WD 2012/ 036827PCT/ US2011/ 047848 2010EML72- PCT PROCESSES FOR PRODUCI NG
PHENOL PRI ORI TY CLAIM[0001] This application clainms priority to and the
benefit oWoWof2/036820vi si onal Application 5Serial No. 61/ B82/Usd@,1/0wfs4gch was
filed Septenber 14, 2010, and is incorporated herein by reference inits
entirety. CROSS REFERENCE TO RELATED APPLI CATI ONS [0002] This application
is rel at ed2p@EWN1So-orovi si onal Application Serial Nos. 61/382, 788 (Atty.
Docket No. 2010EML71); 61/382,776 (Atty. Docket No. 2010EML75); 10 (Atty.
Docket No. 2011EM213); angroChkk¥s FREFROD¥WCING pHENGE) - FI ELD [ 0003] The
present invention relates TO a process tor produci ng phenol. BACKGROUND
15[ 0004] Phenol is nobst comonly produced by the Hock process. The Hock
process i npeh¥RITRIdYARfi on of benzene with propyl ene to produce cumnene,
oxi dati on to the correspondi ng hydroperoxi de, and cl eavage of
t he hydr op&08xi de Thi applesdtiereclaignsipmortityrto and thatbsnadit opHeénh Brovasehabépiplisaton

[ 0005] Phengl,.. de f exyi I 20
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cycl ohexenesferomce iiags ditsay.osed in U. S. Patent No. 6,037,513, by contacting

benzene w on | sence st. The cycl ohexyl benzene
can then b%@@ R ’Pgﬁfgzddlé\ﬂyerXi de, and the

hydr oper oxi@®2decanpapplitation phenwed tabd. CxsisanexapdicetionsSengl Kok, atB8R,788

cat al yst. acidic t al il b t in the cleayag 0N

m xture, aggt%naﬁﬂofgetcﬁ%e %ﬁbﬁ%@%be EMZ%{]O(@% E%’OBE%S$/OGQ§O%@£%£and/ or
may cauge unwant ed re@atyi Dskdt Mol D@1 1GOATISY; ra@@m pr ocessi ng (2tgpBodket Yo.
separat i onz a&nd ﬂri fications). [0006] U.S. Patent No. 6.201, 157 ('157

Pat ent) ge &F ﬁ telates to a method for produci ng phenol and acet one by

deconposi t ipppLpf cunene hydroperoxide in the presence of an acid catal yst,

wherein the acid catalyst is neutralized after substantial conpletion of
t he [0003] The present invention relates to a process for producing phenol.

BACKGROUND

15 [0004] Phenol is most commonly produced by the Hock process. The Hock process
involves alkylation of benzene with propylene to produce cumene, oxidation of the cumene to
the corresponding hydroperoxide, and cleavage of the hydroperoxide to produce equimolar
amounts of phenol and acetone.

[0005] Phenol can also be produced from cyclohexylbenzene. For example,

20  cyclohexylbenzene can be produced by direct alkylation of benzene with cyclohexene, or, as
disclosed in U.S. Patent No. 6,037,513, by contacting benzene with hydrogen in the presence
of a catalyst. The cyclohexylbenzene can then be oxidized to the corresponding
hydroperoxide, and the hydroperoxide decomposed to phenol and cyclohexanone using an
acid catalyst. The acidic catalyst will be present in the cleavage reaction mixture, and may

25  cause corrosive damage to the process equipment, and/or may cause unwanted reactions in
the downstream processing steps (e.g., separations and purifications).

[0006] U.S. Patent No. 6.201,157 (‘157 Patent) generally relates to a method for
producing phenol and acetone by decomposition of cumene hydroperoxide in the presence of
an acid catalyst, wherein the acid catalyst is neutralized after substantial completion of the

30  decomposition by addition of a substituted amine. The ‘157 Patent directs one to use highly
hindered amines, particularly aromatic amines, in a desire to enable treatment of the acid
catalyst at a high temperature without consuming the amine in a byproduct reaction with
acetone. The ‘157 Patent, and many others concerned with production of phenol starting

from cumene hydroperoxide, directs one to use quite low amounts of acid catalyst (e.g., 34-38
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30 deconposition by addition of a substituted am ne The '157 Patent directs
one to use highly hindered am nes, particularly aromatic amnes, in a

desi re t owenatdmses2reat ment of the acid catal yst at a hi goTiuseqpenatsus e

Wi t hout consuming the amne in a byproduct reaction with acetone. The ' 157
Patent, and many others concerned with production of phenol starting from
cunene hydpopanoxpdeT directs one to use quite | ow anobunts of acid catal yst
(e.g., 34-38 WD 2012/ 036827PCT/ US2011/ 047848 2010EML72- PCT ppm sul furic

aci d), osts,fssﬁ stﬂwlctéeldydgtemlg tb ReniRRLa h@bnta PO oA Qi HRRInE cacet one
co-product from undesirable byproduct reactions. [0007] The inventors have
di scover edprodagt fioreyndesiable bypipdwit feelices bet ween the manuf acture of
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acid whil egn | S
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produce an_ oxi dation corrgom tion conprisin

cycl ohexy! i h5higgyment - %g@rrskeredeto tb%)lln@%é«?mﬁ@ﬂ%qns i dlgse 4e35Hp1si Bheof t he

oxi dati on g@mﬂgﬁo{;ﬂ%@lo}l&yﬁﬂggﬁ@gesence of an acid catalyst to produce a
cl eavage reaction m xture conprising the acid catalyst, phenol and

cycl ohéXan@HMMARY (c) neutralizing at | east a portion of the cleavage
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m xture, wherein the treate e reaction Xxture contalns no reater
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basic mate t i,0 rther
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hen hdr clo en 1.-nmethyl -3 -phenyl -3
i aper ofraRn AR SURESA B Sidien S SR T Raoh Tt Bl s B s0
Syﬁ | gpent ykxfpﬁm-dﬁﬁtehyild-ch‘ta@@lemlyl/:brﬁo gilRyter @i m'ﬁfiprﬁleftheyﬁshcgh%ﬁdl I l—phenyl 1, 2-
I nydr oper | Cl onexyl -1 - en | ro oXl1 de CyC (0] X
- phenyl - i‘ﬁ’ gl hym@&e%@adaﬂéem dheot éﬂﬁloaﬁt)w)%tl rﬁﬁfﬁ%ﬂCO%lpm?éﬁweast %gi%%
- di hydtzsp ey icREberEYie, RPN Bisel up®it thltdmPRelltlofhd oxidithyiHoapedifed. dey  cyc

|l op entyl-1- neth I-2 - phenyl -2, 4-di h drop er oxi de; and cycl gpentyl -1
-met hy1-2- B trxﬁplt @deﬁqmﬁyﬁ‘?lﬁ%ft@?l@@’ furgher comprise one or more hydropéroxides

selected from cyclohexyl-1-phenyl-2-hydroperoxide; cyclohexyl-1-phenyl-3-hydroperoxide;
cyclohexyl-1-phenyl-4-hydroperoxide; cyclopentyl-1-methyl-2-phenyl-2-hydroperoxide;
cyclopentyl-1-methyl-3-phenyl-3-hydroperoxide; cyclopentyl-1-methyl-1-phenyl-2-
30  hydroperoxide; cyclopentyl-1-methyl-1-phenyl-3-hydroperoxide; cyclohexyl-1-phenyl-1,2-
dihydroperoxide;  cyclohexyl-1-phenyl-1,3-dihydroperoxide;  cyclohexyl-1-phenyl-1,4-
dihydroperoxide; cyclopentyl-1-methyl-2-phenyl-1,2-dihydroperoxide; cyclopentyl-1-methyl-
2-phenyl-2,3-dihydroperoxide;  cyclopentyl-1-methyl-2-phenyl-2,4-dihydroperoxide; and
cyclopentyl-1-methyl-2-phenyl-2,5-dihydroperoxide.
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WD 2012/ 036827PCT/ US2011/ 047848 2010EML72- PCT [ 0011] Conveniently, the acid
catalyst is one or nore of sulfuric acid, perchloric acid, phosphoric acid,
hydr ochl owocommizes2and p-t ol uene sul fonic acid. The cl earagaSc@antisesn

m xture may contain at |east 50 weight-parts-per-mllion (wpm and no
greater than 5000 wppm of the acid catal yst, based upon total weight of the
cl eavage reammEvomogture. 5 [0012] In certain aspects of the process, the
basic material is one or nore of amoni a, ammoni um hydroxi de, an al kal i
metal hydr egprge, @09%!6@1‘[19 | @y ac@r&a@@'spfsl' Sne OF GhROYE sﬁlﬁﬁicnamcﬁ'ﬂeﬁﬁlhhé’ atigd
carbon or an amine, such as an aliphatic amne or a diam ne [0013] & her
speci fic enrbuaharientcdd.i drashiloria asehiprdpitolaecormlfoaiscadibn Tlisagleayeguraactgn a

t enper at ur 306 t gﬁg]{ﬁ f at
| east 5 anﬁnﬁgre%dj gg\(?%tér% er tsﬁgﬁ V%é%%%ﬁgﬁgﬁﬂés a t%@p@r%ﬁﬁ?ﬁﬁ%gﬁml east
40C and nowgpaaf g acidaatalySQrsathupa tprbssglitef die clhrvdge aepctiomikPyc.and no
greatersth 80 | L3

greater thgﬂ)l% Ochgﬁ 2id %ﬂédgghﬂ;]%e%{&g{gpﬁeas%i E %a?illggkadn ao?mgnog‘%)gfa?@?m@ an
1380 kP a. afpn@Ofajn hydmdeousalhdhmﬁebhmomabﬁsnt tley.ianventicerchangercsineat ed

¢l eavage re Ct{egcar oﬁ(grurn%m%‘S (s:u%ﬂt a!clrpal rﬂgtl%qa elaé oerra 1@%1?1650 wppm of the acid
cat al yst ant no greate han TheBasit fraterial, or no
greater thamz}s Wp)plmrcsbecnfme embbdjmem ahcyme ameutradizg foaatedatioh haat @oumpgpra of

the basic nateri al t of acid r n the
treatod of RRGAT abdFsh Tt fEySER AL aaPaShf T B it

met hod. 1oi6\ g&bteﬁthaﬂi &@Bomr@ﬁh bsSa @mpoOBNENGiaoRalt 4ptd difﬁ[tﬂr?o%eaftdiﬁliah@so@mﬂl oped
to correlate the t hat conventi on 20 et hod or instr nt may
provi de topﬁsﬁ?%{rﬁi {}ﬁ’tkp angd 0p @k é‘}aﬁ}g@gﬁgﬁ ARy @Fipslia“%ﬁ‘!fl%ﬁ‘ias‘i n an
or gani ¢ makgiXaddasesedr thile1 BPEGinll iaHracirdl of at iedsy 30 kPHasd fo BRLEF thah 1380d
organic matrix being enployed in the present invention. The invention nmay

further in& tide that the anount of acid catal yst or basic material in the

treated cl gaqage Measddu® maNif&kdioRs bSthd AR AN dkRhdYreFoRGnikhi
calibrated nmethod, and continually determning a difference 25 between the

conti ndal | gortenerhgsEer herohwpisn ohtic acidgealyyisandior np gEcpier thar 89 WRPMA dhey
target anoypke Bﬁteﬂé‘i' Qr ?r@éte)f%ﬂan% Wk 6f ﬂi{@ta@l? Ica&hiykiintl RE gPJa{%%ﬁQ 26! }{@ge

reacti on m xture, usti ng t he amount of basic material on the basis
of the conbf rh@évlamy ndl@etrlelr nTlirﬁefdn@mf b%mdne%éalm oappriometsrinlhio thatrepead denvaget of

acid catal ysi o?ahm%ﬁk ‘Ena?% Sk Rnirlel utsfﬁgtahéa‘ﬁﬁ}a?eq &%tﬁ@&’ Qe fifakk! RAndY i t?[}e

30[ 0015] I n anot artrcul ar aspect e neutralization reaction o
basi ¢ mat ecoraikentamdl aldlrdethm airghsrt dé\@]romsd & conghitexlat rcoding rtieed wotvenhertal ipsl

sol ubl g,in_t tre a n..n xt I.:

t enper 29ur ) gﬁd 1F11§etag}e%£§1g 0V1Crl ggvelno \Arréoruyl{/ §f %13 c%{a?lg{ ﬁ %&sw material

cycl ohexyl banae e an Gxgamennaemt beys;ed ah tlhee@@«‘nﬁa apldrchtalmt d’)ﬁsm: hmtehaleamﬂedganﬁoeavage
reaction mx ure.is d to one or. actional still st eps
o br oduce ot iaed ot I teal ions 5o saohans i b ahg he
2010EML72- Eﬁaurﬁoapﬁma;eﬁtan@t gr aatiermithian i ﬂk%@iedcyleivagechb@nmmre phenol
and cycl ohexanane corIbl a % bei ng based on t ot al ht of the
bot t ors rrag%tf"i“&’lle %?HH““P Hlﬂ%% q’@ ﬁ]fvgé £ T‘é’& foréglu%&/f%qmt% %@‘ﬁ%‘i@&?@atl on
pr oducbs coBédiesiL thel AnfiiRIIR dete@ABEd A boF @8I RhtalyBEor bLRL BElei6d] @AY ABrget
reaction m xture sub(i ected to fractiqgnal distillation, that wt%based upon

the 5t ot al 2REFYHE a5id epfalysit on pasicy matepely 1 BR tepated rleavageaeasfion BixWgeand

reaction maélﬁﬁé%fn tmcﬁﬁt&%aglemfa{eaﬂtdnqmasglo%me ch@tru@iny de[t&%feh ldfFfo¥ @ik RS
enbodi nent s, or a gortlon of the feed conprising cycl ohexyl benzene may

be formed B@pr%cwhleat@igﬁ argunh 9 RCh eIy AT h@l%@ﬁﬁ%éﬂt o feated cleavage reaction

mixture.

30  [0015] In another particular aspect, the neutralization reaction of the basic material and
acid catalyst forms a complexation product that is soluble in the treated cleavage reaction
mixture, is stable at a temperature of at least 185°C, and has a lower volatility than
cyclohexylbenzene. Conveniently, at least a portion of the treated cleavage reaction mixture

is subjected to one or more fractional distillation steps to produce a bottoms material that
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BRI EF DESCRI PTI ON OF THE DRAWNGS 10[0017]Figure 1 is a flow diagram of a
process for producing phenol that includes treatnment of an acid catalyst;
and [0018ybigurs627i s a fl ow di agram of a process for proaas2oig/optsenol t hat
i ncludes a nmethod for measuring basic material content. DETAI LED
DESCRI PTI ON 15[ 0019] Vari ous specific enbodi nents, versions and exanpl es of
t he i nvent bgrpemib-praw be descri bed, and definitions adopted herein for
purposes of understanding the clainmed invention. Wiile the follow ng

detai | ed desphsl | N ofEakr pthawsd%vt%p%ﬁlbe@hémﬂieﬂ@nbﬁenot hagecyglohbiaehd N the
art will appreciate that t hese enbodi nénts are exenplary only, and that the

i nventi on &ambiped, shaarticleing hased werthqigid waght qthpbetansomatgatleprd Airther

infri ngema@&ntal d;'ﬁ leag@SSth@/pgf tﬁ@ c&ﬂﬁe;&aﬂ&@ﬁ%ﬁ&@ céﬁitélhec{ 1ﬁft1?erattléa tHPor Mo Phe MO €
of the appended clains, including their equivalents, and el enent s or

| i mitati ongeaterheleaypge @@ﬂjnov:mletme subjeethdtoefrachienal disellatiei thatdvt¥etpayed eoartience t o
the "inyen Y.el, r r 0 f t he
ol ai o, pr st ors SR orqf et a MR otTRE Sl bR LEXARELPABIHE LR

pr oduci ng ﬁhenmhhh%mamynlohexanone from benzene, the benzene 25 is
initially d to.cycl ghexybenze any conve tlona echn

i ncl udi ng gﬁﬁxfat?%nvg. enzgné’ﬁT h %gc %hex ﬂ%mPn ?he prggéng%mgﬁlg% acid
catal yst, symdsheaﬁbaﬁaiarhas/ teefbanedrbyatkyMBhg 22hyiderullyfatimpbecedear si eve, or by
oxi dati ve enyl followed by hydrogenation of
t he blphen§%iﬂ45&§¥3§qgﬁ§ﬁ§$ Th%l cl ohexyl benzene is generally
produced byooaont a@tgurtg 1t1ha ﬂewzaim@alw $tha ysteagfn pisdieing hyidheadhkty ingtuden
conditions 30in t g & of a hydroal kyl ati on catal yst whereby the
benzene unﬂﬁgﬁﬁgé’?% 2 8?? reaction (1) to produce cycl ohexyl benzene
(CHB): WO[@adp/ 03687 PG /auﬁxﬂhﬂa/g%w% pREEQEME foddeihg phedd)QRak]iff@ideR N
exanpl e of h¥droalkylat|on of benzene in the presence of hydrogen for the
product i on5Fhod jetiek e bats Bakrialoeater; 5. pat. Nos. 6, 730, 625 and 7,579, 511
whi ch are iljmm@mbgglcﬁypfﬁjwr ence. Al so, see International Appli cati ons
W2009131769 or 5WZ009T28984 directed to catal ytic hydroal kyl ati on of
benzenéSin [ng] pr é@gﬁl@espgflﬁqa]y@b@g@ﬁnts versions and examples of the invention will now

be described, and definitions adopted herein for purposes of understanding the claimed

*ID

invention. While the following detailed description may provide specific embodiments, those
skilled in the art will appreciate that these embodiments are exemplary only, and that the
invention can be practiced in other ways. For purposes of determining infringement, the
20 scope of the invention will refer to any one or more of the appended claims, including their
equivalents, and elements or limitations that are equivalent to those that are recited. Any
reference to the “invention” may refer to one or more of the inventions defined by the claims.

Production of the Cyclohexylbenzene

[0020] In a process for producing phenol and cyclohexanone from benzene, the benzene
25 s initially converted to cyclohexybenzene by any conventional technique, including alkylation
of benzene with cyclohexene in the presence of an acid catalyst, such as zeolite beta or an
MCM-22 family molecular sieve, or by oxidative coupling of benzene to make biphenyl
followed by hydrogenation of the biphenyl. However, in practice, the cyclohexylbenzene is
generally produced by contacting the benzene with hydrogen under hydroalkylation conditions
30 in the presence of a hydroalkylation catalyst whereby the benzene undergoes the following

reaction (1) to produce cyclohexylbenzene (CHB):



for the production of cycl ohexyl benzene. [0022] Any commercially avail abl e

benzene feed can be used in the hydroal kyl ati on reaction, but preferably
t he benzewe 2hme3es2purity | evel of at |east 99 wt % Si m lpariusoialostsetigh t he
source of hydrogen is not critical, it is generally desirable that the

hydrogen is at least 99 10 wt % pure. [0023] The hydroal kyl ati on reaction can
be conduct eghgpmaowicde range of reactor configurations including fixed bed,
slurry reactors, and/or catalytic distillation towers. In addition, the
hydr oal kyl ati on reacti on can be conducted~p a single reaction zone or in a
plurality of reaction zones, in which gt |eajt the hydrogen is introduced
to the reaction in stages. 15 Suitablp reactf on tenperatures are between
about 100C and QQQPt 400C, such as betieen about 125C and about 250C, while
sui tabl e reagtl on~pyessures are between abett 100 and about 7,000 kPa, such
ut 50D andpgbouwt—500R kPa. [Suitable valuq for the nol ar
gen Lp benzéne are betmeen about 0.15:1 and)about 15:1, such
~4: : xa1pl e bet ween about 0.4 and
about 0.9:1. 20[0024]The catal yst enpl iyed i 0] t he hydroal kyl ati on reaction
is a bifunctional catalyst conprising g nol ecul ar sieve of the MCM 22
fanily and a hydrogenation netal. The s 22 famly material" (or
"material of the MCM 22 fanily" or "nol ecar sieve of the MCM 22 fam|ly"),
as used her c udes u |eve havin
Copotogy 1R o F5uranpR SR AL BT cBRACR POFeh Y M IS ot i e
Fr amewor k 15150rie<310n &&?bfohéky&ﬂniana,nseezmswatt hNes. e@ﬂ30@5cmﬂt'&5ﬂ9,ﬁﬂ wihicle hrd s

i ncorporated as ref rengc 5 | ar. sieves..of j

goner at 1y, EYRomh Sy aRFGMEEr acikbnpartEp oo ualot Soan bl e
12. 40. 25, GvOI0LRN9IS4 Bif&tdd o amaly 60 B lodkf 1408 F b&iFene Mhe presence of hydrogen
2012/ 036827PCT/ US 011/04784 2 10ENﬂ72 PCT The X-ray diffraction data used
to char act & EPTPREINHTPIRPeXyFNZePe obt ai ned by standard techni ques usi ng

t he K-al phaodgubl @Inyctfonﬁﬂéﬁ’@ﬂ[y ailbble teRfhdleddd Eadbeatiie@ninand h@droalkylanon
di ffractoneter equipped wth a SC|nt|IIat|on counter and associ at ed

conput er a&FHE- Byirrdeeplytheipardmbanpretnleys! of plges Sbr cmpiirly edihpyeh

i ncl ude MCM28uicé §§IE)J drRd 15! Kbt Ehitkeal, Faik %@ﬂerd}% desipabfh A4 SRRkogel %Hd‘t:feast 99
(described in U S. Patent . 4, 439 4 SZ-25 (described in U S. Patent
No. 4, 896, BE)PUERB- 1 (descrlbed in European Patent No. 0293032), ITQ1
(descrlbed U. S T i onal
Pat ent Pubﬂ$%%&lOghﬁgﬁﬁﬁkm%?n@1quu&9%&1tk é%g%§f2£ ?ﬁﬂUH&ggggegﬁgg*b

5, 250, 277) comNigmations(idelgding Hedd jbed, Lshgry Ragtent aoor @tapaig, GdlptionMomes6 In

I(Dg'?z(r:r:i ngd %%6%3@@&%?{% 1 gﬁﬁ%ﬁ tggér g%ﬁyﬁ %gag Iﬁgee?%%&ﬁ%qnggoﬁﬁgr si eve

i s select edlufarhmnf(raa):tlmd@ in Wiogh dRktSke lapdcbgticis 1mtsxdu®epie@thofreah®mu4 Stagand

-t he 1Py deBT I FATEB AT A0 MR B S0 EaBitchat BPE: W gugeom

pal I adi um apgst hesvcuwng a'Bblﬂkﬁb C, valﬁl%,suftd‘tﬂb re@didn GaRalrts arbibbtheenl Bbdaa daghaum
bei ng partlcularlg advantageous General ly, the anount of hydrogenation

metal presabut 790D kBa.cwelk iy Setwren FhopneMnandtabart DOUEKRa optrabapalies o the o
such as belyeehRRIUIdBech Wb ANtaRAWEerbWE6. 1 Pf addBos@kal YiRh as between

[ 0027] Suitabl e binder nmaterials include synthetic or naturally occurring
subst ances abkgyt 0.4:1 and about 4:1 for example between about 0.4 and about 0.9:1.

