WO 2009/ 123815PCT1US20091035949 1 TREATMENT OF BI SPHENCL- A RESI DUE STREAMS
FI ELD [00011The present invention relates to treatment of bisphenol-A

resi due s g ; GROUND [ 0002] Bi sphenol - A

K4,4'-dih§@$ 1133833 di phenyl propane or BPA) is produced WSS on of
acetone with an excess of phenol in the presence of an acidic catalyst or a
cati on-exchange resin. The crude product, in addition to the desired

bi sphenol - A and unreacted phenol, containsjunwanted by-products, such as

bi sphenol - A i sonmers, trisphenol and ot her higher nolecul ar wei ght

materials. The bisphenol-Ais normally separated fromthe crude product by
St eam onri ched 1 n uREAELOE TSP RN CARp Y SERRATRE T 1"
streamenriched in u : i treamis
removed to purge unwanted by-products fromthe process. Alternately, the
bi sphenol -A ma separated fromthe crude product by a single or series
of distillatio ps, which also creates a streamenriched in unwanted
by-products, a portion of which is renoved. The renoved stream may contain

unr eact ed phen nd bj sphenol -A as we]l as the un t.eqd by-products.
Phenol is typi @Jgpﬁy riﬁ%\?’é‘is%‘&i Y giep H&JaFeéﬁBﬁ?ﬁ‘“@Wé&%B@‘@ﬁifﬁl i on,
normal |y vacuusaedimsti |l ation, to create a residue stream However, the
viscosity of the residue streamincreases as the weight fraction of the
phenol in the residue stream decreases, naking handling of this residue
stream i ncr easim%(_;m')tm’mul t. [0003]Additionally, the bisphenol-A isoners,
tri sphenol and hi gher nolecular weight materials in the residue stream may
be subjected to thermal or catalytic cracking to generate phenol and

i sopr openyl phelP8P2]( | PPisPhegpl-@ {Adrlimyirexaclotrdipieny iprBane o5 BEAN dS Brodpcelay be
subsequent t o By condbmaiicHEsT ackbhd Wwith 81 SkceSsCTPRERN iPthe Prsbide|cRbh QkldicHowever ,
t he cracking process. al so increases the viscosity of the remaining residue
stream a tarr§AalydRRE PRIOREREEngRtean; dihe cBide Rraductgin addision fnthe gesired\yt o
typical l'y | esspitdidmolla Walo uRBRRA! pheRBIC 2laRink NirvalRH C6y-Blodhcts, Nugl ¢ Vi scous,
it is difficult to handle by conventional neans and normally nust be

mai nt ai ned at BsRhepgie kpwes. wisRhgeol rad cthephighes melsicylanpeight magls. {Thcensur e
its flowabili tMsphEQ(Q%ISTMQIR’ SphiaRH o] e IcRlde pRsuct 8) eﬂg;x@k 9Pk Rgiet hods of
reduci ng the viscosity of BPA residue streans so as to facilitate their

t ransport at i onof agsalibaation ptepso raying @rmeothardiquercstieard engchgd de boanted by-U. S.

SR a pOfid alRL L inva S -
e s it PG IOy AR NI 1,

residual tars can be uce
cunene is convieem et procesheAltmigglys the bidpbdnopAouassis: scpimetep Hienothe tardei s sai d

to conprise 10: % : - Y €103 %

di net hyl benzyl %rﬁ@g}':%’?/zé) %@%’kvsf‘ﬂ%go‘%g&%hﬁ)ﬁgﬁ?'gﬁgﬁ%ﬁ”m?%‘nﬂséc %%Ytewo aream

al _phﬁ- net hyl steprielnd lglumaqteﬁ\bt-hroﬁh@s, ﬁq:rmt:lqurwfb@‘l mgexhe@d.%/ Tﬂmalrenll)aﬁ\zleﬂ htg)ggh t he
wei ght ratio o enol - { nol, .t ly, fan om _abou 1 to
about 1:99, op{tﬁcgrrh%r#a e%ﬁ%frﬁg}r'\rg%cﬁed\? }ggglszﬁ'td yb’%?1 e'%rgﬁé ?lse‘g% a%lghs? pWévﬁBﬁe&A tar is

said to be obttpredictsherPitehel isatypicatlfy fzceyehendomA thearethaovephsrealm bar is in

L1 h2n9e o itk B e R, B SBBE 1Ok s AR 1 oo
yi el d phenol, ta¢ pibesipdfiit sispueneamiseredseranehe fElPhiTaClidest texhiepdles of
cracki 10 of Tt okl GRASIRL: Al BNERCL 3l can b found 1 o
present inventdiffigult.it has now been found that the

{0003] Additionally, the bisphenol-A isomers, trisphenol and higher molecular

weight materials in the residue stream may be subjected to thermal or catalytic

cracking to generate phenol and isopropenylphenol (IPP) for enhanced recovery.

The cracking step may be subsequent to or coincident with phenol recovery by

distillation. However, the cracking process also increases the viscosity of the

remaining residue stream, a tarry aromatic waste material containing less than 35



viscosity of a BPA residue stream can reduced by conbining the streamw th
(a) the waste heavy ends stream from an al kyl aromati c producti on process,

conposed mai nly of polyal kyl ated aromati c conmpounds, (b Lt | phenol
or a nixt W&2YP1PE and (b). 1n general, however, excesépsﬂﬂg&sog%@”phenol

al one as the viscosity reducing diluent is undesirable since phenol is
general ly a higher val ue product than both the BPA residue stream and the
al kyl aromatic waste stream Irrespective aof the diluent enployed, the

bl ended streamis suitable for use as a boiler fuel. 3 SUMVARY [0007]In
one aspect, the invention resides in a nethod of reducing the viscosity of

a residue stream fromthe producsion of pisphenol - A. .t npri sing
combi ni ng t he %’i%@l&lt‘i’sﬁgﬁv &“ﬁ‘;ﬁ" gl?enolééage au(%?lgusogf]a@%ﬁ%ﬁ%%&%g%&gfr eam
conpri si ng pol iy alifkytlies hamilé By annpoiontd sneandandewanallyngusabe¢ mrintafned at a

fractionation of an ef lﬁﬁ% f0°<%,[;3%?gr?t§ly?é§@§§,ﬁ§toaén@ﬁ"e%tsitflgﬁ’aﬁfi cess to renove

nmonoal kyl ar omefeFREeTEY ainrng at | east” 90 wt % phenol
and (c) a mixtjpoejof THeeN@ tendors ahBrebiolt demlapingemethpdsy of oedorindube a

conbi ned stream [,000 one enbodi nent, resi.due s m | nmbi ned

with said bot t‘G?Fé’L’EVt ?fgééﬁn (’eas)‘de“ﬁﬁgeaé%si ¥ "}fotf’tf%)cﬁlgmg ﬁﬁeelra&nan(sg§r€a?§rﬁpljrs;§ & eug a

