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 stepsEulgA%wND [ 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
cation-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 isomers, trisphenols and ot her hi her m)l ecul ar wei ght
materials. The bi HRQEEISFOR RECOVERING RY LAJHA WASTE de product by
a single or a series of crystalli zatgmmeps | eavi 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 mayFIEgDsepar at ed fromthe crude product by a single or series
of distillatio whi ¢ at es reamenrl in unwant ed
by- product s, rt?)@ﬁf on iy £V Oghs ?”s'ec{egﬁ%%é’ﬂmsﬁ' %ch£W§3 Eg?ﬂhamay contain
unr eact ed phendiispbandl-4i veasiacswedm Andisn \paiticulastot h@rqqcm/ant\ddchbshemoslduct S.

Phenol is typic . i | ati on,
normal Iy vacuum ?flcfl e\ﬁf)[ Iatpﬁélﬁﬁjm{:%%%]éf ﬁre%s?d r‘gt {E%rggiqa@%u%i%a\ll%ry of phenol
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. Typical IK 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
liberated in the cr k|n edglls recovtﬁ ﬁ@ﬁq ts of t%e cracki ng
step are typi caﬂr‘?‘wc‘% i of ASeinR XLt GP Si5pss SHRHFBT! “a A P&t Ypenyl  phenol
(IPP). In this apmcimesaalystbleuayMQmaumsm HEhe cruac rodugt, hesaditieotiee t o supply
2 both the crac S oil er duty
required for hc}ééﬁ%ﬁ blr}e%%?}%%% %Cé‘gékfe%l &Oﬁ%lngghgﬁbeﬁ%éﬁ%mr lgoéhet al .

di scl oses such aq bsptenemy Somdrs, t@phdnphe@d @her 3gher fiA@OIAT veights eaterials.he

distillation St@R bgﬁl?e'ﬁOIQQES rfoﬁgﬂfyrsgpa?ﬁedmr&hﬂ@ c&tﬁ%ﬁ)‘&@& By & sthele or a

series of crystallization steps, leaving a mother liquor stream enriched in

unwanted by-products, a portion of which stream is removed to purge unwanted
by-products from the process, Alternately, the bisphenol-A may be separated
from the crude product by a single or series of distillation steps, which also creates
a stream enriched in unwanted by-products, a portion of which is removed. The
removed stream may contain unreacted phenol and bisphenol-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



the cracking reaction, but the reboil 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
tenmperature) and therefore higher cost heat source is used to supply a nuch

| ar ger heat%‘ggﬂl odafi@n is required, which is not econonjgeabdYosakdbei ent.
[0 n

SUMMVARY one enbodi nent, the present invention 1s directed to a
process for recovering phenol froma BPA waste stream the process
conpri si ng: (a) feeding a BPA waste stream conprising phenol

noi et y- contai ni ng aromatic conpounds tc a distillation colum; (b)
distilling said waste streamin said distillation colum to forma

phenol -contai ning distillate product stream and a colum bottons stream
(c) feeding a nifhothe pragkingdnatslitysail thecliptiliangn pelump reloilst fubn rquigeddon ow

tenperature utiglhbley rechRAL NG faRhANITB489,003Q5 DhO& af. Qis@oskt 8k 2 LygRREr at ure and
recycling said heated major portion to the distillation col umm; (d)

feeding a m norCYor{ipsHleP- sai d col um bottons streamto a high tenperature
utility and heqoooag s aiothevsr, MR dififiition @@p tiks AotGéREKAsiphlabpREAirdiise Which is
hi gher than said first teppeyature; . l&e f eedi ng sai d geated m nor
portion to a caf&fgeis r%af'ggj@kﬁ%&‘e\fg%oélélf?[ y dgq("ﬁ c‘Pé“E:“EYeﬁg‘eé’ﬁ’ U shi ng sai d

m nor portion tibe érackingatep iresubdtantinlyhhighef tharetht het deRmqaing far uivémgl - poor
residue stream 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.

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.



[ 0006] The process can further conprise recycling at | east a portion of said
phenol - poor residue streamto said high tenperature utility.

