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PROCESS FOR PRODUCI NG SEC- BUTYLBENZENE FI ELD [ 0001]
The present invention relates to a process for

wW@e@doeidny secbutyl benzene and for converting PGEEP2007/001205

sec- butyl benzene to phenol and nethyl ethyl ketone.
BACKGROUND [ 0002] Phenol and, nethyl ethyl ketone are

i nportant products in the chéﬁical i ndustry. For

exanpl e, phenol is useful in the production of

phenol i cPREGESS FOR PRODUCINGSEGEBUTAIIBENZENDI C

acid, al kyl phenols, and plasticizers, whereas nethyl

et hyl ketone can be used as a | acquer, a solvent and
EL$ewexi ng of lubricating oils. [0003] The nost

common route for the production of methyl ethyl ketone
i[800y deTarmgsmat inventidn selxtdsuty | a aprootss| fGrSRAYJucmg Fsec-

he al cohol being produced by the acid-catal yzed
?ﬂrw.lboﬁn?a}? B B camestng e sg&%‘zﬁm%nzefeﬁmﬁ@rl andempthyl ethyl
®BAngenuf acture by reaction of butyl ene with sulfuric
aci d has been acconplished for many years via
gas/liquid extraction. [0004] Currently, the nost
omy 8 for the production of phenol is the Hock
proeess—FhS IS a three-step process in which the
o002 stemenon¥ed MRty RétbANaRfimPeRARMBodMdtdlin the chemical
propyl ene to produce cufrene, followed by oxidation of

iduseuneler examie planoksposefithin Hedpwduetend dé phsaplichessins,

| f th d L OXi- d i nol
S ) ORI S PR L wheas

e cth Ar kPo@N6dn ibe We@VisNg 14TQL€, aagylthny dnllafor tde@taxing of
for_ acetone. In addition, the cost of propyl ene
MEIreaiingols that for butenes is likely to increase,

0 a Lopi f 3 a i
) o TRGH R Bl AtoR 10LE 0P R AR e b Sthy Pt i
apdiebppogehatios ofistdiplitybhleygholEBav)ewitatthe alcbharbeaigepdaced

be .an attractive alternative route.to the .
O S B A D R On CBUTER 1 FPLTATE CoRuRerpib e SBA
anduRihY by f@&m’bn k@ baRgereaRitP @1%ﬁcqﬂﬁmeméc@ompnshed for
| C

1
vari ation of the Hock "process in
sway gty Vivegasdpid extoaetidnzed to obtain

- but yl.benzene hydroper oxi de d the roxid ,
o LCHTRRE T ST P I e RRE L R ot s e

kRcRNGrocdB. OTRIsVisew thfeeSiph pfocpssO e Sehidls tite $iesti sigsl involves

inpgges 113-421 and 261-263 of Process Econom cs o
RiyElon NS beppmicayitth prepylene to produce cumene, followed by oxidation

of the cumene to the corresponding hydroperoxide and then cleavage of the
hydroperoxide to produce equimolar amounts of phenol and acetone. However,
the world demand for phenol is growing more rapidly than that for acetone. In
addition, the cost of propylene relative to that for butenes is likely to increase, due
to a developing shortage of propylene. Thus, a process that uses butenes instead
of propylene as feed and coproduces methyl ethyl ketone rather than acetone may
be an attractive alternative route to the production 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 peroxide decomposed to the desired

phenol and methyl ethyl ketone. An overview of such a process is described in



"Phenol ", published by the Stanford Research Institute
i n Decenber 1977. [0006] Sec-butyl benzene can be

WQer@dness’ by al kyl ati ng benzene wi th nbut enes PUEEP2NT7/001205
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acid catalyst. The chem stry is very simlar to

et hyl benzene and cunene prodycti on. However, as the
carbon nunber of the al kyl affng agent increases, the
nunber of product isomers also increases. For exanple,
glapsd héBrAaehearkial6 D263 | s PercesP Eopydhien ZReporhdb. t 2B entitled

EBenel PPy i SHRTGH R e Il FoReSprifsrIgit)

ec- cLi | bl Sl t :
[R006°C S BUDRRREA PP UIChiAlecd by S BRAE [iRrald vith n
tbptques duat arf amidrastalyst. The skerbigtrpioderytssnilasipethydbénzene and
I so- butyl benzene, _have boiling Boints ver glogg to
SUmSHE yresiciene AV REkces teetHPeT number ©f the ghpigtng agent
ihQEAREC U iR Z 6P EprBiudl FohlerAtdIQN 08RGk APl For example,
bel ow).” Butyl benzene Boiling Point, Ct-Butyl benzene
k8eylhenBeney hive nue nenict] peopBlhenzdenhanbvd ¥®mers (cumene and n-

n- Butyl benzene ;183 [0007] Moreover., isobutyl.benzene
APE T yrBeARIERZrle Bt douRSRnil-bi it ef and &
tﬂﬂg/l@éﬂzéﬁ’é)! Frbr Gkc-bAGTRHZ YD FRERAOM @ {sNhpoRhAEDNAREMNE n-,
hydr oper oxi de, a necessary next step for the
pioduduitdhensenereang | phanyitutenss obiepeaskicth Herationf 00dBgse by-
[t _has, howewver . en found that the. oxidation qf
ol PRRTIE iser B REG pgy $0tk, B, BOEY VR bR% b sec
puededieendfant hRerftegber d{f68dl ol edpanse tihah tershtyldelne by
produced as a result of the oligonerization reactions

et ladonfrse éablg Pelowd-kyl ati on when butene is contact ed
wi th benzene in tt e of amzaglg atyst .

Mor eover, certainqﬁgﬁ E%gﬁgutcucn%@$3 F%ﬂhiggﬁd in
particul ar certain ¥y1ﬁ 2 ol i goner have boiling
poi nts very cl ose Té@%q@pﬁﬁFylbenzene ki ng them
difficult to separssBRIYR®EENE kyl ation dFfl uent by
distillation. [000uBu ze ' 8 i nventi on,
it has been found that secbutyl benzene oxidation is

];{?@J]I ta ocriecl)\}cer,t ps%b&tglﬁ)%ln%én%ng’nd Qe&—gtextyﬂolelr(l¥én%t Iar%nkﬁévse/g to be

inhibitors to the oxidation of sec-butylbenzene to the corresponding

(o

hydroperoxide, a necessary next step for the production of methyl ethyl ketone
and phenol.

[0008] It has, however, now been found that the oxidation of sec-butylbenzene
is also very sensitive to the presence of the higher (Cs+) olefins that tend to be
produced as a result of the oligomerization reactions that compete with alkylation
when butene is contacted with benzene in the presence of an acid catalyst.
Moreover, certain of these butene oligomers, and in particular certain of the C;
oligomers, have boiling points very close to sec-butylbenzene making them
difficult to separate from alkylation effluent by distillation.

{0009} Thus, according to the invention, it has been found that sec-
butylbenzene oxidation is facilitated if the conditions in the alkylation step are

controlled so that said alkylation effluent contains less than 1 wt % of butene



controlled so that said al kylation effluent contains
less than 1 wt % of buteneoligoners. In particular, it

wWha®7023367 f ound that m ni m zi ng butene ol i gomePCHEP100TI001205
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depends not only on suitable selection of the

al kyl ation catal yst, but on reducing the |ocal butene

to benzene nolar ratio, pr ef érabl y by staged injection

of the butene to the al kylation reaction. [0010] US
RaiigenmierdNo. K, 45Btididfr, dits Haesdren Ihaee Sthaff Omlrtli‘mézmg butene
production of al kyl ated aromat i cﬁgll)édr ocar bons, whi

HigpricHainyiapsads nef %nly 0B yftable @te%e%gleoaflkﬂﬁtlon catalyst,
Hup Gl }eﬁua}’lg C}ﬁ? %&?rb 6812% %lﬁl &ilbn %Qf'{}gﬁﬁ l()ﬂjis’giged

reaction co i ons |nc u i ng e presence
phpstﬁaon of tha baleky tatheatkyl@tintreanionone with an
a conposit e of

aIk atlo cat al yst ri sin
P?febﬁw 4&3‘3‘) A26vdisignssparpeesniier sheopraduction of
lﬁeﬁn A&hatic %H%aﬁoﬂg Shict? nglpglggsgg%ﬁaépi# hf &st a mole-

rogen Y alunmrnosilicate zeoll al ni ess
tdxaess @f anmrg;tttc lgeimcmrbomdndmegoa@ﬂolhﬁn|ungeraream1dn aaflitions

si ze from 24. 00A t 4. G4A. l e | discloses

I0d5ineiBh PeiooBn L AN RO HY g BUpF tisean Zone With an
%M&thﬁﬁéﬁﬁ@rsﬁ%bﬁgnﬁﬂf@ .-Prc%&%%@e LEAC RS -FHINEL ﬁ?‘dﬂo@en Y
series, wth benzene and et hyl ene being introduced

i alroinobidicéte zeolite @nd waningtal ax1lde rbmh:e/setdmaemr@tahdized hydrogen

DhaGalblicfzePhF EtihpRRS Fan iR E e R, and

Maving alunitl GelB size E¥AIMUBOA @ asdmsmsémat Es@@prdardiscloses
butyl benzene can be &oduced from benzene and either

ridlpilatianeal banzangrivithy gthyleme upreduce qthylbengeaie gisingniavoppressure

TB15s S ERRLincselgs, "h B REOEEHUGIRE bEitR ThirEalocd inco the

tiiret &:Iaktxol'aaltiaobexﬁfen@(eth&renﬁahble ﬂaydrafc&@klomnd/\ﬁadmhonal ethylene
onpri ses contacting a stoi |omstr c exce

iﬁg}%aﬁdéﬁ g SEFUEhreRF PR b‘é&b ey beraeny R de rm‘glﬁ ratio is

li@ast. p&k #)?el 6 Idlngsgs @1@@%05@:{1‘9 'b'h{y@ 'E%n?é?l@ chf bk I’b?oduced from

presence of a catal yst conprising zeolite beta.
dlckgdngt andneifireo cebwienes eraz migtivo@f bakank- ladmnﬁbgtenoﬂ and cis-

e Sl ER SRR o cor s winat

l[eeEl] a P& Piteit Wb. 8/801,ab@disdideed BPpracige forbbit iigNatidiof an
catal yst beds or reactors_and with interstage cooling

FEQ R IabYdBApATPeh 8dni gy carprrisgs sopRcting# stoighipragiric eggess of the

OFGha B FRRDOREon 11865 o CR oA AT Cho BT IR R pase

aeahditipas dndr imaltkey Ipa¢sende of arcarmhtst coagmisoigndsglits usdta.asThe
a?ky%aetlno% process is carried out with addition of olefin in at least two stages,
preferably using two or more catalyst beds or reactors in series, with at least a
portion of the olefin being added between the catalyst beds or reactors and with
interstage cooling being accomplished by the use of a cooling coil or heat
exchanger.

[0012] It is known from, for example, U.S. Patent No. 4,992,606 that MCM-
22 is an effective catalyst for alkylation of aromatic compounds, such as benzene,
with alkylating agents, such as olefins, having from 1 to 5 carbon atoms over a

wide range of temperatures from about 0°C to about 500°C, preferably from about



wi th al kyl ati ng agents, such as olefins, having from1
to 5 carbon atons over a wi de range of tenperatures

wo ewmogdseout OC to about 500C, preferably from BGDEP2007601205
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50C and about 250C. Simlar disclosures are contained

in US. Patent Nos. 5,371,31Q and 5,557,024 but where
the zeolites are MCM 49 and” 56 respectively.

[0013] In our International Application No.

BOTC ERA0AuOQ86%T., Sihlilad didwgaies re 20Minedein d\®e Patent Nos.
descri bed an integrated process for produci n%ﬂphenol

amtt Ipongnd ex3/),0%e PBH avher, dhs, zepltess 4% MEMAR anda MCM-56
=t hig a feed conprising benzene and a 4

g?%%?tgﬁlﬂg agent under al kyl ation conditions with a

daer]yst Iic ooqer iistermgtiaea| iApplibaticn No.aRCVIIBPAR)STGOSSEY, filed

zeolite to produce, an_ al kylation effluent conpri si

] ng
<SEtEust A YOBeny e Rave qassribed; a integiptedrogess fon profvring Bhgnol and
t (o] i : . i ..
PO EHAE oRHengE s U el Ik S Scfcin
behome, andUVNBRY kD6 hd |agemt omder sdlpdation thedipoesserth a catalyst

inventjon resides in cess f.or produci ng .
SEEPHSIg peliizcha o i Miodes e rraliie e pesyee 4g alkylation
e Scotribintd sb&Batylngerd: r@ﬁroﬂ&ﬁ%ﬁ@e tHN 48 -butylbenzene to
al kyl ation condition$s and in e presence of a

paediicy st hydroperodidee and thérk y¢)atleanng e hydropereprdes fonproduce
sec- hut yl benzene erein said al kylation conditions
gﬁ&“@@ﬂﬁ%ﬁ%é&%&%&?’ sai d al kyl ation product

contains less than 1 w % of butene oligoners. [0015]

Preferablyy, the catal yst conprises at |east one
sieve of the MCM 22 famly. Typically, the

| ' f AN N '
H?#ﬁju afy §ﬁee§(s$ea tﬁehﬁe%rﬁéng%éas@eggﬁ ﬁﬁ?cﬂérg?é%r producing

action pattefn inc
k2c-BOtyenzénedthe Iroce3s baipAsing nehcBn g BéhzBide Wit it Eeast one linear
[0016] Preferably, said |linear, butene is added to t_ge
grbe suderplylai codhionsiag 18 ShePrsraegr 8F pGataleh R Proghs an
LNGIULR ioQY&T %bhlp‘ﬁ%in%r deBlbuB 1R B8N ZeNRr&iR REdENBKylation
fromabout 1 to about 20, preferably about 3 to
aboditib@ angspatrpliest sor thbt saicblytatian prodalgbeant@ns [R9thah 1 wt %
(())??)v ni thJHX Ssai d al kylation conditions also include
a gf?ﬁféPa% '¥50f from about 60C to about 260C, a '
Ro@Is} ur ePafferdBI90 tHePent1ystl Rafprisa e Radte@d MBieghlar sieve of the
MCM-22 family. Typically, the molecular sieve of the MCM-22 family has an X-
ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15,
3.5740.07 and 3.42+0.07 Angstrom.
[0016] Preferably, said linear butene is added to the process in stages such that
said alkylation conditions include an overall molar ratio of benzene to butene from
about 1 to about 20, preferably about 3 to about10, more preferably about 4 to
about 9.
[0017] Conveniently, said alkylation conditions also include a temperature of
from about 60°C to about 260°C, a pressure of 7000 kPa or less, and a feed weight
hourly space velocity (WHSV) based on C, alkylating agent of from about 0.1 to

50 hr'.



hourly space velocity (WHSV) based on C4 al kyl ati ng
agent of fromabout 0.1 to 50 hr 1 .[0018] In one

