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WO 2007/ 118600 PCT/ EP2007/002969 1 METHOD FOR

TREATI NG PHENOL The present invention relates to a
woredoiaehor treating phenol, particularly to aPCEEP2007/002969

conti nuous method for renovi ng hydr oxyacet one as wel |

as met hyl benzofuran from a crude phenol stream

Background of the invention io The process for

prepari ng phenol fromcunene is well known. In this

process cunene \STROD FOR TREAN KES PHERDL 0xygen to

cunene hydroperoXide. ThiS process step 1S typically

call ed oxidation. In the second reaction step, the

T et oot {F9 5 ot ateifiEe frr e R e cpdfnulpay to

cortindoas ntathadl Y&t remeVing khgamxgasstoherdsoway ad-mdthglbenzofuran
product fromthis 1s second reaction step, the

frayp aceudePheneh§ti®@Mpr oduct, is then fracti onated by

distillation. The purity requirenents for phenol to be

mar ket ed are becom ng nore and nore stringent.
B4zkuseunof the, inventiorder t o operate a phenol production

pl ant 20 economi cally, overall yield and selectivity

to the desired end product has to be inproved and
TREBRICESS $5r ?ﬁﬁﬁg%&:‘nﬁgfrém’c&ﬁeﬁ@% RBAXROARS i tH?@Frocess

reaction step ve to be renpved as quantitative
cwmerpm@satkﬂret mdhedﬂxy alommerptm@nmeee IhyQEDpﬁrOdeBeThlS process

SPE i DiRirell ellpd SfetoR; PEfednboBI8ag g Bl flE STZmUEl
clé tﬁ'@@umeﬁéqmdﬂ@@érohwe%%mle‘d tf)qm‘é?ﬁ)l bﬁd %@etchﬁa using a

oxi dati on steps are di met hyl benzyl al cohol

stepng: wjesabacid ascatalysle ﬁ@r@(am@lﬁ\ﬁélguf'ﬁ @cist- Jé@s,@romﬁhfrom this
seBEgkALRAP R, pd SOTAS olpoaphinthand e yavBRaRY by

digtilgitiannet hyl st yrene which partially forns
hi gh-boi ling dimers and cunyl phenols in the acid
cat al yst cl eavage step. The high-boilers are
eﬁ trﬁgufr%ﬁl@h@“ﬁﬁ@hehal ﬁia?két'ehaérb%o%hﬁﬁg rﬂ—c.'i}% and more
eate o al pha-nethyl styrene I's separat ed
sthnygiemtg @naseduemtlyonrd erdetrdofqmenatemh@nmlrmod ugtion @leybl ed

e oRnicae B ST ol e s e Bt Vo JERIrER sk TRt nagto be
infRbedand %P@nﬁé@fﬂtﬁied divitsg asyef tl'feo@b@/e-deﬁctr&)ew fie@ttion steps

art is howto operate the oxidation ste{o as well as
havectodve:egrageed as quantitatively as possible with the lowest possible loss of

the desired end product, especially phenol and acetone, at low investment and

variable costs, especially energy costs. The predominant by-products formed in
the oxidation steps are dimethylbenzyl alcohol and acetophenone. Acetophenone
leaves the process with the high-boilers from the distillation. Dimethylbenzyl
alcohol is dehydrated in the cleavage step to alpha-methylstyrene which partially
forms high-boiling dimers and cumylphenols in the acid catalyst cleavage step.
The high-boilers are separated from phenol in the distillation step. The unreacted,
alpha-methylstyrene is separated and hydrogenated in order to form cumene that
is recycled into the process. Depending on the market demand, alpha-
methylstyrene can also be further purified and sold as value product. Thus, one
focus in the prior art is how to operate the oxidation step as well as the cleavage

step in order to reduce the formation of these high-boilers which can be
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step in order to reduce the formation of these
hi gh-boi |l ers which can be WO 2007/ 118600

WD/ EKS0D7/ 002969 2 consi dered as direct cuneCBEP2007/002969

| osses. For exanple for the cheavage these nethods

are described in US- A-4, 358, 618, US-A-5, 254, 751,

W98/ 27039,.and US- 6,555, 719. 5 But besi des these
oS ASH R BURRRERL Tt PG Mol Feq Hbe these methods
arel RAABEd iM8)S-AM, 368 HMH, @ LA 0By FEAL YNE08/27039 and US-

- et hyl benzof uran and mesityloxi de. These so- call ed
6555,r769L npurities are not easy to separate from phenol

in the distillation. Hydroxyacetone is the nost

critical conmponent as it is nearly inpossible to

Boteisyidé £thigsefHighbeiierodthey cdmpbhkhttarerformed in the cleavage, as
Hydr oxyacetone is typically also the 1o inpurity wth

fOf BXamp eroamﬁﬂea‘?mﬁhv\beﬂﬁ@f%a@auetm%tyécp%@ Fhesg so-
cengg rﬁ‘c?@ﬁﬁ Gritiey & th*bﬁq g/ @%Fa’ﬂa 3t Bhenol in the distillation.
r avag vary

oxyace one 1n the pro uct may
Hmb\wmetélﬁé isathee r&o@f)@rlt\mmm cotnpainght apiris $1e|ady impbksible) to
ffor in the [

Thus, . t. t
seiBaipo! ol eap Bvtauugl: HgktuebRger it helRsa e

ngﬁﬁ'r’g} Rae tﬁé Hdi¢ c%h@é‘l’{t?&ﬁ)rﬂnetﬁe(%)?Séfuét%btaiﬁéal’fﬂirﬁ thcleavage
6, 767, 6 630, 608, US 6, 57 d Us

step8Vhe 898§cent7rate§)n @If hysttosyacetenain thiel cleanage pradhetimaysvary

R A BT e SN

volume flow of cleavage product nust be treated wth

an oxidi zi ng agent that may cause 20 enornous efforts
Thus, dhesieaare dreat efferte sxtheprigrart toy regrovesand separaei on,
ni BB BB oM 6o OB RN aGRaSte (oo for
emﬂﬂe U6, 006268796 S18,680608\hiScH, 57§ 79%8and &34 8%51;898) The

d.ﬁé%aésg%%‘sﬁfﬁe@éeé%%a@apo@%g?ﬁ@g Bl gt e knou o
Q’b { D ?fbc?e%@euﬁ Q&kﬂﬁ@n Vm'wé;l 6 &7§8@@rtﬁb?ﬁbh k/BIu‘rr‘ik?fléwro?t

tion c l'e” a ¢rude phenol~together with
cleaeade produst maiss begreatad avithaan ohldlzmg agenfthatimay, cause

describ n US 3,405 03 S 6,657,087. In any
er&%{g‘gn{shéfjogh@eoeﬁ{g%ﬁi%rggﬁswg e further worked up
in successive colums wll still have concentrations

of hydroxyacetone, 2-nethy Ibenzofuran and 30
Prierstordistilatige, tre @Jeméag@grwmwwﬁ ized Wil adssia agyeous

st 5GP HE 3Bk pRYRIte or caustic soda. The cleavage product which is
saturated with water is then worked-up by distillation. A well known method is to
separate most of the hydroxyacetone with an aqueous phase which is separated
in the first distillation column while a crude phenol together with the high-boilers is
taken as the bottom product, as described in US 3,405,038 or in US 6,657,087. In
any case the crude phenol which will be further worked up in successive columns
will still have concentrations of hydroxyacetone, 2-methylbenzofuran and
mesityloxide of some 100 wppm which are not tolerable in pure phenol or even

high purity phenol.

