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This report deals with the Schmalfeldt gasification
plant for making synthesls gas, the Fischer-Tropsch plant,
the hydrogenation plant and the catalyst factory, and :
includes a. report-on lubricating oil. - ,

~ The informztion was obtained on May 9th and .11th,
1945, from Dr. Schneeberger (director), Dr. Schneider
(director ‘a‘ﬂd‘fp’éywer*prant*granager)'rﬂerr*@assauw(-manager——m
of gas plant) and Herr Schiiltz (maneger of Fischer-Tropsch
“plant). The plant was shut down as the result of very .
heavy air raid damage to other parts of the works.:- .

.. 'The process consists of the gasification of brown coal
in the entrained state. The designer, Dr. H. Schmalfeldt, -
lived at Lutzkendorf from the start-up in 1938 until 1948
and is now believed to be living in the Kasscl area.. Before
_this_plant was buili: there had been an'experimental unit.
‘&t Ruhlen, but so.far as is known there is no other large '

" The ‘principles of the process are ‘as 'fOllOWS'.:_' Brown
coal ‘was obtained from an open mine in the neighbourhood.
. enslyses.weres . . e
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coal was elevated and crushed in hammer mills to below 20
mm., dropping into a raw coal bunker, from whence 1t was .~
‘fed by Redler screw conveyors through star feeders into.
the slde of the bottom of the gas drier. The contents of
‘the bunker were kept under nitrogen pressure.. Recycled
synthesis gas and steam at a temperature of 1000°C flowed
‘upwards in the gas drier (see Fig.2), and the sudden =~ .~
‘heating of the raw brown coel ceused it to dry and decrep-
itate, the particles becoming entrained. " The gas leaving
the drier was passed through a classifier where large lumps
of cozl were removed, to be crushed and returned fo the
drier. The gas next passed to a large cyclone separator, '
and was then divided into two streams, one of which S

constituted the synthesis gas make while the other was re-.
oycled. ~On each stresmthere was =-small-cyclone-followed-
by a washer. The dry. coal dust separated in the cyclones
‘was used in the gasifiers (gas generators) ‘and in the = -
producers. - The re-cycled synthesis gas was passed to a. .
_hot regenerator where it was heated to 1300°C, and then. .
“passed through two gasifiers or generators in series, to
~complete the cycle by éntering the drier. Dry coal dust:
was injected into the top of the first generator. and was .

‘gasified. .o -

. 'The heat of reaction was ‘originally supplied by. burn-.
_ing producer gas in one of ‘two regenerators, used altern-
“ately, the heat being stored in chequer brick until given'
~up to a mixture of- re-cycled synthesis gas and steam. The:
gasification plant was intended to supply synthesis gas
‘for the Fischer-Tropsch plant.(designed to produce 75,000

.tonnes of crude oil per annum) -but later & hydrogenation
~plant was added:(designed to produce 50,000 tonnes per
" armum) and the. gas requirement was increased,  In order to
‘make more gas, ~additional heat had been introduced by . '
adding oxygen to the re-cycled gas.: 6 The original designed-:
" output per gasifier unit(considering the two generators iu
" series as one gasifier unit) was 20,000 cubic meters per =
" hour: (measuréd at 0°C and 760 mm.), but in fact the output
_obtainsble without the use of oxygen was only 15,000 cu.m..
_per hour. When using ‘oxygen: the maximum:output was 30,000
. cu.m. per. hour, elthough more usually 20-25,000 cu.m. per:
_hour were made; -

T . e
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The producer gas was made by gasification of
entrained dry-coal dust, but there was no. re-cycling -
of gas or use of oxygen. Alr, steam and dry coal - dust
were fed into a tower, and the sensible heat in the.
‘exlt gases was abstracted by waste heat boilers. The
maximum output of a producer was .30-35,000 cu.m. per

, The plant conslisted of four gasifier units each _
as shown in Figure 2,and five producers, and usually '
one of each' was out of action. for ‘cleaning. The plant.
was very spacious considering its capacity, although .
it was made up ‘of relatively simple pleces of equip- °
ment. The four gasifier units (2 generators, 2 regen-
"é'ﬁfﬁrs;‘*drter;ﬁﬁthvsﬁack-s~andwwashers)moﬁc_cupj.;e_g . an_area
of @bout 100 m. x 30 .m., the vessels belng ~20-24 m.high
The gas boosting house was outside this area, ‘while the -
producers occupled. a separate ‘site. Figures 1A and 1B -
. 'show 2 rough layout and arraugement of z. synthesis gas
unit, while Figure 2 is a di agrammatic representationbf
the flow. Figure 3'is a fp’ho'bogi"a"ph’“of' one -end-of the -
‘synthesis gas plant. Figure 5 1s a rough lay-out off a:
- producer- gas unit, and. Figure 6 is a flow-sheet for:
producer gas. -The ‘individual items- of plant will now
"be considered in turn. : TR T L

| The gas drier was ‘a ‘vertfcal brick-lined chimn ey,
1.2'm. internsl diameter snd 22 m. total helght. The .
erushed ‘raw brown coal ‘dropped into the. drier withoutay

conveying gas, at & point 15 m. below the top of the

drier. -Two inlets were available, one working and one
spare; each was st ezm heated -to prevent sticking of ‘the

coal, but was brick-lined near the drier itself. The - .
‘feed pipe was at sn angle of apout 0% ‘to the vertical..
_io special mixing of coel and gas was ‘attempted;- the
‘high turtulence of the:gas, whi _
“through 'a bend of 'zbout.2.

is calculsted to be
“that taking into -
culated as 91,500 cu.x.
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per hour, the average gas veloclty in the drier was
‘about 100 m.per second, the time of drying being 0.15
seconds. Usually the velocity was about 70.m. per
second, and the time of drying 0.20 seconds. =

©_ The synthesis gas and dry dust mixture leaving

the top of the’ drier passed through a rough elagsifier,
whera any.large pieces of coal were separated. These . .
were sent to a separate hammer mill and returned to .the
drier. .The pas then passed through a cyclone to affect
the main separation of dust. - It was stated that the .
dust concentration of the wet pas leaving the drier was
150 g. per cu.m., but it is ‘calculated that it should
be _nearer 200 g. per cu.m. It 1s also calculated that
the dust content 6f the gas afiteringthe washers-was-———
about 20-30 g.per cu.m., SO that-the ‘oversll efficiency
of the two cyclones in series was about 85 to 90%, -
indicating a loss of 10-13% of tht carbon in the raw -
coal as slurry from ‘the washers. In 1942 it had been
planned- to install Multiklons to reduce the dust con-
tent of the gas to 6 gi per clu.m., but this project
had not been carried out.. .. -0 .o .

