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Process for Recovering Heavy Metals from Soot Water

Field of the Invention

This invention relates to a process for recovering heavy metals, in particular
vanadium, from an aqueous suspension containing soot and ash particles, in

particular from soot water obtained in the partial oxidation of hydrocarbons.

Prior art

In Ullmann's Encyclopedia of Industrial Chemistry, 6th Edition, Volume 15,
Chapt. 3.2.2, the Lurgi MPG® process for generating synthesis gas by partial
oxidation of hydrocarbons, such as heavy oil, as well as the so-called MARS
(Metals Ash Recovery System) process for the treatment of the aqueous sus-
pension obtained when washing the synthesis gas, referred to as soot water
and substantially containing soot and ash particles is described. The MARS
process chiefly has the task of recovering the vanadium originating from the

hydrocarbons used.

From among the heavy metals contained in the hydrocarbons used, chiefly
iron, nickel and vanadium, the recovery of vanadium primarily is of economic

interest.

The MARS process delivers a solid product rich in vanadium, which can be
used in the metal production. For this purpose, the soot and ash particles are
filtered out of the soot water and the retentate, the filter cake, is ashed in a
multiple-hearth furnace to obtain the above-mentioned solid product rich in
vanadium. The soot contained in the filter cake, which consists of carbon,

serves as supplier of energy.

During ashing in the multiple-hearth furnace, as can be taken from EP O 542
322 B1, an exact temperature control and adjustment of the oxygen partial

pressure is required to avoid the conversion of these oxides into vanadium(V)
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oxide (VZOS), since the same tends to form accretions in the furnace. However,
the low process temperatures required according to EP O 542 322 Bl lead to a
slow course of the process and hence to large furnace dimensions and to a
high content of carbon monoxide in the waste gas, which requires an expensive

gas cleaning.

To consistently exploit the formation of carbon monoxide, the patent specifi-
cation DE 101 52 686 B4 proposes to convert the soot obtained in the partial
oxidation, which largely is carbon, into synthesis gas by adding oxygen and

water. In this connection, two variants are described in this document.

In one variant, like in the MARS process, the procedure starts with a filter cake
filtered out of soot water, which after having been dried is charged into an en-
trained-bed reactor, in which the soot present in the filter cake is converted
into synthesis gas by adding oxygen and water. The solids present in the syn-
thesis gas, which are loaded with vanadium, subsequently are separated from

the gas.

In the other variant described in the patent specification DE 101 52 686 B4, the
synthesis gas generated by partial oxidation is not washed with water. The
soot and other solid constituents are separated from the gas in dry form and,
by adding oxygen and water, charged into a soot gasification reactor, prefera-
bly in the form of steam. The solids loaded with vanadium are separated from
the synthesis gas obtained.

The above-mentioned processes have the disadvantage that the very different
valuable substances, namely soot and vanadium, which are contained in the
solids mixture obtained as by-product of the partial oxidation, must be treated
in a joint working step, whereby procedural compromises must be made, so
that neither for soot nor for vanadium optimum processing conditions can be

adjusted.

Therefore, it has been the object to provide a process for processing the solids

mixture obtained in the partial oxidation, which provides for an optimum pro-
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cessing each of soot and vanadium and a recovery of the vanadium as efficient

as possible.

Description of the Invention

The object underlying the invention substantially is solved by the entirety of
the features of claim 1. Further advantageous aspects of the process according

to the invention can be found in the dependent claims.

In the process according to the invention it is provided to separate the heavy
metals bound on or in the soot and ash particles, in particular vanadium, be-
fore the soot-ash mixture is treated further. Surprisingly, this is accomplished
by a treatment of the suspension containing soot and ash particles, the so-

called soot water, by treatment with ultrasound.

It has long since been known that superficial adhesions and substances bound
to surfaces by adsorption, can be detached or desorbed by ultrasound. Ultra-

sound is known to be used for cleaning baths.

In the technical article by A. Profumo et al., Talanta 61 (2003), pp. 465-472, it is
described how the type and extent of a nickel load in airborne dusts is meas-
ured. In doing so, the air is filtered and from the dust adhering to the filter
nickel is separated by means of a multi-stage ultrasonic treatment. The work
is, however, limited to the separation and succeeding analytical determination
of nickel on filter dusts.

