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This invention relates to the oxidation of liquid hydro 
carbons with gaseous oxygen and more particularly to 
oxidation of cyclohexane or cyclohexane-containing pe 
troleum fractions. 

It is now well known that oxidation of cyclohexane to 
partial oxidation products constitutes an important step 
in the manufacture of nylon intermediates, e. g. adipic 
acid. The process of oxidizing cyclohexane in the liquid 
phase to cyclohexanol and cyclohexanone at low con 
versions and high yields was disclosed several years ago 
(cf. the Loder Patents U. S. 2,223,493; 2,223,494; and 
2,321,551). In general, this process, when carried out 
on a laboratory scale, gave cyclohexanol-cyclohexanone 
yields of about 85 to 95% when the percentage of cycl 
hexane molecules oxidized was less than 5%. When 
the percentage of cyclohexane molecules oxidized was 
from about 5% to about 12%, the yield of cyclohexanol 
cyclohexanone was about 65% to 85%. In practical 
operations it is feasible to sacrifice yield at any given 
conversion level in order to have a process which per 
mits continued operation for many months or years, with 
out shutdowns for removal of accumulated by-products. 

In the manufacture of adipic acid from cyclohexane 
it was at one time considered that best results could be 
obtained by oxidizing cyclohexane to cyclohexanol and 
cyclohexanone in high yield and low conversion (U. S. 
2,223,494) followed by separation of these intermediates, 
thereafter converting the cyclohexanol to cyclohexanone, 
and oxidizing the latter to adipic acid with air in a sepa 
rate operation. More recently it has been disclosed 
(U. S. 2,439,513) that far better overall results are ob 
tained by oxidizing mixed primary oxidation products 
(obtained from cyclohexane) to adipic acid by means of 
a nitric acid oxidation process. This made the obtain 
ing of maximum yields of cyclohexanol and cyclohex 
anone, (the yield of cyclohexanol-cyclohexanone is 
maximum at low conversions) less desirable an objective 
than the obtaining of maximum yields of the mixed oxi 
dation product which in the subsequent steps would be 
convertible to adipic acid. The present invention is con 
cerned with a process for oxidizing cyclohexane to cyclo 
hexanol and cyclohexanone, and to other products which 
are of value as adipic acid intermediates (as well as to 
still other products which are also of great value, as dis 
closed hereinafter); a purpose of the invention is to 
accomplish this desirable result by means of a process 
which is suitable for large scale production, i. e. which 
does not necessitate conversions below about 5%, and 
which can be operated for an unlimited period of time 
without any need for purging of excessive amounts of 
valuable ingredients, which would otherwise accumulate 
and preclude continued operation of the process. 

It is well recognized, in commercial operations of the 
type just described, that best results are obtained by 
removing water from the oxidation vessel as soon as it 
is formed, and this is accomplished in large scale op 
erations by performing the oxidation in a series of re 
actors, each of which is equipped with a condenser for 
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continuously separating water from the off gas stream, 
while simultaneously condensing cyclohexane from the 
same stream and returning the latter to one or more of 
the oxidation vessels. This arrangement of equipment is 
illustrated in U. S. Patent 2,557,281, which issued on 
June 19, 1951. If water is not continuously removed, 
substances which serve as initiators and accelerate the 
desired reactions are partially removed from the reac 
tion zone, and the reaction takes a somewhat undesir 
able course, yielding larger quantities of acids than would 
otherwise be formed at the same conversion level. It is 
also recognized in this art that the latter effect should 
be avoided even when adipic acid is the product which 
is to be sought in a subsequent nitric acid oxidation step, 
because adipic acid formation is never selective when it 
is produced directly by the air oxidation route. In fact, 
the formation of adipic acid in one-step liquid phase oxi 
dation of cyclohexane (Loder U. S. 2,223,493) occurs 
at mediocre yields (e. g. 35 to 40%), the preferred 
techniques for oxidizing cyclohexane to primary prod 
ucts, followed by oxidation of the latter to adipic acid 
by means of nitric acid, as hereinabove mentioned, give 
yields which are about twice as high as in this previ 
ously known one step process. 
A recently disclosed modification of the one step proc 

