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uantlty of’ nltrogen was-also recovered ands used before the war ap-
ximately équally for purging and for K3 synthesis: during the war
drop in NH3 output caused’ less N2 to be'used for the latter purpose;

he maximm Eapacity of pure Np was 32 o 36,000 13 /nour, limited;to

The energ},r consumﬂtlon aried from 0.5 to 0,6 KWH/.&-3 o;wgen, averag-
bout 0,55 I’T.IH/LL 1002 oxygen, With the cost of power at 1.1 to 1.2.
p%‘g/fMi the cost of oxygen was said to be 1.6 0 2,0 pfg/M a separate
et of Tigures were given, stating this. cost to be made up oi‘ 60% power

+he' Aabove figures give only 41% at most), D% amorta.sat.:.on and }.O% labour,
ete, : .

A. small qua"lt:-_ty of" kr*vpton was also made as a by—product. The céapa-
ity was about 20 L /nonth cort aining about 75% z{rypton, with the impuri-
mainly oxygen,

- "’ﬁ’ﬁ;‘ehts in connection with Ges Production'

The i‘ollowmg doemnent,s give acidltlonal 1nformat10n.

_Dx"aw:z_rgs cf the “fln::ler generator, wblch had been depos:a.ted at
: ndorf were ta.;{en by the U S Navy team,

les relatlng ‘to the Wlnkler p}_ant were eollected by Yr, Hoptcn
rom engineer Sauer!s office and placed mth the Offlclal docwnents.

Leuna report 837, entitled "0 Jahre Sa.uersto_Laf'—Ve*:‘gasunb :Ln Leunat®
by Sabel, dated 15.9.42, was arranged by Dr, Morléy to be sent to
ondon tl.rouglr' the m&htary Govefnor of Merseburé. :

euna report 916, ‘entitled "Jahresbericht der Stwckstoff und -
erstoxi‘ - Fabrik und Neoenbetrlcoe 1938-42" by Koppe, dated kay
'was arranged by DL. horley to be sent to Londen through the

01(1 active carbon process purlfylng plnt,sch—Brassert gc,nerator
8hd some halfepurified !cua_nklef- gas.

l"l‘ g;c,s contained 15 t6 20 gﬂf3 S (o,. 1 to 1.5% HoS); <it was
d by alkacid in two stages: after the coarse purification it con-
-8/433 and after the f:me purification it contained 150 mg/]L Se
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. The Iiquor normally’used was a solution of sodium glycocoll, NHn,
CH2.CO0Na, of 5. G. 1.17, conbaining 200 g/1, calculated as NapCOy or
L5 g/l calculated as nitrogen (these two figures indicate the presehce
of some Nap CO3 as such) e It was a selective solvent for HpS, 50 that
for example with a2 gas containing 20% COs and 2% HoS it would remove
- mearly all the HpS but only about g CO,. The absorbérs of the coarse’
purification each had & diamcter of 3 mfor a gas rate of 20,000 i3/houd
and cortained 7 to 9 bubble-cap trays, The gas/ circulating liquor rati
was 500 in hot weather, Tising to 1,500 in cold weather, In the rege
“tors direct steam and indiréct steam were both used, the steam consumpti§
being 80 kgs/¥3 liguor in the coarse purification and 150 kg/M3 Tiguor §&
the fine purification., The mixture of HoS, ‘002 and steam leaving the pes
generator was condensed at 50° to 4Qe C, to reduce the H,5 content of t}"i_
condensate, and the HaS was finally bum

: - nt in a Claus kilnj the recovered
_.sulphur was eventually used to make HESOL- _ :

Iron was used for the cold parts of the Alkacid plant, brick-lined’
iron for the regenerator, aluminium for the indirect heater and hot Pipt
ené an aluminium-silicon alloy, called Silumin or Alpax, for-the pumps,t
No appreciable corrosicn.was experienced ait Leuna, S

An alternative solvent was sodium
this also @issolved COs; it was used a
tail gases from hydrogenation, This Yiquor could be used for §Up rémo
‘when_its capacity (in the same concentration as used for glycocoll) was

