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the seme time apd Ty Blilis Harley on Moy 16th. Nemman
intarropated (beringenleoar er, Ir,Scohrostear, Dipl, Ing., Stingl
ind Coermeister Heuer on Mey ihth and 15th, 1945, In regard to the

Astalled cperation of the elagging ges prodncers { abetich~
generatoren) .

Gog Frofuction

Fatar gar for Wiy and methanol egynthesis and for He
eodnetion was made in %braa distinet waya, The Mulk was atill made
on weter gas generators, of the usnal deslpn, working & oycle and
aping wwen ooke, and the reak was divided betwoen Wimklor
generators, using Oy mnd gruds cols, and mlagging producers, using
0y and cven goke, or Echachiwie {refune from the Erasgert

gereTatara). A rough sumeary of the plant oam te Been in the
follewing table:

Tyre Nogof Unst Hormal Oubpet
Tnits -::'.Eig . frem %ant
WPind scheDrshreat” 10 5,000 _
"Dintsoh-Prassert” 1-::-12,::0@?% 250,6a8
Winicler : 50,000 1 56,000 {Lisi-
- ] ¢ ted B
cryEen avadlablet
s ascond ¥inkler
Fen to maks
 {profuser gas for
e,
Slagying producers 5 12, 0000 coks) 2
" iﬂ,m
: {Rokbschisake)
Fintsoh prodacars io 7 ot mmad

Water Gax Femaratord

The originsl genstatora were ol an cld Hnmeeroys and
Clasgow deeign hunilt by Fintach (now referred to es "Drelrsel-
sensrateren’ ), bot mosb of them hud been medifled by Srazgert
{aow refered to a3 “intsch-Brossert-Cenevateren). Very litlle
aibentlon was paid to thiz plant, as it was old and combainsd
1ittle oowel, Only a few of the gemaratars were deen, and a3 B
camber i changes had been carried apt on various gensrotore it
wmn difficul+s i the ehort time aveilable to gov ay olear jdes
of how many generabors lnsludad sach modifscatien o dndeed
whaz waz the cffect of eoch medifisatian, The foliowing notea are
Lo mre very tnoorplets,




I Ul

r -

sy

¥ s

All generators had concentric ring rotary grates, but
whilst scme were brick-lined others had jacket boilers, They
had an I,D, of 3 m, so that the stated output of 10,000 to
12,000 35 /hour mst be considered very high and possibly in
exrror. They were enabled to achieve high outputs without
clinker troubles by extracting ash with a high coke aontent
(50%C), the theory being that troublesome clinker oould not
form if ash were not allowed to accumilate in high concentration;
the carbon in ashes was not lost, as it was used on the slagging
producera, At least scme of the generstars actually in use were
hapd~operated, '

The fuel used was oven coke, made from bituminous coal,
and trought by rail from the Rulr, a distance of 275 miles, The
daily consumption of coke was 3,000 T/D,

We were told that until very recently the Winkler gener-
atars, using oxygen and local tromn coal or grude coke, were
more expensive to run than the ccke water gas generators,
despite the high cost of ocoke after its long haul and this
had been the reason for the contimied existence of the old
method of gas mamifacture, Only in the last years of the war,
apperently, bad the cost of Ruhr coke become high encugh to make
the Winkler generatar cheaper to run. We do not know how far
these argumente include considerations of the high capital cost
needed for a new plant, remembering the old generatars were in
exristence,

Winkler Generators (Site 279 on Works plan)

Theee generatars were built in 1929-31 and since then have
been subjected only to minor modifications, Since mare modern
instellations were seen elsewhere (e,g, Zeitz) the plant was not
covered in mich detail. They have been used to gasify both dried
brown coal and "grude® coke (brown coal low temperature soke), and
have been used for the mamfacture of power gas, producer gas for
NHy synthesis and water gas, In recent years the fuel has been
almost entirely grude coke, with one Winkler run to make power ges
and one run to make water gas, Shortage of oxygen limited the
DPlant output of water gss to one Winkler.

