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Abdgract

A fixed-bed regenerable desulfurization sorbent, identified as RV S-1and developed by
researchers at the U.S. Department of Energy's Nationa Energy Technology Laboratory, was awvarded
the R&D 100 award in 2000 and is currently offered as a commercid product by Siid- Chemie Inc. An
extengve testing program for this sorbent was undertaken which included tests at a wide range of
temperatures, pressures and gas compositions both smulated and generated in an actua gadfier for
aulfidation and regeneration. This testing has demondtrated that during these desulfurization tests, the
RV S-1 sorbent maintained an effluent H,S concentration of <5 ppmv at temperatures from 260 to 600
°C (500-1100 °F) and pressures of 203-2026 kPa(2 to 20 atm)
with afeed containing 1.2 vol% H,S. The types of syngas tested ranged from an oxygen-blown Texaco
gasfier to biomass-generated syngas. The RV S-1 sorbent has high crush strength and attrition
resstance, which, unlike past sorbent formulations, does not decrease with extended testing at actud a
operating conditions. The sulfur capacity of the sorbent isroughly 17 to 20
wt.% and also remains congtant during extended testing (>25 cycles). In addition to H,S, the RVS-1
sorbent has aso demongtrated the ability to remove dimethyl sulfide and carbonyl sulfide from synges.

During regeneration, the RV S-1 sorbent has been regenerated with dilute oxygen streams (1 to 7 vol%
O, a temperatures as low as 370°C (700°F) and pressures of 304-709 kPa(3 to 7 atm). Although
regeneration can be initiated a 370°C (700°F), regeneration temperatures in excess of 538 °C (1000
°F) were found to be optimal. The presence of steam, carbon dioxide or sulfur

dioxide (up to 6 vol%) did not have any visible effect on regeneration or sorbent performance during
ether sulfidation or regeneration.

A number of commercid testsinvolving RVS-1 have been either conducted or are planned in
the near future. The RVS-1 sorbent has been tested by Epyx, Aspen Systems and McDermott



Technology (MTH), Inc for desulfurization of syngas produced by reforming of hydrocarbon liquid
feedstocks for fuel cdl gpplications. The RV S-1 sorbent was selected by MTI over other candidate
sorbents for demongtration testing in their 500-kW ship service fud cell program. 1t was aso possible
to obtain sulfur levelsin the ppbv range with the modified RV S-1 sorbent.

| Introduction

Development of a suitable regenerable sorbent is one of the mgor barrier issuesin the gas cleanup
program for Integrated Gasification Combined-Cycle (IGCC) systems (Lew et d. 1989). A series of
nove sorbents containing zinc oxide were developed a NETL to address these problems (Sriwardane
1996, 1997, 1999). These NETL-devel oped sorbents showed excellent performance during 20-cycle
high-pressure fixed-bed tests with steam regeneration, and a 50-cycle high-pressure fixed-bed test with
dry regeneration. In addition, one of the sorbents (RVS-1) was tested in the moving bed reactor at the
Generd Electric (GE) pilot plant. Despite severa operaiond problems at the facility, promising results
were obtained during the testing. The RV S-1 sorbent was tested in a fixed bed for 25
sulfidation/regeneration cycles a Research Triangle Indtitute (RTI) under regeneration conditions that
closdly smulated those encountered at the Tampa Electric Co./Clean cod technology (TECO/CCT)
project (Sriwardane et d. 1998). The performance of the sorbent was excellent under these
conditions, and it exceeded d| the performance criteriarequired for the TECO/CCT project. The

RV S-1 sorbent was tested at lower temperatures to determine whether it was suitable for low-
temperature applications (Siriwardane 1998). The sorbent had an excellent sulfur capacity, even at
260EC (500EF).

A systematic study to understand the effect of temperature, pressure, gas composition, and H,S
concentration on the performance of RV S-1 sorbent was conducted, and the results of this study are
discussed in this paper.

