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6 Claims. (C. 260-586) 
This invention relates to an improved process for pre paring adipic acid and precursors thereof. 
The art of oxidizing organic compounds in the liquid 

phase has developed rapidly in recent years, especially 
as applied to the manufacture of nylon intermediates from relatively inexpensive hydrocarbons such as cyclo 
hexane. The Loder patents, several years ago (cf. U.S. 
2,223,493, 2,223,494 and 2,321,551) disclosed the process of oxidizing cyclohexane in the liquid phase to cyclo 
hexanol and cyclohexanone. In the Loder process the 
preferred catalysts included cobalt naphthenate, and the 
preferred oxidation initiators included such materials as 
ketones, aldehydes, peroxides, etc. The yields of cyclo 
hexanol and cyclohexanone obtainable by the Loder proc 
eSS were considerably higher than had been achieved in 
earlier processes not employing catalysts or initiators. 
These processes (cf. also the Forrest and Frolich Patent 
U. S. 1,916,923) gave rise to the formation of considerable 
amounts of peroxidic materials including cyclohexyl hy 
droperoxide. In general, the presence of Loder's oxidation 
catalysts resulted in reducing the quantity of peroxidic 
compounds produced. The cyclohexanol-cyclohexanone 
yields in the Loder process have been about 85% to 
95% when the percent of cyclohexane oxidized was less 
than 5%. When the quantity of cyclohexane oxidized 
was from about 5% to about 12%, the yield of cyclohex 
anol-cyclohexanone was about 65% to about 85%. It has 
more recently been reported (Farkas et al., U. S. 2,410,- 
642) that under conditions similar to those previously 
used, but in the absence of Loder's catalysts, quantita 
tive yields of oxidation products containing exclusively 
one atom of oxygen per molecule are obtainable, i. e., 
no cyclohexyl hydroperoxide or adipic acid is produced. 
In the latter process it is believed that decomposition of 
cyclohexyl hydroperoxide must have taken place during 
distillation of the reaction products (which implies that 
the distillation is rather time-consuming), since the cyclo 
hexyl hydroperoxide is known to be formed in the oxida 
tion step, although reportedly not present in the product 
after distillation. The thermal decomposition of cyclo 
hexyl hydroperoxide in dilute solution in cyclohexane at 
ordinary distillation temperature requires many hours 
(Farkas et al., J. A. C. S. 72, 3333 (1950)), and is ex 
tremely slow at relatively lower temperatures. More 
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over, it has also been disclosed (Farkas et al., U. S. 
2,497,349) that the hydroperoxide which is formed 
under conditions similar to those previously used for 
oxidation of cyclohexane can be converted to cyclo 
hexanol by the action of reducing agents such as ferrous salts. 
The thermal decomposition of pure or relatively con centrated cyclohexyl hydroperoxide yields cyclohexanone 

as a main product, while the chemical reduction of cyclo hexyl hydroperoxide yields primarily cyclohexanol. If the 
oxidized product is to be used for making adipic 
acid by further air oxidation, it is highly desirable to produce cyclohexanone, since the yield of adipic acid 
by air oxidation of cyclohexanone is much higher than by 
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air oxidation of cyclohexanol. In fact, in practical opera 
tions it has been customary to oxidize cyclohexanol to 
cyclohexanone in the vapor phase prior to converting the 
cyclohexane oxidation product, by air oxidation in the 
liquid phase, to adipic acid; an alternative method, which 
is also used, is to oxidize the cyclohexanone-cyclohexanol 
distillate directly to adipic acid by means of nitric acid, 
either with or without the other primary oxidation 
products of cyclohexane being present. In the latter proc 
ess it is less important to control the thermal decompo 
sition of cyclohexyl hydroperoxide so as to produce a 
high proportion of ketone to alcohol. It is, however, 
highly desirable in that process to effect a reaction be 
tween cyclohexyl hydroperoxide and cyclohexane, for 
such a reaction gives rise stoichiometrically to two mols 
of cyclohexanol, instead of only one mol of cyclohexanol 
or cyclohexanone otherwise obtainable from cyclohexyl 
hydroperoxide. One of the advantages of the present 
invention is that it provides a hydroperoxide decomposi 
tion step wherein, if desired, somewhat more than one 
mol of adipic acid precursors is formed from each mol 
of cyclohexyl hydroperoxide which decomposes. It is to 
be understood that other peroxides, in addition to cyclo 
hexyl hydroperoxide, are generally present at least to 
some extent in the mixtures in question, and that these 
other peroxides also can undergo decomposition. 

