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THES dnvention relates o waproveoments i

earrying out ehemical reactions and, mope partisularly,
gtrengly emcthermic chemisal reactiona.

The catalytically sctive waterials whizh awra codenonly
employed to agsist chemicsl rasoiions are ofter used-in
sonjunction with other materials of I1ELle or ne catalytie
activity. These latier materizls ars varicugsiy referred to
as supports, carriers, or 4iluents and Gueir use ls chisfly
ong of economy in that a given weight of the cetalyticaily
getive moterial amm bo.g1ven considerally preater supfacs thaﬁ
it naﬁnally oesessns, by Lelng spread over the surfacoc of the
matarial of Iiitile oo no actlvity. :1n Llhzn way guite a mmall
guantlvy of ecatalyet con be ased o fili_ailarg& reaction zone.
Parthermore, catalytically active Euh%taﬁg?ﬂ ars often used
In conjunetion with other substances of little or oo goetivliy
which are emplayed to give machanloal ﬁtréngth to the catalyst
mzas as & whola, this teelnigue wswally belng adopied when
the catalytically mctive material is a powder shich cannod
ntherwiaa.be formed ints pellets or asail pleces whiﬂh wil;
retain thelr shepe during use. However, the varicus methods
of using the supporis, carriers or diluents heve She common -
featura that these materials are intimatély aseaciatad wifh
and, in fact, bonded to the catalytically astive material used.

The present izvention is concerned with a novel method of
enploying osatalytleally active mmterigls  in sconjunction with
other materials of 1iiile or no catalytié activity, wierely
conalderahle aﬂrantaggs acoerue dn strongly exothormle
chemleal reactions,

Aecording to the inventicn chenlenl resstions, and HAPEG=
ially atrougly exoihermiz chemical reaciione, ars carrlsd aut
in praéance of a s0lid eatalytic material mized with o materisl

of 1itsle or no catalriio metivity, both melorials baing in the

-

oA e = Nem e



Cry

10

15

20

25

30

514803

fora of discreis grenules with their surfaces expesed o the

subgtances ftaking part in The chomical rafaction.

It has Been found thet by ueling materigl of littls oo
no catalytic zoiivisy in the mannsr veferran to, congidersble
improvements cai ve obtained in ths chemisal Iroccases,
espeelally in the zage gr thé partial combustlen of orgamie
e luiii el bs etk andlather Stroensly exothermis ehemiecgl reactions,
whers the guantity of heat Liberated is oo groat that there i3
a danger of The reactlon proeseding with such vlgour that the
sterting materlal or desired progucs is whelly or partly
aestroyed.

it ahould bte ampihasised haet the gsazential Teaturc of the

JBrocess le that both the catalyst and the material of little

or ne catalytic activity should be in ocontact with the reagenta
employed in the chamispl process in which the watalyst is used,
agrii This the uge of & carrier in the ordinary sense, i.e.,
merely as & vehlele upon whish the eatelyst is supported as
g coaving, Wwlll net give the results obtainehta by the
presant inventlon. On %he oiher h=nd, the catalyet may he
suphorted ont 8 esrrler in the normal manﬁer and tke supported
eatalyet wmlted with the material of 1itt1§.ur he catalytie
activity, so that, where an expencive catalyet ia usaed, tha'.
czononle advantages of the ardinary type of carrien meF be
obtained ag well B3 the novel effects obidinable by the use of
tha preasnt inégnﬁiun.

