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A process for making polyetherester resins is disclosed. ‘The process comprises reacting a polyether with a diol diester in the presence
ofacmlystlhatpmnommdommmﬁonofthediemrintombon—oxygenbondaofthepolycﬂnrwpmdmﬂxepolyedmes&rresin.
The process of the invention offers many advantages, including higher resin yields, reduced by-product generation, and the ability to make
resins with Jow color and low acid numbers. The resins are useful for making polyetherester thermosats.




The ability to nmake polyetheresters by randomy inserting anhydrides
WD 97/ 34942

PCT/ EP97/ 01272 and carboxylic acids into polyethers provides a
val uabl e way to make nmany uni que pol yetherester internediates.
Wil e the processes described In our earlier patents provide

val uabl e synt hewio97B3¢42es to pol yet herester resins, SROREPIT/01272
di sadvant ages are apparent. 5 One di sadvant age of the )
conventional procéss for making pol yet herester resins (i.e., _
I nsertion of an anhydride or a carboxylic acid into a pol yet her)

Is that resin yields are |ower than desirable, typically in the | ow

80% range. In addition, th ' Logalfi cant
wast e stream of by-product ?W@%@gykﬁghﬁ'ﬁéﬁ‘ﬁ@%@ﬁ@#ﬂ& nd 10
reduce by-progduct generation is needed. _ Product consi stency
of - pol yethereSter resins is often |le | sfactory because
significant and often unpredictable Eﬁ%ﬁ%} WE\)HIVm-ﬁéh ' - anhydri de
can be | ost overhead du%gggrran_uf acture, particularly If the '

reacti on process is not wanfiopsaiates o polyetherester sesins,i Ingpartiewas thevoul d

15 be a bonus. - L . I n the conventional process for naking
pol yet her est er r esii¥@ntiag igan improved pippess forsmekingpolystharastar rasinsfrom diol
sone or all of the anhydride to dicarboxylic acid prior to

Insertion. THe add&lipsiersand palveitrrrolyqls.odbegesins ard valuableiimtermediates for For
exanple, if refluxing water is not renoved efficiently, heat-up tinme can

20 be del ayed pelyetpierestardhermosets.mes requires addition of extra.
cat al yst “In addition, the dicarboxylic acid produced (by
hydrol ysis or hydrol ysis and i somerization) may be insoluble in

the reaction m xture, causing m xing and
BACKGROUND OF THE INVENTION

Recently, we described a néw process for making polyetherester
15 resins from polyethers (see U.S. Pat. No. 5,312,006). The process reacts a
polyether with a cyclic anhydride (such as maleic anhydride) in the presence
of a Lewis acid catalyst. The anhydride inserts randomly into carbon-
oxygen bonds of the polyether to generate ester bonds in the resulting
polyetherester resin. Th_e polyetherester resin is then combined with a vinyl
20 - monomer, preferably styrene, and is cured to produce a polyetherester
thermoset.
We later found that, in addition to Lewis acids, protic acids that have
a pKa less than about 0 and metal salts thereof will catalyze the insertion of
an anhydride into the polyether to produce a polyethereéter (see U.S. Pat.
25 No. 5,436,313). We also discovered that these strong protic acids and their
metal salts will catalyze the insertion of a carboxylic acid into a polyether

(see U.S. Pat. No. 5,436,314).

The ability to make polyetheresters by randomly inserting anhydrides



sanpling concerns. Preferably, the delay in heat-up woul
the m xture woul d renmai n honogeneous.
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PCT/ EP97/ 01272 Pol yet herester resins na
way usual ly have hi gher color than is desirabl
val ues are tyg b%%%’)‘ , greater than 150. - Lower c
be made, but only by using unde5|rably Ionger

col or can be inportant for ther cati

d be avoi ded, and

de the conventi onal
e. APHA col or
ol orrIvEPdTOIZE2 Can
react ion tines. Low

particul arly coat@ndgRbaaiis ack s{alp E éa Y‘?%"t ﬁé’rag‘ﬁbé? WP¥§? ke PAY ower

color is desirable. ducts with acid

nu | ess t han
about 45 ng KOH gnigue priyethetsster 'merme"’aﬁ?ﬁké”{]‘!ﬂ Hg RrREeRSES T'B?fgﬁ‘ our

process. For some end uses, particularly nol di n
corr osi on-r esi st &arli%mﬂt&l’ﬂaprm V@Bﬁ‘)‘@tﬂéﬂ"@% é?“tﬁ%gq paly
acid nunbers are needed. A process that would allow sinp
manuf act ure of psbope tieadeantagesaarerapparem. | ow aci d nunbe

g\h%pfpstq_rd'esins, | oner
| e
rs would be

val uabl e. Water resistance is an inportant property of
t her noset s grade from One disadvantegey/efsthe rcoaventipoel process:far enalfingi ns.

Exposure to harsh environnents such 15 as aqueous a

cid or caustic

sol utions causes pofyetterbsier raxied §.el,dnstation obamaahydride or a carbonyljvoadid intbar

the thernosets rapidly | ose flexural strength, hardness,

and

surface |ntegrity pRpatnennoMitTesin yidkie aresloner tidrotssirableg bypkei dn trenicor

pol yester resins such as iso resins were devel oped | arge

ly in response to

demand for ther mypef faniel hlntEHdltﬂfn. W E6nVeRlibival PrRécess Prbidesnsighificanthes e

waste stream of by—products A process that would improve ylelds and

10 reduce by-product generation is needed.

Product consistency of polyetherester resins is often less than

satisfactory because significant and often unpredictable

amounts of volatile

anhydride can be lost overhead during manufacture, particularly if the

reaction process is not closely monitored. A more forgiving process would

15 - be a bonus.

In the conventional process for making polyetherester resins, some

water is often included to convert some or all of the anhydride to dicarboxylic

acid prior to insertion. The added water introduces processing difficulties.

For example, if refluxing water is not removed efficiently, heat-up time can

20 ' be delayed undesirably, which sometimes requires addition of extra catalyst.

" In addition, the dicarboxylic acid produced (by hydrolysis or hydrolysis and

isomerization) may be insoluble in the reaction mixture,

causing mixing and

sampling concerns. Preferably, the delay in heat-up would be avoided, and

the mixture would remain homogeneous.
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20 hi gh- performance resins are relatively expensive. The industry woul d
benefit from new ways to inprove water resistance of polyetherester resin-
based thernosets, particularly ways that avoid expensive starting naterials

such as isophthalic acid. In sum an inproved process for
maki ng pol yetherester resins is .
-3 - wo oMo 7/ 34942 - PCT/EP97/01272
PCT/ EP97/ 01272 needed. Preferably, the process would inprove

yi el ds and product ?iggthe?&%’ é&ﬁ@(}xad@{ﬁ% d;‘ﬁ?\l%ﬁn&rfa@' JLtally ﬂgx‘@ﬁlﬁher

generation. A val uabl e p ess SO overcome processi

ti mes and het er ogeBBL I ERAESBRIR otliAcotpyaues a5t ypical] brédtsfHER, F’f;oa‘egip :
woul d nake It poss bIe t

] | |
aci d nunmbers. A preP¥eL 'ng& g@g éﬁﬁfﬁ%%@%é&&ﬂoﬁﬁﬁgg%@&eﬁwm§°'1%5t

contri bute good physi aI roperties, includgin d wat er, resi st anc
t her moset s ?rade P r%/ﬁﬁ i pﬁ.§w colog gan eqmpgrtgnt?or many thermose ap@%m
OF THE | NVENTI ON The invention is an inproved process for

meking a pol Yet her Baftigglarly coatings. Thus, g walo @?&Egyemﬁﬁtﬁ%@'ﬂs«aﬂ@i fongra

pol yether with a diol dester in the . presence of a catal yst that
pronmot es random i nedlek isgiesiigblene di ester into car bon- oxygen bonds
of "the polyether to produce the pol yetherester resin. 15 VWi | e
the conventional way tdProdketswithacid mustherss lese Shars aboutedd mgdfOH/g are hard to
anhydri de or a dicarboxylic acid into the polyether, it has now
surprisingly make using the conventional process. For some end uses, particularly
molding and corrosion-resistant applications, polyetherester resins with
10 lower acid numbers are needed. A process that would allow simple
manufacture of polyetherester resins with low acid numbers would be
valuable. |
Water resistance is an importé.nt property of thermosets made from
polyester and polyetherester resins. Exposure to harsh environments such
15  as aqueous acid or caustic solutions causes these thermosets to deteriorate.

_ In particular, the thermosets rapidly lose flexural strength, hardness, and
surface integrity upon exposure to aqueous solutions. High-performance
polyester resins such as iso resins were developed largely in response to
demand for thermosets with better water resistance. Unfortunately, these

20 high-performance resins are relatively expensive. The industry would
benefit from new ways to improve water resistance of polyetherester resin-
based thermosets, particularly ways that avoid expensive starting materials

such as isophthalic acid.

-In sum, an improved process for making polyetherester resins is
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been found that insertion of a diol diester instead offers unexpected and
val uabl e .benefits. The process of the Invention offers higher resin yields,
reduced by-product generation, and the ability to nmake resins with | ow

color 20 and |l ow acid nunbers. In addition, the invention avoids the
processi ng difficulties of water addition and gives products wth
better consi SLRIENAs042 Finally, polyetherester resins pgfgpdpidee
process contribute good physi cal propertles including good wat er
.resistance, to thernosets nmade fromthe

-4 - _ negded.7 Pratenably, the process would |mprove ylelds and product

PCT/ EP97/ 01272 DETAI LED DESCRI PTI ON OF PREFERRED

EVMBODI MENTS consistency, and would reduce by-product geperatian. |IAvVaiNablenprocess

The process of the invention conprises reacting a polyether with a .
di ol diester | n moulgpalocvercame pracessing difficuitias that wateradditionereatesesuchon

of 5 the diester into carbon-oxygen bonds of the polyether to produce
a pol y efshadeiayed-heateup times and heterogeneous reBoligremitduress UPrefdrablyf or
use n the invention are those derived from base or acid-catal yzed

ring-openi ng pol the prooess would make i possibietsproddabe pesins with low coleraxilsies,
oxet anes, oxol anes, and the |li ke, and m xtures thereof. The 10

pol yethers have agiphiniberee A prterired prdc&sé wWoul¥ givé ipolyatiteredten Assins it 2
to 10 carbon atons, preferably from2 to 4 carbon atons. The pol yethers

can have differegp m&ﬁtéagtsauoﬂwszt@vgmbemwm b6 waldrebigRingeAio°

made or nodified. For exanple, the polyether can ave hydroxyl, ester,
thermosets made from the resins.

