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" The existence of this document became -kmown in ¥ay 1945 to one of
us (RJIM) during a visit to the I,G. factory at Leuna on behalf of the
British Ministry of Fuel and Fower; the X.G. were t01ld to have a v
photostet prepaeréd and this was collected and brought back to England
¥n June, by a member of & British Mimistry of Supply Mission.“— The-
original should have come to London as a C.X.0,S. document in tk
normel way, but at the time of writing it has not been traced.

.The report, which in effect swmwmerizes the experiences and opinions
of the leading I.G. expert on this ‘subject, has been considered worthy -
of full tramslation. Such a translation has been made, with the addition
- of the minimum of notes by the translators, intemded to clear up a few '

expressions, peculiar to Leuna. " The subject matter will be critically .
'reviewed in later subject reports. . . S : o

Below is a short glossary of tranalatiéns used here:

gﬁw s - hard coke j('_ = metallﬁrgie_al or oirexij coke) «
‘Steinkoble : bituminous cogls o
Schwelkoks = Halbkoks t+ semi-coke ( = low temperature coke).
Grude or Grudekoks : grude (= brown coal low temperature coke) .
Hertgrude @ . hard grude (see note on p 3 ). -
Rohschlacke ¢ . ' mgegmi-ash® (see note on p 2 ). '
Felpkrnig 3 . particulate ( = fine-grained)

Kdrnig s greined ™. e

Stitckig : S ~ lump

Geperater : generator ~[The German word is used both for the

English "generator® and “producer", althoush occasionally amd-
indiscriminately the German word "Erzeuger™ is used for “producer®.
VWhen using oxygen and steam the usual definitions break down and
the term "“generator" is used throughout this translation].
- Braggert and Pintsch : Froprietary names for mamufacturers of
- . ordinary make and blow water gas generators,
B ' L A operating normally on hard coke. :
Drehrostgenerator : The term "Drehrost® has been reteined in the
: - . translation: if translated as "rotary-grate
‘type® it is less distinguishable from the
Pintsch-Brassert generators, : ' ’



Abstichgg_n__zrator : Slagging gemerator.

_Schacht@erator O Shaft Generator. :

Schwelgenerator " Carbonisation genera‘bor, in which coal is
. . carbonised in the uppser portions and sinks

domn- into the gemerator proper.

Carbonisation-gasification, where the two -
processes occur in the same vessel.

Schwelgag s+  Carbonisation gas.

‘e

~ Schw;lvérgasung

m' - A1l figures in the taxt have been replotted, usi.ng ddta fron
ta‘nles vwhers ava.:Llable.

Ggs Measurement - Throug:mut gas quantities ‘written as M° ere meagured .
. dry at 15°C .and 735.5 mms Hg (i:e. 1 kg/cm2), which -
is standard at Leuna. Gas quantities written as ml
are neasured dry at 0" °C and 760 mms Hg.

 DiGiFraser.
RoJo'orl‘YO )
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TEN YEARS oF Omm-GASIHCATION AT LEUNA

On the 7th December 1932 a Linde air-separat:i.on plant, which was -
to be used exclusively to make oxygen for water gas production by oxygen
-gasification, wes put into operation at Leuna for the first time. In
‘the past ten years oxygem-gasification has been tried out in numerous .
processes with both lump and particulate fuels. The following is a
summary of the most important of these processes.

Sta.ft—'up_ and Bevelopment of' Oggy;gen-ga‘ sification at Leuna

!

Prior to 1929 about 3,000 M3/hr of impure oxygen, containing about
55% oxygen and 45% nitrogen, was available at Leuna from four Linde air-
separation plants, used for producing. pure nitrogen for ammonia synthesis.
Until-1928 this impure oxygen went to waste into the atmosphere. From
1/6/28 it was. partly used in the gas plant, by adding it to the blast of
the 'slagging generators, manufacturing power gas, but this ceased in 1931.
The oxygen content of the blast was increased to 24%.°

We then suggested this oxygen should be utilized for synthesis gas -
production, since the Winkler "make and blow process"® for the gasification
of partlculate dry . brown coal had not come up to expec't.ation.

. No useful information had then been published on “the gasification
with oxygen of partigulate or lump material, The experiments of .
Vandeveer and Parr l)with a laboratory furnace oducing 2-3 M3 gas were
a failure; the single,large-scale test of eg could not be repeated and,
like the very first experiment of Hempel 1 in Dresden in‘1899, is of no
practa.cal stignificance. . ‘ '

Apart from these three a’c‘bempts, in which large—snze fuel. had been
“used, published material was purely theoreticel, and this, partly due to
lack of actual experience, led to mistaken ideas, particularly the
apprehension felt about the effect of-high temperatures on the danger of
slagging and on demage to the materials of construction of the generabor. '

The experiments on o:wgen—gas:.f:.catlon in the Winkler generator,.
which were started in Februery 1929, wer 1imited at first to the
production of ammonia synthesis gas, using mixtures of oxygen and air,
because the use of pure oxygen then appeared to be too dangerous. From
February 1929 to April 1930 the groundwork on gasification of grude and
dry coal was done in a small experimental generator with a shaft area of
2 H3,~ and this led to the continuous production from June 1930- of about

10,000 M3/hr of mixed gas for ammonia synthesis in No.l generator in
building Me 278.

- ®"Blase~Gase-Verfahren" - an early Winkler process operat:.ng a boiling-

bed on a meke and blow ¢ycle, using air and not oxygen. Trans. note.
1) See literature references on p 32. . :
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. After this first success it soon became possible, on the basis of
the information so obtained, to use mixtures of pure oxygen end steam
to meke & nitrogen-free water gas, suitable for hydrogenation. 1In -
June 1930 ni trogen-free water gas was produced experimentally from grude
and in April 1933 on the full-scale from dry brown coal. - It was.shown
that slagging, which was so rmuch feared with pure oxygen, could be.
controlled just .as well as when running with air, and further,. that the
methane content of symthesis gas could also be kept sufficiently low in
large scale operation, in spite of using uncarbonised dry brown coal, so
that this new water gas could be used for synthesis, -

‘Today there are seven Linde-Frankl ai-r-v-s_ejp}aration plants at Leuna
making 98-99% oxygen, which is used jn Vinkler generators for the -
contimwus produgtion of 50<55,000 X /hr of nitrogen-free H, + CO.

When in 193 oxygen-gasification in Winkler generators was
considered at BShlen by the Braunkohle-Benzin-d.G, for the production
of hydrogen from particulate grude, we were.able to give exact guarantee
figures, based on actual experiemce, -for the consumption of fuel and
oxygen and for the purity of ‘hydrogen, using a fael not tested for the .
 quelity of its ash, On acceptance the guarantee figures were maintained
without difficulty, just as they are today in the works built subsequent-.
1y at Magdeburg end Zeitze . = = Co

After solving the problem of oxygen—-water €as production in
Winkler generators, oxygen—-gasifi cation of grained end lump material in
a fixed bed was studied, From July to December 1931 the first . . -~
" experiments were made in a small slagging generator, using oxygen and
hard coke with the result thet since October 1935 two Iinde~-Frénkl air
separation plants, specially installed for the purpose, have made pure
oxygen contimously for the production of 20,000 M /hr - ni trogen-free
water gas in slagging generators. . The fuel used in this cese is .
"gemi-ash® from the Pintsch generators of the water gas plant, containing
about 50% carbon. - - o ' S

. Experiments on the production of water gas with oxygen in a fixed
bed were then extended in 1936 to brown coal brigquettes and lump grude,.
‘Many variations of oxygen-gasification were carried out systengqtically .
in an experimental appaeratus with complete tar condensation e.g8s -
carbonisation-gasification with a. common outlet for carbonisation gas
and water gas, or with a seperate outlet for water gas, free from -
carbonisation gas, and also preheating the steam—oxygen mixture to
temperatures of 200-900°, The experiments were then extended to the
fall scale geperators of the water gas plant, using hard coke and lump

grude, thereby obtaining full scale experience for larger uni ts.
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‘VWhen about 1933 hard grude® ceme on to the market as a new and improved
product of the brown coal industry, a further Linde air separation plant
was ‘ordered, so as to make water gas in the Pintsch generators of the
eas plant, using oxygen to gasify hard grude obtained at Deuben from .
"Ringwalzen" briquettes. So begins oxygen-gasification of a new fuel,
vhich is conceivably a suiteble substitute for Westf&lischen hard coke -
et Leuna, but one which cannot be used for water gas mamfacture - at
least as yet - by the old make and blow process. . '

- When this new Linde plant ie put into operation at the begiming
of 1943, 26% of the hydrogen needed in the works at Leuna will be
-obtained by oxygen gasification, partly of dry brown coal and grude in
Winkler generators, partly of "semi-ash" in the slagging gemerator and
partly of hard grude in Brassert generators., ' :

-~ Meanwhile a® & consequence of the varied-nature 6f the oxygem-
gasification experiments and of the oxygen-gasification processes at
Leuna, our experience of using oxygen, and of the necessary safety
precautions, had progressed so far that in May 1941 useful suggestions
and performence figures could be given, when bituminous coal semi-~coke
was being considered for hydrogen prodnction at the Auschwitz factory;
this semi-coke could only with difficulty be used for water gas

mamfacture by methods other than oxygen-gasification, -

% DProbably “Hartgrude®™ is the name given to carbonised briquettes made
by the "Bingwalzen" or "ring-roll" process, whilst “Grude®™ is the :
name given to carbonised briguettes made by the older "Strangpressen®
or "“extrusion" or "“plunger-press®" process. It is known [ see '
CeI«0sS. Report, Item 30 File No.XXXII-14 "Deutsche Erd®1 A.G. Regis]
that the former process yields a much harder product, described as a
high class fuel for domestic use, whilst the latter process ylelds a .
weaker product, used for power production and generai industrial use,
[Trans, NoteJ. ’ - ' S
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The Reaction Mechanism of Oxygen-Gasification

Firstly we have the following well-lmovin water gas: rea'cti%ﬁ%s.