The composition of the material pf 1ittle or ne G&talytic.'
getivity la not of importance, 1% bedng unﬂerstuo; that the
material is mechanically strong and doaalnut tend to disintegrate

durdng use, Punizse 1s of general application but othep

‘substanecs, e.#. sllica, glazed or tnglazad poreclain and, for

low temperaturvs, gloss, may slsc be uzed,

The aizz cof the partieles of 2aselyst snd materisl of
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. 1ittle or no catalybic activity is unsually

determained Yy such factora ag the dimenzions of the

reaction clhacher and the permissibie impedsnee to the

ﬁeactant GR35 or vapours to be passed through the ehambear,
and doss molt usually affect the activity of the zatalyst
1tself. In the present cass it 1s canvenient to use the
eatalyst or supported catalyst'in gramitey of thé oaRe 3lpe o
the mzterial ﬁf little or no catalytls setivity. The aroumrt
of the latter material uszed may be varled soewhst, aceording
to the chemical reacticn ﬁwncerned, Lut usuelly it is desipshle
te use mors than one volume of the materinl, CFor inatance 3 t?_
5 volumes, to esch volume off entalysd or %ﬁppgf%ed cataly;t,
while an even largér qﬁanfity ar the mﬂtﬂgﬁggz.ﬁugng
ropregenting ten, fiftesn or more timss the volume of the
oatelrat or éupported catalyel, may be used if dsoived. While
axﬁellqnﬁ results have been obtsined hy thorough admixtizrs

of catalyet and the materia; of littie or no eatalytic
astivity, the invantiég le ﬁ;t limited to the uss ol a wnifore
mixture, Thus, if desired, the mixtare may contain lesa
eatalyst at the begliming of the reactlon zome then gi later
points, the proportion of catelyst to matérial af 1ittle or
no catalytle setlviiy plsing in the divestior of Tlow ol the
reagaents through the reaction pone. .

Fartheraore, the catelyat and matafial of 11t¥le or po
salalytic actlvidy mey be arvanged in layers, it deaired
varying in mmber and/or thlekness;  Sthus, at the hegimming
of thez reacticn zone thepre may he more or thicker loyers o
materdal of little or no catalyti&ﬁﬁctivity ihan cntalyst,
later the twéfmﬂterlala may he in layars;nf ajquael numher and
Thicknaae whilﬁ;'lﬁtar 25121, the numher.op thiglmezs of the

catalyst layers may be prostest ad, in faet, onty czntalyat

\

mey e present.
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Ar previously indieated, tho iuvention is of special

importance in comnectlon with ihe varilal oxidation of SrEamic

‘eompounga, and shables thils type of process to be cepried out

a0 me to plive impruvc&-yielda and conversicne to the degired
mroduet withowt increasing at the same time he quantidty of
starting materiai which wndergoes too sxbtensite oxldaticn.
Thus the axidation of toluene to bonzoic acid iz a reaction
Which has been found to bepefit considerably by thé application
of the presenf invention, by means af wiich 1t kes been found
poesible to obitain execellent rlelds of benzelc avid, tooether
ﬁith aome bernzaldshydo, even when operating so as to abigin =
high conversica on this toluene iniroduzed inta the roaction
RO . Thie reasilon has besn sarried out most effivicntly

at temgesziuras of from 250 - YCOOOC., and especlally ==l T
tures I the asighbourhecd of 300 - RO00,, using -
cetaliyet gramular tin wvabadats, and using this cadalyest mixzsd
With 3 - 5 timsa iis volume of pumice granules of the name
alze. Other oxidatlion calalyels may, however, be usad,
although vanadium compounds asually gi#é'yary satislactory
regulte in thiﬂ type of axi&ation, which ineludes not only tae
pxldetien of tolusne, but also of cthar.apomatie hyﬂro;arhuns,
Tor instancs, of naphthalene to produce ﬁhthalic anhydride
M} of benzene Lo émnauca maleic auid. The oxidation of
hydrocarbons ctker thon arematic hydroearbons car also be
carried out in the menner described and, in this comestion,
the oxidation ol ebhylens to eihylens cxide iz of importance,
Silver g the catalysts which is generally repgarded a2 the most
suitable catalyst for this particuliar procese ang, in view

aff 1ta expense, it is commonly amplareﬂ'ﬁﬁ:a deposit upon a
sultable suppert which may be grapular in fomm, although it
hag also been Buggeﬁtéﬁ toc uge the allver as = thin Mim wpon

a sontimeoue aurfacsa. By uwsing the silwver as a deposit upon
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8 granllare msterial oo wdxding the catalygot thue

Pormed with g materisgl of Littie or no catalyz;c.
pretlvity ths ratic of ethylene cxides to cerhon disxide
produced sspecially aut {emperatiores of the owrder ol 200 -
30095, can be coneiderably dmproved.

