WD 2010/ 062482PCT/ 1182009/ 059973 1 PROCESS FOR RECOVERI NG PHENOL FROM A TWA
WASTE STREAM FIELD [0001]This invention is directed to a process for
recovering phenol from a bisphenol -A waste streamand in particular to a
process in which the cost efficiency of the phenol recovery is increased by
using steamy imum value to neet the duty cycle he
process stepsEMgﬁgﬁ%RCUND [ 0002] Bi sphenol - A PerGSibnRlsd

(4, 4" -di hydroxy- 2, 2-di phenyl propane or TWA) is produced by condensation of
acetone with an excess of phenol in the presence of an acidic catalyst or a
cati on-exchange resin. The crude produdt, in addition to the desired

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

bi sphenol - A isonmers, trisphenols and other h|oher nDIecuIar wei ght
materials. The bi RRGEEISHOR RECOVERING REENG OM AZRA WASTEUde product by
a single or a series of crystalllzaiggmmgﬁeps IeaV|ng a not her |iquor
stream enriched in unwanted by-products, a portion of which streamis
renoved to purge unwanted by-products fromthe process. Alternately, the

bi sphenol - A mayfigeDpsepar ated fromthe crude product by a single or series
of distillatio whi ¢ at es ream enric in unwant ed

by- product s, qB@ﬁf ﬁh%fmﬁﬁogﬁsggm%gﬁbégﬁm%%‘3I?QW%W§3 Eggﬂﬁnay contain
unr eact ed phendiispbandl-Aivepslacswedm Andign \peiticulastot & @ragesaaint v@dchbthe progduct s.

Phenol is typic . i | ati on,
normal Iy vacuum %%m%%J Iaﬁﬁ%ﬁ9ﬁ+%%%gfgﬁﬁ%§ggpgt %%%?g%@%“@%§%$%ry of pheno
for recycle i nttomeddedPR cprioeesth of fhe piogesk#fenin to catal ytically crack the
unwant ed by-products, many of which contain phenol -noieties within their
structures. Typlcallﬁ t he products of the cracking step are recycled into
a distillation the heat fromthe cracking process helps to
provi de the heqnoazppumsp@ﬂam eqw;alﬂyh@xﬁuamph&r@tpt@amstap 8pgh t ke phenol

| iberated in the cr kln ep i.s recoy ts of t cracki ng
Step are typi cATIGOAREROReBHEE of GRS oh o SrelBt it P Gpenyl phesol
(IPP). In thlszmmdmeeamwiheuﬂymﬁammmgﬁﬁmﬂhﬂmcnmchnmgthﬂﬂ&u@nnﬂme to supply
2 both the crac n S oil er duty
required for hc}ééﬁ%ﬁ bﬁeh%m%gr}ﬁ %R%Cé‘géqeg& &Oﬁ%lngghgﬁbeﬁ%éﬁ%mr%goéhet al .

di scl oses such aabspl@n@m (S@mrs ugsphdnply @nd Gher 3gher A@QAT Meighs wterials.he
distillation stgp b%%‘eﬁom&s Joﬁgmyrs@pa@aiedwr&m@ hRERRIRL By & BRleldie Ccracking
reaction, but the reboil heat ty required to recover the products of the
cracki ng step is8resupfs ersitilizgtiony Sﬁ?@ﬁ%ﬁ*’“‘ﬂh&rﬂ“’cﬂﬁé liqeert steegnyenrighedi ed f or

cracki ng. The n@ashdiéd BySprbdua, aBpoRti Bl fwhtH lrdabiyis eémogaﬂro pt@cmem&dar e) and
therefore higher cost Hﬂmlhsource i.s used | ar ger heat duty

0.Su
than is requir ;PR h BT o BRI S é’ é’fSP'in?lé‘th%ay [ 0005] I n
one enbodi nent ,frduhdie m@aﬁcﬂmcubwemglie Ofseti odﬁlstemhmﬁstetpe vmcp nlbe asaesf or-

recovering phenosllr :Inli gmc[%ed in unwan?ed% %‘ordfel%s a m%n Bir Ol%gnsls r ITE)([ I”ﬁ]eng (a)
f eedi ng a BPA was rean1conpr|srﬁ %é SPhbre y-contal ni'ng

removed stream may contain unreacted phenol and blsphenol -A as well as the

uawanted by-products. Phenol is typically recovered from the removed stream by
distillation, normally vacuum distillation.
[0003}7 In order to increase recovery of phenol for recycle into the BPA
process, it is known to catalytically crack the unwanted by-products, many of
which contain phenol-moieties within their structures, Typically, the products of
the cracking step are recycled into a distillation step, where the heat from the

| cracking process helps to provide the heat input required by the distillation step
and the phenol liberated in the cracking step is recovered. The products of the -
cracking step are typically phenol or a combination of phenol and isopropenyl

phenol (IPP). In this process, the system uses the cracking heat source to supply



aromatic conmpounds to a distillation colum; (b) distilling said waste
streamin said distillation colum to forma phenol-containing distillate
product stream and a col unm bottons stream (c) feeding a major
portion of said colum bottons streamto a |ow tenperature utility, heating

said mgj or vpﬁ%ﬂc]{gg}_,}gzo a first tenperature and recycling.sgifdehsat£d mej or
€

portion to t Istillation colum; (d) feeding a mnor portion of
said colum bottons streamto a high tenperature utility and heating said
m nor portion to a cracking tenperature which is higher than said first

t enper at ur e; (e) feeding said heat’d minor portion to a catalytic
cracking vessel; and (1)cracking and flashing said mnor portion to forma
phenol -rich effluent stream and a phenol - poor residue stream [0006] The
process can f urtotethe gragkneibeet duyapd tenliptibiation eglumn gbplst ity rrqwfedder d

phenol - poor resiydie re3bvefar.§. Pataiith. Bia89100485PRS Alal iRcIbNed dubkl ¥ system _
[ 0007] Advant ageously, the first tenperature and the flow of 'said major

portion of heat@¥ e8Ps§i>Pottons are controlled to provide the heat
required for tHheowjst iHolvater, @@ distiblativn sfag ades dottrdtuire B HiDAA8hLamweni ently, a
portion of the phenogl -poor residu treamis fed to a heat-exchanger, which
is used to pre-tﬁ%‘éf?c ir%?c?ﬁnnglfl ﬂﬁcf?‘folﬁc?ﬁa[glf“yé‘?ﬂuﬁe‘gtfilrﬁﬁ’ﬁr B&pfogwgs {}Sst ream of
sai d hi gh t enpehatmakégustep id upstanfilGOB3hEhthapthe bes Sutg aquitadrivheackipgnpr i se
refluxing said Rh =T f.f it S i [ iLfd cat] nit nmounted
on said catal ytﬁlg%‘%ﬁg&*ﬁg h%gé@ﬁf&@é%%ﬁe?%ﬁ%aﬂéﬁ%%gﬁéa%r%fﬁ%ﬁ%h ?jﬂcé)%t stream can
be recycl ed t o heatisdureli is tisedl logsiprdina wd¢hUapaer heat duty than is required, which is not

economically efficient.