[ 0007] Advant ageously, the first tenperature and the flow of said major
portion of heated colum bottons are controlled to provide the heat

required fqg E&lﬁ/ﬂ&haﬁ“ I'lati on colum heat duty. 3 [OOE&[%@W§ﬁptly, a
ep

portion of t enol - poor residue 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. [0009] The process can further conprise
refluxing said phenol-rich effluent streamin a rectification unit nounted
on said catalytic cracking vessel, and said phenol-rich effluent stream can
be recycled to said distillation colum. ﬂ&gOlO] In this enbodi ment, the
refluxing stredfif8} t &leavenientyns peartign BRhe REESElPost feads steAm S4keR ¥ r om sai d

phenol ef f | uentyestdx@afger OkhitiRlkeRed (P Rededi dR BlbeRMidal SMaiddtunth Sti 11 ation
colum. [0011]In sonme situations, it is advantageous that the refl uxed

phenol -ri ch ef fIotigt vpsEgppsaidhigAmBHawg UiH% r ecover ed. [0012] Conveni ently,
the catal ytic cpoeoski NnThy ¢m68l caofrhe compit ecfluRbl Guid hchol-fichi dituedane shel | as

e separated B4 CrapeUserra) o Shi Eer HoRt st Colum
bott ons over f | opendihieh ¢fflegpt swaan famlbe secyaktdgo saad distidpamlcplognvessel , prior to
step (d). [0010] In this embodiment, the refluxing stream is taken from said BPA waste

stream, or taken from said phenol effluent stream, or taken from a side stream

from said distillation column.

[0011] In some situations, it is advantageous that the refluxed phenol-rich

effluent stream 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;



[ 0013] Typically, the BPA waste stream conprises BPA isoners, unreactecl
phenol , trisphenols, hydroxyphenyl chromans, isopropenyl phenol diners, and
i ndanes. [0014] 1 n another enbodi ment, the present invention is directed to
a process of producing bi sphenol -A (BPA), the process conprising:

(a)condensgggzaﬁﬁ&%gp with a nolar excess of phenol inpkﬂﬁsﬂ&ﬁ%ﬁﬂge of a

cat al yst under "conditions to produce an effluent stream conprising BPA

i somers, unreacted phenol, trisphenols, hydroxyphenyl chromans, isopropenyl
phenol diners, and indanes; (13)recovering BPA and unreacted phenol from
said effluent streamto |eave a BPA waste stream conprising BPA isoners,
unrecovered phenol, trisphenols, hydroxyphenyl chromans, isopropenyl phenol
di mers, indanes and ot her heavier aromatic conpounds; (c) feeding

sai d BPA waste stre&n t dewlingi ssmijbd poriicyrpf ceit waiymn bottoms stiddm @ zidw | i ng sai d

waste stream i Nesalthdisgkd | Heﬁgn.%;gﬂd ﬁleloyﬁﬁ?ﬁénQoL(ﬁEsme%tpﬂ'l&%%d fORLA ni4ng

distillate effluent stream an heavi er columm bottons stream
(e)feeding a nejisvhcyetmaigPopion Ldhulididirinhiolet oms streamto a | ow
tenmperature utilitypheatddtg Sincr fORIdATof RAA LhiGHn bétodsfstréand wlcaiger at ure and

recycling said heated jor portion to the distillation colum,; (flfeeding
a minor porti onYPerEYE YLty PRfsats8 SUGHNOERTIONEY £ Erackinggpperatire Whiéh

is higher than said first temperature;

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

(h) cracking said minor portion to form a phenol-rich effluent stream
and a phenol-poor residue stream.
[0015] The process can further 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

. -



tenperature utility and heating said mnor portion to a cracking
tenperature which is higher than said first tenperature; (g) feeding
said heated m nor portion to a catalytic cracking vessel; and (h)
cracking said mnor portion to forma phenol -rich effluent stream and a
phenol - poory 6?ﬁmgﬁg;strean1 [0015] The process can furthefuSeREdese
recycling at least a portion of said phenol -poor residue strean1to sai d

hi gh tenperature utility. [0016] Advant ageously, in this enbodi mrent of the
process, the first tenperature and the flow of said major portion of heated
col um bottons are controlled to provide the heat required for the
distillation colum heat duty. [0017] Conveniently, in this enbodi nent of
the process, a portion of the phenol -poor residue streamis fed to a

heat - exchanger, which is used to pre-heat said mnor portion of said colum

bott ons upstrem@@@p&mﬁbgmgkﬁmmi lity. [0018] The process can
further conprise a step wherein the phenol-rich effluent streamis recycled

to said distill8%%bn g@F{?n%‘H“fWig]cﬂP‘feé?%It pripe Y crackips apdodigidiatioqng £ yr t her

conprise refl uxrtgsssai d phenol - rich effluent st ream in arectification

unit nmounted o d cat al cra vessel erein the r.ef | uxi ng
streamis takeﬂpigg E %ﬁﬂﬁﬁ% gmé?ﬂég en(gﬁﬁlgg ﬁeﬁ%l ef fl uent
stream or everprdsemyinveiod, vehiegdn the beat @mieciol ¢olnmn c{l@ﬁl@@}llaml mmelarEodi ment, the
refl uxed phemﬂgﬁéﬁgLeffluent streamis condensed and recover ed.

