WD 2010/ 062482PCT/ US2009/ 059973 1 PROCESS FOR RECOVERI NG PHENCL FROM A BPA
WASTE STREAM FIELD [0001] This invention is directed to a process for
recoveri rngophexisk4ser om a bi sphenol - A waste stream and i RCpAIS2I00OE®T3t 0 a
process in which the cost efficiency of the phenol recovery is increased by
using steamof a mninmumvalue to neet the duty cycle of each of the
process steps. BACKGROUND [0002] Bi sphenol -A

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

bi sphenol - A and | 2ES S HORNREO ) PHE WEROBM ADRP A VWABEES, such as

bi sphenol - A i sonmers, trisphenols an Egﬂlhi er nol ecul ar i ght
materials. The bisphenol-Ais nornaJ?y—sepa

a single or a series of crystallization steps, |eaving a nother |iquor
stream enrich t unwant ed by-products, a portion of which streamis
renoved to pu nwant ed by-products fromthe process. Alternately, the

bi sphenol - A nppoobe sapariateddod isodirdciea (6 raugdeceps aguedoviyhgaptehsigir@n@ar seri es
of distillatiogn step%, which al so creates a strean1enricgeg hn unwant ed
by- products, SSPSEPPTIONVETC §HTCh PSP RBEHET e PFSRBYEI VAP By cont ai n
unreact ed phep@lieafidothhSpRanateoredss Wetechsedbyubiflg HAWARE € chiMrup Rgliect s.

Phenol is typically recovered fromthe renoved stream by distillation
nornal |y vacuHH@ﬁ?éFFWﬁéWF@ﬁf“FBQB@FPHWSF&E?&to i ncrease recovery of phenol
for recycle into the BPA process, it is known to catalytically crack the
unwant ed by-products, many of which contain phenol -noieties within their
structures. TBANWGEROUNIhe products of the cracking step are recycled into
a distillatiopgpsep, B\rgfaﬁén%l-khe<4?ﬁ@ﬁhyhfoqmzt,m?@?mpage PrLPCagsyhefps to

provi de the heat 1 nput required by the disti ron step and t'he phenol

liberated in pteducsrduicondensatiep of gcctaae ovéraadxcerhel preadiisties mesenéreoicr acki ng
step are typigal L. pREDQI: Qbadn GO RALLRN TR crﬁﬁfﬁ%ucﬁ%?add?t%w%”y' phenol
(IPP). In this process; the systemuses the cracking Heat source to supply
2 desired bisphenol-A and unreacted phenol, contains unwanted by-products, such

as bisphenol-A isomers, trisphenols and other higher molecular weight materials.
The bisphenol-A is normally separated from the crude product by a single 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
unwanted by-products. Phenol is typically recovered from the removed stream by
distillation, normally vacuum distillation.

[0003] 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



both the cracking heat duty and the distillation columm reboiler duty
required for phenol recovery. U S Patent No. 6,459,004 to Ono et al.

di scl oseswouotv/m248gst em (col. 2, lines 31-36). [0004] HowmeTrars2000l089973
distillation step does not require as high a tenperature as 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 dﬂality (hi gher tenperature) and

t herefore higher cost heat source is used to supply a nuch | arger heat duty
than is required, which is not economcally efficient. SUMARY [0005]In
one enbodinenb@hﬂhEﬂwﬂ@Qéw@t&nwemtmQMkM§mde@bm@dmb@kadWWGQB@@dﬁur

recovering phs%%lg\l I\Tﬁgés)\{%ﬂ LE@APA’%Q&E\% SUESAM ol IS elPEPﬁf%&§se§9ﬁ%r rary

(a) feeding a ream conprisi’ng phenol nolety-contarning aromatic
conpounds to &oti2slindsBa3bpn col um; (b) dlstilllng sald wast e stream

in said disti jon_col um, t enol - cont ai g, di st Iate pr oduct
stream and a b@ﬁ%hn B%FFgﬁﬂhgﬁ?%@WPnsmEGW$l@ mﬁ%&ﬁ?ﬂﬁﬁl 8? “pottion of
sai d col um baietopatRing tréaeaon, hat d@e k@Mlﬂle:litht}aﬁequhﬁ:dub irdcotot, theh@aﬂuclﬂgofs aid ngjor
portion to a first_ tenper.at dr sai d heat ed pmj ortionto
Phe. di ot 11 at Morereebigmep o sibsngy i B Hit G 5o Evo R bRBa col unm
bottons streamnd esal b tﬁi& i mglp@rqamy thgiﬁdﬂtérﬁ%érﬁlﬁl@) hephéR®rsRigherotor  portion
to a cracking tenperature ch is higher than said first tenperature;

heat source is used to supply a much larger heat duty than is required, which'is not

economically efficient.

