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METHOD FOR REMOVING HEAVY METAL AND NITROGEN OXIDES
FROM FLUE GAS, DEVICE FOR REMOVING HEAVY METAL AND
NITROGEN OXIDES FROM FLUE GAS

cONTRACTUAL ORIGIN OF INVENTION

The United States Government has rights in this invention pursuant to

Contract No. W-31-I 09-ENG-38 between the U.S. Department of Energy and the

University of Chicago representing Argonne National Laboratory.

BACKGROUND OF THE INVENTION

5 1_ Field of the Invention

This invention relates to a process and device for preventing dispersal of

heavy metals and oxides and more particularly, this invention relates to a method

and device for simultaneously extracting mercury and nitrogen oxides from flue gas.

2_
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Background of the invention

Incinerator and power plant emissions result in elevated nitrogen oxides

and ozone levels, fine particle dispersion, and hazardous air pollutants.
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Hydrogen chloride-, SOX- and

2

NOX-emissions

mercury emissions from coal-fired plants and

from incinerators and power plants,

municipal waste incinerators, and

nickel emissions from oil-fired plants are a few types of activities requiring continual

monitoring.

Treatment systems for flue gases utilize wet or dry scrubbing systems where

5 lime, limestone and/or caustic soda is added to remove SOX. However, for mercury

and NOX emissions, abatement is moderate and nil respectively, particularly when

conventional lime-based spray dryer/fabric filter systems or dry scrubber systems

are utilized. Efforts for removing heavy metals by wet processes are further

hampered when the metals are present in elemental form instead of more soluble

10 chlorides or oxides.

U.S. Patent Nos. 4,138,231; 4,895,708; 5,034,203; 5,209,934; and

5,352,647 deal with using calcium oxide slurry in conjunction with alkali metal

polysulfides to remove heavy metals such as mercury. However, these methods

require relatively high operating temperatures to maximize removal of volatile heavy

15 metals. None of the methods suggest removal of oxides such as NOX let alone

simultaneous removal of such oxides and heavy metals. Other methods employ

sodium sulfide in a wet system to remove mercury.

This dilemma, combined with recent efforts by the U.S. EPA (e.g., the Clean

Air Power Initiative Program), which calls for regulating emissions of groups of

20 compounds from power plant stacks, makes it imperative that methods for simulta-

neously treating compounds from stack emissions be developed quickly.
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To date, no inexpensive method or device exists to facilitate simultaneous

removal of SOX, NOX, heavy metals and other compounds such as HCI from

incinerator and power plant facilities.

A need exists in the art to provide a method and device for the simultaneous

removal of oxides and heavy metals resulting from incineration and power plant

5 processes. The method and device should utilize existing pollution control configu-

rations and operate at relatively moderate temperatures.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method and device for

removing oxides and heavy metals from flue gases that overcomes many of the

10 disadvantages of the prior art.

Another object of the present invention is to provide a method for removing

heavy metals and oxides from flue gas produced from incinerators or power plants.

A feature of the invention is the incorporation of alkali sulfides in solutions now used

in typical dry spray treatment processes. An advantage of the invention is the

15 utilization of existing pollution control equipment with minimal retrofit, water

consumption and electricity consumption.

Yet another object of the present invention is to provide a method to

simultaneously remove heavy metals, NOX and SOX from flue gas. A feature of the

invention is utilizing existing spray-dryer systems to convert or otherwise collect

20 both the metal and the oxides. An advantage of the invention is the low cost

associated with removing target pollutants in one process, compared to the high



. ,

4

cost of sequential removal of target pollutants. Another advantage is the genera-

tion of solid waste, which facilitates easier disposal compared to other types of

secondary waste streams.

Briefly, a method for the simultaneous removal of oxides and heavy metals

from a fluid is provided comprising combining the fluid with compounds containing

5 alkali and sulfur to create a mixture; spray drying the mixture to create a vapor

phase and a solid phase; and isolating the vapor phase from the solid phase by

directing the vapor phase to a plurality of fabric filters.

A device for simultaneously removing oxides and heavy metals from a flue

gas is also provided comprising a liquor containing alkali sulfide compounds; a

10 means for spray-drying the liquor in flue gas at a temperature sufficient to cause the

flue gas to react with the compounds so as to create a gaseous fraction and a solid

fraction; and a means for directing the gaseous fraction to a fabric filter.

