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This invention relates to catalysts for use in .

cafalytic processes and it has particular relation
to caialysts that contain chromium oxide in sub-
stantial amount and that have been prepared by
the thermal decomposition of ammonium-con-

taining salts of chromic acid. It further relates

to the use of such catalysts for the treatment of
hydrocarbons at elevated temperatures, particu-
iarly sulphur-containing hydrocarbon mixtures
under conditions such as to effect desulphuriza-
tion of such mixtures.

This application is a division of our copending

application Serial No. 384,028, flled March 18,
1841, which is in turn s division of our copending
application Serial No. 173,708, flled November 9,
1837, that has issued as Patent No. 2,294,414,
Catalysts consisting of or containing chromium
oxide have been found useful in various catalytic
processes. One method of preparing chromium
oxide-containing catalysts has been the ignition
of ammonium-containing salts of chromic acid.
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For example, Lazier in a number of Uniteg States

patents (for example, Nos. 1,746,783; 1,964,000,
1,964,001; 2,019,419) has described the prepara-
tion of catalysts by the heating of a double chro-
mate of a nitrogen base such as ammonia and a
hydrogenating metal such as zinc, manganese,
copper, nickel, and the like. Heretofore, how-
ever, the ignition conditions have not been con-
sidered to be of particular significance and there-

fore have not been subjected to definite control, .

with the consequence that the chromium oxide
formed in this manner simultaneously underwent
glowing or calorescence and thereby certain de-
sirable propertiés were unwittingly destroyed in
the catalyst. Thus, if a double chromate of am-
monia and a hydrogenating metal is heated to a
temperature at which a spontaneous exothermic
decomposition takes place, in accordance with the
teaching of the Lazier patents, generally at a
temperature between about 200° and 400° C

there results an evolution of sufficient heat to
leave a glowing residue. The resulting glowed or

caloresced residue is noncoherent or finely divided

and powdery in texture and therefore must gen-
erally be compressed or briquetted into suitable
form for use. It consists substantially of the at

least partially chemically combined oxides of

chromium and of the hydrogenating metal of the
original double salt in the form of a chromite,

" the chromium having been substantially com-

pletely reduced by the spontaneous decomposition
from the hexavalent state present in chromates

and dichromates to the trivalent state present in -

chromites, The spontaneous decomposition is
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generally very rapid and is always complete with-
in a few minutes or at most within an hour or so
and not infrequently it proceeds, as in the cases
of ammonium chromsate and ammonium dichro-
mate, with explosive violence.

Chromium oxide catalysts prepared by ignition
of ammonium dichromate have been described by
Lazier and Vaughen in an article, “The catalytic
properties of chromium oxide,” published in the
Journal of the American Chemical Society, vol.
54, August, 1932, pp. 3080-3095. The ignition re-
sulted in the formation of & fluffy oxide having
atea-leaf gppearance and exhibiting erratic cata-
lytic behavior when tested for the hydrogenation
of ethylene. It was non-homogeneous, as evi-
denced by the presence of particles of different
colors, that is, dark colored particles which ap-+
peared to possess some catalytic activity and
bright green particles which were apparently
completely inactive. The green particles, whose
formation appeared to be favored by ignition in
deep layers, did not exhibit the glow phenomenon
but the dark and active material glowed feebly
when heated to 500° C. The best product ob-
tained in this way by Lazier and Vaughen was
prepared by warming one-gram portions of am-
monium dichromate in & thin layer over & flame
until ignition was initiated. The resulting oxide
was granulated by briquetting. A 20-cc. portion
of this best product, when tested at 400° C, with
a T-liter sample of an equimolar hydrogen-ethyl-
ene mixture passed over the catalyst in an hour,
or at & space velocity of about 350, gave a con-
version of 80 per cent of the ethylene into ethane.
In preparing another sample of catalyst, Lazier
and Vaughen heated ammonium dichromate in g
vacuum at 200 to 250° C, for 4 or 5 hours. The

