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FOREWORD

This report is one of a series written by members of the Solid Fuels
Migslion to Germany describing wartime developments in the mining, prepara-
tion, and utilization of coal.  This mission.was organized early in 1945
under the ausplces of the Technical Industrial Intelligence Committee, which
cooperated with a counterpart British Committee. ‘In. some instances, engi-
neers from other allied countries cooperated. The Solld Fuels Mission
operated under the direction of a steering committee headed by Dr. C. J.
Potter, Deputy Solid Fuels Administrator. The persomnel of the mission
consigted of H. F, Yancey, in charge, J. W, Buch, Thomag Frasger, L. L.
Newman, and L. D. Schmidt of the Bureau of Minesg; H, H, Lowry, Director of
the Coal Research Laboratory, Carnegle Institute of Technology; H. J. Rose,
Vice-President and Director of Research, Bituminous Coal Research, Inc.;
and F. H. Reed, Chief Chemigt, Illinois Geological Survey.

E. 0. Rhodes, Manager, Development Section, Tar Products Division,
Koppers Co., Inc., served on the mission for the Chemical Subcommittee of
T.I.I.C. in Europs. His assignment was the investigation of the coal-tar
industry. In this connection he prepared thig report on the German Low-
Temperature Tar Industry as a companion to his previous report on the German
High-Temperature Tar Induetry (Burecau of Mines Information Circular 7409).
Because of Mr. Rhodes' extensive cxperionce in these fielde and the imper-
tance of the subjcct material to the coal producers and those utilizing
coal-tar products, both reports arc issued by the Bureaun of Mines.

Over fifty reports were written by the members of the Solid Fuels Mig-
sion. These, together with microfilms of supporting data obtained in the
course of the investigations, are on file at the Foreign Documents Group,
Technical Reports Section, Bureau of Mines, Pittsburgh, Pa., where they are
available for examination. Coples of reports availlable in printed form may
be ordered Trom the Department of Commerce, O7fice of Technical Services,
Washington 25, D, C. Check or money order accompanying order for printed
reports should be made payable to the Treasurer of the United States,

A Biblilography of Scilentific and Industrial Reports, covering all ma-
terials and sudbjects and giving instructions for obtaining the desired items,
has been published weekly by the Office of Technical Services. Effective
July 1, 1948, the Bibliography of Scientific and Industrial Reports will be
prepared monthly instead of weekly and on a more selective basis. The July

issue, which will be the first monthly issue, will be available about July
25, 1948. Succecding monthly issues will appear about the 25th of each
month thereafter through June 1949, Annual subscriptions and orders for
individual copiles starting with the July 1948 issue should bs addressed to
the Department of Commerce, Offlcc of Technical Services, Washington 25,
D. C., and be accompanied by check or moncy order made payable to the Treas-
urer of the United States. Annual subscriptions for monthly issues of the
Bibliography of Scientific and Industrial Reports will be $10, Individual
issues will cost $1 per copy. Foreign subscriptions will be $14 per year
and $1.50 per copy.

All orders for reports in microfilm or photostatic type of reproduc-
tions listed in the Bibliography of Scientific and Industrial Reports should
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be addressed to the Library of Congress Photoduplication Service, Publica-
tion Board Project, Washington 25, D. C. Check or money order accompanying
orders for microfilm or photostat reports should be made payable to the
Librarian of Congress.

The reports of the Sollid Fuels Mission relate to the following general
subjects: Mining methods in the Ruhr district of Germany, with special
reference to mechanical cutting and loading equipment, pneumatic packing,
and Diesel mine locomotiveg; activities of industrial research laboratoriles
supported by the German ccal and coke industry; coal preparation in western
Europe; low-temperature carbonization processes; metallurgical coke from
weakly coking coale; low-ash electrode carbon from coal; new developments
in the production of metallurgical coke and the utilization of gas and by-
products; briquetting brown coal and bituminous coal without the use of
binders; recent engineering developments in gas turbines and steam genera-
tors, with gpecial reference to use of coalj German coal-fired heating and
cooking stoves; and the commercial extraction of coal with solvents for
production of synthetic liquid fuels or chemical products.

Numerous reports on the activities of Gorman synthetic liquid-fuels
plente and the plants for the production of synthesis gas from solid fuels
are available Iln the same office as the solid fuels reports.

It is planned to publish in this series of Bureau of Mines Information
Circulars the more important reports or combination of reports prepared by
the members of the Solid Fuels Mission. A similar series on synthetic ligq-
uld-fuel activities isg being prepared.

‘A, C. FIELDNER, Chief,
Fuels and Explosives Division

RALPH I, BROWN, Chief,
Coal Branch.
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INTRODUCTION

Part I of the following report summarizes information concerning low-
temperature coal-carbonizatlion and the coal-tar industry of Germany that was
collected in Germany between September 15, 1945, and January 15, 1946.

Part II contains coples of brief reports that were written following each
plant visit or interview., Part III lists all of the doduments collected
in the course of the investigation., They are recorded in FIAT Microfilm
Reel C-98 or TOM Microfilm Reel 152 (PB L 13,09%)., The report number PB
L 13,093 was assigned by the Publications Board, United States Department
of Commerce, to catalogue this Field Intelligence Agency Technical (FIAT)
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or Technical 0il Mission (TOM) microfilm reel and should be used when order-
ing the reel or its enlargement prints from the Department of Cormmmerce,
Office of Technical Services, or from the Library of Congress, Photoduplica-
tion Service, both in Waghington 25, D. C. Individual items covering given
frame numbers in the reel may be ordered separately but are avallable as en-
largement prints only.

The newer processes in commercial use in Germany for the low-temperature
carbonization of coal were known in the United States before the war, For
thls reason and becausge they had already been reported by other investigators,
no special effort was made to obtain detailed information about them. In-
stead, the industry as a whole was investigated, and inquiries were made to
sec 1f other processcs for carbonizing coal at low temperaturcs or new methods
for the processing and use of low-temperature tar were being developed during
the war years.

The investigation disclosed the fact that Germany's increased demands
for liguid fuels between 19%3 and 1945 brought about the development of a
low-temperature, coal-carbonization industry, which by 1943 was producing
more coal tar than the long-established German high-temperature, coal-car-
bonization industry. Additional plants were under construction when the
war ended.-

New low-temperature plants constructed between 1933 and the beginning
of the war were mostly of the Lurgi-Spﬂlgas,type, The type of coal carbon-
ized wag prineipally brown coal., Twe plants of the Krupp-Lurgi type to car-
bonize coking bituminous coal also were ingtalled during this period. The
capacity of- one of these plants was increaped during the war.

Plantg- that were under construction when the war ended were all intended
to carbonizc bituminous coal. Metal retorte with movable walls were being
installed at- two' locations by  Brennstoff Technik., Two plants using continu-
ous, vertical, ceramic ovens werec being constructed by Heinrich Koppers and
Didier Werke, respectively.

In connection with low-temperaturs tar, it wag found that approximately
76 percent was hydrogenated to make motor fuels, about 1 percent was used di-
rectly in fuel oilsg, and about 23 percent was procéssed to obtain fuel oils
and paraffin. Most of the processing was carried out in old distilling and
dewaxing plants, but one now »niant was installed during the war at Espenhain,
which employed improved distilling mctheods and an improved solvent-extraction
process developed by Edcleanu Gesellschaft.

Waste-water disposal from low-temperature carbonization plants and hydro-
genation plants becamc troublesome, and methods for removing phenols from the
water were investigated. A new method, called the phenosolvan process, was
developed by Lurgi and I. G. Farbenindustrie.

The recovery Qf crude-tar acids from waste water led to the installation
of equipment; particularly at Leuna, by I. G, Farbenindustrie for producing
phenol, cresols, xylenols, and pyrocatechol., A part of the phenol was converted

2749 6



C. Th9O

to cyclohexanol, cyclohexanone, caprolactam, adipic acid, and Igamids. The
pyrocatechol wag recovered in semicommercial guantities. Plans were being
formulated for largeruscale‘p?oduction when the wai ended.

ACKNOWLEDGMENTS

United States Bureau of Mines, and" of tne Kbppers Co., lnc., in ‘the prepara-
tion of this report for issuance &b an Information Circular by the- Bureau of
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supervision of Louis F. Perry. ‘The manuscript wag typed by secretaries of
the Bureau of Mines.

PURPOSE AND SCOPE OF THE INVESTIGATION

The primary purpose of the Investigation covered by thils report wag to
determine to what extent the production and use of low-temperature tar in
Germany had advanced during the 10-year period prior to the close of the last
war. It supplemented an investigation of the high-temperature coal-tar in-
dustry of Germany that was reported separately in FIAT Final Report 729 (PB
33,270), ilssued February 6, 1946, and later in -Bureau of Mines Information
Circular 7409, 1lssued in Septembbr 1947. Both investigutions were conducted
during the period between September 15, 1945, end January 15, 1946.

The ‘production and processing of high- and low-temperature coal tars in
Germany in the years immediately preceding and during the last world war was
carrled out in two separate industries, Low-temperature tar production and
procesgsing plants were not assgoclated with the plonts produvcing or processing
high-temperature tar. Furthermore, low-temperature tars come almost entirely
from brown coal, whereas bituminous coal was the source of all of the high-
temperature tar, The low-temperature tor plants and the high-temperature tar
plants had one point in common. Both were sc operated as to produce maximum
quantities of oils suitable for use directly as fuel oils or as raw materials
for the manufacture of motor fuels by hydrogenation.

This report, dealing only with the low-temperature g¢oal-tar industry of
Germony, will dlscuss briefly the history of low-temperature carbonization
in Germeny, the carbonization processes by which low-temperature tar was pro-
duced, the quantities of tar made and their uses, processing methods, the
recovery of phenols from low-temperature carbonization waste waters end light
olls, and the manufacture of chemicals from these phenole.

SOURCES OF INFORMATION

The information contained in this report was obtained by interviewing

the individuals and members of the -organizations listed in the following
table:
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Company or individual Locatieon
Lurgi Gesellschaft fur Warmetechnik m.b.H. Frankfurt a.M.
Edeleanu Gesellschaft M.b.H: veveevereceaosssss Berlin

Fried. Krupp Aktiengesellschaft Essen

Krupp Trelbstoffwerke G.m.b.H.e seveceesseesss Wanne-Eickel
Braunschweigigche Kohlen Bergwerke Helmstedt

I. G, Farbenindustrie .eiceveececnceesescsess Merseburg-Leuna
Braunkohle-Benzin A, G. Berlin
Bremnstoff Technik Essen

Dro Lam-eCk 89 0600000000000 0600000000000s0P000s0n ESSen
Firm& C'drl Still @ P 0000000000000 000N ss0 s ReCklinghausen

Gesellschaft fir Teerverwertung m.b.H. Duisburg-Melderich
Heinrich Koppers G.m.b.H, coeecscenceesecesss Esgen

Julius Pintsch Kommanditgesellschaft Berlin

Dr. Reerink ceeseesesrecosassssseenssssssssses BSgEN

Dr. C. Otto and Company G.m.b.H. Dalhausen
Deutsche ErdOl A Ge sevevseesesesonesseasss. Berlin

Didier Werke A. G. (Dr. Thau) Berlin

Brief reports covering the interviews with each of the companies and
individuals listed above are presented in Part II,

The only low-temperature carbonlzation plants inspected were the Krupp-
Lurgl installation of Krupp Trelbstoffwerke at Wanne-Eickel and the Lurgi-
Spulgaq plant of Braunschweigische Kohlen Bergwerke at Helmstedt. Permission
could not be obtalned to visit any of the other German low-temperature car-
bonization plants, with the possible exception of the Krupp-Lurgi plant at
Velscn., No attempt was mado to inspect 1t, because time did not permit and
because it was rcported to be like the one at Wannc-Eickel., The two plants
that were visited worc typlcal of plants that produced approximately 93 per-
cent of Germany's low-tempecrature tar.

The Krupp-Lurgil proccss (employed at Wannc-Eickel and Velscn) was the
only one actually used during the war for carbonizing bituminous coking coal
at low temperatures, The plant visited at Wanne-Eickel wag typical of the
two plants of that type. The Lhrg*-Spulgas plant vigited at Helmgtedt wasg
typical of all plants of that type used throughout Germany for carbonizing
noncaking bituminous coal, hard brown coal, and brown-coal briquets.

Other types of low-temperature carbonization plants were under construc-
tion when the war ended, particularly for the carbonizing of noncaking bitu-
minous coal., To obtain first-hand information about those plants and about
low-temperature plants in general, the following engineering firmg were inter-
viewed: Lurgi, Heinrich Koppers, Bremnstoff  Technik, Didier Werke (Dr. Thau),
and Dr. C. Otto and Company. ZXach of these firmg had had extensive experi-
ence in thig field and was able to furnish pertinent information.

Information about the processing of low- temporature tar wag received
from the Carl Still organization, Deutsche Erdol A. G ., Edeleanu Gesellschaft,
Gesellschaft flr Teerverwertung, Dr, Reerink, and Dr. Lameck. The information
from Firma Carl Still was particularly pertinent, because that company built
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the only plant installed in Germany during the war for processing low-tem-
perature coal tar. The plant was erected at Espenhain for the nrocaqsing
of tar from brown coal.

During the course of the investigation it was found that one of the more
important and interesting phases of the low-temperature carbonization indus-
try was the extraction and processing of phencls contained in the water leav-
ing brown-coal hydrogenation and low-temperature carbcnization plantes. Sev-

eral methods for extracting.the phenols were uged, the newest of which wag
the phenolsolvan process developed by Lurgi and I. G. ‘Farbenindustrie. In-
formation about this process and about the other methods used in Germany was
collected from Lurgi Koppers, Still, and I. G. Farbenindustrie at Leuna.
Previously, information concerning the recovery of phenols from. coke-~plant
liquors had been received from Emschergenossenschaft, Koppers, and Carl Still.

The largest plant in Germany for processing phenols extracted from in-
dustrial waters is that of I. G, Farbenindustrie at Merseburg-Leuna. From
phenol recovered from waste waters frog brown-coal hydrogenation.and carbon-
ization plants, and from oils produced by the hydrogenation of brown coal,
the following chemicals are made at Leunas: cyclohexanol, cyclohexanone,
oxime, caprolactam, end &dipic acid., Doscriptions of the methods used for
the production of these chemicals were cbtained at Leuna.,

In comnection with the proceossing of tar acids from hydrogénation and
low-temporature carbonization plants, an interesting development was the re-
covery of pyrocatcchol or brenzeatechin. Phenols extracted from the water
produced at Most (Brux) and processed at Leuna were particularly rich in this
chemical, and & largc amdunt of reosearch was conductcd on its recovery and
use. Portinont documents werc obtained from.Dr. F. A. Croy of Mannhein, from
Dr. Guiither Spengler of Munich, and from the low-temperature carbonization
plant at Mogt (Brux) The ininrmation from Dr. Spengler and documents con-
cerning operations at the Lurgﬂ—Snulgaq plant at Mosgt (Brﬁx) were collected
by a FIAT team from the Liquid Fuels Group and contributed by it to this
investlgation.

Incidental to the furnishing of information ebout low-temperature tar,
the Juliug Pintsch organization supplied’ some information about the Pintsch-
Hillebrand generator developed by that firm.

In comnection with low-temperature carbonization in Germony, the Bﬁttner
drier has some important applications, sc documents on that subject (collected
by a team from the S011id' Fuels Group) were added to the documents collected
during this survey.

The doouments recelved from all the sources mentioned above were so numer-
ous and voluminou that they cannot be discussed in détail or included . in their
entirety in this report. On this account they were¢ microfilmed, and an index
of the microfilmed documents (FIAT Reel C-98 or TOM Reel 152; PB L 13,093) is
attached at Part III of the present report.

A summary of the more pértinent information obtained .from the various
interviews and documents, with emphasis on those ph%ses of the subject that
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have to do with recent developments, follows in Part I of this report.
Throughout this summary reference has been made, by number, to the frames
in FIAT Microfilm Reel C-98 or TOM Microfilm Reel 152 (PB L 13,093) that
furnish more detailed information concerming the various points mentioned
in thie report.

PART I. - PRODUCTION, PROCESSING, AND USE OF GERMAN LOW- TEMPERATURE TAR

History of Low-Temperature Carbonization in Germany

The history of low-temperature carbonization in Germany may be divided
roughly into four periods, as follows: First period, 1850-1918; second
period, 1818-1933; third period, 1933-1941; and fourth period, 1941-1945,

First Period, 1850-1918

Low-temperature carbonization was first applied to the coking of brown
coal in Germeny about 95 years ago. Hprizontal metal retorte were used for
the purpose. In 1872, a vertical oven of circuvlar cross section was developed
by Dr. Rolle. It superseded the horizontal retorts used prior to that time
and was adopted almost exclusively during the remainder of this period.

Second Period, 1918-1933

The low-temperature carbonization of bituminous coal began in Germany
in 1918 owing to an acute shortage of mineral oils. Threc different contin-
uous procesges, each involving the use of rotating inclined rectorts, were
developed. The scmicokc produced by these processes was of poor quality,
and the tar was contaminated with coal dust. However, bocausc ‘oil was nceded
at any cost, theose uncconomical processes werce operated until fucl and oil
markcts returned to normal, They were then given up almost completely.

During this period the throughput of the Rolle ovens, dcveloped in the
preceding pcriod, was incrcascd by carbonizing dbrown-coal briquets instcad
of raw brown coal. Also, in 1924 Geisscn introduccd an oven with a revolving,
vertical, corrugated, cast-iron cylinder. Prcdried, screcned, brown coal was
carbonized in this equipment. Scveral plants of thls type were still oper-
ating in Germany at the end of World War II.

Third Period, 1933-1941

During thig period the continued need for increased quantities of fuel
olls of all kinds renewed interest in low-temperature carbonization. An im-
proved retort was introduced by Geissen in 1935 and built by Borsig under the
name Borsig-Gelssen oven. Only a few plants of thls type were erected. Both
Lurgi and Kollergas developed procegses for carbonizing noncaking bituminous
coal and brown-coal briquets; in which carbonization was carried out by means
of hot gases circulated through a bed of the coal to be carbonized.

Also, during this period the Krupp and Lurgl organizations Jointly de-
veloped the Krupp-Lurgi process, in which caking bituminous coal is heated
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indirectly and intermittenﬁly in slotted steel retorts. Bremmgtoff-Technik
also developed a metal ovérl for carbonizing caking bituminous coal. It was
equipped with moveble walls te facilitate removal of the coke by gravity at
the end of the coking period.

Fourth Period, l9hi-1945

.....

ods for carbon;zing coal at low temporatures to be ﬂonsidered and three firms
experienced in the construction of ceramic ovens collaborated in the develop-
ment of vertical ceramic ovens suitable for the low-temperature coking of
noncaking bituminous coal. Large installations were under construction by
Heinrich Koppers G.m.b.H. and Didier Werke A. G. in Upper Silesia when the
wvar ended.

""""

temperature cavboniza*ion in Gormany is contalned 1n a qtatemont writton by
Dr. Adolf Thau for use in the preparatlion of this report. The statement is
entitled "The State of Low-Temperature Carbonization in Germany Before the
Conclusion of the War" (frames 1-30; %1-301). Additional information is
glven in Dr. Thau' g ook, "KohlcnSCHWelung" (frames 202-418), and in Amt
fur Technik der N.u.D A.P. "Boricht Uber dic Tegung 'Heimische Treibstoffe,’
Nurnberg, Octobor 1936" (f“amos k25.482),

Low-Temperaturec qubdnization Plants in Operation at Fnd of World War II

.....

l9hh are ‘summarized in table 1, the informafion for which was 1urnished by
the Lurgl Geselschaft lir Warmetechnik m.b.H,

No attempt will be made in this report to describe in detail the various
German low-temperature carbonization processes listed above. Most of them
have been described in articles published before the war. Following are brief
statements concerning each of them and references to the frames in FIAT Micro-
f1Im Reél C-98 or TOM Microfilm Reel 152 (PB L 13,093), whore more detailed
information is gilven.

Lurgi-Spglgas Prgbess: Frames 3-5; 95-97; 231-234; 26L4-266; 385-389;
‘ 525-53k; TET-T73;5 T74-785; 971-972.
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TABLE 1. - Low-temperature carbonization plants operating
in Germeny in 1943-19L%

" Tar procuction,
Group tons (metr}c)
No. Kind of coal, company, and process | por yearl
I Coking bituminous coal !
' Krupp-Lurgi process !

Trei‘bs'ﬁoffwel‘ke, War]nO’EiCkel 00600080000 0s0e Q0,000
Saargruben Aktiengesellschaft; Velsen 8,000
58,000

II | Caking, nopcoking, bituminous coal
Lurgi- Spulgas process \

I. G. Farbenindustrie, Oswiecim (Auschwitz) ’ 60,000

O H,W, Blechhammer s..eeveeescsnsoscssocnsasnss 140,000

Karsten-Zentrum Grube, Beuthen 5,000
205,000 _

ITT Sof't brown"coal
Lurgi-Spulgas prococss

Braunschweigische Kohlenwerke, Offleben ....... | 120,000
Ricbecksche Montanwerke, Nachterstedt ' 50,000
Ricbecksche Montanwerke, Deuben 80,000
Deoutsche Erdol REB1S ceevncocsoscccconsvooonnos 150,000
Braunkohlonwork Salzdetfurth, Dcutzon 90,000
Akt. Sachsischo Werke, Espfnhain cesesrsesenene 350,000
Akt. Sachsieche Worke, BONLON seevereenonsnanss 280,000
i Akt. Sachs*sche Worke, Hirschfclde 70,000
' Anhaltische Kbhlenwerke, Profen ! 40,000

’ 1,210,000

Borsig-Gelssen process i

Leipziger Braunkohlenwerke, Kulkwitz .......... 40,000
Rolle, 0ld Geissen, etc. (older plants) 150,000
v Hard brown coal
Lurgl-Spu as process

Sudetanlandische Treibstoffwerke, Most (Brux).. 1,000,000
L 2,633,000
1/ Approximate equivalent production in U. S. gallons may be found by mul-
tiplying by 250. Thig factor 1s derived by dividing the weight of 1
metric ton, expressed in avoirdupois pounds, 2.204.62, by 8.829, which
is the weight, In avoirdupois pounds, of a U. S. gallon of low-temper-
ature tar of 1.06 average specific gravity.

Durlng the years immediately following World War I, Lurgi Gesellschaft
flr Warmetechnik m.b. H., Frankfurt, Germany, developed a carbonizing device
in which circulating gases penetrate the coal charge as heat carriers. This
device, now called the Lurgil- Spulgas rotort, was described in 1936 as follows:

The low-temperature carbonization oven by the Lurgi¥**
has the following features: Subdivision of the operation in-
side of the oven into three distinct zones: (1) Complete dry-
ing of the fuel, (2) low-temperature carbonization, and (3)
cooling of the semlcoke. An even effect of the low-tempeorature
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1. Magnetic separator

2. Raw coal crusher

3. Raw coal feeding device
4. Combustion chamber

5. Briquetting press

6. Electrical precipitator

7. Gas producer .
g. g;g.:ieetr-chargmg device Drying and briquetting plant
10. Low -temperature carbonizer
11. Coke-discharging device
12" Dust separator and primary cooler

16. Feld-type scrubber
17. Elevated wash -oil feed tank

18. Heat exchanger: benzine vapor and steam to oil
19. Water decanter

20. Heat exchanger: oil to oil

21. Oil heater

22, Benzine stripper

23. Reflux condenser

24. Crude benzine condenser and decanter

25. Oil cooler

1 Carbonization plant

26. Qil heater .
13. Electrical tar precipitator % 'g;fels oil still
14. Indirect coolers )

15. Oil separator

29, Char cooling and stabilizing drum
30. Dust collector

Raw coal bin Raw coal crushing plant Tar and oil condensing plant

Waste water Cooling water

Coke -bunker

Middle oil

Precooler
tar

Waste water
tator

Char stabilizing plant

Water and dust

Dry  Wet Screened
coke coke coke

Crude benzine
Tar tank

—

—

Figure |. - Brown coal, low-temperature carbonization plant for production of coke, tar, and crude
benzine at Offleben, Braunschweigische Kohlen Bergwerke, Helmstedt.
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carbonization is eassured by a very uniform distribution of the
heat-carrying gases over the whole square-sectional area of the
oven, which is vertically subdivided into two shafts, and by
preventing the fuel from separating into particular sizes. Only
heat-resisting materials are vsed for the constrmction of those
parts where higher temperatures are applled.*¥*, The initial
complete drying of the fuel very much cases the subsequent low-
temperature carbonization and at the same time considerably re-
duces the smount of obnoxious effluente, The reduction of the
heat requirements in the low-temperature carbonization zone
permits employing low velocities of the heat-carrying gascs,

and thus a tar i1s rccovered with very low dust content. The
recovery of the larger portion of the scnsible heat of tho scemi-
cokc and the utilization of the waste gases leaving the drying
zonc down to the point of saturation ¢ffect a very low total
consumption of heat for the low-temperature carbonizatlon in
the oven. By avoiding the application of movable parts insidc
of the oven and by an cxcluslve use of ceramic materlals in

the zone of high temperatures, a long life of these cvens is
agsurcd.

By 1936, whon the abeve statoment by Dr. Ing. F. A. Octkon was made be-
fore the general mecting of tho Voreln Doutschor Ingenieuvre at Darmstadt,
about 40 Lurgi ovens, cach having a daily caepacity of 350 to 450 metric tons
of raw brown coal, werc in opcration or under construction in Germany. Ac-
cording to informaulon obtaincd from anothor source, there worc 62 Lurgi
ovens in opcration by the first of 1938,

Figqro 1 (framc 773) shows tho arpangement of the equipment in a typical
Lurgi-Spulgas plant used for the carbonization of brown coal, The raw brown
coal, containing about 54 percent moisture, is transported from the .open mine
to a storage end feed bunker, from which it 1s transported to a crushing
plant, where, by means of roller screens and "Titan" breakers, it i1s reduced
in size to 0-20 mm, (0-0.7874 inch). The fine raw coal ig Tnext conveyed to
the drying plant, where 1ts molsture content 1s reduced to- about 15 percent.
Drying is carried out by feecding the fine wet coal into combustion gases
produced by burning a portion of the carbonization gas in a combustion cham-
ber. The dried coal recovered from the combustion gases by means of a cy-
clone and an electrical precipitator is briquetted by a press. The brigquets
are clevated.to. the top of the low-temperature retort, where they drop into
the top section of the retort ot drying oven. Here the brigquets are com-
plctely dried by combustion gases generatcd by the burning of gas from the
Spulgas retort. In the drying oven the briquets, on logsing water, fall mostly
apart, and dry granular particles are formed, which move down by gravity into
the low-temperaturc oven, wherd carbonization takos place in the ‘prescnce of
oxygen-frec combustion gases having a temperature of 600°-700° C, (l 1120-
1,292° F, Y. Granular coke is dischargcd from the oven through a lock and
is cooled by water and air in a revolving cylinder. From the latter it is
transported to bunkcrs, from which it is loaded into cars.

