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This invention relates to the commercial non 
destructive hydrogenation of unsaturated hydro 
carbons. It relates particularly to an active and 
rugged catalyst suitable for the hydrogenation of 
various organic compounds, and more particu 
larly to the reactivation of such a catalyst. 

It is an object of this invention to provide a 
catalyst that has a high activity in reactions 
wherein hydrogen is introduced into an organic 
compound. 
Another object of my invention'is to reactivate 

a deactivated nickel-containing catalyst. 
Still another object of my invention is to re 

activate a nickel-copper-alumina catalyst which 
has become deactivated for promoting the non 
destructive hydrogenation of unsaturated hydro 

' carbons. 

It is another object of my invention to produce 
para?inc motor fuels from low molecular weight 
polymers of normally. gaseous olefin hydrocar 
bons. 
Other objects and advantages of my invention 

will become apparent as the following disclosure 
and discussion proceed. . 

It has long been known that pure ole?n hydro 
carbons may be readily hydrogenated to paraffin 
hydrocarbons in the vapor phase and in the pres 
ence of a catalyst such as ?nely divided metallic 
nickel. it has also long been known that un 
saturated fatty acids and fats may have their 
ole?nic linkages saturated with hydrogen by re 
action in the liquid phase and in the presence of 
?nely divided catalysts such as ?nely divided 
metallic nickel and the like. These latter ma 
terials have such high boiling points that it is 
impossible to treat them in the vapor phase with 
out the occurrence of extensive deleterious side 

- reactions such as those of decomposition, and it 
is possible to treat them at a suitable hydrogena 
tion temperature without the application of more 
than very moderate pressures by treating them in 
the liquid phase. 
Modern internal combustion, spark ignition en 

gines require fuels which do not appreciably det 
onate, that is they operate best on fuels which 
have high octane numbers. The detonation char 
acteristics of hydrocarbons used as fuels vary 
quite widely with their molecular species; that 
is whether they are para?lnic, ole?nic, naphthe 
nic, or aromatic; with their molecular structure, 
that is whether the molecules of the hydrocarbons 
relatively are simple or highly branched in struc 
ture; their molecular weight; and with their con 
centrations in admixture with other hydrocar 
bons. Many fuels are more or less complex mix 
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high compression engines. 

tures of hydrocarbons, and this last variable is > 
often of considerable importance. In addition to 

' these factors relating directly to detonation, oth 
er characteristics which must be considered are 
the stability of the hydrocarbon in the fuel to 
gum and color formation after prolonged storage 
in contact with air and/or water, and the sus 
ceptibility to. additions of tetraethyl lead and 
other antidetonating agents, that is, the amount 
of increase in the octane number of a motor 
fuel upon the addition of a given quantity of 
an agent such as the familiar tetraethyl'lead. 

It has been found that paraffin hydrocarbons 
'which are normally liquid, which boil below about 
400° F. and which have one or more branches in 
their molecular structure are ideal for fuels for 

Such hydrocarbons 
are extremely stable during long storage, they 
have high octane numbers in the pure state and 
the e?ect of these high octane numbers is not 
appreciably lost on blending, and it is possible to 
increase the octane number of a fuel consisting 
of such hydrocarbons considerably by adding only 
small amounts of an agent such as tetraethyl lead. 
Ole?n hydrocarbons corresponding to such de 

sirable para?in hydrocarbons are now readily pre 
pared by the catalytic polymerization of lower 
molecular weight ole?ns. Thus, diisobutylene, 
corresponding to the well known isooctane, 2,2,4 
trimethyl pentane, is readily prepared by poly 
merizing isobu-tylene. Other branched octenes 
may be prepared by the polymerization of normal 
butenes and by the copolymerization of isobutyl 
ene and normal butenes. Similarly other ole?ns, 
of both higher and lower molecular weights, may 
be prepared by the polymerization of ole?ns and 
mixtures of ole?ns having low molecular weights. 
The ole?n hydrocarbon products produced by the 
simple catalytic polymerization of such low mo 
lecular weight ole?ns vary not only with the 
original_ ole?ns and mixtures of ole?ns but also 
with the operating conditions during polymer 
ization and the catalysts used. Thus, commercial 
products will vary from essentially pure diiso 
butylene, mixed with a little tri-isobutylene, to 
complex hydrocarbon mixtures containing ole?ns 
having from about six to about ‘twelve or more 
carbon atoms per molecule. Most generally it is 
such more or less complex mixtures which are 
produced by commercial polymerization proc 
esses. ‘ ‘ 

