10

15

20

25

DESCRI PTION 11121711 12111 121111 11111 111111
FIT11J131111 "959159* PROCESS FOR PRODUCTI ON OF

4- ALKYLPHENCLS

0 T T T T T T T T T A € 010100 12 =1
TECHNI CAL FI ELD The present invention relates to a

2 al ky phenol s p otucebaserazazaiance w in-t ne olMMITHIN
i nvention can be used as synthetic raw mat er *150150+

every 10 kind, and particularly 4-tert-buty heno

erodBie ?JRLOP@@%%‘ % ?f.@%g etsl yﬁir s [T

oduci ng phenol *G00002*

resins or surfactants. 15 BACKGROUND ART Conventi ona

processes for the production of 4- al kyl phenols, in

whi ch a phenol is reacted with an olefin, an al cohol,
TECHNIGAL &tID in the presence of a catal yst, thereby

al kyl ati ng the phenol, are already known. One known

pr ates prifsdnt iprvatitdiony ree latal KW he ptodasyn fop el

and an olefin involves conducting an addition

prod@RcildPbHef vieal idieddignol  and the olefin in the
presence of an aC|d catal yst, and then conducting a

‘E;.S“Sr%o ntd&‘% . b Rl ST Wl P pregent
v oo o S DB B TR B e
roducts derlved from the raw material ol efin.

Kingi AN R TR oSk (R HRhenpL (hereatter

abbreviated as 4-TBP) is useful as a molecular weight
controlling agent for polycarbonate resins, or as a raw

material for producing phenol resins or surfactants.

BACKGROUND ART

Conventional processes for the production of 4-
alkylphenols, in which a phenol is reacted with an olefin, an
alcohol, or an ether in the presence of a catalyst, thereby
alkylating the phenol, are already known. One known process
for producing a 4-alkylphenol from a phenol and an olefin
involves conducting an addition reaction between the phenol
and the olefin in the presence of an acid catalyst, and then
conducting a disproportionation reaction (see Japanese Patent
Laid-Open Publication No. Hei 8-12610). In the case of this
process, an olefin having very high purity must be used in
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ol efin having a boiling point is used, obtaining a
sufficiently pure olefin by distillation is difficult,
nmeani ng 5 an al cohol or an ether that functions as the
raw material for the olefin nust be purified, the
dehydration reaction or deal coholization of this raw
materi al nmust be perfornmed with a high selectivity

orddieVe] ,s\iirddie RS Wdrndyhatldf idE mislpridmiviee ddlivdd eom

to the desired purity level using a purification 10

the FRF GV SHC s ] ST iplak-3h QR a 79K ili'ﬂg th3§ePAdUS! kBBre an

process expensive and uneconomc. In contrast, In
1 %hoaf cases erg an al cohol or .an giher.is used as
olefift B LR UG Lo e p:t A% QRYE U &heaper,
and handling of the materials _is sinpler_than in the
SUffp"r‘b‘t%‘stleJsHUfﬁF é)]rﬁfg‘lfﬂ ;PXbLﬁJe‘Sfo#]e‘fartrf:m‘lSL%—kMeﬁfe‘r?u% tfaning
other hand, if either the water generated in the case
an alfcohrlalavhyl ethenmdthat dfunafiiane ad ddimirayematawial for
in the case of an ether raw material, causes a
the deleffiromaistorve iputifieaht aihg idemairatiion ddwstidmtor
the water or the alcohol nust be renpved fromthe

deal &I 1 OIh S BB 30 SHW I nfise X1 P FRASS &5 ff¥rformed with a
produci ng a 4-al kyl phenol by reacting a phenol and an

higl'glscé).l.@tji.ﬂ% ﬁcﬁfegf,g NG QJhaeﬁ (fceaélﬁl.tylﬁ{l% ad'rl;lacéoir"i{j ‘??éesﬁ% itgr}eyn be

rocess 1n henol a seco

al cohol are reacted. together. at a pressure not_. ,
pur e dio FHp b ee 1 vt RS rlcl e atinn

to 25 atnospheric pressure, and at a tenperature of
Procafnskishde|3s distyicl kaf igipc)making Hehey Rrqdnetign process

dehydration and condensation catal yst such as
expemsivaatardl aingcopanigyl f dni coatirast ,whinl éhgseccaises where an

wat er is vaporized (see U S. Pat. No.
alcohol or an ether is used as the raw material, the
preparation costs are cheaper, and handling of the materials
is simpler than in the process using a highly pure olefin.
However, on the other hand, if either the water generated in
the case of an alcohol raw material, or the alcohol generated
in the case of an ether raw material, causes a deterioration
in the catalytic activity, then that the water or the alcohol
must be removed from the reaction system.

Examples of processes for producing a 4-alkylphenol by
reacting a phenol and an alcohol in the presence of a catalyst
include (1) a process in which a phenol and a secondary or
tertiary alcohol are reacted together at a pressure not
exceeding 4 atmospheres (typically at a pressure close to

atmospheric pressure, and at a temperature of approximately
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2,140,782), (2) a process in which tert-butano
(hereafter 5 abbreviated as TBA) with an approxi nmately
12 to 30% content of water by weight is reacted with
a phenol, in the presence of a synthetic
silica-alum na based catalyst, and at a tenperature

of 220 to 300C (see Japanese Patent Laid-Open

135 RHb'ﬂSUﬂd)QniNOtheSPQe§@n@37%E) , a286n{drafibhogrgs for
al kyl ating a phenol with 10 TBA in the presence of a

condéﬂééﬂhdﬁ“ﬁ%ﬂﬁﬁ&é@sé@ciC@Eabﬁihﬁakght%ﬁ%y %%d(%&ﬁ%hrlc acid,
pp. 309 to 317]. Each of the ab ove processes

ol Y et A 3 e

cla used in the aforenpntioned rocess thT15 va2¥
2,14y nof Dh & RFIKRET i1 Eherh rs‘i't‘éutfar fiter
was mned, and as a result, the reproducibility of
abblt%él@:‘fa&(hl%ﬁt iTBAMidh ans Epmmoxmt&ﬂér nod ebo t3Es content of
generated water tends to adsorb between |ayers of the
watext dy waighty idheedahedmnth tao gheenolkeduicedche) moeghnge of a
which leads to a fall in the catalytic 20 activity. If
synthib {14 | £ Bitd 4l d unviSed bd el ddea Bt Ot idt ta/ mpdfture

sul furic acid varies markedly depending on the

ot SN oo (WRECl AL 29705180 BN gblq S%10n No.

vari atl ons the tIC acti ccor

Sh°¥$‘6§n%°’ﬂﬁfea& o styiiprrﬂ”é“%%ﬁb R RO B 10

i s used as the al cohol, the TBA vapori zes,
TBA b0 ot et e8F i ¢h "\‘Naqaetrio%eedfﬁn‘@{) %€ | TR qk%i’i%%ﬁ’o?
TBA nust be used, nmaking the process econom cally
Lettgmidvkht Gk, PR n 3 tf GA¥hknt i oned process (2),
because the proportion of the ortho isoner increases
r aBatly cff trenabatamodessed hdn) through (3) enables the

production of a 4-alkylphenol in a single step. The properties
of the activated clay used in the aforementioned process (1)
vary depending on the locality and the site from which it was
mined, and as a result, the reproducibility of the catalytic
effect is poor. Furthermore, the generated water tends to
adsorb between layers of the clay, making the clay prone to be
reduced in acidity, which leads to a fall in the catalytic
activity. If sulfuric acid is used, then the proton acidity of
the sulfuric acid varies markedly depending on the quantity of
water that is generated, causing large variations in the
catalytic activity. Accordingly, in the process (1), water
must be vaporized and removed from the reaction system, but in

the case where TBA is used as the alcohol, the TBA vaporizes
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5 220C, the reaction nust be conducted at a high
tenperature. Furthernore, in order to maintain the
liquid phase state of the reaction m xture, the
reacti on nust also be conducted wunder pressurized
condi tions, neaning a special pressure apparatus is
requi red. Operation of the aforenentioned process 10

azedtHopadiaNg, GONH &atads, i@k lidngefquidift iagt ici TBA
exchange resin is too Iom1to enabl e a conti nuous,

dn qt L t
must Qﬂegaf% e anﬁ}%hdg?eactl z de, %%rﬁ:;nﬁ 1R dlpiéﬁvgrﬁzsageous

Furt hernor e,

exch S|n al so der.goes ual
In i AR RS B ) COTiAnaR ShS popertion of
sul fonic acid 15 to gradual |y contam nate the reaction
the Q51thq drF°“PﬁararﬁWQ4%S r’@éb‘t‘%l Ioh 3 damReTAlsirese 1ess than
neutralized prior to the distillation step that is
220°dsedheorebriilont mastti bal conddeted Btamphdghoftemperature.
processes for producing a 4-al kyl phenol by reacting a
Furtifenmirendirmromidertd mdiret giire s €l fajuiad qiedey Ytatd) of
include (4) a process in which a phenol is alkyl ated

the Usddiot 1B il xdifd - ey | riidtalod MIfafd B0 abredisdka

as MIBE) in the Ppresence of a cation exchange resin

unde(rsgﬁrﬁggﬂfzséds c!'oq{&ieflv%nslgm a"rﬁ.&@ ?cgldagfl. rp %g&re
rocess oxy arona
ound under rtiary butyl b}on 25 b reactin
appaaf% d@%ﬁt%%ﬂimﬁpsrea BuR then AfoThmeRsiioped Process
pyrocatechol with an alk tert-butyl ether, at a
) (@R datamples. 6 tfdlels%lsahwt% Qf dEhen@atgron exchange
sul furic acid or an ion exchange resin, and renoving
resirhel gyeroer atosd & cataldle so adnttinudiss & elamgftremm reaction at
conpleted in an environnent free of al cohol 5 (see
the Japdpaseturd deHape iy t e tiiy déhy it foh dad®)ion of TBA.
Furthermore, the cation exchange resin also undergoes gradual
decomposition, causing acidic components such as sulfonic acid
to gradually contaminate the reaction solution, meaning the
reaction product must be neutralized prior to the distillation
step that is used to obtain the final product.

Examples of processes for producing a 4-alkylphenol by
reacting a phenol and an ether in the presence of a catalyst
include (4) a process in which a phenol is alkylated using
methyl tert-butyl ether (hereafter abbreviated as MTBE) in the
presence of a cation exchange resin (see Catalysis Letters, 19
(1993), pp. 309 to 317), and (5) a process in which a
hydroxylated aromatic compound undergoes tertiary butylation,

by reacting a hydroxylated aromatic compound such as phenol or
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OQperation of the aforenenti oned processes (4) and (5)
can be conpl ex because the durability of the cation
exchange resin is too lowin the presence of the
generated al cohol, at the tenperature at which the
cation exchange resin deconposes the 10 ether to
generate an ol efin, the cation exchange resin

pyrotHissasls wilitadual diasanmast i1 mitylc adtdidr, att H Ctemperature
conponents such as sulfonic acid to gradually

of &Pngdar@ﬂf"’he gge th%ag .e%%nc%ﬁo'olft isﬁﬁ.fgﬁ%”%%&dt %% ﬁm ion
mu 0 the

reacti on product be neutralize prior t

distillation step that.is used to ohtain.th final
exoHiiiit At il i TR Ve I PR Rl dpat
the generated olefin isonerizes in the presence of
the ppaclien it completedudt AP 9V iRoRMeh IHFeRIRE adlrohol
beconme a conplexed mixture. In recent years,
(sessyanandse Aeuld1QperhRub biewat ian Mt iShp $0-67529) .
consi derabl e interest as catalysts, not only because
t hepexdtitsigirayo fextial |afiuremdot iairiedh partdeddes ) and (5) can
selectivity for aromatic conpounds, but al so because

be ddi)1cH HEBHUSO TS | hfrab BNy Q¥ BIH& dat fdr eddihangddresin
of fer excellent durability. Exanples of reported

(s WOURSFSSH W it el N 15, 2SRl esdd) 2
is ) ) , at e
tgﬁzy ation o eno‘?sryvmt &I Cr}u e‘%dg) gas phase
al kyl ati on pr.ocesses using a zeqQlite catal ysf (see
remgptt g Wt [P 3% Ghafiths’ SidhandaFosln deddiposan the
Japanese Patent Publication No. Sho 52-12181), (7)
ethey depganenafe Ak aGHY dhe)rasionia¥chanes crpin
and/or an ether, in the presence of a 5
undergegs aradial eoonposi tdar i teausinhadidid coipaents
and preferably at a tenperature within a range from
sucl (ks tmaI¥H3c acid to gradually contaminate the reaction
solution, meaning the reaction product must be neutralized
prior to the distillation step that is used to obtain the
final product. Furthermore, if sulfuric acid is used, then the
generated olefin isomerizes in the presence of the sulfuric
acid, causing the reaction product to become a complexed
mixture.