Tho cémbustion gages loaving the carbonizing oven pass first through a
scrubber, where water gprays and 2 rotating screocn remove dust and heavy tar.
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The gases then pass through an electrical precipitator, which removes light
tar. The light and heavy tar are combined and shipped to hydrogenation
plants. The tar-free gases from the electrical precipitator pass through
indirect coolérs, which condense middle 0il, from which the head and tail
fractionsg are removed in a middle-oil gtill, The head fraction is combined
with the benzine vapors coming from the wash-0il still, whereag the tail
fraction is added directly to the tar. By thils predistillation of the mid-
dYe oil before its middle product joins the recirculating wash oil ahead of
the Feld washer, good washing is maintained and virtually all of the remain-
ing condensible liquids are removed from the carbonization gas. The wash
0ll, partly saturated with crude benzine after leaving the Feld wagher, is
distilled in a Vbenzine stripper and is then recirculated back to the washer.
A certain portion of the used wash oil is discharged to the tar. The crude
benzine recovered is partly refined and partly hydrogenated to motor fuel.

Waste water leaving the plant at various points contains substantial
quantities of phenolg, which are recovered at gome of the low-temperature
carbonization plants.

The coke is screened into suitable sizes for industrial and domestic
purposes. The fine material is uged in boiler plants and in the Winkler
gasification process, the middle size mainly in gas producers, and the large
glize as household fuel and In central heating plants.

Information concerning the capacity, yields, and other pertinent infor-
mation for a typical plant of this type at Offleben, near Helmstedt, Germany,
is given in Part II in the report covering a visit to the plant of Braun-
schweigische Kohlen Bergwerke (seec page 62).

Krupp-Lurgi Process: Frames T7-9; 248-253; 389-390; 508-509;
514-52k; 565; 575-579; 581; 972,

The Krupp-Lurgl process was developed shortly after World War I by
Friedrich Krupp A, G. A pilot plant was built at the Amalie plant of
Friedrich Krupp near Essen, and later it was rebuilt on a commercial scale.
Further modifications with increased capacity were made during World War II.

Similar development of the same process took place in the Saar. An
experimental plant was installed by Saargruben A. G. at its Heilnitz plant
near Neunkirchen (Saar). Later, the same company erected a commercial plant
at Velsgen.

In the Krupp-Lurgi process ag carried out at Wanne-Eickel, Ruhr, and at
Velsen, Saar, weakly caking bituminous coal was carbonized in steel ovens
heated by recirculated combustion gases. Each oven congisted of six vertical
carbonizing chambers 3.1 m. (10.2 feet) long, 2.1 m. (6.9 feet) high, 76 mm.
(3 inches) wide at the top, and 100 mm. (3.9 inches) wide at the bottom,
set parallel to cach other, with spaces between, which comprised the flues
through which hot combustion gages were clrculatecd. ZXach oven was provided
with a top cover, a bottom closurec, and a grid. The latter was used to close
the bottoms of the carbonizing chambers during the charging and carbonizing
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Coal charge, 280 tons per day (untamped coal)

Analysis: Ash=5.4% Electrical
Moisture=8.0% Stand pipe precipitator Indirect coolers
Volatile matter=30.0% —  150°C. — 10 C y AN 25°C.
Low-temperature oven : -
1 190° C. Suction =-250 mm.
400° C. water gage
Pressure,£0 mm.
water gage
| U l\ Exhauster
5 | ] ]
L 1 C |
= = T T ETDE ] 3 Pressure=400 mm
;/” s, Zaz z Heavy tar Precipitator tar Light tar water gage
Char=237 tons per day
Sieve analysis: (40—90 mm.)=70 % Analysis: (char, 40-90 mm.)
(20-40 mm)=11% Ash=6.5% Low-temperature tar (fuel oil “S*)=16.5 tons per day
(10-20 mm.)= 7% Moisture=3-5% . y Ny .
(6-10 mm)= 1 Volatile matter=7-89% Yield of low-temperature tar, dry coal basis,=6.4 ¢ ( benzine free) Distiton analysi
— - i istillati 3
0-6 mm)= 1le - ‘ Analysis: Initial B.P., 98° C.
100% 3pecmc gr;vnty (20° C)=1.06 Aniline insoluble= 0.15 weight % Up to 170° C.=1.5 volume %
i is= iscosity (20° C.)=40° Engler Acid oils=30.0 volume Up to 200° C.=4.2 volume %
Yield of dry char, dry coal basis=84 ¢ Viscosity (50° C)=5° Engler Pitch= 35.0 weight ¢4 Up to 230° C.=23.0 volume %
Congealing point=5°C. Pitch softening point, K. S=70° C. Up to 270° C.=40.0 volume %
Flash point=96° C. Gross calorific value=9,250 kg.-cal. per kg. Up to 300° C.=53.0 volume %
Benzene insoluble=0.7 weight Net calorific value= 8,900 kg.- cal. per kg.  Up to 360° C.= 66.0 volume %
Hydrogen sulfide=6 gm. per normal cu. m. Ammonia=3 gm. per normal cu. m.
Feld washer for benzine Wash oil consisting of washed-light tar (condensate from indirect-coolers)
/ Ammonia washers 1
Quantity of gas=24,500 normal cu. m. per day Benzine =3 gm. per normal cu. m.
iaz Yield from carbonization gas=95 normal cu. m. per ton, dry coal basis To the oven or
:g:,:gr?u ?1'.'05 gm. per Analysis: CO2= 2.6% boiler house
=100 .= 24%
Tar+0il=1.00 gm. per s
100 normal cu. m. 82: 38‘/"
Benzine =70 gm. per Hg;25'7 "7‘0
normal cu. m. CHa=59.5%
N2= 6.0%
100%
Net calorific value=7,053 kg.-cal. per normal cu. m. (calculated)
Gross calorific value=7,788 kg.- cal. per normal cu. m. (calculated)
s —
Crude benzine =3.2 tons per day
Dilute ammonia water for char quenching Yield of crude benzine, dry coal basis=1.25%
Analysis: Engler distillation analysis:
Specific gravity (20° C.)=0.820 Initial B.P., 50° C.
Evaporation test=10 mg. per 100 ml. Up to 100° C.=25 volume %
QOctane number (R.0.2.)=90 Up to 150° C.=72 volume %
Phenols=0.8 volume Up to 195° C.=96 volume %
Bases=0.5 volume% Index=125.7
Aromatics=50 volume% Olefins=15 volume %

Figure 2. - Flow diagram for recovery of low-temperature tar, ammoniacal liquor, and benzine
from low-temperature carbonization plant, Krupp-Lurgi.
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periods. The grid was so arranged that it could be moved horizontally to
close or open the bottoms of the coking chambers. The top and bottom covers
were water-sealed when in use, so that no gas could escape from the oven,
The ovens were constructed entirely of boiler-plate steel. They were in
good- condition after several years of operation and were expected to have

a life of at ledst 10 years.

To charge an oven, the grid was moved into position to close the bottoms
of the chambers, the top cover was rolled horizontally to one side, and coal
was charged by gravity from a larry car into all six chambers simultaneously,
Each oven, comprising six cells, was charged with about 3 tons of coal,
After a carbonizing period of & hours the top cover was again rolled aside,
the bottom cover was lowered by means of an hydraulic-jack mechanism mounted
on a car that could be moved to one side, the grid was moved horizontally to
open the lower ends of the coking chambers, and the coke was pushed by six
rams operated simultaneously from above and discharged by gravity into a
quenching car.

The ovens were heated In the following mamnmer: The combustion gases
from a gas-fired combusticn chamber were circulated by  fan through flues
running to and from four ovens. In each oven the combustion gases from the
furnace passed between the chambers and back to the furnace. At regular
intervals the direction of the combustion gases through the flues was reversed
so as to heat the walls of the chambers uniformly. The temperature of.the
heating gas entering the oven was 610°-620° C. (1,130°-1,1480 F,) and leaving
the oven was 560°-580° C. (1,040°-1,076° F.).

The coke was discharged from the quenching car onto a coke wharf, from
which it was conveyed by  vibrating conveyor to an inclined elevator. The
latter discharged it into a breaker of novel design. This device broke the
slabs of coke into small pileces without producing a .large proportion of fines.
A detailed description of the coke breaker is given in B, I, O. S, Final
Report 391, Item 30 (PB 34,738), "A New Coke Breaker", 1946, by C. H. Noton
After leaving the breaker, the coke was lowered by a movable loading chute
into cars.

The manner in which the gases from the ovens were handled to recover
low-temperature tar, ammonia liguor, and benzine is shown in figure 2 (frame
565). The quantities of coal carbonized and coke and other products made,
as indicated in the flow diagram, apply to 24 new ovens installed during the
war (19h3) at the Wanne-Eickel plant of Krupp Treibstoffwerke., The original
plant at Wanne-Eickel, built in 1937, had 32 ovens, some of which were de-
stroyed during the war. They differed somewhat from the later ovens. Im-
proved charging mechanism, grates for closing the bottoms of the chambers,
improved bottom covers, and other changes were incorporated in the 2% "new"
ovens. The total yearly capacity of the Wamme-Fickel plant in 1943 was rdated,
in metric toms, as follows: Semi-coke, 204,000; fuel oil, 1,200; and motor
fuel, 1,920.

More complete descriptions of the Kfupp-Lurgi installation at Wanne-
Eickel are given in the following reports: C. I. O. S. File XXV-25 (FB 288),
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"Krupp Treibstoff Werke G, m. b. H., Wanne-Eickel - Fuels and Lubricants”,
1945, by C, C. Hall and A, R. Powell; C. I. O, S. File XXXII-91 (PB 4,328),
"Lurgi Gesellschalt fir WArmetechnik, Lurgi Haus, Frankfurt-am-Main®, 1945,
by H. Hollings and J. G. King; and C. I. O. S, File XXXI-30 (PB 4,325),
"Krupp-Lurgi Low-Temperature Carbonization Plant of Fried. Krupp A. G. at
Wanne-Eickel near Bochum, Germany', by H. H, Lowry and E. J. Rose. Further
details also may be found in Part II of the present paper, covering the
vigit to Fried. Krupp Akt., Essen, and Krupp Treibstofiwerke G. m, b. H.,
Wanne-Eickel, A complete description of the Kurpp-Lurgl process 1s given
in Burcau of Mines Information Circular T7395.

Gelssen Process: Frames 3; 507-508; 971.

During the years immediately following World War I, two new processes
for carbgnizing brown coal were introduced in Germany. One of these was the
Lurgi-Spulgas process described above, in which carbonization was eifected
by direct contact between the brown coal and recirculated hot combustion gases.
The other was the Gelssen procesgs. The arrangement of the metal retort used
in the Gelsseon process is illustrated in figure 3 (framec 507). Operation is
as follows: Brown coal ls dried to approximatcly 15 percent moisturc (from
54 percent) in a separato drier. It is then carbonized in the Geissen oven
while passing downward between a revolving corrugated cylinder (made of a
special iron alloy) and stationary annular collars. This results in a con-
tinuous turning of the pieces of fuel ag they pass downward in a thin layer
and immediate withdrawal of the low-temperature carbonization products through
offtakes for primary gas and char,

The retort is heated by passing combustion gases from a central gas
burner between the external wall of the burner and the internal wall of the
revolving corrugated-iron cylinder. ZEach retort of this type has a capacity
of about 150 metric tons of raw brown coal (54 percent water) per day. Up
to 1938, about 35 units of Geilssen ovens had been installed in Germany. Sev-
eral of them were still operating during World War II, but no new ones had
been built after 1938.

Borsig-Gelssen Process: Frames 3; 224-230; 38L4-385,

In 1935, Borsig modified the Geissen low-temperature oven and introduced
the Borslg-Gelssen oven or retort. Its arrangement is illustrated in figure
4 (frame 224), Instead of using a corrugated, revolving cylinder made of
heavy iron castings, the Borsig-Geissen retort used a plain stainless-stecl
tube for the rotating member. The burnor was situated at the top of this
member, and the combustion gases, after passing downward through the rotat-
ing cylinder, passed upward through a jacket surrounding the retort. Partly
dried brown coal introduced at the top passed downward between the rotating
cylinder and the stationary baffles, as in the old Geissen oven. The coal
charged to the retort must not be largor than 1/2-inch and must not contain
more than 10 percent of fincs below 1/25-inch size. The char was discharged
from the bottom of the oven. Part of the oven gas was uscd for heating the
retort; the remainder was withdrawn from the sidc.
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Besides four test ovens at different places, only one commercial plant,
belonging to the Leipziger Braunkohlenwerke at Kulkwitz, was built in Ger-
many. This plant had operated since 1937, but in 1944 only a few of the 20
retorts were in operation because of the lack of stainless cast steel.

Rolle Process: Frames 3; 222-224; 335-339; 507.

A vertical oven of circular cross section for the low-temperature car-
bonization of brown coal was developed by Dr. Rolle in 1872. Many modifi-
cations were made in attempts to increase its efficiency, but, owing to low
capacities (3-15 tons per day) and low tar yields, no new units were built
after about 192h, when Geissen introduced his all-metal oven with the corru-
gated, vertical, revolving drum. It is reported that there were 588 Rolle
ovens in Germany in 1938.

One arrangement of the Rolle oven is shown in figure 5 (frame 223).
The partly dried brown coal to be carbonized passed downward in the annular
space between a central metal cylinder and an external ceramic cylinder.
Heating of the coal was effected by heating flues arranged around the ex-
terior of the ceramic cylinder. In the older model of the Rolle retort,
the inner cylinder consisted of overlapping, narrow, conical, cast-iron
rings. In the newer model (fig. 5, frame 223), the upper one-third of the
inner cylinder was constructed in this manner, but the lower two-thirds con
sisted of plain, cylindrical, cast-iron rings (g). Moisture liberated in the
upper zone was withdrawn through the opening between the overlapping cast-
iron rings (d) and left the retort from outlet (f£). In the lower zone, the
carbonization gases were withdrawn through the plain cast-iron cylinder (5)
and left the retort through opening (b).

Related Processes:

Mention is made at this time of two processes that were not included
in the preceding list of "Low-Temperature Carbonization Plants Operating in
Germany in 1943-104L" (see table 1, page 12). They are mentioned here, how-
ever, because each of them was related, at least indirectly, to the low-tem-
perature carbonization industry. The two processes are, respectively, the
Weber and the Pintsch or Pintsch-Weber. The following discussions of these
processes are based upon information furnished by Adolf Thau of Didier Werke,
A. G., Berlin.

Weber Process: TFrames 26-28; %8. Weber has developed processes in
Germany for the briquetting of semi-coke and for the production of briguets
from noncaking bituminous coal, which are subsequently subjected to low-
temperature carbonization tc obtain tar and smokeless fuel. The operation
of one of Weber's processes of the latter type is illustrated in figure 6
(frame 58).

The coal is carried by an elevator to a crusher, from which it drops
into a feed tank. From the latter it passes to a mixer, where a suspension
of clay and concentrated sulfite liquor from pulp plants are combined with
it in proper proportions by heating and vigorous agitation. The mixture then
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Passes to a roll press, where briquets are formed. They are dried on slowly
moving belts until most of the water has been expelled. They are then sub-
Jected to low-temperature carbonization to produce "very reactive, dense,
hard, and smokeless-burning briquets or ovoids."”

According to Dr. Thau, "this process, though old in itself, has been
developed further, and it now forms the bridge over which metallurgical coke
may be manufactured from noncaking coals and even from brown coal, There is
no doubt that not only in Germany, England, and France, but also in the United
States, a distinct shortage of good-coking coal makes itself more and more
acutely felt, while noncaking coals rich in volatile matter are available
in abundance."

Further poseible application of Weber's processes to the briquetting
of iron ore is discussed by Thau, as follows:

Weber, who has in the meantime made usec of every suitable bind-
ing medium which offers the greatest economy, hag developed a further
process which is likely to have a great effect upon the present mode
of pig ilron manufacture. There is nc doubt that the richest iron
ores on the Continent ag well as in England and in the United States
contain large proportions of smalls, and others are so soft that the
blast furnace can be burdened with them only if they are briquetted
first. In any case the operation of the blast “urnace ig always
hampered by the ilron ore dust partly kept in suspension by the
blast furnace gas and partly being deposited where it is not wanted
and frequently gives rise to serlous troubles.

Weber developed, based upon his former research work on bri-
quetting, a process which is to manufacture plg iron without using
coking coal or metallurgical coke and utilizing at the same time
small-grained or soft-iron orcs. To accompligh this Weber mixes
finely-ground noncaking coal and powdery ore in a certain propor-
tion, adds a binder, such ag, for instance, pitch, oil rcesidualg,
or partly hydrogenated coal, and transforms the mixturc by roller
presses into ovoids, which are subsequently subjected to leow-tem-
perature carbonization to recover the primary tar. By distilling
the latter, pitch for binding the next batch of ovolds is being
recovered, The carbonized ovoids can be uscd as a fuel for liquid-
slag gas producers or for low-gshaft furnaces and in both cascs a
pilg iron of good quality is being produced at the same time. The
carbon contained in the ovoids suffices to effect a chemical re-
duction of the 1ron ore. If there is a large excess of carbon,
the furnace or gas producer may be burdened in addition with a
corresponding proportion of lumpy iron ore.

The large volumes of gas produced may be utilized for syn-
thetic purposes, and Weber further suggests a combination with a
coal-hydrogenating plant in order to improve the economical re-
sults of the latter by way of using the coal which has been partly
hydrogenated.
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It would exceed the scope of thls report to go into further
details 1n connection with the processes developed by Weber.
They are sure to be realized sooner or later if at first only to
a moderate extent. By these procegses, low-temperature carboni-
ation will get on to a sound foundation by being wedged in as an
indispensable bridge between other industrial processes, and the
products recovered will be oils and gas only while the semi-coke
is being worked up together with the ore in the pig-iron
manufacture.

If it comes to a general introduction of the Weber process
into the iron works, their face will undergo an extensive altera-
tion inasmuch ag the coking plants will disappear completely, and
in their place a low-temperature carbonization plant will supply
the fuel which, in the ghape of briquets, already ccntains the
iron ore in the right proportion. The high-blagt-furnace gtacks
would disappear to make room for low-ghaft furnaces. If the works
are coupled with a plant for the manufacture of gynthetic gasoline,
liquid-slag producers will take the place of the blast-furnace sgtacks
and will supply thc gas necessary for the synthesis. If the works
are to be coupled with a high-pressure¢ hydrogenating plant, the
coal will only partly be hydrogenated and will then be used for
manufacturing the briquets, while the residual from the distill-
ing of the hydrogenation oils will be used ag a binder if such
is at all required under these ciircumstances.

Pintsch-Weber Process: Frames 21-23; 53. - Several years before World
War II, Juliuvs Pintsch Kommanditgesellschaft, Berlin, developed a Spulgas
low- temperaiure carbonization process that operated in comnection with chain-
grate stokers on boller installations., Numerous boiler installations using
brown-coal briquets or bituminous, noncaking lump coal without largc pro-
portions of fines were equipped to use the Pintsch process. Hat combustion
gases were drawn throvgh the coal in thc magazine as it passed downward to
the chain grate. Hot semicoke passcd from the bottom of the megazinc onto
the grate. The gas leaving the top of the magazine passed through a tar
extractor and then went to a burnor undor the boiler. Tho technical mili-
tary authorities attompted to have all boilers using bituminous coal or
brown-coal briquets equipped for the Pintsch process in order to recover
primary tar for usc as fuel oil by the Navy. Howcveor, thesc attempts were
unsuccossful, and no boiler installations were so equipped during the latter
part of the war.

For boiler installations that must depend on fuels containing a large
proportion of fines, the processes of Pintsch and Weber were combined in the
mammer shown in figure 7 (frame 53). The fine bituminous coal is elevated
to a coal bunker, from which it drops into a mixer, where a binder ig added.
The mixture of coal and binder is then fed into a roll press, where briquets
are formed. They are conveyed by a slow-moving elevator with broad, perfo-
rated buckets to a bunker, Hot gases introduced into the housing of the
elevator at the bottom escape at the top and harden the briquets as they are
conveyed upward to the bunker. From the bunker, the briquets slide into a
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carbonizing shaft, where they are converted to semi-coke before discharging
onto the chain grate of the boiler. The hot gases are drawn upward through
the carbonizing shaft as the briquets pass downward. Tar leaving the car-
bonizing shaft with the hot gascs is removed by means of tar extractors.

Low-Temperature Carbonization Plants under
Construction at Bnd of World war 11
In addition to the plants described above that were actually operating
when the war ended, other plants were under construction and still others
were in the plamning stage. The following plants were under construction:

Heinrich Koppers plant at Oheim mine of Bergwerksverwaltung Ober-
schlcsien, Katowice (Kattow1tz) continuwous, vertical, ceramic ovens with
a capacity of 1,000,000 metric tons per year of weakly caking, bituminous
coal and estimated tar production of 92,000 metric tons.

Didier Werke plant at Oswiecim (Auschwitz) - 24 chambers, 550 metric
tons per day of noncoking coal, or 200,000 metric tons per year.

Bremnstoff Technik plants at Marienau by Bergwerksverwaltung Klein-
rosseln, Forbach, Lorraine (Lothringen) - (1) 16 ovens, 500,000 metric tons
per year of bituminous-coal briquets, half-completed at end of war, and
estimated tar production of 50,000 metric tons; and (2), the same as (1),
construction Just started at end of war.

Brennstoff Technik plant at Jawischowitz by Bergwerksverwaltung,
Katowice (Kattowitz), Upper Silegia - 500,000 metric tons per year of bitu-
minous nut coal, construction started, and estimated tar production of 42,500
metric tons.

Following are brief descriptions of the processes employed by Koppers,
Didier Werke, and Bremnstoff Technik, resgpectively.

Heinrich Koppers Process: Frames 556-56k,

When the war ended, a Koppers low-temperature carbonization plant was
under construction at the Oheim mine of Bergwerksverwaltung Oberschlesien,
Katowice (Kattowitz), in Upper Silesia. It was to be used for coking an
Upper Silesian high-volatile bituminous nut coal.

The dimensions of each oven, in millimeters, were as follows: Total
chamber height, 11,500; length of chamber, 3,500; width of chamber at top,
250; width of chamber at 5,700 mm, bolow the top, 350; and width of chamber
at bottom, 350. Equivalent dimensions in feet are 37.7, 11l.5, 0.8, 18.7,
1.1, and 1.1, respectively.

The oven wallg were lined with fire brick, but the heating flues were
constructed of silica. By means of automatic reversing equipment, the
heating gases werc to pass alternately upward and downward through the ver-
tical heating flues and through the upper and lower regenerators. The
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arrangements of the flues and regenerators with respect to an oven chamber
are shown in figures 8 and 9 (frames 563 and 564). Figure 9 also shows
diagrammatically how, by means of auxiliary bdburners, additional heat could
be supplied to the upper and lower regenerators as desired in order to in-
crease the temperature in the upper or lower part of the chamber or maintain
a vniform temperature over its entire height.

Above each unit of 15 ovens was a coal bunker from which coal dropped
into the feed hopper on the top of each oven chamber. From the feed hopper
the coal dropped into the carbonizing chamber and the coke was discharged
into a bottom hopper, from which it was withdrawn into a tilting cart, which
transported it to a special quenching station.

In order to precool the coke entering the discharging mechanism, a por-
tion of the gas from the chambers, free of tar and benzine, was returned to
each chamber near the bottom and just above the coke-discharge outlet. Also,
water injected into the coke produced stéeam, which mixed with the recircu-
lated gas and passed upward through the coke in the chamber, where water gas
wag formod in addition to low-temperature carbonization gas.

The cvens or chambers were to be heated elither by part of the oven gas
or by gas produced in generators from coke of 3-20 mm. (about 1/8-3/4 inch)
gize.

The flow of the gas from the ovens was ‘ags follows. Leaving the ovens
through two standpipes, it passed through collector mains to indirect coolers,
followed by mechanical or electrical tar eeparators.

Removal of free ammonia was effected in the final cooler, from which the
gas passed to the benzine-absorption equipment and then to holders. A part
of the gas, as indicated above, was returned to the bottoms of the ovens for
precooling the coke.

The operating results when carbonizing Upper Silesian, high-volatile,
bituminous, nut coal contalning 5 percent moisture and 7 percent ash and
making coke with 3 percent volatile matter and gas with a gross calorific
value of 4,500 kg.-cal. per normal cubic meter (or 470 B.t.u! per cubic
foot at 60° F. and 30 inches Hg pressure, saturated),were expected to be
as follows: Coal throughput per chamber per day, 25 metric tons; coke yield
(3 percent moisture content), 6L percent; gas yield per metric ton of coal,
300 normal cubic meters; gross calorific value of gas per normal cubic meter,
4,500 kg.-cal.; gross calorific value of gas per kilogram of coal, 1,250 kg.-
cal,; low-temperature tar yield, 9.2 percent; low-temperature benzine yield,
0.8 percent; and heat consumption per kilogram of coal, 550 kg.-cal. Equi-
valent English units are: Gas yield per short ton (2,000 pounds) of coal,
10,330 cublc feet at 60° F. and 30 inches Hg pressure, saturated; gross
calorific value of gas per cubic foot at 60° F, and 30 inches Hg pressure,
saturated, 470 B.t,u.; gross calorific value of gas per pound of coal, 2,250
B.t.u.; and heat consumption per pound of coal, 990 B.t.u. The combined
tar and benzine yicld amounted to 87 percent of that found by the Fischer
agsay.
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Some of the advantages claimed by Heinrich Koppers G.m.b.H. for this
type of equipment were as follows:

1. Low-temperature processes using iron retorts must operate at or
below 600° C. (1,112° ¥.), avoid local overheating, and use relatively small
chambers. These précautions are not required in the‘Kbppers Pprocess.

2. Low-temperature carbonizing processes using circulating combustion
gases for heating the coal produce tar and gas of inferior quality, as com-
pared with tar and gas produced in the Koppers process.

3. The gas yield is greater in the Koppers process, and stronger coke
is produced, owing to the higher temperatures employed.

4, By recirculating & Portion of the oven gas to the carbonizing cham-
ber, thc efficlency of carbonization is raised 5C porcent above that of proc-
esses in which no gas is recirculated.

5. The coke produced in tho Koppers process is more completely devola-
tilized than coke from iron retorts, but its reactivity is high.

Prior to thé reéceipt of the order in 1942 for the installation at Oheim
mine, the Helnrich Koppers Co. had ingtalled plants of this type for gas pro-
ductlon in gas plents, for calcining petroleum coke (Erftwerke A. G. Greven-
broich), for coking ovoid briguets at 700° C. (1,292° F.) (Mines de Carmaux,
South France), for coking weakly caking high-volatile bituminous coal at
700° C. (1,292° F.) (Mines de Bruay, South France), and for production of
mixed gas (distillation gas plus water gas) from noncaking, high-volatile
bituminous, nut coal (Nitrogen Works, Ube, Japan).

Didier Werke Process: Frames 9-13; 31-3k,

A

According to Dr. Thau of Didier Werke, Berlin, he had suggested in 1938
that continuous, ceramic, vertical-chamber ovens be used in Germany for the
low-temperature carbonization of noncaking coal. He pointed out that verti-
cal ovens had been employed for this purpose by Woodall-Duckham at the Rich-
mond Gas Works near London, but the chambers were constructed of metal and
did not last very long. Similar ovens with ceramic chambers and operated
semicontinuously were installed a few years later by the Fuel Regearch
Institute, Greenwich. ’

Didier Werke, acting on Dr. Thau's suggestion, constructed a trial unit
at Stettin for use on a semicommercial scale. Then, according to Dr. Thau{
Heinrich Koppers G.m.b.H. altered the design of the continuous vertical-
chamber ovens which 1t was building in Upper Silesia for the manufacture of
Yreducing char” in such manner as to permit the continuous low-temperature
carbonization of noncaking coal.

