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Introduction

Advanced integrated gasification combined cycleQG3 power plants call for hot
particulate removal and hot-gas désutation (HGD) following gasifcation inorder to achieve
high thermal efficiency. The Morgantown Energy Technology Center's (METC’s) HGD
research program has focused on the development of regeneetdl®xide erbents to remove
hydrogen sulfide (K S) from coal gakeading srbents such as zinc titate can reduce the,H S
in coal gas to low parts-per-million levels and can be regéeeusing aifor multicycle
operation. The sulfidation-regeneration cycle for a genegiahoxide (MO) is as follows:

MO + H,S- MS + H,0 (sulfidation)
MS +3,0,~ MO + SO, . (regeneration)

Because the regeneration reaction is highly exothermic, temperature control is required to
prevent overheating andrbent sintering. One way to control the temperature is to use a highly
dilute air stream, typically containing up to 3 vol% oxygen. This would result in a tail gas
containing up to 2 vol% sulfur dioxide ($O ). More elegant methods to control exothermicity of
air regeneration that could potentially produce up to 14 vol% SO are being developed (Cook et
al., 1992; Campbell et al. 1995). In any event, a problematic tail gas containing 2 to 14 vol%
SO, is produced that must be disposed of. The most desiradlmént optiorfior the tail gas is

to convert the SO to elemental sulfur. METC is sponsoring the development ofebe3ilfur
Recovery Process (DSRP) (Gangwal and Portzer, 1995) that uses the reducing compgnents (H ,
CO) of coal gas to directly and efficiently reduce the SO to elemenfial Buthe presence of a
catalyst in one step:

SO, +2H (or 2CO) 2H,0 (or 2CQ ) + %28
In the DSRP, for every mole of $O , 2 mol of reducing components are used. DSRP is a leading

first generation technology and is undergoing field testing at gasifier sites. This study seeks to
develop more advanced HGPmoaches leading to elemental sulfur recovery in IGCC systems.
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Objectives

The objective of this gty is to develop a second generatitfdD process that produces
elemental sulfur without or with minimal use of coal gas and a#soverall esnomics than
DSRP when integrated with the overall IGCC system.

Approach

Direct production of elemental sulfur during sorbent regeneration was chosen as the
approach for development of the required second genet@@nprocess. Concepts that were
evaluated tgroduce elemental sulfur from sulfided sorbent included:

1. SO regeneration
2MS + SQ -~ 2MO +34 S,

2. Substoichiometric oxidation
2MS+ O, - 2MO + §

3. Steam regeneration followed by H S oxidation
MS + H,0- MO + H,S
H,S + %2Q -~ H,0 + %2

4. Steam-air regeneration followed by Claus reaction
MS + H,0- MO + H,S
MS +3/,0,- MO + SG,
2H,S + SQ - 2H,0 +34 S .

Preliminary assessment of these conceptsated thaConcept 1, S© regeneration faced the
fewest technical and economic problems among the four options (Gangwal et al., 1995).
Elemental sulfur is the only likely product of SO regeneration and the SO required for the
regeneration can be obtained by burning a portion of the sulfur produced. With SO
regeneration, suteformation, a major cause of sorbent dededjmin, does not occur. This
should result in longer sorbent life. At high pressure, dry SO is also simpler tatedjman
elemental sulfur thartsam. Thus, recycle ainused S© to the regenerator would be possible
and this would be much less energy intensive than the use of stéfams Eave thus
concentrated on SO regeneration.

Based on a theoretical evaluation of a number of potential sorbent atesdidn- and
zinc-based regenerable sorbents were chosen for experimental evaluation in this study (Gangwal
et al., 1995). The s&dtion criteria included dedutization efficiency, SO regeneriéty, cost,
and knowledge base. Iron was considered to be the most promisingatarssitbng nunmeus
metals based on théave sedction criteria. Also zinc remained a candidateconsideration
(primarily in combination with iron) due to its excellent desulfurization efficiency, its extensive
knowledge base, and its low cost, even though ZnS showed essentially no SO rdiyeaerab
temperatures of interest. In combination with iron, zinca@ras a polishing agent to remove



H,S down to very low levels and can be regenerated usingiodoice SQ needed for

regeneration of the iron sulfide. Thermogravimetric analyzer (TGA) and lab-seak®r testing

of a number of iron-zinc sorbents demoatgd the feasility of direct regeneration of these

sorbents using SO to produce elemental sulfur (Gangwal et al., 1995). This year the
experimental work has progressed to the bench-scale. A number of sorbents were prepared and
tested at the bench-scale over multiple cycles. Work on development and multicycle testing of
attrition-resistant zinc and iron sorbents is continuing. Based on results of bench-scale testing of
promising sorbents, an economic evaluation for a 300 MWe plant is to bectexaext year.

Project Description

Summary of Previous Experiments

Laboratory experiments to test the,SO regeneration concept were carried out using a
high-pressure TGA and a high-pressure lab-s@aetor (Gangwal et all995). The eactor was
made of a %2-in. stainless steel tube capable of operatit@0aC and 200 psig. Provision was
made for sulfiding up to 10 g of sorbent with siateld coal gas and regenerating the sulfided
sorbent with up to 15 vol% SO . The gas exiting taector passedhtough leated tubing into a
130 °C convective oven whereGal-um filter was used to collect $ut. The gas finally vented
through a back pressure regulator.

