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INTRODUCTION

The technology to produce synthetic liquid fuels gods back to the pioneering '
research by Friedrich Bergius, a German chemist, whose work on the conversion of
coal to Tiquid products earned him the Nobel Prize in 1931. The:development of
an addifioaa1 techniqua, the Fischer-Tropsch Synthesis, provided Germany with the
tools required to achieve self-sufficiency in petroleum fuels. ;[This effort at
self-sufficiency became-dne4of the chief national goals of the:German government.
The;scientific communitQ joined hands with private industry and.government

to perfect the coal conversion processes. By the end of World War Il the Germans
had conétructed more than 22 sanﬂetic fuel plants, which accounted for S0% of
-Eermany'sirequired aviationzgdso]ipe, and approximately 68% of ithe: regular fuel
cdnSqmed by other military and civilian usage. After the war, these synthetic
fuel plants were either disﬁant}ed or allowed to convert to the:production of

ammonia, or the processing of heavy petroleum fractions. WestsGermany today

has no synthetic fuel production...
THE.DEVELDPMENT OF SYNTHETIC FUEL PROCESSES IN‘GERMANY . .-

In 1933, three synthetic fuel plants were in operation in;Germany. By
1945, their number had increased to twenty-two. From January 1938 to March
1945, the German synthetic fuel industry produced 127,357,000 barrels of
Qaso11ne. diesel fuel, aviation fuel and “Treibgas", a mixture:of. hydrocarbons
suchi' as propane and butane, which can be 11quef1ed at room §emperature by

compression. The production of synthetijec fuels rose from 570,000 barrels per
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month in 1938 to 2,900,000 barrels per month by April 15944, During-the first

four mcnthslof 1944, the fwenty—two German synthetic fuel plants produced approxi-
mately 11 mitlion barrels of fuel, an amount exceeding the entire production of
10.6 million barrels for the year 193%. The production data retrieved from
German reparts' are summarized in Fig. 1, which provides irrefutable testimony
to the success af the German efforts.in converting coal to 1iquid fuels.

These specfacu1ar successes of the éermﬁn chemical industry haye their
roots in the German fradition of replacing natural products by synthetic
materials. This tradition dates back to the 1860's. In the field of dya
manufacture, the compound alizarin, which was known since 1825.as the active
component in the natural dye, madder, was synthesized Successfu11y by the
chemists Carl Graebe and Carl Liebermann. The Badische Companj began’the
.1arge scale maanacture of synthet{c aTizariﬁ in 1880;Z~ Later,'in-18a3,

Adol1f von Baeyer established the structure of 1ndigoi and'by 1900, indigo
was preduced syntheticall} in annual quantities equal to those obtained
natufé1]y'from-250,000 acres of farm1and in India.®

- Nitfogén compounds, needed as ferti1iier components and for the manu-
facture of explosives, were imported from Chile during the 19th and early
20th century.z Obvious advantages would dﬁcrue te a nation, which -could make
1tse1f‘1ndeﬁendent of imported nitrogen compounds by utf1121ng the elemental
nitrogen present in large quantities.fn the air. Fritz Haber's experimenfs
established by 1908 that nitrogen from the air can be combined with hydroéén
employing apprbpriate cat§1ysts at elevated tempenafures and high pressures
to form armonia. Ammonia is well suited to serve as the feedstock for the
preparation of other nitroéen compounds such as nitric¢ acid, nitrdglycer1n,
TNT and nitrogen-containiné organic compounds requ{red by thé dye industry.
The chemiét.ané_engineer; gar] Bosch, transformed Haber's. laboratory h

demonstration of nitrogen fixation intn!? large industrial operatﬁon. The
' . | . :
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Haber-Bosch synthetic ammonia pracess kept the_Germaq World War I machinery
running for at least two years 16nger than expected after the British nav&
had cut off Germany's nitrate imports from Chile. The work on the ammonia
synthesis'prOGuced_valuable experience in performing reactions at high
temperatures and pressures and led to the development of waterials and
reaction vessals which were able to function under these drastic conditions.

