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*159159* Extraction of phenol -containing effluent

Xt racting. phenol -cont ai ni ng of fl uent ot Péﬂmﬁlmmuﬂml{l\\\l\l\\\lll
i ndustrial processes such as, for exanple, the

oroducti.on of phenol by the cumene MEGE

rocess or t he

bhéhdf and 7acetone pheno{ conta{nlng aqueous
solutions are produced 10 as effluent streams. The
JB8gaPEEEERtof NYRERGICTY PFRAVEGER &f Presstsss thodapitira Gigng

?9%%b@|%oH%bﬁﬁlﬁgsb@&h%e%ks%k&%%hbon process due to
solubility of phenol in water (the two substances

are fully 15 mscible with each other at tenperatures

RW%dﬁét%@al%‘%oc%‘s@%%t W% el Phenelo 18 i ldhe
di ssolves in water at room tenperature) and he

pépﬁapﬁ@@nopfapé@mpdp¢W'#@ﬁt@ﬁ@@ned@MQﬁ§ﬂﬁfﬂﬂIqmﬁlon
%&oﬁﬂ 1%9' g %Q%P%éan %p%gn%%%ofgﬁde%%akuon of phenol and

|qU| Li qui brium 'ection, Chem stry
20cDeate S@hﬁ@@thPnt@lnaﬁ@ aqx@PuSD@@ﬂ@mapﬂawaﬂﬁlmﬂoduced

197 cycl opedi a of Industrial Chem stry,
o %fﬁl%l“@% B8 5157 5t h odi tion. VOl VeI nhei m

1991) When preparlng bisphenol Awth the aid of acid
Lol 23 e&%*%al% ‘h'% MRS QU Rd Jek G, F &AGL

has 6% nnved Scause othérwi s€ the activit éM% is not
pbesaaﬂalwsungsa Eﬁd@d@ddiﬁﬂuﬁha;umﬂﬂgmua¢aswddﬁato the
111%ta% p%%nol in water (the two substances are fully
miscible with each other at temperatures above 65.3°C, and
almost 10 wt.% of phenol still dissolves in water at room
temperature) and the formation of azeotropic mixtures
during distillation of such solutions (J.M. Serensen, W.
Arlt, Liquid-Liquid Equilibrium Data Collection, Chemistry
Data Series V/1, p. 356 - 361, Dechema, Frankfurt 1979;
Ullmann's Encyclopedia of Industrial Chemistry, vol. A 19,

p. 299 - 312, 5th edition, VCH Weinheim 1991).

When preparing bisphenol A with the aid of acid ion
exchangers, the water formed in the reaction has to be
removed because otherwise the activity of the catalyst is
reduced. This is achieved in the first instance by
isolating the water of reaction from the bisphenol A, its
isomers and the phencl used in excess as solvent in the
bisphenol A process by distillation. The water obtained by
this type of distillation contains a lot of phenocl (1-

15 wt.$% phenol) and optionally also contains acetone (0-

5 wt.%). In addition to these two main contaminants, other
organic components such as methanol, acetone self-
condensation products, such as for example mesityl oxide,

the sulfur-containing cocatalyst (a thiol) used in the
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isolating the water of reaction fromthe bisphenol A

its isonmers and the phenol used in excess as sol vent

in the 30 bisphenol A process by distillation. The

wat er obtained by this type of distillation contains

a lot of phenol (1 15 wt. prh?nol) and optionally also
contains acetone (0 5 wt. n addition to these two

mai n contanrnants ot her %enlc conponents such as

RAERARBP. AcBEGRESSePF ¥5 1doRdeAa P PO GEEs Sesrerary

3% oHOE £ 8X AP k& eFRS ickoyrp oxiade mal}]/{ he ssu el hreerinl RiMghe
cocatalyst (a thiol) used in the X111111111111H
FEPRFRFREL YRERK | HPMeVegoo0ReT2 AaNEONFe FOF SR stesh are

?eoaekledaendegle@det R caRd §RGORJALY copteduChedfol, as well
hese conpounds may al so be present in the separated

