n

" fresh Co was used, it was dissolved in nitric aci
T

CATATYST FACTORY

The following information was obtained meinly from Dr. Joswig on 1l
N - = ) . -
May 1945,

The particular feature of this plant was that they claimed a very.
high recovery of cobalt in the catalyst regeneration. The departures Irom
the normal process which led to this result were due to the i@StflCthﬂS
on emititing effluent from the factory, which necegsitated re-using water
and eveporating the final effluent. v '

The spent catalyst, from which the wax had been extraclted, was- ouqd
with wash water from the following stage. This wash water contalined about
5 gn. per liter of Co. It was_then extracted with boiling nitric acid
(50%) in vessels of .about 30 m? cepacity. It was then filtered on a Ffilter
pregs and washed. The first wash water was mixed with the filtrate. T*’“
second wash water was used for grinding the incoming soenu catalyst, as
mpntlonud above, The third wash water was used for the first wash of the
next batch., It was claimed that the loss of Co in the filter pressing
operation was less than 0,1%. . Joswig clﬂimed»that they had achicved an
overall losg in the factory of on¢J 0.%% compared with 2% R@hlard and
459 at'Holten. ‘ -

The Co solution was then treated with soda to 1"reclonow Fe, Al and
Th. The sludge obtaincd by filtration (mbor’unSChlemm) w@s sent to Ruhland.
Sodium fluoride was then added to remove calclum. To ensure complete ré-
moval of calcium, an cxcess of sodium fluoridc was added which precipitated
part of the magnesium. The ligucr was then filtercd using. i cicsclguhr as a
filter aid. The filter cake was washeld twice, the firstfwasnlngs bcingf
added to the Tiltrate and the second washings being used for the first wash
of the noxt batch. The Co concontration was finally 40-45 gm. per liter.
This was somctimos strengthened with the fresh Co added as make~up. When
treated with a small
1 the recovered Co

0

d~m
Y]
o)
oY

amount of soda and

then filtered before m¢X1n5vwi
golution. :

The Mg.and Th were then added to solution. After precipitation, kiescl~-
guhr was added. The filtrate from the pwu010¢tanog catalysu contained about
50 gm. por liter of sodium nitrate. This figurc was achicved by reducing
wash watcrs. The Ti iltrate wasg Lnon treated W1Lq goda and scttled to ro-
cover any Co which had passcd through the filters., After scttling, the
solution was cvaporated in a triplc cffoct cvaporator to rccover sodium
nitratc and producc distilled watcr for the catalyst manufacture In thc
second evaporation stagc, somc caustic soda was added to cnsurc COlDl
precipitation of any residual Co which was filtorcd out 005010 the tﬂlrF

&,
:
T

\C
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stage. Joswig stated that an apurec bl amount of Co may remain in solu-
tion as Wicarbonate. '

The catalyst sludge from the presses was mixed with water and with
the dust screened out from the dried catalyst. The mixture was bthen fil-
tered on a rotary vacuum filter. The filter cake was put through an ox-
truder with 6 mm. holes and then passed to a Buttner turbo-drier. Tae
dried catalyst was screened to gilve a product of 1-3 mm. The dust was
mixeﬁ with the new precipitate, as mentioned above. The over-size was re-
turned to the screens and graava‘l broken down ©o the required size.

The. composition of the catalyst was given as:-
&

100 parts Co o : '
10 " Mg0
5 " ThOp

Co per chamber, u

The catalyst was made up to give 800-900 kg. uei;
s density. From 1.7 t

T ng an
~appropriate amount of kieselguhr depending on it o
2.5 tong of kleselguﬂr were used per ton of Co,

The cepacity of the plant was rated at 100 catalyst chamber fillings
per month, but the production had been only 60 owing to limited demand.
The Dlant started up in September 1941 but only came into operation in April
19k2, LutzkenQpr made catalyst for the adjoining F,-T. plant and also for
" the one at Odertal (Deschowitz). . : ) .

Thé reason for producing unreduced catalyst at L&tzkeﬁdorf and recduc-
ing it at the F.-T. plants was not very clear. The division of responsi-
pilit ty between the two stages seems undesirable. One reason that was given
for adopting this procedure was that the F.~T, plants had pure hydrogen
available as they require it for the hydrogenation in the catalyst chambers.
It 1s possible that freshly reduced catalyst may be better than reduced
catalyst which has spent some time in storage or in transit. It may be con-
jectvred that the procedure was at least partly dictated oy mll¢bar corL~
sidex atlons. If it were desired to maintain a substantial storage of manu- N
factured catalyst against possible destruction of the catalyst manufacture,
storage of the unreduced catalyst would be a much simpler problem than
storage in substantial guantity of the reduced catalyst. Y

‘HYDROGENATION . PLANT

»

The following staff were seen on 11 May 194/ and 17 May 1945 in con-’
nection with the hydrogenation scction:-

Dr. Schnesberger -~ Managing Director.
Dr. Wielland, -~  Hydrogenation Manager.

