WINKLER GENERATORS FOR ::aNUFACTURE OF WATER GAS ETC.
M—_M
SUM{ARY '

411 the available information concerning Winkler gonorators, -
contained in C.I.0.8. reports and in documents brouzht back by C.I.0.8.
missions to Germany in 1945, is collected together and corbined with .
litercture references to give a comprehensive acoount of the history
and present status of the process. There are at least five large

- plants in Centrel Germeny and Czechoslovakia using the process and
-possibly one plant in Japan., The process is. technically sound and
well-established but appears to be - economic only whore cheap fuel, e.g
. browm oozl or brown coal coke, is available, which cammot be gasi-
fied converdently in other ways, . :
INTRODUCTION

The first large~scale Winkler generator for making power gas
was put into operation at Leuna in 1926 and the first lerge-scale _
gencrator making water gas follovwed in 1930; the successful use of a
"boiling" bed of fine fuel thus introduced o nev process for the nmanue
Pacture of power gas and water gas. Since then the process has be-
come firmly established inside Germony and since 1936 hes found con-
8iderable use in the large-scale production of hydrogen in plants
nanufacturing petrols, oils, etc., by the hydrogenation of brown coal

~ and brown ooal tar. For the mamfecture.of hydrogen the process re-
\quires. lerge quentities of oxygen, and despite the fact that the Linde~
Frinkl process, developed in the last 20 ycers, is o merked improve-
nent over older processes, oxygen is still relatively expensive, so
that its use, ‘and hence the use of the Winkler process, can only be
Justified when it mrkes possible the use of a -cheep fuel, which other-
‘Wigso could not be satisfactorily sesified. This explains why all
known Winkler generators arc located near the brown coal fields of
‘Contrel Burope; brown ooal, as obtained by open strip nining, is
very chegp, but it is @ifficult to get it into a forn suitsble for use
-'in a conventional "nake-and-blow" water-gss generator; on the other
¥ hand brovm ooal is an ideel fuel for a Winkler generator,

In recent years Geruan cconony hes been such that it was ad-
- vantageous to produce vast quantities of petrol and oil from indigen-
ous coel, A particularly favourzble process was to hydrogenate the
tar obtained fram the low femperature carbonisation of brown: ooal
briquettes; this carbonisation produced several times as ruch brown
~ooal coke, or "grude" ooke, as it aid tar, so that a use had to be
found for the vast quentities of grude. The biggest usé of grude
~was for firing the boilers of power stations, already existing in
-meny cases and previously usins raw brown conl, but it was also very
- convenient to use grude for meking the hydrogen, required for hydro-
genating the tar. Moreover since the Winkler process rcsulted in an
- appreciable fraction of the fucl being carried over as dust with the
gas, 1t was also very convenient to be sble to recover this aust and -
use it as boiler fuel., ' : : '
... Thus there has grown wp in Central Germany, centred around
- bipgig, a collection of large factories » 811 primarily baséd on the
~vast deposits of brown coal found in that region; these 'factories,
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. 'however is not so satisfactory emd in general it appoars that the

“2-

‘although carrying on different processes, are largely interw-related
and cre often locatecd on the same or.nmeighbouring sites. The dia-
gron below sets out this intar-relatioz_xd:ip.
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The diagran shows up how the power stations canbe used as & sink for
umvan'ted products and how they ocan be used to keep a balanco.

. As for as we are awore there are no Winkler genorators outside
the Central Europeon arca, (possibly excepting Japan), and there.are :
no large generators operating on anything but dry brown coal or Brown e

coal grude. It is possible to opercte Winkler gemerators on bituminous
-coals, L.T, ocoke fron bituminous coal or even anthracite; operction

1
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Winkler process is not economic for such fuels, where the alternative

_ processes of coke ovens - water gas generators areavaileble, - Indeed -

- even at Leunn, in the centre of the -brown coal area, according to Refy 1° S

Winkler zas cost approximatcly the same as water gas fron brdinary water |

- gas gemerators, operating on herd cake, ‘brought 275 miles fron the Ruhr, ;

-The Winkler process is not suited to mkingtown's gas, as the

~calorific value is low, and its field of application appoars to be

limited to the large-scale production of (=) water gas, to be used for

‘mamufacture of hydrogen, methanol or Pischer-Tropsch synthesis

as,
(b) producer gas, to be used as a fuel gas or power gas, and (c§ ax’nonia
synthesis gas, but in'all cases based on a cheap fuel, not otherwise"
easily utilisable. In the light of this it is casy to soce why the .