- product was a glistening black residue which con-

40

45

50

55

tained no ammonia, was slightly paramagnetic
and was stable at temperatures up to 400° C. but
when further heated it suddenly glowed, leaving
g light green residue without catalytic activity for
ethyene-hydrogenation. A 20-cc. portion of the
unglowed material, when tested at 400° C. with a
7-liter sample of an equimolar hydrogen-ethyl-
ene mixture passed over the catalyst in an hour,
caused & conversion of 25 per cent of the ethyl-
ene into ethane. A similar portion, which had
undergone glowing by being heated in a vacuum
to 500° C., gave a conversion of only 3 per cent.
Such hitherto available catalysts prepared by
ignition of ammonium-containing salts of chro-
mic acid have found considerable application in
reactions such as the synthesizing of methanol
from oxides of carbon and hydrogen. They have
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also found limited a,pplication in the hydrogena~
tion of certain organic materials and in the de~
hydrogenation of alcohols to aldehydes. But al-
though these hitherto available chromium: oxide-
containing catalysts have been more or less sat-
isfactory for the conversion of oxygenated organic
compounds such as alcohols and the oxides of car-

_ bon, they have been entirely inadequafe for the

conversion of certain crganic compounds such as
hydrocarbons. For this reason, they have been
generally unsuited for the conversion of hydro-

carbons by changing their carbon-to-hydrogen-

ratios and particularly so for the dehydrogens--
tion of parafin hydrocarbons into mono-olefins
of the same number of carbon atoms. This inad-
equacy is well illustrated by the aforementioned
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conversion -figures obtained by Lazier and -

Vaughen when they are compared with thermo-
dynamic data. Thus, if equilibrium had been at-
tained under the stated conditions of tempera-
ture and gaseous composition, & conversion of 99

2,399,408

have further found that the residue from such
slow, controlled and nonspontaneous thermal de-
composition, after being subjected to a controlled
reduction retains its form and appearance at
elevated temperatures, and is not readily subject
to the glow phenomenon, whick destroys the
catalytic activity of such materials. For ex-

"ample, in the case of the nonspontaneous ther-

mal decomposition of crystalline ammonium selts
of chromic acid carried out in the light of our dis-
coveries, the product is a porous but dense and
coherent, and fairly hard pseudocrystamne or
crystallomorphous granular residue retaining the
‘apparent or gross crystalline shape of the orig-
inal ammonium salt. The salt granules or crys-
tals shrink appreciably during the nonspontane-
ous” decomposition, and the product retains a

-small proportion of ammonia and of water de-
- rived from oxidation of a part of the ammonium .
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per cent of the ethylene to ethane should have .

been obtaired whereas a maximum of only 80 per

cent wags actually reached, in spite of the fact -

that the relatively low space velocity used was
very favorable for the attainment of equilibrium.
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It is an object of our invention to overcome the -

hereinbefore mentioned defects and difficulties
of the prior art in preparing and using catalysts
which contain substantial proportions of chro-
mium oxide.

It is a further object to effect the controlled
and nonspontaneous thermal decomposition .of
ammonium-contalning salts of chromic acid. -

Another object is to prepare catalytic mate-

rials in which the chromium oxide is substan-
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tially completely in the form of black and un-'-_'

glowed chromium cxide,

It is a further object to obtain chromium oxide- -

containing catalytic materials in & dense but

porous, coherent and granular, and mechanically.

strong pseudocrystalline and crystallomorphous
form directly suitable for use without compres-
- sion or briquetting.

It is also:an object to obtain catalysts contain- .
ing black unglowed chromium oxide with a high.
resistance to the glow phenomenon, so that they

can be heated to temperatures above 400° or 500°

in the original salt. The total chromium -oxide
of the residue has an appreximate empirical for-
muia of CrOs, indicating that the chromium is,
either actually or on the average, in a tetravalent
state. The presence of chromium having a va-
lence greater than three is readily observable by
dissolving a portion of the catalyst in hot dilute
sulphuric acid, cooling, and adding potassiuin .
iodide, whereupon iodine is liberated. Under the
same conditions, trivalent chromium -does not
cause any liberation of lodine.