The following *information was obtained from interrogation and also
from the notes of members of the C.A.F. tean,



R R S

GENERAL, ‘

The hydrogenation,plantkwas built to hydrogenate the residues from the
lubriceting oil plant in conjunction with Bituminous Coal Tar. The planned
output was 50,000 Tnes /year, but the best achieved was 42,000 Tnes/yoar in
19)4')4'0 o . - ‘

The plant consisted of one liguid phase stall and one vapour phase. ..
stall, both of which operated at 700 ats. . The catalyst in.the vapour phase
gtall was 643k, ’ B

The Bituminous Coal Tar came from Mahrisch Ostrau and was distilled =
with the product from the liguid phase stall tc cut into two fractions, the
cutting point being 350° C. (33%0° C...2).. The lighter fraction was passed
over the vapour phase catalyst under straight through conditions whern mak-
ing petrol and diesel oil and under recycle conditions when making petrol’
Only. : L o PN ) N . : Lo e e

HYDROGEN SUPPLY.

The hydrogen from the hydrogenation plant came from the Wintefs@all
generators. The raw water-gas was passed through an 8 ats CO conversion
plant and the Cop washed out at the ssme pressure. The main compreSSOrS' )
therefore had a suction pressure of 8 ats and delivered to 700 ats direct.’
The CO removal plant worked at 200 ats. after the third stage of the com-

pressors. Another stage sufficed to raise the pressure to 700 ats.

‘The gas fed to the hydrogenaiion plant had a hydrogen purity of'®ﬁlj7*"
91-92%, which is very poor by normal standards. They had only aohieVe&fj“ %
this purity by the installation of the.CO conversion plant, before»whibhﬁ:f

they had worked with a make-up gas of about 86% purity. o S
For 1943 over a period of ten montﬁs,_they had records of-the’fbllpw¥  ‘
ing costg:- o , C e T

Gas production 681,319 RM including

: ~ 155,000 Rm for labour.
Gas boosting . 24,306 RM. : S
© HpG removal 61,252 " L
—— - . - 6,023 "
0il Scrubbing 26,143 "
Org. Sulph. Rem. 88,946 - v

1/5 of Gen. Costs 19,000 " CoEm T
. 906,989 RM which amounts to 2.70 ~
o pf/m Raw Water gas. = '

This is the price of raw water gas as supplied both to the Hydroéd”
genation and Fischer-Tropsch plants. For the hyirogenation plant, the gas
was further purified and the cost build-up for this section for-thé month -
of October 1943 ig:- ‘ = -
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Raw Water-Gas at 2.70 pf/m) 222,220 RM

CO conversion and CO, rem. 75,480

Compression e 50,0000 ™ .
. - CO removal. . - e 17,5360 "

1/5th Gen. Costs ‘ St [21,%38 ¢

o / 336,582 RM which,
for 5,295,700 m”? of 92% hydrogen, is 7,30 of pf/m”.

'CIRCULATION AND INJECTION PLANTS, .
There wegre four circulators with an output of 70,000 mﬁ/hr. and one

of 100,000 m”/hr,, all of.them being eléctric driven. .-

They had two hot recycle pumps foxr.the ligqudd phase stall of 10 m?/hr.
cgpacity, with four injectors having the same capacity for the injection
of feed to the stalls. They also-had four catalyst injection pumps which
were steam driven and had a capacity of 0.29 m5/hr.' ’

LIQUID PHASE STALL.

This stall was.originally built with two interchangers, two convertors,
e hot catchpot, a gas-fired preheater, a cooler and a cold catchpot” with
arrangements for the recycle of hot oil from vhe base of the hot catbhpot
to.the inlet preheater. : : e

There was also an emergency blow-down tank ‘for the burden of the stall
in case éf'emergency. Owing to poor make-up gas quality, bad operation by
inexperienced staff and change of composition of the feed to the ligquid
phase stall from that from which the plant was designed, they had not
achieved the rate and feed of reaction they had expected. They were there -
Tore short of heating capacity in the preheater and could not maintain thé
temperatures in the convertors as easily as they would have liked. To owr-
come these running difficulties, they had installed a third ‘interchanger,
enlarged the fan capacity on the preheater, and had even applied g 1" thick-
ness of lagging to the outside of the convertors in order to increase the
‘heat input to the inlet reactants and to reduce the heat losses.

