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PCT/ US97/ 17684 METHODS AND DEVI CES FOR CONTROLLI NG THE OXI DATI ON
RATE OF A HYDROCARBON BY ADJUSTI NG THE RATI O OF THE HYDROCARBON TO A
RATE- MODULATOR TECHNI CAL FI ELD 5 Thi s invention

rel ates to nwWoOW8Hs®»f maki ng di basi ¢ acids, such as adi pi cPCI/USHHTEE4f or
exanpl e, by oxidizing a hydrocarbon, such as cycl ohexane for exanple, wth
a gas contai ning an oxidant, preferablly oxygen. BACKGROUND ART
There is a plethora of references (both patents and literature articles) 10
dealing with the formati on of acids, one of the nost inportant being adipic
aci d, by OXMEBETHQIDS ANDNDEVICES FOR CONYRQLIANG THE OXIDAGIONRATE OF e

Nyl on 66 fi ber syafkdCARBON BY ADPOSTRR PHE RARDIGF FHRIPPSROBARBON TO A

m scel | aneous ot her conpounds. There are different
processes of manufacturing adipic aRfAGE-MOPULATOR. oy ent i onal process
involves a first step of oxidizing cyclohexane with oxygen to a 15 mxture

of cycl ohexanonﬁgm%#@%@(anol (KA m xture), and then oxidation of the
KA mxture with nitric agjd,.to a

dipic acid, O her praqgesses.include, anong
others, the >  "Hydr operBiinygnt tggto,m?th@s-ogg}a}(@gﬁﬁqaacp?xe%ég@-qsaglmf t he
"Di rect Synt hesickl for exaemple, by oxidiziagiadiydfonarbdn eschdisrcpalbhesmedifat exampdd, with a
cycl ohexane to Lot SinidE bfloilidad pRRFMIRY okibehNe presence of sol vents,
catal ysts, and %I&ﬁ ators gr plr?’ rmterg.o% The Direct
Synt hesis Process has been given attention for a long tine. However ,
to this date | tBAGKGROUNDIART | e comrerci al success. One of the reasons is

Compl ex 11 1 pal Loy Dup o o RBATR of sk Yool fAREE ) g BT )

cont 1ot n P ostspiis WHB frcioruaion, o sk ;o the ot ot eing UL ARLLY s

It is inportantoxidationbfhydatarbons t Adipicchiciglds osedtth pradicedSylofD66 dibkisand basins,

been conduct ed g e&eRabd r&ﬁﬂﬁs,ah&ﬁﬁ‘s'cfﬁén%nﬁb ePéonslolnddf act i cal purposes.
eal1n

There is a plethhora of  rgference g wi t h oxi‘dati on of_qrgapjc

conpounds to produce aci dacresHe Hifferent; grocesses,Gf dnanufrewripe AdiRlc Ak o The
internediate  conventiogal grrasesssinvedivaas fist stex afipidizing wyclokexanowith oxygen to a
cycl ohexanoly ge%&hﬁb%x&mﬂé&&ﬁﬁé ad SR1oheRno A mixture), and then oxidation of e

follow ng refergnces, anpng.the.plethora.of others, may.b consi dered
as representati ‘B‘f‘h‘&m}ggi%%a“b‘i)@caél%‘éﬁm -ef Wf@"%sf?st‘%é“‘%r TP DH ﬁgef
di aci ds an'tyidraperoxistdiPracessptriRoric Acid Process”, yd thg/DigeB8ynthesis Process”,

PCT/ US97/ 17684 which involves direct oxidation of cyclohexane to adipic acid with oxgen in the
U S Patent 5,463,119 374, 767 (Drinkard et al),

s 1% I ltar%thl %sshd Pa%agntOS »

U S. Patent 5, 3FFgseResofspipits, cqtalydls,and pulalofs orpre@olersn (parnette et al ),
U.S. Patent 20 3, 957, 87@h¢ RigsctpSynthesis Prdcess hag bgen ghuerncattentioro 82 aSlogg time.
(Russel 1), U.S. ubatwRto thiedite £ 82 found Ktte @érhmereiabsuctial.eOhe 3f @& Peadonb is that

Oberster et al U..S . Patent 3,361,806, (Lidov et al U,S.. 5 .Patent
D54 271 ( Bar KAPOBEA 11900 Bt sitisle g it pidnt, 48 sRbeeflly squmpiSX juJeatiy B o
3,161, 603 (thisyenmaniexéty, ene) can|findSstrikingly rponflicigoreggdts, cqoments, and wgwys iy, S,
Pat ent 2, 557, 28giffetdatiefetdncat al), US. Patent 2,439,513 (Hanbl et et

al), US. Patent 2,223,494 (. - . oder
et al), GCer %tgn Pat ent DE%412? %@gﬁ@ﬁ%&%@%g{? ogt gt“ dlgﬂ §@R}§2§l@a@’§ﬁ%§ hgbe

| nt er nati onal PeasRicenrgductsd inqbatelymaiseliferally, prsforall pragticak pugposes. 10

None of the above referermes, isof phthord bl etfetedes rdeaiigs with Mdation tdfeorganic

i nventors disclgs est .or il singly or ,in inati.on,. oxi i on
reactions to wn?;?o@srgﬁyeﬁrlog\%g ac‘f@’d‘é{dlloaﬁ’ g’ )Cé(’:clﬂ 1ple, %dﬁpgggc@oeﬁgfotriz tﬁgneg%% ect
to the intri catprognds, snehgsden example cyelphexanone tyglohegnols exslohexyluydrensroxidest ant
i nvention asgypdegwgri bed and cl ai ned. Qur U S. Patents
5,580, 531, 5,558, 842, 5, 502, . as | _as [ [.nter i onal

Publi cati on WD 96/ 40610 egcfﬁﬁggln%efe%%eﬁegnﬁggh g“?%?fjeglé)ga rogl %?%r\s/’en‘f% _be
control | ing reaeensisieeediap regresentatizg of pxidatign processes relpjivscip twymepargtion g diacids

| NVENTI ON and intermediate prod¥dts. af or enenti oned, this invention relates to
met hods of naking di basic acids by oxidizing a hydrocarbon with a gas
cont ai ni ng an oxidant, preferably oxygen. 20 More particularly, it relates
to a nethod of controlling oxidation rate of a C5-Cl12 cycl oal i phatic
hydr ocarbon to the correspondi ng di basic acid, conprising the steps of:

(a) feeding continually into a reaction zone an oxi dant and a

r at e- nodul at or




in the presence of a catalyst and a sol vent, under conditions causing

oxi dati on of t he hydrocarbon to the dibasic acid by the
oxi.dant, the hydrocarbon and the rate- 25 nodul at or being fed at a
first ratio, the solvent conprising an organic acid cont ai ni ng
only pri mar yYWoI¥I¥8® secondary hydrogen atons; and PCT/UR9341 7634

adjusting said first ratio in a manner trug the oxidation rate falls Wthin
a range of desired val ues. The oxi dati on
rate is the amount of hydrocarbon oxidized to organic 30 products,

excl udi ng carbon nonoxi de and dioxide,dggr unit tine.

The first ratio may be adiSuBatent 431kl (Kplar), 158 cPptent Si394J6A (Rrinkardiet ald t o
-oXi dation progneEsspPaéit FBF1E59 (Kellar), ' USEPates: X987, 100UBabit ictlal.) 0.8NPhEMt at

steady state ion fid 0xl.datd On, <19l ol a f
pr ede%/er m ned \;’éﬂsa’ézquép o%oz% e al.) H‘?'S' ﬁatgnq %’@rsé 9&}{8#58@%(?'%‘ Fﬁﬁ% gﬁ%ﬁsg
r at e- nodul at or (Rugbp S Patent hylh15d 4Obesstens abxt daPitert 33611806 (bidov et al), ¥.Swor e

pref er abl e tfatpatehes, 234,271 BdikerétQ), USS. Tatedf 8,281,6080(Koflar), U.S. PateMi, P 603789
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gr oup
consi sting of AHEVAMRFAMSF P‘SBE%%G&% (bogter ftals P A ft@n%?c?%’%qz?tpﬁ‘é’blfb?tvent ,
a ket one c@by B dlatenhg 489513 t @b il pH e iPateny 212340408 9deretpd 8JeS.de,
and a m xture Ppatent D22EMI3 (Loler ¢t aby GermiEA Patddk BEC4ADS @32 At (Kys&la et al), and

rat e- nodul at or 4 ele f L0 i.sting of an al dehyde
correspondin tﬂc@%'ger‘%@aﬁ %?\ngl%gﬁx%ﬂgp E%Eﬂné”g’g%f(\’clog’ﬂr\?{'&éeﬁ(ag*one 5 correspondi ng
to the cycl 8l iphatic hyderscel Bwnaboxs eeferendes.t @ir anyt ofberaigferences krovimta Fher

even nore pref gavetors Bibclbsel Sigéshof ifiplglUsing!P lor &P BaHibiAon Aoki@itiRAreactions to
corresponding t.o_th

. .cvcl oal i phatl.c. hydr. [ . e It
is also prefer é%t%m?%et NP H TN %‘ﬂ“gﬁ %arﬁq%%ﬁ%rsﬁ% g%g 1 6 BRISEE BTl
al i phati c hydr senrdiosndzeduitemsats ofthe instpatdavention prdeseribed and dJaimsdi ses acetic
acid, the 10 oxidant coopfUSE ParisPI80,53 005 5388425 502/345, @9 Wil s asur POlral t

speci es. . . euXi QNI [ga(g] step
of nmonitori }lsg g%eﬂigtrl_\?nal P“f’“"a%‘& g@(g%f,énﬁt 5&¥b§ac |%‘%ea§lgena§8an gge%%f{veegts?ur e
vari ations in toqatrolingreactiony g atomizd liguidgg s flow differentials between

gases entering and gases exiting the reaction zone, or by ot her ways.

15 DISCLW??FIEWﬁ%Nm’e”“ on may al so conprise a step of
ul"ator, Wt

prem xi ng the rate-nod . .at least one of solvent, catalyst,

and hydrocarbon to form Asmpforepentioned, thisinyention seiptes W9anetheds nf xapking dibssicr st

- m xt urfe i nto t heids dgokidiingzohy@rocktboh heith a pdseonminithn oxidantypref@ablp bkypen.a
step of atogpzi the. t. i : . ;

The present a]l)nvlgﬁrtei %ﬁu cté‘}aglg’ gg%l?{g%cgatnge&é&en%{ ﬁglgb%@ 2 Qéﬁ? fﬁlc?irfl r|atr'1e Oft%g 52%12

oxi dati-on rat e Frloakrhatihiydrarbpp tofthe porrespruding dibgsip acid;camprisipe testses of -

(a) partial ly oxi dazi ngeding kodtingsilycinton paction @tk 4 okidabtamgionfate-modidator

- cycl ohexanone, the %&ﬁx%r}?egmcégf% 98 bfa bIFERE h&H oot cﬁtﬁ:%xlg;bg.lfﬁzﬁm:txﬂié

cycl ohexane y exanone; \
mxture into a reactﬂi‘%tﬁ’dﬂ‘iﬁémﬂ’? ‘I’]é‘gﬁ“‘e%léyethﬁf’x‘ﬁa%% carbon srd the rate-
sol vent and2&n oxi damidulatorcheingdfed at anfilist ratins theasedvienigcdnaprisinigi @m oxghniadicipl ¢

aci d; adi i i i tifx i N a nanner
that the oxidati on(ﬁ%?tgnﬁgjwﬂrm%%rﬁgé\%ﬁ?ﬁgé}ggtsoihﬁé%&r angﬁ. e
This method may furtPhr edhgingsed frgale ige magngy; ﬂ?fcﬁi‘?‘{"flﬁrhﬁﬁte s within a

cycl ohexane or cycl ahegeafidesed valtdse reaction zone for nodifying said
desired second 30 ratiOThe oxidation rate is the amourt!¥t BRGS0k JkidizelRY dPanic

adj usted continually based on_feedback relatiye .. .l O oxidation progress
par anet ers, r}hr WPd%WZ“Wb%B?P%’H&%%I‘@o’%%nE?’M“QF‘ steady state
conditions of the oxi dat /Toefirspratiotmayebe atijukted eontiandllydiasqdrandieedback rebative & ues.
Further, the  oyidfidhipfogi@y phttmalisUst ©thay Vaikepliabltmntaly ehstit hegeiay Glate

relative to oxidatjon re 35 . par ters, LOr Jit may, be kept
substantial |y c%‘?’n’é{"&ﬂ’t&;gg%’?%iﬂ’ﬁ}' °§ftéli‘a§6l5%ﬁtﬁa§w§ﬁ§°dmﬂ%iva?“cs’ oxi dati on, or
it may take a path of prdtds areferabld that (ks rate-modulator \'ngRisdsO 28 hydrocarbon
PCT/ US97/ 17684 oxidation initiator. It is morc preferable that the rate-modulator is sélected from a
As in the previous case, the oxidation rate may be determ ned for

exanple by a step of nonitoring oxidant depletion in the major reaction
zone and/ or pressure variations in the najor reaction zone and/or gas
flow differentials between gases entering and gases exiting the major
reaction zone. Also, this nmethod may further 5 conprise a step of

atom zing the second m xture in the major reaction zone.

