Surification of Synthesis Gas

Rewcwal of Dust,

Rulirchemle agree that the nmost satisfactory soluticn of
this prodlem is to install an electro-filter, az Brabag have
done and as Moesch preposed dolng, They conszider thni the
comrosition of the dust is of grester importance than 1lts
quentity, and they eyperienced rmore trouble with 1t thoan the
other synthesis works tocaies iu thuir case the dust was very
sticky as it contained same 40 - 50,0 elsmentary sulphur. This

eade it adhere firmly to the blades of tha circulating pummps,
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Ruhrchemie went some way towerds solwving ths problem bv using the
plant for the removal of hLydrogen sulohlls se a filter to rroiset
the pumps from this dust, Te do #his, tho purifieation system
was arrangad in the followirg order: Removal of H?S - Punpz -~
Removal of organie sulphur, This schowe s by no mruma perfect,
howevar, boceuse the dust which is Tiltored out of trn gus by
the Luxmasse used for removing H,8 makes the whole of this
material sticky, anl so lncrensss its resistones to the flow of
g88, Honce to prevant the punps producing o dangerous reduced
pressure in the H,S ~ removal plant, ths gas flow through the
latter had to be feduced from 80,000 to 65,000 eu.m /i

Essener Steinkohle used & less dmatis medification of “ha
normal plant arrangement, They used a low =psed puxp before the
H S - removal plant and e high speed one afser 1%, as they
£hund that logs of the sticky dust adhered to the blades of &
puzp that was being run at a low speed,

Removal of Hydroren Sulphide.

This was done by Ruhrchemlie in & plan® built by ¥idare,
Dortmund, consisting of 8 tower purifiera, Fach towor uas
9.8 m high and 41,3 r. diometer and contained sbout 600 t.
purification materlal arranged on woodan fremss in sixteen
layers, each layer being 400 rm, high, The gaa passed
through the layers in parallel. The elghr towers ware
arrenged in two groups of four, the two giroups being used
in parallel, Zach group had three towers, arranged in series,
in use and one in reserve, They ere filled either with pure
Luwxmasse, or with a mixture of 70, new Lutmasse and 304 used
material and the temperature is somewhere betwesn 20 apd 42090,
Each charge lasts from 6 - 8 months, after which time 1t
contains about 457 sulphur, caleulated on the moist mmterial,
when it is sold for the recovery of the sulphur, Zach group
of four towers purifies 40,000 cu,m,/h, synihesis gon,
reducing the sulphur content from 3 - 4 g./ca.m. to 0,05 =
0.10 g./cu.m. Before ths gas entors the purifisrs sufficient
air is added to bring the oxygen content up to 0.47, 02 this,
0.2% is necessary for the separsation of ths sulphur in the
purification material, and the remalning 0.27 13 required for
the conversicn of sulphur to sodium sulphate in the plant for
removing organic sulphur compounds,

Kuhrchemie see no adventage in reslscing some of the
luxmasse by exhausted material from the crgtnle sulphur-removal
plant, which has been reactivated by starding in molst air
for several months, although botk Esssnar Steirkehle ard
Rhelppreussen do thias,
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Removal of Resin-Forming Compowmis,

The following sccount of this ratler was given by
Dr, Grimrme of Rheinpreussen:-

Whan Rheirpreussern first cracked coko-oven gas in the
gererator, for adjusting thelr synthesls ges composition, they
expsrionced trouble iy tho plant for the removal of organic
sudphur, which ceased to purify the gas gufficlently. Rocognizing
that it was the vee of colke-owen ges which couzed the trowbls,
coko-oven ges alone was pessed over & asmple of tha purifier
zpterisl and it wes fournd thet ell puwrification essxed in sbout
30 witnies snd the reterie) vams 1oft in such o stete that it
would not purify ordinary wmatar-gas. On continuning %o pass
weter—gos for sewverszl weeks, the activity wae fo some oxtent
rastored, This effect was traced to the amall snownt of oxygen
in the water—-gas, anl the more oxygen present, ths more
rapilly was the activity restored.

