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Total Coal Cons

The J*ischer Process ~ Hydrogenation™ . -

‘Table 1.

S

umption, Capital Charges and Total Cost per t. Produot o

Coal Input (1)

Fischer Proocess per

Hydrogenation

y

for t. liquid products por t. spirit
Synthesis-gas A : o o : Coke is calculated back to
or hydrogen 5,2 = 7,0 1,7 = 2,3 bituminous coal (carbon
: : ' ' B ocontent of the coal very
‘ s variable) T .
Hydrogenation 1,2 = '1,6 Caloulated as b:.tum:.nous
M; . . . L coal ‘ 7""».‘-, ; _
Power 1,9 ., ”3,8 The Pischer figure refers
1. - , to atmospherioc pressure
o synthosis ‘ '
Total o lal = 5,9 6,7 =~ Tl !
Capitel Charges
"Cost of the Plant";‘f 860 R.lM, 970 R.M, i Estimated prloes for normal -
O _— ' ' ¢ conditions . ..%
Amortisation, 8% 70,80 R.M, 77,60 R.M. . S
i g
Cost of Production | 320360 RM. '260=310 R.M.

- /—
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Explanation of Table I ‘ .

(1) The data are estimated from figures in my possession for the
) actual operation of both types of plant, but I have not here at my
- disposal the accurate data on which they are based. The
individual items are composed of a series of single values (see
Introduction). They give an approximate picture for the | :
coupariscn of large plants (capacity, for hydrogenation, ca. 150,000
t., for Fischer ca. 100,000 t./year). = . o S

(2) The couparison is made on the basis of 1 tonne (1000 kg.)
liguid products in the case of the FPischer process, but on the
baais of 1 tonne motor spirit in the case of hydrogenation. Thus
i ~ we are concerned with different end-products in comparing the coal:
{1 consumption and total cost, as these final products have different

values. It is therefore essentially, only a comparison of . .
processes, The further evaltation is followad up below.

(3) For the Fischer synthesis a yield of liquid products of
130 g./cu.me ideal gas is assumed which is based on the results of
the Schwarzhside plant with a good catalyste.

(4) Apart from the fized costs, the total cost is very markedly
dependent on the quality and price of the new waterials (analysis
of the coal, uethod of generating encrgy)e

‘ (5) The energy reqpiremehts can only be estimated roughly and
i the use of waste heat, waste gases etc. can cause changes from
P the estimated valuse. ) '

ghe-Processes

- As far as coal consumption is' concerned the two processes
show no essential differences, but it is to be noted that more of
the coal used by the hydrogenation process is used for power -
production so that cheaper coal can be used (coal dust or waste
gases). An essential part of the Pischer synthesis is the
preparation of water ges and synthesis gas and this determines
the high coke consumption. Although synthesis gas can be
prepared from methans either by a purely thermal treatment or by
a catalytic process, this, according to our technical results,
offers no advantage, if one conpares the methane with the calorific
value of the coal and uses an equivalent amount. The size and
the cost of a Fischer plant are therefore to a large extent
determined by the large synthesis gas plant necessarly and the cost
of preparing the synthesis gas. This forms about 503 of the
total price of the plant.

NE e R A pRA

Tn the case of hydrogenation the final product is motor
spirit, which, starting irom bituminous coal, has an octane number
of ebout 74~78 without further treatment. The process is :
flexible in that it can be wmade to give di€sel oil and fuel oil by
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ausing a greater throughput; there is a corresponding diminution
in the consumption of hydrogen. And eiiher %ar or pitch mzy be
used as raw materials, , If Fischer preducts are to be altered by
cracking the middle o3l and wax then edditional costs amd losses
are involved and the process must be rejected zs unsconomic, The
~octans number of the spirit can be improved from its normsl value
of 58-60 by isomerisation over new catalysts, but as far 2as I-
xnow, this has not yet been dsvelopsd 1nto a technlchl procﬂss.~
edium press*-e synthesismfrom carbon monoxzde and hydrogen
with cobalt, and also with iron or mixed catalysts, has in the
. Tirst plaoe a much higher cost on eccount of the compression of
all the synthesis gas to sbout 20 atm¢ Working so as to cbtain
»dhdfaued hydrocarbons, the total yield of liquid products is not
ingreased, It is possible to ceonduct the synfhes1s 50 as %6, .-
obtain hlgher yields of wax, but this alsays e ans decreasing tbs.
gas velocity, The corditicns cen also bs altersd - by alterlng
the gas composition, tempsrature or catalyst - 30 2s to obtain a