Before the residue from the nonspontaneous
thermal decomposition is used as g catalyst in re-
actions such- as changing the carbon-hydrogen
ratios of hydrocarbons or ror the desulphurization
of sulphur-cortaining hydrocarbon distillates it
is reduced and it is generally preferable to subject
it to a controlled reduction in the presence of an
atmosphere consisting of or containing a reduc-
ing gas or gases. After reduction, advantageous

40 conditions for which are hereinafter described,

the black, unglowed and crystallomorphous resi-

. due from the nonspontaneous thermal decom-

position of ammonium salts of chromic acid pos-
sesses a high catalytic efficiency. for reactions
such as dehydrogenation, nondestructive hydro-

- genation, hydrocarbon desulphurization, and the -

" C. without loss of .catalytic activity. due to .

glowing,

. 1 50"
Another object is to obtain such. deslrable cata- B

lysts uniformly and at will, without the forma- -

tion of substantial a.mounts of green and inactive: )

. chromium oxide.

Another object is to carry. out catalytic proc- ’

esses by the use of these catalysts derived through

the nonspontaneous and controlled thermal ‘de--

composition of ammonium-containing salts ot_
~chromie acid.

Another object is to provide a process for the
treatment of a hydrocarbon material which con- .
tains organic sulphur compounds’ to reduce the.

sulphur content thereof.

Further objects and advantages of our lnven-"‘35

tion will be apparent. to those skilled in the ar"
from the following description, .
‘We have found that it is possible to. effect a
slow: thermal decomposition of ammonium-con-
taining salts of chromic acid under controlled
temperature conditions that do not cause spon-
taneous or explosive decomposition to take place,
" and that our procedure leads to the preparation
of chromium oxide-containing catalysts that are
definitely superlor to the catalysts of the prior
art in catalytic and mechanical properties. We

‘like.

It can be used as a catalyst at all tempera-
tures at which the conversion is thermodynamic- -

“ally high enough to.be desirable or profitable, such -

as temperatures within the range 200 to 600° C.

“Any carbonaceous. deposit:formed. on it during '
‘Use .can. be burned off with air under suitable
. temperature conditions wlthout destruction of its

catalytic activity and it can thereafter be used -

- again. Furthermore, it can be repeatedly used

and reactivated. without - undergoing "the - glow

;phenomenon or.- calorescence that may accom--
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pény or fallow the spontaneous decomposition .of

" ammonium salts of chromic a¢id or which may
:often be induced in other chromium oxide-con-

taining preparations by hea.ting toa temperature

". above about 400 or 500° C

‘Whether or not the chrom1um oxide or the res-

-idue obtained by the nonspontdneous thermal de-
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composition of our process is truly tetravalent, as -
the empirical formula CrO: implies, is not defi~- -

.nitely known by us. We prefer to consider that

the residue.has a composition that may be ex-
pressed by the formula Cr203.CrOs, which has the
same ratio of chromium to oxygen as CrOz2 and
which implies that two-thirds of the chromium
is trivalent and that one-third is hexavalent.
Because of this preference and because of its
convenlence, we shall hereinafter refer, in the
specification and claims, to the chromium of
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higher valence than three which is present in the
residue from the nonspontaneous thermal decom-
position as being hexavalent, it being understood
that we do not otherwise limit ourselves. .

Advantage of the presence of this hexavalent.

chromium in the residue may be taken for the
purpose of determining when the controlled and
nonspontaneous - thermal decomposition has
reached a satisfactory end point. We have found
that the nonspontaneous decomposition should be
continued to & point at which the content of hex-
avalent chromium, as compared, with the total
chromium, lies within the range of 25 to 40 per
cent, as determined by the method to be de-
- scribed directly. In our best preparations the

hexavalent chromium content has generally been-

- within the range of 27 to 35 per cent and we pre-
fer that it be within the range of 30 to 33 per cent.
Before the decomposition, generally all of the
chromium is hexavalent, since a salt of chromic
acid is the substance decomposed. Hence, the
progress of the nonsponianeous decomposition
may be readily followed by withdrawing samples
from time to time and analyzing them for total

chromium and for hexavalent chromium. The

total chromium is delermined by taking a
weighed portion of the sample, suitably about one

