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WINKLER GENERATORS FOR® I'ANUFACTURE OF WATER GAS ETC.

SULLARY : . .

. A1l the ava;l.lable information concerning Winl;ler generators, -
contained in C.I.0.8. reports and in documents brougzht back by C.I.0.S.

" missions to Germany in 1945, is collected together and corbined with
litercture references to give a comprehensive account of the hlstory
and present status of the process. = Thére ars at least five large

- plants in Centrel Germany and Czechoslovakia using the process and
possibly. one plant in Japan. The process is techmically sound and .
well-established but appears to be econoric only where cheap fuel, e.g

. ‘brown coal or brown coal coke, is available, wh::.ch cannot be ga.si-
fied converiently in other 'vays.

IN'.I!-?ODUCTION - ' : ' - : .
The first la.r.?e-sca.le Winkler generator for making power gas
‘was put into operation at Lewne in 1926 and the first lerge-scale
gencrator making weter gas Pollowed in 1930; 'the successful use of a
"boiling" bed of fine fuel thus introduced o new process. for the manue
facture of power gas and water gas. . Since then the process has be-
oome firmly established inside Germeny and since 1936 hos found cone
sideroble use in the large-scale production of hydrogen in plants
mm:facturing petrols, oils, etc., by the hydrogenation of brown coal
and brown coal tar. For the mamifacture.  of hydrogen the process re-
quires lerge quentities of oxygen, and despite the fact that the Linde-
" PFrinkl process, doveloped in the last 20 ycers, is o merked inmprove-
____ment over older processes, oxyzen i Lsiill_ml&titel}Le)@_enBi.i,_BQ
that its use, and hence the use of the Winkler process, can only be .
Justified when it mokes possible the use of a cheep fuel, which other-
wisc could not be satisfactorily zasified. This explains why all
known Winkler generators arc loc‘.:tc,d ncar the brown coel fields of-
Contrel Europe;  brown coal, as obtained by open strip nining, is
very cheap, but it is c]if‘ficult to get it into a form suitable for use
in 2 conventional "make-and-blow" water-gas generator; on the other
hand browvm coel is an ideel fuel for 8 Winkler generator,

In recent years Gerwan cconomy hes been such that it was ad-
vantageous to produce vast quantities of petrol and oll from indigen-
ous coal, A particularly favourable process was to hydrogenate the
tar obtoined fram the low femperaturc earbonisation of brown- coal _

_ _briquettes; this carbonisation produced several times as much brown _
- coal coke, or "grude" coke, as it did tar, so that & use had to be
found for the vast quentities of grude. The biggést usé of grude
was for firinz the boilers of power stations, already existing in
-meny cases and previously usinz raw brown coal, but it was also very
- convenient to use grude for me.klne; the’ hydrogen, required for hydro-
‘genating the tar. Moreover since the Winkler process rcsulted in an
. appreciable fraction of the fucl being cerried over as dust with the
gas, 1t was also very convenient to he able te recover this dust a.nd
use it as boiler fuel. : — .

... _ ‘Thus._ there has grmm up_ in Central Germany, centred around . _ . _
bipz:lg, a collection of large factories, all primarily based on the
'\rast deposits of brown cosl found in that region; these" fa.ctories,
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although carryinz on different ‘processes,. are largely intexs-rela.ted
and cro often located on the same or neighbouring sites. The dia-
gran 'belaw sets out this inter-rele.tionship. L

o OPEN STRTP MINE
o //-lmvmml
T @—ﬁ?m
k’/ T mquzmm

/ .
smnons t—--»‘. — m&@: “—"“‘"me ERTQUETTES|

-
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Y FUEL .

— S

. ————
\

-“ . . ‘g' v
- "NpusT] |WATER GAS]
‘.--m_ - - > H!nROCE:HATION

mmé'l

The diagro.m shows up how the power sfa.tions canbe used o.s a2 sink for
unwa.nted products and how, they can be used to keep a balanco.

~ As far as we o.re éwore there are no Winkler ~enomtors outside
the Centrnl Buropean arca, (possibly excepting Ja.pan) , and there. ore
no large gencrators operating on anything but dry browm coal or bBrown
coal pgrude., = It is possible to opercte Winkler generators on bituminous
coals, L.T. coke from bituminous coal or even anthracite; operntion:
however is not so satisfa.ctory end in general it appears that the
Wirkler process is not economic for such fuels, where the alternative
processes of coke ovens - water sas zenerators are availeble. Indeed -
even ot Leum., in the centre of the-brown coal area, according to Refy 1
Winkler zas cost approximately the same as water gas fron btrdinary water
gas generators, oacr(..tin._-, on he.rd. coke, 'brought 275 niles fron the Ruhx.

© . The Winkler process is not suited to mk:.ng town's ~as, as the
calorific value is low, and its field of application oppcars to be
limited to thé large—scale production of (Pg water gas, to be used for
‘manufecture of hydrogen, methanol or Fischer-Tropsch synthesis gas,
(b) producer gas, to be used as a fuel gas or pover gas, ond (c) armonia
synthesis gas, but in all cases based on a cheap fuel, not otherwise
easily utilisable, In the light of this it is casy to sce why the
process _has-not hitherto been used in Great Britain or the U.S.A. Nevere
"theless it is a technically sound process and economic im a limited field
of application., Brown coal occurs extens:.vely in the U.S.A. and Aus-
tralia (but not in Grect Britain) and there -is no reason why the process
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should not‘e'éenwblly be operated in those tountries at leé.st.'

CINKLER CENERATOR INSTALLATIONS -
4_T~blc I is o 1list of known Winklz_r gene,ra'bor mstdlat:lons.

| TABL:L 1
N Approx.Out- ','
- : Operat- 3put unit. ' .
Plent Stert- ing gnl'ts M5/hr.water -  Remarks Ref.
ed up__ Comonnz ' pgas ‘ v :
Leune = 1926 to‘ I G. .4 . 60,000 ;-755000 on producer . 1
20mnm W Lelpzlg 193) o .1 20,000 gas. Only one unit
. LT . . works on water gas
sh e o "~ end-one on producer .
L P . 7~ gasatone time.
10mS Leipzig 1938 Bruoag % - 20,000 -2
2 n SSW ) 1939 Brabag'_ .. 3 . 20,000 e 3
S0 m NW . )1939‘ Brabdg = 3. 20,000 e |
Lea.pz:-g) ' ‘ S . T
- CZECHO VAKIA
&) mSuLeipaig 1942 Sudetem- Sor 20,0600 0 - .. -1
, lendische E S T SR
X . . Treibstoff- B e
: werke A.G. ' : - R

In addita.on there are’ small uan a‘h Oopan, nr. lannha:l.m,
well as at Leuna, operzted by I.G. to test various coals. It is also
possible that there are three genera'tors in J’apan (Ref.l) A
HI CAL ‘ ' ‘ '
-7 The “'im;lar generator was dc.velope&by the. 1. G., the devalop-
ment work ¥ras carried out gt Oppam end large-scale plents were first
evected at Leuna. The huge nroducb.on of armonia and methanol at
Launa wes originelly based on syn'thesis gases mads from hard coke,
_brought from the Rahr and gesified in conventional water-gas genera—
tors, operating on a make and blow cycle. The local cheap brown
coal wes used only for steam raising and for making producer gas,
) used as a power gas, but the pover requlrements of mn:la end -



methanol synthesis were sc hisgh thnt i naid to locete the factory on
the brown-coal fields,  rather then near ‘o supply of hard ccks, quite -
- apart from rTny 1ilitary reason:z In 1920-3 the I.G. were rmch con-
‘cerned with the possibilit; g of us:.ng brown coal, instead of coke, for
synthesls gas manufacture.  Béfore that time brovm: cocl could be
used for making producer gas, for power, only after submitting it to
the relatively expensi+s Trocess of briquetting; even so the prod-
ucer gos comtained up to 2% CHy and coulil nct-be used for ammonia syn-
thesis, vhilst the low ash m.p. and low strength of the fucl were -

additionnl o~bstacles; there was no satisfactory process for making
water gas or producsr gas from brown coal, suit'-blc for zmmonia and

-me't'hanol synthc,s:Ls .

: " Dr Fritz, V’:Lnkler in 1921 ( Eef.5) conceived the idea of usinc a
Mboiling" bed, i.e. using p".rt-lclcs of fuel smoll enough to be al-
"most aa.,—bome and hence comparetively mobilc. Under such condi-
‘ticns the fuel b2 hehaves very muck like n~ liquid; the ges passing.
thrcugh the fuel gives an appearance as if the bed were bolling, the -
bed finds its ovm level, as does =2 ..1qu1_d, snd circulation of part-
icles within the bed ig such as to give substentially equal tempera-
tures throughout the be?. The first patent, DRP 437,90 was -applied
for oh 28/9/22 and several others followed (Ref.7). - The originel
work at Ocpaun wes directed towards making power gas an2 the first
Winkler nrodut:er (“0 1) was put 1n’oo onera‘t.l.on et Leuna in 1926,

—heving = eapee: 7

“areas By 1929, four :nore pm:luccrs hai been a'*ded, each hanng a
grate area of 25 M2, double that of the “first. urine 1929 the
'whole plent often 1rcduced 200,000 .o 230,000 M3/hr power cas, and
at times ds muck a2s 300,000 M3/hr. Ono year afterwards, horever,
the slump hit Germany an? reaulrements* of power gas sank considerably,
and normally cnly one or tro proJucers h::fi to be run.

‘Lfter lnl‘blal :me:rlmants at C)*rv-.u attempts: were made et Leuna
to ma.ke wetsr gas frem brown coal, coke or gruie, by the "make-and-
blow" method, without the use cf oxygen, ns descrited in DRP 437,970.
It was: eypecte'* thzt. raw-bromn coc.l corul? not be used, because the °
presence of carbonisation products in the gases made would render
- them unfit for -subsequent use, so' gruile was used. - It was hoped that -
by blowing air alone through the bo:.l:mg bed to raise its temperature
end then passing steam 'rhrough it, water gns coul? be successfully -
_made, but the attempt failed for the following reasons. Particulate
fuel, conteined in = bed of fixed cross-sectional area, will "boil"
satisfactorily. only vith-gas velocities between certain fairly
narrov. limits; if the velocity is too low the bed ccases to boil.

~and if it is tc-o high entrainment occurs ani the fuel is blown from
the bed. A compromise hai therefore to be made between air and
‘steam rates. The steam r>te hed to be high emough to boil the bed,
an? the fuel bed deep enough so that too much undecomposec stesm 'iiﬁ
not pass. The air rote had to.be hel3 below that whichiwould cause
entre.mment but- it-wes Jes:.rablc to htw.ve sthow fuel beds, S0 =S8 to




¥eep the time of contact between blow gas and fucl low emough to pre-
vent excessive reaction between (0 ané fuel. In practice it was
found that with the highly reactive grude .the CO content of blow gas
was very high, =nd in fact blovw ges opproximated to producer gas, and
this, coupled with the hirzh éxit tempcorature of. blow ges, 1,000°C.,
gave an undcesirably high ratio cf producer gas/water gas, viz. zbout
5:1. . Thigs ratio was much bigger than the power gas/synthesis gas ratio
for processes worked at Loun~ and moreover water gas still contained
1% CHy, which was still 2 drowback, nlthough did not entirely prohibit
its use. Theoretically the process could have been improved by pre-
heating *the eir -nd steem vith the hot waste gases, but this was not

tric3 at that time.

| | In 1929 smell-scelc teshs were commenced at Leuna, with the
cbject of meking NHZ synthesis gas continuously from dry brown coal or
grude, by using - continuous blast of steem =nd oxygen-enriched air.
In 1930 the original §0.1 generator was producing about 10,000 M3/hr.
of mixed gas for ammonis cynthesis, but the CH, content was still an
objection. : : S

S Also in 1970 Launa began the production of nitrogen-free
water ras, and profiting by previous experience, = satisfactory way was
devised of using a coniinuousz blost of pure oxygen with steam.  Both -
grude end later 4ry brown coal were used as fuel, and three of the
exieting large Winkler producers werc aidspted for the purpose. . In .