m xture of polyaldkall abedsienaanasis dligdsedyt al. & Nnd,30¢291,ewhicr omat i ¢

conpounds. Typically, the polyal kyl.at ed nzenes, conprise | yet hyl benzenes

and/ or pol yi so‘ﬁ?@ﬁ%lttﬂi’én‘g‘én@??&@sBé&'?ﬁ?’&?‘)'gowl g%‘p%&pﬁ%eﬁz%ﬁ%%ﬁ by

[ 0009] Conveni egnlbinatibi vithehg b rénddinifg hers aimtlencds bohvertat toeghendidbysthé d bot t ons

streamis between 25:1 and 4:1, such.as betwee : 1,and 9 0Q10]I'n a

further enbodiHeskprosese ﬂ%’s‘ﬁ"ﬁ% tagyly ?‘é‘ﬁ{q ?"&P&ﬁ%ﬁiég“&/‘?ﬁmg%ﬁ% %tgﬁ’(lzont aining

at |east 90 W Yphrche, SWB4 Hinlettlybenseidahsls 00-20 mawo,p-onmylpses], hed ween 5

wt % and 15 wt % phenol . [0011]1In a further t(:ﬁna?:di ment ., é’ge resinL{a(lar streamis
b .

conbi ned wit h 10 % radphamethydsiyene, dimet o withy Bier Emainder bsine Jgpvy
[ 0012] Conveni eRfdhgh tHREvGEHTRARES bHphORMAI r {olphkRe farGeayangdrom touphenol

tar. [0013] Conveniently, Said residue streamcopprises |Less than .20 wt %
for exanpl e 109%k % absufclid% eptirpws redygtipngn yisegsiy gbihe heavy bisRBsROrARYE phenol .
[0014] I n one eghpdivaBlained 3Hdn HRSEGYIEr BiiphORPACAIRY piees thiiom Bbekike 2 t 0

of 1:10 to 1:1. The mixture of bisphenol-A tar and phenol tar can be thermally
decomposed at a temperature of about 290°C to abouf 360°C to yield phenol,
alpha-methylstyrene and cumene.

[0005]  Other examples of cracking of mixtures of bisphenol-A tar and phenol
tar can be found in, for example, U.S. Patent Nos. 5,672,774 and 6,025,530.
[0006]  According to the present invention, it has now been found that the
viscosity of a BPA residue stream can reduced by combining the stream with (a)
the waste heavy ends stream from an alkylaromatic production process, composed
mainly of polyalkylated aromatic compounds, (b) additional phenol or a mixture
of (a) and (b). In general, however, excessive use of phenol alone as the viscosity
reducing diluent is undesirable since phenol is generally a higher value product
than both the BPA residue stream and the alkylaromatic waste stream.
Irrespective of the diluent employed, the blended stream is suitable for use as a

boiler fuel.



about 50 wt % p, p-BPA isoner, froml to 25 w% o, p-BPA isonmer, from1l to 15
w % trisphenol, and from 15 to 95 wt % BPA heavi es conprising isopropenyl
phenol diners, hydroxyphenyl chromans, indanes and other heavier aromatic

-conpounds WY1 i{’ﬁ 153 furt her aspect, the invention resi §&4/USR00/039¢% 00 of
pr oduci ng blsphenol A, the nmethod conprising: 4 (a) condensing
acetone with a nol ar excess of phenol in the presence of a catal yst under
conditions to produce a product stream comprising bi sphenol A i soners,
unreact ed phenol, trisphenols, hydroxyphenyl chromans, isopropenyl phenol
di nrers, and indanes; (b) recovering bisphenol -A and unreacted phenol
fromsaid effluyent. streamto | eave a residue stream conpri sing bi sphenol -A
i soners, unreé&mﬁﬂééghenol, trisphenols, hydroxyphenyl chromans,

i sopropenyl phenol diners, indanes and ot her heavier aromatic conpounds
and (c),.conbinin eagt rt of t.he resi at | east
one of (a) a b[B?q'@rrsrigt ”éa?ﬁpﬁ‘ﬁ Vﬂ@IOBOYFV%SkVI ﬁr%ﬁﬁqqsé’%é% 15‘§nt % and
rlerkra: ning aft afischli & Aedsiduoatrean fm‘m iﬂ{t ﬁﬁcﬁdcu&moffbﬁ@mr@nAaltmtﬂhG&

al kyl ation process to renobve nonqQ aronpti ¢ conpo a stream
cont ai ni ng at qOQ’QE‘PHQE)OWIQ{PﬁH??r{S?‘g%ﬁ e yith afdegst B{’T% %@ h%‘{?ﬂ?s SHFA" sai d
bottons st reamoﬁ@)zslhg)p&{iagjd%n@n@éuﬁpdnﬁ& 4l r@adihing Qﬁélrﬁﬂ@memtﬁnhfy sai d
effluent streamis crac to c nveL% and renmove part of the effl uent

stream as i sop¥opBYRI TeRedf ProRRHIRIRIRONONSSY Bt TP VE S MoRBHIBIAEHY (c) .

[0017] Conveni efip¥unds; %ﬂaeﬁéwe@lﬁﬁlhgamm op RAgUstRACIMA AE) BMOARE I0ES
al kyl ati on process conpris contactipng benzene with an

al kyl ati ng ag@hﬁ“%&%ﬁ@j@t@@s&'}"%%w pé? a popbifed Fe@Bence of a cat al yst

and under condphggns Ihqmé %Bbmeﬁd toxlr@tdue Rir&nf lsUBRbinkl MR RUBRbMS | NG
nonoal kyl benzene, "di al kyl benzenes and tri al kyl benzenes;

renovi ng nonodtR§M Hdh éﬁl‘érmﬁ@m%alsk"Wbéfﬁz@ﬁ@ﬁ‘s%ya aEErq P%Pgléiﬁklflf“ﬁ‘iln sal) d
effluent stregpffed eAMRNPIRIEROhAP KBavid F £ATAROBRAPAY SBipally, the
trialkyl benzenpeo?yalkylatcd benzenes comprise polyethylbenzenes and/or
polyisopropylbenzenes, especially polyisopropylbenzenes.
[00609] Conveniently, the weight ratio of said residue stream to said bottoms
stream is between 25:1 and 4:1, such as between 20:1 and 9:1.
[6010} In a further embodiment, the residue stream is combined with a stream
containing at least 90 wt% phenol such that the combined stream comprises
between 5 wt% and 15 wi% phenol.
[0011} In a further embodiment, the residue stream is combined with a
mixture of phenol and said bottoms stream (a).
[0012]  Conveniently, the combined stream is further combined with phenoi
tar.
[0013] Conveniently, said residue stream comprises less than 20 wt%, for
example 10 wt%, such as less than 5 wt%, even less than 1 wt%, phenol.
[0014] In one embodiment, said residue stream comprises from about 2 to
about 50 wt% p,p-BPA isomer, from 1 to 25 wt% o,p-BPA isomer, from 1 to 15
wi% trisphenol, and from 15 to 95 wi% BPA heavies comprising isopropenyl
phenol dimers, hydroxyphenyl chromans, indanes and other heavier aromatic
compounds

