1,,

s is an integer from O to 10,
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-5-. R5 denot es err] n-alkyl which is unsubstituted or substituted with at
| east on¥OWAIMS - NHR7 group, R7 denotes Hor. a (Jerr] n- RCEUISIGOB2B. 7=i s
an integer from3 to 6, and B denotes a z-valent residue of a

pol yfunctionalizing agent. That is, th®-polyfunctionalized enbodi nents

i nclude three or nore structures of the fornula | bound to the residue_of
an ap pﬂ"bgerime Cpe Pyafiovh shianis| unsubmiitutgd ror substitutesowishas desist poe e@Hedi-MHR’, 2
is 3, an e pol yfunctionalizing agent thus is a trifunctionalizing agent
In anoth nmore specific embodi ment, the average functionality of the

pol yt hﬁoé?fm#s Heeroe6r-beralkybaroubout 2.05 and about 3.00. In accordance with

anot hey gs,pﬁﬁ.& deb 1iAF3RbRS @AY i nvention, there are provided nethods of
produm n ?or oi ng pol yt hi oethers. According to a first preferred

enbodi Bedenotgs garvalentsesidus ofod pelitunctigralizingagest.pr oduced by reacting (n +
1) ol estRie s, e %B@%-bﬁéﬁté&:ﬁﬁlﬂ.:ﬁ&féﬂ%ﬁmﬂnh‘% Jﬂn&’é‘ structures of the' formula

IV or a mxture of | east two ferent conpounds having the fornula IV,
wi th (hbounst *@sthefread%ﬁfpmmpfﬁeﬂﬂthQOEVFfm*@ﬂmrw ety = CHO[-R-O]mCH =

CH2 in a more specific embodiment, z is \8,Cind® tHé Wﬁn&forﬁhzuh%aa%bnf Wus is a
di fferent conmpounds having the fornmula V, and optionall out 05 to

about E“HW§3'BW98FQEBWBGHEFhﬁhWPW§PPﬂE° eahedineny; tfm_wm une*em)-w ofpthes

VI or  golRnidethér ﬁf‘\F&Q’\QetWefeﬁ%fou”ltZGQrHﬂamﬁt Bayg.ng the formula VI, in the
presence of a cata he cat al Is selected fromthe group consj st.i ng

of free- ﬁmm@sﬂaneamm@ef peRfct °g§1°d?’9§&"§ inyRAtignt thee arecrovidgd methods of

Pr efergmdmcﬁ,gqhgq{,@buﬁg pofytiiobthefs. I adi cal cat al yst such as an azo conpound.
According to a second Br ef erred enbodi nent, POl yt hi oet her of the

i nvent i oMCPIIMBdR ARGt BiPfeErdambriimant. ﬁtﬂ°é\§hk91° her of M imyanten s Rgoqysed by
f or mul gedeMng B +2) Moldslsfea E8mpPdundaivingt e feirhdignent conpounds having the
formula IV, with (n + 1) noles of a conmpound having the formula V, or a
m xture of at |east two different conmpounds having the fornmula V,

opti onal IHs-t-ogBusﬂ with 0.05 to about 2 noles of a compewind having the
for rrul a Vil

or a mixture of at least two different compounds having the formula IV, with (n) moles of a

compound having the formula v
CH, = CH— 0 —~R*— 0 -, ~CH = CH, _ LV

or a mixture of at least two different compounds having the formula V, and optionally about
0.05 to about 2 moles of a compound having the formula Vi

CH, = CH —(CH,),- 0 — R® : vi

or a mixture of two different écmpounds having the formula V|, in the presence of a catalyst.
The catalyst is selected from the group consisting of free-radical catalysts, ionic catalysts and
ultraviolet light. Preferably the catalyst is a free-radical catalyst such as an azo compound.
According to a second preferred émbodiment, a polvthioether of the invention is produced
by reacting (n) moles of a compound having the formula IV, or a mixture of at least two
different compounds having the formula IV, with (n + 1) moles of a compound having the
formula V, or a mixture of at least two different compounds having the formula V, optionally

together with 0.05 to about 2 moles of a compound having the formula Vil
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-6 - HS -R5 VIl or a

m xture of two different conpounds having the fornula VIl, in the presence

of a cat ¢ sdmedes descri bed above. Anal ogous nethods for p ' -
pol yfuncﬁo?\ga:f pol yt hi oet hers using the foregoing react an?s {‘%‘5@'?’&& with
appropriate polyfunctionalizing agents.are al so provided. Polythioethers

produced by the foregoing nethods are 8rso provided. In accordance wth yet
anot her PECkKs of the present invention, there is provi a polynerizable

conposition conprising (i) about 30 to about 90 wt % of at .| east one

pol yt hi oet her as defined herein, said at |east one polythioether having a

9l ass L gsikditadt twaﬁa.%h Eém dgrh%g;bgrt%m ?{r eihrtiu? resbiice dt acigaR 2% on

agent in an anount froma out St 0l ChI OMBLTT G
t he ane8desasibed gbgvest | east one pol ythioether, and (iii) about 5 to about

60 wt % ofpfddolis Shethdis hfoﬁldr?lwc%iéj Pp'omurnﬁﬁﬂgl ﬁglﬁm&thgsabsﬂf'tﬂgtfomgom

non-vol atile conponents of e conposition. I nventive conpositron’is

cur abl geagtangs tegnater with aprsepriste ppqvtymlonﬂngageptSe#re iaisg|pyovideds t enperature

of -20] erﬁolmeémmah}eamhmy%s% gaﬁs remtwa@sreaﬂéy ;frwraa& aspect of the

present | nvent | on, there is provi nerlzab
(i) aboutln aycptﬂaassumﬂwewmmr agpeqt thq)neesp@ﬂ PVRNGRSY, Hépreaa rfeyid

her ei ngoRAidlizalile | &itdostidh Bsthydddah hﬁou@% g #bdlitd86 WidNsf at Qéast one

terrperature not greater than -50 err]C, (il) a curing agent in an anopunt

e conposition co r|S|ng

fr om apelnthiggthep aspntined cheoein said At dpass gner Pelvihiratherobaving a glassniransitiong d

at |ea~°t&m9£\'%td?9|n¥£ Bie@fﬁrhﬁén -g°C )u)%d&hﬁéfab%tzuﬁran'd?no'ﬁﬂt #3RiaHout 80T AW 1
to about 40 Wt % and (ivV) filler in an anount from about 5 to about 60

W % 1159%an s‘%@&?ﬁ‘é?ﬁd’amrﬁ’%%t pbead afdsaghonepoliftivrefharatnd @i about

conpongies aséuttéoemw& frhér0W|thT51ﬁw€%rm$d bad2d dnSthaltoep wighit ot nbﬂf'v”laﬁl’t&t ure.

of O[err]C or ﬁﬁ‘gr pref era at a tenperature of -ZO{err ]C or | er
Cured FOMPREFIE ohibe SPMRPStGN: e '@aa"sye pempesition isqupable,pt 3 tRAAEERtUIRRE
corrposrdrlhrghsr,afr@feaéb&paﬂoémﬂeﬁurgmtrol&am, features and advant ages of

the pres i nventi on, vmllﬁa (;Ltothose skilled ip the, art from
Lhe T ol | O HRFOLRANGP WL 2RRRAAD ASPARE of cthe (TERSTE IEHENEPRoHers, BBAPad ¢
t he detpaitynedtizaisle Cédnpdsitibnaeempiising (i) Calsotandd e, abélitl 801 WEkeCaf iabJesdstedmy 1 ed

oo o R B st S e o DG Fbe 3 hefp ™

pr esenttempemanire mot gngatérehamesam {ih) @udurilg agest G| anvount s shaut B0t thaabeof |,

and t heI 30'3,%’ ep gt'on% romegnc dagesd c‘;’}l *hesa%:omnggp s':afié act%ais?ggé polythioether, {iii) a plasticizer
in an amount from about 1 to about 40 wt%, and (iv) a filler in an amount from about § to
about 60 wt%, with all wt% being based on the total weight of non-volatile components of the
composition. The composition is curable at a temperature of 0°C or higher, preferably at a
temperature of -20°C or higher. ' _

Cured polymeric materials prepared by polymerization of the foregoing compositions are also
provided.

Other objects, features and advantages of the present invention will become apparent to
those skilled in the art from the following detailed description. It is to be understood, however,
that the detailed descripﬁon and specific examples, while indicating preferred err\bodiments of
the present invention, are given by way of illustration and not limitation. Many changes and
modifications within the scope of the present invention may be made without departing from

the spirit thereof, and the invention includes all such modifications.
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PCTY US98/ 03223 -7- Brief Description of the Drawi ngs The invention nmay be
nore read¥Py88%§&r st ood by referring to the acconpanyi ng dPCHMUSS3®3223 WHT ch
Fig. 1 depicts linear graphs of extrusion rate (E) versus time (T) for
seal ant conpositions of the invention7n conparison to extrusion rate
curves for known types of seal ant corrp05|t|on and Fig. 2 is a sem-|og
“gtaph of the extrusion rat cBriafules pudiawiggier of the invention :
([err]) Wm@er&fd%a@ﬁ& nﬂma Yeudiy 'uqaerg{o%ﬁrﬂ\) refer%&ﬁ % {I'i:‘edac@sﬁhﬁ] ﬁ% Afavithgd he
Preferred Enbodi nents has surprisingly been di scovered

conbi nigt whighof certain poI ythiols with oxygenated di enes according to the
present iRy §riehief in8srtiriphsiof eRALYLH »&et(bﬁem OB (P fob8daldt %ompeahdﬁs Gl
roomtenperature and pressure ano’ t hat have desirabl e physical "and

r heol o#idayenyipa }!be?'F'E%ﬂs"a 18l extrHsion fate ieurves far knawn tipes sh Sealantcomnosition,

mal odoppgls cyclic by-products. The inventive materials are al so
substantially free of deleterious catalyst residues, and hence

super i or Figa@risaFermiieg granh of the eprisiangate aurve pfia Rgivtijosther ?frféséwenmﬁo M on,

pol yt hiza@bhiiop ar'pRRLRMLG@f. t hat are liquid at roomtenperature and
pressure and have excel Ient I ow terrperat ur e fI exi b| | | ty (low T[err]) and

fuel resistance. As ROLERRYBRME Ur e and pressure™

denot es adowaexsgu?aﬂﬁhgw ToeR! BbFoniet S e G)e cammknahnasamﬁs pdifthidie WithDSt

general aspect, the i1nventive polythioethers include a structure having the
f or nul &xygenpted d[enesaccedqzqu theyprgsentripvention resuiteippalythiogther polvmers fatate n Ry
denot e%qﬁld@[ﬁrrbbm%ﬂ{phbﬂt%eanﬂ@sﬁre ananﬁheﬂavahkydasﬁephygcer &dd rheologlcal
cycl oal kyl ene er al kyl cycl oal k){l ene q%r oug ‘gﬁ 9%1 ]t

- (- CH2 Py erticg, ang [t(' {M"Jfﬁ"ofx oy, supsteniall free;of ryplpdarous cYAURLY RSPty Fhe i ¢
| S subsdvehtifetiflatetiald afd 4188 SublstahtRNp freldf deRMrRESs 2afdyRt Fdsidired) dnid Idhee have

Cerr] brapche ky| ene, er cycl oal kyl ene or Cferr] alkyl cycl oal kyl ene
gr oup, Syper '°["("‘?5PPZ‘k 5%'“%"& pCl '78}32 , X denotes one selected fromthe

group CoOnNXdcotdimg t@fthé)pregeﬁﬂﬁlwenﬁlﬂﬁ polythioethers are provided that are liquid at room

temperature and pressure and have excellent low temperature flexibility (low T,) and fuel

resistance. As used herein, the term "room temperature and pressure” denotes approximately
77°F (25°C), and 1 atmosphere.

In their most general aspect, the inventive polythioethers include a structure having the
formula |

— R' ~[~8 —(CH,), — 0 -[- R* — O -]~ ~ (CH,), — S — R’ —],. i
wherein

R' denotes a C,,; n-alkylene, C,g branched alkylene, Css cycloalkylene or Cgyq
alkylcycloalkylene group, -[(-CH,~),~ X<}, =(=CH,=}~, or ~{{~CHy=),~ X~]; ~{-CH )~
which at least one —CH,~ unit is substituted with a methyl group, '

R? denotes a C,; n-alkylene, C,s branched alkylene, Cgs cycloalkylene or Cg,yo
alkylcycloalkylene group, or —{{(~=CH,=)~ X~}, =(~CH,-}~ .

X denotes one selected from the group consisting of O, S and ~ NR®~,

R® denotes H or methyl,

m is a rational number from O to 10,

n is an integer from 1 to 60,

p is an integer from 2 to 6,
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R6 denotes H or nethyl, mis a rational nunber fromO to 10, n is an .
integer from1l to 60, pis an integer from2 to 6, WO 98/ 39365 .
PCT/ USOBwo8A83658 - ¢ is an integer from1l to 5 and r isSp@fusdiagar ftom 2
to 10. Preferably, a polythioether polymer according to the invention has a
glass transition tenperature T[err] tgat is not higher than -50[err]C. More
preferably, the T[err] of the inventive polyner is not higher than

- 55[ erq li€an WReger¥rodh @1tal8,\andt he T[err] of the inventive polyner is not

hi gher than, -60 w T[err] is indicative of good | ow tenperature
erX| di '?FQ"“W&’? "Egrf b& deterrhined by known nethods, for exanple, by the

&EE hgds MRilefe?iblhed pdlyt?N&f(eA&rwﬂmC eczdvamg italthSnewér&ioﬁahésg ;)7%!3% trafisitiord. 7,
et hodemepAiS, T, 8t hetaes ian FEC Mote FisteaRl; Mty I8P IPHGR PRlEr g

gnd \VEi§ abt Bilgﬁér theR B8E. Vorg meteyaﬁw ahé g bt thafinvdmive Iﬁb&h‘ier@nneb(ﬂﬁgliertthMGL y

esirabhle.f esi st anc istics en.cure measure of  the

fuel 1887y Lfrcfuds Ineaig of ARV biritnsre Uiy Siioh R S AN Y

af t er Ko romggthodsy pios Unamiple, aby tHe onahbdm demlb;edv\ihl AM&aAedospapeaMatérwll vely

deter ) S8 desc

3269. r%ﬂ?ﬁg"’y‘lé szé?é{)gqf %@%%‘?&n pedfiigation] Vé%@ﬁjgé %of?jﬁ‘gﬁ i ﬁ%@ésﬁﬂ

cur ed, ard pv:nmhbdweihulﬂe te\Wbbse mscrgneéah eAS'tMamn%i%meoeretv rfnfer‘l'ssmm fand one

week %aﬁs g@# gér] C) and anbient pressure in jet reference fluid (JRF)
ry pre

“type 1 erably, the percent volunme swell of the cured polyners is
not gr ealies poligthio20érs of RAe iyyeatién exbibiryEry desirabler kieh rdsistantet ehanacteistios of