In order to produce, from low molecular weight 
ole?ns, motor fuels which are para?inic, have 
high octane numbers and are greatly improved 
by the additions of small amounts of tetraethyl _ 



2 
lead. it has been found desirable to polymerize 
such olefins and subsequently to hydrogenate the 
ole?n polymers. It has been found that a cat 
alyst suitable for the hydrogenation of commer 
cial mixtures of unsaturated hydrocarbons in the 
gasoline boiling range such as ole?n polymers, is 
prepared by forming an intimately associated 
mixture of nickel oxide, copper oxide and alu 
minum oxide upon an inert support and treat 
ing this material with hydrogen. Such a cat 
alyst will be hereinafter referred to as a nickel 
copper-alumina catalyst. - 

An advantageous method of preparing such a 
catalyst is to prepare an aqueous solution con 
taining nickel nitrate, copper nitrate, and alu 
minum nitrate, mixing with this solution a gran 
ulated inert support such as granular pumice 
stone, and evaporating the water from this mix 
ture. Such an evaporation may be accomplished 
by heating this mixture to an elevated temper 
ature in the neighborhood of its boiling point and 
constantly stirring it as it boils and the water 
evaporates. As the water evaporates the solu 
tion becomes more and more concentrated with 
respect to the salts contained therein, and ?nally 
the various nitrates are deposited out upon the 
inert support which is present. As the evapora 
tion continues this deposition progresses until all 
of the nitrates are deposited upon the surfaces of 
the particles of the support and the coated or 
impregnated support ?nally becomes dried. Aft 
er treatment with such a solution, the nitrates 
are decomposed in a stream of air, the temper 
ature gradually being raised until a ?nal tem 
perature between 400 and 800° F., preferably 
about 550 to 750° F., has been attained. During 
this decomposition the nitrates which were de 
posited upon the inert support are decomposed 
and the intimate mixture of the oxides of the 
various metals remain upon the catalyst. The 
decomposition of these nitrates is accompanied 
by the formation of nitrogen oxides which are 
very corrosive and obnoxious and this operation 
is preferably carried out with the coated particles, 
of the support upon trays which are provided 
with adequate means of ventilation so that these 
nitrogen oxides are carried away without injury 
to surrounding equipment or people. 
A modi?ed method of preparing such a cat 

alyst is to soak a body of support such as pumice, 
composed of particles passing a standard 4 mesh 
sieve and retained by a 10 mesh sieve, in a. con 
centrated aqueous solution of the nitrates for a 
half-hour or more, at ordinary temperatures, such 
as about 50 to 100° F. After such soaking, the 
impregnated support is removed from the solu 
tion, is dried and heated to an elevated temper 
ature of 400° F. or more, whereby the nitrates are 
decomposed forming the corresponding oxides. 
The resultant material is then again treated by 
soaking it in an aqueous solution, concentrated 
with respect to the same salts, removing the 
treated material and again drying it and de 
composing the nitrates. This process is repeated 
until a desired amount of the metals in the form 
of metal oxides is associated on and with the sup 
port. In the case of ordinary pumice, two or 
three such treatments generally sui?ce to make 
a very active and durable catalyst, containing be 
tween about'1.5 and 5 pounds of nickel per gallon 
of support, preferably about 3 pounds of nickel 
per gallon of support. 

After the nitrates have been substantially de 
composed. only an intimate mixture of’ metallic 
oxides remains deposited on the particles of the 
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2,330,174 
support. The mixture is then treated with hy 
drogen at a more or less elevated temperature. 
This treatment is preferably carried out with the 
particles of material to be treated placed within 
the hydrogenation chamber in which the catalyst 
is subsequently to be used. The treatment is 
accomplished by passing hydrogen, or a mixture 
containing hydrogen, over the catalyst. It has 
at times been found that it is advantageous to 
treat the mixture of metal oxides with hydrogen 
only at a low temperature, such as is obtained 
by heating the mixture of oxides from atmos 
pheric temperature to an initial reaction tem 
perature while passing the reaction mixture 
through the chamber. At the start of such a 
treatment, very little reaction takes place, and 
the eilluents are about as unsaturated as the ma 
terial charged. However, at about 400° F. the 
hydrogenation reaction starts, as evidenced by a 
completely saturated product, and the temper 
ature is then immediately lowered as much as 
100° F. or more, to the lowest temperature which 
will give the desired rate of reaction, by lower 
ing the temperature of the charge stock, and 
process continued at this lower level. Subse 
quently, if unsaturation tends to appear in the 
product, the temperature of the process may be 
slightly raised. 
Although pumice stone has been mentioned as 

