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OBJECTIVES concept for high-temperature gas cleaning to meet 
environmental standards, as well as to provide gas 
turbine protection. The ILEC system is a ceramic 
barrier hot gas filter (HGF) that removes 
particulate while simultaneously contributing to 

The Westinghouse Electric Corporation, 
Science & Technology Center is developing an 
Integrated Low Emissions Cleanup (ILEC) 
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the control of sulfur, alkali, and potentially other 
contaminants in high-temperature, high-pressure 
fuel gases, or combustion gases. The gas-phase 
contaminant removal is performed by sorbent 
particles injected into the HGF. 

The overall objective of this program is to 
demonstrate, at a bench scale, the technical 
feasibility of the ILEC concept for multi- 
contaminant control, and to provide test data 
applicable to the design of subsequent field tests. 
The program has conducted ceramic barrier filter 
testing under simulated PFBC conditions to 
resolve issues relating to filter cake permeability, 
pulse cleaning, and filter cake additive 
performance. ILEC testing has also been 
performed to assess the potential for in-filter sulfur 
and alkali removal. 

BACKGROUND INFORMATION 

Westinghouse hot gas filter (HGF) field testing 
has recently been completed at three major PFBC 
installations (Lippert and Newby, 1995): the 
American Electric Power, Tidd Plant, Bubbling- 
PFBC, Advanced Particle Filter (APF); the Foster 
Wheeler Development Corporation (FWDC) 
Phase 2, circulating-PFBC, HGF; and the 
Ahlstrom-Pyropower, circulating-PFBC pilot 
plant, HGF. The characteristics of these HGF 
facilities are summarized in Table 1. These 
facilities have provided critical data supporting the 
design of new HGF systems associated with 
several PFBC development and demonstration 
facilities: 

Foster Wheeler Development Corporation 
(FWDC), Phase 3, Advanced-PFBC 
subscale test program (Livingston, NJ), 

Southern Company Services, PCD test 
program (Wilsonville, Alabama), 

0 Foster Wheeler, Advanced-PFBC pilot 
program (Wilsonville, Alabama), 

Pyropower circulating-PFBC, DMEC- 1, 
Clean Coal Technology Program, 

0 Air Products, Advanced-PFBC, FREMP, 
Clean Coal Technology Program. 

Test observations made at the three PFBC, 
HGF facilities are summarized in Table 2. Issues 
with filter cake permeability, ash bridging, and ash 
bulk flow can arise in PFBC, depending on the 
nature of the fly ash and the HGF operating 
conditions. The Tidd APF tests, with test periods 
using an a efficient precleaning cyclone; a spoiled, 
precleaning cyclone; and, most recently, 
eliminating the precleaning cyclone, has 
established that the ash bridging occurrence is 
induced by very fine particle sizes in the filter cake 
at higher temperatures, and is essentially 
eliminated when the precleaning cyclone is 
removed. The circulating-PFBC facilities had only 
recycle cyclones and hard filter cakes and ash 
bridging were observed only during periods of 
extreme temperatures. 

The occurrence of "hard" filter cakes and ash 
bridging, particularly at the Tidd APF, has led to 
conjecture as to the phenomena leading to this 
behavior, and the ILEC program has attempted to 
identify the key phenomena. It is also important to 
note that significant SO2 removal has been 
consistently measured across the Tidd APF 
(Radian, 1995) and is consistent with the high 
conversion of Ca and Mg to sulfates found in the 
filter cakes at all three HGF facilities. The content 
of alkali in the filter outlet gas is an issue to 
turbine protection when the HGF operates at 
temperatures greater than about 1400°F 
based on alkali sampling conducted at the FWDC 
Advanced-PFBC facility. 
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Table 1. Westinghouse PFBC, HGF System Characteristics 

AEP Tidd, APF 
Bubbling-PFBC 

Brilliant, OH 

FW Phase 2 Ahlstrom Pilot 
circ-PFBC Circ-PFBC 

Livingston, NJ Karhula, Finland 

Facility Size (MWJ: 30 1.2 10 
Gas Flow (acfm): 7600 300 3070 
Pressure (psig): 135 100-200 160 
Fuels/Sorbents: Pgh #8/Plum 3 7 

