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1. Executive Summary

In conjunction with shakedown, operation, and desulfurization
testing at the Morgantown Energy Technology Center (METC) 10"
Fluid Bed Gasification and Cleanup facility, a series of tests
was completed in cooperation with the Minnesota Mining and
Manufacturing Company (3M). This cooperative research and
development agreement (CRADA) between METC and 3M was to evaluate
exposure of 3M SICONEX™ fiber-reinforced ceramic and NEXTEL™ 312
and 550 ceramic fabric materials to a gasifying environment at
high temperatures (1000 - 1100°F) and high pressure (300 psia).

Minnesota Mining and Manufacturing Company (3M) provided two 60mm
I.D. x 0.5m SICONEX™ spools and one each of the NEXTEL™ 312 and
550 ceramic fabrics for exposure to coal gas from the METC
gasifier. METC installed the materials in a vessel existing in
the METC Cleanup Facility and provided process data in exchange
for ceramic filter and ash/char characterization. Details of the
CRADA are found in CRADA #94-024. This report contains METC's
contribution to CRADA #94-024.

Four gasifier runs were conducted over a five month period to
accumulate 483 hours of operation. During this time, 2 LayCer™
70/3 filters were used for filtering the coal gas while the
SICONEX™ and NEXTEL™ were exposed along side of the filters.
During one 89 hour test, one Laycer™ 70/3 candle was installed
with a 3M ceramic composite filter. The face velocity through
the candles was maintained nominally at 2.5 ft/min throughout the
testing.

Average operating conditions are as follows:

The approximate gas composition in mole percent was 15% H,,
10% CO, 49% N,, 12% H,0, 2.4% CH,, 11% CO,, 0.3% H,S, and 0.3% Ar.

Based on analysis of the condensables in the gas stream (stream
cooled to 34°F) the ammonia concentration was on the order of
2000 ppmw.

The average gas flow to the filter vessel was 123 1lb/hr.

The average of the filter inlet and outlet temperatures was
1063°F.

The average filter operating pressure was 294 psig.
The average candle purge pressure was 454 psig.

The average operating differential pressure was 5 psid.

The blow-back cycle for the filters was approximately once per
hour for a 100 - 200 msec duration.




Based on char recovery from the filter vessel, the average
loading of particulate in the coal gas was 0.028 1lb/hr (0.23)
gm/Nm3 . .

Online monitoring of particulate loading and sizes in the coal
gas fed to the filter vessel was conducted per availability of
the equipment.

Online particulate monitoring was conducted during specific
periods for each of the runs. Detailed loading and particle size
analysis is included in Appendix 1 of this report.

2. Objective

The purpose of this effort was to evaluate exposure of 3M
SICONEX™ fiber-reinforced ceramic and NEXTEL™ 312 and 550
ceramic fabric materials to a gasifying (reducing) environment at
temperatures of 1,000 - 1,100 °F, pressures between 300 and 350
psia (pounds per square inch absolute) and solids loadings
typical of the METC 10-inch diameter fluid bed gasifier.

3. Gasifier and Cleanup Facility Description

A simplified process flow diagram of the METC Integrated
Gasification and Cleanup Facility is shown in Figure 1 and a
summary of operating conditions is shown in Table 1. .

Coal ground to 14 X 60 mesh (1.41 mm to 0.250 mm) is
pneumatically conveyed into the bottom of a 3 stage, refractory-
lined gasifier along with steam, preheated air and a small amount
of nitrogen. Solids from the gasification process are
continuously withdrawn from the top and intermittently withdrawn
from the bottom of a 10 foot high, 10-inch diameter fluid bed.
Representative feed and residue solid particle sizes are shown in
Table 2. The product gases are processed through two cyclone
separators and heat traced to the inlet of a candle filter vessel
in an adjacent structure.

The gasifier operates at 425 psig (30 atm). The pressure is let
down to approximately 290 psig (20 atm) prior to the inlet of the
candle filter vessel. Downstream of the candle filter vessel,
the pressure is controlled to 285 psig (20 atm) in the
desulfurizer. The portion of the system upstream of the pressure
letdown valve is considered the gasification system and that
downstream is the cleanup system.