These resuits gave rise to the idea that the purifler
materiel was cozted with some organic substancs, resin, for
ezxample, Which prevenied it working properly. This was
confirmed as follows: If = olecs of purifier material aftexr
noreal use is broken and the sulphur determined at various
depths from the surface, 1t is found that sulphur doos
nenstrate slowly to the interior of the pleces, Tor materisl
that has been treated with coke-oven gas, however, nco
penetration of swlphur into the interior is cbserved, If the
material that has been exposed to coke-oven gas s exmiracied
with benzine at the boiling point nothing is remewed; but
extroction under pressure at 206°%C, rewoves small cquantities
of resinous raterial,

Small smounts of & nwrber of unsaturated compownds which
wight be expected to form resins wers then added to pure water-
gns and passed over the purifier material,  Styrere, indene,
curerons, hydroxy-compounds, acatylens, mixturez of these
suhstances, 2nd mixtures of them with thicphams ard othur
sulphur corpounds were tried and nc harmful effeot wae
chaerved in any case., They aimply polymeriss to ilquid
condensates which are harmlezs, It iz t¢ b2 noted thst all
thesse aubstences react positlively to the Dgloff test with
forraldshyde for resin<formers, but o pesitive resction to this
tost mepns nothlng, as Brabeg have found that purs benr@ne
itsel?t reacis in this wmy.

Dy, Gricme thinis that iha formstica of resin on the
material used for the removal of organic sulphur is due to
the polymerisation



of some of the more ordinary unsaturated constituents of the gas
urder the influence of soms catalyst present in coke-oven gas
but not present in water-gas., This would explain the negative
resulta cobtained by the introduction of pure unsaturated
compounds into water-gas, Oxides of nitrogen were tried but
they 4id@ not act as catalysts, and the latest idea was that
discetylene, which is present %o the extent of (0.03% in coke-
oven gas, way be the cause of the polymerizaticen,

Rheinpreussen then found that if the aynthesis gas made
from craciked ccke-oven gasz, and containing the harmful resin-
forming component, ls passed through active carbon, the
resin-forming compourd ia removed and the gas no longer
polsona the purifier rmaterial, If the condensate removed
from the active carben by steaming is re-introduced into
the purified synthesis gas in the orlginal propoertion, the gas
again poisons the purifier material. Fhelnpreussen sold this
proceas to Lurgl, and it wes on the basis of the work at
Rheinpreussen that the active carbon purification plant st
Zssener Steinkshle was built by Lurei.

For themselwves, however, Rhelypreussen fourd what they
consldered to be & more cconemicnl solution by changing over to
an arrangement in which the coke-oven gas 1s cracked in a
separate unit at 1500 - 155092, instead of at 1200 -—130&00.,
£ ia the ose for cracking in the generutor, All organic
compounds are destroyed in this way and the gas produced is
completely insctive to the formaldehyde test and forms no
resin on the purifier material, The high temperature mentioned
is absolutely essential, 1300 - 1400%C, ig not sufficient,
Schaffgotseh agreed with Rhelnmpreussen and proposed to alter
their plant 1p the sawe way. :

ssener “teirkohle, however, are firmly of the opinion
that the active carbopn solution ls the preferablie one on
economic grounds, pointing out that in their cass the active
carbon plant cost RM, 1,000,000 whersas an extzrnal cracking
plant would cost exactly three iimcs as much, In connection
with the running of the plant, they point out that one of the
factors affecting its efficiency is the amount of water vapour
in the synthesis gas, In their case thls was high anl as a
reault, the absorbers had to be changed every 10 hours, &s they
rapidly become saturatel with water, lnatead of every 7O hours,
They were not certain whether the sctive carbon plent performed
any other useful functien im addition to removing the resin-
forming compounds,  When thay inctalled it the catalyst 1ife
increased from seven to nine months, but this may have been due
to other changes introduced at the same tims,



