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T. INTRODUCTION -

The Ludwigshafen and Oppau plants are largely independent I. G.
factoriés situated some 2 -.3 miles:apark on the wesb bank of the Rhine
facing Mannheim. The formsr factory is a general organic chemical works
specializing in dyes, dys intermediates, plastics and synthetic rubber, -
while the latter is a heavy organic chemical factory producing ammonia;
methanol, highér-alcohols and their derivatives., Before the war much
of the I. G. résearch snd development work was carried out ab Ludwigs-..
‘pafen; in particular the high préssure research section directed.-by Dr.

. Mathias Pler played a very active part in ail hydrogenation developments.

~ Apart from the possibility that a full scale hydrogenation
or Fischer Tropsch plant. had besn erected at Ludwigshafen/Oppau durin

the war, the main objectives of an oll team investligation were: - -

(a) Té'obtain from Dr. Pier and his staff an advance general.
- picture of German fuel production processes. o .

(b} To study the fuel developments s8ill in the research ‘
and pilot piant stage. N

(¢) To examine any néw developments in hydrogen or 'synihesis .
~ gas manufacture. . "

a

(d): To lock for rew processes for production of nigh ambi-knock
fuel constituents and for new fuel additdives. :

(e} To investigate new. chemical syntheses b@seq_cn,rgw;mgﬁe;igls
obtainable from oil. - A

S The Ludwigshafen and Oppau factorles were first. visited. by

the large feam listed in Appendix A during the pariod 25-31st March.

_The investigation revealed that no large plent for synthetie fuels or
ubricants had been operated at this target. ALl the lamportant members -

“of the Fuel Research Section staff had besn evacuated to Heidelberg and

information on the work of this depariment was thersfere iimited to that

ntained in seized documents, the greater part of which have still to-.

6 examined in debail, Valuable information on synthiesis gas production - -

rom hydrocarbon gases was cbtained as well as interssting data on a num-

r*of chemical syntheses. o

S Two members of the above lteam-- Holroyd and Faragher - accompan-
d by Major Tilley (interrogator) went on to Heidelberg, contacted Driy Pler
and the chicf members of his staff on April 1st znd obitained from them the
rogenation information given later in the body of the report.

© Loter, after visiting Leuna, Holroyd, Feragher and Ellis paid
econd visit to Heldelbesrg and to Ludwigﬁhafen/Oppau_0n-27th730th MHay
check a number of details, particularly with respect. to hydrogenation

ts, and to obtain information on the pressure conversion of water gas -
ﬁydrogen and on the manufacture of Wickel pressure vessels.
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The fellowing report prasents, under subjsct headings, the
information obtained in the course of these various visits,

1, SYNTHESIS GAS PRODUCTION ~

(L) General =

~_.Oppau had = maximum dapacity for production of 180,000 Hs/hour
of synthesis ges plus 50-50,000 ¥ /hour of producer gasa Synthesis gas
was made mainiy from wabsr gas produced from coke in 31 generators of con-
venbionsl design, the novel feabure being that thrse of the water gas to
hydrogen shift units operated a 25-30 ats. pressurs Drocess,

The ;amainingrsyﬂﬁh63131gas was obteined by Linds fractionatlon
of Saar and Ruhr coke oven gds to give hydrogen, and by a modified methane~
steam process-(thg Yethane-Oxygen or K.W. process) from coks oven gas or
hydrocarbons fecovered by Linde-fractionation of coke oven gas. The lat-
ter process was operated in two large scale pilot unifs at Oppau-and these
had a total capacity of 20,000 MB/hou; synthesis gas. The units had a2lso
been run experimentally using a modified process which gives rise to acety-
lene as a by-product. : ‘ E ' :

Both the pressure shift and the methane-oXygen processes are of
particular interest because they have been adopted extensively in the new
castern plants built during the war. They were thersfore investigated in
considerable detall and are described fully_in'thé'follbwiﬁg sections.,

(B) Pressurc Operation of ihe Water Gzs "shift" reaction.
(i) Objectives behind the Development.,  °

Information on this process was obbtained from Dr. Schisranbeck,
Tng, Lampe, Irg. Funk during the second visit to Oppaw. Dr. Schisranbeck
had directed the I. G. development work in this field end Ing. Funk had besn
in charge of a large scale installation atb Blechhammsr. -