a support, it is of course understood that any 
other desirable or available inert support, such 
as porous porcelain, dried silica gel, quartz, infu 
sorial earth, asbestos, wood charcoal, activated 
alumina, and the like, may be used. Such sup~ 
ports are not full equivalents of each other, but 
produce catalysts which are quite similar. Al~ 
though activated alumina may be used as a sup 
port, it has not been found that the deposition 
of a mixture of nickel and copper oxides or by 
droxides or the like upon activated alumina will 
produce a catalyst at all similar to or the equiv 
alent of such a nickel-copper-alumina catalyst 
as is herein described. 
Also it has been found that although it is im 

portant that the oxides of nickel, copper and 
aluminum should be intimately mixed together 
before reduction, they need not always be formed 
by decomposition of the nitrates. Thus, alter 
native but not completely equivalent methods of 
preparation include the coprecipitation of com 
pounds of these metals upon supports from a so 
lution of them which has been treated with an 
alkali, an alkaline carbonate or the like. Co 
precipitates so formed may be dried and heat 
treated and subsequently treated with hydro 
gen, as described in connection with the nitrates 
The catalyst so prepared consists of an inti 

mate mixture which contains metallic nickel and 
metallic copper and aluminum oxide, although 
since it has been prepared by reducing a mix 
ture of the metal oxides, it may also at times con 
tain various amounts of nickel oxide or of cop 
per oxide or both. In any event, it has been 
found that a catalyst prepared in this manner is 
highly active in promoting the nondestructive 
hydrogenation of olefin hydrocarbons in the 
motor fuel boiling range. It is also active in pro 
moting the addition of hydrogen to all hydrocar~ 
.bons in this boiling range which have unsatu 
rated linkages between two adjacent carbon 
atoms, such as unsaturated naphthenes and aro 
matics such as benzene. Such hydrogenation 
treatment may be carried out with the hydrocar 
bons to be treated either in the vapor or liquid 
phase or under mixed phase conditions. In any 
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' contribute to this deactivation, 

- vated catalyst may be 
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' case it is preferable that the hydrogenation proc 
ess be carried out at a super-atmospheric pres 
sure of the order of 50 to 2000 pounds per square 
inch, preferably of the order of 750 to 1000 
pounds per square inch and at temperatures be 
tween about 200° F. and about 700° F., although 
at the higher temperature some decomposition 
reaction of the hydrocarbons may begin to take 
place. With some charge stocks and with very ac 
tive catalysts, only a small superatmospheric pres 
sure may be necessary. The most desirable con 
ditions of temperature andgpressure for any par 
ticular case may be readily determined by trial 
by one skilled in the art. Such a catalyst has 
been described by Thomas'G. Strickland in his 
application Serial No. 240,196, ?led November 12, 
1938, entitled “Hydrogenation catalyst and 
process,” now U. S. Patent 2,242,627, granted 
May 20, 1941. 
Although a nickel-containing catalyst, such as 

the nickel-copper-alumina catalyst herein de 
scribed, is highly active in the hydrogenation of 
organic compounds. and especially in promoting 
the nondestructive saturation of unsaturated 
carbon-to-carbon linkages ‘in hydrocarbons, it 
gradually loses activity during use and ?nally 
becomes substantially ine?ective for promoting 
the desired reaction. While this loss in activity 
is undoubtedly partly due to the accumulation oi 
carbonaceous material» on the surface of the 
catalyst, it appears that this may not be the 
only cause for this loss of- activity, or deactiva 
tion, and may not even be the principal cause. 

not .known as yet exactly what 
other conditions or side-reaction products may 

but this does not 
alter the advantages to be gained from using my 
reactivating process. The decline, or deactiva 
tion, of the hydrogenation catalyst does not oc 
cur suddenly, but takes place gradually over an 
extended period of time. In general, a catalyst 
is arbitrarily declared to be deactivated, and 
therefore ready for treatment by my reactivation 
process, at some point in its use, where to con 
tinue to use it is less economical than to reac 
tivate it. This requires taking into consideration 
the increasing temperatures and/or pressures re 
quired for continued use, the appearance or un 
desirable increase of unsaturated material in the 
products, the increase of undesirable side reac 
tions, and the like, and is readily determined by 
trial for any particular operation. As will be 
more speci?cally shown hereinafter, the deacti 