[6015] In a further aspect, the invention resides in a method of producing

bisphenol-A, the method comprising:



[0018] I n one enbodi nent, said al kylating agent is ethylene and/or
propyl ene. WD 20091123815PCT/ 1. 152009/ 035949 5 BRI EF DESCRI PTI ON OF THE

DRAWNGS [0019]Fiqure 1 is a graph of viscosity at 130C i W %

di luent a %P‘W’%ﬁ“sg" BPA residue streamdiluted with a cﬁﬁ%&r’gzq%%?”\é\%?e stream -
according to the process of Exanple 2 or with phenol according to the
‘process of Exanple 3. [0020]Figure 2 is a graph of viscosity at 160C
agai nst wt % di |l uent added for a BPA residye streamdiluted with a cunene

resi due stream according to the process of Exanple 2 or with phenol
according to the process of Exanple 3. DETAI LED DESCRI PTI ON OF THE

EVMBODI MENTS [ 0021] The present inventi is,.dire

produci ng bi sphenof® A ‘(‘ﬁgi{)sfngi AR ‘gﬁﬁfﬁ ﬁneOla{fie}s(%e%Es?eg/ﬁeg?laip @é ‘E‘g%f’%{le

remai ni ng af t eJf arceeb¥eindendontihiendieAraduoe s ptoding streatnl cedpisnglwsgbemilng t he
residue with the bottons streamfrom an, argmati.cs al.kyl ation ss and/ or
a phenol st r edmiSOFRE> BRAstdeRRens!: é}fﬂbﬁngis’ghy%f%‘gplbﬁngﬁﬂ%mu% ’ \%o;grﬁﬁe%le

si gni ficantly phesbldrebry asdindadey, as conpared with the untreated BPA residue

stream As a result, the conbined. stream,can be, handl I:
conventional ‘cent r (PugalcPiFHps gﬁah@gkgb%’ds'fné?agﬁdvﬁ Frhocl)ufonjli%%g%g@wp‘i owabi | ity
at a tenper at Ugan 36 Gags aGesar Qetaii domptibieg SisphangAt isopes,atnmcevapéd 160C

normal Iy required faor BPA residue streans. The conbi.ne treamis suitable
for use as a |AbgRALJTIFRREROL: 5‘?’3’8}‘3&?‘&‘&%“6’8%’?5&1is8?rf’p‘°["ggiﬁ?f$lhdzm%ﬁs’s"giaé‘%oI -A (BPA)
synt hesi s net hipd oihi hidadiet tomBtidonpduidpaidi Ng acet one with

stoichionetrically excess phenol in the presence of a id catalyst. The
phenol / acet one nol &) r atqepifige giigest pat ‘?fﬁ'?etrﬁgglr‘easﬁrﬁgnf‘?@rﬁ?%agé’n% , ai/ypi cally

from5 to 20. ThfiohRagti®RompriG@y pélgdk@atbmatic conipdipdy aldutmainfngusieal |y from
50 to 100C under a pressure of usually from at heric Rpressure to 600
kPa. [0023] As the:&agtionatiopsef an efflugnt froat am, Argmalicsh iy lation; jaces§ MBIl y aci di ¢
cation exchangg,dakiRonEus Ro@poundh, 6Nk Gréwi Cortiififg e BaftBO WidE bhigiong t hose
partially neutralized with a sulfur-containing amne conpound are used. As
Dhe sul fUr - CorRuei(e) ey bASFe 196 PBOYRhAUERIT BFTIS-ATSaTS ()16 PERECE A SmPBFY { pe
synthesi s of hj,sphenol A such as, for exanple, 2-(4-pyridyl)ethanethiol, 2-
mer capt oet hyl am ne, 3- mercapt opropy |amine, N, N-di nethyl-3- 6

[0016]  Conveniently, said effluent stream is cracked to convert and remove
part of the effluent stream as isopropenyl phenol and/or phenol prior to said
combining {c).

[0017]  Conveniently, said bottoms stream is produced by an aromatics
alkylation process comprising:

(d) contacting benzene with an alkylating agent having 2 to 5 carbon
atoms in the presence of a catalyst and under conditions to form an alkylation
effluent  stream  comprising monoalkylbenzene, dialkylbenzenes and
trialkylbenzenes; and

(e) removing monoalkylbenzene and dialkylbenzenes by distillation
from said effluent stream to leave said bottoms stream comprising said
trialkylbenzenes.

[0018]  In one embodiment, said alkylating agent is ethylene and/or propylene.



mer capt opr opyl am ne, N, N-di - n- but yl - 4- mer capt obut yl am ne, and2, 2-

~di met hyl t hi azol i di ne can be used. Such a pronoter is used in an anount of
usually 2 to 30 nol % such as 5 to 20 nol % based on the acid group

-(sul f oni cVI WAYI23BK t he acid i on exchanger. [0024] The cBRERZWPOFALY eacti on
of the phenol and acetone is typically conducted in a fixed bed continuous
fl ow system or a suspended bed batch system In the case of the fixed bed
flow system the |liquid space velocity of sthe m xture of the raw naterials
supplied to the reactor is usually 0.2 to™50 hr-. In the case of the
suspended bed batch system the anmount of the strongly acid ion exchange
resin used, although varlable dependi ng on the reaction tenperature and
pressure, is (BRIKHDESCRIBTIOMOFTHEDRAWIRGS-q on the mixture of the raw
materials. The reaction tlne is usually 0.5 to 5 hours. [0025]1n addition
to the desired bi sphenol-A, the effluent fromthe condensatiqon reaction

conpri ses readf9i9h- gdiigral dur ghaptee! vissasivat { ¥ Caeaip e’ dreaddeddonnenal |

and a vari ety auﬁm%ﬁ$&ﬁr£ﬁ0$uﬁé§w1tﬁ YCkunRe bbﬁmedﬁeﬁm&cb&aﬁgr@ thd or
exanpl e, 2-(4-hydrox hen ydroxyphen¥l)propane or pBPA) ,

tri sphenol (seeodessy QnﬂCBéV H@%ﬁ?“fﬁpwyﬂﬂﬁners (see
formul ae 11 a, an 2 el oWl GNAsBMAT R X P RQRYhst GRYITRIBS: a08&Erof O mul ae
ffla and Mo b Péég qﬁ%gfltutegﬁxantﬁengé and ngﬁeshlghly cghdenged
conpounds havimBPAesdueostreamr diluademiith a cumpae irpsiduscstise estarding fte dhewor k.

