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RECOVERY OF VANADIUM AND‘NICKEL
FROM PETROLEUM

Mlnor C. K Jones, Ellzabeth N. J., assixnor to
standard Oil. Development Company, a co_rpo
ation of Delaware

The present invention is"concerned with ‘the
‘TécovVery of” valuable metalnc constituents from
mlneral ‘oils. "The invention i more particularly

_ ‘concerned Wwith'the" Tecovery '
ents of ‘the class consisting'of-
_nadium, nickel and zine, from' petroleti X
talning the same, “In accordantce wit, th pr
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“troleum ‘ol bolling In' th iling  “Is'controlled to produce an overhead' distillate 'of
range. My process as {llustrated in the drawing 55 the desired end point. This distﬂlate is removed
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by means of line {3, condensed in cooler 14, and
then passed into distillate drum 8. Uncondensed
gases are removed from the top of distillate drum
{$ by means of a line 16 and handled in any
manner desirable, usually by passing to a high
pressure burning line. The condensed distillate
which usually comprises constituents boiling in
the motor fuel boiling range is removed from dis-
tillate drum 15 by means of line 17, further sta-
bilized and refined, and then blended to produce
finished motor fuels. Higher boiling petroleum
constituents, usually boiling in the heating oil

boiling range, are removed from the bottom of .

secondary bubble tower 12, passed through cooler
{8, and withdrawn from the system by
line 20. . .
Tar or heavy fuel oil containing the zeolite and
the metallic constituents is removed -from the
bottom of evaporator 8 by means of line 32 and
passed through temperature control unit 33, in
which it is possible to either raise or lower the
temperature of the tar or heavy fuel oil fraction
-to the desired degree. The heavy oil fraction is
withdrawn from the temperature control unit
33 and passed into separator 34 which may com-

means of
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tlie same. Although my process may be em-
ployed in the recovery of these constituents from
mineral oils under wide varying conditions, it is
especially adapted to be employed in conjunction
with normal refining operations. I have found
that especially desirable results are secured when
employing my method in conjunction with con-
ventional cracking operations for the recovery of
‘vanadium from petroleum oils. ‘

The solid reagent employed is selected from
the class of substances having the ability to re-
act with these metallic constituents and is fur-

. .ther characterized in that the reagent will not

o8

prise any suitable number of units of any desired -

design, in which the zeolite is separated from the
heavy fuel oil or tar fraction. The tar or fuel oil
fraction is withdrawn from the system by means
of line 35 and handled in any manner desired.
The zeolite containing the metallic constituents
is withdrawn from separator 34 which may com-
prise a metallic screen filter by means of line 36
and handled to remove and recover the metallic
constituents from the zeolite by suitable means.
This is preferably accomplished by passing the
zeolite to s solvent washing unit 50 in which-the
tarry oil fractions are removed from the zeolite
by washing with a solvent which is introduced by
means of line §1 and withdrawn by means of line
2. The zeolite substantially free of oily constit-
uents is withdrawn from washing unit 50 by means
of line 53 and handled in a manner to remove and
recover the metallic constituents from the zeolite.
This is preferably accomplished by treating the
zeolite with a solvent having the ability to par-
tially dissolve the metallic constituents from the
zeolite. Solvents of this class are for example
various diluted solutions of mineral acids as for
example sulfuric, hydrochloric and nitric acid.
The zeolite, free of recovered metallic constitu-

ents, is removed from recovery unit 37 by means

of line 30, regenerated, and recycled to the system,
Following the acid treatment, the reagent.be-
comes a hydrogen zeolite and it is treated with a
brine such as a sodium chloride brine to regener-
ate the zeolite and form the sodium zeolite. Al-
though the step of regenerating the reagent may
be employed in applicant’s novel process and
forms a valuable adjunct thereto, it is not per se
novel. The solution of recovered metailic con-
stituents is removed from unit 31 by means of
line 38 and passed to solvent recovery unit 39 in
which the solutions are handled in a manner to
recover the metallic constituents. The solvent, as
desired, may be recycled to the recovery unit by
means of line 40, while the recovered metallic
constituents may be withdrawn from the system
by means of line 4i. .
The process of the invention may be widely
varied. In general the invention is concerned
with a process adapted to the recovery of metallic
constituents of the class consisting of molyb-
_denum, vanadium, nickel and zinc from miineral
oils, particularly from petroleum oils containing
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affect the normal refining operation. Suitable
solid reagents are for example (1) mixtures of

- sodium - carbonate and various clays such as

kaolin, (2) zirconium oxide, (3) kaolin alumina
mixtures, (4) diatomaceous earths, (5) alkali
metal salts such as sodium carbonate and potas-
sium carbonate, and (6) the salts of iron and lead
which form lead vanadates and ferric vanadates
snd the like. A particularly desirable material
_comprises molten sulfur which precipitates out
of the tar along with the vanadium upon cooling.
However, in general the preferred solid reagents
are selected from the class of alkali metal alu-
minum silicates of the zeolite type, especially
the naturally occurring hydrated alkali metal
aluminum silicates, as for example a naturally
occurring hydrated sodium aluminum silicate
having the formula NaHsAISiO.

The temperatures and pressures will be a func-
tion of the characteristics of the particular feed
oil, and will also depend upon the concentration
of the metallic compounds present as well as
upon the type of reagent employed. When uti-
lizing a zeolite, the temperature and pressure
conditions are generally in the range at which
substantially no decomposition of the oil occurs
due to the effect of the zeolite. In general the
temperatures are in the range from about 250° to

 800° F., but higher temperatures in the range
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above about 1000° F., are preferred and the pres-
sufes vary from atmospheric to oil cracking pres-
sures. It is preferred that the pressures be in
the range from about 750 to 1000 1bs./sq. in.