- 1932-3 new Lindc-Frinkl eir seperation plants were installeq, specislly

to make oxygen for the inkler generntors. The introduction of pzrt
of the oxygen-steam mixture sbove the boiling fuel bed was useful in
reducing the CHa content of the ges made, especinlly when using dry
‘brown coal, but the content of 1 to 2% was now tolerated becamuse of
other .advantages of the process onc because Winkler gas provided only e
.part of the synthesls ;2s requiresmonte. -

. Sin¢e 197% cs a rule one of the Inrge Winkler producers at
Leuna has continuel to mzke 40,000 to %0 006G M3/hr power gas, and one
large gencrator itc make up to. 60,000 M: /fu' nitrogen-freec water gas. It
‘is - to be noted that the ol3 coke water-gas generators were still runn-
ing in 1945, making several times ac much gas as :1d the Winkler water
_gas generater. Thet a complete changeover weos not mede was due pertly
et least to the high brown cocd Zemands of the fectory as a whole on
neighbouring mines (Ref €, p.12); it is expensive to transport brown
coal more then sho+t distances, owing to its bulk, high water contemt
and reactivity, It is alsc probabl. that Winkler water gas was not so
~much* cheaper then ‘cok: water gas at Leunz, as to'-rarrant the large

_ capital expenditure recuirc”t for the.conversion. ’

. In 1936 a lerg: cxpansion of Germen synthetic petrol and oil
industry was staricd, ant uinkler generators, using oxygen to gasify-
grude, wer: chosen for manufnacturing hydrorem-at the BRABLAG(Braunkohle—
Benzin-+.G.) plants erected at Béhlen, Zcitz and Magdeburg; the plants



Fige I General View of a HRABAG Plant .
(believed to be Zeitz; from Oel u. Kohle)



Fig. 2 View of T™vo Generators at Zeitz
(photogfraphed by C.I.0.S.-investirotors).
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Fig. 3 Viow of Vaste Heat Boilers and ﬁulticyclone
~at Zeitz

(photozraphed by C.I.0.S. investigators)



Fiz. L Vieu of Louwer Portions of Generwtor
2t B8hlen . )

~ (photographed by C.I1.0.S. irvestizetors)
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-were designed by Bamag unaer license from I.G. s who, of oourse, were
also involved. These were put into operation in 1938-9. After the
outbreak of war a further hydrozenation plant was started at Brux, in
N.Czechoslovakia, and again the ¥Winkler process was chosen and the
plant was ‘started up in 1942(") S :

A

CHARACTERIS"‘ICQ oF “BOTLING" BEDS :
: " The ¢ accompanying diagram illustrates a
1 . ' - typiczl pressure drop-gas rate relationship
' o of = bed of particulate fuel. At low retes
N A F— the prpssure drop increzses almost linearly
P.Dey -~ - - with increase in gas rate until a point A is
- reached, where mressure drop X @rea = mass
/ ‘ - : of fuel. There 1s then a tendency for the
: ’ bed to be lifted bodily like a piston, but -
' at first the bed expands and the voldage
Gas Rate . increeses; - then at B the bed begins to
: "boil"., From B onwards the pressure: drop
remeins constant as the gas rate is increased. The particles are
constently in motion and as the wvoidage increases so the depth of bed
increagses. The bed becomes increasingly rarified as the gas rate
increases, until eventually when the gas velocity reaches the free-
falling speed of the particles (at least with a bed of uniformly-
 sized particles), the ‘whole bed is carrlcd 2way, i.e. tme entrainment

occurs.

_The gns_::at.es_comspo a

of particle size snd density, moving t the right as these are in-
creases. For the same fuel and alr rate the pressure drop across the
bed is proportional to the depth of bed and is in fact equal to the
"hydrosta.tic" head, i.e. mass of fuel/unit area.

ECRIPTIOE OF THE PROCESS

Whilct the principle of thé use of 2 boi llnF bed remains in
a1l plents, the detalls have changed considerably with the various
instellations. - As these changes hzve not been maie without reason, '
it is instructive tc follow t.hem. ,

The gasification chamber itself has always been a brick-
lined vessel, of greater height than width, with the fuel bed contained
in the lower part. It has apparently never been necessary to replace

v the brick lining by a water jacket, and this is understendable, 'becense

,the twperamres gre not too high, nrobably never above 1, 0=D°C. ’Ihe

: through 'buyéres abom: themcl bed. 'Ihe hotgases are led off at the
top, sometimes t‘.hrough waste heat bo:.lers, and then dedusted in some

manner hefore final- cqollnr. ,

Phc'bographs ':n% dcetches of verious 1nstallati.ons are ahown
Figs. 1% 7.



= The Various stages will now be considered in deteil, with .
partlcular reference to the¢ menufacture of water gas with a blast of
stean an3 oy.ygen unly with: no e.lr. Co e -

e

OXYGFEN PLM TS o '
' These are ﬂ:iecuatelj 4escribed elsewhere (Ref.8). L1 the

plents installe? since 1929 hev: been Linde-Frankl units, each of
‘espacity 2,000 to 4, 00 M;/hr oxygen (97 to 99%).

FUEL SI"ING WD S'IO!".AG"‘

SDontenecu° r'e-nbustlon, sc that special care is necessary in handling.
» fuel is milled and screened in inert etmospheres of nitrogen or
G)g', containing limite2 amcunts of oxygen, mnd may be transported
pneunaticelly by inert gases; the bunkers are likewise kept under
inert gas nressure. The size range of the milled end screecned fuel
varies fmm Plant o plent and a summary is given in TablesIII and
IV. 1In general it can bi: seid that the size renge is between 0.1
and 10 rms., with the bulk in the range 0.2 to 4 mms. According to
Ref.11 it is very desirable to keep out material <7 0.5 mms, since
sich material is linble to be blovn through the bed unchanged., = On
thc other hand, if the fuel is too large it tends to sink down to. the
grate, where the heat of combusticn cennct be promerly exchanged with
the surrounding fucl, =s is the cesc within the bed; consequently-
‘such larger pleces become overnea't.ed ani clinkering results. - .

‘ At Zeitz the miIlei a-rude is store:’i unier nitrogen in two
lerge bunkers cach 7 m. diameter and 8 m. hip s plus a conical base;
the totel sterage volume is thus absut 700 M3.  ~ In ad3dition each
generator has its own 1ntermediate storage of about 12 !!3 :

- o At Bo'hlen the gruie is blown over pneamatically with 002
from the.power plont; the p from the bunkers is- dedusted in Beth

.fll ters and cyclenes.

PROPFRTIES OF FUEL R :
.¥herce dry brovm coel is used the mls‘bure content is nnr-
melly reduces to abcut 8%, whilst grude usually has 2 to 3% moisture.
Since cduring qrrboniscticn browm coxl loscn w ater, tor ~ud other vola.tile
ntter, the ash content of grude (22 to 28%) mast 2lways be :
greater than that (14 to 20%) of the dry brown coal, from which it ig’
‘made. The ca.lonfic value of :lry brnwn coel is about 5,200 T.cals/T

sulphur cantent is variable :md this hasa ﬂ:l.rect effcct on the HoS
cont.enu of water gas. . ‘ ) .

: In evaluatlng the Vinkler nrocess and espec:l.ally when com-
varing with cther processes in other countries, it is essential to
remember . (a) that dry brown coal and grude are both very reactive —
«fuels, reacting with steam rnd (0o very quickly at comparctively low
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temperatures (800° to 900°C), and {b) that dry brown coal and grude
'are both comparatively cheap fuels, so that a good carbon utiliza- -
tion efficiency is not so importent, especially if apy ungasified

dust cen be recovered and burnt under boilers at something approach-
ing their full calorific value.  Typical prices of raw brown coal

are 1 to 3 FM/T at the mine, and about 4 to 9 RM/T for dry brown coel,
after drying in neighbouring plents. Although the price of grude,
5013 as domestic and industrial fuel,; might be around 20 FM/T, never-
tholess in a combined factory, where large quantities of brown coal
ter are required but where markets for grude sre limited, so that
grude hac to be used as = boiler fueél, then -the value of merginal .
grude is that of the cheapest rltemmative fuel, i.e. dry brown coal; at
sey 4 to 9 RM/T, end so grude can be charged to Vinkler generators at
such prices. : o _ S S .

GRATES AND GENERATOR BASE B -

. "~ Fuel is introduced into the fire-bed by water-jacketed
screw conveyors; there are three such screw conveyors on each Brabag
generator. _As far as we know fuel Is-rowhere introduced pneumaticelly,
c.g. entrained with Np or (02, although there should be no difficulty.
about this. However, ai some plants e current of C02 passes through -
the conveyor, to prevent stesm passing backwards, to cause condensa—
tion =nd chokes. The fecd rafe is controlled either by the speed of -
the screw conveyor or elge by the speed of the star-feeder, feeding
into the screw-conveyor.‘ The fuel enters:the fuel<bed at points on.

: : _the g ator -way up_the fuel-bed; dist~
ribution of fuel within. the fuel bed is left to the "boiling" -action.

. ,*“The developmeént of the grate is interesting. The earlier
Leuna generators had travelling chain grates (see Fig.6 and Ref.5)..~
Since there is very little segregation of ash in the boiling bed, ex-
-cept as lumps of clinker, this arrangement must have cauged a good = .
deal of unburnt fuel to be dravm away at ‘the base.  Very soon station-
ary grates.were used, origins1ly mede up of water-cooled becams, tut
the water-cooling was soon founi to be umnecessary and evem undesirable;
these were replaced by fire-brick, but these were readily damaged by
slag adhesion end mechanically by the stirrer. - The present design of
stationary grate appesrs to vary from plant to plant and becemse of-
this our information mey be confused. . At Leuna (Ref.10) -the grate is
made up of wedge-shaped cast iron bricks, 400 mms.long, 125 mms.deep,
35 mms.wide; these are packel in threes with 1.5 mms. spaces left -
betwecen each set of three (sece Fig.8). The grates at Bdhlen' are
SmiLiars 2 -:};- b ks are BDOU 4 - ' > ms.ﬂde-"
2t the top, 25 mms.wide at the bottom; they are packed in threes,
with very fine openings (1.5 mmsor less) between every three. At
Zeitz (Ref.3) similer bricks were used, about 75 mms. wide at the top,-
tut these may have been made of fire-brick. - . - S

o Above this grate rotates a water—cooled stirrer ‘atwm, driven
_from below via a -shaft, passing up through the grate; at ZL%Q this
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‘i8 of squere-section, ebout 6" x 6". This acts as & scraper, rather
than as & stirrer, and its chief functinn is to sweep the larger —
pieces of clinker towards one or two hotes in the srete, thmuah which
they can be withdrawvm by means cf twmo woter—-cooled screw conveyors.
The speed of this stirrer erm is about 1 to 2 r.p.m. The grate-ash
is dumped intc a water channel »t Bohlen and sluiced away, but.at
Zeitz it is collectes in two small hoppers and emptied periodically by
hand into small bogeys on rails. Such esh "zay be anything from 2 mms.
to 100 mms. in size; it contains fre— 10 to 20% of -the ash fed +to the
genern'bor and contz:a.nc from 7 b:) 5072 cubﬁn.