C+ H0 = O + H; = 1393 keal per 2 MS (CO + Hp)
Ct+ 2H0 = COp+ 2 - 963 " n ZNM® (GO, + 2Hp)

As in almost ell technical processies for meking water gas the first .
equation, with its greater heat requirements, preponderates in oxygen-
gasification, on account of the high temperatures used, viz. over 900°.

~ The heat required by the water gas process imist be balanced by
external sources of heat; apart from chemicel heat requirements in
forming water gas, the other heat losses of the process must also be =
balanced, e.g., the sensihle heats of the gases made, of the undecomposed
steam, of the solid residue, radiation and, for slagging producers; the - -
heat of fusion-of the slag as well. - The heat required for the reaction
between carbon and steam and the other heat losses are balanced in
oxygen-gasification by the heat liberated in the simmltaneous combustion
of a corresponding amount of oxygen. . ‘Oxygen can be burnt to either
CO or 0026 ) ' - . '
. C + 0 = G0 + 1190 kcal for 1 NM3 .CO N

¢ O+ Oz = Cop + 4235 ™ n 1NM3 CO,

- As an example of how oxygen can resct, two practical oxygen water -
gas analyees have been mathematically split into the above four
equations; the split of the analysis of 1 NM3 water gas is arrasxged, so
that the components of the edquations are subtracted in steps. 1)~

a) Hard Coke with Oxygen and Steam in the Brasse’_zj,; Generator - -

S . . €0y CO . Hy N H0 0y Heat Change.

S "~ NM3 NM3 NM3 NM3 - NNM2 - NM3 - keal
1 NM3 water gas 0.227 - 0.347 0.403 0.009 - -
disp.H; & N, from coke : 0.005_0.002 -

| . 0.227 0.347 0.298 0.007 o o .
from C + Ho0 = CO + Hy 0.347 0.%347 ______0.747 . - 484
from Ct2H,0 = COp12H, 0.0255 - 0,051 0,05 . = < _24
. 0. m15, - . - 0‘.007 -’ 4

S =...0.007 0.298 0.2015 + _ 243
1) This calculstion is & form of the normal H>-0, belance, giving a clear
. overall picture, since the anmount of the vearious reactions can be
followed -simultaneocusly. For simplicity CHg has been ignored, btut
for accurate calculation must of course be taken into account, along
‘with carbonisstion geses obtained by gasification of bituminous fuel.

from CH0, = CO, 0.2015
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. Accordingly for 1 NM® water .gas, 0.2015 NM® O, + 0.007 NMS¥,
(oxygen about 97% pure) is.converted to CO, and 0.398 NM3 steam is .
decomposed; the gasification liberates 343 kcals, which balance external
losses! = - . PR T ' o o
b) Hard Coke with Oxygen and Stesm in_the  Slagging Generator.
o | ' " Hp Ny . H0 O, .Heat Change

co, ©o

A . S W m® NM® S S s keal
1 NM3 water gas ~ 0.057 0.640 0.287 0.009 |
disp.Hz & Ny from coke .2 0.005 0.002 ,

| ... - 0.057 0,640 0.2820.007 . e
from CHH0 = COHH, T 0.282 0.282 0 0 0,282 _ - ZBo-.

: T "0.057 0,358 = 0.007 A .
from C + O w CO 0.358 : 0,176~ + 425

| = . = = 0,007 0.282 0.22  + 287

| Accordingly of 0.236__ 0o, + 0.007 Na .(o:w'genl about 978 pure) ab@ut % .
is converted to CO, and S to CO. 0.282 NM® steam is decomposed, 287 kcal

are available to cover external heat losses.

In both examples the sequence of reactions is taken arbitrarily.
One could also first calculate the. resction C + H.0 = COz + 2Hp or - -~
C'+ 0 = CO and finally CO + H,0 = CO + Hp. The final result, #Ath . .
respect to steam decomposed, oxygen used and heat liberated, would always
be the same. The practicw will always welcome the simplest and )
clearest split of ‘the analysis, because, in spite of extensive research
work and a large technical literature, there is still no certainty about

the actual order, in which the various reactions occur.

'In the Brassert generator (Case (a) more oxygem is burnt to COp
then In the slagging generator. ‘This is because of the greater internal
heat requirement of the larger quantity-of undecomposed steam in the
Brassert generator. L ) " e

Instead of steam CO, can also be 'made to react with carbon,given the
necessary heat of reaction by combustion of oxygem according to the .
equation: - _ o . |
C+C0; = 200 - 1841 kcal per M CO. -

Sor examplé:
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¢) Hard _C_gke- with Oxygéh a,'nii’coa'_in the Slagging ggggrator -

- e

O C0 H, N .88 0z  Heat Change.
‘ - ma‘. Nm3_ _'Nm3. m3‘ NuS3 N3 SR '

)

1 NM® water gas  0.061 0.902:0.027 0.0L
disp.H; & N, from coke ~ 0.005 0.002
. S o -0.061 0.902 0.022 0.008 -
' from CO, used .. ] 0.022 0.001 0.023
- . 0.061 0,202 -  0.007 .
momoom . D06 . o 0.061
EEE . = 0.902 .-  0.007 - . -
from C + CO, = 2C0 . O.442  go; - 390
. L .= 0.460 - 0.007 9 N
from C+0 wCO = - 0.460 . - 0.230° .+ 550
- = = - o070 bom 4 160

_ Thus for 1 NN’ water gas 0.220 NM® 0, + 0.007 M3 N, (03 = 97 )
‘are used.  Oxygen 1s wholly burnt to CO; 0.305 IM3 928 CO, is about 5%
‘décomposed; end 160 kcal are liberated to coven external heat losses. - -
‘The overall pPicture of the simple theory of oxygen—-gesification can be
seen by imagining a shaft generator divided into two chambers by a
~vertical waell; on one side of the wall occurs the strongly endothermic:
reaction of steam with hot carbon, whilst on the other side the heat
necegsary for thie is produced by burning oxygen to COp or CO. The
wall is not there in reality and all reactions proceed side by side,

80 that the actual ‘sequence of the various reactions is in practice of -

secondary importence.

1) 92 c0p, about 7 By, 0.3% Ny,
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-»ﬁle TechzilcalPrinciE les of Oxygen-Gseifi i:atibn.- .

- The first big difficulty in using pure oxygen for water gas -
production isg slagging of the fuel, and this will happen very quickly
at the high. temperatures used, if fluctuations occur in the oxygen— .
steam mixture. A Second unpleasant difficulty is the effect on grates,
tuyeres, oxygen supply pipes > generator brickwork and metsl wells - -
resulting from chenges in the oxygen—-gtean mixture or from strong local
slagging, which has previously occurred. At first we met considerable
difficulty from both effects until we found that the ususl methods for
wixing steam and air under the grate could not be used for mixing steam
end oxygen.- The resultant poor mixing led to stratificetion and the
formation of regions. of higher oxygen concentration, and this caused
severe slagging and burning of the grate and tuyeres. T

. There were similar failures later in 1935, mhen,':neglecting this
pPrevious. experience, we tried introduecing steam and oxygen seperately
through. the tuyeres of the slg.ggi.ng generator_in Me 240. i

- The first basic principle for oxXygen-gasification is:
"mix oxygen and steam or oxygen and CO, at some distance from the .
genserator and use only a homogeneous mixture under the grate or in the
tuyéres.® In practice a distsnce of 10-15 m, if possitle incorporating
.a bend or restriction ‘plate, TG ‘adequate for. good mixing. This
-mekes it unnecessary to use copper ‘tuyeres or delivery lines of copper
or any other special materisl to prevent attack. : o

In: the light of this it is} interesting to note"tﬁé%f'l'éél:.age of .

‘water from the stirrer of a Winkler gererator or from the water-~cooled
ash discherge could result in severe slagging.” This can only be
explained by assuming that locally, through condensation of water vepour
from the steam-oxygen mi » 8trong oxygen-enrichment occurs directly"
over the grate. A similar phenomenon was alsg met in the Pintsch-
_Brassert generator with oxygen~-gecification through a lesking stirrer.

