BMS 04 1 048 - Foreign WM./ wa/ XP -1- Extraction of phenol-containing

ef fl uent streanBMEN® P04SLePbrei VWIMI/QR/ 0P ovi des a process for extracting
phenol -contai ning effluent streanms. 5 In industrial processes such as, for
exanpl e, the production of phenol by the cunene process or the production
of bi sphenol A by the condensation of phen?l and acetone, phenol-containing
aqueous sol utions are produced as effluenf Streans. 10 The separation of
phenol from such effl uent streams I's not possible using a sinple
distillation pritsactionof phenoheontaining ¢fflnentstregins in water (the two
substances are fully mscible W|th each ot her at tenperatures above 65. 3C
and al nost 10 wt.% of phenol still dissolves in water at roomtenperature)
and the formatiTHe gtsedf @BlchAh Brovideytal 1

solutions (7. M Sol?gnsen W A?It Li %@gesgﬁgﬂu?%r%gﬁ%ghéﬁllgrg?t&?n{llllgggﬁent
Col | ection, Cheircams.y Data Series V/1, p. 356 - 361, Dechemm, Frankfurt
1979; U | nﬁnn' s Encycl opedi a of Industrial Chem stry, vol. A 19, p. 299 -
312, 5th edition, VCH Wi nheim 1991). Wen preparing bisphenol Awth the

aid of acid i Orln‘?ﬁ‘(ﬁﬂﬁﬁggfo%e sk&Gcwak S E}QJFH[;@% thgglioidpctﬁcﬂl fgﬁ%ﬁ&lgﬁﬂhg%h& be

renoved because ot herw e activity o yst

achi eved in t herdiessbr thaptaductobyf bisgHeadl Adytiecomdtmation of siasmbl ol devie, the
bi sphenol A, its isoners and the phenol used in excess as solvent in t he

bi sphenol A pr d¥E8Y-qontaining aquegus %ﬂkutwna@rwoémced@@aﬁh@at Wigamki s type of
distillation contains a |ot of phenol (1-15 wt. % phenol) and optionally
al so contains acetone (0 25 5 w.%. In addition to these two nain

Conjt am nang s, Ofte&ep @A b phdP BoeNGh fffkent streams is not possible using a simple

. distillation process due to the solubility of phenol 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

15 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
20 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 phenol used in excess as solvent in the
bisphenol A process by distillation. The water obtained by this type of distillation
contains a lot of phenol (1-15 wt.% phenol) and optionally also contains acetone (0-
25 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 bisphenol A process as well as
degradation and secondary products of these compounds may also be present in the
separated water. However, other aqueous streams which are produced in such a
30 process may also contain phenol, as well as other organic components (e.g. water for

floating ring seals or vacuum equipment).



as net hanol, acetone self-condensation products, such as for exanple nesityl
oxi de, the sulBME-0ddni4si Hoagiggocat al yst (a thiol) used in the bi sphenol A
process as well as degradation and secondary products of these conpounds
may al so be present in the separated water. However, other aqueous streans
whi ch are produced in such a 30 process al so contain phenol, as well as
ot her organic conponents (e.g. water for “floating ring seals or vacuum
equi pnent). BMS 04 1 048 - Foreign -2 Due to the toxicity of phenol and

al so for econom c reasons (recovery of phenol), the phenol-containing

effluent is purgdfl | I I I ent..
Benzene, cumenc DRl B phAG bADalRl REERSATE RAP QraRBYREPRROI s,
exanpl e, are ugfendl@ontaitise RUMRASEs phiiied®Xh IACEL et TR Yoro&esP Kin@r 4 drddficng
any technique known to a person skilled in the art (tank extractors,

m xer-settler spheahBenzaguennesnst didsopranyl ether domethet sobutyl ketenesMEH G Eort
step, the gffluent treated . ,p this wa | eper al | rocessed on a steam
stri pping %ol ur%a?lﬁf%raﬁe}lsefiopor 65@&13%%5% g@? %ﬁfﬁﬁmo o%@grher%etrfo e@f‘“’é’ﬁt ction

agent.  Thi s i's 1xdHRARLAbwRES 8 P&Bork SSIIENA (hE BRFAAK ERFARNS, thikeRletfdtls @EhH5ON

agents lead to heavy organic pollution of the effluent. By reducing the
concent rati on acbustktsiraath ientmacipanetci) nint hsubséfuentestep, thheffinsnt wdatest iaahis veayd

t hus energy casts, n be sayed. The efflyent treated.,in this y is then
subj ected to bil&%@& PrOSESSPY QA2 $EERSHEMING FOlMMNPs erdemto ]tOW@h\t{\ﬁPeWtﬂdBPlant.

