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PROCESS FOR PRODUCI NG ALKYLBENZENE HYDROPEROXI DES

CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001] This
wW@ppbiozzs: on cl ai s the benefit of prior U S. PCT/US2009/050481

provi sional application Serial No. 61/091, 850 filed

August 26, 2008, which is hereby incorporated by

reference inits entirety. FIELD [0002] The present

invention relates to a process for producing

al kyl benzene hydr oper oxi des and optionally for

% Z NV PROAESS ER 'PREH U AN G WK PR B ERZFAGS HY RO IPEROSKIDES
CKGROUND [0003] Phenol 1s an Inportant product In

enol 1S an 1 nportant produc
the chem cal industry. For exanple, phenol is useful

CROSSNEE PERANEE £ R LD Appd 1ICRSTIOK: Pi sphenol A,
~e-caprolactam adipic acid, al Kyl phenols, and

[080Hst i thiz epricatiquedudins thyberafit piprior KeS. meestsienehanphication Serial No.
6 f/@g 1 gSIBqﬂ&f lg%ﬁgtt%o @Od%f wﬁllaﬁ ﬁcﬂere'b? n{cglg)l E?ﬁ%l%lngig&ﬁ?esln 1t1-|3ht§rety.

hr ee- procéss 1 nvo
_Hﬂﬂiene Wi th propylene to produce cunene, followed by
dat i-on of the. cune the correspo
R e e Cria BN s, 5 SO PR ohr Btieig tbonsene
h}idi)omrcm'tﬂfbs endegptionailyor mmnmgthefesmanr@edaxmee tromghenol.

BEE%@%ﬁéﬁpﬁge wor | d demand for phenol is grow ng nore

n that for acetone. In addition, the cost

[0003]pr Opydnens dneihdbitare ptcmlutthatthef Oltenti¢sll @RSy, SFbri ek@in}gﬂet phenol is
e, due to a. de eIo e of

uleli R A oo %y e E BB depiet roaBY G acid, alky

pmﬁbk;ﬁgpp@mpyiﬁne as feed and coproduces nmet hyl ethyl
an attractive alternative route to

[OBP‘Ud uc?}%ﬁlﬂdf the mesiomniengess fqrihe REodusHomotmRatol bﬁhtéﬁ Hpck process.

TR SWBicB¥lep ?Fdwsjs IRBLRNEIRARI AR f %&z@ﬁ@ﬂﬂ?ﬁ@pﬁé’ne&o produce cumene,
variation of the Hock process I n

fodlawed b rifksion o thejcymeig t@,tlzee@rqegpoaﬂ)mghﬁdroperomde and then cleavage of
the %QGIQHér&lQ@gﬁﬁQ&ch%ﬁﬁﬁeﬁf tbts @Y‘}gleﬁch &nd X&E&Qemesﬁ the world

I s"deco to the sired phenol and nethyl eth
dgeand rfet plmolovegrwew rofre sepddly dhapr beteos apatongeslordddisigni e cost of

PREAED B TG AR R Mo ERERe IR R &P horase of
piRpgewr clhus, msqu)qessttbatluaesmwem)ieﬁemgbfbr ag @610@] propyling asfesd and co-
pl}é?&\éng tn%e;:[;l?ytl ee?w{i/r}k)é{o% %1ay bd h1? qglact\{\éfet Qlte\ﬁ%t%e NS nﬁe {M]oﬁuctlon of
phenol.

[0005] It is known that phenol and methyl ethyl ketone can be co-produced by a variation
of the Hock process in which sec-butylbenzene is oxidized to obtain sec-butylbenzene
hydroperoxide and the hydroperoxide is decomposed to the desired phenol and methyl ethyl
ketone. An overview of such a process is described in pages 113-122 and 261-263 of Process
Economics Report No. 22B entitled “Phenol”, published by the Stanford Research Institute in
December 1977.

[0006] It is also known that a mixture of phenol with varying quantities of methyl ethyl
ketone and acetone can be produced by oxidizing a feed containing cumene and sec-
butylbenzene and then cleaving the resultant hydroperoxides. By controlling the weight ratio
of cumene to sec-butylbenzene in the feed, the ratio of acetone to methyl ethyl ketone in the
product can be varied depending on market conditions. See European Published Application

No. 1,088,809 and U.S. Patent No. 7,282,613.
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ket one and acetone can be produced by oxidizing a feed
cont ai ni ng cunene and secbutyl benzene and t hen
W@ LEaW2Ts®R2 t he resul tant hydroperoxi des. By cone€DUB1002050481
the weight ratio of cunene to sec-butyl benzene in the
feed, the ratio of acetone to nethyl ethyl ketone in
the product can be varied dependi ng on market
condi tions. See European Published Application No.
1,088,809 and U. S. Patent No. 7,282,613.[0007]
00eYEVefowthe ME %&Eﬁ&nopﬁheﬁ&eﬁm éé%lbﬂgllbenzene as the or one of the
sec- butyl benzené as the or one oé t he al kyl benzene
alylaengpreorscursorais epRRNied bjyeeran tpsgbienpy whicle ghagsrepet present or
o LCLBLC APt BIRSEHA prBl&s.! GYF GEMBIS iichpison to cumene,
cunene- based process. For exanple, in conparison to
oxidaten ef sesxiugidipangene g t@@@“bﬁﬂ’@?‘ll%hﬁéwr%@ﬁeﬂh gery slow in the absence
of:eg&{taﬁ?s@ gﬂqj isn\%?hé/e‘ﬂ 199@%0%& gleesén%e YEpu 1|t195W Apa tré@ﬁlt U S Patent Nos.
sence yst and IS very sensitive to
6@2(b‘é@ncymdof6 &SBq@Qm haves prOQ@ml rtes uvhae OEJ & dhat antdeﬂ\losuch as N-

72()h‘[i]"1611m1 & as Ca%ﬁ s‘ts ﬁY%e Rl OE on Q qalky?benzenes such as sec-

by mo roxy
bmgbatymis to faC|I|tate the OX|dat|on of

I'b such s secbhu nzene 0008
R oS SR B atcn T St B ARBHRNS b2 Wy sesapover an
aoM tohtarysb ult'eresheﬁHﬁfﬁ/ a;g vagi dmiat gi yedylbete@ie (336 Newsdeny préduction.
ver simlar to et e an cunene ro ctio
HOB R ot Tha Sathg AT o AEHAEE T Betchica 1R Juatenp! produc

isbi&k @RS Qfercatdde FMﬁFleoéthﬁB@lﬂéiﬁthaé S TBSrer 2nd ropylbenzene has two
i ncreases. For exa §Ibenzene has one i somer

ISQREFS KFUHFPE B D+ @FP@YW5%ZG{1%b‘lt yhedheazeng hetour pmers (n-, 1s0-, sec-, and
t-PutPbERY¥AD € NZREE by -pRiductd UsptRARZ REBuf) B ndcAbl fand SBBenzene, have

(n-, iso-, sec-, and t -butyl béenzene). These
b(gyn&,p@g‘r@d{egy clggep‘@cqembpylheg@ng@p@ |hglg:ﬁzaéché1fgﬁgt to separate from sec-
bl BURM OGNS Mo\ E.BObLIbAY POl nts very cl ose 1o

sec- butyl’benzene_and hence are difficult to separate

from sechut yl beBr@lbendsye di st i | Batinphoifsee t abl e

bel ow). Butyl berBembeBoné¢ i ng Poi nt 16DC t - Butyl benzene

169 i - But yl benzeBRetylbédzese But yl benzéhe 173

n- But yl benzene ¢88ty[leof28¢ | n additilah, although

sec- but yl benzensBarydistugdncon i n t hel®enzene al kyl ati on

step can be maxim zed by using a pure n but ene feed,

practice.it is desirable to e conom a

e el e atiineESefifn eatu IOOReY Bl th beneene algtacon sep

cdndef infainered bgARIngiaNsurd nbUechelf@d] BNBactice it is desirable to employ more

economical butene feeds, such as Raffinate-2. A typical Raffinate-2 contains 0-1% butadiene

and 0-5% isobutene. With this increased isobutene in the feed, a higher production of iso-
butylbenzene and t-butylbenzene is inevitable. = However, isobutylbenzene and tert-
butylbenzene are known to be inhibitors to the oxidation of sec-butylbenzene to the
corresponding hydroperoxide. In the past, this has been a significant disincentive to the use of
the Hock process to produce phenol from sec-butylbenzene.

[0010] In our U.S. Published Patent Application No. 2007/0265476, published November

17,2007, we have shown that when an alkylbenzene feedstock of the formula:
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and 0-5% i sobutene. Wth this increased isobutene in
the feed, a higher production of isobutyl benzene and

w0 2000y1shenzene is i nevitable. However, i sobutRChEs209650481

and tertbutyl benzene are known to be inhibitors to the
oxi dation of sec-butyl benzene to the correspondi ng
hydr operoxide. In the past, this has been a
significant disincentive to the use of the Hock
process to produce phenol from sec-butyl benzene.
[0010] In our U S Pubs-ghed Patant Application No.
2007/ 0265476, publ i
shown that when an 6 -ﬁ@\ieedstock of the
formula:in which RL each redepemdent|y
represent an al kyl group having from1 to 4 carbon

ina/oiols R' anid R* aSchSﬁdeplahkleylﬂj@ ePZS B, ani A3kyd )grcdnpz‘rmlmg fronhe to 4 carbon

atﬁﬁnﬁfﬁﬁ? C%%ﬁg‘fh{% g&%}?ﬁ@]&% 1s! (lépﬂ %?ﬂ;?ltéhael ess%ed)gtaicgalci 1g11de catalyst, such as
N&Wﬁﬁi{?{ﬁl{ﬂhaaﬂrﬂ@e Ukt &€ beidathy it fidshtesienagfted by the presence of iso-

but yl be e and tert-butyl benzene | rities even
1&¥ PREGq an gﬁﬂﬂa aﬁbeaéens IPYHEF VAR a%@aﬂa@%e@ne &% of the sec-
by bERUEN ARRlouSRIA@pNcdNGn ROOZIDR0EMB naRkbeatirs ﬁlbailkylbenzene

the al kyl benzene feedstock may al so contain cunene, it
fepdsiok 483y e cantidn eYRERelt éff‘?élﬂﬂsdh% s cupeeng shatddh pnly e gyiesent in an
180 Mat HB&tnof 8RS N PH, e REMIVLIAYD dRE fhEERBIAY3% Nl HA Dreferably
not exceed 8% and nore preferably that does ot
thaty desdngogxcedd She el sfeetstock MoMerpser, npoinfeimalieats efpvided in
Agﬁl RLQY 'N%e%bﬂoﬁﬁ%d %?ttb Otﬂe uﬁ‘ectzg)foﬁ{eoér@s%ﬂge(s 0P Sutbne Gf? the sec-
ect of the presence of cunene on e
byelbbnreyd dyedetiemsiepxi dat i on step. [0011] According to