According to Dr. Thau, Dr. C. Otto & Company then modified its continu-
oug vertical-chamber oveng so ag to carbonize noncaking oogl continuously'at
low temperaturcs and collaborated with Didier Werke and Heinrich Koppers }n
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the successful development of continuonus, ceramic, vertical-chamber, low-
temperature, carvonizing equipment for nonceking coal,.

The reagon why the game type o:i eguipment is not suitable for t the low-
temperature carbonization of caking ‘coal in spite of the Tact, that vertical
oveng were designed originally for manufacturing gas coke from caking coal
1s explained by Dr. Thau ag follows.

In order to penetrate the coal charge evenly and within
a reasonable time, the low-temperature carbonizing chamber must
be pretty narrow (about 200 mm. or 7.9 inches). Since semi
coke does not contract as much after carbonization has been
completed as high~temperature: ﬂoko, and since the friction set up
between wall faces and coke ends would be toc great to be over-
come by the weight of the charge, the coke charge 1s sure to
stick in the ovens, and Tor this reason only noncaking -coal
is treated in these ovens., Owing to the continuous downward
movement of the coal charge, the slight caking of coals hav-
ing such a tendency can easily be prevented by oxidizing the
coal bofore 1t enters tho chamber,

In a commercial plant deesigned by Didier Werke, the ovens had the fol-
lowing dimensions: Height, 930 mm.; length, 400 mm,; width, 220 mm. at top
and 280 mm. at bottom. Equivalent English dimensions are: Height 3.1 feet;
length, 1.3 feet; width 8,7 inches at top and 11.0 inches at bottom. The
throughput of the plant, consisting of 24 chambers of this size, wag 300,000
metric tons of noncaking coal per year. The arrangement of the Didier Werke
oven with respect to heating flues and regenerators is illustrated by frames
31, 32, and 33, This plant wag said to have been under construction at
Oswiecim (Auschwitz) when World War II ended.

In the Didier Werke eguipment, like that of Heinrich Koppers G.mib.H.,
recirculated, tar-free, chamber gas was introduced into each chamber, above
the coke eXuractor. By recirculating a larger or smaller amount of gas, the
velocities of gaseg and vapors expelled from the coal could be regulated so
that the length of time during which the vapors and gaeses remained inside
the chamber could be adjusted within wide limits, resulting in corresponding
adjustiments of tar quality and yields. '

Bremnstoff Technik Process: -Frames 8; 97-99; 245-248; Lui5-4Lo; L486-L48y;
490-491; 495-506; 668-672.

Brenngtof: Technik, Essen, was founded in Germany in 1933 to develop a
proceas for the low- -temperature carpbonization ¢f coal that involved the use
of movable chamber walls. The process was tried first in s small pilot plant
in Essen; Between 1935 #@nd 1939, larger-scale” testes werc made in a plant
having a daily capacity of 10 to 1l2. metrizc tons of fine coal. This plant
was built for Delbriickschachte der Proussischen. Berg-und Hlittciiban A, G
Hindenburg, Upper Silesia, A test plant having a daily throughput of 50
metric tons of fino coal or 50-60 motric tone of .nut ceal or briquets was
operated by the Stadtischen Gaswerko in Berlin botwoon 1938 and 194k, A
picture of this plant is shown in figure 10 (freme 495),
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Full-scale development of the Bremnstoff Technik process was planned
in 1942, when the German Government announced a program for the low-temper-
ature carbonization of' 23,000,000 metric tong of coal per year, of which
14,000,000 metric tons were to be carbonized in Upper Silegia, 6,000,000
in the Ruhr, and 3,000,000 in Lorraine (Lothringen). As a part of this
program, four new plants of 500,000 metric tons capaclty each were to be
constructed, One of these was to be a plant using ceramic chambers. (The
order for the vertical, ceramic, chamber oven plant in Upper Silesia was
placed by the German Government at that time.)

The other three plants included in the program wecre to be of the B.T.
(Brennstoff Technik) typc. An order for Bfenn toff Technik to build twe of
th~se plants in collaboration with the Mineralol- Bavgegcllachaft, Berlin,
wa3s received from the Bergwerksverwaltung Kleinrosseln, Forbach, Lorraine
(Lothringen, State Plant). They were located at,Marlonau and wore known as
Marienan I and Marienau II. Each was to have 16 ovens and be uscd for the
low-temperaturc carbonization of coal briquets.

The order fo:' the third B.T. unit also to be built by Brennstoif Tech-
nik in collaboration with the Minoralol-Baugoscllac“aft wag placed by Berg-
werksverwaltung, Katowlcc (Kattowitz), Upper Silcsia (Svatu Plant). This
plant was to have 20 ovens and be used for the low-temperature carbonization
of nut coal., Its location wae Jawischowitz.

When the war ended, Marienau I was half finished, and the construction
of the Marlenau II and Jaw1schowitu plants had been star*ed.

The arrangement of an oven of the. B,T. type for the low-temperature car-
bonization of 5C metric tons of fine caking coal per day is shown in figure 11
(fremes 487 and L88). The operation of the oven was as follows: Fine caking
coal wag dropped from an overhead larry car into the carbonizing chambers or
spaces between the movable iron heating walls. After carbonization had been
completed by heat from combustion gases circulated through the movable walls,
the walls were pushed apart by a mechanical device and the coke dropped into
a quenching car. The manner in which the movable walls are comnected by ducts
(which also serve as trunnions) to the inlet and outlet flues for hot com-
bustion gases is indicated in figure 11,

Low-Temperature Carbonization Processes Under Development in Germany
at End of World War II

In addition to the low-temperature carbonization processes described
above which were actually in use or for which commerical plants were bcing
constructed cduring World War II, two other processes were being considered
or werc under development, according to Dr., Adolf Thau of Didier Werke A.G.,
Berlin., Following are brief discusgsione of each baged upon information re-
celved from Dr. Thau. The processea are discussed undcer the following titles:
(1) The Bittner Dricr and (2) The Blﬁmner Process.

The Blittner Drier: Frames 14-16; 35; 938-957; 958-961; 962-969; 1159-1199;
1200-1230,
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The Blittner drier ie mentioned briefly here because, according to Dr.
Thau, before the end of World War II it was being considered for the low-
temperature carbonization of fine noncaking bituminous coal.

Dr. Thau commented as follows concerning the use cf the Bittner drier
as a low-temperature carbonizing device: "The utilization of noncaking fines,
such ag floated coal or slimes, oil shale, and all such materials which cannot
be treated by the ovens mentioned above (B.T., Krupp-Lurgi, Lurgi-Spulgas,
Geissen, Borslg-Geissen, Rolle, Didier, Koppers, and Otto) offered a serious
problem, which, however, has In the meantime been solved quite successfully
by adapting thﬁ Bhts ther turblne drier for the purpose. The application cf
the drier to the low-temperature carbonization of fine, noncaking, bituminous
coal was contcmplated in several places before the cnd of the war.”

Figure 12 (framc 35) shows two views, in cross section, of a Blttner
drier arranged for the low-temperature carbonization of fine coal. The fol-
Iowing description was furnished by Dr. Thau. A stationary cylindrical hous-
ing (a), woll-insulated agalnst heat lossece by radiation, encloses a struc-
turc consisting of circular shclves (b), which are revolved slowly by an
electric motor (c). A verticel shaft “(4) in the center of the dricr supports
several circulating fans. (o), the blades of which arce sloped like those of a
turbine. The fans are rotated by means of a gear (f) in a direction opposite
the direction of rotation of the shelves, If hot waste gases from some nearby
source are not avallable, hot combustion gases are produced by burning pow-
dered fuel or gas in a furnace (g). The hot combustion gases from the furnace
pass into the cylindrical chamber and then are drawn between the shelves by
the turblne fans and upward to the top of the drier, where a part of the
combustion gas 1s recirculated back to the furnace through a pipe (h), and
the remainder 1s released tc the atmosphere through a butterfly damper (i1).
The coal to be -dried or carbonized enters through a top opening (k). It
enters at a uniform rate, so as to be distributed cvenly on the top disk or
shelf. When the coal has mado one revolublon on the top shelf it is Torced,
by means of a stationary adjustable scraper, to drop through a slot (l) onto
the next lower-rotating shelf, where the process 1s repeated. After one
rovolutlon on each of the shelves in tho drier, thc dried coal or low-tem-
perature coke is discharged through a bottom opening (m) onto a belt, which
tranefers 1t to the scroecning plant. The coal is not agitated violently while
passing through the ‘dricr, and dust formation is small. '

Buttnor driers are manufactured by Buttner-Werke A. G., Uscrdingen-Krcfeld.
A visit to that company is reported in C, I. 0., S, File XXXIII-17, Item 30
(PB 28,74k4), "Coal Driers, Buttner-Werke A..G., Uerdingen-Krefeld”, 1945, by
H. Bardgett, which also give further informatlon concerning Blttner driers.

The Bllmmer Process: Frames 23-26; 54-L47.

About 1936, Dr. E. Blﬁmner developed a process in Germsny for the low-
temperature carbonization of coal. The Borsig Company investlﬁated this
procesg but did not carry 1t beyond the project stage. Dr. Blumer then
orgenized the Bllimmer Fuel Corp. in London but was unable to obtain suffi-
clent backing for his enterprise. During the war, experts of the German
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Government became interested in the process and obtained Government aid for
the congtructlon of a semicommercial plant with a capacity of 10 metric tons
of bituminous coal per day. A site for the plant was selected in Berlin but
had to be abandoned because of air ralds. Another site was then chogen near
Munich, and construction was started, but the plant had not been completed
when the war ended.

Figure 13 (freme 54) shows the flow sheet for a Bllmner process plent hav-
ing a daily capacity of 100 metric tons of bituminous coal. According to this
flow sheet, 60 metric tons of powdered coal is mixed with 40 metric tons of
oil. The mixture is then subjected to & pressure of 30 atmospheres (441l pounds
per square inch), preheated, emulsified, extracted, Gistilled, and deccmposed
in six steps. Distillate o0il and a residus consisting of a mixture of coal
and oil arc the two products resulting from these eix operationg.

From the distillate oil are obtained 40 metric tons of oil to be returned
to thc process for mixing with more cosl, 6.5 metric tons of fuel oil, 6.5
mctric tons of Diesel oll,and 8,5 metric tons of crude benzine. The residual
mixturc of coal and oll ig mixed with 4O metric tong of fine coal, and this
mixturc is carbonized to yicld 65 metric tons of cocke. The gas generated in
the process is used for heating purposcs.

Figurc 1% (frame 55) shows tho arrangement planned for a Blumnor plant.
The various parts of the plant are as follows: (1) Delivery of powdered coal,
(2) coal-dust bin, (3) oil-storage tank, (L) high-level tank for oil, (5)
coal-foeding arrangement, (6) oil-measuring arrengcment, (7) mixer for coal
and oil, (8) prossurc pump for colloidal fuel (coal-oil mixture), (9) storage
tank for colloidel fucl, (10) opcrating tank for colloidal fuel, (11) pressurc
pump for hot colloidal fuel, (12) prohoator, (13) retorts with hollow revolv-
ing cylinders inside, (14) oven sctting, (15) vapor off-take, (16) oxpaneion
vessel, (17) drain pipec, (18) carbonizing ovens, (19) roturn pipe for col-
loidal fuel, (20) furnace for expansion vessel, (21) vapcr off-take, (22)
rectifying columm, (23) dephlegmator, (24) gas cutlet, (25) water cooler,
(26) separator, (27) light-oil overflow, (28) water off-take, (29) collecting
main, (30) hot-oil pipe, (31) oil cooler, (32) pipe for gasss and vapors, (33)
Diesel oil-drain pipe, (34) Diesel-oil cooler, (35) Diegel-oil off-take, (36)
fuel-oil pipe, (37) fuel-oil cooler, and (38) fuel-cil off-take.

According to Dr., Thau, "The most vital parts of this process are the
cylindrical steel retorts in which the colloidal fuel is heated and agitated
under a pressure of about 30 atmospheres (L4l pounds per square inch)."” The
arrangement. of one of these retorts is shown in vertical cross scction in
figure 15 (frame 56) and in horizontal cross scction in figure 16 (frame 57).

Dr. Thau comments as follows on the future of the BlUmmer Process: "This
is no doubt a very interesting process, dbut a definite Jjudgment as to its suc-
cess cannot be passed until the results of the trial plant, still under con-
struction. (ncar Munich), arec availablc.”
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Quantities of Low-Temperature Tar Produced and Their Uses in 1943

The gquantity of low-temperature tar produced .in 1943 by plants owned
or operated by German interests was approximately 2 635,000 metric¢c tons or
658,250,000: U, S: gallons. It is interesting to note that the total quan-
tity of high-temperature tar processed in that same year by all tar plants
under German control was approximately 2,289,000 metric tons or about
503,580,000 U, S, gallons. In other words, the quantity of low-temperature
tar exceeded the quantity of high-temperature tar by approxima*ely 34k, 000
tong or 154,670,000 gallons.

About 91 percent of the total low-temperature tar produced in 1943 came
from brown coal, Of this, 84 percent came from.Lvrg*-Spulgas retortg and
the remainder, 7 percent, from Geissen, Borsig-Geisscn and Rolle retorts.

Approximately 9 percent of the low-temperature tar produced in 1943
came from bituminous coal. OFf this, 8 percent came from noncaking bitumin-
ous coal carbonized in Lurvi-upvlgas retorts and 1 percent from caking bitu-
minous coal carbonized by the Krupp-Lurgl process.

When the war onded, four new plants for the low-temperature carboniza-
tion of bituminous coal werc vnder construction. They would have produced
enother quarter of a million metric tomns or 62,500,000'U, S, gallons of low-
temperature tar if they had beon completed, making the total production sbout
2,883,000 motric tons or 720,750,000 U. S, gallons per year.

The quantities of low-temperature tar produced in 1943 from each kind
of coal and by each plant were given in table 1, page 12. Table 2 shows what
disposition was made of the low-temperature tar from each kind of coal.

TABLE 2. - Dispoeition of low-temperature tar from each. kind of
coal carbonized in 1943

.

Group. ! ’ Tons‘af tar
No. Kind of coal carbonized (metric) Dispogition of tar
I |Coking, bituminous 26,000 {Navy fuel.
IT |Caking, noncoking bituminousy 205,000 Hydrogenatlion to fuel oils.
IIT' {Soft brown coal : 600 000 [Distillation to fuel olls, par-
_ affin wax, and electrode coke.
' do. 800,000 |Hydrogenation to fuel oils.
IV !Hard brown coal . 1,000,000 |Hydrogenation to fuel oils.

From the above it may be observed that hydrogenation to fuel oils was the
outlet for 2,005,000 metric tons of low-temperature tar or 76.1 percent of the
total amount produced. Six-hundred thousand metric tons, or 22.8 percent, was
distilled and processed for the recovery of fuel oils, paraffin wax, and elec-
trode coke. Twenty-elght thousand metric tons, or about 1.1 percent, was used
Qirectly as fuel oil by the Navy. From this it may be seen that substantially
all of the low-temperature tar was used for fuel purposes. Virtually the only
other products werc paraffin wax and electrode coke. Thesc products were made
from the 600 000 motric tons of low-temperature tar which werc distilled.
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Processing of Low-Temperature Tar

In general, it may be sald that three methods.werée uged for the process-
ing of the low-temperature tar proauced in Germany during World War II: (1)
Blending with oils from other sources, (2) hydrogenation, and (3) distillation
and cracking. ' ‘

Blending With 0ils From Other Sources: Frames 599a606.

Much of the low-temperature tar produced from coking bituminous coal in
the Krupp-Lurgi installations at Wanne-Eickel (Ruhr) and Velsen (Saar) was
blended with high-temperature tar oils and aromatic fuel oils from Fischer-
Tropsch synthetic-fuel plants or from Bergius hydrogenation plants.

Some mixtures of low-temperature tar and paraeffinic oils were prepared.
According to Dr., Demann of Fried. Krupp A.G., it was found that the addition
of phenols or phenylhydrazine to the low-temperature tar would prevent sludg-
ing of such mixtures, but to avoid the use of admixtures attempts were made
to remove the asphaltenes from the tar before adding it to the paraffinic
0il. The proccdure developed for thls purpose consisted in diluting the low-
temperature tar with benzene in tho proportion ¢f ten parts benzone to onc
part tar., The agphaltoncs precipitated by the beonzol werce soparated from
the liquid portion of the benzene-tar mixture by decantation, and the latter
was then extracted with dilute caustic soda to remove phenols and distilled
under vacuum to remove the benzene. The yield ‘of agphalt-free low-tempera-
ture tar extract made in thiec menner was said to be 80 percent, the remainder
being asphalt and phenols. According to Dr, Demenn, the oil freed of asphalt
end tar acids in this mamner may be used to make additional low-temperature
tar miscible with paraffinic olls.

An interesting mathod o; measuring the miscibility of aromatic and paraf-
finic oils by means of a Hoppler viscogimeter wasg described by Dr. Demann.
Mixtures of the two materials under investigation are made in different pro-
portions. The viscosity of each mixturs is detcrmined with two balls of 4if-
ferent sizes. Mixtures that show no tendency to sludge give the samc visros-
ity rcading with cithor ball, but the twe determinations arc diffcrent when
there is actual or incipicnt sludging. By this means, ranges of miscibility
and nonmiscibllity may be cstablished for mixtures of aromatic and nonaro-
natic oils.

Hydrogcnation

As statcd previously in this report, "hydrogenation to fuel oils was
the outlet for 2,005,000 metric tons of low-temperaturc tar or 76.1 percent
of the total amount produced.” From this it may be scen that hydrogonation
wag, by far, the most important mothod of processing to which low-temperature
tar wasg subjected.

The conversion of low-tempcrature tar or combinations of brown.coal and
low-tcmporature tar to liquid fuels by hydrogenation hag beoen doscribed in
detail by othor investigators. Complete descriptions of such processes arc
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given in Bureau of Mines Information Circular 7370, July k946, "Report on
the Investigation by Fuels and Lubricants Teams of the I. G. Farbenindustrie
A. G., Leuna Works, Merseburg, Germany”,edited by R. Holroyd., This compre-
heneive compiliaticn is also issued as C. I. 0. S. File XXXII-107, Item 30
(PB 6,650), "Investigation by Fuels and Lubricants Team at the I. G. Farben-
industrie A, G. Works at Leuna”, 1945, by R. Holroyd, Editor, Flow diagrams
are given for the conversion at Leuna of raw brown-ccal tar to middle oil
and the conversion of the middle oil either to motor gasoline or to aviatlion-
base gasoline., Flow diagrams. algo are given for the hydrogenation of mix-
tures of raw brown-coal tar and dbrown coal to prcduce motor gascline: In-
formation is given in the same report converning the hydrogenation of
bituminous cosl at Blechhammer and hard brown coal at Most (Brux). Figure

17 (frame 673) illustrates the brown-coal hydrogenation process as carried
out at Leuna.

Distillation and Cracking

The 600,000 metric tons of low-temperature tar distilled in Germany in
1943 were processcd in five plants. Four of these plants, handling a total
of adout 400,000 metric tong per year, used similar methods of distillation
and paraifin-wax rocovery. Tho names and locations of these plants are ag
follows: Riebecchhe Montanwerke, Webau; Anhalt. Kohlenwerke, Kbpsen,
Deutsche Erd¥l A. G., Rosltz; and K. V. G., GOlzau,

The fifth plant, belonging to Aktiengesellschaft sfcheische Werke, was
located at Egperhain near Leipzig. It handled about 200,000 metric tong of
tar per vear, It emplcyed tar-distilling, oil-redistilling, and pitch-car-
bonizing equipment installed during the war by the Carl Still crganization
of Recklinghausen and a solvent-dewaxing process developed by Edeleanu
Gesellschaft m.b.H,., Berlin, The latter process was first tried in a pllot
rlant by Deutsche Erdol A. G. at Rositz,

Following are brief descriptions of the methods cmploycd for the proc-
eseging of low-tempcrature brown-coal tar by Deutsche Erdol A. G. at Roeitz
and by Axt. SHchelsche Weryo at Espenhain. They are based upon information

received from Deuteche Erdol (framce 755-764); Edcleamu Gos. (frames 739-754),
and Carl Still (frames 636-658).

Deutsche Erdgl A.G. Plant at Rositz: Frames 755-T6L4s - Two processes
were used for working up the low-tempcrature brown-coal tar at Rositz, One
wag a distillatior process and wag operated primarily to obtain paraffin wax
and heating oil, The purposc of the other process, which-omployed cracking,
was to obtain Diescl motor oil and heating oil.

The distlllation prodess involved the following .stepst

1, Distillation of the low-temperaturc tar to obtain crude benzine,
heating oll, crude-paraffin oil, and asphalt.

2. Redistillation of the crude paraffin oil to recover additional heat-
ing oil and asphalt ahd to meke the paraffin oil morc readily crystallizable.
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%. Cooling of the redistilled paraffin oil to 18° C, (64,4° F.) and
filtering to obtaln hard-paraffin wax and a filtrate oil containing soft-
paraffin waX.

L. Cooling to -2° C. (28.4° F.) and filtration of the above filtrate
to obtain soft-paraffin wax and a filtrate of heating-cil quality. The
soft wax goes to paraffin oill IT.

5. The hard-paraffin wax is washed with caustic sgcda and water to re-
move phenols. The phenols are liberated if'rom the caustic solution with car-
bon dioxide and added to the heating oil.

6. The washed, hard-paraffin wax is separated by sweating into fore-
runnings nigh in oil and of low-paraffin content, a residue reasonably oil-
free but high in paraffin, and oil-free paraffin, The forerunnings go to
paraffin oil II, and the residue, by repeated sweatings, is geparated into
oil-free paraffin and paraffin oil II.

7. The gweated paraffin is refined with sulfuric acid, The refined
paraffin is separated from solids by centrifuging and then cast in blocks.

€., The sulfuric sludge containing some paraffin is extracted with ben-
zine and separated from insoluble matter by filtration. The benzine solution
ig distilled to rccover the benzinc and to obtailn paraffin, which is returned
to step 5.

9. Asphalt obtaincd from the initial distillation of the tar and from
the redlstillation of the crudc-paraffin oil ig distilled to electrode coke.
The distlllate containing paraffin is added to peraffin oil II.

10, Paraffin oll II, congisting of soft-paraffin wax from steps 4 and 6
and asphalt distillate from step 9 1s redistillcd to obtain redisgtilled
paraffin oil II, heating oil, and asphalt., The redistilled paraffin oll II
is then trecated in the manner described in steps 3 to Q.

The following products were made at Rositz by this process in 1942-1943
from 150,000 metric tonsg of crude low-temperature, brown-coal tar:

Metric
tons Percent
Heating oil 97,500 65.0
Paraffin ceesresnesroens 19,500 1%.0
Electrode COKE eevecesns 12,750 8.5
Fuel COKk® seesaerennecne 3,750 2.5
Gas end loss 16,500 11.0

The cracking process used at Rositz for working up brown-coal tar was
operated as follows:

1. The low-temperature tar wae topped to 300° C. (572° F.) to-remove
crude benzine and heating oil as distillates and to improve the quality of
the products from the cracking operation.
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2, By pressure treatment at 430°-450° C. (806°-812° F.)and 40-60 atmo-
spheres (588-832 pounds per square inch), the topped tar was cracked to
obtain crude-pressure benzine, pregsure gas oil, agphalt, and cracking
gtill gas. The latter was used for heating purposes.

5. The pressure benzine was refined with caustic soda and sulfuric
acid and separated by fractlonation into benzine and gas oil, whose sub-
sequent treatments gave finished products.

4, The crude pressure-gas oil was refined with caustic soda and sul-
furic acid and redistilled. The distillate, after treatment with caustic
soda and Fuvller's earth, was gas oil or Diesel oil.

5. The refining and distillation residues weére distilled, together
with the cracked asphalt, to a solid residue, which was graded accordlnﬁ to
ite asphalt content as fuel coke or electrode coke. The agphalt distillate
was returned to the other process for paraffin recovery.

The products made at Rositz by this cracking process in 1943-1943
from 80,000 metric tons of tar were as follows:

Metric
tons Psrcent
Heating oil LSTTTTTTRE 37,600 47,0
Benzine, 150° C. ..e.ee. 2,400 3.0
Benzine, 150°-185° C 800 1.0
Diesel 01l seeeesesasass 16,000 20.0
Electrode coke 5, 600 7.0
FUeL COKO eoescersvesans 2,400 3.0
Brown-coal-tar pitch ... u,800 6.0
Gas and loss 10, 400 13.0

A, G. Sachsische Werke Plant at Espenhain: Frames 636-658; 739-75Lk.
In the yeare immediately preceding and during- the early part of World War II,
a large plant was erected at Espenhain, Germany, by A. G. Slcheische Werke
under the ausplceg of the German Reich. It included a brown-coal mine;
electric-power plant; a Lurgi upulgas plant for the low-temperature carboni-
zation of the hrown coal to produce low-temperature coke for the power plant,
low-temperature tar, and light oil; a tar-distilling, oil-redistillation,
and pitch-coke plant; and an Edeleanu plant for the solvent ro¢fining of the
tar distillates to recover paraffin wax, heating oil, and Digsel oil. A
description of the plant is given in C, I. O. S. Filo XXVIIT-23, Ttem 30
(PB 1,106), "A. G. Sicheische Werke-Espenhain, Kreis Borna, Germany", 1945,

by G. S, Bays, J. P. Jones, and B. L. Mackusick; aleo avallable as a part of
TOM Microfilm Reel 196.

The manner in which the Edeleanu process iz employed in cormection
with the refining of brown-coal tar is illustrated by figurc 18 (frame 752).

The. following information concerning the tar-distillation, pitch-car-
bonizing, and Edeleanu sections of the plant i based upon reports received
from the Carl Still and Edeleanu organizations.
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Tar -distillation. - The operation cf the tar-distilling section of the
plant is illustrated by the flow diagrams in figures 19 and 20 (frames 640
and 641). A brief description of each opsration follows.

Tar centrifuging: Frames 643-645,

The crude brown-coal tar, together with distillate oil from the pitch-
coke plant, is centrifuged to remove entrained solids and water (fig. 21,
frame 645), The tar is pumped to an elevatcd fced tank, where it 1s heated
by steam coils. It then flows by gravity to horizontal centrifuges. Ex-
cess tar, which does not enter the centrifuges, I'lows to a collecting tank,
frem which it 1s pumped back to the feed tank. The tar enters the centri-
fuges through charging valves, which are operated by air or oil pressure.
When the basket of a centrifuge is filled, the valve automatically closes.
The tar in the basgket of the centrifuge separates into three layers; namely,
a golid residue, a watery intermediate layer, and clean tar, The tar is
renoved first by means of a tube directed by hand. The intermediate layer
is removed next in the seme manner, and later is centrifuged again to sepa-
rate the tar and water. The rcogidue is then removed by a plow operated by
oil or air pressure. The rosiduc slides down a chute into a truck, by which
it 1s transferred to cars. The casings of the centrifuges arc heated.
Vapors from the centriifuges are conveyed to coolers. The centrifuged tar
goes to tanks, from which it 1s pumped to theo atmospheric tar gtill.

Atmospheric distillation: Frames 646-6L9,

The centrifuged crudc tar is pumped through a scriecs of heat oxchangecrs
and condensors to a gas-hoated pipc still (fig. 22, frame 649), from which
it discharges into a combinecd flagh chamber and fractionating colum oper-
ating under atmospheric pressure. Stcam superhcated in the convection sec-
tion of the pipe still is intrcduced into the bottorn of the flash chamber,
Light 0il and water leave the column at the top. Paraffin-free and paraf-
fin-containing fractiong leave the column’ ap gide streams. The residue
from this atmospheric digtillation leaves the bottom of the column and is
pumped to the vacuum still.

