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INTRODUCTION

The pursuit to reduce certain emissions at combustion
facilities such as solid and hazardous waste-treatment fa-
cilities has lead to the development of several new tech-
nologies. The desire for improved emission controls is has
been expressed in public opinion and ever more stringent
regulations, and implemented by the owners and opera-
tors of Municipal Waste Combustor (MWC) facilities who
want to keep their facilities cost competitive while reduc-
ing emissions. The reasons for improving emissions are:

e Higher than desired mercury (Hg) emissions.
e Higher than desired dioxin and furans emissions.

e Pending regulations to reduce acid gas and all other
emissions of concern from new and existing facilities.

Environmental control agencies all over the world have
sought to reduce emission rates by the implementation of
new regulations. Examples of these regulations are Ger-
many’s 17th Federal Regulation on Emission Protection!;
the Clean Air Act Amendments of 1990; EPA’s New
Source Performance Standards (NSPS) and Emission
Guidelines; and recent regulatory actions in Minnesota,
New Jersey, and Florida to adopt Hg standards. In other
cases, public concern and regulatory uncertainty have de-
layed the implementation and permitting of projects.

The Sorbalit process which is described in this pa-
per economically reduces emissions and has been demon-
strated in Europe and the U.S. The process consists of two
components:

(1) A specially developed agent characterized by a high
adsorption material capable of adsorbing toxic elements
and acid gases, and
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(2) Highly efficient air pollution control systems used
by MWCs and various other types of combustion sources,
which provide through agitation, a vortexing of the ad-
sorbing agent mixture in a collection device, usually a fab-
ric filter or ESP.

The aim of this paper is the presentation of the theo-
retical design of the Sorbalit® technology. Actual field test
results illustrate applications that reduce the concerns re-
lated to mercury and dioxin emissions based on practical
experience. The adsorbing agent is described in detail and
results obtained in various types of air pollution control
systems which are applicable to the U.S. are presented.
Certain systems such as wet scrubbers that are being em-
ployed in Europe will be discussed in another paper.

THE SORBALIT® SYSTEM

Sorbalit is a patented system for controlling emissions
of acid gases, mercury, and organics in a single applica-
tion. The sorbent component of the technology is produced
by mixing lime, either calcium hydroxide or calcium oxide
with surface-activated substances such as activated carbon
or lignite coke, and sulfur-based components in a propri-
etary process. Sorbalit can be produced with carbon con-
tents ranging from 4 to 65% depending on the technical
and economic requirements of each project.

The Sorbalit process produces a homogeneous powder
containing calcium, carbon, and sulfur compounds that
will not dissociate (demix) when used, either in a slurry or
dry form, in air pollution control systems. It is particularly
important to avoid flotation or separation of the carbon
and sulfur substances that have been added to the lime.



TABLE 1 TYPICAL SORBALIT
CHEMICAL AND MATERIAL ANALYSIS

Sorbalit (95% hydrated lime mixed with S% lignite carbon product)

LOI @ 1100 °C (dry wgt %) 27.15 BET Surface Area m%/g 34.90

Si0, 2.06 Moisture % None
Ca0 68.57 Bulk Density (Loose) Ibs/ft® 26
MgO 1.38 Bulk Density (Vibration) Ibs/ft* 26
ALO, 0.44 Angle of Repose ° 47 - 49
Fe,0, 0.2 Angle of Slippage ° k)
Total S 0.17

Total C 417

co, 1.49

To maintain product uniformity and effective levels of air
pollution control, the components must stay in suspen-
sion from the manufacturing process through transporta-
tion and the air pollution control system. Typical chemical
and material analyses of Sorbalit are presented in Table 1.

Theory of Lime Adsorption

This Section discusses the various lime products in-
volved in the process. Calcium oxide (CaO) is called
“pebble lime” or “quicklime”. Hydrated lime [Ca(OH);]
is made from CaO by adding 32% by weight of water in a
hydrator. Ca(OH); is a powder with a mean particle size
of 5 microns and is highly reactive.

