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FOSSIL ENERGY PROGRAM PROGRESS REPORT FOR JANUARY 1978

ABSTRACT

This report — the forty second of a series — is a compendium
of monthly progress reports for the ORNL research and development
programs that are in support of the increased utilization of coal
and other fossil fuel alternatives to oil and gas as sources of
clean energy. The projects reported this month include those for
coal conversion process development, materials engineering,
alkali metal vapor topping cycles, a coal equipment test program,
an AFB coal combustor for cogeneration (CCC), engineering and
support studies, process and program assistance, environmental
assessment studies, magnetic beneficiation, and AFBC demonstra-

- tion plant.

1. Summary

L. E. McNeese
Highlights of our progress in January are as follows:

® Hydrocarbonization run HC-25 was completed using Wyodak coal at
a lower system pressure (150 psig) than used in previous runs to obtain
information on the effect of pressure on yields. The run proceeded
smoothly with no interruption of feed or other difficulties. Material
balance and oil yield data for run HC-24, which was made using Illinois
No. 6 coal that had been treated with Na,COj3, were completed.

® Tn support of in situ gasification, block pyrolysis experiments
BP-42 and -43 were conducted at 0.3°C/min reaching surface temperatures
of 900 and 1000°C, respectively. These experiments are a continuation
of a series of bituminous coal block pyrolysis experiments using Hj
reactotr putrge gas.

® The toughness of 2 1/4 Cr-1 Mo in thick sections suitable for
large coal conversion systems is being explored in our pressure vessel
and piping materials work for material in the as-fabricated condition.

Preparation of a facility for environmental exposure of materials is
underway. ' '

® Fquipment modification for plasma spraying of CoCrAlY have been
completed in our coatings inspection program. We are debugging the modi-
fied reflection-coil computer program for eddy current testing; our
through-transmission computer program operates satisfactorily. We made
two tensile crack specimens from the metallic-coated ANL (C5) specimen
as an interim measure until CoCrAlY specimens became available. Closeout




work on two cermet penetrant specimens was also performed. Construction
of the scanning thermometric probe for unbond detection in CoCrAlY coated
specimens has begun.

® Tn our welding and cladding program, a range of welding parameters
has been found for depositing type 320 Cb stainless steel on carbon steel
clad with Inconel 82 that produces no cracking on the finished surface.
Some internal fissuring was found metallographically; the extent of inter-
nal fissuring appears to be related to the amount of nickel dilution in
successive passes. We are making deposits on 2 1/4 Cr-1 Mo substrate
material. :

© The corrosion data from our fireside conversion tests for types
304, 316, and 310 stainlcss steel, Alloy 600, and Alloy 800 exposed to
the Fluidyne atmospheric fluidized bed combustor for 500 hr and 1500 hr
are summarized in this report. High-temperature specimens for a 3000 hr
run have been prepared.

© A failure analysis of heat exchanger tubes from the Morgantown
Energy Research Center fluidized bed combustor and progress in examining
corrosion surveillance coupons from the Wilsonville, Alabama, solvent
refined coal plant are reported. :

© 1In the gas—fired potassium boiler experiment, about 5 hr of stable
boiling operation was obtained at power levels up to about 3.5 X 108 Btu/hr.

© In the Coal Equipment Test Program, evaluation of potential equip-
ment test sites 1s continuing. A comprehensive coal handling and feeding
equipment testing/development program is being prepared by JPL, ORNL,
MERC & PERC.. A program plan is being prepared for the survey of industrial
capability for coal handling equipment, a new program-initiated in January.

® The request for proposal and the performance specifications await
final approval from DOE-FE in our AFB Coal Combustor for Cogeneration
program. Metallographic examination of samples from three tubes that
had a total exposure time of 1500 hr has been completed.

® Editing continued on the Process Modeling project of the physical
properties and material balance routines for compilation on the Fortran
compiler. A meeting was held with DOE, Purdue University, and Lehigh
University representatives on January 25 to review the status of the
Project.

® A meeting was held on January 12 with the DOE Project Manager
to discuss reports for a number of engineering support projects including:
hot gas purification processes; heat recovery processes; moving bed
process for contaminant removal; hydrogen process and flash hydropyrolysis.

® An evaluation was initiated of an in-situ facility for producing
methanol which would then be converted to gasoline via the Mobil-M process.
An effort was also initiated to develop a computer model for the HYGAS
gasifier.
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©® The Fossil Energy Environmental Project team reviewed the

December 20, 1977 Draft Statement of Work for the Memphis Fuel Gas
Demonstration Plant. '

® The date for issuing the Program Opportunity Notice for the
Atmospheric Fluidized Bed Combustion Demonstration Plant has been delayed
in order for DOE to assess the impact of the proposed Environmental Pro-

tection Agency requirements on the economic potential of AFBC utility-size
plants.



2. COAL CONVERSION PROCESS DEVELOPMENT
H. D. Cochran, Jr.

Coal conversion process development activities are carried out in
the Chemical Technology Division. This section discusses hydrocarbon-
ization studies in a 20-atm bench-scale facility, and engineering support
studies for in situ gasification.

2.1 Hydrocarbonization Research

E. L. Youngblood, J. Beams, and .J. C. Rose

2.1.1 Benc¢h-Scale Hydrocarbonization

Work accomplished. In January we made run HC-25 using Wyodak coal.
The run was made at a lower. system pressure (150 psig) than used in
previous runs to obtain information on the effect of pressure on yields.
The run was very smooth with no interruption of feed or other difficul-
ties. Material balance and oil yield data for run HC-24, which was made
using Illinois No. 6 coal that was treated with NayCO3, are presented in
this report.

The hydrogen flow rates for run HC-25 were reduced to give the same
superficial velocity through the reactor and transport line as was used
in the two previous runs. In preparation for the run we checked the
calibration of the flow meters at the lower operating pressure. The
total hydrogen flow rate for the run was 10.8 scfm with 8.2 scfm going
to the downcomer and 2.6 scfm to the coal transport line. The reactor
temperature was 1060°F and the temperature at the top of the draft tube
was 1040°F throughout the run. The run duration was 9 hr and 58 min
during which time 109.4 1lbs of coal was fed giving an average feed rate
of 11 1bs of coal per hour. After startup the system operated at steady
state conditions during the remainder of the run. The. temperature, gas
effluent rate and composition, and other conditions were essentially
constant. An additional filter added to the cold trap prior to the run
prevented tars from reaching the pressure control valve and resulted in
less fluctuation in the effluent gas rate during the run. Also, the
small amount of fines in the feed (8.3% — 170 mesh) may have contributed
to the smoother operation of the coal feeder. The particle size distri-
bution of the coal feed and char for runs HC-23, HC-24, and HC-25 are
chown in Table 2.1. Qperatlun of the feeder was very good in run HC-24
and HC-25, but in run HC-23 the feed rate was lower than expected,
probably because of the large amount of fines present. As shown in
Table 2.1 the char from each run contained a higher percentage of smaller
particles than the feed material.

After the completion of the run, the o0il, char, and scrubber water
were removed for sampling and analysis. An appreciable amount of oil and
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Table 2.1. Particle size of feed and char from
Runs HC-23, HC-24, and HC-25

a b -C
Mesh HC-23 HC-24 . ' HC-25
size Feed Char Feed Char Feed Char
+ 45% 4.5 1.0 0.3 3.5 1.1 1.2

- 45 + 60% 18.2 3.9 24.6 17.3 28.7 8.2
- 60 + 80% 22.8 17.9 28.9 27.1 26.4 26.1
- 80 +120% 22.9 30.5 28.1 29.0 23.6 28.3
-120 +140% 7.0 - 9.1 4.4 4.7 5.7 7.0
-140 +170% 9.4 15.1 6.8 8.4 6.1 10.6
-170 15.2 22.3 6.8 9.9 8.3 18.6
Mean diameter (in.) 0.0053 0.0043 0.0063 0.0058 0.0062 0.0048

“9111inois No. 6 coal treated with CaO-NaOH.

bIllinois No. 6 coal treated with NayCOj.

GWyodak coal.

tar was obtained. The system appeared to be in good condition following
the run with the exception that the off-gas line from the reactor to the
scrubber had a deposit of char and tar that almost blocked the line at
the inlet to the scrubber. This deposit occurred at a cold spot where
the off-gas enters the scrubber and has also been present after some of
the previous runs.

Analytical data have been received for run HC-24 which used Illinois
No. 6 coal that had been treated with sodium carbonate as feed. The oil
yield for run HC-24 was 24% (based on maf coal). This yield is higher
than the maximum yield (21%) achieved with runs using Wyodak coal and
considerably higher than the yield of 147 obtained in run HC-23 using
Illinois No. 6 coal that had been treated with CaO-NaOH.

A material balance and summary of the experimental conditions for run
HC-24 are given in Tables 2.2 and 2.3. The properties and composition of
the oil from run HC-24 that had been centrifuged to remove most of the
char and water are shown in Table 2.4. For comparison purposes the pro-
perties and composition of o0il from run HC-12 made with Wyodak coal are
included in the table. The viscosity of the oil produced in run HC-24
(120 cs) is somewhat higher than that for run HC-12 (18.4 cs). The
composition of the two o0ils are similar to the oil from HC-24 containing
more sulfur and the oil from HC-12 containing more oxygen probably because
of the higher content of these elements in the teed materials. Simulated
boiling point curves for the product from the two runs, shown in Fig. 2.1,
are not greatly different. The oil from run HC-24 will be further analyzed
by the Gel Partition method to determine the major constituents present.



Table 2.2. Preliminary material balance for Experiment HC-24
Averzge bed temperature: 1060°F
Total pressure: 300 psig
Mass Carbor Ash Sulfur Percznt of Percent of Percent of
(g) fracticn fraction fraction carbon fed ash fed sulfur fed

Input

(1) Coal 33,140 0.652 0.168 0.0335 90.2 93.1 98.1

(2) Starter bed 2,890 0.814 0.142 0.0076 9.8 6.9 1.9

(3) Scrubber watar 22,350 0.0 0.0 0.0
Output

(4) Char remcved 19,387 0.714 0.277 0.0225 57.7 89.8 38.5

(5) Scrubber top phase 785 0.865 0.058 0.012 2.8 0.8 0.8

(6) Scrubber middle :

Jaqueous) phese 23,800 7.008 0.0003 J.0025 0.8 0.1 5.3

(7) Scrubber bottom phase 2,932 3.547 0.062 J.012 6.7 3.0 3.1

(8) Cold trap liquid phase 222 3. 449 0.0022 1.0085 0.4 - 0.2

(9) Charcoal trap light oil 806 J.8 - - 2.7 - -
(10) Solvent residue

{scrubber) 2,929 J.952 0.0836 D,.0152 11.5 4.1 4.2
(11) Solvent residue cold trap 825 D.984 0.008 0.011 3.4 0.1 0.8
(12) Water in solvent rinses 1,603 - — - - - -_
(13) Gases 3,591  0.63 -- -~ 9.4 — 47.19
Overzll balancss, percent 97 95.5 97.9 100

%Calculated by difference.