ess for making adipic acid from cyclohexane has been 
to add water to the oxidation vessel, and to withdraw 
aqueous adipic acid periodically therefrom (German Pat 
ent 854,505). The latter process evidently facilitates 
removal of adipic acid from the oxidizer, but it involves 
carrying out the oxidation in an aqueous system, which 
is undesirable, as explained above. Moreover, facility in 
removing adipic acid can also be achieved by injecting 
water into the effluent from the oxidizers, when water 
is not permitted to accumulate in the oxidation mixture, 
as disclosed in the above-mentioned U. S. Patent 
2,557,281, if the amount of adipic acid formed is not 
large. 

it is essential in the practice of the present invention, 
as in the process of U. S. 2,557,281, to provide a means 
for removal of water from the reaction zone, since water, 
which is produced as one of the products of the oxidation 
reaction, affects the oxidation reaction adversely. The 
above-described method for removal of water, namely 
by having the oxidizer (or each of them if there is more 
than one) equipped with a reflux condenser and a device 
for withdrawal of water layer from the condensate pro 
duced by the said condenser, is entirely suitable in the 
process to be described below. 

It has been discovered according to this invention that 
valuable advantages result, in the liquid phase oxidation 
of cyclohexane to such primary products as cyclohexanol, 
cyclohexanone, and other sources of adipic acid, under 
substantially anhydrous conditions, i. e., with removal of 
water azeotropically substantially as fast as formed, if at 
Successive stages during the course of the oxidation the 
liquid oxidation mixture is extracted with water. In this 
way not only is the water content of the oxidation mix 
ture held at a low or minimum level, which is advan 
tageous as has been explained, but also the yield of 
products which are convertible to adipic acid becomes 
virtually independent of the percentage conversion of 
scyclohexane, over a relatively wide range of conversion. 

The oxidation of cyclohexane is carried out, accord 
ing to this invention, in the liquid phase at a tempera 
ture between 75 and 200 C. under 50 to 500 pounds 
per square inch pressure with the oxygen absorption 
limited so that about 3% to 20%, preferably about 10% 
to 20%, of the hydrocarbon present is oxidized, with 
water extraction at successive stages, as just described. 

70. Another method of practicing the invention is to oper 
ate a single oxidizer while withdrawing a side stream 
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therefrom, continuously extracting the side-stream-with 
water and conducting the extracted stream back to the 
oxidizer. The water layer can be sent to a topping still 

...and the distillate recycled. 
... Such aside-stream if desired can be chilled to 50'- 

( . 100° C. to cause: a second liquid-phase to separate out. 
, Removal of the latter has a beneficial effect on yield 

at relatively. high-conversion-levels: within the operable 
... age. 

is, the present: invention provides a process' for 
manufacturing partial oxidation products of cyclohexane, 

I notably cyclohexanol and cyclohexanone, by reacting 
:: cyclohexane in the liquid phase with gaseous oxygen at 

: a temperature between 75°. and 200 C. (preferably 
. . 125° to 165° C) under 50 to 500 (preferably 50 to 250) 
: pounds per square inch pressure, continuing the oxida 
tion until from 5% to 30% of the hydrocarbon has be 

: come oxidized, while separating from the oxidation mix 
...ture (e. g., azeotropically) the water produced by the 
": oxidation reaction, extracting the oxidation mixture with 
3 water continuously (via aside stream) or at successive 
... stages in the oxidation, withdrawing the reaction mix 
"...ture from the oxidizer, recycling the main cyclohexane 
::::containing fraction back to the oxidizer, and recovering 
is the portion of the reaction mixture which is less vola 
: tile than cyclohexane, said portion being rich in cyclo 
hexanol and cyclohexanone. In general, the yield of 

*:::cyclohexanol and cyclohexanone in this process on a 
;: large scale is from 65% to 85% based upon the quan 
': tity of cyclohexane consumed, and the total yield of 
- partial oxidation products which yield adipic acid upon 
*.i further oxidation, is substantially higher than the yield 
: of cyclohexanol-cyclohexanone. Moreover, the yield of 
si-adipic acid precursors is virtually independent of con 
- version over the range of conversion mentioned. 