DE-AS 1 668 952 discloses a method to remove carbonyl-containing components,
like mesityloxide, isomesityloxide, methylisobuylketone, hydroxyacetone and
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hi gh purity phenol. DE-AS 1 668 952 di scl oses a net hod

to renove carbonyl -contai ni ng conponents, |ike
wore@rtiydeoxi de, i sonesityl oxi de, nethylisobuyl KBCDRR2007/002969

hydr oxyacet one and WO 2007/ 11 600 PCT/ EP2007/ 002969 3

acet ophenone, from crude phen by passing the crude

o SRR oo P00 ot Bepoberersidc on
e%angec#e%%t ténasra%ufe%f@émeﬁ A §7d 90t Oﬁr%%rtab between 80

possibility to use two different ion exchange sins
anth&d@¥y. - when using such a catal yst conblnatlon -

di fferent tenperatures can be used in order to

optim ze the efficiency for each catalyst type. This

THigréfepdice alBolddcibdas el solsibiity Ro LeBRABLditiérenlifon exchange
removal of nethyl benzofuran nor does this reference

reginscviereby hayhertaginarsscheneahish gombination <diffaeangéemperatures
caféfg{g Iﬂﬁé‘& hin 6Pde9l‘%8 Iro@‘i ﬁﬂzéJ ﬁ%é“@fﬂ%le‘f\{‘féb'foP&ééH“SQtai@g%f‘p;e?‘T%ﬁse

é thro feact ors.

refareded ds'atd)tdaw $I|’$$lt withrregpetiatolthp aeinovél cﬁﬁnéthwsaer&bfl&aa nor
the process djsclosed in DE-FAS 1 668 952 is n
dags thisprelerepce digriese Bigt £a5iors sontainiuniie ies &6 BQ%%S'” are
[ dTb
oé:éor?rgeoun Hga\ﬁ%@%ﬁ‘b%l‘%ﬂﬁ%g&?ﬁ an mélctg%gwguentlygg{i}l‘fﬁsﬁe{Ej
repctocess described in DE-AS 1 668 952 does not solve
the probl em of renoving hydroxyacetone as well as
met hyl benzof uran from a crude phenol stream 20 In

AR éviderdddd By thaint@iduetory @l’arﬁQWDEJAC 899 &1 I3, Rhe b%Céﬁ%

descri bed wherein a phenol streamis cont act ed

disglosemh ineRERARGE66% 951 Ianot éwﬁzblatt@ Ferope o aativiocameny!

oo B a5t B8 ARGl BEbid it ap compounds

likearaethylberzefsan \@dr’fseqmehﬂﬂsmeg)rbeewﬂ@smrb@dtmlCDELgxs 1 668 952
into account the range of tenperature stability for

daaRnoIERVE theURTOBIEM O feMEHBG oY BCEloRAB Walas
d f h d
mgm%% ReRFah YRR ?ﬂdgrﬂ%ngﬁfﬁﬁ&g( ated fromthe crude

stream| e initial hydroxyacetone
concentration in the crude phenol streamis bel ow 260

R BT SRS N B ek S SABRY whergi o
eI BEre 8 iSGoNRRITRd With &t lorf Exctfangetreyil at temperatures between
70 and 120°C. It is emphasized in that patent that the effectiveness of the
treatment with ion exchange resin increases with increasing temperature taking
into account the range of temperature stability for the resin. But it is furthermore
evident that methylbenzofuran can only be separated from the crude phenol
stream if the initial hydroxyacetone concentration in the crude phenol stream is
below 260 wppm and preferably hydroxyacetone is completely removed in order
to have hydroxyacetone present in an amount of 10 wppm in order to effectively
remove methylbenzofuran when contacting the crude phenol stream with the ion

exchange resin.

Consequently, the process described in US-5,414,154 requires an effective
removal of hydroxyacetone in upstream units prior to the purification on the ion

exchange resin. This is a disadvantage because any removal of hydroxyacetone
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renove net hyl benzof uran when contacting the crude

phenol streamw th the ion 3o exchange resin.
w@engampsent | y, the process described in US-5, 48d1/£B2007/002969

requires an effective rem)vaj‘ of hydroxyacetone in

upstream unrts prior to the purrfr cation on the ion

_exc esin. ant a ecause any
B'F' sh%q)r 39&%8&“6‘5‘83 /lgﬁr%@t@Bange resin means an
e)&’rgr éfﬁﬁ? ROErRZHA 6 veAmient Bﬁ%raﬁﬂ‘@#fﬁﬂlé cBEisOExhmMpld¥of such

purification of the ion exchange resin neans an extra

mefthogistare ieseribed o7 USAes 06676 7¢ b&-A-&630,688i Bi8-A-6,576,798 and
| es of such nethods are described in
U%’h@%@?m US- A- 6, 630, 608, US-A-6, 576, 798 and
US- A- 6, 875,898. 5 DE-A 1 995 373, taking i nt o account

t he di sadvantages of DE-A 1 668 952 t hat
Dreh AyIBeBiDitakiag interarsoups tha riléatira/reatageg @b@rEaAe‘u66§ 952 that 2-

B S 5 o R . e
e e
meiylhanzofuancan A %@rfﬂ‘%carrewemrsg fraradhe cf %E'P%W'éf the
hﬁéiy@d&téﬁé‘bﬁmteﬁt‘aﬂﬁr@& gp n%F&Peé’rhq &d Yith the ion exchange

contacting the crud streamvvrt an ion
resicib dredmv ramrtanwrlrtrht auggestm tvrs:estaepanrpoewofepontlacm the crude
|ation ste of contactin

PRI SRR W ABISt o age seamith o et SraaatiD; ieh ke a
drgﬁlﬁroﬁﬁété@%étﬂéehhﬁe %S@éwwc@téélﬂ@tﬁfea&ﬁdé I?Jilflen@nwiltﬁ an

ditional distillation step is necessa

am@ﬁscprmexdmge Fesire atis method inagde ﬁr@mer@%ﬂls‘sdréawntage that an
|
T YoahaB g S LRI e Rt A e AR

investiierg add energy costsi gfithefentireigdmcebsnol i n order to
renmove hydroxyacetone and 20 net hyl benzof uran by
usi ng a one- step process whereby the crude phenol is

e ), 354 bt q ) A9 G03 SR elq bl geacvantages o
maltiestep quurificatiers of r‘:mdierprmubl af ordler ite eefnpve é\dd tixygcetome and
dr.ox t he net hyl benzofuran , this.
AR REan o WSThe A 9NE R MORESs Mhegan, escraHapEnoTs
cdﬁt@&bm Vil AN RreExdrfhRx@RanNatlowaeiserarres senviden B and 100°C.
| ower
Although this one-step process is indeed effective in reducing the hydroxyacetone
as well as the methylbenzofuran , this method need relatively high reactor
volumes and/or highly activated ion exchange resins because of the lower

reaction rate at this relatively low temperatures.

In view of the prior art as discussed above, there is still a need for an effective and
economical method for purification of crude phenol to reduce hydroxyacetone as
well as methylbenzofuran and other impurities in order to produce high purity

phenol.
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25 reaction rate at this relatively | ow tenperatures.

