RESTRICTED.

- Introduction.

. This report deals with the low-teumperature carboni-

~ satlon plant, the Lurgi high-pressure gasification plant,
~and the experimental high-pressure ¥Fischer-Tropsch plant

at the A.G. Slchsische Werke, Bdhlen, near Leipzig. The
information was obtained from Herr B6hm (in charge of the
Slichsische Werke) and Herr Otto (the Works engineer) with
assistance from Eerr Rlickes (a Lurgi engineer who had super-
vized the bullding of much of the plant). It was collected
on Mey 4 to 13, 1945, :

- Lurgl Low-Temperature Carbonization Plant (Schwelerei).

: Brown coal is delivered from the BShlen Mine with
~GR% water. It is dried, when the moisture content of the
- finer material is reduced to about 158, while that of the
lumpy material is 25%.

The fine material is briquetted in a plunger press at
700 atm. without binder into 23" cubes. The material hes
the following composition:

Combustibles’ 79%
Ash ©11%
Water ' 10%
Total Sulphur 3.4%
Ashed Sulphur 1.4%

Combustible Sulphur 2.0% :
Elementary Analysis ¢ f3.6,H 4.4,5 2.0,0 19.0

Ash 1

Water , 10

Gross Calorific Value 5333

Net 5030 kcals per kg.

The carbonizing plant is of the standard WLurgin
wgplllgas? design. It consists of 24 ovens arranged in two
houses. The primary object is to produce tar for hydro-
~genation in the Brabag I plant adjoining. (30/4.05). The gas
produced has a C.V. of 2000 kcals per cu.m. and 1s burned
under the boilers. The coke produced. is disposed of in 3
weys (1) sold, (2) used on -the Winkler generators at Brabag,
(8) milled and burned in the power house (the fourth largest
-in Germany). ‘ '
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. The plant produces 25,000 tonnes of tar per month
from 195,000 to 210,000 tons of briquettes, and also

13 million cu.m. of gas per day of which a thlrd is needed

to heat the ovens.

, The ©briquettes first pass through a dryling zone,

where they meet the circulated products of combustion from
the burning of 60% of the gas used for heating. Conical
distributors are used. The dried briquettes then pass down
large pipes into the carbonizing zone, which is similarly
" heated by the combustion of gas. The carbonization temp-
erature is 6500C maximun. The gas used for drying has been
purified from HS in order to avold corrosion, but that used
in the carbonizing zone contains HgS but is free from tar.

The gas produced is treated In a Cotirell precipitator,
end benzine 1s recovered. There is no recovery of ammonia.

The coke obtained consists of 20% breeze, 50% peas,
and 304 nuts. It 1s cooled in a rotary drier using nitrogen
from the Linde plant, its temperature falling from 200 to -
80°C. Cooling in nitrogen 1s necessary owing to the
reactivity of the coke. -

'Yields per ton of dried brown ccal briquettes are:-
Tar 130 kg.
Coke 450 kg.
Available Gas 300 cu.m. (sent to bollers).

Lurgi High-Pressure Gasification Plent.

In the handling of the briquettes which are carbon-
ized in the low-temperature ovens, a considerable guantity
of material is broken-off from the curners. These broken
- briquette pleces are gasified with oxygen and steam 1in the
high-pressure plant, together with the lax rger lumps of
the dried brown coal which are not suitable for briguetting..
The usual slze was stated %o be from 3 to 10 mm, vwith a
meximum of 0 mm. Fuel contalining more than 8-10% of slzes
below 2 mm. cannot be used.

The analysls of the broken dbriquette pleces is similar
to that of the briquettes given in the description of the
low-temperature ovens. The analysis of the lumps of dried
brown coal is as followa:-
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Combustibles 68t

Ash & -

Water 24%

Total Sulphur 2.8%

Ashed Sulphur 1.29

Combustible Sulphur 1.6%

Elementary Analysis ¢ 48.4, H 4.3, § 1.7,

8 ,

Ash 0 13.6,
Water 24
Gross cal.value - 48

Net - 4400 kcals per kg.