The invention can mlszo be appiisd o fhe cxifation of
ﬁmmpuunds ovher than hydfoc&rbcns, for ingtance of zlechols
to aldebydes., Thus eilyl alcchel csn he oxidlsed %o

acetaldehyds bty means of sxygsn at tawporatures of 300 - 50000,

grd in the presemce of coppsr and =ilver esatalrysts, by employing L

TEL

the eatalyst in the mebmse dsscribed abovs. This procees
zan be Fery considerandy improvsd; in perticuliar by permitting
hipher tThroughpats witocet c&uging ahn excaéei?e ries af
teﬁperature in the regelion zopns with sunssguent deztrucition
ol aE&rting material or the desirod raagtinn praduat.

J&n the parﬁial oxtéation of argﬁnjc.éompounds including
both hydrocarbone, such as tolunens and ethyilenz, and alao

oxygen—~contalning componnde, such aa sbhancl, ths guaniity of t

oxygen used may be equal o or less thae or more ihan thai

Ctheoretlcally required for the fomstion ol & 100% Fisld

and eomversion to the desirad product or products. In many i
pagss 1t 15 desirsmble tc use ar exeess o ouwysen and thia ‘
is eape&imlly 52 when the process is boing gparated wlth =

view to ohtaindng hipgh converaions. For insismca, in bthe

oxidation of tolucne to bepgoisz asid i3 has been found ; 
pavantagedns o uwse of leasyv fwice ilinz theorstical gusniliy

of oxygen and preferably even more tﬁﬂn this, for exanples, 5

BT MOrS, S.g0 Up Bo fen times the quaﬁtity af Dxrﬁen '
thesratleally roguired. In all ouch procasses pusegus andlor
vaparoas Ailusnts mey be uged snd are of donaidarablu valus

in such procssses where an exosss of oxygor over thas

theopretically recuired iz employed. Atean offers considerable
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adventrges as 2 diluent in zasisting o proper copirel of The
reaction tempersture and has been found in sone oaséd, .5
in tne cxideiion of toluene, ts lead to considerably betver

pesilts than with any other diluaent. Gaseous ailvents, such

as pitpogen, may however be emplored whelly or puerily in

place of stesm and a very convenient way of carrylog out
the process eonsisty of psgsing sir enrdched wlith adtrogen
together with atsam end the corpound to pe subjeuteﬂ to
pxldation through a reacstion vesssl, subiecting the producta
1o condensativn and reeyeling the uncondesnsad zeses throagh
the rsacstion zone slter roplacing subsiances uasd up in the
pxidation 27 remosod by the condensatlon. Trhisz method hes
beasn adeprted wiltoc siseoss in tae oxiiution of inluens wWhore
it has bean fowwrl adventrEeous to use A rmnfaﬂ srgkis quantityr
af toth nltrogsn ?nd ELCAm AT d;ﬁutlng Fat6r1a+r* tinzs
operating at & temperatures in the nelghhourhood of AR,
it hes besn Tound best teo use Por each ﬁﬂlecular proporklon
af toluene L - & of exygen, 250 - 300 of nitrop=n mmd ity o G
of stasd.

The invention mey be applied to exethormla roehspes
other than oxidstions with alr or oxygen, for lnshance o
the symthesis of hydrocarbons from oxides of canvhor xnd
hydrozen, Thié procsas 1s one which 19 uaaally capeisd ot

at fairly low tamperatuzss of tiae order of 20070, IR e

atmospheric presgare or veary slipghily incrassed prasgure WL

ligquid hydrocarbens are the desired produehs, Cndan bhess
condiiions, 4T has heen found ﬁssantlal'to avai& even the
emalleat temperature fluctustions if s high yield ol liquid
hydrocarbone i1s ta be obitainsd, and if the catalystz are fo
retain thelr activity for & useful psricod off time. Tha
present lnventicn is of g“ea+ sesigignce inalwadninsg the

resylis, whelher the procéss is one imvoelwing the vae of a
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R datalyat in which the chief ingredient i ilron
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N

0y ene I1n whicgh the mers active niokel or zohalt
tyﬁe of gatalyst is usod.