[0024]  Figure 3 illustrates a second embodiment of the improved process of
the present invention, which is a modification of the process of Figure 2.
[0025] Figure 4 illustrates a modification of the process of Figure 3,
[0026] Figure 5 illustrates a further embodiment of the present invention,

wherein a distillation column and cracking reactor are combined in a single shell.

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



[ 0021] Conveniently, the catalytic cracking vessel can be nounted bel ow and
in the sane shell as said distillation colum, said distillation colum and
sai d cracking vessel are separated by a trap-out tray, and said m nor
portion of said colum bottons overflows the trap and faIIs into said
cracking v or to step 5 BRIEF DESCRI PTION OF, 1 H}gﬁ

[ 0022] Fi guﬁaﬁélmp(f}ﬁésztrat es a conventional prior art crac I'ng an
distillation process. [0023]Figure 2 illustrates a first enbodi ment of the
i nproved process of the present invention, wherein the heat duties for
colum distillation and cracking are séparated. [0024]Figure 3 illustrates
a second enbodi nent of the inproved process of the present invention, which
is a nodification of the process of Figure 2. [0025]Fi gure 4 illustrates a
nodi fi cati on ofmixmee qftheeevsmatofialssupplied to3he REOR Bty P& 1659 bl ubittheat es a
further enbodi nBQL ofOthe E&ﬁenﬁé@ﬁ&”ﬁat&h@&ﬂ%' QE‘am}S\(ﬂ@ro?'tﬁé s?ro ffa&h ligt i on col um
and cracking reactor are conbined in"a single shell. Al LED DESCRI PTI ON
[0027] The bi sptfE3PeeAciBRay alipmemesiple fhppisg Oinrﬁ'?etrFa&P‘l’W‘e’inPﬁF%‘I‘T?/é%d reacting
acetone Wi th a dsairghi Qemlly 20 t@ngmsay%el@h%a@h onNhé Aexipeagencawof an acid
catal yst. The phenogl cet one nol ar @%ﬁ ij]usual ly in the range from3 to
30, typically PO Berf‘(‘fm“f't‘f@e‘?@?éx 03oWSy rj ed out at a tenperature of
usual ly from 5(10030] 100C addider ta the edesitede bisfhengaal thy dfflgm dtomosigheri c
pressure to 600 _k

condedsation reaction comprises reaction-generated water, unreacted acetone,
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,

OH T—CH-_—_:Cll——— \ / ‘ OH

CH, CH;

(1la)



[0028] 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 sul fur-containing am ne conpound are used. As
t he sul fur- contalnlng am ne conpound, ordinary pronoters used for the
synthesi s Qfq BiispiagRo0! - A such as, for exanple, 2-(4-pyieddelbaret hiol, 2-
nmer capt oet hy anlne nercaptopropylanlne N, N- di net hy1- 3-

mer capt opropyl ami ne, N, N-di -n-butyl -4-nercaptobutyl am ne, and 2, 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 nbl % such as 5 to 20 'l % based on the acid group

(sul fonic group) in the acid ion exchanger. [0029] The condensation reaction
of the phenol and acetone is typically conducted in a fixed bed conti nuous
fl ow system or a suspengeg=ped tch system he case of the fixed bed
flow system the Liquig e val ocildy of tle 6 Yixture o( hhe raw
materials supplield'to dACT O 15 usgal TR 0.2 0o hr - In the case of
the suspended bed batc A em bhe amolint o strongly acid ion
exchange resin used, although vart abl e ébendlng on the reaction
tenperature and pressure, is usually 20 to 100% by wei ght based on the

m xture of the raw materialsy The reaction tinme is usually 0.5 to 5 hours.
[0030]In addition to the desitethd sp%enol A the effluent fromthe
condensati on reaction copp G gener ated wat er, unreacted
acetone, unreacted pheno \nt ed by- products cont ai ni ng
phenol - noi eti es, such a o@xanpﬂg

2- (4- hydr oxypheny1) - @1 2-
(see forrmula | below), i ,
I11o and Ilc below) and hydroxyphenyl”chromans (see fornmulae lila and Il1b
bel ow), substituted xanthenes and nore hi ghly condensed conpounds havi ng
three or nore phenyl rings in theonolecg! r framework. Collectively, the
1PP di mers, hydroxyl phen ; afles, xanthenes and nore highly
avi es. " OH

(Ita)
H;C
OH
o CH;
o CH,
\G
o
OH (IIb)

[0031]  These by-products, as well as the water, phenol and acetone, impair the
suitability of the BPA for the production of polymers and must be separated from
the condensation effluent. For the production of polycarbonate in particular, high

demands are made on the purity of the raw material BPA.