A number of propetary sorbents based on iron and zinc oxides were prepared and tested
for SO, regeneration. The benchmark zinc titarand zinc ferriteosbents were ZT-4 and L-7.
These sorbents have been developed for fluidized-bed desulfurization incorporating air
regeneration under a previous DOE caotr The sulfided ZT-4osbent which was based purely
on ZnO as the active@sbent showed essentially no regeneration with 3.3 percent SQ in N at up
to 800°C and 10 atm. However, sulfided iron- and zinc-iron-based sorbents showed good
regeneration with SO . TGA rates of SO regeneration rafnged?2.2 x 10" to 5.8 x 16 g
sulfur/g sorbent/min with 3.3 vol% SO at 700 and 10 atm.

A zinc-iron sorbent desigiiedR-5 showed promising results and was tested further using
the high-pressure lab-scalacbor. About 5 g of the sorbent was loaded in #ector and fully
sulfided using simulated coal gas..SO regeneration was then start8csin and 700C with
15vol% SQ in N . Samples were withdrawn after 5.5 h and 10 h of regeneration for TGA
analysis. As expected, the TGA analysis showed that th@arion of the sorbent was not
regenerated but theoh portion of the sorbent regeaéed at a rate ¢f.1 x 10* g sulfur/g
sorbent/min. This result isngilar to rates with the hig-pressure TGA. At the end of 10-h, sulfur
plugging occurred and solid yellow sulfur was recovered downstream adabtor.

The R-5 sorbent was also tested fo, SO regeneration as a functiogp of SO concentration
and for air regeneration. The SO regeneratite,ras measured by the high pressure TGA,
increased from 2.2 x 10 t0 3.7 x40 g sulfur/g sorbent/min at@%nd 10 atm when SO
concentration was increased from 3.3 to 15 vol%. The air regeneaioatrl0 atm and 700
°C was around 5 x 10 g sulfur/g sorbent/min with 2 vol% O 4jn N .

Process Concept



Based on the results presented above, the concept,of SO regeneration with iron- and
zinc-based sorbents showed significant promise for development agetivefiGD system
resulting in sulfur recovery witlimited use of coal gas. A numbertldGD processes could be
conceptualized using alternative combinations of SO and air regenerationmildwgys of air
and SQ regeneration rates and the significant increase,in SO regeneration rate with SO
concentration were highly encouraging. It suggested that, with further increasg in SO
concentration to 90 to 100 vol%ates could be increasedfficiently to allow the use of even
lower regeneration temperatures around 800 This temperature is closer to the expected
sulfidation temperature of iron sorbents which is around°450A conceptual three-reactor
process based on sulfidation of iron-zinc sorbents followed By SO regeneration followed by air
regeneration is shown is Figure 1. The,SO regeneration produces sulfur from the iron portion of
the sorbent and the air regeneration regeesrthe zinportion of the sorbent.

In this process concept, the sorbent from the sulfider at arountCGA®@uld have to be
heated to @und 600°C for SG, regeneration. The requirezbhcould be obtained using
indirect heat exchange with coal gas which is being coold8Q@6C, by injecting a small
amount of @ along with SO in the SO regenerator, byactineat exchange with therbent
being returned from the air regenerator to the sulfider, or using a convenient combination of
these approaches. An alternative process concept with partial aiy (or O ) regeneration of the
sorbent to effct the required temperature increase and some zinc regeneration prigr to SO
regeneration can also be visualized. A number of other process combinations are also possible
but are not presented here in the interest of space.

Bench-Scale Testing
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Figure 1. Three-Reactor System for SO Regeneration Followed by O Regeneration

Efforts this year have conceated on scaleip of the R-5 sorbent preparation to



attrition-resistant fluidizable form, construction ananroissioning of a high-temperature, high-
pressure (HTHP) bench-scale unit and multicycle HTHP testing of the iron-zinc sorbents
simulating the conceptualized three-reagiacess of Figure 1.

The bench-scale reactor system which was built by modifying an existing unit is shown in
Figure 2. The system has the capability of simulating a complex coal gas mixture using a set of
mass flow controllers for gaseous components and a positivackspént pumgor water to
generate steam. The reactor can operate either as a @tideor as a fixed-bed with up to a
3-in. inside diameterosbent cage. The pressure and temperature rating afdbeor is400 psig
at 750°C and it is Alon-processed to reduce corrosion of the staintesls Reactoriroughput
up to 400 slpm of gas can be processed and sorbent up to 1.0 liter can be tested.