25 M?---'B_-.iquér:r‘the steam consumption being 120 Kg/M3 liquor; over 95%
‘removal of COp was possible, ' ‘

alanine, CHg.CH{NH2),COONa, but
% Leuna only for purification of:

Actlve Cérb{):n Préci'ess

The whole of the Pintsch-Brassert water gas, containing 3 to L
g/> S, together with a varying fraction of Vinkler gas, was purified.
down to 1 to 2 mg/HaS/M> in the active carbon process, which had been 7
in use for 20 years. TRaw Winkler gas could not be used in this process’
because its high sulphur content caused excessive temperature rise,,

- The, E:g.{:'bon_ was prepared from brown coal carbonised at 900° C and t._hen
stesmed, Alr or oxygen was added to the inlet gas, so that in effect HpS
was oxidized to sulphur, which was left on the charcoal; Ni, was also

added to the gas to act as cabalyst., After passing ges for about 10 days
the sulphur was extracted with ammenium sulphide solution at 40° in the:
absence of air. The polysulphide solution was then distilled at 2 ats,
with a top temperature of 113* ¢; the vapours were condensed and used
again, whilst molten sulphur and watepr separated inte two layers at the
bottom of the still and were run off separately. It wes stated that th
still effluent was not obnoxious,

- This process avparent
was, however,
compounds., -

_ 1y was widely used in Upper Silesian plents: 1Y
unsuccessful on coal gas at Huls, because of gum-forming
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Organic Sulphur

Gas after HsS removal comtained 250 mg, organic sulphur/M3, This
was converted to HpS in the GO conversicn plent, and this HgS was almost
' completely removed dufing the removal of COg énd CO

.CO Conversion

The plamt in which the water ‘gas shift reactlon was carried out was
seen but not inspected in detail, :

CO + Hy0 — COp + Hy

© Tt was an old plant, working at atmospheric pressure.. The develop-—
menb work on this process has been done at Oppau and an acccunt is given
‘inh the report on that target, Converted gas for NHg and Ho contained
3 to 4% CO, whilst converted gas for methanol contained 3045 CO The cata~
ljst. was ‘F"egOB with 6 to 7% Cra03. o
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-1X. AMMONIA SYNTHESIS ot

This section was not discussed in much detall, as the plant was ¢lq !
and largely out-of-date, A much better knowledge of 1, G.'s latest igea
could be obtained from a visit to the NH3 synthesis plant of the Cstmarl®
kKische Stickstoff Werke at Linz, Austria) or at least from a study of the -
designs and drawings, which were carried out by Oppau; the plant at Ling -
comirenced operation in 1940, - ;

General

The gases received were catalysed gas i,e. water gas, which had besh
subjected to CO conversion with steam over brown oxide; part of the gas;
ex Winkler and water gas generators, had low N, and CO, and eventually’
went as Hp mostly to hydrogenation; another part had low K, but higher €0
and eventually went to synthesis of methancl and iso-butanol; a third part
eX water gas generators, had high No and low CO, and eventually went to -
NH3 synthesis, It was possible to compress and purify these three gases
in three parallel streams, but it was also possible under certain conditig
to unite the gases for NHy and Hy into one stream of low Nz, the necessary
N» being added to NH syn%hesis gas after compression and purificatiocn had
been cempleted; such Ny came from the Linde-Frankl oxygen plant,

‘Staff Interviewed

br, Paul Koppe, chemist in charge of H.P, Division, and Dipl, Ing

-Martin Rabes, NH, synthesis and Oo plant engineer, were interviewed on
May 12th .and Dr, Koppe alone on May 16th,

Comgression

_ The compressors were contained in at least five buildings., They were
o-stage horizontal machines, some of olg design; they were driven by steam
gas engines and elegtricity and had capacities respectively of 3,3C0,
10,000 and 15,000 M°/hour catalysed gas and the total installed capacity
was 660,000 M3/hour, although the maximum rate used was about 550,000 MB/‘
hour. A complete list of machines was obtained by U, 8. 8. B. 3. The
first three stages of compression brought the gas up to 25 ats, ab which
pressure COz was removed by waber washing, The last two stages brought
the gas to the final pressure of 250 ats: the original plant design pres-
sure of 200 ats, had been raised as the result of revision of ratioc of _
test pressure/working pressure, Additionzl compressors were used to com~
press part of the gas to 25 zts. to cover the gas removed in €0, removal.

