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METHODS OF PREPARI NG AN | NTERVEDI ATE OXI DATI ON PRODUCT FROM A
HYDROCARBON BY UTI LI ZI NG AN ACTI VATED | NI TI ATOR TECHNI CAL FI ELD -

This invent i W@9%RaM03%es to met hods of making internedi ate oxPEHV$EAT2
products, and preferably dibasic acids, such as adipic acid for exanple, by
oxidizing a hydr ocar bon, such as cycllohexane for exanple, with a gas
cont ai ni ng an oxi dant, preferably oxygen. BACKGROUND ART

There is a plethora of references (both patents and literature articles) 10

deal ing with ”ﬁgggdﬁ gﬁmﬁgm%ﬁgmggjwém%mmﬁ Pgbﬂif&ﬁg adi pi ¢

acid, by oxXl I pic acid 1s used to produce
Nyl on 66 fi bers FROMAcHYIDROCARBON B¥ $IHEEINGoAN AGTIVATED INNTEATOR

m scel | aneous ot her conpounds. There are different
proeesses of manufacturing adipic acid. The conventional process

i nvol ves a fipegHSIcAT, PIEI®Xi di zi ng cycl ohexane with oxygen to a 15 mixture
of cycl ohexanone and cyc| ohexanol (KA m xture), and then oxidation of the
KA m xture with nitricThisi @venioadelstes tacmgthody o€ making: itermediatec pxidationanong

hers, . | " " Bori e Aci . and th
"birect Syt RRiEs R AREHRY) Heid ARE Such i for il B BRBppe ¥ (1€

cycl ohexane thydedarbom, sach chsveyclohenangcfor exanigle with a pascemaising fans oxidaint S,

catalysts, and jnjtiators or pronoters. 20 The Direct

Synt hesi s Pr JCEEROHLXYE®en gi ven attention for a long tine. However ,
to this date it has found little commercial success. One of the reasons is
t hat al though it |ooks very sinple at first glance, it is extrenely

conpl ex in r BACKGROYNDART this conplexity, one can find strikingly

R T e e i e

been condi@t elgaling withabe formmtian of adids; ahd yf the rhast imbortamt beihg adipipasididnes. -
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i nt er medi at e polyesters, polyurelfiéhddSind this&l1laneous other compounds.
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There are different processes of manufacturing adipic acid. The
conventional process involves a first step of oxidizing cyclohexane with oxygen to a

15 mixture of cyclohexanone and cyclohexanol (KA mixture), and then oxidation of the
KA mixture with nitric acid to adipic acid. Other jamcesses include, among others, the
"Hydroperoxide Process", the "Boric Acid Process", and the "Direct Synthesis Process",
which involves direct oxidation of cyclohexane to adipic acid with oxygen in the
presence of solvents, catalysts, and initiators or promoters.

20 The Direct Synthesis Process has. been given attention for a long time.
Howéver, to this date it has found little commercial success. One of the reasons is that
although it looks very simple at first glance, it is extremely complex in reality. Due to
this complexity, one can find strikingly conflicting results, comments, and views in
different references. '

25 It is important fo note that most studies on the Direct Oxidation have
been conducted in a batch mode, literally or for all practical purposes.

There is a plethora of references dealing with oxidation of organic

compounds to produce acids, such as, for example, adipic acid and/or intermediate



products, such as for exanpl e cycl ohexanone, cycl ohexanol,

cycl ohexyl hydr oper oxi dc, etc. The foll ow ng

ref erences, anong the plethora of others, nay be consi dered as
representative of oxidation processes relative to the preparation of -
diacids 5 owWO982102% nedi ate products. U. RCT/YS37/a 1812
5,463,119 (Kollar), US. Patent 5,6374,767 (Drinkard et al.), uU. S

. Patent 5,321,157 (Kollar), U S. Patent 32987,100 (Barnette et al.), US.
Pat ent 3,957, 876 (Rapoport et al.), US Patent 3,932,513 (Russell),
U S. Patent 3,530, 185 (Pugi), U S Patent 3,515,751 (Cberster et al.

2}, U 5. ploaiis 345 op et fradrocibee, yc ’?ﬁ&”&%@%&%‘%ﬁ%%oﬁt

et aI ), U &c Pat ent 2,565,087 (Porter et al.), U S Patent 2,557,282
(Hanblet et al.), U S Pat t .2,43 13(Hanb| a Pat ent
2,223,494 (Loder et f]p %fg reBgRs, ATODE, Bie %&*m&dﬁe?th‘é‘?’ 29%) be o pan
Pat ent DE 44cqfidkred ab ﬁlﬁﬁv‘é dffomdatlon ﬁ’occ)sses%lﬂh% ﬂ’aé'ﬁr@ﬁdi‘ﬁoh(lﬂ'@iaclds

Publ i cati on WO 96/ 03365 (Constantini et” al. of

t he aboveSr eﬂ%"r@ﬁé@gdlafsmrmﬁsot her refer ences knovvn to the |nvent ors

to - I ntormedi ate curasPelo Rt eIl Bk r Al bR 3L 0

intricate any.SrPdtentf,321,157 Kollhs),0USS. Patbnt 81937100 EBhudettd ef hl@, NSt Patént

et Lon 22 38185 Mishehad 0l B, e 532613 b UY Rk A EONER
Publ i cati on Mg%WG#&ﬂ%ﬂrs%Qd(méﬂa o andlﬁ@ppété}ﬁlasm sfoséﬁidoveetfap),

controlling reactions in atom ze SELGSUR

| N\VENTI ONO U.S. Patent 3,234,271 (ngqmraﬂaaems oRpdent %zﬁléﬂﬁnﬂ@ﬂat)ohls ePatends to
met hods of i ter t i i

hydr ocar bonrr\?viklt6 ?:,%g3 géegs%%n "P’E?jng g‘h‘&%%é%§i°§9ﬁ?‘{’%gr%‘§’r§§r gé%lgyzééeslr?gz ?/br e
particul arl| y (Hahbletdtal.p U.5.Patent2, #3951 30Hambiep etrdl \JU.8nPatent 2,205,404 (Tadendte

On) 1t oot ngth e 2 08 RERE B 4131 Gorgian Bheot BECAC S 1AL Okumle ne ar
a first al.), and PCTTYfteRBA6HAPPublRRatich WOBGA3368 {Cohshitinit AlL)! ;
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PCT/ US97/ %7812 None of the above references, or any other references known to the

() oxi di Zignfy {Hs&héey s@%eétetﬂsiﬁlpﬁﬁ Singly &ﬂi'n%{;ﬁﬁﬁﬂ{aﬁ&}&r&?&ut@ﬂ ‘Hpﬁbﬁé @tor to

form
m xture with mtemmdmm oxidationr prodump nider egnditiensssubject to the intricate amychriticalr bon

it ur e bei ndOBFIS B SRRt b5 Rt O SRAPR o hoRhPd MRS | o by wei ght

hi gher t haout NES.fPatdits 5980,531215(538,849, 3,502,243} 8¢ weRtak @ur PCT

(d) further oXi d|2| ng sai d hydrocarbon to a desired degr ee.

At | east Hhe lnterngtional Publicatiny WQ)96/A0619 desciihe tnethods japd apm relativet toon
zone differeny n&ﬁlﬁ%%@h ok brSdto zone, or at |east one of steps (b),
(c), and (d) may 1 be d;:onduc &hﬁ'ﬂtaiie first reaction zone. Thus, in this
nmet hod, just one reaction zone - may be used or nore than one reaction
zones

. - t he nethod conprises a step of
i ntroduci ng |W8L88%9F@WN

As aforementioned, this invention relates to methods of making
infermediate oxidation products by oxidizing a hydrocarbon with a gas containing an
25 oxidant, preferably oxygen. More particularly, it relates to a method of preparing an
intermediate oxidation product from a hydrocarbon comprising the steps of:
(@) - feeding a hydrocarbon and an initiator into a first reaction zone at a first
hydrocarbon to initiator ratio by weight;



ofrthe first and the second reaction zone at | east one ingredi ent selected
froma group consi sting of solvent and catal yst. The sol vent
preferably conprises an acid, and nore 15 preferably acetic acid. The
catal yst preferably conprises a cobalt conpound, and nore referably
cobal t acet aWe@.98/27029 Preferably, the first hl}‘é’f"ﬁg%lmh to
initiator ratio is in the range of 0/1 to 50/1, and the second
hydrocarbon to initiator ratio is in the3range of 10/1 to 1000/1,

provi ded as aforenentioned that the first hydrocarbon to initiator ratio is
| ower than the 20 second hydrocarbon to initiator ratio. '