CaO is not very reactive with acid gases for scrubbing
at the temperatures and conditions that exist in MWC fa-
cilities and has to be converted into the hydrate form to
be reactive in scrubbing systems. CaO has been demon-
strated to remove acid gases in high temperature applica-
tions such as furnace injection. CaO converts to Ca(OH);
in the slaking process in which four parts of water are
added to one part CaO to form Ca(OH); in a slurry that
has about 25% solids. This conversion requires two phases
that takes place in a slaker. The first phase converts the
CaO into Ca(OH);. The second phase is to convert the
hydrate by mixing 3.96 Ibs of free water with one part
hydréne (1.32 Ibs) that results in a 25% solids slurry (5.28
1bs).

The reactions of the chemical components (with their
molecular weights) of Sorbalit are as follows:

Hydrated Lime

CaO + H0 = Ca(OH); + Heat
56 18 74

Ca(OH), + SO2 = CaS03 + H;0
74 64 120 18

Capture Ratio=74 + 64 = 1.156

Ca(OH); + 2HCI = CaCI2 + 2H;0
74 73 111 36

Capture Ratio =74 +73 = 1.104

1 1b of CaO yields 1.32 lbs of Ca(OH);

The stoichiometry of Ca(OH)2 with acid gases requires:

(1) 1.156 Ibs of Ca(OH); to capture 1.0 lbs of SO;

(2) 104 Ibs of Ca(OH); to capture 1.0 Ibs of HCI

The average MWC facility emits the following regu-
lated acid gases: [lbs/ton of municipal solid waste (MSW)
burned]

SO, = 5.03Ibs/ton (212 ppmdv @ 7% O,)

HCI = 7.03 Ibs/ton (532 ppmdv @ 7% O,)

Other acid gases such as HF and H2SOy4 are also emit-
ted in small amounts and collected in the system but are
generally not regulated in the U.S.

The characteristic stoichiometric reaction of Ca(OH);
per ton of typical MSW is:

b Ca(OH),/ton
MWS
SO7 = 5.03 Ibs SOz/ton MSW
x 1.1561bs Ca(OH),/Ib SO, 5.815
HCI = 7.03 Ibs HCl/ton MWS
x 1.1041bs Ca(OH),/Ib HCI 7.761
TOTAL 13.576 (13.6)

Pebble Lime

CaO + SO, = CaS0;
56 64 120

Capture Ratio = 56 + 64 = 0.875

CaO + 2HCl = CaCl2
56 73 111

Capture Ratio =56 +73 = 0.767

The stoichiometry of CaO with acid gases requires:

(3) 0.875 Ibs of CaO to capture 1.0 Ib. of SO;

(4) 0.767 lbs of CaO to capture 1.0 Ibs of HCI

The following is the stoichiometric reaction of CaO for
MSW: b CaO/ton MSW

Ib Ca(O/tonMWS
SO7 = 5.031bs SOy/ton MSW
x 0.8751bs Ca(O/1b SO, 4.401
HCI = 7.03 Ibs HCl/ton MWS
x 0.767bs CaOH/1b HCI 5.392
TOTAL 9.793

Since CaO contains about 7% of unreactive material
and inerts that are lost in the slaking process, the usage
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is adjusted to compensate for impurities. The adjustment
is 1.07x 9.793 = 10.5.

Theoretically, a typical MWC would require 13.6 lbs
of hydrated lime or 10.5 lbs of pebble lime per ton of
MSW burned to capture all of the SO, and HCI emitted.
However, in actual applications this never occurs. Due to
the inability to provide absolute contact between the lime
and the acid gases, more lime is required in the process to
achieve SO; and HCI emissions of less then 25 ppm. In
addition, several unwanted chemical reactions take place
that also use some undefined portion of the lime. For ex-
ample lime will react with carbon dioxide in the flue gas
as follows:

Ca(OH), + CO,CaCO; + H,0

The ratio of the actual amount of lime used to the the-
oretical amount required is called the stoichiometric ratio.
A typical MWC equipped with a spray dryer and an ESP
will require about 35 lbs of pebble lime per ton of MSW
while a MWC with a spray dryer baghouse will require
about 20 lbs per ton to meet the NSPS standards of 25
ppm of HCl (a 95.3% reduction) and 30 ppm of SO (an
85.8% reduction). The stoichiometric ratio for a plant with
an ESP would be:

35+10.5=333

Tables 2 and 3 present typical and actual acid gas emis-
sions using Sorbalit. Typical air pollution system require-
ments developed by Dravo Lime’s testing program to con-
trol acid gas emission to the NSPS requirements are given
in Table 4.