' process has not hitherto been used in Great Britain or the U.S.A. Névere

tholess it is a technically souwnd process and ecomomic im a limited field
of application, Brown coal occurs extensively in the U.S.A. ond Aus-
tralia (but not in Great Britain) and there is no reason why the process
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should not eventually be operated in those oountries at leaat.
jm_ GENERATOR Ins';,rggénonq
Pzble I is a 1ist of known Winkler generator mstallations.
TABL:!. I .
A o Approx.Ou'b-' A S .
4 ' -Operat- - . t/mit. - ..
Plant Start~ ing  Upits M/hf.water . Remayks = Ref.
| .e.i;un Comprmy =~ L _pap . - ' .
Leune 1926 to I G. 4 60,000 75,000 on producer 1
20 mVW Lelpzlg 1933 1 3,000 ges. Only one unit
: ' c . - works on water gas
end one on producer
gas at onc time. -
- BShlen . o . o
10 m S Leipzig 1938 Bravag Z . 20,000 S o 2.
20 m SSW ) 1939 Brabag . 3 20,000 : - . 3
 Leipzig) S R - ' 3
OomNV - ) 193 Brabag 3. 20,000 R 1
_mwud | o I .
c%g' SIOVAKIZ
& inSELeipaig 1942 S.ldete'n- 5 or 20,000. I |
. lendische S R ' >
Treibegtoff-
werke A.G.

In addition there are small units at 0npau, nr. lannhdm as
: wen as at Leuna, operzted by I.G. to test various coals, It :la alao
possible that there are three genera'hora in Japan (-Ref 1). -

‘me ~g.’t.m:lar gmerator wog developed by the I.G. 3 the dmlop-

ment work was carricd out at Oppan end large<scale plents were first

erected at Leuna. . The huge production of amionia and methemol et

Lama wes orig:lne.uy ‘based on synthesis gases made from hard coke,

brought from the Pahr end gasified in copventional water-gas genere~

tore, operating on a meke and blow cycle. - The local cheap browa .

coal wes used ohly for steam raising and for making producer- gaa, 0
; uaed as a power gas, but the power requirements of amaie. -




" ‘cerned with the possibility
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methanol synthesis weré so high thnt it.paid to locete the factery on
the brown-coal fields, rather then near o supply of hard ccke, quite
apart from sny nilitery reasons. In 1920-2 the I.G. were mach con-
‘of using brown coal, instead of coke, for
synthesis gas manufacture.  Before that time brown cocl could be

. usged for making onroducer gas, for power, only after submitting it to v

the relativcly crpensive rrocess of briquetting; evemn so the prod-
ucer g=s contained up to 26 CHg and coull nct-be used for armmonia syn-
thesis, vhilst the low ash m.p. and 1ow strength of the fucl were
aiditionsl ~bstacles; there was no satisfactory nrocess for making
water gas or producer gas from brown coal, suitable for smmonia and

methanol synthesis.

" Dr Fritz ¥inkler in 1921 (&ef 5) conceived the idea of -us:‘i.nc a

"boiling® bed, i.e. using perticles of fuel small enough to be al-

most gas-borme and hence comperetively mobilc. . Under such condi-
ticus the fuel ba hehaves very muchk, like » liquid; the ges passing.
through the fuel gives an appearance as if the bed were boiling, the
bed finds its own level, as does a liquid, and circulation of part-
icles within the bed ig such as to give substantinlly equal tempera-
turcs throughout the be?., ‘e first petent, DRP 437,970 was applied
for oh 28/9/22 ani scveral others followed (Ref.7). The origincl
work at Ovpau wes directed towarés making power gas an2 the first
Winkler produicer (¥0.1) was put into operaticn at Leuna i 1926, -
having a ¢apecity of 40,000 Mi/hr, equivalent'to 3,300 M /nr/M2 grate

‘areas By 1929, four more producers hai been alded, each having a

grate area of 25 M2, double that of the first. _ Durinc 1929 the

whole plent often produced 200,000 to 220,000 M3/hr power cas, and

at times as much as 300,000 M3/hr. .One year afterwards, however, -
the slump hit Germeny an3 requirements of power gas sank considerebly,
and normally only one or tro proZucers ha? to he run. .