11 oot SRS ol hobdl of the 1o SRERASY 8 Tnfebfife PRIk ol ieFendl' Ve
Engi newieme \sivell axfiten ipeoionyed: exposurents a hydrocarbon fuel, which2@ar] be rquadtitasiisely
Lo UGRRIE BNk oS RSO o ARASS3BS. Thue, i
a preferred embodiment, the inventive polymers have, when cured, a percent volume swell not
greater than 25% after immersion for one week at 140°F (60°C) and ambient pressure in jet
reference fluid (JRF) type 1. Very preferably, the percent volume swell of the cured polymers
is not greater than 20%. '
JRF type 1, as employed herein for determination of fuel resistance, has the following
composition (see AMS 2629, issued July 1, 1989), section 3.1.1 et seq., available from SAE
{Society of Automotive Engineers, Warrendale, PA):

Toluene . _ 28 + 1% by volume
Cyclohexane (technical) 34 + 1% by volume
Iscoctane 38 :I: 1% by volume
Tertiary dibutyi disulfide _
{doctor sweet) 1 + 0.005% by volume
Tertiary butyl mercaptan 0.015% =+ 0.0015 by weight of the other four components

Desirably, the inventive polythioethers have number average molecuiar weights ranging from
about 500 to 20,000, preferably about 1,000 to 10,000, very preferably about 2,000 to 5,000.
Liquid polythioether polymérs within the scope of the present invention can be difunctional,

that is, linear polymers having two end groups, or polyfunctional, that is, branched polymers
having three or more end groups. Depending on the relative amounts of dithiol(s) and divinyl
ether(s) used to prepare the polymers, the polymers cah have terminatl thiol groups (-SH) or
terminal vinyl groups (~-CH=CH,). Furthermore, the polymers can be uncapped, that is, include

" thiol or vinyl terminal groups that are not further reaéted, or capped, that is, inciude thiol or

vinyl groups that are further reacted with other compounds. Capping the polythioethers of thg
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(doctor sweet) 1 0.005% by volume Tertiary butyl nercaptan 0.015%
[err] 0.0015 by weight of the other four conponents Desirably, the

i nvent i vWQOW39865 oet her s have nunber average nol ecul ar weikguresesaazgsng f-rom
about 500 to 20,000, preferably about 1,000 to 10,000, very preferably
about 2,000 to 5,000. Liquid polythioe8hker polyners within the scope of the
present invention can be difunctional, that is, linear polynmers having two
end gr mugsiomnqbldsyhtlmhtdtbneﬂf additional termipabfvohtionalitiegnfer examplen hydraxweoror

mor e egm &L@% to%egﬁmwe g&gmﬁs o 'a@{q oVdhtefHERA! ﬁm%rﬂ{n&ﬁ‘b%r(é&ro%ﬂg that

di vi ny use yners, the polyners can
term nedsmmrd'bergcmpg Eumstﬁmt@lﬂ*wamwsnyl groups (-CH = CH2).

Further marége: bisferhd SHBSEmeRt Pﬁxe‘%ﬂ@éﬂi@@‘éol Blthbis hds'%%%dﬁn&!b'nm or vinyl

term nal groups that are not urther reactyyh or capped, that is; include
thiol or vinyl groups that are further reacted with ot her corrpounds.

Cappi ng ;Ahg_gga thigggt hers of the WO 98/ 39365 . .
PCT/ US98/ 03223 dvention enabl es introduction of additional terninal

functionalities, for exanple, hydroxyl or am ne groups, to the inventive
pol yme(gerdty i N the alternative, introduction of end groups that resist
further reaction, such as termnal alkyl groups. Afirst preferred '
embodi ment of the inventive pol yt hi oet hers has the formula Il A -(- R3]y -

R4)2 A denotes a structure havmg theformulal Il wherein A denotes a structure .
hawngtheforrrulal, y is or R3 denotes a single bond when y = 0 and

ycig®erl. oR ]mO Wneny = 1, R4 denotes -SHor - S

{ CHZR)BQB&ES angIBBoH@WheM =0pand - CH2 = CH2 or - {CH2-)2- S-R5 wheny
1, sis aninte fromO ;o 10, R5 denotes (err] n-alkyl which is

unsubstlta!]f’(?os odC dbgthQJT‘eﬁ W @ aheBASE bne - OH or - NHR7 group, and R7

denot ewlﬂegateg_@i.p(;rr.] an_qiﬂyjz"g.r@upasmﬁ,y papy yt hi oethers of the fornula I
are linear, difunctional: ‘E‘F’zﬁY a? ﬁ can be uncapped or capped. Wien y =
T i

0, the p(?Pnge(F i rcttues—d Mhegr’IOUp‘s or capped
s 'is an integer from O to 10,

R® denotes C, ¢ n-alkyl which is unsubstituted or substltuted with at least one —OH or -NHR’
group, and

R’ denotes H or a C, 4 n-alkyl group.

~ Thus, polythioethers of the formula Il are linear, difunctional polymers which can be
uncapped or capped. When ¥y = 0, the bolymer includes terminal thiol groups or capped
derivatives thereof. When y = 1, the polymer includes terminal vinyl groups or capped
derivatives thereof.
According to one preferred embodiment, the inveﬁtive polythioether is a difunctional thiol-
terminated (uncapped) polythioether. That is, in formula Il, y = 0 and R*is — SH. Thus, the
polythioether has the following structure:

HS — R’ “[" —‘(CHz)z —0 -[" Rz —0 -l (CHz)z —8 - R -l

The foregoing polymers are produced, for example, by reacting a divinyl ether or mixture
thereof with an excess of a dithiol or mixture thereof, as discussed in detail beiow.

'In a more particular preferred embodiment of the foregoing polythioether, when m = 1 and
R? = n-butylene in formula I, R! is not ethylene or n-propylene. Also preferably, whenm =
1,p=2,q9=2,r= 2and R* = ethylene, X is not O.

SUBSTITUTE SHEET (RULE 26)



derivatives thereof. Wien y =1 the polyner includes term nal vinyl grdups
or_capped derivatives thereof. According to one preferred enbodi nent, the

i nvent | vWOR8I34si oet her is a difunctional thiol- term nat edrfuspsengsed) =

pol ythi oether. That is, in formula Il, y =0 and R4 is - SH Thus, the
pol yt hi oet her has the following struetorre: HS - RL -[ S-CH2)2 -O-[- R2
-Olm(CH2)2 -S -Rl1-]n SH The foregoing polyners are produced, for

exanpl e, Abgordieg td amather piefeired émixdireentotherinventive polinbicetiienis aicappedcpalweer of a .

di t hi q] HTlist ' Il OW.q | Npa &R
parti culvgi'c pr effg{eg hgg%cﬂ ﬁ?ggﬁgﬁzgﬂg‘%eg %“5%@%1 ooet hgr |$capﬁeﬁ =1
and R2are proGuced| byneeactiorf of thel tarminal thipl igaoumomtbtanyallm &-ajkenyl pthspydush@s aAl so

prefer égé%gmymﬁhrmo:r ekamBletfy inBluding 'in the reacidlmBaure &ELRHIRY gq&&?f’bﬁg’@ﬂ%3gz3

WO 98/
- 10- therf dasdiseussashin deteil pelower r ed enbodi ment, the inventive

ol ythio #
8 r oﬁps air#e{ﬂrsé?)ﬂegcedqﬁeg S -(- %ﬁ&%ﬁfkﬂtﬁﬂr@%b%ﬂ@ﬂgﬂ%&&ﬁéfg agyodubgﬁa by
react i 3yl @rouphwhich isinsubstityied pr gbstityted withzat leask pne wQi RenNH Rl tgreyp, withch™ as
a nonokt faorifh MG C,X,q{-atﬁﬁflarﬁgtleﬁ\ppfy LEGLUEER §9ubfidchide G g Phﬂl’ﬂs n%d&hqseetﬁyl

cappi ng agent” or ture thereo | scussed I n bel ow.

f or egoprogy! a9 Wohw’whsmwgwmcb Bs &rhydroxybutyl) a@!"i@;ﬁ"*’ﬁﬂymﬂ 9"0098

pr ef erﬁ%ﬂa@&%&ﬂro% A @bkyl group which is unsubstituted or substituted
with at least one - or - NHR7 group, with R7 denoting Hor (Cferr]

n-al kyl . Pplvahipethers @seardingrtp gheuipventian alse indude gifuagsionals yinyl-tarminated
propy| (tﬁ’ﬁ':g?bé&)yaolytmb@fﬁé@” THHORL i %rﬁmwmovps U ASisH-NEAr QXPAY! Yihese

am ne-substituted groups such as 3-am nop rom{ etc. Pol ythiogethers
accord Pﬂymﬂ? Cd ) E“’idHG% f or s amgPpigoby rractiog adith ef Mbssre Wfﬂﬂf withy 3 P?S&eé%i of

(uncappegiviry®| ethér QetMiktire tFQﬂJof' ds dn?ch@édﬂlh addthil Below.l fmﬁlog_éué_
CH2. These polymers are produced, for exanple, by reacting a dith

"thi of or
mi xt ur 8°'VHE?§BF’W‘E'H"%FF"@B€‘EE‘§&C'&F A vRnyl ether or nixture thereof, as
dl scussechmé Hord§ding bolp@idethers uita lingsp Bswﬁ\am%rgca mh&i&ﬁﬁtb%& {cordideimgtaficyni nal

v AR R MR N R N
this t alsalvithiPehe sbopecdfiee prevent mgediuegheSuémpmvmma&re bpepafsa as discudsediim t he
Scope %fetat)ihbelgvrv?gs rt]stsmlgnav S rMuncﬂona 1zing age|¥t Jl"t?e %r"% '%ro?ﬁ ctnonalazmg agen%'sSEd in
employed hereiﬁ denotes a compound having more than two moieties that are reactive with
terminal - SH and/or - CH=CH, groups. The polyfunctionalizing agent preferably includes
from 3 to 6 such moieties, and thus is denoted a "z-valent” polyfunctionalizing agent, where
z is the number (preferably from 3 to 6) of such moieties included in the agent, and hence the
number of separate branches which the polyfunctional polythioether comprises. The

polyfunctionalizing agent can be represented by the formula
B-(RY,

where R® denotes a moiety that is reactive with terminal - SH or - CH = CH, and can be the
same or different, and B is the z-valent residue of the polyfunctionalizing agent, i.e., the portion
of the agent other than the reactive moieties R’.

Polyfunctional polythioethers according to the present invention thus preferably have the
formula il

B -(A-[ R%, — R%), m
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detail below, by using a polyfunctionalizing agent. The term

"pol yfunctionalizing agent"” as enpl oyed herein denotes a conpound having
nore thaW@ MM eties that are reactive with termnal - SCTWIIBBIZ CH=
CH2 groups. The pol yfunctionalizing agent preferably includes from3 to 6
such noieties, and thus is denoted a-1%-val ent” pol yfunctionalizing agent,
where z is the nunber (preferably from3 to 6) of such noieties included in
t he agwhereifand hence the nunmber of separate branches which the

pol yf uRCldrned a Balivdubd pm,kge{hqufmmnes The pol yfunctionalizing agent can
be represented by the formula B - ( R8)2. where R8 denotes a noiety that is

reactl\Oe's\M?h‘t ermnal - SHor - CH = CH2 and can be the sane or different,

and B deémega\émgmod’daﬁh 00 the polyfunctionalizing agent, i.e., the
portion of t he agent other an the reactive noieties R7. Polyfunctional
pol yt hi o#dhaSs ggiﬁlﬂ‘di'hgT@ rhe Qrod@nyY isdenti on thus preferabl y have the

fornul g¢ BédotBs ~$hvof —-FBlyCHRE), -0 —R¥wheny = 0 111
WO 98/ 39365 PCT/ US98/ 03223
- 11 - MElW!ﬁd@"?&'é‘S‘%ﬁ?ﬁﬁEﬂﬂ&%Yﬁ‘g the formulal, yis Oor 1, R3

denot eg’ gderfdt8g g, AANE Whith i¥ unsibstififted ob substitiitét Avith at l@astlorieROPt oMNHRY =
1, R4 denotes -SH or - S -(-CH2-)[err]- O- RS wheny =0 and - CH2 = CH2
or - (CH8OMP: S_R5 when y = 1, R5 denotes.err] n-alkyl which is
unsubsgt ugﬁ&dsworwbsgﬁ.hmgm}ow,th at least one -OH or -NHR7 group, R

denotes H or CL? F’L gk group, z is an integer from3 to 6, and B
denot e$ 5?"&‘5‘?@ §|t‘81 e3¥ a pol yfunctionalizing agent. As with the

pr ecedBngesbtbs Betvalyng Iresiddecsti dpaly funciidialiting agentag pol yf uncti onal
pol ythio sent in tlonc ncl ude

th f th
Prp” o1 0n e WY e gropang AEAton RGN ik S ae A ARy UnCtg Rl poRgophers, |
0- R5 ef the présdnt in¥ention can ingudel pamirfdh -SHalr -ZHee@iRgroups, or can be capped and

thus include terminal ~ S ={~CH;~),,,~ O — R® or ~ (CH,~),~ S — R® groups. Partially capped
polyfunctional polymers, i.e., polymers in which some but not ali of the branches are capped,
“are also within the scope of the present invention. , . e ,

Specific polyfunctionalizing agents include trifunctionalizing agents, that is, compounds with
'z = 3. Preferred trifunctionalizing agents include triallylcyanurate (TAC), which is reactive with
compounds of the formula Il (R® = allyl), and 1,2,3-propanetrithiol, which is reactive with
compounds of the formula lll {R® = — SH) . Agents having mixed functionality, i.e., agents that
include moieties (typical_ly separate moieties) that react witl_'\ both thiol and vinyl groups, can
also be employed.

Other usefdl polyfunctionalizing agents include trimethylolpropane trivinyl ether, and the
polythiols described in U.S. Patent No. 4,366,307, U.S. Patent No. 4,609, 762 and U.S. Patent
No. 5,225,472, the disclosures of each of which are incorporated in their entireties herein by
reference. Mixtures of polyfunctionalizing agents can also be used. _

Polyfunctionalizing agents having more than three reactive moieties (i.e., z > 3) afford "_star"
polythioethers and hyperbranched polythioethers. For example, two moles of TAC can be
reacted with one mole of a dithiol to afford a material having an average functionality of 4.
This material can then be reacted with a divinyl ether and a dithiol to yield a polymer, which
can in turn be mixed with a trifunctionalizing agent to afford a polymer biend having an average
functionality between 3 and 4.