' The ore-m.ﬁcef‘ b'l sst of oxyzen’ an:l steam enters-the wind—box
uner the gratc, and nasses up through the grate, thereby helping to
keep it cool. Such a grate gives very eoo'i initial . iistrlbutlon of
,oxygcn an? steam. ‘ o

Tha wholc, frra.te assembly, i.e. grate, st:l.rrer mechmism,
- wini-box and ash convey:rs, cen be ..:l.sconnec:'l:e'q from-the generator,
dropped en to bogcys an whecolel avay for meintenance, whilst a spare
crate is inserted in its place. This graatly reduces time off for
maintenance. A grat\, on its bogey can be geen in Fig.4.

Orignnally grates causel a gond deal of trcuble, 'Jue to slag—
att.ack burning out and lecking stirrer arm, but thess have now 21l
been largely overcome. Good pre—mlxinv of oxyaen and steam reduced
the troubles snd the “esign improvements, ns Jescribed above, with
more careful operstion, especirlly .Ln avon.:hng excessive fuel bed
tmeraturas, have 4dene the rest. Ac on examnle of- earlier troubles
st Leuna in 1932 we cuote Ref.6 p.20 : "Severc slaccing at first
cauge? a good 3eal of maintenence. The gratec of No.l generator was
renewe’l a_t least three -tim:s between June an’ October 1933;" in
addition it unilerwent % majcr repairs". - Again iny 1935 a2t Leuna -
{Ref.10) No.Z generﬂtor vas ghut Zown for & weeks in January, whilst
a ner grate was instelle?, but in October the same year it was shut -
down for 3 weeks for gr...ue Tepairs; ‘No.4 generator was shut Jown for
over 6 wecke in Jmuary for repairs tc grate an? stirrer and again
for % weeks in Apri? for remalrs to stirrer; a now grate wes in-""
stalle? in No.5 generstor in March, but the generator was shut dowm
for 11 days at the end of the szne month for repairs to the stirrer.
L'l‘he length of time token for thesc repairs suggests that_at that
time the gratés could not be reaiily removed and replqced It was
in 1975 thet Leuna chenged over to the use of cast—lron bricks, m'th :
very satisfactory results. 4 .

At Zeitz it was cL.lmei that the gcnerstors couldl be run for
2 week or two without smy ash removal at the bese; the ash or .
clinker merely bu:th up at th: hose, but 2id not hinder gas-mal.:tng.

_ An important improvement has be’-*n made recently at Leuna, in
the Aevelopment of a grateless generator. Al't.hcugh former troubles
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with grate eni stirrer ha? been mach reduce-z some. still remained,
notadbly at Leuna, due to relatively poor quality of fuel and to bum-~
ing out of the stirrer; the grete an? stirrer were also by no means
cheap items of nlent. This was-the incemtive for trying out a
grateless type of generator. Unfortunately there are not many de—.
tails of this development available, but it dnes appear to have been
a success. It v.as tried out first on the smaller No.l generator at
Leuns in 1941 an? the large No.5 generator wos gimilarly modified in
1044. One of the generstors built at Brix in 1942(?) is also of
‘the grateless type. The bzse of the gencrator is male conical ‘en2
the oxygen and stesm mixture is intro duced through tuyeres in the
side of this cone. One investigater renorts having seen the base

of one¢ such generator at Leuna an? judging ¥y the number of patchos
the position of these tuyeres ha? been ~ltered from time to time; it
is believed that the final positions 2re at a number of pcints half-
way up the siies of the cone. There is no stirrer, but two screw
conveyors are fitte? tc thc base, an? can be run intermittently for
removal of ash an? clinker. Leima claims (Ref.6) that the grateless
generator uses 107 less oxygen and 10% less fuel then the generator
-with grate, but gives no ex:lenation. = The distribution of oxygen
and steam in the fuel bed connot be so good with the graoteless type,
but this would by nc means necessarily a:iversely affect the effic-—
iencies. Fuel con be saved if the ungasified Zust carried away can
be reuced or 1f less oxygen haos te be introduced sbove the fuel bed,:
since this tends to burn 0O an2 Ho to COp anid HO, as well as burn
the dust. It woul? be interesting to hove more details of this de-
velopment tut unfortunately tentrtive explanations can be re'farded :
only es s')eculative through l'wc:k of :Lnfnrmat:.on. .

S

THE FUEL BED ' ’
, The denth of fuel in the Yoiling te2 is kept at 1 to 1.5 m.
It is controlled pn.marily by the rate of aidition of fresh fuel,. . the.
‘control being by hand, the onerator working to the pressure differ-
entiel across the firc-bc,.l which is proportional -to the depth of fuel.
"I'nere are nlvantages in workinp' vith thicker beds but the ar"litional
préssure drop is nn objection; with too thin'z fuel bed “there is.too
much danger of losing the leve1 mt.h consequent oxygen breakthmugh

The tanpera’cure is ncintained as hig‘x a8 possible, in orf‘er
to ‘keep.  down the (O, in water pas, but in practice a margin must.
always be mainta:x.nc.-?{ hetvieen the be? terperature an2 the softening
»noint of ash. In gcnerel the softening noint of ash derivel from
brown coal is low and this limits -the bed tommerature to about 900° ‘1o

, t.he ash softeninc- pcint. ash softening point varies from time to
time, even when operating on coJ. from the same nine, end a practical
wey of emsuring the correct bed tempercture is to examine the ash; —if
this is dusty the temperature can be raiset but if it shows slgns of
clinker formation . the - .temperature must be dropped. The- temperature
"of the fuel bed is mensured by sheathed thennooou-)les inserted through
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the wall‘s_;-'.in'Ref'.’J.O;, however, ‘a-test is described in. which 2 bare
uplc was fixel to the stirrer arm and this showed .2 temperature 50°C
greater than the nomal couples. R T 5

.+ <. Bctuel temperature contrcl is effected by altering the blast
composition; more oxygen gives higher temperatures and ‘more steam
gives lower temperatures. - ... . . S o o
. In practice little trouble is expericnced et any plant

through clinker or slag formation, elther as the result of large lumps
collecting on -the gratc.or azs matérinl building up on thé sides of the
generator.  ‘Sometimes some slag accumulates ebove the tuyeres, used -
to introduce oxygen above the fuel bed.. . = | - Sl
- . Ref.10 describes the formation of "bird -nests" on the vwalls
and roof of the Winkler generator maldng power.gas in 1935, Using dry
‘brown coal’from the Elise mine, with 2 fuel bed temperature of 950° and
en exit temperature of 1,000°C, conglomerates of. fly-ash, fused to~
gether, ‘ccllected on the walls en? roof; they were low in carbon. con-
tent and somewhet sintered.  When they became large ehough . they broke
awey end fell into the fuel bed; they were, however, so soft that they
were easily brokmn up by the stirrer arm -nd the ash screw conveyors,
en? so. their formetion was not troublesome. A

: __Failure teo mointein’a broper fucl bed-level might be-disastrouss
Accoring to Ref.6 on two oriilirec octasions the level was lost, .so. that
oxygen broke through thc fuel bed. and eppeared in the exit. gas; - this
led to serious explcsicns in subsequent portions of -the plant. . Fig.9, -
taken from Ref.6, shows the ccurse of rn oxygen breesk-through, as .
followed by enalyses, as the fuél bed ourmt away after addition of fresh
fuel had been stoppei.” Therc is e rapid rise in the COo content of the
exit gases, just béfcre free Op apnears, and this interval is dade use
of to warn the operator; = sample of the exit gasés is burnt contin-
uously in a smell flame placed in front of “a photo~electric cell; when
the p rises sufficiently the flome is extinguished end an alarm is
soun-ed; . the orerator then. imneliately shuts off the oxygen supuly.

BT Great care must also be teken to see thot the stean rate Joes -
not fell below the required quentity. As an a?litional safeguard, an .
independent supply of steam is connected to the wind-box below the grate
which in emergency may be opened up. ‘ ‘ '

COMPOSITION OF THE BLAST B ) ’ -

i At Leuna great stress (Ref.6) is 1aiZ on the necessity of ob-
taining adequate-mixing between oxygen ani steam, an? it is recommended -
that this be done at least 10 tc 15 m..from the génerator, preferably
with the incorpcration of 2 restriction -plate-or-bend.—Feilure to
achieve good mixing lecads to uneven heating 2nd clinker formation in
the fuel bed. ' ‘ ' ' )
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. The % age of Op in: the blast varies from 20 to 0%.  The
‘lower figures sre used at BShlen and Zeitz; and 40 to 0% at Leuma,
This has a direct effect on the gas composition, the Hp/{CO + 2 'CO2)
roti¢ being 0.57 10.0.59 at BShlen and Zeitz end only 0.5l 'at Leuna; -
similarly the ratios (Hp + 00)/00p are about 3.0 and 3.8 respectively.
This must mean that the Leuna generators are run at & hither temporae
tore, but ajditionel information is inademuate to prove.or i sprove |

SECONDARY OXYGEN - . = =+ . - . T o
"~ The so~called ."Uberwind" or secondary oxygem, added above
the fusl bed, fulfils twofunctions: " it is intended -to burn off some
of thé finely divided fuel blown out of the bed end it is also in- .
tended to reise theé temperature of the gases, so that further cracking
of tar or hydrocarbons may occur snd =lso so ‘that steam and (O, may
. reect with some of the finely divided fuel. Probably some oxygen
rcacts with water ges alreacy formed, but there is no doubt that ‘the
‘net effect is teneficial. The necessity for decomposing tar and
nydrocarhons is-of course more imrortant when using dry brown coal
-then vhen using grude. : PR e ;

. The fraction of the total, oxygen added sbove the fuel-bed.
varies from 3% st Leuna (at eny rate with dry brown coal), to not
more than 203 at BShlen, dowm to 10% at Zeltz. It.is probably signif-
icant that the dust content of -the exit gases is least at Leuna and
rrent Zeltz., Neve ing to th ess of fuel it
.15 apprarently still economic for Zeitz to blow over the dust and re—
cover it for use as.c toiler fuel, il use the oxygen to better pur-

’

pose in the main blast. | o

.. " .Cere must be taken to avoid too high. temperatures above the
fusl bed, otherwise lguid slag ®ill collect on the walls; for this
rengon it is usual 6 mix stesm with the oxygem, although often in .

smaller proportions than-in the main blest.

