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OXI DATI ON OF HYDROCARBONS PRI ORI TY CLAI M [0001] This
application clains the benefit of U S. Provisiona

wo\RpebiossseT on Serial No. 60/984, 264 fil ed COct obRCT/BI2008/079150

2007, which is hereby incorporated by reference inits
entirety. FIELD [0002] The present invention relates
to a process for oxidizing hydrocarbons and, in
particul ar, al kylaromatic hydrocarbons to produce for
exanpl e phenol and substituted phenols. BACKGROUND
[0003] The oxi dat@®RibLf1dN GFOGKDRSARBONS | mpor t ant
reaction in industrral organic chemsiry. Thus, for

xi dati on of cycl ohexane is used

foeoier CRl |a¥p1§c‘3t1&{ Qgﬂﬁsethgy%hme@@@@l PAfSkional Apphcatlohn Serial No.

cl'ohexanone, wnich are inportant precursors int
@%; Hehioditdaes @ftobw B brRO0Wveviehas haygtydiagdrperated by reference in its entirety.
|#ph aromati c hydrocarbons is used to produce phenol,
a—precursor in the production of polycarbonates and
E’Q@&]y r €sd pesent @m@nqlor()@m@t foom pofcedayfdr os@rdygnkydremartives and, in

cte S|n known OXId ent,s, .su
%{ﬂc‘(ﬂlﬂ é?( V\Em&farb% utc%esre eo%(nln & theno aan% fubstltuted

ﬁ&mdsthe dlsadvantage of belng relatively expensive,
gggaggéﬁgﬁﬁ% their use is acconpani ed by the
f unwanted coupling products which can
[0ep3)es emhe dkﬁﬁlﬁlﬁlabf bydibdaﬁj’ﬁﬁs anen eepbogit aedctipolih Utiduetiial organic
05 rabl erefore, .oxidizin nts bas
RN o e L irankpley B W iiodof S eFa Ju T B PaPgefl t produce

@@ﬁiﬁbxanb%%%lohdx&ndﬂ@ Wigith ae 11@§Mﬂ1ﬁﬂpre@ir§o|'ﬂ§fn thdpridthicion of nylon,
rmor  as atnpospheric ox wever, oxygen itself

Wéere?@ﬁpqayoru AsHkylapmatie BY‘YYB‘S@FWI“% i oyRIPEEEGIRRRC], @ precursor in

b PRAUERA of BAGEArbInhdés Bd bRy KingT0l ecul e, which occurs
in the energetically favorable triplet form is not

KP4l ci EntdatiqgnogideirossrbersiGag be é@tﬁ%etﬁépang watlxngun gxifliging agents,
Lidh QQﬁMn@fC@ aHd HNOée HEWe@&'Utlh@sre oQ?&Yle?ghgfe% h%‘ e él%d}gantage of

organi c conp ounds and hence a gr eat nunber of
bemmsqlativally PPosess erd moeeows@ellr ane tiheccampailied by dhoy preduction of

iy ag%lcgﬁmng Bro(atlctp Xfﬂfcﬂ Al QB@?ent I %al Jr&ﬁerﬁ@%ﬂﬁ%&ﬁo gluf %ollu‘uon

[0005] Preferably, therefore, oxidizing agents based on peroxides or N,O are used. The

cheapest oxidizing agent, however, is molecular oxygen, either in pure form or as
atmospheric oxygen.  However, oxygen itself is usually unsuitable for oxidizing
hydrocarbons, since the reactivity of the O, molecule, which occurs in the energetically
favorable triplet form, is not sufficient.

[0006] By using redox metal catalysts it is possible to utilize molecular oxygen for
oxidizing organic compounds and hence a great number of industrial processes are based on
the metal-catalyzed autooxidation of hydrocarbons. Thus, for example, the oxidation of
cyclohexane with O, to cyclohexanol and/or cyclohexanone proceeds with the use of cobalt
salts. These industrial processes are based on a free-radical chain mechanism, in which the
bi-radical oxygen reacts with a hydrocarbon free radical, with formation of a peroxy radical
and subsequent chain propagation by abstraction of an H atom from a further hydrocarbon.
In addition to metal salts, however, organic molecules can also act as free-radical initiators.
[0007] However, it is a disadvantage of these processes that the selectivity decreases very

greatly with increasing conversion and therefore the processes must be operated at a very low
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cycl ohexane with @2 to cycl ohexanol and/or
cycl ohexanone proceeds with the use of cobalt salts.

wabmgmsssedustri al processes are based on a fr eRCT/HM00&079150

chain mechani sm in which the bi-radical oxygen reacts
with a hydrocarbon free radical, with formation of a
peroxy radi cal and subsequent chain propagati on by
abstraction of an Hatomfroma further hydrocarbon.
In addition to netal salts, however, organic nol ecul es

&30 AJrsQopddsi@s frefud a%rcaéxahlﬁlet' %Of&ldah&@o%l‘ cyclohexane to
However, it is a di sadvantage of these processes that

w@hg@m@léctypk@hwn@@da* ey atracogr e 9f I oH2forhe rt@é@ieﬁglectwny
E%Vtgrs%b/o hﬁl’d?an&likeb%fal\qﬂ’if&et R QERRSRS (Igi:'$§ltllc k?;‘i‘mrmstry 1994, 261,

operated at a ver evel of conver si Thus,
‘éf(?é{ﬁ’rﬁr@g, Df@@%)le@mbmm) of cycl ohexane to

Oheﬁﬁ%ﬁ%&)ﬁ% t? Hl%}fl;%i{]&tdl)ﬁts 1§"§ IL{%Q F) H%%ulﬂ%/ In[t%dlaltors g%r example

erS|On so t e se
Ndlyafﬂ%’léhmaﬂldu@ Nt e T@lfg dﬁSS]Eﬁthlt Chent.832, ¥93n@hd56 730e462 describe

%ﬁoéﬂ for ox%r‘%%glé{d]ro)&ﬁr subs(tsra 5 0¥ C{)ntaecrt%naQPe sl;l)ibgtt? A]ie with an oxygen-

terna
mtaahyg ¢&, insviidtethel SEyg@fl cmgﬂm feorma do &086 by vblome eix arggiresence of

N- hyd pht N

S ey SUIR 0k St b DN et e R ch st g o5 N

M}@@Bﬁhﬁmdé (NHPI’) arms Ib%e@gﬂfﬁo@ﬁddcfb_@ dt h&eﬁpﬁ?ﬁtﬁfe&ieﬁveem 0°C and
an OX ontaln as, L n | C

v%?g{aeaﬁf‘ |P§ @Ve%a )8%5‘9 a%llﬁ‘% 61 190 ﬁg slépﬁ‘c}e The molar

fatio Q)fft}{ee&ltdly%@ it e Hyﬂfdcim@blp gutfgfﬂ@le Baif ?Jn%é Yl‘éfn, 16YRbL {oyl mol %,

a N-hy droxi‘/acarbo iimde cataly

WhSers dhs pRleREP 9 disc-radispl I)mtlaﬁ@ﬁéo ﬁl@@éféb/gt 99 be dlcidessguch as 1:1

l%t 03:1t EMRGHEE %Estﬁﬁetsvﬁ%nng C%@B%dé@@%? and S?OCerseﬁl%HlH@ cumene,
bet ween at nospheric and bar (100 and 10, 000 kPa

Tiekohprpilbpnzengs qyeloéfi*detcﬁber@m%n?g@c bwlb%’éeﬁ‘?ydr ocar bon
bﬁt rape §§t@ntr1\ﬂ)ng@3§ 6@'.@15% g§ arﬂ%ce | i %I A droper0x1de from a

vvhereas the nol ar ratio of ree ra
hysleocarbpm| sebacted afrolie a4 graupoconsessng @,ﬁjcphlrras' ]hynlroparbons secondary

%ﬁd?oc:c]trbor%u Lu{damu?tul%y Jo‘?tcgﬁesﬁ)&%w sal?(? hgeﬁjolgérgﬁ(ﬁje Q/llnch comprises
I'S process I nclude cunene

ondiatidg dedation @ﬁ vaactley dagvelrbsie at- ab@mpﬂrm zmﬁne rangebﬂ@]:enws and 160°C
\gﬁl’h ?e/rat?xa/%gr} %0)7€1|’ta(i) 1r§% goa%rglrr]l '(g : SCCLI (rl’)lfr)ngl)zt}l aeocﬁrrltgl(é:lfenggg %11d ?}y?rgca%)on ah{9 catalyst
gmguising angolsnmmlg cafpqund ararayl dtiyat! metAd cdomsind. secabld hyd&ocarbons are

S PR T Gl MRS ctrary Slas S dUHGRRET g i, and e i)

Q?(tod(a)'o i(€kylphrosaficdhjysiamony Wl 1ab caréeapeangt uf €, tnClhieycloalkyl)
range bet ween 13Q and 1600C wi th an ox%/lgen- cont ai ni
eV HohygracRensivg i Ino,oraeretic sinesicis ﬁfé R Tdemaatideelelerz ot Ibenzene,

@RGpBpyddnddn¥ S tyclohexylbenzene, tetrahydronaphthalene (tetraline), indane, etc.), and
the like. The amount of the cyclic imide compound used may be from 0.0001 to 1%, preferably
from 0.0005 to 0.5%, by weight based on the reaction mixture, whereas the amount of the alkali
metal compound may be from 0.000005 to 0.01%, preferably from 0.00001 to 0.005%, by
weight based on the reaction mixture

[0010] However, although current work has continued to demonstrate the utility of cyclic
imides as hydrocarbon oxidation catalysts, it has also shown that their application in a
commercial process requires further investigation. In particular, cyclic imides, such as N-

hydroxyphthalimide, are expensive and are readily hydrolyzed under the conditions of the
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conprising a cyclic imde conmpound and an al kali netal
conpound. Suitable hydrocarbons are said to include C

W@ 000a885eerti ary al kanes (e.g., iso-butane, PCT/US2008/079150

I So- pent ane, iso-hexane, and the like), C7 to C20

(al kyl') aromatic hydrocarbons with 1 to 6 aromatic
rings or CO to C20 (cycloal kyl) aromatic hydrocarbons
with 1 to 6 aromatic rings (e.g., Xxylene, cunene,
cynene, ethyl benzene, diisopropyl benzene,

SHEd1RReXNLBE NZRRG Vel GhfeaYAIRNRNLD AL BRE tHelr&cbSthpRRbn products
i ndane, etc.), and the |like. The anount of the cyclic

(agidy @n@(ﬁtﬁ%ﬂrﬁn UROSY s@&ﬂcg@ prpblﬁm@_tgdbg_ dp‘(ynqgg@m reactions, such as
Wa%;ﬁf&ﬁieyclga(f%@ &:h308e sﬁ&e&ﬂﬁ’%ibplQXtid’ﬂ%f%%licqgﬁ({%g tc{)ﬂ_ﬂe bation of

reaction m xture, whereas the anount of "the al kali

hieskreparbonnpduiauireeicatiecnt pighe 0xidOROGH ] ucot to rgnoge unreacted imides and

s bt SR O890; i, Q8- BYd N PESHELR t

tEédggé P%éﬁ ﬁ?ﬁ@ﬁ%eg[%8§%f)$b%gé% ,‘%*?ﬁ%%g% ggrﬁéﬂéhnﬁmced

ingdds. has continued to denonstrate the utility of

RYElI] C_ATLASR, ASaRXALAGAr RO A1IALh A AR \HRhSed Irfige caralyst
as 'al so sho at their applicatron in a cormefcla

prdoite s ompopitianegrofiuctst duarbd sviest pgabliyoremolved frant the wiffhrent of the

lic j.mdes. such as. Nhyd ht hal i mi de, . .
B UB AR P P PR RETS, B pfuent wit @ solig

oot thhwing bafic tphgeriedat Tienuiireatdd fide MOkEeX@Ely removed from the

unreacted imde catalysts a hei r _decopposi.tio

BT Mt Prged el reras o e bE e ST PRty By subsequenty
REDHENS adsOrbbi ey ichoyBS A sE RO BAEhide Racics Yehbe&covered for recycle to
hydr oper oxi de cl eavage. Thus the successf ul

thp pridetini SR of cyclic imdes to the oxidation of

Sysmespybons will require treatnment of the oxidation

efflTuent to renove unreacted imdes and their o

WatHnpobi e rrspachdiiet BreseRt inVeptigio gesidsh ein  p eliBGRET (forp pgidizing a

h %Qllb_%n Rfa &B@sp%@dih@l@d?op@f&&ﬁ@&tlc% oll E@t&l%scar‘t{ogggc]a]cid or dicarboxylic
ccording to the invention, it has now been found that

it wpresdssicaingesiesmt al yst and its deconposition

pr od S t ' [ ed f

G 1 doh; oppge EaviRaRborPBl bEblkeh SRITRe 0T hPPresence of o
o comaiyising atayelad imadt ofdlic geherakefofrhulefld: with a solid

sor bent havi ng basic progg ties. The unreacted i m de

is selectively renoved f the effluent |eaving a

product that is essentiallly free of the i m de species.
By subsequently washing the adsorbent with a polar

sol vent, the jm pecie¥. can be Tecovered for
recycle to tfe oxi rﬁﬁes?hp. SUMVARY
, /N—Y 1)
2
Q ~

R

(O)
wherein each of R' and R? is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOs;H, NH,, OH and
NO,, or from the atoms H, F, Cl, Br and I, provided that R' and R? can be linked to one

another via a covalent bond;

cach of Q' and Q? is independently selected from C, CH, N and CR?;
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[0012] In one aspect, the present invention resides in
a process for oxidizing a hydrocarbon to a

w@rpesgsendi ng hydr oper oxi de, al cohol, ket one, PCT/US2008/079150

carboxylic acid or dicarboxylic acid, the process
conprising (a) contacting a hydrocarbon with an
oxygen-containing gas in the presence of a catal yst
conprising a cyclic imde of the general formula (I):
wherein each of RL and R2 is independently sel ected

4R BY 5{)’&6 gCRhRMberBEySWREkl Hdhed d1ydr,oxap hyd eléﬁ@ﬂt%%f'_l &roup 4 of

having 1 to 20 carbon atons, or fromthe groups
WpPericis BaWesNO2, or fromthe atoms H F, O, Br and I,
prioyideg.that Rl and R2 can be linked to one another
V|a a coval ent bond; each of QL and Q@ is
kﬁdbbﬂﬁdently selected fromC, CH N and CR3:each of X
ﬁgg 0¥§ i ndependently selected fromC, S, CH2, N, P
él'enents of Goup 4 of the Periodic Table; Yis O
mrlsuelr3hn<ilso 1, or 2; 1lis 0, 1, or 2, mis 1to 3;

nd e entltl al roups,
ﬁ Cantbgr%% ﬁtge ?n%é%‘? @ad“ﬁT Sang” wher eg)r% %gl(%ocf KZO nr?lact i ng
Whe:rdil:l saﬂ carnaceﬂhg brogndes ao Bﬁ‘lumﬁlcngpﬁmn@an akiidiad hydrocarbon product

droc unr.e i mde catal yst of

PR b e SR RS Rg The err1 nent with a

sol i Otb}ioghlemngt e reffﬂi:wne vﬁihf b ealscg s?ﬁéﬁt tof remi@iél at least part of said
unr eact.e Im C st .o al or roms

PP GO g B otloe T e BAmert ISR WRhASp R Ryeatd cffuen
Somhpfis g isahid bﬁﬂlzhwﬂycﬁ@@fmrprmaduct [ 0013]

Conveniently, said solid sorbent conprises a
ESMMe qonishignthe ap Rl sorbENtHPEPHS I BaRbeFAE & matal carbonate, a

égﬁcﬁﬁmm&naemy&amg@1&@&mgen£9014] Conveni ently,
sai d netal oxide has a nolar ratio of chem sorpti on of

@@“ﬂer gemienishthreeidl Mexli erade BasthBI0kR E#os of Premererrtongg CO: per
h & rr@éﬁl%ud@ﬁ& ‘rfﬂe cq%llnggrpg&? @f‘ ﬁﬁg tp afd- oT:mctH %Qld@%reater than 0.5,

greater than 0.75, for exanp er than
such as greater than O 75, for example greater than 1 O

[0015] In one embodiment, the process further comprises recovering the unreacted imide
catalyst removed by said solid sorbent and recycling the catalyst to (a). Conveniently, the
unreacted imide catalyst is recovered from said solid sorbent by washing the solid sorbent
with a polar solvent.