Theory of Carbon Adsorption

The adsorption of mercury and organics such as dioxin
into activated carbon and coke is controlled by the proper-
ties of both the carbon and the adsorbate, and by the con-
ditions under which they are contacted. This phenomenon
is generally believed to result from the diffusion of vapor
molecules into the surface of the carbon. These molecules
are retained at the surface in the liquid state because of
intermolecular or Van der Waals forces.3

As the temperature falls, or as the partial pressure of
the vapor above the carbon rises, the average time that
a molecule resides on the surface increases. So does the
fraction of the available surface covered by the adsorbate.
However, the carbon surface is not uniform and consists of
sites whose activities vary. More-active sites will become
occupied first and, as the activity of the remaining avail-
able sites decreases, the adsorption energy will change.’

The physical structure of activated carbon and coke is
not known in detail, but it is believed to contain randomly
distributed pores in the carbon, between which lies a com-
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TABLE 2 SORBALIT’'S ACID
GAS REMOVAL CAPABILITIES

Based on Outlet Test Data Only

Plant Emissions Gas Sorbalit Feed
ppmdv Temperature °F Rate
3 Ibs/t MSW
SO, HCI
Berlin - Conditioned Dry 2 4 330 26
Sorption @) )
Schweinfurt - Spray Dryer 2 4 330 24
) 4)
Burgau - Dry Sorption 8.3 2 375 30
an )
Geisebullach - Dry Sorption 34 19 400 50
(70) (22)
Schéneiche - Conditioned Dry 10 8 285 24
Sorption (20) (Y]
Wiirzburg - Dry Sorption 2 5 410 50
3 (5)
Note: 1. Fabric filters are used in each plant to control particulates, and flyash
recirculation is employed to reduce sorbent usage.
2" Emission data in mg/Nm? is corrected to 11% O, and the ppmdv is corrected to
7% O,
TABLE 3 SORBALIT'S TYPICAL
ACID GAS REMOVAL CAPABILITIES
Based on Inlet & Outlet Test Data
Item/Control Technology Dry Conditioned Spray
Sorption Dry Sorption Dryer
Outlet Gas Temperature
G 200 - 240 135 - 140 145 - 165
*F 395 - 465 275 - 285 295 - 330
Flue Gas Molsture % 4 15 21
SO, Emlssions
Inlet mg/Nm® 650 280 400
Inlet ppmdv 318 137 196
Outlet mg/Nm’ 70 20 20
Outlet ppmdv 34 10 10
% Removal 89.2 92.8 95
HCI Emlssions
Inlet mg/Nm?* 450 320 420
Inlet ppmdv 390 278 364
Outlet mg/Nm’ 20 8 8
Outlet ppmdv 8 @ 7
% Removal 95.5 97.5 98.0
Sorbalit Feed Rate
kg/tonne of MSW 25 12 12
Ibs/ton of MSW 50 24 24
Note: 1. Fabric filters are used in each plant to control particulates, and flyash
recirculation is employed to reduce sorbent usage.
2. Emission data in mg/Nm’ is corrected to 11% O, and the ppmdv is corrected to

7% 0,.

plex network of irregular interconnected passages. Pores
range in diameter down to a few angstroms, and provide
a internal surface area from 300 to 1,000 m?/gram of car-
bon. The volume of pores at each diameter is an impor-
tant variable that directly affects carbon performance. Dia-



TABLE 4 AIR POLLUTION SYSTEM REQUIREMENTS DEVELOPED BY DRAVO LIME'’S TESTING PROGRAM

Hydrated Lime

Quick Lime

Ibs of Sorbalit

Ibs of Sorbalit

per ton Stoichiometric per ton Stoichiometric
Technology of MSW Ratio of MSW Ratio
Spray dryer/fabric filter 24 1.76 20 1.90
Spray dryer/ESP 40 2.95 35 333
Dry injection/fabric 50 3.68 n/a
Conditional dry injection/fabric filter 24 1.76 n/a