' greater proportion of uassturated hydroczibens in the peodusts, or

to obtain a mixture of unsaturated hydrocaerQQ, & denydes, ketonza
“and alcohols, The separation of thess wixtures is very dlfflcult
and has not yet been solved on the full suale. :
The p:oject for conductlng the rlscher synthas1s S0 as to
produce mainly unsaturated hydrocarbons and then to convert thess
~ in a separate process - the Oxo-synthesis - by the addition of
00 + H; into aldehydes and then into alcohols or acids has been
studied from many angles and a full scale research plant has been
built, The economics of this process is very questionable becsuse
the price of the olefins is at present too high and no satisfactory
technical solution of this problem has been forthcomlng (su01 as
simple cracking of waxes). . N :

ladium pressure SynuhQSlS, and also syntn351s with iron or

- mixed catalysts thus appesrs to have a position intermsdiate be-
tween synthesis or pure paraffin hydrocsrbons and of ira aloochols -
For exarpls, in the position of the doudble bord in %2 unseturated
tydrocarbons or in the branching in the long chain msicaffins,

Lse of tha Synthesis Products for Chemical Fﬁ:;nses

The synthesis products are chemically pure and as a result
they offer possibilities for the preparatlon of':

(1) Patty acids (from wax by direct oxxuatﬂon or by way of the
Oxo-synthesis, Price of waxz! )

\

(2) LLbrlcatlng oils (by cracking the vax or lower fractions
and polymerisation)

(3) Aloohols (sece Oxo-synthesis, - Iscalcohols, Yiel&)
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(4) Detergents (SulphoChlorination of the 260-32000 fz:a;tiéx;.
. _ Alcoholsulphonates.) ‘
(5) Haterials for the Textile Industry (see Ozo-syntissis)
(5) ngéenefs'(S@}phqublofiﬁ§tiqﬁ &’Phenélg ;hﬁfofﬁe; ways):;f

The question then arises as to whether the CO & Hp synthesis:” ..

should be used as the basis for these and other similar processes.’ -

In judging this, & sSerie€s of other altermative possibilities must

b‘g}gdns_idered, ‘and the stparation of snpdividual, fractionsfrom the - -
tofal synthesis product is also of fundzmental importance-"fj@f? the
calculation. In my ovn opinion, the Fischer process is a process . :

. for obtaining pure chemical substances as starting materials for i

further synthesis. T4 must therefore, in the first place, be.

compared with other chemical processes which serve the s=mo purpose. -

TIn my opinion, it is not very suitable, under noraal conditions, .
for the production of the usual motor fuels, as it has not
sufficisnt flexibility, and, as compared with hydrogemation, is
too expensive. : o B :

I cannot answer the detailed question under (i) and (ii) nor

B(i) and (ii) without docugents. Only approximate answers can be

" given, and it must be also born in mind that here, in particular,
alterations in the composition of the raw materials used have &
big effect. Differences in the amalysis of one brown coal from
‘another, and differences in the analyses of the tars, according
‘to whether they have been produced by direct or by indirect
‘prucesses, 1ead to differences in the consumption data even for
hydrogenations For the Fischer process the method of gasification
of the brown coal briguettes is jmportant - Koppers, Didier or
Schinlfeld processes — @3 here not only the conausption of raw
caterial but also the capital cost varies.

Thus I can only give a rough coaparison betwsen the various
possibilities, which howéver allows the fundamental differences
to be appreciated. Documents concerning the details of these
comparisons are to be found at Leunle But at the moment I anm
still engaged in writing out the rough comparisons. )

The consumption figures for the Fischer synthesis for the
production of synthesis—gas ©OF water-gas froa coke, on the
hand, and from brown coal on the other, are very different A

ecaunse several gifferent processes for gas generation are in
use- the KOppers, +he Didier and the Schmalfeld - and the
capital costs of these plants are Very gifferent. The
schmalfeld process, used at 3chwarzhaide and Lutskendorf (1t
was not used at gchwarzhside!l pranslator) lead to no useful
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technical improvements. Briquettes with a water content of

about 157 were used. The absoluie coal consumption, calculated
back to bituminous coal, should lead to the same figure, bat

it was, in part, 15-20% higher. I have no accurate data for the
specific coal consumptions available, they are in the documents at
Leuna. Lowever, so far as the costsof the final products are.
concerned it can be said that this is about the same as for plants
using coke from bituminous coal. This evening-out is due to the
smaller price of brown coal as coupared with bituninous coal, .