At BENeHoREPEF I CoCREPCRGIESUS s Or- e #RS SkhifoF dri@ating ring

g@g@gcgq kLA cSUED R8sy .My al so contain phenol, as
wel | "5 as other organic conponents (e.g. water for

floatrng ring seals or vacuum equi pnent). Due to the

Q%I bt Y af telsk%qltya%% HRQSI0LRCANYY GILRMBmic reasons
recovery of phenol’), e phenol -contai ni ng ef fl uent

i(gecovpawi Pifedhiemcdn ,e%threa@he@@lprc@@é@emgrgwgfaﬁiuent is
gPQ%@H%dSQBV% ttyf§%g%qg% q%&@@y% %HH%OQFOEWQéHﬂHE solvent.

nmet hyl 1so et one for "exanpl €, are
Beadeher chimsengur @eeeorvﬁqv@yleﬁttm@et ican meghyde isobutyl

RELLOLIMRA S N0 Y AIQue KNS ¢ 3 EISUhrpose. The
e art ext ract ors, m xer-set erp
extraction may be performed using any technique known to a
person skilled in the art (tank extractors, mixer-settler

systems, counterstream extraction, etc.). In a subsequent
step, the effluent treated in this way is generally
processed on a steam stripping column in order to lower the
residual concentration of extraction agent. This is
important because residual concentrations of extraction
agents lead to heavy organic pollution of the effluent. By
reducing the concentration of extraction agent in the
effluent, the use of steam, and thus energy costs, can be
saved. The effluent treated in this way is then subjected

to biological effluent treatment in an effluent treatment

plant.

It has now been found that, when extracting phenol-
containing aqueous solutions with MIBK as the extraction
agent, the residual concentration of MIBK after extraction
can be reduced when the MIBK used for extraction also

contains some anisole and optionally mesitylene.

The invention provides a process for extracting phenol-
containing aqueous solutions in which a mixture containing

60 to 99 wt.% of methyl isobutyl ketone, 1 to 40 wt.% of
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15 systens, counterstreamextraction, etc.). In a
subsequent step, the effluent treated in this way is
generally processed on a steamstripping colum in
order to |ower the residual concentration of
extraction agent. This is ngortant because resi dual
concentrations of extraction 20 agents | ead to heavy

LIyt f the effluent d th
RBRZENE, BRrol 58" et Phed: B HBSHEYA Rhene W ibt eskEct to the

mhetuge, ofisstiead agneéxthustener gyet@sts, can be
saved. The effluent treated in this way is then
subjected to biological effluent treatnent in an

af phueskst Feat BRAtac23ngl ahkenolit chas aﬁ@i\dln@e%lalufe@m@
t hat, when extractlng phenol - cont ai ni ng _aqueous

SBLUERBRS Wit WONCBK 28t e Tex COREFI G "dadento tipe WE- % of

reshguak segneent katki-gr ot MoRKsaltern ext hagtdar %Qldca)n to
be reduced when the M BK used for extraction also

e8ntai fis OSoME SARIYSEPE aifd “EpEFEREITY tRedi ey Mef& U the 15 used

hBveRtkaRtRhAVides ta RO¢eeFhPeqextracting phenol -
cont ai ni ng aqueous solutions in which a mixture

containing 35 60 to 99 w. % of nethyl isobutyl
kot Qe raleti 0ot Whe¥naf %ndﬁ%b%@b%ea%@ngal%f%%\Mff@d@ht

nesitylene, Wwth respect to the mxture, is used
withaet mértagenel NIpKoesss andsodet rlal@ttue@gl of pure MIBK

EH@”QESEQGEQ'% B@e%%%%QH%SSCEON%%RQQ%'t éM@fgi nt is

m Xt ure containin % of i sobut yl
keeehéy Setopckd, ng%ﬁ@ft@ﬁl§@h@ @@@datn@ns of extraction.

The degree of extraction for phenol and acetone remains

virtually the same.

