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count efi ons fhenborates, as partmularly useful counterions for catalyzmg olefin polymerizations
because of the combination of very weak coordination, high stability, and an
absence of strong basic sites on the periphery. Fluoro-substituted tetraphenyl
- borates and derivatives are disclosed as being more weakly coordinating anions
. than, among others, SbFg", AsFg-, PFg", and BF~.
30 Jia et al., Organometallics, vol. 16, pp. 842ff (1997) disclose metallocene
olefin polymerization catalysts based upon counterions of tetrakis(pentafluoro-
. phenyl)borate and its derivatives. Cationic catalysts based thereon exhibit higher
N actmty and better stability than the corresponding catalysts based upon
- KJe(CsF 5)3", where “Me” is methyl. Further disclosed is improved solubility in
‘= non-polar solvents of tetrakis(pentafluorophenylborate based counterions when
ﬁibphilic, sterically hindered, p-electron withdrawing groups are substituted on
e aromatic rings. Exemplified are substitution of tert-butyldimethyl silyl or
tmsoptopylsxlyl for one of the fluorines in each aromatic ring. The unsubsituted




| i pophilic, sterically hindered, p-electron w thdraw ng groups are

substituted on the aromatic rings. Exenplified are substitution of
tert-butyldinmethyl silyl or triisopropylsilyl for one of the fluorines
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Brown, German Preliminary published application No. DT 2 006 457
25  (1970), achieves high rates of incorporation of dioxolane in copolymerization with
formaldehyde at high molecular weights using antimony hexafluoride counterion

with a number of cations including triethyloxonium and triphenylmethy!

- carbenium.
SUMMARY OF THE INVENTION
30 The present invention provides for a process for the copolymerization of

formaldehyde with cyclic ethers, the process comprising contacting, in a reactor, a
hydrocarbon liquid, a cyclic ether, a cationic initiator comprising an anion formed
from tetraphenyl borate derivatives and a cation, and anhydrous formaldehyde.
DETAILED DESCRIPTION OF THE INVENTION
35 .* While initiators derived from tetraphenyl borate anions are known in the
art as active, stable polymerization initiators for the cationically initiated
- polymerization of polyolefins, there is no teaching in the art regarding the
employment of these initiators in the copolymerization of formaldehyde and
cyclic ethers.



30 -~ The present invention provides for a process for the

copol yneri zati on of formal dehyde with cyclic ethers, the process
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cononomer, pref effe® ngaﬁ% mé(atﬁ’&i?“ﬂﬁl gqnn "g{yg an ani on

formed rcactlon vessel, heatmg the mixture to a temperature in the range of 0-80°C,
preferably 40-50°C while agitating, followed by cooling and separation of the
product by filtration. In this embodiment, formaldehyde and the cyclic ether
25 comonomer are added throughout the polymerization as they are consumed, but
no significant fraction of the product is removed until the reaction is terminated,
and no initiator or solvent is added during the polymerization. During semi-batch
runs, small samples may be removed, for example in order to perform
compositional analysis, but such samples must represent no more than ca. 10% of
30 the total volume of the initial charge.
A batch polymerization, wherein all the ingredients are placed in a vessel
at the start of the polymerization, and nothing further is added, is not a practical
. alternative for the process of the invention because the low solubility of
formaldehyde in the hydrocarbon solvent reaction medium would result in the
‘_'F;rbduction of very little polymer.
< An alternative embodiment of the present invention is a continuous
"'bdlymen’zation wherein formaldehyde, cyclic ether comonomer, preferably
¢ dioxolane, initiator and hydrocaibon reaction medium are combined under
R agitation in a reaction vessel, heated to a temperature in the range of 0-80°C,
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fromtetraphenyl borate derivatives and a cation, and a hydrocarbon i quid

in a i reaction vessel, heating the mxture to a tenperature in the
range of 0-80[err preferably 40-50[err]C while agltatln follomed
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and hydr ocar bon SPRERIIMEE Fonceniration g the ﬁs@fmmp Efs‘éfibythepm%ﬁ'é‘?l onin a
reaction vessel jinfetdred to a tenperature in the range of 0-80[err]C,
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25-35 wei ght % i s naiddmiembodintdition the bdid-vath Edc&aofmepre&nuhlv@h&r sol i ds
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nucl eation - opife entry agd éﬁ%ﬂ%ﬁ"’"&rﬂ o/ E’“?%&EIP‘F‘S’M‘F&&HP‘&U pr oduct .
I'n eit her sem' banwlmmbatbn?onnatdulwde,rdomﬁmxgmssthmi 6a0pmppefeedly lefs t he
i nventi on, @roo%ﬁxﬁ%ﬁ)?&ﬁ'c@ol ndﬂf'éam Qlw%ﬁ%dsémm ntained in the