SUMMARY
[6005] In one embodiment, the present inventicn is directed to a process for
recovering phenol from a BPA waste stream, the process comprising;

(a) feeding a BPA waste stream comprising phenol moiety-containing
aromatic compounds to a distiltation column;

(b) distitling said waste stream in said distillation column to form a
phenol-containing distillate product stream and a column bottoms stream;

(c)  feeding a major portion of said column bottoms stream to a low
temperature utility, heating said major portion to a first temperature and recycling
said heated major portion to the distillation column;

(@)  feeding a minor portion of said column bottoms stream (o a high
temperature utility and heating said minor portion to a cracking temperature which
is higher than said first temperature;

(e) feeding said heated minor portion to a catalytic cracking vessel;
and

{H cracking and flashing said minor portion to form a phenol-rich
effluent stream and a phenol-poor residue stream.

[6006] The process can further comprise recycling at least a portion of said
phenol-poor residue stream to said high temperature utility.

' [0007] Advantageously, the first temperature and the flow of said major
portion of heated column bottoms are contrelled to provide the heat required for

the distillation column heat duty.



[0010] In this enbodi nent, the refluxing streamis taken from said BPA waste
stream or taken fromsaid phenol effluent stream or taken froma side
streamfromsaid distillation colum. [0011]1n sone situations, it is
advant ageous that the refluxed phenol-rich effluent streamis condensed and

recovered. &QQﬁBIL&mve“i ently, the catalytic cracking yesgehe +pe nount ed
bel ow and in the sane shell as said distillation colum, sai distillation

colum and said cracking vessel are separated by a trap-out tray, and said
m nor portion of said colum bottons overflows the trap and falls into said
cracki ng vessel, prior to step (d). [0CL3] Typically, the BPA waste stream
conpri ses BPA isoners, unreactecl phenol, trisphenols, hydroxyphenyl
chromans, isopropenyl phenol diners, and indanes. [0014]In anot her

enbodi ment, t hd0YBEsefonyepigrtiv: p GArtipR oy glanelpopiregidysrsieastis feff i oduci ng

bi sphenol - A ( BRQ)yextiiGecP  QGES S GOITRY piBihed said ShBONFRIS fTGaRACA&IME W th a

nol ar excess of phenol in the presence of a catal yst under conditions to
produce an ef f | RPpRS Wetramf sdigh EPRgREPA %oner s, unreacted phenol ,

tri sphenol s, hydooaxy pimes ploc&h conmRBer coBpie QEFRRnk spih @habl-thihnefhen: and

i ndanes; (13)recoverin .and. unreact ed.phenol fromsaid effluent stream
to | eave a BPA %@?g%&tﬁ@i‘o&uﬁﬁﬁo&“ﬁ%o%ﬁ cfa%?(rgri\%rc ek Yeésc?g\a}réc{rseal phenol ,
trisphenol s, hysheostyiphefiyednt sdaen pearbs recydaipe eppbdistillagghienlomedi mer s, i ndanes and
ot her heavi er ti , : [ SaLg BPANast e stream
to a distillat ia[(r‘:))ﬁmiol E“rr%gr‘I;I;HBH(HIq ’&S‘erg?%xﬁlfgﬁhangggg?gﬂmsat e streamin said
distillation coigm ardakpo framesaidinbensi ciflopnt airesn gr Wkedt fram atside grfapyent st ream

and a heavi er cglVih hQkmBoskheam 4 (e)feeding a major portion of said
colum bottons streamto a | ow tenPerature utility, heating said ngjor

portion to a fil08H]tedpesms siratioghdt ierdyantaeeys dhat dihedred pheiebihortion to
the distillati ol 8I is condensed and recovered.

[0012] Conveniently, the catalytic cracking vessel can be mounted below and
in the same shell as said distillation column, said distillation column and said
cracking vessel are separated by a trap-out tray, and said minor portioﬁ of said
column bottoms overflows the trap and falls into said cracking vessel, prior to step
{d).

[0013] Typically, the BPA waste stream comprises BPA isomers, unreacted
phenol, trisphenols, hydroxyphenyl chromans, isopropenyl phenol dimers, and
indanes.

[0014] In another embodiment, the present invention is directed to a process
of producing bisphenol-A (BPA), the process comprising:

(a) condensing acetone with a molar excess of phenol in the presence
of a catalyst under conditions to produce an effluent stream comprising BPA
isomers, unreacted phenol, trisphenols, hydroxyphenyl chromans, isopropenyl
phenol dimers, and indanes;

(b) recovering BPA and unreacted phenol from said effluent stream to
leave a2 BPA waste stream comprising BPA isomers, unrecovered phenol,
trisphenols, hydroxyphenyl chromans, isopropenyl phenol dimers, indanes and
other heavier aromatic compounds;

{c) feeding said BPA waste stream to a distillation column;

{d) distilling said waste stream in said distillation column to form a

phenol-containing distillate effluent stream and a heavier column bottoms stream;