Polythioethers as described above have a wide range of average functionality. For example,
trifunctionalizing agents afford average functionalities from about 2.05 to 3.0, preferably about

2.1 to 2.6. Wider ranges of average functionality can be achieved by using tetrafunctionat or
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pol yfunctional polymers, i.e., polyners in which sone but not all of the
branches are capped, are also within the scope of the present invention.
Specific ti onal i zing agents include trifunctionali et s, +hat
IS, corrpo‘ﬁﬁaé;“’%g = 3. Preferred trifunctionalizing agmgnc ude '
triallyl cyanurate (TAC) which is reacllt.i ve with conpounds of the fornula Il
{R8 —aIIyI) and 1,2, 3-propanetrithio which is reactive wth conpounds
of the f AR fefval b y &
agents '1' q‘g}" %fe nol e% ?‘Qtft ypl cagﬁvﬁg\e"bﬁg%gtgesﬁ(l}l eti es)P?ﬁg?krseuacgt W th
bot h tratmbhlamdtrw anyis kgowupgthmskdlesmmeﬁpl oyed. Ot her useful

pol yf unct &B&P@dn&édsh’éﬂ)i'de@éuhﬁﬁlowand

t he pol yt'ﬂl&g?&g ﬁe@%?r?%&g?&ebﬁﬁ%Hggfu?g%ﬁf\iﬂﬁﬁibg%G 307, U. S,  Patent

4,609, 76Rolyshipethess withinethe spppesobthne aresent; 'ntée'm%c?'eéli%ﬂé%f’veﬁat}ﬂma?f fhi ch
are | ncrggﬂ.'gggt Skcbind' 6 & 75 brefdrt S mBfHoRl ThPY) Fididd! 6N§ Gombburid  h@ding fthe

pol yfunctional i'zi ng agents can al so be used. Polyfunctionalizing agents

havi ng feone¢att¥ian three reactive noieties (i.e., z > 3) afford "star"

pol yt hi oet hers and hyper branched. pol yt hi oet hers. For exanple, two nol es of
TAC can be reacted wit{1 one nole of a dithiol to afford & mat eri al havi ng
an average functi®hatRty-8H 4. This naterial can then be'Yreacted with a
divinyl ether and a dithiol to yield a pol yner, vvhich can in turn be m xed
with a trifunctionalizing agent to afford a olé_.ma ‘egg havi?né %n .@verage
funct i oerad imiytuse phatleass typjdifferans cpmpeyedsaving, the fouppid fEgarg IBREeH T 3

wi de 1 apdfasQf aRbRIpRURD haviRg ki fdrinula v For exanpl e, trifunctionalizing agents
af ford average functionalities fromabout 2.05 to 3.0, preferably about 2.1
to 2.6. Wder ranges of average functionality can be achi eved by using

t et r af uncghonalcHaL o (- Q3/BYIE5CH = CH, \Y

PCT/ US98/ 03223 - 12- higher polyfunctionalizing agents. Functionality will
al so be affected by factors such as stoichionmetry, as is known to those

ski | | edo} B ntikRiré bt at IVEéth%Sdlﬂﬁreﬁﬁkbmgaﬁth Havingabe fiormpudd Vi imibeipyeseince of a

| yt hi oet h d Pol
Ccope ofeaiat-pircleamtiat B0 VorbexPer L sl eet srb S B hirhale . rhi
Accordi a@tﬁa stfdrds ah uﬁem‘peu.r 'etlbl-rtmﬂrinatad @ifundt)onamwh@btmr-conpound having-
Hxt r e off P8 CmBREAds 26 farpyia Y, fre dishiol cameoynds, | Preferred dithiols intad thése

m xt ure of V,
r eact ed cainpburids in which R’ is a C,.¢ n-alky)ene group, i.e., 1, 2-ethaned|th|ol 1,3-propanedithiol, -

1,4-butanedithiol, 1,5-pentanedithiol or 1,6-hexanedithiol.

Additional preferred dithiols include those compounds in which R'is a Cy4 branched alkylene
group, having one or more pendent groups which can be, for example, methyl or ethyl groups.
Preferred compounds héving branched alkylene R' include 1,2-propanedithiol, 1,3-butanedithiol,
2,3-butanedithiol, 1,3-pentanedithiol and 1,3-dithid-37methylbutane. Other useful dithiols

include those in which R is a Cq_g cycloalkylene or Cg 4o alkylcycloalkylene group, for example,

dipentenedimercaptan and ethylcyciohexyldithiol (ECHDT).

Further preferred dithiols include one or more heteroatom substituents in the carbon
backbone, that is, dithiols in which X is a heteroatom such as O, S or another bivalent -
heteroatom radical; a secondary or tertiary amine group, i.e., -NR®-, where R® is hydrogen or
methyl; or another substituted trivalent heteroatom. In a preferred embodiment, X is O or S,
and thus R’ is =[{~CH;-),;~ O-], =(~CH,~)~ or ~{(~CH,~},~ S-] ~{~CH,-}~. Preferably, the indices
p and r are equal, and very preferably both have the value of 2. Particularly preferred
exemplary dithiols of this type include dimercaptodiethylisuifide (DMDS) (p, r = 2,q=1X=
S); dimercaptodioxaoctane (DMDO) (p, q, r = 2, X = 0); and 1,5-dithia-3-oxapentane. Itis
also possible to employ dithiols that include both heteroatom substituents in the carbon

backbone and pendent alkyl, in particular methyl, groups. Such compounds include methyl-
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nol es of a conpound having the formula VCH2 = CH O-[-R2-O-]mCH = CH2
V-or a mﬁé;:’g gf at least two different conmpounds having the formula V, in
the pres¥Q 23365, catal yst. In formulas IV and V above, RPCTABY%A®2H | -
indices are defined as in formula 1. This nethod affords an uncapped,
thiol-termnated difunctional pol ythlﬁﬁf her. The conpounds of forrmula IV

R < sumeopd PR B50h e bS5 EHEAH UL S Srioharad iR RuEsbEs-Bon s

1, 3- pranpardirdethipi osybsfitutdd bMMD@ disuth ols HS-BHICH(CH heB-CH(GH )@H 2SH and

,6- he referred dithiols include those conmpounds in
whi ch %&Qﬂ%érﬁAﬂt}Fm& 1 kyl ene group, having one or nore pendent
groups WWwebr mme tnﬁﬁerém d:dxdsmlf dorrmaia IV lcam eise tbeydmployadnif desiresf iprpreplaring
conpo l. Rl include 1 ,2-propanedithiol, 1

oD AR 05

St ane rol, 1, 3- pentanedlthlol and
1,3-dit hTha-&mmmh;l# bﬁfcamlla deedmmééthers;h Divinyl ethenigsaltitm t=h €3 eap hewisedh R1
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, 5- di t hi BrediARPE&UNF Ethetd mhﬁ,daltﬁeseoemgmrﬁs i mm Ay idctt ho.Jusyusmar t:;wl ude

both heteroatom subgtituents in car backbone and penden al kyl;
parti C’ErPa'FhQﬁ’e!'hXJP"e gPsiqseed diviow ethaisRfithis type inglude atbyigne glycolgdivigg) 3‘9865

PCT/ URBLAZ 3% = it e 1 1 iRRaddNIP diviri Birnad (BTSD LhieytensHCELHSH,
HS- CI—I(S(%CHS) CH2- S- de%l'gvlCeHZ SH and |amet hég;subs?t | tl‘Jt edwﬁmﬂ( suchn

HS- CHoReMatediof divinvtethen (HDJBYE)d) CR(THY)digthylenacglyqolidiviny! ethe r B&G- or
mor e dDVE)?(R?nL éthilend! ;. 2f2)f &iaw:ané Myﬁ@lndxﬂhﬂchth& mﬂrpi QyiSfend, rdesms’s‘dna n.
prepari ng R yt hi oet hers acc0ﬁg|ng to the invent
tetraet ylene glycol divinyl ether { thylene, m = 4). Useful dlvmyl ether blends include
"PLURIOL®" type blends such as PLURIOL® E-200 divinyl ether (commercially available from
BASF), for which R? = ethyl and m = 3.8, as Well as "DPE" polymeric blends such as DPE-2
and DPE-3 (comm'ercially- available from International Specialty Products, Wayne, New Jersey).
Of these, DEG-DVE and I_”LURlOLQ E-200 are particularly preferred.

Useful divinyl ethers in which R? is C,¢ branched alkylene can be prepared by reacting a

polyhydroxy compound with acetylene. Exemplary compounds of this type include compounds
in which R? is an alkyl-substituted methylene group such as —CH(CH,)- or an alkyl-substituted
ethylene such as -CH,CH(CH,)-.

Other useful divinyl ethers include compounds in which R? is polytetrahydrofuryl (poly-THF)
or polyoxyalkylene, preferably having an average of about 3 monomer units.

Two or more compounds of the formula V can be used in the foregoing method. Thus in
preferred embodiments of the invention, two compounds of formula IV and one compound of
formula V, one compound of formula IV and two compounds of formula V, two compounds of
formula IV and of formula V, and more than two compounds of one or both formulas, can be
used to produce a variety of polythioethers according to the invention, and all such

combinations of compounds are contemplated as being within the scope of the invention
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The conpounds of forrmula V are divinyl ethers. Divinyl ether itself (m-‘:,O)'
can be used. Preferred divinyl ethers include those conpounds having at

Ieast onﬁ'g‘géa(@ E%I ene group, nore preferably from1 to 4 oxyal kyl ene groups -
. e. 8fbounds in which mis an integer from1 to US9895123 '

preferably, mis an integer from2 to 4. It is also possible to enploy
commercially avai | abl e divinyl ether l%tures in produci ng pol ythi oethers
according to e ipvention. Such m xtures are characterized by a

non-i nt ed'?'HP oS idicAtgd, abavsy cpmeovNsitRe the formuytascy and Mswhish ’\?UP @endant
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Preferred divin ethers of this type include ethylene glycol divinyl ether

(EG Dvé?'“??@t“‘eé{‘ﬂﬂ‘e‘ﬁ%’ "m = 1); butanediol divinyl ether (BD-DVE) (R2 =
3ut %/|h elne Thmraacil)m bbﬁmnaﬂe ed,mhnbuﬂdsw fdﬁgblgé IV bk DVE%J#?lEﬁbF/ Mslyiéa)ﬁ@y ales 1);
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tri et hyPURY %\7@87 FR??%W’ iteﬁe?a ‘ma&’*ﬂ/ le aza."opmpaunds, £9r SXaMPILene
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inclu err e S .S err i vi nyl ether
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avail a nat l ona ecl Produyct s New Jers
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di vi nylalsetﬁddsnatma{huséfuﬁﬂ thecq’maxtqw Msaxmérﬁnbnal kyl ene can be prepared by
[ SRCC1 10, chh WS TR oM RS KPS e o RIRRU GP 2l P
such awf-aCe(ngpR)d haingthe dormula BlLbrsa nilxtt.ltecbfe!t hedse ewo meascorﬁ}dﬂﬁdé Haling.

O her f

pol yt et rgrf\%"r\%?ury?‘b ('% x&&%ﬁ?&hﬂ x?? W'@H'@VW& ef'aFé‘HFffﬁéd?%“gﬂ
aver agdifdsrenpenmpaings fowing the fqrmu!aNoarw about 6.0 tpahma 2 oblesivé of ammpdundV/
-can be Hisqd th® féend 9f €90i ng nethod. Thus in preferred enbodi nents of the
i nvention, two conpounds of formula IV and one conpound of fornula V, one
.conmpound of formul a: I V. and two conpounds of fornmula V, two conpounds of
fornul a I(}{.;agdcnf_(é@qmda_ﬁi and nore than two conpoundsypf one or both

formul as, can be used to produce a variety of polythioethers according to
the invention, and all such conbinati ons of conpounds are contenpl ated as.

bei ng Vﬂ'rtﬁlirﬁxitﬁ@ SCEPE differtRE cbMPBiHdsORaving the formula VI, in the presence of an
appropriate catalyst.

Compounds of the formula VI are alkyl w-alkenyl ethers -{ethers having a terminal
ethyienically unsaturated group) which react witﬁ terminal fhiol groups to cap the polythioether
polymer.

In formula VI, s is an integer from O to 10, preferably O to 6, more preferably O to 4.
Specific preferred compounds of the formula VI are monovinyl ethers (s = 0), including amino-
and hydroxyalkyl vinyl ethers, such as 3-aminopropy! vinyl ether and 4-hydroxybqtyl vinyl ether
{butanediol monovinyl ether), as well as unsubstituted alkyl vinyl ethers such as ethyl vinyl

~ ether. Additional preferred compounds of the formula VI inciude allyt ethers (s = 1), such as
4-aminobutyl allyl ether, 3-hydroxypropyi allyl ether, etc. Although compounds in which s is
greater than 6 can be used, the resultant polymers may have less fuel resistance than those in

which s is 6 or less.

Use of 2 moles of compounds of the formula VI affords fully capped polymers, while use of
lesser amounts results in partially capped polymers.
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according to the invention, it has surprisingly been discovered that
conpounds of the fornulas IV and V whitgh are free of pendent nethyl or

ot her al kyl groups also afford polythioethers that are liquid at room
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CONMPOULKAS chIANbIY ﬁé\ﬁn&ﬂ{ﬂ&hﬁuﬁlv&ﬂ”d about 0.05 to about 2 noles of a
conpound having the formul 2 = CH-(CH2)3- 0- RS

VI or a mxture of two different conpounds having the fornmula VI, in the
presenceygf_ag appropriate catalyst. Conpounds of the fopgula VI are alkyl
W al kenyl ethers (ethers having a term nal- ethylenically unsaturated group)
which react wwth term nal thiol groups to cap the polythioether polyner. In

formul g ¥l m;x&urbsoﬁiﬂtvb r&xﬂ&%ﬁt EBﬁ?an&sOthg Qﬁ@ rﬂl?k Wﬂp #-nothg’ rg?{%%eaorfean

preferablg . Specific preferred corrpoun
nmonovi $RAF g{q;%fcgtabgst_ 0), including anmino- and hydroxyal kyl ‘vinyl ethers,

such as BGompbikidy @ﬂ)hh'e forrinh VBT 418 moHdthids W< YaN B Lindt {utf‘d 9P§ubst|tut

(but anegj ol ether), as_wel| as unsubstltuted vin ers

such a¥ eh?‘l Vﬁ? °é1°ﬁ‘é"r° 9'%% tE"GW&!a’\b?@PE\Qr@B‘R?HH%Bﬁﬁ? Gfm‘ﬂlﬁ 'f't!?'m a Vi
i ncl udaeﬁ:labtdaldbhbﬁr Ss(léh ab) , m&’aaaaﬂ.%panamobaw | rﬁ’érbéﬂtof‘fmﬂ%’ such as

3- hydr pxypr | | ether, etc ough conpounds in which s is greater
t han 62c'§% gtyaé‘g’&a'x'f‘ﬁe resultant pol ymers may have | ess fuel resistance

t han t hoBelyfunctidnal natogsof Ghé)forégaﬁfg difmetiéHal PolRhiBsthefs &0 ERRIAAY Dréffardd By

formul &n\l/tlnni%fgfo%redosr J‘g.jel r}g %%Rgs op Porxmaa R/ ar\zAéh ¢I)r|\ee oru t?\%reoéompounds of formula V,

in appropriate amounts, with a polyfunctionalizing agent as described above, and reacting the

mixture. Thus, according to one method for making r.iolyfunctional_ polythioethers of the

.present invention, {n+1) moles a compobnd or compounds having the formula IV, (n) moles

of a compound or compounds having the formula V, and a z-valent polyfunctionalizing agent,

are combined to form a reaction mixture. .The mixture is then reacted in the presence of a

‘'suitable catalyst as described above to afford thiol-terminated polyfunctional polythioethers.

Capped analogs of the foregoing polythioethers are pfepared by inclusion in the starting

reaction mixture of about 0.05 to about {z) moles one or more appropriate capping compounds

V1. Use of (z) moles affords fully capped polyfunctional polymers, while use of lesser amounts

again vields partially capped polymers.