In view of the prior art as discussed above, there is
wa@riorhigsomeed for an effective and econom cal PGEEPZA7/002969

for purification of crude ph to reduce

hydroxyacetone as well as ne?hylbenzofuran and ot her

Si ﬁurititgs in oEder to produce high purity 30 phenol.
/ EP2007/ 002969 5 Summary of the
i nvention This object has been surprisingly attained

by a continuous nethod for treating a crude phenol
This pbiaet beapeesi suipriginglyl atained by acenimueys mosiaddootieating a

criile BrBASCHPErh Honinif FFRRbe HSERILANA R Ghos ERRby

paysMgaml drgdéphefblseeamthighedatdeastadioreastins ebyinetted in series
nperature in successive reactors decreases in flow

thawee@prs)ﬁoraia'rtlmeapw&m ian pacliANgs resin, wheseby the temperature in
s%cﬁ@?&&@'fé‘ &o éqdéé}‘éagé%ﬁ'f flé\ﬁ%‘ﬁje%%ﬂtﬁan dé)% I%‘FE] aﬁ‘thfthat the

eno r eam s ween
tetrr:pmnahaé uT Hnel first Feactarsin floe\adlrmtldnmffthe\prxéinDESMairn isbetween

90C. wi
100'E; arit 20502 ntlthe eRratits bR a5ty CBPor i oY Cgietpg of the
pHERF 5RE8m ISHRiWaEN 500Ct R GRS Rithest é’ﬁhérﬁ?al%%bﬁfatﬁfnt step

references the present 1 nventors have realized
bedweaniany cf tpowsuticessivefreagtats.or s cont ai ni ng t he aC| d| c

ion exchange 15 resin in series and inportantly

adjusting a tenperature profile throughout the series

C@ﬁtrér?&éttﬂé fedshinlef onee mle et @f@rfelm@@s e PRl st irR@Mter@have
purified to a low content of drox acet one as

rea)emd that wtuﬂmgaarpiwau%m rﬁlapmpon LMY mejap@aﬁamnr@change
regmh@&%%%tn%ﬁmp% ANty X 6&%&?@&&4‘%&& gpr%ﬁledt'h?ouém)ut the

excnange resin an

satiestdfireattoesas definee tabere a ovade er.mehot streamma rsbem gutified to a low
acidic ion 20 excha@ge resin.

canleMr ot YRy acsiansogg welli@s @QHIV e,ﬁ;o[f;érg@t\/&lmou.ﬁéwgalg)bremovmg
h)f?ﬁ HpRbtold Briovef %ﬁlﬂta(‘fﬁhlﬁmhé@%iﬂlcy iof RAERaNGe AEdih an@fwithout an

€ process accor resent invention is
ermgg-mdesathg distjlationt step Hedweehdwomeactoepcpmposing the acidic ion

S 2005/ 013742 h f
excGatpe fesle: Bhntbgiie rEATFAaY. AhOydf By Bast i Faftralslifave to
be Gés’@d‘tth@rbveﬁalﬁwgrghlt Ll tsgaee elocithof eHepriceBss RICBORHRG to the
as 25 disclosed in US 5/0137429.
present invention is considerably higher than for the one-step process described
in US 2005/0137429 with the effect that the total reactor volume required
according to the present invention is even lower than for the one-step process, as

disclosed in US 2005/0137429.

The process for treating a crude phenol stream can be easily integrated into a
process for preparation of phenol. Thus, the present invention also relates to a
process for preparation of phenol comprising:
a) oxidizing cumene to form an oxidation product containing cumene
hydroperoxide;
b) cleaving said oxidation product using an acidic catalyst to form a
cleavage product containing phenol, acetone and impurities;
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The process for treating a crude phenol stream can be

easily integrated into a process for preparation of
w@b®noiscoorhus, the present invention al so rel aPE€FEPD0OAE002969

process for preparation of phgnol conprising: 30 a)

oxi di zi ng cunene to form an oxi dation product

ox! d3t § orF SPRERITE SeIS kA Ao PhE! Bl SRS IBPfHPHyet streams,
cl eavage gyeoEsHid ot Bkre@ 8 PErudR G sBBEm c):omprising

impurities; W 2007/118600 PCT/ EP2007/002969 6 c
separ at i riyydsexycetens,/age metbbenzofuran,a plurality of

Cr ugt pnatetgrsais AR o Bt i 4 ciRiRe 5 dbfined above

net hyl bengabim anredtbdipheabl Sigesdirddacedin B BBRYacstorarnd
with the nethod as defined above 5 to forma treated

phenol sthetyibesgolaani andydr oxyacet one and

met hyl be ; ' [ ' : :
phe] s gHE sefgeBlod b st . ARG o obigin -
phenol . ipurietigiHesdl.descri ption of the present

i nventi on The crude phenol that can be effectively
purified by the process of the present invention

DEENEAIHRS cAStd bldréseRiR¢@mgNt | y hydroxyacetone as
W%%%%%ﬁ%?ﬁﬁ—‘rh_r n. € concentration of
hydr oxyacet one can be up to 1,000 15 wppm and t he
concentrati f t hyl.benzof ur n,be up to 0
TR el el e ety udike B YR ol B of tigpresent
inftioMYGHREINENES AfpuiRies pﬁédoﬁﬁiéﬁlkb?@l@iﬁo@tbr@és bell as
ydr

effectively renoved even if the oxyacet one

methythanzofuraonThe cepeentration obydipkyacetdng can berypito 1,000

PSSR DB PO B 01 e
ad!lA@n}1 %Gﬂhwgﬂ'ﬁse@wiabengwﬂ ks that hgdrlélﬁﬁampn? as wel: as

et enzof uran can be success rified. In
maTRIRATGRiranGel bR FAIEEH Yol TSRVRHSITEbnedR Gl aRyacetone
cdritehfstion fPHIOHE kish PBY wiipm PIREERE ¢rude phenol stream comprising

up to 1,000 wppm, preferably more than 260 wppm to 1,000 wppm

hydroxyacetone and up to 200 wppm, preferably 50 to 200 wppm
methylbenzofuran can be successfully purified.

In addition to hydroxyacetone and methylbenzofuran further impurities may be

present:

Mesityloxide up to 1,000 wppm,
2-phenylpropionaldehyde up to 500 wppm,
methylisobutylketone up to 500 wppm,
acetophenone up to 500 wppm,
3-methylcyclohexanone up to 500 wppm,
alpha-methylstyrene up to 2,000 wppm,
phenylbutenes up to 1,000 wppm.
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25 Mesityloxide up to 1,000 wppm
2- phenyl pr opi onal dehyde up to 500 wppm
woredohtisesobut yl ket one up to 500 wppm  acet ophREGRER2001002969
to 500 wopm 30 3-net hyl cycl ohexanone up to 500 wppm
al pha-net hyl styrene up to 2,000 wpopm phenyl but enes
to 1, 000, wopm WO 2007 118600 PCT/ EP2007/ 002969 7
AN ZEnass FAVRTADS dEBYR FRNGETAERE Of these

cdiﬁm@eﬂtw cRMe SherdISffich FosapHIaRIcSHrdM é‘delt'&‘?e R{w@&e and alpha-

which is separated from acetone, cunene and
mathwistyreng; water and bighaballens Qmmﬁitllat&o@ popr th taha pturaftqa@nn on an

purification on an ion exchange resin. 5
'°3ﬁ%§5%@§?§%§.ng the crude phenol streamwi th the
acidic ion exchange resin hydroxyacetone and

met hyl benzof uran react to high-boilers. Msityloxide
Whegdostagtingthgiesude phenel gjreaisiwity thearidigaer exchangeniesin

hﬁr@%@%‘éﬁoﬁg M@Fﬁétﬂy@f'@bﬁgfdrén Fed8t to ﬁéﬁgdg}m?ys & sityloxide reacts

rea befwean Xyacet one an par
withn _phenolrtesh@ty—lbgﬂéxﬂmmrhwaﬁac tmihespresenee ef waterpwhidreis also
aci dic jon exc e resin, Acetone further react
fofiE EHHBR BP oS b RSN KOX s oo NG NG o the
B IGRaL ifaPubPenpbse fo BLeoR Al %“?a%‘ﬁﬂ'%*’“ EXEREGy RS
Acetonetnsay furtter peactywittppbenatalBisphetsl A. Besides hydroxyacetone

t hyl b | k d
L e R
prEQé!ﬁt |ﬁ|tﬁé|phbhaplﬂssrﬁéll HAfORINS, ake phangippspibhariehyte ke
al p styrene and phenolbutenes whi

matiberbuiikela nmrenpnepmd S TRy isHeABEYaNGIa Io Redition, the
pHEHeP B SRy AW S TRRBAI R0 fitfiptdRBhsr Al Hioha.

