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"direct Background of the Invention

5 This invention relates to polyphenylene ether resins,
- and more patticularly to the decolorization and/or suppression of
color formation therein.

Polyphenylene ethers are an extremely useful class of
engineering thermoplastics by reason of their hydrolytic stability,

10 dimensional stability, toughness, heat resistance and dielectric
properties. They are typically prepared by oxidative coupling of
substituted phenols such as 2,6-xylenol with the use of a catalyst
system comprising a combined metal such as copper, manganese or

cobalt and various organic compounds such as amines and benzoin
15  oximes.

One method of preparation and workup, hereinafter
sometimes designated “precipitation”, involves the use of an organic
solvent, typically toluene, from which the resin is precipitated after
formation, whereupon it is washed with methanol and dried. In

20 another workup method, hereinafter sometimes designated “direct
isolation”, by-product water and catalyst are removed from the toluene
solution, typically by liquid-liquid centrifugation, followed by a further
water wash and stripping of the toluene.

It is frequently found that polyphenylene ethers have a
25 pronounced color. The intensity of this color may be measured in
terms of yellowness index, a known parameter disclosed in many
patents, or in terms of color number, which is the sum of the resin



I sol ation", by-product water and catal yst are renoved fromthe tol uene
solution, typically by liquid-liquid centrifugation, followed by a further

wat er: wash and strippi ng of the toluene. It is
frequently found that polyphenylene ethers have a 25 pronounced color. The
intensity of this color nmay be neasured in terms of yell owness index,
a known paraneter disclosed in many gyggnts, or in ternms of color
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chain, as well as substituted biphenyl end groups on the tail of said

chain. The latter are the result of equilibration into the polymer chain

of the side product 3,3',5,5"-tetramethyl-3,3'-diphenoquinone (TMDQ).

Resins of this type frequently have color numbers of about 10 after

15  precipitation and drying, but the color number may increase to about
30 upon melt processing.

The color number may be higher, typically in the range
of about 50-250, for a resin precipitated from a catalyst system in
which N,N,N',N'-tetraethylethylenediamine (hereinafter “TEEDA") is

20 substituted for the DBEDA or from which secondary monoamines
such as DBA are absent. Resins prepared using a manganese
chloride-benzoin oxime catalyst and precipitated may have color
numbers on the order of 50-100, unless a secondary monoamine
such as DBA is present whereupon the color number may be as low

25 as about 30-50. ‘

Resins prepared by direct isolation are typically of much
higher color, by reason of the presence of colored impurities which
are not removed during workup. In addition, increases in molecular
weight are common in such resins, probably as a result of

30 intercondensation of polymer molecules through the aminoalkyl-
substituted end groups.



30 upon nelt processing. The col or nunber may be

hi.gher, typically in the range of about 50-250, for a resin
precipitated froma catal yst systemin whi ch

N, N Nerr],Nerr]-tetraethyl ethyl enedi am ne (hereinafter "TEEDA") is 20
substituted for the DBEDA or from which secondary nonoani nes such as
DBA are absent. Resins prepared using a manganese chl ori de- benzoi n
oxi me catal yst and precipitated may have ©dFor . nunbers on the order
of 50-100, unless a secondary nonoam ne such as DBA i s present
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processing. Decreased color would maximize the utility of the resin in
various applications in which color is undesirable. It would also be
10 desirable to minimize molecular weight increase during direct

isolation.
Summary of the Invention

The present invention provides a method of decolorizing
or suppressing color in polyphenylene ethers by treatment with
15 various compounds which apparently serve as very mild reducing
agents for colored impurities. The result is generally a substantial
reduction in the color index of the resin. '

One aspect of the invention is a method for decolorizing
a polyphenylene ether which comprises mixing it in the melt or in
20 solution with a decolorizing amount of at least one hydroxy compound
having the formula

wherein:

each of R! and R2 is hydrogen or a C1-4 alkyl or Cg-10
25 aryl radical,

Xis



It would be desirable to decrease the col or nunber of | pol yphenyl ene

ether resins by-a substantial amount during nelt processi ng. Decreased
col or- woul d naxim ze the utility of the resinin  various applications
in which color is undesirable. It would also be 10 desirable to m nim ze
nol ecul ar wei ght increase during direct I sol ati on. Summary of
the I nvention The present invention provides a nethod
of decol ori zi ng or suppressing col or-4n pol yphenyl ene et hers by
treatment with 15 various conmpounds which apparently serve as very mld
reduci ng agents for colored inpurilll) eZ0fhe result is generally a
substanti al reduction in the color index of the resin.

One aspect of the invention is a nethod for Recol orizing a

pol yphenyl ene ether which conprises mixing i§y in the nelt or in 20
solution with a decol onzi ng anDunu"pf'at 1_08f hydr oxy conpound

havi ng the fornul a ' [err]

wher ei n: each of Rlerr]land Rlerr] is hydrogen or a
Cerr] alkyl or err] 25 aryl radical, R Xis

Z is at least one moiety linked to C by an aliphatic
double bond or an aromatic bond, and

5 each of R3 and R4 is hydrogen or a C1-4 alkyl or Cg.10
. aryl radical.

