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EFFLUENT dkNOL  PRODUCTI ON The present invention rel 'y" 1o
inprovengn(kg\bﬁﬁl the production 5 of phenol whereby coprogt@gg@é E’one i's
substantial ly i mediately hydrogenated Into recyclabl e isopropanol
byproduct, and al pha net hyl styrene byproduct is substantially sinultaneously
hydr ogenated into cunene for recycle. In addition, the nmethods of this
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o odubts. . pl S HEIANR iBmPh R R e A Sl es Svreedieisor ocosses

i ncl ude sul f Qe ﬁﬁﬁhﬁﬁﬁd&tw dPbgdnaiRasH® ARtn ¥l B ene. The
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product i on othe methalsiof thie sivestiamdeduge ehe foanatiotbofapidesicdblebymedwctsel ect i ve
solvent for r J"hni n %ngll%ri_cati ng oils; in the manufacture qQf cycl ohexanone,

salicylic acV@ Tise Bidyce peadugtyiels apd aiose 1mportastly speerse ithe ne,
picriggaci d gief&lii & s jorffid .%-gélﬁ]b'.% : . 25 use as a
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phenol generally ~experiencing higher rates, there en a
desire to prexidattorpdfenaiene to form cumene hydroperoxide, followed by decomposition

15 or cleavage of the cumene hydroperoxide to produce phenol and yielding acetone
as a major coproduct. The ﬁrs't step in the reactor yields cumene hydroperoxide,
which decomposes with dilute sulfuric acid or sulfur dioxide to the primary
products, plus acetophenone and dimethy] phenyl carbinol. Other processes
include sulfonation, chlorination of benzene and oxidation of benzene. The

20 compound is purified by rectification. '

Major uses of phenol include production of phenolic resins and para, para-
bisphenol A; as a selective solvent for refining lubricating oils; in the manufacture
of cyclohexanone, salicylic acid, phenolphthalein, pentachlorophenol,
acetophenetidine, picric acid , germicidal paints, and pharmaceuticals; as well as

25 use as a laboratory reagent. Special uses include dyes and indicators, and
slimicides.

The conventional phenol process, which dates back to patents to Allied
Chemical and Hercules Chemical Co. in the 1950s, is economical as long as there
is adequate demand for the acetone coproduct. Because the end uses and rate of

30 growth for phenol and acetone differ, however, with phenol generally
expeniencing higher growth rates, there has long been a desire to produce phenol

without acetone.




wi t hout acetone. WO 02/26680 2 2 2 MAR 2005 PCT/US01129938 In addition, the
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di ret hyl benzyl al cohol (DVBA). DWPC subsequently dehydrates in the cl eavage
systemto form al pha nethyl styrene (AMSy as a significant process 5
byproduct. The AMS then bas a known tendency to react with the phenol in the
cl eavage systemto produce cunyl phenol or to dinerize into AMS diners, both
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acet one bei g, Biedestags BPQeEmhe Hortohe dat shoevn € dericlyad Jorm Baurfteest 0 hi gh
| evel s of residues, as well as inpurities formed from acetone reactions

suchl@s al deotigipatr:fronx the asctomy s mpesity} oxide ophydspxgacktepe- endeavored to
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whi ch i s i ngRf fRIBheshtivpREHBave OF LaMeRE Bydrbp@reliie ishighty Slotigempy &ess for
produci ng phenol conprising the steps of deconposing cunmene hydroperoxide
in a first reqgages heatdemoylde contrplieothsrmsl pertigdarhyhecansestHE aphigher o
hydrogenati %rr]nﬂe?atgreg%gg ﬂgdesi'tgg g%ak(g)er%%] %h ecorinrﬁostiﬁgn.f Hé&nvscﬁt?oql%] effluent
15 processes, cooling can be accomplished by several methods. In one type of
cooling scheme the effluent, containing approximately stoichiometric levels of |
acetone and phenol, as well as lesser amounts of AMS, is cooled and recirculated
at the high recirculation ratios (between
20 — 50:1) that are necessary to control the exotherm. This results, however, in
20 high levels of both AMS and acetone being present under highly reactive
conditions, leading to high levels of residues, as well as impurities formed from
acetone reactions such as aldol condensations.
Several prior art patents have endeavored to address one or more of the
drawbacks, problems, or limitations of conventional phenol processes. U.S. Pat.
25 No. 5,245,090 (DeCaria ‘090), which is incorporated herein by reference, teaches
a two-stage process for producing phenol comprising the steps of decomposing
cumene hydroperoxide in a first stage, and subjecting the product of the first stage
to hydrogenation in a second stage to convert AMS in the first stage effluent
stream to cumene, which is then recycled. The DeCaria ‘090 patent notes (col. 3,
30 lines 25-32) that the first stage effluent stream must be allowed “sufficient contact
time in the second reactor to effect essentially complete decomposition of the

residual CHP to phenol and acetone and over 95% disappearance of the DMBA
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i ncorporated herein by reéeference, teaches a process for preparing phenol by
the cumene pypoduds.i Huitherimoge, atpreblgnemthfthaﬂaﬂ@ma 1096 pmmss)scﬂaemepsttﬂuced with

th h | ft | | at th th
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Araki 786, however fails t0 address the problem of e the AMS
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refer ence Mﬁ%é in 1eSwbRd &8 dced from isopropanol as a feedstock.

U.S. Pat. No. 5,015,786 (Araki ‘786), which is incorporated herein by
reference, teaches a process for preparing phenol by the cumene process including
the step of converting acetone coproduced with the phenol into isopropanol,

20 thereafter alkylating benzene with the isopropanol and, optionally, with propylene,
using a zeolite catalyst to produce cumene, thereby forming phenol without the
usual acetone coproduct. Araki ‘786, however, fails to address the problem of
how to handle the AMS component and the other byproduct components of the
effluent from the CHP cleavage / decomposition stage.

25 Somewhat similar to Araki ‘786 is U.S. Pat. No, 5,017,729 (Fukuhara
‘729), which is also incorporated herein by reference. Fukuhara ‘729 teaches a
multi-step phenol production process comprising: (a) reacting benzene with
propylene to synthesize cumene, (b) oxidizing the cumene of step (a) into cumene
hydroperoxide, (c) acid cleaving cumene hydroperoxide into phenol and acetone,

30 (d) hydrogenating the acetone of step (c) into isopropanocl, (¢) dehydrating the
isopropanol of step (d) into propylene, and (f) recycling the propylene of step ()
to step (a). It is also possible to take a propylene product from step (e). The
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into propene, it will be conve again into cumene.”

