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DESCRTIPTION

VOLATILE METALS CAPTURE FROM GASEOUS STREAMS

Technical Field

The invention relates to a process for removing
volatile metals from a coal gasification synthesis gas
stream.

Backaround Art

The presence of volatile metals, both elemental metals
and metal compounds, in various gaseous streams is
undesirable since it creates an environmental hazard and the
volatile metals are a contaminant. In particular, gas
streams derived from the gasification of coal generally have
minor quantities of zinc, lead, mercury, cadmium, and other
metals which must be removed or minimized before the gas is
utilized.

Accordingly, it would be advantageous to have a
practical and efficient procedure for removing volatile
metals from a gas stream, particularly a coal gasification
synthesis gas stream.

isclosure e Inventio

The invention therefore is a process for removing
volatile metals from a synthesis gas stream by (a)
contacting in a contacting zone a synthesis gas stream
containing zinc, 1lead, mercury, and cadmium with a
polysulfide-containing aqueous solution under conditions to
convert the zinc, lead, mercury, and cadmium to their
respective metal sulfides; and (b) recovering the synthesis
gas having reduced amounts of zinc, lead, mercury, and
cadmium. |

By converting the volatile metals to their
respective sulfides, the metals are converted to a very
stable form for handling and disposal. Thus, atmospheric
emissions of volatile metals are reduced and disposal is
simplified.
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Best Mode for Carrying Out the Invention
The particular type of gas stream treated according

to the invention is not critical. The gaseous stream is any
stream containing 2zinc, lead, mercury, cadmium, nickel,
antimony, or arsenic and which optionally contains other
compounds, such as hydrogen cyanide, which react with
polysulfides. However, the gaseous stream does not contain
compounds which interfere with the reaction between the
metals and polysulfide, such as 0, found in the gaseous
effluent of oxygen-rich coal-fired boilers/furnaces of
conventional coal-fired power plants. As used in this
specification and appended claims 2zinc, 1lead, mercury,
cadmium, nickel, antimony, or arsenic means elemental zinc,
lead, mercury, cadmium, nickel, antimony, or arsenic or
compounds containing these metals. Gaseous streams or
effluents particularly suited to the invention include fuel
gases produced by gasification procedures. Such gases
include fuel or effluent gases derived from the gasification
of coal, petroleum, shale, tar sands, etc. Preferably, the
stream is a coal or petroleum coke synthesis gas stream.

In such gasification processes, the gaseous
effluents are often quenched with water or gaseous liquids.
The volatile metals content of the treated gaseous stream
will range from trace amounts to about one percent by
volume. Preferably, such content is from about 0.05 ppm by
weight to about 10 ppm by weight.

The first step, the contacting step, of the process
is preferably done on a continuous basis. ‘That is, the
metal-containing gas and polysulfide-containing aqueous
solution are both continuously supplied to a contacting
zone. The polysulfide-containing solution is added by
injection into the gaseous stream or by adding it alone or
adding it as part of a scrubbing solution or quenching
solution. Preferably, it is added to a scrubber unit, such
as a packed column scrubber. The packing is any material,
such as stainless steel rings, which is wetted by the
polysulfide-containing solution. The flow direction of the
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two streams in the scrubber unit is preferably counter-
current.

The amount of the polysulfide-containing solution
added is an effective amount to convert a substantial
portion, e.g., at least 20% by weight, of the volatile
metals to their respective sulfides. Normally, the
polysulfide-containing aqueous solution has at 1least a
stoichiometric amount of polysulfide sulfur with respect to
the zinc, lead, mercury, and cadmium. Preferably, up to 3
to 4 times the stoichiometric amount of polysulfide sulfur
is present. Elemental sulfur is supplied to the contact
zone as needed to maintain this concentration.

Typical concentrations of the polysulfide in the
polysulfide-containing solution are from about 5 ppm to
about 1,000 ppm. Preferable concentrations are from about
15 ppm to about 50 ppm. Where compounds, other than zinc,
lead, mercury, cadmium, nickel, antimony, or arsenic, are
present which react with the sulfides, higher concentrations
of polysulfide must be used since some sulfides will react
with the other compounds.

The contacting occurs at effective conditions for
the conversion of the volatile metals to their respective
sulfides. Contacting temperature is preferably from ambient
temperature to not more than about 200°F. Contacting
pressure is from about 1 atmosphere to about 30 atmospheres.
The pH of the contacting solution is from about 7 to about
9, preferably from about 7.5 to about 9.5. The gas-liquid
contacting time is from about 0.1 minute to about 1 minute,
preferable from about 0.2 minute to about 0.5 minute. The
residence time of the polysulfide-containing solution is
from about 10 minutes to about 60 minutes or longer. Those
skilled in the art are capable of selecting suitable
conventional contacting or scrubbing devices to carry out
the contacting or scrubbing.

Any water-soluble polysulfide is suitable which
does not contribute to the volatile metal concentration or
add other environmentally hazardous compounds to the gaseous
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stream. Ammonium polysulfide, sodium polysulfide, and
mixtures thereof are preferred polysulfides. Where ammonium
polysulfide is used and the pH is adjusted by the addition
of an alkali such as NaOH, those skilled in the art will
recognize that a mixture of polysulfides is also present.