Vacuum distillation: Frames 646-649,

The residue from the atmospheric still is pumped through a second pipe
heater (fig. 22, frame 649), from which it is passed through a valve into a
combined flash chamber and a column operating under about 50 mm. (about 2
inches) Hg vacuum absolute. Suvperheated steam is introduced into the bot-
tom of the flagh chamber, water and & distillate containing paraffin leave
the top of the column, and a second distillate containing paraffin is taken
as a slde stream from the column. The residue from this operation is soft
pitch.

Distillation to hard pitch: Frames 456-458, FIAT Microfilm Reel C-96
or TOM Microfilm 150, (PB L 13,0%6).

The soft pitch from the vacuum still is transferred to either of two
intermittent, gas-heated stills operating under vacuum. Filgure 23 (frame
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458) shows the arrangement for & plant having one still and necessary auxil-
iaries. Vapors from the stills are condensed with coil condenscrs, and the
condensates flow by gravity to recelvers. The distillation of the soft
pitch 1s carried out principally by hot combustion .gascs bubdled through

the pitch. Some heat is supplied by a gas. burner bensath thc still. The
hot _ocombustion gases are generated in the following manner: Gas, diluted
with combustion gases from the combustion chamber of the SLllA, is burned

in a small vertical furnace. The oxygen-frce cqmbustion guses from this
furnace, at & tomperature of about 600° C. (1,112° F.), enter the still

and are introduced below the surface of the pitch by mecans of a special
distributing pipe. At the completion of distillation, the hard pitch is
trensferred by vacuum to a heated receiver, from which it can be transfcrred
in liquid form to the pitch-coke oveng. The cepacity of this part of the
plent, using both stills, is about 40 metric tons of hard pitch per day.

Pitch carbonization: Fremes 652-656.

The liquid, high-melting-point pitch is transferred to gus-heated feed
tanks, from which it is pumped into scparate regenerative coke ovens hcated
through the side walls by vertical flues (fig. 24, freme 656). The coke is
pushed from cach oven by a mechanical pusher and quenched with water. The
coke is loaded into cars by means of & pelt conveyor. The vapors from the
ovens are condensed, and the condensate is added to crude brown-coal tar
charged to the centrifugals and tar stills.

0il redistillation: Frames 650-651.

The paraffin-containing distillates from the atmospheric and vacuunm
5tills and frcm the hard-pitch still are combined and redistilled inter-
mittently in gas-heated vertical.stills equilpped with agitators (fig., 25,
frame 651). The latter are used to avoid overheating of the residues and
to shorten the time of distillation. Several stills are employed for this
purpose. The oil to be redistilled yilelds very littlc residue, so the dis-
tillations are conducted in such menner a8 to provide the minimum emount of
residue needed in each still to avoid decomposition. A still containing
partly distilled oil 1s charged with ifresh oil. Atmospheric distillation
is then used to remove light oil and part of the distillate. Vacuum is
then used to remove additional distillate. The comblned distillates from
the atmospheric and vacuum distillations are tpqqsferred to the Edeleanu
plent for wex extraction with sulfur dioxide, The residue from the vacuum
distillation is returned to the stillg, in which soft pitch is distilled
to hard pitch by means of hot .cambustion gases.

Edeleanu Solvent Dewaxing. The processes developed by Edeleanu Gesell-

hxown-coal tar are discussed at. lengﬁh in an arclcle by Prof. Ernst Tcrrcs,
Edeleanu-Gesellschai't, frames T739-753. They arc also discussed and illus-
trated by means of a, flow diocgram in C., I. O, S. File XXVIII-23, Item 30
(PB 1,106), "A. G, Séchsische Werke-Espenhain, Kreis Borna, Germany", 1945,
by G. S. Bays, J. P, Jones, and B, L. Mackusick, also available as a part
of TOM Microfilm Reel 196. Briefly, the process, illustrated above in
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figure 18 was as follows: The redistilled oil from the tar plant oontain-
ing paraffin wax was first extracted with S0n. The extract was added to

the paraffin-free oil from the tar plant, and the mixture was extracted with
benzine to obtain Diesel oil and heating oil. The slurry resulting from

the SOz extraction of the wax-containing distillate was filtered in a spe-
cial band filter, in which the wax was washed with dichloroethane to remove
contaminating oils and obtain raw hard wax, which, after acid and clay
treating, ylelded purified hard wax. The filtrate from the filtering oper-
ation mentioned above was cooled to -20° C. (-4° F.) and again filtered and
washed in the band filter with dichloroethane. The raw soft wax recovered
by this operation was clay-treated to produce finished soft wax, and the
filtrate wes added to the Dicsel oil produced by the benzine extraction of
the 80y extract end paraffin-free oil mixture. Figure 26 is an illustration
of the band filter used to remove the hard wax. A description of this fil-
ter and its operation is given on pages 56 and 57. According to Prof, Terres,
the over-all yield in weight percentagcs of products from the crude, low-
temperature, brown-coal tar treated in the menncr described above was as
follows:

Product Percent
Benzine and water 1.2
Hard paraffin 10.5
Soft paraffin k.9
Diesel oil 53.5
Heating 01l eeceececssccas 34,7
Electrode coke 7.0
Gas and loss 8.4

The products made in the entirc¢ plant of A. G. Sachsische Werke, Espen-
hain, in 194k, were reported in C. I. O. S. File XXVIII-23, Item 30 (B 1,106),
"A. G. Sachsische Werke-Espenhain, Kreis Borna, Germany", 1945, by G. S. Bays,
J. P. Jones, and B. L. Mackusick; also available as a part of TOM Microfilm
Reel 196, to bec as follows:

Product Metric tons
Brown-coal briguets sesecececss 2,393,000
Ter from low-temperature plant, 297,000
Ccke from low-temperature plant 1,400,000
Fuel 01l cevecosonavscecososece k2,778
Diesel oil 14,699
Hard wox 6,541
SOFL WOX cevevececevsooncossoace 4,676
Electrode COKE sesssossvscssone 7,080
25 percent crude phencls 32,000
SULTUT veeeeonenerensnonsnaneas 22,000
Carbolic acid 9,600

Texr Distillation Process Developed by Byk-Guldenwerke, Chemische Fabrik A. G.

Byk-Guldenwerke Chemische Fabrik A. G., Berlin-Oranienburg, was said to
have developed a method of working up low-temperature tars produced from
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caking bituminous coal by the Brennstofi Technik process, frames 658-661;
L8h-L85; 502-504. Two alternate methods of operation are illustrated by

the flow diegrams in figures 27 and 28 (fremes 503 and 504). In one proc-
ess (fig. 27) the tar is distilled to obtain pitch and o0il. The oil is
extracted with caustic soda to remove phenols and to obtain Diesel oil,
which, by means of methyl alcohol, is separated into two grades of Diesel
0il of different ignition quality. In theother process (fig. 28) the tar

is first mixed with light oil from the low-temperature carbonization process.
The mixture of light oil and tar is then washed with caustic soda to extract
phenols and obtain pitch and neutral oil. The neutral oil is then distilled,
yielding pitch, which is combined with that from the caustic-soda extraction,
and Diesel oil, which is separated by methyl alcohol as before into two
grades of Dlesecl oil,

Experiments were conducted with these processes in a pilot plant at
Oranienburg, near Berlin, from 1942 to 194k, and plans were formulated for
the construction of large plants in the Saar end in Upper Silesla. However,
construction of the large plants had not started, and the experimental plant
had been destroyed by air raids when the war ended.

Pintsch Gasﬁ?lants:

The production of gas from brown-ccal tar was carried out in 26 plante
built by Julius Pintsch Kcemmanditgesellschaft, Berlin. The gas produced in
those plants was used by the Gemman railroads for the illumination of passen-
ger cars and for the heating of car whee¢ls in repalr shops.

A typical plant of the Pintsch typc was visited at Rummelsburg near
Berlin. It had three gas-making machines. ZXach consisted of a prehcater,
two checker-rilled generators, snd tar-collecting equipment, The brown-coal
tar passcd first through the heat cxchanger, where it was preheated by gases
leaving the generators. A portion of the preheated tor then was burned in
onc of tho generators to heat that gencrator to gasifying temperature whilc
the remaindcr of the tar was being gasified in the other gpnerutor. At regu-
lar intervals the operations of the two generators were reverscd., The gen-
erators opcrated at approximately 800°-850° ¢. (1,472°-1,562° F.) aend 500 mm.
(19.7 inches) water pressurec.

The gasification of 1 metric ton of tar requircd burning 200 kilograms
(L4l pounds) of tar to heat the gencrators. It produced 250 to 500 cubic
meters (8,830 to 17,660 cubic feet) of gas having a heating value of 9,000
kg.-calories per cubic meter (1,010 B.t.u. per cubic foot), and §O'xilograms
(66 pounds) of light hydrocarbon oil. The latter was shipped to Rutgerswerke
A.G. for refining. The gas was campressed to 15 atmospheres (220 pounds per
square inch) for distribution through pipe lines to various points of use or
redistribution.

The annual, production of Pintsch gas from brown-coal tar in Germany was
about seven to ten million cubic meters (247 to 353 million cubic feet). An
additional cne to two million cubic meters (35,3 to 70.6 million cubic feet)
was produced in the same manner from petroleum oils.
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Yields of  Products by Different Operating Procedures

The different yields of products that were obtalnable from a single tar
by working up the tar in different ways are shown in table 3, which was pre-

pared from data published by Lurgl (frame 539).

A brown-coal tar from the

Lurgi-Spulgau process was subjected to (1) distillation with paraffin re-
covery, (2) pressure distillation, (3) cracking, and (4) hydrogenation.

TABLE 3. - Products from Lurgi-Spalgas brown-coal tar

when processed by different methods

Distillation
and peraffin
recovery, Pressure Hydrogenation,
percent distillaticn, |Cracking, percent
Products A B ; percent percent A B
Motor spirit «... 6 o i 10 33-35 80 20
Diesel oil 21 35 1550 20-22 - 39
Fuel 0il sseesess | 43 129 10 - - -
Lubricating oil.. - - i - - - 17.5
Pare}.ffin s0 000 9 9 ! - - - 1505
Piteh eeveeneeees | 2 1 2 | 15-20 30 - -
Electrode carbon. 9 9 i - - - -
Gas 1088 seesess. |10 110 | 15 15 20 10

Characteristics of German Low-Temperature Tars

Little information was obtained during the course of this investigation
concerning the characteristics of German low-temperature tars that was not
already contained in publications issued beforc World War II.

Apparently little investigational work dealing with the chemical con-

stituents of low-tempcrature tdr was carried out after 1939.

In that year,

Dr. 0. Kruber of Ges;llschaft fur Teerverwertung m.b. H., published an arti-
cle entitled "Beitruge zur Kenntnis des Steinkohlenschweltecrols" in Oel und
Kohle vereinight mit Potroleum, volume 45, page 770 (framcs 663-667).

For purposes of comparison, some analytical data for several German low-

temperature tars arc prescnted in table k.

ments collected in the course of the investigation.

The data werc taken from docu-

Dephenolization of Low-Temperature Carbonization Waste Waters

An important aspect of low~temperature carbonization in Germany was the

considerable effort given to rcmoving phenols from waste waters.

Profitable

recovery of these phenols was generally secondary to keeping-them from

polluting rivers and strcams.
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TABLE 4. - Characteristics of some low-temperature tars
; |Solid-! Degrees | | | Engler distillation,
Specificjifying| Engler- | Flash ; lAs!h ,: percent by volume _ | Source of
gravity !point, v1scosrtv ' point, Sulfur, per-: To {200°- |2309~ {270°- | 300°- | information,
Source of tar ' at °C. oc. ! at °C. T og, 'percen‘d Ventgeooocb,%o €.l 270°C.i 300°C.{ 360°C.; frame No.
Borsig-Geissen 0.905 I 1.3 | ' | i , ‘
(brown coal) to 37 to ' ! [2 6 112 | 10 | 384
0,960 1.6 ! ' t ) g (3550) 585
at 60°C, at 100°C. i 1 | : , !
' H : } ' . i
Lurgi-Spilgas 0.9175 37 125 f 1.8 | Pl 1| 1ks ) 12,50 1205 385
(brown coal) at 60°C, } i | i (3209). |
i ! t
i ‘ i i
Lurgi-Splilgas 1.055 7.7 : § |
(bituminous, high-|{at 20°C.| 20.5! at |0.15; 2 11 15 | 10 2k ‘ 388
volatile coal) 50°¢, : ;
b 4 ! :
Krupp-Lurgi - 1,05 =15 2 60 Less‘ |
(vituminous coal to to at to ¢.7 |thex! 6.7 | 6.4 | 10.9 8.7 21 389
- Ruhr) 1.06 -20 50°C. 70 §o A5
! i
Bremstoff-Technik | 1.03k -
520°-560° C. “at 0.05 k.7 ;13%.1 | 15.9 : 8.9 | 23.6 450
(Bituminous coal) | 15°C. . L i ‘
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The devhenolization of waste waters from low-temperature carbonization
plants is a somewhat more difficult problem than that encountered at high-
temperature plants. In addition tc the phenol, cresols, and xylenols oc-
curring in high-temperature carvonization waste waters, the low-temperature
plant waters also have higher-boiling alkylated phenols, dihydroxy benzenes,
and fatty and humic acids. Of the several dephenolizing processes used in
Germany, not one seems to have sufficient flexibility to cover high- and
low-tomperature cartonization and hydrogenation~plant waste waters. The
various processes employed will be reviewed briefly from the standpoint of
their application to low-temperature carbonization waters.

Dephenolization by Destruction of Phenols: Frame G9k.

(a) Evaporation and then burning of the residuc. Corrosion was a
rarticularly bad problem in this process. In one installation, all waste
vater wvas evaporated direcctly into the air by ges-heated furnaccs. Therebdy,
most of the phenols were burned before leaving the 250-foot high stack of
the furnace.

(b) Quenching of coke with the waste waters. This method merely re-
sulted in polluting the atmosphere, Coke of inferior quality was obtained.

(c) The waste water was used at coal-flotation plants in Lower Silesia,
where its frothing churacteristics appcared usciul.

(¢) Aeration and bacteriological oxidation, with phosphates to promote
bacterial growth, was practiced by Emschergenossenschaft and others., This
process was generally not e primary step but was used to clean up waters
alrcady pertially dephconolized.

Dephenolization by the Benzene Process: Fremes 928-983%; 995; 1016-1018.

The original process consisted of wushing the waste. waters with benzene
and recovering the benzene for recycling by distillation., A very large vol-
ume of benzene was required for substential phenol rcmovcl. Recovery of this
volume of benzene by distillation was costly. Emschergenossenschaft, which
originally used the process, changed to the Pott-Hilgenstock variation (fig.
26, framc 995), wherein the Lenzenc washings wore continuously extracted
with caustic soda solution. Phenols werc separetud as phenolates, and the
benzeno was recycled. This process was used in the Ruhr coking plants,
vwherc phenolates were centrally treated for phenol recovery. Its applica-
tion to low-temperature carbonization-plant waters was limited. Benzene
was not a natural byproduct of such plants and therefore had to be shipped
in, Any losses due to the high solubility of benzene in the waste water had
to be strictly watched. 7This necessitated high-steam stripping costs for
benzene recovery from the extracted water. A further variation of this ex-
traction process involved the use of dephenolized middle oil from low-tem-
perature carbonization plants in place of benzcne. The water solubility of
this oil wos less thean that of bhenzene. However, Irequent difficulties were
encountercd owing to stubborn emulsions. Again, as with the Pott-Hilgenstock
benzene process, phenoletes were formed from low-tcemperature carbonization
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liquors which could not be completely sprung with CO2. To recover more di-
hydroxy benzenes and the higher alkylated phenols, sulfuric acid treatment
was necessary. This resulted in -the subsequent destruction of soda.

Dephenolization by the Steam-Stripping Process: Frames 980; 98l; 996; 1007-
- T 1009; 1012.

In this process, figure 30 (frame 1012, Abb. 8), which was developed
by Koppers in 1925-28, no solvent is necessary. Volatiie phenols are stripped
with steam and the phenols are removed from the steam by hot caustic soda.
This process was used before the last war for removing phenols from emmoniacal
liquors at some of the German high-temperature carbonization plants. During
the war it was adapted as well to the recovery of phenols from lowgtempera-

ture carbonization waste water. Plants were installed at Most (Brux), Bohlen,
and Espenlain.

At thesc plants the water was first mildly blown with steam to rcmove
COp, HoS, and some NH3. Some phenol elso escaped, The water was then
countércurrcently stripped with steeam, and the phenols were caught in hot
caustic-sode solution., Alter the caustic became about half-saturated with
phenols, its residual alkalinity was used up by extracting phenol—bearlng
oils from the low-temperaturé carbonization plant. The phenolate, as in
the benzol method, was processed by COp springing.

Low-tumperature plant waters contain some stecam-volatile fatty acids.
Ammonia must be maintaincd in the stcaming process in order to decrecasec the
volatilization of the fatty acids.

The steem stripping was found to have a distinct disadvantage when ap-
plied to low-tomperature carbonization waste waters. The higher boiling.
phenols, pyrocatcchol, etc., were not removed. Consequently, additional
treatment was neccssary to mekc the waste water innocuous,

Dephenolization by Carbon Adsorption: Frames 996-997.

In 1930, Lurgl, at a high-temperature carbonization plant in the Ruhr,
clarified carbonization waste waters by passing them through ccke and then
through beds of activated carbon (fig. 31, frame 997, Abb. 4). The phenol
removal was good, dowi to 0.05 gram per liter. Higher-boilling phenols and
oils also were removed. When the activated carbon had teken up 6-10 percent.
by welght of phenols, it was weshed with benzene. The benzene was removed
fram the washings by distillation. By this process a greater percentage
of phenols was recovered than by the benzol or steam-stripping mebthods, and
no caustic soda was requircd. Steaming of the ‘carbon served to reactivate
it and to complete the benzene recovery. The high-phenol recoveries would
appear to make tho process attractive., However, the plant was shut down
when phenol prices dropped, and no further operations were started, possibly
for the following rcasons: (a) The process was not continuous; (b) re-
activation of the 'carbon was difficult owing to the accumilation of high-
boiling acidic and tarry constitucnts; and (c) plants had already been
constructed for working up phenolates f{rom the Pott-Hilgenstock steam-strip-
ping and other processcs,
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Dephenolization by the Tricresylphosphate Process: Frames 992; 997; 1006-
1007.

I. G. Faroenxndustrle A. G. developed a solvent-washing process which
appeared to have promise for removing phenols from hydrogenation and low-
temperature carbonization plant waters (fig. 32, frame 992). The solvent
is tricresylrhosphate, "Triphos,"” It has a very high boiling point and a
high adsorption coefficient for phenols. Phendlic waters extracted with 15-
20 percent tricresylphosphate will have a residual phenol content of about
0.1 gram per liter.

Phénols are recovered from the solvent extract by vacuum distillation.
Tricresylphosphate remains &8 a distillation residue ready for recycling.
Cleaning up of the tricresylphosphate with fuming sulfuric acid and lime is
necessary when accumalations of tarry and high-boiling materials occur.

Several plants were erected, but many disadvantages became apparent,
especially in dephenolizing low-temperature carbonization-waste waters. High-
boiling phenols were very difficult to remove by distillation. These accumu-
lated in the tricresylphosphate and decreased its dephenolization efficiency.
Moreover, this accumuletion of high boilers, tars, and phenols thickened the
tricresylphosphate, with subSequent emulsification troubles. Frequent and
costly sulfuric acid purifications of the solvent were necessary. The proc-
¢88 is better suitcd for hydrogenation and high-temperature coking-plent
waste waters, ‘

Dephenolization by the Phenosolvan Process: Fremus 998-100k.

As more and larger low-temperaturc coal-carbonization plants were built,
the need for a good dephenolizing scheme became more urgent. A large number
of solvents was studied.

A method developed by Metallgesellschaft A. G. for cleaning up hydro-
genation waste liquors was found to be upplicable to low-temperature carboni-
zation waters, as, for example, from the Lurgi—Spulgas process,

The méthod makes use of a special 'solvent called "phenosolvan." This
solvent, although frequently referred to as a mixture, 1s essentially iso-
butyl acetate. It is nontoxic, has a boiling point’ of 110°-130° C. (230°-
2660 F.), and a specific gravity of O. 88. Claims are made that no emulsifi-
cation difficulties are ynCOuntered in the use of phenosolvan and that the
solvent losses are low, i.e., O. 1 to 0.2 gram per liter.

The following extraction efficiencies are given for low-temperature car-
bonization waste waters. To reduce the phenol content from 7.0 grams per
liter to 0.1 gram per liter reguires, in volume percent, either 220 of ben-
zene, 250 of dephenolized low-tsmperature carbonization 0il/17.5 of tricresyl-
phosphdto, or 10 of phenolsolvan.

In 19&0, Lurgi and I. G. Farbenindustrie A. G. collaborated in the com-
mercial exploitetion of this process (fig. 33, frame 1010; and fig. 34, frame
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G98, Abb., 6). The first large plant was put into operation on hydrogena-
tion waste waters at Pélitz, near Stettin, :The process was apparently con-
sidered successful, as soon thereaiter a phenosolvan plant was set up at
Blechhammer &nd another at Most (Brux) for treating loy-temperature.carboni-
Latlon water° and hydrogenation liguors. A fourth was being constructed in
Saarbricken at the end of the war. Two other nhenosolvan Pplants were built
by Lurgi in 1947 - one at the Brabag works at ‘BOhlen and another at Leuna.
Both were for the dephenolization of hydrogenation liguors.

The low-temperature waste waters first had the tar and oils removed
mechanically. The water was then treated.in.a. three-stage countercurrent
extraction system with the equivalent of 10.percent.phenosolvan. About C.7

.....

percent phenosolvan’ rémained d;ssqlved in the.treated water. This was re-
covercd by steam $tripping and was reused. The phenosolvan extract was con-
tinuously distilled, whereby distilled phenosolvan was recovered for recycl-
ing. Mixed phenols were recovered as a distillatlion residue to be processed
later for phonol, crcsols, ‘xylenols, a.nd, pyrocatechol, as, for exemple, at

the Leuna works.

At Blechhemmer thorc were serious restrictions on effluent disposal,
and, although the phcnogolvan process rcduced the tar-acid content of the
spent liquor to less' than' 200 milligrams per liter, furthcr trcatment was
necossary. The liguor was diluted, heated to 25° C, (77° F.), trcated with
bacteria, and pumpcd: over waste ashes’ from the power station. The final
tar-acid content was'less than 0.5 milllgrdm per liter.

Refining and Usc of° Tdr Acids from Gormen Low-Temperaturc
Carbonlzdtion and Hydrogenation Plants

The largest plant in Germany for working up the tar acids recovered
from brown-coal carbonization and hydrogenstion plants was at Leuna near
Merseburg. It was owned and operated by 1. G. Ferbenindustrie.

The monthly tonnages of crude tar acids received at Leuna from various
sources and the monthly quantities of refined tar acids produced at that
plant during the period Januery to May 1944 are given in toble 5.

The. extremely diversified and extended operations of the I. G, Farven-
industrie Leuna plant are herein considered only from the standpoint of the
processing and partial utilization of tar acids. Crude and semirefined
phenols were received at the Leuna South Phenol Works from the Leuna liquid-
phase hydrogenation-plant middle oll, from low-temperature carbonization and
hydrogenation plant woste waters,and from other sources., Tar acids from the
waste-water sources had been extracted by the phenosolvan, trioreaylphosphate,
and Koppers stecam-stripping cephenolization processes at Leuna, Most (Brux),
PAlitz, Blechhemmer, A. S. W., Brabag, and elsewhere. These Bar acids were
all brought into the Leuna South Phenol Plant, where, after some preliminary
treatment, they were comblned end processed togéther;
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TABLE 5. - Ter acid received and produced per month at Leuna plant
of I. G. Farbenindustrie, January to May, 1944l/

| Metric tons,
| _per month

Sourées of' crude~tar acid:
0ils from vrown-coal hydrogenation at Leuna seesesnesn 870
Phenogolvan extracts from hydrogenation and low-temper- .

ature carbonization waste water:

POLITZ veeenneeenseonrennnoncocsassocnensnonsannasl 302
BleChNaMNET «veooecescoosococsrcososscsososcscscoosss 163
Most (Briix) 1,152
2,507

Production of refined-tar acids:
38° Co (100.4° F.) MeDPe PHENOL weveveecnooscoroasconnss 15
4L0.2° C. (104.4° F.) meD. DRENOL evevecorvsnsnsennascnnn | 610
Ortho fraction seeeeeeesessscscsescsccssesescssocncssas 100
Ortho cresol (50 Percent) eceeescecesccssscssscscoaseoss 90
Cresol DABh (at least 38 percent m-cresol) «eeeeeeceses | 360
Cresol DABG (at least 50 percent M=CresSol) ceeececssces Lo
Xle’lol ® 0060000000000 0060¢ 0008088000080 0008000 de0000 00600000 250
XylullOluN 0000 e U000 000000000000 00000000000 00000000 70
Crude pyrocateChOLl I seeececcoesssesesssscsssasorncnsess 25
Crude pyrocatechol I ceceeeecoccssncocsosssoccsosscnssns 130
Crude pyrocatechol III 2
Crude pyrocatcChol IV seeseescesscssocososasosocssnsone 70
REGIANEE severnvocesssocosnsasacsascasesessssoancnnosss 710
2,452

1/ Crude-ter acids from A. S. W., Brabag, and elsewhere were also proc-
essed at times in the Leuna plant.

Processcy and products that will ve covered briefly in this section are
(1) tar-acid extraction and processing at the Leuna coal-hydrogenation plant,
(2) pretreatment of the separately derived crudc-tar wcids, (3) fractional
distillation of refined tar acids, (4) sulfuric-acid refining of crude cre-
sol, (5) production of pyrocatechol, (6) hydrogenation of phenol to cyclo-
hexanol (7) production of cyclohexanone, (8) menufacture of cyclohexanone
oxime and caprolactem, (9) manufacture of adipic acid, and (10) manufacture
of Igamids.

Numerous references are given in the text to plant and equipment lay-
outs and decscriptive literature. These references are indicated by frame
numpers, which refer to FIAT Microfilm Reel C-98 or TOM Microfilm Reel 152
(PB L 13,093).

Tar-Acid Extraction and Processing at the Leuna Coal-Hydrogenation Plant:
Framcs 678-68%,

The tar-acid proccsses employed in this plent were (a) extraction of
tar-acid 0il and purification of the rcesulting phenolate, (b) transfer to
the CO2 and caustic plant for springing of tar acids, and (¢) final springing
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and primary distillation of the tar acids after their return from the COp
plant. The distilled tar acids were sent to the Leuna South Phenol Plant
for further refining.

