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A PROCESS FOR THE OXIDATION OF ORTHO, HATA AND PARA XYLENES AND MIXED XYLENES TO THE
CORRESPONDING TOLUALDEHYDES.

PROVISIONAL SPECIFICATION
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The following specificaticn descrilies the nuture of thiz mvention,
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The first successful attempl of the electrelytic oxidation of
xylenas tn the oovesponding aldebydes wan perbaps that of
Law and Perkin who obtained an yield of 10-15% by passing
current for nearly double the time that is theoretically requir.
ed. Tt was wlso studied by Fichter and Stocker but details
wara not, given. None of the processes bave been adopted to
praciical scale operation with maintenance of high current
efficiency.

The process developed now consists in taking a smspension
of manganous sulphate in B6% sulphuric acid and oxidising
I to manganic sulphate electrolytically as described in Patent
No. 62579, The pasie thus obtained 13 used fo oxidise Lhe
respettive xylenes in a separate reactor to the corresponding
tldehydes. The mangancus sulphate formed after the reaction
ts given a vacunm treatment, This step removes ril the
volatile orzanie matler and the remainipg elecirolyte after
makmg up to the requued strength in acid is eeoxidised ta
manganic sulphate in the acll and ased once again for oxida-
tion of a Buther guantity of xylenes as before. Thus the
process i= made continnons and cyelic, the maunganoug sulphate
and sulphuric acid being used for a2 namber of experiments.
P-Xylene is oxidised by manganic suiphate at 20 to 40°C but
preferably at 30°C in a separate renctor in order to yield p-
tolnaldehyde with an oveall current efficiency of 45 to 50%.-
o Xylene iy axidised at 26-95°C lut preferably at 35°C and
th-xylene is oxidised at 3§-50°C but preferably at 40°C. TIn
the case of mited xylenes the temperabure is kept between 35-
40°0, After the reaction is over the xylens layer is separaled
froma the electrolyte eand the aidehyde is isolated either by
Fractional distillstion or by fixing it as a bisulphite addition
compound which is later decomposed by soda ash and steam-
distilled. The processes are desembed in detail in the follow-
Jdng paragraphs,

1. Ozidglive of p-Xytene to p-Tolusldehyde :

p-Xylene is treated with the paste of manganic sulphate
obtained by the process descrited in the Patent No. 62378 in
an agitator provided with a reflux condenser to prevent loss
of paylene. Oxidation could he carried out at 20° to 45°0
the daration of oxidation being redaced by increasing the tem-
peratnre  But st higher {emperstures, considerable resinfica-
tion takes place leading to lower yields and the products are
rather coloured, IL s immaterial whather the p xylene is
added mn une lob or in steges, a zlight advantage in the Jatfer
being offset by the number of slages and the labour involved.
1 te 0.5 cc or more p-xylenc for every gram of manganese
sulphate employed in the paste will have to he used but about
5 ce would give the maquired result. It js immaterial bow
paach is nsed 1f the aldehyde is isolated as the hisulphite addin
tion ecompound but if the p-aylena ang p-tolualdebyde are
removed hy distillation it is seomomical to use the eoptimum
amount of p-xylene mentlioned above. The temperature of
oxidation could be abent 25°C. The reaction is carried oud
uniil the pink colon# nf the acid disappears.

Tsolation of p-Tolualdehyde und other products
The p-xylane layer is separated from the paste and if
necessary the paste is again extracted with a small amount of
e-xylene and the xylene extracts all collected bogether. A
wash with soda ash solution removes any p-tolnic acid and
8lso serves to remove the mineral acid. The p-xylene i3 then
fractionally removed leaving behind p-tolnaldehyde and other
products, if any, Like p-tolyl carbinel, di-telyl and any resin

gtc. The p-tolualdehyde is recovered by distillation.
Apocther progedure would bs to steam-distil the whole
emulsion, especially when a minimum quantity of p xylene is
used. and the distillate is extracted with a saturated eolution
of sodium bisulplite snd subseguently the eddition compound

of aldehyds is decomposed by sode ash or sulphurie acid and
steam distilled. In the latter case the sulpbur disxide libera-
ted could ls absorbed to give further bisnlphate. 'The aldehyde
obtained in the steam dirlillate 18 separated, dried with
anhydrouz caleinm chloride and distilled wnder vacaum tu
obtain p-tolualdekyde in the porest form,

