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HYDROCRACKI NGOF DI PHENYLALKANES Field O The Invention

The present invention relates to catalytic
whyasooszacki ng of a di phenyl al kane to produce PCT/US2004/020812

al kyl benzene. The present invention further relates to

a process for catalytic hydrocracking of

2- et hyl - 2, fryiyROETVA CRTNE G FI BV EAL B RNERPY |

benzene (" currene") Background O The I nvention

Substantial quantities of diphenylal kanes are produced

Fi g rod ct |n varlous chenical processes |nvoIV|ng
L r roducti on of ubs i tut?
benZ&f é%%%iuwe%% fiisata ghdiRbgnylalkane to

prdiilh@é kwl TRepaRN e e%ﬁqﬂ%ntlgﬁ rfuﬁﬁﬁ”}%llzﬁes to a process for catalytic
thyl - 2, 4- di phenyl pent ane and

hyd:homeclh;lg 13- Binpdileyiy2, b dipheeylpentansr othuc prbdase byimpoelydt sbenzene
wlin nagy processes which use cunene, such as in the
(g phenol peroxidation process, and in the process

BabefrohfiEOF EROMRENiH cunene from cunyl al cohol .
WOOL/ 70714, assigned to Sum tono, describes a process

r el Subsigntiab qesitHies o ghpf@cpllakk@wst)@ﬁ Aepduced g5 Sobyaieyst & various
chemwarﬁe . oc)ass%éj 119vb?\ﬁh£ thec' ancg&x *}e{ﬂ% S#}S(fhpc%oﬁxédeSu@sst%tgt@d) benzene-
of propylene to

carrier at 1o

coﬁﬁmﬂigcdbnm’o@ﬁ&d &Ik a@Xﬂyﬂﬂh qﬂﬁnbﬁ dﬁﬂ@ﬂ)b}élﬁ&ﬁé emeciah@eh dlor example,
al.cohol ). The i soprop%f1 al cohol is

| a
-ra@th%% étdé@reﬁylﬂ%t@% afBd, dpmngthyl- %§o¢l pawuiaees ¥eepprodyped  as
l‘égﬁét&%l &R e %Wﬁ% afd Elﬁﬁé{rf‘el eﬁc{l)oés i pt‘ﬁét @lgnene-phenol

ring rogeno ysis step, substanti al
pempuimtlon pescsf amimehrepldcasse fordherqoooaty o€ dummetﬁmm simgbéleohol.

P BGHAD T Srced e S pinp SO SRra debesbR lang & gidizing

1so§i‘dp§7!ﬁ%ﬁzeﬂe?%¥§otk'nﬂg'n al “ELHﬁerfe fol¥etail ngfb@?l%ﬁieﬁe 1;91rox1de as an
di mérization thereof. U'S. Patent Nu ,

oxm qgnm fmthhmmdatl@e@é pidpgtena tgprodecespropylens @ddmndg

B SIS e AP 5 BT SRR

del@}dfélt%@’ﬁ?&@@&lamdd VRREyard g‘éﬁol bk aﬂeEetd iSvprépyishnZéneqcumene) and

al kyl benzene with oxy e al kyl benzene

reqygled 6@@@9th$st%\9%@0@@1®¥&%@ yhbgagighgwaniifipeef cumene

dlﬂlér are produced as undesirable by-products, because cumene can stay in the

hydrogenation bed after it is produced, but before exiting, resulting in the further
hydrogenation or dimerization thereof.

U.S. Patent Number 6,455,712, assigned to Shell, describes a process for producing
alkylene oxide ( also known as oxirane) compounds, such as propylene oxide, by oxidizing
olefin with alkylbenzene hydroperoxide obtained by oxidizing alkylbenzene with oxygen.
The alkylbenzene hydroperoxide is converted to alkylaryl alcohol which is
dehydrated/hydrogenated via a multi-step process of hydrogenolysis followed by
fractionation to separate alkylbenzene, from other side products, for reuse for making
alkylbenzene. Substantial quantities of alkylaryl alcohol could be converted to
dimers/oligomers of alkylbenzene as side products.

WO002/072507, assigned to Sumitomo, describes a process for hydrocracking of
2,3-dimethyl-2,3-diphenylbutane in the presence of a copper chromium catalyst. The
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dehydr at ed/ hydrogenated via a nmulti-step process of

hydr ogenol ysis foll owed by fractionation to separate
wabkdoglobssazene, from ot her side products, for repOFES1004/020812
- maki ng al kyl benzene. Substantial quantities of

al kyl aryl al cohol could be converted to

co%ggf/r%{?%g% %96"9@ 3s Qﬁlggh‘?‘% NEREERERR SL gﬁlalgSI Qe Gifer cumene

assi gn um t oo, describes a process
dinfens, shgtdasdemathii-Ag-diph&yBedtanetirgduc2d 3s sidpmeadpkisin arosesses

. in the presence of a copper.chrom um catal yst.
VTS| gl} gﬁgoh@elﬁ%eé@&? Qf"ﬁ‘?rgq 84% Moreover,

t hefg ﬁ{e?eféi% YRkitah1eoSRvab &R cM16TERA BrodbdiBitEich $06HA ragover
2-net% -2, 4-di phenyl pentane, produced as

undsisiteblp pilulbenzeni dipers oe skgamérnbpipvedugtsauedised ihiigheraiabie

not nenti.oned in [ atent.. |t is therefor
aiyRentERg il Pt as v et b AEL B0k Gts, sot o
alkUBERMAE cHBEEdst alfbRivalyk¥d Resazenepdite®tse i@ theddangvairtercial

y- products produced to higher val ue al kyl benzene wth
progesgier yoredtheranduseisibs el y | ow tenperature’ and | ow

SusdstSor $8 meﬁ{iof?l kyl benzene can be cost effectively
—Eﬁ%%yi?eiL%%r—repeated use in the same comercia

PIlﬁCiﬁﬁﬁltiQh i§h directddnera hydrbesdckinglprowees cdsupnsing/tho ktephef:

nvention The invention is directed fa a h cr [

pr oEsHng: o?rrpf’rlpliqnﬁfb etlﬁ’éles_p%‘ﬁ%g of : IOFEY PR gogﬁmﬁﬁ'{&n(mm"
C(%&)Eﬁ;i%z\gi?( \I}\lpfgﬁ?%ﬁé gEiﬁglaaédtﬁysthon%rﬁﬁ%( Petdl GeRCA Bom the group

rogen using a catal yst conprising a
comsitiag of €req 88 ahd Groth¥Ignoty) compeiads engarpécidic suppdrito produce

g Rre Ry Tbe g iue Tart i B P slibicRapdpPort 1O
R RaGeR—M iR tGatnRiPio) 6aRB6 M atoRehER 5 ahdR 6 il fouTRRd,

of carbon atons for R5 and R6 is equal to n; and,

whemdiereiiRR 1, R2, RRB3R4R4cle ich hiydrogeh gl e dyydrpcayoog group having 1-10

Eédrocarbon group having 1-10 carbon atons. Detail ed
CagLAPMSt i on of the Invention The present invention
DekfledRscriftiond dPiRCRSentfoar catal ytic hydrocraking of a

di phenyl al kane to produce an al kyl benzene. . )
|1 | (e poespwteingeniiongalafes ip einferesk ivmatadytiss ugigearggng of a diphenyl

I ' r LG (IVAS - A aTod :
950 B BULAET SR 350 Y W o
hydrogenation or hydrocracking catalysts include catalysts comprising Group VIII metal or

-

Group IB metal, particularly those comprising copper, palladium, platinum and nickel.