Run Dolomite Variations Variations 
Hours of Test Operation 

- Max. Continuous: 600 72 280 
- Cumulative: 5800 800 2050 

Preclean Cvclone: Yes I Suoiled I None None None 
Number Candles: 384 1 288-384 I 288 14-22 128 
Face Velocity (fpm): 6.5 4.5-8.7 8.9 2-8 3-8 
Temperature (OF): 1150- 1200- 1400- 1450-1700 1300- 1650 

I 1450 I 1400 I 1550 I 

Table 2. Westinghouse PFBC, HGF Filter Cake Observations 

Preclean Cvclone: 
Fly Ash Size: 

Dust Loading: 
(1000 ppmw) 
Permeability: 
( 1 O-'' Ib/ft) 
Pulse Frequency: 
( l k )  
Occurrence of 
Bridging and Hard 
Cake: 

(mean, CLm) 

Vessel Drainage 
Performance: 

AEP Tidd, APF 
Brilliant, OH 

Yes I SDoiled I None 
1-3 5-7 25-30 

0.5- 1 3-4 15-20 

.2-.6 1-2 5-6 

1-2 2-4 4 

Temp > 
1400°F 

Little Problem 

FWDC Phase 2 Ahlstrom Pilot 
Livingston, NJ Karhula, Finland 

None I None 
5-25 12-22 

2-30 4-18 

2-5 2-6 

0.5-3 1-3 

Temp > 1600°F I Very Little 

Periods of Poor Good 

-5 19- 



PROJECT DESCRIPTION 

The ILEC development program consisted of 
three phases: 

Phase I - Laboratory-Scale Testing 

Phase II - Bench-Scale Equipment Design 
and Fabrication 

0 Phase III - Bench-Scale Testing 

Phases I and 11 had been previously completed and 
a report issued (Newby, et al., 1990). Included 
was an evaluation of alternative ILEC concepts. 
The ILEC feasibility testing, Phase III, has been 
recently completed. The Phase III test program 
has focused on PFBC filter cake issues, as well as 
sulfur and alkali removal. Five test series have 
been conducted: 

1. Cake Permeability Tests 
2. Additive Tests 
3. Cake Pulse Removal Tests 
4. Sulfur Removal Tests 
5. Alkali Removal Tests 

The first series of tests were highly controlled 
tests measuring changes in filter cake permeability 
primarily as a function of temperature and PFBC 
fly ash source. The results of these tests were 
previously reported (Newby, at al., 1994). Test 
series two examined the performance of various 
filter cake additives and the additive application 
procedures. The third series of tests were directed 
toward measuring the impact of temperature, 
PFBC fly ash source, and pulse intensity on pulse 
cleaning effectiveness. Test sets four and five 
have characterized the potential for sulfur removal 
and alkali removal within the HGF. These final 
test series have also noted the influence of the 
injected sorbents on the filter cake behavior. 

RESULTS 

Bench-Scale Facility Description 

A natural gas-fired, bench-scale, high-pressure, 
high temperature, ceramic barrier filter test facility 
was used to study ILEC performance under 
simulated PFBC conditions. The objective of the 
bench-scale simulation was to produce a gas 
having pressure, temperature, gas composition 
(SOz, alkali content, and particulate content), and 
fly ash particulate characteristics similar to actual 
coal-fired PFBC. An assembly drawing of the 
facility is shown in Figure 1. A horizontal, natural 
gas combustor is attached to the filter pressure 
vessel inlet nozzle. The combustor is a carbon 
steel, refractory-lined, pipe with an internal, high- 
alloy steel liner. The burner has been designed to 
operate entirely on natural gas, or with coal and 
natural gas combinations. PFBC fly ashes, sulfur 
sorbents, alkali sorbents, or additives may be 
injected into the secondary zone of the combustor 
as required by the specific test. Sulfur and alkali 
contaminants may also be injected into the filter 
gas through the combustor. 