The Juguin ‘497 paten: rurther noteé, however, that successful practice of

this invention is highly catalyst dependent because (col. 2, lines 8-12) the

20 conventional alkylation catalysts “are not adapted to the reaction of alkylation of
benzene in the presence of isopropyl alcohol because they are very sensitive to
water....” Instead of using conventional aluminum chioride or phosphoric acid
catalysts, Juguin ‘497 turns to a specific class of zeolite catalyst which had been
found to be stable in the presence of the steam generated by dehydration of

25 isopropyl alcohol.

The overall method taught by the Juguin ‘497 patent is a multi-step
process comprising in sequence: an alkylation stage (carried out with at ieast one
catalyst based on a dealuminized Y zeolite having a particular SiO2/Al203 molar
ratio) to form an effluent stream containing cumene, unreacted benzene, and

30 polyisopropylbenzene; a fractionation step to separate a cumene fraction and a
polyisopropylbenzene fraction; a transalkylation stage (again carried out using the

particular dealumninized Y zeolite catalyst) where polyisopropylbenzene and

S



25 isopropyl alcohol. The overall nethod taught by the Juguin "497 MARtGQSt 1S
a nulti- 26Ep0CESS conprising in sequence: an al kylation stage (carried
out with at 1e%% one catal yst based on a deal umi ni zed YFPAINIHEIB8ving a
particular Si G2/ A1203 nolar ratio) to forman effluent stream containing
cunene, unreacted benzene, and 30 pol yi sopropyl benzene; a fractionation step
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princi pal oBjmaene-kased phenal prasiictionmethodshgtrediicds therformatish ofret hods, whi ch

i ncl ude a hydro ation,ste f he, production_of phenol from 20 cunene.
It is a gené?%_sg% f%&r(’g?m?%(’g’ Mﬁ?q %}f;tqn(g Bﬁ’ﬁ\ﬂ@f@“‘&ﬂt‘%ﬁdﬁ‘bﬁ‘é{b@&scumne-to-
phenol met hasl JimitsGoresE the Pridf ird GleRRlerdRee i ﬁrﬁ@fe%rgﬁ’gﬁﬂ, &e%ﬂ%%s .
byproducts from the cl eavage system are converte y ‘hydr ogenatron into
product s whPEWisiavention for an integrated, efficient, low-residue phenol process which

15 includes hydrogenation of cleavage effluents.

OBJECTS OF THE INVENTION
Accordingly, a principal object of this invention is to provide improved

methods, which include a hydrogenation step, for the production of phenol from
20 cumene.

It is a general object of this invention to provide an integrated cumene-to-
phenol method in which the principal undesirable coproducts and/or byproducts
from the cleavage system are converted by hydrogenation into products which can
be recycled as feeds to one or more upstream process steps before they can further

25 react to form other heavier residues.

A specific object of this invention is to substantially simultaneously
hydrogenate, utilizing a suitable hydrogenation catalyst: (a) substantially all of
the acetone coproduct in the effluent from the cleavage system of a phenol process
to isopropy} alcobel; and (b) substantially all of the alpha methylstyrene

30 byproduct in the cleavage system effluent to curnene.
Other objects and advantages of the present invention will in part be

obvious and will in part appear hereinafter. The invention accordingly comprises,
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substantially sinultaneously imredi ately downstream of the cl eavage system

It is thereby possible to recover isopropanol by distillation downstream of

the hydrogenat,,q o Taly BYA=YoAVZs it back to a benzene al kylation step in
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i nvengi on can bey, in

| Id bﬁe hxlid?alphsmeagéstml s¢ anthereffverit ﬁmm\ﬂsﬁf la?‘ to
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hydrogenation step and recycle it back to a benzene alkylation step in place o

15 propylene to produce cumene. The hydrogenation system of this invention can be
integrated with the cleavage system in such a way as to improve overall yield and
product purity. Early hydrogenation of alpha methylstyrene, directly downstream
of the cleavage system, eliminates the active styrenic functionality from forming
heavies such as dimers and cumylphenols. Of comparable importance,

20 elimination of the acetone can reduce the ability of the components in the effluent
from the cleavage system to form close boiling impurities that are difficult to
separate from phenol, such as hydroxyacetone, mesityl oxide and
methylbenzofuran. Selection of appropriate hydrogenation catalyst facilitates
carrying out the immediate, substantially simultaneous hydrogenation of acetone

25 and AMS in the effluent from the cleavage system.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a process flow diagram schematically illustrating an embodiment

of a phenol production process incorporating hydrogenation of cleavage effluents

and recycle of converted products according to the present invention.

30
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under goes amcashhnofialdHdtR HBEPERABAIHAN i RAG HRTIERFIRA: SkdCct one.

The acid catalyst in reactor 10 may I ncl ude honogenous™aci ds as

sul furic acild, Isthefaleavaigoxdadtor sydemnyidy canéne hydrapsroxidenhdérgogrcintheiddr
phosphoric acj r, may include heteropgeneoys acidic catalysts such as
zeolite bet a??{ag'&eg f18°°IéB‘PSF‘¥‘E’-ISS‘§EH‘ t@é’g‘g?{’)é’f“g,ac%‘ﬁﬁ% Jgge pascatalyst imowm 36,

MCM 49, MCMyb&t 1 dv 3 =225, he like,

ul trastable zeoclu-:gl'l?gin %{V ulzcgﬁegfo nlr?;gr%geﬁ dtc?a-&%g{l g? ;gﬁlﬁlcfeds%,%’glﬂlﬁn %3;{@?’ cl ays.
Usual 18/ a sreidtochlesietzcid; nitfic weitlor plospharic sridse miay inclide heridgeasadso achi eve

15 the desired.reacgtion chem sfry. In agddition to_ the deconposition reaction
of cumene W&‘%ﬁéﬁﬁ?ﬁ H‘é‘gl ?Sr?gofi'@iyt{?% aE’%FFd?W‘EFnE“S@ catalysts; sichagMEMRct or

ME
system 10 pno i 16l AR A h S48t A I [ B ypr oduct
to form al pha Mr?@?h%x@???@ﬁ%ﬁ%ﬁB?%%?ageﬁg}@tlm %’mkagﬁ gfﬁ{'@él-e[ ot herm c
reacti on whiaot thediks;, altesstabROzehbtet'Y § 23M- Srayotdenites mmetal bxidesaltumenaed:f | uent

stream 12 coming.{r reactor 10 b . o
C ays.g Ufsu.'-ﬁg a small quantity o¥ water is also present in this stream to achieve

15 the desired reaction chemistry. In addition to the decomposition reaction of
cumene hydroperoxide, the acidic conditions of the cleavage reactor system 10
promote the dehydration of the dimethylphenyl carbinol byproduct to form alpha
methylstyrene.