Another aspect is a composition comprising -a
polyphenylene ether and a minor decolorizing proportion of a hydroxy
compound of formula |. '

10 Detailed Description; Preferred Embodiments

The polyphenylene ethers employed according to the
present invention comprise a plurality of structural units of the formula

Q? Qt
w) o—

Q? Q!

wherein in each of said units independently, each Q1 is
15 independently halogen, primary or secondary lower alkyl (i.e., alkyl
containing up to 7 carbon atoms), phenyl, haloalkyl, aminoalkyl,
hydrocarbonoxy, or halohydrocarbonoxy wherein at least two carbon
atoms separate the halogen and oxygen atoms; and each Q2 is
independently hydrogen, halogen, primary or secondary lower alkyl, .
20 phenyl, haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined



-4 | [err] Z

Is at least one noiety linked to C by an aliphatic doubl e bond or an
aromati c bond, and 5 ' each of Rlerr] and R err] is hydrogen or
a Cerr] alkyl or (err] aryl radical. Anot her
aspect is a conposition conprising a pol yphenyl ene ether and a m nor
decol ori zing proportion of a hydroxy conpound of formula 1. 10
Det ai | ed Description; Preferred Enbodi nentb- The

pol yphenyl ene ot hers enpl oyed according to the present invention

conprise a pl ur afort@1l.oMostofien, eath QN issalkyl driphengt, especially C.4 alkyl,
[err] and each Q2 is hydrogen.

Both homopolymer and copolymer polyphenylene
ethers are included. The preferred homopolymers are those
5 containing 2,6-dimethyl-1,4-phenylene ether units. Suitable
copolymers include random copolymers containing such units in
combination with (for example) 2,3,6-trimethyl-1,4-phenylene ether
units. Also included are polyphenylene ethers containing moieties
prepared by grafting onto the polyphenylene ether in known manner
10  such materials as vinyl monomers or polymers such as polystyrenes
and elastomers, as well as coupled polyphenylene ethers in which
coupling agents such as low molecular weight polycarbonates, .
quinones, heterocycles and formals undergo reaction in known
manner with the hydroxy groups of two polyphenylene ether chains to
15 produce a higher molecular weight polymer, provided a substantial
proportion of free OH groups remains.

The polyphenylene ether preferably has an intrinsic
viscosity greater than about 0.1, most often in the range of about

0.1-0.6 and especially 0.4-0.6 dl./g., as measured in chloroform at
20 25°C.

As previously mentioned, the polyphenylene ethers are
typically prepared by the oxidative coupling of at least one
monohydroxyaromatic compound such as 2,6-xylenol or 2,3,6-
trimethylphenol. Catalyst systems are generally employed for such

25 coupling; they typically contain at least one heavy metal compound
such as a copper, manganese or cobalt compound, usually in
combination with various other materials.

The polyphenylene ethers include those which comprise
“molecules having at least one aminoalkyl-containing end group. The
30 aminoalkyl radical is typically located in an ortho position to the
hydroxy group. Products containing such end groups may be
obtained by incorporating an appropriate primary or secondary



wherein in each of said units independently, each QQerr] is 15

i ndependent |y hal ogen, primary or secondary |ower alkyl (i.e., alkyl
containing up to 7 carbon atons), phenyl, haloal kyl, am noal kyl,

hydr ocar bonoxy, or hal ohydrocarbonoxy wherein at |east two carbon
atonms Separate the hal ogen and oxygen atons; and each err] is

i ndependent |y hydrogen, hal ogen, primary or.secondary |ower alkyl, 20
phenyl , hal oal kyl, hydrocarbonoxy or halohyﬁrocarbonoxy as defined

coneci ally O ok Sihbhpafiiié sBbh 3k aiSEBlineAing of iaififiantne %Qeo_r}?’e' of the

Bot h honopol yner constitugnts yafdhe paidative oouplirg reactiontmbatwrearﬁ;elsonf:l EgﬁSI e-rll-ge

Gt her uni to. " Sui teqaenty Bresent ro 4 ARHRybASh i oSS! binkselvE ot 2i i ng

such units in  obtainad fram teaclipnmixiuses ix whichea by-product

2,3, 6-trimet hygl - ldighaRequnone isptésent, espdtally in 2 éshpdtHatidesetiohdary

pol yp.henyl ene et hoerrtsen?aorrg}taar'mr}\'en srtrgrln,etahs %ecomes incorporated into the
polyphenylene ether chain through equilibration. A substantial
proportion of the polymer molecules, typically constituting as much as
about 90% by weight of the polymer, may contain at least one of said

10  aminoalkyl-containing and 4-hydroxybiphenyl end groups.

It will be apparent to those skilled in the art from the
foregoing that the polyphenylene ethers which may be decolorized by
the present invention include all those presently known, irrespective
of variations in structural units or ancillary chemical features.