Table 2.3. Summary of Experiment HC-24 conditions and

preliminary material balances

Experiment HC-24
Bed temperature, °F 1060
Reactor pressure, psig a 300
Estimated solids residence time in the reactor, min 46
Period at steady state, hr 7.7
Coal feed (NayCOj3 treated Illinois No. 6 coal)
Moisture content, wt% 4.2
As-received feed rate, 1lb/hr 9.5
Moisture-and-ash-free feed rate, 1b/hr 7.5
Time of feeding, hr 7.7
Hydrogen flow rates, scfm
Total hydrogen feed 20
Coal transport tube 5.0
Draft tube nozzle 0.9
Through distributor plate 14.1
Hy/coal feed ratio
1b Hy/1b coal (maf) 0.83
scf Hp/1b coal (maf) 160
H, consumed :
1b Hy/1b coal (maf) 0.01 + 0.02
Carbon balanceb (% of carbon fed)
Char 59
Liquids 26
Gases 10.5
Overall 95.5
averall ash balance (% of ash fed) 98
Sulfur balance (% of sulfur fed)
Char 42
Liquids 11
Gases 47¢
Overall mass balance (% of mass charged) 98
0il yield (wt 7% of maf coal) 24

%Based on bed density and feed rate.
Does not include starter bed.

cBy difference.



Table 2.4. Properties and composition of oil from
runs HC-24 and HC-12

Run HC-24

(NayCO3 treated R;noggilz
Illinois No. 6) Y
Specific Gravity 1.1 1.07
Viscosity (cs)
at 100°F 120 18.4
at 210°F - 2.6

Composition (%)
Moisture
Ash
Carbon (maf) 8
llydrogen (maf)
Nitrogen (maf)
Sulfur (mafl)
Oxygen (by difference)

A

[0 ]
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OCw O PO~
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Work forecast. Cleanup and sampling of material from run HC-25 will
continue. We will begin preparing coal and the system for the next run
which will be made with treated Illinois No. 6 coal.

2.2 FExperimental Engineering Support of In Situ
Gasification Processes

P. R. Westmoreland, L. S. Dickerson and R. L. Andrews

Coal block pyrolysis experiments continued during January, supporting
modeling and field development of in situ gasification. Block pyrolysis
data are needed for modeling of in situ coal gasification (underground
coal gasification) because earlier data described only the pyrolysis of
powder samples. By contrast, in situ gasification may react large blocks
formed by roof collapse or seam fracturing; possibly it may react a hrnad
seam cross—section. Internal heat and mass transfer resistances are more
{mportant, and product yields can change significantly.

In experiments which began at ORNL in 1975, 6-in.-diam (16 cm) right
circular cylinders of subbituminous and bituminous coal have been pyrolyzed
by heating the blocks at 0.3 to 14 C°/min (surface temperature) from
ambient temperature to maximum temperatures of 500 to 1000°C. Using an
argon or hydrogen purge gas, gas and vapor-phase reaction products are
continuously swept from the reactor. Water, oils, and tars are collected
in a water-cooled condenser and by filters, and the remaining noncondensible
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gases are metered and periodically sampled. 1In many of the experiments,
block temperature profiles have been measured by internal thermocouples.
These tests are designed to support modeling of field in situ gasification
experiments at Laramie Energy Research Center, Lawrence Livermore Labora-
tory, and Morgantown Energy Research Center (MERC).

Effects of heat and mass transfer resistances have been observed in
both subbituminous and bituminous coal block pyrolysis. Swelling of
bituminous coal is markedly reduced in tests at higher heating rates.

Such change may result from plasticity distributions within the block, as

affected by block temperature profiles. Also at higher heating rates, gas
evoluation from bituminous coal is increased at the expense of lower char

and condensible yields.

2.2.1 Recent experiments

Block pyrolysis experiments BP2-42 and BP2-43 were conducted during
January. Under an Hy; reactor purge gas, bituminous coal blocks were
heated at 0.3 C°/min (surface temperature) to 900 and 1000°C, respectively.
The two experiments continue a series of bituminous coal experiments which
investigate H, effects on block pyrolysis (see Table 2.5). For BP2-42
and BP2-42, gas evolution data are summarized in Tables 2.6 and 2.7.

Plastic flow of the heated block was more extensive in BP2-42 than
in any other experiment to date. As in previous experiments at 0.3 C°/
min, the block swelled laterally from its original diameter of 13.5 em to
press against the reactor walls (20.3 cm). Also similarly, the outer rim
of the swelling block, pressing against the walls, increased in height
from 17.2 cm to 20.0 cm. However, in this experiment the molten center
of the block dropped almost completely out, leaving a crater in the block
top that was 1l.9-cm-diam and 17.2-cm-deep (14.3 cm below the original
top of the block)., This flowing, plastic coal filled the bottom of the
reactor at a reactor temperature of 900°C, as indicated by fluctuations
in thermocouple measurements.

2.2.2 Heating rate effects on condensihles yield

Detailed analysis of coudensibles from experiments BP2-37, BP2-38,
and BP2-39 indicate the effect of heating rate on yield of condensibles.
These experiments were all conducted using bituminous coal blocks heated
to 900°C under Hy, but heating rates of 0.3, 3, and 14 C"/min at the
block surfaces were used.

Decreasing H/C atomic ratio of organic condensibles is the only
apparent composition trend as heating rate increases (see Table 2.8).
From the block pyrolysis experiment carried out at 0.3 C°/min to the
experiment conducted at 3°C/min and the experiment conducted at 14 C°/
min, H/C ratios dropped from 1.26 to 0.92 to 0.89, respectively. By
comparison, the ratio for naphthalene is 0.8; the bituminous coal block,
0.88; benzene, 1.0; butadiene, 1.5; n-decane, 2.2; and methane, 4.0.



Table 2.5. Summary of experimental conditions for pyrolysis experiments using a hydrogen
cover gas and bituminous coal block?

Coal block
Heating . Hy cover
Run Datg of rate Maximum d - gas flow rate Dimensions (cm) Weight
number run (C° /min) temperature (std. liter/min)
: Height Diameter {kg) (kg maf)

BP2-33 8/13/77 3 600 (640) 2.90 24.0 15.7 6.133 5.811

RP2-34 8/31/77 3 1000 2.95 17.8 15.2 4.564 4.323

BP2-35 9/21/77 3 800 P 2.95 21.9 15.2 5.384 5.100

BP2-37 10/17/77 3 900 (880) 3.08 18.4 15.1 4,217 3.995

BP2-38 10/31/77 14 900 (890) 2.90 19.7 15.4 4.658  4.413

EP2-39 11/14/77 0.3 900 (925) 3.00 22.5 14.9 5.000 4.737

EP2-41 12/15/77 0.3 600 3.00 21.3 13.5 4,820 4,566
" EP2-42 1/10/78 0.3 900P 2.69 15.1 13.5 3.676 3.482

EP2-43 1/31/78 0.3 1000 (1032) 3.07¢ 17.1 15.1 3.492 3.308

%Bituminous coal blocks were all from the Pittsburgh seam which will be gasified in Morgantown
Energy Research Center field tests.

bReached 900° uniform temparature before pyrolysis reactions were quenched by lowering the reactor
temperature.

®Base flow of 0.554 slpm during first 5.5 hr.

dPlanned temperature (actual temperature).

11



Table 2.6. Summary of preliminary gas evolution data from experiment BPz-42 (block pyrolysis

of bituminous coal zo 905°C at 0.3 C°/min, Hp purge gas)

Total H»p CHy Cy's C3's Co CO» HsS
Gas evolution
Volumetric (std. liters) 682.1 31.2 428.6 31.14 9,72 76.68 14.70 90.03
Normalized (std. 2/kg maf coal) 1¢5.9 8.96 123.1 8.94 2.79 22.02 4.22 25.86
Mass'(g) 635.1 2.81 306.9 41.15 18.83 95.88 28.9 137.0
Normalized (g/kg maf) 1&Z.4 0.807 88.14 11.82 5.41  27.54 8.29 39.3
Average composition of evolved gas - 4,57 62.8 4.57 1.43 11.24 2.16 13.2
(Vol %)
Elemental composition (g)
Carbon 325.8
Hydrogen 99.0
Sulfur 12€.9
Oxygen 77.77
Gas higher heating wvalue (MJ) 25.5
(Btu) 24211
(Btu/scf) 933
Gas efficiency (Btu in gas/Btu in 21.6%

coal)

[48



Table 2.7.° Summary of preliminary gas evolution data from experiment BP2-43 (block pyrolysis

of bituminous coal to 1032°C at 0.3 C°/min, H, purge gas)

Total H2 CHL, ACZ'S C3'S Cco C02 st
Gas evolution .
Volumetric (std.zliters) 681.5 161.2% 343.3 41.11 12.62 81.15 19.77 22.4
Normalized (std. 2/kg maf coal) 266.02 48.7 103.78 12.43 3.82 24.53 5.98 6.78
Mass (g) 513.5 14.51  245.8 54.3 24.5 101.5 38.84 34.12
Normalized (g/kg maf) 155.23 4.39 74.30 "16.41 7.41 30.7 11.74 10.31
Average composition of evolved gas - 23.7 50.4 6.03 1.85 11.91 2.90 3.29
(Vol %)
Elemental composition (g)
Carbon . 302.5
Hydrogen - 92.8
- Sulfur 2.1
Oxygen 6.2
Gas higher hezting value (MF) 22.94
(Btu) 21743
(Btu/scf) 839
Gasiefficiency (Btu.in gas/Btu in 19.3%

coal)

Net Hy, produced.

€T
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Table 2.8. Heating rate effects on oil and tar
composition (block pyrolysis of bituminous
coal in H, purge gas)

Surface heating rate (C°/min) 0.3 3 14
Maximum temperature (°C) 9200 900 900
Experiment BP2-39 BP2-37 BP2-38

0il and tar elemental composition
(wt % maf)

C 84.7 88.3 87.5
H 8.97 6.8 6.51
N 1.17 1.48 1.41
S 1.75 2.07 1.31
o4 3.5 1.5 3.4
H/C atomic ratio 1.26 0.92 (.89

aDy difference.

As shown in Table 2.9, effects of heating rate on yield of con-
densibles are much clearer. Yields are normalized for block size by
reporting grams of condensibles per kg of moisture-and-ash-free coal.