15 It has now ot | act i %HP@ - cont-ai fi S
solutions wt %%ngé}gﬁ}%ﬁ%aﬂﬂrﬂ‘ﬁ;ggelngﬁhgggﬁn% er eg}l%ua%lalé%ncg g%%?ﬁﬁ%n of
M BK after0 extofagirh@idnC@entbeeaded hed, e c ipbBuhdBi the effidat. Bxicdaghs ek al so
contai ns sonme anisole and optional |y nesitylene.
L concentration of extraction agent in the effluent, the use of steam, and thus energy
costs, can be saved. The efﬂu(;ant treated in this way is then subjected to biological

effluent treatment in-an efﬂuenit treatment plant.

15 It has now been found that, vyhen extracting phenol-containing aqueous solutions
with MIBK as the extractioﬁ} agent, the residual concentration of MIBK after
extraction can be reduced Wh(}an the MIBK used for extraction also contains some

anisole and optionally mesinéne.

20 The invention provides a proc@ss for extracting phenol-containing aqueous solutions
in which a mixture containing 60 to 99 wt.% of methyl isobutyl ketone, 1 to 40 wt.%
of anisole and 0 to 20 wt.% of mesitylene, with respect to the mixture, is used as

extraction agent.

25 A process for extracting pheﬁol—containing aqueous solutions in which a mixture
containing 75 to 95 wt.% of methyl isobutyl ketone, 5 to 25 wt.% of anisole and 0 to
10 wt.% of mesitylene, with respect to the mixture, is used as extraction agent, is

preferred.

30 By extracting a phenol- and acjetone—containing effluent with a mixture of MIBK and

anisole instead of pure.MIBK,i the residual concentration of MIBK in the effluent is



20 The invention provides a process for extracting phenol -contai ni ng agueous
solutions in wBM$h04l ougt Boriggont ai ning 60 to 99 wt. % of nethyl isobutyl
ketone, Ito 40 wt.% of anisole and O to 20 w. % of nesitylene, with respect
to the mxture, is used as extraction agent. 25 A process for extracting
phenol - cont ai ni ng aqueous solutions in V\/ni_gh a mxture containing 75 to 95
wt. % of nmethyl isobutyl ketone, 5 to 25 wt "% of anisole and 0 to 10 wt. % of

mesitylene, with respect to the mxture, is used as extraction agent, is
preferred. 30 @e@i’f redueqdn given Jhe sene conditionscefoprdragtion. aihei dagrast afl axdtactioni t h a
m xture of MB i i .M BK t he residual
concentration ggo??ﬁﬁg?%é?%gong %%ggyﬁ%ﬁls %ﬂ)%s@%% 048 - Foreign -3- greatly
reduced, given the sanme conditions of extraction. The degree of extraction
for phenol and acetone renmamins virtually the sane. Al though, when using a

m xture of M BrABRengAnwhen wsing mmrumgﬂﬂBKcﬂndamissm emall emoBnths ofianisola atche

effluent, the decrease in M concent r.ati is nmuch,greater. than the

i ncrease i con@gﬂ(ﬁJ ?%ﬁeo%ﬂB?nl%él?F %8?r8a5§dnﬁ\ﬂﬁk SORGeRfTRl lsé’f“thu%ﬁ"l‘t_eWH‘?ﬂ the
l'ower concent riakieqt &f Bh&RMaGor YISididdIE oS tHaP RREM 3L dernf¥nta@h NY lower
mesitylene to the extraction mxture, the concentration of anisole in the
wat er after extemactntotionar! beganicucdnstuents dis catdainkd. | By ragdaigninesitilére sanie

extraction effect and resi duaﬂfoconcent,rati on, 10 of M BK. The phenol
concentration i FUPREOTHEEBIFs tReaonerbition 98 apisple ja Hrg Waist plter exttapion qantky 15

W% withr €S PRfhert ﬁdﬁ&ﬁtvﬂﬂ}é%féﬁlirﬁé{hggs}aﬁtg iegﬂ}r?ctfﬁ,gye?%&;%d%gsidﬁ cgr?ce%trx\ﬁdr{% of

acetone, wth respect to e aqueo
10 of MIBK.

The phenol concentration in the aqueous solution (the effluent) is préferably 1 to

15 wt.%, with respect to the aqueous solution.

15 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 aqueous solution may be acidified to a pH <7, e.g. using sulfuric

20 acid or other acids. -

The extraction may be performed using any technique known to a person skilled in
the art (multi-stage extractioh, tank extractors, mixer-settler systems, counterstream
extraction, etc.).

25
After extraction, residues of the extraction agent may also be removed from the

effluent by distillation in a column, optionally while supplying steam.