7 CH3 [ 0031] 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 production of
pol ycarbonate in particular, high demands are nmade on the purity of the raw

material BRO, ;0:804,0832] The purification of the BPA is gapfbfehdbys; by a
mul ti-stage cascacfe of

[0032]  The purification of the BPA is carried out by a multi-stage cascade of
suitable purification processes such as, for example, suspension crystallization,
melt crystallization, distiflation and/or desorption. After separation of the BPA
| product, these processes leave a mother liquor or BPA waste stream, which
contains BPA, water, unreacted phencl and possibly unreacted acetone, and which
is rich in the above-mentioned phenol-moiety containing aromatic by-products.
Typically, this stream of mother liquor is recycled to the condensation reaction.
In order to maintain the catalytic activity of the acidic ion exchanger, all or some
of the water that has formed is removed beforehand by distillation, together with
any unreacted acetone that is still present. The dewatered mother liquor so
obtained is supplemented with additional phenol and acetone and fed back into the
condensation unit,
[0033] Such a recycle procedure has the disadvantage that the by-products of
the BPA preparation become concentrated in the circvlating stream and can
adversely affect the purity of the final BPA product and may lead to deactivation
of the catalyst systemn. In order to avoid excessive concentration of the 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 90 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.
[0034] Further processing of the discharge stream can involve distilling off the
. phenol to a residual content of less than 20 wt.%, such as less than 10 wt.%,
especially less than 5 wt.%, even less than 1 wt%, normally by vacuum
distillation, leaving a heavy residue stream comprising <10 wt.% phenol, from 15
to 85 wt.% BPA and from 135 to 85 wt.% by-products, which residue stream must

be removed from the process.



sui tabl e 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 waste stream which contains BPA water, unreacted phenol and

possi bly u cetone, and which is rich in the a

phenol - nnlgiégﬁgﬁ?é?nlng aromati c by-products. Typlcalﬁeﬁﬁsﬁﬁs streanlof
not 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 formed is renpved béforehand by distillation, together
with any unreacted acetone that is still present. The dewatered nother

| i quor so obtained is supplenmented with additional phenol and acetone and
fed back into tIA®Stondérrataesaysly.ufnither MEOS3E Iiche disthagy sir@mpeasdiedur e has t he
di sadvant age t hahquR€ B apmﬁgeﬁrtgsh@émph%l_ﬁ%niafse@@gha&mmd BeSE

concentrated in the circulating stream and can a versel¥ affect the purity
of the final BPPOIFPBHYEENATRIPRERS| Bate dec@actPatq BR™YT Ot At al yst
system |In ordefackigg &y@h&a@pﬁ@smnuesog@pﬁ@mhmt {em f&fenhiheedbyd%ﬁzaﬁuﬁ s in the

| at 1 ti f th th
e har gea’  ortie MacBub S i n0 bt L A by S oL iFufidly b ¢ emovi ng

a portion of t histithotoher Alsutabdey crickimn priveess isr dasdribbd mghsstmaexaml Poktten after
distillation t r C il g part of the
unr eact ed phengplumecii e NW@SEP /%ﬁF%f [ht %gﬁrﬁgﬁ ({f%ﬂﬁgr%% '?&%f??ise%pm nt, and
accordingly al s@remiyr@femu?@& tion of the di scharge typically conprises from
60 to 90 Wt % P! . 1hd Ykt Or 48 oy B ARkl kA b Uncl Ay, % BPA

i somers and heavi er bypro ucts. Since this discharge stream contains.
si gni ficant quaftavery distilfionsign gherg g hsetHeom @%é’ﬁﬂﬂlﬂgp‘l‘e@d‘ﬁ]é’f © Prevfe di schar ge

i s a val uabl e phORAS Mpdit &@ﬂx@&‘ﬂ@lﬂféhmétﬁla@dﬁbdt@Chnﬁldﬂlé Shdnbr kiRRfed P @RESSI NG.
[ 0034] Furt her pro of the e sire n i nvolve dAeStIHIng of f

ggsm n ﬂ'B IF mcq
the phenol to &4°ERE HGAP TGNt Tv8Ica ye FafsiRe BEHASYETEY TR ess than 10
W . % especial | e haassuty fegiiired tpttheddistBligm dolrsm. tHommvel, i dishllanier siapl | y by

vacuumdi still ation., | eaving,a heavy residue,st reag(lmoc/g%rew Sj 3@(;10 wt .