As heating rate is increased, water production increaccsc from 8.8 (which
would be expected from drying alone) to 26.8 at 0.3 C°/min, 55.3 at 3 C°/
min, and 64.5 at 14 C°/min. In contrast, production of oils and tars
decreases from 146.2 to 85.8 to 66.2. The overall effect is a 23%
decrease in the total amount of condensibles from block pyrolysis at

14 C°/min comparcd to 0.3 C%/min.

Each of these effects is consistent with the hypothesis that
secondary cracking reactions of pyrolysis products become more important
at higher heating rates. From the H/C ratio, condensed ring structures
and unsaturated hydrocarbons typical of severe cracking may have been
produced. Decreased yield of organic condensibles (the reactants for
secondary cracking) and increased yields of water (as a product of
pyrolysis) also support the hypothesis.

Such an increase in secuvudary cracking could result from heat and
mass transfer resistances within the coal block. Because of internal
mass transfer resistances, pyrolysis products do not escape immediately
from the block interior, but must negotiatc some path out of the block by
convection or diffusion. Because of internal heat transfer resistances,
block temperatures are nearly uniform at 0.3 C°/min, but at higher heating
rates, steeper thermal gradients can exist between the hot block surface
and cooler center. A simultaneous effect of these resistances could be
secondary cracking of pyrolysis products from the block center as the
products move outward through the hotter surface regions. Less effect
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Table 2.9. Heating rate effects on condensibles
yield (block pyrolysis of bituminous coal in
Hy, purge gas)

Surface heating rate (C°/min) 0.3 3 14.
Maximum temperature (°C) 900 900 900
Experiment BP2-39 BP2-37 BP2-38

Condensibles yield (g/kg maf coal)
Water 26.8 55.3 64.5

Oils and tars

Elemental breakdown: C 123.5 75.8 - 57.8
H 13.09 5.83 4.30
N 1.71 1.25 0.93
S 2.55 1.78 0.86
o4 . 5.07 1.33 2.27
Total oils and tars 146.2 85.8 66.2
Total condensibles , 170.6 141.2  130.7

aBy difference.

of heat transfer resistance would be present at lower heating rates,
although internal mass transfer might be slowed by the 1ncreased
plastic deformation of the block structure. .

2.2.3 Work forecast

During February, bituminous coal block experiments will continue.
Experiments at 0.3 C°/min to 600°C and 800°C are planned. Critical
review and analysis of gas data will continue.
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3. MATERIALS ENGINEERING
R. T. King

The materials engineering and associated technology reported here are
in support of activities directed by the Materials Branch of the Division
of Coal Conversion, DOE, in the Fossil Energy Program. Other related work
not funded directly by this division of DOE/FE is included also.

Summary

The toughness of 2 1/4 Cr-1 Mo in thick sections suitahle fnxr large
coal conversion systems is being explored for material in the as-fabricated
condition. Preparation of a facility for environmental exposure of
materials is underway.

Equipment modifications for plasma spraying of CoCrAlY have been com-
"pleted. We are debugging the modified reflection-coil computer program

for eddy current testing; our through-transmission computer program operates
satisfactorily. We made two tensile crack specimens from the metallic-
coated ANL (C5) specimen as an interim measure until CoCrAlY specimens
become available. Closeout work on two cermet penetrant specimens was also
performed. Construction of the scanning thermometric probe for unbond
detection in CoCrAlY coated specimens has begun.

A range of welding parameters have been found for depositing type
320 Cb stainless steel on carbon steel clad with Inconel 82 that produces
no cracking on the finished surface. Some internal fissuring was found
metallographically; the extent of internal fissuring appears to be related
to the amount of nickel dilution in cuccessive passes. We are making
depusits on 2 1/4 Ur-1 substrate material.

The corrosion data for types 304, 316, and 310 stainless steel,
Alloy 600, and Alloy 800 exposed to the Fluidyne atmospheric fluidized bed
combustor for 500 hr and 1500 hr are summarized in this report. High-
Lemperature specimens tor a 3000 hr run have been prepared.

A failure analysis of heat exchanger tubes from the Morgantown Energy
Research Center fluidized bed combustor and progress in examining cor-
rosion surveillance coupons from the Wilsonville, Alabama Solvent Refined
Coal Plant are reported.

3.1 Pressure Vessel and Piping Materials

W. J. Stelzman and D. A. Canonico

We have continued to investigate the effect of tempering and stress
relief on the 2 1/4 Cr-1 Mo specimen bars which had received simulated
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cooling rates in our Data Trak facility. The bars had received nominal
quench rates of 0.3K (0.6R)/s and 3K (5R)/s from 972°C (1700°F) and 3K°
(5R)/s from 1038°C (1900°F). Groups of bars from each condition were sub-
jected to one of three additional treatments: tempering at 704°C (1300°F)
for 1 hr and tempering at 704°G for 1 hr followed by stress relieving at
677°C (1250°F) for either 40 to 120 hr. All of the heat treatments are
complete and the bars have been sent out for machining into Charpy or
tensile specimens. Testing of the specimens will begin as soon as the
specimens have been returned. ‘

3.2 Inspection Techniques for Wear- and Process-Resistant Coatings
R. W. McClung and G. W. Scott

3.2.1 Specimens and Standards (G. W. Scott and D. P. Edmonds)

We received and installed the replacement plasma spraying torch for
CoCrAlY specimens. The new torch uses a different arc-starter, the
installation of which required significant electrical modifications to the
system. We expect to finish spraying the first group of CoCrAlY specimens
during February. : ’

3.2.2 Eddy Current Testing (G. W. Scott and C. V. Dodd)

During the transfer of data gathering and evaluating routines from the
laboratory time-sharing system to our NDT lab computer, some program modi-
fications were required and some optional improvements were added. The
section of our reflection coil program used for drift calculations is still
being debugged, so estimates of effects such as substrate conductivity
variation cannot be calculated yet. We have been able to perform studies
of coil size and frequency effects to confirm estimates from older design
data. As predicted, coils with 0.5 mm (0.0202 in.) radius perform best at
10 MHz, but can be operated as low as 1 MHz with adequate sensitivity.

The program for through-transmission measurement of permeability and
conductivity (planned for use with free-layer coating specimens) has been
tested and appears to function correctly. We will use it on specimens as
they become available.

3.2.3 Surface Inspection Materials (S. D. Snyder)

Two more redesigned tensile-crack specimens were coated with cermet
and cracked. One of these specimens, CP72-C03, has a 0.25-mm (0.010 in.)
thick layer of 50% Zr0,-50% NiZrAl on a IN-800 substrate; the other,
CP72T-C02, has a 0.075-mm (0.003 in.) thick binder coat of NiCrAl alloy on
the IN-800 substrate with a 0.25 mm (0.010 in.) thick layer of 50% Zr0,-
507% NiCrAl cermet on the binder coat. Specimen CP72-C03 cracked after
being subjected to a 22.5 kN (5000 1b) tensile load. The cracks did not
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appear until a short time after the load was removed completely. This
cracking behavior is similar to that of the specimen reported last month.

Specimen CP72T-C02 (with the binder coat) was tensile loaded to
22.5 kN (5000 1b) and unloaded also. When no cracks appeared after the
load was removed, it was reloaded and cracked at 23.4 kN (5200 1b).

A test using the established penetrant reversal technique with ZL-30A
penetrant on cracked specimen CP72-C02 showed that these cracks are tighter
than those produced by bending in specimen CP72-C0l. Penetrant removal
from the cracks in the tensile-cracked specimen was considerably less than
from the cracks in the best specimen.

Now that intermetalllic coatings are being emphasized over ceramic
or cermet coatings, we decided to cut the Argonne National Laboratory inter-
metallic coated specimen, ANL-C5, into tensile-crack specimens. This is to
provide interim specimens until CoCrAlY coated specimens become available.
We cut two pieces from the 5 x 5 cm (2 x 2 in.) ANL-C5 specimen, each 5 cm
(2 in.) long with a minimum throat width of 9.5 mm (0.375 in.) and a
5.72 cm (2.5 in.) radius of curvature. Both specimens were tensile loaded.
One cracked at 9.8 kN (2175 1b) and the other at 10.9 kN (2425 1b). These
cracks appear to be wider, straighter, and more nearly continuous than the
cracks in the cermet coating when radiographs of the two cracked coatings
are compared.

3.2.4 Thermal Testing (W. A. Simpson, Jr.)

A prototype thermal probe has been fabricated for automated testing of
coated surfaces. The thermistor sensor has not yet been installed in the
probe; because of its small size, it will probably bc assembled by an out-
side firm which specializes in the construction of subminiature electrical
coils. A Jesign for a bridge-type detector is being tested and will be con-
structed following evaluation.

3.3 Fossil Energy Welding and Cladding Program
D. P. Edmonds, J. J. Woodhouse, and J. D. Hudson

Clad specimens of type 320 Cb stainless steel on carbon stcel base
metal with an intermediate layer of Inconel 82 have been evaluated metallo-
graphically. These specimens (JW18-JW26) were prepared using the gas metal-
arc (GMA) process. The Inconel layers were deposited using a constant set
of conditions and the type 320 layers were deposited using welding currents
of 220 A, voltages of 26 V, oscillation speeds ranging from 6 to 21 mm/s,
and oscillation widths ranging from 6 to 32 mm. Similar deposits made pre-~
viously (JW9-JW17), without intermediate Inconel layers, had exhibited high
susceptibilities to fissuring. However, dye-penetrant examination of these
deposits revealed no cracks open to the clad surfaces.
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Metallographic evaluation of sections taken normal to the clad surface
revealed no fissures in the intermediate layers, but several fissures in
the type 320 Cb layers of various deposits. None of these cracks had pro-
pagated to the surface. The fissures were found in those deposits made
with higher oscillation speeds and widths. In general, dilutions decrease
as oscillation speeds and widths increase for these deposits. Therefore,
for the GMA deposits the tendency for fissuring decreases as the dilution
from the Inconel interlayer increases. This condition is believed to result
from the higher nickel concentrations in the higher dilution deposits.

