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- 6- XYLENOL BACKGROUND OF THE | NVENTION 5 The present i
novel and advant ageous process for produci ng aromati c hydroxyl conpounds

.alkylated at the ortho position' (hereinafter referred to as

“or't ho-position-al kyl ated aromatic hyd;ogyl conpounds). 10 The
ortho-position-al kyl ated aromati ¢ hydroxyl conpounds (for exanple,
ort ho-position al kyl ated phenols) are useful as plastic materials, and a
nunber of techni ques have | ong been known regarding their preparation
met hod. 15 Catal ysts conprising iron, vanadium mnanganese, nagnesi um or the
like as thepRRidkeOPRRNERE MoSsak ArtdE & SPar gt if these ortho-position
al kyl at ed aromma Waroxy—eorpothtas—are—kHowr——ot— i nst ance, a net hod
usi ng nmagnesi um oxi de as catal yst 20 has been proposed (US Pat. 3, 996, S56),
but this neEaEcRoUNE ©F Tam TRVENTIoNvant age of being difficult to
al kyl ate the ortho position only because of the _ formation of abundant
by-products, that is, Thet peepesttinmenebiont relayesstd cav,nowasluldridhig in a | ow
yield 25 of the objective conpound. As a solution to this problem use of a
cat al yst comdyianitageeasagirosessi deraptodnoangxadematsc Hewirgrydposed
(JP-B-47-37943F. This catal yst has high 17 Decenber. 2004 - 2 _ activity
and al | ows eRPOLSAS Bdkylateddatekhei oBkhol pasibiper thereinaBe100C). The
cat al yst alsofproduces relatively thh ortho-gosition selectivity. However,
this catal yfeterred £ as cgthrobradtionrakehated: apomatsdsition
selectivity.faor th industriah process to be practicable. Further, both of
t he above-n@W'r8ﬁ€§ POROHLASh#fer the drawback that the al kyl al coho

Fencti ort gener at 1 ng. deeSrEorPESt LiBR-EREab8a REGBRCES Abundance. Thi s
causes a requgiiy li%o&%%yﬁ§%“Q209feﬁéh¥ ea'SQEﬁBE yg{{ahle for reaction

“with the ortho-positiono e ‘aromat | c hylroxy npounds. U.S. Patent No.
4,097,411 diaagyasesd phehd15§CAYET ¥s@EuYNEEAEY 8 8 ORBEd £ Ay
conmpounds, whi ch do not take part in the reaction in the production of the
ort ho- posi t isomuabley! difedeahaigues hy6e0XghgCBERPAURESWN Al ing of the
recovered conpounds for reuse as starting material. This 20 application,
however, i s thielienpreparia¢ivameahodt | ow boiling point inpurities fromthe
recovered aromati ¢ hydroxyl conpounds. SUWMMARY OF THE | NVENTI ON

15 Catalysts comprising iron, vanadium,

manganese, magnesium or the like_as the main component
used in the preparation of these ortho-position-
alkylated aromatic hydroxyl compounds are known. For
instance, a method using magnesium oxide as catalyst
20 has been proposed (US Pat. 3,446,856), but this method
suffers from the disadvantage of being difficult to
alkylate the ortho position only because of the _
formation of abundant by-products, that is, ortho
position selectivity is low, resulting in a low yield
25 of the objective compound.
As a solution to this problem, use of a

catalyst containing vanadium oxide and iron oxide has

been proposed (JP-B-47-37943). This catalyst has high



25 The present invention is designed to provide a pr qcpﬁcégbepr%gggi ng an
ortho-position-al kyl ated aromati ¢ hydroxyl conpound

al kylating the ortho position of an aromatic hydroxyl conpound 17
Decenber, 2004 - 3 wth high selectivity, and al so i ncreasing the anount

of al kyl al cohol, which is reactable wth the ortho position of the
aromati ¢ hydroxyl conpound. Thus, thém%résent i nvention pertains to a b5

f _position-al kyl at ed ic.h |
Conpound by by oy o PL1d0e PRELELE0aR. Y BB aR ERumEA VAL 8N cohol
to a gas phasansatalyid Cg@@%@ scih t’fﬁapESEsﬂﬁgt%l%o)’jEE%huox' de

catal yst, said aromatic hydroxyl conpoun el'ng-a are ot “a phenol

and ortho C[ﬁémgt'i&mq;t RN c kp:the ni; being 0.6
nol e or |ess per 11 nol eﬁ% . pheno?%%%%lbze%E%%%‘lg%%&‘gg‘: T é&%&%WNGS 15

FIG 1 is atHiowshestysf snelexeaple 06 bhevpPaOCSssracsansi BQFE-BJ he
present invention. FIG 2 is a flow sheet of another exanple of the process

accordi ng t dshe: jmresesitedthiveint y ofior Thige I £h&h €DECa DUPREALSsT BoFLES. 1 and 2
20 designate the followng: 1, 2, 4, 6, 7, 8, 9, 12, 13, 14, 16, 17, 18,

19: lines: Pradddctadrle5: prelimnary distillation colum; 25 10: first
distillation colum; 11: side cut; 15: second distillation colum. 17
Decenber, 2004 - 4 DEBMUEY DESCH RIT OhrORabitire teMNTOOM Thet hodsent
invention is described in detail below <Starting materials> 5 In the

prepar at i on SO LG & sKawiatial thatatdee ax bt | leghle bxysucbmpsunds
according to t sent jnvention, an aronmatic¢ hydroxyl conpound and an

he pr. §
al kyl al coh81FthA C’d'gedl1 Sarthe g SRt ek¢m  kends Lo decompose

10 during the reaction, generating gases such as C0,, CO,
CH, and H, in abundance. This causes a reduction in the
amount of alkyl alcohol available for reaction with the
ortho-position of the aromatic hydroxyl compounds.

U.S. Patent No. 4,097,411 discloses the

15 recovery of unreacted aromatic hydroxyl compounds,
which do not take part in the reaction in the
production of the ortho-position-alkylated aromatic
hydroxyl compounds, and recycling of the recovered
compounds for reuse as starting material. This

20 application, however, is silent on the removal of low-
boiling.point impurities from the recovered aromatic

hydroxyl compounds.

SUMMARY OF THE INVENTION

25 The present invention is designéd to provide
a process for producing an ortho-position-alkylated
aromatic hydroxyl compound in high yield by alkylating

the ortho position of an aromatic hydroxyl compound



The "aromati c hydroxyl conpound” used in the 10 pr esan} Ri gveq’ti oggba a

m xture of a phenol and ortho cresol, in which the a reso
is 0.6 nole or less per 1 nole of phenol. By defining the amount of ortho
cresol within the above range, it is possible to mnimze the formation of
by-products during the 15 reaction angl 1o suppress the deconposition of

al kyl al cohol. Accordingly, in the preparation of orthoposition-alkyl ated
aromati ¢ hyweh i i grongeLngs: acep) dhin@ 4 Dséd hen®r&sehgi PNENELOEnt Decause the
formati on of by-products can be | essened, it is 20 possible to elevate
ortho positébreSellecdiavtil bywliheh al kytesdcsthDd wnehtoheabsehdbhe rati o of
the portion of the aromatic hydroxyl conpound which has been al kyl at ed
solely at tpmsidridro gpbsilie aaremathe supgpdied avopebdnd. hydr oxyl compound.