15 According to the present invention, the polyphenylene
ether is treated in the melt or in solution with at least one hydroxy
compound having formula I. The R1 radicals in that formula may be
alkyl or aryl radicals, preferably methyl or phenyl.

The X radical may have formula Il or {ll. In formula Ill, R3
20 and R4 are alkyl or aryl radicals similar to R2 and RS3, with the same
preferences.

In formula I, the radical -CZ may be any acyclic or cyclic
radical in which at least one moiety is linked to the depicted carbon
atom by an aliphatic double bond or an aromatic bond. Suitable

25 double bonds include carbon-carbon and carbon-oxygen bonds.
Also useful are compounds containing aromatic bonds of the type
present in a benzene ring or the like.

Among the hydroxy compounds useful as decolorizing
agents according to the invention are the following:

: benzopinacol (1,1,2,2-tetraphenyliethane-1,2-diol)
; benzoin (2-hydroxy-1,2-diphenylethanone)



prepared by grafting onto the pol yphenyl ene ether in known manner 10 such

mat eri al's as vinyl nmononers or polyners such as polystyrenes -  and

el astonmers, as well as coupl ed pol yphenyl ene ethers in which coupl i ng
agents such as | ow nol ecul ar wei ght pol ycar bonat es, qui nones,

het er ocycl es and formal s undergo reaction in known manner with the
hydroxy groups of two pol yphenyl ene ether chains to 15 produce a higher

nol ecul ar wei ght pol ymer, provi ded a substZnti al proportion of free CH
groups remains. . The pol yphenyl ene et her preferably has
an intrinsic vi scosi t pegtaiat(@rhydiaxy-2datanong) nost often in the range
of about 0.1-0.6 and @Hylkalcahpl 0.4-0.6 dl./g., as measured in

chloroformat 20 25[ err] cacetol (1-hydroxy-2-propanons) pr evi ousl y nenti oned,
t he pol yphenyl ene et hers alebutene-1dydiotal | y prepared by the oxidative
coupling of & |east one benzyhaleohotr oxyaromatic conpound such as

2,6-xyl enol or 2,3, 6- hydrobenzojn [(h2:diphefylethamne-152alislhs are general |y
enpl oyed for such 25 coupbenghydtoty(diphenylthéthaool)t ai n at | east one heavy
met al conpound such asethylphenylcarbinop {hphenglethahel)t conpound,

usual ly in conbi nat i pinasd [(2)3:dimethyb2 [3sdihydisxybitane)

The pol ypheryd ene et hers i 23-dijshériyiisatane+z,3-diohpri se - mol ecul es

havi ng at | east one am noal kyl -contai ning end group. The 30 am noal kyl

e o it e Sond ot o o PORER B3P BB b sompeped

i ncor por ati ng ancepacted withdhgmalyphenylens:ethet in the melt or in solution in an
organic solvent, most often an aromatic solvent such as toluene.
Contact is typically at temperatures in the range of about 0-350°C,

16  with about 200-350°C being preferred for melt contact and about 20-
50°C for contact in solution. Conventional blending procedures may
be employed, including batch processing and continuous operations
such as extrusion. The melt method is often particularly effective
under extrusion conditions with vacuum venting.

20 The proportion of hydroxy compound is an effective
amount to decolorize the resin, which may be determined by simple
experimentation and which may vary somewhat from one
decolorizing agent to another; typical amounts are in the range of
about 0.2-50 and preferably about 0.5-15 phr (parts by weight per 100

25 parts of polyphenylene ether.

It is within the scope of the invention to employ the
polyphenylene ether in admixture with various other materials,
notably resins such as polystyrene (both crystal and high impact),
olefin polymers, polyamides, polyesters and polyarylene sulfides.

30  Such resin mixtures may be uncompatibilized or compatibilized by
art-recognized methods, and may be treated according to the
invention in the melt or in solution. Graft and block copolymers and
mixtures of polymers with conventional additives may also be
employed.



- 6- nonoam ne such as di-n-butylam ne or dinmethylam ne as one of the
constituents of "'the oxidative coupling reaction mxture. Al so

frequently present are 4-hydroxybi phenyl end groups, typically

obtained fromreaction m xtures in which a by-product 5 diphenoquinone is
present, especially in a copper-halide-secondary or tertiary am ne
system and becones incorporated into the pol yphenyl ene et her chain

t hrough equilibration. A substantial '[ﬁbport ion of the polyner

nol ecul es, typically constitutin as_nuch .. about 9Q% by wei ght of
the pol ymer, may contain at %898" RosHions %fiﬁﬁ inyention coMPRS® acont ai ni ng and

