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This report deals with the Schmalfeldt gasification plant for making
synth681s gas, the Fischer-Tropsch plant, the hydrogenation plant and the
catalyst.faCtory,'and includes a v'cp’*“’c on lub“¢cat1*g oil,
TEE SCHMALFELDT GASIFICATION PLANT

The information was obtained on May 9 and 11, 1945, ¢rum Dr. Schnee-

»bergew (director), Dr. Schreider (director and power plant ‘manager ), Herr

Dassau (manager of gas pl&:t) and Herr Schultz (managew of Fischer-Tropsch
plant), The plpnt was shut down as the result of very heavy alr raid
demage to cther parts of the works. T L

The process consists of the gasification of broyn cogl in the entrained
state. The designer, Dr. H. Schmalfeldt, lived at Lutzkendorf from the ‘
gstart-up in 1938 until 1940, and is now believed to be living in the Kassel
area. . Before this plant was bullt there had been ah expériméntal unit at
Ruhlen, but so far as is known, there is no other‘large-scale installation,

The principles of the process arec as Tollows, * Brown coel ‘was obtainel
from an open mine in the neighbourhood. Typical analyses wers:-

As Received ' Dry Bagis
Hx0 50=54% f C 60%
Ash 5-6% H L
Tar L -59 0 18-20%
Total S - 2-2.5% ) S 3%
Volatile S 1-1.5% it 1%
Celorific Value 2300-2400 Ash 12%

k.cals per kg.

The tar content was rather low for brown coal; and 80 the coal was '
not well suited to the normal treatment (caroonl atlon 4o produce tar for
hydrogenation, with use of coke in Winkler generators -and in boilers).

The raw coal was elevated and crushed in hammer mills to below 20 mm.,
dropping into a raw coal bunker, from whence it was fed by Redler screw
conveyors through star Teeders into the 'gide of the bottom of the gaé
drier. The contents of the bunker were kept under nltrogcp pressure., Re-
cycled gynthesis gas and stea& Jt a temperature of 1,0007C. flowed upwerds
in the gas dricr (sec Fig. 2), and thce sudden hes tlng of the raw brown
coal caused it to dry and decrcpitate, the par ticles becoming entraincd.
The gas leaving the drier was passcd through & classifier wherc large lumps
of coal were removed, to be crushcd and roturncd to the drier. The gas
ncxt passed to a lavwo cyclone scparator, and was then divided into- two
gtreams, one of which constituted the synthesis = gas mako ‘whilc the othor
was recycled. On each stream there was a small cyclone followed by &
washor. The éry coal dust scparated in the cyclones was used in tho gasi-
ficre (gas goncrators)\and'in the preduccrs. ‘The rocycled synthesis gas .
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was passed to a hol generator where it was heated to l,BOOOC., and then
passed through two gasifiers or generators in series, to complete the cy=
cle by entering the drier. Dry ccal dust was injected into the top of
the first generator and was gasified. SRR

The heat of reaction.was originally supplied by burning producer gas
in one of two regererators, used alternately, the heat being stored in
chequer brick until given up to & mixture of recycled synthesis gas and
-steam. The gasification plant wes intended to supply synthesis gas for
the Fischer-Tropsch plant (designed to produce 75,000 tonnes of crude oil
per annum), but later a hydrogenation plant was added (designed to produce
50,000 tonnes per annum) and the gas requirement was increased. In order
to make more gas, additional heat had been introduced by adding oxygen to
- the-recycled gas. The original designed output per gasifier unit (consid-
ering the two generators in series as one gasifier unit) was 20,000 cubic
m%m%pwlmm'm&wMﬂlﬂ(ﬁQaMJ%Omm),Hminfmmtmsmmwtd%
talnable without the use of oxygen was only 15,000 cu.m. per hour. When
using oxygen, the maximum cutput was 30,000 cu.m. per hour, although more
usually 20-25,000 cu.m. per hour were umade.

o

- The producer gas was madc by gasification of entrained dry coal dust,
but there was no recycling of gas or use of oxygen. Air, stcam and dry
coal dust were fed into a tower, and the scnsible heat in the exit ‘gases
was abstracted by wastc hoat boilers. The maximum output of a producer
was 50-35,000 cu.m. per hour.

