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One commercially important group of poly(aryl ether sulfones) comprises

polymers containing a biphenyl group or moiety, typically derived from the monomer

20 4,4'-biphenol. Poly(aryl ether sulfones) that contain at least in part the 4,4"-biphenyl

or 4,4-biphenylene moiety are hereinafter referred to as poly(biphenyl ether
sulfones).

Poly(aryl ether sulfones) having the following structure:

A )OO

25 are available from BP Amoco Polymers, inc. under the tradename of Radel R®.
These resins possess excellent mechanical and other properties and are readily
fabricated to provide a variety of useful articles such as molded goods, films, sheets
and fibers. Poly(biphenyl ether sulfones) are also highly resistant to environmental
stress cracking, and are thus particularly useful for manufacturing articles that are

30  exposed to solvents or chemical agents at elevated temperatures and for extended
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alkali metal compound. After removing water, a dihalobenzenoid compound is
reacted with the double salt. The alkali metal salt of the dihydric phenol may be
added in the solvent to the dihalobenzenoid compound either continuously,
25 incrementally or all at once to achieve the polymerization reaction.
Several other variations of the process have been disclosed. An alkali metal
carbonate may be employed with equimolar amounts of a dihydric phenol and a
dihalobenzenoid compound at a ratio of at least one mole of an alkali metal
carbonate per mole of dihydric phenol. The dihydric phenol reacts in situ with the
30  alkali metal carbonate to form the alkali metal salt thereof, and the formed salt reacts
with the dihalobenzeoid compound to form the polyary! ether in the usual fashion.
Mixtures of sodium carbonate or bicarbonate and a second alkali metal
carbonate or bicarbonate have been disclosed for use in the preparation of poly(aryl

ether sulfones) and poly(aryl ether ketones), i.e. poly(aryl ethers) containing SO,
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25 subsequent melt fabrication operations, can result in products having an undesirable

off-white, straw or even yellow color.

The poly(biphenyl ether sulfones) currently available to the trade, such as

Radel R, have a yellow coloration. Although the effect on mechanical properties may

be minimal, the cosmetic appearance of articles made from resins that are off-white

30 or yellow may be unacceptable. Moreover, off-white resins are more difficult to

pigment or color reproducibly to provide clear, bright colors such as are required by

the packaging trade. Color, particularly of resins intended to be used in fabricating

articles visible to the consumer, thus may be the determining factor in deciding the
commercial acceptability of such goods.
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where color, particularly a yellow color, is unacceptable such as, for example, in

20 lenses, filters and other optical goods, for transparent covers or lids and in
containers, glazing and other articles where transparency with low color is desirable
or necessary. Lacking the yellow or beige cast of the prior art resins, the improved
resins of this invention may also be more readily dyed or pigmented to achieve a
desired coloration. The invented resins thus may also find use in filled and

25  pigmented applications, particularly where white and brightly-colored goods are
desired.

The invention has been described in related U.S. Provisional Application No.
60/186,864, filed March 3, 2000, the entire disclosure of which is hereby incorporated
herein by reference thereto.

30 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The invented low color poly(biphenyl ether sulfones) comprise the repeating

structural unit;
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15 The poly(biphenyl ether sulfones) of this invention, when molded, will have a color
factor of no more than 200, preferably no more than about 170, and will still more
preferably lie in a range of from about 170 to about 80. Molded poly(bipheny! ether
sulfones) with a color factor of from about 170 to about 100, preferably from about
150 to about 120, are readily produced by the improved process of this invention and

20  these will be readily acceptable for use in most applications.

For the purposes of this invention, by color factor for the molded resin we
mean a color value determined, preferably spectrophotometrically, using as a test
specimen an article made from the resin such as, for example, an injection molded
plague, an extruded article or the like. The color factor may be conveniently

25  calculated from the tristimulus values X, Y and Z that are obtained by integrating the
transmission spectrophotometric curve.

Chromaticity coordinates x and y for a sample are determined as follows:

X = __x__ y =
X+Y+Z X+Y+Z
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01/ 666%8 Hgow(&)iphenyl ether sulfones) having a solution color factor in the range of from about

20 to about 40 will also be highly desirable and acceptable for most applications. The
solution color factor or batch color may be conveniently employed for quality control
purposes in the production of poly(biphenyl ether sulfones).
The poly(biphenyl ether sulfones) of this invention may be prepared by the
25  carbonate method. Generally described, the process is conducted by contacting
substantially equimolar amounts of an aromatic bishydroxy monomer, preferably 4,4'-
biphenol and at least one dihalodiarylsulfone, e.g., 4,4'-dichlorodiphenyi sulfone, 4,4'-
difluorodiphenyl sulfone or the like, with from about 0.5 to about 1.1 mole, preferably
from about 1.01 to about 1.1 mole, more preferably from about 1.05 to about 1.1 mole
30 of an alkali metal carbonate, preferably potassium carbonate, per mole of hydroxyl
group. Bishydroxybiphenyl analogs of biphenol, for example, compounds having
structures such as
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The components are dissolved or dispersed in a solvent mixture comprising a
polar aprotic solvent together with a solvent which forms an azeotrope with water,
whereby water formed as a byproduct during the polymerization may be removed by
azeotropic distillation continuously throughout the polymerization.

15 The polar aprotic solvents employed are those generally known in the art and
widely used for the manufacture of poly(ary! ether sulfones). For example, the sulfur-
containing solvents known and generically described in the art as dialkyl sulfoxides
and dialkylsulfones wherein the alkyl groups may contain from 1 to 8 carbon atoms,
including cyclic alkylidene analogs thereof, are disclosed in the art for use in the

20 manufacture of poly(aryl ether sulfones). Specifically, among the sulfur-containing
solvents that may be suitable for the purposes of this invention are dimethylsulfoxide,
dimethylisulfone, diphenylsulfone, diethylsulfoxide, diethylsulfone, diisopropylsulfone,
tetrahydrothiophene-1,1-dioxide (commonly called tetramethylene sulfone or

sulfolane) and tetrahydrothiophene-1-monoxide. Nitrogen-containing polar aprotic

N
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solvents, including dimethylacetamide, dimethylformamide and N-methyl-
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such as nethgéd.chl oride, benzyl chloride or the like to the polynerization
20 It is essential that the reaction medium be maintained substantially anhydrous
during the polycondensation. While amounts of water up to about one percent,
preferably no more than 0.5 percent by weight, can be tolerated, and are somewhat
beneficial when employed with fluorinated dihalobenzenoid compounds, amounts of
water substantially greater than this are desirably avoided as the reaction of water
25 with the halo compound leads to formation of phenolic species and low molecular
weight products are obtained.  Substantially anhydrous conditions may be
conveniently maintained during the polymerization by removing water continuously
from the reaction mass with the azeotrope-forming solvent as an azeotrope. In the
preferred procedure, substantially all of the azeotrope-forming solvent, for example,
30 chlorobenzene, will be removed by distillation as an azeotrope with the water formed
in the reaction, leaving a solution comprising the poly(bipheny! ether sulfone) product
dissolved in the polar aprotic solvent.
After the desired molecular weight has been attained, the polymer will

preferably be endcapped to improve melt and oxidative stability. Generally, the



m xture, converting any term nal hydroxyl groups into ether groups. The
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ot herwi €8 spwyi bé¢ doundd pDIcOMRHE GFRRHIRCTH PEOIUCHRBEE low color poly(bipheny! ether
sulfones). By average particle size we mean the weight average particle size: for the
purposes of this invention, the average particle size of the alkali metal carbonate will
be taken to be the equivalent of volume particle size, which may be conveniently
determined using a particle analyzer analytical instrument.

