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. This report records infarmation obtained by technical investigators
on processes for the purification of gases in Germany for their subsequent
use in chemical and synthetic fuel production purposes. It covers those
processes which are in commercial use for the purification of large
volumes of gas such as are employed in the production of ammania., hydrogen, -
vmethanol and synthetic oils. ,

The report descri'bee the several procesaea studied and the factors
controlling them. The emphasis has been on those parts of the processes
which are not coammonly known in the United States, the more common )
elements having been amitted for sake of brevity. The appendix contains
flow diagrams, equipment drawings and copies of ariginal German technical
documents pertinent to the subject, which serve to elaborate on the
chemical engineermg, mechanical design, and development phases of the
processes, N
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SYNTHESIS GAS PURIFICATION PROCESSES
- INTRODUCTION 80831

ey

Since the gases manufactured in Germany for chemical and synthetic
fuel production purposes are put to use in chemical reactions that employ
sensitive catalyats, it has been necessary-to clean the gases of both
their entrained solid and liquid materials and also to remove by physical
or chemicel means the deleterious camponents such as sulphur bearing
gases and carbon dioxide. : g

This report covers the purification of feed gases for synthesis
purposes, and describes the processing of these.gases between their
- production and their utilization in the synthesis. It does not describe
purifiication and separation of product gases by the Linde fractionation,
adsorption of hydrocarbons on activated carbon, and ebsorption processes.

The many gases manufactured in Germany for hydrogen production or
for production of synthesis gases for tho Fischer-Tropsch, Oxo-synthesis,
Synol-synthesis, Methanol-synthesis, Isobutanol-synthesis, armonia-syn-
thesis, Bunz rubber synthesis, etc., invariably contained contaminating
materials. The principal contaminants in the feed garses are usually one
or more of the following: tar, aromatic compounds, dust, hydrogen
sulfidec, ammonia, carbon monexide, carbon dioxide, hydrogen cyanide, and
nitrogen, the type and quantity of contamination depending on the source
of the gas. The degree of purificction required depends of coursc upon
the purpose for which the ges is to be used and the rurification process
is selected with that in mind. The object of this report is to present
briefly tho various processos that were used in Germany during the war
to cccomplish tho desirod purification of gas for these purposes.,

~ For the purpose of presenting several processes in a logical
manner in this report they are classified as follows:

1. Duste and Tar Reomoval

2. I.G. Alkazid Process for Gas -Purification

3« Claus Process for Rocovery of Sulphur from HpS

L, H,S removal from Gas with Iron Oxide (Grobreinigung)
5. Removel of Organic Sulphur from Gases (Feinrcinigung)
6. Ges Purification by Activated Carbon (Feinstreinigung)
7. Romoval of COs from Gases - .

8. Removel of CO from Gescs -

2. DUSTS AND TAR REMOVAL

Nearly all monufacturocd gas conteins somo dust as it loaves tho
production unit. In addition, gas made from coal in coke-ovons or coal
gosifior units (cs dif€orontiated from thet mado from hard coke) zlso
often contains smcll amounts of tar or resins. In most cnses wherc tho
gc-8 contains both contemincnts, the tar is removed a2long with tho dust.
Some of tho German instcllations, howevor, includo o soparate cleoctro-
static tor precipitotor instcllation which operatos in the convontional
mcnnor well known in tho Unitod Statos.
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Throo mothods df dust and tor pomevel are ih gonorol use in Gormany
-ag follows: mechanical sopaintops suth B ‘eyclono sopcrctors, bafflod
sopcrators, trops (both Wot and dry) and filtors) (2) Eioctrost.ut:lc
precipitators; and (3) Water waghing methods.

. - The mechanical sepa.ra.tors usod in Gormany are of vn.rious dosigns
cnd were mnde in Germany by several companies. A good doscription of tho
methods usunlly employod is givon in a ropert dnted December 12, 1936 by
Dr. Geister of I.G. Forbonindustrio entitled "Entstaubung”, or tronslated,
"Dust Removal." A copy of this roport is contcined in the Appendix of
this roport and 18 not deacribod further hore.

A special filtor found to be in use which is claimed to hevo
p.rticuln.r cdvantagos as o mechanical soperator for gns cloaning is the
"Oppouer Schachtfilter” in which the filtor medium is o slowly moving

bod of granulated coko instcllod in a vertical cylindrical chambor cnd
resting on 2 moveble grato. The gns entors the dottom znd flows to tho
top. Tho coke is shnken from the grote into water, agitatod and washed,
then returned to the top of tho bed by an hydraulic¢ convoyor, which also
servos to keep the filter bod wet. Tho process is doscribed in a report
by Dr. Sachsso entitlod "Removel of Carbon Bleck and Dust from Geses with
the Oppcuor Schacht-filter” attcchod in tho a.ppondix. ,

Othor filters thot mey bo montioned in po.ssing arc tho Viecin air
filtor froquently used on the cir inlot of tho oxygon plants, the syn-
“thotic silk bag filtors used in tho seporctiorn of coxrbon dblack from geses
crockod in the clectric cre, ond the many ordinary filters pocked with
motal turnings, wood shavings, and fibre glcss cither dry or eatumtod
with an o1l or ad.hoaive mterizl.