(flfeeding a mnor portion of said colum bottons streamto a high
tenperature utility and heating said mnor portion to a cracking
tenperature which is higher than said first tenperature; (g) feeding
said heated mnor portion to a catalytic cracking vessel; and (h)

cracki ng sadvg 2590@&;8?0”' on to forma phenol-rich effl Eg&% ﬁ)BJ/[%%and a

phenol - poor résidue stream [0015] The process can furt conpri's

recycling at |east a portion of said phenol -poor residue streamto sai d

hi gh tenperature utility. [0016] Advant a4geous| y, in this enbodi rent of the
process, the first tenperature and the 4l ow of said major portion of heated
colum bottons are controlled to provide the heat required for the
distillation colum heat duty. [0017] Conveniently, in this enbodi nent of
the process, a porti@n d?edirtgea phienpitigodsaid ggiuga dokenpsewmim o § v t 0 a

heat - exchanger , ; M@é;ﬁﬁ}ehmg %9&@5@50@5@&0@@5 %rsmemgéramraha RBycRfig sai d col um
bottons upstream of said erature util [0018] The process can

further conpri s%‘ldéleﬁcbeaJWP@F’é’PF?tb‘?fés%‘ﬁté}*iGPmFchh ef fI uent streamis recycled

to said distillatiog C0|fb\{3m)g a[,g@a{QﬂoﬁthijlgﬁabM@,hybmtdﬂ@ sRéQCRSSHigan further
conpri se refluxmgqsald % rich effluent streﬁ(énrglnarectlflcatlon
unit mounted on' I‘H‘lrﬁél?l&}’%di atng SPKIUHGE RPERdp ac STPPPRE VM uxi ng

streamis takemshfgmmamdﬂa&emme stream or from said phenol effluent

stream or even from.said disti on co %’ ﬂ%Odl nment, the
refl uxed phenol -ri c@)ef ff?eu S'(’uéithreagtgdmmlms{)r OrHOeltlse Q %15 %r%:glg ggse

[ 0021] Conveni enasdy, the cat aI ytic cracki ng vessel can be nounted bel ow and

in the same shell a%nsa'&acﬂh bdid lnﬁ"ot i &Pl Y0 a @%Qrﬁh%%ﬂu Jlt%ﬁéaﬁﬁ col um and
e

sai d cracking vessel "are sep rat a trap-out tray, and sald m nor
portion of sai dand@Phepal-peot Eetks sB%EYfl ows the trap and falls into said

cracki ng vessel pof¥]i OrThb Pro8ds©fin fitther comprise recycling at least a portion of said
phenol-poor residue stream to said high temperature utility.
[0016]  Advantageously, in this embodiment of the process, the first
temperature and the flow of said major portion of heated column bottotns are
controlled to provide the heat required for the distillation column heat duty,
[0017]  Conveniently, in this embodiment of the process, a portion of the
phenol-poor residue stream is fed to a heat-exchanger, which is used to pre-heat
said minor portion of said column bottoms upstream of said high temperature
utility.
[0018] The process can further comprise a step wherein the phenol-rich
effluent stream is recycled (o said distillation column,
[0019]  Alternatively, the process can further comprise refluxing said phenol-
rich effluent siream in a rectification unit mounted on said catalytic cracking
vessel, wherein the refluxing stream is taken from said BPA waste stream, or from
said phenol effluent stream, or even from said distillation column.
[0020] In one embodiment, the refluxed phenol-rich effluent stream is
condensed and recovered.
[0021]  Convenienily, the catalytic cracking vessel can be mounted below and
in the same shell as said distillation colamn, said distillation column and said
cracking vessel are separated by a trap-out tray, and said minor portion of said

coluun bottoms overflows the trap and falls into said cracking vessel, prior to step

. -



BRI EF DESCRI PTI ON OF THE DRAW NGS [0022]Figure 1 illustrates a
conventional prior art cracking and distillation process. [0023]Figure 2
illustrates a first enbodi ment of the inproved process of the present

i nvention, wherein the heat duties for colum distillation and cracking are
separ at ed. ‘$Qgﬁﬂ%fﬁ gure 3 illustrates a second enbodlnﬁ@ﬁU§$wh -4 Mproved
process of the present invention, which is a nodification o e process of
Figure 2. [0025]Figure 4 illustrates a nodification of the process of
Figure 3. [0026]Figure 5 illustrates a further enbodi nent of the present

i nvention, wherein a distillation colurfnh and cracking reactor are conbined
in a single shell. DETAILED DESCRI PTI ON [ 0027] The bi sphenol - A ( BPA)
synthesis nethod initially involves reacting acetone with a stoichionetric
excess of phenol in the presence of an acid catal yst. The phenol /acetone

nmolar ratio is mlﬂmdmpﬂmb@qgﬁgﬁmmlﬁgtgo 30, typically from5 to 20.
The reaction is _carried out a tenperature of usually from50 to 100C

under a pressurl@0% ugl%ﬁel X/‘l]f’?tﬁf?ﬁé‘t%‘éeﬂ'ﬁ%]ﬂ Rriop Al ceagkips ?’51 8824982, [ 0028] As

the catal yst, uset@dsly strong mineral acids or strongly acidic cation

exchange resin h as s onic a i ns udi n hose
partially neutﬁgﬁﬁged ﬁf?ﬁgQwﬁﬁF?ﬂﬁmg%W¥§WﬁF*§ﬁmﬁPRmv qﬁ re used. As
t he sul f ur - contraésmit inye@ivhneheconthohmatijutiey i ¢pdunyn qmtldimgndscmgd afeor t he
synthesis of bigphenol-A such as, for exanple, 2-(4-pyridyl)ethanethiol, 2-
mer capt oet hyl amne, nercaptopropylanlne N, N- di met hy1- 3-

mer capt opr opyl dR0ME,  Rigneeh illpstigigs 9lse%n%ﬁ®dwwmft@q wpraved praesss of, 2-

di met hyl t hi azolthéilsr&%mqa;@nm Mﬁﬁﬂsa§H&ﬁcaﬁo@6f%&ESs'o§F1§§@d in an amount of
usually 2 to 30 nol ch as 5 to 20 nol % based on the acid group

(sul fonic grougP0®sh t%ﬁwﬁéﬂﬂmFHﬁ”@wﬁﬁﬁﬁﬂgﬂfmf@@?@fﬁﬁﬁméﬁ%densat|on reaction
of the phenol goekeRcetrRuR § SllusiyddisCadrerCitdialemdofi the @refsdnl(ﬂﬂelhﬁﬁl cont i nuous

fl ow system or suspended bed bat ch stem e fi xed bed
flow system ¢ e G on 2 R A Y Sy ate by bR B Sinfle sl

DETAILED DESCRIPTION
[0027] The bisphenol-A (BPA) synthesis method initially involves reacting

acetone with a stoichiometric excess of phenol in the presence of an acid catalyst,
The phenol/facetone molar 1atio is usually in the range from 3 to 30, typically from
5 t0 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.