25 The use of such low particle size carbonate provides poly(biphenyl ether
sulfone) having substantially improved color as reflected by a lower color factor. The
use of low particle size carbonate also provides a given molecular weight polymer
using shorter overall polymerization reaction times and allows the use of lower
reaction temperatures, together affording a significant improvement in energy

30 consumption, reducing production costs.

The invention will be better understood by way of consideration of the following
illustrative examples and comparison examples, which are provided by way of
illustration and not in limitation thereof. In the examples, all parts and percentages
are by weight unless otherwise specified.



EXAMPLES Pol y(bi phenyl ether sul fones) of this invention may be

conveni ently prepared on a laboratory scale according to the fSoI | oM ng
general PYORSH%. Pol ynerization Process 5 A 500 m, 4- RESUSPHIMRY bottom
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reaction m RFUPES GHNPPERLLS thekempesaureenwollel ong with the water for rred as
a reaction bypr@bﬁénoldQéf{)’ﬂ b&ugéaﬁé‘ by2REHAPE, @Bf&h\o?odlgﬁ’éniﬁ%hﬁgné ?. o

Dean-Stark trap; the collected distillfate s not return
flask. \WhenP?We Particuiaie @phydraus otassiume caonatet (26. 3gpbw), amhygreed suda‘olane
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collected in the Dean-Stark trap; the collected distillate is not returned to the reaction
flask. When the viscosity starts to increase, the agitator speed is increased to 500
rpm.

25 The predetermined reaction temperature, typically in the range 200-240° C,
will generally be attained within about 50 to 60 minutes after initiating the heating
cycle, and will be maintained for the time needed to reach the target molecular
weight, typically 15 to 60 minutes. Still longer heating periods may be required for
particular combinations of monomers and reactants and when other reactant

30 stoichiometries are used. Those skilled in polycondensation process engineering will
be familiar with the variety of methods widely employed in laboratory and plant
operations for following the progress of a polymerization reaction. For example, the
solution viscosity of the reaction mass increases as the polymerization proceeds,

thereby increasing the load on the agitator motor. The progress of the polymerization

10



WO 01/ 66620 PCT/ US01/ 06314 reaction may thus be foll owed by nonitoring the
corresponding increase in load on the agitator notor circuit
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After salt removal, the polymer is coagulated and recovered by slowly adding

100 pbw of the cooled solution to 500 pbw of a 70:30 mixture of methanol and water

in a blender under high speed agitation. The precipitate is collected by filtration,

25 returned to the blender, and given successive washings using 400 pbw methanol,
400 pbw deionized water and finally 400 pbw methanol. The washed precipitate is
collected by filtration and dried in a vacuum oven (60 mm) at 120° C with an air-bleed.
Monomer stoichiometry may vary from a 1:1 ratio as desired, for example, as

an aid in controlling the final molecular weight of the product: in this example, a

30 dichlorodiphenyl! sulfone:biphenol mole ratio of 1:015 is used. The polymerization is
conducted using a slight excess of potassium carbonate, 5% in this example, and is
terminated and endcapped by reaction with methyl chloride to provide a more stable
polymer. Those skilled in the art will recognize that the monomer mole ratio may also

be adjusted as desired to achieve other levels of endgroups, and that molecular
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be adjusted as desired to achieve other |evels of endgroups, and that
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Col or Fact gI*¢® tvﬁ” 19 accopypadais)t rﬁ}’éregl?@& PoRABticUHa largesrale
corres pl@nd'p”ﬂ@cé‘s@féqmjrﬁerﬂr%@éﬂ Q?tdo‘rﬁt:iﬁc\mn\éeﬂhé' Mrﬂer?za'ﬁ@n vvq,s adafEnt Gacuum
det er m ne coI 0 ctor 2" i nj ection-nol ded pl aque having a

t hi ckness Héﬁﬁ‘aaf"f@ﬁ?'@ aog@qlkpwogbztheﬁgcesg% arhvaklnewn trmiberfshandt
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conventional ramor screw injection nol i ne
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barrel t enpRpak ML ROty f GndAOiABY 6o Bk SELLON Pressure of about
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ranging from 0.090 to 0.120 inches, determined to the nearest 0.001 inch. Injection
20  molding may be conveniently accomplished with a conventional ram or screw
injection molding machine, for example a Van Dorn, a Cincinnati Millacron or a Toyo
injection molding machine, using a barrel temperature of about 730 to 740°F and an
injection pressure of about 50-70 tons.
The test plaque is placed in the transmission chamber of the
25  spectrophotometer and the spectrophotometric curve is integrated to obtain
tristimulus values X, Y, and Z. The parameters used are “llluminate C” “2 degree
observer”, “spectral component included” and “transmission mode”.
Chromaticity coordinates x and y are determined from the tristimulus value
using the following equation, calculated by the software program.

30 x=_X y=_Y
X+Y+2Z X+Y+Z
Color factor is determined by:
Color factor = ((x+y) - 0.6264) x 270
thickness

12



Col or factor is determned by: Color factor = ((x+y) - 0.6264) X 270

t hi ckness 12 WD 01/66620 PCT/ USO01/ 06314 The correctlon factor, 0.626

repr esenW® QIf6620x +y) chromaticity coordi nates for air as Fﬁ@splﬂ,@@?‘bnce
standard; thickness is the thickness of the portion of the test specinen

resentedtoth | ut i l.o ctor: .The ¢ city
\F/)al ues for a soﬁj I on e(r)cﬁ Bﬁﬁ%c?&gél%?sg?r%pgé saeﬂgéotﬁgéﬁh)ﬁfod'ﬂatbcfty§°%cﬁ}‘qqﬁsEf

sui tabl e soahir/estthmfdmmamsmndandedhlcmtisctpélahiokrmsfl @faﬂhbypr)]mn?(m [ tIS@IIﬂ&tt )
fashi on as u usi.n ette of nown t hi ckness n e
foll ow ng eg aﬁgp"%igﬁ%gﬁﬁ?qﬁh ggg‘t" B1°'¥'s det er mi ned usi ng a BYK

Gar dner Spect r orSdlgtionColbr Fagtet:| arhecwemtamdyawalm R aldoliiBr b BlNesiH.at 10

ined. b Sol | Fact +y) -
§O|6;t7|5;)n’xcg£78r OE’%?C’%%&@QS é\}et hoy %“teréﬁlyan ) %E’ i nSQV OEI 'i?g‘glr ?@redeﬁéﬁ(e?ﬁ“r‘?éﬁ as

bef ore, thi sﬁ@t&eshd)tsﬁeh&:allhirﬁh@%‘wn@fashbﬁ &UMEHo%édnplablﬁéfsh%m@rHjcuvette of
concentrati on e concentration of the solution in g/m. For an 11

t h
15 cuvette W W%”?\E % pol yner sol ution, the denom nator value will be
0.0346. In the flﬁ'th@%ll‘tﬂw?%ﬁ(ﬁﬂn@%s @@id}!hh%‘ol@okgétof % @%Yrﬁl?\'e@”&iﬁfg pBYK

determned on the_ dilute nmer solution after [tration
react or sanPPEINEHRPRFESRRter WBh@rﬁﬁ” 4154 Veltes A g &ﬁlﬂﬂ lnTﬂfé taickmgssochl or obenzene