The principle of the- elect.roeta.tic process is woll knmown so doteils
of construction wore not obtained.

When electrostcotic procipitetion is not uged, tho lest traces of dust
in the gnses 2re usuclly removed by o woter wosh. 'l‘his wotor wash moy
be carried out in a spray tower, cn ordinary packed column, may be combined
with on cbsorption purificction system for removel of H,S, COo, RH3 otc.,
or mcy be performed in a mechenically agitetod washor-coolor such s tho
patonted Theisson unit. Where o gns absorption-purification systom such
as tho Alknzid unit is also uscd for dust romovzal, o filtor is included’
in the procoss through which cither continuously or intormittently =
- port of tho circulnting cbsorption solution is passcd to romove the
cccumlated sludgo.

'3, T.G. AIKAZID PROCESS FOR GAS PURIFICATION

Chcomicel purificoation is omployecd whore tho contoaminants are not
romovceblo by mechanicel moans. Ges impuritics of a slightly acid neturo
such 28 hydrogon sulphide, carbon dioxido and hydrocycnic acid wore
- somotimos removed from gr.sos by bdbasic substoncos such as alknli hydroxides
and possibly sodimm or potassium carboncte solutions that can dbo
rcgonorated. Howevor the process developod by the Girdlor Corporction
cmploying tho alkylol cmines espociclly the mono,-di-, and tricthanolaminc
cnd lator diaminopropanolito absord hydrogon sulphidc and carbon dioxido
wos not found in uso. Amines ore strong basos and wator soluble '
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substoncos which rodd.ily aboord cnd. c02 at normal tomporatures ond
- liborato thom whon hocted to ) » cnd absord sovoral timos as much
CO» and H,oS por unit of volumo &8s do the potzosium or sodium corboncto
solutions,

4 Tho Alknzid procoeo wos devolopod by I.G. Farboninduatrio to ramovo
HoS or mixturos of HS and CO2. Ges purification units of this typoc havo
boon constructed in meny countrios all ovar tho world. The procoss is
usod primorily to troat gno of high sulfur contont boforo it goos to
othor stops for morc complote purification. It clso cleimed the zdvantego
of yielding hydrogon sulfido of quitc high concontration, c.g., undor
fcvorablo conditions up to about 90% HyS. This unit is probobly usod
morc ofton in Gormony to troat gnsos from hydrogonction or cracking
oporctions thoan it is ussdito  troct monufacturod gos, dbut it 1s ootis-
foctory for oithor ecrvico. ’

A doscription of tho unit o8 applicd to hydrogonation product gce
troctmont is given in U.S. Navel Technicel Mission in Europe Roport No.
87-1&5 "Tho Wessoling Synthotic Fuol Plant” zcnd is not ropcatod heord.

A simplifiod gonorzl flow shoot 18 shown on drowing M 2028 (Iton 3
in tho appondix of this roport). In this skotch the rav gns ontors tho
bottom of onc or both cbsorbor columms (labolled "Abstroifor”) which con
be operatod in. pcrallol or in sorios, The pmrified gas (“Roingrs™) loavos
the unit from tho top of tho cbsorber or cbsorbors, The cold loan czustic
- solution passcs countorcurrcnt to tho ges down the colums, out tho bottom
through a scrocn and is pumpod through o heoct oxchangor countorcurront
to tho hot lcan coustic from the dbottom of tho strippoar. From tho heat
oxchonger tho rich caustic is fod to tho top of the strippor column. Tho
strippod grs (HpS cnd CO,) loaves tho top of tho sirippor, pessos through
& condcnsor and soperztor. to romove condensate, thonce out of tho systom
to tho Cleus Unit or other disposcl, The stoam to -hoat tho kottlo of tho
-strippor is distridbutecd botweon diroct cnd indiroct hoating in ordoxr to
hold the specific gravity of tho coustic botwoon 1.16 and 1.20. Tho
strippod caustic lozcvos tho bottom of the absorbor through a scroen, possos
through the countcrcurront hoat cxchange montionod a.'bovo, through a wator
cooler and to the top of tho absordor, '

Thero arc two typos of solutions uscd in tho Alknzid proceoss.

- "DIK Caustic"”, tho solution mest commonly used, is a solution of potassium
dimothyl or diothyl alpha aminoacctate and is usod to romovo H,S fram gnsos
contzaining CS,. "M-Caustic" is o solution of potassium mothyl alpho
aminoproprionato. It will cbsord both HpS and COp but is used only in tho
cbscnce of CSp. The narmal effoctive gns chargo of tho solutions ranges
from 10-15 volumes por volume of caustic for bost rcmoval of HpS but coan

bo incrcascd to as mch 48 3035 volumes pexr volume by tho use of mechanical
contacting dovices and longor contact timo, or by pormitting o highor

sulfur contont in the outlct gas.