3 The dry-coal dust contained 18 to 20% of ash and
60% carbon. The ash content was higher than that of
- dry-raw. brown .coal .because the dust. contained nearly. :
_all the ash remeining from the gasification of the
"dust fed to the generators. ~The carbon. content was "
however: the same, presumably because some oxygen and .
“hydrogen. ‘were given up.in the drier. ' There was of -
‘course a large ash purge from the generator system in
the sending-of dry cbal dust to the producers. No ...
figures were available for the grading of the dust.
The dust from the cyclones fell into 2 bunker; at the
‘bottom of which were star feeders, passing dust into
pneimatic lines working on the.ejector principle. =
Nitrogen was used: for -conveying. dust to the producer .
_gas bunkers, and synthesis gas for: conveyance to .
‘the generators. This conveying: synthesis gas,.=m unt-
~ing to.about 10% ¢ ie make, in effect re-circulated
‘through the:generator. system. .. Rather more ‘dust was =
he producers than to.the generators, the.
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The regenerators were brick-lined towers, 7.1
m. ext.cdiz. and 5.5m int.dla. by 24 m. high. Two .
were provided for each gasifier unit, and they were
changed over automatically every 11 minutes. The:
design was obviously based on that.of alr pre=-

heaters for blast furnaces. . The towers were filled
with chequer of high quality brick, such as silli-
manite or silica, to 3 depth of 17-18 m. Two designs

of -chequer had been tried; one a Brassert type and’

the other, which had glven better results, a tyEe hl;agg
Schieffer-

Strack consisted of hexagonal blocks, about 123" across
and 7" deep, each having about twenty 14" dia vertical
holes spaced at 23" centres. - A plan view is shown in .
Figure 4A. - These bricks were carefully stacked so that
thewhalesacameminto,.lina,mﬂ,l.ﬁlining bricks were well
finished, so that the minimud zmount 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 T§-

‘cycled synthesis gas. -~ . -

.. Preheated air ‘and produ cer- g;_a‘s._“i‘ve‘r:é‘ fed into the

“top of the ‘regeneratars thwough ring ‘mains. Flue gases'

Jeft the bottom of the regenerators ‘and- entered on: .’

‘underground line, comron.to the two regenerators, _l'ea'd‘-

ing ‘to 2 stack;no waste heat boiler was ‘used but 1t -

was intended to-install one. - Re-cycled thesis gas, .
‘saturated with water vapo_xzi:__,gt';.‘s_z‘fc,"_ entered the bottom
of. the regenerator. and left it through- the' cupola at -
‘the ‘top. at '1300¥C on its way to the first generttors
The maximum brickwork temperature was 1450°C at the. . -
top;’ the average exit flue gas temperature was 450°C.

-Double isolation valves ‘were used on each flue.gas and -
.re-cycled gas:line, with the portion. between the. ' -

Palves automatically vented to atmosphere when the

2 roducer gas Wwere no A ‘

t seen, but may also have been' .
“doubles :Details were. notj:bbj;aine@-;of;;z.‘the;'mjethoa*"‘o’f_.[ S
" f a regenerator while heating 1t ..

1 pogsible that no valves were
1isnce being place yn pressure: control £o . ..
% more than a slight flow of. ynthesis.gas inte -
én. trouble

prev

nerators. At first there had-been
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with erosion at the top of the cupola, but this had
been cured by constructional. changes almed at making
the linear velocitiss of the gas in the ‘cupola and
off-tske pipe more nearly equal. C :

. ..  'The first generator was a brick-lined vessel,.
5.5 m.int.dia. by 24 m.high. The special design of
_the cupola, with its false roof, is shown in Figure .
/B. - Dry coal dust, conveyed by synthesis gas at 2%
"atm.pressure, was fed down through a passage in :the
centre of the cupola. The hot re-cyeled gas and

steam mixture from the regenerator was fed through
ports in the false roof. ' Oxygen, saturated at 82°c,"
was introduced from ring mains through perts near the.
‘top and middle of the generator; near the bottom steam
-as-well-as-oxygen-was.admittéd to_avoid slagging,  The
temperature fell from 1300°0 at the top to 1000°0 at '
.the bottom. - N SR

. _The oxygen was supplied by ‘three Tinde-Frankl -
units, two working and.one spare, ‘each producing 4,000
cu.m.per hours T T T e e
... - The .second generator was a brick-lined vessel, -
5.5m.int. dia.-by- 24 m. high.  On three units it was.:
-divided internally by a vertical well, but on the . o
fourth (2nd latest) unit it had no such divislon wall.
"The ‘division ‘wall was-shaped as shpm In Figure TRy o
~the ‘two portions having approximately the same areghf
_cross section, In the unit with no division wall: the .

‘gas was brought down to the -bottom of the drier'by.an .
-external pipe.. One third of the total oxygen used was.
added near the bottom inlet of the.generator, vhile

‘steam was added as required.at various ‘points, the dim"
‘being: to maintain'the temperature at 1000YC, It was- -

‘stated that the division wall was not necessary; .the

junit without it worked Jjust as well. It .was further .

