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5.1.10-13 System Temperatures Downstream of PCDfor November 14 Through November 17,1996
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5,1.10.1902, S02, and NOXAnalyzers for November 14 Through November 17,1996
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5.1.10-22 FD0206 Pressure Profiles for November 14 Through November 17,1996
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5.1.10.25 FD0530 Feeder for November 14 Through November 17,1996
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5.1.11 Disengage Performance Tests

5.1.11.1 Background

During the October 1996 test run CCT2A, a high level of solids carryover from the
reactor loop was observed when the system began operatingwith silicasand as start-upbed
material. The geometric mean size of the sandwas approximately 290 pm, with the top
and bottom sizes of 500 and 45 pm, respectively. The solids separationsystem installedon
the M. W. Kellogg Company (MWK) transport trainwas designedto separateash and char
with geometric mean sizes of lessthan 60 and 100 microns, respectively, with overall
collection efficiencies of 99.96 percent with ash and 99.95 percent with char. Analysis of
the test data collected indicated that the overall collection efficiency achieved ranged from
87 to 99.4 percent. The low collection efficiency resultedin greaterthan desired dust
loading to the particulatecontrol device (PCD). The excessiveloss of solids from the
reactor loop required frequent makeup of bed materialto maintaina reasonablelevel of
solids circulation in the reactor to permit the reactor to be operated at a lower than desired
coal throughput.

A technical meeting held at Wilsonville on November 15, 1996, which was attended by
representativesfrom GEESI (the cyclone system designer),MWK, SCS, and DOE who
reviewed the performance of the solids separationsystem. It also provided an opportunity
for GEESI to witness first hand the solids carryover from the reactor loop. At the
meeting, the performance of the disengage was suspectedto be the causeof the excessive
solids carryover. It was speculatedthat difficultiesof separatedsolids draining out of the
disengage cone (cone angleof 8° to vertical) resultedin solids reentrainmentout of the
disengage. The design of the disengage was also discussed.

From operations to date, it was clearthat solids carryover from the reactor loop increased
whenever the solids circulation rate increasedbeyond a certainthreshold, and it did not
seem to be influenced very much by gasvelocity. Also solids carryover at high-solids
loading to the disengage did not seem to be affectedby the particle size distribution. The
material escaping the cyclone had geometric mean size comparable with the feed. The
high solids loss asthe standpipe solids level builds up does not permit filling the standpipe
to the desired operating level. The excessivesolids carryover makes it difficult to maintain
the bed level in standpipeand more importantly it overwhelms the solids dischargesystem
under the PCD, causingsolids to accumulatein the PCD cone.

It was agreed at the meeting that GEESI would perform solids flowability test on the start-
up bed material and that a test would be conducted atWilsonville to characterizethe
performance of the disengage at high solids circulation ratesapproaching the design solids
circulation rate of 250,000 lb/hr (combustion mode), at approximately 25 to 35 ft/s riser
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superficial gasvelocity, ambient temperature (-200 to 300°F), and at 60 psig reactor
pressure. To accomplish this, the dipleg of the primary cyclone was isolated from the
solids traffic by insertinga plug inside the dipleg. This temporary modification essentially
eliminated the primary cyclone from the circuit to test the performance of the disengage
without interaction with the cyclone dipleg perturbations. The test was identified as
CCT3A.

5.1.11.2 Disengage Performance Tests CCT3A

The disengage efficiency testswere performed on December, 12, 1996, using silica sand
with a geometric mean diameterof approximately 400 pm. The riser velocity and solids
loading to the disengage were varied to investigatetheir effect on disengage operation.
The reactor was operated at approximately 60 psig and nominal 200”F. Sandwas
continuously fed into the reactor during the test except during the lastperiod of testing
when sand was not fed. Solid sampleswere taken from the reactor and the discharge of
the PCD to representthe size distribution exiting the disengage. The PCD solids at the
end of each test run period were transferredto the ashsilo and a solid samplewas taken
for analysis. The amount of materiallost to the PCD was estimatedfrom the transferbin
weigh cell differentials. The particle size distribution at the inlet to the disengage was
calculated from the standpipe and PCD solid flow ratesand their size distributions. The
averagetest operating conditions arepresented in table 5.1.11A-1. The averagesolids
circulation ratewas calculatedby assuminga gas-solidslip factor of 2. The particle size
distribution was relatively finer at the beginning of the test.