Friedriéh Bergiué, who had .studied with Friﬁz Haber, began to investigéte
“the reaction of coal powder, suspended in heavy oil, with hydrogen at'high
pressures anﬂ temperatures with the goal to produce hydrocarbons suitable
for use as.a motor fuel. The experiénces accumylated during the deieTopment
of the amﬁonia synthesis proved to be of great value to this ambitdous
endeavor. SUCCESS'C?mE in 1912, but it took another tug1Vé years before
the gasoline synthesis from coal now known as the Bergui§ process became
2 practical .industrial process. In 1938 four p1ants'ﬁrdduced 12,450,000
barrels of motor fuel from coal and coal tar.*
| Duringlfhe decade between 1920 and 1930 an thefnate way of producing
hydrocarbon§ was developed. Fischer, Tropsch and other in#esfigators were
successful fn forcing mixtures of carbﬁnlnpﬁéxide and hydrogen, obtained
from coal and wafgr, to react in the prgsénce of transition metal catalysts.
* Under appropriate conditions only saturated and”unSQturated hydrecarbons
were formed. 1n 1932, a pilot plarit wes built, and in 1933 Ruhrchemie A. G.
constructed a plant of S,SGO_pafrer per year capacity. In 1938, five
additional plants were in operation or under construction. It has beeq
reported that over B,Bﬁ0,000 barrels of Fischer liquid were.produced
during 1940_.’5

The difect liquefaction of coal (Berjius'procesﬁ) and the indirect

. 1{quefaction of coal (Fischer-Tropsch process) are clearly a continuation
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of the lony German tradition of replacing naturai products of vital
importance to the nation by synthetic materials of at least equal quality.
These developments made it possible for Germany to take the road toward
1ndependence from imported oil in 1936. By 1944 Germany had a]moét

reached her goal.
THE GERMAN ENERGY PLAN AND ITS RESULTS

During the early 1930s, private industry was mobilized by financial
incentives to develop a synthetic fuel indusiry. The government erected
stiff tariff barriers against the importation of foreign fuel. It harnessed
varioys segments of the fuel industry to work together as a combine and pro-
vided increased profit and Tegisiative incentives to cooperat%ng corporations.

The Fuel Agreement (Benzinvertrag) of December 14, 1933, between I. G.
Farbenindustrie and thé Reichswirtschaftsministerium {0ffice of the Secretary
for Economy} may serve as an example. I. G. Farben agreed to produce at Teast
2,490,000 barrels per year of synthetic gasoline by the end of 1935 and to main-
tain this rate of pfuduction until 1944, The pfodﬁction cost, which included
depreciation, five percent interest and a smal) profit, was set at 18.5 Pfemnig
per 1iter-(].i quarts).. The government agreed to support this price. It would
pay to I, 6. Farben the difference between the production cost and any lawer
price at which @he_gaso]ine might have.tn be sold. The government would also
Buy the gasoline if no other market were to be faund.‘_ However, [. G. Farben
would have to pay to the government the difference between the productfon cost
"of 18.5 Pfennig per liter, which at that time was more than three times the [
world market price, and any higher price realized on the market. By 1944
1, G, Farben had paid B5 million Reichsmark.to the governmentﬁ

In September 1936, Adolf Hitler announced his Four Year Plan to make
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the German military ready for war in four years, and the German economy
independent and strong to maintain a major war gffort.7 Since a3l phases
of the war preparation required fuel, the development of independence in
petroleun arose as tﬁe major thrust of the Four Year Pian. In fact, in
1935 Hit1er urged the oil and rubber industries to become independent of
foreign production in eighteen months. .

Although the synthetic 691 industry did not reach these goals, synthetic
011 production increased dramatically (Fig. 1) under the Four Year Plan,
espacially in Tight of the difficulties under which the Plan was carried
out. In 1933, only three small synthetic fuel plants (gudwigshafen-nppau,
Leuna, Rubrchemiz-Sterkrade-Holten) were operating in Germany. During the
same period, Germany's uif consumption was about one half that of Great
Britain, one fourth that of Russia, and one twentieth that of the United
States. 8 Yet, even at such low consumpfion, domestic resources ware
inadequate; eighty-five percent of Germany's oil was imported.

