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FCREWCED

In the early part of 1945 as the Allied armies advanced, German labora-
tories and plants became available for investigation. Since German develdp-

ment work had been hidden from the eyes of the world by the Reich's nationegl
policy of secrecy, snd by 5% years of wer, it was obvious that much might Ve
learned from such investigation.. In particular, this was true in the syn-"
thetic-fuel industries deriving oil, gasoline, and a wide variety of chémidals
from coal, for owing to the scarcity of domestic petroleum, Germany had been
forced into intense development of this field in contrast to the limited
amount of similar development by the United States and Great Britain.. Before
the fighting ended in Europe, the United States and Great Britain organized
teams compriséd of experts in all fields to investigate the research and in-
dustrial operations in Germeny. The teams investigating coal, oil, gasifitd-
tion, end 21lied chemical fields included more than 30 American investigators
and about an equivelent number of British investigators during 1945, apd func-
tioned with a reduced staff into 1946, German work inthe synthetic-liguid-
fuels industries and allied fields was on such a large scale that even such
extensive investigation could not possibly cover the subject in all detail,
However, a great deal of information possible of direct application, and much
information of a fundamental nature to help guide research work in this country
for meny years was uncovered. Studies of the German industry are continuing,
and it is hoped that such gaps in the information as now exist will be filled
in by future work.

The primary fields that were covered in the oil and synthetic-fuels in-
vestigation were concerned with petroleum refining and the gas-syntheses and
coal-hydrogenation processes for producing 0il from coal, The related fields
of coal gasification, oxygen production, elcohol manufacture, lubtricating oil
production, 2nd the production of waxes and edible fats, as well as a variety
of other chemicals, were an inherent part of the investigation.

This report is one of a series which resulted from the investigations im
Germany and other parts of Europe by the Technical 0il Mission, operating
under the auspices of the Ministry of Fuel and Fower for Great Eritain and the
Petroleum Administration for War and the Bureau of Mirnes for the United States,
It is being published in accordance with the policy of the United States Govern-
ment to make availsble to the interested public the results of the investiga-
tions of enemy research and industrial development,

W, Ce Schroeder, Chief,

Office of Synthetic Liguid Fuels,
Rureau of Mines,
vashington, D. Ca

1127 i
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INTRODUCTION

This report deals with the Schmal feldt gasification plant Ior meXing
synthesis gas, the Fischer-Tropsch plent, the hydrogenation plant and the
catalyst facvory, and includes a report on lubriceating oil.

THE SCEMALFELDT GASIFICATICH PLANT

The information was obteined on lay 9 and 11, 1945, from Dr. Schnee-
berge: (director), Dr. Ochneider (director and power plant nanager), derr
Dassau (menager of gas p*anu) and Herr Schultz (manager of Fischex ~-Tronsch
plant). The plant was shut down a3 the regult of very heavy air raid
damege to cther pvarts of the works.

The process consists of the gasificaticn of broyn coal in the entrained
state. The designer, Dr. d. Schmelfeldt, lived at Lutzkendori from the
start-up in 1938 until l9h0, and is now believed to be living in the Xassel
arca, 3erore this plant was built therc had been an experimental unit av
Ruklen, but so far as is inown, there 18 no other large-scale installation.

a5 follows, DBrown coal was obteina
vpical analjscs wers

S -
.

s Received Dry Sasis
Hs0 5C-5k% c €0%
A3h 5=5% A 4
Tar L -5g, o 1G-20%
Total S 2-2.5% S 3%
Volatile S 1-1.5% i 1%
Calorific Value 2300-24C 4sh 12%

k.cals per Kg

The <“or consent was rather low oy drown coel, and so tie coal W38
not w<cil suited to the normal treaiment (uarocnﬁuwclon to produce tar Ior
nydrogenation, with use of coke in Winkler gererators and in bol lers).
The raw cocal was c¢levated and c“uﬁhed in hemmer mills tc below 20 mm.,
¢opping into a raw ccal dunker, from whence it was ed by Redler screw

conveyors through star feeders into the side of the bottom of the gas
irier. The contents of the oupk were xept under nitrogen pressurc. Re-

