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, ABSTRACT
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There is a primaryneed to increasethe utilizationof Illinoiscoal resources
by developingnew methods of convertingthe coal into electricityby highly
efficientand environmentallyacceptablesystems. New coal gasification
processesare now being developedwhich can generate electricitywith high
thermalefficiencyeither in a combinedgas-turbine,steam-turbinecycle
(IGCC)or in a fuel cell (i.ICFC).Both of these new coal-to-electricitypath-
ways requirethat the coal-derivedfuel gas be at a high temperatureand be
free of potentialpollutants,such as sulfurcompounds. Unfortunately,some
high-sulfurIllinois coals also containsignificantchlorinewhich converts
into hydrogenchloride (HCl) in the coal-gas. This projectinvestigatesthe
effect of HCl, in concentrationstypicalof a gasifier fed by high-chlorine
Illinoiscoals, on zinc-titanatesorbentsthat are currentlybeing developed
for HpS and COS removalfrom"hot coal-gas This study is designedto identify
any d_leteriouschanges in the sorbentcaused by the HCl, both in adsorptive
operationand in the regenerationcycle, and will pave the way to modify the
sorbentformulationor the processoperatingprocedureto removeHCI along
with the H2S and COS from hot coal-gas. This will negate any harmfulconse-
quencesof utilizinghigh-chlorineIllinoisin these processes.

The work activityduring the first quarterof this project involvedthe prepa-
ration and submittalto CRSC of the detailed ExperimentalTest Plan and the
modification/startupof_the reactorapparatusin which the experimentsare to
be performed. The Test',P1andescribesthe equipmentarrangementand the
operatingconditionsselected for the initialtwo block-seriesof experiments,
the first set studying the effect of HCI in the desulfurizationof a medium-
Btu fuel gas (simulatingthe productof the "Texaco"entrained-bed,oxygen-
blown gasifier)and the second set studyingth_ desulfurizationof a low-Btu
fuel gas (simulatingthe effluentfrom a "U.-Gas,'air-blowngasifier). The
bench-scalefluidizedbed has been modifiedto preventpotentialHCl corrosion
and startupexperimentshave proven the reactorsystem operable and capableof
yielding reliableexperimentalresults. The first of the plannedexperiments
in the projectare now being performed.
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This project is funded by the U. S. Department of Energy (METC) and by the
Illinois Department of Energy and Natural Resources as part of their cost-

shared program.



1EXECUTIVESUMMARY

lt is vital to the industryof this state that new approachesbe developed
soon to increasethe utilizationof the abundantbituminouscoal resourcesin
the Illinoiscoal basin by processeswhich are both thermallyefficientand
environmentallyacceptable. Two of the most attractivetechniquesnow being
activelydevelopedto cleanly convertcoal into electricityare the integrated
gasificationcombinedcycle (IGCC)and the molten carbonatefuel cell (MCFC)
power generation systems. In both of these innovativesystems,the coal is

i gasified to form a fuel gas which must then be purifiedof particulatematter
and undesirablegas-species,mainly sulfur compounds,before being oxidizedin
the IGCC combustionchamberor in the MCFC fuel cell vessel.

I To realizethe highestthermalefficiencyfor _he overall coal-to-electricity

conversion,both of these processesrequirethat the temperatureof this coal-
derived fuel gas flowingfrom the gasifier be as high as possible. However,
the coal-derivedfuel gas contains reducedsulfur specieswhich would have to
be removed at high tempe_'aturefor the overallprocess to be efficient. Solid
regenerablesorbentsof mixed-metaloxides have recentlybeen developedwhich
very efficientlyremove both hydrogen sulfide(H2S) and carbonylsulfide (COS)
at relativelyhigh temperatures.

Zinc-basedsorbentsare currentlythe leadingsorbentcandidates. They have
been extensivelydevelopedfor fixed-bedoperation. Fixed-bedsystems,howev-
er, suffermany limitatiQnsincludingpoor temperaturecontrol and unsteady
state operation. The recent developmentof an attrition-resistant,fluidiza-
ble zinc-titanatesorbentat the ResearchTriangle Institute(RTI) offers
excellentH2S and COS removalefficiency,good sulfur absorptioncapacity,and
excellentregenerability. This sorbenthas high attritionresistancewhich
offers t_e opportunityto conduct the hot-gasdesulfurizationin a bubblingor
circulzting_luidizedbed reactor system,leadingto much better gas-solid
contact efficiency,better temperaturecontrol,and much greaterflexibility
in design-alternativesfor continuoussorbentregenerationsub-systems.