Located just upstream of the pressure letdown, a gas slip stream
is used for monitoring particulate specie. The particulate
system was used per availability throughout the experimental
testing of this CRADA (June 1994 - October 1994). Table 3 shows
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Table 1.

SUMMARY OF OPERATING CONDITIONS

FBG Filter Desulfurizer

Coal Feed Rate (Ib/hr) 70 — —
Particle Size Range <1400 <7 150 - 500
(microns)

| Air Flow Rate (Ib/hr) 150 — —
Steam Flow Rate 50 : —_— —
(Ib/hr)
Gas Throughput (Ib/hr) 290 123 123
Bed Velocity (ft/s) 0.3 25 0.5
Temperature (F) 1550 1100 1100
Pressure (psig) 425 295 285
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Tahle 2. Feed and Residue Solid Particle Size Distribution

Screen Analysis of Raw Coal Before Passing Through Feeder

Description: Montana Rosebud #7

Collection Time: 09/16/94 Sample No.: 94FBGOS-RC1

Report Received: 09/23/94 CH No.: 9410

Screen  Size,mesh - Avg. Cumulative Direct
Passing  Retained  micron di %wt xi, %wt  xil(di*100)
14 1410 15450 0.0 0.00 0.00E+00

14 16 1180  1300.0 3.92 3.92 3.02E-05
16 30 595 892.5 75.52 71.60 8.02E-04
30 50 297 446.0 97.42 21.90 4.91E-04
50 80 177 237.0 99.25 1.83 7.71E-05
80 100 149 163.0 99.40 0.16 9.63E-06
100 Pan 30 89.5 100.00 0.60 6.67E-05

Avg. Particle Size, microns  677.10

Screen Analysis of Raw Coal After Passing Through Feeder

Description: Montana #7 (Bituminous Coal) after feeder “A"
Collection Time: 11/04/94 Sample No.: 94FBG09-CFA3
Report Received: 11/18/94 ~ CH No.: 9484
Screen  Size,mesh Avg.  Cumulative Direct
Passing  Retained  micron di %wt xi, %wt  xif(di*100)
25 707 7740 15.89 15.89 2.05E-04
25 35 500 603.5 35.09 19.20 3.18E-04
35 45 354 427.0 45.55 10.46 2.45E-04
45 60 250 302.0 70.64 25.09 8.31E-04
60 80 177 213.5 79.36 8.72 4.09E-04
80 200 74 1255 92.13 1277 1.026-03
200  Pan 30 52.0 100.00 7.87 1.51E-03

| Avg. Particle Size, microns  220.30




(Cont'd) Tahle 2. Feed and Residue Solid Particle Size Distribution

Screen Analysis of Representative Char Sample of Overflow Solid (34FBG09)

Description: Overflow

Collection Time: 11/07/93 Sample No.: 94FBG09-0F29

Report Received: 12/06/93 CH No.: 8419

Screen  Size,mesh Avg.  Cumulative Direct
Passing  Retained  micron di Yowt xi, %owt  xil(di*100)
35 500 5475 16.61 16.61 3.03c-04

35 45 354 427.0 36.56 19.96 4.67€-04
45 60 250 302.0 58.55 2199 7.28E-04
60 80 177 2135 70.23 11.68 5.47E-04
80 170 88 1325 85.42 15.19  1.15E-03
170 325 44 66.0 91.69 6.28 9.51E-04

325 Pan 30 37.0 100.00 8.31 2.25E-03

Avg. Particle Size, microns  156.54

Screen Analysis of Representative Char Sample of Underflow Solid (34FBGQ9)

Description: Underflow

Collection Time: 09/16/94 Sample No.: 94FBGO0S-UF29

Report Received: 11121194 CH No.: 9441

Screen  Size,mesh Avg. Cumulative Direct
Passing  Retained  micron di %wt xi, %ewt  xil(di* 100}
14 1410 1545.0 5.1 5.12 3.31E-05