In recent years, synthetic zeolites have been attracting
considerable interest as catalysts, not only because they
display excellent alkylation activity and selectivity for
aromatic compounds, but also because they are non-corrosive,
environmentally friendly, and offer excellent durability.

Examples of reported processes that use synthetic zeolites in

the alkylation of phenol with TBA include (6) gas phase
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(see Japanese Patent Laid-Qpen Publications Nos. Sho

62- 240637 and Sho 62-246532), and (8) processes for

al kylating a phenol with TBA using a synthetic

zeolite, such as a process for 10 conducting the

reaction in carbon tetrachloride in the presence of

an HY-type zeolite [see J. Chem Research (S), (1988)
alkyitat #h tprdblds seandiimy e sasoTied atalyHige J8¥8 €U.S. Pat.

zeolites such as HY-type and HR-type zeolites [Applied

o. @A YIss Ay @BnFH, NSS {1998)36PP-aP J éba‘?:?es@rtf’atent
207 (2001), 15 pp 183 to 190] In the af orenentioned

cesse 6) ct 0

Pubftc"atéla%* Mesr b oty eeided Bt iddbing o
req U|red but_. because the reactlon tenperature is

Pheft‘rjo%l # Iﬁlm IDhthens M e presgnes pf a
the selectivity 20 is unavoi dabl e, and noreover,

me talardnnt algpiodd t¥%- fypen 2dwl e niol theaukiqui & iprade cand
deterioration in the catalytic activity. 1In the

prefd TRt G bR m6s wifthind he selgetindm Y200 tde320°C
gener ated 4-al kyl phenol is poor, and the generation of

(se&-Japdnd S ety T QEllsisn PUY Chc 2t Fort INd£UIdnd 062-240637

separate fron125 4- al kyl phenol , tends to be a problem

T t
and rerrentl on pr%}eﬁes(ssae’;eégg%ﬁl = nve g%ﬂ?%ns 0 enol

effects that the state of the zeolite i ncl udi
with h’gE%%sf’ort%r% TR U ettt SN 35 %rRF #1‘?‘%
reaction conditions, including the tenperature, the 5
conqueking thereartiony nieareen tatradhionide 11 the
raw materials, have on the catalytic activity and the
presenes i oh amdectyps t3eolite hikseeatt i GrerexRggearch (S),
because C4 hydrocar bon
(1988) pp. 40 to 41], and processes that use large pore

zeolites such as HY-type and Hf-type zeolites [Applied

Catalysis A: General, 166 (1998), pp. 89 to 95, and 207 (2001),

pp. 183 to 190].
In the aforementioned processes (6), because the reaction
is conducted in the gas phase, not only is a large quantity of
heat required, but because the reaction temperature is close
to the decomposition point of 4-TBP, a fall in the selectivity
is unavoidable, and moreover, carbon deposits from the phenol
cause a significant deterioration in the catalytic activity.
In the aforementioned processes (7), the selectivity of the
generated 4-alkylphenol is poor, and the generation of 2-
alkylphenol by-products, which are difficult to separate from
4-alkylphenol, tends to be a problem. The contents of the
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ol igoners are generated, the selectivity of 4-TBP is
poor, and no nmention is made of an industrially
useful process for 10 producing a high yield of 4-TBP.
An obj ect of the present invention is to provide an
industrially useful process that enables the
production of 4- al kyl phenols with good selectivity

reférdhcediddsort B thg lthdl 3£t £1dnddipd J8EEd N BT’W?Hetail

present invention is a process for the production o
I g 4 : .

Sab s L h  a hi e T R R A R
. | kyl ether .in the presence of_ a synthetjc zeolite,
incfidiiq S s drepolfe BFSHERS nsta (MY (HeddadEn and

ei ther renoving the generated water contained w thin
speqifelq | RRAGt i tirnHr dicef g o rfenpegatuwre n the

the case where an al kyl alcohol is used in the first
feedtmgte wf rdmvran nakegiener At the otatic i dhedraw

within the Iiquid phase of the produced reaction

mateidd 1y £ hdavé hen cise caXawheie adt ity @idiethd sreetion
inthe first step (a second 7 step); and subsequently

sel SONOHCEY NO T8 ReRN HRRGRATRA! ex@Apilied blcaulie CAa&kidBcarbon
m xture from which the generated water or the

11 GG e HERRAT LR of LARFA Hidhs. ana

a third step). 5.1n a preferyr enbodj nent of the
no gl SIS e I LI ST L T rgiese For
concentration of the |iquid phase of the reaction
progycang & ikighyjvkekd 2% 4fBRre than 0.5% by wei ght
for those cases where an al kyl al cohol is used in the
firkst it oof dihemEdend yinddrgtigrcololto provide an
concentration of the
industrially useful process that enables the production of 4-

alkylphenols with good selectivity and a high yield.

DISCLOSURE OF THE INVENTION

The present invention is a process for the production of
a 4-alkylphenol, comprising the steps of: reacting a 4-
unsubstituted phenol with an alkyl alcohol or an alkyl ether
in the presence of a synthetic zeolite, at a temperature of 50
to 110°C (a first step): either removing the generated water
contained within the liquid phase of the produced reaction
mixture in the case where an alkyl alcohol is used in the
first step, or removing the generated alcohol contained within
the liquid phase of the produced reaction mixture in the case
where an alkyl ether is used in the first step (a second

7



10

15

20

25

10 liquid phase of the reaction mxture is adjusted to
no nore than 0.5% by wei ght for those cases where an
al kyl ether is wused in the first step, and then the
rearrangenent reaction is conducted with the quantity
of the 4-unsubstituted phenol adjusted so as to
represent a 1 to 10-fold nolar ratio 15 relative to

step he dibdibdsediied ity addtyductinhad madilenddkeit médefion in
that is consuned during the alkylation reaction of the

the fidadt &2 anh{hl@é’ Gk £ dr® Wh Fenl B & e i S Usb PYor the

usi ng phenol as the unsubstltuted phenol , and usi ng

4-
genee%%&e& "“zﬁﬁ?ﬁ"? kghe;r a&% er i s%lkc e;i%t?gsl\@r% ea{p“pg%enét(ydo to

Jnvention are that an alkylation reaction of a

150°F. gnduBat ithet dFeseass ofs anc ggddc caédalysithd aptbdadcstep) -
of a synthetic zeolite and at a tenperature within a
r anige & rerafsorned epdedinentf iofstthe qresenthengantiiqy, in
the al cohol generated by the al kylation reaction 25

the artii b teepedehve tva text heondentich pims eoHfthdel pywitlgethse of
reaction 8 mxture is renoved (the step 2), and the

the ¥eddOLbiC it Btinte abs ddfugted kod aiedndenglan 0.5% by
3-al kyl ated phenol s, 2 4-di al kyl ated phenol s,

wei%h@' f‘l‘é‘ﬁ/é@ ech ! LDy B-41M&Y ! L Gtked in the

s contained wt |n e reactlon m xt ure
fol l.ow n r enpyv t.er. or _the alc hoI
eirgf s 0Hhn b BTy SRR I ForeEnBatiSh of the
4- al kyl phenol, at a tenperature within_.a range from

Liquidl (Rhas®) OFf JRe i FPAFEL O debHEr © 1% AAIystedHe R more
(the third step). As a result of the above

thar Hir 3ty iveight etexirdiose heases Mhexe mn nppklkeel ether is
reduction in the catalytic activity caused by the

used in the first step, and then the rearrangement reaction is

conducted with the quantity of the 4-unsubstituted phenol
adjusted so as to represent a 1 to 10-fold molar ratio
relative to the quantity of the alkyl alcohol or the alkyl
ether that is consumed during the alkylation reaction of the
first step. In addition, 4-TBP can be produced by using phenol
as the 4-unsubstituted phenol, and using either TBA as the
alkyl alcohol, or MTBE as the alkyl ether.

The characteristic features of the present invention are
that an alkylation reaction of a 4-unsubstituted phenol is
conducted in the presence of a synthetic zeolite and at a
temperature within a range from 50 to 110°C (the first step),
the water or the alcohol generated by the alkylation reaction

and contained within the liquid phase of the produced reaction
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generated water, as is observed in the aforenentioned
process (1), and TBA with an approximately 12 to 30%
content of water by weight can be used as a raw
material. Furthernore, the type of catalyst
deterioration observed in the aforenmentioned 15
processes (3) through (5) can be suppressed, and

mixNOEAUSE ddiovd EARHOBIEX LY £ it Dy prrsdubts such as
conmponents, conplex operations such as neutralization

the RAH NS & Fhdio BV 0 fleth kvl it @ qidd s [ NE, mﬁkylated

characteristic features ensure a hlgh 4- alkylpheno

ct t t er
pherildd idra IR O, ST AL 7, ¢ it
rocesses (Z% can be s pressed. GEneratlon of the C4
phe s BHReD Y SRR h e B VP Pyt dde
(8) can al so be suppressed. In addition, within the
remquabarfatthe watepr oxicdthe i dlabhbb\aan tthen e téffilciently
m xture exists in the liquid 25 phase, neaning the
convemredficad alhest4 delleripherio on aiaus etenipersdtwss within a
deposits observed in the aforenenti oned processes (6)

ranﬁ%ﬁﬁn WW&WC I\/thgO\i%r rthléy p&% Yl'c@g otfh%nv\@tc‘iﬁ Q:atalyst

al cohol generated in the sécond step, any
E%HE% the activity of the acid catal yst during
h
(t %he t Sﬂ:é?gp can be 5 suppressed, neaning t he al kyl
grqQup rear re tlon fro 4 dlal |.at ed
g}%l% eZngl.qg ;ﬁe:};q rsa %(é/atures there

2 4, 6- trlalk | at ed phenols and the like to the
is rl'Pdl‘ e‘?ﬁfiuc‘iﬂf%e‘éblst% t%fg?ﬂdbt%l%‘ﬂ‘ﬁtﬂy Gapged by the
relatlvely short period of tinme. Even in those cases

genegtaeted avateyl dias cli i arsexdthnige tite rafrenen Usaediprocess
the acid catal yst, the 4-al kyl phenol can still be
(1) praxicERA With arhiggptevimatdlyel 2cid 34y, caitterith of water
by weight can be used as a raw material. Furthermore, the type
of catalyst deterioration observed in the aforementioned
processes (3) through (5) can be suppressed, and because the
reaction mixture contains no acidic components, complex
operations such as neutralization operations can be avoided.
In addition, the above characteristic features ensure a high
4-alkylphenol selectivity, meaning the generation of the type
of inseparable 2-alkylphenols observed in the above processes
(7) can be suppressed. Generation of the C4 hydrocarbon
oligomers observed in the above processes (8) can also be
suppressed. In addition, within the temperature range
described above, the reaction mixture exists in the liquid

phase, meaning the type of catalyst deterioration caused by
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t hese cases, the tenperature of the rearrangenent
reaction can be |lowered to 90C, and because the
generated water or the generated al cohol has been
renmoved, elution of the acid 15 conponents, |eading to
a deterioration of the ion exchange resin, can be
prevent ed. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

cartdr depds it dafsdd Pid PNiwftHdeafdrsiesi fthe® bddtddes (6)
first step, a 4-unsubstituted phenol is reacted wth

can 2615 géy ) S0 MA@V ed! KBy Slehitl 1! g gﬁ&%{sgzras:%%“%% Fhe

etic zeolite at a ténperatur 110C

t.hereb al kyl at i t he 4-unsubstituted enol .
a1oqt S¥neeq, 2 Yhel st thin cltbl SRS i e
2- 25 cresol, 3-cresol, 2-ethyiphenol, 3-ethylphenol,
actHIYrb A Pt AC1d BRIty Ithe-thggd HapiramIbe
3-isopropyl phenol, 2-tert- butyl phenol, and
supresged puredpinhdihe mlky kydrolr drarvangsnesithgregetion
required al kyl group to be introduced is used in the
frompreserliaXiselest e, presrcb I t )08 -adi &l leydeantd & pherod 1gle and
net hanol , et hanol, 1-propanol, 2-propanol, 1 butanol,

2, 4 26 ik a0ty R APl andetdd ol 1k E VD e a1k enol

benzyl al'cohol. The quantity used of the al kyl al'coho
Proceead WA T0dq Sl LAY, d FRIheIALY SR pdifoa of
el s RSO, o et e

is used in the present invension, and suitable
res iy AhpIused RS (e AT IBAtAkYRY, Hietéyalistitienol can
stifg-gzrgégggced with a high level of selectivity, and in
these cases, the temperature of the rearrangement reaction can
be lowered to 90°C, and because the generated water or the
generated alcohol has been removed, elution of the acid

components, leading to a deterioration of the ion exchange

resin, can be prevented.

BEST MODE FOR CARRYING OUT THE INVENTION

First is a description of the first step.

In the first step, a 4-unsubstituted phenol is reacted
with an alkyl alcohol or an alkyl ether in the presence of a

synthetic zeolite at a temperature of 50 to 110°C, thereby
alkylating the 4-unsubstituted phenol.

