
_ ‘Patented Jan.v 22, 1946 
2,393,288 ' 

I 

2,393,288 
PROCESS FOR THE CATALYTIC REFORMIN G 

0F HYDROCARBON MIXTURES 
Alva C. Byrns, Oakland, Calif., assignor to Union 

Oil Company of California, Los Angeles, Calif., 
a corporation of California ' ' 

No Drawing. ' Application .nuys, 194s, 
. Serial No. 493,631 

12 Claims. (Cl. 196-24) 

UNITED STATES PAT-TENT ‘OFFICE 

This is a continuation-in-part of Serial Nos. 
252,594; 302,018‘; and 353,378, which have issued 
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This invention relates to the treatment of im 
pure hydrocarbon fractions, and especially to the 
conversion thereof and removal of impurities such 
as sulfur compounds ‘therefrom, and also to 
catalysts for such processes. ‘ ' ~ 

Most petroleum fractions contain more or less 
sulfur which ordinarily is present principally in 
the form of organic sulfur compounds. In many 
instances the sulfur content in gases is so high 
as to render them objectionable for sale for fuel 
gas. In other instances crude oils and their 

' . ent. Furthermore, the phenols may be converted‘ 
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various residua and distillates are so high in , 
sulfur as to render them objectionable for uses 
to which they are adapted, for example as crack 
ing stocks, fuel oils, lubricating oils, aromatic 
solvents, motor fuels, or the like. Some such 
and similar materials including shale oil ‘and 
coal tar fractions also contain oxygen and nitro 
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gen in the form of phenols, nitrogen bases and p 
. other compounds which are objectionable. 

The principal object of therpresent invention is 
to provide a'process whereby impure hydrocarbon 
fractions, especially those boiling above the gaso~ 
line range, may be treated. and a very high de 
gree‘of conversion of the hydrocarbons to more 
desirable forms, and conversion of the non-hydro 
carbons such as the organic sulfur compounds, 
phenols and high-boiling nitrogen bases, into 
readily removable forms such as hydrogen sul 
?de. water and lower boiling nitrogen bases, may 
be effected. A further object is to provide suitable 
catalysts for this process. as well as suitable proc 
esses for manufacture of such catalysts. A cata 
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lyst which will effect a high rate of sulfur con- ‘ 
version is of special value because of the fact. 
that some fractions, such as petroleum ‘fractions, 
will contain as much as about ‘20% of organic 
sulfur compounds althoughthe actual sulfur con~ 
tent may be only about 3%, for example. 'Where 
sulfur conversion to hydrogen sul?de is effected. 
the organic compounds freed from the sulfur 
may be left in the fraction, these compounds fre 
quently being especially valuable constituents of 
motor fuel, lubricating oil, etc. Therefore, sulfur , 
conversion as distinguished from complete re 
moval of the sulfur-bearing compounds is_ of 
great importance. Likewise, complete removal or 

conversion of phenols from aromatic ‘fractions 
renders them more suitable as solvents, and'rthe 
removal of nitrogen compounds improves various 
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hydrocarbon mixtures in which they may be pres 

to more valuable aromatics, and the heavy-nitro 
gen bases may be converted vto more desirable 
low boiling nitrogen bases. The hydrocarbons 
may also be converted, i. e, reformed or cracked, 
to obtain more desirable hydrocarbons. 

I have discovered that these objects may be 
attained bypassing such “impure” or sulfur 
bearing and/or oxygen and/or nitrogen contain 
ing hydrocarbon'fractions in the liquid or vapor ,' 
phase over or through a catalyst comprising co- - 
balt molybdate. When the fraction is a gasoline 
or gas oil, it'is usually preferable to treat it in 
the vapor phase, heavier fractions generally being 
treated in the liquid phase. , The operation is 
preferably conducted under pressure and in the 
presence of hydrogen; 
' The catalysts for the above process may be co 
balt molybdate either as such or on a can‘ier. 
Where precipitated cobalt molybdate as such fre 
quently effects a considerable degree of treatment 
and conversion, it is highly preferable to precipi 
tate the cobalt molybdate in the presence of a 
hydrous gel, particularly an alumina gel which 