(a) Extraction and Phenolate Purification:

Distillate middle oil from the coal-hydrogenation plant, containing
about 15 percent tar acids, was extracted in a six-gtage, continuous, tar-
acid-extraction system, The arrangement of the equipment is ghown in fig-
ure 35 (frame 682)., Mixing was done in chambers equipped with orifice dand
baffle plates. Aftor leaving the chambers, the mixtures were continuously
separated in 14,800-gallon (56-cubic meter) tanks partitioned into 12,950-
gallon (49-cubic moter) and 1,850-gallon (7-cubic meter) sections, except
for the first-stage lB,QOO-gallon (50-cubic meter) tank, which was partitioned
into 10,560-gallon (LO-cubic meter) and 2,640-gallon (lO cubic meter) sec-
tions. 01l overflowed from the larger section into the smaller one, from
which 1t was taken to the next stage. Tho washings left the bottom of the
larger section. ZEach stage hed its mixing chamber and partitioncd decanting
tank.

Tho oil was troated at 40° C, (104° F.) in the first-stage washer with
woakly alkalinc phenol-wasgh water from the firth-stage washer. Next, the
oil onterod the second-stage washer wilth phenolate from the third stage. The
0il was further extracted with phenolate in the third-stage washer and with
10 percent caustic soda in the fourth stage., A final clean-up of the oil
wags made in the £1fth and sixth stages with phenol waste water.

The saturated phenolate from the second-stage washer wag preheated to
100° C. (212° F.) and then steam-stripped of its oll in a tower. This tower
wag 43 feet high, had a diameter of 6.5 feet, and was filled with Raschig
rings. Crude phenolate entered at the top of the tower and steam at the
bottom. The oil-free phenolatc leaving the bottom of the stripping tower
von.‘ba,ined 17 to 20 percent of tar acids. The oil and steam coming from the
top of the columm were condenged, the decanted oil going to dephenollzed- '
0il storage and the water to phunolfwasto water.

(b) Springing and Ceusticizing:

Purified phenolate wasg pumped to the carbonation and causticizing
plant, where tar acids were liberated by COp and the soda wae recausticized.
This plant was not a part of the hydrogenation works. A flow ghect of the
plant 1s shown in figure 36 (frame 684),

(c) Final Springing and Primary Digtillation of Tar Adids:

Crude tar acids from the preceding carbonation weore returned to the
hydrogrnation~plant phenol works. These acids conteined 11 to 12 grams of
goda por liter. The high-alkali content was objectionmable from the distilla-
tion standpoint, as it caused plugging of the proheaters and. polymerization

of the distillation rcsiduc. ConseQuently, additicnal springing. and soda
romoval were necesgary.
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The crude-tar acids 'were received at about 50° C. (122° F.) and were
stored in a 9,000 gallon tank. Some carbonate settled out and was occasion-
ally drawn off., Processing was continuous from this stage on through the
distillation. Figure 37 (frame 683) shows a detailed flow diagram of the
plant.

The tar acids were pumped into the top of -a gassing tower consisting of
six sections filled with Raschig rings. Before going into the tower, the tar
acids were mixed with an equal quantity of 15 percent aqueous sodium sulfate
solution. This admixture was claimed to be necessary to prevent crusts of
sclid sodium bicarbonate from plugging the gassing tower. The mixture, pre-
heated to 75° C. (167° F.), entered the top of the tower and was contacted by
a countercurrent stream ¢f CQ2 entering at the bottom. The gassed mixture
was pumped from a constant level in the bottom section of the tower. It went
to a partitioned separation tank of €,600 gallons capacity, from which the
purified tar acids overflowed into a 13,200-gallon receiver. Settled bicar-
bonatc-scdium sulfate solution from the partitioned scparator was converted
to sodium sulfate with 68 percent sulfuric acid, Acidification of the bicar=
bonatc was controlled so as not o liberate the fatty acids from their sodium
salts. Corrogion by fatty acids wag thus avoided.

The cleaned-up tar acids, contalning about 15 percent water, wore pre-
heated to 120°-125° ¢, (248°-257° F.) and drawn into a suction tank, whorc
vater and some forcrumnings were flashcd off, leaving tar acidg with only about
3 percent water., The partly dried aclds thon cntercd the distillation system.
In this thore werce threc identical columns cach conglsting of four scctions
packed with Raschig rings, equipped with high-prossuré steoam colls at the bot-
tom, and oporating undcr a vacuum oi 40-60 mm. (1.6-2.4 inchcs) Hz absolute.

Tar acids from the suction tank werc pumped through a prechecater noated to about
120° C. (248° F.) and entercd the top of the bottom scotion of the first column.
Water and some phenols were flaghed off the top of the columm, and the residue
at the bottom at 115°-1250 C. (2390-257° F,) was pumped through a preheater
heated to about 160° C. (320° F.) and into the second column. Here, a crude,
high-phenol fraction was obtained overhead, and the residue, at about-160° C.
(320° F.), was pumped into the third column, where a second tar-acid distil-
late was produced. The residue in the third column was held at about 160°-170°C,
(320°-338° F.). It was used in the hydrogenation plant or shipped out of the
plant, Distillates from thils plant were further processed and blended in the
Leuna South Phenol Plant.

The average throughput of the plant was 2.5 to 2.7 metric tons per hour
of crude wet-tar aclds,

Average composition of tar acids in the distillation system during Octo-
ber, November, and December 1943:

! T No. 2 colum ;No. 3 columm

| distillate, |[distillate,

{ Charge, percent percent percent. _

| Oct, INov. |Dec.|Oct.|Nov.|Dec.|Oct.!Nov, Dec.
PhenOle cevvvesecnssronnesss | 50.5[56.8 [26.2748.3146.2|35.0123.2[19,1{11.1
Cresols seresssnsnsesenaesss | 36.8139,2 138.3138,5142.0/Lk4.01L8.5/49,0]39.2
X§1en0lS evsevenvearearaenss | 6,70 9.8 |15.8/74.0) b,2]12.5/15.625.5[26.0,.
Boiling higher than xylenols | 20.0;1L4.2 i19,7! 9.2!1 7.6 8.5'12.7 8.4123,7
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Figure 37. - Flow diagram for final springing and primary distillation of tar acids at Leuna,
|. G. Farbenindustrie, Merseburg.
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Pretreatment of Tar Acids

(&) Phenosolvan extracts: Frames 685; 690.

The phenosolvan extracts from Most (Brux),P5litz, and Blechhamer had
the following approximate compogitions:

~ Percent
Most (Brux) Politz | Blechhammer

TP0 vvvvessvesesensnsasensosasenins 0.5 0.5 0.5
PRENOL sevnoerevrnssorecscssncssanse 18 40 20
Cresols seevecasesocsocsecasoscencne 13 20 20
Xylenols eececovrrsoccvosressscsnnse 5 5 5
Pyrocatechol and homolegues o) - -
Higher boilers and residle «oveeees 23.5 24,5 54,5

These extracts, as received at the tar-acid plant, could not be directly
fractionated because of the very high percentage of high-boiling compounds.
The heavy build-vp of residue in the stills slowed down and at times even
stopped the distillatlon, although only & small part of the available light
phencls had been recovered. A preliminary clean-up distillation at only 1
to 1 reflux ratio, or less, was necessary in order to scparate the bulk of
the phenol, cresols, and Xylenols. These were recovered as a rofined tar-
acid mixture and were later fractlonated to yield the Tinighed products. In
the case of the Most (Brix) phenosolvan cxtract, the low-reflux preliminsry
distillation was carried beyond the xylenol rangc. After the xylenols had
been removed, distillation was contlnued with no reflux to yield crude pyro-
catechol, The lattor was then proccssed separately.

(b) A.S.W. and Brabag Crudc Tar Acids: Framos 690-691,

Thege crude aclds origindted from COo acildification of phenolates derived
from Koppers steam-gtripping dephenolization plents. They contained wator
and 2 to 5 percoent, of soda., Romoval of the soda was neccssary in order to
prevent polymerization and coking in' the stills ané hoaters. Those crude
acids, along with some othcrs, were treatcd with sulfuric acid beforc die-
tillation. A refining still, to bo described lateor undor “Fractional Dis-
tillation of Refincd Tar Aclds,"” was used for this purposc.

Forty metric tons of crude wet acids were charged to one of the refining
stills, togother with about 1,000 gallons of watcr, and mixed by reclrculation
with 75 or 96 percont sulfuric acid, Acidification wes considored complete
at Congo Red ecndpoint. The recirculating pump was stopped, and, after gravity
separation, about 2,600 gallons of sodium sulfate solution was drawn off. The
acidified tar aclds remeining in the still were again recirculsted and neu-
tralized with just enough caustic soda to combine with the free fatty acids,
Pregence of the latter during distillation would causs severe corrosiocn, The
yield of acidifled acide was about 8,700 gallons with an ash content of ap-
proximately 0.5 percent. The treating time was about 12 hours, and approxi-

mately 2,000 metric tons per month of crude wet aclds could be processed in
one still,
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As a final step in this pretreatment of crude tar acids, the acidified
acids were given a rough distillation throughk one of the bell-and-tray columns
used for refining purposes. A charge of 50 metric tons yielded 33-40 metric
tons of distilled tar acids, 2,100-2,600 gallons of water and forerumnings,
and 4-10 metric tons of residue. The distillation time was 12 hours, and
capacity per unit wag approximately 2,000 metric tons a month of acidified
tar acids. A small amount of reflux was vsed during dehydration but was’
stopped altogether when dry tar acids appeared. The end point of the dis-
tillation wag determined by the viscosity of the residue at 50° C, (122° F.).

(c) Preliminary Distillation of Other Crude Tar Acids: Frames 687-683;
' 693,

Crude tar acids from the Leuna coal-hydrogenation plant and other sources,
which did not have an excessive content of ash and high boiling portions, were
predistilled without fractionation from a still having no columm. Figure 38
(frame 69%) shows the arrangement of two such stills.

The average compositicn of the still cherge was as follows:

Percent
Carbon residuc 0.5
Walor seeveascesacscscensasne 15
Phenol 25
Cresols 35
XyLlenols ceescovcasasccnnnes 10
High boilers and rcsiduc 14.5

The following matcerials woire obtalned:

Percent

(about)
Water and forcrunnings 15

Distilled tar acids ........ 67
Residue (alkyl phenols con-
taining about 3 percent
carbon residue) 18

The still of approximately 9,500-gallon capacity had no column. It was
lined with acid-resisting material. A laycr of Raschig rings at the top of
the still prevented liquid spray carry-over to the condenser. Vacuum, down
to 5 mm. (0.2 inch) Hg absolute, was applied from a [ive-stage steam-cjector
asscmbly. The heating was provided by high-pressure steam in a vertical, 10-
metcr (32.8-foot), long-tubc cvaporator extending into the bottom of the
st1ll. An Eckardt motcor measurcd the tar-acid charge to the still, This
mcter did not prove satisfactecry for measuring residues aftor distillation.
A roflux sct-up was installed for better scparotion of water-tar acid fore-
runnings but did not prove succeasiul,

Five thousand two hundrcd and cighty gallons (or 20 m?) of the crude
tar acids wore charged from sterage into the still, Vacuum was applied, and
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steam was turned into the evaporator. The maximum still temperature was

160° ¢. (320° F.). Condensed water and forerunnings flowed through a sight
glass at about 20°-30° C, (68°-86° F.) to decanting tanks. When the liquid
in the sight glass was no longer milky, the distillate streem was directed

to distilled tar acids storage. At the end of the run, the vacuum was killed
by bleeding in nitrogen gas, the residue was pumped to storage or tank car,
and another run was started at once. The still residue was composed primar-
ily of alkylated phenols. It was sald 4o be uged for production of a wood
preservative known at "Basileum."

A safety trap filled with xylenol was connected directly to the still
to prevent accidental pressure build-up due to freezing of phenol in the con-
denser and coolers, even though these later wore thermostatically controlled
at predetermined safe levels.

A 20-metric ton charge could be distilled in about 12 hours, or equiva-
lent, to approximately 1,000 motric tons per month.

Fractional Distillation of Refined Ter Acids: Frames 688-690; 695; 696.

Refined tar acids preparcd from various composite mixturecs of the afore-
menticned acid -~treating and distillation processos were further resolved by
fractional distillation through any cne of four 48-bell-and-tray colums.

The following finished and semirefined products were obtained: (a) Forerun-
nings and water, (b) crude 38° C. (100,4° F.) m.p. phenol, (c) pure 40.2° C.
(104.4° F.) m.p. phenol, (4} phenol intermediate, (e) orthoc fraction (40 to
50 percent ortho cresol and 25 percent phenol), (f) cresol DABL (at least 38
percent meta cresol), (g) xylenol fraction (mixture of xylenol homologues),
and (h) distillation residue.

- The fractions were. collected separately and where necessary were again
refracticnated to specification. For example, 38° C. (100.4° F,) m.p. phenol
wag distilled to obtain mope %0,2° ¢, (104,4° F.) m.p. phenol.

There were four distillation units, and a fifth was under construction.
Figure 39 (frame 695) shows one.of the distilling unite.

The still (each column had one) had & capacity of about 13,200 gallons.
It was made of wrought iron but had an acld-proof lining. A chrome-steel pipe
extended from the bottom of the still to a cast-chrome recirculating pump,
which fed the tar acid to a vertical-tube evaporator through a chrome-stecel
line., The evaporator tubes were made of VRA steel and had a heating surface
of 100 m® (1,076 square foet), Tho composition of VoA stecl is Fe, 72.0;
Cr, 20.3; N, 7,12; Mn, 0.23; Cu, 0,055 C, 0.25; Si, 0.2%; S, 0.02; and P,
0.0l percent. Heat was furnished to thc tube nest by high-pressure (16 at-
mospheres or 235 pounds por ‘squarc inch) steam., Tho heatcd liquid and vapors
entered the column from the sidc at a point just above the bottom. Conden-
sate and nonvolatlles drained from the bottom of the column into the still,
where they were continuously picked up :and again rccirculated through tho
heator.
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Vacuum to the distillation system was applied through a piston vacuum
pump of about 600 cubic meters (21,190 cubic feet) per hour capacity. The
working range during distillation was 200 to 30 mm. (about 7.9 to 1.2 incheg)
cf Hg absolute.

The colum was of the bell-and-tray type, 56 feet high, and had an in-
gide diameter of 6.5 feet. The column had 48 cast-iron trays. All other
parts of the column were of wrought iron.

Fifty-four and seven-tenths metric tons of ref'ined tar aclds were charged
to the still from a 528,000-gallon storage tank, After charging, vacuum was
applied, the recirculating punmp was started, and heat was supplied to the
evaporator, During distillation, the gtill temperature ranged from 30° to
190° ¢, (86°-374% F.). The exit vapors from the top of the column averaged
about 120° C. (248° F.). They were condensed to 30° to 90° C. (86° to 194° F.),
and reflux was pumped back to the tor of the column at ratios of 2:1 to 9:1
during distillation.

To avoid excesslive losses in the steam of the comparatively volatile
phenol, the steam and vapors leaving the condenscr were passed through a
tower, where they were scrubbed with xylenol, which has a rc¢latively low-
steam volatility., The product going to receiving pans and storage was fur-
ther cooled, 20°-50° C, (68°-1220 F,), by a thermostatically controlled water
cooler. Precaution was taken to prevent any sudden pregsure build-up due to
freczing of phenol while at the same time safeguarding the quality of the
product by not holding it in storage at too high tomporaturcs.

Tho pressure drop through the column under normal operating conditions
was as high as 240 mm. (9.4 inches) of Hg.

A still charge required about 40 hours running time. At this rate, a
single column could fractlonatc approximately 500 motric tons of refined tar
acids in a month.

Ag in all of the other tar-acid distillations, the vacuum was rocleased
at the end of the run by drawing in nitrogen gas.

Sulfuric Acid-Refining of Crude Cresol: Frames 688; 690.

Crude crcsol, DAB), as obtalned by the fractional distillation of ter
acids, was furthor purified by sulfuric-acid treatment and redistillation
to yield a refined cresol DABy. The lattor, containing at lcast 38 percent
m-cresol, was a German pharmacopocia specification. The acld treating and
distillation took place in the bell-and-tray column agsembly Jjust described.
The still was charged, as for a.regular distillation run. Two percent by
volume of concentrated sulfuric acid was charged from storage through the
recirculating pump. The mixture was recirculated for intimate contact and
then distilled through the column at 5 mm, (0.2 inch) of Hg vacuum absolute.
At the end of the distillation the still residue temperature increased to a
maximm of 110°-115° C. (2300-239° F.).

2749 48



Vacuum-steam ejector ‘

Reflux cooler |

Cooling water F—F—x

Kettle with 2 cu=meter level 5 atmospheres |I——t7-—

2mix:er,D 4 level

-m. I. D.
) Pressure, 1 atmosphere -
To atmosphere to 200 mm. Hg absolute
Kettle with mixer, |
’ 2-m. I. D.
|

centrifuge,

A 1-m. I. D. Mother liquor,

trichloroethylene-free
Charging device (to be burned on dump)

Nitrogen, 60 0-700 C

Pure

From fractionating plant trichloroethylene

(Figure 39*

Technical
pyrocatechol, dry

Mother liquor

containing
trichloroethylene, L T

20 cu. meters

Figure 40. - Plant for nroduction of pyrocatechol at Leuna, |. G. Farbenindustrie, Merseburg.






I.C. 7490

The addition of sulfuric acid tied up the tar bases and had a resinifying
effect upon the neutral unsaturated constituents of the crude cresols, A high
vacuum had to be maintained throughout the distillation in order to prevent
too much of an increase in the still temperature, with consequent decomposi-
tion of the tar-base sulfates. During the distillation, a emall amount of
aqueous forerunnings was obtained. The residue was about 10 percent of the
charge. The dry distillate now met German pharmacopoeia specifications for
refined cresol DAB), which must contain at least 38 percent. meta cresol. By
further fractionation, cresol DABS could be produced that contained at least
50 percent meta crecol.

Production of Pyrocatechol: Frames 691-692; 697.

Pyrocatechol was produced in a plant that had been converted from pilot-
plant operation. Figure 4O (frame 697) is a flow disgram of this plant.

As previously described, the residue from the Most (Brux) phenosolvan
extract distillation was further distilled to yield a crude pyrocatechol
fraction, This material contained about 50 percent of pyrocatechol and about
30 percent of pyrocatechol homologues. The crude, which wag stored in a
13,200-gallon tank, had a freczing point of 50°-55° C, (122°-131° F.).

Two hundred and sixty-four gallons of the melted crudc was pumped at
60°-709 ¢. (140°-158° F.) into a kettle containing 264 gallons of trichloro-
ethylene. The kettle was equipped with an agitator, cold-water jacket, and
reflux condenser. After solution, the mixture was cooled and gstirred until
the temperature dropped to 20°-30° C, (68°-86° F.), at which point crystalliza-
tion was considered complete.

The crystalline paste was centrifuged, washed with trichloroethylene
while still spinning, and then dried in a rotating drum drier by means of
60°-70° ¢, (140°-158° F.) nitrogen gas. The exit nitrogen gas was passed
through a dust filter to recover additional solids. Trichloroethylene carried
over with the nitrogen was not recovered. After drying, the pyrocatechol wasg
collected in paper bags. This product, known as technical-grade pyrocatechol,
contained 95 percent of pyrooaxechoi plus 5 percent of pyrocatechol -homologues.
It had a freezing point of 1020 C, (215.6° F.).

The mother liquor from the centrifuging operation was pumped into another
reaction kettle, which was temporarily sct up as a still. Here trichloro-
ethylene was recovered by distillation. Toward the end of the distillation
a vacuum of 200 mm, (about 7.9 inches) Hg absolute was applied in order to
strip out the last traces of solvent. ,Yiclds from a 264-gallon batch of
crude pyrocatechol weore about 990 pounds of technital pyrocatechol and about
1,200 pounds of regiduc., This rcsiduc still containcd about 20 percent pyro-
catechol along with 50 percent of pyrocatechol homologucs and was disposcd of
by burning. The working time for a 26k-gallon charge was about 12 hours.
Twenty metric tons of technical pyrocatcchol could be produced in a month,

Extended research on the recovery, purification, and uso of pyrocatechol
has becn reported by Dr. F. A. Croy - framcs 1308-1369, Extensive rescarch
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work on muconic acid derivatives from pyrocatechol was reported by Dr. G.
Spengler - frames 718-738,

An important consideration in the production of pyrocatechol was the
potential use of this compound in the leather-tamning industry, particularly
in Czecho-Slovakia.

Hydrogenation of Phenol to Cyclohexanol: Frames 698-706.

The phenol used in the hydrogenation to cyclohexanol was the 40.2° C,
(104.4° F.) m.p. material obtained from the tar-acid refining stills. It
contained about 0.1-0.2 percent sulfur., On the basgis of the phenol used,
the conversgion to cyclohexanol was about 99 percent,

The plant had 13 hydrogenation units, of which 7 were.ready for operation.
A single unit, theoretically, could produce about 90 metric tons of cyclo-
hexanol per month, barring equipment fallure and necessity for changing cata-
lyst. Considering repairs and catalyst rcnewal, 500 metric tons of cyclo-
hexanol per month production was estimatcd for the plant.

Essentially the hydrogenation process (fig. 41, frame 706), consisted
of passing a mixture of phenol and hydrogen over a nickel-aluminum oxide cata-
lyst at a temperature of about 150° C. (302° F.) and & prcssure of 15-20 at-
mospheres (220-264 pounde per square inch). An exothermic reaction took place
with considerable evolution of heat, which had to be adequately removed by
oxternal cooling. The reduction products werc then cooled, and cyclohexanol
was scparated by distillation from unrvacted phenol (which was returned to
the system) and “rom smell amounts of byproduct cyclohexanonc and water,

The catalyst chember was a stcel cylinder (26 fect long and 2.6 fect in
diameter) containing a nest of 211 tubcs, cach 1.3-inch in diamcter, which
wore £1llcd with the catalyst pellets.

The catalyst (No. Le 6523) was made at Leuna by adding sodium aluminate
solution to a solution of nickecl nitrate in water. The precipitated aluminum
and nickel hydroxide mixture was washed, filtercd, dricd, prcsscd into pellets,
and thon recuced with hydrogen. Beforce rceduction, the catalyst contained 1
molc part nickel hydroxide to 1 mole part aluminum hydroxidc., Tho reduced
mixturc contained 30 to 4O percent nickel mctal.

Highly purificd hydrogen bubblecd through a constant level layer of phenol
(at 1300-145° C, or 206°-293° F.) at the bottom of the hydrogenation tower and
became saturatecd with phenol., The vapor mixture thon went through a layer of
Ragchig rings and then through the catalyast chamber, where the hydrogenation
took place.

The process was completely continuous and automatic. Under good condi-
tions, such as a very low-sulfur content in the phenol, the catalyst lasted
for about % months before renewal was necessary. By this time, tarry and
high-sulfur-containing matter had accumulated in the evaporator at the bottom
of the hydrogenation tower. The quantity was about 25 gallons and was
discarded.
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Ortho- and meta-para cresol could be'hydrogenated in the same equipmént,
but with somewhat different catalytic efficiencies.

Production of Cyclohexanone: Frames 707-710.

Cyclohexanol from the phepol-hydrogenation plant was catalytically de-
hydrogendated to cyclohexanone, The unit could process about 80 to 100 gal-
lons of cyclohexanol per hour, or approximately 60,000 to 70,000 gallons per
month., .The conversion to cyclchexanone was about 98 percent., Figure 42
(frame 710) is a flow diagram.of the plant.

The dehydrogenation process congisted of vaporizing cyclohexanol, pre-
heating to a temperature of about 400° C, (752° F.), and passing the vapor
into the top of a catalytic chamber, This catalytic chamber was a vertical
tower packed with 37 two-inch tubes containing a zinc-iron catalyst. The
catalyst was made at Bitterfeld by adding 8 to 12 percent of iron powder to
molten zinc, casting the mixture, and thon breaking it into lumps. The re-
action chamber was heated to about 425°-450° C. (797°-842° F.). While passing
over the heated catalyst, hydrogen was split off, and cyclohexanone was formed.
The reaction product leaving tle bottom of the tower was condensed, the hydro-
gen was vented, and the crude cyclohexanone was further purified by flashing
off cyclohexane and water in a packed columm. Cyclohexanol -and cyclohexanone
left theo bottom of this column and were pumped into the middle of a plate
column, where cyclohexanone wasg distilled overhead and unreacted cyclohexanol
came out as a still residue.

The ontire process, including the rofining, was continuous and automatic,
The evaporator and reactor werc Jacketed and heated by circulating hot air.

A charge of about 900 pounds of catalyst lasted for 5 to 7 months and de-
hydrogenated about 1,500 metric tons of cyclohexanol before requiring renewal.

Qrtho-methylcyclohexanol could be dehydrogenated under the¢ same condi-
tione as cyclohexanol. Meta-para-methylcyclohexanol .was dehydrogenated less
efficiently, and catalyst life was short.

Manufacture of Cyclphexanone>0ximeAapd Caprolactam: Frames 711-T13.

The oxime of cyclohexanone was madé by the reaction of hydroxylamine
sulfate and cyclohexanone. Figure 43 (frame 713), is a flow diagram of the
process.

In the Leuna plant, a solution of hydroxylamine sulfate was made by the
reaction of ammonium Yisulfite, ammonium nitrite, and sulfur dioxide. This
solution was freed of byproduct ammonium sulfate by precipitating the latter
with calcium nitrite to form calcium sulfate, which was removed by a rotary
filter. The hydroxylamine sulfate solution was then cooled to 20° C, (68° F,)
mixed With,slightly_leSS than an equimolar quantity of cyclohexanone, heated
to about 90° C. .(194° F.) to initiate reaction, and then maintained slightly
below this temperature with thorough mixing and cooling. The reaction was
strongly exothermic. Ammoriia was used to neutralize the reaction mixture,
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which was then separated by decanting. Ammonium sulfate solution was drawn
off ag a bottom layer. The oily oxime formed at the top contained about 4
percent water.

This oxime next underwent a rearrangement with fuming sulfuric acid to
form caprolactam or "luran."” The oxime and fuming sulfuric acid, containing
25 percent free S0%3, were motered in a 1 to 1 ratio by welght and mixed at
about 85° C. (185° F.) in a reaction vessel provided with strong agitation
and cooling. This vessel had already been partly charged with the rearranged
product (caprolactam) as diluent to reduce the extremely high exothermic re-
action between the oxime and fuming sulfuric acid. After the rearrangement,
the reaction mixture with a sulfuric-acid content of 55 percent wag discharged
continuously into a neutralization vessel, where it was neutralized with 1k
percent ammonia water, care being taken to keep the temperature below 40° C,
(104° F,). After settling, the oily lactam, conteining about 30 percent of
water, was decanted, vacuum dehydrated, and then distilled at about 10 mm,
(0.4 inch) Hg vacuum absolute and 120° C, (248° F.). The heavier saturated
ammonium sulfatc solution resulting from the neutralization was drawn off
from the bottom of the ncutralization vessel.

This lactam was the raw matcrial for the preparation of Igamid B, which
was made at other plants of I. G. Farbenindustric.

Manufacture of Adipic Acid: Framecs T14-T17.

Adipic acid was manufactured by nitric acid oxidation of cyclohcxanol in
VoA steel cquipment in accordance with the procedurc 1llustrated in figurc bi
(frame 716). Tho composition of VoA stecl was given on page 47,

Cyclohoxanol and 62 percent nitric acid woere added simultancously to a
reaction kettlec with cooling and agltation. The reaction temperaturc was kept
below 65° C. (149° F.). Evolved nitrogen oxides and carbon dioxlde werc ab-
gorbed in lime slurry. The oxidized mixture was air-blown in towers, and the
oxlde-froc liquor was crystallized at 10°-15° C. (500.59° F,). Adipic acid
was scparatcd by a centrifuge or céramic filter and washod with mother liquor
from the recrystallization &tep. The washed crystals wore dissolved in dis-
tilled wator at 85° C, (185° F.¥. Purifiod adipic acid was dricd in a hot-air,
rotary-drum drier, further dried and cooled with air In a sccond drum dricr,
and then packed in bags.