Cereful mixing of oxygen and steam is thus essentisl for oxygen—

'gé._sificaﬁon, but this is not always recognised, although it appgars -
so sin;ple and_-obvious.‘}’ It is well-known, that Lurgi still get e lot

Germany, where besides us oOxygen—gasification is used in slegging
generators (Thyssen, Miilheim-Ruhr, after the patent of Galoscy,

DRP 573,112), they have changed over to tuilding pre-combustion

chambers before the slagging generators, in which oxygen and gas are
pre-combusted, giving a highly superhested steam-gas mixture, which -
is then introduced into the fuel “bed, =o that in effect only endothermic
resctions occur inside the generator. . These elaborate precautions,
which also reduce the output of the producer, gre completely superflnous
if there is early intimste mixing of oxygen end stesm.
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: The high concen‘hra‘b:l.on of oxygen, e.g. 3)-40" on the Winkler
generator and up to 55% on the slagging generator; involves certain
operational dangers. If in the slagging genera'bor, owing to irregular-
ity in fuel or flux, lumps of slag build up in front of the tuyeres then
such lumps of slag can so obstruct the path of the oxygen that the

oxygen immediately strikes on the hot fuel, lead:mg to- attack of the
brickwork and metal wall of the. generator; e.g. it happened in one oxygen
slagging generator that the oxygen leaving thne 'buyere was deflected By a
lump of slag and burnt a hole in the wall of the water jacket. = The .
escaping water quenched the generator; the process, which may have taken
only a few seconds, was. noticed but the danger was not immedlately -
appreciated, with the result that oxygen entered the water gas main and
together with water gas from a nen.ghboum.ng generator caused a destruc-—
tive explosion in the coolers and gas mains. / See Fig. 1 _/ s e

Similer burning threugh of the wall oft.en happened earlier in the .
Winkler generator, only there the consequences were not so unfortunate,
because this had no wa*ber jacket. X _

Oxygen can of course also get into the upper part of the .
generator and thence into the water gas mains, -gasholder, etc., if the
fuel bed level in the generator is lost. Two serious explosions in
'mrbside factories ("Lizenzwerken") were caused in this way.

The second basic principle of o:qrgen-gasification is, therefore,
the most ca.ref‘ul supervision of operations. -

In order to study the course of an o:qgen break—mrough, the fuel °
supply to a smdll Winkler generator with 2 M° shaft - area wag shut
off, whilst maintaining the full flow of oxygen and steam. ' The course
of the oxygen break-throvgh, as shown by CO0n, is illustrated in Fig. 2.-
Therefore, all oxygen-gmerators at Leuna have a small flame, working
with & selenium cell. Vhen the flame goes out an alarm sounds, and
the opara:bor must immed:.ahely turn off. the oxygen supply. .

As well as this precaution; each- W:mkler oxyg&n generator has:
iuplicate pressure gauges, fitted wi‘l'.h ala.rms show:l.ng the height of
fuel. - )

. If by any chance 1) steam :ls dmit'bed from the ox;rgen-s‘beam o
nixture, the grate naturally begins to burn in the ‘undiluted, dry

>Xygen. This has happened twice on ocur water gas plant, through the
carelessness of the operator on the Drehvost generator; the damage can
be considerable. There is also a possibility of the hot fuel bed
jischarging into ‘the atmosphere. Therefore an independent steam
sonnection > the so-called "emergenq steanm", is provided under the grate.

l) e.g. in an outsfde. fac‘bory the spindle of a vertical steam valve.on
- the ma:.n steam l:.ne broke, and there was danger of the valve closing.“
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v Eadh time an oxygen generator is started up or shut down the grate
is purged with CO, or N2. » ,

Bes1des the generator the.oxyﬁen blowers, which compress dry oxygen
to 5 m water column, can also be a source of danger. - In the course of
the development of oxygen-gasification at Leuna and the outeside factories;
some, oxygen blowers have actuslly fired. - Such fires, apart from the

s%éuctlon of the blower, are dangerous, since ‘large clouds of iron
oxide make access difficult and the very hot oxygen-ircn flames can
eas1ly cause the fire to spread. . Such fires started either by oil -
running from a bearing when the seallng water was left off, or else by
the rotor........ : :

(Page 9 of original'is missing here)'
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‘Fuels for ( Qggr@% : gsification and Compsrison with the .
e and Rlow" Procesg - ' :

_ The price of 1 NM® CO:+ Hp from hard coke is about 10% higher
using oxygen-gasification than when using the normal make .and klow
process. The saving of coke by using oxygem and the simpler plant
for continuous gasification does not - with the present-day price of

~ oxygen at 1.7 to 2.0 Pfg./NM3 - balance the cost of the extra oxygen.
In the subsequent usage of water gas a further charge against -oxygen-
gasification of hard coke is incurred, because the quantity of catalysed
‘gas ("Kontaktgas") and consequently the gas in the first three stages
of compression and the gas to be scrubbed with water at pressurs are
increased by an amount of Cop corresponding to the oxygen used.

In practice 1) the comparison -is as follows for hard coke gaéified
in various ways. , . : : . o

Tost Number - 3 o 5 e

Process . Make and Og-Gasifi- Oy gasi~ Oy gasi-  Make and .
- Blow in cation in = fication fication Blow in
 Brassert slagging  in Brass- in slagg- ~ Brassert
whth generator ert with ing gen- with COz
‘ ' steam = with steam = Steam - erator 2)
o L .~ with COg SR
Analysia 002 % 5.0.. 6.8 , 22.7 6.1 24.6
] Co % : 42.0: 61.4 34.7 ’ %.2 ' 68.8 :
- ,Ha ’ o 4900 3]..0 40.3 ’ 2.7 : 501
. Np % - 40 . 0.8 2.3 1.0 1.5
- psr_ & Hﬂgg(%‘ pure) | . L
are ne s . : . R
Hard Coke ‘kg ' 0.620 " 0.5 - 0. L 0.590 0.70
Oxygen NMS - "0e26L, O.ggg' 0.269 -
Steam to gener- o |
“ator kgd.763 0.3/ 1.06 - -
" ‘o CO con- _ T )
version plant : . . .
. . kg Q.600. 0.710 . 1.09 . 1.24 1.
, Total Steam " 1.363 1.0 2.15 1.24 -
per 1 NM3 pure Hy : ‘ ,
is used: S ) '
Moist catalysed gas S : :
at exit of systels 2.44 3.18 3.25° 4.05 4.72
Dry catalysed gas o ‘ S
before compressor®™ 1.68. 1.88 1. 2.22 2.37
1) Yor the calculation a gas with CO, before hydrogen
purification is assumed; CQ regemeration gases have not been consi-
dered, but assumed to be uséd for another sSynthesis (st Leuna for
. NHg sysnthesis); 5% Hp-losses have been assumed. _
—2)-In the comparison the substitution of steam by CO, as ga cation

(continued at foot of page 11.)
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. In test (1) using hard coke wa.th O and steam in the Brassert, the
génerator was very cold; if the test had been longer it is Qulte :
possible that steam could have been saved,

It can be seen at once from the above efflcienca.es, that the amount
of oxygen needed is not small, that the savings in coke and steam are
not great and that the additional load on the compressors, in terms of
quantity of gas compressed, is correspondingly great. Theoretically
the extra amount of compressed.gas should correspond exactly with the
oxygen used. That this is rumerically not the case here is due to the
fact that for the comparison with "Make end Blow® a water gas with 4% No
has been taken, .which therefore contains a small. Quantity of .oxygen
‘denved from the air. ‘

A calculation 1n Re:ichmarks shows that the cost of p%re hydrogen 5y
' gasif:lcation of hard coke with oxygen, costing 1.7 Pfg/NM’, is about
15% higher than by the old “Make and Blow" process.

Ozygen-gasification is not yet competitive for good hard coke; its
- proper use is for the production of hydrogen from fuels, not sn.itable o
:for "Meke and Blow" but which are cheaper then hard coke. Fortunately

there is a whole series of such suitable fuels:- =~ ‘

particulate dry brown coal: in the Winkler generator
particulate grude in the Winkler generator
lump grude and hard grude in Drehrost, Brassert, slagging
brown coal briquettes in shaft generator with .
( carbonti sation-gasification) - ca.rbon:lsation su.per:lmpdse‘d

non-caking bituminous coal muts .- - . .

' (earbonisation—gasiﬁcation) - ditto - :
bituminous coal semi-coke B :ln Drehroat, Brasaeu.-t & alagging

‘poor Juality hard coke, e.ge.
upper Silesian hard coke waste,
and fines from hard coke and _ '
semi-coke, 5=10mm, ‘ = ditbo -
. Both brown and bituminous coal dust can be utiliged quite well with
oxygen-gasification, although these consume more oxygen than the above.
fuels and methods of gasification, becauae a8 exit tempera.tnrea are
essentially higher when gasifying dust, The increase in oxygen :
consumption is however not too great that it comld not be compensated
for by a low.price for coal dust.. :
4
2) medium which has often been suggested, is 1nc1uded. Xt may be seen
‘from:the figures that the amount of gasification ateam used, by which-
is meant the steam consumed by generator + CO conversion plant is not
‘any less, and that the CO2 to be recirculated wonld enormously overload
the CO conversion plant and the compressors and also of course the - )
pressure water scrubbing process, Thiks addition of CO2 to. the genera- '
tor, unless it is desired Yo produceé CO, is fundamentally wronge .