TABLE 5 PROPERTIES OF CARBON PRODUCTS USED IN SORBALIT

Internal Average Average
Surface Area  Pore Radius  Particle Size
Material Source (m2/g) (A) (micron)
Bituminous Coal A 950 IS 60
Lignite A 600 30 30
Lignite B 500 25 32
Lignite D 300 30 60
Bituminous Coal C 800 15 60
Inner Surface __. - Inner Surface
Solid Particle
! . Mesopores (1 nm<r<25nm) Solid Particle
/ ; % > Cl—Hg—C!
. N el
| X 7 Micropores (0.4 nm<r<1nm)
. 2
1 77 o Cl_~0.A4.Cl
, 0
. i vl
Macropores ¥ \

Outer Surface

Interface

FIG. 1 DISTRIBUTION OF PORES IN
A GRAIN OF ACTIVATED CARBON

grams illustrating the structure of carbon particles and the
adsorption of dioxin and mercury are presented in Figures
1 and 2. Physical properties of some carbon products used
in Sorbalit are presented in Table S.

Since adsorption takes place at the carbon-gas interface,
the surface area of the carbon is one of the most important
factors to consider. The second factor is the pore radius.
Laboratory bench scale tests have shown that both increas-
ing the surface area and the addition of sulfur compounds
result in higher adsorption rates of elemental Hg*. Most of
the laboratory work on carbon adsorption has been done
on elemental Hg, not with the Hg compounds we normally
see in MWC emissions and without humidification.

Field tests> at MWCs injection carbon products with a
wide range of surface areas have shown that there is not a
significant improvement in Hg (total) capture based on the
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FIG. 2 STRUCTURE OF PORES
IN A LIGNITE COKE PARTICLE

increased carbon surface area. It is important that labora-
tory programs be developed that simulate field conditions
to consider the effects of the surface area of various prod-
ucts. Since high surface area products are more expensive,
their performance advantages and cost trade-offs have to
be demonstrated.

However, the surface area must be available in the
proper range of pore sizes. If too much of the area is avail-
able in pores smaller than 5 A, many molecules will be
unable to penetrate the pores and that area of the carbon
will essentially be unavailable for adsorption. For most
pollution-control applications, the surface areas of pores
whose diameters range between 5 and 50 A yield good
efficiency rates because the relative pressure of the vapor
is usually too low for the larger pores to become filled.



At high relative pressures, however, the total pore volume
becomes important because the macropores also become
active.

The adsorption of benzene, for example, has been
shown to be affected by pore size distribution. At high
benzene concentrations, carbons in which large pores
predominate have higher capacities than those in which
medium or small pores predominate. But at low concen-
trations, the large- pore carbon has a lower capacity.3

The size of the molecules of mercury is_approxi-
mately 4.5 A and the dioxin molecule is 10 A x 3 A.
Both molecules are adsorbed in different parts of the
carbon particle. In theory, dioxins are collected in the
macropores while the mercury is collected in the micro-
pores. Dioxin, being larger, blocks the passages, prevent-
ing mercury from entering the micropores. To increase the
mercury capture rate, the amount of carbon used must be
significantly increased, the surface area of the carbon must
be increased, or sulfur added.

The carbon/mercury balance has been established
through Mirker’s laboratory experiments. They found that
under ideal conditions, three grams of carbon will adsorb
one gram of mercury. However, in operating facilities con-
siderably more carbon is required to reduce Hg emissions
from 600 u/Nm3 to 70 u/Nm3, approximately 300 grams
of carbon per gram of Hg are used in MWC applications
with a baghouse operating at 135°°C.

The actual adsorption capacity of carbon is affected by:

e Gas temperature

¢ Flue gas moisture

e Inlet concentrations of Hg

e Species of Hg

e Acid content of the flue gas

¢ Concentration of organics such as dioxin
e Type of carbon used and surface area

e Contact time

The effects of each of these variables has not be quan-
tified. However, through trial and error we have demon-
strated the relative effect that flue gas temperature has
on Hg adsorption. A temperature correlation curve is pre-
sented in Figure 3. Another way of illustrating this impact
is by showing the carbon adsorption requirement at differ-
ent temperatures. The following data has been developed
by Mirker Umwelttechnik.