It was stated that no 0il emulsion trouble was experienced in the (O
Removal Plant ai Leuns and, therefore, a particular point was made to
‘interrogate the compression plant engineers — Ober Ing Gleitz and Ober Ing
Weissenfels on the subject of lubrication,

Superheated steam c¢il of 320° C Flash point, 50-55°  ¥ngler viscosity!
at 50° C and 0.01-0,02% asphalt comtent is fed to the steam cylinders of
the main steam engines, These machines take steam at 15 ats. and 320° C
and discharge either to the LP steam system or to condénsers, Oil is
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extracted from the steam before it reaches the condensers and is heated
to 90°C and cleaned and dewatered in a centrifuge. The cleaned oil is
‘mixed with a machine cil of 3e Engler viscosity at 50°C and is used as
szke-up oil to the compressors. . It. has.a flash point of 230°C, a 50°(C
Engler viscosity of 22~30° and a 100°C Engler visgosity of 3-4°. . This
“latter preperty is considered to be particularly important,

: A compressor of 16,000 Hﬁ/hour capacity uses abouds 2.2 kgs/hour of
lube oil, ' . '

There is a catchpot of 500 mm diameter and 4 M long immediately after
each compressor and this is blown every two hours, At the inlet to the
CO Removal Plart there is a further catchpet 600 im diameter and 10 i
long for each 100,000 M3/hour of gas for collection of oil and condensate,

T In order to avoid condensation gases are never aliowed to cool below
30°C. 1In the third stage of compression, gas temperature may be as high
as 48-50°C.. Piston rings are made of matérial in the pdarlitic state
with long graphitic inclusicnms to held the oil.to the surface of the ring,

- The Leuna engineers gave the following general data on lube oil con-
sumption in-compressorss ' ' : '

TABLE .3A,

Lube 0il Consumption
grms/1000 M2 swept surface of
Sfa) : ().
cylinder riston rod

1.9 7.0
2.2 10.0
7 17,5
20 25.0
20 -
20 -

- The largest absorption towers were 2,4 m, I..D,, but there were &0

{0 old ones of 1.4 m, I, D. They were packed with ceramic rings;

N2 had never tried bubble plakes, A rose~type distributor was used
with a.constant water-rate there was no trouble with mal-~distributions;
“had tried re-distributing water half-way down the tower, but this had
ht no advantage., There was no chlorination of circulating water and
rouble with algae., The-exit gas contained },5% €0,.

Water from the towers was let—dovm in one stage through Pelton wheels,
e, let—down £as contained 93% COse Part of this was used zs an inert gas
Part in the ammonium gulphate plani, the rest being blovn to atmesphere.
i sUrea ywag made at Leuna and only a-littie dry ice, and this only for in-
22l use: nodry ice could be sold, because of the difficulty in eliminat-
the smell, szid to arise from organic sulphur compounds originating in
2 Winkler generators, . o :

-1l -
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The 1et-dovm water wes used for gas—eocoling at the CO converglon : T
plant before being sent for regeneratiop, This was done to eliminate . .
Oz from catalysed gas, which in the presence of HpS and Hp0 was said
to eause corrosion in the gas cémpressors, This system had been used . syster
for 15 years, with no corrosion,

CO -Removal .

This plant used copper ligquor at 250 ats, The liquor contained only,
carbonate, with no formate (last used 1925). ' It was regenerated at a '
maximum temperature of 5,0°C, using a vacuum in two stages, ending at 160 CCircu
to 200 mms, Hg. absolute pressure, . DT

They had not used -refrigeration of the liguor, as cooling below 5°C - drawl
caused deposition of amwonium carvomaie, No vapour pressure curves were ~at Ld
available, : - . o - portc

o : ‘ . cb.s.m
There was no difficulty in confroiling the cuprous/ cupric ratis,
An aubamatic measurement of cupric, depending on the colour, was used.

