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OBJECTIVES

The overall objective of this project is to
develop regenerable sorbents for hot gas desul-
furization in IGCC systems. The major criteria
for the development of novel sorbents included
reasonable chemical reactivity and physical -
durability during repeated sulfidation and regen-
eration cycles.

BACKGROUND

Various formulations of zinc ferrite and
zinc titanate in the form of extrudates and
spherical pellets have been studied at the Mor-
gantown Energy Technology Center (METC) for
removal of sulfurous gases from coal gasifica-
tion gas streams (Mei et al. 1993). Problems of
decrepitation and spalling have occurred after
sulfidation and regeneration of these sorbents.
Z-Sorb, a proprietary sorbent developed at
Phillips Petroleum Company, showed good
physical durability during testing at METC, but
there was a continuous decrease in reactivity
during multiple cycle tests due to steam regen-
eration (Delzer et al. 1993). A series of novel
sorbents containing zinc oxide have been devel-
oped at METC to address these problems.
These METC-developed sorbents showed
superior performance during a 20-cycle,

high-pressure, fixed-bed test with steam
regeneration conducted at METC.

PROJECT DESCRIPTION

" Nine sorbents (METC1 through METC9)
were prepared, but only some of these sorbents

. were selected for initial testing. The remaining

sorbents will be tested in the future. Two of

.these sorbents (METC2 and METC6) have been

tested both in the low-pressure and the high-

- pressure reactors. Results of the high-pressure

testing of METC2 and METC6 and low-pressure
testing of METC7 will be discussed in this
paper. METC2 and METC7 were designed for
fixed-bed or moving-bed applications, while
METC6 was designed for fluid-bed applications.
However, these three sorbents were tested in a
fixed bed. Twenty (20) cycles of sulfidation
reactions were completed for METC2 and 15
sulfidation cycles were completed for METC6 in
the high-pressure reactor. Five sulfidations were
completed with METC7 in the low-pressure
reactor. .

" ‘Sorbents were prepared at METC by a
solid-state mixing method utilizing a mixer
pelletizer. The sorbents contained about 50 wt%

.of zinc oxide. The sorbents were initially tested

in a low-pressure (272 kPa/39.7 psia) reactor.
This quartz reactor had a diameter of 5.7 cm




(2.2 inches) and a bed height of 15.2 cm superficial velocity for all sulfidations in the

(6 inches). Sorbents that showed promising high-pressure reactor was maintained at 0.3 m/s
results in the low-pressure unit were then tested (1.0 ft/s) and the space velocity was 1363 hr’.
in the high-pressure, bench-scale, hot gas desul- The outlet H,S concentration was monitored

furization unit at 1034 kPa/150 psia, which con-  using detector tubes and gas chromatography.
tains a 5.5-cm (2.2-inch) inner diameter reactor

system. The reactor is constructed of Incoloy All regenerations in the high-pressure
800HT alloy steel shell. Inside the shell there is  reactor were done at 170 kPa (24.7 psia), and
a removable 316 stainless steel cage for easy the gas velocity was maintained constant at
loading and unloading of the sorbent. The 0.3 m/s (1.0 ft/s). All dry regenerations were
sorbent cage is suspended from the top flange of  performed utilizing a multi-stage technique.

the reactor shell. A gas distributor is fixed at With nitrogen as a diluent gas, the oxygen con-
the bottom of the cage to support the sorbent. centration was increased in discrete increments
The inside of the sorbent cage is Alon-processed  from 0.5 mole % to 21 mole %, while simul-
to prevent corrosion of stainless steel by sulfur taneously increasing the bed temperature from
gases in the presence of steam. The reactor is 538 to 760 °C (1000 to 1400 °F). The exit gas
housed inside a three-zone furnace equipped was monitored for sulfur dioxide (SO,) using
with separate temperature controllers for each detector tubes and gas chromatography. All
zone. Quartz wool was installed on top of the regenerations were performed until the SO,
sorbent bed to hold the sorbent as well as to concentration dropped to less than 50 ppmv.
capture particulates from the fixed bed for

upflow operation. The details of this system are Steam regeneration was conducted in four
reported by Mei et al. (1993). stages. The temperatures of the four stages were