As a particular embodiment of the present invention, the catalyst employed is
supported by an acidic carrier ( also known as “support™), particularly a carrier which is in
an “acidic hydrogen form”. The term of “acidic hydrogen form” means the 50% or more of
ion exchangeable cations are protons ( also known as “H" or “hydrogen (+) ions” ). Not
intended to be bound by the theory, it is proposed that acidic- hydrogens help promote the
hydrocracking reaction and increase the acidity of the catalyst. The highly active catalyst
is able to hydrocrack the diphenylalkane at relatively mild conditions, thereby minimizing
the production of side products such as alkyl cyclohexanes and lower the utility costs. Non-
limiting illustrative examples of acidic support include silica, silica-alumina, and zeolite,

such as Mordenite, Na/H-Mordenite, H-Mordenite, beta-zeolite, H-beta-zeolite, Y-zeolite,
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Goup IB netal, particularly those conprising copper,
pal | adium platinumand nickel. As a particul ar
werisaoszent of the present invention, the cataPgBUS2004/020812
enpl oyed is supported by an acidic carrier ( also
known as "support"), particularly a carrier which is
H-Ve8hte, A 6k GikBYWHhes e8o1har zm: uscd) @ i EdTe@dd thaCiney @re in the acidic
ydrogen forni neans the 50% or noré of ion
hychfngftmﬁwgaabl e cations are protons ( also known as "H or

d dto.b
et 97 Petifdel Plfatiton{ R e duFrE Gl SRRl cbiln from
0.1Pb BIRKE, ﬁd@ﬁ‘cﬂw B6MmaEkKI Itcng %WaChicantcand thé Gleihs GftH%Qn_etal on the
aC|d|ty of the catalyst. The highly actlve catal yst is

bagiploé the th?/IdWGIgﬂlb@lf théh satglysh eryPeduRaktll anctpleprag Gioup VI metal

cQ i
P S LA BT A
pallidirm/gylde qatladiuiNsiilveny ddbllg/zirbdnmh[ afidkel mﬁmﬂljesiepésued on an

w3t BRI Tl SRS SR B Baron o

nY EHMREABRE (G amBRE é‘f 5%% kihB1€: cal )bcfct ﬁaaf:’e?i‘%i lcb@prises palladium oxide or

zeol1te, HY-ze and t When  zeolites are
palilesiddy, patt“uausl;arp/r (M ¢ ﬁéd% lbbaWenghEyfmérr@ra: partitidady DQito 2% by weight,

hydr ggen for.m one r, e di ment .of t
e e e 5 P B Bl SR 5 o ey sport
on ﬁr{%{)proﬁﬁété 'sﬁq%ﬂo@tr Mdlﬁﬁloéﬁbﬁ) a@zédl’lt@(pé@‘t’ioule@@l Mt dRhRél o8 -Mordenite)
of the netal on the basis of 'the total

or wéucghtA Qfef@rml eatalzstycomprises Eowud 2P 12% btvegiglyr ofapatiediup on H-
M(}/l 1. metal conpound as principal catal ytic conponent,
zﬂi%ﬂe or wwth pronoters and nodifiers such as

pal IAadithkti@eticiar padtodthhentd of theqiresefpi@biitionl Geow Bnmetals of the
ni ckel, preferably deposited on an acidi ¢ support,

Perierhie Tgbleros FABNGALE Spefs Y eXPPeh agusse ieaits Rrifsids eatplytic component,
alo?lg '0(11'\9 tlb%%r?&?ﬁ :grﬁlr Hfo 1%%?5 Fl!léhu%t Eﬁ%hl\fﬁne?ﬁggkf‘co%mﬁ aluminum,

iTabl e rises um oxide
magnesp).&hJ achirel Bart}pmetal cﬂ‘d‘oap IVSIIIQnéta]lspetS 161‘ %/dlygmngint , Then@roup 1B
artlcularly 2 10 2% aIcuI

t ed
mefdeoNaIngg SHAYHR BreteaLY oRAmBoBRL B $0G. Pt g figh 30 to 75,
md?é 851'%&1&?196}%&{& 50 8 uﬂ@? Q¥ Hﬁadw@.ight%‘f ARRIRRY bAR1Che YORPWEight of the

I'um such as zeoli (particularly Mordenite or
cathlyhMp o @enGteelp BF meidlj pa“uclAaqby ehenr audic asnppq;stmmrmm@éaly on a
di um on H

suwgrtolpﬁg%ubg}/%% fgrme bfo %ﬁ}at ngt eﬁ(gm‘g SO dgl{] La{tglysts include
cathR¥@NT icBfhp rﬁhﬁUp cbBpdtet aRgneRf tdopplier i @Giip‘ér/g-l@’@hﬁ of copper/zinc,

Elenments, "such as copper, are used as the princi pI e
copper/zingfehtonem mpeRReHZincAiTepEUD; oRrpRer/ ghemoreprer/alinina and  other

copRibhied’ CatsiYS Ny RR N AL Ty 2hE% bbb bY R AT APFdrt, more
particularly those supported by a support in an acidic hydrogen form. Some specific
illustrative examples include commercially available Copper on Silica catalyst, T-366
(having approximately 54 wt.% of copper on silica as a press extrudate o)r formed
extrudate), obtainable from Sud Chemie; Copper Chromite catalyst, G-22/2, obtainable
from Sud Chemie; and Cu/Zn/Zr catalyst prepared according Example 3 of US patent
5,475,159; and the like. Combinations of these catalysts can also be used. Such catalysts
were found to give good results at relatively low temperature. In one non-limiting

illustrative embodiment of the present invention, these catalysts are preferably used at a
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magnesium a rare earth nmetal, Goup VIII netals, etc.

for hydrogenation. The G oup |IB netal -containing
wa@analoysss preferably contain from 10 to 80% PCT/US2004/020812

particularly from30 to 75, nore particularly from 50

to 70, as the weight of the oxide basis the total

tenifet-Ge @ frdfie 0eabaNsic, RfchaafAPPnER PRtiInot limited to, comprise

particularly on an acidic support, nore particularly
froon5 aeseppnyr weight acsUparcént dryoyaghtf oalnmlaisgemtlﬁa oxide, basis the total

we]r;]gg? % b ¢ Ia@%qﬁ,pti(fa Cg‘)ghgrs gglgbegrlrj gllfcﬁga@y%s%%g ircontam fom 10 percent by

wefPRE WOCL!SHrQéTE byCRBRAL,/ calditated AP PRS bZidBCHAHY B¥total weight of the
copper/ zi nc/ zi rconi um copper/silica, copper/ al um na

cataluydt, of tiae fmm@érto Bégér@elttéwyawght of psidimenrTierapattigwpry pyupport in
aCIdIC yedro % a¥'t1cuqar &a{ﬂg I éfjﬁ% Jattalxrr) toﬁtams from 10 Percent by

e sSuppo In an

wefghd rt@@@npér@dﬂmbyswﬁghﬁ Petdufdted laé lthes bxide b@wemnmltszwmght of the
i nclude commercially aval | abl e Copper on Si
catglysta Py seppen-f5m8 10Hyenl b pYs gk ytﬁ»r&f%éqegpeshbwe%%f calculated as the

