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II. ALGDNIA SYNTEESIS

‘ This section was not discussed in mmch detall, as the
plant was 0ld and largely out-of-date, 4 mach better imowledge
of 1.G's latest ideas could be obtained from a visit to the NE
synthesis plant of the OstmMrkische Stickstoff Werke at ILins, 3
Austria, or at leest from a.study of the designs and drawings,
which were carried out by Oppeu; the plant at ILins commenced
operation in 1940.

General The gases recelved were catalysed gas i.e, water gas,
which had been subjected to CO conversion with steam over brown
oxlde; pert of the gas, ex Winkler and water gas gemeratora, had
low ¥z and CO, and eventually went as Hz mostly to hydrogenation;
another part had low Np but higher CO and eventually went to
synthesis of methanol end iso-butancl; & third part, ex water gas
generators, had high No and low 0, and eveniually went to
synthesia. ~It was possible to comprees and yurify these &
gagses in three parallel sireams, but it was also posalble under
ceriain conditions to unite the gases for NH3 and H, into one
stream of low Np, the neceasary Na being added to R§ synthesis
gas after compression and purification had been complated; such
Nz ceme from the Linde-Frankl oxygen plant,.

sStwaff Interviswed Dr Paul Koppe, chemist in charge of H.P.
Division, and Dipl, Ing Martin Rabes, NH; synthesis and 0, plant
engineer, were interviewed on May 12th a%i Dr EKoppe alone on
May 16th, '

Comyreagion The compressors wera contained in at leaat five
tuildings. They were 5-atage horizontal machines, some of old
design; they were driven by steam, gas engines end electricity
;gd had capacities respectively of 3,300, 10,000 and 15,000
/hour cgtalysed gas and the total instelled capacity was
660,000 M3/hc:m.r, although the maxirmm rate used was sbout
550,000 M5/hour, A complete 1ist of machines was obtained
by UeS.S.B.S. The first three stages of compresslon brought
the gaa up to 25 ats. at which pressure CO; was removed by water
weshing. ‘The last two stages brought the gas to the fimal
pressure of 250 ats: the original plant design pressure of
200 ats, had been raised as the result of revision of ratio of
toat preasure/mrking pregsure, 4addlticnal compressora were
used to compress part of the gas to 25 ats, to cover the gas
removed in COp ramoval,

It was stated that no oll emlzion trouble was
experienced in the CO Removal Flant at Leuna and, therefore,
a particular point way made to interrogate the compresgion
plant engineers - Ober Ing Gleits and Ober Ing, Weissenfels
on the subject of lubrication.
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Superheated steam ofl of 320°C Flash point, 50-55%
Engler viscosity at 50°C and 0.01-0,02% asphalt content ia fed to
the steam cylinders of the mein ateam englnes, ‘These machines
take ateam at 15 ats. and R0°C end discharge either to the LP
steam system or to condensers, O01] is extracted from the steem
before it reaches the condensers and is heated to 90°C and cleaned
and dewetered in a centrifuge, The cleaned oll 1y mixed with
a machine oil of 3° Engler viscosity et 50°9C and ig used as make-
up oll to the compressors. It has a flash point of 230°¢, .
a 50%C Fngler viscosity of 22-30° end & 100°C Engler viscosity
of 3—4°. This latter property is considered to be rarticulerly
import&nt.

: A compressor of 16,000 x3/hr. capécity uses about
22 Kga/hm of lube oil,

There is a catchpot of 500 rm diemeter and 4 1 long
immediately after each compressor end this is blown every two hours,
4% the imlet to the CO Removal Flenmt there is.a further catchpot
600 mm dlem, end 10 M long for each 100,000 Ms;‘hr. of gas for
collection of oil end condensate,

In order to avoid condensation gases are never ellowed to
cool below 30°C. In the third stage of compression, gas
Yemperature may be as high as 48-50°C. Piston rings are made of
material in the pearlitic state with long graphitic inclusions to
hold the oil to the surface of the ring, :

The Leuna engineere gave the following general date on
lube 0il consumption in compressors:- (See Teble 14)

802 Removal The lergest absorption towers were 24 me I.D. but
there were 60 to 70 old ones of 1.4 m, I.D. 'They were packed
With ceramic rings; Leuna had never tried bubble pletes, 4
Tose-type distributor wes used and with a constant water-rate
there was no trouble with mal~di stribution; +they had tried
re-distributing water half-wey down the tower, but this had
brought no eadventage. There was no chlorination of circulating
Weter and no trouble with algae. The exit gas conteined 1.5% COp.

