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INTRODUCTION

Members of BIOS Team No. 2336, as shown in the table
ebove, visited all the synthetic emmonie plants in the
Western Zones of Germany between 16th August and 19th
September 1946. In eddition the Linde company was visited,
as it had supplied most of the plant for separation of
.gases by liquefaction which was used by the synthetic
emmonia works. A aves

The tesm also investigated the plants where the
synthetic ammonia is worked up, and has described these in
two reports supplementary to the present report:

; BIOS Report No.
"The German Nitric Acid Industry in the

Western Zones" 1442
and

"The German Nitrogenous Fertilizer Industry

(excluding cyanamide) in the Western Zones" 1443

The synthetic ammonis process. The history of the
development, first in Germany and later in almost all
inaustrialized countries in the world, of the synthetic
ammonia inaustry is well-known; and technical details of

the various processes, both for the synthesis itself and

for the mapufacture of the necessary hydrogen, have been
widely publisned in the literature. This report therefore
does not descripe each process in detail, but concentrates
on the capacities of the plant installed, end any variations
from the usual przctice. It may however by stated

surmarily here, that the investigation of the synthetic

* ammonia plants in the three Western Zones of Germany revealed
no notable development in technique during the war years.

The five plants in the Western Zones are all at least 16
years old, and any radically new improvement might have been
expected rather at the latest plant erected by the Germens

at Linz in Austria, Though the Linz plant has not been
examined in great deteil, there has so far been no indication
to suggest that it inetudes striking innovations.X

¥FIAT Final Report No. 481, for example, shows that the
_process. is very similar to that at Oppau; for example, a

- C.0.G.-oxygen-eir mixture is cracked, and thereafter CO
conversion, COg and CO removal and the ammonias synthesis
is on usual Haber-Bosch lines, so that only the cracking
- process is particularly novel. The ammonia oxidation and
lime emmonium nitrate processes at Linz also are of normal
1.G. type. ‘
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The plants in the three Western Zones are however of

some historical 1nterestz as they include the prototypes

of two of the processes (the Haber and the Mont Cenis),

and in addition they illustrate & considerable range of
the known processes for synthetic ammonia:-

Works Commenced Processes for manufacture of Present (See
operation’” hydrogen -synthetic capacity p.)
in ‘ ‘ammonia (tons ¥/
_ year)
Oppau 1013  water-gas/producer, Haber 280,000 (10)
gas (Bosch); also
c.0.g. cracking
(with oxygen)and
C.0.G. separation
Herne- 1927 (mow c.o.g. separation Mont-Cenis - (77)
Sodingen dismantlsd) (Uhde)
Hibernia 1928 do. do. 46,000 (39)
Viotor 1928 do. Cleude 63,000 (50)
. . «(change- *
:over to
‘Haber)
Ruhr- 1929 do. Casale 15,750 (26)
chemie ' -
Ewald 1930 c¢.o0.g. cracking N.E.C. 30,000 (61)
(without oxygen), ‘
lfchen separation : ;
Total, Western Zones

434,750
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The US-CWS Int. Div. Dep. 4058 (14/8/45) quotes the
synthetic armonia capacity in Germany before the bombing
es follows:

Present iﬁbmpany Plant [Tons N/ Remarks
‘ Zone b location ear
British . Rubr- " Oberhausen- Ez.aoa
. chemie . Holten
Hibernia' Wanne- 50,000 [Enlarged during
. Elckel the war
Victor :Castrop- 50,000 |Claude plus I.G.
: Rauxel process
Ewald ‘Qer- ; 35,000 |Part of Walden-
Erkenschwick burg moved to
: Ewald
French I.G. ' Oppau 270,000
(Total, : ¢ : i
Western Zones) !459,000
Russian - I.G% Leuna !365,000 {Enlarged during
: i the war
Poland TG ‘ Heydebreck 100,000 {Not completed -
; A ‘ max. production
: . w7a 3,200 tons
: : N/month.,
Total Germeny . - 19242,000
AUSTRIA ‘ 1.G. Linz 60,00

Thus the Western Zones had 459,000 tons N, or 56%, and
the Russian Zone 365,000 tons N or 44% of the total
synthetic ammonia capacity of the present area of Germany
(824,000 tons N/year).
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gégISGHE ANILIN- UND SODAFABRIK A.G.
(formerly part of 1.G. Farbenindustrie A.-G.)