_is a’ porous gel producible as herein described, 
and it appears to be preferable that the catalyst 
consisting of hydrous alumina gel and cobalt 
molybdate contain only about 
weight of cobalt molybdate. A given weight of 
cobalt molybdate included in such proportions in 
such a catalyst is‘ much more effective than an 
equal weight of the cobalt molybdate employed 
by itself. I have further discovered that the cata 
lyst is, of outstanding value. when the cobalt 
molybdate is preciptated in the presence of a 
washed wet aluminum hydroxide gelfolowing its 
precipitation but before the hydrous alumina.~ gel 
has been allowed to dry. Under these conditions 
the molybdate is distributed through the gel and 
may even react chemically with the gel. The 
dried :catalyst is of such form that it is highly 
porous, active, and stable at high temperatures, 
and exhibits another characteristic distinct from 
the usual supported molybdate catalyst prepared 
by participating cobalt molybdate onto a'dried 
support, in that when ?rst introduced into use, 

. its activity builds up gradually and continuously 
to a maximum activity as represented ‘by high 
sulfur conversion which ‘maximum activity is re 
tained throughout the valuable life of the vcatalyst, 
as distinguished from the other catalysts whose - 
activity builds up very rapidly to a maximum 

' and then drops back in the early life of the cata 

10% to 30% by . 



lyst to an ef?oiency value as measured by con 
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A cobalt molybdate on‘ alumina catalyst was 
prepared as follows: - 

H2O (molecular. 25 Aluminum nitrate. alghoms 
dehydrogenation. ‘ weight 3'75) ___________ -_ 

Ammonium hydroxide ______ _ _ 
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of hydrogen and/or carbon monoxide in the 
‘action mixture is greatly preferred. The reaction 

re- ' 

temperatures will depend largely on the treatment ‘ Q 
desired, but will generally be above 400° F. and 
below about 2000° 1". When'it is desired’merely 
to convert non-hydrocarbons to easily’ removable. 
forms without substantial concurrent conversion ' 
of hydrocarbons, the lower temperatures are pre 
ferred,v such as below about 900° F. Inthe con-. 
version of hydrocarbons'by cracking and reform 
ing, the higher temperatures, above about 800° F. 
and preferably above about 950° F. are generally 
employed. The lower temperature operations 
when used for non-hydrocarbon conversion, are 
generally carried out at pressures above about 
150 lbs, and in the presence of at least about 1000 

10 

15 

cu. ft. of hydrogen per barrel ofefeed. The higher ‘ 
temperature operations when used for hydrocar 
bon conversion, are generally accompanied by 
lower pressures and higher hydrogen ratios. 
The following are examples of treating proc 

esses of this invention. In each instance in which 
sulfur-containing stocks were treated, the prod 
ucts were caustic washed .to remove the hydrogen 
sul?de formed. ‘ 

Residua from distillation of crude oils contain 
, ing various S, N and O-ycompounds may be treated 
to remove such compounds, by contacting these 
stocks in the liquid phase with the above cata 
lysts. For example, by heating a residuum ob 
tained by distilling the gasoline and gas oil from 
a high sulfur crude with. about 1% of its weight 
of cobalt molybdate on previously undried alu 
mina gel, with hydrogen at a pressure of about 
2000 lbs. and a temperature oi’ about 500° to 600° 
1". for about an hour the bulk of the sulfur, oxy_ 

- gen, and nitrogen compounds contained in the 
stock may be converted to lower boiling com 
pounds, largely hydrogen sul?de, water, and lower 
boiling nitrogen bases, which may be removed 
from the product by fractional distillation or 
washing with dilute caustic and with dilute min 

' eral acid. The hydrocarbons are largely unaf 
fected, but the product is greatly improved over 
the feed stock as regards suitability for use as 
fuel oil or as cracking stock. 
Similar selective conversion of sulfur, oxygen, 

and nitrogen compounds may be obtained under 
the range of conditions outlined above for the 
lower temperature operations, i. e. at tempera- l 
tures below about 900° F'., and preferably below 
about 800° F., pressures above about 150 lbs. per 
square inch and up to about 10,000 pounds or 
more, hydrogen ratios above about 1000 cubic feet 
per barrel of liquid feed and up to 10.000 or more ' 

' cubic feet per barrel, contact times of about 0.1 
hour up to about 10 hours or more, and the same 
or other catalysts of this invention. For equiva 
lent selectivity of conversion, operation at the 
higher temperatures in this range should be ac 
companied by lower contact times. 