. 'The volume of ‘the gemerator above the fuel bed is importent,
pince it governs the time availcble for the completing the reactions -
of stesm and CO2 with carbon anZ for completing cracking of hydro-
_carbons and tar. - This voluge is some 15 times that of thec fuel bed
itself, giving an averege actual contzct time for the gas of the
order.of 7 seconls in passing through it. S S

: N s he portion of the
generator enlarged t6 a bulb and some of these generators still
exist. A1l modern generators, however, are. stralght-sided but’ _
heightened to give the same volume as the older design. " It has beem:
sai? that this chenpge was:made solely on the grounds of construction
costs, although Dr Schalrer at Zeitz stated that turbulence near the
periphery of the bulbcus portion 1éi to uneven times of contact at. .
different points cf the cross-section. =~ - '
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At Zeitz the o.«:yf’en-steam mlxture is- 1ntro .uce'l 2 m. above the
fuel bed through twelve woter-cocled nozzles or tuyeres, " these end-
flush vwith the inside wnll snd point exactly towaris the centre of the
generator. 1t was foun? by observaticn through sight-holes, that a
gas velocity of 8 m. per scc. through the nozzles was the optimum; at
higher velocities the flames teni:l to strike ani damesge the far—side
well, whilst at lower velocities the flameés. tenled to lick upwards on
1o the brickwork lining =bove the nozzles.. In practice some clinker
Jdoes buils up om this well akove the nozzles, but it is of little -conse~
quence. . In Ref.1l it is statel that at BShlen the secondary oxygen
is ad2ed et a noint only 0.5 m. clove the point of ailition of fuel,
which itself is orly 0.7 m. atove the grate; if the Adepth of fuel 1s
1.0.to0 1.5 ., thia, if true, -means thai the secon’ery oxygen is alded
at. 2 peint orly just ahove or’ even at = point just below the ﬂuel bed

1 evel .

: ' Acoor._'mg to ,Ref.10 the watér-oooleﬂ Hozzles at Leuna were
vory satigfactory in 19%25. Originally they hed been coolel with
river water, but this le? to deposits forming at the enis of the water
“‘passages, but from 1934 they were covled with circulating condensate.
The 2esign at that time is shown in Flg.lOA, _.they were.in effect
built up from threc concentric tubes; mention is also me?e of an CX-
n.r:n.ment.ul 3egimm, showm in Fr..c.loB, tc be trie" out. in 1936.

- ~ The temp cratere in the sp y"ce gbove the fuel bed As quoted. for ’
various install 'Jtlons as between 900 and 1 000°C, ~ this tempernture

S partly a
lics foove u‘n, t*m“"““‘oare 4in the fuel bed. 'Ihere is a.lso a-fall in
tepmerature towards the top cf the generator, us to the miothemic

r\.ac-tlons occurring. e

G“INERA'IOR BRICKVORK ‘ ‘
.The conditions as regar: tamuerature are not very arduous o md

as long os a\ﬁ:ﬂﬁﬁon is naid e gas velocities very little trouble is
experienced with ‘rsrlclcwc“k \.:Lther that lining the gmera‘bor or in
the rest of the >lent. )

t"'AS‘I.'E‘ HEAT RECOVERY
As the exit gases leave the genera’bur at ﬁ)Oo 'to 1,000°C it io
ow:lously economic ¥ reccver this heat as steam and'in =11 nlants

there_is -€leborate instsllcation of high pressure boilers, suﬁer-
heaters and feel-water ec*nomisers, reducing the temp‘.ramre to 200°
—‘bo—EGOC. : .

Gases pass from the toy of thu generator down tc the 'bo,, of
the boiler througu 2 long br:.ck-llne4 nipe; at Bb'hlen this has an
I.D. of 1.4 m., which oorrcsuonls with an actual, gas velocity of- about

_19 m/sec;. these pipes svs characteristic fee.m.res of Winkler ‘genara-

*tors, and are realily notlceable in Figs:l, 2- a.nd L
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_ 2t BShlen anl Teitz two-drum water—tube boilers are used, -
raiging superheated stesm at about 18 ats (265 1b/sq.in.g.). A
tysicel arrangement is shown in Fig.1l. 'The lower drum is insul-
ated and hangs in the g=s space. Two baffle walls from drum to Grum
protect. the cold down-flow tutes and also force the gases to take a
U-shapet peth. The gas leaves the boiler at.about 400°C and passes
through an econcmiser, »re-heating the feed-water to th- toilers
and being further cooleld in the process. Dust Tuilds up in the
bottom of both the boiler ani economiser, but thisc is not removed
except -uring overheuls; after a certain smount has accumulated the
_gas velocities become. high enough to prevent any more setiling out.
-According ¥ Rcf.10 Leuns in. 1935 had No.3 gcnerator fitted vith a
17 ats. boiler and No.4 generator with a 535 ats. boiler (80C 1b/sa.in.g)
each capable of .raising. 40 T/hr steam; * some trouble was experienced
in 1935 due tc thne sulphur-content of the gas and the high gas tempera-
ture, and on the 800 1t *»iler, where they were attempting to run 2t a
stesm tempernture of 460°C. thée Sicromal 8 superhester tubes had to be
‘replcced by zinc-coated Cr-Mc-steel, with better resulis. E :

- Seme trouble is experienced with ercsion of tubes, and
special attenticn must bé pald at 211 points to gas velocities, which
shoull bc kept telow 8 m. /sec; velocities of P to 40 m/sec. cavse
serious_erosion. In general, however, these troubles cnly occur if
the generator output is' sc much increased that the gas velocities
exceed the designdd values; in most plants the waste heat boilers, as

-~ . A ~ ~ b - > L3 B - ~ - h h .
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2t &1l plants ™he weight of steem reised by the waste heat
toilers is at least equal to the weight of steem introduced into the
generator, but of course there is o net credit for steam, because the -
stesm introducel into the generator is &t low pressure, 10 to 25 1b/
sq.in.g., whereas the steem raisel is at elevated pressure and can be .

“useld as a gource of poiver hefore beins exhousted as low pressurs steam.

DENISTING OF THE GAS B o o -

~ - This is & most impcrtent agpect of the Winkler generator.
'n_ aporeciable pronorticn (18 to F0%5) of the s0lid meterial fel into
"the generator is carrie? away as 2 finely-divided dust with the exit
pases, and adequate Tlznt must be inctalled to separate out the dust.
If possible the dust sc recovere should be able to. find somc useful
outlet, e.g. as.a boiler fuel, the credit so obtainel helping to off-
set the inefficiency of utilizing fuel in the gencretor anl the cost
of the equipment reguired fcr defusting; accordling to Ref.11 Zeitz
received a credit of RM.5.-/T for recovere? Zust.

The olier Leunza generators ha?l single cyclone dust-catchers
_installed between the generator an? waste heat boiler anZ the re-
covercd fines wore fed straight back.into the fuel bced; these zingle
“cyclones, however, were relativcly inefficient and caused exccssive
quantities of Aust to arpear at the water seals. - -
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o In all later installations there is no attempt to -remove dust’
from .the gas before it hes passel through, the waste heat boilers: - '
then when it has béen cocled 1o 200° or 300°C it 1s treated by multi-
.cyclones. At Zeitz the gos passes in two porallel streams, each
stream passing through two sets of multicyclones in series; the two
sets of multicyclones in onc stream are larger than those in the other,
the cbject being to give « choice to suit the particular output; in
rractice han? operation of the necessary valves is found to be cumber-—
some and a nuisance, althcugh this problem appeers to be readily -
soluble by using hyiraulically-onerated valves. At Magdeburg elec—
trostatic precipitators werc originally used instead of mlticyclones,
but one day, due to. fmﬂ.ty operat:.on free-oxygen eppeared in water gas
fnd sn explosion occurred; they riow also use multicyclones. At
Leuna electrostatic “recinitators were also tried in the early days,
_but the Just content was. so great that it was difficult to meintein .

the potential "flifference uniler such c:.rcmnst_nces.

T 7 - After the multicycloncs the gases Lubtle throu@ a simple
~ water seal, which 1s really a safety device to prevemt gas passing-
back from the main into & generator, which is not producing, bat it
also removes a ccrtain amount of dust from the gas and cools and .
saturates it with water vepour at about 80° to gS”G, - water has to be
nassed through this seal continuously, to cover the evaporation of
water and to flush away the Just removed. The gas from a1l ganera‘t.ors
sasses into a common nain and thence through direct contact water 4
scrubbers, “wvhich becth 600l .amd de~2ust the gas and remove some HoS;
—ft-is-believed-thescare empty towers, fed with en- excess of- rayed~
water. Finally the gas pesses through.: ‘Theigson dlsintegratord, for
final ﬂeﬂustinp, on? is then terme raw watﬂr gas, ready for Has re-
mavel ani subsequent working up. _ _

' . Weter from the sealo, coclers. ani disintes!‘ad:ors contains
dust enl HoS and must Le treated before. being discharged to river or
recirculatcd. At Zeitz the water is passed through two towers in
seriss, with a commcn spere, all “acked with wooden grids;. COp is
blown through-the iirst tower, to remove the bulk of the H2S, which
is sul'sequently treatc,i in a Claus kiln for conversion to elemental
sulphur, since it cannot be blown to atmosphere;” air is blown through
the second tower to remove the remaining H»S, which is blown to-at-
'nosphere. Finally thc water is sent to large settling ponds, whére
the bulk of the dust -settles ocut, an2 the r¢latively clean water can
“then be discharged to the river; at Zeltz the finel water contains
about 20 mg/l of suspenied matter, said to be not greater ‘then that
_ of the river water itself. . _ -

: Occa s:i.one_'lly the settled 2ust is rceovered frcem the settling
~1ts, driel and usedl =s boiler fuel, tut in general it is uneconomic
"to do so. However, the much Ierger emount of dry Just recovered
from the milticycloncs is normally usedl as boiler fuel, although it
"too mey bi.wetted dovm 2nd HSumped as a slurry to dumps. At Zeitz
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dnst from the multicyclones is oollecte" in . @ecn.gl f:xxed containers;
vhen. full these are isolatel by remote-operatel volves, the dust is .
rouse? by ddmission of CO, thrcugh a stand-pipe end the dust pumped
‘away nneumatically to the bon.ler plant, using 00 es carrier gas.

: © The amount of Jnst cnrrie over with - t.he pgas varies greatly
from Dlent to lant, and increases notebly with the out*.ut. Nat—~
urally unless clinker forms 211 the ash in the incomlnp fuel mast
be blown overhead; the ash »articles must be considerably smaller
than the average sige of fuel perticles, which fixes the linear
velocity of the blest. * In mractice 80 t6°90%-of the ash passes
overhee?. ' In a2dition flnely divided unlurmt fuel must aprnear above -
the fucl bed, since somc fines (( 0.2mms) ere fed in with the fuel
and some flnes are continually being produce as the result of com-
tustién ani a,utritlon of larger ";ar‘bl'cles in the fuel bed; only a
~ortion of such flnf‘s is pagified in the sr.)e.ce above the fuel bed.
With- higher outputs levreer ;:2rt1 cles cen be c..rrled awey and so the
amount of fincs in thé gre ingreases with cutut. Also since the
ouantit.y of carbon v“Slﬁc*‘/“3 gas is relatively constent, then for
a'given- fuel of fixel ash’ contcnu the carton- content of dust carried
away must increase Wl‘tn tne “ust ‘content of the gas.