methyistgrienei drid plaemblbule@esmblalag@undes'slr&ble chmpmrent&mrmbrlfued
that, even if these ot her i urities are pre sent g
Srﬂﬁ! g?ﬁjarbons

phaflldke Hashsaroonykcoriartng ePHPSREBS. HRIHD
foPFRHIYH-BB MG Wit BhERoNRhe R HY 5 StaLYwh R (i€ bn exchange resins. It

was found that, even if these other impurities are present in impure phenol, the
conversion of hydroxyacetone and methylbenzofuran is not adversely effected.
Furthermore, the conversion of these additional impurity components to high-
boilers is always completed when the conversion of hydroxyacetone and
methylbenzofuran is completed. Consequently, the process of the present
invention allows for the conversion of all the undesired impurities in crude phenol
to high-boilers that can be easily removed from the purified phenol in a final
distillation step after the crude phenol has been contacted with the acidic ion

exchange resin according to the process according to the present invention.

After contact of the crude phenol with the acidic ion exchange resin, final
concentration of hydroxyacetone of less than 1 wppm and concentrations of
methylbenzofuran of less than 20 wppm, preferably less than 10 wppm, can be
obtained. As mentioned above, all other impurities are quantitatively converted to
high-boilers. Therefore, the process according to the present invention is well
suited to prepare high purity phenol. The number of reactors containing the acidic
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Furt hernore, the conversion of these additiona

inmpurity conponents to high- boilers is always
weophieteed when t he conversi on of hydroxyacet oPET/BPZH07/002969

met hyl benzof uran i s conpl eted, Consequently, the

process of the present invention allows for the

conversi on of

] |
o BatGaiamlesn GOReHED 1B eTeh anac es e admper pEflfegent
teﬁfrdégé}ﬁf@lé%!sl éé(%?dﬁ@the'd?eé’erft'lﬁ\?éntlﬁ' i§ triok 'p@Hid@!ﬂarﬁ} RBtricted,

t he crude phenol has been contacted with
buidaking interaccexpheerpromissiansidaratiensiy teomsiod lrp)méragst costs and

R ELAE R ST S BB Bl 8B Blorres

wrf\ereay WO reasentomhestsd i sBhies are awst prefentd! Ths tdmrdmg to
pm and concentrations of nethyl benzofuran of |es

wop
thtsrfaﬁstzmre\f@rmﬁ epthodimant, yhe pEacassdn CQOdV\ﬁSﬁﬁté‘ﬂﬁ d&tlngwshed

temf)t % f menti oned above, all other inpurities are
guan a ivel'y converted to high-boilers. Therefore,
the process according to the present invention is well

AS BilkES e iaBTReb AL el b eRaBPRS R Y8850 verors have
folhd /tﬁﬁaﬂgye%(%ﬁ%%n & é&ﬂn@ma%aeéicﬁghae ¢OSARSrIatES very well

series an he nunber of differént tenperature
wittethel degreewfdititigatian.tThe gegreeraf utifizatian isrdéfinedas the total

I o) , ,
arBBunisth e el shaBpLuRiRoves CoueREL P e BT kg rgsin during
a 88dain\REricddfire@ SE S a BoRtMRRIS mﬁgtfm teactaruhisrigalsé estal amount
connected in series is preferred 5 whereby two

ofteeated phepohpriceresssackienal @sea pbthsaciref erred. Thus,
according to this nost preferred enbodi nent, the
process is conducted at two distinguished terrperature

Aﬂt@‘vaihfgh dgrek |df ultitizatiom thiermdivit;n ofrtireecakatyat is cbmiytslmme percent of
anpl es the present |nve[1 %rs have to fB Ed t hat the
thabafc&hﬁ\fsﬁswtakysaoﬁﬂrer@.navﬁ SeRpSRalgR thakisecessary to

c@ﬁﬁé@a@é %% Ueay quﬁ'o'n at'¥ E6hdtast ﬁ@%h?ﬁo@ﬂy{ Hbé&é %éfobfw (WHSV),

egree o ization is defl
inereases prncbpcbrtleaaletd thaetegreavnf UtnhManaﬁlecwedn\ﬂlg h1 threm

xchange resi dur i a cert.ain.
praghca] COBRRRFRASTS Belerinthl berft I Eipirobh Eqvoid any
th@FFﬁéiF@egr@Haﬁér@éf E6mBREBR idEExcHaPgR-resisi onal area of
the reactor. 15 After a high degree of utilization the

activity of the catalyst is only sone percent of
On the other hand it was found that for a phenol stream comprising

methylbenzofuran as well as considerably amounts of hydroxyacetone e.g. up to
200 wppm methylbenzofuran and up to 1000 wppm hydroxyacetone a
temperature in the last reactor below 90°C is necessary to obtain a residual
amount of methylbenzofuran below 20 wppm, preferably below 70°C to obtain a
residual amount of methylbenzofuran below 10 wppm. From practical
considerations the temperature should not be below 50°C in order to avoid a too

high reactor volume even with fresh catalyst.

One advantage of having a plurality of distinct temperature levels for the contact
of crude phenol with the acidic ion exchange resin is that used or partly used

acidic ion exchange resin can be contacted at relatively high temperatures that for
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that of the fresh catalyst. Surprisingly the

tenperature, that is necessary to conpensate the
wa@lemctiiseat i on at a constant wei ght hourly spacBCT/EP2007/002969

velocity (WHSV), increases I|2$oporti onal to the degree

of utilization, as shown in F From 20 practical

consi der at | t he, t OOC
e@%@???@arébg{%ngﬁ%&? AL PR § g na) the SamerTsion of
h Ib@h%ﬂfrgﬁ WRA RS re<dt thBBeOER %th'@ﬂged br }S’Eﬁ sz WHflcatalyst due

for a heno Sth&ﬂ]COﬂpflSln of ur an
to atbe \mgh temperetwesl erkigh yacavmunt @ecﬁlrd@dyrqumg:etabyﬁi canche

ifitdifeg n 10 ol RATE:, B REP StAR e a8 eyt shiqnly partly

uéé@' @@él%@ﬁcaﬁ bERAHFEPEY at R)vpférﬁpéka%r%‘é%%gbth%%%rgbn of
nmet hyl benzof uran bel ow 20 Brl!aef erably bel ow 70C

methyliengpfuran a@é,smmthamtﬁivstdqss felgtivein 7ieshr bighmatalyst

AU EPT s BT R ou BRRsAGes Monghenty apgpimem
baart ceofBselBctiityrafalié ebntat Witk taemcm:idn éx@%gmteairyean be
One advantage of having a pluraljty of distin