10 o SUMMARY OF THE INVENTIPN |
The invention is an improved process for making a polyetherester

resin. The process comprises reacﬁn§ a polyether with a diol diester in the
presence of a catalyst that promotes random insertion of the diester into
carbon-oxygen bonds of the polyether to produce the polyetherester resin.

15 While the convéntional way to make polyetherester resins inserts an
anhydride or a dicarboxylic acid into the polyether, it has now surprisingly
been found thét insertion of a diol diester instead offers unexpected and
valuabie benefits. The process of the invention offers higher resin yields,
reduced by-product generation, and the ability to make resins with low color

20 and low acid numbers. In addition, the invention avoids the processing |
difficulties of water addition and gives products with better consistency.
Finally, polyetherester resins made by the process contribute good physicall
properties, including good water resistance, to thermosets made from the

resins.



ether, acid, or am no end groups, or the |like, or conbinations thereof. 15
M xtures, of different types of polyethers can be used. ’
Preferred polyethers for use in the process of the invention are

pol yet her polyols. Suitable polyether polyols include, for exanple,

pol yoxyproopyl ene pol yols, pol yoxyethyl ene pol yols, ethylene oxide-propyl epne
oxi de copol ynerwo grghgapet r anet hyl ene et her glycols, and the |iRI/ERNMEI2720
m xtures thereof. Typically, the polyols have average hydroxyl

functionalities g)%i?m_ggqﬁségggémpbg ﬁﬂ§p§g%§ﬂ 0 gurigggs

nmol ecul ar weights from a to abou

pol yet her polyols have an average hydro nctionality within
the range of about 2 to about 6, a hydréxﬁyTH%d%gm\;\né)Nhi n t he

{/\%ngs / gzgigout_ 28 to abO'H'tne g%%e@o&gévi%’/en%g c%mnplf'gng rreéf%{ﬁrgaaggolyether with a

PCT/ EP97/ 01272 o | ecul ar wei ght withj he range of about, 400, to
about 12, 000. Parti @@l Q’PFS‘?T'I?" the présence ‘Sraef:g#yﬁh&éﬁ 8’%&5@@‘&% Rienioly) s

and triols having a nunber average .ol ecul ar _wei ght w thin the
range of abouf 1000thedliesiBintyorBoncprygen bonds of the pelyether tosPreducg at apl e
pol yol s appear in U S. Pat. No. 5,319,006, the 5 t eachi ngs of which
are incorporated hepadyethpiestesiresisnee. The process inserts
a diol diester Into the polyether. By "diol diester” we mean
reaction products of ab lyﬂhﬁﬁl%ﬁabé far use in thednvardiondase tihase dariyed from

1 nole of a diol. The diol diesters have two internal ester units, and two
car boxyl i c acid endbageconacid+ratalyzed ring-openingipolymerization ob tyclicethsrs| such as0
anhydride. Suitable diol diesters can be nade In other ways well known to
those skilled in thepoddes, Emtaaesamblanes.fmdiﬂml likepand enictetexy thereof. Wihieh a
10 polyethers have oxyalkylene repeat units (—O—A—) in whict} A has from 2
to 10 carbon atoms, preferably from 2 to 4 carbon atoms. The polyethers
can have. different end groups, depending upon how the polyethers are
made or modified. For example, the polyether can have hydroxyl, ester,
ether, acid, or amino end groups, or the like, or combinations thereof.
15 Mixtures of different types of polyethers can be used.
Preferred polyethers for use in the process of the invention are
polyether polyols. Suitab!e polyether polyols include, for example,
- polyoxypropylene polyols, polyoxyethylene polyols, ethylene oxide—propylene
oxide copolymers, polytetramethylene ether glycols, and the like, and
20 mixtures thereof. Typically, the polyols have average hydroxyl functionalities
from about 2 to about 8, and number average molecular weights from about
250 to about 25,000. Preferred polyether polyols have an average hydroxyl
functionality within the range of about 2 to about 6, a hydroxyl number within

the range of about 28 to about 260 mg KOH/g, and a number average
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di carboxylic acid or reacted with an acid halide.. However, the anhydride

route is. nost. conveni ent . Preferred diol diesters have the
general formula: 15 _
R-(-dJerr]-Rerr]-CJerr]H)[err] in which R is a bivalent
Cerr]-Cerr]. alkyl or aral'kyl noiety derived froma diol, and,
R is a bival agtoraqatr]-Clerr] alkyl or aryl noiety derlved immmllc
anhydri de. Suitable diol diesters derive from

di ol I . f 2 th
gg;;} e%eglr]ycol 'm égy%ec i tgﬁg;glo rG'%Pg%t?P%We&SIE? eoutxk%% glLer“cularly
ey 9V PR 'v%%%%ﬁéﬁea.ﬂkﬂ%s 54 s bl RGBS Slarage
1, 4- benzenedi net hanol 1,4- hexane- di met hanol bi sphenol A,

bl sphenol F, al kd!??’P&‘c"éﬂWSWE‘bM@Hm the ranza of ab°”té@9°ttﬂébpf-‘ké°°%n9 Xt ur es

t her eof . SUI t abl e cycl I C drides from which t
-6 - - sméble polyols appear in US Pat No. 5,319,006, the

PCT/ EP97/ 01272 di ol diesters derive are saturated or unsaturated
Cerr]-Cer§]. cyeachingsofwhich@e incorporated herglndypefareness| ude nal ei ¢
anhydri de, phthalic anhydride, succinic anhydride, I taconic
anhydri de, citraconi c Taetpracessdnsens awlidl idiesterdntoytiieipmiyetiberd By tdibii diester”

and m xtures thereof. 5 The amount of diol diester used depends
on many factors, wenleatinegction products ofiabotit 2lnwlesiokea cgelid anhyzieide withealigute
of pol yetherester resin desired, the target nol ecul ar wei ght of

t he pol yet her est efr molehef adigiinThefdieltiestersdiavetwodnterrel ester units, and twd he
resin, and other factors. CGenerally, the anobunt of diol diester used Is
carboxylic acid end groups that result from ring opening of the cyclic
10 anhydride. Suitable diol diesters can be made in other ways well known to
those skilled in the art. For example, the diol can be esterified with a
dicarboxylic acid or reacted with an acid halide. However, the anhydride
route is most convenient.
Preferred diol diesters have the general formula:
15 . | R—{(—0,C—R'—CO,H),
in which R'is a bivalent C,-C,, alkyl or aralkyl moiety derived from a diol,
and R' is a bivalent C.~C,, alky! or aryl moiety derived from a cyclic
anhydride.
Suitable diol diesters derive from C,~C,, diols, including, for example,
20 ethylene glycol, propylene glycol, diethylene glycol, dipropylene glycol,
‘ triethylene glycol, tripropylene glycol, _2-methyl-{.3-propanediol, neopentyl
glycol, 1,4-butanedial, 1,6-hexanediol, 1,4-benzenedimethanol, 1,4-
cyclohexane~dimethanol, bisphenol A, .bisphepol F, alkoxylated bisphenols,

and the like, and mixtures thereof. Suitable cyclic anhydrides from which the

-6 -



wi thin the range of about 20 to about 80 wt.% based on the conbined 10
amount of pol yether and diol diester used to nake the pol yetherester resin.
A nore preferred range is fromabout 30 to about 70 wt.% nost preferred is
t he range from about 40 to about 60 wt % Preferably, only
a diol diester is used; however, relatively m nor proportions ef.
anhydri des andi@rergapoxyl | c acids are optionally included i nPCEPI7OILhE
process. Exanpl es of suitable anhydrides and di carboxylic acids that

b d in . U.sS P . 36,3 436, 314t .
oachi ngs. of ahi criiarassimfavecBsaplstortealde o0x Yoo dhycrides.
Th f .the_i tl ti tal yst." .
random i neer {1 on oExamReaiudh Bl aphytiice, o il aiintecsibalif SRbvie:  on
20 talysts f dj ol diester, 1t ; preyi | ' . f
msertion of - Racon AR RdR-cHinbTin SASdRG PRSI ATV ISR, 51, Be kP
They include Lewi s acids, protic acids that have a pKa | ess than

about 0, and net al anghmpdures thereoh, ot i ¢ - acids. The insertion
catalyst is used in an anount effective to pronote random

insertion of 5the diol dihesaraeuntafslie)diester usediapenda @8 roany fastors, including
IDC% / -EP970/ 01272 wt\1/i\31 3%! ?ég?e}zrds ngedt ﬂ)egypgjmlyaetweyw mesin clesired,dbe target
Preferred Lewis acids .are netal halides of the formula MX, wherein
Mis a netal havi rgoleculaxweight ofitheupdiyetherester2the amigunk of sinsathirdtiogadesirad in n
Is an integer from2-to 4. Exanples of suitable Lews acids are zinc 5
chl oride, zinc br dhe desinsarahothes factdrs: iGenerallyathecarmobntoofidiel, diestenuseadiis
within the range of about 20 to about 80 wt.% based on the combined
" 10 amount of polyether and diol diester used to make the polye"(herester resin.
A more preferred range is from about 30 to about 70 wt.%; most preferred is
the range from about 40 to about 60 wt.%.
Preferably, only a diol diester is used; however, relatively minor
proportions of anhydrides and/or carboxylic acids are optionally included in
l15 the process. Examples of suitable anhydrides and dicarboxylic acids that
may be used appear in U.S. Pat. Nos. 5,436,313 and 5,436,314, the
teachings of which are incorporated herein by reference.
The process of the invention uses an “insertion catalyst" to promote
random insertion of the diol diester into the polyether. Suitable insertion
20 catalysts for diol diesters are the ones previously described for insertion of
anhydrides_and dicarboxylic acids into polyethers. They include Lewis acids,
protic acids that have a pKa less than about 0, and metal salts of the protic
acids. The insertion catalyst is used in an amount effective to promote

random Insertion of the diol diester into carbon-oxygen bonds of the

-7~



chloride, ferric chloride, boron trifluoride, and the |like, and m xtures

t her eof .. . Most preferred are zinc chloride and zinc brom de. Wen
a Lewis acid catalyst is used, It is preferred to use an anount
wi thin the range of about 0.01 to about 5 wt.% based on the
amount of polyether. Additional 10 exanpl es of suitable Lewis acids.
are found in yo9yskas. No. 5,319,006, the t eachi ngspcafEmtvorn ar e

i ncorporated herein by reference. ' Protic acids (organi'’c and
I norgani c) that have a pKa Iciess t han boutt 0 are al so useful as

i nsertion catal y9plyethes e pgrqure ﬁﬂéyﬁgP&s%@Fmbe st ronger t han

organi ¢ carboxylic acids. Suitable acids include arylsulfoni cids, , 15

al kyl sul foni ¢ acids, Ereferiad dgwis.aeids are pefal hialdss ﬁg\ﬂwf’ﬂﬂ‘iﬁéiﬁg-d@?erﬂpso
sui tabl e are hydrogen halides, halosul fonic acids, tetrafluoroboric acid,
het er opol yaci ds, Misda metelhaving.an @xidetion pumbepfrom 2 te Aektls adhalegem

used. Exanpl es i nclude p-toluenesul fonic acid, .

trifl uor omet haneisuan integerdfeara 2 tor4.f Examples of suitablgdiewjs acids are zinc

trichl oronet hanesul foni ¢ acid, hydrochloric acid, phosphotungstic acid, 20
and the |ilse. Prehleridedzipe bromidacstipnouis chiatide; rstanraisdromide; alumisgo f oni c

acid, and phosphotungstic acid. Wen a protic acid is used as the
catalyst, It is chloride, ferricehieride, boron tffiabride] dnd thedikepamdrmixtures thereof.t he
range of about 0.01 to about 1 wt.% based on the anount of

pol yether. A nor gidat pretéred afepie chiorkdeQiid zinc bromidea!Whién 8. 1&is ackibout 0. 3
wt. % Additional exanples of suitable protic acids

Pt cpo7 o127 CMPSHAHRE prterod o oy an syourt e enge of s
teachings of whi gly13fclabout 5 wt.% based BPHBUrASEH df poRethedy Adeitonance.