[0016] Conveniently, said hydrocarbon is an alkane or cycloalkane, such as isobutane or
cyclohexane.

[0017] Alternatively, said hydrocarbon is an alkylaromatic compound of general formula

(IT):

— R*

/
CH (1)
X /N

H,C—R?®
wherein R* and R’ each independently represents hydrogen or an alkyl group having from 1

to 4 carbon atoms, provided that R* and R’ may be joined to form a cyclic group having from



10

15

20

[0015] In one enbodi nent, the process further
conprises recovering the unreacted i m de catal yst

WO 209008832by sai d solid sorbent and recycling tP&r/US2008/079150

catalyst to (a). Conveniently, the unreacted imnde

catalyst is recovered fromsaid solid sorbent by

washing the solid sorbent with a polar solvent. [0016]

Conveni ently, said hydrocarbon is an al kane or

cycl oal kane, such as isobutane or cycl ohexane. [0017]

Ab abn@attoveltyms, Siddcyevie rg?&érmibﬁtldfiiﬁll}alsﬂﬁéhﬁ[e‘a”@ﬁd R represents

conpound of general formula ( X erein R4 an

baleegen.fme perdeilly sroapy ey mgteonh |, trbegehpngfonspr g|ckgiphexyl group.

%‘)P@]p h@Mﬁ\’%Qwﬁtﬁ)p%él a{lﬁrlé}oﬁ%@g’&n@hf?&r’%f g@ﬁe?é‘l'igﬁﬂllﬁ AT is selected
be | oi ned forma cyclic group having

frmrmeﬂtyd) b@n@afr,bmumamamec -ButylGenzged, | segpantyibdse¢ngg p-methyl-sec-

}S’Lﬁgbé}{%@ﬁé Y 4%;%% 1E§éﬁo%9xan@%gc\:/ Iﬁ%ﬁt%%%e%% el %yé“éﬂ{&gg&&ene

HOtNs Cowemjmﬂl}o hzed(yychg nrmdp ob{w@m@en@@lrfvmmlfeﬁﬂb 'y, said

al kyl aromatic conpgund of .general formula (Il) is

sel ected from et hy benzéf , cunene, sec-butyl benzene,

sec- pentyl benzene, | p- net hy| - secbut yl benzene,

1, 4- dlphenyégycloh xane, c- hexyl benzene, and

cyclohexylbe e De” nveniently said cyclic

i m de obeys th a (IL1): mherelq ach of

R7, R8, R9, i ndepe ently sel ect ed %

hydr ocar byl t edMydrocar byl radicals

having 1 to320 car os, or fromthe groups SO3H

NH2, OH andRhKE from{he atons H F, d, Br and |

each of X and Z |s jondependent |y selected fromC, S,

CH2, N, P and an eBenent Q)G oup 4 of the Periodic

Table; Yis Oor OH kis 0, 1, or 2; and | is O 1,

Whetein §0020]1R1 RO, anh adf I’Iﬁﬁﬁdep&rﬂﬂeﬁkl}ﬁyﬂbdtéﬂ ifiFhd @ydrocarbyl and

ST LM IR L S,
OHAEI BIG)Jordrdh @B @loms $RIFACHBPERES CONpri si ng:

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

Y is O or OH;

kis0, 1, or2; and

lis 0, 1, or 2.

[0020] In one embodiment, said cyclic imide comprises N-hydroxyphthalimide.
[0021] In a further aspect, the present invention resides in a process for producing a
phenol, said process comprising:

(a) contacting a reaction medium comprising an alkylaromatic compound of general

formula (IT):

— R*
\ / CH/ (1D
R6K H}C—RS
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(a) contacting a reaction nmedi um conprising an
al kyl aromati c conpound of general fornmula (I1):wherein

W@R2009/0585R6 each i ndependently represents hydr OBERUS008679150

al kyl group having from1 to 4 carbon atons, provided
that R4 and R5 may be joined to forma cyclic group
having from4 to 10 carbon atons, said cyclic group
bei ng optionally substituted, and R6 represents

hydr ogen, one or nore al kyl groups having from1l to 4

GREBAR AhOME ch iRdHY¥Ed RN X Bles it OMRIro8h o ar %E]légleg}oﬁwhévh% from 1

presence of a catalyst, conprising a cyclic imde of

torfecaghonatoans. povived ﬁla@‘s and i énpagibg Jeipedo dprnRa CygHel gRpp raving from

i ngdapendont dtyms %aﬁCEﬁﬂc fgrr&l%1 Mﬂg Qﬁt?ornglw s@fltuted. and R represents

substituted hydrocarbyl e avin to 20 carb

bitdovesn, @e of mom alkd cheups bew&i;e{n INpiZH, ca(thn amsmz cydphexyl group,
]

AR ARy e S oty Plonink » cPORYRAR lkendFh formule

bond; each of QL and @ (Q)i ndependently sel ected from

C, CH N and CR3; each of||X and Z is independently

selected fromC, S, CH2, |\, P and elenents of Goup 4

of the Periodic gab e; YiLs Oor H kis O 1, or 2;

| isO I, s t53; and|R3 can be any of
dis grou atons) |isted for

the entitie (radlc

R1; wherein\said contacting/roducgs an effl uent

conpri si ng umneact I ™ catal ysf of said fornula

(1) and a hydroﬁ%ro ide o Lgeneral formula (I1V): in
h

which R4, R5 and R6 have e sane nmeaning as in
formula (I11);(b) treating!the effluent with a solid
sor bent to renmove at Ieaég)part of said unreacted

t f said for % ai.d e
AR SRRECE vt S e st PRGB! R st
]i!s}tkﬂ(ﬁcﬁﬂﬁ[ ﬁl)dich hafingenenralcafbon moha, ¢d M)m tiengtoqps)SOsH, NHz, OH and
C nver the hydr o roE%ﬁ of fornul (IY).,fro
B b eSS FaC b aRer 30 1% Byt Rorcok B GHESd o one
ﬁﬁﬂkh@ageaaﬂ@ﬁb&ﬁynula RACOCH'RS (V), in which R4 and
R5 have the same neaning as in formula Slkg
cach of Q" and Q~ is independently s¢lected from C, CH, N an ;
cach of X and Z is independently selected from C, S, CH,, N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
kisO, 1, or2;
lis0, 1, or 2;
mis 1 to 3; and
R’ can be any of the entities (radicals, groups, or atoms) listed for R';

wherein said contacting produces an effluent comprising unreacted imide catalyst of said

formula (I) and a hydroperoxide of general formula (IV):

— R*
\ C—OOH 1v)
R6K / H}C—RS

in which R*, R’ and R® have the same meaning as in formula (II);

-6 -
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[ 0022] Conveniently, said contacting (a) is conducted
at a tenperature of between about 200C and about

wAazIassssuch as bet ween about 700C and about 1BODTS200$16¢79150

pressure at which the contacting (a) is conducted is
conveni ently between about 15 kPa and about 50CkPa,
such as between 10CkPa to about 15CkPa. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0023] Figure 1 is a graph
plotting conversion and sec-butyl benzene hydroperoxi de

(SBBHB) selkffisl #ktofn@aaivimt a khi® s@ﬂBelﬁttBel%Hﬂo(zJ aP1est) pdrD of said
t he oxi dati on of sec- butylbenzene (SBB) in the

pireasted dmidsfeaplyapofisp, fnpplla € fregoaid padncpt o phedugy a treated effluent
@&&&fs%@QdeJofS@oﬂ&@&f%%&r&lffom{/? agd [0024] Figures
hﬂfressure I'i qui'd chromat ography

( HPLc(:y) sp@@mweamgfthq reffefdxiderif fofmulyd Vp fiogesssd grganic phase into a
@ﬁﬂ%nﬂ aﬁ ﬂ%fl)ﬁd'e SALLAS gf @0 ggﬁera{l I'fgmﬁlfl'j i{WH Sg(}) in which R* and

arious sorbents accor process o danple
B,h$©@25$m5ngmn&;®1n§Hamgdﬁph plottlng
E) bUt &lor?v%ﬂlzer? (;/)e( |S%§E:031)g%& Y%réglcgr% ucat? at a {?mper%rer 5e]fsbetweé3n about
PO‘PCtdné abﬂﬂRS 80fCeswh af bdtlveadt a%oﬁ;lHFﬂOC abd)hHSDqul IG‘FCa"ﬁhb pressure at which

it hout. t addi.tion of eth cc to the
ﬁ? S%rg%cém {as I)?.Slilcéedéfs CTIBIG%I%I%R,%G Weeh 2 oqq ég gP%?l}gqu?out 500kPa, such
@HﬁﬁﬁrmngEGﬂbﬂbyﬂhmﬂmﬁne hydroperOX|de ( SBBHP)
) on in the process of
. N OF THE EMBODI MENTS

[0@%7] lﬂg@ret erigs, gl@f)l@ lﬂ)ﬂbtt,mg E@ﬂ/bﬁﬁin anda!%éi %ﬂmkdnb Ugftoperoxide
are used i nterchangeably in this docunen

PRESHY eslegifvity mggméﬁ &pe 8’% giream Chdr- biathp ;ﬂde@%&‘éﬂ ghpec-bugylbenzene
defi) e thetpResBiRc B 1 DaEvae NHM‘[%@O ﬁp @0@551%%@5@9&@ t&#hRPpocess of
and up to 20 carbon atons and wh may be |i near,

Bramdhed, or cyclic, and when cycllc aromatic or

[o08g)ar Oﬁ@hl‘eg V\ﬁ) %U(Q)c'érk ql@l%geswg flﬁ’lﬁéEfPthla{OQQbﬁ')a&?PLC@ spectra of the
radical s7in | east one en atomin

#ffldend @érﬂwn)roqc%ﬁ pﬁ Ekarmds 2pdien eistmﬁgm t) the dzfﬂuephwah Vla@%tsorbents
ARG e AT Gl QUBnE suher o At | east one

non roc on atomor group has been inserted within
[082S]hy angmaﬂogsl a grapli platting Gonbeylbenrrehe/(SBEAclnafisig agamdt time on

B%allns I 1{% atl)%l?/ %Er“ bnga? lﬁ%?otsgl%rr% g)%gguaré l1IP a@tpire%en%le %?6% 19 NHPI,

de
aromatiC a adrcal's
ba@ll withlasd altkcmt ghetadditimnyﬂ ctiraadl, e@bslirgytd theypscesarfiaample 4.

[O%Eé]cal lgi’gu 1s a grap%plotp ngr s%%—bu%/lbsenpe%% h%’roperomde &%BHP) selectivity
against SBB conversion in the process of Example 4.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] The terms "group”, "radical", and "substituent” are used interchangeably in this
document. For purposes of this disclosure, "hydrocarbyl radical” is defined to be a radical,
which contains hydrogen atoms and up to 20 carbon atoms and which may be linear,
branched, or cyclic, and when cyclic, aromatic or non-aromatic. “Substituted hydrocarbyl
radicals” are radicals in which at least one hydrogen atom in a hydrocarbyl radical has been
substituted with at least one functional group or where at least one non-hydrocarbon atom or

group has been inserted within the hydrocarbyl radical. Conveniently, each of R' and R” is

independently selected from aliphatic alkoxy or aromatic alkoxy radicals, carboxy radicals,



10

15

20

25

atons. [0028] The present invention provides a process
for oxidizing a hydrocarbon to at |east one of the

w@rpesgsendi ng hydr oper oxi de, al cohol, ket one, PCT/US2008/079150

carboxylic acid or dicarboxylic acid. The process

conpri ses contacting a reaction nedi um conprising a

hydr ocarbon with an oxygen-containing gas in the

presence of a catal yst conprising a cyclic imnmde of

the general fornmula (1): (Oi wherein each of Rl and
BRoxyScatRAenamefn by hrRd @R FadidRMe A DreaacoMlicARdas Ho20 carbon
substituted hydrocarbyl radicals having 1 to 20 carbon
#oBhs, or the groups SOBH, NH2, OH and NO, or the

@2%15 HThé: reSnt 1n55ntﬁ)ﬂq)r$v1dé§raolylbge‘§§j fc;rr}%mﬂg Q'ﬂgdr&?ar%qo at least

I|nked 0 one anot her via a coval ent bond; " each

Qe Qﬁrﬁl@ agprespendingiyseengeorideyalepiiple k@t@@l Fatbmyls; adtiHor qktbaamyllc acid.
g@eﬁgg&g %0191 risds %Bfi'tla&#%ﬁat g&%ﬁ&g&gﬁﬂﬁl é’o@p‘?lsﬁg %ﬂ}/ér{)%%oﬁ? with an

Talgbeconvainigg @wn tigHyresen¢esof(y, catalyso porm;)rlsmgsa §yclid jmide ofthe general
i to 3; and R3 can be any of the entities

?%a [ 3 groups, or atons) listed for RlL. As used

her ei n, the new nunberi ng@Oxgchene for the Periodic

Tabl e G- oups are enpl oyed|las di scl osed in Chem cal and

Engi neering News, 63(5), RB7 (1985). [0029] The

contacting produ&gs an ef {1 uent cqumprising the desired

oxi di zed hydyGcar ppoﬂ toget her with unreacted

i mi de catal yst of slgRd formi —Uy | The effluent is

then treate before'gr af t concentration of“the

oxi di zed hydiNQcar.b pred_ t, wth|solid sorbent so as

to rempve at | east Jpart, d typicplly to renove

substantially all, of saig unreact/ed i m de catal yst

fromthe effluent and produce a treated effl uent

conpri sing the oxidi zed H{drocarbon product. The

i dized h dr,oc pn product can_then_be recov or, .
’FVE‘?“PIHe‘iaC dbsd) g iy esiseRndeneedssied oo ehydﬁ%cﬁfg H&Lé‘&’smted
E’}Qirécdrb?ypfabﬁﬁlk havid1 & zmlaﬁfonswméemthe SrdGh STHENBBRNOM and NO,, or

the unreacted i m de catal yst can be, recovered for

hestany |4 FelyBrend § prrwd k) apd & &1 bfy tiplescldp g another via a
&R 183 M dactst QYarddN® P IRSEMeRIYQEREEd oM A& TYNOMRI @lf{3 each of

substituted or uUnsubstituted safurated or unsaturated

Kyerd o #r eepsndestly kelggedafrRidesS, e Nodl wineemendy Riefreayp 4 of the
pééﬁ)ldﬁ:al*alﬁﬁ:p?sis Oad}(bH, kis0, 1,0r2;1is0, 1, or2; mis 1 to 3; and R® can be any of

the entities (radicals, groups, or atoms) listed for R'. As used herein, the new numbering

scheme for the Periodic Table Groups are employed as disclosed in Chemical and
Engineering News, 63(5), 27 (1985).