The desired range of the second ratio preferably falls between 99.5/0.5



and 95/ 10. However, this al so depends on whet her cycl ohexane or

cycl ohexanone or a conbi nati on of cycl ohexane and cycl ohexanone are
also fed directly to the nmjor reaction zone. Under such circunstances
t he above nentioned preferable limts of 10 99.5/0.5 and 95/10, are

adj usted ac¥PWMEY to take into account such addltlonaIPc”m”?BQﬂlng

It is extrenely inportant to continually control the ratio of hydrocarbon
to rate-nodul ator, such as for exanple an3oxidation initiator |ike

cycl ohexanone for - exanple, not only in order to control the oxidation
rate, but also to ensure that the 15 selectivity and/or yield to the

desi red oxi dat group pomsiitiog of ancaldeh}diep:iomrea;mhding oo thexangmiie acid of tHeasslvem) a

suffer. ketone c};orrespondxﬁ Jo"tﬁéc ‘3 yagﬂér ol 'aﬁﬁ’ﬁri]n&'ttﬁ' t hat
in certain ran to roca{?g rate nodu atlos, the
selectivity st sTfif &V§Eo tthe "ate‘m“ét‘]flt‘?bt}‘g'ﬁf" qoted BUP MEOBR 1 at e
i ncreases. Forccmmﬁm of ari aldélyde ca:sespoﬁdatg ttotthe loyganio ceeidoaithis SoRent, a ketone

Rin0 thtRloaliShafl t«&ﬁ:ﬁ 64 2 Hiubd heflGe! fd s efati on
rq? Tf@,bcf‘g ﬁ%oca

cycl ohexaneg eé?&n

product is on to rate-nodu) ator_ | ower
t han 80/ 20 det%‘fef‘d‘i“gfﬁé’ t“‘s?éf"‘&é‘tq ajoy °8’6‘H§"f°aérk§m“§r corpespending toj the ¢

ut most i npor t acyedoaliplmtic hixdrocapsbml at i on of t he oxidation rate i S limted

to ranges at which the %ﬁs%ﬁ& bdldrabld SattRe ratloh a6 nsesa: yol6 Vtﬁley A
bal ance of reacti.on nd sel ecti VI %/tﬁ et erm ne O‘g :
particul ar cas@Rhage %i’giﬂ“o‘i?ﬂp&t“? V& é@‘aB 5 &9 8‘3‘&1"88’1?“?"6 chq%a% fat or
be enpllloy exidant comprises oxygen, and the cdthlgstenmgrses ovbaltapecieake pl ace in a . .
preceding reaction z0ne Aabddiib e may bIBEEmitEPE) tgtepzo@%mm?gr&a@md' ng

reacti on zone hein er tenperature action
zone. ' R nn the OT} FA0F 21 °4H9%W|V6ﬂat‘°afé”o‘h%ﬁ€6ﬁ‘ﬁ5'a%’§%§" TR ce
for cont r ol | i nflowhiifferentialsobetetesni gases antaringfand gB@5es CkRingythé oedcti(rh adniec or by

hydr ocar bon tooﬁjg,ewgﬁrrespondl ng di ba5| c acid, conprising:

a maj or i on chanber,, rst fe d| ng _neans fo eeding into
t he maj or a’&tactl on chanbBie mefpedaf this mvenm&%ary ﬂ’if‘?eca %E’ﬁ the

WO 98/ 19789 rate-modulator with at least one of solvent, catalyst, and hydrocarbon to form a first :
PCT/ US97/ 17684 pyixpure, ar%d then feeding satd ﬁrst mtxture mto the reactton zone, Further Jthe method

second feedi ng neans for feeding. % ﬁﬁ %/Wl ntt(l)]l na| reacti on
chamber may comprise 3sfep P‘BF“?%ﬁ LiTrpTE Ao e reaction Zore. third feeding
means for feeding into tHe pejet imveation elo giettaibe o anmeitiodaeft controlling the
fourth feedzmgoﬂtamrtteroftﬁﬁﬁtbmetmltt@a Binpisinehe kbpbfchamber a catal yst |

and 5 a sol vent, nt co Sl ng an o c .acid cont.a.l n| ng
only primary and/ or&S pakally” °“§§H’§n3¥1 ??‘Bﬁs iXfre’ co
condi tion controlli wlmmnef,&esermdmxtuterhgvnogmdﬁsuﬂed)mondtratlnefmmxane

reaction to blgﬂg;@ﬁoﬂen a manner to induce oxidation of the
hydr ocar bon by the ati o ust.i ng neans.for i ng
t he hydrocar bon and&t a{;% Wﬁd‘tﬁ“&f %reﬁ‘gmf(?o}‘e m the g’f"éﬂ‘ceﬁ%"?ﬁfg‘n& or
reaction chifhber at sdvent anskanoxidasy, aru!nadmpn@hqtsmusmj fomedtion of adipjc acid;

first ratioin a rra(vjer ddiating Bed Qusidd sbcdid katiotinf Ainbnerithidh ithe Sxidatiog Gatef
Thi s device may further

desired _
conprise feedback n&i‘ﬁﬁ@gandgglfedda?% t he mej or reaction chanber, and
the ratio adjusting meanEhisremethed dpaypferther comprisesta wshee Pf rfgeding addifiona)

continual Iy baggeolratecstiyoiokexhfichiants ke keatidhacte 68 adifying aill deghivdalcdagi ng
relative to 3 PXi t| on progress paraneters. The feedback

preferably comS? $es means for nonitoring oxygen, £I eti on dur| ng the

oxi dati on and/or pressur Ehasgeongdratisgay be adiustegepriinually, base dbpek relative
and/or gas fl o dmﬁitﬁmqmgrabgarbméﬁm iOmaebe leipt maapdowstmym t he
oy be adapt ed PRUHG L pridation,o itmay ske s path of et Bhipfla Jeltl 1 TBE"S,
steady state ca®ifl mamt@ whjusted ccotinually jbased oy feedbagkrelativenie ¢xigation progressat i o
through a pash pafmﬂu@getetrmymd keyft| subsantiallyp Sghstaht & steady i@t eaditions of the
Further, the dEVLcﬁﬁo &Q’%?'P&gﬁﬁgﬁla%g%"”” u[ﬂed'@?{x e£ONPri se premxing 25

means for premXin ast one of solvent,

-

catal yst, and hydrocar bon to forma first mxture, and then feedi ng
said first mxture into the major reaction chanber. Preferably the
device may al so conprise atom zi ng neans for atom zing the first
m xture in the major reaction chanber. A different

enbodi nent of the present invention involves a device for 30 controlling
the oxidation rate of cycl ohexane to adipic acid, conprising in conbination
an assenbly of: a precursory reaction chanber;

first cyclohexane feedlng means for feedlng cyclohexane |nto the precursory

. [T o, r o o r r
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second m xture conprising cycl ohexanone, the second m xture having a
desired second ratio of cycl ohexane to cycl ohexanone;

a maj or read¥? 1% anber ; second m xture feedi i HEIHL6R4
feeding the second m xture into the major 5° reacti on chanber; —
addi ti onal feeding neans for feeding one 4 nore of a catal yst, a sol vent
and an oxidant into the major reaction chamnber;

condition controlling means for controlling conditions in the nmajor
reaction chafbiér thenprgvinumnpese, the Oxidption etei whay ibendesérmined for

hydr ocar bon byeﬁﬂgﬂasy daBdo; of ¥bonitoring oxid4fl depletion in the mafoRtrédRtias il dnidbr MEANS
for adjusting said second rattho ina %%Bner thaé/ theﬂ differentials 42 i dation

rate falls wtRCTEUS VAHRIQnS, IR (e A Feqeliop ggne andlor gas flow differentials hgfween i ¢ o
may further cogises enderingsnd gands exiingthemajoerehetionizone. ndslapghis methofl grayffosthtirng :

cycl ogex a{l_e 5t OcdhifisgRIsRD of ABmizirYthe RRGRBixtRE inTROMmbbE RéctRAiZnslesi red 15
seconda ratl o.

. It is, further .preferable that t ice
further conprises feedbatd desRiange °ﬁb%f‘ﬁ?g?ff@8gtp5effrﬂ@yr#éfsol?e%?'%egtﬁrﬁﬁg
chamber, and waet23/10.t Hewevat, itis aldp dependaonnwhatieer gydohexane aaduglokaxanape tpust
the second andgghbihaidnOoft Qptldhakkk |ad RyeiBRexaRonke 0Re e Kfell '@ty %o the major

f eedback neans, the feedback bei.ng relative, to oxidation progrLess. .
parameters in f%“%m%jbg?‘ﬁf SR %Eﬁ‘fmé%ﬁ??ﬁg*’? ROF e“‘ff#‘@f’eéj? gﬁ?’%’,‘b‘i’t ﬁgfnfe"«gd back
means are adlap®88/6:% and 5410y are adjustedyapserdingly to takn igtgr aasgunt hauck addisionaln

and/ or pressur gedigl ations in the nmajor reaction chanber and/or gas

flow differentials bet 1] es_enter| angd ting t maj or
reacti on chanber. "t ektemely ““5°‘§“Hgg’r°gf“;"b“%§§?§%‘fe"ff Hi;ﬁ'g%ﬂgﬁmva?@n
adapt ed to mai te termofelaton cuehd as forjesample ag xidation initiatgr kienesickohexagones fagady

ﬂ] ate ﬁondi t i ORRanffie,! 41 ofdy MAri@No Bhtrdl Ghe BkidStidnRites BEORIS to ensuferthbOthe
rough a p

h gf predetermned values, ... . . The.device nmay
fur Cher confi i SBeesPiF AR0RE PB4 SsHaat orfaion gradtes sveh adipic 854 et PiE o ¢
- at | east one ofloesgloysuffer. cat al yst, cycl ohexane, and cycl ohexanone to
forma third mxture, ang vbdaetauﬁdeaaﬁx?@teapj By Uy InSleritbrs thdteini ddt@int fARgedBIFOr

[

[ 30 h Th ' UL i
means. {or at ontSRger b EHARARE T e U o RIAREY TRAIRAND

Further, this iaktheughithaoxidation rateingrsasgs.Eer examplgy inthsease that g hydwecashemist i on
rate of a C3o Clyclebexh@itteritomodulaiod isagalohénandme, iddethe desired pridsiiongpretivesisi C

acid, o CORitph! A%, rilfos of hydrocbB £OBH-ASARE e HER RS deteriorate the O

PCT/ US97/ 17684 selectivity considerably. Thus, it is of utmost importance that the modulption of the

fi rlst }‘_eeﬁi ng Rdatod Qﬁtgf'@eﬁixhﬂai ité tringleld €at PWHICKE Cthé) (seleCtivityl @) noh aletetibratede

cycl oal i phatic .0Gar , . lﬁ%9l Al hifka eedhng
continually i ntegyfg%g&g'r e@@é‘?’r‘\“ ?ferg?:ctnl?%r{aé%gr}gleé lié%’a%er a oéq g‘a?%n _
r at e- modul a®dr parsicular case @pd rthe fapRIPPHiYC iBBEss of hydrasedPm o Fto™eEater deedi ng
reacti on chanbemployedxi dant; fourth feeding nmeans for feeding

into the preceding react Tﬂ@oﬁm%ﬁtgﬁébﬁwﬁﬁa preceding reaction®3fle 3nd &l HRNT

t he sol vent conprising an organic acid contalnihg only prinmar

and/ or secondar‘WWBﬁ“gﬁ%ﬁ"% ; ecﬁngreac&onzone&q;%aéph}/ 'FF’(Hﬁé"/‘E‘FFaWB’éFhe

connected to thmaj@rrestidn pgner eacti on chanmber in a 10 manner t hat

contents of s he precedi Ngnd GG BeMATIRS HEVIERKE of fevidiChol Rbfifolling the
ans tor t eg of the

reacti on chanber; . ne f _mai_nt.ai'n| ng e tenperatur ]
precedi ng r eactaxsiation e Of arffyfds cycloaliphatic hydrocarhon i, the; ¢qrssponding dibgsic; he

maj or reacti on aiiodmeprisirgnd rati o adjusting neans for causing
t he hydrocarbon and aﬁﬂforrr@écﬁéﬁaﬁkﬂb@}m to be 15 fed to the preceding
reaction chanmber at a Tirst ratio,

] and optional |y adjustin
said first ratio in3sthfsdbe meags fﬁeqﬁép"&aﬁtﬁnma@qrnrqaﬁ'g’“nﬁf‘%b?e%i on
chanber 35 cielbdliphwictHydrocaborgnge of desired val ues.
The | ower conversions per stage, according to this invention, sinplify
the heat transfer problens as well as the design of each reaction chamber.
Furthernore, 20 they provide better energy efficiency. BRI EF
DESCRI PTI ON OF THE DRAW NGS The reader's understandi ng
of this invention will be enhanced by



reference to the follow ng detail ed description taken in conbination with

t he draw ng figures, wherein: 25 Figure 1 illustrates
schematically a preferred enbodi nent of the present i nvention
conprising a major reaction chanmber 12. Flaure
iJIustratesv?%ﬂkWﬂ?ically a different preferred enbodinenﬁrgFg$Hgm%

present invention, wherein a precursory reaction chanber 11 is utilized, in
addition to the maj or reaction chanber 12, for formng a m xture of
hydrocarbon and rate- 30 nodul ator having a desirable ratio.

Figure 3 illustrates schematically a still different preferred enbodi nent

of the present i nvefeonshicedipemenns for fpeding gpntipuallyainta tha maerasegtion chamber
utilized, in additigioxidation fate-inB@uls¥es; or reacti on chanmber 12, operated at a

gg/g 28981:96 perature {hﬂ‘ﬁ '}eetdnlg npegj:sofror feeding fn?oaﬁlg im%JQ)r ge%ec'har%ger an oxidant; Vo

PCT/ US97/ 17684 fourth feeding means for feeding into the major reaction chamber agatalyst and ggST
WU_DE OF CARRBYI NG OUH solvint, tié\SoNEt@Omprising an organic acid containifg Bﬁl@tﬂdﬂﬂgdmﬂﬁfrl ier,
this invention rel aj lgﬁ}oggﬁiﬁto . maki ng i ntermedi at e oxi dation

gs, f rwx_arrp €,

products, such as aci ds by oxidi.zing a hydrocarbon . with a
gas containing an o%nditien copirelling msags fox\cgatgolling conditions in the majorpygaction
pur poses of claritychubebih@nidnyier tb utamddafion b£the Rylircaattnibly ulied:adanty be

used to exenplify t i i I st re
Generi o Term. P @ﬁeélﬁﬁl%ﬁ%%a%%?r‘%‘@éﬁﬁﬁy&nﬁﬁé o e BBy B
"sol vent," Hut it sfdinta theamajor regntign changhst atiafirst 1atiqs 2pd pationslly edipstiag said
sol vent (s) may be ufife ritid inad shailiek @M she Gxidatidhastedfhlls withines sange of desird
solvents are butyrigal id, propionic acid, etc. In a simlar manner, 10
"acet al dehyde" or "cycl'ohexanone" nmay be used instead of the nore generic
nane "initiator" orThiydeYieh sy fugher eqmpsise deedback sngans qonpesiedy tx the' o
“cobal t acet at edajdriediction chambeand thgratic alijastinguscans mbypbeadapied adydiiist the firstn| ess
ot herw se specifd et iRy L h i,.C
term "cat al glsgt .";’do. & ) Iy, EJsé‘d‘oHQ‘eéd%?‘éhi g%tgi tiheeoq?lédt%%&t ﬁ%m%’orﬂlr?gﬁeg%gg@g{g i pic
aci d, the met hdHativsio p¥idation progrgss paametessent j on may al so be applied to ot her
-diacids fromthe corr espbirdifsegbacic preferably momipiises meanshfar apaiiuings oxfgeanpl es
are formation %E%lgﬂi&}&lﬁfng d%%xﬂdafi?x?%l&&%&%@b&ﬁﬁong iﬂrtﬁgaﬁlh&greg{;ﬁon chamPr el 1 €
nd t he 11 ke. a

acid fromcyclo tane, f . . aforenen{i oned,
initiators havendieegey dlow differentialy Seiween gases entering candogpses exiting fhe, mpgor
oxi dati on 020 cyedctibvectambet. 0 adi pi ¢ acid, for exanple. This initiation of

reaction 20 or oxidati ofyShab At meliUshs 8 aIOR HRMBAS MY rarbhe
i nduction period in their aaapg ce IS I, rmsth oc,gasl ons unagggttg |y

| ong, frequent ISyostantiply: consigat at sfeady, late capdifions of the pxjdation; pr in g St o

i nducti on peri aatid through h path sfipredetermined walned, ymorig dther vediatiens.of a

fraction of one hour. TheygxplROatEeNof e oRtRAk RYerdtR Yindye SRR Shrémixfg! Nat
the initiatgQrs i nduce,oxj,dat] on t he, cat al yst, i ¢h ‘usual |

conpri ses cobal™gns foropremixing g\?b‘éﬁef‘?‘lcp ryigh et ?"eéb%ﬂet'i’ s‘ﬁ‘fﬁ%’ ‘ﬁ‘faéys{re@éissary
in the mechani sydofarber tefoinyadirst suistureagnd then Eocllig tshid first mixtued indoy the eimiorane
to adipic aci d yfQficRcRaMAbe. PiefeRiblyihe Sddvite mATRIH teoRfpris&d Bty intads fave
been fornmed, th rrephg}in&lfrgtsfﬁgﬁeno ed i.nvol ve a}&%‘%nbl nation of cobaltous and
cobal tic i zing Kl ch AUSAEHERFEOSE bei ng regener at ed
through formation of A differentramtiodiresnt pfthie qesutrinyegtiom envokviesl atdewics for
Initiators a@ tRudil t!ﬁfokﬁ&idhfraﬁ)b‘fEy&o@kﬁﬁh@h&pﬁgcid,oéor?@isﬁxﬁfiﬁ chRbinktgonadded

to the reactants at tb ef$tart or continuously during the oxi dation or
bot h. Anassembly Ok |t was found unexpectedly by the inventors that
initiators may atpegrufspryiredctign ¢hambeted continual ly to control the rate of

oxi dation, and that grfiecldRekaite feeding mbafs fid Sfeliihg 8fcldhBxand lifto TR WrethAbS,
Oxi dati on rate-nodul at [S defined, according to 35 the instant

ar
i nvention, as conpodffifac ‘E}ﬁ@g?ﬂ)nti nual addition of which in a reaction zone