(MCB) apg sul folgadp@t,dﬁd;&oppactd;l,g gg_. m%%rp) N- met _hyI pyrrolidi none (NI\/P) to a
final concentration of for t S gnal ysis. The use of NWP is

necessary i nasmrRHUEEHN @@PUF?@QE of (g.ﬁmabjgmﬂgher sul fones) in

MCB: sul f ol ane sol vent m xtures soli lcme@tx cogwentratrer at ure. It w : | be I
val i.d .on

further Undﬁﬁé’eﬁpgaf@?tarégéfétrﬂn%d% t%f Ak r‘n'&(n%gggﬁ gﬁﬁ@ gqf\?ﬁ%{:umtf%tlar ey

when nade anong so i ons conprising Plve "SATE
Col or Fact oinchis émdmnmenttmsors mramdnﬂratront dfethé ablution g gawlanfpdresn af enrmade

25 on speci | t rpo erature u Ies erw se

not ed. P % | cﬁ%gglgza@%d%% ?% %huq'lggr 8805'10 r}aéord\éa[héq 683% for the

anhydr ous pot asdnuhe dalfdsrongateaampdmpl&m}m@nf@cblot iuac@ﬂle%@ﬂlyzaﬁtérﬁpﬁecfbﬂ tRade

with a Mcr del 158704 rticle using a triple |aser

|i ght sourc‘g qceo TS h P aﬁ%f fht ratg, gﬁpgéﬁﬁfq i gample comprising
polymer and a 60/40 mixture of monochlorobenzene (MCB) and sulfolane will be

diluted with N-methyl pyrrolidinone (NMP) to a final concentration of 8 wt% for this

20 analysis. The use of NMP is necessary inasmuch as solutions of poly(bipheny! ether

sulfones) in MCB:sulfolane solvent mixtures solidify at room temperature. It will be
further understood that Solution Color value comparisons may be valid only when
made among solutions comprising the same solvent or solvent mixture.
Color Factor determinations summarized for the foliowing examples are made
25 on specimens and solutions held at room temperature unless otherwise noted.

Particle size determination

Particle size determinations for the anhydrous potassium carbonates
employed for the polymerizations are made with a Microtrac Model 158704 particle
analyzer, using a triple laser light source unless otherwise noted. The carrier liquid is

30 a mixture of chlorobenzene and sulfolane (60:40 weight ratio). Particle size
distributions determined by this method span particle sizes from 0.021 microns to
704.0 microns. The average particle size is reported as volume average particle size
in microns. The volume average will be equal to the weight average for constant
density materials, e.g. solid anhydrous potassium carbonate.
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30 a m xture of chlorobenzene and sul fol ane (60:40 weight ratio). Particle
size distributions determned by this nethod span particle sizes from
0.021 m cworws/etea0 704. 0 microns. The average particle sizer@dBUSEPOIMMed as

vol ume average particle size in mcrons. The volune average will be equal
to the wei ght avgjage for constant dens&% materials, e.g. solid anhydrous
pot assi um car bon & aVeRRARPIIFIE G286 fRiche I?’@G‘le@taﬁﬁé‘”&\‘iéfb&@éteéaﬁmﬁ)'@Y@

sizes for the tﬁ@kd@hm%ei@é?ﬁpl%ldﬁénr@ﬁr@an@éléﬁ fREPS®% Sshd bEt Ry eTTSO#o'r
ed

exanpl es are report el ow; the 50% and % val ues for particle |ze
di stributi orﬁ'-’&r@StﬁP%P’b?@\ﬁ'%EmtVtS’eﬂd@ fuither ehariegteriae ithesetdasenates.bonat es. I n

he foll
USi ng S0l Ut on oo YA EEeE adke Vit EAREnTEDTERY B A" R

Low Col o5 Pdisidn peletign Og@ H@rOfsn@l)mﬂTer) 108 7 ob tiorwethypyralidbng lEKNA). et her

sul fones) hayungodr PEIVHSbIhVvPAHRF s fifs AGLEYr as |l ow as 5 may be obtai ned using
smal | parti according to the invented process.
Pol y( bi phenyl et Asrpredidasinedly( bm’rveparaderasmtundshga\tmg tahSoImﬁorh Dot Retttor as

roce I on nDI na e a
II[\)/bl deZSCoI or ggt%rpsg%e@g%n E‘L’ hﬁ&bﬂﬁﬁr‘?ﬁ&c&? elfsé‘&g‘? ﬁﬁf ?Y?o?ép ing to
enpl oyed in tlndnen\ieﬂted)mrqgessxarﬁdlﬂblphenylueteer sﬁﬁ&ﬁh%) ﬁﬁépﬂwdaéc@ﬂbmgr@u&e

0" 576 T CoRARR Bipl8ts Dol Rt deq BRI oot o diop 0iteR: W dvas

grade EF-80 l\&muewblf:olm FpotoasSleummrmmate from Armand Products Conpany.

EF80B. G anul ar ?\nﬁgéirous %ot assi uE;Pcar bonat e having an average particle

size of 20.9 nicfOALIOHpHPASSIEm GarRonates empinyed dn g followipg exampissiacigde

m crons; obtai negFgeAgr @inﬁéﬁ r@h urtﬁJst@@a%sﬁmhyéér%ﬁaﬂéOtr%%ﬁi urgrC e

from 20 Armand Pr od;& H§EF8OC G anul ar._anhydr ous pot as?‘%?néb%t

car bonat e h&@U¢f 8ige (-,3roag rBﬁ?t?Q:'f’e- 33-SeMiEFonse 56 %t Ao Sicrenss 10%46 92

mi crons 1550%|6con8206’tai'ﬁe%ir 88 gradO¥r<ao Anfyd t e fedi&as 80

anhydr ous paot assi um car bonafge from Ar RB%J%Pro ucst'ds?‘l?(%Ir anf/@ fé‘%F]Eg%b%:

Granul ar anfyedusis CpBPa8Y%i um car bonate having an average particle 5| ze of

152.1 mcrons, 9g¥ssp: 44 :@uIQ? 0 fn 8 S, 10% <

microns: obtained as grade EF- 5 houg é?us p(@[ assispﬁﬁﬂﬁ%gr ﬁgﬁé‘tgeanfradlﬁ{age
particle size of 20.9 microns, 90% < 35.8 microns, 50% < 18.2 microns 10% < 7.6

microns; obtained as grade Extra Fine Grade anhydrous potassium carbonate, from
20 Armand Products Company.
EF80C: Granular anhydrous potassium carbonate having an average
particle size of 26.6 microns, 90% < 46.2 microns, 50% < 22.4 microns, 10% < 9.3
microns; obtained as grade EF-80 anhydrous potassium carbonate, from Armand
Products Company.
25 EFS0A: Granular anhydrous potassium carbonate having an average
particle size of 152.1 microns, 90% < 414.6 microns, 50% < 67.8 microns, 10% <
13.6 microns; obtained as grade EF-50 anhydrous potassium carbonate, from
Armand Products Company.
EFS0B: Granular anhydrous potassium carbonate having an average
30 particle size of 196.8 microns, 90% < 472.5 microns, 50% < 153.7 microns, 10% <
16.0 microns; obtained as grade EF-50 anhydrous potassium carbonate, from
Armand Products Company.
Glass-Grade: Granular anhydrous potassium carbonate having a

published typical average particle size in the range of 600-700 microns: obtained as
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Armand Products Conpany. EF50B: Granul ar anhydrous potassium carbonate
havi ng an avera 30 particle size of 196.8 mcrons, 90%s 472.5 m crons,
50% <_ 1§§0‘71/?ﬁ629 ons, 10%<_ 16.0 nicrons; obtained as gFP&d&/SeH0GH
anhydrous potassium carbonate, from Ar mand Product s Conmpany. @ ass- G ade:

Granul ar anRyousiagot Brsicim ameag%ta'aa\ahﬂgca% PHD! IRe Al E abrcAyekage

particle S|ze|ntheraneof 00- 700 m crons talne
PCT/ US01/ oe@PmF@nadeD@@lw'@ deiermainatensoies wo batshes vave ayerrgesparticlemizasmand