The metallic constituent may be recovered
from the product resulting from the reaction with
the reagent by processes essentially involved in
solvent treatment or roasting. For example, if -
sulfur be used as the reagent, the vanadium may
be recovered from the sulfide by roasting to pro-
duce the vanadium oxide and then reduced to
substantially pure vanadium by 2 selective fur-
nace roasting reaction. If zeolite be employed,
the vanadium is extracted by solvent treating the
zeolite with a strong mineral acid as for exam-
ple a strong solution of hydrochloric or sulfuric
acid. The vanadium is precipitated from the
acid solution preferably as ammonium vanadate
by evaporating the aciad solution with an excess
of ammonium chloride. The ammonium vana-
date is then roasted to produce the oxide which
may be reduced by means of an electric furnace.
The solid absorbent  containing the recovered
metaliic constitutents may if desired be with-
drawn directly from the system. However it Is
preferred to employ conventional means for re-
moval and recovery of these constituents and to
recycle the solid reagent.

‘A modification of the present invention is to
introduce the solid reagent into the feed oil of
& cracking unit in a finely divided or powdered
form. The reagent at the high temperatures and
“at the pressures existing in the unit, reacts with
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the vanadium present. Upon withdrawal of the

tar, the reagent is allowed to settle while the tar -

is still hot and limpid. The reagent is removed
and again employed for the recovery of vanadium
in the manner described. The solvent, employed
for removing the occluded tarry oil fractions
from the solid absorbent containing the vanadi-
um after separation from the tarry fraction is
preferably a relatively low boiling petroleum oil
fraction. A particularly desirable solvent com-
prises a petroleum oil fraction boiling in the
range from about 300° F., to 450° F. Under cer-
tain operations it may be desirable to remove the
tarry fractions from the absorbent by burning,
In order to more fully illustrate the invention,
the following examples are given which should
not be construed to restrict the same in any
manner whatsoever.

Ezample 1

A feed oil representing the highest 89 boiling
fraction of a Lake Venezuela, crude oil was passed
over pumice at a temperature of about 900° F,,
at a velocity of about 23 feet per second. Ang]-
ysis of the treated oil after 4800 units were
ed indicated that substantially complete removal
of the vanadium from the oil was secured and
that the vanadium content of the pumice was
about 0.24%.

Example 2

A reduced Venezuels Lagunillas crude was
Passed over a mixtyre comprising 509 sodium
carbonate and 509 kaolin at a temperature of
about 780° F., to 820° F, and at atmospheric pres-
sure. The feed rate employed was 1.2 volumes
. of oil per volume of catalyst per hour.
end of g four hour period, it was found
solid reagent contained 0.29%

The process of the bresent invention is not to
be limited by any theory or mode of operation
but only by the following claims in which it is
desired to claim all novelty insofar as the prior
art permits, :

I claim: .

1. Process for the removal and recovery of me-
tallic constituents
Iybdenum, vanadium, nickel and zinc from pe-
troleum oils containing the same, and for the
broduction of relatively higher and relatively
.lower boiling petroleum oil constituents by crack-
ing, which comprises Inixing the said petroleum
oil with a solid reagent selected from the class of
naturally oceurring hydrated alkali meta] alumi-
num silicates of the zeolite type, passing the feed
ofl through heating means adapted to ralse the

that the
of vanadium oxide.

treat. .

At the-

of the class consisting of mo- -
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oil to the desired cracking temperature and pres-
sure level, maintaining the feed oil under the de-
sired conditions for the optimum time period, -

" then passing the same through a pressure release

valve into an evaporator adapted to concentrate
a relatively smali quantity of the relatively high-
er boiling constituents, removing the relatively
higher boiling constituents along with the solid
reagent containing the desired metallic constit- -
uents from the bottom of said evaporator, physi- -
cally separating the relatively higher boiling con-
stituents from the solid reagent containing the
metallic constituents, and recovering the metallic

. constituents therefrom.
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2. Process for the separation and recovery of
vanadium trom petroleum oils containing the
Same and for the production of relatively higher
and relatively lower boiling petroleum oi} con-
stituents which comprises mixing the feed petro-
leum oi] with a solid reagent selected from the
class of alkali metal aluminum silicates of the
Zeolite type, which will react with the vanadium
and which will not substantially affect the refin-
ing operation, passing the feed oil through heat-
ing means adapted to raise the oil to the desired
cracking temperature and bressure level, main-
taining the feed oil under the desired conditions
for the optimum time period, then passing the
oil through a pressure release valve into an evap-
orator adapted to concentrate a relatively small
quantity of the relatively higher boiling constit-
uents, removing the relatively higher boiling con-
stituents along with the zeolite containing the
vanadium, and recovering the vanadium there-
from.

3. Process for the separation and recovery of

‘vanadium from, mineral oils containing the same

which comprises contacting the feed minera] oil
with an alkali metal aluminum silicate of the
zeolite type at an elevated temperature and pres-
Sure, which deposits g coating of relatively high
boiling mineral oil constituents upon the zeolite,
Separating the zeolite from the mineral oil,
treating the zeolite with a relatively low boiling
petroleum oil solvent to remove relatively high
boiling mineral oil constituents therefrom, sepa-
rating the zeolite containing the vanadium and
recovering the vanadium therefrom.

4. A process according to claim 3 wherein the
Separated zeolite type reagent is regenerated and
recycled to the oil treating step for removal of
additional amounts of vanadium from fresh min-
eral oils,

MINOR C. K. JONES,




