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SELENIUM REMOVAL PROCESS

FIELD OF THE INVENTION
[0001] Embodiments of the invention relate to treating fluid utilizing a material prepared

for removal of selentum-containing compounds from the fluid.

BACKGROUND OF THE INVENTION

[0002] Fossil fuels contain naturally occurring selenium, which exists in several
oxidation states, including selenide (-2), elemental selenium (0), selenite (+4), and selenate (+6).
Refining of oils and processing of coals containing selenium can generate process water with
amounts of selenium-containing compounds in excess of limits allowed by governmental
standards for discharge of the water into the environment. These aqueous streams often include
the selenium in soluble forms, such as selenocyanate (SeCN) in zero oxidative states and selenite
(Se03) and selenate (SeO4) as oxidized species.

[0003] Various treatment techniques for the process water add to costs and may not even
enable achieving selenium limits. For example, some techniques rely on adsorption. However,
sorbent materials previously utilized for treating the process water limit effectiveness and
efficiency in such prior adsorption processes.

[0004] Therefore, a need exists for improved methods and systems for removal of

selenium-containing compounds from a fluid.

SUMMARY OF THE INVENTION

[0005] In one embodiment, a method removes selenium from a feed stream. The method
includes removing selenium from a feed stream by contacting the feed stream with a sorbent.
The sorbent includes a support that has been impregnated with sulfur by reacting hydrogen
sulfide and sulfur dioxide in presence of the support.

[0006] According to one embodiment, a method of selenium content removal from a feed
stream includes heating at least one of the feed stream and a bed packed with a sorbent to a
temperature between 60° C and 80° C. The feed stream is at a pH between 1 and 10 and contains
at least 10 parts per billion (ppb) of a compound selected from at least one of selenocyanate,
selenite, and selenate. The method further includes removing selenium from the feed stream by

contacting the feed stream with the sorbent comprising a carbon support that has been
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impregnated with sulfur by reacting hydrogen sulfide and sulfur dioxide in presence of the
support.

[0007] For one embodiment, a method includes removing selenium from a feed stream
by contacting the feed stream with a sorbent comprising a carbon support. The carbon support
has been impregnated with between 1% and 40% sulfur by weight. Such impregnation is by
flowing a gaseous hydrogen sulfide and sulfur dioxide containing stream over the carbon support

at a temperature between 100° C and 1000° C.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The invention, together with further advantages thereof, may best be understood
by reference to the following description taken in conjunction with the accompanying drawings.
[0009] Figure 1 is a schematic process diagram illustrating treatment of fluid utilizing a
sorbent prepared for selenium removal from the fluid, according to embodiments of the
invention.
[0010] Figure 2 is a graph with plots of percentage selenium removal as a function of
time for comparison of a prior process to a method according to embodiments of the invention.
[0011] Figure 3 is a graph with plots of first order rate constants as a function of time for
comparison of the prior process to the method according to embodiments of the invention.
[0012] Figure 4 1s a graph with plots of first order rate constants as a function of time for
comparison of the prior process to three additional methods according to embodiments of the

invention.

DETAILED DESCRIPTION OF THE INVENTION
[0013] Embodiments of the invention relate to treating fluid to at least reduce selenium
content within the fluid, which may be an aqueous liquid from a petroleum refinery, a power
plant, irrigation runoff, or industrial waste, for example. As used herein, “selenium” refers to
selenium within or from compounds, such as seclenocyanate, sclenite, selenate, hydrogen
selenide, and combinations thereof, containing selenium and at least one other element and/or
clemental selenium. Concentration of the selenium thus provides the selenium content within the
fluid. The treating removes the sclenium content from a feed stream of the fluid based on

adsorption from contact of the fluid with a sorbent. In one embodiment, flowing a gascous
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hydrogen sulfide and sulfur dioxide containing stream over a support, such as activated carbon,
provides the sorbent impregnated with sulfur and utilized in the treating of the fluid.

[0014] Figure 1 shows a schematic process diagram illustrating various steps and aspects
associated with one embodiment for treatment of a feed stream 100 to provide a treated stream
102.  The treatment removes selenium from the feed stream 100. The treated stream 102
thereby contains less selenium content, on an elemental basis, than the feed stream 100.