Tho plant consisted of four gasifier units éach, as shown in Figurc 2,
and five- producers, and usually one of cach was out of action for clecaning.
The plant was very .spacilous congidering its capacity, although it was madec
up of rclatively simplc pieccs of cquipment. The . .four gasifier units (2
' generators, 2 regenerators, dricr, with stocks and washers) occupied an
arca of about 100 m. x 3C m., tho vessels being 20-24 m. high., The gas
boasting house was outsidc this area, while the producers occupicd a scpa-
rate site. Figures 1A and 1B show a rough layout and arrangoment of
thesis gas unit, while Figure 2 is s diagremmetic representation of the
flow, ¥igure 3 is a photograph of onc cnd of the synthesis gas plant.
Figurc 5 is a rough layout of & producer gas. unit, and Figurc 6 is a flow-
sheect for producer gas. The individual items of plant will now bc con-
sidered In turn.. o

The gas dricr was a vertical brick-lined chimncy, 1.2 m, internal di=
ameter and 22 m. total height. The crushed raw brown coal dropped into the
dricr without zny conveying gas, at a point 15 m. below the top of the
drier, Two inlcts were available, one working and one sparc; cach was
stcam~neated to provent sticking of the coal, but was brick-lincd ncar thc
dricr itsclf. The feed pipe was at an angle of ebout 30° to the vertical,.

cla

t G
No spoct

1 mixing of coal and gas was attomptoed; the high turbulcnce of the
gas, which had just passcd through a bend of about 2.5 m. radius of curva-
turc, togebhor with the cxplosicn of cach particle, was sufficicent to give
good mixing. The final temperaturc at the top of the dricr wes 200-300°C,
At full output, the dry gos ratc cntering the dricr is calculated to be
about 20,000 cu.m. por hour, so that toking into account the steeam proscnt,
- calculated as 91,500 cu.m. per hour, the average gas velocity in the drior
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was about 100 m. per second, the time of drying being 0.15 seconds. Usual-
ly the velocity was about 70 m, per second, and the time of drying 0.20
seconds., ’

‘The synthesis ges and dry dust mixture leaving the Top of the drier
passed through a rough classifier,'where any large pieces of coal were
separated, These were gent to a separator hammer mill and returned to the
drier. The gas then passed through a cyclone 1o effect the main separation
of dust., It was stated that the dust concentration of the wet gas leaving
the drier was. 150 g. per cu.m., but it is calculated that it should be
nearer 200 g. per cu.m. It is also calculated that the dust content of tie
gag entering the washers was about 20-30 g. per cu.m., so that the overall-
efficiency of the two cyclones in Series was about 85 to 90%, indicating a
loss of 10-13% of the carbon in the raw coal as slurry from the washers.

In 1942 it hsd been planned to install Multiklons to reduce the dust con-
tent of the gas to 6 g. per cu.m., but this project had not been carried out.

The dry coal dust contained 18 to 20% of ash and 60% carbon, The ash
content was higher than that of dry raw brown cozl because the dust con-~
tained nearly all the ash remaining from the gasification of the dust fed
to the generators. The carbon content was however the same, presumably be-
cause some oxygen and hydrogen were glven up in the drier, There was of
course a large ash purge from the generator system in the sending of dry
coal dust to the producers. No figures were available for the grading of
the dust.  The dust from the cyclones fell into a punker, at the bottom of
which werc star feeders, passing dust into preumatic lines working on the
¢jector principle. HNitrogen was used for conveying dust to the producer
gas bunkers, and synthesls gas for conveyanco to the gencrators,. This con- -
veying synthesis gas, amounting to about 10% of the make, in effect recir-
culated through the generator system., Rather more dust was sent to the
producers then to the gencrators, the exact proportion depending on output. .
The regenerators were brick-lined towers, 7.1 m, ext, dia, and 5.5 n.
int. diae. by 24 m. high. Two werc provided for each gasifier unit, and
they were changod over automatically every 11 minutes. The design was
obviously based on that of air preheaters. for blast furnacces. The towers
wore £illed with chequer of high quality brick, such as sillimanitc or
gilica, to a depth of 17-18 m. Two designs of chequer had been tried; one
was a Brasscrt type and the otker, which had given better results, a type
made by Didicr of Berlin, The Didier type known as Schieffer-Strack con-
sisted of hexagonal Blocks, about 12-3/4 " across and 7" deep, each having
about 20 1-1/2" dia. veytical holes spaced at 2-3/4" centers., £ plan view
is shown in Figure 4A, These bricks were carefully stacked so that the-
holes came into line. The lining bricks were well finished, so .that the
minimuw amount of cement was used. It was stated that there was no trouble-
due to dust deposition in the chequer and that the bricks withstood the
conditions very well., No figures were available for the dust content of
clean producer gas or recycled synthesis sas, '