Financial conditions also Tooked grim as Germény embarked on the Four
Year Plan. The raw material industry was only just recovering from the
depression, In the chemical industry, by 1936, capital outlays were just
comparable with the pre-~depression level. In spite of these handﬁcaps, the |
accomplishments of the plan in the area of synthetic fuel productionlwere
substantial,

In order to understand the successive stages of the Four Year Plan, a
Broad look at ifs prganizational stucture is necessary. In October 1936,
Hiter appointed Hermann Goering to be head of the four Year Plan administration.
Goering was, of course, no expert in either economic or technical matters.
Therefore, the planning took place almost entirely at lower.levels of the
administration, Three units operated under Goering: (1) the Small Council of

Mintsters, a group of Reich ministers, who ostensibly oversaw Four Year Plan
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operations; since they met only a few times, they did very 1ittle planning or
advising; (2) the General Economic Council, which was made up of the heads of
special committes operating under the Four Year Plan; ﬁnd {3) the Bureau of Raw
Materials and Synthetics, which actually carried out the technical planning,-

Although the Bureau of Raw Matérials and Synthetics was headed by
General Loeb, a political appointee, the planning divisions under the
Bureau appeab to have been integrated to a great degree with German private
industry. For example, the Research and Development Division was headed by
Dr. Carl Krauch, who was alse a director of I. G. Farben, the German
chemical cartel.

During the winter of 1937-38, Goering oversaw a general feorganiiatinn
of the Four Year Plan administration, which placed it into the organizational
framework of the Minfstry of Economics. Over a peviod of months, a Four Year
Plan agency headed by Krauch took the Tead as the predominént planning body.

The development of a workable syntheti; fuel plan coincidéd with the
increasing involvement of the chemicaf industry in the Four Year Plan, The
major planning elements were supplied by the chemical industry.j In July
1938, Krauch.submitted the New Economic Production Plan (also known as the
Karinhall Plan}, which was developed by Iﬁ'G. Farben scientists and techniciéns.

Ihe synthetic fuel program méde substantia] progress. By 1939 Tifteen
synthetic fuel plants were in operation. in 1944, twenty-two plants (Fig. 2)
converted coal into gasoline and other products. The annual production

peaked in 1242 with more than twenty-five million barreis.
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THE BERGIUS PROCESS

Most of the synthetic fpel was produced in Germany by the Bergius process.
The hydrogenation of coal was carried out in two phases, the liquid phase and
the vapor phase. The ground coal was syspended in a heavy oil and a catalyst
- added, This paste was heated to 300°C and then pressed into reactors, where-
it comhined with hydrogen ét pressureslbetween 300 and 700 atm, The.exothermic
hydrogenation reaction raised tﬁe temperature of the mixture to 450°.  Cold |
hydrogen gas or cold pasting o1l was introduced inte the reactor at various
points to keep the temperature from rising abave 500°C. After leaving the
reactor the mixture passed through heat exchangers, hot separators, distilla-
tion units, coolers and cold separators. The product of the Tiguid phase
hydrogenation congisted of 10 to 20% gases, 5 to 10% solids, S0 to 55% heavy
0il1 and 20 to 30% widdle oils. Generally,a pressure of approximately 230 atm.
was adequate for the hydrogenation of ligaite. Higher ranked coals reqguired
pressures up to 700 atm. Reactions at higher pressures increased the yield
of middle 0ils, promoted the crackiné of heavy asphe]t; and oils and
minimiied “the. production of gases. Molybdenum catalysts performed well
dur{ng hydrogenation of coai: The 1imited molybdenum supply., however, heces-
sftated the use of Jow cost jron compounds aScata]ysts?a -
The middle oils produced in the 1iquid phase reactors were further
treated in the vapor phase with hydrogen over fixed bed catalysts at pressures
of 200-300 atm. at 400°C. The second stage hydrogenation yielded 50-70% gaso-
Ttne with a hoiTing range up to 165°C, The catalysts for the vapor phase hydro-
genation mnsf frequent1y consisted of tungsten sulfide carried on Terrana eartﬁ

or activated alumina. The gasolines emerging from the vapor phase hydrogenation
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proces; wera further subjected to various treatments to produce concentrations
of arowaticstor branched-chain paraffins in the gasoline to give the octane
numbefﬁ desired for the particular application of the fuel. '
Germany's preference for the high pressure, direct 1iqﬁefaction of
coal as devé1oped by Bergius ovef the Ffschér—Tropséh synthesis of ﬁydro-
carbons frﬁm.carban monﬁxide-hydroéen mixtures can be traced to Caf] Bosch,
I. G. Farben's chief executive, who had successfully transformed Fritz
Haber's ammania éynthesis from a laboratory ﬁrdcess'to a commercial industry.
Bosch had made it his-pgrsunai crusade fo do the same for thé_Bergius coal
hydrogenation process. An édditiona] factor in favor of the Béréius pfocess
was {ts ability to operate with many carbdnatecus starting materials such
as antﬁracite; bituminous coal, brown coal, lignite, various coa?lextracts;

pitches, tars, shale oil and petroleum residues.
THE TECHNICAL 0IL MfSSION-AND SIMILAR Iﬁ?ESTIGHTIVE GROUPS

