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(54) Title: IMPROVED METHOD FOR MAKING CYCLOHEXANOL AND CY: CLOHEXANONE
(57) Abstract

An improved method for making cyclohexanone and cyclohexanol from oxidation of cyclohexane in which a polyprotic acid is used
to neutralize caustic to prevent oligomerization of cyclohexanone during fractional distillation.
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creatin ndi ti ons whi ch can cause corrosion of 158
fracti oﬁaﬁ%?ﬁ.’@?at ion stills and ot her equi pnent. The ];[;E;ltelgggnsl/ﬁ
invéntion is an inproved process for making cycl ohexanol and

cycl ohexanone by 5 air oxidation of Cﬁ%exane The uni nproved process
conprises the steps of: reacting cycl ohexane with air
to produce a fi FMPROVRED UMETEODFOR | MRKING | CYELOHEXRANOLY GiNEhexanone, 10

cycl ohexyl hydroper oxi de and cycl ohe¥af ¥ ExANONE (2) reacting the
cycl ohexyl hydr operoxi de with aqueous caustic and optionally a cobalt
catalyst to produce a second nlxture conpr|5|ng an organi c phase 15

conpri si n@ cycl ohexanol , and an aqueous

hase conpri sing r ) (3 .Separat.ing the
gqueous phase of \t,\?hg fﬂlg %y%grﬁ‘ trt}?ee Wq’%‘f‘ﬁ%r& &é %h&}gs@ the -
second 20 niandreaprolactam is oxidizilg cryvlahiexapne o Ergevice phase with
wat er to @xkedslk 8oRAihPHg Hntdcta sty &maﬁiéﬁed therein, 25

(5) distillin eor ani ¢ phase to se arate ¢ ‘cycl ohexane from the
cycl ohexanol g}ﬁﬂ g?ﬂ‘%he‘%}é >xanol and cycfighe mr%ﬂ?rl ses
i ncl udi ng.0 n {OBHRAL eanBOtreaﬂt:Bd@Ltl(el)mﬂttdmsiltnﬂ&qﬂﬁdﬂw @austde d capabl e

of neut ra{:bzgggo‘tngﬁsga@géo n d:.rit% rql&qa acjp&f ft% C\mi%sea% is in the

range of 7.0t onerizatlon yC oh&Xahone i n step
(5) is substafYFhPhexanolg| N-F#m%wtwt results in a biphasic

mixture: an organic phase, containing primarily
cyclohexane, cyclohexanone and cyclohexanol, and an

15 aqueous phase containing primarily watér, organic salts
and caustic. However, inéﬁitably some caustic tends to
remain in the organic phase in the form of dispersed
droplets. Isolation of the cyclohexanone and
cyclohexanol is accomplished typically by fractional

20 distillation, in which the cyclohexanone is exposed to
heat. In commercial operationé,_fractional
distillation is conducted in metallic stills which
'frequently are made from metals which are susceptible
to corrosion when contacted by acidic media. Even a

25 small amount of caustic present during this fractional
distillation step can catalyze the oligomerization of
some of the cyclohexanone, resulting in yield loss.
Moreover if the cyclohexanone/cYclohexanol mixture is
converted to adipic acid, the presence of cyclohexanone

30 oligomers can cause fouling of equipment and
contamination of adipic acid. It would be desirable to
have a way of limiting the extent of cyclohexanone
oligomerization in the processes described above.

35 SUMMARY OF THE INVENTION
The object of the present invention is to provide
a method for limiting the amount of cyclohexanone
oligomerization in the above-described process without
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON ' In a typical commercial
process W@9HHRe4 adi pi c acid or caprol actam cycl ohexan®CTESIE{238g in
an air oxi di zer with oxygen to produce a m xture containing 5 unreacted
cycl ohexane, cycl ohexanone, cycl ohexanol, and cycl ohexyl hydr oper oxi de
(CHHP) . Thersattimge aicidikeronditipaasWbircbdcan aaGskiPcderosposi efon react or
where it ige ta1%&@%&%¢t%halaa§§esz§15&;155' gtlg%eaﬁhl yehaeH and

optionally a cobalt catalyst resu treatnment, a biphasic
m xture iseAGPNESE - OTdeppresent inveprion; ds,Ap &HHFQVﬁ cycl ohexane,
cycl ohexangiecedzd for nﬁmﬁbgheyeaohexaaowehhda&yﬁaﬁhexahoappbﬁ agueous

caustics oI eh £ IR L CREdbhY Ozl 8-RHg56vedNE-0LhEL  Phase

i S aqueous e Wt e, i C ahd m nor anounts of
salts of ocgmprises dhe steps. gf; adi pat es,, glutarates, etc. The organic
phase is separated fromthe aqueous phase using at | east one
decant ati on, which remves the aqueoys ase as tream 20

The organi c phase is tHeFSfoHRS Y5O Egﬁﬁ&e W1t§e5éﬁtgP RFPRYFFesh wat er
whi ch i ncl ad€d rstpaligiute comprisding, cyolohegancdol cycdnrhekssonph is

buf fer i el b gt 9.5, nore preferably
about gg %¥9T3%§¥¥1hyd' %c&ﬁd%ugﬁgngQ%%f§%#%hlc acids are generally tri
or di protic acids such as carbonic acid and phosphoric aci d.