BRIEF DESCRIPTION OF THE DRAWING

The present invention together with the above and other objects and

15 advantages may best be understood from the following detailed description of the

embodiment of the invention illustrated in the drawings, wherein:

FIG. 1 is a schematic flow diagram of a process for simultaneously extracting

oxides and heavy metals from flue gas, in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

20 Optimizing already-installed pollution control equipment with minimum retrofit

is one of the features of the invented method and process. Prima~ pollutants of
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concern include sulfur oxides, nitrogen oxides, heavy metals, and hydrogen

chloride. Species of volatile metals to be removed include, but are not limited to

mercury, cadmium, selenium, thallium, arsenic, antimony and lead.

More specifically, the invented method achieves an integrated control of

heavy metals and oxides in flue gases from incinerators and/or combustors with a

spray dryer/fabric filter scrubbing system. For example, by adding a small amount

of alkali sulfide (mono-or poly-) compounds into a lime slurry and by operating the

spray dryer scrubbing system at the specified temperature range, a substantial

reduction of both mercury and nitrogen oxides is realized. The resultant products

of mercury sulfide and alkali nitrate/nitrite (a portion of the nitrogen oxides will be

transformed into molecular nitrogen) are captured by the fabric filter.

The end products of the process are dry, and therefore easier to dispose.

Reduction rates of up to 90 percent for mercury and 60 percent for NOX have

been realized with the invented method and device. Exemplary reaction sequences

for each type of conversion are depicted in Equations 1 through Equation 4 infra:.

Ca(Oti)z + SOZ + CaSO~ + H20 Eq. 1

2N0 + Oz - 2NOZ Eq. 2

2N0 + 2NOZ + CaSO~ + CaO + CaSOA + Ca(NOJ2+ Nz Eq. 3

Hg + MSX + MhgSX Eq. 4
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A schematic diagram of the method and device for the control of heavy

metals and/or nitrogen oxides in a modified spray dryer/fabric filter scrubbing

system is depicted as numeral 10 in FIG. 1.

Briefly, incoming flue gas 12 is first directed to a spray dryer 14 to combine

with alkali sulfide reactants 16 which are first mixed with calcium- or sodium-

5 hydroxide 18. Inasmuch as flue gas, emanating from boilers, incinerators, or other

J-oo d

combustion processes, ranges in temperature from about 80 ‘C to about = ‘C ,fig::;’;
;

sufficient heat is available to facilitate reaction between the alkali sulfides and the

heavy metals and oxides entrained in the flue gas. Generally, the system and

device operate in adiabatic conditions.

10 Spray heads 20 or means for mixing the incoming flue gas with the reactants

may also be provided in the spray dryer, so as to mimic the operations of typical

rotary atomizers.

After mixing, the majority of the products resulting from the combination of

flue gas and alkali sulfide remains in aerosol state so as to pass through a means

15 22 for removing the product from the spray dryer 14. The aerosolized product is

then contacted with one or a plurality of fabric filters 24, the downstream side of

which are maintained at slightly negative pressure relative to the upstream side.

After a residence time and at a temperature sul%cient to complete conver-

sion of the oxides and heavy metals to a product, or products, the fabric filters are

20 isolated and the product removed therefrom for disposal or recycling.
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Generally, the integrated control of mercury and nitrogen oxides is achieved

by the combination of the alkali (mono-or poly-) sulfides with the mecury and

nitrogen oxides in the flue gas, within the spray dryer at a temperature sufficient to

oxidize the oxides to molecules containing less reactive, diatomic oxygen and to

convert the metal to metal sulfides. The temperature of the system is at least

partially determined by the temperature of the in-flowing process gas.

The inventors postulate that the conditions provided by the above-described

device allow the alkali cations to promote the oxidation of NO to N02 with the

calcium in the lime facilitating the formation of solid calcium nitrate to aid in removal

from the unit for disposal. Additionally, the polysulfide compounds react with

mercury to form mercury sulfide.

The bulk of both the converted oxides and the converted heavy metals are

captured downstream from the spray-dryer on the fabric filter, which serves as a

fixed bed reactor. Trace amounts of product and unreacted alkali sulfides are

collected at the base 15 of the spray-dryer. For example, the inventors estimate

that approximately 10 percent of the nitrogen in the feed stream is captured at the

bottom of the rotary atomizer, mostly as nitrated compounds, while the majority of

converted pollutants are isolated at the fabric filters 24.

Inasmuch as chemical conversion can take place either in the spray-dryer

unit ar the fabric filter unit, residence times of the reactants can vary widely.

Residence times of the flue gas/reactants mixture in the spray dryer is
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approximately 1 to 60 seconds with 5 to 10 seconds more typical. During this

residence time, the flue gas and reactants are subjected to turbulent mixing in the

dryer.