While Germany ﬁas producing synthetic fue1s; The administration of Presideﬁt
Roosevelt recognizing the real pbssib1ilty of American involvement in . Horld Har. 1I,
showed concern over the petroleum reserves of the United States as early as May
1941, At.thét time; the President established the Office of the Petroleum
Coordinator for Mational Defense,'which was to gathef jnformation on military
and petroleum products and to make recommendations to app&upriate'agencies
for actﬁun tolinsure an adegquate supply of pefroTeum. By June 1941, pfivate
industry was involved in this program, lending techrical advice on government'
policies. In December 1942, an executive order created the Petroleum Adinin-
istration for War {PAW), using the'Office of Petroleum Coordinator for

~National Defense as 1ts basis. It was within PAN-in Tate 1942; that the idea

of searching out technical information from Germany arcse. In the summer of
a3 '



1943, PAW Administrator Harold Ickes recommended such an enterprise to the

Joint Chiefs of Staff. By December 11, i944, advisurﬁ from private industry

were nominating petrpleum scientigts ahd engineérs td go on a mission tb Gefmany
to collect data on German petroleum technology. Their group consisting Ofl
twenty-six experts from private companies and the Bureau of'Mines was ca]]edt

the Technical 0i1 Mission (TOM]. Several other investigative groups_inc]uding'
the United States Strategic Bombing Survey, a Navy team, and an Air Force team'l
also were eventually sent into Ge;mény for collection of industrial data. Lithe,
if any coordination existed among these teams.

In mid-December 1944, TOM was placed under the d1rection of Dr. H111}am C.
Schroeder. TOM was interested in eight areas: (1) petraleum producfs and test
methods: (2) Qasifi&ation and carbonization of soiid fue1§; {3} hydrogenation
of coal, tar, and 011; {4) synthesis of ofl from water gas; (5)_recovery and
separation methods for gases, liquiQS. and- solids;. (5) oil ghale'proce55es;

{7) materials of construction, incTuding metallurgy and (8} by-products from
the synthetic vil processes. . | )

The first TOM team arrived in Germany in Jate February 1845. 1In their
investigations, TOM persdnne’f cooperated with the British teams, who worked
under the auspices of the Combined Intelligence DbjectigéS'Subcummfttée {€105).

TOM teams entered thé German plants as soor as possiﬁig-after thé plaﬁts
fell 1nto'ATIied hands. The TOM teams founq tHat although the inspectiﬁn
of the plants was useful, the most_va]uable,information came from plant records,
research records, and interviews with German scientists and engineers. As the
TOM personnel siphoned off the technical documents, they sent them to England
by the ton. The amu-unt o documents was staggering to the investigators of

. 1945. When the Americans entered the I. G. Farben building‘in Frankfurt, they
found papers Knee-deep on the floqrs of the gigantic building and.ﬁaist—qeep
in the stairwells. In Londqn,_CIﬁS personne1 at first attempted to translate
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and abstrac£ the réceived docﬁﬁents;'ﬁoﬁever, a§ the Tlow of ducuments inundated
the CIOS offices, the reports were microfilmed at ranaom Gné hundred and |
forty -gne reels were thus produced Later the ent1re program was moved to the
United States where an additional 164 m1crof11m reels were f111ed Many docu-
ments which had bean sh1pped across the At1ant1c were placed into depositories,
loosely s0 defined, because the documents were stored 1n Amer1ca wherever there
was space to house them.