We have now found that the sulfides of the volatile
metals, which are 1largely insoluble in water, will
concentrate on the packirig material in the packed scrubbing
bed. The packing material is then regenerated or disposed
of in an environmentally safe manner. The synthesis gas is
recovered having reduced amounts of volatile metals
including reduced amounts of zinc, lead, mercury, and
cadmium.

t bodiment d Comparative Exam
A. Illustrative Embodiment |

In one coal gasification process, following the
process of this invention, a bituminous coal feed,
Blacksville #2 coal, was gasified to produce volatile-metal
containing synthesis gas in a 250-ton per day entrained flow
gasifier. After quenching, cooling, and solids separation,
the synthesis gas was passed through a packed column
scrubbing unit containing stainless steel packing rings
having a 2-inch diameter. An aqueous solution containing
100 ppm sodium polysulfide was fed to the scrubber in
countercurrent flow. The flow rate of synthesis gas was
65,000 1lbs/hr. The polysulfide solution was recirculated
at a flow rate of 140,000 lbs/hr. The liquid to gas flow
rate was 2.1:1. The gas-liquid contact time was 0.1 minute.
The residence time of the polysulfide solution was 60
minutes. The temperature of the contacting zone was 200°F.
The pressure was 280 psig. The pH was 8.5.
B. Comparative Example

In a different coal gasifier unit a comparative
example was run which did not utilize the polysulfide
scrubbing in the process of this invention. The process
otherwise operated the same and under the same conditions
and with the same feed as the illustrative embodiment above



WO 94/22563 PCT/US94/03775

except for the following differences. A 50-ton per day
entrained flow gasifier was used. The flow rate of
synthesis gas was 13,000 1lbs/hr. Water, without any
polysulfide, was recirculated in the scrubber at a flow rate
5 of 28,000 lbs/hr. The pH was 7.2.
In the Table below the concentration of volatile
metals is given with and without scrubbing.

—_—
REMOVAL OF VOLATILE METALS FROM SYNTHESIS GAS STREAM

Type of Volatile Metal Conc. Without | Conc. With

(ppmw) (ppmw)

10 Zinc _ 1 0.013
Lead 0.7 - | 0.048
Mercury 0.14 <0.007
| Cadmium 0.016 <0.003
Nickel 0.062 <0.003
15 Antimony 0.032 <0.003
Arsenic _ 0.121 0.007

As shown by the Table, the polysulfide solution
effectively reduces the amount of volatile metals in the
synthesis gas stream.



WO 94/22563 PCT/US94/03775

CLAIMS

What is claimed is:

1. A process for removing volatile metals from a
synthesis gas stream comprising:

(a) contacting in a contacting zone a synthesis gas
stream containing zinc, lead, mercury, and cadmium
with a polysulfide-containing aqueous solution
under conditions to convert said zinc, 1lead,
mercury, and cadmium to their respective metal
sulfides; and

(b) recovering said synthesis gas having reduced amounts
of zinc, lead, mercury, and cadmium.

2. The process according to claim 1 wherein said
synthesis gas comprises a stream derived from the
gasification of petroleum coke.

3. The process according to claim 1 wherein said
synthesis gas comprises a stream derived from ‘the
gasification of coal.

4. The process according to claim 3 wherein said
synthesis gas stream further comprises nickel and said
contacting further produces nickel sulfide.

5. The process according to claim 3 wherein said
synthesis gas stream further comprises antimony and said
contacting further produces antimony sulfide.

6. The process according to claim 3 wherein said
synthesis gas stream further comprises arsenic and said
contacting further produces arsenic sulfide.

7. The process according to claim 1 wherein the amount
of polysulfide-containing solution supplied in step (a)
contains at least a stoichiometric amount of polysulfide
sulfur with respect to said zinc, 1lead, mercury, and
cadmium.

8. The process according to claim 7 wherein said
polysulfide is ammonium polysulfide or sodium polysulfide.

9. The process according to claim 1 wherein said
polysulfide-containing solution comprises from about 50 ppm
to about 10,000 ppm polysulfide.
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10. The process according to claim 9 wherein said
polysulfide-containing solution comprises from about 150 ppm
to about 500 ppm polysulfide.

11. The process according to claim 9 wherein said
contacting is at a temperature of from about ambient to not
more than about 200°F.

12. The process according to claim 11 wherein said
contacting is at a pressure of from about 1 atmosphere to
about 30 atmospheres.

13. The process according to claim 2 wherein said
contacting is at a pH of from about 7 to about 9.

14. The process according to claim 13 wherein said
contacting is at a pH of from about 7.5 to about 8.5.

15. The process according to claim 2 wherein a portion
of said zinc, lead, mercury, and cadmium is in the elemental
form as gaseous species or fine particulates.

16. A process for removing volatile metals from a
synthesis gas stream comprising:

(a) contacting in a contacting zone a synthesis gas
stream containing zinc, lead, mercury, and cadmium
with a polysulfide-containing aqueous solution,
containing from about 150 ppm to about 500 ppm
polysulfide, under conditions to convert said zinc,
lead, mercury, and cadmium, wherein said contacting
is at a pH of from about 7.5 to about 8.5, at a
temperature of from about ambient to not more than
about 200°F, and at a pressure from about 1
atmosphere to about 30 atmospheres;

(b) thereby producing the respective metal sulfides of
said zinc, lead, mercury, and cadmium; and

(c) recovering said synthesis gas having reduced amounts
of zinc, lead, mercury, and cadmium.
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