[0029] The contacting produces an effluent comprising the desired oxidized hydrocarbon
product together with unreacted imide catalyst of said formula (I). The effluent is then
treated, before or after concentration of the oxidized hydrocarbon product, with solid sorbent
s0 as to remove at least part, and typically to remove substantially all, of said unreacted imide
catalyst from the effluent and produce a treated effluent comprising the oxidized hydrocarbon
product. The oxidized hydrocarbon product can then be recovered for further processing.
[0030] By washing the imide-loaded solid sorbent with a polar solvent, such as ethanol,

the unreacted imide catalyst can be recovered for possible recycle to the oxidation step.
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aromatics, can be selectively oxidized. In particular,
however, the process has utility in the selective

wW@z200dasisen of isobutane to tertiary butyl hydre@EUS20081¢79150

and tertiary butanol, the selective oxidation of

cycl ohexane to cycl ohexyl hydroperoxi de, cycl ohexano

and cycl ohexanone and the selective oxidation to the
correspondi ng hydroperoxi des of al kyl aromatic

conpounds of the general formula (I1): in which R4 and
BodesibohHdependent |y represents hydrogen or an al kyl

E{oup having from1 to 4 carbon atons, provided that

93Hnd ﬁanagv PrRsCtprasett 2 wide eionp af eheitited gi wgppsHamddgturated or
il Qbatedt ‘ﬂ &@c&@&n@ogu&t %gnsalka%@é dcﬁﬂ'&‘lkaﬁes rﬂk&epe&ﬁ%alkenes and
optional | y substituted R6 represents hydroge
gp@atas, eprhe salektwelyg@@@npﬁsi Ha\naﬁgulfan élﬁwszvqr,othmp@a%éns utility in the
%ge%%e 8£1d§10(f‘1y5fl R le td rtgllﬁgll'y ﬂ)lﬂyl 5@%@4 LJLE tegﬁz)agﬁjtanol the

are joined to forma cyclic gr avi ng

%@ecmeﬁr bmdaaomn@f cydnhﬁsmmee ro | yyC@he:y)dl bhdrsydroxgden upyclohexanol and
(t‘yc 0 %)éatng teg gangﬁt %16 serfeectl% %xuia%gn o%soy theg rcglur sgha I %gna/drogeromdes of
dkgapetic @inpsuids abihe gaiekey famarag(tl):c conpounds are ethyl
benzene, cunene, sec-butylbenzene, sec-pentylbenzene,

pnet hyl - sec-butylb , 1, 4-&i phenyl cycl ohexane,

sec- hexyl benzene, And cyc\ohex¥l benzene, %hﬁh

sec- butylbenzene a e benzene being

preferred. It w]| so /he unqg stogg that in the case
where R4 and RSFére joined to cyclic group, the

0 r [

ﬁ#mﬁﬁl\}e%nedﬁ@ éaﬁgﬁld{;[féﬁﬁgnﬂg réﬂ?&g ef(ﬁ/drg e:il oQgrﬁ gﬁ%f érﬁ@ ﬁ‘avﬁn% from 1
@ub@tboulummssprosdcmthasR oand P&rmaymeeolaetddylforgr ooypEc bavp hgving from

1 4
R L T T e
hbrtbogen,acmb o€ aiorcezrﬂoyd cgramm havithfoml lkty l4aada tatomsco rpgcinkkxyl group.

f eral c- but benze e.an
Bl as GRS Rt 00 R i il s b SR QP EREi R 1o 10 carbon
abﬂny,l @hidhiendg Qndycld)ﬂd@ﬂ gadulsy ubb itetad aathdorici @NBorartkyil Broup having

resence of a heterogeneous catal yst, such as .
051 P& BErEob FRr S BB e ot §1om PRasbeiaRe ot i) o suitabl
Sicavemadic doroMdViar2tifyd BEnz¥ne( atndefsbaipeyiBed-omd seclft@tylbenzene, p-
al kyl ati on_conditions convenlently |ncYu de a
pgthplereattpepens.r om dyolipheapisesietsxaisout  26edexylpegrene, and

SERINBLELRSINE R Ih ARy 1BE020 e ﬁﬁdcy@p)ﬁég_}llt%g%gbefﬁgq)referred It will

al kyl ation pressure is convenientl, 000 kPa or |ess

o Dewndepteoditherin disotse vhoo R cﬂné% @tc 9560 (K FgmTheyclic group, the
ﬁllﬁﬁ& 3f bﬁﬂoﬂssfoﬁﬁ’lﬁg ap c%/@ﬂé M{lg ar frd)lﬁ dl ®ufp. aﬁov@ev\ép'ﬂge!?trmg may itself

hourly space veloCity &
carry one or more substituents, such as one or more alkyl groups having from 1 to 4 carbon

atoms or one or more phenyl groups, as in the case of 1,4- diphenylcyclohexane.

[0032] In one practical embodiment, the alkylaromatic compound of general formula (II)
is sec-butylbenzene and is produced by alkylating benzene with at least one C, alkylating
agent under alkylation conditions and in the presence of a heterogencous catalyst, such as
zeolite Beta or more preferably at least one molecular sieve of the MCM-22 family (as
defined below). 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. The alkylation
pressure is conveniently 7000 kPa or less, for example from about 1000 to about 3500 kPa.

-9._
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on C al kyl ati ng agent of between about 0.1 and about
50 hr 1, for exanple between about 1 and about 10 hr 1

WO 240003327 The C al kyl ati ng agent conveni ent|y PORPR1088679150

at | east one linear butene, nanely butene- 1, butene-2
or a mxture thereof. The al kyl ati ng agent can al so be
an olefinic &4 hydrocarbon m xture containing |inear
but enes, such as can be obtai ned by steam cracking of
et hane, propane, butane, LPG and |ight naphthas,

R Akyhiidn i€ e&%memoéarmmﬁ hes wand: m&@rspac%faerb%ﬁy (WHSV) based

f eedst ocks and conversi on of oxygenafes, such

Pt halkypting %gemcﬁ%ﬁtwwb%o e 2o AP e - f@rrﬁéamblmbeweﬁ@ about 1
G Bygregar bon m xtures are generally available in any
refinery enpl oying steam cracking to produce ol efins

WA lar eThaut 1 dbylétlrfg@igenwem@gletl%ecmpratw legsti ang lingpe huteng namely

é{%el %tu{%ﬁgrb CJraaCJﬁsgl%rp lﬂﬁe%b? SIt}f'e lat algérﬂactaﬁ ailso(‘t;eha% olefinic C4

uét renmainin ter sol vent xtractl on ‘OI' )
hwimoagnen atiktore Ctootammgduearﬂmtea@h ewpd af mmbet mluqddwémtreamkmg of

acked but ne,s ffln
&fé%ﬁlgi ]r)]roplanea ane trl“ﬁe)ﬁo\r?gll h?n ha(sj, cea%a? tic l?(lngbo naﬁﬁ:‘&las and other

fefioery ﬁ‘dsedstocrhs ded b eaveicioa©k e;q/gbmett@nﬂlch i mam’f)nol [tOQBvE} olefins. For

afu racti ment, the al kyl.aro

s 6RC§GieE v FOrRaaTONT 1S EPERLRaRyTBEn ety refinery
&ﬁ[ﬁioylﬁg plead ueRdinh\to pestluec blefigs DrINAeREitabict for Inyedﬁme T4 dikylating
t he presence of E?(ﬂ?tero ene us. bi fﬂgﬁtl onal cat al

e Ceﬂﬁﬁﬁeﬁ@&ac utene stteam, qp]rﬁduct remainin StI‘[er solvent

BEE@@esahy @bg e&l@ﬂidnvtot yemdvy Ruealidny fEeh ekd ehdé reeamt aecked butene
rou conS| stl | adi um rut heni unL ni ckel and

n
) gnd Eﬁnatecf 9&% arqdpﬁeremﬁlarn@awee rgRevak ohlittadipng and isobutene

heMitdradckidadtdrRRePGldnéistr¥am)t Ypi cal Iy at | east one
nol ecul ar sieve of the MCM 22 famly (as defined

W8 Yw) . Imeniartbyrivacties] sbedipgnt, ghe @B@dﬁé}wa@ﬁfsm}}p@@ﬁ gliganegg! formula
?h ) & cgl‘é‘lrap%ﬁ)teﬂieﬁe Qfd qp%%du@&logf %Qntggﬁigtbeﬁ%gguth hydrogen in the

econtacting pressure may be,” for exanple, from about
nregnexofzbiiaitrokDes lpHanctiphd beélyzfe\ﬁlewh eorhyrseodepshesicanctal having

BB SRR PGB B8 SRl R o
nigkep rapfl enobddt, yanidre chystalmpgeorginialoside 0atdrial tlavialcalky 140, activity,
%/g%?lﬁy] 5\/%%? 2031 f amwzﬁevfe?&] Ihx %fﬁs ?Aev e}‘ gafs c%eﬁﬁéde Bélgxl)v) The
MoMcRe §teprisl qohvﬂnenﬂw[éwh(ﬁ@teﬂamd tympc&ﬂlhlet(ﬁ‘ apputa®)°lGzedbout 350°C.
JPhecontad‘ung pressure may be, for example, from about 100 to about 7000 kPa. The
benzene to hydrogen molar ratio in the contacting step is preferably from about 0.01 to about
100.The WHSYV during the contacting step is preferably in the range of about 0.01 to about
100.

[0035] The term “MCM-22 family material” (or “material of the MCM-22 family” or
“molecular sieve of the MCM-22 family” or "MCM-22 family zeolite"), as used herein,
includes one or more of:

e 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);

- 10 -
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i ncl udes one or nore of: nolecular sieves nade from a
comon first degree crystalline building block unit

W@e0ob/058821 ch unit cell has the MAW franmewor k tBEDUSZYS/079150

(A unit cell is a spatial arrangenent of atons which
if tiled in three-di nensional space describes the
crystal structure. Such crystal structures are

di scussed in the "Atlas of Zeolite Franework Types",
Fifth edition, 2001, the entire content of which is

' ”GOGH&E&H&%&%S hﬁ&@%%ﬁl‘?@)comﬁi%h%Eéﬂn@fdeéfe@b%ﬁdlﬁg%‘i‘ocﬁ BdThg a 2-
a conmmon second degree buil ding bl ock, "being

di nmerdmernak |t1|11ing1gofoﬁwbuMwmmremmmmgdp@m@gqﬂlmnfqrmmg a
cel | Stnar[) F)arng (ﬁ%n@ulﬁp&w tﬂlXﬁess?hleC&{g%lyQﬁe c &ﬁi{ ellttlfl&l&lé&,ess

prefer y one c-unit ce ness ecu

si evesolpmdke sfer snmatenfnomn ceemon sbcdmcgd@eekh_mnlhmg oipckd, detng Jlayers of
R A e T
cell th]bkl(bkmsgﬁadleﬁ‘rdfmdﬁbldﬂgomdkh@pkﬂ bigding atcllgeisn gvo mbnolayers of one
bi ndi n east nol a er eI .
hi ckiB<Eh FER: Tbe Hga0s SR sSoodibetebiuE s bioriiong be in o
bl ocksgtafaddeonl Bn arde@RY FRRioh,a6 Rin@dm faRioh siegiyl @mbination thereof;
fashi on, a random fashi on, or any conbi nat i on t her eof ;

and ‘Wﬁlecular Si eves nade by any regul ar or random

2-di %&@du@oﬁlasllevgsr magdd 'b?‘%ﬂ?'r@@ﬁ’&r &%@doﬂ@blﬁrﬂerﬂfonﬂnbﬁ 3-dimensional
cel I's having mewor k t opol ogy. [ 0036]

Mol ecq@nbrnag@re«?/fe@lt@ﬁllﬁhﬂélnw@mMWWéwmeyOtkrf@wq}@%/ t hose
| ncﬁc ul ﬁfoleghl%vﬁéveb NLTIGY By fﬁrﬂbzfy Ql'cfuﬁé %Eé ﬁ&eaﬁ&r sV & having an

udi ng spaci ng maxi ma at
By Qifbactigm datEHﬂmolu@mgArﬁgngng)lem@t 1@ ﬂ#y2ijl6f9ﬁi)dét3 &ht0.07 and
ch . a
S92 el NRCKSE) ARGy TLETLD' hoglhal RSy e
Qiftam@bpye stapdard mchldqums smdd aﬁummg} thaenKl adphdi dofiblaic b foepper as incident
r and, ass Jolo i at.

hgrf and % gltt‘t{r]a}%?omeoeir eg%lpﬁ) th%l % tscm F %%Q}J]ntel(/a{l ss%(ilaﬁed %omputer
i§m£&ﬂ%hﬂﬁs§aﬂhly i ncl ude NCNLZZ (described in U S

A B a0 B T R R S Mo
49&2&5@6175)1{ 3ERBsclibddd s TS, raeknt NoEUr4apaas), Barext (dderibed in U.S.
R oa b0 T I AUSEED SHEWHP R B HGRS. SR10 B B (described
Rublg. catdnP™ING,077,498), ITQ-2 (described in International Patent Publication No.
W097/17290), MCM-36 (described in U.S. Patent No. 5,250,277), MCM-49 (described in
U.S. Patent No. 5,236,575), MCM-56 (described in U.S. Patent No. 5,362,697), UZM-§
(described in U.S. Patent No. 6,756,030), and mixtures thercof. Molecular sicves 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.

-11 -



W07/ 17290), MCM 36 (described in U S. Patent No.

5,250,277), MCM 49 (described in U S. Patent No.
WG2@305676), MCM 56 (described in U S, Patent MNOT/US2008/079150

5,362,697), UZM 8 (described in U S. Patent No.