The third procedure weonld be to treat the p-xylene layer,
afler removal of p-talwie eeid, with a saturated solution of
sodium bisulphite and (lie addition compound of the aldehyda
i+ decomposed and distilled as sbove. The paste after separa-
tion of the p-xylene layer followed by (if necesary) an extrae
tion with p-aylene is recycled to the electrolytic cell for ro-
generation of mangamc sulphate as deseiibed in Patent No.
62379, Tha overall current efficiency for oxidation of p-xylens
to ptolualdehyde varies from 37 to 49%, taking all different
eycles of the operation. The energy conanmption per [b, of
p-tolualdehyde works ont to 4 kw-hr (C.C.) assuming 427
overall current efficiency.

Bxamples

220 pms mangancns sulphate wes dissolved in 392 ce of
water and 308 ce concentrated sulphuric acid was added with
efficient stiring. This suspenmon was oxidised by passing
40 amp. hrs 2t 5 amp/dm® at E0.E5°C using a rotating lead
anode (17 diam. and anode area immersed being 1.2 dm?. Tha
cell voltage was 3.6 to 3.8 volts. The current eficiency was
80%.

350 ¢ of p-xylenc was added at 25°C apd the p-toluulde-
hyde formed was isolated by the Eisulphite treatment as
described above The curront efficiency wes 50%. Waight
of p-oinaldehyde oliained was 20 gms. 'The experiment was
continued with the same dlectralyte and in the second and
third rans 185 and 16.5 g respectively were oltained giving
46.5 and 4L.5% corrent officiency. In ‘4 second series of
experiments, 20, 18 and 16 g of p-tolnaldehyde were cbtained,
the correut efficlencies heing 509, 459, and 0% respectively.

In another series of experiments carvied out similarly as
above, p-iolualdehyde was isolabed by steamn distillation of the
emulsion as described earlier. A total of 72 gms of p-tolu-
aldehyde was obtained in four experiments giving an average
cureent efficiency of 45%.

8. Ozidation of o-Xylene #5 o-Tolualdchyds :

The pracedars is the same as deseribed in p-zylems and o-
xylene iz emnloyed instead of p nylene. Ozidation could he
carried out between 25 ta 45°C but preferably at 30°C,

fsolation of o-Tolualdehyde end ather products y

The methods are quite similar to the isclation of p tolu-
aldehyde as described earlier. Thu aversll current efficiency
for oxidation of o-xylene to o-tolualdehyde varies from 38 ta
5% taking all difierent cycles of operation, The enersy cen-
suioption per lh. of otolualdehyde works out fo 4.1 kw.hr
(D.C.) assuming 40% overzll current efiiciency.

Bramgles

Manganie sulphate was prepared ag describecd earliar.

400 ce of o-xylene was added &t 5°C nnd the o-tolualdehyds
was isolated by the sodizm bisulphite treatment as described
enrlier. Weight of o-tolueldehyde obtained was 18 gms. The
eurrent pfficiency came to 459, The experiment was continu.
ed with the same electrolyte and in the eecond and ihted
experiments 16 and 15 g respectively were obtained giving 409
and J7.5% current efficiency. In o second serres of etperimenta,
18, 16 and 15.5 g of o-tolusldehyde were obtained, the curremt
efficiences being 45%, 40% and 38.3% respectively.
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3. Ozidation of m-Xylene to m-Tolualdehyde -

The procedare is quite apalogons to p-xyleme as described
earlier and m-xylene is employed instead of p-xylema. Oxida-
tion conld be carried out at 36°-50°C bui preferably at 40°C.

Isolaticn of m-Tolualdehyde and other products
The method employed is quile similar te p-lolualdehyde
and the overall current efficiency varies from 36 to 4%, taking
all different cycles of operation. The energy consumption per
lb. of m-telualdehyde works out to 4.1 kw-hr (D.C.) assuwming
40 overall current efhciency.

Bremples

Mamganic sulphate was prepared os dearribed earbier.

