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I. Project Objective

The overall objective of this project is a process for producing pipeline
gas {rom coal that is economically attractive for supplementing natural gas
supplies. The present objective is the design, construction, and operation
of a large integrated pilot plant to obtain scale-up data and operating experi-
ence, Developmental research, engineering studies, and economic evalua- .

tions are in progress to help attain this objective.

II. Achievements

HIGH-PRESSURE METHANATION

The rate expression developed from data at 575°F correlates well with that
from data at 740°F.

Shakedown tests were conducted on the laboratory unit built to study the

effect of gaseous sulfur compounds on methanation catalyst perforinance.

ENGINEERING ECONOMICS STUDIES

An examination of the financial factors used in the two Bureau of Mines

gasification processes showed some apparent inconsistency in the assumed
effective cost of coal.

"The 500 billion Btu/day pipeline-gas plant from lignite was revised to in-
clude conventional steam-turbine power generation instead of MHD generation.

The gas price increases from 33¢ to 40¢/million Btu when the steam cycle is
used.




DEVELOPMENT UNIT STUDIES

Two tests were made this month to study the hydrogasification behavior of
a New Mexico subbituminous coal from Farmington. The coal feed was dried,
but otherwise not pretreatcd. Agglomeration in the reactor tube stopped both

tests. Two hours of normal feeding preceded blockage in the {irst test.

One of the five clectrothermal gasification tests made this month showed
indications of the effect of the magnetic flip coil on the bed's electrical be-
havior. The frequency of the current flicker was noticeably reduced; tke
amplitude of the flicker was unchanged. In the {ifth test this month the steam

superheater coil ruptured and is being repaired.

NEW PROCESS STUDIES

The fuel cell engineering study conducted earlier this year was extended
to allow the study of alternative process schemes to use the heat {from the fuel
cell power plant directly in the HYGAS Process. We hope that these modifi-

cations will improve the process'economics.

PILOT PLANT CONSTRUCTION

Engincering is 997 cornplete. Purchasing is 98% complete, with the award
of the last major subcontract for painting, Material receipt is 96% complete.
Items delayed by the recent truck sirike are beginning to arrive. Construction
is 77% complete. Of this, piping is 88% complete and instrumentation is 4u%

. complete,

The design of the 2-MW elentrothermal gasifier system continues at Pro-
con. Emphasis is placed-on revising piping and instrument diagrams and

veseel details,
I1I. Problems
No major problems were cncountered this month,

1V. Recommendations

We recommend that the project proceed in the areas defined in the contract

amendment.
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V. Status of Funding

1. A.G.A. Funding

A. 1970 Funds Allocated $ 300.000
B. Funds Expended This Month (estimated) , $ 25,000
C. Funds Expended to Date (estimated) $ 233,000

2. OCR Funding

A. Funds Expended This Month (estimated) $ 650,000
B. Funds Expended Since Contract Amendment $7,390, 000
No. 1 (estimated)
As a result of personally reviewing the pertinent data and information
reasonably available, it is our opinion that the project's objective will be

attained within the contract term and the funds allccated,

-~

Signed; )\ AN k 3 /. - .
Bernard S. Lee
Manager

,Qacé‘\ MAL[‘[L_/{,/
J Huchbler
fﬁ;-Prcsident
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Appendix. Achievements in July

HIGH-PRESSURE METHANATION

Study of the temperature dependence of the rate of methanation continues.
Experimental results are presented in Table 1. The rate expression ~

kyp ' pi/

B kszz + k3pCH4

was developed based on extensive experimental work at 575°F, and was tested
with data obtained at 740°F. Theoretically, k;, k;, and k; are all functions of

temperature. The rate constant, k,, is traditionally expressed as —
- - E .
ky @ koexp (~z) (2)

Previous experience indicated that the effect of excess H, and CTH, is small,
and if the rate expression, Equation 1, is representative of the methanation
kinetics, it should apply at other temperatures and low pressures without modi-

fication of k, and k3. As shown in Figure 1, the rate expression works well

at 740°F.

2-0

0.5

RATE OF METHANE FORMATION,
y + 104 ib — mole/hr—g cotalyst
5

0
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
172
Pco Pu,

= A-70664
I+ O sz+ 0.05 pcn.
Figure l. RATE OF METHANE FORMATION AT 740°F
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Scveral pieces of equipment were repaired or replaced during shakedown
tests on the laboratory unit built to study the behavior of methanation catalysts
in the presence of various sulfur compounds. As soon as calibration is com-

pleted, testing will begin,
ENGINEERING ECONOMICS

At the request of the OCR we studied two plant cost cstu'nates by the Bureau
of Mines. They are for 252 million SCF¥/day pipeline gas from coal by two
processes: 1) fluidized gasification followed by methanation, and 2) two-stage
hydrogasification followed by cleanup methanation. Both plants include costs
for the coal mining operation integrated with the gas plant. We were interested
in the financial aspects, rather than in a study of the investment and operating
costs, For the same investment and operating costs, differences between the
Bureau's and IGT's calculations are from 1¢ to 2¢/1000 CF for 5-7.5% interest
rates and a return in rate base of 7-9%. Larger differences occur in the
factors used by the Bureau and IGT to calculate fixed- investment from pre-
viously determined construction costs. From our analysis it appears‘that
the effective cost of coal in process 1 is about $3.10/ton and for process 2
is $3.80/ton. However, this difference is unexplained since coal requirements
and mining methods are the same. Such a difference enhances process 1

relative to process 2 by about 4¢/million Btu.

In the Second Quarter Report, June 1970, water and air cooling were com-
pared for the design of a 500 billion Btu/day pipeline-gas plant from lignite.
To continue this comparison, we revised the power plant section to produce
power by conventional steamn-turbine generation. In the original design, most
of the total plant requirements of 741 MW were supplied by the MHD unit.
Spent char from the electrogasifier plus 95,100 1b/hr lignite supplied all the
fuel for the power plus an excess of 126.6 MW as by-product power. High-

pressure process steam was also generated in the power plant by waste heat.

In the conventional system, gas plant power and process steam are also }

generated, but extra lignite is required and there is no by-product power.

To summarize bricfly —
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MHD + Steam Conventional

Power Cycle Steam-Power Cycle

Power Plant Bare Cost, $ 76,820,000 116,646,000
By-product Power, MW 126.6 none
Fuel, 1b/hr

Spent Char 777,840 777,846

Lignite 95,120 317,115
Overall Efficiency, % 74 54
Gas Prite, ¢/10% Btu (with lignite 33 40

at 8¢/10° Btu)

Further details will be given when the comparison of air and water cooling
is completed.

We prepared a paper, "Hydrogen: A Key to the Economics of Pipeline Gas
From Coal," for presentation at the American Chemical Society Fuels Sympo-

sium in Chicago in September 1970.

DEVELOPMENT UNIT STUDIES

Hydrogasification Tests

The experimental investigation of the hydrogasification behavior of Western
subbituminous coals in the high-temperature, balanced-pressure development
upit was extended to tests with New Mexico subbituminous coal from several
seams in the Farmington area. Two tests, Runs HT-249 and HT-250, were
performed with this subbituminous coal at the standard processing conditions

of 1000 psig pressure and 1700°F coal bed temperature.

The Pit A" coal was prepared for hydrogasification by crushing and
screening to a —104+80 mesh size range, and drying to a 1-2% moisture level.

An as-received anélysis of this coal is given in Table 2.

The first test, Run HT-249, was partially successful. It had tc be termi-
nated after a brief steady-state period when the coal began to agglomerate in
the reactor. The second test, Run HT-250, had to be shut dewn before steady
state was reached because the coal agglomerated at the outlet of the coal feed

tube. Significant features of the two tests are given in Table 3.

In both tests, the coal was gasified in a 3,5-ft fluidized bed with a mixture

of hydrogen and steam. Nominal flow conditions for Run HT-249 were 66.6

lb/hr coal, 530 SCF/hr hydrogen, and 25.3 lb/hr steam, At these flow conditions

7
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Table 2. CHEMICAL ANALYSIS OF AS-RECEIVED NEW MEXICO
SUBBITUMINOUS COAL, PIT "A," FARMINGTON, NEW MEXICO

Proximate Analysis, wt %

Moisture 13.8
Volatile Matter 34.9
Fixed Carbon 13.2
Ash 38.1
Total 100.0
Ultimate Analysis (dry), wt %
Ash 15.28
Carbon 65.1
Hydrogen | 4.90
Sulfur 0.55
Oxvgen 12.93
Nitrugen 1.24

Total 100.00

Table 3. FEATURES OF HYDROGASIFICATION TEST RESULTS FOR
RUNS HT-249 AND HT-250

Run No. Temperature, °’F  Purpose of Run Results

Fead Solids: Dried New Me}lico Subbituminous Coal, Pit "A"

HT-249 1300-1700 To investigate the hydrogasi- Partially suc-

fication behavior of this cozal . cessful; moderate
agglomeration in
reactor
HT-250 1300-1700 Same as HT-249 Coal agglom-

erated at coal
feed tube outlet

8
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the hydrogen-to-coal ratio was 25% of the stoichiometric ratio and the steam
concentration in the feed gas was 50 mole percent. Coal feeding proceeded
uninterrupted from the start through four bed-level control discharge cycles
before agglomeration in the reactor began to affect its flow through and feeding
to the reactor. Coal blockage resultiny from the agglomeration cleared only
temporarily after the initial holdup. Coal fceding was resumed for a neriod

of 4 minutes before the coal feed screw jammed. The test lasted over 2 hours,
during which coal was fed, with 17 minutes at nearly steady-state conditions,
Residue removed from the reactor contained agglomerated coal 1-3 inches in
diameter. More detailed hydrogasific‘:ation results of Rurt HT-249 will be pre-

serited when the analyses of this test are completed.

For the second test, Run HT-250, with the same coal, the feed-gas flow rates
were set so that the steam concentration was 30 mole percent. This allowed
for operation with a greater hydrogen concentration in the feed gas than in
Run HT-249, and reduced the coal's tendency to agglomerate. Coal feeding
was started at approximately one-half the steady-state rate of 66.6 lb/hr,
with a feed gas-stecam concentration of less than 30 mole percent. After 30
minutes of feeding coal,the {eed screw stopped as coal agglomerated at the
outlet of the coal feed tube. Croal feeding was resumed after the plug was
cleared, but for only 27 minutes before another plug formed. The run was
shut down when the plug could not be cleared. Apglomeration in this test was
less severe than in Run HT-249. It appeared to be mainly clonfined to the
zone at the outlet cf the coal feed tube. Closer control of the coal heat-up

rate in the upper part of the reactor may be necessary to minimize the aggiom-

erating tendency of the coal.

Coal Preparation

Crushing, screening, and drying operations were conducted with the New
Mexico subbituminous coal to make it suitable for a feed to the hydrogasifi-
cation development unit. About 425 1b of Pit "A" bituminous coal was crushed
in a swing hammer mill, screencd to a —10480 mesh size range, and dried in
the coal pretreatment unit. The coal was dried with a mixture of air and
nitrogen at 275°F in a fluidized bed from an as-received moisture level of
13.8% to 1-2%. In similar operations, about 500 1b of Pit "B" bituminous
coal was prepared.
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RLINCTROTHERMAL GASIFICATION

Five tests were conducted during the month to determine the effect of the
/
magnetic [iip coil on the electrical characteristics of the pilot unit. Operating
problems caused the termination of four of the runs beforc steady state was

attained. In the fifth test a 30 minute stcady- state period was achieved.

Pressure cycling in the unit during the heat-up period of Run EG-57 caused
erratic fluidization and subsequent plugging of the gas offtake line with char.
After clearing the plug,pressure cycling continued. Then the discharge screw

jammed and the test was terminated. Inspection of the unit following the run

showed that the electrode tip was melted along several inches and metal pellets had

lodged in the discharge screw; no damage was done to the 6-inch reactor wall,

The melted tip was apparently caused by erratic fluidization during heat-up.

Pressure upsets and erratic fluidization were evident during the heat-up of
Run EG-58. The test was terminated when the discharge screw jammed and
arcing occurred through the bed. However, the electrode was only slightly
pitted after the run znd the discharge screw was clear of metal jellets. The
discharge screw packing bound when the screw housing became warm and
was replaced. The pressure letdown regulators were fitted with new diaphragms

to prevent the pressure cy:ling which occurred during the two tests.

The gas oiftake line became plugged during the heat-up period of Run EG-
59, after clearing it we were unable to rrove solids through the reactor. The
char bed became packed due to the plug in the gas offéake line and could not
bte fluidized. The low resistance of the packed bed prevented the control of

power to the unit and the test was terminated.

A steady-statz period of 30 minutes was maintained in Run EG-60, during
which data were collected on the oscillograph at conditions outlined by our
electrical consuitants for magnetic coil operation. These data will be analyzed
to determine what effect the magnetic coil has on the electrothermal operation,
Observation of the direct-current ammeter during the flip coil's operating
period showed that the frequency of the carrent "flicker" was noticeably rediced.

"However, the amplitude of the flicker still varied over a range of about £1,5
times the average current — similar to the variation without the flip coil.
Furtker results from the oscillograph's data will be reporied when they be-

come available. Nominal conditinons during steady state were —

10
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Overall
itun Char Feed Steam Feed Reactor Reactor Power Resist-

Ni.  Rate, lb/hr Rate, Ihjhr Temp, °F Press., psig Input, kW ance, ohm

EG-60 125 125 1800 toto 50 0.57

Since there was a noticeable effect on the current’s behavior during the flip
coil operation, Run £G-61 was conducted to obtain additional oscillograph data
at various power settings of the magnetic {lip coil and thus provide a range of
variables for study, As the switch from fluidizing nitrogen to steam was being
made a sudden loss of pressure in the steam superheater plus the loss of
steamn flow to the reactor caused the shutdown of the test. Inspection of the
superheater coil following the test showed that the coil was rupt{zred. It was
set to the manufacturer for repair, if possible, or replacement. Since several
months could pass before getting the superhea hack on-line, IGT is fabri-
cating a coil of 9/16-inch stainless steel for plac‘ement in the present nitrogen
prcheat furnace for use as a steam superheater. Although this heater will

have a much lower heating capability, it should put the pilot unit back in opera-
tion in 7-10 days. .
NEW PROCESS STUDIES

Fuel Cell Engineering Studies

Estimated electrical energy costs for a fuel cell power plant were reported
in the First Quarter Report, March 1970. The cost figures were based on a
793-MW power plant with a 402-MW output from the feel cell plant and a 391-
MW output from a heat recovery turbogenerator plant. - The energy cost was
estimated between 4.5 and 5.4 mills;kWhr., However, if the heat from the fuel
cell plant can be dircctly; utilized, the economics of the plant may be improved,

resulting in a lower energy cost,

The following schemes will be examined for utilization of heat output from
the fuel cell plant:

1. Generation of high-pressure steam which can be directly used in the hydro-
gasifier, electrogasifier, ctc. Since the hot gases coming out from fuel
cells are about 1370°F, steam at 1200 psig and 1025°F can be generated,
Steamn credit may be taken in the cost estimate for the fuel cell plant.

2. Hot gases from the fuel cell plant contain 15% CO,, 9% O,, 7% H,0, and
69% N,. These gases can be {ud to the producer gas unit supplying fuel
gas to the plant. Certain portions of the gases will have to be purged to
avoid N, buildup in the system,

11
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3. In Scheme 2 the possibility of supplying enriched air or oxygen will also be
examined to see it any benefits are realizable.

Preliminary schemes and cost estimates will be presented in the next re-

port.

P1LOT PLANT CONSTRUCTION

Engineering
Engineering work is continuing on recent additions to the project. Several

of the .nost recent additions concern tie-ins with the electrogasifier unit.

Field changes and corrections are being recorded and "'as built" drawings

will be made after completion of constriction,
Procurement

The painting subcontract was the last major subcontract to be let. During
the recent iruck strike, several critical items that were caught in the boycott

of Chicago were raordered and air freighted or cancelled and bought locally.

Several specifications were sent out for bid for items that are part of re-

cent extra work orders.
Construction

Major field activities during this report period have been area piping, pipe
" pressure testing, electrical work, and instrumentatinn. Piping is 88% com-
plete and instrumentation is 40% complete. The electrical subcontract work,
particularly the instrument electrical work, is behind schedule. On the pre-
sent straight-time basis, this work will extend beyond the scheduled mechanical
completion date, IGT and Procon are reviewing the possibiiil.y of overtime or

an additional shift for this subcontract work.

We have experienced z total of 27 inclement weather days, three of which

occurred in this report period. On these days progress was negligible.

1&
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OCR Contract No. 14-01-0001-381(1) A.G.A. Project No. IU-4-1

I. Project Objective

The overaill objective of this project is a process for preducing pipeline
gas from cogl that is economically attractive for supplementing natural gas
supplies. The present objective is the design, construction, and operation
of a large integrated pilot plant to obtain scale-up data and operating experi-
ence. Developmental research, engineering studies, and economic evalua-
tions are in progress to help attain this objective,

1. Achievements

HIGH-PRESSURE METHANATION

The study of the methanation reaction was extended to 850°F. The rate
exprassion developed at 575 °F still applies at 850 °F..

