TITLE OF THE | NVENTI ON PROCESS FOR THE PRODUCTI ON OF PHENOL / Fi elflfoéﬁ ity
I nvention This invention relates to a process for the production of phenol
which is useful as an internediate for the manufacture of synthetic resins,
agrichemicals, dyes, pharmaceuticals, etd. Description of the Related Arts
There have been proposed various processes for prch&

I

91p no d one of
the-nost commonly used processes is the cunene-phe r c@s iaﬁ@n tart _
with cunene to synthesize phenol. In this process, cunene i s oXi &z WPtEi 91
oxygen or air to produce cunene h{dr oper oxi de éher eunder abbrevi ated as
"CHP") which is cleaved to pheno presence of an acid
catal yst. The main products of the - | pr e phenol and
acetone. In addition, dirmﬁﬁﬂﬂﬁﬁﬁeﬁ9§3@5%&%@58€ﬁ@?£dﬁ§§%iN§kp "y is formed

as a by-product in the cunene oxidation reaction, and then Cis

dehydrated in the acid cleavage of CHP to give [err]-nmethylstyrene

(her eunder "[eqqfﬂgiéﬂJgﬁijigh;mgpduct. The [err]-M5 is readily

hydr ogenat ed back to cunene which is reusable as a raw naterials. The a-Ms

is al so industrial | yrhisefinirenasian rrelabesvth fa grrockesst foxs ghepeesinctaonous
side-reactions take place that will |ower -the yields of phenol (which is

one of the end 9f hanod whichiAs usgefuleas aeinssymediae farc thgs 2

exenplified by the reaction_between.a-M5 and phenol tp nroduce cunyl phenol
and the di meri ZATHRREPELPT | SRS Fr betis: agrichemicals, dyes.

pharmaceuticals, etc.

Description of the Related Axts

There have been proposed variéus processes for
prodﬁcing phenol and one of the.most commonly used
processes is the cumene-phenol process which starts with
cumene to synthesize phenol. In this process. cumene is
oxidized with oxyggn{or air to produce cumene hydroperoxide
(hereunder.abbreviated as "CHP") which is cleaved.to phenoi
and acetone in the presen;e of an acid catalyst. The main
products of the cumehe-phenol process are phenol and
acetone. In addition, dimethylphenylcarbinol (hereunder
"DMPC") is formed as a by-product in the cumene oxidation
reaction, and then ﬁMPC is dehydrated in the acid cleavage
of CHP to give a-methylstyrene (hereunder “"a-MS") as a by-
product. The 0-MS is readily hydrogenated back to cumene
which is reusable as a raw materials. The 0-MS is also
industrially useful as a resin modifier.

In this process, various side-reactions take place

that will lower the yields of phenol (which is one of the

end products of CHP cleavage reaction), o-MS, etc. as



a nethyl styrene dinmer. Another by-product of the CHP cleavage reaction is
a very small anount of hydroxyacetone (hereunder "HA"). The HA is
difficult to separate from phenol by distillation and can deteriorate the
qudlity of the phenol .if it is present i& this otherw se pure final
product. If bisphenol A is manufactured froma phenol containing HA a
col-ored product will result that is very lowin comercial value. What is
nore, the HA is water- soluble and has such a high COD | oad that it

di ssolves in the effluent fromthe cunmene-phenol process, making the

bi ol ogi cal or eiaaplifeed HBNichel rédec i betweencaass amd phenol these

probl ens, the side reactions that |ower the yields of phenol and [err]-NMs
have been addr gzeducbkycune piveopdsand dthen dimendgation ptff OoMEi i BEPYuce

cl eavage of CHP after it is diluted with a solvent such as acetone (see,
for exanpl e, BEaamenbyl Jspmensedbmernt Mmgrherabyopradsct 9875he 9GP and

4619/ 1953) or a_nethod of carrying out the action i e than one stage
(see, for exanfit&€aVegp Zeagfionngs 3¢ %Yaﬁf“ﬁ’é! 3’5%%%?3 g‘éfiﬁﬁfyﬁ%ﬁrteat i on

the side react | BIESHRASE oA Dy | ofng JEHE SR EIOEL: (R ERpaBReh Eom Ot "and
the inproved efhienb®Msy PfstGQNbatén REidRRA HBEeRLdhtEARLY GhaRlty @GHP. The
second proposal described in USP 2,757,209 is to performthe CHP cl eavage
reacti on in nuithie pheges;if dtt he presntstiagehis hethmxwl sel paveginalaction is
~carried out under mld conditions 3 at a lower acid catalyst
concentration @rgductowekt kimpbenelirie ishaanuRackerech hremt Poﬁé?n%t hod of
conpl eting containing HA, a colored product will result that is very
low in commercial value. What is more, the HA is water-
soluble and has such a high COD load that it dissolves in
the effluent from the cﬁmene-phenol process, making the
biological or other treatment of the effluent neceséary.
Among these problems, the side reactions that lower
the yields of phenol and a-MS have been addressed by the
proposal of a method for performing acid cleavage of CHP
after it is diluted with a solvent such as acetone (see,
for example, Examined Japanese Patent Publication Nos.
387571952 and 4619/1953) or a method of carrying out the
reaction in more than one stage (see, for example, USP
2,757,209 and Examined Japanese Patent Publication No.
13464/1962). Accbrding tthhe references that teach the
first proposal, the side reactions are controlled by the
diluting effect of the solvent and the improved efficiency
of contact between the acid catalyst and CHP. The second
proposal described in USP 2,757,209 is to perform the CHP

cleavage reaction in multi stages; in the first stage, the

acid cleavage reaction is carried out under mild conditions



the reaction for the production of phenol and a-M5 in one stage, such that
a few percent of CHP is left in the product; in the second stage, the
product of the first- stage reaction is introduced into a plug-flow reactor
for cleaving the organic peroxides in th8 product and for dehydration of
DMPC. Methods to prevent contam nation of an otherw se pure phenol with HA
are-described in BP 1,231,991, USP 5, 064,507, etc. According to BP
1,231,991, the product of cumene oxidation which is chiefly conposed of CHP
I's subjected to acid cl eavage reaction and the reaction m xtures are
distilled to separatflewarcacid qrtelystfcomentaagnen andvahdiowierrg poi nt
conmponents (e.g. hydrocarbons) and_hi gh-boiling_point conponents (e.

unreacted_DWPC;tQﬂRﬁfPﬁHEﬁth%ﬁuiHﬂﬁhﬁyF%@Kﬁﬂﬁ%@néFn@?§@°q_ EPHBéeBH%%gi i s
treated wth amﬁéyeagtgéﬁhw%r{ﬁegkggg%% 2 phbfiot Yarld) o8 GhUgePheNOl

. - one
is converted to an easily separa g Inmpurities, whichis

thereaf ter sepagaiad Ly bet of e pURGN Wt #hptid | A0 BRgOTding to

USP 5, 064, 507, t ¢rude phenol is tfeated wth an organi ¢ pol yam ne,

wher eupon the hfrdancktheifir thle Jutondl st&ps! Thel bhodlier aslatheoEfaste
pol yam ne to forma high-boiling point conpound, which is then separated
fromthe crude stegeokencthom i shtkbducedh iodlouanpludvithowr reapsor Hex hods
sinply conplicate the process of phenol manufacture and require an
expensi ve faci |948pVESE the prganisy ReroXifiss ixokhe PFdst RESpEBHUCt i on of

cunyl phenol, ne | styrene di and ot her high-boiling point conponents
that will Iomeﬁ£$ﬁ5§7¥é?ﬁs°€ﬂﬂﬁﬁé end

Methods to prevent contamination of an otherwise pure
phenol with HA are described in BP 1,231,991, USP
5,064,507, etc. According to BP 1,231,991, the product of
cumene oxidation which is chiefly composed of CHP is
subjected to acid cleavage reaction and the reaction
mixtures are distilled to separate a crude phenol from
acetone, low-boiling point components (e.g. hydrocarbons)
and high-boiling poinf componénts (e.g. unreacted DMPC,
cumylphenol and methylstyrené dimer) ; the crude phenol is
treated with an cation-exchange resin such that the HA in
the crude phenol is converted to an easily separable high-
boiling impurities, which is thereafter separated from the
crude phenol by diséillation. According to USé 5,064,507,
the crude phenol is treated with an organic polyamine,
whereupon the HA in the crude phenol reacts with the added
organic polyamine to form a high-boiling point compound,
which is then separated from the crude phenol with a
distillation column.

However, these methods simply complicate the process

of phenol manufacture and require an expensive facility for



products, as well as the production of HA which will deteriorate the
quality of the pure phenol is critical to the comercial inplenentation of

- the cunene-phenol process. Exam ned Japanese Patent Publication No.

51408/ 1990 teaches a two-stage process. &n the first stage, a back m xing
reactor is used to performthe reaction at a sulfuric acid concentration of
30 - 100 ppmand at a tenperature of 50 - 90C such that the concentration
of CHP in the reaction mxture is reduced to 0.5 - 5 w% In the.
first-stage reaction, the conversion of DMPC to di cunyl peroxide (hereunder
"DCP") is at | gastend®fsl.Thehpspcdroritrollihg the stroghagbomesfti on is then
sent to a plug-flow reactor, where the second-stage reaction is carried out
at 120 - 150[ ecuylphesiodayaethel ghyrepeodimer and okberiRigh-deiddngeact i on.