10 examples of suitable Lewis acids are'found in U.S. Pat. No. 5,319,006, the
teachings of which are incorporated herein by reference.

Protic acids (organic and inorganic) that have a pKa less than about 0
are also useful as insertion catalysts., ‘Generally, the aclds will be stronger
than organic carboxylic acids. Suitable acids include aryisulfonic acids,

15 alkylsulfonic acids, and halogenated alkyl- and arylsulfonic acids. Also
suitable are hydfogen halides, halosulfonic acids, tetrafluoroboric acid,
heteropolyacids, and sulfuric acid. Mixtures of different acids can be uéed. |
Examples include p;toluenesulfonic acid, trifluoromethanesulfonic acid {triflic
acid), trichloromethanesulfonic acid, hydrochloric acid, phosphotungstic acid,

20 and the like. Preferred protic acids are sulfuric acid, p-toluenesulfonic acid,

| and phosphotungstic acid. When a protic acid is used as the catalyst, it is
generally preferred to usé an amount within the range of about 0.01 to about

1 wt.% based on the amount of polyether. A more preferred range is from

about 0.01 to about 0.3 wt.%. Additional examples of suitable protic acids

-8 -



Metal salts derived fromprotic acids that have a pKa | ess than about
O are also effective insertion catalysts. Preferred salts are nmetal salts

of 5 aryl sul fonic acids, alkylsulfonic acids, hal ogenated aryl- and
~alkylsulfonic acids, tetrafluoroboric acid, sulfuric acid,

-het er opol yaci ds, and hal osul fonic acids. Sulfonic acid salts,

especially trifweteessadts, are particularly preferred. PCT/EP97/01272

Preferably, the netal is seIectedfromGroupIA 1A, IIB IB, Ill'A [1VA

VA, and VIII ge netal can_be, for le, lithium

potassium 10 %&ﬁtﬁh i Mo, Sd3psae, the *GﬁF'PI'DG? Whicha%@i rmony,

I ron, nickel. Exarrpl es of ' suitable netal salts are lithium

triflate, sodiumt r'P??rﬁP@te%Q%Pﬂﬁ?fPquﬁat e, zinc triflate,

copper (I'l) triflate, zinc tetrafluoroborate, zinc p-toluenesulfonate,
aluminumtriflate, iron(Wetl salts darived i peatis, acidshthet have afpkea Igss Ahan abaut
i ke, and _ m xtures thereof. Wen a netal salt is used as the
catalyst, It is prd?aremalso effestive insertios eatalystsn Peeferrad saits bienmets saltnge of
about 1 part per mllion (10- wt.% to about 1 wt. % based on the
armunt of pol §et herarylsulfanie agide; aikylsulfonimaeids, shalogenated aryf~r atd alkgishiféhi® 1
.%to about 0.3 W% Additional exanples of suitable nmet al

sal ts of protic aciatisatetrafinoraborio acidSsularic adis, héterbpolyadis, éu’m?halosulfomc
t eachi ngs of which are incorporated herein by reference. 20

Any conveni ent t emzeldst USalfonitadle seRs @cﬁhr]ﬁzﬁaﬁé ¥&is) oF e paficalally prefarred
the process of the invention provided t e tenperature suffites

promote insertion Frefefblylithb mMetasis VeldcldPrbMeGRRPYAL AT ns%ﬂqnﬂ'm

however, the reaction is too slowto be practical at terrpér(ﬁures

?glmg\évr :{)8% \?ﬂ ﬁlr :] \aﬁﬂ i, r;rghgs. theMhe{af EaR bY; fdr ekafiph; Sithiurh S pRaE&igmTed at a
-9 - 10 magnesium, zinc, copper, aluminum, tin, a}ntlmony, iron, nickel. Examples of
suitable metal salts are lithium triflate, sodium triflate, magnesium triflate,
zinc trifiate, copper(ll} triflate, zinc tetrafiuoroborate, zinc p-toluenesulfonate,
alur_ninum trifiate, iron(ll) tetréﬂuoroborate. tin(i) tﬁﬂate; and the like, and
mixtures thereof. When a metal salt is used as the catalyst, it is preferably
15 used in an amount within the range of about 1 part per million (10~ wt.%) to
about 1 wt.% based on the amount of polyether. A more preferred range Is
from about 0.01 wt.% to about 0.3 wt.%. Additional exarﬁples of suitable
metal salts of protic acids are found in U.S. Pat. No. 5,436,313, the
teachings of which are incorporated herein by reference.
20 Any convenient temperature can be used to make polyetheresters by
| the process of the invenﬁon provide_d that the temperature suffices to
promote insertion of thg diol diester into the polyefher. Generally, however,

the reaction is too slow to be practical at temperatures below about 60°C.,

Preferably, the process is performed at a temperature within the range of
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PCT/ EP97/ 01272 about 80[err]C to about 250[err]C. A nore

preferred range is fromabout 100[err]C to about 220[err]C nost

preferred is the range from about 150[err]C to about 200[err]C.

The process is conveniently performed by conbi ning the polyether,

di ol diester, wapd7mayeat, and any optional conponents (anhydrlmPthQxyl Tc

5 acids) in any desi red order or manner, and heating the mxture at a

t enper at ure that ro i nsertion of t he dIO| di ester ntothe et her
%ﬁrc éf’ {)

to pro Rl 2% Qr Bare Pr#ﬁ@%l’ﬂ{ﬂ%@s“"ﬁ'ﬂ Pon
can be f ol I ovvegl by neasuring the acid nunbe Wry ch vm II decrease
and | evel off as about220°C; megt preteciedds the mngedem a!pgut 150°C to abogh200%%; t o
performthe process of the invention Is to first prepare ~and

i sol ate the diol diestkhe pracessisrmpnveniently péronmedrbyctembiningvthe ipolijetier,

di ester, polyether, and insertion catalyst, and the mxture is heated to
produce the pol ydlidistiesters catalystand-anyrpptional camgoents [((avhyidrides,t caabaxylibi s
procedure (Method A"). 15 The pol yetherester resin can al so be
made i n theSsane acids)timany ldesired order or mammer, ergichdatingethe miktarelabd di est er.
Fol | ow ng preparation of the diol diester, the insertion catalyst

and pol yet her ar dempbraidrecthelt bmtéélmsemm of¢he dial diester into the paiy@ttidieo
pol yetherester resin is made. Exanples 5 and 6 illustrate this

techni que ("Met hqfoRide a pefyetherester resir. nTﬁ’e bhigrébsVef tha tre&dtiontd2d 18 ©!
diester is prepared in the presence of the pol yet her. The di ol

and anhydri de usqgidwidBKthedadfritd He A& hbRibef, SA%éEh Wil 8@ ease and devef offas
pol yether at a tenperature high enough to produce a m xture of di ester

i n polyether, bu é%&ﬂﬁ%&é& avoid insertion of the anhydride or the
di ol fﬂést er into the polyether. After diol diester preparation

i's conpletgy the One way to perform the process of the invention Is to first prepare
and isolate the diol diester. A second reactor is then charged with diol
diester, polyether, and insertion catalyst, and the mixture is heated to
produce the polyetherester resin. Examples 1 and 2 below illustrate this
procedure ("Method A").

15 The polyetherester resin can also be made in the same reactor that
was used to m_ake the diol diester. Following preparation of the diol diester,
the insertion catalyst and polyether are introduced into the same reactor,
and the polyetherester resin is made. Examples 5 and 6 Hlustrate this
technique ("Method B").

20 ~in a third variation, the diol diester is prepared in the presence of the

' polyether. The diol and anhydride used fo make tﬁa diol diester react in the
polyether at a temperature high enough to produce a mixture of diol diester
in polyether, but low enough to avoid insertion of the anhydride or the diol

diester into the polyether. After diol diester preparation is complete, the

-10 -
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PCT/ EP97/ 01272 reaction tenperature Is Increased to pronote

i nsertion of the diol diester Into t he pol yether to nake the
pol yet herester resin. Exanples 7-13 bel ow illustrate this
approach ("Method C'). As noted earlier, the process of |
the invention hwe mpa2 advant ages 5 compared with the caoveEmtornal
process for making polyetheresters by - insertion of an anhydride

or a carboxylic acid into a polyet hf: First, the . hpr cess gives
hi gher yields of pBafd Pﬂé?'BBg@F"Y 4% fncresss de promeigi ingertioR of the diol diester into
conventional process gives ’}/I elds in the -75-80% range_ (see Conparative
Exanpl es 3 and 4), thp ealyathe; 9nake the pelethersster fesinn Exampies Y;& balowy hi t
85- 10 90% or better (see Exanples 2 and 5-13).