Al so, because the al kyl alcohol is 25 |less |iable to deconposition, it is
possible to el evate tHuagattike apreseyt hhcemiolomhpenhtatasttowkth the ortho
position of the aromatic hydroxyl conpound relative to the supplied al kyl
al cohol .° FIREMESS | 1P RF¢iwshrd an 19T thewppeitionoalkybatedvention, the

amount of ortho cresol .in the mxture is preferably selected to be 0.25 to
0.5 ol e, MrEPred %%?%bff?@%%gmgu%?cal | RN ORIPRRRBE. I n the

f t i tion, 5 f I dorth I
eoya od pHENGIOE GrmBNE adl o ALETN AN Rnbr Bor e rigS behesRd. The
| kyl al . Ot ol ' ' f havi 1t
24 Lar bon TORET 1§ R ey e 8 oSt o) £ R ek e R Rinol, 10°

et hanol and-Jropyde Al £OND! 2 Asa P& ey ﬁsfyrie@%%%@@%%&g:gg especial l'y

preferred. Like the above phenol and ortho cr res yl al cohol or

recycl e alkist t it A0l 2 GSheéndl Xdnd ot ¥166 eOF e $BY, DEngSelle | Ambhsr PsPCESS Of
‘the present invention. 15 In the nethod of alkylating the ortho position of

an aronat i cotyhy cxaydsEbnpoutite hyithergase phase. catelytoe reastpeon of the
present invention, the nolar ratio of aromatic hydroxyl conpound to al kyl

al cohol in 1 mofeaf imheneferably selected to be 20 1 : 1-20, nore
preferably 1 : 2-8. In the gas phase catalytic reaction of the present

i nvention, steamor an inert gas may be introduced as desired. The reaction

tenperature_in the ag@yhase 25 catalytic reaction is preferably set to
fall wthi PRYEF r’%"ﬂ%‘éq TEHH @ TR ¥G$referably 280 to 400C. The

reacti can be cond d under normal pressure, but if necessary, it m
be Car?% d out under%ﬁéguébdls a fiow sheet of one example of thg Y

process according to the present invention.
FIG. 2 is a flow sheet of another example of
the process according to the present invention.
The reference numerals in FIGS. 1 and 2
20 designate the following:
i, 2, 4, 6, 7, 8, 9, 12, 13, 14, 16, 17, 18, 19:
lines;
3: reactor;
5: preliminary distillation column;
25 10: first distillation column;
11: side cut;

15: second distillation column.



17 Decenber. 2004 - 6 pressure or under pressure. The P&, GG VSt
contact tinme is preferably 0.5 to 50 seconds, nore pre#%%%%ﬁy—f“rﬁ_zo
seconds. <Catalyst> 5 The netal oxide catalyst used in the present
invention is preferably one which contains at | east one netal oxide having
a netal selected fromthe group consigting of iron, vanadi um nanganese,
magnesi um indiumand silica. Mre preferably, the netal oxide 10 catal yst

i s one whi GHETATLED NSESCRI PREON OB DRE atNOENOeckavi ng a nmetal selected from
the group consisting of iron, vanadium indiumand silica. Besides the
above netals, it is alke possebt eitvenmtidont herdaptalibednthudengial kal i ne
netals, alkaline earth netals and 15 rare earth netals. The catal yst nay be
used toget Re@lawth a suitable carrier such as alumina, silica, silica

al um na, diatonmaceous earth, etc., as for instance, described in

JP- A- 59- 65082 NG P2 L @F13B5> or may not 20 necessarily be used. The

catal yst_can be prepared by various nethods. For instance, it can be
prepared® by a ni xi ng n%?h%%? PHpP2EREL PONChePRBEC-PPEEF HPRAL i on met hod and
the |ike by usi an oxide, ., ammoni um salt, chlqride, 25 oxychloride, etc.,
of vanadi un?ﬂﬂf%%ech?ﬁ%r?am‘fr YEORY o‘?‘?‘ﬁ@?uggﬁﬁ?%‘,’r‘gk’é‘?a’?‘é,t]é?c., of
iron. <Pro I p > An oduction net hed_accor di ng 17
Decenber, %%%ééfg&?% {Iﬁ‘ggggjé%@’ntglﬁ(ﬁ%g%ﬁ?g%c?ggéf‘gﬁgﬁ’r%?%owl h2P@f 8ence to

FIG 1 Fildiky B pEomst r@%ﬁ%@&y&scg{@pufﬂ%uaséﬁggaﬂ?fting mat erial ,

whi ch may be nmixed wth the unreacted arongatic roxyl conpound

recovered from the botken sfomgepdch syl abbiPoRbtMisdd 1R PRedescri bed
|l ater, is supplied to reactor 3 following line 1. Another starting materi al

al kyl al€ohmtessntal sovenppdn ets to meechos 3£fQl bRwhdY hhdeo2ehdhis al kyl 10
al cohol may be led into reactor 3 following Iine 2 after it has been m xed
with the untesstled @b kwhich coe| amoan tab £rorekoveresof r bg 0 he mope of
prelimnary distillation columm 5 to be described later. In-reactor 3, the
suppl i ed arohetess hyelr okymolls ebnpoemal andByl #gfini cghohe aseosnbj ected to a
gas phase catalytic reaction in the presence of a nmetal oxide catalyst to
al kyl at e t HE REHP pResePbrivbihimethe oreeve hydgexyit chbeppussiblae react or
may be either a f]ujdized bed type or a fixed bed type reactor. As a 20
result of tHf r@“a{%l%%etlé%t%‘l’??g%l‘?%a%fi%ﬁﬁ‘PﬁO‘P%%E%oﬁiuB}n‘ﬂh*'e‘F% can be

obt ai n an_ortho-position-al kyl ated aropati c hydroxyl conmpound in the form
of aldiﬁlu%§§?ﬁ% raé§;ﬁ%j%ﬁ ?%ﬁ%?&ﬁI?%@é%B?%%tfé%u?ftgﬁg;lhibhboiIing

poi nt by-pwg&&gﬁék.Lnxé%%4§¥héi§yligﬂgﬁ%gég%é$§g€%§ée§€s%¥?reacted aromatic

hydr oxyl corpound.” | n case it7i s N %" hi gh-boi | i ng

poi nt by- prmﬁon-@ffﬁﬁg% a%%ydha@igquérggglm@)&gog%gre recovering the

ort ho- posi tion 17 Dece
according to the present invention, because the

formation of by-products can be lessened, it is

20 possible to elevate ortho position selectivity by the
alkyl alcohol and to raise the ratio of the portion of
the aromatic hydroxyl compound which has been alkylated
solely at the ortho position to the supplied aromatic
hydroxyl compound. .Also, because the alkyl alcohol is

25 less liable to decomposition, it is possible to elevate
the ratio of alkyl alcochol which reacts with the ortho
position of the aromatic hydroxyl compound relative to

the supplied alkyl alcohol. Further, in the present



g _ alkylated aromatic hydroxyl conpound, the obtaingg ﬁgﬁ%ﬁ&ﬂ ﬁdg ure is

supplied to prelimnary distillation colum 5 follo
unreacted al cohol and water are then recovered fromthe top of 5
prelimnary distillation colum 5 and passed through Iine 6 to be m xed
with the starting al kyl al cohol. Du_ri!?g_this operation, the high-boiling
poi nt byproducts may be renoved fromthe bottomof the prelimnary

distillati ofhedtiBh 5 @Hel sheehargeds puto 10- 446 PULH J;héem%xfé{[i‘é“' sthe

m xture containing the ortho position-al kylated aromatic hy roxyf’ conpound,
| ow boi | i ngpofaitab IPUd L ESedNtlo UBs eRCE B0t & OB hE1 8y dhg¥y! conpound is
recovered fromprelimmnary 15 distillation colum 5 and supplied to first
distillati gretitaild® thrionigh. 4 imebe 8 perl D.mdhe @i Xphegoltom prelim nary
distillation colum 5 may be mxed with the distillate froma side cut 11
of first distillationrdhenpidcass siipphe qurésesti tneehtuionl0 20 t hrough
line 9. The m xture fromprelimnary distillation colunmm 5 and the

di still ate $5&h hRtGutand aeyhdeceeppl | @t seprebed| gheénod andtill ation
colum 10. A heat source (steamor heating nedium is 25 supplied to a
reboi | er (s)°HtNR HF Rt AR hdPortiFRe Ghereof may dbe dsedt| ation col umm 10

through line 14. The ymxture js suppljed to first distillation colum 10,
ﬁng t heI ort ho- posi t i oﬁﬂ%lﬁ}f%ﬁeﬂf‘é‘?@fﬁt?%bei’ﬁ 'E%Pcteﬁ’i’b"e??ll‘9004mﬁ Ig -

ydr oxyl co . recovere om oftom o col umm ile the

| ow boi | i nglr%gl n dlrfrplusreicsf%/eefse%an%%m?%%gf%%l%f g}rra'f? cé]ﬁy‘a‘?]é}?(?/‘l’ 2oWPdund are