The initiator nmayqmyref gﬁg% : : ' an
oxi dation product (@f tﬁ%l y r@ﬂg%ﬁ%ﬁ%&nfPP%%E%@%@{@??%@@%M%&B

al dehyde being a afirstmisteesti on product of the acid. For exanple if the
hydrocarbon is cyg¢l,ohexane, Jt .i . referable that the Lnitiator is
cycl ohexanone. Si ﬁ%)l ar PYXIg dhe ﬁﬁé‘b‘?"&“ﬁ g’“ﬁc”ef‘?°8“§6‘i“§“‘f%8°‘§%“s’?g1#{ei $%r nay
be acetal dehyde. hidrob@bdty dad Gaitior) the HAFcABEX M8 BE dnitilRr T Me i Regaet i C
acid, the initiator, may preferably be either cycl ohexanone or acetal dehyde

or a Tonbi naftiFHre beingpresent g asseond hydrogasbasi tefinitiatpr ratie oy tweight higher

cycl ohexanone. than the first h bon to 1hiatd; sses of the instant invention
are particularly sul tedﬁrl n ]{ |9|e case "hat the hydr ocar bon conpri ses

cycl ohexane, the i@k er fizthenoxidizing daithydroparbah tota desired degree. WO 98/ 27029
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conprises adi pi ¢ aci d, AtAEest ohecaf steps (Q ang (PInay bs eqndncisd inon second, eeactign, et

conprises  zof€ diffefentttiafl thexfidt fch@tiondions, ot bt RAWIRAE SEStefs GRS, tn® nd.
Pr ef er abl the first m xture and the second m xture are m xed at "a first

m xture t&0 sdesipndvated in-the firgtireactiom zens. r Biusoin this mefhod, duyongfreactign genel / 500,
more 5 preferrg,ylyedsgdgmo{emqmg%e&ﬁ&p?otngs 1/200, and even nore preferably
: e

in the range of 1/20 to 1/1 referably, the conversion of
hydr ocar bon and i niti afPesferably athk methodatompnises a stgyy offintrodycirnignintohat lédst ede zone,

: . . .  an0 .
15 Tonr e e RO o5 PRl TP o BE5 i om S ©
Thi s arrangereensistitlg dfts6lvestsind thtalysty €THel sOlvent PrvfefablySdoniphisel dnVachd, biid ke 10
the initiation delay, whil, rovi ding good selectivity and yield.

In a diff ?erﬂrefésehﬁ‘;ﬂce?m‘fg ﬁ}eoﬁayé)éﬂn coIBPrises A coRptiSoRPeBRF gudmore

havi ng pendi nge.REbIYopalt MéRte. The aromatic conpound preferably conprises a
noi ety sel ected Prom a group consisting of toluene, o-xylene,

p-xyl ene, mxyl ene and Paefesiablyy;she first hydroterbanab initiatdr tatie is intthe rangk oft 071 to

oxi dation progyct rises.a. noiety selected. frama 15 C L Sting
of benzoic 'ac“'lfﬂtzj{,i ﬁgﬁﬁﬁgfﬁcgniéyqf?cﬁr‘gog%fﬁtln@e 1§ m G E0RT ﬁgﬂf@ tﬁ?@@bﬁand a
m xture ther gstbvided as aforefBhticnedERCHRe Fitit GhdictarbéiitomiidioNtHo is lower than the

The reader's understanding of ,this invention will be enhanced by

r ef erence290 m“fm‘b‘ﬁbﬁﬁm&ﬁ&ﬂfé‘ﬂi%escri ption taken in combination with
the drawing 20 figures Thah&fifbimay preferably be a ketong, the féé&iéfc%nlsgbn%%iggw g4 es

schematically an apparatus in rel'evance 1o a preferre ment of
the present i9¥idation@noduct of the hydrocarbon, or it iEiygls an @deliyde.sthe aldekyde being a

schemati cal | ymﬁu&iiogfp%cﬁx@{ of BRAR. u?mi er:]xagn%'lee%fatﬂg %yérgcarbon is cyclohexane, it is
preferable that the initiator is cyclohexanone. Similarly, if the acid is acetic acid the
25 initiator may be acetaldehyde. If the hydrocarbon is cyclohexane and the acid is acetic
acid, the initiator may preferably be either cyclohexanone or acetaldehyde or a
combination thereof. However, it is preferable that it is cyclohexanone.
The processes of the instant invention are particularly suited in the case
that the hydrocérbon comprises cyclohexane, the intermediate oxidation product



anet her: preferred enbodi nent of the present invention, wherein atom zation

is 25 enpl oyed. WO 98/ 27029
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MODE OF CARRYI NG OUT THE | NVENTI ON As nmentioned earlder,
this inventi»®9887®@%es to nethods of making i nt er medi at BCHYPIATSISN
products, such as acids, for exanple, by oxidizing a hydrocarbon wth a
gas containing an oxidant, preferably oxygen. 5 The net hods
of the present invention nay be applied preferably to acids fromthe

correspondi ng hydrocarbons. Exanples are formation of adipic acid from

cycl ohexane, t28 s i e of \ t | i i

cycl ohept ane,cg;éllp fldd ﬁé%ﬁzagilﬁ t qlgm %O%E%F%e%ﬁ’h?g“ﬁ%’ rr]{% isglvg)g[i % rgﬁ

o- xyl ene, of acetizicidaand the satalysticomprises a cobaliigompoend.of terephthalic-acid from
p- xyl ene, and the likeg Lt shoul e .poi nted, out, 10. however,, that_.this

i nvention is not |ini tgﬁf?%ay’otﬁﬁgfégﬁﬂg%'fe %{@ltﬁ%s"cﬂ migure are mixed; af agfirst

oxi dation pr gfigire t6liseéondemixtiid Hatie X(HHASraib)y G RO fangB/GFTPhCR 500! hgfe

i nternedi ate oxi dation products are cycl ohexanone, cycl ohexanol,

cycl ohexyl| hy drefpablyyin de range of 1o, 1/2Q0, e pvenfmorg mepferplely lin the range of 120
75 af or ement 1o, | BrdbAbi9! theESelREb Gafboh nd' il ioiF oRidkGHCT ' O
n o 1 d, or exanpl e. I'S

15 such as oxidatio cycl ohexane to adipic ac
initiation ofpredwtst inothe first zong, imaidteinedin theaangerst 5a90%,xdowetpreferaplyrin itk

consi derably._The . giion period i hej r e is in nost .
occasi ons un%&&@%/‘%’ﬁﬂ? ef‘t“(éﬁﬁ@ﬁ? hb'lnﬂi‘%@n%"r@'@?"'days, whi | e in
their presence, the indui irRidg@fértF the insRh Riertion! hay 'SuBAMRRANY MliRknatd e

order of a _fraction of one hour. The explanation accepted by nany
resear chel@ jte initigtion delay,whilepreviding good selepietymed vigld-on of the catal yst,

whi ch usual ly conpri se m:% {SatBIaS gpgl j i . | C
ions are inportant in t§ g nec Ignl sn?lg‘fthgxth?%‘g I Or{g’nﬁg&e:ﬁn%&{ﬂﬂrec c(%)%&@éédl on
of- cycl ohexarhaving pgudipg methyl grotips. Eheaanmhatic céfmpeundopreferably consprisesd mofety
cobaltic ions_hayv been for.nmed he nmechani s roposed involve a
conbi nat i on GFIEEBAPTLY R forsGlilE of tohitse, SSSTRE, SRt BOFie A 4 ik
consi dered asth&ieof)@nd Wk Rftéraictidte! HHiQUIDN ProfudBboRpises a2RoietySeéciR0fréth%
species during the oxidation. Exanples of initiators include but are not

limted t & acEeen envsisting ofbearaieasid, phthalic asid.fisaphthalie acid,derephthalic acid, and 2
According to %@uﬁeh{a’&ﬁ“ on, the oxidation'is initiated in an abundance of
initiator, and then 1t is continued in the presence of a rather small

anount of initiator, adequate to allow the oxidation to proceed at a
reasonabl e r A TN T LSl 0 great abundance, the reaction
is fast, andaﬁg@qﬁ@ﬁg‘:&, b&f&%‘%@ﬁﬁm gh enough the WO

98/ 27029 The reader's understanding of this invention will be enhanced by
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reference to the following detailed description taken in combination with the drawing

20 figures, wherein:
| Figure 1 illustrates schematically an apparatus in reievmce to a preferred
embodiment of the present invention.
Figure 2 illustrates schematically a different apparatus in relevance to
another preferred embodiment of the present invention, wherein atomization is
25 employed.