... . . . If desired, the process of this invention may be car 
s':ried out in: the absence of an added catalyst. However, 

... it has been found: that somewhat higher yields of cyclo 
i: hexanol and cyclohexanone are obtained if at least a small 
: quantity of catalyst is employed. The quantity of cata 

lyst may, indeed, be extremely minute, e. g. as little as 
... 0.1 part per million of cobalt in the form of a hydro 
:::carbon-soluble salt. Other catalysts which may be em 
s' ployed in place of cobalt (quantity, 0.1 to 1,000 parts 
is per million, preferably about 0.5 to 50 parts per mil 
ti-ion), include hydrocarbon-soluble compounds of "cop 
::per, cerium, vanadium, chromium, manganese, etc. The 
hydrocarbon-soluble compounds of cobalt, however, give 

...the-best results. 
... The process of this invention may be carried out in 

: any suitable equipment, e. g., tubular reactors," tower 
reactors, or stirred autoclaves. Best results are obtained 

*i; when the oxidation vessel which is employed is a stirred 
autoclave, or, when the process is operated in a contin 

s: uous manner, a number of such stirred autoclaves in a 
'series. If-desired several such series can be connected 
... in parallel; for example, 'there may be nine autoclaves 
; : arranged so - that there are three trains, each containing 
:: three autoclaves. Each of the autoclaves should be 
* 'equipped with a water-withdrawing means (condenser, 
"... with water draw-off) as stated above. When water re 
"...moval- is accomplished azeotropically by means of a con 
i: denser (generally operating at the pressure of the oxi 

dizer) in the . off-gas line after each autoclave, the 
'' recovered hydrocarbon which is condensed along with 
; : the water azeotropically should be separated in a decanter 
and can be piped to one of the oxidizers, or to the main 

* : hydrocarbon recovery still. The reaction mixture may 
it be passed through the autoclaves continuously, the efflu 
2, ent from the first passing to the second, and so on. The 
**'effluent from the last autoclave' is, in preferred embodi 
: Inents, conducted to a fractionating column for recovery 
of the unused hydrocarbon. If desired this can be pre 

* 1:liminarily chilled to 50-100 °C. to cause formation of 
:a::second liquid-phase containing-acid; the hydrocarbon 

4. 
...layer can be recycled directly or distilled prior to recy 

-cling. When petroleum cyclohexane containing benzene 
and other impurities is employed the best method for 
working up the reaction products is the method dis 

5 closed in U. S. 2,557,281. This is accomplished 
either by direct fractionation - or by steam distillation at 
a temperature up to 69 C., or somewhat higher, followed 
by separation of the benzene-containing azeotropic dis 
tillate by redistillation of the hydrocarbon layer. ...This 

10 azeotropic distillate boils for the most part at a tem 
perature very close to the boiling point of cyclohexane, 
just below 81 C., and entirely within the range of 40° 
to 81 C. The main cyclohexane fraction, which of 
(course contains a smaller, percentage of benzene than 

15 the percentage of benzene in the oxidation mixture, is 
returned to the oxidation vessel. The final off-gas is 
generally scrubbed with a high-boiling hydrocarbon or 

-::passed through a low temperature condenser for recovery 
i. of further amounts of cyclohexane. A remarkable ad 

20. vantage in the yield of cyclohexanol and cyclohexanone 
(amounting to several percent at a conversion of about 

... 15%) is obtained if the recovered cyclohexane from the 
decanters and/or from the main hydrocarbon recovery 

... still is returned to the first oxidizer, rather than to the 
25: Second, or third, or subsequent oxidizer. The reason 

for this is that it results in a lower concentration of pri 
5. imary: oxidation products in the first oxidizers, i.e., the 
is average. concentration, along the train is lowered if the 
2::mixture is diluted with recycled hydrocarbon at the "start 

30 of the train, rather. than at the end thereof. All of the 
recovered cyclohexane is preferably returned to the first 
oxidizer for this reason. 
A most economical method for working up the reac 

- ition products contained in the oxidizer effluent is the 
35 so-called "Wet KA" process disclosed in copending U. S. 