+
cled synthesis gas and steam 2t a temporature of 1,000 C. Tlowcd upwerds

in tho zas dricr (sce Fig. 2), znd the sudden heating of the raw brown

coal causcd it ts dry and decropitate, tho particle coning cntraincd.
The gas leaving the drier was passcd through herc large lumps

of coal were v sslel Y r,  ThCe gas

next passcd to a large cyclonc upu‘ator, a cd into two
streans, onc of nh_Cﬂ censtituted the syntheesl ilc the other

3

ac
1 + s - SRR
3 to pe cruched ond roturned

Pl SR,

g1s gzs make whi
wes rceycled., <Cn each streem therc waes 2 smell cyclence followed by 2
woshcr. Thc dry coal dust soparated in the cyclenes was uscd in the gasi-
fiors (ses genorators) znd in the produccrs.  The recyelod synthesls o8
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was passed to a hot generator where 1t was heated 10 1,50000., and then
passed through two gasifiers or generators in series, to complete the cj-
cle by entering the drier., Dry coal dust wes injected into the top of
the first generator and was gasified.

The heat of reaction was originrally supplied by burning producer gas
in one of two regenerators, used alternately, the heat being stored in
chequer brick.until glven ub to a mixture of recycled synthesis gas and
steam., The gasification plant was intended to supply synthesis gas for
the Fischer-Tropsch rplant (designed to produce 75,000 tonnes of crude oil
per annum), but later a nydrogenation plant was added (designed to produce
50,000 tonnes per annum) and thc gas requirement wes increased. In order
{0 make more gas, additional heat had been introduced by adding oxygen to

. the recycled ges., The original designcd output per gasificr unit (consid-
ering the two generators in serics as one gasifioer unit) was 2C,C00 cubic
metors per hour (measured at 0°C. end 760 mm. ), but in fact the output ob~-
tainable without thc use of oxygen was only 15,000 cu.m. Dper hour. When
using oxygen, the maximum ovtpul was 30,000 cu.m. per hour, although more
usually 20-25,000 cu.ni. per hour were nzde.

The producer gas was madc by gasification of entrained dry ccal dust,
but thore was no rccycling of gas or use of oxygen, Air, stcem and dry
coal dust werc fed into a tower, and the scnsiblc ancat in the cxit gascs
was abstractcd by wasto hoat voilers. Thne maximum output of a producer
was 30-35,000 cu.m. per hour. :

The plant consisted of four gasificr unite cach, as shown in Figurc 2,
and five producers, and usuelly onc of cach was cub of zction ior clcaning.
The plant was vCry spacious cneiderdng its capaciiy, although it was madc
up of rclatively simolc picccs of oquipment. Thae four gasificr units (2
generators, 2 regonerators, daricr, with stocks and washers) occupicd an
arca of about 100 m. x 3C um., the vesscls being 2¢-24k m. high. The gas
boasting housc was outside tnis area, whilc the producers cccupicd a scpa-
ratc sitc. Figurcs 1A apd 1B show a rough laycut znd arrangdncnt of a syn-
thesis gas unit, while Figurc 2 is a Ciagrermatic reprosentation of the
flow. Figure 5 is & photograph of onc cnd. of the synthoesis zas nlant.
Figurc 5 is a rough layout of 2 produccr gas unit, and Figurc 6 is a Tlow=
shect for prcducer gas. The jndividuel itcms of plant will now be con-
sidcered in turn.

The gas dricr was a verticel brick-lincd chimncy, 1.2 m. intcrnal di-
amoter and 22 m. total height. The crushicd raw brown coal droppcd -into tac

dricr without any convoying g28, at point 15 m. bclow the top of the .
dricr. Two inlcts werc availablec, one working ond one sharc; cach was
stcam-hoatcd to prevent sticking of the cozl, but was trick-lincd ncer the 1

dricr itsclf. The foed »ipe wos at on anis of cbout 30° o *the vertical.
No speccial mixing of coz and gos was attompted; the high turvulence of tac
gas, which had just passcd through a bend of ciout 2.5 n. radivs of curva-
turc, togethcr with the cxplosion of wvach sarticle, wos sufficicnt to givy “
good mixing. The finel tempercturc ot Thc top of the dricr was ECO-ECOOC.