20 [0024] The catalyst employed in the hydroalkylation reaction is a bifunctional catalyst
comprising a molecular sieve of the MCM-22 family and a hydrogenation metal. The term
“MCM-22 family material” (or “material of the MCM-22 family” or “molecular sieve of the
MCM-22 family”), as used herein, includes molecular sieves having the MWW framework
topology. (Such crystal structures are discussed in the "Atlas of Zeolite Framework Types",

25  Fifth edition, 2001, the entire content of which is incorporated as reference).

[0025] Molecular sieves of MCM-22 family generally have an X-ray diffraction pattern
including d-spacing maxima at 12.440.25, 6.9+0.15, 3.57+0.07 and 3.4240.07 Angstrom.
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wel|l as inorganic materials such as clay, silica and/or netal oxides. The

| atter may be either 20 naturally occurring or in the formof gel atinous
preci pi t ave0mwosgel’s i ncl udi ng m xtures of silica and meCaluSexildems4s
Natural ly occurring clays which can be used as a binder include those of
the nontnorillonite and kaolin famlies, which famlies include the

subbent oni beprENd it kaol i ns commonly known as Di xi e, McNanee, Georgia and
Florida clays or others in which the main mneral constituent is

hal | oysi t erhkaQlaly NiffRctich Gdth tued ﬂaa&luaa@n% tHRNAMKH §b) s WUbtaird 1§ @¥iRlakRN be
used in the raw State as originally mned or initial Iy subj ected to

cal ci nat i offchrigiey uping herefipho foublee At eqaperasdhe ineident saliationiana pdefragierasteioxi de
bi nders ing dfﬂﬁdsxlv%tﬁ Cctasc11ﬁ’1|11'a!tna éounzelr ra?l@ nis?oma&édt @d?l'l;ﬁlter Sis! fh %ogﬁﬁdﬁﬁh NPstem.

silica-magnesia, silica-zirconra, silica-thoria, silica-
silica-titAmilesubas sigby oBSMEMIAMyMioripdeict M6M-28 ughsceibed in U.S. Patent No.

| | d
i1 oo rmoneara el MR g A PR R ARk oy BRSO T s
hi ghly sel @ateitveo. idiR6I60), ERBHoldescyibdsien Zarpeant TeeneNb| Q2980329 rGQ It (described
hydr oal ky! at IUO§ fsaﬁgﬁgtﬂloo Y, (W7 |4b%2h3{“§8) (C}éSCI‘l%n(E al b VR RE ?(nal %%%é%t 9utﬁlcat on° Ll?l,ﬁtes

as wel | as'unreac benzen 2d1°red” nbhoa specl es.
unr eact ed BeEDYEITRI0)s MEN Bal (yscriexiomer 8dPayntdN s ta 25I()¢2t717p M@Vt @leyecibedint o t he

Gistiiled Eo Qg oo TReSw 309 Bkl et H R0, S s SO RSB ATRCT
rr:te) gefzxe/gbogeedegdégiemzlem aa@tslh. b, n@@om),yagﬂl mygﬁir@hi?iﬁlzﬁiggﬂrkﬁﬁ’e?éﬁgﬁb ﬁl.bh:el}[ﬂare
reaction eF@Y%‘éﬁ@g"t?({]ﬁ @E\E&MQ‘@ &Q@?@@% aé’gt(ééfomﬁf Mgﬁ\@élﬁ l%?f’ %C@A?Ee

di cycl ohexyldpeprzeme. wi t h additional benzene or (b) deal kylate the

di cycl ohexyl henzene to maxi m ze the production of the desired nonoal kyl ated
5speci es. { ¥3olo] Tr'%éﬁéapwhmri)%?ﬁawntmet%l&av bs emeleysslep sheny droalky{ptipe satalyst;

effected i BiRubh amedldbals BAulEpMlQum, SERATIAHE nfckQMuheid) Vi @by lvatn on
reactor, over a suitable transal kylation catalyst, such as a nol ecul ar

sieve of t RélaNmm being awfipyarly, edyenipgeopet Senqviv. §8 (et of bydreganatign mgfal
6,014, 018) 260k {1e cXtaly%ﬁQIgla RnxﬁeﬂJ%%é\t @6@' mw@woﬁlﬁm Ve, &eﬁafaét&xéna&woep

reaction is typi cal ucted under at least partiral |iqui d phase
condi ti ons,Olm%ﬂrnd@bmtéb’i’t%pﬁtbbgﬁdyﬁ tenperature of about 100 to about

300C, 0 P

o0t £y oS, SRR BR kRl PRRT ) B Gbiieece
benzene/ di exptlas h@xgﬁhbemzzcm weh ghtlay,ailice aadyoumetof oxidet. Tle latbaubayheleither

| 0030][ é{)t el Tgr%ﬂo occurr1 r %En ﬁ'lnr %r?tog gfl 1o E o qgteg QP %‘%) &?%dli(r}Igtlﬁ uresbg ZENes

and C|es exy enzene oXl dat i on
reaction. Tipi eal fnytal bmzlaveNatutahy sac@ynlhg)biey@ywmemzanbe fusddascobihadrnscludee

fol |l owi ng gont apj, nant erat ed as. by- product its hes et ween

1 wppm andTEep b By PIREARARS K ipeien YT SR i RO B oS

bi cycl Ohexgllitﬁt;he Rﬁblliﬁﬂ:(\tfjlﬁmﬂnlﬁz kﬂ@mﬂhsamﬂlella/lﬂ\]‘%(mbé , [eeryyd a,nd(HlolrlIEtcwglﬂrb &Rerwpppm and
8000 wppm bi phe X et 1 nd.2 wt%.nme cl opent en e, or

bet ween 10 ﬁ?%‘ﬁ&lmfnw&‘ ?Ht‘ﬁ?\g?m ﬁ%f%d@ﬂlﬂ%}ieb@é% éacé%e Oér?ﬁ} nrél‘cQI

1- phenyk- 1crpd &M'b@ﬁ%dQ@ﬁﬁtr&ﬂgtatejas oﬁglﬁmyhnzlem iRdtlaBy SlbpReA t@EBsinaAd, acid

1- phenyl- 3- net hyl cycl opent ang; | ess than about 1000 wppm such as

| ess than FEBMRHEH Femisak AeAif 1C%H0é‘f i fﬁgtaB]F MRy PetreDiBdsiy dishde sdiganalygina,
cycl Ohexenﬂrcolﬂ?a[‘%l?a'ﬂﬁ, siid-SatnbAN siReAmb&RBia, silica-zirconia, silica-thoria, silica-beryllia,

silica-titania as well as ternary compositions such as silica-alumina-thoria, silica-alumina-
zirconia, silica-alumina-magnesia and silica-magnesia-zirconia.

30 [0028] Although the hydroalkylation reaction is highly selective towards
cyclohexylbenzene, the effluent from the hydroalkylation reaction will normally contain some
dialkylated products, as well as unreacted benzene and the desired monoalkylated species.
The unreacted benzene is normally recovered by distillation and recycled to the alkylation

reactor. The bottoms from the benzene distillation are further distilled to separate the

-6-



[ 0031] As di scussed above, the process includes oxidizing at |east a portion
of a feed conpri sing cycl ohexyl benzene to produce an oxi dation

conposi t iwo 20368231 Nng cycl ohexyl - 301- phenyl - 1- hydr operoXiu$eo11/h378us ed
herein, "oxidizing" means causing an oxidation reaction to occur. [0032] The
feed conprising cycl ohexyl benzene nmay be produced by any process known to
those in thegaMy72awe whil e desirably pure, nay contain a snmall anpunt of
certain byproduct WO 2012/ 036827PCT/ US2011/ 047848 2010EML72- PCT conponents
that are dhﬁ%b&kkﬁm&@mhﬁ%@vﬁmhﬁ&”H&MP|Q@eéﬁ%gﬁﬂﬁﬁﬂﬁnnﬂéS&Hﬁ%ﬁ%r'ﬁ&ﬁkﬁ.The
hydr oal kyl ati on process may generate product di cycl ohexyl benzene, and
thus be ac&spiydiged thyampt pgﬂléml%heéﬂbwzm Rrpent AP ERgipn A flusAt SfmaByksy oduct
di cyc! onexyl ez e0giik (h) BROARIA: iR BERTESIAAdLE! PRk FYRLORAKH.BEEENe,

and may further include 'variouds 5 separations to recover and recy

unr eact ed B@ﬂz@ﬁethealm&omﬂ@nmgtwmwlmw gheagodngtionetibe d%nsdsmemadlwéated
byprodugts, Apot her known nmethod to manufacture a feed conprising
cyclohexylg%nzene i nvol ves the catalytic al kylation of benzene with

cycl ohexenéOOZ?DOBS]ranFeuk)tltt@m,wiitlnacbjtitioanibbmiizmris typacafp effeaer] ofa trdmealkgetgon
conpri sing_cycl ohex enzen recycl e stre (S

cyel ohexyl BEh AR s ORE R TS Brdh GB8Y ool M TEPS BMRASH IS eratiinge
reacti on nisuchus @ makcatsisedofltiat MICM-D2 fetnhlys zavbirerbera, VEINI- 6®r(sea .8 dtatdnoN o of

cycl ohexyl ben t hat S n, the id reacti.on.nma
heovered Bt PLstant o gerdr s - affirbrishly DR Rluts s edBor ¢ ne
source10r seidnctes undeRatviadst pattal @ihidphaRdosditiénsf @Ridh Py 1ﬁ¢lﬁkg: a temperature
cyclohexylbenzene contains at |east about 10 wt% or_at |east about 25 w %

or at |easP! ayhd00 osabeyt QWL g presurg abajoul gt %@uw%i%o K. g pverghh 8ourl out

75 W% or yakc hassty &t 9% b 100 &h th@PREd, 2R YtbeRR2n¥i¥ clohexylbenzene
cycl ohexyl benzene. "I n various enbodi ments, it may contain anot her

conponent . WEight siaaksiueof k hto #beeid: bonpri si ng cycl ohexyl benzene nay contaln
at | east 1 oReMm a%‘%tef‘%nﬂ)'ifﬁac}f?ﬁe ﬁn'?@a@ et b¥fi é‘i’lférﬁb’tﬁé 8&?&‘19}51%& BEnzBies B@Fther

wppm and n greater than 8000 wppm |cyc exane t may contain at feast 1
wppm adfl nbeayy entcass, thh ayclohaxybeOndispghe hythe oprdaen teacion. ypwplimbandvaio

o eator tnat Soupo RRM M aint by TEeyERC A i E8%Ha] s RERAR O

greater thamgmﬂwﬁﬁbnethylcyclopentylbenzene as any isomer: 1-phenyl-1-

nmet hyl cyc Iop en hen nta and nyl-3
-net hyl cyc®l op eh‘% A ll*mgl?le@n%{rﬁymt{‘é q%g‘?ﬁeg rvgg’gh?n]d ﬂ(}ﬁ
desirably efcytlowxancentration, say, no 25 greater t han 1000 wppm or no
greater_than 100 wppm of phenol, oleflns or al ene benzenes such as
cycl ohéeny| benE‘?—iWéen i U ol Y% rbiphenyn gr @6%@%&%\699111 paf 8 wre i n

various enppdiqyents, all or a portion of the feed may be subjected to a
hydr ogenati on reaction to hydrogenate at | east a portion of one or nore of
t he phenol ¢ ol ef betweamndyvppm anky Werenddsherelvpsnty lirenacce etbatwerpriDsinmg and 1

cycl ohexyl S, ation
reaction ngen talnﬂﬁﬂkﬁ %QéMﬁ%%%%e%EQQI gﬁid%@%égﬁgﬁgmgﬂﬁggﬁéﬁ?g %r any
conblnat|onhﬂwl2MEﬂUﬂhebp@mn®nmédﬂﬂwyﬂé%mﬂbeﬂﬂmmanEamioport|ons for each
oxi dat Pon imy. be“sk DB nSeO DRIV A 1 SalE et or TR ST or
0Xygen- conulkiyRhdlgengass, seeheh cadolaixenydbehzvids | ous derivatives of air), with a
WD 2012/ 036827PCT/ US2011/ 047848 2010EML72- PCT

x1dation Reaction

[0031] As discussed above, the process includes oxidizing at least a portion of a feed

comprising cyclohexylbenzene to produce an oxidation composition comprising cyclohexyl-
30  1-phenyl-1-hydroperoxide. As used herein, “oxidizing” means causing an oxidation reaction

to occur.

[0032] The feed comprising cyclohexylbenzene may be produced by any process known

to those in the art, and while desirably pure, may contain a small amount of certain byproduct
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feed conprising cycl ohexyl benzene. For exanple, one may use air that has
been conpressed and filtered to renoved particul ates, air that has been
conpr essedoant/36s27ed t o condense and renpbve water, or &CT/ushat/olmgs been
enriched in oxygen above the natural approximately 21 nol % in air through
menbrane enrichment of air, cryogenic separation of air or other neans
5within thegkanmob-fide skilled artisan. [0036] The oxi dation may be
conducted in the absence or presence of a catalyst. Suitable oxidation
catal ysts ifg dﬁ‘é@ts NaftyAE Qiiic oIt RS trbhsiee HoY, clo@eime@l@&ed@ﬁ&rsséaegtérn FheS.
Patent No. 6,720,462, which is incorporated herein by reference for this
pur pose. Fbydr@g@]@f{@tm@ prpcess may generate byproduct dicyclohexylbenzene, and thus be

hydr oxypht Q@cl Ehd DRy HLQANPRENALE By A6t B ISR Ibdi)

hydr oxypht haI0 Byet rénbefggﬁrr% N—lhydr oxyp&? {ha ?Ig r& e% e
tetrachl or (swtlwvy@hnony ahodvat iadilidlenal Ny plpkixglbyireng, mndemawﬁh“ghdr oneludie ianieie,

N- hydro t

NN - di ﬁ IE%)XYE %@srﬂgn%é lgtlertl dQ%§EQ%Q§a€£9&%e& 411(% Irehlg% p&lﬂ/ mkgjﬁltes and other

N, N - di hydumsegp(:mb@phéme%mthei ghovpre tmedloalr b@xmdtnufacdm m degyd, comprising
N-hydroxyma| e l.canbpxi m dr oxysucci ni m de,
l\l—hydroxy(f“&C hex}ﬂgénlzgr:ﬁ}éde‘ﬁow ﬂ}'? Catag'tlc-a%yr?g? orr?g%]eéle 1% Héﬁ%har FBO%i mi de, 15
exo- N- hydr ¢0033[7 - o¥abheyia anenf;tﬂbanenﬂ, a] pdixpt ef5the devd-Amprisidg cydshexgienrecte,

N- hydr oxy- ci S QY. cl ohexa

N- hydr oxy- 81a¥ Ve i%%?&‘ﬁlecof‘pé‘“&iﬁc?éaxlb%’é?’ﬁf%“e RIS U0 By B RREF R %G s 0di um
sal t onoN- kystedxkarebataaoe distuldhiariwbd eatemy IIbGllMSlea(ﬂnerPlaEf(ﬁl’ﬁlﬁﬂaytlont be
catalyst is Nh oxypht hal i m de. her. . sui t abl.e cat al is N,

t hi hydr oxyF%%%‘gﬂE’:"rﬁz ea%}ﬂ?tdYaS 2‘6‘["6‘6%‘9‘;‘]11‘\% QHIBRP FFEHPRL P G%Vtege‘lé‘&ﬂ r%‘é‘l“\({used
ei ther al oRgsc@bralcnd@i@balpednoPN With a free radical initiator, and further
can be used as |iquid-phase, honbgeneous catalysts or can be supported on a
solid carri®ko %F%ﬁiiﬂa@ %f%f%lf@g@ﬁ@%@s étatf%ﬂoygﬁmbqi}@ie%m {ped corBPIGING, dr oxy

substi t ut edygtekyiBerzBlcd@nfins bRadNabbut N widol HYATQXALSRORARY, bEatd&dsCaboft
enpl oyed in an anmount between 0.0001 wt%to 15 w % such as between 0.001

W % t 015 wh9evtsf ot ddeptEipet Ghekyl Yeth JdpieaboptoF3e rpr\aa}%@é%r%dﬂf/w@hﬁfs t he
oxi dati on ﬁe%&céﬂoﬁ?ﬂ”'wwréyc}éﬁgsﬁbeﬁzgngatlh %ng&”éihﬁddﬁﬁléus QUinkRRbLGAR 6 G@E ON

conditions 1 nclude a tenperature between ut 70C and about 200C, such as
about 90C rompdvoutt H@ORampledthy fp¢€bscsnnrélrngcyalwbwlmzqnpanaryocomlrt)@olek@d A

basic buff S&Pﬁganﬁ%%r%gag%%g&el %ﬂ@%ﬁ r?;c?oélaz?a%gt oMt tihsBFd gvgﬁmbﬂlﬂ eg(;&(férsc jhat

may formd ng the ati1on Itiron, an aqu
i ntroduced 800ﬂ1wppredn¢3i0®he>®am tIalmy phaea tricat batmrm end oorgmamydhrm I Im%

fashi OQO [ 1 ﬁgrl Tyc}?lag eastyl’O g}eatgr thEln %O(Rf(\lyvdant’l Ibo?le 1 & m%eg?n?aln?” sing

cyclohexyl on conposi ti i ns
wt % such aesastatwﬂ)pemsﬂd ﬂcOngt%théroZ we%mvﬂiydrya]topémﬁbetnzér&, wt &gleastr 10atpdneast 20

wt % cycl ohexyl henyl1-.1- hydr oper oxi de ed upon the t.otal i ght
2012/ 03682??’0'%7%t§80%f%04178?@92@?%?’:‘%@'?%93%?%%6? oxalnéfatlfo%erc\gﬁ'{igeéliy{'ygn. I
ot her mam heﬂiyaiyclemxan& he-phxiydatihahylgenpestitd, QiﬂdCD[jhe'.ilIyDS—nﬂ:ﬂlyg:lyﬂap@l’[ankhan 80

w % or reater th 60 w % or aﬁer tgl]an 40 wt % or .no greater
t han 30 Wt erSrm'cﬁ/O qglo 1{8(])m]?%1§1hts ges%to/ﬁ@f\g desirably of low concentratlon sy, no

cycl ohexyl g}ea@hmlrdbohwﬁm@p&r aXi gt asad 100 &pph 6f pREmdl, yefighér ﬁlkyl&ﬂikﬁ
oxi dati on conposition e oxi dation con&ﬁm tion may further conprise
i m de cat aP§reenes ferhas cedehesenyd Penzetfe N2 e AR @héom'wv@m SA HErient) ude

cycl ohexyl banzgnsbolinteh, axiodat {)&ﬂoﬁgm&sf&a% 'ISb %J@%Ut@ta %dr@éenb@&ﬁt 50
W% or at least 60 wt% or at |least 65 W% or at |east % or at

| east 80 wragtiasto ydrpgengic aplgashe pyrtigh gbencis Hiere oftthe Phﬁé?lgﬁ?ﬁ@fanﬂ/l%alb%?@at i on

CONMPOSi ti OBenzenes. The feed comprising cyclohexylbenzene to which oxygen is introduced to cause an
30  oxidation reaction may contain cyclohexylbenzene and any other one component, or any
combination of the other components just noted in the proportions for each or in combination

just noted.
[0035] In various exemplary embodiments, oxidation may be accomplished by contacting

oxygen, e.g., (an oxygen-containing gas, such as air and various derivatives of air), with a
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[0040] In addition, the oxidation conposition nmay contain one or nore

hydr oper oxi des 10 ot her than cycl ohexyl -1 -phenyl- 1-hydroper oxi de generated

as a byprwoduwet2/36820he oxi dation reaction of cycl ohexyl benzarse)i1o478as t he

oxi dation product of some oxidi zabl e conponent other than cycl ohexyl benzene

that may have been contained in the cycl ohexyl benzene under goi ng oxi dati on.

Such oxi di zerarcomronent s i ncl ude net hyl cycl opent yl benzenes of vari ous

i soners, and bicycl ohexane. Exenplary other hydroperoxides present in the

oxi dation flg c6ApRIR éy'cf%ﬂeﬂy'i%h%@ abr dx@aple; oRasEdsO8ir tendsYed congiralda of

t he oxi dation _conposition, 0. %to no greater than 10 wt% or at | east

0.5 wt % t oarbfilgredto é@m@wéﬂ?a@cuiaw o4r thyt hagt bepe gerpprasso apdgaeledh & pnéepsepnd han 4
wt % of any Qnge QlatdNYr PRI ﬂeﬂtﬂegﬁl emche&: er: B)%J%@ﬁ(ﬂ) svelthe natural approximately 21

-phenyl 2- hydr oper oxi de; cycl ohexyl -1-phen %y roperOX|é) cyc

| ohexyl - | - plo&nayn aig thiguphopenehrane engehmany of ¢1o;9r>@g@1y¢ sepanatlmoﬂrwllowthq@mﬁw- 2

- hydr opero I hy1l-3 -phenyl -3 -hydroperoxi de;

ZOCyCIogenﬁmﬁﬁih&Mgl?Bﬁg%ﬂ@d%%ny 2- hydr oper oxi de;

cyclopentyﬂMm6MEtﬁﬁbOMdphmnyWi@comymwdpeﬁenhdmw(uwuhghenﬁhcﬁdyﬂhém@ﬂﬂﬂ_2

- di hydr oper oxi.de; Iohe dro ;

cycl ohexyl 0141 atfon ca% its Ancéu ¢ Ih%drog bX 1tuted c%ch]c 6m1ed)ré§ y(iseri Ud§ Pz'ltent No.

perOX|
- phenyl -1, B72mnﬁydﬂﬁ@emombdﬁmaeydwkmphﬁnykﬁﬂm}ﬁnnhyhm&mphemyfeﬂuaﬂe N-

and tyc | o Eheprnifieny: SIS SRS e. | DoREP e

r eact onousagirbomphihbemis) eathbomoat- hﬁ&r@i@h&mmhm,n Zeerraaﬂorb-mhydrbmhmmudﬂbl on
react or, be a e ea tor. ha ows. f of oxygen
o oyol ohoRPBERIBHEEnd RO RTHEHU. oftReeaURf i Biov 0 Moty of
oxygen and 1chﬂn@mﬁwhmnmmlﬁ}@r@fy(@edm&m ammda)t INON'- diBAR Sy s zdpAEn@¥anp! e,
t he oxidation reactor nprise npl e, |argely. open 30 vesse

cont ai ner wth? atetEﬂcgrtmeﬁt (S‘Flmi‘dr?P eth- hmrwfméﬂ%e%e rPy&IS‘ﬁ‘F éﬁnqh??gb%m@am%

line. In Vﬁﬁdr@kﬁu&ﬂ@ﬂdﬂe”ﬁﬂﬁyﬁnox%&@taﬁé‘ irfiad)l Ry IRAGISOorBRYenR2VEHiIBRBSmIdR,
wi t hdraw and portion of its contents through a suitable cooling

devi ce léndewﬁdwﬁr%ﬁé -@abiredo[RarithephSvee-2 Auliqepbgstgde. t her ebyN-hHuda¥i-#ig t he
exot her m Cb&é{o}f&antehez 91%51{1@:&&% re}@%&&r@& cifiat Vﬁ&l@ﬁéﬂeﬂ@ e 819%6)89110&0' '1\‘-f

providing indirect ¢ooling, say by cooling be operate
t he oxi dat hﬁﬂTOX}@a@ltthﬁhmlde@mlm/S@B%ZNQWKIBQ@E@%@@@O@@MEWY 206P®15dt o

remove thep %?%?rgfl tg %lfa ¢ id - Wd%ﬁpﬁﬂﬁ%we%%th& nGi éaﬁ?fé dabi,QnisngaEker may

conprise a react ors series, each conducting”a porti’on of
t he oxidatﬂdndnaaabmmmuunpuionalIy operating at different conditions

sel ectsg t uRghane e AKLIRRLON LEPRLLQR o fIRoRETS LOSLiSONtSSken

range O hex €nZene or o & 'oxi"dat’i O
react or 5 nalycab@nit@ioer atdefhrther canttatusbd ass Bauid-phdse, Hnonmgelmom cnalpus of taavberanner

wel | known to thpse s n the, ar 0042] At S rti of the
o dat 1 on ompuel et o € b Rt srbe R R e hudelF ol NiaRkiay
[ nCLIUdedal hutﬁﬁtu&@rﬂf?clfchﬁﬁdd @nhON, N' INe-t:0b] delixty 1s 06y ag @ iR &l YSIefmplo@Sd Ghi d’neaﬁiﬁdulyt

pr oduce t hout u ing a paratio e.Jg. nme fraction re ting
Pr om di ver PGS SO ot £ e hay PG <OATOT A dh vl St

pr oducesd t@wﬂ@@khB&QOSpOSItlon such as tenporary storage). Thus, the at

least a portion of the oxidation conposition may have the same conposition
as the oxi Bfn Eb¥EsHY enbndimeny. theeixidagpn reé?tloélc?ﬁ@lrwndteh%x%%oaét)li‘dd‘i*PnS

conposi t i 0By bIdbli&foh ¥oRliQsH GRAudBBY tHPERELO b&RBePELRIP NG CSaRIIRNLI Rvsc, and
an appropriate product of that separation (or separations g; now nodi fied in

conposi t i ofuhel gbeu Q0thEo WRIIEI0T Grend s pressis 06 Pl@% A0 &Ba &1 1&RA0 KPap o basiced,

may provi dgfihiealech@AR bé a@&rdttb%ac@ ﬁﬁ&uﬁ& ibgl%wdqas GRATRS/ fohﬁrhu%H?Jﬂ?eCt ed
to the cleavage reactlon [ 0043] For exanpl e or a fraction of the

oxi dat BOn evdyesi thh additzen, o Wews)phme@@md@dntmlycm Thea bjaeteaneadn tae rlaghingac uum
distilIatiBﬁdl&ng&ﬂ%ﬁgh&N@mﬁbﬂduct enriched in unreacted