, -Unier norm~l running coniitions the st contents, in gms/

N M2 gas leavinz ths ginerator, is vari:zusly reported {sce Table III),
es betweon 100 en? 360, being lowsst at Leuna sns highest at Zeitsz,
_with carbon co ntents of from T to n5%. This represents between 10
‘a3 40% of the carbon charged tb the gencrator. - At Zeitz the 1944
aversage snalysis of ..ust Fueovered frcm the mult:.cyc’ones was @

o R . -_.'}.4’ , - o
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The multicyclones ot Zeitz and BShlen (Refs.3 end 11) are about 80%
efflcient. so that =t Zeltz gas leaves the multicyclones with abcut

u3,dust. At Zeitz the “ust_content ofter the direct contact
coolers is.reduces to about 2 g/8 M3 ani finally after the disinte-
graters to X to 4 mg/N M3.  This must be considerel as a very
creditzi-le overa],l‘ “edustinz cerformancs, even though there are four _
stages of dedusting. Accorling to Ref.12 the dust content of ‘ges ,
after the disintegretors at Bhlen wes 2 to 5 mg/il M3 for a generator
outrut of 16,000 M3/hr, tui the defusting train was overloaded ot
19,000 to0 21,000 M3/hr 2n? the. Zust content at this roint rose to
40 mg/N M3, T : _ L g

The h:.gher dust content of gas =t Vei.tz. mey be a function of

the fuel used, utes statel before it mzy bé significant that at Zeitz
anpreciably l°ss oxygen is m‘t*'oﬁuccd above the fuel ﬂed.
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We have been unable o ﬁ.nd any data concerning the size of
the dust at any stage, except that Ref.l states the dust to have a
maximum size'of 0.3 to O. 4 mm; this also fits the statement made in
Ref.11, that any material< O.5 mms is liable 'oo be blown out of the

mel bed .

STAR UpP ' '
For starting up a small a.uxiliary Winkler generator is used,

one such is.ghared between two generators and hence two have to be
provided for three generators. One can be seen at the extreme left
of Fig.l. This has an I.D. of 1.0 t0'1.5 m but is always open to
atmosphere through a wide open. stack (0.5 to 1.0 m I.D.). A fire is
started with wood and briquettes, air being blown through, whilst grude
is mun in slowly from a hopper. When hot enough the glowing grude is
run by gravity into the large generator, standing full of No or COp, .
with the safety valve open to atmosphere. A good rate of air is then
blown through the grude and the level is buill up by feeding in fresh
grude in the normal way. The bed must be kept "boiling", otherwise
the heat of combustion is not properly dissipated and clinkermg re—
sults. The blast is then changed over to a mixture of steam and OXy~
gen and when the gas made is of sufficiently good quu.lity t.he safety
valve 1s closed and gas making proceeds. -

—

o

* The reason why the generator cannot be 1it up dn.rectly lies
inwthe -@ifficulty of -ensuring-a-uniform fire-bed right across the grate
If part of the fuel-bed became hot, whilst the rest remained cold,
then producer gas snd unchanged air might accumulate above the flre-
bed and lead to an explosion. Dr Schairer at Zeitz. thought the gen-
erators there were not too large t start up directly on grude, but
it would be dshgerous to stert them up with briguettes or dry brown
;?coal singe the ‘presence of carbonisation gases would meke explosions
'more 1ikely. “No da:r{gerous explosion cén occur in the auxiliary gen-
erator because it is always adequately vented to. atmosphere. :

-The vaJ.ves on the outlets from the small generator are in .
contact with hot grude fcr only a short time whilst it is flowing into
the large generator; at other times 't.hey are protected by a layer of

cold grude.

= A Winkler generator can be on llne from cold w:.thin an hour
or two, although longer is taken if possible to avoid dasmage to - -
brickwork, - .

INSTRUMENTS AND SAFETY DEVICES - -
Temperature control is x/ery 1mportant since it 1s Zesired

to work at as high a temperature as possible, but not so high as to
cause slagging.or clinkering difficulties. . The temperature in the
space- above the fuel bed and the temperature within the- fuel ‘bed a.re .
both recorded continuously end fitted with alarms.

—t



A Mention has elready been made of differential pressure mano-
meters 'in duplicate, to mcasure the fuel bed depth, and also- -of the
‘pilot flame, burning = semple of the exit gases before a photo-
electric cell, fitted with en alarm. In eddition, of course, there’
are the usual flowmeters, temperature 1nd1cu'bors and pressure gauges.

There are bursting discs at strategic points, notably on the
win'l—box, vhilst 2 large stack can realily be opened to atmosphere
‘through the medium of = hand—controlle'i nlectricelly or hydranlically
operm:e'7 v-zlvc. o ' . _

Y
. Thére is 2 non-return water safety valve on the oxygen 1ine
to prevent £as pessing back along the oxygen main, should the oxygen
pressurc fail; steam added to the secondary oxygen also performs a
similar function. The water seal on the gas leaving the malti-
cyclones, as alreody mentione?, prevents gas flowing back from the
cormon gas mein into e genera‘bor, vhich 1is not producing. @

Mentlon has also been mede of the emergency supply of steam 'to
the w:.na—box, to guard ageinst fa;x.lures of t.he normal steam supply.

. All these instrumerrts and. controls, 'bogether with controls for
operatlng the fuel an? agh' conveyors-and adjustment of the oxygen and
steam rates, etc., are brought to a single control cebin, which at-
Zeitz and Bohlen controls all threc generators; it is located about
-S-m-above- ~grouniulevelr~1 e apnro:d.ma.tely on- the—levelﬁof_the_melk
bed.

PRESSURE SURVEY :
: The following is a. pressure survey at Bohlen (see Refs.2, 11)
anfi Zeitz (Ref 13).

: . pBhlen Zeits - .
Generabor ou't.put M3/hr water gas 20,000 .~ 15,000 .-
- cms -cms
: . weter gauge water gauge
Pressures Steam to Genera‘tor : S 1,9% 1,450
. Oxygen to.generator I : e -
. Wind-box _ ’ _ 220 120
Abtove grote 0 ' B 00 -
Above fuel-bed -~ o . 150 80
" After W.H.B., multicyclone . 100: -
After water seal. : - 80 -
After coolers. L : AR * 25
After disintegrators . : - 0



Pregsyre Drops:i= - L  cms water - aos. wator
Across grate e - < D |
Across fuel bed = . - 50% ) .40

' Across W.H.B., mulucyclone o) L

Across water seal ‘ .20 ) .55

""Am'oss coolers - . EY ') ' -

Bearing in mind the difference :m ou'tpu'b, "these two sets of figures
are in reasonable agreement. _ _

OU’I:PUT ’ B
——'Rae—euﬁau%ﬁf—wgivm—gmera%er i—e,—oi‘ coursey ﬂmdamen#;al;;y—
“a function of the shaft or grate area and is roughly propor'bional to .
it. There are, however, other important  considerations. A Winkler
generator has one of the highest outputs/M2 shaft area of any gasi+
" fication process, and when makin% water gas from grude is. normally
of the order of 1,200 to 2,000 M3/hr/M2, although even higher out- -
‘puts have been claimed. These high outputs are due primerily to
the active nature of the fuel and the intimacy of contact of fuel
with oxygen and steam, as a result of the finely dlvided na‘bure of .
the fuel and the "boiling“ motion of the bed. . - ,

For a genero:bor of given shaft area, however, the output .can
‘be altered usefully only within a comparatively limited range., .
Below a certain output the bed ceases to "boil", although what blast
—there—+is—will—still-find its-way-through-the fuel-bed. - - This -immed-
iately removes the means whereby heat is evenly distributed- through-—
out the fire-bed. Consequently the lower layers, which the blast
meets first, become overheated and slagging results. On the other
hand, as the blast rate imcreases larger and larger particles can be
-carried away from the fuel bed and ultimately, of course, the -whole
bed is carried away, i.e. the-fuel becomes fully entrained with the
gas; long before this point is reached, however, the dust content
of the gas becomes so high that the ca.rbon losses become serdious,
whilst dedusting of the gas presents a formidable problem; moreover
if velocities much exceed designed v=alues, serious erosion will - °
occur, especially in- the waste heat bollers. The practical limits
of output for generators, such as those at Bdhlen and Zeitz, appear
to- be between 9,000 ani 25,000 or possibly 30,000 M3/hr water gas.
Although limited this range, of- course, is a.mple to permit two .
_generators to cover 9:!_1 likely loads. .

: Thus the Winkler generator is .capable of appreciable over- |
load for. a short time, provided one is willing to bou.ntenance 'the
decrea.sed efficiency a.n'q increased maintenance. '

'J;z_e figure gf_ _3)}!“13 g:\.ven in Ref.2. should qbvi.ouely be 50 ‘.cms.
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" Ref.10. corments on the effect of output .on. the performance of
a genera'bor at Leuna ‘in 1935, making water gas’ from dry brown coal.
The higher cutput was maintained for only one’ day, bécause of over— .
loading of : the: w,hste heat bo:Ller, but the comparlson with normal runn-—

ing is given as follows :-

. - High
o Normal OQutput -
Output M3/hr. water gas 20,000° 42,000
Gas Ana1y51$. (Dg 21.8 15.7
. Ho T : R 38.5'_ . 35.0.
€0 S S . - 35.3 4.4
CHA 19_8 : 136
N _ No : 1.1 . 0.8
C in fuel, k 1 ooomaa L—Ig + . ' - 452 . '455
28% 02, kg/ - S ggg o glsg
Steam - ' “y : : -
% C u'{:lla.zatlon SR S v : - XB6. 5% - 80%
% steam decomposition . e 3% 27%
% C in fly dust - T 1 ¥ 3 355
¢ C'in ashes: - A - 35% 40%
Fly dust, kg/1,000 NM3 H2 + © o © 148 21”7
Ashes, -~/ _ ‘ a4

-

ZEr11owance was made in the high: ou'bput for C0o_i J.ntroduced with the
fuelj--if the same allowance-is -made for normal output, -the-C .~
_utilizatlon is remced to 82. 8’4’

 The re*ort remarks on -the better gas composition :

(&) 4% Ho + 00, as against 73.8%) at the higher output, and espec~
ially the. o.pprec:.aole reduction in oxygen and steam consump'bion, -
the carbon consumption is atout the same, although the C losses in
‘3usdt and ask increase, as does the amount of -ust blown over.  The
report goes on to sey that theoretlcally one mlght expect better per-
formance at_lower outputs, ‘since this gives longer times of contact .
in the space ab%ove the fuel bed, and the only tentative explanation
given for the reversed findings is that, despite the fact that re~ -
corded temperatures-were Xept. the same, the actual tempercture. in the
fuel bed at the higher output was in fact different (and presumably
higher) since the thermocouples measure the tempera'ture only ngar the

walls. = - . ' K L

o Whether the above is reliable evidence may be open to- doub%‘.
Other figures given in Refs.l and 6, however, tend to bear out the
lower—oxygen requlrements et higher outputs. : _

'SERVICE REQUI REMENTS EFFICIENCIES AND BALANCES ~ /
Because of ti the varylng conditions it is difficult to give
typlcal figures for service. requlrements angd efficiencies. but perhaps
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the following lz.st of renges. encountered might be e useful surmnary of

known achieved results :-

. !'.
\

. Derr -

1000 WM3 Hp + 0O + 2000 ma%r@ + CO
Grude 47C. o' 2000kg. - Dry brown coal 800 to 860 kg
Carton 420 t¢ 630 kg ~ Carbon ' 445 to 460 kg,
Oxygen (98%) 35 to 335 M5  Oxygen (98%) . . * 35 to 360 NM3
Steam used w0 900 kgs. Steam used 30 to kgs.