W@ivomyasent, said reacting i s conducted under BET/ERWE1/001205
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partial liquid phase conditions. [0019] In a further
aspect, the present |nvent|og resides in a process for
produci ng sec-butyl benzene, "the process conpri si ng
reacti ng benzene under al kylation conditions with a C

e[l)ﬂyS]at | g odrg @fiboldiinéhesdid esnag iolcorduwaddaliyddr at least partial
nprising at. .| east one nol ecul ar sieve of the MCM 22
flél‘l‘iquhasﬁﬁ%l?@il?flssal d reacting conprises the steps of

J?ﬁlﬁom et %l{é?%s&ﬁ \Me Fre@elft' S EnRY Hsﬂﬂes of, & d;gé%eess for

ating agent in a first reaction stage to pr

emodilcl'mg abé-bntywefnkemntthe opfotéss i cgnpmesingd utadtingn benrenanghder
unreact ed benzene;  and gl contacting said unreacted
y

peRdEinn genditions wihist Gnekylating, agepory fhenprgsenge of  catalyst
?togrgnléefd[gg% 21% &Ndne on?écuh‘? asdveOf¥etnk UACNE 22" £AGEY, Qlherein said

Conveni en said reaction stagés are
cremﬂimgtcempnsesihpbuepabft y of reacti on zones connect ed
in series and each containjng.said

t al t, ith .
benzorf® bei HFUACHIE BEERR Wil DiFhROHPR of 4 Al Tat agrat in 2
ek Radithnadikod! t@tﬂrﬂ&&%rﬁlkﬁ%&gef@lhgﬁtd&%&ﬁm’geﬁe @18enzene

reacti on zones. 21] Conveniently, the nolecul ar
sanévler@ﬁtedrbenmmazm famly has an X-ray di ffractl on

patter |nclu pac 4

B2 00 18) ' 5 eshirelte SAARBREBRATRN AR o AC 1o fahegyportion
W'a@4lﬂlla)‘1at$rhgea/g%§t f at 1638t dAMuABer r@fdtion stdpel ude MCM 22,
PSH-3, SSZ-25, ERB-1, ITQ I, ITQ 2, MCM 36, MCM 49

NBSRYGs, Cpmwveiienthe sidkreactian tacacie epde@edinya nigrality of

TR e Ry RS2 R S B B 0 B
CB(emgenitfmlhbgd intbeth€4fiat kydcabn nynageaudt said bk ylsasy agent being'

4ﬁ but ene,. for .exa Ie 1- but ene and/ or 2-but ene.
I V‘ﬁ%b@ﬁﬁS%F%%ﬁFw“%%? i near butene is contained in

gomried CSHnSidigRIP 1RUADIBNAsiBA SiTRE R1E@EMSET BAMy lﬂ&oa%:a)k-ray
I'n yet a further "aspect, the present invention resid

idffsetdupytidye rdnding drspacingsnaxirea di t24+0. BP0t 15f3. éﬁ‘#O 07
A BB A 8 R SHARER ramit
include MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49,
MCM-56, UZM-8, and mixtures thereof. Preferably, the molecular sieve of the
MCM-22 family is selected from MCM-22, MCM-49, MCM-56 and isotypes
thereof.

[0022] Conveniently, the C4 alkylating agent comprises a linear butene, for
example 1-butene and/or 2-butene. In one embodiment, said linear butene is
contained in a mixed C,4 stream, such as a Raffinate-2 stream.

[0023] In yet a further aspect, the present invention resides In sec-
butylbenzene formed as the direct product of an aromatics alkylation process and
containing between about 0.01 wt% and about 1 wt% of butene oligomers.

[0024] In still yet a further aspect, the present invention resides in a process

for producing phenol and methyl ethyl ketone, the process comprising:



[0024] In still yet a further aspect, the present
invention resides in a process for produci ng pheno

wana7/e3by|l et hyl ketone, the process conpri si PQI/ERY007/001205
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reacti ng benzene with at | east one |inear butene under

al kyl ati on conditions and in_ the presence of a

catal yst to produce an alkyfgfion product conpri sing

at | east 93 wt % sec- butyl benzene and less than 1 wt%

of but(ene ckagmgevenzercoyvithxitdeast mge tlinear butene under alkylation
sec-.hutyl benzepe from (a). to oduce secbutyl benzene
SHDERY R 4B aRICEESe of anatRyh I DiyrD 38 SRTIAGST ppuct

(BinpkiRing! AdKEE PIEAYL séagu@mehgféne%{w leskqhaN¢. wi0&5butene

Conveniently, the oxidizing (b) is conducted in the

mligemarse of a catal yst, such as a catal yst sel ected
from (i) an oxo. (hydroxo), brijdged tetranycl ear neta

conpl &b corpiaidinkg i geaduloeteine Fora o rfarBRife sec
utAsggeh Shyd@oprbaae; 4t al conpl ex having a m xed

met'al core,” one netal of the core being a dival ent

met al (skl ectlenyirfg hmhydroperoxideefro@db) i proficegpignol and methyl

%kxiﬁggs t hereof and another netal being a trival ent
Qy 8fected fromin, Fe, M, Ga, Al and mi xtures

tibersgof , Cohvéniendly, héyotidixng SBYSit | dontigdle g | the prodedee of a

either alone or in the presence of a free radica

icatal yshtsyeh anmgatelyyh selgoked fomi()i anyanodkydrose) bridged detranuclear
€. I .0r

HRCeGPAAE borbiie flars s gl TR AR SiRg sotrapyetear

aadtall gomiplexs havihgh eniage retalcoegloak ysdtal dfAREJre being a divalent

Co ient]y, th idizing (b) is conducted at a
t%??ég?%?ecgﬁée}(rem égo %, ?6060? 8]("61%{8{1 gnd ae@uéﬁ%dtﬂsreﬁf aad gpether
%%%??&FC% G Riva®n@ PQ&‘(EI ﬁ&e&lgcmfﬁﬂﬁ‘ QB,eg NETIRICY gﬁp gnéé Raktures

Conveni ently, the cleaving (c) is conducted in
tthereqfy 68 ae N-bydraxy sulstipsed ciidtie imadeadithet aloag oben the presence

BRSRRSR Rl RIS RE Al S e e

s @sibthd YrdsenRCobfla {r&D2&]icLonNURRIrenTd Yne tdhgbodiment, the
cleaving (c) is conducted at a tenperature of about
Aplizationgaelst B20mErogenspuseAiplystof about 100 to about

R kP -2 i gui g :hoyr i
A" onCoRidayy e i (b ERRARIE) A0 Iolprerfiiflgy abour
10°Q tBRb&ER 2DBICRhEE (GhbsOFe FHEDRAA NGBoLOIE Afmdspherce (30 to

res the sec-butyl benzene conversion of the
@%@%sm

[0027] Conveniently, the cleaving (c) is conducted in the presence of a
catalyst. The catalyst can be a homogeneous or heterogeneous catalyst. In one
embodiment, the catalyst is a homogeneous catalyst, such as sulfuric acid.

[0028] Conventently, the cleaving (c) is conducted at a temperature of about
40°C to about 120°C, a pressure of about 100 to about 2500 kPa, and a liquid
hourly space velocity (LHSV) based on the hydroperoxide of about 0.1 to about
100 hr''.



Exanples 9 to 11 with that of a conparative process
usi ng substantially pure secbutyl benzene. [0030]

WO-2@anes327 conpares the sec-butyl benzene hydr opeCDEPIE7/001205
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selectivity of the processes of Exanples 9 to 11 with
that of a conparative process using substantially pure
sec- butyl benzene. DETAI LED DESCRI PTI ON OF THE

EMBCODI MENTS [ 0031] The present invention is directed
{BREE B DESCRIFHION OK TEHE\ DRAWINGS benzene by

Em&#' onbERs hEoRESS Uit Ba P IesTEnb art el (ha Agpcesses of
les® Y11 &%Qﬂ@uot -%Wb%nﬁﬁ%ﬁfesdre&sb gmg\éﬁ%térmany%wsec-

OXI I'zing the sec zene to produ
&mndbspbmﬂlng hydroperOX|de and then cl eaving the

R P B e BB Rt EshaF Ao RRERYy of

R SRbde8dRs | oF Eﬁ‘éﬁﬁle@ B H" g1 dwk'ﬁﬁ QUE ¥f tar@m;szﬁ‘ﬁl\%x bREdsOfsing
step to convert the sec-butyl benzene to

cubstagpdlygiungsdeytiitylpenzeré.de i s hi ghly sen3|t|ve to
presence of butene oligonmers in the al kyl ation
effluent. Moreover, certain butene oligoners,

DETASUEN DESCRIPATIONOF PHEIOVEBBODIVAMETHOi | i ng
POl Nis very close to that of sec-butylbenzene and

HeOX cadhpdressat rl@mhpy 1§e<§)la?°a€tdeépfar Dracgsk yPrapraghcing sec-

gﬁgggkngwgﬂ ﬁédan al H?“?lon L?gcés gﬁgn%n%ﬁﬂ{lg%lthml

whncetmhg ethaml’-ﬁutplbel’ind:henl@ phérgdmids méthyhettsi kk/eltcﬁﬁd onThe
product is reduced. to less than 1 w @6 preferab
I°€§§er§1ﬁ8nlr’(¥°l7"e§vt ipgtiallyq oxydizing the eseqthulyl P%@gn% Hanp@dsce the

\(S&%)I{%ﬂio ﬁ% éroilge ba%datmg% 3@@@%&%@&&5 l‘gfdﬁﬁﬁ:ﬁ?}nde to

as wth ation pr
pu@ﬁmzeb:@nuedbhmemandhaﬂndemwhkﬂenmnreacted benzene

ébéglcal abogliaxh (y%xeréa%tﬁvr\yex:s ll?g%;le%g&\g%ﬁskc\élvgyetgat the oxidation
F&@p&‘t@%ﬁb&?ﬂ%%@%utﬁ&n@@rﬁﬂtohﬁé Bbrespbhdink B8R0 erox1de is highly
‘al kyl ation product” refers to the portion oP

sfrdiento presgncecrtiaitens eligomarkyn shealkylgten @gﬂw Moreover,
h
%i)éélf‘u ﬂfqﬁ?l}e &%&gﬁegé;‘héa%g?ﬁ%[sﬁg&?am 'Cﬁ?%?g&n?x%nﬁ?&ebmlmg points

at1on on uh
nee)deldsd (3 thﬂmfeéd b&ﬂyk)ehaéﬂemfnd&fefld:djﬁmtndl be reddilyIsepdrated from
pr.oduct " an_s-BBdi stillation colum, or other

saéltyé%tgm %ﬂuﬁmlhy diptllayenq Thys demmrspant imentign Rgakare BFPVlde an
Sl e eba b asazage: SRR & Bilal bR o o
plﬂlqdatmel pedixitiy rBrzé te less than 1 wt %, preferably less than 0.7 wt%,
and most preferably less than 0.5 wt%.
[0033] It is to be appreciated that the process of the invention, as with any
alkylation process, produces an effluent that contains unreacted benzene (typically
about 60%) as well as the alkylated species, including sec-butylbenzene and
polybutylbenzenes. As used herein, the term “alkylation product” refers to the
portion of the effluent that contains the alkylated species but excludes the
unreacted benzene. Hence a benzene distillation column, or other separation unit,

is needed to convert alkylation effluent to “alkylation product”, and an s-BB



can be any commercially avail abl e benzene feed, but
preferably the benzene has a purity level of at |east

WO 0A09835T 0035] The C4 al kyl ati ng agent conpr i BEEER2007/001205
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| east one linear butene, nanely butene-1, butene-2 or

a mxture thereof. The alkylgtlng agent can al so be an

ol efnic C hydrocarbon m xtur® containing |inear

but enes, such as can be obtai ned by steam cracking of
didtiflagon polpdanr dili¢raseparatiBis i i$ ngéd teaphiditishe "alkylation
catal ytic cracklng of naphthas and other refinery
peedust'de gec- by lhsPZeBnver si on of oxygenates, such as

P QA"Q%Q‘LOMBr ol efins. [0036] For exanple, the
oW ng ydrocarbon m xtures are generally
400134] abl Th¢ nbeayng edmpleyed dnptiwyiatigylstionantepr ack progut® sec-

produce ol efins; a crude stean1cracked b ten str IB
Ruprhomgens qan e anyprspRIERciably 3vatahla b ﬁl@ze&ﬂ e, Byl piEfradly the

ext Hh oD HREHNY REENRELL @8 9, r enove but adi ene from
theﬁggug E gh cracke% %utené/strean) and Raffinate-2
([0085] pr ofibe C4 rafioatimgn ggent temprisssoatdbasofonb linash euteneamamely

i sobutene frgmthe crude, steam Gracked .butene str .
EBRBE e eh AP R OL CiroDky IBASERTY T Seppe an

fglhé G4a'ﬁ &dchBgh CRLAAr Boriahify Anb& BWend@bbiRh as can be
A[O O her refinery mxed C4 streams, such as those

@lbtaametdebjy Siyamzm@dkymg of ethankipripant, butpin, HeRG and lighhiaaphthas,

ner eed [ aII have t.he follpw n .
88 l§| %ﬁ%ﬁ?}gﬁ é'1¥18 r%(&lg%rbﬁ eggtﬁ)gks artfloléy \cl\é:’q%ersmn of
Bt/ aﬁa@esuchgs meMatoBusd ﬁﬂﬁarbleﬁn@.— 20 W % But ene-2 -
10-50 Wt % | sobut ene - 5-25 wt % | so- butane - 10-45 wt %

NP aneFor sxamplgt the HBsyineALhhrireeabew Anixiues aesn generally
S| f

SUERLTEfh L2 SAPIRIAL 0 RPN e

fs@latmosh¢igddamgrsdticaon) R aPfi el €tie proﬁ)uc’t Gﬁr%iﬁ’inmﬁftbr -solvent

0-0.5 wt %
extraction or hydrogenation to remove butadiene from the crude steam cracked

butene stream) and Raffinate-2 (the product remaining after removal of butadiene
and isobutene from the crude steam cracked butene stream). Generally, these

streams have compositions within the weight ranges indicated in Table A below.

