SULPHUR AITD FISGIER-TROPSCH DIFFICULTIES

Schnalfeldt zas coused considerable difficulties in the
Pischer Tropsch precess, vhich used o cobalt-kigselguhr catalyst,
due to the relatively hizh content of thiophene and other S-ring
corpounds, as well as gun~forning cormpounds, This, in the opinion
of Dassow, was due to drying and casification being done in the
same amparatus: he reckoned there would be no difficulty if the
drying were done Tirst, say in a Blttner dricr, separately fron
gosification. Sering and gum-forming corpounds would tend to be
destroyed in passingthrough the regenerator at 1,350°C and to a
lesser extent in passing through. the generators at 1,000°C.
Since only 60% of the synthesis gzas was recirculated and LOF% was
bled off as moke irnediately after the dricr, thercfore LOY of the
gaseous products of drying did not pass through either regenerator
or generators, and 40% of the carbonisation products did not pass
throuzh the regenerator, althoush all carbonisation products passed
through a zone at 1,000°C, It is not certainwhether the deleterious
irpurities were evolved in the drying or in the carbonisation, but
in either case we should oxpect an approciable fraction of then to
escape with the moke zas and that such gas would contain more of
then than would gas derived from a gasification systen, e.g. Winkler
senerators, wherce drying and carbonisation were carried out ima
separate process. '

#Schiiltz said that wheréas the organic sulphur in coke water gas
was about 90% CS; and 00S and -1G thiophene, organic sulphur in
Schrelfeldt gas conteined about 20% thiophene,
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fron 300 to 60 g/if).

In Ref.5 Koppers rcfer to the Schnalfeldt producers as being
little iore than distillation and cracking units, with oractically no
sosificotion of solid carbon; calculations in Appendix 2 confirm that
this is no exagneration. The causc of this is uncertain, but may lie
in the fact that oll free oxygen has disappearcd by the time the coal
particles have becn stripped of their volatile matter, and the
subsequent reactions between Hp0, COp and the cokc particles arc
corparatively slow.

Coal Dryinz Dlant

Three of the boilers installed in the power plant could use
only dry coal, and a coal drying plant, fired by coal and producer gas,
was installed to provide this dry coal. The plant was also used to
o certain cxtent to supply dry coal to the producers, when for any
recason the driers of the synthesis gas units werc unoble to dry enoush
coal.

cwshased Coal Dusit

4 snoll quoantity of dried brovm coal dust, containing 125 Hy0
and 53% G, was also purchascd and uscd paxtly on the boilers and partly
on the producers.

Dassow zave the following figurces for labour.

Process: Synthesis gas 150

Producer gos 30

Coal transport and preparation 70

Total 330

Moaintenance: TFitters and labourers 30

Bricklayers 10

Electricians 5

Instrurcnts 5

Total 100
Split of 180 Procecss Workers for Synthesis Gas Production

() Shift Men Men/shift/unit Men/3 shifts/3 units
Chargehand (Vorarboiter) 1 9
Leading=hand (Schichtsfithrer) 1 9
Autoratic Control (Stcucrhaus)

and air heating 2 18
Cupola operator 1 9
Reeycled gas blowers 1 9
2lant fitter 1 9



- 16 -

The raw synthesis ;as containcd about 1 to 2/ HzSe. The only
purification steps orizinally installed weseto remove thc bulk of the
HgS in an Alkacid plant, followed by Luxnasse (30% soda, running at
160° to 280°C). The latter however passcd too rmch organic sulphur,
cspecially ringecorpounds, and gun-forming corpounds, so in 1940 an
oil=scrubber was installed after the Alkacid plant, The oil=scrubber
also cnablcd the 6 to 8 z/i? benzol in the gas to be recovered. Later
whon mas outputs were incrcased the Alkacid plant was backed up by
oxidc boxes, rumning cold and using boz orec. At this stage
therefore the purification train was: water wash, Alkacid, oxide
boxcs, oil wash cnd Luxiasses The Luxnsse rcduced the organic
sulphur content from 40-100 g/100 2 to 0.5 /100 i at best, but
usually only to 1.5 to 2.5 g/100 i’ This howevcr was still not
zood enough and in 1944 an active carbon plant was installed before
the Lwamasse; this greatly improved atters and reduced the organic
sulphur content after the Luxmassc to 0.3 /100 -2 or less. Tho
plant wos run with this irproveuent for only two months bofore
basbing stopped oporations, but during this period the FMisshor-
Ttopsch plant shcwed groatly iLproved perforimoncc.