The uncooled tubesheet, with a 3 1-inch plate 
diameter, has been designed with commercial 
candle holder features that included fail- 
safehegenerator devices. The tubesheet, capable 
of holding up to 19 candles, supported four 
ceramic candle fiter elements in this program, 
each 1.5 meter in length. The inlet gas enters the 
vessel horizontally, near the level of the base of the 
candles, with no baffle to deflect the inlet jet. The 
four candles are located so that direct impaction 
by the inlet gas stream is avoided. The four 
candles are pulse cleaned simultaneously. The 
outlet piping section incorporates gas sampling for 
particulate content, alkali content, sulfur content, 
and other gas species of interest, such as COa, as 
well as instrumentation to measure total gas flow 
and temperature. 
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Figure 1. Bench-Scale Test Facility Assembly Drawing 

Almost all of the tests were conducted under 
the following nominal conditions: 

0 Face velocity: 7 ft/rnin, 
0 Pressure: 100 psig. 

Key measurements made during the tests were: 

Inlet gas and fly ash mass flow rates, 
0 Gas inlet and outlet temperature, 
0 Tubesheet pressure drop, 
0 Outlet gas mass flow rate, particulate, 

COz, SOz, and alkali vapor content. 

trends, and direct comparison of the bench-scale 
test permeabilities and PFBC field test 
permeabilities are shown in Table 3. The bench- 
scale permeabilities were generally greater than the 
PFBC field test permeabilities, and this may be 
because 1) the COZ and SO2 partial-pressures are 
lower in the bench-scale tests than in the PFBC 
field tests, and 2) the PFBC fly ashes tested were 
re-entrained particles, previously exposed to the 
filter environment in field units. The primary 
cyclone drain material from Tidd had a 
permeability higher than the PFBC field 
permeability, possibly because it was not 
previously exposed to the HGF environment. 

Filter Cake Permeability Test Results 

The testing identified the key phenomena 
relating to PFBC filter cake behavior as "sintering" 
of the filter cake calcium constituents induced by 
SO2 and CO2 in the gas (Newby, et al., 1994). 
The test results are consistent with PFBC field test 

Conclusions reached in the Test Series 1 
program were: 

Bench-scale filter cake trends are 
consistent with field unit data trends, 
although the cake permeability values are 
higher in the bench-scale tests than in the 
field tests; 
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Table 3. Bench-Scale and PFBC Field Filter Cake Permeabilities 

Bench-Scale Field 
Mass Permeability Mass Permeability 

(lo-" lb/ft) (lo-" lb/ft) 
Tidd Fly Ash 

Efficient Cyclone": 1.6 0.2 - 0.6 
Spoiled Cycloneb: 3.2 1 - 2  
Primary Cyclone Drain": 4.4 - 
No Cyclone: 6.1 5 - 6  

&hulad: 3.3 - 8 2 - 6  
Grimethome Rede: 1 .o - 
FWDC (TRCS)': 8.5 I 2 - 5  

a: AEP, Tidd bubbling-PFBC fly ash collected from filter during initial test period through Run 11 
b: AEP, Tidd bubbling-PFBC fly ash collected from filter following testing with partially-spoiled 

primary cyclone 
c: AEP, Tidd bubbling-PFBC fly ash drained from primary cyclone mixed with APF drain 
d: Ahlstrom, Karhula, Finland circulating-PFBC pilot filter fly ash 
e: Grimethorpe Red fly ash collected from Grimethorpe bubbling-PFBC filter during Run 129 
f: FWDC Circulating-PFBC fly ash collected from the filter vessel during Test Run TRCS using 

FREMP feed stocks 

PFBC filter cake permeability is largely 
controlled by limestone constituents in the 
fly ash; 

Adverse filter cake behavior is a result of 
sintering induced by C02 and SO2 in the 
gas; 

Increased filter cake sintering results from: 
- higher CO2 and SO2 pressures, 
- higher temperatures, 
- finer fly ash particles, 
- calcitic limestone vs dolomitic 
limestone; 

Additive Test Results 

The additive tests performed have focused on 
the influence of additives on the filter cake 

permeability and have been of two types: additive 
premixed with PFBC fly ash, and additive applied 
as a precoat on the filter elements. The tested 
additive characteristics are listed in Table 4. The 
five additive tests summarized in Table 5 were 
performed. 

The results show that the use of pulverized 
dolomite, Test 2.1, benefitted the Tidd fly ash 
permeability significantly. The filter cake 
permeability was increased about 50%, even 
though only 10 wt%, or about 5 volume percent, 
additive was used. It is expected that the tendency 
for cake sintering and bridging would also be 
reduced with this additive. 