3.4 Fireside Corrosion of Atmospheric Fluidized Bed Combustor Tubes
T. G. Godfrey and J. H. DeVan

3.4.1 FluiDyne 1500-hr Test

We have completed thickness measurements of the surface and inter-
granular oxide films on the heat exchanger tubes exposed in the FluiDyne
AFBC- for 1500-hr. The results are reported in Table 1. Representative
photomicrographs and descriptions of these samples were given previously. !
Also reported in Table 1 are corrected results for the previously reported
500-~hr samples.2 This was necessary because a different measurement and
analysis procedure has been adopted for the 1500-hr samples, and this
required remeasurement of the earlier samples. Also, errors were found in
the previous table that stemmed from unit conversions,

Our new measurements of scale thickness and corrosion depths were made
using a digital measuring eyepiece and a Bausch and Lomb metallograph at a
magnification of 320x. The measurements were made at eight equally spaced
points on the inner and outer circumferences of the polished cross sections.
The samples were rotated several degrees of arc at each location in order
to locate the thickest oxide scale or the deepest discernable corrosion
feature. 1In contrast to the earlier work, zeroes were not allowed (the
absence of scale locally really means that the scale has been lost in
handling). If scale or corrosion could not be located within a particular
field, that area was not used in the calculations. The top ot the tube, as
exposed in the FBC, was identified and was the 0° reference for the angular
measurements. In no case, however, was a statistically significant angular
dependence of scale or corrosion detected. The tubes were sectioned a
minimum of three times along their heated lengths, corresponding to tempera-
tures from 1550 to 1625°C, but no significant temperature effects were
found. The results in Table 1 thus represent overall averages for each
material examined. ’

Tube wall thickness of all samples together with control samples were
measured using a toolmakers microscope. Although the results are not
totally conclusive, since pre-test measurements were not made on exactly
the same tubing section that was exposed in the FBC, the differences
observed were well within manufacturing tolerances for the tubing employed.
Also, no angular dependence of wall thickness could be statistically
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Table 1. Summary of Metallographic Analysis of Tube Samples
After 500- and 1500-hr Exposure in Fluidyne FBC

Oxide Scale, um Intergranular, um
Time std.b std.b
Material (hr) Avg.d Dev. Max.cC Avg.a Dev. Max.¢
Air Side
304 500 5.54 3.52 16.01  14.64 6.23 24.94
15004
310 500 4.25 0.97 6.36 13.30 3.87 28.84
1500 5.26 1.00 7.64 17.01 6.74 40.66
316 5004
1500 5.97 0.86 7.42 25.69 8.03 40.56
600 500 4.04 0.75 5.68 12.68 3.04 20.65
1500¢ '
800 500 5.53 1.53 10.10 42.85 5.31 55.62
1500 7.19 1.32 10.44 49.17 9.29  83.4l
Coal Side
304 500 5.94 2.38  12.54 16.11 6.24 39.82
15004
310 500 . 4.74 1.17 6.76 13.08 5.45 30.76
1500 6.49 1.83 12.78 15.73 "5.92 32.4/
316 5004
1500 7.51 2.51 10.80 41.64 8.26 55.44
600 500 3.96 0.81 4.13 14,09 3.88 20.96
1500¢
800 500 5.64 1.49 8.94 34.54 10.77 63.89
1500 7.42 1.33 9

.84 30.91 -12.13 f5.91

Q

Average of all measurements on material typc:

Pooled Standard Deviation of all measurements.

Qo O

Maximum feature observed.

o

Sample not yet available.

®A11 Inconel 600 samples removed from test shortly beyond 500 hr.
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detected. (For the upcoming 3000-hr test, measurements of tube-wall thick-
ness were made by micrometer at precise points on each tube to be exposed
so there can be no question of the interpretation of post-test results.)

The results in Table 1 show that oxide scale thicknesses on the air
and coal sides do not vary greatly for a given material or from one material
to another. This indicates that the sulfate coating that forms on the coal
side is not harmful to the protective oxide and, indeed, may be helpful in
lessening the gentle abrading action of the fluidized bed. Note that the
depth of intergranular corrosion on the air-side approaches or even exceeds
that on the coal side. This air-side corrosion is.considered to be abnormal,
and suggests the presence of some extraneous contaminant. The fiberglass-
insulated thermocouples that extended the length of the tubes internally
represent a possible source of contaminant, and this is being investigated
in"an auxilary experiment. The intergranular corrosion observed on the coal
side after 1500 hr appears to separate the materials into two groups: a
lower group consisting of 304 and 310 stainless steels and Inconel 600, and
a ‘higher group, 316 stainless steel and Incoloy 800. In the case of 310
stainless steel and Alloy 800, where the data set is complete, the 1500 hr
‘results are nearly identical with the 500 hr ones. (The data sets for 304
“‘and 316 stainless steel will be completed as a part of the upcoming
'3000-hr experiment.)

Measurements were also made of the Alonized 310 and 800 alloy samples
‘but are not reported because it is not yet clear how to translate the
results into corrosion rates. The outer aluminum coating was essentially
totally destroyed, while the underlying diffusion zone was essentially
unaffected.

3.4.2 Preparation of Tubes for 3000~hr Test

The high-temperature tubes for the upcoming 3000-hr extension of the
1500-hr test at FluiDyne have been prepared and are ready for shipment to
FluiDyne. Final preparation of the low-temperature composite tubes of
304 stainless steel and 2 1/4 Cr-1 Mo awaits the results of a shakedown
test to be performed in the FBC using the prototype tubes described pre-
viously.

3.5 Failure Analysis and Prevention

R. T. King

3.5.1 MERC FBC In-Bed Heat Exchanger Failure (T. G. Godfrey, R. S. Crouse,
and M. D. Alleu)

Portions of six failed U-bend heat exchanger tubes from the AFBC at
the Morgantown Energy Research Center were received for examination. The
tubes were uncooled 1/2-in. NPS, sch. 160, type 316 stainless steel and had
experienced approximately 100-hr exposure in the FBC. At the time of
failure, the fluidized bed was in approximately steady state operation at
1650°F with steady coal feed and 1350 ppm SO, in the flue gas.
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The tubes failed by apparent melting as shown in Figs. 3.1 and 3.2.
Several inches of tube length at the center of the bed were melted and lost.
One intact half of a U-tube showed severe corrosion at mid-length, and we
surmise that this portion was nearest the side-wall of the FBC, most distant
from the central, single coal-feed point.

Metallographic and electron microprobe examination revealed the
following:

1. a high concentration of sulfur in the melted region present as a
second phase in the Fe-Cr-Ni melted matrix,

2. a sulfur-rich scale-like melted region on the inside and outside
surtaces of the still-intact pipe wall near the fully melted zone, and,

3. a very coarse grain size throughout the intact portion of the pipe
wall near the melted zome.

Further tests are in progress, but the evidence in hand clearly
indicates the failure was due to "hot corrosion" (sulfidation) caused by
excessive S0, and low oxygen pressure. The grain growth observed indicates
that the tube-wall temperature was probably closer to 1093°C (2000°F) than
to the 899°C (1650°F) nominal bed temperature intended during operation.

Corrective actions for subsequent runs in the MERC FBC are yet to be
determined; however, a more uniform distribution of coal and air throughout
the bed volume must be obtained to avoid the apparent hot-spots and
simultaneous reduction of SO, partial pressure. It would also be advan-
tageous to monitor the tube-wall temperature throughout the bed volume.

3.5.2 Examination of Corrosion Coupons from Wilsonville, Alabama Solvent
Refined Coal Piant (B. C. Leclic and R. T. Kiug)

A set of about fifty corrosion coupons were received from the Wilson-
ville, Alabama Solvent Refined Coal Plant. The twelve specimens suspendced
above the nominal liquid level in the dissolver tank have been metallo-
graphically examined. Most have a nonuniform, multipliase scale. A photo-
graphic summary is being prepared, and microprobe analyses to determina the
nature of the scale are in progress.
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Fig. 3.1. Photograph of Failed Heat Exchanger Tubes from MERC FBC. Tubes are 1/2 in. NPS,

sch. 160, type 316 stainless steel.

Note the corrosion on the upper half of the bottom tube.
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Fig. 3.2. Close-up of the Melted Portion of the Bottom Tube o= Fiz. 3.1.

Y-151399

e



25

3.6 References for Section 3

Fossil Energy Quarterly Progress Report, for period ending December 31,
1977 (in press).

Fossil Energy Quarterly Progress Report, for period ending June 30,
1977, pp. 177-184, ORNL-5327.
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4. ALKALI METAL VAPOR TOPPING CYCLE
R. S. Holcomb
4,1 Gas-Fired Potassium Boiler
R. S. Holcomb, D. B. Lloyd, and R. H. Guymon

4.1.1 Contract Objective

Design, construction and testing of a full-scale potassium boiler
tube bundle and burner module on water and then potassium to determine
the performance and operating characteristics.

4,1.2 Status Summary

1. The secondary containment on the potagsium liquid return line was
replaced and operation of the potassium system was resumed.

2. Potassium plugging of the condenser argon vent line occurred. The
argon vent line was modified and electric heaters and insulation were
installed on the line to alleviate this problem.

3. Performance testing was initiated and about five hours of stable
boiling operation was obtained at power levels up to about 3.5 X 106
Btu/hr.

4, During a short run .at 3.9 x 10% Btu/hr the temperature at the top
of the argon separator was inadvertanly allowed to reach about 600°F. This
allowed a quantity of peotassium to he carried over to the potassium bubbler
trap, and the trap was filled with liquid. After the air dampers were
opened to reduce the temperature on the argon separator, the liquid in the
argon vent line froze, plugged the line, and this forced a shutdown.

4.1.3 Plans for Next Month

The argon vent line and bubbler trap will he heated and the potaceium
will be blown out of the vent lines. Performance testing will then be
resumed. :

4.1.4 Technical Progress

Work was completed on the modification and reinstallation of the
secondary containment system mentioned in last month's report.

The system was refilled with potassium and operated for about an
hour and a half at power levels as high as 3.5 x 10% Btu/hr. The potassium
was then returned to the fill and drain tank and heated to 1300°F to allow
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the zirconium in the tank to combine with any oxygen present in the
potassium.

After the potassium had been thus purified, it was returned to the
boiler and performance testing was resumed. Plugging problems in the argon
vent line continued to restrict the system operation. Several modifica-
tions to the venting system were made to accommodate the potassium carry-
over. The entire argon venting system, from the condenser housing outlet
to the potassium bubbler inlet, was trace heated and insulated to prevent
the potassium from freezing and plugging the vent system.

By the end of this reporting period a monthly total of about five and
a half hours of sustained, stable boiling operation had been achieved at
power levels up to about 3.5 million Btu/hr.