It is an object of this invention to provide an improved 
process for the oxidation of naphthenic hydrocarbons 
such as cyclohexane. Another object of the invention is 
to expedite and control the decomposition of the naph 
thenic hydroperoxide which is produced as one of 
the primary oxidation products, in the oxidation of 
naphthenes so as to produce an improved yield of de 
sirable dibasic acid precursors. A further object is to 
control this decomposition of peroxides formed by cyclo 
hexane oxidation without introducing any reducing agent 
or other reactant from an external source. Still another 
object is to control this decomposition of peroxides so as, 
if desired, to form cyclohexanone without simultaneously 
forming cyclohexanol. Other objects of the invention will appear hereinafter. 
The present invention provides a process wherein naph 

thenic hydroperoxides are produced by liquid phase 
oxidation of naphthenes with a gas containing molecular 
oxygen, following which these hydroperoxides are de 
stroyed in a separate step, without adding a reducing 
agent or other reactant prior to separation of the oxidized naphthenes (comprising monoketonaphthene and mono 
hydroxynaphthene) from the oxidation mixture. The 
destruction of the hydroperoxide is achieved by including 
in the overall process, after from 1 to 12% or more of 
the naphthene molecules have been oxidized, a controlled 
decomposition of peroxides on a bed of solid catalyst 
in the absence of any reducing agent or oxygen. Thus 
the present invention includes the step of controlling the 
thermal decomposition of peroxide, prior to distillation 
of the reaction products, by carrying out this decomposi 
tion in a separate step using a bed of solid catalyst, rather 
than effecting the peroxide decomposition incidentally, 
during distillation of the partial cxidation products, as in the prior art process. 
The process of this invention is of considerable value 

in connection with processes wherein crude mixed oxida 
tion products are converted by later oxidation (e.g., with 
nitric acid) to dibasic acids, and especially where the 
materiai subjected to nitric acid oxidation is a volatile 
fraction, free from relatively incm-steam volatile products. 
The economic advantages of the latter type of process for 
oxidation of cyclohexane are explained in further detail 
in U. S. patent application of Goldbeck and Johnson, 
S. N. 390,634, filed November 6, 1953, now Patent No. 
2,703,331. To obtain the maximum yield of steam 
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volatile adipic acid precursors, while producing the mini 
milm amount of impurity to be removed in relatively ex 
pensive recrystallization processes, a peroxide decompo 
sition step is especially helpful, and there are advantages 
in perforning such a step without introducing added 
quantities of soluble catalyst or reducing agent. 

in general, it may be desirable, although it is not abso 
lutely necessary, to employ an oxidation catalyst in the 
oxidation of the naphthenic hydrocarbcns hereinabove 
described. A suitable temperature is 50° to 200° C., 
preferably 140 to 175 C. and at a pressure of 5G to 
750 lbs. per Sq. in. If a catalyst is employed the quantity 
thereof should be relatively small, e.g., an amount of 
cobalt-containing or chromium-containing catalyst corre 
sponding to 1 to 5000 parts per million of Co or Cr may 
be present, but higher quantities generally are not re 
Ruired. Temperatures in the naphthene hydroperoxide decom 
position step are suitably 30° to 300° C., preferably 
50° to 175° C. 