400 cc of m-xylene was ndded at 40°C snd the m-tolualds-
hyde was isolated by ths sodium bisuiphite treatment as
described carlisr, Weight of mutolualdehyde obtaiued was
16 gms giving a current efficiency of 40%. The experiments
ware continted with the same eleclrolyte and in the second
and third experiments 16 and 14.2 g respectively wers obtain-
ed giving 40% and 364 current efficieney. In a kecomnd eeries
of eaperiments, 16, 16 end 16 g of m-tolusldehyde were obtain
ed, ths current efficioncy being 40%, 40% and 37.5% respee-
tavaly.

4, Oxidntion of Mized Xylenes and Mized Aldehydes .

The method s similar to the oxidation of p-aylene as
described earlier, The mixed xylenss supplied by Central
Scientific supplies was used and it contained mweta and orthe
xylenes. Oxidation could be earried out at 35°-50° but
preferably at 40°C.

Isolation ri the Aldehydes
The method employed is quite similar to p-tolualdehyde
and the overall curreni efficiency varies from 37 to 46%,
taking ail different cycles of operstion. The suergy consump-
tion per Ib. of the mixed eldebydes works out to 4.1 kw-hr
{D:0.} assuming 40% overall current efficiency.

Exzamples

Manganic sulphate was prepared as deseribed earlier wnder
p-xylene oxidatien. 400 ce of the mixed xylenes was added at
00 ¢ and the mixed aldehydes were isolated by sodium bi-
sulphite mebhod as described  earlier. Weight of mixad
aldehydes was 18 gms giving & curreat efficiency of 45%.
Subsequent rums with the same electrolyte gave a current
efficiency of 40% and 38% respectively.

Tha following are among the onotewerthy features of this
inventiun :

(1) A process for the preparation of (i} p-tolualdelyde (ii)
o-tonaldehyde (L) m-tolusldehyde (iv) mnitxed tolualdehydes,
which congists io oxidiging the corresponding xylenes with
manganic sulphate obtained by electrolytie oxidation of a
puste of mangapous sulphate in sulphuric acid as described in
Patent No. 63379.

{2} A process as in {1} wherein the paste of mangaoic
sulphate obtained from the elecirolytic cell is allowed to re-
ach with ortho, meta, para xylenes and mixed xylenes by agita-
tiorl in a separate reactor.

(3) A process 83 in (2] wherein the oxidation of p-zylane,
o-aylene, m-xylene and mixed xylenes is carried out at 256°,
30°, 40° and 45°C respectively,

t4y A process u3 ahove wherein 0.5 to 5 o¢c or more of ihe
respective xylene is tuken for oxidation for every gram of
manganous sulphate started with but preferably about 1 oo
per gram.

{B] A process as above wherein the corresponding aldeshyde
formed is recovered from the excess correspouding xylenes
either by fractional distillation or as bisulphite addition com-
pound which is decomposed to isclate the aldehyds or by tha
steam distillation of the whele emnlsion.

{6) A vrecess us above wherein the process of oxidation
of manganons to manganic sulphate, oxidation of o-, m-, and
p-xylenes and mixed sylenes to o-tolualdehyde, m-tolualdehyds,
p-tolualdebyde and mixed tolualdebydes and vacuum ireatment
of reactant for removal ol wolatile organie iratter followed by
reoxidatinn are wade cyche on & practical scale.

{7) p-Tolualdehyde is prepared by oxidatien of p-xylens by
manganie sulphale according to the process as hereinbefors
desciibed.

(8) o-Tolualdelyde is prepared by oxidation of o-xylene by
manpanie sulphate aceording to the process as hereinbefore
described.

{9) m-Tolualdehyde is prepared by oxidation of m-xylens
by manganic sulphate according to the process as herein-
befor: deseribed.

(109 Mixed tolualdebydss are prepared by oxidation of
mixed xylemes by manganic sulphate ascording to the procesa
as hereinbefore described.

R. BHASKAR PAL
Patents Oficer,
COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH.

Dated this Jst day of December 1558,
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The first swecessfnl altempt of the elecirolytic oxidation of
xylenes te the corresponding aldehydes wus perhaps that of
Law and Perkin who obtained an ywld of 10-15% by passing
curtent for nearly double Lhe time that is theorelically requir-
ed. It was also studied by Fichter and Stocker but details
were Dot given. None of the processes have been adopted to
practical scale operatwon with waistenance of high correst
efficiency.

