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ABSTRACT

Ash from low sulfur coals is characterized by
high electrical resistivity. Generally, values above Ixlf)10

fixcm may decrease the collectability of the fly ash in the
Electrostatic precipitator-ESP. Controlling the ash
resistivity by SO3 injection may resolve the problem of the
increased electrical resistivity of the collected fly ash. This
paper summarizes the results of a full scale test that was
performed in 350 MW coal fired unit to test the influence
of SO3 injection on the ESP collecting efficiency.

kJ
kg sulfur

The air-SG2 mixture is leaving the burning
chamber at temperature of approximately 400-600°C. The
exact temperature may be controlled by the ratio of
sulfur/air. The air-SGb mixture delivered to a catalytic
converter where the SO2 oxidized to SO3 in presence
of V2O5 according to:

The phenomenon of controlling the particle's
resisitivity by SO3 injection was noticed almost 90 years
before. In 1912 it was noticed that increasing the SQ3

levels in the treated flue gas caused significant
improvement in the ESP collecting efficiency.

"Orot-Rabin" power station is the first coal fired
power station in Israel. The 4x350MWe were started
during the years 1980-1983. The main parameters of the
ESP's at those units are summarized in table 1.

ESP Type
Specific collecting area
Collecting plate spacing

Wire Frame
96s/m(140°C)
300 mm

Gas volume per boiler

Gas temperature

550
(14(fC)
"l3O-15O°C

m3/s

Gas velocity 119 m/s
Aspect Ratio (length/height)
Inlet ash concentration
Design efficiency (1% sulfur) _ 99.5%

Table 1: ESP main design parameters

PROCESS DESCRIP1
During normal coal combustion, the sulfur

combines with oxygen to form sulfur dioxide (SO2).
Small part of it - 1 % oxidized to sulfur trioxide (SO3). At
temperature range of 500°C-600°C, SO3 reacts with water
vapor to form sulfuric acid (H2SO,t). Generally at
temperature below 200°C the H2SO,( condenses on the ash
surface and creates a thin layer that reduces the particle
surface resistivity.

In case of low sulfur coal, insufficient amount of
H2SO4 produced and the result is high ash resistivity. The
basic idea of the SO3 F.G.C system is to produce
artificially enough I-LSO.) to reduce the ash resistivity.

In SO3 F.G.C systems, molten sulfur delivered to
a burning chamber with hot air. The sulfur ignites and a
mixture of air-SC^ formed.

(2) SO2 + ± kJ^>SO3+i518kgSO2

The chemical equilibrium of (2) favors reduction
of SO3 to SO2 at temperature above 400°C (see figure 1).
Reaction (2) is an exothermic reaction, therefor it is
important to control the ratio of SO2/air to prevent poor
conversion efficiency.

The SQ3~air •mixture is transferred via pipeline
and injected to the inlet flue gas duct of the ESP The SO3

is cooled and reacts with the water vapors in the flue gas
to form sulfuric acid.

THEORETICAL CONVERSION EFFICIENCY OK SO, TO SO3
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Figure 1: Equilibrium between SQ2-SQ3 vs. Gas
temperature for different SO2 concentration at converter
inlet.

(3) SO3 + H 2 O -> H 2SO 4(TB = 300°C - 500°

Schematic diagram of the process is shown in
figure 2.

TEST PROCEDURE DESCRIPTION

For the test, IEC rented a complete F.G.C.
system (The manufacturer of the system is Pentol GmbH -
Germany). The test was conducted during two months.
During this period several coals that have high resistivity
ash were tested. Data from several location was collected
and analyzed - see figure 3 and table 2. The ash resistivity
before SO3 injection was estimated according to computer
simulation based on Bickelhaupt model [2] [3] [4], good
agreement is usually obtained between the model and
actual resistivity measurements [5]. The calculated values
are shown in table 4.
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Figure 2: Schematic F.G.C system.
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Figure 3: Measurement point location.

Point
(1)

(2)
(3)

(4)
(5)

(6)

(7)

Measured Values
coal chemical analyses, coal flow rate,
grinding fines.
gas temperature, 0 2 excess,
gas temperature, 0 2 excess, gas flow
rate, ash concentration.
ash concentration.
ash chemical analyses, ash electrical
resistivity.
transformer-rectifier current and voltage,
sparking rate detection.
S03 injection rate.

Table 2: Measured data at the different points.
The test was conducted using several low sulfur

coal as appears in table 3.