Table A
Component | Crude C, Raffinate 1 Raffinate 2
stream Solvent Hydrogenation Solvent Hydrogenation
Extraction Extraction
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%




But adi ene - 0-1 wt % Butene-1 - 10-40 wt % But ene-2 -
50-85 wt % | sobutene - 0-10 % N- + | so-butane- 0-10

worewp@330] Any one or any mixture of the abovRCIZEP2007/001205
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hydr ocar bon m xtures can be used in the process of the

invention. In addition to |inear butenes and butanes,

these m xtures typically cont'a n conponents, such as

i sobut ene and but adi ene, which can be deleterious to

t[0e37r oc €Rkerakfih&t® mikednt, streandsp buchXx@hlose obfathel Bynedtalytic

al k%ati on product of isqgbutepne with benzene is :

teaagking, of napdvibasandypthenrefigeryptegdstenks) (ypiqally dayve dbg follpaving
i.nhihitor to the subsequent oxidation step. Thus,

S%Iﬂd{&g{ti%ht he al kyl ati on step, these m xtures

preferably Piopyketib] ect @@ wid, but adi ene renoval and

i sobutene r ¥y . Forooxagpl e, i sobutene can be

renoved by ggh&ehéve dpxsgdegati on or reaction wth

met hanol togprpdyce MIBE, whereas butadi ene can be

renoved bypﬁﬁi {aftion gfssglective hydrogenation to

but ene- 1. &8 bly, the. (A al kylating agent enployed

in the procgsg O the |fyeplion contains less than 1

W % i so-butgne and less,than 0.1 w % butadi ene. [0040]

In addition to ot her hyarocarbon conmponent s,

dod8ir ci &l: h@drdvadhoodaachions obtringd dont thei ealvErgionorft adygenates,

ot her inpurities whi coul d be detri npnt to the ..
e P g bR ot BeaipPeelly it RSl he cBposition:
hydr ocar bonpgpyRaes typiiGakly contain nitrogen and

sul fur irrmeinotbrfes, whepgaswis4 hydrocar bonst reans

obt ai ned byggxyggpat e gqnygrsi on process typically

contai n unrgac eeg oxXyggnahgieand water. Thus, prior to

the al kylatjon step, t xtures may al so be
subj ect ed t}u%ﬂ%&or no '§gfw?‘hl fur removal, nitrogen

removal  andS84gnhat e Vs HIYVOT, in addition to
but adi ene r¥mbvErPYARE-i%sHbt@ne renoval . Renoval of

b3l . Dy RRESH anPHMBERA S R BSVE I, 85 dkScafRIMANLERS bih be
effected by one or“a conbination of caustic treatnent,
westérin Wess bioagss afi heiinyeationn, Inzdduiopt todineas buignes and butanes,
| ecul ar sieves. and/or nmenbrane separation. Water is.
APEs Byl LS OUA TP : P bl bl uliiene
NohicR @i B¢ d€8dteriblis 10Stha lpSateOSRhO I ehBore NPd108K athpld, X fic@mal
of a C al kylating agent, as described above, and C3 .
aAliylptian peodige | isebipna viy Sppacands tert-butylbenzene which, as

previously stated, acts as an inhibitor to the subsequent oxidation step. Thus, prior
to the alkylation step, these mixtures preferably are subjected to butadiene
removal and isobutene removal. For example, isobutene can be removed by
selective dimerization or reaction with methanol to produce MTBE, whereas
butadiene can be removed by extraction or selective hydrogenation to butene-1.
Preferably, the C; alkylating agent employed in the process of the invention
contains less than 1 wt% iso-butene and less than 0.1 wt% butadiene.

[0040] In addition to other hydrocarbon components, commercial Cy4
hydrocarbon mixtures typically contain other impurities which could be
detrimental to the alkylation process. For example, refinery C4 hydrocarbon

streams typically contain nitrogen and sulfur impurities, whereas C4 hydrocarbon



as the alkylating agent in the alkylation step of the
i nvention so that the al kyl ati on step produces a

woreoor09BsDf cunene and sec-butyl benzene. The reSU/EPANT/001205
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m xture can then be processed through oxidation and

cl eavage, to make a m xture of acetone and MEK, al ong
with phenol, preferably wher®¥ the nolar ratio of

acetone to phenol is 0.5:1, to match the demand of
Birsphie obkairedd bgdﬂ@gbﬂﬂe cbR4gibn Grossnitgsitally comaint Girdhcted
feed to the alkylation step of the present invention
OBNEIHRS 4nés~satt>m ahhusppuopierthe alkylatian steps thepsayxtyreg may also

gjggb]ubje%{ed%ml & Jnﬁisef %fe gﬁﬁxy ]rgrgno rT}nt & rrem!)fhl and tci%(gﬁenate

the tota pI ca ains less
o0 opgimn additionso |bafaﬁlldnb&6n130alp¢ml] 1sf)lﬁlfte1ﬁ=)(ﬁd‘m6\al | &esnoval of
than 3 ppm sulfur and | ess than pm such as |ess

tSHERE 1nIFOREN. f OFYeERApINEPYrEies tsh%rPVGmfnﬁéb rifisstadr Byepne or a
[0/ atible fa!:ziﬁé 1@ttfei91Pné"rﬁt Faled Yec u%ﬁllﬁ%é 'd'?stﬁﬁﬁ?ﬁ’,tr ﬁ(gs%%/f\ Z\ésmg

process Is a crystalline no ieve o0

frastetular sihves tapd/or imdaidraiz s‘eﬁmatlyn. nWaeerrlisihl'éo twpically removed by
terial of the I\/CM22 famly" or "nolecul ar sieve of

t3HEOTRERA-22 family" or "MOM 22 fanily zeolite"), as

Ysefher %lt‘ﬂou?f‘ﬁ&t’"ﬂ%ﬁm‘%ﬁelt P4 ald® b@ss@cﬁe to %bgfytﬁ RAlixture of a C4

sieves made froma commonh first degree cry I'i ne
licylatingyageht e desdribededboye,vamid Py alhylatlm@hgem,a&mh fae pkaf¥jdene,

;El?}én%éyg%}.\{lg ggé@?%%(mgth&} {‘.:tgllf lf)f Q‘n& uPYFn%on SO that the alkylation

tsRpSso B dEE RS Bdle SRAGRNEQHE SO BEtyIHeAzE Y STIRY resultant mixture
structure. Such crystal structures are discussed in

tCIa@ theg |bgspregesFed Itlmpéngroarﬁbmrn lanttygleayage,Fof fakedy fiiyyre of
%ne 219(? B\ﬁﬁ&l arl ri]l%nc():]f g%ér%gkw?xe%@&% rnq&!na}a?g oé%cetone

er ence SI ev Fom a

s& pﬁﬂd)l i@ b eetdomaicﬁltmdé)hmmkof tisphegolaA fﬁrdﬂuﬁ’&m‘ﬁl onal
tiling of, such MAW framework to oIo

d8v4d 1 oFRpY et ibF Aok fged Shebent %yletéw step @k g gpresent
Qﬁ@efnﬁﬁﬂtblo CleSs t3ht1006 rﬁ e A8 35 thszpl.S@(?Hbﬁ for example

fi 3
si eves nmade from conmon gcond degree buil di hg
Bessrtharl a@@epsmofwaGme loraddoioa, tmatntaélf@dmyptcaﬂyebbntams less than

AP AR 5 e Eop R e R BAL ARG SHlfor and less

Bhgidi VEpra! sucR A8 lest WRANNDOFHh 2L Efan@fle QRS tHARICL 1 fithl nitrogen.
t hi ckness. The st acki n[g)1 of such second degree buildin

HONs cAhe pdkylation catglystusgdaghitlon prasent progessl kgra crystalline
gﬁcglé]&j:u%}‘ su?‘vel og}?ﬂé;%év@zﬁ nga 11}prT}?ent¥}n§ gg&;ﬂg[?ﬁofr%ﬂn aﬂgéﬁlﬁﬁr” (or
Znthitarian oF ¢iealliOM-23-family” or “molecular sieve of the MCM-22 family” or
"MCM-22 family zeolite"), as used herein, includes one or more of:
¢ molecular sieves made from a common first degree crystalline building
block unit cell, which unit cell has the MWW framework topology. (A unit
cell is a spatial arrangement of atoms which if tiled in three-dimensional
space describes the crystal structure. Such crystal structures are discussed
in the "Atlas of Zeolite Framework Types", Fifth edition, 2001, the entire
content of which is incorporated as reference);

e molecular sieves made from a common second degree building block,

being a 2-dimensional tiling of such MWW framework topology unit cells,



di mensi onal conbination of unit cells having the MAW
framewor k topol ogy. [0044] WMol ecul ar sieves of the

WO/BNFA33®AM |y i nclude those nol ecul ar si eves PE/EPZPOHON1205
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X-ray diffraction pattern including d-spaci ng maxi ma

at 12.4dbQO 25, 6.90.15, 3. 57P 07 and 3. 420. 07

Angstrom The X-ray diffract bh data used to
characterize the material are obtained by standard

t echnifquemgusinogolalier & alepinst ckilithickness, poefprably @s c-unit cell
i ncident .radiation and a diffractoneter equi pped with

a sci MK on counter and associ ated conputer as the

col e 4 i al t MM, A
fam | )C/I{] ?%C 13%3&3%%\41%%@( %ﬁ%@gﬂﬁ ge%B% E%t ent ﬁﬁg}g blocks,
4, 954, 132 lay&iSid{f 3n¢ de swore e dne dﬂit&elll?hicknéssj\bherein the layer

4, 439, 409 SZ- 25 (de din US, Patent
4,826 %ﬂ?%re B one (WRtls | ﬁqﬁeﬁs Edpa%&ﬁnpa&a@lﬂpgwckmg, or

0293034\ dink Igehst(t@%srﬁiiﬁ@ rd 8f Sheunif @élmﬁck!}}@?s The stackmg of

6,077, 498), described 1 n Internation Pat ent
Publ i csath mchui dmél BiRUOY , blodR G (odem:lal teedlar nfaghi®, an

Patent. No.. 5 0 27 d b '. ., S.
Pat entiMREIAE(35gh Sy Ghiony ation o GRL bor Baalio Merdgfs and
Pat entm&l@culgp %2@@%73)(1(3 b B r@%.g%c bt Q%Qldn‘ﬂ ZLJdlﬁlenE’ﬁhﬁnBr 3-

No. 6, , and m xt'ures thereof. Ml ecul ar sieves

of thehmw@zalf agrinhtyinatiom pf efmélr cadtb havingethal MVt ifmmework
catal yst .since they have been found to be highly

sel ect’PRY¥%8Y the production of sec-butyl benzene, as

qooggr ed Mdiéduldrhgie®dsh8F theltMOMNZeRghilys @RENEe those molecular
Preferably, the nolecular sieve is selected from(a)

VIS 41!?V11(g3)anl\/I?§VF35’6 diffipctien npatistry geguding Mbpagngneaxima at
i%GZS %gfei ]‘;152 3I 51_790207 :L f‘ ﬁlz:tJ B? Aﬁll%lé]%!)l%t Iﬂ?e ﬂa?ldﬁ'}actlon

can incl cular S| eve

shatd udedun d:hfambrmae thahtaeafrmatara/ewtymeﬂ hn@v smidaﬁcu teahnigueyvesing:
e conbined in aconventi onal. manner with an oxi de

Bﬁﬁ‘qgeﬁﬂphg Qblejof copRsTas IngiderH Tp¢iation ﬁ%d # diffjactometer equlpped
alikyh sdih@atfoRtBlLY et a&PﬁHs@élgéd '@Sltn%t%? agth% r&gllgglo\f’{tsﬁtem

sieve. [0047] In one enbodi nent, the catal yst
UBHRINd Mederivds oﬁth@rh@/l@tzrfemglb'hnmdﬁ NﬁElMeZZ (xtestmbetdhatU S.

qJSateélgf]]\\%)e#?J t%}& ;%léelg glg\s{\n eg 1932& ﬁﬁtﬁ ]Sh 2 486“485)"%%2 25

qadsetiBed i 81§ OPatBitONBS 8,826 B6PRIERRBU! @EscRibéd PR EuRGRSR Patent
crystallization process that prevents caustic used in

¥ 0293ARSTO-hi Sem‘éedfmdﬁrﬁrgﬁamtrw%é 077,498k 17QcA (degeribed in
SHH Tl BRGNS 1) RS OB AL
draganNo. 52302anf, MCM-49 (described in U.S. Patent No. 5,236,575), MCM-
56 (described in U.S. Patent No. 5,362,697), UZM-8 (described in U.S. Patent No.
6,756,030), and mixtures thereof. Molecular sieves of the MCM-22 family are
preferred as the alkylation catalyst since they have been found to be highly
selective to the production of sec-butylbenzene, as compared with the other
butylbenzene isomers. Preferably, the molecular sieve is selected from (a) MCM-
49, (b) MCM-56 and (c) isotypes of MCM-49 and MCM-56, such as ITQ-2.

[0046] The alkylation catalyst can include the molecular sieve in unbound or

self-bound form or, alternatively, the molecular sieve can be combined in a



i.e., the alkylatable aromatic conpound and the
al kyl ati ng agent, are brought into contact with the

wW@RkMyloga3son cat al yst descri bed above under ef f BCT/ER®07/001205
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al kyl ati on conditions controlled so as to maxi m ze the
conversion to sec-butyl benzegy and mnimze the
formati on of butene oligomner In particular, a large
stoi chionetric excess of benzene is fed to the
adoky¢mionehnmaeart wish aanskidd) binldeg alcle asr abmhinat suech thiit thedinal

al kyl atin ent is reduced refer by staged
é’&lﬂ?i?tr%hcag?ly‘gr‘FBnt&m’?)hng?qqu i‘l, is conveniently
a{@mﬂvedmnp reﬁl\soahﬂant ihe daldyd } herblﬁlatﬁrdyr% a Bush strength

plurality of fixed bed reaction zones connected in
smuclesupektbstto dhat af] cavdlysth doipmriated evitls birders. f 8dcht ra dabedyst is

i rst re ction olme wher eas the ahizylatln ﬁ‘{c_’je I S
&OOV%IBB‘“ nPE?péreé 21 YAPQT phassytryptagizaten PEQSERT 19) Ragiglar 2
RAbb Phsse &ISRNRAtIN 'p?&e'sss H{a@ %r&x‘%n@b hustienRBA if RAE telyMResis
zone. Alternatively, the al kyl'ation reaction can be
oondret fgemi remmimag ahythieczaplise ichyistals @s vapacipbase wnystallization
the al kylating agent being fed to the reactor
c6f¥%huously or in stages over the course of the

r[@e48]i ONThk MIBHARSY pfoRe®, ist dddh@bdlsuairenditthe Qg HRNZ&RANts,

and al kyl ati ng agent fed to reaction should be such

tilfatthe Akyiafa @ pontaticanompaung apd trb;eaﬁlzrelnfeng agaatlaye Rraught into
f f erabl
?e%ﬁ%%to N t ho’[h%ngilﬁglgﬁsn JCaIa Ql%ytnb%ﬁ J'J%vg F%SCQRIFO%API%]]MIOH

y abou
lcondididhé icOllitrolIeﬁesoaJlsktﬂ mtaxmnze: dredrtdmem)ncmnseemueﬁbémene and
include a tenperature of from abqut 60C to about 260C,
fBfIRE Rt ErBetioroh batsee elisgnersaln PaBistHarsblege goichiometric