Theoretically, there ars sound reasons for the use of a pressure
process. Ths final products have in any case Lo be compressed for the re-
moval of carbon dioxide and, since the reaction CO-+'H'O==002-+jH2 gives &
100% increass in volume of permanent gases, operation under pressure el-
iminates compression charges in respect of the newly-formed carbon dioxide.
Ls far as compression is concerned thare is clearly no advantage to bc gain-
ed by use of a pressure higher than that to be employed for carvon dioxide
removals, o ' ' g :

Seeondly, the equilibrium of the reaction is unaffected by pres—
sure. Pressure operation therefore simply incresses the volume of gas
(measured at NTP) which can be treated in'a plant of given size and cab-
alyst capacity., No change in reaction temperature and no special catalyst
ie necsssary. The I.G, use a catalyst consisting of 614 Fe,04 and 7%
chrome oxide for both pressurs and abtmospheric units. -
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The increase in unit capacity was particularly attractive

for Germany during the war bscauss of the resulting economy in steel,

but as will be seen later, the advantage has been ofxsct by the’ nece551tj
to use special steels for the prsssure process,

The third potential advantage of pressure operation is economy
in steam. Under normal atmospheric pressure conditions one of the chief
heat losses from the system results from the comparatively large guantity
of water vapour carried away by the exit geses from the water heater and
condensed in the final cooler, see figure II., Provided that use of in~
creased pressure is not sccompanied by an inecrease in exit temperature of
the final gases, it will reduce this loss of water vapour, and therefore

the heat loss, becduse of the reduction in volume of exit gas. In addition,
the general hezt losses from the system (per #lof gas product) should be
reduced by ithe increase in unit capacity.

"The potentiel disadvantage of the pressure process is corrosion
due to an increased concentration of. alssolved carbon dioxide, oxygeq and.
sulphur gsses in the water.. ) :

(ii) Description of Plant

The pressure plant developed by the I. G. attempts to secure all
three of the zbove advantages. A flow diagram of the plant is shown in
figure I and, for comparison, figure II illustrates a typical low pressure
unit.

The fecd gas under a pressure cf 12-30 atﬂosnhbres together with
eondensate water is-introduced to the shell of a tuke 1nterchangpr (40 mm
tube diam.) where i% ‘absorbs heat from the exit gas from the process and be-
comes seturated with water vapour. This heat exchanger tekes the place of
the direct water heater and the saturator vessel used in atmospheric pres-
©sure plants. The efficiency of the interchangsr is controlled by varying
the level of water held in the shell, thereby varying the amount of tube
surfece avaiizble for interchange. The latest I.G. design for this saturat-
or/heater employs -flattened tubes of & /60 mm eross section, it being .
tlaimed that tubss of this shape result in a2 saving of steel 2nd in equal
heat transfer cocefficients on both sldes of tne tubes. Individual tubes are.
Separated by a qpace of about h i ' T o

The partlalL prah ated saturated gas is joined by make-up steam
énd passes to the main 1ntdrcn°n~ur where it is heated to about 380°C, It
then passes to the upper reaction zons of the converter which consists of

& bank of tubes conta lnlﬂg catalyst. qu ingeing gas first trave :1s upwards
Outside.the tubes and is hzated to ASO G after which it passes downwards
through the catalyst tubes,- Heat is gepuratbd during reaction, but is simul-
aneously absorbed by interchange with the inlet gas, Th: result is that

the temperature of the reactant gases in the tubes first rises to’ sbout 500°

€ ang then. falls gradually to qbout LGOO C at tne exit of the upper reaction
ZOne. .

‘ Before passing to the second part of the ruactlcn vessel, which
°°nSlsts of a normal catalyst bed, additional water condensate is 1ntrqducedr
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as a spray. Tne final gas product leaves the bottom of the reactor at
sbout h4OC C and travels throogh the tubes of ‘the two interchangers to
s final indirect water cooler. - - - - :
in slternative design of pressure plant developed by Bamag is’
shown in figure I1I. The sepzrate water heater and inlét gas saturator em-~
ployed in atmospheric pressure anits are retained. The main change is that
the final incdirect water cooler is used to cool the water condensate re-' .
cycled from the saturator to the water heater. In this wey +he water heat
er becomes the final cooler for the exit ‘gass - . : ;
Tt was stated that, in some Bamag designs, the second interchange
(shown in figure III in.use for preliminary preheat of saturated inlet gas)
is used to preheat water passing from the water heater-to the saturator. - -

In order toc combat the corrosion problem, the parts of a pressure
plant with which liguid water is . likely to come into contact should be made
of special steel. The 1.G. at Oppau prefer to use 17% chrome steel, bub _
have used V,A end occasionally FFgN ¢% chrome stesl. For the new flat . tube i
saturator/heater it is proposed to use Sicromal 8 (5% chrome 1% silica).