Second, the procesHugateribisiappraachdiMethedd@}. or gani ¢ by- product
generation and. waste-di sposal costs associated with organi c by-products
(see Exanple 2 and ConpAs aotedeeeflismtilecproBess) of the invention has manyTadvathtagdse
process gives pol yetherester resins with low color. 15 Pol yet her est er
resins made the cocampanedwith thayconveatidnal hmces%ﬂﬁnamxg)polyetheresters pal ues
greater than 150. Lower col or products can be made, but nuch

| onger reaction timsertien®f anchbgdridieond sardoxplicatio intd & popehbANFiréOthe
coating applications, a process that gives a resin with [ow color is

val uabl e. proéessfias® highsr pleRigsef folyathdresiepfesii produdts A¥hile thd h

reduced color. 20 Fourth, the process of the invention makes

it easier to produsghventional Frodé@éb%?%ﬂéféé %tﬁegb%\égpgjgh%%édqv@%ﬁ e to-

Products with acid nunbers [ ess

make using the comﬁﬁ@é‘@'aﬁﬂf QCQF‘bfds from the grocE’Q%Y fHle |nf/é’r‘it|rogig!&ﬁfts=9%l ﬁﬁ%ﬁiw

corrosion-resistant applications; polyetherester

aci dnunber goar e g e beflsr 58 Blabids 2 3niRd b © 1

Second, the process of the invention reduces organic by—product
generation and waste-disposal costs associated with organic by—products
(see Example 2 and Comparative Examples 3-4).

Third, the process gives polyetherester resins with low color.

15 Polyetherester resins made the conventional way usually have APHA color
values greater than 150. Lower color products can be made, but much
longer reaction times are needed. Because low color is important for
coating applications, a process that gives a resin with low color is valuable.
As Example 2 shows, the process gives a resin with reduced color.

20 Fourth, the process of the invention makes it easier to produce

_ polyetheresters having low acid numbers. Products with acid numbers less
than about 45 mg KOH/g are hard to make using the conventional process.
However, for molding and corrosion-resistant applications, polyetherester

resins with low acid numbers are needed. As Examples 7-13 (see Table 1)

-11 -
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PCT/ EP97/ 01272 denonstrate, resins with acid nunbers in the 30-40
ng KOH g range are routinely made with the process of the

I nvention. Exanple 14 and. Conpar ati ve Exanple 15 show that the
diol diester insertion process gives: .- an internmediate that can be
successful | y wonaiaseext ended with a prinmary diol 5 to PETEPI/01272

| ow aci d- nunber pol yetherester resin. In contrast, attenpts to

make a | ow aci d-. 0 naj i '

made by the convggﬁz’g‘%ta@{ehe%sd&ﬁ %gﬁ:‘ ﬁ"l"ﬁééerrpstr] ;ﬁ 3’?1&8?% H{;#d]'riloglgé r'érhdoesare

pol yet her) : (9 1L . ifth, the
process avoi ds p%@fﬁ&agﬂ% tgh{hr&gésésﬁf tﬁgt’@reng%@i tEixSW.p'e 1‘6 anE Water is
often added in a_.conventiopal progess t nvert Jral el.c aphydride

Co i of ¢ act o, FogmaArRive EamE Thai: Tt B Hls lpbtar itstion Plasse oves
reaction conditions results in a heterogeneous reaction mxture, which is
preferably avoi dé@ 'W@Hﬁﬁ%‘étestaﬁfﬁ?mgeﬁHEg?ﬁ,sg-'“yé%@'rb%’ﬁng? WF“M"HFM#E}
becones nore difficult. Water_ addition can cause other problens. 15

Ref | uxi ng Wat er [ BiaéR @ lomweacidapumbae polyetbsresien resina g coptrash ailemptades
addition of ' extra catal yst necessary. The process of the Invention

ci rcunvent s t hesmakes, isw-azidroumber PrRfush by chain extension when the fasimls y, t he
process of the invention permts better product consi stency.

Si gni ficant and ofaderbytinercomiventidsiad method @z ihsartien of &nhydrigeiinte patyether)
anhydri de can pl ague the conventional manufacturing process, particularly
i f t he cameasuitrineliatics i s not closely nonitored. In contrast, the”

process of the - Invention is nore forgiving. The diol diesters are
much | ess vol atil e thpgifth] the process avoids)prodessiag difficuttied of waterl additidn.t hey

tend to stay in the reaction m xture even

10 Water is often added in a conventional process to convert maleic anhydride
1o maleic acid. Isomerization of maleic acid to fumaric acid under the
reaction conditions results in a heterogeneous reaction mixture, which is
preferably avoided because sampling becomes less consistent and mixing
becomes more difficult. Water addition can cause other problems.

15 Refluxing water prolongs heat-up time undesirably, and sometimes makes
addition of-extra catalyst necessary. The.proces's of the invention
circumvents these issues by not adding water.

Finally, the process of the invention permits better product
consistency. Significant and often unpredictable overhead losses of volatile

20 anhydride can plague the conventional manutacturing process, particularly if
the reaction process is not closely monitored. !n contrast, the process of the
invention is more forgiving. The diol diesters are much less volatile than the

anhydrides normally used, and they tend to stay in the reaction mixture even

at elevated temperatures.

-12-
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12 - WD 97/ 34942

PCT/ EP97/ 01272 ' _ - Polyetherester resins nade by the process
of the invention commonly _ have a | arge proportion of carboxylic -
acid end groups. The pol yet herester can be heated with a glycol .
such as propyl eN¥O %3848 = di propyl ene gl ycol, or t hBCT/ER®/01272 ~

(typically 5-10 wt% to esterify t hese acid groups and produce 5
gl ycol - capped pol yet here b i)
Pﬁ@ fheldkddr RSIKS Rl g% regct e%é BP?\% invention commonly

Al tergat I vel y],c th§| pol yethérester resin can
chai n- ext ended pol y FFeRUafERproBirion Of oLk BRI, b RO ﬁé} fptHGEesfer
yiool or di epoxy08/ ?gg'%g’he %ueﬁwggb%i%r %gc 8ﬁs§?%9;8% b CtIO&P gﬁ?«ﬁ)r"lr?r'r’?r

wei ght average nol egul ht of e.resin, W found that these
chai n- ext ended r esi 'ﬁﬁ%“&%‘&?’W"’OWL )to&ﬁg meﬁﬁml%gf"HB?PBFlP&?@@

pol yet herester ther&o gt S W th eI | ent wat e resi stance.
Suitable prindry di 9y ﬁ%@%ﬁ.%ﬁ%ﬁfﬁwbﬁw hydroxylend @opBS.r | OH) 15
avai l abl-e for reaction vmth the aci roups of the polyetherester resin.
Preferred primary diol s Afenaiively; th @%V?q‘efﬂstﬂfsl’esmr@lhﬁ regctedowithe azohalre

et hyl ene gl ycol , 2 met hyl - 1, 3- propanedi ol , neopentyl glycol,
di et hyl ene gl ycol , €xtender, preferablyizhpiimar djpherct diepoxy bompownd,db produce a
1, 6- hexanediol, 1, 4- cycl ohexanedi net hanol ,

1. 4- benzenedi net harghain-gxtended polyetherester resin as &taulbt in copehdingafppl. Ser. No.
Pr ef er abl y, the amount of primary diol used will be within the range
of about t o aboutO8/608d7diled February 28, 1996. Reaction with a primary diol or diepoxy
10 compound results in a substantial increase in the weight average molecuiar -
welight of the resin. We found that these chain-extended resins are useful

- in making high-performance polyetherester thermosets with excellent water

resistance.
Suitable primary diols have two primary hydroxy! groups (~CH,OH)
15 available for reaction with the acid groups of the polyetherester resin.
Preferred primary diols are C.-C,, diols, including, for example, ethylene
glycol, 2-methyl-1,3-propanediol, neopenty! glycol, diethylene glycol,
triethylene glycol, 1,4-butanediol, 1,6-hexanediol, 1,4-
cyclohexanedimethanol, 1,4-benzenedimethanol, and the like, and mixtures
20 thereof. Preferably, the amount of primary diol used will be within the range
of about 1 to about 20 wt.%.
Suitable diepoxy compounds have two epoxy groups available for
reaction with the carboxylic acid groups of the polyetherester resin, Epoxy

resins, such as bisphenol A diglycidyl ether, are preferred diepoxy

-13- °



Sui t abl e di epoxy conpounds have two epoxy groups avail able for

reaction with the carboxylic acid groups of the polyetherester resin. Epoxy
resins, such as bisphenol A diglycidyl ether, are preferred di epoxy

-13 - WD 97/ 34942

PCT/ EP97/ 01272 conpounds. Suitable epoxy resins include Shell ..
Chem cal ' s " Emwsnmi ns such as EPON 828 resin, aP@'IERIWOlZn,
Chenmical's "D.E.R " resins, such as D.E.R 330 and D E.R 331

oo ?S-SSS ", =5 lafndh-BEIbIE SRR Bein s sl Chah A IEBONE SRR 1S
1 "
amount ot poi yé”i i ep HON B2 BERHAY iy CBA S0 .£2R. i%%gtsuﬁ%cn & used
b
| 5
Pol yot her st er T @s\?ﬁ@ "G ARG 25, HiF ety Bt RS litnelly compaypas are
oyt 160 o PR n SoraRuia AR S5 31 A8/edeB5Lpd pebRiay 2a ot " °
Vi nyl m)norrers swt%& or use in the invention include, for exanpl e,

vinyl aromtic nbissabh &t leashabodst wi% ef dlea%bﬁqmwwﬁdssedabasyma thed

nmet hacrylic acid esters, acrylam des and net hacr%l am des, acrylonitrile and
met hacr yl oni t r i | @moxnkof pelyetherestersesin. Rreferablythe diepoxycompoundds usethd
pol yaci ds, 15 and the |like, and m xtures thereof. Preferred vinyl
mononers are vi ninan amount withiarthensangs abatous Ssto abouhB@Mli%Cc aci d esters,
and diallyl esters of aromatic dl - and polyacids. Particularly
preferred vinyl . nononelyetheeestaryresing madenhy the process of thelinvantionaanthed
nmet hacryl ate, and diallyl phthalate. Generally, the anount of

formulated into polyetherester thermosets by reacting the resins with a vinyl

10 monomer in the presence of a free~radical initiator.

Vinyl monomers suitable for use in the invention include, for example,
vinyl aromatic monomers, vinyl esters of carboxylic acids, acrylic and
methacrylic acid esters, acrylamides and methacrylamides, acrylonitrile and
methacrylonitrile, alkyl vinyl ethers, allyl esters of aromatic di- and polyacids,

15 and the like, and mixtures thereof. Preferred vinyl monomers are vinyl
aromatlc' monomers, methacrylic acid esters, and diallyl esters of aromatic
di~ and polyacids. Particularly preferred vinyl monomers are styrene, vinyl
‘toluene, methyl methacrylate, and diallyl phthalate. Generally, the amount of
vinyl monomer used will be within the range of about 10 to about 70 wt.%

20 based on the amount of cured polyetherester thermoset; a more preferred
range is from about 20 to about 65 wt.%.