Ottt%'ﬁ‘ﬁgrvﬂi'lﬂ al'thesame tigie @wr@smpémumm'ma&tf}ﬁn%aiawst resulting
: I
in %Hha&gﬁvsé% hfﬂmg@@t ﬁg%ﬂg%gﬁg% gélo:&ggmér%gk r%&t%*n@ the necessary
catalystaailenhedor treamémedfya spegific phprolateass. t hat for WO
2007/ 118600 PCT/ EP2007/ 002969 9 exanpl e favor the
conversion of hydroxyacetone, but not the conversion

THS s H@rfglbﬁct@rr&%w baﬂm.z/at*bh df'&tél?&tﬂéleétlwz vEnERespetitod

used partly used catal yst due” to the

the%@CQtQJTQeén@ mathyibaozefurary apd catalyst| acéladyggp@n@mg on the

o) AR BRI a5 BN SaRbcafe e ves

neithiekyeivnaor degivabiel feoradthatpriopart. enper at ures favoring
the conversion of nethyl benzofuran and since the

catalyst is still relativelyfresh hi gh cat al yst
t ;
A @{He\f'él@gﬁppa;;eb& {AB F;ﬁé@&% IRYERichH is'thdt i ggggraﬁﬁc;&gfare

cdﬁmectauhm&ranem includieg at ledist onespare reavyer, iregicontinnoleprocess
obtaj n at the sane.tine a

coRRRIRIEN S §p%@t deiaveteal b ERsLL ITPRSS Mo hecBiashEaling oTte
reBL@P Wil tﬁ@thMde}ht%E?éh@st\(/ﬂ'ﬁl@ﬁ iig Hit %@&hgﬁé’strtémﬂa@rm@ l&rel and,

necessary catalyst volunme for treatnent of a specific
thph.eatdhe spstream and sas oeedigeennasted fret the lingp @ngh thatreaetor with

freosfh ga%@/sy aﬁll gr?te?mé IYﬁé At Wetlgmfeg?fé%rserja&xre level, thus at the
downstream end of the line. In the reactor that is disconnected from the line, the
spent catalyst will be either substituted by fresh catalyst or regenerated in a
separate process step in order to retain the initial activity of the fresh catalyst. This
reactivated reactor can then enter the line at the lowest temperature level as soon
as the reactor at the highest temperature level, wherein the catalyst has been
deactivated to an undesirable level, is removed from the line. This allows for a
continuous process wherein the efficiency of the purification is approximately
constant over the time resulting in a product of almost constant specification
which is extremely important for a high volume product as phenol.
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hydr oxyacet one and net hyl benzof uran and cat al yst
activity depending on the is grade of deactivation of

wo bh@7astead yst by using the cl ai med tenperat ur eP@I/BP100E002969
was neither known nor derivghle fromthe prior art. A
further advantage of the present invention is that if

1 B ind GRS o 08 S5 g LAY B BUAALR e e
th@@VHWfo?taeé%éiﬁ%ﬂbné%t?ééﬁﬁtls RNs AR’ doed ﬁGPM%hge while
fromthe process |ine. The reactor with the nost spent

cheaging/the petitions of the reaetons ihibetlinee mpernaagssarycteaperatures in

o8 3 A R S e

WFigl 1enter the line at the | owest tenperature |evel,
thus at the downstreamend of the line. In the
reactor that is disconnected fromthe |line, the 25

F@'gfé?fn ?tg Ipft’ i élr i df! re%&g% Loectéd i g%rlélll‘épcﬁ bEU%%B forlr every

gener a I h-a separate process st
temmeatut@ leved . alfhug, fitds vent easy m:ada/ptttye trfeatihg p‘roeem to a changlng
catal yst, This reactivated reactor ?an t hen .enter

INGUSDIPU. AGRINI R ee o R o REAEg s Of THEL SSBBIZagnd e Same
ndrﬁéértérfreabt&rér%t Ebsﬁ?é%PéPdm%r Buere level, wherein the

catal yst has been deactivated to an undeS| rable | evel,
is renoved fromthe line. This allows for a 30

wh [ .
Adifondlaitis ROPSBRDONH Flat [ Tedilibf of % pBbnotiream going
thFSigH theN@atforst iPbRId &b nilhinlizeergposhguthption. For example, the
spec:lflcatlon which is extrenmely inportant for a hi

h
phasiol grepmoeRTbe @gsgﬁdgﬁypugb\@ Mﬁxpmgaggr between a frrst%eactor

[ .EP /

G BR o T LT M ) TS
Iogét@d\ﬁ‘ﬁ?hs‘tf]yarmfmgrh trlm' frl‘rsp:']mlmbr as fe@lant i t:wbehmmcl?ﬂmger This
oes, not change while chan e, position e .
embagimsans dlaweia coolied dele wgo@%‘gﬁ tr@ewd%etmeépgyoi §yiccessive
retaE@ré AHErOAS aWHehsdrﬁé‘ trﬁi@ﬂ%@cﬁ %’tr@énﬁea@lr‘fgf B8t reactor at

Ivities can easi ,{g
thédoweetrnemparamr@neueal when osed @sa m@laobrn ethe@t iewchanger, is

I b d f I
ndiied ubiso T I Ml ForsuRiioh iniECBRS et dieflation siee to
refhdVeahgi igh-tolleaughedlicedgain it is preferred to use
reactors of the sane size and the sanme i o nunber of

reactors at each tenperature level. Additionally, it

F@@%ﬁfﬂ%ﬁ%ﬁ%ﬁi&éﬁ%ﬁ RERANG A GHN A B9 betieePRES Sliccessive

reactors employing conventional coolants like cooling water to adjust the

temperature of the phenol stream to the desired level.

According to one embodiment of the present invention, elongated vessels are
used as reactors whereby the vessels are preferably arranged in a vertical
orientation whereby the phenol flows from the top to the bottom of the reactor. But
it is also possible to use an upstream flow in vertical vessels or to use horizontal

vessels.

According to a preferred embodiment of the present invention, the reactors
contain the acidic ion exchange resin in a fixed bed. Preferably, the superficial
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t hrough the reactors in order to mnimze energy

consunption. For exanple, the phenol stream can be
Wpawgawedhr ough a heat exchanger between a fi rBET/EP2007/002969

reactor 1s and a successive slqcond reactor using a

col der phenol effluent froma reactor |ocated

i PloR R e el el of ghR Finend? sbanis Dl s fffisec.
r@ﬂé’i@blehfw‘ORBW'mrﬁlsfe%aéﬁdJﬁio\“@éfbfé%dStusQ@Q&hﬁﬁsec
reactors whereas at the sanme tinme the phenol stream

| eaving the last reactor at the | owest tenperature

| )
ek 05130 150 SR DL B 8 cHEm SHSHRNAS o e
presbﬁﬁlﬂ\lémiordlﬁéd useédihergin sthe et "acidictgr exBhange resin” refers to a
gh-boilers is reduced. Furthernore, additjonal heat