' gram, gently heating it in an excess of a solution

of mercurous nitrate, suitably in 5 cc. of & satu-
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composition at temperatures between about 175°
and 200°.C. It is possible, however, to decom-

“pose successfully ammonium salts of chromic acid

at temperatures somewhat above this preferred
range, up to about 225° or 230° C., if all condi-
tions are favorable; but generally it is feli that
the gain in shortening the period of nonsponta-
neous decomposition does not compensate for the
increased danger of occurrence of the undesired
spontaneous decomposition and its attendant de-
struction of mechanical strength and catalytic
activity.

Another reason why it is preferable to use a
maximum decomposition temperature not much
in excess of 200° C. iz that we have found thaf, if
the heaiing of the nonspontaneously thermalily

decomposed material is continued in an oxidizing

atmosphere such as air, the content of hexaval-
ent chromium as defined herein becomes a mini-
mum and then slowly increases again. For ex-
ample, in the aforementioned case of the decom-
position of ammonium dichromate in air at 200°
C., in which a minimum hexgdyalent-chromium

conient of 32 per cent of the total chromium was

reached in 15 hours, it was found that aiter a
total of 45 hours the content of hexavalen{ chro-
mium had incredsed to slightly over 40 per cent of
the total chromium. Again, in the alfo afore-
mentioned case of the decomposition of ammo-

rated solution of mercurous nitrate, whereby all sp nium dichromate in air af 175° C,, in which a

of the hexavalent chromium is reduced fo the
trivalent condition, then evaporating the solution
to dryness and igniting the residue strongly to
constant weight, whereby all but chromic oxide is
volatilized and removed, and finally weighing the
residual chromic oxide, Crz0s. The hexavalent

chromium is determined by dissolving it out from-

a second weighed portion, suitably 0.1 to 0.2 gram,
of the sample with hot dilute sulphuric acid, suit-
ably with 500 cc. of 6 to 7 per cent sulphuric acid,
which may require bojling for 20 to 30 minutes to
effect dissolution, then cooling, adding an excess
of potassium lodide, suitably 1 to 2 grams, and
titrating the liberated iodine with sodium thio-
sulphate solution of known strength, suitably 0.1
normal, with starch as indicator.
thus obtained the percentage of the total chro-
mium found as hexavalent chromium may be
readily calculated. The controlled nonsponta-
neous thermal decomposition is preferably con-
tinued until the hexavalent chromium has de-
‘c¢reased to approximately one-third of the total
chromium, more or less.

35

minimum hexavalent-chromium content of 32 per
cent of the total chromium was reached in 11
days, the hexavalen}{ chromium became 35 per
cent of the total chromium after g total period of
14 days. We have found that & content of hex-

- avalent chromium in excess of approximately 35
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From the data .

In order that the decomposition may not be-

come cof the spontaneous character, which we
have found fto be undesirable and harmful to the
catalytic and physical properties of the product,
it is ‘essential that the temperature during de-
composition be not permitted to exceed about 225°
or 230° C. We prefer to carry out the decompo-
sition at temperatures not exceeding about 200°
C., since thereby the danger of spontaneous or
explosive decomposition is minimized. But it is
not desirable to use temperatures much below 175°
C., since such lower temperatures needlessly pro-
long the decomposition period. This is illus-
trated by the experimental facts that in the non-
spontaneous decomposition of a sample of am-
monium dichromate in air in an electric oven
kept at 200° C. a minimum hexavalent chromium
content of 32 per cent of the total chromium was
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reached in a period of about 15 hours, whereas |

. when the oven was kept at 175° C, this period
became about 11 days. For these reasons it is
advantageous and preferable to carry out the de-