patent application S. N. 390,634, filed on November 6, 
1953, now Patent No. 2,703,331. According to the lat 
ter process the oxidizable feed which is conducted to 
the nitric acid oxidizer for production of adipic acid is 

40 an oil distillate obtained by injecting water into the 
: effluent from a liquid phase cyclohexane oxidation ves 
is sel, separating hydrocarbon and aqueous phases from the 
... resulting mixture, removing steam distiilable oil. from 
... the said aqueous phase, adding said oil to the hydrocar 

45rbon phase, stripping substantially all of the hydrocarbon 
- from the resulting mixture, and exhaustively steam dis 
stilling the resulting residue, whereby the said oil which 

... is suitable for use as oxidizable feed to the nitric acid 
oxidizer is: obtained. 

50. While it is essential that the water which is produced 
by the oxidation reaction be removed from the oxidation 
mixture as fast as it is formed, it is nevertheless desirable, 

... as hereinabove indicated, to have water present in the 
mixtures after it has left the last oxidizer. The reason 

65; for this is: that adipic acid, and other solid products, 
it crystallize' out when the oxidation mixture is cooled. 
-i Water is therefore preferably added to the oxidation mix 
sture after it leaves the oxidizer but before the hydrocar 'bon recovery, to prevent precipitation of adipic acid. 

60. Also: the presence of water is advantageous during the 
"hydrocarbon recovery operations because it suppresses-de 
-hydration of cyclohexanol and cyclohexanone to such 
2: products as cyclohexylidene cyclohexanone, cyclohexyl 
2...ethers, and cyclohexyl esters. 

65 's Figure 1 of the accompanying diagrammatic drawing 
i. illustrates one method of practicing the invention. Cyclo 
hexane, from the storage vessel 1, is... pumped into an 
oxidation vessel-2, which may be an autoclave equipped 
with a stirrer. The 'effluent from this oxidizer is sub 

70'jected to 'extraction with water in the vessel 3. The 
''extracted hydrocarbon phase is conducted to the second 

a third oxidizer 6. Each:oxidizer. is equipped with con 
densers (e. g. reflux condenser and a condenser-decanter 
which permits return of hydrocarbon and withdrawal of 
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water) 7, 8, and 9. Air is injected into each oxidizer 
until the total conversion is at the desired level (for ex 
ample, 12%) the oxidation rate being about the same in 
each oxidizer (these oxidizers being of equal size). Water 
is introduced into each of the extraction vessels and the 
aqueous phase from the extraction vessels is united with 
the effluent from the last oxidizer in the train. United 
with this also, if desired, is the water draw-off from the 
condensers 7, 8, and/or 9. The total oxidation products 
i0, can be treated directly by pumping both phases to a 
still for recovery of cyclohexane, or preferably the aqueous 
phase can be removed 1 and separately distilled for 
recovery of steam distillable oil 12. The latter can be 
united with the hydrocarbon phase in the product 10, 
and distilled 13 for recovery of cyclohexane. The latter 
is returned to the storage vessel 1. The residue, com 
prising all organic products 14 higher boiling than cyclo 
hexane, is ready for conversion to adipic acid by nitric 
acid oxidation. 
A noteworthy observation, which is of considerable 

interest from a theoretical and practical standpoint, is 
that the addition of cyclohexanol and cyclohexanone to 
e initial cyclohexane feed in substantial amounts does 

not produce a yield-lowering effect of the same order of 
magnitude as the yield-lowering effect which attends cor 
respondingly increased conversion of cyclohexane to 
cyclohexanol and cyclohexanone. From this observation 
it can be deduced that probably some other ingredient 
or ingredients of the oxidized mixture, formed during 
the oxidation, adversely affects the yield of adipic acid 
precursors. The present invention provides a method for 
intermittently removing such ingredient or ingredients 
from the reaction mixture, during the course of the oxida 
tion reaction. Intermittent Water extraction, according 
to this theoretical explanation of the operability of the 
present invention, produces his desired effect. Whether 
or not this theory is correct, it has been firmly established 
that one of the results of interstage water extraction is 
the partial removal of water-soluble acids from oxidation 
mixture. This was illustrated, for example, in experi 
ments of total conversions of 10 to 12%, with cooling 
and water extraction at one-third and two-thirds of the . 
total conversion. In a series of such experiments it was 
found that between the first two stages such water extrac 
tion (cyclohexane: water weight ratio=10: 1) removed 
70 to 75% of the acids, 20 to 40% of the esters, 2 to 
3% of the cyclohexanone, 4 to 5% of the cyclohexanol 
and 4% of the peroxy compounds. Both with and with 
out added catalyst, the reoxidation of the water-extracted 
upper layer gave yields of adipic acid precursors which 
were about 10% higher than had been realized without 
water extraction in operations at the same conversion 
level. The major yield increases were in cyclohexanol 
and peroxide. 