0X1 )Q(fgaﬁs dsa?l%)t%{all \xt?ég%}ﬁzbf?delp b Orf};s S%)g zﬁ%t&‘?oen? focggém by weight to 20~

pelﬁbtrtdm tveighfgtcalcybted 45 2/aXidepbbas tabiotal fw&mmt&fdhé]meﬂai}et, of rare

e o 6o, 5B iR nafen Rl i A ist BTG R @ Sgpport in acidic
hy&t%ﬁ&? frRL. %M&r%ﬂlﬁhe&%a@ﬁ éﬂ%%ﬁtam%uﬁ&ncﬁi ﬁéﬁé@ﬁtisnght to 80

found to give good results at relativel
percentpratighte caleulated @s ﬂmm)dlqlq;rbasm@leltbﬂahwmght ofﬁéle catalyst, of copper,

fofi B8 v Er e g e BO TR R Pl Rloale G R b b Sigghe ol

Wegﬁt oBufehcataysh! yfSisc, MRY frddl . 055pe|%8ht b mdigt t6 80 percent by weight,
onprise from5 ercent b ght to 80 percent b

basme frghfotal mglmmﬂ@qj C%tglyﬂh e¥ @wnu@umbésfugh@marﬂ@ﬂm catalyst contains

t e
fro}lHe @Férc@‘ft b&;{gelgl% t? creg{ﬁo\g%@%ﬂ ggfr:]#fa%&i s’ thec' ﬁ%ﬂF bag]d the total
wetgehlt @énhe bytabyeﬁ gﬁtcoppat cﬁtainatle@ea;snﬁ be v&xg}deto Smpemertthgz weight,
t ot al ght. _of the cat zinc, froml1lh to 8

f
Calﬁ‘éﬁ@é s tftﬁﬁ% &ﬁ%ls S e b af the sptalyshof Zgt HpmyD- G percent by
welRROSS plifle ‘B'g GellY BLROED 1Bl g rgted}%é b8 oYY, and 10

the Pata alns from rcent by wei ght
to 80 \p@ghiepﬁrcehy offeicyht ,caxsl cpldrémﬂairhasa mpponnncbmdlbéryﬂmgen form.
e total ht of . the_.cat rom1
Ay BFTOEH S g PO BEr CLRETeby el QD & 80 caieadlny weieh
calBlafed@s el Hlede, BAGS heltbial ‘5v@11gﬁi of"%ﬁé gﬁ’cﬁly@tf of &SppeA iRy ?@ percent by

of zinc, fromO0.1 percent by weight fo 20 percent
weight gnt80 mc@mtm waight ctaheﬂaésd de the axids, belrses thet teftal Welght of the

cat\é\@ %e& &1%{0 ¢ olna g)aan B rcegglb&/ we %&F lt? gptpeﬁcen b \?ggﬂto bgms the total
wesdhpROlic tatalgs dF eirconium, and from 0.05 percent by weight to 30 percent by
weight, basis the total weight of the catalyst, of aluminum, and 10 to 80 weight percent of
acidic carrier, particularly a support in acidic hydrogen form. And a further preferred
catalyst contains from 10 percent by weight to 80 percent by weight, calculated as the
oxide, basis the total weight of the catalyst, of copper, from 10 percent by weight to 80
percent by weight, calculated as the oxide, basis the total weight of the catalyst, of zinc,
from 0.05 percent by weight to 30 percent by weight, basis the total weight of the catalyst,

of magnesium, from 0.1 percent by weight to 20 percent by weight, calculated as the oxide,
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hydrogen form A further particular catalyst contains
from 10 percent by weight to 80 percent by weight,
waeadsobsssed as the oxide, basis the total wei ghtT/OB2008820812
catal yst, of copper, from 10 percent by weight to 80
percent by weight, calculated as the oxide, basis the
badiPiRl toien@itht of s tad)ﬁ/ﬁ?e e?th, ZhdG0 18130 &M &r&'ﬁt of acidic
percent by weight to ercent by wei ght, baSis the
cartigy, grrtigslagbie suppqrhreﬂ a,eaileﬁx@ogenoﬁorral umi num A further
artlcl ta| sfroml per.cent :
Do 80" BePuufhd A RiadiRPhE it | B BTEHEN e Ak ientioned
hydrasnasklh@ eathigbtglarovRidgddd wf hﬁdﬂ@geﬁ@ir@r Y& belng floaciep ﬁlﬁfh,e reactor. As a
from 10 percent by weight to 80 percent by weight,
noR-Hretif dEptiagve wasaranlied@ hysresracling eyt inetrgthed ond; piged into
[ 5 r
aplge 1‘2%% t%fzgyg 5 2{(? e{)hr g)g}stlc&l,%n% TP@ C&I%WSW% % ﬁ]t%g?&:dhl‘gﬁ) #Qeactor and
slowdyt addyedd, by)heatmgclhel icatalyspattidies tw a @npehighd opelcesfi-280 °C at a

St R 2 o R e s o0
0.1f §;§é@'iﬁla@ll§9 8/08€N.1 (M(It W '119&‘1‘0 g&l@nﬁgtrggé'nca% rdtr?t@bf W(@h%}s c1ﬁﬁally 2-30

cal cul at'ed as the oxid asis the tota
L/Rratlhe y@talystdfs aloppdio, reﬂmcwmt 160360 Yefur 1bi0 bwirg hmd then 8@ hydrogen

erce ht cul ated,as th xi de,. ha
coff it Uhe RS hond L EHrT TS i e TS 65100 7B Socetanty 2
wt.pe ngemgmwnvmtrggén t Oat3l9sth edcm@htiinP Ycoppérd hte pr’fél‘aﬁl t Ruced at a
t ot al ight of the catalyst, of zirconium and from
tenwet%urﬁ@rfé@ﬁtfeeayl e YhtC tte ngoinges sataringy Theicglatyst ba@d@ced for a

ﬁn%ll'b‘igg@ h@njs h%@"pg, d 9{1(% ﬁﬁﬁ 0891%@ L%ﬁ% ma%gtaﬁm%rs tﬁ%vu %gfér cooa{mg, the

IC carrier

reastop rsarappemwﬁmlﬂ latlowjtgr dgeir tb @ity akhtheayak WloWhi€ stopped. The reactor
. pr eferred cata%l st contains from 10 percent by weight
is qpgnesn deERgR H&%V@?ﬁmer&an‘émeé{a@éwsas the oxi de,

basnrﬁe B%ckgtoglre QIEEtaﬁfst 9p8ag&f @* Y&t afo m%ﬁt‘?cprﬁﬁ procedure are

from 10 percent cent
loaded omoaa gdachsr t)h@ obied es,uppelm *. g hﬂad&)bﬁlpovmlsgjﬂllateﬁfayt be screen,

cat of zi fromO0. 05 ent ght .tao 30
opfip ikt st HE BREMD o Rt birersed and shaped to
Staﬁgﬁ@eygbedcgu pegnesi um from O 1 percent by weight to

{))\{rcent by wei ght, cal cul ated as the oxide, basis
the

ihont hwetlw]ttheo‘scctmeofcmeaplysmt infentiange theadiphendmiiane has a

T NI 4] S———

strpairé o€ R0 CEPHRG afie 'R 6(Ph)GRBR 4P e tHeéibhui@iber bN&rbon atoms
af ore-nmenti oned hydrocracki hg cat al %st s are reduced b

for Rpcngdeismapdrio o niefiag: § tatiddrafprabledrme dde & WheesinaR 1, "R2, R3,
R4 né%@ﬁllé M i §g,l L?)dgoc' e gr%u ﬁ%@ﬂl& 119 ¥ESLHAK Me number of

catalyst i1s cr and
hydrogen is equal or less than 2n, dependent on degree of branching of the (C)n(H)m,;

As one particular embodiment of the present invention, the diphenylalkane is 2-
methyl-2,4-diphenylpentane. Another particular embodiment relates to a mixture of 2-
methyl-2,4-diphenylpentane and dimethyl-2,3-diphenylbutane.