After shakedown, the culfur reactance study equipment was modified to
improve operation.

ENGINEERING ECONOMICS STUDIES

Details of four cases for producing pipeline gas from lignite using electro-
thermal gasification are preserted: power generation with the MHD systein or
a conventional steam-turbine system, cach with air coocling or water cooling.
Air cooling shows about a 1f /mnillion Btu cost advantage on the gas price over

water cooling at a 3.5% makeup watcer rate, and greater advantage at higher
makeup.



DEVELOPMENT UNIT STUDIES
Two more tests were made this month to study the hydrogasification

behavior of dried but otherwise untreated New Mexico subbitumincus coal

One test was successful; the coal was first reacted with hydrogen alone and

then with a hydrogen-steam mixture. Difficulties encountered to date with

this coal can be attributed to equipment problems, and not the nature of

the coal.

A'm:&her test with the magnetic flip coil on the electrothermal gasifier was
Although some ad-

RCH

lnade,-_whn_{’: confirmed the findings of the earlier test.
dntmne;-i te:.f.‘s with the coil may be made later, no flip coil will be used in
the 2 MW mnt. The reasons are that the fabrication and installation of

thc (.011 can—be difficult, and the coil requires significant power that only

J
1

A

L reduce s the’ frequency of current flicker but not the amplitude.

PILCB&‘ PLANT CONSTRUC TION
Engineering is 99 % complete, except for field changes.
99 % complete. Material receipt is 98 % complete. Construction is 92 %
Of this, piping is 96 % complete and instrumentation is 85%
Sections of the plant are expected to be turned over to IGT by

Purchasing is

complete,
complete.

September,
The design of the 2-MW electrothermal gasifier system continues at

Procon., The gasifier vessel has been placed on order with Struthers-Wells

-Corporation.

III. Problems
No major problems were encountered this month,

IV. Recommendations

We recommend that the project proceced in the areas :‘efined n the contract

amendment,

!' N §$ T 1 T UTE T ECHNOLOG Y



V. Status of Funding

l. A.G.A. Funding

A\ T4

A. 1970 Funds Allocated _ $ 300,000

B. Funds Expended This Month (estimated) $ 25,000

C. Funds Expended to Date (estimated) $ 258,000
2. OCR Funding

A. Funds Expended This Month (estimated) $ 340,000

B. Funds Expended Since Contract Amendment $7,750,000

No. 1 (estimated)

As a result of personally reviewing the pertinent data and information
recasonably available, it is our opinion that the project's objective will be
attained within the contract texm and the funds allocated.

Apprnvcd M 7// Q ngned

Frank C, ﬂora /ar.
Director

Vick-Preaident

I' NS TI?! T UTE 0 F G A S
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.Bernard S. Lee
Manager
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Appendix. Achievements

HIGH-PRESSURE METHANA

in August

TION

The rate of the methanation reaction was studied at 850°F. The results
are presented in Figure 1 together with data obtained at 740° and 575°F,

-
g % 20 <F
E a ® 575 Fy
s g A 740
r < @ 845 ./
o O L5 -
€5 .
=z £
<t N )/ a
T 310
LIEJ E / o

] A .
L 2 / e | -2
© © 05 7 / so 9
r =

0
0 0.5 1.0 .S 2.0 2.5 3.0 3.5
1/2
pco pHg A-B807Q0
1+0Q,l pH2+ 0.05 pCH‘s

Figure 1. RATE OF METHANE FORMATION AT 575° 740°, AND 845°F

Most of these data were obtained at pressures of 300 psig or less and away

from equilibrium conditions. An Arrhenius plot (Figure 2) was constructed

based on these experimeutal data to show the teniperature dependence of the

methanation rate, Since more data are available for better estimation and

analysis, Figure 2 supersedes that presented in the Second Quarter Report.

Sulfur Resistance Studies

Several instruments were added to the apparatus, and the sampling system

was modified. A schematic diagram of this apparatus is shown in Figure 3,

The instruments are being calibrated and tested,
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Figure 2. ARRHENIUS PLOT IFOR METHANATION

ENGINEERING ECONOMICS

Air and Water Cooling in Pipeline Gas From Lignite Plants With MHD and

Conventional Steam Power Plants

The June work report presented results of using air cooling for the pipe-
line gas from lignite plant. In that design the proven and economic effects
‘for three alternatives to the base case weére presented. Compared to the

basc vasc a large savings in makeup water resulted, and for this design the
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price of gas was reduced by 14/million Btu, In these cases the origina!l
MIID steamn power system was retained. In that deslgn, shown in Figurc i,
all of the spent electrogasifier char plus 12 % additional lignite were used to
fucl the MHD-steam power system, which produced all plant power plus
126, 600 kW of by-product power.

Since then, a conventional steam-power system has been designed to pre-
duce required power and process steam, aéa.in on an integrated basis. In
this design, no by-product power and an additional 39 % more lignite are
required in addition to the spent char., This is because of lower efficiency
for the conventional system. Table 1 compares overall energy balances for
the two systems. Notc that the numbers are slightly different for the MHD
steam-power system from those in the originzl report.! These numbers
were given by Avco based on char feed to the MHD unit, ¥or producer gas
feed to MHD, we found that additional lignite was needed to achieve the de-
sired gas production rate and temperature. In calculating the process eco-
nomics, this additional lignite was included in the raw material requirements.
Total output of power and process steam generation is 67.8 % of fuel input, .
The original report showad an efficiency of 74% for the MHD-steam cycle.
These are Avco's figures and do not include the added lignite fed to the pro-
ducer. The eccnomics did include this, however. For the conventional
system the cutput is 53.6% of input. Conventional power is less efficient
than the combined MHD-steam turbine system, Integra:ting process steam

generation with the power plant increases thes efficiency of both systems,

The need for an estimate of z steam power system was discussed with
representatives of General Electric Co. Figure 5 shows the system based
on their recommendations, Two turbines are used. A small turbine ex~
tracts 65. 000 kW in depressurizing 2, 429, 970 lb/hr of steam from 3500 to
1250 psig. This steam is then sent to the gas plant as process steam. As
in the original design, 1, 597, 130 Ib/hr are reheated to 1025°F before being
sent to the gasifiers., Boiler feed water, preheated to 425°F in the gas plant
as before, is used for the steam.- ’

! Tsaros, C. L., Arora, J.L., Lee, B.S,, Pimental, L.S., Olson, D, P,

and Schora, F.C., "Cost Estimate of a 500 Billion Btu/Day Pipeline Gas
Plant Via Hydrogasification and Electrothermal Gasification of Lignite, "

R&D Rep. No, 22, Interim Rep., No., 4, Washington, D.C,: Office of
Coal Rescarch, 1968.
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Table 1. ENERGY BALANCE FOR CONVENTIONAL
STEAM-POWER SYSTEM

10° Btu/hr MW %
Spent Char, HHV 7448.6 2182 --
Lignite, HHV 2099.3 615 .-
Total Fuel Value Input 9547.9 2797 100
Power Cutput 2576.8 755 27.0
teat to Process Steam 2540.8 744 26.6
Overall Cutput 5117.6 1499 53.6
Condenser Heat Rejected 2978.7 873 31,2
8096.3 2372
Stack and Other Losses 1451.6 425 15,2
' 100.0

ENERGY BALANCE FOR MHD-STEAM POWER SYSTEM

Spent Char, HHV 7448.6 . 2182 -- .
Lignite® 655. 7 205 .-
Total Fuel Value Input 5147.3 2387 100
Prower Ourput 2979.5 873 36.6
Heat to Process Steam 2540.8 744 31.2
Overall Outpul 5520.3 1617 67.8
Condenser Heat Rejected 1324.2 388 16.2
6844.5 2005
Stack and Other Losses 1302.8 382 16.0
160,0

* Input to producer (95,124 X 7345 = 698.7 X 10% Btu/hr)

2
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_ 1,597,130 Ib/hr, 1025 °F, 1200 ps
" PROCESS STEAM

EXTRACTION TURBINE

B 3500 ps1,1000°F (] 65,000 KW
o 1200 Osi: 720 °F |
b -

€32,844 Ib/hr PROCESS STEAM

BOILER
OlLE CONDENSING TURBINE

3500 psi, 1000°F("] [~
= —[~"] 690,000 kw

YVZ in.Hg

il

- !
¢ . 1025 °F Y

FEEDWATER
PREHEAT

ELECTRQGASIFIER CHAR
777,840 1b/hr , 9576 Btu/li

LIGNITE (35 % MOISTURE )
301,410 1b/hr ,6965 Btu/ib

425 °F ,1200 psig
BFW FROM
GAS PLANT
2,429,970 ib/hr
A-90792
Figure 5. FLOW DIAGRAM FOR POWER AND STEAM GENERATICN FOR
500 MILLION SCF/DAY PIPELINE GAS FROM LIGNITE PLANT
WITH CONVENTIONAL POWER PLANT AND WATER COOLING
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The bulk of the power, 690,000 kW, is generated in a separate, closed
stcam-turbine system typical of utility operation, with expansion from 3500

psig to 2 in. IIg. Condensate is returned to the boiler;

Installed capacity of the conventional power system is 755,000 kW. Cost
of the generating system is $113 million compared to $69 million for the

MHD steame-power sysiem.

Costs of four scparate systems have been developed based on the original

des:ui:

I, Sriginal study — MHD-steam power system with water cooling
2. MHD-steam power with air cooling

3. Conventional power with water cooling

4, Conventional power with air cooling

The use of air and water coolers is applied to the gas plant as a whole as
well as to the power section, In this final summary one of the alternatives
presented in the Second Quarter work report was used for the air-cooling
cases — cooling by air to 140 °F followed by water cooling to 100 °F, with

guench tower water part of a clesed system cooled in a shell and tube
exchanger. '

Table 2 summarizes the overall results, Air cooling saves 30 % over

rates with conventional power than with the original MHD-steam power system.

In calculating cooling water makeup for these cases we used 3. 5% of the
circulation rate. This is based on 3% evaporation in the cooling tower; a
maximum of 0.2 % windage (recommended by a cooling tox'ver manufacturer),
and the rest blowdown. For a higher percentage makeup, the savings with
air cooling will be even larger,

QOur studizs show no economic penalty for the use of air cooling. Although
the air cooling units themselves cost more than shell and tube exchangers,
other savings in the plant counterbzlance these costs. This is particularly
so with reduction in the cost of the quench system — $7.9 million. Other
savings are in the reduction of the plant cooling water system and in savings
in annual power consumption. For both MHD and conventional steam~turbine

power systems, overall investment is reduced slightly by using air cooling.

11
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Table 2.

POWER SYSTEMS: 500 BILLION Btu/DAY PIPELINE
GAS FROM LIGNITE PLANT

Coolant
Makeup Water, gpm

Process

Process Coolers

Power Plant Coolers

Quench Tower

Total

Recovered From
.Lignite Dryer
Net Makeup, gpm
Makeup, gal/day

Savings With Air Cooling,
gal/day

Savings With Air Cooling,
acre-ft/yr, 9¢ % sf*

Total Investment, $10°

20-Year Average Gas
Price, ¢/10% Biu

Value of Water Saved at
10¢/1000 gal, ¢/10% Btu

_ ¥ Stream Factor

Reduction in gas price is about l&.

have a large cost effect per se. The main thing is availability of water and

SUMMARY OF WATER VERSUS AIR COOLING FOR DIFFERENT

Conventional Power

MHD-Steam Power

Water

4252

4929

3094
3640

15,915

22,917,600

228, 1
32,9

" Air

5037

2975

2962
4, 265, 280
18, 652,320

18,808

220.6
31.8

0.19

Water

4252
4929
6950
3640
19,771

19,771
28,470, 240

- -

273.7
40,4

Air

2962
4, 265, 280
24,204, 960

24,408

269.2
39.5

0.24

The large savings in water does not

its effect on plant location with respect to fossil-fuel supply. If water costs

104/1000 gal, the effect on gas price is only 0.24/million Btu.

Tables 3-6 give details of the economic comparison of the four cases.
These generally follow the format of the tables for the base case given in

the original report.

Table 3 summarizes the power generation sections.

Operating and

maintenance costs for the MHD and conventional power systems were re-

ceived from Avco and General Electric, respectively. A 50% general over-

head charge was added in accordance with our usual procedure.

Both in-

vestment and operatiag costs plus the lack of significant by-product credit
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result in an increase of 7. 54-7.74/million Btu product gas price, from
2.94-40.44/million Btu. This is ¢ssentially a doubling of the power plant
contribution to the gas price. For the air-cooled conventional system there

is excess power because on an annual basis the fans average about one-third

of the design base power, as described in the Second Quarter Work Report,

For the penerators, including condensers and coolingl wat‘er facilitics,
costs for the MHD-steam turhine system are $88/kW, compared to $155/kW
for cunventional steam-turbine systems. These {igures do not include the
cost oi coal storage and preparation and ash disposal, which are charged to

the nas plant. Table 4 summarizes the investment for the complete offsite
system,

Table 5 is an investment summary for the entire plant. Differences in

the gas plant costs arc due mainly to reductior:s in the quench tower system.,

Table 6 swunmarizes annual charges and revenue requirements, , Changes

in the power system have a greater effect than changes in the cooling system.

DEVELOPMENT UNIT STUDIES

Errata

Table 2 on page 8 of the July lU-4-] Progress Report contains an error,
The column under "Proximate Analysis, wt %, '' should read:

Moisture 13.8
Volatile Matter 34.9
Fixed Carbon 38.1
Ash 13.2

Total 100.0

Last month the numbers for the last two items were reversed.

Hydrogasification Testis

We continued our experimental investigation of the hydrogasification be -
havior of an untreated New Mexico subbituminous coal in the high-terpera-
turc, balanced-pressure development unit. Runs HT-251 and HT-252 were

performed with this coal from the Farmington area at the standard processing

13
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Table 3,

Power System

"MHD-Steam Turbine

Condenser Coolant Water
_F:_’u._e} Producer
Cas

Design Net Power
Output, MW - 873

Bare Cost, $10°

Generating Plant 69. 000
Char Combustor 6. 300
Turbine Cooling -
Water Facilities 1.520
Subtotal 76.82
Bare Cost, $/kW 88
Lignite, 1b/hr 65,120
Annual Operation and
Maintenance, $ 2,673,000
By-Product Power, \
MW 126.6

Value of By-Product 2,994,500
Power, $/yr

Component of Pipe-~
line Gas Price,

¢ /106 Btu 7.05

Air

Producer
Gas

873

73. 645.

6. 300

79.945

22
95,120

2,673,000

139.9
3,308,900

7.14

SUMMARY OF POWER GENERATION SECTIONS

Conventional Steam
Turbine

Water

Air

.Char-and-Lignite-
Fired Boiler

755

113.000

-

4.146

117.146
155
301,410

4,985,000

14, 60

750

122.903%*

122.903
164
294,900

5,083,000

19. 55
462,500

14.88

* Includes $13.800 X 10% for air-cooled turbine condensers less $3.403 X 10°

for water~cooled condensers.
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Table 4, SUMMARY OF INSTALLED EQUIPMENT

Power System

Condenser Coolant

Spent Char Combustor
and Auxiliary Equipment

Power Generator
Cooling Towers

Cooling Water
Circulating Pump

BFW and Process
Water Treatment
and Deaeration

General Facilities

Total Bare Cost*®

*  Investment for.power

I'NSTI1TUTE

COSTS FOR OFFSITES

MHD-Steam Turbine Conventional Steam Turbine

Water Air Water Air

Cost, §
6,300, 000 6,300,000 - —

69, 000, 000 73,645,300 113,000,000 122,896,000

2,400,000 313,100 3,570, 000 313,100
1, 144,000 106, 000 1,560,000 106, 000
2,300,000 426, 800 2,840, 000 433,700
5,000, 000 5, 000, 000 5, 500, 000 5,000, 000

86, 144, 000 85,791, 200 126, 470, 000 128,.748,800

section in Table 3.

15
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Table 5, INVESTMENT SUMMARY FOR 500 BILLION Btu/DAY
PIPELINE GAS FROM LIGNITE PLANT WITH DIFFERENT
FOWER AND COOLING SYSTEMS

Power Systemn MHD-Steam Conventional Stcam Toarbine
Coolant Water Air Water Air
Cost, $

Gas Plant, ISBL-

Offsite Zquipment
(including Power
Generation+t Scctions;
See Table 4)

Subtotal,
Bare Cost

Contractor's
Overhead Profit

Subtotal
Interest During
Censtruction, 5%

of Subtotal

Total Fixed
Investment

115,514,000

86, 14, 000

109, 196, 200

85,791, 200

115,514,000

126, 17y, 000

109, 196, 200

125,748, 800

201,658, 000

15, 588, 000

194,987, 400

15,072, 500

241,984,000

18,705, 400

237, 945,000

18,393,100

217, 246, 000

10, 862, 000

210, 059, 900

10, 503, 000

260, 689, 400

13,034, 500

256,338, 100

12,816, 200

228,108,000

# ' ISBL: Inside battery limit.

T Cost of power section alone is given in Table 3.