Col I ectively, I r WK BREREY LR BRI gﬁ&g&gg§fEkaq ggs, xanthenes
and nore highﬂﬁa%gﬁggﬁgg ggﬁpou%ﬁs are tgﬁkgd as "BPA heagles 7 CH3
OH (111a) OH

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021]  The present invention is directed to a method of producing bisphenol-
A (BPA), in which the viscosity of the residue remaining after recovery of the
BPA product is reduced by combining the residue with the bottoms stream from
an aromatics alkylation process and/or a phenol stream. The combined stream is a
miscible liquid with significantly reduced viscosity as compared with the
untreated BPA residue stream. As a result, the combined stream can be handled
using a conventional centrifugal pump and can be stored without loss of
flowability at a temperature 130°C as compared with the storage temperature of
160°C normally required for BPA residue streams. The combined stream is
suitable for use as a liquid fuel for a steam generator.

[0022] The bisphenol-A (BPA) synthesis method initially involves reacting
acetone with stoichiometrically excess phenol in the presence of an acid catalyst.
The phenol/acetone molar ratio is usually in the range from 3 to 30, typically from
5 to 20. The reaction is carried out at a temperature of usually from 50 to 100°C
under a pressure of usually from atmospheric pressure to 600 kPa.

[0023]  As the catalyst, usually strong mineral acids or strongly acidic cation
exchange resins such as sulfonic acid type resins, including those partially
neutraliied with a solfur-containing amine compound are used. As the sulfur-
containing amine compound, ordinary promoters used for the synthesis of
bisphenol A such as, for example, 2-(4-pyridyl)ethanethiol, 2-

mercaptoethylamine, 3-mercaptopropylamine, N,N-dimethyl-3-



8 [0026] These by-products, as well as the water, phenol and acetone, inpair
the suitability of the BPA for the production of polyners and nust be
separated fromthe condensation effluent. For the produgti ,

pol ycar boM B0V/R23BLy ¢ j cul ar, hi gh demands are made on tﬁé’r@g?q%%@ssgpthe raw
material BPA. [0027] The purification of the BPAis carried out by a

nmul ti-stage cascade of suitable purification processes such as, for

exanpl e, suspension crystallization, nelt grystallization, distillation

and/ or desorption. After separation of the BPA product, these processes

| eave a not her |iquor which contains BPA, water, unreacted phenol and

possi bly unreacted acetone. an Chy 1.5 1] ' ove; nent hgned
by- pr oduct s. T@ﬁc%péqqrggy?wp% S?I?r’gwe%%'nd?dtﬂo{ hg{éaét?%ubg?m?ng, re%@ygl e%’gt o the
condensat i on rdimethiybiiazolidine caee used. Bachng promoteh s uset ialay pinourdef ispatly of t he

idic i all foo t . ' d
ot or ahand by e surhs SHERR0 s Bh ol ko lARuEREE ) By T BTDLC

still present.thdbdd iawatlangd. not her |iquor so obtained is supplenented with

addi ti onal phe and..acet one and fed ba into I, nit.
[ 0028] Such a r@@é‘gl edﬁl?eoﬁ(gﬁﬁ?sgg%éeatcﬂ%n 8?5%%\9%?\ Oygagd %ﬁ%ﬁg{ﬁﬁwﬁ&y oducts of
t he BPA pr epar anid@dted 8cC 8 ixed died esvntimtoas flow sysencior euduapandgl bed damk and can

adversely affect th urit he, fi.nal BPA product and . to

deacti vati on o?ys‘iCWeeiEﬁleaqﬂ%?ﬂgg/ﬁf"@rﬁedﬁﬁwoﬁy&g?” {hSql vGi® cg;%@él @@qe
concr:]entlrati on @fxtarbefdnymwﬂgneﬁg_s kuj;ptid‘t&ogﬁe::readtcﬂﬁéhmalgtO.Etmj()lﬁ".pﬁ‘_rﬁli:ﬁn of the
not her |iquor m xtyre nust char ge omthe syste e di.scharge is
typically eff e‘&atg"e(??tsliﬁ ?‘EPﬁ?\‘??‘ﬁBeAa%ﬁgﬁ? f?%?’i"’ptﬁle £k u%‘fsfh%? SFan ! f c‘ﬁ r'dm t he o
cireul ?t :jng St &R AdAge gésfrﬁﬁgcﬂfa%tﬁ:{uﬁﬂlvﬁdbﬂd (&?btgﬁhg}i]@l thiermegﬁwnmmatmfetamaﬁ :c OPi‘l
unreacted acetone and parf o e unreac nol ., The conposition o e
mot her |iquor BIEsSEX; & paby ,Zoatﬁdwzgg‘t]g}’d’l’ t}Paﬁq%s%n lﬂ’r‘femB‘(S‘I"Ff)or@itF? S of the

0d/i séggargg, ftyping@{iwlﬂgwmrf&ciﬁoa/@%%%ﬁmﬁ@asato%oﬁt& % phgnol , df r?m GS_t 0 18t\f/1v't :
0 and from 0 .. % i soner eavi er ro s.,Since this
di scharge stre@Yont b Redigippy o FfEaﬂFs‘ﬁaaﬁinﬁgleP%léA’oghepﬁ)éfﬁﬁpt R oPRer usef ul
products, the giaGRAEBErdaStich VMR Cecpli@r@meratet! @AM, Wakdabed :icaiuiy, ected to
further processing. [0029]In one enbodi nen%,@yf urt her |1Ehoce Si t he

: si ng .0
di schar ge st r ewsacipdophgael and(d VEriehy UBIANteth QY BFREMES: #6025 @?‘Hﬂ%‘r cont ent
of |ess than 2 oﬁﬂ@r%(&flé%}nﬂé, i-@ﬁ[la"yldr&@gh%@nwt(-z-h%ro@ﬁmﬁ}l rbpant @89,pthan 5 wt .
y

% even |less than | . % normally vacuum di-still ation, |eaving a

heavy residue BPAbdrisnbongdr(pesi fognidad Selowlodsoprenan! pheagh(IPE) diness (S5 . o5 BPA
and from 15 t Oq it 1a ADYIPHO GG Pand MYy BIRAY CUtfonkin @REbHibAaclIE T eTOVed
, e, Dy

fromthe process andﬂé’l sposed of or éxanp oy burning or dunping.