[00281  As the catalyst, usually strong mineral acids or strongly acidic cation
exchange resins such as sulfonic acid type resins, including those partially
neutralized with a sulfur-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-pyridyljethanethiol, 2-
mercaptoethylamine, 3-mercaptopropylamine, N,N-dimethyl-3-
mercaptopropylamine,  N,N-di-n-butyl-4-mercaptobutylamine, and  2,2-
dimethylthiazolidine can be used, Such a promoter is used in an amount of usually
2 to 30.mo! %, such as 5 to 20 mol % based on the acid group (sulfonic group) in
the acid ion exchanger. _

[0029] The condensation reaction of the phenol and acetone is typically -
conducted. in a fixed bed continuous flow system .or a suspended bed batch

system, In the case of the fixed bed flow system, the ]iquici space velocity of the



m xture of the raw materials supplied to the reactor is usually 0.2 to 50
hr-1. In the case of the suspended bed batch system the anmpbunt of the
strongly acid ion exchange resin used, although variable depending on the
reaction tenperature and pressure, is usually 20 to 100@6by wei ght based on
t he m xtur ,aw materials. The reaction tlne i's to 5
hour s. [0038?%“bagé{tlon to the desired bisphenol - ﬁ Fﬁggyéfron1the
condensati on reaction conprises reaction-generated mater unreacted
acetone, unreacted phenol, and a variety unwanted by-products cont ai ni ng
phenol - noi eti es, such as bi sphenol -A i soners (for exanple,

2- (4- hydr oxyphenyl) - 2- (2- hydroxyphenyl ) propane or o, p-BPA), trisphenol
(see forrmula | below), isopropenyl phenol (1PP) diners (see formul ae Ha,
I1lo and |1 c behisye cﬁﬂ@rmmﬂtewmmiw tocthe toteEon & Woedlp 0260 PAMraelntd 3 and 111 b

bel ow) , SUbSt't&&ﬁ&?m@&&ﬁ%ﬁﬁﬁmﬁﬁﬁmﬂQ$§mﬁ'Q@hﬁmﬁ@%@@ﬁ%ﬁgd%fﬁﬂ@uﬁﬂs havi ng
three or nore phenyl rings in the nolecul ar framework | ectively, the

1PP di mers, hydreehsepehyed aryahnrigiabls tepanding onghereacuoicempeivedide hi ghly
condensed Corrpqmelﬁe ak %sdaﬂi rmdo aao% BRAvGQQR\GaR8 -on the nfikture of the faki3

[ 0031] These by- ar iﬁ ﬁqg w%;er, phenol and acetone, inpair
the suitabilit ‘5?“ *h elsrﬁ%nf"b?m"t’ﬁésuﬁ BHECSHSof pol ymers and nust be
‘separ at ed from[Déa®] comdexdidén an thaé fdesiendt bisfhenolithethpr dthwat ifom ofe

pol ycar bonat & i 4, RALE!LE o (s SURASSe AL Ge TR Ohrlils RUELY ©OF the raw

unreacted phenol, and a variety unwanted by-products containing phenol-moieties,
such as bisphenol-A isomers (for example, 2-(4-hydroxyphenyl)-2-(2-
hydroxyphenyl)propane or o,p-BPA), trisphenol (see formula I below),
isopropenyl phenol (IPP) dimers (see formulae Ha, IIb and Ilc below) and
hydroxyphenyl chromans (see formulae IlIa and IIb below), substituted
xanthenes and more highly condensed conipounds having three or more phenyl
Tings in the molecular framework, Collectively, the IPP dimers, hydroxylphenyl
chromans, indanes, xanthenes and more highly condensed compounds are termed

as “BPA heavies.”

GHs
OH C OH O
CH,
GH,
/ C/
HaC
OH
CH,

QH C———CH:::C————\\ // ‘ OH (11a)

CH, CH;



8 [0032] The purification of the BPAis carried out by a nulti-stage cascade
of suitable purification processes such as, for exanple, suspension
crystallization, nmelt crystallization, distillation and/ or desorption.
After separation of the BPA product, these processes |eave a nother |iquor
or BPA “asRﬁoﬁh&&%ﬂh whi ch contai ns BPA, water, unreac%ggmﬁﬂg%gblgnd

possi bly unreacted acétone, -and which is rich in the above-nentioned
phenol - noi ety containing aromatic by-products. Typically, this stream of

nmot her liquor is recycled to the condensation reaction. In order to

mai ntain the catalytic activity of the’acidic ion exchanger, all or sone of
the water that has fornmed is renoved beforehand by distillation, together

wi th any unreacted acetone that is still present. The dewatered not her

| i quor so obtained is supphenent®ed with addi i | phenol and acetone and
fed back into the_condé on uni t4: [ 0033] guch a req¥cle pggcedure has the
di sadvant age t hat ° gducitis of tThe BPA pre '*bn becone
concentrated in the cir /ing|atrean1 dc versely affect the purity
of the final BPA product and naf fead t 0 deactivation of the catal yst
system In order to avoid excessive concentration of the byproducts in the
circulating stream a portiopof the,mother |iquor mxture nmust be

di scharged fromthe system _The™gdi cHarge is typically effected by renoving
a portion of the nother L4 swthe circulating stream often after

distillation to renove eacted acetone and part of the
4 or—toguor &St his point, and
rérge, typically conprises from

unreact ed phenol. The coh
accordingly al so t heusbnpos#1
60 to 90 wt. % phenol, from6 to 18 v, A—and from3 to 15 wt. % BPA
i somers and heavi er byproducts. Since’this discharge stream contains
significant quantities of phenol and other useful products, the discharge
is a valuable process streamwhicp is sybjected to further processing.
[ 0034] Furt her processing {'Ssharge stream can involve distilling off
t he phenol to a residual han 20 wt.% such as |ess than 10
Wwt.% especially less thig éss than Jngph. % normally by
vacuum di stillation, lea resi due stream conprising <10 w. %
phenol, from 15 to 85 wt. 5 to 85 wt. % by-products, which
resi due stream nust be renoved;d e prycess. 9 [0035] Advant ageousl y,
further processing of the discharge ftream|can be conducted, such as
subj ecti ng the bisphenol -A isoners, i spp2nol s and ot her hi gh nol ecul ar
wei ght conponents in the discharge stre drer mal or catal ytic cracking
to generate phenol and isopropenyl phenol (1PP) for enhanced recovery. The
cracking step may be subsequent to or coincident with phenol recovery by
distillation. A suitable cracking pgQcess. bs deleri bed in International
Pat ent Publication No. WO 2007/ 04# :
i ncorporated herein by referenge. ; odiet s of the cracking step
can be recycled to the phepol \e-gxery i stilJation step, where the heat