Fé&@&‘%LHf%eﬁEen%QQQed(FgﬂthQrallkﬁ%n lfe%tlcﬁ'fﬁﬁ he lf)éaq WoRthtion of

00 to about 3500 kPa, a wel y space
\rtb¢ calkyﬂqzm(gvrlﬁvy 1§3asxbldecbrpre:fﬁrahl}kw atagncy aagemn off the alkylating

bet ween, about d about, 50 hr for ex | e .
PRt eenn BoB oo Raagur Stobhrayidipg 8o Rpgen catalyst in a

AAalianNbs fixed HRoa rehctRint heest dWANYARPin RBASE Most or all of the

partially or conpletely in the Iiquid phase and can be

rhsazene; isethen ffed éo fthe drstrreastionozrle, aderass the adirylatmg agent is
?ﬁ{/ Hgd Hio W ﬁwﬂ% t '[[Qf § c} ﬁl?renp 51{%{6??*)&1%%5 e%cl? 1ch 1s fed

cont ad Zeo CONpPOSI t
wotd differeat demfnoﬁamsneer ghsmstivly,d tHdJ@My&t@ﬂCfbaaﬁon foah be
exanpl e, . hydrogen or._nitrogen. Preferably

coRticitl i hPealitic KilptipnFREraF Yith e ﬂbylrfla% rEEniRsig fed to
[tQQ 56"3]0% oﬂ n&&ﬁlﬁ&t ?A ¥t?%e@5‘@er4hg¥:t)ﬁtes tg? rllgdchbﬂnsln either

descri ove, und t hat al kyl ation step
@bset tige mtfdcaawmsf oﬁ ltmlzcmwmd albylafisg hgaitifgd Baeteecitowﬂaomhi be

t}]ﬁi ?/l bev%%ag[;we ar é%t Péﬂ)e%%er?er fo alf<yl|atsméc gguerrllglst gom a out 1to
about 20, preferably about 3 to about10, more preferably about 4 to about 9.
[0049] In addition, the alkylation conditions conveniently include a
temperature of from about 60°C to about 260°C, for example between about
100°C and about 200°C, a pressure of 7000 kPa or less, for example from about
1000 to about 3500 kPa, and a weight hourly space velocity (WHSV) based on C,4
alkylating agent of between about 0.1 and about 50 hr”', for example between

about 1 and about 10 hr'!.



conprises at least 93 W% preferably at |east 95 wt %
sec- butyl benzene, between about 0.01 wt % and about 1

woweedy/og3ef er abl y bet ween about 0. 05 wt % and abRCK/EP2087/001205
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wt % of butene oligoners |ess than 0.5 w % of

i sobutyl benzene and tertbut_yézb_enzene and |l ess than 1wt
% of butene oligoners. [0052] Al though the al kyl ati on
step is highly selective towards secbutyl benzene, the

d003Qent The oreacthrts atdy [bet iroreithenche ovapar | phaser emlpastially or
contain so | kyl at ed, products,  as [l as . .
GAPBY G P dtabe PHESF A e ebG et kb mafialiRy) tggfiona
SRRk @F orldiRitidA WABLSBE RLRRBE bf He§8dn be bw%ﬂa bt contact with
recovered by distillation and recycled to the
dhk geddite smai/yehmmposmmewnbtth@nsi ¢fr gumi¢rhgasbe nr dileents such as,
istillation are further distilled to s rate .
S B DR S o b RIS e PR S Setspagtially
aneheat phgavi es. Depending on the anount of

pol yal kyl ated products present in the al kylation o
l08xkli onUsii| theneatalyst ad, ableyladioni eanditeonsodescribed above, it is
t LKyl t.he pol kyl at ed oducts W.th :
TR el e DB IR AR Y BBy PRSIl ey sefggtve o
desbusthenpérral kypatiadas peiri Pand O U alkirfisalpryduat igoferally
W th additi onal boenzene I S té/pi cal | Y, effected in a
CPBPEISP3f|1gast 83 Wi Preferablyett deast &5 Mt Gmsemutylbeprane; bgfween
I' t Ne [ 0, | . U

GO O01 SRAEEIRA 13005 $ERRERL BB By K and s
e vitte ol dtugene Milidonder dess thiars.0. Pattentof NeobubylBdkefid &nd tert-

eoljte Y and nordenite, | ecul ar sieves of the
e ZF%‘?T?W‘K/dle%‘E}P‘b&&tw‘?‘?’c%@m%d in US. Patent
052} 95@1@8&;’%} etk yARAC stdpeds | H1§Hly8 sefRHESO T t(MWhrds  sec-
, 439, 409) , Z-25 (déscribed in U S "Patent No. _
bugAeengerd, theeHBuent(frius thd dleylaiion Ractapewr] Femedly cptain some

0293 I TQ: | . (described in U S Patent .
67 ,ﬁ%ﬁ%‘} ,pr%‘tjté Tadsd F‘%e“&“"?ar?teﬁnf‘ré’f‘haé i g‘%’gl ansl, ity desired
Mot oalkaddtan spRiesWOBHE Lk2Q6kd aMavhtdd fded €iS Gioriamly irécovered by
U.S. Patent No. 5,250,277), MCM 49 (described in U S.
mattidlatiomgnd sxcygled g e alpipions gractwes dihe thedoms figngthe benzene

@ﬁl@?i%ﬁgﬁr%%ﬁga’aﬁﬁaled oM ataﬂee Sfﬁ(gr#ogﬂ&#]z{etgd Lﬂirc?‘duc?aitr&{lt any

m xt ure er eo
tpoyadallkyd aprodwucts eact iotheri hedvygsi ¢ aDeyerciong] ust eble uamd@rmt of

at least partial |iquid.phase _conditions, ich .
Prelanyed ot reboul 16 AUSEROOH LR G ehy it may be
RIS € AanhBQFatk Qhd gg%ah(Py?ate@pWhg@twﬁl‘P WaliYiofPBE&hzene to
velocity of 1 to 50 hr on total feed, and a

meaxzwive/thoprpdhktydnaafabe Besred meongelkyhted setigs.of 1 to 10.
?8&53?“ y&ra%gﬂﬁﬁggorp( vlvgﬁl taldgﬂional benzene is typically effected in a

transalkylation reactor, separate from the alkylation reactor, over a suitable

. transalkylation catalyst, such as a molecular sieve of the MCM-22 family, zeolite

beta, MCM-68 (see U.S. Patent No. 6,014,018), zeolite Y and mordenite.
Molecular sieves 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.Patent No 6,077,498), ITQ-2 (described in
International Patent Publication No. W097/17290), MCM-36 (described in U.S.



[0054] In order to convert the sec-butyl benzene into
phenol and net hyl ethyl ketone, the sec-butyl benzene

WO 20074093357l | y oxi di zed to the corresponding  PCT/EP2007/001205
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hydr operoxi de. This is acconplished by introducing an
oxygen-cont ai ni ng gas, such ZTs air, into a liquid

phase containing the sec- bu‘t(j1 benzene. Unlike cunene,

at nospheric air oxidation of sec-butyl bezene in the

dtan dNo. 6258,203), M -4D fdesenbheddinf I iSc Batent Wo a5 23 & 527), MCM-

For exanpl e, 1100C a t At eric press ,
R S B U L A A L e
VE136,0%0)| HAORExhRe ARABLCONHE! irdRaikyiol! BABfion is typically
tenperature, the rate of atnospheric air oxidation

sovdudtgd bedez e deashpartizebquid pheseesonditioghewhick rspeatdy imasde a

al so produce significant |evels undesired .

5 BPBREE OF 10D 0Bop " E B ruvaErls 109 i UCER idoneigst Bourly
S B . g .

IS0 26 L S0 bErach R8T BEEJEL e benen

ortightyratio oSlitd &bl e secbut yl benzene catal ysts i nclude a

ter-solubl e chelate conpound in which nmultidentate
Y&ﬁ%ﬁ‘@’%feﬁze&ﬁ YHAAUPRd to at | east one netal from

g@@ﬂ]t , T 6KRL (o FENIARE Gec-6QRARAzerRNALD piRA0] AmERcltyPethyl
atent No. 4,013,725). More preferably, a _
Hetaneogthee ses-boptltzdngene i s usididlly Sokididside thettley ogmmesporsding

at.al ysts. are,described.iin U S Patent No. 5 183 945
IREReREF4S" TaPaR e st SoinRu B 69 vBHEaaine gs,
tsQth anuie] Med a MRNEIEHIRSE coMmamimxthande-bitylbenzefdat BAlikd\eumene,
5,922,920, wherein the catal yst conprises an oxo

(AHPETRILEY abr Pdgaten; @f yearhvéyledaenenin Hie dsmcedd hadtplvgt & very

Lﬁiﬁﬁqlt%t ?clhie(ifg.r gF?ro&?a %,aélit ] f °bh&d’: Qt"':gt’n%%‘gf’?&ﬁ??re%ure, sec-

val ent netal el ecte rom Zn,
antylbencens e&sndtheridutd awtilacombes oxiizk veey mgllaunder the same

trival ent tal selected fromlIn, Fe, M, Ga, A and
lﬂOQ%&PE§ tAﬁnSP terpReraliye. the rafp OFf |AHRpTRReTip RITtidatgneef sec-

RALRBEZeRE @m})f&@ﬁ;pﬂé\%\%ﬁ hehel RnerdiBieSrRRF BrdddPe&lgnificant
O her suitable catalysts for the sec-butyl benzene

dsvednef undesirasibyaprodudte. N- hydr oxy substituted cyclic

des described in S. Patent No. 6,720 462 and ..
T por e REFass T g resb B ERbe 284 26y 8 B Shicved by
Nehipethimgysebbslibanizeies oddamnna-tihy@dsaxy phh lkadalydt. dSuitable sec-
3- ani no- N- hydr oxypht hal i m de, . .
tb@fylgg}zg%_qqp%}w%%ygﬁg%aq iWjtefesoluble chelate compound in which

i ' Lim i mide.
PSRRI PIOILID MO I QIR R i
Madngdnencydappze nad irbn2(Sée 1.8 1 Raed O¥a. #10d8,725). More preferably, a

T TN L T —
dir smipdehe N, hy 88 PaysTeY, Rlindehe catalyst is an oxo (hydroxo) bridged
tetranuclear manganese complex and in U.S. Patent No. 5,922,920, wherein the
catalyst comprises an oxo (hydroxo) bridged tetranuclear metal complex having a
mixed metal core, one metal of the core being a divalent metal selected from Zn,
Cu, Fe, Co, Ni, Mn and mixtures thereof and another metal being a trivalent metal
selected from In, Fe, Mn, Ga, Al and mixtures thereof. The entire disclosures of

said U.S. patents are incorporated herein by reference.



pyri di ne- 2, 3-di car boxi m de, N- hydroxysucci ni m de,
N- hydroxy(tartaric imde),

WORWYMIIBRY - 5- nor bor nene- 2, 3- di car boxi m de, PCT/EP2007/001205
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exo- N- hydr oxy- 7- oxabi cycl of 2. 2. 1]

hept - 5- ene- 2, 3-di car boxi m de

N- hydr oxy- ci s- cycl ohexane- |-, I25-'di car boxi m de, Nhydroxy-

ci s-4-cycl ohexene-1, 2 di carboxi m de,

NOOS6]r ox Oriaplstivalle catdB/seddt the ssedbutydienzene oxidation step are the

N- hydr oxy- 0- benzenedi sul phoni mi de. Preferably, the

é&ﬁa&%y splastipted cysis Hawss riﬁscalé?g M &-%e?at%il%f%bé,@&m and
: , | hy L s . - LOOS7] .

Rpdtated fortn by ey SO PO R, | SN

prydsexyphthelimédef r ee ridingsl-Nihnidtoxgpbthahmide; an  betetrgledmo-N-

T B omr R A Rt oR S A e N FioRsherimide, N-
Pﬁgﬁ&gﬁﬁﬁ%ﬁ&@, cat q‘hxl%rqxggﬂéeﬁiithﬁmet, abl eNQ%}elﬂgﬂ&ﬂﬁenfegﬂzA_

Séc- butyl'benzene”oxi dation step inclu
tteopbodide bet WwdEN'-dihydtoxyGGremelligbout 2di@ideuch asN,N'-

out 90C to about 0C, .and.a pressur f abhout 0. 5 .
APk bonsouferghrer ad ugetsSsBsotini). Shpdemaleimide,
Bititigll Ng dRaestximRe, DR-IREARYsiRiliffdd Mityar@dG @héric imide),
by-products that may formddring the oxidation. In
Aty dioair-5-rerbampered S3-pnarbeximige.b exo-MN-hydfaxed;oxahicyelo[2.2.1]

an, phel i ssolve. basi ¢ ,c ounds, ,such a di um ..

IBPsonfa - HR et RE S SRS o BHERE T SR imice. N-
Syafoxiyscipa fyelodbtaneKEPtdiebOUMME/ON hgdfoixhaphtiealinki@e sodium
formati on of byproducts. The oxidation reactionis .
calhveniNhydipx punbrneerdisulphonands) ythrefegabdy.i fheacptglyst is N-

1e. 5eC I: h :
{ktq@PRnaRfRe AR SARE R A REREK: i P B anuric
sentk but yl benzene prior to the cl eavage

Hydr gper oxi de .Cl eayage [0059] . The f.inal ste L. _
B o B TR 650 BE i SRR HGE PRSRBE Sfiee
TRiBY in®laft¥ lank €52 BE ubaV & NRFd-PhERY RSB0 &nebiiecatalysts or can be
sec- but yl benzene hydroperoxi de, which Ts conveniently

stpruteddninysadidrvamedrito gravide hiyaderoperrcoxs gatalwst h a

ystoin the |i.guid se_al a.tenperature of about
TR L sbliord Eped RS P88 SeShu SRS P b Ml «
pepaHfuee BEwabHubom070°C atibatiou? 200°(K Rach s @bo@soGlaotat about
100 to about 1000 kPa and a liquid hourly space

V8P Yei and 3 prassyye phakant O tonabony 49 apeespleige (3 toafiftkPa). A
ﬁ)‘ra;'iiﬁagft%ﬁtgé’E%%'x?%&?rbe]add% &f é&@g&ﬁ’h Q&&U.tba%prlz)guc%bfﬁlﬂ m§§') form

S yl benzene oper oxi
pluethg tisdbdxidatidnutie ddditioanaroaqyaouscpimet vagtbeiinesduced wiieh can

g\leiepg\é/@%gl(v;gﬁ gsflll% gq%g}pso%%gs,agucqletap yslod(lz"utrrllq y<|:ar (:?I}a?er.]e’ TBQ elg]e?!pass
conversion in the oxidation step is preferably kept below 50%, to minimize the
formation of byproducts. The oxidation reaction is conveniently conducted in a
catalytic distillation unit and the sec-butylbenzene hydroperoxide produced may
be concentrated by distilling off the unreacted sec-butylbenzene prior to the

cleavage step.



to assist in heat renoval. The cl eavage reaction is
conveniently conducted in a catalytic distillation
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step can be a honpbgeneous catal yst or a heterogeneous
catalyst. [0061] Suitable ho&ogeneous cl eavage

catal ysts include sulfuric acid, perchloric acid,
phosphoric acid, hydrochloric acid and

