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(iv) Costs

- f

An estimatc of the costs of acetylene production from ethane
was made by the I.G. in connection with the preposed Heydebreck plant.

The capital _cost for = plant to preduce 1 ton/hour of acetylens,
togsther with 10,000 i“/hour of synthesis gas was calculated te be 2 mill-
ion R, made up as Follows:— '

Acetylene Generstors (5 units) 708,000 R
Compressors for acetylene concentration 600,000 RY
Acetylene scrubbing plant 400,000 RM
Secondary treatment of synthesis gas -with

) cxXyEen 300,000 R4

The estimated operating costs are shown below:-

Ethene 3070 i3/ar. @ 0.71 pre/1000 W 307.00 Ri/hr.

Acetylene Synthesis costs

Oxygen 3130 ¥3/hr. @ 2,2 Pre/id 68.20 mi/hr.
Fuel Gas 1.67 x 10° WE @ 0.45 P£g/1000 WE 7455
Electric Power 120 K¥H @ 0.014 RY S - 1.68
Cooling Water 160 M3 @ 0.02 READ 3.20

Wages 5 Men hours @ 2,40 RM 12,00°
including 50% oricost. s

Repairs - ' '
Amerti ation ) 18% on capital value 14,50 Ri/hr.
Taxes Yoo '

TOTAL Lii,13

Acetylene Concentration

Electric Power 1500 KWH @ 1.4 Pfg/KVH
Cocling & Wash ¥atér 300 u3/hr. @ 2,0 Prz/icd
Lube 0ix 1 kKg/hour @ 50 Pfg/keg.
Wages ete. 3 Man/hours & 2.40 R

including 502 oncost.

Repairs .
Amortization ) 18% on capital value
Taxes ete.- )

TOTAL
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Secondary Treatment of Synthesis Gas.

Oxygen 349 ¥3/nr, & 2.2 PR/

Cooling Waber 30 M°/hr. @ 0.02 Ri/3

Tiages 2 ¥an/hours @ 2,40 RM

including 50% cncost. .

Repairs )

tmortizetion )} 18% on capital value

Taxes ebc.. ) :

TOTAL - L 19.30
Grand Total - : b4 43
Credits 9750 M3/ar. Synthesis gas at 2.7 Pfg/id™ 264,00 -
Cost of 0.975 Tonnss Acetylene ' 230.43

Cost RMZTonne Acetylene‘ o 7 236,00

x
Oppau cost at end of 1939..

The above data should bs sufficient for the process to be cost--
ed under British or American conditions. -

(v) Fundamental Data for Design of Burner.

The I.G..have clearly carried oul a great deal of fundamental
research on flame speeds, flame extinction velocities etc. for various gas
mixtures. . Some of this work is covered by the documentis brought back from
Germany bubt a much closer study of these papers, and possibly further con-
tact with the authors, is necessary in crder to prepare an inteliigible
summary of this ressarch.

IIz. '
AMHONTIA SYNTHESIS

A very ‘casual inspection of the plant and interrogation of Dr.
Gogel {(hezad of the Oppau high pressure department) revealed no major develop
ments in this field. The maximum capacity of the Oppau plant was 800 T/day
nitrogen as asmonia and a considerzble part of this was exported as Yiguid
ammoniz to Hochst, Wolfen and Bittefeld. . ’

There is a plant at Oppau for the synthesis of 6C T/dey of Urea.
It operates at a pressure of 150 atmospheres without a cstalyst. Formerly,
the plant was lined with Monel metal but, .during the war, lead linings
have had to be used. The compressor uhits attached to this plant have
been badly damaged b¥. air atiack, o -

A note prepared by Dr, VWurster (¥anaging director of Oppau and
Ludwigshafen) for the Ludwigshafen Military Government, giving the latest
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" estimetes of the potential production capacity of the Oppau plant for
ammonia and fertilizers, is reproduced in Appendix-C. '

IV. .
METHENOL AND HIGHER ATCOHOLS SYNTHESIS

Two methanol units wsre normally on line at Oppau. Each had 2 sin-
gle.B800 mm x 12 M converter with a capacity of 70 T/day of methanol. Reaction
pressure was 230 atmospheres, reaction temperature 360°C and the catelyst a mix-
ture of zine and chromium oxides. ) C

o .., .Bight similer units were normally in opseration for synthesis of high-
er alcchols. Pressure and reaction témperature is the same as for methancl but
the throughput is lower and the catalyst is alkalized. The average cztalyst
iife is three months. Fach unit produced 40-50 T/day crude product of the fol-

lowinig average welght compesiticn:- :