Water from the towers was let-down in one stage through
- Pelton wheels, The let-down gas conteined 934 COps  Part of

. this was used ss an inert €8s anl part in the ammonium sulphete
- Plant, the rest being blown to atmosphere, No ures was made

| 8%t Leuns gnd only a little dry ice, end this only for internal

- USe: no dry ice could be sold, becsuse of the diffiomlty in

- ®limingting the smell, said to arise from organic sulphur

. Compounds originating in the Winkler generetors,
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- crus/1000 12 swept purdinee of 7
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2,5 ' 1.9 7.0 ;
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The let—down weter was used for gas~-cooling at the
0 conversion plant before being sent for regeneration. This
was done te eliminate 0 from catalysed gas, which in the presence
of HpS and Hpo0 was seid to cause corrosion in the gas compresscrs,
Tis system had been used for 15 years, with no corrosion,

¢o Removal This plant used copper liquor et 250 ats, The
liquor contained only carbonate, with no formate SIaat used 1925).
I+ was regenerated at & maximum temperature of 40°C, using e
vacuum in two steges, ending et 160- to 200 mms, Hg, sbsolute
pressure.

They hed not uveed refrigeration of the liquor, as
cooling below K9C ceused deposition of ammonium cerbonete. INo
yRpOUT pressure curves were aveilable,

There was no difficulty in controlling the cuprous/
cupric ratio. 4An sutomatic measurement of cupric, depending
on the colour, was used. ‘

There was said to be mo difficulty with sludge
deposition of any sort. Dr., Koppe ascribed this to the low
temperature of regeneration. The oil separators on the 5th stage
delivery of the compressore were very simple but were ssid to be
very effective; they consisted merely of a pipe dipping into a
forging, with the gas outliet at the top.

Let-down engines for power recovery from copper
liguor were used, but only ¢ld=type machines were seen.

fipal NHZ ¥ake~Up Ges Puriffcation

Ges leaving the G0 removal plant was washed with
NH?‘ liquor, to reduce the COp content from 0.04% to {1 mg/it3,
Active charcosl {to remove organic sulphur poisens} had never
been used,

i3 S'mthesiz The capecity wes originally 1200 T/D Mz, but
according to I.G. staf?, even after extensive repeirs ?asting
10 months, only 1000 T/D FE3 could be made in tiie future.

The ges circuleting system waa conventional, BExit
gas from the converter was cooled first in a water cooler and
then in a ¢old exchanger before entering & condenser refrigerated
by eveporation of licuid smmonia. Iiquid HHz was condensed out of

the gas and unconveried gases returned to thé converter via the

cold exchanger anl & circulator, Iiguid NHy was let down from

& catchpot after the refrigerated condenser, If ammonia gas

could be used as such, part of the make of liquid ammonia was used
Tor refrigeration purpoees; otherwise the NH; gas from the
refrigerator was re-liquefisd and returned to~”the refrigerator
System, Under the former method of working, the ylelds of gmscous
and liquid 1'1{3 were epproximately equal, avereged over the year.
Meke~up gans entered the circwlating system et a point between the
?cherters and weter-coclers; +this gave a minirmm weter content
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The plant wa¥ ArTanged arx W mmber of amparate gas
dreuleting systens, The firet aystem consisted of a nomber of
ity in perelicl, emch faling waie-up gas contelaing 1% Araon -
EE‘,_F. tha cireolstins gra in thiz svateq contaized 4 tuaErﬁ Argon +
(Fy end the HH. content of tha gas rose from =& to O-lO¥ during
r.aﬂ'aage thTo the converters, Puirge gas frox this system wea
uaed a3 pake-up to another syaten Workdos with circulating gan
cartalning mers Impuritfes. En turn, purge gas from thia evstem
wad used g# make=nj ToT <he mews, and thie procadirs wes rapested
mtil, in the fioe) systew, the fnert esntezt of the tlrculating
£8A a3 pome 20-305H,

Llrenlator: & point af interest wan uam of a contrifugal sirculstar
at Leupa, drewlngs of which were obtained, It was otetsd that mt :
tha Ammorda plent at Idnz this type of cirewletor hed baen edopted
threwghout, T4 wes reported thet this eirculoter ron perfectly
satisfactorily with & routine fismactling every % months for
fxamine t) on of Yzarings.