The procoss has boon uscd to troat gas containing up to 10p HoS,
ond will romove tho HoS to 0.87 to 0,10%, Absorption and stripping
arc at substantially ctmosphoric prossurc, Tho optimun absorptiomn
téemporature is about 5°C, ¥ut tomporaturo up to 30°C con bo satisfactorily
usod. Tho rolativo u.'bsorptiog of COp by DIK-caustic incroasos with .
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incrocsed absorption tomporaturo, and with incroasod timo of contoot
ovor tho normal onc minutc. o o o

The strippor kottle tomporzturo is meintained ot cbout 105°C.

A now dovolopmont of this proccss, which has not yot boon put into
commorcial oporation, absorbs ot 8-10 atmosphoros and strips at 1 atm
without tho addition of hoat to tho kottlo oxcopt for tho direct stocm
noccssary to control ccustic gravity. Tho offoctive loading of tho
caustic undor those conditioms is only 4-5 volumos/volumo, but it is
clcimod thot tho oxtra pumping cnd comprossion cost is moro thon .
canponsttod by tho oconomy of stoam. - -

.Tho procoss is clgo uscd for low prbseuro 002' rombvcl whero sulfur
is not prosont or'is prcsont in smll quentitios.

A cost comporison made by tho I.G. Forbonindustric shows tho
Alkczid procoss to bo choaper than wotor wach, Girbotol, Koppors, Sholl
and sovorsl other procosscs; howover, oven if tho figwres oro cccepted,
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cltorod conditions ixi tho U.S. mmy woll chongo tho rosults and no positive

stotonent can be made of the suporiority, of tho procoss for all
conditions. The main advantcgo of tho procoss ovor thc othanolamino
procces is the lowor valotility of tho szluto.

Mony opcrating difficultios havo boeon oxporioncod with the unit.
Tho principal trouble has becon with corrosion of tho stecl and aluminum.
uscd in tho cquipmont. The Gorrans cambat this corrosion by closo

control of tho ccustic grovity, control of tho tomporaturo in tho aluninum

cquipmont, carcful oxclusion of air from tho syston, and by "poscifying”
the clunimun through circulation of dilute sodiun siliccto solution
through tho ocquipment boforc oporztion. No morcury or morcury sclts arc
uscd whore thoy ccn possibly cntor tho systom. Tho direct storm to tho
strippor mst be mcinteined dry -and frece from impuritios. Attoched is

c. roport of visit mcdo to the Alkozid Plent in Lutzkeondorf in rogoard

to thc corrosion. e
Fooning of tho solution occcsionally causcs troublc, but tho I.G.
- havo dcvoloped an antidoto knéwn as Schaumbokrupfungsmittel "r* (Foom-
attocking agent "IU') in thce Lounc plant. : :

' Any oxygon thot ontors the systom during oporation forms thiosul-
fotos in the solution, dostroying its coffoctivoness. Spocial preccutions
oro taken to provent cir cntoring tho systom at pump poackings, or in tho
solution storago vosscls, ctc. This difficulty limits tho usc of tho
procoss to oxygon-froc grsos. _

If tho gravity of tho solution gotsAtqé high or the solution 3027
too cold, solids will scottlc out. Corroctivo moasures oro hoating an or
dilution of thc solution. : :

For morc complotc informntion on operating and suporvision nothods

" Por tho Alknzid procoss two roports arc includod in tho appondix os
follows: _

L -



1. "Botriobscrfahrungon und Hinwciso zum Alkrzidvorforhon"
2. "Richtlinion fur don Botricb and Uberwechung von Alknzid- 8Ccess
Waschanlagen. " ; ; |
A more complete flowshoot which includos & NeGH wosh following the
Alknzid cbsorption is shown on drawing No. M3200-1, included in the
cppondix. A comprohonsivo tochnical articlo on both this process and tho
Clous procoss was publishod in tho Juno- 1988 issue of tho Rofinor and
Noturcl Gesoline Monufocturor pegos 237-244 and mony of tho dotails givon
- thoré cdro not repoatod heros =~ : . :
4, I.G. CLAUS PROCESS FOR REOOVERY OF SULPHUR FROM H~S
.~ Tho I.G, Clous proccos 1s a method for converting gescous hydrogen
sulfidc into moltcn olomontary sulfur. This procoss is often usod os o
supplonontary process in comnoction with tho Alkczid EpS rcmoval proccsos,
Tho ronction besis of tho Clous procecss is shown by tho following
-oquations: ‘ o - ‘