The process developed nows consizts in {aking =z suspension
of manganons sulphate i 55% sulphuric acid and oxidising
it tc manganic sulphate slecirolytically as drseribed in Patent
No. 625M. The paste thus obtuined iz ased to oxidise the
respective xylenes in a separate reactor te the ocrreeponding
aldshydes. The manganous, salphate formed after the reaction
is given a vacnam treatment. This step remosss all the
voliatile crganic matter and the remaining electrolyte “after
waking ap to the vequired strength in aeid is reoxidised to
manganic sulphate in the cell and used once again for oxida-
tion of a further guantity of xylenss as before, Thue the
process is made continuous end cyclic, the manganous sulphate

apd sulphurie acid being vsed for a number of experiments.

p-Xylene is oxidised by manganic snlphate at 20 to 4¢°C but
pieferably at 30°C in & separate reactor in arder to yield p-
tolualdeliyde with ac overall current efficiency of 45 to 30%.
o-Xylene is oxidised at 2545°C bnt preferably at 35°C and
m xylene is oxidised at 35-50°C but preferably at 40°(0. In
the case of mixad xylenes the temperature 8 kept between 35-
40°C.  After the reaciion is over the xyleme laver iz separated
from the elecirnfyte and the aldehyde is isolaled either by
fraclional distillation or by fixing it ag a biselphite addition
compound which is later decomposed by soda ash and steam-
distilled. The peocesses are deacribed ir detail in the follow-
ing paragraphs.

1. Ggzidation of p-Xylenc to p-Tolualdehyde :
[}
p-Xylene is freated with the paste of manganie snlphate)
obtained by the process deseribed in the Patent No. 62379 in
an agitator provided with a reflux condenser to prevent luss
of p-xylene. Oxidation could be carried out at 20 to 45°(0
the duration of oxidation being reduced by increasing the
temperaturs. But ab higher tempratures, considerable resinfi-
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cation iakeg place leuding to lower yields end the produsts
are rather coloursd. I is immaterial whether the p-xylene 18
added in one lot or in atag2s, a slight advantage i lhe latter
being offset by the mumber of stages and the labour invoived.
I to 6.5 cc ar more p-xylene for every gram of manganese
sulphate employed in the paste will have to be used but abous
5 cc would give the required result. It is immaterial how
muck 1& used if the aldehyde is isolated ae the bisulphite
addition compound but if lhe p-zylene and p-tolusldehyde
are removed by distillation it is economical to use the ~ptimnm
amount of p-xylene mentioned above. The temperature of
oxidsticn could be about 25°(C. The reaction is cartied out
until the pink colour af the acid disappears.

Isolation of p-Toluuldehyde and other products

The p-xylene layer is separated from the paste and if
neceasary the pastz is again eatracted with a small amount
ot p-xylene and the xylene exiracte all eollected together. A
wash with soda ash solution remaves any p-tolwic acid and
also serves to remove ibe mineral acid. The p-xylene is then
frzctionally removed leaving hebind p-tolusldehyde and other
products, 1T any, like p-tolyl carbinol, di-tolyl and ury resin
ete. The p-tolualdehyde is recoversd hy distillation.

Awother procedure would be to steam-distit the whole
emulsion, especially when s minimum quantity of p-aylene is
used, and the distillate 15 extracted with a saturated soluticn
of sodium bisulphite and subsequently the addition compound
of aldehyde iz decomposed by soda ash ar saulphuric acid and
steam distilled. 1n the latter case the sulpbur dioxide libera-
ted could be absorbed to give forther bisulphite. The aldehyds
cbtained in the steam-distillate is separated, dried with an-
hydrous calciom chloride and distilled under vacoum fo obtain
p-lotialdebyde in the puresi form.