Similarly, (n) moles of a compound or compounds having the formuia IV, {n + 1) moles of

a compound or compounds having the formuia V, and a z-valent.polyfunctionalizing agent, are

combined to form a reaction mixture and reacted as above to afford vinyl-terminated
polyfunctional polythioethers. Capped analogs of the foregoing polythioethers are prepared by -

inclusion in the starting reaction mixture of one or more appropriate capping compounds VII.
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C0”pOUmrafr\{eﬁWﬁﬁ%\dﬁt}gbﬁu&tﬁﬁrebh@dfﬁbﬂﬂdﬁ% toVthel( iﬁ)rerﬁ’ﬁl#rﬁ&reoéubﬁta?lﬂampﬂéﬁ ofl t
conpounds havi n e for an unc nali zin ent,
are cofftift ﬁ'é‘ﬁ"st’ q‘ﬁpfﬁtﬁyﬁte 3 fﬁ'?”ﬁ‘\ 0 tee °a‘P¥Y I@e F% ﬁ’%&&‘?‘@&g? n the
pL _eslenwyofoahatal iifk @lbh?umaﬁ:akms Fre&éndéeﬁﬂ Wabaohtabemm;aétﬁw do degrade the

t hi ol -ternm nat unciiona t hi o ed ana

f or ego'l’ﬁ&mr% PQ? Hf%@f’%é’ﬂ“ﬁﬂ%“'s PERar 'Bpﬁ'ff'qt n?\[rﬁ'& gﬁpﬁﬁethB p§f‘§$’??‘h§' 5 %%ction
m.xt ur ehavéctetizedtboth Bﬁthelmbs:abllx(yzénmwwm or nore approprl ate. cappl ng
Conpoundﬁol\xlkhxfwé%ﬁgrsogcc§ %?n@s 9] ?Ig éaf ! g%:g S:-m]ec HlseleI nC\aJ%BFcati%ns ¥uéh”8§ It:c(:)a ings and

pol yners, e use 0 _
sealant compositions, and preferably are formulated as polymerizable sealant compositions in

applications where low temperature flexibility and fuel resistance are important. Such sealant
compositions are useful, e.g., as aerospace sealants and linings for fuel tanks. A first preferred
polymerizable composition thus includes at Ieaet one pblythioether as described herein; a curing
agent or combination of curing agents; and a filler.

The polythioether or combination of polythioethers preferably is present in the polymerizable
composition in an amount from about 30 wt% to about 20 wt%, more preferably about 40 to
about 80 wt%, verv preferably about 45 to about 75 wt%, with the wt% being caiculated
based on the weight of all non-volatile components of the composition. Preferably, the T, of
the polythioether(s) used in the polymerizable composition is not higher than -55°C, more
preferably not higher than -60°C. '

Curing agents useful in polymerizable compositions of the invention include epoxy resins,
for example, hydantoin diepoxide, diglycidy! ether of bisphenoi-A, diglycidyl ether of bisphenol-
F, Novolak type epoxides, and any of the epoxidized unsaturated and phenolic resins. Other
useful curing agents include unsaturated compounds such as dcrylic and methacrylic esters of

' commercially available polyols, unsaturated synthetic or naturally occurring resin compounds,
TAC, and olefinic terminated derivatives of the compounds of the present invention. In
addition, useful cures can be obtained through oxidative coupiing of the thiol groups using
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about 6 hours. Since the inveniive reaction is an addition reaction, rather
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to conpiedt inOthe brte such 8 E4IEMHIack BAJ WaltidR tdAPSchaty ?cétf)@,ﬁ’.UCﬁgfér&ly,i fhgls of
yY-pro

appr oxi mat el?/ 100% . No or substantially no undesirable products are
pr oductYPIsiHions inglyde about Bt abayt FPcmt‘*é 8k tharsrlegied filleror sombinatian (of fillersunt s

of nual sk peaferabliCabout AB-tBBOEHS Such as are characteristic of known
nmet hods 3'(1){ g%ﬁduci ng pol yt hi oet hers. Mreover, the polythioethers prepared

accordin efhefR qHng-aggnts and Wless emaloved in eelvmerizablectomnositions of theial

cat al yiiventién,dasl Wellbé optiendl l2aitivas ak eberbed Bekdw 2 dRiId Be 54l6dtBE so R3%!bavi t h
in the presence of water at room

t he polythioether, in partjcular _pr, I . ) .
t emper ﬁqlrﬁ?aé',gﬁt‘ﬁ'%ﬁgﬁh’ﬁ "t ﬁ@f%‘?'}/%?”ﬁ?ﬂ!‘bgﬂ%&ﬁ'@"ﬁﬁ%ﬂlﬁr'ﬁ‘(@“.&?GPT“E°S""°"S
conpoucatereadily e, petforndd biethioss/ skilledl it ithe &1¢ WikRbET AlcBurel 36 BRI dxpRAmBALRIoRY
t her mal ikeapg L' té"éf arlld b% l.ow odor... Pol {qﬁhlbjet hers according to the
i nvent i on are P RAYMe _aﬂf)f:?'gﬁ?ﬁ'ﬂ?ﬂs RIataRRRl% ae.cirablg at 3 miniguup ipmperature
conposof awos 0°Gliad., [t aftepdrhtura6atiout OBC at Righ&r, M6ie)pTBietabRDAlbUE SO T) tver
conpos;j i n. Q% tiops where |ow te rature flexibility and fue
resi st 'tnegée}ggiye%l‘%go ?gﬁt ‘.“""EE‘SH" §e§?é’ﬁ °"c8%§s’i‘?ti HQe’a&@"u%bé‘Fh I'?geq'g’.“,“%ls
aer os pareéersbly| rmtthighendhan r80TES vieoy pfefierabliyaivit higher thars65CEMWhes dured, the
pol ymeg iy gﬁl, 1 s_Ji.nGl udes,at .| east ane pol yt hi oet{gS as
descri %eg e'?aeb?% HP@E%%#;?% 'ggee'ﬁ?".’g‘r“"c? Ghth Yolvms r‘is"‘ﬁﬁﬁ ey g ?F\éeraﬁ'éﬂt ;%'aﬁ‘(?"%
fil | er preferably not greater than 20%, after immersion for one week at 60°C (140°F) and ambient
pressure in jet reference fluid (JRF) type 1. _

In addition to the foregoing ingredients, polymerizable compositions of the invention can
optionally include one or more of the following: pigments; thixotropes; - accelerators; retardants;
adhesion promoters; and masking agents. )

Useful pigments include those conventional in the art, such as carbon black and metai
oxides. Pigments preferably are present in an amount from about 0.1 to about 10 wt%.

Thixotropes, for example silica, are preferably used in an amount from about 0.1 to about
5 wt%. _ )

Accelerators known to the art, such as amines; preferably are present in an amount from
about 0.1 to about 5 wt%. Two such useful accelerators are 1,4-diaza-bicycio{2.2.2]octane
(DABCO®, commercially available from Air Products, Chemical Additives Division, Allentown,
Pennsylvania) and DMP-30® (an  accelerant composition including  2,4,6-
tri{dimethylaminomethyl)phenol, commercially available from Rohm and Haas. Philadelphia,
Pennsylvania).

SUBSTITUTE SHEET (RULE 26)



&
h

The pol yt hi oet her or conbi nati on of polythloethers preferably is present.
t he pol ynerizabl e conposition in an anpbunt from about 30 wt%to about 90

wt % nor ewpresiBeseéabl y about 40 to about 80 wt % very prefeﬁﬁl,% ?HS 45.to0
about 75 wt% wth the wt % being cal cul ated based on the vvelg? al |

non-vol atil e conponents of the conposigi-on. Preferably, the T[err] of the
pol yt hi oether(s) used in the pol ynerizable conposition is not higher than
- 55[ er r | @Getandanes, pud ayabirjc amm likewise préfesubly ﬁ@@sam&mgn&@&mé?museﬁw 1in

I t | ud
D01 YTE58 G ORI ol MARHER B0 Sl SRR Mgl
et her slanbs sﬁoémmwed e pmfaraﬂl\ahresgmm apmmtdmm almod0ants atfout Bewve f)mgﬁkih‘gd

t t

U oS 0 A B i R vt 7 Fo B0 Py 5 T o
comer of shd goramsltioab Bes rp'afeyaﬂlys presersticib an ammlms mwmtout Oor tonatiaust 2l wi%.
ocCur 1| e i R bl MBI A S G Rl gl
obt ai nedring pehayforoxihgaitens of aupe ohg seélammmrbnsulonggswpmcnem o§ time id@ften

98/ 393 M2
cnonn - CEg & el oty b oo b st . AfoAARIr B/ KEVBED fs Pt tpedgon
may af fcompositien Bsea fqncopn ofdimaur ok extrysinn tateis. thEoatecat avlpitte 2 roixed lsgalany:e nts

that  hefodickl6] aShai/chain (Y8Rl WIBlard B RES hyollm (0SBEK fibBE" NET

may | ower "t e cured
t he polaytmpb@atneﬂewe us¥acd thet seelapt npopesitiamis mixed motlrptbslatcnelarmd systonyt ai n

bout t . l.y. 95
o abo iAg Sedit gha 0 Shelide Ve Loll AR dme FRURrusi RIEHAR'Y iRl
pol ynereiates| 'é’ heraent: ofguse.oThatis, whee the entenhgt cufe is mahemﬂnyommd in
the ar tmnx@dJQQalﬂlﬁ SsthpsEtidy BAbwadHd ﬁ'ﬂzkct U@x&é&gﬁ '? 8s Q'nf% %’m reaction

Preferably, the conpositions iInclude about out

sel ect éaP'PF‘F’!eéFWBP‘e I 1ihehWiEGOsitY Becarnes; very hlgbeﬁryd ﬁ\e@rxéruuanpnyafeﬁbus bg@omeﬁ 50
wt % Thewpol ythioethers, curing agents and fillers enployed in

pol ymeri zabl e conpositions of the invention, as well as optional additives
as- descr | WERrehensg, o gt thepdscosite of seme knewn typassealantramassitians: femains.
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- cure very quickly, and thus their viscosity rapidly increases. Consequently, the extrusion rate

rapidly decreases, as shown in curve B. Desirably, a mixed sealant composition shouid have
a low viscosity, and thus a high extrusion rate, for a length of time sufficient to allow even
application of the sealant composition to the area requiring sealing, but then should cure rapidly
after application, i.e., their extrusion rate should quickly decrease. Sealant compositions
according to the present invention are characterized by this desirable extrusion curve, as
illustrated qualitatively in curve C. _

Sealant compositions according to the present invention can have, depeﬁding on the
particular formulation, initial extrusion rates as high as 500 g/min or higher, together with low
extrusion rates on the order of about 5 to 10 g/min or less after curing times on the order of
one hour.

As shown in Fig. 2, the initial extrusion rate of a polymer of the present invention {(Example
1, below, cured with an epoxy curing agent as described below) is about 550 g/min, then falls
rapidly to about 20 g/min after 70 minutes. In comparison, a known polysulfide {cured with

MnO,) has an initial extrusion rate of about 90 g/min, which slowly falls to about 20 g/min after
70 minutes.
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The forégoi ng pol ynerizabl e conpositions preferably are curable at a

m airmum t enperat ure of about O[err]C (i.e., at a tenperature of- about
Oferr]C o %@ , hore preferably about -10[err]C, very [RCIVEE03223about
-20[err]C, and have a T[err] when cureﬁi not hi gher than about -55[err]C,
nore preferably not hi gher t han -60[ et ?C very preferably not higher than
-65[err] .6 CO ositions r ef have a %
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af t er ipolphivether(sShreuting agewtits) sind Giers)rdeScribed(iberve.| Kseafich pladticizer alldws thy e
injet I35 . |t|nt0 f.or eqoi S

| o edi RSP EASE comBbatigs tEeiddsiibnfniodRerd i Al labetor, B2 Wit swinary

i ncl udebemseﬁxbm mospraca haalahm Toati is) gese pf grplasusuzertéffecmiuewp'educsaberrgrcatlw S;
retardapy ; I DLS b dif | ude
{hose. cumpasRes ol 16 na oW ABRELBRE AEPbTRy O Ihdcp e g pButable

Pig rrent@nmoerhem heyond:that whick would be Qmefa:ad) an tthé basis abthe T oflthepohiibicbthikds
wt % Thy ropes, for exanple silica, are preferably used in an amount from

about 0.1 to about 5 wt% Accelerators known to the art, such as am nes,
pr ef er abl Rlagticizensrthatcare usafuldn palwmerizalile compbsitiensOofithe dnemtion ifclude/phthalates uch

usef ul I ]

cormer ¢S, Flhaten e rlGatldMrahfig i) A Hiibeclle o pibibmion o

Al | ent cplpstic Yzemfarabiva:pnst&m 1 toRPoBGIEM Yo, mc(ralprefeabbel ¢o ahout Ummﬂfsof i on
I ncl udi Qcor\% ﬁ‘;ﬁ“ tri (di methyl am nonmet hyl ) phenol, commercially available
from R m an Phi | adel phi a, Pennsyl vani a) . SUBSTI TUTE SHEET (RULE 26)
WO 98/ 393Bepending on the nature and amount of the plasticizer(s) used in the composition,

PCT/ USOgAfiRehers'dh the RELAIGAAME naHOT, vaRes b6 M bhodiChoc mﬂmg Bl abbgb! v

are used I n an anmount from about 1°%0 % ~Adhesi on
whi ch c®8°Becarflg ugsdanpl e; conventional phenolics or SI | anes, if enpl oyed

are pref ﬁﬁ@'fﬁra@hﬁﬁeablyhﬁrlm%nfﬂo?'ﬁbﬁ@%\’sro Pre%er% y %Quz:uribwt ?/’9 aNﬁ'ﬁJﬁH"ugn

agents, such as pi ne rance or other scen are use
coveri n'Q"Ti’ﬁSP"P'Gv?fI ahput °o§om°@rprﬁma%ﬁm§| -19th venr ere@qreblarraé?@uy -39 @sent in
an anount Thé prasaReiHveRtidn isilldstRitéd in Wb aehbil B tMdah8 A lth& YIRINIAY RoRllini&dg ant

conposi tions accordlng to the inventionis their 1nproved curing behavior.
The ext®@MRSS-cure of a seal ant conposition as a function of tine is often

di fficul t intexaiipRs ULs; iﬁuﬁ%lyltbioeth&% vfe?é'lpljaﬁareé by Qﬁhﬁé 1oP6tRR e Brthére Jlii‘lf‘ols
extrusi Onh Lr% gr r%]::re (ti}vmyl ethers and a trifunctionalizing agent. The reaction mixture was then
heated and a free radical catalyst was added. All reactions proceeded substantially to
completion (approximately 100% vield). |
. .
Ina 2L flask, 524.8 g (3.32 mol) of diethylene glycol divinyl ether {DEG-DVE) and 706.7
g (3.87 mol) of dimercaptodioxaoctane {(DMDO) were mixed 'with 19.7 g (0.08 mol) of
triallylcyanurate (TAC) and heated to 77°C. To the heated reaction mixture was added 4.6 g
(0.024 mol) of an azobisnitrile free radical catalyst (VAZO® 67 [2,2'-azobis(2-
methylbutyronitrile}, commercially available from DisPént.). The reaction proceeded
substantially to completion after 2 hours to afford 1250 g (0.39 mol, yield 100%) of a liquid
polythioether resin having a T, of -68°C and a viscosity of 65 poise. The resin was faintly
yellow and had low odor. '
Ina 1L flask, 404.4 g (1.60 mol) of PLURIOL® E-200 divinyl ether and 355.88 g (1.94 mol)
of DMDO were mixed with 12.1 g (0.049 mol) of TAC and reactéd as in Example 1. The
reaction proceeded substantially to completion after 5 hours to afford 772 g {0.024 mol, yield
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conposition as a function of time. The extrusion rate is the rate at whi ch

a-m xed‘? §§corrp05| tion, i.e., a sealant conposition together with an
accel erat of is extruded from an appl i cat or devi cRCTHISA803223e =

seal ant conposition is nmixed with the accel erator system curing begins,
and the extrusion rate changes with t4%e. The extru5|on rate thus is
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after "application, i.e., their extrusion rate should quickly decrease.
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Seal ant  conposi tions accord present imventton-ead RrE M8 RLnqi ng
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g/mn or less after curing tines ﬂFlg.
2, t hdO{0Bime} vield Q0PI pf radPS"dTaV@QmTMfeﬁlifﬁ anfi@ viscosisy of I‘Zﬁ\mﬁtet on