It should be noted howevcr that there was no difficulty in
using Schrnlfeldt gas for hydrogenation, where sulphur was not a
poison. Gas for this purpose was token fronm after the oil wash,

RAW MATERIALS AND SERVICES

In appendix 2 flowshcects are deduced for synthesis gas and
producer gas. Pron this and other data derived fronm the reports
for April 1944 the following havc been dravm wp, for & generctor
output of 20-25,000 .J/hour synthesis gas.

(a) Synthesis gas, includinc producer Jas. It is assuned that all
the fucl zas to the regencrators was produccr gas; if this were
actually the case then with the achieved dust losses the synthesis
gas units could not dry enough coal, so that separate coal drying
nlants would have to be used. However in any process using synthesis
gas thoerc will be a certain anount of by-product gases, which could
be used as fuel gas; at least 300 T.cals/1,000 i’ synthedis gas would
be available because of the 3.5% CH, in synthesis gas. If such

fuel gas is valucd at producer gas value then it is permissible to
calculate as though all the fuel gas ta the regenerators was producer
ZaSe
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2cr 1,000 :° nade

Synthesis sas do + CO
Raw brown coal (525 Hz0), kas. 2920 3900
Caron, kyzs, including 21l losses GL5 1130
Steom uscd, ks, 765 102¢
Stean raiscd, kis. 525 1100
Oxyzen, .~ 100 . 134
Hitrosen, 160 214
FEloctricity Tox production only, lkvh, 133 177
Coolin- water, @ 88 118

(b) Synthcsis sas only, i.e. plant betwecen megencrators and second
: generator (inclusive)

1,000 . synthesis ~as -nde

Caron, kis. 250 (about 100 kzs losscs
excluded)

Stcan used, ks ele)

Oxysen, 7 100

tuel zas, T.cals. 1,750

Blectricity for production only, kwh, 67

Cooliny watcr .- 55

Recirculated synthesis nas, -2 - 1,400~2,000

Synthesis zos for conveying dust,.” 100

(c) Produccr ~as onlvy

1,000 -2 producer ras

Carbon, kis. 300 (losscs included)
Stean used, kas. 100
Stean raiscd, kss. 500
ir, J 670
Elcctricity Tor nroduction only,lah. LO
Cooling water, 20

() “rithout use of Cxyzen  Vhen not using oxysen it was said that
the produccr sas regquircnients were iwch the saie in total quantity,
but wiounted to about 2,300 T.cals/1000 - synthcsis gas made,
bocouge they were spread over a smaller quontity of gas;  the
corplete combustion of 100 ' Gy to CO, would be the ecuivalent

o’ cbout 50C T.cals produccr gas.

Fin addition about Ll Ih/1,000 ~ synthesis zas was uscd for
boosting synthesis mos to the purificotion plants and for

hoosting produccer zas from the producers to the various points of

Sl tde)
USLECe
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aydrosen Lanufacturc

Synthesis sas, producced in the xnncer described above, veos
uscd dircctly for the Jischcr-Tropsch plant, after suitable
purification. Hydrosen for the hydrogzenation plant was produced
from the sare gas but taken off as a scparate strecan after the oil
scrubbinz. It was cormressed to G ats. and the ‘CO converted with
stcam to Hz; and CO5. COy was rcnoved by water washing at C ats.
and CO rcnoved by copner liguor scrubbing at 200 ats,. The fincl
pressurc vos 700 ots and the fincl zas coiposition 91-92% Hs,