range 10 of 20 o ef eratﬁg"ex %ﬁ%]é‘ $ Qr g_twgo‘*xar feed ratio
is replicated i'®® Bﬁ’gnza & Apges pIiggen ¥ PRal pol yner
produced” by the m@%@ddmfﬁdn@ a Stamng temperatiyepff40019°C. The nitrogen purge is
then removed, the solvent is saturated thh formaldehyde for 0.5 min. to 1 min,
- jnitiator is added, and dioxolane comonomer feed from a syringe pump is started.
25 "~ Suitable hydrocarbon liquids to serve as the reaction medium for the
process of the invention include cyclic or acyclic alkanes or aromatic
hydrocarbons, with heptane and cyclohexane preferred.
- Suitable cyclic ethers include ethylene oxide, 1,3-dioxolane,
1,3,5-trioxycylcoheptane, 1,3,6-trioxycyclooctane, and 1,3-dioxycycloheptane
30 with 1,3-dioxolane preferred.
Most cationic species with even moderate reactivity should be able to start
the polymerization of formaldehyde, while any which is effective at ring opening
will initiate copolymerization with cyclic ethers. The size of the cation is not of
_ ~ importance. Simple ions such as sodium are less preferred because of low
..~.". 35  reactivity and low solubility in the reaction medium.
' . The problems in the copolymerization of formaldehyde with cyclic ethers
ha';ve to do with the propagation of the reaction, not its initiation. As taught by
Chen, hereinabove cited, it is the anionic counterion which strongly influences the
propagation of the reaction. A desirable counterion will be stable, highly selective
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The pol yner product of the process of the present invention is isolated by
filtration, washed with an organic-solvent, such as acetone and dri ed
under 15 vacuum at room t enperat ure.
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for
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borate, preferably ﬂuorosuhstxtuted tetrapheny! borates and derivatives thereof,
‘most preferably fluoromethyl substituted tetrapheny! borates. Preferred species
include tetrakis(p-fluorophenyl) borate, tetrakis(difluorophenyl)borate,

25  tetrakis(trifluorophenyl)borate, tetrakis(tetrafluorophenylborate,
tetrakis(pentafiuorophenyl)borate, tetrakis(3,5-bis-trifluoromethyi phenyl)borate,
tetrakis(3,5-bis-triflucromethyl p-fluorophenyl) borate, tetrakis(3,5-bis-
trifluoromethyl difluorophenyl)borate, tetrakis(3,5-bis-trifluoromethyl

- trifluorophenyl)borate, tetrakis(2,3,5,6-tetrafluoro-4-trialkylsilyl)borate where the

30 trialkyl groups are t-butyl and isopropyl, methyl ortho phenyl-tris-pentafluoro-
phenyl borate. Most preferred is tetrakis(3,5-bis-trifluoromethyl phenyl) borate.
The preferred initiator is triphenylmethyl tetrakis(3,5-bis-trifluoromethyl phenyl)
borate.

__ The preferred counterion of the invention is prepared by the reaction of
~ 35" NaBF4 with the Grignard reagent formed from 3,5-bis(trifluoromethyl)bromo-
" /. benzene in ether, followed by treatment with aqueous sodium carbonate and
o :;"'extx'aétion of the product into ether, as described in Brookhart et al,
" * 'Otganometallics 11, pp. 3920-3922, 1992. This method is generally applicable



In cationic polynerizations, reactivity is observed to increase with- Lew s
acidity. Conmononer selectivity, on the other hand, is not well understood.
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fl uoronet hyl substituted t aphen borates.. Preferred species
i ncl ude tetrakis(p- fﬁeolfn(l)eblﬁgetgﬁs/ 5%465%"&&?35%% SL&IPr ?lg%? or?f%’e"ﬁe)'/lfs) borate, 25
t et raki s(trilfl uor ophenyl )borate, tet EXAMPEES r af | uor ophenyl ) bor at e,

t et r aki s(pent af | uor ophen METHODGIKP. i SAMPLES uor onet hyl

phenyl ) bor at e, ' <Rl S Ji : yl)
borate, tetrakis 83, 581%;33 Qtﬁjﬁ Si{"%“’t?}” P‘?E‘ﬁ%‘?ﬁ%? g{;ﬁ@?%ﬁm@g&huﬁﬁﬁﬁgat e,