The principle of the Winkler generstor is well known:
particulate fuel was used, the most suitable size being 3 mm
diameter, with less than 10% sbove 5 mn and the blast of air
alone (when melking power gas} or of & mixture of oxygen ard steam
{when making water gas) was sufficient to make the fuel "dance"
@ boil., As a result very high cutputs could be obtained froam

& given cross-section in comparison with arthodox water gas

generators,

There were five Winkler generatars in all; the oldest
end smallest one had an output of 40,000 M5/hour water gas for a
cross-section area.of 12 sq.m. and the other four esch had an
output of 80,000 1 /hour water gas far a grate area of 25 sq.m.




yrcbably tock pieon boowuss of tha lneresned dewends. of
hpdrogenation for &y brown ooal, thus causing a limitation of -
drying oapaclty, and alsa becmuwe of the avellebdlity of gruds
aoka from woious nedgbbourdng brown cosd LT, owrbonisation
planta, set up primerily to reocver tar from the coal, Both fusle
wera qite patisfeotorlly gesifisad, altheugh dey eosn coal

gave a higher GHA omntent of syntheais gas. The fuel was fed into
the side of the cconigal bape Bty four sorew conyeyars.

A1l the generetore ceiginally bhad stationery grates, orear
whitch swept a rotating watar-ccoled arm, to remcys ash through
an gpening on one side, The Llaat posaed thie grate, In
recept yesrs however the mosll generatcy (1943) and one Lerge
genacatar {1%44) were modified and the grate and rotating sm
eliminated, the cocypen and stesn mixture then being added thrcugh
tuyares entering She side of the sonjesl baae; this soocesafully
pliminated all amib-downa for repeics of the rotatlng erm,
althoigh by then the earlier pather pericus troubles due to Jaeks
from the srm, had heen mach reduced; more irporiant however, it
was claimed thet the medifisation hed reduced the ooneumption
of fual ard coeygen by about 408, elthough no resscn was goven. Lhe
gratelers generator was fitbed with two screw conysywrs at the bass,
which oould be run inteymittentiy &o remove that aah, faredgn .
materisl, ete,, which wes not blown over and had collacted st the
bage. A& grateless pemerator bas been instslled at Briix,

In apc-ation of gwnersators with grates, anly sbout 10
of the osh wes withdramm 2t the bhase tirough screw conveyooay the
regainder pesssd ovarhesd, It was pomsible to run Per 4 to 2
waeks without these screw cunveyors, lacge mabterial mersly
mllect:ng slowly on the srate. The overhmad ash comtalned 50
4o GH cerbon and had & maximum aizs of 0.3 to O.b mm, It sould
sitmer ba petorned to the generator or barni m beilers: it had
alss veen uaed a8 an active carbon for the dephemelatiop of
affIuenta.

Tha blast, wien meldng water gas, coualated of a mizxiure
of L to BOR% oxygen with &0 Lo 506 steam. About two-thirds of the
sx7zen was blewn through the bed and ooe=tiinrd, mized with 20
steem Lo jrevent exploasicns in the tuyers main, was blown $hoough
tuyeres into the gas spoce abowt ¥ $o 4 m abowve the bed, with
the objeot of ganifring carbon im dust eptrained An the ges anc
oracking soy ter and Lydrocerbons. Toe coriginal design had the
top hail of the pererator enlerged to a bulb, deaigmed to give
s lomper time contach for theas reastions, Tt in leter deaigne
this was slimdirated and the straight oylindriost Tortiom
heiightoned to phve the sans affect; the rtazon for the change wea
piven ag appitel cpst, Some of the generators at Leuna sidll had
theaz tulbs, Tt Ame had oat; bhe ezacl ocber of sach was mot
vobained with any certainty. In &1l later plants tho straight-
aided generators wero inetailed, e.g. three ob each of the Hrabag
plunts at Bhlen, Mogdelurg and Zaitz, and Five at Bedx (but
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including one grateless type as mentioned before), The most
detailed account of this design is given in the repart on Zeitsz,
Three such generatars were slso built by I,G, ot ludwigshafen

for Japan, designed to work on a grain size mineral cosl of
particularly sctive character,

The whole generator was brick-lined end no trouble was
obtained with clinker., The fuel bed temperature was about 900°C ’
but this depended on the nature of the fuel, The bed depth was
about 1 m. and had a back pressure of ebout 0.5 m, water gauge,

" With less reactive fuels, such as bituminous coal
derivatives, the Winkler generator was said to be much less
satisfactary. Much higher bed temperatures had to be used and the
COp in water gas was high,