WD 98/ 1978935 first oxidant feeding means for feeding an oxygen containing gas into the

PCT/ US97/ 17684 precursory reaction chamber in order to partially oxidize the cycléhexane to 207 @
reacti on chanber may change controllably the rate of oxidation, in a manner
t hat the oxidation rate attains a value within a desired or

pr edet er mi ned range of val ues. Compounds whi ch nmay be
used as oxidation rate-nodul ators, or sinply rat e- nodul at ors, include
but are not limted to oxidation initiators, such as for exanple, 5

acet al dehyde, cycl ohexanone, nethyl et hyl ket one, etc. It

is extrenely inportant to continually control the ratio of hydrocarbon
to rate-nodul ator, such as for exanple an oxidation initiator |ike
cycl ohexanone for exanple, not only in order to control the oxidation

. o e o g,



selectivity and/or yield to the desired oxidation product, such adipic acid
for exanple 10 does not suffer. It was found
unexpectedly by the inventors that in certain ranges of hydrocar bon to
rate-nmodul ator ratios, the selectivity starts suffering considerabl

al t hough t heW@$B4389 on rate i ncreases. For exanple, in thePCHERMMEL ¢ he

hydr ocarbon is cycl ohexane, the rate-nmobdul ator is cycl ohexanone, ~and
the desired oxidation product is 15 adi pi(b acid, ratios of hydrocarbon to
rat e-nodul ator | ower than 80/20 deteriorate the selectivity

considerably. Thus, it is of utnost inportance that the nodul ation of the
oxidation rate is | saepndutintuse pomprisingaycinhtxehonenthe sesond mixtimeyhaying adesired

.det eri orat ed eﬁefeﬁﬁcﬁﬂaﬂ@bﬂoyc}ﬁh@@haﬁ%?cleﬁexaﬁﬂﬁtl on rate and selectivity
may be determ ned i jcular case and the appropriate range of
hydr ocarbon to rat ea%@gf%ﬁ%orncg 5‘3 enpl oyed. In such

oxi dations, a sol veprecond mixiys| foading means fox Tegding ithe second mivtureintethe major | f
an al dehyde §s usedmlﬁmw;rmdul ator, it is preferable that the al dehyde

corresponds d use en t he tion rea tron
COTT PO | el R o LR OO LA Y

acet al dehyde shoul dopdefteﬁaﬁreynmmb@mem ate-nodul ator. 25 Sl mlarly,
if an al dehyde is t god#@idaS@fktrbMing ndaid &&tmmmﬁ %oﬁ(ﬁﬁlﬁrsniﬁd%&ﬂéjén redéttbni f

2cid shoui d bo - HPRRe AL Rl bl SRR i 9B ot on

is highly pi‘éf erredandbecause it is consi derably nore stable than ot her

organi c acids. Use gftiot ffustig meano Bl ajustihg ehiddsecond ratibSinpd elanabihet Brcause
if oxidized it tur ng td?n tnrlgte?acffsgﬁixﬁxoaﬂtqh&%ﬁ%n%dvalg us, if 30 acetal dehyde
ool Abor S OXI

is used as a rate- rzedI't turns to acetic acid
which is the sol vent.  Thisdevice may further compsiseaseoend syclohewane feeding memtst one
is used as the fbxaf&dﬁig(iiyblahéxﬁme td theSmajor reabticif EHadbef firnmbdifyily k&H QeSired
corresponds o t he .hydrocarbon which is to be oxidized. Thus, in the
case that t |"‘8 %on to be oxidized to adi pic acid is cycl ohexane t he
35 preferabl e ketone to Hds fusther preferableabas therdeyica fisther; prmpriseg,teedback means

cycl ohexanone. ddffiecfl to the majoe k@bfotochanben and whadetr 1o daticiadjlisting indahe akase

IngT? IUrSSg} 1%22@%%5&1 % a@;ﬂ!ztpﬁlg $8%nfl - anifor Fitio contmuallyv\gsgr?/ ﬁgi%gcﬁ)ailb from the:

particul ar i nt dieutbpckymeanssthe fhrdbeskcbeingorelpiiye o pxidationyprogress-paramagtery ipfheqi zed
to formjuskoa major eacioh chimen PMond prefarablyn tthofeedback masaind adapted ol miohiver
further oxidiz I

oxi dation rat ee(%igk&f&ge% dﬁ}rgrl i ox1dat10n aRdlgr Preeat vaﬁgﬁa clg theo&a%pfemm

yiel d and oxi dthp@he rr‘ﬁld@réﬁf §19§’ ‘géfﬁ%tﬁ"&ﬁ hgfvesn Sfﬁés E‘&F’!‘}gcﬂ}dagaséﬁ PEiting thences.
If 5 the oxi dahajonemﬁchmheﬂaccept ably high, low yields my be observed,

and even expl osi ons 'Tﬁé’ra‘ﬁﬁ%fustx J?.Fn%hﬁradfﬁ&fjmh intalEthR k& ﬁ&k%% rate

is too |low, _the oduction rate 1s Sp to ow,, and even,w} %
yield the p?éce%‘?s‘?ﬂﬂ?‘hb@ %rsvaysmtﬁﬁ@éawaﬁpﬁtérowﬁroe prteigidedhg seeand: o
may be easily detiethmoughd phthrof predetprainddovalues. ci rcunst ances, and :
optimzed. Wat is '”Portl‘ﬁé‘ke\héeh %ﬂﬁ%@m CRethixRle b F¢ PrbdiaRg

rate vvrthrnadesrred ran endi n artr Iar circ ances
A preferred enRSERndeRix g’ithlasﬁgﬂ\?éﬁf)gﬂﬁ"q% cp Yﬁ‘sf”f‘i‘{lﬂéﬁ“ﬁe ”f" CXANORS,
Figure 1, ther etorfsnnlephmd goixtire @nd ten deedingrepidrthind smipdre timto thymapmehehon
conpri si ng 3pMBjAmber. The'd@dict pfiferfiARRAEr dotnpriddl £6nizRg! MABS f? 2BmhiPHng the

reacti on zone ect ed to the major reaction

chamber 12 are ‘Q“ﬂ%ﬁ‘%&?%ﬁ‘aﬂ‘g&ﬁcﬁﬂ‘%‘&ﬁ ne 50i; a solvent feeding |ine
52i; a catal yst feedi ng [Furker5Shis;inwnticrt pertabnd dd atdevicé folicatrolling themyidetioran

i nitiator or progper) dsqed Bﬂ:lda'hﬂﬁatréf’ﬁydr&aﬁaﬁ%uﬁe Oaan@gahdihﬁe&ib&% labige 18:
a gas outlet IJpe 17; a predom nantly non-gas outl l1he 21; a
recycl e feedi ng®IMHBREL: 3 pressure nonitor 68; a tenperature nonitor
22; and an @&5ti onal w=pryading neantiidnochamber; anal yzer 25, which sanpl es

pref erably the vapor contents of the major reaction chanber 20 12 through

orifice 23. The gas outlet 17 is also connected to a gas
outl et assenbly 71 which may conprise a controll able assenbly of
condenser(s) for renoving condensible nmatter, val ve(s), flowreter(s)
and the like (not shown for purposes of clarity), simlar to the ones

described in our aforenentioned co-pending applications and/or issued
patents. 25 The gas inlet 18 is also connected to a gas inlet assenbly 73,
whi ch may conprise a control |l abl e assenbly of valve(s), flowreter(s)
and the like for providing a gaseous oxi dant to the major reaction
chanber and |t may be srnrlar to the ones descrrbed in our

Y o, e e ™ 2 1 L1



WD 98/ 19789

PCT/ US97/ 17684 pressure and oxygen content respectively. The oxygen
anal yzer may be any wel | known to the art oxygen anal yzer.
A floweter in each of the inlet lines 50i, 52i, 54i, and 56i |s not shown

in Figure 1 W&%¥8hoses of clarity. Their purpose is to gf¢ PCL/URYTG7$
information to the 5 controlfer 28, useful for the regulation of val Vés
50, 52, 54, and 56 so that they deliver a 7 desired fl ow for each

i ngredi ent. Li nes 50i, 52i, 54i, and 56i, may be heated
by well known to the art techni ques, or as described in our co-pending
appl i cati ons, and/ ofirgiafeeding meangiifor deedingyinto the preseding ceactionychamber the

ot herwi se. These |'@$§o£ﬁﬂatﬁ'h§9m€?r6&ﬁ if so desired, and their 10
contents prem xed be

or ng er i .Or reactjon ch nb : .
The maj or reaction Hﬁe‘%‘#‘? Fﬁf’g"sogma PE r%ﬂt‘ﬁ‘ﬁh% piey ng reaction
recircul ati on react chambenagxidationzateawpdulatort or, or ot her type of reactor

i:rg(r)]‘(’)")r(‘l ég t(hg? g(r)tn 4 thlfd fgedmg means for feedMérihtB(ﬂi nédé&ih $ABHEN chhberCoRfnt;
pl aced preferably i ‘Hﬂ‘efeffﬁ“gﬁea%ffmgfﬁid“ﬁ ‘H{? tE“.’L '%%“ée %@n%&ra"*‘%ﬂ

I n operation of thi snéatsolventethe solvontrcomarisiog an oygehislcidaostaining enln pritmary
sol vent, aceticC aci Gnd/ef seB@aR drogad #bnist . cobalt acetate tetrahydrate for

exanpl e, preferabl in the formof a.s on ¢ risin | vent for
exanple, and a rate? J¥’ Hon shagper g‘lf’é’ﬁa%(g h’eﬂﬁgﬁc}'ﬁaﬁuﬂﬁt ber 19,2
pronoter, |ilRe cycl oimmtbateomnts of thean@p@hgleﬂaym chamberanaymoe te theanajohe

maj or reactl on chamigietidrlclddnbel; scl osed .in our co- 20 pendl ng applications,
and/or patents. At the at _the af og menti g di.ents

in
enter the major reaé?‘?aﬂh%éﬁﬁmwnigetﬁnﬁfmﬁ P ’ngff“étﬁ’ Shem g??’t%ugh
line 18, and starts th@atb@temyemdmftthﬂanhlytmwlmbhﬁmbm@nd ecycl abl es exi st at

;[ Elet : 2![ teidal’;t ort a.Stnmﬁvd I(J)Sftm means rﬁmh gaﬁgtrlg the HyticRArbbiGnd M8 ¢htk-HidbdiRfr RSB
it ated tAPough 1 TR oo myltriRe el crlmRe s a s e R osPoR iR

by- products, and unrserédiretctaﬁm!grﬂeamm@at tirhexidation rate ingthe majns deastion phembsr

desired convermmhyﬂg@spdeﬁmwegm d dependl ng on the parti cuI ar
ci rcunst ances, but ?‘2‘ i cgle‘te\gs/eoenré 5% g gmheer‘l,e%?tal neiify
the case of atonization react tlﬁle il SImpi

recycl abI es arthe pmmﬁglpyobénmnsm ab&tedp@gmﬁeeph wgcttoneheobernﬁ}l@ermm;:u on
chanber ﬁheﬂlay@duﬁesemyn@gﬁaaﬂ@t ed products from by-products

and recycl abI es at a further stage, simlar to the stages disclosed in our
co- pendi ng | i cati ons and/or patents. The recycl ables may enter the
maj or reaction B ES@@PTIONQ%T%E&*A S|ine 14. Of course, line 14
may be nerged with one OITheDkesded$ undérstanditli of this inSelitionSwill benenbafided Bef ore

a mxture of t hx%fér&%gg B{?}l@&lf@gﬁ QEL I s riphiGh Sk b ORBAatlofi A5k B dRving

chanber 12. ¢
PCT/ US97/ 17684 figures, wherein: 12
The tenperat2fre in the ndigure t dhstrateschdrpavioally d preferedeimbbddiment df\thoresent

nore ther nncoupineél%tggl E?Rﬁx?ﬁaﬁﬁﬁﬁr@&froh%ﬁn&?lz and the controller adjusts

t he heat flo reactil on chanber in a manner that a

temperature within a %?F@éh%tlﬁadlyrﬁ%ﬁmwdm megbei s be
controlled eit hpﬂi:sdnhhﬁ&?hnhﬁhﬂema ﬁecultsogttcadmm)tamhertlmés utildded ldwdﬂmbnmes
50i, 52i, 54i, E\n' n%i%p %ﬂo Uarfter OB er %fﬁﬁfgaa'xﬂﬁttﬁ’é of hy rcﬁ% A gat ﬁ

maj or reactlon c x% }T the
art. dulator havinga de, WW ‘er based on information regardl ng
oxygen consunpt i on, Fifire B ﬂltistratepmaﬂcﬁﬂ}" uatilb idifferént preferredremitediment

especial 'y after&Q%‘E&M*ﬁ'@n&(ﬁrwﬁ&m%@a ding @&%‘cﬂ&n%@ 199{51%% ifl'a80fiti

formation, adjusts era tor enfering
the major react FohecHaEDh Ection #fal2 ’t"ﬁ@'a?eéé‘étal Rjheg terparature; Gan the wajor
i s mai ntai ned Wrdabtion chemberdd. | i mts. The adjustnment is predom nantly nade

by regul ating 50 and 56 after taking into account the conposition of
t he recycl abl es. If the rate of oxidation is too high,
the controller 28 changes the settings of valves 50 and 56 so that the

rati o of hydrocarbon to rate-nodulator is increased. 15 Simlarly, if the
rate of oxidation is too |low, the controller 28 changes the settings of
val ves 50 and 56 so that the ratio of hydrocarbon to rate-nodulator is

decr eased. If the reaction has reached steady conditions
of oxidation, neaning that - anmpong other paraneters the rate of
oxidation attains a substantially constant val ue, and if this value

remal ns W|th|n the de5|red range, the hydrocarbon to rate-nodul ator ratlo

~ N o o o .. s . a



the reacti on, for achieving better yield for exanple.
In the case that the hydrocarbon is cycl ohexane and the rate-nodul ator is
cycl ohexanone, an initial ratio of 97 to 3 is preferable. As the oxidation

proceeds, the ratio may preferably be varied in the range of 99.9 /
0.1 to 80 / V981978 nore preferably 30 in the range of 9FCGIUEIV6Yy, 10.
Rati os | ower than 80/20 usually produce-l arge anounts of undesir€d

by- products, while ratios higher than 99.8 / 0.1 are ineffective.
Changes and adjustnents in the ratio of hydrocarbon to rate-nodul ator

are preferably made in frequency of tine increments ranging from1/5 to
1/50 of the BESTIMOPE PFGARRYING OUTCIHIE BRYENSION he maj or reacti on chanber

tlﬁel'? tm hﬁ Caseeof stirreg ﬁxeﬁtlsné& eal%ptmrssmvmencet%ésog ﬁgjﬁas rmymaaﬁgn [ol
I g, u S u S,
dependi ng on t'H%“B?fﬁé {‘g WP ?ﬁacﬁp’ch’Fmetggﬁ’“d‘m yh'(ﬂf?‘ 19789