Carbon/Coke Adsorption

Flue Gas°C gC/gHg
135-145 300-400
145-165 400-500
165-185 500-600
185-200 600-800
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FIG. 3 EFFECT OF TEMPERATURE ON Hg
REMOVAL (SOBALIT —DRY INJECTION)

Theory of Sulfur Adsorption

The addition of sulfur compounds to the process plays
a major role in the adsorption of mercury but not in the
adsorption of dioxin. Sulfur’s role in the adsorption is two
fold, first the sulfur compounds maintain the active state of
the carbon. Activity is defined as the amount of open pores
in the carbon. Sulfur’s role is to keep these pores open and
to allow the mercury to get into the sub-structure pores.
The exact process in which the sulfur keeps the pores open
has not been defined. One theory is that the sulfur reacts
with water which is adsorbed or is on the surface of the
carbon particles to form an acid that penetrates the pores.
No measurable acids have been observed when applying
Sorbalit, most likely because any excess acids would react
with the lime.

The second role for sulfur is converting elemental mer-
cury (Hg®) to a sulfate. Hg® is more difficult to capture
than Hg,Clp, which is the predominate species in MWC
emissions® or Hg,S04. Hg® accounts for only 5 to 10%
of the total mercury emissions from an MWC. Flue gas
constituents such as SO7 can reduce the dissolved HgCl,
to Hg® that is driven into the gas stream due to its poor
solubility.

SOz +2 HgCl, + H,O = SO3 + Hg,Cl, + 2 HCI

Hg,Cl, = HgCl, +Hg T

The adsorption capacity of carbon is affected by forma-
tion of sulfuric acid on the carbon owing to adsorption of
the flue gas constituents SO, and H,O:

SOy, gas = SO2, ads
S02,ads + 302, ads = SO3, ads

SO3, ads + H2O = H2S04 ads



Elemental mercury then reacts with the sulfuric acid to
form mercurous sulfate (Hg2SO4) or in the presence of
excess acid mercuric sulfate (HgSOj4):

2 Hg + 2 H2S04,ds = HE»S04,ads + 2H20 + SO
or
Hg;504 ads + 2 H2SO04 ads = 2 HgSOy 445 + 2 H20 + SO2

Since the lime component of Sorbalit removes the SO,
from the flue gas, some adsorption capacity of the carbon
for Hg® is diminished. The sulfur component in Sorbalit
added during manufacturing, replaces the missing SO and
enhances the adsorption of Hg®. Mercuric chloride does
not react with the sulfuric acid, but is dissolved in sul-
furic acid. No studies concerning the necessary sulfuric
acid loading for quantitative precipitation of mercury have
been made.

AREAS OF APPLICATION

In its simplest form, the air pollution control system
consists of a duct or pipe, through which Sorbalit is in-
jected into the flue gas, and a fabric filter or ESP lo-
cated down stream. This simple solution has an economic
advantage because it is easily integrated into existing
plants without having to expend significant capital for new
equipment.

The following Section deals with the applications for
the air pollution control systems employed in various
waste treatment plants. Systems which are typically used
in the U.S. include dry injection, water conditioning fol-
lowed by dry injection, and spray dryer technologies. Ap-
plications of Sorbalit using these three technologies are
illustrated in Drawings 1, 2 and 3. Sorbalit is also em-
ployed in several wet scrubbing applications in Europe
such as the waste-to-energy plant in Zirndorf, Germany.
A description of the wet scrubbing technologies will be
presented in another paper.

Dry Sorption Process

Wiirzburg Waste-to-Energy Plant. The waste-to-
energy plant at Wiirzburg has two process lines for
converting municipal solid waste to energy. Each line has
a capacity of 12.5 Mg/h (330 T/D). The temperature of
the flue gas down stream of the boiler is reduced to 180
to 200°C (356 to 392°F) by means of water cooling.

Before the conversion to the Sorbalit System, hydrated
lime was injected into a fluidized bed reactor to con-
trol the emission of acid gases. The fluidized bed reactor
acted as a preliminary gas reactor before the flue gases
were cleaned in a pulse jet fabric filter. In the spring of
1989, tests were conducted to evaluate switching from hy-
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SORBALIT Technology Hydrated Lime/Carbon/Sulfur Blend, Duct injection Application
I Flue Gas @ 390°F
MW
Combustor
Baghouse

Disposal

— -
Sobalil Sorbent,

Totel Sorbent Ussga/Ton MSW

96% Ca{OH)p, 4% C
Baghouse: SO Ibs Sosbalit

SORBALIT Technology Hydrated Lime/Carbon/Sulfur Blend, Conditioned Duct Injection Application