A mixture of broken briquette pieces and dried coal
lumps is usually gasified in the proportion of 1 to 2. How-
ever, 1t was stated that 100% broken pieces or 100% lumps
eould be used. .

. Oxygen 1s supplied by a Linde-Frankelplant. It con-
sists of 4 units - 2 of 1000 cu.m. per hour and 2 of 2000
¢u.m. per hour free oxygen capacity. The oxygen is of
about 95% purity and is supplied to the generators, via
compressors, at 23 atms. and 40°C. The installed power
- capacity of the oxygen plant 1is 4600 kw.

: Steam is supplied from the adjecent power station and

w'isrsuperheatedjta 5009C by means of waste gas from the
charging pouches and pressure water scrubbing plant before

entering the generators. _ ’ ' :

L The gasification plant has a capacity of 150 million
i cle.m. of towns g€as per annum which is supplied at a pressure

plant is in two parts, consisting of 5 older generators (1940)
~and' 5 modern (1944) housed in one building. The modern gene-
rators differ from the older type in the design of the charg-
- ing pouch, grate drive mechanism #nd arrangements for scrap-
" ing the génerator dome. Each generator is rated at 3000 cu.m.
. and normally operated at 2500 cu.m.per hour measured at N.T.P,
.-the C.V. being 4200 ikcals per cu.m., although wartime res-
. trictions often reduced this to 3900. Attempts had been made
- to raise the C.V. to 4500, but this was not possible at the
~normal working pressure of 20 atms; it might be maintained at
- 25 atms.when methane synthesis would be promoted further. -

The charging pouch on the modern generators consists of
~a chamber approximetely 3 m. high by 1.6 m. diameter con-
~8tructed of M.2 boiler steel. It is fitted with two valves,
+one at the top commmicating with the overhead fuel bunker
~and 50 to 60 tons capacity, and one at the bottom
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leading to the generator. Both valves are mznually operated.
- The method of charging is as follows:- the bottom valve 1s
- closed, and the gas in the pouch blown off to a holder from
which it 1s drawn to burn in a steam super-heater; the top
valve 1s opened. As this valve is lowered it permits a
‘eylinder resting upon it to drop to an extent limited by lugs
specifically provided for the purpose, leaving the cozl trom
the bunker free to flow through the cylinder and the space
between the bottom edge of the cylinder and the valve into
the pouch. When the pouch is full the top valve is closed.
In rising, the valve makes contact with the movable cylinder,
thus shutting off the coal and leaving the contact surface
of the valve clean. Gas is then let into the pouch from the
generator and finally the bottom valve is opened. It takes
5 minutes to charge the pouch, and it was stated that only
£ men per shift are required on the charging stage of the new
generators as compared with 5 men on the old generators. The
- 5 new generators started work 6 months ago. ‘lae total volume
. of gas blown off from the coal pouches is 5-74 of the total
and is not included in the reported gas make.

Ventilators are fitted over the coal charging valves to
Pemove anngas.escapins and the coal bunkers are purged con-
‘tinuously with nitrogen from the air separation plant.

" The top valve is composed of B 30.11 steel and seats

| 1'.aga1nst a rubber ring (Buna 8) dovetailed into the top flange

© " 1is 250 mm. diameter.

of thepuch. The normal life of the Buna ring is 3 months.
The Dottom valve has a hard (¥Panzer") steel removable conical
- insert which seats against a chrome alloy of 60.11 steel sharp
--edged seating which is usually renewed after one year of - --
service when the initial line contact has widened to from 7
to 8 mm. The free opening of both the top and bottom velves

The pressure generator consists of a spherical ended
cylinder 5 m. high by 3 m. external diameter. The internal
diameter 1s 2.7 m. and the entire capacity is 35 cu.m. The
cylindrical portion.of the generator is brick-lined from the
top to within 1 m. of the grate. It was stated that the bricks
were dry set in contact with one another and with the steel
and that no difficulty had ever been experienced with expen-
sion; the brickwork in the older generators has lasted four
years. : :