[U;()Tﬁn Pr&; ceo%m%\g)\/tﬁg gf'egegl’t 1ﬂv%ntn)?181t ﬂ%%o%&ﬁ%&@&rte%w lyeeﬁ) ®Shd that, when

asmsmbubeMBﬂwen@swsbowﬂdnzmdl$DXﬂhedpmebepESﬂméoﬁa,qwﬁchnMe
ca%%jl%st 5 5ael '%181\? g}%&rat athlS{ Iimd%tlan u|31(|§|r:1¢’ By acfli%uo Qt%ﬂe%"@% 9? wt%, of iso-
butglbbnrend dnefz e:mtebmfibldrmnetsgntﬁdamtwmtpmvmh@h shegte bf cantidsipn of the
[ t he onver t he cunene and
o BT S hohelie s A B sl BB 0 P e RaLT oo
styviagar oxi des. SUMMARY [0012] In one aspect, the

I nventjon resides in a process for produci
10913y | bEh2BH &G rtB‘bé‘i‘Y?RF oo dn gt BEXES & rpquging gelkylbenzene

hﬁ@d&ﬂeﬁ&td’e@%@prﬁ&@ﬁc&ﬁﬂﬁfng%bﬂ%tﬁlg)ﬂ f@@pc&xﬁruingqf)zse@mylbenzene (ii)

(ii) .cunene in an anount ter than wt % of

CYRANg | N A8 YA SERMET hamt10) %‘ta(StOf dhfe tatgl fP"sdoEﬂf‘t 91%%%%%@% of iso-

blﬁﬂ%ﬂz@ﬁé arkzmeyttthl%nge%%el N ANaASRYRD Mot #2Qr Wb ARl td¥ewith an
total feed with ‘an oxygen-containing gas in the

opieserEEniag cas Bathapipsince ofrp crBHEoaPEBE ipeYFliA gddoef the general
foriiGlaggNer al

(O

<Rl TN
2
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formula (1):wherein each of Rl and R2 is independently

sel ected from hydrocarbyl and substituted hydrocar byl
WO 2doziss2 having 1 to 20 carbon atons, or fronP@TES2009/050481

groups SO3H, NH2, OH, and NO or fromthe atons H, F,

ad, Br, and I, provided that RL and R2 can be |inked

to one another via a coval ent bond; each of QL and @

is independently selected fromC, CH N and CR3; each

of X and Z is independently selected fromC, S, CH2, N,
W%:r@lﬂdea%h edl}"erat %n@fRZQS ollﬂ@ef%n&ﬁm& hs%lea@éi R %ga_l%@rﬁyl éﬁdl §ubst1tuted

or OH is 0, 1, ; ,

hygtrocgriy] reicelhapag dnip 28fcattee agaes, ©f ér§m| til%tg@@m 893PR1NH27 OH, and
N&) dr WOG TR ordd Ci: €9 rﬁla&{d' In&O{’I%e(Pl‘BM GhE &2 ¥R Tinked to one another

conditions to corvert said sec- butyl benzene and cunene
Vlﬁ@CDYﬁéﬂnab@tﬂel at ed hydroperoxi des. [0013] In one

| B ner al
G R S e e T b T
cdchdégend&ns Indermallantly ecedtedimrh ¢ d b oCldr, by P amhelements of Group 4 of the
PerolarcétlLa%Pt ed hydrocarbyl radicals having 1 to 20 carbon
atoms, 0t from the groups SO3H, NH , OH, and N2 or
Yfis Or O atons H, F, C, Br, and I, each of X and Z is
[ ire?dently selectedfromC S, CH2 N, P and
Nts of G oup 4 of the Periodic Table; Y is O or
l@ﬂl,lk)rQs 0, 1, or 2; and | is O | , or 2. [0014]
nv ently, said cyclic imde conprises
ﬁﬁ? G%Ypht hal i ni de. [ 0015] Conveniently, said feed

R%: 0aPhd 8BS of hethadeUlstell fof %0 tdabiRuin 18d \WbiHactBdGE céilucted under
fromabout 1 w%to about 10 wt% of iso- but yl benzene

copdHiony torcap Yertsatdy PO RHY BpRFena i s upeR ot wgateéﬁlédmperomdes
[001§S Nty orde REILYEIPAHEOEESy cRE ﬁm@% s R obRea1GORRINED:

wei ght of the two isoners. [O Conveniently, said
feed conprises froR{ aboutOx5 vvt%to about 50 wt % of
cunmene. [0017] Conyvenientlly, said contacting is

conduct ed a;{t8 a tenperaturd of between about 900C

N—Y (ID

b

wherein each of R”, R®, R®, and R" is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SO3;H, NH,, OH, and
NO; or from the atoms H, F, Cl, Br, and I,

cach of X and Z is independently selected from C, S, CHy, N, P and elements of Group 4 of the
Periodic Table;

Y is O or OH;

kis0, 1, or2; and

lis 0, 1, or 2.

[0014] Conveniently, said cyclic imide comprises N-hydroxyphthalimide.
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and about 1500C, such as between about 1000C and about
1400C, for exanple between about 115C and about 1300C.

wapnozisky, said contacting is conducted at a PCEHESM0%050481

bet ween about 15 kPa and about 50CkPa, such as at a
pressure between about 15kPa and about 15CkPa. [0018]
Conveniently, said cyclic imde is present in an
amount bet ween about 0.05 wt % and about 5 wt % such as
bet ween about 0.1 wt % and about 1 w% of the

[09€S- Db Ut:MMﬁféﬁtg;n Qaid R d CHABRs FrBm:BbE 11ReHodBEtNY wiB Hich as from
contactin 019] Typical ly, the process further

aboyh r%/eéo @b@avli()n@'t%h of Fpchubenssor dad/op ratbesensgna aVhen both
158195'115 @f’etﬁr&gntt e W[%QH&%S B@ g%@h on %%Bﬁ’iﬂfﬁe@@rglgm%f we tw%tlmﬁlers
ketone. [ 0020] Conveniently, the cleaving s conducted
[00K6]t heCpryssisnice sof fexd cemplisps fromjahowné vatiso dbave M Wi’ legcumene.
OBV PSR IHE EGfd e 1\ onBEERRAG ferifrfrd BTRARBAOMS S0°C
such'as at one o ric acid,
rmeetbetnﬂ GOPC, sadh @, beph@splh@tm 1@0°ébareﬂ abhytdk4@&(hI for q‘mmtﬁi lpfween about
lﬁr E g g?@l 3%6 Sul fy 1ca sal.d CP ) F?ndglcth ara Prgssure between about
lﬁkR}idmé abanbokPaenth astdne pnelsﬂme/ban\geanabcmrldklm ad about tl Bk Pa.
sence of. a.het. eneous. catal such a o
IG5 " F BTt Rua e Ty Frat TR Bed: B3wicpay Fos wes
arRlt abautt EWﬁ%[ aichine bedveabshst 40064%4 andadbourt 1 32006 e déodutydbenzene
IFressure af aggut 100 to about 1000 kPa and/or a
Goymeer st frd dpingsad &Py (LHSV) based on the
[00Y9ir Op&YmXdllflethe @Eocaé@quﬂhel cb@pARRedteatife e HydropbRRKE] ploBuced by
one enbodi nent, process Further conpri ses

S%W@Pfﬂ&%@ pfq@lécemhéw acgiopitiarethy) cthibkedtngavi ng t o
[002@Phe kv chienBRI FE clRIERIPTOACEE i e HRAVENGS of Q9231 In one

Figure 1 is a graph conparing the cumene conversion

efa'@%‘ilfﬁ@’tt the gsaape tcppdigicd TO)C Mresenged aipmpeanoppeentayst, such as at
lefst 'oﬁi@&' sgfful%c ackt, ?e%ﬁgn@w"@ %ﬁo%ﬁgléﬁﬁf Mrbfeh@d?ﬁza%ﬂep {88 esulfonic

containing O

aqiér fertisuicilotidn enen (trlr@B)rlde{ 00fi4] dipkigurand 2sulyr drigridph In another
iOJIRRGH e LY TPORINIT APRE ¥l fte (BT e%ggg&tglg Bhehifst, such as

agal nst’ cunene %onver5|on for e uncat a
smaocititadayon of a n1xed cunmene and sec- butylbenzene f eed

[O%Qﬂt ai B{DIQ\%BI%H ee ?8%\\4 % %%%ngu%te\ﬁ%( a temperature of about 40°C gto about

tert-bu ure aph conpa
12(H€ agéor bpteyduhi%(ﬁﬂablﬁ 1(085&8%@0 mmlaqa@md/agalhqaﬂ hburngeSp@ce velocity

m for the uncat air oxidatjion of a m xed
Oy dmww@s%&%ﬂe (g gbout S0 he!
[0022] In one embodiment, the process further comprises converting the phenol produced
by the cleaving to bisphenol A.
BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Figure 1 is a graph comparing the cumene conversion against time on stream (TOS)
for the uncatalyzed air oxidation of a mixed cumene and sec-butylbenzene feed containing 0
wt%, 5 wt% and 20 wt% of tert-butylbenzene (TBB).

[0024] Figure 2 is a graph comparing the cumene hydroperoxide (CHP) selectivity against
cumene conversion for the uncatalyzed air oxidation of a mixed cumene and sec-butylbenzene

feed containing 0 wt%, 5 wt% and 20 wt% of tert-butylbenzene.
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containing 0O wt% 5 wt % and 20 wt % of
tert-butyl benzene. [0026] Figure 4 is a graph

wW@onparissy the sec- butyl benzene hydroper oxi de BEBBS#)9/050481

sel ectivity agai nst sec-butyl benzene conversion for
t he uncatal yzed air oxidation of a m xed cunene and
sec- butyl benzene feed containing 0 wt% 5 wt % and 20
wt % of tert-butyl benzene. [0027] Figure 5 is a graph
conpari ng the cunene conversion against tine on stream
t hejguncakal Cbofphrifhe Al 1y 18z TS B e R VETEIDR t ti

c} seclgbutyl begfnilglneo fp rll?cont allﬁﬂ}l, nnZOevr(\}; WCS Wt 9 Aaﬁ%ams e
Olzetrwm/é‘%fthq eramdizgd BB rxédeEor 058 EEyd cw}rewsqndﬁe@hwélbenzene feed
cdn%duﬁngé AR, SQURARA AW PRGE GHITRRYAE Oper oxi de

sel ectivity against cumene conversion for the
LIPS aFggzed4 als ra graptatonwarieg the miodady e ehydiaperoxide (SBBHP)

0
se?e%g\lwg“g%/ é‘tfeeﬁ%eg% chﬂUegsb@g{&Q'g% %i’{rcéa/& edé\ﬁn; Oglrdgl%i of a mixed
cunagmp and $vg- butyéoesme tﬁetsrﬂybrttenme Bevito ﬁve%samd ﬁO afg%lorﬁ &irt- buty’rbenzene
[0%97 str 2l Tt r at hae lémca'}rlan Y& m%l { co%v rsmna a1n58I1 S eam for the
ne § gE)BP ?IB% ne ee con?a I ni % V\IF&/l

um%)anﬂau? GxMﬁt%no:ff al Iﬂﬁedb Ultryérbelnd edfbebutjflﬂfﬁﬁ&]e feedyermenii8ng 8 wt%, 5
r t he s tylbenzene hydr oper oxi de
“@/é?%%?dq\yﬁ/f% 1§%g?tgg>gnz§g% "benzene conversion for
[O0k& unERuR YZziedh @iaph oonghatinh® ﬁlhd)ﬁulﬁerféi Kedlouividee séfm‘iwty against
sec-but | ben enefeeg gntal OwtO/ 5wt%a ﬁ) I
YRG5 8?“ CBRIHEE (P B8 R f’Lt]10 g“‘dP‘ée(bC‘fn%enﬁ aﬁ sggrputylbenzene

fe@@ﬂ@ﬁaﬁmﬁgom §blfff%laﬁd9@ﬂf‘t%bﬁis@lbu@ﬂ>@hiéﬁé ti me on stream
for the air oxidation of a m xed cupnene an