Caéb@@lﬁi??@@f‘ge(fﬁﬂnb% the Bydigendermwiersinckedydregen ions are bound
to\r}g?%tcﬂ{/é sRIG \OHiERAEah Pé?ﬁb%@%ltﬁé?%aﬁ&ﬁsﬁo&bﬁ@n ﬁf%l'uﬂgn or by

er to adjust the tenpera ure
restaoemanmwtmethéesosmdeIn@rvseITheéeim:veobldugs bf)thmcesms have different
i ment i [ at ed vessels

afipetve, SEmas drBrtiots by B selboute PPEEN S6VES a8 means
foP [ &(&QnﬁgeaWQGﬁﬁnb%xﬁm’rﬁ& bf Slitate 'a@l&@tdrpé‘xmb%tﬁésms

the phenol” flows fromthe top to the bottom of the
inclgdettbe seras ofoulfenated sliiaylpeszsng erasslinkad siyrensscorelymers,

sdrbcd AR el AmieAT 18, Phmbiertfu ASRIAE Bm Ranm & Haas,

Km%%&nmemw Sailabhefroaciiiess, CTH 51, rconimepsialty gvailable
i on_exchange resin in a fixed bed. Preferabl y, the

frepdarelitei al WO 2007/ 118600 PCT/ EP2007/ 002969 11
liquid velocity in the fixed bed of the ion exchange
resinis 0.5to 5 misec, preferable 1.0 to 3.0
Othﬁrseaalaledesmsecamr I eomwlertlaﬂytod»téinadffm pradduycess sdclk as

SR ERORRIE Fed GRS KSR AR Chins cappany

the term "acidic ion exchange resin” refers to a
cation exchange resin in the hydrogen formwherein the
They ey geint obihe presepbinvention is tocusaaiogetai @@EPQV@ILUE nrafile

RS RUR N eSgs i rlbasrS SRRl e R el ethefpeginas

deéfinednebdves iNeso g taltHd pregBht inakhtiGie tthi eembeeatutém therfirst
different ions and this selective attracti on_serves as

reastandn flewrdifection of as ahgao! Heram isiat leagt txnfsiang temperature of
theYh$t3BhER T Ab difdti6k AP BhERSI dteam is less than 90 °C, preferably

less than 70°C.

The temperature in the first reactor in flow direction of the phenol stream is 200°C
at most, preferably 150°C at most, and most preferred 120°C at most. The
temperature in the last reactor in flow direction of the phenol stream is at least
50°C.

The invention will now be described in more detail with reference to specific

embodiments shown in the attached figures.
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i nclude the series of sulfonated divinyl benzene
crosslinked styrene copolyners, such as for exanple
wo\ndsenisess 16, commerci ally avail abl e from RohPEBEPRAE (02969
K2431, commerci al ly avail abl g,from Lanxess, CT-151,
commercially available fromPurolite. 15 O her

Fightieif obpes e Aindoh iSRS agily 2 Radlo" Gsrmpetalre dependent
orCoaBARY ubiikhtioRVssBetmHediAB@Mple 1The key point of

the present invention is to use a certain tenperature
profile 20 throughout the series of reactors

PG 2 eRits g et MR ok e $cBRing to he

presamehaéntich with the réactors comaedtod in sefie¢w direction of
the phenol streamis at |east 100 C and tenperature of

the last reactor in flow direction of the phenol

FIQ%F%%%?&S'&?&' érhgﬁvggpﬁgdﬁﬁgé othk reé@r?ﬁn%ﬁfbnﬂgﬁw three

enpera ure in rea

grdupsof trose @laraliet redetord cotnecded ires@EXC  at nost,
preferably 150C at nost, and nost preferred 120C at
nost. The tenperature in the last reactor in flow

R%ﬁﬁgﬁﬁ]i@ﬁ Bfe tzhﬁ\plﬁ?@gﬁbnél%%&éé tifouRasfixePBéd ré’&:tor 2 which

T went’ion w be described in nore detail
is filledh withf v scidie ibo exsbange cesisnbbeltersperatyreooan ba uphte 200°C.
t t.ached

AR RRORG e Bl aetOF I Bhetoas Shalelratr Iutieids) Sopafioer 3

wikieasider phendies frbHT BelQRRAGE e s@COMPieACYST . UtHd pE&hdla8 finally
as determined in exanple 1. Figure 2 exhibits a

capledydawndeithe desiied fow t@np@fat@welné?ﬂ%&im’emg%rc% ypingrRysuitable
cooiné %?reggw BI'&s ?&teia?r‘( t\lbﬁ@r é’l’ Eﬁ%w%r r{ﬁ"é?%&r §tr am which allows

rh~series. gure ernalve

toevobdowarthe @hehbk but asemit anwmetallmatmntdi thé pbenolgndhpsplpe
of three parallel reactors cognecte

SYRIATE TR GRE bOmRRTALTS o AaPal § ReRdBarLoLs FiETiah Pl dhen
paksbGdr e sEEGITd Rfactor't& Bomplete conversion of all relevant

impurities. The phenol stream 9 is sent to a final distillation column to separate the
high-boilers which are formed during the treatment on the acidic ion exchange
resin in reactors 2 and 7. Because of the flexibility in temperature relatively high
amounts of hydroxyacetone in addition to methylbenzofuran are tolerable in the
feed even when using spent resins with low activity in the first reactor. This will be

illustrated in the examples below in more detail.

Referring to Figure 3 impure phenol 1 is passed through three reactors a7 to a9 in
parallel at a high temperature. The phenol from these reactors is recombined to
the stream 2 and cooled down to an intermediate temperature in the heat
exchanger 3. The phenol 4 is again treated in three parallel reactors a4 to a6. The
phenol from these reactors is recombined to the stream 5 and cooled to the final
temperature in the heat exchanger 6. Phenol 7 is finally treated at the lowest
temperature in the three parallel reactors a1 to a3. Phenol stream 8 is sent to a
final distillation column to separate the high-boilers which are formed during the

treatment of the acidic ion exchange resin in reactors a1 to a9. The resins in
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is filled with an acidic ion exchange resin. The
tenperature can be up to 200C. After |eaving the

wo poogtiigeeact or t he phenol is cooled down in theCTER1007/002969

exchanger 3 wth col der phen&l 8 fromthe outlet of
the second reactor 7. The phenol is finally cooled

desi |l ow te ure i.n heat exchanger
retes 3 18 20 TR NG higheslAaaY <[ s Mo rEAciraad ta a6
hé%tﬂné?ﬁurﬁ%ti‘ﬂtﬂ%hdﬁﬁé’?@§ﬁs$ﬁ fraFesiy idhthalrkav®rs b? to a9 have
cool down the enol, but avoid any crystallization of

the th@w@ﬁeamwntv nConeequeMIy, sftet @ cert@ineperiothof et uditization of the

re§in PR RS Bn T 4% skl 1B T WA BR shckSiiL coRRgesto the

mRidie &l @wdnhe posRiehi dfitRe redbterPaL i@ b6 Wil b@ﬂ%&c%sﬁéﬂytchanged
to a final distillation colum to _separate the

torhg lefbeaw.cassindisated By dhe brokean ling-iThe wasteresi h%ffprrbthe

BEBrEE 50 ) AR RSB I R i

cdﬁt@ihmgm@g&nb&ateﬂ dnyelfﬂlteoyfaeﬁt (¢:3:50] 'r1 h amel ghositiometido the rlght row as
net hyl benﬁofur ﬁeto' rabl e.in the feed even

shewhBy fokegsngs THesk 9 BRIER {1 (FAGION $LAURRCES easr]y be
d m%mg-ré}i it bhn?@hnzdsb BH}'b;ﬁ&Wk bBtvd¥h 8 AEAEH including