Oppau bei Ludwigshafen-am-Rhein (French Zone)

Dates of visit: 17th-19%th September 1946

By: Dr. F.M, Irvine
Mr. W.K. Hall
Mr. A. Gillies
Mr. P.P. Moulton
Dr. W. Smith

Personnel interviewed:
Dr. Gbggel - Manager of Nitrogen Department
Dr. Gloth - Manager of Low-pressure Plant
Dr. Allsert Heinzel - Manager of High-Pressure Plant

History. Oppau is of particular interest as the birth-
plece of the synthetic ammonia industry, the first
commercial production having commenced in September 1913.
The remarkable story of the development of the Haber-Bosach
process is now well known, and only a few salient dates
are recepitulated below to jllustrate the continuous
developments in processes which have occurred at Oppau:

1909 The B.A.S.F. fipanced Heber in the continuation
of his work on the equilibria for the system
ammonia-hydrogen-nitrogen and on catalysis.

1910 Dr. Carl Bosch end Dr. Mittasch developed & -
practiocel synthetic ammonia process at Ludwigs-
hafen on a small scale.

1911 Construction of commercial-scale plant was started
at Oppau, using the Linde process for the,
separation of hydrogen at low temperature from
water ges; and all types of high-pressure
compressors were tested.

1913 The process went into production, using pure nitrogen
also produced by the Linde process. The emmonia
was recovered at first es anhydrous liquid and
then in

1915 weter scrubbing was introduced to recover the
. ammonia. (Later in 1926 the recovery of ammonia
was $hanged back to recovery in anhydrous liquid
form
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1914/15 The wer demand for fixed nitrogen stimulated
development and the production of the hydrogen-
nitrogen mixture was changed over to the "Bosch"
process. In this the water-gas, after removal
of* hydrogen sulphide in oxide boxes, was passed
with steam through a catalyst to convert the
carbon monoxide and the steam to hydrogen and CO,.
The bulk of the CO, was removed by scrubbing wit
water at 25 atmospheres. The residual carbon
monoxide was removed by scrubbing with copper
formate at 200 atii. and the residual CO; with an
elkaline solution also at 200 atil.,

1923/24 The desulphurising of the water-gas was changed
from the oxide box to the active carbon process.
The sulphur was recovered from the active carbon
in a pure state and used for sulphuric acid manu-
facture. ©Electrical heating was now used in the
synthesis process for the first time in the
reduction of the catalyst and for starting up.
Previously the mixed gas had been heated up by
external gas heating. :

1939 Linde air and C.0.G. separation plants were
installed capable of producing 80 tons N/day.

1943 Oppau attained its highest production of 750
tons N/day.

From the beginning developments have continued in all
phases of the process, in the design of compressors, high-
pressure vessels, joints, methods of purification, etc.
and the production of suitable catalysts.

Exberience at Oppau was used in the design of Leuna
in 1917. and of Linz (Austria) in 1938. ’

The gas-separation plants supplied by Linde, according
to Linde's own statements, (p. 80) were as follows:




o9

YearlGes treated ;cagacity ' Gas Remarks
i | (m3/hour) ! produced
1910 Weter-gas 40 i Hy |
Yeti: Vo " 200 , Hg !
1912 " " - 2x2300 . Hg
T912 Alr ~4x350 — Ng
Inl7"" 2x2500 ' Ng :Possibly for
: i . Leuna?
1920 Mixed ges 80 ' 2. |
1921 Water-ges 1250 Hy |
1934 Crude gas 600 ! Hg {For ammonia?
1937 C.0.G. 3x9350 araoig
1938 Air —3x1000 SIS
2 - 3x3500 | Ng
I | : |

The Ludwigshafen-Oppau complex, which includes
chemical plants of all kinds, was very heavily damaged Dby
bombing and military operations, and interruptions to
supply through delays imn discovering the damage done to
cables and pipe-lines are still ocecurring.

In 1925 the B.A.S.F. wes the most important of the
founder firms of the 1.G. Farbenindustrie A.-G. %ith
the dissolution of the I.G. Farben by order of the Allied
Control Council, the Ludwigshafen-Oppeu works in the
French Zone have returned to their original name of
Badische Anilin- und Sodafabrik A.-G.

Summary of process. Most of the hydrogen-nitrogen "mixed
gas" 1s made by the Bosch process. Water-gas from the
periods of the produstion cycle before and after the main
"make" period (i.e. in effect water-gas plus some producer-
ges, with ca. 14% of N) is sorubbed and H2S and organic
sulphur compounds removed by catalytic oxidation over ;
_active carbon, sul hur being recovered. Steam is added
and the catalysed Ssﬁirt" reaction (at either ordinary
pressure or in one high-pressure converter at 25 atii.)
converts the CO + Hg0 to COg + Hp. Serubbing under
pressure removes most of the CO, with water, the CO with
ammoniacal cuprous carbonate solution and the remainder
of the COg with ammonia solutton. The carbon dioxide is
recovered and used for the manufecture of ary ice and inm
making urea and ammonium bicarbonate, whilst the less pure

COp was formerly used for ammonium sulphate from gypsum;
and the carbon monoxide is also recovered and used for
carbonyls or organIo'syntheses.