[0015] The process includes preparing a support 104 in a sorbent preparation bed 106 to
produce a sorbent 108 impregnated with sulfur. As indicated by dashed line 112, the support 104
once prepared in the sorbent preparation bed 106 supplies the sorbent 108 packed into a
treatment bed 110. In operation, the feed stream 100 passes through the treatment bed 110 in
contact with the sorbent 108 located between an inlet for the feed stream 100 and an outlet for
the treated stream 102.

[0016] With respect to preparing the support 104, a gaseous mixture including hydrogen
sulfide (H,S) and sulfur dioxide (SO,) passes over the support 104 at a temperature above 100°
C, such as between 100° C and 1000° C. Examples of base material for the support 104 include
activated or porous carbon, alumina (Al,O3), silica (5i0;), and combinations thereof. For some
embodiments, the gaseous mixture contains the hydrogen sulfide and sulfur dioxide in a H,S to
SO, molar ratio of about 2:1. Further, the gasecous mixture may include an inert diluent such as
nitrogen (N;). Respective first, second and third supplies 114, 116, 118 for the hydrogen sulfide,
the sulfur dioxide, and the nitrogen introduce the gaseous mixture into the sorbent preparation
bed 106 where the gaseous mixture contacts the support 104. An exhaust 120 from the sorbent
preparation bed 106 permits continuous flow of the gaseous mixture for a desired contact time
between the gaseous mixture and the support 104.

[0017] While inside the sorbent preparation bed 106, the sulfur dioxide and the hydrogen
sulfide react to produce sulfur (S) and water (H,O). The sulfur from this reaction deposits on the
support 104, Percentage of sulfur loading of the support 104 ranges in some embodiments from
1.0% to 40.0% by weight and depends on mass of the support 104 (e.g., 0.001 kilograms (kg) to
1000 kg), length of the contact time (e.g., 0.1 hours to 1000 hours), and concentration of the
sulfur dioxide and the hydrogen sulfide in the gaseous mixture.

[0018] The support 104 once loaded with the sulfur to a selected weight percentage

provides the sorbent 108 impregnated with sulfur. The sorbent 108 formed as described herein
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displays affinity for selenium removal from aqueous solutions. A flow path for the feed stream
100 contacts the sorbent 108 that is packed within the treatment bed 110. The sorbent 108
adsorbs the elemental selenium and/or selenium-containing compounds within the feed stream
100 such that effluent from the treatment bed 110 provides the treated stream 102 of water
suitable for discharge into the environment.

[0019] In some embodiments, adjusting the pH of the feed stream 100 to between 1.0 and
10.0 or between 2.0 and 5.0 facilitates adsorption. Adding to the feed stream 100 an acid
selected from, for example, at least one of sulfuric acid (H2SO,), tin(II) chloride (SnCly), iron(II)
chloride (FeCly), and aluminum chloride (AICls) prior to contacting the feed stream 100 with the
sorbent 108 can lower pH of the feed stream 100 that has an initial pH more basic than desired.
Further, heating the feed stream 100 and/or the treatment bed to between 1° C and 100° C or
between 60° C and 80° C may aid in the adsorption. Hydraulic flux of the feed stream 100
through the treatment bed 110 may vary from 0.1 to 1000 gallons per minute per foot squared
(GPM/ft®) or from 2 to 4 GPM/ft’.

[0020] On an elemental selentum basis, the feed stream 100 may contain at least 10 parts
per billion (ppb) or at least 1.0 parts per million (ppm) of the elemental selenium and/or the
compounds that contain selenium and contain at least one other element. Stripped sour water
may make up the feed stream 100, which thus may contain other constituents, such as thiosulfate,
chloride, phenolics, sulfate, organics, and combinations thereof, in addition to water and
selenium-containing compounds. For some embodiments, the feed stream 100 contacts a
sufficient quantity of the sorbent 108 such that the treated stream 102 contains at least 40% by
weight less of the selenium content from compounds containing selenium and at least one other
clement and/or the elemental selenium than the feed stream 100.