4- hydr oxybi pheny|polypheastybems ether and the hydroxy compdundwi Slicth eompisitions t o

et hers whi ch ey D beclreddbifd or may hé%ﬁéeh%ﬁ%ﬂﬁ#%# AR e 2l

those presently laubsequentiydiend ede of variations in structural units
or ancillary chem cal features According to the
present invengion, the pol Y'Pﬁ@'i‘r!(éﬁaﬁoftheurﬁ:’ehﬁbni§uhﬁﬁv| o y%rrhht}ﬁs 't Or

in solution wth at astdg&ﬁ I OX

Rlerr] radicals ﬁi‘ eS¢ ) speci '94’ e fgllowing PQH@ @al s,
preferably met hyldimetiwlensiphenylene) ethers (“PPE") wefdemployéd:cal may have
formula Il or IIl. In formula I'll, Rerr] 20 and R4 are. al kyl or aryl

radicals simlar to R2 and ‘F@J/DBE[DA’thprqm@d the useasfer eopst
In fornula I, the radical hélkie/DBEDA/DBA/MRHethyFnButylaaiing catalyst,  adi cal

in which at Heast one noi et polymdriintingict iséduity mmbﬁstoﬁﬁrdws C*046 atom by
an aliphatic double bond ord aromatic bond. Suitable 25 doubl e bonds

i ncl ude carbon-carbon and carbon-oxygen bonds. Al so useful are
c_orrpounds cont ai ni ng ar onat fCu/TEBEDA’S pidparéd with a coppeéresent " in a benzene
ring or the like. halldeltetraeth)‘lémytbﬁdﬂihrhWWDBﬂmtﬁlﬁ& useful as

decol ori zi ng

“Mn/DBA” - prepared with a manganese halide/benzoin
15 oxime/DBA catalyst, polymer intrinsic viscosity 0.47 dl/g.

“Mn” - prepared with a manganese halide/benzoin
o;ime (no DBA) catalyst, polymer intrinsic viscosity 0.41
di/g.

Example 1

20 The. hydroxy compounds were either dry blended at 3 or
10 phr with 1 g of PPE synthesized by various methods, or were
blended in the form of a 20% (by weight) solution in methanol after
which the methanol was removed by vacuum stripping. The treated
resins were compression molded to films at 270°C and 909 kg. A

25 weighed sample of each film was then dissolved in chloroform at 2%,

' or 1% when very dark, and the color numbers were
spectrophotometrically determined. The results are given in Table I.



agents according to the invention are the follow ng: 30
benzopi nacol (1,1, 2,2-tetraphenyl et hane-1, 2-di ol)
benzoi n (2-hydroxy- 1, 2-di phenyl et hanone)

-7- acet oin (3-hydroxy-2-butanone)

al Iyl al cohol acetol (1 -hydroxy-2-propanone)
2-butene-1,4-diol 5 benzyl al cohol

hydr obenzoi n (1,2-diphenylethane-l,Z-dicﬂg' benzhydr ol
(di phenyl net hanol ) nmet hyl phenyl car bi nol (1

- phenyl et hanol ) pinéBbB{EP|-

(2, 3-di net hyl -2, 3-di hydr oxybut ane) 10

2, 3- di phenyl but ane- 2, 3-di ol . : Accdedloniqwrabeme i nventi on,
t he hydroxy conpouRBE s cPeacolorizingnagent: he pol nyl eb@pbrher in the
melt or in sol uGWDBEDAN None organi c sol vent, nost25ften a8romatic

sol vent such as tol dene. Benzdinntact is typically ai.6enpertd.8res in the
range of about O0-350[err] QAcétbin'wi t h about 200- 350[ ert.$C bei tQ5pr ef erred

for melt contact and aboutAgdtol 50[err]C for corihbt in sel ution.
Conventional bl endi g prodBenzepinacyl be enpl oyeds i ncl utif8g batch
processing and conti'nuous Alhdreicotwols such as extg.8sion.{7lge nelt
met hod is often parti cul ar2Buréhecit 4-diol -under extg.8sion gggditions with
vacuum venti ng. " Benzyl alcohol 17.6 12.5
" Hydrobenzoin 17.8 14.7
" Benzhydrol 18 13
" Methylphenylcarbinol 19 11.5
* . Pinacol 23 18
" 2,3-Diphenylbutane-2,3-diol 23.5 21
Cu/TEEDA None 72 72
" Benzopinacol - 53
" 2,3-Diphenylbutane-2,3-diol 51 -
“ Pinacol 66 54
“ Hydrobenzoin ' -- 42
" Benzhydrol . - 59
) Methylphenylcarbinol 59 -
" Benzyl alcohol - 46
Mn/DBA  None - 37
" Benzopinacol - 29
Mn None - 82
* Benzopinacol - 42

It is apparent from the results in Table | that the method
of this invention is effective to reduce the color of polyphenylene ether
§ resins. In certain cases, such as the entries for pinacol and 2,3-
diphenyl-2,3-butanediol with Cu/DBEDA PPE, a substantial
decolorization effect is shown only at higher levels of decolorizing
agent.