With increased interest in fuel cdlls and in co-production of chemicas and eectricity, the need to reduce
sulfur levelsto ppbv(sub ppmv) rangein the syngas hasincreased. Severd compositiona modifications
were made to the RV S-1 sorbent and the modified sorbent was tested to evaluate the potential for
achieving sulfur remova to ppb level (Turk and Gupta, 2000). Successful test results of a 20-cycle test
conducted a RTI, with the modified sorbent will be discussed in this paper.

The RVS-1 sorbent has shown promising results with many commercid gpplications. McDermott
Technology (MTI), Incis developing anew form of power generation utilizing fuel cells for shipboard
gpplications under a contract from the Office of Nava Research and the Navd Sea Systems Command.
The diesd fud is combusted and reformed as the fud for thefud cdl. Sincethe diesdl fue contains
sulfur and fue cdll components are extremdy sendtive to even minute levels of sulfur a desulfurization
sorbent was criticaly required. A regenerative desulfurizer was important for meeting aggressve sze
and weight targets for the generator. Research Triangle Institute conducted laboratory-sca e testing, and
the results showed its capability in reducing the sulfur concentration to <5 ppmv under MTI conditions
(Privette et d. 1999). The tests showed that the sorbent easily met the MTI specifications and some of



those successful test results are discussed in this paper. Asaresult, RV S-1 sorbent was incorporated

into the MTI=S 2.5 kWe fud cdll design and a demonstration test was conducted by MTI. Test results

from the 100-hour demondtration of the regenerable desulfurizer with RV S-1 sorbent showed effective
remova of hydrogen sulfide from the synthes's gas and effective regeneration of the sorbent.

Il Experimental

The RV S-1 sorbent was devel oped by NETL in-house researchers. Siid Chemie prepared the RVS-1
sorbent under guidance from NETL using equipment large enough to produce a sorbent batch with the
physica and chemica characteristics that would be obtained for acommercidly prepared sorbent
batch. This sorbent was supplied as 3-mm dlipsoidd pedlets. The RVS-1 sorbent is commercidly
available from Siid Chemie.

II.A Effect of Various Experimental Parameterson the Performance of the RVS-1 Sor bent

The fixed-bed tests were conducted a RTI to understand the performance of the sorbent at various
temperatures, pressures and gas compositions.  Sulfidations were performed at both 538 EC (1,000
EF) and 260 EC (500 EF) using smulated TECO coal gas (35.8% vol. CO, 12.2% CO,, 26.8% H,,
18.1% steamn, and 5.95% nitrogen). The pressures during sulfidations were 243, 1,134, and 2,026 kPa
(24, 11.2, and 20 atm). Regeneration was performed at 243 kPa (2.4 atm) with 3.5% O, at 566 EC
(1,050 EF). Space velocity during sulfidation and regeneration was 2,000 hrt. Two and hdf cyde
tests were conducted, and physical and chemicd characteritics of the solid samples were determined
after the third sulfidation. The sorbent was loaded up to 6.7 Ib/ft® during sulfidetions, but the last
aulfidation cycle was conducted until the breakthrough (2000 ppmv H,S).

I1.B Performance of the modified RVS-1 Sorbent for ppb level sulfur removal efficiency

RV S-1 sorbent was modified to obtain sulfur remova efficiency in the ppb range. The modified sorbent
was tested at RTI for 20 cycles. Sulfidation was conducted at 350 °C (600 °F), and at 2026 kPa(20
atm) utilizing syngas with a composition of 35.8%CO, %11CO,, 44.9%H, and 6.3-8.1%N, and
containing 2000-20,000 ppmv of H,S. During the first 19 cycles, syngas with 2000 ppm H, Swas
utilized for 240 min at 1000 hr-1 STP, followed by syngas with 20,000 ppmv H,S at 2000 hr-1, until
the effluent sulfur content exceeded 100 ppmv. The increase in H,S concentration after 240 min was
conducted to expedite the breakthrough (saturation of the sorbent). In cycle 20, syngas with 2000 ppm
of H,S was maintained for 480 min. Hewlett Packard 6890 gas chromatograph equipped with a model
355 Sievers sulfur chemiluminescence detector was used to measure the sulfur concentration.
Regeneration was performed at 649 °C (1200 °F), at 230 kPa(2 atm), at 2000 hr-1 and with 98% N,