As another particular embodiments of the present invention, additional alkyl groups
can be present on the aromatic rings of the diphenylalkane, and the alkylbenzene produced
comprises an alkylbenzene selected from the group conmsisting of  para-di(iso-

propyl)benzene, meta-di(iso-propyl)benzene, ortho-di(iso-propyl)benzene, 1-ethyl-4-(iso-
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appropriate size, e.g. 6-20 nesh, particles. The
catal yst is introduced into a reactor and slowy
wo eddoesssby heating the catal yst particles to BCT/US2004/020812
tenperature of e.g. 150-250 OC at a rate of from1l to
1X0C, particularly from1.5 to 5 0OC per minute, while
(%#yg%rﬁg 9. 0Q1leth (-9 (ido- bd6Rd, | Y 10:t0A-4-(18b-pRpYhbernene  and
s y rogerr11 in n(iatgog((eln glt%%gsrate of 1- 2%%, (spe%i Iplwgally
mi2uBB therevf, The catal yst is allowed to reduce at
150,:2500C for. 1-1 ours.and then the draogen ¢ ent
o e PR PSgen e AR kPR ST R FATER 0 o 400
psig@partisuldrist GonsS H800 fpkigahdd/mdrépatticfiarly H6@0® B 140 psig (or 1-10 bar).
nitrogen. Catal ysts containing copper are refenabl¥
The éefupesetves ofzthe diifrerweking refctasas Weah14G0- IH0Corartiglarly from 160
] qqﬁ ' ' T, st is reduced for a
to ?%(%a’ oﬁ%&{g&ﬁ%ﬂﬁﬁf&ﬁ%&é???&yand then cool ed while
mai mhaihydfogeganf flowratdfingt be adjusted,suthehat éaistsaffidient to support
s . .
pped wi thout allowng any air to enter and thﬁg%@ﬁﬁu least a

ca
the hygdgorracking pisaciionTad renlaacohyqresdh st dTom the ot
sl AP SRR ro0 A ER) ot ARGt prescn
in fireaysicnrte baragailabddfod tlorteactionr Aaetron-1owiting axieple, a small excess of

ny 5P Ay e de i £r Qi Br P FioBeL U7 MR i rarccommodate the
natuBISGRHE r6akidh betweAhas hiisllignd. shaped to stay above

the bed supports. Wthout Iynitin% the scope of the
pr e ddatfeddiweighi aonrly dpecaivelociy(VEHR Y hempr gary over a very wide range

e AR B AP 02
pariddlaR§ (i) OR3MALS MRk Rotie WIS W] adwseh ¢leredd, ré@hb e unit weight

atons for R5 and R6 is e\%ua_liut,o n, nis fromO to

: ] i 10, .
of fpediner hpwecHiprg hegeacion ahion yectorper ymt wrighbakeptalyst in the

rocar bon group having 1-10 carbon atons.
rea'ai‘ﬁogcgt%@e@dgf hydrogen is equal or |less than 2n,
depdhdén comrerdeyoehe diméns af alybgnadne ttd @lkfyDentdremas vasd herein, is
ne particul ar enbodi mrent of the present invention,
degﬂeél 4t ‘h@i];?lwémgéane is 2- nethyl -2, 4-di phenyl pent ane.
Anot her particular enbodi ment relates to a m xture of
- 2- methyl -2, 4-di phenyl pent ane and
% donvetshgrl of2iBreth =plvettylof dimere in fsd avdthef dimers incprbd
enbodi nents of the preséwt%iofdéntrsdmfeedddi tional al kyl
groups can be present on the aromatic rings of the

di phenyl al kane, and _the al kyl benzene pr.oduced
As a particular embodiment of the present invention, from 86.0 to 100.0% by

weight, particularly from 90.0% to 100.0% by weight, more particularly from 94.0 to
100%, still more particular from 97.5.0 to 100.0%, and still more particular from 98.0 to
100.0 by weight of the dimers of alkylbenzene in the hydrocracking reaction media can be
converted to compounds with (only)one benzene ring at a temperature from 185°C to 235
°C. The same ranges of cracking also can be accomplished at from 140°C to 300°C,
particularly from 160°C to 280° C. As an illustrative particular embodiment, from 97.5 to
100.0 percent by weight of dimers of alkylbenzene is converted to compounds with (only)
one benzene ring at a temperature from 185°C to 235 °C. As another illustrative particular

embodiment, from 97.5 to 100.0, more particularly from 98.0 to 100.0 percent by weight of
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conpri ses an al kyl benzene sel ected fromthe group
consi sting of para-di (isopropyl) benzene,
wO em5A08361 so- propyl ) benzene, PCT/US2004/020812
7t/r-di (iso-propyi)benzene,
| -ethyl -4-(isopropyl)benzene,
d111m @tf{%ye}lkﬁbéﬂﬁﬂe R QM%TQS N8 &dhpounds with (only) one benzene ring at a

I so- propyl ) benzene and m xt ures t hereof.
tmﬁm@mpnﬂ@suﬂéS%bﬁﬁzﬁéChydrocrack|ng reaction should

range betmeen m 0,.400 articularly fr 0
5-300 psi 15 anbdtipeR AP PP Eioh, fgm &) to 100.0%

by (Wight; gﬁnb@aﬂy fORE 90.09PR BI0%, Rbrd patibiahy Goac 84.0% to 100 0%,
reactor is from 140 to 3000C, partlcularly from

160 t
stip goes paticelapEpmi B @rl@ﬂ ¥ endl 38 mose paBelariem 98.0 to 109.0 % by
Weﬂ%-q ' n?—.tﬂle lfi A) -1 oﬁ){gﬂﬂf;ﬁheﬁgl %alﬁ%t o pRushyidatso! ctompounds

I clen ocrac INng reacti on

wmlndnllyecﬂieamlzaysiﬁﬁg %ﬁcﬂ as tisdprapyiicheerzaitad yahperdiurd &ast 180°C to
a stoichionetric anount of(ggdrogen relative to

231G My A9tss BRECHPhEPRodHmSRt BehppEsah (veRITh drogy §% gre £0.0% by
Wek?%t ﬁ%@é&ﬂ%f ﬁfo 96.08, feAR] O@Vgloﬁés%ﬁtl?@%r Vé/ 5Tt b 9% to 100%, still

excess of gen is provided
mdre paa(dulﬂﬂefrchhé)?rﬁ/dw dgew, iand ctitlhmotel pp]iidilan fotnp98.0 to 100.0% by
hon bet ween

B A S NN ST = W

sopWis0enzERYat ‘é@éﬁfl éMifife i?oﬂ'iQ‘SW@thj% T@ngﬁe Wrﬁé"'faﬁ%_ésrtff cracking also
other condition perlneters and can fromO

ca1 bO accforrrmhsmdzattfmnzow’ﬂ tol PGy sz“flﬂrl@fﬂn{ fom 169° 1519 2808Ks As an

hour as_use ns.th unlt
in By e b BmeRr Feg T e SEPreal ey Nelet) B & hetnyt-2.4-
d1(|351§&ﬂr@;5ylﬂﬁdhyl)ﬁéﬂtaﬁ&ﬁb @bﬁv@ffed Galanysd atl Nehiperat@adodh 185°C to 235
catal yst bed. The % conversion of the diners of

°Calliey Pissherestraiiv| wﬂl%%ﬁz@ﬁbodla@nfusfwn Her%ei”m by weight, and more

ped Agth ol ]o % j 0 di yrer A
palgﬁd.a@?of [ rre?%bl n f‘gﬂég&) v# 9%?1 Q/eséil n J}fo%anetﬂ}yl%’zl a3
isop@ébyWhebiylpdencting ey &mmédetectuﬁ&naamﬁretnpemhﬁe ﬁ@ﬁbb&ﬁ"ﬁ,‘&ntZZS °C.

of the present .inventio g from860to 100.0% b

wei ght , pAa';rgf patie mbqdimeiLdhe PIESeRO 61 VEIH Ry ftek P to 100% by

| | 0 0
Wég%{rt &ﬁ?&al%ﬁ}?%xg% oK 90, 6% qg‘ltgg 0%031%6% (P)Qr{i’calﬁthkr ﬁLonﬁT@ﬁ@ A) to 100.0%, still

mgrapbrtculagy ffonoBY 9% © 1009, @6d @tﬂbynawp@ut:ulaﬂyiﬁtwm % free $00.0% by
Wegéﬁ%kgl n*%?xqgreen -metilhle Hydd {3Ql(s:cgpargrl)(}lllglgenyﬁggrgtal%nanrgefé %imethy1-2,3—
diphenylbutane can be converted to compounds with only one benzene ring at a
temperature from 180° C to 235 °C. The same ranges of cracking also can be accomplished
at from 140°C to 300°C, particularly from 160° C to 280° C. As an illustrative particular
embodiment, from 97.5 to 100.0 percent by weight of mixtures of 2-methyl-2,4-di(3-
isopropylphenyl)pentane and 2,3-dimethyl-2,3-diphenylbutane is converted to cumene at a
temperature from 185°C to 235 °C. As another illustrative particular embodiment, from
97.5 to 100.0%, and more particularly from 98.0 to 100.0 percent by weight of a mixture of
2-methyl-2,4-di(3-isopropylphenyl)pentane  and  2,3-dimethyl-2,3-diphenylbutane is
converted to cumene at a temperature from 185°C to 225 °C.