Test 2.2 precoated the candle elements with 
Neutralite, a commercial baghouse filter aid. 
Neutralite was fed for 4 days to obtain a standard 
filter cake pressure drop of about 40" H20. A 
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Additive Supplier Composition 

Dolomite Espoma garden lime 21 wt% Ca 
12 wt% Mg 

Neutralite BHA commercial bag house aluminum silicate 
aid (proprietary) 

Kaolin Thiele Kaolin Co. hydrous aluminum silicate 

Table 5. Additive Test Results 

Particle Size 

92% -325 mesh 
99.9% -200 mesh 

Very fine 

100% -325 mesh 
56% <2 pm 

Test 

2.. 1 

2.2 

2.3 

2.4 

2.5 

Fly Ash 

Tidd fine; 
(Preclean cyclone) 

None 

Grimethorpe Red 

Grimethorpe Red 

ResultsKhange in Mass 
Additive Permeability (lb/ft X lo-'? 

10 wt% pulverized dolomite Permeability increased from 1.6 to 2.7 

Neutralite precoat 

On Neutralite precoat 

5 wt% Neutralite 

5/8" - thick precoat generated 

Permeability decreased from 1.0 to 0.9 

Permeability decreased from 1 .O to 0.4 

Grimethorpe Red I lOwt%kaolin I Permeability increased from 1 .O to 1.1 

cake having relatively high permeability resulted, 
and temperature variations were performed for 
two days. A large reduction in the filter cake 
permeability as the temperature increased was 
observed on the first day. The Neutralite filter 
cake permeability was measured to be slightly 
lower on the second day, but was still a relatively 
high value. 

The next test, Test 2.3, built a cake of fly ash, 
Grimethorpe Red, on the Neutralite precoat to see 
if a measurable impact on the cake permeability 
resulted. The results showed that the cake 
permeability was slightly lower than it had been in 
earlier tests having no precoat. Following this test, 
the vessel was opened for inspection and it was 
found that the Neutralite precoat was very thick 
(about 5/8") and was a hard, stable layer that 
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needed to be cut out in sections. A thinner 
precoat should be used, and the stable layer could 
provide some protection to the candle if no 
detrimental reactions occurred with the candle 
materials. Such a stable precoat might provide an 
aid to pulse cleaning. Further assessment of the 
precoat concept should be considered. 

The next test, Test 2.4, built a cake of 
Grimethorpe Red fly ash mixed with 5 wt% 
Neutralite, and resulted in a cake permeability 
much lower than previously measured with 
Grimethorpe Red. Neutralite would not appear to 
be a useful cake permeability aid. A further series 
of continuous pulse cleanings and cake buildups 
showed a significant deterioration in the baseline 
pressure drop, further exposing the poor 
performance of Neutralite as a direct additive. 
Neutralite might be a useful aid to reduce re- 
entrainment with some filter cakes having low 
cohesion. 

The final additive test performed, Test 2.5, 
used a mixture of 10 wt% Kaolin with 
Grimethorpe Red fly ash. The results showed little 
influence of the Kaolin on the Grimethorpe Red 
cake permeability compared to prior tests without 
the additive. In general, the practicality of additive 
use is uncertain based on the testing. The 
dolomite additive positive results might combine 
with the possibility for additional sulfur removal to 
make it a feasible candidate. 

Pulse Cleaning Test Results 

Pulse cleaning performance was characterized 
by building filter cakes at a specified temperature, 
and measuring the recovery of the baseline 
pressure drop over a range of pulse cleaning 
intensities. Two PFBC fly ashes were tested, Tidd 
fine fly ash, and Karhula PFBC fly ash. The 
solenoid valve opening and closing characteristic 

were fixed at near optimum values in all of the 
testing. The test conditions are listed in Table 6.  