USP 5, 254, 751 teaches anot her two-stage process. ILn.the first stage, the
reaction is caPPiRt SRAPORRNES NHhAC | 33h%5¥ﬁﬁ Yi-6F t°éuF§ﬁﬂ%§dCatalyst

concentration §%%$§%%: ggowgi%p 5?ﬂfﬁ§5d9céﬁﬂp%&ahﬂr@hngjﬂill 62C in the

presence of ad one suc e concentration o Is lowered to

0.3 - 1.5% Af hefelRiriteTehdqiilit2eEcens mive phenol hes pibidiicalotot he
first-stage reaction is sent to a plug-flow reactor and the second- stage
reacti on i s cathe erbnmercdtl ainplhamensbion odf Sthe cthéherplericd piregeest he DCP-

produced in the first-stage reaction. A critical problemwth the
reaction for the adﬁﬁmﬁéﬁglﬂééﬂn%§%u¥ﬁ§§§to?“Q}¥¢§F§°Ph§?-t$&#QQﬁ%%?Pon rate
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‘ mixing reactor is used to perform the reaction at a
sulfuric acid concentration of 30 - 100 ppm and at a
temperature of 50 - 90°C such that the concentration of CHP
in the reaction mixture is reduced to 0.5 - 5 wt%. In the
first-stage reaction, the conversion of DMPC to dicumyl
peroxide (hereunder "DCP") is at least 40%. The product of
the first-stage reaction is' then sent to a plug-flow
reactor, where the second-stage reaction is cérried out at.
120 - 150°C to cleave the DCP produced in the first-stage
reaction. |

USP 5,254,751 teaches another two-stage process. In

the first stage, the reaction is carried out in a non-
isothermal reactor ;t an acid catalyst concentration of 150
- 500 wt.ppm and at a temperatufe of 50 - 62°C in the
presence of added acetone such that the concentration of
CHP is lowered to 0.3 - 1.5%. After being mixed with
aqueous ammonia, the product of the first-stage reaction is
sent to a plug-flow reactor and the second-stage reaction
is carried out at a temperature of 80 -~ 110°C to cleave the

DCP produced in the-first-stage reaction.



times as great as what devel ops in comon exotherm c reactions of organic .
chem stry. Therefore, if a few percent of CHP is cleaved nonentarily due to
changes in the reaction conditions, the tenperature of the reaction mxture
will rise sharply and acetone which is a8 ow boiling point conponent of
the reaction mxture wll evaporate to increase the pressure in the
reactor, potentially causing the reactor to burst. Hence, for the success
of the multi-stage process in which unreacted CHP remains in the
first-stage reactor, it is desired that the process be operated under

stabl e conditions arfd cri&icabipnabdemnwiphothe tzeastiont Eenddrs AShAgh vyi el ds.

SUVMMARY OF THE | NVENTI bj ect_, 1 f f the pi [ ti IS
to p_ro;/i dtel a pr?ﬁ:rég'&_ hzﬁg\llﬁﬁg@gﬁf’;%ﬁ_ E?gﬁ{; %fﬂf_re &gﬁﬁrﬁgﬁgﬁfgﬁ Ehgég‘r’]eéfre:
consi sten [ . | i

HA formati o%. {}G%Hrfqawéiltgwg?% ae"'tfalg‘?i%%gﬁfﬁlyi ogﬁ]yggt gé‘% h%%fl \ggén?ﬁ?%%n- ors

conduct ed i nt'engie/ hicttUdECEnd rdsid t2HY T ETER AN edaBt Db & seybbal he
adoption of the multi-stage nethod in the cunene-phenol process. As a

result, they fcuimeest bsat gtéet aarwhphedeveloms nmt kpimoy rexochaermde whi ch woul d
reduce the yields of phenol and a-M5 were nore likely to be forned 6
wi th the incre&aasfienscehtorgands chenistyy \sThereferecdd rofewi xt ure.

St at ed i fically, ) ti | Xt N back m xi t h
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mixture will rise sharply and acetone which is a low-
boiling point component of the reaction mixture will
‘evaporate to increase the pressure in the reactor,
potentially causing the reactor‘to burst. Hence, for the
success of the multi-stage process in which unreacted CHP
remains in the first-stage reactor, it is desired that the
process be operated under stable conditions and that yet

the end §roducts be obtained in high vields.

SUMMARY OF THE JINVENTION

An object, therefore, of the present invention is to
provide a process by which both phenol and o-MS can be
produced consistentiy in high yield under mild reaction
conditions with controlled HA formation.

With a view to attaining this object, the present
inventors conducted intensive studies on the aforementioned
problems with the.adoption of the multi-stage method in the
cumene-phenol process. As a result, they found that the

cumylphenol and methylstyrene dimer which would reduce the

yields of phenol and a-MS were more likely to be formed



performance of the reaction for producing J[err]-M5 fromDWC within the
back m xing reactor gives a high concentration of- a-M5 in the reactor. The
present inventors found that this caused an increased production of

cunyl phenol and net hyl styrene di ner bot hgof which were heavier fornms of
[err]- M5. The inventors found that in order to control the formation of
cunyl phenol and nethyl styrene diner, it was preferable to carry out the
a-Ms formng reaction in a plug-flow reactor which would allow the reaction
m xture to change conposition.with the progress of the reaction, nanely, a

reactor of the pype dlaal nubuhdh f @RhEeAt Ao ¥t BLMsCOATAN idelReiBRL T er
results were attained by diluting the reaction m xture with a solvent. A

preferred sol vepiyxireACeboRCedMidrR B8 FRed104ESEnBOLEAI RO miktatet e Mai N
conponents of the reaction mxture and it was found to be economi cal to

circul ate the solbetk migtingereddverr Rastarunifdrne compseipicmt, sbagkatnd t he
distillation colum. As already nentioned in connection with the prior art,
HA i s difficul tthe copesition rafimtbRernercion)imixturat vhrhigh Fh@i Fpactor
deteriorate the quality of the phenol if it, contam nates the gtherw se pure

final product. HhiidenkicalpEe af Bh? Lt 0E FRet TR ¥ sentBRE® CHP.
Acetone IS -gardhiiRidel Bf %KDk cBIBN o Pidkukong @iy e oRPrbECh i S

bei ng cl eaved wth an acid catal yst and, hencCe, it is difficult to ensure

that HA will ngiidierf eheeBadk mildingHouEMEsr diR@sPACBRH doneenteasidéwund
that the formation of HA could be g reduced by carrying out the acid
cl eavage of CHPH-MS dw the reactor. The present inventors found that

this caused an increased production of cumylphenol and
methylstyrene dimer both of which were heavier forms of o-
MS. The inventors found that in order to control the
formation of cumylphenol and methylstyrene dimer, it was
preferable to carry out the o-MS forming reaction in a
plug-flow reactor which would allow the reaction mixture to
change composition.with the progress of the reaction,
namely, a reactor of the type that would create a non-
uniform composition. Better results were attained by
diluting the reaction mixture with a solvent. A preferred
solvent ié acetone which has the lowest boiling point of
the main components_of the reaction mixture and it was
found to be economical to ciréulate the solvent between the
reactor in the subsequent stage and the distillation
column.

As already mentioned in connection with the prior art,
HA is difficult to separate from phenol by distillation and
will deteriorate.the.quality of the phenol if it
contaminates the othérwise pﬁre final product. This HA is

produced from acetone in the presence of CHP. Acetone is



acetone concentration, nanely, wthout addition of the acetone separated in
the distillation zone. Based on these findings, the present inventors
concluded that in order to produce phenol, acetone and [err]-Ms fromthe 10
product of cumene oxidation efficiently Zwhile controlling the formation of
HA which woul d deteriorate the quality of ot se—pure—phero] ., it was
preferable to divide the reaction into two o TI‘M)‘HSHEEE m erformthe
respective reactions under appropriate condi§i ons.REBLAGED Accoldingly, in
order to attain the above-stated object, the Present rnvention provides a
process for predugeddimzemolar cametmte equal storethar ofyEBR aviiiddimishe product
of cumene oxidation conprising cunene _hydroperoxide, cunene and

di met hyl phenyl beihy neteavied: wethrass agéd S?t%fb(sfturai’@'a PECe st 10 process

having the steps _of cleaving the cune h Qper QXxi ' m Xi ng
reactor with tAeEFIERE S‘ﬂﬁ‘é’f?lﬁ%ﬁty&gn‘gg% rgoﬁ:o%ucggz#@%?napaﬁ&'

dimet hyl pheny! 6301 00! G5l BYeSEN ilkfole AnfEPthathene SE¥matibn bE Step
of formng a-nethylStyrene in such a way that the reaction m xture produced

in the first sgRPebs1d e HRBLESE BynlcardyRhtigodt aiier aatfocledvagre afet one i s
added to said reaction m xture product of the back m xing reactor and after

said reaction gHPtatea fkodacetins doscenthatiernk nemellg WEERAWY . According
to anot her enbodi nent of the invention there_is %&)ﬁ pr.ovi dﬁj a process for
e ELFEL LA

produci ng phensfdbyieriqhdhaceeerrna §erarased i ¢t 6F%a back
Feactor, the react| BRPHATIEBBR oL gy, Spd Bisaghls pOhedal e Cmene,
di met hyl phenyl ¢ghbi eéd aithtdi g Usdderd &o0¥irdauceiigieridle pbetohe and a-MS

from the product of cumene oxidation efficiently while

controlling the formation of HA which would deteriorate the

quality of otherwise pure phenol, it was preferable to

divide the reaction into two or more stages and perform the

respective reactions under appropriate conditions.

| Accordingly, in order to attain the above-stated

objéct, the presené-iﬁvention.provides a process for

producing phenol, acetone and o-methylstyrene from the

product of cumene oxidation comprising cumene

hydroperoxide, cumene and dimethylphenylcarbinol in the

presence of sulfuric acid, characterized by comprising the

step of decomposing.the cumene hydroperoxide in a back

mixing reactor with the yield of o-methylstyrene as

produced from dimethylphenylcarbinol being controlled to no
more than 35%, and the step of forming a-methylstyrene in
such a way that the reaction mixture produced in the first
step is supplied into a plug-flow reactor after acetone is

added to said reaction mixture.