"All the fuels named have been systematicelly tested at Leuna since
. development of the Winkler process for gasifying dry brown coal with
-oxygen; information on the most important results is given in the o
accompanying tabtles. At Leuna it is out of the question to incresase
gasification of dry brom coal in the Winklers, because the coal ’
requirements of the factory make big demands on thé mines in the
. neighbourhood. Also Winkler oxygen-gesification needs considerahl
"lerger oxygen plents than gasification in’shaft generators. . '

In these circumstences hard grude is the ideal fuel for replecing
Westphalien hard coke for oxygen-gesificetion at Leuna.  This would be -
certain to lead to a conslderable cheapening of hydrogen. Although the
present_day selling price of hard grude 1s higher then For industrial
grude [Eormal Lurgi grude from "Strangpressmbﬁ.ketts:'] ‘it is known that
the production coets for hard grude are not only no higher then for -
indqustrial grude but are even somewhat lower. v S =

The conversion of our coke water gas plant to hard grude does not
involve eny great chenges. Fortunately the cdutput, in Ba + €O, of a
generator using-hard grude is the same, end protatbly even somevhat
greater than that with the ™make and blow" process. Adjustments have -
to be made only to the water services becamse the sulphur content of
water gas is higher than with hard coke. What edjustments will have
to be made for the higher HpS and CO;-contéent of water gas made from hard
grude, cduring sulphur purification, CO conversion and in the. first three
stages of compression, cannot be assessed until the Lince air-separation -
plent, cue to start up in 1943 making oxygen for gasification of hard =
gruce, -has been running for some time. It is certain, however, that
these edjustments, efter allowing for the lower production cost of hard
grude, will still result in a considerahle-cheapening of hydrogen.

' S ' cost ' . ‘

"Besides the low proézc haré grude, which permits ‘
'tr'ansﬁortatiog{ﬁ‘ﬁm/‘; more di: % Central German mines, there is the .
plessantness of handling, which is scarcely less-than that of hard coke.
Leosding end unloeding do not cause a dust nuisance, whilst rightly .
handled hard grude is not listhle to spontenecus combustion, end like hard
coke it is easily stored.. It has been stored at Leumz on the open ground
for months without difficulty. Breakage during transport 'end hendling is
not serious. Fines end dust can be screened out immediztely btefore the
water gas generators,end cen, like dry fly dust ("Flugstsub"), be fed to
the Winkler generators, where the hard grude "breeze" can be turned to
-good account; in this it is unlike hard coke breeze, which cannot be
gasified. ' o B o _ ' ~

In a few months time oxygen-gasificatidn of hard grude at Leuna will
- commence by making about 9,000-M3 CO + Hp/hr, end one hopes and expects,
that with the return of normal conditions, the process will meke great
progress. ’ : ] :
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Besides oxygen—gasification of- hard grude in Central Germany, it
is to be expected that this type of ‘gmsification, with its simple - .
technique will also have a good future in Upper Silesia. Moreover
pon-caking bituminous coal can be used for mamfacturing hydrogen by
carbonisation-gasification, &nd particularly, Upper Silesian semi-
coke; the latter has already been chosen for Auschwitz.
The Results of Tests and large Scale. Operation
_ In the following tables the analyses and consumptions, with
several check calculations, are sunmarised for the oxygen-gasification
of: - 7 - ' .
~ Hard Coke ol
Bl tuminous Coal semi-coke
Brown Coal Grude
Dry Brown Coal ard
Brown Coal~Briquettes
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Oxygen—Gasificetion of Hard Coke with Stesm ~Lo0Le
- T (1) 6, @3 - (9 (7 18),

Test Number . M e in the in the in the in the in the
Process Pmtsch Pintech slagg- slagg- slagg- Pintsch
- Brass~ Dreh- ing: ing ing gen- Prass-
erd roet gener-— 1 gener- erator = ert -
ator ator using "Wasche

- T"seml-  koka"

ash® ! .

' Record nb’oe" of “ 9, 5.41. 2.9 37 29.5.41

d. 6.42.17 5.39. 17.11.41.

Gas agi;lysis | 002.» % 22.7 22.4 = 6.8 -5.' | 9.7 - 23.6
S . i 00 %= N ’ 34.7 ) 35.5 2 &04 64.6 66.5 ' 3507
H $ 4.3 4.7 3.0 8.7 2.9 29.7
| CH, % 1.4 0.5 0.0 0.1 . 0.0 0.5
R 'Np y 4 0.9 0.9 0.8 0.9 0.9. 0.5
Sulphur .in Gas H,S g/NM3 - 3.8 - 4.3 ="3) 2.7 =3)
" organ.s 0.2 -~ 33 . 0.380 - 3) 0.30 -3
Consumptions: measured . . . : 60 o 247 -
8- uuamm 0.267 0.252 0.262 0.2 347 0.324
i‘.’.%?&ﬁi 7%%) kg/ He 0.987- O. 832 0.346 0.294 0.207 1.2
C incl. losses . " " " .0.454, 0.452 0.422 ‘0,436 = 3)4) 0.486
Coke ®  n w wom 0,518 0.51  0.490%) 0.496 =34 -3)
Gas output NM3dry/M® shaft - 690 ~ 890. 920 2100 11005 710
Gas exit Temperature og- - 500° - 3)» : 490° - 390° 200° - 2)
ng m‘"/m‘"mgnfl“‘;is 0.268  0.260 0.242 | 0.256  0.350 0.290
undecomposed steagr? as 0.420. . 0.284 0.075 0.047 0.002 0.592
- ‘$age steam decomposi 43%  53% 76.% 83% 98% 35%
£ Oxygen in steam-oxyg )
_ mixture 18% 22 % 355% 4.5 58 % 16.5$‘
, Cingaaas%ofusedc .93 % A%k 93 935 - 89 %
Heat change per 1 NM3 . '
: .dry gas, kcals + 343 + 321 +232 +280 + 611 + 394
Rasidue from heat balance =
.for radistion and sensible .
+ heat of fusion of the _ o0
‘3@,88$thea'b : ) N 6) )
throughput of fuel 34 -3 272 4.4% 128> -3
- "Gas formatlion taenperaw.re“ N - - 7) 27,
o¢ 200 1250° 1150© 1350° 240
. we : @’ %60° %75?7" , 732" %° ZI6480

87-2563 7-9 /aah’\o ZH
3§ 86.8 £ ¢, 9.1°% ash, 39zn£

not determined -
' continued an page 15.
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4) 45-50% C, remainder - slag

5) Iimited by charging and removal of the large quantity of ash, but
"higher outputs possible.

6) High heat of fusion of the large quantity of molten ash,

7) Vi th 0.002 kg undecomposed stean, cannot be calculated.

Test Number =~ - (9) (10) '(10a) | (12) - (13) - (14).
o = in the  in the in the -in the 1in the in the
‘Process Pintsch slagg- s8lagg- slagg- shaft - slagg-
. Brasa- ing gen- ing gen- ing gen- gener- ing gen-
ert . erator erator erator ator erator
~ . : le4m "Kersten- l.lm ID O.4m ID
‘ A ID Centrum®™ "Weber ~ "ESnigin
. - Frsten m.ne ' s brique— Iuise®
Record note of: 4.11lsdle  25.5.42. 31.7.42: 25.5.42. 19.11.40 19.11.40.
‘Ga lysis CO 21,1 2. o2 0 6e2
° smalyste CO# 32.8 - 66 % ’ 67.2 7 6?00' ‘ 2405 5703
Hp aﬁ 44.6 3001 29.6 4 52,5 3544
cn4$ 1.1° 0.0 - 002 0.0 1.9 0.8
. Nz % 0.4 A 0.7 0.7 0e4 0.1 )
s &/ 33’ 18 54 26 25 -9 -9
organxc.s wa il 0.130 - 0.7 - 0.56 0425 = 9) = 9)
o -99%) - B .,""..‘f'":',f‘l S —_—
nﬁg%m% 99% , 0255 0.262° 0.263  0.243 0.1886) o;aao :
L.P.Steam kg/ w2 0.813 0.232 0,243 0.215 1.200)  0.300

Ce.incl. 103838 " 00427 - 00539 . 00445 .00542' o 0052 00415
Somves e/migom  0545Y)  0.6703)  0.6059) 0.6674) 0wl 0.5407)

Gas out ,.
® NS ahaftﬂ 720) o 8903) 180 920 41 '3500, 1600

Gas oxit temp. °C 400° 345° 3500 - 345° o° -9)
c : v

0 ﬁf%]% CO+: . , - .
fﬁgﬁe:mlysé, . H2 028 o.256 0.255 0.267 0,174 04235

e Modry eas  0-325 -~ 0s033 0,050 0,030 - - 0.5% 04070
dags sibom devonpe . B F B34 7T9% 86% aof 7154
4 Oxygen in steam- : | | . |
oxygen mixtv;e . ed19o2 % 47 % 46 % 50 & 10 £ B £