Examples of the 4-unsubstituted phenol include phenol, 2-
cresol, 3-cresol, 2-ethylphenol, 3-ethylphenol, 2-propylphenol,

10
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ether, diisopropyl ether, di-n-butyl ether, diisobutyl
ether, 15 MIBE, ethyl tert-butyl ether, n-propyl

tert-butyl ether, isopropyl tert-butyl ether, n-butyl
tert-butyl ether, and isobutyl tert-butyl ether. The
quantity used of the alkyl ether is preferably within
a range from0.1 to 2 noles, and even nore preferably

3-prdfiphehd D, 2 Mdchbrdisflpheid e, of- id¥pr¥opylphenol, 2-tert-

unsubstituted phenol. Suitable exanples of the

b %Sg‘}ﬁﬁ ic | 4 16 J g B ge . pore zeolites such as
ut -ty%g% Y-?Z'%eéf %tggée%%éype, and nordenite

zeq| it medi u ore zeol ites such as ZSM a PQ
Zedt e Y GHRA Corfigia i K R e WivieRoup to
these, Y 25 type, 3-type, L-type, and nordenite .
be infgredueed s e8¢ riedthe presgnte ANVengipn s \adheiyitable
zeolite conprises ions of alkali netals or alkaline
exampkes imntkide methanahe edwnale, skrprapanel, |2rpiwpanol, 1-
present invention, a zeolite is used in which at |east

buta#nhdgd) {2 -Butdnd he IFBA Onselttarso e aiex£id BC agy vl die:tdnol, and
| east one 5 ion selected fromthe group consisting of

beniy RSl ddHL Mei@le gudhtity WEAUDE ¥R ARG 1PEAHRDL L3
order to inprove the reacCtion efficiency, the acidity

. 1 11 cal ,
prefiadilfy MINLAL £ 2804 Sraf VR Ukd 12 R1ATT A4 R0, mowe
| kal Jj t 0, I tained in th ljte h
prefid Rt hl? SUob (It ool th IS Sortat s,
Furthernore, in order to inprove the selectivity of
unsybgtituted IR a zeolite with a pore size that

best suits the nol ecul ar size of the 4- al kyl phenol is
pr Hreraldyl feorheax aoqpiprising thenuancireyh afkyll group to be

introduced is used in the present invension, and suitable
examples include dimethyl ether, diethyl ether, di-n-propyl
ether, diisopropyl ether, di-n-butyl ether, diisobutyl ether,
MTBE, ethyl tert-butyl ether, n-propyl tert-butyl ether,
isopropyl tert-butyl ether, n-butyl tert-butyl ether, and
isobutyl tert-butyl ether. The gquantity used of the alkyl
ether is preferably within a range from 0.1 to 2 moles, and
even more preferably from 0.2 to 1 mole, per 1 mole of the 4-
unsubstituted phenol.

Suitable examples of the synthetic zeolite include large
pore zeolites such as X-type, Y-type, (3-type, L-type, and
mordenite zeolites, medium pore zeolites such as ZSM and SAPO
zeolites, and mesoporous silicates such as MCM. Of these, Y-
type, B-type, L-type, and mordenite zeolites are preferred.
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15 TBP, either nordenite or a-type zeolite is
preferably used as the zeolite, and the
silica/lalumna ratio preferably falls wthin a range
from1l to 200, and even nore preferably from5 to
150, and nost preferably from5 to 50. There are no
particular restrictions on the formof the 20

Typmdn.tlmet | thez &) titfa t i) b UMY SconfiPid £Sory d Mgk aaN
be used. FurthernDre powders or granul es can al so be

metd‘ﬂ% ﬁ aD.I.r]éaQLrlrIé) A & %%Jﬂté haS&icture.

fornB |n ude spheres, circul ar nders,

i as, star. apes. Furth riore, re ane no
In t%ﬁtlcﬁ r%ﬁﬁ%ﬁ% Tnd FPtesite %ﬁéﬂﬁ tWP ich at least
thetlc zeollt articles, although sma|l

a pg kory |qfs thesedipiis hqre Rean ’T‘?P%F%%d*let&éeﬂf skfdsc one

area and inproved reactivity. The particle size is
ion melrdted falawttde greup teondistking of fmnsit iy matal
operations, and is typically within a range from1l to
ionB0GIuncimoms . idnsTheamliggddttonof the synthetic zeolite
to be used varies depending on the reaction system

Forr i )gdre td RnlgiRv@ S ire st tidh féissi%ﬁ;rncﬁ h&he acidity
quantity of the synthetic zeolite is preferably

of e Whehd %%Jﬁzﬂ%n;ﬁ%éﬁol%?édvﬁenafﬂ@%aic Te- 1s
prefl aﬁ{# gs'nf ‘f alz]g’;,“!ﬁ? then dqu |;tll esrﬁﬁreth
deS|rabIe | f the quantlty of the synthetlc zeolite

metgals (cantaidied ihdhe reakite hive rafierrhishdean

decline, whereas if the quantity is too large, the
substidattiash widdo haxdnageyoratiins . afurtbermofret, hdne order to

scenari os are undesirable.
improve the selectivity of the 4-alkylphenol, a zeolite with a
pore size that best suits the molecular size of the 4-
alkylphenol is preferred. For example, in the production of 4-
TBP, either mordenite or PB-type zeolite is preferably used as
the zeolite, and the silica/alumina ratio preferably falls
within a range from 1 to 200, and even more preferably from 5
to 150, and most preferably from 5 to 50.

There are no particular restrictions on the form of the
synthetic zeolite, and powders, granules, or lumps can be used.
Furthermore, powders or granules can also be molded prior to
use, and suitable shapes for these molded forms include
spheres, circular cylinders, rings, or star shapes.
Furthermore, there are no particular restrictions on the size

of the synthetic zeolite particles, although smaller particles
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The al kyl ati on reacti on may be conducted either in the
presence of a solvent or in a solvent-free
environnent. There are no particular restrictions on
the solvent, provided it is inert with respect to the
reaction, and suitable exanples 20 include aliphatic
hydr ocar bons such as hexane, heptane, octane, nonane,
genelefkne, résfl £ Vil eiexiane:e s B urr dtirancsd ons Swstowsd
benzene tquene xyl ene, and nesityl ene; and
i ﬂggy r
rea(%%f r ac I or| de, 1, %C% %%I'rhose} ziegtchrhaanlznacﬂ}b%ﬁ%ﬁ% esnozeanse to
solvent t.he use .of toluen is 25 r
have pq RSt Rl Py, FELS St
artlcular restrictions on the quantity of the
rangﬁﬂéﬁﬁﬂ 1 B9 (HHLUJH 9TV t he vi ewpoi nts of reaction
efficiency, ease of operation, and economc
vi didie iquantity tof dhe @xnthatgia zeodlidte o the tused varies
quantity of the 4-unsubstituted phenol is 5 preferred.
depelidimg kon athe reasciorn s ystenon ot exkamiple, in the case of
conparatively |low tenperature within a range from 50

a bé&ﬂ]ﬁﬁstéﬂﬁ e qRAKIBN d€ MM yiithdBid SafIEd 1s
50C, en the reaction slows markedly, and the

o SO ERRG I ifye
h |
the RO OF RS | Wit (e S iAn i ne tt 20GeHens.

unsubstituted phenol as the raw materi al can also
ef£3GHRNG 1ALk GAREdREEd ndrhal i MpRHE 18D akih b afrange

hi gh boiling 15 point by-products. The al kyl ati on
from dncha oib & Y bheeightd anedvsnidorprdegirable. If the

hin a

quantity of the synthetic zeolite is too small, then the rate
of reaction tends to decline, whereas if the quantity is too
large, the reaction becomes uneconomic, and both of these
scenarios are undesirable.

The alkylation reaction may be conducted either in the
presence of a solvent or in a solvent-free environment. There
are no particular restrictions on the solvent, provided it is
inert with respect to the reaction, and suitable examples
include aliphatic hydrocarbons such as hexane, heptane, octane,
nonane, decane, and cyclohexane; aromatic hydrocarbons such as
benzene, toluene, xylene, and mesitylene; and halogenated
hydrocarbons such as carbon tetrachloride, 1,2-dichloroethane,
and chlorobenzene. Of these solvents, the use of toluene is
preferred. In those cases where a solvent is used, there are

13
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pressure, under reduced pressure, or under pressurized
conditions. The reaction system can enploy either a
batch system or a continuous system The reaction can
use a fixed 20 bed system where the 4-unsubstituted
phenol and the al kyl alcohol or the al kyl ether are
passed through a synthetic zeolite-filled |ayer, or
no pdrtihwietr hesh tfi OO die ey Shedrst i thheoff agod | ol e,
for the alkylation is preferably within a range from

altﬂodﬁ%d}&’uﬂﬁe W £l & ¥ YeddS¥ioh té’fé&i&i&f ea?s'f_b of

e reaction tinme is Iess than 1 hour, then

I
L G G P40 S el
t.ime exceeds 30 hours, the quantlt of by-products
rel%ﬂengt%fg‘rﬁtﬂiﬁlﬂﬁgtibcﬂ%tfshqe%dé"% stiited pheppl 1s

both of these scenarios are undesirable. 5 If
prefexfigded, the synthetic zeolite can be renoved from
the reaction m xture obtained after the al kyl ati on
r edliiite Glkylatdidrherdafttion xisureprdudtesh stuppldespdratively
the second step. Next is a description of the second

low SHéiberdtd e wHIH $i8hgdi 40 decgeay-dl.edrpatpe

is renoved 10 fromthe Iqu|d phase of the produced

[ in, tho e r [ al I
rea'%f@%se%é%f%%f?.#%t%€%p% SS&Z 3338, Inl reBeleR s1ows
emoved fromthe Jiqui hase t he, roduced
mar} G G S TR A AR ot RS e
was used in the first step. 15 Exanples of suitable
contgasfodsibfthe mracilameemperatyre | exreeist110°4.i dhen not
bubbling an inert gas such as nitrogen or argon
only MiepgHtheselkegtivityiod e tarbebnttamtknphenol fall,

but the alkyl alcohol or the alkyl ether, and the 4-
unsubstituted phenol as the raw material can also undergo
polymerization, increasing the production of high boiling
point by-products.

The alkylation reaction can be conducted under normal
pressure, under reduced pressure, or under pressurized
conditions. The reaction system can employ either a batch
system or a continuous system. The reaction can use a fixed
bed system, where the 4-unsubstituted phenol and the alkyl
alcohol or the alkyl ether are passed through a synthetic
zeolite-filled layer, or fluidized bed or moving bed systems.

The reaction time for the alkylation is preferably within
a range from 1 to 30 hours, and preferably from 5 to 10 hours.

If the reaction time is less than 1 hour, then the reaction is

14



10

15

20

25

dehydration using a water adsorbent such as a

nmol ecul ar sieve, zeolite, alumna, or activated

carbon and so on. Exanples of 20 suitable nethods of

renovi ng the al cohol include distillation, bubbling

an inert gas such as nitrogen or argon through the

reaction m xture, and renoval by adsorption using an
unabflec At pragisat At f iaicdh Sy 2 a4l ethd afesd e affidiency

alum na, or activated carbon and so on. In order to

tendStY dBX] HBreadClid WHe fMe Ididdd TR, UsRd
inthe third step 15 described bel ow, the

a0 U g 08 P 50 150 ) R o

1"qui ase o reactio

., Subjected to the rearrangenent reaction is preferably

1ncLy o@D M nfle tHEse GIRaRRi .ur}qe%ﬁasble-
concentration 5 exceeds 0.5% by wei ght, then the
actifvinegugirathe the cxdihatia zepddsteasiamthenizemoved from
satisfactorily, and the rate of the rearrangenent

the rssaxttion oiixtherd lobtthisieah afddr newe rekkgeld tyion Nedction,
a description of the third step. In the third step, an

and "Bl Yle O QMR e aaiE tsup) 1&RGEd Ofhe igeddiid | teis,
in which the alkyl groups are elimnated fromthe

2- t ;Hg?g#- 3= al kyl %§qﬂgﬂ
2, %%?@aﬁki%at ed p J'}ntoll%sﬁ,’j1 A?GQI(ﬁegﬁ yl at es}e&'enol s, and
2,4 6-_.trial kylated phenqgl,s pr.oduced in . the first
st o ity GO e A R S STRE S SRS dif gremoved
the 4-unsubstituted 15 phenols, thereby obtaining the
from theHisHEith Phase i Hdte PIRHBIGeS ]Eﬁ'a‘)z/afrﬁ-%fbi’ﬂ’r’f:t i‘gh
exchange resin is used as the acid catalyst. In order
thoge) qarel ovhera amaliiyd/lakpohyl iwas msestiudedthe first step,

or the generated alcohol is removed from the liquid phase of
the produced reaction mixture in those cases where an alkyl
ether was used in the first step.