The generator is fully water-jacketed, the annular space
being 120 to 150 mm., wide. The water jacket is connected
to a steam drum and the small quantity of steam produced

-4 -



.v(solkg.'per hour maximum) is led into the gas offtake.
In this way the pressure inside the water jacket is main-
-~ tained equal to the pressure inside the generator. :

A skirt is provided around the coal inlet for the

. purpose of maintaining a gas space over the fuel bed. The

- generators. A generator can be started up from col

- skirt also serves as a support for a system of scrapers
- for the removal of pitch and carbon from the dome of the

- generator. These scrapers are electrically driven and are
operated for 5 minutes every 2 hours. - Inside the skirt 1is
suspended a conical ring and beneath it a double cone whose
combined purpose is to avoid segregation of the fuel and to
-equalize the pressure across the fuel bed. '

. Gasification 1Is continuous, and the intervals between
charging the pouches depend on the relative sigzes of the
pouch and gensrator.. Actually the interval is 20 minutes
with the old generators, and 35-45 minutes with thea fw

2 to
18 hours if fired with ash with a thin layer of coal on tne
top. Alr 1s substituted for oxygen when starting up.

The grate is slightly domed in form and is composed
of three sectlions in each of which there is fitted a detach-
able portion which incorporates a plough arranged to direct the
ash passing over the edge of the grate into & cylindrical
space beneath the grate. A vertical vane attached to the

. grate shaft then scrapes the ash into an opening leading to

the ash pouch. The diameter of the grate is 1.6 m., the

“‘%center being 150 mm. above the circumference. The grate

sections are preferably cast of £5% chrome steel and have

a normal life of three years. The drive shaft of the grate
48 hollow to provide the inle t for the oxygen and steam
-mixture. The grate 1s driven electrically by a 4.5 kw motor
through reduction gearing and a ratchet device. The shaft
is packed with metal asbestos packing of sqQuare section with
~provision for lubrication. The grate and drive are sugmrted
~ from the generator shell.

, The ash leaving the generator passes into the ash pouch
through a valve which is exactly similar in construction to
the bottom valve of the charging pouch except that its
dliameter is 300 mm. instead of 250 mm. The ash pouch is
3.0 m. high by 1.3 m. in dlameter with a capacity of 3.5 cu.m.
The base of the pouch is closed by means of a disc clamped

by four swing bolts. A thin Klingerite packing ring set

into the disc forms the actual joint and this is renewed arter
every three discharges. The pouch is steam jacketed at
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appropriate points to permit cooling of the ash without
condensation. Thé ash 1s discharged through a portable

. sieve into a water slulce at intervals of about 2 hours;
the oxygen and steam released in the process of reducing
the pressure being allowed to escape to atmosphere. Steam
- 1s uged when bullding up the pressure again to working

There have been no difficulties with clinker forma-
tion except during perilods of irregular operatlion and the
ash discharged is normally very fine. During air rald
 periods irregularities in operation led to clinker diffi-
culties necessitating four shut down periods in one year
for each gemerator. o ’

The grate 1s operated continuously and its speed of
"rotation is determined by the quantity and chancter of the
-ash. The ash zone normally extends 300 to 500 mm. above
the grate. The temperature of the fuel hed and condition
of the ash are controlled by the oxygen to steam ratio. The
temperature in the reaction zone was stated to be 1050 to
11500C. The minimum permissible melting point of the ash
is 1100° and fuels containing up to 30% of ash may be used.
‘The carbon content of the ash is from 5 to 6%.