[0039] Typically, the product of the oxidation of a feed comprising cyclohexylbenzene, i.e.,
the oxidation composition, contains at least 5 wt%, such as at least 10 wt%, for example at least

15 wt%, or at least 20 wt% cyclohexyl-1-phenyl-1-hydroperoxide based upon the total weight
-9-



cycl ohexyl benzene, and the at |east a portion of the oxidation conposition
as a residue 20 concentrated in the desired

cycl ohexyweol20236821- 1- hydr oper oxi de t hat may be subj ect edTius2@ 10kmBas age
reacti on. Cycl ohexyl benzene is essentially a diluent in the cleavage
reaction and the neutralization reaction, and further is not a good sol vent
for nost aochmhrsat7alpsts, particularly sulfuric acid. However, distinctive
fromthe Hock process described earlier, it is convenient in the present

i nvention thak okiagidi conpBstio? RUildr %nﬁréstatnbl% %I Hati ANcHPTRASH Edrddinst RAL
wi Il undergo 25 the cl eavage reaction be of the sane conposi tion of

cycl ohexy| Bengethan #EWheor arizerater 810 €0 msos Pt ioomear thasti0yvipr ot gdaterthat i s

to say, it OBV ENLRMEr TR teybIBRSYL RpRAVL]

conposi ti o%b mﬁ’eng@ % t(groncen% &gttﬁl(grfy%)ﬁﬁék R%?opgﬁégéea%%)&ﬁée?%%e t he

aci d cat al yosal wosght of theduedeton epniptositipie c b eXIﬂah@n@mpwtmg radykiprthereoemese

cycl ohexyl e S Si nor npl, bQi, nt t he

startlné a?ﬁﬁ%bgﬁglﬁe %ﬂnﬁ%@%% at@%%&}%ﬂ%%ﬁ%ﬁ 30 t @b&LBpro s§n& Ile

withint heC@@peylba‘nzetﬂaén fhe @s@ation conpodifiann am Aoyt aﬁatlle:aaﬂ SOswetpya oadtileast 60

ﬁt t enpt ed t Acgrn?ﬁeggt%gt At (I;]reat F%%HB%%Y r at }east%%]/ I’fé{clgtrdbpmr’/mf)ase ugen ot her
ydr oper oxi des fron1c cl ohexylbenzene prlor to e the Cleava%e

reaction IkhﬂngMNmmd@mmmnmamwamnant very Iom1vacuun1pressure distillation

equi pnent , en I|ke uires. ver

20121 03632 WAl T 1R i SRt o P e PR BaFE s e

danger aas, othec tah rcoélbigslylt h@ﬁemaln H}&E@féﬂﬁ&ietgeﬁé}a@cﬂ ab hebhpydiapsr G icgRiation

[0044]Add|t|onall Qr alternatlveH% |l or %ﬁfractlon of the OX|da@|on

conposi t i offAH OéFYC Prexgbgnzeier e tsoxidatonnsedishfaras PYHiZhlorPnes Y fiemy be

cool ed to @RHTQcIChYSbalzbdcz@Bht @Ry Bivetrden contdipdaaGhEslclont:dfeR2né ahd@sbing
catal yst, which can then be separated either by filtration or by scraping

froma heaf*d&ioRangSkchs gridizalle (pompoRegtsemeluds neqﬁléflwl)@g%prﬂpqn%%ﬂ% ¥, VaEA
provide ani@hekeasd biyPBhdxaR) OfxchPRrPHRAtHy BRI GORDAS hlcl@D if AHYUCR A f I ee
frominide oxidation catalyst that may be subjected to a cleavage reaction.
[ 0045] A8 afoPPRsiior ishigt at least, pasgd omythe il pyeaght o the erddadion eerepastiioe.dhpwst 9 on as
produced ngy glJthertﬁaﬂbva% to?&’t 1&a‘§t VRLe, td’\@o's%}éd?& 13RS 0en oPQt%éa@BﬁwW‘ ﬁr%ﬁ%h an
adsor bent, stch as a 3A nol ecul ar sieve 0 separate wat er and ot her

adsor babl eg@@ﬁ@pﬁh@méw%aﬁdmppmmro@mnmhmaﬂl@aﬁt cmlqb@wythlcnhemfl “2thydrapgiogiaei on

conpositio i [ t th . ' 2d to a
ol cavage r SRyt QAR Soriac, DDA ARt Fln PR IRAAR, BRI B
conpositionwﬂay2mhdeﬁgdwanpﬂemﬂ@alIy opy@@g@b@éﬁﬁ@b@ésé@mddﬁoﬂpmbmmmesuch
as passage nat to 15 r dation
cat al ys§? Cyc Openﬁhg%}ethgfrl 163'?1 %n Lllr?h % g’ corrponcé’nFO 299 ntgln m%thg Bﬁe“§f5| east
a portion hf/drbﬂmomdfa dat t:ynhohemytﬂephehylom dﬁgldmpm‘omdle oXi dmloMyleaplaelny]st 3-or

eacti on.  ATSPHGFOUESP B LS B ab o ThIBaS Bontieray diEe TR ract i on
of thsoéhdgkhmﬂ“@ﬁ“ﬁﬁﬁ’tbﬁﬂﬁ?mgﬁtgffﬁfffﬁg?gfﬂ‘hhﬁﬁﬁﬂ“ﬁﬂn‘aﬁﬁ“?%mzlbaig
ig?bonate,anWﬁg?ﬁ?gﬁ gd@@@ﬂgmﬁﬁé@e conﬁP?S|ng‘§a@B@¥yd#m? '%ﬁ%ﬂ £2s-

oxi dat pben qa@aby@bmd@nd an organlc phase reduced in inmde oxidation

cat al yst prOV|de as an at | east ortion of the oxidation conposition
that may b&0%lbj edbetraster uied fadhe an‘édD apigpfiyelphexplbenzgigmhf- ethe PXIdRIRRIERt BN by
basi c mat ehiaglbe taféﬁ%fpg%meaé@r Hhstlbes ed 1hthdh&§&1rdT%§<y§éﬂ% ckABLIZOR, Nt
W)2009/ 02593 eavage Reaction [0046] As di scussed above, the process
i ncl udes cPExiHyr aﬁﬁcwa@sﬂy BIOBIgE CPRIREBE of By se% ek eyctherdbrysaiettp gHegtaha he
presence otmaﬁlo%%é%nsﬁt @J)ry&tamwa ﬁ@%gfa%@egdt&aﬂgg&n{p@'@@aIsfaﬂ)lénla&géw ®pen
conpr|S|ng the acid catalyst, phenol and cycl oheéxanone. As used herei n,

"cl eavifig" V%@@lm@m@m@rswﬁlgadls@l@ma@et foethe toxpgentagnigmeng stream in Hee. clnea@viage
reaction r
-phenyl-I-%@géggg%%gPﬁg&&?ﬁPrggg%np gégfﬁsﬁltﬁ F@%f?@ﬁ%@*&%?%?%?o g&anone
and phenol comgnds fhuoughes suitable atoheg dayide @pfbrrmmnd‘@s Evled gnttion tol thdeewtpose to
various pr yssed 1,0uUs inents,. the,acid
cat al yst |§lget% Hé%lg%l%% %58 hI%leg\évf {)ﬁl% da{‘ %aftéoélvagggggggl?' i %)On0 h% ﬂs re,
st abl e at aroveliqendtdast @ohﬁg,aay l:b}e:az@hngl@&@r ang bhaseraed vzmhan theadxatatibn teyctor
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WO 2012/ 036827PCT/ US2011/ 047848 2010EML72- PCT (hi gher normal boiling point)
t han cycl ohexyl benzene. I n various enbodi nents, the acid catalyst is also
at | east wenvi2i3bse7sol uble in the treated cl eavage reacPCONSHON0UTSES

[ 0048] Acid catalysts include, but are not |limted to, Bronsted acids, Lew s
acids, sulfonic acids, perchloric acid, phosphoric acid, hydrochloric acid,
p-tol uene sgiorami7e-raet d, al um num 5chl oride, ol eum sulfur trioxide, ferric
chloride, boron trifluoride, sulfur dioxide and sulfur trioxide. Sulfuric
acid is a pyRIRVE el RAbhc&atA! Y$ bihel QDA hty Md KikhiENRABIBAY Sompi& a

cl eavage reaction mxture contains at |east 50 weight- parts-per-mllion
(wppm) andPhirligr efieeqtors fayerisd Gachgopiicong e wertigr jof thezxilajien reagiiongeptiosdlst 100

wppmto an gpérgi%gat %1%@@&3 rcoﬂ(ﬁf%hﬁ 30RQ 0P Qﬂha{?cre @L okRAR taQioNRP M Rk NO

greater than 20 wppm of the acid catalyst, or at |east 300 wppm and no

greater thaenves00 rapgsmichcloheytbenaine ar axygse, orbatiedh esbn Thotoaldatieni hctoof t he
cl eavage rﬁﬁ%tﬂeo kLM LbarliOWRL b AcrY 3% 'CS’IHﬁluS&SOff&L RS \P&hmﬁxrrg{oeﬁl%&t .

i nvention, the cl'eavage reaction mxture I'ncl udes cycl ohexyl benzene in
an anmount ofillgtinltlesst 50 Wt % or at |east 60 wt% or at |least 65 wt% or at
| east 70 06 Or | east 80 % or..at | east.90 w % base on .t ot al

ver ot o 1ql2RL AL 1GEAS hodn M 18 Sligdtn LERBER H'he PRRERABA AR
hi gh anpounteactafh, eypahohgx jnchidazbBne sometfretial efvageidadac tompositiox tadrdirectly

consi derabl y .hi gher than cunene in the Hock process terial undergoing a
cleavage. r ebebedTpl RSB S et R r R a e Eh e S S
more acod eabaltystthd oxidhtioacdontpositicl eavagely rigadiictdno hivalier tdipbdadn, ¥udhehd eved
optimal in the Hock gro ss, to @t | east (éoﬁfan%iall overcone the

i nsol ubi | i (PSR HEragD; aliufy thpat it vegion, dhe PRSPPI IoBgIRY Ve thoner
anount s of sakd dohigdsaod Sds 1B YoxRRtiGP Rbipskition. t REIRF,HPBE sbiy &Tt th® Moxidwidnh
appropriate addjtional cleavage reactor volune and resjdence tine of the

cl eavage r EHERIBIRN i il nroflufremay gadPaeO el cPYF SERIT R RIAI AR gppropriate

hydr oper oxpRgu @RI $haBEonl BPRRArh MY AhdW YR IR MR Bion FMRIVE LRI RGN

reaction occurs_under cleavage conditions. 25 Suitable cleavage conditions

i ncl uddda canpsitign asedigetlytproduged mYCPENHenBe gt dagserr porten 200 osidatign | east

40C and no, Iih sthfRRd 128 c1caRg: Rafiofgssure of at least 1 and no greater

than 370 pS|g&?at l'edst 7 and no greater than 2,550 kPa, gauge), or at

| east 14. 5[4l no Fgreamele, allhan fiedonpdithy oxihatiorecesposioo ardetly ngedeeddanay han

1,000 kPa, . e cl.eavage r L Qn. mi;xture. d 0 y or

ot edorr nanf Ty Heeieh el b e R dEHARRDE RRek; Aol ek FOMRELE
cyclohexylbenzene, and the at least a portion of the oxidation composition as a residue

ially

20  concentrated in the desired cyclohexyl-1-phenyl-1-hydroperoxide that may be subjected to a
cleavage reaction. Cyclohexylbenzene is essentially a diluent in the cleavage reaction and the
neutralization reaction, and further is not a good solvent for most acid catalysts, particularly
sulfuric acid. However, distinctive from the Hock process described earlier, it is convenient in
the present invention that the at least a portion of the oxidation composition that will undergo

25  the cleavage reaction be of the same composition of cyclohexylbenzene as the oxidation
composition directly produced. That is to say, it is convenient that the at least a portion of the
oxidation composition undergo no concentration of the hydroperoxide(s) before the acid
catalyst is introduced to it, because the starting alkylbenzene cyclohexylbenzene has a
significantly higher normal boiling point than the starting alkylbenzene cumene that is found in

30  the Hock process. While within the scope of the present invention, any practical separation
attempted to concentrate the cyclohexyl-1-phenyl-1-hydroperoxide or other hydroperoxides
from cyclohexylbenzene prior to effecting the cleavage reaction likely requires inconvenient

very low vacuum pressure distillation equipment, and even then likely requires very high
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[ 0053] Conversi on of any hydroperoxi de, such as

cycl ohexyl - 1- pheny1- 1- hydr oper oxi de, and conveniently all cycl ohexyl- 1

- phenyl - Iwbydr2opes2oxi de and ot her hydroperoxi des, is gemeralsbyi1wersys hi gh in
t he cl eavage reaction, e.g., at least 90.0 w% or at least 95.0 % or at
| east 98.0 wt% or at least 99.0 w% or at least 99.5 % or at |east
99.9 W% on1oewe2ier WO 2012/ 036827PCT/ US2011/ 047848 2010EML72- PCT wt %

t he percentage conversion based on the wei ght of a given specie of

hydr oper oXi&lgera@lresOfthad! éouﬁy%ﬁlﬁgeé@ﬁkeroﬁs - RReMYdIrch - MO RRESHpARANGr Qicher
hydr operoxi des present in the at |east a portion of the oxidation

conposi t i oRYURRREY*d¢Sng t he cl eavage reaction. This is desirable because any
hydroper Oxjgay eV anakifeE Ly, o o BREON driVEkARGY AtlfiGiobeFaES a S
cont am nant in the cleavage reaction m xture and treated cleavage reaction
m xture, dedtgiged el omunHyiiilgion axtidie smayabs eoakvdwsiauedicrysteliiasivn i ke n
deconpoged e 0 ctli

it hor ol 140 HAE BRI SRR URACER, B 9 Wil ERF SRR A T

[ 0054] The najmong fperodhedt sxmngehwrbb@w@gmffeqahet ¢rpvialbifatioy @hdproxylt an 4t least

- phenyl - 1- 10_hyd de are.phen cygl ohexanone, ea whi ch
general ly cg%lro %{sé%gbélgixﬁ%cofn 0% g 8%083 eyf%om1 ltglﬁtoxﬁigﬁotn Ca%B’ tIhaté?'flyvvt% of
t he cl eavagesubﬁateﬂltmlmvxgeuezenomuch vvt%based on the wei ght of the cl eavage

reaction i ve of unreacted cygl ohe benzene an i

Catal yor. 1085 T SotBiny S all6F R B Y B N SRR S Rergbsny ¢ han
3ﬁ wt ;%;10 or b&ioubjetled @6 e/aﬁeemsihh@mna ﬁlempafgsagérthﬂa@glgatmtlts@berﬂ Jsach abo3X mbleciihi% of
pheno or it may conprise e % or_ at |ea 3 w% or at ast 5
W% or at SF¥a g/ewawv%teﬁﬁ&%&her %é%%é’%?@?&?ﬂ‘%qs i YR 15%‘1‘“ ‘l‘tH%aS‘c‘l‘ B%R}%‘b%fe
reaction mnetdxﬁ@tlofudsrﬁmﬁmn W@ Cheay agRr beasitlk @Bhtéﬂt)fﬁdﬂrnﬁy%y s@gEgRIdl 58 NO
greater than 30 wt% or reater than 25 wt % or greater than about 15

W % of cycFléﬁVé‘%%lFRﬂFFém o$m1ﬂﬁr>mﬂ) A hpirgtign o4thg erdion Cmp/emwrl R Ygep B wt o
or at | easEhe'?‘m&ﬂlﬁor Qﬁysfétall)zgis&ﬁ%oégoﬂ\ﬁsl{@h%%g% PRBed HASEHMMArboRdt@to

wei ght of the cleav (ge reaction m xture The cl eavage reaction

m xt ur &3 mayeHaye thedmidegrrstetieecayst @@&théPlioramerr@ésogbaéEtcemp@mﬁ g nfRM9de or at
lleast 0.5 %gaspr&ﬁ@Iﬁ&feﬁle SH@Rod C(‘Mlp@sltlgﬁ reﬁﬁceld%ﬁlgia{]tloﬁegals)ﬁ oBhRatA Qrf)aﬁ')?en S
w% or at least 1.5 and no greater than 3 w % of any onhe or conbi nation of
cont am nantomhyquemdantert thed s b@rsulmbﬁéedtt@taaqleammegmctlmf Amehqupewéﬁg@pareml on
m xture. 2 7

bypr oduct ™ ﬁlrrrgjlgésl %fél%a géege a Ble%ﬁ%/gt}longo tﬁgg%lg%ﬂaogacg%lpgs?ﬁog%gpgﬁ%e ﬂﬂgr ar bon
conponent ionttilieg @l @amagdl peac tieousTiolttiomeofom tlkdi metd rcatborae oc Ihedmg@e

m Xt ur t hat . 0 n,.phen

cycl Ohgg)( an Sahreoréhegg)cttorqqoﬁe ueg ) rpl}l?lse’ comfﬁtémg% Al ﬁtﬁl t\%an d¢ %)S(d;anon L4 lyﬁt gncpa
presence i nryamatpesseaedieed erasrmde yomlhﬁbrod’:ataim |prce/nhepraschmca1 lmemq)bmam@f the

cyclohexano from 30..c hex ben ene, or t cause difficulties in the
S oarnt | on SRdaso iR ShCFY I BPICE B ohe s a BT ol  Ahverieh of

cycl ohexyl bgnaz@ne, byobaso Mateddibirgp@hednist bcleell A casiatidonaR M pplitatioh €No.

cl eavage rﬁ@%}'ﬂ%& 'ﬁture or the neutralized cleavage m xture or any
portion th 53 ave been produced in any elenment of the present

i nvent ben, (MWavhigyRRMEn Deen contained in the feed corrpri si ng

cycl ohexyl benzene under goi n%) oxi dati on. For ex
2012/ 03682 11844} Us61diryased 4 %beMWSSPePIUQescaWﬁ\aﬁg ﬁaﬁ%%hﬁyp%féonpp%é@nt in

the cl eavaggdiRACLInPIsibXiHER FSsccd §SHH Em@fcaﬁl}‘é‘t R prdBice epgleav(agé rdabtih@s

i ncluded with the cycl ohexyl benzene (e. as a byproduct of production
usi ng hydr aaw@campaﬁn&ﬂleaplﬁwa{ywonl)emﬂ(md)cyplph%agonsr ddueebhargin.oklegdpg’on of
the feed coupd c%hs’i'xg% &M@A@E@P&X&Qﬁ@@g&ﬁr I%Qﬁe QOLAS lealtoY, a&'fb%st%o%n‘ &rt‘heOf an
oxi di zabl e co nent from(i); S(itt) 1t was produced in

cl eavage r ées@r@d oy cddhegtl- 11 1@@911 lahwmpteroefrﬂeofwﬂhée@md@t |1@nhtgbrrp@sqtltVitbnt0

cyclohexanone and phenol, and further, any other hydroperoxides present will decompose to

various products, discussed below.
[0047] In various embodiments, the acid catalyst is at least partially soluble in the

cleavage reaction mixture, stable at a temperature of at least 185°C and has a lower volatility
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from(ii). [0058] Exanpl es of contami nants in the cleavage reaction m xture,
and possi bl e anbunts thereof, include (weight-parts-per-mllion (wpn and
wt % ar e baieediaupesr7t ot al wei ght of the cl eavage reacti orCEUS2oI®Y7844.0
water, e.g., at least 100 wopm and no greater than 3.0 w% twel ve carbon
two ringed hydrocarbons other than cycl ohexyl benzene, such as

bi cycl ohexangrsyharexenyl cycl ohexane, andcycl ohexadi enyl cycl ohexane,

cycl ohexenyl benzene, cycl ohexadi enyl benzene and bi phenyl, e.g at |east 10

wppm and NenigHeab/hal thdah :’po@nt)’\@hﬁh c§a61lfex9meﬁz@né omlvanc;ké eﬁﬁ%umh@dt@%d
unsat ur at ed ket ones, sucﬁ ent anones, net h y ycI opent anones, hexanones

1 phenylhé%ﬁﬁﬂlsﬂ%ﬁ%kﬁﬁdm@wﬂk9@um@H@&?Fﬁ@%ﬁW%W%EﬁQWU@h@W?WéycIohexanones

and phenyl pgigy! C)&%i&%&%ﬁ@ﬁ&&% biff 2t not Ahitb ERSBrohNed Y sQ&dQEﬁ?&nﬁ:r than
4.0 wt % each or in total cycl ohexyl di one(s), e.g., af 10 wppm and

no gr eat er a¢ifigmerehioriqpon, iphospbbee acid, hgdroplgsc adidim- t@kle@@mf@mc agudsdtlmrnatned
hydrocag bo@t?lon&ey %le‘uﬁq ?{lﬂlracﬁé!;%é CEemE”chl% H@'b%?&n' t?@lﬁoﬁ({leélﬁﬁ% db&méf}n‘assul r
e, han

cycl ohexen n1an no greater eac in
total; cyokmhbxénﬁmﬁnaubsapaﬁﬂhéa&ﬂcm@Wprn1and no greater than 1. 0 mﬁ@b

cyclohexen g ), ohexenone ar c hexenone | east
10 wppm anglﬂ)g ﬁo érll’ \éagimel?’ er{ll?_l meiltsmxhe cg) avaggg é%actlory MIXTYIE {coqtams at 1&astS0’ welght

hydr oxycycbmts@e&mmie(l $Wppnd). apd ,no &freaked dsh 5000 wp]plmoﬁﬂd antd gtabat, er attlean1@. 0 Wt %

t ot al b at | t
and o gr P8R 1t Ao PogTEs e 4D S et TS istinn of ersaREHan oL
e. ., lophempymcy (ﬂheodtﬁi(&wws-t QJr ,at Ragp36m yppmcing ine>gaeme1mh 1580 wppm of the acid

30pheny|cyc|ohe h | cycl ohexan- 1- ol , e.g., at | east about
10 wppm an§? ﬁléSSté?aé ‘E’Pnf‘ﬁg ﬁx@é&le%&éweawomnfifaf WO

2012/ 03682706601 USZO +dhdaéd Mgdlgﬁﬂt@ EMki{e? pie€eht invention, the cleavage reactlon mlxture
cyclohexylcyclohexanol s), suchas1-cycl ohexyl cycl ohexan-| -

| ohexy! cyc McBHexaRlohexyfbenzgne i an amonahafiag [past S8 makass-at l%ﬁt 603«4&) at @Q%ast 65

| ohexyl cyc wkphspaabhst 70 wto€ ot 1ea@t80l RS br Qe85 Bafd uPERtE velshiadt tle O
W% each or in total; unsaturated alkyl oxygenated cycl ohexanés, such as

cyclohé§en9kw@9%ﬁ@%@2ahﬁp@ and
[0051] As a result of potentially high amounts of cyclohexylbenzene in the cleavage

reaction mixture, considerably higher than cumene in the Hock process material undergoing a
cleavage reaction, it may be convenient in the present invention to use more acid catalyst to
effect the cleavage reaction than typically believed optimal in the Hock process, to at least
20  partially overcome the insolubility of the acid in the cleavage reaction mixture. However,
lower amounts of acid catalyst may be applied in the present invention, with appropriate
additional cleavage reactor volume and residence time of the cleavage reaction mixture in the
cleavage reactor to obtain high hydroperoxide conversion.
[0052] In various embodiments, the cleavage reaction occurs under cleavage conditions.
25  Suitable cleavage conditions include a temperature of at least 20°C and no greater than
200°C, or at least 40°C and no greater than 120°C, and a pressure of at least 1 and no greater
than 370 psig (at least 7 and no greater than 2,550 kPa, gauge), or at least 14.5 and no greater
than 145 psig (at least 100 and no greater than 1,000 kPa, gauge) such that the cleavage
reaction mixture is completely or predominantly in the liquid phase during the cleavage
30  reaction.
[0053] Conversion of any hydroperoxide, such as cyclohexyl-1-phenyl-1-hydroperoxide,
and conveniently all cyclohexyl-1-phenyl-1-hydroperoxide and other hydroperoxides, is
generally very high in the cleavage reaction, e.g., at least 90.0 wt%, or at least 95.0 wt%, or at
least 98.0 wt%, or at least 99.0 wt%, or at least 99.5 wt%, or at least 99.9 wt%, or even 100
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5 cycl ohexenyl cycl ohexanones, and net hyl cycl opent enyl cycl ohexanol s and
nmet hyl cycl opent enyl cycl ohexanones, e.g., at |east 10 wpopm and no greater

t han 1.0 wo%p12¢868270r in total; al dehydes, especi al | y pCcpast@anaisgs
hexanal s, cycl ohexyl or nethylcycl opentyl al kyl al dehydes, such