Table 6. Filter Cake Pulse Cleaning Test 
Conditions 

Face Velocity: 7 Wmin 
Pressure: 1 0 0  psig 

Maximum Relative 
Temperature Pulse Tank 

Test Fly Ash (OF) Pressure (atm) 

3.1 1 Tidd Fine 1300 
3.12 1450 
3.13 1550 

26 

3.21 Karhula 1300 
3.22 1450 
3.23 1550 

26 

3.3 1 Tidd Fine 1300 
3.32 1450 
3.33 1550 

61 

3.41 Karhula 1300 
3.42 1450 
3.43 1550 

61 

The pulse intensities measured in all of the 
tests are plotted in Figure 2, for Tidd fine fly ash, 
and in Figure 3, Karhula fly ash, against the 
relative tank pressure. The pulse intensity is 
defined as the maximum pressure reached in the 
filter plenum during the pulse event minus the 
background pressure (100 psig). The relative tank 
pressure is defined as the pulse gas tank pressure 
applied at the start of the pulse minus the 
background pressure. The pulse intensity rises 
almost linearly as the relative tank pressure 
increases, but it also appears that the intensity is 
slightly higher as the temperature is increased. 
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PULSE CLEANING TESTS 
Tidd Fine Fly Ash (Tests 3.1 1 - 3.13) 

3 
Relative Tank Pressure (atm) 

0 1300F 1450F A 1550F 

Figure 2. Pulse Intensity vs. Relative Tank Pressure (Tidd Fine) 

PULSE CLEANING TESTS 
Karhula Fly Ash (Tests 3.21 - 3.23) 

20 

0 - I I I , I I 

5 10 15 20 25 
Relative Tank Pressure (atm) 

1 0 1300F 1450F A 1550F I 

Figure 3. Pulse Intensity vs. Relative Tank Pressure (Karhula) 

3 
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This probably results because the filter cake and 
"residue" permeabilities have decreased as the 
temperature was increased. 

In Figure 4, for Tidd fine fly ash, the pulse 
intensity and the "baseline minus the clean system 
pressure drop" is plotted against the cumulative, 
hot operating hours in the tests. The three sets of 
data at 1300"F, 1450"F, and 1550°F are shown. 
The "baseline pressure drop" is the tubesheet 
pressure drop following the pulse cleaning event. 
The quantity plotted, "baseline minus clean DP" is 
equal to the sum of the filter cake pressure drop 
and the "residue" pressure drop. A lower value of 
this quantity means a more effective pulse cleaning 
was performed. At each temperature, as the pulse 
intensity was decreased a clear increase in the 
baseline minus clean DP quantity resulted. As the 
temperature increased, the baseline minus clean 
DP quantity was higher at the same pulse intensity. 
For example, at 1300°F a pulse intensity of 5 psi 
resulted in a baseline minus clean DP quantity of 
about 0.5" H20, while at 1450°F the same 5 psi 
pulse intensity resulted in a baseline minus clean 
DP quantity of about 3 psi, and at 1550°F the 
same 5 psi pulse intensity resulted in a baseline 
minus clean DP quantity of about 7 psi. 

Figure 5, for Karhula PFBC fly ash, plots 
similar data, showing the tank relative pressure 
and the "baseline minus the clean system pressure 
drop" plotted against the cumulative, hot operating 
hours in the tests. Even though the Karhula fly 
ash has a significantly higher permeability than the 
Tidd fine fly ash, with also much less sensitivity to 
temperature, a significant influence of temperature 
and time on the pulse cleaning effectiveness was 
observed, and is shown in the figure. 

There are two factors that have contributed 
simultaneously to these results. First, higher 
temperature results in lower cake permeability and 

greater residue accumulation, so that a lower pulse 
gas quantity yields the same measured pulse 
intensity. Secondly, the tests were performed in 
the order of ascending temperatures, so that as the 
temperatures increased the cumulative test time 
also increased. This second factor resulted in 
more opportunity for residue accumulation on the 
candles, or within the candle surface pores, as 
time, and temperature progressed. In any case, the 
results imply that, with both the Tidd fine fly ash 
and the Karhula fly ash, a steady accumulation of 
residue might occur that cannot be effectively 
cleaned even at the highest pulse intensity 
conditions used in these tests. 

Test Series 3.3 and 3.4 were conducted to 
observe the benefits of a higher pulse source 
pressure on the pulse cleaning performance. The 
Tidd fine fly ash was used in Test 3.3, and the 
Karhula ash in Test 3.4. Both tests used a tank 
relative pressure of 61 atm, and both resulted in a 
pulse intensity of about 35 psi. The results imply 
that with the Tidd fine ash, a continued buildup of 
residue occurred on the candles that increased as 
the temperature increased, while this temperature 
sensitivity was not shown for the Karhula ash. A 
significant residue resistance remains on the 
candles even with this high pulse intensity, but is a 
normal filter element conditioning and would not 
lead to adverse behavior. 