Methanol

Dimethyl Ether 1.5 - 2.0%
Olefins (Cr ~ Cv) 0.7%
n~Proepyl ﬁc ohoi .
Iso Butyl Alechol  11-13%
Higher Alechels - . 6-7%
Ketones 0.6~0.7%
Vater 20,3-24.2%

S The crude product is separated into two layers, the upper layer
fsoing to a stabilizer operating at 3 atms, pressure.. In this stabilizer
‘the overhsad mabterial consists of dimethylether and a part of the olefins,

‘he bottoms pass to column II, operating at aimospheric pressure, where

cthancl is taken overhead. The bottoms from this column are blended with
benzene in the ratic of 2 to 1 and pass to column ITT where water, benzene

nd normal propyl alcohcl are itaken overhead; iscbutyl, some n-propyl al-
ohol end some of the higher aledhols are taken off as a side stream, while
he remeinder of the higher alcchcls and ketones is removed as bottoms.

ha sidestream from c¢olumn III is fed to column IV where normal propyl al- -

chol is removed overhead, and the bottoms are fed to column V which separ-

%Pes_isobuty alcohol from higher alcohols. The lscbutyl alcchol coming

Verhead in column V has a purity of 97-98%. : -

The overhead from the azectropic distillaticn carried out in col-
n ITI, using benzene, is separated into two layers, and the upper leyer,
¥onsisting of benzene and normal propyl alechol, is redistilled in column
L £0 give benzene (for recycle) as the overhead fraction, and normal propyl
_&&ol which is sent to storzge. Another auxiliary column separates higher
ones which are removed as a sidestream in column II.

An interesting point in the isobuteanol synthesis is the fact that .
‘the methenol produced in the process is returned as recycle to the reac-
5 system. '~ The main resson given for this is that the methanol from this
cesg is difficull tc¢ refine up to market specifications.

The higher aleochols produced in the isobutancl synthesis have been

Ccgenated o the corresponding hydroearbeons which are used as aviation fuel
abcnents, The higher Ketunes, consisting primarily of di~-isopropylketone,
8 been used as solvents and have also been hydrogensted tc hydrocarbons.
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V. HYDROGENATION & RELATED PROCESSES

(4) Producticn of Synthebic Fuels at Ludwigshafon/Oppat.
T . MAKE UP (
Preduction of synthevic fusls 2t Ludwigshafan/Oppau has been ¢ L. (96% Hp
limited to the emergency use of the high pressure Resgsarch Department pildt . :
piants ccnsisting of 4 - 500 mm. diam. end 4 - 800 mam. dia. hydrogenation: 1 3
converters. .The chief production use to which this equipment was pub was 7ﬁ9ﬂ%¥é;
the improvement of gasoline quality by dehydrogsnation {Sce D.H.D. process '

The feed material was partly imported from Yesseling and partly
derived from Bruxhel crude petroleua during the course of -its refining to
give lubriceting oil st Oppsu. The maximam culput of "D.H.D. gasoline" .
was ot the rate of 25,000 tons/year. It was planned to extvend D.H.D, acti
vities, and & plant on the Oppau site for production of roughly 100,000
tons/yezr had been practically completed. AL the time. of the Allied otcupa
tion this plant was being dismentled and removed for re—srecbion, probably’
at Bittefeld. ) '

Distillstion connscted with the emergency production of D:H.D.
gasoline in the research equipment wes carried out in new stills built on
the Oppau site adjecent to the new D.H.D. plant. '

There was also a small preduction of finished liguid fuel pro-
ducts from the operation of the pilot plant converp?rs,principally on tar

and petroleum oil residues. This, was probably ineidentsl bo research work;
ont these raw materizls. The total hydrogsn delivered to the hydrogenatioﬁ
Resesrch Department was nob more Lhan 1,500 = 2,000 ¥ per hour and it is

therefore unlikely :that the production of finished products could have ex
ceeded 5,000 tons per year. N : S ST

