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N HIS research on the liquid- 
phase oxidations of various I a r o m a t i c  hydrocarbons, 

with no catalysts, Stephens (3) 
found that 100 grams of p-cy- 
mene heated to 85" C. for 14 
days with oxygen  b u b b l i n g  
through it  yielded 1.23 grams of 
cumic aldehyde and 0.81 gram of 
cumic acid. Also, he found that, 
when 50 grams were heated to 
102-104" C., other conditions re- 
maining the same, 0.96 gram of 
p-tolylmethyl ketone as well as 
some cumic acid and aldehyde 
were formed; and finally that 50 
grams of p-cymene and 25 grams 
of water, when oxidized a t  the 
boiling point for 18 days, yielded 
1.8 g r a m s  of p - t o l y l m e t h y l  
ketone, but no acid or aldehyde. 
From 50 grams of ethylbenzene 
oxidizing a t  a temperature of 

A study has been made of the catalytic effect of 
manganese dioxide in the liquid-phase oxidation 
of p-cymene, with oxygen as the oxidizing agent. 
Particular efforts were made along two lines: 
the preparation of the oxide in a jinely divided 
fo rm that could be well suspended in the liquid, 
thus lending itself to the best possible surface ac- 
tion; and the e$icient breaking up of the oxygen 
stream to give a similar effect. A description of 
the apparatus is given, as well as the detailed 
method of preparing the catalyst. Runs were 
made also to determine the accelerating oalue of a 
number of other metallic oxides. Tables show 
relative temperature, time, and catalytic ralues. 

Oxidation products identified were: p-toluic 
acid, p-tolylmethyl ketone, formaldehyde, formic 
acid, terephthalic acid, 
oxide. 

110-1150 C. for 24 days, he obtained 9.5 grams of aceto- 
phenone. None of this ketone was found after passing oxy- 
gen for 31 days through 50 grams of ethylbenzene and an equal 
weight of water at the boiling point. 

In  studying the catalytic oxidation of ethylbenzene, King, 
Bwann, and Keyes (I), operating a t  a temperature of 102- 
104' C. for 24 hours and using a high-speed stirrer for bringing 
about better contact of liquid and gas, found that the yield of 
acetophenone increased from 1.67 per cent, when no catalyst 
was used, to 20.6 per cent when 2 per cent of manganese ace- 
tate was used as a catalyst. Various oxides and other ace- 
tates showed little accelerating value. 

In an investigation of the vapor-phase partial oxidation of 
p-cymene, the authors (i?) observed that, when a finely 
divided manganese dioxide was used as a catalyst a t  the 
relatively low temperature of 300" C., slight explosions oc- 
curred. This result, together with the data obtained by the 
previously mentioned investigators, led to the conclusion 
that the oxidation of pcymene in the liquid phase probably 
could be greatly accelerated under the catalytic influence of a 
manganese compound. Some preliminary runs were made in 
an apparatus essentially the same as that described later to 
ascertain the relative catalytic values, if any, of manganese 
acetate and manganese dioxide. It was found that the 
passage of oxygen through the heated mixture of pcymene 
and manganese acetate always resulted in the formation of a 
sludge by the latter substance on the porous disk, which 
prevented the steady flow of oxygen. It was observed, also, 
that  the salt turned brown, owing undoubtedly to the forma- 
tion of an oxide of manganese; to this could probably be at- 
tributed any catalytic effect. Since the finely divided man- 
ganese dioxide showed definite accelerating value and did not 
present the difficulty encountered with the acetate, its 
catalytic value and that of manganese toluate were investi- 
gated further; later a less detailed study was made of the 

water, and carbon di- 

e f fec t  of the oxides of chro- 
mium, iron, nickel, cobalt, and 
cerium. 

EXPERIMENTAL PROCEDURE 
PREPARATTON OF MANGANEBE 

D I O X I D E .  A modification of 
Witzemann's m e t h o d  (4)  f o r  
preparing this oxide from per- 
manganate and formaldehyde 
solution was found to give a 
very active form. Thirty-seven 
and a half  g r a m s  of p o t a s -  
sium permanganate were  d i s -  
solved in one liter of hot water 
and cooled to 15" C. or under. 
T h e  f o r m a l d e h y d e  solution 
was made up by adding 20 cc. 
of 40 per cent formaldehyde and 
1 gram of sodium carbonate to 
100 cc. of water. About 90 cc. 
of this well-cooled s o l u t i o n ,  
or enough to destroy the per- 

manganate color, were slowly added to the cold permanganate. 
This gave a very finely divided oxide that remained suspended 
for a considerable period. After filtering and washing thor- 
oughly, i t  was dried in the oven at.80" C. Before using, i t  was 
ground well in a mortar. Heating over a low flame did not 
change its effectiveness. The yield of the oxide was approxi- 
mately quantitative. 