_ "It was stated that a generator can be operated for
£50 consecutive days, which, however, include about 30 mis-
~ cellaneous minor shut down periods totalling 90 hours. Totul
~time lost for both mejor and minor repalrs is of the order
of 2000 hours per znnum. Difficulties due to corrosion of
parts of the plant by HsS and oxygen a2t 20 atms have been
experlenced. Chrome steel containing up to 23% of chromium
hes proved to be resistant. , ‘
: The gas leaving the generator at a temperature of about
' 300°C passes directly to a primery cooler, =zt the inlet to
wnich 1t is sprayed with an excess of water. Several experl-
mental designs of primery cooler heve been used on the various
~ generators with the object of elimineting troubles due to
accumulation of dust. The general deslgn in each case mezkes
use of rapid changes in the direction of ges flow to preci-
pitate tar and sny dust. <Yhe tar 1= discherged through a
trep and the water 1s recirculstedc through &n indirect

‘A cooler to the sprays. The gas leaving the primery coolers

2t about 150°C and 20 atms is collected separately from each
half of the house. Each stream then passes thrcugh two
vertical water tube coolers when the temperature 1s recduced
to 10009C. The gas then passes through z tar precipitator

of the multi-baffle type and then through 3 water tube coolers
to condense light oils., It 1s next washed vith oil in =
Raschig ring scrubber to recover beénzole.
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The cooling of tkre €8s and removal of condensable
~Products is followeg by scrubbing under pressure vwith
weter to remove Cog énd HeS. Yhe total gas 1s passed
‘through 4 Raschig-ring-packed towers arranged in parsllel.
‘the water is recirculsted, being first delivered by high
Pressure pumps to the scrubbing towers ang then, azfter
absorbing Cos and Hes, it is expasnded to atmospheric
pressure through turbines.w Gases relessed from the water
in this expansion process are separated and used fopr steam
~Superheating. The water then flows down 4 towers, packed
with boards on edge, where it is blown with air; this air
conteining HgS is then passed to the bottom of the power

- house chimmeys where g S and S0p react to glve sulphur which
1s discharged to the atmosphere. EE '

After water washing the g€&S passes to the Lux purifiers.
The purifiers consist of two parsllel sets, each of 4 boxes,
of wrnich 3 are used while one is belng recharged with oxige.
The working life of & charge 1s about 4 weeks. . The boxes
vere built by Klonne, snd are about 1.5 m., in dizmeter by
8 m. high, containing 5 trays each with £ layers of oxide
. 16+18 inches deep, the gas flowing in parallel through the
10 leyers in « box, although the 3 boxes of & streen are
worked 1n series. The ges enters with 10-30 grm. of the
HpS per 100 cu.m. NTP and leaves with 0.1 grm. per 100 cu.n.
- {equivzlent to 0.7 parts per million). It was statec that
20 tons of Lux were used per annum. o

i The'total‘pressure loss in the whole cooling end
S urifying plent 1s 1 atm, 8o that the finished gas enters
- the gric at about 19 atms. . . C

e During the visits, several references were made to

. experiments with Silesien herd coal., 71t sppeared quite

. tlesrly that these experiments had been conducted for a

- short period only and that optimum conditions had not been
_esteblished. - On two occasions B8hm stated that troubles
"due to sticking ang clinkering in the generator end to dust
blocksge in the Primary cooler had been experienced during
- these experiments. ‘ :

v In operation, there are 3 men and 1 technician per
.shift in the control room, which contains = panel for each
‘eenerator, on which ere rounted a ng recorder, steam and
onygen flow meters, e pressure recorcder, and a 5-point
‘temperature indicator. There are 4 men per shift on the
‘ash~pauch stzge, and 1 men for coal elevating, ’
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The total number of men assigned to the plznt,
including those on the Linde oxygen plant, is 200. This
- excludes boiler men and power house attendants.

The oxygen consumption is 0.145 cu.m. per cu.m. of
purified gas, and the steam consumption 1.47 kg. The
overall power consumption for production of oxygen, includ-
ing pover for compression to 23 atms is 1.1-1.2 kw.E. per

. N-cu.ms and the cost 2.2 pf. per cu.m. including capitzl

charges. The total power consumption for gas menufeocture,
including oxygen production, is 0.22 kw.H per N cu.m. of
purified gas. The power for oxygen production, excluding.
compression, 0.9 to 1.0 kwH per N cu.m., is high because
the turbo-compressors are inefficlent. It was hoped, by
fitting new rotors, to reduce the power compressed to 0.8
"kwH per N cu.n. of oxygen.