Smaller/




Smeller amounts of hydrogen (equivalent to 80 tons N/
day each) are obtained (i) by cracking coke-oven gas with
oxygen-enriched air end (ii) by the ordinary partial
liquefaction of coke-oven gas, scrubbing with liquid
nitrogen. There are no by-products (e.g. carbon black)
from (i), but from (ii) the usual methane fraction and
ethylene fractions are recovered, and a carbon monoxide-
nitrogen mixture.

The nitrogen (capacity ca. 10,500 NmS/hour) for the
gas-separation process is supplied by a Linde air-
separation plant, whicg also produces pure oxygen
(capacity ca. 3,000 Nm“/hour) used in the C.0.G. cracking
process and for other purposes.

The purified "mixed gas" (3H,+ Ny) is comverted to
synthetic ammonia by the Haber-Bosch process at 250 atil.
The capacity is 770-800 tons N/day.

Raw materials and energy. Coke, coal and coke-oven gas
are supplied from the Saar.

Energy is supplied by Oppsu's own power station,
operated by producer-gas engines using brown coal
briquettes, and supplied at 6000 and 220 v.

For requifements of fuels at almost full capacity
(750 tons N?day) with the associated manufacture also of
methanol and butyl, see beluw, p. 23.

At full pre-war output, Oppau required 600-700,000
m9/dey of Rhine water, mostly for cooling. _

Processes.

A simple flow-sheet of the whole process, from coke
end C.0.G. to the ammonia synthesis, is given in Diagram
No. 1, but the main processes are described separstely
below wnder

Air separation
Mixed gas from coke
C.0.G. cracking
C.0.G. separation
Ammoniea synthesis

A brief description of the’ processes at Oppau as they
were in about the year 1928, with excellent photographs,
was given in an 'I.G. brochure entitled "Die Stickstoff-
diingemittel der I.G. Farbenindustrie A.-G. und ihre
Erzeugungstéitten Oppau und Leuna", 1928 (70 pp.) (see BIOS/
DQCS/2336/1233/18) . This

p—




shows for example:

‘ L, Page

General aerial view of factory g
Pictorial diagram of the Haber-Bosch process

as used at Oppau 16
Pipe-bridges in the gas plant (a characteristic

and impressive feature) ‘ 18
Gas compressors
Pressure water pumps )22-23
H.P. gas purification pumps ' ,
CO-removal tower 2l
Ammonia synthesis converters : 24

£

AIR SEPARATION

The Bosch process (and later modifications) for
preparing the "mixed gas" (3H, + Np) does not depend for
its nitrogen on the liqueraotgon o? air, as do all the
Ruhr plants based on hydrogen from C.0.G. which are
described later - Ruhrchemie, Hibernia, Victor and
Ewald. As mentioned above, Oppau installed 4 small
Linde air-separation units for a total of 1,400 m9/hour
of Np, in 1912. . This was to supply nitrogen for mixing
with>the 4,600 mS/hour of Hp produced by partial
liquefaction of water-gas. This process was however
abapndoned for the Bosch process in about 1915.

There are now three Linde air-separation units,
installed in 1938, each with e capacity of:

‘—————ﬂu—r_f S
No 02

“(acocording to BASYF) 3,500 1,100
' (99.95% pure) | (99.5% pure)
(according to Linde 3,000 ° 1,000
(p. 80) '

They are mixed-pressure type of standard Linde

" design with the usual COg removal, pre-cooling, emmonia
cooling followed by expansion of the H.P. air through an
expension valve, and rectification of the liquiad air.
The "life" of successive runs is 3-4 months.

The/
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The nitrogen is supplied to the C.0.G. separation
plant (see below), for correcting the ratio.of Hg : Nz in
the ammonia synthesis ges and for purging parts of plant
before opening up for overhaul, etec. The oxygen is used
in the conversion process to maintai e mpers ture of
the catalyst; in the cracking plant residual gas from
the methanol synthesis; for welding purposes; and -for
catalyst meking.

MIXED GAS FROM COKE.

A much-simplified flow-sheet of this process and of
its connections with the recovery of hydrogen from C.0.G.
(with or without previous cracking) is shown in Diagram
No. 1. The process was originally worked out by Bosgh.