MANGANESE P-TOLUATE. This substance was prepared by 
adding a concentrated manganese acetate solution to a con- 
centrated solution of sodium p-toluate, filtering and washing 
the precipitated manganese p-toluate, and drying over cal- 
cium chloride. The salt is slightly pink in color, and, when 
added to hot p-cymene, a portion of i t  forms a dark brown 
suspension which remains as such for a long period. This 
behavior of the salt in the p-cymene indicates the formation 
of an oxide to which its catalytic value is attributed. 

Other metallic oxides shown in Table I11 had some cata- 
lytic value, but of such order that  space need not be given 
to the methods of preparation. 

In order to obtain a finely divided stream of 
oxygen through the liquid, an alundum disk of approximately 
3 cm. diameter was fitted tightly into the base of the Pyrex 
reaction chamber, as shown.in Figure 1. To insure against 
leakage of gas around the edges of the disk, water glass was 
used. The cylinder was heated in the oven and later over a 
free flame.' Oxygen measured by a meter was led in from a 
cylinder as shown. A mercury safety tube was placed in line 
to denote any back pressure which developed when some 
catalysts were used that did not disperse well in the p-cymene. 
With any indication of clogging, manual stirring was employed 
to clean the disk and reestablish the normal presswe. With 

APPARATUS. 

1 At the  time this investigation was nearing completion, Keyes and Snow 
published in the  University of Illinois Engineering Experiment Station 
Bulletin 238 a similar method of bringing about intimate contact of liquid 
and gas in the partial oxidation of ethyl alcohol. 
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the manganese dioxide which gave best results, excellent dis- 
persion and stirring were obtained by the well-broken stream 
of oxygen. 

A side-arm delivery tube was sealed into the reaction 
chamber to carry off water or other volatile products formed in 
the reaction. ,Some p-cymene escaped with these products 
but was readily condensed and recovered. 

In  operating the apparatus, the glycerol bath was brought 
to the desired temperature, and 42 grams of purified p-cymene, 
together with the catalyst, were poured into the reaction 
chamber. Oxygen was then passed through the apparatus 
a t  a definite rate for the desired period of time. At the end 
of the run the product in the reaction chamber was weighed 
and examined as outlined below. 

ANALYSIS OF PRODUCTS. When oxidizing at  temperatures 
of 140-160O C. with 100 cc. of oxygen per minute and man- 
ganese dioxide as a catalyst, the following products were 
found in the reaction mixtures taken from the oxidizing 
chamber: 

IDENTIFICATION METHOD 
p-Cymene 
p-Toluic acid 

p-Tolylmethyl ketone 

B p 178' C. 
M p: 180.2' C: b. p . ,  274-275' C.; 

ne;tralizatiod e urvalent, 136 
B. p., 225-226O 5 * m. p. of its 

oxime, 87.4' C.: '  m. p. of ita 
semicarbazone, 202-203' C. 

TereDhthalic acid (small Quantities 
preaent only after long period of 
oxidation) M. p. of methyl ester, 138-139" C. 

Dark brown resin .......... 
Test for aldehydes with the fuchsin reagent was negative. 
Tests for alcohols with (1) sodium and (2) 3, 5-dinitro- 

benzoyl chloride were negative. 

c 

i 1 IMERLURY SAFETY 

TUBE 

In the various comparative runs, quantitative data were 
collected on the amount of p-toluic acid formed and the 
p-cymene unattacked. For obtaining these, the following 
method was used: 

The material from the oxidizing chamber was shaken in a 
separatory funnel with sodium bicarbonate solution to take 
up the acid products. Following this separation, dilute sulfurjc 
acid was added to the water solution, the liberated organic acid 
was extracted with ether, and this solution was washed with 
small amounts of water until free of sulfuric acid. It was then 
made up to a definite volume, an aliquot was removed, the 
ether was evaporated, and a small quantity of alcohol and several 
volumes of water were added. It was titrated with 0.1 N sodium 
hydroxide solution, phenolphthalein being used as an indicator. 
From this titration the quantity of acid was calculated. For 
determining the p-cymene unattacked, the residue remaining 
after the acid was extracted with sodium bicarbonate was dls- 
tilled in several fractions. That boiling above p-cymene was 
treated in the cold with concentrated sulfuric acid, a separation 
was made, and the portion insoluble in the sulfuric acid was 
again distilled. Some p-cymene was recovered in this manner. 
To these quantities was added that obtained from the condensate 
in the ice bath. 