Lot raki s(3, 5-bi SO Pt Ssssminef gravimetrically. hE pelimessholecslas Whight v

t et raki s(2, 3, 5, Gwcanredlylggkpeonaption ¢hadrhopogzaphy fin heyafluorisppropanol dccordidg  tri al Kyl
groups are R0buiyASTMbSI296:92.0M¢ conddhtidtivh ofdokidRordr@iithk pélymerwaant af | uor o-

phery e BRIl e A i T R 1)
tetraki s(3, 5- bi ¥olupprf Blfuanid flloppdbygeptralization of Hie 2pid with calcium The
preferred count dydroxidgfnd then gas denmotograptic pulysia vfttle Bguid lagertemedsiren of 35
benzene |1 gL hers T aucgapof tac B RSent M Compu it S Bl YEAQ TP Date and
extraction g% t W%W COFf#ﬂk@t‘ﬁ.é}Pe ‘r‘]’&%r %Q?Eﬁﬁ%ﬁc?‘ﬁ’rfiﬁyﬁﬁ’ﬁwgw et al,
Or ganonet al | i cs dgtgrmipad usig 2pngoRbstantigd methpidiagd areenivifage) whegaesssery, jo
applicabl e give a separate liquid layer. Samples were injected into a gas chromatogrdph
calibrated for the components present in the mixture. In Examples 1-4 the
concentration of dioxolane in the solvent was estimated by taking the difference
30 between the amount fed, the amount found in the polymer produced, and dividing
by the amount of solvent fed.
Base stability, an indication of uniformity of comonomer incorporation in
the polymer as discussed in Pichler et al., Collect. Czech. Chem. Commun.,
~ Vol. 30, 991-995 (1965), was determined by measuring the fraction of solids
35 . remaining after treatment of the polymer with potassium hydroxide in benzyl
" alcohol at 160°C. Further indications of the degree of randomness can be
obtained by comparing the crystalline melting point from differential scanning
- calorimetry, ASTM E794-81 to those calculated according to the melting point




for the prepartion of the other fluoroaromatic borates of the present

I nvention as wel | . ) The fornmal dehyde suitable for the
process of the invention is anhydrous f ormal dehyde characterized by a
total content wadsyzamoni c species of |less than 600, 5 pr PIOFUSPAA2490eS S
than 300 parts per mllion‘by weight. It is found satisfactory for

the practice of this invention to generate anhydrous f or mal dehyde by

t her nmol ysi s depreksich eguittioln e Ripty] leswolfi PallamersCHend p56853B[err]Cin a
pyrolyzerto evolﬁ&nalgﬁsgfg%ms IthacdV§9s3ur e of HCHO and al cohol . The gaseous

stream passes into a den r whi ¢h, s rates the two. Qut
of the Bartlal condeﬁg’éfc'%lgiﬁgp?lyﬁ‘ﬁ?ﬁ“ gr"/ﬂﬁ PRBYC and

f or mal dehyde havExvglplnﬂnUﬂhe@nfﬁfmmml@smmwlméwﬁhsmechamcal\ﬁatrm and
net hanol concent theio emgleoénn%n@w onsmwnm&sdaaﬁasumﬁnm&ﬂ on by

vol une. Thefornt‘%l e fion di um of the

0 Q
I nventi on. perature Fglﬁx\g/)enﬁ)( Shco @qntﬁl%sag}ang@? ST A he ol | ow ng
speci fi ¢ enbodi niagthanol, yere fed by demand controlled with a peristaltic pump through ksganPLES

GENERAL METHOD (¥oréfubindRIPhNGr t6AB4ih B2 polymerization the reatidbivhs dided ifider SANpl es wer e
wi thdrawn peri odigalh %rﬁfﬁo@%‘l!?bﬁn amﬂeﬁ%d &lr%n made by %Bﬁk&”t was

det er m ned grav trlcal nmeasur ed

by gel permedli a@i‘?"m’c} ﬁ?‘nflﬁy@amgf?ﬁﬁ?%é%gedd@éﬁrdl ng 20 to
ASTM D5296-92. Tilitrogeo mithmtheptaneaving a cateo cxonent ofica. 10ippmimlingbeenwased

delterm nfd b%’fd'ﬁsa%dlédr&nt?ﬂl@r&/@mhvmr t@;ﬁa&éutrara@beéd%ﬂﬁe%atmnlt Rg 2% by
vol une O1T Ssu urd c acl 0 utrall z i on_ of W

cal ci um BT dgibb W *H‘dg' ?e“gtﬂf’éﬁﬁiﬂég‘iﬂﬁ’ﬁ %ftd’ge%?gt? t he
liquid |ayer to mﬁ@@apéfgewasmﬂ!ﬁém@t e s%enawmt@mﬁufmmm present .