The dissertation Briiggemann, Freiberg, 2010, Chapt. 6.3.2, describes a method
for the analytical determination of nickel, iron and vanadium adsorbed on sol-
id gasification residues. To detach the metals from the residues, the residues
are dispersed in water and treated with ultrasound, whereby the metals, at
least in part, are separated from the residues. This paper also is directed to the
analytical determination of various metal species, among other things vanadi-

uim.
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Surprisingly, it was found that the separation of metals from gasification resi-
dues, which so far only is known from analytics, also is accomplished on a
technical scale by means of ultrasonic treatment and thus can be used in an
industrial process for the recovery of heavy metals, in particular vanadium,
from residues of the partial oxidation. It is advantageous that most of the va-

nadium is transferred into a form which can be supplied to the metal recovery.

The process according to the invention for separating residues containing
heavy metals, in particular vanadium, from the washing water loaded with soot
and ash particles, which is obtained when washing raw synthesis gas, compris-

es the following process steps:

a) providing an aqueous suspension substantially containing soot and ash
particles,
b) treating the suspension with ultrasound, wherein the adsorbed heavy

metals bound on or in the suspended soot and ash particles, in particu-
lar vanadium, are at least partly converted into the aqueous phase,

C) separating the soot and ash particles depleted of heavy metals as
retentate from the aqueous phase by means of a mechanical separation
method,

d) precipitating the heavy metals, in particular the vanadium, from the fil-
trate by adjusting precipitation conditions,

e) thermal treatment of the retentate to obtain an ash containing heavy

metals, in particular vanadium.

In a preferred embodiment of the process according to the invention it is in-
tended to provide an aqueous suspension substantially containing soot and
ash particles, which is obtained as soot water in the gasification or partial oxi-

dation of hydrocarbons.

The ultrasonic treatment can be effected by ultrasonic generators mounted on
the outside of the treatment vessel or immersed into the suspension. Ultrason-
ic generators mounted on the outside of the treatment vessel are preferred for

reasons of cleaning and corrosion protection. By adjusting suitable pH values

-4 -
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in the aqueous phase, the transition of the heavy metals during the ultrasonic

treatment can be further improved.

A preferred aspect of the invention is characterized in that the suspension
first is thickened and the thickened sludge obtained thereby is treated accord-
ing to process steps b) to e) from claim 1. The utilization of the introduced

sound energy can be increased by this procedure.

Preferably, the separation of the soot and ash particles depleted of heavy met-

als is effected as retentate from the aqueous phase by means of filtration.

A further preferred aspect of the invention is characterized in that the thermal
treatment of the retentate in process step e) is effected under gasification con-
ditions. For this purpose, oxygen, air, oxygen-enriched air and/or water, pref-
erably in the form of steam, is added to the retentate and a raw synthesis gas
comprising carbon oxides and hydrogen is generated under gasification condi-
tions. This procedure has the advantage that in the thermal processing of the
retentate the soot is not merely processed to a cost-incurring waste gas, but to
a usable raw synthesis gas. It is particularly advantageous to provide this con-
figuration in the processing of soot water from the partial oxidation of hydro-
carbons, since the raw synthesis gas obtained by gasifying the carbon-
containing retentate can be processed further along with the synthesis gas ob-

tained by the partial oxidation.

The ash containing heavy metals, which is obtained in process step e), can be
dumped or recirculated. An advantageous aspect of the process according to
the invention provides to at least partly recirculate this ash containing heavy
metals to process step b), i.e. to the ultrasonic treatment. By combining the
thermal treatment in process step e) and the new ultrasonic treatment in pro-
cess step b), a further amount of heavy metals, for example of vanadium, is
obtained in process step d). The heavy metal precipitate obtained in process
step d) can be separated in a manner known to the skilled person and be fur-
ther processed and subsequently be supplied to the dumping or metal recov-

ery.
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In principle, the precipitation of the dissolved heavy metals in process step d)
can be effected in any way known to the skilled person; examples include the
precipitation as metal hydroxides or metal sulfides by adding corresponding
precipitating agents. What is also possible is the use of complex-forming pre-
cipitating agents such as EDTA. By corresponding adjustment of the pH value
during the precipitation, the same can also be effected in a fractionated man-
ner, so that different metals can be obtained as enriched fractions. The heavy-
metal-containing, in particular vanadium-containing precipitate obtained sub-

sequently can be used in the metal production.