Sulfur Removal Test Results 

An objective of this testing was to determine 
the influence of SO2 on the filter cake 
permeability, since SO2 induces filter cake 
sintering. The testing was also conducted to 
measure the SO2 removal performance of PFBC 
fly ashes and calcium-based sorbents. The SO2 
removal activity was measured for fly ashes and 
sorbent when they were injected as entrained, 
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PULSE CLEANING TESTS 
Tidd Fine Fly Ash (Tests 3.1 1 - 3.13) 

20, 40 

a n 
c 

20 8 u 

.O 
‘0 

Hot Operation Time (hours) 

x Ease - Clean (“H20) Intensity (psi) 

Figure 4. Pulse Intensity and Baseline-Clean AP vs. Time (Tidd Fine) 

PULSE CLEANING TESTS 
-Karhula Fly Ash (Tests 3.21 -3.23) 

Hot Operation Time (hours) 

0 Tank Pressure (atm) rn Base - Clean (“H20) 

Figure 5. Tank Relative Pressure and Baseline-Clean AP vs. Time (Karhula) 
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dispersed particulate or as predeposited filter 
cakes. The test parameters were: 

Fly ash type: Tidd, spoiled cyclone; and 
Karhula 

Sorbent type: -325 mesh dolomite alone or 
mixed with PFBC fly ash 

Temperature: 1450-1550°F 

Pressure: 100 and 150 psig 

Two types of SO2 removal tests were 
performed. The first procedure was a test of the 
influence of SO2 on the cake permeability and on 
the ability of the filter cake to remove sulfur: 

1. 

2. 

3. 

4. 

Test Initiation: Raise gas inlet temperature to 
prescribed level (1450 - 1550°F) following 
normal heatup procedure. 

Build a filter cake on the candles until cake 
pressure drop (tubesheet minus baseline) of 
prescribed value (20 to 30” H20) is reached -- 
fly ash flow is discontinued at this point. 

Inject premixed SO2-gas into the vessel inlet 
gas, at levels of about 200 ppmv, continuing 
long enough to exhaust 1 to 4 gas bottles of 
SO2-gas. 

Pulse clean the candles with several vigorous 
pulses at the completion of the test. 

The second procedure was a test of the particulate 
(PFBC fly ash and/or sorbent) to remove SO2 
while being fed in the suspended state and while 
building a filter cake. 

The conditions and results of eight tests are 
summarized in Table 7. The sulfur removal tests 
included SO2 calibration runs. Only one test of the 

transient entrained sorbent performance was 
conducted (Test 4.4), and the rest of the tests 
were predeposited filter cake tests. All of the tests 
were performed at 1550°F and a pressure of 100 
psig, except Test 4.7 (1450°F and 150 psig). In 
the Table, the “free calcium/sulfur ratio” is the 
estimated molar ratio of calcium carbonate fed 
during the test divided by the total sulfur fed 
during the test. The “sulfur removal“ is the 
estimated percent retention of sulfur in the HGF. 
There were uncertainties in the tests as a result of 
a relatively high background SO2 level that 
existed. 

No significant differences in fiiter cake 
behavior or SO2 removal performance were 
observed during the transient entrained sorbent 
test (Test 4.4) or at the lower temperature/ higher 
pressure conditions (Test 4.7) relative to 
comparable tests. In Test 4.2, Karhula ash was 
deposited on the candles the first test day and was 
left overnight before being subjected to SO2 
exposure. The filter cake pressure drop was 
observed to increase overnight from 55” H20 to 
67” H20, leading to a large reduction in the 
calculated cake permeability. The filter cake 
permeability is not reported in the continuous feed 
test of Test 4.4 because it was a transient test and 
not expected to give an accurate filter cake 
permeability value. 