I'n nnre rring to Figure 3 inpure
spaine meactars. Aspstyovenlin Rigoog R, ahy deat idegratien drtweem golder and

aral | el hi gh te eratur The fromthese
whid effendsBagisnp ol B0 Potribie h Eefiiar Srald/Bisat Sfown in
Figawn3to an internediate tenperature in the heat
exchanger 3. The phenol 4 is again treated in three
paral l el reactors a4 to a6. The 30 phenol fromthese
r r t
In (ﬁé&%fb &eﬁwﬁpéﬁ%@ﬁ U'B:%g\e?lelaﬁ Eﬁeﬁ%‘ é)?fl‘ﬂe ?ﬁan eﬁrﬂ@n‘?gﬂ tﬂe following
exampleb ianalgivent reat ed at the | owest terrperature in the
three parallel reactors al to a3. Phenol stream8 is
sent to a final distillation colum to separate the
zﬁrgaregm lers which are fornmed during the treatnent of
idic ion exchange resin in reactors al to a9.
The reS| ns in WD 2007/118600 PCT/ EP2007/002969 13
reac [.S all to a3 have the highest activity. The
s in the reactors a4 to a6 have a nedi um
act|V|ty and the resins in the resins in the reactors

a7 to a9 have the |owest activity. Consequently,
Anfmpuresphenal streapeef H98t with Z90grdRm; hydraxyasetene isHeeated on

ariﬁ)iw'cé‘}(chtalﬂ prggfntt é@?gﬁt %ﬁq_aa%&%@. he phy oty YeddtoPRas a

SSIV y cha
diameter of 0.025 m and a height of 1.2 m. Thus the weight hourly space velocity

WHSV (tons of phenol per hour and per m3) in the plug flow reactor was 1.7. The
temperature was adjusted to get a final concentration of about 10 wppm
hydroxyacetone after the treatment. Fresh catalyst as well as catalyst samples
from a production unit with different degrees of utilization were used. Figure 1
shows the temperature which is necessary to compensate the deactivation with
regard to the conversion of hydroxyacetone. The activity of the fresh catalyst
maybe defined as "1.0". A temperature of 70°C is sufficient to convert the
hydroxyacetone from 200 to 10 wppm on this fresh ion exchange resin. The
temperature must be increased to get the same conversion on ion exchange

resins which are partly used. For example the temperature must be increased to
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5 mddle row and the position of the reactors a4 to a6

Wi || be successively changed to the left row, as
w0 p7asteed by the broken |ine. The waste resi nPADEP200TV02969
the reactors a7 to a8 wll regenerated or

di scharged. The reactors a7 to a9 containing

enerated or refilled fresh resin 11 are positioned .
135 e PR R sBms ForvecsiBn, o By e BRI O BRST siEBEge resin
witiBRM8 s EMmURAEE indirflof PRBRoKGareand 185000 /Mo done by

usi ng an interconnecting piping network between all

reactors including spare reactors. As shown in Figure

: ' rati on between col der and warner
‘3§W8§§¥”§ﬁ5§5h§k?§ of course possible in reactor
sequences as shown in Figure 3. 1s In order to
denonstrate the beneficial effects of the present

Impvre phepal eordaining & R00gvPRIMsIrexyagetons 987 20BMpRNes
mégwgﬁi\l\%\\ﬁ?é is”EdritARBLSyRRENEY optd fragh fked pEE/ iGN \ghgﬁ%rége resin

roxyacetone is treated on an | on ex
CT ds$irfram fursé 3t 12056, Tarvesight Atwlypspaped velaciyeWHSY is 3.3.

IR GRS rep B editeflaion b i ibbaiedinde o WD bu
th%a 'b?ﬂ%br}fagt{iromeﬂﬁqeﬂﬁwb@@zofu%)n i178 A pph Badfdaor gt Phis

. 7. The tenperature was adjusted to get a final
cancrotratiomof oretbylbanzefurar oappat be futhenreduced at #iis égmperature

o afh & gheiye EaREE Y rd Dk fS tBleasty BRANGY: ces

of utilization were used. Figure 1 shows the

tenperature which is necessary to conpensate the
Comparativetxammiets 30 regard to the conversion of

hydr oxyacet one. The activity of the fresh catal yst

maybe defined as "1.0". A tenperature of 70C is
T puriegptieriod accondard ta demparativeexacsilends fcootm2odsly treated on

10 wppm on this fresh ion h eresin., T o .
a Fish ket bee ioherchange eun s 155 Hget Bhrdite BhZ0°C. The weight
VELS ' Gt iqas$ finAi |
NGRSO WHSY TR 0736 g% NG Conctraihs o1 1o
hydf 2GEELdrsS 809 1Pgrp PR foreoethgtbenzafurag dot s 1§evPrRMe

same conversion of hydroxyacetone on an ion exchange
resin which has a cunul ated anmount of phenol of

Exdraped 85000 t/ ng.

The impure phenol according to comparative example 1 using an apparatus
according to Fig. 2 is at first continuously treated on a fresh fixed bed ion
exchange resin CT 151 from Purolite at 120°C with a weight hourly space velocity
WHSYV of 10. After the reactor the phenol is cooled down to 70°C and
continuously treated on a fresh fixed bed ion exchange resin CT 151 from Purolite
at 70°C with a weight hourly space velocity WHSV of 2. The final concentration of
hydroxyacetone is < 1 wppm and for methylbenzofuran <10 wppm. In
comparison with comparative example 2, the same specification with a
methylbenzofuran concentration < 10 wppm is achieved with less than half of the

reaction volume in total.
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Conpar ative Exanple 1: 5 |npure phenol containing
1, 000 wppm hydr oxyacet one and 200 wppm
woredohgtidsenzof uran i s continuously treated on aP€¢T/EBR1907/002969
fi xed bed ion exchange resin 151 fromPurolite at
120C. The wei ght hourly space velocity WHSV is 3. 3.
EAfte he purification step the concentration of
’fﬁfﬂp acetone is < 1 wppm but io the concentration
of net hyl benzofuran is 78 wppm and so too high. This
concentration of nethyl benzofuran cannot be further
Similadlyde exammie 2 theriperee nhenoligccomding do gonpaselive example 1 is

ot 64y 3 A58 5P TRAT bR S8 NiGe FRPEToHS Fom

P@oliasat 20°€. Dhangdtivity is snkwm %wmplalsed toe@fr@dh%h efichange
fresh fixed bed ion exch ange resin

res Siierwo gt Moy SPRCHKPIGRIY VISaMITy 253888 thebeneys cooled
c??ﬁ'ﬂé PH&E hQ &nﬁnhBu%?%Ja‘té‘@ba%@ﬁﬁﬁ% ﬁhp%‘ﬁ eXthange fesin at

droxyacetone to m an benzofura
705’C1W|tbvmowe|gh® hEuﬂyrpbacQ véﬂmelty 40l ef3to4 <pfhbﬁrd1e firtad odicantration of

g asaan s T AeRPE (o0 U hyBEREaR 4R WPl comBarison
with é@ﬁﬁg@@&u}e%ua%ﬁp@xz: hABSaEshetificatibnlwith AThEW éntzefuran

a wei ght hourly space velocity
cormenmatlem <t Hewippat tsoachieehwish ginly 0 Soof Hie tmwrfetaotlmwalume