7 S w30, - om0, 2SO0

Drawing Ze 1416-2 in tho appondix of this roport proscnts a flow-
shoot of tho procoss. In this flowshcot tho HoS comos from Gasomoter
- Unit 14 through ¢ blowor to tho two Clcue "kossols" in perzllol. Horo
it is portially burncd with 2 controllod cmount ‘of cir to yiold a rotio
of SOy to HyS of 1:2.) This mixturo then possos ovor tho bouxite cot-
dlyst in tho first Clous "ofon" ct ¢ tomporcturc of about 3002 to 400°C
whero the.socond rocction tckos placo. Tho gas from the first "ofen" '
passos through an "cuthitzer" whore fucl gas is burnod to hoat the gesos
furthor bofore thoy pass through tho socond Clzus "ofcn" to comploto
tho socond rcaction. Molton sulfur is drawn fron tho bottom of cach
"ofon”. Tho toil gnsos fron the socond "ofon" consist principally of- .
nitrogen, water wapor, nnd carbon dioxido (from hydroccrbon goscs) with
about 3.5.g/m® of unroactod SO, ond HoS. This gns pesscs through o :
cyclono or oloctrostotic sopardtor to romovo ontrained clcnontcl sulfur,
then to tho "Nochbromnungsofen" whoro ¢ pilot flomo burns the romaining
HpoS ovor bauxite boforc passcgo to tho atmosphoro. ' :

"

Drawings FZAlb and FZA4-a show the Claus ofcon and Nachbvobronnungs-
ofon rospoctivoly. A catclyst bod of 3n diancter 2nd Tn high will produco
about 6 tons of sulfur por doy ot rocovery. Tho inlot H. S contont
cen vory from 40f to 100%4. Drowing 4A34210 shows thc crrangéront. of
ocquipnent and piping. v - A

The catalyst lifo is indofinito unloss overheating causcs sintering
in which case only tho uppor layer is ordinarily affoctcd. Whon this
happens, tho uppor layer of cotzolyst is roplaced.

Tho oquilibria, oxporinontal and caclculatod, arc proscnted in cn

"Aktonnotiz" dated July 11, 1941 by Dr. Orlicck undor tho titlo “Untor-
suchon uboer dic Lago dos chomischen Gloichgowichtes bein Clausprozoss,”

“«5 -



‘ Comploto oporating data for tho Louna Plant aro presentod in o
~translntion "Clous Ofon Operation™ in the appondix. - '

5. oS REMOVAL FROM GAS WITH TRGN OXTIE (GROBREINIGUNG) 80836

; Tho romoval of H,S fron gnees by iron oxido nixturos is woll known
ir tao Unitod Stotos in tho manufacturod gns industry cnd no now infor-
- notion was obtained on this process. Bri6fly, the procoss is to pass
tho raw gns at low pressuro cnd ct atmospheric tenporaturo through o
vossol conteining bods of wood shavings covorcd. with crudo iron oxide ’
bods of pollotod crude iron oxido or iron oxido mixtures. The H,S roacts
with tho iron oxidoc to form iron oulfido -and.wotor. Tho Gornmons
ordin~rily add zcir to tho inlot gas in on amount sufficiont to supply
£bout half of the thooroticel oxygon to convort tho iron sulfido bock
to tho oxide ond to procipiteate tho olonontal sulfur in tho bod. Whon
tho HoS has bocn proviously roducod by Alkzid or othor process to 0.1%
or logs in the gng ontering tho oxido box, this air usunlly amounts to
L-6 nd/por 1000 n° of gns. Tho hydrogon sulfido in tho outlot mos
is nil, tho orgenic sulfur is not diminishod. When o gos with a high
sulfur contont is sont to tho oxide boxos, the romovel may be loss con-
Floto and the lifo of tho mnes is naturclly proportionntcly shortcr.
Tho outlot sulfur is, howover, raroly ovor 1 grom por 1000n”, bocouse thrco
to four baxos arc usuclly oporated in scrios, with tho froehost mnss in
the lost box, '

Undor proper oporating conditions tho mass will hold L0554, of its

dry wolght in sulfur boforo cxcossivo HaS brock through or oxcossivo :
" prossure drop occur. Most plents usc a continuous cddition of 0.1% to

- 0.2% oxygen to tho inlet gms to reoct and procipitate tho sulfur, but batch
rogenoration by cirgulating inort gas with 1% to 4% Op has boen coarricd

out by somo coflcoa.{g. Whon tho mexirmn sulfur loading is attalnod the
cotalyst is removed, tho sulfur burncd .for recovery of S0, cnd the residuc
is discarded, ,

Tho purifying zagont is usuclly bought undor tho trado nanc Luxmsso
wnich is t:0 iron oxido rcsiduo fron tho rofining of aluninun ore, or o
aixture of Luwaesso ond bog iron oro. A nower cgont 1s called Ioutc-
nessc, which is the sano gonorzl type of motoricl containing 3-4% clkoll
8 NaCH, NopCOgy ard/or NcHCOx. A typical annlysis of Lautc-messe is
cs follows:

Apporont donsity 0.657 Kg/L.
Water Sk . 00%
Fog0y 22.88%
1\.1203 16.45%
Ca O 1.0%%
Mz O “Preco



.No OH 0.4g% | 8C837
si oé ' 1.92%

To conscrve iron oxideo, uscd Foinroinigung mcses contzoining about
5-105 sulfur and 30% NopCOs is scmotinos mfixcd with tho frosh chergo.

- It wos statod that if too fmich of .this nrtorial is nixed in, trouble is
cxrorionced with fusing of tho cerbenato duo to tho wot oporating condition.