By. operation at somewhat higher temperatures, 
in the liquid or mixed phase, residual oils and the 
like may be treated with conversion of hydro 
carbons as well as sulfur, oxygen, and nitrogen. 
compounds. For example, by carrying out resid 

900° F. to 1000° F'. or more and lower pressures 
such as, atmospheric to about 150 lbs., with con 
tact times as low as about 0.1 second or less, with 
or without hydrogen, similar conversion of S, O. 
and N compounds takesv place, with concurrent 
production of substantial yields of fixed ‘hydro 
carbon gases, gasolines, and gas oils, which when 
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period of about 18 hours. 

3 
freed of hydrogen sul?de, water, and low-boiling 
nitrogen bases, are improved motor fuels. 
Lubricating oils stocks treated as in the lower 

temperature operation above have been greatly 
improved in viscosity index (Dean 0; Davis 
method) without appreciable loss in yield. As an 
example of a modi?cation of this process, hydro; 
gen was bubbled through a mixture of 150 ml. of 
lubricating oil stock and 15 g. ‘of an unsupported 
cobalt molybdate catalyst at atmospheric pres 
sure and a temperature of about 700°‘F., for a 

, After Washing the 
product with dilute caustic and dilute sulfuric 
acid, it was found to have a sulfur content of 1.7 % , 
against 3.0% for the stock: a viscosity, 8. U. at 
100° I". of 298 as against 595 for the stock, and a 
viscosity index of 49 ‘as against 20 for the stock. 
Even better results may be obtained by operation 
under pressure and/ or by employing more emcient 
means of contacting. 
Gas oils and coking distillates may'be treated 

either in the liquid phase or in the vapor phase. 
The following are examples of vapor phaseiop 

- eration: ‘ 

A heavy gas ,oil from Los Angeles Basin crude 
was vaporized in the presence of 3,400 cubic feet 
of hydrogen per barrel of feed, and the mixture 
was passed at a temperature of 750° F., a pres 
sure of 150 lb. and a rate of 1 volume (of liquid 
feed) per volume ‘of catalyst per hour over a bed 
of cobalt molybdate on alumina catalyst prepared 
as described above. The sulfur content of the 
gas oil was reduced by this treatment from 0.9% 
to 0.2% with a recovery substantially of 100% by I 
volume, and was an improved cracking stock or 
Diesel fuel. There was no substantial conversion 
of hydrocarbons such as production of gasoline. 
Over 23 volumes of liquid feed were treated with 

.out catalyst regeneration, and without apparent 
loss in catalyst activity. 
‘The-combined distillate obtained from a cok~ 

ing distillation of'a'high sulfur, heavy crude from 
Santa Maria Valley in California was employed 
as feed stock in‘ another operation, which was 
carried out with the same catalyst and feed rate 
as in the previous example, but with twice as 
great a ratio of hydrogen to feed stock, a tem 
perature of 900° F. and a pressure of 250 lb. 
The ?rst'5 volumes (per'volume of catalyst) of 
feed treated yieldedia product in‘ an 89% yield' 
which had a sulfur ‘content of only 0.2%, com 
pared with 3.5% for the feed stock, a reduction 
of about 94%. There was substantial conver 
sion of hydrocarbons as well as sulfur compounds 
in this operation, since~the product contained 
56% of gasoline, while the feed stock contained 

1 only 18% of gasoline. This indicates a conver 

_ uum treating operations at temperatures about I 

75 

sion of over 46% of the higher boiling material 
in the feed to gasoline. The sulfur content of 
the gasoline-in the feed stock was 2.65%, while 
that of the product gasoline was 0.04 %. 
In a similar run the feed stock employed was 

the same stock employed in the previous exam 
ple except that the 18% of gasoline-was removed 
prior to the treatment. The treating conditions 
were similar, except that the feed rate was dou 
bled. The product vobtained from the first 12 
volumes of feed in a yield of 86% had a sulfur 
content of 0.76% and contained 38% of gasoline 
of 0.17% sulfur content. ,- ' ' v 

A straight-run gasoline from Santa Maria Val 
ley crude was passed in the Vapor phase in ad~v 
‘mixture with about‘ 3400 cubicfeet of hydrogen 
per barrel of liquid feed over a cobalt molybdate 

\ catalyst prepared as above (‘without carrier) at 



" volume of catalyst per hour. 
of H28) was essentially unchanged except for the‘ 
reduction of the sulfur content, which was-0.12 . 