5-cycl ohexyl hexanal, and 6-hydoxy-5-cycl ohexyl hexanal, e.g., at |east
1010 wppm aphpnoiateat er than 1.0 ww% each or in total;

1- phenyl - 6- hydr oxyhexan- 1 -one (al so called 6-hydroxyhexanophenone), e.g.,

at | east 1QAPRRHARLht cgﬁ\%?stlcﬁlrbagéﬂadﬁ tfle @el‘éﬁt/&f a given specie of hydroperoxide, or of
1-cycl ohexyl- 6 hydr oxyhexan-1 -one, e.g., at |east 10 wppm and no greater

than 1.0 webgyclphenylol eheélgkbhgdml@r@lde %nd ¢theydrydropergiiden aRePnhs e aalesst & han
1.0 wt % eﬁ&lﬁoﬁ of 'tlﬂe )gaﬁion C%H‘%OSIA&I ul?de@éq{ OffE, %{Ia%% rg'fctlgn’ TR fé%%%ieed

hydr oper oxi de) . |n1t|ng xampl es incl Sude: the desired
cycl ohexyl btcapﬂvenlw -hydﬂqy@mséﬁer oxhdide artphetyd 1 ohphet-1Hydroppekidsi b@@rnswh as

ggg: 822%: +ntﬂﬂ1eny31m§ g{ %Q?Ja&xdngagmu?é/ Qd‘%&%é{ cfe Ya%?%ﬁ&%onﬁlm?%gé 9@8{59

per oxi de; cyc |lop enty
- hydr op er bxlbdge, Hw@cm#@@mmnmmﬁ1mmmmmﬂymm®wuphdmykb@nmdeiommemo%mdeumhyc
| opentyl-1- 1-1 -phenyl -2 20 h dr ero t nmet hyl-1
ooyl -3 ERpEEaRsUP IR ey By HEiP BRRT oo PR 0k Kl
cyclohexylahmphammbemnﬁ:dihydroperOX|de cyclohexyl 1 - phenyl - 1, 4- dlhydrop

er oxi de; tyl-1-net - nyl-1, 2- d|h dro )er o | opent yl -
- methyl- ZY@Wéﬁ e[” ?Bm_a]&f hV&E%%Se thl?f le@y%gel 6%30 cyc olgexyl f%ﬁenyf)?

ent ?/1 10 mhﬁ}f&p&o@cﬂlﬁﬁw bhﬁwﬂaridcﬁyhlj)ﬁé)@gorg[ each de Whg:h generally compr1|se about 40 to
cycl opentyl eny er oxi de ., at 25wppm
and no greé‘%?g$ﬁ% @%@h 'y E@Efﬁwmgf5@@§P$Wémﬁé§€$dw‘U?@W

ef fect theogkiRavaGR of ﬁh@-@teh@ge (dac@on, mixtuee @ﬂcﬁﬁib@@ﬁuﬁr@@@éd%&loﬁ@%lb@ﬁzeﬁ@ ¥nd Y pe
of reactor known to those skilled in the art. For exanple, e cl eavage

reactor majcibeatalyyi npl e, Iargely open vessel operating in a near-continuous

stirred tapjpsspactrgé cRefe @ictidn %ﬂﬁlr@ m gpc%ﬂlplrﬁé"QB hor@fterPhBE 30REPAtND 1N a
near-plug flow reactor node. In other enbodi ments, the cleavage reactor

conpri éés arepieuthan P4 ytof ormeeqatsy ghap ﬁb%"érlﬁ &4% ok abenop eF ftoRaicaBPES Qb I tdn of
the conver gian, r£a6ti000, %Ptaﬂ 1e5ek ko opek ak9 xkrtl% sehbep&rd om@ﬁ%veﬂg[ﬂﬁoeiat

di fferent conditions selected to enhance the cleavage reaction at
pertinent d@n@l@qvggmrﬁaﬁmg@lxturn ovethenritird Plaeaee reakidore heyiggeay eepige 1os a

catai ytic Gkt WA PR ANl no fRd Ul 33988/ S To gﬁ%%lll[}ﬂﬁ?aé WM PCT

[0060] I n various e eavage feacto era to transport
a portion ofcldzhwearxoomoenttmaﬁ dwrwmigmatdeasobw%gomwasteﬁ atvd, crret lenst Stntgo, 0oel ed

2F;;nggt?gégﬁoon@aﬁﬁgﬁmmgf Séd&}ﬁﬁf H@ﬂ@&; %grm%ﬁ&% ermcity of the

524 0F
adi abat i cal00#6] | n Thaeleemgedeammt mmmelmaygfuctberl csvmppeer a1tl|e4rsg Owli ztridl o prager

cl eavage Sr.eaq @ rﬁrn¥§F@ eat . B 2“59 10 g% AL beast a %B%ion of
the ol eavadirAlaers ke hiEY Beomiy B dTL I ER pte :
wt%, or at least 1.5 and no greater than 3 wt% of any one or combination of contaminant
byproducts based on the total weight of the cleavage reaction mixture.

25 [0057] As used herein, a “contaminant” or a “contaminant byproduct” may include any
unwanted hydrocarbon or oxygenated hydrocarbon component in the cleavage reaction
mixture or the neutralized cleavage mixture, or any portion of either; that is anything other
than phenol, cyclohexanone and cyclohexybenzene. They are unwanted because their
presence indicates a decreased yield of desired product phenol and cyclohexanone from

30 cyclohexylbenzene, or they cause difficulties in the separation and purification of phenol,
cyclohexanone or unconverted cyclohexylbenzene, or some combination thereof. A
contaminant in the cleavage reaction mixture or the neutralized cleavage mixture or any
portion thereof may have been produced in any element of the present invention, or may have

been contained in the feed comprising cyclohexylbenzene undergoing oxidation. For example,
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neutralization reaction, which may include all or sonme fraction of the

cl eavage reaction mxture as directly produced w thout undergoi ng any

separ at i omo(2e12¢n3¢8230nme fraction resulting fromdiverti ngcsarseoianwisag of the
cl eavage reaction m xture as directly produced to another 10 di sposition,
such as tenporary storage). Thus, the at |east a portion of the cleavage
reacti on nmpgiomnel meyThave the sanme conposition as the cleavage reaction

m xture. Further, all or sonme of the cleavage reaction m xture as directly

produced mMayoMRAHRRAABNR REschOh hSQRRLAL leiion nARrcAR BRI Oh&bemBleaguct of
that separation (or separations), now nodified in conposition relative the

cl eavage r €adt Wemningjudedsvitha8e gy¢leiexyDegersd(seedas wrRyPpdesyof@radyetion ufingast a
ortion of a th 1.xt | eci t Lization
p @%@gl&io@l éﬁaglﬁ%tg@?i gﬁm %’% gg?&cédlﬂi eciugchnt O IHRCrALYLAAsiIZR

reaction. I'zation ' 062] As di scussed above, the process
further ineydeesylhevercapidziotytially theasidationgdpr poidizelfle compdnentdiosatinged/or
reactiog ”Kiﬁﬁ/fﬂ Whas oh{?cr?g D@ L TBE Rlab@ln JrQt £ Thribh SHhE IxGhEABIBoSifACT | ON
m xture. | ari ous enbodi nents,” “neutraliZi'ng” means causing a

neut r al i zafowr(iif.eacti on to 20occur. [0063] Suitable basic materials include

al kal | et aloshydr 9l dgs, 304, 0k 48R i ALY LACLR RS YT Xt e, and
oxi des, su as so |u%1%y roxi de, "po aSS|uﬁ%hy§rOX| e, ‘mag eS|unfﬁy§roxide,
cal ci um hy dreaxf, de:lude diveightrpaotx-ipekemlich (ogopmiandryds axibaed ufadiotainvaight g@olicassi um

car bonat es GQ%’alsq.be.Ufﬁg, optionally at el evated tenperatures.
25[ 0064] | n“VAFFLIFE“'ENIYE"ent s, the basic material conprises one or nore

of I a gauUSki GvaCHANGeeakEIDD Wphth Gid no SHafe@ak 3l0GR%EXChange resin); anmoni a
or amoni um hydroxi de; a basic claé_such as |inestone, dolomte, magnesite,
sepi ol ite AndWelVE veaiRon, i oagifngsdathadrosabdisnohed /e ichgehegrihenzgncactich ated

carbon; an anjQRicfeG¥EhangecifiRREMicyeldhtkaRS @ WRAK! Yo RRALGdANCRISHIRNEE
resin having a’styrene-divinyl bénzene polyner backbone and an am ne

functional 3CyelPharenibaazens| ectobexafliconbereicHdy DiphenyRig. ot leanRD wiitiepd IR | s a
hydr ogen or %?mﬁﬁ%%h39f&@&§&9ﬂ%%ﬂ%kLg 1 to 20 carbon atons; an am ne

pol ysi | oxane Tunctionalized wth ethyl enedi am ne; an organic basic materi al
gr af t ed5Sonemnisetuoypnlr cnd onsatmegap okcomss, Metcl asXx ipcesones, herwrthglcgangentanoi@sgani ¢
t.he group of

sol i ds, such a5 ze0l it a5 axchanded with o, net gl selected fromthe ar.ol
Tt hi um SodlRBBCadsT O b artrt eSS e EF Ut o Bk YR SER B um and
radi um an oxind@hafylmd12@lopedas2s RGT/AWEAXINY OEpiB48d no greater than 4.0 wt%,
each or in total;
e cyclohexyldione(s), e.g., at least 10 wppm and no greater than 1.0 wt% in total;

20 e less than 12 carbon, unsaturated hydrocarbons, cyclic and acyclic, or combinations
thereof, such as cyclohexene, e.g., at least 10 wppm and no greater than 1.0 wt%, each or
in total;

e cyclohexanol, e.g., at least 10 wppm and no greater than 1.0 wt%;
s cyclohexenone(s), e.g., 2-cyclohexenone or 3-cyclohexenone, e.g., at least 10 wppm and

25 no greater than 2.0 wt%, cach or in total;

s hydroxycyclohexanone(s), e.g., at least 10 wppm and no greater than 2.0 wt% in total;

e carboxylic acids, such as benzoic acid, e.g., at least 10 wppm and no greater than 1.0
wt%, each or in total;

e phenyl cyclohexanol(s), e.g., l-phenylcyclohexan-1-o0l, 2-phenylcyclohexan-1-ol, 3-

30 phenylcyclohexan-1-o0l and 4-phenylcyclohexan-1-ol, e.g., at least about 10 wppm and no
greater than 5.0 wt%, each or in total;
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2010EML72-PCT G oup Il of the Periodic Table of Elenents treated wth a
netal selected fromlithium potassium sodium rubidiumand cesium a
support edwonroraissst7al kal i, al kal i ne-earth nmetal or orgaromaisadiiioe7s4@
magnesi um silicate generally derived fromthe interaction of a magnesi um
salt and soluble silicate; a salt with basic hydrolysis such as sodi um
acet ate, sogiomm75-fgicar bonat e, sodi um phenate and sodi um carbonate; and
am ne(s), such as a prinmary, secondary, or tertiary aliphatic am nes or
aromati ¢ agl ngsion&yf- . HbhdxASe) N DUkl afi ney cpabﬁerxg)ﬁyabﬁega@mones asuch
as pyridines, “pipefidines, piperazines, tri- am he I phatic or
aronatic di areyplekexslssclahaxambionn- ﬁ}é%ohlewlmithwrlael andhidreyslohexylayelohexem of
their salts lg)aﬂ! i Ys&d ptly, the basic
material is \g‘&c}i a%"ieﬁli?ag{ uc é‘gjlgs% gllpent/%irre ﬁ@ec@fpam ne or

hexanet hyI enansaurhtaé , alkythicxihgennted c;:gninhman@] kychaasacychdherenfyl oyaléleyamstsaafs. r. | .

Co d t D KT.
0065 St ¢ abI°CIE B baSRITGT Pt s ine MIMET B RBTLTNEL - BUTHER anfd es:
al kali on rretrﬁéth}ﬂc(}lcd)@sme@ﬂ kadloheeaneadst higom leat Bl wepth aebno @hdt@l thanaln@wt%,

al kal i ne-earth zeali «? transition netals, 15rare earth and hi gher val ency
oxi des; hydrc?f‘%h %rl"t‘&)é > cal cined hydrotalcites and spinels, specifically

hydr ot al ci besideh@Rl e@sp@bﬁahy aBerdsf! |heﬂﬁ{a@s| cgr%ioﬁgxyqedorf mmyhdyt:lfap&ml alkyl

pot assi um sodi ium cesium and nbi nati ons thereof; perovskites;

and bet a- al urﬁldﬁﬁgﬂepmelsﬁcw lohreybhayarsl r?é‘ﬁt6 h}tdﬁév Bﬁqueh%ltltwrml %% BABsor

more ofjpt he h'OQ%%d%Wg%&r%ﬁqrd\p@thdﬂollJmQ-totaPat ent No. 6,201,157. It wll
be understood that the basic material may be 20 added in the anhydrous

state or may lbgheayl-Geenybeol lutedalso talkd o -lofdraxiybexhorpbgainny clgasit deast 10
materials, p icul.arl ydroxi des and salts with basic
> P MYl DB R

hydr ol ysi s. nveni en i quid basic material enployed a
neutral i zasi dncyrcmhetyilﬁmyﬂmwﬁwarpﬂeﬁeretg iankeasntl ) mppmsmd ho g=atanthan. Oevt%:
di am ne as h%nbeen di scussed, has a rel ativel I atility,

nor mal boi i MG Fert Edpat st S VaB & ‘B%%fﬁatﬁfftx%fylc&%éx%?ﬂb%fd?é%@ an:,duch t hat
25 it wsll ot engldatpediibicd. % hhlﬂuﬂr@éﬁ:téaq{yh%&of?fd@ﬂLl@&n—l1rﬁ1t§1?Q§ﬁﬂH&nﬁnclude the

fractionation oper ations be "conduct ed on east a pOI’tI on of

the treated &G@Wa@@lqh@adtlrnbﬁ%lxwr@em&@ fed eonthar mydigesroxirefuperhbessi c
material . [0Q§§Lﬁé}ypﬂﬁhé&¥>9%&¥% rox1E1<1Je basi ¢ mRiGELA- ﬂ?l@%rl%nhd}d #Rlgeon

constant of greater t bout 8. -5 nmeasured "at 69] The
condi ti ons atcyqlhaxil- Hnéerwé&ﬁlb'@mpqra}ﬂﬁ@n CV@@I@M}’M nahd2fphend@; h}’droperoxlde

neutralizati ti v id ca a i r|aI
enpl oyed. Su%? gﬁ%wrllelu@ér}ﬁ L% Q{el}{%ﬂr’\g %@ﬁ%ﬁxgﬁes i nc{)@d}ég o Pg}eﬁ{?g% glrl%%

| east 30C, orhydltopbremét, 4:®ﬂ‘ppantyl—atm¢th5dsltp16@3@ 3- hydrmerdxehstcy@mxyd}ﬂ pat:n}ﬂeast
70C, or at I. bl.e n I

conditions i ng%sala (ggpetr&ld %%1&%@’1 &I%hyl%gghggr%b%{gmh 6%0% ?’1 nél%tn?llgg%'er

t han 190C, Ordlh}drop%xﬂl@lZé)@:&@)Bﬂ?PCﬂeﬂBB—Q bhér@rﬂ&%hmgﬁﬁwmz %Topgntghler

than 180C, or reat er n 170C,.. or no greater th reat er
t han 150C, oﬁn%lgfp}%}g?z’iﬂl H9EE % no gr eat @FIP gﬂ 1]?:?6t yl- 'Pher%l 8? eat er
than 120C, ordidrgeeaider cydamentyl-0Tetion-2nheglylat- ﬁhydrhpﬁﬂoﬂﬂh@(é g Fur tlbar ,1 t he

neutral.Lzation condition t ratyre may.be in any range of the
af or emént i onePHk élroﬁetﬂeéggm a/ f il

[0059] The reactor used to effect the cleavage reaction (i.e., the cleavage reactor) may be
any type of reactor known to those skilled in the art. For example, the cleavage reactor may
be a simple, largely open vessel operating in a near-continuous stirred tank reactor mode, or a
simple, open length of pipe operating in a near-plug flow reactor mode. In other
30 embodiments, the cleavage reactor comprises a plurality of reactors in series, each performing
a portion of the conversion reaction, optionally operating in different modes and at different
conditions selected to enhance the cleavage reaction at the pertinent conversion range. In one

embodiment, the cleavage reactor is a catalytic distillation unit.
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5enbodi ments, the neutralization conditions include a tenperature that is
reduced from cl eavage reaction conditions, for exanple, the tenperature nmay
be 1C, orwbQ@p12036820C, or 15C, or 20C, or 30C, or 40C | owemr/ushan/ oytses
tenperature of the cleavage reaction. [0070] Suitable neutralization
conditions may include about 1 to about 500 psig (5 kPa to 3450 kPa,
gauge), orahewnti72®dmo 200 psig (70 to 1380 kPa, gauge) such that the
treated 10cl eavage reaction m xture is conpletely or predomnantly in the

l'iquid phaggedur i m9virldes @ﬁ%cﬁﬁlaﬂt@ Qltié Qbavh&AChItaNs op IR spdreRbSHofbeavage
reaction m xture may include cycl ohexyl bénzene in an anmpbunt of at |east 50

wt % or at theeqstentsdhrapgh a epoligg dpwuessendgstugy the copledportien dq thplagyage r@ﬁctoax
| east 80 VWhéfeb9 n%lh? exgtger\%c[{%/ Hage %ﬁg@eaﬁﬁoﬁl A\i\@fngp\tel)pfthet Ilagct&rrﬁ
ure

cleavage reactlon eated cl eavage reacti on xture
may furt hebe oparpied sdiakaticdlyasln ane Errémdlmmt grdangeoils hpatating witley ther clegvageeast

0.5 and 1 %Et%ﬂ%)%m&%aaﬂggle%e/er%deat | east 1 and no greater than 5 w% or

at | eas er "t han wt % of any one or conbination of

cont anm nan{006¥pr o@mdt:@t kasetionrftthe davade mt@htmqurt heayc be avbigeed ¢act i on

m xture. neu%ilzeatlgr? rQ:ta {gnn nlE:h D U)E nc ug atllForaSQd tfra& 101 0?81 Qxlfaee ?‘era{gu?ltn%x{ n. the
treated cl eavage reaction” BPSOPRAASINST BS CrEEh FeET A ai |
above for thdiraklegvalyecd @ﬂh‘ﬁut andargoiiig) miey. Sdpﬁra'g@nm@J SO mmlamsmlang from
byproduct i,n the cl eava reacti.on m xt rewi not si,gni fi cant
conversi onY ﬁmP%&O‘P?&f‘P}OgP‘i 2@31 ﬂearvé%ecf‘*iaﬁf?n T‘B‘é“f%]aﬁ rf‘“\?“éE “%Qg‘ﬂpﬁHB

enbodi ment gispdshtiennaidh hatenpatahOftota@AC tTheY) the&UbdsSa portibhef the cleafade MAkii@n of a

conpl exati on rodu uch as an .acid- ic material .salt,_ For | e,
when 25sul A & ’i‘e P REIPASTEA aéltg%‘ﬁeavagfsrffﬂ‘f&o%ﬁ‘&i‘}“ﬂfﬁw Ryrden 8&@? t he

basi c mat epf ﬁlb,clééladg@rreacﬁdﬁﬂm&u&@|a§ dREctl§ P duBadSkAyf alid@rgol\%axz%@ﬂaoré &pﬁ@ﬁdﬁé‘d t hat
is not soluble in the treated cl eavage reaction m xture;

met hyl ami n@nha ARECNSIAS; Riodrst &f thay Sepaéattoar{ﬁlr %fﬁar@T‘OI’(SEHQNH??CEﬁ@S@LFOP@O%%‘?%d

among ot hege1ARS ekl @v4z0 Mabfnaixtutd A kAl pl?@du§é21| BB Brobide &t kheapsdocbeavage
reaction 30m xture; and usi nghexanet hyl enedi

ani nead$ hesﬁ§ieém?éﬁrap%ﬂnr&léWﬁﬁS@kJé@WO@h@ZNp@E}@ﬂ%QW5o4 anong ot her
possi bl e CRERIENESion ReSetledr Med that are soluble in the treated cl eavage
reaction nixture. WO 2012/ 036827PCT/ US2011/ 047848 2010EML72- PCT

[ 0074] ConvéMibht | s disqessebahpivextht proaesp figthgt includessishutiglizeng a4 1ealea porbert efd

cl eavage rﬂ‘%lcél%a?rﬁ JW@&E&Hn m V%nlt}l 2 Q¥ ﬂlﬁgﬁzpeto bfgltntl %”EeaPJdOQHathage 9Jact10n

subsequent atlons (0] east a
mixture. In various embodlments neutrahzlng means causing a neutralization reaction to

20 occur.

[0063] Suitable basic materials include alkali metal hydroxides and oxides, alkali earth
metal hydroxides and oxides, such as sodium hydroxide, potassium hydroxide, magnesium
hydroxide, calcium hydroxide, calcium oxide and barium hydroxide. Sodium and potassium
carbonates may also be used, optionally at elevated temperatures.

