FOREWORD _

In the early part of l9f§,ras the‘Allieﬁ armies advanced, Germen labora-
Since German develop-
ment work had oeen hidden from.the eyes of the world By the Reich's national -
icy of gecrecy, and by 5- 1/2 years of war, it was obvious that much might
learned from such investigailon.. In particular, this was frue in the syn-
thetic-fuel industries. deriving 011, gasoline, and a wide variety of chemicals
rom coal, for, owing to the scarcity of domestic petrolsum, Germany had been
Porced into intense development of this field in contrast to. the limited
ﬂmpunt of -similar development by the Unlted States and Great Britain, . Before
¢ fighting ended in Europe, the United States and Great Britain organized
Bams comprised of experts in all fields. to.lnvestlgate the: research and in-
dustrial operations in Germany. .. Tne teams investigating coal, oil, gasifica-
and allied chemical fields. 1ncluded more- than 30 Amerlcan 1nvestigators
14 about an equivalent nunmer of Brltlsh investigators. durlnb l9h5 ard furc-
‘German work in the, syntheﬁlc -liguid~ ~

wever, 2 great deal of 1n¢ormation poqs1b1e of direct appllcatlon, and. much
troation of a fundamental nature to help guide research work in this coun-
for meny years, was uncovered, Studles of the German 1ndLetry are con--
ing, and it is hoped that such gaps in the infermation as now exist will
i1led in by futwre work. :

The primary fields that were covered in the oil and synthetic-fuels in-

.fhydrogenatlon processes for producing oil from coal, The related fields
oal gasgification, oxygen production, alcchol manufactvre, lubricating- oil

oduction, and the production of waxes and sdible fats, as Well as a variety
ther chemlcals, were an inherent part of the investigation,

Thig report is one of a series which resulted from the investigations in
errany and other parts of Europe by the Technical Oil Missicn, operating
L the auvspices of the Ministry of Fuel and Power for Great Britain and
th_#\.PetroleumAdm1nlstrat10n for War and the Bureau of Mines for the United
8. It is being published in accordence with the policy of the United
S Government to make available to the interested public the results of
HVestlgatlona of enemy reesearch end industrial development.

W. C. Schroeder, Chief,

Office of Synthetic Liquid Fuels,
Bureau of Mines,

Washingten, D. C.




INTRODUCTTON

. The Leuna Factory of ‘the I. G. Farbenindustrie K, G,, sitvated
near Merseburg, -is the biggest héavy-chemical plant in Germany and
produces & very wide vangé of products, mainly based on hydrogen
or hydrogen and carbon monoxlde.Its principal products are ammo- o

-nia, synthetic petrol :derived From the bydrogenation of brown coal,

" &nd synthetic alcohols made From hydrogen -and carbon monoxide. g
 ..The plant was first visited on April 21, 1945, by & team in-

weluding Eo-Cottony V. Haersel, B, B, Peck, P. K. Kulme, H, M, Weir,
Lo L, Hirst) W. W, 0dell, G, U. Hopton, H. Hellings, J. F. Ellis;
and H;:G,-Simpson, It vwag again visited on Mey 8-2k, 1045, by a

~combined British and :American team consisting of R. Eolroys,

M. 83 G, Banks,-D.-A, Bowes, Ai"J. V. Underwood, R. &, Taylor,

‘W, F.Faragher; H, Schindler,” and J. G. AlYen.  This team was

leter Jolned by J. F. Bllis and Red. Morley,

-liepackhird vielt with particular reference to catalyst menufac-
rtupe was wade by W. F. Faragher 2nd W. A, Horhe; and the notes of
-these” latest investigators nave been taken into account in
prepering the report. + - T

This report ves edited by Dr. R. Holxoyd.
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asz% Vgh nidt e member of ‘ary visiting team, Dr "H, Clough (Brltlsh) has
a valuable ‘contribution to the above report by studying evacuated
ents @nd by His assistance in editing the final document.
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I GAS PRODUGCTION

The 1nuerrogatlon of Dr.’ Sabel (Englneer in charge of gas productlon)
and Dr. Jeltsch (Chemist in charge of HaS. removal) was carried out by

‘Hollings, Weir, Odell and Hopton on April 22nd and 23rd, 1945, Additional
informetion was obtained by C. A, F. T, about the same time and by Ellis

d Morley on May 1léth. Newman interrogated Oberingenieur Ohler; Dr,
Schroeter Dipl, Ing. Stingl and Obermeister Heuer on May lith and 15th,.
1945, in regard to the detailed operatlon of the slagglng gas. producers'

;(abstlch—generatoren).