Based on costs of fuel at €.50 mk. per ton, water at
6 pf. per cu.n., power at 1.1 pf. per kwH, lebor at 0.4 pf.
per cu.m. of gas, rmaintenance cost at 0.4 pf. ner cu.m. of
. gas and oxygen &t 2.2 pf. per cu.m., the totsl cost of gas
is 3.8 pf./cu.m. After deducting a by-produet credit o1
1.4 pf. per cu.m. the net cost is 2.4 pf. per cu.m.

| It was emphasized by both BShm and Otto that the
- whole -gasification plant operated smoothly end satic-
factorily, and was a most =uccessfu1 unit.

- Working results for the month of Janucry 1945 wvere
as follows'-

Gas made (measured at 10°C, 760 mm) 12.366 million cu.m.

‘Tar - 1,101 tonnes:
Benzole , 474 tonnes
Maximum daily gas production .. 476,190 cu.nm.
Mean daily gas production 399,892 cu.nm.
- Mean generator output per hour ' 2,300-2,500 cu.m.
~Coal used 19,600 tonnes
Coal used, water and ash free 13,329 tonnes :
Oxygen used 1.799 million cu.nm.
Oxygen used per cu.m. purified gas 0.145 cu.m. -
Steam used in generator 18,183 tonnes.
Stezm used in generator per cu.m.gss 1.47 kg.
Total steam used 24,096 tornes
Total steam used per cu.n. gas 1.94 kg.
Power consumption - 3.402 million kwh.
Power consumption per cu. m.purified gas 0.274 kvh. :
VWeaeter used ‘ 247 thousend cu.me.
Water used per cu.m. purified gas 20 liters
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Ges analysis, average for the month; -

grude Gas. Purified Gas.

COg % by volume 32.1 9.1
Hg S B 1.6 0.0
02 0.2 0.2
Cco iz.1 16.7
Bp 87.5 62,3
CHq : ‘ 14.5 20.0
Ng _ , 1.3 1.1
Gross calorific value Keals .
per cu.m. 3090 4048
Density (zir=1) 0.758 0.499
Gas Yield 622 cu.m. NTP per tonne of dried coal.
s 229 cu.m. NTP per tonne of dry,ash-free coal.

Note the low C.V. which was. aseribed to air raid inter-
~ruption. : _
The documents_secured appear to cover the struct-
ural detsils of the plant for gasification, and include
~instructions to exployees on the method of operation, daily
-and monthly reports of operation for several years and.

struction.

. A sketch_of the older typé of ges generator is
attached as Figure I. » ,

- H. HOLLINGS
G. V. HOPTON
L. L. NEWMAN



Experimental Fischer-Tropsch Unit.

This pilot plant was instzlled by Lurgl Gesellschsft
guw Wérmetechnik, originally to study the nrdetoxification®
arbon monoxide removal) of the town gas produced by the

Lurgi high pressure gas generztors. Information on this

_ gtint;was first picked up from Lurgi personnel in Frank-
furt A.M, and data obtained at the plznt, as to its capa-

g;:y‘anﬂ yield, checked the informstion obtained at Frenk-

Tke gas from the generator was water-washed to reduce
the carbon dioxide content, purified in an zctivated carbon
absorber and an iron oxide contactor, then psssed downflow
st 18 atms. and approximately £500C. over a precipitated
iron catalyst (Fischer-Tropsch). After condensation of the
wax and oll and abdorption of the benzine the residual gas
still contained 7-8% carbon monoxide, which was not con-
sidered sufficient “detoxification®, and in the interest
of war economy operation was shifted to the study end the
‘production of hydrocarbons. No date or experimental results
were avalleble for either operation and the plant personnel
could not te -located. It was stated, by personnel of the
A.G. S8chdsche Werke who were interrogated, that the unit .
was never operated satisfactorily ané had mede only = few
snort runs on the hydrocarbon synthesis with iron catalyst,
and that it was planned to conduct investigations on the
use of cobalt catalysts. The yield of liquid znd solid
. product was shown to be only 40 gms/cu.m. on a schematic
“drawing of the plant which was among the officizl docu-
ments collected. : ~ :