I NS TITUOTE
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220, 562, 900

273,723,900

269, 155, 000
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Table 6, ANNUAL OPERATING EXPENSES AND REVENTUE REQUIREMENTS
FOR 500 BBILLION Btu/DAY PIPELINE GAS FROM LIGNITE PLANT

WITLHI DIFFERENT POWER AND COOLING SYSTEMS

s Nate rrale 1 aemite) e
.17 tan

e rmel Waterigls T
Tt terating lashur®
Temteniattie, cF Bare ( aste
spphie s, 1= Tor Nuntenan et

saperyasion, 1Y Dyredt
perating Labor®

aveall swerhea, 105 Surect
viperating Labor and
Stpe Fvgsion

seral 4w e, I §

tuserating §oabor and

SUPerULSOn e Maintenatcs

ane Supplies *

Paver eneration tneralion

Narntenan e ?

Sepreciatlion
Coval Tanes and Insurance
Dperating bagpenses

mlingencies, 25 cherating

Papnses

Votal Oaeratimg HExpens. .
cel el U e

Tat Operating Hapenses

sraas Return, 757 Rate Base.
Se T Ave rate
Pederal Income Tax, =7,

ST T Average
Latal Revenue Reguiremenis

= avat Averase Price of Gas,

= Ut i

- Sreas,

o onvent.unal Steam Turbyne

AT

AR RPN
1,007 Lo
22 A

Tt

Sal, Ton

Sl oo

2,07 ,.000
11,405 400

b, %45, 100

21T 00
ot inn
2.2 e AN

iRl l0n

~{ 7,000

KRN AT

ZA2 a0

n248.00

2,673,000
11,025,000

TR ]

_—r>|31,

AL

J2 A, 000
1107 fan
Ly,2nn 200

[ LN ST

a6].50n

S0 e

an
r-

R

seils i

IR, 000

13,8 100

=, 211 000 -

1.60n5 100

2,200

AP I

AjT.n0u

220

”n
v

Jin

J.24,200

3,083,000
13,457,600

= 074, 6010

3. 413,00

1,008,300

R2,N03,T00

{0050, 100

o, =3 000

1,210,000

60,026,300

§.2060, 300

a»

0902 60

12,753, 400

43,850,800

13,098 900

e2,047,600

M, Thb, 00

561,227,000

10.251,400

20 200

SL,Us, 00

40,700,001}

TonlTos00

n

2,288, T0O

Han3 800

0,475,000

a,321,90n0

3, il hoo s, 0020, 60 R R T 300,400
S4.051,300 SR, 500 0,420,100 64,205,900
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T e cas plant onh,
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: D iees S gt

Lot adavines in annual power consumption,

Reproduced from
best available copy
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conditions of 1000 psig and 1700 °F coal bed temperature. Run HT-251 was
partially successful, with an abbreviated steady-state operating period
curtailed by agglomeration of the coal at the feed tube outlet. Run HT-252
was successful, yielding data at two different operating conditions. In the
carly portion of the run, Part A, the coal was gasified with hydrogen only.
The last portion of the run, Part B, was cnnducted with hydrogen and steam

feed gas mixture.

Both tosts were conducted with coal from Pit B, For hydrogasification
use the coal was crushed and screened to a —10 +80 mesh size and dried to

a 1-2°, moisture level.

Significant features of the two hydrogasification tests are given in Table

-

7. Hydrogen and stecam to coal ratios are somewhat modified from those

Table 7, FEATURES OF HYDROGASIFICATION TEST RESULTS FOR
RUNS HT-251 AND HT-252

Feed Solids: Dried New Mexico Subbituminous Coal, Pit B

Run No. Temp., °F Purpose of Run Results

HT-251 1300-1700 To study the hydrogasification Partially suc-
behavior of New Mexico subbi- cessful, Light
tuminous coal at a nominal 509 coal agglomera-
stoichiometric hydrogen-to- tion at feed tube
coal ratio ard a steam concen- outlet.

tration of 28 9.

HT-252A 1300-1850. Same as HT=-251, but with no Successful,
steam in feed gas. :

HT.252B 1300-1700 Same as HT-252A, but with a Successful,
stzam concentration of 30% '
in the feed gas.

scheduled to facilitate operating the reactor with untreated coal.

In the three tests, the coal was gasified in a 3.5-ft fluidized bed main-
tained at the upper temperatures cited in Table 7. Flow conditions for Run
HT-251 were 30 1Ib/hr coal, 460 SCF/hr hydrogen, and 8.3 lb/hr steam,
For this test, coal feeding to the reactor was started with only hydrogen

feed gas to the bottom of the reactor. This is a departure from the normal

I' NS T1 T UTE 0 F G A S - T ECHHNOLOGY



.

stari-up procedure of feeding both hydrogen and steam to the reactor before
coal feeding is started. By initially not feeding steam, a higher hydrogen
partial pressur« can be maintained in the reactor, which reduces the ag-
glomerating tendency of the coul in the upper portion of the reactor. How-
ever, even before steam was introduced to the reactor bottom, coal feeding
was interrupted three times by light agpglomeration at the coal feed tube
outlet. The first of these interruptions was 39 minutes after coal feeding
started. Each time the plugs cleared themselves in 5-10 minutes with no
change in flow rates or other operating conditions. After steam was ad-
miticd to the bottom of the reactor, coal feeding continued for 38 minutes
before another plug formed. The test was terminated before this plug was
given a chance to clear itsélf as the hydrogen feed supply was nearly used
up. Only a few small agglomerated coal particles were found in the residue,
attesting to only light agglomeration during tke test. Total coal feed time in
this test was 2-1/4 hr, with about 15 minutes of this time at steady-state
conditions. '

The hydrogasification tests with New Mexico subbituminous coal were
conducted without any electrical heat input to the upp'ermost reactor heating
section, Zone No. iI. This zonc has becn inoperative for several months
because of a shorted power input electrode. It cannot be repaired without
dismantling the reactor, which would require a long shutdown. With no heat
input at this zone it is difficult to keep the upper 30 inches of the reactor at .
the desired 1309° F temperature level, Although hydrogasification opera-
tions with pretreataed bituminous coal were not affected significantly by the
rediuced temperature at the peint of coal inlet, operation with the untreated
New Mexico subbituminons coal was influenced, based on the results of
three runs. In these runs, the coal agglomeration was restricted for the
most part to the zone at the coal feed tube inlet, with little or no agglomer-
ation in the coal bed. To provide for more rapid coal heat-up in the reactor,
the l-inch-diameter coal fecd tube was lengthen'ed by 30 inches for the next
hydrogasifiéation test, Run HT-252. With the longer feed tube. the coal
entered the reactor at the top of heating Zone No. 2, where temperatures of
at least 1300° F could be maintained.

Planned run conditions for Run HT-252 called for fluidized-bed operation
with a hydrogen-to-~coal ratio of 25% of stoichiometric and a steam ~on-

‘centration of 50 mole percent in the feed gas. However, coal feeding was

19
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start:ad with only a hydrogen feed and no steam to minimize chances of
coal agglomeration. After the 3.5-ft ~oal bed level was reached, steam
feed was introduced at a reduced rate. The addition of steam was
sufficiently disruptive to result in a light plug.at the ¢nd of the coaul fued
tube within 16 minates. The plug was cleared 1-1/2 hr later, only after
steam feed to the reactor was turned off. When coal feeding was re-
sumed, the test was continucd with hydrogen feed only to establish the
effect of steam on agglomeration. In this p.ortion of the test, Run HT-2524
coal was fed at a rate of 34 1b/hr and the hydrogen at a nominal rate of
160 SCF/hr so that the hydrogen-to-coal ratio was about 3% of stoichio-
metric. Linear gas velocities through the reactor were lower than nor-
mal, but still above minimum fluidization vequirements. Without steam
to moderate the heat of reaction, bed temperatures rose to I870° b at the
top of the coal bed. Hydrogasification proceeded without interruption it
steady~-state conditions for 3 hr before steam was again admitted to the
reactor. The steam was fed at a ratc of 9.9 lb/hr so that the concentra-
tion in the feed gas was 31 mole percent. After flow rates were again
lined out, Run HT-252B was started. The coal feed rate was kept sub-

stantially the sam= as in the A portion of the test.

The B portion of the test with steam and hydrogen feed lasted over 2 hr
with no sign of a.gglomératio.n at the top of the reactor or in the coal bed.
Diiferential pressures across the coal bed indicated cnusually smooth
coal flows through the reactor and discharges from the reactor ir both
phases of the test, -

Complete hydrogasification results of Runs HT-2524 and HT-252B will

be presented when analyses are completed.

Complete hydrogasification results and operating conditions of Run
HT-251 and Run HT-249, conducted last month, are presented in Table 8.
Run HT-2%49 was the lirst hydrogasification tast conducted in the develop-
ment unit with the New Mexico subbituminous coal. This initial test was
with coal from Pit A. Compositions and screen analyses of the coal feeds
and residues of these tests are given in Table 9. Liquid products and

their compcsitions are shown in Table 10.

20
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Table 8, Part 1. OPERATING CONDITIONS AND RESULTS OF THE
HYDROGASIFICATION OF NEW MEXICO SUBBITUMINOUS COAL IN

HIGUH-TEMPFRATURIE ADIABRATIC REACTOR

{loal

Source

Bieve Site, USS

Run No.

Durat...n ol Test, hr

Stead. -State Operating Periud, min®
OPERATING CONDITIONS

Bed Height, ft
Reactor Pressure, psip
Reactor Tumperature, °Fb
Inches From Bottom

62-1/2

7-3/4

)

T8-1/4

83-1/2

&9

94-1/4

100 -

104

Average

Coal Rate, ll)!hrc
Fced Gas Rate, SCF/hr
Stcam Rate, lb/hr
Steam, mole % of hydrogen-steam mixture
tlydrogen/Coal Ratio, % of stoichiometricd
Hydrogen/Steam Ratio, mole/mole
Bed Pressure Differentizl, in, wc
Coal Space Vclocity, lb/cu ft-hr
Feed Gas Residence Time, zni.ne

Superficial Feed Gas Velocity, ft/sf

I'N ST I T UTE O F G A S

New Mexico

New Mexico

Subhituminous Subbituminous
Farmington Farmington
Pit A Pit B
—1G+80 d EVER-14]
HT-249 HT-251
2 2-1/4
165-182 120-137
3.5 2.5
1010 1004
1165 1300
1220 1220
1365 1470
1280 1545
1420 1755
1300 1635
1430 1640
1555 1770
1440 lees
1345 1560
63.00 30.38
147.6 159,0
3¢.00 8.33
58.5 7.0
23,1 17.9
0.710 2.622
203.6 98.2
0.328 0.674
0.178 0.0865
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Table 8, Part 2.

OPERATING CONDITIONS AND RESULTS OF THE

. HYDROGASIFICATION OF NEW MEXICO SUBBITUMINOUS COAL IN

HIGH-TEMPERATURE ADIABATIC REACTOR

Run No, HT-249
OPERATING RZSULTS ..

Product Gas Rate,  SCF/hr 0 832.3
Net Btu Recovery, 1000 Btu/lb 3.346
Product Gas Yield, SCF/lb 13,21
Hydrocarbon Yield, SCF/lb 3.59
Carbon Oxides Yield, SCF/lb ' 2.03
Net: Reacted Hydrogen, SCF/Ib 3.19
Residue, 1b/Ib coal® 0.578
Liquid Products, 1b/1b coalh ' : 0. 445
Net MAF Coa.l Hydrogasiiied, wt % 31.8
Carbon_ Gasified, wt % ) 31.8
Steam Decomposed, 1b/hr’ 5,75
Steam Decomposed, % of steam fed T2
Steam Decomposed, % of total equivalent fedk_' 41,2
Overall Material Balance, % ; 93.4
Carbon Balance, % 101.0
Hydrogen Balance, % 83.7
Oxygen Balance, % : 83.3
PRODUCT GAS PROPERTIES

Gas Composition, mole % Feed

Nitrogen 27.

Carbon Moenoxide
Carbon Dioxide

*

7.4

7.6

7.8

Hydrogen 29.6

Methane 24.9

Ethane 1.9

Propane 0.4
Butane -=

Benzene 0.4
Hydrogen Sulfide --

Total 100.0

Heating Value, Btu/SCF = 425

Specific Gravity {Air = 1.00) 0.655

Nitrogen Purge Rate, SCF/hr 228

HT-251

892.0
5. 467
29.36
7.40
1.35
8.77
0. 543
0.276
45,5
46,2
0. 846
10.2
46.3
98.3
104, 3
97.4
78.4

Product
48.5

™IV
PO Ot
ll - 0 [ I .
MW OV W

'
[

—
o
o
)

(=]

347
0.689
433
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Table 8, Part 3, OPERATING CONDITIONS AND RESULTS OF THE
HYDROGASIFICATION OF NEW MEXICO SUBBITUMINOUS COAL IN

HIGH-TEMPERATURE ADIABATIC REACTOR

From start of coal feed.
Tube wall temperatures, Bottom of coal bed at 62 in.
Operating conditions and results based on weight of dry feed.

Parcent of the stoichiometric hydrogen/char ratio — the net feed
hydropgen/char ratio required to convert all the carbon to methane.

Coal bed volume/(CF/min feed gas at reactor pressure and tem.perature).

(CF/s feed gas at reactor pressure and temperature)/cross-sectional
area of reactor.

By ash balance,
Includes condensed, undecomposed steam.

100 (wt of product gas-wt hydrogen in-wt decomposed steam-wt
nitrogen infwt of moisture-, ash-free coal).

Computed as difference between steam feed rate and the measured
liquid water rate leaving the reactor.

Computed as difference between the total equivaleni steam feed rate
(includes moisture content of feced char and bound water corresponding

to oxygen content of fe=d char) and the measured liquid water rate
leaving the reactor, '

Gross, gas saturated at 60°F, 30-in. Hg pressure. SCF: dry gas
volume in SCF at 60°F, 30-in, Hg pressure.
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Table 9. CHEMICAL AND SCREEN ANALYSES OF SUBBITUMINOUS
COAL FEED AND RESIDUE

Run No. HT-249 HT-251
Sample Feed Residue Feed Residue

Proximate Analysis, wt %

Moisture 2.1 4.9 2.5 3.0

Volatile Matter 35.7 5.4 38.0 11.0
Fixed Carbon 45,8 62.2 44,8 59.0
Ash ‘ 16.4 27.5 14,7 _27.0

Total 100.0 100.0 100.0 100.0

Ultimate Analysis (dry), wt %

Carbon . 62.8 66.6 64,3 64.7
Hydrogen 4.68 1.38 4,78 2.23
Nitrogen 1.25 * 0,65 1,15 0.83
: Oxygen 13.95 2.23 14,11 | 4.00
. Sulfur ~ 0.58 0.17 0.57 0. 44
Ash 16.74  _28.97 i5.09 27. 80

Total 100.00 100.00 100,00 100. 00

Screen Analysis, USS, wt %

+20 28.6 26. 4 24.8 318
+30 20.2 21.2 19.8 24, 2
+40 ' 15.9 17.7 17.9 17.6
+60 19,1 18.9 22.3 16.7
+80 9.0 7.5 11.3 6.1
+100 3.5 2.8 2.0 1,3
+200 3.4 4.5 1.8 1.8
+325 0.2 0.5 ¢.1 0.3
~325 0.1 0.5. 0.0 0.2
. Total 100.0 100. 0 100.0 100.0
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Table 10. COMPOSITION OF HYDROGASIFICATION LIQUID PRODUCTS

Run No, HT-249 HT~251
Sample Condenser Condenser

*
Liquid Products,

1n/1b coal 0.445 0,276

Composition of Liquid Products, wt %

Water 86.50 89, 40
Oil 13,50 " 10,60
. Total 100, 00 100.00

Composition of Qil Fraction, wt %

Carbon §2.80 86.80
Hydrogen 8.06 7.55
Total 90. 86 94,35

Carbon in Oil Fraction

1b/1b coal - 0.0497 0.0254

wt % of carbon in coal 7.92 3.91

it
Includes condensed, undecomposed steam.
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Carbon gasificati\cm of the New Mexico subbituminous coal ranged from
31.8% in Run HT-249 to 45.5% in Run HT-251 (Tabie 8). The greater carbon
conversion of Run HT-251 is due principally to the larger hydrogen-to-coal
ratio. Other contributing reasons are a lower coal throughput rate and a
higher average bed temperature (1560°F compared to 1345°F). The larger
carbon conversion of Run HT-251 also produced a hydrocarbon yield nearly
twice that of Run HT-249: 7.40 SCF/1b coal compared 3.59 SCF/lb coal.
The lower carbon oxides yield and concentration in the product gas of Run
HT-251 reflect the results of operation with a low steam concentration in

the feed gas.