restored to activity, or 
burning out procedure wherein regenerated, by a the catalyst at an elevated 

air is passed over 
_ temperature, but the activity of a catalyst re 

is not nearly as great, - 
generated in this manner 
nor as stable, as was the activity of the freshly 

prepared catalyst. 
I have now found that it is possible to reactivate 

such'a deactivated nickel-containing catalyst by 
treating it with an aqueous solution containing 
nickel nitrate, or‘ its equivalent. This reactiva 
tion is carried out on the deactivated catalyst 
directly, without any intermediate tedious and 
time consuming steaming-out or burning-out 
procedure. In applying my reactivation, the de 
activated catalyst isremoved from the catalyst 
chamber, placed in a suitable vessel, and treated 
with an aqueous solution such that between about 
5 and 20 per cent as much nickel‘, as nickel ni 
trate, as is contained on the body of catalyst be 
ing treated, is absorbed on or by this deactivated 
catalyst. If other active materials are incorpo 
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' the other chemical 

rated with nickel in the catalyst, such as copper 
and/or aluminum, I prefer to incorporate ni 
trates of such metals in the reactivating solution 
as well. Also, the ratio of such metals to nickel 
should be substantially the same, in the reacti 
vating solution, as is the ratio of these metals on 
the original catalyst. One method is to heat the ' 
slurry so that a slow boiling takes place, and to 
continue the treatment until the water has en 
tirely evaporated, limiting the original solution 
to that amount which contains only the amount 
of the nitrates to be incorporated on the cata 
lyst. I have been able to secure the most satis 
factory results, however, by treating the catalyst 
with a concentrated solution at room tempera 
ture for a half-hour to an hour or more, or as 
long as is necessary for it to absorb the desired 
amount of salts, separating it from the solution 
and drying it. The extent of soaking can be 
readily determined by the examination of small 
test portions. After treating it with the reacti 
vating solution and drying it the material is 
heated to an elevated temperature, such as be 
tween about 400 to 800° F. preferably 600 to 750° 
F. and the nitrates present are decomposed. 

_ This heating is continued until there is no fur- ' 

the!‘ evolution of nitrogen oxides. The material 
is reduced in any suitable manner, such as was 
used in the preparation of the original catalyst, 
and is then used to effect a catalytic hydrogena 
tion. In some cases, the deactivated catalyst 
should be screened or sieved to remove fine, pow 
dery material before the reactivation treatment 
is carried out on the main body of catalyst. 
While bene?cial results will be obtained by 

insuring that anywhere between 5 and 20 per 
cent of the original metal. is deposited upon the 
deactivated catalyst, I have found that satisfac 
tory results are obtained when the treatment is 
such that about 10 per cent as much of the 
metals are absorbed or deposited on the catalyst 
as were associated on the body of the original 
catalyst, which is being reactivated. In case less 
than this amount of metal is used, it is well to 
add some nitric acid to the reactivating solution. 
This procedure may also be used at other times, 
especially if the catalyst has been badly deacti 
vated. The bene?cial results which are obtained 
appear to be partly due to the addition to the 
catalyst of small amounts of nickel and partly to 

and mechanical reactions 
the subsequent decomposi 

tion of the nitrates. A nickel-containing-hydro 
genation catalyst may be reactivated a number 
of times in the manner herein disclosed-without 
burning o? any-of the carbonaceous material 
which forms on it during its use; however, after 
several such reactivations, it may be necessary 
to burn off the catalyst and then reactivate it 

which occur during 

and/or to dissolve the metals oil the support with‘ 
nitric acid, or to recover the metals in some 
other manner, and to re-prepare the catalyst. 
The following is cited as an example of the 

application of my invention. 
containing catalyst, wich will be termed a nickel 
copper-alumina catalyst, was prepared-by ?rst 
making up an aqueous solution which contained 
1.5 pounds of nickel nitrate, 0.17 pound of copper 
nitrate and 2.25 pounds of aluminum nitrate 
for every gallon of crushed‘pumice stone sub 
sequently added. This solution contained only 
enough water to maintain the salt in solution at 
about room temperature. Crushed pumice stone, 
which had been graded so that it passed a screen 
having 6 mesh to the inch and was retained 

3. 