Product s C%WBS’@Ymchﬁﬁ rah&'GQﬁrh%F‘on@“Wﬁéﬂ U%éd(sﬂqﬁeffgrowtl?g) p%h‘éﬂ?{?ﬂog\@v%la[s%

average particle sizes m crons an 44 m c usedin
f ol | owi ng p@fWﬁeﬁﬂmfpldmsmas}ila@scarl@mlmrhym qusfepaitafesituntieme bhoreatieinigs

ground, pre ) i ge particle size
Po a val e 1 ERtdos Pabiptipd 851 Gatle AT 100 S A7 uPhE 92 Pyt ous

pot assi um car bon@SenmQ a3raduiad enhypirous) ghotassiuny cartdniatek nBlasatGrade] groumd |
fitted with 5 ‘ee |de rt| | at e terial havin
average par Pt caea gﬁgﬂ@%ﬁjagﬁﬁ% ﬁ%”(’:?ggé "G mgéf: ﬁr%a%ﬁprog ra

m crons, 10%agerdal ﬁami'ngramrm/eragb dartivie s@eaaﬂﬂm medTbN S| ronYs <r38t@&ﬁ¢ruﬁ‘$, 50% <
carbonate S usmgaBrlnkman attrition mll, fitted
wthal mﬁjqdﬁ'&ornéeﬁot/glg% ‘Cﬁoé‘ particulate material having an aver age
particl eosi ze of 1 &m0 MM Gramdar Sﬁ%cﬁ'odsﬁ%oi’asﬁluﬁf @Bfbonaf’vGlass 2rafle ThFIUPBS
10% < 9.9 micron anhydr ous potassi um car bonat e, ass

h

G ade, gr ouH¥"d J.%BUE%HG” a’t’“ﬂF’?W@?ﬂZ fitted; With 3o M| IAb screencle Micvidepartieriateab

screen to priavériie hadh 'athév%‘i'éige patisE site GO @%l@r@n§vﬁf")§%e1él)88/tr@8#fg sSk@p of
0

80.5 microns, 90% < 4.8 mcrons, 50% 36.3 mcrons
m crons, det&Pfl ’Hé’(ﬂmﬂfsﬂﬁg’ 298 MAreNs. aser T ght source. Other grinding

et hods common! v, el 0y et dliANSNRIREES ofistind QSJb‘éﬂ?fég Glbg%’%%rtad@ bidiAgd and

the Iike may al so_be found useful purposes of provi
particl & si #gng & Bopkmhas alttﬁt'@m@”brfé’@ﬁl ‘Méh @f 2 tin Jab ipeeaeni tonprombymabth;maztayl

s, U oefsrial\flind bfPAeRhd Barfife el 6 1S niBloht Sdbe X 2645 NS i

pot assi um car bonat es, -~ subst a accor e” genef a
pol yreri zat £88- 3p'|’ﬂt%@f§s 16%$|1ﬁéldn@mdeﬂéendmnedd;smgsa:&sgibyasmdlgsmwrt@n Col or

o T thve e Brnding RRUSRR E8midfly" 8hbRY2a iH e PrScS8t HRE  R8iling

|mpact milling and the like may also be found useful for the purposes of providing

20  small particle size carbonates in the practice of this invention.
Poly(biphenyl ether sulfones) were prepared using different particle size
anhydrous potassium carbonates, substantially according to the general
polymerization process outlined above. Reduced viscosity and Solution Color Factor

for the polymers produced in the various runs are summarized in Table 1, below.
25
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15 WO 01/ 66620 Table 1. Pol y(bi phenyl ether sulfone) Pol ynerizations

PCT/ US01/ 06314 K2CO3Sol ution Ex. Type Size excessTenp. Ti mneRVCol or No. pm

oCni n. dl /YRALEH0 CLEFS0A 152. 1 72201200. 6533 C2EF50A 152, PE2UPBY46051 12
mm 80.5 72201600. 5740 22 mm 80.5 72201080. 6419 31 mm 61.0 72201232022316415
40.5 nm 34.5 722¢ B4R Wé@ sfRRANLPH StfREBOA 30. 7 522024
TEFB0A 30, 7 5210350 s T e s PO oA eali s A 50, 7 3220680, 6223
10EF80B 20.9 722045(. 7136 11ES0B 20 9 7220160. 5823 12EF80B 2@@dution
5220150. 7526 13EE80B 2Ty 522040. G4tessl4EF8MB. 20.T9m8220F80. 62 Tbidvot es: 1.
K2CO3 is anhydroNe. pot assi um gam bonatk; sizéCis aveinage pHgti cF'ectom ze;
excess i s % stoichi 0 S e oyed ete Fo et ai
tenp(erature), (‘ﬁea( P?E%?R ry;]@f?zv (reduced scosﬁ@) é\ﬁg Sol ut’i on Col or
5 Factor, see t&©2 . || EFGOAl bib2appar ent frop2a con"pmlsoufeof thhg51c_?_l glr .
Fact or vaI ues fqr the on(b enyl _et her f one set rth in Table

t hat usi ng smalﬂ partl 813| zéglganhy rous potiassi ui%Q:ar b%-ﬁgte |r"i18roves t he
col or of the polyner, me | oggess t heg Sol ujzmag Coiughz;r E)Ijagsar 6C(3||gpare
Exanmple C1 with ExarrpleslS d Ex 10 wi t anmpl es

Car bonat e st oi cHi omgtr V\gﬂ3 ?;ergctl offd i me H nﬁﬁer at éle, al so

affect resin colgor, a@_ssﬁmvm Mscorrpa;(rjl E)g(; Eg;lagrpllg Q@;t\r/]m tEdegg:zl @@glEinrpl es
6-8, Exanple C2 with | es 9, an anpl e Wi anp es
However, for a diven Egsggf re%éti on ‘paramets, réduci ng8ihe c@Pbonat e

6 EF80A 307 5 220 24 0.64 15
7 EF80A  30.7 5 210 35 0.64 14
8 EF80A  30.7 5 200 80 0.62 17
9 EF80A  30.7 3 220 68 0.62 23
10 EF80B 20.9 7 220 45 0.71 36
11 EF80B 20.9 7 220 16 0.58 23
12 EF80B 20.9 5 220 15 0.75 26
13 EF80B 20.9 5 220 14 0.64 12
14 EF80B  20.9 3 220 25 0.62 16

Notes: 1. K.COj is anhydrous potassium carbonate; size is average particie

size; excess is % stoichiometric excess employed, see text. For details of

temp(erature), (reaction) time, RV (reduced viscosity), and Solution Color
5 Factor, see text.

