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FIRST FUEL RESEARCH IN AMERICA ?
April 7, 1826
A paper was read by Marcus Bull at American Philosophical Society of Philadelphia and
published as brochure by the society the nest month.

The paper described Bull’ s work on determining the relative value of different fuels.

EXPERIMENTAL

The gpparatus was fuel caorimeter in the form of asmall-sized room. The outside walls were
insulated and provisions within the room were made for burning various fuels under conditions
where the temperature in the room could be kept constant. The amount of fuel was kept constant
and the time to burn the fuel was determined.

Fuel Vaue

Shdll-bark hickory wood 100

Soft maple 56
Elm 58
Anthracite cod 200
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The Beginning
S. W. Parr, Ind Eng Chem, 19 (1927) 7

The next epoch-making event in the
study of American fuels was the work
Inaugurated by the U.S. Government at
the St.. Louis Exposition of 1904 and
which resulted finally in the
development of the research laboratory
of the Bureau of Mines at Pittsburgh.
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J. K. Clement, Ind Eng Chem, Feb. 1911, 96

The organization or the chemical
|aboratories of the Bureau of Minesis
perhaps unique, in that there is no chief
chemist. Thework Isdivided among a
number of separate laboratories, each
carrying on its own lines of work, under the
direction of its own chief — the whole
forming a group of more or less
Independent units.
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J. K. Clement, Ind Eng Chem, Feb. 1911, 96

e Fuel-Testing Lab (Pittsburgh and DC)
« Fusihbility and Clinkering of Coal Ash

e Chemistry of Petroleum TechnologyCombustion
Investigations

* The Composition of Coal
 TheVolatile Matter of Coal
* Weathering and Deterioration of Coal

e The Burning of Coal in Mines under Diminished
Supply of Oxygen

e The Chemistry of Explosives

e Coal Dust Explosions
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Synthetic Liquids - UOP

e 1920-30s. Concern for oil supply

e |. G. Farben and Standard (NJ) studying
heavy oll hydrogenation

* Bergiusand F-T process for oil from coal

 UOP set out to engage experts in catalysis
to develop their synthesis of oll

» Egloff recruited Ipatieff; arrived in 1930;
recruited Tropsch but worked on cracking
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R. B. Anderson Version

e 1920’ s research on catalysis

e 1931, AC FHedner persuaded Dr. Henry H.
Storch to transfer from N.J. to Pittsburgh

e 1943 FT synthesis research started again

Norma Golumbic catalyst preparation
with larger scale by C O Hawk and H
Brown

L.J.E. Hofer began studying carbides of
Iron
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R. B. Anderson Version

e 1944 R. B. Anderson and S. Weller join and
Anderson to FT Catalyst Testing Section in
1945

 FTSinsmall pilot plants at Bruceton
initially under J.H. Crowell, followed by H.
E. Benson in 1947 and J. H. Feld in 1958.

* Benson and Field maor contributors to the
development of oll recirculation and hot-
gas-recycle processes.

« M.D. Schlesinger studies FTSin durry aand
fluidized-bed reactors.
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R. B. Anderson Version

Organic Chemistry Section determined
structure of coal, analyze direct coal
Iquefaction products, metal carbonyls and
nomogeneous catalysis. Mechanism of
nydroformylation reactions was el ucidated.
Directed by Milton Orchin until 1953 and
then Irving Wender. Heinz Sternberg made
valuable contributions to this.
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Midcareer at the Bureau of Mines. Circa 1948 (at age
34). Taken after Dr. Orchin's return from a year as a
Guggenheim Fellow at the Sieff Institute in Israel.
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Figure 37. - Continuous 0X0 unit.
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R. B. Anderson Version

The election of Novembver 1952 and the advent

of a Republican Administration protended changes
In the research at Bruceton. At other locations
programs were drastically altered, and work at the
demonstration plant at Louisiana, Missouri, was
stopped. Other maladies that eventually led to the
demise of the Bureau of Mines might have been
discerned by the careful observer. Research was
becoming increasingly mixed with politics.
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M. D. Schlesinger’s View

e 1904-07 Demonstration of fuels evaluation at
Louisiana Purchase Exposition.

e 1924-26 Coa Conversion Technologies
Introduced in US

e 1930-35 Depression — reduced budgets —
petroleum supplies ample for the foreseeable
future

e 1936-43 Increased funding — large synfuelsin
Germany WW || puts strain on existing resources

e 1944-55 Synthetic Liquid Fuels Act provided
significant funds for research — process evaluation
and petroleum availability indicated no need for
commercial synthetic fuels development
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M. D. Schlesinger’s View

o Office of Coal Research developing new and more
efficient methods of mining, preparation and
utilization of coal

e 1975 —Energy Research and Development
Administration (ERDA) consolidates energy
research activities

e 1977 Department of Energy further consolidates
the energy activities of the Nation

e 1978 Energy policy bills passed
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Annual Report of the Director of the Bureau
of Mines (Scott Turner) to the Secretary of
Commerce (Herbert Hoover) for 1928