In the previously known processes the decanting of 
water layer from the condensate produced by the reflux 
condensers (with which the oxidizers were equipped) also 
effected removal of part of the volatile monobasic acid 
which was formed as a by-product. This is shown by 
the data obtained in a series of comparative experiments 
Summarized below, wherein the distribution of products 
in the liquid phase air oxidation of cyclohexane was as 
follows (Table I). The data also show the advantage of 
interstage water extraction. The temperature in these 
experiments was 152-154 C. The quantity of cobalt 
naphthenate catalyst was sufficient to produce 1 p. p. m. 
cobalt. The rate of air feed was controlled so as to give 
the desired conversion and an off gas containing 0.5% 
oxygen. 
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ABLE I 

Distribution of cyclohexane oxidation products 

(1) (2) 
3-Stage Single Stage 
Water With 

Extraction. Extracted 
Roflux 

Gross conversion, percent--------------------- 0.4 9.5 

Yields to: 
Cyclohexanone. 31.0 31.2 
Cyclohexanol- 36.0 30.0 
Peroxide--- - - 6.9 3.7 
Adipic Acid------------------------------- 6.5 6.0 

80. 4 70.9 

The loss of adipic acid precursors via water extraction 
of the condensate is surprisingly low, but a surprisingly 
large part of the monobasic acids is removed in this 
operation. This fact was proven by carrying out the 
single stage process by removing from the system all of 
this condensate, and continuously returning to the oxida 
tion mixture a quantity of cyclohexane equal to that in 
the condensate. The decanter was operated in the con 
ventional manner, and the quantities of various products 
withdrawn as aqueous phase from the decanter were 
lineasured. The results were as follows: 

TABLE II 

Oxidation products withdrawn from the oxidation sys 
tem via the aqueous phase produced in the decanter 

Percentage of 
Total Produced 

Compound Quantity 
Which Was 
Removed 

Cyclohexanone.---------------------------------------- 0.13 
Cyclohexanol---- -- 0.27 
Peroxide---------------------------------- 0.80 
Monobasic Acids: 

Cs-- 0.69 
Cs- 1,12 
C- 11.0 
Ci------------------------------------------------- 37.7 

Dibasic Acids: 
Adipic--------------------------------------------- 0.28 
Glutaric. 0.5 
Succinic------------------------------------------- 2.12 

The data presented in Table II provide a partial explana 
tion as to the value of the water removal-decantation 
step, which does not very seriously produce losses of 
adipic acid precursors, but does effect partial removal of 
formic and acetic acids from the condensate. The pres 
ent invention is directed to removing additional amounts 
of these by-products, which when present in excessive 
amounts have an undesirable directing effect on the course 
of the oxidation reaction. 
The invention is illustrated further by means of the 

following example. 
Example.-Cyclohexane was oxidized with air in the 

liquid phase under the reaction conditions set forth in 
Table III ("first stage'). The oxidation vessel was 
equipped with a reflux condenser and a decanter for re 
moval of water as fast as formed by the oxidation reac 
tion. After this "first stage," the mixture was cooled to 
room temperature and was extracted with about one tenth 
of its volume of water, the latter including the water 
which separated from the decanter. The analyses given 
show the amounts of products obtainable from the aque 
ous and hydrocarbon phases. These products, however, 
were not separated as such, since the mixture of oxidized 
products ultimately obtained by removal of cyclohexane 
and water from the final products by distillation, was suit 
able for use in the nitric acid oxidation process for 
making adipic acid. As shown in the table, the upper 
layer from the "first stage” was used as oxidizer feed for 
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the "second stage” and the upper layer similarly obtained 
in the 'second stage' was used as oxidizer feed for the 

""third stage.” The proportions of products formed are 
shown in Table III. For purposes of comparison similar 

... runs were made without interstage water extraction. The 
results are tabulated in TableIV. 