25 [0064] In various embodiments, the basic material comprises one or more of: a caustic
exchange resin (e.g., sulfonic ion-exchange resin); ammonia or ammonium hydroxide; a basic
clay such as limestone, dolomite, magnesite, sepiolite and olivine; an activated carbon and/or
impregnated activated carbon; an anionic exchange resin, such as a weakly basic ion
exchange resin having a styrene-divinyl benzene polymer backbone and an amine functional

30  structure selected from —N(CHjs),, -NRH or —NR;, where R is a hydrogen or an alkyl group
containing 1 to 20 carbon atoms; an amine polysiloxane functionalized with ethylenediamine;
an organic basic material grafted on microporous or mesoporous metal oxides; other organo-
inorganic solids, such as zeolites exchanged with a metal selected from the group of lithium,

sodium potassium, rubidium, cesium, calcium, barium, strontium and radium; an oxide of
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of the treated cleavage reaction mxture, thus elimnating the need for
addi tional separations to renpove the conpl exation product fromthe at | east
a portiomnwofotdmses2reat ed cl eavage 5reaction m xture. [O0@CHUSopwisent |y,

t he conpl exation product has a low volatility, with a normal boiling point
above phenol or cycl ohexyl benzene, such that it will tend to distill in the
bott ons progugtvob-gubsequent fractionati on operations that may be
conducted on the at |east a portion of the treated cl eavage reaction

m xture cogk@ipnirngr iepGRUR! Bt bO Rl R Uedated WD Q 7RI SORKRY SN Yichithe

conpl exati on pr oduct has a high thermal stability and does not dissociate
or ot herwi getagfawbipdse, apidiingAnd easiver arsupnostcd osydidallal. skalmesesmgaber
processing o%fan&ﬁ@alf?@létﬁl%ﬂeﬁﬁﬂ sﬁicge\gege@algr&ﬁv@& fromﬁé el cBb ¥ Qhegﬁeglhlﬁlt i on,
such as at |'east about 0C, or at least about C, or at |east about

250C, or atall eedsolbloutili@ps@ sdt vath basies by diplotis SB@O@ SOGPOOFEaTh esodium

conpl exat i C u I r o] r rrﬁ% ts in
t he tregt egﬁ%@é%\?%gsteodﬁgggﬁ?%ﬁe %é%géﬂérﬂoéra){%dnﬁtg tdn(% %gg& S)dtélr{hl%vgsggt erefrom
such as cystcondsxanontestiaphelipbhiic emoles e aydriveiazamess, @@nt%almrmam butghaihoe,

m xtures tﬁ [ %g)f hL%ngn%]s suellil bas%dcn ma‘tleé‘rldmesl 5 Ia{]ztlr{e%) 1e dltarcl)l r}ehaeh %atlcl gast a
portion of & eavage’ realt Pon xR e Ehd T hE Ut Al 2810 h R4t on
occurs, so mmanc dlamiok aad |alkamaﬁrainy§t Inapredltidndes,) @minest mrtha Iformde tasie sdls angdf or med

to corrplexatlon odut tro bas eria a oi nt or.to

bor ot ot S BRIE AFE: et BF BE | GROGPERba AR e sl o Bt B & 21 o

sti llj tlhg &kﬂ@ﬁﬁntﬁﬁéﬁh&aﬁﬂmmlﬂef'ﬁ& Hekﬁﬁétlﬁﬂeﬁhﬁﬁﬂlﬁgevﬁﬁcﬂiaﬁé cOfmidtcidl Iy M #vaitdbld have
a reduce ontent o atal yst. relative to the ),

the cl eavag@mrlé‘éi‘é’tal Hr @%’Qﬁ’@l%ﬁﬁg? Fﬂf@d‘i @1%@&&11155?81\}'5]%{ %@gg%of'f]gﬁp and a
| ow cont enynph, basic material, pot ent| ally none. Introducing basic materi al

at just the 25 paint of perfect stoichionetric conpl exation or. reactjon,
the treat eP0Pkavayitrbicsolitlibatic maerials dnidel basinaetal qradeyfamgigs:ciirtiet Mefe! aci d

catal yst rgliatd: WkaliRt-dA8 Al mbERSTidA; PREL bAN al@ﬁhﬁehﬁr‘[ﬁ I8N Grafi PRl Bls,
pr oduct potentially none, and also a very | ow content of basic naterial,

pot ent i1al | yrpsash andtghen ciakgen 25ides; nitdertalgites p saleineh v rofatpiten g spmeles
stoi chi Omgﬁ&ﬁicglmk%{a}cﬁt% tr%e(f SAGmL LPRIKG] - Fetal RASIE ﬂ@rhel'ithﬁhl 'p%t EQMYn,t he

excess react ant e treated eavage reaction m xture ave a
reduced comedanm, relﬁldelm, desoan. ancyeqmbieqtlem therepiy perheskies: hleidee@a elulpmram on of the

cl eavage T gkl O 1PLRCUEbodiRRKCHE BLLYONE is BH olblole BAUE ifudedl &ftheOf

basic mate increasing 1 n proportion e anount asic nateria

i ntroduced desAsberdonéHS adni Bp,, 6%()1ck5ﬁplltewéltbeomdpsmdd1d1at tht heugmatootlendyi i I y
conpri shng i taI n asi c r ut.ralized and
compr $h19, SR8 A ApCALAL VAl T8 DR B TR FREEL S 2 R ENAEET 3

a W 2012hﬁﬂ>618]2Yﬂaﬁ‘iﬂuldﬂg@ﬂeﬁhﬁﬂwéﬁ)xﬂeﬂﬂﬁmﬂvﬂmﬁsmmo@eﬁl nitive reactl on

such as sodi hydr oxi de w t lL.furic ac apabl und

oot o ooi no A o ottt Baditeatt vl Praldef AR iTiefon G h Bt ©

i s possi bl eretgéiﬁtinvlaﬁxidm tind cinthnted &l Jishinand hbhBechakicGsseBthas b atla@red, mesent
in the treate vage reaction.mxture, even with o or, the other in
excess of ¥?165d'8 ‘?S‘EPe% g%fmaE‘EPéh‘tgd”il%eé?Hﬁeaé‘Fe S‘PﬁVﬁ‘lt% FWC[}SG’WH?B?@F cﬁ“gh‘that
resi dense &iwiR t@ild té higtilc InaBY B@R s PRSHLIAR susUERY fi-dativiakibd biser R1ITROtha TBA 1S
basic material is introduced to the at | east a portion of the cleavage

reaction nfXtdysted b theolemta rortsy fdthe Fre%r%@lea\faéeé%%w P eat 1Yt CORBHR ai ns

no greater gidpaiquiidasivpRmigf the acid catalyst, or no greater than 100 wppm
or no greater than 50 wppm or no greater than 25 wppm or no greater than
10 wppm of0048] gr &y g erpbpgliment, V@b?,h@sw material has an ionization constant of greater than

about 8.6 x 10” measured at 25°C.

30 [0069] The conditions at which the necutralization reaction is effected, or neutralization
conditions, vary with the acid catalyst and basic material employed. Suitable neutralization
conditions include a temperature of at least 30°C, or at least 40°C, or at least 50°C, or at least
60°C, or at least 70°C, or at least 80°C, or at least 90°C.  Other suitable neutralization

conditions include a temperature of no greater than 200°C, or no greater than 190°C, or no
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10 of the acid catal yst, based upon total weight of the treated cl eavage
reaction mxture. Additionally or alternatively, basic material is

i nt roducewioo12dses2at | east a portion of the cleavage re&criuspoumioxisus e t o
forma treated cl eavage reaction mxture that contains no greater than 150
wppm of the basic nmedium or no greater than 100 wppm or no greater than
50 wopm opomEnMIreatcar than 25 wppm or no greater than 10 wppm or no
greater than 2 wppm 15 of the basic nmedium based upon total weight of the
treated m gFeH{eﬁthahq\@@‘fC 6PRb GRlafer Afanbiobit, ¢ ind Fatdlyst 1N PaRi Gedi@iRed al i n
the treated cl eavage reaction mxture are desirable, as either constituent
will causelém@eprs@ greaien ham $4Q5E, ero greaiprr then E3QSC oreleagrerier it 1 ¥Renw] no
products i gre%ép%ﬁﬁu@Wcs%P% gllth@r g papef T catiipp fhgeﬁél{rhl%ﬁoﬂ‘l%bmtl(ﬁlt _

| east a portion of the treated cleavage reaction mixture, particularly in
di still ati ¢tampetituremmay 29[ 0080F Thaegcawb ithe afpremanticnedraempdratires.nt fodesew t o
the at LeaslniRoil! 89 RluhibSiGl SANAASs RAGL ANMbELMEC ik (ORALD Fo ven

| evel of acid catal’yst asic nmaterl al e neutralized ¢ eavage

reacti on prleaiagt rdastidm ginﬂmonﬁeﬁerﬁzemplemheambwamrieemyvbedleCyow\FChmdeﬁ, bihe

aci d catal yslo anghet NG HASLEsTRYSLL Handf] SEHE Ao Qo GQYLRE, t e amount
of acid catal ysrt Pedst™a por 7on of ‘the avage reaction

m xt ure. 25([(170]81] Sundbﬂmmeutrﬁlimt1mmmndit1QMa3f ocludeasut ett'eenntoum‘OOtplsg (ak@aet  of

basic mate r acid cataly rgely cl usivel r trix
otch as a2k sty iedieihe Dl B Rk SRSk g Tk BRI bor
the acild caleatagstreadtich hbauidasiompRiay ioalpraiemeahedn ardiduie phat Wuengfihd he
organic matrix, The typical method for such neasurenent in aqueous systens
is the det E?Wahﬁﬁt‘loﬁﬁe %‘Ffjona pH val ue using various nethods, as the classical

definitiongw1pH iThe freh@t&&lvﬁge réa@u&mrxageﬂlay ﬁlelua@&ycwhte;mueﬁzeae i ghdnyouggueous
matri x. Conventional methods of and i nst used in the determ nation

of pH are BhEEISON V4" h P ISt T Guer ahisest 6§ Wtéfn%r o st glivral et ord 0 piovi de

on hydr ogeg: it ®As@etitVd, babed SpodlidtRGHdight bethaf@biandy e Ruehidnasixtug. aci d or base
concentration in the aqueous matri x. However, while such conventional pH

net hodd3ant008 20T1h¢ G3E8d Fiooree SOty eztfmasnazofm@mwzlpperaﬁ laast PUnBWtY may
provi de pHfeafimgsofad, %patqemrilscdna%t)rgre%ter%ﬁm sve@d&rw%a&alnmndogre&ead' ly
rel ated or converted to acid or base concentration as they are i n an
aqueous nathanxs WtB08PJat TwstoV.érandnio githisr praobl evivoodl tie oneas gpapmptionodf t he
amount  of @&ﬁérﬁlnmt@%ljo&&cts%asé'acf:éndthg 'ﬁlvxy ggteht bﬂh@cfeg\r gLeXct%n &&&ké’sﬁ%ﬁlgy
organic mafrix such reated c eava react , one

enpl oy whatortgninartéiyprotiestsradl theit padsibby anwtsnletthmdedtedﬁclwhgebnemtled nntettutﬁod is
a convep ti 9 eatil Qam ggcusgeﬂrl}l Ql%{aﬂ a%vx(f:"el f%??lg éleavgér re emfxlﬁ?e rfa egllt hat
conventt ondl ‘f—| et At Astrunment " ma o en’ano r?t

cat al yst or:orbasmmtmaymasduaﬂ iic chd efdavage wactmngmmmrenafilr |nx>t bmde&go mrgrﬁﬂirent
specific acid catal ﬁ}ﬁ QLasi c rrat rial and organic matrix of interest.

10[ 0083] TwSFSREAHR HE LR 5%6?‘ {5)35‘??8 “re available to devel op calibrated

met hods f ofoogspaniic vambusi €mphas @ehbodineay et hanalizafbh rmich@dsesam in the
instrument?, and t hus dgeﬁerm ne theg%m d cat %ﬁ¥8t and]élb‘g bc mate
concent r at TSR At CPEEFPERIPHCY Sedher a3 acidbptie gpichalplia %rgﬁ‘é‘a‘?le c‘EV Tn

m xt ures T@lﬁfufri'craslulfjﬂﬁygél&eﬁalgigtl ution of an aliquot of the organic matrix in

a large quantity of a highly h){ldrogen bonded conposition, generally

i ncl udi ng Natuemgsedign haqir@élﬁeﬁst q Basesy Mg, Watesy anshensalo8sodivm ﬁ‘ﬁ@t%ﬁazsma
measur ement  qgf fo%emht it Al stRlc umh%te&aewag@eaalohmtne bi ocheni cal
industry, a reported nmethod includes m xing 2 of the organic phase with
5 m of nerhanok methyldBingias ghe hetie materihlern maﬁm othHszl-HxﬁOmhéormﬂ; re
ey ne MiTEARH BPR e LOSURRY. AR Ao BY LA OFI: SRICCLRLGH: 1RetaTe
property of t'he andi 1 dted phenof r X, ysuc tne” abiTs f oF° {1he I]henol
to have0DNA tmixpar,tihd i on into the organic, phenol ic 20 phase This is

assigned in the bigchem c industry as bein acidjc¢" phen t hough
acidic in PhdtNgasdcyyrdh ﬂ‘iﬁe dBREvE ¢ hes clfggm g’aﬁ‘éanlni%erﬁ éﬁoﬂ’ﬁﬁeé‘?ﬁ in a

conventi onal HW@H%NW}%II@JSO4,[ ARSI ot po RN dorhplBEANR B dHnca RIRK @ﬁ%l&b@é
devel op a calibrated nmethod for organic
in the treated cleavage reaction mixture.
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matri ces based on conventional pH nethods and instrunments is a direct
nmeasurenment of the 25 voltage generated by a standard hydrogen el ectrode,
al so knowwoasi122036§2H probe." A pH probe neasures the | i qecu/yseeaiossas
potential between the sanple of interest and the electrode's electrolyte

| aden filling reference solution, and doubl e-junction reference el ectrodes
are al so wehjopsmompam the art. Typical electrolytes enployed with the

ref erence sol ution include potassiumchloride and other organic or

i norgani ¢ $gi7kp- ban%ﬁma?tth@mplmlwmm isABAbRAn kRSELtdTRRESage tféaemmat rl X
bei ng measured and the reference sol ution are aqueous, however, whe

matrix bei AE<HEA90MEH sy inthg Raitems praducisetispbssaecns disilations ¢ist kesie mrfg@m c
typical Iy of m¥&fYicd bithia gé réa@ﬁ&lrm&hﬁe Ay LefGhi g8 M o BR aa?la&sidlg fﬁbﬁs’ ng an
appropriate organic sal and optionally a mnor anmbunt of water. Again,

t he vol tagé) vetaye thmommemtwba)rwt@vifrd@dthbyat§@a§‘n agpoptidnpelohe traatedrelenvegmi c
mat ri x gﬁ gB%??%@%@@ ic reference solution cannot be generally and WO
2012/ 03682 1/ 047848 2010EML72-PCT directly translated to hydrogen
activity ab978ci dCand:npate tbmwmtﬁtxamn pzmdtashasa lmift\feltatllutlsasmlaseonmat boilang
aqueous mat 51' ﬁabot\)flélt h'ér?otl h0(;”‘0 Qla ex %rrllzes es%lcf Ithca 11F%n%1 qoad s?ﬂ {1 & B%oms
property of 't anlc mat' rix it erdst suc hé ‘Concent¥ a1 O of an
aci d cat al ystduarf alblsamem fraati@natiod ope[rdﬁﬁ%ﬂﬂ'th&x}ebearoﬁdm&tdmnttm atdaast sgpudition
conblnatlon of anent al appr oa 5exa using a pH
probe on a° hFdF%ﬂfiﬁ?ﬁﬁﬂFmgp BFﬂﬂﬁlgmgﬁﬁﬁ %30 %?1 ng L approach to
develop?ng[ﬁWGpglbbﬁ%ﬁdmﬂﬁumﬂdnm@@md@t@bﬂmmmmgaB@ﬁm&@nagm&nﬁy@mi&&smm
material or,acid catalyst in an organi¢c matrix, the reading.or asur ement
val ue onl y 9553 e Bg g?%&‘PP%FstaF UHEh PRI HEPCEs ?Ng‘d S@%‘l‘ﬁ@en

speci fical bwc@s@fng oF &ieaféumlzédwaemg@@baw qfarﬂcmtaﬂy @ﬁhllatﬁﬁr sueX &gl 1&ist Aot
regard to one 5, 066, 373, wherein

atitrati oﬁO(EGr 9reatf168rst éb%rbaﬁg ?ru%é%%Sb%P%%@%n%reaté%*c%hoaa%%pﬁ ﬁr%%asw s
devel oped hgsedopo. addi ng known anmpunts of acid and base to an organic

matri x of phenol, acetone and cunene; the reference solutions conprise a
sui tabllé of¥dRl ¢ e epmpleration ersiuct maebombstanilly irshe, the AdenepEIagty &1 vt e
of 3 tetr atyhiea@f e &l FALULATHRAILDrShlr HOFn b B GUAHEY Culch as
devel oped by record |gg he vo %e generated by the pH probe at various 15
concent r at Fyahghegdnoag ipcrwh ¢y¢lalwaylbgenges, apitymipgnts anglyarinpigtuges thereef or gani ¢
matrix fre ei Y} " that
s, compri SR8 no o AT rRRTARIRGMAE B OOR PR B 1B Rle B hhon, (g
catal yst omitfasiaod niatreniraalizatlowrewlau peturss s@ukdechll of apudmaelyemnsl bagc therinkeut r al
or gani G, maff| %an%‘f%gméc{‘% ol ?&% nf? OJugtedmnagS'c@guB hic/ {e?gﬁét ”S'in%rl{)re |pted
to disCrete, preci conc T ons Vet aci i ages y |trar|Iy
be 20 ass pqrfﬂedstmcmomemc pbinplekaten ot hacih (agaaand cattdiyss is s$111nhxt exobisirenctah®,

cl assic defl 0 ueous t ens., , Then dde idic
oo o e el ol B LR RS W T 5 et e R it s
vol tage r emrad&d?t aapwtacﬁuﬁhlaelabatvag@&acaroﬁ nﬁ@ﬂufeahﬂb@dm]g %dilbea@ﬁlehgon ﬁélﬁdﬂbh,se
concentrations.o acCl t res ct to ous yotalne val t es
until the %UP? éod\éc‘ﬁ]é%“é@ PHr ‘8&5‘& ale priendia BF?A{JCIHB:!{?%C materighaf J&%ﬁglged

beyond 28 he paiat Matfed? Slolthioaedict dogmpkhiioaas reaZéionr aféwed@aiclaﬁdg@ Hehionehik@ges and
correlated to discrete, precise concentratjons of base. Such voltages may

arbi trari | yibBavgLsyesnlow contnppleacidigatalyt rriative o thy it k?ﬁ%fé gk pf thangleavage not
pH in the edagss GrodlRf ipdlch @iyl MdnaHABAUS aSyes RWBeontd@OSTDakid hdiGidl rb%Ee%ﬂ&ll
invention, a calibrated method of determ ning the anpunt of aC| catalyst
or basic AW Hiroflypinghkasicr maeid neptethy Rt pEARTICHNOITheMSHE Gomplaraie ped.
Thi s may ‘?‘éactlld?lv(@!} VasRi hdi&ial fsURdAME BERLs @&@Jnﬂaﬁl@ t&é&e&*@lﬁei\%ﬁére@&ﬁ)n'nﬂ%ﬁlf&mm S
di scussed herein, wherein a titration curve i s devel oped To correlate a
speci f Be, rvmlébweeedreéwedabmnt(Oﬁ‘ eeid extalypll relatisd togthp gt lp@sperpomnaof dhd ¢leaeige
al i quot of u a pH
pr obe.on_ afend {64 28 AP holtbhaa RS LAIRRb bLRL nENAIPLE LT O
aci d cat al ysipouion b glec amextng roif é)lasw magerial gdodaced! edy agted leaactt iacrpmplextiinme.
;%Eb(éﬁ/:l.;g- ) uéc}ezt/h;ol% }Ilogte%%’l a%lﬁrecor{npor}smg i:ag}{\ln%ac{ch %al(YlS§6 n%7€gr/ H?%%llép%‘cﬂ?e&l%B
cyclohexylbenmhnﬂanp@ammHWandtc&mhmhmmanamqmdukmummm@ésmkwondmhmwamﬂn,
the starting organic matrix for developing the titration curve for a
calibrated nmethod conprises 80 mﬁ@bcycf@hexylbenzene 10 wt % phenol and 10
wt % cycl ohexanone. Such a starting organic matrix, if used as a reference
solution in a doubl e-



5 junction pH probe, may further conprise a suitable electrolyte, such as
0.02 wt%or 0.03 wt% of a tetraalkyl- or tetrarlyamoniumsalt, such as

t et r aphenybanransssem chl ori de or tetranet hyl ammoni um br orCdaiS2@na4ps | onal |y
a mnor amount of water, say 1 w% these percentages being with respect to
the overall mxture (the organic matrix percentage figures should nmaintain
t he af or emepigraned-gerioporti ons t hough their absol ute value nmay be reduced
10sonewhat by the salt or the water). [0088] The calibrated nmethod of choice
to deter”‘ﬂ%ni@@ﬁﬁﬂ@#@&wﬁ&l%ﬁ&ﬂa§%&é&%§hy&6mﬁ@$%ﬁl@ﬁhﬁk‘%&d'% thfier sat ed
cl eavage reaction m xture nmay be enployed in this invention on a continual
basi s, thatnqesgoinepieeatglyrae paiondpaivealf ghegnstyy, desyigl a#pd fpdegiiedhc urtlpr.rib é

(undi | ut ed),, TRASHE AR aelalclaalyettnqrtepﬁa?sl&t@teﬁg WERLEE inl B rSHGTaCAR nual
deternlnatlon and this may even be enployed conti nuous to prOV|de an
anal og si gn@i:tumf MEGITE,agyen mﬁw\@mr thejjothgt e cxaepr addielgométryy aup dosmparisels wi | |
al so sutfi i useful frequency. In one
enbodlnént9§mh§“§%#§?ﬁ%§¥$?gggkggﬁ%ﬁggkgﬁ%t%gr&Qt£he acid catal yst and

basi ¢ nmat ef@0g9] i nIn mmtw ealtceldnmtseba&}cgmatmeaici mmoduwd(touh@atd@ﬂt acpmtionefald y be
conpared t O avat are% t10n mlx ure 0. orm Freag%flg rVe necr%ac Et We rettf?% con gugr m nr%étj[ rand

t ar get annun% ST arl'y-cont’i nua “ et R Mh e in RO basi ¢
mat eri al tﬂwhhéOohgmvag&mnmabﬂmmntnnmkugemaammthehwmemad;us@ﬁdwrﬂmn50
approprlatelﬁ based on E ontlnuall gegﬁtgbned fference to,.reduce the
di f f er ence "ERY ?Foltoeg%t gat aBW’&aoéﬁlot & arg V%BPBIJRE NQEIAE] tﬁ‘a‘&%t“ﬁtptt’st and
bashc rm’éel’of al}{c aé[@lc&ta@&gntbamahpdﬂetogdl W digtti (?Inthar‘td:a&dj %/lmé‘elvﬁﬁnteam éxture.
conducted with a suit e _.aytonat e co t.ro stem ereln a conpuyter
receives aAéﬁ‘é‘H’éar“SYf ' ﬂteglati‘éﬁ Y-bYasi Rt H%df‘ttoﬁi‘tetddﬁeth‘t a Leattkf’aPOmPn 8€Uj %l at es

to an anmoublawke aGtttbnafidtupA®&oina trbfed ¢1€ALLM£dtiOR YAYBretRACHARAS 7D JieMEE,
(ii) calculates the difference based on a nanuaHhé i nput target anount, and

(iii) for &xanple&Prendiuing betie mafivmerbAe €rspEr teni iR T PAEFRtS dhapnile” aci d

than the tgneRl oBPUBter thAACILRFRS, I8 dhddch AAHADIvAIpnDor Q@gfeﬁtemtt@m mPy an
anmount ?roportlonal to the difference via increasing the opening o

a
cont r oll3 vab{/idebpsigmeding, based upantteiabivielal of Ay tecated mpxtueg  Lozor 3 ¢f bl i ous
embodi ment §,iq CORKACAI"GaskcNBa A if tﬂ@trgttt@tle%ge FO8GH mh8ESard dBYabORs Of
the cl eavage reaction mxture Is conducted In reactor, the neutralization
react or. Thighonennytigichy atll causeelversr rematjonseofathy d@@@ﬁeqyctott@ztan@tel @ws phenol

cont act | n0pRlub R ABLALGANG Kby thd AR SpdiBIAL Lk Lok o SHhE ARG

resi dence or he Neltrali zation reactor e an open or
substantiahbymbﬁawagesambnngammqwﬂmmhmwpedwmheomQMUmaS|zatlon reaction is
WO 201203 CT/US2011 48 201.0EML72- P xother m e IIy t he
anount %(8 f g(ﬁll%éfcaﬁfg 191 I{t g%%sw ma eﬁ’glt%e ocg earceg atgef‘ ) least a p rt10 otf tl% rl%av

t he overal teaatﬁmumbcmé td olﬂah ecgmdnelaw&@é ac1éaeth]y@tmrrhax1t umtaa:naandthh @aitralized