Free-radical initiators useful in the invention are any of the peroxide

. and azo-type initiators that are well known in the art for curing conventional

unsaturated polyester resins. Peroxide initiators are preferred. Suitable

- 14 -



vi nyl nononer used will be within the range of about 10 to about 70 wt. %
20 based- on the anmount of cured pol yet herester thernoset; a nore
preferred range is fromabout 20 to about 65 wt.%

Free-radical initiators useful in the invention are any of the peroxide
and azo-type initiators that are well known in the art for curin S
conventi onal WO 973494 nsat ur at ed pol yester resins. Peroxide iPﬁr&Pﬁw}?g are

preferred. Suitable -14 -
WO 97/ 34942 : : i - eroxide, tert—
PCT/ EP97/ 01272 examples, {nelude benzoy| peroxide, eyl ey K etae PeroXoe ey

ket one peroxide, tert.- o] , ' I The
anount gf free-radi%‘ﬁwp‘ameln?g?tgr A%'yé&e{h%q{'}é'em ?ﬁ%@pﬁ’f%_%%él\,w t?rn
t he range of about 0.1 tq .aho } S W %Rased Ol | %f
cured pol yet hereste‘r'sﬁdh‘@ﬁ%@'é#.y be within the range of ahqut Q1 to ‘Q@%%@? d on
p:ngen!tos,yor ot her additi ve%I may, be | cl%(ilqu[ﬁ_n a!'Ehe '

pol yet her est er therﬁﬁé’éﬂ'%ht(ﬂ cl“ﬁ%" PHWEE?PF er hefmosst-c fillers include, for

exanpl e, talc, calciumoxide, calciumcarbonate, alum numtrihydrate,
magnesi um si | fcate, al urffi¥ess: @ﬁ?-‘-’oﬁ?ﬁ"scmﬂ?@ﬂtﬁdPéP@?ﬁ@égﬁ'ge%HﬁWge inRkyded in

i ke. dass powder, spheres, fibers, or chopped glass of any size or shape
10 can be used the polvetherester thesmosetpaf ke byention: hSvitable fillers inciude, for
The pol yetherester thernpbsets are nade by reacting the

pol yet her est er r esiexampig,talcooaloium pxidadcaiciam-gambonaie, aluminum gihydmter di ng

to nmet hods well known in the art of naking thernosets from
unsat ur at ed magnasiyme sllicate, allimipa, darpom, aldys, diztorsaceousi eartiy and tha
contains vinyl nononmer is 15 conmbined with the free-radical initiator

at room or el evat edikecriass powder, apHeres, fibers, or ¢hepped gikssof ginyasize swshape
product that nmay be post-cured if desired by heating
10 can be used fo reinforce the polyetherester thermoset.
| The _polyetherester thermo_sets are made by reacting the
polyetherester resin, vinyl monomer, and free-radical initiator according to
methbds well known in the art of making thermosets from unsaturated
polyester resins. Typically, a resin mixture that contains vinyl monomer is
15 combined with the free—radical initiator at room or elevated temperature, and
is cured to give a solid product that may be post-cured if desired .by heating
at elevated temperafure. The examples below lllustrate suitable procedures
for making the thermosets.
The process of the invention gives polyetherester resins that perform
20 well in thermoset applications. As Table 2 shows, thermosets made from
these polyetherester resins exhibit a tavorable balaﬁce of physical
- properties. Water resistance of the thermosets, as evaluated by the percent

retention of flexural strength following exposure to boiling water for six days,

is typically in the 70-85% range.
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at el evated tenperature. The exanples below Illustrate suitable procedures

for maki'ng the thernosets. The process of the invention
gi ves pol yetherester resins that perform 20 wel | in thernoset
applications. As Table 2 shows, thernpsets nade from t hese

pol yet herester resins exhibit a favorabl e bal ance of physi cal .
properties. VWD@r34%3i stance of the thernosets, as eval uat e POIERIFBIZERr cent
retention of flexural strength follow ng exposure to boiling water for six

?‘?5’31 s tw)i Hgﬁ%\%gg tRamplbs metdi idStrate the invention. Those skilled
PCT/ EP97/ 01272 . . . ' I el trate
the invention. Tﬁ%é%e ?ﬁi‘”l er%cognlz-gnﬁ.aﬁﬂ/%rﬁgﬂoﬁg tﬁ%&%vﬁ@ir?@%oé n'inzééflﬁngny
variations that g Gntohtnd ddbe ¥ tid biafths." ® 'nvent!on and scope
Preparation of 2-Methyl -1, 3-propanedi ol Bis-Mleate A
three-liter resin kettle equi pped with nechanical stirrer, nitrogen
sparge tube, and addition funnel |s char i th mal eic anhydride (1713 g.
17.3 nol ). 5he anhydride is heated to 6 €5tb melt 1t. 2-Methyl -1, 3-
10 .. propanediol (787 g, 8.73 nol) is added at a rate effective to keep
t he exot her ni ¢ PeRatatigh afi2xMatiylal.3apropapediah BiscMeleate  han about
100[err] C Foll owi ng diol addition, the mxture [err]s heated at

85C for another 2 h. Hithree-liter resin keltledequipgexhwith gechanical stirer, nirogen| ear ,
viscous |liquid. Analysis by [err]H and
sparge tube, and addition funnel Is charged with maleic anhydride (1713 g,

17.3 mol). The anhydride s heated to 60°C to melt it. 2-Methyl-1,3-

10 pljopanediol (787 g, 8.73 mol) is added at a rate effective to keep the
exothermic reaction mixture at a temperature less than about 100°C.
Fallowing diol addition, the mixture is heated at 85°C for another 2 h. The
product (2475 g, 99% yield) is a clear, viscous liquid. Analysis by 'H and
®C NMR spectroscopy indicateé that the product is the desired 2:1 adduct of

15 maleic anhydride and 2-methyl-1,3-propanediol.

The same general procedure is used to make a bis-maleate from
propylene glycol. 2-Methyl-1,3-propanediol bis-maleate and propylene
glycol bis-maleate are used to make polyetherester resins by insertion of the
bis~maleate into a. polyether polyol as is described below.

20 EXAMPLE 2

Preparation of a Polyetherester Resin from a Polyether Triol and
- 2-Methyl-1,3-propanedio! Bis-maleate (Method A)

A twelve-liter reaction vessel equipped with mechanical stirrer,
thermocouple, nitrogen sparge tube, and reflux condenser is charged with a
25 3000 molecular weight polyoxypropylene triol (3430 g), 2-methyl-1,3-
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[err] C NVMR spectroscopy indicates that the product is the desired 2:1

adduct of 15 mal el ¢ anhydri de and 2-net hyl - 1, 3- propanedi ol .

The sane general procedure i-s used to make a bis-naleate from

propyl ene glycol. 2-Methyl-1 , 3- i‘-qlmgalggg | eat e and propyl ene

gl ycol bis-naleate -are used to n este resins by insertion of
t he " piosoTraddat e | nto a_pol v |\/n| as i s descrTOEEFBOIGH.
20 EXAIVPLE 2

> Net hyl - 1. 3- pr opaREHE “Easféfs Eﬁ%@%@?&ﬁeﬁ% A % edis 17, Mg -
ther mocoupl e, i ¢ BHESHRRYE S Bha The PR Braed | éﬂ%éhvawbawﬁqd
-2?6 ] 3000 nol ecuL;alrrog\gfe‘l ght 8 %%%bﬁ/g ?%/I Sﬁr;g %xé%r?liy rog?%%méoﬁt hyl -

Exanple 1), and p- uenesul fonic acid (7. % g]e mxture is
heat ed at 190[err] Ef%Y!Wesg‘W‘?' K?\U ghig added, and heﬁﬁ"’fgﬁ)ﬂ@ ugs, gﬂ"}?g‘?"cﬁ o,
to reach an acid nunber of 102 KOH g Propyl ene glycol (271 Q)

i s added, an& heat reaghcamwﬁmmbﬁbpf ﬁ-’h@nmgﬂwghm proguct (6444-6.88.6%)ds iad
nunber of 53 ny KOH g. The product (6444 g, 88.6% is a

pol yet her est er  r espolyethergstenrgsinresyiting: from randemt insertion ofidiol bis-malndte inte
into C- O bonds of the polyether polyol. Water and organic

by- products (674 gC-O bonds of th® palyejheapelyal. s Water arw:otgdmc'ﬂyepmduptsqtaﬂtger
resinis blended with 40 wt. % styrene. The bl end has viscosity

=500 cps) and APHA 8.3/ %) are 8o collécted, The polyetherester resin is blended with 40 wt.% :
COVPARATI VE EXAMPLE 3 Preparation of a Polyetherester Resi n
from a Pol yet her TstymdnearThe blend has viscosity = 500 cps and APHA color = 80.
10
COMPARATIVE EXAMPLE 3

Preparation of a Polyetherester Resin from a Polyether Triol and
Maleic Anhydride

A twelve-liter reaction vessel equipped as in Example 2 Is charged

15 with a 3000 mblecular.‘ weight polyoxypropylene triol (5000 g) and maleic
anhydride (2692 g). The mixture is heated to about 70°C to melt_ the
anhydrid‘a. A solution of p-toluenesulfonic acid (7.7 g) in water (494 q) is
added. The mixture is heated to 190°C with stirring and nitrogen sparging
for 7.5 h to reach an acid number of 133 mg KOH/g. Propylene glycol (500

20 g) is added, and heating continues for another 5 h to reach an acid number
of 55 mg KOH/g. The polyetherester product (6501 g, 78%) is collected.
along with water and organic by-products (1888 g, 22%). The
polyetherester resin is blend.ed with 40 wt.% styrene. The blend has
viscosity = 280 cps and APHA color = 150.

Thls Sheet Has Been RT
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Mal ei ¢ Anhydri de A twelve-liter reaction vessel equipped as

in Exanple 2'is charged 15 with a 3000 nol ecul ar wei ght
pol yoxypropyl ene triol (5000 g) and nal eic anhydride (2692 g).

The m xture is heated to about 70[err]Cto nelt the anhydride. A
solution of p-toluenesulfonic acid (7.7 g) in water (494 g) is .
added. The m masm49a heated to 190[err]C with stirring and RCT/ERY@272.
spar gi ng for 7.5 h to reach an acid nunber of 133 ng KOH g. ’

Propyl ene glycol (500 20 continues for
another 5 h to reach an acid nunbeéOWEHATR}%E@ﬁﬁ?ﬁmg The

pol yet her est er product col |

wat er and organic by- Flréﬂﬂé %'g?flﬁgatﬁﬁth Q/Ee"%‘ﬁﬁ@ fromaPolyet&grl;rgpﬁ@? st er

resin is blended with 40 w. %styrene vi scosity
(280 cps)and APHA col or = 150.