[0021] One advantageous benefit of the foregoing relates to availability of the first
supply 114 for the hydrogen sulfide and the second supply 116 for the sulfur dioxide. While
other sources of sulfur may not be produced onsite or provide efficient utilization of onsite
resources, refineries and power plants, for example, generate the hydrogen sulfide in other
processes. Partial combustion of the hydrogen sulfide generated may produce the sulfur dioxide.
[0022] The sorbent 108 prepared as descried herein provides unexpected results as set
forth in the Example 1 and illustrated in Figures 2 and 3. While not limited to any particular

phenomena, it is believed that the sorbent 108 is impregnated with allotropes of sulfur more
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active for selenium removal when loaded with sulfur by the reaction between the hydrogen
sulfide and the sulfur dioxide within the gaseous mixture than if loaded with other sulfur sources
such as solid sulfur or if loaded with sulfur-containing compounds without reaction to produce
clemental sulfur. As a result of this increased activity, the sorbent 108 requires no separate
activation. The feed stream 100 passes over the sorbent 108 without addition of any other
activating agents to the treatment bed 110, for some embodiments. During loading of sulfur on
the support 104 to prepare the sorbent 108, the gaseous mixture enters pores of the support 104.
The hydrogen sulfide and the sulfur dioxide within the gaseous mixture reacts while disposed in
the pores of the support 104, which may thereby catalyze the reaction creating the sulfur that
impregnates the sorbent 108. Compared to solid sulfur used for impregnation, the gaseous
mixture 1s able to disperse more into the pores of the support 104 resulting in more even
distribution of the sulfur upon creation of the sorbent 108 impregnated with the sulfur.

Example 1

[0023] A 2.0 gram (g) bed of activated carbon having a particle size of about 0.9
millimeters (mm) was heated to 100° C while a flow of nitrogen passed through the bed. A
gaseous stream containing 5% hydrogen sulfide in nitrogen flowing at 18 milliliters per minute
(mL/min) was combined with a gaseous stream containing 1% sulfur dioxide in nitrogen flowing
at 45 mL/min and a 100% nitrogen stream flowing at 240 mL/min to produce a gasecous mixture.
The gaseous mixture was passed over the activated carbon at a temperature of 550° C for three
hours. Next, the activated carbon was cooled to about 25° C while maintaining the flow of the
gaseous mixture. The activated carbon had 10.4% sulfur by weight as a result of being contacted
with the gaseous mixture and was used as an exemplary sorbent for subsequent treatment of a
simulated stripped sour water solution.

[0024] The exemplary sorbent was packed into a treatment bed that was 150 mm long
and 10 mm in diameter. For comparison, the sour water solution was also passed through
another same sized treatment bed packed with a comparative sorbent. The comparative sorbent,
known as MERSORB®-LW, was a carbon material impregnated with 13% sulfur by weight.
[0025] The stripped sour water solution was pH adjusted to about 2.5 using 0.1 molar
sulfuric acid. The temperature of the treatment beds was about 68° C. The stripped sour water
solution was fed through the treatment beds at a velocity of 3.0 GPM/ft* during first and second

treatment runs respectively utilizing the exemplary sorbent and the comparative sorbent. Each of
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the treatment runs lasted about one hundred hours. Table 1 lists initial constituents within water

of the sour water solution prior to conducting the treatment runs.

Table 1

Sodium 15 ppm
Calcium 1.5 ppm
Ammonium 293 ppm
Chloride 10 ppm
Sulfate 560 ppm
Sulfite 0.6 ppm
Thiosulfate 35 ppm
Thiocyanate 37 ppm
Acetate 128 ppm
Propionate 89 ppm
Butyrate 36 ppm
Total organic carbon

444 ppm
(organic acids + phenolics)
Phenolics 329 ppm
Selenium
(in form of selenocyanate) 18> ppm

[0026] Figure 2 shows percentage selenium removal results for the first and second

treatment runs plotted as a function of time. A first removal curve 200 corresponds to the first
treatment run utilizing the exemplary sorbent. As represented by the first removal curve 200, the
exemplary sorbent removed about 40% of selenium content from the sour water solution
throughout the first treatment run after having removed higher percentages of the selenium
content during an initial period of less than twenty hours. Effluents from the first treatment run
utilizing the exemplary sorbent contained less than 1.0 ppm seclenium. However, the
comparative sorbent only removed, as indicated by a second removal curve 202, about 25% of
the selenium content from the sour water solution during a time interval corresponding to when
the exemplary sorbent removed about 40% or more of the selenium content from the sour water

solution. This difference in percentages of selenium removal depicted by the first and second
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removal curves 200, 202 demonstrates the unexpected superior results obtained by contacting the
sour water solution with the exemplary sorbent that is impregnated with sulfur and formed by
reacting hydrogen sulfide and sulfur dioxide compared to when the sour water solution is
contacted with other sorbents including differently prepared sulfur impregnated carbons.