TABLE I 

8 
than to the oxidizer from which the condensate was pro 
-duced. 

From the data hereinabove presented it is apparent that 
yields of adipic acid precursors above 80% are obtain 

5 able by the process of this invention at conversions 
higher than could be used heretofore in obtaining such 

; : Interstage water extraction in liquid phase oxidation 
of cyclohexane 

First Stage Second Stage Third Stage 

Upper layer Upper layer 
Feed------------------------------------ Cyclohexane from first EE 

stage ... Stage 

- Catalyst.--------- Co (as naphs "none added none added 
Conc. of catalyst 1. . . Conc. of catalyst. 9. 9... n. ca. 19. 9... n. ca. p. p. m. "Temperature, C--- 154 EP FP 
Pressure, p.s. i.g-------------- -- ... .32 32 ... 32 
Liquid. Residence. Time (Min).-------- ... 14.8 . . . 14.7 4.9 
Air Feed Ratio (thousands of cubic feet, 
standard conditionsgal. permin.)--- . . .35 ... 0.35 0.35 

Oa in Off Gas, Mol Percent-------------- 0. 9 0. 0.7 

Net Gross Net Gross 

Conversion, Percent- 3.82 3.63 7.33 3.18 10.4 
Percent Yield to: 

Cyclohexanone- - 23.4 27.2 25.2 44.8 31.0 
Cyclohexanol------------------ , 40.5 ... 41.3-, 40,9 24.6 3.36.0 
Peroxide (calc. as cyclohexylhydro 
peroxide).-------------------------- ...O.3 ; ; ; ; 7.2 8,8 2, 4 6.9 

Adipic Acid--- 6.1 5.5 5.8 8.3 2 6, 5 
Carbon Oxides- .9 2.7 2,3 3.7 2.8 

.." Other Acids------------------------ 7.0 8.1 5.4 8.9 . . . 4.9 ... Sum of Cyclohexanone, Cyclohexanol, 
Adipic Acid, and Peroxide.------------ 80.3 8.2 80.7: 80.1 80.4 

--TABLE IV high yields. The adipic -acid precursors, include -those 
Single step oxidations paralleling those of Table III 

- (no interstage extraction) 

i 2 3 

Cyclo- Cyclo- Cyclo 
hexane hexane hexane 

3. Feed Catalyst.-------------------- Co (as Co (as . . Co (as 
naphthe- naphthe-...naphthe 

nate) nate) nate) 

Conc. of catalyst p.p.m. ip.p.m. p. 9. In 
a Temperature. - 147-153 is 153 153–155 

... Pressure, p.s. i. g- 130 130 30 
... Liquid Residence Time (Min:) --- 5 5. 15 15 
i.e. Airl Feed. Ratio (thousands of 

cubic-feet, standard conditions 
" (gal. permin.)------------- 35 0.70 . . (5 

..O2 in Off Gas, Mol Percent. 0.9 0.7 ‘. . 0.7 
Conversion, Percent-------------- 3.8 7.6 ... 4 

i. Percent Yield to: - - 
...: Cyclohexanone.---------- - - - - - 28.5 29.2 29.2 

Cyclohexanol.---------------- 43.7 33.6 29.0 
Peroxide (calc. as cyclohexyl 
hydroperoxide) - 9.7 3, 5 : 2.0 

Adipic Acid 6.0 7.5 9.7 
Carbon Oxid 2.2 2.9 - 3.3 
Other Acids-- - 6. i 7.0 8.0 

Sun of Cyclohexanone, Cyclo 
hexanol,. Peroxide, and Adipic 

' ' Acid---------------------------- 87.9 , 73.8 ... 69.9 

... The conversion to adipic acid precursors obtained in 
:... the foregoing example is shown graphically in. Figure 2 
is of the appended drawing. The curves: show that: inter 
stage water extraction: virtually eliminates the adverse ef 