Gas Production - - | R R

Water gas for NH, and methanol synthesis and for H2 productlon was
made in three distincet ways, The bulk was stlll made on water gas gener—
tors; of the usual design, working a cycle and using oven coke, and the
est was divided between Winkler generstors, using Op and grude coke, and
lagging producers, using Op and oven coke,.or Rohschlacke (refuse from -
the Brassert ﬂenerators) A rough summary of the plant can be seen in

he following table:

No, of . Umit - . Normal OQutput -

Units - Gapacity =~ - . from Plant
o u3/hr Ges 12/ hry Ho # CO

Pint sch~Drehrost! 10 53000 ) i
1ntsch-Brassert n 10_12’ OOO?) 2[.;.0, 0C0
10,000 )

50,000 ) §5 ,000. (Lamlg_

ted by
(oxygen availables ...
(a second Winkler.
(ran to make
{producer gas for
e d : g : (power‘)
lageing producers ‘ 15,000(coke) L7
8,200 - 30,000

e T o (Rohschlacke) oo

'f%chpproducers : . ? Kot used.

’
Gas Generators

The original generators wsre of an old Humphreys and Glasgow;deslgn
wt by Pintsch (now referred to as "Drehrost-gensratoren®), but most
hem had been Podlfled by braosert (now referred to as Plntsch—Brassert—

.Only a few of théfgenerators were seen, and

i umber of changes had been carried out eon varicus generators it was

?@cult in the short time availsble to gebr any clear idea of héw many
srators included each modification or indeed what was the effect of
fodification, The following notes are therefore very incomplete,
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1.6. 7370

A1l generators had concen vic rihp rotery-grates, bub whilst soime
were brick-lined. others had jacket bollers. They had an I, D. of 3 m,
50 that the stated output .of 30,000 to .lE‘,QOO_‘}ﬁB/hQur‘must “pe considersd
very high and possibly “inefror. They were enabled to achieve high out-
puts without clinker troubles by extracting ash with a highcoke ¢ontent
(50%¢), the theory being that ‘troublesome clinker could not foxm if ‘ash’
were not allowed To accumulate in high concertration; the carbon in ashes
was not lost; as:it was used on the slagging producers. At least ‘some’
of the generators actually in use were hand-cperated.. o R

The fuel used was oven coke, made from bituminous coal, and brought -
by rail from the Ruhr, a distance of 275 miles. The daily consumps 108 1
of coke was 3,000 T/Ds . : ' =

;WewagtddtM$umjlvayrmaﬁhr&eWh&kréa@mhﬁ%\mkg“
oxygen and local brovn coal or grude coke, were more expensive to-run
than the coke water gas generatiors;y despite the high cost of coke after
its long haul and this had been‘the reason for the continued existence °
of the old method of gas menufactures Only in the last years ‘of the war,
apparently, had the cost of Ruhr coke become high enough to make the ¢
Jlinkler generator cheaper to run, We do not know how far these arguments
include considerations of the high capital cost needed for a new plant,:. -
remembeg‘ing"ihe‘-bldﬁ generators were in existence,

-Winkiéf'Gené£a£§£s“(3ite 279 on Vorks. plan)

 These generators were built in 1929-31 and since then have béen
subjected only to minor modifidationsy. Since more modern installations
- werd” geen elsewhere (eqg..Zeitz) the plant was not covered in much detail
They have been used to gasify both dried brown coal and Hgrude! coke
(prowm coal low femperature coke), and have been used for the menufacture
of power gasj producer gas for NH3 synthesis and water gas, In recent
years.the fuel has been almost entirely grude coke, with one Winkler run
to make power gas and one run to make water gas. Shortage of oxygen
limited the planmt outpub of water gas to one Winkler,’ 7 .

The principle of the Winkler generator is well known: particulate
fuel was used, the most suitable size being 3 mm diameter, with less than -
10% above 5 rm and the blast of air alone (when making power gas) or of =
a mixture of oxygen and steam (when making water gas) was sufficient to ..
make the fuel Ndance" or boil,- As a result very high outpubs could be
obtained Trom a given cross-section in comparison with erthodox water gas
generators.. . - T ' L ' '

! There were five Winkler generators in all; fhe oldest and smallest
one had an output of 40,000 w3/ hour water gas for a cross-secpion area
of 12 5q.m. and the other four each had an cubputs ‘of 80,000 M3/hour waber
gas for a grate area of 25 SQall. S o :

e

«




I.C. 7370

The change over from dry brown coal to grude coke probably took
place because of the increased demands of hydrogenation for dry brown .
coal, thus causing a limitation of drying capacity, and also because

some
3 m, ‘of the availability of grude coke from Various neighbouring brown coal
“sidered L. T. carbonization plants; set up primérily to recover tar fram the coal,

‘Both fuels were quite satisfactorily gasified, although dry brown coal
‘gave 2 higher CH) content of synthesis gas.” The fuel was fed into the
‘side of the conical base by four screw conveyors,