[092%- but'igrsehze A& P8 MEBERE Hict 1c-Lwy D sl??anwwsmon(%ylst time on

stfath W %@ fundkedly £ 0ay RRIdRAIN BT demxAiiR-lne AN dndMsbdb@Plenzene feed
wi thout 5 wt% of tert-butyl benzene. [0032] Figure 10

cqniiningd aivh. Tovpard AYvihel sekebiberapar-oper oxi de
[@?ﬁ]eCt Fl\éhltey 3 3ga lectbh bk oC HAV &L %'uﬁ’fﬁ)efli%ﬁe th?@roﬁérﬁmde C?electlwty

oxi'dati on a mxed cunene and sec-butyl benzene f
ag@@ﬁhsembuwltamanmgmtondonthw%a@ﬂyzmﬂ iy @mlﬂwmfwammw gemene and

se@{hgaﬁﬂghgbf@@&d%ﬁtﬁﬁfﬁ% 0394 %008, it ﬁb QY R Hen 2dn Q0331

is a grap conﬁarlng the ‘sec-buty benzene
[083Hv er Eigore %agaigreph compaing thestumeagedngersioh egaamsvt time on stream for the

alg)o( ! 1%1%10n?)ﬁ %fl)ae% c%ﬁ atnﬁggcp Q‘&\Xls}h(%?&l@?@%r oxyp ﬁ&ﬁl glgt (wo0) 0.1
witia df Wityldroapehthval infideu N Tdntlovath dne Mtlt_-hbluttSW’rHemfztelmbutylbenzene
0S8 GuFGBeltand Hiar spBe dBTREPEED Miattyyrangin geivivy asain
ClBRie k@uﬁwelrshmnﬂ)elﬂe AOOR E4tidh afrmxed bemaieran@xeddiaityoenzede Red both
wml )21?19 wit out 8% OF ‘iﬂ%; olxkglgﬂﬁ 1m1de and with and without 5 wt% of tert-
butylbenzene.

[0033] Figure 11 is a graph comparing the sec-butylbenzene conversion against time on
stream for the air oxidation of a mixed cumene and sec-butylbenzene feed both with and
without 0.1 wt% of N-hydroxyphthalimide and with and without 5 wt% of tert-butylbenzene.
[0034] Figure 12 is a graph comparing the sec-butylbenzene hydroperoxide selectivity
against sec-butylbenzene conversion for the air oxidation of a mixed cumene and sec-
butylbenzene feed both with and without 0.1 wt% of N-hydroxyphthalimide and with and
without 5 wt% of tert-butylbenzene.
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feed both with and without 0.1 wt % of
N- hydr oxypht hal i m de and with and wi thout 5 w % of
W 210156y | benzene. [ 0035] Figure 13 is a graphPCT/US2009/050481
conpari ng the sec-butyl benzene conversi on agai nst tine
on streamfor the air oxidation of a m xed cunene and
sec- butyl benzene feed both with and without 0.1 wt % of
N- hydr oxypht hal i m de and with and w thout 5 wt % of
iso butyl benzene. [0036] Figure 14 is a graph
0835yPar FRgret fB%s%%g%WEMh@a@iﬂ% QRE s Ry RRABEAX IcB ersion agamst time on
select|V|ty agai nst sec- butyl benzene conversion fo
streg@ f9F theosdr @atdp‘@ml off a anixgd eymeng rimd eSegrhgtylbenzene feed both with and
wREGR UHXJ«@G&%\? Hfdr&%%ﬁthgﬁﬁlﬁe Whd @1‘[1@5‘1&11 Mﬁdﬂpy (Vt(% 0%1SWbr{Wenzene
N- hydr oxypht ha e and with and w t hout
[GOé@ bquglut@ehé}z éne.gr{rd0odmpeFng ke sceBulydbeazage éwﬁmperomde selectivity
%%%P @%d Gy b CUIRO& s I6R E R QR &Q@du@ﬁtoft } 'C]%XQJ‘ cimbRAMd sec-
air oxidation of a mxed cunene
bu;elbertmmey febé rbz@nmth ead Voot W twt%antl Nnh}tdmupht@almmﬂ@/@nﬁ with and
wn 0 g I|n1de and wth and w thout 5 wt % of
uty enze ﬁﬁ38] Figure 16 is a graph
[ﬂﬁﬁﬁpar Figgret I3eis mgn@h&cohtpdmr@the oxmele ®eve@don ydaingt agaionstream for

unene _conversion for th xi dation.of a.m xed o
o i gn g T SaRB D e AOEE bS5t oSt 01 s
ofON Lym%pnfhahhmedn@ xzytb hhdralthavt devtand 1§Mtﬁ1tyltadﬂdene/i t hout 5
% of JSOb yl benz DETAI | ED DES Tl ON, ég THE . )

[ oDl e ({ 0039§™ §%‘Pﬁ’aﬁ‘é‘8 BICEMANG SYFORTYUEs §ei¢cH ity against
cmdne lcamra:gslcal f6lr metmleoﬂaatfz)u 9 REMIRABE @R WYl |sBeRARBenzbid Red both
er oxi des. and opti ona

t he correspond dr ly for . )
WD ADEATING SRR St BFTy Moo S0 ARGV S 1% of iso-
buktfiBeRERCESs enploys a cyclic inmde as the oxidation
catal st and is based on t he unexpected finding that,

ALERDESERIRFION QF{THE EMBQPIMENTS, i xed feed, the
[GO@§]| usb@é@rlgéd $eRtd 1sq ldaﬂltobésk €or oliﬂililﬁ’g 20 Wtdhe Of cumene and sec-

I so-butyl benzene and/or tert-butyl benzene

bwylherizenedatetthg/ carigpnondiag hiydroperexides ead eptivhalbolay eqnspigipg df resultant

TR 53 RLRSRRANS U0 B BLEELLAIN s
is[be@40i tihencapdeydddenmgrtbatf el tiegeklyéimokidy@n dfiyucthemixed feed, the
ingféﬁ%ﬁ Q)?‘ ﬁ{)ﬁccﬁﬁﬁm?eg ;LItos 58 \%"/{P 39 il gutolfbenztene and/?r terttlﬂlf glbenzene

cunene 1 n an a
sidil figan¥y mﬁplbm bioot thé rafteeﬁ‘dshmdqoraofdhatumemasnd sadutfibenzene and the

ut yl benzene .and tert-butyl benzene in an anmount up
5611689?% t\%%{130 lr?dﬂ’é’dfog?rgf‘%? edst ock. The maxi num of 20
AWyPehgenappédsadkt 0 t he combi ned amount of
[OIOE&_ bulft\g aﬁEyr]geeannee}ch%stock employed in the present process comprises a mixture of

sec-butylbenzene with cumene in an amount greater than 10 wt% of the total feedstock and at
least one of iso-butylbenzene and tert-butylbenzene in an amount up to 20 wt% of the total
feedstock. The maximum of 20 wt% is applied to the combined amount of iso-butylbenzene and
tert-butylbenzene when both are present. More typically, the feedstock contains from about 15
wit% to about 50 wt%, such as from about 20 wt% to about 40 wt% of cumene and from about
1 wt% to about 15 wt%, such as from about 1 wt% to about 10 wt%, of iso-butylbenzene
and/or tert-butylbenzene, with the remainder being sec-butylbenzene.

[0041] The alkylbenzene feedstock can be produced by alkylating benzene with a mixture of
a C; alkylating agent and a C, alkylating agent, with the amount of the Cs alkylating agent being
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tert-butyl benzene when both are present. More

typically, the feedstock contains fromabout 15 wt%to
W@RbwoM25B62 wt % such as from about 20 wt %t o abeCE/UgD09/050481

wt % of cunmene and from about 1 wt%to about 15 wt %

such as fromabout 1 wt%to about 10 wt % of

i so-butyl benzene and/or tert-butyl benzene, with the

remai nder bei ng sec-butyl benzene. [0041] The

al kyl benzene feedstock can be produced by al kyl ating

cREDERNS W td gndMtetater %qﬁﬁfedaaﬁlnalok)éhﬁtaﬁ@gl ﬁlgeﬂﬁyll?éﬂgerﬁ product.
C al kyl ati ng agent, with the anmount of the

AH?I’R%‘}Vﬁb’i thy camert alehuidbarenesiompanasts igghg ’E?e@%mé rcaf ge prpsluced in
S NG gD oS arﬁl{ﬁ@ﬂﬁlxé@mttﬂ@reaﬁlﬁél RERERRE tooﬂrg(gfég tre desired
ternatively, the cunene and butyl benzene conponents
fep¢ptackeoheasionock can be produced in separate o
[(ﬂh%]yl ahjre cﬁpee rof’”\x} gﬁllgr ﬁlrédcu fo. aH(l,l éﬁ&lﬂe eBQ %ﬁﬁlﬁ&léhﬁlatrée produced
portlo s to produce the desire
mmgh:p@gust}q @rreqied@al®] alyr Cespavund/ eap@wlewﬁstbhetntlngwepmuyﬂ@eup for a
eangene a% ! grﬁ g 0§1ncgagl qugs(é@ Elm;[hel 6%/ elkglglt(i)n%ent Thus d)r example, the Cs
a]kﬂﬁlaigl agefcas vdosrist whé nigmarepIf @ybdpyd) hzﬂuﬂp 4 pﬂOpﬂ aﬂmhalemé propylene.
hydr.ogen .at can b used as the C3 al kylating agent.
G?%ﬂaél?' 9@%?3 derpfesecy ﬁ%mlif?esaﬁ’r&wq%]tel ng agent can
[00aFpr | Sknilflg, hE Oz(mﬂe_/lmﬁag ag@it @py lcofpridede @ erodytyl halides, butyl

alc hol eral .the C3 al kylatin .
B R i QB G ahe Foplbfits Ry heny B one finar
b@bdey hahé D buagen! beait-T ofRIhisRiroARrof. MwevaUtiite the alkylbenzene

hal i des, butyl al cohols and/or C ol efins. Generall
fegdisockss cmployedyt inn gica GESIENtC BFASFSS s SEMBiSeH eﬁgputy}b@nmﬁeg}d/or tert-
blh &Denc Na0@liYn BULERRyIbenzBiet BBE; Ak Phtif d¥bathbffally also comprises at

ereof. However, since the al kyl benzene feedst ock
leéi*rﬁPlB?éS@ tutsne. h & hisrie g Advaptast B §ic MBHPIKiNEESSS, since most commercially
ax‘aﬁQo'l@@} MEM%@C&&W 'Qﬁnxttlﬁé Bpﬁﬂe)ﬁj @@éﬁ%@ﬁﬁl ik t’F'of:)&ample the