The feed to the stall was 8-12 m? /hr. of oil with 100-150 liters/hour
of catalyst paste made up as a paste of L40% solids from'I.G. catalyst
10927 and vacuum residue from ‘the Natural Oil section of the works. The
running temperature was 470° C. and the reaction volume 10 -k’ (from dimen-
sicns) or 16 m” (interrogation) - more probably the former.- The hot recy-
cle rate vas 6-10 m”/hour. The catalyst was adjusted so that the H.0.L.D.
Trom the hot catchpot was a clear colour and not darkened by the presence
of Asphalts., The let-down from the hot catchpot in order to purge the
solids entering with the catalyst vpaste was about twice the paste Injection,
The purge contained about 1.5-1.8% hard asphalts.

" The H.0.L.D, was fugalled to give a residue which they put to the
tip and’a relatively clear oil of 0.2% solids which they sent to the liquid
phase still. There was no gas washing plant to remove the gascs made dur-

- ing the hydrogenation.. ‘ .
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In the product from the cold Catchpot they got 50% heavy oil-which was
recycled back to the stall. The product was distilled with the 1mported
tars and the heavy 011 portion fed to the liquid phase stall.

VAPOUR PHASE STALL.

‘The stall consisted of 3 convertors with 2 interchangers and a gas~fired
preheater, a cooler and a cold catchpot.

The catalyst was the I.G. 6434 and the reaction volume would be about
. 13 m + When running on straight through operation they made a cold catch-
2 pot product containing 40% petrol and the remainder diesel oil. The petrol
had a 74 O.N, with an FBP of 180° C. and- nhe dlesel 0il a Cetane No. of
Lo-45 w1tn a setting point of -hOO

The gases made in the hydrogenation section were not treated to remove
the liguifiable gases and . the lean gases were sent to the fuel gas system
and. the rich gas to the dlnueruﬂall ge werators,

Overall hydrogen requirements are estimated at about l,;OO m: /Tns of
feed when making petrol and diesel oil.

HYDROGENATION RUNNING COSTS'1949.

‘quuld Phase Indectlon & Circulation 3, 85 RM/Tne of ;eed
Vapour " o " © . 10.8k
.Liquid Phase Stall 17,17 " of Cold Catchpot
- ‘ _ - : ~ Product. - ‘
Vapour Phase Stall ' 7.87 RM/Tne of Cold Catchpot
‘ : Product:
Total Distillation : 45.96 RM/Tne feed.

, In 10 months of 1943 they made 29,523 tonnes of Vapour Phase Cold
- Catchpot product at a cost of 7,448, 4)6 RM., i.e. 255 RM/Tne. This is the
running cost only and does nov include any amortization or iInterest, etc.

v LABOUR REQUIREMENTS.

Average figures for the early part of 1944 show the following:

Gas Production - 500
Fischer Synthesis - 25
Hydrogenation - 280

- 0n Steam Elec, - 50
Nat. Oil Section .~ . 200
Final Refining- - = '+ 110
Power -Plant - - ce e 270
Worksheps - - - 2B
Construction etec. - 200
Watchmen—atc;- ERE B DDO"‘

In addition to these, they had other woxkers whose exact locatlon is
not available from the field notes. :
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The total strength was made up of about 4 000 worheLs and goo staff,
but of the k4, 000, about 1,000 were engaéea ‘on alteratwon and extension
work, and not on produbt"on. ‘

CAPITAL COSTS.

The split of capital costs were given asi~
Gas Plant C- 22,610,614
Fischer Plant 9 l8c 2,0
Hydrogenation - 18 606,851

Lube 0il - 9, 188, Shs2
Final Dist’. - 6 O9¢,731 L
Auxiliary . - )’oj),)45 -
Railways - - 2,955, 4)8 “o )
Water Supply - ‘,000)394 .
Poyer Plant - 18,297,489
General = - 9,138,176

117,405,389 .

The engineer estimated that fo“ every tonne cf steel in “the Tinished
plant, they had had to spend sbout'l, 660 RM.