PCT/ US97/ 17684with a gas contammganoxtdant preferably oxygen., 3
desired program If the Ftew@ékotaaﬁtp@n&% dplﬁeﬁoatp%mﬁm&tsé&seﬁa with

an adj ust the fr xt_a nt i er abl

decr eased and/ “%eﬂé" exe ﬁ%%"t ﬁﬁﬁg‘ fﬁ‘@ n’l ’Qﬂﬁﬁf}’f ﬁ‘gﬁﬁr%
Simlarly, .if tehss f Bercixamplet ‘geetigacid” matvdmusgd ixsteaé b ftsoleent? buteit hold bw th
an adj ust ment uﬂd&%tJoH%%ﬁthé?fsu&bfé%ﬁveﬁ@) Hiay BE Ddedii® séd mRhBaE" les of

i ncreased and/ n ] ust ment i ney e Hol d up
e ot et 1685 DIRGFOR SOWGHP dus ST BF o PREELY B Ry SRS FHPES e ot
the flow rdbPe “acetaldﬁhy her Zayclohexanorelt hiash he wesdnipstaatti ef] ﬂteanowegqnem:namq
chamber . “initiator” or “promoty”’e a8kl %btd’t@ic%aﬁ%‘at@e of &bblt %&dtebxbdm

Corueh 1T ne) 8¢ %ﬁ’é“c@ﬁ?ﬁa&t@?ﬁﬁt@%ﬁ"&ﬁ%‘ff’t'labi%ap%ﬁf‘ OB bR of

carbon ronoxi diasteadiofshe bore sehesiciterm “catalystSxi dati on rat e may al so be
determ ned by neasuring Iﬁ%dtﬁé@ﬁ)sﬁté%tﬁ{aﬂ&z bﬂtcﬁpxatacfal tHeah&Rddst dfnRe proE@Eval s.

e ot et el i 0 b i s B Kol el Bl o
exiting of oxi bydrecarbonst Wsmfomn of glutapeacndjﬁgm@b'clppmanedqenanono
measur enent of %,dgﬁﬂﬁﬁﬁycybﬁhépaﬁgnaﬁméhﬁ begl nnl ng of such 15 peri.od,

and one at the end of th r the nsu tion of
oxi dant at this period d‘? {%erﬁ@ &Pﬁgé]é&ﬁ?}%rﬁ?’a usegma be 'gage qﬁ“‘ﬂ’ on
line 17 or 19, suchas oxidefioniof cycighesare toadipig iaeé,rfpr mmpteor  initiation @ﬂfeachon
difference f bhbsdaRAIsBotendan indiction perio@ EBnsiderably. OXheintiction iperidd B theie

™8] OF T eact | on GIAIRet, tt%cgag% B! 16 HERerk DS R S of dafl, o I2N

consunpt i on anﬁ SRS 1350 B O8H ra consunpt i ate, - In

all 20 cases, in ﬂ@ﬂmes induqtios rperipd is H’éhear’ﬁhméaﬁwﬁmhbﬁf)%}ed@d?fo?fhﬁd are

preferably fradtivhiof 6fickhbuR e exiskanation acceped by flany fesedrdhersdx ihdbthe ditidiers e

cal cul ation bygif ﬁﬁ&t{oﬂl f%e catalyst, Hﬁ}:ﬁ%&aﬁlﬁ?%ﬁﬁpﬁ&? ‘é@ﬁzﬁtpﬁ% nﬁx@r O&b%ex' de
her 1o small o const an

and car bon nonoxi de are ] . NS] racti cal
pur poses. V@ | igasofwabaltic Pﬂ%“aﬂﬁwéﬁ%?ydﬁﬁledg?cﬁﬂﬂﬁof@%ﬂw&%@ém as th idatigh so be
enpl oyed to debfeytiohexdnbeo ﬁh}bldaﬁlﬂﬁmexm;ﬂcfAﬁmdd&ﬂmﬁ(amummifbdﬁlth:fmﬁﬂlave

hydr ocar bon pe Notm

embodi ment of :ole‘|e btm ét*rititg mechamsms gropo%ed mvolve ahéoﬂlbﬁﬂﬂ&ﬁ"gf mﬂﬂﬁ)ﬁ.\?ﬁﬁ@%bamﬁ

is provided a fmechphop] W@ﬁbﬁ%ﬁ‘"&?@&%e?ﬂ Pimgvﬂﬁg‘é}"’rfq“’ﬁ‘cﬂﬁﬂgé‘ formation of
precursory rea@ttemdﬁwspec%bahmﬂg the okidation lxﬁxﬁﬁdﬂsﬂ@the@hﬁhcﬁdnﬁﬁ'&ycﬂcl aloh88 f or
hydr ocar bo (o) ik [ e
connect ed tboo t fe kerf)h&ﬁrs rl{/e %dgg%]ttéél?\ég%cmﬂfknb%sﬁ Léor?gﬂ%@@r(’:a?g{g tcl)_lfzi dant
i ntroduction, }9?"@%‘? xygen or oxygen containing gas, and |line 84
is for allow ng of f - gaseB tvas dwurid tuhexppotaityirigortte rieventaronthat initiatammy 11,

The products of, g{mgﬂ ﬁ({% I &afhh r
11 to the nmjor éegiggdgl?on c e %fd ro Q%tﬁgygég%h”e reacﬁ}e]ﬁ%%@
par anet ers, sudmpedsas oxid a“"‘ﬂat?v@" Glulatgry are defined, gacording to
precursory 33acdhd stastinveaton, hétcmmundsnme@bﬁteﬂarﬂdhipntoﬂwhimm & Gédcfion Afie
through a nultiple output line 11" by well known to the art

t echni ques. WO 98/ 19789
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Auxiliary inlet lines (such as lines 50i, 54i, and 56i, for exanple, as
shown in Figure 1) may also be present for additional control of the final
conposition entering the major reaction chanmber 12.

In operation of this enbodi nent, cyclohexane, initiator, such as for 5
exanpl e cycl ohexanone or acetal dehyde, and catal yst, such as for exanple
cobalt salt, preferably in the absence of acidic solvent, are added to
the precursory reactlon chanber 11 through Ilnes 80 81 and 82

S o Y o .




exit through outlet |line 84. The product of oxidation, conprising

cycl ohexane and 10 cycl ohexanone, having a second ratio of cycl ohexane to
cycl ohexanone, is fed to the maj or reaction chanber 12 for further
oxidation to adipic acid. A solvent, such as acetic acid for exanple
is al so add@¥O 98 maj or reaction chanmber 12 through | i FETES7174fe
controller 28, as aforenentioned, receives information related to oxi @ation

rate in the maj or reaction chanber 12 through one or nore of input
lines 68, 22', 23, 71' and 73'. 15 |If the oxidation rate in the major
reacti on chanmber 12 is higher than a desired range, the control ler 28

changes the oparatcadioal chabe metyehangsfconinalaplydbe raso ofoxidegion, i maebtmt 11,
4N a manner t%@Sﬁﬂ&%@a&gﬁai&e&&mWiﬁﬁﬁ@d&&e&é]x‘ﬂr@d&%ﬁfhﬁd? £ UEY, xanone In
inlet |ine 85, unt Id" t he oxi dati onb%?stﬁ& in.the % eact | on, chanber
12 falls within the desi °““dsw}1ﬂ§*rf§@’. ISAT pS pigatiop dyletars, of S\t e i n
the maj or reacthtesmoditatoiscnclad bus aleownelimitéreto oxidgGon disistors ducheasder exatuple,
control l er 28 £hangfydel RIARGHA, MERYIRFIRIRE S Of the precursory
reacti on chamber 11, |nIa. manner. 1o |ncreaseqqtqg? se(t:romjl rafio,.0

Reenghiap

f
cycl ohexane to cy c Mo EXEGTREI IMRPriany t cox FatioRf hydrogarbon,
rate. i n the nefooratermadbdator suchaasifor exapaple an ofidhtian initiator dike loycldbsdanag foange.

96510, 5 and ORI pon gl B OREr (6 bl U SUBRGK 1, B also 1o ARENAER 0o
cycl ohexanone %?F%E[ﬁ%#?mﬁ%w e d&??ﬁdﬁ&’é‘ﬂbprﬁ ‘EFt’ci‘l‘glP 6‘%@3&%&1&' SRt so
fed dil0ecddey notsuffee nmaj or reacti on chanber 12. Under such '

ci rcunst ances the above to il 10 nd
95/ 10, are adj lelyS ed accétr &ﬁé{gitdggf@em&egyeﬂﬁ%ﬁngdccounﬂcﬁ‘gﬁnaé%}ipgnal

e | nto ..
f eedi ng. rocarbon 1o rate-mpdylator, ratios.o the; rlectivity, sigfts 5 erayel/ or
i ncrease of t hathongh that axidag0n rateinedegsen nkvrexample, io icdagesthat the bydrecartemiisg t he
Precur sory reagfcidhexdnb b tlie-shéduiasr 8c§@biRslanone, anll Yhe dbSir&OR5daibh Prodaé is
e

decrease t secand ratio of.cycl ghexane to cycl ghexanon . _decrease
in these oggr a‘["f’%‘ﬁé‘f"dpﬁt’é?ﬁﬁ% by ?cag??ﬂrfﬁ T ?mdg%g%gmﬁ?g&‘bgo%@dfﬁ’@m&?ﬁﬁ? ol l er
28 t hr oug#elestivity pornsiderablyu t THuinié islof ytmiestsimpartaisp diuat the medulation ¢fithe an

Id ncreas edl n hfbﬁmnt ta;eee is linlxiteﬁntot Rgay %t; WSS YheC faatemi_ ty i&, néte dstbrichated @
ecreased cycl ohexan cl ohexanone second ratio. ecl.ease |

ol - up 1 1o | R o & AR ST HeHB i i SSeHYF P e USGHISECR e

cycl ohexane t opartiewlarh exsanande thee appropriatet irange of hydrocariwnody Ireteggodulator be

PCT/ US97/ 1984 employed. 15 :
It is preferable that the oxidatij.on in,th recursory. reacti cha r 11
B ol Sl BB S0 R o o SRR,

takes place in_the absen T & dXI oat 1 on 4
reacti on chanmblfan aldehyde ig used 4s prafg-moglaton, it ipprefeablethyfthgaldeliyde perrespandy as

aﬁ etic acid f ?Eo 123 aﬂ@{uﬁbd as solvent in the oxidation reactiéi)i If beia beill i thé sél}/éiﬁ&seﬁﬂ@t
own) may i ntpoduce..to ar I
Shov) o S e ek MO BB LA

and/ or cyclohex.grfone f%‘b ‘e 'second B .
to bring tH$ oRimilarlyoif anpldehydet injth be used ip ap oxisationeged rate-modulator, and if the | p

still a differ gslvenpriefpespisific etidothe mdihydy cérfespdnditigatot propiugiot dcith shduid ber

shown in Figur here IS i tEecedl I ahi ch
i ncl udes a ’ S reg%%%gﬁﬁzged'r gg{;’: tglg éo%e%%‘??e&ﬁ%. &Pﬁgt %?‘%’yd?%g&rgg;% t% {mc?% hc‘%?mber
9 is fed by |i fensidsgibly mote stably thapugthergganicagigs.) Bse pbthg cpueaperding aldehyde
reaction in rraisoﬁ)rdf&amimawhaﬂhﬁtd/iz%a)it tairis hter i certdsponding acidr ahﬁgrifa) A
re-mxin a : e aeat NOL.: :
Gaseous. oxi HanPoidedDl 1Syier S o 30 rlaulch Sind e R on FREEH Afks {0 b RN
reaction chamb&hichisthegolyeitough inlet |ine 86, and the off gases exit

t hrough outlet |ine 87. hi#eintifir eeannerifSa ketone ishesedraschelirfeg-nicdakitdroft is

chanber 9 with _t/ ] £65 40 I 0G.: ter, 15 .. fromthe
preceding r eacpﬁeg%%%rgat?%éir;e g&%%e ﬁ%@?&?ﬁo #éa%}tal;ogn Q%.g%%%ﬁfsfg.b%g}gd&é&
precedi ng r eactlhss ie theeaterthay thehydmesarben wdbeaxiftized i afivic gpid s eyrdehesangs the

clar : ty) w 35hh tpkeferable ke@A6td bt hissd RS tdis-mudiliaton shouldabe cyaldheidnohé. ndse of8
simlar to the : LQll.e

wth the moj or FoSxel sf el gYBRR in o calPOYRRL kPP ARMEBLE of° |
enbodi nent, the oxidation tenperature in the 20 preceding reaction chanber
9 and the preceding reaction zone 34b is set by the controll er higher
than the tenperature in the major reaction chanber 12. Recycl abl es

enter the preceding reaction chanber 9, as well as one or nore of

hydr ocar bon, sol vent, catal yst and rate-nodul ator, through |Iines 50i,
52i, 54i, 56i, respectively, in anmounts regul ated by val ves 50, 52,

54, and 56, respectively, which valves are in turn regulated 25 by the
controller 28 through output Iines 50", 52", 54", and 56", respectively.

o o o o v o - T
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limts., The adjustnent is predom nantly nade by regul ating val ves 50 and 56
after taking into account the conposition of the recycl abl es.

If the rate WP9%¥Bhtion is too high, the controller 28 chBATJESS7i768s
settings of valves 50 and 56 so that t61e rati o of hydrocarbon to =
rate-nmodul ator is increased. 5 Si mIarIy, if the rate of oxidation is too
|l ow, the controller 28 changes the settings of val ves 50 and 56 so that
the ratio of hydrocarbon to rate-nodul ator is decreased.