For SG regeneration, pure O or,SO mixed wih N can be fed teahtor by
displacement of liquid SCfrom a tank using a head pressure of nitrogen. Air regeneration (air
line not shown in the figure) can also be carried out. Two separate reactor exits and downstream
vent systems are utilized. SO regeneratiomiglccted tirough a hot exit line with a sulfur
condensergatch pot, and a hot pressure control valve. This line is maintained hot to prevent
sulfur plugging. Sulfidation and air regeneration are cotetltirough the other exit line. Gas
samples are analyzed continuously fgr H S during sulfidation apd SO during air regeneration
using Ametek contiuous analyzers. Oxygen during air regeneration is measured continuously
using a fuel cell-based analyzer ang H S, COS, and SO are measured interrditrargly
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sulfidation using a gas chromatograph with a flame photometdtactbr.

Results

Iron- and zinc-based sorbents were tested at HTHP conditions for multiple cycles. The
sorbent preparation is proptary and a patent application is pending, thus @foymation that
could result in revealing the chemical composition and structure of the sorbents such as
breakthrough curves and physical properti¢lsnat be presented. THe-5 sorbent recipe was
scaled up to kilogram quantities of fluidizable atntiresistant form with the help ofcatalyst
manufacturer. Two separate seafeprocedures wegtempted. Using the firprocedure,
sorbents R-5-AWB, R-5-B, and R-5-C were produced in kilogram quantities. Using the second
procedure, sorbents R-5-52, R-5-57, and R-5-58 were prepared in kilogram quantities.

R-5-B had pooattrition resistance and wasmedately rejected R-5-AWB, R-5-C, R-
5-52, and R-5-58 were tested over multicycles simulating the teessterprocess of Figure 1
(R-5-57 is yet to be tested). The nominal test conditions for these multicycle tests are shown in
Table 1.

The cycles typically consisted of sulfidation until breakthrough, followed by two types of
regeneration. The first type of regeneration was a full air regeneration (up to 60 min) whereas
the second type consisted of SO regeneration (for 30 to 120 min followed by air regeneration for
up to 60 min. Since a procedure foreditly measuring elemental &ulin a gas stream
containing large amounts of $O is yet to be developed, the amount of elemental sulfur produced
during SQ regeneration wastérmined by actual measurement of the elemenfal shht was
collected or by the difference between the, @duced by the two types of regeneration.

A total of 40 cycles have been run. The number of cycles edeapWith the various
sorbents is shown in Table 2.

Table 1. Bench-Scale Test Conditions

Pressure: 275 psig Coal gas composition (vol%)
Flow rate: 18-75 slpm CO: 15
Sorbent amount: 270-350 g oH: 10
Temperature(C) N : Balance

Sulfidation: 420-460 CO : 10

SQ regeneration: 625 >H O: 10-15
Dilute air regeneration: 600-650 oH S: 0.3
SO, gas (vol%) Oxidizing gas (vol%)

SQ: 50-65 O 1-2

N,: Balance N : Balance




Because of thproprietary
nature of the sorbents, the results
presented here are of a general

Table 2. No. of Cycles Completed

nature while patergrotection is Sorbent Active metal No. of cycles
being sought. Generally each ofthe o £ A\vp 7

-5- n, Fe
sorbents was able to reduce the H S R-5-C 7n. Fe 157
to below 100 ppmv and was R-5-52 F’e 10
regenerable over multiple cycles. R-5-58 Zn. Fe 8

Also, measurable (several grams)
guantities of elemental sulfur were
produced during SO regeneration of
each of the@bents. As much as 60 to 80 percent of the sulfur adsorbed by the sorbents has
been recovered as elemental sulfur. However, the sorbents produced by the first procedure,
namely R-5-AWB and R-5-C, underwent excessive losgactivity with cycles. In addition,

they underwent significarattrition, as measured by a three-haiition tester, following cyclic

testing. On the other hand, the sorbents prepared by the second procedure, namely R-5-52 and
R-5-58, showed no loss iractivity over the cyclic operation and also very low attrition,
comparable to FCC catalysts, as measured bdtiheéband after cyclic testing by the three-hole
attrition tester. In fact, the reactivity of bd®5-52 and R-5-58 improved with cycling.

Applications

As briefly discussed, the HGprocess envisioned in Figure 1 or other sinplarcesses
that could result in diregiroduction of elemental sulfur during regeneration have potential
advantages over existing process options if they can be economically integratedG@th TGe
other options are production of undesirable calcium waste, production of sulfuric acid, or
production of elemental sulfur using DSRP. Production of sulfuric aekdractive if a market is
readily available nearby. It may be difficult to find several such sites for IGCC plants.
Elemental sulfur is the preferred option and DSRP is a highly efficient process but, as discussed
earlier, requires the use of a small portion of the coal gas that results in an energy penalty to the
power plant. Application of reactive and attitiresistant sorbent such as R-5-58 to an IGCC
with the capability taindergo diect SQ regeneration to elementafsylwhere the S© can be
obtained by burning a portion of the elemental sulfur product, is a process option that needs to be
developed further.

Future Activities

Approximately 15 cycles W be compkted with srbents R-5-58 and R-5-%ach. Then
one of these sorbentsivbe testedor up to 50 cycles to demonate ®rbent and process
durablity. Based on the results of testing, ammeamic evaluation for a 300 MWe plantiivioe
conducted.
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