[0027] Foregoing data for amount of selenium removal provided relative comparisons for
particular parameters as set forth with respect to Example 1 even though the amount of removal
depends on factors such as bed length and amount of sorbent in the bed. Quantity of selenium
content in the effluent is a function of bed length for any selenium bearing solution under a given
set of process conditions. Therefore, increasing the bed length can provide greater than 40%
removal of the selentum content from the sour water solution.

[0028] Figure 3 plots first order rate constants for rate of selenium removal as a function
of time with respect to the first and second treatment runs. A first rate curve 300 plots the rate
constant for the exemplary sorbent. At almost half the rate constant shown by the first curve
300, the second rate curve 302 plots the rate constant for the comparative sorbent. Therefore,
utilizing the exemplary sorbent enables removing a given amount of selenium content with a
shorter bed and/or shorter residence time relative to utilizing the comparative sorbent.

Example 2

[0029] A 10 g bed of activated carbon was heated to 100° C while a flow of nitrogen
passed through the bed. A gaseous stream containing 5% H,S in N, at 18 mL/min was combined
with a gaseous stream containing 1% SO; in N, at 45 mL/min and a 100% N, stream flowing at
240 mL/min to produce a gaseous mixture. The gaseous mixture was passed over the bed of
activated carbon at a temperature of 500° C for 3 hours 45 minutes. The material was cooled to
room temperature while maintaining the H,S, SO, and N, flow. The activated carbon had 4.9%
sulfur by weight as a result of being contacted with the gaseous mixture and was used as a
second exemplary sorbent for subsequent treatment of a simulated stripped sour water solution as
described with respect to Example 1, As shown by a second example rate curve 402 in Figure 4
that corresponds to a higher rate of selenium removal than the second rate curve 302 for the
comparative sorbent, this second exemplary sorbent removes 99% of selenium in less time than

the comparative sorbent.

Example 3
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[0030] A 6 g bed of activated carbon was heated to 100° C while a flow of nitrogen
passed through the bed. A gaseous stream containing 5% H,S in N, at 108 mL/min was
combined with a gaseous stream containing 1% SO, in N, at 270 mL/min to produce a gaseous
mixture. The gaseous mixture was passed over the bed of activated carbon at a temperature of
400° C for 1 hour 30 minutes. The material was cooled to room temperature while maintaining
the H,S, SO, and N, flow. The activated carbon had 15.8% sulfur by weight as a result of being
contacted with the gaseous mixture and was used as a third exemplary sorbent for subsequent
treatment of a simulated stripped sour water solution as described with respect to Example 1. As
shown by a third example rate curve 403 in Figure 4 that corresponds to a higher rate of selenium
removal than the second rate curve 302 for the comparative sorbent, this third exemplary sorbent
removes 99% of selenium in less time than the comparative sorbent.

Example 4

[0031] A 6 g bed of activated carbon was heated to 100° C while a flow of nitrogen
passed through the bed. A gascous stream containing 5% H,S in N, at 162 mL/min was
combined with a gaseous stream containing 1% SO, in N, at 405 mL/min to produce a gaseous
mixture. The gaseous mixture was passed over the bed of activated carbon at a temperature of
500° C for 1 hour. The material was cooled to room temperature while maintaining the H,S, SO,
and N, flow. The activated carbon had 20.4% sulfur by weight as a result of being contacted
with the gaseous mixture and was used as a fourth exemplary sorbent for subsequent treatment of
a simulated stripped sour water solution as described with respect to Example 1. As shown by a
fourth example rate curve 404 in Figure 4 that corresponds to a higher rate of selenium removal
than the second rate curve 302 for the comparative sorbent, this fourth exemplary sorbent
removes 99% of selenium in less time than the comparative sorbent.