“&fter initial cxperiments at Oppau attempts were made at Leuna
to maeke wetér gas frcm tromn csal, coke or gruie, by the. "moke-end-
blow" method, without the use cf oxygem, 2s descrited in DRP 437,970.
It wes evpected thzt,raw bromn coal.coul? not be used, because the ’

- presence of carbonisotion _producté in the gases maZe would remder

them unfit for subsequent use, 8o grude wasused. It wes hoped that

by blowing air alone through the boiling bed to. ralse its temperature

snd then passing steam through it, water gag could be successfully

‘made, but the attempt friled for the following reasons. Particulato
‘fuel, conteinedl in & bed of fixed .cross-sectional area, will "boil"

satisfactorily only with-ges velocities between certain fairly
narrow limits; if the velocity is too low the bed ccases to boil

end if it is oo high entrainment occurs énd the duel is blown from

the bed. A compromiss hal therefore to be made between air and

' gteam rates. The steam-rato hed to be high enough to boil the bed, |

en? the fuel bed deep enough so that too much undecomposed steam did -

not pass. The alr rete had to be heli below -that which would caunse
entrainment, but-it-wes desirable to have shollow fuel beds, so 25 to
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¥eep the time of contact betveen blow gas and fucl low enough to pre-
vent excessive reaction between (0 end fuel. In practice it was
found that with the highly reactive grude .the (0 content of blow gas
was very high, =nd in fact blov gas spproximated to producer gas, end
this, coupled with the hiph exit temporature of. blow gas, 1,000°C.,
gave' an undesirably high ratio cf producer gas/water gas, viz, sbout

5:1. This ratio was much bipggor then the povwier gas/synthesis gas ratdo

for processes worked at Lounn and moreover water. gas still contained
1% CHy, which was still a drowbeck, although did nmot entirely prohibit
its use.  Theoreticelly the process could have been improved by pre-
heeting *he eir ond steem vith the hot waste gases, but this was not

trisd at that time.

In 1929 smell-scelc tests were commenced at Leuna, with- the
cbject of mcking NH3 synthesis gae continucusly from dry brown cosl or
grude, by using r continuous blast of steam eni oxygen—enriched air.
In 1930 the original Nd.1 generator was producing about 10,000 M3/hr.

. of mixed pas for ammonis cynthesis, tut the CH, content was gtill an

objection.
Aso in 1¢7% Launa began the production of nitrogen-free

‘water cas, end profiting by previous experience, = satisfactory way was
devises of using & coniinuous blnrat of pure oxygen with steam. Both -

~grude end later <ry brown coal mere used as fucl, and three of the

exieting large Wink%er producers werc adspted for the purpose. In .
1932-3 new Linde-Frénkl air separation plants were installed, speciall?
to make oxygen for the “inkler generators. The introduction of pert

- of the oxygen-steam mixture above the boiling fuel bed was useful in

reducing the CHy content of the ges made, especially when using dry
brown coal, but the content of 1 to 2% was now tolerated becanse of

- other ajvantages of the process and because Winkler gas provided only e
- .part of the synthesis yas requireminte. _

Since 1977 cs a rule dne of the large Winkler producers at

Leuna has continue? to make 46,000 to %OG W3/hr pover gas, and one
ni

 large gencrator tc make up to 60,000 M

trogen-freec water gas. It

18 to be noted that the oli coke water-gas generators were still runn-
- ing in 1945, making several times ac much gas as 114 the Winkler water
 gas generator. Thet o complete changeover was not mede was due partly
- &t least to the high brown cocl Zemands of the factory as a whole on
¢ nelghbouring mines.(Ref €, p.12); it is expensive to transport browm

coal more then shoot distences, owing to its bhulk, high water content

- and reactivity, It is alsc probablc that Finkler water gas was not so

much cheaper then ‘cok: water gas at Leuns, as to'-rarrant the large -

. capital expenditure recuircd for the conversion.