.i\A Siiz :{

I have no datd with me for the individual consumptions and
analyses of the various raw materials for hydrogenation, ~ brown
~coal, tar pitch and petroleim residses, Even the brown coals X

_ differ among themselve's in carbon, hydrogen and oxygen contentso
" that the specific consumption figures will be @ifferent. Thus,

= R

T e T PREEAE AT AR T o o

S0 origin c H 0" "“Hp -

- Rhenish Brown Ceal 25-32% 2% 9-12%  50-40%)

_ Middle German Brevn Ceal 2229 - © 3 9°  to.55 § Raw ¥
' Sudentenland Brown Coal 69-72 526 15 25-30.) Coal

The tars have also corresponding different properties, and these
further depend on the process used in making the tar. The
- direct and indirect processes differ vary much in this way and the
A tars from them behave differently. At Leuna the following raw
. materials, among others, were useds -~ - ' | : :

v'{2) Brown coal low tempzrature carbonisation tar

v.i-;/ 1) Brown coal generator tar
_ 3) Bituminous coal tar middle oil"-

. If petiroleum residues or pitch alone are used then a pressure of

© 700 atms. for the liquid phase process is necessary. Thsevolution
of reaction heat is not sufiicient to allow petroleum residues to
be hydrogenated at 200 atms.; in the case of pitch the breakdown
is not sufficient. ' ‘ o ,

For the hydrogemtion of pure brown coal tar, as is done,
for example, by Brahag, the price of the tar is so fixed that the
prige of the final products is the same as for tne hydrogenation
of brown ccal. In the case of brown coal low temperature _
distillation tar this price is 78-85 R.M./t., and for generator -
tar 40-50 R.M}/%. Low temperature tar from bituminous coal o

" &id not come into guestion as the awmount available was so amall -~
~ only research scale working., Pitch vas valued at 40-50 R.id./t.
. for hydrogenation. As already explained, only very general
. figures can be given for the consumption of the raw materials,
~_ approximate, estimated, figures beings”

"+ These figures do not add to approximately 100 -

Translator.
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Bituminous Brown ‘ Brown Petroleuxﬁ

. . ccal coal coal tar residues
Cu.me.Hy/te spirit 2500 . 2600 18-1900  900-1200
Total co&lvso oo to.‘ 6,7 s 7:5 121'})'1‘ 2 . 7)7’ . 3’0 ﬁ R

‘m rew material | ' E
£ Dbituminous coal . ’
It is to be noted that the motor spirit ‘fron browa coal
hydrogenation has an octane number of 69-72 and that obtained by
the hydrogenation of brown ccal tar has a rather lower value.

I have answered question 3 on lubricating oils and also € and .
D from my Gocusents as far as they go, and for the rest, from .
Bemory. . BTy AR R

Ny

: gtiest:hon 3

An account of the manufacture, properties and tse of the
g “Aster synthetic lubricating cils

» york on synthetic lubricating oils at Leuna had-as its cobject
the development of economically possible processes for preparing
synthetic oils with properties as good as or better than those cof
natural lubricating oils of petroleum origin. Two types of o0il
were prepareds

1, Ethylene Lubricating 0ils. These are prepared from waste
gases from hydrogenation or from éthylene made from ccetylene or
alcochol. - '
Froducticn at Leuna: 10,000 t/year.

Production cost taking 20+ amortisztion and using ethylene at

43 BRpfg/kg : &5 Rpfg/ke.

Properties: hign thermal stability and good freezing properties.

2, ZEster=-oils. The ester lubricating oils are mixtures of
ethylene lubricating oils (also using fore-runnings) with esters
of adipic acid, the esters used being those of the higher alcohols
from the iscbutylol plant. Freguently thi: higher boiling
fraction (over 160°C) Cg-C4y iso-alcohols were used.