While the sulfur removal measurements had a 
large uncertainty because of a high background 
SO2 indicated by the SO2 monitoring system, the 
results do provide representative and significant 
trends: 

The inclusion of SO2 in the filter inlet gas 
had a very small impact on the filter cake 
permeability with the two PFBC fly ashes, 
as well as with the dolomite. The 
permeability appears to drop only slightly 
during the SO2-gas injection periods. 
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Table 7. SO2 Removal Test Results 

Test 

Fixed Conditions: Face Velocity 7 Mmin 
SOz Feed Level about 200 ppmv 

Cake Mass 
Free-Calcium/ Permeability Sulfur Removal 

Fly AsWSorbent Sulfur Ratio (lb/ft, lo-'') (%I 
_ _ ~  ~ ~ 

4.1 
(Cake test) 
4.2 
(Cake test) 
4.3 
(Cake test) 
4.4 
(Feed test) 
4.5 
(Cake test) 
4.6 
(Cake test) 
4.7 
(Cake test) 
4.8 
(Cake test) 

Tidd spoiled cyclone small 5.3 none 

Karhula 1 - 2  3.3 80 

Dolomite 25.7 5.7 60 - 80 

Dolomite 2.3 - 60 - 80 

Tidd cyclone/ 3.1 5.6 80 
dolomite (50%) 
Karhuld 2.2 3.5 95 
dolomite (50%) 
Dolomite 1 .o 4.6 95 

lmO I 4.4 I 98 I Dolomite 

The Tidd fly ash, from the spoiled cyclone 
testing on the Tidd APF, showed little 
ability to capture sulfur, while the Karhula 
fly ash had significant sulfur capture 
capability. This may be because the 
Karhula ash was less sulfated than the Tidd 
ash. 

The PFBC fly ash-sorbent mixtures and the 
sorbent alone showed significant sulfur 
capture ability, greater than 90% at 
moderate calcium-to-sulfur ratios. 

No indication of hard filter cake formation, 
or deposits that would initiate filter 
bridging, was found on observation of the 
filter elements after testing, even for the 
tests with dolomite alone. This is probably 
because the dolomite fed was of relatively 
coarse particle size. 

These trends indicate that relatively coarse (-325 
mesh) sorbent injection for in-filter sulfur removal 
would be very efficient and would not result in 
adverse filter cake formation. It is expected that 
injection of much finer sorbent particles (mean size 
5 pm or less) into the filter would be expected to 
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result in a high degree of filter cake sintering. The 
fact that SO2 exposure did not result in sintered 
filter cakes when using the PFBC fly ashes 
probably is due to 1) the previous exposure and 
suIfation of these fly ashes in PFBC field HGF 
units, and 2) their relatively coarse particle size. 

Alkali Removal Tests 

Alkali removal tests were performed by 
injecting PFBC fly ashes and alkali sorbent 
(emathlite powder) premixed with micro- 
pulverized sodium chloride, following procedures 
similar to those used in the sulfur removal testing. 
Alkali was sampled at two locations using an 
extractive, condensing probe. The first location 
was downstream of the filter exit pipe, where 
particle, and SO2 sampling was performed. The 
temperature was too low at this location and was 
expected to result in significant alkali vapor 
condensation within the piping prior to extraction. 
The second location was directly from within the 
vessel head, with minimal temperature loss 
occurring. The probe extracted gas during the 
entire alkali salt feeding period. 

The objectives of the testing were to observe 
the filter cake permeability to see if difficult filter 
cakes were generated at temperatures where the 
reacted emathlite may become relatively soft, and 
to measure the alkali removal performance. All of 
the tests were at the following conditions: 

0 Face velocity: 7 ft/mh, 
0 Pressure: 100 psig, 

Temperature: 1550°F. 

Test periods for calibration of the alkali probe and 
for determination of alkali background reading 
were also conducted. The test types conducted 
were: 

0 

0 Alkali background determination 
0 Alkali probe calibration 
0 

0 

Emathlite filter cake permeability without 
alkali exposure 

Emathlite alkali removal during feeding 
Emathlite and PFBC fly ash alkali 
removal 

The tests listed were performed, and probe 
samples were analyzed for condensate water- 
soluble sodium. Complete analytical results and 
test conclusions are not yet available. No 
indication of adverse filter cake behavior was 
observed in the tests. Uncertainties in the results 
arise from the possibility of alkali vapor 
condensation, alkali vapor reactions with the metal 
internals in the filter vessel, and incomplete 
vaporization of the injected alkali salt. 
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