14 18 1000 1205.0 17.9 12.75 1.06E-04
18 25 707 853.5 33.2 15.29 1.79E-04
25 35 595 651.0 58.2 24.99 3.84E-04
35 45 354 4745 83.3 25.19 5.31E-04
45 60 250 302.0 94.8 11.48 3.80E-04
60 Pan 30 140.0 100.0 5.17 3.69E-04

Avg. Particle Size, microns  504.40




(Cont'd) Table 2. Feed and Residue Solid Particle Size Distribution

Screen Analysis of Representative Char Sample of Cyclone Solid {34FBG(9)

Description: Mixed Cyclone

Collection Time: 09/16/94 Sample No.: 94FBGQ9-PSC6

Report Received: 11121/94 CH No.: 9464

Screen  Size,mesh Avg.  Cumulative Direct
Passing  Retained  micron di %wt xi, owt  xil(di*100)
170 88 96.5 11.98 11.98 1.24E-03

170 200 74 81.0 28.81 16.83 2.08E-03
200 230 63 68.5 56.87 28.06 4.10E-03
230 270 53 58.0 75.27 18.40 3.17E-03
270 325 44 48.5 86.85 11.57 2.39E-03
325 400 37 40.5 97.61 10.77  2.66E-03

400 Pan 30 33.5 100.00 239 7.13t-04

Avg. Particle Size, microns 61.18




Table 3.

ONLINE PARTICALATE AND ALKALI MONITORING PERIODS

RUN DATE TIME PERIOD SYSTEM
(hh:mm:ss)
7 06/14/94 00:17:44 - 09:11:13
8 07/20/94 00:47:29 - 07:23:49
07/21/94 18:09:09 - 00:12:19
07/22/94 00:13:49 - 23:07:35
9 09/13/94 09:51:47 - 17:46:48 P
09/15/94 04:58:42 - 11:38:03 _
09/15-16/94 20:20:09 - 05:19:38 -
10 10/26/94 09:30:00 - 19:30:00 P
P - Particalate

10




the time and dates when the particulate monitoring system was
operational throughout the CRADA test campaign.

Instantaneous gas grab samples and accumulated liquid and solid
samples upstream of the candle filter vessel and down stream of
the desulfurizer were also obtained periodically throughout the
test campaign. The sampling intervals varied from hourly to
every four hours and results were normally averaged over 12 hour
steady state periods.

Table 4 gives the analyses of the feed coal used during the test
campaign. Montana #6 and #7 is subbituminous coal from the
Rosebud seam.. The numbers (6,7) denote shipments that have been
received at different times. Montana #6 was used for 340 hours
of the testing. Montana #6 was used in runs 7, 8, and during two
16 hour test period in runs 9 and 10. Montana #7 was used for
129 hours in runs 9 and 10. Coke breeze and Illinois #6 were
each used for 7 hours in run 9.