Examples of suitable methods of removing the water
include distillation, bubbling an inert gas such as nitrogen
or argon through the reaction mixture, and conducting
dehydration using a water adsorbent such as a molecular sieve,
zeollte, alumina, or activated carbon and so on. Examples of
suitable methods of removing the alcohol include distillation,
bubbling an inert gas such as nitrogen or argon through the
reaction mixture, and removal by adsorption using an alcohol
adsorbent such as a molecular sieve, zeolite, alumina, or
activated carbon and so on. In order to ensure maximum
activity for the acid catalyst used in the third step
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the 4-position of the 4-unsubstituted phenol, the
synthetic 20 zeolite preferably contains a pore size
that best suits the nolecular size of the target
4- al kyl phenol . Furthernore, the acidity (the
silica/alumna ratio) of the zeolite is preferably
small, and the alkali netals and al kaline earth
descritdd beldw n the ceatenttrdaiven pefmaidyabester or
substituted 25 with hydrogen atons. If the acidity of

residifaBYdldsid C welid ethé-elidﬁ.licpcpﬂhéﬁ‘ ,of Nele tf€action

deconposition reaction of t target 4- al kyl phenol is

< HoL0E SRS el S o gronsy

coadithin S Wi S 51 o A 5 B Bifpteacion

preferably falls MAthIn a range from1 to 200, and
excesih Gt G Stekab y thesm the (arbOltume e acid catalyst

preferably from5 to 50. Because the synthetic zeolite
doesadwt st vairersatisfactqricker and thejmatedf othe

dehydration treatnment prior to use. 10 Dehydrati on

reafdh et td el dy Jeathdtird dtdpaded e ®mdfed By .
300C for a period of several hours. Dehydration can

al 9@sfe A st o of rarN @i dQgen or air.

The synthetic zeolite may be the same zeolite as that

di f%ﬂ"er en ‘% rl‘thlhl];({1e ,nglae}{ I'Dari foqgr_{ Ibearr %e%esr& be

arrange
cted after the s nthetlc zeollte used in the
rea%ﬁ};‘iﬂ at?ditbiatesh 1L weirR e AL FRRRR (PP with
the zeolite still present. The quantity of the

eliminatrd fromdihe & 1allpelaked Rhaneks. Fajtesh rhnols,

reacti on system For exanple, in the case of
2,4-dialkylated phenols, 2,6-dialkylated phenols, and 2,4,6-

trialkylated phenols produced in the first step, and are
subsequently added to the 4-position of the 4-unsubstituted
phenols, thereby obtaining the 4-alkylphenol.

A synthetic zeolite or an acidic cation exchange resin is
used as the acid catalyst.

In order to ensure that the alkyl group is introduced at
the 4-position of the 4-unsubstituted phenol, the synthetic
zeolite preferably contains a pore size that best suits the
molecular size of the target 4-alkylphenol. Furthermore, the
acidity (the silica/alumina ratio) of the zeolite is
preferably small, and the alkali metals and alkaline earth
metals within the zeolite have preferably been substituted

with hydrogen atoms. If the acidity of the synthetic zeolite
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20 a batch system the quantity of the synthetic
zeolite is preferably within a range from1 to 100% by
wei ght relative to the total weight of the
4-unsubstituted phenol and the product 4-al kyl phenol
as the raw material. If reaction efficiency is also
consi dered, then quantities within a range from5 to

is tAYohidfh bythdi dite derdnis ich desddtaide . of ftHdiecarget 4-
quantity of the 17 synthetic zeolite is too small,

alks)iiJ.‘ttﬁ'beIJF TS Rlot &AC AR tHEMEL X BBy 6 T gas

the quantity is too large, the reaction becones

C m 0 es c ar, .
alk%i:bgéegl{b ?"a btlceer?&g d‘ég [ 4‘{311:01104?%% d ?‘8 §:c g?‘l%%" #%X c ﬁ'g‘n é:él &%) i".’ﬁl%‘,lct Lon
i ncl ude any cation exchange resin that displays
of 4 JRR + eithen itupeston Srdbnes &eolsile difi Prefierably used as
resins. There are no particular restrictions on the
the fzgohidgie t and ddielisildaa el wddimmat re preferabiviatails
functions 10 satisfactorily as a catal yst, although
withiypiacatdnge niron €l {rard00,] endv dvernmanee mgef geddlie | from 5
size of 0.01 to 10 mm or spherical or cylindrica

to 15U} idlEmospRsEdisishy TheomiUanid typ of the acidic
cation exchange resin to be wused varies depending on

th%ﬂ?ﬁﬁgé(¥héﬂl ﬁ%ﬂeéﬁgl{?%%Hﬂ%?adébﬁﬁgiJJ%%f?“%%cgsa

bat c system thne quantit € acl catlon

xchange, r.esin | ref er abl ithin a range froml to
pre IR SUEeT it Ak nAkl A B Lot use.

4-unsubstituted phenol as the raw nmaterial and
Dehydratdan kam beycaniichesdi kY heating f% jpenreratans of

is al so considered, then quantities 20 within a range
100 fra@ @ Co £25%mbpemioghbfaseveral mouesdesDehpieation can

also be achlieved under a stream of nitrogen or air. The
synthetic zeolite may be the same zeolite as that used during
the alkylation reaction, but may also be different. The
rearrangement reaction may be conducted after the synthetic
zeolite used in the alkylation reaction is removed, or be
conducted with the zeolite still present.

The quantity of the synthetic zeolite to be used varies
depending on the reaction system. For example, in the case of
a batch system, the quantity of the synthetic zeolite is
preferably within a range from 1 to 100% by weight relative to
the total weight of the 4-unsubstituted phenol and the product
4-alkylphenol as the raw material. If reaction efficiency is
also considered, then quantities within a range from 5 to 25%
by welight are even more desirable. If the quantity of the
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If the quantity of the acidic cation exchange resin is
too small, then the rate of reaction tends to
decline, whereas if the quantity is too large, the
reacti on beconmes uneconom c, and both of these
scenarios are undesirable. 25 The rearrangenent
reacti on may be conducted either in the 18 presence

synte LS ReEIitdrid Necb SEMAEN! -fH&E €Y | FOEUTESYE . rfdiet fon
are no particular restrictions on the sol vent,

. s : ; i
tencg% Se/ds S‘lﬁ%ajbf[neé 'ex%ﬂrrér}leée&ss :thc Ihtuﬂde: §| | p%%% cify%ﬁciaér%'s the
such as heptane, octane. nonane 5 decane, and __.
readtfoh et MR FT e (R th TR fSharios are
tol uene, xylene, and nesitylene; and hal ogenat ed
undegARaRk® bons such as chl orobenzene. O these
solvents, the use of toluene is particularly
pr fwrtadale lacidies ecatdlsys estmrange sasdge dnclud@sed@ny cation
there are no particular restrictions on the quantity
exchidnge (rddiin Sthatendispldyoudidioy tivcMidimyi styvreaie-based
reaction efficiency, ease of operation, and econom c

sulddiy lddda Fedid®. 20-fold weight excess relative to
the total weight of the 4- unsubstituted phenol as the

ra er] - Vi Yol P t [
pr \gffl{e%eedélaéiéﬁl]’ &)eéélcgiacﬁlrlgar% e]!rren réetalc D n&&tﬁ{%% eo} the
.3l atenperature wthin a range. from90 to 150C. |If
acifip GRElqn RIARES AP IBETOHNE oHt THRSE L9
i ntroduced al kyl group tends to dissociate and return

satisfaglorhly ms &t icatakesli Ml though ctypically ¢ Heinute

conversion ratio of the al kyl ated phenol, and a 20
particies iwihth ran havemestparticld size kgf phehblto |30 mm, or

contrast, if the reaction tenperature is too |ow,
sphétiral her regEimdridel particles, can be used.

The quantity of the acidic cation exchange resin to be
used varies depending on the reaction system. For example, in
the case of a batch system, the quantity of the acldic cation
exchange resin is preferably within a range from 1 to 100% by
weight relative to the total weight of the 4-unsubstituted
phenol as the raw material and 4-alkylphenol as the product.
If reaction efficiency is also considered, then quantities
within a range from 5 to 25% by weight are even more desirable.
If the quantity of the acidic cation exchange resin is too
small, then the rate of reaction tends to decline, whereas if
the quantity is too large, the reaction becomes uneconomic,
and both of these scenarios are undesirable.

The rearrangement reaction may be conducted either in the
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rearrangenent reaction slows markedly, meking the

reacti on uneconom c. The rearrangenent reaction can

be conducted under normal 25 pressure, under reduced

pressure, or under pressurized 19 conditions. The

reacti on systemcan enploy either a batch systemor a

conti nuous system The reaction can be conducted by a
predédnds dfeth slvint Wierin thesdBanit -Ardd Xnramained There

at the second step is passed across the acid

are G PaSticPlar dd i eche b D Vd 418,189, %ﬁﬁed it is

From t he vi ewpoi nts of suppreSS|ng the generation of

1ne§§/gf:kyrfd¢§§fﬁc@%e reac |ontc{he %£C§4%£éyl§fe{%les
snc g TESTER o S5 Shrbanr SLSh 2B pei SO nonane,

reaction, the proportion of 4- unsubstituted pheno
decage hiand hee thapkayakohesang e agandieic iyydracarhans such as
value within a specific range by adding the 4-
tolusmipstylenesd qpiemusitoyldre y eand ialcydndted Iygdrocarbons
required, thereby inproving the selectivity of the

sucH-a8 kKt eisdn Ak 15 oengheasl B 1kBa tkat enef us@aslt @B1uene
The quantity of the 4- unsubstituted phenol within the

is ﬂae@ﬁ)ci[ﬁhﬁ[%tﬂi‘@féxsré& ef ghalh g e Gaisdl %;aterteo a?sb1lRnt is

es relative to the quantity o
r oduc 14 hinth I.rSt, ste
used Mg i Y Jolb i des ﬁlﬁtﬂe%%%aﬂi%r%%anhnty of
durj ng the 20 al kyl ati on reactlon of the first step.

the I~°r°3t‘fﬁnst quEheyeh fropgthe HEEWRGH S R EeadiePn

initiating an al kyl group rearrangenent reaction from
eff icientiyl laase caf e tion, @nd economic viability, a 1 to

20-fold weight excess relative to the total weight of the 4-
unsubstituted phenol as the raw material and the 4-alkylphenol
as the product is preferred.

The rearrangement reaction is conducted at a temperature
within a range from 90 to 150°C. If the reaction temperature
is too high, then the introduced alkyl group tends to
dissociate and return to the raw material, causing a reduction
in the conversion ratio of the alkylated phenol, and a
reduction in the selectivity of 4-alkylphenol. In contrast, if
the reaction temperature is too low, then the rate of the
rearrangement reaction slows markedly, making the reaction
uneconomic.

The rearrangement reaction can be conducted under normal
pressure, under reduced pressure, or under pressurized
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di al kyl ated phenols, and 2,4, 6-trial kyl ated phenol s
becones difficult, whereas if the quantity is |arger
than a 10-fold 25 noles, then the conversion ratio of
the 4-unsubstituted phenol 20 tends to decline. The
reactions and operations fromthe first step through
to the third step can be conducted within the sane

condifaidiHN Thes Felact@onaysaleso can empdogt ed tietrhianbatch
consecutive reaction 5 vessels. The 4-al kyl pheno

systiP B e ddh BGRATAANGA MM h ke %%%%%n b%&ﬁe%*e' %%n‘a%'&ted
be isol ated and purlfled usi ng normal isolation and

by Endd B RS i G S rqunes at

reactlon m xture as 10 requi red, and fhe 4-al kyl pheno
the jseqqnd, $1&R A PAFPDARTTITY the ARIhEHEWIE nPT
filtrate using procedures such as distillation,
fluidigedihed iommaring e d HYH®eWYr aphy and so on.
EXAMPLES Herei nafter, the present invention will be
desranbetthe rvie:bﬁ;aiattn’ lofbysupprexs ime e germdtdtoiagh of by-
the present inventionis in no way limted by the

produdt PV 41 i g |thd Nfe 1t 85t -ofl Bhd U £968fphenol,
tert-butyl phenol, and 2,4-DTBP represents

2-
the o%é’éi&ﬁ*ﬁr&&“ﬁ’&xphﬁﬂé" el fITRAR Ll b Al O \P?eferably

oW ng reaction eac repr esent a percentage

detern1ned fromth ative area of the peak for
WJ'thej'a%ha c%arrp% frrﬁonb :trglozod ekh PR gas chromat ogr aphic
anal |s [colum: G 100 (nmanufactured hy Chem cals