_ 538, 579, 621, 663 °C (1000, 1075, 1150, and
A 40.7-cm (16-inch) deep fixed bed of 1225 °F). The steam concentration in all four

sorbent was subjected to alternating periods of stages was 50% with a varying concentration of
sulfidation and regeneration. Sulfidation was oxygen and nitrogen. The oxygen concentration
accomplished by feeding a gas, which simulated  during the four stages was 0.5, 2.5, 4.0, and

the expected KRW fuel gas composition, in a 7.0 % respectively.

downflow mode through the reactor at 538 °C

(1000 °F). The sorbent regeneration was per- Results of the METC2 Testing in the High-
formed in the reverse direction (upflow), Pressure Unit

utilizing air diluted with nitrogen or nitrogen

and steam in order to limit the regeneration The results of the six sulfidation runs for

exotherm and prevent overheating of the sorbent. = METC2 performed utilizing dry regeneration in
the high-pressure reactor are shown in Figure 1.
There was a continuous increase in the sorbent

RESULTS : : sulfur capacity from sulfidation cycle 1 to
cycle 5, after which the capacity stabilized.
"High-Pressure Testing A comparison of the sulfidation breakthrough

. curves for METC2 and for a molybdenum-

. --. All the sulfidations in the.high-pressure -containing zinc titanate from General Electric -
reactor were performed at 538 °C (1000 °F) and = Company tested under identical conditions is
1034 kPa (150 psia), utilizing a feed gas con- shown in Figure 2. For zinc titanate, there was
taining 800 ppmv hydrogen sulfide (H,S). The a decrease in the sulfur capacity up to the third
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Figure 2. Sulfidations of METC2 Sorbent
and GE Zinc Titanate
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cycle, and the sorbent stabilized after the third
cycle. The sulfur capacity of METC2 after it
stabilized at cycle 5 was significantly better than
that of the zinc titanate. A comparison of the
sulfidation breakthrough curves for METC2 and
Z-Sorb from Phillips Petroleum are shown in

Figure 3. The sulfur capacity for METC2 after - e e T
it stabilized at the fifth cycle is comparable to Elapsed Time (hrs)
that of Z-Sorb.
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indicating that the steam regeneration did not
affect the sorbent.

After the eleventh sulfidation some of the
sorbent was removed from the reactor for total
sulfur analysis. The decrease in breakthrough
time between sulfidations 11 and 12 is due to
the removal of this material from the sorbent
bed. The sulfidation breakthrough curves from
cycles 12 to 20, which also follow steam regen-
erations, overlapped as well, indicating that the
sorbent was stable during steam regeneration.
The percent total sulfur content from the solid
analysis of the sorbent after the 20th cycle was
similar to that after the 11th cycle. This further
confirmed that the decrease in sulfur capacity
during the 11th and 12th cycles was due to the
sorbent removal. There was no change observed
in the sulfur absorption capacity caused by the
steam regenerations in the 7th through 20th
sulfidation cycles.

The visual examination of the sorbent
after 20 sulfidations indicated that there was no
spalling or any other physical deterioration of
the sorbent. The crush strength of the sorbent
after 20 cycles was higher than that of the fresh
sample. Sieve analysis indicated that 92% of
the material was unaffected after 20 cycles.
This is even after dropping the sorbent in from
the top of the reactor during the initial loading
and utilizing a vacuum cleaner for sorbent
removal from the bed. All of the condensates
collected during the 20-cycle test were very
clear, indicating that the sorbent did not
decrepitate in the bed and that there was no
powder lost from the sorbent as observed with
zinc ferrite or zinc titanate. The zinc content

detected in the condensates-was negligible. The -

METC2 sorbent showed a superior level of per-
formance during the 20-cycle, high-pressure,
fixed-bed testing. It is spalling.resistarit, steam
resistant, and had both excellent chemical and
physical durability during the 20-cycle test.