At full output, thc dry £os rotc cntoering the dricr 18 calculated to be

about 90,000 cu.m. per hour, SO that toiing into account the steom presont, .
calculoted as 91,500 cu.m. per hour, the average (a8 vclocity in tac drior
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Figure 3. - One end of the synthesis gas plant,



FIGURE 4 A.- PLAM OF DIDIER BRICK
FOR REGENERATORS.

pRY

COALL

DUST
GAS ‘
ExiT ]

NITHHLHIH RS HEM
 \RECYCLED GAS
\FROM REGENERATOR

(I L
OXYGEN

3
150 M7/ HR
A -
LN \FROM WATER

TN Tl OOLING TOWER

S -TRAYS OF

¥ STACKED RINGS

/ TO WATER
COOWLING TOWER

§
.\
AR »ﬁ

& TRAYS OF

STACKED RINGS —

N
Lig

4 T;oM}/H =,

PURGE

GAS
INLET E

VAV

g80-100 G/u

Fla. 4B - ToP ofF FIRsST
GENERATON (SECTION)

Fra. 4cC -

SoLirs

SECTION OF
WASHER .



TINO SYV9 A30NA0HA

isnd

—|( 2A32NQ0Ad M

(NIVLA3ONN
NOlLWY201)

AOLVADILNSIO

A37109 H M
TIVLINOZINOH

N3IS3IIHL
YIS AAY
AVALS AAHSVYM ’

- — = = - —

N

AINOG HM
“IVOILAE3A

———— NOWMW LN

WGz AMHONOY - — — — ~ - >

30 1LNOAV HONOA S DU

e — ————-— — — = -

3

ATHONON

- - — e — — o —



:
¥
£

AOLVADIANIS I
Nasiand

UOASIANY

AVEdS - 1)
0800

IN °LLgS
YHD % 2
W %9l
0D %9l
1O SO
107 °L T
N/EvD L
501 AD 1aN
g N O0O0¢
SV A3IDNA0AY

'\

BINUS YM

1INN SY9D W30NJ03d 3Q4 LIAIHSMOTA4 D '9l4

.|J / ANTVOV-I\VT ISN] AAATA0D3IA

e

A3TI0E HMN
v

2,042

NOIMILIOW

SVO A32040%d

9 SV
041’0

lole]]

a0ud

rez )

WVY3LS

A W 00|
(3nNNOW AIY)
isng

isng

AV

AIANNOS

HSYV %L 8!

HSY| % 2 FLW:DG

otHeL 2 %09 (n 28 9343ANOT)
oNIAAG WOH_4 150q
i$na “woa voD A3d
AASYHDAUNY WOod4 16N



3 1.C. 7359
* was about 100, m. per second, the time of drylng being 0,15 seconds. Usual-
> 1y the velocity was about 70 n. per second, and the time of drying 0.20
? geconds. ' ' ' -
The synthesis gas and dry dust mixture leaving the top of the drier

passed through a rough classifier, where any large pleces of coal were
scoaraied. These were sent to a separator hemmer mill end retwrned to the
arisr. The gas then passed through a cyclone to effect the main separation
of dust. It was stated that the dust concentration of the wet gas leaving

- the dvier was 150 g. per cu.m., pbut it is calculated that it should be
nearer 200 g. per cu.m. It is also calculated that the dust content of tle
\ gas entering the washers was about 20-30 g. per cu.m., 8o that the overall
- efficiency of the two cyclones in series was about 35 to 90%, indicating a

loss of 10-13% of the carbon in the rew coal as slurry from the washners.
In 1542 it had been planned to install Multiklons to reduce the dust con-
tent of the gas to 6 g. por cu.m., but this project had not been carried ouv.

. The dry coel dust contained 18 to 20% of ash and 60% carbon, The ash
content was higher than that of dry raw brown coal because thc dust con-
tained nearly all the ash remaining fram the gesificaticn of the dust led
tc the generators. The carbon content was however the same, presumably be-
cause some oxygen and hydrogen were given up in the drier., There was of
course a large ash purge from the gencrator systom in the scnding of dry
coal dust to the produccrs, No figurcs werc available for the grading of
+he dust. The dust from the cyclones fell into a bunker, at the bettoa of
which werc star fceders, passing dust into pneumatic lines working on the
¢joctor principle. Nitrogen was used for conveying dust to the producer
gas bunkers, and synthesis gas Ior conveyancs to the gencrators. This con~
veying synthesis gas, amouwniing to avbout 1C¢ of the mais, in effect rccir-
culated through the gencerator system. Rather more dust was sont to the
producers than to the gencrators, the cxact proportion depending on output.,