Carbonic acid is pref@nr %aceqmgerth@ntclyy:lom&ymy@&bbe&bmaei d¢iean be made
by contacti_n err h mate t M els bei ng
aiCﬁ*ec%% Jus\%lc a 0 gj. gg.%o ts%

i ntroduced 5eco protlc acids offers
t he advant @g@dotceb@ mpcHide ntlertm ucspmpzesms @@u@tﬂg@mc phaskout t he

danger 1 gf 014 iy haaRiHexRR3E Q:?‘&l%'f’xe&%h@n‘é a\f{@ @grcqanehcaﬁé to
COrrosi on pro Iens in omnstrean1egﬂmpnent ter mxing, the resulting
organi ¢ an P &W&th@n calistic]

(3) separating the aqueous phase of the
second mixture from the organic phase of the second
20 mixture; '

(4) éontacting'the organic phase with water
to extract a portion of the caustic contained therein;

25 (s) distilling the organic phase to separate
the cyclohexane from the cyclochexanol and
cyclohexanone.

The improvement comprises including in the water
30 in step (4) at least one polyprotic acid capable of
neutralizing the caustic and forming a buffer whose pH
is in the range of 7.0 to 9.5, whereby oligomerization
of cyclohexanone in step (5) is substantially
eliminated.
35
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aqueous ntai ni ng sohe neutralized caustic, can gled or
appropri§%§§§up§£ycled : After the aqueous and orggﬁﬁg phases of
the second 5 decanter are separated, further buffered water washes and
decantatlons can be perfor , ) cgustic contained
in the mxture of cycrohesdie-——=="cyerofexs Shexanol . 10

Finally, the m xt maeaotypxehmheesmercﬂaml @bﬁ&éﬁﬁnﬁo makanddépibohexanol can
be separated_in.st

subst anti al | §°p r8Ir capfy%ﬁ%ﬁ%xanéxgigﬁﬁxgnét6ﬁe§§a§Fe %ﬁe% ?Fe or no

formation of ogydiskexwhbheosyggunbesprogubehaxnistuns Egntﬁéni§9urned to
the initigl ﬁh?eﬁétdaz%9c§8he§&ﬁéhe&yclohéﬁﬁﬁbh@“ cyclohexanolThanaresent
|

i nvention is lustra onl i, t|ng ex | es
The exanpl esCEER 8R3§Vég8§§é3eﬁﬂxé§ﬁe#Fﬁﬁﬁyg whngnmix “ﬁﬁréspgggﬁrned by

pl aci ng 45@6cxaheher&adneo(K)CHHG 8e¢ompostathanereactorefvhexiengtbasch
eact of eau RREd.l bidn aguPBR0 ShabkikL2BehB:CR1Y! RUBHS! pherove valer

This 25 reactron m X ure m xt ure
was added vappsaonalddii @aarsbardtdenErAyEE - théisra resplfcefi FBA8ss to

Cata'YZQJforEEEhﬁﬁeQE Kadbﬂgha51c mERedreakis b@&ﬁ&deﬂereONéHﬁﬁﬁseNGZCCB
and NaOH. As, t he gater was

30 renoved B? Pﬁgaﬁégna§gaFE%?Féﬂs 5¥8g9ﬁ§x@ﬁgﬁ1SXFéomgfgnone'c fVerted to

a separate seycdopexsaoll,nagdueldlons somee epsrappeds agueousugawssic CJ err |
was sparged {Rrauglan 1 %EUEﬁ§b§8EE§'EanhNQCEhB%bor TReSbthapl Ng of f the

water in order to neutralize th anpl es of th %e eactor contents
wer e taken aPh9§P|é&saﬂﬁ@@PﬁaP§daﬁentaln§nHP§f§d Wﬁﬁtd eand triners of
K. 15 caustic and minor amounts of salts of organic acids, -

e.g., adipates, glutarates, etc. The organic phase is
separated from the aqueous phase using at least one
decantation, which removes the aqueous phase as a waste
stream.