recovered fy to h t hop posi 1 on-al ky omati c

hydr oxyl colnlgz)ﬂu%l%q?dr:%mt e bm%#o%ﬁe%%té%@??ﬁhtljlfl%%ﬁg%ﬁ?%hn 10 is
subst antg aldshdde Lfa igEspl | SN | $rOfmdi IpPUEL L Yod 2N thah Sy M €COVET ed
through line 13. 10 Then, the lowboiling point  inpurities and unreacted
aromati ¢ hyshiony |e syssguicilinidy recoier 664 f r om kder Ropaiobvd hendhsstagistill ation
colum 10 are supplied to a second distillation colum 15 through line I|2.
The | ow boiditig poigaol npirdédh esllaye 4 hesho Ermw esedyoned heldpl col um top
through line 16 while the unreacted aromati c hydroxyl conpound is recovered
fromthe calgmhdotanm rSixtiune |ytheweshendy kst ubed i 1nh atheonprotessn 10, a
heat sourcecaé]steam or heating nedium) is also supplied to a reboiler(s) at
t he bottom%nd/st RIRSENtdelPEMEiehe second distillation colum 15 through
| ine 18._The unreacted aromatic hydroxyl conpound recovered fromthe colum
bott omthrough |ine ®Aitde é%%% ?H BT HE BharetHe material . That

is, the recovered unreacted aronatic droxyl compound is mxed 25 with the
aromati c hydt oAt ﬁhfﬁ%tﬁ%??&’%@ﬁ%{W?WﬁYe‘W%l 9a2%nd t he

m xture is | i t.Q.r.eactor 3 thro line 1. According to the
above-descrl:%s]-t)lc‘gsge rrcgatq:haol?}"tolfc r?ftdé%%r%fé%mezdbrfs-eﬁtb YR ot ¥ent$ nvent i on,
when puri fyj ecqyver. hi ghs j -position-al kyl at ed
aromatic hgﬂ r%x@%c%?p%uﬁcﬁ%%% %&%ié%f@%@{%r?%o%%t?%rxgl kyl at ed
aromati ¢ hydrsndl QW%eé@%§%féf@ré}9!ftséLécg%)éﬁ'Eé §5e and the
unreacted aromati c hydroxyl conpound, 1t 1S possible to |l essen the anount
of stean used fiorseparal igke ddveawry ho-pasigion-al kyl ated aromatic hydroxyl
conpound in the distillation colum, and to mnimze the |oss of the active
i ngredi ent 10 (aronatirc thedrgaey lpeaygp ot ] edtd acd L6k Wi hof Mg i ties from
the top of the second distillation colum. Said prelimnary distillation
colum 5, fanesterdi sinvdretiicon calaam di andrsedonthdinsdy et i on col um 15
may be of any type, for exanple a plate colum (such 15 as bubble cap

col um) or l@tﬁﬁéﬁmdc@lﬁjrﬁﬁsl'aﬁﬂﬂi-t hey may

The reaction temperature in the gas phase

25 catalytic reaction is preferably set to fall within the
range of 250 to 500°C, more preferably 280 to 400°C.
The reaction can be conducted under normal pressure,

- but if necessary, it may be carried out under reduced




be operated either under normal pressure or under pr d
pressure. Also, plural distillation columms may be ufq, é%£ﬁ¥§g§g¥¥$ninary
distillation colum, the first distillation colum or 20 the second
distillation colum. It is expedient to provide the feed plate at a
position where the conposition of thegmterial in the colum and the
conposition of the feed material are the closest to each other. 25 Side cut
11 in first ptiesisidrealdrom @B el ure 2@ MBANG Ol REQY g, abi lity of the
product purity against variation of the feed material conposition, and is
not essenti abntie dive lilsd REeFelra®lgNinG alo 1€ secbhdEceiey . 2004 - 11
colum side is situated within the area from1/9 of the total nunber of

pl ates on t peedppebly de tef 20haefoeedispl ate to 1/9 of that on the | ower
side, preferably coincidental with the feed plate. 5 Also, any of said

prel i m nary <82$8illyis&i on colum 5, first distillation colum 10 and second
distillation colum 15 nmay be of either batch type or continuous operation
type, or°a conbi nati odD6f MedER Pyiee. crEalfystheissseriat itde gfrasemtsecond
distillation _colum is conducted batch-wise, it is not always necessary to
provi de a séBIRATAPH FE RERSRTEBLYmRNEs Whisd f£omitadinsdiadt ildastti @mecol uim 10
may be used_again for the distillation of the unreacted aromatic hydroxyl

com 15 poun8Siid PERIBoPPVIGIpsi AEteipsalEcisd fram ithe Gs@uWmr eact ed

aromatic hy n d Lowboiling point inmpurities recovered from
the top of g?ggggaﬁggFﬁ#agfgﬁ’cgﬁﬁﬁﬁlfﬁ’aﬂgngFgﬁéﬁ'iWagnﬁéﬁw“hnd t hence

supplied toijhReukl §tiLI at | cql i Lace 20.of t.he m xture
fromprelimnary d??Fi?ﬁzﬁF%ﬁ cgﬁgﬁngggggpp ﬁgg Eﬁ%oﬁﬁ%aﬂiﬁglgf and the

| ow boi kbongcpehhlyskMREr bhieeGhabh EeARUEH sl @M gt %Pleog\eftiarlStoxq.id%ti | Tati on
colum 10 while the unreacted aromatic hydroxyl conpound is recovered from
the bottom bavihgst REtdiskelkatbanreohufhelQrang teakslkedhack to the
reactor. As described above, when an ortho-position al kylatéd aromatic

hydr oxyl cohpoondvasagioncéddiuh7aRdcenléra.20@ésiddd taecakdhag to the
met hod of the present invention, the reactivity of the aromatic hydroxyl
conpound i sMeFelatedtahd ehsooprheibdei tboaddf othiex mempagnd can be

al kylated with high selectivity. Further, it is S possible to increase the
anount of alR§iugiegndikataneabetaisr pékefios sarthemetths pasition of the
aronatig hydr oxyl cogpound making it possible to obtain a desired

ort ho- po3i t T 8hSaPREFAt BAtat8mati ¢ conpound. 10 DESCRI PTI ON OF PREFERRED
EMBODI MENTS The preseﬁﬁ invgn;iog will be further illus trated by the
fol I owi ng exanpl es and"Bofipafta¥Tve™@¥ahfplaed Egpetherevatbaki on of the
reaction re i Exanmpl es and the Conparative_ Exanples, there
were used t%giﬁﬁ?%glé%r%ggfn%ﬂgﬁe?amfggﬂin?hes GRrsS4h&®A~i n the fornul ae
are by nol e 0 ' e | nver sion of ,aromati c hydr oxyl
conpound: X?%@#fiﬁbu%?§%¥h§§?§§%t%%r%%bné?Fé’h?5r§?§l188 BGfd x 100 20 X =
1 Amount ofiestppbégdiar Lggh I 2] tiLo of the, portion
of the aromatic hydroxylgggﬁpg%n%gaﬁ?gh ﬁggpggggl% k@ggtég TeYt AR%or t ho
posi ti oh0 al weeeéoat heyswgphsed. aromati ¢ hydroxyl 25 conmpound (ortho
position selectivity of aromatic hydroxyl conpound): Y ($)

The catalyst can be prepared by various

methods. For instance, it can be prepared by a mixing
method, impregnation method, precipitation method and
the like by using an oxide, ammonium salt, chloride,

25 oxychloride, etc., of vanadium, or an oxide, nitride,
chloride, sulfate, oxalate, etc., of iron.