(8} Genersl Review of CGerman ¥ar-Time Operations and DevelopmentSae -

_ Althoughfthefe'was no lerge-scale hydrogenaticn 2% Ludwigshafen/,
Oppau, the Research and Techmical Department. directed by Ur. Pier was kno
+o have played a great part in the planning;of'the'new-hydrogenation'prO—;
jects in Germany. i1l the more important members of the staff of this De-
partment, including Dr. Piler himself, were:located_in'Heidelbarg orn Lebiels5 !
and interrogation revealed the following general picture of German war-time
hydrogenation development : . L a : T

2) Bituminous Coal Hydrbganétion

The plant at Scholven, put into opsration in 1936, employS & P83
sure of 300 ats. for the coal liquéfaction stage. Leid catalyst condition
are cmployed, i.e. tin oxalate catalyst ( JO6% on coal) is added %o the fe
paste and ammonium chloride ( .7-1% on the coel) is injected to the first i
converter. Corrosicn is avoided by the injection oF sodium carbonste &b the
end of the last converher. e T S o

The number~ofuc9ai stalls at Schoivan has been increaéed tc 6
during the war and the capacity of the plant brought up to ZO0,000;tons[y
of finishéd_p:bduct5-mainly:aviation base gasoline. - -
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MAKE UP GAS RAW COAL (8% WATER) ALL QUANTITIES IN TONNES/HOUR
([96% Hz ! 46 TE

] COMPOSITION OF THE COAL PASTE

| 3
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CONGENTRATE
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]
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"INITOEYD HOLOW HA/AL 000'002 oL (V0D uHNY)

434
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Because of the difficulty in obtaining $in cxalate, cther tin.
compcunds, and ucca510nally lead salits, have been substituted. The latter
were found to give higher -yi€lds of "unconverted" coal, JApart from mincr -
changes of this type, there has been no modificaticn of the process.and no _ L
marked improvement in eff1c1ency during:the war: The yield of av1atlon
gasciine cbiained is just cver 50% cn the a.m.f. coal.

.

The new bitumincus ecal hydrogenntlcn plants, nam”ly Gelsénberg, s
Stéttin, and Blechhammer, employ a pressure of 700 ats. in the liguid phase it
“stalls.. Alkaline catalyst conditicns zre- employed.. 1.2 - 1.7%.cf ircen . .
sulphate (1nclud1ng water of cryetalllzatlan) is added tov the coal b»fore dry-
ing. 1.5 - 2.5% of Bayermesse (an iron rich residue from aluminium manufac-
‘ture) is then aﬁded and finally,.at the pesting stege, .3% of scdium sulphide
15 intreduced. - The above quentities are & by weight cn the dFIEu coal treat-
-ed, It shculd be noted that azcid reacticn conditions cennct be used at 700
“ats. because the 1ron/hCl/d28 equilibrium is such that corrosion cccurs in

he Cunverter and hit catehpet, At 300 ats, corrosion dees not occur above
bout 350°C and addition of. alkali befure the’ products are cuoled in the 1nter—
-chengers is sufficient to aveld corrosion troublel

The use of the hlgher pressure permits the use of a higher average
‘eaction temperature, 480°C .as compared with about 460°C for the 300 ats
‘process, hs 2 result of the increased temper atdre - ahd pressﬁ?e, the. through-
L of coal for a-given reacticn volume ig some 60% greater in these new
lants than at Scholven. On the other hand, standard 700 ats ccnverters )
ave only 75% of the reaction vclume of those uperat1n~ at 300 ats st that..
hu throughput - of'cual per converter is. un y some ZOﬁ hlgher at the hlgher

2

4~

, From the standp01nt of yleld the main advantage of ?OO ats. op—
Latlon is a reduction in the amount of "unconverted" coal residue. Thls 15
SUally 3-4% cn the .ash-and-moisture-free coal at 700 ats compared with =

58% for 300 ats operation. This has the secondary effect that, since less
,glid material has to be purged from the system,-the loss of oil-in the sludge
TeCovery section is lower. Under 700 abs operating condition ths asphalt,
ructicn is also improved. This leads to much easier haﬁdling'of'fhe itie
rmediate products and also to an improved efficiency of oil recovery in
carhionisation of the final sludge residue. 700 ats cperation gives no
iction of hydrocarbon gas make in the coal liquefaction stzge. This is

.P ¢Sumebly because the alkaline ca atalyst conditicns are, vther things. belng
Ual, . less favourabls from a standp01nt of gas. producticn’ than tln and chlo~-

[

- _' -

PO =5

: _ The cverall 1mprovement in gasollne #rmld dle 011'pruductlcn from
‘Uminous ccal when using 700 ats. is-rovghly 4~5% .on. the aﬁ“:j.,coala_eq-_,
Yalent to 7—8? 1mprOVement cn the. JOO ats results..