to sec-b | benzene, the C4 Kyl ating agent nor nal
follpwing @é@oatmlk@@staresmraﬂls oviliblene. an&rmfsler}seramoymg steam

p S

cAUATLABERL 408 PLERSPN ALAERAS LALAC SRS gt (e s
remriajting afteofolydnhextractut @dwéroaﬂdltlosmlbmmmwbﬂta@@m f@na\hp lceide steam
crth(%d fbﬁ{e}:{lé) é%e&%&%‘d IIQ ff LRE3" Elg:ﬁpryuéttr%lg Rind afedENGT A oﬂg tadiene and

avarl'abl'e’in any re ner)f I am cracki ng 1o
i plmmsdlﬂcﬁomlthé icngle acaor gohekesit Betencc stedked Gerteenble, :dteseeamams have

i.nate-.1 (the.product. r sol vent
coSher B G e Gt i FTRL Al d Bl o ene. 1 orm
the crude steam cracked butene stream and Raffinate-2
(the product renaining aft dmablehoval of butadi ene and

| S ORYLEEnT@MIA]g CT UdeRShEAM CT acked DUT eRgralaean -
General ly, |thess JITSRAE NAMECRARES | T ISARSnW [T dogkRBon
weilght ranges i ndi|cat@diohn Table 1 bel@Waction
Butadiene | 30-85% 0-2% 0-2% 0-1% 0-1%
C4 0-15% 0-0.5% 0-0.5% 0-0.5% 0-0.5%
acetylenes
Butene-1 1-30% 20-50% 50-95% 25-75% 75-95%
Butene-2 1-15% 10-30% 0-20% 15-40% 0-20%
Isobutene 0-30% 0-55% 0-35% 0-5% 0-5%
N-butane 0-10% 0-55% 0-10% 0-55% 0-10%
Iso-butane 0-1% 0-1% 0-1% 0-2% 0-2%
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Tabl e 1[ 0044] O her refinery mxed C streans, such as

t hose obtai ned by catal ytic cracking of naphthas and
worden2isef i nery feedstocks, typically have thePCT/US2009/050481

foll ow ng conmposition: Propylene 0-2 wt % Propane 0-2

wt % But adi ene 0-5 wt % Butene-1 5-20 wt % Butene-2 -

10-50 Wt % | sobut ene 5-25 wt % | so- but ane 10-45 wt %

N- but ane 5-25 wt % [ 0045] C hydrocarbon fractions

obtai ned fromthe conversion of oxygenates, such as

[00B4]nanBkher tinkQVYRIxe@ICE fstrBnd M Ri& Js%ﬁés%%btaﬁleﬁ%\yecﬂaﬂ%c cracking of
foll ow ng conposition: Propylene 0-1 wt% Propane 0-0.5

naphtpBedathes newf@%@tv@leutyemﬂnhayeﬂwdowwmgmwmzn
50-85 wt %l sphut eng Oydd wt % N- + i so-butane 0-10 wt %
[0046] Apy,fRe or gny,# xture of the above C4

hydr ocar ﬁjg Xt urgss G be used as a C4 al kylating
agent inghe. presegL prpocess. In some cases, however,
it may bea ty@nt agelg%“;t(p subj ect these m xtures to
one or My ERetreabpent steps to renove butadi ene

and/ or reduggnd he 1gebybene level prior to al kyl ation.
For exanmpl-gianbut adsepetgan be renoved by extracti on or

Y r n ne-1, wher
P F 00t Endv TR HRE: FBBUBLIBY e e e of o zenutes, such s
m@HhBRJ1| 18 8w P Blellfis FBRGYHiEHNy Wadd thEBAIBRRR|colnPospticaduce
MTBE. Convenl ent 'y the C4 al kyl ati ng agent enpl oyed
in the prEYwifn prer‘s‘gt tontains fromabout 5 wt%to
about > Gt o i s§- Oo%‘f"le/r’ne and less than 0.1 wt %
but adi endutadiene 0-1 wt

Butene-1 10-40 wt%
Butene-2 50-85 wt%
Isobutene 0-10 wt%

N- + iso-butane 0-10 wt%

[0046] Any one or any mixture of the above C,4 hydrocarbon mixtures can be used as a Cy
alkylating agent in the present process. In some cases, however, it may be advantageous to
subject these mixtures to one or more pretreatment steps to remove butadiene and/or reduce the
isobutene level prior to alkylation. For example, butadiene can be removed by extraction or
selective hydrogenation to butene-1, whereas the isobutene level can be reduced by selective
dimerization or reaction with methanol to produce MTBE. Conveniently, the C, alkylating
agent employed in the present process contains from about 5 wt% to about > 0.5 wt% iso-
butene and less than 0.1 wt% butadiene.

[0047] In addition to other hydrocarbon components, commercial C; and C4 hydrocarbon
mixtures typically contain other impurities which could be detrimental to the alkylation
process. For example, refinery Cs; and C, hydrocarbon streams typically contain nitrogen and
sulfur impurities, whereas C; and C4 hydrocarbon streams obtained by oxygenate conversion
processes typically contain unreacted oxygenates and water. Thus, prior to the alkylation step,
these mixtures may also be subjected to one or more of sulfur removal, nitrogen removal and
oxygenate removal, in addition to butadiene removal and isobutene removal. Removal of
sulfur, nitrogen, oxygenate impurities is conveniently effected by one or a combination of
caustic treatment, water washing, distillation, adsorption using molecular sieves and/or

membrane separation. Water is also typically removed by adsorption.
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[0047] In addition to other hydrocarbon conponents,

comercial C3 and ¢4 hydrocarbon m xtures typically
wa@oenbarmedt her i npurities which could be detriPERUS1009/650481

t he al kyl ati on process. For exanple, refinery C3 and

C4 hydrocarbon streans typically contain nitrogen and

sul fur inpurities, whereas C3 and C4 hydrocar bon

streans obtai ned by oxygenate conversion processes

typically contain unreacted oxygenates and water.

[0Da8tS. BLhRhich®y, iieredl fYhAdr ath aﬂfc}ﬂﬂiontsha?% tH ﬁfés@ﬁt%od@?s%ontams

al so be subjected to one or nore of su renoval
lepsi b 9 nPEhoyell asderd tepe 98 watme farerevrle less tand@) ppnwetgr and/or
lepsutth%{jﬁ@"ﬁprﬁ IRy & 1e@Nfad %)P(Hﬁ SOL L BIPRVIRLs: thFeSBNA! subr and/or less

ul fur, nitrogen, oxygena impurities is conveniently
thelfl ﬂ%nmredu@iyanﬁﬁe then 1ppevd iﬁﬁmenmlpl@ fesothaic @l ppincnitrpgeat nent |
er

OB1CG RS Ui} U CL3Rg CTRRORRM il g simrancously

OIasegmentlylpq ¢l dtlyylatmmmﬁgdt/sbys@d@dh@m gzn:h[a@lgdaﬂon step is conveniently a
nj e t he fach.al bon .step . .,

crg; nl}’ﬁe moﬂ:cule 1ever0ct; é}éeglg[Cé\g %% gainrl]l Q’ |2 Se Stertnh 15[&1\/3%%9%%?}/‘ mg)tenal (or
“rsateiiinl @ tHedﬂQM-mafanﬁIyO oppnpletdar ovarbltle VESE22 lamily?Qd "MCM-22

m t /.or Ies t han 100 m such as |less than
Bttt o SR B TR RO Sl fur and or
| @s smblbailar kRvEnfadeSHeia 36mmes Sirst h@gﬁreelcrp@mme‘mﬁldmg@mk @nit cell,

| ess than 0.1 p m nitrogen, [0049] Irrespectlve of
whetHarh e e By e MW?’Y s ok dpeolove (Gomiticicligis a spatial

si Myrfaa §bf’ at@fns Wﬁ&iléﬂ' ﬂnythreEJaﬁné}ﬂsiéMilasbh&:ndescrlbes the crystal
cat al yst use he or each al kyl ation step

I S
con\AEHEETet |Syclacwtyls ptaIciurgiearprstissispch in §16e\félaéf0f t4¢elite Framework
MCM-22,e§ "aﬁ]ftIhBédnf(m %Ob?rﬂr{@ enMg\é'o%‘I%nﬂ‘ &mﬂléﬁ 1%Q%bﬁ{ed al Férference)

"mat eri aI’ y nmol ecul ar si eve of
t e nvEhu2 ﬂi@m In}ade cfrorﬂ WBMnmonf smcpmq/ degrerl btuédn)g bk, being a 2-

useddntﬂgr{s élal’ Tfhn of %QC%SN[W a.me\r;'v%& g&o HH ce f?\rmmg a monolayer

si eves nm St de ree cry s
bui | dionguiat «‘:ﬁd:ll«thmlmess pEIfdrably\bmeohumimetl tluéinlesshas t he MWV

;F?gﬁé@%ﬁaﬁ:ﬁ) gsl %?%%S@e%%op?s%%qlnp é%glieﬁ%gﬁmg Llocks being layers of
t hr agre Gir Iﬂiﬁiﬁé"{h@ﬁl ahe ﬁlﬁﬁ@&l tHREES, bﬂ&rdirhﬂlemé}bés bﬂhloredthan one unit cell
struct ) str ture e di scusse

t he tﬁlﬁ\ 8% lso‘?lafl%e%‘?‘% ‘i‘g( °f ﬂ@é"g at deast o ‘GP‘E?rf@’ﬁrs of one

200 Lunitt e tﬁi’c‘kﬂe“s@ '[‘Hérh'ta%laﬁl fo sWH €Roi S ddgreOsuRRMatB6tka%an be in a
reference ~ nol ecul ar S|eves made from a commobn

secdagtly gsfhé@, HUTeeH ?fd‘asﬁlpqgley(ranggp ﬁ@hlﬁn,zo_r apy eripinasiqp thereof; and
el 1 e@hiarSHGR MM T, ARV f1af 8PN SMdbrher€BhdiSor 3-dimensional

form p‘% a m)no ayer ne unit cel hi ckness,
pr efcombblationefeing-coli taving|the Mwwwweewprk tapdlegyul ar

[0‘82@}1 SS }\/g);egglai §1§J9s P HNICRESP E&Lﬂ(}qg&&& tm)gel rﬁlél@chlal? lsfe%%shaving an

X-ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9£0.15, 3.57£0.07 and
3.42+0.07 Angstrom. The X-ray diffraction data used to characterize the material are obtained
by standard techniques using the K-alpha doublet of copper as incident radiation and a
diffractometer equipped with a scintillation counter and associated computer as the collection
system.

[0051] Materials of the MCM-22 family include MCM-22 (described in U.S. Patent No.
4,954,325), PSH-3 (described in U.S. Patent No. 4,439,409), SSZ-25 (described in U.S. Patent
No. 4,826,667), ERB-1 (described in European Patent No. 0293032), ITQ-1 (described in U.S.
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one or nore than one unit cell thickness, wherein the
| ayer of nore than one unit cell thickness is nmade

W0 ean0ztserki ng, packing, or binding at | east tMOI/US2009/050481

nonol ayers of one unit cell thickness. The stacking of
such second degree buil ding blocks can be in a regul ar
fashion, an irregular fashion, a random fashion, or
any conbination thereof; and nolecul ar sieves nade by
any regular or random 2-di nensi onal or 3-dinensiona

P&EHTR oD @01773@88fITQUZI\/gle&%béc&nhﬁféhﬂﬂoﬂahﬁatM\‘%ﬁlfcﬁf@lmé kWO97/ 17290),
| ecul ar sieves of the MCM 22 f

t opol o
MG BAARErHsge o eRuiFNes FvBaT bl 4iridscrbeg in U Plint No.
5 gﬁé g’fS")‘CMC‘M‘ 598&&5%‘%@ 1HCU gdPﬁgntCNoc' pﬁﬁéf@ﬁ;ﬁﬁ( M‘% @fescrlbed in U.S.