This Sheet Has Been Repléced

LT




7A Substitute sheet -7 Jan 2000 and acetone being present in
equi nol ar anounts, the acetone being added in such an anpunt that the
acetone concentration is 1.15 - 1.8 tines as nuch as before acetone is
added, and by then supplying said reacti & m xture product with added 5
acetone into a plug-flow reactor for dehydrating the di nethyl phenyl car bi nol
and- cl eavi ng the di cunyl peroxide. 8 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The process of the invention for produci ng phenol (which is
hereunder referred to sinply as the "invention process”) will now be
describéd in detail. The RERALM ) OF OSSN OF f Il NYENSAWY phenol , acetone
and [err]-Ms fromthe product of cunmene oxidation containing CH? as the

mai n conponent by aThalPFeassfyefsEhR AnveRkior FF RLOHFIRI PRNOLt age
reaction intended.psimarily far_perform.ng aci tal Lgzed, of CHP
in a back mixi ﬂag?'géc’t%rheaﬁ\%&ngegeﬁ% Y -rsetdagg §b‘%;’§f8§ Fﬁ en%le‘%%\p{)‘%%?rlari ly for
produci ng_a- MS L - 8s Dk 104110 WoliCBE | @scriBelingn fddialiist age of the invention
process, CHP whrch T3 the rmain conponent of the starting material (i.e.,
the product of cunefgeOxh¢ldition) pkocsdLdwedok oprititdngapHefeE! Gltetiohea back
m xi ng reactor in the presence of sulfuric acid. The product of cunene

oxi dati on whi cEndsosMppfram the preduqtaofi FYMARE cfigetion PeRfRidd gy fir st
oxi di zing cunene with air qr oxygen at _a tenperature of about 100[err] in
the presence ofFHBo@F uFRe MAIONSPEPRRNG kenasBprinstage: feheis &k@ted cunene

fromthe oxidaticn, produet, 2, g V6 2 SRRRLELES HHRnaRACSNRALIY £l 2

distillation

performing acid catalized cleavage of CHP in a back mixing
reactor and a second-stage reaction intended primarily for
producing o-MS in a plug-flow reactor.

In the first stage of the invention process, CHP which
is the main component of the starting material (i.e., the
product of cumene oxidation) is cleaved to phenol and
acetone in a back mixing reactor in the presence of
sulfuric acid. The product of cumene oxidation whigh is
Suppiied as the starting material is prepared by first
oxidizing cumene with air or oxygen at a temperature of
about 100°C in the presence of sodium carbonate and then
separating the unreacted cumene from the oxidation product
to give a specified.CHP concentration in a distillation
column. The product of cumene oxidation has typically the

following composition:’

CHP 65 - 85 wt%
DMPC 2 - 10 wt¥
Cumene 15 - 35 wt%
Acetophenone 0.2 - 2 wt%

The first-stage reaction to be carried out in the



colum. The product' of cumene oxidation has typically the follow ng

conposition: CHP 65 - 85 wt % DVPC 2 - 10
wt % Cunene 15 - 35 wt % Acet ophenone 0.2 - 2 wt% The
first-stage reaction to be carried out i9 the i nvention process is for

produci ng phenol and acetone from CHP while controlling the formation of
[err]-M5 and HA. In this first-stage reaction, the conversion of CHP is
desirably in the range of 97 - 99.5% preferably 98 - 99.0% and the yield
of [err]-Ms as produced fromthe di methyl phenyl carbinol in the product of
cumene oxi dati dnvestitwsipraicegsnbs Tax erefdusintghenods BRALRGRYRRTITE™ han

30% The reactigon conditions e desir ' Ihf 4 £d a
sul?uri c acid EBRc rf%t‘i°&¥r8$ii%%etﬁm\3%g%. p%%]ﬁfg@%gtﬁh '?behnperature
of 55 - 80[err],.Acgeording.t h chi Jxautioped gd e Patent
Publ i cati on NoLh§§7€?rl%5'§,%alg%e£?%?r%%?‘ét tlﬁgg éf)%r? car r°3‘| ﬁé %ﬁ?nﬁs\e reactions

~for the acid Cé%éi'féﬁﬂr%?%@gfae%e QPoand shesd OrgrRiFepabby §&r+]-M5 is

~preferably in the range of 50 - 80C. If the tengerature for carrying out
the reaction f@8.0%e amd dheavikideef G-y ageprrduged ifxomnEhgr esent
invention is higher than specified in Exam ned Japanese Patenf_ Puyblication
No. 9971/ 1958, dimetiylphrrotessbinebirottheHprofyqt Qe GHMERR FFHHATEN owner

yi el ds of phengl and, acetone. If the re ion_t rat ure y low, an
expensi ve faci MFt §ePEFRYMOEIMPHS gg%hep’ﬁ%rgﬁ Yy 3801“%’%% and, in

addi tion, tempgpgt urfd Nl bh! YoRBichsdube e fiPA1YURYSA as

exemplified by a sulfuric acid éoncentration of 150 - 300

wt.ppm and a reaction temperature of 55 - 80°C. According
to the teaching of Exémined Japanese Patent Publication No.
9971/1958, the temperature for carrying out thé reactions
for the acid catalized cleavage of CHP and the formation of
0-MS is preferably in the range of 50 - 80°C. If the
temperature for ca;rying out the reaction for the acid
catalized cieavage of CHP in the present invention is
higher than specified in Examined Japanese Patent
Publication No. 9971/1958, thermal decomposition of CHP
will occur, leading to lower vields of phenol and acetone.
If the reaction tempefature is unduly low, an expensive
facility is reqﬁireé to remove the heat of reaction and, in
addition, temperature instability occurs during continuous
reaction. The invgntibn process adopts a lower
concentration of sulfuric acid than the method described in
Examined Japanese Patent Publication No. 9971/1958, the
optimal temperature range for the invention process is
narrower than the temperature range described in said

patent publication.



reaction. The invention process adopts a |ower concentration of sulfuric
acid than the nethod described in Exam ned Japanese Patent Publication No.
9971/ 1958, the optimal tenperature range for the invention process is
narrower than the tenperature range desct@bed in said patent publi-cation.
10 In the invention process, the water concentration for carrying out the
reactions for the acid catalized cleavage of CHP and the fornation of
[err]-M5 is preferably in the range fromO0.5 to 3 W% As already descri bed
i n Exam ned Japanese Patent Publication No. 9971/1958, the water
concentration for cdi yhegioventien preeesHn thecHater RERIPHIAFILRITAE t o

provide a uniformreaction l_g_}xt ure, .Even_if t\%‘he re%ct itor}ﬂ..m ét uge IS
uniform an undifF¥HPghRht eE&ﬁEEﬁ??%tq%_ 1 PEFAVET T & “ac a3 FThgt h of
the sulfuric acid ciffednaStRe Clrda¥ibn dHUBMIGECPELNErANIS, GaNeRB! Fahgen Of
CHP in the reactor. Hence, it is not preferable to enploy a water

concentration highero.s5has 3 Ra9lPPRE 4lrddays @esttisved foi Hxamipeactice of the
i nvention process. Thus, conpared to the one-stage schene for carrying out

t he reacti ons- fJapaneseaPatientatbublicat bdre Neag @931/ L8 arthet Wwatéor nati on of
a-MS; the first-stage reaction to be carried out in the invention process
adopts a nild eaRfentsatéemrian cArrding PYtobeuFeRFH oM@ EACRRLTAL i on;

I't, the, DMPC which i ISt by- duct. in th tarti
currene oxi dat | GHIAUSEER Ar S0 GFRTRPPER (PSR AFERETE AHEESFSauE S LF
reaction with (hfe QleRESH MhistUEAEL Shi fbrin)C ah CREEI AP HIGH! WaBer! NET €bY

control ling the
concentration will lower the acid strength of the sulfuric

acid used as a catalyst, thus increasing the concentration
of CHP in the reactor. Hence, it is not preferable to
employ a water concentration higher than the upper limit
specified for the practice of the invention process.

Thus, compared to the one-stage scheme for cafrying
out the reactions for the acid catalized cleavage of CHP
and the formation 6f 0-MS, the first-stage feaction to be
carried out in the invention process adopts a mild
condition characterized by low sulfuric acid concentration;
as a result, the DMPC which_is existing as a by-product in
the starting cumene oxidation is eithgr converted to DCP
which is the prodﬁcé of reaction with CHP or present
unreacted in the reaction mixture, thereby controlling the
conversidn of DMPC to O-MS.

During prolonged operations of a large system in a
commercial plant, the reaction conditions will normally
vary more or less. E?en if such variations occur,_the
compositional chaﬁge in the reaction mixture must be held

to a minimum. The operational stability of the process to



conversion of DMPC to [err]-Ms. During prolonged operations of a |arge
systemin a commercial plant, the reaction conditions will normally vary
nore or less. Even if such variations occur, the conpositional change in
the reaction m xture nust be held to a nqninum The operational stability
of the process to produce phenol and acetone fromCHP is affected by the
variations in the acid strength of the catalyst and the reaction
tenperature. The acid strength of the catalyst is susceptible not only to
the increase in the concentration of water in the reaction solution but
also to the COPﬁeaﬁ&ar;bhaﬁﬂj wadsatdétdne fhemsCHR tisngffenbed lwitdhe i on
product and a lower acid strength will retard the cl eavage of CHP, thereby
causing it to sariatiens im thecacidataengtherfitdiee catalystict™d Fheduce the

effects of variations in the process_conditions and thereb l.ng .t hat
t he concentr at FGP:CBW@I-PWHF’-'FI’?B”?eaé‘i}ﬁeoﬁcbﬁ%oﬁ%‘?n q"g‘ ?gp[:ﬁ%g%agt{]%#{s,t g Re

reaction has to be caryjed qQut wt ' I C I bei n
held to no | es §uﬁﬁﬁﬁ€i%%e vﬁogpﬁﬁlw p%e?égl%ag’[qflg?l%?% g'sng %%lﬁaﬁgﬁg%ﬁ%/]\ﬁ%%% An °

aci d catal yst GeNggpLEald Ahd Rehbe1SARIEULLOM AR WLsB0BouthppM IS SO | Ow
|

that it would b lcult to ensure stable plant operation for a prol onged

time. The resi depeemitamt cfodim sebctiromhei starting culenbackidatdiong react or
is from5 to 40 minutes and typically adjusted to be in _the range from
about 15 to abmdactMtaag.owneaweﬁtst@ﬁn%hdﬁldn nerarddele | SFeReen CcHP

is cleaved with an acid to _pr i i -
: of CHP, there %g&ggm?QEp%L gggn%ﬁﬁﬁ%pgnlEhghfégéégﬁ.