Fla. XII and Teble I sunmarlse the results Wthh Dr. Pler and .
cOlleagues cunsider could be achieved under steady operﬂulng Cundl—,;‘
§ when hydrogenating a Ruhr coal of 83% carben cuntent | (ash—and-
Yure-free ba asis) - to motor gasoline {max, FBP 200°C, mlnlmum Qctane :
DEr 65)  The 700 ats. alkaline catalyst process is assumed, for the coal
Wefaction stage, vapcur phase treatment cf the resulting middle cil®~ =
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being carried out at 300 ats. This flowsheet date ehould be compared
with the achieved results at Gelsenberg and with any pasic Tlowsheets
cbtained at Scholven for 300 ats. acid catalystwoperaticn; ",

b} prown Coal Hydrogenations -

3W351£orced,to'turn‘bvef tc brown coal ter hydro-
id damage in 1G4, but prior to this the main
o onbinued to be prown coal, The cepacity of

* ghe plant Had been considerably increased Lo more than 1,000,000 tons of
dried brown coal per year. Bayermasse was used as cabalysb. The Letna :
plant suffered from the aisadventage that the pressure was low {230-250 ats)
modifications of the process since Lthe wars S

I The Leuna. plent
- genebion as a result of air ra

Therelhave'baen-no major
T ~* Rhine brown conl 5. nydrogenated at Wesselirg to give abou 200,00
“tons/year of finished‘produétgl This particular brown coal 1S nolder® than €
‘the middle German coals, and the coal liguefaction stage is operatéed at J00>
altse - o TR _ - A

ﬁQg)_ Broﬁn;é@ai Ta: Hydrogenation, T.T.H.'and ., T.H. Processes;

. w0 The three'Brabag_planﬁs, Bohlan,.Magdeburg and Zaitz,hhayé_cbniiﬁ-
ued o operate on brown coal tar and ones of the hewer plants, the Hermann-
GUring Factory at,Brux;.also'bperates'on'%hisjraw material. The cubput of
rinished products from the thrae Brabag plants hds been of the order of~ io
250,000 tons a year each, while'tha Bruox plant has 2 capacity of AO0,000
tons/years AL Bohlen, Magdeburg and Brux the process Was in all major re=
spects’identipal'to that opqrated_béfore'the war, with the exception that
jpon on active coke haﬂ,replaced'mblybdenum‘on coks as liquid phase cab~"
alyst. This was. necessary becduse of the soarcity of molybdenum. B

_ The above bFown coal tar ?lénts prOduced mobor and avidtion g
line and also a coptain amount of diesel oil, latteérly; they produced €O
siderable,quantities of jeb fuel. (See Jet Fuel). : B

rated under enfirely gifferent cor
Research Departments
atsent of crude browt
smperalture condl

_ The brabag plant at- Zeitz ope
ditions using & process developad by the Ludwigshafen
This, the T.T.Hs Process, consists of single pass tre

notion catelyst under low t

coal bar over an active hydroge g
tiocns. The refined tary product, is_fractionated to give low gquality petro:
fThe main

a moderately good diesel oil, a refined wax end lubricating oil,
femtures of the process ape shown in Fig. XIIL.
to less than .1%, the tar is first fugalled and filtered. The fugalled ©el
15 then preheated with Jaydrogen {2,500 m3 hydrogen per ton of oil) and feds
+o reactors operating at 300 ats and an average temperature of 360°C. -Theé.
catalyst esployed is tungsten sulphide {5058) cr a new saturation catalys?,
(8376) which will be descfibed iabter under vapour phase hydrogenatioﬁ; “Eh
throughput 1is 1'kilo;pertlitfpﬂOf‘catalyst}pef nour. Catalyst 1ife is of
the order of'B’months,'4Thé“hydrocarbon gas meke 1S 1-2% bf'the'frésh*feei
and thg'hYd;bgeﬂ absorption 500-550 m” per ton of far. | E

Tn order bo reduce its §0L8
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Hydrcicarbon Gas Production when' making Hotor:
* Gasoline from Different Raw M;%erials'-

200,000 t/year = 25 t/nour Mobor Spirit

Bituminous Goal . ..
High Temperature = Natural 0il
Tar Residuum

Bituminous
' Ccal
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