It will be apparent from a comparison of the Color Factor values for the
poly(biphenyl ether sulfones) set forth in Table 1 that using small particle size
anhydrous potassium carbonate improves the color of the polymer, i.e. lowers the
Solution Color Factor. Compare Example C1 with Examples 1-5, and Example C2

10 with Examples 6-9. Carbonate stoichiometry, as well as reaction time and
temperature, also affect resin color, as shown by comparing Example C1 with C2,
and Examples 6-8, Example C2 with Examples 6-9, and Example 10 with Examples
11-14.  However, for a given set of reaction parameters, reducing the carbonate
particle size will be seen to afford substantial improvement in color, particularly when

15 the average particle size is less than about 80.
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particle size will be seen to afford substantial inprovenent in color,
particularly when 15 the average particle size is |l ess than about 80. 16
WO 01/ 666%0 0069920)S01/ 06314 Larger scal e pol ynmeri zation r unfECTEFH/04}14,
undertaken. Sol ution Color Factor and Ml ded Col or Factor values for the

pol ymers produce ri | ow.
Tabl e 2. Large Sg%':g%répﬁy gfyhﬂe éa{lé” S%%J}LJ S b’rﬁhgelg%F( %#%PP@%’SN&%@&'
Sol uti on Colaod I\MdedJColcEfac@z/eluesd@stse molynuﬂrs [Noodubgpen fra YaridussargAwsealeH gh’
Low 15 EF- : : 3 16 EF-80 21-34 5 45 37 52 6 C3 d ass-
150- 5 24 789%%24%”%@%%%3‘%50@ Notes: 1. K2COB3 is anhydrous potassium
carbonate; size |sTaMeQadﬂrqutaleIP@Iy(BlpzenynaﬂmsUMnet)lmmﬁémlﬂahﬁs used

over the series—ef— 0

enpl oyed, see text. i s the nunber @'m'ﬁf‘rqplwl'fﬁd%lpraged
see text. Reacti terrn?peturecézef or ket eNPoof wera 20%4igh 210 Gy for

Exanpl e 11, 214- C3. Um27 ¢ %0 1t RWS] he aDDarent froma

conpari son of thes aver@ggao@f tzlgeg Sol ut§ on Col or Fg@tor yAal ues 4pr the
group of three polyrrer runs, Exanple 15, and for the grou 45 runs,
Exanpl e 16, with'®he a5E89ge %b%r ford t he gréup o724 rﬁgs madé with |arge

particle size poggssi ujaedr bonRape, gar ative Exanple C3, that the use of

smal|l particle sizel carbonate provid a suBdtanti’8l i rﬂ;ﬂoovenﬁ& in color.
Note further that 15 r€gdes h Ong very | ow Sol ution Ool or Factor val ues,
as low as 6, may pbe provided T the invented process—byustng—tow partlcl e

size anhydrous Nefeassi uke@Qs isanydrousTetassiun caibohatee sizeématerage pasictiat a
presented in Talizemnpedautie catbonates uesd ovdr thelsedes oh ynarsoarer podh SXcess
car bonat e havi ng %astacriongisic gxcesceémployed deestext hAarNd. G Runisds os number
preferably | essoftbateh abositav8@ged csemdextst Reactivor empreedtarsabteyy Exessple han
about 20 30 miwererZ)5°21006; fonEsamptt pt,A1as218f Cl fopiGdy 2de° cesi ns havi ng

oL Sl e, SRR i Py el 380 e 57, SPundf o,
Col or Fact oFagtar Malses mr the\grcasp GOthrexr ablym&blrlyns, &xahpie &S, and for the group of
45 runs, Example 16, with the average color for the group of 24 runs made with large
particle size potassium carbonate, Comparative Example C3, that the use of small
particle size carbonate provides a substantial improvement in color. Note further that
15 resins having very low Solution Color Factor values, as low as 6, may be provided in
the invented process by using low particle size anhydrous potassium carbonate.
Thus, it will be seen from the data presented in Tables 1 and 2 that the use of
solid anhydrous potassium carbonate having an average particle size less than 100
microns, preferably less than about 80 microns, still more preferably less than about
20 30 microns, in the invented process will provide resins having Solution Color Factor
values, on average, that do not exceed 50, more preferably 40, and may provide
resins with substantially lower Solution Color Factor values, as low as 10, preferably
as low as 5.
Pelletized resins produced in a series of 108 large scale polymerization runs
25 made using EF-80 were injection molded. The average of the Molded Color Factor
values for the molded plaques is summarized in the following Table 3, together with
the high and low values. Also presented are the average color values and high and

low values for molded resins from a series of 17 runs, made on consecutive days
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Pell etized resins produced in a series of 108 | arge scal e polynerization
runs 25 nade using EF-80 were injection nolded. The avera e of the Ml ded
Col or FadQP1/6662 ues for the nol ded pl aques is summari zed FERUSAKIGY | owi ng
Table 3, together with the high and | ow vaI ues. Al so presented are t he

Ceri oo of 1P ectaR or o OhoRaters St XS By T SERs RN T 4

usi ng the sdmougboutof nononers and car bonate and the sane reaction

conditions thro c |l etized resins duced n a
series of |arge Eggl%é?npan?&%ggg “iegfn)ébr &%Sg”wﬁg’.'%‘g}(‘é‘z’a'é‘saé%{t?é 5{1%78? o%f?
pot assi um ca:ob/m&ltzatlmrremsSusmgeGlassn Grade eshhyfhmusapetaagrinof carbendd| deek

i gh and
Cow val ugs. TSROl e, &4pride BribelRRERTo Ve arauies iaptis 48 e o
Mol ded Pol y (piquiee njdgetech avithshlef ligie ahd KACORMek drdal§8 lsOmn=REearin e félod

excess No. @\1 . Hi ghLow No. Type Pm %Runs2 17E F-80 21-34 5108174199131
18EF-80 21- 34P §155182131 C4d ass- 150- 540238296210 G ade 350 Notes: 1.

K2CGB is anhydrous potassiaife §acknat olddudeoi Bidhes laéiﬁerps%nﬁghéi eexggsgi ze
range for the carbon; the series n runs averaged; 0
st0|gch| onetric exces.s_e,nqal_oyédgoepp text 2. No. ONM%CD@rtFIaetQﬁunber of

batch runs averadget, | segpkext 'F@aclemﬁﬁsterﬁmpétu ngs fOoR; and
13 were 214-216_QN q@ 2270MC. | t % | | Russieen ?r adﬁéorrparl son of the
average of the Mpyded gplgg Faglar 1% val UQ§ gfor 1t7Qese 1g9goups ghat the

col or of nol ded poly henyl ether sul fones S|gn|f|cantly i npr oved

(1 oner Mol ded Coll®r FaElgcﬁQ wBérd4t he besin i¥ prod|56ed 081229 468l |

article size anhydrpu tas m car bonat e according to the invention

g BYAT PUIARQ! 2ty car 40 238 206 210

Grade 350

Notes: 1. K,COjs is anhydrous potassium carbonate; size is average particle

10 size range for the carbonates used over the series of runs averaged: excess
is % stoichiometric excess employed, see text. 2. No. of Runs is the number
of batch runs averaged, see text. Reaction temperatures for Examples 12
and 13 were 214°-216° C; for C5, 227° C.

It will be seen from a comparison of the average of the Molded Color Factor

15 values for these groups that the color of molded poly(biphenyl ether sulfones) is
significantly improved (lower Molded Color Factor) when the resin is produced using
small particle size anhydrous potassium carbonate according to the invention
(Examples 17 and 18) compared with resins prepared using large particle size
carbonates (Comparative Example C4).