6, 756, 030), and m xtures thereof. Ml ecul ar sieves of

the MCM 22 famly are preferred as the al kyl ati on

catal yst since they have been found to be highly

sel ective to the production of sec-butyl benzene, as

ggmgﬁgn\@,&jhtMe ot her butyl benzene isoners.

refera e nol ecul ar sieve is selected from (a)
MoR%140, queo)bxmmnseema thec prepagiptpyqsess 157 ackamplisheday contacting the
MbcaBon Sibstt@Rith IIQ'O & N ALRSRME QR th IR ([foolc@’%lysfr é'b‘?npnsmg
oxl dation step In resent process Is acconplish
byycionmide of they gm@eal ﬁydmgdar bon substrate with an
oxygen-containing gas in éﬁe presence of a catal yst
conprising a cyclic |n1de 6f the general formula (1):

(0)I wherein each of Rl a d R2 is independently

sel ect ed fron1hydrocarby| and substituted hydrocar byl

radi cal s havi 0 20 &bon atops, or the groups
SO3H, NH2, and or t ato H F, d, Br and
I, prOV|ded t hat R1 and R2 ¢ [inked to on@®

C

anot her via coval bon each f QL and Q is

i ndependent |y ed fr N and CR3; each of
X and Z is independently Iected romcC, S CH2, N P
and el enents of G oup 4 o the Perlodlc Table; Yis O
or OH kis 0, 1, or 2; or 2, mis 1 to 3,

and R3 can be any of the entltles (radical s, groups,
weherainossh of iRt &l Rbns mﬁpeﬁdmenseeactddyﬁoma@hmoﬁrbﬂlamshbsmuted

t| t d f | hat
g DR MLt Eof ol s BRGNS Bha NO, or
b lheny- BAaF bONWBr andd) @ablﬁediﬂl@lt Ry didRachoBe figlcbdoalode another via a

each of which di cal s s 1 to 20 carhon at .

t08 @t]boé%ﬁ‘é‘P%Pﬁr@ “tdh(é léff%ﬁﬁ’q{‘d?l}ﬁydéle%tﬁiaﬁ éﬁ Cgpgﬁ\l gl CR; each of
RXdnd isQ'ﬁdéiﬁhcﬂJnM?tsel@&&Vﬁoﬁlr@ geamnes N, of mawéa%ebeefbup 4 of the
each. of R7, R8, and R10 is |ndependently sel egt ed

PerigicryAico & df Biar a8 dobrreut @, hyPoat byt 3 raadifc &psbe any of
m@\éhﬂ%s%gdfba}?sogl%ﬁﬁsb%lq a@hﬁaﬁste@fortwe @@Hﬂ&t@%ﬁ'&h g asr<1d R is

he at ons , Br and |; each of
wdeperdangy seleseskfiora #iphatis efkeny atarppais akoxs, ragiepls, qbopyl radicals,

Qp&ﬁa%ﬂtédl&fls Qd%ﬁro%aljaf)n Falaﬁalgeerablpgf whidieRliRals ¥ad 1030 carbon

) 2, and

atoms.

[0039] Generally, the cyclic imide employed as the oxidation catalyst obeys the general

formula
R’ ((|)|)k
RS X \
/N—Y (11D)
R’ 7
o
O)
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1is 0, 1, or 2. Conveniently, each of R7, R8, R9, and
R10 is independently selected fromaliphatic al koxy or

w@ew@omssse? al koxy radi cal s, carboxyl radicals, PCT/US2008/079150

al koxy-car bonyl radicals and hydrocarbon radicals,
each of which radicals has 1 to 20 carbon atons.
[0040] In one practical enbodinent, the cyclic imde
catal yst conpri ses Nhydroxyphthalimde. [0041] The
conditions used to effect the oxidation step vary

whabinf daerniel 17, v IRt Rgd tRiPas QfdBYfic RGOS Wos! hRdrEcarbyl and
to be oxidized, but eneraII§ESU|table condi ti ons

wb&tltwteé hydrpeaphyd raélﬂcals aging B e de exbetbans. 2o o gipesatsblis NHa, OH
006, P HEMAR PeE ‘(ﬁeé‘r aﬁgquéacggpﬁ aﬁﬁ‘% 2R end 309 GelediBE from C,

OX|dai|on ste IS fera 1y carried out at a pressure
et P am;@l@mqrss oamél ofthe Beri®idCkabde; Ysla @norééH Hets Qeber 2, and

a P T 9
LB acih APy T g Gl G o g AR vt
dipbsticr dhecy quamnmtlo dlkoky mﬁlcalaecadoqxwﬂanadiods silepyraponyl radicals and
ﬁyd?oca%on rade a ea]c OF Wfl) hradw\o{ {)0% clgu on COhO|

one S'd of the
[ﬂO#O]eSphﬂdonﬁg pl'apdcadma]mbmhmeﬂtn mddt:ydhon,lmhlewemellyst tchmprises N-
Iue{lwb fromthe oxidation process nmay contain
WYY i ¢ inide catalyst in addition to the

esi|r edThyetmoianb@ed axdfttat the oxipitduep varkhigmifi@ctowdh g type of

el s by Ptesh burtenerof v e SRt npbile g tmperaure

HEHFOVERN SBHR 20<rc subksb@antoal, Isuchads Ibe@feet ubTMICEaGH eﬂout 130°C. The
imde cataly so as to produce a treated efflu

RHIgN 1D s nfﬁewahlwawrad 8% 8& P PESS UG bRt wesrabew 15768 6%4 abgﬂHSOOkPa

Wah 6hb&RRh ak s, 18 bR USR@.0r zero level of cyclic
imde. Preferably, the sorption process is conducted

so as to reduce the level of the imde in the organic

PRABRedtOr aibitbh #MnddP PPM such as less than 50 ppm
Tor _exanpl e 1ess than 10 ppm of the organic phase.

PR i sDeresilingioh ¢hermaturonf Yic bredesghon shlstritei theproduct of the oxidation
g%if’%ﬁ | YO M ndlop %&SC&%% &Hdé“?ch%h&'le'k%Eoﬁé : c%‘b%xylhc acid or

fects on domnstrean1oper Bns and separations su
éisarb@zcdh@ pad oﬁthdaocbseamba@hyd[f@@%@} Buactdatmlnehcs’tdvmd the effluent from

%1%0%1 cees% Hl%§ %oﬁﬁxluﬁ% % LeliP ngfgig cgtasgt' inia\%ﬁiki&ﬁ itonﬁlle desired
1 carononat es” an Yy en car oona ) Icn may
libeirqzsaxb\m deidaton paodoct dlhes, sg@pding to thé plybs;qnt pmmsexhﬂ"«a«i@eion effluent

brbEL Pl seesr BERnEbT Tl embd B Bdmgany an of e
m’frw&ﬂtmﬁi& datnlyae sefak @€ piodacssoirbacd Sfﬂualttvhﬁch is rich in said oxidized
hydrocarbon product and which contains a reduced or zero level of cyclic imide. Preferably,
the sorption process is conducted so as to reduce the level of the imide in the organic phase to
less than 100 ppm, such as less than 50 ppm, for example less than 10 ppm, of the organic
phase. This is desirable not only because the imide is expensive but also because it can have
deleterious effects on downstream operations and separations such as hydroperoxide
cleavage.

[0043] Suitable solid sorbents are those having basic properties, including metal
carbonates and/or hydrogen carbonates, which may be provided on a porous support, clays,

ion exchange resins and metal oxides, particularly mixed metal oxides.
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present process may be determ ned by the nolar ratio
of chem sorption of CO2 and NH3 over these netal oxide

wWorgdoensssks. CO2, a mld acid, is used to titraP@T/UKH0S/079150

basic sites present on the netal oxide being tested.
Li kewi se, NH3, a strong base, is titrated to indicate
the acidic sites on the material. Many factors
deternmine the actual anmount of chem sorption such as
surface area of the material (often significantly

bifct edichy okiass H@\In?é sEbig® PERPARFOALHHQN B edlive td¥Bents in the

tenperature at which the chem sorption is tested, and
PrREENppreesymay he dwwdtbbréh%melm Bap pf Fhemisosptioa of €82 apbNH; over

thbe RLasRMe n%érﬁt‘fés &%0,, lefaad% dC is u@éd t@ehtllaﬁ: tﬁ@ﬁés@te@ﬁrg?eﬂt on the

oxi de haV|ng a nolar ratio of c en1sorpt|on of

getahoade breteabsteki ldkewier, NI, & Herigdosgisi tortedfto NidBajsehe acidic sites
H ﬁ@n?after tﬁ[h tgf% ?ﬂfn@ ':[het:ﬂ: 1 Qméunt BV et otpfion such as surface
t thar 1.0

gr eat er d especial l'y greater
b of ﬂhemamala(@ftdlesgmﬁww kol b}{ 00 4%}al Deigt ipregaragon method), the

%r%tggram {e a% wh1ﬁ% tHDchgrems[ogptt]Jtoﬁ 1sotesr‘%ecﬂ]argaot?10 etssu(r)en tw &emlsorptlon
gmmdofﬁomtht pilescmx putposies ac'basilll okield 1sud}:|ﬁngi ﬂ ah/bkidb havmg a molar ratio
SDTA .851 errm ravi.netri c. anal.ysis syst.em
e B PR ot b8 bt A i B L RPN BH SR E e gor eram of
mﬁtaf b0 grght@itliant005, aypiaatly SRAQECHhae8.08piInd 8spetiallegreitér than 1.0, when
Tab ea‘fl?ﬁ f or bout three hours, at least until a
CYRSES Crg’ﬁﬂ]ﬁ 8Vwei ght is obtained. The tenperature of

folo#s]s a”’lDésﬁn%% ﬂé’i&ﬁnﬂe‘%ﬂbl @thriritid dfooNeMGomptibn GHED, YO gram of metal
coul d al so be used) to the desired tenperature

of
SHESHE ?rglﬁorp‘mgkpf N ek gitpl of mgtalap}flgwdcog%ucted using a Mettler

eanidoiN @tjﬁt}QFm@éI‘@vlﬁt@t%b ra@8lydi€ FREMALUSRLiEM prdsOW NGhe metal oxide
hel i um and wei . Chem sorogtl on of carbon dioxide is

s spfciged | g ain P d1eBhi090F pricem apnotadriohable Wefer about three
ﬁ(ﬁff‘ss Wf Rkt %Btllzas%gant’%faﬁlﬁfe vpé%}ﬁ]gs éﬂﬁélg&? dThe t@l’ﬁpé?tm%l & thessample is

Jecte to a nunber of ses (about

tshél@ aetis¢din Sleyvingf aip (@f&l@@og@ﬂdnai@p Lheeu&@éhtqautmu g irgd ftgmpperature of
@I{égn h}tﬁﬁ; o%{t bﬁ’l@ gfnstf,;l 1g %118&e<f‘%*‘8&ﬂ1ﬁ‘brh‘t@tdt th@ 460 tt&ﬂﬁeéature in

wel ght t’ai ne as mxture contains abou
fievigh thelpen @echwexgmdooﬁh@m@orpt@ml ercammmw tnkeasunel at 100°C, and

%%)gn?sjg?pg%geo?ﬁlnﬂjgoegel Iaéjﬂeﬁéi‘ifréde OXI dﬂte?%e | vtvagheg,a’?he sample is

e sanpre’ |
fubjesteé do wi rtul’nbéﬂ ofnpuigs heddouui? ﬁ@bnd};k}mﬂsb) af mgaﬂeblﬁsSmixAbe) gdntaining

PRI cRPRR B0k ol P Say S et BpRRE; e e
figK@ge Biitains a¥dudaobasgtd pereehtheurioat dbxidX bl emsanialveith the remainder
%gggéliu%f. tg%terce%lc}(l: Ipu gé Iop the gsas msf)gtgretb%m%etgs%dm the metgl oxide sample is
flushed with flowing helium for about 3 minutes. About 20 separate pulses of the gas
mixture is used in each test. The increase in weight of the sample in terms of mg/g metal
oxide based on the metal oxide sample weight after calcination is used to determine the moles
of CO; or NHj3 adsorbed per gram of metal oxide.

[0046] Molar ratios of chemisorption of CO; to the chemisorption of NH3 per gram of
sorbate for some metal oxide species including some of the materials tested in the Examples

are shown in Table 1.
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of CO2 or NH3 adsorbed per gram of netal oxide. [0046]
Mol ar ratios of chem sorption of CO2 to the

W@ b@aosssept i on of NH3 per gram of sorbate for BORES2008/079150

net al oxi de species including some of the materials
tested in the Exanples are shown in Table 1.Table 1
[0047] Metal oxides suitable for use as solid sorbents
in the present process include oxides and ni xed oxi des
of nmetals of Group 2, Goup 3, Goup 4, Lanthanide
Series, or Actinide Series pipthhe Periodic Table. In
one enbodi ment, the sorbent conprises two or nore

met al - oXMiESrial Gl ET a[tta)fci%%nu oupce, A‘E@E@he%bﬁﬁ 2nd
one or re sel ected je%ﬂeﬁ&ér‘pcz a‘PRQu han

Seri es, aflb Actinide %bl €S Netal 6?3 des—Theoxides

can be f&%bﬁd st @Qv art+ety—o ; h

general |y 2“”‘par & by €onvers g of—a—suitable
L%&O3 nr acl nitly on-from cnq)l 6| oh—and/or

pr eCurS O A A | PI CTCAT A Al LI "A L= LR LA L CATTOUT U

cal ci nat e s,

such as héqllppmlpc, sul f QQ1 phnqphqg-gi, halides,
ni trates,N&AYEh! ori des’0al koxi des| bAH acetates. [0048]
In one enhd®Orent, theOfetal oxi deOB& produced by
first pridpdlBGvg a |i Uil sol ution| E6hprising a salt| of
the netalMg@h a sol vent700such as watke47 The resul tant
sol ution Y®;t hen subjle®bed to condi49dns sufficient| to
cause precipitation of the solid oxide material, such

pm4‘qy t RRtafddided Oultable Rr PEEEd RoltELdrbghts Blaglerﬁresent process include
gﬁ}scal ly. a base such as sodi um hydr oxi de or, ammpni

G dixedrpeides ofmefals Af {#1oh 2i §TYBRe R, bt E degprics. or

ﬁ&tnﬁdet SHRETRUM BerfdicOTabRe! MWorkOQR e detét, Ne tsBBent comprises two or
precipitation, for exanple in the range of from about

mor Palaiigt. Pesoeky oayeruad metdl mids suf oEpB @areselstsdirom Group
é—Qﬂ'glgp 3 -ﬂ&ﬁthﬁﬁﬁé“s&le@ glng lctihidle BESL SRR Xidbd1€Mhe oxides can be prepared
y drothermal 'y treated at a tenperature of at |east
BODC: veriely exf apgthodst althengh sapodie, arg @repavdthy a@versips of a suitable
f Cﬁ’%ﬁ? I GBI EndiBn ! Quitk Gncl 1
eés:lﬁ 0‘?%}/}89@ n’%t 'cétfqna P 80 &t&'ﬁ r? %f/ecovcgt}aeg ?Lgr b%gayectuTs&lg nclude meta
failth,t yugh iap rhabidesc ewlfagaisf plyaphatay, h@labheldtratasqdbxdqthl@,r@ﬂes,Tftﬂeomdes and
gc%}sd Wting particulate material is typically then
cined, normally in an oxidizing atnosphere, at a
[0odgier aInu DE elﬁlb@ctimblﬁaﬂte AH0R0D Gxids ug prawmcdd bynfaktopreparing a liquid
le,IQIOP CBmgrlﬁ%a g'ﬁ{)otot 1’1’16 aﬁ 514£%g\86ng85u urV&é%E%rS U]ﬁ‘lg r?sgltan? solution is
ﬁlbl@hllbje]:tehﬂ(hl EOﬁdﬁlOﬂbﬁlﬁiCl&lﬁ thoaiss p{e&@éﬁion\ﬂﬁﬁm sbii oxitle Matedial, such
i.des are used, t
yp}hs (?ﬁ fli)léloga pBermpltatmg reagent t}lplcallly aebase such as sodium hydroxide or

ammonium hydroxide. The liquid solution is generally maintained at a temperature at or

below 200°C during the precipitation, for example in the range of from about 0°C to about
200°C, such as from about 20°C to about 100°C. The resulting gel is preferably then
hydrothermally treated at a temperature of at least 80°C, preferably at least 100°C, for up to
10 days, such as up to 5 days, for example up to 3 days. The resulting material is then
recovered, for example by filtration or centrifugation, washed, and dried. The resulting
particulate material is typically then calcined, normally in an oxidizing atmosphere, at a
temperature of at least 400°C, such as from about 400°C to about 800°C, for up to 48 hours,

such as for about 0.5 hours to about 24 hours, for example for about 1 hour to about 10 hours.
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preci pitated separately and conbined with each ot her
at any |ater stage of processing including as cal ci ned

wavgsgsarti cl es. [0050] Suitable ion exchangePCEER2988/079150

for use as the solid sorbent include those resins
conventional Iy enployed for removing acidic or basic
speci es, such as_Anberlyst exchange resins. [0051] The
conditions used in the cyclic imde sorption step are
not closely controlled but generally include a

foesmer aiweR 0 oRRRHL mét@pg%laég 2O, h3PRfey HHGbeAD-precipitated or

about 200C to about 800C. The time of sorption nay be
PispipEsteshpinerataly gpd eBlined Withgred pileapoaty Faernitpast ek processing