“stated that the second generator .was not needed at all -
xcept: for high outputs, such as were: obtained by.the . -

-gasificatliol
“tors) . was' 4. 5 second
6.0 segonds: at 20,0



 Each unit had two washers, one for re-cycled gas
-{50-60,000 “cu.m. per hour) and one for synthesis gas .
25,000 cu.m. per hour), The washers were the same slze
and were fed with water at the same rate, despite the - -
difference in gas load. 4 typical arrangement is shown ia,
Figure' 4c. Each washer was. about 6 m. diz.by 22 m,. total °
height. The washer was divided into two sections with sep-
_apate water circulation systems, each sectlon belng packed
with six trays of stacked 80 m.m. 'gpiral Raschig rings.. .
About 750 .cu.m. of water per hour were. circulatéd through

the bottom sectlon to remove the bulk of the dust. A purge
‘wag taken from this system to keep the coneentration of ..
solids at 80-100 g. per litre. 750 cu.m. of.water per hour
were. circulated through the top sectlion :and through a water
cooling tower. : The high water rates were ‘necessary to .
_prevent-choking-the packing with dust; but st each six
‘monthly ‘shut domn 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
MeTe - G5 . e T e T I

... '~'The gas pressure at the bottom. of the regenerator wif
. 0.150 ats.gauge. ' Since the pressure at tHe pointiof entry - .
of ‘coal into. the drier had to be kept very close to atmos-

-pherie, to prevent % 1eaking back up the ‘coal;"féed“‘p}ipe;‘tﬁi@;
drier apd Washer had to be run a2t a pressure-below atmos- -
pheric. ' The pressure at the top of the washers was - 0.020

CatSe gaUges e e e

30,000 to 35,000 cu.n. of producer gas per hour, although -
normally making less. Each unit' consi sted of the producer,
Theisen disintegrator.  The producer was 2 brick-lined . -
tower, 5 m. int.dla. by 24 m. high, with an internal dvis-
"{on waBl, very similar to the second generator. Dry coal -

Gust was blown into the bottom of .the tower with steam and .

" ihere.were five producer units, each meking at most




int. dia.’ Assuming atmospheric pressure this corresponds
to & velocity of 7.5 m.per second and a dust content of
15,000 g.per cu.m. Lt was also stated that the dry cozl:
dust fed to the producers smounted to 0.5 tonnes per 1000
.cu.m. of producer gas. Gases from the producers passed
through a horizontal and = vertical waste heat boiler in -
geries, which reduced the temperature to 250%¢. krosion

at the inlet of the first boiler limited the running =
time of a unit to.six months before overhaul. Multiklons
‘followed the boilers, =and the dust recovered was blown back

py compressed air into the bottom.of the producer. - *

. S X o . f _ ! .v ‘~AL ‘. __ : . . . ..
T THe Washer tower wasT5=5: 5 Wwrintidiae-by R2-me—highs-

£i1led with ordinary 27 paschig rings. .In. design it was

very similar to:the washers on the synthesis ga$, but the .

water rate was only 50U cu.m. per hour. It was said tobe .

too small and to pass too much dust. A theisgn disintegrator

temoved most of the remaining dust,’ and after passing = =
.through = spray arrestor, the gas was pumped into the. factory
fuel gas system.  The =mount of gas used for heating 2. 7
single gasification unit “was : 24,000 cu.m. per hour, .con- . . '
sisting of 3,000-4,000 cu.m. -of rest gas from the Fischer-
Propsch plant (2,400 K.cals.per cu.m.) snd 21,000-20,000 -
cUem.. ‘Qf'vriﬁrodu-ce}.‘\‘g:aSE.;(l'QQZ5,..,K.,-.L¢3§L‘5.:‘-3‘?.1?,‘9‘,}5?!1.:;Q,',',W,.. L
. The pressure: was 0.150 ats. gauge ‘at the bottom of
the producer and 0.080 ats, gauge before ‘the Theisen dis-
.- Three of the boilers installed-in the ‘power plant .
could use only dry. coal, and-a plant fired by coal and =~ -
“producer gas was installed to provide this dry coal. This -
plant was also used to a-certain extent to supply dry coal:
to the producers,when Jfor any reason the driers-of the . ...
. Synthesis gas unlta were unable to pro ‘enough coal.
_quantity of dried bromn containing 126

d. on :tl

0 provi
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passed to an Alkazid plant for removal of most of tne . .
hydrogen sulphide. 'There was stated to be no difficulty
due to .dust in the Alkazid plant. A

_ Ash and slag gradually accumulated in the £irst
generator, and when oxygen was used the generator had to
be cleaned out every six months, whereas 1f no oxygen was
used- the plant could be run for 18 months. During these
shut-downs other maintenance work was carried-out. As a
wile .a shut-down lasted 42 days - 14 days to cool down,
14 days. to carry out repalrs, ‘and 14 days to heat up. . °
The ash and slag mixture was white and very hard, "and had
to be chiselled out. e SN

' The compogition of the synthesls gas was stated to be:-

g, 56 . 50

8, . 6. .. 18
CHf  * 3 T3S
CONRT e T 3T 35

Thus ‘no “conversion wa’s"feqﬁiréd béfbie"synthesi's.f;‘ Tha
gas composition could be adjusted by varying the conditions
of gasification and the amounts of steam and oxygen. B

‘mt*¢h§t§§m5§§i§i6ﬁ“éﬁftﬁé‘ﬁfbdﬁ6§rfga§“ﬁésfas“fpllaﬁsf;T

O e e 16k
' 16
2012
~0e3
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ecords for 1943

ave the following figures:-

320,774,000 cu.m.