One hundred kilograms (220 pounde) of refined adipic acid roquirecd 80
kilograms (176 pounds) of cyclohexanol, 132 kilograms (291 pounds) of nitric
acid (calculated ag 100 percont), and 15 kilograms (3% pounds) of calcium
oxide. Before destruction, the plant had a monthly capacity of 120 metric
tons of adipic acid.

Tho mother liquor from crude adipic acid crystallization was concentrated
for reusc to 62 percent nitric acid stromgth, either with solution of nitrogen
oxides under pressurc or by vacuum evaporation of excess water. Occasionally
a part of thig liquor was drawn off for recovery of the byproducts succinic,
glutaric, and oxalic acids,
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Manufacture of Igamids: .Frame 717.

The various processes described in the foregoing pages, starting with the
hydrogenation of phenol and ending with the manufecture of adipic acid, were
all steges in the manufacture of polymeric amides, called Igamids. Their
relationship to one another and to Igamids B, A, and U are illustrated in
figure 45 (frame 717).

Caprolactam, made at Leuna with phenol as the starting material, was
polymerized to Igamid B at Wolfen, Aceta, Lichtenberg, and Lansberg. The
polymerization was reported in C. I. O. S. file XXVI-53, item 22 (PB530),
"Manufacture of Caprolactam, I. G. Farbenindustrie Leuna Werke, Merseburg”,
1945, by R. H. Boundy and R. L. Hasche, to have been effected by heating the
caprolactam under pressure in the presence of carbon dioxide.

Adipic acid, acecording to the .accompanying flow sheet (fig. 45); was made
by the oxidation of cyclohexanol. The adipic acid plant at Leuna, having a
capacity of 120 metric tons per month, was destroyed during the war. A 40-50
metric ton per month plant was being constructed in Januwary 1946, and ‘the con-
gtruction of a 550-metric ton per month plant was planncd.

Tetramcthylene dinitrile and hexamethylene diamine were made at Letna
during the war in pilot plants. The capacity of the formor was about 30 met-
ric tons per month. Both of theso plants wers destroycd. In January 1946,
new pllot plents of about 10 mstric tons por month capacity cach werc being
congtructcd, '

Therc was no plant at Leuna for making AH-salt, but a plant with a capa-
city of 10-20 motric tons por month was plamncd. Also, plans had boen mado
for a plant to produce Igamid A at Wolfen Film,

The manufacture of Igamid U by condensing 1:6 hexamethylene diisocyanate
with tetramethylenediol hag been described in detail in C. I. 0., S. file
XXII-16, item 22 (PB 185), "I. G. Farbenindustrie A. G. Elberi'eld & Leverkusen®,
1945, by Francis J. Curtis. Algo, the prepsration of hexamethylene diigocyanate
by phosgene additicn to hexamethylene dlamine, indicated in figure 4h, is de-
cribed in the same report by Curtis. It was.stated at Leune in January 1946
that a 20-30 metric ton per month plant for manufacturing Igamid U at
Leverkeusen was planned,

Curtis, in the C. I. 0. S. report mentioned above, described Igamid U as
follows: "Igamid U does not combine with ordinary commercial plasticizers
but can be injection and compression melded. The melting point 1s 184° C.
(363.2° F.), with a short.period between melting and low viscosity. Products
have good mechanical strength.and electrical properties and high résistance
to solvents end oils. Fibers.are produced by hot melt, spinning, and gtretch-
ing. Bascs for leather are made by shecting. Used for bristles (Perlon U),
it has a lower melting point than Nylon, and therefore is easier to form,
has a better rcdistance against acids, is harder, hag better electrical prop-
erties, and has a maximum water absorption of 2 porcont, -compared to 8 percont
for Nylon. Molecular woeight 10,000,
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The various products shown in figure 44 that entered into the manufac-
ture of tetramethylene diol and tetrahydrofurane, l.e., acetylene, formalde-
hyde, and butynediol, were all produced at Schkopau. The production of adipic
acid at Schkopau from tetrahydrofurane was planned.

Ags indicated by figure LY, the principal purpose of the various processes
mentioned abcve waz tec manufacture Igamlids A, B, and U. Igamics were uged in
Germany for making leather substitutes, glues, injection molded products,
textile materials, bristles, film, and vericus other commercilal materials.

PART II. - BRIEF REPORTS ON VISITS TO GERMAN ORGANIZATIONS CONCERNED WITH
THE PRODUCTION, PROCESSING, AND USE OF LOW-TEMPERATURE TAR

Lurgi - Frankfurt am Main

The Lurgl offices in Frankfurt am Main were visited by the writer on
September 10 and 11, 1945. Lurgi was occupying the building across the street
from Lurgihaus, 17-19 Gervinus Strasse. The Lurgzi organization has three
divisions:

Lurgl Gesellschaft fUr Whrmetechnik m.b. H., deals principally with matters
pertaining to fuel and stoam.

Lurgi Apparateébau Gesellschaft, builds electrical precipitation plants.

Lurgi Gesellschaft fUr Chomie and Hﬁttenwesen, buillds principally sul-
furic acid plants, metallurgical furnaces, etc.

On both visits, the director, Dr. Ing. F. A. Ostken, was interviewed
concerning the production, processing, and use of low-temperature tar in Ger-
many., Extraction of phenols from waste liquors and the extraction of paraf-
fing from brown coal also wore discussed briefly. A summary of the conversa-
tions about these matters follows:

The Krupp-Lurgi proccss is the only one used in Germany for the low-tem-
porature carbonization of caking bituminous coal. Plante of this kind are
situated at Wannc-Lickel and Vclsen. Brennstoff Technik G.m.b.H. at Esscn
had plans for a steel furnace installation for this purposc with a capacity
of 30,000 mctric tons por ycar, but thcy werenot carried ovt becausc of the
war.

The only plants for the low -temperature carbonization of noncaking bitu-
minous coal are of the LLrgL-Spulgas type. They are at Beuthen, Auschwitz,
and Blechhammer. Plans were under consideration for this purpose by Didier-
Werke A. G., Berlin, (25,000 metric tons per year), by H. Koppers, Essen
(ceramic furnaces), and by Dr. C. Otto and Company, Bochum, but plants were
not installed because of the war.

For soft brown coal, mecst of the plants are of the Lurgl-SpuLgas type.
Thé equipment is v1rtually the same as that used for noncaking bituminous
coal. Such plants are situated at Offleben, Nachterstedt, Deuben, Regis,
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Deutzen, Esgpenhain, Bonlen, Hirschfelde, and Profen. Except for the plant
et O0ffleben (near Helmstedt), all of these plants are in the Russian zone:
A plant for soft brown coal, of the Borsig-Geissen type, is situvated at
Kulkwitz. Older types of equipment used in other plants are principally
of the Rolle and old Gelssen types.

Hard brown cocal is carbonized in one Lurgl Spulgas plant of" 25,000 to
30,000 metric tons per day capacity at Most (Brix).

The quantities of low-temperature tar produced in these verious plants
and the uses for the tar are summarized in table 1 (see page 12) and 'in
table 6, both. of which were prepared For the writer by Dr. Oetken. Referring
to the data given in these tables, Dr. Oetken pointed out that of the 2.6
million metric tons of low-temperature tar made in Germany, only &about 10
percent comes from bituminous coal and 90 percent comes from brown coal,
Concerning the uses of low-tcmperature tar, Dr. Oetken stated that 88 per-
cent of the tar from bituminous coal is hydrogenated. Thé amount of brown-
coal tar that is hydrogenated is about 85 percent of the total. The low-
temperature tar fgom.bituminous coal that is not hydrogenated is processed
by Gesellschaft fur Teerverwertung. That from soft brown coal which is not
hydrogenated 1s for the most part distilled by Ricbecksche Montanwerke,
Anhaltische Kohlenwerke, Deutsche: Erdfl 4, G., and K. V. G. to obtain fuel
0il, some petrol, some Dicsel oil, paraffin wax, and a cortailn emount of
coke for electrodes.

TABLE 6, Treatment of low-temperature tar (comparc with tablec 1)
From ; Tons ver year
group No. Method of use (metric)
I ceeee Addod to tar fuel oil by Gosollschart fir Tce”vor-j ’ '
ertung, Dulsburg-Mciderlch eoeveeeerecerronnens. 28,000
II Hydrogcn&trd Ce e eeeeenneaeentacesectrereceananans 205,000
IIT (a) Distillation with rocovery of . para¢iin wax?
Riebocksche Montanworkc, Webal seeeceorsosceas |
Anhaltische Kbhlonworku, KODSCTl sessoveenonsres E/hO0,000
Deutscho Erdol A, G., RoSItZ cesecevecovonasee
K, V. G., Gdlzau serererreratreceenostoasesean
(v) Distillation with Edcleanu extraction of par-
affin wax: .
Akt. Sachslsche Werke, Espenhain cieiveeeceses ! 1/200 000
| (c) Hydrogenatod .................................’ l/8oo 000
v Hydrogenated by Sudctenlandische Treibstoffwerke, |
MOSE (BIUX) ovevnevrovesoeneoneeearsonsarcanensns | 1,000,000
: 2,63%, 000
1/ About,

Onc new dcvelopment of congiderable importance is theo extraction of soft
brown-coal tar by the Edcleanu process (using S0p) to obtain paraffin wex,
then by distillation of the extractcd. material, to obtain Diesecl oil, fuel oil,
and ooko ;or cloctric furnaccs. The process was devclopcd by Aktlengosoll-
schaf't Sachsischc Werke, Dreogden, and the plant is at Espcnhain. Ancording
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to Dr. Oetken, the process is very successful, and working costs are much
cheaper than those of the older process.

Lurgi's phenosolvan treatment of waste liquors from low-temperature car-
bonization plants consists in extracting the phenols with a solvent consist-
ing principally of isobutyl acetate, dlstillation to recover the extracting
medium, and further treatment of the llquor to remove traces of phenols.
Plants of this kind are located at Most (Brux) end Blechhammer. Liquor from
hard brown coal contains up to 25 grams of phenols per liter (about 0.2 pound
per U. S. gallon), and liquor from soft brown coal somewhat less.

Lurgi has developed a process for briquetting brown-coal dust under high
pressure (2,200-2,500 kg. per sq. cm. or 31,290-35,560 1b. per sq. in.).
Equipment for this purpose is constructed by Krupp-Grusonwerk at Magdeburg.

Lurgi had the agency for Sgderberg-electrodes in Germany but is no longer
active in thils connection.

No work of any consequence has been done by Lurgi on the processing of
high- or low-temperature tars by chemical or solvent extraction methods.

The following circulars and reprints-of articles were furnished by Dr.
Oetken:

Recent Developments of Low-Temperature Carbonization of Solid Fuels in
Germany, Dr. F. A, Oetken, May 27, 1956, reprinted from Engincering
Progress, October 1936,

Lurgi Carbonizers.

Krupp-Lurgi Kammer-Schwelanlagen flir Steinkohle.

Gegcnwgrtiger Stand der Entphenolung von Abwissern aus Kohleveredlung-
sanlagen.

Diec Druckvergasung Fester Brennstoffe mit Saucrstoff von Dr.-Ing.
Friedrich Danulat, Frankiurt am Main.

Edeleanu Gesgellschaft m.b.H., Berlin

On November L4, l9h5 Dr, P. Jodeck of Edcleanu Gesellschaft accompanied
Dr. W, F. Faraghcr (Liquid Fuels Group) and E. O. Rhodes to his office on
Martin Luther Strassc (61-66) and tried te find drawings covering the dcsign
of the suction filter used at Espenhain for the dewaxing of brown-coal tar
distillate. Only a few of the desired drawings were found.

The filtcr mentioned is made by Maschinenfabrik Buckau, formerly R. Wolf
A. G., Magdeburg-Buckau, and is called the R. Wolf-Bandzellenfilter. Each
filter unit consists of 40 individual filter cells or pans, each about 6 fcet
long, 17 inches wide, and 5 inchecs decp, mounted on an endlcss-chain conveyor
and arranged for automatic filling, application of suction, and discharge of
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the cake with compressed alr or inert gas. ZEach cell hag a fabric or paper
diaphragm as the filter medium, and 17 cells are In use at any one.time.

The linear speed ig about 4.9 Teet per minuté. The filter is, described and
illustrated in C. I. 0. 8. file .XKXI-85," ite'm 30 (PB 1,850), "Edeleanu G.m.Db.H.,
Altenburg, Germany", l9h5, by J. P. Jones; -also avallable as a part of TOM
Microiilm Reel 198, Figure IIT -from the report by Jones, is reproduced asg
figure 26 in this report.

In using the filter, one.part of the brownw~ceal .tar dlstillate i1s mixed
with three-fourths part of the dichloroethene. The mixture is cooled to 5° C.

(41° F.) in.a double-pipe chiller and then is filtered by the cells, Vacuum
is regulated to suit the conditions and type of o0il te6 be filtercd but 1s
within the range. 0,3 to 0.5 atmosphere or kil to 7.3 poumnds per square inch
(absolute pressure). When brown-coal tar owls are Tiltered in this manner,
the wax contains a trace to- 0.1 percent cil. Wax from mineral olls contains
3 to h poercent oil. The capacity of the filter at Egpenhaln is 50 to T0:
metric tons of distillate per day.

The filtrate from the filter celle is chilled %o minue 240 ¢, (-11.29 7.)
and filtered again to make low pour-point lubricating oil.

The .extracting and dewaxing departments of the Espenhain plant wore not
seriougly damaged and can be operated 1f raw materials are made avallable, but
the tar-distillation plant was rather completely destroycd, The cxperimontal
extracting and dewaxing plant at Rositz also was badly damaged, according to
Dr. Jodeck.

A copy of an articlc by Prof. Ernegt Terres, cntitlcd "DlG Zorleogung von
S¢hwelteeren aug Braunkohle und 5]sch efer mit sclcktiven Losungsmittvln,"
wag presented to the writer by Dr. Jodeck. It dcscribog the method of refin-
ing used for brown-coal tar that was devcloped at Rositz and cmploycd at
Espenhain, A tranglation of this article 1s Included as Appendix A in the
above-mentioned report by J. P. Jones.

Fried, Krupn Aktieng@sellsuh 2t, Besen, and . Krupp Trelbs stof fwerke.
- G. m,b H., Wanne-Fickel

Intro@uotion

Two meetings were held with members of the Krupp organizatlon; the first,
on September 14, with Dr. F. Muller, director, and Dr. W. Demann, chlef chem-
ist, and the second on September 20, with Dr. Demann, Dr, Junkermann (Engi—
neer in charge of development of low-temperature carbonization plarit at Wanne-
Eickel), and Mr. Combles, director of the plant at Wanne-Eickel,

The first meeting was hsld in Director Miller's office in the main office
building of Krupp in Essen. The second meeting was held in Director Combles'
office at Wanne-Eickel. Following the latter meetlnu, a brief inspection of
the Krupp~Lurgi low-temperature carbonmization: plant was made,

The principal purpose of each of these vigites was to obtaln information.
concerning the production and use in Germany of- low-temperature tar in genecral
and low-temperature tar of the Krupp-Lurgl veriety in particular,
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Production of,Low-Temperafure-Tar in»Germany

. Director Mﬂller confirmed the information previously furnished by Dr.
Oetken of Lurgi concerning the locations of the low-temperature carboniza-
tion plants in Germany. The only plants actually operating on bitum;nous
coal during the war were either of the Krupp-Lurgi or the Lurgil- Spulgas type.
The Krupp-Lurgi plants were situated at Wanne-Eickel (Krupp Treibstoffwerk)
and Velsen (Saargruben A. G.). The original experimental plant of this type
was bullt by Krupp at ite Amalie plant near Essen. Another experimental
plant of the same type was installed by Saargruben A. G. at its Heinitz plant
near Neunkirchen (Saar). The Lurgi- Spulgas plants were at Blechhammer,
Oswiecim (Auschwitz), and Beuthen. A Bremnstoff Technik plant (designed by
Puening) was under construction but was not completed. Algso, a Koppers low-
temperature or, more correctly, mid-temperature plant was under construction
at the Oheim mine in Upper Silesia but was not completed.

The Krupp-Lurgl Process

Iﬂl&Nﬁllor commented on the fact that actual use of the Krupp-Lurgl type
of plant for several years, first on pilot-plant scale and then on a large
commercial scale, had thoroughly demonstrated its suitability for the low-
temperature carbonlzation of caking bituminous coals. He bellevesg that it is
‘the most suitable type of equipment yet developed for this purpose.

Concerning the yroducts made by the Krupp-Lurgi process, Director Miller
stated that the coke has been found to be cspecially suitable for making
water gas for the Fischer-Tropsch proccas or for the recovery of hydrogen,
because the hydrogen content of the water gas 1s somewhat higher than that
of water gas mado from high-temperature coke. Because of the better ratio
of Hp to CO in the water gas from Krupp-Lurgl low-temperature coke, the water
gas requires less catalytic conversion (o rather, a smaller proportion of
the gas needs to be converted) to make synthesis gas for the Fischer-Tropsch
process. Director Miller also sald that the Krupp-Lurgl coke does not clinker
in the water-gas generator, and therefore ash removal 1s easier, and less un-
burned carben remaine in.the ach, The highest temperature reached in the
generator when using Krupp-Lurgi coke is 50°-100° C. (1220-212° F.) lower than
the temperature In the same zone when high-temperature coke is employed. This
is due to the greater reactivity of the low-temperature coke. This property
was also mentioned in comnection with the suitability of the Krupp-Lurgi coke
for domestic heating purposes. Its uniform size, freedom from dust, low igni-
tion temperature, and freedom from smoke also were mentioned in this same
connection,

Uge of Low-Temperature Tar, Particularly fbr Fuel Purposes

Most of the low-temperature tar made from bituminous coal during the war
was hydregenated or usea by the German Navy Tor fuel., A small amount was fur-
nished to Gesgellschaft fiir Teerverwertung. In an interview with that company,
it was learned that the low-temperature tar was mixcd with fuel oils derived
from high-temperaturc tar.
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In connection with the use of Krupp-Lurgi low-temperature tars as fuel,
Dr. Demann said that some of the advantages of Krupp-Lurgi tar over other
low-temperature tars are higher specific gravity (above l.Q); which facili-
tates the separation of water; a lower "stockpunkt,” which indicates greater
fluidity at low temperature; and somewhat greater miscipllity with oils that
are not entirely aromatic.

The subject of miscibility has received a great deal of attention, ac-
cording to Dr. Demenn, because of the need for mixing verious fuel oils used
by the Navy. The studies showed that all aromatic oils may be blended in
any proportiong, but sludging takes place when arcmatlic and paraffinic olls
are mixed., It was found that the low-temperature tar could be mixed with
aromatic fuel oils from the Fischer-Tropsch synthetic fuel plants or from
the Bergius hydrogenation plants. It alsc was fouynd that the addition of
phenols -or vhenylhydrazine to the low-temperature tar would prevent sludging
when mixtures containing paraffinic oils were prepared. However, to avold
thc use of such admixtures, attempts wore made to remove the agphaltcnes
from the tar before adding it to the paraffinic oil. The procedure developed
for this purposc consisted In diluting the low-tcmporaturc tar with bonzene
in the preportion of 10 parts benzene to 1 part tar. The asphaltenes that
are precipitated by the benzene are .separnted from the liguid portion of the
benzene-tar mixture by decantation, and the latter ies then extracted with
dilute caustic soda to remove phencls and distilled with enclosed steam to
remove the benzene. The extraction with caustic soda and distillation with
benzene, eccording to Dr. Demann, must be done at low temperatures to avoid
the formation of more agphaltenes, Vacuum is used during the disgtillation
process.. The asphalt and tar ascid-free oil made in this menner may be used
to make additional low-temperature tar usable with paraffinic olls. Scpara-
tion into two layers ls not entirely prevented, but Dr, Demann says that this
is not objectionable so long as precipitates are not formed. The yield of
asphalt-free low- tcmpcruture tar oxtract mnde in the manncr described above
was said to be 80 percent, the balance being asphalt and phenols.

The economic situat:on with respect to the dlsposal of low-temperature
tar was discussed at some length. Dr. Demann agreed that although it has
been profitable to carbonize bituminous coal by low-temperature methods with
assured outlets and good prices for the coke (to Fischer- Tropsch), tar (to
hydrogenation or Navy fuel), and light oil (to motor fuels), it will be neces-
sary to find new uses at good prices for the tar if low-temperature carboniza-
tion is to be profitable in Germany in the future, It is recognized that
products from low-temperature tar are not inte rchangeablo with those from

high-temperature tar, and special manuvfacturing procedures or, uses must be
developed.,

In his investigations of the mlSClbiIibiOS of aromatic and paraffinic
olls, Dr. Demann found that the Hoppler viscogimeter can be used to advantage.
Mixtures of the two materials under investigation are made in different pro-
portions, and the viscosity of each mixture is determined with two bal‘s of
different size. Mixtures which show no tendency to sludge give the same
viscosity reading with either ball, but the two determinations are different
when there is actual or incipient sludging. By this meens, rapges of
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miscibility and nonmiscibility may be established for mixtures of aromatic
and nonaromatic oilg., This may be of interest to users of creosotb-puuroleum
mixtures in the United States.

As reforonce material on thc various subjects discusscd above, Dr. Demann
supplied copies of the following papers:

Wasgsorgascrzeugung ang Steinkohlen-Schwelkoks, Dipl. Ing. Wilke
"Technische Mitteilungen Krupp," April 1937, pp. bh-L9.

Kohlenschwelung (pp. 177-183 on Steinkohlenschweltecr) by Adolf Thau,
Verleg von Wilhelm Knapp, Halle (Saalc), 1939.

Toor Betriebscrfahrungen mit der Steinkohlenschwelanlag: Bauart "Krupp-
Lurgi” auf Schachtanlagc Amalic der Fricd., Krupp Akticngcsellschaft,
Bergwerke, Essen, von K, Bruogonmnn, Technische Mitteilungen Krupp,

July 19%8, pp. 50-58.

Uber die Schwelung der Stcipkohle in Verbindune mit der Fischer-Tropsch-
Ruhrchemic-Syntheec, F. Mul1cr, Technische Mittoilungen Krupp, July

1938, pp. 47-49.

Die bishorigen Arbeiten der Vercinigung fhr Stoinkohlenschwolung (V.£.8. ),
Dir. H. Weitenhiller, Gluokau_ No. 35, 1939.

Laboratorivumsapparatur fur Steinkohlenschwelung nach dom Heizflachen-
verfahren, K. Schqeban, Forschungsberichtc, Jan. 1940, pp. 39-Lk.

Mizchgarkeit von Heizolen, Dr. W. Demann, Gluckauf, No. 5, 1940, pp.
1-68,

Die Bestimmung der Pumpfahigkeit von Heizolen, H. R. Asbach and J.
Tagethoff, Forschungsberichte, Feb. 19L3, pp. 52-56.

Viskosimetrisches Verfahren zur Bestimmung deg Mischbarkeit von Kohlen-
wasserstoffgemischen, insbesondere von Heizolen, W. Demann and H. R.
Asbach, Forschungsberichte, Feb. 1943, pp. L42-51,

Die physikalische Prufung von Schwel-und Hochtemperaturkoks in einer
5-kg-Trommel, E. Combles and W. Surmund, Forschungsberichte, Feb. 1943,
pp. 38-41,

Fischer-Tropsch and Krupp-Lurgi Plants

Following the discussions outliaed apbove, the cperations of the Fischer-
Tropsch plant and of the Krupp-Lurgi pldnt were discussed briefly with Dr.
Demann, Dr. Junkerman, and Director Cgmbles The locaticn of these plants
at Wanne-Elckel are shown by a "Lageplan," and the-more essential information
concerning each is given on two flow diagrams dated May 25, 1945, which were
supplied by Dr. Demann.
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No detailed inspection was made of the Fischer-Tropsch plant. Further-
more; inspection of the low-temperature plant was superficial because this
target has been covered by previous investigators. However, a few polnts of
special interest were noted.

Two of slx water-gas generators had been operated on low-temperature
coke and the remainder on high-temperature coke. A new method of charging
the ovens has been developed, which was claimed by Dr. Junkermamn to be
superior to the previous method. Instead of feeding the fine coal into the
ccking chambers in small amounts, with tamping between increments, the coal
is dropped by a special mechanism into all of the chambers simultaneously with
enough force to obtain greater density than formerly in the finished coke.

The bottom closure has been improved. Instead of the two hinged doors
previously used, each chamber is now provided with a grating, which is moved
into posgition to close the bottoms of the chambers while a door that covers
the entire bottom of the oven is lowered by means of a hydraulic cylinder and
moved from under the oven by the car on which the hydraulic cylinder is mounted.
The coke is discharged when the grating is moved tc the open position. When
the door i1s returned to the bottom of the oven, it is made gas tight by a
water seal.

The metal of which the ovens are constructed throughout is ordinary
boiler plate steel. Director Comblés referred to a book that called it "open-
hearth steel” or "plain carbon steel of the "beruhigter Stahl' (killed-steel)
type.” He said that cheaper steel had failed by blistering and that the use
of more costly steel is unwarranted. Ovens built of boiler steel are in good
condition after several years of use and are believed to be good for at least
10 years.

The metal conveyor along the bottom of the coke wharf is of a vibrating
type, which was said to be superior for the purpose to belt or other types
of conveyors. It is called "Schwingrinne! and is made by Schenk in Darmstadt.

In the coke-screening and sizing building a special machine breaks the
coke slabs into emall pieces with very little formation of fines., The slabs
roll, by gravity, over spiked rollers, between which are openings. Picces
that will not go through the openings between the rollers are broken by spiked
bars attached to wooden planks, which are pulled upward by friction between
cams and dropped when thc friction is rcleascd. Other precautions are taken
to avoid degradation, such a@s the use of a conveyor for loading cars, which
can be lowered to the bottom of the car to be -filled, thus avoiding the drop-
ping of the coke from any appreciable height.

Except for damage to some pipe connections and to the buildings and one
or two ovens, the low-temperature plant appeared to be in fairly good condi-
tion. It was explained that repairs had been made after the earlier ralds,
and no great amount of damage was suffered from the last raid. On the bagis
of cost, the plant was said to have been damaged to the extent of 33 percent,
the total cost of the plant having been 6,000,000 marks and the total estimated
cost of the damage 2,000,000 marks.
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In the case of the Fischer-Tropsch plant, the total cost of the plant
was said to have been 40,000,000 marks and the total damage 10,000,090 marks.

It was stated by Direcctor Comblés and Dr. Junkermann that both plants
could be placed in operation shortly after the first of the year if permission
is granted to resume operations.

Braunschweigische Kohlen Bergwerke, Helmstedt, Schwelwerk Offleben

Schwelwerk Offleben was visited on November 5 with Major E. E. J. Farmer,
district representative of the North German Coal Control, and Herr Schmidt,
of Braunschweigische Xohlen Bergwerke (B. K. B.)., Herr Schmidt acts as liaison
officer between the Military Government and B. K. B. and also as interpreter.
Ing. Teuscher, assistant superintendent, helped explain the operations of the
plants.

