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USE OF LIMESTONE - WET SCRUBBING FOR REDUCTION OF SULFUR OXIDE EMISSION

FROM POWER PLANTS~ FACILITIES AND PROGRAM FOR -PROTOTYPE-SCALE TESTING

By

H. W, Elder
Tennessee Valley Authority
Muscle Shoals, Alabama

E. L. Plyler
Environmental Protection Agency
Durham, North Carolina

Increasing worldwide concern about the quality of our environ-
ment has spurred research and development activity on all phases of
~ pollution control, Much interest has been generated in improving the
quality of air by reducing the amount of dust and objectionable gases
enitted from industries that discharge gaseous effluents and particulates,
The utility industry is one of the major areas where attention to the
problem is being accelerated.

At present, most of the electricity generated in this country
is based on combustion of fossil fuels. Power production in hydro plants
is ideal from an air quality point.of view, but, unfortunately, the
available sites for this type plant have been nearly exhausted. Produc-
tion of power from nuclear generation plants seems likely to increase at
a rapid rate in the immediate future. However, the increasing demand
for electricity will require continued use of fossil coal-and oil-fired
plants for the foreseeable future.

In the natural process that converts organic matter into
materials suitable for use as fuel, sulfur-bearing compounds are formed
along with the carbonaceous material. Combustion of the fuel results in
formation of sulfur oxides; reduction of sulfur oxide emission from
combustion sources is one of the major objectives of the pollution control
effort, Removal of sulfur prior to combustion would be ideal because
the fuel could be processed in high volume before distribution. However,
with the exception of natural gas, which can be desulfurized by prov n
methods, reduction of sulfur in fuels to acceptable levels does not appear
to be economically feasible at present. Development of technology for
removal of sulfur from stack gases seems to be the most expedient approach
to control of sulfur dioxide emission.

Many different processes for recovery of sulfur dioxide have
been proposed and development work is being carried out on a variety of
types. The process that has attracted the greatest interest, because of
its relative simplicity, is absorption by limestone in a slurry scrubbing
process, This process does not depend on marketing a byproduct' the
low-value absorbent can be discarded,
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Limestone - wet scrubbing can be used in two ways, either by
injecting limestone into the power plant boiler and collecting the
calcined lime in the scrubber or by introducing limestone directly into
the scrubber circuit. In an EPA-funded project, TVA is carrying out
full-scale studies of dry sulfur dioxide sorption by limestone injection
into a coal-fired 140-mw unit at the Shawnee station. This program is
being expanded to include a study of the wet scrubbing method.

The Bechtel Corporation prepared a preliminary engineering

~study of a test facility for lime-limestone scrubbing under a contract

with EPA, As a continuation of this effort, Bechtel is participating in
the program to fully characterize the limestone - wet scrubbing process.
EPA is funding the project and providing technical and administrative
direction, Bechtel has primary technical responsibility for design of the
facility and the test program, and TVA is constructing and will operate
the test facility. The test program will be directed by a technical team
comprised of representatives from each group.

Design is complete and construction is scheduled for completion
by January 1972, The overall project cost will approach $10 million.

Program Goals

The purpose of the project is to evaluate the feasibility,
effectiveness, and economics of limestone - wet scrubbing. The test
program has as its primary objective the development and demonstration of
a closed-loop limestone scrubbing process. Both injection into the boiler
and addition directly to the scrubber circuit will be evaluated. Follow-
ing are the major goals of the study:

1. Investigate process chemistry and kinetics. The test program
will be developed and conducted to provide for determination of
the chemistry and kinetics of the various process steps. This
is needed to both explain and solve operating problems and to
allow safe extrapolation of process behavior beyond actual test
conditions. Differences in process chemistry due to changes
such as variations in operating conditions and reactant compo-
sition will be investigated,

2, Develop information for process optimization and scale-up.
The test program will provide for development of reliable
process models which describe the form and magnitude of responses
to all important variables, This model should predict optimunm
process designs for different process sizes, modes of operation,
and site restraints,

3. Investigate and solve mechanical design and operating problems.
Scaling, gas distribution, corrosion, erosion, and other factors
that are related to mechanical design will be evaluated,




4. Study waste disposal. The quantity and quality of liquid and
solid wastes produced by the process will be determined. Treat-
ment or disposal methods to avoid excessive water pollution will
be identified.

5. Determine plume reheat requirement. The required degree of
plume reheat to ensure localized air quality will be studied.

