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This Invention relates to nnprovements in ear-
rying out chemicsl reactions and, more particu-
larly, strongly exothermic chemical resotions,

The catalytically active maferials which are
comnionly employed fo assist chemical reactions
are ofien used in conjunctlon with other ma-
terials of ittle or no catalytic activity, These lat-
ter meterisls are variously referred to as sup-
noris, carriers, or diluents and their use is chiefly
one of sconomy in thet 4 zlven waight of the cat-
alytleally active material can be given consider-
ably greater surface than it normally possessas,
by being spread over the surface of the material
of little or no activity. In fthig way quite a smell
quantity of catalysi can be used to fili & large
reaction Zone. Furthernore, catalytically active
substances ate often used in conjunciion with
other substances of lithie or nmo activity which
are employad to give mechanical strength to the
catalyst mass as a whole, this technique ususlly
Deing adopied when the catalyiically active ma-
terinl is 2 powder which ecsonol otherwlse be
formed Into pellets or small pieces which will re~
tain their shape during use. HowWever, the vari-
olis Inethods of using the supports, carriers or dil-
nents heve the common feature thet these ma-
terials are infimetely associated with 2nd, in fact,
bonded o the catalyticelly active muterial used,

The present Invention is concerned with a novel
method of employing catalyilcally active mate-
rials in conjunction with other materials of lttle
or no cetalytic sctivity, whereby considerable ad-
vantages seerne in strongly exothermio chemjeal
reactions.

According fo the mvenunn chemical Teactions,
and espectally strongly exothermie chemical reac-
tions, are carried out i presence of 5 solid cata.
Iytlc material mixed with s material of Uitle or
ne catalytic aotivity, both materizls being in the
form of discrete granules with their surfaces ex-
nosed to the substances taking part in the chemi-
cgl reaction, -

It has been found that by using mat.erial of
litile or no catalytic actlvity in the manner re-
ferred fo, considerable improvements can be ob-
talned in the chemical processes, especially in the
case of the partlal combustion of organic com-
pounde and other strengly excthermic chemieal
reactions, where the quantity of hest liberated is
s0 preat that there Iz & danger of the remction

proceeding with such vigour that the starting.

material or desired produet i3 wholly or partly
destroyed.
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the material of Litle orno catalybin acﬁ\'lty should '

be in contaot with the reagents emplnwed in the
chemioal process In which the catalyst is used,
and thus the use of & earrler in the ordinary senss,
1. &, merely as & vehicle upon which the catelyst
Iz supported as m coating, will not give the re-

suits obtainable by the present ihvention, On.the’

other hand, the catalyst may be supported on a
carrier In the normal manner and the supporied

catalyst mixed with the material of litile or ho .

catalytic activity, so that, where an expensive
catalyst Is used, the econoinic sdvantages of the
ardinary type of cerrier may he obtained as.well
8s tha novel effeets obtainable by the tse of the.
present {nvention.

The composition of the material of llt.tle or no,

eatalytde activity is not.of jmmrbanae, it being

- understood that the material ‘i mechanically
- strong and does not tend to disintegrate during
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Tt showld be emphasized that the essential fea-
ture of the process Is that both the oatalyst and ns l:k‘ desi:ed va.rying in number and/or thickness

use. Pumice ig of general application but other
substances, e. g. sllica, gizzed or unglazed porce-

lain and, for low temperaturas, glass, may also be
used, ’

The slze of the varticles of catzlyst and ma- -

terial of lttle or no catalytic metivity is usually
determined by such factors ag the dimensions of
‘the reactlion chamber and the permissible im-

- pedance to the reactant gases or vapours to be.

passed through the chamber, and does not usuaily

affact the aotdvity of the catalyst itself, In the -

present case it is convenient {o use the catzlyst or
supperted catalyst in granules of the same size a5

the material of little or no catalytic activity. The

amount of the Jatter material psed mey be varied
somewhat, according to the chemical reasction

concerned, but usually it 15 Gesirable to use mope °

than one volinne of the material, for instance 3
to 5 volumes, to each volums of eatalyst or sup-

ported cu.ta]sat while an even Iarger quangity of

the materinl, e. g., representing ten, fiftesn or

more times the volume of the catalyst or sup- =
‘borted catalyst, may be used if desired, While

excellent results have been obtainad by thorough
admixture of caialyst and the material of little
of ne catalytic activity, the Invention iz not

-limited to the use of a uniform mixture. Thus, if

desired, the mixturs may contain less catalyst at
the beginning of the reaction zone than &t later
points, the proportion of catalyst to maierial of
litlle or no catalytie setivity rising in theidirec-
tion of fiow of the reagenis through the reh.etlon
zone,

Furthermore, the catalyst and mat-erial of Ilttle
oF no catalylic activity may be arranged in'layers,
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thus, at the beginning of the reaction zone thete
may be more or thicker layers of material of Lit-
tla gr no catalytic activity than catalyst, later the
two materials may be in Iayers of equal nomber
and thickness while, later still, the number of
thickness of the catalyst layers may be greatest
and, in fact, only catalyst may be present.