| n Conparati & Emﬁo:pilema,laiﬁdtozﬁasadﬁamlcﬁo@m agdrichiOBagichlicy) of the |iquor

collected with %axﬁéeé’ w%/ wegr om a syrin gg#ﬂ%&%g@ ng an internal

standard net hod and a cen en neces give a separate
liquid |ayer. Sanples were inje mat ogr aph
calibrated for the c@fpentieprnpsagsser witnanhpdrows fatmaidehydeandiadid es 1-4 t he

g 0 ]p]g:ent rati gn of 4(1: W) u’fraﬁ,xbxanetme ﬁlf&bm&% inWaSra il j[sﬂi%delfhta%eatcﬁ&l ﬂwklt he
0 bt SRR Foll i o bl
Base stability, 9&#"1“?1 grigh). onfigsinitiation of W repction, addivioral diskolpnecwas ddedt i on i n
the pol yner as -cit8aGgasd. and fdtmeldtigme ehs fel on déntanll €The redcd@Céxothetiem  Conmun.
Vol . 30, 991- 995,41 365)6 so¢ei5a WphnlibllyBs HadVbnbERT H i Werbdlatb oRCL 1 ON OF SOIi ds
1.26 g/min (3.0 g/min/l) over a 30 min. period. The reaction was terminated by
25 adding 0.5 ml of a 50:50 by volume ratio of triethylamine and methanol to the
polymerizer. The product was filtered and washed with methanol and acetone.
The final product was a copolymer containing 1.45 mole % of dioxolane derived
units, a number average molecular weight (M,,) of 39,500, 88.8% base stable and
a melting point of 167.6°C. The average (equilibrium) dioxolane concentration in
30 the reaction medium was 5.4 wt % and biproduct trioxane and trioxepane at the
end of the reaction were 0.76 and 0.46 wt %.
EXAMPLE 1
To 0.4948 g (0.56 mmole) of sodium tetrakis(3,5-bis-trifluoromethyl-
phenyl)borate, dissolved in 4.057 ml of methylene chloride, was added 0.1120 g
- (0.553 mmole) of chlorodiphenylmethane (Reagent grade, Aldrich) at room
" temperature, to form a 0.14 M solution of diphenylmethylcarbenium
- tetrakis(3,5-di-trifluoromethy! phenyl) borate in methylene chloride. The
resulting mixture was transferred in a dry box through a 0.5 mm syringe filter into
a dry vial with rubber septum cap.




35 remaining after treatnent of the polynmer with potassi um hydroxide in
benzyl al cohol at 160[err]C.. Further indications of the degree of
randomess can be obt ai ned by conparing the crystalline nelting point
from di f f er enwoabz®eanni ng cal orinetry, ASTM E794-81 rer&mwmn#m

cal cul ated according to the melting point

6 depression equation in Flory, Principles of Polyner

Chenistry pp 568- 57185gofdnedhe;@hé@ﬂh:’ate&lwlitu&ﬂ@uiousBf@ﬂ&hydddi\aomg1953

The sem -batch 7S %ﬂg' ng Lok

Exanmple 1 were ggr%,%é’%ﬁh&gme?' e%ggég ?)nrt%aé UI pped, w t'ﬁi & mechani cal
stirrer, &1&°ym°é‘ﬁ%“P9WéﬁH“§‘§ﬁ]§V§“ﬁ96‘F°P€n offymi ¢fHe sed in a
circul ati ng vvat é)r14Md1phenyhn@hm®rl1&mumeetbkis(‘B 5-bistrifubrbedethgtipheryt)bdrate ni ng | ess

than 300 ppmsof ;s sofiBbn mmethylene ERbARN Afrer i‘ﬁﬁfa@oﬂi Qiqx@&be%gﬁ&lﬂd gaptrol | ed

th a peristaltic Priorto use in
¥Mhe pol Smelrl zat |’%‘ﬁ?§€gg’é’bﬂd§¢aﬁé gY‘%evéPsﬂ'Fﬂngn e IfHV&’EETfWIcS? ®18 Eourls at
135[ err] C i n anwepidly 1130C endestebilizadatisforgiabiehisdy feed tate ofNAgimirc tAfter ng, I nc. of
OOII:] ne|t i us, hOR Eb@mdrthﬁdad@aﬁhmopw&anaw;ﬁ%eum&mlsolatedasmm trogen with
n- hept ane havin n
in apseal ed contquf?n %{lgcv%xr lteel tlg?&?‘f?o og"fg&ﬂr}g%c%gcg&?m\éi 93‘\%% | abl e
from EM 10 Y%dioxelanss MnG’%BQ;P%MwY‘@P”&QB- Resastebilityovag 786%r t i ng