000011 v FF RS sersBar s MenBAPREE P end el el b P O SR Bi

| east a poatd BB badic maetltleeleétaamg of t@aR] tho amduxiof hed cataliien the ulia Alldaztal | on
reactor occurs f suitabl e residence time to enable stoichionmetric or
near stoicH@@W%P$$Eg@@ﬁ%%?@?BW¢H¥“W%e acid catal yst and basic materi al

speci egs ageo8i i NGuiing, (AE Q¢Bhihdd Fo MeftufealenkbMat b&Sulfof bhge aictalCatRldy/ St

and basic material species at the neutralization conditions enployed in the
present i nGEMY$tdh2 1areply, g sxlisiVelmoban ivepidx sych@s p dspterbrlewyags feactiod n%tt‘tufeeast
0.01 and n@regﬂls‘%%@:ﬁé spcbAR 1S BotliUcREcatdyst @td heBSkc APRHARIBAL, AR Abealuy than
20 m nutes at least 1 and no greater than 5 mnutes. [0091] At |east a
portion of of e orgeaistairicl The Aecal Bmabed &7 SHEMEEImLYt BEIYeiy sxtars i dhe
processing det%ﬁanloH%Ya bHCVIang %mﬁé jvar%rus ﬁl‘é{ﬁ%dg Lk 'c%l&i déf{ﬁ@tlotnro@ @Hqgregté?ﬁvage
reaction mxture as directly produced w thout undergoing any separation
(e.g., 38onto fydreginorrnr egiyity | ga fughly diqveaus | mgris.ontoryeptivial ancthdde ofr ek ed

cl eavage r ol i on,
such ast cangondll B e ARG i QNG o BPRRIG oty SRR

cl eavage redutﬂmmpnwxhumdwﬂ&gmhamewﬁﬁe/@dnsnbaﬁpméwndomnﬁsthGwKMMdmsd

cl eavage r gg Cctérlltpatlorrln 1r)1( Ithl'é:rae u ou% rnt’lanr X.’ Wever W%ﬁgguc?l cotntf]éantltoﬁ tﬂagleﬁllog avacpe
reaction mxture as di %F oduic d) ergo or e separdtlons,
and an approprlate product of that separatlon (or separatlons) now
nodified in conposition relative the treated cl eavage reaction m xture as
directly produced, 20 nay provide the-&t-least a portion of the treated
cl eavage reaction m xture subjected to the neutralization reaction.
[0092] I n various enbodi nents, the invention relates to: (a) oxidizing at

| east a portion of a feed conprising cycl ohexyl benzene to produce an

oxi dation conposition conprising




cycl ohexyl - 1 -phenyl -1-hydroperoxi de; (b) cleaving at |east a portion of
the oxidation 25 conposition in the presence of an acid catalyst to
produce awolemvwagr7reacti on m xture conprising the aci dpcatusbyigng7sphenol
and cycl ohexanone; and (c) neutralizing at |least a portion of the cl eavage
reaction mxture with a basic material to forma treated cl eavage reaction
m xture. |boweMiI7bemnderstood by one skilled in the art that the oxidation
conposition nmay undergo one or nore actions between (a) and (b) that alter
the composidsi@RentE My ?P@[ﬁ@lpﬁ re@fRos30r A orIRiE nfaBBY s ' BRI R %ﬂglopf)e FeGwc! e
streans may be added to the oxidation conpositi on. Additionally or

al t er nat i v&dlafed gisenvartedriy asidses bareonesngatipnds dicy gierin i edicPwrigatify be

per for med qgghhe. ¥ilakbfOMAShIJ Ak médulbhehlr ARARIEDA b il 6 e
corrp05|t|ons be included w thin the definition of "oxidation conposi tion."
WO 2012/ 03682 ZRaysUs20tr1ge4qex8lugigdlo Engan- IR@TiX[s0¢i0 8] Sitmitbdcleyvage macttdneavage
reactio G n A hat

i tor the BodsCofhn BTLORNAINALN TREE FLIBRRIFLATED £ SRR htlod

i ncl uded wistth¢anverttiend gl mithpd furher de(yblemdatgeon@atetthmadmg(thav®merﬁipmai@ﬁsi ng

of treated c{ eavage I eac ion mx 5[0094 p yarlou epbo ients .of the
hto or nst mtay é)I'OVl en ahm El Q tac% ca a Or DasiIC_ ma erlal
present inventi on, Bal por |on t rea avage reaction

m xture i 5c&e¢mrnaa1edrgamt: anaarip badd oh tlliehsiptemﬁn fatid hoedlyist) bpﬂmemaierialoernd organic

cycl ohexanonfzi ﬁr %r%cl ohexyl benzene, or any conbination thereof relative to
t he amount "8 or cycl ohexanone, or cycl ohexyl benzene, or any

conbi nadi onoose] at Thweakihdanddeil taippﬂ@acﬂlfes taRe atdilaislt ad Rbaay agiébritedeiations ot ur e,
and depleted in neutralization co atio raoduct 10re|a|v to, the at

| east a poft&dfi “&?F“Ctef’ngasﬁi 8B LAY R ng\é%g(@eﬂ’ég%g doAstmeptsy and t %‘ d@fﬂrmwe

speci fi c eahoditB®etand Bhsid @dBfial@oR@hirdtdR iRbn bivenit htabhedick beavageal a@a@gd on

m xture is subjected to one or nore fractional distillation steps to

produce a BOFHUNRINHE erlhafing Artohes diriwed mqligreaaldhe preapic @W}%no% large

cycl ohexyl aeﬂlzlen@f a ]El@ﬁ?%kdv%géh mﬁ@é&@tﬁ?ﬁﬁ)@ﬁeﬁ geﬁémln}ne@mdﬁl@a&atéwto?fod@elceeolbas ed
on the total ht of ottons nmaterial nd Turther 15 contains at

| east 95 wP%’Qﬁh Plecxapilst eixthe pHnn%ﬁwe@emOéehﬁtnal fredsq ¥ PIN@ cxperingeaitin ghe
portion of bfob&njilf:ﬁ%a‘ﬁgr}p L, @Y ALE mkFB Eﬂc%eﬁﬁﬁ&ﬁﬂg fm?b'lbth@G{%Qﬂc Pﬂasé Lagls pnal

distillation, that wt%based upon tﬁe total weight of | east a
portion of of h@than@aatnédlkméaﬁa@éerr thae trhagprrivigxthe el efliic exvtieedsampld r 3¢ ipbnal

distillati

st ream may gsufée%?%{fgcgnm gg%ﬁeeﬁ%@gﬁ%ﬁa %%rv\%ﬁ gase %lﬁﬁl%tg lltiegggl

wei ght of tﬂaeimmcﬂlcamhesetbnlwwftlllerph@@cbttmm'vemz@sq partitigrsingothe ergaeit plicoolicecover
in this,botions [ 0 f th | ex on dpct .found
0 the 20 PREET TN EPR B R ERRR ik 05 pE TR el Bt
regardl ess amﬂwhhetherte&sd tlast nqprhepotic dassef meaiy @(h¢1n@|ac1plc01dlmtonvnntidmel
bottonms stream l%ses of Cycl ohexanone and Phenol [0096] The cycl ohexanone
produced t ATSUYHYT'RE processes discl osed herein may be used, 25 for

exanpl e, ap0034] i ndustsedoall fsmlaﬁemﬁal, a@soaan taclclaas @rcalﬂbtamurdahadofbr reegamid ons

and in the production of ad ch c|] ohexanone resins, cI oh none

oxi me, capP@i’set ar?ngﬁ‘i‘j C?ﬁ)’le‘e ds A9 BRMERSIRGS AATSH réeaéu s??xl‘ﬁen

phenol 2pr Odbll‘ﬁa%g C%%ﬁk{rﬁbkg By tameanﬂﬁ@qea&%sn dicsted s a16b REdVaL Bs ar&FsHQﬁowem pHor

exanple, to uce phenolijc resins, Dbi sphenol A, e-caprolactam adip

aci d and/ oPr© e measures the liquid junction potential between the sample of interest and the electrode s
electrolyte laden filling reference solution, and double-junction reference electrodes are also
well known in the art. Typical electrolytes employed with the reference solution include
potassium chloride and other organic or inorganic salts. In conventional pH methods and

30  instruments, the matrix being measured and the reference solution are aqueous, however,

when the matrix being measured is organic, the reference solution is also organic, typically of
very similar materials as the organix matrix and comprising an appropriate organic salt, and

optionally a minor amount of water. Again, the voltage value that will be provided by such a

pH probe in an organic matrix with an organic reference solution cannot be generally and
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30pl asticizers. Description According to the Figures [0098]Figure 1
illustrates an exenplary process 100 for producing phenol and cycl ohexanone
accor di ngvbaotdmsegezresent i nvention. The feed conpri si ngPpcyaisedaeyishenzene
inline 102 is provided to oxidation reactor 106. Oxygen in |ine 104,
conveniently in the form W 2012/ 036827PCT/ US2011/ 047848 2010EML72- PCT of
air, is proyioded vep@xi dation reactor 106, and thereby oxygen is introduced
to the feed conprising cycl ohexyl benzene. The oxygen in |ine 104 may al so

be derived dfré&l_mtﬁhﬂmeé & hRIFGIER |a@t1v1@' arndtahﬁt anll s DRBPen& AR 8518 8dennd &id tered
to renove particulates, air that has been conpressed and cool ed to condense

and r enpve Wiltaeraquesus iy duiiethernhashbesn ecsiically FeFriaied 9 BOGYYEHY b dhee t he
nat ural —appfraxi MRkLS! c)&‘n%éreﬁoéu% la{‘th Eénchitf-289 bt a[ﬁf‘afé’fzirc%‘f‘ys?&r Iaheepteraf air,

cryogeni ¢ separation of air or other neans within the ken of the skilled
artisan. [ M@Q]J Corhem uirhgenwiutatiors gngr eontbinagionsdpf ihomfuwatmnnwl orprdecthpso ror
reactor 10 i I urs, and an oxidation
conposi |0§Xc ?#g? Bﬂ l%gﬁgéyﬁghkﬂﬂﬁhen élﬁ aﬁ$ roperOX|de is fornmed.
ConvenlentHWB6bon@1mnumgnadewsENQQMQ@atdﬂﬂavbmmmh@ﬁﬂwbmumnmgCﬁﬂwkmmum

cycl ohexyl oflbsfjlréenl;] erla}'o ;Y?c{ PGy ?%(nl a%eorl an tnqgt O’ﬁhed?‘etah 20 oF o0 sgrséI telntovr;lluvé%lnl above
ot her hydroperOX| es an ah rop er'oxi dés dits¢usded= Rele™ it

parti cul ar hesmnedingewhen thlh;&drrmnyrp hh&ilaielthaxle:n(pﬂdljlé’ﬂ had Beealspmﬁidaﬂy odmlﬁdd too

oxi dati on reactor ns n in Fi to enha

Ol oati it IRAR R s s TEARENDR: 1Rl Bend e g ton toRan s Pat

oxi dat iton N@a@06@3V39®Hérb1ﬁ1ueﬁrat1@ﬁ<¢/@€mfordeﬁﬂ)é -Rihetbnasdreace Qxygenpdeplbetsed 15
streamin lin

from oxidati actor 106.. Wen t oxygen
in line 104°%¢ pﬁfgg%SﬁiO? ikt {0y amQugls Q 8@ﬂ5 E@ﬁﬁ%ﬁ%&rg@w SR Wh hered 08
i's typical hyet@RrdngReghehdd (hY fefRGRA soMAGR dohfpngbxa @ﬁiablérbrgaﬁﬁ&hlia@ﬂ dfphempduct ed
at or near atnospheric pressure, the oxy gen depleted streamjin line 108 may

al so cont aP¢FiMG\asd cueng. iand @y dsspplytpuet & Tde lke/hé)w@rr%ﬁrylalﬁmfo@a& 1%n, Téuch as
wat er, al oggaiint dirvl 8 QUevApRY mtysreairdlﬁ%memégé bekzeQey ﬁer@ﬁgp@wﬁrvaa@us

conponents that may be vapor under the condrtrons in oxidation reactor 106.
In an dper aencemratiors efirsithandnbase. gperally by Hartigg yghrandegiae awyirst feeadh giticn i ne

108 nmay be Py cQV e 0 , V,
wat er, anda%f5%§§fg%{ggﬁ%ﬁ%ﬂg%%vgﬁoﬁe§$u%£n2§%§kfQ&5?69ﬁ$g§3%\g&§g9#g%d to

OXi dat i on mesmestesk orlyeomplaxkdnmkec of had cetelystaarsasiginmagdsiab fThen mlchéraddsdsm or
di sposal . 2ol QOIQ L] Reqal B%g}{\fctlﬁat{f i %helv % o r&RB%ka aanﬁ%%g{eg&ta%F il

oxi dation conposition I's w tHhdrawn r om oxi 0 reactor
i ncl udi ng cyvﬂ@hbﬂyhmmﬁwh@ny$exmnhmdwupenﬁxmdb BudlpomgmimaWIWbmnanwing

ot her dr i des a r Qxi n NHPI is
iy ooy MREREEh 167er S ALOYRLEPGLAKI AR S, nlchif b ATRBCLORMMNSE Sl
cycl ohexyl sﬁs{qmemy%n Dedeyid radcﬂmdrtox]nedmdmyrgamnhmtm (hiPbrgadO nELOR [titited) Bast a

portion of .the o |d t on conmosi n cloh

P boor oxtsETret ifahd PafRedidder Bl ieh 4t HEPOLRRY i B8 hteige,
provi ged tCI oorfcbﬁamageof eddtvath feldgect anchet lblemedmyy aﬂtaﬂledl Gorglea luyslt thIeSVoltage
introduced to a

| east a rtlo of t i&tlo i t.ion. ne
enbodi ment PRORANEAGNE 20U BEinE Pers hahepss Relapemgd el e of
sul fur s aedcerdadendailct oltfgeR ghd t&fwatédntoc‘dlséae«@g)eecrseasﬁc@ﬁtralﬂaﬂs af BusgUsticit hat a
cl eavage reaction WD 2012/036827PCT/ US2011/ 047848 2010EML72- PCT
voltages may arbitrarily be assigned a higher pH value, though once again, this is not pH in
the classic defintion in aqueous systems.
[0087] In the instant invention, a calibrated method of determining the amount of acid
catalyst or basic material in the treated cleavage reaction mixture may developed. This may
30 involve either fundamental approach to methods and instruments discussed herein, wherein a
titration curve is developed to correlate a specific, measured pH value (for example using pH
paper on a diluted aliquot of organic sample), or voltage measurement (for example using a

pH probe on an undiluted sample of organic matrix), to a specific amount of acid catalyst or

basic material in a treated cleavage reaction mixture. Typically the titration curve will be
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occurs, causing cycl ohexyl - 1- phenyl- 1- hydr oper oxi de but al so any ot her
hydr oper oxi des and di hydr operoxi des present, to deconpose to materials such
as phenolwoaydmsbseezanone and form a cl eavage reacti on nmPKTaISR011A4784East a
portion of the cleavage reaction m xture including phenol, cycl ohexanone,
and the acid catalyst is withdrawn fromcl eavage reactor 114 in line 5
116. Pot entpripghvy,72ifeg at | east a portion of the cleavage reaction m xture
inline 116 may also contain a contam nant. [00103]Still with Figure 1, the
at | east adaewpbmn@fan dgeﬁv%w&%cptrﬂsﬁg cy@m{esameeﬂz@né pR&oldA.cydDkkx@ndasi ¢
material in line 118, are directed to a neutralization reactor 120, and
thereby a Baeicopprifiepnbadiment the pading erpapis netrit &ageveloning he Gifation cqupye for
cleavage rgaghb e Thithdlf GumdrileOB wid QoRIUAENEERLn.. ﬁ@%bagﬁ&mﬂ%ﬁo Rhod N

line 118 is an amne or diam ne, such 2-met hyl pent ane di am ne

( DYTEKTm Ayyclezb@nmom: ofuchwi sthiting nmatnucanatlzetlf vwdpeadtiornao®lyios isackublhat a
neutral' I {erial
and o T oa SRl BFGLLEMOHNE cheRl o Rl Al SRt QSR L T
the cl eavagé ar eamelkpln o setran ygmnaomiung iaheatl@ld aeltampagelmmnummhhr)d@uoe is
formed. A %ettr%rantet d Cl eo%}{l%ggroml eCtarll D tlno1 X HE %11n0r amount \%atles ng%ed from
neutral i zation re conventen P?Q’ aving a redute °’ “aci d
cat al yst cpapangﬁsb@nghahrmmmﬁMEﬂau»kmﬂsmxmnp@MiMQMnoﬁmﬁthﬁkmagﬁﬂgua
reaction mxture in.line.116, .and conveni ent | conp r|S|n a_conpl exat
broduct 1 b ENaRin SRRSO TS Fh el eIt Y e 26y BB R on of
t he treatednﬁhﬂava@@cEﬁa@ﬁh@wmﬂmxture may be subjected to further

processi ng fo urif and c hexanone, .

separate pﬁ@%@l HE%}?P‘I %ﬂﬁ%&ﬁ%ﬂ‘@ge% ﬁ'é’“’lt %‘“01[“(58{&?4 cqt Yséﬁbgﬁécr
embodi ment Hﬁﬁ&laﬁﬁhom ueake&lcwa%e leacﬁ&ﬁn@;&ﬁﬂecmﬁ'ﬁﬁbteéinﬁﬂoyéﬂim 08 @vdntidhliod a
aqueous base, faor exanple aqueous sodj.um hydr oxi de, and neutralization

r eact or 1290%?9316@8% thefrit s deiromincd pemedisallyi on enteSas Feqisnqyrmbirgst @dﬂuted)

l'i qui d- 1'i qyicekuPorldn@Ghin@ PHGRbBE R QIon GRMRE R ShthIcBMnudRlck@Sirfiod, hetWing-hdyqui d
ontactlng drums. In such an enbodinment, a line not 25 shown in Figure 1

may be 1pr eSerit becemplgydgroptigiopsle 4o Praviflsi 4 maloe signat ef valtegs nflowar diledised
l'iquid basig, TRh& bBarBi ty%s GvﬁPElF@%ﬁfﬁ@é 'tooﬂlorv@@(fi{tﬁﬁaljd%%rmmegﬂ enkdryy the

used liquid basic materral w | so contaln a large proportion or

virtual |y &equeagy. alyongembplodixeeni, die gontiouadly determmned ar[l@@ll@ﬁ]helanldapafainst prasy

enbodlnent | i 30

rovi ded t SRR L B oSt UBHRE: oI iERCCNBHERL Al de Doty bifhulelt

solid, foraegantpine adiffeomcekcthanyéerdsiminod aad soitdnsodi umll@dsr bortatdly | n

t hl S I Eﬁt aﬁgtgl‘ml}lerde ﬂ%ugtl;oadulct% a If%ra{mg: %1%?6 1%{ toltg cl ava% eﬁg‘uo% mli[ c ca%t t h the
id i'h a ranner conduc { ol f'd t vessel

cleavage re@uﬁubmpmbpmmde MHﬂiudlm@ amummﬂdzchmahmei(ﬁﬁmmmeowermmtqtmmd t he

vessel di ions a i.S such t he d |red
contact | ng P BPARHEb el Prhgt B et ) waRb e thbBr i Gas e
2010EML72- PGk dostiduaB ti¢terdtinion Gaddijubtarst ménpe compley atithon smfaedlmmorﬁmdred
may be affixed to the solid basic material remain in new%rallzatlon

react or 1260MRhE Sl WIGICIR FRMUET KA fEFIvEY @ ﬁ%‘%ﬁ? em @b inethqd Tpgigent

ef f ect byengms 1t%61delht@§fb diePhAGEOF 40l A1 RO MOME iadted alawagé reabt IR {urRefier ri ng
now to Figure 2, there is illustrated another exenplary process 200 for 5

produci ng pHeHYFs ddidersHeehohe raaé%%m@t tagzet ﬁeobrrteg%éml R eemels. The
feed conpr kigjunpime Mat-phex ydibenarnes ihrelit ﬂer@% {hgin erQM’fgg%%&lﬁt Dehedak ingn
reactor 206. Oxygen in |line 204, conveniently in ormof air, is

provi ded t 81tediclian o6 hasiemaenil by, amenat RTARGTEH! toxhe dnferageq v rpsagisieg they t he
feed CO”prbﬁénﬂ%&ﬁ%ﬂﬂﬁwﬂvg’ﬁl@l‘ﬁﬁ%m[1191%319%]; bERLAEMING Wi th Figure 2,
conditions wthin oxidation reactor are such that an 10 oxi dati on
reacti éf otW8Pk, érnuarmub@lnmdn@ems @szlilt@rémgdw hegiapeding] oW thortdedssi pgytion of

cycl ohexyl ylphen; r i tipues,
cyclohexyl AphERtly Fadtsl ARSEE, st s RALGRCHOTARASHENERPS | e
from oxi danctdmllzaelantrcnctozmﬁiy §e00108}seRér ritdwrgcontacind=-p e excid, cagtyst eabta a
portion of i on sition inglu

Eyel onexyl PHomEROETh! £ TRRSn e s "o R, e iz ibn o B Ror 206
inline 216n(15nnnchﬂdmmgﬂythohexyﬂq@mmhemy@mi hytle apetrdicatie lattion is
potentially including other hydroperoxides and di hydroperoxi des. In an
enodi ment where NHPI is introduced to oXfdation reactor 206, the oxidation
reacti on product including cycl ohexyl-1-phenyl-1- hydroperoxi de may contain
NHPI . [00109] At least a portion of the oxidation conposition including
cycl ohexyl -1 -phenyl -1- 20 hydroperoxide in line 210, along with an acid
catalyst in l'i ne 212 |s prOV|ded to cleavage reactor 214 and thereby an
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25 any ot her hydroperoxi des and di hydroper oxi des present, to deconpose to
mat eri al s such as phenol, cycl ohexanone and form a cl eavage reaction

m xture. WO 2bea8682a portion of the cleavage reacti on m PCUrUS201nok18d$ Nng
phenol, cycl ohexanone, and the acid catalyst is withdrawn from cl eavage
reactor 214 in line 216. Potentially, the at |least a portion of the

cl eavage reamiEv2mogture in line 216 may al so contain a contam nant.
30[00110] The at least a portion of the cleavage reaction m xture including
phenol , cyelnnenanNeieeendRfly At kbt GL&NYatalkNald BRic2HSeriANacBndASiiFall
material in line 218, "are directed to a neutralization reactor 220, thereby
i nt roduci néclafiveds the qygrall rameunt ¢f tepetefl sleavagy resshen Biktye, addicalzVGEciAét | on

m xture. | gottamaﬁlicgmpggflcgmg& tﬁgﬁéﬁ:{lgﬁﬁﬁoﬁ Ro&bgure 2, the basic material in

line 218 is a relatively high nolecular weight amn ne, '

2- met hyl pelii08fk- 1 Ii5vatiogsimeodimgt GUAAQBE SR ARCT/MIS2ON aydGhT 84SsPONQEMLIR - PCT
Condi ti @ns Wi t hi : L L O ol i zation
reacti on ¢ SpaAlfhe Eihodinl €8l ARG Ao R foclH Tk 4 (b Br kA Al

conpl exes W timbéngdoneumeaki aesaattolchmsktre @artrkion obfthe had tchelysubifdibase aci d
in the at | % e%ita sa 1%)!‘ taicgor}di?lf t}tleherexga{iﬁna Vc & icra %:t -igsnopﬁlétagiﬁeca-{arl] sJ[ i rl;]cF bazsil'c6’
creating a treat 8d- Cléavages realtion mixt ure. e T davage et on™ xt ure
conpri ses nhtephespeadics at yielnotestiananeondiyalsehpioykd anzepesenaindengioh. nBrawibdisur i ¢
acid conpl exatj.on prpduct. The am ne-sylfuric acid c xation product is
conmi ot o y SRS Rkerst dER L Rad il orscuer s IR CPEM Snas Bke

has a nel abjogahynd geatvichat 20 minytec @ipaesd] bl Byatadaxn damnzene. At | east a
portion of treated cl eavage reaction m xture is. renoved fraom
neutral i zaﬁﬂgﬁl e AR B e 15! Cl?fmaé%) 1%}%%@%11&%%r:isbm%edzt,o % he at
| east a popioc@Bin@fwhisieabeihchli€ay a0RnGR6fidn0ST tHE Hdatbd &1datagk rfGtid2ixhge gxposed
to a neasurenent and control device 224 that uses a calibrated nethod to

cont i nual | ey efUTe! PHEOUNBRIZOBE AW PEATA (3% SHMHARFOMMEPEHIGITOM  he
at | east agRefihl WmOimdeot heRtLY FdaCARHEEARNON deiHpBductd® ahbbr at ed
met hod has been devel oped using techniques described earlier, in this
embodi A@nt diseessioni Hgh @ tamngiane storaggp eblius. Bart lpadiarrasicaceihe treptadygleaypge aci d
and 2- met hyl,pent AlGid neiy HadrhifREsafdChRS ST as HRMEERE €RbYabe ERBoRARMEEMENT
and control device 224 also continually determnes the amunt of acid

cat al yst oFultkpsiatl araerey dlihe ireptadivdeagagelresgtion mixgwe oy drecdy prodesad ey ohdeagrage

reaction m i j | di en
t he continaé%ﬁ§ﬁ%%3§#%£§g§%éﬁggﬁp&%ﬁﬁg%#ﬁmgﬁﬁgpgg?g%?@%%F$Eﬁﬁgggﬁ%gﬁ and a
t ar get anountlified imcordpasabalrgistiveahe besédcclpabgr cadtion miktues @t difeetys produce@)
portion,of treate | e reacti m I n justs the.rat f

ot roate B afOFEfe SPURTR BFRTL P PBhbt S BBl Bt BBy e

appr oach t henttabragiet reactiount of acid catal yst or basic material. The

adj ust nment take pl ace .sendi.ng an .el ectronic signal, represented by
e dashod 1ML adt kB Ere a0, B aRPa S ERLGIR 6) SulifRea 5508 SREOLE

el ement SUﬁhfe&S campidiiig @&clM@xKl@elﬁsﬁe?@d pi@Bcamah m;ﬁdaﬁoﬂaa‘gh@omrebblﬁlbridiﬁg li ne
218, not sho in Figure 1, that w 5 increase or decrease the .

i ntroducti 6¥ thléplk?agflc%%‘f@ﬁ’%“ﬁ b(b) éf?%‘ﬁ%uaﬁt ﬁl’*?ﬁ o8 ebrheo R Wi t h
t he di bfer eaagoshhvwaeRe thRReeonifi Auadidl YadBtetonpestecadtitacdfreabsl nEirdual yst
or basic material and_the taEggt anpunt of acid catalyst or basic materi al

in the at PYERTSINE horad eplyyt Rherol prdiovelobexpaghs: prbEl Makiging st RO

Keepi ng W L, el Gaak BseZieadtidf mkeuteRih adhaliehdt&i @ fdrhea trefad edavebeavisgif
reaction 30 mxture in line 222, having near the target anount of acid

cat al yst ofiyEg| dt rat by pedersiaod tyowpskidlph i Be @B ikt dbea i dtiop compRetion; ngay
provided t qn&e&goc&ﬂe%ﬁlfokeoaeﬁ&g'ueme@@sanEgg%t AR ROMBQi N FoL8ahDILRSRS at ed
to provi de an overhead product 1n [1ne 8 that is enriched in

cycl ohéQyl| benwenkeed nttcansnpdme neeyclei stigams hiagieradder] gt thiejaxydatiprmpomposition.