20 Generally, resins having Molded Color Factor values that, on average, do not
exceed 200, more preferably 160, are readily produced by employing solid anhydrous
potassium carbonate having an average particle size less than 100 microns,
preferably less than about 80 microns, still more preferably less than about 30
microns in the invented process, and resins having Molded Color Factor values as

25 low as 120, preferably as low as 100, still more preferably as low as 80, may be
provided by the process.
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(Exanples 17 and 18) conpared with resins prepared using large particle
size carbonates (Conparative Exanple C4). 20 Generally, resins haV| ng

Mol ded CHY@P1/658%% or val ues that, on average, do not exce&§T 2158110631t o
preferably 160, are readily produced by enpl oying solid anhydrous

pot assi um c%{‘;}ﬂgﬁgmﬁgx&#@ an average particle size |l ess than 100 m crons,
preferably 80 mcrons, still nore preferably | ess than
about 30 i cr on$he pradees loﬁtmmmeelntmmiselstm senttoreseffectibaii povidingied dsdror
Fact or val ues eferably as low.as 100, stjll nore

pref erably 88‘3’?%%’%{?' wef Pr‘élfrﬁé %PW@Y%e&MB??CE%BaWF%C%é%é”ﬂ%jr% PAtAEEEP0
PCT/ USO1/ 063arbohatet hisr  Gsetpain seies HvenRHocessesy fdii Sthenvmym@ﬂzétfént hefs
seen to be f e | i ng w col o phen et her sul fones).
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sul f one, g;lo nal | y i ncl udi nrg to 25 nol e% hydr oqui none,

4, 4" -dihal o Eﬁ‘@ﬂw AR £ BREOT | mft | ROIWBESr Pfnpt. 6\¢é1ygmxyﬂ§h§@ﬂn sulfegeed@ndt he
Sol uti on Cohgirohawbae (Bar meR! Y4AIRY Swifhf 441,-6 h@l JaysHeRYY f

hydr oqui none9 roEl nol e ratio) w ? | dll hal odlepgegulfyﬂ ?(rlfegﬁﬁgdp@gg;?ﬁbﬂ
with smal | PRRiclE @lnéy%[ﬁ%dFPQia%S'%t sa@pumecwlbdwatses cantl enighegnittianc aviteiny
hi gher tjan fed J,th; dg&@&; hydrous potassium
car bonatlg P\'@b% (g%é)ﬁéﬁi@evrr!ﬁ%%]g@ﬁe sg%rﬁ ﬁ%%o(ﬁr g({]or y scale

pol ymeri zat i ons Wetf‘é fol@awmg @Qnmratyatbtmléallatgora@m svaia golymerigetimrsalvere
process enp r The cess
par amet er o, Craed) ¢ty RRetiy RR¥ing BeGenci] bRk e BT ol RaBh g
Fact or val ue@earwlfmﬁims ogtlined. t hEnef cﬂrbmasngarah&té’rzsblreséﬂtmg9rewa 0éd 62820

5ol ut 1 on_ £ SRERY el ok b EagRh AR e BRallotne

C5EF5081196T8b|62'85700 6097 C62 nm 80 5 6235600. 6185
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C71 nm 61.0 62351200. 5293 C80.5 nm 34.5 6235490. 64286 C9EFSO0A 30. 7
6235390. 56416 CLOEFS0C 26.6 6235430. 55319 CI11EF80B 20.9 6235550. 551167
C12EF80B W0 046%3%5190. 67806 C13EFS80B 20.9 6220750. 57742 CHAEASIE044YE g

4235850. 5559 CI15EF5
C17EF50A 152.1 4220
4235500. 54145 Not es

OB 196.8 42251250. 5661 CL6EFS0A 152. 1 4235900. 6283
1260. 5486, il SERRRL g latferfoftelPaghbRz 4tAST80C 26. 6

- 1. KRCZ TS annydrous porassium carbonate; size is

average particle s
text. For these Epo
MCB/ sul f ol ane. FNb.

ize; exc&s€0s< % stoichiometric excess enplIyédn see
llynEyme, coBize | xdeser nTemd. at Tidewt %RM| ut iGoori n 60/ 40
5 details gimtenpCeraturél, (reactiongl/gi meFa&ur (reduced

viscosity) and {3 ut
Sq

conpari son of tt&ie

Exanpl es set fo %
pol ymeri zed usi gy ¢
size 10 provi des_ po
Factor. Conpare

i nproved by redyygn
excess potassium ca
et her sul fones) G

anhydr ous pot asgium

Pol ycondensati on of
will preferabl $iZe
having a parti

than 100 m crons. 2

10 pr ERBPFIy 288 resfit of 2P useddf | wPSpart P

0 G688 66800, peT/ UsoL) ofat

i @F5080! orgsact org see 2®Xt. 170w | 10.6@ see®7from a
)| yti on Color Factor val for .fhe aratj.ve
i nlﬁrﬁ‘m e 4g@ﬁat fat pol y?g“fyl et fidr SLﬂc'?gﬁes) 85

onpamabl e e€act i org par aned®rs, 420cr easbng t he@zparticle
llyner with_i nproved color, i.e. lower_ Solutign Color

&5 Y b 285 C1B ALt heduh sofSiti oP6hl or %9 be

g Ergopeacspon tegperat pgm, andoby v@sgi ng hhe | evel
nbonate, it wll be seen__that poor color in EOl y(aryl

e size
cgiFeopat e29d t he gol ynepszat i ogsprogess. 15167
d:g%dr oxydi aryl sul fones and di hal odi aryl sul fones thus
c

PBd 02@-9usi n sol i d23nhydr88s pdi-88si unBe&r bonat e

m cr /s, erab greater
4 Thzgef f g(itSf’ of a%@drous

of

pot assi um car borztde | p&FEDBI e W64 on 4 he coRd of 8pol y(&byl et Hér
sul fones) wll b nt opppsite t hat, f-oun r th
preparation of tp%%l%ys/ bl‘%pp'fglgﬁyl @tslf?gr su fones?isaccor1c’f)|f5ng '(tjoogghe in1enti on.
The C16 | EF50A 1521 4 235 90 0.62 83
C17 EF50A 1521 4 220 126 0.54 86
C18 | EF80C 26.6 4 235 43 0.58 215
C19 | EF80C 26.6 4 235 50 0.54 145
Notes: 1. KyCOs is anhydrous potassium carbonate; size is average particle
size; excess is % stoichiometric excess employed, see text. For these

polymers, color is determined at 10 wt% solution in 60/40 MCB/sulfolane. For

Color
Itw

details of temp(erature), (reaction) time, RV (reduced viscosity) and Solution

Factor, see text.

il be seen from a comparison of the Solution Color Factor values for the

Comparative Examples set forth in Table 4 that for poly(arylether sulfones)

polymerized using comparable reaction parameters, increasing the particle size

10

provides polymer with improved color, i.e. lower Solution Color Factor. Compare C5 -

C7 with C8 - C12. Although solution color may be improved by reducing the reaction

temperature, and by varying the level of excess potassium carbonate, it will be seen

that poor color in poly(aryl ether sulfones) is primarily the resuit of the use of low

particle size anhydrous potassium carbonate in the polymerization process.

preferably

Polycondensation of dihydroxydiary! sulfones and dihalodiaryl suifones thus will

be carried out using solid anhydrous potassium carbonate having a

particle size greater than about 60 microns, preferably greater than 100 microns.
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| nprovenent in the color of poly(biphenyl ether sulfones) that results by
using smal|l 5 particle size anhydrous potassium carbonate is thus neither
obvi ous ﬁweowéga?|y predicted, and is therefore surprisi f§/VOS3 1Mot

wi shing to be bound by a partlcular theory or explanation, it appears that

POl peri zat: one TR Be8of BANCPRRILAR Shnodld Kl dhRG e LT

monomer require increased re |nes an
| ow 10 obsepalg@ryl egtbei vulfgnes) WIrhdhusrbeespemdor@ aulpbaélte wetthdt faint. fof tRe
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about 60 m cr onsVRIRINOt fishing fede Brysid téyf?EEW'FV@rfW%PbWWﬁ'OPOW@Wﬂﬁ
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process may be nore partjcularly described as an i nproved sol uti1on

pol ycondens’é‘f’f‘@mebfW§s'nF@aS?%ée§ﬁt@ﬁaﬁ"a@$ @Ad dempetateres o dup dn @R foha gw
ether syl f gR@ded m%td/lﬂ/VSf‘Hf’edc&?&sffp%ﬁﬁmﬁoﬂPélLeno Rfetall Offt S‘rﬁé’%né}fe?&&dﬂ@a"cﬂ.bﬂg

substantially equinolar amunts and at lea
di hal odi ar yeB\REfBHE iRitunn Fnpsars taesul!t 0. @cpmpabkqu amd tolepfemagiorf er ably from