The aqueous phase obtained after distillation or extraction may also be taken for

30 treatment in a biological effluent treatment plant.



be present. To inprove the extraction process, the aqueous solution may al so
contai n sodi umBMmg d4t e48nehefont he aqueous solution may be acidified to a pH
<7, e.g. using sulfuric 20 acid or other acids. The extraction may be
perfornmed using any techni que known to a person skilled in the art
(mul ti-stage extraction, tank extractors,,Hixer-settler syst ens,
counterstream extraction, etc.). 25 After "éxtraction, residues of the
extracti on agent ms%mal so be renoved fromthe effluent by distillation in a
col urm, opt i onathey phgrol-soriaining pgusous sahitiomheayaalseots sphiasted dbtaidistitiatadnt er
distillation or_extraction may. al so. be n for .30 treatnent i.n a .
bi ol ogi cal ef f IRIBRE" ¢ F%’é‘t’ ﬁ’étﬁ%JIBP’ai‘anBW%%ﬁioﬁe’t?ﬁ%’l?a %rlﬁ%ﬂﬁs Of; Othg prganic
phenol - cont ai Ni RGFRARS WhiClre bicQsht ; ' d to a distillation
process before ex#?gction, 3Er?ﬁgahﬁﬁﬁﬁﬁ¢%$°e§%ﬁgﬁgﬁ&§ﬁy ket ones or ot her
organi ¢ conponents which are present are entirely or partly renoved. 5 The
phenol and_opti.gnal gg ther extracted organi c_conponents (in particular
opti onal | y° ext r=& @ et¥hoptenaliyaother PUgpied ngreaNEnemRIFRYI (NnBArEEHabUS
solution ma r [,.O [:Sf 1 '

Y RhRERR) é&?agteﬁ.ag%g%eex%%@%h &eﬁggﬁliéggtaggﬁg hlBhi g&%ga;rf*be

t hus recovered extraction ent ich'1s

used again in tigy bxkemedted frompthe R sctiochOagEhebRdise NatsorP A thud bécavered. Bhd er
extraction or after distillation may al so be purified
extraction agent which is purified in this way may be used again in the extraction

process.
10
The aqueous phase obtained after extraction or after distillation may also be purified

with activated carbon prior to treatment in a biological effluent treatment plant.

The process according to the invention is preferably used for the purification of
15 effluents from the production of bisphenol A. In the process for the production of
bisphenol A, for example, phenol and acetone are reacted on sulfonic acid cation
exchangers as catalyst, optionally in the presence of a thiol as cocatalyst, the
bisphenol A obtained is entirely or partly crystallised out in the form of bisphenol A-
phenol adduct crystals and filtered off and then water is removed from the filtrate,
20 entirely or partly, by distillation. Likewise it may be used in a process for the
production of bisphenol A in which separation 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
25 (optionally mixed with phenol or with other organic solvents) is added during or

before the crystallisation step.



with activated carbon prior to treatnment in a biological effluent treatnent
plant. The progggs acicyli Rgeich the invention is preferably used for the
purification of 15 effluents fromthe production of bisphenol A In the
process for the production of bisphenol A, for exanple, phenol and acetone
are reacted on sulfonic acid cation exchgggers as catalyst, optionally in
the presence of a thiol as cocatalyst, the” bisphenol A obtained is entirely
or partly crystallised out in the form of bisphenol A- phenol adduct
crystal s and fil%aeplas:of f and then water is removed fromthe filtrate, 20
entirely or partly, by distillation. Likewise it may be used in a process
for the production of bisphenol A in which separation of the water of
reacti on takes mlaafiffs 1 (nldagE&NEAMpIEHOM t he process described above,
entirely or partly prior to crystallisation of the bisphenol A-phenol
adduct crystals. In addition, it is suitable for the extraction o

f
effluents fromga prqcess for the praduction of bisphenol A in whigch ter 25
Coptional 13 i ¥dd' e AT ghalEPOlOniETRE AMEP s aRHPR @atcrshielogt Semodne
during or bef qfgqdch i 3t d 3%@5 - L g
Exanpl es: Exan‘g{rg T ?gg%gkﬁidg%%gx%np g‘%@vgﬂlll n]‘IO éforgﬂlgég%relni?{cggﬁlgi aﬁ?org)g
aqueous sol uti anl {gpandag urafef. | Therdepimting fir@el Rribetugllowsd tofstdnidsfoh&nainuy, i S
shaken with 100 mi of MBK for 15 seconds in a 500 mnml separating funnel.
The separ at i ng PandfBroyss phaten cap | Rivelained seffinnds dhis sphaspuise dested; Nsingqg&ous
phase can be dn%kﬂggﬁg%ﬁmﬁggF%gkﬁs%%%%%mﬁgtéﬁgigd usi ng gas chromat ogr aphy.

The results are give

10
( 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 m] of anisole is used instead of 100 ml of MIBK.
15 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
20 mixture of 83 ml of MIBK, 12 ml of anisole and 5 ml of mesitylene is used instead
‘ of 100 m] of MIBK. The results are given in table 1.