SUMMARY
[0005] In one embodiment, the present invention 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 distillation column;

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

© 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;

(d) 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;

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

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

[0006] 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 controlled to provide the heat required for

the distillation column heat duty.



(e) feeding said heated mnor portion to a catal ytic cracking vessel; and
(f) cracking and flashing said mnor portion to forma phenol-rich effl uent
st ream amdoaomeask- poor resi due stream [0006] The process/usanofisaorher
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 col um bottons are controlled
to provide the heat required for the distillation colum heat duty. 3

[ 0008] Conveniently, 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
bot t oms upst r HA8DS §hhﬂmhmghEIEH@@Taﬁmﬁ@huKﬂPWHyeﬁ@@0®©¥ﬁh%ﬁﬁﬁo@ess can

further CO”prhéa‘%‘ Jtlcf ‘%91" glcﬁaé ﬁse%h%“g eétcﬁlcFHAo‘%k&Eno%t bESI cﬁluﬁl& sai d

rectification on said c yt|c cracking ves
phenol -rich eb&kmsnmm&MHeﬁmmdaumbenwﬁmmwMﬁﬂwto said distillation columm

[0010]Tn thi sy GEBedl FRNG ockd%ah G DG pSe SRMiAS sEiR K RMoI AT ARLSY BPA waste
stream in a rectification unit mounted on said catalytic cracking vessel, and said
phenol-rich effluent stream can be recycled to said distillation column.

[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 portion of said
column bottoms overflows the trap and falls into said cracking vessel, prior to step
().

[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 a BPA waste stream comprising BPA isomers, unrecovered phenol,
trisphenols, hydroxyphenyl chromans, isopropenyl phenol dimers, indanes and
other heavier aromatic compounds;

(©) 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;



stream or taken from said phenol effluent stream or taken froma side
streamfromsaid distillation colum [0011]In sone situations, it is

advant agewootomme4sthe refl uxed phenol -rich effluent streamussooosdensed and
recovered. [0012] Conveniently, the catalytic cracking vessel can be nounted
bel ow and in the same shell as said distillation colum, said distillation
colum and said cracking vessel are seggrated by a trap-out tray, and said
m nor portion of said colum bottons overflows the trap and falls into said
cracking vessel, prior to step (d). [0013] Typically, the BPA waste stream
conprises BPA isoners, unreact ed phenol, trisphenols, hydroxyphenyl
chromans, isopropeiyl pghaing adiaremsrticand saddahes) bfi@okijucamgnat ler

enbodi ment, )\ (B‘%}E&a %Qttlht& %‘éﬁm Al &?0%&&& &9 4@ t%g%raﬁr%s z;d%c Bfgduci ng

bi sphenol - ocess conpri's enst ng “acet one
with a nolar ex@bsmxmmq@h@nammonwum&nmnmsemﬂm,of a catal yst under
conditions to produce (Fff uent treagg qu[ (% BPA |soner i unr eact ed
phenol , trisphenol'? hy&G& bR IPOERP Shah! %ﬁ%ﬁ %gﬁﬁrawﬁghﬁléﬁ1ners and
i ndanes; tempejuré edloy end giBPAidmthotprreachbead g admerom: said ef f | uent
streamto Ieavgwg1 Ee strean1conpr|5|ng BPA i soners, unrecovered
phenol, trisph egma%vﬂf RYSHBHAS hr onans, | sopr openyl phenol di ners,

i ndanes and ot her (%@aVlf@ffdu@r QiR héabeICATROYORISH to a catalytcCradk@Rdvedgl;sai d BPA
wast e strean1to a distillation colum;
(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 bottoms 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 to said distillation column.
[0019] Alternatively, the process can further comprise refluxing said phenol-
rich effluent stream 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] 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 portion of said

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

®.



(d) distilling said waste streamin said distillation colum to forma
phenol -containing distillate effluent stream and a heavi er col um bottons
stream WO 2010/06248¢e) feeding a najor portion of said ceCums2wobsons stream
to alowtenperature utility, heating said najor portion to a first
tenperature and recycling said heated major portion to the distillation

col um; (f) feeding a mnor portjion of said columm 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 m nor portion to a catalytic cracking vessel; and h
cracking said mnor portion to forma phenol-rich effluent streamand a
phenol - poor r ﬁlﬂﬁl%ﬁdﬁﬁﬁogé@%?5§ﬁéﬁﬁ§ can further conprise
recycling at [ T =poor residue streamto said

hi gh t enper at (0082t i Figuye. 1 [(086kAd\cantcageol $liys ait rracking aediodilaemt of t he
process, the first tenperature and the flow of said nmajor portion of heated
col um bot t onB™4F& controlled to provi de the heat required for the
distillation pogR8ym [Feate diluywradsQOM] Cobudenére P the, improved pocariod dienent  of
the process, a portion. of fthe phenol-poor residue streamis fed to a

heat - exchange PrqthiTsRRiog: wadyn iy Bired igsfor sty BRI BRI BRkER “Bai d col um
bottons upstregael. said high tenperature utility.