{:]

per cent of the total chromium is undesirable and

disadvantageous becausé there exists a pro-

nounced tendency of the oxide or oxides of such
hexavalent chromium, which appear to be formed

on continuing the heating in an oxidizing atmos-

phere beyond the minimum content of hexavalent

chromium, to undergo a spontaneous thermal de-

composition which causes a destruction of me-

chanical strength and catalytic activity. For

example, if a preparation containing such hex-
avalent chromium is heated to s sufficiently high
temperature, such as a temperature of about 300°

C. or more, the higher oxides decompose, some-
times with explosive violence, and the product, if
it has not disintegrated into dust, is so fragile
that it can be readily crushed or powdered be-
tween the fingers and it is practically worthless as
a catalyst for dehydrogenation of paraffin hydro-
carbons -fo the corresponding mono-olefins and
likewise for hydrogenation reactions.

‘To avoid the reoxidation which has just been
described it is generally advantageous to carry
out. the conirolled and nonspontaneous thermal
decomposition in a nonoxidizing or reducing at-
mosphere, We have found that we can success-
fully decompose ammonium dichromate and am-
monium chromate in atmospheres of hydrogen,
nitrogen, ammonia, and carkon dioxide. Hydro-
gen has the advantage thaf the reduction of the
catalyst, which is necessary before it is ready to.
be used in a catalytic conversion process, can be
carried on simultaneously with the non-spon-
taneous thermal decomposition. However, great
care must be exercised that heat liberated by the
reduction, which is highly exothermie, does not
raise the temperature high enough to cause spon-
taneous thermal decomposition of the still unre-
duced oxides of hexavalent chromium. For this
reasen, we prefer to carry out the nonspontane.
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ous thermal decomposition and the reduction as
separate and consecutive steps. During the non-
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- it 13 in the form of crystals smaller than desired,

spontaneous decomposition we further prefer to -

use a flowing atmosphere of an inert nonoxidizing
and nonreducing gas of high molar heat such as
carbon dioxide because such gases efficiently ab-
sork the heat liberated by any incipient spon-
taneous decomposition and thus minimize or in-

hibit the tendency for such undesirable spon-.

taneous decomposition to occur or to continue,
The time required for the nonspontauneous
thermal decomposition depends-upon the tem-
perature, We have hereinbefore given specific
. directions for determining when the decomposi-
tion is completed and have cited the lengths of
- representative periods at the two extremes of the
preferred range of 175 to 200° C. Within this
preferred range a generally suitable period of

" time for carrying out the controlled and non-

- spontaneous thermal - decomposition may be
found by adding to a period of 15 hours an ad-
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ditional period of 10 hours for every degree cen-

tigrade that the temperature used lies below
200° C. At lower temperatures, such as in the
range of 150 to 175° C., the period would be of
the order of two weeks or more and at higher

temperatures (up to about 230° C.) it would be ’

of the order of several hours -or less, depending

on the extent that the temperature used differed .

from the preferred range.

By similar controlled and nonspontaneous
thermal decomposition of mixed or double am-
monium-containing salts of chromic acid we may

obtain homogeneously commingled catalysts con-

taining chromium oxide that have as other con-
stituents one or more metals or oxides of metals
other than chromium. We have, for example,
obtained catalytic. preparations by slow con-
trolled and nonspontaneous decomposltion of the
following compounds:

(NH4) 2CrO+. (NHy) 6. M07034.4H20
2(NHy) 20.V205.2Cr0s.7TH20
(NH4) 3Cr04.CuCrQO4.2NH;

" (NH4) 2Cr04.CdCrO«.2NH;3

and (NH«):C!'O4 2VO2.CrOw6H:0. We have also.

used ammonium chromochromate,
'NH40.Cr02.0.Cr. 0.Cr0Oa. ONH4

" whlch is an ammonium-containinz salt of. chro-
-mic acid containing. alse divalent chromium.
Due, however, to greater difficulties of preparing
: these various .ammonium-containing salts of
_ chromic acid, their higher cost, and their tend-
‘ency to form very small crystals or none at all;

we do not consider such.materials to be as ad--
vantageous for making catalysts by nonspon-