Although carbon gasification in Run HT-251 was larger than in Run HT-249,
the fraction of carbon connected to it was smaller {Table 10).‘ At the com-
paratively high hydrogen- to-cosl ratio and the low steam concentration of
Run HT-251, 3.9% of the carbon appears in the oil fraction of the liquids; in
Run Ht-249, 7.9% of the carbon was converted to oil. '

The differences in the hydrogasification results obtained with the Pit A
and Pit B coals are dae mainly to different operating conditions in the two

tests and not to differences in the compositions cr behavior of the coals.

Coal Preparation

New Mexico subbituminous coal from Pit C, the seam not yet tested in the
' development unit, was prepared for hydrogasification use by crushing, screen-
ing. and drying. Over | ton of the coal was crushed in a swing hammer-mil),
screened to a —10+80 mesh size, and dried in the coal pretreatment unit. The
coal was dried from an as-received moisture level of 17.6% tc L.5-2.5% with
a mixture of air and nitrogen at 275°F in'a fluidized bed. Over 1500 lb of dried

coal was obtained.

Coal Pretreatment

The pretreatment of a Western Kentucky bituminous ccal was starten
(FP-145) to make it suitable for use as a feed in the hydrogasification develop-
ment unit. This coal, from the No. 9 seam, Ken mine, was crushed and screened
to a —10+80 mesh size before pretreatment, Light pretreatment of the coal is
conducted at standard conditions in the fluid-bed pretreater with air and
nitrogen at 750°-800° F.
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ELECTROTHERMAL GASIFICATION

The replacement steam superheater was fabricated and installed in a gas-
fired furnace, and three tests were conducted during the month in the pilot
unit. The purpose of the first test was to obtain additional data using the
magnetic flip coil. The other two tests were run with a silicon carbide tube
as the inner reactor liner to observe its electrical characteristics as the
outer electrode. A 1-1/2-inch, 316 stainless steel rod was used as the

inner electrode in all the runs.

During the 45-minute steady-state period of Run EG-62, our electrical
consultants performed various tests with the magnetic flip coil system and
traced the results on the oscillograpk. Data obtained confirmed the observa-
tions reported last month irom Run £G-60: The operation of the flip coil '
noticeably reduced the current fluctuation frequencies of the gasifier; their
magnitude was the same as in previous runs. The consultants feel that the
effect of the flip coil on smoothing out the current of the operation may have
been limited by the coil's power supply and that possibly a larger power
supply would produce more favorable results., Following the test we de-
cided against using a flip coil in the 2-MW electrothermal gasifier. The
main reasons for doing so are —

1. The flip coil did not compress the magnitude of the system's current

fluctuation and thus will not tend to reduce the size of the power supply
required to compensate for this in the 2-MW rea.ctor.

2. Thevre are apparently major difficulties in the fabrication and installa-
tion of the size coil that would be required, which would prolong the
completion of the 2-MW unit,

3. The ratio of pcwer reguired for the flip coil to that required for the
electrothermal gasifier was on the order of 0.1 during the tests con~
ducted thus far and would be prohibitive in the 2-MW unit due to the
limit of available power.

To more conclusively define the effects aof the flip coil in the pilot unit,
cither a larger power supply will be installed or the run conditions will be
varied to magnify its cffect, Also, monitoring the operation of the 2-MW
system will reveal data necessary in determining whether a flip coil wculd
be useful in a commercial-sizer reactor.

Nominal conditions during the rien are as follmeas
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The complete data and results will be reported when they become

available.

Following Run EG-62 the 6~in, 316 stainless steel was replaced with a
7-in-OD by 6-in. ID 5-foot length of silicon carbide. The material is the
same as the two 3-foot sections used in Run EG-56, (Second Quarter, 1970

Report) suppiied by Norton Co. (Crystallon-63).

A cutaway view of the reactor configuration appears in Figure 6. The
silicon carbide tube was encased in a 316 stainless steel tube of 8~5/8-in.
OD by 1/8-in. wall which was welded to the metal sleeve at the reactor
bottom. The annulus between the two was packed with FMC char, which has
negligible electrical resistance in the packed state. The purpose of this setup
was to obtain a good electrical contact from the silicon carbide tube back
to the d-c generatar, eliminating the voltage gradient along the silicon carbide

tube that was apparent during Run EG-56.

Before applying the power during Run EG-63 the overall resistance of the
system was between 100 and 200 ohms. During the heat~up period the overall
resistance gradually decreased to 7-10 ohms at 300 volts, accompanied by a
power input of 8-10 kW. The test was terminated when erratic bed températures
indicated arcing in the bed. The average bed temperature at the time was
1000° ¥, but several thermocouples indicating 1600°F were rapidly increasing.
Inspection following the run showed the electrode to be undamaged but there
was caked char on the silicon carbide tube in the area of the high tempera-

tures.

Before the next test the panel-mounted temperature recorder was re-
wired so it would be electrically isolated from the reactor. This was done
to eliminate any current path from the reactor electrode to ground through

the thermocouples.

The overall resistance of the system before applying the power during
Run EG-64 was 45 ohms, or about one-half that in the previous test.
During the heat-up the overall resistance decreased to 6 ohms and the tempera-
ture recorder appeared to be functioning better. However, after several
hours operation the sams condition as in Run EG-63 occurred; there was a
hot spot several hundred degrees higher than the rest of the bed in the same

location. The run was terminated when the ammeter indicated severe arcing
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1. Project Objective

The overall objective of this project is a process for producing pipeling
gas from coal that is cconomically attractive for supplementing natural pas
supplies. Thepresent objective is the design, constrfuction, and uperation

. of a large integrated pilot plant to obtain scale~up data and operating experi-
ence. Developmental research, engineering studics, and economic cvalua-
tions are in progress to help attain this objective,

11. Achivvements

COAL CHARACTERIZATION

Initial results from studying the distribution of minor coal constituents in
the HYGAS Process show that all the nitrogen removaed fiom the coal appears
as ammonia. The yicld of ammuania in Run H'T- 248 with Montana subbitumi- l
nous coal as feed was 14.5 1b NI/ ton of dry coal, corresponding to 61.9 "% uf
the nitrogen in the coal. Since over 757 of the ammonia appuars in the re-
cyvale quench water, if 4 cooling tower is Lsed, most of the ammonia is
released o the atmosphere. We are studying means of recovering the am-
monia and aveiding atmospheric pollution. Phenol and cyanide were also

found in the cffluent.

Teo date microtumbler tests indicate that the ui'u'i!,iun resistance of pasified
residuc does not change and, in fact, may increase slightly with conversion.
ft is possible that the expected ducrease in strength caused by the removal of
material by gasification throughout the p.;rﬁclu is compensated for by the in-

creased strength caused by coking or graphitization of the particle,
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HIGH-PRESSURE METHANATION

Results from: a series of runs at low flow rates and low pressures agreed
well with results at high pressures. An improved correlation was obtained
for the methanation rate expression, which was extended to cover regions with

large excesses of hydrogen and methane.

' 0,5
&lpCOpH?

r

Data at lew conversions and near equilibrium are being collected to test
this correlation: Initial data indicate that it requires modification for condi-
tions near equilibrium. The temperature-dependence studies of the reaction
rate at 740° and 850°F show that the rate expression is still valid up to 850°F.

The laboratory unit to measure 'the sulfur tolerance of methanation cata-
lysts for use in the pilot plant was completed, and shakedown of the unit is
in progress. The two pilot plant process gas chromatographs were tied-in
with this unit to check out the analyzers and try them with gases similar
to those that will be encountered in the pilot plant. ‘

Ethylene hydrogenation was briefly studied to see if this type of process
can be adapted for starting up the pilot plant hydrogasifier. We tested both
Ni-Mo and ammonia synthesis cai:alysts. Ethylene can be hydrogenated to
ethane at room temperature over the more active Ni-Mo catalyst: Without
a catalyst the reaction does not occur below 800°F. Hydrogenation occur-

ring at 1100°F was accompanied by the formation of carbon and tar.

ENGINEERING ECONOMIGCS STUDIES

A computer program was developed to astimate the cost of vessels as a

function of their dimensions and configurations. The effects of financial
factors on the return on equity for gas utility financing were calculated,and
the results presented in graphical form.

The economics of lock hopper and slurry systems for feeding pretreated
char to the hydrogasifier were compared using rccent data. The results
indicate that the lock hopper system could show a gas price advantage of
3#/million Btu if a reasonable life of the control valves can be expected.
These valves must seal against 500-psi differential pressure and must
handle solids flowing through them. Further probing is planned.

2
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The use of partial or total air cooling for a pipeline gas plant was examin-
ed in detail. For a 500 billion Btu/day lignite-based plant total air cooling
or air c.oling to 140° F, followed by water cooling to 100°F, shows that the
plant makeup water requirement can be reduced by 82-88% over a totally
water-cooled plant. The eapital investment for an air-cooled plant is less
than for a water-cooled plant; substantial savings in power consumption
should also result. The work was done in cooperation with Hudson Products

Corporation, a major supplier of air coolers.

The above scheme was revised to include conventional steam-turbine
power generation instead of MHD generation. The gas price increases from
334 to 404 million Btu when the steam cycle is used. We ezamined air and
water cooling with cach mode of power generation. Air cooling shows about
a ld/million Btu cost advantage: in the gas price over water cooling at a 3.5%
makeup water rate, and an even greater advantage at higher makeup rates.
An examination of the financial factors used in the two Bureau of Mines

zasification processes showed scme apparent inconsistency in the assumed
cffective cost of coal.

DEVELOPMENT UNIT STUDIES

Rusults of a free-fall thermal treatment of lignite at 1300° F,using nitrcgen
as a sweep gas,showed 1472 carbon gasification. The degree of pasification
at 280 psi, comparable to another run at 1000 psi, indicates that devolatiliza-
tion is the only reaction occ:u'rr'mg.

Hydrogasification of lignite at 560 psi with hydrogen and steam showed
41% carbon pasification, indicating no significant loss of reactivity from the
1000-psi operation. Rusults of lignite pasification at 500 psi with synthesis
pas-steam and hydrogen-steam mixtures show that about 5”5 more carbon
(36 vs. 41" ) was pgasified with the hydrogen-steam mixture., Either gas
mixture is adequate for the HYGAS Process in terms of obtaining the requir-
ed gas:ificativn,

The study of Montana subbituminous coal showed that @ 1000-psi pressure is
definitely preferred over 500 psi with either the hydrogen~steam or synthesis
gas-steam mixtures. Operation was smooth at 1000 psi, but erratic at 500 psi.

Lower methane and higher carbon oxides yvields were aiso obtained at 500 psi.
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The stucdy of New Mexico subbituminous coal showed that the coal was
similar in behavior and reactivity to the Montana and Colorado subbituminous
coals tested carlier. With 13 coals tested to date in the 4-inch hydrogasifier,
further study of other coals will be pustponed.

Designs are being completed to examine the flow patterns and pressure -
balance in a model of the upper scction of the HYGAS hydrogasifier. The
‘model will permit preliminary study of any future modifications.

After a number of successful runs at 1900° F and 1000 psi using IGT's
hydrogasified char, silicon carbide was tried as the central clectrode and
as the reactor tube. The material withstands hot spots well, but shows a high
initial electrical resistance . Upon heating, the resistance gradually drops
to an acceptable range. A new low-resistance silicon carbide will be tried
as socon as it is received,

A run aimed at defining the electrical characteristics of the bed yielded
much data. High- and low-frequency current and voltage fluctuations, along
with transient response of the bed to step-changes in power input, should
provide the necesséry dala for designing the power package of the 2-MW
electrothermal gasifier unit. Work to date indicates that the 2-MW electro-
thermal gasifier will have a direct-current power supply and a concentric
electrode configuration.

The gasifier was disassembled to install a magnetic flip coil to suppress
arcing and reduce current fluctuations. Two tests showed that the freq-
uency of the current {flicker was noticeabls reduced, while'its amplitude
remained unchanged. Although some additional tests with the coil may be
madec later, no flip coil will be used in the 2-MW unit. The fabrication and
installation of the coil can be difficult; the coil requirces significant
power that only reduces the frequency of current flicker but not its amplitude.

The nozzles from Spraying Systems Coxp. appcar to show no wear when
dispersing coal-water slurries. Photographs were taken that should permit
measurement of the spray distribution.

NEW PROCESS STUDIES

A fuel cell engineering study to supply power to the electrothermal gasifier

was completed, including details of power plant configuration and cost calcu-
lations. A bus bar cost of 4,5 and 5.4 mills/kWhr is estimated for fuel cell
power densities of 300 and 150 watts/sq ft. Capital investment is estimated
.at $99 and $123/&W for cell power densities of 300 and 150 watts/sq ft.
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Instead of generating additional power from the hot fuel cell waste gases,
as in the above study, we considered using the waste gases for 1) raising
high-pressure steam or 2) supplying heat to the producer gas generator.
Scheme 1 is more attractive than scheme 2, but is not economically as at-

tractive as the original study in which the waste gases generated additional

power.

PILOT PLANT CONSTRUC FION

Engincering is 997 complete, except for field changes. Purchasing and
material receipt are 997 complete, Coustruction is 97% complete. Of this,
piping 2nd instrumentation are 977 complete, and electrical work is 91%
complete. The utility building is the first section of the plant turned over to
IGT.

Together with Procon we began the design and construction of & 2-MW
clectrothermal gasifier system for the HYGAS pilot plant. The reactor
will be built aboveground instead of in a pit, where solids transfer might be
casier, because the cost of underground construction was prohibitive. For
safety purposes, the reactor will have a water jacket similar to the hydro-
gasifier's. The gasificr vesscl has been placed on order with Struthers-
Wells Corporation, and delivery date is expected in May 1971. Piping
and instrument diagrams are being finalized. A number of critical design

areas are under intensive review.

PILOT PLANT OPERATION

I'he statt of 10 engincers and 16 technicians have been in full-time
training for a month. The various utilities in the utility building will ke
the first shakedown; next in sequence will be the hydrogen plant.

Iil. Problems

No major problems were encountered this month.

IV. Recommendations

We recommend that the project proceed in the areas defined

V. Stiatus of Funding

1. A.G.A. Funding

A. 1970 Funds Allocated ‘ $300,000

B. Funds Expended This Month (estimated) $ 25,000

G. Funds Expended tc Date (estimated) $283,000
5
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2. OCR Funding
A. Funds Expended This Month (estimated) $ 62,000

B. Funds Expended Since Contract Amendment $7,810,060
No. 1 (estimated)

As a result of personally reviewing the pertinent data and information
reasonably available, it is our opinion that the project's objective will be
attained within the contract term and the funds allocated.

N
Approve("f—:/ F‘/Z % Signed | 7 \7L0-' <’ K/’\--—/'\-

ank7C Schéra, Bernard S. Lee
rector Manager

L"/A /At’/‘é/(/
Huaner,
K i e-President
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Appendix. Achicvenmients in September

DEVELOPMENT UNIT STUDIIS

Hydrogasification Tests

Complete hydrogasification results of Runs HT-2524 and HT-2528,
conducted last month, are presented in this report. The purpose of these
tests was to evaluate the hydrogasification preformance at 1000 psig of a
dried, but otherwise untreated, New Mux‘ic:o subbituminous coal from the
Farmington arca. Both tests were performed as part of the same hydro-
gasification run operation, but at different conditions. In Run HT-2524 the
coal was pasificed in a fluidized bed withi hydrogen only; in Run HT-252B the
coal was gasified in a fluidized bed with hydrogen and steam. The coal
feed rate in both tests was nearly the same at 33.8 Ib/hr. Operating con-
ditions and resuits of these two runs are presented in Table 1. Compos-
tions and screen analyses of the coal feeds and the residues are given in
Table 2. The liguid products and their compositions produced in these
tests arce showr in Table 3. Although the superficial feed gas velocities
in bouth tests were smaller than the usual 0.18 ft/ s for fluidized-bed opera-
tion, they were above the minimum velocity of 0.06 ft/s necessary for
fluidization.

Carbon gasification in Run HT-252A was 43.2%, as the coal was al-
lowed te react witk hydrogen only at a hydrogcn-to-coél ratio of 42.9% of
the stoichiometric ratio (Table 1). With the addition of 31.4 mole percent
steam to the reactor in Run HT-252B and nearly the same hydrogen-to-
coal ratio as in Run HT-252A, the carbon gasification increased to 53.5%.
The addition of steam also resulted in a moderation of the coal-bed temper-
ature. With no steam the average ~oal-bed temperatu: e was 1675°F, and
the maximum temperature was 187C°F. When the feed gas was a hydrogen-
steam mixture, the average coal-bed temperature was 1485° F; the maximum
tempcerature was 1770°F. Except for larger carbon oxides concentrations in
Run HT-252B, the product gas compositions in both tests were similar.