The mixtures were used for
(1) Aircraft Oil using 604 ethylene lubr. oil, 40 ester ,
(2) Motor 031 ¥ 60F o+ . * " w,é L
(3) I;ailmy sxle—oil using 80% ethylene lubr. cil, 203 ester
(4) Bachine oil using 75 (fore runnings) lubr. oil 255 ester

(5) aerial torpedo oil using 405 ethylene lubr. oil 57 ester
(+ 3o anti-corrosion conponent

(6) Asxle-oil using 607 residucs ethylens - j
) 20% fore~runnings lubricating oil, 20% ester
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Approximate data for their prcé&rties areo; .
/ : . . _

LN
Viscosity Viscosity  Setting
e Indéx -  Point
Liveraft 0il 1,78t 100% 430  Zsg0g
Yotor Oil‘- ""'1.:,7/"&1: ‘}009[; ' 130 j , - 50% - ‘
Reileay £xle 011 3-4at 50% 130 - s o
Mechina Q31 . Tkt 50%0 - qu0 " L o0 -

Thase figures are only quoted fkom meuory but Dr. Zorn, ths.
" expert on the subject, will have the accurats data,~ . =

Qusstion &
. . The production data for the var years are givon in Table 11,
IIT & IV insofar as I have thean here at my disposal,  They are
essentially figures for the dslivery of products end sc cannot . .
differ any more than a few per cent from the trus prodaction figurss.
The total capacities of the plants are shown in Teble V. I : '
tave no figures with me for the production of alkylates and
octane, and corresponding footnotes are made ir Table II (they are
not! Translator) The total extensions according to the Krauch
and Geilenberg programme can only be estimated here because I have
no accurate data for them., It wes planned to extend

~

1. Heydebreck up to’ 84,000 t. Isc-octans ™ "%
. ) { : . (from isobutyl alcohol)
2. - Blgchhammer ® * 1,000,000 t. liguid Fuel
: . : (of which about 304 is fuel oil.
Working with direct throuzhput in
Loee L e -ths 1liquid phsse was used)
Je BriBx up to 900,000 t. Liquid Fuel = S
RN A (ths extension was stopped
, v deee by air raidas)
ke BChlen up to 12,000 t, Alkylste =~ - ..
- (stopz9d by air reids)

5. P8litz wp to 24,000 t. Aliylate

I

Table ¥

Capacity of Plants -

Plant _ .. . Tetal yearly capacity (tonnes)
Bydrogemation -
Leuna - - 650,000
B&hlen : . 260,000
Magdeburg 220,000
Zeite (planned) , 360,000
Scholvan ’ - 240,000
Gelsenberg 480,000 .

Welbeim 160,000
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PBlitz : 400,000
Ltzkendorf . - ' 80,000
Wesseling - 210,000
Lu/Oppau - ‘ . 60,000
) Moosbierbaum - o - 100,000
’ Brtx (planned) . 600,000
- Blechhammer (p..anned) , 1,000,000
Iieydebreak . = 100,000
Hals (Kybol) S * 8,000
Schkopau (kybol) . - 8,000
Total hydrogemation - - . 5,166,000
Synthesig' *.". . [ - oi - _
. Schaffgotsch T - 40,000
L#tzkendorf R ‘ 50,000«
. " Schssrzheide S 160,000 <
- Hoesch . ) . 40,000
Essener Benzin : . 84,000
. Krupp . . 60,000
Eheinpreussen ) v 70,000
Viktor Rauxel , 10,000
Ruhrchemie 50,000
Total’ synthesib © 634,000

Total, b.yd.rogemtlon and smtbesis 5 ,800,

The idea of the Gellenberg Progranme was to effect these extensions,
to remove exisiing plants to safe underground sites and to split

up lerge plants into a number of small units. From memory (I have
no notes at my disposal) th..re were 10 'ba o

(1) &. Hyécogenatlon Pla.uts (underground)

(2) 3 + 2 Topping ‘and Lubricating oil plents (tmdergrou.nd
- at Eben&e Porta and Deutsch Brech

(3) 2 + 40 Cracking and Topping Plants (mvll ,:1pa~st111
‘I‘opplng Plants, each 3,000 t/mcath)

) C @) -

(5) 1 catalytic Cracl:mg Plant and D.E.D. pla.nt
(Niedsrsachmerften)

" (6) 1 Cetalyst Plant,

(Translators Note. Table III gives motor spirit production,
whilst Table IV shows total production and aviation spirit
production. The periods shown as I, II and III respectively are
of 4 months althoegh the figures sre given in tonnes per wmonth.,
The differsence between total monthly production and the sum of
aviation and mtor spirit represents the diesel fuel production)