A1l the generators originally had statlonary grates, over which
“swept 2 rotating water-cooled arm, to rerove ash through an opening on
ne side, The blast passed through this grate, In recent years however
g ‘the small generztor (1943) end one large generstor (19k4) were modified
gt o ; ‘and the grate and rotating arm eliminated, the oxygen and steam mixture
: hen being added through tuyeres entering the side of the conical base;
his sucecessfully eliminated all shut-dovns for repairs of the rotating

'S5 usﬁlg mm, although by theén the earlier rather serious troubles due to leaks

O TUg ror: the arm, had been much reduccd; more important however, it was

e after: laimcd that the modification nad réduced the consumption of fucl and
istence xygen by ebout 10%, although no feasen was given., The grateless generator
T the wary: s fitted with two screw conveyors azt the base, which could be run inter-
s the - 0" mittenly to remove that ash, foreign material, ete., which was nét blown

ATEUmernt & over and had collécted at the basé, A grateless generator has been in-

stalled at Briix, ) ’ ‘ :

In operation of gemerators with grates only about 10% of the .ash was

rithdravm at the base through screw conveyors: the remainder passed over-
ad, "It was possible to run for 1 to 2 weeks without these screw con-

: veyors, large material merely coliecting slowly on the grate, The over-

Alation 1ead ash comtained 50 to 55% carbon end had a maximum size of 0.3 to 0.4

weh detaild mm, It could either be returned to the generator or burnt on boilers:

: it had also been used as an active carbon for the dephenoclation of ef~

sanufacture’ oo fluent s, -

- -

- : : The blast, when meking water gas, consisted of a mixture of 4O to
ygen 0% oxygen with 60 to 50% steam. About two-thirds of the oxygen was

- dlown through the bed and cne-third, mixed with 20% steam to prevent ex-
Plosicns in the tuyere main, was blown through tuyeres into the gas space

Jiculate ut 3 to 4 m above the bed, with the objeéct of gasifying carbon in dust
1 less than entrained in the gas and cracking any tar and hydrocarbons,” The original
as) or of sign had the.top half of the generstor enlarged to a bulb, designed to
icient o, é a longer time contact for these reactions, but in lster designs this
zould be 28 eliminated and the straight cylindrical portion heightened to give the
x water g2% ame effect; the reason for the cherige was given as capital cost, Some of

the generstors at Leuna still had these bulbs, but some had not; the exact
Mimber of each was not obtained with any certainty, In all Iater plants

e straight-sided generators were installed;, e.g. three ab ‘each of the
Tabag plants at Bbhlen, Magdeburg and Zeitz, 'end five ab Brix (but in-
'lujjing one grateless type as mentioned before), The most detailed ac-—
int of this design is given.in the report on Zeitz, = Three such genera-
ors. were also built by I. G. ai Ludwigshafen for Japan; designed to work
Y 2 grain size mineral coal of particularly active charscter, '

-3 -
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The whole generator was brick-lined and no trouble was obtained
with clinker, The fuel bed temperiture was about 900° C, but this
depended on the nature of the fuel, The bed depth was about 1m, and .
had a back pressure of about O.5 m. water gauge.

With less reactive fuels, such as bituminous eoal derivatives, the - .
Winkleér generator was said +6 be much less satisfactory., Much higher bed:
temperatures had to be us ed and the COp in vater gas was high,

Typ;cal perfdrmancé figures were given as follows:—
‘" jater Gas Power Gas
Dry Brown o : Dry Brown
Coal Grude Coal Grude

Gas Analysis . 19 ©10 11
(HyS fres) . T 38 ' 22 27
: T ’ L0 12 ) 7
2 : 0.7
o 1 55 ) &
Net C.V.T.cals/M - . 950 956
Fuel | Kgh3 & : 0,625 : 0.335 %
Cxygen M3/M3 0.25-0,26 - 0,25-0,26 nil nil
Steam M3/M3 0,39 0,375 nil nil

. 'Tj’iﬁid;al analyses of the fuels, not necessarily corresponding with .

the ‘:.a‘,_b___bvé figures, were:

Dry Brown Coal | Grude Coke
(dry basis) : {dry basis)

Yolatile S
“ash
T H0

‘The major thermal losses were as carbon carried away as dust and
‘as.sensible heat ‘carried away in‘the water gas ab abous 900* C. The flue
gas was passed through & cyclone to recover any coarse dust, was cooled - -

- to about’ 200° C in a waste heat boiler, and passed through a hydraulic
seal; it was then dedusted in a direct contact water washer and a Thelsen”
disintegrator, It was stated that unsuccessful attempts had been made to:
build recuperators and heat éxchangers in the top of the generator, pre-
sumably to preheat theé blast, - - -