e pSLa\pr Okt s~ heat input required by the
-néﬁ”liberé@eo i ke cracking step is
ki ng heater alfso serpves to provide the heat
duty required by thegslls f the distillation step
does not require as high a tenperature as t fking reaction but the
heat duty required to recover the products of the €fackililg step is
substantially higher than the heat duty required for cracking. The result
is that a higher quality (higher tenperature) and therefore higher cost
heat source is m%gh t dhese pyppipdustspgsotelliaathg @pteh gapnoldpd geetopm Honay theequi r ed,
which is not ecgnmmicad /s fdr me%mduct{o%fﬂﬁ?&fmmna mhstite lsépafateati@m @
conventional prior art cracking and distillation process, wherein a BPA
wast e st ream 20be foadegsatignelient o thy pEactior of %‘E’E?@’@F%f‘edi] B¥HeYanighy col unm
100, whi ch act Sdetnands @@ Mae¢ orahPRLBOIftRADy dakiin@PAr oduct stream 210, which is
t hen recycled into the BPA condensation reactor (not shown). A bottons
stream 240 fromthe distillation colum 100 is directed through punp P,
fromwhich the stream 240 is sent to a heater/reboiler 110, where it is
heated to cracking tenperature by a high tenperature utility, such as by
hi gh tenperature steam A small portion of the bottons stream 230 is sent
off site for other uses and/or disposal. The heated stream 240 is sent into
a cracking reactor 120 where it is cracked to produce phenol, which is then
sent back into distillation colum 100. In this conventional process, the
flow of stream 240 is controlled so that the total heat input in
heater/reboiler 110 is equal to the heat duty required by the distillation

distillation step, and
recovered. Typically, t



[0040] I n the enbodi ment of Figure 2, a columm bottons stream 220 is taken
fromdistillation colum 100, through punp P, where a major portion 300 of
the stream is directed through reboiler 130, where it is heated to a first
tenperature with a |ow tenperature utility, sufficient to provide the heat
duty neces ,ne distillation colum. The flow o IS

regul at ed §g6t¥?1lg)t9 2'E‘%e reboi l er 130 provides the requi rgdﬁpgﬁgﬁbgﬁpduty A
m nor portion 310 of the colum bottons, stream is directed through a
cracking feed effluent heater 150, where heat is recovered froma fraction
of the final cracker product, stream 340. Stream 340, is sent off for other
uses or for disposal to purge unrecoverable inpurities fromthe process.
Stream 310 is then fed into a cracking [oop conprising a cracking heater
140, catal ytic BPREKki Age pirHisariope§ e |BPRAE carried qupby & nsltigtpgpeadede gk r eam 310 i s

fed into cracki gﬁgamﬁhﬁeau%ﬂ%mcmrﬁcﬂ s, e elaﬁ.ﬁplgmupu&anq:rﬁtaﬁﬁmoﬂg
tenperature, which is higher than said first tenperature, by a

t enper at ure ut i Pslt VYS(“l””é“onhf]’é‘lﬁllf’f‘%‘hﬁ"éifoétdﬁﬁoﬁ"‘g? eéff? SeparRiop ﬁEHletPﬁé‘ heat ed
stream 320 f| om@odumt @heSd gokdsig léalva&hm&tﬁé‘rslﬁiuorl&OBPmle strbanh, Swigetacked to
produce a phenol -rjc tream 350 back into distil.lation colum
100. The terrpercé’flﬁ'tnéggﬁﬂ” s %’Fmﬁﬁ@p‘)ﬁs\é@k\“ﬁemﬁh ASH™S 3%(}5@ h20 are

adj ust ed to nuiistriah Iin ee\abovg- rﬂlmgckneqbbm&mqa@ty icbtaining mhelam:cr eciredicsapor stream
350. The botto e I chis a
phenol - poor st Fe%p%taﬁy it é% gﬁlg%glg “?%fg%?ag"u{" &fébél e?%ﬁ%}' reaMHBC after 11
whi ch a smal | m@mcwxwmeameﬁpth FAVIgAE hegcidlglipn exﬁfﬁaégﬁf»aﬂﬂloals‘@@r cracki ng

recycl e stream §machiQnadfia forhRe ik AGHE befdlehfR By ifs@kibR Rogddlr it supplied to
the heater 150 to preheat columm 100 bottons portion 310, whereas the

recycle stream ¥¥ataegs! astpne shap i fithgseplo Ekeaewaﬁgedr BPBTT| dguor 50

[0041] Fi gure 3 thaifed Yestpphnieidd Qfth bdiRiops| 9E@SEan@ beefong bifd@ePoachi@itRi N a smal |
rectification unl% 125 I's added to cracking flash vessel 120. The
rectification uifPf"#¥82¥ih be refluxed with a stream 355 taken from any or
all of colum f@e3B]st rsactm 26fdle mocsddehad tigvdifademagh bitithel tgtaraocteof unm 100, or
from phenol recyclg ,stream 210, f section
permts operati %’n BgllA P%%ar{gon Jbﬁcome ‘fqnaq&‘!lt%/deglgéhlg Cﬂ%lngu es%ieng/}eﬁrl&;g%ondl tions,
e.g. at a hi ghesdversaipdieat the Elr@wﬂthﬁ/\@ral BP4& grodnas ; aBd/mm leadrfaidepetiiangmg a hi gh
phenol purity '&tf:\?%atmps@@%teﬁ' %bofa@@&kﬁgldegglvéksﬁamaéépof whivgh i's
recycled to distillation col um 100. Figure 4 illustrates a further
nodi fi cation of Pro¢usts i e eisalagng W@Eraé’og“’ﬂ &p arofet IpmoryREWE] WSt Bh cr acked

vapor stream 35ﬁlsdh§;ga1| fli&sthets%eaﬁl Yh@@&@lwgdyplém%ff&tedwf&how@ 4 aken of f as
recycl e phenol ﬂdﬁ%t whi | e ga portion 360 @f fed tﬁ reflux the
rectification s%‘E"l‘q ﬂT??meTH‘il“é’r P 45 GERERE peafs pifen AlgiiiTaUOR L i npr oved
process i s bei ngmaedestert & rédﬂ:uﬁxluﬁl‘éadfﬁg deexcrel antiypaarmd ttehareexteds plieng. phenol
recovery distillation colu 100 din C In Figure 5,
t he phenol recov ry”ﬁ’osttll 1P KP? gﬁ)thgﬁ lquor aﬁgjﬂf‘ pmm ﬁa‘x&}{m‘gkl %éstlrleeact or 120
are conbi ned i ntampesigonsifehd dt&@&genm@épazplapl@ds fwrrlaﬁﬁtt@ ap-vod pienely 115. The
Lauid Tromtheq Rkl @ms ool ﬁﬁAqEﬂﬂoﬁllaa{o' By AR arlief@l ot ed and the
majority, strea is sent Pto Teboil er where it is
heated by a | owrredisse Siaeathis d\a%haagp ﬁtyedmdoﬁﬂbiﬁl&l’@cﬁﬁé“%%lof Pigeignd A mi nor
portion of the hhGuisthf ?fbmw%ebaiséﬂa@eq@ d RAuBleSpdebaban GaLRIGN 100°
overflows the trap and | s into the cracking vessel 120", fromwhere it