- CI0S, BIOS (Br1t1sh Int9111gence Dbject1ves Subcommittee} and FIAT (F1eid '
Inte]l]gence Agency, Technical) 1ssued more than 1400 reports which are sub- -
jective analyses nf factories or 1nterv1ews of Eerman scientists and engineers,
written at the p1ant sites or in Paris or Londun Many of these reports are |
part of the TOM ree]s |

By the end of 1945,-mnst of the pérsunne1‘from the Technical D11 Wission
had returned to'their former positions among ﬁhém the Bureau of Mines' Synthétié
Liquid Fuels Division. The Bureau of Mines had done 1imited research on syntﬁetic
fual processes since 1915. The passage of the 5ynthet1c L1qu1d Fueis Act of 1944
Ted to an attempt to organ1ze far fu11 sca]e p11ot and demonstrat1on p1ant 0per~
ations for product1on of synthet1c fuels. ': '

In 1947 the Bureau Df M1nes acqu1red a Haber ammonia p]ant at Luuisiana,.
MTssuur1, fur conversion to a ‘synthetic fue1_demonstrat1nn piant. In May 1947,
construétiﬁn was begun on a modified Bergius pfant based on German data and o
equipment. In Marsch 1948, the'decjsion was ﬁadé to build a second synthetic
fue1'p1ant using thé Fischer-Tropsch-ﬁrdééss. ‘in 1949, the Bérgius:pﬁant wés..

' éomp1eted and by 1951, both plants designed to prhduée from 200 to 400 barrelg
of fué] per day, were 1n'operat10n As part of the research and develnpment
~of the techna1ogy for the plants at Lou1s1ana, M1ssour1, the Bureau of M1nes |
consulied some of the German documents and ut111zed the advice of German

5c1ent15ts to a }imited extent,



THE GERMAN DOCUMENT RETRIEVAL PROJECT

In 1945, the United States salvaged.from the chaos of war the largely
unknown, yet ent1re1}'workab1e. technélogy 6f coal to oil conversion. The
records describing this technology became very attractive after the oil embargo
of 1973 as a source of information for the further development of a synthetic
fuels industry. It did not seem to be in the best interest of the nation
to ignore this opportunity unique in modern history to investigate the synthetic
fuel records of a country whose scientific and industrial expertise on this
subject was unsurpassed, and to make the knowledge contained in these records
available at a time when it is so urgently needed.

In 1975, the Center for Energy and Mineral Resources at Texas A&M
University initiated the German Document Retrieval Project to find out where
the German synthetic fuels records are stored; whether copies of the documents
can be obtainad; whether these records had been investigated either cursorily
or in depth; whether abstracts, and subject author indices exist for thesel
records; whethar potential usefs have access to the original records and whether
the data contained in these records are sti1l useful.

Geyman synthetic fuels records were found to have been deposited in many
places, among them the National Archives, the Library of Congress., military
installations, private collections, the Imperial War Museum in London and
depositories in Germany. Thus far, a 1ist of Tocatjons at which German
documents had been stored has not been found, The existence of such a 1ist
is doubtfyl.

Although many of these documents were classified, they are as war booty
now public property. Copies of these documents when found are, therefore,

available.
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The German documents captured by the Allied teams have not been cata-
logued adequately. A very large fraction of the documents have not been
catalogued at a]l; Many times boxes full of reports were found which had
not been opened since their arrival in the United States. It is difficult
under these circumstances to estimate with any accuracy the number of pages
of records pertaining to coal conversion processes. Presently, the best
estimate i5 one million pages..

When the German Document Retrieval Project was initiated many claims came
to our attention stating that these records had been thoroughly investigated.
A1l of these claims were checked out. Our inquiries showed, that only a
fraction of the racords have been abstracted dr translated. Thirteen of the
305 TOM reels consist largely of translations of German documents, another four
reels conﬁain reports of groups which studied some of the documents, and an

| additional thirteen reels comprise abstracts of documents gathered by FIAT.

The reports by the TOM study groups formed within various cpmpanies rangs from
simple 1ists of the titles to abstracts or translations of the documents. A
reasonable estimate seems to be that about 15,000 of the 300,000 frames on the
TOM reel: contain tities, abstractﬁ and translations. However; to the best of
our knowledge, fhese.abstracts and translations are not available in any other
document collection but the TOM reels. _The majority of the TOM material consists
of original German reports, The copied set of the TOM reels at Texas A&M
tUniversity is one of the two usable sets ex15t1n§ in the United States.

‘An index to thg titles of the document cellection on the TOM reels doesﬁ
exist, A copylof it is in our possession. This index is not detailed enough
for easy retrieval of data. The collection in the Imperiai War Museum in
London is only sketchily catalogued. The material held in stbrage at the German

Archives in Koblenz hias been described by the archivist as “uncataloegable.”