Therefore, in order to reduce the effects of variations in
the process conditions and thereby ensuring that the
concentration of CHP in the reaction product is kept
constant, the reaction has to be carried out with the acid
catalyst concentration being held to no less than 100
wt.ppm, preferably no less than 150 wt.ppm. An acid
catalyst concentration in the range from 30 to 100 wt.ppm
is so low that it wﬁuid be difficult to ensure stable planﬁ
operation for a prolonged time. '

The residence time of the reaction mixture in the back
mixing reactor is from 5 to 40 minutes and typically
adjusted to be in the range from about 15 to about 30
minutes. .

The heat of reaction that develops when CHP is cleaved
with an acid to produce phenol and acetone in the first-
stage reaction is several times as great as the heat of
normal reactions in organic chemigtry. Therefore, in the
first-stage reaction, the temperature in the back mixing
reactor must be controlled such that the heat of reaction

produced is completely removed to maintain a specified



stage reaction is several tinmes as great as the heat of normal reactions in
organic chem stry. Therefore, in the first-stage reaction, the tenperature
in the back m xing reactor nust be controlled such that the heat of
reaction produced is conpletely renoved t2 maintain a specified 12
reaction tenperature, whereby the rate of CHP cleavage is held constant to
I nsure that the reaction mxture of a stable conposition energes fromthe
exit of the back m xing reactor to enter the second-stage reactor. To this
end, the back m xing reactor need be an apparatus suitable for controlling
the tenperat ur ceantibe tegerature, dhexspw she. rabe LHHPOFLRPAYRINE S eact i on

tenperature to be constant, it is preferab&_}e to ado&é tip% aceggnae refl ux
met hod in whi ciredfecpretaitf &9 AnErEee (% &rei TSRO FIYS U ERe®Vabor

pressure of the rgﬁggitiggrpl%%&ugkeaﬁg g%%%zjoﬁlt £RL Q:?%Ee & tﬁ\éaBQéﬂtxhﬁﬁrﬁ]et he

vol atilized ac&F SO as mal ntarn tenperature in:

reactor at a copatepl t&V&lterdkher Séddnielstaghatbadiod he ToeahLs Oendyi xture in
the reactor is wthdrawn and passed through a cooling heat exchanger so

that the devel epenBabratisxing eeatton ned depeandappdamus suitablke ufared to
the reactor. In the invention process, the reaction mxture energing from
the back ni xi ngohitrellinagihe semperaturedns fhpeteattan tohPeseeRF R M -age

reaction contains phenol,  acetone, DVPC, QFP and_cunene.as ang@' .
i ngredi ent. ThiF®¥r EQREFIH RS FHPeTPREG R eF%t‘ér%F*L?gH% SSPFER ot or
carrylng oul the Recendasiaes LaBL! afl HVelBRE' b¥ri@f d¥AUCLAGARI |- NS
' the pressure in the reactor is lowered to the vapor
pressure of the reaction mixﬁure and the latent heat of
evaporation of the volatilized acetone is removed so as to
maintain the temperature in the reactor at a constant
level; alternatively, part of the reaction mixture in the
reactor is withdrawn and passed through a cooling heat
exchanger so that the developing heat of reaction is
removed before it is returned to the reactor.

In the invention process, the reaction mixture
emerging from the back mixing first-stage reactor to be
subjected to the second-stage reaction contains phenol,
acetone, DMPC, DCP and cumene as 2 main ing;ediant. This
reaction mixture is'supplied to a plug-flow reactor for
carrying out the second-stage reaction, primarily for |
producing 0-MS from the DMPC or DCP in the reaction
mixture.

In the invention process, the seéond-stage reaction is
performed with acetone being added in order to control the

reaction that will produce.cumylphenol or methylstyrene

dimer from a-MS. The acetone to be added is preferably of



m xture. In the invention process, the second-stage reaction is perforned

wi th acetone being added in order to control the reaction W
cunyl phenol or nethyl styrene dimer from[err]-Ms. The acetp & SHBET ABBEER
i s preferably of Substitute sheet - 713an 2000 - 13 - a]type RAFAACEB
recovered by a separator such as a distillation colum fromthe TeactTonm
product |eaving the plug-flow reactor after the end of the second-stage
reaction and which is returned to the sane plug-flow reactor. 5 The
acetone to be added in the second-stage reaction should be in such an

amount that the a&ypeohbkat okt @ecryered By al separaorg SUcke3sad nuch as the

acetone concentration ip the first-stage reaction. T ur pose of .addi ng
acetone in the H&tdhdasioREolympeiEPT o ‘?§eﬁ‘6tf%‘9\/§r°t%§fé’%cgﬁﬁxémqaﬁ%n of

a-Ms in the secgnd- t t | d h ction that
yi el ds heavi er ;?cié‘l ﬁgié'?g%ﬁ%%ngk\%ﬁ%gﬁ{e\?m%dcﬁgwﬁe& t%%%)r/’ihe ﬁésgf phenol and
a-MB. As just mRilk98R0aad WA chi B8 ACALARR ke bRe aslRd pligtBEowecond- st age
reaction should be in such an anmpbunt 15 that the acetone concentration is
1.15 - 1.8 tinma=agtobuch as the acetone concentration in the first-stage
reaction. Adding a greater ampunt of acetone is effective in further
control ling the reaGheoamentipfprcgters trede afddedrin the geppn@ustadm t he
ot her hand, nore acetone need be%c%%cul at ed ,20 betvveeq%nt hegéeactor and the
I

acet one di sti | IZRACEACROFRAMES Ofu a Td FAOB8 R MPInEPeB FHELYME ener gy
consunption forcoqlicgh'hg{._{& Ei%ettﬂgeff:?&-ast‘ligﬁa%é‘@ﬁf&q rat her than an

advant age

The purpose of addiﬁg acetone in the second-stage

reaction is to lower the concentration of a-MS in the
second~-stage reactor, thereby controlling the reaction that
vields heavier forms of a-MS and which will lower the

vields of phenol and o-MS. As just mentioned above, the

amount of acetone added for this purpose should be 1.15 -
1.8 times as much as the acetone concentration in the
'first-stage reaction. Adding a greater amount of écetdne
is effective in further controlling the reaction which
produces heavier forms of a-MS buﬁ, on the other hand, more
acetone need be circulated between the reactor and the
acetone distillation column, causing a corresponding
increase in the enefgy consumption for distilling acetone
and a disadvantage rather than an advantage will result in
view of overall process economy. If the addition of
acetone is unduly small, it is hardly effective in
controlling the reaction that produéés heavier forms of
o-MS. p

In the invention process, the production of heavier

forms of a-MS is not likely to occur in the first-stage

-
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i



will result in view of overall process econony. If the addition of acetone

is unduly small, it is hardly effective in 25 controlling the reaction that
produces heavier forns of a-Ms. In the invention process, the production of
heavier forns of a-M5is not likely to ddcur in the first-stage 14

reaction. This can be explained as follows: in the first- stage reaction,
the concentration of sulfuric acid used as a catalyst is so |ow that DMPC
wi |l undergo dehydrative condensation reaction with CHP to form DCP and
dehydration to a-Ms is less likely to occur. As a result, the concentration
of [err]-Ms inrehethank rMhisngancheté:plaisedons eﬁﬂi}mst’olén%]@ﬁ efltrﬁié:t‘ t he
reaction for producing heavier fornms of a-Ms is_practicall kely to
occur. Ther ef oiS6agRf *ERGEIATE theadRRREtTathen Pf s“'t“]sff"é'dé ?éh‘g St s

effectiveness in ¢ rolljn t ha S orms of
a-Ms is no di ff"‘eF&gf“iﬁBnﬁ %é’ gf’?’e@ﬁ%@ﬁé&wﬁ 13 gfielé %agg #égélr};et he
second- st age reagkbaacidh Hdadh i ¥R Gion (CRR ¥beksion PerPhaRokeRptkiMa t hat
are produced when acetone is added in the first-stage reaction are
substantial |y conpaM8bie less Hékelyl ths ogiguai nebISba/ resdiltg &SBetone in the
second-stage reaction. As already nentioned in connection wth the prior
art, an undul ycﬁpgﬁn'é%éﬁﬁ?é afofic ﬁt*’htq%bﬁﬁkt‘ﬁ’ex?%(ﬁeiaﬁﬁlf’ﬁr’-? HeP¥aci d

cl eavage of CHP increases the production of , HA which deteriorate the

otherw se pur e SPREAB| tO TeRSYUKe Shat Jfhg) &epESLPR oFPL #16 uﬁé’f‘?o‘f‘?f’e‘ﬁ'q n the
i nvention procegsnlkSckngansad BEEQ@I&AMJ Qa1 SkEBFdNBIAE . aCTﬁeféﬁﬁr‘@ge of

CHP, the addi tion of acetone in the first-stage reaction wl
if acetone is added in the first-stage reaction, its

effectiveness in controlling the reaction that produces

heavier forms of ¢-MS is no different from the

effectiveness of adding acetone in the second-stage
reaction. In other words, the yields of phenol and O-MS
that are produced when acetone is added in the first-stage
reaction are substantially comparablé to the yields
obtained by adding acetone in the second-stage reaction.
As already mentioned in connection with the prior art, an .
unduly high acetone concentration in the reaction for the
acid cleavage of CHP increases the production of HA which
will deteriorate the otherwise pure phenol. The first-
stage reaction to bé performed in the invention process is
intended primarily for effecting the acid cleavage of CHP,
the addition of acetone in the first-stage reaction will
increase the HA production, thereby deteriorating the
otherwise pure phenol.