Typical performance figures were given as followsi-

Water Gaa Powex Gas
Dry Brown Brown
Coal  Grude Coal, Grude
Gas Analysis % CO, 19 20 10 . 11
(HyS free) % 00 38 38 22 27
5 A T PR PP
?6 [ -
z No* 1 o3 ]
Net C.V T,cels, - - 950 956
Fuel 0.62% 0.50 0.335 ?
Oxygen 0425-0,26 0,25-0,26 nil nil
Stesm MNP 0.39 0,375 nil nil

Typical analyses of the fuels, not necessarily carresponding
with the above figmes, were

E% Brown Cosl Grude Ccke
asis idry basia)

c 61.1 o 68

H L7 2,0

0 17.0 2,2

N 0.1 -

Volatile 8 3.3 - 1.3

Ash ' 13.8 26,5

H,0 {6.0) (2.0)

The major thermal losses ware as carbon carried awe>”
@5 gust and as sensible heat carried away in the water gas at
sbout 900°C, The flue gas was passed through a cyclone to
regover 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 Theisen
disintegratar, It was stated that unsuccessful attempts had been
Zade to build recuperators and heat exchangers in the top of the
goneratar, presumsbly to preheat the blast,
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To avoid exploblons when using cxygen-steam blaats it
wan cogential to get good wiing; on the Winklers it waz proesent
proaotics to mix at e mirimm dlatange of X te 40 m, Trom the polnt
of entry inbo the gemsrator, with several bende to promots !
turtnlapes, )

Slagzing Producers {"ibatichgeneratoran” )

. T epiginel elagging producers at Leuna were thrae Wirth
mroducers, usiag sk reoss, Papheat feom the water gus
gererators or sinmply ocke, hlown with air only to male producer
gaa for WH. aynthedis; the producers were coipletely Trick-1ined
and ash ng remmd 83 molten =lag. Steam o ciygen could be
adled as conditiens permitted,

Owing presumsbly to bwlclkwork Failupras the Tlrth type woa
replaced by ancther, in which the whole of the lewzr sect of tha
oroducer waa watesengeled, Therse wors mix of these profucers,
Five of .G dmaiyn aod one by Dintzob. One Had been i1t deving
the war. 7The producsrs were bLown with ooy gen ond steam and the
oapacity o eseh unit wes 15,700 M howr of subetantisliy nitrogen-
frao ol gas,

The prodacer wea Willt of 1/2" to /R iron plate, heving
s diameter of 2,5 metres at the tuyeres ard 3,8 mstree higher up,
with the ineids Giomoter of. the eickwok t,7 metres at e
fuyeres snd 3.3 metres at the top. The total ‘height was 7 @.
ahove the hyyeres and the fuel bed was i m. deep abave the
tuyeres. Omiy the top part, ehove the fael bed, and the lower
part, below the fuyeres ware Triok-lined; the rest was bare
metsl. In five genepsters the producer was water Jacketsl Dut in
tke last ope built the jeoket bhad besn amitbted and the metal qus
zouled merely by trie¥ling water dewn over the outelde, Thie !
medifieation hadl becn carried cut az the rssuly of a serlous
serident on cne of the cid type; a piece of clinker becams
1edged Jurt above a buysrss grd Aa a result the incomdig oXYger
aaused § wery high local tamperaiims, ¥alch burnt o hole in the
“apket; the producer became Flooded snd quenched snd hafors 1t was |
notiged czygen had broksn fwroush, ecsusipg 8 serdous explasisn in |
tihe gas maina and gaa coolers, This cculd mot hagpen with the
iateat deoign; it was sail that there wa= nno trodble with
evolution of stesam ss the water merely beceos Wt

Tt wee wory Aifrieult o mele power gAx on thase mroduasrs,
using air oaly; the Sifficulty wes mresumsily insufficiently
high temprrature to permit slagging, oming o hoat sbetracted
timaigh the generabor walls, sines the old Triok-1lined LR i
srodusers cweld be run suceesofuily oh &lr. I

I

Fhen making producer gas, a mirbuee of oifgen tnd atesm
w8e introdvesd at the tuyercs and & temperature of 1,700°C was
sbtatined, =ithoush tha exit gae tempersture was only OGRS,
Timestoce coarld e sdded to act as a flux o Yhe ligii slag.
Depercing on the fusl, slag was yun off et iatervals of 20 to GO
rhrakes, Ons ethod of slsgming wes io run the Limid slag
tiret into troughs, whers aqy iron sank (2nd weE dng out st
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intervals), and then into cold water: another method was to tap
off molten iron from the extrems bottom of the generatcr and
molien slag from a tap samewhat higher. -

A wide variety of fuels could be used, but Rohschlacke
(refuse) containing 50% carbon, from the Brassert generators was
normally used, The fue)l should be above 30 mm, and could be &as
large as 1 to 2 feet, When using metallurgical coke it was
camon practice to add 3% of limestone and 205 of sclid alag from
previous warking to assist in the farmation of slag, When using
coke the blast mixture was 35% O, and 65% steam: when using Brassert
Rohschlacke the mixture contained 50 to 58% O, and 50 to 42% steam.