[0032] The preferred embodiment of the present invention has been disclosed and
illustrated. However, the invention is intended to be as broad as defined in the claims below.
Those skilled in the art may be able to study the preferred embodiments and identify other ways
to practice the invention that are not exactly as described herein. It is the intent of the inventors
that variations and equivalents of the invention are within the scope of the claims below and the

description, abstract and drawings are not to be used to limit the scope of the invention.
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CLAIMS

1. A method comprising the step of:
removing selenium from a feed stream by contacting the feed stream with a
sorbent comprising a support that has been impregnated with sulfur by reacting hydrogen

sulfide and sulfur dioxide in presence of the support.

2. The method according to claim 1, wherein the support comprises activated
carbon.

3. The method according to claim 1, wherein the support comprises alumina.

4. The method according to claim 1, wherein the feed stream contains selenocyanate

as source of the selenium that is removed.

5. The method according to claim 1, further comprising passing a gaseous mixture
of the hydrogen sulfide, the sulfur dioxide and an inert diluent in contact with the support

to conduct the reacting of the hydrogen sulfide and the sulfur dioxide.

6. The method according to claim 1, further comprising passing a gaseous mixture in
contact with the support to conduct the reacting, wherein the gaseous mixture contains

the hydrogen sulfide and the sulfur dioxide in a H,S to SO, molar ratio of about 2:1.

7. The method according to claim 1, further comprising flowing a gaseous mixture
of the hydrogen sulfide, the sulfur dioxide and nitrogen over the support at a temperature
between 100° C and 1000° C to impregnate the support with between 1% and 40% sulfur

by weight.

8. The method according to claim 1, wherein the removing provides a treated stream

that has selenium concentration at least 40% lower than the feed stream.

9
SUBSTITUTE SHEET (RULE 26)



WO 2010/096571 PCT/US2010/024602

9. The method according to claim 1, wherein the feed stream is aqueous liquid.

10.  The method according to claim 1, wherein the sorbent is impregnated with
between 1% and 40% sulfur by weight as a result of flowing a gaseous hydrogen sulfide
and sulfur dioxide containing stream over the support at a temperature between 100° C

and 1000° C.

11.  The method according to claim 1, further comprising heating at least one of the
feed stream and a bed packed with the sorbent to a temperature between 60° C and 80° C,
wherein the feed stream is at a pH between 1 and 10 and contains at least 10 parts per
billion (ppb) of a compound containing the selenium that is removed and selected from at

least one of selenocyanate, selenite, and selenate.

12. A method comprising the steps of:

heating at least one of a feed strecam and a bed packed with a sorbent to a
temperature between 60° C and 80° C, wherein the feed stream is at a pH between 1 and
10 and contains at least 10 parts per billion (ppb) of a compound containing selenium and
selected from at least one of selenocyanate, selenite, and selenate; and

removing the selenium from the feed stream by contacting the feed stream with
the sorbent comprising a carbon support that has been impregnated with sulfur by

reacting hydrogen sulfide and sulfur dioxide in presence of the support.

13.  The method according to claim 12, further comprising flowing a gascous
hydrogen sulfide and sulfur dioxide containing stream over the carbon support at a
temperature between 100° C and 1000° C to form the sorbent impregnated with between

1% and 40% sulfur by weight.

14.  The method according to claim 12, further comprising passing a gascous mixture
with the hydrogen sulfide and the sulfur dioxide in contact with the carbon support to

create the reaction.
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15,  The method according to claim 12, wherein the compound comprises

selenocyanate.

16.  The method according to claim 12, wherein the support removes selenium content
from the feed stream in order to provide the treated stream with a selenium concentration

at least 40% lower than the feed stream.

17. A method comprising the steps of:

removing selenium from a feed stream by contacting the feed stream with a
sorbent comprising a carbon support that has been impregnated with between 1% and
40% sulfur by weight by flowing a gascous hydrogen sulfide and sulfur dioxide

containing stream over the carbon support at a temperature between 100° C and 1000° C.

18.  The method according to claim 17, further comprising heating at least one of the
feed stream and a bed packed with the sorbent to a temperature between 60° C and 80° C,
wherein the feed stream is at a pH between 1 and 10 and contains at least 10 parts per

billion (ppb) of the compound.

19.  The method according to claim 17, wherein the gaseous hydrogen sulfide and

sulfur dioxide containing stream contains a H,S to SO, molar ratio of about 2:1.

20.  The method according to claim 17, wherein the feed stream is aqueous liquid.
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