An active nickel- , 



air 

by 11 screen having is mosh to the inch. was added 
to this aqueous solution fllld the mixture, or 
slurry, was heated until the water was boiling. 
the mixture being thoroughly stirred all the 
while. This heating and stirring was continued 
until all the water had evaporated, leaving be 
hind pumice stone on which there was deposited 
in intimate mixture the various nitrates just 
enumerated. This mixture was then heated to 
a temperature between 660 and 750° F. while 
passing air over it, whereby the nitrates were 
decomposed and a residue of intima'tely asso 
ciated metal oxides was left upon the pumice 
granules. These oxides were then reduced by 
passing hydrogen over the material at about 
atmospheric pressure and at a temperature of 
about 680° F. The catalyst prepared in this 
manner contained 0.308 pound of nickel per 
gallon of catalyst. ‘ 

The catalyst 50 prepared was then used to 
hydrogenate ole?n hydrocarbons which are nor 
mally liquid and boil below about 400° F., in ad 
mixture with 3 volumes of para?inic hydrocar 
bons having approximately the same boiling 
range. This hydrocarbon mixture was passed 
over a bed of the catalyst at a ?ow rate of 2 
gallons of ole?n per gallon of catalyst per hour, 
with enough hydrogen to have the ef?uent of 
the catalyst chamber contain 50 mol per cent 
of hydrogen. The pressure was maintained be 
tween 750 and 1000 pounds per square inch, thus 
insuring that a large part of the hydrocarbon 
material remained in the liquid phase. The 
tempcrarure at the inlet of the catalyst cham 
her was initially maintained at about 406° F., 
and as the process continued and the catalyst 
became deactivated, the inlet temperature was 
gradually raised‘ so as to keep the ole?n content 
of the ciiluent at a low value. When it had been 
raised to about 500° F‘., the catalyst was de 
clared to have become deactivated su?iciently to 
warrant a reactivation treatment. The exit of 
the catalyst chamber initially was at a tem 
perature of about 570" F., and at the end of the 
run was at about 6803 F. A total of 94 gallons 
of ole?n per gallon of catalyst had passed 
through the catalyst chamber, and the olefin 
content of the combined hydrocarbon eilluent 
was less than 1.5 per cent. 
This deactivated catalyst was reactivated by 

cooling it, without any steam treatment or burn 
ing out such as is often done with deactivated 
catalyst, and immersing it in an aqueous solu 
tion containing 10 per cent as much of nickel 
nitrate, copper nitrate and aluminum nitrate as 
had been used in the original activation treat 
ment. The mixture was treated and stirred 
until all water had evaporated. The resultant 
material was then heated to a temperature be 
tween 650 and 750“ F. while passing air over it, 
whereby a residue of intimately associated metal 
oxides was left upon the pumice granules, and 
hydrogen was then passed over the material at 
a temperature of about 680° F‘. This material 
was then used as a catalyst under the conditions 
previously discussed. The initial inlet tempera 
ture was about 390" E1, the cilluent temperature 
being about 4'70a F. The temperature was raised 
as the catalyst became deactivated, and the run 
was ?nally terminated when the inlet tempera 
till‘C had been raised to 580: R, the effluent being 
about (320‘ F. at this time. A total of 115 gallons 
of ole?n per gallon of catalyst was treated in 
this run and the ole?n content of the combined 
eilluent was about 1.4 per cent. 
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13,330,1'M 
As a eonu'mrntlvc test, another catalyst was 

prepared in a manner similar to that Just tic 
scribcd, except that the catalyst contained 0.616 
pound or nickel per gallon of catalyst. This ma 
terial effected the hydrogenation of 140 gallons 
of ole?n per gallon of catalyst, in the vapor 
phase at a temperature between 390 and 660° F. 
After it was deactivated,- an attempt was made 
to reactivate it by passng a 50-50 mixture of 
air and steam over it at a temperature which 
was raised from 700 to 915’ F. during the re 
activation, the temperature being raised at a 
rate such that there was a steady evolution of 
carbon dioxide. After this treatment, hydrogen 
was passed over the catalyst at 680° F. The 
resulting catalyst was very active when ?rst 
tested but when only 35 gallons of ole?n per 
gallon of catalyst had been completely hydro 
genated, the activity began to decline rapidly, 
and when 42.5 gallons of ole?n per gallon of 
catalyst had been passed through the process, at 
a ?nal catalyst temperature of 527° F., the com 
bined e?luent had an ole?n content of 2 per cent. 
While the discussion of my invention has been 

made mainly in connection with nickel-contain 
ing catalysts which having been prepared from 
nitrates, as brought out in the previous dis 
cussion it is possible to prepare such catalysts 
by other methods, such as the deposition of 
various metal carbonates, hydroxides and the 
like upon a suitable support. My method of re 
activation is also applicable to deactivated cata 
lysts which have been prepared in one of these 
alternative manners. However, regardless of 
the method by which the original catalysts was 
prepared, it is necessary to use a reactivation 
solution comprising nitrates, or containing large 
amounts of the nitrate ion. In any particular 
case, optimum conditions and concentrations 
may be readily determined by trial. 