The feed steam may come from a fixed bed reactor (recovered after fractional

distillation), from the bottom stream of a catalytic distillation reactor of a
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converted to conpounds with (only)one benzene ring at

a tenperature from 185C to 235 0C. The sane ranges of
wa@e@shkssgl al so can be acconplished at from 14080Cxr/1082004/020812

3000C, particularly from1600C to 280 C. As an .

illustrative particular enbodi nent, from97.5 to 100.0
alk?@%%@ﬁ&lclp %Hfo%ﬁ%agf&% élc?\%%{lhoﬁfon?i Xﬁ%ﬁgd?%%ﬁﬁg 'ﬁe;tn?\lzen gghten weight
alkglphemmﬂcd‘tdh k. fdr(fmni 8&@1&06-2351006&0}%31&0@1)@6% These streams are

Ll |ve ul ar enbodj nent fro
optigyolly, di ik cieang PHPnicoBe 0ed do 1 69Wd§%far%°é<fﬂg potor to
mo\ﬂ@ﬂaﬁk'“the Héeﬁ! 'g@ﬁérﬁte@fin HMYHRRAERAG rbati6R Meesdyaithpiéving the control of
conmpounds with (only) oOne benzeéne ring at "a

thetreap(menmﬂleélyﬁmka%C to 225 0C. As a partl cul ar

t .of. the present.invention m 86..0, t C
00 R0 ik EkaBafEy R foud VGt Bfutalsh 3 0-1) 5 Py gparticutarty
froffiD0. € tcp@a) tain€ Wh hp¥irtica Ry Fbn® B2t te 21%Q>yG%1F§ttdﬂ diptBayRlkane; from 0
to Bartlcul ar from97.5 to 100.0% and stil

%r parenlaty fiogm2dgo @5 gnd guore prwtisplagky fpm o tQ 98% by weight of

I 0
R e AT STRTAP AR LSBT NE AR repng o1 %
by aseiglgopl alkyhiesizens aaid ﬁoﬂne@m& I%l; pagichlaoin A80Q) tto 10, and more

e s e G GORAEIL. Ryt
ex%_rﬁdﬂgbgg%)%ﬁlgr étﬁgoﬁrﬁbnmtﬁe Pakdnt feAidn, tlJ;er ﬁ@d %aﬁa/e&n‘?ams from

more particular from97.5 to
0.1stbi 110D, pm’uellpdiy froou0.arto flr,camd 38010 pamcmﬁxﬁlyd%m}@ Avei 2ffatbyokeight of

t h - -2, 4-d t
2.3 e CTY PUBRT Gy P RSB A Lo R B RE AR P o to 9
parki8¥G1y &odB29 G0 9ThadSRBR: pAREsPHos 6Fld 99 98 b$ vaéig”di o?Qumene;

acconpl i shed at from 1400C to 3000C, particularly from

fromg tC29,cpapgrialy ftgma(h tq bl ayuh matel ppétlcwé&riy frama® to 1'% by weight of

alpgn-boﬂiﬁr s%%én}te rﬁg)rr(x% ﬁos% tb)\? b%h Ipﬁ {)§ Btzm ggnzene gllgomcﬁz to 5 weight |

pere@ivef tde—gd thQs&ptﬂFﬁeb@izeﬁe . @fplebatiaehe, bropsl-B&bend, octBBSisopropyl
OC. As another illustrative particular enbodi nent,

beﬁ%@nw oy T EieEion, w@néf%?éo Bar partienlaly yromy @i @, and more
arrtlgul:c]uq foC§ b ‘Xfe 1@1‘1 akof@t hyl -2, 4-di (3-

| Sopropy p enyl) ent e is converted to cumene at a

t enfibe atventod malinb 8BGSttated226tHBA0]1A8ing ifiasttativeleatbodiments which

e V\}g nt, of th resent i nvention, 6{18%1860t 100%
arepRoRerQ, ILBSFRTOBAMEPY 9 S GI0YEt 9<ad fgimifihe scope of the
insP@f fveMiar |y from94.0%to 100.0% still nore

particularly from97.5%to 100% and still nore

particularly from98.0 to 100. 0% by
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wei ght of the m xture of
2-nmet hyl -2, 4-di (3-i sopropyl phenyl ) pent ane and

waQ2@5a0388t hyl - 2, 3- di phenyl but ane can be convePtCEUS1004/020812
conpounds with only one benzene ring at a tenperature
from180 C to 235 0C. The sane ranges of cracking al so
can be acconplished at from 1400C to 3000C5
particularly from160 Cto 280 C. As an illustrative

particul ar enbodi mentllustretive Bibsditents00. 0 per cent by
ight of mxtures of 2-nethyl-2,4-di(3-
L1 %ﬁ%%%@l%ﬁ%t—gem ane and

1( A9 FpephirstRintof H viir orStkitteOMh RS BRI ordenfio Magilyed to cunene
at a tenmperature from 1850C to 235 0C. As anot her

i |1 dsmidhievad 1580 wrams eff sodisoaiondanite, (having dire Bllowing properties: a
su&%rgcagn ofaéﬁgwgggrg tn?e@f:rg g&ﬁér%@a ¥n td{;egg?;e c%ygalth?e s%?e oto around 1 micron;

a c&elﬂh@)&h}dh -aﬂso%p@cbd Gpthlsopf DPYCheny b)melat dliea Ndlumina ratlo of 11.1),
3-di net hyl - 2, 3-di phenyl butane is converted to cune

90%9 SRS FEREPTNE Rifal 2ndsld kitgrsootsl.-H nitrig P eWass heaed 1o 50 °C.
and &Y &OfSF ffVEgl Lt l’]]*}fé%gh@%jat%lﬁgg{agﬁ {)ﬁcd:ﬁ’ LG a eﬁ%l%h 25 liters of

fractlon ation) ottom stream
deionizad ywhier. ﬂThsttrdatnaﬂm ofithe ddartlemiteokitla ambopiymh eitsateninatiivic acid was
drogenat i. n action, optionally fractionated.to
reR RV QYo et AUROTF Ry N P PTG Creges e 1 Afigr cach

tre@nfeHiBB Qo RA %{b&’érldl’ 9 1Al SNl RA8RY will' Qe 3hd BALP overmght at
are ogtlona y diluted with al kyl benzene prior to be

12¢ € - t alﬂaﬂeumy\dam&c&dkuon@e rzgelitecto 2 (bewb@ér(h&fepeﬂqenthlaawelght by
tregﬁ er g th in torhe h%{lgrlcl)cr ckl n reactl on a{q
nprovi ng tHe“eenttor SP %Eata%‘ﬁ P4

of bmﬂfo@ﬁfr@@ﬂtﬁﬁe prep&red by dlés@&ﬁlﬁgaﬁ 158 @r &% 6P teramtittepIRERIm nitrate in
stream contains fromO0.1 to 100, particularly fromO.1