about 1.01 to abgystinderidfOl thi®bE SSQ'W% TBE%E gedrt%nga po%véd 8505935 %q‘st%ntl '

nmol e of an al kali netal carbonate, di'ss rsed
m Xt ur e conpyepaiatign abfpb@Na}olwmqu(bmhsnvIMher smgmeb)ewhmam aasmalolpaﬁmte whéch

forms an a r t e t he use 0

particle sfsgdgﬁpgrﬁ)ﬁ%‘% at \g?atgg[]ydr%ﬁ%d%g% gs%ﬁ@%%fbo%ﬁf‘%rag% f’ﬂléJ zi’lnmé‘ﬁ)rou?ret al

car bonat. pﬁaamtpotcastmnam bavibg matatictasizecofrap © starei1bd eatlonsdpetsrabgdnas a

oI d art I a car bonate having an average particle

S ze no” 30 BF dafes of RAHT SR, A0S Redt i B cTane  Botkapis lab o aib avbet Sads

nor e preferaﬁmluy/BOpnltmnsaMUbe fhlinal tor e 8ffeNYB Vel Qﬂéﬂu@iﬁé@éﬁ'c@f@r%ﬁfﬂ&ﬁﬁéﬁl 50
t'o abou

havi ng an ayvgra article si in the range of from about

ni crons, ﬁer%fpgggchs;orfqu&ﬁ%atg&nvemoxeo about 30 nicrons, will be found
parti cul arI y us@fhel inventebieprptésy ey Bé rhbieS parfi¥@akHy %scrlﬂaﬁab%%ﬁgved
process_wl | nder stood to further include the steps of heating the 21

e u
WO 01/ 686200 PEPNBSHLPHBIIAIPB REIGESH ToR e Brepaiplioneotriewsplos golvdeipnenyl ether
cont i nuousl| guifeiesiz e The ORVENtEY Sdrb&és%t l:éh"ﬂprlscs.rgr’l'tHEt @iéﬂ‘s”& E&ﬁa&%%uﬁ?arﬁﬂa?ﬁt ure

at an el evated tenperature generally in rang
equimolar ‘amounts of 4,4'-bipheno! and at Ieast one dlhalodlarylsulfone with from
about 0.5 to about 1.1 mole, preferably from about 1.01 to about 1.1 mole, more
preferably from about 1.05 to about 1.1 mole of an alkali metal carbonate, dissolved
25  or dispersed in a solvent mixture comprising a polar aprotic solvent together with a
solvent which forms an azeotrope with water, the improvement being the use of a low
particle size particulate anhydrous potassium carbonate as the alkali metal
carbonate. Said potassium carbonate may be more specifically described as a solid
particulate anhydrous potassium carbonate having an average particle size no
30  greater than about 100 microns, preferably up to 80 microns, more preferably up to
about 60 microns. Anhydrous potassium carbonate having an average particle size
in the range of from about 10 to about 60 microns, more preferably from about 10 to
about 30 microns, will be found particularly useful in the practice of this invention.

The invented process will be understood to further include the steps of heating the
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from about 200 to about 300 C, preferably up to about 240 C, until a

nol ecul ar wei ght as characterized by reduced viscosity in the range of
from abo¥WO @/686200 about 5 1.1 dl/g is achi eved, quenchi ngPF%JSP’é%@?“ on and
endcappi ng the polyner, renoving byproduct salts and recovering the

pol ymer. T oma8hUHiflre Aulifer HebVithY watd® cBRNALANS tho'LBssh AT Cashrnh e
nost preferre or the purposes of this inventio y be described as a
parti cul at enantainthgathieyrdaction mixtire s ianralevatesbiemperaiae agnerallainghadgangsaet i cl e
size of frqm ot 0 ' ' - least: Q e
particles I?riog?\%ﬁ&%ti %&a t?a%%gngpéf pé%r%@gﬁa@ﬂ‘%g@%;%%g{r‘ggg tbo%igloggr(&fgéulérh

m crons. Theeightasaesmradterizeidsby redeodéd eiscasityvin dies raygleydfifrqrhabplt @BHerabout

sul fones) that are signjficantly.inmproved in calor.. and the invention nmay
Uheref ore d b8V8e adlerhayeaghingthelsacion s endsdening drs pRVRIER M Hoer
sul fonesz}I fb@!wddgcﬂd €al{s O ECOVERInG t}ﬁmpblymful'&b#nysohﬁioas havi ng a S?I ution Col or
Factor, determ at. concentration of 8 ww%in a mxture.,o ,

sul f ol ane, and %ﬁgqahv%y,s_r? ?r\&’éi&ﬁoHsb?o%?'bWt F%r nals bg&{er%{v%%r the
preferably gupdses abouiis 4Bvertiod Riaf BEr @sbcpbey (& Rheamicukit® egolidubhipRERs)s

according to the invention will have a Sol ution | or Factor_ in the range
of from abd9tassiym Garepate haing @pravefRas BRTRESIZe OMTRBbaPCY 1QtaBBRNt 4b. 20

Pol y (bi jphemyibropt Nrersin! 4108880 8@ AT tHE HaricGed € withiEBiraRGe W Ilon?aBouth e
i mproved col or after nol ding. Ml ded pol y(bi phenyl ether sulfone) resins
accordi ng m™ieronRéo pRYNtG MRS | have a col or factor, nore particularly a

Mol ded Col or  FagharyoQdssUfF thisCindOtisn gra0ide8diRbiBhER Rtderi&ifoRe &PRYUL afbO-
gtﬁ 0 ? \kﬁeﬁ m))ﬁ ed, my ﬁ

The i nproved poly(bi phenyl ether sulfones) ave a Ml ded
Col or Fact sigrificantyviragroged imeelom@pditbe ventiere mayrthewivraralso desiestriad amd

Factor i (Recra Bantinel sEbtbifmfyRY SLABRS) nifKh oy ok s ety o
100 to labows HBONG anBoktibh | Cotor &aptoef detabihied ratna aloooent&ionoofaBowt’ 16G
UL e MR SRS RS SRSV R 2 2P0 9 08 B B BRRL BB
will be 3@refesabiy yp appboend0.t Thehmwsterrsligdiygbiphenyl letherrdulfoaes) sawohding to
A G A M o i e AN R W
as defi ned 4@nehosepreferably fram abeuf Hid apdurgoc! ai ms. 22 WO 01/ 66620
CPIOCF{)HS%Q? gflgf %g&g%%ﬁl%ér ps‘ﬂn%ﬁé’s')pg‘éé‘ rldin(g:'.it rt]g rch”'irfv‘éﬂt‘? n hv?/li\lllI gsoahg/\t/)eI ded
improved color after molding. Molded poly(biphenyl ether sulfone) resins according
to the invention will have a color factor, more particularly a Molded Color Factor, of up
to about 200, and preferably up to about 160. The improved poly(biphenyl ether
sulfones), when molded, may have a Molded Color Factor as low as 80, and may be
25  more particularly described and characterized as poly(biphenyl! ether sulfones) having
a Molded Color Factor in the range of from about 120 to about 200, preferably from
about 100 to about 160, and still more preferably from about 80 to about 160.
While the invention has been illustrated by means of specific embodiments,
these are not intended to be limiting. Further additions and modifications will be
30 readily apparent to those skilled in the art, and such modifications and additions, and
processes, compositions and articles embodying them, are contemplated to lie within

the scope of the invention as defined and set forth in the following claims.
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conprising the structural unit; SO2 5 2. The pol y(bi phenyl ether sulfone)
of Claim1l1 having a Mol ded Col or Factor value of up to about 160 The
pol y( bi pERA916&2her sul fone) of Claim 1 having a Ml ded CSF(T(US‘—’HE@M val ue
of up to about 120. 4. The pol y(bi phenyl ether sulfone) of Claim1l having a
Mol ded Col oy, { r?;r 10 value in the range of fromabout 80 to about 160.
5. A pol y(bi phenyl ether sulfone) according to Caim2l conprising at |east
about 75 mil e paAroiyibipbenyd #ithkrstuifone)ravinguaiMaldel Calop dlag(cbigb tessythae2B8r

sul f one) accordl tl ng of said structural unit. 15 7. A
pol y(bi phenyl erbrgsd% oner%tpugg‘ﬁ% ing the follow ng structural unit: SO2

having a Solutlon Col oy C AqQ\gr eat e n about .- deternlned at 8
) oyt
3:2: Atio by . re pon(blphenyI