DISCUSSION OF RESULTS 

In  the four tables showing the effects of different variables, 
the percentage of p-cymene recovered from each run has been 
calculated from distillation results. These data in turn 
have been used in calculating the percentage of acid obtained 
from the p-cymene attacked. Inasmuch as more or less loss is 
always inherent in a distillation method, the same degree of ac- 
curacy cannot be claimed for them as for the other data given. 

SUPPL" -- 

GAS 
,BURNER 

I 

In thc 

FIGURE 1. APPAXATUS FOR LIQUID-PHASE OXIDATION 

_ _  2 condens ted in the ice bath, the following However, they give a n  approximation of the efficiency and 
extent of the oxidation, and it is believed that a more accurate 
analytical procedure would have indicated greater efficiency of 

were found: 
*IDENTIFICATION METHOD 

---- 
B. p.,  loo 

Formaldehyde Reaorcino 
Formic acid Mercuric 

the ,races,. 
I n  Table I are given the results obtained through variation 

in temperature with 100 cc. of oxygen per minute over a period 
of 5 hours. 
170' C., much p-aynene was carried over and collected in the 

- 

Carbon dioxide and in the In  the experiment made at a temperature of 
uncondenscd gas. 
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.. .. 
140 36 .9  2 6 . 5  1n.1 38.1 24.0  
160 3 8 . 1  26.0 12.0 46.1  28.6 
160 2 1 . 4  33.0 13.7 41.5 32.6 
170 25.0 31.5 13.9 4 4 . 1  33.16 

.411 N ~ S  =&de with 42 s a m e  p-cymens. 1 gram manganeac dioxide, 100 

b p-zymene diatilline over w8a returned to  reaction chamher s t  end of 
c c  my en per mpyt?, and an oxidiring period oi b hours. 

serond. third. and fourth houre. 

'FABLE 11. T I M E  EFPECX"' 

--p-ToLuK A C I D  YraL" ~ ~~ 

Based upon Based upon 
r---p-CYU6ii16 p-aymeae pcymene 

T I M Z  Reoovarod Attaoked nttaoked in dliweil 
fiourr % GWlI28 % % 

2 80.0 21.0 6 . 6  31.4  15.7 
4 28.6 30.0 10.6 3 5 . 3  25 .2  
5 21.4 33.0 13.7 41.5 32 .6  

Conditiunn of runs: 42 gram8 p-cymene and 1 g r ~ m  manpilneae dioxide 
II oharge. and 100 ,:e. <of oxygen per minute, a t  160' C. 

TIHLE 111. V A I ~ A T I ~ N  IN 1 ~ 0 ~ ~  AND I&AVTITY OF 
MANGANESE C*TAl.YST' 

-p-To~mr Acro YL~LD- ~ 

Based upon Baaed upon 
-p-CIMBNB- p-cymene poymsne 

C ~ m z r s ~  Recoverod Attacked attaoked 10 charm 
% G~ama Gvams % % 

l&:ramMnO, 21.4 38.0 13 .7  41.5 32.6 
0.21gram M ~ O ~  2 0 . 2  33.5 13 .4  40.0 3 1 . B  
0 .8  gxam m~nga-  

nesap-toluate( 29.8 29.5 12.5 42.4 29.8 n.sgram mBnpa- 
nesep.toiUater 25.2 8 1 . 4  15.7 50.0 37.411 

0.247 q a m  cam- 
merod 85% 
MnO.0 26.0 31.6 4.45 i 4 . 1  10.6L ~ ~~~. 