6 - “initiation period is elimnated for all practical purposes, so that

the reaction proceeds I medi atel y. Under conditions, the selectivity
and yield of internediate oxidation product fromthe hydrocarbon and/ or
initiator, may suffer in the first reaction zone. However, by mixing a
rather smal IWOPBRHMR?of the first nmixture with a consi derablwsq\éﬁ?ﬂjér

anount of the second m xture, the overall selectivity and yield (after the
hydrocar bon has been oxidi zed to the desibred degree in the second reaction

zone) becone insignificant. Preferably, the first m xture and the
second m xture are m xed at a first mxture to second mxture ratio in
the range of Bh@-mﬁgéﬁ%qwm b‘\’:f‘f[‘ﬂﬁhNVEﬂT oN the range of 1/10 to

1/ 200, and even nore prefera yclg)n the range ofI 1/20 to 1/100. 10

Preferably, the conver &somentfonkd dadicgr thish irventiom ir¢lates do methedsl ofmadtingi on

products, in.the .. f.Lrst zope 1S maintalned i he range of  5-90% nore
preferably i ﬁnmed?aé%%dﬁonfﬁq@ﬁ% such as acé‘#{dfoé% ﬁbé( ot %ﬁY‘W‘?“ﬁg"%e
range of 20- &iiftba gas containing an oxidant, prefdiatly axygamgenent of the instant

i nvention, may substanti al Ieéﬁel imnate the injtiation delay, while
provi di ng Yood sel ect i Fhe netheds of the gresert invepfipnsmey ke enplied preferably to agidsve may
take place i Gygp j r%?%' . P In
nost oxi dati ons, ﬁéeg%%rlr'ﬁﬁ ng %oﬁt e prgss'en [ @gﬁﬁog)ﬁ?la%o%g \%thc al‘céd from

i nvol ved, sueiclabexane tof gluariccacidofrors cycippentant,fof pimelicckeid) fremi cyclohganesofan

initiator, i ... .preferabl t he .al dehyd ds.fp the acid
used as sol v &REis e BOB oD o phibatic ped Py Pre. o bphels apid omi
sol vent used »ylentN6f @répiiaiioAcidf foém PRyI¥des and @Rl Bkele hy SivukOve phRHadout, -

preferably be used as an initiator. Simlarly, if an al dehyde is to be used
in an 0 o liopaveTe thah this, invieptiqn igtnot limited to formation of aeids, hug tg intermediate aci d,

pr opi onal dehy(g‘ﬁj;il : tptE}% ueill z & peTolc] i acid
as solvent is |§E’?}5ngue edrﬂ;fggx’: ecggggé ?‘{U%YEM %qa%%}lrglgiogg’rﬁlaegl y notfﬂea?establ e
t han ot her orozidation apradiacts Uare odyclohexanane; e sypohdkangl,al ayelohiekylhydropetoxide,
preferable because if oxidjzed it turns to the corresponding acid. Thus,

i f 25 acetal dwfk)]ﬁ%“f‘?e?fﬁé@égg%ﬁ initiator, and if it is oxidized it turns
to acetic acid which i fAsaforembiifons®)|iMifilors have been used so far to initiatel dreetion1 | ar
manner, if_a ketone_ s used as the initiator, it is preferable t hat

the ket on&5 courageridationof eyrloheyanede adipisacidinfos pxample.o Thig injtigtion of geaction, s

for exanl £:qak; lgtﬁ'teﬁ : : . n . | di .adi pi c
acid is cyclo e‘ﬁ‘édr%?ng t g%r‘%@%‘tﬁ%@?ggﬁg&éo 'bgﬁlgs“ggmg&sﬂ gér{?nlgﬁlnitfpeél[aor
shoul d be . cycibsénes énimrmeost dseasivhs unacceptably longyFra@@eR0Ghe order of days, while -
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cycl ohexanone‘natgelﬁr?r?sﬁ?c[er theoindugtion, pexiod jg zather shopt, fequsply i the opder i3y ¢
acid, is of fractipAbf brHoat. ThY cXpREAtioARGEHEA by Hidng tev¢adRers B)that fhd iniiators be

artially oxidized to formjust a smal | appropriate anount of
e ohor o

cycl ohexaRBnendugeoxidasion iof the, eatalyst; which gispally commprises;eqbgltous ions, to cobaltic
In Figure 1, {HherCotaficioh &t GHpdahfRAGhOhehinis@Bf bRidatblsCicHRY tHaDxiaf6h fOr S

practicing a preferred enmbodi nent of the instant invention. The reactor
system 10 ofnyplohéxane tocadipie acid forexamplei Wiier @ certainarhamt ofl gobaktic donsihave ur n

[ fy ' . . di l.i , .and 23
comvri 565 3. iS5 Ml kS0 8 of s e
initiator, hyidngCBsthoSf whidhalayes iconsiderede @b , beiipd répehsiaed , through I REASESH Be! Y,

to the first reaction zone 13, O course, prem xing of two or nore of the
25 intermediate species during the oxidation. Examples of 1initiators include but are not

limited to acetaldehyde, cyclbhéxanone, methylethylketone, etc.

According to this invention, the oxidation is initiated in an abundance of
initiator, and then it is continued in the presence of a rather small amount of initiator,
adequate to allow the oxidation to proceed at a reasonable rate. When the initiator is in

30 great abundance, the reaction is fast, and if the amount of initiator is high enough the



10- above ingredients may take place at an earlier stage, and the resulting

m xture may be fed to the reaction zone 13 as one stream An outl et
gas line 25 may be used to renove of f - gases. The
reactor system 10 al so conprises a reaction chanber 12, which in turn

conpri ses a WO9BRW2? eaction zone 14. Feeding lines 16, 18, PEVUSINEY 24
are 15 connected to the reaction chanber 12 for feeding initiator,

hydr ocar bon, catal yst, sol vent, and6oxi dant, respectively, to the
second reaction zone 14. O course, prem xing of two or nore of the
above ingredients may take place at an earlier stage, and the -

resul ting m it BeriolSs ERtlidaRd B all SRLH gt i n
outl et gas Ii_r:e . 56 s‘r)nay e used tgﬁa(re{é%\%lel&g 1%”a§%§&%§%%§?§’?@ef%e 28
connect s t he immediatelyor Unsler eenditions2the seleativityr aridl yield bf intermediatet bxidatidmanber
12, and it is used.for.transferring,activated Initiator fromthe
initiator actpmfiS t o s hydiocqtbon Bg‘y?f'emf‘ Tt PN Pt e%lf.s‘ ‘ﬁa‘l’t}%lﬁ"g‘}c'
exit line 30 Hovedt byoRiXigCh eathdromidlCarhGia lof @ G2 HRkurel Fith @ cdtﬁmex\amjfg

oxi di zed substantially liquid products fromthe reaction zone 1

M scel | anebudargerc aaew; efs thes spepnd, anixtgre, the ayemall seleehuity and oyieldoelier thy 25
and. control | Hfz@? i aidy | , e

cool ers, hea?§wo%%§(%%géei{ §XI re :{{;»}H%(elw ces, %gﬁbe@?%%s{e c%%téf’ogﬂ ers,
f eed- back andecone msignificands Preferablyothe fiest inixturerand dled setorgloahixant atauixedsat and

others, are n shown in Figure 1 for purposes of _clarit ng brevity.
Exanpl es of ﬁgﬁt o “érggz%Fercggéjg}“g“ﬁi%‘hBﬁ%E&Pﬂegfépetﬂémq%oﬁ’%’ zrefaera Pents
and patent apd t=mgé iofN#L0 to 1/200, and evenRoRSpré®dY in th f 1/20 to 1/100.
PCT/ US97/ 17812 . . © r?ng? ° 80 )

The i ni ti 8 ofrefexrablyathesonvassion af hydrocarhon gpd inidaterctg @l axidatie ntedncts,dn ghey

be of the at qifizahi $mhik ; | ol 24 1gaof | OW
reactor type, or anyp‘(ﬁ;l%eﬁtedri'ﬂlseaﬁégbo? g @%é}*ﬁ@%@%‘%ﬂgﬁ%‘gﬁﬁd&?@%“aua|
ci r cunst ancesnd even more preferably in the ringe©f20-60%0n of t hi s enbodi nent, '
Initiator is fed to thegactivation chanber 11.through feed |ipe. 15, and
hydrocarbon through feed mgwmfﬁgh%g’éﬁaﬁﬂnﬁfmm’ mﬁ%“?%"ﬁu%F

ermbodi ment s Ghe inktiafioh QulayiwiGIR pieNdi %g&ﬁis‘e&&ﬁ\u@%agle@&dmémtst § discussed
presented in the formof exanples, For exanple, in the case that the

hydr ocar bbh jabove may take plage.in.one opingnens thanone resetinnAoBesoxi dat i on product is

adipic acid, the initi ' ' . or.ef C X :

acet al dehyde, and mreq%?{é?%%@go%ségfoﬁexgﬁgr@é ?’g&ﬁ} %?%%g’dgg%gfepﬁﬁsough
feed |ine 15,invwiidde sudheashaeeticoacid furrexatnplien df am aldehyleds asgdl @8 an initiatoycit dhexane
is introduced thr feed,line 17. |t .i ref erabl,e t hat first, ratio of
the {7 & hrbedbaBlaled B8 Sudehfife colionpetadt So st Sipd as ‘spfyimtinthe Sxidgfion
chamber 11 i gedctioR! If ftic acid is the sbi¥ert- usb@intthe oRIdRKGH) Ifot exBMPRE hcdtdldenide t he
case that cycl ohexanone is used as_initiator no hydrocarbon is fed

into the PHi tshauldprefetablyteiused anaminisiatory Similgrly, ifvan sidehyde jstoibs used igams o

to 1. In the £a%& LN gl s I e, it
is preferable OH%'EQE ﬂgggt(%rgéa@tlﬁﬁslgnsélvﬁégfﬁggéggﬁ?h%%?%ﬁéggﬁgé ~or exanpl e
is also fed tmefetablyautilizedit Tbe use of aceticadid as dalvent is highly|prefeneds becanid it i hat a

catal yst, for_ex e _coba etaie, and a. sqQlvent . for,. ex I
acetic acid, cgﬁf‘gglg{’lﬁén?rﬁ |ﬁl§?§¥' %ﬁ?’i%ﬂco?fl@h%eq(}lt&elcﬂﬁmgf%%y&
lines 19 and i8lprefefsbfiee Getansd Mf okitizeteRdtubm! & Qhe @3irédpyading Sacid ef BR@PlF 1 to
20% based_on 20 _the sum of feeds of cataglyst plus initiator plus .
hydr ocar bén pcetaldshydsds usedas apdpitigor, and 4f it is oxi t psy teraggticyacid whichds, The
rate of sol vegt gdigghtshoul d preferably be 50 to 90% of the total feed
to the initiator activation chanber. The catalyst is preferably fed