The cleavage system 10 is a highly exothermic reaction which generates

20 heat that may be removed from the effluent stream 12 coming from reactor 10 by
any number of means known to those skilled in the art. These can include but at
not limited to tubular reactors, pump-around cooling, vaporization of the more
volatile components, condensation and reflux of the vaporized components, or
recycle of liquid light end components from the downstream process, for example

25 by recycle stream 36 from separation step 30. |

The acid cleavage reactor effluent 12 contains cumene, phenol, acetone,
alpha methylstyrene, water, acetophenone, and other minor impurities. Stream 12
enters the hydrogenation reactor system 20, where the alpha methylstyrene is
hydrogenated either partially or substantially completely to cumene, and,

30 substantially simultanecusly, the acetone is converted either partially or
substantially completely to isopropanol. Fresh hydrogen stream 14 together with
recycle hydrogen stream 34 from separation system 30 are fed to hydrogenation



any nunber of means known to those skilled in the art. These can 4 b
. . ut
at not limted to tubular reactors, punp-around cooling, vapori zja?mq@rﬁ

the nore volatile conponents, condensation and reflux o vV [
conmponw €2/26680 recycle of liquid |ight end conponents fé%iﬁgswéﬁgggw:éte?eam
process, for exanple 25 by recycle strgam 36 from separation step 30. The
aci d cl eavage reactor effluent 12 contains cunene, phenol, acetone al pha
nmet hyl styrene, water, acetophenone, and other mnor inpurities. Stream 12
enters the hydrogenation reactor system 20, where the al pha nethylstyrene is
hydr ogenat eghcgirtshQemi20 to provide an escdss bfhydragén/inctbepydrogesetion stageene, and, 30
substantially sinultaneously, the acetone is conv.ertedﬁgé%i{l] r partially E)r

\?\n u Pﬁ t apte 1: sg}hy Cﬁ@ﬁﬁpl(‘;@i?ﬁﬁ‘ﬁhydf%@ﬂ ,i%%%agengtegeaarﬁgap 838 am 14 t oget her
( r 0 are fed t
thgdlrooge_ngt PEﬁ?elﬁﬁg"’ K%ﬁc?%‘ﬁ({i%%%%@g%@ﬁ% t%giﬁ}%%glggaf eact or esys?em 20

rovide an exeosgion éise ahdl anbRr Aysdomgfomt st well ash
unr eact ed hydrogeﬁ 1|$us dclJ sengaglgj(? at separation stagae:gw?)%}’gg ,e pr:f Z);;gls;

. - d
ir ESK?LSS n; ?ogsylgi/ymgemae |t46rﬁ'cn:}1 stgge 20, maybe esyeled as streamp P8 20 the Ravegon of the
nd/ or aceton romstage 3Q, ~as well '
f1 (r) 0 {n S]E agglfflﬂﬂmrﬁé@eﬂbm Eb&&ﬂ’éﬂghgatsrglpgg% ﬁetpémi%é?‘i?“g”a@%g@%‘é%ﬁ‘g 02 ssfgm
o facilj 2.
compri 51 g PRSI proB R Bhaol A Hed ol Hn0RAMCAS (bath SO pmei
excess- CUNgEellas cilhdnedormetiayBydrogeratonpl ANS ), ireseat toodpvaistiamB) . i s sent to

Separ at od ideiliating sysomylh Jechit) Bt SHRtR 4 OHENB! Sk Aol (1T
SPGB (Pt Soptprmtpigll on <t s
g mﬁ.”c ngxmbmlsimcm &ink &) oxi@ationestagey60diDependingrgnetbe acid cotalyst kal i or by
ge, may also be required at this point.in.the process. 15
Soprcpanoleitys snralasn wemaed sk i G FifLoe oo
the isopr odé}%ﬁoﬁgfggaﬁﬁé%&ngﬂg%%kg@ %%Xg%g%%é%ﬁggﬁc?% elrﬂt o and | cun rrgae
process.
15 Isopropano} 42 is fed to a cumene process alkylation unit 50 for use as a
benzene alkylating material. Fresh propylene 55 may be needed to supplement
the isopropanol 42 as the C3 alkylating agent. Byproduct water 54 and cumene
product 52 are produced. The cumene stream 52 from alky!lation system 50 is
mixed with cumene stream 45 from stage 40, and the combined stream 57 is sent
20 to oxidation stage 60, where the cumene is reacted with oxygen in air feed stream
64 to form cumene hydroperoxide stream 62 for feeding to cleavage reactor 10.
Stream 62 will typically include about 5 — 20% of unoxidized cumene plus
various impurities and byproducts as discussed above.
The clcavégc stage (reference numeral 10 in Fig. 1) according to the
25 present invention may operate at temperatures of about 50°C to 100°C. Cleavage
catalysts suitable for the present invention include sulfuric acid; sulfur dioxide;
hydrochloric acid; phosphoric acid, zeolite-type catalyst (e.g., beta; zeolite Y;
ZSM-5); acidic zeolite-based catalysts (e.g., MCM-22, MCM-36, MCM-49 and
MCM-56); mordenite; acidic clays; and alumina. Feed (stream 62) to cleavage
30 stage 10 will typically comprise about 20 - 95% CHP, 5 — 20% cumene, and 2 —

10% DMPC.




product 52 are produced. The cunene stream 52 from al kyl ati on szghﬁg1ag S
m xed mﬁ%ﬂogggygf stream 45 from stage 40, and the conbi ned str 2 S
sent 20 t0 #4%i on stage 60, where the cunene is react edPRI{USOLIPSEN i n
air feed stream 64 to form cunene hydr operoxi de stream 62 for feeding to
cl eavage reactor 10. Stream62 will typically include about 5 - 20% of
unoxi di zed cunene plus various inpurities and byproducts as di scussed
above. The cleavaﬁﬁhﬁﬁg e (reference numeral 10 in Fig. 1) according to the
25 present invent 38%@9&@@%08{@9@@%@&0@ Fap d)) tac&hding do 120C.

d ai t t d ion i de. sul furi

cra: aul ¢ araebE iyetiton By Sprate di1EmBRERER ol BRETIELT0 130 e Bt e typo
talyst (e.rgessufeiabi ' 0. BRSNS hvafdod e | yst

Lo o N A Sog Piie, RN arieth fn 486020 & RaCHorall V2 2

al um na. FeetMSsinredtiners 3jream 12 inezgvmgge Sonsatmye abdutvli tolabbytdablay, conpri se
about 20 - 95%%5% B 10200 Tene, and 2. - 10% DMPC. WD 02/ 26680 9 2ZMAR
2005 PCT/ USFFFERE%E 1942 @rﬂﬁé tTEBIFSentinge mpky exesncel diegeal 20 in Fig.