“Synthetic Motor fuels from water gas ...
Equipment has been assembled for use at
high pressures and temperatures in the
catalytic conversion of coal (through water
gas) to methanol and other organic
compounds and mixtures suitable for motor
fuels and other needs. The preliminary tests
of the synthesis themselves can now
proceed.”
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Bureau - 1920-1930s

« Synthesis of higher hydrocarbons from water gas,
D F Smith...I&EC, 20 (1928)462

« Synthesis of higher hydrocarbons from water gas-
11, D F Smith...1& EC, 20 (1928) 1341

* The Mechanism of the formation of higher
hydrocarbons from water gas, DF Smith, ...,
JACS, (1930, 3221

e Conversion of methane to carbon monoxide and
gbngen, CO Haw, ... I&EC, 24 (1932) 23.

ZATAIVCIC



The Mechanism of the formation of higher
hydrocarbons from water gas, DF Smith, CO Hawk
and PL Golden, JACS, (1930, 3221

 Fischer thought reaction proceed through metal carbide
although cannot get higher hydrocarbons passing hydrogen
through metal carbide.

« Ethylenein concentrations greater than 10% of syngas
over Co-Cu-Mn oxide catalyst forms higher hydrocarbons
and large quantities of oxygen containing compounds.

« Oxygenates dehydrate to form hydrocarbons, and may be
accompanied by polymerization

* Mechanism of hydrocarbon formation on iron-copper
catalyst is different from cobalt-copper-manganese oxide

ZATAIVCIC



A. N. Stranges, Annals of Science, 54 (1997) 29-68.
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Basic Ideas of FT Reactorsin 1944

Processes classified by heat removal
A. EXTERNAL COOLING
1. Fixed Bed
a. Platetype
b. Double tube
2. Fluidized fixed bed
A. INTERNAL COOLING
1. Oil as heat-transfer medium
a. Fixed-bed, oil-circulation process
b. Fluidized-bed, oil-slurry process

2. Gas as heat-transfer medium, hot-gas-recycle
Process
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FIGURE 56. - Schematic Flow Diagrams of Five Modifications of Fischer-Tropsch Process.
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L Henry H. Storch (1894-1961).
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Bureau Program 1040s

Studies started in 1940s was designed to:

1. Were metal carbides intermediatesin FT?
Correlate and expand knowledge about carbides
What phases are good FT catalyst

Prepare these phases with large surface area

Investigate those phases previously untried as
catalysts

a & WD
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R. B. Anderson, 2™ | CC, 1960 (discussion foll owing paper)

“We do not believe that the effective parts
of the catalysts are oxidized in the synthes's.
Only the outer portions of the particles seemto
be effective in the synthesis, and the remainder
IS not used dueto diffusional problems. The
Ineffective interior of the particleis exposed to
high concentrations of H>O and CO, and the
catalyst oxidizesfrom theinsde. Thusthe
catalyst activity remains constant while the
degree of oxidation increasesfrom zero to 85

.~ per cent during the course of an experiment.”
/‘ AIALYMD



W. K. Hdl, R. J. Kokesand P. H. Emmett, J. Am. Chem.
Soc., 82,1027, (1960)

|n spite of the apparent compl exity of the Fischer-
Tropschreaction, it ispossibleto explain many
experimental factson thebasisof therelatively smple
mechanism postulated by Stor ch, Golumbicand
Ander son asmodified by Kummer and Emmett.
According to thispicture, the carbon monoxide and
hydrogen react on the surfaceto form aspeciessimilar to
adsorbed methanol. These C, surface complexesthen
react by splitting out water to form a C, complex smilar
to ethanol. The production of higher molecular weight
productsis presumed to occur by thereaction of C, with
C. complexesto form water andC,..; complexes.

H. H. Storch, N. Golumbicand R. B. Anderson, “ The
Fischer-Tropsch and Related Syntheses,” John Wiley and
Sons, Inc., New York, 1951.

e J. T. Kummer and P. H. Emmett, J. Am. Chem. Soc., 75,
5._‘AIAL'?I> 5177, (1953).

Research and Testing Center



81
0-C-C 20 5.C-CC-C

g. Equilibrium distribution of hydrocarbons is not obtained.
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Figure 33. - High-pressure Fischer-Tropsch unit.