Table 4. Analysis of Feed Solids Used in FBG Tests
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METC Lab # 042885 044128 043023 045335 044921 045336 )} 044920
Solids: Coke Breeze| Montana #6] Montana #6] CI/M#6 |Montana #7|Montana #7] lllinois #6
Used in Test Run: -09 07 to -08 -09 -10 -09 10 09
Ultimate Analysis, %wt: (For DCR test only)
Moisture 0.46 6.38 3.48 5.5 7.35 6.06 3.38
Carbon 85.84 64.54 61.92 63.77 63.38 63.74 73.39
Hydrogen 1.22 4.4 461 4.85 4.52 4.47 36
Nitrogen 1.01 0.97 0.98 0.69 0.88 0.76 1.26
Sulfur 0.78} . 0.86 2.92 1.77 1.03 112 1.98
Oxygen (by diff.) 2.14 16.56 15.77 14.31 16.23 16.42 11.1
Ash* 8.55 6.29 10.32 9.07 6.62 7.43 5.29
Proximate Analysis %wt:
Volatile Matter 3.28 41.94 40.54 40.68 40.54 39.73 26.34
Fixed Carbon (by diff.) 87.71 44.1 45.66 44.705 45.495 46.78 64.99
GCV, MJ/kg 28.59 25.38 2495 24,85 25.25 25.41 28.53
Btu/lb 12316 10935 10750 10705 10879 10948 12294
Mineral Carbon, %wt 0.06 0.14 0.14 0.09 0.11 0.14 0.04
Chloride, ppmw NA 8 <10 4500 <10 38 77
Ash Analysis, %wt of Ash
AIR03 NA 24.35 NA NA 15.63 NA 17.79
Ca0 NA 21.3 NA NA 17.32 NA 3.14
Fe203 NA 6.58 NA NA 8.28 NA 11.74
K20 NA 0.36 NA NA 0.13 NA 1.5
MgO NA 4.74 NA NA 4.75 NA 0.92
MnO NA 0.08 NA NA 0.14 NA 0
P205 NA| 1.31 NA NA 0.41 NA 0.12
Sio2 NA 3228 NA NA 27.24 NA 39.1
TiO2 NA 1.31 NA NA 0.59 NA 0.24
Others NA 7.69 NA NA 25.51 NA 25.45
Density, kg/l
Helium 1.86 1.55 1.58 1.5 1.43 1.44 1.55
Skeletal by Hg 1.87 1.5 1.47 1.543 1.49 1.4967 1.52
Bulk (packed in air) 0.443 NA 0.6411 NA 0.4973 NA 0.681
Pore Volume, kg .
by N2 Adsorption 0.0017 0.0294 NA 0.01213 0.013 0.01145 0.006
by N2 Desorption 0.0021 NA NA 0.01318 0.0138 0.0124 0.00645
by Hg Intrusion (Cum.) 0.23 0.16 0.1639 0.2278 0.31 0.1558 0.48
BET Surface Area, m2/kg 2000 2855 NA 3167 2843 2558 1728
Ash Fusion Temp., oF:
IDHT 2420/2520f 2100/2200] 2080/2140f 2080/2120§ 2180/2240f 2060/2100} 2140/2220
STIFT 2440/2580) 2160/2220} 2100/2200} 2100/2140} 2220/22607 2080/2120] 2180/2380
Coke F.S.1. 0 0 0 NA 0 NA 1
Particle Size (Mean), um NA NA NA NA 220.3 NA 426
Note: All %wt are on As-Received basis except specified otherwise. *corrected for SO3 formed in ash during analysis.




4. Gasifier and Cleanup Facility Operation

A. Test Run 94FBG/MGCO07

Test run 94FBG/MGC07 was conducted from June 6, 1994, through
June 15, 1994, (6/6/94 (00:00) to 6/15/94 (24:00)).

a. Test Objective

The objective of this run was to attain 170 hours of steady state
operation of the integrated gasifier and hot gas cleanup facility
to accumulate additional hours on the C34 and C36 candles,
initiate exposure testing of 3 materials supplied by 3M
(SICONEX™, NEXTEL™ 312 and NEXTEL™ 550), and to test a fixed bed
of desulfurization sorbent prepared by researchers at METC

(METC #2).

b. Run Highlights

Below is a bulletized listing of the run highlights. Appendix 2
contains a detailed chronology of significant run events.

. 119 hours of integrated steady-state operation was attained
during 3 steady state periods.

. The longest continuous, steady-state gasification period was
89 hours.

. The sulfur breakthrough curve (hydrogen sulfide level at the
outlet of the desulfurizer versus time) for METC #2 was
obtained.

. Approximately 9 hours of online particulate monitoring of

the coal gas entering F-100 was attained.

. The fluctuations in flow to vessel F-100 were greatly
reduced from previous runs when the pneumatics of the
control valve upstream of that vessel were replaced.

13
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B. Test Run 94FBG/MGC0S8

Test run 94FBG/MGCO08 was conducted from July 18, 1994, through
July 27, 1994, (7/18/94 (00:00) to 7/27/94 (24:00)).

a. Test Objective

The objective of this run was to attain 200 hours of steady state
operation of the integrated gasifier and hot gas cleanup facility
"to accumulate additional hours on the C34, C36 candles and 3M
materials (SICONEX™, NEXTEL™ 312 and NEXTEL™ 550), test a fixed
bed of desulfurization sorbent prepared by researchers at METC
(METC #2), and to initiate a slip stream test to determine the
ability of nahcolite to remove chloride from the coal gas stream.

b. Run Highlights

Below is a bulletized listing of the run highlights. Appendix 2
contains a detailed chronology of significant run events.