Although, when using a mixture of MIBK and anisole, small
amounts of anisole are found in the effluent, the decrease
in MIBK concentration is much greater than the increase in
concentration of anisole so that overall an effluent with a
lower concentration of organic constituents is obtained. By
adding mesitylene to the extraction mixture, the
concentration of anisole in the water after extraction can
be further reduced while retaining the same extraction

effect and residual concentration of MIBK.

The phenol concentration in the agueous solution (the
effluent) is preferably 1 to 15 wt.%, with respect to the

aqueous solution.

In addition, up to 5 wt.% of acetone, with respect to the

aqueous solution, may also be present.

To improve the extraction process, the aqueous solution may

also contain sodium sulfate and/or the agueous solution may
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10 wt. % of nesitylene, with respect to the mxture, is
used as extraction agent, is preferred. 10 By
extracting a phenol - and acet one-containing effl uent
with a mxture of MBK and ani sol e instead of pure

M BK, the residual concentration of MBK in the
effluent is greatly reduced, #gi ven the sane
conditions of extraction. The degree of extraction
Per apheaéh ednd cagePdne rerains USIHy SlEaLy Bifd ds e other
ALt hgugh, when using a mxture of M BK and ani sol e,
small  anpunts of anisole are found in the effluent,
the decrease in MBK concentration is much greater

E@”ekﬁ?abﬁﬁb%a%% f%u§%e9%%ﬁﬁﬁkf mg%gﬁl ryé%yﬁidﬂ% known

overall an e wth a ncentration
@b er gamisonc shstliliedents tihe @bﬁaln@dtletaQ@dﬁm@ractlon,

ggﬁktg%%ggckgr%henﬁ&%&a%%%QQeq]é E%m h%ounterstream

concenfration of anisolé in the ter After extraction
eanrapbeifurt keérc.neduced while retaining the sane

extraction 25 effect and residual concentration of

M BK. The phenol concentration in the aqueous sol ution
pfther efktlaentipni, s resedercablof Iheo ekd ractionmadent may also

%gs eCt tootQ%m %%er%%lsol%t'gégtsglﬁﬂ qgﬁ;lf§] lé%lumn

acetone to the Tagqueo
sptubmaﬂlyn&mlabs@u@@l@n@@emmeaﬁo i mprove the
extraction process, the aqueous solution may 35 also
contai n sodium sul fate and/or the aqueous sol uti on may
The aqueous phase obtained after distillation or extraction

may also be taken for treatment in a biological effluent

treatment plant.

The phenol-containing agqueous solution may also be
subjected to a distillation process before extraction,
during which for example, any ketones or other organic
components which are present are entirely or partly

removed.

The phenol and optionally other extracted organic
components (in particular optionally extracted acetone)
extracted from the phenol-containing agqueous solution may
be separated from the extraction agent by distillation and
thus recovered. The extraction agent which is purified in

this way may be used again in the extraction process.

The aqueous phase obtained after extraction or after
distillation may also be purified with activated carbon
prior to treatment in a bioclogical effluent treatment

plant.
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4 be acidified to a pH <7, e.g. using sulfuric acid
or other acids. The extraction may be perfornmed using
any technique known 5 to a person skilled in the art
(multi-stage extraction, tank extractors,

m xer-settler systems, counterstream extraction,
etc.). After extraction, residues of the extraction
a%ent may also 10 be renoyed fromthe effluent b

dF&t PFPSERSN aCROZ WU, ThGp Rty A WaS @réﬁm%lﬁg used
sbeamheTharagueals cdhage gt aicned &hier téiestdddatdtdmn of

or extraction_ may al so be taken for treatnent in a.
bit§PE§Feal fef fPUERE PSOCEESR ekt ChcaRrodpré ton of Disphenol

Rhergl- eQAtRl R, NG HAAMA0 WS S Alcdlicpr BRY He$@tR& on sulfonic
subjected to a distillation process befaore extraction,

8GEPn§aRAPEN SFENASESHS 65 SR HeEEne SPEA BEHEY drigdiice

20ecenmpenent  Whiieh ale R-asent sar e teRt ithelo1Pal dbtained
renoved. The phenol and optionally other extracted
dBgaRité redynpan O/Es 1y wrpaceilddisgd optti dmalthpg form of