7 and Angstrom
Palrm:s N@ r6a'$56(ﬂ)|39)‘ raa@ﬁm@tnre@l alneaeqﬁs é\iOIP@ﬂ%tﬂﬁaﬂVaﬁttD%thezMC%éz family are

{e?%h%& 'aé"t 181% fa{%gg t BeShandard, ‘eﬁ%’lﬁhgbjatl @hﬁ&é&cﬂ@e to the

et 0 per as i ncident
pnddtﬁdtuoaof @n’émmlbeecpna,ma edmlmrt:chwah geiotiter bitabewancisomerer Preferably,

and oci at ed C n t.e
o OBuERRRREE FarEITT bR DRSS rEl MR T2 ey o -9
ar(ddMEBr-Fhedchias ITQE. Patent No. 4, 954, 325) PSH 3
[0@8@22{ tl‘ﬁee glk}flﬁtut% %talgz{c%mncmg? t}f'f’ églgété% éve %%Sénl?zound or sclf-bound
fopiles, Cdltiefgﬁ’glvdlﬁ tizuholp@a4r skRat ent bd\bamﬂilﬂeﬂ3§i)32))nvehff@al manner with an
cribed in U. S Patent, No , Q7 98
’%‘g“eg‘élfl?rbékhml R FHEPnEE 3m|thepg§g,?gk% |°€Qirgbﬁ°‘mins for example

bamggyﬂggsﬁxw%h@a%sa (described in U S. Patent hb.

250, 277), MCM49 (described in Pat ent
0§532 . Bysgie empegimsat Elaég@ws'oléanb%n@a@ has grcap Smgﬂl much superior
t05bh§t6c2f &RYsts tEMBed desdihdRed ShY SutalPatieBnvdently pre]?ared by a

6, 756, 030), and m xtures thereof. Ml ecul ar sieves
vaPRE PVERICRD A ligion DEEess pineashiquisl sasaPeh @hask keyystllizghon process that

pl‘é%n?sl H3ticSIsBE f hBSYnthAY EniRREN b QYA HaihiRe e el AhteY crystals as vapor

sel ective to the production of sec-butylbenzene
pleenpastellization kequire ot her but yl benzene i soners.

f
[OB 25’9@%%0 u%tgghgﬁ% ?‘([: S)I%Fegééteﬂ;/% g/[sé\g fﬁw}, %JO%FQ (:ﬁ)er in bound
oD GBI, fosy miraydvs chmay@l witlo@sei, eifliee iralideyd atviapoer foat, ahgegconditions
toclﬁ‘l’lg{(J)VgC g hl%eﬁ“@h ll’%cﬁwt 3 gﬁﬁqu&ﬂ tl!tiJ npo%ldp %nsp 5 the waler \?ontactmg

mor, a °8cul ar ‘s
are anot hﬂaoselgn@nnekibdl nmaro@emmmhl s@nhhtyltnnmec selie¢tlyitancaoxgederally be

o o Rl PR P PPl & RN Gt o g oou
130 totBows ber pre[f@ﬂﬁ)'ﬁfor hrinRRE aeloixodis et forfel’dz&nlﬂafoal |ay1ﬁie of about 2
holusrs %Jon'c&)%lliltn% ﬁours yplcalg/, l'il%hwafcfcterrceo?l cttl]ngn}éI chnc?ucpe SO as to increase the
weight of the catalyst by 30 to 75 wt% based on the initial weight of the zeolite.

[0055] The alkylation conditions employed depend on whether the cumene and
butylbenzenes are produced in a single alkylation process or in separate processes. However,
in either case, the conditions conveniently include a temperature of from about 60°C to about
260°C, for example between about 100°C and about 200°C and/or a pressure of 7000 kPa or
less, for example from about 1000 to about 3500 kPa and/or a weight hourly space velocity
(WHSV) based on Cs and/or Cjalkylating agent of between about 0.1 and about 50 hr', for
example between about 1 and about 10 hr' and/or a molar ratio of benzene to alkylating agent

of from about 1 to about 20, preferably about 3 to about10, more preferably about 4 to about 9.
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to that of catalysts fornmulated with binders. Such a
catal yst is conveniently prepared by a vapor phase

W@ eoa802isb2 zat i on process, in particular a vapoPCPHazeI/050481

crystallization process that prevents caustic used in

the synthesis mxture fromremaining in the zeolite

crystals as vapor phase crystallization occurs. [0054]

Prior to use in the al kylation process, the MCM 22

famly zeolite, either in bound or unbound form may
[00S6]CONTRE t@bkaivh ol BB kith @i thd1@dpok @haslewﬁngn \@Qeﬁlpletely in the

form under conditions to inprove its sec-b %/ benzene
liguad pbesevandycan Aer pRotigiie-t Fiee Eemaintenions! edmixhe watdélﬂtlon with other
mERALIAGH thagcaarb% PRAUh RS CRRE 0 lb b ca'te[H%‘i CHEHR Mon 'vﬂth the aid

sec- but y['benzene Sel ectivity can genera be achi eved
ofhgardengaies ph¢iludnes susb|dst éorvﬁxamplma pdrogan prepmeget ulPectepbly, the

out 100C to about 500C,

re%a%i%% 19%? gagﬁééﬁ{"in%lq?f&;[} east 0.5 hour, for
lﬂ@i’é]npl é«lth@rghahct allgatofn ﬂhnmthlﬂll}hmlﬂcgvet wvabbutoRdlkhlberzsnc(s), the
efﬁﬁgnt Ceigoéne al %aty\o@ltrt%a{ctlfgr? ?vﬁ@%tgra nag ny on agnns()jo\%lgcI ]? qya?]%rla\%?% /g)roducts as
wb]agednmafatcitehleiromattcl febd wail ghd des‘lretihﬁomﬂdylateel sple€i66 5] ThEhenreacted

o B4 R B0 1 bR BN Y P e Bl cbae PhcanE pRgrsy Ractor. The

batok| fainh @i Yehome Sistidlitidnners @pticAtiRtIRIac egsese ntdavalgited product
in eltg r cas t he conﬂ{ hons cqnveni ent | i nclu

frora P at8 DroAYts apdolier BHOES 1 BeRagdine b (?@O“qu(}pog’alky lated

pRYIPpRsdAeinveR nlidhaish ra&a&ceﬁmentahquiy BOQaRBdb Wans@lkylate the
pressure of 7000 kPa. or |ess, for exanple from abo

pAlydiy 14ted Ardusts gs@oa%ﬁ@ngln@ﬁlé?neawvﬁéwwe Hbk P{O\ﬁ'u%wac%f the desired

m%ﬁéag@llgtéﬁsﬁg%\/) based on C3 and/or C4al kyl ati ng agent
bet ween about 0.1 and about 50 hr 1, for exanple

[%&lv\eeﬁraaﬁ*éla’tla@n anith adséripnali enenc1is Ayiigadly osfepfed At 2 rtepnsadkylation

reQétOIb @é'f)%ﬁlfbefr&ﬁ G hl}()llﬁfo'nr}gac?fg ERker qulfaﬁf%q}aﬁpﬂ%an%ntcgtalyst such as a
0, preferably about to about 10

mpleetﬂ@lr amg/ odbibet MEM-@2 afbmdy, geqlign Het, M@Mr@aéseanU§ caatent  No.
6 §g4ﬁ% {allﬁg {]ﬁOMﬁngﬁQqﬁg?@{%‘g ﬁté%l%ll% is %;eplcally conducted under
atfle:ﬁ&pefrndrhqumltmlmel anditiossd mhichuogabdy indluldertitompenatoda oﬁﬂﬂ@to 300°C

B s OL GO BT R i Pl aPerear oet bl o' on

toPR $R8 afd/o1di BedgdtbpoFuicilars berfz@ﬂie wxaiphte, ofhtelin@gen or

nitrogen. Preferably, the reactants are at |east
Aﬁbﬁm li qui d phase. [0057] Although the
[005%y| atthOBxiah@m &S i G preSik edcesseist PRIl Dy contacting the mixed
nonoal kyl benzene(s), the effluent fromthe al kyl ation
cyneeRe/ PrgReRgeng fe% puch ax daseraen a'aqyﬁévﬂb&wém@ptcam@&lng gas, such as
alg [PHYGFRenc@Sf X\@Jtilys@%orﬁﬁl{s%%“at SRR i the ée%@ﬁl RRduth 0§

esi red nonoal kyl at ed sp(ecil es. The unreacted
k

<R1 l/x\
2 /
R U~
m
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aromatic feed is normally recovered by distillation
and recycled to the al kylation reactor. The bottons
WO e@ni021562 benzene distillation are further di seCT/U809/¢50481
separ at e nonoal kyl ated product from any pol yal kyl at ed
products and ot her heavies. Depending on the anpunt of
pol yal kyl ated products present in the al kyl ati on
reaction effluent, it nay be desirable to
transal kyl ate the polyal kyl ated products with
whégint éRnalr ReRZENE L Ooini@ehdtna$ sbREePrRAY %&Hﬁ@ar@%l if¥e substituted

desi red nonoal kyl at ed speci es. [0058] Transal kyl ati on

hygreqarbyfigridicpls haying & i ahearpan #tgms. arheygress SEdNHp QH and NO,, or
thk LRRR FRIKY ] &k b ﬁr@@@éc@t‘hat EeRaRaLH ‘t]cerlfﬁﬂé& {3&nd Lul@ﬂlle"f“if {1aQovalent

reactor, over a suitable trans alkylation catalyst
bandcrchof @ Al Qg imslepesdently sglﬁctcchﬁom/lCﬁzN awd €. cach of X and Z is

1n%lgp%wi Ecetled § éﬁ Ha' a§d ePﬁlteFtE qu oq:l'hAé‘ I%%)hc Table; Y
zéolite or mor deni't e. etransa %/ £16n Teaction
isiCSOItQI;:Ii call ¥, @@nbisOt bdr Anuey 1 &t 3, laedB cqnehetanzabf the quritgs (radicals,

ase c nd td sui tabl l,,npl xNE re
<30 G SRAR OB R o hs b S o Tl TR, B o
inmndfamgeablyvmnlyhtdohnmnnt y Fsppoposee Ioﬁdnft yhsdﬁsuie t"bydOcakiryl Tadical” is

adfben it B4 a b, R My A RO R ot 6.F G BT RGBS gp which

mIﬁ ®c Oixéadl ajraMecﬁtoe pydlie, ilewidnesend, apnegie 3,8 nbﬁa@hfaect eslbstituted

ting the xed. c ms e/ but enzene fe
e AL S G0 & R OB ETERE G gy racical
h&Uebn abst@uted with at RAstRhe F@iE6na0 ro@p @améryg st 1e@.@ IBAE hd-Adirocarbon
a cyclic imde of the general for % erei n each
atg q@roalﬁdlawe%nﬁeﬁa%wéﬁaébﬁ Wr%é{bébfaéwalf ghyeniently, cach of R' and