ﬁHﬁH’m Qs @a@&ﬁgd s@hnﬂ)d}%l@ss to about 10 minutes. [0052]
After reana he solid sorbent, the unreacted

980li ¢ Bwitabils l@amX¢1@aa¢ Irgping efoy e@o%@eth@osow spebsii inglud ghose resins
§091'§/Qﬁﬁhalweé‘ntbll eﬁqglalrem%%ln E]ihfc %5519 EeSuXH LshAl%B%gpéxchange

or aceto e recovere e can ﬁ be recyc
teoing.he oxi dati on step, mnth or mnthout prior reanaI
nd that the pre

@E)?]{alﬂgl 24 hanglt‘uﬁnsslllsg i the %;/cﬁc 1rr(1)1 30 t10n stﬁp are %t clsotscg}/ ﬁon(%rolled but

esS no
genecHy |1rmh1da(attempetrg¢u1@rof $bd)1& dOTQV it a}bomf II{OH@ s@lalﬁ al ysut PE€eto about

ur.es 3 a on Pr ct 005 The p
S0 AR i Y B op bl Ml ie i g ket aninus,
Qkhhbﬂthﬁﬁ@@ﬂShﬂﬂxﬁuh&hmake belng oxi di zed but in

ral i,s a hydro rox al cohol , ketone
BEDHG o e BeolelR Hiecli SR Tactriesaete, imige gan readily be
RY SRy OxdsBRg tlﬁe%ﬁﬂﬂlt ‘Eﬂlﬁ a@&l@m&ll&mt meé?(aﬁlbﬁ with ethanol or acetone.
hydr ocarbon,  substrate i s isobutane, the oxidation

AERYETeE SigiE cabtben b teprisyl ththoyidlien B rokion ihowipepr removal

bﬁhé’@tﬁiﬂéh sige Ak R¥hFHhZ (ROpRUBRE ool Wil thO Bk Boes not adversely
OX|dat|on and tertiary butanol (which is useful as

fogtide PFlﬁ%UO&d‘éﬁl‘fIW\Pé)Selec[tUU}S i thpwasy it e Fjggro daphdh
substrate i s cycl ohexane, the oxidation product
conprises cycl ohexyl hydroperoxide, cyclohexanol and
Cycl ohexyl hydroperoxide is readily

@ §QnPosgd }o%éldgf‘ tc0pR t%nf:)&{d?{i;b ?‘I%%ss a([é?% nds on Ihe nature of the

ohexan el t her erm € assl stance
hzsfdr@a@an aulysgtate ©®ygl ohdixahbit wagenbel ox i diydederokitlhy alcohol, ketone,

SR B 8 SRR e e 1<
[0054] For example when the hydrocarbon substrate i 1s isobutane, the oxidation product
comprises tertiary butyl hydroperoxide (which is useful as an oxidizing agent e.g., for olefin
epoxidation) and tertiary butanol (which is useful as a gasoline additive).

[0055] When the hydrocarbon substrate is cyclohexane, the oxidation product comprises
cyclohexyl hydroperoxide, cyclohexanol and cyclohexanone. Cyclohexyl hydroperoxide is
readily decomposed to additional cyclohexanol and cyclohexanone, either thermally or with
the assistance of a catalyst. Cyclohexanol can be oxidized with aqueous nitric acid to
produce adipic acid, which is a precursor in the synthesis of Nylon 6,6, whereas
cyclohexanone can be converted to cyclohexanoxime which undergoes acid-catalyzed
rearrangement to produce caprolactam, a precursor in the synthesis of Nylon 6.

[0056] Where the hydrocarbon substrate is an alkylaromatic compound of the general

formula (II), the product of the oxidation reaction includes a hydroperoxide of general

formula (IV):
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cycl ohexanone can be converted to cycl ohexanoxi ne
whi ch undergoes aci d-catal yzed rearrangenent to

w@e@dosss2tapr ol actam a precursor in the synt heGT/ES2908/079150

Nyl on 6. [0056] Where the hydrocarbon substrate is an
al kyl aromati ¢ conpound of the general formula (I1),
the product of the oxidation reaction includes a

hydr oper oxi de of general formula (IV):in which R4, R5
and R6 have the sane nmeaning as in formula (11).
Preferably, the hydroperoxide is sec-butyl benzene

hydr oper oxi de or cycl ohexyl benzene hydroperoxi de. This
hydr oper oxi de can be conRérted by acid cl eavage
to phenol or a sybstitufed ph@nol and an al dehyde or

ket one of the ge C§;R#@QBH%R5 (YY) in which
nmeani

R4 and R5 have t assin formula (I1).
Phenol can of c@firse be read@é%‘ﬁﬁ%h acetone to

produce bi sphenol A, a precursor in the production of
popichrborkt etd &ndhagpdhe spesinmpening 095in formala (1).  Preferably, the

Xj.d r (O .S ' :
IR A RO E SRR e oo
Clas by dreperoxidet dae thandgicdnyshiad by adid alctegp ér phicuvler efsulsbgd phenol

T T L

tPagmsmednirasas ab foutuld D). tRheadd oart of000e kP@aaadwol a@&tone to produce

iquid hourly space vel ocit HS ased on the
Wil o St SRR SR At B8 dhsb iS5 Ry s
osTler abhey hghapttoxldet deaabgeutcadidntis cdnvenith®y effected by contacting the

droperpoxide is preferahly diluted in an organic _
BUFURRR Rt e Bhen ahBudig bt e bRt T aBomergg o about
e300y | suke bLMRut ANENOLLAN 13PC; Mo BRAZABSS Rt §B &I adbutl 2300 kPa,
heat renoval. The cl eavage reaction i s convenientl

wioh auehost 1 Qhtoabewt1 40 kPaandios ailianigthiosry sirdce velpgoF&HSYh based on
@1@%?@@&0)93@ bpéltﬁ)lqt b1 b BBt !168¥RY re?@r@tﬂy GBMtA OB bout 50 hr'. The

2

hombgeneous catal yst or a heterogeneous catal yst. '
Iob&sTox8liis atsfeabifodibyehecusrensaphiget igert &l e tisavage Fadéon, such
I -

Ryt e, BREELLOI Budfliacn IR AAROH feaffbdval, The cleavage
chétoniidenvéomdy condutted ord adalytsulidtilintiahivmxti de and sul fur

Laxi de,_are al.so effective, honpgenequs cl.eavage
(b8 s Puf b SR f i 1SR ARH Y Be 3 B o grtqivst or
haersgnbaisicatalysti d [ 0060] A sui tabl e het er ogeneous

| ) in th | f. -b I b ) )
05 operelaplicMiertiabs SefiBR b ind Difale 252FRGoric acia
praisghiogic naeid, nydidchiorit tagidSbhd @aolbnsulf@ic acid. Ferric chloride, boron

trifluoride, sulfur dioxide and sulfur trioxide are also effective homogeneous cleavage
catalysts. The preferred homogeneous cleavage catalyst is sulfuric acid

[0060] A suitable heterogeneous catalyst for use in the cleavage of sec-butylbenzene
hydroperoxide includes a smectite clay, such as an acidic montmorillonite silica-alumina
clay, as described in U.S. Patent No. 4,870,217 (Texaco), the entire disclosure of which is
incorporated herein by reference.

[0061] The invention will now be more particularly described with reference to the

following non-limiting Examples.
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clay, as described in U S. Patent No. 4,870,217
(Texaco), the entire disclosure of which is

w0 pwongssent ed herein by reference. [0061] The PE/ESL008679150

will now be nore particularly described with reference
to the follow ng non-limting Exanpl es. Exanple 1.
Preparation of Metal Oxide Sorbents (a) 5% LaZZrQ
[0062] A solution was prepared consisting of 7.79
grans of | anthanum nitrate hexahydrate and 30 grans of

BeARpie 4 & Préfak-AtiokPdrNietal|Okide SSHehisON Was sl ow y added
to 91 3 grans of the zirconra prepared in preparation

ed hereinafter. The product was dried

@f ni gﬂt s@ﬁtl&o%s aEI@p&rQ@ r‘coﬁﬁgtﬁign%?l 7‘79 %rﬁm@toﬁpagglgnum nitrate

or 3 hours. % sol ution was prepared consisting
lfalay dBatey praghd) gmmyto fA¢ipmradi (DA eteh eluhydwtzonevagntpvdp added to 61.3

t e
9488 e ool irarchith prakitbh 36) WARY WhahaBACEhd Froduct was
dniegraveghetht 2tt3080 @@ therdeaiduexd e aik e WOUC fan 3dionrsat  7000C
1503y aups- ¢ 5% LaZSi O [ 0064] A solution was
‘L‘S‘EPE_EAQ“C%JHSI sting of 7.79 grans of |anthanumnitrate
a3 hy dAadolutiamdvas Q)rcg)a&dmomd’lstiﬁg ofidt 3e gramy hif ytte @i utitrae hexahydrate

S| ova ded t rans o roduct. .
S 3R o Bl Fnedol iy 285 Bofi OEpmina. The
plodim® Gz@@dlﬁadrovarntghum%m@l adl O] Q0B id 50 atgroan® fdf3 hours.
éggih/égzo was di ssolved with stirring in 0.5 liters

ed water. Another solution containing 50
9)064]15 OA goIEaNtWaat papdEl anﬁﬁ’tdlgooﬁ 1.74 eg’r&nﬁfof lanthanum nitrate
distilled water was prepared. These two sol utjons

beaabidreerand 3G giams ot wersé%/smuﬁowaﬁﬁmﬁldﬁﬂe@ tPn5§|gF?§15 "Of silica

ThRE B cPHvad B dfol ARlchCARDAShdd 1B WRScaM Mﬁﬁtej@O‘t(pfor 3 hours.
agpr oximately 9 by the addition of concentrated

um hydrOX| de. This slurry was then put in

PP 05 BELIGER, S ROSSEE A RO 1950 F e

Whtedt. r aniothe; solasdne contdifiiig SR Cc@sss W tceicen@nel H,OH and 0.5 liters of

\Y i ght at 85C. A ortion f this proguc
DA B B 000 RO o Pgr SR G at of Somlmin
WiOMCElc dixmg! IThe pPiXdfkBe MBdl&JomPbsition was adjusted to approximately 9 by

the addition of concentrated ammonium hydroxide. This slurry was then put in

polypropylene bottles and placed in a steambox (100°C) for 72 hours. The product formed
was recovered by filtration, washed with excess water, and dried overnight at 85°C. A
portion of this product was calcined to 700°C in flowing air for 3 hours to produce an active
oxide material.

(e) 5% La/AlLQO;

[0066] A solution was prepared consisting of 3.9 grams of lanthanum nitrate hexahydrate
and 30 grams of DI water. This solution was slowly added to 28.65 grams of alumina. The
product was dried overnight at 80°C and then calcined in air at 700°C for 3 hours.

(H) La,O3

[0067] 100 grams of La(NOs);-xH,O was dissolved with stirring in 0.5 liters of distilled
water. Another solution containing 20 grams of concentrated NH4OH and 0.5 liters of
distilled water was prepared. These two solutions were combined at the rate of 50ml/min

using nozzle mixing. The pH of the final composition was adjusted to approximately 9 by
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e 5% LaZAl 70 [ 0066] A solution was prepared consisting
of 3.9 grans of |anthanum nitrate hexahydrate and 30

wWQe@a®s8se7 DI water. This solution was sl owy apdETS1008/079150

28.65 grans of alum na. The product was dried

overni ght at 800C and then calcined in air at 7000C
for 3 hours. La7Q [0067] 100 granms of La(NOB) 3-xH20
was di ssolved with stirring in 0.5 liters of distilled
wat er. Anot her solution containing 20 grans of

@ONERIMInabLE dohttatednthnBomuml hedrsxiad. dirsld khgd wWal @hen put in

was prepared. These two solutions were conbi ned at the

P@f@omflens (eftlepripid plagadgn gatermBon{ H0Hg. fori hpws.of hg preduct formed
fhd ?écoxce?éﬁpgys It 'itka‘ﬁ@n V‘@%h@tﬂkx’i’ﬁt Edesk Qv ARPLAK e glféfmght at 85°C. A

byt he addi t1on of ‘concentrated amoni um hydroxi d

mhtien ef this pyoduetswasisalsingdito T oot fpwmgyirdped boirs toasroqlmel an active
@1&1&% ohid] @ steambox (1000C) for 72 hours. The product

or was recovered by filtration, washed with excess
mﬁ_fgﬂg and dried overnight at 85C. A portion of this

ﬁ’@ duct was calcined to 7000C in flowng air

s t JOPeBalE YANOne b i Wak sl ey rrmg(la)O 7\‘( I@rs of distilled
A6 8IAnd A6 &fhﬁf% QhtaifliNC8) 3126 VSerfa®d NN RHT Whd 10.75 liters of

stirring in 0.75 liters of distilled water. Another
digllgd verierowntarnirady Bosyeholsiont iserrmbincdct [ @ efntpml/min

Qs-n?g%clzkl‘é%ﬁm%f T8 S b | ﬁmtc%ﬁlpwmom&so@%&@ed tTRESBxiRLy 9 by

solutions were conbined at the rate of /' m n usi ng
thozeddetioni wf r@ncenrreteél—ar@momh@ hydraxidgongbssi sluosi was then put in

@ﬂ#@ Qletb% RP Qﬁ@ﬁlﬁg&t ay te%mlBX EII'(‘@ dt%f t72 ﬂ@urgf The oduct formed
£ at od I um r oXI hi's slurry wa Phen
past recov qpaol Wfldiwlb@,n‘@aﬁﬂlod tidsexaerd vpdterc et dneChosﬁrmghtb@x85°C A

é%? Oq)tlrlé Irodu ;éﬁl%glea_ tg% ;{Rﬁ@dﬁ‘ ﬁgw{/\g targefgr %%rg &9 pqgcﬁlcggln active

excess
mudaermatgﬂixﬂ. at 85C. A portion of this product was

gﬁé@ié@gd to 7000C in flowng air for 3 hours to
an active oxide material. h Nd Q [0069] 100
gﬁ)S g g5 ofjodd h‘g%)f%rd@tr@% R thscﬁé%b}&%&imtshrr ?nﬁ bisN8erd Bf distilled

: ters of distilled water. Another solution '
vt aidmotgr sduigmaeantating GAcsrmy &f conapiraByd Ol sd 0.5 liters of

higtﬁlﬁbﬁswa%r was prepared. These two solutions were combined at the rate of 50ml/min
using nozzle mixing. The pH of the final composition was adjusted to approximately 9 by
the addition of concentrated ammonium hydroxide. This slurry was then put in
polypropylene bottles and placed in a steambox (100°C) for 72 hours. The product formed
was recovered by filtration, washed with excess water, and dried overnight at 85°C. A
portion of this product was calcined to 700°C in flowing air for 3 hours to produce an active
oxide material.