6. Define economics., The test program will provide suitable
operating cost data and estimates of capital requirement to
quantify economics for various size and site restraints.

7. Conduct long-term operation. The reliability of the process
will be demonstrated by a period of long-term operation under
normal operating conditions.,

Process Description

TVA, under an agreement with EPA, conducted a conceptuai design
study of the limestone scrubbing process; the report of this work (1)
. summarized the status of process developments, .

The use of limestone or lime as an absorbent for sulfur oxides
has been studied over an extended period. Most of the work has been
small-scale, but some pilot plant and plant tests have been made. Intro-
duc tion of the absorbent directly into the scrubber system dates back
to the early 1930's when research programs were carried out in England;

a closed-loop system utiliring lime or chalk as the reactant was
operated commercially. The two steps of the injection-scrubbing method
were first studied in a combined process by Combustion Engireering, Inc.
This work led to installation of scrubbing systems on two full-scale
generating units., The conclusion indicated by the prior work is that
limestone scrubbing is a feasible method for controlling sulfur dioxide
enission from power plants. However, several major process and operating
problems were identified that must be resolved to establish efficiency
and reliability.

In the Shawnee program, three parallel scrubbers will be tested
simultaneously to expedite evaluation of various scrubber types. A flow-
sheet for one of the systems is shown in Figure 1, Gas will be withdrawn
from the boiler ahead of the particulate removal equipment so that the
entrained dust, including lime during injection-scrubbing tests, can be
introduced into the scrubber. Analysis of the gas for sulfur dioxide,
oxygen, and carbon dioxide will be made continuously by instrumental
methods. Dust loading will be determined intermittently. Gas flow rate
to each scrubber will be measured by venturi flow tubes and controlled by
dampers on induced-draft fans. The concentration of sulfur dioxide in the
outlet gas will be determined continuously., The efficiency of the process
for removal or nitrogen oxides also will be determined by periodic checks
of inlet and outlet concentration,
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Quench sprays will be installed at the inlet of each scrubber
to cool the gas prior to contact with the scrubbing slurry. Soot blowers
will be installed to minimize solids deposition at each scrubber inlet,
Experimental work by TVA has indicated that gas cooling may be necessary
to prevent stripping of absorbed but unreacted sulfur dioxide from the
slurry, ’ '

Variables that affect the rate of gas-liquid mass transfer and
particulate removal efficiency in the scrubber will be studied so that
optimization of the dual function can be established. The efficient
removal of sulfur dioxide at a practical recirculation rate depends on
an adeguate limestone dissolution rate in the scrubber; factors that
effect dissolution (slurry holdup, limestone particle size, stoichiometry,
slurry solids content) will be evaluated, Mist elimination to prevent
excessive solids carryover by slurry entrainment will be studied. Also,
the reheat requirement is affected by water entrainment.

The system will be equipped with oil-fired reheaters to
increase the temperature of the exit gas, In the scrubber, the gas will
be cooled to its wet-bulb temperature and reheat therefore will be
necessary to restore plume buoyancy for good dispersion., The Air Quality
Branch (Division of Environmental Research and Development) of TVA, which
has done extensive work in plume dispersion modeling (2), will assist
with evaluation of the extent of reheat required, The exhaust gas from
each scrubber system will be discharged through a separate stack.

Although limestone scrubbing is a relatively simple process,
the process chemistry is complicated by soluble compounds from the coal
ash, by low solubility of the absorbent and reaction products, and by
supersaturation tendency of the calcium-sulfur compounds. The Radian
Corporation has developed a computer program to preduct the composition
of liquid and solid phases in the system at equilibrium conditions; this
work has been useful in predicting boundary conditions. However, the
actual steady-state conditions depend on rates; and kinetic data are
scarce. Experimental results have shown that the slurry discharged from
the scrubber has not reached equilibrium. Therefore, it is necessary to
provide residence time outside the scrubber in order for absorbed sulfur
dioxide to react with calcium, which must be brought into solution, and
to precipitate supersaturated calcium salts formed in the scrubber.