Evdl E%EWQ%H%R%‘OHJHM PraRQrtiign of 4-

FID (flame ionization detector), tenperature of
unsyhs teiciwrewhenol within the réaction mixture can be

adjusted to a value within a specific range by adding the 4-
unsubstituted phenol to the reaction solution as required,
thereby improving the selectivity of the 4-alkylphenol and
increasing the rate of reaction. The quantity of the 4-
unsubstituted phenol within the reaction mixture is preferably
equivalent to a 1 to 10-fold moles relative to the quantity of
alkyl groups introduced within the first step, namely, the
quantity of alkyl alcohol or alkyl ether consumed during the
alkylation reaction of the first step. If this quantity is
less than 1-fold mole, then initiating an alkyl group
rearrangement reaction from 2,4-dialkylated phenols, 2,6-
dialkylated phenols, and 2,4,6-trialkylated phenols becomes
difficult, whereas if the quantity is larger than a 10-fold
moles, then the conversion ratio of the 4-unsubstituted phenol
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vapori zation chanber: 270C, pattern of tenperature

i ncrease: 25 held at 80C for 3 mnutes, raised to 250C
at arate of 21 10C/ m nute, and then held at 250C for
15 mnutes]. The selectivity (% of the 4-TBP is
derived with reference to phenol, and the yield (%

of the 4-TBP is derived with reference to either TBA

tend¥ tMBlechideeference Exanple 1 (First Step) A 4-neck
flask with an internal capacity of 100 nL, fitted

hhel Pl Rine SAPURIMIGRN Ao MHTIRAA A8 sproush
to the bR e 54d 8¢ rSieiS TN 1§ '2ape sepetion

resulting m xture was stirred. A The m xture was heated,
vesggl 1 RICMahRL80 9¢) GRS Wb ORGP iiges reaction

content of water by wei ght was added dropw se to the
vessgbaure over a period of 3 hours using a syringe. The

15 resulting mxture was stirred for a further 3 hours

at ThHee 4 sAky Iy latprciudddlsirefd i dehcan will thy | tdid @resent

reaction. Analysis of the reaction solution by gas

inveét¥ BRI Y1 sdEMa athd giCttida idd:Hhl isolation
conprising phenol (42.0%, 4- TBP (50.1%, 2-TBP

9. A= DT % , ' th
and (phrfscdibrd diddciudcl OF 1of G ED il | "For. example,
f 4- TBP | 81. 9% . th i d of, 4-TBP i s, 75. 9%
the Bl drtaliet Kannd Fidtiedd Mo pie TadPidp miftyre as

capacity of 100 ni,
required, and the 4-alkylphenol is then isolated and purified

from the resulting filtrate using procedures such as
distillation, recrystallization, and chromatography and so on.
EXAMPLES

Hereinafter, the present invention will be described in
detall by way of examples, although the present invention is
in no way limited by the following examples. In the tables, 2-
TBP represents 2-tert-butylphenol, and 2,4-DTBP represents
2,4-di-tert-butylphenol. The composition values (%) following
reaction each represent a percentage value determined from the
relative area of the peak for each component observed in a gas
chromatographic analysis [column: G-100 (manufactured by
Chemicals Evaluation and Research Institute, Japan), detector:
FID (flame ionization detector), temperature of detector and
vaporization chamber: 270°C, pattern of temperature increase:
held at 80°C for 3 minutes, raised to 250°C at a rate of
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25 fitted wth a stirrer, a condenser, and a
thernmoneter was 22 charged with 50.0 g (531 nmol ) of
phenol and 12.5 g of a proton-substituted R-type
zeolite (H BEA-25, manufactured by Sdd Chem e G oup),
and the resulting m xture was stirred. The mxture
was heated to 90C, and 22.6 g (266 mmol) of TBAwith 5
10°ckaneeRt, e ahaoitnwat Bl 1Y ateiglabcWasraddedi fhPe¥ S€ e
the mxture over a period of 3 hours using a syringe.

selérl]_&eivfﬁf'ud[%hier& RRd W -Lra@si StddF Rfbd Wi th TAEd¥dnce to

ours at sane tenperature, thus effecting an

Lot : i . . :
prefbl A4 S PHE T S0 LR o
rel ative prot(p}?rti ons of the various conpounds, the

referfifrg fitheD T2 MedBBEand the selectivity and

yield of the 4-TBP were determ ned. The results are
Refexrnge iBkammle .  (Second Step) The Rtype zeolite

was renoved by filtration fromthe 15 reaction

m xtRirrsstol8t@p)ed in the first step. The resulting

filtrate was then subjected to distillation under

I eqCLthed¥ SSIHEIE Width Grd Qrfeelrrdid dafit 18y ¥ MYW )L,
internal tenperature 90 to 120C], thereby renoving

_ ) ; . P
e SO, Sdiilel SOE ol Ui,
val ue

f % by weight . i f
cnadhdSyfln S 8 o F AL a1 18 I 2

consuned in the al kylation reaction of the first step,
proten-substituhed fsttefpe ol itaddi-ff1 aanufiagtured by N.E.

internal capacity of 100 mi,
Chemcat Corporation), and the resulting mixture was stirred.

The mixture was heated to 100°C, and 22.6 g (266 mmol) of TBA
with 13% content of water by weight was added dropwise to the
mixture over a period of 3 hours using a syringe. The
resulting mixture was stirred for a further 3 hours at the
same temperature, thus effecting an alkylation reaction.
Analysis of the reaction solution by gas chromatography
revealed a product composition comprising phenol (42.0%), 4-
TBP (50.1%), 2-TBP (4.7%), and 2,4-DTBP (3.1%), representing
the conversion ratio of phenol is 46.2%, the selectivity of 4-
TBP is 81.9%, and the yield of 4-TBP is 75.9%.
Example 1

(First Step)

A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was
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23 fitted with a stirrer, a condenser, and a
thernmoneter was charged with the dehydrated m xture
obtained in the second step, and 12.5 g of
proton-substituted Y-type zeolite (HSZ- 360HUA,
manuf act ured by Tosoh Corporation), and the resulting
5 mxture was heated to 120C, and then stirred for 1

char¥8d with & &-tlg A SERMNSWE BN ipH&st 4 1S g of a
resul ting reactlon sol uti on was analyzed by gas

protcpr{ nl%sqt%@&héld Cﬁntdyé); gezte;]oe.l.l%% (?-{ | VI y a,nldrpannsufg caéul?ed by

var i‘ous conpounds e se

TBP. were deterni The results are shown in Tabl
sud Grapiadirain) ;i Shem i i S Gty Siuged. The
Phenol 39.4 39.4 Reaction solution 4-TBP 54.2 58.0
mixteyrpoeag ikeated to THPC3. @nd 22.3 g (266 mmel) »f TBA with
Conversion ratio(% of phenol 42.5 Selectivity() of
13% LcomBrerst . of o BEr WelwEdghbfwas RRRIEGD drapwiBse Banhe
2 (Second Step) 15 The (3-type zeolite was renoved by
mixfurtd rexremna fpexaddieof r&aomim us Midire htiidged iThet he
first step of the exanple 1. - The resulting filtrate

resﬂ@@iﬁé‘%%@%&ﬁg 401 S Sd 'éézata %rﬁﬁ@ﬁrs ESeEht the
pressure [26.7 to 4.7 kPa (200 to 35 mmHg),

same temperature, thus effecting an alkylation reaction. The
resulting reaction solution was analyzed by gas chromatography,
and the relative proportions of the various compounds, the
conversion ratio of phenol, and the selectivity and yield of
the 4-TBP were determined. The results are shown in Table 1.

(Second Step)

The PB-type zeolite was removed by filtration from the
reaction mixture obtained in the first step. The resulting
filtrate was then subjected to distillation under reduced
pressure [26.7 to 4.7 kPa (200 to 35 mmHg), internal
temperature 90 to 120°C], thereby removing water. Measurement
of the water concentration within the mixture following this
water removal revealed a value of 0.1% by weight. Furthermore,
the quantity of phenol, recorded as a molar ratio relative to
the TBA consumed in the alkylation reaction of the first step,
was 1.1.

(Third Step)

A 4-neck flask with an internal capacity of 100 mL,
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20

internal tenperature 90 to 120C], thereby renoving
wat er. 20 Measurenent of the water concentration
within the mxture followi ng this water renoval
reveal ed a value of 0.1% by 24 weight. Furthernore,
the quantity of phenol, recorded as a nolar ratio
relative to the TBA consuned in the al kylation
fittetBoitdn Ofstiardd ,r o dmiansédrs, land o TiHdrhoniet®r was
4-neck flask with an internal capacity of 200 mi,
charddd &AL tM tthe ﬁﬂ}fdﬁt’e@ rPORAARS ot Ab R D ¥HP T &na

was charged with the dehydrated m xture obtained in
the s e ed
StePq’uan declcin(c)% éphencﬁ%q: recor as a nnltgB zte%aﬁte (t}&el'
relatlve to the TBA consuned in the 10 al kylation
36 0HUAyc magiPiFciuked b Tl CarP gt éli“il dhe zasplting
of 6. 12.5 g of proton-substituted Y-type zeolite (as
mix e Mese hesimd )t avds2 @°Ben aaddétenasd itriredr €sul fli hgur to
m xture was heated to 120C, and then stirred for 1
effdutura treaffamenent esgacnigeanenThee zekudtingheeaction
resulting reaction solution was 15 anal yzed by gas

so 1 WG R0 a1y z s b Eg%ts' edratdnvet JY Y | iid e thlative

various conpounds, he select|V|ty and yleld of 4-

pro% e 2 Iteﬁ%?ﬁo@% '@%u%%spa ep eP(ﬂ'?r@lgy and
Yie]g%}ﬂ%og -i’ﬁBoPnReaCt Iéijer}:g;o' i I%n é‘ TBE‘essfil%s are shown in Table

1.

Table 1
Item : Example 1.
First step Third step

Phenol 39.4 39.4
Reaction solution | 4-TBP 54.2 58.0
composition (%) 2-TBP 3.8 1.5
2,4-DTBP 2.6 1.2

Conversion ratio(%) of phenol 42.5
Selectivity(%) of 4-TBP 61.2 95.6
Yield(%) of 4-TBP 52.1 81.3

Example 2

(Second Step)

The B-type zeolite was removed by filtration from the
reaction mixture obtained in the first step of the example 1.
The resulting filtrate was then subjected to distillation
under reduced pressure [26.7 to 4.7 kPa (200 to 35 mmHg),
internal temperature 90 to 120°C], thereby removing water.
Measurement of the water concentration within the mixture
following this water removal revealed a value of 0.1% by
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2,4-DTBP 2.6 0.005 Conversion ratio(% of phenol 42.5
Selectivity() of 4-TBP 61.2 97.3 Yield(% of 4-TBP
52.1 82.7 20 Exanple 3 (Second Step) 25 The 3-type
zeolite was renoved by filtration fromthe reaction
m xture obtained in the first step of the exanple 1.
The resulting filtrate was then subjected to
weidhitSt i Fugthefrmoutiedehiec quand ifedEUphendd., 7 reeotdédk@s a
(200 to 35 nmmHg), 5 internal tenperature 90 to 120(C],
mo1d & Ho NI e V& &he THRLURIGIEG Un Hife VBISf1ation

concentration within the mxture follow ng this water

rea%ﬁ’%h%f rteﬁ/ea% 2 Q/%%que v?at Q. L% by weight.

ernore e qua p'henol recorded as a
nmolar ratio relative to the TBA consured in the
aI%ﬂQﬂq GHPtEP ) eaction of the first step, was 1.1.
(Third Step) A 4-neck flask with an internal capacity
of A 00-nack flagkewitih lam iqttiennal capagidehdt 2¢hanla
thermometer was charged with the dehydrated m xture

£ittdd aried & s tihereecacdidetsy, amt 12. thegrmdmelsrlivas
cati on exchange resin (Anberlyst 15E, manufactured by

cha ¥R R0 MHY ald1dfiratdl Mgty RS Wit dthed ¢ Wik Wascond
heated to 90C, and then stirred for 1 hour to effect

e B OSSN SO P AL I SOy o oo
rect%zh asleqvec%lo 01_[511_100 reo.lfa vee Vt"’loritq'lfIS c%"rpsdumecfl in the
alkylation reaction of the first step, to be adjusted to a
value of 6. 12.5 g of proton-substituted Y-type zeolite (as
described above) was then added, and the resulting mixture was
heated to 120°C, and then stirred for 1 hour to effect a
rearrangement reaction. The resulting reaction solution was
analyzed by gas chromatography, and the relative proportions

of the various compounds, and the selectivity and yield of 4-

TBP were determined. The results are shown in Table 2.