[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.
[0020] 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/acetone molar ratio is usually in the range from 3 to 30, typically from
5 to 20. The reaction is carried out at a temperature of usually from 50 to 100°C
under a pressure of usually from atmospheric pressure to 600 kPa.

[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 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-pyridyDethanethiol, 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 mol %, 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 liquid space velocity of the



[ 0018] The process can further conprise a step wherein the phenol -rich
effluent streamis recycled to said distillation colum.

[ 0019] Al tworrato/osedsg, the process can further conprise reCroszey/ 057zl
phenol - rich effluent streamin a rectification unit nmounted on said

catal ytic cracking vessel, wherein the refluxing streamis taken fromsaid
BPA waste stream or from said phenol effluent stream or even fromsaid
distillation colum [0020]1n one enbodinent, the refluxed phenol-rich
effluent streamis condensed and recovered. [0021] Conveniently, the

catal ytic cracking vessel can be nounted bel ow and in the sane shel | as

sai d dlstlIIannmnmc@ﬂmwmwHaaxﬁhdumﬂmdkaheUﬂd@U$UWnHaﬁdtgéOUrcﬂadwlng vessel

are separat ed PSX £ A hé %Fsp%éfedt ﬁ%}séffloﬂle”&rﬁ'%t BP ! &Q)nglgfsae thcol umm

bottons overff ap and Said cracking v prior to
step 5 BRI EFe@Es@alrEsTﬂ @sld@ﬁthfﬁkﬁ V@E’AW m@ndl@@eﬂm]eﬁeagumetempeﬂatumsandat es a

comient ional Beih AL \uGHSH P S Pibh hbP R RhCEERGe HOBRME o 2

materials. The reaction time is usually 0.5 to 5 hours.

[0030] In addition to the desired bisphenol-A, the effluent from the
condensation 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 Ila, IIb and IIc below) and
hydroxyphenyl chromans (see formulae IIla and IIIb below), substituted
xanthenes and more highly condensed compounds having three or more phenyl
rings in the molecular framework. Collectively, the IPP dimers, hydroxylphenyl
chromans, indanes, xanthenes and more highly condensed compounds are termed

as “BPA heavies.”

OH c|: OH D
CHs
CHs
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CH,
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present invention, wherein the heat duties for columm distillation and

cracking are separated. [0024]Figure 3 illustrates a second enbodi nent of

t he i nprovedomrwwesss of the present invention, which isPaTmsdeo0ios®wrs on of

the 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 invention, wherein a distillatLPn col um and cracking reactor are

conmbined in a single shell. DETAILED DESCRI PTION [0027] The bi sphenol -

(BPA) synthesis nethod initially involves reacting acetone with a

stoi chiometric excess of phenol in the presence of an acid catalyst. The

phenol / acetone nolar ratie\is u§bally in the from3 to 30, typically

from5 to 20. The reag \S carrijged out at/a tenperature é usual ly from
; 3 reHpr es Nte to 600

ng m\per acids or strongly acidic

cation exchange resins such as stifonicCHeid type resins, including those

partially neutralized with a sul fur-containing am ne conpound are used. As

t he sul fur-containing am ne conpound, ordinary pronoters used for the

synt hesi s of bisphenol - A suctC f.oH; exanpl e, 2-(4-pyridyl)ethanethiol, 2-

nmer e aptoet hyl am ne , 3-ne c»«oylanlne N, N-di net hy1-3- nere

apt opr opyl am ne, N, N-di | am ne, and 2, 2-

di met hyl t hi azol i di ne caf $ed. S ch a/promyter is used in an anount of

usually 2 to 30 nol % O ecoion t hel'Ski d gr oup

(sul fonic group) inHdhe ac¥d i on exdhang& . [l029]The condensati on reaction

of the phenol and acetone is typlcahﬂy conducted in a fixed bed continuous

fl ow system or a suspended bed batch
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[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.



system In the case of the fixed bed flow system the |liquid space velocity
of the 6 mxture of the raw materials supplied to the reactor is usually
0.2 to 50wbnetv/ock432t he case of the suspended bed bat ch P¢ItusaE®7RMOUNt

of the strongly acid ion exchange resin used, although variable depending
on the reaction tenperature and pressure, is usually 20 to 100% by wei ght
based on the m xture of the raM/nateri%gs. The reaction tinme is usually 0.5
to 5 hours. [0030]In addition to the desired bi sphenol-A the effluent from
t he condensation reaction conprises reaction-generated water, unreacted
acetone, unreacted phenol, and a variety unwanted by-products containi ng
phenol - noi et i 8932k ucAhasuiicepéreniothe BPAsio garisd (litdry emalisitage cascade of