I Flue Gas @ 390°F

f- -
Water

Combustor I

ESP or
Baghouse

Disposal
Product

—

Sobalit Sorbanl,
96% Ca{0H)p, 4% C

Total Sorbani Usage/Ton MSW
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SORBALIT Technology

Hydrated Lime/Carbon/Sultur Blend, Spray Dryer Application

Flue Gas @ 390°F
MswW
Combustor
I ESP or
Baghouse

Resldual Sollds
1o Disposal

=

Soballl Sordant,
96% Ca(OH),, 4% C

1 —
| Tofal Sorbent Usage/Ton MSW
. | Baghouse: 24 1bs Sorbatt

ESP. 40 Ibs Sorbalit |

drated lime to Sorbalit with 3% carbon. The Sorbalit usage
rate was the same as the hydrated lime feed rate (20-25
kg/t). The dioxin and furan emissions were reduced from
9-10 ngTEQ/Nm3 (NATO toxic equivalents) when hy-
drated lime was used to 0.02-0.06 ngTEQ/Nm?> when Sor-
balit was used, a 99% reduction. All test were conducted
using VDI methods. Test data presented in this report has
been selected to show the range of emission data from nu-
merous test. Detail test reports can be provided.

Sorbalit also demonstrated a reduction in mercury emis-
sions. As shown in Figure 4, the use of Sorbalit reduces
the emission of mercury to a level below the German limit
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of 50 p.g/Nm3 at 11% O3. What is remarkable is the fact
that this result was achieved without any modification of
the equipment configuration. The reduction of Hg is lim-
ited by the high flue gas temperature of the facility. Unfor-
tunately, due to a design limitation that may result in po-
tential corrosion, the flue gas temperature cannot be low-
ered, which would reduce the emission of mercury and
lowering their consumption rate of Sorbalit.

Dry/Wet Conditioned Sorption Process

Marion County Waste-to-Energy Plant. In July of
1992 Sorbalit was tested at Ogden Martin’s waste-to-
energy facility in Marion County, Oregon. Tests were
conducted on Unit #1 which is rated at 10.4 Mg/h (275
T/D) of MSW. The air pollution control system consists
of a Research-Cottrell/Teller spray dryer and a fabric filter.
During the test program up to .75 Mg/h (20 T/D) of
medical waste was also combusted in the units.

Sorbalit was injected dry after the spray dryers in the
dry venturi feed duct and before the pulse jet fabric fil-
ter at a flue gas temperature of 148°C (300°F). All mer-
cury emission tests were performed according to EPA
Method 101A. Seven efficiency tests were performed over
the four day test program. The inlet concentration aver-
aged 935 pg/dscm3 @12% CO7 and ranged from 508 to
2,695 ;,tgldscm3 @12% COj. The outlet emissions aver-
aged 131 p.g/dscm3 @12% CO7 and ranged from 10 to
465 pg/dscm’ @12% COy. The average Hg removal ef-
ficiency for the test program was 87.7%.

Hazardous Waste Incineration Plant Schoneiche/
Berlin. The incineration plant at Schoneiche near Berlin,
in the former GDR, has a hazardous waste capacity of 2.3
Mg/h (60 T/D). Flue gases down stream of the boiler are
cooled to a temperature of 140°C (284°F) by water sprays.
The gas volume rate during the test was 31,000 Nm-/h
(19,657 sft>/m).

The plant decided to use the carbon enhanced lime tech-
nology because it was the only way in which the approved
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limits for mercury could be achieved without the addition
of new control equipment. Before the use of Sorbalit, hy-
drated lime was employed as the adsorbing agent.

Mercury test measurements made in January 1990, on
the untreated flue gases before and after the injection of
Sorbalit are shown in Figure 5. The measurements showed
that reductions in Hg emissions in excess of 88% were
achieved in tests conducted by the Berlin Technical Con-
trol Association (TUV) using VDI methods. A complete
summary of the most important results of the test pro-
gram has been prepared by Jungmann of Zurich. These
figures represent values well below the maximum emis-
sion limit for mercury as stipulated in the German’s 17th
Federal Pollution Control Directive (17.BimSchV). Since
the initial test over 80 measurements for mercury have
been made, confirming the initial test results.