o The flow dlagram is shown schematically on the
‘attached Figure II, and a photograph of the plznt is
presented as Figure III. The Lurgi gas (C.V. of 4200
kcals. per cu.m.) at & rate of 1600 normal cubic meters

per hour, which has been water-washed to remove CQg (see
the Table, page 8), is first passed througt an activeted
carbon coarse purification plant at atmospheric temperature
for removal of resinous constituents. This plant consists
of two vessels approximately 2 ft. in diameter by 12 ft,.
high; one carbon absorber is on stream while the other 1is
being regenerated with steam. The gas, after preheating to
about 220 to 280°C., then passed in parallel through an =
iron oxide-organic sulfur removal stzge consisting of two
vessels, each about 2 ft. in diemeter by 12 ft. high.
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~After this finel purification the gas, st approximetely

250°C, end 18 atm pressure, passed downflow through a re-
actor, which was within a horizontal oylindrical pressure

..shell (See Figure IIX). It was not possible to investigate
‘the internal construotion of this reactor, but one group of

“investigators was told that it wss as shown in a dimen- -
sioned drawing dated 5 November 1940, picked up in a near-
by place of temporary atoro?e (See Dooument Beg 3500, #25,
‘Miorofilm Series A, Reel 12). This shows a horizontal cy-
linder 4620 mm. long and ebout OO mm. in diameter contein-

- ing a conventionel atmospheric-pressure Flscher-Tropsch
repactor with 630 water-steem coils passing horizontally
‘through a multitude of thin vertical plates, between which
the catalyst was placed. This reector was 3000 mm. long
and about 1760 mm. square, contained about 6 cu.m. of cata- -

lyst, and could be withdrawn from the cylinder. (However,

e different investigator was told thet the reactor contain-
ed a withdrawahle bundle of finned tubes, and thet diffi-
culties were experienced because the fins failed to re-
gister). The effluent from the reactor went to a hard
wax trap end thence to a dilute sodium hydroxide wesh where
soft wax was condensed and withdrawn. The gas wes then
further cooled in a water spray tower where the middle oil
was oondensed. The benzine was adsorbed in an activated
esrbon plant which consisted of two vessels about 2 ft. in

‘diemeter by 12 ft. high, one of the carbon adsorbers being
on stream while the other was being regenerated with steam.
Wo propsne or butene was recovered from the vent gas, which

“wes produced at e rate of 1200 normel cubic meters per hour
with a C.V, of 4300 kecsals per cu.m. The pressure drop '
through the pisnt was about one atmosphere..

" The unit was apparently manuelly operated for no con-
trol instruments were found at the plant site. The control
leboratory contained equipment for -Orset analysis, simple
Aistillation, acidity, snd iodine number determinations.
A semple of the iron catalyst was found in this leboratory

4md has been submitted for aotivity tests. The production
was shown to be approximately 1500 kg per day and the pro-
‘Bduot distribution was about as follows: - -
. ~ Herd Wax = 25-30% Mjiddle 011 10-30%

| Soft Wex 20-30% Benzine = 25-30%

- Among the doouments collected were a schematic flow
.sheet (which is the basis for FPigure II) and the above-
mentioned dimensioned drawing of the contact vessel. The
“plant had been opereted under the direction of two Turgi
~spgineers, a Dr. Gross and a Mr. Will, of Frankfurt-em-
“ieim, who were sald to have diseppeared with all the re-

- wmords shortly before the occupation by American troops.

W. A, Horne
E., Spivey
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