(i) Pr,Os

[0070] 100 grams of Pr(NOs)3-6H,O was dissolved with stirring in 0.5 liters of distilled
water. Another solution containing 20 grams of concentrated NH4OH and 0.5 liters of
distilled water was prepared. These two solutions were combined at the rate of 50ml/min
using nozzle mixing. The pH of the final composition was adjusted to approximately 9 by
the addition of concentrated ammonium hydroxide. This slurry was then put in

polypropylene bottles and placed in a steambox (100°C) for 72 hours. The product formed
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distilled water was prepared. These two solutions were
conbined at the rate of 50m /m n using nozzle m xing.

wab@pssset the final conposition was adj usted POI/US2008/079150

approximately 9 by the addition of concentrated

amoni um hydroxi de. This slurry was then put in

pol ypropyl ene bottles and placed in a steanbox (1000C)

for 72 hours. The product formed was recovered by
filtration, washed with excess water, and dried
WErRbERd & fBpGon AVRAES Wtk Qbeds r\ilagterpﬁﬁfj dhEd WASnight at 85°C. A
calcined to 7000C'in flowing air for 3 hours to
prrbeuelethiamroguet was caleinge thtlet iimflowngerdpr I beuryfoatigduge an active
gglgmg,aaHzo was di ssolved with stirring in 0.5

[1ters of distilled water. Another solution containing
anCe@ams of concentrated NHAOH and 0.5 liters of

MThi nedOaEBim i PANSHIPBHR dhnote) Wi w50 o G igofdisied

Wher. pAn6thet ttﬂutfdnn@htaﬁﬁﬂgw@ lgtdn@noﬁ/\@cslcaﬁdawatmﬁw and 0.75 liters of
approxi mately y the addition of concentrated

d1 S JHIthWr%%aaeéi "ﬁl}?ﬁestvgq ﬁﬂhllty)nwret ?%lﬁ)l]&ﬁgt at tlhe rate of 50ml/min
@s@flngglexh&mg ot thhest B dndll REH6sitidh RasSIGAAAY af)ﬂrQQiQQely 9 by
for 72 hours. The product fornmedwas recovered by

the| pddifiqno et cRasHEatcdi pRmeNipEs §ydiaxide., JHE aiygdwas then put in
1%1 r%)gé'hfe b%¥t16§§ é)l’ACGQQB ta' s%m@gx Elr(\)bSC)pﬂ'oP dij ﬁBurX\’aft“ he product formed
calcined to lowing air for 3 hours t
Wﬁﬂotﬁge@rfainbsa@ﬂtra\f/@n,ow&hed athegxcess  witerCe@ ool snYerlllehI at 85°C. A

BB SRR LIPS 0 B 1 pan v
@iidﬁtlaatnmig 30 grans of concent'rat ed NH4OH and 0. 75

tlﬁﬁié of distilled water was prepared. These two
ns were conbined at the rate of 50m /mn using

1072)| € MoXiRths of BRNGL)QEHINRad diBRIves Wﬁlﬁ%ﬁhfn‘gQﬂ 0Wafers of distilled
ggﬁuste to approximately 9 by the addition of

& e AP HEE SO BIRTO SRR IRY 8P i of Frncenisig PYL@REsandh@4 liters of

&lk’tﬁlleld rlvd%%' M% 7&9@6%&1” eral ’évlzc?s?ohﬁ[b% We?é?&ﬁin&ﬁbdaat SRELAIOX50ml/min
(1000C) f hours. The product forned was recovered

wyng lilngheammg Thashleef the finalepapastioiawer adjusied td rap@rXmmately 9 by
fﬂge&ﬂi‘lt t of"t ?ﬁgg&aﬁd P ﬁlbﬁﬂmo‘h?/&rﬁ%lﬁe pr qﬁﬂcglu was then put in

cal ci ne OWI ng a or 3 ours
mlmjgp;éenarboabs avkplosddde armeambpal 100kC)Ser @ hours. The product formed

was recovered by filtration, washed with excess water, and dried overnight at 85°C. A

portion of this product was calcined to 700°C in flowing air for 3 hours to produce an active
oxide material.

(D 95%Y,03/ 5%ZrO,

[0073] 150 grams of Y(NO3);3-6H,0 and 8.75 grams of ZrO(NO;), xH,O were dissolved
with stirring in 0.75 liters of distilled water. Another solution containing 100 grams of
concentrated NH4OH and 0.75 liters of distilled water was prepared. These two solutions
were combined at the rate of 50ml/min using nozzle mixing. The pH of the final composition
was adjusted to approximately 9 by the addition of concentrated ammonium hydroxide. This
slurry was then put in polypropylene bottles and placed in a steambox (100°C) for 72 hours.

The product formed was recovered by filtration, washed with excess water, and dried
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[0072] 100 grans of Sm(NOB) 3-6H20 was di ssolved with
stirring in 0.5 liters of distilled water. Another

W@ 009058527 cont ai ni ng 20 grans of concentrat ed MNE/TB20881079150

0.5 liters of distilled water was prepared. These two

solutions were conbined at the rate of 50m /m n using

nozzl e m xing. The pH of the final conposition was

adjusted to approximtely 9 by the addition of

concentrated ammoni um hydroxide. This slurry was then

@»L&m aPQ¥ P OPHEN6F tfi’i@ tdag& vaRdalBh8E 00T A fRIWERIRPYor 3 hours
C for 72 hours. e product forned was recovered

W“fqulc? ?fa‘tq“biﬁom%@htéﬁalwth excess water, and dried

@),6—75%9563/95%%555 A portion of this product was
calcine in flowmng air for 3 hours to

[pongucel sngramt bf/&‘@?ﬁj)ﬂﬁ{j@aﬁrﬁlr 35 gra(ng)of QEQMX)ZQH,@O%&Z&’ @ssolved
0073]. 150 of . Y. 3-0H20 a 8.75 granms.o
DRI LoD e & LB VAT Wb R R GoR Ty 40 grams of
tdnt@rtGte@NIIGH bhd 645 Wadre bf diIRIdh@4terSRasUbrbsitedC ome@é & Golutions
100 grans of concentrated NHAOH and 0.75 liters of

wrsePIpwed Hebeicpd SOBF @iTysig norHe Bixingol gy e thhanahgomaposition

GARiRed @b ﬂr&ﬁmﬁt@tye) 8f theQadididn oF cH&eHQatEkPZlﬁﬂIﬁmmn)ﬂyHl%mde This
The pH of t%e final conposition was adjusted t

dpipy BRs thae aptyin golyproprlenclptilesiasé pBEedis fedsambax éld)0°C) for 72 hours.

@ﬁ@TBfUdHEP ﬁYrg&pWagqecoq;@eé b%/l Hﬁfaﬁory\@%ashm RifRUlxchR water, and dried
pol ypropyl ene bottles and placed’in a steanbox (1000C)

Perngint ahslis A mhsopefdbis erodhe ryae dalpimed 1oe®B8 e ingtbwiye air for 3 hours
h excess water, and
(R Aot ase -

A portion of this product was
@ [liOned to 7000C in flowing air for 3 hours to
roduce an active oxide materjal. [0074] 150 grans

of
Rihs) 31 BHgemark] HESP:Felnsst var disneuy Wrho s & 05 iters of

&ihtﬁ&@lv%@éﬂ WnbtheSddftioh REnthiRing-562rdrhd & c%n&frltrﬁjtb@NHﬂ)ﬁChnd 0.5 liters
wat er. Anot her sol ution containing 100 grans of

elohiridled vatcs ranpisoIednBhese > falytiops were cambiies pite e ef SOml/min
V& Mz%l@e}ﬁ&ﬁilﬁ eS8 MRe %ﬁh%h@aﬁuafﬁ&% &Qﬁ%dqg‘%]?%)élhﬂ?ely 9 by

rate of mn usi ng nozzl € m XI ng. .
i nadditinmeb stonpestraigd sarripuisme dydroxidppr dRismalugl y was hen put in
[ i r b d '

Bt SBicEln PRGEh o3 S BT CYTLE Y #ROKLS B Bl formed
phavsdvargd by é’lﬂteaalnmowaS@st_cI)G\Mi) extew Waerhendt driedlhecrpglidaictS°C. A

é\g‘[ E ?f g)rcgd%&ov\v/ rcgf%m%é{ t {D%gg%gtn&%%hle ? hgﬂrg P) [?ﬁifugg 3n active

overnlg ortion o
priddmaterialas cal cined to 7000C in flowng air for 3

IS

[0076] 200 grams of Mg(NQO;),-6H,0 was dissolved with stirring in 0.5 liters of distilled
water. Another solution containing 50 grams of concentrated NH4OH and 0.5 liters of
distilled water was prepared. These two solutions were combined at the rate of 50ml/min
using nozzle mixing. The pH of the final composition was adjusted to approximately 9 by
the addition of concentrated ammonium hydroxide. This slurry was then put in
polypropylene bottles and placed in a steambox (100°C) for 72 hours. The product formed
was recovered by filtration, washed with excess water, and dried overnight at 85°C. A
portion of this product was calcined to 700°C in flowing air for 3 hours to produce an active

oxide material.
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to produce an active oxide material. n TiQ[0075] 150
grans of Ti OSM4- H2SUMH20 was di ssol ved with stirring

WO p009/0585RkTters of distilled water. Anot her sol RET/O82008/079150

contai ning 50 grans of concentrated NH4OH and 0.5
liters of distilled water was prepared. These two
sol utions were conbined at the rate of 50m /m n using
nozzle mxing. The pH of the final conposition was
adjusted to approximtely 9 by the addition of
ﬁg@gﬁptrated ammoni um hydroxi de. This slurry was then
P ropﬁlene bottl es and Elaced‘in a st eanbox

%’doc:) Toogramp ohd@pL): waalipsplserliwith piriwgdn wesliters b istilgl water.

PiYe fEF{lotf @ﬁlﬁ&}pwaé’\%&@éﬂi i JpBro@ﬁﬁ:ﬁéﬁIS"W e ’adﬁﬂgn dF 584 sulfuric acid.

over ni ght at 85C. "A portion of Pro uct was
Elip slurrg dvas ahena@m@ p@iymrpmdmdooaleﬁ afig plagedhig i geambox (100°C) for 72

fPJu?sduﬂ{% p@{@g W%{ \8%321% vvas 'ﬁ"['th' t109 MQM#\QW Qzlcegsqgater and dried

grans of sso ved wth strrri
@veﬁnghttae%%CofA ehrgen ¢flthid pwdn@rwas Arloinpdto HOTWn ﬁl:awmg air for 3 hours
f:ontdai nj n&. el of, concentrated NH4OH and 0.5
0 Uce an achve flef m%tenl

ters o S ed wat er was prepared. These two
@Wﬂ%&@zmﬂlmpn‘ol ned at the rate of 50m /m n using

in. of the fin onposi.ti o
E@f’ﬁst e %r a‘g‘ﬁ nggﬁﬁgt%ﬂsf%séoe'ﬁﬁfj i’vﬁh Sﬁ%ﬁ‘g‘gtl? ar lthrSV\@ distilled water.
A@@tﬁ@rsbruableebramrmd)mbgmdf QB(AQ(@-O4)-EFh52(§ b 0.y liwasSoftdadnized H,O
| 0 ne bottles. an ced in a stea X .

RO o D TG T GRS RRDY Hh Wby e shpolution
Wys {djlstdaab iapptoxivashesl by\/ltﬁemdama %s 5mtsarfunoad¢¢h drm@ flurry was then
over ni ]ght at 85C. A portion of Pr oduct
| 1g ipAAropylenobRitesi admlased Hy2 éﬁei"m‘P‘B% 180%4 JPrs”( Bours The product
REAEHEEs RBovRFI DYErIR¥hRME waRHe8 Wil exCdR) waleR) dnBQFidd oaezﬁght at 85°C.

ranms of NaSiq was di ssolved with stirring in 1.6
inostic offthigi rseduct was geingd toTHIO G p Spwig ait fops kgags to produce an

@C@ijvy(s,;lggmgtgnﬁppr oxi mately 8 by the addition of 50%
ulfuric acid. This slurry was then put in

ﬁb&&é@ﬁi&@éﬂl&ﬂ:tl es and placed in a steanbox (10000
(09"[79]72 Q@gf:a S O-E% 0 Eschlsgoq)\req"a\glth\’\@ﬁnﬁ% U.grlﬁgrs k@f distilled water.
| W t d dried

tratio washe excess wat er

BSuaharisghitiomeon8i5tiig o 190 gtansf af2(3Pu)s! 4pGdud 0.8 Wess of deionized H,O
\%Qg &jelg]a?gd. t ?heS&)V()oOs%IthgnJ l)vgl%ﬁ c%glbﬂlieﬁ sfo(\)vrly \3)vitﬂ %Hf:rﬁlg The pH of solution
was adjusted to approximately 8 by the addition of 50% sulfuric acid or concentrated
ammonium hydroxide. This slurry was then put in polypropylene bottles and placed in a
steambox (100°C) for 72 hours. The product formed was recovered by filtration, washed
with excess water, and dried overnight at 85°C. A portion of this product was calcined to
500°C in flowing air for 3 hours to produce an active oxide material.

(s) 25% Si0,/75% AL Os

[0080] 44 grams of NaSiO; was dissolved with stirring in 0.8 liters of distilled water.

Another solution consisting of 218 grams of Alx(SO4)3 14H,0 and 0.8 liters of deionized H,O
was prepared. The two solutions were combined slowly with stirring. The pH of solution
was adjusted to approximately § by the addition of concentrated ammonium hydroxide. This
slurry was then put in polypropylene bottles and placed in a steambox (100°C) for 72 hours.