Preheated air and producer gas were fed into the top of the regener=
ators through ring mains, Flue gases left the bottom of the regenerators
and entered on underground line,- common to the two ‘generators, leading to

a stack; no waste heat boiler was used but it was intended to install one.
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Recycled synthesis gas, saturated with water vapour at 82°C,, entered the
bottom of the regencrator and left it through the cupola at the top at
1,300°C. on its way to the first generator. The maximum brickwork %emper-
ature was l,hﬁOOC. at the top; the average exit flue gas temperaturc was
450°C, Double isoclation valves were used on cach flue gas and recycled
gas line, with the portion between the valves automatically vented Lo at-
mosphere when the valves were shut. The isolation valves on the air and
producer ges were not .seen, but may also have been double, Details Were
not obtained of the method of isolating the top of a regencrator while
heating it on alternate cycles; it is possible that no valves were used,
rcliance being placed on pressure control to prevent more then a slight
flow of synthesis gas into the regenerators. At first there had been:
trouble with crosion at the top of the upola, but this had been cured by
constructional changes aimed at making the lincar velocities of the ges in
the cupola and off-take pipe more ncarly equal, ‘

The Tirst generator was a brick-lined vesscl, 5.5 m. intﬂ dia. by 24
m. high, The special design of the cupola, with its false roof, is shown
in Figurc 4B. Dry coal dust, conveyed- by synthesis gas at 2-1/2 atm,
bressure, was -fed down through a passage in the center of the cupola. The
hot recycled gas -and steam mixture from the regencrator was- Ted through
ports in the falsc.roof., Oxygen, saturated at 82°C., was introduccd from
ring mains through ports near the top and middle of +theé generator; near the
bottom steam as well as. oxygon wis adulitted to avoid slagginz. The temper=
ature fell from 1,300°C. at the top to 1,000°C, at tHe bottom. :

. ) . L "o o . .
The oxygen was supplied by three Linde-Frankl units, two working and
one spare, each producing 4,000 cu.m/ur.

J1

. high. On three units it was divided internaliy by a vertical wall, but
on the fourth (and latest) unit it had no such division wall., The division
wall was shaped as shown in Figurc 1A, the two portions having approximately
the same arcar of cross section., In the unit with no division wall the gas
was brought down to the bottom of the drier by an sexternal pipe. Ohe third
of the total oxygen used was added near the botitom inlet of +the generator,
while steam was added as required at various pointe, the aim being to main-
tain the temperature at 1,000°C. "It was stated thet the division wall was
not necessary; the unit without it worked Jjust as well. t was further .
stated that the second genorator was not necded at all except Tor high out~
puts, such as werc obtained by the usec of oxygen. -

The second gencrator was a brick-lined vesscl, 5.5 m. int. dia. by 24

AN I

P

From the data given, it is calculated that the gasification period
(time of contact of cohl in generators) was 4.5 scconds at 30,000 cu.m.
per hour, and 6.0 seconds at 20,000 cu.m. por hour.

Each unit had two washers, onc for recycled gas (50-60,000 cu.m. per
hour) and one for synthesis ges (25,000 .cu.m. per hour), The washcrs were
the same size and were fed with-water ot the same rate, despite the differ-
cnceg in gas load. A typical arrangemcnt is shown in Figure be. Hach
washer was about 6 m. dizm. by 22 m. total hoight., ‘The washor was divided
into two scctions with separato‘watcr'circulation systems, sach scction be=-
ing packed with 6 trays of stackéd 80 mm. Spiral Reschig rings. About 750
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cu.m. of water per hour were circulated through the bottom section te re=-
move the bulk of the dust. A purge was taken from this system to keep the
concentration of solids at 80-100 g. per liter.. 750 cu.m. of water per
hour were circulated through the top section and through a water cooling
tower. -The high water rates were necessary 10 prevent choking the packing
with dust; but at each six monthly shut-down the rings were removed and
washed ;. the work on 8 washers for the generator plant and 5 -washers for
the producers providing continuous employment for 14 day men, .

‘The gas pressure at the bottom of the regenerator was Q.150 ats. gauge.
Since the pressure at the point of entry of coal into the drier had to be
kept very close to atmospheric, to.prevent - gas leaking back up the coal
feed pipe, the drier and washer had to be.run at a pressure below atmos-
pheric. The pressure at the top of the washers was - 0,020 ats. gauge.