%&"sbﬁl%%q ACCHRPON 2R 1RGed 1l @Mt M 1tered off and

phenol - containing aqueous solution nay be separated
them whscaxtisacemenesdgdmonbyhgi Stiilltiratticon eivvd reflur

CREDtg oty e eitugel o aRenh L i, i et
BOOTRe sadueodseppasaushtisined #fitseheawtlr &¢tinomwhgich
ggbggation of the water of reaction takes place,
differently from the process described above, entirely or
partly prior to crystallisation of the bisphenol A-phenol
adduct crystals. In addition, it is suitable for the
extraction of effluents from a process for the production
of bisphenol A in which water (optionally mixed with phenol

or with other organic solvents) is added during or before

the crystallisation step.
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distillation my also be purified with activated
carbon prior to treatnent in a biological effluent
treatnment plant. 5 The process according to the
invention is preferably used for the purification of
effluents fromthe productlon6of bi sphenol A In the
process for the production of "bi sphenol A for
exanpl e, phenol and acetone are reacted on sulfonic 5

i i‘'on exchangers as catalyst, optionally in the
presence of a thiol as cocatal yst, the bisphenol A
obtalned is entirely or partly crystallised out in

(Conpes 6 adduct crystals and

f||tered off and then mater is renoved fromthe
filtrate, entirely or 10 partly, by distillation.
Li7Rewlsefi € Pingried ¢ dimiag pavesys fserluthen (process
Qﬂf‘%%% o o *E'h%p?;%%d‘é il WH gﬁ %%VlatA on Ofsddi@n with

ter of reaction kes pl ace, F erently fron1the
p@@ce@s Odeé’fdtBiKbef@raB@v@eC@ﬂdSr airy aoﬁOOparL: Isep@Tiadringo

|1 ti nql e

gﬁl)}.g‘l:egl S'T?l% s gggcfatll?l% tf'u?‘zlql%%sgl t';%g{él?l '%1 ot]a%eda%céttand for
éxmiactieen cheefidugentss pheem apr cb@eslgaflmed hreff and this

%&%%umllsorﬁesf blussqr}lggn%aﬁﬁ Qo\ﬁ@ E;gat l:tgs are

d wit i Sphenol her 0 ents
gdded dnrma@l@rlbefore t he crystalllsatlon step. 20 6

Example 2 (according to the invention)

Example 2 is performed in the same way as example 1, with
the difference that a mixture of 80 ml of MIBK and 20 ml of
anisole is used instead of 100 ml of MIBK. The results are

given in table 1.

Example 3 (according to the invention)

Example 3 is performed in the same way as example 1, with
the difference that a mixture of 83 ml of MIBK, 12 ml of
anisole and 5 ml of mesitylene is used instead of 100 ml of

MIBK. The results are given in table 1.



Exanpl es: Exanple 1 (conparison exanple) 5 170 m of a
phenol - cont ai ni ng aqueous sol ution (process effluent
fromthe production of bisphenol A) is shaken with

100 mM of MBK for 15 seconds in a 500 ml separating
funnel . The separating funnel _is then allowed to stand
for 5 mnutes, the aqueous pﬂase can be drained off
and this 10 phase is tested using gas chromnat ography.
The results are given in table 1. Exanple 2
i(:gﬁfeﬁﬁang to th&anpventi on) }%x@f@m & 2 is ngtdpgred

he sanme way as éxanple 1, iwwth ™ the diffégrence

thaticd m xture|af.280 mM of M $}0 2red 20 Ml of | ;rdSol e
-Is—used instead . Ekig§¥—————~———
EFggn in table|f. % Exanpl e E]( é%ording to [the

ne¥esheon) Exampl.e@13 is perforimedisn the sang oayras
example 1 _with the differenge- that a mxture of 83

APLI§PLIR BK, 12 (M0 -85 anisol e |dhd® nl of nesi?yiZhe

M%s%?@ieh@ﬂeai&?ob@ m or 4 Vigds The resuld soeds e
given'in tablell. 7 Conpound|Exanple 1 Exammle 2