Trasep Inveatigated this polnt o cre secbion of Lhein -
wrts,  Afthough they had o avidence for bhe fpramtion of
=aplipd ir thalr plant for the rerowl of orgrntie s1dphur, shay
ipatallod onn netldwe catoon oplt amd bmvestlgsted fts effenst
‘cYSE WG Feara, (nly patt of their ges oould be treated im
shiz wey, bub catalyst which wes rus vn gar ehich hes Gesn so
puwrifisd khad deedzle the pormal 1dfe. ther thought thatthia
#as Aas tn Lhe rerenm] of oTgands ednher oompetads DAl
Miigphsns whleh Rre precent wo b lorge sxteat in the copdensots
reLioyTa by tne active corben, ard woalch nornelly pase all she
i e Lion sleges 1o comsldezobla omoebnlo, The cetive carton
plant &% Ao Seeinkob’le also producsd condsnsate
comteining 2ulaher compounda, ept en thiz -~ma zo sasll dx
qusrt iy coopered wilh the Plnll predueds osinced by the
syaLhasia 1L was mdwed with Lhew aid 2a]d oithownil o owvgr w2y
barndog tholr oguelity.

T4 was generally greed, however, that the remswl of
soepin-forming covscituants, whelhnr done by achkfvm marson oF
Ty mpborvat ernekdng, decrtansi the couf of purtfeding the pna
Srum grpandc saaphoe competardn coneidersbly, tecause of Lne .
rafuvation 1n the amount of labour ramuirad for chaiging ihe
surifier metariall

Denovel f Jepapac Sulphur Cospoands,

Tkl In Jore by pascdieps Lhe pae cnsr £llellesd Doarhsse

at B30 - ZEOTL,  The Puirchemie glaut for thin prossss mis
Bt by El%eme , Coctoramd, nd copsdassd of flve gooaes of
Tuwers il e dunsl paridication toemo, Tapt grsvR oohtalted
2 preheetor ool veo 1saela, emnh of L E o, dleseter end TG mL
high. o wvewpon of Tower wera ured, I ths "Baskal Lypo' she

urifiestian sakericd iz PelT oIn oA mmher ot ceparnns nonbe s
vhiok wre charesd silermnily end then lowerzd Intc the tower,
whirk holls & o¢ & of the, v Internal errargesgnca of Lin
weqree are queh thet b gus prsvens dhceugh the conzeliscn i

waalleld, The seaesd toe of Pmwor ospendre fec ooeoanial
vertiotl slsvwesr, betgsen widch (ke purlflioetlon material s

L2l n e bayer Co0 - 1,0 m thiek, Th: Trealiel twn al Lomer
aar b obaresd ool pdehbst end the o ificatleon paterisl has
£ lopger Z9fc dn fv than in doe ether Lyps, Daw AAFDPIouity ia
seoetipen soceriznesd in 2eslirp occh comacieer lefo pisos
inside her towss, the gesetighr seala bedrs rads alih flrelg
nmaerad cvireTication natszial. Jeon of thear toaers in tha
iz;_-h_-:—;h.:_qj:? stant bolls G0 L nuetfizcatiap meterdel  Ban the
e vnes of REapmer Sheinholde he1i 0 900t The oply
rdwanteze of Lhe zoreen typo of bewer lro fhet It bs alesiwr G
cons oot The soresr 4yoe bowrra of Mihrekswmis el O
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purification material each. The preheater consisted of a
combustion chamber where residual gas from the synthkesis was
burnt at 600 - 900°C,, and & bundle of stesl tubes, made of
hoat-resisting steel at the lower, hot, ond, mnd of ordinary
stesl at the uppsr, cooler, snd, The incoming gas first pessed
through a heat exchanger, then through the bundle of tubes of
the preheater and then entered the first tower, (n lsaving
this towsr 1t was ccoled in the heat exchanger already
mentioned to the temperature required for the second tower,
which it then traversed., Zach group of two towsrs normelly
dealt with 17,000 H.cu,m, gas/h. but the rate could be
increased to 20,000 N.cwu.m, /h. i nescessary, The apace
velocity was chout 200/h,