Hydropermxidd Clnaivagaci d. Ferric chloride, boron

trjifluorjde,. syl fur. dj oxi de and fu ri oxi de are
df’@%‘hef f ig? fipal ﬁ@ﬁdgéh%&&%"e&ﬁ‘l%@zé{%@ q'tyﬁiegzenméto phenol
I
B R e TBRD v o gefﬁf‘é‘%ﬁid@% tofn e ficperoxide,
|wh1‘clhes cingemeantdy offeget b)abyﬂltbanmhe hly;idxpemndmwdh a catalyst in
cludes a snectite clay, such as an acid

‘hﬂlﬁ’é'rdl phaspiat @ tgmpp@&lramﬁ DAY €04y to a'go%eléé’r%wh 35 about
az qu 4
\%{9 cl%glg{s’,&lntr}g or pfoa %I‘%ngﬂ‘%éfzaebloﬁllp E‘_\} ?O?%la Ogl ?%%%@@?%H@ETQ%ut 100

ftol dbowt NQOEAPAPARE adkiguigi Maflyf §ace |V|eltﬁ:it5'a¢UH/$Vp%ﬁMSS§ the
and do not Iimt the scope o thelnventlon mple 1

(h@éfﬁ?ﬁfoa‘wev%@ abgut Oﬂuwbséhlz%br 's prifereBlysabgiut i tw@wéo hr'.
i, BTG AN s AT

8¢ z2eothet deangde %%thﬁen; sath 3B0methyir avayl katbne) dpldanbb or sec-
1 nch (1.6 nm dianeter cyljnder form was. dried

i{u ﬁm@? dP assish 1y heahremoyal hoTﬁl% clsayasercpeian ﬁgconde@enﬂy

%ﬁﬁ‘lﬁ:téﬁmcaaéa@dlyéédx@ﬁ@éﬂo%'\ﬁht”g 0.4 grams of zeolite)

was | oadedbet ween two 0. 25-1nch [ ayers of inert,

qd0060]1t qlihe tcatabyst tenqilessedt imathehedayage stapusary bb%hompg@d:ous

oaded o the stationary sanple
tggga&}g%orig%er&gglgﬁgu&cat.ab'ggem grade benzene was added
t[0061)600S{Htathet Bbna %Brfé@h:ﬂV@lezf\Qgﬁ Bdtalydtie isanq esup@siketacid,
assenbly was installed in the autoclave reactor and

@@mhwc e, phesphorie actdo hydroshlopigcarad aad antplymegdépnic acid.
t i e i

e sighide, ootdh BRI fucy AU WIRAR aRR R1F dioklsB e also

tetﬁfeaﬂi)whorﬁﬁ)@npmsgcléei\é%@ cktfah)stswi The Mfdr&défmm@nwmpﬂfavage

seal i ng abs nce of | eaks. Pressure was reduced to

SR3OS Wug@flﬁa?‘ 46 kPa) and about 100 psig (791 kPa)

Q0063 Va3 Ygiemid ReRYGRhELA! EXEhY &) L¥ENn 4Re %léi%gé’fof sec-
reagent grade 1-butene froma transfer vessel

butylbenzene hydroperoxide includes a smectite clay, such as an acidic

montmorillonite silica-alumina clay, as described in U.S. Patent No. 4,870,217,
the entire disclosure of which is incorporated herein by reference.

[0063] The following Examples are given for illustrative purposes and do not
limit the scope of the invention.

Example 1 (Comparative)
Sec-butylbenzene synthesis with MCM-22 and single-step addition of 1-
butene

[0064] A sample of fresh MCM-22 catalyst with a nominal composition of
80% zeolite and 20% Versal 300 alumina, extruded to 1/16 inch (1.6 mm)
diameter cylinder form, was dried at 260°C for a minimum of 2 hours before

testing. 0.5 grams of catalyst (containing 0.4 grams of zeolite) was loaded



into the batch reactor. The benzene to 1-butene ratio
was 6:1 by weight and 4.3:1 by nole. [0065] Reactor

W@ res3s7 were m xed at 1000 rpmwi th a verti ce¢T/EP2007/001205
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positioned inpeller located in the center of the

stationary sanple basket. Theg reactor was heated to

160C in about 20 minutes using a programabl e

aut ocl ave controller to maintain constant ranp rate

dietvdéernper @2 sHikch WBié¢mrofrinerc8-pat teamzepaticlee that had previously

reactqr pressure was increased between 60Q and 7

PEFY d{ladm*el%ls?quﬁ%adsa fadhh gfaHenasy REmpls haﬁléewgge%%ms of
cfe'f)%é QalBsded BT 490! SsY tor. Th

\ﬁl C nper atzulr%e a?nd preggtgur g’@toarﬁgg%tgﬂ(llg (L,Ne6gégc%o ©

[aing)e bersketa&stsemhkydwam thsstllel | in. thd hetoclse treawtorpard sdlddor The

hi s eval uati on wa ours (1 cc e
HieBresHorY R RHRCHEd @?fjémrged BYIC%@ xS {pansure Age hlﬁaméﬁan of
Qfir £68 he8Edd YAcPeThebarchNBadibiNwiBthed] g’rf]&@@xteﬂ Ry %gouttm psig

reactor cooled to anmbi ent conditions d the total
|(14R80 KPprwithud, to eoswre pechel ealBg andadbgencs. of[ |64k36]Pressure was

R b BRI DR 40 S BRGNP o COR REFRp RE ws used

RO GRS el P8 VeE 85 ghfind HOREeH SRR MEShtbdt FrdfW ansfer vessel
phase. The anal ysis was perforned using an HP 6890 GC

autgi thp batchirgastas. Hibe bepeingrin 1(Bte ratio Bemol Dby werght pad 4.3:1

|bl trr%lef' I mthickness) and an FID detector. A 0.2 mcro
1PteY portion of the product was injected onto the

qod6sM aRdadtdrecdn@to Wergmi@ipa riavo rempridly b ar iy positioned
to performthe analysis: injection with 2-mnute hold

mpcliedocetefﬁrw the erntsri of the steronaxy samle) bagkep7dhe reagtor was
3Ratth W& C B%%BQP?@m‘irﬁﬁ sq{s%r%‘fgx%(g%%ﬁaﬁls’ aEt‘B@M@é on%uer to
ar ea- based data to actua In rodu
Bodietaen cansvaert Shiap raees awtk tamparateck. b free asaching temperature, the

FFSH e e MR OReS dekuf GO0 api 0 ase af B ey R by
aadmgbh&e N, thahd §yslem MRV AR WMh& zGoRedsSeciradd AdE the gegn at

of 1-Butene in a Batch Reactor Hours on Stream 1.0
SNIOCM taneraturce aetl Oisgne tm@mmﬂ%@,. @P07Q Bsig) ereoatsnmed and

Qs T REc Rl or b P begortods S oy, ghpples ' &y
Sedrecilteni dty1-hoti¥iricrddhiéaf €00 GO 8ndly§61 Ak (6eddl 6f he reaction
%elqigg, the run was discontinued, the reactor cooled to ambient conditions and the
total liquid product recovered for GC analysis.

[0066] Product analysis by GC was based on the assumption that composition
of light components in the vapor phase was identical to those dissolved in liquid
phase. The analysis was performed using an HP 6890 GC equipped with a DB-1
column (60M, 0.25mm ID, 1 micro liter film thickness) and an FID detector. A
0.2 micro liter portion of the product was injected onto the column and the
following temperature program was used to perform the analysis: injection with
2-minute hold at -20°C, ramp at 8°C/min to 275°C, hold at 275°C for 35 minutes.

Response factors were used to convert GC area-based data to actual composition

in the product. Butene conversion was determined by measuring unreacted butene



n-Butane 0.229 0.1 93 0.1 73 0.153 0.143 C5-C7 0.1 69
0.1 39 0.1 320.124 0.1 35 C8= 1.669 1.498 1.31 9

W@ 2006893857128 Cg- 11 0.1 3 1 0.096 0.076 0. 086 BCOEPR2007/001205
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15

C 2=+ C10-Cl1 1Aromatics 0.1 12 0.1 05 0.1 22 0.1 13

0.1 3 1 C13-15 0.063 0.066 0,65 0.093 0.082 Cunene

0.01 6 0.01 50.01 50.01 80.01 8 t-Butylbenzene

0.034 0.035 0.038 0.042 0.046 i-Butyl benzene * 0.000
Gelafive o (@0 btdOO IMatd ObtageBUtorh bienzeheti®d. of Exantple ¥@3talyst
9 1. 05063.%%39 9 1.279 n-Butyl benzene 0.01 1 0.01 5
Fromersrigd i Tadlglo14 b - but yl benzene 7.01 2 6.591 6. 459

349 FbaV|es 0. 028 0.1 94 0
ﬁ"f‘ VA

045 031 Sum

6 qg@leq SRECMILIZ With KHI@QS%%(%H:%&%SOPI -%%Qeng iR a BatehWdactor

‘6%3?‘ BB/ La|| BB,

) 8. 038 .
BZ’C/“ae'gﬁﬁfaa"%/oo ooc?oo 000 60000 0. ‘b‘bo 0. 060 6.0

nﬁsswquvea@n ‘%o 012 07%)‘1 6 0. @17 5 0. @997 0. 034%' Sun'?”
%Pidd (et Beldoiity MA00. 0 100.0 100.0 D -BB/s-BB W Ratio, %
7.8i-Butade7.1 7.3 7.1 Ald.ossanpl @®scol | ecossd at ad@DOC, 0.039
600n-B0Gnepsi g Wi th 150 go2of benzeme ang1R5 g af1s3 0.143
1- b@%@,ne. * i -Butyl bengzpge | egss§ han Qqﬁ%i n d@aal 0.135
but yl benzene not detectahl e witg, CC used, 15128
(Corrparative) Sec- Buty£ enzen% 3%nt he b u5| E/CM

wi t g ngl e-step addit ut en 0067] 0079
pr o€ess Coc eamire 1 whb'2r epedt’8d but “l&i ng &¥'Pesh 0131
MCME49s cat al yst wi th a0-968mi nalooé@nposi)@ﬁ%n of0-@899, 0.082
zeobLuhameand 20% Ver sal 0.860 al w®iha, exdtsuded xwsl/ 18.018
i nche@iydehsder form Dad.@asare neportedo.dss Tableos2. Taklms
2. MMAewdt h Single-gep Addighd on 0f.odb- But eoi N @.000

Bat ¢ B (fHeacd0r 90.113 90.703 91.050  91.089 91279 .
n-Butylbenzene 0.011 0.015 0.013 0.015 0.014
Di-butylbenzene 7.012 6.591 6.459 6.636 6.526
Tri-butylbenzene 0.355 0.299 0.353 0.381 0.349
Heavies 0.028 0.194 0.138 0.045 0.031
Sum 100.0 100.0 100.0 100.0 100.0

s-Butylbenzene (BB) Purity, %
t-BB/all BB, % 0.038 0.038 0.042 0.046 0.050
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
s-BB/all BB, % 99.950  99.945  99.944  99.937  99.935
n-BB/all BB, % 0.012 0.016 0.015 0.017 0.015
Sum, % 100.0 100.0 100.0 100.0 100.0
Di-BB/s-BB Wt Ratio, % 7.8 7.3 7.1 7.3 7.1

All samples collected at 160°C, 600-700 psig with 150 g of benzene and 25 g of 1-butene.
* i-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 2 (Comparative)
Sec-Butylbenzene synthesis using MCM-49 with single-step addition of 1-
Butene

[0067] The process of Example 1 was repeated but using a fresh MCM-49
catalyst with a nominal composition of 80% zeolite and 20% Versal 300 alumina,

extruded to 1/16 inch cylinder form. Data are reported in Table 2.



030405 0 Feed Bz/C4= Wi ght
6 ratio 4 3

Hours on Stream1 0 2
ratio 6 0 6 06 06 0 0 Feed Bz/ C4= Mol ar
WaA20749854 3 4 3 Butene Conversion,

% 70 8 82 PCBEPDOD®1205
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15

2 95 3 Product Selectivity. wt% i-Butane 0 058 0 045 O
041 0 039 0 041 n-Butane 0 203 0 154 0 139 0 133 0 138
C5-C7 0 187 0 146 0 130 0 115D 128 C8= 1 484 1 302 1

201 1 078 1 068 C9-11 0 117 O 112 O 094 O 089 O 086
G Z‘-ab}b C1M@U-49 #klth Mgle §tfﬁo Additlﬂn ﬂ)ﬂ. E-Hiltérféﬁn@ Hzﬂ)éh Reactor

0 FBU I B4 0 0 15 0 b°17 - 30
Fe%’sBZ@“OWf'gb”Ms i - But84 benzef& Y! o o% o oo@oo ooo 6

o@ee@z@GeMslaBatovl benzerfe3 90 296390 87248 1 4640 1 3683

Qsmteﬁ?egdonmﬁmtw benzene7@8012 082¥l5 0 (¥4 O 01839 013 953
ik ¥LbeigeRe 6 999 6 723 6 360 6 564 6 486

M%gberzené’ 0 368 Pps394 0g34dd 0 348 O 35@035IeaV| %41
0 032 0 047 0 026 0 02 028 100 00
100N Bt 824} %jlég oqg/glt BB(} 1%9 50138

0 s-Butvl benzene (B

% 0°0%0 0 040 0 041 0 B8 o od74P BBV8|‘?° BB, 446 ooo 0628
000€g 000 0 000 O 000 §485B/ al 11388, 9 9801947 9907644 99-068
943C99 941 99 938 n-BBP-&17l BB,0.1920 0 0890 0160.@90 15 00986
0 18.9+8,.15, Somaticdo 1000.015100 @.1200 0 266 O 100100 0.114
D -BB/s-BB W Ratio, %d28 7 40700 7 3o0d5 1 Aldomanmpl @doo

col bg,ggngd at 160C, GOOO_JQO psigpy th 350 o ofo(plgnzen@ow

*
ooy bt ebpRalYiABRzEneg s LA SYon
| Buty benzene 0.00 0.0 0.00 0.000
s-Butylbenzene 90.296 90.872 91.464 91.368 91.391
n-Butylbenzene 0.012 0.015 0.014 0.013 0.013
Di-butylbenzene 6.999 6.723 6.360 6.564 6.486
Tri-butylbenzene 0.368 0.354 . 0.314 0.340 0.356
Heavies 0.032 0.047 0.026 0.026 0.028
Sum 100.0 100.0 100.0 100.0 100.0
s-Butylbenzene (BB) Purity, % :
t-BB/all BB, % 0.040 0.040 0.041 0.045 0.047
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
s-BB/all BB, % 99.947 99.944 99.943 99.941 99.938
n-BB/all BB, % 0.013 0.016 0.015 0.014 0.015
Sum, % 100.0 100.0 100.0 100.0 100.0
Di-BB/s-BB Wt Ratio, % 7.8 7.4 7.0 7.2 7.1