In a similar manuer, if a ketone is used as the initiator, it is preferable

that the ketone corresponds to the hydrocarbon which is to be oxidized. Thus, for

example, in the case that the hydrocarbon to be oxidized to adipic acid is cyclohexane,
30 the preferable ketone to be used as an initiator should be cyclohexanone. Use of



dissol ved in the sol vent : Oxi dant, which is preferably a
gaseous m xture of an inert gas, such as 25 nitrogen for exanple m xed
wi t h oxygen, or just oxygen, enters the initiator activation chanber
11 through feed line 23. Of gases nay | eave the systemthrough outlet |ine
25. The reaovoesn@mtarts very fast, if not i mediately, due paEussaiisaz ge
anount of initiator present, thus substantially elimnating any

i nduction period. In the case of adipic acid as the internediate

oxi dation product, the tenperature is preferably naintained in the 30

range of 70[err]Cto 120[err]C and nore preferably in the range of

90[err]C to 11Qf.err WD 98/ 27029
PCEI'/ US]97 /17 8f§c%hexarlone as an initiator, in the case of direct synthesis of adipic acjd, is of

partial presgpuftioulaf inh¥e8 Betahse dYERHSEAD Ity MilidllyHe Hastiall okhfzeaa&ﬁﬁm%st%o to
500 p.s.i. and nore preferably in the range of 100 to 200 p.s.li.

In sequence, S!HPHGPR}‘OM‘E@EPWMQf W%mmmmwmmmlam or

initiator is being tra EH d t r.ansf er
line 28 at a 5 desi regﬁﬁ 1 ﬂ’ttC%IEB%HEtS?g %ﬁ@’tﬁm%&ﬁguﬁég i on
zone 14 wik h pedticing anpieferred entbodintent iob el mtaﬁrrhﬁenﬁdne TR fabtof @5ttéh OJ) zone
14 through feed line 18, Additiqnal - initiator, catalyst and sol vent

may enter t h &OMESes; a9 inisigier aguvatien chambes 14, whish dw i cpmprises a first raghinh f eed
lines 16, 20zomNeh, 2ReedifpSRRBIISY 7,19, bi af@ 281681 Cohflectdd to! the MilidtbCaivhdlit the

|
first rati o of hydrocarbon to initiator entering tﬁe reactron zone 11
t hrough | i neshamberndl 16r fepdinge injtiagor, vhydyocarbon) cm@int, haelventcand oxsitans, of

hydr ocar bon 14 t hrou f eed
Y ee 35 o Sgelively bt Bk Stdcfin LR 13354 deie premipBSH e o, SO bE tie
reacti on Hbnabdvk mgmdenﬁrmaaeiakglphte(ﬁchn @flﬁ:rkiﬁ@e,hﬁdlﬂﬁﬁeﬁi}@ig in$xtorsirllyZid by
oxi dant é@re er abl x% en or a m xture of oxygen and inert gas)

entering thef ¢ Bac 3 asone Wréu&vquﬂstsapul%%maytﬁ@smdmw (to a
desired degr ggpgfaydr ocarbon | eaves the 15 reaction zone 14 of the reaction
chanber 12 through liquid exit line 30 for separation of t he

i nt er nedi at e product ( d8e peastonsysem dotdnoscompmml aa)epctam:lcliambemb'l, whiclaiment

for renoval r L SictibS$ g e like.
Conti nual or per |°8ﬁ|c¥sa§a éj’gl&s ané WeFUS%‘fﬁ d‘odgﬁl?hgb’t%@ zgtafeon
zones asslst a:ohnmualhtoeﬂienmgtmdchamvef ae fok fediing mmatw, dydfoarbah), catalyst,
Pressures and h’&{rﬂj tu es in the second re ction zong be the same

or different 3 TEPESHYELY; foghe seop F‘?tﬁ°§lz°li“'ela{’tt LSS RIemixing
I't is highly drrt%edrahbﬂ ofthe BVl injpRdieh8 mASaks PRbe bh'8n BYMHEOGALD AR ithe

cycl ohexane, the initiator is c cIohexanone and the internediate OX|dat|on
product is  resulting mixturg may bet toéqummdﬁtabcm streami oAt putdat gesling i on

zone 13, and 4¢0.f € reaction
zone 14. fﬁgu&ﬁtg%magﬂlé‘ per a I"ons ﬁ%% oéorr%é |tr111§§ ﬁgtgﬁ?‘%%{i?non
chanber 120 archamber tEavith the reactxonmhaﬁbarlﬂ,&ndriays hsed cfon dranisferding mactitted
reacti on chanber, 1 ip t.he case, of bat c . for example.
Accordi ng t o ‘Piater é?ﬁbgﬁeﬁ’é‘ﬂ?wr?%a%ﬂ? éfg‘ﬁﬁeéf’“‘?f’lc e i‘(?e Arligyid or
line 28 are ot il 30! i8i dido2 bénhectid itd ithd Qéacﬁ&dcmiﬁiseecm B2 reioVingdeiadizbP the
chanber, 30 preferabli‘ I n an abundance of initiator, and an oxidation is

initiated to Sbgautiallydiquigiproducts from the reaction zone 14.
Miscellaneous accessories, such as for example, temperature measuring

25 and control devices, pressure measuring and control devices, heaters, coolers, heat
exchangers, reflux devices, valves, pumps, controllers, feed-back and control lines,
oxidation-product treatment devices, and others, are not shown in Figure 1 for purposes
of clarity and brevity. Examples of such accessories are given in our aforementioned

patents and patent applications.
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degree of conversion. Catalyst and initiator are preferably al so added.
When this task is performed, a mxture is produced in the reaction zone
14, havi ng awoosgm2s of hydr ocarbon as conpared to the Pewnussair7sad xt ur e,
by feeding desired anmounts of initiator, hydr ocar bon, catal yst and

sol vent through feed lines 16, 18, 20, agd 22, respectively. 5 The

oxi dation of the hydrocarbon is continued to a desired degree, and the
contents of t he reaction chanber 12 are rel eased through |ine 30 for
further treatnent, recycli . atc. . l.n still another
enbodi nent of the instaft'™ éﬁf‘i“@ﬁ?nﬁmlﬁfl} PRq4{es the reagtion,cham e"#&ﬂ’e 2,
there is proyé dftheaordizationZtppd, Wi stRRAMtN retdIiEe, e Blug HowCRadiO e et 2
first 10 reaction zone 114. There are al so provided feed lines 115, 117,
119, and 121 any efher suitable typg, depending antheindividual ejecamstancescat al yst, and

sol vent, respectively.y.l s L : e I ' re.. l'ine
132, which in turn lea sgﬁeg&édnf P??t“g‘sa%%g)%@en r me{?%(r’r'{ %Jer%e.t'd %)&Lgﬁ%ﬁglaﬁ'z)ﬂl Y,
‘there ar e 5f uchdusher pt throughdfeédelink 15, andhykdt6carbbh@hrodgifeed lifle 12 2Thebpekativli Ng

initiator, hydrocarhon,, c .yst, and, sol vent, respectively. These_ || nes

nmerge to a 1§9§%%8¥F2"1’Fﬂdx?ﬁ@$@3ﬂ ‘?l"ﬁ’é T@“WE%%F@@F‘G‘F pnfegstprd i itaissecond

sprayer 138. presented in the form of exanlplds® rm%\,\ﬁp,"ﬁsﬁglc%e tBRahe hdroRy ﬁkﬁ’[ is '
I n

el enents nentioned herei nabove, etc. ich may be used as ages
from i ndi vi dg¥elohexare andthaintegmediate pxidationeprodnstiis|adiptsacid, ¢he initiatonowvhighiswn  f or
pur poses of é}%lr'h‘; | { oxi dant feed
line 124 andﬂ(‘)u el¥ g{a}'g) | néhél 5a§?t31d5¥ysd8’ %d “5?%#‘8@6’,%23%5%‘3‘8%8 ¥ane
pur poses Hk lintrodacedd theromph? feedr mpd ) iwddleythe hydrocarbon, being in this |éxampRr at i on
of this enbodimgnt, a firs ] xture havjng_si_n | ar comnposi tion _as the
first mxtur Ey‘ggéeé‘%sﬂm&{a ‘ﬁﬂéﬂﬁﬁf“éﬁ\i}ﬂrﬁﬁé é%‘sd’l"‘_’fﬂablﬁrﬂ_éat r%)"ﬁ"s‘aﬁ? gfthged

to the first fRpsarejcldkkatd totytBhekandde fod &'thic RBtivatiba chathber U1 §s Idwie 2. The

first mxture is atom zed at the sprayer into first droplets 143,

whi ch remai n 8@ beMprg praferably, especiallydn thescase thatecyelphexagpnesis fusedsas ipisistond of
tinme bef ' NERTTTR I tion 142
of "The 1 oot PORYARBRRGS fired R il fordvilordbhalubs | £ s th st PRIGUBR 1, 2

control | etb by toHe IhithestaseloOgthetinitintoes, such\aa ncktajdehydel for erampie/it is prefirableher

par aneters. t the sa tine, t second m xture, passi t hrough |ine

134, i's al so ﬂﬁtgﬁf%msqﬂgocarbm’ ‘Q’é‘ftc’ﬁﬁ’ﬁmg ?ra?‘épp&‘?ﬁ al*sﬂtfgg §‘ér1}%rﬂft’a?t ets

144. This sechifibdri Mt Ulteisi dlsoSpréfetable ihat BQaﬁ%gQ%‘xi Ekeripld CobaltCact@iE0 A Bl Xt ur e
as

produced by the feed Iines 16, 18, 20, and 22, as | WD 98/ 27029
PCT/ US97/ 178 $olvent, for example acetic acid, enter the initiator activation chamber 11 thyongh feed

expl ai ned i n §,Re14 LiHI1. SoROGivER Nt I | t igure 1.
The second dr o%‘f et s ﬁso ?@mﬁhg?%gs%tgﬁgéﬁa?%q%h%fer&%%??%%&/féﬁseﬁl 4 for
a second %(_britmlsum of feeds of catalyeff pusinitisty phsdiydscabomplos sdieent, byuvelghitddhdat t he
lover porti o, d3ardlabillS o9, Phe SRS ivent fod should preferably be 50 to 90% of

the total feed to the initiator activation chamber. The catalyst is preferably fed

dissolved in the solvent.