The regecnerators were brick-lined towers, 7.1 m, cxt. dia, and 5.5 m.
int. dia, by 24 m. high. Two wcre provided for cach gasificr unit, and
they were -changed cver automaticaelly every 1l minutes. The design was
coviously basced cn that of air vreheators for blast furnaccs, Thc towers
were filled with chequer of aigh gquality brick, such as sillimanitc or
silica, to 2 depth of 17-1C m. Two designs of choguer hed bocn tricd; onc
was a Brasscrt type and the otker, which had given better results, a typo
made oy Didicr of Zerlin. The Didier type known as Schieffer-Streck con-
sisted of hexagonal blocks; about 12-3/4% " acrcss and 7" deep, each heving
about 20 1-1/2" dia. vertical holes spaced at 2-3/4" centers, A plan view
i3 shown in Figure 4A. These bricks were carefully stacked so that the
holes came into line. The lining bricks were well finished, so that tue
minimum amount of cement was used. It was stated that there was no trouble
due to dust deposition in the chequer and that the bricks withstccd tie
conditicns very well., No figures were available for the dust content of
clean producer gas or recycled synthesis gas.

|
|
Preheated air and producer gas were fed into the tch of the regener=- |
ators through ring mains. Flue gases lcft the bottom of the regenerators 1
and entered on underground line, common to the two generators, leading 10 |
a stack; no waste heat boiler was used but it was intended to install onse. 1
|

-y g .z
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Recycled synthesis, g8, saturatede§th wator vapour at 829C., entered the
bottom of the regererator and left it through the cupola at the top at
1,%00°C. on its waj to the first generator. The maximum brickwork temper-
ature was 1,h5o°C. et the top; the average c¢xit flue gas temperature was
47.0°C. Double isolation valves were used on cach flue gas end recycled
g;s line, with the portion betwcen the valves automatically vented to at-
mosphere when the valves were shut. The isolation valves on the air and
preducer ges were not scen, but may also have becn double. Details were
~ct obtained of the method of isolating the top.of a regencrator whilc
acating it on altcrnate cycles; it is possible that ne -valves were uscd,
rcliancc being placed on pressurc control to prevent more than a slight
flow of synthesis gas into the regencrators., At first therc had been
trouble with crosion ab the top of the cupola, but this had becn curcd by
constructional changes aimed at making thc lincar vclocities of the gas in

wnc cupola and‘off-take pipc morc ncarly equal.

The Tirst generator was a brick-lined vessel, 5.5 m. int, dia. by b
. high. The spccial design of the cupola, with its false roof, is shown
in Figurc kB, Dry coel dust, conveycd by synthesis gas at 2-1/2 atm.
nressurc, was fed down through a passage in the center of the cupcla. The
rnot recycled gas and steam mixture from the regencrater was fed through
ports in the false roof. Oxvgen, saturatcd a2t 52°C.,, was introduccd from
ring mains throush Dorts near the LoD and middalc of the generator; ncar tho
bottom steam 23 welli as oxygon was sdmitted Lo avoid slogging. The scmpler-
11 from 1,3CCY%C. at the top o0 1,000°C, at the bettom,

G

1m . ) L. -
nrec Linde-Franxl units, two working and

Tre oxygcen was supplicd o7 ]
onc smarc, cach producing 4,007 cul.nmyt

The second genorator was o brick-lired vesscl, 3.2 m. int, dia. by 2k
m. high., On throe unlts iv was divided intcrnelly by a verticel wall, but
on the fourth {(and letest) unit it hed no such division wall., The divisicn
wall was shaped as shown in Figurc 14, the two portions, having approximately
the semc erca of cross scction. In tho unit with nc division wall the gos
was prousht down tc the bottom of the drier by an external pipe. Jne thisi
of the total oxygen used was addcd near the bottom inlet of the generaicr,
.mile steem was added as reguired at varicus noints, the aim belng to mali-
tain the temperature at l,OOOOC. It was statcd that the division wall wos

ccoseary; the unit without it worked just as well. It was further

ated thot the sccond goncrator was not nceded 2t 211 cxcept for hign oun-

1

puts, such as wers obtaincd by the use of oxjgen.