On the other hand, the second-stage reaction is

intended primarily for producing o-MS and the acid cleavage

of CHP in effect will noét occur; therefore, there will be



I ncrease the HA production, thereby deteriorating the otherw se pure
phenol. On the other hand, the second-stage reaction is intended primarily
for producing [err]-Ms and the acid cl eavage of CHP in effect will not
occur; therefore, there wll be 15 notsncrease in HA production even if
acetone is added in the second-stage reaction. Consequently, the yields of
phenol and [err]-Ms that are produced when acetone is added in the

second- stage reaction are conparable to those attained by the adding
acetone in the first-stage reaction and yet a snmaller amount of HA is
produced. The meaéhcvense XruHd puodudtivm evennif aretduedissaddaddar t hr ough
a heat exchanger such that it is heated to 80 - 10%Lerr] before it is
suppl i ed into &Rea8PEPRA1SagRUESAFHIRR e SORSRIUSRL Yhe tRENBERIASIE for the

second-stage I BAEhbP add PR Thafl ald HrRACEHOMNR HudinkNES SRR 1RKI NG

It necessary t orten the reaction tine. In the case where the

Lenperature fopybhgasaifiitaghaiBalent 120 BXFERABILRACNILE dinl

by- produci ng of cunyl phenol" and net hyl styrene di ner which are heavi er :
forms of [err] piSthel dddingy agecondripidhe ifirsbtes g eeacdiomiardd yetnd DVPC
"to a-M5is 70%or nore. Therefore, if the reaction for a-Ms formation is
carri ed out at smakper anpuet REgHkris mmeduredupper linit for the

second-stage reactign in the invention process, the range af permts
appropri ate control To¢ ??ﬁ?q%QQCF+¥FP¥ﬁu§§ﬁ? lgg HRT™E ﬁ%a?éékéwﬁ§ may be

consi derabl.e dpLLLEH! drdydnCa hil | dullhaRGRLO0GAY (RS 3L PDhMted to
‘ 80 - 100°C before it is supplied into an adiabatic plug-
flow reactor. |
If the temperature for the second-stage reaction is
elevated, the reaction rate is increased, making it
necessary to shorten the reaction time. In the case where
the temperature for the second-stage reaction exceeds

120°C, the rate of by-~producing of cumyl phenol and

methylstyrene dimer which are.heavier forms of 0-MS will
increase abruptly if the conversion of DCP and DMPC to O-~-MS
is 70% or more. .Theféfore, if the reacti&n for o-MS
formation is carried out at temperatures higher than the
upper limit for the second-stage reaction in the invention
process, the range éhat permits appropriate control of the
reaction becomes $o0 narrow that there may be considerable
difficulty in controlling prolénged operations at
commercial plants.

The. second-stage reaction for producing o-MS from DCP
is exothermiq, so if it is performed in an adiabatic plug-
flow reactor, a non-isothermal state-will be dominant in

the reactor, causing the temperature at the exit of the



commercial plants. The second-stage reaction for producing a-Ms fromDCP is
exothermc, so if it is perforned in an adiabatic plug- flow reactor, a
non-i sothernmal state will be dom nant in the reactor, causing the _
tenperature at the exit of the 16 reapgor to be higher than the entrance
tenperature. Stated nore specifically, the tenperature difference between
the entrance and exit of the reactor, which varies with the anount of DCP
t hat undergoes the second-stage reaction, is typically fromabout 8 to
about 20[err]. The tenperature at the exit of the second-stage reactor is
desirably no nfeacithantd2b¢ eiigherptRierete enapances ccdnipmrathbe. anstatted s
necessary that the elevation of the tenperature of the reaction mxture in
the first-stagemoneaspeohfbeakly, alhestewparpsurehdifienancs: bebween tthe
reaction mxture at the exit of the second-stage,reactar w || n@}edexceed

r

the above- spe@¥FaAcBppRt ik £ Fhe xeagtoy. nwpik aries whth gai nst
back oy : oY . - | U ' :
ack mxing of ft %F'i:egf.tb@ it gﬁ%-)f%éé"%ﬁ. ggcé‘%‘%rlr&e gr%ogrgagﬁf&? figact or

by increasing %S ength Conpare € insi Yy provi di ng

baffle plates wiica1iperr&REEdut 8heo radyteneec! | Mhediehblra@ed idn

m xture in the sSécond-stage plug-flow reactor is typically fromabout 5 to
about 30 m nut ahe pitteofbthe fseapndbstiged reacabouls Hegirablgsno Iorehe
second-stage reaction for the production of a- M5 from DCP and DMPC ends in
the plug-flow rdast 3207¢, trefemabhy inm noxecsban 1’ endt ibni$s quenched by

i i I ling the r Lon m xtur ralizing th | furi
medi at el y Cocr)xecegsaa:'yt ¢ A end e ftdation %@dtﬁguit:enaxperatu e'of 'l

reaction mixture in the first-stage reaction be so adjusted
that the temperature of the reaction mixture at the exit of
the ;econd—stage reactor will not exceed the above-
specified upper limit.

It is also necessary to ensure against back mixing of
the reaction mixture in the plug-flow second-stage reactor
by increasing its length compared to the inside diameter or
by providing baffle plates within the reactor. The .
residence time of the reaction mixture in the second-stage-
plug-flow reactor is typically from about 5 to about 30
minutes, preferably from about 8 to about 20 minutes.

If the second-stage reaction for the production of o-
MS from DCP and DMPé ends in the plug-flow reactor in the
invention process, the reaction is quenched by immediately
cooling the reaction mixture and neutralizing the sulfuric
acid used as the acid catalyst. If the acid catalyst
reﬁains in the reaction mixture, the reaction that produces
heaviér forms of o-MS (i.e., cumylphenol and methylstyréne
dimer) will continue even after the end of the reaction for

the cleavage of organic peroxides and this will lower the



"acid used as the acid catalyst. If the acid catalyst remains in the
reaction mxture, the reaction that produces heavier fornms of [err]-NMs
(i.e., cunyl phenol and nethyl styrene dinmer) will continue even after the
end of the reaction for the cleavage of 1ot ganic peroxides and this wll

| ower the 17 yields of a-Ms5 and phenol. To avoid this problem the acid
catal yst nust be neutralized as soon as the reaction for the cleavage of
organi ¢ peroxi des ends. The sulfuric acid which is the acid catalyst in the
reaction m xture can be neutralized in accordance with a nethod that uses
ei ther sodi um ydnasi 82 @+MS eaiduphersbonaioe avbidochismproblemnat ehelacid i s a
salt of sodium hydroxide with phenol. The neutralized reaction product is
t hen subj ect ed dakadiyst i st i@ neatidbized aisSssepaasitde retotiomtime,
phenol, [err]-Ms, cunene, etc. A part of the separated acetone is recycled
- for use as a dithgenleavagthofsoroaniciRarexidast e@@s- The distillation of the

: t [ i d ti duct | f d wt distillati ) | d
Atmospher ic o SubalRBSBREIRLGRELE WL ERBREIIRAAIYEE Ahctihe
produced in th%esgqﬁgs-.gﬂwe Qéﬂcﬁé%éut a&@ﬁ@&liMﬁ‘%ﬂFg ‘g&;}&aa ns
ol's, wa ehydes

al dehydes, al coh er, etc. Anong ese conmponents, a and

water are diffijadhbat ens€nHed eibNesi sddiumahiz@hoiub WiCBoaNERIY | S consuned
by the purifying operation. Therefore, the use of purified acetone as a

di l uent for thearbenatencrrisddinm phenuifatecohbdohcid aamschladds sodiume cost of
phenol manufacture. If, on the other hand, crude acetone
' hydroxide with phenol.

The neutralized reaction product is then subjected to
distillation so that it is separated into aceﬁone, phenol,
0-MS, cumene, etc. A part of the separated acetone is
recycled for use as a diluent in the second-stage reaction.
The distillation of the neutralized reaction product is
performed with a distillation column under atmospheric or
subatmospheric pressure conditions.

The crude acetone proauced in the cumene-phenol
process for phenol manufacture contains aldehydes,
alcohols, water, etc. Among these components, aldehydes
and water are difficult to separate by distillation and
much energy is consumed by the purifying operétion.'
Therefore, the use of purified acetone as a diluent for the
reaction mixture is not economical and adds to the cost of
phenol manufacture. If, on the other hand, crude acetone
is used as a diluent for the reaction mixture in the
second-stage reaction, the aldehydes in the crude acetone
will be converted to heavier forms as catalyzed by the

sulfuric acid in the reaction mixture, so that it is

recycled at a given concentration without building up in



IS used as a diluent for the reaction mxture in the second-stage reaction,

the al dehydes in the crude acetone will be converted to heavier forns as
catal yzed by the sulfuric acid in the reaction mxture, so that it is
recycled at a given concentration wi thout8building up in 18 the

distillation path. The concentration of al dehydes in the crude acetone for
use as a diluent of the reaction mxture in the second- stage reaction
ranges from 100 to 5,000 w.ppm preferably from500 to 2,500 wt.ppm The
concentration of water in the crude acetone ranges from0.3 to 3 w%
preferably fronthetdistiddasion patd.concentrati on of al dehydes. or water in
the crude acetone drQps, there occurs_a rked increase in the energy
consunption requi redm'%/ ARG BFER A RS B ?rﬁfqdet?n."nl Eﬁeo‘ffl’fdr?e a5ehePShand,
the C.O”CG”.”at'P&R{seta'a%egyéfﬁlé{t Wet Bhe | Fbddiq ofi! HELREL LGN NENELEGRES he
reaction mxturé difuted In e second-stage reaction wll contarn an

i ncreased anbundtffe Wala@k i8R0rdrdiRd EB6m ! ERCid0S, 0001 wt S, PrkEebanly
decreased. SPECI FI C EXAMPLES OF THE | NVENTI ON The fol | owi ng exanpl es and

conparati ve exafuydne S0 €op2opyitied.bpm. t Hthe wopesntovatian tdfewakkruitrat i ng
t he present invention but are in no wa{ to be taken as Iim'tigg. Example 1
Cunene was oxi dibecxydehagpiong rpoges 1fmed-B ita 8 Hethr erefesably sbermim

carbonate, follpwed by Qi l-petal, SeRaLALAN A eCoIESNded Lad,L0 Prapare
t he product of
the crude acetone drops, there occurs a marked increase in
the energy consumption required by the distilling
operation. If, on the other hand, the concentration of
aldehydes or water in the crude acetone increases, the
reaction mixture diluted in the second-stage reaction will

contain an increased amount of water and then the reaction

efficiency will be decreased.