All samples collected at 160°C, 600-700 psig with 150 g of benzene and 25 g of 1-butene.
* i-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 3
Sec-butylbenzene synthesis with MCM-22 and multi-staged addition of equal
amounts of 1-butene

[0068] A further 0.5 gram sample of the dried MCM-22 catalyst used in
Example 1 was loaded between two 0.25-inch layers of inert, 8-grit quartz
particles that were previously dried at 121°C until loaded into the stationary
sample basket. 150 grams of reagent grade benzene was added to a 600 ml batch
autoclave reactor. The sample basket assembly was installed on the body of the
autoclave reactor and sealed. The batch reactor was evacuated and purged twice

with N, to ensure the elimination of air from the head space. The batch reactor



Exanpl e 3 Sec-butyl benzene synthesis with MCM 22 and
mul ti-staged addition of equal anmounts of 1-butene

WO 0689338 further 0 5 gram sanpl e of the dped RCOVERD07/001205
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catal yst used in Exanpl e 1 was | oaded between two O
25-inch layers of inert, %rlt quartz particles that
were previously dped at 12T Odntil 1oaded into the
stationary sanpl e basket 150 grans of reagent grade

DB Ziesrepragaraidid bl oti02G0 i (M80HdaY vidNpr mserer;erapetrmealmg
The sanpl e basket assenbly was, installed on the

gnd @h@n%@%@m cPressEs vias afﬁi&c‘é%& AQuirh@ paigdho kB%)c%ﬂérabout
t

190 RSICTE SLNPYSOREAN GRG0l B rengem

peRletlchvese fri@r tpams s vessdl in@o ﬂ:leduatchzeﬁbtqnsl g (1480 kPa)

Wth N2 to ensure proper se Ilngo(gnd absence of le

9L i eRepctorrcontrabywers Mgt 9500 &1y Wikng VEPIR laﬁesltloned
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described in Exanple 1. Data obtained fromthe
eval uation of Exanple 3 catalyst are reported in Table

W@200adssB8. MCM 22 with Milti-Staged Additi on BPET/EP2007/001205
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1-Butene in a Batch Reactor Hours on Stream1l 0 2 0 3
0 4 05 0 Benzene Wi ght, g 150 150 150 150 150 Butene
Wight, g 5 10 15 20 25 Feed"'Bz/ C4= Wi ght Ratio 30 0
1501007 5 6 0 Feed Bz/C4= Molar Ratio 2 1 5 10 7 7
2 Tabte 3t JOM-2DevithaviuRi-Siaged AddBibn 6f 9B iekbinth BitclB R36bctor
6 Product Selectivity. vvt%i-But ane 0 048 0 040 0 046

OA0, 536 n-Butane U 17 U 133,40 158 ¥ 136 U; 424 50
2.0 233 0 204 {1 141 0 ;3)9 % 721 0,397 0
15 0 03

Cg‘i"zﬁneé’g b 287 Cg- 1 178635 0 50 037 0 02
cPyereVeishh9c1 1Aromatic 0 069 d%038 0 &3 0 035 0 o4
CigdBz/Co= eight®aty 15 0 0¥? 0 039'%P 037 Cdfene 07357 0690
06eedBz023MParRaicc 0 012 21-5But y| bthizene 07064 0 D63 0 4.3
08dterd® d3ardn0R7 | - But yldagnzene §549 000 989000 @5800 Og6.6
00R4R: 894y Btk y! benzene 95 3 17 95 699 94 853 94 10 1

3 E&g But yl benzene 11 0 20 0 0

g %/Fbenzene 2 729 % g%z 4 00%‘164 %%Jﬁz 3%0 Qj:%:,
Tr|- 'ﬂf Ibenzene0183 21(9 % 5/82
Hea%i%®s 0 033 0 008 0 02620 01433022 &4 10006‘”100 009
100C& 100 O 100 O s-ButyPbenzerf39{BB) PdfAv. @90 0287
t-B&tall BB, %0 068 00085 0O 06016 063002061 DHBBVald.028
BB, c% 0cQa) Mo 0 000.089 000 m.1300 s- BBéxnl | BB35 % ID42
921:99 921 99 923 99 928289 929 d15BB/ abb2BB, Y& 0 ka7

0 OCJn:l?an 0 13 0 009 O %1%70 0.064 0.023 0.016 0.012
t-Butylbenzene 0.064 0.063 0.061 0.059 0.057
i-Butylbenzene * 0.000 0.000 0.000 0.000 0.000
s-Butylbenzene 95.317 95.699 94.853 94.101 93.268
n-Butylbenzene 0.011 0.012 0.012 0.009 0.010
Di-butylbenzene 2.729 3.162 4.083 4912 5.771
Tri-butylbenzene 0.183 0.121 0.131 0.172 0.197
Heavies 0.033 0.008 0.026 0.014 0.022
Sum 100.0 100.0 100.0 100.0 100.0

s-Butylbenzene (BB) Purity, %
t-BB/all BB, % 0.068 0.066 0.064 0.063 0.061
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
s-BB/all BB, % 99.921 99.921 99.923 99.928 99.929
n-BB/all BB, % 0.012 0.013 0.013 0.009 0.010
Sum, % 100.0 100.0 100.0 100.0 100.0
Di-BB/s-BB Wt Ratio, % 29 33 43 52 6.2

All samples collected at 160°C, 600-700 psig.
* i-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 4
Sec-butylbenzene synthesis with MCM-49 and multi-staged addition of equal
amounts of 1-butene

[0071] The evaluation protocol of Example 3 was repeated but using the

MCM-49 catalyst of Example 2. The results are summarized in Table 4.



Sum % 100 O 100 O 100 O 100 O 100 O Di -BB/s-BB W
Ratio, %2 9 3 343526 2 Al sanples collected at
WA s®o33600- 700 psig * i-Butyl benzene | ess t haPCODEBS7/601205
total butyl benzene not detectable with GC used Exanpl e
4 Sec-butyl benzene synthesis, wth MCM 49 and
mul ti-staged addition of equ?a71 anounts of 1-butene
[0071 J The eval uation protocol of Exanple 3 was
r eﬁdﬂé edMﬂM 49swnlg Muig- S\«i‘gddéllgd(ha(brabﬁll:‘rBum‘neﬁix aﬂmlcfh lQeactor

Mo m . ] 0

St aged Addlt 0 -Buteng in a tch
gag?z?r%&} hhlgs on Strearjrg 02'® 3.0 8% 5.0 % nzene150
v%t’%’?ﬁ °¥t950 150 150 130 150 Butene Wei ght, 2y 5 10 %5
2 rdeleBYRe= vei gi’\‘% Rati 0°30. 0 1%00 10.6°7.5 666’
%Lﬂﬁt&p_aa L 1_;:1%77 5. 4 45% c4=
CEAVCM 2. 9 94. 4 94.9 B0 1 969 Prodt? Sel SBtli vi ty9‘38
wEgdyct Sigcliviie wife 041 0. 046 0. 043 0. 045 0. 038 n- But ane
0. 1-83¢pn®. 166 0. 144 0. 1%4%10. 1 B04¢ C5-A9#30. 488060 258 @03
64 BBYP® 0.1 05 C8= 0.B%0 0. 44B60. 32644, 31 8¢V 273 TH!
11 0s©45 0.046 0.042 (P4330 0.0®4 G 2164 C100¢30 0.105
Arof@ti cs 0.043 0. 046 5042 (04986 0.6 C1308% 0. 028273
0. 0281 0. 027 0. 034 0. 0FIP4Quner049. 024.B201 8003@1 2 0.034
0. 008= 6COTS AronBtitsy| berfzie 0.0B8 0. 0BR20. 068.086 061 0.036
0. 06814 - But yl benzene *0.@8000 ©2800 ®.@O0 0. 008 0. 00WO37
s- Botmdnbenzene 96. 331 ©®4693 ®B8206 MU2362 930%1 3 0.008
n- BuBuplteeemene 0. 01 1 @681 8 @U6@1 O aN6@1 1 006D9  0.058
Di - Butypetvenzene 1. 991 G0007 .MF5 4.06H8 5. 54700 0.000
Tri s-Bugiydnizemzene 0.1 2630. 1485.69312499206 5 194862 84 93.513

r\'S" oo Hoo b
>

n-Butylbenzene 0.011 0.018 0.010 0.011 0.009
Di-butylbenzene ©1.991 3.007 °~ 3.775 4.663 5.547
Tri-butylbenzene 0.115 0.148 0.124 0.151 0.184
Heavies 0.019 ~  0.018 0.022 0.017 0.026
Sum ' 100.0 - 100.0 100.0 100.0 100.0
s-Butylbenzene (BB) Purity, %
t-BB/all BB, % 0.071 0.065 0.066 0.064 0.062
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
s-BB/all BB, % 99.918 99.917 99.923 99.925 99.928
n-BB/all BB, % 0.011 0.019 0.011 0.011 0.010
Sum, % 100.00 100.00 100.00 100.00 100.00
Di-BB/s-BB Wt Ratio, % 21 3.1 4.0 49 5.9

All samples collected at 160°C, 600-700 psig.
* i-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example §
Sec-butylbenzene synthesis with jet-milled MCM-49 and multi-staged
addition of equal amounts of 1-butene

[(0072] A sample of fresh MCM-49 was jet milled and then extruded with
Versal 200 alumina into a 1/20 inch (1.3 mm) quadrulobe catalyst with a nominal
composition of 60% zeolite and 40% alumina. 0.667 g of catalyst (containing 0.4
grams of zeolite) was loaded into the batch reactor and the evaluation protocol of

Example 3 was repeated. Data are reported in Table 5.



w0 2Bhed357 BB,

10

15

Heavies 0.01 9 0.01 8 0.022 0.01 7 0.026 Sum 100.0
100.0 100.0 100.0 100.0 s-Butvl benzene (BB) Puritv. %
% 0.071 0.065 0.066 0.064 0.062 PcBBFm0T/001205

BB, % 0. 000 0.000 0.000 0.000 0.000 s-BB/all BB, %
99.91 8 99.91 7 99.923 99.925,99.928 n-BB/all BB, %
0.01 10.01 90.0110.01107.010 Sum % 100. 00

100. 00 100.00 100.00 100.00 D -BB/s-BB W Ratio, %2.1
3Tablé 50 Jét-BliBedMAM-49amith dfultStdgedtreillition AfEBBGtene in a Batch
600- 700 psig. * i-Butyl benRemgod ess than 0.5%in total

5.0

sec Bt yIAenzene synt he svmth Ot - mi | 'dI\/CM and
rr%ﬁ ] %SE? d addition of%qual é#ﬂ)unts 1- but' 125;)
)i le of fresh® I\/CIVL49\RIaSJet ?nlledzaond

tﬁ@‘ﬁ’ F VGO RRfT h Ver s3° 200 al'ttina iM% a 1/72?) |ncH5°
eeﬂﬁ#ﬁ“ Mﬂ'ﬁf‘ﬁ-ﬂ“?nb@ catdlst with’ a nonfRal

c BHigeRSIVBTeeY 60% zeol 2% and 3% al urdda. 0. 8%? g 0193‘1
c &raghgp Selectivitpryt@i ni ng 0. 4 grans of zeolite) was | oaded

i nt bBYare bat ch reactor %88 t he ®Al uat 0888 pr ot @48l of 0037
Exanpbtene3 was repeat ed.0-Bat a ar®repor 0déb i n Takde  0.134
5.T&bfe 5. Jet-MIled N3P 49 wit3p4Mil t i0-18 agedo.101 0.081
AddP# on of 1- Butene i .71 Bat ch0-Réact oP-26bur s &2p1 0.247
Stréam 1.0 2.0 3.0 4.0 09 Benz&ive Wi §i94 g 16050150 0.053
150CE50 CLB0: ABertatipe Wi 30 g 5 @415 20.026 Feet0Bz/ C46:036
Wei ghtis Rati o 30.0 15.0010220 7. .80 Fe®®28zJCA&E0IDI ar0.035
Rat Canéhel. 5 10.7 7.2 5.04024. 3 Bur®Ae Conwez si onQ.08% 92. @010
03. B @yerzed8. 2 93. 1 Pr @deet Sel ®ERi vi t P.05 % i 0.8Ut ane0.055
0. OBHutyheBzbde 0. 038 0. 04®.000 037 M-Bat ane 000dA 97 00.40057 0.000
0. 1s-Batylfenzend5 0.1 34 C8s5.08 0. 43982y 2549912862 (34030 1 94.432

0. 08-Butylbenzene 0.016 0.015 0.013 0.012 0.012
Di-butylbenzene 2.294 2.914 3.621 4.159 4.681
Tri-butylbenzene 0.138 0.121 0.138 0.154 0.163
Heavies 0.297 0.130 0.024 0.017 0.024-
Sum 100.0 100.0 100.0 100.0 100.0

s-Butylbenzene (BB) Purity, % '
t-BB/all BB, % 0.067 0.064 0.061 0.060 0.058
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
s-BBj/all BB, % 99.916 99.920 99.925 99.927 99.929
n-BB/all BB, % 0.016 0.015 0.014 0.013 0.013
Sum, % 100.0 100.0 100.0 100.0 100.0

Di-BB/s-BB Wt Ratio, % 2.4 3.0 3.8 4.4 5.0

All samples collected at 160°C, 600-700 psig.
* i-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

Example 6: Comparison of Batch Reactor Results

[0073] Table 6 compares batch reactor data of Examples 1 to 5 collected at 5
hours reaction time. When operated with a single-step addition of 1-butene,
MCM-22 and MCM-49 catalysts produced sec-butylbenzene with 91% selectivity.
When operated with multi-staged addition of 1-butene to reach the same final
benzene/1-butene molar ratio of 4.3:1, MCM-22 and MCM-49 catalysts improved
sec-butylbenzene selectivity to 93-94%. Multi-staged addition also provided a 3-
fold reduction of butene oligomers, and a reduction of di-butylbenzenes and tri-

butylbenzenes.
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C8= 0.751 0.325 0.261 0.251 0.247 C9-11 0.195 0.069

0. 054 0.050 0.053 + C10-Cl1 Aromatics 0.030 0.034
W@2®32935036 0. 036 C13-15 0.022 0.028 0.024 0.PGUER2003@1205
Cunene 0.027 0.019 0.01 2 0.01 0 0.01 O t-Butyl benzene

0.064 0.062 0.059 0.057 0.05
0. 000 0.000 0.000 0.000 s-Bu

2

I - Butyl benzene * 0. 000
T benzene 95.479 95. 827

95. 428 94.937 94.432 n-Butyl benzene 0.01 6 0.01 5 0.01
3 0. 01 T2ble ® 1C@mparidomtof BxtsivRenetcr RR4ltLatdhe End 06R1in
4.159 4.681 Tri-butyl benzene 0.1 38 0.1 2 1 0.1 38 0.1
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Shxagplsdy Eramelnd o Exereple 5