(Eanel ow, cured with an epoxy curing agent as described bel ow) is
about 550 ¢ then falls rapidly to about 20 g/min after 70 minutes. In

conpari B/ 2"51?’ BotlAske J PN 8i Q47 ol of RLURI 200-diviayl ¢thet ped 9343 gsi on

rate qo. mbw) SDOMDO! viere \rikéd) f @l
i nut eg. SUBSTLTUTE SHEET ( RUVLthCZ)‘EISV)Sy o' @ld1 inB) BPALS, 3% oBariEtitnR (FT) o

PCT/ USSBVeRsto react axothermically for 12 heirsy Jaemrmmaféb% he#ted 32 1807 6n TotMBi nes
one Orheatedaesdtivft mixiure vias/dddad (012 g (1 mmol) of VAZO® 67. The reaction mixture was

maintained at 80°C, and the reaction proceeded substantially to completion after 3 hours to .
afford 200 g {0.06 mol, yield 100%) of a resin haviﬁg a T, of -66°C and a viscosity of 55
poise.

in a small jar, 14.0 g {0.055 mol) of PLURIOL® E-200 divinyl ether, 6.16 g.(0.336 mol) of
DMDO and 5.38 g (0.336 mol) of DMDS were mixed with 0.42 g { 0.017 mol) of TAC (briefly
heated to meit the TAC) and heated to 82°C. To the heated reaction mixture was added 0.2
g (0.001 mol) of VAZO® 67. The reaction proceeded substantially to completion after 18 hours
to afford 26 g (8.4 mmol, yield 100%) of a resin having a T, of -63°C and a viscosity of 80
poise.
Example 7

In a small jar, 13.55 g (0.054 mol) of PLURIOL® E-200 divinyl ether, 10.44 g (0.057 mol)
of DMDO and 1.44 g (8.1 mmol) of ethylcyclohexanedithiol (ECHDT) were mixed with 0.40
g (1.6 mmol) of TAC (heated briefly to melt the TAC) and heated to 82°C. To the heated
reaction mixture was added 0.2 g (0.001 mol) of VAZO® 67. The reaction proceeded

substantially to completion after 5 hours to éfford 26 g (8.1 mmol, yield 100%) of a resin
having a T, of -66°C and a viscosity of 58 poise.
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pol yt hi oet her(s), curing agent(s) and filler(s) described above. Use of a
pl asticizer allows the polynerizable conposition to include pol ythioethers
whi ch havWOB@MeF Tl err] than would ordinarily be useful irrcaUssesEpace:
seal ant. That is, use of a plasticizer effectively reduces the T[err] of
the conposition, and thus increases t-H& towtenperature flexibility of the
cured pol yneri zabl e conposition beyond that which woul d be expected on the
basi s [err] of the polythioethers alone. Plasticizers that are

caters, o "9"“"2@“*‘3*??‘;?@ O e oot ey Rl otf, 819 101089 ol
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pl ast i 8 ?% gér?d???a‘i“ h icﬂpisﬁoglgzg'g I"‘?ﬂ"g‘? SCRSWSQ‘ @ ©-024 molipout
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o1y hIBBAg TACH nd RRALhH o032 i L v pter apoton aitce Wap e DA (3.1
- 5?[ er hirﬁél) cﬁrwim%? y'trmprehanoatvao&eedsé Qu%sjl&aﬁnélﬁ tHSt.Qﬂ'!ple-Emt éf&rr%eum hours
pol yneri z sitions era are curable at .a mni
t enper 1 a'? %tm’aﬁ%m@' Sy €$ﬁr’8¥'8 N8 2hoth - 616[3@Pa wescwwf 304
prefer abisy ahe wésin BS)& alcldudy aibearpﬁ@ent invention is illustrated in nore
det ai | 0 he fol] ow ng non it Inexa | es 1-8,
' qut o pSRoR AT Die 1RErabag. Raing MAR-eaRasge Bar adaing e JBUORER GRS GRS propiaYed:
_cli_lht hi ol3s sm:rtd] oifetisive odor; 2: Ghddel‘atb odoher: Ssl:@ﬁ?o@ort ot §W§dtﬁﬂﬁbﬂiﬂlé§§ agenga d
e reac xture - .t pen a free r cata st was adde
AT 1 oaoth Reiies eebad 1t Betruple ot y Y Seumien ¢ $18.885 stehrintisia coreishs
yi el d) Thismpolyrierl{tid okitrobRalyrBerd) had 38 odot pf 8f di et hyl ene gI ycol divinyl
ether (DEG DVE) and 706.7 g (3.87 nol) of dinmercaptodi oxaoctane (DVDO were
mxed with 19.7 g (0.08 nol) of triallylcyanurate (TAC) and heated to

77][ er r] CResuity Werehasafolawseacti on m-xture was added 4.6 g (0.024 nol) of an
azobisnitrile free radical catalyst (VAZJerr] 67 [ 2, 2 -azobi s(2-

met hyl butyronitrile), comrercially available from DuPont. The reaction
proceeded subg jally to Ietlon afte urs to-afford 1250 g (0.39
nol, yield 100 <B/g';q%f a liqui I yt hi oet herhég{lg havi ng a&ﬁ err] of

_ -68[err]C andta viscosity oft 65 poi se. Thesresin was faintly yellow and had
| ow odor . Exarrple2|na1LfIask 404. 4 (1.60 nol) of PLURIQL[err]- :
" E-200 divinyl2ether and 355.188 g (1.94 rml% of DMDO were hixed with 12.1 g
(0.049 nol) of TAC and reactged as in Exarrpl7e 1. The reacq on proceeded
substantially to conpletion after 5 hours to afford 772 g (0.024 nol, yield
4 1 : 8 _ 2

All of the liquid polythioethers thus had little or moderate odor except polymer 3, which had
a strong odor. . :

The resins prepared in Examples 1-8 were then cured. Curing was carried out using the
uncompounded resins with a curing agent and DABCO accelefator. The curing agent had the

following composition:

epoxy novolak {equivalent weight 175.5) 22 wt%
hydantoin epoxy (equivalent weight 132) 34 wt%
calcium carbonate | 34 wt%
carbon black 5 wt%
silane adhesive promoter 5 wt%

The cured resins were evaluated for odor according to the procedure set forth above. The

T, and the percent weight gain after immersion in JRF type 1 for one week at room temperature
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WD 98/ 39365 PCT/ US98/ 03223
-20 - 108@ resin having a T[err] of -66[err]C and a viscosity of 48
poi se. Pﬁ’%?3ﬁ5vvas yel | ow and had | ow odor. Exanple 3 | rPcTmuS8nsd23f| ask,
33.2 g (0.21 nol) of DEG DVE and 26.48 g (0.244 nol) of 1,2- propanedithi oI
were mxed with 0.75 g (0.003 nol) of*ZZAC and heated to 71 [err]C. To the
heat ed reaction m xture was added 0. 15 (0.8 mml%hof VAZJ err] 67. The -
react | ¢ HESRELWEER AsD Teasurpd fereach qféh«ppemeiddﬁs'aﬁt e yolyme swell and fwaight 60 ¢
(0. 03 g&h pedbeRtaged Watd dRbrrifinb&® forbadh \Cuftidl Matbrisl dsl folléws:61 [err] C and a

- viscosity of 22 poise. The resin had a noticeable PDT odor. Exanple In a
100 nL flask, 33.3 g (0.136 nol) of tripropylene glycol divinyl ether

( DPE- 3, aadm?a va,@,t(.aawo nol ) of - di mer capt odi et hyl sul fi de (DVDS) were

m xed with (0,003 mol) of TAC and heated to 77C. To the heated
reacti ¥a Tn"i!??]r"ée'%é“gh ed 0.15.g (0.8 nmol) of VAZJerr] 67. The reaction
proceedgc&suhsﬁaghtmld.y to conpletion after 6 hours to afford 61 .9 (0. 028
mol , yield ,1000 eS| n having a T[err] of -63[err]C and a viscosity of
26 poi Ya.= foahy '8"‘5'“ 0y 250 nL flask, 113.01 g (0.447 nol) of PLURI OL[err]
E-200 divinyl ether and 91.43 g (0.498 nol )" of DVDO were mixed with 1. 83 g
(0.013 of 1,2 anet i PTT all owed to react

exot heﬁ%@i repwel = 712’ . &H'x’f‘t}'&‘@ Véﬂs ¥#Hen heated to 80[err]C. To
the heog ed:ghegeh:emoox(tw;ewvm added 0.2g (1 nmmol) of VAZQerr] 67. The
reaction mxture was maintained at 80[err]C, and the reaction proceeded
substantially to conpletion after 3 hours to afford 200 g (0.06 mol, yield
1009 of The rexuits alegivergindTablileens] of -66[err] C and a viscosity of 55 poise.
Exanple 6 In a small jar, 14.0 g (0.055 nol) of PLURIOL[err] E-200 divinyl
ether, 6.16 g (0.336 nol) of DVDO and 5.38 g (0.336 nol) of DMDS were m xed
with 0.42 g ( 0.017 nol) of TAC (briTeBLg theated to nelt the TAC) and heated
to 82[err]C. To the heated reaction m xture was added 0.2 g (0.001 nol) of

VAZg err] 67. The reaction proceeded substantially to conpletion after 18
hour s ff 9ryd 26 Jo, (8. 4f gnol | yAeIdIlOO/c) dfg @ res}n hay'éng alT[err] of
-63[ er E and a vi sfcosi tyj} of 80 poi se. | Exanmplle 7

esin . :

Odor o o 9] o o o 0 0

T, (°C) | -69 -61 -61 -63 -62 -66 -69 -68

% fuel | 19 _22 ' - - 23 19 24 27

swell . '

% wt | 14 15 15 23 15 15 18 20

gain

In comparison, the control polymer had an odor of 1-2 wh.en cured.
Example 9 | ‘

Polythioethers having a number average molecular weight of 2100 and an average
functionality F of 2_.1 were prepared by combining a divinyl ether with a dithiol as shown in
Table 2 and reacting the materials as described herein. The uncompounded polythioethers were
then cured using-15 g of the curing agent described above and 0.30 g of DABCO. For each
polythiosther so prepared, the following quantities were measured: viscosity {uncured material,

poise p); Shore A hardness (cured material, Rex durometer value); % Weight gain (cured
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In a small jar, 13.65 g (0.054 nol) of PLURI O_[err] E-200 divinyl ether,
10.44 g (0.057 nol) of DVDO and 1.44 g (8.1 mmol ) of :

et hyl cycl W84S t hi ol (ECHDT) were mixed with 0.40 g (1. @OWosesn®ks TAS
(heated briefly to nelt the TAC) and heated to 82[err]C To the heated
reaction nmixture was added 0.2 g (0.0043npl) of VAZg err] 67. The reactlon

proceede antlall after hqurs to afford 26

ﬂaligﬁé o WE 'f&l‘%gggvﬁ? Egaq? @F’F‘]’s’ﬁ\‘"c QERSSUR N JRF; @EGév taydd'f. 58
poi se (&hd!ﬁﬁia ﬂih?&ia[SHEET R@Wts&v@ﬁ)as folldWs98/ 39365
PCT/ US98/ 03223 - 21 - Exanple 8 In a’}é@# glass jar, 9.11 g (0.036 nol) of
PLURIO.Jerr] E-200 divinyl ether, 5 0.031 nol) of DVMDO, 1.52 g 17.8

nmol ) ¢f ECHD 0. 031 4. 17T 024 nol) of .
hexanedi ol di Jtlhhciq/l e 'ﬂ%? (HD[@fbﬁere m th O. d"%"(l. 6 mpl) of TAC
(heat ed dW yefly di ssol ve tre TAC) and eat ed to 83[err]C. To [he heated

reactl( Xture s added 0.4 g (3.1 mmmo}) of VAZQ 4rr] 67. The|teaction.
procee(n ciithect apth Al l v tn r\nrH’\I etiaon . after ahout 45 lhours to afford 26 g

(7.8 mmpec-pvel d éEﬂ&s pof a rqud];dmavi ng p2F[gerr] of |-#pperr]C ahd a

L0

vi scosijty of 304 RexThe rqdaqaRdead a c|eg@exappear|agRex Each pf the

f oregoilng resins sval uat eq Jogr odor. [hged ol | ow pgygal e was} enpl oyed:
3: str¢ng, offensip&3odor; 2: |nggerate odprgg 1: slightgpdor; O: :
substanptially odorj ess. The pdl yner descr bed in Exarrpl e 3 of U 5. Pat ent
No. 4, $60, 307 W'db Sed—as—a cqmt ot ThrsTpotymer—{ttHe—-controt—pol yner ")

had an|GYURIGY" 3. REZRIts werd 4sPfol | ows| 58 yrrer 25p  (dor

Pol yrrel 43 Rex 47 Rex 1] 27 Rex 23 Rexg

1 2 37% 11% 6 18% 300 3 3
7 57 61 1 |-67 ~7g 2

Al of tEFSDeD{\,AEqwd PPay Bhl oet her(g%;r‘ﬁms had gg e or r—ir Te odo} except

pol ymen ich h 2§e§trong The re¢ prepar }‘ Exanp} es 1-8
were then cured. was ccr__ried out ug f‘he unddjfpunded. resins with
a curing agent and CO accellerator. The %l ng ageﬁt8 ad the

HD-DVE 166 p {solid) . (solid) _ {soft solid)
50 Rex - . | 14 Rex " 129Rex
57% - 27% . |1 68%
-60 - - 1-63 -78 -86
Poly-THF*® 191p : {solid) 27p -
30 Rex 75 Rex 17 Rex -
64% 29% . 1 37% -
-69 - -79 -79 -

*PLURIOL® E-200 divinyl ether
Butanediol divinyl ether
°Polytetrahydrofuran divinyl ether
‘Hexanedithiol :

From the foregoing table it is apparent that the following combinations of divinyl ether and
dithiol afford liquid polythioethers having unexpectedly  superior fuel resistance and low
temperature flexibility when cured: PLURIOL® E-200/DMDO; and DEG-DVE/DMDO. Other
potentially useful combinations include DEG-DVE/ECHDT; DEG-DVE/HDT; PLURIOL® E-
200/ECHDT; PLURIOL® E-200/HDT; and poly-THF/DMDO. PLURIOL® E-200/DMDS also has
excellent fuel resistance and low temperature flexibility when cured, but the uncompounded

material does not remain in a liquid state for an extended period of time.
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fol | owi ng conposition: epoxy novol ak (equivalent weight 175.5) 22 wt %"~
hydant oi n_epox geqw val ent weight 132) 34 wt % cal ci um carbonate _
34 vvt%ca‘P'B(?ﬁBé 5 Wt % si | ROEUSHRioazB e =
pr onot er 5 W % The cured resins were eval uated for odor
according to the procedure set forth-#dcve. The T[err] and the percent

wei ght gain e | r. one week at room tenperature
- I22 - aRourdiquixs polythisls everé pmpamlsasrdhéctﬂm Iiawi; d‘hetdWrget? ®dd Itwsfhd%win'ﬂc]e
vol unme wer e determ ne or each cure

mat er i a%&él?%%)%ﬁ%egméqmgﬁl}ﬁs ﬁg’ﬁ?) inar w2 =initial weight in H20
WB = final weight in air WA = final weight in H0 %volune swell = 100 x

[(Ve HVB) - (WL +|WhH]/(wl - ﬁ%) % wei ght&%ai n1 100 M(v@ -~ W) AW The

r esul t p—ase—gi-v-er-t-h—- . 2. 4

5 PlﬂJRlOL@’? 8.6 8 Res|s.gdor O]e.6 0 6.60 ¢. 0
0 E-200 0 Y[err] ([err]C -59 161 -61 -63 - 62 -56
-59 - 58 o8 uel |19 27 _ 23 +9 24

27 swe| PMAQy 148 15 € 15 . 1%.5 15 |4 15 19 20

gain |pp arisor,gthe contrp poI ymer | an odor 1-2 whenjcured.
Exanpl %ﬁm SRt e+ i‘%’ggre‘.ge e ST glﬁa% wei-ght of 2100

and an aver age

Each uncompounded polymer was cured as in Example 9 {15 g of the curing agent
composition and 0.30 g of DABCO), with the addition of 0.2 molar equivalents of TAC to afford
polymers having a number average molecular weight of about 3000 and a functionality F of
2.2. For each polymer, the following properties were measured: T, {resin, °C); T, (cured, °C);
viscosity (p); % swell in JRF type 1; % weight gain in JRF type 1; énd % weight gain in water.