[1.C RVS-1Sorbent testsfor McDermott Technology (MTI), Inc. Ship Service Fuel Céll
Program



The fixed bed sorbent tests were aso conducted at RTI a conditions suitable for the desulfurization of
syngas produced by reforming of hydrocarbon liquid feeds a McDermott Technology (MT]I), Inc. The
composition of the gases usedfor sulfidation was 8.0 vol.% CO, 8.0% CO,, 25% H,, 36% steam, 800-
10000 ppm H,S and 22-22.92% N,. Regeneration was performed with 10% CO,, 19% H,0, 68-
68.5% N, and 2.5-3% O,. The sulfidation was conducted at both 315 and 482 °C, a space velocities
of 2000 and 6000 hr*and at 412 kPa(4 atm). Regeneration was performed at 565°C, 239 kPa(3.3
atm), 2000 hr-1 at STP.

[l Resultsand Discussion
[11. A Effect of Various Experimental Parameters on the Performance of the RVS-1 Sorbent

The effects of H,S concentration, pressure and temperature on the performance of sulfidation of RVS-1
sorbent are discussed below. Prior to the breakthrough (200 ppmv H,S) the sulfur remova efficiencies
indl these experiments were below 5 ppmv.

Effect of H,S Concentration on Sulfidation

The breakthrough (200 ppmv H,S) times for the third sulfidetion and the calculated sulfur loading values
a the breakthrough with varying H,S concentrations at 243 kPaare shownin Table 1. It isinteresting
to see that the concentration of the inlet gas has amgjor effect on the breakthrough time and the sulfur
loading at 243 kPa. 1t was possible to obtain a higher sulfur loading at lower H,S concentration.

Table 1
Breakthrough Times for Third Sulfidations
and Calculated Sulfur Loading of the Reactor Bed at 243 kPa and 538 °C

Calculated Sulfur
H,S Concentration Breakthrough Time Loading of the Bed
(ppm) (min) (Wt.%)
2,000 2,100 13.9
7,000 350 7.5
12,000 222 7.7

Effect of Pressure on Sulfidation

The breakthrough times and the caculated sulfur loading vaues from the breskthrough curves a
different pressures are shown in Table 2. It is evident that the pressure has asgnificant effect on the



sulfur uptake of these sorbent pellets. At higher pressures (1,134 and 2,026 kPa), the sulfur uptake
vaues with 12,000 ppm H,S are consderably higher than those at 243 kPa. Thisindicates that the
diffuson of H,Sto theinterior of the pellet is enhanced at higher pressure.

Table 2
Breakthrough Times and Calculated Sulfur Loading Values
at Different Pressures with 12,000 ppm H,S

Breakthrough Time Calculated Sulfur
Pressure (kPa) (min) Loading (wt.%)
243 222 7.7
1,134 450 17.1
2,026 400 15.3

Effect of Temperature on Sulfidation

The breakthrough times and caculated sulfur loading vaues at both 538 EC (1,000 EF) and 260 EC

(500 EF) with 12,000 ppm H,S at 2,026 kPa are shown in Table 3.
Table 3

Breakthrough Times and Calculated Sulfur Loading Values
at Different Temperatures

Temperature Conc;ﬁation Breakthrough Calculated Sulfur
(EC) (ppm) Time (min) Loading (g)
260 2000 2,500 16.5
260 7000 400 8.3
260 12,000 250 8.6
5338 12,000 400 153

It is clear that the sulfur uptakeis lower a 260 EC (500 EF) than at 538 EC (1,000 EF) when the
concentration of H,Sis 12,000 ppmV. However, at 260 EC (500 EF) ahigher sulfur uptake can be
achieved at alower concentration (2000 ppmv) of H,S. At 538 EC (1,000 EF) the sulfur uptake was only
sengtive to the H,S concentration when the sulfidation was performed at lower pressure, but not at higher
pressure (1,134 and 2,026 kPa). However, the sulfur uptake is sendtive to concentration of H,S even at high
pressure (2,026 kPa) when the sulfidation was performed at 260 EC (500 EF). The sorbent pellets were



better utilized for sulfidation with 2,000 ppmv of H,S at 260 EC (500 EF), and it was possible to achieve a
sulfur loading of 17 wt. %. Thisindicates that there was a higher diffusond resistance at lower temperature
when the H,S concentration was high, but sulfur uptake smilar to that at 580 EC (1,000 EF) can be achieved
at 260 EC (500 EF) by lowering the H,S concentration to 2,000 ppmv.