cycl ohexyl Z. rel.ati 0 I . i.0n: Of.

ol cavage r oadpniy EubhlRehphclS Blys Rl oR B pEAlgfs iy 658 fHnca

2012/ 03682%PATY wsAuibh/ @4p8digor 010 EMhzRddaChattc orrh citerst! scompusingns ebel mwsded
volatility_than, c hexyl.benzen articularly a conpl exation product,
relative tgltpﬁlgh% eg{lngehé?sto}laoxg%rl?? g?]mlgofsmtoﬁe treated cl eavage reaction m xture
inline 222. Fractionation colum 224 is also operated to provide a
converse bottoms product in line 230 that is depleted in conponents having
a lower volatility than cycl ohexyl benzed® relative to 5 the at |east a
portion of the treated cl eavage reaction mxture in line 222, and enriched
i n cycl ohexyl benzene, and conponents having a higher volatility than

cycl ohexyl benzene, relative to the at least a portion of the treated

cl eavage reaction mxture in line 222. Further, the bottons product in |ine
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15[ 00114] One hundred fifty (150) granms of cycl ohexyl benzene and 0.16 grans
of NHPI, both purchased fromTCl Anmerica, Inc., were weighed into a Parr
react or fwoterr/osss2m a stirrer, thernocouple, gas inlet, peamgskomng43ast and a
condenser containing a Dean Stark trap for water renoval. The reactor
contents were stirred at 1000 revol utions-per-mnute (rpm and sparged with
nitrogen avtomeMow @t e of 225 cnB/ mnute for 5 mnutes. The reactor was
mai nt ai ned 20 under a nitrogen sparge and heated to a reaction tenperature

of 110C. T*gm9§par gﬁm%@l%/ \e@esc&matgsh@&ubg Rixfur@ HhyS BATBRA oAl ozﬁgo&n%ehsnut e
for four ) hours. Sanples of the oxidation conmposition in the Parr

react or mb@W@@k@h apdb () [thpt altrd theneanippaitiony It da tearebthat weh alﬁﬂii‘}ﬁi ¢ammpositiphs er
four (4) hBé'[n%}ud%cf%tﬂﬁ‘%eVéﬁﬁnﬁM Bp*afequoég%acﬁ&l Rixil-ggen and the heat was
turned off anpl e 2: Neut raI I zatl on o Cl eavage Reaction M xture using
Sodi um Car Bnecgsse Qr1epR3 ‘ iren conposition generated in

Exanpl e X ]

gl ass fFasm{nnt gl?yl%%)tu eﬁ@@%&éxgggf“ %"L%r% P@"é’eﬂﬁ@a F’?ﬁ% I§(;0|i]tgd(’:l 1(1:%31?& Qeydgt in
ni t r onet hankawge ercaddedmiddurtche f¢rasked gitvi mg)radw;ul thatr ienriched dinc phaneht ot i on
of 1500 wp n.the cl eactlon mxt The ¢l reactio
occurred | RRdife GeRaRS REPEL 3ha Aol Mer G VBRI IRAFA P00 ¢ e
cl Eavagfe ppbed]ut;tos cyo4><|sheazinogm;(3»1{1 cjm‘loltehﬂber&@nec beawagebiméaci inon leasixd ptrr&on/\afs

t aken after tes and the .su ut.ralized usi

St o o, oneter Eeeloi Tesr ess ous Bisa e bO anp e BERP shoSEatBh Hedie
treatedocl Ge’:latﬁfg@ol maeaﬂ]t::asoﬂpmmﬁ gﬂtﬁe trddiel Sanplcacateisn analyzed usi ng GC and the
conposition results of t oxi dation c np05|t|on reat ed cl eavage
reaction m[%t(’ &n§ PR QWP#%W“E 9 eas\/\bp?’élfﬁlgég% %f%‘é‘éﬁi?aﬁt
2010EML72- FfﬁsaurEa@mJe&te@w&mnﬁor@&h@lﬁwmtm@mpmp@ It@ﬁroﬁu&%boﬁbﬁam@elhleavage

reaction mxture g{ht Oxygenates 0.078_0.166 Cycl ohexanone 0.028
6. 873 Phendat @01@@2@657 n@lgea er than 5 wt% of cyclohexylbenzene, plienol and cyclohexanone

combined, that wt% being based on the total weight of the bottoms material, and further

15  contains at least 95 wt% of the complexation product contained in the at least a portion of the
treated cleavage reaction mixture subjected to fractional distillation, that wt% based upon the
total weight of the at least a portion of the treated cleavage reaction mixture subjected to
fractional distillation. (Thus, the amount of complexation product in the bottoms stream may
be less and considerably less than 95 wt% based on the total weight of the bottoms stream. In

20 other words, it is convenient to recover in this bottoms stream a high proportion of the
complexation product found in the at least a portion of the treated cleavage reaction mixture,
regardless of the resultant proportion of complexation product in the bottoms stream.)

Uses of Cyclohexanone and Phenol

[0096] The cyclohexanone produced through the processes disclosed herein may be used,
25  for example, as an industrial solvent, as an activator in oxidation reactions and in the

production of adipic acid, cyclohexanone resins, cyclohexanone oxime, caprolactam and

nylons, such as nylon 6 and nylon 6,6.

[0097] The phenol produced through the processes disclosed hercin may be used, for

example, to produce phenolic resins, bisphenol A, g-caprolactam, adipic acid and/or
30 plasticizers.

Description According to the Figures

[0098] Figure 1 illustrates an exemplary process 100 for producing phenol and
cyclohexanone according to the present invention. The feed comprising cyclohexylbenzene

in line 102 is provided to oxidation reactor 106. Oxygen in line 104, conveniently in the form
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Decane 8.952 8.798 Qther Cl2 0.411 0.436 Cycl ohexyl benzene 7005 72.102
Phenyl cycl ohexenes 0. 205 1. 329 Phenyl cycl ohexanol s 2.527 0. 754

Phenyl cycWwoherzmseszes 0. 553 0. 669 Cycl ohexyl -1 - phenyl - 1 pchyuseap/oersexi de
16.416 0.134 O her hydroperoxi des 0.660

2010EM172-PCT

of air, is provided to oxidation reactor 106, and thereby oxygen is introduced to the feed
comprising cyclohexylbenzene. The oxygen in line 104 may also be derived from air, for
example, air that has been compressed and filtered to remove particulates, air that has been
compressed and cooled to condense and remove water, or a stream that has been enriched in
5 oxygen above the natural approximately 21 mol% in air through membrane enrichment of air,
cryogenic separation of air or other means within the ken of the skilled artisan.
[0099] Continuing with Figure 1, conditions within oxidation reactor 106 are such that an
oxidation reaction occurs, and an oxidation composition comprising cyclohexyl-1-phenyl-1-
hydroperoxide is formed. Conveniently, conditions are selected to favor the formation of

10 cyclohexyl-1-phenyl-1-hydroperoxide in the oxidation composition well above other
hydroperoxides and dihydroperoxides discussed herein. In one particular embodiment, N-
hydroxyphthalimde (NHPI) is also introduced to oxidation reactor 106, by means not shown
in Figure 1, to enhance selectivity to cyclohexyl-1-phenyl-1-hydroperoxide.

[00100] As the oxidation reaction continues, oxygen is depleted and an oxygen depleted

15  stream in line 108 is removed from oxidation reactor 106. When the oxygen in line 104 is in
the form of air, the oxygen depleted stream in line 108 is typically enriched in nitrogen.
When the oxidation reaction is conducted at or near atmospheric pressure, the oxygen
depleted stream in line 108 may also contain lower volatility byproducts of the oxdiation
reaction, such as water, along with minor amounts of cyclohexylbenzene, among other

20  components that may be vapor under the conditions in oxidation reactor 106. In an operation
not shown in Figure 1, the oxygen depleted stream in line 108 may be further processed to
recover the cyclohexylbenzene, remove water, and otherwise make the cyclohexylbenzene fit
for recycle as feed to oxidation reactor 106, and make other streams suitable for other uses or
disposal.

25 [00101] Remaining with Figure 1, at least a portion of the oxidation composition is
withdrawn from oxidation reactor 106 in line 110, including cyclohexyl-1-phenyl-1-
hydroperoxide but potentially including other hydroperoxides and dihydroperoxides. In an
embodiment where NHPI is introduced to oxidation reactor 106, the oxidation composition
including cyclohexyl-1-phenyl-1-hydroperoxide may contain NHPI.

30  [00102] At least a portion of the oxidation composition including cyclohexyl-1-phenyl-1-
hydroperoxide in line 110, along with an acid catalyst in line 112, is provided to cleavage
reactor 114, and thereby an acid catalyst is introduced to at least a portion of the oxidation
composition. In one embodiment, the acid catalyst in line 112 is sulfuric acid or a mixture of

sulfuric acid and water. Conditions in cleavage reactor 114 are such that a cleavage reaction
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decane andrghmnved-faito a gl ass flask maintained at 62C. 0.5 nL of 1.5 wt%
sul furic acid in nitromethane were added to the flask, giving a sulfuric
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The cl eavage reacti on occurred i nstantaneously as indi cated the reaction
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of the OXI |on conposition a treate avage reactl on m xt ur are
listed in TabehleaZonW@nZl@.lZ/ 036827PCT/ US2011/ 047848 2010EML72- PCT
[00103] Still with Figure 1, the at least a portion of cleavage reaction mixture in line 116,
and a basic material in line 118, are directed to a neutralization reactor 120, and thereby a
basic material is introduced to at least a portion of the cleavage reaction mixture. In one
10 embodiment, the basic material in line 118 is an amine or diamine, such as 2-methylpentane-
1,5-diamine (DYTEK™ A). Conditions within neutralization reactor 120 are such that a
neutralization reaction occurs of at least a portion of the basic material and at least a portion
of the acid catalyst in the at least a portion of the cleavage reaction mixture, and a treated
cleavage reaction mixture is formed. A treated cleavage reaction mixture in line 122 is
15 removed from neutralization reactor 120, conveniently having a reduced content of acid
catalyst compared to that in the at least a portion of the cleavage reaction mixture in line 116,
and conveniently comprising a complexation product. In another embodiment not shown in
Figure 1, at least a portion of the treated cleavage reaction mixture may be subjected to
further processing to, for example, further purify phenol and cyclohexanone, separate phenol
20  from cyclohexanone, and the like.
[00104] In another embodiment not shown in Figure 1, the basic material may be a liquid
aqueous base, for example aqueous sodium hydroxide, and neutralization reactor 120 may be
a continuous countercurrent wash column, or a liquid-liquid extraction column or
countercurrent series of liquid-liquid contacting drums. In such an embodiment, a line not
25  shown in Figure 1 may be present carrying the fresh liquid basic material into and the used
liquid basic material out of neutralization reactor 120. Conveniently, the used liquid basic
material will also contain a large proportion or virtually all of any complexation product
formed.
[00105] In a further embodiment not depicted by Figure 1, no basic material in line 118 is
30 provided to neutralization reactor 120, rather, the basic material is a solid, for example an ion
exchange resin or a solid sodium carbonate. In this instance, the neutralization reactor 120 is
a vessel filled with the solid in a manner conducive to fixing the solid in the vessel as the
cleavage reaction mixture including an acid catalyst flows over it, and the vessel dimensions

and quantity of solid is such as to provide the desired contacting residence time at the given
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neutralization conditions. Any complexation product formed may be affixed to the solid
basic material and remain in neutralization reactor 120, and the solid basic material may be
used until it loses effectiveness and then replaced in an appropriate manner.
[00106] Referring now to Figure 2, there is illustrated another exemplary process 200 for
5 producing phenol and cyclohexanone according to the present invention. The feed
comprising cyclohexylbenzene in line 202 is provided to oxidation reactor 206. Oxygen in
line 204, conveniently in the form of air, is provided to oxidation reactor 206, and thereby
oxygen is introduced to the feed comprising cyclohexylbenzene.
[00107] Continuing with Figure 2, conditions within oxidation reactor 206 are such that an
10 oxidation reaction occurs, and producing a oxidation composition comprising cyclohexyl-1-
phenyl-1-hydroperoxide. As the oxidation reaction continues, oxygen is depleted and an
oxygen depleted stream in line 208 is removed from oxidation reactor 206.
[00108] Remaining with Figure 2, at least a portion of the oxidation composition including
cyclohexyl-1-phenyl-1-hydroperoxide is withdrawn from oxidation reactor 206 in line 210,
15 including cyclohexyl-1-phenyl-1-hydroperoxide  but potentially including  other
hydroperoxides and dihydroperoxides. In an emodiment where NHPI is introduced to
oxidation reactor 206, the oxidation reaction product including cyclohexyl-1-phenyl-1-
hydroperoxide may contain NHPI.
[00109] At least a portion of the oxidation composition including cyclohexyl-1-phenyl-1-
20 hydroperoxide in line 210, along with an acid catalyst in line 212, is provided to cleavage
reactor 214, and thereby an acid catalyst is introduced to at least a portion of the oxidation
composition. In this embodiment according to Figure 2, the acid catalyst in line 212 is
sulfuric acid or a mixture of sulfuric acid and water. Conditions in cleavage reactor 214 are
such that a cleavage reaction occurs, causing cyclohexyl-1-phenyl-1-hydroperoxide but also
25  any other hydroperoxides and dihydroperoxides present, to decompose to materials such as
phenol, cyclohexanone and form a cleavage reaction mixture. At least a portion of the
cleavage reaction mixture including phenol, cyclohexanone, and the acid catalyst is
withdrawn from cleavage reactor 214 in line 216. Potentially, the at least a portion of the
cleavage reaction mixture in line 216 may also contain a contaminant.
30  [00110] The at least a portion of the cleavage reaction mixture including phenol,
cyclohexanone, and an acid catalyst in line 216, and a basic material in line 218, are directed
to a neutralization reactor 220, thereby introducing a basic material to at least a portion of a
cleavage reaction mixture. In this embodiment according to Figure 2, the basic material in

line 218 is a relatively high molecular weight amine, 2-methylpentane-1,5-diamine.
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Conditions within neutralization reactor 220 are such that a neutralization reaction takes place
wherein the at least a portion of the diamine complexes with and neutralizes at least a portion
of the the sulfuric acid in the at least a portion of the cleavage reaction mixture in line 216,
creating a treated cleavage reaction mixture. The cleavage reaction mixture comprises

5  phenol, cyclohexanone, cyclohexylbenzene, and amine-sulfuric acid complexation product.
The amine-sulfuric acid complexation product is completely soluble in the treated cleavage
reaction mixture, and further has a relatively low volatility compared to cyclohexylbenzene.
At least a portion of the treated cleavage reaction mixture is removed from neutralization
device 220 in line 222.

10 [00111] Still with Figure 2, the at least a portion of treated cleavage reaction mixture in
line 222 is exposed to a measurement and control device 224 that uses a calibrated method to
continually determine the amount of acid catalyst or basic material in the at least a portion of
the treated cleavage reaction mixture. The calibrated method has been developed using
techniques described earlier, in this embodiment according to Figure 2, specifically directed

15 to sulfuric acid and 2-methylpentane-1,5-diamine (DYTEK™ A). Conveniently, the
measurement and control device 224 also continually determines the amount of acid catalyst
or basic material in the at least a portion of treated cleavage reaction mixture in line 222,
continually determines a difference between the continually determined amount of acid
catalyst or basic material and a target amount of acid catalyst or basic material in the at least a

20  portion of treated cleavage reaction mixture, and adjusts the rate of introduction of basic
material in line 218 as needed to more closely approach the target amount of acid catalyst or
basic material. The adjustment may take place by sending an electronic signal, represented
by the dashed line attached to measurement and control device 224, to an element such as a
control valve associated with the basic material in line 218, not shown in Figure 1, that will

25  increase or decrease the introduction of the basic material by an amount as may be correlated
with the difference between the continually determined amount of acid catalyst or basic
material and the target amount of acid catalyst or basic material in the at least a portion of
treated cleavage reaction mixture.

[00112] Keeping with Figure 2, the at least a portion of the treated cleavage reaction

30  mixture in line 222, having near the target amount of acid catalyst or basic material and
comprising a complexation product, is provided to fractionation column 226. Fractionation
column 226 is operated to provide an overhead product in line 228 that is enriched in
cyclohexylbenzene and components with a higher volatility than cyclohexylbenzene relative

to the at least a portion of the treated cleavage reaction mixture in line 222, and depleted of
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m xed with 8 wt % decane and | oaded into a punp and fed at a rate of 3.33
cnB/mn into a 50-nL glass 5 continuously-stirred tank reactor (CSTR) held
at 64C. CongmmM@bagdtsul furic acid catal yst was added to the reactor to
keep the sulfuric acid concentration at 3,000 wopmin the cl eavage reaction

m xture. Them n‘é@t&’%@@ng %QG&&%IQQ&W&E%&IB@ ?I%%ﬁ@%hbéu@ﬁy laNnfpdxeGondy t he
reaction exothermto formthe cleavage reacation m xture. An aliquot of the

cl eavage r eEdneti shetifg sorthe at logss a paltien Oéfh?éliea@@) chivage ecgctimgnixpiee B 22c aci d
cat al yst V‘@ﬁcﬂf‘ﬂﬁ&ﬂ;dl&lﬁg Zi-épm%or}%eﬁteﬁtt@t)fbb dQTRI R s ATRERL R)fduct in line 230

2, 6-di i sopropy line to formthe trea cl eavage reaction mxture. The
treated cl éat/aﬁg@pk@éotl icompericrts heeingadoweralojatidity thei nyrldexdhenzetverclatnptysi ti on

o1 of eaen 12 £PAE0 A S E RN A0 B BB T ol BT RO ERE e b €
3 ConponentydicgdbénaeneConmp ammpbomts( Wvige o leghee dollaiditia genr eabhixydbentoueur e
(wt % Cycl PHGRENORE ap Ieas%z p%rt180?140f the%rea!ed cIeQ\;'aSge reaction mixture in line 222. Further,
the bottoms product in line 230 conveniently contains most, potentially all, of the amine-
sulfuric acid complexation product introduced to fractionation column 224 in the at least a
10 portion of the treated cleavage reaction mixture in line 222.
Examples
[00113] The invention will now be more particularly described with reference to the
following non-limiting Examples.
Example 1: Oxidation of Cyclohexylbenzene using NHPI catalyst
15 [00114] One hundred fifty (150) grams of cyclohexylbenzene and 0.16 grams of NHPI,

both purchased from TCI America, Inc., 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 contents were stirred at 1000 revolutions-per-minute (rpm) and sparged
with nitrogen at a flow rate of 225 cm’/minute for 5 minutes. The reactor was maintained

20 under a nitrogen sparge and heated to a reaction temperature of 110°C. The sparge gas was
switched to air and sparged at 250 cm’/minute for four (4) hours. Samples of the oxidation
composition in the Parr reactor were taken hourly and analyzed by gas chromatography (GC).
After four (4) hours, the gas was switched back to nitrogen and the heat was turned off.

Example 2: Neutralization of Cleavage Reaction Mixture using Sodium Carbonate

25 [00115] The oxidation composition generated in Example 1 was mixed with approximately
8 wt% decane and charged into a glass flask maintained at 53°C. 0.5 mL of 1.5 wt% sulfuric
acid catalyst in nitromethane were added to the flask, giving a sulfuric acid concentration of
1500 wppm in the cleavage reaction mixture. The cleavage reaction occurred instantaneously
as indicated by the reaction exotherm to form the cleavage products. An aliquot of the

30 cleavage reaction mixture was taken after 10 minutes and the sulfuric acid was neutralized
using a stoichiometric amount of 10 wt% sodium carbonate solution to form the treated
cleavage reaction mixture. The sample was analyzed using GC and the composition results of

the oxidation composition and treated cleavage reaction mixture are listed in Table 1.
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Table 1

Component Oxidation Treated cleavage
Composition (wt%) | reaction mixture (wt%)

Light Oxygenates 0.078 0.166

Cyclohexanone 0.028 6.873

Phenol 0.022 7.016

Decane 8.952 8.798

Other C12 0.411 0.436

Cyclohexylbenzene 7005 72.102

Phenylcyclohexenes 0.205 1.329

Phenylcyclohexanols 2.527 0.754

Phenylcyclohexanones 0.553 0.669

Cyclohexyl-1-phenyl-1-hydroperoxide | 16.416 0.134

Other hydroperoxides 0.660 0.420

Other Oxygenates 1.067 1.102

C18 0.175 0.150

Hydroperoxide Conversion (%) - 99,2

Cyclohexanone Yield (%) - 79.6

Phenol Yield (%) - 84.8

Example 3: Neutralization of Cleavage Reaction Mixture using Hexamethyleneimine
[00116] An oxidation composition made in a manner similar to that described in Example
5 1 was mixed with approximately 8 wt% decane and charged into a glass flask maintained at
62°C. 0.5 mL of 1.5 wt% sulfuric acid in nitromethane were added to the flask, giving a
sulfuric acid catalyst concentration of 1500 wppm in the cleavage reaction mixture. The
cleavage reaction occurred instantaneously as indicated by the reaction exotherm to form the
cleavage products. An aliquot of the cleavage reaction mixture was taken after 10 minutes
10 and sulfuric acid was neutralized using a stoichiometric amount of 1 M hexamethyleneimine
solution in nitromethane to form the treated cleavage reaction mixture. The treated cleavage
reaction mixture was analyzed using GC and the composition results of the oxidation

composition and treated cleavage reaction mixture are listed in Table 2.
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Table 2

Component Oxidation Treated cleavage
Composition (wt%) | reaction mixture (wt%)

Light Oxygenates 0.062 0.029

Cyclohexanone 0.030 5.575

Phenol 0.023 5.981

Decane 8.319 8.239

Other C12 0.410 0.430

Cyclohexylbenzene 71.640 74.943

Phenylcyclohexenes 0.191 1.415

Phenylcyclohexanols 2.368 0.764

Phenylcyclohexanones 0.527 0.785

Cyclohexyl-1-phenyl-1-hydroperoxide | 14.614 0.137

Other hydroperoxides 0.684 0.205

Other oxygenates 0.928 1.291

C18 0.184 0.161

Hydroperoxide Conversion (%) - 99.0

Cyclohexanone Yield (%) - 81.6

Phenol Yield (%) - 91.2

Example 4: Neutralization of Cleavage Reaction Mixture using 2.6 - diisopropylaniline

[00117] An oxidation composition made in accordance with Example 1 was mixed with 8
wt% decane and loaded into a pump and fed at a rate of 3.33 cm’/min into a 50-mL glass
5 continuously-stirred tank reactor (CSTR) held at 64°C. Concentrated sulfuric acid catalyst
was added to the reactor to keep the sulfuric acid concentration at 3,000 wppm in the
cleavage reaction mixture. The cleavage reaction occurred instantancously as indicated by
the reaction exotherm to form the cleavage reacation mixture. An aliquot of the cleavage
reacation mixture was taken after 10 minutes and the sulfuric acid catalyst was neutralized
10 using a stoichiometric amount of 2,6-diisopropylaniline to form the treated cleavage reaction
mixture. The treated cleavage reaction mixture was analyzed using GC and the composition
results of the oxidation composition and treated cleavage reaction mixture are listed in Table

3.
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[00118]

As will be understood by th

0S¢

skilled in the art, the methods of the present

invention may utilize numerous equipment and unit operation elements not shown in the

Figures or discussed in their description, including but not limited to, heat exchangers through

which streams may pass to decrease or increase their temperatures prior to being introduced

into another element, as well as pumps and compressors to provide motive force for streams,

mixers, instrumentation and control valves.