Steam decomxﬁesitlon 2 to 35%
Carbon utilization 88 ‘o 57%

. Steam decompositlon 27 to. ]

Carbon utilization 86 to &)%

Da'ta. for various . plan ts are collected 'bogether in Tablas |

lII_Lwa:ber_gae_from_g:mdef_ and-Table IV (water gas from dry-brown- -
coal) and these shouli be consulted for more detailed 1nformation,
as far as it is aveilable. )

Material and heat ba.t.ances will now be drawn up for one or
two plants for which suff.xc:.ent 1nformation 1s avallable.

MATERTAT, BALANCE AT ZETJ.Z
Refl4 gives a materinl balance for the whole of 1944, f'rom

which the following is taken. .

-

INGROINZA MATERIA. IN KGr/1000 WM> RAW WATER GAS.

T ATEAM G300 T |

- L)
TERXYIRENT R

q PP
N A NARH 2R NN

ACCOUNTED FRR 636

RAN WATER 2AS DY) B30-4 YLONE DT 336°7

OUTGOMNCG MATERIA.

‘MATERIAL BALANCE AY ZEITZ.
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NOTES | | o
1. The actual balance given in Ref.1l4 shows 5.0 H and 0.6 H20
e;s "anaccounte? for". This obviously indicates an_incorrect

easurement of H20 'in or cut, so in the ahove balance the measured
steem in has been ossuned to be correct ond a hydrogen balance has
been struck and hence the amount of undecomposed steam calculated.
Comoaring Ref.14 with the above chart, we then have :-

) Ref:l4 Above Chart
R -kg/1000 WM3 kg/1000 NM3 % of component
Yunaccounted for" : C 4.9 - 4.9 1.05
T H 5.0 Nil (assumption)
Ash . 33.3 33.3 - 15.9
SN N . _ - -10-5
X S . 28.0 28.0
] : HQO 30.6 =
7 not given 7.9 0.9 -.
Steam edded ¥ HQO from gruds 648.7. 648.7 .
Steam decomposed . 345 ' 222.3
'# steam decomposition : 53% 34 4%
2. The low velue of "unaccountec‘ for" oxygen, when a Derfect H

balance is assumed, indicates 2o satisfactory overall balance. "The -
negative value of "un'xccounte"v for" nitrogen Joes not arise entirely
through neglectlng N in-grudes —for-balance 1+4%-N-in grude would-be-
required, snd it is unllkely to be so high. The high amount of
"unaccounted for" S arises through neglectlng the S content of 2dust

and ashes.

2. The "unaccounte'? for" C and esh ere presumsably 1ost as dust
nassing the cyclones. Lssuming the "unaccounted for" ash of 33.3 is
correct znd that ust hes the enalysis of cyclone dust, then this
indicates that the multicyclones have an efficiency of ‘147.5

147.5 + 33.3
or 81. 6%, which is 1n good a»zreemént with other information.

COMMENTS ’ ' ‘ '
The chart shows up clearly the poor carbon effic:l.ency at Zeita.

and the magnitude of the cdust nuisance. The carbon efficlency, i.e..
the percentage actually gosified, is 57% (Ref.14 from the same
figures gives 49.25% ani this error is repeated in Ref.3); +the bulk
of the ungasified carbon is'blown over with the bulk of the ash as
dust in the gas.

Hggr BALANGE AT z_gnz

From the a2vove tg. and Ref. 14 the following heat balance of
the gemerator itself (1 e. excluling waste heat boilers, etc. ) has

~been. drawn up for_Zaitz 2.
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INGOINCE HEAT N T CALS/1000 NM> RAW WATER GAS.

- GRUDE ' y 47
' ' g . [OBWA
T . STRAM
. . _ 49
43830 o ‘_ oy
j P e :
. B €1 o B
R B e
A | 1 . 0|3
1985 (=44-3%) 241 |22 1534 (-347%) mg“
L ' 77750 uoes 15 sensiaLe weaT) IS 9
) \ ) s zd
. -1 ; T
CN. WATER . GAS . ﬁv:";.. ]V CYCLONE. DoST I

OUTGONG HEAT

HEAT BALANCE ay _zerz

The sbove quantities are expressed in T. ca.ls/lOOO MM> raw water gas,
using net calorific values and expressing sensible heats .above 0°C..

This chart shows much the ssme story as the mater:.al balance.
‘The thermal. efficiency of the generstor itself (i.e. net. c.v. of.
water gas divided by net c.v. of grude + sensible heat of steam) is
‘44. the major inefficiency of 34.7% is as cyclone dust, whilst:
ble heat of the water gas and steam at 1,000°C removes 12.7%.
The "unaccounted. for" loss of 5.5% has to cover c.v. of dust passing
the mult:.cyclones and 1osses by radiation, etc.

. If all carbon in c,;clone dust.cen be usefully recovered. as a
boiler fuel, then the net.carbon efficiency is 93.5% and the net
thermal efficiency is ?0%, sh.ll however omtt:.ng waste he'xt recovery.

MATERIAI. BALANCE AT LEUNA '

The above balances for Zeiiz, although representative of" work-
mg at that plant, give a poor impression of the Winkler process; . -
apprecisbly better efficiencies are obtained at BShlen .and even better
at Leuna. Since we have available from Ref.10 the actual performance
at Leuna over 12 months in 1935, material and heat balances are given
_below for Leuna, making water ga.a from dry brown coal. The output
wag relatively low, at 27,000 /hr for a generator of 25 M3 cross-
sectlonal area.
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INGOINGY MATERIAL IN KG /1900 NWP RAW WATER GAS.

ORVY&GEN

- o RO P D T )
RAW NATER GdS (ORvY) 373 102 [ aveam 250

SUTGHOING _MATERIAL.

MATERAL BALANCE AY CEINA

NOTE:. =

1. The above balance is exactly as given in Ref 10. 'Ihe per-
fect belance of each component indicates. that certain items have been
-estimated by difference; ho_wever, the overall nicture is probably
very near tru.th. T

2 of th».—, ingoing H in mel 25 kgs are as H :.n:i“6 kgs as H20
(49 kgs)
cQ TS

“The picture arpsente"’ here is very.3ifferent from that giv?r
for Zeitsz. The carbon efficiency, i.e. the percentage actually gasi-
fied, is 86.4% (cf357§f at Zeitz).. - The carbton blown over as dnst is
only 34 kg/lO"O NMD, as against 183 kg at Zeitz.:

HEAT BALANCE AT LEBNA

. Using slightly Jifferent datu. Ref 10 glves the following
heat balance - -
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INGOING HEA:I_‘ Iu T, CALS[].,OOO M3 RAW _WATER GAS

Dry Brown Coal
 310—0— . | DU |
2090 |, e |40 | 160
(6€2) o ) (14%) .- (15%) (%)
— y : \Sens. Heat}, | Losses
C.V. Water Gas W.G.+Steanm|DusttAsh ete.

o The thermal efflc:x.ency is 66% (compared with 44. 8% at Zeitz),
and dust and ash accounts for a loss.of only 15% (compared with 37% at
Zeitz. .

If all carbon in' cyclone dust cgn be usefully recovered as a
boiler fuel;then-the net—carbon efficiency is-96% and-the-net-thermel -
efficiency 74.5% (compared with 93.5% and 70% respectively at Zeitz).
Thus. so long as Zeitz cepn utilize the cyclone dust there is very -
little loss of carbon or thermsl efficiency due to the high dust carry-
over at Zeltz, however, such high dust carryover does necessitate
more expens:.ve equlpment to deal with it.

-

MANUFACTURE OF-POWER GAS - -
At Leuna 2 number of cCompressors of the ammonia synthesa.s

plant have always been driven by gas engines, fired by producer gas.
Since 1926 the producer gos or power gas has been made mostly on one
.of the large Winkler generators.

J— . ~

Since:a high CH ~content of power ge.s is not objectionable,
and may even be desirable, dry.brown coal has sbeen ~the normal fuel
used. ‘Hydrogen is an undesirable constituent of power ‘gas,since in
excess it canses too violent explosions in the engines, so thet. the
blast wsed has been alr alone, sometimes with the addition of COp,
but never with the addition of steam. The water and hydrogen content
of the fuel of course are the source of a certain amount of hydrogen

in power ges.
' The method of world.ng is very similar to_that of meking

water gas; in fact one generator at Leuns acts as a common spare to
one water gas and one power generator. The air blast is. sp]}it into
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'bl',.st through the grate ond secondary fir above the fuel bed. The .
-output of power gas from o large generator of 25 M3 crogs-sectional:
area is about.75,000 M3/hr which is somewhLat greater then the out-
put.of water gas, 60,000 Mz/hr, from the same -generator,. since
power ges does. not carrv with it any undecomposed steam.

.~ Very c.omple.te Aa‘ba are aveilable for Leuna for the whole
of 1935 from Ref.10, and these are set out in Teble V along with
other publishe?l da'tt... Figures in the first two columns, from

SRefs. 9 and 10 using dry brown coal, are in very good agreement,
but published figures from Ref.9 using grude record too low a. fuel
consumption.. The carbon utilization efflciency is about 82%.

The dust content of gascs at Leuna s shown below, when

worklng on  Ary brown coal -~ ' _
. Output - Density Dust
M3Zhr. AMr =] g/M3

Water Gas ' \ _ T

(a) dry water gas - -27,000  0.74 109
(b) water gas + undecompo Ded) ' :

. steanm .. .) - 36,000 0.72 - 81 .
Power Gas - R 50,000 0.91 65

At first sight it is dlffn.mﬂ.'c to. see. why_power gas_should.con:tain*
less dust than water g gas, since higher output and highér density
weuld be expected to give more Adust. However, evidently the main
factor is the amount of -fuel gasified, which controls the emount of,
fines brought in with fresh fuel anZ probably also the amount of
fines result.ng from attrition and gasificetion. Thus the percent-—
ages of dust in gas in terms of fvel used are 19. 7% and 17.8% for
proﬂucer -gas and water gas resPectlvely. ’

>

MATERIAL BALANCE AT LEUNA (Power Gas) o

- . The following rhart is basel on Ref.10, giving the average
for twclve months in 1935 :~
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NGOG MATERLAR N _Kn/ID00 NM> PONER @AD

BROWN COAL 330 fé.'l ‘ . AR 829.

OJTCAOINCY <% MA‘T‘E ERIAL,

MAYERIAL BALANCE AT LE»-NA
— ¥

NOTE: -

’ of the ingoing H in fuel, 13 kgs are as H and '3 kgs are as
Hoo (26 kgg). Of the outgoing H in power gas, 12 kgs are as H and’
4 lcgs are as HoQ- (35 kpd) _

HEAT BALANCE AT LEINA (Power Gas) ‘
" The following chart is also based on Ref, 10, giving t.he
average for 12 months in 1935 -
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. INGOING HEAT IN T.CALS/1,000 NM3 FPOWER GAS

*Dry Brown. Coal |
' L. N ; | 1660
r T §
1000 0 1. == 260 70
(60%)' , S (20%) oef= {16%)' (42)
b 'G V. Power Gas T = | |Sensible Heat Dust & Ashes Loss

-~

The - themal efflclency 1s thus about 60%

MANUFACTURE OF AMMONIA SYNTHESIS GAS ’

The only Zirect data available is pubiiShed in Ref.9.
Oxygen enriched air with steam is use? as the blast, and the effici-
_ enc:.es, ‘etessarc-those to-heexpected from-combining data for water -
gas ani nroduf'er 9\_.8, to giv:. mixed gas of ‘the right composition.