<Production process>

An example of a production method according




1'7 Decenber. 2004 - 13 Overall anmount of conpound ﬁ'ﬂ’#c@% %@nly t he
ortho position x 100 Arount of supplied aromatic hy 3]
Rati o of al kyl alcohol that reacted with the ortho position of aromatic
hydr oxyl conmpound to the 5 supplied al kyl alcohol: Z ($) Anmount of al kyl

al cohol reacted with ortho position aromati ¢ hydroxyl conpound x 100

Amount of supplied al kyl al cohol [4] Yield of trialkyl phenol: W10 W

Amount of twd a&ﬁwlﬁ@é&htfm@&dtzoéoﬂsAﬂpyﬁlétﬁété&pmtﬁdréwﬂ@ﬁbé hydr oxy!
conpound Exanpl es 1-9 and Conparative Exanple 1 Anmoni um netavanadate

(NHgV03) waso dfssolved 15 in pure water heated at 90C, to which ferric
nitrate [ Fe(N03)39H20] and silica sol (Snowtex N produced by N ssan
Chemical Co., Ltd.) coitstniay B0omdesofhGib@xwer eompdeddwisddsasfici ent
stirring. The produced slurry was sent to a parallel flow type spray dryer
and 20 dri estarteiepynatielzeswhich My bowlexedesitbfeeted to prelininary
calcination at 300C for 2 hours by a rotary disc type.kiln and then

cal ci ned® atVBERRS YV} T MBAREC 1RV SERBT h eoeRRERy stecevergdofreni sheat al yst
was suppli d to a 2 25 inch- amster fluidized bed reactor to which a m xed
sol ution of ‘iﬁ?ﬁﬁ‘blo AL %‘Fl FstHemofo LD wht ek o (be dascpikedber, 2004

- 19 1: i ed an_evapprator to carry

; 5- b
out the reg%? &Hf%ﬁ éﬂﬁpf&ﬁﬁ ¥61¥ﬁ9%%§€f?SﬁggL%Wb%%t}b??e *so that the
feed of phefp |d b 5 0.075
kge T(r)\e rpegct(% o}pee{ egrr%ée%% ée&a\/\g%ri;% ecfﬁe%fs%f?%}é? Jh% %ﬁ%ﬁol gg(r)“r/rgr sion
woul d becong, Ui Y PO 0L BF €3 f\@ii ﬁ ?{ﬂ@si’herfﬁ*q%gﬁﬁe was

mai nt ai ned t hroughout the reacti on. anount 0 fl uent gas

fromtheo 1 TeHS DM HaBSE A A6 ola@éb@oﬁosﬂd%@féwi@@dlmg gas passed
t hrough the condenser and the condensate were anal yzed by gas

chr omat ogr apiyer abt dias ngedmeniesdlwstls hti@anunredebée 41ky}d Exanples S-7
and Conparative Exanple 2 The sane reaction and anal ysis procedures as in
Exanpl e 1 viere@looihdarod edh tesac epdcdorrers ef 0dm at e xesl sof uprebiminphenol |
ortho cresol, nethanol and water at a nolar ratio of 1 : 0.25-0.7 : 5 :
1.5. The ré%kQQgilatlon column 5 to be described later.
In reactor 3, the supplied aromatic hydroxyl
15 compound and alkyl alcohol are subjected to a gas phase
catalytic reactiocn in the presence of a metal oxide
catalyst to alkylate the ortho position of the aromatic
hydroxyl compound. The reactor may be either a
fluidized bed type or a fixed bed type reactor. B&as a
20 result of the gas phase catalytic reaction in reactor
3, there can be obtained an ortho-position-alkylated
aromatic hydroxyl compound in the form of a mixture
further containing low-boiling point impurities, high-
boiling point by-products, unreacted.alkyl alcohol,
25 water and unreacted aromatic hydroxyl compound.
In case that it is necessary to remove the

high-boiling point by-products, unreacted alkyl alcohol

and water before recovering the ortho-position-




20 are shown collectively in Table 1. Exanples 8-10 ﬁgqe%%ﬁgra%& Exanpl e
3 The sane reaction and anal ysis procedures as in duct ed
except for use of a m xed 25 solution of phenol, ortho cresol, nethanol and
water at a nolar ratio of 1 : 0.25-0.7 : 7 : 1.5. The results are shown
collectively in Table 1. 17 Decenbeg, 2004 - 15
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It is seen fromTable 1 that when the anount of ortho cresol in the m xed
sol ution oft¥&rd ity Rfaretxed ovith npe Starkore aktkybsaleehol. nole of

phenol ; the ratio qf. the portjon of the aromatic 5 hydroxyl conpound which

f L1
has been al RyiHEd S AR ??kP%TtF%ﬁp%%?@TQﬁF%%ﬂqrff%%Fk Tédlarﬁn?ti&h_ )
' d h ti t al cohol , ic
nas. T oact e T b AR RS St YA ST tm v e Sy Ryl compound. 1o
the suppli e&r&i%j}réélloy U LANO 1 2 EXMPLEY Jrbn 8 OIR4 N§s L&RACLL QR B pduct

I
obtai ned i n Exa
10 through line 7.

Then, the mixture containing the ortho-
position-alkylated aromatic hydroxyl compound, low-
boiling point impurities and unreacted aromatic
hydroxyl compound is recovered from preliminary

15 distillation column 5 and supplied to first
distillation column 10 through lines 8 and 9. The
mixture from preliminary distillation column 5 may be
mixed with the distillate from a side cut 11 of first
distillation column 10 and supplied to said column 10

20 through line 9. The mixture from preliminary
distillation column 5 and the distillate from side cut
11 may be supplied separately into distillation column
10.

2 heat source {steam or heating medium) is

25 supplied to a reboiler(s) at the bottom and/or the side
of first distillation column 10 through line 14.

The mixture is supplied to first distillation

column 10, and the ortho-position-alkylated aromatic



1, unreacted nethanol and water were separated and tg#%eﬁ ﬁg'!rd56b4m xed
solution was purified according to the process of Fl 5 ition
of the m xed solution was: 64.3 wt~ of 2,6-xylenol, 26.3 wto of ortho
cresol, 6.6 w~ of phenol, 0.3 wt~ of anisole, 1.3 wo of

ortho-nethyl anisole and 1.2 w$ of 2Q nethyl benzofuran. This sol ution was

supplied to the first d!spillat!on’b um (packed colum) (1,880 kg/hr),
and & m Xt syl Rho0Wdpldd RO VI 1455, (A st faapt hy!] ani sol e

and net hyl bénzof dran), "phenol and ortho cresol was Ttecovered 0 kgl hr)
from 25 t heQ@imamyriaR WHd 8 o%-GrodlioRPlpdN At Gngiididde Ofa P 98 W % was
recovered (930 kg/hr) fromthe colum bottom During this operation, a

m xture of wdr@auteanclroaid ioy i rd8a80lcompsoticdtd dd e Bite ARBOE kG hr) from
a 19 Decenber, 2004 - 17 colum side at the sane position with the feed
pl ate. The theercatliuvngy c@rdi tions Were: columm top pressure = 340 nmHg;
reflux rate = 7; anount of steamused = 5.2 ton/hr. 5 Then the m xture of

| ow boi 15 ng poi nt i mIlve toiredho-@uissidlien -arltkyd-atetd\d amiagnile and

met hyl benzof uran), phenol and ortho cresol was supplied to the second

di still ati &ydesumn qpeeked dalogmbhe drvd-tomio& e domst si ng | ow boi | i ng
point inpurjties 10 containing_12.8 w % of anisole, 37.4 w% of ortho

net hyl ani sGPE Erid 498 @B A& HA salRsiaen a8y £5826F phenol and 4. 3

wt % of ortho _cresal was yenov 25 kg/ hr) fromthe colum top, while
phenol and l&&“ﬁ&%&reésof’ln eﬁcejgé'\gz? é’g"?( EYhmt flrst)rﬁe‘tcﬁé’ec"gﬂ%rm 15
bott om and QERI'e . rreactor 3 for recycling as starting naterials. The
operati ng g%h |4hoﬁ§3§kﬁge colum top pressure = 235 mrHg; reflux rate =

20; amggnt of steam uged, = t%-eGel)toni”an*HZiblit% Sl (o1 A6 Tegy | Noredi ent s