2- (4- hydroxyppﬁ@g%) 1f1(:3uong§§9cfe9§é¥@? XJ )f(ﬁf %8%@;% s Qnsgon(é;rg?talyéa’ﬁof?pheno'

(see formul a I sopr openyl eno ornul ae Ha,
lib and Ilc bakbwﬁwﬁmﬁammdmﬂmymhmnyhkmhm@mmmm Q&mﬁs$QHMMMaﬁthmBPAnd Mo

el o subst by suerilenes end fonsubl Ay £a00ETRes SRTRouGS hvi e
| PP di mers, hydnaxyBphemydr, aliéonmbend aﬁtaptesblyxmfehhemmtoaachnmh&hhl ghly

condensed COIT‘PS ncr}ld tﬁg %b(t)v%rnrlrgntloned I'J'hBelr:l)Ai m01et\3// c%%ta:llmng aI‘gI;llatl(:? 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 circulating stream and can
adversely affect the purity of the final BPA product and may lead to deactivation
of the catalyst system. 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 15 to 85 wt.% by-products, which residue stream must

be removed from the process.



CH3 OH OH(11th) [0031] These by-products, as well as the water, phenol
and acetone, inpair the suitability of the BPA for the production of

pol ymer s wodomus4sPe separated fromthe condensati on ef PCHArs200965497% he
production of polycarbonate in particular, high demands are nade on the
purity of the raw material BPA. 8 [0032] The purification of the BPAis
carried out by a nulti-stage cascade of suitable purification processes
such as, for exanple, suspension crystéflization, melt crystallization,
distillation and/or desorption. After separation of the BPA product, these
processes | eave a nother |iquor or BPA waste stream which contains BPA,
wat er, unr eact®dSphenAdvardapdoyphys Jiithey nupresans efl thecdischage swanwhindie is rich

In the above- g@lﬁh%t%]%gchp %@’é%}%@?it}féﬁ{s GORL AN bR %gﬁﬁt%%élf%&ydtﬁe&g\%‘t]{“ >

Typically, thris stréamo I quor 1s recycle e con sation
reaction. | n owntkeulat eeighi no@ponehthanabd alsyarge sodany i yheohaltdrecagadytai ¢ i on
exchanger, all_ar. sone of the ter that s fo I s.rempved bef orehand
by droti 11 ati ScEb Germeratertany uhratnRirddb e SRAET 6 or coent
The dewat er ed Thotheking b@plOrayse sabicgudnetd bscangipine WhtphenoMrédovagidiyt i onal

henol an nd f K h i ni
phenol and ac Sitsgll?a%oraf. dA s%?tal?lgccrac r}ltgoprtoce%s Clso r;llgs%g g‘ ino I?nté:'lrnalttlonall Patent

Publication No. WO 2007/044139, the entire contents of which are incorporated
herein by reference.

[0036] The products of the cracking step can be recycled to the phenol
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 prior art cracking and distillation
process, wherein a BPA waste stream 200 is directed into a phenol recovery
distillation column 100, which acts to 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 column 100 is directed through pump P,
from which the stream 240 is sent to a heater/reboiler 110, where it is heated to
cracking temperature by a high temperature 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.



[ 0033] Such a recycl e procedure has the di sadvantage that the by-products of
t he BPA preparation becone concentrated in the circulating stream and can
adver sel ywafzbmate24she purity of the final BPA product an@&Cras2000a8097®
deactivation of the catalyst system In order to avoid excessive
concentration of the byproducts in the circulating stream a portion of the
not her |iquor m xture nust be di scharggﬁ fromthe system The discharge is
typically effected by renoving a porti of the nother liquor fromthe
circulating stream often after distillation to renove water of reaction,
unreacted acetone and part of the unreacted phenol. The conposition of the
mot her i quor [Q988Y hi dcpailing , todhd impooediprigksy &l do mtsentcmpéio@iomi g of the

di schar ge, e 9 to 18 wt. %
BPA and from §}e§e% i%ve\%@ ng} é@% I%C(; (I)I?rlgzr1 Sg%tmt h%zsat%,/xl[del{ y%%hg ea{ {O%;'S?rr?ce this

di schar ge st r eanivedit ée pmcsssgmeheznalnty puasdry to esowef pjdwehley diamiithtion,her usef ul
products, the_ dj eis a uabl e O OCesS St sub ected to
Purther *pr ocedt] e Bsafele Rub Ol B SR RRRar e it 4 SHPham can

i nvol ve di sti hédt ﬂk@d@ftﬁattth@ecphﬁrtbé ph&doB chie bé dalﬁﬁe(tﬁsiﬁgmﬂovﬁfr vla}mSSleﬁthan 20
w.% such as |ess tha % especi a{ q? s] D\rqt even | ess
than 1 wt.% HO¥Taliy® R‘iﬁl@?fﬁwedfl T Pat é’Hen S gt e%?}’eFYe& due