i s directed by ¥PEERIRETERREE U PC i nto cracking reboiler 140 to be
heat ed to crackjoogyit ermﬁﬁeabm@sxhg/ofahemwgﬁhrgeaﬁmr@hmvelvuﬂmdnutg)offtﬂ'me heat ed
stream 320 is t en sent n to. be cr and the
phenol -rich vap% Nl &) P (ﬂml (fon{egt thlgsgcﬂ?aélcs:% ng sstuCh ¥ F%S\A%‘a“ugﬂﬁ b the

di stillation coéspenallydess. th& M wetbl yvenolegshdapriewt. ‘é’ausorembx)dwrr@musl a smal |
portion of the Ihgtnﬂ‘{lon fe@\ﬁ}lﬁqhe 4; Jeéf(ﬁl@ts!r aﬁ%é’oﬁﬁﬁgnﬁfgﬂ) weSh %‘SH@I fRnf 14 Or ot her

uses or for dis Stream 3 can a SO0 be used for ating the feed
stream 200 to tWé‘Sd\i‘&t BPA and T Eoto Bt folyy-produgly, TW@]‘%W“@‘WW@[ present
invention has bgegngrastmedrapd illustrated by reference to particul ar
enbodi nents, those of ordinary skill in the art will appreciate that the
invention lends itself to variations not necessarily illustrated herein.
For this reason, then, reference should be made solely to the appended
clainms for purposes of determ ning the true scope of the present invention.
13 CLAIM5S What is claimed is: 1.A process for recovering phenol froma BPA
waste stream conpri sing: (a) feeding a BPA waste stream conprising
phenol noiety-containing aromatic conpounds to a distillation columm;



(b) distilling said waste streamin said distillation colum to forma

phenol -containing distillate product streamand a columm bottons stream
(c) feeding a major portion of said bottoms streamto a | ow tenperature
utility, heating said major portion to a first tenperature and recycling

sai d heat e%&%@ﬁsz&e”i on to the distillation colum; ,.pussodeiibert£€di Ng a
m nor portion of salrd colum bottons streamto a high tenperature utility

and heating said mnor portion to a cracking tenperature which is higher
than said first tenperature; (e) feeding said heated m nor portion to
a catal ytic cracking vessel; and (Ocracking and flashing said nminor portion
to forma phenol-rich effluent stream and a phenol - poor residue stream

2. The process of claim1, further conprising recycling at |east a portion
of said phenol -[B&81 r ddvaitsgeonsly.clarihar presasstg il ghe disohprae sresmecantliel ity. 3. The

process of eithehqokd Ghdiaikubjefingdne MWPRERL-A ifohRrsl &iEp?xEnoﬁs%’K@@th@rth"x%’he and the
flow of said major portion 01! heat ed col um bottons are controlled to
provi de the hedfolfcaldyiveight saPonanis ig;teg disphater sHeaTb fUHR™HRE ST ST, 4. The

process of any @icReged fgertk phdib! M edoploBenipRail (B f6if enhddeedrb@na@l.- poor

resi due stream 'hs fed to a heEt -@xchan er, eridch i.LB seF to xgre- heat said
m nor portion of*SHCHnE SRR BotPHHEC B reRH B ¥ hipheRl Ve er at ur e
utility. WO 20iGiLd6aA482RETHHUSAOGN0EO@¥S isldescribed Tih Entgmanions aeft any
preceding cl ai gy WARLELD 98/ 8RR, ik lfile SLHER R LEAM R ey Cl ed Lo
said distillati'on colunm." 6. e process of any prececﬁ ng claim further
conpri si ng ref |hgrimiy refaieetephenol -rich effluent streamin a rectification

uni t mounted onggRi d G lodbdi€ of HRCIhdRe V&DS&h -be feycbliGo RELERAS Of claim 6,
wherein a refluxing streamis taken from sai d BPA waste stream .

recovery distillation step, where the heat from the cracking step helps to provide
the heat input required by the distillation step, and the phenol liberated in the
cracking step is recovered. Typically, the cracking heater also serves to provide
the heat duty required by the distillation column, However, the distillation step
does not require as high a temperature as the cracking reaction, but the heat duty
required to recover the products of the cracking step is substantially higher than
the heat duty required for cracking. The result is that a higher quality (higher
temperature) and therefore higher cost heat source is used to supply a much larger
heat duty than is required, which is not economically efficient.

[0037] Figure 1 illustrates a conventional i)rior art cracking and distillation
process, wherein a BPA waste stream 200 is directed into a phenol recovery
distillation column 100, which acts (o recover a phenol-containing product stream
210, which is then recycled into the BPA condensation reactor (not shown). A
bottoms stream 240 from the distillation colurnn 100 is directed through pump P,
from which the siream 240 is sent to a heater/reboiler 110, where it is heated to
cracking temperature by a high temperatore utility, such as by high temperature
steam, A small portion of the bottoms stream 230 is sent off site for other uses
and/or disposal, The heated stream 240 is sent into a cracking reactor 120 where
it is cracked to produce phenol, which is then sent back into distillation column
100. In this conventional process, the flow of stream 240 is controlled so that the
total heat input in heater/reboiler 110 is equal to the heat duty required by the

distillation column 100 plus the heat duty required for cracking.