The machine 1a an ordinary #lsetricz driven centrifupsl
fump totally enelesad 1a a hlgh presgare vessel in a way =igtlsg-
to that uued In the 0il industry for dealing with hot~oil Megps, 1
The differenca in thet tha electric metor is slac anclessd, Thia
neers that there is no glard problem but there i3 instead n
bearing Jubricatden proslem, which i3 _said to Lie much asnier Lo
avereome. Yav & cepaclty of 50,000 3. the forctng semrtaind ne
the efroletor 9 about 14 foet long and about 2 Feet intepeql
diereter, Ths machine wes Wrilt g¢ that, if tha puep Md oot
have thaz reguired parformence, the rmimber of gfages could ke
inoeased, The was of sach 3 Jumg for the cdremlation of EE8 &
bydrogenation plants waa not coraidersd practicable boomage of She
eveat G1fficudtles of emmuriig the proper lubripation of the
bearingd in tha yresesce of hydracurton vapours,

Satalysty This was the wsual iron-type cetalyst, promote:] with f
8lurmina gnd potessla and gomctiuwes a littla Line. Prageration 3
¥mg ax followay 12 ¥gs of soell phisces of Ewedish drea lor :
sometliez charccal iron thuring the war) wems placed fa g shallow
Fotar—cooled lron pen, 51 an dlanster and 15 om desp, Fure
exyger wag then played an it aiter ismition by & *Zandkirache" :
etter 10 nimtes 1 kg of the promoter was sddel tg the now moltes
wasf end the oxldation completed 1n anoiher 20 mimates. The mazs
WAR poured an Bt on irom panm zed allowed g rcosi, when it owas
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broken up and ecreened. laterial between 5 and 12 mms was
uged in the converters, whilst the fines were remelted.

The promoter wes made by dissolving 15 kgs pure 41,07
and 4 kgs KNO; in 2 1itres 60° Peumé HNOz and 2 to 4 litres water,
this was bolléd end cooled to & s0lidifiéd cake., Sometizes a
little lime was also added,

The final catalyst had the composition; 97§ Fe304,
2,55 Al 0z, 0.16% S and 0,0%: C, with & bulk density of 2704
Yo sampfe was obtained, -

It was seld that this wes the seme recipé es for the
so-called ¥ittasche catalyst, except that the latter conteined
more lime; the Mittasche catalyst was better for water-contasining
gases, but the I,C. catalyat was to be preferred for the dry gases
used at Leuna, The same catalyst was used a% Leura for the
SINOL process,

Catalyst removed from the converters was re~fused in
ean electric furnace and was said to be 23 good as the new catulyst.

About 30 THO ¥ (= 36 T/D HHBl wes made per converter,
conteining 6 T catalyst, The normsl-life was about one year if
purge ges from methansl and iso-butanol entered the system, even
with a gua d converter; thms about 2000 T NHZ were obtained per
T catalysts. With no methenol purge ges longer litTe wes obtained,

The poiesons in methanol parge gas were said to be
oxygen-containing substances, such as CEISOH axd Ra0. The sulphur
content of make-up gas was said to be 051 mg S/Hg.

Converters. Converter design had by no means reached finality, and
both Leuna and Oppeu had tried out & mumber of designs,

The normel design ueed at Leuna was az follows, An
internal interchanger was fitted unier the catalyst, contained
in tubes, touching one another for good heat transfer, and
narrowed down at the bottom, for fifting into & tube plate,
The incoming gas passed up over the outside of the interchanger
tubes and over the outeide of the catalyst tubes, cooling the
catalyst and so maintaining a more favoursble temperature gradient;
the gas then passed down through the catalyst and then through
the interchanger tubes.

In anpther type which had been Wwied the catalyst wes
cooled, not by being placed in tubes, but by placing tubes in
the catalyst bed., The cooling gas pessed through these tubes,
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#hich were either in the form of halrpdins peasing up and domm
the catalyat, or in the form of Tubes cerrydne 8 central leg,
up which passed the gay sfter cexrrring eut the cosling in
(esslng down the anmiluva.

Hora Tundements) thapges in design had been carried
out &t Oppam 1 they had tuilt cna or twe “atalle®™, both with
Internal end with extammel interchengera, tmt Dr. Eoppe seid
taey hed cpocuntersd conatructionsl ddfflcultias; such
conreriers had Infter-tray coeling with cold g2, ea in e
hylrogenation ctall,

LIgna pad pot earried out any fandagental ro=enrch
on cetalyste or on the kinatics of reection @ thie hed Bll hear
dons at Oppem.,