Table 2
Example 2

Ttem First step Third step

Phenol 39.4 80.9

Reaction solution | 4-TBP 54.2 18.5

composition (%) 2-TBP 3.8 0.46
2,4-DTBP 2.6 0.005

Conversion ratio(%) of phenol 42.5
Selectivity(%) of 4-TBP 61.2 97.3
Yield(%) of 4-TBP 52.1 82.7

Example 3
(Second Step)
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yield of 4-TBP were determ ned. The results are shown
in Table 3. 25 26 Table 3 Item Exanple 3 First step
Third step Phenol 39.4 38.2 Reaction solution 4-TBP
54.2 60.0 conposition (% 2-TBP 3.8 1.0 2,4-DIBP 2.6
0.8 Conversion ratio(% of phenol 42.5 Selectivity()
of 4-TBP 61.2 97.4 Yield(% of 4-TBP 52.1 87.7

Examy @-Ayde Izdo13ePwds Aeoieek by &3k tdtdicd from the
internal capacity of 200 nL, fitted with a stirrer, a

readBIE Bl turd) bt d 1 dOIE e vraﬁrstc her giech#i e 1R Le 1.
(1.33 nol) of phenol and 12.5 g of a

The %e% Jﬁﬁ’sfdifbfg% %dﬁ%gﬁlé?o%l%%éﬁ%@% 2c§‘ist1rlla 1on
manut ac eme apan,
and %éﬁhr sultl m 10 ma stlr ed. The xture
unadpreiged Breatoee Wk DA% Q3G
13% cont ent of wat er by melght mas added dropwi se to
internalki temperatwre &9 petd oROL I3 Hinersbys megoy ingy watgda..
The resulting m xture was stirred for a further 3
Measumenentt afhctlynmatenpeontentyating witfhin | the amlxture
al kylation 15 reaction. The resulting reaction
folB®ilig Oth Ve Swatheat VZembyyl gfsvealed a value of 0.1% by
weight. Furthermore, the quantity of phenol, recorded as a
molar ratio relative to the TBA consumed in the alkylation
reaction of the first step, was 1.1.

(Third Step)

A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was
charged with the dehydrated mixture obtained in the second
step, and 12.5 g of acidic cation exchange resin (Amberlyst
15E, manufactured by Organo Corporation), and the resulting
mixture was heated to 90°C, and then stirred for 1 hour to
effect a rearrangement reaction. The resulting reaction
solution was analyzed by gas chromatography, and the relative
proportions of the various compounds, and the selectivity and

yield of 4-TBP were determined. The results are shown in Table

3.
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chromat ogr aphy, and the relative proportions of the
various conpounds, the conversion ratio of phenol,
and the selectivity and yield of 4-TBP were
determ ned. The results are shown in Table 4. 20
(Second Step) The (3-type zeolite was renoved by
filtration fromthe 27 reaction mxture obtained in
the first step. The resultdpige Filtrate was then
subjected to distillation under rpdlmpd pressure
[26.7 to 4. Ztkika (200 to 35 nm le 3
temperature 90 to 120C]_ther ghy"¥e&n§EeR) WatBHird step
Measur enent 5| BfeChe water corcentraPibn wilt hi n BRe?
Reagtiqn, selvhiamovt iEEt hi s water |renoval-feveal ed a0l ue
coppossti88s (R) wet gIE. (Third Step) A 43nfck fll ask with
apn—internal capacPfBPof 100 mil — fitel witlh a

Conyqrsion ratio() %@&Mam_a t Her mondfe? wa

e
........ , t Hermomatel wag—=3i0
SeleqtiviEy(¥) of dptBPyonvdr ot ed milxturetbblainad—in ket
Yie] Camnﬂfc‘i‘iﬁp and 12 § g of roton SaBSthut ed- Y B§/p7e

n
CCUTTU— O TPy o &=+ < T |

zeolite (as described above), and the resulting
m xture was heated to 120C, and then stirred for 1

W 40 effect a rearrangenent reaction. The
resulting reaction solution was anal yzed by gas 15
chw%qgt and the relative proportions of the
vari ous ﬁ%éun and the selectivity and yield of
4- TBP mere deternlned The results are shomn i n Tabl e

3 4. Ndpmear Slancwith ey ntegnal GapAGity Qf@00 mL,

fitted with a stirrer, a condenser, and a thermometer was

Exa

charged with 125.0 g (1.33 mol) of phenol and 12.5 g of a
proton-substituted P-type zeolite (H-BEA-25, manufactured by
Siid-Chemie Catalysts Japan, Inc.), and the resulting mixture

10 was stirred. The mixture was heated to 100°C, and 22.6 g (266
mmol) of TBA with 13% content of water by weight was added
dropwise to the mixture over a period of 3 hours using a
syringe. The resulting mixture was stirred for a further 3
hours at the same temperature, thus effecting an alkylation

15 reaction. The resulting reaction solution was analyzed by gas
chromatography, and the relative proportions of the various
compounds, the conversion ratio of phenol, and the selectivity
and yield of 4-TBP were determined. The results are shown in
Table 4.

20 (Second Step)

The f-type zeolite was removed by filtration from the

27



Phenol '73.6 69.5 Reaction solution 4-TBP 23.4 29.6
conposition (% 2-TBP 1.8 0.8 2,4-DTBP 1.2 0.2
Conversion ratio(%9 of phenol 18.4 Selectivity() of
4-TBP 90.9 96.7 Yield(% of 4-TBP 83.9 89.0 20
Conparative Exanple 1 A 4-neck flask with an interna
capacity of 100 nL, 28 fitted with a stirrer, a

reaOBIE NSt ur bt 4 IO e WaiSrs €t d Whieh ra@u@ ting
(531 mmol ) of phenol and 12.5 g of a

fil%ﬁf&ﬁﬁ{cﬁ xt;g Lg%]cécé]ée(?/ngg) taﬁ%/%ésﬂj apanr,?d%rncr. d,ucaen%
the r t.] j I s stjrre The, m xt ure was

preqsiitd 1t Lot 1 whd . @ R M9 or HStHAT n" 30
content of water by mei%ht was added dropwi se to the

tempgsatiure Akrta IR Cdd shezehyuremeyilng watey:.i ntfjeasghement
resulting mxture was stirred for a further 2 hours

5 of the twatemmoneenrattiore within effeaixmezen f&lddwitniprthis

10 reaction. Analysis of the reaction solution by gas

wat e reeiws el afdved @ al ath udrafl ULl 15D IMpPsididht .
conprising phenol (39.0%, 4-TBP (54.0%, 2-TBP

(4. OfRirdetep - DTBP  (3.0%, representing the
conversion ratio of phenol is 44.5% the selectivity

gg.4&5§EE%§dﬁ%ﬁg%%ug?gfhg%ﬂé%gﬁgggﬁgﬁ%zﬁgg:§$é; %Iﬁ%’

eGS0 0 LD S e of Sy Q0! 4l

10 chagééérégéﬁ”khe dehydrated mixture obtained in the second
step, and 12.5 g of proton-substituted Y-type zeolite (as
described above), and the resulting mixture was heated to 120°C,
and then stirred for 1 hour to effect a rearrangement reaction.
The resulting reaction solution was analyzed by gas

15 chromatography, and the relative proportions of the wvarious

compounds, and the selectivity and yield of 4-TBP were

determined. The results are shown in Table 4.

Table 4
Item Example 4.
First step Third step

Phenol 73.6 69.5
Reaction solution | 4-TBP 23.4 29.6
composition (%) 2-TBP 1.8 0.8
2,4-DTBP 1.2 0.2

Conversion ratio(%) of phenol 18.4
Selectivity(%) of 4-TBP 90.9 96.7
Yield(%) of 4-TBP 83.9 89.0

20 Comparative Example 1
A 4-neck flask with an internal capacity of 100 mL,
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A 4-neck flask with an internal capacity of 100 ni,
fitted with a stirrer, a condenser, and a thernoneter
was then 20 charged with the filtrate obtai ned above,
and 12.5 g of proton-substituted Y-type zeolite (as
descri bed above), and the resulting m xture was
heated to 120C and stirred for 5 hours, but no
fitteaBwiilgerertimsact i dncdmidngdmncand S Ghgmidhid ter was
Exanple 2 29 A 4-neck flask with an internal capacity

chaﬁ_{}edl%trﬂ—éo fo td ets ¥ tonc Sid# PHendl CHHlENSSS . g &AW £

thernoneter was charged with 50.0 g (531 mol )" of
wrof R it £ Snd AR A i pctorea by
Catal ysts Ja Inc.), and the resultiqgﬁg}xtyre was

std-Ghenle Catalyate (1Bahs Hiatbod A0 diefee Lging gnixture

(266 mmol ) of TBA was added dropwi se to the m xture
was @sirzeder The ofix3urieowes beiatgda toyliodjeé., Fhé 22.6 g (266
resulting mxture was stirred for a further 5 hours
mmol)l afhelBlanel theni3¥ atentgnt s wHifeacthngvetgh) was added
al kyl ation reaction. The resulting reaction solution

drop\Wise Al tie dnit s SFePmtngrapYof anthddies ned Bid e
proportions of the various conmpounds, the conversion

syr%ﬁg%f Q%epE%QQltiﬁﬁpgq&ﬁ%r%eh%%tE%ﬁ&%e%ﬂ%o&j%!%u%gaﬁg 2

P were determ ne The results are shown I n

. urenent of the water 15 concentration of..the
nouzy, AN T Smddaie A HEEEE g O Hutiarion
The R-type _zeqlite was subsequently renoved by
rea??#??at%&ﬁ;Yﬁlf-ﬁ@bﬁhﬁl§§PGH¥PH SR lutdemn Y g8Facity

of 100 m., fitted with a stirrer, a condenser, and a
chromghogranhtr nezealrd) a product composition comprising

phenol (39.0%), 4-TBP (54.0%), 2-TBP (4.0%), and 2,4-DTBP
(3.0%), representing the conversion ratio of phenol is 44.5%,
the selectivity of 4-TBP is 88.8%, and the yield of 4-TBP is
79.0%. Measurement of the water concentration of the reaction
solution revealed a value of 5.0% by weight. The P-type
zeolite was subsequently removed by filtration.

A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was then
charged with the filtrate obtained above, and 12.5 g of
proton-substituted Y-type zeolite (as described above), and
the resulting mixture was heated to 120°C and stirred for 5

hours, but no rearrangement reaction took place.

Comparative Example 2
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20 charged with the filtrate obtai ned above, and 12.5
g of proton-substituted Y-type zeolite (as descri bed

above), and the resulting m xture was heated to 120C,
and then stirred to effect a rearrangenent reaction.
The reaction solution was analyzed by gas

chromat ography after stirring for 1 hour, and 25 then
aga ni-afde flldgk iwigtH Gin Sidteyal adbaAlitBaAGdE SEGgend,
the 30 relative proportions of the various conpounds,

fitddl LY d0irrdAl 1P Mnddiedt, MY 4 hehSRh&sd et twas

and yield of 4- TBP wer e detern1ned The results are

Chamitlon earq?a %%Pmla rea ?Igﬁéﬂar/]ga% Zf?tz%:réﬁrBrOton_

After 5 hour hours Reaction Phenol 39.0 40.7 40.4
subsfgittesd fr-tane ze@lide AHEEA-2Rymanufasturedby; $id-

3.0 1.8 (%9 2,4-DIBP 2.5 1.9 1.3 Conversion ratio(%
Chemte ffamlysis Japams, 4/3na. ) Santtihe isgyuldiing TExXBs was

91.7 94.8 Yield(% of 4-TBP 71.9 77.6 82.3 5 Exanple

stifrddi r TheSimdRtuded waet hefdtagk twi Bin°an andeLpal g (266 mmol)
capacity of 100 nL, fitted with a stirrer, a

of TEAGRNS eidded HropwWitifE® e WiSkture over a period of 3
hours using a syringe. The resulting mixture was stirred for a
further 5 hours at the same temperature, thus effecting an
alkylation reaction. The resulting reaction solution was
analyzed by gas chromatography, and the relative proportions
of the various compounds, the conversion ratio of phenol, and
the selectivity and yield of 4-TBP were determined. The
results are shown in Table 5. Measurement of the water
concentration of the reaction solution revealed a value of
1.0% by weight. The -type zeolite was subsequently removed by
filtration.

A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was then
charged with the filtrate obtained above, and 12.5 g of
proton-substituted Y-type zeolite (as described above), and
the resulting mixture was heated to 120°C, and then stirred to
effect a rearrangement reaction. The reaction solution was
analyzed by gas chromatography after stirring for 1 hour, and
then again after stirring for 5 hours, and at each stage the
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10 charged with 50.0 g (531 Mol ) of phenol
proton-substituted (3-type zeolite (H BEA-25,
manuf actured by Slid-Chem e Catal ysts Japan,

of a

and t he

added dropwi se to the m xture over

resulting mxture

and

In

12.5 g

c.),

was stirred. The m xture
was heated to 100C, and 24.2 g (266 mmol) of MIBE was

a period 15 of 3

reldnive pOpurtaiay iofethe hearasud teompoundsly etlv@conversion

stirred

for a further

5 hours at the sane

ratiSPeidiSL, taHe afd ardidi 1wt @l dnd a1 oMK '$ACL I were
The resulting reaction solution was

det SRS 097RRNY-e AN ot S of SIS PRARAL is0NS O

varil ous

conpounds,

20 the selectivity and

yi el
results are show#%é#qé%le 6.