for the product. . This raised‘ 
‘the octane number of the gasoline containinga ' 

4' _ ‘ I _ . 

a temperature of 
1b., and a rate of .4 volumes 

600'. F. and‘ a'pressure of 250 
of liquid feed per 
The product (freed 

for the feed, and 0.06 

ml. of tetraethyl lead per‘ gallon from "10 for the 
feed to '18 for the product, although the octane ' 
number without tetraethyl lead, -61, was substan 
tinny-unchanged by the treatment. ' 
In a .hydroforming operation,- a 

gasoline of low sulfur content having a boiling 
range of 220° to 273° F. and containing no ole?ns 
and 14% aromatic. hydrocarbons was converted 
in a 71% yield to a product of slightly wider-boil 
ing range containing 3% oleilns and 50% aro 
matics.~ The catalyst was a cobalt molybdate 
alumina catalyst prepared as described above, the 
feed rate was 1 volume per‘v volume of catalyst per 
hour, the hydrogen ratio was 3400 cubic feet per 

straight-run. 
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barrel of feed, the length of the run was 2 hours, ' 
the temperaturewas 950° F. and the pressure was 
1001b. . ' ' ' 

In another operation, employing a cobalt 
molybdate (no carrier) catalyst prepared as above, 
with a feed ‘rate of 2.’! volumes per volume of cat 
alyst per hour, a hydrogen ratio of 10,000 cubic 
feet per barrel ,of feed, a temperature of, 950° F. 
and a pressure of 250 1b., the length of the run 
being nearly 20’ hours, a 78% yield of‘ product 
gasoline of 0.09% sulfur content was obtained 
from a cracked gasoline containing 0.6% sulfur. 
The octane numbers of the feed containing‘no 
tetraethyl lead and 3 ml. of tetraethyl lead per 
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gallon were 72 and 78 respectively, while those of - 
the product were 75 and 86, respectively. _ 

Besides the above, extract fractions obtained by 
selective solvent treatment of‘ lubricating oils, 
transformer oils, kerosene, stove oils, gasolines, 
and like fractions have been treated in the pres 
encevof the above catalysts, under conditions such 
as those described above, both in liquid and vapor 
phase, to obtain products much more suitable as 
aromatic solvents for use as thinners for lacquer, 
paint, varnish, and the like. Fractions from coal 
tar and shale oil are similarly improved by such 
treatment. _ 
These catalysts, especially 

alumina catalyst, are particularly suitable for use 
at temperatures above about 950° F. up to 15000 

the cobalt molybdate- . 
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F. and even 2000911‘. Thus, they may be employed . 
in‘ ?uid ‘cracking, processes with or without hy 
drogen, or precombustion type crackingprocesse's,v 
in- which hot flue gases are admixed with the feed 
stock to obtain reaction temperatures up to 2000’ 
F. or, higher. The catalysts may be carried in the 
flue gas stream, the hydrocarbon stream, or pass 
through the mixture, for example. , 
‘Although the presence of hydrogen is preferred 

because it generally improves catalyst life, the 
treatment may be carried out in the absence of 
hydrogen. a. Carbon monoxide may-be employed 

60 

as a substitute for, or in addition to, hydrogen, - 
and the presence of saturated low ‘molecular 
weight hydrocarbons such as propane and butanes, 
is generally ‘helpful. 

ence of hydrogen sulfide, water, ~ammonia,»and 
the like. ' ’ ' a 

‘ ‘Although desulfurization and hydrocarbon 
conversion were emphasized in ‘most of the spe 
ciflc examples given above, the feed stocks boil 
ing above the gasoline range usually contain oxy 
gen and nitrogen compounds such as phenols 

7 As indicated, the‘ cobalt ' 

molybdatecatalysts are ‘effective even in the pres- ' 
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‘iron; when I prepared by 

a,sos,aae 
,and nitrogen bases, especially those of high 
molecular weight. These are rather dimcult to 
remove by ordinary ‘extraction methods. BY 
treatments such as those shown- in the above 
examples however, the phenol contents of such 
fractions have been reduced by 90% or more, 
apparently by 
carbons. By the higher temperature treatments, 
especially of 

verted to ammonia and to lower boiling nitrogen 
basessuch as pyrrole, pyridine, and quinoline 
homologs and the like, and by the lower temper 
ature treatments, unsaturated nitrogen bases 
such as pyrrole and pyridine may be hydrogen 
ated to ‘saturated ‘materials such as pyrrolidine 
and piperidine respectively, which are‘ stronger 