Unfortunately,some Illinoiscoals contain significantchlorinewhich becomes
hydrogenchloride (_ICl)in the coal-gasproduct-streamfrom the gasifier.
This HCI reactswith certain inorganiccompounds,usually with undesirable
results. In studyingthe flyash deposits from coal-combustionin boilers,
investigatorsfound _thatchloridesin the gas stream tended to react with the
metallic oxides (zinc anJ ferric) in the slag depositson th_ boiler-tubes,
formingmetal-chlorideswhich had lower meltingtemperaturesthan the oxides
and were more chemicallyreactive. Based on mass-balancecalculations,the
gasificationof the higher chlorine Illinoiscoal (containing0.1% to 0.6%
chlorine,by weight) in the typicalpresent-daycoal-gasificationreactor
designs ("Texaco","U-Gas","Lurgi",etc.) would produce from 100 to 1400 ppm
HCI (by volume) in the gasifiereffluentstream. Very little is known about
how the HCl will interactchemicallywi!ththe zinc-basedsorbentsat high
temperaturesand in the presenceof the variousfuel gas compositionsthat
would be produced in the differentgasifierdesigns.

This project, a cooperativeeffort betweenthe Southern IllinoisUniversityat
Carbondale(SIUC) and the ResearchTriangle Institute(RTI),will investigate
the effect of HCI, in concentrationstypicalof a gasifier fed by high-chlo-
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rine Illinoiscoals, on the fluidizablezinc-titanatesorbents. These sorb-
ents are being developedby RTI, with the sponsorshipof the US DOE/METC,for
H2S and COS removal from hot coal gas in the IGCC processes The major objec-
tlves in this projectwill be to identifyany deleteriouschanges in the
sorbentcaused by the HCl, both in the adsorptiveoperationand in the regen-
eration cycle, and to.determinethe fate of the chloridechemical-species.

Two zinc-titanatesorbentshave been chosen for this examination,one with a
high zinc/titanium(Zn/Ti)contentratio and the secondwith a Zn/Ti-ratio
found previouslyto performoptimum servicein the hot coal-gasdesulfuriza-
tion process. The experimentalevaluationduring the projectwill examinethe
HCl-effectson each sorbent'schemical reactivity,its sulfur-adsorption
capacity,its regenerationcapabilityand its attritionresistance. This
objectivewill be accomplishedby testing the two durablezinc-titanatesorb-
ents in a bench-scalefluidizedbed reactorwith simulatedhot coal-gas,at
differenttemperatures,with and without severalconcentrationsof HCI in the
gas-stream. Also, a number of multi-cycletests will be conductedto deter-
mine the effect of HCI on the long term chemical reactivityand mechanical
durabilityof zinc-titanatesorbents.

The work activityduring the first quarter of this project involvedthe prepa-
ration and submittalto CRSC of the detailed ExperimentalTest Plan and the
modification/startupof the reactor apparatusin which the experimentsare to
be performed. The Test Plan describesthe equipment arrangementand the
operatingconditions selectedfor the initialtwo block-seriesof experiments,
the first studyingthe effect of HCl in the desulfurizationof a medium-Btu
fuel gas (simulatingthe productgas from a "Texaco"entrained-bed,oxygen-
blown gasifier) and the secondset studyingthe desulfurizationof a low-Btu
fuel gas (simulatingthe effluentproduct from a "U-Gas"air-blowngasifier).
This Test Plan was submittedto CRSC on October 17th and was found by their

• technicalstaff as acceptablein meeting the objectivesof the project.

i The bench-scalefluidizedbed has been modified to preventpotentialHCl

corrosion,replacingthe stainlesssteel reactortube with a 26 mm, I.D.
quartz tube and replacingmost of the other componentscontactingthe HCl

i streamwith either glass or Teflon-coatedfixtures. Startupexperimentsin
the last week of October have proven the reactorsystem operable and capable

i of yielding reliable experimentalresults.
The first of the plannedexperimentsin the projectare now being performed.
As stated above, the first block-setof experimentswill evaluate the effect
of HCI on the sorbentbehavior in a simulatedmedium-Btufuel gas. Most of
the Second Quarter of the projectwill be devotedto the completionand evalu-
ation of this experimentalset.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus,product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
0nc¢ heroin to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not ne,ccssalily state or retie.ct those of the
United States Governmentor any agency thereof.