In accordance with a further advantageous aspect, the process according to the
invention also can be carried out such that the thermal treatment of the
retentate in process step e) is effected under combustion or carbonization
conditions, wherein advantageously a drying step is provided before the ther-

mal treatment step.

Exemplary Embodiments

Further developments, advantages and possible applications of the invention
can also be taken from the following description of exemplary embodiments
and the drawings. All features described and/or illustrated form the invention
per se or in any combination, independent of their inclusion in the claims or

their back-reference.

In the drawings:

Fig. 1 shows a schematic representation of the process of the invention in ac-
cordance with a first embodiment,

Fig. 2 shows a schematic representation of the process of the invention in ac-

cordance with a second embodiment.

In the processes shown in Fig. 1 and Fig. 2, a suspension containing soot and
ash particles is obtained as by-product in the partial oxidation of heavy oil ac-

cording to the MPG® process. This suspension (1) also referred to as soot water
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is charged into an ultrasonic treatment plant (2), in which the heavy metals
bound on or in the suspended solid particles, in particular vanadium, are sepa-
rated by means of ultrasound and are converted into the aqueous phase. The
suspension (3) treated in this way is supplied to a filtration (4) in which the
solid particles such as soot and ash particles are separated from the suspen-
sion as retentate (11). The filtrate (5), in which the dissolved heavy metals are
contained, is charged into a precipitation stage (6) in which the heavy metals
are separated from the aqueous phase as precipitate (10) by adding a suitable
precipitating agent and possibly after adjusting a suitable pH value. The aque-
ous phase leaves the precipitation stage (6) as clear run (7) and is supplied to
the waste water treatment (8) and/or guided back to the washing of the raw
synthesis gas (9). The heavy-metal-containing or vanadium-containing precipi-
tate (10) is charged to a further processing method, which is not subject-
matter of the process according to the invention, and is processed therein such

that it can be used as raw material in the metal production.

The retentate (11) containing soot and ash particles is charged as filter cake
into a drying stage (12) and subsequently in the dried condition (14) into a
thermal treatment plant (15). In the present example, the thermal treatment
plant is configured as combustion. There, the retentate (14) is converted into a
heavy-metal-containing or vanadium-containing ash (17), wherein the soot con-
tained in the retentate is converted into waste gas (16). The waste gas (16) pos-
sibly is supplied to a waste gas treatment not shown in the Figure. The ash (17)
can be used as raw material in the metal production. It can furthermore be re-
circulated to the ultrasonic treatment plant (2), in order to transfer a further

amount of the heavy metals into the aqueous phase.

In the aspect of the invention as shown in Fig. 2, the suspension (1) first is
charged into a thickening stage (18). The clear run (19) of the thickening stage
is guided to a non-illustrated waste water treatment, stream (8'), and/or recir-
culated into the gas scrubber, stream (9'). The clear run of the thickening stage
(19) can be treated together with the clear run (7) of the precipitation stage (6),
as shown in Fig. 2, but a separate treatment also is possible. The thickened

sludge (20) produced in the thickening stage (18) is charged into the ultrasonic

-7 -
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treatment plant (2), in which the heavy metals bound on or in the suspended
solid particles, in particular vanadium, are separated by means of ultrasound
and are converted into the aqueous phase. The suspension (3') treated in this
way is supplied to a filtration (4) in which the solid particles such as soot and
ash particles are separated from the suspension as retentate (11). From the
filtrate (5), a precipitate (10) containing heavy metals is precipitated in the pre-

cipitation (6).