-in gas as % of us : : '
¢ 89 £ 2 mB s B 84 g

Heat change per 1 .
dry eas, k.cals. -+ 302 * 324 + 312 ."‘ 351 +1% + 277

contimed on page 16
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Test Number (¢) ()  {(102) - (12) ' (13} , (14)

: © in the in the in the  in the in the in the .
Process Pintsch slagg- - slégg~  slagg= = shaft  slagg-
T . ' PBrass- ing gen- ing gen- ing gen-  geneér-Ting gen-

ert erator  erator - erator ,  ator  crator
l.4m = "Karsten- 1.1m ID O.4m ID ‘
A ~ ID . Centrum"™ "Weber - "Kdnigin
! ' - ' ' - brigqu- Luise"
" Fitrsten Mine o : ' © ettes®. :

4 Jl.41l. 25 5.42. 31.7.42. 125,5.42. 19.11 40. 19.11 40.

‘Residue from o , ‘ AR S S
heat balance for. . : ] . o o
radlation ang ' - ~ e . o
sensible + heat K (R
of fusion of the : . o : T o o : ~
ash, as $ of heat ' W e S )

throughput of fuel 3% " 3,80 - 4.Th 056 . 2% 2
"Gag formation o ' o _
temp." water gas : o T e e e
°c. 9%0° - 1475° /5027 . 1250° © 840°. . 113°
ptodueer ges 655 - 835°  9%°  §3¢° 6047 774°

- t —_

_ 7% ash, 9 5% Hzo ‘
5- = Omm. grain size ‘ ‘
11% -ash, 1% H,0. 10-40mm. grain size
8¢ ash, 1% -H,0, 5-40mm. grain size =
74.1%C, 9.6% ash, 9.8% water, grain sbze 6—1_}nm under 5%
Steam—-oxygen mixture preheated to 600 C
 Weber briquettes with 9.2% ash and 5.4% H,0, 774C . -
- First test, high losses at the slagging hole and measurements not
: wholly relisble , o
9) not determined or not determinahle .
lO)'briquntte pléces sieved from ash and used aga:Ln
11)high rate, therefore, much fly dust.

O~J AN B D -
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TAELE IT

gwg&a.ww Coe
Test Number - (15) (16) 17 (18) (20).
" Process in the in the in the in the in the .
shaft slagg— Drehrost Brass-  slagg-
genexras ing gen- ert ing gen~
tor l.1lm erator ' erator
ID, grude Deuben )
- from Jump VT '
" Bitter— . grude Deuben herd grude
. feld with "semi- — s
briqu- ash" 1
ettes
Record note Of H 1809339‘ 27.10039. 15.11.40. 90’50‘4]—0 270100390 .
Gas enaly‘sis . 003% 22.9 e 5 - 32.0 25.0 5.k
' CH‘% o ;-02 00 1.1 . 05 0.0
N, % 1.0 © 1.0 - 0.5 ~w976- 1.0
Sulphur in gas st g/NES 1.6 - 10; 10.1 26 = 13
: orgenic.S ™ 0.3 - 10). 0.18 - 0.74 . 0.87 .
tions — measured o N . '
nygen(9 TS /NM3COH, 0.16251 0,269 - o 15 0.276
L.P.Ste'am xg/ "nw 0.0%L) . 0.286 - ) 0.266
.C.:mcl.losses "o onw®mR 0,390 0.392 0 395 0.48
Grude in¢l." . ‘nono® o.‘%l) 0 0.72 1) o.80§)
Gas output Nuadry/ﬁz shaft ) 1000, 1120, . 930,
Ges exit temp. 9C - 200 326 " 240
Check Celculsztiong
-Qxygen NM3/NM3 CO+H2 - o )
Undecomposed Steam ' ' ) s B
kg/NM3 - dry gas 0.125- 0.046 1.210 . 0.185 0.04°
%age stesm decomp. 72 % 83 % 26 % 66 % 84 %
% Oxygen in steam-oxygen : I ' .
mixture 15.5 % T4 % 2.2%  16% 39.5%.
C in gas as % of used C 91 ¥ 104 % T 98 % 80 &
Heat change per 1 NM® dry : 2 : «
gas  koals [+67_7 + 34 -112 -120 + 2% °
Residue from heat balance ' i - '
for radistion and sengihle
+ heat of fusion of the .
ash, as ¥ of heat : C11) 9) -
throughput of fuel Z 07 8% ~l0 %77 ~2% 3.7%
"Gas formation temp.™ L o
water gas ©°C - 600° " 970° o ° 10%0°
n % producer gas 635° 730° 504° 465%0 795°
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TABLE III (Cont!d) |
1) Grude from carbonisation shaf'b at 550-600°, steam-oxygen mix-bv.re 220°

7306% C, 10 3% ash.
2) Steam-oxygen preheated to 625°
4) 19% ash, 6% H.O
5) calculated
g 54%c,169%ash,22%H0 :
6% C, 17.4% ash, 18.0- %4 HZ0

9) high ragiation loqses due 'bo steam preheating

- 10) not determined
11) large quantities of slag
12), high pressure steam

TABLE IV

~{Continued on Page 19) T

ng-(iasification with CO, as Gagification Medium ‘
‘Pest Number | (52 (5) (11) (19)
: " Haxd - = Hard Semi-coke Hard
Process coke in - coke in ‘from = Crude
: . the slagg- the "Fursten . from -
ing gen- slagg- Mine®in Deubken
crator 1ing gen- ‘the slag~ in the
! _erator ging gen- Pintsch
: erator Brass-—-
o i . O.4m ID. “ert
Record note of: 1-301-1.390. '2905.4J.o 2? 5 4]1. 1701.420
' . co % : 92.5 0.2 86.0 : 65.7
Ha % © %0 2.7 - 8.2 - - 8.0
CHq % 0.0 0.0 0.8 0.4
N2 % - .15 . 1.0 1.0 0.6~
) °ulphur in gas H,S g/Nu3 2.2 3.1 4.3 12.5
organ., . - " . 2.7 - 1.5 0.67 3.6
 Consumpti gs-measured . - ' - _
Oxygen (9B-99%)NM3/NU3 €O +H  0.310 0.:8Y)  o0.28Y  o0.265
€O, (90-938) v 0.258 0.328 0.286 - 0.600
C.incl.losses kg/ ® % - 0.460 - 0.473 . 0.54 ~0.454
Fuel incl.-losses - do - 0.5%  0.5452) ©  0.620% 0.7359)
Gas output NM3dry/M2shaft 90 7203} 170 1100
Gas exit temp. ©C : 420° 325° 260°
Check Calculations ’ :
Oxygen NM3/NHS COt Hp from analys.o 2661)' 0.2561)  0.238 . 0.223
Undecomp. COg as % of gas made ,1 y 4 4,0 % 25,3 %
$age decomposition of CO5 * 86’.- $ - 83,0 £ 29.0
¥ Oxygen in 002/02 mixmre 49.5 £ 43,5%- 45.5 £ 29.5%
.C in gas as § of used C " 87.- % 84.-% 0.~ % ) B84.- %
Heat change per 1 NM3 dry gas ' : o .
keals  + 220 .+ 180 + 157 + 114



: Ozygen-Gasif:l.cation with COp as Gasification Medium (Cont* d) m

Test Number | - (58) (%) (11) (19)
Process - Hard Hard Semi-Coke - Hard
Co ' -coke in ccke in -  from Grude
 the the "Farstes from
glagging. s_l;ig- Mine®" in Deuben
gener- . € the Slagg in the
- -ator gener—~ -ing gen- Pintsch
, ator erator Brass-
) O.M I.D. ez‘t

| S  13.11.49. 29.5.41.  27.5.40.  17.1.42.
Hegidue from heat balance for : . | ‘
radiation and sensille + heat ' ‘
of fusiom of the asgh, as % of S ‘ i
heat throughput of fuel 2.%  1.2% _l.a | 1 %

"Gas formation tenpera*bure" - X ‘ — _
producser gas 860° 8320 - 850° - 73°

apparently in error.
2) 86.3% C, 9.1% ash, 18%5130.
capable of being- increased..
4) 88.5% C, 5.68 ash, 0.4% Hy0, quantity not- dobermined.
5) .Grain size: hazelnut teo walnut; 61 8%, C, 20.5% ash, 13.2% HzO.
879% C, ]J- 8% aw, oOf Hzo.
7) Very Small Gemerator.



In the record note “water gas with oxygen in the Winkler Generator®
of 2/2/34 a preliminary estimate of consumptions, made when Justifying
the new Linde-Frunkl plant, is compared with the dchieved figures..

Referred to 1 M3 CO + Hy 1) 2 v ot o,. | .
: » v quirum [+ . - anen’
dryhomepal,“ﬂzof"‘_ w ’
. . - estimated  astual = estimated ~actual
‘Mixed Ga8 0.805 0.825 = 0.28 = 0.280
Water Gas - - 0.840 0.800 0.3%0 . 0.330.
o ' Mixed Gas Water Cas
Gas Composition t | | I R |
‘ " R -« 7Y 17.0 % 19 %
60 . 33.0 & B%
Hp 33.0 % 40 %
Cig 1.5 % 2%
‘Bz 15.5 % 1%

o -

" Tne results wers obtained with dry krown coel from the mine Ellse IE
present day consumptions are somewhat higher, with higher CO; content of
watar gas, =ince in general poorer coal, €.g. Tannenberg mixed with '
Peuben grudé, has to be used. _ . ., ,

In the report mentloned it is stated : "Severe slagging at first
caused a good deal of malntenance. - The grate of NHo.l gemerator was: )
renowed at least three times between June and Oclober 1933; in addition
1t underwent 5 major repalrs.” Today slaggings are euite umknowm.