During a short run at 3.9 X 106 Btu/hr, just before the end of this
period, we inadvertantly allowed the temperature at the top of the argon
separator to reach 600°F, and a quantity of potassium was carried over to
the bubbler; the potassium filled the bubbler and plugged the final vent
line. Preparations are in progress to heat this portion of the system
after which the potassium will be blown back through the vent line into
the boiler. :
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5. COAL EQUIPMENT TEST PROGRAM
J. M. Holmes and R. E. MacPherson

Work under the Coal Equipment Test Program (CETP) is currently
divided into three sections:

® (Critical Equipment for Demonstration Plants
® (Coal Feeder Test Program
® Survey of Industrial Capability for Coal Handling Equipment

5.1 Critical Equipwenl for Demonstration Plants
J. M. Holmes and V. LK. Reagan

Negotiations continued with two NOF demonstration plant contractors
and their subcontractors concerning non-disclosure agreements for use by
TRW in their CETP study. It was erroneously reported last month that
agreement had been reached with Memphis Light, Gas & Water Division (MLGW)
for the U~Gas information. Negotiations between MLGW and its subcon-
tractors are currently in progress and are scheduled for completion by
February 22, 1978. The status of the negotiations with the Illinois Coal
Gasification Group (ICGG) is as follows:

ICGG - agreement completed

R. M. Parsons Co. - agreement completed

Dravo Corp. - agreed to release information in the ICGG propusal
Benfield Corp. - agreed to release information in the ICGG proposal
COGAS Development Co. - agreement reached, not yet received

Ford, Bacon & Davis - agreement reached, not yet received

Allied Chemical - negotiations in progress

A presentation was made by UCC and TRW personnel on the CETP back-
ground, program plans, status and need for cooperation to MLGW and their
subcontractors, Foster Wheeler Energy Corp. (FWEC) and Institute of Gas
Technology on January 27, 1978 at Livingston, New Jersey. Of major concern
to FWEC and MLGW was the incompatibility between their design milestones
schedule and the June 1978 completion date of the TRW contract. FWEC
expressed a desire to cooperate but indicated that the basic information
would not be available by this date. It was agreed that technical dis-
cussions between TRW and FWEC would be started in March 1978 based upon the
TRW conceptual U-Gas flowsheet.

TRW is currently making contacts with the following potential test
sites to obtain data on their present capabilities and availability for use
by the CETP:

® Morgantown Energy Research Center
® Pittsburgh Energy Research Center
® Battelle Northwest Laboratory, Richland, Washington
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Ames Laboratory, Ames, Iowa

Oak Ridge National Laboratory

Liquid Metals Test Center, Santa Susana, California
Watts Bar Steam Plant, TVA, Tennessee

Additional sites will be identified and-evaluated in- the near future.

5.2 Coal Feeder .Test Program
J. M. Holmes, B. T." Thompson, Jr., H. F. Hartman

ORNL is undertaking a program for -testing coal feeders currently under
development by DOE and managed by Jet Propulsion Laboratory (JPL), Pasadena,
California. .

Work continued on obtaining background information for the feeder
systems recommended by JPL for further development. A list of detailed
questions on process and test parameters was submitted to JPL for trans-
mittal to the three feeder-developers. A preliminary estimate was made for
the ORNL engineering effort required to prepare criteria for conceptual
design of a pilot scale feeder test fac111ty

A comprehensive coal handling and feeder testing/development program,
proposed for DOE by JPL, was reviewed and comments were forwarded to -JPL on
this program. A detailed list of proposed activities for the coal handling
program was developed based upon information obtained from ORNL Coal Pro-
gram personnel and outside contractors who have studied large scale coal
conversion systems. Future work on the ORNL coal feeder program will
depend upon the resolution of the JPL feeder test planms.

5.3 Survey of Industrial Capability for Coal-Handling Equipment
J. M. Holmes & F. C. Zapp

A survey was initiated in January 1978 to determine the present capa-
bility of industry to supply equipment needed for large commercial scale
coal conversion plants. A program plan is under preparation and will be
presented to DOE for approval during February 1978. The survey will also
determine components that are suitable for modification and/or scaleup and
recommend programs for the development of components not currently avall—
able for large-scale plants.
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6. ATMOSPHERIC FLUIDIZED BED COAL COMBUSTOR FOR COGENERATION (AFB CCC)

R. S. Holcomb

6.1 System Design and Assessment

The request for proposal and the performance specifications were
revised ‘and sent to DOE-FE for final review.

Work on the application assessment study has progressed well. Analysis
of typical process applications has been completed, including processes in
the petroleum, chemical, paper and food industries. The compilation and
review of detailed data on industrial energy use has been nearly completed.
Conceptual design of CCC systems for industrial applications is more than
halfway completed. It is expected that the first draft of the study
report will be finished by the end of February.

The choice between Buildings 9401-1 'and 9731 for the location of the
CCC test system was reexamined at some length and new cost estimates were
made for both locations. Progress in the development work being conducted
in 9401-1 combined with some projected slippage in the CCC construction
schedule has eliminated the need for preinstallation of some of the develop-
ment equipment before the original equipment is relocated. This has
resulted in a decrease in the estimated cost of modification of Building
9401-1 so that it will be less expensive to use than Building 9731. The
lower cost, coupled with the fact that Building 9401-1 is better located
for coal delivery and ash removal, has led to the decision to designate
9401-1 as the CCC location rather than 9731.

6.2 Supplemental Studies

Installation of the coal feed system in the fluidized bed cold flow
model test facility has been nearly completed. It is planned to run trial
tests involving feeding limestone into the empty bed before the end of next
month.

Metallographic examination of samples from three tubes that had a .
total exposure time of 1500 hr has been completed. The samples were of
three materials: 310 and 316 stainless steel and Incoloy 800. The depth
of oxidation attack on all of the thrce materials was ahont the same as was
‘observed for 500 hr, indicating that the oxidation attack does not progress
with time, but that the oxide layer formed early in the exposure tends to
be protective. The depth of intergranular attack observed in Incoloy 800
is also the same as that seen after 500 hr, also indicating that ‘the inter-
granular attack does not progress with time. Precise optical measurements
of the sound metal wall thickness indicated that there was no measurable
loss of wall thickness after 1500 hr exposure. Additional information is
reported in Section 3.4.
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7. ENGINEERING STUDIES AND TECHNICAL SUPPORT

J. R. McWherter

Engineering studies and technical support are provided primarily for
the DOE/FE Division of Coal Conversion. The effort includes: the develop-
ment of analytical tools for use in the evaluation of processes and equip-
ment; the technical and economic evaluation and comparison of coal conversion
processes and subprocesses on a uniform basis; surveys of the need for coal
conversion equipment and the capability of industry to provide such equip-
ment; and studies of the magnitude and control of coal conversion plant
emissions.

7.1 Process Modeling

R. Salmon, O. L. Culberson, D. M. Lister

7.1.1 Contract Objective

The objective is to assist DOE/FE in its plan for computer analysis
and computer support for coal conversion studies. This includes assistance
to Purdue and Lehigh Universities in the development of computer programs
for this plan., Physical property data are being collected .and computerized
primarily by Purdue and will be used in support of programs prepared by
both universities. Purdue's general design program will aim at material
and energy balances, equipment size and costing, plant capacity, and general
economics. Lehigh's dynamic simulation programs will address plant design
primarily from the standpoint of process performance during transient
operations, but can also be used for steady-state conditions. "A single
flowsheet will be selected to assess the operability and complimentary
utility of both design programs.

7.1.2 Status Summary

Work continued on the editing of the Purdue physical properties and
material balance routines for compilation on the Fortran compiler used
by the ORNL IBM 360/195 system. All source modules have now been placed
on the Librarian system, and the changes needed for compatibility with
the IBM compiler have been made. All of the modules have now been compiled
successfully in both single and double precision.

Trail runs have been made with the heat of reaction routine HTREAC.
All of the modules required for the HTREAC routine were linked and executed
successfully. The numerical results were slightly different from those
obtained by Purdue, and reasons for the differences are being investigated.
Additional test examples are being run.

o GRS - @ e e
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A meeting was.held in Washington on January 25 to review the status
of the project. Representatives of DOE, Purdue, Lehigh, DARCOM, and ORNL
were present. It was agreed that ORNL would implement both single and
double precision versions of the Purdue program in order to accommodate
a greater number of potential users. Problems of documentation were dis-
cussed in relation to the training of prespective users.

Preliminary coding was:completed for the calculation of cost factors
for use.in the capital cost estimating module.

)

7.2 Synthetic Fuels Process Research Digest

F. M. O'Hara, Jr. and R. W. Glass

7.2.1 Contract Objective

The objective is to provide continuing technical assistance to
DOE/FE by preparing digest reviews of current or potential subjects
relating to coal conversion technology,

7.2.2 Status Summary

Work progressed significantly on the second volume of the Digest
during this month. Final in-house editorial review was completed for
the article on the Consol  -Synthetic Fuel Process, figures for the article
were submitted for drawing, and text was submitted for composition review.

. First draft typing for the article on the SRC-II process was completed
and the article has been submitted for in-house editorial and technical
review. The article is about twice as long as projected because it includes
a description of the historical development of coal liquefaction chemistry
from 1861. The historical review introduces and interrelates three of the
projected review articles (CSF, SRC-II, and Fischer-Tropsch). Tt was
decided (with DOE concurrence) to center the entire second issue on this
there and to defer publishing the projected article on coal gasification
for medium-Btu fuel until a later issue,

Four bibliographies on the Fischer-Tropsch process, as it relates to
DOE objectives and interests, were compiled from various computerized infor-
mation files. 'I'he material in these bLibliographies will complement the
earlier research conducted on Fischer-Tropsch in preparation for the
present writing.

An Award of Merit was presented to the Digest author for the article,
"Conversion of Methanol to High-Octane Gasoline," which appeared in the
- first volume of the Digest. The award resulted from a nationwide competi-
tion of technical writing and publishing conducted by the  East Tennessee
Chapter of the Society of Technical Communication in preparation for the
Society's international competition.
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7.3 Survey of Industrial Coal Conversion Equipment Capabilities
W. R. Williams, T. M. Andress, W. F. Boudreau, W. A. Bush,

W. R. Gambill, D. W. Hatcher, J. R. Horton, J. P. Meyer,
W. R. Reed, C. B. Tolliver

7.3.1 Contract Objective

The objective of this project is to conduct surveys of industrial
equipment capabilities that will identify the present capability of
industry to supply the equipment needed. The project will also determine
research and development needs, including lead time requirements, for
producing equipment of advanced design for the various unit operations
of critical importance to the Division of Coal Conversion (CC).

7.3.2 Status Summary

Names of individuals to be contacted concerning pilot plant equipment
operating experience and demonstration plant equipment requirements are
being obtained. T. K. Lau, the DOE project manager for this survey, is
presently making initial contact with the respective DOE project managers
for the various pilot and demonstration plant projects. A file containing
the latest information on each of eight selected pilot plants was estab-
lished. Basic flow diagrams for the demonstration plant equipment review
were collected. This information will be updated as additional material
becomes available.

Correlations of equipment price with various parameters are being
reviewed. Equipment cost files were set up for pumps and compressors
via use of existing estimates for DOE coal conversion facilities. o

Conceptual design reports are being studied for information on appli-
cations requiring let-down valves, expansion joints and mechanical connec-
tors. A computer search for literature pertaining to these equipment items
has been initiated. In preparation for an industry survey concerning the
availability of this equipment, lists of manufacturers are being prepared.

Three of four reports on FY-1977 survey work have been submitted for
editing. The fourth should go to the editors in early February.

