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ABSTRACT

Phillips Z-Sort® sorbentwill be used for startup at bothampa Electric Company and
SierraPacific Power Companylintegrated Gasificatiol©ombined CyclgIGCC) demonstration
projects. Commercialpreparations for theggvo applications required additional development to
meetspecific clientneeds. Tampa Electric requiredpeesulfiding ofthe sorbent tdacilitate
startup. Sierr&acific desired emphasis @perationalflexibility and attrition. Procedures and
test results from these commercial developments will be discussed.
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INTRODUCTION

Research and Development in IGCC technology will come to fruition in 1996 as two
commercialdemonstration projects undertake thsartup operationslampa Electric Company
has its PolkPower Station in Tampéklorida, scheduled for August; SierRacific Power
Company’s Pifion Pinstation near Reno, Nevadaillwegin in November. Phillips Z-Sork®
sorbent has been selectedlasfirst load for each of these units. timefirst case, anoving-bed
sorbent Z-Sor® 111-M will be used in the TECO plant. This material is designed as a sphere with
an average pellet diameter of about 4 mm. In the second caBé&ahePine site wiluse afluid-
bed sorbent with an average particle size of im5

APPROACH

Previous publications from us have disclo#esl efforts in preparing and testing these two
formulations of sorbent (1). The goaltbe present paper is thiscusdinal development of each
of these sorbents @smmerciallymanufactured materiafser use in the respective demonstration
projects. Fronthis scenario, it will be cleahatcommercial quantities d?hillips sorbent for hot
gas cleanup systenase available inwhatever formsare required. There are numerous options
available tothe end-usergdepending orthe particular need to remove hydrogriifide from a



coal gasification stream. A conclusion we have reached fnonexperience ighat nosingle
sorbent will suffice for every situation, and it is our goal to have a suite of sorbents available.

TECHNOLOGY

Phillips Petroleum Company has been engaged in testing its propr@tSqrt@ sorbent
for anumber of applications in whidie removal of hydrogen sulfide important. A newclass
of regenerable zinc basedrbents has been developedtf@removal of hydrogen sulfide in the
fuel gas that is produced incdean coal technologyowerplant at moderate pressyfe20 atm)
and a broad range of operating temperatures (600-1000°F). Tests have beenwaimitxid-,
moving-, and fluid-bed applications.All formulations have been successfuflyoduced by
commercial vendors.

ACCOMPLISHMENTS

Z-Sorb® Sorbent for Tampa Electric Company Polk Station

Sulfur capacity ananechanicaktrength were important parameters in design of the
moving-bedsorbent for the TECO Polk Station. Z-S8rHI-M sorbent was tested Bhillips in
a fixed bed unit under thguidelines of arotocolestablished by General Electric. Table 1 shows
the relevant parameters for the test.

Table 1

Fixed Bed Testing of Z-So®111-M Sorbent

Absorption

Bed Temp. (°F) 900
Absolute Pressure (atm) 20
Space Velocity () 1000 to 2000
Inlet H,S (%) 3.3t03.6
Regeneration

Initial Bed Temp. (°F) 1050
Absolute Pressure (atm) 7
Oxygen Concentration (%) 2.2103.3

Figure 1 depicts thiwading curve that was measured during test offifteen cycles. There is a
slight fall-off of sulfur capacity with cycle number, but the loading stayed above the tesigr

6 Ib/ft3 at thetop ofthe bed. The lovievel at cycle 2vas attributed tancomplete regeneration
after cycle 1. Once the regeneration scheme was adjusted, the loading recovered.
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Figure 1. Loading curve of Z-Sd#lll-M Sorbent in Fixed-Bed Testing under GE Protocol.

The excellent performance die sorbent is shown in Figure ®hich shows the breakthrough
curves of hydrogen sulfide. Loadingee based on a 2G@ipm breakthrough. Even aftiiiteen
cycles, hydrogen sulfide stays low until just before breakthrough.
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Figure 2. Breakthrough curves of Z-S8rHI-M Sorbent in Fixed-Bed Testing under GE
Protocol.



An additional critical feature afhe sorbent was the attentigiven to dealing with the
methanation reaction that may occur on the nickel-promoted Bpthent whemynthesis gas
passes over it thérst time. An exotherm approaching 200°F dake place(2). However,
testing in the moving-bed pilot plant at the General Electric Corporate Research and Development
site in Schenectady, NeXork, (3) did not show such an exotherm, but it wdsemed desirable
to make sure that such a heat release would not be a problentamtimercial plant.Initial pilot
plant andlab tests atPhillips showed thausing a low absorptiotemperature would keethis
exotherm under control. Aexample of such ease is illustrated in the studyentioned above in
which z-Sor® 111-M sorbent was tested Byhillips in a fixed-bedinit. The sorbent wasulfided
in-situ at 500°F irthefirst cycle, andhere was no temperature rise in tbgtle andonly minor
temperature increases in subsequgutes at900°F. Note, too,that at 500°F, the sulfuoading
was 14 wt%. Secondly, since sulfur is a poison for the methanation reaction, werifilsdthat
presulfidingthe sorbent wouldninimize the methanation reactioriTable 2 illustrateshe results
that werefound for controlling the methanation reaction and, hence, the exothernexamaed
cases inwhich the sorbent wagresulfided ex-situ by treating with hydrogealfide atroom
temperature, incorporating a ful containing poison inthe preparation procedure, and
presulfiding usingtwo different proprietarycommercial techniques.The off-gas from a lab
reactor was sampled and analyzed using mass spectrometry during the first cycle absorption run at
900°F using a simulated fuel gas.