St ream conpri sigi@catl) WhvePorphenak , refliRm £5 drick8ly Wt e %ﬁorﬁ@(itrf:d&@m 15 to 85
. % by- products, which residue stream nust be renoved fromthe process. 9

[ 0035] Advant aEB‘HE@F‘Xv SigRiffF4nk gpst Eﬁ"&@é%ﬂ ??gfe%)‘fze‘tl Hére&P%f&%‘i&P%@eélfngﬁkﬂnc an be
conduct ed, sughlu@f aSd b @Fkking rdab@r i SWREMAH sefrrhSOMB kboilkalsifRRAMRAS and

ot her hi gh nol ecul ar wei ght conponents in the discharge streamto thernal
or catalytic &rdend W@C%aelﬂgeher b?@e spHEhEPagisdepsopceEnyephenol (1 PP) for
enhanced recoyay} TRk 3K s MLsTRERaTRY WBSs SURSEAUEhe SiRnSITe&RERCT dent

wi th phenol recovery by distillation. A suitable cracking process is
described i n hent elupatthorrehoipdeightropulici eratkinm hig. dWAD ROGTPG4418F e t he
entire conten reference. [0036] The
products of t esglfrl%\(l:%lt%g) \Q Q&ﬁ{a %Qﬁe% %ég%ﬁtégu%e phenol recovery
distillation HOdp, whethe enfmedlheattoffﬁlm hecdyrac ko tgnssitrepn F20 pzstaltem provide
t he heat inpu e tio n I i ber at ed
in the cracki %m{n Cﬁsté Ha{a('gsil ér)&fe%%{;z()égéh%ﬁ%}lp? rﬁﬁ? e eﬁarr%oq Eﬂ%n%ﬁgg er al so
serves to pr ovtraziel hdw@reheatthrdugwreb@hpmlﬁ(edvlﬁye itlnsehazitedtto lal fecbti tempamthmrm
However, the distillation step.does.not requir ate erature as
The-or acki ng PBery gty B AR ' P Py B9 deSoul BRER  bauct s
of the cracki ngtilgdtep cosmau bigit ok @dtryarhlsg@efreglhaed theah@atretdiléry1 30equi r ed
for cracking. The result t a her uallt te erature) and
t herefore hi gﬁ’é’l’“dﬁ% T‘Ff’é%{f"?geﬁ?ﬂliifém eI “?B&ﬁ?;gzpﬁl% E‘ﬂml @?F@@F heat duty
than is requi k@dm, WidEéetdds hiRigh @CoaaIL el Yerichi Gé£t 150 QBSE] fehgisr e 1
illustrates a conventional prior art cracking and distillation process,

wher ei n a BPATSAET! fé‘ffPéaf’F?’F%’OOf the Hnal seack Proiugh Hrsieidl SEEEbIAY i
distillation ok ufMod&fer Wbl &ToRGiESs81Q0 PEGE iffecévePBRNApuARR BINtHRY product
stream 210, which is then recycled into the BPA condensation reactor (not
shown) . A bot PER®SsiticeBM194Dther Higinthe qreking|lpap qopprieing asfrciiog bpaerdi r ect ed
through pump Pyo LLARiNGEANE NRNSLIEAMRAA kSRSl BsRaRT AL ghoi ler 110
where it is heated to cracking tenperature by a high tenperature utility,
such as by hi gio erackpes keater é4& tvdharn it /A bserght upplercrickimg démpesubovhiolnts st r eam
230 is sent o f i he a r . st ream 240
is sent into falt g&agh%ln%[dr Z%Ettrgrrng%g%m\i\h rg ?gh e (?gtg H&htg g gﬁg%e phenol ,
whi ch i s thentesgatatbacikaimptanddhat ihe| letied rstregh ljiﬁﬁ 6. 1n10ncra¢hug 8athvent i onal
process, the ]:nlzsoe 19§ terree T czrg'Q(e To 11D &re%l lh%d lsn%hts eam th arjhowrgeat I nput
in heater/rebdi 1077S equa {1 PRe"Hédt I(]:10 req wred“b

distillation bm:lkurm dl@ﬂ)latﬁxbrua)lﬁﬂne1(bIEaThajtumysemmcwarrdqdesfsme ocﬁltmodmdkglg 10

flash vessel 120 are adjusted to maintain a very high phenol purity in the cracked
vapor stream 350. The bottoms stream 330 from the cracking flash vessel, which