-

Oxidant, which is preferably a gaseous mixture of an inert gas, such as

25 nitrogen for example mixed with oxygen, or just oxygen, enters the initiator activation
chamber 11 througl'x' feed line 23. Off gaSes may leave the system through outlet line

25. The reaction starts very fast, if not immediately, due to the large amount of initiator
present, thus substantially eliminating any induction period. In the case of adipic acid

as the intermediate oxidation product, the temperature is preferably maintained in the

30 range of 70°C to 120°C, and more preferably in the range of 90°C to 110°C. The



112. This second period of tine depends and can be controlled by the second
droplet 5 size, upward gaseous novenent, and other paraneters in a simlar
manner as the first droplets. Due to the inherent individuality of the
droplets, the magjority of the first and the second droplets do not. m X
bef ore they woakemee into the liquid 140. The liquid 140, PCT/0S3G/17812Si ng
the coal esced first and second droplets is partially transferred to

appropriate equi prent (not shown) fer further treatnent, and partially
is transferred (not shown) to 10 the second mxture |ine 134 for
recycling. As the first droplets 143 travel fromthe first - atom zer

136 to the liquid 140, they start being oxidi zed much faster _than_the
second H%Hﬂl RIPSUE ,°x§$‘?’|‘c‘§ Pﬁﬁ%‘;’bﬁ gﬁf’&?‘ﬁ"‘fﬂ‘%@ FRee Bg PR &h90hes yrand
initiator th%réﬁhﬂr&ﬂﬁﬂﬁﬂemgeoﬁh@@éﬁ(ﬁp,&ﬂ4- In this manner both the first
and the second m xture are berng oxidized in t he same reaction zone.

15 | tInj seqpense.cliquid gonthiningrpartigllyr comwerttesh hydrodaghbnt andfdre
t om 136 1.1 . ' ) | § d i tol
gr g;nefglrol et h%%gr;&mgﬁr%ntﬁ%%ﬁea or olh';c h&telozlé’%dug%{lﬁ@géggﬂ%ésg‘%m zer .

138 through tisired cfiowndatej aiditeis| mixed §34he second reaction zone 14 with adiiifosal
arrangenent, w{s{gl s, al so Bref erable that any new initiator needed to

repl eni sh an eapon gt theeseogndgeacion 2pg {4 fhropgh, feed linecltd, c Addigionals
added t hr ougkhitidtbhe cAf) I [oTet=1) t&el%g&{j_ lygni sh
any oxidi zed or tot ﬁerﬁtﬁémlggt&y%ﬁ;g?&%}ig%n aflfaceur‘f recyc f‘gr?ga‘{’uﬁ@ 1gdded
t hrough | i nethrowgh fepdrlinesr16y 20,and 23dntspeciivedy, if so desired. altyis tritiabithatithi tfirstnal

sol vent shoul d. e. added through lines 11 nd 1,

respectivel y’ ﬂf%@&‘éf@%}‘n Poe‘é’%ag%e %?EW g&c‘ﬁ"gﬂn%’h"eﬁ Mﬁmﬁ A Y
pref erabl 30 beespectivelyaistioweér thiarf sdoridl rafi6 bf hydrstatton tb GiGitbrodhtet g thelrbdctionr ough
line 134 and ar“_ﬂ_{l&/ fed to the 25 sane zone through_line 134 after
further trea : gh feed lines 18 and 16, respectively. dilk the ingredientsbaing;fed o thee
drawi ng, NUNgLRtlicn dbdel £f LRIVARY mixed, ah&Re arb IR R Uxididdl ignt€i t her
substantially the same or perform tmr?ée Sane fuﬁﬂ}%’%n. %%ggr@g?@?mi n the
case that onéprefecablhoxygar oha arixtesf dfroxpigenrand inert gas) emteringnthe ndnotiomznic, 14

it definity ' th di ts, i)l ustrat ' he fi by .t h
s redefini ol R R’ 28 O BRALS: Lol & 3bRHCEhdd) H)SrobhrB TRy e
PCT/ US97/ 157 8 téhction zone 14 of the reaction chamber 12 through liquid exit line 30 forlséparation of
nunerals differin gﬁ 100 | t. necessary, has been often omtted

S n and 1t
in the above theinte ate Bradyet (pgypicsgidin g’ésse"émpi}t)’é\#tf?‘.ﬂ‘er treatment for removal

Oxi dati ons ageey-SrdMictsOrebytlifg uiéiiitd Mikter Hnd hORk Cdritintiliof Perfodid AlatyRRS
wherein the internmedi ate oxidation product is defined as being a conpound
different 5 whdhe contents ofithe kel geaction Fonesdassintis do, achietting griodtaentrok b theof . Of

course, small ocess, amount s of these conmpounds may be fornmed along with the
i nt er medi at e FOXi dat i on product, which may be one product or a m xture
of produc2s. Pressures and ferApepatares inntbe sebond Bdattio zoRo wiay e the Qnitot

limted to prepaLati al i.phati i basic acids fromthe

n_of
correspondi n§™ &4 .%?'%ﬂ@&%eﬁaw g It st e FARe: 10 such as for

exanpl e preparation of yafi Righlyopreferdbld) Bt Q¥dst G XS RRse that the hydrocarbon is -
Regardi ng adi pic acid, the preparation of which is especially suited to the

met hods and #yplahesenedbe Bitiater i cyslokaranana, angethe intpro pridation mreduchis f ound
o B are oy SJRHE 200, 1 Food Y BPirSearBiP RO REY rlaBhGH BORCTS, ANCRE ek Ml U0

but are not |1

2, 589, 64825 2, adafHofdl 4nitidtoR Mith6&Bondeddion 251 1415 3, 361, 806; 3, 390, 174;
3,530, 185; 3, 649, 685; 3, 657, 334: 3,957,876 3,987, 100: 4, 032, 569;
4,105, 856; 4,158, 739 ( JP&PRFAEongperformed 1p gre activation ohambercld. and the rragiien

chamber 12, may be conducted in the reaction chamber 12, in the case of a batch system
for example. According to this embodiment, the activation chamber 11 and the transfer
line 28 are omitted. Initially, initiator and hydrocarbon are added to the chamber,
30 preferably in an abundance of initiator, and an oxidation is initiated to a desired. low



4,902, 827; 5,221,800; and 5, 321, 157. Exanpl es
denonstrating the operation of the instant invention have been gi ven
for illustration purposes only, and should not be construed as limting the
scope of 20 this invention in any way. In addition it should be stressed
that the pregyobseaze enmbodi nents di'scussed i n detail hermizmssonmi2z as
wel | as any other enbodi nents enconpassed within the limts of the

i nstant invention, may be practiced indipgi dually, or in any

conmbi nati on thereof, according to comon sense and/or expert opinion.

| ndi vi dual sections of the enbodi nents nmay al so be practiced i-ndividually

or in 25 cogpbination w.,th qther individual sectjons of .e | ments or
enbodi ment s Wtfg: cpnversion.¢ g?'_éﬁ'r“_t ?’q 1oitiatoF ﬁ‘ier?ﬁe%l’]tyﬁisﬁﬂdgggﬁwﬂ \ﬂéﬁ taskn. _
These conbi ngt pepfosmed, 5P nlikt@reMst fofludeSn the reacfél Toitf 14, Baviipe 88 Rkeds\bgNt i ON.
Furthernore, any attenpted explanations in the di'scussion are only

specul at i ve kysaocarkonascompared tocthe initial aixture, by feerlingidesiredfamanints of initiator,
::,g\.l/-/e ngg?17811 ocarbon,vgtgl%tzagg%glvent through feed lines 16, 18, 20, andl%z, respectively.