In the case t hpartiee intprgptdreeaupreyclobexape mai dnitislly herpartial oxidized trofoamaesbe i s

cycl ohexanone, si@dll agprdpridle amdlnt®f 6Fcléhéxirdne ahé theh Alireodlidized s allip & doid, dat i on

proceeds, the ratio e ra 9/0.1
to 80 / 20, and nore pr %ﬁéﬁﬁ{i‘%‘uﬁ Page‘\é%g{rl\&gﬁog‘pégaqce thgel % A%t i os
| ower than 80/ betweenyipkdand pesvém na@rqyétsaﬁmm@gg on the partioylag sirpynagiances. If

by- product s,5 Wil &uﬂa’ﬁohoﬁtef'lisghﬁccéptkbly 91 h9 @lelﬁﬂﬁ mhdyebé &bkdrv&l, and even
Changes and adJe tr.rents in the &ilt % Eﬁ»@ onldto rate- dula {hf

are preferably R nm?ygg‘il“éncy 0 $081dption, Fate 1§ g, loW.sthe

1/ 50 of the  prodhetion-raip i matogflowmd@am whgows ynmthm}rmess way be gressiManber
12 in the caseuﬁécoﬁémiwedm@rﬂehaaie bﬁmfét@a,s beUﬂﬁl;CQétéﬁrﬂhédeforZ& NBafticudiat 1 ol

the timng, freguen an ﬂfﬂé}ﬁsﬁg{’ggma“ﬁ} §gtocmqtcrid§€% é%%nts

dependi ng on t FECERARIRT o(fp"
program | f1& heatepwhm&esmérme@mnqunéhemmwmmcts with an

adj ust rrent the frequency p@a*ferﬁedrmﬁodesfmrmvdnﬁoapisemleét&bédvinqq%heqsqdl
Y,

and/ or the e of adjust ment is_also decr.eased

1t he 1 oodbacFBRP DileE dfighd s apfte S B HuoliehieS o HEmIG X fipfsiz, A maft

adj ust ment, t heeaptiohember 13f whichineludesds majermepstiongone 34.  preferably increased
and/ or the magnitude of ¢dimeasl mhamajorlr&ceéxﬁwmaﬁed hydrocarbon feeding

A dual r eac{ﬁ Orﬁnf Eg golVen??efeg‘gg g’la'diaggg%& fee%m\%sl% "5'41 Ia”ra%ﬁﬂx'xﬁtYator%whzch

hi gher out sac
Oxi dat i ons: accmamhqgntlwﬂmr er nrﬁmefm) fegdingoline ﬁ%rﬁtw gxidpntfeedingiling Bhe, 25

wherei n the oxigaaitlenlifs U uqiredomintinly abe-gis duileniinecd1haredyolediédilgy liardyan

di oxi de, and a t

conpounds may Be T or %%&wgs ah&h%gjameoﬁ‘ Eﬂ&r OXI atloéﬁnaégggﬁggen{'@ﬁ Iﬂﬁ may be
one product or aﬁ*“W?ﬁrr‘@“‘&“ﬁ‘P@ﬂH@@abm the vapor contents ofthe major, seastionchamber e
but of cour2e, lamougnoﬂﬁcaﬁsed to preparatlon of CJerr]- C[err]

al i phatic dibasic acids 440 gﬁ %ﬂie@&d?@'égaﬁbﬂﬂjet%%@g Fplaichc 30

hydr ocar bons, such as for Xarpl & pre ara
cycl ohexane.  may compnseacontrol leras Hsondeassr@) 19 F"&‘W!”rgé"ﬂﬁi@ﬂ&l‘eéf‘?tﬁﬁ of
which is es pecwalvbcs),sﬂmhmbmspaﬁdﬁfhe like (noteshéwestl for puchosespaf ddritg)e sindfar tdithe

vent] on, - Genghal ol ARLTR! b B Bnds Wl @%%p%ncanmg' SR phis.

Pat ents, anong o er ences. tgg ar e
U. S. patent%SzTilzsaagéet 18 isglso ganpectod {7 gas) etssszls yﬁésw mmpnssa
3, 361, 806; 3, S%nﬁcﬂhble&,s&mblﬂ%yal&@éfﬂpﬁ&ﬁtcr(ﬁa G he Jike G, 196\7” idBigts gaseous

I?; C'?'/8 l7J 839?17 684 oxidanti® tﬁ@fn&;%? feaction chamber, and it may be similar to the ones described in

4,032, 569: 4, 108t @fpementipned gozpending gpplipations, apd/or jpsusg spatents. 313%*3 thes dlet
4, 606, 863; adseRibly TR the ARlet S8Gnblp At afs, cBRIES And also give flow rate feedback

Exanpl es degyn%{a%hegn&mrﬁoemm ﬂfablgﬁ%ohﬁﬁéﬁigdcbﬁ'&’ e, on have been

gi ven for ustration p

oul t .be copnstru
linmiting the scope of 5 F%““PHV @%Pncqwgrﬁ/“ °fﬁ§’o’1?fd§¥ Sang‘?’ta”aﬁéul d
be stressed t hahroujgleoyipwflimes £401, 52", 54é'l;rhmﬂ56‘r'ewslxculvei;x;urﬂmdvalws dretura regulate

her ei nabove, asp¥gl offh éaaén@&m@& ‘%ﬁ‘i@ﬂﬂiemtﬁx, s4i, aRSAR M thin the
limts of the instant )(,g I on, n‘c}%/ oractlce }%){lﬁual %
any conbi nation thereof %@’8?’6‘?% gr FH mRuiter 22 rpr%s;?}b‘érlfl‘”ﬂ’ﬂf on.
| ndi vi dual 88&cteandrilse mfygtdmomtwbaﬂgwemmemtb@cmomraZ&mm&ng troperatiure) | y
or in 10 conbination with other individual sections of enbodi nents or

-_)

enbodi nents in their totality, according to the present invention.
These conbinations also lie wthin the real m of the present invention.
Furthernore, any attenpted explanations in the di scussion are only
specul ative and are not:- intended to narrow the limts of this

I nvention. 15 Al'l expl anations given hereinabove are to be
consi dered as specul ative and shoul d not be construed as |imting the

breadth of the clai ns.
18 What is clained is:



i. A nmethod of controlling the oxidation rate of a C5-Cl2 cycl oaliphatic
hydr ocarbon to the correspondi ng di basic acid, conprising the steps of:

5 ‘(a) feeding continually into a major reaction zone the

cycl oal i phati c hydr ocar bon an oxi dant, a rate-nod

catal yst, antO28/83# ent conpri sing an organic am%ﬁ%’ysﬁﬁ ng only
primary and/ or secondary hydrogen atons, ) the cycl oaliphatic

hydr ocarbon and the rate-nodul at or bei ng }ed at a first

hydrocarbon to rate-nodulator ratio the first ratio being 80/20 or higher;
10 (b) causing the oxidant to react with the cycloaliphatic
hydrocar bon;  pressure and oxygpn gowtentoespegfivelac fThe pxyganeanalyaer may fher any well

-hydrocar bon t okdgwrao i GXySén dnalykd; and 15 (d)
mai ntai ning the reaction, pate wiihi directi h e an raetoward
a pr edet er mi negq] Eter ﬁﬁ?ﬁ{\ m@ﬁﬂf 5?}83%15?@ ?Fgﬁéé’l’ﬁ§° of

i ncr easi ng in Flguretlhﬁ)r{purpgseswf r kmr pwpesatis tavgive flawoinformation lOfthG he

feaction ratse pdntdoRerD®, ifdful for the re%\ﬂ@ddﬁl%fﬁrﬂ)/est% bE 522360 eal iRy Aki/erh Ned
range, until t %ng(ﬁgctlon r.at e s within t he predeterm ned

range and decr ‘f"lﬁ‘ge‘?“fhrlggreiswr ocarbon to rate- nmodul at or
ratio if the reaction r dtieesjif33antH, amdsiébpmeehe heatdseby) gl rknows to the art

predeterm ned feahid esLUitahUeicﬁ&drlﬁ%ﬁiupﬁénﬂﬁgﬁpﬁﬁﬁhﬁ&lswmr Patelts, RidPg@ia8y M ned
range. as d relnthefl@st

ratio is ad usPeso! Sotively St °§‘8ﬁ’¥‘? 'Fsﬁelgxﬁ éréf‘yoﬁsq g’@tﬁ?m%e 9 drsifpil 2nd; deir
oxi dati on pﬂﬂogpmfmmn@dbl?fgm entenngthemajorgeacwmmber 12s defined in claim

1, wherein the first ratyyg inijok&@ictlﬁh't&hﬁﬂéﬂ # Infay be a stirred GRS 8ctod! a

steady state condltlons 0
T Sepeies BT SR RORRIOR o Pther RRGFPIRI KEOYR e il
takes a path of Mpm@@ﬁaf@ﬁ whown) fpricerben monoxide, carbonsdioxideseeyaen. as

defined in cl apft/dr othdd Bases ay HiSo b@ﬂ@cea@ﬁhﬂrampin&%pmewga@ne517or19

hydr ocar bo xi dation 1 im claim
2, wherei nnpﬁe rat e- nodu 3?%%&0 r%msemg‘)dmemqudrocgr%% c?g%Saer"B%nf‘%i%’?”&&‘. on
initiator.  1eplvent, getip aﬁfétf%cpxaypleeﬁatﬁm Fopal| QQPWSWUW? rfor preample,

rate-nodul at or pfefiraily S8 hé form of a solutiedr apkikiag solestafor Gxample] and Qr rate-

8 homethod as oaLiaed b Gk Aayalie kol 1 bARSEIOML LSRR S8 2

hydr ocar bon ox
claim1, wher ewtql%ydmf@nmamp@r thednajer) reectipy) chamfer 12 as discloseq ipy PB"u‘f:P

consisting 20 pendihglapplitations) amb@opstemy tAt theesadfegtitic Cthac i@ aforeimeationed

sol vent, a ket %&&E&ﬁ&%@& ;eg%&on%h@&éﬁgalwﬂ%%x%& R

perOX|de §h
defined in cl aflie 18, sdestastsreaghias pithcthebydrogarkan. | No geavelablgy exist at the inigigl oy, 5

group consi sti ggge an al dehyde corresponding to the organic acid of

t he solvent, a ketone co qpeol?gd ppéﬁq ﬂ%ﬁﬂ

per oxi de, and a mxture }tiﬁ& ﬂ%ghﬁsooeteﬁ‘ﬁmfa}’é% O&k&ﬁ h}‘g as g’ n%g

claim 3, whet eigAseopumatier is iniated thropehilige 21, véhighogatter comains progsits of axidst

consi sting of &g-prddhesydnd mareactad duptediants 0 Theeflow gardranged sb abat a desxred t he

solvent, a Ket Qpg el S{SB J}g&ﬂ?} nt @ JE FePSaRR! bPBR! perti A" GfcBnB@Rbes Abut
per oxi de, and a m xture ere
20 usually between 5% and 50%, has been attained. In the case of atomization reactors,

the ingredients, including recyclables, are preferably premixed before entering the
30 major reaction chamber 12. The products may be separated products from by-products

and recyclables at a further stage, similar to the stages disclosed in our co-pending

applications and/or patents. The recyclables may enter the major reaction chamber 12

through inlet line 14. Of course, line 14 may be merged with one or more of lines 50i,

52i, 54i, and 56i, before a mixture of the respective ingredients enters the major reaction
35 chamber 12.




12. A nmethod as defined in claim4, wherein the rate-nodulator is selected
froma group consisting of an al dehyde corresponding to the organic acid of
the solvent, a ketone corresponding to the cycloaliphatic hydrocarbon, a
peroxide, and a m xture thereof. 5 13. A method as defined in
claim9, whdfRPB9He rate-nodul ator is sel ected RIS Y6 up
consi sting of an al dehyde corresponding tQ the organic acid of

sol vent, a ketone corresponding to the cyd¢ oaliphatic hydrocarbon, and a
m xture thereof. 10 14. A method as defined in claim10, wherein
the rate-nodul ator is selected . froma group consisting of an

al dehyde correspondi ng Tbe temperatuggainitie majpireastion chamber 12 isponitored &y one or

.k_et?ne C?L reSFiﬂdStéitBQHbS Soviplts oextﬁhwdtﬁr'ahﬁ&diﬁrshmra%ﬁ_aan&)ec_shtmﬁ}ad_a@us{slﬂm heat
m Xture ere . ; . LN I.n al . ereln
the rate- rmdulot; v_%)%o ?rsﬂgfglﬂéeqfng%§ reaéh&eéﬂ%rmg?%% g o‘%g"%d‘nf%‘.“g‘f‘?ﬁ*&e %Vfé@na

al dehyde cor r el¢pisadaange isanainfained. gZhe beas £low ey be controlled either shypyghnheatess

ket ?ne C?L r§s qfaacﬁggﬁn)mmbendsﬁigﬁmhésm%tszg mxgsgm b or dﬁ'B&l_yabylhcaﬁn or
m Xture ereor. .. . . 10 as ellne | C I m rern
Tho. rat e. odulPiFE e meigr eptiof chambdf 12 1841 3707 Sheriichhad wEl dnPig fpd B

al dehyde correspondi ng ffbe tchriroliey hased ei inforpration regarding toKygenotonsureptioa,
k_et?ne C?L resn?mhz r519 &pceﬁeh@ﬁw?fo%dimth@tﬂg&, fwﬁkcﬁgyrm,coﬁ@&ll ich {cg ca\xArAp]on _
m Xt ure ereor. . od a. el neq | cl,al , ereln
The rat e modul BSKREthg, pabon dibriaé BEtaN8E SRl N5a of HSiaREbR g dhiE!

cycl oal i phdfi onpdudatercentasing the major reaction chagabep\12r8q thetithe seagiign eraxkidation fatg m 14,
vvhelrei In t Ee I 3 emaiRiHedt Withif CJ¥BikddS Bfitd. 30he adjultfletN® pRAGBHAMNE indet By t he
cycl oal i phati c £ r . .

> 811 g aR8 Bg et tgking into acooupt, he compositon of the rppyglables.

rat e- nodul at or conpri sedf the rate of oxidatipnisdeehightheeqntralier 2§ changep the settings

cycl oal i phat i coff\aies Gardndrss so that the ratio @Ohydfocdidboh @6l rte-mibdhliatdeds indreasedi m 16,

wh inth L4 ' . ke dj th
et gt St R e ARG 2 R Ll
wher ei n t he r ataves3f anddGio thadhsratieef hydrocarbon toggteimndalatos dsdecrepsed. 51 i phat i ¢

hydrocarbon conpri ses cY£the heastidithas réeh&iodtasdin conditions of oxidaiay; nfeaEingithat | C

acid, the oxid C L . I ' N
cobalt speci esf.&%flg ot Pﬁ?‘%@f@%&aﬁ%@%@%@%ﬁaﬁﬁ%%F?ﬁ‘s%gw%ez?‘z‘? n the
r at e- nodul at or if dejRiyplpe gamains within the dgsiredangsn ks diydropaben togpigmedulaienTaiiar bon
conpri ses @pcl mhereniain alidsabsatidByiconstant. conprises acetic acid, the

oxi dant conprises oxygemRyAld it g@{%@t%ﬁ%lel%n er ceg.ggp%% olalal: Speci es.