The gasified coal residuc analyses (Table 2) reflect the larger amount
of coal canverted in Run HT-252B, Carbon content of the residue is 59.1%
compared to 66.17 in Run IIT-252A; the ash content is 39.1% compared to
31.97%.
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. Table 1, Partl. OPERATING CONDITIONS AND RESULTS OF THE
HYDROGASIFICATION OF NEW MEXICO SUBBITUMINOUS COAL IN
HIGH-TEMPERATURE ADIABATIC REACTOR

Coal New Mexico Subbituminous
Source ’ Farmingion Arca
Sieve Size, USE —10 +80

Run No. HT-252A HT-252B
Duration of Test, hr’ 6-3/4 . 6-3/4
Steady-State Operating Period, min" 129-285 310-405
OPERATING CONDITIONS

Bed Height, ft ' 3.5 3.5
Reactor Pressure, psig ~ 1016 , 1009

b
Reactor Temperature, °F
Inches From Bottom

62-1/2 1315 1085
67-3/4 " 1415 1235
73 1740 1455
78-1/4 1680 . 1400
, 83-1/2 1850 1620
. 89 | 1695 1500
94-1/2 1690 1570
100 1870 1730
104 1845 1770
Average 1675 1485
Coal Rate, 1b/hr© : 33.76 33.85
Feed Gas Rate, SCF/hr 460.4 - 454. 4
. Steam Rate, lb/hr -- 9.89
Steam, mole % of hydrogen~-steam mixture - 31,4
Hydroger/Coal Ratio, % of stoichiometric d 42,9 42.2
Hydrogen/Steam Ratio, mole/mole -- 2.19
Bed Pressure Differential, in. wc 24,0 ' --
Coal Space Velocity, lb/cu ft-hr 109.1 109.4
Feed Gas Residence Time, min " 0.686 0. 521
Superficial Feed Gas Velocity, ft/s f 0.085 0.112

@ :

I NS TITUTE 0 F G A S TECHNOLOGY



Table 1, Part 2. OPERATING CONDITIONS AND RESULTS O TLILE
Y DROGASIFICATION OF NIKW MEXICO SUBBITUMINQUS COAL IN

HIGH-TEMPERATURE ADIABATIC REACTOR

Run No,

OPERATING RESULTS
Product Gas Rate, SCF/hr
Net Btu Recovery, 1000 Btu/lb
Product Gas Yield, SCF/lb
Hydrocarbon Yield, SCF/Ib
Carbon Oxides Yield, SCGF/1b
Nel Reacted Hydrogen, SGCF/1b
Residue, 1b/1h coal R

Liquid Products, 1b/ib coai
Net MAF Goal Hydropasificd, wt %
Carbon Gasified, wt 7. .
Steam Decomposed, lb/hr"

Steam Decomposed, Y, of steam fed

. k
Steam Decomposed, . of total equivalent fed

Overall Material Palance, "
Carbeon Balance, %,
Fivdropen Dalance, "

Oxygen Balance, %

PRODUCT GAS PROPERTIES
Gas Cumposition, mole 7

Nitrogen

Carbon Monoczide

Carhon Dioxide

IHydrogen

Methane

Ethane

Propanc

Butane

Benzene

Hydropen Sulfide
Total

Heating Value, Btu/SCF
Specific Gravity (Air = 1.00)
Nitrogen Purge Rate, SCF/hr

"I'NSTITUT.E 0 F G A S

HT-252A HT-2528
846.5 937, 3
5.028 6.142
25, 07 27.69

6.67 7.06
1.2 2.85
7.77 b.86
0.509 0.415
0.153 0. 347
44.9 64.5
43.2 53,5
34.3 34,2
100. 8 99, 4
101.5 97.6
101.3 99,7
108.7 106.2
44.8 40,2
3.8 7.6
1.2 2.7
23.4 23.7
25.2 24,1
1.3 1.3
0.1 0.1
0.2 0.2
- 0.1
100, 0 100. 0
371 373
0.667 0.677
379 277
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Table 1, .'art 3. OPERATING CONDITIONS AND RESULTS OF ‘THI
HYDROGASIFICATION OF NEW MEXICO SUBBITUMINOUS COAL IN

HIGH-TEMPERATURE ADIABATIC'REACTOR

From start of coal feed.
‘Tube wall temperatures, Bottom of coal bed at 62 in.
Operating conditions and results based on weipght of dry feed,

Percent of stoichiometric hydrogen/char ratio — the net feed
hydrogen/char ratio required to convert all the carbon to methane.

Coal bed volume/{CF/min feced gas at reactor pressure and temperature).

(CF/s feed gas at reactor pressure and temperature)/cross-sectional
area of reactor.

By ash balance.
Includes condensed, undecomposed steam.

100 (wi of product gas-wti hydrogen in-wt decomposed steam-wt
nitrogen in/wt of moisture-, ash-free coal).

Computed as differcnce between steam feed rate and the measured
liguid water rate leaving the reactor,

Computed as difference betwecen the total equivalent steam feed rate
(includes moisture content of feed char and bound water corresponding
to oxygen centent of feed char) and the measured liquid water rate
leaving the reactor.

Gross, gas saturated at 60°F, 30-in, Hg pressure. SGF: dry gas
volume in SCF at 60°F, 30-in. Hg pressure.

10
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Fable 2. CHEMICAL AXD SCREEN ANALYSHS OF NEW MEXKIO
R

SUBRITUNINOUS COAL FEED AND RESIDUESN
Run Na, e HI-2hlA HU-gasy
Sample Feod Residue Feod Resardae
Proxunate Analysis, wi
Muisture 2.4 A 2.2 0.8
Vialatile Matter 3.3 dod 37.3 =t
Fixed Carbon ‘ SN €5, 4.0 Sm, U
Ak Aa.n 31,0 5.4 8. B
Totel luu, 0 oo, o 1ou.u oo
Citimnate Analys:s (drey), wi
tlarhon s, 2 hir ) 63,2 Ru_ )
Hiyvdrogen .82 ' U, b 4. 52 G, 0.4
Nitrugen 1. 17 O, iy 1.1% [ LB
O=zyuen 15.uvl] ¢, -3 15,91 O, -0
sullur 0. 68 0,28 0,68 Q.14
Arh ih.22 31,85 16,320 39,11
Totel 109, 0V 1ou, 0O 100. 00 100, 00
Screen Anadysis, USS, wi
+ 20 . 35,6 2.2 33.6 27,
130 22.2 24.7 22.2 25.2
:-10 15,3 20,0 | 1y, 2
160 Is. 8 20.8 18. 4 14, G
t80 8.3 il 8.3 6.5
1100 1.6 1.8 1.6 1.8
200 | 0.2 1.0 0.2 0.7
1325 0.0 0.2 £.0 v.2
=325 . 0.2 0.0 0.2

Total 1090.0 100.0 100.0 100.0

11
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The liquid product analyses {Table 3) show that the carbon conversion
to vil did not significantly differ in either test. The fraction of carbon

converted to oil was 5.01% in Run H'1'-252A and 5.27% in Run HT-252D.

Table 3, COMPOSITION OF HY DROGASIFICATION LIQUID PRODUCTS

Run No. HT=-252A HT-252B
Sample Condenser

Liguid Products "
Ib/1b coal ¢.153 0.347

Compoasition of Liquid Products, wt %

Water , . 76.80 - 89.2Y9
0il 23.20 10. 71
Total ' 100.00 100. 00

Composition of Oil Fraction, wt %

Carbon 89.15 89.53
Hydroge= | 6.84 6.63
Total 95.99 96. 16

Carbon in Oil Fraction,
1b/1b coal 0.0317 0.0333

wt 9 of carbon in coal 5.01 5.27

# Includes condensed, undecomposed steam.

12
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The resulls of these tests estabhieh the feasibility of gasifying New
Mesico subbitwiinous coal in a Huidized bed with hydeagen and steany with
no prior pretreatment of the coal. Reactivity of this coal ig penerally the
same as the Montana and Coloradu subbituminous cvals, which had been pro-

cessed in the development unit,

Coal Pretreatment

Wu completed the pretreatment of a baich of Western Kentucky bituminous
roal o make it suitable for use as o feed in the hydropasification development
unit {Pretreatment Run FP-145). Approximately 810 1b  of lightly pretreated
cual was produced by treating it with an air-nitrogen mixture in a (luidized
bed at 750°-800°F, Laboratory tests showed that the pretreated coal still
had traces ol agglomerating tendencies, due to short-circuiting of some of
the coal through the pretreatment bed. Analyses of the raw and pretreated

coals are given in Table 4.

Table 4. PRETREATED WESTERN KENTUCKY BITUMINOUS COAL

Run No, FP-145
Sample As Received Pretreated

Proximate Analysis, wt%

Moisture

6.6 [.0
Volatile Matter 38.6 27.2
Fixed Carbon 18.5 63.5
Ash 6.3 8.2 .
Total 100.0 100,0
Ultimate Analysis (dry), wt’
Carbon 71.4 746.3
Hydrogen 5.29 4.32
Nitrogen 1.54 -=%
Oxygen 8.22 --%
Suifur 3.76 -
ASh 6-79 8-29
Total 100.00 -

# No analysis.

13
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ELECTROTHERMAL GASIFICATION

Two tests were conducted in the pilol unit during the month. The first,
Run ££G-63, was a heiat-up test with the Crysiallon-03 silicon carbide tbe;
the sccond, Run EG-66, was conducted with « Typue-316 stainless stecl tube
and a multiple electrude corfiguration as the inner elecirode.

During Run EG-05 the ot crall resistance of the system was 20- 30 ohims
atl thue start of the heat-up period, and remained in that range as ths voltape
was increased to 300 volts. The bed temperature reached 800°F, and with-
in 15 minutes the resistance decreascd to about 6.0 ohims, Immediately
following the drop in resistance several thermocouples indicated hot spots
ir once section of the bed. The overall resistance was 4.5 ohms as the bued
tempuerature reached 850° F, with one thermwocouple indicating 13507 F. We
continued the heat-up, and bud temperatures continued to incresse as the
everall resistance decreased to 1.0-2.0 ohms. An average bed temperature
of 1800° F was maintained for 1 hour at a 20-25 hW power level before the
test was terminated. Examination of the reactor following the test showed
that the vle.trode und the wall of the silicon carbide tube were unaffected
by the test.

The fact that we were able to reach 1800° F during the test and the over-
all resistance of the system leveled out at 1.0-2.0 ohms gave us confidence
that the Crystar~type silicon carbide tube (on order), which bas 4 much lower
electrical resistance than the Crystallon-63 tube, should allow us to reach
operating temperatures in a mu<h shorter time. The power necessary to
maintain steady-state operating conditions should alsc be well *yithin the set
limits of the motor generator,

The silicon carbide tube was replaced with a Type-~316 stainless stecl
tube for further testing. Run EG-66 was conducted using a multiple con-
figuration as the inner electrode, Figure 1. The bottom 36 inches of the
inner clectrode consisted of three 5/8-inch, Type-316 stainless steel rods
welded at 120 degree intervals to the 1-1/2-inch, Type-316 stainless steel ¢lec-
trode. The purpose of the test was to observe the electrical characteristics of
the system. During the test a leak developed at the base of the reactor and
caused the termination of the run due to erratic fluidization. Following
the test the electrode tip was melted about 3 inches aleng one 5/8-inch
rod, another was slightly melted at the tip, and the third was undamaged. The
temperature of the bed reached 800°F before the leak occurred; observation

of its electrical behavior proved inconclusive.
1
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Figure 1, CUTAWAY VIEW OF REACTOR FOR RUN EG-66
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‘The main arca of interest in the pilot unit program now centers around
the development of a silicon carbide finer for use in the 2-MW  reactor
that will be incorporated in the HYGAS plant. Since it will be another b-5
weeks before the low-resistance Crystur silicon carbide tube will be deliver-
ed, the test unit has been made available ta another A.GAL project during
the interim for a series of four to six tests. The necessary thanges and
. additions to the present system are now in progress.
The complete operating conditions and results of Run 2G-62 are report-
ed in Table 5. The chemical and sieve .'mz‘llyscs of the char feed and residue

appear in Table 6.

NEW PROCESS STUDIES

Fucel Cell Enpgineering Studies

Threc possible schemes for utilizing the waste gases from the fuel cell
were outlined in the July Project Status Report:
1. Generation of high-pressure steam

2. Usec of the waste gases with fresh sir in the producer gas generator
unit

3. Use of the waste sases with oxygen in the producer pas generator
unit

Investipation revealed that the first scheme appears technically more at-
tractive than the other two; however, none of thesce are as econon"xically at-
tractive as the electricity generation originallv proposed in the Second
Quarter Project Status Report.

Steam Generation

Our fuel cell power plant design was based on 400 MW of power. This
plant is capable of supplying power to an electrogasifier that furnishes
synthesis gas for kandling a 300 billion Btu/day pipeline gas plant. The

following are the high-pruessure process steam requirements for this plant:

High-Pressure Steam Required, 1200 psig . _1b/hr 10® Btu/hr
Steam to Electrogasifier, 1025°F 520,000 752
Steam to High- Temperature : 438,000 633
Zone of Hydrogasifier, 1025°F
Steam to CO Shift Reactor, 570°F 500,000 578
Total 1,458,000 1963
16
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Table 5, Part 1. OPERATING CONDITIONS AND RESULTS OF THE
ELECTROTHERMAL GASIFICATION OF COAL CHAR

Feet Char
Sieve Size, USS
un Mo,

Duration of Test, hr

Steady-State Operating Period, min

Electrode Matoerial

OPIRATING CONDITIONS
Bed Height, ft
Reactor Pressure, psig
Reactor Temperature, °F
Inches From Bottom

6

12

18

2+

30

33

36

39

42

45

51

54

57

60

63

72

84

Average Top 2.75 ft

I NS TITWUTE O F
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FMC
-10+80
EG-62
4.7

60
316 SS

2.75
985

1060
1420
1370
1620
1620
1540
1540
1780
1740
1760
1850
1810
1820
1820
1820
1820
_1810
1800
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Table 5, Part 2. OPERATING CONDITIONS AND RESULTS OF THE
ELECTROTHERMAL GASIFICATION OF COAL CHAR

Steam Feed Rate, lb/hr 117.0
Steam Residence Time, min® 0.24
Steam Superf{cial Velocity, ft/s? 0.19
Steam/Char Feed Ratio, 1b/lb : 2.1
Char Feed Rate (dry), lb/hr 55.3
Char Residence Time, min 17.4
Volta.ge,' v . 165°
Current, A . 368
Power Input, kW 61
Overall Resistance, ohm 0. 46

OPERATING RESULTS

Product Gas Rate (dry), SCF/hr ¢ , 1525

Product Gas Yield (dry), SCF/lb char | 7.6

Hydrogen Yield, SCF/lb char 13.5

. ) Hydrogen + Carbon Moroxide Yield, SCF/lb char 20.9

Carbon Oxides Yield, SCF/1lb char 11.9

Char Gasified, % 54, 8

Carbon Gasified, % 57.0

Liquid Products, lb/hr 76.1

Steam Decomposed, lb/hr 40.0

Steam Conversion, % : - 34,5

Overall Material Balance, % 97.4

Carbon Balance, % 94.8

Hydrogen Balance, % ' 100.0

Oxygen Balance, % 98.7
PRODUCT GAS PROPERTIES

Composition, meole % *

cO 27.1

CO, i6.1

H, 48.9

CH, 7.7

H,S 0.2

_ Total 100.0

. Specific Gravity (Air = 1.00) 0.585
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Table 5, Part 3. OPERATING CONDITIONS AND RESULTS OF THE
FLECTROTHERMAL GASIFICATION OF COAL CHAR

* Coal bed volume, (top 2.75 [1)/SCF steam feed at average

reactor temperature and pressure,

CF/s steam at reactor temperature and pressure/cross-
sectional area of reactor,

Dry, nitrogen-free basis.