There were 5 producer units, each making at most 30,000 to 35,000 cu.
m. of producer gas per hour, although noymally making less. . Bach unit con-
sisted of theé producer followed by waste Heat boilers, Multiklons, washtower
and Theisen disintegrator. The producer was a brick-lined tower, 5 m. int.
diam. by 24 m. high, with an internal division wall, very similar to the
second gencrator. Dry cosl dust was blown into the bottom of the tower
with steam and air, the mixturc passing up one sidc and down the other. The
maximum temperature resched was 1,000°C. The gasification time was about
11 seconds when making 30,000 cu.m. per hour. The dry coal dust (18% ash,
60% C) was conveyed from the generator units to a bunker by means of nitro-
gen, but it was conveyed from the bunker to the producers by means of air.
About 15 tonnes per hour werc conveyed by 1,000 cu.m. of air per hour,
through three pipe-lines each of 125 mm. int, dlam. Assuming atmogpheric

- pressure, this corresponds to a velocity of T.5 m. per second and a dust

content of 15,000 g. per cu.ni. It was also sbated that the dry coal dust
fed to the producers amounted to 0.5 tonnes per 1,000 cu.m. of producer
gas. Gases from the producers passed through a horizontal and & vertical
waste heat boiler in series, which reduced the temperature to 250°C, = Ero-
sion at the inlet of the first boiler limited the running time of a unit to
six months before overhaul. DMultiklons followed the bellers, and the dust
recovered was blown beck by compressed air into the bottom of the producer,

The wash tower was 5-5.5 m. int, diem, by 22 m, high, filled with
ordinary 2" Raschig rings, In design it was very similar to the washers on
the synthesis gas, but the water rate was only 500 cu.m, per hour. It was
gsaid to be too small and to pass too much dust. 4 Theisen disintegrator
removed most of the remaining dust, and after passing through a spray arres-
tor, the gas was pumped into the factory fuel gas system, The amount of
gas used for heating a single gasification unit was 24,000 cu,m, per hour,
consisting of 3,000-4,000 cu.m, of rest gas from the Fischer=Tropsch plant
(2,40?chals/cu.m.).and~21,000»Z0,000 cu.m, of producer gas (1,075'Kcals/
cu.m, : : .

The pressure was 0,150 ats, gauge at the bottom of the producer and
0.080 ats, gauge before the Theisen digintegrator,

Three of the boilers installed in the power plant could use only dry
coal, and a plant fired by coal and producer gas wag installed to provide
this dry coal. This plant was also used to a certain extent to supply dry
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" coal to the produccrs, when for any rcason the driers of the synthosis gas

»

units were unable to provide cnough coal. A smell quantity of dricd brown
coal dvet, conbaining 12% E5C and 53%C, was also purchased and uscd partly

on the boilers and partly on the producers.

The content of dust in the synthesis gas was statod‘toﬁbc roduced to
%0-40 mg. per cu.m. by the water washor, and to 23-25 mg. per cu.m. dy the
Theisen disintegrator. There was a. further water wash before the synthe-
8is g@as passed to an Alkazid plant for remdval of most of ‘the hydrogeh
sulfide., There was statsed to be no difficulty due to dust in the Alkazi
plant, | . o - \

Ash and slag gradwally accumulated in the first generator, and when

oxygen vwas used; the generator had to be cleansd out.every six months, where-
s 1f no oxygen was used, the plant could be run for 1& months. During

a
these shut-downs, other maintenance work was carried out., As a rule, a
shut-down lasted 42 days - 14 days to cool down, 1% days to carry out re-

pairs, and 14 days to heat up. The ash and slag nixture was white and
very hard, and had to be chiseliled out. ‘ :

The composition of the synthesis gas was stated to be:-

Without Oxygen With Oxygen
Co % 28 25
Hy 56 50
COp . 10 18
.%.’2 3 Sl

Thus rno conversion was requlred before synthssis The gas composition

could be adjusted by varying the conditions of gasili i L the emounts
gen. '

of steam and oxy

The composition of the producer gas was as follows:-

" CO 16 %
H 16
v . o gﬁa 2
x | | I
: , ‘ o 0.2
L C N 53.7

The plant records for 1943 gave the following figures:-

Synthesis gas made 0.
Producer gas made ; Cu.I.
Rew coal direct to gas production - 5 tonnes
Raw coel to coal drying pilant and thence to producer 5 tonnes
Purchased coal dust to producers ' tonnes
Synthesis gas composition Co