1) accordin ' | . e ] tures of about
A0C T o 1500 Amgbletatal PP RS The b B8 :Bn SBke 3R SE B i bad GURERE Kifiugen 1 n
stage 20 to Vikelementsneotde chetadyBickel afoppere tliroffitirian t8mbRMtibaNGR from above

about | to abo tﬂ%O gﬁl r 5 pr_eferablé 3 to 10 nolar, thereby representing
a nol ar excdBRAherp Jg)é‘ilf.ogel'@ﬂpfléiﬂgéz a0y besnable metalsepenated smastat | on st age

20 of this i ' Wi I ts bl e netals, nickel,

copper, chr O%Kﬁ%&tgﬁg fggﬁgﬂ%ﬁ%ﬁ? Blzla‘r’]e éé&oﬁjgggng&%aé? ég QISPWPB@?M'W st age

20 el be nobl e rfﬂuaamylaﬁeﬁmga(raﬁraﬁ:emmewtsstiﬁmg.q%hﬁ Theldp¥rafdd Wikt 1 al |y

convert acetggé i ri stream_ 12 to isopropyl alcohol. 1 T%{e al kyl ation stage
ral

(ref erence i rod|beggeneangiigpprananghr iseprepencdt popxlens mikwegisatof benzene and
80C 1 o 200¢ TAPFRRREPBEYh port REMGRETy B Totic e vebbBEBRYEIPS o, o. , beta
and v) or achtilysts o] bea b ¥yl onhiiilicalebline a8 AAlkGlation Eatdlysts (MPM 22, MM 36,
! MENED3: M'cTrs%sls, MC) -39, aLg%I(%M-?(?,ZIT%QS-I,aIr'}%-Z,lI?I‘Q-i s%z':-zs and
15 PSH3). |
The acidic zeolite-based alkylation catalysts have been found to have
particular utility in the practice of this invention. The following U.S. patents and
publications, each of which is incorporated herein by reference, teach the
preparation and/or use of various acidic zeolite-based catalysts: 6,096,288 (Roth);
20 6,077,498 {Ihaz Cabafias); W097/19021 (Corma); 6,063,262 (Dhingra);
6,049,018 (Calabro); 5,437,855 (Valyocsik); 5,670,131 (Valyocsik); 5,362,697
(Fung); 5,346,685 (Moini); 5,236,575 (Bennett); 5,068,096 (Valyocsik);
5,104,495 (Chang); 4,981,663 (Rubin); 4,696,807 (Chu); 4,791,088 (Chu);
5,441,721 (Valyocsik); 4,954,325 (Rubin); 5,173,281 (Chang); 5,043,512 (Chu);
25 5,488,194 (Beck); and 4,439,409 (Puppe); 4,826,667 (Zones). Several of these
patents teach the utility of acidic zeolite-based catalysts materials in alkylation
and other hydrocarbon processes, although not specifically in connection with
cumene-based phenol production.
The oxidation stage (reference numeral 60 in Fig. 1) may be operated with
30 air and cumene feeds at temperatures of about 60°C to 120°C and pressures of
about 0 —100 psig, with cumene recycle to obtain reactor effluent (stream 62) CHP

compositions from about 15 ~ 35 wt.% CHP. It is preferred to maintain a flowrate



The acidic zeolite-based al kyl ati on catal ysts have been found to have
particular utility in the practice of this invention. The foll owl & MAR). 2685

pat ents 91[/2 i cations, each of which is incorporated perfiso/p»o3s

ref erence ch the preparation and/ oy use of various acidic zeolite-based
catal ysts: 6,096,288 (Roth); 20 6,077, 448 (Di az Cabanas); W97/19021 (Conn);
6, 063, 262 (Dhingra); 6,049,018 (Calabro); 5,437,855 (Valyocsik); 5,670,131
(Vval yocsik); 5,362,697 (Fung); 5,346,685 (Mini); 5,236,575 (Bennett);

5, 068,096 (V, si k 4, 49 ; RO® 96, 807
(Chu): 4, 799*3%% ?Cﬁ%%"m%g ﬁilfé?'gﬂﬁ ?@%?9%8%?&%6@32@‘?%%% . 5,173, 281
(Chang) ; %s??n@y%%)sta 250 Dadiforl 84 6k umenttindectBs]. 4BfeetPuaipie) ;
4,826, 667 ( ones evera of these patents teach the utility of acidic
zeol i t e- baseehtedbpivgststreami @i al s in al kyl ation and other hydrocarbon
processes, although not speC|f| al lLy.in cgonnection w,t sed phenol
production. The H‘P‘Gﬁlgset“é@@ QY@F&?&@R}?ﬁm&tﬁ? m‘é@qﬁﬁ oﬁﬂbe %e%ﬁay be
opera%ed Wit h Q air and cunene feeds at tenperatures of about 60C to 120C
and pressur &8P apout 0 -100 psig, with cumene recycle to obtain reactor
effluent (stream 62) CHP conpositions fromabout 15 - 35 w.% diP. It is
preferred to maintain a flowate WO 02/ 26680 2 2 MAR 1005 PCT/U SO | /29938
10 of air i Examplestream 64 to oxidation stage 60 so as to provi de about 30%

Excoss air 1s %é%ﬁ%ail%y%aﬁﬁxi‘?ﬁﬁ ot P Sl RO SRR PP, e

Il Tustrate toE Bhtch Qﬁo@?a@ée![ﬁ each dxauple, ISCg}amEbﬁamhlgstandlEbG@Frpl es 1 A
t hrough 3C s owt e resu ts of hydrogenation @ai%e“ ment s obt ai ned using a
bat chioaut ocllao@mmoﬁmdmmonsw@rdnmedﬂo erylsquteﬁ%@vcl's’bﬂ baigh 180 gr ams
of liquid hydrocarbon was char to.a 3 t

aut ocl ave vvalé‘t%&\YPﬁW(fqW Wdﬁ@eﬂgﬁ'a&.@?ﬁ or ogeragﬁng at a speed of
600 RPM R E é%f}ﬁélﬂfaﬁida%m\fambd@ gBiv dylogien of yoristeder  of
constant supp y press anpl es were taken at various times throughout

t he experi maapply pressure. Samples were taken at various times throughout the expenment
and analyzed via gas chromatography. The feed to the batch hydrogenatxon
15. reactor in each example was chosen to be representative of that to a CHP cleavage
reactor when operating with a portion of the feed derived by recycling some of the

hydrogenation reactor effluent.