Schwelwerk Offleben is one of three installations which together comprise
B. K. B.; a second installaticn is in.the British Zone, and the third is in
the Russian zone. There is only one coal-cleaning plant to serve the three
groups. It is in the British zone. On the other hand, power 1s furnished to
the three installations from a power plant in the Russian zone

The Offleben brown-coal mine was visited first. It uses modern digging
equipment for rcmoval of overburden and brown coal and for backfilling the
excavation., The normal output of the three mines is about 4,000 metric tons
of brown coal per day. Total capacity is about 20,000 metric tons.

Most of the brown coal from the three mines is used either in loose or
briguetted form for fuel, bhut a prart of the Offleben production goes to the
Lurgi-Spﬁlgas plant. In this plant the raw coal goes first tc a bunker, from
which it is conveyed to crushers, which reduce it to 0-20 mm. (0-0.7674% inch)
size. It is then dried to about 15 percent moisture ccontent by reclrculated
gas and is briquetted by pressure only. The briquets are loaded into the top
sections of the carbonizing retorts, where the remainder of the moisture is
driven off by combustion gases. The briquets disintegrate on drying, and
the granular scmicoke passes downward in the presence of distillation gases
(temperature, 600°-700° C. or 1,112°-1,292° F.). The granular coke passes
through a cooling zone and is removed from the oven through a discharging
device.

Ter and oils are removed from the gas by electrical precipitators, in-
direct coolers, and Feld washers. The tar is shipped to hydrogenation plants.
The middle oil is used as the scrubbing medium for the light oil but eventually
is hydrogenated or worked up for gasoline and Diesel oil. The benzine fraction
also is further refined for use as motor fuel. The tar, oil, and benzine are
worked up by Braunkohle-Benzin A. G. The capacity of the retorts is about
3,300 metric tons per 24 nhours. When visited, it was running at about one-
third capacity. A description of the process follows.
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Description of Offleben Low-Temperature Distillation Works

Raw brown coal with about 54 percent moisture is transported from open-
cut mines by electric railway to the carbonization plant and unloaded Into a
low bunker of 5,000 metric tons capacity. Thls bunker insures a continuous
supply of coal for the plant in case of interruptions in coal production and
in deliveries on Sundays and holldays. The coal is lifted from the bunker
by bucket excavators and dumped onto a belt, which conveys it to the so-called
"Nasedienst” plant, where the raw coal is prepared for the drylng process. ,
Here the coal first passes a roller grate and is screened. The coarse material
is crushed by "Titan" breakers and, together with the fine coal (0-20 mm. or
0-0,787h inch size), is transported to the "Trockendienst” or drying plant,
which reduces the moisture to a suitable percentage for briquetting.

The Offleben dlstillation works is subdivided into a briquetting plant,
a gas=producer plant, and a low-temperature carbonization plant. The finely
crushed raw coal is dried in inert-gas driers and briquetted with plunger
presses without use of binder. For drying, surplus gas from the carbonizers
is used principally, together with & small quantity of producer gas. 3Bri-
quetting the dried coal prepares it in suitable form for efficient carboniza-
tion by the Lurgi-Spﬁlgas procese using direct heating with high-temperature
recirculated gas, and, in addition, makes possible the producticn of coarse
granular coke.

The briquets manufactured in the briguetting plant are conveyed by rubrer
belts into the carbonizing. plant and charged into 10 Lurgi retort-type ovens.
The Lurgi oven consists of two main parts: The upper part, or predrier, and
the lower part, or carbonizer. The two parts are joined by eight connecting
chamnels, FEach oven is constructed as a vertical double oven, between which
are combustion chambers and gas channels. The combustion chambers are made
of fire brick, and the predrier and carbonizer are brick-lined. The baffles
inside of the predrier are made of steel, and the louvers in the carbonizer
are of ceramic material. ZExclusive of the coal-charging and coke-discharg-
ing arrangements, the height of the retort is about 17 meters (55.8 feet).
Any dust accumulated inside the oven can be removed during the operation.

The briquets in the predrier are heated by recirculating gases and dried
from about 15 to O percent moisture content. They are slowly heated while
moving downward by gravity and pass through a maximum drying-gas temperature
zone of 220°-300° C, (428°-572° F.), depending on the throughput of the oven.

!

The dried briquets in the carbonizer .are heated by recirculating flush-
ing gas (Spulgas) to a temperature between 600° and 7000 C. (1,112° and
1,292° F.)., The heat required comes from carbonization gas burned in a com-
bustion chamber. After passing through the carbonizing zone, the char is
cooled down by recirculated carbonization gas to a temperature of about 120°-
200° ¢, (248°-392° F.), decpending on the throughput of the oven.

The carbonizetion gases leave the carbonizing zone, are collected in
theoupper part of the carbonizer, and leave thé oven at a temperature of about
240° ¢, (L6UO F,), They are first cleaned from dust, are then cooled in a
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direct water-spray coocler, where some heavy tar 1s taken out, and are next
passed through an electr‘cal tar precipitator, which removes most of the re-
maining tar. The gas 1s further cooled in indirac coolers, and middle oil
and water are condensed out. The middle oll, thnr remeval of benzine, ig
used as wash oil to recover light oil (c¢rude benzine) from the carbonization
gas. This washing takes place in vessels oi the Feld type, in which the
precleaned gas comes in direct contact with wash oil in a. very fine spray.
The light oil washed from thé gas is recovered in a benzine:distillation
plant operated with steam. A part of the uscd benzine-free wagh oil lcavesg
the system and, together with the heavy and light tar, is shipped to hydro-
genatlion plants for conversién into motor fuels. A part of the crude benzine
lsg refined, but most of it is also hydrogenated.

During the drying and carbonization processes, the briquets arc converted
into coke containing both coarse and fine materials. The coke, after dis-
charge from the oven, 1s first cooled and stabilized in four revolving drums
madc of sheet 1lron. The coke in the drums is sprayed lightly with water and
treated with an air-steam mixture. The cool coke is conveyed to a bunker of
2,500 metric tons capacity, where the coke 1s scrcencd into three different
sizes, namcly, fine coke from 0-10 mm. (0-O.4 inch), middle size from 10-20
mm, (0.4-0.8 inch), and ccarse coke abvove 20 mm, (0.8 inch). The fine size
is used in boiler plants and in Winkler gas producers; the middle size is
shipped principally to central-heating and gas-producer plants; whereas the
coarse coke findg ite main market as household fuel. The dry coke hag a
calorific value of about 6,600 kg.-cal. per kilogram (11,800 B,t.u. per pound)
and contains about 18 percent ash. After direct sprinkling with water in the
drums, the coke contains up to 18 percent moisture -and hag a calorific value
of about 5,300 kg.-cal. per kilogram (9,540 B.t.u. per pound ).

Tho carbonization gas, which has a calorific value of about 2,200 kg.-
cal. per cubic meter (247 B.t.u. psr cubic foot), is used for heating the
predrier and the carbonizer in the carbonization plent. Surplus cerbonization
gas is used for drying the raw brown coal in the drying system ahead of the
briquetting plant. A small quantity of the carbonization gas is sent to the
boiler plant at the "Treue" mine to generate steam.

Each Lurgl oven has a capacity of 300 to 400 metric tons of briguets per
day, which for nine operating ovens amounts to about 3,000 to 3,300 metric
tons per day, or about 1,200,000 metric tons per year the equivalent of
2,100,00C metric tons of raw brown coal. The tar content of the briquets is
between 10 and 12 percent. Yearly production of tar, middle oil, and crude
benzine amourits to about 84,000, 18,000, and 18,000 metric tons, resprctively.
In addition, 600,000 metric tono per year cf coke in three different sizes
is produced. Thu tar, middle oil, and crude benzine are shipped to Braun-
kohle-Benzin A, G. for hydrogonatlon. After the war, the tar was uged in
coke-oven plants of the Reichwerke in Watenstedt for the production of gas.

Storage facilities at the Offleben works include six tanks with a total
capacity of 7,000 cubic meters (1,849,210 U. S, gallons) for storage of tar
and 0il, one 500 cubic-meter (132,090-gallon) tank for middle oil, and one
500 cubic-meter (132,090-gallon) tank for crude benzine. All products are
shipped from the works by railroad.
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The electrical energy for the Offleben works is supplied by the Harpke
power plant. The yearly power demand at full capacity amounts to 55,000,000
to 60,000,000 kilowatt hours. About 800 cubic meters (211,340 U. S. gallons)
per hour o+~ recirculating water, which ig cooled in specially designed towers,
is required for cooling purposes.

In addition to the plants mentioned above, the Offleben works has the
usual auxiliaries found in modern works that are reguired for efficient
operation and for the welfare of plant personnel.

I, G. Farbenindustrie, Merseburg-Leuna

The Leuna plant of I. G. Farbenindustrie near Merseburg was visited
during the week of December 30, 1945, The following processes Were Ingpected:

1. The hydrogenation of brown coal.

/

2, Continuous distillation of the product from liquid-phase - -hydro-
genation of brown coal. to produce an oil distilling at 3%25° C. (617° F.)
and a residue for reuse as pasting oil.

3. Continuous extraction of phenols from the distillate boiling below
3259 ¢, (617° F.) recovered by the continuous distillaticn mentioned in (2)
above.

4, Continuous distillation of the phénols to obtain forerunnings, &
fraction high in phenols, a fragtion low in phenols, and a residue.

5. Springing and recausticizing of the phenolate and carbonate from
the continuous extraction plant,

6. Refining of phenol and cresol recovered in the above processes
and received from other plants (Most, Polltz, and Blechhammer).

T. Manufacture and. distlllation of cyclohexanol by.the catalytic
hydrogenation of phenol, using a niukel-aluminum oxide- catalyst

8. Manufacture of cyclohexsnone by the catalytic dehydrogenation of
cyclohexanol, using a zinc-iron catalyst.

9. Manufacture of oxime from cyclohexanone, ueing a hydroxylamlne
sulfate solution made from ammonium bisulfite, ammonium nitrite, and sulfur
dioxide.

10. Production of caprolactam or luran by reacting the oxime with
sulfuric acld folloWwed by neutralization with a sclution of ammonium
hydroxide.

Descriptions of these procegses, with flow disgrams, were obtained;
also, descriptions and flow diagrams for small-scale plants that were used
for making brenzoatechin (pyrocatechol) and adipic acid. These two latter
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plantse had been destroyed by air raids and therefore could not be inspected.
The other plents ligted above had been damaged, but each could bé used, at
least at part capacity, except the continuous extraction plant.

A plant for the extraction of phenols from waste waters by means of tri-
cregylphogphate wag ingpected. It was heavily damaged by bombs.

agram (without description) for this plant was received.

A flow di-

A pilot plant thet had been used for trial of the phenosolvan process
had been completely destroyed and could not be inspected. No description of

this plant was avallable.

During the period of January to May 19k4 the Leuna plant processed
2,500 metric tons of tar acids per month. It was received from the following

gsourcess:

Metric tons

Produced at Leuna by the hydrcgenation of brown
Coal ® 8 0 8 08 00 0 00 00 00 s ‘® 9.8 0 0 6.6 5000080 000800 se 0

Phenosolvan extract from Politz h drogenation plant

Phenosolvan extract from Most (Brux) hydrogenastion

870
320

Plarlt 0000V LI P EPPEOELEPILLIOOOEOGIOIIIOIUOEOIICEOEOIREIEOIBROOLOTITDLES 1,150

Phenosolvan extract from Blechhammer hydrogenation
plant

160

2,500

The following monthly dquantities of products were madc:

Mptric tons

Crude phenol 15
PUre PHENOL sveevesvessosesnossscncsssonssscrsasnns 265
Ortho Fraction seveveceessosesseosossassssnsascanss 80
Ortho crescl 50 percent ceieioeecesessoocesensonsns 90
Crescl DABL (at least 38 percen*t m-cresol) 360
Crescl DABg (at least 50 percent m-crcsol) 4o
XY1CNOL tiveescsesacosscsssoseonesasncosncssosssnsncs 230
XY1oN0L N vuvseenvcnsonescrsosacsnososocsasasnnnans 70
Crude Brenzcatechin T 25
Crudc Brenzcatechin IT. 130
Crudc Brenzcatechin IIT 2
Crudu Brenzcatechin IV ....ieeeoecsocscsscccrooonnss 70
Residucs returned to hydrogenation s,eeeeeeeccscess 710

2,087

Braunkohlc-Benzin A. G. (Brabag), Berlin

The investigator went to. Schinkelplatz on November 1, 1945, but found
the office building prieviously cccupicd by Braunkohle-Benzin A, G. to have
been almost complctely destroyed. A sign on the door read "Die Verbindung-
stelle, Karlstr. 20A N. W. 7." Because of lack of time, this address was

not vieited.
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From other sources the writer was informed that Brabag has four plants
in operation, which since the war were first under Russian supervision and
later were declared possessions of the Russian Government., Three of 3hese
plants are hydrogenation plents and are at Bohlen hear Leipzig, at Troglitz
near Zeitz, and at Rothensee near Magdeburg, whereas the fourth is a synthesis
(Fischer) plant near Schwarzheide. The hydrogenation plant at Rothensee,
meanwhile, has been completely -Gismantled and transported to the East. Forty
Fischer ovens of the Schwarzheide.plant have been given to the Poles, and it
is said that they will start a new synthesis plant in Upper Silesia.

Brenngtoff Technik, Essen

On October 17, 1945, Director Edw, Kuhl was interviewed in Essen con-
cerning the work done by Bremnstoff Technik toward the development of a proc-
ess invented by Franz Puecning for the low-temperature carbonization of coal.
Brenngtoff Technik wag organized to promote the use of thls process. The
company was capitalized at 1,200,000 R, M, At the time of the interview, 1t
had spent between 1,000,000 and 1,200,000 R. M. on development work.

An experimental plant was erected at the Gas Works at Berlin which had
a capacity on coking coal of 50 motric tons per 2L hours and a capacity of
100 metric tons per 24 hours when operated on noncoking coal or coal briquets.

A large plant of 16 ovens with a daily capacity of 1,600 metric tons
of coal briguets was under construction at the Hormann Goering Works near
Searbricken and was about 50 percent completed whon the war ended. Another
plant of the- same capacity had just been started at the Hermann Goering
Works near Katowice (Kattowitz).

Experimental work oh the tar from this process was conducted by Chemische
Fabrik, Byk-Gulden Werke, of Berlin. A pilot plant of 5 to 6 metric tons
dally capacity was operated to make fuel oil, Diesel oil, and phenolates.

Two large continuous tar plants were projected (but not started) for the
two Hermann Goering plants mentioned above.

At the conclusion ¢f the interview, Director Kuhl offered to .prepare a
report giving more detailed information about the B. T. process. The report
was received from him on November T, 1945.

Dr. Lameck, Essen

The following statement concerning the processing of low-temperature
tars according to a procedure worked out by Byk-Guldenwerkc Chemische Fabrik
A. G., Berlin, was furnished by Dr. Lameck of Esse¢n, who at theo time of the
interview wasg assoclated with the Mines Supply Division of North German Coal
Control.

The treatment of low-temperature tars according to the proc-
ess of Byk-Guldenwerke was developed in the rescarch laboratory at
Oranienburg by the chief chemist, Dr, Hansen, asg far as it concerns
the mode of procedure, The technicalifies were developed by tho
firm of Bremnstoff Technik G.m.b.H., Essen, Burchaus Stadtische
Sparkasse.
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An experimental plant with a throughput of about six metric
tone -of tar per day was arranged at Oranienburg in 1942 by orders
of competent authorities of the Reich. The plant was destroyed
by bomwbs at the beginning of this year.

Up to 1945 many experiments had been made with various tars
yielded by carvonization of long-flame coals from the mining dis-
tricts of Upper Silesia, the Saar, and Lorraine. On account of
the satisfactory tests, Byk-Guldenwerke was able to offer a proc-
ees for practical uge. Together wilth competent authorities of
the Reich two works proJects were finally settled. These projects
concerned the design of plants in Upper Silesia and Lorraine.

Treatment by Distillation

When distilling a true low-temperature tar the yield of dis-
tillate amounts to about 65 to 70 percent and that of pitch to 35
to 30 percent. The lower and upper boiling limits of the distil-
late are between 180° and 360° C. (356° and 680° ¥.). Small
quantities of benzine (octane rating about 80) may be left cut of
account, The pitch may be used as a binding substance for the
briquetting of coal in the customary way. Also, it igs a raw
material for hydrogenation or for the manufacture of elcctrode
coke., The distillate is trcated by sodium hydrate to extract the
phenols. Thege phendls, including their high boiling ingredients,
were used by Byk-Guldenwerke for the manufacture of synthetic
plastices and lacquers. The resulting ncutral oilg had been found
suitable for use in slow-running Diescl engines. By treatment
with methyl alcohol it is possiblc to divide this oll into a por-
tion casily ignitable (octane rating about 39) and into another

portion of a high ignitability (octane rating about 20). The

properties of Diescl oils are naturally dependent on the qualities
of the tars to be treated. Tho qualities are dependent on the
conditions of carbonization, i.e., rate of temperature and process
of carbonization. It has been prcved that the best tars were cob-
tained by heating-surface ovens.

Process of Waghing

As there is no difference between the gspecific gravities of
tar and sodium hydrate, it is necessary to dilute the tar at first.
Then 1t is possible to extract the phenols by sodium hydrate. Af'ter
distilling the dilvtion agent, the remaining neutral oil may be used
as qualified heating oil or in slow-running Diesel engines., Other-
wise, the ncutral oil may be divided intc pitch and Diesel oil (octane
rating about 28) by distillation. As mentloned, 1t is further possi-
ble to divide this o0il into a portion easlily ignitable and another
portion of a high ignitability by treatment with methyl alcohol.
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Heinriph Koppers, G.n.b.H.,, Essen

The firm of Heinrich Koppers G.m.b,H., Esgen, was interviewed in Novem-
ber 1945 concerning the low-temperature carbonizetion of coal.

In 1942, the Koppers organization received an order from the Bergwerks-
verwaltung Oberschlesien -in Kattowitz for a low-temperature carbonization
plant with a capacity oi 1,000,000 metric tohs of noncaking and weakly caking
bltuninous coals per year to be installed at the Ohelm mine. The design of
the 1lnstallation was bascd upon past experience in the use of continuous,
vertical, refractory ovens for high- and medium-temperature carbonization
purposes. Also, this experience was supplemonted by large-scalc tests con-
ducted at the Oheim mine of Bergworkgverwaltung Oburschlesicon, The plant
was not comploted beforc the end of the war.

The Koppers low-temperature plant was to have vertical retorts each
11,500 mm. high, 3,500 mm. long, 250 mm, wide at thc top, and 350 mm. widc
at the bottom. Equivelent English vnits are 37.7 fect, 11.5 foct, 9.8 inchoe,
and 13%.8 inchos, respectively. The following yiclds wore cxpccted por met-
ric ton of coal curbonizecd: Coke (3 percent moisture), 64.0 percent; gas,
300,0 Nm” (11,390 cubic “eet at 60° F. and 30 inches Hz préssure, saturated);
low-temperature tar, 9.3 percent; and low-temperature benzine, 0.8 percent.

Tar produced in the test plant at the Ohelm mine was digtilled contin-
uwously with a pipe still to determine the ylelds of products that might be
expected. Heating oil, 70 percent, pitch (82° C, or 179.6° F.), 29 percent,
and light oll, 1.0 percent, were produced,

Additional details concerning this project are furnished in a report
entitled "Die Schwelung der Steinkohle nach Koppers."

Firma Carl] Still, Recklinghausen

On Noveiber 9, 1945, Mr. Still and Dr. Scihmidt of the Carl Still organi-
zation, 21 Kaiserwall, Recklinghausen, were Questioned concerning equipment
furnished for the low-temperature carbonizaticn of coal or “or the process~
ing of low-temperature tar, They reported that in 1942 their organization
had built a plant at Espenhain near Leipzig for the processing of 200,000
metric tons of brown-coal tar per year. The plant was bullt for Akticngesell-
schaft Shcheische Werke. It consisgted of a centrifuge plant for removing
sugpended matter from the brown-coal tar; a continuous pipe still cperated
atmospherically; a vacuum pipe still installation to further distlll the
residue from the atmospheric unit; batch stills for blowing the soft pitch
from the vacuum still with hot inecrt gas tc make hard pitch; and a pitch
coke plant.

For processing the distillates, therec was an Edeleanu extraction plant
to rcmove paraffins and batch rodistilling stills with columns.

Doscriptions of mogt of these units were furnishgd by Mr. Still at a
later date.
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Gesellschaf't far Teerverwertung, Duisburg-Melderich

Following a report that 28,00C metric tons of low-temperature tar from
bituminous coal had been furnished to this firm for distillation purposes
in 1943, members of the firm were interrogated on September 17, 1945.

It was stated that low-temperature tar from bituminous coal carbonized
in Krupp-Lurgi retorts had been received from Wamne-Eickel at the rate of
400 metric tons per month and from the Saar at the rate of 300 metric tons
per month, However, instead of being distilled at Meiderich, the low-tem-
perature tar was mixed with other materials distributed for fuel purposes
from that plant. The proportion of low-temperature tar in the fuel mixture
was 10 percent.

In July 1944, a emall quantity of low- temperature tar produced by Brenn-
stoff Technik was furnished to Gesellschaft flr Teerverwertung for test pur-
poses. A copy of a report covering a batch distillation of this tar was "
received, as well ag a copy of an article by Dr. 0. Kruber entitled "Beitrage
Zur Kenntnls des Steinkohlensciweltecrols."

Juliue Pintech, Kommanditgesellsehaft, Berlin

The oifice of Julius Pintsch, Andrcas Str. 71-T73, Berlin, was visited
Tfor the first time on November 2, 1945, The person interviewed was Diroctor
Dr., H., Rosenthal. For informwation about thc Pintsch-HEillebrand process, he
suggested an interview with Dr. Demann on the following day. For informastion
about tar procecssing, ho suggested that Dr. Stock be interviewed when
available.

Dr. Stock was contactecd the next morning at his homo, Nelkerstr. 3,
Berlin-Zehlendorf. He said that Pintsch builds plants for refining the
benzene recovered at brown-coal digtillation plants and from the distilla-
tion of brown-coal tar. The benzinec, in vapor phase, at 300°-400° C, (572°-
7520 F.) is passed over iron orc. Iron suliide 1s formed and the liberated
hydrogon acts ag a hydrogenating agont, and gubsequent rofining lossecs are
decreased. No corrosive sulfur is left ih the benzinc. According to Dr.
Stock, the proccss can be uged on brown-coal tar and Esthonia shalc tar.

A refining plant of this typc was started about 1940. A larger plant of the
samc kind for refining benzol was operated by Grossgaserel Mazdeburg. The
process was patented in Germany by Dr. Rostin. The patent is owned by Con-
tinental-~01, ©but Pintsch has the right to build plants in Germany. The
process was described by Director Jehn in "Die Braunkchle" during the period
1940-42, Dr. Steck said that he would try to find a copy of the article and
gend it to the writer. He would like to see the process applied to the shale
0il produced at Messel, near Darmstedt and also to the lignite tar of Hefrag
(Hesgen-Frankfurt A. G,) in Wol;ershelm.

On November 3, the Pintech oil gas plant at Rummelsburg, in the out-
skirts of Berlin, was visited with Director Rosenthal. This is cne of 26
plants gasifying crude brown-coal tar for the production of gas used by the
German railroads for the illumination of passenger cars and also for the
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heating of car wheels in repair shops. Gasification of 1 metric ton of tar
requires ?OO kilograms (441 pounds) of #ar for heating and makes 500 cubic
meters (17,660 cubic feet) of gas (calorific value, 9,000 kg.-cal. per oubic
meter or l 010 B.t.u. per cubic foot) and 30 kilograms (66 pounds) of light
hydrocarbons (shipped to Rutgerswerke for refining). The gas is compressed
to 15 atnospheres (220 pounds per square inch) for distribution in pipe
lines to points of use. The plant at Rummelsburg has three machines. Each
consists of a heat exchanger or foreheater for the two checker-filler gen-
erators that are alternately heated with tar and carburetted with tar. The
temperature in the generators is 800°-8500 C. (1,472°-1,562° F.) and the
pressure 500 mm. (19.7 inches). The gas production of each machine is -250-
50C cubic meters (8,830-17,560 cubic feet) per hour, depending upon the
gnality of the tar. Pintsch has built plants for distilling brown-coal tar
in Czechoslovakia, using the Szdewasser process, but they were not very
successful. A batch-distilling plant for bituminous coal tar is being
erected at Chemnitz for Stetor (manufacturer of roofing felt). A twn-ton
still with agitater to operate at 70 mm, (2.76 inches) mercury pressure will
be installed. It will operate on tar from gas plants or coke plants.

Following the interview, documents were received concerning the Pintsch-
Hillebrand water-gas process and synthesis gas from peat.

Dr. Reerinl, Essen

Dr. Reerink, formerly Director of Research of Bergbau Verein, and at
the time of this visit, October 8, l9h5, employed by the Mines Supply Divi-
sion of North German Coal Control, was contacted to obtain general informa-
tion about coal tars in Germany.

Dr. Reerlnk stated thaf coal-tar research in Jermany had been carried
on by‘Institut flir Mineralol Forschung (Prof. Helnze), Berlln Deutsche
Erdol A. G., Berlin; Edeleanu Ges. (Dr. Terres), Ges. fur Kohletechnik,
Dortmund; Byk-Gulden Werke, Berlin; and I. G. Farbenindustrie, Leverkusen.
Good authorities on these subjects are also Dr. Kraut, I. G. Farbenindustrie,
Berlin, and-Dr. Gagemann of Ruhrchemie, Sterkrade-Holten.

Dr. Reerink discussed briefly the use of brown-coal tar for hydrogena-
tion purpcses; the use of the Edeleanu process (SOQ) for the recovery from
brown-coal tar of benzine, Diesel oil, and paraffins; and the combined dis-
tillation, extraction, and hydrogenation process tried by Deutsche Erdol.
Later, a 150,000 metric-ton plant was buillt at Espenhain, according to Dr.
Reerink,

Some general remarks were made by Dr. Reerink about the comparative
merits of hydrogenation, Fischer-Tropsch, and Pott-Broche processes for
making motor fuels and aviation gasoline.

In connection with coke for the aluminum industry, Dr. Reerink said

that pitch coke sold for 90 R.M. per ton during the war and coke made from
the extract produced by the Pott-Broche process sold for 180 R.M. per ton.
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Dr. C. Otto and Company, G.m,b.H., Dahlhausen

At the office and plant of Dr., C. Otte and Company, Dahlhausen, Germany,
visited on October 16, 1945, the following persons were interviewed: Dr.
Stuhlmann, Dr. Brensing, Mr. Schoen, and Mr. Boskamp.

The following information was obtained concerning low-temperature car-
bonization and low-temperature tar: This company has cerried on a consider-
able amount of investigational work on low-temperature carbonization of bitu-
mincus coal. A pilot plant wag built in which at first it was tried to
carbonize the coal by sensible heat alone. This attempt was not successful
and a small coke oven with horizontal heating flues was erected and inside
the oven were placed, in vertical position, steel members resembling I-beams.
When they were in place, the flanges of the I-beams were close to the walls
of the oven and the webs were extended crosswige between the walls. The coal
was filled into tho spaccs between the I-beams; heat was tranemitted to the
coal through the side wallg of the oven and also by the steel plates or webs
of the I-beameg. At the' ond of the carbonizing period, the low-temperature
coke was dropred from the bottom of the oven into a car. The oven was pro-
vided with a reogencrator, which wag directly in line with and on the samc
level as the coke oven. The coke produced in this oven was oi gocd quality,
but tho stecl-hoating memberg warped badly and made it difficult to discharge
the coke, so the steel members were removed and tests were made with heat
supplied only through the side walls. A plant designed on this basis was
proJected but was not built.