tenperature. of ZtinBtpdeontdntratidnef dioxolane in thetsoloti@i{fipmtngseriabimlanke) was enoved,
the sol vent was isgtgtegated with fornal dehyde 15 for 0.5-1 min, initiator

was added, and di oxol ane, Aldrich Ch . M | waukee, W,
conmononer feed froma syringe punp V\Md

COVPARATI VE EXANMPLE The reaction was carrted out 32 #0Expmple Inexpeptithe initial tammemthrsni t h
anhydrous f qrsnalv&ehyﬂdﬁﬂﬁmualama&m@mcemmnws 8.33Mut 9)an@b2GhIQkBeanNe wer e

I nt roduced-int 0 ;@i r ctil at 40C.
Pol ymeri zati on vvas I ni F]Ll @%4 &c Tuéapehgggg?lyrﬁ%gr#&%%&boront rifluoride
etherate (Al dri & mmfEhéfij‘ﬂP%eifﬁﬁdﬁﬁﬁ“@#OP?lé/HF%éR"tH"BH‘“M’PFlonaI di oxol ane

U.

was added - 1Smble%dxa’xOMBrwﬁthMa,ﬁmOmmhwydmmgms@d%)baselermnd The
reaction exot hergigyie, Esummdmﬁgea,amﬂﬁca{csmga gl dehyde vas
consuned at .,an average rate of mn (3 0 g/m n/l) over a 30

mn. period.““The reaction was termn 25 adding 0.5 m of a 50:50
by volune ratio of t Thesessfipmwasnerried dutns irExaoiple2exedpbthat 1 ml of the

initiator solution was added and no initial charge of dioxolane was added. During
the run, dioxolane was added at 0.1 g/min. The HCHO polymerization rate was
2.0 g/min and the product contained 2.38 mole % dioxolane, 91.46 wt % base
25  stable, M;=42,000, M,,~101,000 and T,;=164°C with AH¢= 165 J/gm (heat of
fusmn) The estimated dioxolane solution concentration was 0.61 wt %.
: EXAMPLE 4
To 0.4948 g (0.56 mmole) of sodium tetrakis(3,5-bis-trifluoromethyl-
‘phenyl)borate, prepared according to the method described in Brookhart et al.,
30  Organometallics 11, pp. 3920-3922,1992, dissolved in 4.057 m] of methylene
chloride was added 0.154 g (0.553 mmole) of chlorotriphenylmethane (Reagent
grade, Aldrich) at room temperature, to form a 0.14 M solution of triphenyl-
methylcarbenium tetrakis(3,5-bis-trifluoromethy] phenyl) borate in methylene
chloride. The resulting mixture was transferred in a dry box through a 0.5 mm
35  syringe filter into a dry vial with rubber septum cap.
The polymerization was carried out as in Example 3 except the initiator
was 0.5 ml of 0.14 M triphenylmethylcarbenium tetrakis(3,5-bis-trifluoro-
- methylphenyl)borate in methylene chloride. The HCHO polymerization rate was
1.0 g/min and dioxolane was fed at a rate of 0.1 g/min. Polymer, isolated after
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pol yneri zer. .The product was filtered and washed w th net hanol and acetone.
The final product was a copol yner containing 1.45 nole % of di oon ane

derived ~ units, a nunber average nol ecul ar wei ght ( err of
39,500, 88. UMMM e and a nelting point of 16 ?’ﬂ’é?." The
average (equilibrium di oxol ane concentration in 30 the reactl on-nmedi um
was 5.4 w % and bi product trioxane and trioxepane at the end of

t he reacti on werld nin.yentgingd 8.33 giolet% of dioxolane, 90.3 wt % base stable and