The 31

anal yzed b

the conversion ratro of phenol,

y gas
f the

and

of 4-TBP were determ ned.

( Second

St ep)

Ihe R-Type zeolite was reng

Ved bycdhddrhei{ O Exbhpid e

reaction nixture obtai ned i
resul ting
distillation under

TE®% i trate was t
r educed

ntne 1ir

U Rédr&Bngehld

Rt reaction

MY igiicac
prié8stne |

U eflriied 1
26. hoWtPa (

After 5
200nhours

Refaeitign |
saleibon N(
compegiddat

phensml tenperature
) 4rEBRhanol . Measur en
arreh within the m

ent .6 he
Xt ur e3.fool |
a valde of

30 3®.040Q],

tder eb
met sianol
ow ngs tohi s

Y  40.4
56.5
1.8

nethanoll 2.AePABPa]l reveal ed 0.1% 4y wei ghtl.3

Conyepgijear Hefie (¥ hef phenehntjtly of 4 nal , Aéedrded a#3a4

Selogtiydtyb¥) ®fr &tBBR ve t o0 the MEESXonsum@d.-Tn the 94.8

Yiehd (&) of i tnTBPeaction of the IfirsTt<} e Vdst 1. 1 82.3
(Third Step) A 4-neck flask with an internal capacity
of 100 m., 15 fitted with a stirrer, a condenser, and

Exa}gpfehegnoneter was

(First Step)
A 4-neck flask with an internal capacity of 100 mL,
and a thermometer was

fitted with a stirrer, a condenser,

charged with 50.0 g (531 mmol) of phenol and 12.5 g of a

proton-substituted B-type zeolite (H-BEA-25, manufactured by

Siid-Chemie Catalysts Japan, Inc.), and the resulting mixture

was stirred. The mixture was heated to 100°C, and 24.2 g (266

mmol) of MTBE was added dropwise to the mixture over a period
of 3 hours using a syringe. The resulting mixture was stirred
for a further 5 hours at the same temperature, thus effecting
an alkylation reaction. The resulting reaction solution was
analyzed by gas chromatography, and the relative proportions

of the various compounds, the conversion ratio of phenol, and

the selectivity and yield of 4-TBP were determined. The
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charged with the substantially methanol -renoved

m xture obtained in the second step, and 12.5 g of

proton-substituted Y-type zeolite (as described

above), and the resulting mxture was heated to 120C,

and then stirred for 1 hour to effect a 20

rearrangenent reaction. The resulting reaction
reswliaitdame sheswn aial Berseke . gas chromat ogr aphy, and the

rel ative proportions of the various conpounds, and

t hq seRloifd istidpy and yield of 4- TBP were determ ned.

The results are shown in Table 6. 25 32 Table 6 Item

Flrst t. Th|rd st Phe 49. 2 39,
ro R Bt e fF"er oFfed, B HdI RS eh rom the
1BP 5 1.5 4- DT 1 Conver3|on rati
reacé-f 1%h tuge chzts@’e’r tj‘(% rs4 THeP3, 6’*’95’?65{‘“1“9

Yield(% of 4-TBP 67. 3 81 nple 6 (Second Step)
filtmptes wamdham | sukieied éiﬁ)\fbcﬁﬁﬂyllfqtﬂtqlhtmbiﬁlf rltﬁﬁltm

reaction m xture obtained in the first step of the
pressuaryl [26.7 Kie (260l mmHg) f i iiteatealvasehpernasubg €30 etlo 40°C],
to distillation wunder reduced pressure [26.7 kPa (200

he8B¥)rendiAidde tHatGler aMeaguzened t40€ thiehaetbrnol
renovi ng net hanol

concentration within the mixture following this methanol

removal revealed a value of 0.1% by weight. Furthermore, the

quantity of phenol, recorded as a molar ratio relative to the

MTBE consumed in the alkylation reaction of the first step,

was 1.1.

(Third Step)

A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was
charged with the substantially methanol-removed mixture
obtained 1in the second step, and 12.5 g of proton-substituted
Y-type zeolite (as described above), and the resulting mixture
was heated to 120°C, and then stirred for 1 hour to effect a
rearrangement reaction. The resulting reaction solution was
analyzed by gas chromatography, and the relative proportions
of the various compounds, and the selectivity and yield of 4-

TBP were determined. The results are shown in Table 6.
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10 Measurenent of the nmethanol concentration wthin

the m xture followi ng this nmethanol renoval reveal ed
a value of 0.1%by weight. Furthernore, the quantity
of phenol, recorded as a nolar ratio relative to the
MIBE consuned in the alkylation reaction of the first
step, was 1.1. 15 (Third Step) A 4-neck flask with an

internal capacity of 200 mdhlefé6tted with a stirrer, a
condenser and_a thermneter was. _charaged with the

substantlalhxeﬂethanol-rennvec E Afn>xd in_
the second step and 100 g of |phBH@At STeR s |enHHITdqsbep
t he quantlty othesednol , recorded as48-%ol ar ratid%-4
Reagion Do ﬁﬁTBE consumed in tH#a-Al kyllation58-0
°°W%%?518ﬂ #) Q% &gﬁ step, 33 to b% %djusted tole
val-ye—of 612258 proten—substi-tgted typet-2
Conversiop ratlo (3] of phgnoly oy Joo t wd8:-Gdded —omathe
Selgethyity(R) Of STREP | oo heated—fo 12083 Ond ihen sPPrded
Yield(t), Of L4 TEP: o offect—a reart g ot} eactli-on Hhe
resulting 5 reaction solution was anal yzed by gas

chromat ogr aphy, and the relative proportions of the
fd Qs conpounds, and the selectivity and yield of
-TBP were detern1ned The results are shown in Table
. b0 724 ExarrpIeGFlrst step Third step

Phen Reaction solution 4-TBP 45.9 18.5

co 05|t|on (@6 2 TBP 2.5 0. 46
he P-type Zeolite was removed by filtration from the

Exa

reaction mixture obtained in the first step of the example 5.
The resulting filtrate was then subjected to distillation
under reduced pressure [26.7 kPa (200 mmHg), internal
temperature 30 to 40°C], thereby removing methanol.
Measurement of the methanol concentration within the mixture
following this methanol removal revealed a value of 0.1% by
weight. Furthermore, the quantity of phenol, recorded as a
molar ratio relative to the MTBE consumed in the alkylation
reaction of the first step, was 1.1.

(Third Step)

A 4-neck flask with an internal capacity of 200 mL,
fitted with a stirrer, a condenser, and a thermometer was
charged with the substantially methanol-removed mixture
obtained in the second step, and 100 g of phenol. This enabled
the quantity of phenol, recorded as a molar ratio relative to

the MTBE consumed in the alkylation reaction of the first step,
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2,4-DTBP 2.4 0.005 Conversion ratio(% of phenol 46.0
Selectivity() of 4-TBP 73.0 97.3 Yield(% of 4-TBP
67.3 82.7 10 Exanple 7 (Second Step) The (3-type
zeolite was renoved by filtration fromthe reaction
m xture obtained in the first step of the exanple 5.
15 The resulting filtrate was then subjected to
to b ddjustedntarderalwdused pr a2slr ¢ [oZ6 protida-suddtituted
nmHg), internal tenperature 30 to 40C], thereby
Y- t 40V Ol YR T (B e sc MSSHTIBE ) Qfad NendRIAPd, and the

concentration within the mxture followng this

t hanol, renoval revealed a v of Q.1%b Q
resqL I MR AR SOTiRA a0 oPghdRer Stazsegedor 1
as, a lar ratio relative to the MIBE consuned . in the
houz §g e TRAE BEUKATGIRE (TRATHI- oIBS, TRFULELRS
(Third Step) A 4-neck flask with an internal capacity
reagtiagmsedution (Magy apalyzedihy raas ehxurakegiaphunpmnd the
thermonmeter was 5 charged with the substantially
re larei et opantoiads miktthe wixt ouwedccompdauredsecanmdl Sieep,
and 12.5 g of (3-type zeolite (H BEA-25, nanufactured
seldyt £5hi €y Ghadriei ad ad /S STBRPAre | dACtdrmBiel . t MBe results
resulting m xture was heated to 120C, and then stirred
are [HMoyn {PWafe ©f fect a rearrangenent reaction. The
reertlng 10 reaction solution was anal yzed by gas
chr omat ogr aphy, and the

Table 7
Example 6

Ttem First step Third step

Phenol 49.2 80.9

Reaction solution | 4-TBP 45.9 18.5

composition (%) 2-TBP 2.5 0.46
2,4-DTBP 2.4 0.005

Conversion ratio(%) of phenol 46.0
Selectivity(%) of 4-TBP 73.0 97.3
Yield(%) of 4-TBP 67.3 82.7

Example 7

(Second Step)

The pf-type zeolite was removed by filtration from the
reaction mixture obtained in the first step of the example 5.
The resulting filtrate was then subjected to distillation
under reduced pressure [26.7 kPa (200 mmHg), internal
temperature 30 to 40°C], thereby removing methanol.
Measurement of the methanol concentration within the mixture
following this methanol removal revealed a value of 0.1% by
weight. Furthermore, the quantity of phenol, recorded as a
molar ratio relative to the MTBE consumed in the alkylation
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rel ative proportions of the various conpounds, and the
selectivity and yield of 4-TBP were determ ned. The
results are shown in Table 8. Table 8 Exanple 7 Item
First step Third step Phenol 49.2 39.5 Reaction
solution 4-TBP 45.9 58.6 conposition (% 2-TBP 2.5 1.1
2,4-DTBP 2.4 0.81 Conversion ratio(% of phenol 46.0
readisl@actofVithe )finfstd-shidp ,7wds 96.18. Yiel d(% of 4-TBP
67.3 89.1 15 Exanple 8 (Second Step) The (3-type
zeqliHiegvascdymoved by filtration fromthe reaction
m xture obtained in the first step of the exanple 5.

20 ,T | g4 fi.d A
ai 2 1Y T A e e 410 SR RE (g, m.
fitq%%n%g nal 1?’,5 tege[at ure’ :S?Oné ?%41%3, thetreerby‘m_:lS

concentration within the mxture followng this
changahafidih ridm b tanddladd va metthan ol - emogesy migtugie |
Furthernore, the quantity of phenol, recorded as a 5
obtamiead imttilte rsdednd estep t endVBE & ansofgi* iypd eolite (H-
al kyl ati on
BEA-25, manufactured by Sid-Chemie Catalysts Japan, Inc.), and

the resulting mixture was heated to 120°C, and then stirred for
1 hour to effect a rearrangement reaction. The resulting
reaction solution was analyzed by gas chromatography, and the
relative proportions of the various compounds, and the
selectivity and yield of 4-TBP were determined. The results

are shown in Table 8.

Table 8
Item : Example 7
First step Third step

Phenol 49.2 39.5
Reaction solution | 4-TBP 45.9 58.6
composition (%) 2-TBP 2.5 1.1
2,4-DTBP _ 2.4 0.81

Conversion ratio(%) of phenol 46.0
Selectivity(%) of 4-TBP 73.0 96.8
Yield(%) of 4-TBP 67.3 89.1

Example 8

(Second Step)

The P-type zeolite was removed by filtration from the
reaction mixture obtained in the first step of the example 5.
The resulting filtrate was then subjected to distillation
under reduced pressure [26.7 kPa (200 mmHg), internal
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reaction of the first step, was 1.1. (Third Step) A
4-neck flask with an internal capacity of 100 niL,
fitted with a stirrer, a condenser, and a thernoneter
was 10 charged with the substantially

nmet hanol -renoved m xture obtained in the second step
and 12.5 g of acidic cation exchange resin (Anberl yst

tempa tdE WARGIIraPchY, @h@%@‘%g CamBYidy makhaald .t he

resulting m xture was heated to 90C, and then stirred

Mead¥enerOWs tthe&diGarfb ! CHIAMSE B o SAAHAD the nfifture
resulting reaction solution was anal yzed by gas
chr.onmat.Qar.a the relative proportjons of_t

fo”‘v ari stqg'cso %élotlﬁ%go,cﬁ' a"hnedrl ?%aefsfe ‘@ec%ev‘ft%/ ‘%ag{]djeyioeﬁ aJ1 ‘gjf% oy

. 4-TBP_were determned. The results are_shown in Table

welght myFuzthermorery dhs quangity; oft oheprlrecopded as a
Phenol 49.2 38.2 Reaction solution 4-TBP 45.9 60.0

mo 1w mafsiq inglgodve -trgrte MTBER) conspunerBAp the) glkylation
Conversion ratio(% of phenol 46.0 Selectivity() of

reackiBP of3. thed Aidrstyistelf Ywad U-IIBP 67.3 87.7 20
Exanple 9 36 (First Step)

(Third Step)

A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was
charged with the substantially methanol-removed mixture
obtained in the second step, and 12.5 g of acidic cation

exchange resin (Amberlyst 15E, manufactured by Organo

Corporation), and the resulting mixture was heated to 90°C, and

then stirred for 1 hour to effect a rearrangement reaction.
The resulting reaction solution was analyzed by gas
chromatography, and the relative proportions of the various
compounds, and the selectivity and yield of 4-TBP were

determined. The results are shown in Table 9.