- taneous decomposition as simple ammonium salts
" of chromic acid, such as ammonium chromate or
-ammonium dichromate. Of the advantageous
" materials we have found ammonium dichromate
to be the more advantageous because of its rela-
tively more desirable, because less elongated,
crystalline shape.
With respect to the size of crystals we prefer
a size that passes through a 10-mesh and is re-
- tained by a 20-mesh screen; but we do not wish
to have our invention limited to this particular
size, as other sizes operate almost or equally as
well. If the original material available is in
the form of crystals larger than desired, they
may be broken or crushed to granules of the de-
sired size, preferably but not necessarily before
the nonsponta.neous thermal decomposition, If
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" it may be recrystallized to yield larger crystals.

After the nonspontaneous thermal decomposi- -
tion is complete, the chromium oxide-containing
residue is reduced. This may be done with any
reducing gas, such as hydrogen, carbon monoxide, .
butane, propane, and the like, or with an atmos-
phere containing such & reducing gas or gases.
The reduction is preferably carried out as a sepa~
rate step, but in many cases it may be incor-
porated as a part of the starting up of a run in
which this material i8 to be used as a catalyst.
For example, in a dehydrogenation procedure the
material to be dehydrogenated may be passed
over the chromium’ oxide-containing material
while the catalyst chamber is in the warm-up
period, the material to be dehydrogenated thus
acting as the reducing gas. However, it is advan-
tageous to use hydrogen or an atmosphere con-
taining hydrogen as the reducing gas, as there-
with the reduction can be carried out at the lowest
possible temperature and the possibility of the
simultaneous formation of a carbonaceous deposit

.on the catalyst 18 avoided. The temperature

shouid not in any case be allowed to rise above
about 300° C., and preferably not above about
250° C., before the reduction is complete, since
above this temperature thermal decomposition
of unreduced higher oxides of chromium is rapid
and the catalyst particles mey consequently dis-
integrate into dust and simultaneously lose much
or all of their catalytic activity, and so limiting-
the temperature of reduction is a part of our

" invention.
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Reduction can be carried out at as low 'a tem-
perature as 175° C. or lower and we prefer to
carry out the reduction with the temperature
slowly and gradually increasing from helow or
about this value to one of about 250° C. If
desired, room temperature may be the starting
point. We further prefer to dilute the reducing

- gas with an inert diluent gas such as nitrogen

or carbon dioxide, as the diluent gas advantage-

-ously tends to prevent or minimize any local rise

in temperature caused by the reduction, which is
highly exothermic in nature. Due to its higher
molar heat and {ts greater tendency to be ad-

_ sorbed on the catalyst, carbon dioxide iz some-
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‘what superior to nitrogen as a diluent gas, as it

appears to be capable of absorbing more energy
arising from the reduction than is a gas such

- as nitrogen, probably not only in.the form of

molecular and intramolecular energy bt - also
in the form of latent heat of desorption. How-
ever, the lack of such dilution is not to be con-.
sidered as going outside the scope of our inven-
tion. Completion of reduction can be readily

- ‘deternined by means that are.well known to

workers.in the art, as by determining if water is
being formed or by determinlng if any hydrogen
is being consumied. Analyses of the oxide con-
tent may also be used for control purposes.

The following example will further illustrate
the nature of this invention but the lnventlon ls
not to be restricted thereby. -

Example

As an example jllustrating the practicé of our
invention, we cite the following: A quantity of
ammonium dichromate crystals, screened to pass -
& 20-mesh sieve and to be retained by a 40-mesh

sieve, was spread in & thin layer on a hot-plate

]

and was then nonspontaneously decomposed by
being heated to 200° C., and kept at this tempera-
ture for 16 hours, At the end of this time the
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‘residue consisted of homogeneously black, porous
but dense and coherent, and mechanically strong
crystallomorphous granules that retained the
apparent or gross erystalline shape of the original
ammonium dichromate. It contained 33.8 per
cent of the total chrom um as hexavalent chro-
mium, as previously discussed and defined and
as determined by the aralytical procedure here-

inbefore described. The residue contained con-

siderable ammonia and water which were evolved
in the subsequent treatment now to be deseribed.
4 5-cc. sample was placed in a vertical catalyst
chamber made from a pilece of heat-resistant
glass tube of about 8 mm. internal diameter and
provided with & concentrie internal thermocouple
well. It was then slowly heated by an electric
resistance furnace in the presence of a down-
wardly flowing atmosphere of hydrogen to a
- temperature of about 200° C. After reduction
was complete at this temperature, the tempera-
ture was gradually increased to 450° C.  ~