[ 003011 n anot hard Blbbdewe mebstifutedt Yaathepasomd sBems gty condensed REPHEISt r eam

i nvol ves subj egt ) i | = Ak ksRbsaeR! ivell! hi gh

nmol ecul ar wei gﬁ@:@%hﬁ%%%gﬁoﬁ@é}%%ﬁ:e@a:lrifglggrgogegufsa{: Pglgm to t% ﬁgftdrrglglggﬁ Ecat alytic
cracki ng to gef®r diner Hedolxytphehyll sbpmean jidpiean sintienppyng grore niighy ed
recovery. The cracki St b .00 or coincident with phenol -
recovery by di %qinlﬁ? Sﬁ?%grﬁog&srs%él/ttegﬁd}gc?ggt%?ér}gesbrocess is described in

I nternational Patent Publication No. WO 2007/044139, the entire contents of
which are incorporated herein by rgfierence. Again the cracking step |eaves
a heavy resi due stream coffprrsi ng 10 w/~9% especially <6 wt. % even <1
wt. % phenol , fromgHto %BE’A and from\70 e 95 wt. %pby- products,
whi ch resi due stream MUST\ 2 3 process and di sposed of, for
exanpl e, by burning or duvpirg. [0031] | epective of whether further
processi ng of the discharge stream’invol ves o s};rquati on or cracking or
both, as the lighter products, particularly pf€nol, are renoved fromthe
stream its viscosity increases nmaking itHiChcreasingly difficult to
transport and handl e. The present process provi A et hod of reducing the
viscosity of the heavy residue streans produceg e production of BPA




Cracked Resi due Phenol <20 % O to 10 % 0 to 5 w % p, p- bi sphenol - A ( BPA)
2 to 50 % 30 to 50 wt% 2 to 20 wt % o, p- bi sphenol-A Ito 25 wt% 10 to 25

w%Ilto 10 wt % Tri sphenol Ito 15 wt% 2 to 10 % Ito 15 w % Heavi es
. WO 2009/123815 - PCT/US2009/935949
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15 to 95 W% 15 to 35 W% 60 to 95 wt % 10 [00321The viscosity reducing
process conprises conbi ning the BPA heavy residue streamw th at | east one
of (a) the bottons streamremaining after the fractionation of the effluent
from an ar¥BP4%8E kyl ation process to renove at | east PCRAS2009/035949

nonoal kyl aromati ¢ conpounds, (b) a stream containing at |east 90 w % phenol
and (c) a mxture of phenol and said bottons stream (a). [0033]In
connection with the bottons stream (a), inga conventional aronatics

al kyl ati on process for producing a nonoal kyl ated product, depending on the
conditions and catal yst enployed, the alkylation effluent will contain

di al kyl ated, trialkylated, and possibly eyen higher  al kyl ated speci es as
wetl ot her i o3t s TR o5 PingBER o e Akt Pt Bl g ipRBEEH; no

di al kyl at e(cji spaﬁﬂaaSt)(cjcﬁnhdﬂBPmd)ﬂ tyT( bzied&eipﬁbﬁpcﬂﬁnérs and e besemediddyiran ed
speci es and subj ect t.0 transa atiaon to produce additiangl ..

ronoal kyl at ed B GRERonETRFGAERT BF RiHie oL PR ESoraEdh rufon: Wal | y
anmenabl e to tr agsalbkyt aiadoon megudty@f thesoabdeeal BRA.has now been found that
t hese pol yal kyl aromatj c- co .m sci bl e wi.th BPA

ai. ni resi dque styeans ar
oo dup st reanl5TI arks Brmsaton e in BPAdh e SREY ¢ RULSIES BFAe fEn BPA
resi due streanmguitable GadiiSatioh abRsspo bychl dsy karrexample C siepdsdh inRglieGddue
streans are resi due si_reams cant ai ni Q/g BOl yal kylp%{fed ber\zen(ﬁﬁjzf e}z&eci al | y
di al kyl benzene®el sarstiizaliqgy disEHation A8 /Oy ATRIRPI-a IEch SParaliny ohESPR? ar onati ¢
conpounds Part hoihRr Ih¥seS Piobabeleave at R6thPOlar kihibie tap@Rms I, OWgteSt 1 €ans

generated by the al kyl ati on_of benzene with ethyl ene and/ qor propyl ene. Mbst
preferred are burasid nbenql audpessiblyipicasted etV Fintitrichdp thegbeten o

co-located W t heBRAedbRPloducts. O@y?p'ﬂaﬁl‘?ﬁﬁfs%{réﬂn bivaother 1gHbr Is3kdyBle@to thbe BPA

residue streamto the aromatics al kyl ation bottons streamis between 25:1
and 4:1, such eepigsaigaggacsion. Ingrdergd maintgip tig)cata]yHr petivity of fhe aeidicigingd t hat

streanms contai Bichghedl aliQRSbmIQI MANVRELHR! hasSHfkkdaS oWk FeRRshaRY 8 PUr €
phenol, both alone and in conbination with polyal kyl aromati c- contai ni ng

resi due streandistilption.cfogefben ¥éthi #y) Bierctadgacetraey g &s sl mgseBpATIRsi due
streans, even uMAGEe.d AGmEOidHor %&%}%Héd Rfsupdin& itk RegiARBRo HRifAngt ream i s
only 5 wt%to 15 wt% [00371In addition to the polyal kyl aromati c-contai ni ng
resi due st reangcetne pistfed hackintefisl coadnmsationiungy stream the BPA residue stream
can be conbi ne 4:t h il BPA

resi due strea \9\A¥\$[]h t%gﬂ%ﬁg é:}]%&é%e?gl;eqn@m&&di%fltag%%ﬁ}a@g% @M&QS’& ected by
any convent i ontie BRnpsepastion teeonse wenshuirdtelhin i circubting atreamuitand il xer or a

D ebosi Ty at 1DeEe SRR piEhy Gt aRISAe bRl B4 RADIEH d fgiol
25 cP. The condii thectagtysesystdns dJuicrddnlte dvoid exsessiys @nizoirhtgm Uk by-

products in the circulating stream, a portion of the mother liquor mixture must be

discharged from the system. The discharge is typically effected by removing a
portion of the mother liquor from the circulating stream, often after distillation to
remove water of reaction, unreacted acetone and part of the unreacted phenol.
The composition of the mother liquor at this point, and accordingly also the
composition of the discharge, typically comprises from 60 to 30 wt. % phenol,
from 6 to 18 wt. % BPA and from 3 to 15 wt. % BPA isomers and heavier by-
products. Since this discharge stream contains significant quantities of phenol and
other useful products, the discharge is a valuable process stream which is
subjected to further processing.