Table 6. CHEMICAL AND SCREEN ANALYSES OF ELECTROTHERMAL
GASIFICATION FEEDS AND RESIDUES

Run No, EG-62
Sample Feed Residue

Proximate Analysis, wt %

Moisgture 5.4 0.9
Volatile Matter 4.9 1.3
Fixed Carbon 75.6 65.2
Ash 14,1 _32.6

Total 102.0 © 100.0

Ultimate Analysis, wt %

Carbon . 78.20 65,40
Hydrogen 0.99 G. 48
Nitrogen 1.19 0.33
Oxygen 2.54 0.59
Sulfur 2.19 0.28
Ash ‘ 14,89 32.92

Total 100,00 100.00

Screen Analysis, USS, wt %

+20 15.6 11.5
+30 23.0 24.2
+40 2z2.2 23.0
+60 26.7 25.6
+80 10.0 2.5
+100 1.9 3.0
+200 0.6 2.6
4325 0.0 0.3
—-325 0.0 —0-3
, Total 100.0 100.0
19
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. lhe low-pressure steani required in cach unit is generated by waste-heat
recovery {rom hot process streams,

Waste gases from the fuel cell plant are at 1370°F. The total heat con-
tent of these gases above 300°F is 2,443 billion Btu/br; therefore, they can
be utilized to produce high-pressure steam at 1025° £, Steam required for
a CO shift can be produced by desuperheating high-temperature steam by
water injection. At a 95% heat exchange efficiency this would require 2.07
billion Btu/hr. The remaining heat can be used for supplying steam (about
270,000 lb/hr) to the gas produczer. The gases exit the heat recovery system
at about 300°F. Heat recovery below this temperature is generally not eco-
nomical,

In the earlier pox;u‘:r plant design the waste gases were used for generat-
ing high-pressure stcam and electric power. The vconomics of these two
processes are compared in Table 7. Note that the economics of option A
(steam generation) are not as favorable as those of option B (extra electric
power generation). A higher initial capital investment {or option A per
kilowatt-hour of power generated is mainly responsible for the higher bus
bar energy cost. Since the average service life of a conventional piant is
greater than the fuel cell power plant's, the latter's depreciation is also

. higher than a conventional plant's. '

It should be emphasized that bus bar energy costs are based on conserva-
tive estimates, and there exists a potential for the reduced cost of components
and an improved average service life. As indicated in the Second Quarter,
1970,P-oject Status Report, bus bar energy costs as low as 3.7 mills/kWhr
are attainable. A life span of nearly 20 years is attained with a power dens-
ity of 300 W/sq ft.

LUtilization of Waste Gases in the Gas Producer

The producer requires oxygen, usually supplied as air, for an exothermic
reauztion. The waste gases centain 9% oxygen, 15% CO,, and 68% N,.
Stoichiosnetric calculations indicate that 15% of the waste gases from the
fucl cell power plant can be utilized in the producer gas unit, with about a
50" saving in oxygen requirements. This, however, necessitates the use
of pure oxygen. If air is used as a source of o'xygcn in the producer pas
unit, the overall nitrogen balance would not be satisfied. Also, since the

waste gases are nearly at atmospheric pressures, the large reacior volumes
required would counterbalance the saving in oxygen brought about by direct-
1y vusing the waste gases. This proposition is, therefore, not accepted.

o y
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Table 7. ECONOMIC COMPARISON OF HEAT RECOVERY
OPTIONS FOR FUEL CELL POWER PLANT ¥

Option A, Option B,
Steam Generation Electric Generation
W/sq ft

150 300 150 300
Power Generation, MW 402 402 793 793
Capital Investment, $/kW total power lo1 = 143 123 99
Total Capital, $10° "7 57 98 7
Effective Service Life, yr 8.8 9.6 9.7 10.7
Depreciation, mills /kWhr 2.471 1.689 1.387 0.993
Operating Cost, mills/kWhr 3.693 3,537 2.008  1.929
Steam Credit (55471000 1bh), 2.363 2.363 -- --
mill/kWhr '
Met Operating Cost, mills/kWhr 1.330 1,174 2.008 1.929
Fixed Charpes, mills/&Whr 5. 572 4. 027 3.378 2. 587
Encrgy Cost, mills/kWhr 6.992 5.201 5.386 4.516

Refer to Fagure 9, First Quarter, 1970, [U-4-1 Project Status Kenort, p. 28.

At this point it becomes evident that the use of pure oxygen for the whole
fuel cell power plant might be worthwhile. This would lead to high power
densities, and the purging of gases would be cut down considerably. Increased
power densities rnight offset the cost of producing oxygen. Rough calculations
were made to investigate this alternative. Oxygen requirements were estimazed
at 6000 tons/day of 90, oxypen. The cost of oxypen praduction for piants
having 1000 tons/day capacily is quated in the literature! ot $8/1on.

Assuming a very optimistic figure for production cost, $4/ton, the cost
of uxygen alone works out to 2.5 mills/kWhr. When this is compared to a

bus bar energy cost of about 5-6 mills/k Whr, the impracticality of using oxy-
pen is obvious.

! Faith, W. L. and Kzyes, D. B., Industrial Chemicals, 2nd Ed.
New York; Wiley, 1963.
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PILOT PLANT CONSTRUCTION

Enginvering work is continuing on recent additions to the HYGAS pilot
plant project. Procon is alsc doing engincering work in connection with
IGT's recent plant acceptance check lists, Extras 1-29 to the guarantced
maximum price were discussed and finalized by IGT and Procon. These
extras will be formally resubmitted to 1GT shertly. IGT has authorized
additional work, and requests for an additional guaranteed maximum price
are being prepared.

Purchase orders have been issued for items that arce part of recent ad-
ditions to the project.

Major ficld activities during this report period have been electrical and
instrumentation work, testing, insulation, wnd painting. Piping and instru-
mentation are 97> complete, clentrical 91%, insulation 827, and painting
75" complete.

To date we ~u.\;pcric:*:v:v.:d a total of 31 inclement weather days; 3 occurred
in this report period. On these days progress was negligible.

Originil scope work will be mc-(:humc'nll',-: completed within 2 weeks .
Procon is presently worsking on IGT check lists for various areas. It
anticipates that work on these will continue through Octoler. Final area

paving began on September 28 and will be completed by October 9,

Electrothermal Gasificr Unit

Basic engineering desgign data sheets were issued on Scptcmbcf 10, 1970,
for review and comments. The definitive issue, expected by the end of
Suptember, will serve as a common basis for all designs’to be carried out..

The electrothermal gasifier reactor (8.06-01) -was purchas-ed from
Struthers Wells; a Tulex of intent was sent to them on August 27, 1970.
Vessel drawings and requisitions are currently being revised to reflect as-
purchased modifications, and contact is being maintained with the vendor on
the pending detail desiuns and materials selection problems, espccially‘con-
cerning the nozzles. A formal purchase order will be issued shortly, but
scheduled fabrication is alrcady under way and vendor's delivery commit-
ment is for mid-May 197]1. A purchase order {or the steam e¢jector
(8.11-01) was placed on September 3, 1970,with Schutte % Koerting; IGT
has authorized the placement of an order with Buell Engineering for the
cyclones (8.00-43/44) for which a revised requisition is being completed.

22
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The specification for the electrothermal gasifier reactor power feed and
control unit has been completed s agreed; the requisition will be issued
when 1GT's approval is received. The vessel refractory and the materials

handling equipment requisitions are being written for issue shortly,

The electrothermal pasifier reactor's fourdation and the support steel
structure designs have been completed, and requisitions will be issued

shortly. The design for the steel structure surrounding the reacter is cur-
rently under way.

Some instrument requisitions are ready for release; others are awaiting

release, pending technical questions.

Vendor contacts procecded for the adequate design of suitable cone-type
control valves on the high-pressure, high-temperature char drop legs, and
also for the critical exitevent gaé-line pipe. Stress calculations were car-
ried out on the proposced configurations and fabrica}ion procedurcs. A meet.
ing between IGT and Procon was set up to discuss the possible different
solutions to these problems, as some of this high-alloy piping can become

vritical if not ordered in time because of long delivery times.

Prouject Schedule

The construction work scheduled for the present year and the laying of

underground drainage line and electrical conduit runs has been corapleted.

23
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OCR Contract No. 12-01-0001-381 (1) A.G.A. Project No, IU-1-1
1. Project Objective

The overall objactive of this project is a process for producing pipeline
gas from coal that is economically attractive for supplementing natura: gas
supplies. The present objective is the design, congtruction, and operation

of a large integrated pilot plant to obtain scale-up data and operating experi-

ence., Developmental research, engineering studies, and econom’c evalua-

tions are in progress to help attain this objective.

lI. Achievements

COAL CHARACTERIZA TION.

Initial experiments show that residue char can reduce thé phenol concentra-
tion in the raw-gas quench water to 1% of the original value. The possibility
of using char to clean up plant liquid effluents looks promising. We are also

measuring H,S5/CO; ratios in this quench water.,

ENGINEERING ECONOMICS STUDIES

Process economics have been updated to reflect current financial factors
and the escalation of investment and labor costs. For raw material costs
between 8¢ and 24¢ /million Btu, representing lignite to bituminous coal.

the gas prices range from 42¢ to 78¢/million Btu.




D VELOPMENT UNIT STUDIES

Five tests were made in the clectrothermal pasifier unit with an oxygen
input to observe the effect of oxygen addition on the power requircinents of the
system. Indications arc that the power input can be directly replaced with
the carbon-oxygen reaction, forming carbon dioxide. Operation was smooth

uxcept for some condensation problems at the battom of the reactor.

PILOT PLANT CONSTRUCTION

Asphalt paving in the plaat was completed. Construction involving itemns
on the 1GT check list for the various sections of the plant is continuing.

Pipmy and instrumentation are nearing completion.

Work on the electrothermal gasifier scction is aimed at freezing the piping
and instrument diagram by the end of this month. Designs of special areas,

the hot vent gas linv, the power package, and the quench drum are complete.

Pl1LOT PLANT OPERATION

Training of our operating staff continues. Technicians assigned to speci-
fic areas are being trained to operate their respective sections. We com-
missioned the air compressors, low-pressure boiler, and water treatment
apparatus. The boilers have been boiled out and the necessary lines pickled.
We accepted the analyzer building, the .oal unloading area, and the hydrogen

plant.

- 11I. Problems

No major problems were encountered this month.

IV. Recommendations

We recommend that the project proceed in the arcas defined.
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V. Status of Funding

1. A.G.,A. Funding

A. 1970 Funds Allocated $ 358,000

B, Funds Expended This Month (estimated) $ 25,000

C. Funds Expended to Date (estimated) $ 308,000
2. OCR Funding

A. Funds Expended This Month (estimated) S 85, 000

BE. Funds Expena.ed Since Contract Amendment $7. 905, 009

No. 1 (estimated)

As a result of personally reviewing the pertinent data and information

reasonably available, it is our opinion that the project's otjective will be

attained within the contract term and the funds allocated.

Approve@é%;ﬂ ngned,) (HL; v ¢ (

» b d

J "~ ’5—0—‘

Frénk C. 'Scl‘xora. YBernard S. Lee
Director Assistant Director

V;’i e-President
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"Appendix. Achievements in October

COAL CHARACTERIZATION v

Analyses for phenol and hydrogen cyanide in the condensate have now been

accwnulated from three hydrogasification runs —

Phenol, - HCN,

Run No. Feed Coal me /2 mu/ 2t
HT-EG-T Irel_a._nd mine - 5000 . 359
HT-243 Mountana subbituminous 4500 4,6
IU4-OH7 Ireland mine 2040 536

\Ve do not know the reason for the low value for hydrogen cyanide on the
second sample. Results of the analysis, rerun at the outside léboratory',

substantially agreed.

Some experiments were run to determine the level .t:o which phenol in the
condensate will be reduced if the condensate is used to slurry the electrogas-
ification residue when the latter is removed {rom the reacter. Residue char
from Run EG-48 xnd a phenol-water mixture were used. With an initial
phenol level of 2600 mg/ £ and a water-to~char ratio of 2.5 by weight, phenol
concentration ir the filtrate was reduced to about 1% of its initial level.
Additional experiments are planned to determine the effect of treating the

condensate more than once with char.

An attempt was made to determine the amcunts of carbon dioxide and hy-
drogen sulfide absorbed, along with ammonia, in the condensate water in the‘
development hydregasification unit. Egquilibrium values do not tell the whole
story because the carbon dioxide absorption, or more specifically the reac-

| tion to form carbonate from dissolved carbon dioxide, is relatively slow. Two
runs made to produce hydrogasification residue from Ireland mine coal were
sampled. Samples for carbon dioxide and hydrogen sulfide were run into
caustic solution to prevent {lashing, and separate samples for the determina-
tion of ammonia were subsequently taken. Results indicate that concentrations
in the stream are not always constant enough to use this technique, Instead,
containers suitable for taking liguid sambles under high pressure are being

prepared.

I NS TILTUTE 0 F G A S TECHNOL OG Y



The mole ratios of hydrogen sulfide to carbon dioxide obtained are

significant.

Run No, H,S/CGC;
OH-4 0.55
OH-7 0.43

These ratios are about three times those calculated for equilibrium at the
relevant conditions. This confirms the effect of the slow rate of absorp-

tion of carbon dioxide.

ENGINEERING ECONOMICS

At OCR's reguest, we prepared a report on the effect of accounting or
financial factors on the economics of synthetic pipeline gas. This study
utilizes the A.G. A. accounting procedure to show effects of interest rates,
debt fractions, and return on the rate base on gas prices and return on eauity,
General equations and a nomograph for any combination of operating costs

and financial factors are also developed.

Original process economic studies of the HYGAS Process based on bitum-
inous coal and lignite as raw material have been used as a basis for preparing
a HYGAS brochure. In the original design for coal feed, purchased electric
power was assumed to be available at 3 mills/kWhr. Power was supplied
by an onsite MHD system in the original design for lignite fced. Estimates
with onsite conventional power plants and purchased power have been used

in modifying the original estimates.

Investment and labor costs have been escalated to a 1970 basis and mozre
current financial factors used to compute gas prices. With the above gas
plant modifications, gas prices for lignite and bituminous cozi plants cover
a range of 42¢-78¢/million Btu as the raw matarials cost varies from
8¢ to 24¢/million Btu. The details of this work will be given in a subscqguent

report.
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DEVELOPMENT UNIT STUDIES

Electrothermal Gasification

The electrothermal gasifier was equipped with an oxygen feed system for
a series of tests to-observe the effect of oxygen addition on the power require-
ments of the system. The oxygen feed system joined the stcam and nitrogen
inlet lines at the base of the reactor and the mixed gases entered the reactor

through a common nozzle.

Five tests were conducted during the month: Two were terminated before
the addition of oxygen, one was partially successful, and two were contin-
ued until the char feed was depleted, The unsuccessful runs were terminated

due to various mechanical problems.

The fecd for the first four tests was a residue from FMC Corporation's
Project COED. In the fifth test a mixture of electrothermal gasifier residues
which had been previously hydrogasified from a high-volatile bituminous coal

was used. Nominal conditions for the tests were —

Char
Feed Steamm Oxygen
Rate Feed Feed Bed Reactor Power Overall Carbon Steam
[dry) Rate Rate Oxygen/Carbon Temp, Press., Input, Resistance, Conversion Conversion
Run No. Ib7hs Ratio, 1h/Ib 'F paig kW shm T
EGO-3A 445 88 .- -- 1680 995 59.5 0.33 38.8 41.0
ECO0-3B 58 88 12.5 0.266 1700 1000 37.0 0.84 45.0 42.3
EGO-4A 43 76 e .- 1920 985 68.6 0.33 78.0 63.0
EGO-48 64 ” 12.0 0.234 1840 970 35.2 1.60 7.2 47.8
EGO-4C 53 v 12.0 0.273 1340 P9s 48.7 0.99 66,1 54.6

The first test, Run EGO-1, was terminated before steady-state operation
was attained when arcing occurred in the bed during the heat-up period.
Following the test,the inner electrode was found to have been melted about
6 inches along the tip. This was probably caused by the malfunctioning of
the bed-level detectors. The top of the bed was apparently near the elec-
trode tip and the high current density at that point caused it to melt. The

bed-level detectors were cleaned and calibrated following the run.
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In Run EGO-2, oxygen was let into the reactor at a nominal oxygen/carbon
ratin of 0.22 lb/lb for approximate:ly 30 minutes. During this time there was
a noviceable increasc in the bed temperature in the lower portion of the react-
or beginning 1 ft above the gas inlet nozzle, There was no increase in temp-
erature in the top 3 ft of the bed; it remained at 1785°F. The run was
terminated before steady operation could be reached when the temperature at
the base of the reactor decreased to below the boiling point of water at 10060
psig. In preparing the unit for the oxygen tests, resistance heaters and
insulation which normally cover the reactor bottom and discharpe screw
housing were removed to avoid potential overheating of the pressure closures
in that section. The heat losses in the area, however, were large and caused
condensation of steam and packing of the char which prevented its discharge

{rom the reactor. The heaters and insulation were put on following this rumn,

Two steady-state operating periods were attained during Run EGQ-3, one
with steam only (EGC-3A) and on2s with steam plus oxygen (EGG-3B). The
steam feed rate during both periods was 88 lb/hr. The char feed rate in Run
EGO-3A was 46.5 1b/hx, and 38.8% of the carbon was gasified while 41.0%
of the steam was decomposed. The power input was 59,5 kW and the bed
temperature was 1680°F. The oxygen feed rate in Run EGO-3B was 12.5
lb/hr; the char feed rate was 58.0 lb/hr, corresponding to a 0. 266 1b/lb
oxygen/carkon feed ratio., The carbon gasified was 45.0% and the steam
decomposed,42.3%. The average bed temperature was 1700°F ata power input of
37.0 kW. The decrease in power input after the addition of oxygen'generally
corresponds to the heat released by the carbon to carbon dioxide reaction and

is also reflected in the higher average bed femperature and increased carbon
gasilication,

Again the problem of the rapid cooling of the reactor bottom occurred when
the fluidizing nitroger. which is used during the heat-up period was shut off
after the switchover to steam. A continuous nitrcgen purge was necessary
during the run to avoid condensation. o
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There were three steady-state operating periods in Run EGO-4. The
first was with steam only, the other two,with a steam and oxygen mixture,
The bed temperature of 1920°F was maintained in Run EGO-4A with a power
input of 68.6 kW. The carbon gasified was 78.0% and the steam decom-
posced was 63,.0% with feed rates of 43 and 76 lb/hr., The oxygen flow rate
was 12,0 in/hr during the next two periods and the steam feed rate was 77.0
Ib/hr. In Run EGO-4B the char feed rate was 64 lb/hr with 47.2 % of the
carbon gasificd and 47.8 % of the steam decomposed. The power inpul was
35.2 kW and the bed temperature was 1840°F. An attempt to establish the
conditions of Run EGO-4C meore closely to those of Run EGO-4A was made
in the third period for better comparison of results between stearn only and
stecam plus oxygen, The char fzed rate of Run EGO-4C was 53 1b/hr compared
to 45 lb/hr in Run EGO-~44, and the bed temperature was 1840°F. The char
conversion was 66.1% and the steam decomposition was 54.6%. The average

power input was 48.7 kW.