OBJECTIVES

The overallgoal of theresearch is to develop attrition-resistantregenerable
sorbentsfor desulfurizationof hot coal-derivedgases for integrated-gasifi-
cation combinedcycle (IGCC) and molten carbonatefuel cell (MCFC)power
generationsystems. The specificobjectivesof this investigationare to
study the effectsand the fate of hydrogenchlorideduring hot-gasdesulfuri-

' zation,which can be present at levels up to 1500 ppmv in the coal gas when
high-chlorineIllinoiscoals are convertedto a medium-Btufuel-gasproduct.
The performance,(i.e., chemicalreactivity,sulfur capacity,regenerability
and attritionresistance)of zinc-basedsorbents,specificallythe zinc-tita-
nate which is being developedfor H2S and COS removalfrom the hot coal gas
for fluidizedbed applicationswill be evaluatedin a bench-scalefluidized
bed reactorusing simulatedcoal gas with and without the HCI gas.

The specificgoals of the researchduring the twelve month contractperiod
are:

(i) to determinethe most probablechemicalstructures,in addftion to
the HCl in the effluentgas, to which the chlorinewill react in
the coal-gasifierand in the effluentstreams,and to correlate
this distributionof compoundswith the chlorinecontentof the
varietyof parent coals and gasifier operatingconditions;

(ii) to understandthe effect of varyingconcentrationsof HCI in coal gas
on the chemicalreactivity,regenerability,sulfur adsorption
capacity and attritionresistanceof zinc-titanatesorbents in a
fluidizedbed reactor;

(iii) to determinethe material balancesand chlorinedistributionduring
the operationof a hot gas desulfurizationsystem;

(iv) to determinehow the presenceof HCI in coal gas affectsthe kinetics
of H2S absorptionby the zinc-titanatesorbents;and

(v) to determinethe extent of permanentchlorineretentionby the zinc-
titanate sorbent.

This project,a cooperativeeffort betweenthe Southern IllinoisUniversityat
Carbondale(SIUC) and the ResearchTriangle Institute(RTI),will investigate
the effect of HCI, in concentrationstypicalof a gasifier fed by high-chlorine
Illinoiscoals, on fluidizablezinc-titanatesorbents. These sorbents have
recentlybeen developedby RTI, with the sponsorshipof the US DOE/METC,for
HpS and COS removal from hot coal gas. The major objectiveswill be to iden-
tTfy any deleteriouschanges in the sorbentcaused by the HCI, both in the
adsorptiveoperationand in the regenerationcycle, and to determinethe fate
of the chloridechemical-specie.

...... 111 ,



INTRODUCTIONAND BACKGROUND

Several IGCC and MCFC =powersystems employinghot gas cleanup are now actively
being developedto produce electric power from coal. Both of these systems
are two of the most advancedpower generationtechnologieswith a projected
coal-to-electricitythermal efficiencyof 50 percentor better. One of the
key componentsof each of these two power systemsis a hot gas desulfurization
system which would operate Landerhigh-temperature,high-pressure(HTHP)condi-
tions, typicallyat 1000' to 1200'F (538'to 64g'c) and up to 300 psig (2.17
MPa). Most of these desulfurizationprocesses,now under development,employ

_, regenerablemixed-metaloxide sorbentsfor adsorbingthe H2S and COS present

in the coal gas, with zinc-titanatecurrentlybeing the le_dingsorbentcandi-date.
!
! Some of Illinoiscoals, in additionto having a high sulfur content, also have
i a high chlorinecontent. During gasification,the chlorinepresent in the coal

is convertedto hydrogenchloride. The chloridelevel of a medium-Btufuel
0 gas derived from Illinoiscoals can be as high as 1500 ppmv. Hydrogenchlo-

ride, if present in sufficientlyhigh levels,might cause seriousdamage to
the desulfurizationsorbents. For example,the zinc-titanatemight chemically
react to form molten zinc chloride which hasa significantvapor pressureat
IO00"F. Therefore,the effect of hydrogenchloride on the performanceof
zinc-titanatesorbentsmust be addressed.