(phenol and cresol in thi's cas nces renove romthe top

of the secendedictled laaldnit iCOMYIr HRS LdeHdind BB k2 riltsh frald owi ng

operation was carried out 25 according tothe process of FIG 2. According
to Exanpl e tlop, odi 3fhid Ifalrisen dafstting atierd Elusd A wase GalgdsG:PWo i n the
first distillation colum, with the distillate fromthe colum top being
recycl ed ta tseeondldiBedanaeion?@d4 umnld s meachen 1S 1gper atHedOn was
continued for a given period of tine. The conposition of the solution
suppl i ed t domwhrdofilisig giodtnit] Latpiuon tdesumranasierb re?homtedd dfraty G:heyl enol
25.2 wt% of ortho cresol, 5.7 ww% of 5 phenol, 3.0 wt% of anisole, 10.1 wt%
of ortRE® meCHWENto dhavdal, & imedoldt whdtliey |tien zoimeeatediromsdiia i on was
supplied (2,260 kg/hr) to the first distillation colum (packed

di stillati G¥IEERYCOmReEna Aisx EGCOVESHS ifiany thee ol i qrs. 2 10 wt %
of anisole, 25.8 wt%af .qQrtho-nethyl anisole and 10. 0 wt % of

net hyl benzof ur an), 1§.16113013(? &t 5n T3Pt 235 Bt lohad By 1999 WHesol  was

(esor ot ABA0 KR SO SRS (e AR B ) 15
Sao o SIS, 1B & 1B ot R beon Uty i S ffeOVer e
20 of the second distillation column 15 through line 18.
The unreacted aromatic hydroxyl compound
recovered from the column bottom through line 17 is
:ecycled to be used as starting material. That is, the
recovered unreacted aromatic hydroxyl compound is mixed
25 with the aromatic hydroxyl compound that was fed as
startingrmaterial, and the mixture is supplied to

reactor 3 through line 1.

According to the above-described method of



bottom During this operation, a mxture of 2,6 xyl t resol
was also distilled out (520 kg/hr) froma colum si bé%g LY BBO(‘\"osition
with the 20 feed plate in the first distillation colum. The operation
conditions were: colum top pressure = 340 nmrHg; reflux rate = 7; anount of
steam supplied = 7.7 ton/hr. The yi_e:ji of the active ingredients in the
subst ances renoved fromthe top of the first 25 distillation colum was 20
kg/ hr. The dies\descaft Bxamtesod,l wikh I & 8y ShoWMnd Ned @ &r 2ng 2 17
Decenber, 2004 - 19 Table 2 Ampbunt of steam usedLoss of

act i ve(ton/tirghingneidierdrtho-position~-alkylated aromatic hydroxyl

(kg/ hr) First SecondFi rst Seconddi stil-distil-distil-distil-lationlationTotal
ationl ati ornsoipoured|firomc a wmincol pemdk angptt e~ 26k Hi6i dn 94 1Exbapd @ ~, ~- ~, ~2012
17 Decenber. 2004 - 20 WHAT IS CLAIMED IS: 1. A process for producing an
aromat i ¢ hyatramat 1 @ dvysbuordy Jal donwnt at 1 evireéomi t g gesint on, whi ch conpri ses
carryingsoqt a gas phase catalytic reaction of an aromatic hydroxyl

conpounc® ardRHF 1488 adiddis unreartent coeameet ot hydmeexyl oxi de cat al yst,
said aromati ¢ hydroxyl conpound being a m xture of phenol and ortho

cresol , , and:qnﬁéy%uri‘tt ofS RIFO RIS 19584 Hiktanauns of 25teamo. 5. nole

1 nol e_of .2 ' Th ding to daiml, wherein th
B kyl a cotied Sne TR (D0 SO T T EHE T boul 6. 3. The

o 1 . . I i de. I .
Meast one Al G QG PHEH BT B AR RS Tt St Tng of
i ron, vanadjidinid piHRad Sd i Ghs & e HOLESS; lcéc)éa il to any one of

Clains 1 to 4, wherein after carrying out a gas pﬁhs alytic reaction of

an arongf i Cidpeiaid HRIRaMAd AthbAth® Mtﬁ&ﬁé@'wi{hti}ﬁ%@fﬁé e of a
0

nmet al oxi de catal yst, the unreacted aromatic hydroxyl c ound I's recovered

and recycl eft s tHearddp @ fradies isdcord i Proeessn assnigh ng to daim5,
wherein the reaction m xture obtained fromthe gas phase catalytic reaction
of an aronmatic hydr 08did queeduing rensly adi sl kKylation doTudecenberrs®2004 - 21
al cohol is supplied to a first distillation colum, recovering fromthe

col um bot tdirattild givicduced wm Hdhowid i sereaidkyd o teidl T toied | @o hymht oxy |
conmpound whi |l e recovering fromthe colum top the unreacted aromatic

hydr oxyl cdfp@aid tenP i @RhdivRey froi exanmpie ia imka tarmblumm thechinr eact ed
aromat i ¢ hydr gxyl .compound and | owboiling point inpurities are supplied to
a second diag QY lieor?a&blwmr})ecqﬁ/éiﬁ?gfgﬁcbrﬁqwfboﬁﬁﬁ] By dRAY he

unreacted aromatic hydroxyl co und and recycling it as starting material.
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Ul cal] caV] ecaldisadl6ald e dd i %\ﬂﬁjﬂ:e Yused as the preliminary

distillation column, the first distillation column or

20 the second distillation column. It is expedient to
provide the feed plate at a position where the
composition of the material in the column and the
composition of the feed material are the closest to
each other.

25 Side cut 11 in first distillation column 10
is a means for securing stability of the product purity
against variation of the feed material composition, and

is not essential. The distilling-out opening at the
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: 20 of the mixture from preliminary distillation column 5

supplied through line 8, and the low-boiling point
impurities are removed from the top of first dis-
tillation column 10 while the unreacted aromatic
hydroxyl compound is recovered from the bottom of first
25 distillation column 10 and recycled back to the
reactor.
As described above, when an ortho-position-

alkylated aromatic hydroxyl compound is produced
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obtain a desired ortho-position-alkylated aromatic
compound.
10
DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention will be further illus-
trated by the following examples and comparative exam-
ples. For the evaluation of the reaction results in
15 the Examples and the Comparative Examples, there were
used the formulae defined below. All the amounts shown
in the formulae are by mole unless otherwise noted.

[1] Conversion cof aromatic hydroxyl compound: X (%)

Amount of unreacted aromatic

hyd 1l co
20 w=|1- ydroxy mpound % 100

Amount of supplied aromatic
hydroxyl compound

[2] Ratio of the portion of the aromatic hydroxyl
compound which has been alkylated at the ortho
position alone to the supplied aromatic hydroxyl

25 compound (ortho position selectivity of aromatic

hydroxyl compound): Y (%)
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Amount of alkyl alcohol reacted with

7 = ortho position of aromatic hydroxyl compoundx100
Amount of supplied alkyl alcohol

[4] Yield of trialkylphenol: W (%)
10
Amount of trialkylphenol formed

W = X 100
Amount of supplied aromatic hydroxyl compound

Examples 1-4 and Comparative Example 1
Ammonium metavanadate (NH,VO,;) was dissolﬁed
15 in pure water heated at 90°C, to which ferric nitrate
[Fe (NO;),*9H,0] and silica scl (Snowtex N produced by
Nissan Chemical Co., Ltd.) containing 30 wt% of SiO,
were added with sufficient stirring. The produced
slurry was sent to a parallel flow type spray dryer and
20 dried thereby. The resulting dry powder was subjected
to preliminary calcination at 300°C for 2 hours by a
rotary disc type kiln and then calcined at 680°C for 3
hours to obtain a catalyst.
800 g of this catalyst was supplied to a 2
25 inch-diameter fluidized bed reactor to which a mixed

solution of phenol, ortho cresol, methancl and water (=
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The whole amount of the effluent gas from the
10 reactor was passed through a condenser, and the gas
passed through the condenser and the condensate were

analyzed by gas chromatography, obtaining the results

shown in Table 1.

15 Examples 5-7 and Comparative Example 2
The same reaction and analysis procedures as
in Example 1 were conducted except for use of a mixed
solution of phenol, ortho cresol, methanol and water at
a molar ratio of 1 : 0.25-0.7 : 5 : 1.5. The results

20 are shown collectively in Table 1.