The Otto Company has not investigated low-temperature tar. Dr. Stuhl-
mann mentioned the fact that a large amount of work had been done on the
miscibility of low-temperature tar by Krupp under Director Miller and Dr.
Demann, The Otto Company also has not built tar plants for the distillation
of low-temperature tar.

Deutsche Erd8l A. G, Berlin

On November 1, Director Ritter of Deutsche Erdgl, A. G., was interviewed
in his office at 61-66 Martin Luther Str. He stated that the brown-coal
distillation cperations of Deuteche Erd8l are carried out in two plants at
Regie, near Leipzig, and one plant at Rositz. At the latter plant there 1is
a large installation for the distillation of brown-coal tar by the old method
used for this purpose. Also, at this plant there is an experimental unit in
which wag developed the system of dewaxing, distillation, and coking now used
commercially at Espenhsain,

Director Ritter said that he was not very familiar with the methods
used for processing the tar, and the company's four best experts on this
subject had died (one only the week before this visit), but he said that
he would try to get a description from the Rogitz plant.

Following the interview, several documents pertaining to low-tempera-
ture were recelived from Director Ritter.
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Dr. Thau, Didier Werke A. G., Berlin

Dr. Adolf Thau of Didier Werke A. G.,. Weotlalische Str. 90, Berlin-
Wilnersdorf, was, interviewed on October 1, l9h5. After a. brief dlscusslion
of low-temperature carbonization and the worknng up of low-temperature tars,
including ‘brown-coal tar, Dr. Thau offered to wwlte a special report on
these subjects.

According to Dr. Thau, the distillation of brovn-coal, tar is best de-
scribed in "Die Chemie der Braunkchle" by Erdemenn and Dolch, (published by
Knepp in Halle, 1927).

The most interesting brown coal tar-distillation plant is at Rositz at
the plant of Deutsche Erd8l A. G Dr. Thau did not seem to be aware of the
fact that a larger plant of the same type had been erected at Espenhain
during the war.

Dr. Thau stated that the only systems now in use in Germany for the
carbonization of brown coal arethe Gelsgen and the Lurgi- Spu 288 Procesees.

Reference was made to the fact that Dr. Hangen of Byk-Guldenwerke had
applied for a patent on a method for recovoring tar acids from low-tempera-
ture tar. He did not remember the details.

According to Dr. Thau, a commerciai, low-temperature plant os the ver-
tical refractory type was crected by Didier Werke durlng the war.

Following the visit, an article entitled "The State of Low-Temperature
Carbonization in Germany Before the Conclusion of the War” and several sup-
porting documents were received from Dr, Thau..

PART III. - INDEX TO FIAT MICROFILM REEL €-98
(TOM MICROFILM REEL 152, PB L 13,09%)

Part A
The Low-Temperature Carbonization of Coal and the Processing, Use,
and Digtribution of Low-Temperature Tar and Products Derived Therefrom.
Documents and drawinges.

Part B

Proccsses and Equipment for the Recovery of Phenols From. Industrial
Waste Waters. Documznts atid drawings,

Part C

The "Blittner” Dricr. Descriptive pamphlets and drawings.
Part D

The "Pintsch-Hillcbrdnd" Wator-Gas Gonerator and tho Production of
Synthesis Gas from Peat. Documonts and drawings,
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Part E
Copy of a Dissertation by Ing. F. A. Croy entitled "Concerning a Proc-
egs for the Recovery of Pyrocatechol from Brown-Coal Tar, the Uge of the
Same on a Large Scale, and the Purification of the Technical Product."

FIAT MICROFILM REEL C-98 OR TOM MICROFILM REEL 152, (PB L 13LQ9§)

Documents collected by E. O. Rhodes, Miscellaneous Chemicals Sub-Committee,
JIOA, between September 15, 1945, and January 15, 1946.

Filmed by JIOA.
Date: Jamary 26, 1946,

Index Frame Nos.
Part A:

I. Books and documents dealing with low-température car-
bonization of coal. Received from Dr., Adolf Thau,
Didier Werke, Berlin.

1. The state of low-temperature carbonization in Ger-
many before the conclusion of the war, By Adolf
Thau. 1-30

2. Documents to accompany article by Adolf Thau titled
"The State of Low-Temperature Carbonization in
Germany before the-Conclusion of the War." Dia-
grams and table relating to low-temperature car-
bonization of coal. Yearly report of the "Brenn-
krafttechnische Gesellschaft E. V." 1940-41, 31-201

3, Kohlenschwelung zuglecich Erglnzung zu "Die Schwelung
von Braun-und Steinkohle" von Adolf Thau. The low-
temperature carbonization of coal. Supplement to
"The Low-Temperaturc Carbonization of Brown and
Bituminous Coal,"” 202-418

h, 70 Jahre Didier-Ofenbau Mitteltemperatur-Verkokung.
70 Years of Didier Oven Construction, Middle-Tem-
perature Coking. h1g-L2oL

5. Amt fur Technik der N.S.D.A.P. Bopicht ber dic
Tagung "Heimischc Treibstoffc” Nurnberg, October
1936, Report on the meeting "Domestic Motor
Fuels,” Nurnberg, Octobor 1936. 425 -h82

II. Documents from Brennstoff Technik, Essen.

1. Letter to E. 0. Rhodes, description, drawings, dia-
grams, and photographs relating to "Brennetoff
Technik" process for carbonizing coal at low
temperatures, 483-506
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Iv.

V.
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Indcx Frame Noag,

Documents concerning low-temperaturc carbonization, low-
temperature tar, and pressure gasificetion of golild
fuels with oxygen. From Lurgi, Frankfuvrt a.M,

1. "Recent Developments of Low-Temperaturc Carboniza-

tion of Solid Fuels in Gormany" by Dr. F. A,

Octken. Abstract by A. Thau in Enginecring Prog-

resg, vol. 17, Octcber 1395, pp. 229-235, 507-51%
2. Krupp-Lurgi Kammor-Schwelanlagon fur Steinkohle.

Krupp-Lurgl chamber for low-temperature carboni-

zation of bituminous coal. 514524

3, Lurgi Carbonizers, 521 -540

4, Die Druckvorgasung festor Bronnstoffe mit Saver-
stoff. Von Dr. Ing. Friedrich Danulat, Frankiurt
a. M. The pressure gasificatlon of solid fucle
with oxygen. 5L1-550

5. Statistics for 1943, Production and treatmcnt of
low-temperature tar. 551.-552

Reports and diagrams roceived from H. Keppers, Esson.

1. Dic Schwelung der Steinkohle nach Koppers. Tho low-
tomperature carbonization of bituminous coal by ) )
the Koppers method. 553-56h

Documents obtained from Messrs. Friedrich Krupp A.G.,
Essen, Ruhr, Germany.

1. Lay-out drawings and flow disgrams of low-tompora-
ture carbonization and Fischcr-Tropsch plants of
Fried. Krupp A. G.

2. Flow sghcet for Krupp Lurgi low-temperature
carbonization plent, Wenne-Eickcl. 565

b. Flow shget for Krupp Fischer-Tropsch plant.
Wanne-Eickel. 566

c. Krupp-Treibstoff Werk. G.m.b.H., Lageplan.
Krupp motor-fuel plant lay-out. 567

2. Reprints of articles concorning low-temperaturo

carbonization and low-temperaturc tar, rccclved
from Fried, Krupp A. G. Essen-Ruhr.
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Index Frame Nos.

a. "Steinkohlenschwelteer” from "Kohlenschwelung" by
Adolf Thau. 568-57k

b, Uber Betriebserfahrungen mit der Steinkohlen-
Schwelanlage Bavart "Krupp-Lurgi” auf Schach-
tanlage Amalie der Frie%. Krupp A. G., Berg-
werke Eceen., Von K. Bruggemann. Concerning
operating cxperience with the Krupp-Lurgil plant
for the low-temperature carbonization of bitu-
minous coal at the "Amalie" shaft plant of
Fried. Krupp A. G., mines, Essen. 575-583

c. Wagsergasorzeugung aus Steinkohlen-Schwelkoks.
Von Dipl. Ing. Wilke, Oberhausen - Holten.
Water-gas production from coke produced by low-
temperature carbonization cf bituminoue coals,
by Dipl. Ing. Wilke, Oberhausen - Holtcn 584489

d. Die Physikalische Prﬂfung von Schwel-und Hochtem-
peraturkoks in ciner 5-kg-Trommel. Von E.
Comblés und W. Surmund. The physical testing
of coke produced by low-temperature carboniza-
tion and high-temperaturc carbonization. By E.
Comblés and W. Surmund. 500-593

e. Dle Bestimmng der Pumpfghigkeit von Heizolen
Von BE. R. Asbach vnd J, Tegethoif. The de-
termination of the pumpability of hoating olls.,
By H. R. Asbach and J. Tegocthoff. 594-598

f. Mischbarkeit von Hoizblen von Dr. W. Demann, Essen.
Miscibility of hcating cils by Dr. W. Demann,
Essen, 599-606

g. Laboratoriumsapparatur fur Steinkohlenschwelung
nach dem HoizflAchenverfahren von K., Scheeben,
Essen, Laboratory apparatus for low-temperature
carbonization according to the "heating surface"
process by K. Scheeben, Essen. 607-612

h. Die bisherigen Arbeiten der Vereinigung fur Stein-
kohlenschwelung (V.f.S.) von Dir, Dr. H. Weiltten-
hiller, Dortmund. The previous werk of the
"Vereinigung fur Steinkohlenschwelung” (V.f.S.)
by ‘Dir. Dr. H. Weittenhiller, Dortmund. 61%-622

i. ﬁber die Schwelung der Steinkohle in Verbindung
mit der Fischer-Tropsch-Ruhrchemie Synthese von
F. Muller. Concerning the. low-temperature car-
bonization of bituminous coal in connection with
tne Fischer-Tropsch-Ruhrchemie gynthesis by F.
Muller. 623-625
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Index

Viskosimetrisches Verfahren zur Bestimmung der
Mischbarkeit von Kbhlenwasserntoffgeml schen,
insbecondero von Helzolen, von Dr. Demann und
H. Asbach., Vigcosimstric methods for de-
termination of the miscibility of mixtures of
hydrocarbons esgpecially of heating oils.

VI. Documents obtained from Messrs. Carl Still, Reckling-
hausen, Germany, concernlng a tar plant for Messrs.
Aktiengesellechaft SBehsigche Werke in Espenhain and
8, plant for processing hydrogenetion residue from the
POlitz Hydrogenation Vorks.

1. Letter from Messrs., Carl Still, Recklinghausen, to

E. 0. Rhodosg, referring to de scriptions and draw-
ings relating to the proceassing of tar,

(For items 2 through 11 (except No. 7), referred
to in the letter, sec FIAT Microfilm Recl C-96 or
TOM Microfilm Reci 152 (PB L 13,093) frames 989-
991 and 657-658, respoctively.)

2. Documents concerning a tar plant built by Messvs.

a.

d.

©.

Carl Still of Rockllnghauscn, Germany, for Messrs.
Aktiengescllechaft SHchsische Werko, Espenhain.

Bcschreibung einer Toorvcr&rboituncsanlabe flr
die Aktiecngesellschaft Sachsische Worke in
Espenhain. Description of a tar-proccssing
plant for the A. G. Sachsisohe Werke in

Egpenhaln.

Espenhain low-temperature tar plant built By
Carl Still for Aktiengesellschart SHcheische
Werke, Dresden.

Beschreibung elner Rohtesr-Schleudéranlage.
Description of a crude-tar centrifugal plant.

Beschreibung einer Teordestillation., Descrip-
tilon of a tar-distillation.plant.

Beschreibung einer Blasenredestjllation ol
varaffinhaltige Oele., Description of a re-
distilling still for oils containing paraffin,

Description of a still for production of hard
pitch with inert gas., (See FIAT Microfilm
Reel C-96 or TOM Microfilm Reel 150 (PB L
1%,096) frames 456-458, for description and
drawings. )
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626-635

636-637

638-641

642

643-645

646-649
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VII.

VIII.

2749

IX.

Index Freme Nos.
g Beschreibung einer Pechkokerei. Description
of a pitch-coke plant. 652-656

3. Beschreibung einer Anlage zur Zerlegung von 8 t/h
elnes Hydrierabschlamms fu” die Hydrierwerke
Politz. Description of a plant for vrocessing 8
tong per hour of a hydrogenation residue for the
P81itz Hydrogenation Works. 657-658

1. Document received from Dr. Lameck, Egsen, Germany,
concerning: The treatment of tars made by low
temperature according to the process of Byk-Gulden-
werke Chemische Fabrik A. G., Berlin-Oranienburg, 658-662

" .
Documents from Gesellschaft fur Teerverwertiung, Dulsburg-
Meiderich,

1. Beitrgge zur Kenntnig der Steinkohlensohwelteergle.
Von Dr. O. Kruber. Sonderdruck aus "0Oel und Kohle
vereinigt mit Petroleum,” Heft 45, Scite 770 (1939).
Contributions to the knowledge of tar olls produced
by low-tcmperaturc carbonization of bituminous coal
by Dr. O. Kruber, Special print from "Oel und Kohle
vereinigt mit Petroleum," vel. 45, p. 770 (193%9),  663-667

2. Versuchsbericht uber eine diskontinuierliche Destil-
lation von Schweltecr aus Waldschacht-Kohle in der
Versuchsanlage der Gesellschaft fur Teerverwertung
m.b,H,, Duisburg-Mcldecrich, Test report of a dis-
continuoug digtillation of low-temperature-carbon-
ization tar fromﬁWaldschach+ coal in the test plant
of the Ges. fur Teerverwertung m,b.H., Duisburg-
Meiderich., 668.-672

Documents and drawinges from I. G. Farbenindustrie Leuna
Plant,; Merseburg.

1. Beschreibung und Plan der Kohlehydrierung. Descrip-
tion and diagram of the coal hydrogcnation. 6T2A-673

2. Sumpfphdse-Destillation Me 888. Allgemeine Besch-
reibung der Anlage. Liquid phase digtillation Mo
888. Genecral dcscription of the plant with appar-
atus flow diagram (drawing No. M 6060-1) and draw-
ing No. 1104b (4), showing locations of thermo-
couplcs on pipe heater. 6T4-677
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Index Frame Nos.

3. Description of ‘the phenol installations with draw-

' ings: M 5762-4 Phenolextraction, building Me
953-M 613%8-1 Phenol oil alscillatAon, building
Me 950 - Ena 3145-2, Flow dlagram of springing
and carbonizinb equipment.

k., Description of phenol plant "South" with drawings:
M-10231 "3"-2 phenol refining, building Me 992
Sk-101145-4 Pheriol fractionations, building Me
98% Production scheme Jan./May, 194k M-6043-16
phenol 1ra< tidnatior, building Me 983 Flow dia-
gram M-3624 %d"-1 phenol fractionation, building
Me 983 Equipment arrangement M-6947-16 Pyrocate-
col plant, building Me 9Gk.

5. Description of the manufacture and di Buill&tlon of
Cyclohexanol, with drawing M 6881-16, building
Me 978 and Me O75.

6. Description ol the manufacture of Cyclbhexanons
with flow diegram M 6882-16, building Me 975.

T. Description of the: manufacture of Oxime and Luran
(Caprolactam) with flow diagram M 5626a-8,

8. Description of the adipic acild menufacture with
flow diagrem Sk 31745, bPuilding Me 205.

9. The synthese stages of Igmides A, B, and.U.

1. Ube; die o§ydative Ringoffnung von o-Dioxyhenzolen
zu Mukonsaurederivaten. Dr. un+nor Spengler,
Munich., The oxidative ring fission of the o-di-
oxybenzene to muconic acid derivatives.

1. Dig Zerlegung von Schweltberen aug Braunkohlsc und
Olschiefer mit selectiven Losungsmit .eln von
Prof, Dr. Ing. Ernst Terres. The extraction of
low-temperature ter from brown coal and oil shales
with selective solvents by Prof. Dr. Ing. Frnst
Toerres. Reprint received From Edcleahu-Gosell-
schaft, Berlin.

1" X
Documents obtained from Deutsche Erdol-Aktiengesellschaft,

Berlin.

1. Verabeitung in der Raffinerie Rositz in den Jahren
1942/43, Production at the Rositz Refinery in
1942/43,

[

678-68L4

685-697

£98-706

707-710

711713

T1h-716
7

718-738

739-T54

55
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2., Verarbeitung von Schwelteer auf Paraffin. Produc-
tilon of paraffin from low-temperature tar with
drawing Sk 327 and description thereof. 756-759

%. Verarbeltungechema von Schwelteer auf Treibstoffe
(durch Spaltung). Procedure for meking motor
fuel from low-temperature tar (by cracking). 760-762

4, Verarbeitung des Waschteers. The processing of the _
wagh-0il residues ("wash tar'). 763-764

XIII. 1. Document and drawing from Schwelwerk Offleben (dis-
tillation plant Offleben) of Braunschweigische
Kohlen Bergwerke, Helmstedt. 765-773

XIV. Documents concerning Schwelerei Most (Bwux), obtained
from Hermann Goring Werke, Schwarzenfeld near Nurnberg.

1. Aufbau und Arboitswelse der Lurgi-Splilgas-Schwelan-
lage fur Rohbraunkohle in Brilx. Construction and
production methods of the Lurgl-flushing-gas plant
for low-temperature carbonization of crude-browvn

coal. TT4-785
2. Elektrische Standmessung - A.uSIuhrunb D. Electrical

level indicator - Model D. 786-794
3+ Druckverlust in Rohrleitungen. Pressure drop in

pipe systems. 795-805
h, Lurg}-Spulgas-Scnwolanlagen. Bulletin of thc "Lurgi-

Spuloas“ low-tcmperature carbonization plant. 806-821
5. Flow diagram for the low-temperature carbonization

plant. 8g2
6. COp - Waschanlage. COp  scrubbing plant. 823-86l

7. Klardampf-Karbonisier Anlage Entwgsserungsund
Blasendestillation - Bau 342-34k4, Steam-stripping;
springing, dehydration, and distillation plant
(for phenols) Building 342-3LL, 865-880

8. CO Reinigung, Brux. CO removal (from crude
bydrogen). 881-887

9. Winkler-Anlage, Brux. Bau 55 (Generstoren), Bau 58
(Desinte""°tornn\ w. Bau 66 (Geblase). Winkler
plant - Brux., Bullding 55 (generators), Building
58 (centrifugal dust removers), and Building 66
(blowers) 888-900

2749 - 8o
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10. Waschol- und Mitteldldestillation, Briix. Wash

0il and middle-oil distillation. 901-920
11, Steam-flow diagram, 921
12, Condenser-Water Flow Diagram, 922
13. Druckkonvertierung. Pressure converters. 923-936
14, Plant-flow diagram, 937

15. Turbinentrockner - "Buttner”. Turbine drier
"Buttner”. 938-957

16, Der Turbinentrockner in der Braunkohlen-Anfbereitung
von Dr. Ing. K, Fritzsche, Micheln. The trubine
drier in brown-coal production. 958-961

17. Buttner Turbinen Trockner seine Entwicklung.,
Buttner turbine drier - its development., 962-969

18. Die Schwelung von feston Bremnstoffen und ihre
Bodeutung fir die Beschaffung von flussigen Treib-
und Bremnstoffen. The low-temperature carboni-
zation of s0lid fuels and thelr importance for the
obtaining of liquld fuels. 970-979

Part B:

I, Documents and. drawings pertaining to the removal of
phenols from waste waters by various systems used at
coke plants, hydrogenation plants, and brown-coal,
low-temperature carbonization plants.

1. Statemcnt and three drawings concerning dephenoliz-
ing of waste waters recelved from H, Koppers, Essen.
Entphenolung - 27.11.1945 - Dephenolizing. Draw-
ings Nos. K 157,10%, B 121,748 IIPh, end B 130, 888
Ph V. 629. 980-98L

2. Beschreibung zum Schema clner Entphepolungsanlage
nach Blatt V 54/3L mit stohenden Ruhrwerk Wascher
(System Still). Description of the plant for a
dcphenolizing plant, with vertical agitator washer,
according tc drawing V 5h/3k ("Sti11" system). 985-988

3. Beschrcibung einer Entphenolungsenlage mif Unmpump -~
systom Still - Zoilchnung: Lab, S 833. Description
of a dcphonolizing plant with the "Still" roeycling
sy stom, 989-991
27k9 - 81 -
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Index
4. Entphenolungs Anlage. Dephenolizing plant.I. G.
Farbenindustrie A. G. Merseburg-Leuna. Tricres-
ylpkosphate system.

5. Gegenwartlger Stand der Entphenclung von Abwhesern

Frame Nos.

992

aus Kohloveredlungﬂanlaoen von Dr, Ing., W, Herbert,

Frankfurt a/M. Sonderdruck aus "Oel und Kohle" 38,
Jahrgang 19k2, Heft 19, Seite ‘329/51. Present

position of the dephenolizing of waste waters from

coal-processing plante., Reprint from "0il and
Coal” 38, 1942, vol. 19, pages 525/31.

6. Dle Entphenolung von Industricebwassern und Slen
nach dem Phenosolvan-Verfahren von Dr, Alfred
Dierichs, Leverkusen. Sonderabdruck aus der
"Chemiker Zoitung," 1942 Jahrgang, 66, No. 22/28
S 283. The dephenolizing of 1ndustrxal waste
waters and oil by the Phenosolvan proccss by Dr.
AlTred Dierichs, Leverkusen. Reprint received
from Dr. Dicrichs at I. G. Farbenindustrie Plant
Schkopau.

7. Entphcenolung von Suhwolwaosern and Phenolgewinnung
bei der Aktiengesellschaft Slchsische Worke von

. Ing. H. Just, Dresden, Sonderdruck aus "Braun-

kohle” 1941, Heft 19, S. 245-249 und HeTt 20, S.
259-263, Dephenolizing of low-temperature cokc
plant watcrs and recovery of phcnol at the Akt.
Sach31sche Werke by Dr. Ing. H. Just, Dresdcn.
Reprint from "Braunkohle" 1941, vol. 19, pp. 2k5-
249 and vol. 20, pp. 259-263.

8. Phenosolvan proccss. Document from Dr. Lameck.
Documents from Emschorgenossenschait, Essen.

1. Zc¢hn Jahre Phenolgewinnung aus dom.Gaswassor der
Kokcreicn im Rheinisch-Westflischen Industric
biet - Essen 1939 - von Reglerungsbaumeister
&.D.H; Wiegmann, Essen. Ten years oi phenol re-
covery from the coke-plant gas liguors in the
Rhine-Westphalia indugtrial area., Reprint re-
ceived from Dr. Wiegmann, Emschergenossenschaft,
Essen.

2. The Emschergenossenschaft.

3, Emschergenoesenschaft and Lippeverband in den Jahren
1925 bis 1930. "Emschergenossenschaft"” and
"Lippeverband” in the years 1925 until 1930.

- &2

99%-1000

1001-100k

1005-1013

1014

1015-1022

1023%-1035

1036-1158
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Catalogs and drawings for Blttner Drier, Buttner Werke,
A, G. Uerdingen, collected by Solid-Fuels Team.

Kohle-Trocknung und - Khhlung. Coal drying and
cooling (booklet)

Der Turbinen Trockner "Buttner”. The turbine
drier (pamphlet).

Farben-Pasten-Schlamm jedér Konsistenz. Colors-
.Pastes-Sludges of every consistency.

Bittner-Werke - Drawing 81868 - Anordnung der U. B
Anlage der Grube Elisabethi. Layout of the U, B.
Plant of mine "Elisabeth".

Auf gtellungsplan des Blittner-Vert. Turb., Trockners
fur Feinkohle - Drawing OTu 85518, Cross-sec-
tional view of Buttner, vertical turbine driers
for fine coal.

Anfmtellung einer Lignit-Trock. Anlage mit
Blittner - Vertical - Turbinentrocknern - Drawing
OTu.88860. Cross- sectional view of a lignite-
drying installation.with Buttner, vertical, tur-
bine, driers.

Documents from Messr. Julius Pintsch, Berlin, concern-
ing: a. The "Pintsch-Hillebrand Process" and b.
Synthetic gas from peat.

1. Letter to FIAT, Berlin, November 1k, 1945,

2., Die kontlnuiorliche Wasscrgaserzeugung nach
dem.Umwalzverfahren mit besonderer Beruck-
sichtigung des Pintsch-Hillebrand Generators

von Freidrich Domann, Bérlin. The continuous

I.C. 7490
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1159-1199
1200-1219

1220-1227

1228

1229

1230

1231-1232

water-gas production according to the re-cycl-

ing process witl special consideration to the

Pintsch-Hillebrand goncrators by Friedrich
Domann, Berlin.

3. Drawings for "Pintsch-Hillcbrand” plant:
BGH 0250 Schnitt durch die PH Wg-Anlagc.
Cross section of the PH-WG plant.

83

1233-1278

1279
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BGH 0358 P, H. Wacsergas-Anlage. P. H.
Water-gas plant. 1280
BGH 0533 (Title undiscernable) 1281

BGH 0205 Elecktromotoren in Bau 1 und Bau 7.
Electro motors in building 1 and building
7. 1282

BGH 0385 Generator und Regenerator (Lgngs-
schnitt). Generator and regenerator
(elevation view). 1283

BGH 0590 Synthesegaserzougung aus Torf.
Giebelansicht der Anlage. Synthesis gas
production from peat, View of plant. 1284

BGH 0386 Gonerator und Regenerator (Grundriss)
Generator and regenerator (plan view). 1285

BGH 0589 Synthescgaserzougung aus Torf.,
Lageplant Synthesis gas production from
peat. Lay-out. 1286

BGH 0418 Schema der ‘Pintsch-Hillobrand
Wasscrgasanlage. Diagram of the Pirtsch-
Hillebrand water-gas plant. 1287

BGH 0630 Torfschwelanlage mit Cowperbeheizung.
Plant for thec low-temperaturc carbonization
of peat with Cowper heating systcm. 1288

‘b. 1. Synthesegas aus Torf vorr Prof. Dr. Gustav
Keppecler, Hannover. Synthetic gas from
peat by Prof. Dr. Keppelor, Hannover. 1289-1307

I. 1. Copy of a Dissertation by Ing. F. A. Croy cntitled
entitled "Uober ein Verfahrcen zur Gewinnung von
Bronzcatechin aus Braunkohleontecron, die Verwertung
dosselben im Grossbetricbe und dic Reinigung des
technischon Produktes.” "Concerning a process for
the recovery of pyroceatcchol from brown coal tar,
the usc of the samc on a largo scalc and the purl-
fication of the technical product.” 13%08-1369

2749 - 84



!
et

Agitator stills |
Warm water < }
To atmosphere <- } ] l
Charging stock D— s g
1 ] i To vacuum-pump plant
"~ F € — ‘!;
g Compressed gas
/C 3 Condenser
(4 5 /,{ )
/ - 4 g — Soft pitch
f E /C i Forerunnings Distillate to Edeleanu plant
i i [ : y  To ct;arging stock
| Il Distiltate ) >
in ' ] 1
94 727 [
‘ ’ ﬂ' f =t ] e
Cooling water D> [ 9 Steam >— P A D .
1 From vacuum plant
Gas [= I bo—

Figure 25. - Arrangement for redistillation of oil, A. G. S3chsische Werke, Espenhain.
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