The following examples illustraie the wnvenilon as
applied to the oxidation of toluene to produce bemzaic acid,

?.E{AI.ITPLE‘M.

The cetalyst ueed consiste of o preciplistad %in vansdate
in granular form graded 10 to 20 mesh per inck. This
catelyat im ahargad into & reactlen tube heated to o
temperature of 300°C. and a mixtura of toluene vapour, steam
and air passed into the tube in the properiions of 25 Eramsa
tolusne,/2000 litres of steam/230 iitres or air/per litre of
catalyst/per hour, the volunes of ithe sveas and aiw being
celoviated at M.T.P.

Inder these conditless about S0% sonversion per pAsEASE
to benzolic acld is ovimined together with soms formation of
henzaldehyde, bui a considerabls guentity of the tolusme
whish should he recoverad is, in fast, oxidised completely
to carbon dlexide. Under subotanidally ideniloal gsonddtions,

howaver, axoept that onm fifth of the wolize of catalyst is

used and this catalyst is mixed with four iimes its volume of

pumice-granuléa of 43 to 20 meah, the sonversicn to benszolc

acld remalns substantleliy urnchanged, = 2llght inersase in the

amount of benzaldehyde cccure, while ﬁhere 1z & substantial

reductilon In the amount of tolusne which is completely oxldised.
When uaing condilticng somewhat less faveoursble for the

preduction of berzolc acid, the value of the luventieon is

aven more atrikingly demonsirated. Uzing a very meiive tin

vanadate cotalyst snd paasinﬁ the toluens, stean, air mixtuee

at a rate reprosented by 50 grans toluenc/300 1itres of

air/300 litres of stesmfper litre of catelysi/por hour

B o
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sunaientiglly complete oxidation of the foaoiae nazaed t4

carpoll digxide goonrd, By substiaving for ine sotelyet

one Fifth of 13 wolume of the soms catelyst oixed sith
Tour times ite volusme of panieces, the guantity of tolusne
5 completoly exidised is rediced te about ong third, and,
at the seme iimes, 4 fair yis3d of lehsoic acid and bensaldshyde

ig obianinesd,

Bl

i
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The e¢mbodiments of the Invention in which an
excInsive property or priviiege 1z clatimed are defined

as follows:

Wi
E

1. Method of carrying out exothernic chemical resactions
gelented from th@ groun eunsisting'uf the oxidation of hydro-
carbone and the synthesis of hydroearbons from oxidss of carbon
and hyﬂfngan by provesfes In whiech g salid_ﬂat&lytic material
is ussﬂ,.wherein gald catalyiic material i=s miwed with at
least an equal wvolume of a materlal of substantially ne
catalytia éctivity, hotk meterdals being in the form of
digecrete gragmles with thei? surfaces cxposed to the suh-
gtanecasz taking part in the chemical reaction.

2. Protess for the partial oxldatlon of hydro-
carhong and. other organie cnmpﬂunﬁs with the aid af a
solld catalytic waterial, whereln sald catalytic material
ip mxed wlth at least an egual voluae of & matarigl af

~ substantlally no catalytlc activity, btoth materials helng
iIn the form of discrete granules with thelr surfaces '
expogsed to the suhstances taking part Iin the chemical raactioﬁ..