. The results for April 1944 were

~Synthesis gas

given as:~

145,900,000 cugm.
Producer gas nmade 7,950,000 cu.m.
Raw coal direct to gas pr0¢uct¢on a 111,323 tonnes
Raw coal to.coal drying plant and thence tc Droducers 1,012 tonnes
Purchase coal dust to producers i : _ 2,450 tonnes
“Synthesis gas composition CO 5 Hy 75.2% Ho/CO 2.0 '
Oxygen used 4,308,600 cu.m.
Hlsrcgen used'for‘conveying‘dust-: 7,193,600 cu.m. -
Power for gynthedis.gas produstion 1,152,000 kvh.
-Power for producer gas production 1,564,000 kwh.
Steam to gynthesis gas plant excluding piQuUCGTS 27,375 tommes
Steam to producers . o . ‘i 622 tonnes
Thne labour requirements of the plant were as follows:-
Process: . Synthesis gas 180 men
Producer gas 30
Coal transport and preparation 70
530
Maintenance: Fitters and labourers &0
Bricklayers 10
Electricians 5
Ingtruments 5
GAS PURIFICATION
The synthesis gas contains 17-30 gramg of hydrogen sulphide per cu.m.,
and the bulk of this was removed in an Alkazid plant, the hydrogen sulphide
being converted to sulphur of 99.6-99.9% »urity in a Claus kiln. The gas

also contained 6.8 g. of bven Aole ber

The remaining hydrogen sulphl
Lux was used.
The gas then contained 40-100 g.

vhich ag much as 20% was in the form

coke oven ges. Gmr&ﬂﬁh@‘WOMﬁmm
of thiophen and gum~forming substance

feature of the Schmalfeldt process,
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The gas was passed throu o 1

Tor removal of organic sulphur compounds. The gas
sidenable alnf¢culuv in the rlS’hC“-m“©p°C£ process
kieselguhr catalyst. The gum formers and possibly a little
present interfered with the activity of the catalyst, '
was thought to be poisoning of the catalyst by sulphur

diffioulty in using the gas for hydrogenation, where sulphur is not
. In an attempt to increase the efficiency of i ion, an
e carbon plant had been installed before the hot in ¢
That 1t would remove the gum formers which (apart r actlio
1e Flscher caialys* were thought to fquCv tﬂe ac the hot
1 I the a

tive carbon plhnt reduce:
the hot luxmasgse from 1.5
which was a satisfactor
for only two months be
the resulis wers prom151nf &
further improvement to use a sgecial su phur removal

nded as

=
<o

lve carbon
instead of the benzole recovery type.
o IloCTEV TROPSCE PLANT
- , ‘ .,
The follow;lg information was obtalned mainly from Herr & oiﬂltz on 11

May 1945,

There were 2 catalyst Ch@“DG” buildings with 14k chambers altogether

These were generally o*ucd in two Su&b@a, bht gometimes in thr
Conversion in the first ¢ was apout > ek i '

stag
stages was variable and deper
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the gas was had, the first stage vas ,an 1y the mea
gas and was operated wi Th & throughput of 1,500 m” per
stead of the normal 800-900 m) per hour

The most recent yields gfter diffic

come were 115-118 gu. per Nm® I

gu. per M- was attained by chai
The catalyst chambers werc sta
and ultimately went uvp to 15 at
with golvent in situ overy four wocks ;
casss. The catalyst chambers were heated wit
gtarting. '

s‘@ﬂ at 19-20 atnm.

For the last 1-1/2 years thoey had used catalvst
Jacent catalyst facbory, which was owned 50% by Ruhr
tershall., The catslyst was obtained from the cataly:
reduced stage and was reduced with uvarogcn Trom the
Reduction was carried out at 400°C., The ﬂdwa“Cn we
ing and.silica gel to less than 0.1 gm. per m> moistu
contained 9% Hp, the remeinder being Uy and CHy. T

contained ebout 1/2% CO5 but no CO..
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The production of the plant was at the rate of about 30,000 tons per.
" year without Gasol, during the short period when good gas was available
before the bombing. They were in the procmss of increasing production
when the bombing took nlaﬂe.

The plant included a Ca rl st1+l cracking plant which had never beesn
worked owing to a change in the policy of dealing with the products.