327



Therefore, the conc]usuon that the German coai covers1on records are pract1ca1-
ly inaccess1b1e to the potent1al user at the present time 1is unavoldable.

After it had been asoerta1ned that the documents are available but
‘pract1ca1ly 1naccess1b]e, the quest1on of the usefuIness of the information
crﬂtained in the documents had to be answered.

There is no doubt that Germany had the first successfu] synthetic fue]s
1ndustry with & productTGn of 128 m1111on barrels durlng the periad 1938 through
1945, Germany d1d not cont1nue work on coa] 11quefact1on after the end of
Hor]d war Il since the conference he1d in Potsdam in 1945 forbade Germany to
produce fuels from coal. The wash1ngton Agreement of Apr11 ]3 1949 ordered
the coa] convers1on plants to be d1smant1ed. The Fetersberg Agreement of
November 1949, halted the d?smant11ng process and 1n 1951 ‘the ban on coal hydro-
genation was 1ifted The p1ants now QOcated in Nest Germany, however, were
converted to process natural petro]eum 9 No deve]opment work on coeT hydrogena-
tTon seems to have been performed in these plants after 1945.

The hydrogenat1on p1ants at P011tz Magdeburg, Blechhammer, and Auschw1tz
wh1ch were 1ocated in the Ru551en occupied zone, were d1smant1ed and reassembied
in S1beria for the product1on{of aviat1on fuel from coal.? The p1ants at
'Leuna Boh1en, Ze1tz and Brux continued the coa1 hydrogenat1on process for
some time, but seem to have now also been converted to the process1ng of natura1
IpetroTeum.g Thus, nane of the German Hor1d war 11 coaT hydrogenation p1ants -
at 1east none of those in the western zone - cont1nued the development work
1 coal hydrogenat1on ' : ST

The Bureau of M1nes successfu1iy operated two coal hydrogenat1on plants,
which by 1851 produced from 200 to- 460 barre]s of fue1 per day by the Bergius
and F1scher-Tropsch processes The- month1y reports, descr1b1ng the operat1on

. of these plants and the mod1f1cat1ons to the German processes instituted by
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Bureau of Mines personnel, are said to have been destroyed several years ago.
Only annual reports exist, which have not been entered into the Technical
Information Center computer data bank. The Louisiana, Missouri plants were
closed in 1953. _ .

InISouth Africa, the SASOL Company was formed in 1950 to produce synthetic
fuels from coal. The plant in Sasolburg, bu11t with'a.cap1tal investment of
$450 milifon, has a current output of 2,470,700 metric tons of petrachemica]s
per year including 1,683,000 tons of gasol1ne.1n Fixed-bed Lurgi gasifiers
provide the synthesis gas for the F1scher-Trops;h.plant, in which tha carbon
monox ide-hydrogen mixture is cnntacted'with appropriate catalysts ina
modified German fixed-bed or an entrained circulating-bed arrangement.‘1
Twenty-f1ve percent of South Africa's consumption of 300,000 barrels per day
of petro1eum products in 1975]2 arg supp11ed by the synthetic fuel p1ant 13
An expans1on-to ten t1mes,the present synthetic fuel production capacity is
in progress.10']3 _

During the past three decades, companies, ngerment laboratories and
universities, among them Unibp Carbide, Shell 0i1, Sun 0il, Gulf 0il, Bureau
of Mines, Energy Research Centers of the Energy Research and Development
Administratiﬁn (ERDA), Institute of Gas Technology. Consolidation Coal Compaﬁy,
and Hydrncﬁrbon Research, Inc., have investigated coal gasification'and
Tiquefaction pracesses,M ERDA supported previouély and the Department of
Eﬁérgy-funds now many research and development projects in coal conversion.
EﬁampTes of such projects are H-Coal, Synthoil, Multistage Ligquefactiom, Donor-
Solvent, CO-Steam, Flash-Liquefaction and many coal gasification projécts.]S
Severaj pilot plants are in operation or in the p?énﬁing stage.

Some of these projects may have benefitfgd from a limited access to

the German coal conversion documents. The extent to which the Bureau of



Mines' Louisiana, Missouri operation used German data is known. Although it
is difficult to ascertain exactly how extensively and intensively the docu-
ments were parused by researchers -and engineers of private companies, ali
indicatiens point tqward a ver} minor use of this‘information.