522,633,000 cu.m.
808,593 tonnes -
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The results for April 1944 were given ass-

~Synthesis gas made I 4 900 Quo cu.:n.
Producer: gas made B , 4’7 950 oud cu.m.
Raw coal direct to gas production . - 111,823 tonnes
Raw. coal to' coal drying plant and :

: thence to producers _ 1,012 tornnes
Purchased cozal dust. to producers R 2,45& tonnes
‘Synthesis gas composition co = Hy 5.2% H co 2.0
Oxygen used- £500 - cu.me
“Nitrogen: used for cnveying ‘dust , ’7 183,600 clems
Power for synthesis gas production = ,152 000 kwh——
Power for producer gas production - ,564,000 kwh '
Steam to synthesis gas plant ezclud—

e — g - PO AR CRT S : 27 375 tonnes
bteam “to producers ST 4,622 tonnes

The 1abour *equirements of the plant were as - ‘
followsi- =~ i R .

-'Process,Synthesis gas R ": ' '180 men
' 'Producer gas - "~ 8o
L,oal transnort and preparation 3;)on

‘Malntenance. Fitters and 1abourers . 80

BN

“Bricklayers 10‘
. Electriclans - AR AR - 1
_Instruments TN ey,

The synthesis gas contai‘ned 17-30 grams of hydrogsn
’sulprhid‘é per: cu.m.’, and the bulk ‘of this was removed in an
Alkazid: plant, ‘the hydrogen sulphide peing converted to
" sulphur:of 99,6- 99 9% purity in a.Claus: k;i.ln. ‘The ‘gas.
gl so cc?d e . _ : - and was" nex-t““_
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and gium forming substances was aseribed to the
characteristic featurs of the Schmalfeldt process,
‘yiiere drying and gasification were carried out 1n

- the same apparatus. It was considered that the high

content of thiophen and gum formers would not be

found if the _drying were carried out first, for ex-
ample in = Bittner drier. ‘Furthermore; it might be’
expected that these substances would be destroyed in
passing through the regenerator at 13007, but the -
system was such that one third of t;he‘»fg_aseous--pr‘oducts
from the drier was drawn. off in the meke and did.not
pass through the ragenerators or generators. Similarly.

_one third of the products from ‘the generators ‘d1d not,

~pass-through the regenerators. .-

.. % 'The gas was passed through 70% luxmasse with 30%
‘soda ;at-j160,-280‘7'cqur..-.removal of .organic sulphur com- . R
pounds. The gas so purified gave “comsiderable difficulty’
in the Fischer-Tropsch process, which used a cobal t-kies-
“elguhr ‘eat;alysi;.;-";.:l‘ha*g‘um«‘ formers and possibly 2 1ittle

. dust still present interfered with the activity of the.

catalyst, but the mkin difriculty was thought to be -
‘poisoning of the catalyst by sulphur. There was no oo
- difficulty in using the gas for hydrogenation, ‘wheTre
" sulphur. is not a poison. In an’attempt to ‘increase the
”éffifciencwﬁ*puriﬁcation*?anf-aytiw carbon plant: had been
-installad before the hot. 1uxmesse, in the belief that it

- ‘mould:remova the:gum formers: which (apart from thelr

actlon: on, the Fischer catalyst) wére thousht ‘to reduce

! ‘the aetlvlity of ‘the ‘hot luxmasse. as a sulphur purifica-
- tion méteri:

 tion méterial. The installstion of the active carbon
‘plant reduced the organic sylphur cpntent of the gas '’ .
Teaving the hot lumasse from 1.5-2.5 €.DeT 100 cu.m.. O -
0.3 g.per 10v cu.m., Wiich was a satl sfactory figure.. .
The plant was run with this impro ent for only two. =

31 an S L stopped W ring this . -
ated that it.

vement to usea .

ctive carbon instead of



. F 37'97 her-T .IQv.'Q. sch B .anf .

_ .The following information was obtained meinly
from Herr Schultz on May 11th 1945. e
. There were 2 cétalys_t chambér ,bu"ildihgs"v'vithv .

144 chambers altogether. 'These were generally worked
in 2 stages, but sometimes in 3 stages. ‘Conversion in.
the 1st stage was about 50%. The division between the

2 stages was varlable and dependent upon gas purity.
During the period when the gas was bad, the 1st stage
was largely the means for'‘purifying ghe[gas and was °
operated with a throughput of 150u mZ per chamber per

hour-instead of the normal 800-900 m” per hour.

5 HoSE FeCEt yierds after—Aitriculties with—

:-thé gas had been overcome were 115-118 gm. per Nm3 -

Idealgas. In 1940 and 1941 a yield of 130. gm. per N3

was attained by changing the catalyst every 13-2 months. -
The. catalyst chambers were started up with ‘52 atm.s on v ¢
the steam side and ultimately went up to 15 atm. (200° C.).
The. catalyst ‘was ‘extracted with solvent in situ every & -
weeks. 1t was only hydrogenated in specisl cases. Thé
eatalyst chambers were heated with steam at 19-20 atm. -
for starting. -~ - T IR R SR AR
ot ...For the last 1% years ‘they had used catalyst
‘obtained from the adjacent cataly st_factory, ‘which was~
‘owned 50% by‘Ruhrchemie ‘and 50% by Wintershall. The -
“gatalyst was obtalned from the catalyst factory in the .
unreduced stage and, was reduced with hydrogen from the
hydrogenation: plant. - Reduction was carried out at 4007 C.
‘The hydrogen was. dried by gm onia cooling and silica gel.
‘to.less than 0.1 ‘gm. per m- moisture. - The hydrogen used
contained 94% H,, the remainder being N, and CH,. The .
circulating hydfogen contained about 3%°C0, but'no CO. -




. The following information was obtained mainly from
‘Dr. Joswig on May 1lth, 1945. = g s o
- The particular feature of this plant was that they
claimed a very high rscovery of cobalt in the catalyst
'regeneration. The departures from the nommal process
which led to this result were due to the restrictions
on emitting effluent from the factory, which necessit-
ated re-using water and evaporating the final effluent.