The system is highly sensitive to pH and the method of absorbent
addition is important. A hold tank will be provided in which the
residence time can be varied. A major portion of the slurry will be
recirculated to provide a source of calcium for reaction in the scrubber
and to furnish seed crystals for dissipation of supersaturation. A
heat exchanger will be provided in the slurry system so that the effect
of slurry temperature on sulfur dioxide absorption efficiency can be
studied; river water will be the cooling medium. A sidestream will be
withdrawn for separation of reaction products. '
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The method for separating product solids from the recircu-
lating slurry in large-scale application of the process will depend
largely on the real estate available and proximity of disposal areas to
the power plant., The test facility will be provided with thickeners to
concentrate the solids either for further dewatering in a filter or
centrifuge or for transport to the pond. A filter and a centrifuge
will be installed to study solids-liquid separation problems. In some
potential applications of the process, solids disposal may have to be
accomplished by transport of dewatered solids to relatively remote
locations by truck, rail, or barge shipment. As an alternative, the
solids may be discarded by discharge of the sidestream from the slurry
effluent hold tank directly to a pond where settling will occur
{(hopefully), Pilot plant studies by TVA have indicated that settling
may be hindered by formation of plate-like crystals of calcium sulfite.

In all modes, the liquid phase will be returned to the scrubber
so that closed-loop operation will be effected, . The solids content of
the scrubber recycle stream will be controlled by blending of process
streams; a radiation-type density measuring device will be utilized.

The quality of water associated with solids discharged to the
pond will be evaluated to assess potential degradation in water quality
as a result of seepage or overflow. ' .

Equipment Selection

The existing facilities installed to study the diy injection
method include:

1. Limestone-receiving hoppér.

2. Belt'conveyor and_surge tank.

3. Oil-fired rotary dryer.

4. Dry ball mill.

5. Mechanical classifier.

6. Pulverired-stone storage silo,

7. Feed tank on load cells.

8. Pnéumatic transfer and injection system.
This.equipment will be used during tests of injection-scrubbing. The
receiving and grinding facilities will be used to supply pulverired
absorbent for direct addition to the scrubber circuit.

The equipment selected for wet scrubbing was sized for minimum

cost consistent with ability to extrapolate results to commercial units;
30,000 acf per scrubber train was judged to meet these requirements,

/i
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The equipment arrangement for the test facility is shown in Figure 2.
For resistance to corrosion, particularly during upset conditions, it
was decided that equipment should be rubber-lined mild steel. In the
following disucssion, it may be assumed that rubber lining is used
except where noted,

The selection of scrubbers to be tested was one of the basic
criteria for demonstration of the process; these devices should remove
both particulates and sulfur dioxide with high efficiency. Particulate
removal should be on the order of +99% (it is assumed that particulate
must be removed to a level of 0,02 grain/ft3 or lower to give a clear
stack) and sulfur dioxide removal should be better than 85%. The
scrubber should also effectively dissolve calcium oxide or calcium
carbonate. Basic .scrubber characteristics were considered in selection
of types, but. lack of available experimental data prevented a quantita-
tive evaluation of predicted performance. One of the primary functions
of the test program will be the development of such data. Expected
mechanical performance of the scrubbers was also a factor in the choice;
two major areas -of concern are the buildup of solids on surfaces where
hot gas first contacts the scrubbing solution and the plugging of gas-
liquid contact zones. Other factors considered were pressure drop,
turndown capability; ability to operate with slurry, ease of control
estimated maintenance requirement, and compactness of design. A
comparison of the various types considered is shown in Table 1. It was
concluded that the following scrubbers are the best candidates:

1. Venturi followed by an absorption section.
2. Turbulent-contact scrubber (mobile ping pong ball type).
3° Flooded-bed scrubber (marble bed type).

Gas ducts (40 in, diameter) between the boiler takeoff and the
scrubber are mild steel, insulated to prevent condensation. Flue gas
analysis, except for sulfur dioxide, will be made with gas chromato-
graphs; an ultraviolet photometric: analyzer will be used to monitor
sulfur dioxide before and after each scrubber, Provision is made for
addition of sulfur dioxide during selected tests to control the sulfur
dioxide concentration. Methods for measuring particulates and nitrogen
oxides are presently being evaluated. The venturi flow tubes (20-in.
throat diameter by 9 £t high) .are constructed of stainless steel and are
mounted in a vertical run of straight duct in accordance with good
engineering practice, .

The venturi scrubber (Chemico) has a variable throat section
fabricated from stainless steel, The overall dimensions are 6 ft 4 in.
diameter and 11 ft high with a 3-ft-diameter throat. The gas velocity
through the throat is controlled by a mechanically actuated conical plug.
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Gas flow is downward through the scrubber and exits through a side outlet
near the bottom into a companion absorber. The venturi should give good
performance on particulate removal but the gas residence time may be too
short for good absorption. Therefore, an absorption section was added
in series. The absorber shell (8-ft diameter by 38 ft high) is designed
to accommodate either packed or sieve tray internals.