in a specific embodiment the invention can be prac 
ticed by oxidizing cyclohexane with an oxygen-containing 
gas. Such as air, under the temperature and pressure con 
dition3 defined hereinabove, continuing the oxidation 
tiitii from 1 to 12% of the cyclohexane molecules have 
been Cxidized, whereby an oxidation product containing 
cyclohexanel, cyclohexanone and cyclohexyl hydro 
eroxide is obtained, and heating the resulting mixture, 

in the presence of a bed of solid percxide decomposition 
Catalyst, in the absence of added reactant at a tempera 
ture within the range of 100° to 300° C. preferably 125° 
to 200 C. until disappearance of the said hydroperoxide 
takes place, and thereupon distilling the resulting mixture 
for recovery of unreacted cyclohexane and also for re 
covery of cyclohexanol and cyclohexanone or mixtures 
thereof. If desired, the cyclohexanol and cyclohexanone 
need not be separated from the relatively small amounts 
of other oxidation products which are present in the dis 
tillation residues. A convenient method for utilizing the oxidation products and hydroperoxide decomposition 
products thus obtained is to convert them to adipic acid 
by the nitric acid method disclosed in the Hamblet et al. 
patents U. S. 2,439,513, 2,557.281 and 2,557,282. 
The form or shape of the reaction vessels employed in 

practicing the invention, in both the oxidation and hydro 
peroxide decomposition steps, is of relatively minor con 
Sequeilee, Suitable types being tubular converters, upright 
towers, packed columns, vessels equipped with devices 
for producing agitation or rapid flow, aerosol sprays, etc. 
The process may be carried out in a continuous or batch 
wise manner. The same reaction vessel may be employed 
in both the oxidation and hydroperoxide decomposition 
steps, but it is usually more convenient to use separate 
vessels for these distinctly different steps of the process. 
In the continuous reaction systems, viscous or turbulent : 
flow may be used. The vessels may be made of or lined 
with inert materials such as stainless steel, aluminum, 
tant all m, noble metals, ceramics, etc. The vessels should 
of course be sufficiently strong to withstand the prevailing 
pressures, which in both the oxidation step and in the 
hydroperoxide decomposition step should be sufficiently 
high to maintain the naphthene largely in the liquid phase, 
and from atmospheric pressure to about 1000 lbs. per sq. 
in. gauge or higher. The preferred pressure in the oxida 
ticin step is about 50 to 750 lbs. per sq. in. In the 
peroxide decomposition step the pressure is not particu 
larly critical, although it is desirable to employ pressures 
high enough to permit the naphthene to remain largely 
in the liquid phase at the prevailing temperature. 

At east a part of the unreacted naphthene may be re 
ecyered from the oxidizer effiuent prior to performing the 
peroxide decomposition step, if desired, but this is not a 
greferred practice. The hydroperoxide should not be 
concentrated in the extent that only a relatively small 
aimount of diluent naphthene remains, however, because 
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concentrated naphthene hydroperoxide can undergo a 
spontaneous reaction which is almost explosive in its 
violence. In the oxidation step the gas containing molecular 
oxygen may be air, pure oxygen, oxygen-enriched air, 
air containing relatively inert gaseous diluents and the 
like. In the oxidation step the reaction time, i. e. the time 
during which the oxygen-containing gas is in contact 
with the oxidizable naphthene, should preferably be con 
t; oied S 3 (3t the conversion (i. e. the percentage of 
molecules oxidized to all products) is within the range of 
about 1% to 12%. Usually the percentage of peroxide 
formed increases very rapidly with time until a maximum 
is raached, after which the percxide content of the oxi 
dation mixture decreases rapidly. For most effective 
resuits from the standpoint of the incremental increase in 
yield, it is desirable to remove the oxidation mixture 
from the oxidation zone, e. g. by physically transferring 
it to the hydroperoxide decomposition vessel, when the 
proportion of hydroperoxide. in the oxidized product is 
close to the maximum. This occurs when the total con 
version is quite low, a most preferred range of conversion 
being from 3 to 9%. The mechanical losses are, of 
course, kept at the lowest practicable minimum. Gener 
aly, the quantity of residual oxidation catalyst dissolved 
in the hydrocarbcn phase at the end of the oxidation step 
is even smaller than was present initially in the oxidation 
step. Cyclohexyl hydroperoxide is itself convertible to adipic 
acid by nitric acid oxidation. In fact, the nitric acid 
oxidation of cyclohexyl hydroperoxide yields adipic acid 
in high yields under the conditions disclosed in U. S. 
Patents 2,439,513 and 2,557,282 for oxidation of primary 
oxidation products of cyclohexane, the quantity of adipic 
acid produced being nearly 1.0 mol per mol of hydro 
peroxide. Accordingly, in the manufacture of adipic acid 
by the processes of the above-cited patents the distillation 
residue obtained by recovery of cyclohexane from the 
total crude oxidation products when subjected to further 
nitric acid oxidation will produce, in addition to the 
adipic acid formed from other components of the residue 
one mol of adipic acid per mol of cyclohexyl hydro 
peroxide. If, however, a peroxide decomposition step is 
interposed, and is carried out under such conditions of 
temperature, catalyst composition and concentration, 
pressure, etc. that the peroxide decomposes in part by 
the following mechanism 

