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ABSTRACT OF THE DISCLOSURE 
A method for removing arsenic from shale oil by con 

tacting the oil with a mixture of nickel sulfide and molyb 
denum sulfide, employing an elevated temperature and 
reducing atmosphere for said contacting, and terminating 
the contacting at least by the time that the equivalent of 
about 7.7 weight percent arsenic at one weight hourly 
space velocity (WHSV) has been deposited on the sulfide 
mixture. 

BACKGROUND OF THE INVENTION 
Heretofore, various metal oxides including mixtures 

thereof have been employed to remove arsenic from hy 
drocarbon charge stocks such as naphtha, all such charge 
stocks having been obtained from naturally occurring 
crude oil. For example, in U.S. Pat. 3.069,350, the dis 
closure of which is incorporated herein by reference, the 
removal of arsenic from naphthas obtained from na 
turally occurring crude oil in a conventional refining proc 
ess, can have arsenic removed therefrom when contacted 
with a mixture of cobalt oxide and molybdenum oxide on 
an alumina carrier. It is taught in this patent that the co 
balt-molybdenum catalyst must be discarded when the 
catalyst has been contacted with the hydrocarbon a Suf 
ficient time to deposit on the catalyst about 1.5 Ibs. of 
arsenic per 2000 lbs. of catalyst, i.e., when 0.07 weight 
percent arsenic is deposited on the cobalt oxide-molyb 
denum oxide mixture, using a weight hourly space velocity 
in the range of from one to ten. 

BRIEF DESCRIPTION OF THE INVENTION 
It has now been discovered that with shale oil which is 

obtained from normally solid oil shale and which is not 
derived from naturally occurring crude oil, arsenic can 
be removed therefrom by contacting same with a mixture 
of nickel sulfide and molybdenum sulfide and that if this 
particular mixture of sulfides is employed at an elevated 
temperature and under a reducing atmosphere, contacting 
of the shale oil with the sulfide mixture to remove arsenic 
need not be terminated until the equivalent of about 7.7 
weight percent arsenic at one WHSV has been deposited 
on the sulfide mixture. 

This is a substantially higher amount of arsenic deposi 
tion on the sulfide mixture of this invention before ter 
mination of the process than is suggested by the prior art 
for oxide mixtures and was a surprising discovery. Fur 
ther, this discovery is of substantial economic advantage 
in that it means that with shale oil the sulfide mixture 
can be employed for arsenic removal for substantially 
longer periods of time and for greater volumes of shale 
oil than would be obvious from the prior art. 

Accordingly, it is an object of this invention to pro 
wide a new and improved method for purifying shale oil. 
It is another object to provide a new and improved method 
for removing arsenic from shale oil. It is another object 
to provide a new and improved method for employing 
certain metal sulfides for the removal of impurities from 
shale oil. It is another object to provide a new and im 
proved method for treating shale oil to improve the 
quality thereof. 
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2 
Other aspects, object and advantages of this invention 

will be apparent to those skilled in the art from this dise 
closure and the appended claims. 
DETAILED DESCRIPTION OF THE INVENTION 
According to this invention non-naturally occurring 

shale oil is contacted with a mixture of nickel sulfide and 
molybdenum sulfide, the nickel sulfide being nickelous or 
nickelic (NiS and/or NiS) and the molybdenum being 
of any valence from 2 through 6, preferably NiS and 
MoS3. The contacting is carried out at an elevated tem 
perature, preferably at least about 300 F., still more 
preferably from about 300 to about 850 F., and under 
a reducing atmosphere, preferably containing some mo 
lecular hydrogen, still more preferably being essentially 
molecular hydrogen. The contacting is terminated at least 
by the time that the equivalent of about 7.7 weight per 
cent arsenic at one WHSV has been deposited on the 
sulfide mixture. Thus, this invention applies to WHSV 
values which are different from unity, the 7.7 value at 
one WHSV being chosen for sake of clarity. Any WHSV 
value can be used and the percent arsenic deposition at 
the chosen WHSV value translated to the equivalent per 
cent arsenic deposition for one WHSV. 
The drawing is a graph of data obtained by carrying 