-17- The procedure of Comparative Example 3 is generally folltmgmt 7 SHEET
WO 97/ 34942 .
PCT/ EP97/ 01272  except that when the acid number reaches 13RO HIEE 2ErmetivylEt 8-
Preparation of a Pol yetherester Resin froma Polyether Triol and
Mal ei ¢ Anhydri de propanediol (494 g) is gddedor The thaction colinyesruntil the adidmuimbeB i s

general |y foll owed, 5 except that when the acid nunber reaches 134 ny
KOH g, 2-net hyl - krops to 47 mg KOHjg.oupoadcionling,48é ppoduct (BGEdeg,. 82Pkisr eact i on
continues until the acid nunber drops to 47 ng KOH g. Upon
cool i ng, the progofiécted and malﬁaﬂl'()(seé;Table 1). coll ected and anal yzed (see
Table 1). The results in Exanple 2 and Conparative Exanples”
3 and 4 show The results in Example 2 and Comparative Examples 3 and 4 show

10 that a resin made from a diol bis—maleate is produced in higher overall yield

(89% vs. 79-82%) and with less water and organic by-products (9 wt.% vs.
18-21 wt.%) conipared with a polyetherester made from maleic anhydride.
In addition, the resin made from the bis—-maleate has a lower APHA color
(80 vs. 150).

15 EXAMPLE 5

Preparatson of a Polyetherester Resin from Propylene Glycol Bis-maleate
One—-Pot Procedure (Method B)

This example shows how to make a polyetherester resin from a bis—
20 maleate in which the bis-maleate is prepared in the same reaction vessel
before introducing a polyether polyol and insertion catalyst.
A three-liter reactor equipped as in Example 2 is charged with maleic
anhydride (874 g), which is melted by heating to 70°C. Propylene giycol
(339 g) is added, and the exothermic reaction is maintained at 130°C or less
25 until the reaction subsides (about 2 h). The acid number of this bis-maleate

intermediate is 448 mg KOH/g. A 3000 mol. wt. polyoxypropylene triol (1225

- 18 -



10 that a rési n made froma diol bis-maleate is produced in higher

overal |l :yield ~ (89%vs. 79-82% and with | ess water and organic.
by- products (9 w % vs. 18-21 wt. % conpar ed with a pol yetherester
made from nmal ei ¢ anhydri de. In addition, the resi n made fromthe
bi s-mal eate has a | ower APHA col or (80 vs. 150). - 15 :
EXAMPLE 5 WO 97/34943; epar at i on of a Pol yet herester Resin frBﬁ’@Pﬂ{ﬂ}T’éne
G ycol Bis-naleate One- Pot Procedure (Met hod

froma bis- 20 9 Heind @%& Gt '%Eﬂvﬁtgi o pad B ARG ¥ nediu i
ThSer i on LSPJ?E?*%“C urth the aé?ﬂ%ﬁx* @#94%339P?Svﬁ@ﬁi/ﬁﬁ?%éﬂ?ﬁ'ﬁ?y‘ca@féﬁn
Exanple 2 is char %h rral WBQW@H’&”% v@ﬁﬂ\e acrd Abe?gé@p\%s grimgdded

nel ted by heating d ded
maj nt alﬁded at 1

dth h | s
o e et ke i bk e B0 anﬁ]@olatqc{j(%ﬁlé&ﬁ o4 Vieklls Gel

bi s- mal eat e - Internmediate is 448 A3000 rml Wt .
WO 97/ 34942

PCT/ EP97/ 01272  Ablend Ofﬂmfe&mwwﬁel\ﬁe%@!mmhaechpl@m@q are added,
and the m xture is heated at 190[err] until the acid nunber
drops to 102 ng KOH g. Propyl ene glycol (92 g) is added, and
heating continues until the acid nunber reaches 59 ny KO—Vg The
product is cooled and isolated (2165 g, EXAMPEES). GCel 5 perneation”
chr omat ogr aphy (GPC) anal ysis shows: M = 1450, Mv = 7590. A
bl end of the resin with 40 th%pargtimnefdnmlyAﬂ‘i#estql Resin ffom

10 Propyiene Glycol Bis~maleate/phthalate

One-Pot Procedure (Method B) |
A three-liter reactor equipped as described in Example 2 is charged
with a mixture of maleic anhydride (750 g) and phthalic anhydride (250 g),
15 which is meited by heating to 70°C. Propylene glycol (348 g) is added, and
the exothermic reaction is maintained at 130°C or less until the reaction
subsides (about 2 h). The acid number of this bis-maleate/phthalate |
intermediate is 417 mg KOH/g. A 3000 mol. wt. polyoxypropylene triol (1152
g) and p-toluenesulfonic acid (2.5 g) are added, and the mixture is heated at
20 190°C until the acid number drops to 123 mg KOH/g. Propylene glycol (237
g) is added, and heating continues until the acid number reaches 42 mg
KOH/g. The product is cooled and isolated (2372 g, 89% yield). GPC
_ analysis shows: Mn = 1475, Mw = 7590. A blend of the resin with 40 wt.%
styrene has APHA color = 150.

-19 -



EXAMPLE 6 : Preparation of a Pol yetherester Resin

from 10 : ' Propyl ene @ ycol Bis-nal eate/phthal ate
One- Pot Procedure (Method B) A three-liter reactor

equi pped as described in Exanple 2 is charged with a mxture of
mal ei ¢ anhydride (750 g) and phthallc anhydride (250 g), 15 which is

mel ted by heaworsg4sdz 70C. Propyl ene glycol (348 g) is added PCIEP97/01272
the exothermc reaction is maintained at 130[err]0 or less until the

reaction subsi des (about 2 h Ld,ounber of this
bi s-mal eat e/ pht hal ate I nter WEM@%IF ng KOH g. A 3000 nol.
lc acid

wt pol yoxypropyl ene tri -to esul fo
(2.5 g) are added, and é)ﬁgér%gfg"‘ygt é%ﬁt &R q"s b 'Untl| the -
acid nunber drops to 123 S

added, and heating continues untﬁ” E‘ﬁes 42 ng
KOH g. The product is cooled _and isol ated (2372 P 89% I el d)
anal ysi s sh®ws: M = iﬂﬁéc lVﬁ/tthP@@mW%laePﬁﬁ*@ﬁeﬁFﬁe'srggpﬁeﬂn'@ ﬁhﬂgfﬁﬂen%

styrene has APHA coI or = 150. 25
-19 - of tluopgly,aﬁmmlyol.' Initially, the anhydride and glycol react to make a

PCT/ EP97/ 01272 : EXAMPLES 7-13
Preparation of Pdiiganaleatsstherdbe raactionmigiupé resichesrabout t50°C or greater,
| n- Pol yol Preparation of the Bis-nmaleate (Method C)
and Ther noset s f nhenbld+endleaterisserts into the polyether polyol to make the polyetherester
| resin.
10 A twelye-llter reactdr equipped as in Example 2 is charged with
maleic anhydride (2692 g) and a 3000 mol. wt. polyoxypropylene trio} (3956
g). The mixture is heated to 75°C to melt the anhydride. Propylene glycol
or 2-methyi-1,3—-propanediol {see Table 1 for amounts) is added, along with
p-toluenesulfonic acid (2.4 g). A mixture of bis-maleate and polyol forms.
15 insertion of the bis~-maleate begins as the temperature rises. The mixture is
heated at 190°C until the acid number reaches 80-100 mg KOH/g.
Propyiene glycol or 2-methyl-1,3-propanediol (see Table 1 for amounts) is
added, and heating continu_es until the acid number reaches about 30-40
mg KOH/g. The product is cooled and isolated (see Table 1 for % Yyields,
20 acid numbers, APHA colors, and GPC results).
The resins are diluted to 40% styrene conte'nt. and are used to make
polyetherester thermosets as described below. The resins are cured using
0.12 wt.% of cobalt naphthenate solution (6% Co naphthenate in mineral
spirits) and 1.2 wt.% of LUPERSOL DDMS initiator (methyl ethy! ketone

25 peroxide, product of Atochem) at room temperature overnight, followed by a

-20 -



5 In each of these exanples, a bis-maleate is prepared in the

presence : of the polyether polyol. Initially, the anhydride and
glycol react to nake a bi s-mal eate. When the reaction m xture
reaches about 150[err]C or greater, the bis-naleate inserts into
t he pol yet her polyol to make the pol yet herester resin. 10

A twel ve-liter WOIB#M2 equi pped as in Exanple 2 is charged wi tRFVEP9TAI272 ~
mal ei ¢ anhydride (2692 g) and a 3000 nol. wt. polyoxypropylene triol (3956
g). The mixture is P@,gatncgfeh ?Fﬂ@’bﬁbfk%tprdﬂ%ﬁ-ﬁ stér%areblvémh@fﬁnogét@,pm&ﬁa@gi ]

e
1, 3-propanediol (see Table 1 tfor anounts

gl ycol o]

"added, along with < | ani ' ). A mxture of
bi s- mal eat e and polr?l%tfltsfcgrsﬁsq%y%&e%ﬁF%l%@g‘ti&p n o;jh 'Sr%le]féb;'lqs- mal eat e begi ns
as the tenperature rises. The m xture is heated at 190[err]C
until the acid nunber reaches 80-100 ng KOH g. Propyl ene' gl ycol

or 2-nmethyl -1, 3-propanedi ol (see Table 1 ngs) S added,

and heating continues until the acid nunb about 30-40
ng KOH g. The product is ol ed.and,igol ated (see Table 1 for %yjelds, 20
aci d nunbers',es APHA col or s, TEREFaHRItof 8 domw-4pcid- umberalpolyet%eresteq- Sfesins are.

diluted to 40% styrene caontent . and are used to nake . .
pol yet her est er therm)se?‘s"W eiter Feasiar asuinpRd amis xunnle Zischargedwiti ng

0.12 wt % of cobalt naphthenate sol ution (6% Co naphthenate in mneral -
spirits) and 1.2 wnalgigrnhysndes@692okand g 800 mol. Wi palypxynregylene triph (60005
per oxi de, product of Atochem at room tenperature over night, followed by a
-20 - g).\\bhe mixtyoe is heated to 75°C to melt the anhydride, and a mixture of ?