phenol, from1 PR E AN G B A T O M %cr?Ckuggeac yephr‘%(l)t WhICh

resi due streammaried bereqoseroireproducsinf theeragkiog egisis sulgap @3 Bighetvbant ageousl vy,
further. processhifaphud Féam%%h@rsa&gstfh%ar@uﬁ%ms&ea GERAUEHRmiAlCh as

subj ecting the |sp eno I somers, trisphenols and ot her "hi gh nol ecul ar
wei ght componeriesparatreiad Brsfordiiger anthsairperes is B iy @ ewehdpsges ¢ cracki ng

to generate phep@ldugMithnisSOqind shth BRNQbnduli&l) cfigiencenhanced recovery. The
cracking step é}be subsequent to or coincident wth phenol recovery by

distillation. | t ablearech SuRTaey apﬁoﬁ@ég%“a]i Rriog @4 rackiagy a’l‘%dlftﬂlﬁ‘é‘f“nat i onal
Patent Publi Catﬂr@i@ssNﬁlherM@ a? DO /vdded 58&m Q(be1seIi1Tettéchﬁd)ltpﬁﬂi)Breﬁfﬁvehjhl ch are

i ncor porated herein. by ref nce 0036] The cracking step
can be recycl edflsglgafoﬁém%%ﬁ@f wﬁ’é%givtsetlpy TS AT E‘fc’g}rﬂl"nmtgé’md"%ﬁ%elﬁ € the heat
from the cracki?2ig, smleipls high pecytled jmecothe B&Atdordehsmatién Iemut(nqtehpmﬂ ed by the
distillation st@pon rha&ﬂaﬁ%glqu]ﬁ%ﬁ%ﬁq Mblw@ec&afaﬁ&{gﬂgu@ﬁsﬁp i s
recovered. Typi ca e crac eater al so serves to de the heat
duty required biyom "J@Iﬁ@ﬁﬁ¢%¥400ﬁse@b10mate%b%‘9’é¥10 Vhege tﬂllsslleiﬂqeq‘@tl on step

does not requirg8s mn%ﬁré@npﬁgmefﬁp@m@& Jt.h%r &{cﬁ%!,(bf' %&Eﬂaﬂfé but the
heat duty required %o recover the products of the cracking step is

substantial |y higher® f‘ﬂaé]rPoE‘F?é "Iﬁ@’étboﬂﬂ’&%ﬁ“ﬁ@ﬁuﬂ sdent G stis i9g Rﬁh?ﬁj’ses'l'he resul t
is that a hi ghedndmti@bgolay. mtgl&ecr stie@ARE0 RistHt ko aadclﬁdgeéaefoﬁm WhHeggher cost

heat source is .used rger heat . dut reqU|red
which is not ecbﬁ(ﬂ:ﬁc%gll t?ﬁpog’fl%élpgf@ Wmm'[h f)g'?’f |nb€ar°1é o letflgg

conventi onal pridor Inahis canvestional groaesel tahi fitwi ¢fl sagano24 0y @oedkd swuhanlm n a BPA.
waste stream 2 r viery n col unm
100, which act gtgttaioﬁc"ra gt%@é%%gatérﬁébg lgb;%?%hﬂltﬁmptrﬁgt %Jg!tl%#regg% 10, which is
t hen recycl ed |@Qllﬁﬂit(’hémBPAlQ,Qiﬂ‘&é‘iiﬁs*m‘ideﬁW%‘H@ﬁ@r“(%ﬁ 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
colum 100 plus the heat duty required for cracking. 10 [0038]According to



present inventors have recognized that two distinctly different heat | oads
are involved in the process; the heat duty necessary to recover phenol by
distillation, and the heat duty required to pronote the cracking reaction
The | arger of the two heat |oads, that to recover the phenol, can be
satisfied "l%@(ﬂmﬁﬁzhéiwer val ue heat source, since the tﬁﬁﬂﬁézﬁ% t{,g@?yecessary
for phenol distillation and recovery is significantly [ower than that
required for cracking of the bottonms stream Therefore, significant cost
savings can be realized by reconfiguring the distillation colum and the
cracking reactor in a way that separatég the reboil/distillation heat |oad
and the cracking heat | oad, so that separate heat sources are used.