B AT PO 2 T g rctr

vorginghs filed With & ReEHe heeingCa fow BERNtyasf dhly 20esfo ared to a fresh
concentration of hydroxyacetone is <

regis, NW%@“%ﬂQraaWU@hiO”Qﬁfpﬁﬁd mr%f@r%mﬁ%\rhlggﬂr qmrrpmlca' usage

the sane specification with a
Oﬁﬂgﬁyl Eenzﬁ}gﬁgan concent ration < 10 wopmis achi eved

wth less than half of the reaction volume in total.
WO 2007/ 118600 PCT/ EP2007/002969 15 Exanple 3
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Simlarly to exanple 2 the inpure phenol according to
conparative exanple 1 is at first continuously
wo e@atiessoon a fi xed bed i on exchange resin CT ESIEP200T002969
5 Purolite at 120C. The acti\zliety is only 20 % conpar ed
to a fresh ion exchange resin. The weight hourly
space velocity WHSV is 2. T [en t he phenol is cool ed
down to 70C and conti nuousl@aﬂméat ed on a fresh fix
bed i on exchange resin at 70C with a weight hourly
space velocity WHSV of 2. The final concentration of
1.hy drAxgatiruatemiethed fordigatingreiciuge phemney stseamotamarising

e A BRI e A Byt RE b g G e phbEi stream

CoONaAfdUgH atdBast thd reetors Toanbtrddr serikb thd kryactoreditaining an
the total reaction volune. |n addition, again

conpRidiadon exehARag msinvhsrghyte temparaturss intsyecessiyg reactors
Cea . B 1 1 . . .
¢ itroad HTow Bt S e Sneh SFPBEL Y A e Meitpeature i
al | e figstareauton in doweadireationtdi¢ne pheroinstdarhiiggbetween 100°C and

ggg%’@l"wal ote 1598&@8&%%@1?&@3{] ﬁ?lgvﬁatrg\étigrp of the phenol
CONtJifuipNTs BEIWRM %@*c bh8 @0k Cawithdilt sRePRaNse parhli6R Btep
conprising nethylbenzofuran and hydroxyacet one by

pas diatyeehanyrafdewomuscessive reattoss.t hr ough at | east two
reactors connected in series the reactors containing

an acidic ion exchange resin, whereby the tenperature

2.1 N STHE RIEIYE of BRAFH AT, Whelgidr 2852 Feddtofd ynrkldted in seried are
t he phenol stream so that the tenperature in the

firsampleyedor in flow direction of the phenol stream
is between 100C and 200C and the tenperature in the
| ast reactor in flow direction of the phenol 10

3.st r ke hretihed v elairh @QCwiretteidtBe wiuntivert ofaeabiersrid 2.
separation step between any of two successive
reactors. 2. The nmethod of claim1l1l, wherein 2 to 4

4' eac-hgg g}e‘ﬂg&?’d‘aiﬁfﬁn&g? omesﬁféc%w@r QainSSTRUKRBth atléach tefSerature

nmet ho erein the nunber of reactors is
2. 4devdlreepiucality of cdaciors are eannegtestindrargliel ai ns,
wherein at each tenperature
5. The method of any of the preceding claims, wherein the temperature in the
first reactor in flow direction of the phenol stream is between 100°C and

150°C, preferably between 100°C and 120°C.

6. The method of any of the preceding claims, wherein the temperature in the
last reactor in flow direction of the phenol stream is between 50°C and
70°C.

7. The method of any of the preceding claims, wherein the initial
concentration of hydroxyacetone in the crude phenol stream is more than 0
to 1000 wppm, preferably more than 260 wppm to 1000 wppm.
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| evel a plurality of reactors are connected in
parallel. 20 5. The nethod of any of the preceding

w@b@risseomherein the tenperature in the firstPCEREP100T/002969

in flow direction of the pheﬁgl streamis between 100C
and 150C, preferably between 100C and 120C. 25 6. The
nmet hod

f f th di,| l.ai ms, wherein th
8.1 crpdiemaitod of amo RGHreredBB aints. WhSIF i heciieh of

the Rhessiradd Sfﬁlﬁe%tqrzyl&?ﬁﬁﬁférﬁﬁqhé%dg BRend!: st@{éﬁg is more than

e

nmet hod of any o precedi ng cl ai ns, wherein

i ni t0 wppBUtoci: wpprmatpreferally (hbdwppyatos2Sheppm. t he
crude phenol streamis nore than O to 1000 wppm
preferably nore than 260 wopmto 1000 wppm WO

9.2007Vrib11$16%o°6ﬂérﬁf’|8%6/ Yed88ig cldints, waeﬁreirrﬁEtlhewU@é phBol

of the preceding clainms, wherein the initial
conédieamfurther somasisep| less thamut G0 wppmmeesitulgaiden éass than 500

str ' : ef erably 50
wppm om?@gﬁé@ﬂ%%@ r@?d%%l?ﬁi@%%p@@ t he
pr ecaethylissbutylketonsh kyssi thah Q00w picie guetoshencte; ¢egs than 500
further conprises |ess than, 1000 vv%@g] nesi tyl oxi de,
| es WRHER-BGYIGYSPReXaneesy I858JpR0 KR0ANRRIB, alpha-engthyistyrene
500 ' gw ess than 500 wppm
acet op gﬁ%@m%@g@ anbbggﬂB%egr%
3- et hyl cycl ohexanone, | ess than 2000 wppm

rene, 10 and | ess t.han

| - | [, 000. .
1Gherimeting ke ohbeeret gy, SRS BP deagiorycontain

cl aitf aciidheixthbhge r8SiAtIA fike@ BebArFanddhsermci d i on
exchange resin in fixed bed arrangenent. 15 11. The

malt hod of claim10, wherein ]tche superficial liquid
112! Sl o b 58, P nd Bpb AN MoE g o

pr eftRyd &fcthé.ion efcRang¥ resid® 0.5e Sminvedpafferayy 010 o0 mm/s
precedi ng clains, wherein the reactors are 20

el orfwt @@re, peeferred;1nd (@ 2tMEYS: orientation. 13. The

met hod of claim 12, wherein the phenol streamflows
fromthe top to

12.  The method of any of the preceding claims, wherein the reactors are

elongated vessels in vertical orientation.

13. The method of claim 12, wherein the phenol stream flows from the top to

the bottom of the vessel.

14.  The method of any of the preceding claims, wherein the phenol stream is

passed through an heat exchanger between a first reactor and a
successive second reactor using a colder phenol effluent from a reactor

located downstream from the first reactor as coolant in the heat exchanger.

15. A method for producing phenol comprising:

a) oxidizing cumene to form an oxidation product containing cumene
hydroperoxide;
b) cleaving said oxidation product using an acidic catalyst to form a

cleavage product containing phenol, acetone and impurities;



the bottom of the vessel. 25 14. The nethod of any of

the preceding clains, wherein the phenol streamis
w@amszeledhr ough an heat exchanger between a fiPGI/EP2007/002969

reactor and a successive seq d reactor using a

col der phenol effluent froma reactor | ocated

downstream from t he, filrst react,or as coglldrali]ﬁ( iﬁw tHe

heatClexcRaRGEtngsgaidrleavags WOFUELINg, A pla L HaAYFt streams,

conpri si néhe 89 s ipfbdlictSHeamPR 4 erdder pReHbI 8iredA! M prising

product contai ning cunene hydroperoxide; b) cleaving

sai d oxi didroxygnetens and sethylhgngefugar; catal yst to

and Dmpur TSGR B Pus Bt PuBaBe ShewB6Rkkung to any
C) separ affidiin®i tb ¢4 e6Yeae aftrexded bhenbbstrearhuedlicddin
of product streans, one of said product streans is a

crude pheisiroxyaceione angmethyipenggranyandt one and

met hwl be - ; ' j

w t % o RHARR sl tieRa) bRendI g H5E diBn 3 obh -
to form gurifieatprtendhenol stream reduced in

hydr oxyacet one and mnet hyl benzof uran; and e) subjecting
said treated phenol streamto a distillation to obtain

a purified phenol.