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



[ 0038] According to the inproved process of the present application, the
present inventors have recognized that two distinctly different heat |oads
are i nvolweaoionee4se process; the heat duty necessary toPcease@o/opivehol by
distillation, and the heat duty required to pronote the cracking reaction.
The larger of the two heat |oads, that to recover the phenol, can be
satisfied using a | ower val ue heat sour ¢e, since the tenperature necessary
for phenol distillation and recovery i dlsi gnificantly | ower than that
required for cracking of the bottons stream Therefore, significant cost
savings can be realized by reconfiguring the distillation colum and the
cracki ng reacwbdichiapsnzlihvmgduchsiteamdpation é4) tshelirfeboialldrdérsiradkingtreguleheat | oad
and t he cracki . : t r d.
[003] Fi gur es "ot PES PR e B ER AR P SRR B o
recovery heat todpthea( tdiemn éDobbttahur yortidr B0, whereas te kéaygle heedm thattjon but

shoul d not be %nsttrue oS Eghe anl%t l\Q@ys to practice the present invention.
[0040] I n the &ibSdiHERT OSFEEPGEFET 198 col urm bottoms stream 220 is taken
fromdistillatoodn coligare 1002 vaHunght (eimpodSss wheikerea?, Mejedin pasniallon 300 of
ot neor eGP o LIRS OB gl FAE o SRR T b
dut yI ntecgssar Ev%s‘ t@&nt %@@eﬂﬂ%&_t :wlithailgtfolﬁmc@ﬂjugﬁen {ﬁﬁﬁ doly o 0f (C)iis&dl%ﬂi_mlfé’éaodi ts R
o Sor “horan' By SHE SIS R R STveha S5 s e b bugh &
cracking feedgehfd gemt Meal®@iiod 3R, th@h&tﬁyiﬁ%@&ctﬂoﬁ peBBRY ep&aidar MR fraction
of the final cracker product, stream 340. Stream 340, is sent off for other
uses or for dPépasaflatiovssisl gemar weewePabliensi rputtia NigBeTf PYRSTEHE Pr ocess.
Stream 310 i 514,28 Brel&ick, WO nfifeliRGK b Rnl AOR SRARYA fleMeIGLACKLAY heater
140, catalytic cracking flash vessel 120 and recCycle punp PC. Stream 310 is
fed i nto crackinegstrant B0, whioh iswpryeled ka dijtglapeeyimn L.t o cracki ng

t enper at ur e, i i $: i i I S - { gh
tompor at ur o ultHER Fielk Rl B RAEr bl AR bR R Vit e
stream 320 f| ehsreinntho pbermtkicingratkalsyrpeessem IR0is ahett eotally Fendemsadked t o
Bhoduce o, henol hallya ISAN T30kl ol MR PRGe ALd kAR on, oot o
adj ust ed to najedttakailua twereytifivatién sehémol 25p Uit arrangentdneisarsefokebery dpor st ream
TR T T SR T
whi ch a snal | rqeonapdiktilstioe asfumh a00 isQimiddth ¢apas@l it froma | arger cracking

recycle stream fraction. 345_ The product streamfraction 340 is supplied to
t he heater 155}%‘3}61 prbh(%é%urecéi f}}‘?npl%ﬁﬁl E?B?Yewlsﬁg%tﬂno??tl‘gﬂlb,lgg\h@ d¢ the

recycl e streaplaliidctch@br B45aieSomBinbld HRSlodekhell 2gKidAGepLA6d bek trdfBut
[0041]Figure 3 is a variation of the process of Fi 2, wherein a small

ure
rectificati onTahi P 151 fqidgeradhe bptopaeidhngistilation Qg0 s golested

rectificati onapiivht mhideinS afealE2d0efid dxesl, dﬁMrﬁﬂWP%&Ecﬁﬁ@[@@@ﬁe&%@ﬂeaﬁe@om any or
all of colum feed stream 200, a side draw fromdistillation colum 100, or
from phenol rBeydpw lyppestwe2iGly PHEOudRibeirehpilfuty. hd mEet PeRiPRGT dct i on
pernits oper ajiiQf (@ hbBofhPGkhOGisfilASH VESH 900 veIRAE (REYSS HaGARdi ti ons,
e.g. at a higher tenperature or |ower pressure, while maintaining a high
phenol puri t yintgthelgeacking vedselri20h fronawhkere itua giorctesit hyecsiapk @B 0ecyalei nghpi s
recycled to dpgt.i]|atl 'H?“Jg daal I Fi . i rat es.a further
nodi fication g?’ 1%1 {?e&%érkg e%glno ?ggrbg t%,%éﬁgrcg#%ﬁ% #’edl ek%ﬁ%l@r?éﬁ%cr acked
vapor stream BbQeragirabiinst Thohediddystcanden sedign sms tntofraghimgevessed 12@¢ken of f as