: Pressure conversion uniis are reported to have been erected at
the following factories:- > : ) : '

Oppau 1.G. Design 25 ats.

Blechhammer n 12,5 ats.
Heydebreck S LA - 30 ats,.

Luschwitz ' : f _ 21 ats.

Brux _— . Bamag - i2.5 ats.
“Linz o 1.G. 3C atsi’
Lubtzkendorf - Bamag 8 ats.

. (iii) Comparison of the Pressure and Atmospheric Processes.

With a cabtelyst volume of 10 MB, a 25-30 sbtmosphere pressure
plent has a capacity for 25,000 M3/hour inlet gzs. An stmoscheric pressure’
unit of the same catalyst volume will treat only 3,000 MB/hour. Tr. Schisrem
beck was of the opinicn that it would not be practicable To pbuild an almos-
pheric unit with & czpacity of more than. 10,000 #2/hour inlet gas.

. It is unlikely that this increasg in unit capacity results in any
appreciable reduction in cepital cost per ¥’ of synthesis gas product, {a.)
because of the necessity for special steels and (b.) because, generally, the.
use of high capacity units means that a bigger percentage sbare capacity has
to be installed. For regular production ef 100,00C ¥°/hour synthesis gas,
give pressure units with a totel capacity of 125,000 /hour would have to
be installed compared with say 11 atmospheric units with a total capecity
of 110,000 it2/hour. : i

On the operating side there should be a saving in labour and
repairs, but the former will be small pacause labeur reguirements for any

118¢ - -4 - '
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type of water gas shift plant are ethemely low, and the latter can
casily be offset by increased cost of replacement materials in the event
that any appreciable corrosion takes place, '

_ Oppau claim that the;requirement of méke-up steam when using
the 25-~30 ats, process is only 250 grams per 2 of inlet gas.comparad with
L00 grams for the atmospheric pressure process. The I.G. seem to set great
store by this steam saving, and this is rather surprising in view of its
‘pelatively small influence on cost particularly when the process is operat-
ed a2t a factory where H,P. steam has a2 premium value.

_ The main saving effected by the pressure process appears to be
the reduction in compression charges, which, of course, is” considerably
-greater when hydrogea or amponia. synthesis gas is the required product
‘than is the case when synthesls gas for Methanol or Fischer Tropsch is
“being made. ‘ :

The I.G. 2t Oppeu continue to be onthusiastic about the merits
of the pressure process and claim that its operation &t Oppau has saved the
capital cost of the new plant in 3 to A years. The management of the new

plants in Eestérn Germany, on the other hend, are dissatisfied with the pro-

" cess and the Brux and Blechhemmer staff feel that troubles experienced with

the pressure shift plants have limited the cutput of the main plant. Corros-
ion btroubles have been frequent and severs on all these plants, but they
have certainly been aggravated by attempts to use inferior materizls because

F'of the shortage of special steels, Trouble has also besn experienced with’

hort catalyst life, but this again has probably been largely a sccondary
effect of corrosicn, seale from the plant being deposited on the catalyst.
Bombing may slso have conbributed to this, trouble in a number of cases; for

example, gas lines have been dameged and dust introduced inbo the plant.

& gocd deal of the trouble experienced at Blechhammepr was caus—

d by a definite mistake in design. . 411 the preliminery design Work was
“arried out on the assumption bhat the plant would operate, at. 30.atmos-
Pheres, and it was only in the late manufacturing stages that it was realiz-

d thst the plant was to operate at 123 atmospheres. In order. to reduce
the pressure drop across the unit, various interchanger tube bundles and

e cabalyst . beds were cub in two and arpranged for operstion in parallel.
'qﬁis apparently” led to a reduction in heat efficiency of the unit,

C) The ﬁethané—Oxygén Process.fbr'Synthesié Gas Production,

(1) general Process Description -..