[00119]

In addition, although the Figures illustrate continuous processes, batch operations

(e.g., with intermittent introduction and removal of streams), or semi-batch operations (e.g.,

10

continuously removed) are within the scope of the present invention.
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2012/ 036827PCT/ US201 4784 .0cess |ne t 1,
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no greater than 200C, .an ressure of at(ieash 5 and na gg at er t an 3450
kPa. 510.The pri5agiva “&‘J‘f‘méerﬁ)oé‘gﬁi“}?e‘}ﬂ greaten, (i} & WelEREP A S e P ﬁﬂj

occurs at a tenpef @idlyseofio @tatdr@Rmis0ApnasmdhdhsBaadrRl. than 150C and a
pressure of at least 70 and no greater than 1380 kPa. 11. The process of

embodi ment 21, whis RIPFESE H%ef{ﬂ?%léﬁ“’é’d Lo agrgaghe pedaion sAMBPSHQr eomwiesaAt Hesho

greater than @p, vugfelah@aafylﬂehfen@cm Gakabxsl @R M Greal&bntt bAMZdx\RRR Of
the basic 10material. "12. The process of enbodi ment 1, wherein the anount

of at Héas€ompRsitep- t he aci d catal yst and basic naterlal in the treated

cl eavage regactipy, 5905&&'6?eﬂ1§oa‘i’rﬁmﬁrﬁr1”\wﬁ1%@1nutﬁb '891d§t1cﬁlaéoh%' Q‘ﬁ&&jfdﬁ%lh&gn rises 13:

The process of enbodi nent erein the anount of cat al yst or “basi c
mat eri al one oOr more hydroper0x1des selected from cyclohexyl-1 phenyl 2-hydroperoxide;

cyclohexyl-1-phenyl-3-hydroperoxide; cyclohexyl-1-phenyl-4-hydroperoxide; cyclopentyl-1-
methyl-2-phenyl-2-hydroperoxide; cyclopentyl-1-methyl-3-phenyl-3-hydroperoxide;
20 cyclopentyl-1-methyl-1-phenyl-2-hydroperoxide; cyclopentyl-1-methyl-1-phenyl-3-
hydroperoxide; cyclohexyl-1-phenyl-1,2-dihydroperoxide; cyclohexyl-1-phenyl-1,3-
dihydroperoxide; cyclohexyl-1-phenyl-1,4-dihydroperoxide; cyclopentyl-1-methyl-2-phenyl-
1,2-dihydroperoxide; cyclopentyl-1-methyl-2-phenyl-2,3-dihydroperoxide; cyclopentyl-1-
methyl-2-phenyl-2,4-dihydroperoxide; and cyclopentyl-1-methyl-2-phenyl-2,5-
25  dihydroperoxide.
4. The process of embodiment 1, wherein the acid catalyst is one or more of sulfuric
acid, perchloric acid, phosphoric acid, hydrochloric acid and p-toluene sulfonic acid.
5. The process of embodiment 1, wherein the cleavage reaction mixture comprises at
least 50 wppm and no greater than 3000 wppm of the acid catalyst, based upon total weight of
30  the cleavage reaction mixture.
6. The process of embodiment 1, wherein the basic material is one or more of ammonia,
ammonium hydroxide, an alkali metal hydroxide, a basic clay, an anionic exchange resin, an
activated carbon and an amine.

7. The process of embodiment 1, wherein the basic material is an aliphatic amine.
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15 in the treated cl eavage reaction m xture is determ ned continually, and
the process further includes: (i) continually determning a difference

bet ween twe 2ni3ss2aal | y det ermi ned anount of aci d cat al petr/useotbhmasisaes
material and a target anmount of acid catalyst or basic naterial in the
treated cl eavage reaction mxture; and (ii) adjusting the anpount of basic
mat eri al i nolggMion-iide basis of the continually determ ned difference to
approach the target anount of acid catalyst 20or basic material in the
treated cl gavagend fachd &fbn{%&h{éﬁﬁ} whfkin hOBask! RR6S iof qighRedi ment 1,

wherein the neutralizing of e basic material and acid catalyst in (c)
forms a coftpl exBid FACHY @Htmhodtmﬁe@t 1j whesein ths| nsuirdlizingdn {¢) oseustiatd empergiare
reaction MuER: 30% ShAR Sodlr fl AIPE!HUL GeQlicdr of RIS HAHG RGBS 3

| ower volatility than cycl o exyl benzene. 2515. The process of enbodi nent 1,
wher ei n at 3#¥Hdd¥. a portion of the treated cleavage reaction mxture is

subj ect ed on I iyl t. ottons
mater ol fot oo a6 AREANA i gh e b AREERD A PhMERBRE |
cycl ohexanoh#g lc&strM"ﬁ?e@,d nohgatataxttBénbledOr(g abvhs edbssome o fhe leta@tt Al andenogrt:atmfthztrhe

bott ons matlgzg and further contains nore than 95 wt % of the conpl exation
product contal ned in the at |least a portion of 30 the treated cl eavage
reaction mixtur Ehsm&ee&b@nﬁodirmdnel fwigeedin drateadl steh‘lralgatéaonfnn mixatre wdribilrased

upon the total t,of the e on of reat ed .c Epvage
rBacti on iRl i 25 tatios ThnaSE el bRl haRuBler MU 35 PHE S RERST
produced Dbynatdhiel. pr ocess of 1. 17. Cycl ohexanone produced by t he process of
1. WD 2012/ 036827PCT/ US2011/ Q4784 10ENL72- PCT 1 st one
phenolic r ég %Pﬁ%rB‘FFé% od gneea?y ‘%‘Peé?}?g(nrﬁanéﬂlin‘a‘lﬁab StePGF Bfg’re aaldﬁf“ég’ts‘i ci zer

produced f aﬂtrrbztsaem%@ﬂ Qh 19 trehed clehfageAbadtieR slixt0Rels @bte@Blh@ €siCA Balibated
cycl ohexanone resin, a cycl ohexanone oxi nme, caprolactam or nylon produced

fromthe CWI’@Hexanone of 17. 520. A process for produci ng phenol

conpri si ngy3. (athd fbéRAVCIRNDIMNNI SR WiRredn e &fhobRAIRLERIREVSYSIHahE ulhenzene
to cause an oxidation reaction to occur and produce an oxi dation

conposil®i of terisricdickgvasy drasHex s MepR eipIminchyentiapeivoRndighe pregsys further
i ntroduci gy alcaeh doft@halyy. @erﬁlﬁn@gta difBRhectheRRIh 'tmoﬁtfmlfahf A& AR Aunt

conposi tion 10to cause a'cl eavage reaction to occur, and produce a cleavage
reaction mkeag eatdpripr basiongateitivd and b terecraioytof agii @@t@llystamdvaw ghhekatne;

and (c) 1 RLEOAYCI AL Rl xR %{dl (Iﬂg ({y?snﬂé e n b B hl%nﬁ’lfl? T(cg%n?ﬂ eavage

reaction mxture to cause a neutra I'on“reaction to occur
portion of baShﬁeofbh@c@ltlmllerdea:rmuwd Hlf&tenbewsappmaqdmhb mg\et@fnoume)facudctatahfsial yst

Int he&a OF@% rihtd {nt Qtrgaf‘[ed cl %@a\llgaeq actlon mi & rgtl on mxture, and forma
treated cl eavag Je T eac Ne& treated cl eavage reaction

m xt ure condai nﬁhmo@seaﬁ@mboﬂhmnt BOVNqnqsmlmfnetlﬂMhzmglocﬂtlmaiaalbymanermr amicacgr eat er

compr i i nGPReTth 69 B e TRy By P e e TEs rolha B EsttaR b

conposi t i omiGORPhd Sfablg at a temperature of at least 185°C, and has a lower volatility than
cyclohexylbenzene.

25 15.  The process of embodiment 1, wherein at least a portion of the treated cleavage
reaction mixture is subjected to one or more fractional distillation steps to produce a bottoms
material that comprises less than 5 wt% of cyclohexylbenzene, phenol and cyclohexanone
combined, that wt% being based on the total weight of the bottoms material, and further
contains more than 95 wt% of the complexation product contained in the at least a portion of

30  the treated cleavage reaction mixture subjected to the fractional distillation, that wt% based
upon the total weight of the at least a portion of the treated cleavage reaction mixture
subjected to the fractional distillation.

16. Phenol produced by the process of 1.
17. Cyclohexanone produced by the process of 1.
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20cycl ohexyl -1 - phenyl- 1- hydr operoxi de; (b) cleaving at |east a portion of
t he cycl ohexyl - 1 -phenyl-I|-hydroperoxide in the presence of an acid

cat al yst wo2prodes2¢ a cl eavage reaction m xture conpri siPog/uShe 1.a¢isds

catal yst and at |east sonme phenol and cycl ohexanone; and (c) neutralizing
at | east sonme of the acid catalyst fromthe cl eavage reaction 25 m xture
with a baspgiomtenimdy, thereby formng a treated cl eavage reaction m xture,
wherein the treated cl eavage reaction m xture contains no greater than 50

wppm of thegaci gt gattabesis Q[)hé?l@lugrre%ﬁlt %ﬁsphéh%n 200 WPRMcAM, the,dRash&d teri al .
[00121] While the present invention een described and illustrated by

ref erence Pbﬁﬁé¥ﬁpﬁﬁwaﬁﬁémﬁbﬁﬂ#ﬁﬁh§16those of ordinary skill in the art
wi || appregjateat hak: the dMyepk Q@d § )Jc%ﬂg;émbﬁes‘?ésfn Lo c‘ﬁ Ph&%ﬁ&l@soﬂ%

necessarily illustrated herein. hi"s reason, then, erence shoul d be
made soleIy%ﬂdWﬂﬁeoamﬁ@hMdenﬂﬁpﬁ®h¢ﬁmkﬁwwpmgeﬁ16f deternlnlng the true

scope o . gngggiﬁ%%ﬁf@éﬁ&&%&@ghmﬂﬁ%&gé%hl36827PCT/U82011/047848

2010EML proces r produci ng phenol conpri sing:
(a)oxi di zi ng at(a) easttralupiogtaxgperofo a feeédompripng syeighaxylbbdeex yé lsewmzeme t o

produce an OX|dat n coq%05|t|on co r|5|%% ay
C

100 teaction to Qccur, an 0 oxidation cpmpositiqn com risin
cycl ohexyl - 1- pheny G roper oxi de; %'f eavi ng SPPEAS rtﬁ%n of

t he oxidation cgmhﬁ&qﬂuqmmmnlubﬂnmemsﬂace of an acid catal yst to produce a
cl eavage reacti m.xt u t he aci d catal enol and..
Cychonaxanone. | G (Ry s SR RoiER R asEei HEE Aihe PRURER eoBRoNge
reacti @@ m xture sukd aacl@asgcC reaction WRbENE, adndt Grofetna alchvagatredtiol edvage
reaction m xture, wherein the Lgea ed cleavaee 10reacti on m xture contains

no greater thanCHEPTREEGHACKRRYS R PdicsHORAMP: B t he acid catal yst or

no greater thancp0 ViR@sIuBhg tahBaskAmakriBioest Rhst a goméﬁh@f m{eoa@@sg@ffea@th@ m 1,
wherei n the oxidation conposition conprises at |east 65
cycl ohexyl benzeRENTE e 9 PESEHZHIENCIHEn {1 PEU RbrigRtst 6fp0fth>é1 dxtheibtsicon

conmposi tion.  3matfhe A0S &St (ordnadfMhclacRl cabdlyk A Be aBRE £hoHiLNET Q¥va@t | on
COm)OSIlgl on f urrtegc(?fon mixture, and form a treated cleavage reaction mixture, wherein the treated
cleavage reaction mixture contains no greater than 50 wppm of the acid catalyst or no
greater than 50 wppm of the basic material.
21. A process for producing phenol comprising:
(a) oxidizing cyclohexylbenzene to produce an oxidation composition comprising
20 cyclohexyl-1-phenyl-1-hydroperoxide;
(b) cleaving at least a portion of the cyclohexyl-1-phenyl-1-hydroperoxide in the
presence of an acid catalyst to produce a cleavage reaction mixture comprising the
acid catalyst and at least some phenol and cyclohexanone; and
(©) neutralizing at least some of the acid catalyst from the cleavage reaction
25 mixture with a basic material, thereby forming a treated cleavage reaction mixture,
wherein the treated cleavage reaction mixture contains no greater than 50 wppm of the
acid catalyst or no greater than 50 wppm of the basic material.
[00121] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
30 lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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15conpri ses one or nore hydroperoxi des selected from
cycl ohexyl - 1- pheny1- 2- hydr oper oxi de; cycl ohexyl -1 -phenyl-3-hydroper oxi de;
cyc | ohexyb-2bipizesry1- 4- hydrop eroxi de ; cyc | op entyl - PCT/usedihypirsis
- phenyl-2 -hydroperoxide ;cycl opentyl-1-methyl-3-phenyl - 3-hydroperoxide;
cyclopentyl -1 -nethyl -1 -phenyl -2- hydr oper oxi de;
cycl opent y 2o ibpvetshvicd - phenyl - 3- hydr oper oxi de; cycl ohexyl -1 -phenyl -1, 2
- di hydroperoxi de ;cyc | ohexyl-1 -phenyl-1,3 - 20 dihydroperoxi de ;
cycl ohexyl plepbeAamwis1, 4- di hydr oper oxi de; cyc | opentyl-1-nethyl-2
-phenyl -1, Z-dihydrop eroxide ; cyc |lop entyl-1-nethyl-2-phenyl-2,3
-di hydrop ér oxi @@rocegsyfer pregycegtpppnol comppisiitgy 1- 2 - pheny1- 2, 4- di hydr oper oxi de
; and cyc lop entyl-1-neLhylr 2s =2 e - gl ORGT i e
process of any @%e o%“t‘ém%Fggﬁﬁ?ﬁg%bﬁéiﬁéf Q‘ﬂ%@@n tﬁg%%%?lxgg?ﬁ%géP i's
one or 25nore ofrodusefypkidatgaicdmppretianidopiprising eyaohepy dsptvoy i lchylsopgroxide;
hydrochoric achd and, g b0l tRAG a S8 fhedldlion implRRPLARERR L. B Of
t he preceding clains, wherein the c eavage reaction m xture onpri ses at
| east 50 wppm amal n@alystetatmgoduch ancl@f8g: wagmnohixtire caopasicathal acst catipsed
upon tot al meigﬁ}n&%nghqﬂ&kgﬁ%a %néeaction m xture. 306. The process of any
one of the prec%ﬁlng clA AE " Rher'éi n the basic material is one or nore of
anmoni a, anmmoni @mn hydroxdldag aahcast Kpdriionref tk chegdrgoxtadeon mihasivdthcd Basic an
ani oni ¢ exchange resin,.an activated carbon and an amne. 7.Th rocess of
any one of clai W%teria-ﬁst? ﬁ%ﬂ%?gf"f'ﬁ‘!‘efihc oy ré?a‘i%&{lé?li"%‘lre’i CET 2 AT SR e WO
2012/ 036827 PCT/ tdaidh ThiQehrS&hita2d IdENEatet- th4aT 50 KeighygariopecasiBorDfwpny cdnig: of
clains 1-5 or cla'n1¥, wher ei n tFe asi%h@pﬁerial is.a diamne 9. The
process of any YHeSHFYY ANpFetEd TR theyprsicdnateiahe neutralizing in (c)
occurs at a. tenpgy@bétkeolaimll, Wdein BOGxiafbnROMPSL@MInoniphial a2 RAk65an, a
pressure of at least 5 and 5no greater than 3450 kPa. . 10. The_ process of
claimo, V\ﬁléﬁl@eﬁylﬁ’?{’éefﬁe%r"‘é(VOibz"?e%glpPWh(eé‘Btald’éf‘é@}t &f the O dRUOHFEPRPTHAD. of at
| east 40C and n@h@&%&ﬁroﬁ biaih 150CcANE B PRESARUNE RidaBbn lc6RRSsitTR ARGeNO
greater than 1380 kPa. 1. The process of any one of the preceding
cl ai s, 15 whepapipes pre ¢ree dydioparayid e}eétﬁétfﬁoahcwéhﬁ%»ltlcnhémdérhYérqurOﬁ@e;
greater th p A e EYoF:) an ) a m of
The basi ¢ G P Ry B
wher ei n t hacthybgmheryl-2dydiopersxidone of crdopgaivét 1 arathyly gthemyl-3dydiaperipsider i al
i n the tregi@ghefilyPRAAARIIGAENI STt AL S det eqTidpaly Uikl 1 SRl RS AL ed
hydroperoxide; cyclohexyl-1-phenyl-1,2-dihydroperoxide; cyclohexyl-1-phenyl-1,3-

20  dihydroperoxide; cyclohexyl-1-phenyl-1,4-dihydroperoxide; cyclopentyl-1-methyl-2-phenyl-
1,2-dihydroperoxide; cyclopentyl-1-methyl-2-phenyl-2,3-dihydroperoxide; cyclopentyl-1-

methyl-2-phenyl-2,4-dihydroperoxide; and cyclopentyl-1-methyl-2-phenyl-2,5-
dihydroperoxide.
4, The process of any one of the preceding claims, wherein the acid catalyst is one or

25 more of sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid and p-toluene
sulfonic acid.
5. The process of any of the preceding claims, wherein the cleavage reaction mixture
comprises at least 50 wppm and no greater than 3000 wppm of the acid catalyst, based upon
total weight of the cleavage reaction mixture.

30 6. The process of any one of the preceding claims, wherein the basic material is one or
more of ammonia, ammonium hydroxide, an alkali metal hydroxide, a basic clay, an anionic
exchange resin, an activated carbon and an amine.

7. The process of any one of claims 1-5, wherein the basic material is an aliphatic amine.
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1513. The process of claim 12, wherein the anmount of acid catalyst or basic
material in the treated cleavage reaction mxture is determ ned

cont i nualwg,20erdes2ne process further includes: (i) contipowalskeiidetses m ni ng
a difference between the continually determ ned anount of acid catal yst or
basic material and a target anount of acid catalyst or basic material in

t he treat edopipeavagereacti on mxture; and (ii) adjusting the anmpbunt of
basic material in (c) on the basis 20 of the continually determ ned
differencegto apps paeds toh@nd 3haet cRIRUNS Qf caf o CREahtsd bRic hartis RBteri al
in the treated cleavage reaction mxture. 14. The process of any one of

t he precedid#gi®st ai ns, wherein the neutralizing of the basic material and
acid catalyst i fhdihed 06Ty 3nCOFRE FEBARNIAROAneif Rkl 401 obdird e
treated cl eavage reaction mxture, 1S stable at a tenperaturé of at | east
185C, and hastempboner 028 el Ciang np igzaatee (heh GARKY ik m prensire ofld leafiheagsk ocess
of any gne of the.nfesBdippg clainms, wherein at |least a portion of the
treated cl eavage reaction mxture is subjected to one or nore fracti onal
distillatidh stEpsproeesppddaioe’.avipodit dresnentitlermigah (Ohacurs ehpringesatire 9§ at han 5
wt % of cycl ohexyl benzene enol..and .cycl ohexanone nbi ned, that % bei ng
based on’ ¢ K CBrGRTnES gt ebiRel Reo BoPe G SUE ST RORR: SBHRL B Bspbnin 840 e
nore than ®8Bawt % of the conpl exati on product contained in the at |east a

portion of the treated cl eavage.reaction mi.xture subjecte o the .

ot {onal 1 st THRRRSHST FRAT G bF BELbBR e HErEtla St glsevasf Fospionay

| east a0 porittoR cohtainh@o icfat @tn Ok edpage theadd camlystiaxd uo gréatebias Ledvppm t he
fractional gisk%%%aiio . 16. Phenol produced by the process of claiml
WD 2012/ 0365899 1/ 047848 2010EML72- PCT 17. Cycl ohexanone produced by

the process20f tThairdeels ofldy She bEBS bre6didnOdlaiths PIIRAGA tie ahRBAILf ablcaRbBNSt A,
e-caprolactam_ an adipic acid or. a plasticizer produced fromthe phenol of
claim 16. iy 2aid piglyst ordasic griesaipithe ticated cleavagy £qapiaaitBiies deisrminedusing

cycl ohexangpgiRxéd®ethed.capr ol actam or nyl on produced fromthe cycl ohexanone
of claim17. 20.A process for producing phenol conprising: (a) introducing
oxygenlfo &3f eelhcriagss af q%@jmcvgl\v@ﬁ@kythmm@ﬁ@f pd eafelyE oaRadngigtiplgn the
reaction t : ' i > it ! :
Cyel ohexyl TTEhare F85 Rl aREuat: QLA AR R RI S o
at | east a(ipoentingallyodetarmeninsi ddferanpae bowpasihe icontinuallyc daierained ginwayiaefeacid
reaction t E?ata’l%%%r"r] bas"?r]“fﬁatl%f'ﬁ%ﬁﬁ oGl HRNAAS aE@ac?{a;y?{‘orfBaéié %a‘?erﬁPﬁEﬂEé §dig the
acid catal yst; pheno and cyclo §xanone; and (c) introducing a basic

mat eri al t oleatagé emstionamiponre;iand (i0f adjusengihe avages of basi¢ meteriafi ikt(cra theobaause a
neutraljzatjgn reaction to . r. of at | eas rtion of the.l asic
mater 8 wet ARGOTELLE Nt BuREr oo floatrbiibh B Bt of 8¢ 2R BREH
portion of badicawage ir thactatahcloavaganeastioandxtiuer m a treat ed cl eavage reaction

m xture, wherein the treated cl eavage r.eacti on xture contai ns. no, greater
Chan 50’ wpiin of | boss & tsoar GER SReRdNg Falmpor M hSpralane et Prbite; o
mat eri al . ZihteMapimACREScahadyst i @)@t G qAPNGhti@OFPdics tHagis soluble in the treated

cleavage reaction mixture, is stable at a temperature of at least 185°C, and has a lower

25  volatility than cyclohexylbenzene.
15. The process of any one of the preceding claims, wherein at least a portion of the
treated cleavage reaction mixture is subjected to one or more fractional distillation steps to
produce a bottoms material that comprises less than 5 wt% of cyclohexylbenzene, phenol and
cyclohexanone combined, that wt% being based on the total weight of the bottoms material,

30  and further contains more than 95 wt% of the complexation product contained in the at least a
portion of the treated cleavage reaction mixture subjected to the fractional distillation, that
wt% based upon the total weight of the at least a portion of the treated cleavage reaction
mixture subjected to the fractional distillation.

16. Phenol produced by the process of claim 1.
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20( a) oxi di zi ng cycl ohexyl benzene to produce an oxi dation conposition
conpri sing cycl ohexyl -1 - phenyl- 1- hydroper oxi de; (b) cleaving at |east a
porti on obothe/mys2rohexyl - 1-phenyl-1-hydroperoxi de i n trhe/yse@senmses of an
acid catalyst to produce a cleavage reaction m xture conprising the acid
catal yst and at |east sone phenol and cycl ohexanone; and 25 (c)

neutral i zi ngiogEMi72asiT sone of the acid catalyst fromthe cl eavage reaction
m xture with a basic material, thereby formng a treated cl eavage reaction

m xt ure, mh¢re|@yaaﬁxhbg@h%gmghg?wﬁgﬁmkgggghgﬂ1n1xture contains no greater
t han 50 wppm of the acid cat al greater t han 50 wppm of the basic
material. 18 At least one of a phenohc resin, bisphenol A, g-caprolactam, an adipic acid or a

plasticizer produced from the phenol of claim 16.

19. At least one of adipic acid, a cyclohexanone resin, a cyclohexanone oxime,
5 caprolactam or nylon produced from the cyclohexanone of claim 17.

20. A process for producing phenol comprising:

(a) introducing oxygen to a feed comprising cyclohexylbenzene to cause an
oxidation reaction to occur and produce an oxidation composition comprising
cyclohexyl-1-phenyl-1-hydroperoxide;

10 (b) introducing an acid catalyst to at least a portion of the oxidation composition
to cause a cleavage reaction to occur, and produce a cleavage reaction mixture
comprising the acid catalyst, phenol and cyclohexanone; and

(c) introducing a basic material to at least a portion of the cleavage reaction
mixture to cause a neutralization reaction to occur of at least a portion of the

15 basic material with at least a portion of the acid catalyst in the at least a portion
of cleavage reaction mixture, and form a treated cleavage reaction mixture,
wherein the treated cleavage reaction mixture contains no greater than 50
wppm of the acid catalyst or no greater than 50 wppm of the basic material.

21. A process for producing phenol comprising:

20 (a) oxidizing cyclohexylbenzene to produce an oxidation composition comprising
cyclohexyl-1-phenyl-1-hydroperoxide;

(b) cleaving at least a portion of the cyclohexyl-1-phenyl-1-hydroperoxide in the
presence of an acid catalyst to produce a cleavage reaction mixture comprising
the acid catalyst and at least some phenol and cyclohexanone; and

25 (c) neutralizing at least some of the acid catalyst from the cleavage reaction
mixture with a basic material, thereby forming a treated cleavage reaction
mixture, wherein the treated cleavage reaction mixture contains no greater than

50 wppm of the acid catalyst or no greater than 50 wppm of the basic material.
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