Resuits are given in Table 3.

. TABLE 3 -

1 2 3 4

T, (resin) -67 -66 -64 -63

{cured) -569 -58 -566 -66
Viscosity 59 53 62 - |so
JRF '
% Swell 24 121 127 20
% Wt Gain 18 15 16 16
H,0 | | .
% Wt Gain 11.8 11.5 7.4 7.5

All of the foregoing polymers displayed excellent fuel resistance. Polymers 1 and 2 in
particular also displayed excellent low temperature flexibility.
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o —

functionality F of 2.1 were prepared by conbining a divinyl ether with a
dithiol as shown in Table 2 and reacting the materials as described herein.
The uncoxgeveIshass pol yt hi oethers were then cured using 15 GGy 3280 1 Ng
agent descri bed above and 0.30 g of DABCO. For each pol ythi oether so
pr-epared, the follow ng quantities werg.neasured: viscosity (uncured
material, poise p); Shore A hardness (cured material, Rex duroneter value);
% wei gbkaragle r11( cAddition of \ECI-!BS’/t&Q’!LﬂB!OL"IDMDO Polymers

PCT/ US98L03223. - 2

et s pror b i B0 R ek B bt TR T ki

Resul t sompesitiars (listet vakies arsBinblaP eqiivélerets): ECHDT

HDT[ err] divinyl ether DEG DVE 145 p (sol [ d) 27 p
24 p df¢—Rex i 2E—Re Ao—Rey—27%0 3%
14% 29%|-B3 2 -63 3 -69 4 -77

PLURI G 71.p IT p . 59 p 25 1 43 Rex
47 Rex| PLURIOL® 57 Fie"ﬁs 2p8®x 27% -| 66 1194 6-6 Hs‘%
30% - 57E-200 - 67 _76 BDIDVED 185 p
(solid) pmpo (solligl) ($9lid) 42 Reg 5 20 Rex
22 Rex-444% — 23D o s :
-79 ECHDT - 85JHD DVE 1 155 p 2 (solid}3 (solfi d)
(soft sol1d) BO Rex 4. Rex 29 Rex 57/%

68% - 60 -78
-86 Pol y! Efphp@Fproundeglp%ymer was cureesqﬂ lpogxample 10217) 5fford polymers hayingra «

75 ReXnumber avdrag&@wolecular weight of about 3000 and a functionality F of 2.2. For each
polymer, the following properties were measured: T, (resin, °C); T, {cured, °C); viscosity (p);
% swell in JRF type 1 % weight gain in JRF type 1; and % weight gain in water. Resuits are
given in Table 4.

TABLE 4
1 2 - 3 14

T, (resin) 87 -66 66 . -84

(cured) -59 59 -58 -56
Viscosity 59 . 36 44 ' 50
JRF type 1 _ : .
% Swaell 24 25 28 29
% Wt Gain' 18 18 : 19 19
H,0 _ | _
% Wt Gain 11.8 10.8 8.3 : 7.8

All of the foregoing polymers displayed good fuel resistance and low temperature flexibility.
In a 250 mL 3-neck flask equipped with a stirrer, thermometer and condenser, 87.7 g {0.554
mol) of DEG-DVE and 112.3 g {0.616 mol) of DMDO are mixed and heated to 77°C (about
170°F). To the mixture is added 0.8 g (4.2 mmol) of VAZO® 67 catalyst. The reaction mixture
is reacted at 82°C (about 186°F) for about 6 hours to afford 200 g (6.06 mol, yield 100%) of

a low viscosity liquid polythioether resin having a thiol equivalent of 1625 and a functionality
F of 2.0. '
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64% : 29% _ 37% - -69 -79 79
- {err]PLURIOL[err] E-200 divinyl ether [err]Butanediol divinyl ether ’
[ err] Pol YW@O¥33¢%ir of uran di vinyl ether [err]Hexanedithiol ¥ewposssbs23 =
foregoing table it is apparent. that the follow ng conbinations of divinyl
et-her and dithiol afford Iiquid pol y't?ﬁOet hers havi ng unexpectedly superior
fuel resistance and |ow tenperature flexibility when cured: PLURI COL[err]

E- 200/ DVMDO, and DEG DVE/ DMDO. O her potentially-useful conbinations include
DEG DVixdntgt®¥3 DEG DVE/ HDT; PLURI CL[err] E- 200/ ECHDT PLURI G_[ err]

E- 200/ HDJ; - D|VDO PLU E- 200/ S al h [l ent
fuel resid g%gg'agiﬁ%“gggﬁ HPRPd AT "ﬁea%{"%(lr ks ?ﬁ?%% ﬁg‘"ﬁn
u nc_orrgtm? S TACRS5&.4igr(0.357anclnolt DEGDVEand 1117.0 g (MB412 sdolitef MDO aane mibteainaheld
peri od,_o

Ty sty C Aoty 215 T8 e iy i dfed 08 42 ERCEVARS) 7 sRiabyet
Pol ymeTise feactionl mistuirelispedeyddnat @2SCusbotit ) BOPR)rforl absutdebours be dffbet 20t g (0107
P01 Y er 1 DRt 10l 6 4 AUk Do RTRISE bofRRoblyePtsith NS, By BNy 0 S
6 6 afunctlonalﬁyﬁ of about 3.5. 6. 6 6.6 E-200 DVDO

0 2 3.5
4 Eachﬁm}éu %e dant clomr?grs't'mﬁs cur ed as in Exanple 9 (15 g of the curing
agent codpslant omaasitl(m ®Boludingfth®/ABIIp/DEG-DNEtdulythiddther polyoter 6f Exaroplar!

i gt "aF cBBayridt Yol el Wbl WD " T Cach ol yrmer .t he

foll owi ng properties were rreasured T[err] (resin, [err]C); T[err] (cured,
[e”]CbMdf?}/E@@%\yé’Péleoe{ﬂéml' in L type 1; %weight gain in JRF type 1;
In

and % wel aln ter. Results are given in Table 3. TABLE 3 1
2 Calclungcarbonate 4 60

Magnesium oxide ' 1

Phenolic resin 1

DMP-30 _ 1

Isopropyl alcohol 3

The compounded polymer was mixed intimately with the epoxy resin curing agent of
Exampies 9-11 above, in the weight ratio of 10:1 and cured at ambient temperature and

humidity. The following physical properties were ;':btained for the cured composition:

Cure hardness at 26°C 60 Shore A
Tensile strength at break 550 psi
Elongation at break ' 600%
Notched tear strength - 100 p/i.
Low-temperature fiexibility passed

(AMS 3267 §4.5.4.7)
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T[err] " (resin) -67 - 66 -64 -63 (cured)
-59

9 -58 -56 -56 Viscosity = 59
53 WO 98/39965 80- JRF % Swel | 24 PCT/US98M3223 =
21 20 %W @Gin 18 15 16 16
H20 %W Gain 11.8 11.5-27- 7.4 7.5 All of the

foregoi ng polyners displayed excellent fuel resistance. Polyners 1 and 2 in
parti CBMasipleili 80 Skatank Sompositior| | ent | ow tenperature flexibility. WO

98/ 39365 Btdiiied -

- Exanpl és_eﬂlan A Qosglon '?cl%‘}h? ECBEUI%E&FVEP]O NBEher r&%{egggour I'1 qui d
pol yt hives sompoundedeasfolbavaambamts intradtstiyr weight)The pol yrrers had the

foll owi ng conpositions (listed values are nolar equivalents): 1

2 3 4 PLURI OL 6.6 6. 6
6.6  ECHDT/DEGSDE PolyEtiosthexO 10038 7 6
5 ECHDL,

1 2 3 Each ,
unconpouna'edcarb?&tner was cured as insé<anpl e 10 to afford polyners having a
nurrberHvdrated@ummﬂuecwkidn wei ght of ab¥ut 3000 and a functionality F of 2.2,
For- ea W Bkiget Ne fol lowing properfies were nmeasured: T[err] (resin,
[err] éfé[? err| (’cured [err]C); viscosity (p); %swell in JRF type 1, %
wei ght Plgmohclres"ﬂRF type 1; and % weight gain in water. Results are given in

Table 2 3 4 T[err] (resin)
henyl plasti 6
ﬂydr-gé%eééérp enyl pla :clzeé'S -64 (cured) .59 _59
-58 DMP-30  -66 Viscosity 50 1 . 36 44 50
JRF y&%ptjopyl alcohol. 3

The 'compounded polymer was mixed intirn_ately with an epoxy resin curing agent in the
weight ratio of 10:1 and cured at ambient temperature and humidity. The following physical

properties were obtained for the cured composition:

Cure hardness at 256°C 72 Shore A

Tensile strength at break 550 psi
Elongation at break 450%
Notched tear strength : 85 pfi
Low-temperature flexibility passed

Example 16 OH-Termlnated Capped Polythioether

In a 500 ml flask, 275.9 g {1.09 mol) PLURIOL® E-200 divinyl ether, 174.7 g {(0.95 mol)
DMDO, 28.7 g {0.30 mol) 3-mercaptopropanoil and 1.83 g (7.3 mmol)} TAC were mixed. The
mixture was heated to 70°C, and 2.3 g {12 mmol) VAZO® 67 were added slowly. The reaction
mixture was stirred and heated at 85-90°C for 4 hours to afford 480 g (0.1 5 mol, yield 100%)
of a polymer having an equivalent weight of 1670 (number average molecular weight = 3200,
functionality F = 2.05).
Example 17 OH-Terminated Capped Polythioether

In a 250 mi flask, 104.72 g {0.57 mol} DMDO, 80.73 g {0.51 mol) DEG-DVE and 14.96 g
{0.13 mol) butanediol monoviny! ether were mixed and heated to 75°C. To the heated mixture
0.60 g (3 mmol) VAZO® 67 were added slowly. The reaction mixture was stirred and heated
at 75-85°C for 6 hours to afford 200 g (0.064 mol, yield 100%}) of a clear, nearly colorless
polymer with very low odor and a viscosity of 79 poise at 20°C. The equivalent weight was
1570 (number average molecular weight = 3200, functionality F = 2.00).
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% Swel | 24 © 25 28 .29 %W Gain, -1 8
18 19 19 H20 % W Gain 11.8 10. 8
8.3 WO098/39368 Al | of the foregoing pol ymers displ ayed geggsdslésias -

resistance and | ow tenperature flexibility. Exanple 12 In a 250 nL 3- neck
flask equi pped with a sti rrer t her rer®8t-er and condenser, 87.7 g (0.'554 -
nol ) of DEG DVE and 112. 3 0 616 nol) of DVDO are mxed and heated to
77[ er r ExamaBd& Y‘“YBFEW']‘PP“ ifethef xture is added 0.8 g (4.2 mmol) of

VAZO 67
iR oT I s o0, 9700l o g o 3 3;1
625

180
I ow[ \?r réw FAG werejixed ﬂlﬂ Deatedyior 7R C- r'@sﬁhﬁ 'Watﬁdrig‘x&"? Qi g é‘qmm@!i ¥

and a fwu?stauesmklbw Fmé ra%cﬁon mixtifs W85 3876P and heated at 85-90°C for 4 hours tq
'PCT/ US98/ 03223 - 13 In a 250 nL 3-neck flask equi

stirrefdito %&PPrcﬁréQ é}' ol vg%deﬂwmf 3 dovy-ogog polymer haying & Ty At - 8&5; 4mg a

(0. 357 vimbéltyocff ﬂEEmW &t 20eC 13!' e @qUivalentWéigh® Was A7 ﬁérea\m'd(b%q'nﬂl'agw at ed
to 77[err. 170Ler%{, To the m xture is added 0.8 ¢

VAZO 67 o'n Stkture is reacted at 82[err] C (about

ﬁSOL er rgkﬁmggga Ftbmyt Vinyh ®thér-Térmimdted #oumﬁshéro 07 mol, i |6| d 10]9%8 ng ad
igh vis 03| i resin_havin an equi val ent o and a

functi ona® Pt &xlﬂ"éﬂqﬁ%&fgé @L"RE}PQMQ Oq34. 3@&”9 %%‘PMEGW"/? 849/ (1OR4

corrposuiolpethynoirwdatmgr were BII%¥d diChddvkd apbwchl qrettheheaea )Hi\'ﬁiur&b ﬁ@gﬁ'@ 1

Poi y1 hPTBHInER20 87 Wers G4 BTN e epeRpigrrd was stred and hestodias S6LEifes uim

oxi de 6 hours to afford 80 g {0.021mBheyielti 100%)SoMa polymer having a T of -67°C land\>- 30
11 sopr unded O%Of mer was I xed

ot oo ot o4 Ruise 1 20° %'glrfﬂbmvmgeg&l%&u'asfw lght' < %108 tonconaity F =
: 2. 0)
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Exanpl es 9-11'-above, in the weight ratio of 10:1 and cured at anbi ent
tenperature and humdity. The follow ng physical properties were obtained

for the ceO9839388position: Cure hardness at 25[err]C PCT/USO8 B2 N0re A
Tensile strength at break 550 psi Elongation at br eaﬁU
600% Not ched tear strength -29400 p/i Lowtenperature flexibility

passed (AMB 3267 4.5.4.7) = WD 98/ 39365

PCT/ USYéra Boglagimedis: - Exanple 15  Seal ant Conposition A seal ant _
conposi tion including.the ECHDT/ DEG DVE pol yt hi oet her pol yner of. Exanple 9
was conpounded as follows (ampunts in parts by weight): ECHDT/ DEG DVE

Pol yt hi odt hef polythicethep gomprising & steuctisa dawing the formula | 54 Hydr at ed

al um num oxi de 20 Magnesi um oxi de 1
Phenolic resin : ) 1 Hydrogenated terphenyl plasticizer
6 DVP- 30— R’ == S —(CH,); — O —I~ R® — O -], (CH),I~spr-oBYHwal cohol |

3 The conpounded pol ynmer was m xed intimately with an epoxy resin curing
agent in the weight ratio of 10:1 and cured at anbient tenperature and
humi di ¥perehe foi | owi ng physical properties were obtained for the cured

conposkt ideRoteSURE d&%r HaRperd, G, branchegr eazliIT(ylenl,2 ghor %yégllﬁ?l?é%oe/oﬁlgbengt h &

at break 0 psi El ongation at _ tched
tear st r 8liylaycloalkylene group, 1t Sl bt uoe +H-GHb) %Yy ~~CHy=)-piassed

Exanpl e {hiéhbeligasti diet-oH %HR@;MN&@HW?&&&@&Q& m flask, 275.9 g
(1.09 Epl) PLURI OL errJ B-200 di vi nzl ether, 174.7 g (0.95 nol)
denotes a C,.g n-alkyl, C,¢ branched alkylene, Cq, cycloalkylene or Cg alkylcycloalkylene

group, or —{{-CH,=),~ X-], =(~CH-)~,
X is one selected from the group consisting of O, S and -NR® -,
R® denotes H or methyl, '
m is a rational number from O to 10,
n is an integer from 1 to 60,
p is an integer from 2 to 6,
q is an integer from 1 to 5, and -
r is an integer from 2 to 10, .
said polythioether being a liquid at room temperature and pressure.
2. The polythioether of claim 1 which has a glass transition temperature T, not higher
than -50°C. .
3. The polythioether of claim 1 which, when cured, has a % volume swell not greater
than 25% after immersion for one week in JRF type 1 at 60°C and ambient pressure.