W
The following examples and comparative examples are
provided for the purpose of further illustrating the
preseni: invention but are in no way to be taken as

limiting.

Example 1

Cumene was oxidized with air at 70 - 115°C in the
presence of sodium carbonate, followed by oil-water
separation and concentrating to prepare the product of

cumene oxidation, which had the following composition:



cunene oxi dation, which had the foll ow ng conposition: 19 CHP

81.0 wt % DMPC 5.2 wt % Acet ophenone 0.8 wt % Cunene
13.0 wt % The product of cunene oxidation was supplied into a multi-stage
reacti on system conposed of a continuoug% ype back m xing reactor having a
heat renoving capability and an adi abatic plug-flow reactor. In the
mul-ti-stage reaction system two reactions were perforned sequentially, the
cl eavage of CHP in the first stage and the formation of a-M5 in the second
stage. The first-stage reaction was carried out at a tenperature of 60C and
at a sulfuric acid €BRcentration of 2081w .wWi¥m for a residence tine of 20
m nutes. The tenperature in the first-stage reactor was kept constant by
renovi ng the heat oPMPRe reaction mixtareé Wil le agitating it. An aqueous
sol ution of 5% sul f#rieco %én%nmas addedocg)n é'%nuously to ensure that the
concentration of suffTYPRACS in the reactor would be held at 200 ppm As
a result, the conveggh&be of CHP to anoifes w@nmponent was 98. 9% and t he
yield of [err]-Ms as produced from DMPC was 18. 0% Subsequently; acetone
was added in an anpmhé grotuictieg élsereooxtdatbén wasofsuppiiedeinto tahe
first-stage reaction m xture. The added acetone had been separated fromthe
neutral i zed prodlti-sfagehaeaction-suskgn rempesesh afy adrontinugustyeed it

contai ned 1,000 wt.ppm of an al dehyde having a | ower boiling point _than
acetone and 1. gaﬁ)ﬁ%%pjfing reactor hglvcg.ng a hegt removx\ﬁ.ng capab:gllpty and

an adiabatic plug-flow reactor. In the multi-stage

‘reaction system, two reactions were performed sequentially,
the cleavage of CHP in the first stage and the formation of
0~-MS in the second stage.

The first-stage reﬁction was carried out at a
temperature of 60°C and at a sulfuric acid concentration of
200 wt.ppm for a residence time of 20 minutes. The
temperature in the first-stage reactor was kept constant by
reméving the heat 6f Ehe reacﬁion mixture while agitating -
it. An aqueous solution of 5% sulfuric acid was added
continuously to ensure that the concentration of sulfuric
acid in the reactor would be held at 200 ppm. As a result,
the conversion éf CHP to another componenﬁ was 98.9% and
the yield of a-MS.aé produced from DMPC was 18.0%.

Subsequently; acetone was added in an amount 1.4 times
the concentration of acetone in the first-stage reaction
mixture. The added acetone had been separated from the
neutralized product of the second-stage reaction by
distillation and it contained 1,000 wt.ppm of an aldehyde
having a lower boiling point than acetone and 1.8 wt% of

water. The first-stage reaction mixture was then heated in



water. The first-stage reaction mxture was then heated in - 20 a heat
exchanger and supplied into a plug-flow reactor for carrying out the
second- st age reaction. The residence tine of the reaction mixture in the
second-stage reactor was 10 nminutes; th@&Qenperature at the exit of the
second- stage reactor was 110[err]; and the second-stage reaction m xture
had a water concentration of 1.0 wt% The final reaction product was

anal yzed to determ ne the yields of phenol and [err]-MS, as well as the
concentration of HA. The results are shown in Table 1 bel ow. Table_ 1 Phenol
yi el d a hea®. swchang®yjasddsupplied into agpleysHow 5826RPF af9%n

680 wt. ppm Phenol yield = Phenol in_the reaction $ dﬂ{:t m)llhg: . X 100
CHP in the staddsxyingneRe &§ (:‘F&FPBﬂ"?)‘?%EFaE%P ﬂ\/éeff'g‘leﬂ e 9% in
the reaction pr h t yg%@ t oduct
(ol /h) HA conc%glé:f‘gt énQC(-‘ grr%unf%%gkwg:rh%d%ce per %:e%&lr_gi‘ %]hjgf
starting CU”En‘%u%lt@@t' EHePEé?:CBé%tEi@rE& &he ERELPEOOkKd SHcopdrBBEg@Xi dation
as prepared in Exanple 1 was subjected to reactions in a reaction system of

the sane type asadted iwasEXDIfQ;eadd thee skicont-stage resaxtioonmiaturarri ed _
out at a tenperature of 60[err] and at a sulfurlc acid concentratjon of 250.
w . ppmfor a r dwidjenwater ngongfentzation of 1.0 wt%. The final reaction

product was analyzed to determine the yields of phenoi and

o~MS, as well as the concentration of HA. The results are

shown in Table 1 below.

Table 1
Phenol yield 98.3%
a-MS yield 82.8%
HA concentration 680 wt.ppm

Phenol yield =

Phenol in the reaction product (mol/h)}
CHP in the starting cumene oxidation product (mol/h)

100

o-MS vield =

a-MS in the reaction product (mol/h)
DCPM in the starting cumene oxidation product (mol/h)

100

HA concentration: Amount of HA produced per unit feed of the starting
cumene oxidation product

Example 2
The product of cumene oxidation as prepared in Example
1 was subjected to reactions in a reaction system of the
 same type as used in Example 1. The first—stagé reaction
was carried out at a temperature of 60°C and at a sulfuric

acid concentration of 250 wt.ppm for a residence time of 15



21 m nutes. An aqueous solution of 5% sulfuric acid was supplied
continuously to ensure that the concentration of sulfuric acid in the
reactor would be held at 250 wt. ppm The conversion of CHP to anot her
component in the first- stage reaction vg@s 98. 7% and the yield of [err]-Ms
as produced from DMPC was 16. 2% Subsequently, acetone was added in an
anmpunt 1.54 tines the concentration of acetone in the first-stage reaction
m xture. The added acetone had been separated fromthe neutralized product
of the second-stage reaction by distillation and it contained 1,000 w. ppm
of an al dehyde rianitRg.a havefudeuisl sODuIBM ot Banserbirine agdd a8 w % of
water. The first-stage reaction m xture was then heated in a heat exchanger
and supplied i reuppdigdugentibwausdyt be ¢nsureathgt nghe ronceatsatdom-af age

reaction. The residence tine of the reaction ggtt{{e}én tgg second- st age
reactor was 21 SRYFYEAS; afkd Fefher BRAFPTMoMLE BRifelst ahé 2etbiER age

reactor was 1134}‘%1%%%1%%?%%@%2 ag%egegg%"&fbr{g &%ﬂgﬁehgﬂ&y\ater

concentration O € SEecon € reaction pro was anal yzed to

determ ne the ydilgds rebhephemnwasang. 2s Mnd ahewwlibldsos e-Mspaseprodndeh of
HA. The results are shown in Table 2 below. Table 2 Phenol yield
98. 4% a- M5 yi elfifom DMPC was 182%6% HA concentration 700 wt . ppm

Subsequently, acetone was added in an amount 1.54
times the concentration of acetone in the first-stage
reaction mixture. The added acetone had been separated
from the neutralized product of the second-stage reaction
by distillation and it contained 1,000 wt.ppm of an
aldehyde having a lower boiling point than acetone and 1.8
wt% of water. The first-stage-reaction mixture was then
heated in a heat exchanger and supplied into a plug-flow
reactor for carrying out the second-stage reaction. The
residence time of the reaction mixture in the second-stage-
reactor was 21 minutes; the temperature at the exit of the'
second-stage reactor was 113°C; and the second-stage
reaction mixture had a water concentration of 1.4 wt%. The
second-stage reaction product was analyzed to determine the

vields of phenol ané 0-MS, as well as the concentration of

HA. The results are shown in Table 2 below.