As previgusly indfested, the inventlon Is of
special importance in connection with the pariial
oxidatiot of organle componnds, and enableg this
type of process to be carried oub so as to give
tmproved ylelds and conversions to the desired
product without increasing ab the same time the
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the process is belng operated with a view (o ob-
talning high conversions, For instanee, in the
oxidation of toluene to benzoic acld it has hean
found amdvaniageous to use =t least twics the
theoretical guontity of oxygen and prefarably
even more than ihils, for example, b or more,
e. g up to ten times the quantity of oxygen theo-

. retically required, In all such processes gaseous

“gnd/or vaporous diluents mgy be used ang are
of considerable value in such processes where an
excess of oxygen over thet theoretleally reqairec

. ig employed. Steam offers consldersble advan-

quantity of starting materinl which undergoes .

too extensive oxidatlon. Thus the oxidation of
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toluene to benzole acld is & reaction which has ..

been found o henefit considerably by
cation of the present invention, by means of
which it has been found possible to obtain excel-
lent yields of benzolc acid, together with some
benzaldehyds, even when opersting so as to oh-
tein a Righ conversion on the toluenc introduced
into the resction zone, This reaction hgs been
ontried out most efficlently at temperatures of
" from 250-400° C., and espacially temperatures in
. the neighbourhood of 300-350° C,, using as &
catalyst granular tin vanadate, and using this
© oatalyst mized with 3-5 fimes its volume of pum-
jee granules ‘of the sama size, Other oxidation
catalysts meay, hawever, be fised, although vana-
dium compounds usually give vely satisfactory
results in this tvpe of oxidation, which Includes
not only the oxidstlon of toluene, but also of

the appli-- . -
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other -avometie hydrocarbons, for instance, of -

naphthalene to produce phthelic anhydriie and
of bengene to produce maleic acid. The oxidailon
of hydrocarbons other than arematic hydrocar-
hans ¢an g1so be carried oub in the mamner de-
seribed and, in this connection, the oxidation of
" gthylene to ethylene oxide Is of importance,
Silver is the cotalyst which is generally regarded
a5 the most’ suitable catalyst for this particular
process and, in view of 1ts expense, it is sommonly
employed as o deposlt upon & suifable support
which may be gracular in form, glthough it has
aleo been suggestad to use the silver as a thin
film upon & contlnuous surface. By using the
eflver ag & deposit upon & granular meterial and
mizing the catalyst thus formed with a material
of Ittle or no catalytic activity the ratip of
ethylene oxide to carbon dioxide produced espe-
cially st temperatures of the order of 200-300° C.
ean be considerably improved, .

The inventlon can slso he applied to the oxida-
tion of compounds other than hydrocarkons, for
instance of alcohols to sidehydes. Thus ethyl
gleohol can be oxidised to acetakichyde by means

of oxyZen &t temperatures of 300-500° C,, and In.

the presence of copper and silver catalysts, by

employing the catalyst in the manner described &0

above. This process can be very considerably
improved, in particular Ly permitting higher
throughputs without causing an excessive rise of
temperature in the reaction zone with subsaquent
destruction of starting material or the desired
reaction product, . :

In the partial oxidation of organic compounds
including toth hydrocarbons, such as toluene and
ebhylene, and a8ls0 oxygen-containing compoundds,

- such as ethanol, the quantity of oxygen used may
he equal to or less than or more than that theo-
retieally required for the formatimn of = 100%
yield and conversion to the desired product or

- products. In many cases it Is desirable to use an
excess of
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tages ns & dlluent in assisting & proper controt of
the reaction tempersture and hag been found in
-some cases, e, g. in the oxidation of toluene, to
lead to conslderably better results than with any
other diluent, Gaseous diluents, such as niiro-
gen, may however be employed wholly or partly
in place of steam and 4 VEry convenient way of
catrying. oub the rrocess consists of passing air
enriched with nitrogen together with steam and
the compound fo be subjected to oxidation
through a reaction vessel, subjecting the preducts
to condensation and recyching the uncendensed
gases through the reaction zone after replacing
substances used up in the oxidation or removed
by the condensation, This method has been
adopted with success in the oxidation of telwenc
where it has bean found advantageous to use &
coneiderabla quantity of both nitrogen and steam
as diluting materials; thus operating &t o tem-
perature in the neighbourhood of 800° C, it has
been fomd best {o use for each molecular pro-
portion of toluene 4-6 of oxygen, 250-300 of nitro-
gen and 4060 of steam. C

The Inveniion msay be spplied to exothermie
processes obher than oxidatlons with alr or oxy-
gen, for instance to the synthesis of hydrocar-
hony from oxides of carbon and hydrogen. This
process is one which iz usually cartied out zt
Tairly Jow temperatures of the ovder of 200° C.
under atmospherie pressure or very slightly in-
creased pressure where lguid hydrocarbons are
the desived products. Under these conditions, it

45 hag been found essential to avold even the small-

est temperature fluetustions if a high yleld. of
Yignid hydrocarbons s fo be obtained, and ¥
the catulysts sre to refain thelr sctivity for a
ugeful period of time. ‘The present inventinn

50 i5 of great assistance in atiaining the resulis,

whether the process is one invelving the use of a
catalyst in which the chief ingredlent is iron or
ene in which the more active nickel or cobali
type of catalyst is used.