23. A nethod as defined’in claim . erel nh the rate-nodulator conprises
cycl ohexanone, bydeesashop te, zats-moduator,patip ffakss & pathrqf pesdete ¥3luescin & Manngy| vent
conpri ses acet ihat the idesirableaanpei of anluec ofhe rae of oxiygion, folloveds dlkea dediret] \path. 20
conprises coba e PRI ; I 16k By Félﬂg{ 20,
wherein the ra%@-%ﬁ’?’a%ﬁ‘%’@r‘r%ﬁeg%? of  batth gpg,e%ggflﬁolﬁexan%ne, ﬁbe&ég | phatic
hydr ocar borf3c othat gt dessbegimming oy fatio is gmploypd, yyhich becomes higheptawyard the end gf j ¢
aci d, the oxi dthateacton foraeisieving/gptter vield dorteRamplat al yst 25 conpri ses

cobal t species. In thease thht HRHYADcAE0 S Chdiohxit £oli He/ Tk Imodifihes 1 L Ne
oxidation rate i f determ ned, } §,a S}eﬁ, 0 nqutggcél,ng oxI dan
depl otion in t PGS 81 GHfith otinpf97 4R o ig preferable. AS therasidatio pipssedanthtns | n
the major reactatio tmayqx_mfglabid/be lvamgn tHeo'anyiojf 2.0 €01l ta |86 / 30, and mdye prefesablyases
entering anf 9fsRSraa8é 5999 11590 90, OatioS Rfvber BiAn 86/26 usually produce large amounts
of undesired by-products, while ratios higher than 99.9 / 0.1 are ineffective.
Changes and adjustments in the ratio of hydrocarbon to rate-modulator
are preferably made in frequency of time increments ranging from 1/5 to 1/50 of the
hold-up time of the contents of the major reaction chamber 12 in the case of stirred tank
35 reactors. The controller 28 may control the timing, frequency and magnitude of such
changes and adjustments, depending on the dynamics of the system, according to a

——

t he




22 26. A nethod as defined in claim?22, wherein the oxidation

rate i's determ ned by a step of nonitoring oxygen depletion in the
nmaj.or reaction zone and/ or pressure variations in the major
reaction zone and/or gas flow differentials 5 bet ween_gases entering
and gases exWOPHY¥he major reaction zone. 27. A8

—-——

defined in claiml1, further conprising a step of prem xing the
rate-modul ator with at |east one of solveh, catal yst, and hydrocarbon to
form a first mxture, and then feeding said first mxture into the
maj or reaction zone. 10 '28. A nethod as defined in claim 27,
further conpri désirgd gpregrap. olf theofivedbiacl to the controller shdws dargerieffeets ewithn ahhe

maj or reacti Onatgf?ﬁﬁent, the frequency éa r@xﬁrﬁﬂjﬁ@:ﬂmﬁsisdﬁ&eﬁﬁg ddirdabéd Mdor kT t her
conprising a st east one

Of prem xi.hg'the, 1 rate-npdyl ator. wt t
of solvent, ca tde °£n‘gz’ A ans‘{ (Sle‘F‘EﬁsFFﬁ ‘Sirailarty, if, the f?fig?ﬁ‘x u"&, and
t hen feedi ng seontrollershowsrsmalliefiecisiwith antadjustajent, thedentienop of @ next adjustment is

30. A neth | ' | i et B91sA i f | Zi
S met hod ???egfiﬂl ffdreattd Gh@bshé %mgxfllﬂde Iathe%}%ﬂeﬁf IQQIsg isdr&Red H@% ap 'ZA\ I ng

] xture in t or reaction.zong. 20 . 1.
rothod as def i HER 1t e ik ot & woull (e ForapisRoS FIRLR Srie smptied it SPWGRe e
r at e- nodul at or ofilineR1awith eetbing being efdded ¢¢ the eactimedhainbert |, and hydrocarbon to

form a first mptelxRiaticd ptd MSNbd GRAAQ %&céﬂ@&r@ﬁwﬁ&éﬁko the
8, the

maj or reaction zqne. 2 32. .Anet hoq, a Ined 1n ¢laim31,,
further conpri8 taprgfc@glyo‘?xyﬁflb W%’%E@P’@quﬁ oxjdant; leaying throngh line}, o
maj or reacti0on12,cmd formation of carbon 3®no¥ideretdrarboaslickidel Taeloxidativhaatenmay afsar t her

conprising a SHeReRfmMEE By 4 Sthe pressure drdpPtas FOGHeRhO Hmd inferdis. l18RSt

one of solvent, catalyst, and. hydrocarbqgn to form 30 aflrs L xture,
ond Chen T eedi HyoaaP A hay, Tanah e, cAICRIE0 by eeamayIgytoe OmswpRSicD, of fasdant, by

23 ntanstofvmpbhitat 235 aflef the edtefing ehdiexitifs of owidadtcis stoppped fori shgrta
step of atom ziBghdsd® time. One medshrembnt OO okidat iy bdRKEREhe bEARKhS BF SRRAC-
5 35. @rret h%d as deftlt%ed%n ﬁ%al m ,T&urtfgegr co rlﬁn%gﬁéu%g (}f
preni xi ng tie Period; and ope at thy gad, of the pepipd.i, Thy ditferenee, Shawy, fheg on o
catal yst, and hydasahthisperipd of timen The oxidant menitor may beipesitioned ondige dhenl9,

f etegl -39 sald df f 'aﬁ;g'fther%h]tdﬂ_f of giéiﬁﬂ?ttrﬁ?xri]tﬂﬁdprﬁbﬁ@ﬁxb@ﬂferm?%f thifs coFtent_ and iin@i hA
nmet hod as erli ne 1.N.Clal . rener _conpri Si S 0 1 N e
10 0 *First Amomtetoxia kueing e mASk iR e, the Sontiolick calcylales fae e
as defined in ofexidan corisumptinayand thexidationyrate foane the okidpateapsumption rate. In all -

rat e- nodul ag@r cidel,Nhe tamddRas t of afboRf disalley fﬁﬁﬂ 3;&6;{ Monbkide TochedyAHe qfﬁeﬂa&tp t ?h
ee 0 e

form a first mxture.  and then said.fihrst mxture i
mej or reaction "}"6‘#8“5 2 el o accopnt B3 sh i mg%ﬁlfl‘gﬁml“nbycfi‘gicﬂ??}i,&’
further conpri ginless thesstamougts oftcarbon idinxidetand carbon monozgide gre ¢ithgr toosmall arhe
][Taj ?L react i on caasit for all practical puﬁ%sesAW%tlhﬁdm&& tibedrt &ﬁdnhtﬁgxgb?b mcﬂnaqt_lq[s t

urther conprising e rem xin . rat.e- Qr. a
| east one of sé’i‘a\yeﬁlgo, %%a{%naqq_&f ,tggéf’d”"%der g‘ga?’%%arﬁm{gggte b4 #’8$mp§'°\fﬂ 0rfJ;t
m xture, and t hydropaben peguribtief i rst mixture into the mjor reaction

zone. f 40h A nBi fotheppreftatd embodiment! ofithe thStantf ivvdnfion, KeasshodinNg a
step of atom zi.ng.t 2 . . 'ﬁﬁée L0 DBECf1." s e.
41. A nmethod ad" é?“lrggdﬁf?ﬁe &l %Pifﬁh@% I?%JI’ rmé%’r?%rclqlgl ng. gl’s‘tglggﬁ g&%g% Xi ng
t he rate- npdul resurspinnaction pangdda.ofaumberafifeeding inlgtlings.\line 80 forchydsngaberr bon
to f onixe B1ffor Hiitiatdrend iae 8Arfor ddndyst f #e dom@ctsd il thei prédursdiyiedétioni Nt 0

the major r g@‘thithHbé}Oll. Line 88"fs' for oxidant introduction, preferably oxygen or oxygen
containing gas, and line 84 is for allowing off-gases to exit the precursory reaction
chamber 11. The products of reaction are moved from the precursory reaction chamber
11 to the major reaction chamber 12 through line 85. The reaction parameters, such as
flows, temperatures, pressure, etc., of the precursory reaction chamber 11 are controlled
35 by the controller 28 through a multiple output line 11" by well known to the art
techniques.




24 42. A nethod as defined in claim4l, further conprising a

step of atom zing the first mxture in the major reaction zone.
5" © 43. A nethod as defined in claim?2l1l, further conprising a step of
prem xi ng the rate-nodul ator with at | east one of_sol vent

catal yst, anWOR¥&78tarbon to forma first mxturePCHAPITEA
feeding said first mxture into the major réaction zone. 10°

44. A nethod as defined in claim43, further conprising a step of atom zing
t he first mxture in the najor reaction zone. 45. A

met hod of controlling the oxidation rate of cycl ohexane to adipic acid,
conprising the steps of :Awliary inlet lines (auch palines: iy Stix iand 56 o pxempie asne t o

a second m xt Uélﬁ)vﬁpﬂﬁmigﬁré mgmay also be present forQUditioME ¥ARN Of tHe!Tihab @&@puélﬁashxt ure

havi ng a deS|re nd rati cycl ohexane to
cycl ohexanone, % Eg'ﬁlﬁ’rfegf °6’°B%rfﬂ?1¢§ ual hi gher than
80/ 20; 20 (b) floeatieratjon o8 th:smﬂwémant,ocyathgm, wisiatarj suchzamnori n

the presence Ofxdnple cyclohexanone or &aﬁm&m@, ard cafly¢e @ﬁchads%aéx&ﬂ@mt saﬂd

under conditions.C

d
(0) o ust i ng_ SEGILE Bethsers oferia gy, i indbe ERapiory Bt shemB ¢ ot o
fall's within aldidgpughdines @1, and 82, respectivelis A gasenys bvidantspraferabiieeonipisgai m

45, further coggy % el éiffer@the pRRuRbry 1@RAbN Bhamber uuoughm&lme%ahndcﬁssbﬁ’rmne or
cycl ohexanone to.

desired second® F%t@guéﬁgb‘ggﬁ kﬁ%gé 812'5 i W%%’ E RE P’&g? tion, 80mpnsmg Xyc?cﬁae:szaan'e and
25 10 gyclohexpnonpduving agseeondagtio @ él"'éﬂl'm‘ﬂns o wpelelexanannised snther at i o

i s adjusted n%a_]or reacG@éhamber 1I§>fomﬁs& oﬁmwfi&ﬁd ieaual @Isdlﬁni,@u&i@s(iaéﬁcon
progress paranet.er rein
t he second rat aﬁﬁfér?‘ P]% 1salsoa£ied§°t§§%" ﬁ"?.’gﬁ'g §gr r%]thg gﬁn'ggg%/‘ V)ﬁlate
condi tions of chetralier @%t4s@fprementioned, recmvmxnfmmrm teglstocreddation rate i thei m
45, wherein th edetlon Makrdet ﬁm@ugh Bad br @bre of input lmesIEB'?dE’EETmlnﬁdi 73l -ues.

10 n,.cl ratio is
adjusteq 15017 e FRiRR R o BE KRR Lol ne%a%k%fﬁ“e%ﬁ%{‘ (o estnfd b, e
progress par amseriraler 28 changes the OPSIPHOIRJ peraReigrs 95 ﬂ’&éﬁ"ﬁ@ﬂry rﬁa%lpaphamt&,r 11
wherein the t hiy d nfahérQo ldScrkae@therEcond ratildfdyeloheéxand tp oyclohédx@nénedh imleciamy

state conditi O%ghﬂxﬁtpétﬂfﬂaﬁééi 5-% the major rcact%o#%?mﬁbrnﬁt ﬂﬂg vﬁﬁlrpﬁg'd@%d' n

cl ai m 46, wherei e | ey tak 5 term ned
val ues. 20 range. Synilglynifihepxidation s indhe mﬁloe;ea?twm}mmé F lovep tham 2
oxidation raoe deﬁrddawenﬂmaﬂntroller 28 charlpys thesiperatiodal parametrs 6fthe predambry -

depletion 1 ¢ NEadBh ShakRR%h! B 5205 W ifHhcase e seconP HARSHY Brolfichte @1 1

the major reactron zone an
gases ent eri ng caplahexans iniplet M%Js—‘t matilthe @fldqhéa&t? isythe maior reaction chamber 12

falls within the desired range. The desired range of the second ratio preferably falls
between 99.5/0.5 and 95/10. However, this also depends on whether cyclohexane or

25 cyclohexanone or a combination of cyclohexane and cyclohexanone are also fed
directly to the major reaction chamber 12. Under such circumstances the above
mentioned preferable limits of 99.5/0.5 and 95/10, are adjusted accordingly to take into
account such additional feeding. '

For example, increase of temperature, and/or increase of the initiator

30 level, and/or the catalyst level entering the precursory reaction chamber 11, as ordered
by the controlier 28, decrease the second ratio of cyclohexane to cyclohexanone. A
decrease in these operational parameters, among others, as ordered by the controller 28
through multiple output line 1", has an opposite result. Also an increase in hold-up time
in the precursory chamber 11, results in a decreased cyclobexane to cyclohexanone -

35 second ratio. A decrease in hold-up time in the precursory chamber 11, results to an -
increased cyclohexane to cyclohexanone second ratio.



25 54. A nmethod as defined in claim46, wherein the oxidation rate is

det er m ned by a step of nonitoring oxidant depletion in the najor
reacti on zone and/ or pressure variations in the najor reaction
zone and/or gas flow differentials bet ween gases entering and
gases exiti nYOPHEMj or reaction zone. 30 55. A met SIS ned in
claim47, wherein the oxidation rate is detérm ned - '
26 by a step of nonitoring oxi dbnt depletion in the mjor
reacti on zone and/ or pressure variations in the major reaction
zone and/or gas flow differentials bet ween gases entering and

gases exiting the maj or Iriegudirahie shahthe oxidation in the grecyrsorp réastiom chagdbet hkd i n
-cl ai m 48, whergidy pidee iRtk faesreh&rbfrsamatl Whikh€ 6084104 in the major re&ﬁoa cRdnftier Of
nonitoring OXI??‘% cil;r?%l etthon in t @s@f‘l or rgactlﬁ ‘? pe and l

pressure vari at18f® © REfOFe ¢ e SWE AR A% °§§§a'??8w
differentials PaMditional iglet binesdneoteshowy) mayl injreducs toxthe majprireastiomj or
Feaction zoBe. chamber more éaoheﬁmr%h@ficﬁﬁahé%m&% thad tel RESRd4io i‘é’%ﬁfdﬁieﬂ i he

oxidation rate is de of rmnltorl ng oxi dant

depl etion in thEameE i?rebwgﬁet?’%%“%%eg% Fes“a&e " pressure variations in
the maj or reaction zone Instll adiffent prefiaredienbedigent @ﬂtbe instant inventipay besten

gases enteri ngsiyae 18?«‘5%?:& S”fhéré Bﬂ)réwh @éedﬁ@%éch@@cm&r9 wihieh mclud5§3a
net hod as defi ned

h d t
by a step of nBHF e[dB}% ﬁ;%IB&f‘?i’ﬁ ggifﬁe"é‘??ﬂé}we. OX a o gﬁ%ﬁxg’h %’hé Yand/ or
pressure vali ab4ip¥fd, and 14 I(mcymbtss afteggaeactiominmaier remrtiﬂmchagd)sr 12)osither directly

differentials oraﬁeraprexb&tﬂé%ﬁéhlﬁ&l Wéﬁdﬁ&aﬂaﬁhmﬁﬁéhﬁ?ﬁmﬂﬁhﬁ)ﬁﬁ) Ry or
reaction zone.

as defined cl ai t he
oxi dation rate ?sgo e%qaﬁﬁ’ «?&mbrfecompn v L 5%“3?“ LiE ﬂglrﬁ ’8% %é'h
depl etion in tA&raeghonler inek6, and the off sasegewit through outlet ’pm%%%uh@eﬁﬁwmﬂans in

the najo { reaCfHe ; cédlﬂ@reﬁétﬂyh‘éhaxﬂibﬁt ofwitthéinbjberefdtion dhdinber 12 for mowmma
gases en e an a X1 r,..r

net hod as dlgf [ ﬂ'g ﬂ’% ﬁr? r%‘lg@%a&#\%ﬂelr}%n etootégﬁéé'?roﬁeza&g‘%e l|’é’§'?bc?§term ned '
by a step of rrmmdmgmgctmlcmheraeqammd (npt shpen fogj pyrposesceftclasiy) Mithetheind/ or
- pressure vari atédioHerd 28 Tﬂh}eugmingﬁt ARAEHh@ Mirks NEmaad{cOthe iaputf a@output lines

differentials o o cing SRS 9898 d1hGE MiheBRGARRPF>. oX L1 N0 the maj or

reacti on zone.