Except for test period 3, the HX0203 vent valve (PDV384) was 100-percentopen. During
period 3, HX0203 vent valve was closed to prevent gasentrainedfrom the disengage with
the particles from bypassing through the HX0203 vent into the primary cyclone. The
resultsfrom test period 3 will indicate whether this type of gasbypassing affectsthe
disengage efficiency.

Experimental Findings

During the test, makeup sandwas added intermittently into the reactor. The amount of
sand fed and the averagefeed rateduring the periods analyzed arepresented in table
5.1.11A-2. Using the solids circulation rate and the solids collected by the PCD, the
averagedisengage efficiency was estimated. The resultsare presented in table 5.I. 11A-3.

/

From the particle size distribution of the circulatingsolids and the solids captured by the
PCD (using ash silo solids size distribution), the gradeefficiencies were calculatedfor each
period.

5.1.11-2
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The grade efficiencies for all test periods (except for period 4) were plotted asa function of
particle size distribution asshown in figure 5.1.11A-1. The disengage cut diameterswere
read from figure 5.1.11A-1 and the resultsarepresentedin table 5.1.11A-3. The disengage
grade efficiency curve was replotted using the normalized particle size as shown in figure
5.1.11A-2.

The following general conclusions can be drawn from the test results:

A. The disengage efficiency is lower than expected for the coarser particle size
distribution used for this test.

B. Within the operational range of aeration/fluidization flow through HX0203,
closing off PDV384 does not appearto affect the disengage performance.

C. The disengage appearsto be more efficient at low riser superficialvelocity at
lower circulation rates.

D. Comparing resultsfrom test periods 1 and 5, it appearsthat the disengage
efficiency is not very sensitiveto solids loading. However, comparison of test
period 2 and test period 5 dataindicatessome dependency of disengage efficiency
on inlet solids loading.

E. The performance of the disengage during this test does not appear to be
significantly different from its performance during previous test runs.

5.1.11.3 Cold Flow Testing of Disengage at GEESI(CCT3B)

From February 6 to 7, 1997, a full-scalecold-flow model of the disengage constructed
from sheet metal with a Plexiglastop was tested at the GEESI facilities located in Lebanon,
Penn. Representativesfrom GEESI, SCS, and MWK conducted the testing. The objective
of the test was to characterizethe efficiency of the disengage with sand, and to understand
and identify the causeof the low solids separationefficiencies at the PSDF. Prior to the
test, performance of the disengage was suspectedasthe causeof the dust carryover.

A schematic drawing of the experimental setup is shown in figure 5.1.llB-1. The test solid
was silica sand from the PSDF with size distribution asshown in figure 5.1.1lB-2. A
screw feeder with maximum feed rateof -350 lb/rein was used to feed the solids into the
disengage. An induction fan was used to convey the solids through the disengage and the
secondary cyclone. The solids separatedin the disengage and cyclone were collected in
55-gallon drums. The capacity of the drum under the disengage limited the duration of
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the test. If the disengage collected all the solids, it would hold approximately 700 to 800
lb of solids corresponding to a maximum test duration of 2.3 minutes.

Prior to February 2, 1997, GEESI completed a trial test (test1). Samplesfrom this test
were sent to SCS for particle size distribution determination. The resultsare shown in
figure 5.1.llB-2.

Discussions were held with GEESI regardingthe possibility of increasingthe feed rate into
the disengage by either modifiing the feeder motor-gear arrangement(which was later
found to be impossible) or renting another feeder with a higher feed rate. The blower had
enough capacity to allow the velocity through the disengage to be increasedfrom 26 ft/s
to 45 ft/s. In addition to sand, fly ashwas also run through the disengage. Being of a
lower density than sand, the maximum fly ashfeed rate obtained was approximately a
third of that of sand. Between February 6 and 7, 1997, nine test runs were completed.
The resultsof the tests, including test 1, are summarized in table 5.1.1lB-1. In test 2, two
buckets of sand (each bucket containing -5o lb of sand)were manually dumped direaly
into the disengage through the funnel while the screw was running at maximum speed.
In test 4, the screw feeder was shut off and buckets of sandwere manually dumped into the
disengage in an attempt to increasethe feed rate and also simulateslugsof solids entering
the disengage. In test 5, the screw was not run. The solids were fed directly from the
spout dumped from the bottom of the supersack. This run simulateda very high feed rate
into the disengage. This test lastedfor only 6.5 seconds. In tests7 and 8, fly ashwas used
instead of sand.

The collection efficiencies are plotted in figure 5.1.llB-3 asa function of solid/gas weight
ratio. Also included on the graph are datafrom the December 1996test of the PSDF
disengage with the cyclone dipleg blocked and test data from November 1996 operation
of the PSDF transport reactor with the primary cyclone functional (dipleg not blocked
off) .