The product formed was recovered by filtration, washed with excess water, and dried
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to produce an active oxide material. a 75% Si O?/ 25% Al
C [0078] 132 grans of NaSiq 3 was dissolved with

wE 0005837 in 0.8 liters of distilled water. AnRCTIER2008/079150

solution consisting of 73 grans of A 2(SO4) 3 H20 and
0.8 liters of deionized H20O was prepared. The two

sol utions were conbined slowy with stirring. The pH
of solution was adjusted to approxinmately 8 by the
addi tion of 50% sulfuric acid. This slurry was then

@»L&m% 1l aPQY P ORI ENEE tfi’i@ tdag& vaRdalBh8E K007 A fRIWERIRPYor 3 hours
C for 72 hours. e product forned was recovered

W“fqulc? ?fa’tthES%OXl@\%a@htéﬁalw th excess water, and dried

&Xﬁf‘%'s@@%ﬁ% gg(g A portion of this pr oduct was

cal ci ne in flowng air for 3 hours to

Wﬂ&ﬂuce2%§ram§tqf\lﬁﬂséﬁj des datodverdavith §trying 0o .8jlaers @@%SAlled water.
7 ar f i N i

Syl R0 SR BERR, 2 VS8C ) h BSELSH Wil om0

w@ 101‘6]!)'@1511 cEltrrsivglsithioof wm&'s:ogxbawé sy a/ritli sOrrigl ﬂtherp&H off solution

utl ons .\Wer.
was us% g rl%j RIS Br Q’tat:h? 'Flclidltlon aﬁ]conce at (I amunduiim | hydr0x1de This

ﬂui]ryuwheﬂhem putap ;pbkypropalbﬁ yot@Bes bt}ld pheedalddl steambomfl()@&% for 72 hours.

ul furic acid or concentrat roxi de. Thi

B P aB oL R PR oD oy BB et P BV TeQ ki gardt did drid
pleadgd at §5°@. ¢ pdiﬁ@ﬂ(xft(nl@ﬂﬂ(ﬁ)t wWadkaldided@WB08°C hhfwan®aiti e 3 hours
for dvvas recqvyere y filtration, washed with excess

(Rt "E“H??’%%e ?rtS‘P ight at 85C. A portion of this

%)quzt@t was cal cined to 5000C in rovm ng alr for 3
ours to produce an active oxide mat

25%
80831/ 758 lutien FOOBBYS Af98 resHe foAlm§@ﬂ>e:MI-vI@é>sanél I lierped DI water

Whd Preﬁirbd rimg g of sBiulibd §fas a@ﬁlstgdl % 'abﬁr@ﬁniﬁ@a‘iﬁ% by the addition of
her sol ution consisting @gr ans of (ySO4) 3

m@rﬁ%d @npnqnjiyng pdreridey elTblﬁlsklé‘H WP AheaRut B @ﬁlap@ayle%'eotﬂes and
ﬁl\é\&:d&‘iﬁla léltehlﬁﬂ& ME6€) ‘%&n@' H’(‘ﬁg Sith‘MdﬂuW fgltﬁneatvélars réc'agcilrecir Qfﬁltratlon

H of solution was adjusted to approxi mately
weidied ivow exfeess Oﬁ%@rn@mdati@@ﬂ avarpightush $ydr ofi npetionTef] his product was

éa!léfﬁé’ WCtiH 0w a1r f?rl Adﬁéftr %p&/dlu 439174 (L)&‘%Iﬁﬁgrlal

ace In a stea OUTS e product

MM&E&M@ by filtration, washed W|th excess
A SRR ST of I, Ml i
hoxalngirate and 30 grams of DI water. This solution was slowly added to 56 grams of silica
extrudate. The product was dried overnight at 80°C and was then calcined in air at 500°C for
3 hours.

(w) La/SiO,

[0084] A solution was prepared by mixing 1000 grams of water and 310 grams of a
TMAsilicate (tetramethylammonium silicate) solution containing 10% SiO, by weight.
Another solution was prepared containing 1300 grams of water and 14 grams of lanthanum
nitrate hexahydrate. These two solutions were combined with stirring. The pH of the
product was adjusted to 9 with the addition of concentrated sulfuric acid. The material was
placed in a polypropylene bottle and put in a steam box (100°C) for 72 hours. The material
was then filtered and washed and dried at about 85°C. A portion of the material was air
calcined to 500°C for three hours. The material was then combined with a solution of IN

ammonium nitrate in a ratio of 100ml of ammonium nitrate solution per 10 grams of silicate
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to produce an active oxide material. (t) 13% Si O?/ 87%
Al C [0081] 22 grans of NaSig 3 was dissolved wth

wE 0005837 in 0.8 liters of distilled water. AnRCTIER2008/079150

solution consisting of 253 grams of A 12(SO»4) 3 14H20

and 0.8 liters of deionized H20 was prepared. The two

sol utions were conbined slowy with stirring. The pH

of solution was adjusted to approxinmately 8 by the

addi ti on of concentrated ammoni um hydroxi de. This

Shidfifly THRSmixABOwBYtirted fRObERIAPMHIrERS i Yctdt@S aRdhen filtered. This
pl aced in a steanbox (1000(:% for 72 hours. The product
exshaned piggsdure wayepesicdyytofal pt foxt figas with SedrnierHuB iesssolution
Yé@tegcrh’ R dTHL hﬁ%rlglv@ﬁsnfhglhtva%d Sk qehdRRE L8 a‘ﬁf:l dh@dl ®vernight at

product was calcined to 5000C in flowmng air
M@m 85°Co Ibn%dbmb@ maferigcwhsar ealeitesd #at08G &ir thl(e@n}lowcs CThe chemical

n lo f.2 f
AR, PSR By 239, TR B, g a0 o
@Hmﬁdlnajd:rwﬂwamﬂ\ﬁas/gdj usted to approximately 8 by the

glug(l)on of concentrated amoni um hydroxi de. This

was then put in polypropyl ene bottles and
posEed Anscutmheassbpocpdrdd00E)stihg rof D0 hgrams .of THewpey difcgrams of

f or ned recover. f||trt|on W t.h excess .

el Rhop st apy s iy T BERE el RS sotuson

PEOpgpiredVasnsBahe bN D0t @amO 00 Olivwatdrl i 309 @irhs bOFodBum aluminate.
ours to produce an actjve oxi.de terial. ) 5% | .a

DR R St St Rl o RVLEE ab0 i Reaop il Recded. 10 9

QﬁlﬂSth@takiﬂhﬁoﬁ)foﬁco?lgerﬁﬁ@ﬂssuqﬁrl& &Bidhamlhm Eﬂlitﬁl@t Qras then placed in a

hexahydrate a is solutio

9@&%&%@&05@%@@ plaeedgle a@%%wﬁ%?t IQPTCF fox 4@ XPYd E%l%mmﬂ*ré was then

BRQEY Glasie@ Sanddri8d atR0eC R Gt hATHR QerRNFad\@8n EdM8Hkd in air at 540°C
calcined in air at 5000C for 3 hours. w La/Si Ch [0084]

far dueaouerndadspruspd wameriunickshapecldoolugiy dies! Ogranyaefdhe material
ﬁé?%&%@oﬂ [ﬁ@ﬁlﬂ%fnuﬁl MR éolu‘ﬁ@ﬁ e T‘ilfseé(EI@aﬁ{Eé B%k@lﬁ@&hs‘"f@beated for a

silicate) solution contalning @5;
b oheétimed| Thd exnghagged prodyss mae ﬂ@o rﬁtltaliem \M@hqd;@ glleaﬁﬁect)‘ﬁvermght

WROEE Fqiﬂﬂly]; ﬂle%'f&lq'ét VQJS akr%gltcﬁ@@ H¥800°C for three hours.

Example 2. SBB oxidation in the presence of NHPI
[0086] 150 gm of sec-butylbenzene (SBB) supplied by TCI America and 0.69 gm (0.46

wt%) of N-hydroxyphthalimide (NHPI) were weighed into a Parr reactor fitted with a stirrer,
thermocouple, gas inlet, sampling port and a condenser containing a Dean Stark trap for
water removal. The reactor and contents were stirred at 700 rpm and sparged with nitrogen at
a flow rate of 250 cc/minute for 5 minutes. The reactor was then pressurized with nitrogen to
100 psig (790 kPa) while maintained under a nitrogen sparge and was then heated to 115°C.
When the reaction temperature was reached, the gas was switched from nitrogen to air and
the reactor was sparged with air at 250 cc/minute for 6 hours. Samples were taken hourly and
the NHPI and acetic acid concentrations of ecach sample were measured by gas
chromatography. The water analysis was measured by Karl Fisher titration. After 6 hours,
the gas was switched back to nitrogen and the heat was turned off. When the reactor had

cooled, it was depressurized and the contents removed. The results are shown in Figure 1.
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nitrate hexahydrate. These two sol utions were conbi ned
wWth stirring. The pH of the product was adjusted to 9

waoRaob/ 054527 addi ti on of concentrated sul furic acPCr/UT10es/079150

mat eri al was placed in a pol ypropyl ene bottle and put
in a steam box (1000C) for 72 hours. The material was
then filtered and washed and dried at about 85C. A
portion of the material was air calcined to 5000C for
three hours. The nmaterial was then conbined with a

Bl riple 3N NH PT! dnd PATAFI ! Pl 'Y xk dafibof nlikkuPe ﬁﬁﬁé &rhént100M  of

amoniumnitrate sol utl on per 10 rans
K0BT]c at Arvaiies of &sts WRRG Bindg sach oEwiigh a Stgny Sra@fwler ¢rthqgyadation product

ﬁ‘@ﬁ‘lrExQﬁl f:00Mmd ﬁ%ﬁrtﬁroﬁ'éhea 816mh Q\%ﬁbhf\kla{stfﬁfeg QVI’[th lgﬁ of solid sorbent.

exchange procedure was repeated a total of fouf tines

Bachhest weasepndugieshat mmnmempaltaelre@ﬁ‘t@)l underffrogea dlawt i The NHPI content
RCalREEL bdtre 18 ahOSH: MARNGAc Mol o0 2 260G HBLELis Afhod. The
HPELC ouﬂtm:rmetdwat atBOIgd @o froe detheter ihDYr detecTn e1n¢ hl_emtmabn conductlve
%egeacl %Se%he si)r%g}lts ant li]o ﬁérlj flgcché(ilégr%olyw?ﬁh Oﬁocozlalglléplp?]iééé %y' Aldrich (for
comtparis @l pmedelﬂy)‘rﬁ/tgsw )Cla)}\l (N@ﬂ(a [K086,] 0247 B8 | udupplicdwasW. Grace.,

B BE Aokt Pt phaapnbPr oril By Ghan () 9688ty of

Exang@nl r ahe ebsoltsl dreisliodnaia |Emgure°az(e} 082 (c3 ahdIildniuhst@As that, whereas the

B S B ort e PR ALBER . B bl She B Loz,

SN, e dlLok tdib&ild fembh@l @Bttty ElﬂtN&GISHBﬂfrbiﬁtﬂ@djomdafnon product of
needed, to 9 with the addition of concentrated

Exaig ¢ acid. This nixture was then placed in a
pol ypropyl ene bottle and placed in a steanbox at 1000C
for 48 hours. .The mxture was then filtered, washed,

ple Ao §BR gy, e Prepen A pkand ethanolyg s t hen

ﬁ)@k@]' neng %]n%&‘%ec%utﬁﬁ&lg&ef(QBBS p%ﬁe(pg}uﬁ"@l @%rlca and 0.16 gm (0.11

subsequent amoni 'um exchanged ['urrying 10 grans
B} ¢fé\1 hﬁdrexyphthakuelde 158H) apd 7|5|\$nanﬂmml seTeriv igher @nto a Parr reactor

Cc
BRSO B AU, KGOS v b
Statkt teapefol; wateistemdyal afitle tdaetr ahdi oedtemv &ferd sgimed at 1080@@n and sparged
th? g etll %nu%tgaeﬂ(%r( (I)agg F‘S% 2%@ §c§§ tg)c(fg%g tnﬁﬁuqesat Tl{e gac%r wfnle rélamtamed
mfdef\lbrll?litrc[géﬁ)Sﬁ@rgd 5@asghemhea$@10tobl.25§/@ beNzenthe (rSBB)m temperature was

RER Bt i R Lo yiBien e foa e RadtS s ShaBiLyph air a 250

seBanuer fcfrl 4 tiedroM tSandplest weieetaken hourly and the NHPI and acetic acid

concentrations of each sample were measured by HPLC and gas chromatography. The water
analysis was measured by Karl Fisher titration. After 4 hours, the gas was switched back to
nitrogen and the heat was turned off. When the reactor had cooled, it was depressurized and
the contents removed. The results are shown in Figures 3 and 4 and show that the SBB
oxidation with NHPI is substantially unaffected by addition of ethanol. These tests
demonstrate that ethanol can be used for recovering NHPI from the absorbent and also for

introducing the NHPI to the oxidation reactor.
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t hernocoupl e, gas inlet, sanpling port and a condenser
containing a Dean Stark trap for water renoval. The

WO e@esns2and contents were stirred at 700 r pm BEIEUS2008/079150

sparged with nitrogen at a flow rate of 250 cc/m nute

for 5 mnutes. The reactor was then pressurized wth
nitrogen to 100 psig (790 kPa) while maintained under

a nitrogen sparge and was then heated to 115C. Wen

the reaction tenperature was reached, the gas was

BYihpleed] BB BuAGAYRD th pAlséncadt NAPI aaaCAPI Wedoval from the
sparged W|th arr at 250 cc/mnute for 6 hours. Samples

> i ing diffarentispebeRtsp| and acetic acid

Qﬁﬁent [ﬁi g';rQ I’(l)§ s&fbu%ﬁséﬁzéf%rf@hBP g\ﬁﬁ)ﬁed@ﬁ%@f %ﬂlep&(a Qfﬁﬁo 16 gm (0.11

chr omat ography wat er anal ysi s was neasur ed
Kido) of - dspxyiphthelamide AINHRP) tvearre Wellgbfm igto o Pear lga@mvﬁlat@d with a stirrer,

OhShD. A5 S Y RGER A OGSl ERa N DER Sh oo o

whter wownvan{lse r@ntm/adi coimets m@saﬂtlr@d ar §08 mowmnand BpaFgegmrlél nitrogen
a:ll’t a,l':ﬁ(own% 0013259 B‘Jm O,E\g mlnutes rﬂlt peectgx w%qe mamtadne)é under a nitrogen

Sor
@arge wﬁs i hdfated tb lgﬁﬁcs awpbrethefreatm tampdamrmaspemﬁiamtthe gas was

Pl S Gaen P 3 RS PR SRkl B 5D Rinute ror 4

band ustegicaiverco@kent BpET Alduhe NHPEI Ghd weter adid tém@g@tions of each

ro The NHPI t was n zed before and after

Y\‘I‘s‘%?rﬁfrfe@ﬁ’r‘“’tdrté‘fgﬁ?%le(ﬂ gnd %?éu mafoeapRe {J}?a‘?%}%ﬁ agalydy yaymeasured
H-)hﬁaﬂﬂ@hs@eﬂ titgetiohl rrmter WaSurs} ﬂaa@l&e@ag Svitched Bekas lhafo‘geﬂ hnd the heat
UV detector_and ii) nitrogen conductive, detector.

uBr BNt eifeNpicB fredeici hadied ol i Asaresatshend Gy ﬁmnéﬂcremoved

fovod) dr ACRritS Of t&RNMPAE I SR Nn RUEPOS %w‘ﬁnz{ YS) gm aRpRI &F the resultant

clay (Natka Kholin, 02-77681) supplie G ace.

a¥idRtion @ratys Y wiFsZrgsed thrﬁuglsa/wpmpz’@dpwwﬁﬁ@dwn various metal oxide

é?e@@@bfbtdh&'as in( E‘))an‘;‘fﬁéj 1( bi"hé ?\ﬁﬁqcéo'nféﬁ{ Ypp‘ﬁf bg)ﬂ@é]‘éﬂtf afd the mixture
he results are shown in Figure 2(a)

chamopision acee anakyred hifiere ead aftﬁéhmmrptmnﬁwatn@ﬁnb ohmg apd§’LC and GC

VRELGRANE, T AEE B AR st e O ARG Aetorand

sitrbgmaenduglive/degdetort Wke g afershowh eTabig Hat i on product
of Exanple 2. Exanple 4. SBB oxidation in the presence
of NHPI and et hanol [0088] 150 gm of sec-butyl benzene
le S p NHRIdr V'a'inrOAtTﬂtd cxidativgh Hhixiteregnsinf . sdrbewt % 80°C and
and 7.5 gm et hanol were
tget—t1 : c ted with a stirrer,
[ODQI]m)CAl{mh&),n cgafe dxﬁﬂa&bn p@alrm fiomgEaaiple Aivek @ncanden 9@ Ktripping

glggtfr%lmntlhg %roaduct at a temperature of 80°C and under 13.3 Pa (0.1 mm Hg) vacuum. A

series of tests were run in each of which a 5 gm sample of the concentrated product was
mixed with various metal oxide species produced in Example 1 and the mixture was heated at
80°C for 15 minutes. The NHPI content (ppm by weight) and the mixture composition were
analyzed before and after the sorption treatment, using an HPLC and GC analysis methods.
The HPLC instrument was attached to two detectors 1) UV detector and ii) nitrogen

conductive detector. The results are shown in Table 3.
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was

then heated to 125C. Wen the reaction tenperature was

r eached,

the gas was switched fromnitrogen to air and

the reactor was sparged with air at 250 cc/mnute for

4 hours.