The proposed study deals with the determinationof the effect of hydrogen
chloride on the sulfur capacity,chemicalreactivity,regenerabilityand
attritionresistance(mechanicalstrength)of the sorbent. Also, the fate of
the HCl itself in the hot gas desulfurizationsystem is not known. Several
specific questionsto be addressedinclude:

(i) How much HCI, if any, is removedby the zinc-titanatein the
adsorptioncycle?

(ii) If the HCI is adsorbed,what is the form of chlorinewhen present
in the sorbent?

(iii) Zinc chloride being volatile,does the titaniumcomponentof the
sorbenthelp to stabilizeit in the sorbentmatrix during adsorp-
tion, or will the formed zinc chloridevaporize back into the gas
stream?

| (iv) Does retainedchloride stay with the sorbentduring the regenera-
i• tion step, or is it removedfrom the sorbentwith the S02-1aden
| regenerationgases?
|
i (v) What are the forms of the chlorinecompoundsthat comes off the
i sorbentduring regeneration,dependingon whether the regeneration

gas consists of an air-steammixtureas opposedto an air-nitrogen
mixture?

These questionsare of paramountimportancefor the commercializationof IGCC
and MCFC power-generationtechnologiesand must be addressedif Illinoiscoals
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with high chlorine concentrations are to be used as feed to these high effi-
ciency and environmentally acceptable future coal-conversion technologies.

The proposed study will aid in the future development of a promising class of
sorbents which wil! remove H_S and COS to high degrees from coal gas contain-
ing hydrogen chloride without_ undergoing deleterious changes. Such develop-
ment will result in enhanced, more economically attractive and efficient power

generation systems for converting high-sulfur, high-chlorine containing Illi-
nois coals into electricity.

EXPERIMENTALPROCEDURES

The researchwork has been divided into five tasks, all directed at gaining a
better understandingof the effectsand the fate of HCI in the desulfurization
of hot coal-derivedfuel gases. These tasks are"

Task I. Assessment of Forms of ChlorideCompounds in Coal Gas
Task 2. ExperimentalTest Plan
Task 3. Modificationsin ExistingTest Facility
Task 4. Bench-ScaleTestingand Analysis
Task 5. Reporting

Each of these tasks is describedbelow.

Task I' Assessmentof Forms of ChlorineCompounds in Coal Gas

The work on this task is being conductedat SIUC. This task is subdivided
into two sub-tasks. The first study is a surveyof recent literaturerefer-
ences to catalogthe existenceand effectsof chlorine compoundsin gasifier
fuel gas. The second study involvesthe thermodynamic/kineticmodelingof the
behaviorof chlorinechemical-speciesin a high-temperaturedesulfurizing
process system.

A comprehensiveliteraturesurvey of recentliteraturereferencesincluding
technicalpapers,government and industrialreports,conferenceproceedings,
etc., is being assembledto document reportedor speculatedpotentialbehavior
of chlorinechemical species in gasifier effluent-gasatmospheres. Of impor-
tance are the reportedcompositionsof the feed-fueland the productgas
stream,the temperatureand the chlorine contentof the gas, and any comments
about operationalproblemsor other observationsattributableto the presence
of the chlorine.

The second sub-taskin Task I involvesthe assemblingand correlatingof the
literature-reportedthermodynamicand kineticdata which are applicableto
modeling the behaviorof diatomicchlorine,hydrogenchloride and other chlo-
rine specieswhen in contactwith the metallicand other activecompounds
involvedin the hot-gasdesulfurizationsystem. This involvespotential
interactionsof the chlorinecompoundsin the coal gas with sulfur,zinc,
titanium,carbon monoxide,carbon dioxide,hydrogenand steam, in both reduc-
ing and oxidizingatmospheres.