Run EGO-5 was an attempt vo operate at a highér oxygen-to-carbon feed
ratio with a feed char of previsusly lightly gasified high-volatile bituminous
char. The run was terminated before steady-state conditions were attained
duc to excessive solids carry-over into the offgas quench tower and subse-

quent plugging of the prcduc’. gas exiti line from the reactor,

Following this test the reactor was dismantled for installation of the
silicon carbide inuer reactor tube. Tests will be conducted to study the elec-
trical characteristics of the Crystar-type silicon carbide for possible use .

as the liner in the 2-MW clectrothermal gasifier,

PILOT PLANT CONSTRUCTION

Goeaneral

Extras | through 29 to the guaranteed maximum price were discussed
*October 9, 1970, and final determination was reached and agreed upon by

Loth partics subject to approval by OCR.

The scactor model was completed and received. Insulation of the coal

mill unit is now in progress. Asphalt paving of the project has been completed.
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Engincering

Work continued it electrical instrumentation and piping on recent extra
requests and unit acceptance check lists. This should terminate skortly

wich Procon receives a final request from IGT.

Procurement

Purchasing is still involved with items pertaining to extras and check list

items, [ts completion will be based upon future engineering requirements,

Constiruction

Activities of the field are still piping, instrumentation, electrical insula=-
tion, painting, and cleanup. Inclement weather has been a problem,and
production is slowed considerably on days when it occurs, Work is being
concentrated in the utility, compressor, and coal handling areas at the

momz<ent. Upon receipt of the remainder of the acceptance check list items
and requested extras, a final completion date will be determined,

Schedule

As of this moment and time of the year, the manpower, and work éxpected, .
Procon projects final completion will exiend into the latter part of November.

PI1LOT PLANT OPERATION

Electrothermal Gasifier Unit

Revision 3 of the piping and instrumentation diagram was issued October
2, 1970,for the start-up operation and Revision 0 for the final operation on
October 5, 1970, It is planned to freeze the piping and instrumentation
diagrams by the end of October. Updated revisions of the plot plan, utility
piping and instrumentation, process flow diagrams, and line index will also

be issued at this date, Basic engineering design data sheets are being up-
dated. )

A formal purchase order was placed with Struthers Wells for the electro-
thermal gasificr reactor (8.06-01) on October 12, 1970, and for the cyclones
(8.06~43/44) with Buell Engineering on October 2, 1970. Authorization for
placement of a purchase order for the electrothermal gasifier vent gas
scrubber (8.06-02) with General Welding has been received from IGT and is
in process, All this cquipment has been modified, and updated quotes will
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ne forthcoming for the issuc of revised purchase orders, Quotes arc being
taoulated for submittal on the steam separator (8.406-41). Because of a
major modification caused by the desigh and fabrication criteria finally
adopted for the electrothermal gasifier power feed system to which the
quench drum (8.06-42) is connected, the requisition of the drum is being
revised and will be reissued for quotes this week., Procon received, with
pertinent comments, IGT's specification for the transformer-rectifier

unit for the electrothermal ga‘siﬁer power feed system and is completing

a requisition for issue this week.

The layout of the electrothermal gasifier structure has been completed,
with all levels of required platforrhing. The structural and foundation design
is being reviewed for modification as required, Foundation design for the
vent gas scrubber (8.06-02) has been started. Work on the high-alloy 4
material bulk take-off has started, as some of this material can become
critical due to its long delivery time. The recent decision to reincorporate
the water jacket enveloping the outer pipe, as well as requiring that part of
the high-pressure superheated steam be put into the process gas line to
bypass the electrothermal gasifier reactor, has introduced new design prob-

lems which are being studied for feasible solutions.

The requisition for special control valves has been issued for gquotes.
Vendor contacts have proceeded for a design for the control valves on the
high~temperature, high-pressure service in the char ‘drop legs and for the

bottom of the electrothermal gasifier reactor.

10

I' N ST ! TUTE . O F G A S T ECHNDOL OG Y




TET-MPR - -11]70

o

i -

I
@IG I INSTITUTE OF GAS TECHNOLOGY - 11T GENTER-- CH

!
-

Pl ] Y
fyib ) l'l
IC*:ALJO v,aun:
fl’)UCAllDN HEE[AR(‘H - - B
= s Co3
Project Status Report o <. o
- Ay :
For o = '-1
OFFICiE OF COAL RESEARGCI < = b3
and ) “ =
~ 25

AMERICAN GAS ASSOCIATION

Report For November 1970
OCR Ruport No. 74

Project Title Pipcline Gas From Coal — lHydrogenation (IGT Hydrogasification
Process)

OCR Contract No. 14-01-0001-381 (1) A.G.A. Project Ho. [U-4-]
I. Project Objective

The overall objuctive of this project is a process for producing pipeline
gas from coal that is cconomically attractive for supplementing natural gas
su~plies. The present objective is the design, construction, and operation
of a large integrated pilot plant to obtain scale-up data and operating experi-
ence. Developmental rescarch, enginecring studics, and economic evalua-

tions are in progress to help attain this objective.
II. Achievements .

COAL CHARACTERIZATION

Additional tests with clectrothermal gasifier residue char show that the
char may be uscful for removing phenol from plant liquid effiuents. Phenol
concentrations in the simulated plant waste liquid were reduced by a factor
of 1000 or more, Through a two-stage countercurrent contact, we should

be zble to reduce the phenol concentration to less that 5 ppb.

DEVELOPMENT UNIT STUDIIES

A new low-resistance silicon carbide (Crystar) tube was tested in the
clectrothermal gasifier. It showed very rapid heat-up and acceptably low
rasistance; however, thermal expansion stresses caused the tube to crack,

leading to arcingswhich damaged it. Another tube was installed and will be
tested shortly.
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PILOT PLANT CONSTRUCTION

Construction centers mainly on rework around the hydrogasifier structure.

We expect final completion of the plant before the end of this year.

The piping and instrumentation diagrams for the electrothermal gasifier
unit were frozen for the establishment of a guaranteed maximum price. All
long-delivery items are on order, except for the transformer-rectifier

package quotations, which will be reviewed,

PILOT PLANT OPERA TION

Training of our operating staff continues. We are now fully staffed, ex-
cept for two or three technicians needed to handle coal. The low-pressure
boiler, put on-stream on November 16, 1970, is in operation round-the-clock.
The steam generated provides tracing steam to keep the plant from freezing.
The coal unloading facility was thoroughly tested upon receipt of 700 tons of

Montana lignite. IGT accepted the coal preparation section.

IIl. Problems

No major problems were encountered this month.

IV. Recommendations

We recommend that the projecl proceed in the areas defined.

"V. Status of Funding

l- A'GOA‘ Funding
A. 1970 Funds Allocated ' $ 358,000

B. Funds Expended This Moath $ 25,000

C. Funds Expended to Date $ 333,000
2. OCR Funding

A. Funds Expended This Month (estimated) $ 214,000

B. Funds Expended Since Contract Amendment $ 8§110,000

No. 1 {(estimated)
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As a result of personally reviewing the pertinent data and information
reasonably available, it is our opinion that the project’s objective will be

attained within the contract term and the funds allocated,

o

/ X i
Signer i/ "’""a"""o i

Bernard 5. Lee
Assistant Director

Vfic’e’-Pre sident

-
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Appundix, Achievements in November

COAL CHARACTERIZATION

We further investigated the filtering and adsorption properties of the
residue from electrogasification. The objective here was to remove the
phenol from the condensate, obtaincd from the hydrogasifier effluent gas, '
by using the condensate to slurry the char from the clectrogasification
process. Residues {rom Runs £G-34, EG-3;5, EG-37, and EG-46 were
composited to provide a large sample [rom the processing of bituminous
coal. Carbon conversions in the electrogasification runs ranged from 33 to
42%.

Water retention in the filter cake after filtration thro.ugh a Buchner funnel
was about 0.91b/1b of char. This is substantially higher than the 0.65 lb/Ib
retention shown by the sample from Run EG-48 previously investigated.

The results also show greater phenol adsorption.

Init Phenol Phenol Adsorbed, Residual Phenol
Sample Concn,ppm mg/g of char Concn,ppm
EG-48 Residue 2590 7.6 17
Composite 4906 12.3 4.9, 6.8

Composite 52 0.13 0.014

The phenol concex;tration of 5000 ppm is about the maximum found in conden-
sates from the experimental hydrogasification unit. The ratio of water to
char in the tests, 2.5 by weight,exceeds the amount necessary to slurry the
char.

In conclusion, it appears that the adsorptive capacity of the residue char
varies, presumably with conversion. It will be possible to remove phenol
from the condensate; however, it may be necessary to recycle the filtered
condensate to slurrying with another lot of char in order to reduce the

phenol concentrations below 5 ppb.
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DEVELOPMENT UNIT STUDIES

Electrothermal Gasification

Installation of the 5.0-inch-ID silicon carbide (Grystar) tube, supplied by
Norton Co., as the outer electrode of a concentric caonfiguration was completed
this month, The inner electrode consisted of a solid type-316 stainless
steel rod, divided into two sections of different diameters. The immersed
electrode section was a rod 30 inches long and 1 inch in diameter. The
1-inch-diameter rod was chosen to provide the present concentric electrode
configuration with a current path similar to those of the concentric arrange-
ments previously tested. The upper section consisted of a 1.5-inch-~-diameter
rod, 50.5 inches long and electrically insulated from the outer electrode by
a 43-inch-long, Vycor glass tube, Other design changes have been previously
reported in the August 1970, IU~4-1 Project Status Report. A cutaway view

of the reactor configuration and design modifications is shown in Figure 1.

One test, Run EG-67, was conducted in the pilot plant unit at 1000 psig
using FMC COED char as the feed material. The purpose of Run EG-67,
the first made with the Crystar-type silicon carbide tube, was to obtain
electrical characterics data under operating conditions for this new type
of electrode. The overall resistance of the system was 100-200 ohms at
the start of the heat-up period. Heat-up to the steam injection temperature
of 1300°F was smooth and rapid, with an average power input of 20 kW for
this period,

" Table 1 shows a comparison of the overall resistance of the system for
Run EG~67 and the previous successful test, Run EG-66, at different bed
temperature levels during heat-up. No problems were encountered during
the transition from nitrogen to steam as the fluidizing gas. An average bed
tcmperature of 1700° F was maintained for 50 minutes at a power level of
20-30 kW; the average overall resistance was 0.66 ohm. We were unahle to
attain steady state because the feed system continuously jammed. Shortly
after the feed screw jammed at a bed level temperature of 1700°F, arcing

occurred across the bed, with one thermocouple indicating 2100° F,
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Table 1. OVERALL RESISTANCE OF CRYSTAR AND
CRYSTALLON-TYPE SILICON CARBIDE AT
DIFFERENT BED TEMPERATURE LEVELS

Temperature, Run EG-67 Run EG-66
°F (Crystar) (Crystallon)
R,ohm

500 - 20 20

600 2.5 20

850 0.77 6
1000 0.80 2.0
1300 0.51 1.8
1600 0.73 1.6

The overall resistance of the system increased to approximately 3 ohms;
however, the pressure drop across the reactor indicated the existence of a

full bed. A char plug, formed above the exposed arca of the inner elecfrode,

may have been the czuse. Arcing across the bed continued, and the run was
terminated as a temperature of 2200°F was indicated at the top of the silicon
carbide tube. Inspection of the reactor showed severe cracking of the mullite
refractory tube, as well as of the silicon carbid= tube. The top of the Type-
316 stainless steel shell was melted. Other melted spots along the steel

shell were observed. The inner electrode appearued to be in good condition,
cxcept for some melted spots at the junciion of the l-inch to l.5~-inch-diameter
scctions. '

The possibility ef cracking by thermal expansion exisis. The junction
between the mullite ceramic tube and the Crystar silicon carbide tube was
held in place by a form made of Kaocast refractory cement. The cement
form rested on top of the stainless steel shell and was attached to both the
mullite and the silicon carbide tubes. Expansion of the stainless steesl shell
produced a shearing force on the silicon carbide tube due to the low coef-
ficient of expansion of the Kaocast refractory cement. The silicon carbide
was cracked at the same height as the stainless steel shell, indicating the
existence of stresses at that point. As previousiy maentioned, a char plug

formed at the top of the reactor. As an attempt was made to discharge the
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solids, the plug was lowered to the junction of the 1 to 1.5-inch-diameter
sections of the inner electrode, and a path of low resistance was e¢stablished,
giving risec to the arcing observed. The interaction of the eiectrical ai'cing
and the stress forces increased the severity of the cracking; char [iltered
through the cracks until an electrical contact was made between the Type=~316

stainless steel sheil and the inner electrode leading to the damage.

A new Crystar-iype silicon cazbide tube is being installed, and care has
been taken to avoid direct contact between surfaces in a way that thermal
stresses became significant, Also, the junction of the 1 to l.5~inch~diameter
sections of the inner electrode has been shifted to a position well-above the
bed level to avoid any arcing that may occur across the clectrodes. Completion

of the new setup is expected shortly.

PIIOT PLANT CONSTRUGTION — HYGAS PLANT

General

Home office extras 30 throﬁgh 50 were submitted to IGT for review. An
evaluation meeting was scheduled for December 2, 1970; a field extra review
is scheduled for December 3, 1970. The coal handling area has been turned
over to IGT. Vendor servicemen are -checking out the coal mill area prior

to turning it over to IGT.

Engineering

Minor changes are still to be made’'in instrumentation, electrical work,

and piping.
Purchasing

Home office purchasing is’complete.
Construction

The main item of construction is the reactor structure; Change of the

PDT locations from below to above the taps is approximately 40% complete.
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Painting, insulation, and check list changes in other areas are being completed
prior to IGT's acceptance. Final control panel checkout is very close to

Leing completed.

Able Construction Co. is installing weather stripping on all doors in the

control and switchgear room to bbtain the required positive pressure.

Schedule

For this time of year and with the manpower and work expected, final
completion is scheduled for January 1, 1971,

PILOT PLANT OPERATION

Electrothermal Gasifier Unit

After piping and instrumentation review meetings in the early part of

November, the following documents are the frozen revisions for the purpose

of establishing the guaranteed maximum price:

P &1 Diagram (Start-up Operation) 1863-8.00~2J Rev 4
P & I Diagram (Final Operation) 1863-8.00-4F Rev 1
Plot Plan 1863-10.01-1J Rev 1
Process Flow Diagram 1863-8.00~1J Rev 2
Utility P & 1 Diagram 1863-8.00-3G Rev 2
Line Index & Pipe Specifications ° 1863-8.11-1 Rev 2
One- Line Electric Diagram 1863-10.12-1G Rev 0

The basic engineering design data sheets were updated and revisions
issued reflecting comments received and discussions with IGT, Piping
specifications to be used cn this job, as well as line-sizing criteria for the
nitrogen purge lines and the impulse lines fer the differential pressure and
the flow transmitters, were discussed with IGT.

Purchase orders have been placed on all items authorized by IGT and
bid tabulations with vendor recommendations were submitted on others when
complete information was available. Technical evaluations and bid tabulations .
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are under way at present on the major instrument requisitions, as well as on
the steam separator and the quench drum. The transformer-rectifier unit
specifications have bzen issued for quotes; these are expected at the end of
the present week., Extensive vendor contact was made for this item, and
technical evaluation and vendor selection will be expedited to c¢nable the

timely purchase of this long-d’ livery unit,

Incoloy piping bulk material requisitions were completed for issue this

- week, reflecting the updated design changes and modifications. These are
critical, long-delivery items that require special preferertial handling. It
was not possible to firm them up and issue them earlier because of the
cesign changes introduced with the addition of the steam ring in the electro-
thermal gasifier vent gas line, the modification of the char dust cooler, and
other late modifications such as raising thé elevation of the char lift cyclone,
thus lengthening feed and exit lines to it. The piping plan drawing is in

progress, and critical stainless steel lines are being checked for stress,

Requisitions for the electrothermal gasifier reactor structural steel
support, the reactor foundation, and the foundation for the steel structure
around the reactor have been issued. The steel structure around the reactor
has been designed and the drawings and requisitions are being finalized.