Example 2

10 _ The hydroxy compounds were dry blended with 200 mg
of PPE and the mixtures were degassed and placed in a nitrogen
- atmosphere in a glass tube, which was then heated with an aluminum
block maintained at 300°C. Total heating time was 5§ minutes,



20 The proportion of hydroxy conpound is an effective
anount to decolorize the resin, which may be determ ned by sinple

experinmentation and which may vary sonmewhat from one decol ori zi ng
agent to another; typical anpunts are in the range of about 0.2-50 and
preferably about 0.5-15 phr (parts by weight per 100 25 parts of

pol yphenyl ene et her. Ib iIs wthin the scope of the

i nvention to enploy the pol yphenyl er'lél €ther in adm xture with various

ot her materials, Si.ns, su s~palystvrene (both cr | and
hi gh inpact), u‘!ﬁ?‘@f‘”? ﬁ%%%i@“%ﬁl%%@o@sql%o? 8598?‘@’9%18’9%%?(‘%?y| ene
sul fides. 30 Suddterrairiod andthe rssultsiarbdistedcineadle i | i zed or conpatibilized
by art-recogni zed net hods, and may be treated according to the
invention in the melt or in solution. (RABLEalHd bl ock copol yners and

m xtures of polyners with conventional additives may al so be

enpl oyed. Decolorizing agent - 8-
The conpositions of PPE s i nvenidentityconpr iAmoant, phr p@olphaugibene et her and
t he hydroxy co BEDAN CONISR&T ONS .ray be al reg@ly bl ended or may
be sinple physical msxtures BghA¥pinacol subsegpently blendgd. 5
The met hod of thecu AON IS N strated by.a series obi7 exanpl es.
Unl ess ot herw se speo-l |ed Bé]’f—'z(?d?f AcHM ng poky( 2, 6- 115

10 122

. _ 3 164
5 Example 3

Mixtures of Cu/DBEDA PPE, various polystyrenes and
various hydroxy compounds were extruded at temperatures in the
range of about 300-315°C and pelletized. The color numbers were
determined and compared with those for the neat PPE-polystyrene

10 blends. The results are given in Table lil. -

TABLE I
Other resin Decolorizing agent
15 Amount,
Identity_ % Identity Amount, phr _Color pumber
Crystal polystyrene 5 None - 17.2
" * Benzoin - 1 12.1
High impact polystyrene 50 None - 15.9
. . Allyl alcohol 0.5 13.0

Example 4

Two poly-(2,6-dimethyl-1,4-phenylene ethers) of
20 differing intrinsic viscosities were prepared in toluene solution at 20%
(by weight) solids, using the CWDBEDA catalyst. After catalyst
removal, the solutions were treated with benzoin at various weight
percentage levels based on PPE, after which the toluene was
stripped and the solid resins extruded on a twin screw extruder at
25 280°C, quenched in water and pelietized. Yeliowness indices,



di nrethyl -1 , 4- phenyl ene) ethers ("PPE") were enpl oyed:
-"Cu/ DBEDA" - prepared by the use of a copper

hal i de/ DBEDA/ DBA/ di et hyl - n- but yl am ne catal yst, 10 pol yrer
intrinsic viscosity (in chloroformat 25[err]C) 0.46
dl /g. "Cu/ TEEDA" - prepared with a copper

hal i de/ t et raet hyl et hyl enedi am ne (no DBA) catal yst.
"n/ DBA" - prepared with a nanganese hal i"dd/ benzoin 15

i me/ DBA cat al ys ol ymer..intrinsic viscosj 0.47 dl/g.,
O)I\(/Ih - prepar edy'ﬂh’}g%v%&ﬂﬁgﬁﬁ@415\"&%"%@‘#!9#9 were detertined, the lager me (no
DBA) catal yst, [y gebpeimeatiorschromatogeaphy fbldtive to polystyrene. | di/g.
Exanple 1 20 The hydroxy conmpounds were either dry bl ended

at 3 or 10 phr with 1 R ' by, var i ous t hods r were
bl ended in the formof a 2@5?%?"'%%@g§1+ ﬁﬁ!ﬁﬁ“’lﬂ%hﬁ%‘b sg?lrgrl‘xs?

whi ch the met han@nd fawerecraspyeras, by precipitation apd the otharstbyedirect resins
were conpressgi ongBRitpd to films at 270 C and 909 kg. A 25 weighed sanpl.e
of each filmwas then dissolved in chloroformat 2% or 1% when very

dark, and the col or nunbers were ophotonetrically determ ned.
The results are given in Table ‘1. %eg't-é R’

PPE
intrinsic Intrinsic
Run visc, di/g Benzoin % Mn MW  visc, dli/g Yl

1 0.117 0.0 2,656 8,254 0.131 4.23
2 0.117 0.0 2375 7,792 0.126 4.32
3 0.117 0.5 2,844 8,035 0.124 3.40
4 0.117 1.0 2,871 7,911 0.125  3.42
5 0.117 2.0 2,781 7,587 0.098 2.90
6 -0.410 0.0 16,339 66,452 0.519 3.01
7 0.432 0.0 22,032 70,012 0.587 4.96
8 0.432 0.5 18,294 64,504 0.472 3.92
9 0.432 1.0 20,832 66,568 0.507 3.27
10 0.432 2.0 16,328 60,026  0.447 3.33

It is apparent from yellowness index values that color is
effectively decreased according to the present invention when
- 10 recovery is by direct isolation. It is also apparent that a substantially
smaller increase in intrinsic viscosity (and hence molecular weight)
was noted in the benzoin-treated runs than in the others. There is no
indication that the molecular weight difference between the PPE
employed in run 6 and that employed in runs 7-10 is responsible for
15 these differences in properties, since said differences in properties
are much greater than the differences in reactants.