Example 1A:
20 Operating condition: 5 g of Engelhard E-540, a CwMn catalyst, and 150 g of

reaction mixture at reaction temperature of 120C and hydrogen partial pressure of
210 psig.

Feed composition: 36.1 wit% of acetone, 1.1wt% of isopropanol, 19.6 wt% of
cumene 4.0 wt% of Alpha-methylstyrene, 0.3 wi% of dimethylphenylcarbinol

25 (DMPC), and 38.8 wt% of phenol.
Reaction Time (hrs)
Conversion 1 2 3 S 7.0
Acetone to 2.9 6.8 10.7 17.9 249
Isopropanol (IPA), %
Alpha -methylstyrene 4.0 6.7 10.5 19.0 254
(AMS) to Cumene, %

ND: not detected




and anal yzed via gas chromat ography. The feed to the batch hydrog R ' 515
reactor iWwoeaekssgxanpl e was chosen to be representative of pihglsel;

cl eavage reactor when operating with a portion of the feed deri veg y
recycling some of the hydrogenation reatlor effluent. Exanple | A1 20
Operating condition: 5 g of Engel hard E-540, a Cu/ Mn catal yst, and 150 g of
reaction mxture at reaction tenperature of 120C and hydrogen parti al
pressure of 210 psig. Feed conposition: 36. i wt% of acetone, 1.1 wt % of

| sopropanol, 19.6 % of cunene 4.0 wt % of Al pha-nethyl styrene, 0.3 wt % of
di et hyl phenmglﬁt 25 (DWPC), and 38.8 wt % of phenol. Conversion

ot dot ect ed QRRRTEar Djeof Ergs 1A BTHI0; K AR A1 sbg or mene T
4.06. 710. 519 ré@fioA NiRNER 42GERDNIEmPeRANWRBT 180T altiy d:Siehlo9APréssannre 1 B:

Operating condition: 5 g of Engel hard E-540, a Cu/Mh catal yst, and 150 g of
reactioh m xtlfPPstg reaction tenperature of 154C and hydrogen parti al

f i.0. F ition, 15, % of . 22, 6W % of
P opropanol , Frd FomPkilon T wil B RetonPoro gvind phisor@ondiict 07 56 70 5. w o6 of
di met hyl phenyuarhd) 1P witd SVEfpha-nRitsly13t)réheld 20w, BPERRAhyIFReATidafindl M& (hrs)
(DMPC), and 37.9 wt% of phenol.

Reaction Time (hrs)
Conversion ] 2 2.5
Acetone to 11.3 235 29.9

Isopropanol (IPA), %
Alpha -methylstyrene 11.3 232 30.0
{AMS) to Cumene, %

10
Example 2A:
Operating condition: 5 g of copper chromite, ~42% CuQ/~39% Cr,0O; purchased
from Alfa Aesar, and 180 g of reaction mixture at reaction temperature of 120°C
15 and hydrogen partial pressure of 200 psig
Feed composition: 39.3 wt% of acetone, 0.4 wt% of isopropanol, 18.8 wi% of
cumene, 3.8 wit% of Alpha -methylstyrene, 0.3 wt% of dimethylphenylcarbinol
(DMPC), and 37.4 wt% of phenol.
Reaction Time (hrs)
Conversion 1 25 4.5
Acetone to 1 24 54
Isopropanol (IPA), %
Alpha -methylstyrene 0 <] 3.6
(AMS) to Cumene, %
20



Conversionl22.5 Acetone to 11.323.529.9 Isopropanol (IPA), %Al pp 5
-nmet hyl styrene 11.323.230.0 (AMS) to Cunene, % 10 Exanple 2A OperzﬂAergU
condi ti @) oB2dds®f copper chromite, -42% CuQ 39% Cr 203 puPCHiAISeL29988 om Al f a
Aesar, and 180 g of reaction m xture at eaction tenperature of 120C 15 and
hydrogen partial pressure of 200 psig d conposition: 39.3 wt % of acetone,
0.4 wt % of isopropanol, 18.8 wt % of currene, 3.8 Wt % of Al pha

-net hyl styrene, 0.3 wt % of di nethyl phenyl carbinol (DWPC), and 37.4 wt % of
phenol . Rea Eu?x le (hrs) Conversionl2.54.5 Acetone to 12.45.4 | sopropanol
(1PA), %Al yl styrene 0<13.6 (AMS) to Cunene, %20 2 2 MAR 2005 WO
02/ 26680 PCU ﬂa& &ﬁ&ﬁﬁnlﬂg@f&ﬁpﬁﬁcﬁ&mﬁh&ﬂ@%ﬁg%&ﬂ%ﬂr@epﬁc@sd copper

chromte, -42% Cu 39% Cr2Q3 purchased . from Al fa Aesar, and JI ﬁﬂ?
reaction nmi >ﬁt0mAlﬁtAm@ddﬁwaﬁéﬁ%ﬁ@chBG@m%ﬁw FteRs of S i a

pressure of 1 d [of0) 30.0 wt % of acetone, 46wt%of
i sopr opanol 2@ ggygm&g B{?ﬁ%’ﬁ Of\hié%&\g\g% of Al pha -nethylstyrene, 0.3 wt%
of di et hyl @%@@M&ﬁﬁbﬁh&elso.o wt% of acetone, 4.6 wt% of isopropanol, 19.9 wt% of

cumere, 3.5 wi% of Alpha -methylstyrene, 0.3 wt% of dimethylphenylcarbinol

(DMPC), and 41.4 wt% of phenol.

Reaction Time (hrs)
Conversion 1 3 5
Acetone to 3.7 10.5 17.6
Isopropanol (IPA), % ]
Alpha -methylstyrene 3.8 11.4 18.7
(AMS) to Cumene, %
10 :
Example 3A:
Operating condition: 5 g of Engelhard Na promoted Ni-5256, a Ni/Na catalyst,
and 150 g of reaction mixture at reaction temperature of 81°C and hydrogen
partial pressure of 67 psig
15 Feed composition: 27.6 wt% of acetone, 5.1wt% of isopropanol, 17.2 wt% of

cumene 3.8 wi% of Alpha -methylstyrene, 1.0 wt% of dimethylphenylcarbinol

(DMPC), 2.0 wt% of cyclohexanone+cyclohexanol and 42.4 wt% of phenol.