Water Gés Generstion. There are 30 generators eaohégf‘
8-7,000 mo/hour cepacity. Some are automatic, some
hend-operated and some with revolving grstes. The total
gas output is 180,000 m3/hour, 60% of which is used in the
synthesis of ammonia. The gas-making period of the oycle
of operations is divided into three parts; the first and
third parts (i.e. including part of the "blow" period,
or,. in effect, producer gas) yield the gas for ammonia
production, while the middle part (i.e. the "pure" water
gas "make") gives a gas with only 2% N whioh is taken
separately for (i) production of pure hydrogen (97% Hp,
3% Ng) and (ii) for methanol synthesis.

The flow-sheets for these processes (1) and (ii) are
similar to that for "mixed gas" for ammonia synthesis,
as shown in parallel lines on Diagram No. 1, but apart
from their inter-connection with "mixed gas™ manufacture
are not dealt with here.

The approximate composition of the gas for ammonia
synthesis is as follows:-
. ’ :

gg 36-38
COg : 10
Nz. p 14
CH4 0 .8
Rare gases 0.2
> Total I°6 OZ-IEE oz

"Blow"/
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"Blow" gas can be added to adjust the nitrogen
content to the correct ratio.

The gas from the genereators, after the usual water

scrubbing process for the removal.of dust and tars, passes
to a gasholder. ; ;

Removal of HoS and orgenic sulphur compounds. The
water-gas contains A

3
: L g./m
hydrogen sulphide 2.0-2.2
organic sulphur compounds
(measured as S 0.3-0.5

These are removed by catalytic oxidation to S over
active carbon. The oxygen necessary is added to the
water-gas (in slight exdess of the amount theoretically
necessary) either as air or as gaseous OXygen; and a
small emount of ammonia is also added, to aocelerate the
reaction. The mixture is then passed downwards through
e layer, 1.2 m. thick, of active carbon, of which the
upper hslf is of granules 1-2 mm. in diameter and the
lower half of grenules 2-4 mm. in diameter. The carbon,
20 m® in volume, is contained in a vessel 4.5 m. in
diameter and ca. 3 m. high. There are 30 such vessels,
each capable of treating 6,000 m3/hour of water-gas.

It is claimed that all the HpS is removed and about half
the organic sulphur, and the residual sulphur is of the
order of 0.15 g./mS.

Recovery of S. The "life" of each bed of active carbon
is 20 days, after which the free S 1is extracted at normal
temperatures with an ammonium sulphide solution containing
12% of NHz and 7% of S. Four treatments are required to
remove the S almost completely from the active carbon,
after which the cerbon is washed with water and finally
steemed for about 10 hours until the condensate is free
from S. The vessel is purged with nitrogen and the
carbon is then ready for putting into operation egain.

\

The ammonium polysulphide liquor is steam-distilled
at 3.atii. to recover the free sulphur, in a column about
7 m. high and 0.75 m. in diameter, constructed in V2A
steel, packed with earthenware Raschig rings. There are
4 such columns aveilable. The feed of ligquor is 2-3 wd/
hour. Ammonia vapour and & little S pass from the top
of the column at 130° C. to a cooler, after which dilution
takes place to produce & suitable strength liquor again
for 7 extraction. ' Sulphur and weter are run off at the
base
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base into a steam-heated, lagged separating tank. The
molten sulphur is then run into a shallow tank from which,
after cooling and solidification, it can be dug out by
hand. ‘

The steam consumption for this process_is 1% tons/
hour at 14 atii. when working at 50/60,000 m® gas/hour.
The sulphur production at this load is about 3 tons/day.

CO Conversion. This process has in the past been operated
at normal pressures and the bulk of the gas_is still so

treated. A conversion plent for 25,000 m® gas/hour and
working at 25 atil. has however been built, though it has
worked for only two months so far.

The reaction is sometimes termed the water-gas. "shift"
reaction and the equation is:

CO + Hy0 = COp + Hy

The gas composition is changed roughly es follows:

Before After
conversion conversion
(desulphurised (m"catalysed

water-gas) 8")
.,__%_E&; gas -

Ha 40 52
C 36 - 38 3=-5
€Oy 305 26
X, 14 18-20
Total of these ~100-102 —101-103

Catalyst for the conversion. - This is made from waste
feso4-trom Leverkusen by precipitating ferrous hydroxide
‘with soda. The precipitate is filtered, mixed with
chromiym nitrate and dried and then pressed and heated to
4500 C. to obtain pieces 5-15 mm. in size. The Crg03
content of the catalyst is'8%. The reduction of the
catalyst is carried out in the converter by heating with
combustion gases (water gas burning with wair) to 400° C.
and then changing over to water gas. The reduction takes
3-4 hours. : '