8. The process of claim6, wherein a refluxing streamis taken from said
phenol effluent stream 9. The process of claim®6, wherein a refluxing
streamis taken froma side streamfromsaid distillation colum. 10. The
process of claim®6, wherein said refluxed phenol-rich effluent streamis

condensed jp4,5:668Y8" €d. 11. The process of any of C'?&'ﬂﬁsﬁnsﬁo@s}ﬁ wherein
said catalytic cracking vessel is nounted below and in the sane s:hell as

said distillation colum, said distillation colum and said cracking vessel
are separated by a trap-out tray, and said m nor portion of said colum
bottoms overflows the trap and falls iAfo said cracking vessel, prior to
step (d). 12. The process of any preceding claim wherein said BPA waste
stream conpri ses BPA isoners, unreacted phenol, trisphenols, hydroxyphenyl
chromans, i soprl@%8hy| Astrsting tohaeipproveth Bropasti ghdhs, presem appligsfiere dles  of

produci ng bi spheael-ifveaBRave ¢ROFi1ea | thE twé AsGRNG QMDY nat 9bLnareM th a nol ar
excess of phenol in the presence of a catal yst under caonditions to produce

an effluent st riBYRCE ShiBs POFss) tisPsat ditty necssTIBY @ rechyfr BRAOpidy d5HEsR,
trijsphenol s, hyaﬁg;mwﬂaemykeqﬁikddadsrp«ﬂﬁmcgiﬁmmnp@mwﬁoﬁhmaodr%aﬂbinﬂerus:a anl

i ndanes; recovering BPA and, unreact. heno ro aid e uent
streamto | eavell(egt =i t&%z% éwg‘te? Eﬁﬁiﬁ%n(%ﬁ?q % #é&%?’%l?gs%L?@'F%Yamlifﬁ}egcover ed
phenol , tri sphewets sinhy theoxygeersy necckpagy nfian shenelsbqullaparpfl rgioempls di ner s,

i ndanes and ot hey.. [ amati.c e . edi sai d BPA
waste stream trc}?%nfg?@\t‘i ‘%Icvgl?:ihon c%l rﬁﬁ'ﬁ%@%{]qac?% octzli_ﬂéeg ;B%tfoﬁlﬁggllgga}?'d wast e
stream in sai d tiesstord. pignifieant ooy seivives cen Heapalived byhiecaeiguaemthadistiliagenef f | uent

stream and a hegyh@lané @b WIRGRAL{RIT ShEARM keparates the (@biViEARASheR M) OF
portion of said bottons streamto a | ow tengerature utility, heating said
G

maj or portion t'erdgne fhe stackinghsailopd fodhabscgarpte BPEIPTE EA1E- heat ed maj or
portion to the @03 i | lbglie®D (CONLRAE various waysloF sdp@@ligh: fheddl RBéveROr ti on of

a1 o0l U o oS LA R Al g SRS A kS 7 70, 521 o
t enper at ur e; construed as the only ways to practice the present invention.
[0040] In the embodiment of Figure 2, a column bottoms stream 220 is taken
from distillation column 100, through pump P, where a major portion 300 of the
stream, is directed through reboiler 130, where it is heated to a first temperature
with a low temperature utility, sutficient to provide the heat duty necessary for the
distillation column. The flow of stream 300 is regulated so that the reboiler 130
provides the required reboiler duty. A minpor portion 310 of the column bottoms,
stream, is directed through a cracking feed effluent heater 130, where heat is
recovered from a fraction of the final cracker product, stream 340. Stream 340, is
sent off for other uses or for disposal to purge unrecoverable impurities from the
process. Stream 310 is then fed into a cracking loop comprising a cracking heater
140, catalytic cracking flash vessel 120 and recycle pump PC., Stream 310 is fed
into cracking heater 140, where it is brought up to cracking temperature, which is
higher than said first temperature, by a high temperature utility (i.e. high
temperature steam), and then the heated stream 320 flows into cracking flash -
vessel 120, where it is cracked to produce a phenol-rich stream 350, which flows
back into distillation column 100. The temperature and pressure of the cracking
flash véssel 120 are adjusted to maintain a very high phenol purity in the cracked
vapor stream 350. The bottoms stream 330 from the cracking [lash vessel, which

is a phenol-poor stream, goes to the cracking product recycle pump PC, after



(g) feeding said heated mnor portion to a catal ytic cracking vessel; and
(h) cracking said mnor portion to forma phenol-rich effluent stream and a
phenol - poor residue stream 14. The process of claim 13, further
conprising recycling at |least a portion of said phenol -poor residue stream

to said highobagpeupt ure utility. 15, The process of gptR8iodafsedss @i m 13 or
14, wherein the first tenperature and the flow of said major portion of

heat ed col unm bottons are controlled to provide the heat required for the
distillation colum heat duty. 16. The_process of any preceding claim
wherein a portion of the phenol - poor rédidue streamis fed to a

heat - exchanger, which is used to pre-heat said mnor portion of said colum
bottons upstream of said high tenperature utility. WO

2010/ 062482 PCT1¥sgunonalisyaing sergpm Faction Bl iy split §ew agpregnieclipg g cl ai m
wherein sai d pheesh fridieh3f e E0ductivean FudtSn BAGY Glpplkdl@hs ésebr dicsti | | ati on

colum. 18. The process of _an recedi cl]aim, further conprisin
refluxing said fﬁﬁg‘ﬁ‘fﬂt olprpp, 1 ?‘%‘B‘gﬁf"’rg‘f"rglgn’fv{‘%eaéﬂ}eéﬁctyflfeisﬁeﬁf’ﬁ 5 tgm)unt ed

on sai d cat al yt346 isctakd ogravidsseboiler 9. The process of claim 18, wherein a

refluxing streamj.s taken from sajl. g o T rocess of
claim 18, wher (aallmr)fhi rg%glmlfx;f hsga ¢ nraé%lmérﬁsﬁ\e \lﬁ%’%esg Of%bg‘%%s@aiwél%%ﬁeano algf fl uent
stream 21. Thecificgioessit 6%5 it hddednok@cking Brsbivessd 1EGf Thexpatifjcatipr eim i s t aken

froma side streamyf hoRmA M SiddAsisOE Oty old o fmiArLesS of claim

18, wherein said refluxed phenol-rich effluent streamis condensed and

recovered. 23. sthen g eesids &pw digyn ¢ptilition qeiump3lQ0gor from \pherpkrepycea d

catal ytic crackju@gn 210. The addition of the rectifying section permits operation of the
cracking flash vessel at more severe conditions, e.g. at a higher temperature or
lower pressure, while maintaining a high phenol purity in the phenol-rich cracked