AIALYSIS

Research and Testing Center
atthe UK Center for Applied Energy Research




Figure 27. - Catalyst reduction unit.
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L Figure 34.- Catalyst testing units. Front view.
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W Figure 35.- Catalyst testing units. Rear view.
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Figure 34. - Control panel for high-pressure Fischer-Tropsch unit.
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L Figure 26. - Fischer-Tropsch catalyst testing units.
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Figure 28. - Barrel-a-day Fischer-Tropsch pilot plant.
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Figure 29. - Fischer-Tropsch experimental plant with internally cooled converter.
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Figure 29. - Bench-scale catalyst-testing apparatus.
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Figure 39. - Vacuum-distillation equipment for characterizing Fischer-Tropsch products.
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- Air view of coal-to-oil demonstration plants at Louisiana, Mo. Missouri Ordnance Works,
upper left; hydrogenation plant, upper right; gas-synthesis plant, lower right; adminis-
tration buildings and employee housing development, lower left,
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212686 0 - 52 - 3 . . . .
Figure 2 - 2,500-ton pile of Illinois coal ready for processing.
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Figure 16. - Flow sheet of Gas-Synthesis Plant, with original distillation unit.
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Figure 1. - Gas-Synthesis Demonstration Plant, Louisiana, Mo. (view looking east).
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W [ Figure 23. - Gas-syntnesis reactor, Gas-Synthesis Demonstration Plant.
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W Figure 15. - Catalyst-reduction unit, hydrogen-heating furnace (center),

and reduction vessel (left of center).
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FIGURE 72. - View of Fischer-Tropsch Demonstration Plant at Louisiana, Mo.
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FIGURE 73. - Fischer-Tropsch Reactor at Bureau of Mines Demonstration Plant.



TABLE 13, - Typical operating conditions and conversions

obtained in the four tests at Fischer-

Tropsch demonstration plant

1 2 3 4
Test No, Start | Finish
Flow of fresh gas.eeeeeeneanasns c.f.h, [ 56,300 {61,900 {65,400 62,000 | 62,000
Maximum temperature....eeeeseesoss . F, 549 524 545 515 515
Pressure...... teteavecsauss ceeeP.S.1.8, 330 329 317 337 338
Space VeloCityivesueenvoononnross hr.~ 600 531 584 480 373
Recycle ratio.eeseeeese ceeesesessereans - 1.63 1.48 1.35 1.43
Catalyst in coolant oil........ percent 1/ 1/ 1/ 7.0 24,0
Usage ratio..vsessss 0000000050k Hp:CO 0.68 0.71 0.75 0.91 0.88
Hy) + CO conversioNeeeeessess ... percent 31.0 85.9 67.0 84.3 91.9
Duration of rUN..eeveeeosseeesoss. days 8 25 28 39

1/ Not determined.
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TABLE 12. - Yields and product distributions from Fischer-Tropsch
slurry experiments with iron catalysts

Experiment No. LP-35 LP-60 LP-73
Type of catalyst....eeevveeeeensecesssaeaeess.|Precipitated | Fused |Alan Wood
magnetite
Feed-gas ratio...eeveeeeeeess ceseaeascaosly:CO 0.7:1 1.0:1 1.0:1
Temperature.sceeeecescececcnssce ceeeeseccaas °C. 221 257 285
Hourly space velocity....vol./vol. slurry-hr. 250 300 300
|7l =SV o - P R A cesscscsccssp.S.1.82. 200 300 300
Specific yields, gm./m.3 Hy+CO converted: A g2/
C1+00ccecercnccaccnns 500N 8000C 000 500G 14 37 | 48 21
C3 and heavier.....cicieereecencncecnoccansse 163 125 | 149 190
Product distribution, weight-percent of C3+:
Gasoline (C3-204° C.)........ A OA 0 Ca O a0 41 83 89 43
Diesel 0il (204°-316° C.)vevveee crececeenee 14 10 {9 18
Heavy distillate (316°-450° C.)uveeeeoennes 18 6 2 20
Wax (>450° Cudevenoseaaeaacooaanns S OOC O 27 1 0 19

a/ With added sodium hydroxide.

—
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Fischer-Tropsch Processes
Investigated at the Pittsburgh
Energy Technology Center since
1944,

M. J. Baird, R. R. Schehl, W. P.
Haynesand J. T. Cobb, Jr., Ind.
Eng. Chem., Prod. Res. Dev., 19

O080) 175.



Fischer-Tropsch Processes Investigated at the
Pittsburgh Energy Technology Center since 1944.

* Renewed interest by US DOE

* Ralph M. Parsons Co contracted to
study FT economics and conceptual
plant design

* Results indicated that it would be
possible to increase overall plant
efficiency and the use of atube wall
reactor would be amajor factor In
achieving this result.
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Thompson, G. J.,, M. L. Riekenaand A. G. Vickers;
Comparison of Fischer-Tropsch Reactor Systems,
Phase | -- Final Report, DOE/ET/10159-T2,
September 1981.

e Considered advantages of four
type of reactors

e Conclusion was that bubble
column reactor was the
preferred reactor from the four
that were considered
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