»LUBRICATING oIL . 2

2

&

The " personnel interviewed at the plant on 11 MaJ 1945 included Pr.
Schrnieeberger, manager of the entire hlant Dr, Neumann, in charge of lubrl—
cating oll manufaciure, and Dr, Bl1llg, in charge of the chemlcal and
engine~-tegting laboratory. ‘

’ The plant is of conventional design and includes installations for at-
mospheric crude distillation, vacuum distillation of the atmospheric resi-
due, propane aeasnba¢t1nb and deresining, phenol ov_rﬁcu¢on and propanec de-
waxing, as well as conventional acid treating and CLaJ contacting. The
crude throughput was about 60,000 bbls/month. ‘

A mixture of Hanover and Austrian crude was processed mostly, but more

recently Austrisn crude only was used. Typlcal data on two Austrian crudes

are showyn in Teble I. The atm w0gpheric distillation gava the following
yields for overhead, three side-streams and bottoms, respectively:-

Percent

by volume

of crude | Bbls/month
GEEOLiNC e e neesesasosaosorsosssecnnssansoscenees 10.6 6,350
KEercsintesareresssacscsraososdooncancnssoncescacs 20,0 12,000
SPINAle Oil.eeeeeeesosecesscoassassassacanacens 16.7 1 10,000 -
Light Neutral dist. (about 130 SSU/100° F.)..... = 3.0 1, 800
R631dde........................................ 43,6 26 200
L OE S e 4 v eaeovsooonnosssssssasenssessssssessedens 6.1 . ,,050

Vacuum ulstlmlgtlon of the aEmOSﬂherlc residue ylelded the Tollowing
distillates: :
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T Percent
: . | by volume |
- Product - 1 of crude | Bpls/month
Spindic 0il (60 SSUJLIO0C Fu)eeoarnavonnnesns. - (.0 1 4,180
Hoavy Newtral dist. (300 SSU/100° F. Min.).. = 10.7 | 6,420
'Res1due..;..................................!, 26.0 | 15,600

The gasollne was not used for automotive purposes, but was utlllzed
for special purposes (precipitation naphtha, petroleum ether, etc. }. - Kero-
sine was caustic washed and used for illumination; part of the kerosine was

“blended with- sn;ndle 0il from the atmospheric distillation and the blend
‘was ugdcd as diesel “fuel. The remalnaer of the sp"nalc 0il was blended with
the corrésponding fraction from the vacuum disti llat*on. Avo“ago 1nspectlon
data on the distillation products are given in Table 2.

ﬁ¢n¢shed neutral oils were made Dy dewaxing and acid and clay treatment
of the ‘60 vis spindle oil and bho light and heavy neu*rals. Treating losses
are glven ae follows:=- ' B

' Percent by weight [Percent by welght
: Charge stock ‘ naraffin removed acid sludge-removed
Spindle 0il 60 Vis. ..esu. 20 1 Aasb
Light neutral distillate..| 20 - L-5
Heavy.neutral'distillate.. o 20-25 c o ha5 ’

The inspection data on the finished neutral oils are g¢Vén in Table

e The heavy neutral distillate was also used in the manufacture of auto-
motive and aviation oils and for this purpose was subjected to phenol ex-
traction instead of acid treatment. The yield of automotive oil was 70~ -
75% by weight of the distillate, whereas the yield of aviation oil was
55-60% by weight, Inspection data of the finished oils are given in Table
L, The vacuum residue was propane de-asphalted and de-resined (yield of
resin and asphalt free 0il: 50-60% by welght of yacuum residue charged).
For the manufacture. cf alitomotive bright stock, the propahe-treated vacuum
residue was treated with 150 vols. of phenol V1eld;rg about 41% by weight
of raffinate (calculated on vacuum residue harre&) The raif flnate was
propane dewaxed end clay treated with an ultimate yield of automotive bright
stock of about 28% by weight of the vacuum residue. In case that aviation
bright stock was reguired, the raffinate from the phenol extraction was
freed from phencl and again ohenol treated (Lotal volume of phenol used in
both stages: 500)" Jleldlng a raffinate which represented about 28% of the
vacuum residue. he final yield of aviation brlght stock after propane
de-waxing and cluy-trea ting was approximately 18.5% by weight of the vacuum
residues, The 1nspe uiOn data for the two grades of bright stock are given
in Table 5.