61. A nethod as defi ned Innoreratipm ofsthist gmbegimentothsr pxidatipn, tesnspatise int B zi ng
t heh g dzof S gfeottiing otk i) necﬁam&h@ mj the pré®ding Okaction Gzone 34b-is set 3. thé\ ]
nmet hod as eri (@) lﬁ@'!{ t t he
second m xt ure@&gm lﬁr ﬁ%’% Iii&aﬁl‘ eac I on ZO{:[‘l ﬁp;dgfdr%ﬁ()EL QI,L? ﬁt%fcc?ﬂgs
defined in cl afneuthe pte ingreactignphamben ag well ap ors orgpeseof hydgogaphen, solvent,
second mi xt ur e catatytthmd taeeiodiate, thfough dines 501, 52i, 54i, 56i, Répechivelptih athoasts

def | nod 11 Cl 2kl (yNHAPS0 SOTBY 1h 39 18pBly hth Ve 3 6 M

second m xture
defined in # albmth@commm th&%brﬁ"ﬁ?“ﬁémﬁ §Q"e§2 4%t 290 0" nipspastively. The
second m xtur ecoxivefslim o pyrlobeeme ttb adipio meid in thd precedifi reabtiofe chamben P, def i ned

in claimb50, lﬁ[etagﬁg ﬁﬂ{{}grggsisqﬂet@raﬁfngwoﬁm%gm %\'tﬂ‘gf&‘ §°f1 1% t%ﬁ;f Shged

m xture in the or

re S ed in
claim51, furt® e ﬁﬁgmge%tzosvefp%ﬁ a&flamnmrgmﬁ%abym =°1%=§ Tt th 0
m xture in the 18@The rest afthe convemive, asafeasured in line 26,35 préfenabiyless than 8%, andd i n

claim 52, 144t hehe HRfRbPlefidhdh 4006 & evel QHVeiith ih Bfer ranges are not excluded.
The controller, based on information regarding oxygen consumption in
the major reaction chamber 12, which is representative of oxidation rate, especially after
correction for carbon monoxide and carbon dioxide formation, adjusts the ratio of
hydrocarbon to rate-modulator entering the preceding reaction chamber 9 so that the
35 reaction or oxidation rate in the major reaction chamber 12 is maintained within desired




second m xture in the major reaction zone. 69. A nethod as
defined in claim53, further conprising a step of atomzing the 25
second 'm xture in the major reaction zone. 70. A nmethod as
defined in claimb54, further conprising a step of atom zing_the

second m xt WWR%Whe major reaction zone. 1US57/17684

28 71. A nethod as defined i n](cI aim55, further conprising a
step of atom zing the second mix¥ure in the maj or reaction zone.
72. A nethod as defined in claimb56, further conprising a step of atom zing
the 5 second m xture in the nmajor reaction zone. 73. A

net hod as def i limits.i Ahe pdipstment is pgdeminanthy, made by sepulptiog oplves SBtaadisgialgt t he

second m Xt ur etakig hﬁ@ad&hxﬁﬁhé&ﬁﬁﬁdsi@iﬂnéﬂﬂ@recyc]&@es 74. A nmethod as defined
in claimb58, furtﬁ cond

m xture in the mgj g; cog{g@ garﬁggfoﬁ‘édsahogm%‘)%tgg%ﬂ it lﬁ%cﬁn%fgﬂﬁeﬁ;ﬂgﬁ I n
cl ai m 59, f ur t9feyalves H8randi Yocsoathat the rgfio @ﬁmmbgnttﬁéate'mo‘i“latm is inconaspd.

mxture in sheslimlaﬂy, if @RCrate T okidAGon ik 00 low, the conﬁéuerasrmhiiged tiSseftinigh 6£d 1 n

mixturocin ¢ nevigse SO IR 81 e oS oftly oo o gk i ulpiorie deeresB0 0, 1o

claim 1, wherein the OXi @axelcmthvémyﬁowbomﬁcw@@me and the rateanodwlptordsict i on

E one and thﬁ N&YcioheX04d, af iiid) Rfio dfIPT 1P 136S phtfeidble. AS tekidation proceeds,ahe .
eing at a hi t

A hothod as. douab sl PREAUY B8 vickdln WATallRlo?5o 5785y 80 30, more preermbly 7

precedi ng ri@acinithhrangmef B d te AR/ Hhj %@tws@a@rms%ﬁesuaﬂmrqéu@dmpn@omct i on

v(

. %g R ZOEedbebﬂgxdeéirea‘gh-lpg‘Jﬂ&ﬂs tvehiile @dtidh Higherithea DIV, Nixe Biieffeett@l | On zone.
. et hod as descri | { ce 1In
a precedin regﬁ"t %n Z0 hghgat%lan tw{hg r&m m@acicg%tﬁh% rétgh’t%aulg of

precedi ng r eactegueferably made 1 in drgguepey Abtine W’W@Wﬁ’%’ﬁ'@ﬁhi’é e 1{30:01 thee
maj or react i onhgld«g timddf the contents of the major reaction chamber 12 in the case of stirred tank

29 15. 81%’actpi's ”E]thlg%gnt?(ﬁlcg §§ ﬁ{ag %ﬁjtrdl Qhecénﬁin h?'g% C@é}e%‘lgl i ?de &f shai | on

takes place’in reaction
zone, the pr ec@!i’iﬂa‘ij g A nts, depen mgpg,fge 9@?%03&?1' ey ERBy a‘fcémﬁ’c%r e

than the nmaj ordés&a@tpr@mﬁonrf the feEdback td the Lonmmilewchaves tege effead with ah ai m
25, wherein th CadiAkd [ zone
. éagﬁklgﬁh zone Qch%xt' @stment 1§ prcfergﬁﬁ Oﬁﬁﬁ{g He

and the maj or preced il el ng at
a hi gher terrpe%"&g"ﬂ e (of the tﬂﬁlé‘SW&Pb%s ﬂ%éﬁ‘i‘?ﬂ%ﬁdzorﬁ‘mlmly’ if the feedlg:gk 2 thet hod
as descri bead i comiotiemshaws sndibefieens withanadjustaieht) thetfieli@sncp bAs fext adjastibent is

precedi ng reacg}eﬁ ne g&gaﬁ&) u@@#l&g‘?ﬁmg@&%&n %@lg&g&ggl ng reaction

zone being at er | on zone
83. A nethod as descrl be‘?d @Pﬁ}%‘é’ﬁm %éﬁéﬁei‘i’"@%ab%ed‘ét‘i‘sﬁﬁﬂ fin jashieyingce in
a pr ehighervytpue wvithoud Baczificiag gieltl éxbassinelyor reacti on zone, the

P;ggf?gzgzgﬁgm on 15 OxidRidfs RtbRhe™o MistheARbn, ARES-BLdtbtive BiakiBEs, MBI Or
25 wherein the oxidation product is different than carbon monoxide, carbon dioxide, and a
mixture thereof. Of course, small amounts of these compounds may be formed along
with the oxidation product, which may be one product or a mixture of products.
Examples include, but of course, are not limited to preparation of C; -
C,, aliphatic dibasic acids from the corresponding saturated cycloaliphatic
30 hydrocarbons, such as for example preparation of adipic acid from cyclohexane.
Regarding adipic acid, the preparation of which is especially suited to the
methods and apparatuses of this invention, general information may be found in a
plethora of U.S. Patents, among other references. These, include, but are not limited to:
U.S. Patents 2,223,493; 2,589,648; 2,285,914, 3,231,608; 3,234,271;
35 3,361,806; 3,390,174; 3,530,185; 3,649,685; 3,657,334; 3,957,876; 3,987,100;

!
(@}




84. A method of maki ng a polyner froma dibasic acid with a reactant

sel ected froma group consisting of a polyol, a polyam ne, and a
pol'yam de in a manner to forma polyner of a polyester or a

pol yam de, or a (polyimde and/ or 20 pol yam dei m de) , s ectlvely, t he
di basi ¢ aci WO been prepared froma r espect iFFEUSYUS¥ar bon by
steps of: (a) feeding continually into a najor reaction zone an
oxi dant and a rate- nmodul at or!7i n the presence of a catal yst and
a solvent, under conditions 25 causi ng oxi dation of the hydrocarbon
to the dibasic acid by the oxidant, the hydr ocar bon and the

r at e- nodul at or4(lﬂ@';56§ 495866, a41158%39 (glotc amld)s £263,453 4,331,608; 4,606,863;

.conprising an @g@&ygvcs mlgboc&? gg only pri mary and/ or secondary
hydr ogen at ons nner

ysting sajd f rst ratio in a
that the oxidation rat eEF%{PRIES‘%FP %Pmmn of the ipstang inveaton baye begn o5
30 85. gﬁweml’oniidstmﬁonlmirpmsesjonlm an& should3ibt bé constmexd as timitingsthersrope afft ep of

spinning th ink tiY)HEiB % bﬁr addition ﬁ shoul ?éméﬁ?%h@%@@:&@&wed in
r‘é‘s

cl aim 84, erelnt |s s ecte roma
consi sting of S&pe ‘?5?'} inapovey, as syell s 8“%1&%0%“‘1"#@“% vent,
a ket one enoommmimﬁﬂmg ﬂiednmltsa)falye:inefam ipvention, rhaydbeopractived individwallyxi de,

?E?t ﬁer co mr:((?srrjﬁqle hg{ngiﬁanoﬂ%ereof a&Zrdxe f@&&ﬂﬂoﬁ%eﬂi@fah%fl e?ﬁhrf:b Fihi®h86.
B, A mes hon. dadiiienl, sertibrs e ey Pmbedtgnts sy s Op AReRderd B cor in

det er mi ned 10y enibinatien eyithadthardmdividual rsgetions dfi minbetbipexts ioo embndimiests rin jtiseir
reaction zone t@&ﬂ r acdOkBSS W fhe presentiRVdribh.0 hedd cdnitind#Bho hlsh ‘?i%%i‘tlﬁﬁ' tKePNE
and/ or gas flow |f£&ﬁent| al s. bet.wee ses ent er%P% almgases exiting
the major reacififh % She present invenggn. TS, o 8 BHSTRRH %P

further conpridisougsien steepnlyfspermlatiné mgd take n@0intended yormarrowttbe flinkitsr of this

90. A nethod chydmikhng a polyner froma dibasic acid with a react ant

sel ected froma gr consistin ol yo am. ne,

pol yani de A a manner t%’lﬁo pian anghions, el e ZIFVH’E °v8fareat°p€e1 é}’é‘g‘%ﬁgﬁgd af)rsmﬁu ative
pol yami de, or =znd(shenly notibggonstrigdas lmung>ﬂ)bpandtugfﬂwgb§xm respectively, the
di basi ¢ aci d having been prepared froma respecti ve hydrocarbon by
steps of: (a) partially oxidizing cyclohexane to a second m xture
conpri sing cycl ohexanone, the second m xture having a desired
second ratio of cycl ohexane to cycl ohexanone; 30

31 (b) feeding the mxture into a naj-or reaction zone in the
presence of a catalyst, a solvent and an oxi dant, and under
conditions causing formation of adipic " acid; 5 (c)

adj usting said desired second ratio in a manner that the oxidation rate
falls wi thin a desired range. 91. A nmethod as defined in
claim90, further conprising a step of spinning the pol ymer into
fibers. 10 92. A device for controlling the oxidation rate of a C5-Cl2
cycl oal i phatic hydr ocarbon to the correspondi ng di basic acid,

conpri si ng: a maj or reaction chanber;




first feeding means for feeding into the kanj9r reaction chanber the 15

cycl oal i phati ¢ hydrocarbon; This Sheet Has B eqeeding neans for feeding
continually into the najor react mi er a oxidation

rat e- nodul at or ; thir s for feeding into the ngjor
reacti on cha9F¥A oxi dant ; fourth feeding negﬁ§“$%mm$éeding
into the major reaction chanber a catal yst 20 and a sol vent, the solVent
conprising an organic acid containing oty primary and/ or secondary
hydr ogen at ons; condition controlling neans for controlling
condition in the major reaction chanber in a manner to induce

oxi dati on of the hydrocarbon by the rati o adj usting
mmeans for causing the hydrocarbon and the rate-nopdulator 25 to be fed at a
first rati Wha?ﬂ@laﬂﬂ%&i nal |y adjusting said first ratio in a manner that

the oxidation rate tfalls within a range of desired val ues. 93. A
device as defined in claim92, further conprising feedback neans connected
to the major reactidn chamnethod afcbnwbiling the dxidatiomiatoofalCH<12RGcloBlphatiar e

adapt ed s dihacie ae o . 32 to
adj ust t hehwr?csa{boﬁl attct’ fhg cgmhsf) ?nr?ﬁ% (}.ﬂ;’/asg:fsclgblc%nrp T’é’éé%?as(t:?sf) f’om t he feedback
means, the feedBhack fsdinggortiually into aanaies; tgagtipn gons Py pxidant gad afdeer s.