USE OF FUELS OTHER THAN BEOTN COAL '

. - —-Obviously the Winkler generator becomes of much wider o
appllcatlon if it can utilize fuels other than 4ry brown coal or grude.
Here information is not neerly so reliable, since as far as we are
2ware no large generator has ever run very long on such fuels. Ref.l
states thot I.G. designed large-scale plants in Jepan to run on a .grain

size minerzl coal of a particularly active character, but we know
notn:.n[—' of their operatlon. N A

‘Most of the experlmental work has been carried out on a
small. generator (0.8 M2 shaft area) at Oppau, and some on a small -

generator (2 M2 sh'a.ft area) at Leuna.  There are also references in
the literature. o '

As stated before 02-'~s1fication is a rela:bively expensive
way of gasifying a fuel and may become economic only with fuels which
cannot be gasified conveniently in other ways. ~ Examples, which have
been considered, are bituminous coal dusts, especially those whose
=sh content is h:x.gh or whose ash has a low softening point, and hard
coke breeze. : Nevez%eless, since these fuels con in general be used



as boiler fuels, perhaps at some ﬂlscount, they will in ﬁeneral heve
an appreciably higher cost than brown coal, neat the brown coal de- -
nosits.

4 ‘ ‘ y

.

A1l the fuels mentloneﬂ are anpre01a>1y less reactlve than -
brown coal or gruie, a2nd to obtain reasonable outputs from a given
generator it is necessary to work at higher témperatures; +this means
higher exit ges temmeratures, hlgher oxygen consumntlons, higher CO2
contents of water gas and possibly troubles with clinker formation.
Moreover, becouse of the lower reactivity it is more difficult to
gasify any dust in thé space above the fuel bed, and the secondary
blast tends to react with the ges rather than w1th the Zust.

It is probable that fuels like young gas coals and low-
temperature coke breeze cocull be g=sified successfully in Winkler |
generators, with efficiencies and outputs only somewhet less than with
- brown coeal or gruue, but such fuels are rarely cheap.

Re{hé,(p 12) states that hard coke breeze cannot be ga51f1ed
" in Winkler generators at Leuna. = Ref. 10 brlefly describes tests in
the experimental gencrator at Leuna in 1935. Certain brown coeals
were unsuitable because of low ash softening p01nt and hlgh propor- -
tion of soluble salts in the ash (see also bolow),

~ Earlier tests at Oppau are described in Kef.5. Short tests
on an American bituminous coal (013 Ben Coal Corporatlon, Mine 8,
Chicago) gave-promising results. This'coal is described as fairly
reactive, not.strongly cnking.  Crushed coal, "about the size of peas
to hazelnuts, contcining some dust" was fed by SCrew  conveyor- into the
boiling bed of coke; the coal was quickly distributed in the bed and
no caking occurredl. No ges analyses are glven. :

MISCELLANEOUS POINTS OF INTEREST :

o Ref.10 dasscribes difficulties arising from.the hlgh sang -
content of Elise coal, sani being the chief cause of variable ash con-
tent. - Sand caused chokes in the stack-lines and velves; it also led
to the formation of volatile silicon.sulphide (cf. Chem.Fabrik 1935,
p.512), which after decomp031 -ion gave rise to finely divided sillca,
whlch was able to pass through the dlslntegrators. :

It is des1rau1e to keep 1ow the content of water-soluble

salts in the ash; such salts tend to be volatile and give rise to
slagging difficulties. Thus Ref.10 states that Elise coal -had a
total ash content of 20%, of which 10% was weater-soluble; on the
other hand a2 grude which gave considerable trouble with slagging had
an ash content of 228, of which 20% was water-solutle.

The use of blast preheaters has often been suggested, but
as far ‘as we are aware they have not been successfully applied to
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‘Winkler generator - so  °  far, although’ attempts have been made
"at Lemna. On .theoretical grounds one would expect that preheating the
- steam- and oxygen mixture would reduce the oxygen requirements. - .
According to Ref.6 preheating the blast to 400°C-would save about 25%
of the oxygen requlred with no prehea‘tlng. ' The most. economic way of
preheating, from the ‘point of view of ‘Tunning costs, would be to
interchange the heat in the-hot exit gases with the incoming blast, but
the capital cost of such preheaters is likely to be high.

G)MPARIS)N I"ITH OTHER PROCESSES FOR MAKING SYNTHESIS GAS

As stated bef‘ore, 'the W:Lnkler process has the great advantage
: cult to gasify in-other
ways, and this at once may ‘give it a great loczl advantage. When,
however, it is considered for coals which can be gasified in other ways
or where it has to usc fuels having enhanced value for other purposes,
e.g. as a bo:.ler fuel, uhen it becomes much -less attractive.

. The two - great draw'backs to the Winkler process are 1ts re—
lata.vely poor thermal efficiency, which is no higher than that of a
-conventional coke water—gas generator, and the cost of oxygen. If
fuel is at all expensive the poor carbon efficiency is a disadvantage,
only partly mitigated if the dust can be collected eand used as a
boiler fuel. Even when made in modern Linde-Frankl units oxygen is
never cheep, and it is intercsting that the I.G. consider (ste Ref.6,
p..10) that it is more expensive to use continuous oxygen-gasification
of. any fuel then to use-—a-make and blow process with eir, provided
-the same fuel cen be got J.nto a mltable form in both processes.

All processes using oxygen-gasificat:.on have an a:id:l.tional
disadvantage in that any oxygen aldded must. eventuelly appear as 002
in the synthesis gas; hence greater compression costs and water
scrubbing costs are incurred to remove it, with corresponding in-
creased capitel costs. v ' R

: Althoug ‘c.he a.mount of gas froduced per unit shaf‘t area is
relativelg great (say 900-—to 1,500 M3/hr Hp + CO/M2, -as compered with
say 600 M3/hr Hp + CO/M2 for meke and blow coke water gas generators),
and although the absence of Jdistribution difficulties in_a boiling bed
enebles very large units to be used (e.g. up to 50,000 M3/hr Hy, + CO
‘at Leuna, comparéi with say up to 8,000 M3/h» Hp + CO in- the la.rgest
coke water gas generators), nevertheless all the auxiliary equipment
required means that the output of Winkler generators per unit area of
site is no greater than that of coke water gas generators. - Thus at -

en and. Zeitz the capacity of three generators was obtained for a
site area of about 50.M2 site /1,000 M3/hr H, + (O installed cepacity,
:l.nclu..ing fuel handling, waste heat boilers, coolers, etc. but exclud-
ing the oxygen plant; the oxygen plant and its assocliated. share of
the boller and power plant probably occupied an equal area. A ooke
water-gas pla.nt, with 211 auxiliaries, woul3 probatly make the same
amount of gas for a site area of about 40 to €0 M2 site/1,000 M3/hr
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Hz + 0 installed capacity.. Moreover the large reaction-space abova'
the fuel bed, in -terms of capitel cost, largely offsets the a.dvant-
age of a h:l.gh output per unit ‘erea of grate. S ,

CAPIT& COSTS - '
- Avellable f:.gures arc of Aoubtful significance, but it is

probably true”to say. that the capital cost of a Winkler plant, in-
‘€luding oxygen plant, waste heat toilers, etc. is somewhat greater
than that of a corresponiing ccke water ges plent, including coke
ovens. The oxygen plant probably costs more than the Wlnkler plant

it supplies.

D

PROCESS LABOUR AND MAINTENANCE GOSZS

—-About—four-opervtors—are-: require& fomach gmeraﬁor, but
this depends to some extent on the size of generator. One men would
‘be in thé control cabin, which might however serve more than one
generator, two meri woull be on waste heat boilers, dedusting and
‘cooling equipment and dusgt handling, and one man on ash handling and
-miscellaneous labouring jobs. . Lab’our aditionel to. these four men
would he required for fuel handling, espec:.ally if -the preparation
ig done at the plant, and for machinery, such as o:wgan blowers,
boiler feedwater pumps, dlsin»tegra'bors, etc., : .

: - At Leuna in 1935 (‘Ref 10) 9CHnen and 11 cha.rgeha.nds were
employed on the Winkler plant, running one power gas generator and .
one water gas generator. - There would probably be one chargehand/
shift for each generator and one for fuel handling, but if there were
only four men/shift on each generator, this would leave'about €0 men..
to cover fuel handling (but excluding drying) machinery, ete.; as
well as day labour; this figure seems excessive but it is not clear
from the reference whether any maintenance labour is included. A
rough figure for water gas might be 'to.kan as 0.4 man hours/1,000 M3
Ho + Q0.

' Also a.t Leuna over 1935 (Ref 10} maintenance. cos!ts for water
gas aver 3ge"' 1.75% EM/1,000 M3 Ho + CO, for an average output of
20,000. M3/h + Q0. Maintenance costs for power gas aver
0.46 Rl.':’/l,OOO 3 power gas, for an average output of 50,000 M a.%
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IX

TAB
SUMMARY OF DFSIQJ OF WINICLER GE\IERA’IORS Mﬂg 'WAIE. %S
Pl'gti. o  Leuna | Bdnlen Zeitz l_lggggm Brux
Reference S | 2 : _3 1 1 &4
Units ‘|Small . Large. | .3 3 3 .. | 5oré6
) S 1 3(+1)"4 ) 1
Output NM3/hr | o .
water gas : . | N . .
Maximum - 40 000 & 000 25,000 | 22,000 - -
'Normal 30, éo, ooo 120,000 | 18,000{ ca 20,004 ca20000
- Minimum : ' 12 000 9, _ - -
Fuel ' 'Gmde(fomerly dry Grude ! Grude. - Grude 2
Grate 1 snall &1 large | Stationary grates’ L grate-
" are groteless; Vo = ~ [less;
jothers stationary | _ . rest
gr_ate. » ; ‘ : . S 1Stay.Gr.
Gas:LficatJ.on) . ' ! o | S
chanber ) Some bulbous at top, Straight-sided .
‘some straight-sided..
I&nall Large o . S L
I.D.of fuel bed 3.9 m- 5.5 m . 4.5m | 4-4.5m| 4.5m ?
Cross-sectlone.'q . - ' o 5 S
area - T12M2 25 M2 16 N2 [12.5-16 M
Depth of fuel { In 1lm. o 1.5 m 2.5m)|
_Overall heighti - = | 2o"m 20m | 0m

lzgte Ht.Recvy ; |

Waste hcat boiler, superheater and economiser

Dust removal;) iCyclone before pulticyclones afterf Originall
primoxy ) ¥.H.B. - . W.H.B. electro-
' i - : staticyno
i mtti- D
. { cyclones.
final 'Direct contact cooler and Theisen disintegrator

Recovered dust
_used as:

Boiler mel,remmed
to Winkler or for
dephenolation.

i

1. fuel -

iler : Boiler

fuel _ o

bl | large genera‘borhow used'e_xp_erimenta.lly' for other purposes.



PERFORMANCE
Plant —
Refgremés B
i ‘
Units

Actual output N
B/nr. W.G./unit

: Fuol (Grude)

s Jmalyeis
on .