[ 0039] Figures 2 to 5 illustrate various ways of separating the phenol
recovery heat d38] (t Recardipniq tgumpoved pirrehel giearkerigpraiicationd ey but

shoul d not be qgasﬁtnhl@qmﬁ,Shaweecagﬂ@édw&w& QisRAAG tdifeRerk MBat RERASQRE 1 Nventi on.
[0040] I n the enbodi nent of %{Jre , a columm bottonms stream 220 is taken

fromdistillat |‘8Y?1‘{‘,"6I“U%Prfﬁfés HEYgH J5ERTPTYPO "SRR Bhegol Ry d¥ilgisRt i on 300 of
the stream is il ﬂﬁchéaedutsr Rsoikgho plehiﬁddti%rcralﬁﬂg residied, ETHetlarges ohﬁaiv&;d to a first
tenperature wt erat yre, ut fficien dethe heat
duty necessary l}e%taloﬁdﬁ’gh%?g%ﬂeﬁﬁ'l Sﬁen(?l) ?Prr%e Sa?ﬁf&“ e %qw %i’ t300 i's

regul ated so t Iratree, himce digoehprandr@@eqessaryi fde shendledistiblefionraad r¢oeb?my iser duty. A

m nor portion h 'nHEma! o] éﬁgﬁ d rough a
cracking feed %#?'T uen% ﬁeglfer % k ere elétatgﬁl 0% Z%eobétrgﬁ %r%% a fraction
of the final crefetre. ﬁig@ﬁ%tCOS@?W%mWah&dr@aW@@ma the digtidlptianf f f or ot her

uses or for di SPRSAland Be eﬂam?g Iumo@gfwmmteepbmw{hh&ebs@altmmﬁm process.
Stream 310 is then fed into cracki ng 'l oop_ conprising a cracking heater

140, catal ytic E%dé&%mﬁﬁra?l?“&sq‘?at\}%‘é‘sséltha %a‘“a‘ﬁBSaF%’EVE%f’ée Bethp PC. Stream 310 is
fed into cr aCkl[U%ﬂ’lea'P%ﬁreQ-QQ)SMﬁ@{a@ vhrdioub @aﬂar@b@muﬂgmd;mem A6HeRY

t enper at ur e, ich.is sai,d first te e,

t enper at ur e u\tMl]eFtt Py (‘E"é%}ﬂil g‘t‘ftyg gﬁi‘i‘étﬂ?t ‘ﬁ?"@“‘s’th@&tgg ’B%’Eﬁ}{?ﬂ? heat ed
stream 320 f| ovwsndimédns dreaalyivags tblpaasdﬁ:e\ﬂsﬁméntﬂni?&tloMer e it is cracked to
produce a phen ch S ation colum
100. The tenpe?[b?JO e g?l%églr%gegéﬁ;ﬁge%eo%@b%{:e criély%l?|t%'§l&(;gfslSHE %ieoslgsleal“J ™20 are

adj usted to nmi fmdlﬁtﬂhtwm%unm 90, thivaghqlump R, iwhgre |am%dn@01@pla@{ﬂ@ecd theapor stream

350. The Dbott ongesf ki @@%Eé@%rcfnfﬁf?%&ﬁb@ 166, 3%Kie 1Gis iAo Y 858 ’lmpesdlieCh 15 a
phenol - poor stream goes to the cracking product recycle punp PC, after 11

whi ch a smal | priéduey t‘-’éltPP’é@Fﬁ‘F@%%‘FW“B@(PTQV@%WF%‘ ety SereEA A der cracki ng
rﬁcyﬁl e striggcfurumtoh%muﬁﬂST?Jm ag%éﬂﬁtsocsitsrr Qaell ke thhi BreBARr 139 supﬁl ied to
t he heater to eat. col u ot tons [ ereas the
recycl e streami?% fﬁﬁﬁquﬁ%i rle‘éo‘lf’re‘%“l)’r H‘QB’“{U{)[’W‘%\:{JBREH‘FQ%;WF Elhmﬁlﬁo

[ 0041] Fi gur e 3 susang iV airécakli throughf a thekigy feedasﬁluen’t hEﬂtgwrse whersvh@r &6l n a smal |

rectification unit 1 ocrac The
rectification Uit %E"“&&ﬁraq‘é’“ P feéh 61§<1aé8m “t ﬁm%ucgts"'rr%gm g’%{ef‘m JéOr’l 5t rom any or
all of colum fesdffsorammuasr fon dspad tol page finrgmnyedibét impbrittes fomdsl unm 100, or
from phenol re%%& SlLmaN g(]:t%n f@lﬁ oagcﬂichhﬂ&o ionﬁdﬁ%ng seﬁa&ﬁagﬂagersect' on

pernmits operatioon of the cra vesse at” nofe severe conditions,
e.g. at a hi ghe¥¥i@njyde speking fggh Yﬁ‘é&ﬁbﬁ%ﬂé%ﬂﬂ@qu et A& fidng a hi gh
phenol purity iifRwlchexipieaet 14l Fherdit & 4@@@&@5 Q@ﬁﬂe&ﬁx@e widh&h i's