EXAVPLE 1 M;=30,000, M= =100,0004 T48 estimfafdd Aox OB sBiutied conehiration was

tetraki s(3, 5-bi r f.,) uor onet hyl - phenyl ) borate, dissolved in 4.057
m of nethylene € I'or'i'de, was added 0Q.1120 35 (0.553 mmol e) of

chl or odi phenyl net hane (Reagent grade dEh) at room t enper at ur e,

to forma 0.54 M SOI'Ilhdmtlaiwﬁﬁqahi%ﬂyhﬂiﬁhbgﬂ:ﬁﬁlﬂﬂeﬂiremonﬂaskthhspx]l

tetrakis(3, 5 di obiitd LRERADEbA h’é\pﬂﬁt‘%ﬁ&a} rouﬁﬁ%@gﬁ;&m oride. The

resul ting mixture was transferre DOX t mn syringe
filter into (water cgnigp '{Sﬁp&}) ? f@&s%@%%?@m E¥°xymeth>' ene 1n

7 the form of partBes ga. 200 wictoaubteneip iliametes aAlananitial temperatwabfy dr ous
formal dehyde and8Q'lﬁﬂs§kurated Wlth(f&‘mz,ﬁelwde @coﬁ’tinuglhsqgéalcaﬁﬁn @28 B roduced into

a rapidly st at 3 Pol ymeri zati on
was Pnl t?/at %ﬁjph%@?%%ix ?a?beﬂm?)’chntf?kg(3nq’b’8'?'aqs“r‘? Ethy M Y
di phenyl et hyl cmmaﬁhlw&eroﬁkmypsdsxmaceﬂg{mmmm@ﬁ@ﬁyin)vmr ate 5
initiator sol utiaddedi mhélﬁhbgﬁt&i&eetﬁéﬂ&&ﬂﬂecaﬁﬁowmdn’ﬂdﬂoh&ﬁwm .7 g ol ane was
added at a ?‘ﬂ‘ﬂ demand. The
t enperature roseS ﬁﬁ?w cﬁf"ﬂt?on%g%%ﬁs an sta‘m’)é{sﬁlgé ?& %Pornal dehyde
feed rafe of 1.2X§Famied °“A€f°&l°“7°mm'l'5hetﬁ° Iytionsy throngheut tne) aedpped and
the pol ymer 15r o@el-7 (ayerhgetaboutdywi % dioxolane, GO619D8af l&é-@oampmm 14.7 g of
ggpg%melrv[ was] P Getita I am G faidXepta telTﬂexH&E%&meolz(ﬂéih%%t&%d}aM e[rL was
err i mat e
concentrati on o%lﬁz‘%ﬁsg%é“?ﬂg g“‘ﬁﬁiff'%ﬁﬁi%% ?rﬁ%fnpgl%‘bﬁeance) was
1. 14wt % copolymer was 77.6-80.5 wt % base stable M,=3683880BLE 2 The
reacti on was caM=dd4-a12,000s i n Exanple | except the initial tenperature 15
was 44[err]Gg the initial dioxolane concentration was 0.33 wt %and 0.2 n

of the initiator solution was added. The fornmal dehyde pol yneri zati on
rate was -




0.4 g/mn, the dioxolane feed rate was 0.09 g/ mn, the polyner contained
1.5 nole % di oxolane with Merr]=13,000 and M err]=46,000 and 70.8 wt %
base - stabl e. Estinmated di oxol ane solution concentration was 1.15 wt
% 20 WO 99/21903 . EXAVPLE 3 PCT/USI82343@
reaction was carried out as in Exanple 2 except that 1 m of the
initiator solution was added and no initial charge of dioxol ane was added.

Duri ng t havHatis clattheddel ane was added at 0.1 g/mn. The HCHO

pol ynmeri zation rate ] E"%’ Y 2.38 nol e
% di oxol ane, 91. 46 \%\k\‘,\@%/ﬁgg%sgfoéémqgﬁ;tﬁeg, ;\% é’ﬁ}’f“éﬁg&g 0, Kﬁgeéﬁﬂ%%gl, 000 and
Tlerr]=164[err] WPt err]H err] = 165 J/ gm (heat of fusion). The

esti mat ed di oxol ane sdadootiaécting, i0 @ mactot, ahydrmarhmaﬁqﬁid,&:lcyvﬁc_e%er, a cationic
EXAMPLE 4 5 ipitiator compf@sifl #h2fn orind £éin %@aﬁ)enﬁfbomeﬂﬁive, and
ny

a
tetrakis(3,5-bis-frifluaranet - e orate r.epared accordin
to theI m(et hod hgg‘{?ﬁ%‘&u}g’ﬁ%‘%ﬁ BTﬁﬂngeef“'lfng’f‘,acﬁ%f’?ymﬁsgfg ] !to allics 11, Ippg
3920- 3922, 1992, di s3olEhegrdcess4f Claim hivhesein thetapjdrtingeconcentration pf the | de was added
2i 55_4 ﬁ)(oi 553 ayetml:emeﬁ&atq@dswao@.oi Rblenyl net hane (Reagent _ ﬂr adle,