All of these- relatively low-boiling con 
verted nitrogen bases are useful chemicals. They 
are readily extractable from the products of the 
above treating processes by treatment with dilute 
mineral acids such as sulfuric or hydrochloric, 
and may be recovered from the acid extracts ‘by 
making the extracts alkaline with a strong base 
such as caustic soda and skimming or distilling 
the, liberated nitrogen bases therefrom. 
The treating processes of this invention may be 

employed in stages, or may be followed by other 
treating processes if desired. The nitrogen base 
extraction step described above may be consid 
ered as one such instance. It is sometimes de 
sirable to treat products with concentrated sul 
furic acid or clay or the like to provide further 
re?nement; or a low temperature desulfurization 
treatment may be followed by a high temper 
ature hydrocarbon conversion treatment of the 
types described above. Two or more treatinz 
processes of the types included in this invention 
may be carried on successively if desired. , 
By the term “catalysts comprising cobalt 

molybdate” it is intended to include cobalt 
molybdate itself, as well as» cobalt 'molybdate 
supported on carriers such as clay, bentonite, 
ceramics, and metal oxides, especially hydrous 
metal oxide (including hydroxide) gels, and es 
pecially those gels which have not previously 
been dried. it has alsobeen found, however, 
that catalysts comprising chromites of cobalt as. - 
well'as chromites and molybdates oi' the iron 
group elements related to cobalt, i. e., nickel and 

methods ‘analogous to 
those ‘described above for the catalysts compris 
ing cobalt molybdate, are good catalysts for hy 
drocarbon treatment by the processes of this in 
vention, the cobalt‘ chromite and the catalysts 
supported on undried hydrous oxide gels espe 
cially those named above, being preferred. In 
the case of the chromites the method of prepara 
tion normally involves the precipitation of the‘ 

. metal (iron, cobalt, or nickel) chromate from a 
solution of a soluble metal salt and ammonium 
'dichromate, preferably in the‘ presence of the 
desired undried hydrous oxide. gel, by the addi 
tion of a slight excess of ammonium hydroxide, 
washing the product substantially free of soluble 
salts, and heating it to decompose the chromate 
to a lower form such asthe chromite. 
By "catalytic reforming of hydrocarbon mix 

tures” in the following claims it is intended to 
include, processes for conversion __of compounds 
containing sulfur, oxygen or nitrogen to more 
readily removable compounds containing these 
elements, as well as processes involving reduc 

75 tion in molecular weight, dehydrogenation, poly 

conversion to water and hydro- 1 

the higher-boiling fractions, the 
. nitrogen bases in such fractions have been con 
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merization or alkylation, hydroforming or 
aromatization, and isomerization, of hydrocar-' 
bons. These reactions are clearly distinguish 
able from reactions such as hydrogenation, 
oxidation, halogenation, nitration, etc., in which 
material not present in the hydrocarbon feed 
stock is added thereto. By "hydrogenation” it is ' 
meant to include only those processes in which 
there is a substantial net or overall consumption 
of hydrogen. Processes ,in which there may be 
incidental hydrogenation of molecular frag 
ments, but the hydrogen may be supplied by con 
current dehydrogenation, aromatization, and the 
like, of the hydrocarbon mixtures, and which in 
volve primarily conversion of sulfur, oxygen, and 
nitrogen compounds, without substantial overall 
consumption of hydrogen, are de?nitely within 
the scope of this invention. For example, we 
may desulfurize cracked gasolines under condi 
tions such that some of the ole?ns therein are 

‘ _ hydrous metal oxide gel. 
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20 
hydrogenated or cyclized. The "hydrocarbon _ 
mixtures” include fractions from petroleum, coal 
tar, or shale, which may result from distillation, 
pyrolysis and/or extraction, and like processes, 
and may or may not contain sulfur, oxygen and 

" nitrogen compounds. 