There was sald to be no difficulty with sludge deposition of any .
sort. Dr. Xoppe ascribed this to the low temperature of regeneration, - “the ¢
The oil separators on the 5th stage delivery of the compressors were . prob.
very simple but were said to be very effective; they consisted merely to ©
of a pipe dipping inte a forging, with the gas outlet at the top, : : cont:

Leb-down engines for power recovery from copper liguor were used, : guir
but only old~type machines were seen, . o Uch

Final NH, Make-Up Gas Purifica‘bion — ) -'pr.o.;

-

Gas lgaving the CO removal pla:n was washed with NH, liguor, to Catz
reduce the COp conternt from 0,04% to<l mg/M3 Active cgarcoal (to
remove organid® sulphur po:Lsons) had never been, used,

NH3_Synthesis

The capacity was originally 1200 T/D NH}, but according to I. G. R ‘ .
staff, even after extensive repairs lasting 10 months, only 1000 T/D : YA
NH4 could be made in the future, . - :

The gas circulating system was conventional, Exit gas from the . noand
converter was cooled first in a water cooler and then in a cold exchanger’ Cwh?
before entering a condenser refrigerated by evaporation of liguid ammonia.

Iiquid NH3 was condehsed out of the gas and unconverted gases returned to
the converter via the cold exchanger and a circulator, Liquid NH3 was let
down from a catchpot after the refrlgerated condenser, If ammonia gas
could be used as such, part of the make of liquid ammonia was used for
refrigeration purposes; otherwise the NH, gas from the refrigerator was
re-liquefied and returncd to the refrlge%ator syst;errx. Under the former
method of working, the yields of gaseous and liquid NHg were approximately
equal, averzged over the year, uake-up gas entered the circulating system
at a po:Lnt between the converters and wator-coolers; this gave a mlnlmum
water content in the gas roturned to the convertor. ‘
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The plant was arranged as a number of separate gas circulating sys-
ems, The first s;stm consisted of a2 number of units in parall el, each
eking make-up gog éontaining 1% Ar gon + CH, 3 the eirculating zas in this
}Suu‘“‘l c:ont.-:l:l.ncd L to 6% Argon + CH; and the '\T{ ccontent of the gas rose

‘from 3-Li#% to 8-10% during pAssage tnrouch the converters, Purge gas from
‘this systom vas uscd as make-up to another system worklnrr with circulating
ges containing woreimpuritics, In turn, purge gos from this system was
sed as mekc-up for the next, ond this procedure wes repeated untbil, din
the fipnl system, the inert comternt of the circulating gas wos same 20-30%. -

reulator
Lo vt

A point of interest was use of a cent'rifuoal cireulator Col LeUna,
swings of which were obtained. "It wasistited that et the’ Ar_mcnia_‘ plmt
‘Linz this type of circulator had becn adopted” tnrouphou L IE e
rbed that this circulator ran perfectly S&tleaCDOI‘llj -ut” )
d:.smantllnﬂ cvcry 3 mo ths f‘or‘ e,‘:am.r‘.-..t:.on of bearings, "

' .The machine is an ordlnary- eleetric’ driven'centrifugal ‘pump-totally
nelosed in a high pressure vessel in a way similar to that used in the
il industry for dealing with hot-oil pumps, The difference is that
io cloctric motor is also encloscd. This means that there is no zland..
roblem but there is instead a4 bearing lubrication problem, which is said
o be much easisr to .overcome, - For a capacity of 80,000 ﬂé/ hr, the forging

ntaining the circulator is abéut 14 feet long and about 2 feet internal

ameter, The machine was built so that, if the pump did not have the re-
uired performance,. the number of stages could be increased., The use of
_‘ch a pump for the circulation of gas on hydrogenation plants was not
onsidered practicable because of the great «[difficulties of -ensuring the
proper: lubricaiion of the beavanrs in the presence of hydrcearbén vapours,::