ric at roomte [ .10l phenyl -
nmet hyl car beni um t et gﬁng%:g{c%s&%gla{rﬁ Hnggg%d]rf%ta %ﬁ&%ﬁ%ﬁﬁ"gﬁ%&fg‘i‘e I n
net hyl ene 10 chi $r iThe Propess of Elaim | pengusiedas gsemikatchpplymer®iond in a dry

box through a 0.5 nfn 3fhe psocessofj€lain 1 tvhereinthieayelictkther isiselectadi fidm thetbber sept um

cap. ' i Sdi ' ' npl e 3 except
the initiator grou;b&lsﬂ% %%thﬂ?&ﬁﬁa%wﬁ %lf?? %g’g%’%eﬁoﬁgcl?}:cg%ggﬁ?um

Was . (0] £
tetraki s(3, 5- bi 3ErPRYFEFgoctane, and”?r'éfW‘fyﬁ Afborate in nethyl ene
chloride. The HCHO folThewrdeesstof Glaim hfustheppomprising: maiBaigingthe heatdn ¢ oxol ane
was fed at asratr@ctdf inQ -rdngd/oFDIT to BOICY A codlifi@the rRbkichithiRfure; and 13

. . A \ .
T L) o0 o TR o S R gyl ghoce SicDLe ane
concentration was /- Theprogessf Glaim 6 wherein the temperature is 40-50°C.
EXAMPLE 5 5 8. ThélpeocessafCliainn]l whereinsherreaetioromixturiisagiatsdi cal 250 m
e L Ve P iyl s T
of dried, aggt ate AQpSQa pﬁ&F?ﬁfﬁ&? hybersin ﬂ%ﬁm‘(’n is segf‘ﬁ‘gg?%%ﬁ%‘ﬁgpar ticles )
ca. 200 ni cr onecensistingofdeteakistpechlorophenyhbargtp.iteteakis(pefinocaphenyl) dorgte,
48[ err] C and satetakis@dlusiophenibdiae, ttialis@ifludrophdtiyl)batateSetfaRis@etaflogrsd si ng 0. 28
M ; phenyl)borate, tetrakis(pentafluorophenyl)borate, tetrakis(3,5-bis-trifluoromethyl
phenyl)borate, tetrakis(3,5-bis-trifluoromethyl p-fluorophenyl) borate,
25  tetrakis(3,5-bis-trifluoromethyl difluorophenyl)borate, tetrakis(3,5-bis-
trifluoromethyl trifluorophenyl)borate, tetrakis(2,3,5,6-tetrafluoro-4-
trialkylsilyl)borate where the trialkyl groups are t-butyl and isopropyl, methyl
ortho phenyl-tris-pentafluorophenyl borate.
11. Process of Claim 10 wherein the anion is tetrakis(3,5-bis-
30 trifluoromethyl phenyl)borate.
12. The process of Claim 11 wherein the cation is triphenyl methyl.
13, The process of Claim 1 wherein the mole ratio of formaldehyde to
cyclic ether is in the range of 200:1 to 50:1.
" 14. The process of Claim 13 wherein the mole ratio of formaledehyde to
" 35 "‘cyclic ether is in the range of 80:1 to 60:1.
- .,'_ 15. The process of Claim 1 wherein the hydrocarbon liquid is heptane or
cyclohexane.
" 16. The process of Claim 1 wherein the formaldehyde contains less than
600 ppm of water and alcohol.
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10 di phenyl net hyl car beni um tetraki s(3, 5-bis-trifluoronethyl phenyl)borate in
net hyl ene chloride of 1 mi/hr, dioxolane at 0.1 g/m n and heptane at 6

g/ mn was added. The tenperature settled near 61[err]C at a
pol ymeri zati orW@a¥219%f 1.7 g/ mn. Sanpl es were renpvedEYUSHIHN
intervals over a 2 hour peﬁiod and the reaction was carried out a

total of 170 min. The solutions, throughout the run, contained 15 0.6-1.7
(average about 1) wi7.%Tde proo¢sanfClaith [HowkkrédBthe forthaldeHydé ¢ontitress thasl no
det ect abl e amdungo@ipnt 6fivexe R Acondl’e M0l € % of di oxol ane in the

i nt er nedi at e sanmples was 1.04 to 1.6 nole % and in the final product,
1.70 nole % The copol yner was 77.6-80.5 w % base stable with