T. K. Lau visited ORNL on January 18 and 19. During this visit, the
FY-1978 work statement was finalized. Also, Lau requested that W. R. Gambill
and J. P. Meyer prepare brief written descriptions of potentially promising
experimental work which might be supportive of DOE/FE equipment development
programs. Suggestions for experimental work are a result of the FY-1977
survey.
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7.4 Flash Hydropyrolysis

S. P. N. Singh

7.4.1 Contract Objectives

The objectives are to perform a preliminary technical and economic
assessment of the Cities Service and the Schroeder-Spencer Chemical
Company flash hydropyrolysis processes and to determine whether a more
detailed engineering evaluation is justified.

7.4.2 Status Summary
The revised version of the draft final report titled Scoping Study
on Two Flash Hydropyrolysis Processes was forwarded to DOE on January 4,
1978.
DOE/FE comments have been received. Copies are also being sent to-
Cities Service Research and Development Company and Professor W. C, Schroeder
for review and comment prior to final publication of the report.

7.5 Hot Gas Purification Processes

M. S. Edwards and J. P. Meyer

7.5.1 Contract Objective

The objcctive of this project is Lu iuvesligate the present state-—of-
the-art hot gas cleanup processes. The application of most interest is
the removal of contaminants from coal-derived fuel gas prior to firing
combined cycle turbines.

In this work, a survey of the available processes and processes under
development for the removal at high temperature of various contaminant
materials (particulate, sulfur, nitrogen, and alkali metal compounds) has
been conducted. Based on the data obtained in this work, from a variety
of sources, an analysis has been performed to evaluate the performance
of a number of potential cleanup processes in light of the overall system
needs.

7.5.2 Status Summary

A draft of the final report, URNL/TM-6178, A Survey of Processes for
High Temperature — High Pressure Gas Purification, was transmitted to DOE
on January 3, 1978. It includes a review of the available systems for the
removal of particulates and sulfur and nitrogen compounds to levels compati-
ble with high temperature — high pressure turbine operation. A meeting was
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held at ORNL with the DOE project manager (T. B. Simpson) on January 12,
1978. At the meeting the conclusions of the draft report were reviewed.

Approval has been received from DOE to proceed with publication of
the report,

7.6 State—-of-the-Art Review of Heat Recovery Processes

W. R. Gambill and W. R. Reed

7.6.1 Contract Objective

The objective of this review is to survey, appraise, and catalog the
processes for heat recovery which industry offers or plans to offer or
may logically be expected to offer. These processes will be applicable
to the recovery of heat in process streams from primary exothermic coal
conversion and combustion process steps. Simple unaugmented application
of conventional heat transfer equipment will not be included. The review
will distinguish between presently installable technology, near term
developable technology, and future prospects. Consideration will be given
to possible transfer of technology from other industries.

7.6.2 Status Summary

Preparation of the final draft report was completed and copies were
distributed for review within ORNL and DOE/FE. During our meeting with
T. B. Simpson, DOE project monitor, in Oak Ridge on January 12, he indicated
that we should include whatever additional information is available on the
reliability of coval-gasifier heat-recovery steam generators. We are =
presently making this change, following which the report will be edited,
retyped, and published.

7.7 Assessment of a Moving Bed System for
Cleanup of Raw Gasifier Gas

R. W. Glass and W. R. Gambill

7.7.1 Contract Objective

The objective is to evaluate the feasibility of a proposed moving
bed system for removal of sulfur and particulates from raw gasifier gas.

The assessment considers two basic hot gas treatment systems, with
each system specifically addressing sulfur and particulate removal. The
reference system incorporates a panel filter for dust removal and fixed
bed adsorber/regenerator units. The projected system incorporates a
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moving bed filter/adsorber unit, with fluid bed regeneration of the
recycled filter/adsorber media. Both systems produce high pressure
steam (waste heat boiler) from the regeneration off-gases. The assess-—
ment includes simple equipment flowsheets and material balances for both
systems, and comparative economics are developed.

7.7.2 Status Summary

A general review of the project was held on December 12 at ORNL with
DOE/FE project manager Dr. T. Simpson. Comments on the final draft report
were considered and except for the possible inclusion of supportive data
on attrition (supplied by Dr. Simpson) the report is ready for final
processing.

The assessment considers two basic hot gas treatment systems, with
each system specifically addressing both sulfur and particulate removal.
The reference system incorporates a panel filter for dust removal and
fixed bed adsorber/regenerator units. The projected system incorporates
a moving bed filter/adsorber media. Both systems produce high pressure
steam (waste heat boiler) from the regeneration off-gases. The assessment
includes simple equipment flowsheets and material balances for both systems,
and comparative economics are developed.

7.8 Technical/Economic Assessment of Hydrogen Production by the
Steam/Molten Iron Process

R. W. Glass and L. Seglin¥*

7.8.1 Contract Objective

The objective is to determine whether there is sufficient incentive
to develop the subject process for production of hydrogen from coal. The
project considers specifically the comparison of the subject process
(a molten-iron/steam concept) to the more conventional concepts employed
in the Koppers-Totzek and Bi-Gas processes. All three processes are con-
sidered as part of an overall integrated SRC-II system. Process flowsheets,
system costs, and product distributions will be described for each case and
comparative economics developed. A development program for bringing the
moltén-iron process to the state of commercial availability will be addressed.

7.8.2 Status Summary

A progress review meeting was held at ORNL on December 12 with DOE/FE
project manager Dr. T. Simpson. ’'Lhe final report draft was reviewed again,
and discussions to the effect of rescoping the project study were initiated

*
Consultant.
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by Dr. Simpson. ' The effect of such changes are undergoing further considera-
tion, and final processing of the report will await the outcome of these
considerations.

The project considers specifically the comparison of the subject
process (a molten-iron/steam concept) to the more conventional concepts
employed in the Koppers-Totzek and Bi-Gas processes. All three processes
are considered as part of an overall integrated-SRC-II system. Process
flowsheets, system costs, and product distributions are described for each
case and comparative economics are developed. A development program for
bringing the molten-iron process to the state of commercial availability
is discussed.

7.9 A Study of Effluent Control Technologies for Hydrocarbon
and, Carbon Monoxide Emissions from Coal Conversion Plants

J. Fisher and G. R. Peterson

7.9.1 Contract Objective

The objective of this project is to provide a technical and economic
comparison of processes available for the control of gaseous hydrocarbon
(HC) and carbon monoxide (CO) emissions. The Lurgi gasification process
is considered as the reference emission source, and comparisons of control
technologies consider incineration as the reference control system.

.7.9.2 Status Summary

Technical and economic studies were completed and the results were
transmitted to DOE in draft form on December 20, 1977. The results
indicate that incineration in a coal-fired boiler is the least expensive
of the methods considered.

Preparation of a draft final report has begun. It is expected that
the draft will be ready for DOE review by the end of February 1978.
7.10 Environmental Controls for Low~Btu Gasification
S. P. N. Singh, M. S. Edwards, J. F. Fisher,

G. R. Peterson, and R. Salmon

7.10.1 Contract Objective

The objective of this project is to evaluate the various environmental
control processes that might be used in connection with low-Btu gasifica-
tion facilities and to determine the economic tradeoffs for various pro-
cesses and levels ol control.
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The project is divided into two phases: Phase I consists of Tasks
1 through 4 of the work statement, and covers the preparation of a detailed
work plan and the selection of gasification and environmental control
processes for use in the study. Phase II consists of Tasks 6 through 8
in the work statement, and covers the collection and analysis of technical
and economic data on the various environmental control processes and the
preparation and analysis of flowsheets showing overall systems of environ-
mental control processes used with various gasifiers. :

7.10.2 Status Summary

Results of Phase I of the study were presented to DOE/ESP representa-
tives at a meeting held on December 7, 1977. At the meeting, additional
work was requested to be performed on Tasks 2 and & of the study.

Details of the additional work requested at the meeting have been reported
on in the December 1977 monthly report (q.v.). In accordance with the
agreements made at the review meeting A letter was forwarded to the
project coordinator at DOE/PCSD (formerly DOE/ESP) on January 18, 1978
summarizing the results of the additional study on the project.

We are currently developing preliminary design data on the low-Btu
coal gasification processes with the objective of obtaining pertinent
data from the process vendors/licensors regarding the environmental
control processes that may be applicable to low Btu gasification processes.

7.10.3 Open Items
Written approval from DOE/FE/PCSD to proceed with Phase TI work
(required by the project work statement) has not been received. Verbal

approval to proceed was given at the December review meeting, and written
confirmation is expected soon.

7.11 Support of the Office of Initial Operatioms (0I0)
B. Niemann, J. F. Fisher

H. F. Hartman, and W. R. Reed

7.11.1 Contract Ubjectives

The objectives of this project are: (1) to perform rapid reaction
reviews and analyses of documents provided by DOE on coal conversion
demonstration plant projects with appropriate follow-up as requested;

(2) to conduct requested evaluations in areas which include considerations
of start=up, safery, environmental pollution, maintainability, and reli~-
ability; and (3) to develop guidelines for the preparation of safety,
operation, and maintenance manuals.



39

"7.11.2 Status Summary

Efforts are continuing on establishing a network of specific personnel
contacts within specialty groups in the ORNL Fossil Energy Program and the
UCC-ND Engineering Division.

A set of generic checklists by the main functional areas (operability,
startup, reliability, maintainability, safety, and pollution control) is
nearing completion. These checklists apply to any large scale coal conver-
sion plant project and contain both general and specific items.

Work is beginning on a specific design checklist strictly applicable
to the special process areas of coal gasification plants.

Preliminary flowsheets of current demonstration plant processes were
prepared from available published information. They are intended to serve
as a basis for identifying high risk areas related to such processes. .
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8. PROCESS AND PROGRAM ANALYSIS

J R. McWherter

Process and program analysis studies are being conducted for the
DOE Fossil Energy Office of Program Planning and Analysis. This effort
includes research studies on most of the coal conversion and utilization
processes. The program objective is to provide, on a consistent basis,
technical and economic evaluations of competing processes and systems
for coal conversion and utilization.

8.1 Low Btu Coal Gasification

H. F. Hartman and J. P. Belk

8.1.1 Contract Objectives

The objectives of this study are to survey the low Btu coal gasifica-
tion processes, select the most promising processes, and provide technical
and economic information on the competing processes.

8.1.2 Status Summary

Work continued on planning and implementing changes to the September
1977 draft report. All DOE and ORNL comments on the draft report were
reviewed and work began to revise the report based on the suggestions
recelved. Comments were reviewed from the representatives of processes
Lthat were described in more detail and a consistent approach was planned
for changing the descriptive sections. Material in the process descriptions
will be modified and updated using information provided by the reviewers.
Future work will be directed toward preparing a revised draft report.

A total of 97 low Btu gasification processes were considered in the
survey. Of these, 21 were selected for detailed study. The September
1977 draft report on these studies includes discussions of problem arcas,
economics and process applications.