RhYSd Erﬁeﬁéna%ltly%%cﬁaﬁbﬁ&hta!l‘ibﬁ‘%ﬂlchéfl%x?c@r B¥hati@dike) $adicals, carboxyl
havi %1 to 20 carbon atons, or the groups SO3H, NH2

raghals,rrdkongp carbeny ggkicadi a@ﬁ@y@qocqrbon@adlc:gqr egmlcpf |whmhdgqhg%ﬁflas 1 to 20
cAhdtatfds. and R2 can be |linked to one another via a
coval ent bond; each of QL and Q2 is independently
[0960lect Gendraltymile, cyck4 imjde gmaloprBas tha chidsfionXcatelpst Dbpys the general
folnﬁglgpendently selected fromC, S, CH2, N, P and
enments of Goup 4 of the Periodic Table; Y is O or
OH kis 0, 1, or & 1lis(®;, 1, or 2; mis 1 to 3, and
R3 can be any of tjhe entiﬂi es (radi cals, groups, or
atons) listed for [RL. Thelfterns "group", "radical"
and "subst RE e (i nt er changeably in this
docurrent. For s of tMNs disclosure,
“hydr ocar byI H is defi ned—=YvD be a radi dd),
whi ch contai nslhydr ggkn ato and up to 20 carbon
atons and war'ch / ar, branched, or cyclic,
and when cyRlic, dromati jl non- aromati c.

"Substituted hydrqcarbyl [fadicals" are radicals in
whi ch at |east on&k!hydrogén atomin a hydrocar byl
r adi cal (O)

wherein each of R”, R®, R®, and R" is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or the groups SOsH, NH,, OH and NO,, or
the atoms H, F, CI, Br and [; each of X and Z is independently selected from C, S, CH,, N, P
and elements of Group 4 of the Periodic Table; Y is O or OH; kis 0, 1, or 2, and 11is 0, 1, or 2.
Conveniently, each of R’, R®, R, and R" is independently selected from aliphatic alkoxy or
aromatic alkoxy radicals, carboxyl radicals, alkoxy-carbonyl radicals and hydrocarbon radicals,

each of which radicals has 1 to 20 carbon atoms.
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has been substituted with at |east one functiona

group or where at | east one non-hydrocarbon atom or
w@e@of2156x been inserted within the hydrocar byPCT/US2009/050481

radi cal . Conveniently, each of RL and R2 is

i ndependent|y selected from aliphatic al koxy or

aromati ¢ al koxy radicals, carboxyl radicals,

al koxy-carbonyl radicals and hydrocarbon radical s,

each of which radicals has 1 to 20 carbon atons.

(006D 60] 1enRr dlrhdficalt REeNElhe B A§cBOPIYEdcASydth@omprises N-

oxi dati on catalgst obeys the general fornula m%ereln
hydseypthalpgpde Q8HPIR9 and R10 is i ndependently sel ected
[(fOﬁf]m hgﬁ[agEaE&Mitloﬁéq SorSHP Il datil £ gte;ﬁX&rl&féaef %gefa@tgé GRiwen about

havi ng carbon atons, or t roups
T4 %lﬁdleIDZOO‘KP stitheasebonts? R tabait 13@1(3 @ldébr la; presaerh Oéﬂbcmt 0.5 to

e
e L T T R N
cmlyt(aﬂdmklla,t@no;nitland)nhezperemsis tpryeBjonlis refepably kept below 50%, to
m1n1 1zet gn e?(mn oﬁi) c{u R7, R8, R9, and RIO is
i ndepen nt y SEPELTEES from aliphatic al koxy or
[(ﬁﬁ&jm&t The a;hbtmoy stead:lon“&lrts ,thec«am’mnxyhd scadhugdibenzene in the alkylbenzene

k b | d b di cal
oY RO LTS DUSCEP LS AR oy o
gdnﬁraﬁﬂalaﬁf asd Io@@hw%&)@d(e@ nic,e‘ud e feydd iacid) ad dbe- p@@duadsy $tich can

TRt R Reed TR g KD Bl G fCafiPe i 10hy borroxide hERS Thus, in

oftcEdHIRK Rhdink, RhDEINIRBAs alPluyediQQke @nghtidhotdp, &&Q@ery&h&ﬁessure and
as about 9OOC to about 1300C and/or a pressure

OXg8R FONGeHraion. Aot troedatoras Ip Hispkan (@CPOP‘EPHEW qé‘ pgfer and organic

acldl8n OBt kbR el RABARN50 Fprk.O BlY&ionﬁdﬁhbﬂé 160N Gh@6lel Bndcting the
catalytic distillation unit and Eer- pass

O iipa s FHIVEY Ipv drespup| syclk éspbel%‘él389\/k DIPT PEMRerhcHeLa about 100
kb ndf QTOHPEO(PPPaOf W&r\f&d Qﬁﬁo%lgh [tl%oggllatfgﬁ Qaf%k @@ﬁdu@{éd EPa broad

converts the cunene and sec-b y benzene in
oxyigRy Fiyspideaien rAnge betereend0.t ed 100%agpie préferecd to 0perate at relatively low

%gﬁ 9&1@519?&18‘1{3 §uch'ZQW8onrre thgulpfl 9&{189% o5 egéfnql%lg ﬁgmaalb%)[ 0.1 to about

ds to genérate water and organi c’ aci ,
2 lawétulnc Yo igerfenal kyi foonaahiod) 1 &saboyt ¥radiurst %, oxstge in thenxygen-containing
yd t Y, I t osit]
o0l et JERAbRLARL BIRALR 0l 880r WA R TRARIC AGR may be
fabimmtcmdaydjassntgﬁasstlepmlhg)gae throughtthereaotiod ateidmm ditrinp, the oxidation step. In
artlcularl%gthe ressur and ox en concentrati

ol @lQSHPETd) T8 F IR ISP oS T P ?1 e*eBrce aﬂ%’t‘% 8?1* ofn another
emBidaherdndle Sigping @aai diferem fidnethe &ﬁygdnmnﬁﬁtﬂigugﬂs fa@dl @Winert to the

regcgt.)ﬂép%pmedmsnrliI %Qd Ch%nc(grlc 1cI 1Orr|111§e ca/‘cgllyrs%al gu%/‘[ablg %‘lnlf)gﬁg (fggsneg l‘1‘r(1: tlucﬂe nert gases,
such as helium and argon.

[0064] An additional advantage of operating the oxidation process at low pressure and low
oxygen concentration and by stripping water and organic acids from the reaction medium is
that light hydroperoxide (e.g., ethyl or methyl hydroperoxide), light ketones (e.g., methyl ethyl
ketone), light aldehydes (e.g., acetaldehyde) and light alcohols (e.g., ethanol) are removed
from the reaction products as they are formed. Thus light hydroperoxides are hazardous and
pose a safety concern if their concentration in the liquid product becomes too high. Also, light

hydroperoxides, alcohols, aldehydes and ketones are precursors for the formation of organic

acids and water so that removing these species from the oxidation medium improves the
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oxidation at relatively | ow pressure, such as bel ow

300 kPa, for exanple between about 100 kPa and about
WQ@QRaokPEs2 Mor eover, al though the oxi dati on canP@BUS2009/050481

conducted over a broad oxygen concentration range

between 0.1 and 100% it is preferred to operate at

relatively | ow oxygen concentration, such as no nore

than 2 1 volune % for exanple fromabout 0.1 to about

2 1 volunme % generally fromabout 1 to about 10

oM@t BealiorPA L GRE sélébtﬁfﬁ}earﬂ)(tﬂegﬁ&b&@%‘f afer&?m iRk catlaB/st Infact, data
addi tion, maintaining the desired |ow [evels of

sl@Wdth@tr\glaﬂm condustigs oxdgtipeofsgebutybatzaee with ﬁ)\HrIaPémhéO(bpSIg (790 kPa),

motel J[hQﬁ" JImIRS JrihQy gllflghk r%ﬁec'ie% gl @Qtem?gﬁdfﬁ'nng L{ﬁé ?egtcttop ewhereas at
oxi dation step. In one enbodi nent, the strippin

atingsphigac pepspira snarh éhagXpgaple @ﬁth@famismgle@a@ remAveg rhélne oxidation

rEgpodi nent, the stripping gas is different fromthe
oxygen-containing gas and is inert to the reaction

OnildtigmProdiict he cyclic imde catal yst. SU|tabIe

[@Iﬁdl ppjl"ﬂ@pr%?ﬁg 8 4ih[c]%|h<1 atl d)él: r}gcretss a5 el‘?(tursufc cumePe ancl SeC; u‘ﬁlébenzene

ar gon I'ona vant age of operat
hydnepeoosidiatwioch pmdeasen &t cdn@e/megirts'%ldrc&eaaagb tbq»hmmlygném mixture of

nce stripping water and organic acids
a?$8ﬁ??%%g# @Pﬁgﬁlﬁ%dlun1is that |ight hydroperoxide
[0@66]9 Tk hbéhva@é regetibyy s tondlerogaloxfede)l byl (tdgfhfctnkget}@nlg&lroperomde
eth¥ ket one), |ight aIdo g%
Wah éf%tﬁld@wgfal@)hqaﬁ dhpseght tegnoera%ff of 3bgutg07C awoMS? (Sech as about

46°8MB\E G 106, LG Of £BRLPNPIBHUST & ABulI38Y kBE RubiPi B ut 100 to

Thus 11 ght hydroperoxi des are hazardous and pose a
abwaf 0P lPernodina ilifjuit heily spane eelogitrt (LOIS VD) hateH enlthayddoperoxide of
c | ap
B Bl ohoo OGP HRR, BES ey b3t 14 e B P PR AR eroice i
plfe&r'dbm ilibkniedo or ggmiic sdmmisneatrmi that:bavago r¢akatdn, seehoasi methyl ethyl

ese species. framthe oxjdation
KRG B BT iR pelRRERE, SlenaiaoR, PR IR BRI o sssst in heat
resdogdili mhé yleﬂfagé i‘tﬁctﬁ)yldé ¢anvenidngle cﬁlaﬁuaﬂeyiﬁ a catdbytfcatidtillagiat vit.
w t hat when co ti xi dation of
DA F5 SRS s hai ot EouTheyes s emgpovy gt or o
hdthragenB6ustafiaof these Iight speC|es and water remain
in the reactor, whereas at at herj ¢ ssure
[00A8] 9§u1ﬁ?§f cofgsrogepraas cloguge et ﬂ?ﬂ%éﬂl HiCothid: r@rch?onc acid,

plspichati i, BRBS@loric Okdi@ afnbl OpLt i @eGbonic ORGP]  F&Bc chloride, boron
pr oduct of the oxidation ﬁrocess is a mxture of
e

trflypidre i diaxidsusd By efiioxidy die pavooiferdiye Romogpneeln cleavage

cﬁﬁy&$eﬁw%ﬁﬂ&ﬂﬂwﬁhﬁggw9%cﬁ%b e%bﬁ%%ﬁl%ﬂﬁﬂc@&§n0| and a
m xture of acetone and net hyl ethyl ketone.
[0069] A suitable heterogeneous catalyst for use in the cleavage of sec-butylbenzene

hydroperoxide includes smectite clay, such as an acidic montmorillonite silica-alumina clay, as
described in U.S. Patent No. 4,870,217 (Texaco), the entire disclosure of which is incorporated
herein by reference.