4. The polythioether of claim 1 which has a number average molecular weight between
about 500 and 20,000,

| RO

SUBSTITUTE SHEET (RULE 26)



DVMDO, 28.7 g (0.30 nmol) 3-nercaptopropanol and 1.83 g (7.3 nmol) TAC were
m xed. The m xture was heated to 70[err]C, and 2.3 g (12 mvol) VAZJ err] 67
wer'e addeglossso¥ey. The reaction mxture was stirred and hepéfgsdliosas - "
85-90[err]C for 4 hours to afford 480 g (0.15 nol, yield 100% -of a pol yner
havi ng an equi val ent wei ght of 1670 ¢(B8orber average nol ecul ar wei ght =
3200, functionality F = 2.05). jExanple 17 OH Term nat ed Capped

Pol yt hi 08t heThd polathikiE@heri of iclaire ki, having th@ fgrnd@aldly nol ) DVDO, 80.73 g (0.51
nol ) DEG DVE and 14.96 g (0.13 nol) butanedi ol nonovinyl ether were m xed
and heated to 75C. To the heated m xture 0.60 g (3 mml) VAZQ err] 67 were
added sl &y I Rihe~Re\ction mixture was stirred and heatdl at 75-85[err]C
for 6 hours to afford 200 g (0.064 nol, yield 10099 of a clear, nearly
colorless polyner with very | ow odor and a viscosity of 79 poise at
20['er r MBereithe equi val ent wei ght was 1570 (nunber average nol ecul ar wei ght =
3200, functionality F = 2.00). WO 98/ 39365 .

PCT/ US98/ 03223 -28- Exanple 18 Vinyl-Term nated Pol yt hioether In a 250 m

f | ask, AQHendey a(syrustrebpyingrisformulade g (0.62 nol) DEG DVE and 5.31 g (0.21
mol ) TAC.wghLe4m xed and heated to 70[err]C. To the heated mixture 0.80 g (4
nmol ) err] 67 were added slowy. The reaction mixture was stirred and
heat ed Rideastes@Ginalg banchwher vt %f ford 200 g (0. 11 nol, yield 100% of a

| ow- odor ,pgLygenchgyL ooa-TH<y ] oojwhg){igear r] C and a viscosity of 25 poise
at 20[err] C. The equival ent wer ght s 1570 Qunber aver age nol ecul ar

wei ght R= dgnstes —BH I JnbiCHeyeh- P > B)wWhenym@® 19 Et hyl Vinyl

Et her - Tegh Latigd= %gmmzh@;slnpgﬁmmg il ask, 43.05 g (0.24 nol DMBO,
34.22 g (0.22 nol) G DVE and 2.84 g (0.04 nol) ethyl vinyl ether were

n xed &nde Arintegerfeem@t@d C. To the heated mixture 0.28 g (1.5 mmol) |
VAZ( eiRf ldeRdte$T,§ PR\ viSERid DhsubBdtRulela isuBstitiited With atddast bhd LOH ornNHRZat ed
at 85C for 6 hours to afford 80.g (0.02 nmol, yield 100% of a polyner
havi ng a 914 @Pdof -67C and a viscosity of 64 poise at 20[err]C (nunber
aver ag®’ geh6ws|Hhor av€i ghtalkyl ¢dRP. functionality F = 2.0).

6. The polythioether of claim 5§ wherein.y = O.

7. The polythioether of claim 6 wherein R* is ~SH.

8. The polythioether of claim 7 wherein {i) whenm = 1 and R*= n-butyl, R' is not ethyl
or n-propyl, and {ii) whenm = 1,p =2,q = 2, r = 2 and R? = ethyl, Xisnot O.

9. The polythioether of claim 6 wherein R* is — S —{~CH,-),- O — R®.

10. The polythioether of claim 9 wherein R® is n-C,Hg, n-C4Hy — OH or n-C3H; — NH,.

11. The polythioether of claim 5 whereiny = 1.

12. The polythiosther of claim 11 wherein R* is = CH = CH,.

13. The polythioether of claim 11 wherein R*is — (CH,~),- S — R®.

14, The polythioether of claim 13 wherein R® is n-C,H, - OH.

(A -
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WD 98/ 39365

PCT/ US98/ 03223 -29 - What is clainmed is: 1. A polythioether conprising a
striuct ur ewldydgisessst he formula | [err] wherein Rl denotes a -
n-al kyl ene, 2%5] branched al kylene, C cycl oal kyl ene %?Héwsns

al kyl cycl oal kyl ene group, -[(-CH2-)p-3AN]q -(-CH2-)r-, or -[(-CH2-)p- X-]q
-(-CH2-)r- in which at |east one -CH2- unit is substituted with a nethyl
group, R25deTis pelythigjthen §f alaital k havingthe formbladiiched al kyl ene, (err] -

cycl oal kyl ene or (ferr] al kyl cycl oal kyl ene group, or -[(-CH2-)p- X q
-(CH2-)r-, X is_one selected fromthe group consisting of 0, S and -NR6 -,
R6- denot 8sHtA-dR°ketR):;, mis a rational nunber fromo tdl10, n is an
integer froml1l to 60, pis an integer from2 to 6, q is an integer froml
to 5, and r is an integer from2 to 10, said pol ythioether being a liquid
at roomhema¥per at ure and pressure. 2. The pol ythioether of claim1 which
has a glass transition tenperature T[err] not higher than -50C. 3. The

pol yt hi oet her of claim1 which, when cured, has a % vol unme swell not

gr eat eA deaptes Rostectre haning the farmula . one week in JRF type 1 at 60[err]C and
anmbi en, prgsyre. 4. The polythioether of claim1 which has a number

aver age _nol ecul ar wei ght between about 500 and 20, 000. WO 98/ 39365

PCT/ US®8/deBotes a single band wheg Y19t hi oet her of claim 1 having the formula ||

A- (-[ R3] %hagg_\qag;,gm_/@ degrotjes oA ahbhN Gt 4re having the fornula | ,
R* denotes -SH or = S ~(~CH,~),,,~ O — R* wheny = O
and - CH, = CH, or - (CH,-),-S —R* wheny = 1,
s is an integer from O to 10, _
R® denotes C,.g n-alkyl which is unsubstituted or substituted with at least one ~OH or ~NHR”
group, _ |
R’ denotes H or a C,.¢ n-alkyl group,
z is an integer from 3 to 6, and
B denotes a z-valent residue of a polyfunctionalizing agent. .
" 18. The polythioether of claim 15 wherein 2z = 3. _ _
17. The polythioether of claim 16 which has an averagé functionality from about 2.05 to
3.00. ' .
18. The polythioether of claim 15 wherein y = O.
19. The polythioether of claim 18 wherein R* is -SH.
20. The polythioether of claim 18 wherein R* is =S —{~CH;~);,,~ O —R®.
21. The polythioether of claim 15 whereiny = 1.
22. The polythioether of claim 21 wherein R* is - CH = CH,.
23. The polythioether of claim 21 wherein R* is - (CH,~),- S — R®.

DAL
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y is 0 or 1, R3 denotes a single bond wheny =0 and - S - (CH)2 - [- *.
OR2- 1M O - when y =1, R4 denotes -SH or - S -(-CHZ Y[err]--0- RS when
y = 0 andVO%BBMB6E CH2 or - (CH2-)2- S - R5 when y=1, s iS mrriveRsns remo0-
to 10, R5 denotes Clerr] n-alkyl which is unsubstituted or substituted with
at- | east one -OH or -NHR7 group, and-RZ-denotes Hor a (Jerr] n-alkyl

group. 6., The |oe her of claim5 wherein = 0. 7. The

pol yt hi o&fheft 'BP‘ 8?4 A Rreduging the, pelythicethar of glaim th‘@"'ﬁbl%’“ﬂﬂ"&%& ther step ofl ai m
7 wher edaotifg In whemolas of 2 cangolird: havihgithe foridlaity not et hyl or n-propyl, and
(it) waen m=1, p =2, q=2, r =2 and R2 = ethyl, Xis not 0. 9. The

pol yt hi oether of claim®6 wherein R4 is - S -(-CH2-)2- 0- R5. 10. The

pol yt hi o#tSherR%ef+SH ai m 9 wherein R5 is n-C2H5, n-C4AH9 - pOH or n- C3H7 - NH2.
11. The polythioether of claim5 wherein y = 1. 12. The pol ythi oet her of
claim1ll wherein R4 is -CH = CH2. 13. The polythioether of claim1l 1

wher ei Rr R4nixture of GHbajewddiRBrent Lompbendzohauiny thetformula IV Cowith ) lRoeb8F ai N RS

L&?Uggyﬁgﬂ%km?lmﬁ%“ﬁgﬁfpol yt hi oet her of claim 1 having the formula

111 -(A- [ R3]y-R4)2. wherein A denotes a structure having the formula I,

y|500r degotes2 a §i_hgl V\/neny 0 and - - (CH)2 - [- OR2
&nHl %i‘— 6 i?4§den§t23 S - (-CH-)[err] %0 - RS wheny =0

and - CHZ = CHZ or - (CH2-)2- S - R5 when y =1, sis an integer fromO to

10, or a mixture of at least two different compounds having the formula V, in the presence of a

catalyst selected from the group consisting of free-radical catalysts, ionic catalysts and
ultraviolet light.

25. The method of claim 24 wherein said catalyst is a free-radical catalyst.

26. The method of claim 24 wherein (i) when m = 1 and R? = n-butyl, R' is not ethyl
or n-propyl, and (i) whenm = 1,p =2,q = 2,r = 2 and R? = ethyl, X is not O.

27. A method of producing the polythloether of claim 9 which compnses the step of
reacting (n + 1) moles of a compound havmg the formula IV

HS — R'— SH - - | v

or a mixture of at least two different compounds having the formula IV, {n) moles of a
compound having the formula V.

CH, = CH— 0 ~~R*—0 -], - CH = CH, v

or a mixture of at least two different compounds having the formula V, and about 0.05 to
about 2 moles of a compound having the formula Vi

CH, = CH —(CH,),- 0 — R® vi

or a mixture of two difféerent compounds having the formula VI, in the presence of a catalyst

selected from the group consisting of free-radical catalysts, ionic catalysts and ultraviolet light.
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R5 denotes Clerr] n-alkyl which is unsubstituted or substituted with at
| east one -OH or -NHR7 group, R7 denotes Hor a Cferr] n-alkyl group, z is
an integd¥oP¥a¥6e8 to 6, and B denotes a z-valent residue Qordusesinszzs =

pol yfunctionalizing agent. 15. The pol ythi oether of claim 15 erein z = 3
17 The pol ythi oether of claim 16 whr8B-has an average functi onal [ ty from
about 2.05 to 3.00. 18. The pol ythi oether of claim 15 wherein vy 0. 19.
The pol y2Ri oA imeshog of Aradyaing theheelwthipether of clam 12 rhichheomprises Ithe stdpeof of

clai mé&cm;efnwmd%flascmﬁpodnma#%ff]umul@w RS 21. The pol ythi oether of
claim 15 whereiny = 1. . The pol ythioether of claim21 wherein R4 is -

CH = CH2. 23. The pol ythioether of claim21 wherein R4 is - (CH2-)2- S R5.
WO 98/ 39R85— R'— SH tv _PCT/ US98/ 03223 -
32 - 24. A nethod of produm ng the pol ythioether of claim7 which conprises
the step of reacting (n + 1) noles of a conpound having the fornula IV

HS- R1- &th mixture of at least two different compounds having the formula IV wnthYnQi: 19 rﬁﬂlﬁ bf € of
at | east two fferent con&ov having the formul a 'V, " wi (n) noles of a
'H!d' CH2

conmpouf §oRBRYIA NG et = CHO[-R-O]mCH = CHZ
V or a m'xture of at |least two different conmpounds having the fornula V, in

t he pres st _selected fromthe group conS|st|ng of
free-rad g&tﬁ@ {aﬁ,yl Oﬂli &{"hf’yg'f's and ultravioletViight. 25. The
met hod of cI aim 24 wherein said catalyst is a free-radical catalyst. 26.
The met hod.of ¢ r"124 whe ﬁin gi when m=1 and R2 = n-butyl, Rl is not
et hyI o aﬁmbtpr g}ﬁ at least two; :51 Q¥eoF © gcnindsd\au@g tae iorgmlq Vimthepresence oftahy| |
X i s nodtayst Sélectéd rmérhOd\eOQropbO&dﬁisﬂﬂg tonerrgiotaichl 8stalysts, @bnie! GitalySsHL D
corrprlglgrr °E§" ep of reactl ng (n + 1) noles of a conpound haV| ng the

fornul a V.
29 A method of producing the polythioether of claim 13 which comprises the siep of

reacting (n) moles of a compound having the formula IV
~ HS — R'— SH ' ' o v

or a mixture of at least two different compounds having the formula IV, (n + 1) moles of a -
compound having the formula V

CH, = CH—0—{-R*—0-],~CH = CH, . v

or a mixture of at least two different compounds having the formula V, and about 0.05 to
about 2 moles of a compound having the formula VIi

HS —R® Vi

or a mixture of two different compounds having the formula VI, in the presence of a catalyst

selected from the group consisting of free-radical catalysts, ionic catalysts and ultraviolet light.
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or a mxture of at |least two different conpounds having the formula IV, (n)
nol es of a conpound having the formula VCH2 = CHO[R2-O]mCH = CH2

Vor a mwobsseepf at | east two different conpounds havi ngedringsokesazs! a v,
and about 0.05 to about 2 noles of a conpound having the formula VI CH2 =
CH -(CH2)3- 0-R5 -34- VI or a mixture of two
di fferent conpounds having the formula VI, in the presence of a catal yst
sel ect e@04 riymethed of erogueing thaspelythioether of slaim J9-which sompfises the gapg of

cat al ysg,s aYbiihgavi ol et 1ight. WO 98/ 39365

PCT/ US98/ 03223 - 33 - 28. A nethod of producing.the polythioether of claim
12 whi ch coidbr i l8dsh)ipples g epmppundhaving, °(f|‘?5m'|‘|‘ﬂﬁkés of a conpound having the
formula IV HS-R1- SH ' IV or a
m xture of at |east two different conpounds having the formula IV, with (n
+ 1) nmoH8s—d -x ¥bnpound having the formula V CH2 = CHY[-R-O-Im CH = CH2
V or a mxture of at |east two different conpounds having the fornula V, in

the presence of a catal yst. .sel ected fromthe grou opnsi sting of
[ o PEAMPENIe.Sh 8 1545 Swb, PN PGS haWBd she 1IDVA B 11 ght. 29. A met hod

of produci'ng the pol ythioether of claim 13 which conprises the step of
reacting (n) no|es of conpound .,hayi ng the fornmula IV HS-R1- SH .