30§ gramy, of fsipnirsd avaterans edding g thiy srhvieod. g@n% G\RnReRIEM nitrate.
1SR 08 o LS SIS i DB MBI rorcnic

havfig ahkiObghae e ; 1g1fn[tlmn & 750 20 foant h@ub)abf )10f6l%)m’fhet Palladium-
5,. and nore artlcular fromO to 1 %by weig

COI&PIR@ﬁyWéﬁi%tﬁ eWani@ifprnly mixed oud thep t3ﬁ§u$ram8yoﬁ Pé"rﬁdeboehfmte
aluhﬁnal(%Catﬁ Mﬁlcﬁaiﬁtdoﬁdﬁé}%gﬁgyggﬁi thﬁr? VERYCHELRRTE Company)

of al'kyl'phenyl .al coho ustrative
haerg@apLO] of 28 4pawes alded and ahowkdtentixo fThe eixpresasntxtruded and the

LRt e OB A S SR S S BrdciebfBnoving
at 50000 Brdwbthod?s, btha&wst Was rudhéll BRd Q¥edio36-9D %&ﬁgJamcles and

but ane and/or 2-nethyl -2, 4-di phenyl pentane; from
theggredyredtuisingl the plgoctdtwmsz@es::r@bsﬁan Ikabelawr e particularly
from60 to 90 % by wei ght of cunene;

%rate and an excess

IB. Hydrocracking of Cumene Dimer Using Pd on H-Mordenite Catalyst

The bottom stream from a catalytic distillation column, for the catalytic distillation

of cumyl alcohol to produce cumene, was distilled to yield a cumene dimer rich mixture

that was diluted with cumene and fed into a fixed bed hydrogenation loaded with the acidic

palladium on H-Mordenite catalyst as described in I(A) for hydrocracking under the
condition as provided in TABLE 1 below. The results are shown in TABLE 2 below.



fromO to 20, particularly fromO to 5, and nore

particularly fromO to 1 % by wei ght of al pha-nethyl
watysemssi from 0 to 5 wei ght percent of ethyl bPenEs0e4/020812

fromO to 5 weight percent of di-, tri-isopropyl

benzene, ethyl benzene, propyl-benzene,

et hyl -i sopropyl benzene, eigpje10r M xtures thereof;

and fromO to 25, particul arPy fromO to 10, and nore

particularly fromO to 5 % by weight of cunyl alcohol.

Feddretei nvention will be illustrated by the Fd gbwi ng
illustrative enbodi ments whi ¢h are provided for

Rehétidﬂslféhﬁieké%{ﬂrepl” pose only ant are hot 1Rt ended o
[imt the scope of the instapt invention. IIIustrative

Pr::uugm ments—t+—tHtustrattve Enbodiment—1
Bre epar ati on of Hvdr ocracki ng Catal yst Pd- I\/br n| te

f‘nf al vt A m xture L_f 1500 aranes_ of codiimm rmrr*lonl te

TOY oYy Tb—oHd

PI%OWIH@ followi ng properties: a surfadd/Bfea of
430 square neters per gram n _average crystallite

Catsilyse Wefighér ound 1 micron; a cycl ohex3nd ga(dbsﬁnr@tqd@ntmn)
upt ake of 7.6 cc/g; and a nolar silica to alumna

ratio of 11.1), 9000 grams of ammoniumnitrate and 15
liters of 1.5 Mnitric acid vvas heated to 50 0C. and

stirred for flve hours d mat eri al was
filtered off ?1 %E@ |(§ gneq{es ﬁéonl zed
water. This Yklg e ni um
nitrate in n\f\’%tﬁﬂlﬁe né’ gatf‘&seé%é% With fresh

ammoniumnitrate and nitric aC|d each tinme. After each

CohfpRaédrent the solid mitepleat dees Id d&@é'n@c ﬁle@H@ed Product
washed with water and|dried QFEEBbg ht at (12

5 Ih WaSsS auuec11 lTTE LEU e to d"ll:‘VEI UT 5
2’3pghﬁ&ﬁ§(1%§/ wei ght by treat mentul%v th an aqueous 0{06’

.solution aining Tetraam ne palladium|nitrate and
dlpzlﬁ“gfi %\‘5P} moni um nitrate prepared by dissol ving

6. 55 granms of tetrampe palladiumnitrate in 308 grans

2-ma¢thyded. ddiphedylpentate, anf addi ng @ this sollution 4.©02
grans of amoni umnit Bat e. The pall adi um|sol uti on was

(wt®hen co-nulled with 1083 grans of deal umjnated
nordenite having an LO (loss of iginition at 750 0C

cmheg“mws) of 10.6% The pabjadi untont 3“ nNing 9982
nor deni te was unlforrﬂy m xed and then 338 grans of

T DR Ty E0E Vabl b 1 rom vills Chem cdi Compardy®

Alpha-Methyl styrene, (wt%) 0.20 0.02

II. Illustrative Embodiment 11

IJA Preparation of Hydrocracking Catalyst T-366 Catalyst

A commercially available copper on silica catalyst, T-366, available from Sud
Chemie, having 54 wt.% of Cu on silica extruded into 3.2 mm extrudate, is further
processed using the following procedure for the catalytic cracking experiments.

Five grams of Sud Chemie T-366 copper on silica catalyst (3mm tablets) was
crushed and sized into 6-20 mesh particles. The catalyst was mixed with 45 grams of 80
mesh silicon carbide and centered inside a 69 cm long stainless steel reactor tube between

beds of 20 mesh SiC and glass wool. The reactor tube had an internal diameter of 1.5cm.

10
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having an LO of 28.4% was added and al |l owed to m x.

The m xture was extruded and the 1.6nmm extrudates were
waleeosmoisnr ai r for 16 hours at 125 0C, and t henPCHIUSIm€020812

in flowng air at 5000C. for two hours. The catal yst

was crushed and sized to 6-20 nesh particles and then

[ C : ' kAL 20

T b R MR B RSN <h FpifTes b RO 3°C per
miphtydiroge B0 e toCR08CywshileThevipg tWmve £6 badnoferoim wtrogen at a rate of 10

atal yti istillation cqlum, h at al yti
L/ ‘sﬁ?elycfaﬁi?'% n Of alﬁﬂ]’Yﬁﬁl {g’a egB‘FFof‘t {%Oggr %’6?0 oY r‘%‘ﬂetﬁel}/vg? hydrogen
cotbgtin lthehlitioBery was dowb16 6RPE 2 HolRurftil el %fﬁ:sﬁéérﬁZ R84 hydrogen in
was diluted with cumene and fed into a fixed bed
nitfpean.o e aatabyst Weadediopd tihr ehénad dvailoup petiadiand then cooled while

- enj.t a yst . scribed in 1 f.or . .
mA ARG VR oAl BEXEIGHs BBl lowingopy o o
enttr hel tw.gad Aowresdtégpedr Chefeawdr was dPE iR 2 hedkepwn TaRb&love box

Feedrate 33.5 g/ hr,_ Reaction Tenperature 2200C
an Ph@§§@iYét adaconarde e ssharaled by sereeR sievd: al yst

@éﬁﬂ'@%@%&%@% o 4;%&&9& ﬁmﬁ&g E'J%%igeﬁéggé gﬁ@r %P @'; g@dcggggst

H denite Catal.yst At .2200C. onent ne dj ners.. .
QO RO s B el Rs Ol SO iy in e g ditillation
of durl aloB6l Wippb@IRY |chnitad) Qvas (¥ to yield a cumene dimer rich mixture
2-met hyl - 2, 4-di phenyl pentane, 1.03 0.02 (wt% Cunene,
tha weslilged vithggmepe padied dpgladiner bé kudre geralipagoaded &ith the T-366

cathyQtS as described in II(A) for hydrocracking under the condition as provided in TABLE
3 below. The results are shown in TABLE 4 below.