3. TProeess for the partlal oxtdation of hydracarbons
with the ald of & solld cutalytlc material, vierein said
catalytlic material is mixed with 3 - 5 times its volume

. ' of & mater;&l af substantially no catalyiic activity, both
materiﬁis belng in the form of digerets srevules with thelr
surfaces exposged to the substances taklng part in the
chemical reaction. .

e ancess for the partial oxidation of hydro-
carﬂuns with the aid of a solid caétalytle materinl, whereln
sald catalytic materlal is mlxed wlih 2t least an equal
wolume of pumlee, Toth catalytic material_and mimi e helng

in the form of dlscrete gramles with their curfaces sxposed '

to the substanees teking part in the chemdeal reactlon.

/°

T
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. Progass for the pariial oxidation of hydro-
carbons with the 2id of 2 £03id catalyiic paterisl, wherein
zzid catalyide materizl iz mixed with 3 - 5 times itz volnge
af pamice, bobh ¢rtelyiic materisl acd puanios being in the
forn of dizercte granules wlgh their supfaces expofed to
the subsisces taking part in the chemical;Teactiun[

4. Propess for the partial oxidatlon of aromatls |
hydrocsThong with fthe ald of 2 =olid catelytic meterial,
vharein gaid scatalytic material 1s mizmed with &t lezst &n
gpaial volume of 2 wmeterlal of substkeatially no catalyiic
sotivity, both asterinls beirg In the forn 5f dlscrele
graniles with thelr surfaces azposed o thse 2ubziances
taking part in the chamisgl resction,

7. Procegs for the pariisl oxidation of aromatlie
nydrocarbons with the ald of & solid eatalytie waterlal,
vherein seld catalytle materizl is mixed with 3 - 5 times
its volume of 2 materizl of substantidlly Ao catalytic
agtivity, both materdzls heing in the Zarm of dimcrete
granitlos with their sgurfaces eipozed to the subztances
taking psrt in the chemical reaciion,

§. Process for the partlal oxidation of aromatic
hyvdrocarbons with ths aid of = solld ecatalyilic materiz:
vherein sald catelytic material is mixed with 3 - 5 times
its volume of pumice, both catalytiz materizl and rumice
being in the forr of diserete granules Qith thair surfaces
sxposed ta the suﬁstanuaﬂ teking pert in the chemlsed resctien,

G, Process “or the parilel oxidatl:n of toluene
for the productlon of denecle apid with the =ld oF & 301id
catalytic materizsl, wh&yain gzl catalytib'material ig

mixed with at !enst 2n edual volums of = Ttaterizl of

i
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substartlalily na eatelytie aeotivity, both maierdals beling

in the form ol digcorehe grammies wita thelr sarfoces ox—

nesed to the substences taking psrt in the ghemiea” reaptlon,
1. Process for the vartisl oxidation of tolusne
for tne produetion of bensole scid with the afd of a solid
patalytie material, wnereir said estalytic weterial s
mived with 3 - & times its volvms of a meteria® of sub-
stantinlly no cataivtie aetivity, boih meterizlcs being dn
the form of dizscrete grapmles witk thelr surfaces cxposed ;?*
Lo Ehe substzaces teXixg part in the chemlesl reastiom.
11. Provess fov ths partial oxijdetiorn of toluene
for the production of bsrzoies zedd with te z2id of a sulid.

ratalytic materlal wherein said catalytis material is mized

with 3 - 5 times ite velwne of pomies, boti: cztalyiic

materizl ard pumlece being in the form of discrote graﬁHle% i;::

wlth their zurfarces exposed o the substances teking parthﬂ

in the chemical reaction. - R
12. Froeess for the partial aoxidation of foluens

for the prodoction of bensgoip acid with the =i6 of 2 solld

catalytle material, whersin 2aid catzlytio materin is mixed

with at lesst an zqual wolune of a material of subatentdslly

no eatalvtle zetivity, both materiais being in the form of

dlgerate grantiles with thnelir surfaces exposzd to the aub-

stanees taklng part 1n the chamical resctick, ant the

oxlidaetien 1s carried cut with <hke =zid of mors than thes

theoretieal quantity of oxwgen and in the vpresence of

substentlal propordions of niiroegen and stesn as dildents.
13. Frocess for ihe partial oxldation of teluens

Tur ithe production of benzole aglé with theaid of a selid

cotalytic macerizl, wherain smid catalytic material iz mixed
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vith at least an sanal voluwe of & weterian of substantially
fio catalytic astivity, both meterials being in the forn of
dizarcte granmics with_their surfases exnosed to the sub-
Sstanges Takiang part in the ¢hemicgal reaction; znd the
oxidation i= earried out at = Temperature in the neighbor-
hood of 3009%C. end in the presence of, for each molecular
proporticn of toluene, 4 to 6 of oxygan, 250 to 300 of
nitrogen =nd 40 to &0 of sieam.