' The latest improvement to the Winkler gemnerator is a full-scale .
. grateless generator simplest construction, which entirely avoids
-even the very infrequent repairs to the grate, and which in addition
uses about 10% less fuel and oxygen. e -

' Oxygen-gasification in ‘the Winkler gemerator at Leuna and at the
outside factories of B3hlen, Magdebuirg and Zeitz has proved to be the -
safest water gas process using pari#.aula'b_e brown cosl or grude.

1) Gas quantities at 15°C and 735.5 mms Hg,



(Theissen 14% H_0) in the ahaft generator with alternating:

- steam-oxygen mixtures (without preheat:mg) s and steam—ozygen
mixtare at 220°C. _ oL '

Test Number | a2 “zm -4 25

Record note of: o ’ —20/4/37 '

Gas anﬂlysj-s 003 % ' - 2605 : Q.O 35.5 008 ) 43.8

v . Co % 21.4 _ 1'.0 5.“ 3.2 204

nz % “06 . 4600 mos ﬂo‘ 45.‘
G‘g 5 506 A 700 600 ’ 40‘ 6.2
Nz z 106 - 1.0 , 107 . 0.2 2.2
§ in Gas “25 ¢/l ary ; not determined o
organ. S . ‘ :

Consumptions per NMS CO + Hy ' ~ o -
‘Oxygen (98-99%) MM .194 0194 0.200 0.238 0.260
G incl. lossas " g | Average 0.622) kg browmn coal briquettes

—Browm coal hriquettes ) san ineluding tar productiont
including losses’ ) , o . o |

Gas output NM3 dry/M2 shaft . 640 = 600 320 20 = 185

Gas exit carbonisation : N . - _
beop-{ zane) OC ~ 180° - 200° 230°  2;° -
Calcxﬂ.ationa 3 - '

qugan r ement (100%) N - . - '

e meg";: T O(cetolatea) 010 0.133  ©0.127 0.225 0.350
Undecomposed steam kg/HM3 gas 0.6 0.2 0.700 1.258 1.576
Zage steam decomposition - 0% ar - 36 2% - 18%
£ oxygen in steam-oxygen mixture 160 l4.48° - 7.85 6,28 5%
"Gas formation temperature" ' . R ' T o

witer gas o¢ - 6400 6000 53.°° 5m° 515°
"Gn.s formation temperature® ' ' ' -

producer gas °C ~610°' 5950 mo 460° 4350_

1) m'iqwatte with 14% Hz0, 10% ash, 556 c and 185 Fiadmr-tu'
’12) With 20% C in the ash.
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All data refer to 0° and 760 mm Hg, unless otherwisé stated.

The results (unless otherwise stated at the head of the column) have -
been obteined with Pintsch-Drehrost generators anfi Pintsch-Brassert -
generators of 3 - 3.2 m I.D, and with slagging generators of 2.1 m T.D.
at the bottom and 3.4 m XI.D. at the top. ‘

Shaft outputs refer to the highest cross section still filled with
fnel. -~ ) ) .' ~ » . . ) ; .

. The check calculations given show mostly, but not always, satisfactory
agreement with the measured.values; with practically gas-free fuel, such
as coke, the agreement is of course better than with fuels containming
hydrogen or with bituminous fuels, with which it is notoriously difficult
to obtain good balances from experimental data. where there are obvious

‘errors, the calculated values are put in parenthesis. s

In order to illustrate the fundamen‘bal course of 'o:q*gén-gaéification '
of lump fuel in a stationary bed as a function of the operating tempera-
ture of the generator, all dry gas andlysis in Tables I -~ XXX, i.e.

covering the results for hard commmnous—coai—sem-coke—an&—grude,——
have been plotted in Fig.3 against the per-cent content of O, in the oxygen-
steam mixture.. ' , : '

- It is seen that it is possible to vary the ratio CO s H2 over the
whole range from 1 ¢ 2 to 2 3 1. The-region of the colder method of
working extends to about 22% Oz in the mixture; for this purpose simple
shafts generators, Drehrost generators or Pintsch-Brassert generators -
are used. The last are particularly useful if one wishes to obtain lqw
cerbon in ash ("guter Ausbrand®) by using a hot generator, where slag is
already beginning to soften. In the range ¢f about 22 To .35% 05 in the
mixture there is no gasification method available; above 3H% 02 in the
mixture we enter the region of the slegeing generator; the extreme limit
for normal cokes and "semi-ash™ is reached with’ 55=60% 02-1id the
mixture, and at that point the materials of construction of the generator
begin to be severely attacked as & result of the high working )
temperatures, ~ ' o ' i

In our record note of 7/3/33, using the féw date then available, we
.attempted to represent the correlation between dry ges analysis and the
operating temperature of the generator, The earlier diagram® shows
the same characteristics as the new one, based on curves drawvn up for:
all the mumerous tests carried out. - - '

w. not reproduced here, becéai_se it“ﬁses‘ only a few data and is less
‘accurate than Fig.3 - Trans. note. ’ ’
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Steer consurption and percentage steam decomposition,

corresponding to Fig.3, ere shown in Fig.4. o
Almost pure CO can be produced by omgen—gééiﬂcaﬁ.on; with 002"

' as gasification medium, if coke is used es fuel.. In other respects
Teble IV and Fig.5 show a similer picture to gasification with steanm,

"~ ©O gas made from coke conteins sbout 3% Hp. . About 2% of-it is
added along with the COp used as gasification medium, es our CO; :
conteing 5-6% Hgy, ebout 0.5 comes from residual bydrogen in the coke
end 0.5% from moisture in oxygen and COz. By using pure.dry COp; snd
ngemi~agh" or very wall degassed coke, the hydrogen content of the CcO
made would be reduced to less than O.5%. : : _

The peartial eddition of CO, to the normel stesm-oxygen mixture
"allows the CO : Hp ratio to be veried in a convenient manner. o

Then CO, is used for gasification in the Brassert gemerator it is
very interesting that the ash of Deuben hard grude behaves qulite
differently than whenh oxygen and steem are used. When using steam
and a steam-oxygen mixture of 16% 0y, which according to all other
evidence. should not result in slagging, #sh removel causes grest
éifficulty. On the other hand when using COp &n oxygen content of
0% can be used. The difference is much too great to be explained -
solely by the lerger heat reeuirements, of COp decomposeltionm, for the
same emount of CO + Hp produced. At present we are still working on

thié subject. In the laboretory it has so far been’ established, that
by ashing the coal in a stream of COp, the softening point of the ashes
from Deuben grude, Hermine~-Henristte coasl and Fiirstem mine cosal, is
~-raised by about 200-200°, without really raising the melting point and
_ without sltering the chemical composition of the ashes, - Mixtures of
CO0, and steem geve intermediate values. S o

A further interesting fact is that when usﬁh:ig CO; in the Brassert’
generatcr the water gas made contains no more COp than water gas made
with steem and oxygen. ’ _

It can further be concluded from the tebles that steam consumption
' decreases the hotter the generator can be run, without increasing the
oxygen consumed per NM3 CO + Hp; it is also tell\fnom_that the carbon .
content of ash is lower the hotter the generetor. - With the slegging
generstor practically the only carbon leoss is in fly dust. - As steam
- decomposition improves with hotter rumning, the output of useful gas
per unit of shaft area also becomes greater; this is particularly
::rélging if the output of useful gas per M2 shaft area is expressed
+ Hzo : : - . B
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. . The talles also confirm the well-knowm fact that it is adventageous
t0 run the generator hot so as to favour as much as posaible the reaction
C + Hz0 = CO + Hy rather than the formation of COp and the CO formed -
gshould not be converted before the CO- conversion plant. The extreme
case, represented by Test Bumbexr 17, Table III, shows how much steam must
be used at the lowest cutyute in order to mske catalysed gas (Kantektigas®)
directly in the gemerator. What is found to be wrong in the extreme
‘case &8lso holds for intermedliate casess running the generator hot is
—normally 'the oorrect method. :

Accord:!.ng to these oonsiderations the sla.gg:l.ng generator ocught to be
perior to all other generators for oxygem—gasiﬁcation. The .
consunptions in the Tables and the summary on Page 10 show that this is
ectually the case, judged from a purely efficlency point of view. TWhether
alagging ‘generatdrs are tuilt in individuel ceses depends of course not
only on efficiency, but slso on.technicel considerationa end especially
—on the suitabd.]ity of the f.el concerned. ,

- With most fuels one can use steam—-oxygen mirmres containing up to
16-17 % Oz in the Drehroet or Brassert gemerators. This is the limit
beyond which there is a seriocus danger of slagging. From about 3)-55%
oxygen in the mixture one cen operate w:lth liquid sleg removel.