recycled to distillation col um 100. | lustrates a further
nmodi fi cation of‘?ﬁ%&BPd@@sgmbﬁmﬁFﬁHWéty WQFW@ BHEh S (Y8 cr acked
vapor Strean1356m#ﬁmﬁkmﬁaﬁ)hﬂiakhym£MﬁEEB&@mh3%Mﬁﬁwﬂﬁmwﬁmﬁﬁgﬁﬁﬁﬁaken of f as
recycl e phenol L9 t ortion d eflux t he
rectification sec?ﬁgﬁ‘ffgntTﬁﬁgégﬁ? RH%he mw?m%ﬁ ﬁﬁ%gﬂ@n? It i mproved
process is bei ngcladtetstilgicarokmrnd . n@hef tampdratmry aahmtcﬂmlrre oktht stackig phenol
- recovery distilal i@l ¢4 mAA0 d Suhbillaled i HARRRIAY JADARI N Figure S,
t he phenol recovery distil ation col um he cracking reactor 120
are combi ned i ntaPreHEsIE th@stoaﬁ&r%@éé? goadherypcking Pasp vessl wWiiddy 115, The
liquid from t h&s ROhb@Mb&h skrddgh, Go&l bl thbibihgCRbdbThed R pulp @Olhgct ed and the
majority, stream 220', is sent by punp P to reboiler 130, where it is
heated by a Iom/tenperature utility to provide the reboil duty. A m nor
portion of the liquid fromthe bottom of the distillation colunm 100
overflows the trap and falls into the cracking vessel 120", fromwhere it
is directed by cracking recycle punp PCinto cracking reboiler 140 to be
heated to cracking tenperature by a high tenperature utility. The heated
stream 320 is then sent into cracking vessel 120" to be cracked, and the
phenol -rich vapor resulting fromthe cracking step flows up into the
distillation colum 100'. Simlarly to the previous enbodi nents, a snall



[ 0044] Whi | e the present

I nvention has been described and illustrated by

reference to particular enbodi nents, those of ordinary skill in the art

will appreciate that the invention lends itself to variations not

necessarily il

for recovering

feeding a BPA waste stream conpri sing phenol

ustrated herein. For this reason, then, reference should be

made sol el W9 higs@prpended clainms for purposes of det ?&%@ioﬁ%awﬁ? true
scope of the present invention. 13 CLAIMS Wat is clained is:

phenol from a BPA waste stream conprising:

1. A process

(a)

noi et y- cont ai ni ng aromati c

conpounds to a distillation colum; 11 (b) distilling said waste stream
in said distillation colum to forma phenol-containing distillate product
stream and a col um bottons stream (c) feeding a nmajor portion of

sai d bottons stVEeh ierlaredyey SF%E%C&P%?@ i $RI fTPRp 2 IpRgefTasking B ¥famaj or
portion to a figusimir@mpesat %@p@mtgt@ﬁyﬁhduﬂgsaﬁm shpppatede AAFPISPOrtion to

the distillation colu

bottons stream

B R Rimn SOt PR POL p B A e e i

ortlond$f .said col um
%49 nor portion

to a cracking taupasaind @ cwbiitdrebdlenidgher than said first tenperature;
lﬂ?(ﬁihl At m ar 9ana[‘1$n05]f t{hggi%c 2L, f%%’g%}ecz q%eno DM ssel ; and

(e) feeding sai
(Ocracki ng and

stream and a phesificaiononit 3555 etlded @tcrfa@an@ ﬂ@hWﬁeelrll?Q)cEES‘efmﬁca@blailm 1,

conprising recygkifg b@&eﬂUQ&SYk itfa RO 93 Qen SR aRNGNRI 6AQRIMn" B due stream

Sal mnor -ric

to said high tenperature uti

stream 200, a side draw Irom distillation column 100, or from phenoi recycle
stream 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 colaumn 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°,

effluent
further



3. The process of either of claim1 or 2, wherein the first tenperature and
the flow of said najor portion of heated colum bottons are controlled to
provi de the heat required for the distillation colum heat duty. 4. The
process of any preceding claim wherein a portion of the phenol -poor

resi due Strv?@%#uﬁszﬁa‘id to a heat-exchanger, which is Usﬁ@rrﬂé’m&f’&éﬁ?at sai d
m nor portion of sald columm bottons upstream of said high tenperature

utility. WD 20101062482PCT/ US2009/ 059973 14 5. The process of any

preceding claim wherein said phenol-rich effluent streamis recycled to
said distillation colum. 6. The procéds of any preceding claim further
conprising refluxing said phenol-rich effluent streamin a rectification

unit nounted on said catahﬁtic cracking vessel. 7. The process of claimb®,
wherein a refl| U944y sitihilarthg greseak énvvertion rhas heed BFoaiboth st ilystraedndy 8. The

process of cl aieRnceMdChBhiddiaf efBbdiX ) Ansit @RSy LRKER &E Qi @i d phenol
effluent stream 9. The process of claim6, wherein a refluxing streamis

t aken from a Sia@@teciétc 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.