20 _

The organic phase is then mixed in a second
decanter with fresh water which includes a polyprotic
acid, forming a solution whose pH is buffered in the pH
range of about 7.0 toc about 9.5, more preferably about

25 8.0 to 5.5. '

Suitable polyprotié acids are geﬁerally tri or
diprotic acids such as éarbonic acid and phosphoric
acid. Carbonic acid is preferred. Conveniently, the

30 carbonic acid can be made by contacting CO, with the
fresh water as the water is being introduced into the
second decanter. The use of polyprotic acids offers
the advantage of being able to neutralize the caustic
without the danger of making the organic phase too

35 acidic, which can lead to corrosion problems in
downstream equipment. After mixing, the resulting
organic and agueous phases are separated, and the
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‘COVPARATI VE EXAMPLE (Dependence of Diner Formation on Catal yst
Type) WO 99/103@xperi nents were run where 1200 ppm Na was POTHIS98/E715%
NaHCO err], NaJerr]CJerr], and NaCH 1In addition, a blank was run
where no sodi um cont ai ni ng conpound was added. Concentrations of diner
are shown as adustiis @hagle,t coRtainingnsémll fedtrallfzed caustic, can

L e i P

216, 000 %i&er the agWeous anélgrganlc ﬂﬁgbes of the sec nd 4.0
ta clearly ow t hat

110 8
caustic i sgan deca%eﬁrreaﬁﬁyaﬁﬁﬁﬁfiy gEFFVErCHng%?gf"ﬁtecﬁ rf'lﬁsrﬁﬁ mat i on,
and that sodi @andidemranaitiensndanabbopetfozmedy ergdweitg furttdmlamts, | | f

at all. Thesed 21?@1’1@93?1%& 38! the miKPAEL"Gs CAVI A, L er!] to

convert it to t car bonat.e”an carp can greatly suppr ess
di ner formati (S’qu @P@paﬂﬁe%ckoéﬁ?}aﬁpbre separ at ed f'r om unr eact ed
cycl ohexane by distillat | on. EXAMPLE .1 30

(Addi tion Qf og er rF]};f.éx Egi?ﬁ g%ra of cycﬁ.gﬂgxane, cyclohe@ar?ox eerl ment

was run to verif
&lcyclohexanol can be separated in stills by

fractional distillation to recover substantially pure
cyclohexanone and cyclohexanol with little or no
formation of cyclbhexanone oligomers. Cyclohexane can

15 Dbe returned to the initial air oxidizer for further
reaction.

The present invention is 1llustrated by the
following nonlimiting examples. '

20
The ekamples below are based on experiments which
. were performed by placing 45% cyclohexanone (K) and 55%
‘nonane in a refluxing batch reactor equipped with a
Dean Stark trap to continuously remove water. This
25 reaction mixture refluxes at 145 degrees C. To this

mixture was added various chemicals to determine their
effectiveness to catalyze formation of K dimer.
Chemicals tested were NaHCO3, Na2C03, and NaOH. As the
mixture was heating up to normal reflux, the water was

30 removed by the Dean Stark trap, and the chemicals were
converted to a separate solid phase. 1In addition,
experiments were run where CO, was sparged through
mixtures containing NaOH prior to stripping off the
water in order to neutralize the NaOH. Samples of the

35 reactor contents were taken at various intervals and
analyzed for dimers and trimers of K.
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The results are shown in Table 2, which show the effect

diner formation as unctiron o

of CJerr] on.

suppr essi on of di rm:péﬁmaius)me(r’&&&rpmné‘i&) 12005ppm Na was added

TABLE 2
CJ err] Adde
110, 000 10
50.

(Effect of

ppm Na))

fs Ndst

13concentrations of dimer are shown as a funﬁalon
o N ARl

experinents were perforned at a | ower sodium

NaJX%, and 8agﬂpnlgh”§ddlt1on, Qoblank Bl ank

run ghqre no sodimm-contaigyng compound wazledded. 2.0
Suppr essi on of mer ornatlon (240
é&anple 2 was run like Exanple 1 except that the
concentration of 240 ppm

Na as Na@pl. These results are 20 pregateed in Table 3, which shows the

effect of CJerr] on

suppression of diner formation (240 ppm Na).

TABLE 3 t (H¥e5) ppm Di Mer ;2% pimer Bl ank.
CO[ err] - Added NaOH  Blank O. WaHCO, -- Na,C0, 20NaOH 1290
1.0 20 40 5290
15 0.5 - - - 110,000
1.0 20 37 50 216,000
2.0 50 110 100 --
4.0 110 280 260 -—
20 These data clearly show that caustic is an

undesirably highly active catalyst for dimer formation,
and that sodium bicarbonate and carbonate are very weak

catalysts, if at all. These results suggest that

-reacting caustic with CO, to convert it to the

25

30

35

40

carbonate and bicarbonate forms can greatly suppress
dimer formation in the step where K and A are separated
from unreacted cyclohexane by distillation.