C
Compound Example 1 Example 2 Example 3
Phenol 0.21 0.23 0.25
MIBK 1.40 1.00 1.05
Acetone 0.017 0.015 0.017
Anisole <0.005 0.044 0.025
Mesitylene <0.005 <0.005 <0.005
Total approx. 1.63 approx. 1.29 approx. 1.35

Table 1: Results of extraction trials (wt.% in the aqueous phase after extraction)



C, . Exanple 2 (according to the invention) Exanple 2 is perforned in the
same way as exappisen4ly o4¥ fkorklsg difference that a mxture of 80 nl of MRK
and 20 m of anisole is used instead of 100 mM of MBK 15 The results are
given in table 1. Exanple 3 (according to the invention) Exanple 3 is
performed in the sanme way as exanple 1, with the difference that a 20

m xture of 83 mM of MBK, 12 ml of anisole”and 5 m of nesitylene is used
instead of 100 mM of MBK The results are given in table 1. Conpound
Exanpl e 1 Exanpfkims Exanple 3 Phenol 0.21 0.23 0.25 MBK 1.40 1.00 1.05
Acetone 0.017 0.015 0.017 Anisole <0.005 0.044 0.025 Mesitylene <0.005

<0. 005 <0.005 Total approx.1l.63 approx.1l.29 approx.1l.35 Table 1: Results of
extraction trial s A WroXesk Nfok e Ler agdyi BV, 048
- Foreign -6- Cai rrs%l. ,%\ pr (I}%%%s fo g@%ggttaﬁﬁggpaﬁgﬁ% g g(g)l{r#t?gk?sm ng }gélhiaous
sol utions in whi chmitureicettaméng: 60 t@OfiwidoGd rheth@%isvbutdh laftormeptl iyl 40 wobwuos |
ketone, 1 to 40 wt.% of 5 anisole and O to 20 w.% of nesitylene, with
respect to’the mi ANFoE andsO {ps @R whso ok mesiflency withgespect to the xBERdS vsedt ey di ng
to Cdaim1l, in V\hieg(l&a&tgb%a%gﬁpol concentration in the

2. A process according to Claim 1, in which the phenol concentration in the

phenol-containing aqueous solutions to be extracted is 1-15 wt.%.

10
( 3. A process according to one of Claims 1 or 2, in which the phenol-containing
aqueous solutions arise entirely or partly from the productidn of bisphenol A.
4. A process according to one of Claims 1 to 3, in which the phenol-containing
15 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 aqueous solutions.
20 6. A process according to Claim 5, in which the phenol-containing aqueous
- 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
25 methyl isobutyl ketone in the aqueous solutions after extraction is reduced by

distillation.

8. A process according to one of Claims 1 to 7, in which phenol and optionally
other organic components are recovered by distillation from the methyl isobutyl

30 ketone-containing mixture obtained from the extraction process.



phenol - cont ai ni ng aqueous solutions to be extracted is 1-15 wt.% 10 3. A
process accor diggstoa 10048 Ofor&leatl 8 1 or 2, in which the phenol - cont ai ni ng
aqueous solutions arise entirely or partly fromthe production of bisphenol
A. 4. A process according to one of Clains 1 to 3, in which the

phenol -contai ning 15 aqueous sol utions coptain sodiumsulfate. 5. A process
according to one of Clains 1 to 4, in which'in addition up to 5 w.% of
acetone is also present in the phenol-containing agqueous solutions. 20 6. A
process accor di%hg 4 @regeas aewrding toueng it Glaimhérie| 8, aBrivkichithe) cerpgatsation of

solutions are subjected to a distilation process.priqr t.o extracti on,
wherein at | east Og%arrngc 8?813%15%{563tt%en%}qegussgog%?Oélts eagtgr Ve aﬂ%lf)’i; bscaé%osre 3‘% rba’i ng
to one of O ains hakRgbovérmichhitedcdrbsn.concentration of 25 methyl isobutyl
ketone in the aqueous solutions after extraction is reduced by
distillation. 8 A process according to one of Clains | to 7, in which

phenol and_optignal | ot her .organic onents are, recovered b .

i stillation f ridm RECRSHGPrAmeds g of CHITR (1 e L BRCRIRR MCASIUIOTS Bl ned
fromthe extracti op;REQLRSSHH BYBBAolexPéBion FOreign -7- 9. A process
according to one OPK€§aInE tz§§}th)§%?%lLthe concentration of organic
conponents in the aqueous solutions after extraction is also reduced by
passage over activated carbon. 5 10. A process according to one of Clains 1

to 9, in which the aqueous solutions are acidified to a pH <7 prior to
extraction.