Al.though we know that the shaft’ genera‘bor should be run as hot a8
possible, several series of experiments were carried out, in order to
find out the effect of running the gemerator colder, in order to make
ncatalysed gas" (Eontektgas) in the generator -litself; this is not unlike
the Pattenbeusen water gas process .  Table VI gives the results of
such an experiment: for car'bonisation-gasiﬁcation of b:rom coal .

briguettes.

Figures -6 and 7 ghow the results of the experiment. for Theissen
brique'btes ® gasiﬁ.ed with oxygen in t.he carbonisation generator.

 The experiment was ac‘bua.'u.y carried out by starting with a
constant introduction of 400 kg stesm and the maximum addition of Oy,
168, at which point slagging became imminent. The oxygen-steam
mixture was not preheated. Then the amount of oxygen was slowly cut
dom. Corresponding to the increase in undeoomposed steam the gas
mtput, calcula'bed as dry ges, of course fell.

It is seen that the generator with 5% oxygen. in the mixture still
works very well (with a reaction zone temperature of 600°) and produces
directly an accepteble ®catelysed gas®. Unfortunately the 'b of
steam used and the reduction in output render this method of ‘
quite out of the question.

‘% In which steam and gas is pretféat.ed and recirculated to gaaify the
fuel completely,thout internsl use of air or oxygen. Trems.note.
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When the experiment was repeated with Rhine "Union" riguettes
the seme picture was obtained, elthough with the same conditions
somewhat more CO was formed than with Central Germen "Theissen"’

 briquettes. o - ' . : ; SRR »
A .

" . In general it is true for oxygen-gesification that preheating of
the .gasification medium results in a saving of oxygen. Calculated from .
the heat change this saving must smount to 0.02 - 0.01 parts of oxygen
per RM3 O + H,, depending on whether the oxygem burns to COz or to CO
and how much steam is used in the generetor. o : _—

The experiment was actually made with grude from Bitterfeld
briquettes (report of 18/9/39) in a shaft gemerator surmounted by a
carbonisation chamber, so that the carbonlsed grude entered the lower
part of the gemerator at a temperature of 550 - 600°C. The graph shown
in Fig.9 was obtained, showing the oxygen consumption per NM3 CO + Hp as
a function of ithe preheat temperature, for about the same steam

decomposition and about the same shaft output. = ,
On the average it is estimated that for the above gase about 0.018
parts of oxygen are saved per NM3® CO + H; for every 100" of preheat

The savings compared with & normel comsumption of 0.25 M3 0,/M3
CO + H, are, therefore, not insignificant end would, e.g. by preheating
to 400°, amount to 258 of the oxygen requirement without preheating. =
Thether it would be worth while complicating the gasification plant by.
installing preheaters is a matter for investigation in each particular
case. In those cases of oxygen-gasification where the gas exit
temperature is low there is not much waste heat availstle; moreover at
lower preheat temperatures the oxygen saving is still small, whilst the
preheaters are no simpler. High preheat temperatures regquire externsl
heating, and Prassert grates, as an exsmple are not very suitable for
operation with preheated blast. Moreover preheating introduces certain
dangers of its om, when not confined to preheating of the steam only.
Therefore, we recommended for the oxygem-water gas plent at Auschwitz
the initial omiseion: of preheaters for the sake of simplicity of rlant
and operation, but leaving room for installing preheaters later on.

«In Tebles I - IV are shown the amounts of heat liberated, which

leave as sensitle heet of exit gases, undecomposed steam, ash and slag

end as radiation, as deduced from check calculetions, based on the

corresponding anelyses. If the sensitle heat of the exit gases end
undecomposed steam is deducted, there is still a residue. ‘This '

residual heat is lost as radistion and sensible heat of slag, and is
expressed in the table as fage of the totel throughput of heat in the

fuel. It is seen that these losses are mostly similar to those

ususlly experienced in generators; wshere they tend to zero the
_meagurenents for fuel consumption are apparently somewhat too favourable.

' The Tables are so a.rranged as to provide quick reference to the
behaviour of fuels actually gasified. They also emahle trials with
otkher fuels to be 8ter'bed elong the right lines. T
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Qm_g—Gasiﬁcam of Dusd

Oﬂgm-gasiﬁcation of fuel dnst is of 1ittle :!.nterest to operation
at Leuna. The cost price of brown coal Gust is only ‘slightly below that
of lump dry brown coal. Grinding costs and the cost,of special
arrangements f£or hmkering and transport make it less advantageous. to use
dry brown coal dust, considering the convenience of handling hrowm coal
riquettes. Morsover the oxygen requirements - if oxygan-gasiﬁ.cation
of triquettes and brown coal dugt is being considered - is essentially
less for briquettes than for dust. This is particularly tkiue for
gasification of dust with liquid slag removal; it is quite obvious that .
the high exit gas t»enperaw.rea in this kind of gaaification result in

hi@ oxygen consunptiona. : : e

It may be a different case with hard coal dnst, in partionlu‘ .f.or
caking -coal, . which 1s difficult to gasify in any other way. Here the .
high cost for oxygen might be offset by the low fuel price. But at
Leuna we have no hard coal dust at our disposal for cmerimental purposes.

.. - In order to get a.n idea of the possibd.lita.es of gasifying fuel dust,
we have carried out several series of experiments, in which dry browm
coal dugt was gasified with oxygen with liquid slag removal in a small
sxperimental gemerator of 400 mm. internal dlameter. The experiments
were varied between complete combination of the dust and optimum
gasification to water gas. The fuel dust used was dry brom coal from
Tannenberg, with about 10% Hz0, 54%. C and 14% ash. The dust came from

~ the electro-filters of the steam drying plant and consisted of 80% below
0.5 mm and 2024 below 0.l mm, and was thus fa:l.rly coarse.

- The results are shown in Figs.lo and 11.

' COg was used for hlow:i.ng in the fuel dust; one could also of course
: hava added steam and thus obtained .a gas richer in Hg. Banoval of
liquid alag caused no particular difficalty.. : y .

: One can see the high cansmption of oxygem per HK-”CO-I-Bzin that
part of the series of experiments which were run to make water gas; the
high gas temperatures, required to permit fusion of the ash, necessitated
an overall reactiom, which was strongly exothermic, i.e. a lot of .oxygen

-had to be consumed. In a larger gemerator, with relatd.vsly lower
radiation losses, the oxygen consumption would be appreclably less, btut
it would always remain above that of the Winkler generator or evan of the
shaft generator, in which the fuel in passing down the shaft returns a '
large part of the sensible heat of the exit gases- to the reaction scnc.

The poor carbon effid.ency, in that part of the series of experiments,
Tun to make water gas, i3 due to the formation of fly ash.  Analysis
at various heights in the generator showed that this was due solely to .
the smallness of the ganera‘borl) o Likewise when -making water gas from
—oXygen and dust in a larger generator with lower outputs/shaft area, there
should be no practical difficulty in ensuring complete combust.ion of the

agh and the removal of all the ash as liquid glag.
1) ﬁt’ %ﬁoﬁﬁgégg dry brown .coal the generator made over 3000 Ma/hr gas per
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If oxygen-gasification is not operated with removal of ligquid-
slag, oxygen is certainly saved, but the high carbon content of ash
mst be taken into consideration. It does not pay in this type of
gasification to grind the dry browm coal, because such material can be
very well gasified in Winkler generators. In a Winkler generator
dust is gasified with oxygen above the fuel bed; there dust originally

- contained in the fuel, as well as the dust which is continuously formed
by attrition in the lower, boiling fuel bed, is gasifiad 20 wa*ber gas
at 'bemperatures below the fuslon point of slag.

Unfort\ma'bely the amount of dust coming in with the fuel naturally
fluctuates somewhat; but the appropriate addition of oxygen above the
fuel bed cannot be continuously adjusted to suit, because there is no .
measurement of the amount of fine dust contained in the fuel. Certain
inefficlencies in fuel utilisation must, therefore, be accepted as
inevitatle. Then there is a strongly fluctuating dust content of the
‘fuel, a preliminary screening into dust and coarse material and an.
exact estimation of dust and of oxygen to be added above the. bed, will
ensure constant amd satisfactorily complete combustion, a procedure
~which will be tried out on one of the Winkler gemerators at Leuna, when
- the opportunity arises. .

———Preheating of the gasification mixture, if possitle by u‘bﬂizh;g—
waste heat in the water gas made, is particularly advantageous for
gasification of dust with its high oxygen consumption. This is just
as true for water gas generators, operating on dust with liquid slag.