Table 3
Feedrate | 33.5 g/hr
Reaction Temperature 260°C
| Pressure 10 bar
Hydrogen Flowrate 4 L/Hr
Catalyst Weight 33.5 g (before reduction)

11
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Al pha- Met hyl styrene, (% 0.20 0.02 Il. Illustrative

Enbodi nent |1 A Preparati on of Hydrocracki ng Cat al yst
wa286003at al yst A comrerci al ly avail abl e coppePCDNS2004/020812

silica catalyst, T-366, available from Sud Cheni e,

having 54 wt. % of Cu on silica extruded into 3.2 mm

extrudate, is further procegsrd using the follow ng

procedure for the catal ytiT cracki ng experinments. Five

grams of Sud g.he 'Be ;. 366 el silica . catalyst
Smm t abl ot 5) TS, %{@ﬁﬁ%&?g? e Koty mear,
éam claesf3 %e cat gﬁy tr WW@&%&%% gr arrsrregf 80

mesh silicon carbide _and centered inside a 69 cml ong

Cogipaheritess st eel reactor tQrmeenbdlimersin beds oFixed BedPmoduct
Si C and gl ass wool . The reactwnerteube had an i nter nal
di ameter of 1.5cm The| cat al y&@EBBAS sl owly reduced by

2,30pahdthg-1,he catal yst particlesoat a rate of 30C pes
m nute from 200C to 1800C while flowing [0.05 wt. %

diphpalbgare. (Wil t rogen at a rate of 10 L/ H . The

tatysts T d—toredu t—1806€for—2—+o
2%ﬁgﬁf%%rﬁh%ﬁ%y§%f%%en contentmf'locﬁ‘ t he nitfrogen vva%"bg

(woubl ed every 2 hours|funtil the gas was 3.2 w.%
n-in nitrogen.! The catalyst was rleduced for a

Cupriepgl (M%0- hour peri od| and t he¥¥-Bool ed whji | e 99.54
mai ntai ning gas flow. | After cooling, thel reactor was

Isopapybgclohttanat (watd)owi ng any adO8to enter| and t hel.gas
fl ow was stopped. The| reactor was opened in a nitrogen

alpthl\}I&HylgskﬁM&,g\W%)and the catapyst and sifiicon cappyde
were separated by scrieen sieve. |IB. Hydrocracking of

Curmene Dimers—Using T- 366 Copper —onm Sitica Catatyst
The bottom stream froma catalytic distillation
IIILoOdrparatifedExainipde cat al ytic distillation of cunyl
was distilled to yield a
ishiballadaun gn Carbol wit h cumene

(A1 vy id ‘-_ﬂ YR = H$H N 3\ = 9

and i ; ' J ;

P L A AN 0 R
divimete roft Nellowhdidt | lnnorpsrapadowiad emlizied WABL &liBorbehdide Bhé reduced

scch e [ AR okeH b ARpoPet B DAsBee

IIIB. Hydrocracking of Cumene Dimers with Palladium on Carbon Catalyst

The bottom stream from a catalytic distillation column, for the catalytic distillation
of cumyl alcohol to produce cumene, was distilled to yield a cumene dimer rich mixture
that was diluted with cumene and fed into a fixed bed hydrogenation loaded with the acidic
palladium on carbon catalyst as described in III(A) for hydrocracking under the condition

as provided in TABLE 5 below. The results are shown in TABLE 6 below.
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Pressure | Gbar Hydrogen Flowate 4 L/Hr Catal yst

Wei ght 33.5 g (before reduction)Tabl e4 Fi xed Bed
w@vsoes3Bi ner To Cunene Results Wth T-366 Cat BCT/EE2004/020812

2600C Comnponent Cunene diners in Fixed Bed Product

cunene (FEED) 2,3-Dinmethyl-2,3- 1.94 0.05

di phenyl but ane, (W\t% 2- meTgyjeSZ 4- di phenyl pent ane,

1.03 0.09 (% Cunene, (W9 96.75 99.54

| sopropyl cycl ohexane, (w% 0.08 0.18 aI pha- Met hyl

styrene, (wt% 0.20 0.09 Il11. Conparative Exanple |PA.

Feddrgpar ati on of Hydrogenjation Catal yst Bablgigi um on
Carbon Pressed granules| of 0.5 wt.% of palladi um on

Reg@fog%mp@yﬁ%abl e fromhe Carsicat di Vjgj of
I'i ncKr odt Incorporat ed was m xed with si icon

Pﬁzg&,{rgl de—andreduced—according—the—sane m utuu. e—as
escribed in IIA above Pl B. Hydrocrack E of Currene

’E%’S%HQ“Y%% a cat aI ytic di stillation cof bt for the
catalytic distillation |of cunyl al cohol to produce

CatalystM&ightas distilled tho yiel d a Buihghbeiamedustionh
" mxture that was diluted with cunene and fed into a

fixed bed hydrogenation oaded wth the acidic

pal | adi um on carbon catal yst as described in H (A) for
hydr ocracki ng under the cokakleibon as provided in TABLE
5 bel ow. The FizglBed CumensRowers iTo CusBing Reshigd ow. Tabl e

5 With Palladium on Carbon Catalyst at 220°C
Component Cumene dimers in cumene Fixed Bed Product
(FEED)
2,3-Dimethyl-2,3- 1.94 0.10

diphenylbutane, (wt%)

2-methyl-2,4-diphenylpentane, 1.03 0.10
(Wt%)

Cumene, (wt%) 96.75 99.60
Isopropylcyclohexane, (wt%) 0.08 0.16
Alpha-Methyl styrene, (wt%) ‘ 0.20 0.04

IV. Conclusion

As shown in Illustrative Embodiment IB, when a catalyst of Pd loaded on a highly
acidic support is used for hydrocracking cumene dimers 2,3-dimethyl-2,3-diphenybutane
and 2-methyl-2,4-diphenylpentane to cumene, the conversion rate at 220°C C is 98.0% and
the selectivity to cumene is close to 100%. As shown in Illustrative Embodiment IIB, when

a catalyst of Cu loaded on silica (an acidic support) is used for hydrocracking of cumene
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Feedrate 33.5 g/ hr Reaction Tenperature 220 0C
Pressure | Qobar Hydrogen Flowate 4 L/H Catal yst
woeogins3sB.5 g ( before reduction) Table 6 Fi xedr/Bszo4/020812
Cunene Diners To Cunmene Results Wth Pal |l adi um on
Carbon Catal yst at 2200C Conponent Cunene diners in
: F 1D - 1.
dlngéjfﬁrg nié? Eléﬁcg?llgﬁtg gﬁé&ﬁg%&%@ 5P rretti D, MR ifertane} 13 umene,
the&onﬁrknphrélgdsiﬁ Pemd the sdlanivity 1s 0B%.. 10 (wt % Cumane

thlﬁ %9 yagtg a%g]%q%% 1172@&513%' C%/ ﬁf%pel)@(%ﬁg . 13, alr\gn ac?chc catalyst of
0.5RN% Bl d Sh £ BAYEY | Mb bitliysdehabs ¥ &ma&ﬁgsﬁémﬁe%e dimers ( 2,3-

when a catal yst of Pd oaded on a highly acid
dineefiyi ok 3-diphendutaneand Bywethyk 24 Kdiphgnyipeenec) do n'emsne the conversion

yput ane and
ratéis?%?inapégqvefef?b? lgy qugrfane to cunene, the conversion
rat & &IewZBDﬂ@ ﬁrt@u@@ Ro@adthibhe &elieGlipport YHINIoEUie)) Syresents
is close to 100% As shown mgl Iustrat??/ﬁe glnbodl m=:ntEij

supeHOT PeRerthotghenhydrastacking| conEsion frte dompareddn thecsamiedoaded on

t used for hydrocracki ng of cumenedi ners (
angllﬂ%&g{c &Phéﬁtz 3- di phenybut ane and