~ The spent catalyst, from which the wax had been ex-
tracted, was ground'with wash water from the following
‘stage, This wash water contalned abouv-5 gm.: per litre:
of Co. 1t was thén extracted gith boiling nitric acid
(5u%) in vessels of about 30 m- capacity. Xt was then -
ﬁltmﬁﬁeﬁpm&*aﬂdw&shed@«mmmmm
water was mixed with the filtrate. ‘he second wash water.
was used for grinding the incoming spent catalyst, as
‘mentioned sbove. The third wash water was used for the
‘flrst wash of the next batch. It was claimed that the
loss of Co in the filter pressing operation was less +than
0.1%. Joswlg claimed that they had achieved an overall
‘1oss in the factory. of only 0.% compared with 7% at -
Ruhland and &-5%. at Holtem. ... .. . . .. O ‘

' The Co solution was then treated with soda to precipi-
‘tate Fe, AL and Th. The sludge obtained by filtration
“(Thoriumsehlamp) wds sent to’ Ruhlandi - Sodium fluoride was

then added to. remove calcium. - To-ensure complete removal -
‘of ‘calcium, 2n excess of sodium fluoride was ~added ‘which -
precipitated pert of the magnesium. 'The liguor was then -
filtered using kieselguhr as a filter aid. ' The filter: = -
‘cake was washed twice, the first washings being ‘added to
the filtrate =nd the second washings being ‘used for the
first wash of the next batch. . The Co concentration was =
 finelly 40-45 gm. per litre. This was sometimes strength-
.ened with the fresh Co added as meke-up. . When fresh Go -
- was used, 1t was dissolved in nitric acid ‘and. treated with
a small zmount of sodz and. then filtered before mixing .
~with the recovered Co solution.. N T T e

s

"7 The Mg an wer: ad
~cipitation, kieselguh

precipitatéd catalyst out 2 ¢

sodlum nitrate. : This fi
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filters. After settling, the solution was evaporated in

2 triple effect evaporator to recover sodium nitrate and
produce distilled water for the catalyst manufacture. In
the second evaporation stage ‘some ‘caustic soda was added
‘40 ensure complete precipitation-of any residual Co,whiveh.
‘was filtered out before the third stage. Joswlg stated’
that en appreciable amount of Co may remain in solution =as
 pi carbonate. : S e K S
.. The c¢atalyst- sludge. from the presses was mixed with
‘water and with the dust screened out. from the dried = -
catalyst. . The mixture was ‘then filtered on @ rotary
vacuum filter. The filter cake was put through an ex- .
_truder with 6 mm.holes and then passed to a Bittner turbo-
‘drier.  The drised catalyst"was,scre__ene"d_"tb“fgi‘ve"#a“prodnct*
of 1-3 mm. The dust was mixed with the new precipitate, 2s:
mentioned above. The over-size was returned to the screens.
and gradually-broken qown to the required size. =

" The c,dm;'x'ositiqn ‘of the catalyst Was,jg'iieh ,:as:'

S 100 nMe0
| .“The catalyst.was made. up.to give 800-900 kg. Co per

chember, using an approprizte amourt of kieselguhr -depend-

ont on its density. From 1.7 ‘te 2.3 tons of kieselguhr

- '". rhe capacity of the plent was rated at 100 catalyst
chember fillings per month, but the production had been —
only 60 owing to limited demand. .The plant ‘started up in.
September 1941 but only.came inte operation in April 1942
Iatzkendorf made catalyst for the adjolning F.-T.plant

~and also for the one at'Odertzl (Peschowitz)..'
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. The reason for producing unreduced catalyst

at Lutzkendorf and reducing it at the F.- T. plants
was not very clear. ‘The division of responsibility
between the two stages seems undesirable. —One reason
‘that was given for adopting this procedure wzs that the
F.~T. rlants had pure hydrogen available as they re-
, %ui're it for the hydrogenation in the catalyst chambers.

"is posstble that freshly reduced catalyst may be S
better than reduced catalyst vwhich has spent some- time
in storage or_in transit. ‘It may be con] ectured that .
the procedure wagat least partly dictated by military’
considerations. If 1t were desired to malntain a ' -
substantial $to:age»of manufactured catalyst against. - .
possible destruction of the catalyst manufacture, storage
of_the unreduced catalyst would be a much simpler prob-.
lem than storage in: substantisl ¢ qﬁ"anti"tyf"ofwthemreduce&e
catalysta. : T ' o :




S Lo
The folloxdng staff were seen on May 11th,15th
and 17th- 1n oonneetion with the hydroganation sect:l.on.-‘

Dr. Schnoeberger, uanaging Directors -
- Dre Wialla.nd., Hydroganation !anager.

-The’ follonlng information was obtained from :

41ntermgation and also from the notes of manbers of  the
_ CeAsF.-. Team , ,

. _The hydrogenation jlant was puilt to hydrogen-u

1
1

_ate the residues from the lubricating oil plant inm con-=
Junction with Bituminous Coal Tar. The pla.nned output
was 50,000 Tnes/yr. but the best achieved was 42 0uo .
Tnes/yr. in 1944. S

: The plant oonsisted or one J.iquid phase stall ‘and
one vapour phase stall both of .which operated at m Ats.
he catalyst in ‘Ehe vapour phase stall was’ 64;3;. R

i Tha Bituminous Coal -Tar came from Mahrisch Ostrau
and was distilled with the product: from: the liguld phase
‘stall -to-cut: ‘into: two. .fractions, the. eutting~point ‘being.
.3509C.  (330°C?) . The lighter fraction was passed over the
vapour phase. catalyst under straight through conditions
‘when making petrol and . diesel oil a.nd under recycle con-
d.itions when making petrol only. s .

HYQBDGEN §UPrLY. e

’ The hydrogen for the hydrogenation pla.nt came
;from the Wintershall generators. The raw water-gass was.
passed. through angats CO. conversion plant and the. Co.,
‘washed out at the sam The main oompresso?s
therefore had a suction pressure of 8 Ats and delivered
to 700 Ats direct. ‘The (0’ ramoval plant worked at 200 Ats
‘after the third stage 1 1 pressors ,Another _stage .
-sufﬁ.ced to. raise the ,,pres ure:to 700 Ats.... .
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" 'The gas -fed to, ‘the hydrogenation plant had-a
hydrogen purity of only 91-92%, which is very poor

by normal standards. They had only achieved this
purity by the installation of the .CO0 conversion

plant, before which they had worked with a make—up gas
of about 86% purlty, . , \ ‘

For 1943 over a period of 10 months they had record‘s
of the following costs ‘ .