out the process of this invention up to and beyond the 
7.7 Weight percent arsenic deposition limit at one WHSV, 
and clearly shows that above the 7.7 weight percent cut 
off line or its equivalent if a WHSV different from one is 
used, the amount of arsenic in the iol product, i.e., the 
shale oil after it has passed over the sulfide mixture, in 
creases very dramatically, but that below the 7.7 weight 
percent limit and above the 0.07 weight percent limit de 
scribed in the above-identified U.S. patent, the amount of 
arsenic in the oil product is substantially nil. 
The nickel sulfide-molybdenum sulfide mixture can con 

tain the various sulfides in varying weight ratios but pref 
erably in the weight ratio range of nickel sulfide to molyb 
denum sulfide of from about 1/99 to about 99/1. The 
sulfide mixture can be supported or unsupported and any 
conventional support such as silica, alumina, magnesia, 
zirconia, thoria, zinc oxide, naturally occurring supports 
Such as clays, kieselguhr, fuller's earth, pumice, bauxite, 
and the like, and combinations of two or more thereof 
whether naturally occurring or synthetically prepared can 
be employed. The sulfide mixture, whether Supported or 
unsupported, should be in particulate form, the particle 
size not being critical although the greater the surface 
area the better from a point of view of completeness of 
contacting between the shale oil and the sulfides. General 
ly, the material should be in a particulate form such that 
at least about 50 weight percent thereof has a large 
Cross-sectional dimension (i.e., the diameter of a particle 
if it is round or the longest dimension through the center 
of a particle if it is not round) of no larger than about 
one-quater inch. The sulfides, supported or unsupported 
still more preferably will have a surface area of at least 
One Square meter per gram and can have a surface area 
of at least fifty square meters per gram depending upon 
the intimacy of contacting desired between the shale oil 
and Sulfides. The sulfides, supported or unsupported, can 
be in any physical form including powders, pellets, gran 
ules, spheres, flakes, cylinders, and the like. When the sul 
fides are supported, the nickel sulfide is preferably present 
in an amount of from about 1 to about 7, still more pref 
erably from about 2 to about 5, weight percent, and the 
molybdenum sulfide is present in an amount of from about 
10 to about 30, still more preferably from about 15 to 
about 25, Weight percent, all weight percents being based 
upon the total weight of the supported sulfide mixture. 
The sulfide mixture can be made in any conventional 

manner, e.g., impregnating a porous support material such 
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as alumina with an aqueous solution of nickel nitrate and 
molybdenum nitrate, calcining the nitrate containing sup 
port to form nickel oxide and molybdenum oxide on said 
Support, followed by sulfiding to convert the oxides to sul 
fides. This is all well-known in the art and therefore will 
not be described in greater detail. 

In the discussion of this invention, reference to arsenic 
is intended to include arsenic in the free or elemental 
form as well as arsenic in any combined form. 
The time of contacting of the sulfide mixture and 

shale oil will vary widely but it will generally be for a 
time sufficient to achieve the desired degree of arsenic 
removal, and will generally be at least about one minute. 
The pressure of contacting can vary widely from atmos 
pheric and on to an elevated pressure as desired. When 
molecular hydrogen is employed as part or all of the re 
ducing atmosphere, the hydrogen partial pressure is pref 
erably at least 500 p.si.g., still more preferably at least 
1500 p.s.i.g. 