From the data givon, it 1s caleulated that the gasification pericd
(time of comtact of coal in generators) was 4.5 scconds ot 30,000 cu.m.
per hour, and 0.0 seconds 2t 20,00C cu.m. per hour.

unit had twoe washers, onc Ior rocycled go
ne Tor ajynthosis gas (25,000 cu.m. DEr I

nd were fed with wator =
ol

cl

T
14
the samc size a
onc in gas loa

A

LCeS . A typicel srrongoment ig shown 1n figu

mshor wos obout © m. diom, by 22 m. totol holgnt. Trne wasnor wos Lividoo
jntc two scctions with acparcte wotcer cireuintion systoms, cach scetion o
ing pacitcd with 5 troys of stacxed 2C mm. spirzl Raschig rings. apout o
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water per hour were circulated through the bottem section to re-

of the dust. A purge was taken fram this system to keep the

ation of solids at 80-100 g. per liter. 750 cu.m. of water per

hour yere circulated through the top section and through a water cooling
tower. The high weter rates were necessary to prevent choking the packing
with dust; tut at each six monthly shut-down the rings were renoved and
washed, the work on 8 washers for the generator plant and 5 washers Ior
+ha producers sroviding continuous employment for 14 day men.

oname of

The gas pressurse at the bottem of the regenerator wes 0,150 ats. gauge.
Since the pressure at the point of entry of coal into the drier had to be
xept very close to atmospheric, to prevent gas lsa<ing back up the coal
fecd pipe, the irier and washer had *o be run at a pressure below 2tmos~
o . pheric. The pressure a2t the top of the washers was - 0.C2C ats. gauss.

There were 5 producer units, each meking at most 30,000 to 25,000 cu.
m. of producer gas per hour, altnough normelly making less., Rach unit con- :
gigted o the producer followed by wastc heat toilers, Multiklons, washtower
and Thelsen gisintegrator. The producer was a brick-lined tower, 5 m. int.
diam. by 24 m. high, wita an iptornal division wall, very similar to the
seccnd gencrator. Dry coal dust was blown into the pottom of the tower
with stecnm and air, the mizturc passing up one sidc and down thoe other. The
meximm temperature reached was 1,0009C. Tho gasification time was aboutl
11 soceonds when making 30,000 cu.m. Der nour. The dry coal dust (18% ash,
€% C) was conveyed from the gencrator units 1o & bunker by means of nitro-
gen, but it was conveyed from the bunker Lo the produccrs by means of air.
Aoout 13 tannes per nwour were conveyed by 1,°00 cu.m. of air ver hour, i
thyouch thrce pipe-lines each of 123 mm. int. diar. Assuning atnogpheric
pressure, this corresponds to a selocity of 7.2 m. Per seccnd and a duct
contoent of 15,00C g. per cl.n. T+ wes alsc siated that the ary coal dust
fed to the producers amounted to O.5 tonncs por 2,000 cu.m. ©2 producer
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gas, Gascs from the groqucers passed through 2 horizontal and a2 vertical |

waste hoat boiler in scries, which reduced the tomperature 1o 250°C, Ero- |

sion at the inlet of the first boiler limitcd the running time of a unit to |
"

six months before cverhaul. Multiklons folicowed the be s
rocovercd was blowm back by compresscd alir ino the bottom of tac produccr.

. The wash tower was 5-5,5 m. int. diam., by 22 m, high, filied with
srdinary 2" Raschig rings. In design it was very cimilar to the washers on
the synthesis gas, but the water rate was only 200 cu.,m., per hour. It was

’ said to be too small and to pass too much dust. A Treisen disintegrator
removed most of the remaining dust, and after vassing through a spray arres-—
tor, the gas was pumped ints the factory fuel gas system. The amount of
g2s used for heating a single gasification unit was 24,000 cu,m. per heur,
csnsisting of &,000-4,0C0 cu.m, of rest gas from the Tigcher-Tropsch plant
(2,403 ¥cals/cu.m,) and 21,000-2C,000 cu.m. of producer gas (1,075 Zcals/
cua.m,

. The pressure was 0.150 ats. gauzZe at the bottom of the producer and
; ) ~ . - .

2.080 ats, gauge befeore the Thelsen dizintegrater.

ccal, ani a plant fired by ccal and producer gas was jngtalled to provide

+nis iry ccal. This nlant was also used to a certain extent to supply dry
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Three of the boilers installed in the power plant could use only dry 1
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