BrPey o4t BRIl HEAMReh r@@f“&'ﬁ b
Ca®Bal | BB, % 0. 000 MEMED OMOGES0| 08DM-22 00BICH-BB/ ai,,é’,{j,"fg’
B 803G 99 920 980925 995927 99,820 - Bghal | Bl
Pa ol o0 01 420 01 38013 Sim %10¢ 0 o7y
)\ U D/ DD l | U, L ‘|- J
’éﬁ"fj%if:j%ggngf‘“ bl cbocol | ected pt {R00C. 6hp- 700 o)
ld Yl UCIILCH | cCoSS I~ Ul J7, I l Ul
lﬂ "% nVerzS'on )‘L’o ot det ect abI e gﬂ;] GV ugs 6'd Exgbs 6 P31
oL g o eyl F 970 T e 6 oo
n?res batch reacft ol 1to,
Cecfaed at 5 hourjs r t| on’ me oper’ Eed VVI hn
a i figl e-step addi tji 81 1- b?,l Gne 22 aﬁ@n e
ca aI ysts produced ses tyl benzen 91%"
sef Bttivity dperdied w $¥°mu aged {Hdi t i o2
of “'T- bt 8Hé\'°f"8t'°|seach P sane®titna Azene/ $9%ut en®?3®
ot ratio of 4.3:(1, ORF 22 WHE MowPAd’ cat aP'g:gts 0.035
U®d sec-butyl ben?@?ﬁe sel B&Yi vt P %D 93- 849 0.010
I\/LfIBl“fy'b?tzﬁ’lj’ed addi t i jon%8f%o pr‘b Aded 28 fol §0%8 0.055
r d@U¥PFBR°of but end oPPYbrer s 0eQnd a %%Quct i HA%% 0.000
di SBHoGI8hzenes and 3 But yI%Bahzehe® Fipl e B:513 94.432
PAfIesSA° of Bat ch RBQ?:"t or FQe%‘GIt é)tm? he Eﬂ&ogof RLH'|°12
Di-butylbenzene 4.681
Tri-butylbenzene 0.349 0.356 0.197 0.184 0.163
Heavies 0.031 0.028 0.022 0.026 0.024
Sum 100.0 100.0 100.0 100.0 100.0
s-Butylbenzene (BB) Purity, %
t-BB/all BB, % 0.050 0.047 0.061 0.062 0.058
i-BB*/all BB, % 0.000 0.000 0.000 0.000 0.000
s-BB/all BB, % 99.935 99.938 99.929 99.928 99.929
n-BB/all BB, % 0.015 0.015 0.010 0.010 0.013
Sum, % 100.00 100.00 100.00 100.00 100.00
Di-BB/s-BB Wt Ratio, % 71 71 6.2 59 50

All samples collected at 160°C, 600-700 psig, and 5 hours reaction time.
* i-Butylbenzene less than 0.5% in total butylbenzene not detectable with GC used.

[0074]

It is to be appreciated that at a 6:1 benzene/l-butene weight ratio (4.3

molar ratio), the 1-butene concentration is 14.3 wt% (1/7) if all of the feed 1-

butene mixes with all of the feed benzene instantaneously upon addition. Given

the relatively slow reaction rates and fast stirring, this is a reasonable

approximation with a well-stirred autoclave reactor, and can be approached in a

fixed bed reactor with adequate feed distribution nozzles at each feed injection

level.

The local concentrations would be higher with non-ideal mixing. For a



Mbde of Butene Addition Single-Step Addition
Mul ti-Staged (5x 5 g) Addition Exanple Exanple 1
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Catal yst MCM 22 MCM 49 MCM 22 MCM 49 MCM 49 Benzene

(Bz) Weight, g 150 150 150 150 Total Butene (C =)
Weight, g 25 256 5 x 55 x 5% x 5 Total Feed Bz/ C4=
Weight Ratio 6.0 6.0 6.0 6.0 6.0 Total Feed Bz/CA=

Vixed rbeBadysteny .tBerd . v3ilUn@mhlly Bk BvdBot emee Catalyst dieds),préferably
971953966963931Product Selet| |tv 6

Wikl seRaree eAdinptegd INGCtERIEZaneoPstrerm 485t Aypeobihesebeds.
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mﬁwaoﬂir@aﬁixmezc& feffblYmDBPHlEnezzles. C10- C11 Ar omatl cs

1 14 0.042 0.036 .0. 036 C13- 0.082 0.
J0828} 5. Buenciho Famesaminat of Ghteseovesadied Nepaviee boaeps as in
%xq;ntpy?st 3 BV WP EOE BN Eorh 10 & Ay 8 Rnlo OB A et Qxf’ﬁetqre@éﬁddltmns

benzene * 0.°000 0. 000 0.000 0.000 0.0
{9BOTYd barigren ecovérspng @ in 38xa9Ble268-93. the &lEQIAImllGIZ olefin

v T g e

o i
et S 8 g

less the qcn@valermm no!liplBdesd aslditiosrayents) a baichreactay,
ts BB/alII BB, % 0.050 0.047 0.061 0.062 0.058 i-BB7al |

%‘c-butylbenzene syn?he%lsovovg)thoje?%llgd (MEM-@ in fixed-bed reactor at

3:1 benzene/2-butene molar ratio

[0076] 0.4 g of the jet-milled MCM-49 catalyst of Example S (but cut to 1/16
inch [1.6 mm] length) was used for alkylation of benzene with 2-butene in a fixed-
bed reactor. The catalyst was diluted with sand to 3 cc and loaded into an
isothermal, down-flow, fixed-bed, tubular reactor having an outside diameter of
4.76 mm (3/16”). The catalyst was dried at 150°C and 1 atm with 100 cc/min
flowing nitrogen for 2 hours. The nitrogen was turned off and benzene was fed to
the reactor at 60 cc/hr until reactor pressure reached the desired 300 psig (2170
kPa). Benzene flow was then reduced to 7.63 cc/hr. 2-Butene feed (57.1% cis-
butene, 37.8% trans-butene, 2.5% n-butane, 0.8% isobutene and 1-butene, and
1.8% others) was introduced from a syringe pump at 2.57 cc/hr. Feed
benzene/butene molar ratio was maintained at 3:1 for the entire run. The reactor
temperature was adjusted to 160°C. Liquid products were collected at reactor
conditions of 160°C and 300 psig (2170 kPa) in a cold-trap and analyzed off line.
Butene conversion was determined by measuring unreacted butene relative to feed

butene. Representative data are shown in Table 7.



s-BB/all BB, % 99.935 99.938 99.929 99. 928 99. 929
n-BB/all BB, %0.01 5 0.015 0.01 0 0.01 0 0.01 3 Sum

W0ORMm091387 100. 00 100. 00 100. 00 100. 00 Di - BB/ s-BBI/EP2007/001205
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bez€ne/ 2- but ene nollar #8385 o [00P8%90. 4 gO0&P9t he 0.107
jetCetri| | ed MCM 49 cat al 9413 of Ex&Bebe % (946 cut t 8474
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cat T Was dried 4 and 1 atm wilt cc/mn

i-Butylbenzene * 0.000 0.000
s-Butylbenzene 92.547 93.054 96.257 96.244
n-Butylbenzene 0.013 0.009 0.011 0.010
Di-butytbenzene 5.546 5.040 2.667 2.620
Tri-butylbenzene 0.405 0.287 0.113 0.125
Heavies 0.320 0.013 0.010 0.016
Sum 100.000 100.000 100.000 100.000

s-Butylbenzene (BB) Purity, %
t-BB/all BB, % 0.100 0.084 0.081 0.071
i-BB*/all BB, % 0.000 0.000 0.000 0.000
s-BB/all BB, % 99.886 99.907 99.909 99.919
n-BB/zall BB, % 0.014 0.009 0.011 0.011
Sum, % 100.00 100.00 100.00 100.00

Di-BB/s-BB Wt Ratio, % 6.0 54 28 27

All samples collected at 160°C and 300 psig.
* iso-Butylbenzene less than 0.5% in total butylbenzene is not detectable with our GC.



flowing nitrogen for 2 hours. The nitrogen was turned
of f and benzene was fed to the reactor at 60 cc/ hr

W@ Rni7/9338act or pressure reached the desired 30PCPEPIP07/001205
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(2170 kPa). Benzene flow was then reduced to 7.63
cc/hr. 2-Butene feed (57. 1%% sbut ene, 37.8%
trans- but ene, 2.5% n-but ane;“0. 8% i sobut ene and
1-butene, and 1.8%others) was introduced froma

q9078]1ge Wi Gerated at GeY bénzeﬁe/ecbdnemezmnht hati e (& Mllatvelght
rati o was maintained at 3;1 for the entire run.

el dhe tZ&%@waswn%&matﬁ L8 Peyte 1150 2ibyisng Thies with
F’Jeggg%gﬁmsi’étﬁ{aﬁ?@%%e%@ﬂné‘tbe%@zoﬁm&%‘ tHdidrORRioOltnel §#8EM-49

In a cold-trap and anal yzed
afafall ysn prodBuédesee-moylvenzeho withdS Yesdlativityed by measuri ng
unr eacted butene relative to feed butenge

d@%?%sem“él%q%pea%rﬁ% 2,01 SeRAgC Rrbutes) Bolat ERtififre8-4:1 weight
X%)g[{%é’ 3%{36%180&%8&%\%{ gse‘#%%hw )%t 79 k) et Mg Omises with

reactor ene ut ene nolar ratio
[H&ﬁi’eﬂe ﬂihtanmhemesss oAt Exarmhmné/z\A}aEeneepeaaremtlbutthmM(ﬁlgl -49

Eﬁl)gslt ﬁéufsd iSRES up’ibeeglz%cﬂM wﬁgrpcé?} )se ﬁﬁv% %fﬁgdycé%éuch as

Qﬁ%ﬁn@l{&‘rﬂe@@ Qn8 i Muty18EdLnLehRD rIBLRIRNRE s AlverB: kdh@d by
the entite run (benzene at 11.47 cc/hr and butene at

1abogt §@%hdihup red%@pr&beait mnpm;ra@an afdutenglin theshivadhbgdhreactor

}g?le 7t Tabl e ¢ o EPy %t Eoductlon with
AP} ‘58'%\9} 3@ SF‘h gt]y &}z@g EACt06r Exanpl e Exanpl e
lo¢ 8 Feed Bz/ C4= Weight Ratio 3 1 6 1 Feed

E@fn@ﬁnoﬁ/bdfafecaﬂlt Befizéhel pPoductd GaypaRi Rlab® by Mukti-Saged

Sifterfe SaRULADE ¢ enﬂ%néfbﬂt&e%@la? ritid oP4Benzene WHSV,
h 116 7 16 7 16 But ene Conversion, % 96 30 95

40(18(!]7 4 The MU@@rPdlm:’umodseddelntEXWWS 3, 95d 5 Eh;rtcahrr@a@or by
87St%%§5gbbt68%§‘dgq‘8§g V{Bjal%%%gr%bg)negooBenzOe%g wasope%oQ/eg under

reduced pressure by a Roto-evaporator. Sec-butylbenzene was isolated by
distillation under 50 mmHg vacuum using a 26-plate vacuum-jacked Older Shaw -
column with a reflux ratio of 10:1. Oxidation of sec-butylbenzene was carried out
in a 100 cc Parr autoclave at 115°C and 250-260 psig (1825-1894 kPa)
nitrogen/oxygen (80/20) pressure. Into the 100 cc Parr autoclave was charged
0.185g (1.1134 mmole) N-hydroxyphthalimide (NHPI) from Aldrich and 43.2 g
(321.5 mmole) of the distilled sec-butylbenzene. The contents of the autoclave
were pressurized to 220 psig (1618 kPa) with nitrogen followed by oxygen to an
80/20 molar ratio at room temperature. Next the mixture was heated to 115°C
‘with a mechanical stirring rate of 720 rpm. The temperature was maintained at
115°C for 6 hours with frequent gas sampling of the head-space for nitrogen and
oxygen. The oxygen content of approximately 20% was maintained throughout
the heating period by replenishment from an oxygen PVT (pressure, volume,
temperature) vessel. At the completion of the run the liquid phase was analyzed
by GC. Sec-butylbenzene conversion was 22.2 wt% and selectivity to sec-

butylbenzene hydroperoxide was 92.3 wt%.



C8= 0 443 0 865 0 466 0 474 C9-11 0 0 19 0 042 0 O 16
0 033 G 2= + C10-Cl11 Aromatics 0 157 0 135 0 066 O
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0 156 0 159 t-Butyl benzene 0 093 0 078 0 078 0 068
i -Butyl benzene * 0 000 0 000,0 000 O 000

s-Butyl benzene 92 547 93 0542%8 257 96 244

n- But yl benzene 0 0 13 0 009 0 0 11 0 0 10
Exdmplg/10enzene 5 546 5 040 2 667 2 620

Oxidatiby | BENERHutPIbéRZer? F6dRcell An0 fikéd beaviréafetsr 30 3:1

G eBzdne/Putend adlaPrakfpy Sum 100 000 100 000 100 000 100
000 s-Butvl benzene (BB) Puptv, %t-BB/all BB, %0 100

doesu o bsmid mgdudts peThIced BB, Esamplg0d (@ixedbed mpagonat 3:1

et mplR riffo) i b 1 19 aikahes dessri i

Mnﬁ@e DO a9 (o fif@e® FoPiseBBLESH2RzNe [0tation 2hd6obidbtich.2 Sec-
8 2 Al'l sanples collected at 160C and 30

0
@@zlb‘enzyn%emé@rélomeww Hah wt%osnd selsetdyitipde y%gwﬂéh@lzene
g@fﬂ%temq(%ee‘gm6 Mbih oui GC[0078] When oper ated at

nzene/ utené nolar ratio (or 4.2:1 weight
rExangple 11he 2- but ene concentration is 18.9 wt%(1/5 3)

iGxidatioh €BE dEcARRyWehrerRe proadcddShafixedcoed! Yeacfr at 6:1

tHtnZePPERAENGIPVERRE Nol ar ratio, the MCM 49 catal yst
produced sec- but()ill benzene with 93% sel ecti vi t% [ 0079]
tre

\BRF21opeHinued papdwts) psedieeddn 2Examplaes ridixed-be aptqrolat 6:1
%Gﬁ%e]ney@lte?l% /@5% rﬁ d)z\tv%u c%n?oq£§$eﬁ8Q%%QB{r8&éd%pe dg’scrlbed in

tene m xes

| Exsitrepdd @nmusﬂouowéd fohissc-betyteneénd- Bulaeior amdl axidstadn. 0,Sec-
the MCM 49 cataly produced sec- but’él benzene with 96%
Sutdbenzeng )FOUBVSﬁfPPo&’GEt% Lueiveadnd, selspviby itgotrsruitghenzene

HydRpeyd G esg dRg, tri - butyl benzenes were reduced by

Example 12:
Comparison of sec-Butylbenzene Oxidation

{0083] Figures 1 and 2 compare the sec-butylbenzene conversion and sec-
butylbenzene hydroperoxide selectivity respectively of the processes of Examples
9 to 11 with that of comparative process using TCI sec-butylbenzene (containing
19 ppm olefinic impurities) as a bench-mark material.