Al 'l expl asat Theisxidationrofitke Rydiedacbon igtentinfed®d £adired dégreb, and theawiteatsiofe and

shoul d not be construed as |limting the breadth of the cl ai ns.
Al ratios a w%icgmber 12 are relea%ed through l?ﬁe 30 for further treatment, recycling,

I
14 VWhat is gainmed. is: 1. A nmet hod of preparing an internedi ate
oxi dation product froma hydrocarbon conprising the steps of: (a)
f eedi ng a hydrocar bon Iarstillzanothert erbadimerit of thednstantSnvention; thietter illusteatedtina

first r Lpitiator.ratiqg.by.wej ; <y i.di zing
partially at F%&Sgi@éﬁg?sgﬁ@g%%Vmg?% 85’?*6*?‘3*’%@?0?’1“?16 "fcg‘f('dtr‘gr% ahrgt, o
m xture, 10 reactidnCyon@l Kid0gThdie abd hlsé providedrfoedMihds Bl15;aQPNT IYiakd URE, for
conprising the sane hydrocarbon and initiator, the hydrocarbon and

the initiat ofe*Bi8iHEALR bytrecarpqn, Gatalypleantlsolients ssspectively. These lipes mergecio
fydrocarbon & i nkeic0fool AlreO1% Wi ohthO&Ss 103 irkd Corkyd: Sdr_A¥fAREAT DON

initiator ratio, wherein the first mxture an e second mxture
are mxed at Stmilagly; there are furthen provigied ffeadslinesi M6ud 18,t 1205 eud a2 fox feedimg| over

Eiggpe é and.. initiator, h&ﬁ)oc&’%ﬁ,hgartal)%f,l grlldz wgeniaxi'e(sjpe%\%l)qca_fhbggg litngs %negg%s ior gd
15 second mixture feed line 134, which in turn leads to a second sprayer 138.

Intermediate vessels, heaters, other elements mentioned hereinabove, etc.
which may be used as linkages from individual feed lines to the mixture feed lines are
not shown for purposes of clarity and brevity.

A gaseous oxidant feed line 124 and outlet gas line 126 are also

20 provided, serving the same purposes as lines 24 and 26, respectively.

In operation of this embodiment, a first mixture having similar
composition as thé first mixture passing through transfer line 28 of Figure 1, is provided
to the first sprayer 136 (Figure 2) through the first mixture line 132. The first mixture is
atomized at the sprayer into first droplets 143, which remain suspended in the reaction

25 zone 114 for a first period of time before they coalesce into a liquid 140 at the lower
portion 142 of the reaction chamber 112, This first period of time depends and can be
controlled by the first droplet size, upward gaseous movement, and other parameters.
At the same time, the second mixture, passing through line 134, is also atomized by the
second sprayer 138 into second droplets 144. This second mixture is similar in

30 composition to the second mixture produced by the feed lines 16, 18, 20, and 22, as



2. . A met hod of preparing an internmedi ate oxi dati on product froma

hydr ocar bon conprising the steps of: (a) feeding a hydrocarbon and
an initiator into a first reaction zone at a first hydr ocar bon
to initiator ratio by weight; (b) oxidizing partially at |east aone
of said hydrwoasdmeze and initiator to forma first PCTAUSHTUTEE2

(c) mxing the first mxture with a second m xture conprising the sane
hydr ocar bon and initiator, tha hydrocarbon and the initiator of
t he second m xture being present at a second hydrocarbon to
initiator ratio by weight higher than the first hydr ocarbon to

initiator ratio. er,ein the first.m re and the se d m.xture

are mxed at °’%P?§“h‘°1\$8 ﬂ}eﬁrﬁtoeng}odﬁqniflesﬁ%%ﬁgvetxg 'E‘&?&ﬁ‘a&?ﬁ}%r’e%ﬁ%‘r‘m@han 1;
and (@opletyy dl§tefenthid Siispéritied S it RYEHOACRNO AN F6t Rsétbhd peibdEDHME .
wherei n steps ?c) and (d) are conducted in a second reaction

zone di f f er ebrforeithgy qonlesqejintethe liquid 140at sherjewer pogtion 142 9f thermestion shapaberned i n
claiml, wheig . . ) 1Al | [ .rst
reaction zonieﬁ' nT%g %ngan%ﬁ?dn%ésﬁ%peefl g%nc?( ‘?ﬁr} b%é%&%?%tﬁ?%é@n%%&éﬁsi ng a
st ep of i Bt r sideycipmwgrd gaseouwstmdivemsnt, ambothér panamdtens i aaimildr meannecasnttie fiesict i on

zone at | eash gk 'O & the Hherts! G Bl AP B, £ RAkch) 0P e

A nethod as figfskénd didpléts @b HdtInix beford @by 66ulBaEd id We Aquil 380.0Thd lik;‘ﬁ@qim‘;i ng
into the first reaction zone at |east one ingredient selected of a group
consi sting ofomprisingthe spalesced firsiand second dropleta\isnartially teaosfersed tocappropristeai m 1,

furth o . g : ) Ei . ‘
| emst one. i negabidhs Rodt el cok B S ey Bl il st Ui UipS ©
cat al yst .10 the second mirtunolinenk34dfef teaynling.n As itiei fivstidropibis 143 tratedl €roim the tfirst '
hyd b to i.nitiat tiLo. s Jjn the r, of 0/1 to 50/1. 8. A
method s deFROREE 1168 dhe e 1S e, ot B BEider=A FUD S NS eisFama o
ratio is in Ghpidtangs ﬁﬁcelﬂ{c% dofitatiD @ Migher pefbentage Of THitiReF thah Sd ise@hdi N

claim?7, wherein the second hydrocarbon to initrator ratio is in the range
of 10/1 to 16uwlets 144. jip this manpesbpdherstiand the secprd wixvrmate beingepidipedine

initiator isgya ketqoe. the ketone
15 It is preferable that no hydrocarbon is fed to the atomizer 136 through
the first mixture line 132, and .also it is preferable that no additional initiator is fed to
the second atomizer 138 through the second mixture line 134.

In this arrangement, it is also prefcrable that any new initiator needed to

replenish any oxidized or otherwise lost initiator after recycling, is added through line
20 115, while any new hydrocarbon needed to replenish any oxidized or otherwise lost

hydrocarbon after recycling, is added through line 118. Similarly, any additional

catalyst and additional solvent shbuld preferably be added through lines 119 and 121,

respectively. Liquid 140, leaving the reaction zone through line 130 may preferably be

partially fed directly to the reaction zone 114 through line 134 and partially fed to the
25 same zone through line 134 after further treatment.

In the different figures of the drawing, numerals differing by 100
represent elements which are either substantially the same or perform the same function.
Therefore, in the case that one element has been defined once in a certain embodiment,
its re-definition in other embodiments illustrated in the figures by the same numerals or



correspondi ng to an oxi dation product of the hydrocarbon. 11. A et hod
as defined in claim4, wherein the solvent is an acid and the initiator is
a conmpound selected froma group consisting of a ketone, the ketone
correspondi ng to an oxidation product of the hydrocarbon and an al dehydeg,

t he al dehydewbes/gm2e r educti on product of the acid. 12. rxrrosotiimk as
defined in claim5, wherein the solvent is an acid and the initiator is a
conmpound sel ected froma group consisting of a ketone, the ketone
correspondi ng to an oxi dation product of the hydrocarbon and an al dehyde,

t he al dehyde being a reduction product of the acid. 13. A net hod as
defined in claim.@, Is an acid and the initjiator is a

conpound sel BHREHS F}%%rﬁ%léf P@hgg e@‘?@%ﬁﬂ“ bas beep 9ften prgttaddp thiabove

correspondi Ngest@ptivn forgndpdsePor leveguct of the hydrocarbon and an al dehyde,
the al dehyde being a reduction product of the acid. 14. A met hod of
preparing an i nter nedi@xidatipps gegording 0 this inventionnare hemidestruetiveroxidatipns, si ng -
the steps of; . . . A . . (a)
feeding a hy?f?%‘%%‘r%% rllmgrrllncf dglﬁe ?’ﬁlﬁ?t}ogtpg?d'}cﬁfsodeaﬁ of ‘llra%tb “Fedctrey mzl% ﬁjéée&?ma
first hydsoctmivaarbon mondxidd, rdatbont dioxidélt ardl bymimeirg thereof. (OF) coviseflisimiall g
partially at | east ?ﬂ%sof sai d .hydrocarbon_ apnd injtiator to forma first

m xture; prpounis @ ¢ rempeynds ‘may, b, farmgd ajong with theyintgrmediate ddationsi ng

the same hydpRaadtbwRicRifdy be one prolitit bl #inBbture'of Brodyds.ocar bon and the
initiator of the second m xture being present at a second

hydr ocar bon to initi atBtamplasi mcldenwbutgof conrsd:care triotimited fo pedpatation e@far bon
t I Nit vl Ors: [ ' figst mxture.and th econd m xture
bre mixed o AAPAEC et abias A B oqipontod solfbetd Yoy A Bad RSB bRE D oo

than 1; &a0d . such(ad forfexsrple prepasation ofylipieadd Rpahroyclohdiane.t 0 a desired degree; -
wherei n the hydrocarbo ) .compr,i ses cycl ohexane and the internediate
oxi dati on product conpﬁ?gfﬁ‘g“%%ﬂlb‘f:gad’tiepm_ Q!‘.Ofwa}&@‘. is especiglly pated fethgef | ned
in claim2, wheoas And ABpdidsa el BRNNFARRL p&R: Mﬁfoﬂgmmg%mgfg in a

I nt ermedi at e oxi dati on product conprises adi pic acid. A et hod asu
defined in cplgthersof UfePatenis, among otherrsterdnoes. ddwss; inchule byt arstnokimiseditor] t he -
i nternedi ate oxidatio [ j F Rl el a. NG, )d as .
defined in claimd4, mnle’géﬁ%‘%ﬁeﬁﬁ%?%%g?’ﬁﬁé@o%ﬁssﬂé’ 3y2§|ft§ﬂ%’x§ﬁg?’wﬁ
15 3,361,806; 3,390,174; 3,530,185; 3,649,685; 3,657,334; 3,957,876; 3,987,100;
4,032,569; 4,105,856; 4,158,739 (glutaric acid); 4,263,453; 4,331,608; 4,606,863;
4,902,827; 5,221,800; and 5,321,157.