6. REMOVAL CIFAORGANIC SULFUR FROM GASES_(FEINREINIGUNC)

Tho proviously discussed iron oxide purificzation procoss ronovos
only tho inorgenic or HpS sulfur frém the gos. Tho organic sulphur
campounds aro untoucl .. If thoy oro prosont, and must bo romoved, it is
nocossary to subjcct tho goses to further purification.

- In Gormony orgenic sulfur in synthosis ges is ordincrily romoved
by o process cclled "Foinroinigung". Aftor tho gos hos passed through
the fincl HpS ronovel it goos to this "Foinrcinigung" process ct . = .
cpproxirmetely ctnosphoric tomporcturo and prossuro. Horo it pessos
through the tubos of o hoct oxchongor and of a dircet fircd prohecter
to reiso tho teopercture to 150-300°9C, this tcumperaturo incrocsing with
tho age of tho catalyst. Tho gns thon goos to the catolyst chonbor whore
it passos from tho contor of the charber to tho outside through en anmulor
bcd of cztalyst 2t ¢ volocity of cbout 0.25 notors per seccond, from the
chonbor through the sholl side of tho hoot cxchangor nmentioned abovo,
then through one or two nore cotelyst charbeors sinilor to tho first.

Tho catalyst is composcd of 60-70% crudc iron oxidc and 30-40%
sodiun carboncto. The orgonic sulfur in the gns is crocked to HpS and
rcacts with tho oxygon present in tho inlet grs, (or oxygon added boforce
the cotalyst chambors) to form NepSOy, FoSOy, and some olcmontary sulfur.

. A new nothod of catclyst neonufzcturo produces a rmch lightor, —oro
porous m»8s. The riothod of proparction for 2 smnll batch bzscd on 100kg
of Loutannsso is os follows:

100 Kg of Loutomnsse with 2% 21lknlil cantent znd 505 wator is divided
into two parts. Onc partion 1s dried, nixed with 5 Kg of NasCOz, and then
addecd to the remmindeor of tho charge. This nixturc conteining 25% water
is thon wetted with a finc sproy to propor consistency, is pressed to the
dcsirecd grzin sizo ond dricd. Tho drying is ccorried out Tirst at 60-80°C
until tho nass is hard and thon is complcted at o tenperature over 100°C.
The rosulting product is comoparcd to tho older cotolyst in the table below:

oD -
Apparcnt Specific Grovity, Kg/ litor 0.7 0.5
Grain strength, Ko/ cif® 6~7 3=k
NasC05 content % | - | 30 15



OLD , NEW -

Fo,03, % 36 "E!I

Porosity, % | o '50_ ) ' ] io 5.8.C 888
To f£ill chembors, toms 100.8 “rﬁg ‘

Alksli in charbors, tone 29.5 125 t

Iron in chamboré, tons ‘ 36.7 -V 33.8

Organic Sulfur Loss, g/100 o 1.0- 0.1

Organic sﬁlfﬁr conversion, % | 70 96.8

Tho cetclyst groins should bo coorse (8-10-m) ond 211 dust should
be removod. Tho catalyot dust ccnnot be roworked as it roduces the
porosity of the finishod catalyst.

A gos volumo of 100,000 RP/ hr with 12-15 ng totcl sulfur in the
o8 cntoring the unit will use an cvercgo of cbout 4.8 tons por day of
catclyst. Each unit will' procoss 10,000 to 22,000 cbn/hr of gos doponding
on tho .ngo of tho cotelyst, ond contnins cbout 65 tons of catalyst in two
chonmbors. Typicel oporcting conditions for this procees cxro os follows:

Inlot Gas 20,000 o°/hr
HS in Inlot Ges - - " 0.3g/100m7
HoS in Outlet Ges , ' | nil
Orgonic S in inlot o 15.0 g/160 Nnd
Orgenic S in outlot ' 0.20 /100 N
Terp in lst charbor | 230°C

" out st " 220°C

" in 2na " 1000C

n out 2nd " 180°%

Scoveral oporating difficultios aro enceuntored in this proccss.
The worst difficulty is tho formntion of rosinous coatings on the cetolyst.
This is preoventod by the instcllotion of an activeted carbon cbsorption
process bofarc the unit to ronove the resin-forning metericls. Excossiwvo

in thc inlot gos ovorloads tho unit and permits sulfur to broank

through. This is usuclly traced to poor operction of the provious HpS
_rcrovel unit. Excossivo tomporaturce sintors the catolyst. Poor catelyst
sizing or chorging causcs uncqual distridbution of the gos or oxcessivo
prosourc drop, and also ccusos sulfur to brock through and appoer. in
the outlet ges. | " ' .
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_ In spitc of thoso: difficultios tho "Feinreiningung" procoss is
zlnost without conpotiti ion in Gormny for gonorsl) use in tho ropovel of
organic sulfur fron @geo. .