TABLE | Col or nunber

PPE ' Decol ori zi ng agent’ 3 phr 10 phr Cu/ DBEDA None
25 26— " Benzoin 11. 6 10. 3

oin 11.6 10.5 Acet ol
14 5 , Benzopi nacol 15 17.5
R CU!IJ VNN 5750035 o - Ruenstaaia
15.6 * Benzyl al cohol '~ 17.6 12.5
Hydr oben20| n . 17.8 14.7 . Benzhydrol
I%’?naéol 13 ‘Mﬁéys glhengl car.tl)l nol 19 _ 11.5
2, 3- Di phenyl but ane- 2, 3-di ol 23. Cu/ TEEDA None
72 72 : 1 Bé‘nlmphtmhwl decolorizing a polyphenylene ethers3

2, 3-Di phe”y' but a%ﬁh%&hﬂlseﬁlxm% it with a decolorizing amoufit Bfap least on

66 2
Benz hydr ol hydroxy compound havmg the formulagg :

Met hyl phenyl car bi nol 59 - - " Benzyl al cohol
-- 46 M/ DBA  None R! -- 37
Benzopi nacol - - 29 Vvh None
-- 82 Benzom nacoly——c—a -- 42
It is apparent fromthe results in Table | tpat tﬂe et hod of this

I nvention is effective to reduce the col or OR2 pol yphenyl ene et her

5 wherein;
each of R and R2is hydrogen or a C1-4 alkyl or Ce-10
aryl radical,
Xis
(i) -CZor
R -
THIS SHEET HAS BEEN
(1 ——C—OH , REPLACED
10 ' R

Zis at least one moiety linked to C by an aliphatic
double bond or an aromatic bond, and

each of R3 and R4 is hydrogen or a C1-4 alkyl or Cg-10
aryl radical.

2. A method according to claim 1 wherein the
polyphenylene ether is a poly(2,6-dimethyl-1,4-phenylene ether).

3. A method according to claim 2 wherein said mixing ié
3 in the melt at a temperature in the range of about 200-350°C.

Sheet Has Been Rei

HII\I\! (L



5 resins. In certain cases, such as the entries for pinacol and 2, 3-
di.phenyl - ZW/ DBEDA PPE, a substanti al decol ori zation
effect is own only at ﬁ} @r -l evel s of decolorizing agent .

o2 O ooy comeonss et gy bences i 2o

atnosphere in ®a gl ass tube, which was theq heated with an al uni num
bl ock mai ntained at 300[err]C. Total heafi @g‘ time was 5 m nutes,

-10- equi valent to about 1 mnutes at 300 C. The col or nunbers were

t hen determ ned and the results are Iisted in TabjJe LI. .. .. .

TABLE 1|1 3 A method ageording Wgclgﬁg}nwherem sgldp-pglng is

I dentity Ao uint solytivn inCan @rgamiciselvent at aGeipaialare in the ranjasfeabout

-- ig -50°C _ Benzopi nacol 50 9
Cu/ TEEDA ?né ‘ -- 217

Benzopi nacol 30 ' 115 " "

10 122 5. A method according to claim 4 wherein the organic 164

solvent is toluene.

_ 6. A method according to claim 2 wherein the
polyphenylene ether is in admixture with another resin.

7. A method according to claim 6 wherein the other
resin is a polystyrene or an olefin polymer. '

8. A method according to claim 2 wherein the hydrdx‘y
compound is present in the amount of about 0.5-15 parts by weight
per 100 parts of polyphenylene ether.

9. A method according to claim 2 wherein the
polyphenylene ether is mixed with the hydroxy compound at a
temperature in the range of about 200-350°C.

10. A method according to claim 2 wherein the hydroxy
compound is benzopinacol.

11. A method according to claim 2 wherein the hydroxy
~ compound is benzoin.

12. A method according to claim 2 wherein the hydroxy
compound is acetoin, allyl alcohol, acetol, 2-butene-1,4-diol, benzyi
alcohol or hydrobenzoin.

13. A method according to claim 2 wherein the hydroxy
compound is benzhydrol, methylphenylicarbinol, pinacol or 2,3-
diphenylbutane-2,3-diol.