Propane deasphalting was carried out in a two-stage unit comprising
L horizontal contactors and precipitated asphalts and resins were removed
separately. Both of these products were destruutlvclJ nydrogenated, The
yield of doaspnalted oil averagcd 50% on charge.
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Phenol extraction was carried out in’e Kéllégg‘urit built in 1938,
It has a conventional tower type unit w1th perforzted trays and water in-
Jection was employed to improve the selert1v1tJ of tie golvent., -

When dutomotive brlghL stocks were. processed the nowmul solvent ratio
wag 150%, the tower top temperature 9OO C. and the temperature gradlent
107 C. Av1at10n bright stocks,.‘on-the other land, are solvent extracted
twice,-Tirst under he above conaltlons, and thep re- extracted with 500%

of phenol at 110-120 C.

Dewaxing was carri d out in a Dorr rotary pressure 1lter u81ng als—
_continucus cooling, . The charge stock was cooled from 86° . to -50°
in one hour. The design filtration rate was 7.5 gals. per cubic-foot per
10U, bat actua;lv ‘a ratce 01 19 gals. pcr ‘cubic~foot per hour was cobitained.

The working presuure wag lﬁO~cOO mn., Hg. gauge. The double dilution
technique was not employed and there was no re-pulplnb of the wax, The
011 content of the finished wax averages 20%

LUBRICATING OIL SPECIFICATIONS;

-~ Motor Oils

-Three 5rades were Drodgced hav1ng VlSCOSlEleS at 50 C. of 8, 10, and
127 B. and a maximum pole height of 2 24 '

Aero-0ils -

The following specification was 'Qahered to:-

s.G. @ 20° ¢. ; < 0.90
Conradson Carbon Resgidue max. 0,5
Viscosity @ wOo C. : lYU .

" 100° c. | 2.5° E.
Pole Heilght max.‘QéO
Pour Point - ) -177 F,

(Io oxidation test)

It was stated tbat when production started at this rofinery, a 100
Lon batch of aero oil to.this specification was prepared and, after engine.
uilders had carried out acceo+ancv tests with satlsfacuo~y results, regu-
lar production began and continued without interruption.

g



. OTEER PRODUCTS

Gagolines, Typical data - March 19k2 .

Hydrohhm@_FisohernTropschﬁ.Z,

Sp. gr. @ 20° C..” 0.7k 0.700 -
I.B.P. °C. Sk ... . ko
. 5% 60 L, 58

20% 79 STk

50% 98 . - 99

0% .13 P 2 A

9% 138 ... 165

95% 150 e 183
F.B.P., C. 154 e lge
Octane No. clear 135 ... 56.5 .
V.P. atm. 0.66 ..... . 0.32 .

Hydro gasoline was formerly of 180O C. énd point, but this was reduced to
150-155° C, when the Hydro Gas Oil pour point specification was limited
to -k0® C, max. Fischer-Tropsch gasoline end point was later rediced for
a similar reason, in this case the diesel oil cut being 160-320° C, of
-12° C. pour point. ﬁlscher-iropscn Gasollne of 1600 c. end 901nt had a
clear Octane Number of ca.60, : -

.............

No aviation gasollne was produce¢ at Lutzmendor;.

DIESEL 0ILS

Fischer-Tropsch-and hydro gas 0ils were despatched’ separately from
- Intzkendorf to various WIFO blendifig stations; while a blend of petroleum
kerosine and atmospheric spindle oil- was used’ internalij in- tractors and
by local transport organizations, T mr e

............

EEX Fiécher~Tropsch

v _ dro gas oil gag o0il
Sp. gr, @ 20° ¢, 0,865 - 0.743
I1.B.p,, OG. Coa ol roame - 173
i 20% o e 0800 e e e 180
0% BT S 195
0% . . .254 L 20B -
Cloud point, 0C, C B e e _mg
Pour point, 9¢, -4l o -40 -
Filtration rate, secs. 38,4 ’ 2.6 -
C ' @280 °C; - @390 G,
Cetane number - - - 35;6*""‘ ' S 68,2

Hydro d1ese1 011 sneciflcatlon calléd for a maximum pour point of ~400 ¢,
and a Cetane Number of 40~45,

ENGINE TESTING

In the engine testing laboratory, the following engines were
installed i~
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T. G. Prufmotor ‘
¢.F,Ri Motor Method Engine
and Deutz Diesel Engine.

These were employed for routine Octane Number and Cetane Number
determinations.

MERSOL MANUFACTURE

It was stated that a Fischer-Tropsch fraction b.p. 320 to 5&00 C. was
despatched for Mersol manufacture, and that material boiling above 340° C.
- containing 10% wax, was sent to Witten for fatty acid manufacture.
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