Table 2
Phenol yield 98.4%
- 0-MS yield 83.6%
HA concentration 700 wt.ppm




22 Exanpl e The product of cunene oxidation as prepared in Exanple 1 was
subjected to reactions in a reaction system of the sane type as used in
Exanple 1. The first-stage reaction was carried out at a tenperature of
75[err] and at a sulfuric acid concentr&ion of 120 wt.ppmfor a residence
time of 15 mnutes. An aqueous solution of 2.5% sul furic acid was supplied
continuously to ensure that the concentration of sulfuric acid in the
reactor would be held at 150 wt.ppm The conversion of CHP to anot her
conponent in the first- stage reaction was 99.1% and the yield of [err]-Ms
as produced fr @gr2piPe Bas 21. 0% Subsequently, acetone was added in an
amount 1.54 tinmes the concentration of acetone in the first-stage reaction
m xture. The added &thet predheti dfesumenpapnidarianoast RESPRIRG 4R g&ma%educt
of the second-stage reaction_ by distillation and it,contai nedf% 000 wt. ppm

of an al dehyde ]hé{(ﬁan“QJFSF\%‘? %FPF‘HE’-W R PhEFAGEEPR YSHFR E8tRE o6 of
wat er. The firsf.- st al %?’ c&é ?%%‘Eﬁ 1 d8s t%_r;_ Qgg;%edﬁ]%esggggg i&Lchanger

and supplied i Ao a | oW reac carrying ou st age

reaction. The rey @e%eeal 88t He tah%eﬁ@afat@ﬂe B 7EPE dny tdte aS8G0Rdr £t age
reactor was 17 mnutes; the tenperature at the exit of the second-stage

reactor was 10& i ]cpn&éﬂtfdﬂtﬂ.cﬁﬁ@dnmzstmgfppne&orl anresidence kageaofial®r
concentration of 1.4 wt% The second-stage reaction froduct was anal yzed to
deternine the yMaugesof pherarecadsalmslomPindFrasutivriconcdft vasion of

HA. The results ar own in Tabl.e 3 bel ow.
suppl 1eg cont{huously to ensure that the concentration of

sulfuric acid in the reactor would be held at 150 wt.ppm.
The conQersion of CHP to another component in the first-
stage reaction was 99.1% and the yield of a-MS as produced
from DMPC was 21.0%.

Subsequently, acetone was added in an amount 1.54
times the concentration of acetone in the first-stage
reaction mixture. The added acetone had been separated
from the neutralized product of the second-stage reaction .
by distillation and it contained 1,000 wt.ppm of an
aldehyde having a lower boiling point than acetone and 1.8
wt% of water. The first-stage reaction mixture was then
heated in a heat exchanger and supplied into a plug-flow
reactor for carryiné out the second-stage reaction. The
residence time of the reaction mixture in the second-stage
reactor was 17 minutes; the temperature at the exit of the
second-stage reactor was 108°C; and the second-stage
reaction mixture had a water concentration of 1.4 wt%. The
second-stage reaction product was analyzed to determine the

yields of phenol and a-MS, as well as the concentration of

HA. The results are shown in Table 3 below.



23 Tabl e 3 Phenol yield 98.2% [err]-MS yield 84. 1%
HA concentration 640 wt. ppm Conparative Exanple 1 The product of
cunene oxidation as prepared in Exanple 1 was subjected to reactions in a
reacti on systemof the sane type as use®3n Exanple 1. Acetone was added to
the first-stage reaction m xture but no acetone was added in the
second-stage reaction. The first-stage reaction was carried out at a
tenperature of 75[err] for a residence tine of 15 mnutes. A solution
contai ning 2,000 wt.ppm of acetone sulfite was supplied continuously to
ensure that the concentration of sul f #&bdeadid in the reactor woul d be
hel d at 260 wt.ppm The added acet gne _had [been separated frofn the
neutralized product of {the §@%§Hd3§ﬁéﬁe rdaction P-4 stillafion and it
contai ned 1,000 wt. ppm jof aId e Egrlng a | ower gqﬁllng poilnt than
acetone and 1.8 wt % of mater® concent %1 &e reaction

m xture was 1.3 tines &s for asge.wher ¢ no acetone
was added. The conversi th% Egg;_;% K mrrén%g’%f ) p—thed first-stage
reaction was 98.5% and the yield of a- NB as produced from DMPC was 29. 0%
Subsequently, the first-stage reaction mxture was heated in a heat
exchanger and gsypRligd; QaAnPbUg-fl ow reactor for carrying out the -
second- st age re€actr on.

€ residence tinme of the reaction mxture in the
second- st age The product of cumene oxidation as prepared in Example

1 was subjected to reactions in ‘a reaction system of the
same type as used in Example 1. Acetone was added to the
first-stage reaction mixture but no acetone was added in
the second-stage reaction. The first-stage reaction was
carried out at a temperature of 75°C for a residence time
of 15 minutes. A solution containing 2,000 wt.ppm of
acetone sulfite was supplied continuously to ensure that
the concentration of sulfuric acid in the reactor would be
held at 260 wt.ppm. The added acetone had been separated
from the neutralized product of the second-stage reaction
by distillation and it contained 1,000 wt.ppm of aldehyde
having a lower boiliﬁg point than acetone and 1.8 wt% of
water. The acetone concentration of the reaction mixture
was 1.3 times as high as the value for the case where no
acetone was added: The conversion of CHP to another
component in the first-stage reaction was 98.5% and the
vield of a-MS as produced frqm DMPC was 29.0%.
Subsequently, the first-stage reaction mixture was
heated in a heat exchanger and supplied into a plug-flow
reactor for carrying out the second-stage reaction. The

residence time of the reaction mixture in the second-stage



24 reactor was 17 minutes; the tenperature at the exit of the second-stage
reactor was 108[err]; and the second-stage reaction m xture had a water
concentration of 1.4 w% The second-stage reaction product was anal yzed to
det-erm ne the yields of phenol and [err]24/5, as well as the concentration
of HA. The results are shown in Table 4 bel ow. Table 4 Phenol yield

98..1% a- M5 yield 80. 6% HA concentrati on 1,100 wt. ppm
Conpar ati ve Exanpl e 2 The product of cumene oxidation as prepared in
Exanple 1 was subjected to reactions in a reaction systemof the sane type
as used in Examdagtdr wae I1 mdhuseagethe aempenatmse Gy thedesit of the
tenperature of 70[err] and at a sulfuric acid concentration of 500 w.ppm
for a resi denceseacomd-stag® rRanrosswadnl @ Geoand sthetsesenerstageul furic acid
was supplied continyousl re that the concentratio

to ens fslfulricacid
in the reactor I\'ﬁ?&l"‘&%em%é?‘%fea?‘agoﬁ VRS MORFRBE TR §ifoﬂ'gfw (e
th f [ s ' % [ f
2V a5 producanePlEBR Aediethffodfil Wallalftyite €8 ARtebitnd S O

amount 1.54 ti RERld8eof opitailr ahtion-M$, ascwald as the doncehtsatjen reficti on
m xture. The added acetone had been separated fromthe neutralized product

of the second- simageThearésudtsburdi shovnl din Mabdads ikeloent ai ned 1, 000 wt. ppm
of an 25 Substitute sheet- 25 August 1999

Table 4
Phenol yield 98.1%
o-MS yield 80.6%
HA concentration 1,100 wt.ppm

Comparative Fxample 2

The product of cumene oxidation as prepared in Example
1 was subjected to reactions in a reaction system of the
same type as used in Example 1. The first-stage reaction .
was carried out at a temperature of 70°C and at a sulfuric
acid concentration of 500 wt.ppm for a residence time of 20
minutes. An agueous solution of 5% sulfuric acid was
supplied continuously to ensure that the concentration of
sulfuric acid in the reactor would be held at 500 wt.ppm.
The conversion of CHP to another component in the first-
stage reaction waé 99.7% and the yield of a-MS as produced
from DMPC was 39.4%.

Subsequently, acetone was added in an amount 1.54
times the concentration of acetone in the first-stage
reaction mixture. The added acetone had been separated
from the ngutralized product of the second-stage reaction

by distillation and it contained 1,000 wt.ppm of an



al.dehyde having a | ower boiling point than acetone and 1.8 wt % of water.
The first-stage reaction mxture was then heated.in a heat exchanger and
supplied into a plug-flow reactor for carrying out the second-stage
reaction. The residence tine of the rea@§ on m xt ' , 3
reactor was 17 mnutes; the tenperature at the exi
reactor was 105[err]; and the second-stage reactio ] ; 2 pdt er
concentration of 1.7 w% The second-stage reaction product
to determine the yields of phenol and [err]-MsS, as well as the

concentrati on afldeAydéheavigulat 3ower tidingi poilsth|thah boktone Tald 6.8 Phenol
yield 97. 7% [err]-Ms yield . 78.1% HA concentration
870 wt. ppm Thu¥Wt¥aeEovarern, t FrenhEirsiatagsnr preeys Mixkuas| wahdae r] - MS
can be manuf acﬁ_‘%rgd in_hi %PF i el with r duced%fﬁ(g%matti on 01 1A..and besi des
t he manuf act ur PRG-6RetArd s SPEPTLTTaBPE. RTS8 -0t AP T ™ on
process is of ' sact Local ' 1§yg§ ut S

speci fication gr%gét{:ﬁ%a%ﬁiérf% ?%hbﬁlﬁ}%\?vggtn ess tﬁe;%g%‘%}? ré%%i res

ot herw se, theragiden€®NPineS@F, tA8 rasttiidhi RNt EHE Anathe COMPBiB B agand
"conprising”, will be understood to inply the inclusion of a stated integer
or step or growpaofor wagci7s mdnusespheutemperathwresatl tbe oexitf cfnyhet her

i nteger or step or group of integers or steps. -26 - CLAI ME:
_ second-stage reactor was 105°C; and the second-stage

reaction mixture had a water concentration of 1.7 wt%. The

second-stage reaction product was analyzed to determine the

yields of phenol and o~-MS, as well as the concentration of

HA. The results are shown in Table 5 below.