PCT/ EP97/ 01272 _ -
propylene glycol (1044 g) and p-toluenesulfonic acid (2.4 g) is added. A
10 mixture of bis-maleate and polyol forms. Insertion of the bis-maleate
begins as th_e temperature ﬁses. ‘The mixture Is heated at 190°C until the
acid number reaches 99 mg KOH/g. 2-Methyl—1,3-propanediol (494 g) is
added, and heating continues until the acid number reaches about 21 mg
KOH/g. The product is cooled and isolated (6998 g, 88%). GPC results:
15 Mn = 4263, Mw = 59,990.
COMPARATIVE EXAMPLE 15
Attempted Preparation of a Low~Acid-Number Polyetherester Resin
A twelve-liter reactor equipped as in Example 2 is charged with
20 malieic anhydride (2692 g) and a 3000 mol. wt. polyoxypropylene triol (5000
g). The mixture is heated to 75°C to melt the anhydride, and a solution of
p-toluenesulfonic acid (7.7 g) in water (494 g) is added. The mixture is
heated at 190°C until the acid number reaches 118 mg KOH/g. 2-Methyl-

1,3-propanediol (740 g) is added, and heating continues until the acid

-21 -



post-cure at 100[err]C for 5 h. Properties of the cured thernosets,

i ncl udi ng . results of 6-day water-boil testing, appear in Table
2. m"H’LE 14 5

Preparation of a Low Aci d- Nunber Bﬂlﬁeshﬁfr'regf‘%r i n A
twel ve-liter reactor equipped as |n ExaRﬁii’ILéC@ IS chlarged with .
mal ei ¢ anhydrwde?88492 g) and a 3 TWol. “Wt. pol yoxypropyl SR3/ERS/0127Z 500

g). The mixture is heated to 75[err]C to nelt the anhydride, and a mxture

s added. A 0 Remimrpasiescvat 83 58 dfol or SR, § o dox a0
heat od at - 100] or gelatiR insqigbis mass haf i SHEUBRBPr b FtorndBuly i °

2- Met hyl - 1, 3-propanedi ol (494 g) is added, and heating continues
until the acid nmhqréﬁf@ﬁ&er%ﬁ%fb 21 ny KOH g. The product is
cool ed and isolated (6998 g, 88%. GPC results: 15 WMh = 4263, Mv =
59, 990. . ©~° COVPARATI VE EXAMPLE 15° '

Attenpted Preparation of a Low Aci d- Nunber Pol yet herester Resin

A twel ve-1ifer reactor equi pped aSOMPARATIVE EXAMPERABged with 20

mal ei ¢ anhydride (2692 g) and a 3000 nol. wt pol yoxypropylene triol (5000
g). The nmixture is heat dereparalibheaf @ dw-cAcidtNumber Belwetheraster Beain a sol uti on

of p-tol uenesulfonic acid (7.7 g) in water (494 g) is added. The
mxture is h petwesiveaditet 98hator dquippad &s irhExample 2 isthargedwithes 118
ng KOH g. 2- Met hyl - 1. 3-propanediol (740 g) is added, and heati ng

5

continues until inghseiecntydride (2692 g) and a 3000 mol. wt. polyoxypropylene triol (5001 -

g). The mixture is heated to 756°C to meit the anhydride, and a solution of

10 ” p~toluenesulfonic acid (7.7 g) in water (494 g) Is added. The mixture is
heated at 190°C untii the acid number reaches 128 mg KOH/g. Propylene
glycol (390 g) is addéd. and heating continues until the acid number reaches
88 mg KOH/g. 2;Methy|-1 .3-propanediol (410 g) is added, and heating
continues until the acid numbér reaches about 29 mg KOH/g. The product

15 is cooled and isolated (6734 g, 82%). GPC results: Mn = 1860, Mw =
22,130. . |

This example shows that it is possible to prepare'a low-acid-number

resin by jﬁrst capping a conventionally prepared resin with propylene glycol,
and then chain extending it with 2-methyl-1,3-propanediol; however, the %

20 yield of polyetherester resin is still significantly lower (low 80s) than the yield

from the process of the invention (high 80s).

EXAMPLE 17

'Preparation of a Low~Acid—-Number Resin: Use of Water and Glycol

e —

- 2- heet Has Been Reilaced
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nunber reaches about 33 ng KOH g. Upon cooling, the product gels into a
gel ati nous, insoluble mass that is not suitable for use in fornmulating a

pol yet herester thernoset = 5 - COVPARATI VE
EXAMPLE 16 : Preparati on of a Low Aci d- Nunber

Pol yet herester Resin A twelve-liter reactor equi pped as in.
Exanple 2 is chHuPg&iod t h - maleic anhydride (2692 g) P&AGEPA/H3T0
nol. wt. pol yoxypropylene triol (5000 g). The m xture is heated

to 75[err]Cto nelt the anhydride, and a gghpipigmpf 10 .
p-tol uenesulfonic acid (7.7 g) in water (494 g) I1s added. The m xture is

heated at 190l err]C Uebbraiff it e CowABIEINGRBE Resir:> UsEor Whtel and! GRikaiene

glycol (390 g) is ad heatrng continues until the acid nunb
reaches : 88 ny = VAR - ' (s '
and heating AW%%“JS?L%H} 4%@ pgg P%Qﬁ%g‘w ér géék@%@"ﬁa‘ﬁ‘tﬂ?%@%

. . . 0
K 6 T, PO e 543 o BTG i IR o S, e
that it is pgssible,to prepase a aci d- punber resin
first-capping a coﬁ“)@ﬁ‘fﬁi'ﬁﬁ‘g %ﬁtﬂr;@ggtgd“gﬁﬁﬁygﬂdi)w §H'é'aﬂi‘>9?§r,
and then chain extending [t wt, -net hyl -1, 3- propanedi ol ; however, the %
200 Vil of poopePRElaS R LTS g atei (5355) Gk pronMens ShGRLE 36 OB 8 0s)
than the yield fromthe process of the invention (high 80s).
-22 . _ added. - The mixture Is heated at 190°C until the acid number reaghes 114 : -

ET _
mg KOH/g. 2-Methyl-1,3-propanediol (130 g) is added, and heating
continues until the acid number reaches 29 mg KOH/g. The product is
10 cooled and isolated (1526 g, 87%). GPC results: Mn = 2331, Mw = 34,060.

A blend of the resin with 40 wt.% styrene has APHA color = 60.

EXAMPLE 18
15 Preparation of an Epoxy-Extended Polyetherester Resin
A twelve-liter reactor equipped as in Example 2 is charged with

maleic anhydride (3400 g) and a 2000 MW polyoxypropylene diol (5282 g).
The mixture is heated to 756°C to melt the anhydride, and a mixture of p-
toluenesuifonic acid (10 g) and propylene glycol (1318 g) is added. The

20 mixture is heated at 190°C until the acid number reaches 103 mg KOH/g.
The reaction mixture is cooled to 160°C, and EPON 828 resin (product of
Shell Chemical, 1588 g) is added. The reaction temperature is maintained
at 150°C until the acid number reaches 53 mg KOH/g. After coolihg, 10,450

g (91.4% yield) of resin is isolated. GPC results: Mn = 1463, Mw = 7341.
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WD 97/ 34942 :

PCT/ EP97/ 01272 ' EXAMPLE 17
Preparation of a Low Aci d-Nunber Resin: Use of Water and d ycol

A three-liter reactor equipped as in Exanple 2 is charged with naleic
anhydride (583 g) and a 3000 nol. wt. polyoxypropylene triol (948 g). The
5 m xtur ewoorsmed ed to 75[err]C to nelt the anhydride, ®RCAERIFYZWX | on
of p- tol uenesul fonic acid (1.7 g) in water (53 g) and propyl ene
glycol (135 g) is added. The @ heated at 190[err] C unti |
t he acid nunber reaches 114 W%Mﬁ% JI% Met hyl - 1, 3- pr opanedI ol
(130 g) is added, and heati n% (I‘:p?tl nu aci d nunber
reaches 29 ny KC]—I/g The pro %?@on 0 % ated (1526 g,
87% . GPC results: = 2331, vieng IBls-—maIeaesug\CIB? hd of the resin
with 40 wt. % styrene has APHA col or = 60

EXAVPLE 18 15 ° A three-liter Fﬁ%%l’r?ﬁq'ﬁﬂﬂ*do?s BrExasBRle Zsiharqed with maleic
Pol yet herester Resin wel ve-liter reactor equipped as in
Exanpl e 2 i% chanphydrige: (690 g) and sucﬁalc@@yaﬂﬁ?@%@ (Bebigyrelshaatedtn My
pol yoxypr opyl ene diol (5282 g). mxture is heated to 75[err]C
to nelt the anhy@siQity nm!tdhamlaic@nby@idqaand propylene gyreldded @ i addedici d
(10 g) and propyl ene glycol (1318 g) is added. The 20 m xture is
heated at 190[ er Tl'hé‘,exnthelnntdmaahnrdisrmaibminatb&md!e!q\ﬁs391?m—vl@ hours. A

The reaction mxture is cooled to 160[err]C, and EPON 828 resin (product of
Shel | Chenical, 3068 mpl. Wt palydrypropyiene trint (1027 glearpkpaloluenesulfonic acidi (@Sd
at 150[err]C until the acid nunber reaches 53 ng KOH/ g. After cooling, -

10, 450 - g) are added. The mixture is heated at 190°C until the acid number falls to

10 112 mg KOH/g. Propylene glycol (146 g) is added, and heating continues
until the acid number is 38 mg KOH/g. After cooling, 2077 g (86.8% yieid)
of resin is collected, GPC results: Mn = 1982, Mw = 10,730. A blend of
the resin with 40% styrene has APHA color = 65.

The preceding examples are meant only as illustrations; the following

15 claims define the scope of the invention.



g (91.4%yield) of resin is isolated. GPC results M = 1463, Mv = 7341.

- WD 97/ 34942
PC/ EP97/ 01272 EXAMPLE 19
Preparation of a Polyetherester Resin from
Propyl ene d ycol Bis-nal eate/succinate . A three-liter
react or equi ppé’ﬁo%@ﬁ"ﬁ Exanple 2 is charged vmth mleic 5 Pa’&ﬁ?mﬂzde
(690 g) and sucgrmrT O 0L e i Rrone s ,
75[err]Cto melf thejmal eig & [ and grogyl ¢ne (35@ g) Is
added. {The ¢ ' kN [ScoTadrt @if NdC ] r be[g)wl[err]C
for two hours. . "ot oX\ pT ¢ eng g) and
p-t ol uenesulfonlc acijd (2 ) dretadded] The n ted at
190[err] C until ft he 4 FHEHYS +=e~1—34 12445 .o ene
gl ycol (146 g) s added, and oatiateéch. \ ugpti | -:gwe.a d
number is 38 mgfKOH §. AftBr 2G173] PRIy & of
resin is coIIeced. GPC resul f 19427 [ vw| 210773 '
the resin with §0% styreme—ira Fof—=165
precedi ng exanpfles afe @%1 ijl  gstqat fong; {he
claims define tfdSscope Pt ilds] 81513l sl Y c
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WO 97/34942
CLAIMS |

1. A process for making a polyetherester resin, said process comprising
reacting a polyether with a diol diester in the presence of a catalyst that promotes
random insertion of the diester into carbon-oxygen bonds of the polyethe; to produce
the polyetherester resin.