LEL The following information was obtainsd (a). by interrogation of
. Dr: Kosbshn (assistant to Dr. Sachsse who was mainly responsible for the
skopment of the procass) and (b) Dr, Sachssels Oppau cffice.

: . The process:provides an subothermic method for the production

of synthesis ges. (CO + Hy or GO + Hy + No) from geseous hydrocarbons. The
st step consists of birning the preheated hydrocarbon (650°C) with -
ygen or oxygen—enriched air, the amount of oxygen used being substantially
1€ theoretical reguirement for the reaction CH, + i Op = CO+ 2 Hoe

-5 -
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ictually the reactions occuring in the burning zone are considerably

more complex; some CH,  is burnt completely to CO and HpO while some remaing
unchanged. -Mzinly as & result of the zbove side reactions, the temperature:
of the gases is -the burning zons is raised to at least 1200°C, The pro-
ducts from this stage thus have sufficient sensible heat for the next step
of the process, which consists of the conversion of residual methans by
the methane-steéam resction and the attainment of the water gas eguilibrium,
These secondary reactions.are brought about by passing the reactant gases
through a bed of nickel—on~magnesite catzlyst.. The final product leaves
this catalyst bed at 800-900°C and is interchanged with the incoming hydro-
carbon gasSe. ' ’ ’ o .

Vhith a 5@% efficiency -of heat sxchange and when using'puré methe-
ane and 98% oxygen, the overall result of this process, both chemically
and thermally, is the sams as.would be obizined if only the following three
sactions were involved:— ' B 7
(1) 98¢ of the methane feed reacting zccording to the egquation
CHy + % Op = 0O+ 2 Hy

Heat of reaction at 65000 = 1269 VEAL eof cH,

_2% Qfﬁme£haﬁe féed reacting according to the reaction
O, FHQF 0043 H o
Heat_df'reabtion at 6500 C = —2689 EE/MB of CHLF N

- .

3)- "The reaction €O -+ H,0 GOy -+ Hz procaediﬁg'td equili~
', briumat 850° C. B s .

o The composition of thé fingl gas is GOy 7%, CO. 23.8%, Hy 69%
and CGH .2%;':Thejconsumptioﬁs per M2 of CH) fed are oxygen 487 W3,
steam'%lﬂ? kg., ‘cocling water at lﬁQC.-?.é kg. The above figures are e
caken from the preliminary design dsta for & plant to be erected =t Heyde-
breck which are given in more detail in Appendix B (2). '

" The process requires a hydrocarbor” fesd which is very low in
sulphur. ‘It was stated that the presence of 15 mg of sulphur/Ai® of methane
feed necessitates an increase in reaction temperzture of -about 200°C.

* It ie unnecessary bo use purc hydrocarbons as foed. Coke oven
gas or purge gas from methanol synthesis is also suwitable. It is also pos-
siblé to work with oxygen-enriched air instead of pure oxXygen when amhonia
synthesis gas is the reguired product. No satisfactory flowsheet figures
are availesble, however, on these applicatiens.. It would appear from the
data for pure methans given above that, unless much improved heat éxchange
efficiency is obtained,- considerably more oxygen then corresponds to re-
action (1) above would be required, It is hoped that further information
will be fortheoming either from a closer examination of documents or from
further contacts with the I.G. staff, e

1199 . -6 -
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KW PLANT - ACETYLENE BURNER (SCHEMATIC)

GASES FROM
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REACTION SPACE

SUPPLEMENTARY
02 FOR PLOT
FLAMES '

72—
T ]
ZA

2

A

A AI A
|
=

'_9 T2

a%—\<3M

QUENCH,

REACTION SBACE, CROSS SECTION CD IS 2 X HEIGHT _AB TO PREVENT
CARBON DEPOSIT. Q- &4, ARE O?_LEADS‘TOMANTAN

A CONSTANT FLAME TO START REACTION.

£ & £, WATER JETS TO QUENCH REACTION.

F AB IS LONGER CARBONBLACKIS FORMED AMD

k]
CyHp 7-8%. IF OVERCOME WITH HIGHER THROPUT
THE FLAME BECOMES LINGTEADY

OUTLETS FrROM ITOZ NOT OVER 20 m™m.m.