Sanpl es were taken hourly and the NHPI
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Example 7. NHPI removal from the oxidation mixture using sorbent packed column

then removal of the NHPI from the column using polar solvent

[0092]
packed with 3.3 gm La SiO2 extrudate or AIPO samples.

A 0.64 cm (1/4 inch) diameter by 15.2 cm (6 inch)long stainless steel column was

The column was heated to 80°C

then 15 gms of the concentrated oxidation product from Example 6 (heated to 80°C) was

pumped through the column at approximately 2 cc/ min. Then the column was cooled down
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speci es produced in Exanple 1. The NHPI content (ppm

by wei ght) and the m xture conposition were anal yzed
whedoonsssand after the sorption treatnent, usi NBCHOSHP/@I150

and GC anal ysis nethods. The HPLC i nstrunment was

attached to two detectors i) UV detector and ii)

nitrogen conductive detector. The results are shown in

Table 2. Exanple 6. NHPI renpoval fromthe oxidation

m xture using sorbent at 80C and concentrated

Dy oRal 2% He cmM oy gﬁe@ﬁd 88 6Mwa{s QR&BEd ArO@htth® E’olQﬁm t ’h’?e results

OX|dat|on pr oduct rom Exa was concentr at ed

HOP] tbwhﬁgrbsssem@‘@mtheﬁ%H%}fé%&e catlceatr@t%?i@daéuoa p@pd@wts At 80°C, and
é@%@laﬁmem%rcokﬁﬂéeﬁ%e( ﬁﬂh M ABE I T'ﬁ\e %%'sﬁéw&f that the
tests were run 1 n each which a 5 gn1sanp e of
m@éﬂwl&?b@cqyp@d@metm wmédlw pim.vari ous net al

e S u

(BaSH0 B e BGAVFRMAD R Ry BRP T rforence 1
mymmldy)cmbedlghm)s thngt ethadimiunytskrlleinctberpd syitliappreviete ghat the invention
%g(?snl)(seﬁqo ﬁﬁﬁ_ rogs go d %ésﬁs}% l; 1lli]ustrat(e){ ﬁgral(r)ln él%%ﬁ%_'g%%ﬂ then, reference
a;hoaldrherrmdte solaly tattlheaaplpacheﬂ elainmofod ptu@odes g détyrnliMng the true scope of

etect d ii) nitrogen conductive detector. The

88@? mé’%loghovm in Table 3.Table 2 Table 3 Exanple

7. NHPI renoval fromthe oxidation m xture using
sor bent packed colum then renoval of the NHPI from
t he col umm using pol ar solvent [0092] A 0.64 cm (1/4

i nch) dianeter by 15.2 cm (6 inch)long stainless stee
colum was packed with 3.3 gmLa SiOQ2 extrudate or
Al PO sanpl es. The colum was heated to 800C then 15
gns of the concentrated oxidation product from Exanple
6 (heated to 800C) was punped through the columm at
approximately 2 cc/ mn. Then the col um was cool ed
downto 65C and 25 gm et hanol (heated to 65C) was

punped through the colum. The results show the
absorbent renoved the NHPI fromthe concentrated
oxi dation products at 800C, and the ethanol renpved
conpletely the NHPI fromthe absorbent. The data
showed that the anmpbunt of NHPI recovered by ethano
wash is 2144 ppm [0093] Wiile the present invention

has been described and illustrated by reference to
particul ar enbodi ments, those of ordinary skill in the
art wll appreciate that the invention
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lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be

wore@e/0s85kel y to t he appended clains for purposeSI/U§2008/079150

determining the true scope of the present invention.l1.

A process for oxidizing a hydrocarbon to a

correspondi ng hydroper oxi de, al cohol, ketone,

carboxylic acid or dicarboxylic acid, the process
conprising: (a) contacting a hydrocarbon with an
POVYENAGMRt @i ning gas in the presence of a catal yst
conprising a cyclic imde of the general fornmula (I):

(O1i wherein each of RL and R2 is independently

gel eCA %%cfe&omr h)\kfél'iz%:gaﬁ Whro@eﬂgons%b§ tcbﬁééﬁ@tﬁhﬂ%yﬁj}rdﬁ)(ﬁ)@fogﬁﬂb alcohol,
radical's having 1 to carbon atonms, or fro

ktongpesrtogglig, aCMHfZ dlce]blomld apidthe Iarpcew emprivagat o rrB H F,

a, an

one 35 ot h g?ﬂt%cng OV g?rfé(ﬁlt% O a d 0&?916? %aé (_{J@ %retsalce of a
catadey eora@iyingya @emelcn@bfﬁhmm@al @HﬂulN(Ian d CR3; each of

X and Z is independently Flected fromC, S, CH2 N, P

and el enents of G oup 4 6 kthe Periodic Table; Y is O

or OH kis O, 1, or 2; I|Jjis O | , or 2, mis 1 to 3;

and R3 can be any of the Bntities listed for Rl; and
wherei n said ReC[fi N qugces ef fl uent

conpri si ng oxi di hydr®dgar bon| pr oduct and
unreacted i i de catjal yst of T prnmula (1); @nd (b)
treating the\effluepp2wth solid|sorbent to renove
at | east part™efp®d d un cted infde catal yst of said
formula (1) fromsaid efflljuent an 8roduce a treated
ef fl uent conprising said i di zed hydrocarbon product.

2. The process of claim oywherein said cyclic imde
obeys the general formul a 2III):mherein each of R, R
whdein @oll oR R'sardnBépe ﬁtdiepﬁnhms/eéeﬂa@teedfrérﬁ clmﬂwdb@lc aidoylbstituted

ST E TG TINE TG TP M N
NO,, or from the atoms H, F, Cl, Br and I, provided that R' and R? can be linked to one
another via a covalent bond;
cach of Q' and Q? is independently selected from C, CH, N and CR?;
each of X and Z is independently selected from C, S, CH, N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
kis O, 1, or 2;
1is0, 1, or 2;
mis 1 to 3; and
R’ can be any of the entities listed for R'; and
wherein said contacting produces an effluent comprising an oxidized hydrocarbon product
and unreacted imide catalyst of said formula (I); and

(b) treating the effluent with a solid sorbent to remove at least part of said
unreacted imide catalyst of said formula (I) from said effluent and produce a treated effluent

comprising said oxidized hydrocarbon product.

2. The process of claim 1, wherein said cyclic imide obeys the general formula (IIT):
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OH and N2 or fromthe atons H F, O, Br and |I; each
of X and Z is independently selected fromC, S, CH2,

WOR00P0385e7 el ements of Group 4 of the Periodi c REbUS2008/079150

is Oor OH kis O 1, or 2, and | is O | , or 2. 3.
The process of claim1 or claim2, wherein the cyclic
i mde conprises Nhydroxyphthalimde. 4. The process of
any preceding claim wherein the contacting (a) is
conducted at a tenperature of between 200C and 1500C.
5. The process of ,bain1g ﬁperein the tenperature is
bet ween 700C and 1300C. M The process of any

rein contacting (a) is conducted at
xand 50kPa. 7. The process
of claim6 whexe presdyre is from 15kPa to
15CkPa. 8. The of anngngqding cIainKtherein
the solid sorbg roma netal oxide, a
met al car bong Qgen/car bonate, a clay, an ion
exchange regPn and| m xtu ﬁé of any two or nore

c

precedi ng cl ai mwh
a pressure petwee

thereof. 9. The profess of |lclaim 8, wherein the solid
sorbent is a netal poxide Raving a nolar ratio of
chem sorption of per goam of netal oxide to the
chem sorption of NH3 per gramof netal oxide greater
whereinOcagh of OR', Thie Bor aoeds ™ of iedeatndettlynheeatéd fiohne hydrbgaghbyl and
AP 0

WRRLEEh b A niclR nahe ) L1 SRR3R0 RORUD didhos S0t Nt
O aadW(poeteditgptahal nt, B fandtther conpri si ng
recoveri the unreacted im.de S enpved e
F RS o et aPRE, Brled R P EEPYiEomy of Ofoup 4 of
fhB@efisddcBaifhic; of cl ai m 12, wherein the unreacted im de
&Etﬁlﬁ E¥is recovered fromthe solid sorbent by

$Hi° é he solid sorbent with a polar solvent. 14.
The, precess of any preceding claim wherein the
pygrP%?Ebon conpri ses an al kane or cycl oal kane.

3. The process of claim 1 or claim 2, wherein the cyclic imide comprises N-
hydroxyphthalimide.
4, The process of any preceding claim, wherein the contacting (a) is conducted at a

temperature of between 20°C and 150°C.

5. The process of claim 4 wherein the temperature is between 70°C and 130°C.

6. The process of any preceding claim wherein contacting (a) is conducted at a pressure

between 15 kPa and 500kPa.

7. The process of claim 6 wherein the pressure is from 15kPa to 150kPa.

8. The process of any preceding claim, wherein the solid sorbent is selected from a metal
oxide, a metal carbonate, a hydrogen carbonate, a clay, an ion exchange resin and mixtures

of any two or more thereof.
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15. The process of claim 14, wherein the hydrocarbon
conprises isobutane or cycl ohexane. 16. The process of

W@ L@p#58537 wherein the hydrocarbon conprises PCT/US2008/079150

cycl ohexane, the oxidized hydrocarbon product

conpri ses cycl ohexanol and the process further

conprises converting the cycl ohexanol to adipic acid.

17. The process of claim 15, wherein the hydrocarbon

conpri ses cycl ohexane, the oxidi zed hydrocarbon

product conprises cyclohexanone and the process

further conprises converting the cycl ohexanone to

Bapr ofhapressss of glainrRevhsreie s golid wrinkis panctaliqside hiyipggmolar ratio

nyglreﬁ’i?s@fﬂﬁgﬂ of @% E)Elsgém' of Qné?éltoafa% 10 M&echgl)ﬁ sgllpEGﬂj of NH; per gram of
hydrocarbon product™conprises tert-butyl hydroperoxide

mpldl exide gipadrdlpn GFur t her conprises using the tert-butyl

hydr oper oxi de as an oxi dation catal yst.19. The process

of any one of clains 1 to 13, wherein the hydrocarbon
thnpritsesocass dkleyrh & mdawin the ponpogreederdhandeifer al f or nul a

(I'l): wherein R4 and R5 each i ndependently represents
hydrogen or an al kyl group having from1l to 4 carbon

at. onsThepra@essdd dlainh 4@ wRéremnbk iRbo ivepyeane thaoililed to form a
cyclic group having from4 to 10 carbon atons, said

cyclic group being optionally substituted, and R6

[23 pr eBenrscehydrang @isceding claim vl RrtAdrkdpmpgsiag pg ot Aige unreacted

m1l to 4 carbon atons or a cl ohexyl group,. and
G S oSS B eSO RO S S s 0.

hydr oper oxi de of general fornmula (IV): in mhich R4 R5

and R6 have the sane neanjng as in formula (11
e prisdeesssotf &aim i Toereif{Bs Bipagiqdemidasptabyss f?arte?qyered from the

mw%&d b9 fwagigRemakofdiorsshawi 4 %olar%o@@ﬂuect ed from
et hyl benzene, cunene, sec-butyl benzene

sec- pentyl benzene, p-nethyl-secbutyl benzene,

iy 4- dt}f%'])‘?&%és%f%h? Bl%géﬂ%_rclaciﬁlc wREXH! tp@ﬁ‘ﬁf&%rboﬁ@gmprlses an alkane or

cycl ohexyl benzene process of” claim 2

Gsoalkiane.t he al kyl aromati ¢ conpound is sec- butylbenzene

or cycl ohexyl benzene. 22. The process of claim 19, 20

or 2 1 and further conprising converting the

hydr dider pxicde of dlammifta whiekgn itht chyslrqshbno| coampdisesn isobutane  or
%kﬂ%@%ﬁg or ketone of the genera

16.  The process of claim 15, wherein the hydrocarbon comprises cyclohexane, the
oxidized hydrocarbon product comprises cyclohexanol and the process further comprises

converting the cyclohexanol to adipic acid.

17.  The process of claim 15, wherein the hydrocarbon comprises cyclohexane, the
oxidized hydrocarbon product comprises cyclohexanone and the process further comprises

converting the cyclohexanone to caprolactam.
18.  The process ofclaim 15, wherein the hydrocarbon comprises iso-butane, the oxidized

hydrocarbon product comprises tert-butyl hydroperoxide and the process further comprises

using the tert-butyl hydroperoxide as an oxidation catalyst.
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formul a RACOCH'R5 (V), in which R4 and R5 have the
sane neaning as in formula (11). 23. The process of

W@ L@o058827 and further conprising converting theCphswo$/079150

produced i nto bi sphenol

19.  The process of any one of claims 1 to 13, wherein the hydrocarbon comprises an

alkylaromatic compound of general formula (II):

— R*

/
CH (1)
X /N

H,C—R’
wherein R* and R’ each independently represents hydrogen or an alkyl group having from 1
to 4 carbon atoms, provided that R* and R’ may be joined to form a cyclic group having from
4 to 10 carbon atoms, said cyclic group being optionally substituted, and R® represents
hydrogen, one or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group,

and wherein the oxidized hydrocarbon product comprises a hydroperoxide of general formula
(IV):

— R*
\ C—OOH 1v)
R6K / H}C—RS

in which R*, R’ and R® have the same meaning as in formula (II).

20. The process of claim 19, wherein the alkylaromatic compound of general formula (II)
is selected from ethyl benzene, cumene, sec-butylbenzene, sec-pentylbenzene, p-methyl-sec-

butylbenzene, 1,4-diphenylcyclohexane, sec-hexylbenzene, and cyclohexylbenzene.

21. The process of claim 20, wherein the alkylaromatic compound is sec-butylbenzene or

cyclohexylbenzene.

22. The process of claim 19, 20 or 21 and further comprising converting the
hydroperoxide of formula (IV) into a phenol and an aldehyde or ketone of the general
formula R*COCH,R’ (V), in which R* and R® have the same meaning as in formula (IT).

23. The process of claim 22 and further comprising converting the phenol produced into

bisphenol
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