Examples demonstrating the operation of the instant invention have been

given for illustration purposes only, and should not be construed as limiting the scope of
20 this invention in any way. In addition it should be stressed that thc preferred
embodiments discussed in detail hereinabove, as well as any other embodiments
encompassed within the limits of the instant invéntion, may be practiced individually,
or in any combination thereof, according to common sense and/or expert opinion,
Individual sections of the embodiments may also be practiced individually or in
25 combination with other individual sections of embodiments or embodiments in their
totality, according to the present invention. These combinations also lie within the
realm of the present invention. Furthermore, any attempted explanations in the
discussion are only speculative and are not intended to narrow the limits of this

invention.



the internedi ate oxi dation product conprises adipic acid, the initiator
conpri ses cycl ohexanone, the solvent conprises acetic acid, and the

catal yst conprises a cobalt conpound. 18. A nmethod as defined in claim
5, wherein the hydrocarbon conprises cycl ohexane, the internediate

oxi dati on prwawsizreenpri ses adipic acid, the initiator conpPCHES97/17812

cycl ohexanone, the solvent conprises acetic acid, and the catal yst
conprises a cobalt conpound.  19. A mgt hod as defined in claim®,
wherein the hydrocarbon conprises cycl ohexane, the internedi ate oxidation
product conprises adipic acid, the initiator conprises cyclohexanone, the

sol vent conprlses acet and, th catal yst coppri se cobal t .
conpound. ﬁdaﬁpllﬁ'gétl?@?gw&ﬂ freinapoye Are to Q?@f‘f‘?’ N HVe&r bon

conpri ses CYﬁh@élﬂme%tbw@:shﬁﬁdﬂfsmﬂhﬁéﬁle&h&ﬁbfﬁi%cm&QUCt conprises adipic
acid, the initiator conprises

17 cycl ohexanone, eRBé#Wmemeghtses acetic acid, and the catal yst
conprises a cobalt conpound. 21. A nmethod as defined in claim8,
wherein the hydrocarbon conprises cycl ohexane, the internedi ate oxi dation
product conprises adipic acid, the initiator conprises cycl ohexanone, the
sol vent conprises acetic acid, and the catal yst conprises a cobalt
conpound. 22. A nmethod as defined in claim9, wherein the hydrocarbon
conpri ses cycl ohexane, the internedi ate oxidation product conprises adipic
acid, the initiator conprises cycl ohexanone, the solvent conprises acetic

acid, and the catal yst conprises a cobalt conpound. 23. A nethod as
defined in claim1ll, wherein the acid is acetic acid and the initiator is
acet al dehyde. = 24. A nmethod as defined in claim12, wherein the acid is
acetic acid and the initiator is acetal dehyde. 25. A net hod as defined

in claim13, wherein the acid is acetic acid and the initiator is
acet al dehyde.



26. A nmethod as defined in claim1, wherein the hydrocarbon is an
aromati ¢ conpound contai ni ng net hyl groups. 27. A nethod as defined in
claim1l1, wherein the hydrocarbon conprises a noiety selected froma group
consi sting of toluene, o-xylene, p-xylene, mxylene and a m xture thereof,
and the i nt ewomdRze® oxi dati on product conprises a noi ety sRCHUSU7§IZom a
group consisting of benzoic acid, phthalic acid, isophthalic acid,
terephthalic acid, and a mxture theregf. 28. A nmethod as defined in
claim 2, wherein the hydrocarbon conprises a noiety selected froma group
consisting of toluene, o-xylene, p-xylene, mxyl emlsmeta{amBeEngplaMreof

and the internedi ate oxidation prodL&AMrprl ses a n’ﬂ! lmm from a
| sting
te alic acid, and a

group

of benzoic acid, phthalic acid, isophthalic acid,

m xture thereof . 29. A nmethod as defined in claim3, wherein t he

hydr ocar Bt isslimeddss a noiety selected froma group consisting of tol uene,
o- xyl ene, p-xylene, mxylene and a m xture thereof, and the internediate
oxi dation product conprises a noiety selected froma group consisting of
benzoic acid, phthalic Achﬂﬂmdsﬂbp@hnmgcmamhdmuﬂhkepmﬁmahipnﬂnﬂdﬁnnnd a

m xture th reo rreth as defined in claim1, wherein a catalyst
i s added ?’b‘éfg?p%sf‘lﬁfﬁfﬁ)’pso A nethod as defined in claim 2,
further conprising stfediaf a E&Qﬂbﬁh'&ﬁdﬁncﬁhﬁd@’ﬂm lafrst RhctloRBhelabg i1 St
reaction zone. 3 A method as defined in claim3, further conprising a
step of |ﬁﬁ$ﬂw@@éﬂh@@m@mhﬁ¥%ﬁhe first reaction zone. 33. A

nmet hod as defi ned 32?1% e [ [ step
(c). 34. A et m}d as de n%%@ﬁﬁ éctriggs%%g%\é?;}hlflt er corrpra?’él|aitﬁlgda"?°€ilst ep of

i nt r oduciforn afissbinpemte; i Nt o at | east the first reaction zone.
© mixing the first mixture with a second mixture comprising the same
hydrocarbon and initiator, the hydrocarbon and the initiator of the second mixture being
present at a second hydrocarbon to initiator ratio by weight higher than the first hydrocarbon
to initiator ratio; '

()] further oxidizing said hydrocarbon to a desired degree.

2. A method as defined in claim 1, wherein steps (c) and (d) are

conducted in a second reaction zone different than the first reaction zone.

3. A method as deﬁned in claim 1, wherein steps (a), (b), (c), and (d) are
conducted in the first reactmn zone.

4, A method as defined in claim 1, 2, or 3, further comprising a step of
' introduciné into at least one of the first and the second reaction zone at least one ingredient
selected from a group consisting of solvent and catalyst.

5. A method as defined in claim 1, 2, 3, or 4, wherein the first
hydrocarbon to initiator ratio is in the range of 0/1 to 50/1.
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35: - A nethod as defined i —etat-m32—Fturther—conprising a step of

I ntroducing a solvent into t ' td ne. 36. A net hod as
defined in claim1l1, wherein bﬁsg dethad B3R Icéél)d the second m xture are
mxed at a third ratio of'firsq' IHlmln cond m xture |lower than 1..
37. A et hwo ogz7orkef i ned in cl n the third r a2¢EO8$931T82 t he
range of 1/5 to 1/500. 38. A nethod as defined in claim37, wherein the
third ratio is in the range of 1/10 tqsl/200. '
19 39. A nmethod as defined in claim38, wherein the third ratio is in the
range of 1/20 to 1/100. 40. A nmethod as defined in claim1, wherein the

first mxture in the fifst cti ane . under S, a conversion to
oxi dati on product sg"i nt émp%%gs 8‘%{}‘?696%1““‘1 ﬁlégof 4 Ygrein tﬂ%ﬁ‘?"ﬁ%‘&l in
cl ai m 3%hydibeFiinto idifatbt fafib isTh Meiize of 10N 100071, r €action zone undergoes a

conversion to oxidation products in the range of 10-80% 42. A et hod
as defined in claim40, wherein the first mxture in the first reaction

zone under goes a nver gl L dat.i on. Do, Sei .t r e. of 20-60%
43. A nethod asogefi nlgg%kgfgléfn"@,mweli?flég%és’togprgﬁ?rg@i © {a046Qr 15 | o
range of akeétafe, the Ketdné@prrespdndihg tocanroxidation prodiict of fielydrocaabéie first reaction
zone undergoes a conversion to oxidation products in the range of 20-60%
44, A method as defined in claim@8, wherein the third ratio is.in the
range of 1/20 to 1100, A aidhoth8'defikkdlifi @laih 155 mfg,%ﬁr‘(}rbvﬁeli’énfa{ reﬁét 8@30“0“
zone undergoes a conversion to oxidation products in the range o f -60%
45. A b t gnd| s¢qond anixires| contairp an \abidr aidra compevndrselected i from o1 gnoup he
range of l el el first mxture in the first. reaction
one. unagiistod S Hichle, AE Reabtholclotbebtit h oF rpelon Trbgtel of R giafspinss Soc
46. A and &aldelrydelahé aldchyde cartesponding to wheduetioh product bf thela¢idt i o is in the
range of 1/20 to ’

9, A method as defined in claim 1, 2, 3, 4, 5, 6, 7, or 8, wherein the
hydrocarbon comprises cyclohexane and the intermediate oxidation product comprises adipic

acid.