Gas Production 681,319 RM including 155,000 RM for

- . ‘ labaur. N
‘Gas - boosting U Ry 06 " R , Cod
"HZS ranoval RN »61,252 no- o o

: ' 6,023 " .
J0i1 Scrubbinﬁ 26 JI43 8 -
-Org. Sulph. Rem. Ko 8 , 946 "j"_ 2

1/5th of Gen. Costs_u,g_qg_
90.6,259 RM' which amounts to- 2,70 pf/M3
. Raw Water CGas. -
R Th:l.s :I.s the price of Taw water-g,as as -supplied, = -
‘both to the Hydrogenation. and Fischer-Tropsch plants. . For
the hydrogenation plant the gas was further purlfied and -
-the cost build—up for this section for the mon uh of‘ o
‘October 1943 Lsz=t v R o

-

Rew Water-gas at. 2.70 pf/m3 . 222, 220 F.M VL- B
-C0:Conversion. ‘and-. 002 removal 75, 482 - ;
::Compression ks ; , e 500 000 M- F',

00 removal, e -f. 17,5360

1/5th Gen.Costs
. 3 REAE 386 582 RM which for
b 5,295,'700 ' of 92% hydrogen, s 7. 30 Pf/m3 g

3 There were 4. circulatorg with an. ‘output of 70 000 e
MY -/hr. }and one: of 10u,0uu. M- /hr. 21l of- t em- bein : electric.i

ps »‘for “the liquid phase
~injectors having < -
i_f'eedﬂto )the stalls.

_ They had
tall of: 10 !l
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steam driven and hed a capacity of 0.25 M?/hr_;
LIJUID PHASK STALL. TR

: This stéii]wés‘oriéinﬁlly built with two inter-
changers, two convertors, a hot eatchpot, a gas-fired:
preheater, a cooler and a cold catchpot, with arrange-

ments for the recycle of hot oil from the base of the -

_hot catchpot to the inlet preheatér. ]
. There was also an emergency blow-down tank for.
the burden of the stall in case-of emergencye.. Owing to
poor mezke-up gas quality,-bad operation by inexperienced .
_staff _and change of compos: ‘tion of the feed to the liquid
phase stall from tha{ T Q?TWCYWEWOSRM-,M
they had not 'achizved the rateé and heat of reaction they -
hed expected.. They .were therefore short of heating
‘capacity in the preheater ‘and ‘could not, maintain the .
the temperatures in the convertors-ag easlly:as they ' -
“would have.liked.. - -Toovercome these running difficulties
_they had installed a: ,th;t:d_Ainte;;changer',*-,éljllf-'arg’e'dfthe*fan-'

capacity on the, preheater, j‘and’.zha'd""erven]&applied‘ a kW
“thickness of lagging: to-the ~outside of the.: convertors,.in
order to increase the heat input to-the inlet reactants
- and to. reduce the heat lossese Lol

7 file feed to the stall was §'- 12 W/hr: of oil with
-100-150 V;itrels‘/fh,l‘;.. of ‘catalyst paste made up-gs-a paste -
of 40% ‘solids from 1.G. catalyst 10927 and Vacuum residue

from the natural 01l section of the works. The runging
fonporature was 470:C and the.reaction velume 10 3 (from
dimensions) or 16 M3: (interrogation)- more probskly the
:formeT, . The hot recycle rate was 6 = 10 mZ/hrs The . . -
‘catalyst was adjusted so that the H.0.L.D. from the hot -

ur and not darkened by the .

. past
‘cont
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E '.l‘here was no’ gas washing pil.ant to ranove the gases
‘made during the’ hydrogenation. : .

In the product from the cold eetchpot they got 50%‘
heavy oil which was racycled back,to the stall. The
proguct was distilled with the imported tars and the
heavy oil portion fed to the liquid phase stall. :

YAPGUR ngg §mgLLJn"

. The stall consisted. of" three convertors m.tl'i two
-interchangers and a gas-ﬁ.red preheater, a cooler and
a cold catchpot. ’ , , L '

i

- The catalyst was the I - 6434 and the reaction
-val*umev—woul-dwbemaboutwl%nﬂ.wwmnmmnning on_straight,
thiough operation they made a cold ‘catchpot product
containing: 40% petrol and ‘the. remainder diesel oil. ;
The petrol had 274 O.N. with an F. B.P. of 180¥C and .
‘the diesel .oil-a Cetane No. of 40-45 with 2 setting
point of 40“0. e N

The gases made in the hydrogenation section were not
treated ‘to. pemove the liquifyable gases. and the lean -
‘gases were ‘sent to the fuel gas system and the r:lch gas
“to the Wintershall generators. G ,

I

o ‘_.,Oveg 1 hydrogen requirements ‘are’ estimated at about
1,300 N / of feed when making petrol a.nd diesel oil..

3.85 BM/Tne of :fead.
- 10 84 .
S Iy o RM/Tne.of Cold'
Catchpot Product.. -
7.87.RM/Tne of Cold
Catchpot Product.. ..
""RM/ n feed. 8
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ABOUR RUs.UIREMENTS.
- ‘Average figures for the early part of 1944 show
the following.- : . , '

' Gas Production ;soo‘

“Fischer Synthesis 245
Hydrogenation - 280
0,,Staam,Elec. - 50

u%t 0il section: = 200
Final Refining. 110

"Power Plant 270
Workshops. co 275
Construction ete. 200
Waf;chmen steTTT 580

: In addltion to thes‘e they had other workers
“whose exact location 1is not available from the ﬁ.eld.
notes.-' ' , . ‘ o S , , ;
; © The total strength was made up of. abou't." ',000
, workers and 380 staff but of the—4;000, about 1,400 were
‘engaged on alteration and extension mrk and. not on
production. : N

N .