I claim: 
1. A process for the reactivation of a nickel 

containing hydrogenation catalyst which has be~ 
come deactivated and contaminated with a car 
bonaceous deposit,’ which comprises treating said 
deactivated and contaminated catalyst with a 
concentrated aqueous solution containing added 
nickel nitrate, continuing said treatment for a 
time such that the amount of nickel absorbed 
from said solution is between about 5 and 20 per 
cent of the amount of nickel initially in the body 
of deactivated catalyst being treated, drying said 
treated material and heating it to an elevated 
temperature to decompose nitrates, and subse 
quently submitting the resultant material to the 
action of a hydrogen-containing medium. 

2. A process for the reactivation of a hydroge 
nation catalyst comprising an intimate associa 
tion‘ of nickel, copper, and alumina, deposited 
upon a support and which has become deactivat 
ed and contaminated with a carbonaceous de 
posit, which comprises treating said deactivated 
and contaminated catalyst wtih an aqueous solu 
tion containing added nitrates of nickel, copper, 
and aluminum, said metals being in substantially 
the same ratio as they are upon said deactivated 
catalyst, continuing the treatment for a length 
of time such that the amount of said metals ab 
sorbed on said deactivated catalyst from said so 
lution is between about 5 and 20 per cent of the 
amount initially in the body of deactivated cata- 
lyst being treated, drying said treated material 
and heating it to a temperature between 400 and 
800° F. to decompose nitrates, and subsequently 
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reducing the residue in the presence of tree hy- ratio as they are upon said deactivated catalyst., 
drogen. continuing said treatment for [length of time 

3. A process for the reactivation of a hydroge- , such that the amount of said. metals absorbed 
nation catalyst comprising an intimate associa- from said solution on the deactivated catalyst is 
tion of nickel. copper and alumina on a support 5 about 10 per cent of their amount on the body 
and which has become deactivated and contami-' ' of said deactivated catalyst before said treat 
nated with a carbonaceous deposit, which com- ment. drying said treated material and heating it 
prises treating said deactivated and contaminated ' to a temperature between‘ 600 and ‘750° F. to de 
catalyst with an aqueous solution containing the compose nitrates, and subsequently reducing the 
added nitrates or nickel. copper and aluminum, I 10 residue in the presence'o! iree hydrogen. 
said metals being in substantially the same ratio 5. A process for. the reactivation of a hydro 
as they are upon said deactivated catalyst, the genation catalyst comprising an intimate associ 
‘amount of said metals in said solution being ation of nickel, copperprand alumina deposited 

‘ about 10 per cent of their amount in the body of , upon a support which has become deactivated 
dB?O?’i’?l'?d‘O???lYS? before said treatment, heat- 15 and contaminated with a carbonaceous deposit, 
in and evaporating said solution while intimate- which comprises treating said deactivated and 
ly associated with said deactivated catalyst, contaminated catalyst with an aqueous solution 
drying said treated material and heating it to a containing added nitrates of nickel, copper and 
temperature between 600 and 750° F. to decom- aluminum, said metals being in substantially the 

nitrates. and subsequently reducing the resi- 20 same ratio as they are upon said deactivated cat 
dueinthe presence oi free hydrogen. 1 ‘ alyst, continuing the treatment for a time such 

4; A process ior the reactivation of a hydroge- _ that an appreciable but small amount of said hi 
nation catalyst comprising an intimate 'associa- .trates is adsorbed on said deactivated and con 
tion or nickel, copper, and’alumina on a support taminated catalyst, drying said treated material 
and which has become deactivated and contami- 25 and heating it to a temperature between 400 and 
mated with a carbonaceous deposit. which com- 800' F. to decompose nitrates, and subsequently 
prises treating said deactivated and contami- reducing the residue in thepresence of free hy 
nated catalyst with an aqueous solution contain- drogen.v 
ing added nitrates of nickel, copper, and alumi- KARL H. HAcHMUTH. 
num, said metals being in substantially the same so a ' 