Coal
carbon
hydrogen
Oxygen
sulfur
Nitrogen
Water
Ash
Gas
C02

0 2

S02

N2

H2O
SO3-ppm

Coal -a
67.31
3.9
6.3
0.8
1.6
7.5
12.58
%voL
13.323
4.56
0.06
74.5
7.55
2.3

Coal-b
67.74
4.03
6.86
0.58
1.61
7.2
11.98
%voL
13.31
4.561
0.042
74.4
7.622
1.7

Coal-c
70.24
4.22
5.09
0.49
1.66
9.4
8.91
%voL
13.16
4.557
0.034
74.4
7.842
1.4

Coal-d
65.52
4.62
8.22
0.73
1.24
11.46
8.08
% vol.
12.901
4.514 •
0.053
73.676
8.853
2.2

Table 3: Coal and flue gas analyses

Coal - a
Coal - b
Coal- c
Coal -d

No injection
5.5xl012fixcm
4.5xl012Dxcm
6xlO12Qxcm

1.0xl012Qxcm

10 ppm
1.5xlO9Qxcm
1.2xl09nxcm
3.5xl08nxcm
4xlO8Qxcm

Table 4: Calculated ash resistivity without injection and
with 10 ppm (volume) injection at 140°C.

RESULTS
The measured ash outlet concentration for

different SO3 concentration is shown in figure 4. Due to
the fact that the measurements reflects different ash and
sulfur levels in coals, we decided to eliminate this factor
by presenting the results for normalized parameter -
SO^/ash.
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Figure 4: Ash outlet concentration for different SO3
concentration in flue gas.

Ash Outlet Concentration Vs. SOj/Ash Ratio

1.5 1.7 1.9 2.1 2J 2.5 2.7

Figure 5: Ash outlet concentration vs. SO3/ash.
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Figure 6: Ash removal efficiency vs. SO3/ash.
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Another way to present the improvement in ESP
performance is to show the relative improvement in the
effective migration velocity.

(4) 77 = 1 - exp(-&>k x f)

Equation (4) is the "modified Deutch-Andersen"
equation, that describes the relation between the removal
efficiency- 77 to the specific collecting area -f and the
effective migration velocity -cok. k is an constant (between
0.4 to 0.6 [1]) that reflects different particles size and
shape.

Improvment In Migration Velocity vs. SOj/Ash
Ratio
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Figure 7: Improvement in effective migration velocity
due to SO3 injection.

Another key parameter of the ESP performance
is the amount of energy that can be inserted, as a rule the
optimal operation is achieved at the highest voltage and
current. Table 4 contains a comparison of the secondary
voltage and current of the T.R.sets before and after
injection.

T.RSet
Al
A2
A3
A4
Bl
B2
B3
B4

Power

Before Injection After Injection

kV
58
55
54
50
50
60
59
49

Amp. kV
0.87 60
0.4 59
0.75 59
0.5 60
0.5 56

0.42 62
0.2 59

0.118 60

Amp.
0.5
0.5
1.3
1.4

0.75
0.6
0.3
1.2

295 kVA 556 kVA

Table 4: Comparison between the electrical
characteristics before and after SO3 injection.

DISCUSSION
The improvement in performance can be easily

explained by analyzing table 4. The lowered ash
resistivity caused by SO3 injection led to higher ability of
increasing voltage and current without excessive
sparking.

a

small

k + 2
According to equation (5) it can be shown that
improvement in the voltage caused big

improvement in the migration velocity and therefor to the
overall removal efficiency [1].

With regard to the ash outlet concentration, the
SO3 injection reduced the emission well below the 50
mg/Nm3 target (environmental regulation) in all tested
conditions.

An interesting phenomena is shown on figures 4
& 5. Above certain injection rate there was a degradation
in performance. We assume that this phenomena caused
by "too low" resistivity that caused back reentrainment of
ash. This could be avoided by carefully optimizing the
injection rate for each operating condition.

SUMMARY

During the last years, due to requirements of the
environmental authorities to reduce sulfur oxides
emissions, the portion of low sulfur coals (<1% by weight)
in the total purchased coal was significantly increased. As
a result, the ESP's performances were significantly
reduced

This test demonstrated the available
improvement in the ESP performance. Comparing to
other feasible ways to achieve the same goal, this system
was found to be the most cost effective way. At this stage
IEC intends to install on a regular base four F.G.C's
system in "Orot Rabin" 1-4 power station.

Nomenclature
rj= Removal efficiency
f= Specific collecting area (m2/m3/s).
(Ok = Effective migration velocity
k= Constant (between 0.4 to 0.6 [1]) that reflects different
particles size and shape.
So- The permittivity of free space
k= Dielectric constant of particle material.
a= Particle radius (m).
E= Electric field strength (Volt/m).
co = Particle migration velocity (m/sec).
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