14. A composition comprising a polyphenylene ether
and a minor decolorizing amount of at least one hydroxy compound
having the formula : SHEET HAS BEEN

! THIS
™S SaceuacED
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5 Example 3 M xtures of Cu/ DBEDA PPE, vari ous

pol ystyrenes and various hydroxy conpounds were extruded at
tenperatures in the range of about 300-315[err]C and pelletized. The
col or nunbers were determ ned and conpared with those for the neat
PPE- pol ystyrene 10 bl'ends. The results are given in Table I11I.

oo NOBIIE ™ 514 o 5 T, 3 o
nunber ] Crystat pol ystyrene None 17.2

" Benzoi n 1 1R"1 Hi gh i mpact pol ystyrene
50 None - 15.9 " Al lyl

al cohol 0.5 13.0 Ex le 4 y——c—o0H Two

pol y- (2, 6-di met hyl -1 , 4- phenyl ene ‘et hers 01;%20 differing intrinsic

viscosities were prepared in toluene solution at 20% (by wei ght)
solids, using the Cu/ DBEDA catal yst. After tal yst renoval , the
solutions. were treated with benzoin at various weight per cent age

| evel s based &n PWBeraifit er which the tol uene was stripped and the
solid resins extruded on a twin screw extruder at 25 280[err] C, quenched

in water and pelletized. YebiayBERS dridRe &S hydrogen or a Cq-4 alkyl or Ce-10

aryl radical,
- Xis
() -CZor
3
] ——C—0OH THIS
) S N

Z is at least one moiety linked to C by an aliphatic
double bond or an aromatic bond, and

each of R3 and R4 is hydrogen or a C1-4 alkyl or Cg-10
aryl radical.

15. A composition according to claim 14 wherein the
polyphenylene ether is a poly(2,6-dimethyl-1,4-phenylene ether).

16. A composition according to claim 15 wherein the
polyphenylene ether is in admixture with another resin.

17. A composition according to claim 16 wherein the
other resin is a polystyrene or an olefin polymer.

18. A composition according to claim 15 wherein the
A hydroxy compound is present in the amount of about 0.5-15 parts by
’ weight per 100 parts of polyphenylene ether.

This Sheet Has Been R,
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intrinsic viscositt rml ecul ar wei ghts were deternined, the latter

by gel perneati natograp y relatlve to pol ystyrene.

The results aHJMH ﬂ” V. The products of runs 1 and 6 were
recovered by preci 3’ he others by direct 5 isolation.

TABLE |V , intrinsic

Intrinsic VISC dI/g Benzoin %, M MV  visc., dl/g Yl

1 0. 117 0 0 2, 656 8,254 0.13%1° 4.23 - 2 0. 117
0.0 2,375 7,792 0. 126 4. 32 3 0. 117 0.5 2,844
a2’ s oty 19 Agomechtidlaceoriy € gugdgngtagine ¢
0. 410 0.0 hydmxse@omppuad is benaopmacoB 01 0.432 0.0
22,032 70,012 0. 587 0.432 18, 294 64, 504
2-372 0 2332 2 32 sétléln %ccﬁ%ﬁcl%@nﬁ@wheféﬁ%e 3. 2|7t
i s appar ent from’éﬁquomﬁ’guﬂ % eOE‘P'ﬂes that color is ef fectively

decreased according to the present invention when 10 recovery is by direct
isolation. It is also appa@ienA ddnqiositnaruh&é@ﬂingiid dlaim 15 whBrdigthe ncr ease

penzoi n. 11 cat oo VAR RARBBHAEIE BoBRuT b/ pichor Bcktol, 2-ouBRerGadfioh ' har

t he nol ecul ar whiegizy! aicbhel enbydiobenaoin.t he PPE enpl oyed in run 6 and
that enployed in runs 7-10 is responsible for 15 these differences in

properties, since said di fder Rhipdsition 8BESirGto claim 15 wherein the
hydroxy compound is benzhydrol, methylphenylcarbinol, pinacol or
2,3-diphenylbutane-2,3-diol.

_—
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are nmuch greater than the differences in reactants. .

-.12 - ' What is clained is: 1. A nethod for decolorizing a
pol yphenyl ene ether which conprises mxing it in solution in an organic
solvent at a tenperature in the range of about 20[err]-50[err]Cwith a
decol ori zi ng anount of at |east one hydroxy conpound having the fornula
wher ei n: [err] wherei n:, each
of Rlerr] and Rlerr] is hydrogen or a C[erﬂ? “al kyl or Cferr] aryl radical,
X1s METHOD FOR' DECOLORIZING

POLYPHENYLENE ETHER RESINS
Abstract

Polyphenylene ethers are decolorized by contact in the
melt or in solution with a hydroxy compound containing either another
hydroxy group or a double or aromatic bond in a specific location in
the molecule. lllustrative decolorizing compounds are benzopinacol,

5 benzoin and acetoin.
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Zis at Ieastw to C by an aliphatic double bond or an
aromati ¢ bond €ac err] and R err] is hydrogen or a (Jerr] alkyl

or Tlerr] ary R‘ A et hod 1Where|n
R G GT R ER LS

- 13 - : A net hod according to claim?2 V\/nerel n the pol yphenyl ene
ether is in adm xture w th another resin. : A nmet hod accordi ng
to claim4 wherei MWhatis gJaimed ifesin is a pol ystyr ene or an ol efin polyner.

1. A method for decolorizing a polyphenylene ether which comprises

mixing it in solution in an organic solvent at a temperature in the range of about
20°-50°C with a decolorizing amount of at least one hydroxy compound having
the formula wherein:

X- C -OH ()]

wherein: -
each of R' and R? is hydrogen or a C,, alkyl or C,,, aryl radical,
Xis
-CZor _ (1)
R3
I
-C -OH am

R4

Z is at least one moiety linked to C by an aliphatic double bond or an aromatic
bond, and each of R® and R* is hydrogen or a C, alkyl or C,_,, aryl radical.