Although only vcertain sulfur, oxygen and 
nitrogen compounds have been disclosed specif 
ically, thev above processes are applicable to all 
other non-hydrocarbons found in impure hydro 
carbon fractions, such as naphthenic acids, and 
other compounds containing sulfur and/or oxy 
gen, and/or nitrogen. _ , , 

Modi?cations of the invention which would 
occur to one skilled in the art are to be included 
in the scope of the invention as de?ned in the 
following claims: , 
I claim: I 

l.'A process for the catalytic reforming of hy 
drocarbon mixtures which comprises contacting 
said mixtures at a temperature betweenpa'bout 
500° F. and about 1000" F. with a catalyst com 
prising a compound selected from the class con 
sisting of chromites and molybdates of iron, co 
balt and nickel precipitated on a previously un 
dried hydrous metal oxide ‘gel. 

, 2. A process for the catalytic reforming of hy- I 
drocarbon mixtures boiling above the gasoline 
range which comprises contacting said mixtures 
in the presence of a reducing gas at a tempera 
ture between about 500° F. and about 1000' F. 
with a catalyst comprising a compound selected 
from the class consisting of chromites and mo 
lybdates of iron, cobalt and nickel precipitated 
on a previously undried hydrous metal oxide gel. 

3. A process for‘the catalytic reforming of ‘hy 
drocarbon mixtures boiling above. the gasoline 
range which comprises contacting said mixtures 
in the presence of hydrogen at a temperature be 
tween about 500° F. and about 1000° F. with a 
catalyst comprising a molybdate of a metal ‘se 

, lected from the class consisting of iron, cobalt 
and nickel precipitated on a previously undried 
hydrous metal oxide gel. 

4. A process for the catalytic reforming of hy 
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tating said molybdate 

’ between about 500° 

5 
drocarbon mixtures boiling above the gasoline 
range which comprises contacting said mixtures 
in the presence'of hydrogen at a temperature be 
tween about 500" F; and about 1000° F. with a 
catalyst comprising a chromite of a metal se 
lected from the class consisting of iron, cobalt 
and nickel precipitated on a previously undried 

5. A process for the catalytic reforming of gas 
oils which comprises contacting said gas oils in 
the presence of hydrogen at a temperature be 
tween about 500° F. and about 1000“ F. with a 
catalyst comprising cobalt molybdate precipi 
tated on a previously undried alumina gel. . 

6. A process for the removal of organic sulfur, 
oxygen and nitrogen compounds from lubricat 
ing oil stocks which comprises vcontacting said 
lubricating oil in the presence of hydrogen at a. 
temperaturebetween about 500° F. and about 
.1000° F. with a catalyst comprising cobalt molyb 
date precipitated on a previously undried alumina 
gel. ' ~ ' 

7. A process for the catalytic reforming of hy 
drocarbon mixtures boiling above the gasoline 
range which comprises contacting said mixtures 
in the presence of hydrogen at a temperature be 
tween about 500° F. and about 1000° F. with a 
catalyst comprising a molybdate of a metal se 
lected from the class consisting of iron, cobalt 
and nickel precipitated on a previously undried 
hydrous metal oxide gel, said catalyst having 
been prepared by a method comprising precipi 

fromv a solution contain 
ing a salt of said metal and ammonium molyb~ 
date in the presence of an undried hydrous metal 
oxide'gel, by th addition of. ammonium hy 
droxide. ' , ' ‘ 

8. A process for the catalytic reforming of hy 
drocarbon mixtures boiling above the‘ gasoline 
range which comprises contacting said mixtures 
in the presence of hydrogen at a temperature 

F. and about 10000 F. with 
a catalyst comprising a chromite of a metal se 
lected from the class consisting of iron, cobalt 
and nickel precipitated on a previously undried I 
hydrous metal oxide gel, said catalyst being pre- _ 
pared by a method comprising precipitating the 

, chromate of said metal from solutions of a 
salt of said metal and ammonium dichromate 
in the presence of an undried hydrous oxide gel 
by the addition of ammonium hydroxide, wash 
ing the precipitate and heating it to decompose 
the chromate to the chromite. 

9. A process according to claim 2 in which the 
reducing gas is carbon monoxide. ' 

10. A process according to claim 2 in which‘ 
the hydrous metal oxide gel is alumina gel. 

11. A process according to claim 2 in which 
the catalyst is cobalt molybdate precipitated on 
previously undried alumina gel. , 

12. A process according to claim 2 in which 
the reducing gas is hydrogen and the hydrocar 
bon mixture is aresidual on stock. 
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