The turbulent contact absorber (UOP) is designed for two
scrubbing stages.with provis1on for a liquid trapout tray or a third
scrubbing stage. The vessel is 5 ft 7 in, square by 38 ft 8 in, high;
internals are stainless steel.

The flooded-bed scrubber (Combustion Engineering) has a single
stage of marble mobile packing. The vessel is 7 ft square and 17 ft 6 in.
high. All of the scrubbers will accommodate either a chevron or fixed
vane-type mist eliminator. N

) The reheater for each train is oil fired and has a maximum
capacity of 5,800,000 Btu/hr, The induced-draft fans are constructed of
stainless steel and are equipped with 400-hp motors.

All piping in the system is either rubber lined (2-1/2 inch and
larger) or stainless steel (less than 2~1/2 in,). The scrubber hold tank
for each scrubbing system is cylindrical (20-ft diameter and 21 ft high)
with a flat bottom. They are sized for 1l-hr retention time at 600 gpm;
liquid levels will be adjustable so that residence time can be varied,

The tanks are equipped with agitators and have overflow weirs to minimize.
loss of unreacted absorbent to the thickenexs., Bach system will have a
thickener with rake and scraper discharge designed for 2 hr settling time.
Two are 20 ft in diameter and 15 ft high, Because of higher recirculation
rates in the TCA scrubber, the third thickener will be 30 ft in diameter.

Thickener underflow may be discharged to a pond area provided
for waste solids disposal or to a further dewatering step. The pond is
separate from the plant ash disposal area and is equipped with a reclaim
sump for return of the clarified overflow; all scrubber systems will
‘discharge to a common pond, However, compartmented areas are provided for
storage of solids from markedly different reactants. The filter is a
drum type with flexibility to operate with precoat. The centrifuge is
a continuous type with a variable speed drive,

Control of the scrubbing systems will be carried out from a

- central graphic panelboard equipped with an electronic data acquisition
system. The system is hard wired for data output in-engineering units
directly on magnetic tape., Onsite display of selected information will
be available. Also, important process control variables will be continu-
ously recorded and trend recorders will be provided for periodic

Test Program

The initial phase of testing will involve startup to check
out equipment, piping, wiring, and controls, followed by a period of
calibration and performance testing prior to start of planned experiments.




- 71 -

The first set of experiments will consist of screening tests
designed to identify the principal independent variables that affect
process performance or operating reliability. These tests will also
establish the range of interest for the important variables. A statis-
tical design of experiments will be used to obtain the required data at
a reasonable significance level with a minimum number of runs. The
correlation of effects will be based on process models which have been
developed by Bechtel for each system. The models were derived through
application of chemical engineering theory to produce a series of
equations relating independent and dependent process variables. The
variables are related by a series of coefficients; the numerical value
of these coefficients will be determined from the experimental data by
regression analysis.

Following the screening experiments, a set of primary experi-
ments will be conducted to permit a detailed investigation of performance
characteristics under optimized conditions. These data are required for
application of the experimental results to design of commercial systems
During this phase, periods of extended operation under uniform conditions
are planned to provide information of operating reliability.

Mechanical design development will be carried out con-
currently with the process-oriented tests. Many of the potential
operational problems such as scaling, plugging, mist carxyover, corrosion,
erosion, and solids~liquid separation are directly influenced by process
variables, It is important that feasible operating modes be established
early in the program.

Systematic procedures for evaluating the effect of effluents
on air and water quality are being developed. -

In order to make maximum use of the facility, testing will be
carried out on a continuous basis; the only planned delays between tests
will be to allow the system to reach steady-state after a change in
conditions. The analytical support required for the test program is
formidable. It has been estimated that up to 420 chemical determinations
per test will be needed. Instrumental procedures are being developed to
minimize the cost of this work, Atomic absorption, X-ray diffraction,
X-ray fluorescence, and conductivity methods are being evaluated.

The overall length of the test program has not been well
defined. A test period of 2 yr has been assumed for budgeting purposes,
but the actual time will depend on the many factors that tend to confound
a comprehensive test program. The number of different types of limestone
to be tested will have a major influence on the total program length.
Also, it might be desirable to test improvements in the method that are
likely to develop from pilot programs in progress around the world,
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