....... I_



Using the gathered data, detailedthermodynamic/kineticmodels will be de-
velopedto aid in interpretingthe experimentalresultsof Task 4, as de-
scribedlater. Behavior modelswill be developedfor both the sorbent sulfi-
dation (gasdesulfurization)cycle and the sorbentregenerationcycle.

In addition,a thermodynamicstudy will be conductedof the potentialreac-
tions of the hot gaseous chlorinespecieswith solid compoundswith which the
HCl-containinggas could contactin the gasifier system;the gasifierrefrac-
tory, the coal-charmineralmatter,the constructionmaterial of the hot-gas
particulatecleanup system,etc. The resultsof this examinationmight reveal
possiblescavengersof the HCI, which could eliminateor reduce any detrimen-
tal effectsto zinc-titanatesorbent.

Task 2.: ExperimentalTest Plan

Under this task, a detailed ExperimentalTest Plan was prepared. As stated
above, this plan describedthe details of the proposedbench-scaletests which
will be carriedout during the project. A preliminaryversionof the test
plan was delivered to the Center for Researchon Sulfur in Coal (CRSC) in mid-
October for their evaluation. The technicalstaff at CRSC approvedof the
test plan and the bench-scalestudieswas initiatedduring the first week of
November. Thus, Task 2 is consideredcomplete.

Task 3: Modifications inExisting Test Facility

Becausehydrogenchloride is a highlycorrosivegas which severelyattacks
stainlesssteel in the presenceof steam, the presentbench-scaletest facili-
ty at RTI was modified.

In place of the older stainlesssteel reactor, a 26mm-I.D.quartz reactor
system was designed and constructed. Figure I shows the schematicof this
test setup. Housed in a three-zonefurnace,the reactorhas an inside diame-
ter of 26 mm, a 2-mm wall thicknessand a total lengthof 44 inches (112 cm).
Teflon parts replaced those componentsexposed to the HCI at the lower (less
than 200°C) temperatures. The systemoperates in a bubblingfluidizedbed
mode. A coarse porous quartz frit at the bottom of the reactorbed is used as
the distributorfor the simulatedHCl-containingcoal gas. All the original
s'_ainlesssteel lines in and out of the reactor has been replacedby quartz
lines in order to prevent corrosion.

A system was installedto introducethe HCI into the reactoras a dilute HCI
solutionthrough a capillaryusing a positivedisplacementpump. A special
alloy thermocouplemade of Inconelconstantlymonitors the temperaturewithin

-. the sorbentbed.

The partiallycooled (200°-300"C) from the reactor is sent to a glassgas
condenserin which all the water and HCI vapors are condensedand collectedin
a catch pot. A slipstreamof the non-condensablegases is sent to a gas
chromatography(GC) system for analysis.

The dry gases requiredfor sulfidationand regenerationof the sorbent are
bought premixed and availablein cylinders. A four way valve is used to pass
the appropriategas througha pre-calibratedelectronicmass flow controller
into the bottom of the reactorbed. A purge gas, such as nitrogen,is being





used during the heating and cooling of the sorbentbed and during'theswitch-
ing betweensulfidationand regenerationcycle-steps.

The reactor system has been assembledand a number of startupexperimentshave
been performedto demonstratethe operabilityand reliabilityof the experi-
mental equipmentand all the accessoryapparatusand analyticalinstruments.
The work of this task is essentiallycomplete.

Task 4: Bench-ScaleTesting and Analysis

Carefullycontrolledexperimentswill be conductedin the modifiedtest setup
describedunder Task 3. All the experimentsfor this project will be carried
out at nearly atmosphericpressure,with a 2 psig positive pressuremaintained
to assure sufficientsample flow to the GC gas-analysissystem.

A typical bench run will consist of the followingsteps. A known weight of
the sorbent,approximately50 to 60 grams in the 100 to 300 #m particlesize
range, will be chargedto the reactor. The reactorwill be he,_tedto the
desired gas desulfurizationtemperature(538"or 650°C) with a continuous
passageof nitrogenthrough the sorbentbed. i

The sulfidationof the sorbent (fuelgas desulfurization)will be carried out
by continuouslyflowing the simulatedcoal gas throughthe fluidizedbed. The
simulatedmedium-Btugas contains 1.4%H_S (14,000ppmv), while the simulated

low-Btu fuel gaswill contain 0.5% H_S (5000 ppmv). Thesorbentsulfidation
cycle-stepwill continueuntil the H_S concentrationin the reactorexit gas
reaches 100 ppmv, which is an arbitrarilydefined breakthroughvalue.