The third procedure would he to tneat the p-vylere layer,
after removal of p-toluic acid, with a saturated solution of
sodium bisnlphite and the addition compopnd of the aldehyde
fr decomposed and distilled as above, The paste after separa-
tion of the p-xylene layer followed by (if necessary) an extrac-
tion with p-xylene iz recycled to the electroiybic cell for re-
generation of manganis sulphate as described in Pabent No.
62379. The overall current efficiency for oxidation of p-xylene
to 1 -tolualdehyde varies from 37 to 49%, iaking all different
cyeles of the operation. The energy consuraption per lb, of
p-tolualdehyde works out to 4 kw-hr {C.C.) assuming 42%
overall current efficiency,

Bxamples

200 gms manganous sulphate was dissolved in 392 ce of
water and 308 cc concentrated solpburic acid was added with
efficient stirring. This saspension was oxidised by passing
40 smp. lus at 5 amp/dm® at 50-55°C using a rotating lead
anode (1”7 diam, and ancde area immersed being 1.2 dm?). The
ceil voltage was 3.6 to 3.8 volts. The current efliciency was
80%.

360 cc of p-xylene was added at 25°C aud the p-tolualde-
hyde formed was isolated by the bisalphite treatment as describ-
ed above. The current efficiency was 50%. Weight of p-
tolualdebyde obtained was 20 gms,  The experiment was
continued with the same electrolyte and ' the second and
third runs 18.5 and 16.5 g Tespectively wore obtained giving
46.5 and 4L.5% current efficiency. In a second series of
expariments, 20, 18 and 16 g of p-tolusldelyde wera cbtainad,
the current efficiencies being 50%, 45% and #0% respectively.

In another series of experiments carried out similarly as
shove, p-tolualdehyde was isolated hy steam distillation of
the emnlsion as deseribed earbier. A total of T2 gms of p-
tolualdehyde was oblained im four experimemts giving an
average current efficiency of 45%.

2. Oxidation of o-Xylene to o-Tolucldehyde :

The procodure is the same as described in p-xylene and o-
xylene is employed instead of p-xylene. Oxidation covld be
carried out between 25 to 45°C bubt preferably at 30°C.

Isolation of o-Toluceldehyde and other products
The methods are quite similar to the isolation of p-tolu-
aldebyde ns described earlier. ‘The averall current efficiency
for oxidation of o-xylene to o-tolualdehyde varies from 33 io
45% taking nll different cyeles of aperation. The energy eom-
sumption per Ib. of o-tolmaldehyde waorks out to 4.1 kw-hr
{D.C.} assuming 40% overal¥ current efficiency.

Examplea

Manganic sulphate was prepared as described earlier.

400 ce of o-xylsne was added ab 35°C and the o-tolualdehyde
was jsolated by the sodium bisnlphite treatment as deseribed
earlier. Weight of o-tolualdehiyde obiained was 18 gms. The
carrent efficiency came to 45%. The expsoriment was continu~
ed with the same electrolyte and in the second and third
experiments 16 and 15 g respectively wore oblawmed giving 40%
and 37.5% current efficiency. In a second series of experiments,
18, 16 and 15.5 g of o-tolualdehyde were obtained, the current
efficiencies being 457%, 40% and 38.3% respectively.

8. Gxidatien of m-Aylene to m-Folualdehyde,:

The procedure is quite amalogous fo p-xylene aa described
earlier and m-xylena is employed instead of p-xyleme. Oxida-
tion could be carried out at 35°-80°C but preferably at 40°C.

Isolation of m-Tolualdehyde end ether producis
Tre mathod employed iz guite similar o p-tolualdehyda
and ihe overall current efficiency varies from 3 to 409 taking
all differcnt cycles of operation. The energy consumption per
1b. of m-tolualdehyde worke oni to 4.1 kw-hr (D.C.) assuming
40% overzll current sfficiency.

Bramples

Manganic eulphate was prepared as desoribed earlier.