streamfromsaid distillation colum. 10. The process of claim®6, wherein
sai d refluxed phenol-rich effluent streamis condensed and recovered. 11.
The process of any of clains 1 to 5, wherein said catalytic cracking vessel
is mounted below and in the sane shell as said distillation colum, said
distillati 8% 2¥POGE2and sai d cracking vessel are separ REEBPILPEap- out
tray, and said mnor portion of said columm bottons overflows the trap and
falls into said cracking vessel, prior to step (d). 12. The process of any
preceding claim wherein said BPA wast e3zstream conpri ses BPA i soners,

unr eact ed phenol, trisphenols, hydroxyphenyl chromans, isopropenyl phenol
dinmers, and indanes. 13. A process of producing bisphenol-A (BPA),
conprising: (a)gpgpgssi ng acetone with a nolar excess of phenol in the
presence of a cataryst under conditions to produce an effluent stream
conprising BPA 15 isonmers, unreacted phenol, trisphenols, hydroxyphenyl
chromans, i sopr@pgiydiaigiegol ditners, and indanes; (b) recovering BPA
and unreacted phenol fromsaid effluent streamto | eave a BPA waste stream
conprising BPA isonmers, unrecovered phenol, trisphenols, hydroxyphenyl
chromans, isoprppen%hx@bsﬁ@hedmﬁﬁ@@mmbnﬁamEBPamdmemhﬂm doemuisigg: aromati c

comoundsi ) (Sha! SR ST B BRI P "o
to form a phenaddremsmiocanpiundy teh fisdlnion ofumeam and a heavi er col um bottons
stream (b)  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

4] 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.



(e) feeding a major portion of said bottonms streamto a | ow tenperature
utility, heating said nmajor portion to a first tenperature and recycling
said heated najor portion to the distillation colum; (f) feeding a
m nor portion of said colum bottons streamto a high tenperature utility
and heat i ngv@181062#8or portion to a cracki ng tenperat urBETHFRWA983hi gher
than said first tenperature; (g) feeding said heated m nor portion to
a catalytic cracking vessel; and (h) cracking said mnor portion to
forma phenol-rich effluent stream and @ phenol - poor residue stream 14.
The process of claim 13, further conprising recycling at |east a portion of
sai d phenol - poor residue streamto said high tenperature utility. 15. The
process of either o ' ekl Ondig shiaf shbndiBOPefrREMr € and the
fl ow of said narsj?or Jfg%(f 1?%%& %?_a%reg%gegmcol umm bott ons %‘re controlled to

provi de the heatreanelymeydefl 1 o#d diRdlagpseolyntat i on col utm heat duty. 16. The
process of any preceding claim wherein a portion of the phenol-poor
residue streamis fed to a heat-exchanger, which is used fo pre-heat said
mnor portion df salbe eBresst BBY PEAEING AR HHtbe C%“ﬁnﬁirﬂi‘ﬂx‘tngrfﬁlgr ature
utility. WO 2QLeddRaest 8RT6Hk 144520 R 10 RROTR M unid faouftb® oprsaiessalpic any
preceding claim wherein said phenol-rich effluent streamis recycled to
said distillatiG¥OBNEHRY.  18. The process of any preceding claim further
conprising refluxing said phenol-rich effluent streamin a rectification

unit nounted on, sai &P%%g%lﬁ%igﬁﬂgéa@éieﬂga%ﬁggglsmﬁll%&&‘gggo rsgggﬁﬁ of claim
’ al

18, wherein a reflu aken Trom wast e Sstream
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



20. The process of claim 18, wherein a refluxing streamis taken fromsaid
phenol effluent stream 21. The process of claim18, wherein a refluxing
streamis taken froma side streamfromsaid distillation colum. 22. The
process of claim 18, wherein said refluxed phenol-rich effluent streamis
condensed avalmewesred. 23. The process of any of clalPkB/UEBR47, wherein
said catalytic cracking 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 sgid mnor portion of said colum
bottons overflows the trap and falls into said cracking vessel, prior to
step (f). WD 2010/ 062482PCT/ US2009/ 059973 1/5

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,



WO 2010/062482 ' PCT/US2009/059973
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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).
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