Reaction Time (hrs)
Conversion 0.5 1 2 4
Acetone to <1 <1 3.1 6.¢
Isopropanol (IPA), %
Alpha -methylstyrene 65.8 95.7 08.9 08.8
(AMS) to Cumene, %o

20



(DMPC), and 41.4 w % of phenol. Reaction Tinme (hrs) Conversionl Wpe to
3.710.517.6 1sopropanol (TPA), % Al pha -nethyl styrene 3.811.418. é?ﬁ) to
Cunene, ﬁ%‘le 3A: Operating condition: 5 g of Engel hafGl/Ngd1#98¥#ot ed

Ni -5256, a Ni/Na catalyst, and 150 g ofjzreaction m xture at reaction
tenperature of 81 C and hydrogen partial pressure of 67 psig 15 Feed
conposition: 27.6 w % of acetone, 5.1 wt% of isopropanol, 17.2 w % of

cunene 3.8 W % of Al pha -nethylstyrene, 1.0 w % of di met hyl phenyl car bi nol
(DVPC), 2.0 kxample 3Bycl ohexanone+cycl ohexanol and 42.4 wt % of phenol .

??;2‘5&5 %% Al pRRerl ﬁgcq‘%’cﬁfvﬁriiqé8@535%3%3@%8%%%’&%@55%%@' iR e §B°'
02/ 26680 13 ; 210 ' ition: 5
g T ot vaeiof Rk R AR oL OUIMRRE T et on

g of Engel har
m xture at rpathlpressuespflslipsie of 71 C and hydrogen partial pressure of

150 prig 5 Feed conposition: 24.4 wt% of acetone, 9.1 wt % of isopropanol,
18. 2 wP% of Feed composition: 24.4 wt% of acetone, 9.1wt% of isopropanol, 18.2 wi% of
cumene 4.1 wt% of Alpha -methylstyrene, 1.0 wt% of dimethylphenylcarbinol

(DMPC), 2.5 wi% of cyclohexanone+cyclohexanol and 39.7 wi% of phenol.

Reaction Time (hrs)
Conversion 0.5 1 2 4
Acetone to <] 3.7 10.2 19.6

Isopropanol (IPA), %
Alpha -methylstyrene 854 98.9 89.5 994
(AMS) to Cumene, %

10 Example 3C:
Operating condition: 5 g of Engelhard Na promoted Ni-5256, a Ni/Na catalyst,
and 150 g of reaction mixture at reaction temperature of 77°C and hydrogen
partial pressure of 146 psig
Feed composition: 34.6 wt% of acetone, 0.1wt% of isopropanol, 16.5 wt% of
15 cumene 2.5 wt% of Alpha-methylstyrene, 1.0 wt% of dimethylphenylcarbinol
(DMPC), and 44.9 wt% of phenol.

Reaction Time (hrs)
Conversion 1 2 3 5
Acetone 10 4.5 9.3 14.8 22.8
Isopropanol (IPA), %
Alpha -methylstyrene 94.6 96.4 99.1 99.6
{AMS) to Cumene, %

20 Example 4
A cumene hydroperoxide stream containing 80% CHP, 5% DMPC, and

the balance primarily cumene is sent to a cleavage reactor containing zeolite beta.
The reaction proceeds in the liquid phase at 85°C and 7 bar (g) at a net feed
weight hourly space velocity of 1.0. A recirculated hydrogenation effluent about




cunmene 4.1 wt % of Al pha -nethylstyrene, 1.0 wt % of di net hyl phenytzy‘ﬁ Tﬂ@l

(DMPC), 2.5

React i oRydighBedsir S) Conversi on0. 5124 Acetone to <13. 710. 2PETAIS0E@M3Epanol

wt % of cycl obexanone+cycl ohexanol and 39.7 wt % of ph

(I1PA), % Al pha -nethyl styrene 85. 498. 99%599. 4 (AM5) to Cunene, % 10 Exanple

3C. Operating condition: 5 g of Engel ha

Na pronoted N -5256, a N/ Na

catalyst, and 150 g of reaction m xture at reaction tenperature of 77C and
hydrogen partial pressure of 146 psig Feed conposition: 34.6 w % of

A pha it hy PO he HSSIRAGNThe GHP Relh b ip e TR s 1 400w

of phenol . R&ﬂ éﬂaﬁﬂe Tmrdcﬁéléku%ﬁ%ﬁm&mbﬂﬁﬂ%wevm

| sopr opanol

20 Exanpl e 4sopropmhend1

t he bal ance

rtod, 34 ¥B%314. 822. 8

% Al sjha -met hyl styrene 94. 696. 499. 199.6 (AMS) to Cunene,

mﬁfec@nm stream cont ai ni ng 80% CHP, 5% DWPC, and

zcolite bota Tnobs bt Foiben) BoBate ol s RMiNTed RREER 0 ST 00T b

(g) ats a nety

fd?ﬁ@ | | h-tHe pResefdeigfcul at ed
hydr ogenat | or¥ Pat\éﬁﬁ%ﬁggtgﬂgbﬁ\}\% 0% 2668%ﬁilc§6126aga]ﬁ&’1 eg >

10

15

20

hydrogen gas. The reaction is conducted at 120°C and 22 bar with excess
hydrogen at a hydrogen to acetone and AMS molar ratio of 8:1. Excess hydrogen
is disengaged from the effluent, and recycled back to the hydrogenation reactor.
Acetone conversion to isopropanol and AMS conversion to cumene are in €xcess
of 99%. The liquid effluent is partly recycled 1o the cleavage reactor as described
above and partly sent to a separation stage.

The isopropanol recovered from the separation stage is fed to an alkylation
unit using zeolite catalyst to produce cumene. The cumene produced in the
alkylation unit is combined with cumene recovered from the separation stage and
the mixed stream is sent to a cumene oxidation reactor to form CHP.

It will be apparent to thosé skilled in the art that other changes and
modifications may be made in the above-described apparatus and methods for
hydrogenation of cleavage effluents in phenol production without departing from
the scope of the invention herein, and it is intended that all matter contained in the

above description shall be interpreted in an illustrative and not a limiting sense.