recycte phenol, pr oues . p el SIRLIPRLUL SN 38 SulSRd L dEiux the
rectification section 125. 'S arrarPgerren s usefu er'e the lpnrproved
process i s beimgthadietation caiunexitot.i Signifadgid ihe preaivahs Elbodinkst,iaxnatinenol

recovery distill.ati ol um 100, Js limt in capacjty., [0043]I.n Figure 5,
e phenol  r eRgyah oF e dfiel TEREDRTE T 0H0" BAGRERG orbinck D56 Bk ki
disposal. Stream 340 can also be used for heating the feed stream 200 to the

distillation column 100°,



cracking reactor 120" are conbined into one shell 105 and separated by a
trap-out tray 115. The liquid fromthe bottomof the distillation colum
100" is cwbDl2envmsesand the nmajority, stream 220', is senPChyuSpeuapsP73 o
reboiler 130, where it is heated by a | ow tenperature utility to provide
the reboil duty. A mnor portion of the liquid fromthe bottom of the
distillation colum 100" overflows the trap and falls into the cracking
vessel 120', fromwhere it is directed! y 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 tHNEé]crﬁﬂkbdmeandwmhéwghQndkmrW@h(wam@ﬂimeﬁummhmgdﬂwon1the
cracking st ep,fil oy Polibdet B Sbid | R0O8: SREMI 1801 i b LAl v to the
previ ous enbodi ments, & s por on’o inal” cracker e Iuent stream
340, is sent offfrediae tat thermumleen dmd§ melﬁtosmaa(bns st mwmaﬂmllomwdl so be
used for heat| ed stream 2 t 12
50441 i et Rt deiES FeSithdran Bty S Boh Rl e by
reference to plainis fotpaposedraBicrrining, thd theseomfof dedirtrantin®kiibd. i n the art

wi ||l appreciate that the invention lends itself to variations not
necessarily illustrated herein. For this reason, then, reference should be
made solely to the appended clains for purposes of determ ning the true
scope of the present invention. 13 CLAIMS Wat is claimed is: 1.A process
for recovering phenol froma BPA waste stream conpri sing: (a)
feedi ng a BPA waste stream conpri sing phenol noiety-containing aromatic
conpounds to a distillation colum; (b) distilling said waste stream
in said distillation colum to forma phenol-containing distillate product
stream and a col utm bottons stream (c) feeding a major portion of
said bottons streamto a | ow tenperature utility, heating said mjor
portion to a first tenperature and recycling said heated major portion to
the distillation colum; (d) feeding a m nor portion of said columm
bottons streamto a high tenperature utility and heating said m nor portion
to a cracking tenperature which is higher than said first tenperature;



(e) feeding said heated mnor portion to a catal ytic cracking vessel; and
(f) cracking and flashing said mnor portion to forma phenol-rich effl uent
st ream amsioaopieessk - poor resi due stream 2. The process eCTalSa#091039973 urt her
conprising recycling at |east a portion of said phenol -poor residue stream
to said high tenperature utility. 3.The process of either of claim1l or 2,
wherein the first tenperature and the flow of said major portion of heated
colum bottons are controlled to provid the heat required for the
distillation colum heat duty. 4.The process of any preceding claim
wherein a portion of the phenol -poor residue streamis fed to a
heat - exchangeCLAINSh is used to pre-heat said minor portion of said colum
bottons upstream of said high tenperature utility. WO
2010/ 062482PCT/ US2009/ 059973 14 5. The process of any preceding claim
wherei n sai d panolclaimghisef fl uent streamis recycled to said distillation
colum. 6. The process of any preceding claim further conprising
refl uxing said phenol-rich effluent streamin a rectification unit nounted
on said catal ytic apaekisigr e@ssihg pherdol fohea PPAGese seéang lcampiidng: Wwher ei n a
refl uxi ng streami<s t ake .frogljgaid BPAwaste.str%am . .
a) eeding a waste stream comprising phenol moiety-containing
aromatic compounds to a distillation column;
(b) distilling said waste stream in said distillation column to form a
phenol-containing distillate product stream and a column bottoms stream;
© 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;
(d) 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;
(e) feeding said heated minor portion to a catalytic cracking vessel;
and
) 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.