[11.B Performance of the modified RVS-1 Sorbent for ppb level sulfur removal efficiency

The effluent concentration of H,S for the first 240 min of sulfidation with 2000ppm H,S at 316 °C(600 °F) for
each of the 20 cycles with the modified RV S-1 sorbent are shown in Figure 1. During the first 30 min of
aulfidetion, the H,S effluent concentration increased to a short maximum of 1.2 ppmv and dropped below 500
ppbv for the remainder of the sulfidation. Recent tests have indicated that these initid smdl ppmv leve sulfur
spikes can be eliminated by incorporating a reductive regeneration step prior to the sulfidation as shown in
Figure 2. Thetota sulfur loaded (caculated from breakthrough curves) during sulfidation were between 24
and 26 g for thefirst six cycles, but decreased to a stable vaue of 20 g after cycle 6. The sulfur content of the
sorbent measured with a LECO sulfur andlyzer a the gas inlet location was 6.0 wt.%. Higher sulfur loadings
may be achieved if the inlet H,S concentration was not increased to 2% in order to get a faster breakthrough.
The crush strength of the fresh sorbent was 14.7 Ib/pellet and it increased to 22.7 Ib/pellet after sulfidation.

[11.C RVS-1 Sorbent testsfor McDermott Technology (MTI), Inc. Ship Service Fuel Cdl Program

Muiti-cycle sulfidation and regeneration tests were performed with RV S-1 sorbent to understand the
performance of the sorbent over arange of sulfidation space velocities as high as 6000 hr-1 and sulfidation
temperature range of 316-482 °C (600-900 °F) at a pressure of 412 kPa (4 atm). The sulfidation gas
consged of alarge amount of water (36%) which is not favorable for the sulfidation equilibrium. During the
multi cycle test, the RVS-1 sorbent successfully removed the sulfur to 10 ppm leve from the reformate gas
dream. It is crucid to have the regeneration time faster than the sulfidation time for a two-bed regenerable
desulfurizer. The regeneration time was about 2 hours, which was considerably lower than the sulfidation time.
Thus, the regeneration time was suitable for a two-bed operation.

Asaresult of the successful bench scale tests conducted a RT1, RV S-1 sorbent was incorporated into the
MTI=S 2.5 kWefue cdl design and a demonstration test was conducted at MTI. The results from the
100-hour demongtration test of the regenerable desulfurizer with RVS-1 sorbent at MT1 showed effective
remova of hydrogen sulfide from the synthes's gas and effective regeneration of the sorbent during 10 cycles.

IV  Condusons

RV S-1 sorbent performed well at various experimenta conditions. Pressure, temperature and concentration
of H,S affected the performance of the sorbent. High pressure, high temperature and low concentration of
H,S are desrable in obtaining high sulfur loadings. The concentration of H,S and pressure did not affect the
sulfur loading at 538°C. However, At lower temperatures (260 °C)and at lower pressures (243 kPa) a high



sulfur loading can be achieved only at low concentrations(2000 ppnv) of H,S. It was possible to modify the
RVS-1 sorbent to achieve ppbv leve sulfur removal efficiency at 315 °C. The modified RV'S-1 sorbent
maintained ppbv level sulfur removd efficiency during a 20-cycletest. The RVS-1 showed promising results
during tests conducted at McDermott Technology (MTI), Inc. for sulfur remova from syngas produced from
died fud.
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Figure 1 - Effluent concentration of sulfur during 20-cycle test with ppb sulfur sorbent
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Figure 2 - Effluent concentration of sulfur with the ppb desulfurization sorbent after incorporation a

reductive regeneration step
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