Examples 8-10 and Comparative Example 3
The same reaction and analysis procedures as
in Example 1 were conducted except for use of a mixed
25 solution of phenol, ortho cresol, methanol and water at
a molar ratio of 1 : 0.25~0.7 : 7 : 1.5. The results

are shown collectively in Table 1.
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J33JJ{ aQ FgS$10% & ()- 1S$10% & () - 15310% & ()- le; b >

A1 S$10% & () - 133333IJeFgS$10% & () - 1S$10%& () 1S$10% & ()- 1S$10% & () - 1S$1
0% & ()-1SP10F &[T TSI T F TIRKK
KeFgS$10% & ()- 1S510%4 &' s Q‘BJQ,Q/E(&,_Q & L) - 1S$10% & ()- 1S$10% & () -
1S$10% & () - 1 |KKKKKKaG [Fgsioa ke (O (3l 35310% & ()-1S$10% & () - le;
b > =

Al KKKKKKKKK} ¢ Il / 8$ 076 & ()-mﬂjﬁ
S$10% & () - 1S$18% &'%) -|ks4|cofics]
1

r 1S$10% &' () - 1S$10% & () -1
$5$10% & ()- le;b >

AS$10% & () - 1S81PUE (|x=|EHEL0MR o Do i ki kKKIUAK K(K) K}l / S$10% & () - 1S$1
0% & ()-1S$10%4 & () - 1sq1yds|&’ "(TH1S$10ps & () - 1S$10% & () - 1S$10%
& ()-1) K*K+K, - K. RIRFCar7iSHIOG & FT5$10% & () - 1S$10% & () - 1S$
10% & () - 1S$10%4&] ()= 195U0%Y s KOK3KAKEKBK{ aG ccl / S$10% & (
)-1S$10% & (){18$[L0% & |9 gg‘@ %g?KSKQK: K;
K<K=K>K} cl / S$10% &' (7 - ISH10% - 1S$[10% & () - 1S$10% & () - 1S$10
% & ()-1S$10%& ()~ ISTIAOW & ( cT{ S$10% & ()-1e; b >
A S$10% & () - 1S$1p%sR ([ry|Fas > JKQKSKi J+/ S$10% & () - 1S$10%
t& ()-1S$10% & ()} 1S310%|&1Q D () - 1S$10% & () - 1SKVKXKZK
] K KbKeF+/ S$10% & ( $$1d%[&'|() DA & ()-1S$10% & ()-1S$10% &
() 1S$10% & ()- LbKdReKFKGKAK{ 0% & ()-1S$10% & ()-1le; b
515 3
"1 S$10% & () - 1hKi Kﬁ%gmmm S510% & () - 1S$10% & () - 1S$1
0% & ()-1S$10% & (¥-aSHFR|& D4 & () - 1pKgKr KsKt KuK1}cl/ e
1b > - | @
A S$10% & () - 1581 4% (|) -l1981 - LUKWKx Kz K} KKKKj K, / S$10% &'
()-1S$10% & ()- &S ToITSs () - 1S$10% & ()-1S%$10% & () -
1KKKKKKKeF, / S$189 &1OF U( % () -R(B3L0% & ()-1(S$10% & () - 1(S$
10% & () - 1S$3,0988 (S [P S POO 1§4 ( FOLSBOp4 & () - 1e; b >
AL(S$10% & (P41 KKKKKKKelF, IS$10p4 & ()} 15$10% & () - 1S$10% & () - 1S$
10%&'()-1 0% & oal& () 11SE1 004 18" I) 1 TKKKKKKKeF, S$10% & () - 1S$10%
& ()-1S$10% %65 ) 1280 & D5 1L SPLOPA I () - 1S$10% & () - LKKKKKK{ a
G F, S$10% & () $1Y L0 & (D s1Let Bl > )
A S$10% & () - 1RKE SY10% & [()F 1SS opa & ()} 1S$10% & ()-1S$10% & () -1
S$10% & () - 1S$H0Y 0% & () -1510% & () - LKKKKKK1}cl/e:b >
A S$10% & () - 1889 1$10% &' (|) -11S$1/0% & () - LKKKKKKKKK} ¢l / S$10% & () -1
S$10% & () - 1S$20% O%R Y )2 &f )= [rS$510% & () - 1S$10% & () - 1S$1
0% & () - 1KKKKKEKK & O} 1Is4 "OF1 D4 & ()-1S$10% & () - 1S$10%
& ()-1S$10% &| ()% ()11 9$H004-8 KK Gl}cl/S$10% & ()-1S$10% &
'()-1S$10% & (F-% (O les b >,
A KKKKKKKKK} cll 53 ngisgs 0o |& N 1S$10% & ()-1S$10% & ()-1
S$10% & () - 1S$T0Y 51 MR ) S510% & ()-1e; b >
A S$10% & () - 1984 +35 4O el / S$10% & ()-1S$10% & ()-1
S$10% & () - 1S$ R0t ;$103les & () - -1S510% & ()-1S$10% & () - 1KKK
KKKK} ccl / S$109E&, %|& | (V| SY 1O’ SHIOPA & ()-1S$10% & () - 1S$10%
& ()-1S$10% &IP)°hSE s & (1) -JTKKKLLL{\ SSH1004 kR ()} 1S$10% & () - 1S$10% & () -1
S$10% & ()-1lejb >
ALLLLLLLeFS$10% & () - 3S$41Q%(& {()|- USHLO%E |& |( ) F 1ISH10% & () - 1S$10% & () - 1S$10
% & ()-1S$10% & ()- 1LLLUL e 9 o
L" LeFS$10% & & SHIF%I& [() - 2{SHL0% J&B{() - 1S$10% & () -1S$10% & ()
-1S$10% & () - P A ST UOBAR T2 [15510% & () - 1S$10% & () - 1S$1
0% & ()-1le; b i1 Rl Bl B R e B ) 2e
AL L(L) L*L+L, o & | (-2 B LB\ (F 4iS$10% &' () -1S$10% & () -1S$
10% & ()-1S$1 ' E &&L%'g)gu@_uzwwm }cl/S$10% & () -
le;b > ~1S$10 ATV RE [ ¢ilmaladlgdiol

L=L?LALCLi J+/ S$10% & ()-11S$10% & ()- 1S$10% & ()- 1S$10% & ()- 1S$10% & () - 1S
$10% & ()-1S$10% & ()- 1CLELGLI LKLM.OLeF+/ S$10% & ( S$10% & () - 1S$10% & () - 1S
$10% &' ()-1S$10% &' ()- 1S$10% &' () - 1S$10% & () - 1OLQLRLTLW.ZL{ aB#FS$10% &' () -
1&S$10% & ()-1S$10% & ()-1le;b >

A1S$10% & ()-1ZL] L LbLdLgLj LeFS$10% & () - 1&S$10% & () - 1S$10% & () - 1S$10% &
()-1S$10% & ()-1S$10% & () - 1S$10% & () - 1j LI LnLgLt LvLxLeFS$10% & () - 1&S$10%

& ()-1S$10% & ()-1S$10% & ()- 1S$10% & ()- 1S$10% & () - 1S$10% & () - IxLyL{L| L}



>
A LLLLLLLeFCI S$10% & ()- 1S$10% & ()- 11S$10% & () - 1Seromesember 2908, ¢ ()-1s

$10% & ()-1S$10% & ()- 1LLLLLLeFcl S$10% & ()-1S$10% & ()- 11S$10% & () - 1S$10%
t& ()-1S$10% & ()-1S$10% & ()-1S$10% & ()- ILLLLLLf G Fcl S$10% & () - 1S$10% &
()-1S$10% & ()-1S$10% & ()-1le;b > _ 1¢
AULLLLLLLeFc] S$10% & ()-1S$10% & () - 11S$10% & () - 1S$10% & ()- 1S$10% & () - 1S
$10% & ()-1S$10% & ()rtllid Lddeatcd S8 OPAred & ) T 168 O%sed ) t Hd SO E () - 1S$10%
t& ()-1S$10% & ()-1S$10% & ()-1S$10% & ()- ILLLLLLf G Fcl S$10% & () - 1S$10% &
()-1S$10% &1 )ortIkl QoM d]) -ilre; the> mixed solution of starting
ATLLLLLLLeFcl S$10% & ()-1S$10% & ()-11S$10% & () -1S$10% & ()- 1S$10% & () - 1S
$10% & () - TEHKO%EL { )1 InAdNEFE In8SID% R 1951 330% &hgle 1d5510% & () - 1S$10%
t& ()-1S$10% & ()-1S$10% & () - 1S$10% & () - LMVMVM
M L2Fc| S$10¥asql) - 1S onateiq )of18$1€e)%<&ri(ngor18$ﬁ.on)w ayomatpe> Al MW
MMM ¢l / S31006 & () - 1S310% & () - 181006 & () - 1S810% & () - 1S310% & () - 15$10%
t& ()- 15510 LI mmmwcz JRNMIVK, D47 SBhvd a9 -ak; gpby the
A1 S$10% & () - 1S$10% S$1Q%
M M MM 2@ )R /& %ﬁo”o)&”(l%@%%}?)h&%w& & ()-1S$10% & ()