Typical operating figures were:

B:'asaex-t Grude from Mot, Met, Coke
Refuse Deuben Coke with COo

GOy % Oe7 Selt 6.8 3.0
co % 66,5 6204 61,4 92.5
52 % 22.9 31.2 31.0 300
Oy, % 0.0 " 0,0 0.0 0.0
Nz % 0.9 1.0 0.8 1.5
HoS g/u> 2.7 13 4.3 2,2
0z WP Hze0O 0. 347 0,276 0,262 0,310
Hgo %mﬁ 0,207 0,266 0,346 mil
clp X540 fgﬁ.? nil nil nil 0,258
Carbon "  Hp+CO ? 0,482 0.424 0.460
Fuel
Analysis C% 4,550 5 86,8 87.2
ash # 55-%0 16,9 91 11.8
Hp0 0 22 1.8 1.0

The figures in the last column are interesting; bere

stearr in the blast was replaced hy €Oy, resulting in a very high
contert of CO in the gas made,

Smaller slagging producers were svailsble and used for
testing various fuels and various methods of runming,

Pettanhangen Generatop

Thiz generator was not inspeoted, although the
instellation was seen from & distance, The principle of this
generatar was thet all the heat of reaction wes addsd in the form
of highly prehesated stesm at sbout 900°C. A large exceas
(fourfold?) of steam was used and gasification of dry Wrown coal
Procesded at about 600° to 700°C, a temperatwre only possible
with a highly reactive fuel, We gathered that the plant was
no? a great success and certainly no other umits had been
built, elthough the ariginal one atarted up in 1937.




Eerast, Flant

This conslatzd of Linde—Frankl units of auaverrtional
doaign and was nob utuﬁiad.ind&tl% There wire 9 unlts in ail,
having a total capscity of 23, /hovr of SER Oy, the
oldest undte producing 4,900 mnd the otber seven 2,850 ¥/ hour .
The setual outpat over the Five years 1936-42 mveraged 22,000 10/
bhour 1002 0o, A somewhat amal]es quantity of vwitrogen was alag
recovered, and used before the waw apfrorimetely aqually for
pPoging and for HEE3 gyrthealsr during the wer & &op in HE
outmt caumed laag HE to be used ' the lotter papoder 4
marimm eepasily of e Ny wmas 32 to 35,000 W/ hoar, 1bmited to
that oblaineble fram four tinits,

The suergy oonsumpbion varisd from 0,5 to 0,6 KNEAP
axygen, averaging sbout 0,55 KNH/AP 1008 cxyraen. With the cost
of porer at 1.1 to 1.2 pfo/WWH, the cost of cuygen wag seld to
te 1.6 to 2.0 p i 8 ssparate sei of figures wers giwven,
atating thia cost to be made up of 60 power (She above
tigurea gmive only A1% ot mast), 3! apertisation epd 1450
lzhour, repairs, eto.

A amall yuentiby of kryoton was ilaa made as a
by-product. Yhe cepaciiy wea auout 30 i /Month, containing
about 755 krypten, with the impurities malrily cogyomn,

Doouments in Conmection wiih Gas Produstion

Tte following decupenta give additisgal Infermation.

{1) Drawingz of the iwink]en gemerator, which had beesn
deposifed at Fobtender?, were taken by the V.3,
Hawy foam,

{2) Piles »slating %o tha Winclar plrot ware eolleated by
Mr Hopton from engineer Bager's offics apd placed
mlth the official docoments,

(5) Leuna repert 827, entitled ™0 Jatwre Sauerstofs-
Vergasung in Leens™ by Sabel, dated 15.9.42, was aranged
by Le. Morley to be ment to Leedmm throvgh 1the .
Lilitsry Governar of Merselnpg,

(L) Leaina report 916, entitlsd "Jahresbericht der Sticksteff
und  Hmeratoff - Fabwik un? Heberbotriebs 1538-42" Ty
Koppe, datod Hay 1544, wus arranged by Dy larley to
be gent to Landon through the L1ty Governar of
List swburg,

(5) & drawing of the elagging producer wea ohteined by
1 Bl1ia apd placed with the oFffioial domiments




S Removal

Two methods were used: an Alkecid process,
purifying Winkler gas and the old active carbon process,
- parlifying Pintsoh-Brassert generator gas and some half-
purified Winklex gas,

Alkacid Process.