...fect of increased percentage conversion-on-yield of adipic 
... acid precursors-is, Similar overall results are.obtained by 

... using side-stream extraction in place of the multi-stage ex 
traction process. 

n: Figure. 2; curves. Aland.C. represent, the results ob 
tained as described in the foregoing example. Curve B 
represents the results obtained by the previously described 
process under similar conditions wherein, however, the 
cyclohexane, from the reflux.condensers on each of three 
oxidizers in series is returned to the first oxidizer rather 

which are specifically hereinabove mentioned as...well as 
lactones, cyclohexyl esters, and other products formed in 
relatively minute quantity. Under certain conditions the 
relative amounts of these precursors can be varied but 
such minor variations do not interfere with the beneficial 
results which are achieved by the process of this inven 
tion. 
The extraction step can be carried out at any suitable 

temperature. Runs carried out with extractions at room 
temperature, 70° C. and 140 C. (under pressure) gave 
substantially the same results. 
While the water extraction process of this invention 

50 permits operation at virtually constant yield with increas 
ing conversion as hereinabove explained, it is noteworthy 
that control of acid concentration in the oxidation mixture 
by means of aqueous sodium hydroxide is not an effective 
method for increasing yield. The acid level in the oxidizer 
is...actually increased instead of decreased by addition of 

... caustic. This phenomenon has been repeatedly observed. 
A related phenomenon has been observed when mono 

... basic acids are introduced into the oxidation mixture in 
tentionally up to the amount normally produced. When 
this is done, the formation of additional monobasic acid 
is suppressed. In fact, it has been observed that there is 
a perceptible improvement in overall yield when a small 

', amount (2%) of monobasic acid is added. The water 
extraction process. thus holds the monobasic acid content 

65 at a low optimum level. Complete removal by caustic is 
... thus not advantageous, when compared with water ex 
...traction, but is in certain respects disadvantageous. 
s: Periodic water...extraction lowers the acid, content to a 

to level which is suitable for continued high yield-operation. 
... It is to be understood that the above examples are 

is illustrative only and that many ways, of practicing the in 
... vention will occur to those who are skilled in the art. 
For example, the process can be operated in an intermit 

75 tent or batchwise manner, but, of course, the advantages 

40 
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of the invention are of the greatest value when the process 
is operated continuously. 

Since many different embodiments of the invention are 
readily apparent, it will be understood that we do not 
limit ourselves except as set forth in the following claims. 
We claim: 
1. A process for manufacturing partial oxidation prod 

ucts of cyclohexane, including cyclohexanol and cyclo 
hexanone, which comprises reacting cyclohexane in the 
liquid phase with gaseous oxygen at a temperature of 75 
to 200 C. under a pressure of 50 to 500 pounds per square 
inch in the presence of a hydrocarbon-soluble compound 
of cobalt as oxidation catalyst, at least part of the oxida 
tion mixture being extracted with water prior to com 
pieting the said partial oxidation, continuing the oxidation 
while separating water from the oxidation mixture sub 
stantially as rapidly as the said water is formed by the 
oxidation reaction, until the overall percentage of cyclo 
hexane which has become oxidized is from 5% to 20%, 
admixing water with the resulting oxidation mixture, 
and separating cyclohexane therefrom whereby oxidation 
products of cyclohexane, capable of further oxidation to 
adipic acid, are obtained. 
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2. Process of claim 1 wherein the conversion of cyclo 

hexane is within the range of 10% to 20%. 
3. Process of claim 1 wherein the oxidation is con 

ducted in a succession of stages and the extraction with 
water occurs between stages in the oxidation. 

4. Process of claim 1 wherein the extraction with water 
is performed on a side stream withdrawn from the oxida 
tion reaction mixture, the extracted organic phase being 
returned to the oxidizer. 

5. Process of claim 1 wherein the said removal of 
water substantially as rapidly as the said water is formed 
by the oxidation is accomplished by continuous azeotropic 
removal of the said water, while the oxidation is in pro 
gress. 
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