CE1 CEOOE (cyclohexane) (cyclohexyl hydroperoxide) 
-red 2CHOH (cyclohexanol) 

it is apparent that during the said nitric acid oxidation 
step, every mol of cyclohexyl hydroperoxide reacting in 
this manner will be converted, during the subsequent 
nitric acid oxidation, to two mols of adipic acid, rather 
than one. The conversion to adipic acid is thus increased 
without sacrifice in yield. One of the important facets of this invention is the dis 
covery of the conditions required for converting the hydro 
peroxide (with cyclohexane) to more than one mol of 
adipic acid precursors, instead of only one. In copending 
U. S. patent application of R. W. Wheatcroft and W. 
Warner S. N. 429,366, filed May 12, 1954, it is disclosed 
that cobalt catalysts, such as cobalt naphthenate, are ef 
fective for this bimolecular production of the precursor. 
To effect the bimolecular reaction, the amount of this 
catalyst in many instances need not be any greater than 
is present in the effluent from commercial cyclohexane 
oxidizers. The situation is, however, complicated some 
what by the further discovery that cyclohexanone is also 
a catalyst for cyclohexyl hydroperoxide disappearance in 
cyclohexane solutions at elevated temperatures. Acids 
are also catalysts for this decomposition. Oxygen, on 
the other hand, has no such accelerating effect. The 
complete mathematical analysis of these variables is not 
essential to an understanding of the present invention, it 
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being sufficient that the net result be understood, namely, 
that when the oxidizer effluent, or an appropriate hydro 
peroxide-containing fraction th:reof, is conducted through 
a bed of solid catalyst, hereinafter described, at about 
100 to 300° C., under sufficient pressure to maintain 
a liquid phase, until the hydroperoxide content has drop 
ped to nearly Zero, and this is followed by recovery 
of cyclohexane and adipic acid precursor, the quantity 
of adipic acid precursor produced is increased to a re markable extent. 
The cobalt concentration in the peroxide decomposi 

tion vessel, in the process of this invention, is not en 
hanced by further addition of cobalt naphthenate, as in 
the Punderson application, S. N. 279,239, filed March 28, 1952. 
The solid catalysts which may be employed in the 

practice of this invention include solid metallic substances, 
in the form of granules, said granules preferably com 
prising an inert support, such as activated alumina, silica 
gel, carbon, kieselguhr, etc., impregnated with the active 
metal or oxide thereof. Metals of group VIII, as well 
as oxides of metals of groups VIA are highly effective. 
Oxides include mixed oxides, whether or not in the form 
of salts such as molybdates, and the like. 
While the decomposition can be made to occur ther 

maily, without any added catalyst, this is a process which 
requires a sizeable hold-up tank, since: the non-catalytic 
process is comparatively slow even at elevated tempera 
tures and is sometimes accompanied by condensation 
reactions which do not yield desirable products. The 
chief advantage of the present invention is that it speeds 
up the decomposition, making it almost instantaneous, 
thus eliminating from the process any need for a large 
hold-up tank; moreover, the invention accomplishes this 
desirable result without introducing into the system any new contaminants. 
A series of experiments was performed in which num 

erous solid catalysts were compared to determine their 
effect upon decomposition of cyclohexyl hydroperoxide 
in cyclohexane oxidizer effluent. The effluent used in 
these tests was taken from the third oxidizer in a battery 
of three air-oxidizers wherein cyclohexane was converted 
to primary oxidation products at 147° to 160° C. as de 
scribed in U. S. 2,557,281. The contact time in these 
tests was somewhat less than one minute, and the temper 
ature was maintained at 125 to 135 C. 