E3  The following examples flustrate the inven-

 tion e epplied to the oxidation of tolnene to pro-
duce benzoie acid.

Ezample 1

The catalyst vsed consists of & precipitated tin
vanadate in granular form graded 10 to 20 mesh
per inch, This catalyst 18 charged info a reaction
tube heated to a iemperaturs of 300° C. and &
mixture of toluene vapour, steam and air passed

85 into the tube in the proportions of 25 grams

toluene/2000 litres of steam/230 lires of air/per
Jitre of catalyst/ver hour, the volumes of the
stearmt snd air being calculated at normal tem-
peratores nd pressifes.

70 Under these conditions about 509, converslon

oxygen and this Is especizlly so when T8

per passage to benzole acld 15 ghtatned together
with some formation of benzaldehyde, but & eon-
giderable guantity of the toluene which should
be recoversd is, In fact, oxidiséd completely to
carbon dloxide. Under substantislly identical
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conditions, however, exeept that one-fifth of the
volume of cafalyst is used and this catalyst 15
mixed with four times its -volume of pumice
-granules of 10 to 20 mesh, the conversion to
benzole acid remains substantially ynchanged, u
wilight Increase in the smount of benzaldshyde
oceurs, while there iy a substuntial reduction n
the amount of toluene which is completely oxi-
dised, i
Erample 2 .

When using conditions somewhat less. favour-
able for the production of benzolc acld, the value
of the invention is even more strikingly demon-
strated. Using s very active tin vanadate cata-
lyst ané passing the toluene, steam, air mixtire
8l 8 rate represented by 50 grams toluene/300
litres of air/300 Ytres of steam/per litre of cata-
Iyst/per hour substantially complete oxidation of
the toluene passed to carbon dioxide oseurs. By
substituting for the catalyst one~fifth of its vol-

&
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ume of the same catalyst mixed with four times -

Its volume of pumice, the quantity of toluene
completely oxidised is reduced to about one-third,
and, zt the same time, & fair yield of benzofe aeld
and benzeldehyde Is obtained. :

Having described my invention what I desire
b secure by Letters Patent is:

. Process for the partial axidation of arematic
hydrocarhons contzining an alkyl side-chaln with
the ald of & solid catalytic material, wherein said
catalytiec materiel is mixed: with 3-5 times fts
volume of & maiterial of substantially no catalytie
activity, both msierials being in the form of
discrete granules of substantially equal size ang
about 10-20 mesh with their surfaces exposed to
the substances taking part in the chemical repe-
tion, ang the oxidation 15 carried out with the
ald of more than the thecretical guantity of
oxygen and in the presence of substantial pro-
portions of nifrogen and steam a8 diluents, .

2. Process for the partial oxidation of toluene
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. 3
for the producilon of benzole acid with the ald
of & solid catalytic meterial, whereln sald cata-
lytic material is mixed with 2-5 #imes its volume
of & material of substantinlly no catalytic activ-
ity, both materials being in the form of diserete
gTanules of substaniizlly egual size and about
10-20 mesh with thelr surfzees exposed to the
substances taking part in the chemieal reschion,
and the exidation is carried out with the ald of
more than the theoreticsl quantity of oxygen
engd in the presence of substantlal proportions
of nitrogen and steam as diluents, -

3. Process for the partial vxidation of toluene
for the production of benzofe acld with the aid
of a solid tin vansdate catalyst, wherein said tin
vanadate catalyat 1s mixed with 3-3 times its
volume of g material of substantially no catalytic -
activity, hoth materials being in the form of dis-
crete grannles of substantlally equal size and
abhout 10-20 mesh with their snrfaces exposed
to the substances taking part in the chemleal
reaction, and the oxidation is carried out with
the aid of more than the theoretical quantity of
oxygen and in the presence of substaniial pro-
portions of nitrogen and steam as diluents, :

4. Process for the pertial ozidation of toluene
for the production of benzZole acld with the aid
of o solid catalytic material, wherein said cafa-
Iytic material is mixed with 3-5 times its volume
of & materinl of substentially no catalytic ectiv-
ity, doth materials being in the form of discrete
grannles of substantially equel glze and about
10-20 mesh with their surfaces exposed to the
sobstances taking part in the ohemical reaction,
and the oxidation is carried out at & temperature
of sbout 300* . and in the presence of 4 0 6 moks
of oxygen, 250 to 300 mols of nifrogen and 40 to
60 mols of steam for each’ moleeular proportion

of tohiene. :
- HENRY DREYFUB.