Vinkler gas contained 15 to 20 gAP § (or 1 to 1.5%
HpS); it was purified by alkacid in two atages: af'ter the
goarse purifioation it oontained 2 g/M3S and after the fine
purification it contained 150 mgAD s,

- The liquar narmally used was a solution of aodium
glyecocoll, NH .CH2.CO0NR, of 8,G. 1.17, containing 200 /1,
calculated as NagCOz ar 45 g/l caloulated as nitrogen
(these two figures “indicate the presence of scwe Na,

CO3 as such). It was a selective solvent for H,S, 85

that for example with a gas contaeining COz and

2% HpS it would remove nearly all the HpS tut only ebout
2% COp. The absorbers of the coarse purification each

hed a dismeter of 3 m for a gas pate of 20,000 ¥3/hour,

and contained 7 to 9 bubble-cap trays. The

ciroulating liquor ratioc was 500 in hot weather, rising

to 1,500 in cold weather, In the regeneratars direct
steam and indirect steam ware both used, the steam
consumption being 80 ;%5 liquor in the coarse
purification and 150 liquor in the fine purification.
The mixture of Hp8, COo, and steam leaving the regeneratoy
was condensed at 50° to 60°C, to reduce the H,S content

of the condensate, and the HpS was finally bufnt in & Claus
kiln; +the recovered sulphur was eventually used to

malos szk'.
Iron was used foar the cold rarts of the Alkacid DPlant, .
trick-lined iron for the regenerator, aluminium for the
indirect heater and hot pipes, and an aluminium-silioen
alloy, called Silumin ar Alpax, for the pumps, No ‘
apprreciable corrosion was experienced at Leuma,

4An alternative solvent wag sodium alanine, GH5.
CH(NHp). COONa, tut this alsc dissolved CO2; it was“nased
at Leuna only for purification of tail gases from
hydrogenation, This liquor could be used for COp removal,
when its capacity (in the sams_concentration as used
far glycoooll) was 25 liquor, the steam
Consumption being 120 kg/M liquar; over 95% removel of
CO2 was poasibile,




Active Carbon Progess

The whole of the Pintach-Brassert water gas,
containing 3 to 4 g/M” S, together with a varying frgotion
of Winkler gas, was purified down to 1 to 2 mg/HpS/M
in the active carbon process, which had been in use for:
20 years, Raw Winkler gas cculd not be used in this
process because its high sulphur content caused excessive
temperature rise,

The carbon was prepared from brown coal carbondsed
at 900°C and then steamed, Air or oxygen was added to
the inlet gas, so that in effect HyS was oxidized to
sulphur, which was left on the charcoal; NH, was also
added to the gas to act as catalyst, APter passing gas
for sbout 10 days the sulpmur was extracted with ammonium
sulphide solution at LO° in the absence of air, The
polysulphide solution was then distilled at 2 ats, with
a top temperature of 141°C; the vapars were condensed
and used again, whilst molten sulpbur and water
separated into two lgyers at the bottom of the still
and were run off separately., It was stated that the
stil) effluent wea not obnoxiaus,

This proceas apparently was widely used in
Upper Silesian plants: it was, however, unsuccessiul,
on coal gas at Huls, because of gum-forming
campounds,

Qrganic Sulphur

Gag after H,S removal contained 250 mg, organic
sulpmr/%’, This“was converted to HpS in the CO
conversion plant, and this H,S was almoet completely
removed during the removal of COp and CO.

€O Conversion

The plant in which the water gas shift reaction
was carried out was seen but not inspected in detail.

CO + HxC —> 002+H2



It was an old plent, working at atmospheric pressure, The
development work on this prooese has been done at Oppau
and en account is given in the repart on that target.
Converted gas for NH, and Hy contained 3-to 4% CO, whilst
converted gas far e thanol Zonbained 30% CO, The

catalyst was I"ezti5 with 6 to T% Cr05.
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