[0029} In one embodiment, further processing of the discharge stream
involves distilling off the phenol to a residual content of less than 20 wi%, such as

less than 10 wt. %, especially less than 5 wt. %, even less than 1 wit. %, normally



[ 00391The invention will now be nore particularly described with reference
to the Exanpl es and the acconpanyi ng drawi ngs. [00401Al |l viscosity
measurenents in the Exanples were made using a Brookfield Mdel LVT

Vi sconet e™ O BIMPE 1 [0041] A BPA resi due was produced BFTEERHOPEIMAI |y
cracking the nother |iquor remaining after subjecting the effluent fromthe
condensati on of phenol and acetone to nultiple crystallization steps to
remove the BPA product. The cracking was conducted at the follow ng
conditions: 230C, 130 mmHg, 200 ppm caustic, and about 3.5 hours residence

time. Four separate batches of residue each wei ghing about 450 gfans were
produced. The &0 OSit‘iiotﬂ,éﬁf tlhe.co i ned bﬁtcr{es of cracke% resi;;jue was
about 20 wt % ppYEBAD; YFHERHO™ 1eAViea FFPSIREAY Sream ¢S ieEpR Yhdfer, and 4
wt % phenol , wi pHendlhérotnal satoc8s wif. % BEAradifthue 1§ anss sk.cd wipr&Résheaiches (I PP
di mers, hydrox enyl -chromans, indanes. and ot her, hi gher | ecul ar wei ght
aromatic corrpo')ér%alée) ¥refﬁdﬂ'fin$8 T (Evﬁgl%io%thﬁ pboafggﬁnﬂél}sp%?g Qé&%r PR ae

vi scosity w t higuurging oedigigdhgohenol or cunene resi due was neasured at

several tenper es., At t enper.at ur f 96.8C, the viscosity reading was
off the scale @bﬂ{}he %"n%"t‘)glfﬁwf odigyenty Jirgher (rReegsing. gk fhey, ‘BC?’a?gﬁeS“%m resi due

was around 950ine¢dlvesAtibjadiingtthel i hendiisavers agsphendis afl diberWath mateswied to be
404 cP. Finally, at 160C, the a\é:ﬁsr&ﬁ%e Vi SCOSI H’é vvrils 52 EYI‘D [0{(2,431A bott ons
stream conpri sYHEFOPIPAMEYS Beths BrPERTHLe, tigrmpl op falanitf Fracking ot he
fractionati on @herlie- pledpl @By | isdpeseryIfenob (PR fehmihcad G ci glhecumene
manufacturing facility, had the foll ow ng conposition:. 5 wt%

triisopropyl beFEHss ey Mavods subsraient T tPIcklsd: Bpl | Rhend ciseveBndY | i ght er

than WO 2009 142 3846PCOUSA RN Q?aél%ﬂ? phaebels dsSHUAORY InRSNARAASPatad® W %0
tetrai sopropyl benzene _and hi hertgﬁg yal kyl ated benzenes, 18 w %

J yl ! ,
di phenyl pr opan‘g)é‘,bh&"ﬁ'@“ - WO BN BREH P gho pitite coriemisiaf whish alecinggirorgted cosi ty of
the cunene resjciie byafcfonde.CPASEN the! GINGTALKP Fe¥Es 2Thed$y residue stream

comprising <10 wt. %, especially <5 wt. %, even <[ wt. % phenol, from 2 to 20
wt. % BPA and from 70 to 95 wt. % by-products, which residue stream must be
removed from the process and disposed of, for example, by burning or dumping.

[0031)

involves distillation or cracking or both, as the lighter products, particularly

Irrespective of whether further processing of the discharge stream

phenol, are removed from the stream, its viscosity increases making it
increasingly difficult to transport and handle. The present process provides a
method of reducing the viscosity of the heavy residue streams produced in the
production of BPA and in particular of those BPA heavy residue streams having

the compositions listed in the following table:

Broad Uncracked Cracked
Residue Residue
Phenol <20 wt% 0 to 10 wt% 0 to 5 wi%
p.p-bisphenol-A (BPA) 2 10 50 wt% 30 to 50 wt% 2 t0 20 wt%
o,p-bisphenol-A 1 to 25 wt% 10 to 25 wit% 1 to 10 wt%
Trisphenol 1 to 15 wt% 210 10 wt%e Ito 15 wt%
Heavies 1510 95 wt% 15to 35 wit% | 60 to 95 wt%




[ 0045] Two experinents were perforned to determ ne whether the BPA and
cunene residues were mscible. In a first experinent, 20.2 grans of BPA
residue and 5.2 granms of cunene residue were added to a 50 flat bottom
flask set Wh2049/25381511 beaker oi|l bath. A thernocoupl e vagTN%‘{“g/P?S&P in the
flask to neasure the tenperature as well as provide a neans for mxing the
resi dues. The flask was heated to 160C and the flask renoved to observe the
contents. At this point all the contents ygre nmelted and wel | -m xed. Upon
cool ing, no phase separation was observed. [0046]1n a second experinent,
20.0 grans of the BPA residue was charged to the flask and heated to 99C.

At this tenperature the BPA residue was sti ans of

lke., 5
cumene resi duel#le’ t?@n"‘%ﬁ?ﬁ'@ﬁm@lﬂ‘“{%BTQF?SascﬁmBW&S ﬁ?g?glafneng%B?’é\g WY ng

m xture showededdsl fthd WHRSEIARDNeAT Wethy totorhs str&nafqﬁiaﬁu&g ROG4RS Af t er
showi ng that the BPA and cug%ne resi dues were eri rren S were

performed to niadppagion 19€ 1hf; efilpent Py pn \?’é’ﬂaBFFsaIE]?lﬁtﬂ% %rgé‘?ﬁ?f thﬁeé“clgE’,& resi due

Wi th the Cumengad aiEdRalkyRidniadt t¥mbiiRdBits) & ashetenpinggise st J00m he
cracking unit was mxed wth 5 w % of thﬁ cunene residue. The viscosity for

the mixture wa@eﬁﬂé%f“éa“a’t‘t“{%i’?@%w paloms siEgEmARy 160C. Addi ti onal

curmene resi duepg t hgreoastdash wih Biel bdforhé Qredinl (uj; i cdVentR¥alancmdtize
Vi scosity rreasur Finally, nore cunene r lm%\e Wgs added .to bv6hng t he
dilution to 208kdsttent precess JevoBiofycing asmenaalkyiptrd praduntt depspling RBVIHE i n Tabl e

1 and Figures éonaﬁigngand'%&ﬁmad EnployedOAS hikhRtigt raess woll c@tﬂﬂmaﬁq?atwas
repeated but wt ure phenol being used as the dil ue L e‘gal n, .the results

are shown in T%ilblkéﬁ de@ﬁé ppssiply gxenigheq alkylategsppsiesas well ofhgpumpuRtiesaddi t i onal -

exper i ment wasgperfOfi¥Rchy Mk%es t hﬂoéB&rr aRholidR m@sa;an{yeedweaeé cwh % phenol
and 5 wt%currene resi due.” The results are E@esente in Table