-1S$10% & ()-.1S$10 1#|\/$|v%v& M M+ cl/ S$109 10% & ()-1S%1
0% & ()- 133521?5% 3/631’5135‘)1?%%5"()301% fzl\id;@() ‘544 09 &t% Z%@i 0% & () 1+M M M
}P/ENM;MB\NE( %ﬁ%‘ &l TP U & (e d SPAAVE 0 L) 5 AP QB & (oA P >
M cl / SSP10%& (rdSHl 1 1S$10% & (
) - 1S$10% &@(r% 1%10%%41%&90@%&% b %%0/%%9?& §§£§ %ﬁﬁ
A S$10%®R (9rdBRI0Y & () - 1S$10% & () - 1AI\/CI\/I—II\/LM\/IVDVPI\/RI\/] P1/ S$10% & () - 1S$10%
t& ()-1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & () - 1S$10% & () - LRVBMVMAM
YMZM M MsT: / S$10% & () - 1S$10% & () - 1S$10% & ()-1S$10% & () - 1S$10% & () - 1S$1
0% & ()-15%$10% & ()-1] MM MoM:MeM MiVbUS/ S$10% & () - 1S$10% & () - 1S$10% & () .
-1S$10% & (Hxargsik0oa1e () - 1S$10% & () - 1S$10% & () - 1hM McM MoMpM MsMsT: / S$10%
t& ()-1S$10% & ()-1S$10% & ()-1S$10% & ()- 1S$10% & () - 1S$10% & () - 1S$10% &

) - 1sMuM/ MMV My M aB#SERSH1 Ogaeg! J(e)aqmm%@c@cummgd (3R Bxsample
A S$10% & () - 1}M\/I\/I\/I\/I\/NEFS$10%& ()-1S$10% & ()-1S$10% & () - 1S$10% & () - 1S$1
0% & () - 1S$11'0%I&I%9Gt1%$fm)al@r(9 AR SHA 084 RLRI rassd 3ad the 15$10% &' (

O 0, 0, 0,

ol 52 SR S A SR el lon € 02

S SR QU s SR S
-1S$10% & % G 9 10% & ()-1S$1
QAR 4SS uns 2 ;W@@m f%&@@% &8310% € ()

0% & ()-1

g{$10% & ()- 515$10% g (‘fﬂ (1)S$1§0%é&% (‘?f e /? 10% %{Q%éie P e -1

M S$310% & (D - SN d) tHSHOM S élé\d\é\/'\é\fw\d\/} | SPI1OPA & () - 1S$10%& ()-1
S$10% & ()-1S$10% & ()-1S$10% & () 1S$10%& ()-1S$10% & ()-1S$10% & () - 1MW
MVIVM ccd 0 SEROM W Kon AThTM & (DhilsSHDE & ¢ -dSS 1098 {8d 1E$109 & () - 1S$10%
& ()-1S$10% & () - 1S$10% & () - IMVWMWWAG ccl / S$10% & () - 1S$10% & () - 1S$10% &
() 1S$10% &ipstlejistillation column (packed column) (1,880

cl/S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & () -1
S$10% & () -Kegn0% &r(d -a S0 (9f IMANAAK] drod / S04 Bhgy) = e dos >
A S$10% & (%ﬁ 1S$10% & ()-1S$10% & () - LIMMMVWWMVMWY_E/ S$10% & S$10% & () - 1S$10%
t & () - 1S$1003r8 9 Le,SEohR (s thpSErona sl § )arlcsw@%x;tlye)nq@im)& () - IMVMVVVIVM
}cl/S$10% & S$10% & ()-1S$10% & () - 1S$10% &' () - 1S$10% & }) 1S$10% & () - 1S$1
0% & () - 1SPtvE: (é)n MVRNMNFTERSAY el qyeasd 1094 % 19/ nus1D08m: () - 1S$10%
t& ()

NN} ¢l / s]’;f‘lo%%mﬁwi 310}813& ‘tf)llies.ﬁo%’a/](%nﬁlsggb‘éﬁ&a (§unidst b £93285$10% & (
)A' gsiég/aﬁ&&(‘ﬁeﬁé%f% %%%@WW % WW\{NWV\F%}%W@WA%?S%S?O% & ()-1
NN ot | SO (i g g RS AR LAt o 1) stom

& ()-1S$10% 04,8 { ) \ | 10% & () - 1S$10
o () 1S$101§/%r(8§) (‘gz%@&l wad )il NSNS\ B{ £6 1 PA0 & £ 109
A1 &N NCN) NENEN, NN, N}cI/SS$10%& ()-1S$10% & ()- 1S$10% & ()- 1S$10% & () - 1S$
10% & ()-1S$10% & () - 1S$10% & () - 1S$10% & () - 1. N/ NONLN2N3NK1} cl / SS$10% & ()

-1le:b > A1 S$10% & ()-1S$10% & () - 1S$10% & () - 13NON: N;

N<N=N>N?Ny_E/ SS$10% & S$10% & ()- 1S$10% & () - 1S$10% & () - 1S$10% & () - 1S$10%
t& ()-1S$10% & ()-1S$10% & () - 1?N@NANBNCNDNENFN} ¢l / SS$10% & S$10% & () - 1S$1
0% & ()-1S$10% & () - 1S$10% & () - 1S$10% & () - 1S$10% & () - 1S$10% & () - IFNGNIN



A1 NNNNNNNNNG ¢ 1/ S$10% &' () - 1S$10% &' () - 1S$10% &' () - 1SS10% & () - 1S&AQ% & () - 1
S$10% & ()- 1S$10% & () - 1S$10% & () - INNNNNNL} ¢l / e} b w

A1S$10% &' () - 1S$10% &' () - 1S$10% &' () - 1S$10% &' () - LNNNNNNNNE Z@ e

bS$10% & ()-1S$10% & ()-1S$10% & () - 1S$10% & () - 1S$10% & ()- 1S$10% & () - 1S$
10% & () - INNNNNNNNN ¢ / S$10% & () - 1Sp40% & () - 1S$109% & () - 1S810% & () - 1810
% & ()-1S$10% & ()- 1S$10% & () - 1S$10% & () - INNNNNN{ aG-} ¢l / S$10% & () - 1S$10%
t & () - 1S$1Q%1&ndn) -kl QM &Ho -sknd position with the feed plate.

A1 NNNNNNNNNG ¢ 1/ S$10% & () - 1S$10% &' () - 15610% & () - 165100 & (- 15$10% & () - 1
S$L0% &' () THSS LM Hi)mol Sk dns JNNNNG Thad Es%giﬁﬁééauﬁ@:é >

A1LS$10% & () - 1S$10% & () - 1S$10% & () - LNNNNNNNeFcl / S$10% & ( S$10% & () - 1S$10
06 & () - 1S$TO% &infy1 SHINME (g tel S$TNYiaticyntl S5 (et JudddNNNNNEFC] / S$10% &
' (S$10% & ()-1S$10% & () - 1S$10% & () - 1S$10% & () - 1S$10% & () - 1S$10% & () - 1N
NNNOOa B#FS$To04he -() - 1S$10% & ()-1le;b > A1 S$10% & () - 1S$10% & () - 10000000

OO cl/ SS$10% & () - 1S$10% & () - 1S$10% & ()- 1S$10% & () - 1S$10% & () - 1S$10% &
()- 1S$10% & ()- 1S$10%1'@r( )tl'mlxture of low-beiling point