7. GAS PURIFICATION BY ACTIVATED CARBON (FEINSTREINIGUNG) - 8C893
e

Thoro arc two activatod: carbon procoesos usod in Gormny for tho
purirication of synthosis gns. Ono is the’ so called "Foinstroinigung" of
the Lurgl Company, which consists of theo absorption of hydrocarbons
on cctivatod carbon.. This procoss is usod to renovo tho aremntics and -
rosin forning hydroccrbons whenovor gns is obteinod from coal instecd
of fron coko, not only to purify tho gas but clso to protect tho cetelyst
usod in the orgenic sulfur rocoval procoss (Feinreinigung). Tho othor
activeted carbon purification procoss is thet of tho I.Ge. Forbeonindustrio
ond 18 used to rerove hydrogon sulfide. Whon this mrocoss is used it
roplaces both Alkezid ond Grobtroini whorcver tho inlot
concontrotion is loss than 7 gmns/ '.l‘hoso processos aro doscridbod belowr_.'

In tho "Foinatroin.tg\mg proccss of Lurgi tho raw ges from tho
Alknzid purificction unit or othor source ontors the Lurgl cardbon chconbors
saturatoed with wator ct about 309C. The wator inhidbits adsorption so
thet instodd of a possible 80 hours on-stroan absorption cycle tino, a
poriod of 20 hours is usod. Aftor tho adsorption poriod tho chanbor is
stcanod for two hours, dricd with hoatod gas for one hour, codlod for
one hour ond thon put back into the cdsorption cycle. An understanding
of the process can bec bottor obteinod from tho following concrote
oxnmplo of a2 Lurgi installation.

90,000 m’/hr of grs gencratod from cocl is passod over 75,000 Kg
of activatod ccrbon loccotod in five parallol chambers of Sme. dicmoter.
A sixth chembor is in the rogenoration cyclo. After o chambor has beon
in service 20 hours, it is put into thec regeneration cycle and tho
freshly rogencrated chombeor put back into cdsorption. The rogeoneration
requires a total of 4-1/2 toms of dry steam at 2-1/2 atm. presgurc por
chamber. Tho rocovory of hydrocerbons cmounts to about O hg/m5 of inlet
gas and this motorial is cddod to tho coko-oven gmolino. The drying .
cycle rcmoves cbout 1500 kg of wcoter. ;

3

Ono kilogrem of coxrbon will procoss about 10,000 o of gns boforc
rcactivation is nocosscry. Tho rooctivation is carried out in o rotary
kiln at 800°C with stocm.

Tho I.G. Farbinindustric procoss for hydrogon sulfidc rcmoval
ovor activated corbon is an old procoss that dotos from 1928, but it is
still considorecd vory sctisfactory for gosos conttiining a rolativo]y smcll
cmount of sulfur. Drawing S92 in tho appondix shows a schomotic. dingram
of this process. Tho drawing shows thot tho raw gos goos through o blowor
thon to a wator eccperator, noxt ¢ wator coolor, and thon morc scporctors.
Next 2 small amount of cmmonic air mixturc is added to it, Tho mixcd
gnsos thon pass ovor on activated carbon bed ot 800mm wator prossurc ond:
20-40°C tomporaturo whorc tho roaction:

2HoS + Op S, 2HO
-9 - '
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takos place with tho ammonia acting es an intormediate or catolyst. The
H2S removel is substantially complete. Tho ammonia leaves tho absorber
along with tho gas and is subsequently woshod out in the wator ecbsorption
procoss for romoval of the CO; in the gns.

Tho Bulfur found in tho rcactian is procipitatod in tho c&rbon bod,
and whon tho bod is londed tho sulphur is woshod out with a 204 cmmonium
sulfide solution in the form of ammonium polysulfide., Ammonium ccrbonate
is also formed in tho carbon and it is woshod out at tho samo timo. The

-emmonium carbonatec must be romovod from the wash solution and this is dono
by adding Ca Cl2 solution to givo tho rocction:

Co Cl, + (NHL)p CO;  Ca CO; + 2NH,C1.

Tho Ca co sludge is romoved from the wesh solution in a Dow type thickencr.
Sodium suifido is cdded and tho following rcaction tckos plece in tho solution:

N°'2S + 2NH),C1 _ (NE), )oS + HaCl

The solution goos to 2 columm oporcting at 2 atm. and 130 kottle temperaturc
whore it is distilled. The ammonium sulfido cnd part of tho watcer go overhozd;
tho sulfur in molton form and tho solium chlorido solution arc withﬂruwn

from the two liquid phas& of tho kottlo.

A concroto. exnmplo of the uso of this process 13 the troctment of
6000 m>/hr of gas containing 3.5g/m> of HyS ond 0.2g/m® of argnnic sulphur,
In this caso about 12-13 litors of cir plus 0.2g NH3 aro added por cubic
motor of ges and tho mixturoc is passed ovoer a 20m bod (7 tons) of activeted
carbon. This bed will tcke a "loading” of 6 tons of sulfur boforc sulfur
‘roemovcl bocomes necesscry. ogoncration is accomplished by f£illing the
bed 3 tinos with o total of 2()OmS of crmoniunm sulfido solution and allowing
cach of tho washos to stand for 1 to 2 hrs. Tho solution romaining aftor tho
third drcining is stoamod out, tho bcd 1s thon dricd ond coolod and put bock
into sorvice. , . .