Followingthe sulfidation,the reactorwill be switchedto the sorbentregen-
erationmode and heated to the desired temperatureunder nitrogenflow.
Generally,the initialregenerationtemperatureis 50° to 150'C higher than
the sulfidationtemperature. Once the desiredtemperatureis attained,the
flow of regenerationgas will be started. The typicalregenerationgas will
contain 3% 02 in nitrogen. Regenerationwill be carried out until the outlet
SO2 concentrationdrops to less than 500 ppmv.

At both the end of the sorbentsulfidationand the end of the regeneration
step, a sorbentsample will be withdrawnand analyzedfor its chlorinecon-

" tent. Representativesamplesof the condensateand other gas-streamscrubbing
solutionswill be collectedand analyzedto determinethe chlorine-ionmateri-

; al balanceduring both the sulfidationand the regenerationst_ps. At the end

of the run, the total quantity of sorbentsolidswill be remov_dfrom the

reactor and weighed to determineany loss due to elutriationend attrition.

I Post-testcharacterizationtests of the sorbentsolids and condensate-liquid
sampleswill be performedprimarilyto obtain chlorineand sulfurmaterial
balances. Additionaltests will be performedon the reacted _nrbentto iden-

• tify changes in chemical reactivity,surfacearea, particle s_e distribution
and Zn,to-Ticontents.

The followingvariableswill be investigatedin order to determinethe effect
of chlorideon the performanceof the zinc-titanatesorbentsin hot-gasdesul-
furizationservice.



I HCI Concentrationin the Coal Gas
2. SulfidationGas Composition
3. SulfidationTemperature
4 SorbentComposition

Three (3) block-setsof experimentsare planned. The first set of experiments
will be conductedwith a medium-Btu fuel gas, while the second set will be
with a l.ow-Btugas. The third set of experimentswill involvea closer exami-
nation of specificoperatingconditionswhere mechanismchanges,sorbent
activity failure,or other unexpectedphenomenahave occurred,as identified
during the first two experimentsets. Also, if time permits, the long-term

, detrimentaleffectsof chlorine on the performanceof the zinc-titanatesorb-
ents will be examined in greaterdetail.

Followingthis strategy,the first set of experimentswill be conductedwith a
medium-Btufuel gas simulatingthe productfrom the Texaco entrained-bed,
oxygen-blowngasifier. In the second block-setof experiments,we plan to use
a low-Btu gas simulatingthat being generatedin the U-Gas air-blowngasifier
(developedby the Instituteof Gas Technology,Chicago,and now marketedby
Tampella, Inc., of Finland). Both of these gasifiersare being developedat
nearly commercialscale and are ideallysuited for gasifyingthe high-sulfur
Illinoiscoals.

Two zinc-titanatesorbentshave been chosen for this examination. The sorbent
ZO-I contains essentiallypure ZnO with 2-3% TiO_ and a suitablebinder, lt
was prepared using RTI's proprietarygranulation-technique.The purposeof

using this formulationis to establishthe role of TiO2 in the zinc-titanateon chloride removal. The second sorbentto be evaluatedis ZT-4,which con-

tains ZnO and TiOp in a molar ratio of 1.5. In previous studiescomparing
severalcandidate-sorbentswith varying Zn/Ti-ratios,the zinc-titanatesorb-
ent with this particularmolar ratio proved the most efficientin high-temper-
ature coal gas desulfurizationservice.

The test matrix for each of the Set I (medium-Btu"Texaco"gas) and the Set 2
(low-Btu"U-Gas"gas) experimentswill examineeach of the sorbents (ZO-I and
ZT-4, described above) and two sulfidationtemperatures,538°C (IO00°F)and
650°C (1202"F)and at three HCl concentrations(zero,medium and high). For
example, the HCI concentrationsfor the medium-Btugas study, ExperimentSet
I, will be zero, 200 ppmv and 1500 ppmv. After completionof the single cycle
tests, a ten-cycletest will be made to determinethe long-termeffect of HCl
on the chemical reactivityand the attritionresistanceof the zinc-titanate
sorbents. The conditionsfor this ten-cycletest will be determinedbased on
the results of the foregoing12 single-cycletests.