Table I.-Perovide decomposition in crude cyclohexane 
oxidation products of low peroxide content, on fixed 
bed catalysts (conversion to cyclohexanol--cyclohexa none, 5.8 to 6.6%) 

Peroxide (calc. as cyclohexyl Catalyst hydroperoxide) 
percent con 

version 

{E- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - 0.6 - - - - - - Platinum on activated alumina 0.2 

2 { Control-------------- 0.5 
- - - - - - Palladium on charcoal 0.2 

3 {E. - - - - - - - - - - - - - - 0.4 
- - - - - - Ruthenium on activated alumina, 0.0 

4 (Sgt. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0.3 
- - - - - - 0. Iron molybdate on activated alumina------- 

The foregoing table records data which show that each 
of the fixed bed catalysts catalytically decomposed the 
peroxide even when the peroxide was present to the extent 
of as little as a few tenths of a percent. The decompo 
sition of the peroxide was accompanied by an increase 
in cyclohexanol content, and no change in cyclohexanone 
content of the mixture. An outstandingly active catalyst 
from the standpoint of rate of decomposition of the perox 
ide was ruthenium-on-alumina although other catalysts 
appeared to be superior from the standpoint of the 
increase in total number of mols of adipic acid pre 
cursor (cf. Table II). Two of the most valuable cata 
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6 
lysts in the practice of this invention were CoO and 
MoS3, the first because it showed the least tendency to 
become deactivated, and the latter because it uniquely 
produced only ketone from all of the peroxides in the 
crude product. The formation of ketone is highly desir 
able for certain purposes, although ketone formation is 
not indicative of bimolecular reaction with cyclohexane, 
as above explained. Since absorbents such as activated 
alumina and silica gel have the power to absorb cyclo 
hexyl hydroperoxide from cyclohexane solution, up to 
about 10% of the weight of the absorbents, the experi 
ments were performed in such a way that the results 
reported did not reflect absorption effects. The effluent 
was in each instance diverted in part to a small side 
Stream which was conducted through a cartridge con 
taining the granular catalyst. The flow was continued 
at a rate corresponding to the specified contact time 
until a 'steady state' was reached, whereupon the ma 
terial flowing into, and out of, the cartridge was sampled and analyzed. 

It is significant to point out that an improvement of 
0.4% in cyclohexanol content is of major magnitude in 
this low conversion process, amounting to an increase 
of about 7% in the production capacity of the plant. In 
this art, where improvements which increase production 
by fractional parts of a percent are commercially signifi 
cant, the improvement resulting from the peroxide de 
composition step is especially noteworthy. 
The invention is further illustrated by means of the following example: 
Example.-Cyclohexane was oxidized with air at 

169 C. under 160 lbs. per sq. in. pressure with 1 p. p. m. 
cobalt (added as naphthenate) catalyst, until the peroxide 
content of the reaction mixture reached 1% by weight 
(peroxide calculated as cyclohexyl hydroperoxide). The 
total conversion at this point was 4%. The resulting 
mixture was conducted over a powdered reduced sin 
tered cobalt oxide (CoO) catalyst at 70 C. at a con 
tact time of 15 minutes. The peroxide content of the 
mixture decreased as set forth in the following table, 
and this was accompanied by an increase in the content 
of cyclohexanol--cyclohexanone, said increase being re 
corded in the following table in terms of percentage of 
decomposed peroxide molecules (calc. as cyclohexyl hy 
droperoxide). The cyclohexanol/cyclohexanone mol 
ratio for the increased quantity of cyclohexanol-cyclo 
hexanone is also given in the table. The experiment 
was repeated with vanadium oxide-on-alumina, molyb 
denum sulfide, and platinum-on-carbon as decomposition 
catalysts with results reported in the following table. 
In a similar experiment the cyclohexane air oxidation 
was performed at 157.5 C. under a pressure of 122 
p.s. i. in the presence of 1.0 p. p. m. cobalt (added as 
naphthenate). The peroxide decomposition step was per 
formed in the same manner as in the experiments just 
described. Results were as follows: 
Table II.-Decomposition of peroxides in crude cyclo 
hexane oxidation product with various fixed bed cat 
alysts at 70° C. and 15 minute contact time 