[0070] The invention will now be more particularly described with reference to the
following non-limiting Examples.

Example 1: Effect of Tert-Butylbenzene on Uncatalyzed Oxidation of Cumene/Sec-
Butylbenzene Mixture

[0071] An alkylbenzene mixture consisting of 20 wt% cumene and 80 wt% sec-

butylbenzene was combined with varying amounts of tert-butylbenzene to produce three
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[ 0066] The cl eavage reaction is conveniently affected

by contacting the hydroperoxide with a catalyst in the
wo pqoloisphase at a tenperature of about 200C tBCHDS20D9/050481

1500C, such as about 400C to about 1200C, and/or a

pressure of about 50 to about 2500 kPa, such as about

100 to about 1000 kPa and/or a liquid hourly space

vel ocity (LHSV) based on the hydroperoxide of about

0.1 to about 1000 hr 1, preferably about 1 to about 50
d@f"ereﬂt oxiit®nhBsEdRRRY Qéfﬂtﬂﬁm?s(apf)e\tf@/ﬁ afph ¥ ok ulhgdc PoaR% of tert-

%anlc solvent inert to the cleavage reaction, such
blagl PReensy |Eagh Frpilstackess subigstesiie fhe felasyiamesjdtion puaspdure.
[(ﬁﬁf]l Oh?ﬁ%‘ﬂ@ & f RS REscR Ut %Eﬂl&p fto taoPa"f‘IS'1%"clc°t5r fifed&8h a stirrer,

renoval he cl eavage reaction i s conveni entl
themgaetiodas mleh, seaplng/portandi ssednidensen eontagniig 2 Dp@OETK traih for water

re, tvgil YhE re%[% L aﬁ%n{eﬂts t\x!%?e s(f ﬂl\ﬁ@%erﬁﬁleaﬂd gﬁaﬁl%eﬁ%ﬂl nitrogen at a flow

onogeneous cat or a terog eous ca
mpﬂﬁﬁﬁ?c@bmnmb%EShomngeﬁébusmmhaawdgepaaﬂahytwghnmog@d@40pmg

(%yg?brahnﬁbr ! i1 mafr)1§ 1n1rr1§jg rn{tfog?ncééo%fé%ﬁp{f]ﬁ rgac?or was gallt(]g_deto 130°C When

c acid oni ¢ aci
the Idaotionckemp bratuenvds rrea‘cheub tHedes wss,lsl\ﬁlmhecdfrm nte®gant a&mlnﬂ tire reactor
trioxide. ffectiv ous c] eava
WA B e PG o S B sty R R o\ 6 hours,
the a8 Wlaf Ywitched Mack td NIGGn dstlie lhadilveas heined offe NWas the reactor had
t for use. i he cleavage of sec-butyl benzene

catal ys
i BB G R P B REY e Ly S S ioh 6 o

[08¢3]di CTROBSHVEIsioh| QBintterirhd bh GacaM ulm e sldRyeroride select1v1ty against
describhed in U S. Patent No. 4,870,217 {Texaco)
coueRioR ferithequasng andyyec-RRfyienzese FW%F gt @ah F?é?%@qk fo\ye measured

affefhe rr&‘ﬂﬁ@ are[sHOWRlin FRRrds NVRN.T @ itd bd sc@RWoREFI¥RE 1 and 3 that the
ﬁ@ftlcu arly described with reference to the foll ow ng

| of §i wi'n @nmﬁ%pllygo Earfh test-qutylprzera sighfficantly reduced the level
frc%ﬁtferQHﬁ ¥t Repae rc‘ﬁm@tﬂ: MasaL ﬁlt?l%&ge@('l\q@lreb\%'ﬁ a‘ﬂflough the addition of 5

Cunene/ Sec- Butyl benzene ure
with keyt-eyibengencriiag ditfleeefigerrpyition hmlgbpelfole@ svb@%muﬁhm@dam of 20 wt%
S
o R Rl LR Ppropide and sec-
bloxlbdeztemairydmwstdo@kgurc@mrai 4% ng (a) O w% (b) 5 W%

eSS 2Pl R R GO LR O s
Bﬁﬁﬂm@ﬂﬂwdﬂmhhe feedstock were weighed into a Parr

BRE. O YRR S SR EATRBR R e i i
c@ﬁﬁbﬁt aﬁﬂa vigngl amhowmad &f iso-butylbenzene to produce oxidation feedstocks
containing (a) 0 wt%, (b) 5 wt% and (c) 20 wt% of iso-butylbenzene. The results are shown in
Figures 5 to 8. Again, the addition of 5 wt%, and especially 20 wt%, of iso-butylbenzene
significantly reduced the level of conversion of both the cumene and sec-butylbenzene (Figures
5 and 7). In addition, although the addition of 5 wt% iso-butylbenzene had little effect on the
hydroperoxide selectivity, the addition of 20 wt% iso-butylbenzene drastically reduced the
selectivity to both cumene hydroperoxide and sec-butylbenzene hydroperoxide (Figures 6 and
8).

Example 3: Effect of Tert-Butylbenzene on NHPI Catalyzed Oxidation of Cumene/Sec-

Butylbenzene Mixture
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renoval . The reactor and contents were stirred at 700
rpmand sparged with nitrogen at a flowrate of 250

w@eoindzissz for 5 minutes. The reactor was t henPCT/US2009/050481

pressurized with nitrogen to 40 psig (380 kPa) and,

whil e maintaining a nitrogen sparge, the reactor was

heated to 1300C. When the reaction tenperature was

reached, the gas was switched fromnitrogen to air and

the reactor was sparged with air at 250 cc/mnute for
[007410Ur An SRPBELSnARKiLuEAkERisERYTdrY 20 AlDETcufcROWNE 8 RA% sec-

gas was swtched back to nitrogen and the heat was

blttmlbﬁ@éneowas oppbine heith earingr amaentt 96| teigbutylbeggge to produce two
dl%ﬁﬁﬁéﬁ&éﬁl'oﬂ %dﬁ&qcs %&ﬁalﬁﬁigt@rﬁ wtoh Qﬂﬂa(‘fﬁg wt‘g/o&ﬁgil b&jtg)l%enzene Each

conversion agalnst tinme on stream and t
fengstircls peap @uh]medst@Itl@é‘@lﬂowmg/ms@eéuonmocmer sion for the

ne t 0 -

ot ol s BE TR0 ERTRP RER P Qoo yroxsphihalimide
(NHilRf) g a Parroreaitor] fittegdi with betnmeﬂlerﬂnoonmm qas edetlsaampding port and a
et SRy PE s RSl 1R FEREHL ARVl lenns were
stamd\ee 780 epm @hd kbeirdgedt wieh mltmgameatanﬂbvs ege bﬂQ;ﬂ beEmmatreefor 5 minutes.
ﬁ/b‘iref‘c %ﬁ’%ﬁlt ‘l’é{]@gslrj? H%?E&S"el lﬁa‘%dlg{)%ehg? f‘@?flgé# ‘(ﬂ’é‘) and, while maintaining a

nifpginapaicoXhdRagel vesthemed 10, 130M@ Athen thie @Euctidn ﬁ&p%ﬂcﬁre was reached,

tert-but ene. drastica reduced t he ctivj )
i G N EREN T g Pesop % b ha e CE St as i s a 230 cciminute
fdAY oeR e Sexpldewbikitgidh @surk. a@@er@houﬁxﬁﬁ'@hsﬁv% swﬁ%ﬁ&l@acl@fe nitrogen
| so- But yl benzene on Uncatal yzed Oxi dati on

and, the feriswes tuspdyetheny ksiethir iacty dhag covley Wéas pleBreediped and the

cSfenE @R, 1 was repeated but with the al kyl benzene
m xture being conbined with varying anmounts of
[0028- bufhs pemveiieg azaingrisauee sesatand e vdupstogek selectivity against

C&IQQIISI%h nfo? Othé BunfendM %H geke)but%/lly&lz@n@ngon(&)lergp ot Rf feedstock were

I so- but yl benzene. The results are shown in Figures 5
megugd. Agaroasultstaneplatidi in iFenread te lww,lawlaad@ shopdled mully op@ined with
th]%a/@e @Jdgﬂoél?%n%%&éd%@ Bﬁt@f@e %?Qéb' ih i aRldnte Bﬁgé‘ﬁlﬁ% EDByst. 1t will be

version o cumene
sese droputighise 9zandel 1( gy ths abscand off Jert-tuty leaidénie the,addition of NHPI

ca]%'ch%/{] %y#cpt%? "ilevgi %1 olﬁvgr%oé 0%0/ %Itl?fe tnxl F(? n&%?yl?%zene but that

roper oxi
thasdidhipr o vememtf wz%(lslgmf%anﬁyo emhgeldh:efnthe adadldasrasﬁ $ eato I of tert- butylbenzene

VG2 8 PRL BB o By SR YBEBSL Y i
sdlocanip) @it IheEfafs@alm@lé/sa'cﬁwdtylmyﬂebfe%&)ﬂb wifth NelPtedstock containing 5
wtg?ttert uty%er%élng aatddltllgn Ooff t}%m‘f 51gn1ﬁcantly increased the selectivity to sec-
butylbenzene hydroperoxide and to a lesser extent to cumene hydroperoxide and (Figures 10
and 12).