Th:Ls was 'uhe usual 1ron-type catalyst,” promoted with slunina’ and

otass:l.e. and sometimes a little lime, Preparation was as follows: 19 kgs
pleces of Swedish iron (or sometimes charcoal iron during the

re plaged in a. shallow water—cooled ireon pan, 50 cm diameter and
3. i deep,” Pure oxygen was then played om it after ignition by a T
dkirschei;s after 10 minutes 1 kg of the premeber was added to the now

en mass and the oxidation completed in ancther 20 minutes. The mass

2 Poured ‘on to an iron pan and allowed to cool, when it was broken up

& screened, Material between 5 and 12 mms was used in the converters,

st the fines were remelted,

7 _T”ae promoter was *ﬂade by dissolving 16 kgs pure A1203 and 4 kgs KNO3
2 litres 60° RBaume HNC; and 2 to ¥ litres water: this was boiled and.
00led to 5 solidified caa: Sometlmes a 11 ttle Lﬁe was- also aﬂded
The final catalyst had the composition; 97% Fe 04, 2,5%. 41703, O. 169
ad 0,03% ¢, with a bulk density of 2.0, No sa_lrJ}.e vas obtained,
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It was said that this, wasflie same r‘eclpe as -for the . ‘so=talled M:Lttasc
catalysty except that the ia‘__t,e‘ ‘ eined more lime; the Mittasche catalyst
was better for water-contaihirg gasésy tut the I, G. catalyst was to Dbe. .
preferred for the dry gases used at. L{euna, _ The same catal‘yst was used ab
Leuna for the SYMOL process, :

Catalyst remov.ed from the comferters was re-fused in an electrlc *uzt*'
fdce and was said fto be as good a8 the nel catalyst. :

About 30 /D N ("‘ 36 T/D HH3) was made per converter, conta:mlnﬂ b7
T catalyst,  The normal life was about one year if purge gas from methanal -
and ig Buta’no}. en't.ered the system& even with a guard convertery ‘thus - gboug
Al 33 yerne pbta;:.ned per T catalyst, Ulth no methanol purge gas longer
life was"‘ub??.’iﬁggﬂ. - . -

The p01sons in methanol purge. gas were sald ‘bo be omgen—céntalm_ng
substanices; such 88 CHgOH and REO, .The sulphur content of make-up gas was
said to be\O 1 mg S/'M%

«
.

Convert evs a

Gonverter des1g*1 had by no reans reacned fmd,htyf and both Leuna
and . Oppau had tra.ed ot a number of des:Lgns,

',The Jn,oml d351gn used at Lema was as follows, An ihterna}_ inter— .
‘ fitted under the catalyst, contained in tube§y touching one
60d ‘heet transfer, and narrcwed down at thé bottom, for flt--,
a‘tube plate. The incoming gas passed up over the cubtside oi‘ ;
hanger tubes and over the outside of the datalyst tubes, eoollng
t a.nd Bo mmtc.ln_.ng 8 more favourable temper’ature gradlent

! p}.aced in thbes, bpt, by placing tubes in the cat a]_;ys+ bedy The
: Ang gas passed through these tubes, which were either in the form of.
“haifpins ‘passing up and down .the catalyst 5 Or in the form of tubes carry:mg
a central leg, up which passed the gas after carrjymg out, ‘the cool:n.ng in
pass:l_ng dewn the anmylue, : '

Nore fundamen‘«:.al changes in design had been carried out at Oppau:.
they had built one or two "stalls", both with internal and with external
interchengers; but.Dr, Koppe said they had encountered constructional
difficultiesy-such converters had mter—uray cooling with cm_d gas, as
in a hydrogenstion stalls -

Leuna had nct carrled out any fundamentzl research on catalysts or
on the klnetlcs of‘,_reactlon‘ this had all b:,en done-at Oppau,
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