Table 2

Control of Methanation Reaction in Z-S&ll-M Sorbent

Method Methane, ppm Sulfur Capacity, wt%
No pretreatment 1100 >10
Sulfiding with H,S at room 20 >10
temperature
Incorporation of sulfur poison 5 >10
during preparation
Commercial method A 10 >10
Commercial method B 15 >10

It was judged not to be possible to sulfide the sorbent in-sémhbtent conditionsvhile it
was in the TECO reactor, so ar-situ presulfidingoute was chosen. In thitnal commercial
preparation, we let the manufacturers develop their proprietary procedymedudlfide the
sorbent, hence poisonirige methanation reaction. The reduoeethandevel translates into a
lower exotherm for the large quantities of sorbent used in a comnre@cbr. From thetime of
our initial discussions ofhe need t@resulfidethe sorbentntil the time of delivery toTECO of
the commercially presulfided material, only seven months had elapsed.

Z-Sorb® Sorbent for Sierra Pacific Power Company Pifion Pine Plant

Development of a fluid-bedorbent for the SierrRacific PowerCompany plantnitially
centered on thiessue offlexible operation, thats, ease of transportirthe sorbent in the reactor.
Once that matter had been settled, two additional characteristics evolved, namely attrition and low
regeneration temperature. The attrition had to be fine-tundthsproper transport control and



minimum make-up rate could be achieved. Regeneration temperature issisednecause it was
desired to initiatehe regeneration withouequiring additional heat input to raitiee sorbent
temperature. By comparison,n@oving-bedsorbent is heated at least 100°F in going from the
absorption zone to the regeneration zone. Because of the naturenoirkhhatwas required,

all testing was done at th&ellogg Technical Developmei@enter. However, we testseveral
formulations ofthe fluid-bed sorbent in @&ench scaleeactor,and the sulfur capacities tio of
these argyiven in Table 3. Formulation B the one chosen fdoading atthe Pifion Pine plant,
which provides an obvious advantage over the first fluid-bed formulation.

Table 3

Sulfur Capacities and Attrition Resistance of Fluid-bed Z-8dBorbent

Fluid-bed Sorbent Sulfur Capaciywt% Attrition Resistande %
Formulation A 12.8 91
Formulation B 18.0 99

aAverage sulfur capacity over 20 cycles
bMeasured in a 3-hole attrition tester (4)

FUTURE ACTIVITIES

We have earlienoted the adverseffect of steam regenerations lEigh temperatures
(1400°F) on Z-Sor® 11l sorbent (2). Phillips has undertaken an R&D program to develop
enhanced steam resistant sorbents. Bdneh scaléestresults of one newtuid-bed formulation
at atmospheric pressure and 1000°F temperature are shown in FigureaBtivityeof the new
sorbent and Z-Sorb®I sorbent are compared. It &vident from thigdata that thewew sorbent
does notshow any sulfur loading capacitioss when regenerated in air diluted with vi#%
steam at 1200°F. At 1400°F, however, there39%loss in capacitybut the reslual capacity
is still very high, estimated to be 16-17 wt% sulfur, in contrast to the Z83tirsorbent where a
similar treatment resulted in a capacity of only about 6 wt%.



Figure 3. Sulfur Loading of Fluid-Bed New Generation Sorbent; Regeneration: 5/8204%
H,0/50% N.

Figure 4 shows theeactivity of a 4 mm sphericalorbent at 900°F and 4 atm pressure.
The sulfidation feed contained 3.4%3%] 20% waterand thebalance C@N,. Regenerations
were conducted with a gas containing 4.6, 42.8, 52.4 vgl%\®and B0, respectively and at 4
atm pressure. The new sorbent again exhibited superior resistance to steam and sigtdied no
capacity loss in 1200°F steam regeneratiwhie Z-Sort® 111 sorbent lost anajor portion of its
capacity under the same conditions.
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Figure 4. Effect of Steam Regeneration on Sorbents; Absorption: 900°F, 4 atm, ;5420%
H,O/bal. CG-N,; Regeneration: dry - 4.6%,0stm - 4.6% ©/52.4% H,0.
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4. Attrition resistance measured using a procedure similar to that described in USP 4,010,116.