Evanpl e 3 Phefelprdaxl 0..53 0.[20p0dRK 11240 1]. @05 1.35
Acetone 0.017 0.015 0.017 Ani'sole <0.005 0.044 0.025

Q

Table 1: Results of extraction trials (wt.% in the agqueous

phase after extraction)
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Mesi tyl ene <0. 005 <0.005 <0.005 Total approx. 1.63
approx. 1.29 approx. 1.35 Table 1: Results of
extraction trials (w.%in the aqueous phase after
extraction) 5 8 Cainms 1. A process for extracting
phenol - cont ai ni ng aqueous 5 sglutions in which a

m xture containing 60 to 99 .% of nethyl isobutyl
ketone, 1 to 40 wt.% of anisole and O to 20 w. % of
nmesitylene, with respect to the mxture, is used as
exthasti on agent. 10 2. A process according to Caim
T, 1n which the phenol concentration in the

phenol - cont ai ni ng aqueous sol utions to be extracted

hs A-L3cWec¥ £3r éx@&%%%%%ga%%%hgﬁngohﬁaQ%%dg R
1 or 2, in which he phenol - cont ai ni ng aqueous

sol geilyRsoasi $& é’ﬁltllclhelaymléfrtuﬁér CORtPAGHNChEL to 99 wt.% of

Produe in%b@ttsyﬁh%%nfé 4. A ROGRSS agceidifddd Gnd 0 to
one of ai s ., In which the phenol -contai ni ng

aquébuytssl ofi ovsiconeaien sadihumespgcsultoattdie Bixgure, is
progessy ggcg&@&%gtgg&pg%e%f Clains 1 to 4, in which in
w.%o0

addition up t acetone is also present in
the phenol -cont ai ni ng aqueous sol utions. 25

2. A process according to Claim 1, in which the phenol
concentration in the phenol-containing agqueous solutions

to be extracted is 1-15 wt.%

3. A process according to one of Claims 1 or 2, in which
the phenol-containing aqueous solutions arise entirely

or partly from the production of bisphenol A.

4. A process according to one of Claims 1 to 3, in which
the phenol-containing aqueous solutions contain sodium

sulfate.

5. A process according to one of Claims 1 to 4, in which in
addition up to 5 wt.% of acetone is also present in the

phenol-containing agueous solutions.

6. A process according to Claim 5, in which the phenol-
containing agqueous solutions are subjected to a
distillation process prior to extraction, wherein at

least some of the acetone is separated.

7. A process according to one of Claims 1 to 6, in which
the concentration of methyl isobutyl ketone in the
aqueous solutions after extraction is reduced by

distillation.
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6. A process according to aimb5, in which the
phenol - contai ni ng aqueous sol utions are subjected to
a distillation process prior to extraction, wherein
at |east some of the acetone is separated. 30 7. A
process according to one of Clains 1 to 6, in which
the concentration of nethyl |§obutyl ketone in the

aqueous sol utions after extraction_is reduced by
8i-sfi PFREFSH. 285°99189 KOpracesS &€ di g *o onénof"hlch

C apRBndit anéd ol iWhiagh ypheneh ard0pt edaldnediRelare
organi c conponents are_recovered by distillation from
t heTREPHFK Fs BButi It IkdesRenc dAral Finfg MAtxdr & Sobutyl

obt ﬁbe@qetegmtgh%l%t hAGkhoR o@tarl%assro% tAPIRERSStion
according to one of Clainms 1 to 8, in which the

COnPEREEELI-on of organi c conponents in the aqueous
solutions after extraction is al so reduced by passage

10 over activated carbon. 10. A Qﬁocess according t
8nelobrofgisrs atcegddng foweneh oft\ead adgsedussdl. uthnor“@lCh

aretﬁ%'gbk%@ﬁt&%t@oEHo?7o&@b%ﬁctQomﬁ%h %%%'Q% the aqueous

solutions after extraction is also reduced by passage

over activated carbon.

10. A process according to one of Claims 1 to 9, in which
the aqueous solutions are acidified to a pH <7 prior to

extraction.