Rpsidence times of the converted compounds on the fabric filters 24 can

range from a few seconds to 30 minutes. Negative pressure can be applied to the

5 downstream side 26 of the fabric filter to facilitate continual loading of the filters

from the spray-dryer. Pressures of 4 to 6 inches of water are suitable.

Additive Detail

Generally, flue gases are treated by one or a plurality of alkali-sulfides

contained or solvated in a typical spray-dryer component stream such as calcium

10 hydroxide or sodium hydroxide. Typical solutions strengths of the hydroxides range

from 10 to 30 weight percent. Exemplary alkali sulfides include, but are not limited

to sodium sulfide, sodium polysulfide, calcium sulfide, calcium polysulfide, calcium

Iigno-sulfonate, potassium sulfide and potassium polysulfide. Preferable alkali

sulfides include potassium sulfide, potassium polysulfide, sodium sulfide and

15 sodium polysulfide.

Molar weight ratios of the alkali sulfide compounds to the hydroxide carrier

can range from between 1 and 5 percent. The higher the weight percent, the more

complete the removal.

Operation Parameters

20 Typically, the alkali sulfide/hydroxide mixture enters the spray dryer unit at

ambient temperature and pressure. Velocity of the entering mixture is not critical,
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as long as thorough mixing between the mixture and flue gas occurs to facilitate

mass transfer.

Flue gas entering the spray dryer has sufficient residual heat to react with

the alkalies, hydroxides and sulfides contained in the mixture. Typically, flue gases

from coal fired plants have temperatures in the range of 150° to 300 ‘C. Flue

gases exiting incinerators have temperatures of up to 500 ‘C. Temperatures

ranging from 70 “C to 200 *C are sufficient to initiate reaction.

Reaction between flue gas constituents and the mixture is ongoing, even

while reactants are making their way out of the spray dryer unit 14 and into the exit

conduit 22. At the exit point, typical temperatures ranging from 70 “C to 150 “C are

suitable to maintain reaction. SOX removal is enhanced when the flue gas is

maintained at its adiabatic saturation temperature (attained by lowering reaction

temperatures or increasing humidity levels) while HCI removal is enhanced at

higher temperatures. NoX removal proceeds at a significant rate at temperatures

above 85 “C.

Moisture could be added to the system by humidifying the flue gas with a

humidifier (not shown) prior to flue gas introduction into the spray dryer. Alterna-

tively, moisture could be added to a carrier fluid (such as nitrogen or air) with the

now-humidified carrier stream subsequently mixed with the flue gas just prior to the

introduction of the flue gas into the spray-dryer unit 14. When treatment with a

humidifier is utilized, the gas stream is maintained at or above 80 ‘C to prevent

condensation of flue gas constituents prior to treatment with the spray-drier.
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Suitable fabric filters for use in the invented process include high tempera-

ture ceramic fiber filters such as, but not limited to, Nextel@ brand, which is

manufactured by 3M of Minneapolis, Minnesota.

A myriad of rotary atomizers can be utilized as spray driers in the invented

method and device. Exemplary devices include the various atomizers manufac-

tured by Niro Incorporated of Columbia, Maryland.

Flow rate of the flue gas, from point of injection in the spray dryer to point of

its exit at the downstream-side of the fabric filters will vary, and will be adjusted

depending on the reaction temperatures supplied to the system. Generally, molar

ratios of spray constituents to the oxides ranging from 0.05 to 0.5 are suitable. For

example, a molar ratio of NaSX to NOX ranging from 0.05 to 0.5 provide good

results. In this example, the presence of sodium serves as a catalytic agent for the

oxidation of NO, as depicted in Equation 2, supra.

Inasmuch as the presence of mercury is 3-4 orders of magnitude lower than

the typical concentrations of NO. in flue gas, the above molar ratios are more than

sufficient to facilitate removal of mercury from the stream.

While the invention has been described with reference to details of the

illustrated embodiment, these details are not intended to limit the scope of the

invention as defined in the appended claims.
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ABSTRACT

A method for the simultaneous removal of oxides and heavy metals from a

fluid is provided comprising combining the fluid with compounds containing alkali

and sulfur to create a mixture; spray drying the mixture to create a vapor phase and

a solid phase; and isolating the vapor phase from the solid phase. A device is also

provided comprising a means for spray-drying flue gas with alkali-sulfide containing

liquor at a temperature sufficient to cause the flue gas to react with the compounds

so as to create a gaseous fraction and a solid fraction and a means for directing the

gaseous fraction to a fabric filter.
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