10. A method as defined in claim 1, 2, 3, 4, 5, 6, 7, 8, or 9, wherein the
hydrocarbon comprises cyciohexane, the intermediate oxidation product comprises adipic
acid, and at least one of the first and second mixtures cdmprises cyclohexanone orl
acetaldehyde or both, acetic acid, and a cobalt compound.

11. A method as defined in claim 1, 2, 3, 4, 5, or 6, wherein the
hydrocarbon is an aromatic compound having pending methyl groups.

12. A method as defined in claim 11, wherein the aromatic compound
comprises a moiety selected from a group consisting of toluene, o-xylene, p-xylene, m-xylene
and a mixture thereof, and the intermediate oxidation product comprises a moiety selected
from a group consisting of benzoic acid, phthalic acid, isophthalic acid, terephthalic acid, and
a mixture thereof. -
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1/ 100, and wherein the first mxture in the first reaction zone undergoes a
conversion to oxidation products in the range of 20-60% 47. A net hod
of preparing a polyner conprising the steps of: : (a) feeding a
hydrocarbon and an initiator into a first reaction zone at a first

hydr ocar bon wooegiveds ator rati o by wei ght; (b) oxi di morgrssHIBi2al | y at
| east one of said hydrocarbon and initiator to forma first

m Xt ure; (c) mxing the first %xture with a second m xture
conprising the sanme hydrocarbon and initiator, the hydr ocar bon
and the |n|t|ator of the second m xture being

i gher than the f et A method a5 deliyeh B HiBch % 8 oo dr O Wi i

the fi rs&hakmg%ﬁ]ﬁ{\gagmlﬁggg@s@@_ure are mxed at a third
ratio of first mxXture to second ure | ower than 1; (d) oxidizing

sai d hydrocarbon to a desired degree in a manner to forma corrpound

sel ected froma grQup copsisti f 104 ind t i ht hal i c
= AP, SRR B el RT3, £ 15101 58
corrpoundwhaémolv@nﬁkemﬁdﬂamdshstep(cmi rd reactant selected from a .
group consisting of a polyol, a polyamne, and a polyamde in a nanner to
forma pol ymer of a polyester, or a polyam de, or a (polyimnmde

and/ or_pol yam del njsfe) -A mefhidd as bhuibl il Olnft 3, £13] 418, 18,9, 2011113, fabd Der

conprising a step of spinning the pol ymer into fi od as
defi ned 14 vdiesdimibe firstimgixtirerarst theysecond mintute @xt)mueéataihud catiocbf] ﬁnstamlsm nd
reaction,_zone (di ffnrgwt é\haq the first reaction zone. 50. A nmet hod as
defi ned [OHFCRTIETIxHES steps (c) and (d) are’ conduct ed in a second
reaction zone different than the first reactl on zone. A met hod as
defined in claimd4y V\/nerel the rocarbon to tlat,o_r atiois in
the range of 0/1 t¥- 50/1@tm deé’ﬁdﬁ%f' %gvmvwgdﬁ%mepam &refifer ei n
t he secogfll/by(gi[/gg@rbon to |n|t|ator ratio is in the range of 10/1 to '
1000/ 1. A nmethod as defined in claimb51 wherein the second
hydrocarbon to initiator ratio is in the range of 10/1 to 1000/ 1.

17. A method as defined in claim 16, wherein the third ratio is in the range
of 1/10 to 1/100.

18. A method asdefinedinclaim1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14,
15, 16, or 17, whercin the first mixture in the first reaction zone undergoes a conversion to

oxidation products in the range of 20-60%.
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54: A'nethod as defined in clarm47 wherernmthe—nitiator is a ketone,
the ketone corresponding to an gkis@hbetiaselsREdakt the hydrocarbon. 55.

A nmet hod as defined in claim48 wh t hydrocarbon to initiator
ratio is.in the range of 0/1 to SOEml"Jm l [m .
21 56. A nwbbggtrozs defined in cl t he secondedwussaemibon to

initiator ratio is in the range of 10/1 to 1000/ 1. 57. A net hod as
defined in claim48 wherein the second hygrocarbon to initiator ratio is in
the range of 10/1 to 1000/ 1. 58. A nmethod as defined in claim48
wherein the initiator is a ketone, the ketone corresponding to an oxidation

8
product of the 023" on 9 . N [E5AIMSs defined in cl Aj 47 wherein
s SRR R g

hydr ocarbon conprises cyclo exang gﬁthfﬁle co d conprises adipic
aci d. 61.What is glaimedds: as defined in clai m47 wherein the hydrocarbon
conpri ses cycl ohexane, the conpound formed conprises adipic acid, the
initiator conprises cycl ohexanone, and wherein the nethod further conprises
a step of adding, inlat |Aaskthodeofoprepding! i Siteredisid oxRlatiom Graduec fona
zone, a sol vgﬁnt grrgpri si ng acetic acid and a cobalt conpound. 62. A

met hod as dEFTOR TG thestipsafei n the hydrocarbon conprises
cycl ohexane, the conggundikgingTachydritatvon ad afl ifitigioR &t a fifdreaftidnl Ane'at a

conpri ses c%;:l ohexanone, and wherein the nethod further conprises a step of
addi ng, i n fast hydwcarbomte ipitiatoneatioibysweightd t he second reaction zone, a

sol vent conprising agstic_acid and.a, c |t conpound 63. A nethod as
defined in claim49 &ﬂer e?ﬁ & W C%It‘)%%s&l °88I%rsf‘@egyd6?/°3f3°(?ﬂe§?§n’@,m &0
conpound f qoied fiessoktuees adi pi ¢ acid, the initiator conprises

cycl ohexanone, and rein the thod further conprises a step of adding,
in at |east one of tKg MXiNg r'L@fngl‘?sf (rRIXEEe St @ Sgeqnd  MuxiE ccomprising, b same

conpri si g 13aRIchboR ahd iAfGtoR 1HhE B3lifockBIP At the initiator of the second mixture being -
present at a second hydrocarbon to initiator ratio by weight higher than the first hydrocarbon

to initiator ratio, wherein the first mixture and the second mixture are mixed at a third ratio of
first mixture to second mixture lower than 1; and
(d) further oxidizing said hydrocarbon to a desired degree.

2. A method as defined in claim 1, wherein steps (c) and (d) are
" conducted in a second reaction zone different than the first reaction zone.

3. A method as defined in claim 1, wherein steps (a), (), (c), and (d) are
conducted in the first reaction zone. '

4, A method as defined in claim 1, 2, or 3, further comprising a step of
introducing into at least one of the first and the second reaction zone at least one ingredient
selected from a group consisting of solvent and catalyst.

5. A method as defined in claim 1, 2, 3, or 4, wherein the first
hydrocarbon to initiator ratio is in the range of 0/1 to 50/1.
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64 . A-nmet hod as defined in claimb50 wherein the hydrocarbon conprises
cycl ohexane, the conpound forned conprises adipic acid, the initiator
conpri ses cycl ohexanone, and wherein the nethod further conprises a step of
adding, in at |east one of the first and the second reaction zone, a
sol vent conmwaoss/meeaceti c acid and a cobalt conmpound. PCT/US97/17812
22 65. A nethod as defined in claim47 wherein the first hydrocarbon to
initiator ratio is in the range of 0/1 t48 50/ 1, the second hydrocarbon to
initiator ratiois in the range of 10/1 to 1,000/1, the third ratio is in
the range of 1/20 to 1/100, and the conversion of the first reaction

m xture to oxidation,productsg i.s in_t ge. of .5-90% 66. A net hod as
defined in claim 48q gt gaFlng‘E"I&Iﬂ)&? ab e to>i hiti8 goﬂo’rlét’iob 125 in

t he range mﬁgﬁacaﬁlﬁ%addgdhgaﬁggs@ggp@drocar bon to initiator ratio is in
the range of 10/1 to 1,000/1, the third ratio is in the range of 1/20 to

1/ 100, and the conversion of the first reaction m xture to oxidation

product5|5|nther nge ,0 h S fyi i n,claim49
wherein the first hy roce‘i‘r%‘gﬁl ?%‘?ﬁ”f’?é&‘é@“ﬁ%‘ Q’SS’i%nl?ﬁg’ ?‘Zﬁde%?rgk’l to
50/ 1, the wiseind sbiveritds addedin itdedstétép @).0r ratio is in the range of 10/1 to
1,000/1, the third ratio is in the range of 1/20 to 1/100, and the
conversion of the first reaction m xture to oxidation products is in the
range of 5-90% 685, AafEhLed as defined in claim50 wherein the first
hydr ocarbon to initiator ratiois in the range of 0/1 to 50/1, the second
hydrocarbon to initiator ratio is in the range of 10/1 to 1,000/1, the
third ratiois int ra f 1/ 1/ O adt version of the
first reaction mxt}u1 8’985?&85 ggp'ﬁﬁé%l ?rﬁmt 2 ﬂﬁté"ﬁfm&h%%e

of 1/5 to 1/500.

17. A method as defined in claim 16, wherein the third ratio is in the range
of 1/10 to 1/100.

18. - A method as definedinclaim 1,2, 3,4, 5,6, 7,8,9, 10, 11, 12, 13, 14,
15, 16, or 17, wherein the first mixture in the first reaction zone undergoes a conversion to

oxidation products in the range of 20-60%.
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