8.2 Direct Combustion

E. C. Fox and T. D. Anderson

8.2.1 Contract Objectives

The purpose of this study program is to assist DOE/FE in their
effort to develop a national strategy to increase the near-term use of’
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coal through direct combustion; the applications of interest in this
study are the small-to-moderate industrial user and the large residential/
commercial user. The following objectives will be accomplished:

1. Identify and quantify the important factors restricting the use of
coal in the sectors of interest.

2. Evaluate potential technological and institutional solutions to the
problems identified in (1) above.

3. Make recommendations to DOE/FE relative to the most promising
approaches to increasing the near-term use of coal.

8.2,2 Status Summary

Work is in progress to evaluate the alternatives to onsite direct
combustion. The physical parameters that govern the cost of pneumatic
and hydraulic transportation of coal are being defined and investigated.
The costs of the central steam generation system are being compiled with
most of the present work centered on developing steam transportation costs.

The interim report covering the first phase of the study has been
transmitted to DOE in draft form. The following is a summary of the con-
clusions:

Coal can be combusted in several well developed and commercially
available systems. The choice of the particular device depends chiefly
on the coal that is available, the cost of coal, the plant size, and cost
of equipment. The tradeoff is between capital and operating costs. In
general, the more expensive coal equipment is more efficient, requires
less labor, and is more reliable, which results in lower operating and
maintenance costs.

Advanced combustion technology is focused primarily on developing
equipment that can meet environmental regulations, specifically the sulfur
dioxide standards. The technologies judged to be developed sutticiently
to be considered an option in the near term are atmospheric fluidized bed
combustion and conventional coal furnaces with and without stack gas
scrubbers. :

The single most important barrier to the wide acceptance of direct
coal combustion in either of the sectors of interest is the question of
economics. For most installations presently burning natural gas, con-
version to o0il firing is an option at some modest capital cost. However,
converting a boiler designed to fire natural gas to coal tiring is not
a practical consideration. In general, the choices which industry has
are either converting their gas-fired boilers to oil firing, or building
new coal-fired units.
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The question of financing brings about particularly severe problems
when considering direct coal combustion because of the intensive capital
requirements. In many industrial installations, the capital requirements
will rival those needed to expand existing processes. As a result, the
competition for capital is very important in the eyes of industry.

Direct on-site coal combustion does not provide strong economic
incentives for industry in the near term. For all of the seven regions
considered (Houston, New Orleans, Chicago, Minneapolis, Los Angeles,
Philadelphia and Knoxville) the large installations (1 x 10® 1b/hr steam)
appeared to be at least marginally attractive over oil. But for smaller
sizes, the economy of scale and increased transportation costs for coal
makes them less attractive. Houston, Texas and New Orleans, Louisiana,
which are sites representative of the highly industrialized Gulf Coast,
are distant from either the eastern or western coal fields. As a result,
the economic advantage of coal firing for this region is constrained to
the largest sizes. Burning high-sulfur coal in a fluid bed or with scrub-
bers at locations near the coal mines (Chicago, Knoxville, Philadelphia)
appears to be somewhat attractive for even medium size users (500,000~
1,000,000 1b/hr). However, burning low-sulfur coals in Knoxville and
Philadelphia, which are relatively close to both high- and low-sulfur
mines, also looks attractive for this size range.

For sites located near western low-sulfur coal fields, the economic
incentives are fairly good for large size plants but again look poor for
medium size installations with capacities less than 500,000 1b/hr.

For the commercial and residential sector, there are as many barriers
to wide implementation as the industrial, but economics is the most impor-
tant consideration. The near term, and certainly largest application of
direct coal combustion as it applies to this sector is for space heat and
hot wate¥. ‘'he inherent low utilization of space heating equipment makes
a severely capital intensive system such as conal mmattrartive compared to
burning oil for most regions of the country.

Regardless of the method of combustion, converting to coal will
significantly increase the emissions from industrial sites that were
previously burning oil or natural gas. Of the coal combustion technologico
studied, the fluidized bed concept appears to be the best for reducing the
emission of SU; and NUy. However, mass burning stoker furnaces appear to
be the best for limiting particulate emissions. Concern over future envi-
ronmental regulations and inability to meet the offset requirements in
noncompliance areas arc the most serious environmental barriers to increased
coal combustion for many industrial users.

For the near term, wholesale conversion of industry from oil and gas
to coal combustion does not appear to be forthcoming. The lack of sub-
stantial economic incentives, increased risk due to intensified capital
requirements, and the lack of a consistent environmental policy has lead
industry to postpone any energy decisions. Industrial boiler fuel taxes
and Federal income tax credits will motivate some of the large steam users
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to convert. However, for the near term the small and medium size users
will find the incentive too small and the risks too high.
8.3 Advanced Power Conversion Systems
G. Samuels and A. P. Fraas*

8.3.1 Contract Objectives

The objectives of this project are to review selected major advanced
power conversion systems and to assess these systems on the basic R&D
status.

8.3.2 Status Summary

Comments received on the twelve draft reports on this project have
been considered and revision of the reports is in progress.

The purpose of this study is to examine the relative advantages and
. disadvantages of the various advanced power conversion systems being
considered by DOE. The prime emphasis is on the technological aspects .
of the concepts, especially experimental experience in the development
of the critical components essential to the technical or economic feasi-
bility of the concept.

The systems included in this study are conventional steam, conventional
gas turbine, combined cycle, ceramic gas turbine, water-cooled gas turbine,
coal-fired gas turbine, closed-cycle gas turbine, supercritical carbon
dioxide, alkali metal Rankine, fuel cells, and MHD.

Draft reports covering all of the 1l systems and an overall summary
report for the project have been completed. These reports have been
submitted for peer review and comments,

8.4 In Situ Coal Gaéification
W. C. Ulrich and M. S. Edwards

8.4.1 Contract Objective

The objective of this program is to provide technical and economic
evaluations of candidate processes for the conversion of coal in situ
to fluid products presently of interest. During FY 1977, technical and
economic evaluations of the linked vertical well process applied to
subbituminous coal were addressed. Three alternative .end product con-
figurations were considered — electricity, SNG, and syngas. In FY 1978,
an evaluation is being conducted of an in situ facility for produ01ng
gasoline from methanol via the Mobil-M process.
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8.4.2 Status Summary

Work on a preliminary overall flowsheet for the gasoline-via-methanol
facility continued, and approximate energy requirements of various plants
for a grass roots facility were determined. To meet the energy requirements,
a raw gas split of about 287 to fuel gas and 72% to process feedstock was
estimated. Material balance and equipment sizing calculations based on
this split were initiated. After these calculations are completed, a
revised energy balance will be determined and the raw gas split adjusted
as necessary.

Contacts were maintained with many of the organizations involved with
methanol production and the Mobil-M process. Mobil Research and Development
supplied ORNL with a copy of the design package which was provided to the
Badger Company and R. M. Parsons for othetr evaliations of the Mobil-M pro-
cess. Badger provided ORNL the latest quarterly report on their ongoing
evaluation of methanol from coal. Contacts were also initiated with Foster
Wheeler Energy Corp. and Pullman — Kellogg Co., both licensees of Imperial
Chemical Industries' methanol process. :

8.4.3 Open Items

External review of the draft evaluation report, Process Designs and
Economic Evaluations for the Linked Vertical Well in Situ Coal Gasification
Process (ORNL-5341), is continuing. The report represents the culmination
of our FY 1977 in situ coal gasification analyses studies. The report
describes three conceptual plants designed for utilizing gas produced
from a linked vertical well in situ coal gasification process and gives
results of economic evaluations based on the concepts. Final preparation
will be concluded following receipt of DOE comments.

A revised work statement, submitted to DOE/FE on December 9, 1977, is
being used to guide the current effort at ORNL.
8.5 Coal Beneficiation
8. P. N. S8inghh and G. R. Peterson

8.5.1 Contract Objective

The objective of this study is to provide technical and economic
evaluations of currently used and potential coal beneficiation processes.

8.5.2 Status Summary

Project efforts culminated in a draft final report titled Survey and
Evaluation of Current and Potential Coal Beneficiation Processes
(ORNL/TM-5953) which was completed in October and forwarded to DOE
for review and comments. The report summarizes the technical evaluations
of currently used coal beneficiation techniques as well as several novel
techniques.
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A meeting will be held with DOE representatives at their earliest
convenience to obtain direction on the publication of the final draft
report.

8.6 Gas Cleanup Studies

M. S. Edwards

8.6.1 Contract Objective

The objective of the gas cleanup study is to collect information on
the technology and economics of processes for the removal of impurities
(principally hydrogen sulfide) from fuel gas streams. High- and low-
temperature cleanup processes will be reviewed.

8.6.2 Status Summary

Comments on the draft report ORNL/IM-6077, Selection of Candidate
HpS-Removal Processes Applied to Low-Btu Coal Gas, have not yet been
received from DOE. The report gives detailed process descriptions and
cost data for seven methods of removing HyS from a low-Btu coal-derived
gas: MDEA, Benfield, Selexol, Sulfinol, Stretford, MERC Iron Oxide, and
Molecular Sieve. Each of these processes was selected as representing a
particular category of gas treating.

8.7 HYGAS Modeling
J. P. Meyer, G. C. Frazier, J. W. Wells, and J. P. Belk

8.7.1 Contract Objective

The objective of this project is to develdp a computer model of the
HYGAS gasifier.

8.7.2 Status Summary

As a first step in the development of a model of the HYGAS Pilot Plant
gasifier, a computer program based on the IGT coal gasification-kinetic
model is being prepared using information on the IGT work presented in
the ERDA report, Preparation of a Coal Conversion Systems Technical Data
Book, FE 1730-21. Coding for the IGT single-bed model is essentially
complete, and preliminary coding is underway to link two or more beds
in series as required for modeling the HYGAS process. At this time, the
single-bed program is undergoing debugging and testing. Results will be
compared with those given by IGT. Thermophysical property data for the
program has been obtained from the following sources:
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> Reaction equilibrium constants — Estimate of Coal and Gas
Properties for Gasification Design Calculations, R&D Report
No. 22, Interim Report 7, OCR, Dept. of Interior, Washington,
D.C., January 1971.

> Heat capacity data and heats of formation — J. M. Smith and
H. C. Van Ness, Introduction to Chemical Engineering Thermo-
dynamics, McGraw-Hill Company, New York, N.Y., 1959,

Efforts have been devoted to characterizing the devolatilization
phenomena as they occur in the HYGAS reactor. A major uncertainty exists
as to whether or not the devolatilization mechanism can be classified into
either a rapid rate or a slow rate regime. As defined by Field et al.,!
rapid rate devolatilization can only be experienced by partic¢les smaller
than 100 microns in size. Since this fraction constitutes less than 207
of the feed to the HYGAS unit, it may be possible to consider the devolati-
lization as occurring under slow rate conditions. If so, then the work
of Howard? may be used as a limiting case upon which to subdivide product
yields from different coal types. Further work is required in this area
to obtain information on how product yields are affected by heating rate,
temperature, residence time, and coal type.