Either before, after, or before and after the shale oil is 
contacted with the above-described sulfide mixture for 
arsenic removal, the oil can be treated in other ways for 
removal of arsenic. The liquid can be pretreated for partial 
removal of arsenic before treatment in accordance with 
this invention. After treatment in accordance with this 
invention, the oil can be further treated for cleanup re 
moval of arsenic if desired. 
One suitable method that can be practiced in conjunc 

tion with this invention is conventional caustic washing. 
For example, one way for carrying out caustic washing 
is to contact the shale oil with an aqueous solution of at 
least one alkali metal hydroxide such as sodium hydroxide 
and potassium hydroxide, the hydroxide or combination of 
hydroxides being present in an amount of from about 1 to 
about 20 weight percent based on the total weight of the 
aqueous solution. The caustic solution is contacted with 
the oil in a solution/liquid weight ratio of from about 1/1 
to about 1/10, the contacting being carried out at a 
temperature of at least 200 F., preferably at least 300 
F., with the pressure being maintained sufficient to pre 
vent substantial vaporization of solution or oil, e.g., at 
least about 300 p.s.i.g. The atmosphere present during 
the contacting with caustic solution can be ambient, al 
though if desired, neutral or reducing atmospheres can 
be employed but are not necessary. 

After treatment, the aqueous solution is separated from 
the oil by a conventional method such as employing a set 
tling tank followed by a centrifuge and the like. The shale 
oil after treatment with the caustic solution can be washed 
with water or other suitable solvent to remove residual 
caustic solution and any arsenic associated with that so 
lution. 

EXAMPLE 

A nominal 400 to 800 F. cut of shale oil obtained 
by retorting normally solid Colorado oil shale and con 
taining 82 parts per million of arsenic was contacted with 
a commercial nickel-molybdenum hydrotreating catalyst 
that had been sulfided which contained 3.2 weight percent 
NiO and 15.1 weight percent MoO and the remainder es 
sentially alpha alumina prior to sulfiding. The catalyst had 
a surface area of 180 square meters per gram, a particle 
size of 0.07 inch in diameter and 0.18 inch in length, and 
a bulk density of 40 pounds per cubic foot. 

Seventy-five grams of the oxide mixture were charged 
to a one-inch diameter reactor after which the reactor was 
purged first with nitrogen, and then with hydrogen, and 
then heated to 400 F. The catalyst was treated at 400 
F. with a gas mixture of 10 volume percent hydrogen 
sulfide in hydrogen for four hours to convert the nickel 
and molybdenum oxides to sulfides. The reactor was then 
pressured with molecular hydrogen to 2000 p.s.i.g. There 
after, the shale oil was charged to the reactor at the rate 
of 750 grams per hour, 10 weight hourly space velocity 
(10 WHSV), the temperature raised to 720° F., and the 
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4. 
hydrogen pressure maintained at 2000 p.s.i.g. with a hy 
drogen flow rate of 10 standard cubic feet per hour. 

Samples of product oil, after passing over the sulfide 
mixture (catalyst), were taken and analyzed by conven 
tional X-ray spectroscopy using triphenylarsine in mineral 
oil as the arsenic standard to determine the arsenic con 
tent in the product oil. The arsenic removed from the oil 
was deposited on the catalyst. Thus, the arsenic deposi 
tion at various points were used to determine how much 
arsenic had been deposited on the catalyst. Analysis of the 
catalyst following the competion of the test showed that 
the arsenic had deposited on the catalyst in the amounts 
previously determined. The data showed that below 6.1 
weight percent arsenic on the catalyst substantially no 
arsenic was present in the shale oil product whereas above 
6.1 weight percent arsenic on the catalyst the amount of 
arsenic in the shale oil product increased dramatically. 
To convert this 6.1 weight percent value obtained at 10 
WHSV to a value of one WHSV the formula; wt. per 
cent-0.67 Ln 1/WHSV); was used and gave a curve 
as shown in the drawing. 
When the experiment was repeated in all respects ex 