';ggz;maa__gﬁzsaéL‘;j.fj~mjuNL§1’l‘°' o

The split or capdtal costs was given as.-
. Gas Plent T 22,610 614
- Figcher: P’lant St 718, 182 250
Hydrogen&tion : 18 606 851
: I.ube 011 9, 488 452

6 092 751
e 5,033,343¢
| ,955,45 ;

7,000,994



=21

Specifications on gasolines and diesel oils

manufactured at Litzkendorf. - . :

. . The personnel interviewed ‘at the plant on . _ -
‘May 11th, 1945, included Dr. Schneeberger, manager

‘of  the entkre plant, Dr. Neumapn, in charge of ‘1ubri-

v

cating oil manufacture, and Dr. Blllig, in charge of

the chemiczl and engin@ testipg laboratory. . o

. "The'plant is of conventional design and includes
-installations for atmospheric: crude distillation, -~ -

vacuum distillation of ‘the atmospheric residue, propane
. eas‘ﬁhfaIﬂ:ﬁ*gffaﬁd”fderesining;wphenolf—extract:tonaand' :

‘about 60,000 bbls./month.

“-'”Pr'oduct,‘

Light|Nentral dist.(about

‘Residie

©. A mixture of Hanover ‘and Austirian crude was pro-
-cessed mostly, but more recently Austrian crude only ‘
was psed. Typlcal data on two ‘Austrian ‘erudes are:shown -
‘in+Table I. The atmospheric distillatlon gave the follow~
“ing yields for overhead, ‘three side-streams and bottoms, .
Crespectivelys o oecll S e e T

‘propane dewaxing, as-well as conventional dcid treat-
" ing and clay contacting. Tk_xe_crude{\thrdughppp was

e

N
\ .

~ % by volume ~Bbls, / Month.

S of crude.

Gasollme . . -10060 6350
O T

"7 130 SSU./ 100SE) . f*3'.6f:," iR

NI S

L \ ,131;1

on of the atmospherie Tesidue yielded
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% by vol. . o Bbls.7Monfh
—af cruda. _ SR

Produet '

Spindie oil (60 SSU/100F.) . 7.0 ST &,180
Heavy neutral dist.(300 880/ . — . . -
Reszdue e s 26,000 0 15,500

1

: The gasoline was not used fos ‘automotive purposes
but was utilized for gpeclal purposes {precipitation
naphtha, petroleum.®ther;, etc.). Kurosing was caustic
“waghed and used for illvmination; part of the kerosine
was blended with spindls .oil from the atmospheric dis-
Mbi&ht:l:onwandvthewblendmwsedwasfdie’se_l,_ﬁm..__»lheﬁ,;,_
remainder of the spindle oil was blended with the corr- .
esponding fraction from the vacuum dfstillation. Average
inspection data on the. distillation products are given
in Tabte 2. . = T LT

" - Pinished meutral oils were made by dewaxing and.
‘acid and.clay treaiment of the 60-vis spindle oll and— -
the light and heavy neutrals. Treating losses are given

Tby th g
Sﬁ*lgoil 60 Vi R s N . e 4—5
Light neutral distillate -~ ~- 0.0 o i he5 oo
Heavy neutrel distiliste ~ 20-25 . ' . 45 -

'~ - The inspectlon dsta on the finished:neutral oils
‘are given in Table 3;  The heavy neutral distillate was -
-al'so used in the manufactur? of automotive and aviation ..
_oils and for thig purpose was subj ected:. to phenol extrac-.
til‘or_i.-:;.i:;isﬁgfdz-flb ‘acid treatment. The.yield of automotive
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vacuum residue charged). For the ma.nufacture of auto--
motive bright stock the propane treated vacuum residue was.
treated with 150 vols.-of phenol yielding asbout L% vy wt.
of raffinate (cdcd. on vacuum residue charged). THe -
raffinate was propane dewaxed and clay treated with an
ultimate yield of automotive. bright stock of about - 28% e
by wt. of the vacuum residue. In case that aviation-
bright stock was required, the raffinate from the. -phenol.
extraction was freed from phenol and again phenol treated
(total volume of phenol used in both stages:: 5uv) . yielding
a raffinate which represented about 28% of  the vaculm - :
residue. The finar yield of aviation bright stock after
propane dewaxing and clay treating was approximately 18. 5%
, by wt. of the vacuum residies. The ingpection data- for
4oe4mgradembﬂght stock..are given in Table 5. o

: Eropane deasphalting was carried out in ‘8 two-
*stage unit comprising & horizontal contactors and pre-.
cipitated asphalts. and resins wer¢ removed’ separately.
Both of these preoducts were -destractively hydrogenated.
The yield of deasphalted oil averaged 5070 on- -charge

Ehenol extraction was carried out 1n a Kellogg K
4u:alt built in 1938, It has .a conventional ‘tower type "~
‘unit with perforated trays and water injéction’ was employ-
. etho improve the selectlvi!by of the solvent.-_ N :

When automotive bri ht stocks were processed the
normai solvent ratio was 150% the .tower top temperature
'90°C, _and the temperature gradient 10°C. Aviation bright -
stocks on the other hand are solvent extracted twice, .
first under the ‘above. conditions and then re—extracted wj.th
500% of phenol at.llO _,120 C. S S

-

b Dewa:d.n\g was carried out in a Daur rotarv pressure -
filter using discontinuous cooling.  The charge- :stock was
cooled from - 86 ’F.. . to =40~ 'F. in our ‘hour, The design
ﬁltration‘],_at, Was 7.5 gals. ‘per” cu“.ft. per hour;- but

‘ £19. e’r"hour was ob—,




u_m&;l.l.h

‘Three grades were produced having viscosities at
_ 50%. of. 8, 10 a.nd 12°E. and 2 max. pole height of 2,24

~

The following specification was adhered to. o

S.Ge @ 20”0. - : e <0.90
Conradson Carbon Residue o -max. . 0. 3
J}g_gosity Q 50"0. TR PR - 17YE.
T @ 100" C“'“"_W"‘W%S"E ~
Pole Height . o max._2.