14, Proosess for the perlial oxldatdon of talbens
for tile produetlon of benzole zeld with the 2id of a zolid
gatelytic meterial, wherein =ajd catelytic materisl is mixed
with 3 - 5 times itz volume of pumice, both eztalviic mate-
rial and purlce belng in the form of Glserefe gromules with
thelyr aurfaces exopesed to the substancess tefivine part in the
chemiecal reastien, end the oxidation 1is carried ot 2f a _
temperature in the neighborbood of 3000C., snd in the presence
of, for each nolecular prﬁpurtian of tolnene, 4 to & of
oXFEen, 250 to 300 of nitrogen and 40 4o &0 of steam.

I. Seltzer & C. ¥, Levinson
1#0 Madison Avenue

Hew Yorik 14, New York, U.S.A.
Fatent dgentz for Avplicant

;A



Luatigsan

m
s

By

o

514803

15, Process for the partiz) eoxidatlon of zromatie
bydrecarbons contalning en alkyl side-chain with the ald of
8 selld eatslytic material, whereln said cztalytic material
is mived with 5~5 times its volwume of = material of substantigliy
no eatalytic actlvity, both materials being in {hs form of
Tlacrete granules of substantlally equal size and zbout 10-20
mesh with their surfaces exposed to the substances takling
part in the chemical reaction, and the oxidation is cerried
out with the aild of move than the theoretilcal guantity of
vxygen and in the presancé of substantisl proportions of
mitrogen apd steam as A1Ipents,

16. Process for the partial oxidatlion of éolnenﬁ
for the production of bengole acidlwith'the ald of & sclid
catalytle materlal, wherein sald catelytic meterial is mixed
with 5-B times its volume of & material of subatantially -
Do catalytic activity, bobh materials being in the form of
dlscrete granules of substantially egual sisze and sbout lﬂ—gD
mesh with thelr surfaces expussd to the swhstances taking
part In the chemlcal reaction, snd the oridation is carried
out with the ald¢ of more tham the theoretical quantity of
cEygen and' in the pressnes of substantlal proportions of
nitrogzen and steam as diluents.

1%. Process for the partiszl oxldation of toliene
for the production of benzoic acid witﬁ the zid of a solid
tin vanadate catelyst, wherein said tin vansdate qataiyst
is wixed with 5-5 tlwes its volume of s materizl of substanbially
ne catalytie activity, both moterials being in ths form of dis.
crote granules of subatantially egual sime and about 10-820
mesh with thelr surfaces ezposad to the subgtances taking

part in the chemleal reaction, and the prxidation is
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careied out with the ald of mors than ths theoretiesl guantity
of cxyzen and in the presence of substantisl proportions of
nifrcgen and steam 29 4ilvents.

18. Process for the partial oxidatiom of foluenﬂ
for the production of benzole acid with the ald of a s=olid
catalytic materizl, whereln said catalytie materdinl 1z mixed
with &5 times 1ts volune of a msterisl of substantially
ne catalytic activity, both meteylals being in the form of
dlacrete gramules of substantinlly egual szize and about 10-20
medh with their surfaces sxpossd to the substances taking
part In the chemical reaction, ané the oxddation 1s carpied
out a2t & temperature of about EDDDG. and in the presence of
4 to @ mole of oxygen, 260 to BE00 mols of nltrogen and 40

to 60 mols of steam for esch molesulsr srovorilon of tolusne,

—_—— e b,