. 191 hours of integrated steady-state operation was attained
during 3 steady state periods.

. The longest continuous, steady-state gasification period was
132.6 hours.

. The sulfur breakthrough curve (hydrogen sulfide level at the
outlet of the desulfurizer versus time) for METC #2 was
obtained.

. Approximately 40 hours of online particulate monitoring of

the coal gas entering F-100 was attained.

. A slip stream test of a nahcolite sorbent bed for removal of
chloride from the coal gas was completed. (CaCl was used
added to the feed coal to give a level of 1000 ppm of Cl in
the feed coal.)
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C. Test Run 94FBG/MGC09

Test run 94FBG/MGC09 was conducted from September 12, 1994,
through September 16, 1994, (9/12/94 (00:00) to 9/16/94 (24:00)).

a. Test Objective

The objective of this run was to attain 90 hours of steady state
operation of the integrated gasifier and hot gas cleanup facility
to accumulate additional hours on the C34, C36 candles and 3M
materials (SICONEX™, NEXTEL™ 312 and NEXTEL™ 550), test a fluid
bed of desulfurization sorbent prepared by Contract Materials
Processing (CMP) for RTI (Zt-4L), to perform a slip stream test
to determine the ability of nahcolite to remove chloride from the
coal gas stream, to initiate testing of the Direct Sulfur
Recovery Process (patented by RTI and METC) using a slip stream
of filtered hot coal gas, and to begin parametric testing of the
gasifier by making slight adjustments to gasifier inputs.

b. Run Highlights

Below is a bulletized listing of the run highlights. Appendix 2
contains a detailed chronology of significant run events.

. 85 hours of integrated steady-state operation was attained
during 10 steady state periods.

. The sulfur breakthrough curve (hydrogen sulfide level at the
outlet of the desulfurizer versus time) for ZT-4L was
obtained.

. Approximately 23 hours of online particulate monitoring of

the coal gas entering F-100 was attained.

. A slip stream test of a nahcolite sorbent bed for removal of
chloride from the coal gas was completed. (CaCl was used
added to the feed coal to give a level of 1000 ppm of Cl in
the feed coal.) '

. 2 integrated DSRP tests and 2 cycles of sorbent testing were
completed.
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D. Test Run 94FBG/MGCO010

Test run 94FBG/MGC010 was conducted from October 24, 1994,
through October 28, 1994, (10/24/94 (00:00) to 10/28/94 (24:00)).

a. Test Objective

The objective of this run was to attain 200 hours of steady state
operation of the integrated gasifier and hot gas cleanup facility
to accumulate additional hours on the C34 candle, 3M materials
(SICONEX™, NEXTEL™ 312 and NEXTEL™ 550), to initiate filter
testing of a ceramic composite candle, test a fluid bed of
desulfurization sorbent prepared by Contract Materials Processing
(cMP) for RTI (Zt-4L), to perform a slip stream test to expose a
COS hydrolysis catalyst to a coal gas stream, to perform a test
of the Direct Sulfur Recovery Process (patented by RTI and METC)
using a slip stream of filtered hot coal gas, and to continue
parametric testing of the gasifier by making slight adjustments
to gasifier inputs.

b. Run Highlights

Below is a bulletized listing of the run highlights. Appendix 2
contains a detailed chronology of significant run events.

. 89 hours of integrated steady-state operation was attained
during 11 steady state periods.

. The sulfur breakthrough curve (hydrogen sulfide level at the
outlet of the desulfurizer versus time) for ZT-4L was
obtained.

. Approximately 10 hours of online particulate monitoring of

the coal gas entering F-100 was attained.

. A slip stream test of a COS hydrolysis bed was completed.
(CaCl was used added to the feed coal to give a level of
1000 ppm of Cl in the feed coal.)

. 2 integrated DSRP tests and 18 hours of simulated SO, DSRP
testing were completed.

. The run was shortened by 5 days when an overheated pipe
buckled and could not be repaired in time to continue the
run on the planned schedule.
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