L5 Vg, 3455 CHgo

COIPARISOLI OF SCH:ALFELDT PROCESS VITH WIILOER GEIERATORS

It is of interest to compare the Schmalfeldt process with
Jinkler zenerators, since they arc to o large coxtent alternative
processcs for nanufacturing synthesis ngas froir brovm coal,

In o Vinkler —encrator all the heat of rcaction for
sasification is developed in situ by the combustion of oxygen,
coart from o little introduccd os superheat in stecan., In the
Bchinlfeldt process, as orizinally designed and run, no oxygen vias
used but all the heat of reaction Tor gasification was introduced by
combustion of adir, via the formation and subsequent corbustion of
produccy fas; however in the Schnalfeldt process as nore recently
run sonc of the heat of reaction was also added by the direct
corbustion of oxyzen.

To simmlify thc corparison it is assuncd that Tinkler
sencrators arc gasifying dry brown coal, instcad of the niore usual
grude .or browvmn coal coke, Then in hotlr nrocesses no tar is recovered
but is cracked during the sasification process.

In thc following tablc perfornance figurcs for “inklers
arc derived {ron Rcf.7, based on Leuna expericncc, Unit costs are
typical of those nct with in the neighbourhood of brown coal nines,
and itcas morked thus (x) include their own capital charges. Both
tyncs of plants arc asswicd to be on rcasonably high cutput.
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Schiwolfceldt Winkler
Tten Unit Cost. Per ]tOOO'x Ho+CO Per 10003 H,+CO
. Units. RM  Upits RM

Raw brovn coal, mcl.

fucl to drier 2.0 R4 3.90t 7.00 2,26% 4.52
Drying,exel.fuel %5.0 R/t dry corllfil Wil  0.905%t 4453
Dry brown coal #10.0 R/t ¥il Ml 0.905% 9.05
LP. steanm = 1.6 R/t 1.02t¢  1.63 Q. t.  0.70
HeP. stoon. ¥ 24 R/t cr. 1,10t cr.2.64 cr.0b5 t crel.56
Power. w 2.0 Pfi/kvh 177 kwh' 3.54 52kwh 1,04
Cooling wator. # 2,0 Pfz/? 118 2 2,36 27 i3 Oe 54
Oxygen » 2,3 prg/ii 134 7 ‘3.08 360 i 8.20
‘Process” labour 1.2:RM/men hourt 2.0 2.0 0.4 0.48
Maintenance labour 1.2 RM/man howr 0.6 0.72 140
Naintenanco raterials 2.5% o
Il scellaneous 3.0? 2,07
‘Total, excl,capital(approx) - 24 L ¥ 21.9
Capital charge @ -10% p.a., 3,0% 1.0
Pull cost. 274 22,9

Whilst the figures in the above tablc mmust be treated with a
certain amount of resorve, owing o, uncertainties inherent in estinates
of this naturc, cdrtain foatures 'begone clear. Even with fuel as cheap
as’ 2 R/t the Schonlfeldt process is *sonowhat more expensivo in running
cost and appreciably more in capital cost. " Despite its poor carbon
efficicncy dircct fuel costs are no more in the ‘SchnalPeldt process,
cven aftexr a.llovnm for costs on that part of the plant used for
drylno 3 this is becouse :Lnefflclency costs sq little with coal at
this prlce, whilst drying costs in spccial driers are not. lovz.

Oxyzen is a formidable iten in the cost of Winkler & res. - Tho .costs:
of power and cooling water in the Schmalfeldt process are hlg,h s
nainly becayse about four tines as ruch gas has bo be boosted, cooled
ond . dedusted.,  Labour. and raintenance oos‘cs are high in the \
Schimlfeldt process, because of the large and scattered plant, varied
operations and reny points of control. This is also reflected in the
eapital costs, whicH arc probably three tires that of the Winkler
plant propér, i.c. ‘excluding coal drying and oxygzen manufacturec.