cept that a 1.5 weight hourly space velocity was estab 
lished for the shale oil feed to the reactor, substantial 
amounts of arsenic in the oil product did not appear until 
about 7.2 weight percent arsenic was deposited on the 
catalyst. For example, with the 1.5 weight hourly space 
velocity feed rate, with about 7.4 weight percent arsenic 
on the catalyst (refeerince numeral 1 in the drawing) the 
amount of arsenic in the oil product was about 4 parts 
per million. As greater amounts of arsenic were deposited 
on the catalyst the amount of arsenic in the oil product 
increased dramatically along the slope as shown in the 
drawing so that at at about 8.8 weight percent arsenic on 
the catalyst (reference numeral 2 in the drawing) the 
amount of arsenic in the oil product was 44 parts per 
million. In contrast, at the 1.5 WHSV value and at 1.6, 
3.1, 5.0, and 6.4 weight percent arsenic on the catalyst 
the amount of arsenic in the oil product was less than 5 
parts per billion (pp.b.), 5 p.p.b., 15 p.p.b., and 35 p.p.b., 
respectively. Converting all these values to a value for 
one WHSV by using the above formula, the points shown 
on the drawing by reference numerals 3 through 6, re 
spectively, were obtained. 

Reasonable variations and modifications are possible 
within the scope of this disclosure without departing from 
the spirit and scope of this invention. 
The embodiments of the invention in which an ex 

clusive property or privilege is claimed are defined as 
follows: 

1. A process for removing arsenic from shale oil com 
prising contacting said oil with a mixture of nickel sulfide 
and molybdenum sulfide at an elevated temperature and 
under a reducing atmosphere, and terminating said con 
tacting at least by the time that the equivalent of about 
7.7 weight percent arsenic at one weight hourly space 
velocity has been deposited on said mixture. 

2. A process according to claim 1 wherein said nickel 
sulfide is essentially NiS and said molybdenum sulfide is 
essentially MoS3, said sulfides being present in said mix 
ture in the Weight ratio range of NiS/MoS of from about 
1/99 to about 99/1. 

3. A process according to claim 2 wherein said mixture 
of sulfides is supported on alumina. 

4. A process according to claim 3 wherein said NiS 
is present in an amount of from about 1 to about 7 weight 
percent and said MoS3 is present in an amount of from 
about 10 to about 30 weight percent, both weight percents 
being based on the total weight of the alumina supported 
mixture. 

5. A process according to claim 4 wherein said alumina 
is alpha alumina. 

6. A process according to claim 1 wherein said mix 
ture is in a particulate form such that at least about 50 
Weight percent thereof has a largest cross-sectional di 
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mension of no larger than about one-quarter inch, said 
elevated temperature is at least about 300 F., and said 
reducing atmosphere contains molecular hydrogen. 

7. A process according to claim 2 wherein said mixture 
has a surface area of at least about one square meter per 
gram, said elevated temperature is from about 300 to 
about 850 F., and said reducing atmosphere is essentially 
molecular hydrogen. 

8. A process according to claim 3 wherein said NiS 
is present in an amount of from about 2 to about 5 weight 
percent, and said MoS is present in an amount of from 
about 15 to about 25 weight percent, both wegiht per 
cents being based upon the total weight of the alumina 
supported mixture. 

9. A process according to claim 2 wherein said NiS is 
present in an amount of from about 1 to about 7 weight 
percent and said MoS is present in an amount of from 
about 10 to about 30 weight percent, both weight percents 
being based on the total weight of the mixture. 

10. A process according to claim 9 wherein said mix 
ture is in particulate form such that it has a surface area 
of at least about one square meter per gram, said elevated 
temperature is from about 300 to about 850 F., and said 
reducing atmosphere is essentially molecular hydrogen. 

11. A process according to claim 1 wherein one of prior 
to, after, or both said contacting of said shale oil and 
said sulfides, said oil is contacted with at least one alkali 
metal hydroxide to remove part of the arsenic present in 
said oil. 
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12. A process according to claim 11 wherein said alkali 

metal hydroxide is at least one of NaOH and KOH and 
is employed in an aqueous solution containing from about 
1 to about 20 weight percent alkali metal hydroxide, said 
caustic solution being employed in a solution/shale oil 
weight ratio of from about 1/1 to about 1/10, contact 
ing of said solution and oil being at a temperature of at 
least 200 F. and a pressure sufficient to prevent sub 
stantial vaporization of said solution and oil. 
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