The difficulties which were and still are encountered in locating and
retrieving the German documents give unequiﬁucal praof that the information:
in these documents is and has been préctica]]y inaccessible. A considerable
part of the German technology of coal conversion is prebably out-dated.

However, the descr1pt1on of experiments; catalyst preparation, use and

effects; details of plant components; problems of reactor design, funct1on
and performéhce; nraper operating pressures, and temperatures; distiliation
procedures;'tembefaiure control, corrosiun control, precipitation problems -
in réactors and pipes and procedures of product processing should still be
valuable as the foundation for further development in the areas of coal conver-
sion. 1t would be very surprising, if the German experience as recorded in
the documents were not to make 2 majof contribution toward the United States’
deve?upmenﬁ of efficient dnd economically viable processes of coal 1iguefaction
.and perhaps'gasification-p+ov1ded there exists an easy access to the data.

On the basis of the above preliminary investigations about the location,
accessibility and value of the documents the decision was made in July 1976,
to expand'the project. Approximately forty petroleum, gas and chemical companies
were invited to join the project. provide financial support and experts for the
Technical Adyisory Council.’ Diamond Shamrock, Dow Chemical and Unjon Carbide
are now pafticipating;

The abstracting and indexirg oflthe documents began in June ig?? following
the procedures of DOE's Technical Information Center (TIC). Eight thousand
of the 600,000 copied pages nf-dbcuments which have thus far been-brought to
Texas ASM University hafe‘now Eeen abstracted and indexed. The abstracts and

Tndice§ are now being pubiished in Fossil Energy Update and incorporated
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into the TIC energy computer data.bank.

The German documeﬁts, which were brought to Texas AWM Unjversity and
those yet to be located, contain the information on the deveIopment of coal
conversion technology from bench scale to comﬁercia? plants, which resulted
- in the production of 128 million barrels of i}hthetic fuels during a seven

yeayr period employing the Bergius and the Fischer-Tropsch processes.

Reports abstracted thus far gave general descriptions of the processes
as operafed in var{ous plants including coal ﬁkebaration, Tiquid-phase and
vapor-phase hydrngenétian, and vafious product?refining steps. Many other
items provide specific details on iﬁdividua1 steps in these proceéses. There
are andlyses and ‘comparisons of properties of starting materials (bituminous
céals, lignites, extracts, pitches, tars, petroleum residues), products {aviation
fuel, gasoline, diesel fuels, fuel oils, gaseous fuels), catalysts (mq]ybdenum;
iron, tungSten, tin compounds),'and steels” for the high-pressure, high-temperature
reaction.chambers. There are experiments'and discussions of gas eduilibria in
the coal conversion reactors, medium- and high-pressure reactors,_preventive-
measures against coking-up of separators, catalytic action of ash and unreacted
coal, thermal control of reactions, and recovery of catalysts. There are
discussfons of improved apparatus design and cﬁnstruction. There are very
detaijed-and comprehensive material balances aﬁd heat flow balances. There are
discussions of methods used to overcome difficulties such as precipitation of
by-preducts and stopping-up of pipes, corrosion'of-inter{ors of vessels, bursting
of pipes and pressure drops through the system;. Finally, there are b]ﬁeprints
for apparatus, flowsheets for pracesses and layouts for plants.

The failures and successes detailed in the documents can provide both the
basis and the guidelines for basic and applied research, and for process develop-

ment to the pilet and commercial plant. If just one costly failure in the
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development of coal conversion processes is avoided by consulting the German
technology - an occurrence of great 11kelihaod - the total cost of organizing
and making available the German synthetic fuel records will easily be recovered. -
_ There does not seem to be any doubt, that the datd in the German documents
must be made available to those who work in the area of coé] conversion.
There is another important benefit wh%ch can be realized from a study
of the German documents. The technical detajis of the processes and their
development together with the‘Germaﬁ Energy.Plan, & copy of which is “in our
possession could serve as the basis for an understanding of the political,
economic, social and technical events, which made it possible for Gérmény
to dramatically 1ncreése synthetic fuel production (Fig. 1) under less than

jdeal conditions. The book, “Der synthetische Treibstoff” by Wolfgang Birken-

feld, which was published in 1964, discusses some of the political aspects

of this development. fhe document co{]ecfioﬁ'avai1ab1e to the German Document
Retrieval Project, potentially holds the information reﬁuired for a tharough
study of the technology transfer so success?u??y achieved by the German

scientific, technical and industrial establishment.
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