" This includes the platforming for the 123-foots9-inch level on the electro-
thermal gasifier reactor structure, requested by lGT,_and the bt’ner minor
modifications required and agrecd upon. The foundation for the clectrothermal
gasifier vent gas scrubber has been designed, and the drawings and requisi-
tions are being finalized for issue. The reactor refractory requisition is out
for quotes, excluding iis electrical conducticn portion, which is still pending
final definition by 1GT.

Attempts at getting a supplier interested in developing a cone-type control
valve for operation at the bottom of the electrothermal gasifier reactor proved
unsuccessful so far, due to the extreme de'sign conditions. Several vendors
contacted declined, and we are now waiting to hear from Crane-Flomatics
Division on this application.
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The electrothermal gasifier reactor (8.06-01) will be stamped ASME
Section I, instead of Section VI, as criginally specified; the hydrogasifier
(3.06-01) was stamped in the same fashion. Struthers Wells will update
its quote to meet this requirement, plus incorporute other changes which
have been made. Delay in getting design and pricing information from Grayloc
retarded the updating of the required quotes, hoth in this case and for the
cyclones ordered from Buell, although no sctback on delivery date has

resulted. Grayloc was contacted to expedite the required information.

Redrawing of the semigraphic layout on Panel C to incorporate the
electrothermal gasifier unit has been started. Work will be completed
around the first week in December, and, after review, SCAM will be contacted

for a quote on the resetting and reconnection work required for this panel.
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1. Project QObjective

.The overall objective of this project is a process for producing pipeline
gas from coal that is economically attractive for supplementing natural gas
supplies. The present objective is the design, construction, and operation
of a large integrated pilot plant to obtain scale-up data and operating experi-
ence. Developmental research, engineering studies, and economic evalua-
tions are in progress to help attain this objective. . .

II. Achievements

COAL CHARACTERIZATION

Initial results from studying the distribution of minor coal constituents in
the HYGAS Process show that all the nitrogen removed from the coal appears
2s ammonia. The yield of ammonia in Run HT-248 with Montana subbitumi-
nous coal as feed was 14,5 1b NH;/ton of dry coal, corresponding to 64.9%
of the nitrogen in the coal. Since over 75% of the ammonia appears in the
recycle quench water, if a cooling tower is used, most of the ammonia is

released to the atmosphere, We are studying means for recovering the am-
monia and avoiding atmospheric pollution.

Phenol and cyanide were also found in the above effluents, ‘Tests with
electrothermal gasifier residue char show that the char may be useful for
removing phenol from plant liquid effluents. Phenol concentrations in the
simulated plant waste liquid were reduced by a factor of 1000 or more.
Through two-stage countercurrent contact, we should be able to reduce
the phenol concentration to less than 5 ppb.




Vapor-liquid equilibrium constants for a mixture simulating raw hydro-

gasifier effluent were determined to aid in the design of ifs guench gysteny,

To date microtumbler tests indicate that the attrition resistance of pasi-
fied residue does not change and, in fact, may increase slightly with con-
version. It is possible that the expected decreasc in strength, caused by the
removal of material by gasification, throughout the particle is compensated
for by the increased strength causad by coking or graphitization of the
particle. '

HIGH~PRESSURE METHANATION

Results from a series of runs at low flow ratés and low pressures agreed
well with results at high pressures. An improved correlation was obtained .
for the methanation rate expression, which was extended to cover regions
with large excesses of hydrogen and methane. "

Ge §
KiPeo Py,

1 + k; pH, + ky pCH.,

r=

Data at low conversions and ncar equilibrium are being collected to test
this correlation: Initial datz indicate that it requires modification for con-
ditions near equilibrium. The temperature-dependence studies of the reaction
rate at 740° and 850 °F show that the ratc expression is still valid up to 850°F.

The laboratory unit to measure the sulfur tolerance of methanation cata-
lysts for use in the pilot plant was completed, and shakedown of the unit is
in progress, The two pilot plant process gas chromatographs were tied-in
with this unit to check out the analyzers and try them with gasés similar to
those that will be encountered in the pilot plant.

Ethylene hydrogenation was briefly studied to sce if this type of process
can be adapted for starting up the pilot plant hydrogasifier. We tested both
Ni-Mo and ammonia synthesis catalysts, Ethylene can be hydrogenated to
cthane at room temperature over the more active Ni-Mo catalyst; without
a catalyst the reaction does not occur below 800°F, Hydrogenation occurring

at 1100 °F was accompanied b&r the formation of carbon and tar.
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ENGINEFRRING ECONOMICS S 1TUDIES

A zomputer propram was rdeveloped to estimate the cost of vessels as a
function of their dimensions and configurations., The effects of financial

factors on the return on equity for gas utility financing were calculated, and

the re-ults presented in graphical form,

The economics of lock hopper and slurry systems for feeding pretreated
char to the hydrogasifier were compared using recent data. The results
indicate that the lock hopper system could show a gas price advantage of
3¢/million Btu if 2 reasonable life of the control valves can be expected.
These valves must seal against 500-psi differential pressure and must

handle solids flowing through them. Further probing is planned,

The usc of partial or total air cooling for a pipeline gas plant was examin-
ed in detail. For a 500 billion Btu/day lignite-based plant total air cooling
or air cooling to 140 °F, followed by water cooling to 100°F, shows that the
plant makcup water requirement can be reduced by 82-889 over a totally
water-cooled plant. The capital investment for an air-cooled plant is less
than for a water-cooled plant; substantial savings in power consumption
should also result. The work was done in cooperation with Hudson Products

Corporalion, a major supplier of air coolers.

The above scheme was revised to include conventional steam-turbine
power generation instead of MHD generation. The gas price increases {rom
334 to 40¢/imillion Btu when the steam cycle is used. We examined air and
water cooling with cach mode of power gencration. Air cooling shows about
a 1#/million Btu cost advantage in the gas price over water cooling at a

3.5% makeup water rate and an cven greater advantage at higher makeup
rates.

Process cconomics have been updated to reflect current financial facters
and the escalation of investment and labor costs, For raw material costs
between 8¢ and 244/million Btu, represerting lignite to bituminous coal, the
gas prices range from 424 to 78¢4/million Btu. A report updating the HYGAS
Process with electrothermal gasification is nearly complete. Current

financial fuctors are inenrporated,
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DEVELOPMENT UNIT STUDIES

Results of free-fall thermal treatment of lipnite at 1300 °F, using aitrogen
as a sweep gas, showed 14% carbon gasification, The degree of gasification
at 280 psi, comparable to another run at 1000 psi, indicates that devolatili-

zation is the only reaction occurring.

Hydrogasification of lignite at 500 psi with hydrogen and steam showed 41 %
carbon gasification, indicating no significant loss of reactivity from the
1000-psi operation. Results of lignite gasification at 500 psi with synthesis
gas-steam and hydrogen-steam mixtures show that about 5% more carbon
(36 vs. 41 %) was gasified with the hydrogen-steam mixture. Either gas
mixture is adequate for the HYGAS Process in terms of obtaining the required
gasification.

The study of Montana subbituminous coal showed that a 1000~psi pressure
is definitely preferred over 500 psi with either the ﬁydrogen-steam or syn-
thesis gas-steam mixtures. Operation was smooth at 1000 psi, but erratic
at 500 psi, Lower methane and higher carbon oxides yields were also ob-
tained at 500 psi. The study of New Mexico subbituminous coal showed that
the coal was similar in behavior and reactivity to the Montana and Colorado
subbituminous coals tested earlier. With 13 coals tested to date in the 4-inch
hydrogasifier, further study of other coals will be postponed.

Designs are being completed to examine the flow patterns and pressure
balance in 2 model of the upper section of the HYGAS hydrogasifier. The

model will permit preliminary study of any future modifications.

The nozzles from Spraying Systems Corp. appear to show no wear when
dispersing coal-water slurries, Photographs were taken that should permit
measurement of the spray distribution.

After a number of successful runs at 1900 °F and 1000 psi using IGT's
hydrogasified char, silicon carbide was tried as the central electrode and
as the reactor tube. The material withstands hot spots well, but shows a
high initial electrical resistance. Upon heating, the resistance graduaily
drops to an acceptable range. A new low-resistance silicon carbide (Crystar)

tube was tested’in the electrothermal gasifier, It showed very rapid heat-up
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and acceptably low resistance; however, thermal expansion stresses caused
the tube to crack, leading to arcing, which damaged it. Another tube was
instalied and tested, but it also cracked despite précautions taken to elim-
inate the thermal stresses. A third tube, Crystar impregnated with silicon
rnetal, is on order and will be tested, We are also sctting up a bench test

to check the effect of high-pressure, superheated steam on silicon carbide.

A run aimed at defining the electrical characteristics of the bed yielded
much data. High- and low-frequency current and voltage fluctuations, along
with transient response of the bed to step~-changes in power input, should
provide the necessary data for designing the power package of the 2-MW
electrothermal gasifier unit. Work to date indicates that the 2-MW electro-

thermal gasifier will have a direct-current power supply and a concentric
electrode configuration.

A magnetic flip coil was installed in the electrothermal gasifier unit to
suppress arcing and reduce current fluctuations. Two tests showed that the
frequency of the current flicker was noticeably reduced, while its a-nplitude
remained unchanged. Although scme additional tests with the coil may be
made later, no flip coil will be used in the 2-MW unit. The fabrication and
installation cf the coil can be difficult; the coil requires significant power

that only reduces the frequency of current flicker but not .ts amplitude.

Five tests were made in the electrothermal gasifier unit with an oxygen
input to observe the-effect of oxygen addition on the powar requirements of
the system. Indications are that the power input can be directly replaced
with the carbori-oxygen reaction, forming carbon dioxide. Operation was

smooth except for some condensation problems at the bottom of the reactor.

NEW PROCESS STUDIES

A fuel cell engineering study to supply power to the electrothermal gasi~
fier was completed, including details of power plant configuration and cost
calculations. A bus bar cost of 4.5 and 5,4 mills/kWhr is estimated for
fuel cell power densities of 300 and 150 watts/sq ft. Capital investment is

estimated at.$99 and $123/kW for cell power densities of 300 and 150
watts/sq ft.

Instead of gencrating additional power from the hot fuel cell waste gases,

as in the ?.bove study, we considered using the waste gases for 1) raising
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high-pressure steam or 2) supplying heat to the producer gas generator.
Scheme 1 is more attractive than scheme 2, but is not economically as

attractive as the original study in which the waste gases generated additional
power. ‘

PILOT PLANT CONSTRUCTION :

The HYGAS pilot plant coastruction is complete except for minor mis-
cellaneous field changes. Procon is out of the field, at its own request,
except for one man who supervises the completion of insulation work.
Morrison Construction Company, a local contractor under subcontract to
IGT, is finishing the items left undone by Procon. The cost of the work
will be paid out of the funds retained by IGT on its subcontract with Procon.
All work is expected to be completed by January 1971, except for insulation
work, which may not be completed until February.

Together with Procon we began the design and construction of 2 2-MW
electrothermal gasifier system for the HYGAS pilot plant. The reactor will
be built aboveground instead of in a pit, where solids transfer might be
easier, because the cost of underground construction is prohibitive. For
safety purposes, the reactor will have a water jacket similar to the hydro-
gasifier's. The gasifier vessel has been placed on order with Struthers-
Wells Corporation, and delivery is expected in June 1971. The transformer-
rectifier package is also on order, due for delivery in July 1971 from
W estinghouse., The piping and instrumentation diagrams for the electro-
thermal gasifier unit were frozen for the establishment of a guaranteed
maximum price,due to be submitted in January 1971. Piping spool sheets '
are being prepared,and quotations for piping and electrical subcontracts are
in progress.

PILOT PLANT OPERATION

We are now fully staffed, except for two or three technicians needed to
handle coal. The low-pressure boiler, put on-stream on November 16,
1970, is in operation round-the-clock. The steam generated provides
tracing steam to keep the plant from freezing. The coal unloading facility
was thoroughly tested upon receipt of 700 tons of Montana lignite, Also on
the site are 700 tons of lllinois No. 6 seam bituminous coal.
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Due to the incomplete insulation in the plant, we experienced two freeze-
ups in various steam tracing sections. We scheduled the operation and
performance test of the hydrogen plant for the first week of January, after

which the ccal preparation and pretreatment sections will be shaken down
and operated,

1li. Problems

No major problems were encountered this period.

IV. Recommendations

We recommend that the project proceed in the areas defined.

V. Status of Funding

1. A.G.A. Funding

A. 1970 Funds Allocated

$ 358,000
B. Funds Expended This Month $ 25,000
G. Funds Expended to Date $ 358,000
Z. OCR Funding
A. Funds Expended This Month (estimated) $ 225,000
B. Funds Expended Since Contract Amendment $8, 330, 000

No. 1 (estimated)

As a result of personally reviewing the pertinent data and information
reasonably available, it is our opinior that the project's objective has been
attained within the contract term and the funds allocated.

R /7 /?/’ ',) :” g 3
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Appendix. Achievements in December

COAL CHARACTERIZATION

Vapor-liquid equilibrium constants for a mixture of carbon dioxide,
carbon monoxide, hydrogen, methane, and benzene were determined at

100 °F and 1180 psia. Results, with estimated limits of accuracy, were as

follows:
Composition,
mol % .
Component Vapor Liquid Equilibrium Constant

CO, 20.9 13.7 1.53  0.02

CO 25.8 2.5 10 &5

H, 26.8 4.8 - 5.6 0.2

CH, 25.3 7.1 3.6 . x0.1

C¢He 1.2 71.9 0.017 +0.005, —0.002

The uncertainty in the results for carbon monoxide is large because air
leaked into the vaporized liquid sample, The determ:nation will be repeated

when the apparatus becomes available,

ENGINEERING ECONOMICS

The report on escalated costs for the HYGAS Process using electrothermal
gasification is nearly complete., Drawings and tables are in final ferm,and
the text is 80 % complete. The report compares current economjcs of pipe-
line gas from coal and lignite based on the original designs. It shows the
economic effects of changes in investment, cost of coal, operating labor,
maintenance, electric power, and financial factors. Differences

between the original reports and the new numbers are analyzed.

ELECTROTHERMAL GASIFICATION

A new 5.0-inch-ID tube of Crystar-type silicon carbide was installed in
the pilot unit,and one test was conducted. It was installed to allow free
movement along its length for thermal expansion. Run EG-68 was con-
ducted under the same conditions as Run EG~67 at 1000 psig, using FMC
char as the feed, The overall resistance of the system was similar to that
of Run EG-67, decreasing from 20 ohms at the start of heat-up to about
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0.5 ochm at 1400 °F. The unit operated very smoothly during the heat-up -
no upsets or mechanical problems werc encountered. However, after sev-
eral hours of operation a sudden increasc in the temperature of the tube wall
occurred about 12 inches from the top. Evidence of an arcing condition

became apparcnt on the ammeter,and the test was terminated,

Inspection of the silicon carbide tube following the test showed that it was
cracked in several places. One was a circumferential break corresponding
to the area of termperature rise observed during the run; there were numer-
ous others in the bottom section of the tube (Figure 1).

..4""';_ . ':‘-l-.?.:.' . .;,-5
A@?}ﬁ,ﬁ .
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Figure 1. CRYSTAR-TYPE SILICON CARBIDE TUBE
FOLLOWING RUN EG-68
The cause of the cracking is not yet clear. It cannot be attributed to any
operational problems,nor to any apparent thermal stresses,since the tem-
perature gradient in the area of the cracks was very small. Discussions

are being held with the supplier, Norton Co., in an effort to determine
cause of the cracking.

-d




Another type of silicon carbide has heen reco:nmended for testing in the
pilot unit. It is a silicon-metal-impregnated, Crystar-type which exhibits
much lower resistivity characteristics than those tested thus far. A 5-inch
ID X 1/4-inch wall tube has been ordered and will be installed upon receipt.
Recently we looked into the effects of steam and reducing gases on silicon
carbide, Steam appears to react with silicon carbide at the operating con~
ditions of the electrothermal gasifier to form various silicon and carbon
oxides, However, most data available were obtained from tests conducted
in either high-pressure saturated steam or low~pressure superheated steam,
but not in high-pressure superheated steam. Since some reports indicate
appreciable oxidation of the silicon carbide in a steam atmosphere, we are
designing a small test reactor which will be able to more closely simulate
the operating conditions of the electrothermal system and will conduct
several tests on samples of the gilicon-metal-impregnated Grystar-type
silicon carbide. Results of the tests should provide data which would be
useful in determining whether silicon carbide could be used as a liner in
the 2-MW reactor.
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