These operational tests were conducted with a substan-
tially lower carbon content in the Sorbalit than in the orig-
inal laboratory experiments. The field tests with a Sorbalit
mixture with 3% carbon demonstrated better results than
the laboratory tests conducted with hydrated lime and 10%
carbon. The laboratory experiments were conducted us-
ing elemental Hg which is more difficult to capture then
chlorides and sulfates, and the experiments were not con-
ducted using humidified gas. The differences between the
operating conditions and the experiments most likely re-
sulted in the improved performance with 3% carbon.

Figure 6 shows the respective levels of the dioxin and
furan concentrations in the untreated and in the cleaned
flue gases. The dioxin concentration in the Sorbalit treated
flue gas was undetectable in some cases. The removal rate
fluctuated from 95.6 to 100%.

Concentrations of polychlorinated biphenyls (PCBs) in
the untreated and in the cleaned flue gas were also mea-
sured. The values are shown in Table 6. The level of PCB
content in the untreated flue gas was 130 ng/Nm?3. Various
types of PCBs were no longer detectable in the cleaned
flue gas.

The high rate of removal of the PCBs also leads us
to the assumption that additional heavy superchlorinated
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TABLE 6 PCB REDUCTION — SCHONEICHE/BERLIN
HAZARDOUS WASTE PLANT

PCB Type Conceotration Couceotration
in untreated gas in cleaned gas
ng/Nm’ ng/Nm’
Monochlorobipbeayls <1 <1
Dicbiorobiphenyls <1 <1
Trichiorobipbenyls 10 <2
Tetrachiorobipbenyls i8 <3
Pentachiorobipbenyls 30 <3
Hexachiorobipbeayls 38 <2
Heptachiorobiphenyls 34 <2
Octachiorobipbenyls 30 < i
Nonachiorobiphenyls 24 <1
Decachiorobipbenyls 14 <1

TOTAL PCBs

compounds, such as hexachlorobenzene and hexachloro-
cyclohexane, are removed from the flue gases. Separation
rates for the polyaromatic hydrocarbons cannot be estab-
lished until the relevant measurements are available; how-
ever, high levels of removal are expected.

It should be emphasized again that these levels for the
treated cleaned flue gases were attained without any mod-
ifications to the plant or the air pollution control system.
The viability of the concept of improving a flue gas clean-
ing system via the use of modified hydrated lime with
carbon is thus confirmed. The air pollution control sys-
tem at the Schoneiche hazardous waste incineration plant
has been using Sorbalit since December 1989. About 50
dioxin measurements have been taken since; never have
the limits been exceeded.

Spray Dryer Systems

Hazardous Waste Incineration Plant Schweinfurt. At
the hazardous waste plant at Schweinfurt 2.5 Mg/h (66
T/D) of hazardous waste are converted to energy. The flue
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gas volume rate is 28,000 Nm3/h (17,755 sft3/m). The
original plant consists of a pebble lime slurry preparation
plant (slaker) with a spray dryer and a pulse jet fabric fil-
ter. In the retrofit, instead of the traditional lime slurry, a
Sorbalit with 3% carbon suspension was employed, with
no further modifications to the plant being employed. Test
results showing the range of emission reductions are pre-
sented in Figure 7 for dioxin and in Figure 8 for mercury.
Based on these results, the test program was immediately
followed by continuous operation.

Coburg Waste-to-Energy Plant. The Coburg plant
uses Sorbalit made with quick lime rather then hydrated
lime. The plant uses a standard slaker to make the slurry
for their spray dryer. Results of the performance test will
be published after review by the Bavarian EPA has been
competed.

Particulate Collection

The use of fabric filters is particularly effective. Resid-
ual dust levels of <10 mg/Nm3 (0.004 gr/sft3) at 11% O,
can be attained and, values of 1 mg/Nm3 (0.0004 gr/sft3)




are quite realistic. This separating capacity is also impor-
tant regarding the use of Sorbalit, as it means that Sorbalit,
to which the separated pollutants are attached, 1s not emit-
ted, and sorbent usage 1s reduced.