A mixture of hydrocarbons having a boiling
range within the gasoline boiling range which
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confained 3 per cent of sulphur in the form of -

sulphur-containing organic compounds and that
was prepared by the catalytic polymerization of
cracking-still gas was treated with said catalyst
in the following manner:

The hydrocarbon mixture was passed together
with an excess of hydrogen over the catalyst at
a temperature of 300° C. and a total pressure
of 250 pounds per square inch.

'~ The resultant gasoline, after being washed
with an alkali solution, was sweet to the doctor
test, showing efficient desulphurization, and was
98.5 per cent saturated, showing excellent hydro-
genation,

We have found that our catalysts may be used
for desulphurizing organic materials by con-
verting the organic sulphur contained therein
substantially completely into hydrogen sulphide,
which can then be removed by well-known means,
as by an alkali wash. . :

- Mention has been made herein that the chro-
mium oxide or oxides in the most desirable residue
from the controlled and nonspontaneous thermal
decomposition of ammonium-containing chro-
mates or dichromates has an empirical formula
‘which closely approximates CrOz, and it has been
shown that this may be further represented by a
simple mixture or combination of chromium ox-
ides such as Cr203.CrOs. For this reason, and as
2 matter of convenience, the chromium with a
valence higher than three has been spoken of as
a cértain amount of hexavalent chromium, and
amethod for determining this higher-valent chro-
mium has been given. The true chemical formula
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of the residue has not been definitely establishéd; :

but it is immaterial whether the higher-valent
chromium is considered as being truly tetravalent,
as in CrOg, or as being partly truly hexavalent and
partly truly trivalent, as in Crz0:.CrOs, since the
chemical formula has no bearing on the invention

‘other than as discussed herein. Therefore, any -

mention made herein or in the claims which fol-
low of hexavalent chromium in chromium oxide
or of chromium oxide of any particular content
of hexavalent chromium, is to be considered in
the light of this discussion and disclosure,

The terms “pseudocrystalline” and “crystallo-
morphous” used in-this specification and in the
accompanying claims are taken to mean that the
granules of the product from the nonspontane-
ous thermal decomposition have the same appar-
ent or gross shape or physical form as the origi-
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nal crystals or granules of ammonium-contain-
ing salt of chromic acid used as raw material.
It is probable, but not definitely known, that the
atoms in the product are definitely arranged and
spaced and thus in this respect resemble the atoms
in & true crystal; this may possibly contribuie

to the high catalytic efficiency of the product.

The term “coherent” s used herein is to be
understood to imply that the residue from the
nonspontaneous thermal decomposition persists
in the form of the original granules or crystals
instead of readily falling into powder; further-
more, it is not to be taken as implying a coales.
cence of granules into a larger mass or masses.

We do not wish to exclude from our invention
certain modifications or alternatives which will
be obvious {o those skilled in the art. Further-
more, we do not wish to limit our invention to .
the details of materials, temperatures, pressures,
times, and the like which we have reited in our
illustrative example, Hence, we desire to have
it understood that, within the scope of the ap-

pended claims, our invention is as extensive in .

scope and equivalents as the

We claim:

1. A process for the desulphurization of a hy-
drocarbon material which contains organic sui-
phur compounds. to reduce the sulphur content
thereof, which comprises contacting such s hydro-
carbon material in admixture with hydrogen at a
reaction temperature of approximately 300° C. and
a pressure of approximately 250 pounds per square
inch with an unglowed chromium oxide catalyst
composed of coarse granules and prepared by sub-
jecting a crystalline, granular and nonpowdery,
ammonium-containing salt of chromic acid, the
particles of which are sufficiently large to be re-
tained on a 40-mesh sieve, to controlled heating

prior art allows.