It appearsfrom figure 5.1.llB-3 that the performance of the disengage during the cold
flow tests at GEESI is similar to what had been observed during the PSDF disengage tests
in December 1996. The datafrom the November 1996 test suggestsstrongly that the
primary cyclone was not capturing solids since the disengage efficiency seemed to follow
the same trend asthe cold flow results. During all test campaignsat PSDF the cyclone
dipleg was not sealedwith solids in the standpipe. However, it is possible that gaswas
bypassing up through the dipleg into the cyclone causingthe cyclone’s efficiency to be
penalized. It is also plausible that a hole (or gap) might have developed in the roof of the
cyclone allowing gasand solids to bypass the gasoutlet tube. Either of these scenarios
would be consistent with the low-cyclone-pressure drop observed during the PSDF test
runs.
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The collection efficiency of the disengage with fly ash is significantly lower than with
sand. Basedon the fly ashand sand data, it could be speculatedthat the actual disengage
efficiency with char and transport reactor ashmay be significantly lower than the design
values of 97.6 and 96.4 percent for combustion and gasificationoperations, respectively.

From the resultsof the disengage tests,the following recommendations and
implementations were made:

A.

B.

c.

D.

E.

Review the cyclone trend datafrom previous testsand compare the cyclone
differential pressureswith those of the December 1996testswhen the cyclone
dipleg was blocked off. Trending should include cyclone dipleg temperature
profile displayedwith differentialpressure.

This was done and there was no evidence of significantgasbypass up the cyclone
dipleg.

Provide GEESI with an alternatetest materialwith properties close to the ash
and char to be generatedfrom the PSDF transport reactor for testing.

Plans were drawn to test coke breeze at a laterdate.

Inspect the roof of the cyclone for cracks or holes that could provide a bypass
path, especially around the gasoutlet tube. It is possible that a dye test would be
required to detect cracks that could sealwhen the unit is cold and open when the
cyclone is heatedup.

Borescope inspection of the gasoutlet pipe did not reveal any gross defects.

Conduct test at PSDF, with the cyclone dipleg sealedwith solids, to investigate
possible cyclone inefficiency causedby standpipedisengage gasventing up the
cyclone dipleg. This test may require manually filling the dipleg.

Review datawith GEESI and determine options availableand action to take.

Modifications to cyclone gasinlet and outlet were suggestedby GEESI. Cyclone inlet
modifications (restriction of cross sectional areaand changefrom a circular to a rectangular
cross section) were carried out. Planswere made to move the disengage cold-flow model
from GEESI to Wilsonville. This decision was made becausemore tests could be needed
and since the disengage performance is expected to be very different in gasification than in
combustion.
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Table 5.1.11 A-1

Average Test Conditions

Average Average Solids Average Average Average Riser

Riser Velo., Circ. Rate, Disengage Cyclone DP, Exit Temp. Average Reactor
Test No. ftls Iblhr DP, inHzO in H20 (T1355), ‘F Pressure, psig

1 36 4,148 2.2 4.0 208 59

2 37 4,027 2.5 4.2 218 62

3 38 9,539 2.8 6.7 216 61

4 28 42,888 3.1 2.5 191 61

5 37 72,325 8.4 6.4 202 62

Table 5.1.1 1A-2

Sand Makeup Into Reactor

Duration of Total Sand Average Feed Rate,
Test No. External Feeding Fed, lb Iblhr

1 10:53 to 11:40 1,171 1,731

2 1247 to 1435 1,175 1,438

3 1440 to 15:39 2,059 2,094

4 15:50 to 16:40 3,214 3,857

5 No External Feeding o 0

Table 5.1.1 IA-3

Summary of Results

Average

Riser Average Average Solids Loss
Test Velocity, Solids Circ. Rate From
No. Period Analyzed ftls Rate, Iblhr Disengage Ib/hr

1 10:37 to 11:40 36 4,148 213

2 1239 to 1435 37 4,027 556

3* 1440 to 15:39 38 9,539 1,478

4 15:50 to 16:40 28 42,888 112

5“ 17:20 to 18:05 37 72,325 5,032

* Only one PCD dump cycle was observed in approximately 1 hour.
● * With HX0203 solids circulation. “‘
# PDV384 was closed.
NIA Not estimated.

Estimated Disengage

Disengage Efficiency

Cut Diameter, pm Percent

72 94.5
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