0000 } ¢l / SS$10% & () - 1S$10%.& () - 1S$10% & () - 1S$10% & () - 1S$10% & () - 1S$10%
t & () - 1S$10MPRrOE1ESs 1@ )e 1 aEdhsomeidyionieqde B0% & () - 1S$10% & () -
1S$10% & ()-1le:h.> Al ,

0 080 O, O ?ﬁ‘&%%‘%rféﬁro%h@”(‘jl- PEE AR )SHEb RS (SUPRIRD4 & () - 1S$

10% & () - 1S$1Q%.&' ()~ 1. QeFSS$10% & ().~ 1S$10% & () -1S$10% & () - 1581
0% & (§) 1 0%&% (S)Q‘:féﬁ%%%%lﬁl 6% “(“)fl(l @ﬁﬁd&é@&dFﬁl 108/2 & ()-
155109 & () 1534008 (O kSELY% & () 1l o . o

Al C@OEG(CJ)&HG 5 c;%ﬂcclh}pgléo%é&%%‘% F@fgﬁg&'%ﬂ%ﬁ?ﬁ}%% B%%s$10% & () - 151
0% & ()1 SSUMSA ool LA K ol SHAUAIE ) HOLROROR 51/ SSLON & ()- 1
o

M S$10% & ethELoMisR 1) -aheb 04 WDy c37 S510% & () - 1Sl
0% & ()-1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10%
& () - 1XOYOH Pheno1Ckasel /ASHL eI o) chkShk) Urk (91 Wafkl Wdrdoaa 18%HL0% & () - 1S$
10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & ()-170 CalbCcdO aG ccl/ S$10% &' (
) - 1S$10% & Ko/ hr$$ Foume the rSFA0Y &op),- Mide> phenol and ortho

Al dOeOf OQgOhO O kA G cl / S$10% & () - 1S$10% & () - 1S$10% & () - 1S$10% & () - 1S$1
0% & () - 1SFIB%CE WETESERRVE HOd 1{IPH0 Moy hD)- 1 romOrihesOppidktrd cl / S$10% & () -1

e;b > , i

A S$10%%% OPEESE GotCe UPPISED #ik 1At & ERey GARGIGNE/SH10% & S$10% & (
)- 1S$10% & ().~ 1S310% & ().- S&lo%&' ()5, 15810% & (). 1SB10%4 & () - 1S$10% & () -1
yOz O O O OSG3H P & 25810048 PREGFIR% ONHIERIE &9€:1S$10% & () - 1S
10 f‘) Pt ogl;g}c?%%%‘e&é )5 RN RALSAPA & (5 1S810% & () - 1581
A1 0O000000G, £ %.& () - 1S$1Q% & A ).~ % &1() - % & () - 1S$10% & () -
1S$10% & () - 1&%‘%@&%‘%%-‘3& 0% & (%—6(1%1} gq"ﬁséé%g}fﬁ% )"{%ee; b > 0
AL S$10% & 531 Q%% i e he S 0%k o L0 I+ S540% & {)y1S510% & () - 1S
$10% & () - %&%ﬁ %‘ -e%mo% &C)é(ﬂ)%-r{f&]fgg i & () - 115$1/10% &'% Sgba(f) F+/ g$3$10%
t & (S$LW &he) sLBBLAUE s JrekSENIE o) theb kW & A JrneSH4& () - 1S$10% & () -
1000000{ aG F+/ S$10% & () - 1S$10% & () - 1S$10% & ()-1le;b >

A S$10% &' ([)i-stO00aEReR0 e 1uGHil 0fdss o JegVBE10% &' () - 1S$10% & () - 1S$10% & () -1
S$10% & ()- 1S$10% & () - 1S$10% & ()- 1S$10% & ()- 10000001} cl/e; b >

AL S$10% &' () - 1S$10% & () - 1S$10% & () - 1S$10% & () - 100000000y _E/ e; b >

nS$10% & () -1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & () - 1S$
10% & () - 163e0pde0Rcl / S$10% & () - 1S$10% & () - 1S$10% & () - 1S$10% & () - 1S$10
% & ()-1S$10% & ()-1S$10% & ()-15$10% & () - 1000000{\ B(} cl S$10% & () - 1S$10%
& ()-1S%$10% & () - 1S$ T gql)l%;n[g Lperation was carried out

N cl/SS$10% & ()-1S$10% & () -1S$10% & () - 1S$10% & () - 1S$10% & () -
1%100?3 ( Peregfaopete) + ) PEACESE) - : OB38e0K, -} crﬁfc%m%r@ (e (l)e b > 0
AL S$10% &' () - 1S$10% & ().- 0%.& () - cl/.S$10% & ()-1S$10% & ()-1
S$10% & () %‘éﬁ%@a ~0) %@éﬁ&l ()fésls% gzle‘)e-%%ﬂﬂ%l&”( )W-a(f)S$10% & ()- (1)ooo
g,P(P)P}’ gg'?o/l ﬁ%%‘@bédg@g@}g%% O LB Vel 35 W, 1% O - 15910%
PPP{ aG ccl / NAE & (h- % & (:).- %.& { )-le,h > AP
PPP%PPPP} ch s%%%&% )f} %%g%% 8?%“%%%&'(%9}%%%@&%&‘ %t)" %@%10% & ()-1S$1
0% & ()-1S$10% & ()-1S$10% & () - 1PPPPPPK, }cl/S$10% & ()-1le;b >

AL S$10% & () - 1S$10% & () - 1S$10% & () - 1P! P" P#P$SPYP&P' Py E/ S$10% & S$10% & ()
-1S$10% & ()-1S$10% & ()-1S$10% & () - 1S$10% & ()-1S$10% & ()- 1S$10% & () -1’
P(P) P*P+P, P- P. P} cl / S$10% & S$10% & () - 1S$10% & ()- 1S$10% & ()-1S$10% & () -1
S$10% & ()-1S$10% & ()-1S$10% & () - 1. P/ POP1P2P3Pf L2} cl / S$10% & () - 1S$10% &'
()-1S$10% & ()-1S$10% & ()-1e;b > "I 3PAP5P6P7PBPIP: P;
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M S$10% & ()-1S$10% & () - 1S$10% & () - 1APEPGPI PKPVPOPRE [ SR10% &,
)-1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & () - 1S$I09 & = 1OPCF
[ PeFcl / S$10% & (S$10% &' () - 1S$10% & ()-1S$10% & () - 1S$10% & () - 1S$10%& ()-
1S$10% & () - 1[ P] P_P" PaPdP\ B#FS$10% & () - 1S$10% & ()-1le; b >
A S$10% & () -1S$10% & () - 1dPePf PgPhPirlgi RkPI P} cl / SS$10% & ()-1S$10% & ()-1S$
10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & ()-1S$10% & () - 1l PnPn
PoPpPqP} } | #<S8$0%4 & Thid SHHOPAELG) - 255168081 khed SEAD% &y{yed S$10% & () - 1S$
10% & ()-1S$10% & ()-1S$10% & () - 1qPr PsPt PvPxPf (} cl S$10% & () - 1S$10% & () -
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A process for producing an aromatic hydroxyl
compound alkylated at the ortho pOSltlon, whlch
'comprlses carrylng out a gas phase catalytlc reactlon
.of an aromatic hydroxyl compound and an alkyl alcohol
in the presence of a metal oxide catalysf, said
aromatic hydroxyl compound being a mixture of phenol
and ortho cresol, and the amount of ortho cresol in the

rmi.xture is 0.25 to 0.5. mole per 1 mole of phenoL
2, The‘proceés according to Claim 1, wherein the
aikyl alcohol is one having 1 to 24 carbon atoms in the
molecule.
3. The‘prooess.éccording to Claim 1, wherein_
said metal oxide catalyst coﬂtains at least one metal
oxide having a ﬁeﬁal selected from the group consisting

" of iron, vaﬁadium, indium and silica.
'ﬁ. The prooess acCofding to any one of Claims 1
to 4, wheroin éftef carrying out a oas phase catalytic
reaction of an aromatic‘hydroxyl compound and an alkyl
alcohol in the presence of a metal oxide catalyét, the
unreacted aromatic hydroxyl compound is recovered and
recycled as startlng material.
5. The process according to Claim 5, wherein the
reaction mixture obtained from the gas phase catalytic

reaction of an aromatic hydroxyl compound and an alkyl
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