‘removal, as for Winkler gemerators. To try out on a Winkler generator
the effect of preheating the blast with its own waste heat, an
apparatus has been prepared on No.l Winkler generator on Me 278, which
will be connected up at a suitable opportunity. This producer is
particularly suited for running wi'l'.h prehea‘bed blas‘b, because it haa

no grate. )
Thérmal Qgp_sid’erations of Oxygen-:GaSifiCatim

If the components of the gas analysis are inserted in the water

gas equilibrium formula CO. H 0. .= K, one finds for each of the
55 .« Hy

analysis in Tables Ie 11, i.e. uit.h coke as fuel, a characteristic '
temperature which can be called %the apparent water gas equilibrium
temperature® or the "gas-formation temperature®.,  Similarly one can
calculate the "apparent producer gas equilibrium temperature®. If the -
‘points for single analyses are plotted together with f.he temperamre
of the hottest reaction zone, Fig.l2 is obtained. :
The apparent water gas eq\nhhrium temperamres are Bcattared on
account of inaccuracies in measurement and calculation, the latter:
particularly at high temperatures, where the amount of undecomposed
steam present is quite small. Bat there is no doubt that the apparent

water gas equilibrium temperature is- higher with- hotter gemerator
operation than with colder.
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At first sight this appears oon'tz'ary +o. expectation, if it is

assumed that with the same fuel the water gas reaction in the fuel bed
always proceeds to approximately the same tenperamre. -

_ An explanation of the form of the water gas eqm.lih’rium ‘curve cannot
be made on the basls of observations published in the literature on the
condit.ions governing the water gas equilibriva in water gas gemerators,

But one can assume the follovr}.ng, which is not in the least at
varianoo with the achieved curves shown..

\ ‘Whhen a mixture of oxygen and steam is introduced into the reaction
zone, one cannot talk about atteinment of water gas equilibrium so long
as any oxygen 1s still pressnt. 1Inside the hottest reaction zone of
the generator, however, the products of combustion rapidly temd to reach
equilibrium with the steam or with the hydrogen formed from it.
Equilibrium is not reached at_the higheat temperature prevailing inthe
reaction zone, but the reaction approaches nearer to equilibrium the
hotter the reaction zone. Hence the observed curve for the water gas
equilibrium temperature shown in Fig.l2 slopss up to the right, and
the apparent egqullibrium temperawre for hot generators is higher than
for cold generators. A

- = b B in the reaction zomo at
the’ temperatura prevailing thera, a secondary reaction ocours in the
leyexr above the reaction zone, where hot gases coming from the reaction
sone meet the hot fuel, which however has not yet begun to react; here the
‘hot fusl acts as a catalyst. It is obvious that this secondary -
tendency of the gas to reach an equilibrium, corresponding to this
temperature, is favoured by the higher temperatures of hotter gemerators.
But this mean, that the curve of the water gas equilibrium temperature
rising steeply to the ri@t in the diagram, is again forced domward.

The net. rasult of both processes is charact.erieed by the form of
the "spparent water gas aquilibrimn" m.

According to general ideas the producer gas equilibrium, i.e. the
ratfo carbon dipxide to cd#rbon honoxide plays no part in the water gas
generator. But plotting the calculated walues for the producer gas
oquilibriun temperatures in Fig.l2 gives essentially the same form of

:urve, showing a dependence on the temperature at which 't.he ganarator
s run. . ,

If one supposes,. f.herofore, that ﬂne producer gas oquilil'n'iun is
attained essentially more slowly, and 1s to some extent hindered by the
water gas equilibrium in its attainment, the form of the producer gas

equilibrium curve ih Fig.l2 does not conflict with the conception that
the apﬁargzit equilibrium temperatures, for the ratio pCO, , juat as for

p(C0) 5

water gas, are higher with hotter than with colder Vgu;erators.
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If theé same calculations and diagrams are mede for Talle III, i.00
for grude, an appreciably more reactive fuel, curves are obtained, which
are similar in character to those for coke, except that the "equ:!lihrim
teanperamea" are lower than with coke. (See Fig.l}). - )

: Oorrespond:!.ng plots- (Fig.14) for carbonisation—vasification of brown
coal briquettes yleld curves of a similar charactedr. - Of course owing to
water gas containing some carbonisation gas, the curves are not strictly
correct and only in a genersl way are they comparable with the other -
curves. In spite of the presence of carbonisation gas the character of
/the curves is the same, i.e. higher equilibrium temperatures with highsr
generator temperaturss. -

The curves for "appa.ren't produoer gas eqnilibcrium tempera‘bure" for
oxygen-gasification with CO; are also comparable. (see Fig.l5).

The "equilibrium curvas" for oxygan-"asiﬁ.oation are of particnlar
mterest, because 1t i8 not possible with any other kind of . gr;us:l.f:t.c:a'l'.:l.on~
to cover so wide a range in the various possible ways of rtmning a
genera'bor on the same fuel. =

The curves show. clearly that the reaction zone temperature is ﬂze
factor goverm.ng the a.pparent equilibrium obtained. 'ﬂnat. the linear

calculated linear volocities (basad on an empty shaft at the equﬂibriun
tempera‘h:.re) are given. It should be noted, from tests 3 and 4, that
doubling the effective 1inea.r velocity had no influance on the apparent

equilibrium.,

In practice it is not possible to make any diract use of these
conclusions, but they assist in the critical examinations of gaaifica'tion
processes; so experiments are at present being carried ocut 6 make
clearer the relationship between “the various reactions.

Pa'bents Position In The Field Of Gasificatlon ijolid Fuels
With Oxygen.

. Gasification with oxygen had reached the industrial stage and was
already very fully described in D.R.P. 108,158 as early as 21/5/1898.
Likewise the Swiss Patent 75,030 of 28/2/17 claimed the production of
high grade mixed. gasea by using a mixture of technical oxygen with

steam. Further the English Patent 142,874 of 28/11/17 described a
gemerator for making raw gas for ammonia synthesis with the use of
oxygen. These patents have now completely expired, so that there is
no patent restri ction on gasif‘ication of solid fuels with oxygen.
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']:herefore, the patents now val:n.d cover only special wmays of -
operating the process. Here we may refer to the summaries of the .
Merseburg Patent Office, dated 22/6/32 and 3/7/42. - The following
adaltional processes are worthy of mentiond | . N
‘DeR.P. 5732112, Dipl.-Ing. Zaigmond v. Galocsy. and Karl Koller.___

thts process a solid, 11quid or gaseous fuel is burnt with oxygen
in a chamber separzted from the gas producer, the oxygen being satursted
with the amount of. steem required by the gasification process, and the
flue gases are introduced into the producer, with the addition of nore
oxygen if so required.

- A :E‘urdxer process for the gas:r.f:.catlon of fuel dust with oxygen
appears to have been developed recently by the firm o.; Heinrich Koppers,
Essen. Detd:x.ls are not yet available. - :

Our omn patents or applications are the follomg.
DsR.P. 701,232 (0.%.9,622) ~

Carbonisation-gasification with speclal recirculation of carbonisa-
tion gas, from which a part of the gas is drawn off and together with
oxygen is blown through a specia.lly shaped domed grate in the generator.

M

'generator, whereby the fuel :Ln a damp condi‘b:l.on is fed. toge'ther mth
lump fuel, into.the top of the generator, and the dry flue:dust, after -
separation from the gases produced, is blown back pnelmatica.lly into t.he
'generator. The apnlication has been publn.shed

O_..Z..-._‘..Z;Ei |

i Process for the pro&uc tion. of wa't.er gas in the slagging generator :
with oxygen, with simultaneous decomposition of hydrocarbon-containing
gas, whereby the hydrocarbon-containing gas is preheated by indirsct
heat exchange with the gases made, and the preheating temperature ic
‘regulated by returning a certain amount of slag to the generator. This
application has likewise bheen preheated._ :

. An addition to this was made recently, according - to uhich control
‘of the preheating temperature was done by mtroduc:mg water or cold gas
into the-topof- -the genera.tor.

0,Z. 12.@5

Oxygen-gasification in the Pintsch-Brassert generator ’ whereby a
layer of _slag 1s maintained on the grate, of such a height that the
stirrer nmoves practically only in the slag._

OZlO

- Gasification of solid ﬁael, Ihilst nainteining a deep layer of slag
‘on the grate, at the same time using a grate, whose width of slot is at
least as great as the average grain size of the fuel.
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Gasiﬁ_.catidﬁ of solid fuel with oxygen and carbon dioxide, wherein
the oxygen—carbon dioxide mixturs under the grate should contain 25-40%
__qn_gm. , . . . . o ‘ 1.'. o . f

~ In addition work on the following applicationd is going on :

(1) TNosszles for introducing gasifying agents and hydrocarbon
contalning gases into the oxygen-slagging generators, wherein
the tube for introducing hydrocarbons is so attached to the
inner wall of the watér-cooled nozzles, that it ig in this way
-cooled by them. ) _ ‘ ' , -

(2) A slagging generator, the base of which consists of a sort of
brick-lined sheet metal stuffing box, which is so designed
that the generator shell, suspended from above, can expand
through the bottonm. v D

(3) A tapping hole- for discharge of liquid slag from the slagging
' gemerator, Jt.xmszl.tzsti.ng of ‘a sheet~-metal box, lined with its
om slag. ... o '

erators.

slagging gen | .
We also possé?a D.R.P. 577,725 (0.2Z. 7370 «

A Process for operating slagging generators, whereby the fire zone

is only maintained periodically at such -temperatures’as to csuse . .
liquefaction of the slag, the fire zone bsing run during the remaining
time at appreclably lower temperatures,
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