PCTI US41/ 29938 30 tinmes the mass flow of the CHP feed is conbined with the
CHP at the same tenperature. The recycle stream contains about 48 MMARA05
phenol, 30 w.% isopropanol and 12 wi5% cunene. The liquid effluent from
the cl eavage reactor is fed to a fixed bed 5 hydrogenati on reactor

cont ai ni ng Rai ney nickel catalyst, in eypvygsence of hydrogen gas. The
reaction is conducted at 120C and 22 bar, wth excess hydrogen at a
hydrogen to acetone and AMS nol ar ratio of 8:1. Excess hydrogen is

di senggged f nt,, ; t he hydrogenati on

react o?.‘ AéA{e Ongﬁ?gﬁb@ﬁ??@%ppgrﬁtﬂgggfjiggiggg{l@%%s %:\)/B conversion to cunene are
in excess 1Qadxi@Q%g cliveerleité forth @irhéniedtydraprrapadd;| y recycl ed to the cl eavage
react or as descri be above and partly sent to a separation stage. The

i sopr opanol (b)emwéng@umcomhyﬁ@psm%gy aaidselaaeagedoriopmtan agid Al4AYRER i on

[ [ | i I d . | h
Al kyl at1 on G ScEG NG s CHER PREBI-Eh ey B CRe T BIPEn <t age

and 15 the m . gt .tﬁﬁ to a cunene oxidation reactor to form CHP.
It will be g?ogg&gﬁtaﬁé}%%ﬁoge@g%eﬂ ed in the art that other changes and

nodi fi cat i ong) sepurdtiagradenorprothect;zdmdve- descri bed apparatus and net hods for

hydr ogenati on of cl eavage effluents in phenol producti&n &t hout. departi ng
from the sddpdydrogenaing i esidnclparge iflugy seams immediatehy downstr mat t er

cont ai ned i he 2 Y Chyl\pti O i NI e i

illustrati vgh dsaﬁgt %ggtfﬁh%ﬁ n&‘s)syhsé;.hw@é&%ﬁ%q?%w%@%%@%ﬂ%t hod
for produci ngydebesmation SGHfiersehthble fﬁﬁﬁltﬁ@usl@%d@@ﬁtﬁg%l@@?mto form
cunene hydroperoxi de; (b) reacting cunmene hydroperoxide by acid C%ﬁ%vage to

form an aci dofctheaeetgee and fat least a partefithoninda mahpishsar bpredists phead) |

acetone, and varjous byproducts including al pha nethylstyrene; (c)
separati ng aacb‘ﬂéfﬁﬁYaEﬁr%ﬁ%g?trm (d) hydrogenating the acid cl eavage

ef f | uenyhSEineai h@ghﬁtﬁhyst%m% e84 duk %r%@g @sdrRetiaoniebieRatdsti n a
hydr ogen n reactron carrired out under ydrogenation conditions suitable

i
for si nwhtramesaid batalystiscgtectedi fnom db asistmsg of Cuw/Cr; 03, Ni/Na, Cu/Mn,
and Rainey nickel.

2. The method according to claim | wherein the hydrogenation step (d) includes

hydrogenating substantially all of the alpha methylstyrene.

3. The method according to claims 1 or 2 wherein said hydrogenation conditions

include providing a molar excess of hydrogen in the hydrogenation step (d).

4. The method according to claims 1 or 2 wherein said hydrogenation conditions
include 3 temperature in the range of about 40°C to 150°C, a pressure in the range of
about 50 to 500 psig, and a molar ratio of hydrogen relative to the acetone and zlpha

methylstyrene content of said acid cleavage effluent stream of at lesst 1 to about 30,

5. The method according to claims 1 or 2 wherein the molar ratio of hydrogen
relative to the acetone and alpha methylstyrene content of said acid cleavage effluent

stream is in the range of 3 - 10.




of the acetone and at |east a part of the al pha rnethylstyrcne by, ﬁg@ ﬁg of
said acid cleavage effluent stream wherein said hydrogenation st& ;U S
carried out in the presence of a suitable catalyst wherein said catalyst is
selected fromthe group consisting of 1€ulCr O Ni/Na. Cu/VMh and Rai ney

ni ckel . 2. The nmethod according to claim| wherein the hydrogenation step
(d) includes hydrogenating substantially all of the al pha nethylstyrene, 3.
The net hod agpemstngl sawonding mecliinod farthrsompRswgithe BgBY BGenati on condi ti ons

i ncl ude providi I h ip theh ' d).

4" The et hoGe iopurEnB s PR oBye Y reral e SMP R YRPBLaraPR R (O
diti i,ncl : inth f about 40C to 1501C,

condi tions |n%¥%ﬁ%%ag$g§§ég§f£®0| n the range of abou 0 a

pressure in to 500 prig, and a nolar ratio of

hydr ogen rel ir¥?yctli9 R R6&%E BYEroass badlpbahe hpdrbyéisipnatep (dpnt ent of sai d
acid cl eavage e Iue%t streamof at least 1 to about 30, 5. The nethod
according to clains 1 or 2 wherein the nolar -ratio of hydrogen relative to

t he acetone and al pha net hyl styrene _content of said acid cleayv f-f1 uent
stream i in 'Eh?emﬁlgﬁééc‘%ﬁfdég-tﬂ %%@Jﬁ“si OEQI\)W%O%?%P%PO‘W@ ﬁﬁ%g%?%%c%r di ng
to claiml further congprisi . i cifogen
from a RRASULHEE 8% SRR N IF BEUSReRS foilornSPaIat hplGuesteraay MIATDI™ )

and (f) ) [nv1foteneXE B o bdtidtcdge rubrak i sid hpdrogenaiganstpi(dh step (d).
7. The %fﬂég accoﬂ; dﬁg toﬁ}z?al ms 1 or 2 wherein at |east a portion of the
acetone in said acid cleavage effluent streamis hydrogenated to

i sopr opanol d suhstantially all. of nStyr I ;

hydr ogen8t ed B¢ E’l‘iﬂ\‘é’ﬁleacf?lr%é’é\%/ [\ ﬂ?fla}solg8%12&}%%&@?%\%%%@@31 &k}ge ﬁ%t%%eqm

accor di ng: { 0.8l Jl¥8sel eRucht YAQHE I hydibsdnaneitaliloprapanodln béid hydatgenstiam  sai d
acid cl eavage e aiu%nt streamis hydrogenated to isopropanol in said

hydr ogenaép @). step (d). 9. The nethod according to clains | or 2 wherein at

| east a portion of a liquid phase of said hydrogenation effluent streamis
recycled back to said reaction step (b). 10_ The nethod according to clains

| or 21 rtheghgmwmsﬁmgmsam Phi 2 (RkrdiEOMESI A YriiewpS oiguidl phaye
distillation dowstream of said hydrogenation

of said hydrogenation effluent stream is recycled back to said reaction step (b).