_pour Point - S -17%. mai.
(No Oxidation Test) L ;

It was stated ‘that - when production started at this .
reﬁnery a 100. ton batch of aero oil to this. specification
-was prepared and, after ‘engine builders had carried out
.acceptance_tests: vd.th satisfactory results, regular pro- .
duction began 2nd- continued wlthout interruption.



uame" of Field

Spe.

A.P.

ravity at 60°F . - 0.870
. gravity S 3k.1 s
Engler Distillation ’ B

I8P i '

"Hauskirghen' |

v : 248
10% - 383 -
200 v B 482 -

0% . .. 563
—%-at-572°F . 33

% wager . 1.8
gBS&EW 22

% Salt : 0046“'

Salt 1bs./1000 bbls.140

% Paraffin.: BRI 8 0

Solldification point —

of Paraffin.“F.: i23 .
- NFut. No. G eel2 _
L 7 SUlful‘ .‘_,-u_....'..'o. 53h R o N
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‘F‘i i d\l

Distillate uSed in prepara-- o o 7
tlon of finlshed oil. f., .. Light Neutral  Heavy Neutral

‘SP.-gravity at 60°F .. 0.896 -.0.901 - 0. 913 - 0. 918
APT Gravit C L R5.5 = 260 5 22 6 - 23,5
Vis.. at 50%C. °Eng1er . j About 3 5 4. 8.5 = Q00
vis. at 100° F. SSsU R .00 'About‘bou"
Pole height. C . 2.15 2.4 -~ 2.5
Pour_point. ‘OF - i T  Zero to-5 P 41 to -5%F,
“Neut.No.:: o . 0,16 TTOT07 T
bap‘o NO. ) ! ."J o . v - o. 2".'\ . 0 17

Water . - - T 0 CoeE e

-Flash point, YPooooooo o 34 . 437

Distillate used in prepara—-~. ’ o -
‘tion- of finished oil: : ;;Q:Heavy Neutral :;heavy Neutral T

Eini,sbsé..@.ila. ,3 e ,."_4_Motor lube oil.‘ I,Aviation 1u'be oil.

Sp. grav1ty at 60°F 0,891 - 0 901 0.881 - 0 886
CAPT gra‘v‘itg v:,ﬂ- L A 27 .23 R - 29 l
Vis. 2t 50 C.°anler o 6= T B.5TL 6.0
Vise et 100°F. SO ‘Bpout 440 About 350"
‘Pole height~ ~, - .~ ' About 2.25 . . 1.95- 2. 0%
"Pour- point - zeTo to- -5 F " Zero. to <59 F.
ot BRI ¢ IS Ol'-,O 0? O 01 ~ O 02
o. 05 . o 05

~water ,» v.ng7’ el
,Elash point, °E3: S 428»— 437  4€§~



'a' f

L Anznmnxixs__zizht_ﬁxnnk& Axia&ien.ﬂzizh&.ﬁtnnk;
A .

Sp. zravity at - 60°F v 0 901 - 0 906 . 0.891 - 0.896
A.P.Io grav:lty . A 24.7 - 2505 . s . 2604 - 2703 ‘
‘Vis. 2t.50%C.. °Fngler 28~ 35 BT 2 -26
Vis. at 2LO°F. SSU . - About 125 S 7 About 120
_Flash point, °F . 7 554 - 572 o536 - 554
Pour point, oF, i Zero to - 22 . .. . Zero

~Conradson-Earbon-Restdue-f—— 0, 3-=0uk~



n Lﬁasnlingsﬁ fypical Data - March 1944.
Sp. or. @ 2o°c.v o9 0,700

IBP. ve o Y« I
AT - T
- 20% o ST 19 o 74
s50% .y . 7. .98 - . 99
70%, : S ai3 - 121
' T 138 - - 165
v 957 ST 150 e 183
'Fo .P.’ CI ‘ o7 - 154 . 192 '
Octane No. -Clear S B 73.5 o 8608
B oPo atmo N '» | .66v; - 0,0)2

s Hydro gasoline was formerly of 180°C end’ point put’ this

~ was. reduced to 150~ 155°C.. when the Hyxdro Gas 011 pour .

, goint specification was limited to - 4OvC.max. Fischer -
ropsch gasoline end point was later reduced for a similar

~reason,—in this case the dlesel oil cut being 160-320¥C. of

-12”C.pour point. Fischer Tropsch ‘wasoline of 160“0. end

_point‘had a clear Octane Number of ca.éo, ,

No aviatlon gas011ne was produced at LutZkendorf.‘ f_»  -

1Fischer Tropsch hydro gas ozls were despatched separately from
Litzkendorf to wvarlous WIFQ blending stations, ‘while a .+ "
‘blend of: petroleum kerosine and atmospheric spindle oil was
,uied internally in tractors and by local transport organisa—v
‘tionse: o -
iTypacal inspection data foﬂ the first two materials durlng
»March 194¢.are as’ follows. S e SO
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Hydro diesel oil: specification ‘called for a max. pour
point of AO"C. and a Ceta.ne Number of 40- 45.

ENGINE mggmuc SRR

In the engine tesflng laboratory the follovrlng engines
were installed' S . PRCAR

I [t Prufmotor o
"~ C.F.R. Motor Method Engine,
and Deutz Diesel Engine. R

These were employed for routine Octane number and’ Cetane
number determinations., L _

S

W

It was state& that a Fischer Tropsch fractian b.p. . 320 to
-340¥C,. was despatched for Mersol manufacture, and that ;
material boiling above 340“C. ’containing 10%' wax. -was sent.,
“to Witten for fatty acid manufacture. S
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