On leaving these five groups of puriflers, the gas enters
two fimanl purification towerm, arrarged in parallel. Vo
preheating is required, This l2st stage of purificetion is
put in as 2 safety measure, bectuse when & towsr in the rain.
purification system is refilled the new material does not
begin to work immediately,

The method of working the plant iz seen from the deta in
Teble 4,

Table 4,
Method of Worklns the Plant for the Remcwval of Organic Sulphur
: (Ruhrchemie )
Tomperature 70, Sulphur g./100 cu.m, J
bBefore Before After
Days Tower 1 Tower 2 Towayr 2

Tower i{ ‘owerd
Org.S.1 H.S! Org.S; B3} oOrg.S.) HS3

2 200 1560 2,30 {20,20l< 0,05} 4.203 < 0.05 [ < 0,05
18 230 200 3,10 120,108« 0,05) 5.200 < 0,05 ;< 0.05

20,401 0.05| 5,20; < 0,05 | < 6.05

B

33 255 |, 215 3,
.40l o009 6,208 012 0,20

L]
L]

\n
2

43 270 220




The temperatures given In the table refer to the gas leavirng

the tower concernsd, The data are for gas rates of 46,000

to 18,000 cw.m, /b, end for charges of & t. purification waterial
in each tower, =nd they show that for these conditions the

1ife of the material wms 45 - 50 daya,

As wus mentioned in connection with the removal of
hydrogen sulphide, the gas entering the plant for the removal of
organle sulphur contains 0.2 - 0.3¢ oxygen, The maln function of
this is so to direct the reaction that the sulphwr is retained
in the purifyingy material as allmli suvlphate and not as iron
sulphide, Lurgi say that 1t aleo has the wseful effect of
preventing the iron oxide being reduced to metallic iron. If
the oxygen content of the gas Js too low, or the temsrature
too high, reduction does ccour, and as & direct result of this,
carbon formation,

The puriflication material used consists of Luxnasse with
335 soda, made up into granules of 10 - 15 mm, size, in the
Ruhrchemie cetalyst factory, The cost of making this material
13 aralysed in Table 5. Capital charges are not included.

Ruhrchemie hed done experiments with material containing
5000 alkali and these were sucosssful on the laboratory scale,
Mull-geale tests were inconclusive, however, on account of
other disturbances in the works, )

They had donec no large scale tests wlth Brabag's highly
porous materials.  DBradag still used this purifier material in
1944 anl considered it to be superior to the rormal preparation.
In Judging this highly porous material, howewer, 1t must be
remembered that the problem of removing orgenic sulphur from
tha Brabag gas was rather different fram the probles of the
cthor licensees, becmuse Brabag's gas, prepared directly {rom
broem coal, contained a large amount of condenaste - benzene,
toluenz, naphthalene, thilophsne, thilotulene, thlonaphthalene
ard 8o on -~ aid conditions in thelr plant for removing organice
swlphur were always such that ehout one quarier of the
thicphene ard oven some of the carbon disulphide pazsed through
unchanged, The DBrebag highly porous material wms more active,
part:cularly in dealing with aromatic asulphur compounds, but
had a conslderably shorter 1ife than ths ordinary Ruhrchenie
preparaticn,
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Table 5.

Cost of Preparation of Purifier Material for Removal of Orgenic

Sulphur _{Ruhrcheme )

Juantities Costa, RM
Total per t. Total per t.