2. A method according to claim 1 wherein the polyphenylene ether
is a poly(2,6-dimethyl-1,4-phenylene ether).

3. A method according to claim 2 wherein the organic solvent is
toluene.
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6. A nethod according to cthai-m 2 wherein the hydroxy compound is present

I n the anmount : parts by wei ght per 100 parts of
pol yphenyl enemmmﬁgﬂl'm”m @@u p

7. A nmet hod according to claim2 wherein
t he¥hydr oxy corfpoéindt I s1 ben i nacol . 8. A met hod according to
claim 2 wherein the hydroxy conpound is1®enzoin. Q. A net hod
according to claim2 wherein the hydroxy conpound is acetoin, allyl alchol,
acetol’, 2-butene-1,4-diol, benzyl alchol or hydrobenzoin. 10. A
met hod accordi ng t40 cl & methaghasoerding ftreclaimi 2 whereid the palyphenyvignezether ol |

met hyl phenyl car bi naol L I -3- di phenyl but ane- 2, 3-di ol . 11.

A conposi ti o @oﬁ@%%ﬁ%&@%ﬁ%ﬁ@l ene ether and a m nor decol ori zi ng

anount of at |east one hydroxy conpound having the fornul a:

[err] wherfi n: . . . o
. A method according to claim 4 wherein the oth.er resin is a

polystyrene or an olefin polymer.

6. A method according to claim 2 wherein the hydroxy compound is
present in the amount of about 0.5-15 parts by weight per 100 parts of
polyphenylene ether.

-—

7. A method according to claim 2 wherein the hydroxy compound is
benzopinacol.

8. A method according to claim 2 wherein the hydroxy compound is
benzoin.

9. A method according to claim 2 wherein the hydroxy compound is

acetoin, allyl alchol, acetol, 2-butene-1,4-diol, benzyl alchol or hydrobenzoin.

10. A method according to claim 2 wherein the hydroxy compound is
benzhydrol, methylphenylcarbinol, pinacol or 2,3-diphenylbutane-2,3-diol.

11. A composition comprising a polyphenylene ether and a minor
decolorizing amount of at least one hydroxy compound having the formula :

R1

' REPLACEMENT SHEET
X - C -OH

| 15 APR 1999

R2

wherein:
each of R' and R? is hydrogen or a C, alkyl or Cg,, aryl radical,



each of Rlerr] and R err] is hydrogen or a (CJerr] alkyl or Clerr] aryl

ore AT BRI, one woi eoy 11 nkea co c by an aii phatic

douBl e bond or an*ar émati c* bond,* and each of Rlerr] and Rerr] is
hydrogen or a Cferr] al kyl or C[err] arMi- radi cal, wherein the

pol yphenyl ene ether is a poly(2,6-dianethyl-1, 4- phenylene et her), and
wherein the hydroxy conpound is benzopi nacol, benzoin, acetoin, allyl

al chol, acetol, 2Xdsitene-1, 4-diol, benzyl alchol, hydrobenzoin, benzhydrol,
met hyl phenyl car bi nol, pinacol or 2, 3-di phenyl but ane-2, 3-di ol .

() -CZ or
R3
I
y - C - OH,
I
R4
Z is at least one moiety linked to C by an aliphatic dquble bond or an
- aromatic bond, and
each of R® and R* is hydrogen or a C,, alkyl or C,, aryl radical, wherein
the polyphenylene ether is a poly(2,6-diamethyl-1,4-phenylene ether), and
wherein the hydroxy compound is benzopinacol, benzoin, acetoin, allyl alchol,
acetol, 2-butene-1,4-diol, benzyl alchol, hydrobenzoin, benzhydrol,
methylphenylcarbinol, pinacol or 2,3-diphenylbutane-2,3-diol.
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PUOET ALY TR

-15 - : . 19. A conp05|t|op acqordlng to claim15 wherein the

4 i
hydr oxy conpound i s benzopi nacol . O e 20, A conposition accordi'ng
to el aim 15 wherein the hydroxy conpound i s benzoin. : 21. A
conposition according to claim 15 wherein the hydroxy conpound is acetoin,
al lyl al cohol, acetol, 2-butene-1,4-diol, benzyl alcohol or hydrobenzoin.
22. A conposition according to claim15 whamrei n the hydroxy conpound is
benzhydrol, nethyl phenyl carbinol, pinacol or 2, 3-di phenyl butane-2, 3-diol.

METHOD FOR DECOLORIZING
POLYPHENYLENE ETHER RESINS

Abstract

Polyphenylene ethers are decolorized by contact in the
melt or in solution with a hydroxy compound containing either another
hydroxy group or a double or aromatic bond in a specific location in
the molecule. lllustrative decolorizing compounds are benzopinacol,

5 benzoin and acetoin.
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