In contrast to the exemplary embodiment shown in Fig. 1, the retentate (11)
containing soot and ash particles is not dried, but directly supplied to the
thermal treatment (15') with the adhering residual moisture. Said thermal
treatment is configured as gasification stage, in which the free carbon con-
tained in the retentate (14) is partially oxidized by adding oxygen (22) and wa-
ter (21), preferably as steam, to obtain a raw synthesis gas chiefly containing
carbon monoxide and hydrogen. It is advantageous that the added amount of
water, due to the residual moisture of the retentate, can be reduced, whereby
the energy consumption of the process for evaporating the water and for over-
heating the steam is decreased. At the same time, the remaining solids content
is converted into a heavy-metal-containing ash in the gasification stage (15°).
The mixture of raw synthesis gas and ash (23) is charged into a solids separa-
tor (24), in which the raw synthesis gas (25) is separated from the ash (17). Op-
tionally, the ash can wholly or preferably in part be recirculated to the ultra-
sonic treatment (2) (not shown in Fig. 2) and pass through the same once more,
so that a further amount of the heavy metals is transferred into the aqueous
phase and subsequently recovered by precipitation. The raw synthesis gas (25)
is combined with the raw synthesis gas from the partial oxidation of heavy oil
and processed further along with the same. The further processing steps in-
clude the process stages known to the skilled person, such as the CO conver-
sion, the synthesis gas scrubbing, for example by the Rectisol® process, for
removing acid gas constituents, and the pressure swing adsorption for separat-

ing a fraction rich in hydrogen from the synthesis gas.

Industrial Applicability
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The invention thus provides a process which in a simple way provides for re-
covering the heavy metals obtained with the ash in the partial oxidation of hy-
drocarbons, for example in the gasification of heavy oil, in particular the vana-
dium esteemed in the production of stainless steels, as enriched fraction. Due
to the use of ultrasound for promoting the transition of the heavy metals from
the soot or ash particles into the aqueous phase, it is accomplished to carry
out the process according to the invention with a lower energy consumption
and a reduced use of aggressive chemicals than is the case in processes al-

ready known in the prior art.
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-10 -



WO 2012/123261 PCT/EP2012/053521

10

15

20

25

30

Claims:

A process for recovering heavy metals, in particular vanadium, from
aqueous suspensions containing soot and ash particles, wherein the
heavy metals are bound on or in the soot and ash particles, comprising
the following process steps:

a) providing an aqueous suspension substantially containing soot

and ash particles,

b) treating the suspension with ultrasound, wherein the adsorbed
heavy metals bound on or in the suspended soot and ash parti-
cles, in particular vanadium, are at least partly converted into the
aqueous phase,

C) separating the soot and ash particles depleted of heavy metals as
retentate from the aqueous phase by means of a mechanical sep-
aration method,

d) precipitating the heavy metals, in particular the vanadium, from
the filtrate by adjusting precipitation conditions, and recovering a
precipitate containing heavy metals,

e) thermal treatment of the retentate to obtain an ash containing

heavy metals, in particular vanadium.

The process according to claim 1, characterized in that the aqueous
suspension substantially containing soot and ash particles is obtained

as soot water in the partial oxidation of hydrocarbons.

The process according to claim 1 or 2, wherein the suspension first is
thickened and the thickened sludge obtained thereby is treated accord-

ing to process steps b) to e) from claim 1.
The process according to claims 1 to 3, characterized in that the separa-

tion of the soot and ash particles depleted of heavy metals as retentate

from the aqueous phase is effected by means of filtration.

-11 -
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The process according to any of the preceding claims, characterized in
that the thermal treatment of the retentate in process step e) is effected

under gasification conditions, wherein a raw synthesis gas is obtained.

The process according to claims 2 and 5, characterized in that the raw
synthesis gas obtained by gasification of the retentate is processed fur-
ther along with the synthesis gas obtained in the partial oxidation of

hydrocarbons.

The process according to any of the preceding claims, characterized in
that the heavy-metal-containing ash obtained in process step e) is at

least partly recirculated to process step b).

The process according to claims 1 to 4, characterized in that the thermal
treatment of the retentate in process step e) is effected under combus-
tion or carbonization conditions, wherein a drying step is provided be-

fore the thermal treatment step.

A heavy-metal-containing, in particular vanadium-containing precipitate,

obtainable by a process according to claims 1 to 8.

Use of the heavy-metal-containing, in particular vanadium-containing

precipitate according to claim 9 for metal production.

-12 -
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