M err] =36- 38, 000, Merr]=114-117, 000. 20 What is
clained is: 1. A process for the copol ynerization of

f ormal dehyde with cyclic ethers conpri si ng:

contacting, in a reactor, a hydrocarbon liquid, a cyclic ether, a cationic
5 initiator conprising an anion fornmed froma tetraphenyl borate
derivative, and a cation, and anhydrous fornal dehyde, wherein a
copol ynmer is formed. 2. The process of Claim1l1l wherein the a
starting concentration of the cyclic ether is at least ca. 0.01

nol ar . 3. The process of. Caim1 conducted as a conti nuous

pol yneri zation. 10 4. The process of Caim1l conducted as a
sem - batch pol ynerization. = . . 5. The process of Caim1l wherein
the cyclic ether is selected fromthe group consisting of ethylene
oxi de, 1, 3-di oxol ane, 1, 3,5-trioxycyl cohept ane,

1, 3,6-trioxycycl ooctane, and 1, 3-di oxycycl ohept ane. 6. The

process of CQaim1 further conprising: -maintaining the heat in the 15
reactor in-a range of O[err]Cto 80[err]C, then cooling the reaction

m xture; and separating the polynmer product fromthe m xture by
filtration. 7. The process of "Claim6 wherein the tenperature
is 40-50[err] C 8. The process of Claim1 wherein the reaction
m xture i s agitated. 9. The process of Claim5 wherein the
cyclic ether is 1,3-dioxolane. 20~~~ 10. The process of Caim1l

wherein the anion is selected fromthe group
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consi gi ng of, tetrakis p-chlorophenyl borate, tetrakis(p-fl uorophggMio&e N
bor at e, tetral ki s(difl uorophenyl) borate, ,,fi;r«
tetrakis{trifl uoro henyl ) borate, tetrakis(tetrafl uoro- ""

t et r aki s( pent af IB@&TEphenyl )waﬁ%mmmogmvwmwm f1 uor oNG

o T i) oo AR R ARONRE wPbHCR TR Rt il pAlEN &%?E%Rv%ﬁi‘%m
triflud K%m'h%nﬂt?‘%q%ﬁ@ﬁﬂ'eﬁnyl ) bor dt e, (ut)mteakm:(lﬁubﬁqaﬁxpﬁmmet r af | UBIV9N21903

trial kyl si¢98G) 706, 2118, 2/82cre t he tri allkad s are t-but and isopro
met hyl ortho phenyl -tris-pentdflub m?gﬁ%“‘ Mokoim-i 'P°é°t 6 May '993%%/05'99)
Process

1 of O ai ei.n the anlonlstetrakls(
CrrE ol OHERgrL s b | © RS | S et Sﬁfékz;%"mwmg .
wher ei 1 (nm.a;ﬁﬂﬁannhngpa& r'i phsmytbberress ey bo.os) PT, SE). The  process of O aim
1 wherdin the nole ratio of formal dehyde |to cycllc ether is in the
range qfaedfifdridnie 50: 1. 14. Theugmasess of Caim 13 wherein the
nol e rgti o etosssmmal edehgdbeer 1997 B£1097) CWSl|i C e tWie Inrein@loralteatc@porrange of 80: 1
to 60: 1. 15. The process of Claim1 wherein the hydrocarbon
l'iquid 9. 8 PONT DE NEMOGRs ARB681tEany 16. The process of daim
1 wherdin t S 100R Mslietsyrebe Wilktington, DEI98b8E®. |t han 600 ppm of water and
al cohol}. 10

17, The Or O bl D o8t ool Bapeiat o, Litot|or mal dehyde contains | ess than 30(
ppm of wat erlzamaoalvanhabn. DE 19806 (US).

(74) Agent: SIEGELL, Barbara, C,; El du Pont de Nemours and
Company, Legal Patent Records Center, 1007 Market Street,
Wilmington, DE 19898 (US).
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(54) Title: COPOLYMERIZATION OF FORMALDEHYDE AND CYCLIC ETHERS USING INITIATORS BASED UPON
TETRAPHENYL BORATES

(ST) Abstract

L This invention concems a process for the copolymermmon of formaldehyde with cyclic ethers, the process comprising combining

in a hydrocarbon solvent 2 cyclic ether, a cationic initiator compxising an anion formed from tetraphenyl borate derivatives, and mixtures
thereof, and a cafion, and anhydrous formaldehyde. These initiators provide high activity, high cyclic ether incorporation rates, and stability
while minimizing the production of by—products.