During the third set of experiments,selectedsub-setsof experimentswill be
conductedto better define the reaction behaviorof the sorbentsin "critical"
operatingconditions. A closer examinationof the effect of varyingHCI
concentrationsin specifictemperaturerangeswould be a candidatepossibili-
ty. Also, varyingthe regenerationconditionsmight warrant more detailed
examination,as would the need for additionalmulti-cycleevaluations. The
specific objectivesof these in-depthexaminationswill be identifiedduring
the course of performingand evaluatingthe outcomesof the first two experi-
mental block-sets.



T_s_k5: Reporting

This task consists of the preparationand submittalof the quarterlyandfinal
technicaland businessmanagementreportsto the Center for Researchon Sulfur
in Coal (CRSC). In addition to the submissionof the written reports,oral
presentationsdescribingthe projectwork and resultswill be made to the
technicalstaff of the CRSC and ICDB, and to the appropriatemembersof the
IllinoisDepartmentof Energy and Natural Resources,includingthe presenta-
tion of a paper at the CRSC/ICDBContractors'Meeting in Urbana, Illinois,in
July 1992.
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RESULTSAND PlSCUSSION

The work activityduring the first quarterof this'projectinvolvedthe prepa-
ration and submittalto CRSC of the detailedExperimentalTest Plan and the
modification/startupof the reactorapparatusin which the experimentsare to
be performed. The Test Plan describesthe equipmentarrangementand the
operatingconditionsselectedfor the initialtwo block-seriesof experiments,
the first studyingthe effect of HCl in the desulfurizationof a medium-Btu
fuel gas (simulatingthe productgas from a "Texaco"entrained-bed,oxygen-
blown gasifier)and the second set studyingthe desulfurizationof a low-Btu
fuel gas (simulatingthe effluentproductfrom a "U-Gas"air-blowngasifier).
This test plan was submittedto CRSC on October 17th and was found by their
technicalstaff as acceptable in meetingthe objectivesof the project.

|

The bench-scalefluidizedbed has been modifiedto prevent potentialHCl
corrosion,replacingthe stainlesssteel reactortube with a 26 mm, I.D.
quartz tube and replacingmost of the other componentscontactingthe HCI
stream with either glass or Teflon-coatedfixtures. Startupexperimentsin
thelast week of October have proven the reactor systemoperable andcapable
of yielding reliableexperimentalresults.

The first of the planned experimentsin the project are now being performed.
As stated above,the first block-setof experimentswill evaluatethe effect
of HCl on the sorbent behaviorin a simulatedmedium-Btufuel gas. Most of
the Second Quarterof the projectwill be involvedwith the completionand
evaluationof this experimentalset.

q

- CONCLUSIONS
!

"i The work activityduring the first quarterof this project involvedthe prepa-
ration and submittalto CRSC of the detailed ExperimentalTest Plan and the

i modification/startupof the reactorapparatusin which the experimentsare to

be performed. The Test Plan describesthe equipmentarrangementand the
operatingconditionsselectedfor the initialtwo block-seriesof experiments,
the first set studying the effect of HCl in the desulfurizationof a medium-

- Btu fuel gas (simulatingthe productof the "Texaco"gasifier)and the second
set studyingthe desulfurizationof a low-Btufuel gas (simulatingthe efflu-
ent from a "U-Gas"gasifier).

The bench-scalefluidizedbed has been modified to preventpotentialHCI
corrosionand startup experimentshave proven the reactor systemoperable and
capableof yielding reliable experimentalresults.

The first of the planned experimentsin the projectare now being performed.
As stated above, the first block-setof experimentswill evaluatethe effect
of HCI on the sorbent b_ehaviorin a simulatedmedium-Btufuel gas. Most of
the Second Quarterof the projectwill be devoted to the completionand evalu-
ation of this experimentalset.
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