IV or a m xzhbre‘"bf“"g‘ls ‘%é‘a%‘gm‘?‘?w%dﬁ"f'@r ﬁthrmgunds having the fornula IV,
(n + 1) noles of a conmpound having the formula V CH2=CH0-[-R2-O- ] mCH =
CH2 2V Qr.a mxture of at |least two different conpounds
havi ng G 7 GHar Q b Ran éﬁbﬁﬂé.‘ 20 about 2 noles of a conpound having
the formula VI HS-R5 - VI |
or a mxtyre of

pr esefE8 YruLe 8%%%§%Ittw§g+§g{°gﬁg%8%‘?’?‘%@%5\#8 Bﬁe i%ﬁ@{?ﬁ'agoyl 1|‘ r e:afl r 213?0 al
catal ysts, ionic catalysts and ultraviolet |ight. =
(c) a z-valent polyfunctionalizing agent, wherein z is an integer from 3 to 6, to form
a reaction mixture, and . o _
(ii} reacting said reaction mixture in the preseﬁce of a cétalyst selected from the group
consisting of free-radical catalysts, ionic catalysts aﬁd ultraviolet light.
31. The method of claim 30 wherein said catalyst is a free-radical catalyst.
32. The method of claim 30 wherein said z-valent pdlyfunctionalizing agent is a
trifunctionalizing agent. _
33. The method of claim 32 wherein said trifunctiénalizihg agent is selected from the group

consisting of triallylcyanurate, trimethylolprbpane triviny! ether, and 1,2,3-propanetrithiol.

* [ L M s *

SUBSTITUTE SHEET (RULE 26)



WD 98/ 39365 PCT/ US98/ 03223
-34 - 30. A nethod of producing the pol ythloether of claim 19 which

conpri seswdessseps of (i) conbining (a) (n + 1) noles a CRRPRYhaRAVI Ng
the formula IV HS - R1- SH

IV.or a mxture of at |east two differ@8t- conpounds having the formula 1V,
(b) (n) noles of a conpound having the fornula V CH2= CH O -[- R2-O]nCH =
CHz 34. A method of producing thepolythidethenof aldima20 which comprisiisithe staps of
corrpoundsmhavémiaihs formula V, and {c) a z-valent polyfunctionalizing
agent, wherein z 1s an integer from3 to 6, to forma reaction mxture, and
(it) reactindabaifd +elonelesofip compoundhhavieg theefrsmela ¥ a cat al yst sel ected
fromthe group consisting of free-radical catalysts, ionic catalysts and

ul traviol et quht. 31. The nethod of claim 30 wherein said catalyst is a
free-radi H8l—ditaSfkt. 32. The nmethod of clai m 30 wherei nMsaid z-val ent

pol yfunctionalizing agent is a trifunctionalizing agent. 33. The nethod of
claim32 wherein said trifunctionalizing agent is selected fromthe group
consi st ¢maymixture phat loasttwe ditferent compeunds| havinagbaferrpwlpWanyl et her, and
1,2, 3- propaneg)i tg-h Poles of #'EdMBouRRRing the formula V _ _
PCT/ US98/ 03223 -35 - 34. A nethod of producing the polythioether of claim
20 which conprises the steps of (i) conbining (a) (n + 1) noles of a
conpound pgyingH beofqr welaog Y Hyw Réw,SH v

IV or a mxture of at |east two di fferent conpounds having the fornula IV,
(b) (n) noles of a conmpound having the formula VCH = CHO[-R2-0-]m- CH

= CH2  or a mixture of at least two diff¥rent campborids Havitlg fHe fofinsl ,wo di f f erent

conpounds having the formula V,

{c) about 0.05 to about (2) mpies of a corppound having the formula VI
CH, = CH —{CH,),- 0 —R® ' - Vi
or a mixture of two different compounds having .the formula VI, and
(d) az-valent .polyfunctionaliz_ingl agént, wherein z is an integer from 3 to 6, to form
a reaction mixture, and |

(i) reacting said reaction mixture in the presence of a catalyst selected from the group

consisting of free-radical catalysts, ionic catalysts and ultraviolet light.
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{c) about 0.05 to about (z) noles of a conpound having the fornmula VI CH2
CH-(CH2)3- 0-R5 VI or a mxture of two
di fferent égfgxds having the formula VI, and (d) a z-val -
pol yf unct i“gﬂal i zing agent, wherein z is an integer from3 ?%i’/&syq/ogz%sor m a
reaction mxture, and (ii) reacting s®gd reaction mxture in the presence
of a catalyst selected fromthe group consisting of free-radical catalysts,
ionic cat3dysh mealmﬂ of produging tite palythioether of\G)aih8/22086h comprises the steps of :
PCT/ US98/ @3226% 35. A nethod of producing the polythioether of claim
22 whi ch Conpri Les ?he steps of (i) conmbining (a) (n) noles a conmpound
havi ng t he f dahul{n} molesi® conpbundHaving the formula IV

IV or a mxture of at |least two different conpounds having the formula 1V,
(b). (n + 1) rml es of a conpound having the formula V CH2 =

CH O [ - RRH®FR'eH SH CH2 V or W mixture of at

| east two different conpounds having the formula V, and (c) a z-yalent

pol yfunctionalizing agent, wherein z is an integer from3 to 6, to forma
react i oPF arnixturecof atrenst twe diffesenttqompoypdsihadng theotermiiad¥r e i n the presence.
of a catalyst selected fromthe group consisting of free-radical catalysts,
ionic catalysts and ultraviolet |ight. WO 98/ 39365

PCT/ US98/ 032289) - (@7+-1)3eelesoinpcompousd having ibefgrmevia Vool yt hi oet her of claim
23 which conprises the steps of (|) conbining (a) (n) noles of a conpound

having the fornmula |V HS, -
IV or a an'tm@"bT‘Qt‘H@a'Sto‘rlmﬁQh'ﬁ EHent conpounds havi Ng the formula 1V,

or a mixture of at least two different compounds having the formula V, and

{c) az-valent polyfunctionalizing agent, wherein z is an integer from 3 to 6, to form
a reaction mixture, and
(il reacting said reaction mixture in the presence of a catalyst selected from the group

consisting of free-radical catalysts, ionic catalysts and ultraviolet light.
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(b) (n + 1) noles of a conpound having the formula VCH = CH 0
-[-R2-0-]mCH = CH2 V or a mxture of at .least two
di fferent Wé g&fs having the fornmula Vv, (c) about 0.05 tq,&t)eéguogﬁ)s not-es
of a conmpound having the fornmula VI HS - R5 .

VII. or a mxture of two different conpgwnds having the formula VII, and (d)
a z-val ent pol yfunctionalizing agent, wherein z is an integer from3 to 6,
t 0 -f or m a36.£ak inetiiodbpProdacingititb Rolydhidetiaertof fpimad 3 whithiontprises Mieusteps of t he
presence ?f ac t.al-%/st selected fromthe group consisting of free-radical
catal ystsW | ofiMP"¥88al ysts and ultraviolet Iight. 37. A polymerizable
conposi ti on c@apprinkimdids (of a conpound Having thedarmld Mt % of at | east one

pol yt hi oet her of claim1l, said at | east one pol ythioether having a gl ass
transition tenperature not higher than -55[err]C, (ii) a curing agent in
an anount HSr-eR'ab8Ht 90 to about 150% of stoichionetric H¥sed on the anpunt
of said at .| east one pol ythioether, and {iii) about 5 to about 60 w % of a
filler, with all wt% being based on the total weight of non-volatile
conponeot s miktutehef ardegsd swo idifferenheorepoursiaihdviognpe formumiIM,s curable at a

m ni num t enpepat u f . ri e conposition of claim
37 whi ch has g’?gldz;i‘gsﬁtr?%%sg{’{ll'gﬂmgg%%-gg‘fﬁ#léﬁ%gpé l:Y]ot hi gher than

-60[err] C. 39. The pol yneri zabl e conposition of claim37 which, when cured,

has a per t_ Wl une swed | ROL grgater than 25 % after | rsion in JRF
type 1 foﬁgn_ew\ﬁleeﬂsafm?merr?‘t a(%g aFT:EFent pressure. 98/ 39365

PCT/ US98/ 03223 38 40. The pol yneri zabl e conposition of claim37 further

o Broust SrEPEEh b ¥ e R SRR YO RIGENA W) 01 Cobunt Trom.

about 0.1 to about 5 W% an accelerator in an amount fromabout 0.1 to

about 5 W% ! CLiti s td bl dAHBles of BB Radink heRRDVIM % an

adhesi on pronoter 1 n an anount from about % and a maski ng
agent in an anount from about 0.1 to about 1 wt%

HS — R® ' _ vil
or a mixture of two different compounds having the formula VII, and

(d) a z-valent polyfunctionalizing agent, wherein z is an inte_ger from 3 to 6, to form

a reaction mixture, and _ .

{i) reacting said reaction mixture in the presence of a catalyst selected from the group
consisting of free-radical catalysts, ionic catalvsté and ultraviolet light.

37. A polymerizable composition comprising

iy about 30 to about 90 wt% of at least one polythioether of claim 1, said at least one
polythioether having a glass transition temperature not higher than ~55°C,

{ii) acuring agent in an amount from about 90 to about 150% of stoichiometric based on
the amount of said at least one polythioether, and

{iii) about 5 to about 60 wt% of a filler,
with all wt% being based on the total weight of non-volatile components of the composition,

wherein said composition is curable at a minimum temperature of 0°C.

38. The polymerizable composition of claim 37 which has a glass transition temperature
T, not higher than -60°C. .

39. The polymerizable composition of claim 37 which, when cured, has é percent volume
swell not greater than 25 % after immersion in JRF type 1 for one week at 60°C and ambient

pressure.
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41. The pol ynerizabl e conposition of claim 37 which conprises a m xture “of
at least two different polythioethers (i). 42. A polynerizable conposition
corfpri si ngv@bsgapout 30 to about 90 wt % of at |east one polpydhberigssss of=
claiml, said at | east one polythioether having a glass transition
tenperature not greater than -50[err](38¢ii) a curing agent in an anount
from about 90 to about 150% of stoichionetric based on the anount of said
at | east 4Me Thelpplyimedzdbleceqmpiasitioh of claina 87 ifrthee comprising amadditivef seteuted from 1
to abo 9%, . Y 4 % .of « h kI ol ~ W %
bei ng g%"gép uﬁ%‘%ﬂ%ﬂ‘gé{faﬁ& ’ﬁ%}ﬁ arg]a Jnﬁlc’)n- v%f'g? ??%'c’/otrg?p@agglé{\? é vg%'t%ﬂ'%@“e
conposi iniapramountirern abgowut Q. Ictorgbout Siwtie. an acoelepator in armambuntfromtaboptPdt tor e
of Ofer ) ' m&' i lzal, $or. 4 ' ass
transi t%dgﬁt?mé}ggﬁﬁeyn¥ erdr n(?t%ﬂg]’r eat erbiﬁ%ngéoggé.%%f %‘ggﬁ%&;ﬁ@@abl e
conposi iniaprameuntframmbagt A4l tehabany Srwt’r aryd a meskingpgentdintan amenns feamaboubt

gr eat erpt a4 r imrersion for one week at room tenperature .and
ol gab 4 . ne. . | . .
pressure. . e polynerizabl e conposition of claim42 wherein said

pl asti ci z&1. i Bhepslymearizable cempasitiondgf Glgimhwhichi aempsises i Mmixiuze ef atleaststwo

chlori ”@i}@ﬂmp?{:ﬁmiéé}ﬁeéri | hydrogenated terphenyls. 46. The pol yneri zable
conposition of claim42 turther conprising an additive selected fromthe

group con$?stA relvaterizable gempesition gemariiamt from about 0.1 to about 10 wt %
a thixotrgpe Jydufgo Q&rQHg'ﬁtt éod RO 1e8kt bnb PoRtRbbther ¥ CRinf R, SHiE Bt RIadt Be | N

an anount from about O. about 5 w% a ‘retardant in an amount from
about OpPalythipeshes havigg i 9asstransitinnstenmeratunemos greatertham Bt f r om about 0.1

to about @)W $euriRBhgant R 3k ahduRORSH abbuttdb b6t 150W b PRBIthidhelrié BasPol 1
W% 47. The pol ynerizabl e conposition of claim42 which conprises a

mi xt ur ethgramqunt o5 spid ahdpagt PRRPMNIRAISA hi oet hers (i).

{ili) a plasticizer in an amount from about 1 to about 40 wt%, and

(iv) about 5 to about 60 wt% of a filler, | '
with all wt% being based on the total weight of non-volatile components of the compaosition,

wherein said composition is curable at a minimum temperathre of 0°C.

43. The polymerizable composition of claim 42 which has a glass transition temperature
T, not greater than -565°C. ]

44. The polymerizable composition of claim 42 which, when cured, has a percent volume
swell not greater than 25% after irﬁmefsion for one week at room temperature and pressure.

45. The polymerizable composition of claim 42 wherein said plasticizer is selected from the
group coﬁsiéting of phthalate esters, chlorinated paraffins and hydrogenated terphenyis.

48. The polymerizable composition of claim 42 further comprising an additive selected from
the group consisting of a pigment in an amount from about 0.1 to about 10 wt%, a thixotrope
in an amount from about 0.1 to about 5 wt%, an accelerator in an amount from about 0.1 to
about 5 wt%, a retardant in an amount from about 0.1 to about § wt%, an adhesion promoter
in an amount from about 0.1 to about § wt%, and a masking agent in an amount from about
0.1 to about 1 wt%.

47. The polymerizable composition of claim 42 which comprises a mixture of at least two
different polythioethers (i).
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