8.8 Liquefaction
J. R. McWherter

8.8.1 Contract Objectiwve

The objective of this project is to provide technical and economic
evaluation of coal conversion liquefaction processes. Ralph M. Parsons
Company is working under subcontract on the project with J. B. O'Hara
as Project Manager. Major tasks included in the subcontract are: (1)
a Survey of Liquefaction Processes, and (2) a Detailed .Review of High
Potential Liquefaction Processes.

8.8.2 Status Summary

Task 1. A review is in progress of the data source book prepared by
Parsons which summarizes the characteristics of 32 liquefaction processes.

Yask 2. Parsons developed preliminary fixed capital investment esti-
mates and economics for the five high potential processes selected.

Additional information was obtained on the SRC II process from the
latest progress reports on the Pittsburg and Midway pilot plant at Tacoma,
Washington. Additional information clarifying some of the data was obtained
from the Department of Energy. Parsons is revising the SRC II yields and
fixed capital investment based upon this latest information.
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As a result of additional information which became available, the
fixed capital investment estimate for the H-Coal process was revised.

Preliminary block flow diagrams were prepared for the five high‘poten-
tial processes. :

From the processes included in the survey, Parsons recommended selection
of the following five processes for more detailed comparison: (1) gasoline
via Mobil-M, an indirect liquefaction process followed by catalytic con-
version of methanol to gasoline; (2) H-Coal, a catalytic hydroliquefaction
process; (3) CSF, a donor solvent process; (4) SRC, a noncatalytic~
psuedocatalytic hydroliquefaction process; and (5) Fischer-Tropsch using
flame-sprayed catalytic heat exchange service, an indirect process.

The recommended selection of a doner soelvent process is based on the
availability of information to Parsons to properly evaluate the technology.
8.9 High Btu Gas
J. R. McWherter

8.9.1 Contract Objective

This subprogram is being analyzed under subcontract by the Scientific
Design Company, Incorporated (SD) with A. S. West as Project Manager. The
present work is divided into three phases as follows:

1. The objective of Phase I is to provide technical and economic
evaluation of competing processes, concepts and systems for
the production of high Btu gas from coal.

2. The objective of Phase II is to monitor and analyze data from the
HYGAS Pilot Plant.

3. The objective of Phase III is to perform a technical and economical
evaluation of the Battelle Agglomerating Ash Burnet Process for
the production of medium Btu fuel gas, synthesis gas and hydrogen
from coal.

8.9.2 Status Summary <

Phase I. ©No additional work was done on this phase.

Phase II. SD engineers are monitoring Test No. 68 of the HYGAS
Pilot Plant which was initiated on December 29, 1977.
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8.10 Comparative Cost Estimates of Five Coal Utilization Processes
J. R. McWherter

8.10.1 Contract Objective

The .objective of this study is to determine consistent investment

- costs for four different coal utilization processes plus a conventional
coal-fired power plant. The study will consider a high sulfur bituminous
coal, such as an Illinois No. 6 used for a 500 MW power plant. 0f the
four coal conversion processes, two will consider scrubbing sulfur from
the flue gases, the third will consider atmospheric fluidized bed com-
bustion with simultaneous entrapment of sulfur by injection of lime, and
the fourth will consider a coal beneficiation process coupled with flue
gas scrubbing. . This study is being conducted under subcontract by Chem
Systems, Inc., with L. H. Welss as Project Manager.

8.10.2 Status Summary

The development of input information continued for the Icarus
Corporation's CP$TR program, which is being used to estimate costs
for the utilization processes. The project is nearing completion.
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8.11 References for Section 8

M. A, Field, D. W. Gill, B. B. Morgan, and P. G. W. Hawksley,
"Combustion of Pulverized Coal. Part 4, Thermal Decomposition,"
BCURA Monthly Bulletin 31 (193-214), 1965.

H. H. Lowry, Editor, Chemistry of Coal Utilization, Supplementary
Volume, John Wiley & Sons, New York, N.Y., 1963, p. 346.
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9. FOSSIL ENERGY ENVIRONMENTTAL PROJECT

C. R. Boston

9.1 Stored Solids Study

W. J. Boegly, Jr.

No additional residue or coal samples were received during January.
We are waiting for samples of Slagging Lurgi and Cogas solid residues
requested from England and Scotland. Information has been relayed to
ORNL that a 100-hr run was made (using char from American coals) in the
Cogas Pilot plant during the latter part of December. We are attempting
to determine whether any of the residue/slag is in transit to ORNL, and
if so, the amount and anticipated delivery date.

Both the literature review on coal pile leachate, .and the Stored Solids
Quarterly Report were completed -in draft form during January. Following
internal review and resolution of comments it is planned to issue these
documents as ORNL/TM reports.

Four 6-ft-diameter, ll-ft-deep reinforced concrete lysimeters were
ordered during January. Also, a modified lysimeter was designed for the
coal leaching program and will be fabricated at ORNL. This lysimeter will
have wire mesh sidewalls to simulate more closely conditions in an actual
coal storage pile.

9.2 Environmental Monitoring Handbook

S. G. DeCicco

During the month of January, all of ORNL's sections of the Handbook
returned from the review process. Authors responded to comments and sub-
mitted their sections to the editor. Editing of all ORNL sections should
be complete by the end of the month.

On January 10, a Radian representative visited ORNL to discuss the
necessary modifications to their process monitoring section. On Fehruary 6
Radian's revised process monitoring section was received. It will be
thoroughly reviewed for emphasis, tone, and technical content and then
submitted to the editor. The date of completion is projected to be March -31.



51

9.3 Technical Assistance

9.3.1 Interaction with Demonstration Plant Contractors — S. G. DeCicco

In response to a DOE request we reviewed the December 20, 1977, Draft
Statement of Work for the Memphis Fuel Gas Demonstration Plant. The
Statement of Work included a summary of the environmental monitoring
program and an outline for the Environmental Report. Foster Wheeler
Energy Corporation (architect/engineer) prepared the document since an
environmental subcontractor had not been named. The concensus of the
FEEP team was that the monitoring program was a well conceived first
draft, but lacked a detailed scope of work. After an environmental sub-
contractor is named, a more thorough scope of work can be expected. The
Environmental Report outline was basically a copy of the ICGG outline
with the same shortcomings. Overall, the outline is adequate but certain
areas require modification, especially the section on mitigating measures.
Comments on this Statement of Work were sent to DOE on January 19.

9.4 Carryover Activities from FY 1977

9.4.1 Environmental and Health Aspects of Disposal of Solid Wastes from
Coal Conversion: An Information Assessment — H. M. Braunstein

This document is receiving final in-house review and is now scheduled
to go to the printer on March 15, 1978. The original target date was missed
because the required in-depth review was not completed on schedule and
because of higher priority assignments.

9.4.2 Environmental Considerations for Inclusion in PON's, RFP's, and
ER's: Fossil Energy Demonstration Plants — M. S. Salk '

Final revisions were completed, sign-offs by all internal reviewers
were obtained, and the document was sent to DOE for final approval. It
will be published as an ORNL/TM.
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10. MAGNETIC BENETICIATION OF DRY PULVERIZED COAL
D. M. Eissenberg, E. C. Hise, and M. D. Silverman
This program was initiated during FY 1977 ysing Advanced Power
Systems Program Development funds.
10.1 Objective
The objective of this project is to develop and demonstrate a novel
process for coal beneficiation by magnetic separation of pyrites and ash
from dry pulverized coal.
10.2 Status Summary

10.2.1 Program Status

A 189 has been submitted formally to the Division of Solid Fuels
Mining and Preparation for funding for the remainder of FY 1978. Favorable
action is expected by March.

10.2.2 Separability Studies

The data-taking phase of the comparative study of the potential of
magnetic versus heavy media separation of high sulfur eastern coals has
been completed and the results are being analyzed. The final tests involved
a Lower Kittanning coal (Jefferson City, Pennsylvania) which contained
1.27 total sulfur, 0.45% pyrite and 15.6% ash.

A preliminary examination of the data indicate good agreement between

the total magnetic fraction removed directly and the sum of the magnetic
components of the float-sink fractionms. .

10.2.3 Magnetic Separation Loop

Site visits were made to the magnetic laboratory of the Chemical
Engineering Department of Auburn University and to the TVA Bull Run Pawer
Plant to consult, to observe equipment operation, and to obtain operating
data. The operating condition requirements for a direct fired pulverized
coal boiler and the data and operating experience developed thus far for
high gradient magnetic separation of dry pulverized coal are being compared
to aid in orienting the experimental program toward the development of a set
of mutually compatible operating conditions.
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10.2.4 Auburn University Subcontract

A final report of the subcontract work was not received as expected
this month. A draft report is expected in February.

e
dpa

]
>
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11. ATMOSPHERIC FLUIDIZED BED COMBUSTION DEMONSTRATION PLANT

C. B. Smith and J. E. Jones, Jr.

11.1 Demonstration Plant Management Support
W. H. Fleischman, J. W. Wells, S. E. Hamblen, and H. A. Mitchell

11.1.1 Project Status

The date for issuing the Program Opportunity Notice has been delayed
at least until the start of FY-79 in order to assess the impact of the
proposed Environmental Protection Agency requirements on the economic
potential of AFBC utility-size plants.

11.1.2 Support Stidies

Technical support studies are devoted to developing proposal
evaluation techniques with the recent efforts centering on improving the
equipment cost data base and developing computer codes for rapid evalua-
tion of technical data in proposals.

Computer codes for energy and mass balances, heat transfer surfacing,
and steam cycle computations are being developed. Comparisons with the
data in the monthly reports from the TVA/DOE demonstration plant design
studies are in progress. Comparison with some GE steam cycle information
shows good agreement with the steam cycle code. The steam cycle code is
an existing code that may require little if any modification to be useable
for this project.

11.2 Technology Assessment

M. Siman-Tov, H. D. Cochran, T. G. Godfrey, R. E. Kuhlman,
M. E. Lackey, and G. Samuels

Technology assessment activities have resulted .in a definition of
the problem areas associated with the demonstration plant and assignment
of a team member to be responsible for improved definition of each problem
area, determination of existing and planned programs in the area and
defining additional work that should be accomplished. The literature
survey, AFBC library and team members past experience was used to develop
the initial definition of the problem areas. Visits to AFBC operating
facilities and involved organizations are being planned as an aid to
further definition of the problem areas and current programs, A list of
topics and questions for discussion during the visits is being prepared.
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