Hy0
Cal.value, T.cals/
T.net as received

Final grading

~HgS '
' Cal.value, k.cal s/
- N P net :

' Oa in total blast
Blast termp. °C

Fuel bed temmp. °C

Gas exit terp. °C

Gas temp. after
W.H. recovory

Dust content -of
. gas, in g/N i
dry geas

.(a) before dust
reooval "

(v) after prma.ry
dust removal

(c) after final
dust removal

\

B ]
- % 0 as secondary Q%

|  pREETIT
E__MTORS MAKTIG WATER GAS _FROM GRUDE
" . Leuna BShlen - Zoitz ) ? .
: 1z 1z ‘(goé’up 9.
b O t1ly 12 months ‘
.Smaxlqguggh - o 1944 :xmw 21!;;;;3 o
Dol e |
- %0,000 001 25,000 1.-6’_600
8.0, |- n | 637 0.7
2 2 - . B . . 14-.0
S = e 4T )55 . 0.0
s ~3 - _ 5'Q.6?
26.5 - 25.1 28.5 . 22
(2.0) | -5-200 (2.1) s, 6% g), . (6ul4)
Le | _ 2 ‘
R T B I I
Av. 3 ms. |0.06- : 2-10 mms "lo-0.2. 20}
with<10%> |5 am. - A 0.2-0,5 16
5 ISe - : ' 5 005"'100 20
o . 1-2 26|
- S 2-3 8.
g S | |36 10
20 - 2ol 2l | 23,1 S 1645
37.5 27.6 28.8 | . 29.6 . 42.6
.39.5 45.3 Wl p  43.8 39.0
1.5 21,5 "1.25F 1 0.75 0.7
0.5 '*0.7 0. 5 1.5 - 0.7
2150 ; 1990 *1982 1985 2195
10-50% 21% 22% |  21.5% " 37.5%
- 150 -~ | -160-180° - | -
33% 12= . - 0% -

‘ l20% . . Reful3 |
850-900° .|-900° . 800° 900-950° 9 800~950° |
900=950° 9oo° 900° 9oo-1c>oo<> 980° b 950-1,000°

200°C | 200~ 300° 200-250° - . 2500
- ] 300° _
100-200. | 200- '225- |300-360 -
250 - 250 "
) ).|-0—._ 60 -
- 60 .
- . 0.002 .003- -
- 0,005 0.004 B

5
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TABIE ITT (Cont'a)

. _ . . i  Leuna " BShlen Zeitz -
Referemces © .. | 1 .. 2 1 |3 9
% C in dust L 50 to 55 L0 43.1 54 =56 -
% C 11‘1 CLShCS B . ;T e - 40 5.1 30 -
Ef:c":l.czenc::.es o ' .

} per 1000 N i Ha+CO . (1)  (2) » ,

grude = kgs 640 757 782 - 765 . 1023 630
'~ carbon . k%s 427 - =1 53 | 635 417
‘oxygen - - 1 320 to 355‘305, 339 324 - 320 331
| stcan used - kgs 350 825|960 830 860* | 1,05
|. steam raised k&S. ‘:'f;f.ff. 580 1750} -1 80 § 925 | - |
stean decorposition % | . - - - | =] - 35 | -
carbon. utlllsa.tion % {- - 88 .| = -1 .68.61 - 57 86
~ dust bBlown over - kgs | 130 to 260 - | - - 500-550.. | =
dust .recovered . kgs{ - - =1 -1 2%5.-270 458 - -

-1 arate-ash - kas - 2L ] - | 16.5 60 -

- power’ (excl. oxygen. - 1 : s
production) - - KWd - - =1 39 . -
Coollng water 'IP. = 2Lt - | 23 N

21; Average of two days, llth a.nd 12th August 1938
2) Average of 31 days, Janua:y %0,

* In addition Ref.lh quotes ahout 230, )cg/l 000 i Hg + OO as 'being usoed
for "Apparateheizung", i.e.. heau:mg of items of plant, at least for
the wintcr oonths, Janu‘.ry to Harch; th:Ls use of steam is o‘bscure

PERFORMANCE OF WIKIER GENERATORS MAKTNG WATER GAS FROM DRY EROWN COAL
Plant I ‘ Louna.' SR - |
| Refcrence ‘ 1 6 { 10 . | 10* 9
R .1 (22 nonthp(one
| I . " average)| day)
- Actual output N ¥/hxn WG| - - 27,000 - | 42,000

Fuel (Dry Brown Coal) - ! . o | )
’ 59.3 |57.3 | 61.1

| Annlysis % = - . C 61. 1 -
On‘dgy basis  H | 4.7 | - | k5 | ks 4.7
) N 0 1 _"‘ . 007 N B 006 ' 08; '
.S 3¢3 | = |- 3.6 3.1 3.3
, A ash - 113.8 | - 16,7 |20.6 | 13.8
' H:0 | (6.0) - - (8.7) {(8.1) “(8.7) .
VGnlcval., T.cals/T < - . 5170 5150 - | 52

net as received. = - _ R



mALE I (contha)
Roferoncos 1 6 % R
Final gro.di-zg 0-0.6 9.6
0.6-0.88" 1.5 °
R 0.88-1.0. 9.0
' , 1-2 - 23.3
o 2-5 16.5
L 25 0.1 A .
Gos Analysis €Oz 19 19 |21.8 |15.7
. - . Q0 - 38 - 38 1353 | Al
- Hg 340 L0 "138.5 | 36.0-
. GI‘ 2 2 . ~']-.(8_ . 1.6 ‘
Ng ) 1 1 (1.1 | 0.8-.
HgS 2 2 {1.5 | 1.5
Cal.val., k.cals/N I net 2162 | 2163 2117 | 2295
Og in blast - LO% - | 4O0%} 48%.
' Blast above fuel bed 535‘ - - F -
Fuel bed temp. °C - = -
Gas exit tomp. °C - - - | -
~ Dust content of gases in o SRR -
N I ary gas o
before dust reroval : .- - {110 170
h after primary dust rem. - - - - -
after finnl dust rem.‘ - - - -
56 C in dust , - =1 29 | 35
% C in ash - - | 42 | 40
Efficiencies par 1000 » H',+co R A
coal kg 800 | 80083 | 855
carbon | lggs L61 |« | 452 | 455
oxygen 1 320- | 330 | 366 | 316
.- steoam used kgs 370 - bO?iT‘Z‘jO
stean raised k%s . =} = 1600 e
stean decoggosition a - - 33 |27, -
carbon utilisation™ % 80.57] ¥ |86.5% &* "
dust blowh over . kgs - -« | 148 211
grate ashes kas - N S
~ power KWH N b -

* 8ee also page 20

-] 0.2=0.5
' 005-100

23
175
‘31.8
- 37.2

9
m
20
18
17
16
12
- 17.

1-2

0.9

g 1.0
1.6

2195 -

L0%
800-950°
950-1,000°
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TABLE V
' PERFbRMANGEOPWII\KE.ERGEH\ERATORSMAKLEPOTERGAS
Plant : . Leuna o - -
RefBrence : o - 10 I 9 : 9
: S (12 months av.) - : o
Actual output, N ¥/hr. . - 50,000 o - _ -
Fucl | | ~ DRY BROWN COAL  IRY EROWN COAL, GRUDE
Analysis c 57.8 61.1 " 707
on dry basis H Lo 3 . 4.7 - 2.7
. ' o . 16.5.. . .. . 16,3 R ™ o I
- P | o T 0.6 ST 0.8 .0
) S 343 3.3 %ég
... Ash - 17.5 . 13.8 2
Gal. val.T.oal /TH o'c o (8.5) (8.7) (6.4)
o val.T.cols/T nc : :
as- reccivcd S 5190 ' - 52, . 5700
Gas AM].ZSlS : mg i ' 918 707 403
Hso 11.7 12,6 _ 7.6
= CH, 0.7 0.7 | 0.5
Ng ) 55.3 . 55.7 54.6
Cal.val. k.cals/N i3 .. 984 © 1020
—Blast-above fuct bed Y-S J - e
Fuel bed torp. ' : 950°Cc - -
Gas exit temp. - o 1000°C - -
Dust content of gases ’ . .
in ‘z/¥ ? ary gas | '.
g § before dust rcmovoal : 65 - -
b) after prinsry dust rom. . . - - -
- aftcer final dust rcn. \ e e - -
/b C in dust 33-55 . - : -
% C in ash - -y - Y | -
Efficicncics /1 000 12 ﬁas Co o ' ,
fuecl ' 330. .. ca 330 - - ca 285 A
~ carbon . . l%:gs : 176 - - - co 18- - —e2-190
air ' . ‘ 700 - ea. 720 .. ca 720 -
stean raised =@ MS ' - 450 . - v
Carbon utilisation % - - 83 -ca 82 ~ca 97%
dust blown over - kgs - 65 - :
grate ashes kas : 18 - -

*Mhis appears very high and is prpba.blv in error: the fuel
consurptions ghould be greater than shown. :



~57-

References _

1.

- I.G. Farben. A.G. Ylorks', Leuna.

€.1.0.S. Report Tten 1\!0.50, XoaI - 1o7roy R. Holroyd

2. C.I.0.S. Report Iten il0.30; XXIT - 92 "by J.P. Ellis
Brabag I Plont, B8hlen - S
3. C.I.O.S. chort Iten No.jo, - by J T, ull:v'
o Red, Morley. . Brebag Works at Trogl:.tz - Ze:.tz _
.- CoI (o 8 R rt ten No. He- L 1ros "1 o
o F$a.r c?r%.)ndus%rie A?G.Bow'orks o Lud‘m[" il u.'gd Oppau
5. ,".m-n.rd Intcrrmtloml Conferonce on Bituminous -Coal, 1931 1 -
L 87‘!- HoG‘o G'r'jm . . ’
_6. ..I.I 0.S.. Report : - 199 B . Tro.nsla.ted by D.C. Fra.sor
~-and R.J. Morley "Ton Ycars: of O. Gas:.f:l.cation ‘at Leuna." '
7> Winklor Patent. an'bers ; the following is an’ :Lnoomplete list.
DRP.%37,970 -(1922 and its oqu;m.lent B.P.zm, . (1923)
DRP.48%,003. £192), o S
D.RPJI-B.?,_ Q- 1926 -
DRP. 494,240 (1927
DRP.496,343 (1928
DRP.535,535 (1928
 U.s.1687,118 (1928) L
8. Another report in this seriecs, shortl_,r_to be. _publ:.shod.-l.:'.rge-sca.le
- Production of Oxygen, by A.M. Clark .. | R
9. -Ocl u. Kohlo, 8.6.42, A. Thau =~ o
10. C.I.0.S. Document. BAG 3041, Iarvet so/h.oz. Document 6
Annual- Report for 1935 of Leuna Winkler Plont." .
11. C.I.0.S. Document. BAG 2719, Target 30/6.12. Document 1.
.Gorrespondonce betwoen Koppors and Zeitz,: April 952
12.

b

1.

" CoI.0.8. Document. 'BAG 3500 Target 30/4.05 Doounsnt 311-.

Record note of 14.10.42. _
C.I.0.S. Docment. 'BAG 1..182 Target 30/1...07. Document: 1.

Zeitz data..

— ‘Zeitz—dam.