8. REMOVAL OF CO, FROM GASES

The romoval of carbon dioxide from the gas is usuclly porformed, if
not o part of tho alknzid procecss, in tho finnl step of the synthosis gns
propamticn, after it is under pressurc., Corbon dioxide is readily solublo
in wator at clevated prossurc and tho gas is cbeorbod by passing tho CO,
containing gos in direct countorcurrent contact with wator in absorption
colums. Tho absorbod COp is rcleoased in a dischn.rgo systom by pessing tho
outlot wator at cbout 200 to 300 1lbs. per squarc inch (tho usual absorption
pressuro) into a Polton wator turbino whose outleot is at atmospheric:
temporaturc and prossurc, The jot action of the water impinging on tho pclton
whool ‘broaks tho stroam into a fino spray for quick releaso of theo absorbed
COo> and at tho samo timo produces powor to assist in driving e-centrifugal
pump which recycles tho cold wator back into tho spray towor. About half of
tho powor roquired to drive the centrifugnl pump can be obdbtained from tho
polton wator turbino. This wator cbsorption systenm also removes the last
trocos of any ammonia thet mny bo presont. Howover, tho COs thus producod
18 usunlly substantially puro and in Gormnny 18 recovorod, compresscd and
sold as comnnorciully puro COy.

a IO -
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« REMOVAL QOF CO FROM GASES AR AAY

o = - 80301
. In the proparation of synthesis gas for tho armonia process tho

hydrogen is obtainod fram CO-H mixtures by tho shift roaction chenging thc

CO + H;O into C + Hy and then romoving the CO, by wator cbesorption as

proviously doscribed. Howovor some unrooctod c8 is carriod through and

romnins in tho gns. In tho ammonia synthosig carbon monoxide is a catalyst

poison and it is thorofare nocessary to purify tho @2s to ramovo the last

tracos of CO, AN '

- This is dono by subjocting tho gns to diroct contact in a countor
curront absorption towor with a rofrigoratod coppor ammonia carbomntc or
carboprto solution at 1800 to 3500 pounds per squerc inch, it ‘hoving boon
found that in that Prossuro rango carbon monoxido is roadily solublec in o -
cold armonia coppor salt solution, .

i sccond mothod of oliminating corbon monaxide by convorting it to o
hydrocarbon in tho Fischor-Tropsch procoss cs a dotoxification procoss is
covorced in anothor ftochnico.l roport and is not repoated horo.

10, CONCLUSIONS

Gasos produccd in Gormony for subsoquont utilization in synthosis
procosses invarindly required purificetion for tho romoval of impuritios
and dolotorious componcnts, g

Dust and tar worec romoved by (1) nmochenical procossés, usunlly éyclcmes,
(2) cloctrostotic mothods, and (3) water woshing.

" Hydrogon sulfide was rcmovod by (1) Aliknzid process, (2) Carbon
cdsorption with subsoquont (NH)),S wosh and (3) Iron oxide procoss. Organic
sulfur was gonorally removed by %ho "Foinreinigung" which consistod of cracking
and romoval of tho sulfur as H,S over iron oxide-clkeli catalyst at
tenporatures from 150 to 300°C

Aronctic and rosin-forming compounds wero romoved by cctivotod carbon.,

. Corbon dioxido was romoved by (1) Alkezid procoss ot low prossurc (a)
Wator washing at high prossurc and (3) Caustic solution for removel of finnl
traces for spocicl purpoeos. » .

Carbon monoxido was romovod from hydrogon for high prossurc
hydrogonntion by high prossurc absorption with coppor amonium carbonaoto
or formato solution.

-

Various othor gns purification processes hnd beon dovolopod but were
not in lorgo scale uso. Somo of thesc procosscs are doscribod in documonts
includod in the cppondix to the report. '

Ww. H. Lyon
Lt., USHNR

R. M. Crawford
Technician
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_ LIST OF GERMAN DOCUMENTS ON
SYNTHESIS GAS PURIFICATION PROCESSES 80302

1. Roport dnted Doc. 12, 1936 by Dr. Goistor of I. G Farbonindustrie
entitlod "Entstaubung” (Dust Romovel)

2, Reporb by Dr. Sochsso ontitlod "Romovv.l of Carbon :Blo.ck a.nd Dust from
Go.sos with tho Oppouor Schnchtfiltor. :

3, M 202-8 - a simplifiod gonoral flow-shoot showing tho opomtion of tho
Alknzid Proccss.,. '

. 4. Report by Drs. Joltsch, Sormor and Bungor of visit mdo to the Alknzid
Plont 1n Lutzkondor?t, in roegard to corrosion.