2- nEhé ydngé’s dnddirphaionk pﬁﬂﬁ@ﬂ&ﬁ tHeGinsthitespecifidi@n and claims are those
and_the selectivity is. 100%

nversion rate \]?\)hp
Wi B pRRed o Bt hep o %%%ﬁléflﬁl%/ EHP pPBinRRigy. 1ts,
ho@e\ﬂ:? "hnﬁ@l‘sfgoﬁ tﬁaﬁtoﬂ{e)’ $dn (%9; ﬁmﬁﬁtlo%é gigak %%&%ﬁsﬁ@taﬂtmﬂy the same

carbon support is use ydrocrac cunene
fungiiprenssupstantially the same manner to obtain the same or substantially the same

result are intended to be within the scope of the instant invention as defined by the instant

specification and claims.
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di met hyl - 2, 3- di phenybut ane and
2-nmet hyl - 2, 4- di phenyl pentane) to cunene, the

wa@eomensson rate is 93.3, and the selectivity PEST/LSDNE/020812

In view of the foregoing, Pd on a highly acidic
support (H Mordenite) presents superior property of
hi gher hydrocracki ng con?fdszi?mgate, conpared to the
same | oaded on a non-aci ditc support. The ranges and
limtations provided in the instant specification and

clains are those which are believed to particularly
pbi A hslmecragkinedrressss comPrigng e stape of nst ant i nvent i on.

't !réactiﬁ’é)%ff)ﬁﬁnyl %ﬁ&ﬁ; AAARE a ka1 AR RIRDEESH) A (H)m-

limtations thdt performsubstantially the sane
- f un€(PlDR3RY veitthlstdaogenaising a datal ysh nempmsing p ntetal seleeted from the

the sane or. substanti all he result are intended
o BEUcRTTIET COabpas o e AT mr Forpefids R ag seiit
def is‘g%rtbcu prdiRicé ARl RRhzPRRY hivigah kowt@8 df RIRRTBPIIRE aAd
I MS 1. A hydrocracking process conprising the steps

of : ROGIDERAB4a di phenyl al kane having a formul ation of

R h) : J ing..
car Sttt s el 5 EDGY Bt R RIR st 0 .
consiletdinB 1 0R2, AN WA dabh anchydreten oYlalhlydietdbn gesmpdisnthg 1-10

on an_acidi c support to produce al kyl benzene(s) havi ng
a sChberaoasef R R2C(Ph)R5 and R6(Ph) CR3R4; wherein

the : cak: r ' 0
e pEiechb ettt crQRPT) Shahh Eafys LRl Fom 0.1 % to
hy d e be wetght,gprifechbde oimon2 §6 aud Yhhy wegeht o1 8 nodallelected from the
‘atons. 2 he process accordi t laim1, .wherein, .

* he Gty el amiaady porirab o e Jic jeidiE gapt is selected
pr efsehAReYorbiP b itin¥odrQil%a ail¥a WRhAN, 2bliRs, "Bilddhixtures thereof,
sel ected ffomthe Goup VII1 nmetal conpounds,

pr ebeaferbbly Ibandrdetiiignthetihectmoiisliperfemmdmtta empsrivee védom 140°C

zeolt cOE CRienbRy B Boht APl 2578 afigpry T W% 0 1000%,

H mprdaabliyes0.0%etor €a®09:0By iviei@er OtheedpRdny® alkane is converted to
tenperature of from 140C to 3000C, preterably of from

1800@upeIEis5Th Qieprs benperaniEs PUstebly Igpramgbenzene.

3? The process according to claim 1 or 2, wherein the catalyst comprises from 10 % to
80 % by weight, preferably from 30 % to 75%, more preferably from 50% to 70%,
based on the total weight of catalyst, of a Group IB metal, preferably copper.

4. The process according to any of claims 1 to 3, wherein the diphenyl alkane
comprises a mixture of 2-methyl-2,4-di(3-isopropylphenyl)pentane and 2,3-
dimethyl-2,3-di(3-isopropylphenyl) butane; and, wherein from 86.0% to 100.0% by
weight of the combined weight of 2-methyl-2,4-di(3-isopropylphenyl)pentane,3-
dimethyl-2,3-di(3-isopropylphenyl) butane is converted to isopropylbenzene.

5. The process according to any of claims 1 to 3 wherein the diphenyl alkane

comprises 2-methyl-2,4-di(3-isopropylphenyl)pentane.
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preferably 90.0%to 100.0% by wei ght of the diphenyl
al kane i s converted to conpounds with only one benzene
wo 2ovg/oopsef erabl y i sopropyl benzene. 3. The pr oR€BES2004/020812
according to claim1 or 2, wherein the catal yst
conprises from10 %to 80 % by weight, preferably from
30 %to 75% nore preferably from50%to 70% based on
the total weight of catalyst, of a Goup IB netal,
. eThe @hic}asscmnpﬂhng fo afhef [ﬂ‘[eopltes'mua&badmnd,i Whertm mi]@/ alkfylbenzene
claims 1 to wherei n_t he di phenyl ne co i ses a
mi xPOARCS COZ“H??FWP afylhegzens. 5@ f Efab%io% pfﬁ@ T hesiHaE of para-
andd s gréﬁy@%eﬂl&negnéa i {s3- ﬂré%ﬂ)’b%ﬁ%én@@gﬁ% )il(QHIﬁdi}%»Dbenzene
rern from86. 0%t of
conheﬂg&l-%(mogﬁopyﬂbenzene 1- ethyl -3- (1so-propy1)benzene and 1 ethyl-4-(iso-
2 neth be 4- d|(3 i sopropyl phenyl ) pent ane, 3-
?m§ld|(3 i sopropyl phenyl) butane is converted

t7o Tﬁ@p;ro@@ssélab&ﬂaﬁ@e@ aRy ofthE pRIVRRE ShiE G thd @t is reduced
of clainms 1 to 3 wherein the di phenyl ‘al kane conpri ses

2- ey hydrogenprifir (@ rqasbipg Be dinhsayhaliase nenedsogerhe
f | :
58 RASHRh O & 90 YOS, S8R by vt &

al k;eln’(;ﬁszme)faébe’ﬁo eq dtmametdfera AT ©OIBIG& tpre@rably from 1.5 °C
paradi ( _iso-p

ben®eheC mst 811161]&%,, @%\l%ﬂ%\ﬁ@g)%%z%r{@ G % wt, preferably 0.02 % to 0.10
t AO‘V%F hg@rgﬁéﬂ)ﬂyﬂﬂrpgeﬁff g‘;r]%tg rﬁ)g 1 to 200 L/hr, preferably 2 to 30 L/hr.

I"SO- prop

I-ethyl 3- (i so-propyi)benzene, and

| -ethyl -4-(isopropyl) benzene. 7. The process
according to any of the previous clainms, wherein the
catal yst is reduced by hydrogen prior to reacting the
di phenyl al kane with hydrogen. 8. The process
according to claim7 wherein the catalyst is reduced
by heating to a tenperature of 150-250 OC at a rate of
from1l OCto 10 OC, preferably from1.5 0OCto 5 OC per
mnute, while flowng 0.001 %to 0.1 %w, preferably
0.02 %to 0.10 %w, hydrogen in nitrogen at a rate of
1 to 200 L/hr, preferably 2 to 30 L/hr
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