in an oxidizing atmosphere containing free OXy~-

gen at an elevated temperature within a range
of 75° C. below and adjacent to the spontaneous
thermal decomposition temperature of said salt
for a time suflicient to effect o substantially com-
plete controlled decomposition of said salt homo-
geneously throughout said granules to an un-
glowed dark residue with a content of chromium
having a valence higher than three within a range
of approximately 25 to approximately 40 per cent
of the total chromium and substantially at a min-
imum, said salf retaining its crystallic shape with-
out substantial disruption of the granules thereof,
and subsequently subjecting said decomposed salt
to the action of a reducing atmosphere at a tem-
perature within the range of approximately 175°
to approximately 250° C. for a period of time
sufficient to effect substantially complete reduc-
tion while substantially maintaining the unglowed
and granular condition of said material,

2. The process for the destlphurization of a
hydrocarbon material which contains organic
sulphur compounds to reduce the sulphur content
thereof, which comprises contacting such g hy-
drocarbon material in the presence of free hy-
drogen at a reaction temperature not in substan-

‘tial excess of approximately 600° C, with s gran-

ular catalyst prepared by subjecting a granular,
nonpowdery crystalline ammonium-containing
salt-of chromic acid, the particles of which are
sufficiently large to be retained on g 40-mesh
sieve, to controlled heating at an elevated tem-
perature below the temperature at which said
salt decomposes with incandescence, until the
salt is-substantially completely decomposed ho-
mogeneously throughout the individual granuies
while retaining its crystailic shape snd without
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substantial disruption of the granules, and sub-
sequently subjecting the resultant material to the
action of g reducing atmosphere at an elevated
temperature below approximately 300° C., until
reduction is substantially complete. .

3. A process for the desulphurization of & hy-

N

drocarbon material which contains organic sul-

phur compounds to reduce the sulphur content
thereof, which comprises contacting such & hy-
drocarhon material in admixture with free hy-
* drogen at @ reaction temperature of approxi-
mately 300° C. and & pressure of spproximately
250 pounds per squere inch with a granular cat-
alyst prepered by subjecting g granular, nonpow-
dery crystalline ammonjum-containing salt of
chromic acid, the perticles of which are suifi-
clently large to be retsined on a 40-mesh sieve,
to controlled heating at an elevated temperature
kelow the temperature af which said salt decom-
poses with incandescence, until the salt is sub-
stantially completely decomposed homogeneously
tbroughout the individual granules while retain-
ing its crystallic shape and without substantial
disruption of the granules, and subsequently sub-
jecting the resultant material to the action of a
reducing atmosphere at an elevated temperature
‘below approximately 300° C., until reduction is
substantially complete.

4, A process for the desulphurization of a hy-
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drocarbon material which contains organic sul-
phur compounds to reduce the sulphur content
thereof, which comprises contacting such g hy-
drocarbon material in admixture with free hy-
drogen at a reaction temperature of approxi-
mately 300° C. and a pressure of approximately

250 pounds per square inch with a granular un-

glowed chromium oxide catalyst prepared by sub-
jecting crystals of ammonium dichromate, large
enough to be retained on & 40-mesh sieve, to con-
trolled heating at an elevated temperature in the
range of approximately 150° to approximately
225° C., until said crystals are substantially com-
pletely transformed homogeneously throughout
and without substantial disruption into granules
of black chromium oxide having the same crystal-
lic shape as the original crystals and having a
content of chromium with a valence greater than
three that is equiv.lent to a hexavalent chromium
content in the range of approximately 25 to ap-
proximately 40 per cent of the total chromium,
and subsequently subjecting sald granules to the
action of a reducing atmosphere at an elevated
temperature in the range of approximately 175°
to approximately 250° C. until reduction is sub-
stantially complete. v
MARYAN P. MATUSZAK.
GLEN H. MOREY.