94. A devi amdalatotlaf tha @ttsénge of acaml9st, andasblvent, hlerl buaditions sausingasidation bOri ng

c danl.et . i on and/ Ing=o o th
raj of o8 eioERaSh o ) duale B 39 hE0yBR0 B RSB Y Bl BB,
entering aReingdededt a first ratly; theplvenecorpprising, aWoQreanis, agifh Sapfaining only primgry A
devi ce as easd/onsecbnidary biydrogendfomsped ei n the rati o adjusting means are

' %ﬁstfn%%ﬁg flr@lrefd iﬁ%%%tb@'ﬂké’cg&%% Fht f%% vttt dY

adapted 10 to maintg{n
J‘ue atiron. evice as fined in

state conditions_of,
claim 92, dmneepfdesited valles.o adj usti ng nmeans are adapt ed to guide the

first ratio through a path of predeterm ned val ues. 15 97. A device as

defined in claim92, f urhh&ms&&paé@e@?n Bh X\jvﬁgi]eimtetr%%ul}%or haR'bEH X N9

the rate-mqpdul atof wth, gt .| east .one, of s ent, . catal yst,

hydr ocar bo %g%kﬁ?td’aﬁ}aﬁgtbyrﬁaﬂﬂyé{x‘% Eq'ﬁe‘ﬁ“lpél %LJL‘HP‘H‘ﬂTq“r@ta sreord)r e
into the mixturajomprisiag tiei rate-nuddakives the B€tond mixt®8 having @\secomdatesickef ratiedf | n
claim 97, Bﬁ&%ﬁ@ﬁ?&inﬁhﬂ&o@t om zi ng neans for atom zing the first
m xture in e maj or reaction chamber. 99. A device for controlling
the oxidation rate of cycl ohexane to adipic acid, 25 conprising in

conbi nati on an asserl y @& method as defined in alajm @cwhexeinthe fiest rationis abjastd at
first cycl ARG Hale f.eedi ng cycl ohexane into the

precur sor y@ér&gtacti c}%sg%g%lgggﬁ%ﬁahufo first oxidant feeding neans for
feedi ng an oxygen containing gas into the 30 precursory reaction chanber
in order to partial |4 oxiAlmethod hedefined ohelmiank 2, or 3, wherein the first ratio and/or

33  SeEPREom il Tafesis Usted (HY%a Si46 | P HERIROARIIti e hE SRR ol e NAVI NY
t he desired second, rat1.p of “cycl ohexane to cycl ohexanone;
a maj or redtodpigier iathemajor reaction zone. second ni xture feeding neans for

feeding the second mi xture into the 5 rmajor reaction chanber;

addi tional feeding rgans A gethbeaichdePReldh 178 oPd wheeithé Hist rati afd@by ent
and an oxidant into.the

.Mag. or .reaction chanber: . .condition
Sont rol |1 ngerEsns i i aied Biunllbeed 8 Telback aclpiyep qrisabion proeress
chanber i nparamegitrser to i nduce oxi dation of the hydrocarbon by the oxidant;
and 10 rati o adjusting neans for adjusting said second ratio in a
manner that the oxidatign.rate.fglls, within, a range,of, desired val ues.
100. A device as def$ned ﬁ’e&ogiaﬁdﬁ@}egflﬁﬂaﬁ@rl’ é’t)}rp"f’ioéign&hﬁ’eg‘e@% st ratio

cycl ohexanand/or the second ratio are/is substantially constant at steady state conditions of the oxidation.

7. A method as defined in claim 1, 2, 3, or 4, wherein the first ratio and/or
the second ratio take(s) a path of predetermined values.
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feedlng means for feedlng cyclohexan i the maj or reaction chanber for 15
nmodi fyi ng said desired T8 econe a desired third ratio.

101. A device as defined further conprising a first

cycl ohexanonge f eedi eedi ng cycl ohexanone_in the major
reaction chalfBep1478} nodi fyi ng sai d desired second raf¢BU¥31MEtone a
desired third ratlo. 20 102. A device as defined in claim100, fTrther
conprising a first cycl ohexanone fi¥edi ng nmeans for feeding

cycl ohexanone in the nmajor reaction chanber for nDdifying said desired
second ratio to becone a desired third ratio . A device_ as
defined in claim998 furfneethedsp 3§Wﬁb“¥@@§bacg ﬁe&n§ 6, or 7¢ gvhsesin dhe ¢

1 he nmaj or oxdatioh eate dshdetdemined dpd stdpesfanonitbiing oxiddnd desl¢tiontih ke MDA eaction ar e

oo ey s o A i e

ein ive tQ oxl progress .
par anet er s ?“ﬂee“gasesleﬁtér% g gases @3;15 the apigractionsggne.
34 104. A device as defined in claim2103, wherein the feedback neans

are adapted to glToNi {0 dyrisng tgh i ion
pressure variatjons o h‘ fmﬁ%&%@rﬂeﬁ?&i (ﬁIa'cttg":ﬂn nqér%a%bgf %a%/g?&rggs

di f f er ent | SARPrSPERSER 063@@@'&@%?1}’553“’%‘}'6‘“&3 ma{j’&ﬁ‘@&“‘ék@!‘? ng the maj or

reaction chanber. 5 105. A device as defined in claim99, wherein the
ratio adjusting neang ar d @R Lol 12257 18, .9 8P, LR the
substantially const ant a s? ead of 't Oxi dat 1 on.

10 106. A% oeéalﬁ%pla@rmmwn&re&mﬁn@gm méh%mﬂvor rrectﬂcmo@eahf psesding neans
are arbagionckohatbeing al @ higher tammpantdrertivni the mkjboreadtion zpwd. h of predet er m ned
val ues. 107. A device as defined in claim99, further conprising
prem xi ng neans for prem xing_ the second m xture with at | east one of

sol vent, catalyst, dycl ofeetied asgsfinedipclain 1ohay 4nb e’ B 9411 whereip the

m xture, arate-mbéulatbre isdselegted afrain tahgmodp wondsting of an alddsliyde tcbresponditig ke det | on

chanber.  ,roanic aiflf the %Vén?ea ﬁ&oﬂee%rfég&nhﬂ Gb 3h c?oahkh’%t'tc h! 3 ng
; 8 "R Xt e “rh) or

at om zi ng om_ zi ng r’eactl on
chanber . Bem’“ge a’i‘&@“’"ﬁ“‘&@%ﬂ@é as defined in claim100, further conprising
f eedback neans connected to the major reaction chanber, and wherein

the ratio adjusting lﬁeanﬁmctﬁod a%rdﬁﬁﬁéa’%tzﬁﬁ’n 402,30} U5, 7*3‘3931?)(39ﬂﬂ M&g@ack

continual l'y based I eedbac f'€edb

bei ng rel aﬁﬁ véatf"&“’g%ﬁ?at F‘EWP’EF%Q‘F %e’ﬁa?%rep’@r @'ﬂl’}ﬁ’t‘% hygmearpon (fomPESEst | on
chanber. cyclohexghgOthe Aolstent icomprises Gedticraeid, the mdn@mmsewbxygen,nthe leatalfystedback
means are ggaRisesedot sp m@q{bﬁgw@&mg Badjyl’ i Ng the oxidation
and/ or pr essureS vari a% |eglﬁss’ In maj or axgtl on chanber and/or gas
flow differentials between gases ent ering and 30 gases exiting the major
reaction chanber. 13. A device for controlling the oxidation rate of a C5-C12 cycloaliphatic35

111. A dthﬁﬁoéﬁ,oq%;ﬁ@%&s%ﬂﬁlméggmdm kel he ratio adjusting neans

are adapted to nui.nta econd rat| 0 %ubstantl ally constant at
steady state ml?”mE%F &oxi dation: 5 112. A device as
defined in claim 10Gistwizediag nmeans foart feodinglj mint ithey majem seastionpt chember thet o

gui de the gmn%@@,y&oéﬂ&ugh a path of predeterm ned val ues. 113.
A devi ce as’ def In m 100 é}{% er c m l?'SI ngpgrem Xin ang for 10
preni xi ng the secon(fe é‘g\mfﬂhs qeqnas co ntogpy, aior reagtion oer

cycl ohexane pxidation rate-modulator,
third feeding means for feeding into the major reaction chamber an oxidant;
fourth feeding means for feeding into the major reaction chamber a catalyst
and a solvent, the solvent comprising an organic acid containing only primary and/or
secondary hydrogen atoms;
condition controlling means for controlling conditions in the major reaction
chamber in a manner to induce oxidation of the hydrocarbon by the oxidant;
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and cycl ohexanone to forma third m xture, and then feedi ng said third
m xture into the major reaction®@ as BeenReplaced 14 A devi ce as
defined in claim 113, further conprisi ans for 15 atom zing

the third mxture in the major reactio 115. A device as
defined in cM™Q9%¥19®%  further conprising feedback nmeans  PCTUSHHE®Eed to
the maj or chanber, and wherein the ratio adjusting neans are adapted
to adjust the second ratio continually #sed on feedback fromthe 20

f eedback neans, the feedback being relative to oxidation progress
parameters in the maj or reaction chanber. 116. A device as
defined in clai m 115atiqpdivsting meps fprcaysing tbe hydipcarbonangd thegateymadylator to be

mﬁni t2 or OXYged adiirétid, and Gptionally ddet d/iﬁ'g(haﬂcaﬁi's]?fhtiarmgé?’]Eanﬁérﬂﬁaﬁlﬂllﬁdaoxg&tibﬁidt@nS in
t he 25 LOr . I or gas ow differentials between gases
entering gﬁ%gw‘{hﬂ%}a&s’%}@% |%lu?£e maj or reaction chanber. 117. A
device as defined in claim 101, wherein the ratio adjusting neans are
ddapted to maintain 141e sedenck dsadefined itbalaian13, fluiher comptising feakibakandys st at e

30 conditi i i . s ge e

36 oot B8 nflth S0 tmmber, and phercin s oo adjugting meaps ar adgped

adj ust i ng readivst thedirst ratio eantipyally baged gniferdbackdrom: the fepdbagk meanp, the rdback at h

of predet ernginp eslativeto/@ddation pfogrekd Paranfetelevi ce as defined in claim 101,
further conprising a prem xing neans for prem sing the second m xture
with at | east one of solvent, catalyst, cyclohexane,. and cycl ohexanone
to forma third nixtlre, Adavienap debieed; ingclaim d4. wherginnthg feedback compriped) t he
][Taj OL I eactmeditofipA69/@en depldtibn duthig the deidativa @d/ofl Prdsnigre vhﬂatiﬂn@iiﬂgkﬂqlﬁajor _
urther co : : I : | tyure in
the major C 5{1 e&%ﬂi%&omdmr %ﬂﬁﬁ'ﬁ?g{;?fé@l sa‘t)gtwcfg‘g gé\%’%l eﬁ%n@%dtnék f%fz?ﬁgp@r er
conpri si ng MaFdeAsHAN chamber. connected to the major reaction chanber, and
wherein the ratio adjusting neans 15 are adapted to adjust the second

tio. ti I 'y baged . .
f eedback bei ng rel at e ?‘8?%‘Q%%E?‘?ﬁ#d”?%‘jﬁ%‘gﬁ%ﬁ%ﬁ@?@?#ﬁmﬂ%@% or

reaction cHeagBefre adapted to majitain thefisst ragio g esqnstent ot sfeady sete conditioas n t he
f eedback mafee oxidati@dapt ed to 20 noni t or oxygen depl etion during the

oxi dation and/or pressure variations in the. maj or reaction chanber
and/or gas flow differentials between gases entering and, gases .exiting
the major reaction chhnbeb device as definesiin clairg d3; 14s on 13, yéhersin thejratiaadiysting 02|
wher ei n t haneaat are adapied 3o guide the fins ragiv chradgh sEdpifptedeerminedivalues. t he second
rati o substantially constant at steady state conditions of the

oxi dati on. 124, A devi.ce as_def,ined i [ 02 erein the ratio
adj usting neans are 18. Aagﬁ‘ﬁ?ee‘if 4%8""91}?‘(5’@‘“??}3’ g‘{ejémaét"éfl? SOgRISat h
of predet eraamieing wehnscfor at@izing the first mixture in the major reaction chamber.

37 125. A device as defined in claim 102, further conprising
ol vent | “catalyst . oYl ok & deinghds SPiRoNe st 6o Wophid, SHIG.
m xt ure, ardmpliging:f eeding said third m xture into the nmgjor reaction
chamber . a precursory reaction chamber;
first hydrocarbon feeding means for feeding hydrocarbon into the precursory
reaction chamber;

first oxidant feeding means for feeding an oxygen containing gas into the
precursory reaction chamber in order to partially oxidize the hydrocarbon to a second mixture
comprising the oxidation rate-modulator, the second mixture having a desired second ratio of
hydrocarbon to oxidation rate-modulator; and

second mixture feeding means for feeding the second mixture into the major.
reaction chamber.
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5 126. A device as defined in claim 125, further conprising atom zing
means for atom zi ng t he t hi rTdis§heet has BednRepliped r eact i on chanber .

127. A device for controlling the ﬁmﬂ & ”I H of a C5 Cl2 cycloaliphatic
|

10 hydrocarbon to the correspondi d, conprisin

a.precedi ng WORBHYBH chanber; first feeding neﬁﬁg“ﬁﬁﬂﬂﬁéeding
into the precedi ng reaction chanber the cycl oal i phati c hydrocarbon;
second feeding neans for feeding contimlally into the preceding reaction 15
chanber a oxidation rate-nodul ator; third feeding neans for
feeding into the preceding reaction chanber an oxi dant ;.

fourth feedi ng mean0f or & devith@s idefised e cipinac b Authere sempriying mgente fory

c alt al gg t apfintaififg (e Mmpekdhge aﬂiéw 9m?1d§nd§maﬁdﬁah Olanéter BipHéthda the tethpe@BkadMNi Ng
only rimar condary hydrogen at ons; a maj or
reaction cﬁ?&%’?*%%ﬁ%é@%ggg%o the preceding reaction chanber in a

manner that contents of the preceding reaction chanber may nove to the

maj or reaction chanber; means for maintaining the
tenperature of the preceding reaction chanber 25 hi gher than the
tenperature of the major reaction chanber; and rati o adjusting
means for causing the hydrocarbon and the rate-nodul at or to be fed to
t he preceding reaction chanber at a first ratio, and optionally

adjusting said first ratio in a manner that the oxidation rate in the major
reaction chanber falls within a range of desired values. 30

38 128. A device as defined in claim127, further conprising feedback
nmeans connected to the major reaction chanber, and wherein the ratio
adj usting neans are adapted to adjust the first ratio continually
based on feedback fromthe f eedback nmeans, the feedback being relative
to oxidation progress paraneters. 5 129. A device as defined in claim
128, wherein feedback conprises nonitoring oxygen depl etion during the
oxi dation and/or pressure variations in the major reacti on chamber
and/or gas flow differentials between gases entering and gases exiting
the major reaction chanber. 10 130. A device as defined in claim 128,
wherein the ratio adjusting neans are adapted to main the first ratio
substantially constant at steady state conditions of t he oxi dati on.

15 131. A device as defined in claim 128, wherein the ratio adjusting
nmeans are adapted to guide the first ratio through a path of

pr edet er mi ned val ues. 132. A device as defined in claim 128, further
conprising prem xi ng neans for prem xi ng the rate-nodulator with at

| east one of solvent, catalyst, and 20 hydrocarbon to forma first

m xture, and then feeding said first mxture into the maj or reaction
chanber . 133. A device as defined in claim 132, further conprising
atom zi ng neans for atom zing the first mxture in the major reaction
chanber. 25

ey
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