This can readdly be pwroc:.ated fron the corporison given in the
;ollow;m;r tablc.

#efod gives the cost of row water gas in 1943 as 204 RM/1000 i2, to
vhich has to be added 6,6 Ri/1000 i for boosting and purification: the
former fisure is equivalent to 27.4 RM/J.OOO i2 Hz+CO, although it is
nob clear \vhether capitsl charges are included.

HMpef, 1 rr:.ves the ca.pitc.l cost_as 22,600,000 BM, specificall
excluding railvays, Water supply & bower pla.nt' pro'ba.bly excludes
roads, drains, ctec. but may inc ude the oxyren pla.nt.



- 20 -
Plant for Schinlleldt Process ond 7inkler Proccss
Schnlfcldt Unit Vinkler Unit

at Ldtzkendorf ot D8hlon
Max. Oupput, :%/hr. water gas 25,000 25,000
Fucl handled, t/hr:rav brown coal 65 -
dry brown coal - 17*

riajor brick=lined chambers,about Lo to 5.5 m.1.D.
by 20-25 . high,

Producer 1 0
Regenerators 2 0
Generators 2 1
Gas drier 1 0]
Total 6 1
Gas to be cooled and dedusted, ii/hr. dry
Producer gas 25,000 Nil
Recycled synthesis gas 50,000 Nil
Synthesis gas made 25,000 25,000
Total 100,000 25,000
Major washers, cbout 5 n.I.D. by 20m.high 3 1
Yaste heat boiler capacity, t/hr. stean 12,5 12

Additional costs, which should be debited to the Schnalfcldt
process, but are not included above, have to cover {a) the cost of
disposal of the large quantitics of muddy cfflucnt, (b) thc cost of
the higher inert content of water zas (CHa#V; = 6%, as against 3%
in Winklcr gas) and (c) the cxpensive purification treatrient if
the gas is to bc used for PFischer Tropsch synthcsis.

As coal beceones more cxpensive so docs the difforence
between the costs of the two processes widen. Thus with raw brown
coal at L4 RM/t the differcnce would be increased by sbout 4 RM/1000 i
Ha + CO, allowing for thc coal used in moking steam, povier, oxygen,ctc.

Hevertheless reicmbering what was said on p.3, that the
process has becn developed at Littzkendorf in very disadvantageous
circunstances, it is yct possiblc that the Schrwnlfeldt process could
cqual the Winkler process in cost whatever the cost of brown coal.
Obvious improvenents could be brought about (2) by making fucl gos by
Winkler generators, rumning on 4ir and the coarser fraction of the
dried dust, replacing thc Schrnlfeldt producers, vhich are very
inefficient, and (b) by installing rulticycloncs on the synthesis
gas units to reduce dust losses. Thc Schralf'eldt synthesis gas
process could then be imagined as saving the cost of coal drying
and ruch of the cost of oxygen manufacturc in the Winkler process,
by a process involving a hich capital cost of the gasification
plant proper and highcr costs for labour, maintenance and cooling water.

#actually 14 t/hr.—Bf brown coal coke or grude is useod at B8hlen.
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It coomot safely be arcucd that becausce the Schinlfeldt
plant ot Litzkendorf was never repcatcd that thercforc, in German
opinion, there ore iorc ccononic processcs. — 2casonable operating
rcsults were not cbtaincd at Litzkendorf until 1942, thus doing
so.e thing to cradicate carlicr bad irprossions, duc to initicl
disadvantascous circunstances. After that tine new factories,
rcquiring sasification of brovm coal, ccased to be built. ijoreover
Gerion cconony vas such as to put o praidut on tar, so this would
give o mroeference to a Tinkler process, using brown coal coke after
tar rccovery.

It is clcar however that the Schuelfeldt proccss can find
no cpplicotion under British conditions., Ve have no suitebio
fucls which are cheap cnoush to perrit larse dust losscs or which
cannot be sasified riorc ccononically in conventional ways.