5. Confidonticl Rcports (2) on tho oporating and suporvision mothods for
the Alkezid procoss, ontitlod:

(z) "Botricbserfohrungon und Hinwoiso mnaﬁknzmvorfahmn"
(b) "Richtlinion fikr don Betriodb und dio rwochung von
"Alknzid-Waschcnlegon®.

6. M3200-I - Flowshoot - showing an NaOH wosh following tho Alkn.zid
..'bsorption.

T 2Zo 1h16-2 - Flowshoot showing Claus mrocoss of convorting hydrogon
sulfido to molton elonontary sulfur,

8. 'F.Z.Agf;l b - Flowshocot showing tho Clcus Ofon.
9. FoZohe h o - Flowshoot ehowing tho Nachvorbronnungsofon.

10, "Clounafen Oporation”, translotod dota covoring completo opomtion
of the Lounz Plant,

11. s-92 - A drawing which shows o schemtic diagran of tho I, G. procoss
' of hydrogen Bulfid.o romovcl over carbon. _

12. Drewing No. 711496 - A flow shoot of & "Grob-and Foinreinigung"
sulfur romovel unit, ’

13. Drawing No. LA34210 - Piping ond Equipment arrangenont of Clcus plant.

14, Sovoral short roports from Secpt. 30, 1942 to Moy 25, 1943 on tho
-"  subjoct. of duet removel in malti-cyclonc units. ‘

15, Roports by Horr Koinko datod Dec. 29, 1931 on "Vorbronnon von HpS
zu Schwofel im Clous-Ofon" and by Dr. Hanisch dated Jon. 11, 1933
"Notiz flber Versuche zur Gewinnung von olomonterom Schwofol aus
Cason mitniocdrigein Schwofolmsuorstoffgohalt. Eorly doto on tho
Clous procoss,
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16. A roport by Dr. Braus dated Jen. 21, 1935 on "Borechnung der- -
Vorbronnungstomperaturen von Schwofolwnssorstoff - Kohlons#urogomischon”,
giving thooroticel daote. on combustion taomporaturo of nes mixturos. '

17. Toblos of dnts dntod Nov. 11, 1933 on requiremonts of Alknzid procoss
 for utilitios, oquipmont, solutions, opecrcting porsonnol, otc.-

18. Annlysis rosults and nothods for gns 'purification cetalysts. C. 8C3 03 _

19. Roport by Dr. Bl datod Oct. 2, 1936 on "Woitcrontwicklung dos Allncid -
' und Claus Ofon - Vorfahrens," roporting ldto dovelopments in:the - N
- Alkrzid and Cleus procossos. ' ‘ e

oy

20. Roport by Dr. Orlicak, doted July 11, 1941 on "Untorsuchungon uber
dioc Loge dos chomischon Gloichgowichtos bein @lgusprozoss”, on tho
colculated and oxperimontel chonical oquilibriunm in tho Claus procoss.

21. Drawings A-1030-4 and U 1878-1, flowshoots on carbon nonoxido romovel.

. ! .
22, Foldor containing nunorous short roports and drowings on tho Alxnzid
rocoss. L _ . _ .

23. Four curvos on CO - Co, wosh costs.
ok, Drawing S IV 3, Flowahobt of o prossurc wator wosh procoes.

25, Foldor containing roport and sovorzl drawings concorning tho ronovel
-of carbon oxy sulfide (COS) fron gosos.

26. Roport by Dr. Bartholomo! dated Nov. 26, 1941 on "Jvor dio
Unsctzungsgoschwindigkoit dos CO an Braunoxyd-Kontckt bei hohoron
Druckon" giving dcta on rcaction volocity over "Brown oxido®” catalyst
for the shift:recaction. : : : :

27. Potent anmouncenent dated June 27, 1939 on a procoss for catalytic
rocovery of S from gascs contcining HpS. ' -

28. Roport by Dr. Kuhbior datod April 24, 1939 on "Entschwofolungs-
Vorfchron dcr Sachtleben A.G.™ covoring data on & procoss roacting
‘HpS ond SO, in thiosulfato solution to produce sulfwr.

. 2

29, Rcport on ¢ meoting to oxchango informntion on gns purification
- procecsscs, dated Nov. 17, 1939.

30, Drawing 240-8 on layout plan for o Cleus unit.

31, Roport by Dr. Mongdchl dotod August 22, 1938 "Ein nouos Vorfahron
zur Tronnung von Armoniak und Kohlonsdure bozv. Schwofclwassorstof£”
doscribing o now process for soparation of NH3 - COp - H,S mixturos.
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32,

33.

Patontschrift No. 388857 dated 21 Januory 1924 to Firmn Eduard 8CSC4
Theisen iu Miinchon entitled “Stufon - Gas - O. dgl. Wascher",
gorman patent on tho Thoison washor for the purification of gnsos.

Patontschrift No. 513288 datod 25 Novombor 1930 to Firmp Eduard
Theison iu Miinchen c¢ntitlecd "Vorfahron zun Roinigon Von Gason, Luft,
Dinpfen u. dgl., germon irprovenont pdtont on tho dosign of tho
blados of the Thelscn washor prosontod in the above patont No. 388857,