Outiet Detoctor Tube Roading

Results of METC6 Testing in the High-
Pressure Unit

The chemical formulation of METC6 was
designed for fluid-bed applications, but the
pellets were sized for the testing which was
conducted in a fixed bed. Fifteen (15) sulfida-
tion cycles were completed with METCS in the
high-pressure unit utilizing steam regeneration.
This test series will be continued for up to a
total of 20 sulfidation cycles. The sulfidation
breakthrough curves of METC6 are shown in
Figure 5. There was an increase in sorbent
sulfur capacity between sulfidations 1 and 2, but
the capacity decreased again at the third sulfida-
tion cycle. The sulfidation breakthrough curves
from the 3rd to 15th cycle overlapped, with a
slight decline seen in cycles 14 and 15. This
indicates that the sorbent was chemically stable
during the 15 cycles of testing and was not
affected adversely by the steam regeneration.
The condensates collected from the reactor dur-
ing this test series were very clear. Even though
METC6 was formulated for fluid-bed applica-
tions, it performed very well with the bigger
particle sizes required in fixed-bed testing.
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Figure 5. Sulfidations of METC6 Utilizing
Steam Regeneration



Results of the METC7 Testing in the Low-
Pressure Unit

All of the sulfidations in the low-pressure
reactor were performed at 538 °C (1000 °F) and
260 kPa (38 psia), utilizing a feed gas contain-
ing 2000 ppmv H,S. The superficial velocity
for all sulfidations in the low-pressure reactor
was maintained at 0.09 m/s (0.30 ft/s) and the
space velocity was 2000 h'. The outlet H,S
concentration was monitored using detector
tubes and gas chromatography.

All regenerations in the low-pressure
reactor were done at 272 kPa (39.7 psia) and the
gas velocity was maintained constant during
each stage at 0.04 to 0.05 m/s (0.13 to 0.15 ft/s).
The steam regenerations were conducted in three
stages. The temperatures of the stages were,
538, 593, and 649 °C (1000, 1100, and
1200 °F). The steam concentration in all three
stages was 50%, with a varying concentration of
oxygen and nitrogen. The oxygen concentra-
tions during the three stages were 1.0, 2.5, and
3.5%, respectively. .

The sulfidation breakthrough curves of
METCY7 in the low pressure unit are shown in
Figure 6. There was an increase in sulfur
capacity from sulfidation 1 to 2, but the sulfur
capacity decreased in the third sulfidation. The
sulfidation breakthrough curves overlapped after
the third sulfidation, indicating sorbent stabiliza-
tion at that point. As shown in Figure 6, the
outlet hydrogen sulfide concentration was zero
for about 15 hours, indicating that the efficiency
of the sorbent was excellent. A comparison of
METC6 and METC?7 tested in the low-pressure
unit is shown in Figure 7. It is clear that the
sulfur capacity of METC?7 is better than that of
METC6. Since METC7 was the fixed-bed ver-
sion of METCS, it was expected to have a better
capacity in fixed-bed testing. Visnal examina-
tion of the METCY7 sorbent after the fifth cycle
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Figure 6. Sulfidations of METC7 Utilizing
Steam Regeneration
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Figure 7. Sulfidations of METC6 and
METC7

indicated that there was no spalling or any other
signs of physical deterioration during the testing.

FUTURE WORK

1. The testing of METCS in the high-pressure
reactor will be continued for a total of
20 cycles.

2. METC2 will be tested using actual coal
gas as the feed gas.



3. Other METC formulations will be tested
in the thermogravimetric analysis (TGA)
and in the low-pressure unit in order to
optimize the formulations.

4, The sorbents will be tested in other types.
of reactors, such as a fluid-bed, moving-
bed, or transport reactor.

S. A Cooperative Research and Develop-
ment Agreement (CRADA) will be

initiated.

6. The optimum sorbent may be tested in a
Clean Coal Technology demonstration
plant.
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