[0084] Figure 1 shows the improvement in sec-butylbenzene conversion with
multi-staged addition of butene (Example 9 with 22.2% conversion) or with 6:1
benzene/butene molar ratio (Example 11 with 21.9% conversion), as compared
with the 14% conversion obtained with the 3:1 benzene/butene molar ratio of
Example 10. The highest conversion was, however, obtained with the TCI sec-
butylbenzene (24.8% conversion). |

[0085] Figure 2 shows the improvement in sec-butylbenzene hydroperoxide
selectivity with multi-staged addition of butene (Example 9 with 92.3%
selectivity) or with 6:1 benzene/butene molar ratio (Example 11 with 92.8%
selectivity). These selectivities were higher than those obtained with the both 3:1
benzene/butene molar ratio of Example 10 (91% selectivity) and the TCI feed
(91.4 % selectivity).



about 50% Thus reducing |ocal concentration of butene
in the fixed-bed reactor has a positive inpact on

W@ e@70m3y! benzene selectivity. Exanple 9 : Oxi BEE/ERP200T601205
sec- butyl benzene produced in batch reactor by
mul ti-staged butene addition at total benzene/butene
nmolar ratio of 4.3:1 [0080] “he |iquid products
produced in Exanples 3, 4, and 5 (batch reactor by
Mo08d)- st &gtk thdpiesaret Adentidrohhs Weere deseriiedeshd Héusrrated by
was renoved under reduced pressure by a

Y,. iy )
REICERNES alSo PARISRIAr SERbAIMGHtEe Hish ofngidinary| skill ginpthe art will

. . g - .
Bl I BRGSO A R Rpb Pillugpated
Heréin. Pordhisireasonf theac rdferentd shrondd be wasdecslely ed theitppanded
a_ 100 cc Parr agtoclaye at 115C and 250-260 psig.

5 (clups fangupesss Pl AsErORE % e ACPSOY He) Prgens Eedtion-nt o
the 100 cc Parr autoclave was charged 0.185g (1.1 134
nmol e) N hydroxyphthalimde (NHPI) from Al drich and
43.2 g (321.5 nmmol e) of the distilled
sec- butyl benzene. The contents of the autoclave were
pressurized to 220 psig (1618 kPa) with nitrogen
foll owed by oxygen to an 80/20 nolar ratio at room
tenperature. Next the m xture was heated to 115C with
a mechanical stirring rate of 720 rpm The tenperature
was mai ntained at 115C for 6 hours with frequent gas
sanpling of the head-space for nitrogen and oxygen.

The oxygen content of approxinmately 20% was nai nt ai ned
t hroughout the heating period by repl eni shnent from an
oxygen PVT (pressure, volune, tenperature) vessel. At
the conpletion of the run the liquid phase was

anal yzed by GC. Sec-butyl benzene conversion was 22.2
wt % and sel ectivity to secbutyl benzene hydroperoxi de
was 92.3 w % Exanpl e 10: Oxi dati on of sec-butyl benzene
produced in Wked bed reactor at 3:1 benzene/butene
nmolar ratio [0081] Liquid products produced in Exanple
7 (fixed-bed reactor at 3:1 benzene/ but ene nol ar
rati o) were conbi ned. The same procedure described in
Exanple 9 was followed for sec-butyl benzene isolation
and oxi dation. Secbutyl benzene conversion was 14.0 w %
and selectivity to sec-butyl benzene hydroperoxi de was
9 1.0 wt%



Exanpl e 11: Oxidation of sec-butyl benzene produced in
fixed bed reactor at 6:1 benzene/butene nolar ratio

WO 0®3@a93387 qui d products produced in Exanpl e 8 PCI/EP2007/001205
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(fixed-bed reactor at 6:1 benzene/ butene nol ar rati o)

wer e conbi ned. The sane pro ure described in Exanple

9 was followed for sec-butylbenzene isolation and

oxi dati on. Secbutyl benzene conversion was 21.9 wt % and

qdLAIMSVity to sec-butyl benzene hydroperoxi de was 92. 8

wt % Exanple 12: Conparison of sec-Butyl benzene

Oxidation [0083] Figures 1 and 2 conpare the

dec- but Prasessden erodupine ses-butyisazanse ethypeseng@muerising reacting
| | ect

'&%@%@gg&@ a?ff%%? o‘ﬁ§ 11n‘ég} put% %B‘B&%R éﬁ?kﬁé 8l fcklgcgl%gsr and in the

PrESeRSS dehngatIlG}lst secphudiuyd banztingat{@o reffudnit nggxﬁ;Sh@pgn sec-

olefinic inpurities) as a bench-mark material. [0084]

Pugibenzenss hyhgretm saidnptkylptiag rtondiions carg uEaNtI9dRg ex9e that said

SOMEGFP T e B

benzene/ but ene nDIar ratlo (Exanmple 11 with 21. 9%
onver ith the 14@6conver8|on

I 0
s kRS AB < P blE estalNR| Semprtes gatofeast one

%E‘&h@r sidle oF it M@@eﬁfaﬁﬁl version was, however,
obtai ned with the TClI secbutyl benzene (24 8%

converS|on) [0085] Figure 2 shows the |nprovenent in

e | benzen dr er oxi d ect i

ot BRe i o 108 SR e et ol sisvesgf the

NCRLDD Fhihity hat aiXha d&ﬁbﬁ%egmdehut&nﬂx@h@ba&@g hxima at
nple 11 with 92.8%selectivity). These

é@l/’é@t%ﬁ&#@é&éﬁéﬂc%%ﬁé‘#3t4ﬁaﬂ 0y treMt ai ned with the

both 3 :1 benzene/butene nolar ratio of Exanple 10

(91@65e|ectivity) and the TCl feed (91.4 %

slel ectTihei prptess WT&aly pkceding il edendin isaMdeslkylatiomasnditions
at ed reference

n descri bed and il | us 0
;5%& vﬁiecav a‘}ve@ﬁbam I3eFitio 0{ ES%HBftO&FWhé?Pﬁﬁngkﬁg?m I'A tong0:1,

Mrdfedbly FGRR PG @€ that the invention lends itself to
variati'ons not necessarily illustrated herein. For

this reason, then, reference should be made soIer to

h ded for . f d
O e oiggastses pRatppedtaibe FROENE pircf iefihd & doffucted in

a catalytic distillation reactor.

6. The process of any preceding claim, wherein said linear butene is added to

the process in stages.

7. A process for producing sec-butylbenzene, the process comprising reacting
benzene under alkylation conditions with a Cy4 alkylating agent in the presence of
a catalyst comprising at least one molecular sieve of the MCM-22 family, wherein
said reacting comprises the steps of:

(a) contacting benzene with a first portion of a C4 alkylating agent in a
first reaction stage to produce an alkylation effluent comprising sec-butylbenzene

and unreacted benzene; and



1. A process for producing sec-butyl benzene, the
process conprising reacting benzene with at |east one

woO povgae33but ene under al kyl ati on condi ti ons andPCTEP1987/001205
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presence of a catalyst to produce an al kyl ation

ef fl uent conpri sing secbutygﬁfnzene, wherein said

al kyl ati on conditions are cohtrolled so that said

al kyl ati on product contains 1w % or |ess of butene

ol i gon@®)s. cdntatling paidamserctell behadn® with whieasti onetfather portion

catalyst .conprises at | east one nol ecul ar sieve of the
Gialkylpting agent inpat deast enedutthgrreagtiontageo, ¢l ai m 2,

wherei n the nol ecul ar sieve of the MCM 22 fam |y has

an X-ray diffraction pattern including d-spacing

rfaxi mel'tet prb2esd f23ain6 79 Whiizin 8218 #8adPidnastaes .af Oofdducted in a

gst.ro 4. . The process of any preceding claim .
ARk C Ao 1apea CPBRFCLT Flignand feah ERaiAng gidspatalyse,
MRk hehAhE %em% BRRAGE&! (1o |thO8REt RULERE 2680 Md sdidt Akylating
20:1, preferably from4:1 to 9 :1. 5. The process of
aagyntdregtediiviigd bemieaen saldeeaitiongangs. reacting i s
conducted in a catalytic distillation reactor. 6. The
process of any preceding claim wherein said |inear

bt enerfespRES8h it Qaite R Q&ES S, WheRiRA8R: mblecaPEREEDT the
for produci ng sec-butyl benzene, the process conpri sing

MEM-23 darhdy renmolequller sigvkhavang am Xerapi diffiachien pattenn incguling

g PR 20 Laafo ons BEFLEL S B G egronsn

famly, wherein said reacting conprises the steps of:
g%i contacting benzene with a first portion of a C
Ky

| akherrgoease at amnofeclpimsst torb atheran said dgerlitdatineragakin (2)
qgngggMJQH%g@bgégguent conpri sing sec-butyl benzene and

unreact ed benzene; and(b) contacting said unreacted
benzene with at | east one further portion of a C4

| kyl at.i ng agent. in at |east one further reaction . ..
Sage. 1ns Profs OF sl of Bhizs 5, & fhelRan A & agrein said linear
RAGE QP RAIAEER AhdaWdehad in a plurality of
reacti on zones connected in series and each cont ai ni ng
said catal yst, with benzene being introduced into the

fi,y st reaction ne and sai d,al kyl.ati.n gent, peing. ...
P o HRERGER AR PREeRR Sy ulleid 3 BRERYA 5 dngpions
Ghélde 7 tepipeedtaierdt FrombeTERioREAChnaRk @ Pdsdiliref V60 RPa or less
t he

and/or a feed weight hourly space velocity (WHSV) based on alkylating agent of

from 0.1 to 50 hr'!.

13. The process of any preceding claim, wherein said reacting is conducted

under at least partial liquid phase conditions.
14. Sec-butylbenzene produced by the process of any preceding claim.
15. Sec-butylbenzene formed as the direct product of an aromatics alkylation

process and containing from 0.01 wt% to 1 wt%, preferably from 0.05 wt% to 0.8

wt% of butene oligomers.



MCM 22 famly is a nol ecul ar sieve having an X-ray
diffraction pattern including d-spaci ng naxi ma at
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The process of any of clainms 7 to 9, wherein said C4

al kyl ating agent in (a) conprjses a |linear butene. 11.
The process of any one of clatns 1 to 6 or claiml10,
wherein said |inear butene is contained in a nmxed C4

siter earThelise dilte Besbaitbenterznyf qMiac e4lionglaphaliSnin a process for
wherein said_al kylati on conditions include a
ttheparstrserolalkylagpmatisete phepghandymgihygl etﬁyldfeé@seur e of

7000 kPa or |less and/or a feed wei ght hourly space
velocity (WHSV) based on al kyl ati ng agent of fromO0.1

t1d. 50 Arprocess 1fdr prbdugig pheol cdndametipyi estleyi kegowd, athen process
wherejn said reacting is conducted under at | east
FRMPACEIE | qui d phase conditions. 14. Sec-butyl benzene

pr odu by, r ' ' :
Sec- buty! berseng PErens vah FkeRiFEaeataR: Tpcratkylation
aodmions sind| ikythatpresenpe of es satalyst toptaiune ng dlkyplation @ffluent

w%to. 1l % f bly f 0. 05 % t . 8 %, of
opging: ggmRa e Serbuliigmspric md Tom OTyYishis dngt % of

YutdleiFodrOr claimi15 in a process for the
conversion of al kylaromatics to phenol and net hyl

et hyl (ket onexidizing Ather ossssmitylbenzgnodtimg (phertol maodice a

t.hyl ethyl ketone, the process conprising: (a)
;@gﬁci{)leﬁog’“@é/eﬁrzlgne with at | east one |inear butene under

al kyl gt} on dgedvehd ihens desprdxidd iemRbEELMOuey plenol and methyl
catal yst to produce an al kylation effluent conprising
Sthyl&gtonegs wt % sec- but yl benzene and from 0.01 wt%to
1w %of butene oligoners; (b) oxidizing the

sec- butyl benzene from (a) to produce a hydroperoxi de;

aidd ( chhecpmawisngf thenhyrwheroxsaié databyst (conpriceg no dhaste one

phenol and net t hyl _ketone. 18. The process of
dP‘g\F?Hl&rﬁ‘eWﬁg‘%/wé\gr%z@ 19t yst conprises at | east one
nol ecul ar sieve of the MCM 22 famly. 19. The process

of claim 17 or claim 18, wherein said nolecular sieve
dP. t hel'he process of claim 17 or claim 18, wherein said molecular sieve of the

MCM-22 family is a molecular sieve having 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.

20. The process of any one of claims 17 to 19, wherein said oxidizing is
conducted in the presence of a catalyst selected from:

(a) an oxo (hydroxo) bridged tetranuclear metal complex comprising
manganese;

(b) an oxo (hydroxo) bridged tetranuclear metal complex having a mixed
metal core, one mefal 6f the core being a divalent metal selected from Zn, Cu, Fe,
Co, Ni, Mn and mixtures thereof and another metal being a trivalent metal
selected from In, Fe, Mn, Ga, Al and mixtures thereof;

(c) an N-hydroxy substituted cyclic imide either alone or in the presence of

a free radical initiator; and



MCM 22 famly is a nol ecul ar sieve having an X-ray
diffraction pattern including d-spaci ng naxi ma at
wa200409857 6.90.15, 3.570.07 and 3.420.07 AngsPCDEP2020001205
The process of any one of clains 17 to 19, wherein
said oxidizing is conducted %ﬁ t he presence of a
catal yst selected from (a) an oxo (hydroxo) bridged
tetranucl ear netal conpl ex conprising manganese; (b)
an oxdd) Ny Nk wihydraxyedydnatic anidodithar aloet at ircthepiresence of a
avin .m xed netal core, one netal of the core being
fﬁFWﬁF%HF“WﬁFaI selected fromzn, Cu, Fe, Co, Ni, M
and m xtures thereof and another netal being a
trivalent netal selected fromln, Fe, M1, Ga, A and
Rilxt urlde piloeesodf afy JonanofNelainay 43 ytos2Mswhengine thec pxidizzng is

5 Ircgm(iiqe%?e& zitltrr]ﬁet{éplilf:%lrt]l,lere gl)riqgl@g(y‘ ttct] 50(5)‘;(/e z?ne grea (p)rfessaurg ro? gO to 2000 kPa

o to DO -atthbdphefe@)yi socyanuric acid either alone or in
the presence of a free radical initiator. 21. The

process of any one of clainms 17 to 20, wherein the
oxidizing is conducted at a tenperature of 70C to 200C
and/or a pressure of 50 to 2000 kPa (0.5 to 20

at nospheres).