Table 5
Phenol yield 97.7%
o-MS yield 78.1%
HA concentration . 870 wt.ppm

‘Thus, according to the invention process, phenol and
0~MS can be manufactured in high yields with reduced
formation of HA and 5esides the manufacturing operation is
very stable. Therefore, the invention process is of great

value in practical applications.
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1. A process-for'producing phenol , acetone and a- nethyl styrene fromthe
product of cumenmeoxrdation—conprising 5 cunene hydroperoxi de, cunene and

di et hyl phenyl carbi nol__i e presence of sulfuric acid, said process

havi ng the st ulu' H Eajlﬁe cunmene2Bydr ¢p Frte—i-n—eback N xi ng
reactor with teimlu(” L| E II - hyl styrene as gﬁ&%@gETMSnBEE

di met hyl phenyl car bi nol being controlled to n nor RERLABERS% 1D and the
step of formng [err]-methylstyrene in such a way that The reaction m xture
produced in the first step is supplied into a plug-flow reactor after
acetone i s addeglagi@ssai d reaction m xture product of the back m xing
reactor and after said reaction m xture product has left the back m xing

reactor. 15 2. 1. A prpressssadosr oredugingc phenel, agrtiomenapfde cl eavage of

t he cunene hydroperoxide in said back mxi qg;gé' d at a
reaction terrpefxég‘ﬁi:gyiﬁq@%eqe Gfﬂr%e ipnryotéﬁggpégsencéiéo%x?'%t?‘sggo wt . ppm of
sul furic acid based.on the 20 p s QUMe | i on. 3. A process
according to chmi?"%ecruét}eﬁethgg% eeﬁgg)cﬁagbr%l%ﬁa%t hyl styrene in said

plug-flow reac a%etg%mérm@a@bmf f ¥haNgrosinsk aidedlEaribeasnct i on
' amount that the acetone concentration is 1.15 - 1.8

7’

- m.xture in such an
times as much gaidnptbeesLaniviag tie saiepsbatkcheaning thectunene .

A
process according to clajm1, wherein the water concentration the:
reaction nixt uMg-FQPﬁH?’EPsCI%d-nt 8 Pagk mixingoreafter ?*ths.tg’emf%fépp%ﬁ

process according to claim1l1, wherein, the product .of cugen oxiﬁ tis
cont ai ni ng’ cunﬁ‘ﬁghﬁ}ﬁ?&%?%ﬁsdBF°@I'i‘?ﬁ§t Pﬁhg?ﬁ?%ﬁfllﬂim ?Ea’ée‘a%%% 2?%%% and
cunene is supplglrolled to no more than 35%, and the step of forming o-
methylstyrene in such a way that the reaction mixture
produced in the first step is supplied into a plug-flow

- reactor after acetone is added to said reaction mixture.

2. A process according to claim 1, wherein the cleavage

of the cumene hydrpperoxide in said back mixing reactor is
performed at a reaction temperature of 55 - 80°C in the .
presence of 150 - 350 wt.ppm of sulfuric acid based on the.

product of cumene oxidation.

3. A process accordiﬁg to claim 1, wherein the step of
forming a—methylstyfene in said plug-flow reactor is
performed with acetone being added to the reaction mixtﬁre
in such an amount that the acetone concentration is 1.15 -
1.8 times as much as in the reaction in said back mixing

reactor.

4. A process according to claim 1, wherein the water

concentration of the reaction mixture is adjusted to the

This Sheet Has Been Reﬂlaced
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into the back m xing reactor, in which the cunene hydroperoxide is cl eaved
in the preseﬂee~0f—T50*77ﬁﬁfiﬁ.ppn1of sulfuric acid to produce phenol and
acetone, with the 1 @i i N said back m xing reactor being adjusted to
55 - 800C byeuum 'r_“m“m‘ of reacti2h for the cleavage of the cunene
hydr oper oxi de IR§ii=} gsthe pressure in said back nmixing reactor to the
vapor pressure of the reaction mxture, renoving the | atent heat of
evaporation of the volatilized acetone and then returning the |iquefied
acetone into the back m xing reactor. 6. A process according to claim1,
wherein the praange of @uirend.Oxwelat i on cont ai ni ng cunene hydr oper oxi de,

di nmet hyl phenyl car bi nol , acet ophenone and cunene is supplied into a back

m Xi ng reactor, in which the cunene hydroperoxide is cleaved in the

presence of 15Q - 350 wt.ppmof sylfuric acid to produce,. phen

acetone, with %he ténBE?‘é? @clcﬁrgh?%l 5% a‘f‘ﬂ“x{"hg‘f’lr?eeaiecl’tnortﬁﬁé> %%d%dt?sft ed to
55 - 80[err] b Egggv' h 1k ' ffatdiferekeanage of the
cumene hydrope)ré X1 de gﬂivétj,}%g eaﬁt&nér%:reﬁmg?etlﬁ% rJeb;ection m xture,

0 raw ng passi ng
it through a heaheexgiEhnE8rlcaebifiol O dceitophehbste arl culeneatis isuprldied he
cl eavage of the cumene hydroperoxide and recycling to the 28- back

m Xi ng reactor inko thé padcedsing coratiteg,t dncwiaich The cemenperein the
cl eavage of the cunene hydroperoxide is perforned to§%ive 97 -_99.5%5

conversi on of BNEreRAEPEIIR dSopLrRENdnR She Presenre Sl 2eloT iy to claim s
or 8 herein Le peho8Y 248 Al g ' T B BYAL QRS 1SrkS 2 BEL LY R k0 0T Ve
. the temperature in said back mixing reactor being adjusted

to 55 - 80°C by removing the heat of reaction for the
cleavage of the cumene hydroperoxide by lowering the
pressure in said back mixing reactor to the vapor pressure.
of the reaction mixture, removing the latent heat of

evaporation of the volatilized acetone and then returning

the liquefied acetone into the back mixing reactor.

6. A process according to claim 1, wherein the product of
cumene oxidation containing cumene hydroperoxide,
dimethylphenylcarbinol, acetophenone and cumene is supplied
ihto a back mixing reactor, in which the cumene
hydroperoxide is cléaved in the presence of 150 - 350
wt.ppm of sulfuric acid to produce phenol and acetone, with
the temperature in said back mixing reactor being adjusted’
to 55 - 80°C by removing the heat of reaction for the
cleavage of the cumene hydroperoxide by withdrawing a part
of the reaction mixture, passing it through a heat
exchanger so as to remove the heat of reaction for the

cleavage of the cumene hydroperoxide and recycling to the



conversion of the cumene hydr oper oxi de. 10 9. A process for pr'dduci.ng
phenol by adding-aeetonme To a reaction mxture product of a back m xing

reactor after the rea ture product has left the back m xing
reactor, the &“mm‘ mw&m product c28tai ni ng phenol, acetone, cunene,
15 di net hyl ph di cunyl peroxide, with the phenol and acetone
bei.ng present i'n eqU|nDIar anounts, the acetone being added in such an
amount that the acetone concentration is 1.15 - 1.8 tinmes as nuch as before
acetone is added, and by then supplying said reaction m xture product with
added 20 acet obacknnixing|negctbow reactor for dehydrating the

di met hyl phenyl car bi nol and cl eaving the di cunyl peroxide. 10. A process
according to claim9, wherein after the addition of acetone, said reaction

m xture is heat7ed t OSO%%Egat]?%g%g{%aﬁo rea(a:% gf_«:@a %rre:.r]rlthéb‘ process

according to cl'am | Oh ure I's supplied into

the plug-flow r8aglRbe! S THOBuheRd M/FBbesbR]Ge ffy plé&'@gk'ﬁéd‘gto give
a- et hyl styrene fromthe 30 dinethyl phenyl carbi nol and di cunyl peroxide.

12. A process 3gcer g9 g% tabretsiod, ofMthee cuméhe Hyeinppeabride of the reaction
m xture at the exit of the plug-flow reactor is no nore than 120[err].
-29 - 13. A process according to claim9, wherein the tenperature of the

reaction mxture at the exit of the Iug ;I ow eact S nQ n%)t{e t han
115[err]. 5 148-A pPoEE%%e%ﬁ;éﬁFaFﬂ’g“ WHeESIR A on i xture

ener gi ng fro”‘%&%a@é&& gf(§ﬁ %éﬁéﬁ& ﬂﬁ%rbgggg*fﬁéﬂﬁé performed to give

98 - 99.0% conversion of the cumene hydroperoxide.

9. A process. for producing phenol by adding acetone to a
reaction mixture'containing phenol, acetone, cumene,
dimethylphenylcarbinol and dicumyl peroxide, with the
phenol and acetone being present in equimolar amounts, in
such an amount that the acetone concentration is 1.15 - 1.8
times as much as before acetone is added, and by then .
supplying said reaction mixture into a plug-flow reactor
for dehydrating the dimethylphenylcarbinol and cleaving the

cumene hydroperoxide.

10. A process according to claim 9, wherein after the
addition of acetone, said feaction mixture is heated to 80

~ 100°C in a heat exchanger.

11. A process according to claim 10, wherein the heated

reaction mixture is supplied into the plug-flow reactor in

a non-isothermal state for producing o-methylstyrene from

the dimethylphenylcarbinol and dicumyl peroxide.
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cool ed and neutralized to stop the reaction. 15. A process according to

claim 14, wherein acetone is 10 separated fromthe reaction mxture with a

distiIIation—ee+Uﬁﬁ—a%%eF—%he—Feaction is stopped and wherein part of the
epar at ed acet one |s added to the rea m xture product from a back

mX| ng reacto H!II "H”l Hctlon mxture product with added acetone is
supplied into reactor. 16. A process according to claim
, Wherein the acetone to be added to the reaction product in the back

m xi ng reactor contains 100 - 5,000 wt.ppm of an al dehyde and 0.3 - 3% of
20 water. EPL

12. A process according to claim 9, wherein the
temperature of the reaction mixture at the exit of the

plug-flow reactor is no more than 120°C.

13. A process according to claim 9, wherein the
temperature of the reaction mixture at the exit of the

plug-flow reactor is no more than 115°C.

14. A process according to claim 9, wherein the reaction
mixture emerging from the plug-flow reactor is immediately

cooled and neutralized to stop the reaction.

15. A process according to claim 14, wherein acetone is
separated from the rgaction mixture with a distillation
column after the reaction is stopped and wherein part of
the separated acetone is added to the reaction product in a
back mixing.reacto: in such an amount that the acetone
concentration of said reaction product is 35 - 50 wt%
before said reaction product is supplied into the plug-flow.

reactor.

l6. A process according to claim 15, wherein the acetone
to be added to the reaction product in the back mixing

reactor contains 100 - 5,000 wt.ppm of an aldehyde and 0.3

- 3% of water.
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