Conditions: 42 gram w y m e n e  in diarpe, snd inn CC. 01 oxygen fur 5 
hours st 100' c. 

b Obtained 10 prams 01 "in. 
e Msngaosse &oxide equivalent. 0.,21 gram. 
d Oryeanused. 100 to 120cc. per minute. 
r Obtained by distillation 10.5 gram8 ptolyirnetliylketone (33*/1 xmr rent 

weight yield based upon r-cyrnene attaoked). 

receiver iii the iLe bath. This was returued to the reaction 
chamber a t  the end of the second, third, and fourth hours. 
Otherwise the increasing viscosity of the reacting mass, due to 
acid and resin formation, would not have permitted the con- 
tinued and ready passage of oxygen. Fur the same reason, 
runs at temperatures of 160" C. could not he consistently 
carried beyond the bhuur period. Under the conditions of 
the experiment, ptolylmethyl ketone, which is an inter- 
mediate product in the oxidation of p-cymene to p-toluic acid, 
is apparently easily oxidized to the acid. At the end of 2 and 
4 hours, when the acid found WRS 31.4 and 35.3 per cent, 
respectively, of the p-cymene attacked, as shown in Table 11, 
only small quantities of the ketone were found. In only one 
case was much of this compound observed to be present-that 
in which a commercial precipitated 85 per cent manganese 
dioxide was used. In  recovering the p-cymene from this 5- 
hour run, it was observed that much more than the usual 
amount of the ketone was present. A double distillation 
yielded 10.5 grams, or 33I/s per cent, of the pcymene at- 
tacked. The reaction during this run seemed as vigorous as 
when the specially prepared oxide was used. The formation 
of water, carbon dioxide, and formaldehyde was observed al- 
most immediately after starting the oxygen. The ptolnic 
acid yield, however, was only 4.45 grams, or 14.1 per cent, of 
the p-cymene attacked. These results are given in the last 
line of Table 111. Other data in this table reveal that 0.21 
gram of the specially prepared oxide, or 0.5 per cent of the 
pcymene used, checks closely the results obtained when 
1 gram, or 2.3 per cent, of catalyst was used; 5150, that man- 
ganese ptoluate, whose behavior in pcymene is described 
under the preparation of the salt, accelerated the reaction in a 
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similar niaIiner, and, that by increasing the flow of oxygen 
from 100 cc. per minute to 100-120 cc., the yield of acid was 
greater than that for any other run. (Partial clogging of the 
alundum disk caused the slowing of the flow of oxygen during 
the run.) 

In TaMe IV are given comparative data on the accelerating 
values of different oxides for acid production. Attention is 
called to the fact that, although the yiclds obtained when 
using other oxides did not approach those obtained when using 
manganese dioxide, methods were not available for producing 
them under the more favorable conditions of low temperature 
and semi-colloidal state. 

TABLE IV. EFFECT OF VARIOUS CATALYS%,J- 
---p-To~mc Acro Y m ~ n  

Basedupon Basedupon 

CATALIJT Reoovered Attacked sttaoked m ol i sr~e  
-pCYMmXB-- p-oymene p y m e n c  

% GI~M G ~ o m r  Oto % .. 
N~~~ 73:8 11.0 0 . 3 8  3:5 0.9 

cno. 38.9 28.5 4 . 5 0  17.0  10.7 
MnO, 21.4 33.0 13.70 41.5 32 .0  

co,ol 28.8 30.0 3.06 i n . 2  7 . 3  
CeOr 42.4  24.2 2 .76  11.4 6 . 6   eo. 35.7 27.0 2 .70  1n.n 6.4  
Nit08 41.9 24.4 2 . 6 2  10.7 6 . 2  
CuO 32.1 28.5 2.45 S.6 5 . 8  
Conditione: 42 unms p-cymene and 1 gram oxide in ollsrge, and 100 I_? 

uf oxygan per minute ius 5 h o m e  at  160" C. 

CoNCLUsroNs 

The oxidation of p-cymene, a t  elevated temperatures, to 
p-toluic acid by means of welldispersed oxygen is greatly 
accelerated by the use of a specially prepared mangauese di- 
oxide catalyst which suspends well in the pcymene. Similar 
results are obtained when manganese ptoluate is used. 
Under the conditions of the experiment a commercial grade of 
manganese dioxide gave a much lower yield of p-toluic acid 
but yielded 331/a per cent of ptolylmethyl ketone. 

Other metallic oxides of much less accelerating value arc: 
chromium, cobalt, cerium, iron, nickel, and copper. 
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