Table 9
Item : Example 8
First step Third step

Phenol 49.2 38.2
Reaction solution | 4-TBP 45.9 60.0
composition (%) 2-TBP 2.5 1.0
2,4-DTBP 2.4 0.8

Conversion ratio(%) of phenol 46.0
Selectivity(%) of 4-TBP 73.0 97.4
Yield(%) of 4-TBP 67.3 87.7

Example 9
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A 4-neck flask with an internal capacity of 200 ni,
fitted wwth a stirrer, a condenser, and a thernoneter
was charged with 125.0 g (1.33 nol) of phenol and
12.5 g of 5 proton-substituted a-type zeolite

(H BEA- 25, manufactured by SUd-Chem e Catal ysts
Japan, Inc.), and the resulting m xture was stirred.
Thqmivgtursteg)s heated to 100C, and 24.2 g (266 nmmol)
of MIBE was added dropwi se to the m xture over a

Perd O nelix F1RQAN SvitH Hh Anodrdie ca-BSA%:Lr W 24D mL,

n1xture was stirred 10 for a further hours at t he

. r t hus, effecting
flttreeac |on .ﬁi.{elli{xgesr T tr}al ncgonréeeg}ﬁeln 31K uatlt erv%ome er was

anal yzed ?%2 as chr omat ograp and t he reI atlve

charged 325 & 4 Hel 133 d%frrﬁ&?ﬂﬂ%l aMk Iomv et Qfon

rati o of phenol, and the selectivity and yield of
protonBihsrict ubsEd vty ZEvd ittte r(@BHERs- 24 . rmuflfadtured by

Tabl e 10. (Second Step) The 3-type zeolite was
Sid+Ghanisd datdliydtratdapard r dind he, ammhcdtheresudituimegg mixture

obtained in the first step. The resulting filtrate

was WAS1 A S@BbeﬁEQQUE@ @h%thEE%EHOQoUﬁ@@pCregH&e§4ZQ (266
pressure [26.7 kPa (20 rmHg . internal tenperature %O

mmo.ffﬁ SO YrrE g»fk?g ead & B trlﬂnlfﬂe nBAWEBUr Y period

e net concentratlon wi thin the nlxture

| | owi ng this mat noI nmoval Veal ed
of 3 oso)}gﬂé}%rﬂ - ) FBevitiRd B ptd Wgel ftirrea
an i nternal capaC|ty of 100 m., 37 fitted with a

for @ jfurthen; R ARIER At BRI AN ORRNA TR thtmgffipcting

with the substantlally nmet hanol - renoved m xture
an alkylation reaction. The resulting reaction solution was

analyzed by gas chromatography, and the relative proportions
of the various compounds, the conversion ratio of phenol, and
the selectivity and yield of 4-TBP were determined. The
results are shown in Table 10.

(Second Step)

The (-type zeolite was removed by filtration from the
reaction mixture obtained in the first step. The resulting
filtrate was then subjected to distillation under reduced
pressure [26.7 kPa (200 mmHg), internal temperature 30 to 40°C],
thereby removing methanol. Measurement of the methanol
concentration within the mixture following this methanol
removal revealed a value of 0.15% by weight.

(Third Step)

A 4-neck flask with an internal capacity of 100 mL,
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obtained in the second step, and 12.5 g of
proton-substituted Y-type zeolite (as descri bed
above), and the resulting mxture 5 was heated to
120C, and then stirred for 1 hour to effect a
rearrangenent reaction. The resulting reaction
sol ution was anal yzed by gas chronmat ography, and the
fitteal aditle HroirfiddONS dindditsasn) iauUs £ AHExtdhse teéxnOvas
the selectivity and yield of 4- TBP were determn ned.

charld¥d WeStH Eh &l st i 1 1 e Hdho 10-ehifil & Wit e
anple 9 First step Third step Phenol 73.6 69.5

[ 2 2

ontafifil ' e Ghd e i %2 P U A tdlhsyitutea
of phenol 18 4 Sel ect.ivit of 4 TBP 90 9 96.8 .

Y-t e ARONL A (AT RE P PN | P Rl ting mixture
(Second Step) The p-type zeollte mas rennved by

was flidated itom ¥20°,t laed tHemnesdtirgednifetruile hobraitoe@fifect a
the first step of the exanple 5. Measurenent of the

reammArigenEntc areacttiat i ofhe theisulttiagr eealctiog sodadtionnwas
solution reveal ed a value of 5.0% by weight. A 4-neck

analy 26k vy tdafch S tedrapBacidnd othe e Tdtive igtdsbrtions
wth a stirrer, a condenser, and a thernoneter was

of Eﬁ@r\raﬂ)oﬁ‘aé&%dﬂdg‘ e i r?éfec?@i@iﬂfchrﬁg?’fel@rwf 4-

5 g of proton- substituted Y-type zeol
TBPC$§¥£ é§¥£fﬁiV%i. @%% results are shown in Table 10.

Table 10
Example 9
Ttem First step Third step

Phenol 73.6 69.5
Reaction solution | 4-TBP 23.4 29.6
composition (%) 2-TBP 1.8 0.8
2,4-DTBP 1.2 0.2

Conversion ratio(%) of phenol 18.4
Selectivity(%) of 4-TBP 90.9 96.8
Yield(%) of 4-TBP 83.9 89.0

Comparative Example 3

(Second Step)

The (-type zeolite was removed by filtration from the
reaction mixture obtained in the first step of the example 5.
Measurement of the methanol concentration within the resulting
reaction solution revealed a value of 5.0% by weight.

A 4-neck flask with an internal capacity of 100 mL,
fitted with a stirrer, a condenser, and a thermometer was then
charged with the filtrate obtained above, and 12.5 g of
proton-substituted Y-type zeolite (as described above), and
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38 the resulting m xture was heated to 120C and

stirred for 5 hours, but no rearrangenent reaction

took place. | NDUSTRI AL APPLI CABILITY 5 The present

i nvention enables an industrially useful production

of 4-al kyl phenols with good selectivity and a high

yield. As a result, highly pure 4-al kyl phenols can be
the Pf&slicerhg Vi dutdivad hdatidcessLic phAdyettireRdOfFox 5

4- al kyl phenol, conprising the steps of: reacting a
houks UNibsid L Ak ahsamln i ddnd &l kedoid g&ghol or an

al kyl ether in the presence of a synthetic zeolite,

at a tenperature of 50 to 110C (a first step); either

renmovi ng the generated water contained within the

liquid phase of_ the produced reaction mxture in the
INDQﬁéh;ﬁ&mﬁ%?EﬁF%§¥%ﬁT%Icohol is used in the first step,

or renoving the generated 10 al cohol contained within

t héfhe resgiHaswEntiinn mrahieas an dndusicigbdrusefnl

the case where an alkyl ether is used in the first
producipidra ctchralllsyhp)enalsl wiitls egposdtd el exonicuicty rapd a high

rearrangenent reaction in the reaction m xture from
yieVd] Cad ke re3RN&s atBihBt Jurd 4-h818aH ek a0 produced.

has been renoved, at 15 a tenperature of 90 to 150C

and in the presence of an acid catalyst (a third

step). 2. The process for production of a

4- al kyl phenol according to claiml1, conprising the

steps of: reacting a 4- unsubstituted phenol with an

al kyl al cohol in presence of a 20 synthetic zeolite,

at a tenperature of 50 to 110C (the first
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step); renoving generated water contained within the
liquid phase of the thus produced reaction m xture
(the second step); and subsequently conducting a
rearrangenent reaction in the reaction mxture from
whi ch the generated water has been 25 renoved, at a
tenperature of 90 to 150C, and in presence of an 40
acid catalyst (the third gt.epMs 3. The process for
production of a 4-al kyl phenol according to claim 2,
wherein in the third step, the concentration of water
of the |iquid phase of the reaction mxture is

dj. ust e t e th 0, 5% i.ght .. 4. The . .
1 EIRRES Sod AR ARGt 5 it sl o the
to either one of claim2 and claim3, wherein in the
stepghigfy A inh& rasiiRidniditt e Rhanat vl o il @ldy !
with a quantity of the 4-unsubstituted phenol within
alcabl razm@n @lkiktafhen Glradihe tpresancss afb g gynddheitic
1to 10-fold nolar ratio relative to a quantity of
zeolite Aldeyla aldnftatanns Wedawd ngete (al kyhaki eftep); either
reaction of the first step. 5. The process for

remd¥ i EHO e rta te @ Wt d3h it t BiGTed Gritthid GO QAE Pfphase
claim2 to claim4, wherein the 4-unsubstituted 15

of tHE odv.ﬁ:egfezr%c B el dWn Ao sd %vher%e an alkyl

tert-butan € process for production o

anodidl TSRS F%e AT B P oo

al kyl ether in presence of. a synthetic zeolite, at a
alcct*t‘h%éi%{’c‘iﬂf@e!ﬁ wWithi thec Yl G iphase ek tdyp ;produced

renovi ng the generated al cohol contained within the
readtinn duigttasee gin tthe tdare halieah raddytld erhextis aised in

(the second
the first step (a second step):; and subsequently conducting a
rearrangement reaction in the reaction mixture from which the
generated water or the generated alcohol has been removed, at
a temperature of 90 to 150°C and in the presence of an acid
catalyst (a third step).
2. The process for production of a 4-alkylphenol according
to claim 1, comprising the steps of: reacting a 4-
unsubstituted phenol with an alkyl alcohol in presence of a
synthetic zeolite, at a temperature of 50 to 110°C (the first
step); removing generated water contained within the liquid
phase of the thus produced reaction mixture (the second step):
and subsequently conducting a rearrangement reaction in the
reaction mixture from which the generated water has been

removed, at a temperature of 90 to 150°C, and in presence of an
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step); and subsequently conducting a rearrangenent
reaction in the reaction mxture fromwhich the
generated al cohol has been renoved, at a tenperature
of 90 to 150C, and in presence of an 25 acid catalyst
(the third step). 41 7. The process for production of
a 4-al kyl phenol according to claim6, wherein in the

acid liatthists, (e licahateroncentrati on of the |iquid
phase of the reaction mxture is adjusted to no nore

3. thahd p3%ds g iproaudt ibiE 0¥ %Celﬁ%ll(gflpmé?%imddﬁbrdlng

of a 4-al kyl phenol "according to claim claim

2 o AL Sl e e R S R
wate?rE&f‘fS'stg}V% by pf{?e%a‘eéf%%{%frt%‘a%%d AR 1 aac{ﬂi‘s':ed

quantity of the al kyl ether consumed during an
to ng |®are ten rbdck idh weigle first step. 9. The process

for production of a 4-al kyl phenol according to any
4. ondhdf prdcdenss fior gmdudtiotherfeian 44ad kirlphmnesl idadeamtiing

phenol is phenol, and the al kyl ether is nethyl
to ditHePWnd o £id¥ed -2 4hd claim 3, wherein in the third
step, the rearrangement reaction is conducted with a quantity
of the 4-unsubstituted phenol within the reaction mixture
adjusted so as to represent a 1 to 10-fold molar ratio
relative to a quantity of the alkyl alcohol consumed during an
alkylation reaction of the first step.
5. The process for production of a 4-alkylphenol according
to any one of claim 2 to claim 4, wherein the 4-unsubstituted
phenol is phenol, and the alkyl alcohol is tert-butanol.
6. The process for production of a 4-alkylphenol according
to claim 1, comprising the steps of: reacting a 4-
unsubstituted phenol with an alkyl ether in presence of a
synthetic zeolite, at a temperature of 50 to 110°C (the first
step): removing the generated alcohol contained within the
liguid phase of the thus produced reaction mixture (the second
step); and subsequently conducting a rearrangement reaction in
the reaction mixture from which the generated alcohol has been
removed, at a temperature of 90 to 150°C, and in presence of an

acid catalyst (the third step).
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7. The process for production of a 4-alkylphenol according
to claim 6, wherein in the third step, the alcohol
concentration of the liquid phase of the reaction mixture is
adjusted to no more than 0.5% by weight.

8. The process for production of a 4-alkylphenol according
to claim 6 or claim 7, wherein in the third step, the
rearrangement reaction is conducted with a quantity of the 4-
unsubstituted phenol within the reaction mixture adjusted so
as to represent a 1 to 10~fold molar ratio relative to a
quantity of the alkyl ether consumed during an alkylation
reaction of the first step.

g. The process for production of a 4-alkylphenol according
to any one of claim 6 to claim 8, wherein the 4-unsubstituted
phenol is phenol, and the alkyl ether is methyl tert-butyl

ether.
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