In 1936 a larg: cupansion of German synthetic petrol and oil

‘ 1n_'.iust:ry was startcd, ani uinkler generators, using oxygen to gasify

grude, verc chosen fcr manufacturing hyiroren at the BRABAG(Braunkohle-

 Benzin-£.G.) plents erected at BShlen, Zeitz ani Megdeturg; the plants
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were designed by Bamag under license from I.G. » Who, of course, were
also involved. These were put into operation in 1938-9, After the
outbreak of war a further hydrogzenation plant was started at Brux, in
N.Czechoslovakia, and again the Winkler process was chosen and the
 plant was started up in 1942(2).

CHARACTERTSTICS OF "BOILING" BEDS .

, o The accompanying diagram illustretes a
typiczl pressure drop-ges rate relationship -
_ of » bed of particulete fuel. At low rctes

A — the pressure drop increszses almost linearly
~ with increase in gas rate until a point A is
A - Teached, where oressure drop x area = mass
/’ ‘ of fuel. There is then a tendency for the
/ bed to be lifted bodily like a piston, tut -
[ at first the bed expands and the voldage
Gos Rate - increeses; then at B the bed begins to
. "boil".  From B onwards the pressure. drop
remeins constent as the gas rate is increased. The particles are
~constently in motion and as the voidage incresses so the depth of bed
increases. 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 carried away, i.e. true entrainment
oceurs. ’

' - _The gas rates corresponding to points A an1 B are a function

of particle size ond density, moving t the right as these are in-
creasei. For the seme fuel and air rate the pressure drop across the
bed is proportional to the depth of bed and is in fact equal to the
"hyirostatic" head, i.e. mass of fuel/Amit area.

' Whilet the principle of the use of o boiling bed remains in
a1l plents, the details hove changed considerably with the various
instellations. Az these changes hzve not been mede without reason,

it 1s instructive tc follow them. o ‘

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

..~ the brick lining by a water Jacket, and this is undergtandable, because

- . the temperetures ere not too high; probably never above 1,090°C. The
blast elways enters through the bage, but usually a portion is fed in
through tuydres above the.fuel bed. The hot gases are led off at the
top, sometimes through waste heat boilers, ani then dedusted in some -

manner before-final cqoling.

’ Photographs A:_n,i' sketches of various installations are ahoun
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The various sJag’ps will now be considered in deteil, with
particular reference to the menufacture of water gas with o blast of
stean an:l oxygen only, with no e.ir. .

OXYGFN PL_.@_.HI‘“ ’
These are odeghately ,.escribed elsewhere (Ref.8). 111 the

plants instelle” since 1929 hev: been Linde-Frankl wnits, each of
cspacity 2,000 to 4,700 M3/hr oxygen (97 to 99%) .

FUEL_SIZING AND STOFAGE - : o
Brown cozl ctnd grude are very reactive and are liable to

snonta.necuv oenbustlon, sc that spech core is necessary in handling.

: fuel is milled and screened in inert atnospheres of nitrogen or
(Dg, ‘containing limite? emcunts of oxygem, a2 may be transported
pneumatically by inert geses; the bunkers are likewise kept under
inert gas pressure. The size renge of the milled end screcned fuel
yaries from plant to plent an3 a summery is given in TablesIII and
Iv. In genera_l it con bo seid that the size range is between 0.1
and 10 rms., wvith the bulk in the range 0.2 to 4 mms. According to
Ref.11 it is very desirable to kecp out material <. 0.5 mms, since
such material is lisble to be blovn through the bed unchanged. On
thc other hend, if the fuel is too lerge it tends to sink down to . the

grate, where the heat of combusticn ceannot be promerly exchanged with

" the surrounding fucl, es is the cesc within the bed; consequently-
such larger pleces become overneatcd ani clinkering results.

At Zeltz the milled grude is stored unier n.itrOgm in two
large bunkers cach 7 m. diemeter and 8 m. high, plus a conical base;
the tctsl sterage volume is thus abcut 700 M In addition each
ccnerstor has its own intermediate storage of about 125 M3.

At Bhlen the gruie is blown over pneumatically with C0p
- from the power plant; the (Op from the bunkers is-dedusted in Beth
Tilters and cyclones. ' : : :
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