400 cc of m-xylene was added at 40°C und ths m-tolu-
aldehyde wae isolated by the sodinm bimalphite treatment ae
described earlier. Weight of m-tolaaldehyde obtained was 16
gme giving a current efficiency of 409%. The experiments were
cantinued with the same electrolyte and in the second and
third exreriments 16 and 14.2 g respectively wers cbiained
giving 40% and 36% current efficiency. In = second series
of experiments, 16, 16 and 15 g of m-tolualdehyde were ohtain-
ed, the curromt efficiency being 409, 40% and 356%
respectively,

4. Oxidation of mized Xylenca ond mired Aldehydes

The method is similar to ihe oxidstion of p-xvlene ag
described eurlier. The mixed xylenes supplied by Ceniral
Scientific Bupplies was used and il eontazined meta and ortho
aylenes. Oxidation could be carried out at 35°-50° but prefer
ably c;at 40°C.

' Isolation of the Aldehydes

The method employed is gaite similar to p-tolualdshyde and
the overall cureent efficiency varies from 37 to 459, taking al!
different eycles of operation. The energy consumption per lh.
of 1he mixed aldehydes works out 1o 4.1 kw-hr {D.C) assum-
ing 40% overall currend efficiency.

Examples
Manganic sulphate was prepared as desgribed earlier under
p-xylene oxidation. 400 ec of the mixed xylenes was added
at 40°C and the mixed aldehydes were 1solated by rodizm
bisulphite method as described earlisr. Weight of mixed
aldehydes was 15 gms giving a current efficiency of 45%.
Subsequent, rans with the same efectrolyte gave a current eff-

ciency of 40%, and 389 respectively

We claim :

1. A process for the preparation of (i} p-tolualdehyde (ii)
o-tolzaldehyde (ili) m-tolnaldebyde {iv)} mixed tolusldehydes,
which consists in oxidising the coniesponding xylemer with
manganic sulphate obtained by electrolytic oxidation of a
paste of manganous sulphate in sulphuric acid as desceibed in
Patent No. 62379,

2. A process as claimed in Claim 1 where the paste of
mznganic sulphate obtained from tha electrolytie cell is zilow-
ed to react with ortho, meta, para xylenes and mixed xylenes
by agitation in a separate reactor.

3. A process as claimed in Claim 2 wherein the oxtdation
of p-xylens, o-xylone, m-aylene and mived xylenes is carried
out ab 25°, 30°, 40°C, 45°C respectively

4. A vrocess as claimed in any of the preceding claima
wherain 0.5 te 5 cc or more of the respective xylene is taken
for pxidation for evary gram of mangancus sulpheie started
with, beb preferably about 1 ce per gram.

5 A process as claimed in ary of the preceding claims
wherein the correspending aldehyde formed iz recovered from
the exasss corresprnding xylenes either by fraotional distilli-

- tion or as bisulphite addition eompound which is decomposed
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to isolate the aldehyde or by the steam distillation of the
whole emulsion.

6. A process as claimed in any of the preceding claims
wherein the process is inade cyclic on a practical seale a3
f6llows : a paste of manganous salphate in sulphuric acid is
oxidised to manganio sniphate as mentioned in Claim 1; o,
m-, snd p-xylenes and mixed xylenss are oxidized to otolu-
aldehiyde, m-tolnaldehyde, p tolualdeshyde and mixed tfola-
aldehydes ; aldehydes are isolated, volatile orgenic matter is
removed from the manganous sulphate paste in sulpburie acid
resulting after the oxidation and the manganous sulphate is
reoxidised to manganic sulphate as hereinbefore described.

7. A procese as claimed in any of the preceding elaims
wherein p-tolusldehyde is prepared by oxidation of p-xylens by
murganio sulphate according to the process as hereinbefure
described.

B. A process es claimed in sny of the preceding claims
whetsin o-tolualdehyde is prepared by ozidation of o-xylene

MGIP Santh,—5SL~39 Patent/60—-28-7-61—100"

By manganic sulphate according to the proecess as hereinbefore
describad,

9. A process as claimed in any of the preceding claims
wherein m-toluaidehyde is prepared by oxidatien of m-xylene
by manganc sulphate according o the process as hereinbefore
deseribed.

10. A process as claimed in any of the preceding claims
wherein mixed toluzldehydes ere prepared by oxidation of
mised xylenes by mangame sulphate aecording to the process
as hereinbefore described.

E. BHASKAR PAL
Patenta Officer,
COUNCIL OF S8CIENTIFIC & INDUSTRIAL RESFARCIL

Dated thiz 22nd dey of August 1959,