2. A process as claimed in Claim 1 characterised in that the polyether is a
polyether polyol having an éverage hydroxyl functionality within the range of about 2 to
about 6, a hydroxyl number within the range of about 28 to about 260 mg KOH/g, and
a number average molecular weight within the range of about 400 to about 12,000.

3. A process as claimed in Claim '1 or Claim 2 charact_erised in that the
polyether is a polyether diol or triol having a number average molecular weight within

the range of about 1000 to about 4000,

4. A process as claimed in any one of Claims 1 to 3 characterised in that the
diol diester is the reaction product of about 2 moles of a cyclic anhydride and about 1
mole of a diol, and has the general formula:

. Re—{—0,C—R'—CO,H),

in which R Is a bivalent C,~C,, alkyl or aralkyl molety derived from the diol, and R’ is a
bivalent C,~-C,, alkyl or aryl moiety derived from the cyclic anhydride.

5. A process as claimed in of Claim 4 characterised in that the cyclic
anhydride is selected from the group consisting of maleic anhydride, phthalic
anhydride, succinic anhydride, itaconic anhydride, citraconic anhydride, and trimellitic

anhydride.
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PCT/ EP97/ 01272 "CLAIMS 1. A process for naking a

pol yet herester resin, said proces cting a polyether with a
diol diester In the presence of aslmﬂmmulwm "u‘iFm)t es
WO 97734942 . PCT/EP97/01272

6. A process as claimed in any one of Claims 1 to § characterised in that the
diol ester is selected from diol bis-maleates.

7. A process as claimed in any one of the preceding claims cha_racterised in
that the diol is selected from the group consisting of ethyiene glycol, propylene glycol,
diethylene glycol, dipropylene glycol, triethylene glycol, tripropylene glycol, 2-methyi~ .
1,3-propanediol, neopenty! glycol, 1,4-butanediol, 1,6-hexanediol, 1,4—
benzenedimethanol, 1,4-cyclohexanedimethanol, bisphenol A, bisphenol F, and
alkoxylated bisphenols.

8. A process as claimed in any one of the preceding claims characterised in
that the insertion catalyst is selected from the group consisting of Lewis acids, protic
acids that have a pKa less than about 0, and metal saits of the pfoﬂc acids.

9. A process as claimed in any one of the preceding claims characterised in
that the polyetherester resin is furthér reacted with an extender selected from the
group consisting of primary diols and diepoxy compounds to produce a chain-
extended polyetherester resin, |

10. A polyetherester resin made by the process of any one of Claims 1t09,

11 A process for making a polyetherester thermoset, said process comprising
reacting the polyetherester resin of Claim 10 with a vinyl monomer in the presence of
a free—radical initiator to produce the polyetherester thermoset.

12, A process as claimed in Claim 11 characterised in that the vinyl monomer

is styrene.
13. A polyetherester thermoset made by the process of Claim 11 or Claim 12,
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randominsertion of the diester into carbon-oxygen bonds of the polyether
to produce -‘the polyetherester resin. 2. A process as clained in
Claim 1 characterised 1n that the i pol yet her pol yol having
an average hydroxyl functionality mllmmwmnﬂmmnof about 2 to about 6,
a hydroxyl nunber within the range 6f &bout ®28 st orabout 260 KOH/ and,
a nunber aver agWorfdB#4l ar wei ght within the range of about 23’6?%’92(%3
12, 000. 3. Aprocess as clained in Cdaim1l or Claim?2
characterised |In tigatA divd digstdrwhitke comprisesthieyreattion priodlictoof aboub? rhales of aa
nunber average nol ecul ar weight wthin the range of about 1000 to about
4000. cyclfe afhydridecs dsout 1ahoRbfi2>nilylone-piopehedion wherein 3he diol
characterised’in that the dial diester is the reaction product of about 2

mol es of a cyfddisr R detRratemaliaut 1 nole of a diol, and has the
general formnula: . R (-Jerr]GR-C2H) 2 in which

R1s a bivalent (Jerr]-(err] alé%‘lcgi(_a_[@lil%b_nﬁi_ecw ﬁ)erived fromthe
rj2Cerr] a Ryl

diol, and R is a bivalent Jer or ar¥l *noi ety derived from

the cyclic ag 08 1o A hi . ' cl.ai i foaf ' :
characteri se@b %thgt lst%gwg%} ?(": é\%n @ﬁrgfggﬁﬁ‘s? %@Fgﬁﬁddﬁ?@o%%cﬁgﬁ%ré%r%’ ride.
consisting of maleic anhydride, phthalic anhydride, succinic anhydride,
i taconi ¢ anhydride, citraconic anhydride, and trinellitic anhydride.

0p¥Y942 . e [err]
PCT/ EP97/ 01272 .1¥\-OZﬂ%‘?thﬂ"géae5’?5"3‘!'%‘?‘37'??@'&3?% any one of Clains 1 to 5
characterised in that the diol ester is selected fromdiol bis-naleates. )
7. A process as clainmed in any one of the preceding clainms characterised Ln”
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that the diol Is selected fromthe group consisting of ethylene glycol,
propyl ene glycol, diethylene glycol, dipropylene glycol, triethylene
gleycol, tripropylene glycol, 2-nmethyl- 1 ,3-propanediol, neopentyl. glycol,
1 ,4-butanedlol, 1 ,6-hexanediol, 1,4- benzenedi nethanol, - A

1, 4-cycl ohexarﬁébméhmms-rﬁateat@(wmb?, priepared ek ifr Exiplea] )k any! gt ed
C

bi sphenol s. 8. A process as ained in any one of t'he precedi ng

cl ai ms char actef| ; i n ' ' Al ] £d fromth

ar oup. conel ot i AerfEspifBnic a8l (1'efg), D7 hixtlredt Hetheq of 188°C i g

about 0, and nejfal salts .of th otic. acids, 9...A process as
claimed in any¥ ﬂSeB_fSPPﬁ%‘“Qrfeﬁgdﬁfgf%%%f\% aeith puRber iof 492, WB l’géﬁyg-t he :
pol yetherester resin is further reacted with an extender selected fromthe” -
group consi st i Appylens glysel (2Tilog)sisaatddad, ancxiyeating comntinuasofop amdtier S hcloai n-

ext ended pol yet herester resin. 10. A polyetherester resin made by

the process ofreagh naciaf nushbensf 83 intg KOH/g. The préduét (& e?,ssé-.e%)r@kal ng a
pol yet herester thernbset, said process conprising reacting the

pol yet her est erprﬁﬁféﬁ@r 2 t?ﬂéaéir‘i“ré&lﬁﬁgil Froh réﬁg’c%m W%ﬁtcﬁrbiélrﬁspﬁﬁwg ?ntgfz'_ 'i-

free-radical | rato o produce the po ere er noset

process as cl al in,Cal,ml1l characterisgd, in that the, vinyl n rIs
yrene. ¢ T B5pors of bR Ay EERE Bolval, Vst snd:Branmis hY-BsEl B @ ) m
11 or Claim12. ' -28 -

[err] WO 978.34%)zre also collected. The pogeth rester resin is blended with 40 wt.%

PCT/ EP97/ 01272 - 14. A diol dieste itedh -conprises the reaction _
product of abaityreperolies bidndihas yiscosity icps) et AR tolbr roBe. of .

2-met hyl - 1, 3- propanedi ol , wherein the di
10
COMPARATIVE EXAMPLE 3

Preparation of a Polyetherester Resin from a Polyether Triol and
- Maleic Anhydride

A twelve-liter reaction vessel equipped as in Example 2 is charged .
15 with a 3006 molecular\weight polYoxypropylene triol (5000 g) and méleic_
anhydride (2692 Q). The mixture is_ heated to about 70°C to melt the
anhydride. A solution of'p—toll-J-enesulfonic acid (7.7 g) in water (494 q) is
added. The mixture is heated to 190°C with stirring and nitrogen sparging
for 7.5 h to reach an acid number of 133 mg KOH/g. Propylene glycol (500
20 a) i§ added, and heating continues for another 5 h to reach an acid number
of 55 mg KOHy/g. The polyetherester product (6501 g, 78%) is collected,
along with water and organic by—products (1888 g, 22%).. The
polyetherester resin is blen'd.ed with 40 wt.% styrene. The blend has

08X Co
viscosity {280 cps)and APHA color = 150.
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di ester has the general fornula:

CH3CH(-CH err]Jerr]C R-CJerr]H[err] -in which R is a bivalent
Cerr]-Cerr]. alkyl or aryl noiety derived fromthe cyclic anhydri de.
15. 2-Met hyl -1, 3- propanedi ol bi s-nal eat e. .

-29 -
- number reaches about 33 mg KOH/g. Upon cooling, the product gels |nto a'

gelatxnous, msoluble mass that is not suitable for use in formulating a

polyetherester thermoset. - _

5 .~ COMPARATIVE EXAMPLE 16 ~
Preparation of a Low-Acid-Number Polyetherester Resin
A twelve-liter reactor equipped as in Example 2 is charged with
maleic anhyﬁride (2692 g) and a 3000 mol. wi. polyoxypropylene triol (5000
g). The mixture is heated to 75°C to melt the anhydride, and a solution of |
10 p—toiuenesulfcnié acid (7.7 g) in water (494 g) is added. The mixture is
heated‘ at 190°C until the acid number reaches 128 mg KOH/g. Propylene
glycol (880 g) is added, and heating continues until the acid number reaches
88 mg KOH/g. 2-Méthyl-1,3-propanediol (410 g) is added, arid heating_
cimtinqes until the acid number réaches about 29 mg KOH/g. The product

15 Is cooled and isolated' (6734 g; 82%). GPC results: Mn ="1860, Mw. =

22,130, ' -
This example shows that it is possible to prepare a low—acid-number
resin by first_capping a conVeDtionally prepared resin with i:ropylene glycol,
and then chain extending it with 2-methyl-1,3-propanediol; however, the %
T 20 yield of polyetherester resin is still signiﬁ_cantly lower (low 80s) than the yield ‘

from the process of the invention (high 80s).
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