Input

Celeined 3ods} 2,992,433 ko, 0,274 ¢, 244,992 22.4%

Luxmease 15,732,690 1.440 7 276,143 25, 27,

521,135 47. 76

VWorking Coats

Wages 121,885 11.19

Salaries 16,885 1.55
Klectric

Power 249,290 kwh{ 22,799 lors 5,816 .59
Steam (18 stm) 32,567 t, 2.981 kg| 155,018 14.19
Various

Mnterials 3,854 0. 35
Repairs and
Maintenance

Lebour 99,5637 I

Materiala 9,566 0.88
Tramaport

Charges 13,940 1.27
Insurance

and Dues 449 0.04
Despatch f

Costn 12,995 1.19
Soda Storage - 7,056 0. €51
Labvoratory 13,063 1. 20
Gensral 52,252 4,78
Administra -

tion 11,379 1,04

523 769 £7.94

Input and
Jorking Coszts 1,044,905 95.54




431 tha arnthesis plonta, vhethor staomonerle or weadlom
prassures snes, rexcved the orgapic scliphar from the synibesis
Fas Bt atycanheric orezsaure in fhe suy deseripsd, sy thinpd
ihat for & nem wadlive oressare el it woald be edvantapoois
to cemove the crpansic uulphor e ler pommresslon apl tals wag
tp be 3oum In tls nes pleptl destersd for the Sosleta Thallons
Carhurenti 3inieticl (Aroeza). With thla in view, thzy
conductel pliot alant szperixents ot o ovace vwelocity of 400,
l.w., twice the nureal rete, Thelr Fierst aztbempt wes mads in
o owide fube with externnl slectaiec) hestlng ard thlzs waz not
aascessful Lesowusme tle milile of the tule wna too oold for
alfiadznt puriffcation while the walla w2re at & vemperazore
Rlgh encugh fo carbon Qoomesivo to oocour, Tney rhopr shopped
uaing thaelastrleal hoatlag, lnzudartal tho tuhe therma”ly
aud preheatet the gna, Tn this ewry the plapt hes bser un
zucceeafully for aseveral waeke, Lut the Life of the puriifisc
msberin? hes mot yet Toen Setermained,

Fosrehoote hed also Invaotigetad the réemowel off organic
sulphue compoanyd: ot redivn presaura. They onrried oud
Inhooakors teats usim: 110th the normel gan rate, but with
the urnel moriftioction raverial omd the ame tempetatore
ranga, ntei weser thess comiitions the regults wereazélia-
Faotory. ot at s ogaa rate of S0 - 00 H.lil::‘r.:f:_-‘rh.,-'rm-:’ [+ 3%
g terial  and with sater—raa eomtotring 17 - 14 @ argEhle
sulpkur 100 wuLm. , ot asmesphoric preasure the arutals
auzlplnr waa ~edusnd fo belew 0,07 g, 100 cunime untid 29 cum,
of gas bad yassed, epd efter thiz atuge the sulshor pisaing
through insrenaed papldEly, Inn parallel axpsriwent B
1 ssm, prassere thr selphue roas satesdily to G080 2. 100 o
during the cassage =L the fleot 0 cawm 2F g2s sni roseinsd
teady sy this Mipurs €101 35 owow, of gas hed bean p 1 LA
when 1t inereapzed vandldiv,

Flamily, it +ncuil be mentionesd that when the urgacile
Ruiphur bnn been semcved 63 comaletsly ss rosciblo by tlhe
amzthads described, helcpreusant concider that it woudd ne
sAwmntagesus fo poss the as thoourh op astive earbon undy to
recove ecor-dansate forredl Yo the Tanl atege of the porlfieation
frone ereanic avipbner, nerieonts ) resglto heve ahomn that
¢ Wemrid pay f0 twVE Sash onoerrangement i the lorgs plank,

Costa for tlo Purdfication of Dynbhasis Gowo

Fuhirgkewic gove the follewins isures for the yoae 1963--4: -

Puriflention fror hpirepen woiabide BGE RofeSaum
Furifica bIon from oroasic salphaer D030 FBada. s mlL R



These costs do not inciude capital charges, which can, however,
be estimated from the capital cost of the varions ltems of

plant, which are as follows:~
J24.54
Circulation Pumps’ 389,666
Plant for removing hydrogen sulphide 1,024,367
Piant for removing crganic sulphur 1,060,521
71,287

Crane installation for the above

P -