~ vapor stream 350, which is recycled to distillation column 100,

[0042] Figure 4 illustrates a further modification of the process of Tigure 3,
wherein the phenol-rich cracked vapor stream 350 is almost totally condensed,
most of which is taken off as recycle phenol product, while a small portion 360 is
used to reflux the rectification section 125. This arrangement is useful where the
improved process is being added to an existing facility and the existing phenol
recovery distillation column 100 is limited in capacity. '
[0043] In Figure 5, the phenol recovery distillation columnn 100" and the
cracking reactor 120° are combined into one shell 105 and separated by a trap-out
tray 115. The liquid from the bottom of the distillation colurmn 100" is collected
and the majority, stream 220, is sent by pump P to reboiler 130, where it is heated
by a low temperature utility to provide the reboil duty. A minor portion of the
liguid from the bottom of the distillation columnn 100" overflows the trap and falls
into the cracking vessel 120°, from where it is directed by cracking recycle pump
PC into cracking reboiler 140 to be heated to cracking temperature by a high
temperature utility. The heated stream 320 is then sent info cracking vessel 120°
to be cracked, and the phenol-rich vapor resulting from the cracking step flows up
into the distillation column 100°. Similarly to the previous embodiments, a small
portion of the final cracker effluent, stream 340, is sent off for other uses or for
disposal. Stream 340 can also be used for heating the feed stream 200 (o the

distillation columa 100°,



vessel is nounted below and in the same shell as said distillation colum,
said distillation colum and said cracking vessel are separated by a
trap-out tray, and said mnor portion of said colum bottons overflows the
trap and falls into said cracking vessel, prior to step (f). WO

2010/ 0624825413099/ 059973 1/5 PCT/US2009/059973
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[0044)] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
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.
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CLAIMS
What is claimed is:
1. A process for recovering phenol from a BPA waste stream, comprising:

(a) feeding a BPA waste stream comprising phenol moiety-containing
aromatic compounds to a distillation column;

) distilling said waste stream in said distillation column to form a
phenol-containing distillate product stream and a column bottoms stream;

(c) feeding a major portion of said bottoms stream to a low
temperature utility, heating said major portion to a first temperature and recycling
said heated major portion {o the distillation column;

(d}  feeding a minor portion of said colomn bottoms stream to a high
temperature utility and heating said minor portion to a cracking temperature which
is higher than said first temperature;

(e) feeding said heated minor portion to a catalytic cracking vessel;
and

49} cracking and flashing said minor portion to form a phenol-rich

effluent stream and a phenol-poor residue stream,

2. The process of claim 1, further comprising recycling at least a portion of

said phenol-poor residue stream to said high temperature utility.

3. The process of either of claim 1 or 2, wherein the first temperature and the
flow of said major portion of heated column bottoms are controlled to provide the

heat required for the distillation column heat duty.

4, The process of any preceding claim, wherein a portion of the phenol-poor
residue stream is fed to a heat-exchanger, which is used to pre-heat said minor

portion of said column bottoms upstream of said high temperature utility.
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5. The process of any preceding claim, wherein said phenol-rich effluent

stream is recycled to said distillation column.

6. The process of any preceding claim, further comprising refluxing said
phenol-rich effluent stream in a rectification unit mounted on said catalytic

cracking vessel.

7. The process of claim 6, wherein a refluxing stream is taken from said BPA
waste stream,
8. The process of claim 6, wherein a refluxing stream is taken from said

phenol effluent stream.

9, The process of claim 6, wherein a refluxing stream is taken from a side

stream from said distillation column,

10.  The process of claim 6, wherein said refluxed phenol-rich effluent stream

is condensed and recovered.

11.  The process of any of claims 1 to 5, wherein said catalytic cracking vessel
is mounted below and in the same shell as said distillation column, said distillation
column and said cracking vessel are separated by a trap-out tray, and said minor
portion of said column bottoms overflows the trap and falls into said cracking

vessel, prior to step (d).

12. The process of any preceding claim, wherein said BPA waste stream
comprises BPA isomers, unreacted phenol, trisphenols, hydroxyphenyl chromans,

isopropenyl phenol dimers, and indanes.

13. A process of producing bisphenol-A (BPA), comprising:
{a) condensing acetone with a molar excess of phenol in the presence

of a catalyst under conditions to produce an effluent stream comprising BPA
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isomers, unreacted phenol, trisphenols, hydroxyphenyl chromans, isopropenyl
phenol dimers, and indanes;

(b) recovering BPA and unreacted phenol from said effluent stream to
leave a BPA waste stream comprising BPA isomers, unrecovered phenol,
trisphenols, hydroxyphenyl chromans, isopropenyl phenol dimers, indanes and
other heavier aromatic compounds;

(c) feeding said BPA waste stream to a distillation column;

(d) distilling said waste stream in said distillation column to form a
phenol-containing effluent stream and a heavier column bottoms stream;

(e) feeding a major portion of said bottoms stream to a low
temperature utility, heating said major portion to a first temperature and recycling
said heated major portion to the distillation column;

§i] feeding a minor portion of said column bottoms stream to a high
temperature utility and heating said minor portion to a cracking temperature which
is higher than said first temperature;

&) feeding said heated minor portion to a catalytic cracking vessel;
and

th) cracking said minor portion to form a phenol-rich effluent stream

and a phenol-poor residue stream.

14,  The process of claim 13, further comprising recycling at least a portion of

said phenol-poor residue stream to said high temperature uatility.

15.  The process of either of claim 13 or 14, wherein the first temperature and
the flow of said major portion of heated column bottoms are controlled to provide

the heat required for the distillation column heat duty.

16.  The process of any preceding claim, wherein a portion of the phenol-poor
residue stream is fed to a heat-exchanger, which is used to pre-heat said minor

portion of said column bottoms upstream of said high temperature utility,
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17.  The process of any preceding claim, wherein said phenol-rich effluent

stream is recycled to said distillation column.

18.  The process of any preceding claim, further comprising refluxing said
phenol-rich effluent stream in a rectification unit mounted on said catalytic

cracking vessel.

19.  The process of claim 18, wherein a refluxing stream is taken from said

BPA waste stream.

20.  The process of claim 18, wherein a refluxing stream is taken from said

phenol effluent stream.

21,  The process of claim 18, wherein a refluxing stream is taken from a side

stream from said distillation column.

22, The process of claim 18, wherein said reflaxed phenol-rich effluent stream

is condensed and recovered.

23.  The process of any of claims 13 to 17, wherein said catalytic cracking
vessel is mounted below and in the same shell as said distillation column, said
distillation column and said cracking vessel are separated by a trap-out tray, and
said minor portion of said column bottoms overflows the trap and falls into said

cracking vessel, prior to step (f).