EXAMPLE 1

(Addition of CO, to Suppress Dimer Formation)

An experiment was run to verify the efficacy of
CO, for neutralization of caustic and suppression of
dimer formation. In this case, 1200 ppm Na as NaOH was
added to the reaction mixture, together with a trace of
thymolphthalein indicator solution, and then CO, was
bubbled through the reactor until the indicator changed
from blue to colorless. This corresponds to about half
of the caustic being neutralized to bicarbonate, and

half to carbonate. The reactor was then heated, and

5



2.0 . 50 110 14,100 30 These results again
show the ability of CJerr] to suppress di her formation. Conpari son- of
t he dat awiDr9/n03o4 Tables 2 and 3 indicates that the rate of PEI/HEp8/17158

formation is greatly reduced by reducing the caustic 35 concentration.
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cycl ohexyl hydr oper oxi de and cycl ohexane; 10 (2) reacting t he
cycl ohexyl hydr operoxi de with a austic and optionally a cobalt
cat al ysig/to produce a second m&ﬁg—%orrpri sing an organi ¢ phase
conprising cycl opgxagpl , cycl ohexangssm ayiimeaycl ohexane and an aqueous
phase conprising water andpTaktic; & Added NaOH 3) separating the
aqueous phase of the second m xture fromthe organi c phase of the
second m xtupeS5 20 -- 2§ 4) contacti ngt¥he0Q} gani ¢ phase with
water 45 tO exthagt a porgpon of thggcaustic contagjedodderein;
' 2.0 ' 50 130 | --

ExAMpLE'z o

(Effect of CO, on Suppression of
15 _ Dimer Formation (240 ppm Na))

Example 2 was run like Example 1 except that the
experiments were performed at a lower sodium
concentration of 240 ppm Na as NaOH. These results are

20 presented in Table 3, which shows the effect of CO, on
suppression of dimer formation (240 ppm Na).

TABLE 3

t (hrs) | ppm Dimer _
25 Blank CO, Added NaOH
0.5 - 20 1290
20 40 5290
2.0 50 - 110 14,100

30
These results again show the ability of CO, to
suppress dimer formation. Comparison of the data in
Tables 2 and 3 indicates that the rate of dimer
formation is greatly reduced by reducing the caustic
35 concentration.



(,5) distilling the organic phase to separate t he cycl ohexane fromthe
cycl ohexgpagls 425 cycl ohexanone; the inprovement coRp{EePYss
including 1n the water in step 4—at—teast one 30 polyprotic acid capable

of neutralizing the caustic and mmm"mummnr whose pHis in the
range of 7.0 to 9.5, whereby od‘ Qi cycl ohexanone in step
) 35 C L

(5) is substw. . . *ThHe process of Claim1l
wherein the cEATitkD ~0 to 9.5.

7 WO 99/ 10394 1In a process for making cyclohexanol aidl/ US98/17158
3. The process

f.,Caiml wherein the polyproti acid is.carbonic acid.
4. The proc eS¥C ?hﬁ‘gflﬂ?% %e?:ef' no;h,éa Jaér%o fccy%lo&eﬁ?n‘eg fw&"rﬁ&j by
contacti iBg tbempuisesi bhetepeps)ofiith car bon di oxi de.

(1) reacting cyclohexane with air to produce
a first mixture comprising cyclohexanol, cyclohexanone,
cyclohexylhydroperoxide and cyclohexane; '

10 (2) reacting the cYclohexylhydroperoxide with
aqueous caustic and optionally a cobalt catalyst to
produce a second mix;ure comprising an'organic phase
comprising cyclohexanol, cyclohexanone and cyclohexane
and an aqueous phase comprising water and caﬁstic;

15 .

(3) separating the aqueous phase of the
second mixture from the organic phase of the second
mixture;

20 _ (4) contacting the organic phase with water

to extract a portion of the caustic contained therein;

(5) distilling the organic phase to separate
the cyclohexane from the cyclohexanol and
25 cyclohexanone; :

the improvement comprising

including in the water in step 4 at least one
30 polyprotic acid capable of neutralizing the caustic and
forming a buffer whose pH is in the range of 7.0 to
9.5, whereby oligomerization of cyclohexanone in step
(5) is substantially eliminated.

35 2. The process of Claim 1 Wherein the pH range is
8.0 to 9.5.
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3. The process of Claim 1 wherein the pblyprotic
acid is carbonic acid. '

4.

The process of Claim 3 wherein the carbonic
5 acid is

formed by contacting the water in step (4) with
carbon dioxide. ' ' '