Peroxide 
Catalyst Decom- Percent K1A 

posed, KA1 Ratio 
Percent 

Cobalt oxide (CoO).------------ 85-90 104 2.9 
Wanadium. Oxide on Aluminal 60-65 114 2.6 
Molybdenuin Sulfide-------- 50-70 100 infinity 

- Platinum on Carbon-...-. 60-85 09 ,35 
Cobalt oxide on charcoal.---------------- 75 103 1.3 

70 

75 

1. KA signifies cyclohexanone-cyclohexanol. 
The temperature of the peroxide decomposition step 

can be varied over a rather wide range. If temperatures 
as low as 30° C. are used, the reaction is usually quite 
time-consuming; hence, temperatures above about 50 C. 
are preferred. At 70° C., even with the most active 
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catalysts, a detectable quantity of peroxide remains after 
about 15 minutes time. At 100 C., the reaction takes 
less than a minute, and at higher temperatures the re 
action is even more rapid. Generally it is not neces 
sary or advantageous to use a temperature in excess of 
the cyclohexane oxidation temperature, which preferably 
need not exceed 175 C., although, when very low cyclo 
hexane oxidation temperatures are used, a higher tem 
perature in the peroxide decomposition step is feasible. 
Temperatures above the critical temperature of the oxida 
tion product (mostly cyclohexane) are not employed. 
One of the advantages of the process of this inven 

tion is that it permits control over the peroxide content 
of the partial oxidation products prior to distillation of 
these products, while at the same time increasing the rate 
of production of adipic acid precursors, especially those 
which are recoverable in the cyclohexanol-cyclohexanone 
steam distillate, without the necessity for introducing any 
additional catalyst at the decomposition step. Where 
the decomposition step is omitted, the peroxide does not 
decompose appreciably during rapid distillation of cyclo 
hexane (unless the quantity of catalyst is large), and 
hence the decomposition occurs either during distillation 
of the ketone and alcohol, or not at all. Where steam 
distillation is employed for recovery of volatile precursors 
of adipic acid, it is highly advantageous to interpose 
the herein disclosed peroxide decomposition step prior to 
the steam distillation step. 
We claim: 
1. In a process for liquid phase oxidation of cyclo 
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hexane with molecular oxygen, the steps which comprise 
effecting said oxidation at a temperature of from 50 to 
200 C. under a pressure of 50 to 750 lbs. per sq. in., 
heating at least a part of the resulting mixture at a tem 
perature of 30 to 300° C. in the presence of a granular 
peroxide-decomposition catalyst of the class consisting 
of group VIII metals, molybdenum sulfide, iron molyb 
date-on-alumina, vanadium oxide-on-alumina, and cobalt 
oxide of the formula CoO, until the cyclohexyl hydro 
peroxide content thereof has been reduced, and there 
after recovering steam-volatile partial oxidation prod 
ucts of cyclohexane from the resulting mixture by dis 
tillation. 2. Process of claim 1 wherein the oxidation of cyclo 
hexane is carried out at a temperature of 140 to 175° C. 

3. Process of claim 1 wherein the decomposition of 
peroxide is effected at 50 to 175 C. 

4. Process of claim 3 wherein the said catalyst is CoO. 
5. Process of claim 3 wherein the said catalyst is 

MoS3, and the decomposition produces cyclohexanone 
without simultaneously producing cyclohexanol. 

6. Process of claim 3 wherein the said catalyst is 
ruthenium-on-alumina. 
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