8. The process of claim6, wherein a refluxing streamis taken from said
phenol effluent stream 9. The process of claim®6, wherein a refluxing
stream i swoakeed4som a si de stream from said distillati eoTaskenns9919. The
process of claim®6, wherein said refluxed phenol-rich effluent streamis
condensed and recovered. 11. The process of any of clains 1 to 5, wherein
said catal ytic cracking vessel is nounted below and in the sane shell as
said distillation colum, said distilldfion colum and said cracki ng vessel
are separated by a trap-out tray, and said m nor portion of said colum
bottons overflows the trap and falls into said cracking vessel, prior to
step (d). 125 Théﬂp¥0®e§sCﬁmn&nyﬁpﬁeg@ﬁmmgW@hahmwﬁ@MEwebndsaﬁHwBPA wast e
stream conpri ges, BP/ C&ag ‘ﬂggﬂﬁﬁﬁﬁ%%ﬁ' henol , trisphenols, hydroxyphenyl
chromans, isopropeny eno ners i ndanes. 13. A process of
produ0|ng blsphenol A (BPA) conpr|5|ng. (a) condensing acetone with a nol ar
excess of pheB in the $r ence_ of ztal¥§&>under condltlons to pr oduce
an ef fl uent stream CoRPri*si9 ﬁnﬁﬁﬁmengCEWWEll o P B R R RS s

tri sphenol s, bmﬂmpﬂyphﬂnwm;ghm@manalemﬁnpﬁ@paﬂwhn@h&ﬂohldmﬂe&mﬂw&nd

i ndanes; g % rec verlng BPA and unreacted phenol from said effluent
streamto | eaf@ 4 BEA%ast e stream conprising BPA i soners, unrecovered
phenol , trisphenols, hydroxyphenyl chromans, isopropenyl phenol diners,
|ndanes and ot her heavier aromatic conpounds; eedi ng_sai d BPA
waste stream to a Hicsrpeerselichimoohermin 2 reﬂuxmg(stﬂ‘?afall%ttaﬁnl ff%saé‘égg wast e
streamin sai ¢adé stdall ation colum to form a phenol -containing effluent
stream and a heavi er columm bottonms 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

1s condensed and recovered.

11. The process of any of claims 1 to 5, wherein said catalytic cracking vessel
1s 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



(e) feeding a major portion of said bottons streamto a | ow tenperature
utility, heating said nmajor portion to a first tenperature and recycling
sai d heatwo 2nsymwe4sportion to the distillation colum; PCT/USed0p/0f®eEi ng a
m nor 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 m nor portion to
a catalytic cracking vessel; and 1éh) 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 |east a portion of
sai d phenol - poomersesngaeed phaam trispheadld hidgéxypkenyk chtooaas, usepréegyl 15, The
process of either, of claimild.or 14, wherein the first tenperature and the
flow of said nmajor portion o Meat ed col umm bottoms are controlled to

provi de the heat r@qgui rreebverorg Bibve aold siredckegitphemnl dohusmil df@adnt dudayn to 16. The

process of an recedi.ng cl ai wherein a rtion of the phenol - poor

oot due ot roalits o B g b SE e PR roRrs wbdf Bof Bheifeat sai a
m nor por ti onuBphahaisd hedrbiyphedyd tch@irBing psdpi@anylofhesali dimbdisgndaggypaidat ur e
utility. WO 2010/ 062482PCT/ US2009/ 059973 16 17. The process of any
precedi ng cl aPTT REAYPEAT AL @IBAWKS1 - rich effluent streamis recycled to

said distillation @pl unding 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;

® 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;

(2) 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.

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

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

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.



18. The process of any preceding claim further conprising refluxing said
phenol -rich effluent streamin a rectification unit nounted on said

cat al yti cwonaokicegg2vessel . 19. The process of clai m 18pCriusec@ons®73
refluxing streamis taken fromsaid BPA waste stream 20. The process of
claim 18, wherein a refluxing streamis taken from said phenol effluent
stream 21. The process of claim 18, %gerein a refluxing streamis taken
froma side streamfromsaid distillati'on colum 22. The process of claim
18, wherein said refluxed phenol-rich effluent streamis condensed and
recovered. 23. The process of any of clains 13 to 17, wherein said

catal ytic cradki nglhvepmedssiod ampumtcedinpelaony ahereinnsaich ghgwhaclts kiflukntas sai d

distillation 8%%%&?hm%ﬁ&ﬂDQEﬁ%khgﬁkh%gmﬁ%lu”“ and said cracking vessel are
separated by a trap-o ray, and said mnor portion of said colum bottons
overflows the trap and falls into said cracking vessel, prior to step (f).
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 refluxed phenol-rich effluent stream

1s 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).