Surprisingly, ufirmally de weRarated diogt Uhe menogkxisisd éIPF&‘eéu?’Péiné“l?J@‘é‘?ﬂ t®d in a
| ower vi scosity ts&lﬁ}ﬂatﬁﬂ%b\ﬁ?&dﬁgg addRicBtmdroakl a8 pRfdubh 8RR Yigher alkpialMe resi due

al one. Table 1 Perce
species are not normally amenable to transalkylation and are discarded. It has
now been found that these polyalkylaromatic-containing residue streams are
miscible with BPA residue streams and are effective in reducing the viscosity of
such BPA residue streams.
[0034} Suitable polyalkylaromatic-containing residue streams are residuc
streams containing polyalkylated benzenes, especially dialkylbenzenes and
trialkylbenzenes, diphenylalkanes, and heavier aromatic compounds. Particularly
suitable are the polyalkylbenzene residue streams generated by the alkylation of
benzene with ethylene and/or propylene. Most preferred are cumene residue
streams since cumene plants are often co-located with BPA plants.
[0035}) Generally the weight ratio of the BPA residue stream to the aromatics
alkylation bottoms stream is between 25:1 and 4:1, such as between 20:1 and 9:1.
[0036}] Similarly, it is found that streams containing at least 90 wt% phenol,
such as 99 wt% and even pure phenol, both alone and in combination with
polyalkylaromatic-containing residue streams, are effective in lowering the
viscosity of BPA residue streams, even where the total content of the combined
phenol/BPA stream is only 5 wt% to 15 wt%.
[0037] In addition to the polyalkylaromatic-containing residue streams and/or

the phenol-containing stream, the BPA residue stream can be combined with a

phenol tar stream.



BPA Resi due Percent Cunene Residue Percent Phenol T = 130C Viscosity cP T =
"160C Vi scosity cP 100 0 0 404 52 95

WO 2009/123815 PCT/US2009/035949
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[0038] Combining the BPA residue stream with the diluent streams described
herein can be effected by any conventional means, such as a mechanical agitator,
a static mixer or a pump impeller. The combined stream is generally arranged to
have a viscosity at 130°C of less than 150 cP and a viscosity at 160°C of less than
25 ¢P. The combined stream is suitable for use as a boiler fuel.

[0039]  The invention will now be more particularly described with reference
to the Examples and the accompanying drawings.

[0040} All viscosity measurements in the Examples were made using a

Brookfield Model LVT Viscometer.

Example 1
[0041] A BPA residue was produced by catalytically cracking the mother

liquor remaining after subjecting the effluent from the condensation of phenol and
acetone to multiple crystallization steps to remove the BPA product. The cracking
was conducted at the following conditions: 230°C, 130 mmHg, 200 ppm caustic,
and about 3.5 hours residence time. Four separate batches of residue each
weighing about 450 grams were produced. The composition of the combined
batches of cracked residue was about 20 wt% p,p-BPA isomer, 10 wt% trisphenol,
S wt% o,p-BPA isomer, and 4 wi% phenol, with the balance of the residue
consisted of BPA heavies (IPP dimers, hydroxyphenyl-chromans, indanes and
other higher molecular weight aromatic compounds).

[0042] To establish a baseline, the BPA residue viscosity without any added
phenol or cumene residue was measured at several temperatures. At a
temperature of 96.8°C, the viscosity reading was off the scale of the instrument.
At 120°C, the viscosity of the BPA residue was around 950 cP. At about 130°C,
the average viscosity was measured to be 404 ¢P. Finally, at 160°C, the average
viscosity was 52 cP.

[0043] A bottoms stream comprising polyalkylbenzene compounds, and
remaining after the fractionation of di-isopropyl benzenes obtained from a
commercial cumene manufacturing facility, had the following composition: 5 wt%

triisopropylbenzenes, 7 wt% heavier than triisopropylbenzenes and lighter than



5 0 104 22 90 10 0 68 18 80 20 0 30 12 95 0 5 42 14
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tetraisopropylbenzenes, 28 wt% tefraisopropylbenzene and higher polyalkylated
benzenes, 18 wt% diphenylpropane, and 42 wt% diphenylpropane.

[0044] The average viscosity of the cumene residue was 9.1 cP at a
temperature of 21.5°C.

[0045] Two experiments were performed to determine whether the BPA and
cumene residues were miscible. In a first experiment, 20.2 grams of BPA residue
and 5.2 grams of cumene residue were added to a 50 mli flat bottom flask set in a
250 ml beaker oil bath. A thermocouple was installed in the flask to measure the
temperature as well as provide a means for mixing the residues. The flask was
heated to 160°C and the flask removed to observe the contents. At this point all
the contents were melted and well-mixed. Upon cooling, no phase separation was
observed. ‘
[0046] In a second e_xperiment,' 20.0 grams of the BPA residue was charged to
the flask and heated to 99°C. At this temperature, the BPA residue was still tar-
like. 5.0 grams of cumene residue were then added to the flask and mixed. The

resulting mixture showed a single phase and was very fluid.

Example 2

[0047]  After showing that the BPA and cumene residues were miscible,
experiments were performed to measure the viscosity of various mixtures of the
BPA residue with the cumene residue. Initially the BPA residue produced from
the cracking unit was mixed with 5 wt% of the cumene residue. The viscosity for
the mixture was measured at two temperatures, 130°C and 160°C. Additional
cumene residue was then added to bring the dilution to 10% and the viscosity
measured. Finally, more cumene residue was added to bring the dilution to 20%

and the viscosity measured. The results are shown in Table 1 and Figures 1 and 2.

Example 3
[0048)  The process of Example 2 was repeated but with pure phenol being

used as the diluent. Again, the results are shown in Table | and Figures | and 2.

PCT/US2009/035949



90 0 10 32 12 80 0 20 17 8 90 5 5 23 10 [00501Wile the present invention
has been described and illustrated by reference to particul ar enbodi nents,
those of ordinary skill in the art will appreciate that the invention |ends
itsel f to%??ﬂg{1¥§§|’\% not necessarily illustrated herei nFENS204/E5H8ason,
then, reference should be made solely to the appended clains for purposes
of determining the true scope of the present invention.
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Example 4
[0049]

mixed with 5 wi% phenol and 5 wt% cumene residue. The results are presented in

An additional experiment was performed where the BPA residue was

Table 1. Surprisingly, dilution with a mixture of phenol and cumene resulted in a

lower viscosity than equivalent weight fraction of phenol or cumene residue alone.