The same catalyst is used for both the L.P. and the
H.P. conversion processes. These two processes are
described, with flow-sheets, in CIOS Report No. XXX-103
"1.G., Farbenindustrie A.-G. Works, Ludwigshafen and Oppau”
by R.'?blroyd, 16/8/45, on pp. 2-5 end Figs. 1-3; but this
refers :
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refers to the I.G. processes in general, at seven different
works, e.g. the L.P. flowsheet is for Leuns end the H.P.
flowsheets for Blechhammer end for Briix. The present
report however describes only Oppau. :

L.P. conversion. The desulphurised water-gas is
compressed Tn a blower to 2 m. W.G. and passes up a tower
packed with wooden grids, down which flows water at 80° C.
recovered from a condensing cooler at the end of the
process. The gas is thus saturated with water-vapour,
and live steum is then added to increase the Hy0 content
to the proportion necessary for the reaction.

y )

In the converter itself there are 3 layers of
catalyst supported on grids, superimposed on a tubular
heat-exchanger. There are 45 such L.P. converters.

The water-gas - steam mixture is heated in the
exchanger up to 350° C. before entering the top layer of
catalyst. The exothermic reaction raises the temperature
to 550-600° C., and the gas is then quickly cgoled by
passage through a layer of Raschig rings sprayed with
condensed water. This also .introduces additional water-
vapour into the ges, which then passes through the second
layer of catalyst, followed by more water-sprayed Raschig
rings to control the temperature in the third layer of
catalyst to 360-380° C. The fully catalysed gas then
pasges through the heat exchanger where it is cooled to
1500 C.

Two coolers follow, one cooling the gas to condense
out hot water at 80° C. for use in the saturator mentioned
above and & final cooler to bring the temperature of the
gas down to normel. The converted gas then passes to a
gasholder. :

The stéam‘consumptioh in this process is 600 g./md of
gesX and the total water for cooling between the layers of
catalyst 100 g./mS.

H.P. conversion. There is only one H.P. conversion
system, but by operation at 25 ati. its capacity is
increased to 25,000 Nm3 of water-ges per hour, as compared
with only 3,000 Nm3/hour for a L.P. converter of similar
catalyst volume.

The/ '

¥ C10S Report No. XXX-103, Fig. 2 shows only 420 g./m° at
Leuna.
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~ The water-gas saturator is similar, but the steam
injected is at 40 ati. The gas-steem mixture is heated
in an exchanger by the catalysed gas leaving the converter.
In the upper part of the converter the ocatalyst is in
tubes which are cooled externally by the incoming water-
gas. The gas leaving the catalyst in this seciion is
then cooled as in the L.P. converter by water addition to
control the temperature of the deep layer of catalyst in
the lower half of the converter. ;

Removal of CO,. Catalysed gas from the gasholder of the
L.P. system Ig compressed to 25 atii. in 3 stages before
passing to the water scrubbing towers for COp removal.
There are 24 towers each 16 m. high (with 11 m. Raschig
ring packing) and 1.4 m. in diameter, and 4 towers each
21l m. high and 2 m. in diameter. The 24 towers can deal
with 200,000 mS/hour and the 4 towers with 60,000 m5/hour.

Each of the 24 towers is fed with 400 m® water/hour
and the water leaving the base of the tower at 25 att. is
passed through 4 sets of 3 Francis turbines to recover up
1o 40% of the power unecessary to pump the water over the
towers. The pump, electric motor and Francis turbine are
coupled together and mounted on one badplate in each case.
Six towers are connected into a common water outlet
manifold feeding three turbines so that two turbines can
be left on full load and the third turbine cap be controlled
to maintain the level in the base of the towers. Three
pump turbine units are such that the turbine lets down the
water pressure from 25 atii. to 3 atii. and the gases
released from the water at this pressure (meinly hydrogen
and nitrogen) are collected and can be sent back to the
process for hydrogen recovery. _ On letting down the
pressure of water from 3 atmospheres to atmospheric
pressure the gas released now consists of 99% CO, which is
for the production of urea¥*, dry ice and ammoniu% bi-
carbongte; the production of the last is 400-500 tons/
month. ‘

The gas released from the water let down in one stage
to atmospheric pressure contains 92-93% of COp, the rest
being largely hydrogen and nitrogen; it was formerly used
for ammonium sulphate production by the gypsum conversion
process¥,

The catalysed gas leaving the water scrubbing towers
contains 1.5-2.0% of COp, which is left in the gas in order
to/ ‘ '

% See companion BIOS Report No. 1443, p. 48 (urea) and
p. 21 (emmonium sulphate).