. To aveid explosions when using oxygen-steam blasts it was essential
to get good mixing; on the Winklers it was present practice to mix at a
minimum_distance of 30 to 40 1. Trom the point’ of entry into the generator,

with several bends to promote turbulence, -

1128 -4~
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5(1;3;5‘2_5;“5 Producers ("Abétichg_eneratprgp‘__‘ )

The original slagging. producers. at Leuns were three Wurth producers,
ging coke breeze, mscnes” from the water gas generators or simply coke,
fiowm with air only to make producer gas for KH, synthesis; the producers
fne completely brick-lined and ach was removed as molten slag. Steam or

fyygen could be added ag conditions permitted,

- Qwing presumably to brickwork failures 'the__W{,'tx;j:h' type wasg replaced

another, in which the whole of the lower part of the produser was
sater-cooled, There were aix of these producers, five of I. G. design
nd one by Pintsch. Une had been built during the war, The producers

e blovn with oxygen ‘and steam and the capacity of each unit was 15,000
p/hour of substantially nitrogen-free producer gas, :

The jproducer was puilt of 1/2% to 5/8" iron plate, heving & diameter
2.5 metres at the tuyeres and 3.8 metres higher up, with the inside -
imetor of the brickwork 1.7 metres at the tuyeres and 3.5 nmetres at the -
5p. The total neight was 7 m. above the tujeres &nd the Tuel bed was W

;deep above the tuyeres. Only thé top part, above the fuel bed, end the .
S ver part, below the tuyeres were prick-lined; the rest was pare metal.
ive generators the producer was water jacketed but in the ldst one
nilt the Jjackst had been omitted and the metal was ¢ooled merely by

#ickling water down over the outside.  This modification hed been carried

put as the result of & serious accidént on one of the old type; 'a plece

slinker became lodged just above a tuyere and ag a result the incoming
oxygen canged a very high locdal  temperature, which burnt:a hole in the .

ket; the producer became £1ooded and.quenched and vefore it was noticed |

1ygen had broken through, causing & serious explosion in the g&as maing
as coolers. This could not happen with the latest design; it was
d that there was no trcuble with evolution-of stesm as the water merely

It was very difficult to make power gas on these producers, using.
only; the difficuliy was presumably insufficiently high temperature
- permit slagging, owing to heat abstracted through the generator walls,
1ice the old brick-lined Wirth producers could be Tun successfully on

.. When meking producer ges, a mixture of oxygen and steam was intro-
iced 2t the tuyeres and a temmerature of 1,700° C was obtained, although
exit gas temperature was only’ LOO® €. Timestone could be added o act
flux for the liquid slag. Depending on the fuel, slag vas rwi off
tervals of 20 to 60 minutes. One method of slagging was to run the
e & slag first imto troughs, where any iron sank (and was dug out at -
Htervals), and then into cold vater:; another method was to tap off molten

1 from the extreme bottom of the generator and moliten slag from a tap .
oo What higher, _ : o : - sl : :

A wide variety of fuefi.ss could.”-oe ﬁsed, but Rohs-c;hlacke' (réfuse) é,dnf_
1 Mng 50% carbon, frem the Brassert generators was norwally used. The
should be above 30 mm, and could be as large as 1 to 2 feet. When

-5 -
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using metallurgical coke it was common practice to add 3% of limestone -
end 20% of solid sleg from previous working to assist in the formation
of slag. When using coke the blast mixture was 35% Op &nd 65% steam;
when using Brassert Rohschlacke the mixture comtained 50 to 58% 05 and -
50 to 42% steam, o R ' T

Typical operating figures were:

Brasgert . Grude from
Refuse - Deuben
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The Tigures In the lagt colum’ are interesting;fhsre'steam.in-the
blagt was replaced by C0,, resulting in a very high content of CC in the
gag made, - s ' S ‘

Smaller slagging producers were avalladle and used for testing
various fuels and various metheds of running,

Pattenhausen Generator

. Thig generator was not inspected, although the instailation was
seen from & distance. The principle of* this generator was that all the
heat of reaction was added in the form of highly preheated steam at ebout
900° C. A lerge excess (fowrfold?) of steam Wes uLsed and gasification of
dry brown coal proceeded at about_600° tGVTOOOVG, a temperature only pos-
sible with a highly reactive fuel, We gathered that the plant wes not a
greaf.success and certainly no other units had been built, although the
originzl one sterted up in 1937. - .

Oxygen Plant

- -This consisted of Linde-Frankl units of converttional design and
was not studled in detail,  There were 9 units in all, having & total
capacity of 23,700 M2/hour of 98 O,,the two oldest units producing
1,900 and the other seven 2,850 M/hour. The actual output over the
five years 1938-k2 averaged 22,000 MJ/howr 1004 0. A somevhat smaller
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