Example 4: Effect of Iso-Butylbenzene on NHPI Catalyzed Oxidation of Cumene/Sec-
Butylbenzene Mixture

[0078] The procedure of Example 3 was repeated but with the alkylbenzene mixture being
combined with varying amounts of iso-butylbenzene to produce oxidation feedstocks
containing (a) 0 wt% and (b) 5 wt% of iso-butylbenzene. The results are shown in Figures 13
to 16, which also show the results obtained with the base feedstock (no added iso-

butylbenzene) in the absence of the NHPI catalyst. It will be seen from Figures 13 and 15 that,
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10

But yl benzene M xture[0075] An al kyl benzene m xture
consisting of 20 wt % cunene and 80 wt % secbutyl benzene
wWoREODIFHE ned with varying anmounts of tert-butRChES09650481
to produce two different oxidation feedstocks
containing (a) 0O % and (b) 5 wt % of
tert-butyl benzene. Each feedstock was subjected to the
foll owi ng oxidation procedure. [0076] 150 gns of the
feedstock were weighed with 0.1 wt % of
inNehRYBEQR6Y Q)If'tlﬂﬁ‘ﬂ)dtﬂbgﬁer{e'\"ﬂ% hddifidr0 o NIPEYT Fcala®RE ‘irﬁﬁroffédt iedevel of
with a stirrer, thermocouple, gas inlet, sanpling port
comnersian cofndeths e werbuilbenzrye aanrée S¥rstngr fout gy thisr impRrpygment was
s@ﬁfi&\ﬁﬁ& enhbnEed" ﬁ& Q&dlt%?ldofcso@{”/? Bf Ro- ‘Bﬁt{yﬁ)eﬁehé r %re%‘i/eﬁ nglough the

Fpm and spar ge nitrogen at a ffow rate of
adglgtiomi ‘PfuNHPf @ﬂtalﬁstnliladuhfés effWeOIr é@ch}@ronmldlerﬁ@lvctwlty Wlth the base

m%e%?/@&r ﬁ&ﬁget&ér{ehfegdswc? 96 LR ﬁ‘—égdspo%k Q:oﬁﬁﬁgllgkf @&)t%al%j butylbenzene
[ mai'ntaining a nitrogen sparge, eact

adigame df tthe TSIRICsigwiisantiyh alcmaaﬂt itten s¢legtiydy atou bethv\m‘ butylbenzene
h}f(ﬁoeperomdetag%l CI\ll\rg%nesh\A@S Bgr\é\que F%u?ersnlﬂ] I %P@g?mt gutale r f g? d
[007910ur BVhilSahplpesenteinentiak @ms homr dagcribfltard 1-¥lush1tawdsby tdfi@ence to

PRI GRcorng pillelor AR heont aa! S cyiig 1B e inventio

led@pftﬁHStU Niazigbnamdt hiwessanlt dodttitddeiied Fo[ @09 Ydasobh éhen, reference

co verS|on St ti n stream and .t

SRR s RBE 6 BF eopindit I ud B REToRB G ARGmihing g tpgcope of the

p@uﬁemema@ﬂ sec- butyl benzene conponents of each
feedstock were neasured. The results are plotted in
Figures 9 to 12, which also show the results obtained
with the base feedstock (no added tert-butyl benzene)
in the absence of the NHPI catalyst. It will be seen
fromFigures 9 and 11 that, in the absence of
tert-butyl benzene, the addition of NHPI catal yst
i mproved the | evel of conversion of both the cunene
and sec-butyl benzene, but that this inprovenent was
significantly enhanced by the addition of 5 w % of
tert-butyl benzene. Mreover, although the addition of
NHPI catal yst had little effect on the hydroperoxide
selectivity with the base cunene/ sec-butyl benzene
feedstock, with the feedstock containing 5 wt%
tert-butyl benzene, addition of the NHPI significantly
i ncreased the selectivity to secbutyl benzene
hydr operoxi de and to a | esser extent to cunene
hydr oper oxi de and (Figures 10 and 12). Exanple 4:
Ef fect of 1so-Butyl benzene on NHPI Catal yzed Oxi dation
of Cunene/ Sec-
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But yl benzene M xture [0078] The procedure of Exanple 3
was repeated but with the al kyl benzene m xture bei ng
w@erbiozase2 wi t h varyi ng amounts of i so-butyl bene@rES1009/050481
produce oxi dation feedstocks containing (a) 0 wt % and
(b) 5 wt% of iso-butylbenzene. The results are shown
in Figures 13 to 16, which al so show the results
obtained with the base feedstock (no added
i sobutyl benzene) in the absence of the NHPI catalyst.
It will be seen fromFigures 13 and 15 that,in the
cfgerce of iso-butyl benzene, the addition of NHP
“catalyst inproved the | evel of conversion of both the
1S€c- @BFO%ESQ ?&%‘?&ﬁmﬁg glk?lﬂaﬁ% hyQ heljoﬁ@és b bﬁ)césgp&ﬁﬁ??sﬂ%r%ntactmg
was significantly enhanced e addition of 5 w
a nf@d-d@mpwlbg fi2 seeebutypaneeng.elil) cmmrhvdu @gh atrmntamtetruﬂm l&fwt% of the
tou'l_lféed 9@& )ya§ ieaa %ge hi} 1&%{)&%1%{:1{2%% an QGIIt B %RQEra%)%%ﬁnt up to 20
ect | cunene sec enzene
wi% ettt mrkl feadn W1|th ¢rhe<yg@1edmtamdkg gont ghemrwgnc@ ofifadatalyst comprising a
t enzene ad jon of the NHPI significantly
qwﬁcunﬁségg?ﬁmwm’an’gébty to both sec-butyl benzene
hydr oper oxi de and cunengydr oper oxi de and (Figures 14
and 16). [0079] While thd| present invention has been
descri bed and iIIustrate by reference to particular
enbodi nment s, e of ord)nary skill in the art will

appreciate t at |nvéh on lends itself to
vari ations fiot nec §%arlly \Lustrlat ed herein )For
this reason) then, r feren shoul|ld be nade s&ﬁely to

t he appende cla 0$\p rposes df determ ning the
true scope of resentjji nventign. CLAIMS 1. A
process for produ0|ng al k IbenzenénhydroperOX|des t he
process conpri sing contac ing a feed conprising (i)
sec- butylbenzene (ii) clene in an ampunt greater

han 10 wt% pf the 1ot feed an 0 | east. one
E‘Frellnsﬁ?cblﬁ y éﬁé&elsaﬁgegeg(fepg (;th% r‘fﬁgé“ﬁ iyflrﬁcaé{ Lapfsy pbstituted
hdRodatby? fhdwafkorating hew 120t @lboh @@dnof Rrofnthe groups SO3H NHz, OH, and
oxygen- cont al ni 2119 C%as in the presence of ,a cat al

NP i praithstomsely Brntngd: I?IP“E‘PfJeth@teﬁﬂé‘PQB F?B’rt??dlnée‘{ 10)0ne another
V@g%bwﬂgﬁgﬁmn each of Rl and R2 is independently
sel ected from hydrocarbyl and substituted. hydrocar byl

cach@f Qarns! Qiay indgpendensly sefeeted Biesn CaChid and CRFy om t he
eegfl %’E’R%n@%“nd%denw’se@&gd f%@n@ Sf @ﬁ{TNt p%n@&l@ﬁ@ntﬂ)f (Evoup 4 of the

Br, and I',” provided that and”R2 can be |ink
Pﬂﬁﬂ@ﬁ@bknother via a coval ent bond
Y is O or OH;
kis 0,1, or2;
lis 0, 1, or 2;

mis 1to3;and
R’ can be any of the entities listed for R', and wherein said contacting is conducted under
conditions to convert said sec-butylbenzene and cumene to the associated hydroperoxides.

2. The process of claim 1, wherein said cyclic imide obeys the general formula (II):
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each of QL and @ is independently selected fromC

CH, N and CR3; each of X and Z is independently
waetieors from C, S, CH2, N, P and el enments of ERDUR2049/050481

of the Periodic Table; Yis Oor OH k is 0, 1, or 2;

l is O I , or 2, mis 1 to 3; and R3 can be any of

the entities listed for RL, and wherein said

contacting is conducted under conditions to convert

sai d sec-butyl benzene and cunene to the associ ated

hydr oper oxi des. 2.7he p ess of claim1, wherein

said cyclic imde obeys tHe general fornul a

(I'1):wherein each jof R7, B8, R9, and R10 is

i ndependentgs s ted f ram hydr ocar byl and

substitut ed radical s having 1 to 20 carbon
atons, or from bups S N2, OH, and N@2 or
fromthe atons hd I, each of X and Z is
i ndependent | 0/6? S, CH2, N P and

el enent s ofRﬁioup / Periodic Table; Y is Oor
oH kis 0, 1, ; is O I , or 2. 3. The

process of claim Ipor clallm2, wherein said cyclic

i m de conprises NhydroxyphOhal i mi de. 4. The process of

any precedi ng cla|n1 mhereln said feed conprises from
wherpinGzachoof 85, Rt % ,gind RE0is mgl@pqnﬂgnlzf@n]@ctach tipmrhydrocarbyl and substituted

h);q@gctar‘tg/y} CQE %91% tg 2OT%9DCORra9091§sS or & matﬂé( %go'h&ic S/gf Q%[az, OH, and

erei d fee onpri ses PFom
Nﬁb@ﬁb@ndnem@nsﬁ FThd%pMEUESs of any preceding claim

B T L R S S G O

PMﬂﬁk@hbbsald contacting is conducted at a tenperature
. bekﬁfen 1000C and 1400C. 8. The process of claim?7

%ﬁgre ’sai d contacting is conducted at tenperature of
k et We®'?; and

lis 0, 1, or 2.

3. The process of claim 1 or claim 2, wherein said cyclic imide comprises N-
hydroxyphthalimide.

4, The process of any preceding claim, wherein said feed comprises from 1 wt% to 15
wt% of iso-butylbenzene and/or tert-butylbenzene.

5. The process of any preceding claim, wherein said feed comprises from 15 wt% to 50
wt% of cumene.

6. The process of any preceding claim, wherein said contacting is conducted at a
temperature of between 90°C and 150°C.

7. The process of claim 6 wherein said contacting is conducted at a temperature of
between 100°C and 140°C.

8. The process of claim 7 wherein said contacting is conducted at temperature of between
115°C and 130°C.

9. The process of any preceding claim, wherein said contacting is conducted at a pressure
between 15 kPa and 500kPa, preferably between 15kPa and 150kPa.

10. The process of any preceding claim, wherein said cyclic imide is present in an amount
between 0.05 wt% and 5 wt%, preferably between 0.1 wt% and 1 wt%, of the sec-butylbenzene

and cumene in said feed during said contacting.
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115C and 1300C. 9. The process of any preceding claim
wherein said contacting is conducted at a pressure

wheiwezrsel5 kPa and 500kPa, preferably betweenpdBkKP®09/050481

and 15CkPa. 10. The process of any preceding claim
wherein said cyclic imde is present in an anount
between 0.05 wt% and 5 % preferably between 0.1 wt %
and 1 wt% of the sec-butyl benzene and cunene in said
feed during said contacting.11. The process of any
101 eCAli NGl @aly fRELdHY ddH8rang QMG SInfilisthb 8RW iRGthk MGdroperoxides
hydroBerQX|des‘produced by said contacting to produce
PiigHeR® by satentsaengan dradeeciyenat aegtonkendgnrshyl pghyl katene.
1Pr O%Spl‘gée_sg lof”cﬁﬁn]r]i’l, %@feﬁf i® %legviﬁ% GaUActb® in the presence of a
conducted 1 n the presence of a catalyst. 13. The
cyialptess of claim 12 wherein said catalyst is a
lﬁet e’fh%ﬁ)?&%% chh % mgrein]séi'd cﬂélgrrsﬁﬁ h&e &feo sI cg{amsl]:s
whereln sai d heterogeneous catalyst conprises a
14 e CElietpeocedsanf clafid 13 Whercprsedds sragbncany catalpst ofmpisas argncktite clay.
to.14 wherein said cleavi IS cpnducted. at. a.
15 emplbarire of roBle e SBE0L e P0G S ulr cqppyercd a o
tetnPerhB0 oK Rt Catodi20PC and/ba ipebsdidel bf YOO5 paD®Ov@lac@ilfoy a liquid hourly

LHSY) . based on the hydroperoxi des. of to 50 hr 1 .
Y Vol o SR U E sty MARBRGI A 4T HE P o 75 and
16.Ur thRIpréRETiady Bitk FRRWAY 11 130 5tahe fRieNmpRikiag ¥6RArtiY the phenol

said cl eaving .to bisphenol
produced by said cleaving to bisphenol A.
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