W% in a solvent
N- et hyl pyrol i done,
ether sulfone) of Caim?7 wherein the Sol ution Col or Factor lies in a
range of 5fr@m abbhe poly(bipheryb ethetOsulfoneTé Giaitry ( bihgpiiegral Metdeelr Colof mege:)r of
Claim7 vvhereln Factor lies in a range of from about 5
to about 40. 10. %'Ee §P%Edn§%bu$q§8pr eparing a pol y(bi phenyl ether sulfone)
conpri sing 8ont athe myly(@pheny! st sulleney af iCiainT & alsdvirgn aﬁMbtdgﬁeﬁolorlFactor
substantial ly equi nol un f at |east one bi shydroxybi pheny
conpound and at Yaélé%{a?%gon%? iﬁgﬁl aryl sulfone wth an al kali netal

carbonate ia. theTrpé epBMsiehalyl atisar] mhep@frrmaam AghavimP hakold@Rr Obiof FeRtarent
to forma pol y(b| % et her ulfog t he |nEroverrent wherein the al kal i
met al Slbonate Y u%'rg PirggFar't Q0 PRP 80HR\ARCHLE6G 0t assi um 30 car bonat e
havi ng an ager age pl@W(blbﬁérﬁiyl et sffod) dcRoriito ERfmM 66APSsing 3t 1MBsPAH&R620
PCT/ US01/ 06314 11. The nmethod of C aim 10 wherein potassium carbonate has
an aver age part|%5P@o%P%rée@ﬁfOf@ﬁ'dt%W&%ﬁtu@O mcrons. 12. The method of

G aim 10 wher ei nAPRERETAHENY C BRANSLIFRSadr@NG T RITIHA U Cofisisfind SorOkaidP 10

about 60 m crons. ,
structural unit.

15 : A poly(biphenyl ether sulfone) comprising the following structural unit:

. —0-0~—0Or

having a Solution Color Factor no greater than about 50, determined at 8 wt%
in a solvent mixture of monochlorobenzene, sulfolane and N-methyipyrolidone,
at a 3:2:2 ratio by weight.
20 8. The poly(biphenyl ether sulfone) of Claim 7 wherein the Solution Color Factor
lies in a range of from about 10 to about 40.
9. The poly(biphenyl ether sulfone) of Claim 7 wherein the Solution Color Factor
lies in a range of from about 5 to about 40.
10.  In a method for preparing a poly(bipheny! ether sulfone) comprising contacting
25 in a polymerization reaction mixture substantially equimolar amounts of at
least one bishydroxybiphenyl compound and at least one dihalodiary! sulfone
with an alkali metal carbonate in the presence of a solvent comprising a polar
aprotic solvent to form a poly(biphenyl ether sulfone), the improvement
wherein the alkali metal carbonate is a solid particulate anhydrous potassium

30 carbonate having an average particle size of up to about 100 microns.
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5 13. The nethod of C aim 10 wherein potassi um carbonate has an averag_(la_h
particle size in the range of fromabout 10 to about 60 mcrons. 14 e
net hod ofW@PHPER0.0 wherei n pot assi um carbonate has an aveP&d&$I4PE3¢ e

size in the range of from about 20 to about 30 microns. 15. The method of

the range of 1 roranaudF CamE 0yl polts PP L ARG AR b ave o etao of

said particles I$leewftln1ﬂmala>utaﬁgmcmhsf][om about 100 m cronzI to ?botjt 10 ‘

] 16 A fon accordi 0

mef ngsof d'4i mp%él%wme yéla% ? gﬁ"ﬁ%ﬁ%{ g%s&@ gﬂﬁ’%ﬂg%aﬁl‘a@paa‘%é@ea%%ﬁ?lai ng

to the met hod ofsuﬂe aflmp frDabodtBOsmbldmpol y( bi ]E)henyl et Perostjl foBe) t hzi\élonglg
Col 0 rom abou 0 abou
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10, said pol y(bslpeherthb remgeeoffsaﬂwtaba@t)mta\éumgteo&@éruhson Col or Factor val ue

in the rangg of from about out. 40, determned at 8 % in a sol vent

5.
m xture of Hee /) 8?0(90 r&'é'ﬁt%% éf‘(?\ef%ﬁ‘ RRE2ssIHE sarhenals Nes a5 Awesrae Particly

3:2:2 ratio by M@é@hhe ré&_ie o ie Abaitt 2o otPBPHiistbAg a pol y(bi phenyl
et her sulfon%) VI Col or, Factor of up to about 200. 20. The nol ded
ai

articles of | i Glaign 1@ Whersjp Bp}ﬁﬁéwm carpprate H@s faprRveEragsparige a
Col or Fagtor of gjpe ﬁrpth'éb@r'lbe jcﬁQron?%bthh@O E@Eg&ﬂ 4”U PT‘II&'bﬁ§ aRb WeLim %Qeast

wherein said pol y(bi phenyl “et her sul fone) Factor 1nt

of from about 8 /e %a@tpam@es be witftifnea FﬁﬂQGeQ;f fm iabDletsmﬁ)fm(qrerﬁOl@QNhé@el n
said articles argjddisecti on nolded. 23. A nolded article conprising a

pol y(bi phenyl ether sulfone) prepared according 30 to the method of Caim
10. 24. Ext i@ded? aplyikipkenyteifgr sulfang) prepapes ggdorging tyytheehétind ©b Claime)0. of

Sr le);nr éd ggcoﬁfégg%ﬁﬁ%ﬂaﬁ;Ieﬁ%hggﬁgrﬁé)arg&rgg%%%m ptoetnglme Fﬁhg f%lljah;no{be)
15 said poly(biphenyl ether sulfone) having a Molded Color Factor value in the
range of from about 80 to about 160.

18. A poly(biphenyl ether sulfone) prepared according to the method of Claim 10,
said poly(biphenyl ether sulfone) having a Solution Color Factor value in the
range of from about 5 to about 40, determined at 8 wt% in a solvent mixture of

20 monochlorobenzene, sulfolane and N-methylpyrolidone, at a 3:2:2 ratio by
weight.

19.  Molded articles comprising a poly(biphenyl ether sulfone) having a Color
Factor of up to about 200.

20.  The molded articles of Claim 19 wherein said poly(biphenyl ether sulfone) has

25 a Color Factor of up to about 160.

21. The molded articles of Claim 19 wherein said poly(biphenyl ether sulfone) has
a Color Factor in the range of from about 80 to about 160.

22, The molded articies of Claim 19 wherein said articles are injection molded.

23. A molded article comprising a poly(biphenyl ether sulfone) prepared according

30 to the method of Claim 10.

24.  Extruded articles comprising the poly(biphenyl ether sulfone) of Claim 1.

25, Extruded articles comprising a poly(bipheny! ether sulfone) prepared according
to the method of Claim 10.
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