Table 1
Percent Percent Percent T=130°C | T=160°C
BPA Cumene Phenol Viscosity Viscosity
Residue Residue cP cP
100 0 0 404 52
95 5 0 104 22
90 10 t 68 18
80 20 0 30 12
95 0 5 42 14
90 0 10 32 12
80 0 20 17 8
90 5 5 23 10

[0050]

reference to particular embodiments, those of ordinary skill in the art will

While the present invention has been described and illustrated by

appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



14 CLAIM5 1. A nethod of reducing the viscosity-of a residue stream-from

t he production of bisphenol-A the nethod conprising conbining the residue
streamwith at |l east one of (a) a bottons stream conpri si

pol yal kyl AYQARPAEonpounds and renmining after the frai’F?gﬁgP}P@#%ﬁ'f an
effluent froman aromatics al kyl ati on process to renove nonoal kyl aromati c
conpounds, (b) a streamcontaining at |east 90 wt % phenol and (c) a m xture
of phenol and said bottons stream (a) to pjoduce a conbined stream 2. The
met hod of claim11, wherein the residue streamis conbined with said bottons
stream (a) and said bottons stream (a) conprises a m xture of polyal kyl ated
benzenes, diphenyl al kanes, and heavi er aromatic conpounds. 3. The nethod
of claim2, wh in.the polyal kyl ated benzenes of said bottonms stream
conpri se polyeghgbg§nzenes and/ or pol yi sopropyl benzenes, .preferably

pol yi sopropyl benzenes. 4. A nethod of produci ng bi sphenol -A, the nethod
conpri si ng: 1. (&) meabod e sietapirgc elico viscasiity hofa anebidne eskreams sfrah phienol i n

t he presence of at al.yst, under. condi ti ons.to prqoduce.a product stream
Compri <: ng. bi SBRGGPA BorhePa-e, it BRSO RIS N2 IS oy pheny)
chromans, i sopwapestyleagthemolofdiaired shottame streaianesmprising polyblkylkmoatier i ng

bi sphenol - A and unreacted phenol fromsaid efflue streamto | eave a

resi due- st r eafff"eROMY i@ﬁﬁﬂ%d?lg%ﬂ%ﬂéﬁ‘e-n%a HagHep gl,r%%ﬁggxtéggrrnea& BHEHET
trisphenol s, hydyiesonphriyds @hranmvesmohstipieaeasid cphpunts, dibyes stredammdanes and
ot her heavier aronmgtic co ungds; and cpnbi ni ng at. .| east part of
the residue stfEHRE ?ﬂeﬁmﬁé‘&g’tphﬁﬁ(g aggd (“()a?)m&%%%f’FB}?Fgo s?“ae*% !%:Og'ﬂlﬁ}?i si ng

pol yal kyl ar omagticemGONTP prodds: AdvechbiRiBirgiindg af ter the fractionation of an -
effluent froman aromatics al kyl ati on process to renpve nonoal kyl aromati c

conpounds, (b) a streamcontaining at |east 90 wt % phenol WO

2009/ 123815PCT3 US2 082/ 3RSt cldmandhéein tBe Msidue! ktfeatf is porabiakd ankl ssai d
bottons stream (a) to produce a caonpi ned stream,. 5. The nmet had of c¢laim 4,

wherein at | ealqtopyr sir@m (3o and Sidy BOHATSe §552Ms (o FHTPESS it W HSE t ons

st ream pr oduceghipiicoAdlePeaiBies, @bhahhlkaks, aAd Ri20RESEMERIWhipdimE; (d)
contacting benzene with an al kyl ati ng agent having 2 to 5 carbon atons in

the presence of a catalyst and under conditions to forman al kyl ati on

effluent streagn conppi siMed NAANKY] MaBRENGe FHIAMIIIRERECRES 8Nehid
trial kyl benzenes; and e) renovi ng nonoal kyl benzene and

di al kyl benzenekottopsditsean | sempoise frobrethytheazeass |apdef BlYiseperydensase said
bottons strea IS Lfhettchal Kyl benzenes. 6. The nmet hod of claimb5,
SRR AltgEpckiia

wherein said al kylatin conprises ethylene. 7.The nethod of claimb5,
wherein said al kyl ati ng agent conpri ses

4. A method of producing bisphenol-A, the method comprising:

(@) condensing acetone with a molar excess of phenol in the presence
of a catalyst under conditions to produce a product stream comprising bisphenol-
A isomers, unreacted phenol, trisphenols, hydtoxyphenyi chromans, isopropenyl
phenol dimers, and indanes;

(b}  recovering bisphenol-A and unreacted phenol from said effluent
stream to leave a residue. stream comprising. bisphenol-A isomers, unrecovered
phenol, trisphenols, hydroxyphenyl chromans, isopropenyl phenol dimers, indanes
and other heavier aromatic compounds; and

(¢)  combining at least part of the residue stream with at least one of (a)
a bottoms stream comprising polyalkylaromatic compounds and remaining after
the fractionation of an effluent from an aromatics alkylation process to remove

monoalkylaromatic compounds, (b) a stream containing at least 90 wi% phenol



propyl ene. 8. The nmethod of any preceding claim wherein the residue stream
-is conbined with said bottons stream (a) in an anmount such that the weight
ratio of said residue streamto said bottons streamis between 25:1 and
4:1, pref HOMWOY1H8Bween 20:1 and 9:1. 9. The nethod of aR§{TEREBPHhIi s 1
to 4, wherein the residue streamis conbined with a stream containing at

| east 90 wt % phenol such that the conbined stream conprises between 5 wt %
and 15 wt % phenol . 10. The nethod of any opg of clains 1 to 4, wherein the
residue streamis conbined with a m xture of phenol and said bottons stream

(a).

and (c) a mixture of phenol and said bottoms stream (a) to produce a combined

stream.

5. The method of claim 4, wherein at least part of the residue stream is
combined with a bottoms stream produced by an aromatics alkylation process
comprising:

(d)  contacting benzene with an alkylating agent having 2 to 5 carbon
atoms in the presence of a catalyst and under conditions to form an alkylation
effluent stream comprising monoalkylbenzene, dialkylbenzenes and
trialkylbenzenes; and

() removing monoalkylbenzene and dialkylbenzenes by distillation

from said effluent stream to leave said bottoms stream comprising said

trialkylbenzenes.
6. The method of claim 5, wherein said alkylating agent comprises ethylene.

7. The method of claim 5, wherein said alkylating agent comprises

propylene.

8. The method of any preceding claim, wherein the residue stream is
combined with said bottoms stream (a) in an amount such that the weight ratio of
said residue stream to said bottoms stream is between 25:1 and 4:1, preferably

between 20:1 and 9:1.

9. The method of any one of claims 1 to 4, wherein the residue stream is
combined with a stream containing at least 90 wi% phenol such that the combined

stream comprises between 5 wt% and 15 wi% phenol.

10.  The method of any one of claims 1 to 4, wherein the residue stream is

combined with a mixture of phenol and said bottoms stream (a).