10. The method according to claims 1 or 2 further comprising the steps of:
(¢) recovering isoprepancl by distllaten downstream of said hydrogenation
step (b); and
(f) feeding at least a portion of the recovered isopropanol to an alkylation reactor
in combination with benzene and propylene as needed to produce the cumene for

forming said cumene hydroperoxide in the cumene oxidizing step (a).

11. A method for producing phenol comprising the steps of:
(2) oxidizing cumene to form cumenc hydroperoxide;
(b) reacting cumene hydroperoxide by acid cleavage to form an acid cleavage
effluent stream which comprises cumene, phenol, acetone, and various byproducts
icluding alpha methylstyrene;

(c) separating a phenol product; and




step (b); and (f) feeding at least a portion of the recovered isopropanol to
an al kylation reactor in conbination with benzene and propyl ene gé’ MAReMgsd
~to produce the cunene for formng said cunene hydroperoxide in the cunene
oxidizing step (a). il. A nmethod for ptbduci ng phenol conprising the steps
of. (a) oxidizing cunene to form cunctnc hydroperoxide; (b) reacting cunene
hydr oper oxi de b¥1 acid cleavage- to forman acid cleavage effluent stream
whi ch conpri §&s hydmgaeatinghthsoisid adeavege, cfBuant siearousnbyginsliu downstreas udi ng
al pha nethyl styrene; (c).separating a phenol product; and 2 MAR 2005 17
(d) hydrogeni’f"i gsat‘%erg%%ioé‘ Eﬁcga@gg"@f%yg@rgf’“ oRe BRFpReRrath Kt JEWREL r eam
fromsaid re i , | . i j I nder
hydrogenat | on Sy Sernglicd sl R ARAB R RGBT
a part of thebeatane: andanleatienpirt dfRRE hipah rﬁéﬂl@yl\@l\lzfﬂm@ bypdiblcsst off €l
byproducts of said acid cleavage effluent streamwherein at |east a portion
of a liquid phidsdensfageafftienysirasgenati on effluent streamis recycled back to

said reagtion step (b). .12. The meihod according to clai 1 wherein the
s ogondTon iIBR (apoTiE] ABdio Rttt g REERIT BTG b ProER 1F ho
al pha n%@yi@tw@@m@saiégeacﬁgﬁS@g&@gd according to claim 11l wherein said
hydr ogenat'i on conditions inclu provi ding a nolar excess of hydrogen

i n-the hydrogenation step (d). 14. The nmethod according to claim 11l wherein
sai d hydrogenation_caonditions include a tenperature in the range of about
40C to 138¢, Tﬁﬂ@p@é&@dr@cwﬁi%@ ?‘aﬁ’@;élo?’hﬁﬁkﬁ‘ungwéﬂd{%engﬂm pep §d) mghded nol ar
ratio o i: to | pha rnethyl styrene content
of sai dﬁg%greggg{%%gé@%?%ﬁu%ﬁ?f@?rag,»aﬁ I%%{E}g deél st | to about 30. 15. The

met hod according to claimllwherein the nolar ratio of hydrogen relative to
the acetone and al pha nethyl styrene content of said acid cleavage effl uent
stream i 33t n Thenaethad geesrding 1o clajmg 11 Twhergint saubhydcesandtion censlitcons inslude wher ei n

said hy atj ( i rri in the esence of a suitable
cat al yot OERE 818 kE RS Bl abRT By BPbereoh e BPR on d caral vet i
sel ected fromthe J
14. The method according o claim11 wherein said hydrogenation conditions include
a temperature in the range of about 40°C to 150°C, a pressure in the range of about 50 to
500 psig, and 2 molar ratio of hydrogen relative to the acetone and alpha methylstyrene

content of said acid cleavage cffluent stream of at least 1 to about 30.

15. The method according to claim 11lwherein the molar ratio of hydrogen relative to
the acetone and alpha methylstyrene content of said acid cleavage effluent stream is in

the range of 3 - 0.

16. The method according to claim 11 wherein said hydrogenation step (d) is carried

out in the presence of a suitable catalyst.

17.  The method according to claim 16wherein said catalyst is selected from the
group consisting of Group VIII elements, noble metals, nickel, copper, chromium, and

claim noble metals combinations and oxides thereof



group consisting of Goup VIII elenents, noble netals, nickel, coi)ﬁ)er,
chromum and claimnoble netals conbinations and oxi des t hereofl { MAR 2008R
2005 18 18. The nethod according to claim 17 wherein said catalyst is

sel ected fromthe group consisting orjgCu/ Cr20y, N /Na, Cu/ M1, and Rai ney
ni ckel . 19. The nethod according to claim 11 further conprising the steps

of: (e) separati nq% excess hydrogen from a hydrogenati on effluent stream
coming f¥bm Thp& Mw@%ﬂg%dﬂ%wwf%%&mﬂéé@%? isgelerist fom s hydrogen

back to_t he hydr nag| t d ..The .nmet hogd ,according to claim 11
wher ei ngra?[El plcgéglf't?’%e %@¢Wghé%i\ﬁﬁaebgéiﬁoﬁ%&ﬂggﬁpﬁgelaci d cl eavage effl uent
streamis hydrogenated to isopropanol and substantially all of the alpha
rnet hyl styrene i s hydrogenated to cunmene in said hydrogenation step (d). 21.
The net ¥4 adhemdithgd taxocding d tlainh &t €inthes ubmparinp did stel df: of the acetone in
said acid cleavage effluent streamis hydrogenated to isopropanol_ in said
hydr ogenat i oke)sER#Fatipgpxcess hydrogen from a hydrogenation effluent stream coming from

the hydrogenation step (d) and

(f) recycling that excess hydrogen back to the hydrogenation step (d),

20. The method according to claim11 wherein at least a portion of the acetone in said
acid cleavage effluent stream is hydrogenated to isopropano! and substantially all of the

alpha methylstyrene is hydrogenated to cumene in said hydrogenation step (d).

21. The method according to claim11 wherein substantially all of the acetone in said
acid cleavage effluent stream is hydrogenated to isopropanol in said hydrogenation step

(d).