As a rule of thumb, an ESP requires two to three times
the amount of carbon to achieve the same results in Hg re-
duction as a fabric filter. An economic comparison can be
made in a retrofit application on the trade-otf of increased
operating cost versus the capital cost for installing a fabric
filter and associated down time for replacement.

CONCLUSIONS

The objective of the development concept was to mod-
ify the lime-based sorbents previously employed at vari-
ous sources of combustion in a way that makes it suitable
as a carrier for absorption materials and to minimize the
emissions of toxic substances. This paper has described
and presented the operating results from various combus-
tion facilities.

When Sorbalit 1s employed, the following emission val-

ues have been reliably attained:

e <50 ¢g Hg/Nm3 for mercury at 11% O3 (70 p,g/Nm3 at
7% O7)

e <0.1 ng TEQ/Nm? for dioxin and furans at 11% O
e Reduction to the detectable limit for PCBs

e EPA’s New Source Performance Standards and Emis-
sion Guidelines for SO, and HC]

Furthermore, the use of this technology 1n waste com-
bustion processes produces considerable advantages re-
garding the process engineering and modification to the
facilities 1nvolved. Sorbalit can be stored and added us-
ing standard lime and hydrated lime handling equipment.
In retrofit applications where lime or hydrated lime are
used, no new equipment may be required. Material han-
dling equipment in most facilities, from the supply silo
through conveying and dosing equipment to the mixing
lines, filters, and flow controllers, all remain 1n use.

The gas cleaning process, that is, the injection of Sor-
balit into the flue gas flow, followed by vortexing of the
flow and subsequent separation on the fabric filter or ESP,
can be installed as a “Sorbalit System” downstream of
any combustion plant. Many areas of application are envi-
sioned for Sorbalit in the field of flue gas cleaning, some
of which have already been put in to practice. Test results
for various applications are shown in Table 7.

The Sorbalit system for separating volatile inorganic
and organic substances can be integrated into the flue gas
cleaning systems of the following processes:7

e Solid and hazardous waste incineration plants
e Sewage/sludge incineration plants
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TABLE 7 MERCURY AND DIOXIN AVERAGE
EMISSION DATA (CORRECTED TO 11% 05)°

Outlet Emissicas '

@11l %O,
Name of Plant Mercury Dioxin
4g/Nm’ ng/Nm’
Geiselbullach waste-to-energy plant 23 0.019
Berlin-Ruhebea waste incinerator 40 0.06
Wiirzburg waste-to-energy plant 37 0.03
Schoneiche bhazardous waste incinerator 20 0.03
Schweinfust hazardous waste incinerator 40 0.06
Marktoberndorf MSW incinerator 27 0.06
Ulm/Wieblingen low tempesature incinerator 18 0.017
Burgau low temperature incinerator 45 0.09
Stockach aluminum plant N/A 0.013
Disseldorf crematory N/A 0.03
Hamburg copper smelting plant 23 0.06
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e Coal fired power plants
e Wood fired boilers

e Furnaces in the glass manufacturing and ceramic indus-
tries

e Wood drying plants
e Steel mills
e Aluminum smelting plants (primary and secondary)

Sorbalit is effective in removing mercury over a wide
range of operating conditions and applications. Figure 9
presents a graphic summation of test data from European
facilities and the Marion County test program. This sum-
mary includes dry, dry/wet conditioned and spray dryer
equipped plants and clearly shows the effectiveness of the
Sorbalit System. The test data indicates that two of the
key parameters in deciding the overall removal efficiency
of mercury are the inlet concentration and the temperature
of the flue gas.

Drawings 4 and 5 show two recent developments 1n the
Sorbalit System that are specific for retrofitting U.S. spray
dryer applications. Drawing 4 1llustrates the application of



SORBALIT Technology Quicklime/Carbon/Sulfur Blend, Spray Dryer Application
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SORBALIT Technology 35% Carbon Concentrate/Sulfur Blend, Spray Dryer Application
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Sorbalit manufactured with quick lime. Drawing S shows
the application of adding a concentrated form of Sorbalit
to an existing facility. This was accomplished by sim-

48

ply adding one storage silo and one mixing tank to the
system.

The data in this paper have demonstrated that Sorbalit
has the flexibility to be integrated into many existing U.S.
applications and systems. Additional information on new
systems and wet scrubbers will be published in the near
future.
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