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For the tormation of CH, hydrocarbong, less ipdrcgen is required than fer the
fornation of CH,. Finéfl* it seems to te advantageous for the activity of the
catalyst if the final gas 3till contairs a szall excess of hydrpren. The ideal
synthesls gas, therefore, contains &0 rercent 20 and 40 nercent H4,. #£3 this
occasion let us mention something about the production of svntwesf gas, 1In
the Institute, this ras mixture was generated in a normal gas generator. :e
conducted CO, anc steam over not coke, 5Such a process could even be recommended
in some instances for large-scale operation; since the synthesis carried out
with the iron catalysts forms far more COp than would Le required for tre pro-
duction of the synthesis yas. From one cubic meter of synthesis gas with a
ratio of 300:2Hy, normally 250 liters of 2O, are obtaincd, whereas according

to 5C + LH 0 + COs is equal to 6CO + uvz oniy 13¢ liters of COp are required
per cubic meter o% CO-rich gas, Already a rartial scrubbing of the COp from
the end-gas ardaddition of same to th2 ;as ;enerator could account for all the
CO0p nceds of the generator,

The carbon requirement demand2d by the above equation is no larger than that
for the groducticn of normal water gas,

The production of CO=-rich fas in the water-gas generator of the Institute and
the purification of the gas is taking place in the Institute already for years
at the production rate of 100 cubic meters per hour. If one would work off
not only the COg but also the methane (5 %o 10 percent) and the unrsacted CO
and Hp (10 to 15 percent) one could approach the theoretizal yield of 208 hy~
drocarbons per normal cublic meter of gas,

Another way to make synthesis gos is by the well-inewn gasification of zoke or
coal along with the addition of oxygen, It is unneczssary to elaborate on tais,

3

3 1 J\’nluik"t:l.a re=didle.

In the chapter on the synthecis oas, we have slready a2rplained the weascong wihy,
in the hydrocarbon synthesis on iron catalysis, worll ar atmospheric rnraessurc ic
not rracticarla. Table IV brin. s sore comesrative cxpariments for whick the

‘o
syntne51q was urdertsken with the gare cat:lvet 2% various eglevaled nrsssures.

"e used a number of iron catzlysts which hud tecn irdsctad for 2i hours zt 1/.0
atr,, and 32¢°C, with & CO-rich synthesis ;us, ’au" IV shows the resulls of
exparinents comrleted at 5, 10, 30, and 50 at~ospherass. 4ll of Lheose experi-
maents were conductad at 23577,

At 23570, the catalvsts &id nat pive =ny 2on orsicon 3t atmaspheric rrassure,
neither did they rive a conversion on the sucond day at z8U?C,. (after switehini,

ia
posevar, to 1Y atmosnhares and ¢35°0,, tha cuxtalysts pave a contraction of O3
Tercent ),

-~ 11 -



abZo V.= Weaclion &ac Cunaractlion ab various [emcuratires
(The normal iron catalysts were inducted with
CO-rich gas at 235°C., and 1/10 atrosphore)

5 atam, 10 atm. 30 atm- 50 atn,
Teaper=  Con= Temper=  Cone Tamper= (ui= renper-  Con-
Days of ature, traction, ature, traction, sture, traztion, aturz, =raction,
operation °g, percent °3. percent °C. percent °C. rercent
1 235 30 233 L2 235 53 235 50
2 - - 234 42 235 56 233 L2
3 235 25 235 L8 23k 37 235 Lo
6 250 38 258 50 - - 254 52
7 270 37 239 50 - - - -
12 - - 237 50 - - - -

it 5 atm, the contraction amourted to 30 - L0 percent, ‘hence, the convarsion was
still incomplete. This remained so even after the temperature was - raised to
270°C. on the ninth day (a switch-over to 15 atmospheres caused a 0 rercerti con=-
traction even here when the termperature was 235°C.). At 10 atm., a 30 nercent con=-
traction was reached at 235°C, This was the case also when workiny with 30 and

60 atms. However, when working at 30 atm. and 235°C, already after the third day,
a considerable decrecase in the amount of conversion occurred. Ior the 60 atn. run,
this decrease set in after two days of opesration, %hen the operating tewmrerature
was 264°C., the decrease in conversion did not set in earlisr than the sixth day
when a maximm of 52 percent had been reached.

The2 optimum rressure is found to lie between 10 and 30 atmosrtherss or somewhere
around 15 atmospheres. (When operating under 15 atmosrherss, Lhe same catalyst
operating at 237°C. still pave the same conversion after a whela month of orera-
tion, that is, arrroximately SC porcent contraction).

C., The teaction Temrerature.

Special attention wnas riven the reaction temperatire., e ztle=zpied to succead
with a lower reaction temperature in connection with iron catalysis to be usea
in the middle-pressure syniresis- This no only was important from a chemical
viewpoint but economical as well. On the large scale, the reaction is ¥ept at
a uniform temrerature by cocling with water, hence, lowering the reaction teme
perature will cause a lowering of thc steam press.ure. This will aheapen the
equipment materially.

The influence of induction and synthesis temperature has been discuizszd in
detail.

1)

The influence of the gas composition is such that ll,-rich gasss permit a lower
~orking temrerature than the CC~rich gases.

For examples, an zxreriment pzrforwed with a Hpy-rich symthesis gas of composi=
tion 10C + 2ip s%ill yielded L7 :ercert centraction at a temperaiure of 18L°C.
aZter the second day of opmration. The usaye ratio aof CO and Ip pointed btowards
the formation of hydroecarbons and waler, At thowsn low reaction terparatures

the conversicn, howsver, decrzases a2fter @ wery [uow dzys, and it

1]



The method of produciion of the catalyst has bsen discussed at the beginning
The follcwirng taltle shows what influsrsce tho ad 0
has upon the zsatalysh,

ot
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te note ofret mvan Li the tonyoraiure ral
improve 2ry lenger. It is more favorzble 4o
hipgh temreraturas Trom the Lezinning.

.
(J

< trereafter, the resul !
initiate the exzerirent ¢ Lhe

“ith a pas cortaining C2 + i, in the ratio 1:2, it was possiblz2, howevcor, to
operate fcor several months at 200°1,, ard rractically convert *he entire Z0
with an average contraction of L7 rurcent and a yield of 90 g¢. per rornal curic
mater of ¢as. The ligquid and solicd rroducts ottiined were entirely colorless,
Essentially larver yields may not be obtaired cn iron catalysts when asiny such
a ras.

“hen we iced the lC-rich pas, we initiated th= exyeriment usually at 225 to
235°Z. (in order to :et good tine-vields). Y2 did this in spite of the fact
thet a gocd degree of conversion could heve Leen obtained if we would have
onerated at 210 to 22(°3,

The temrcrature of the reaction exeris an essential influence upon the nature
of the rcacticn rroducts, Table V shows average yields which were osttaire
from iron catalysis carrying 1/L percent of potassium carbonate and oparating
at 235, 275, and 280°C, The yrield of solid raraffins anounted to 39 g. por
normal cubic meter ol gas for 235°C. and only L . for 270°C. As the solid
paraffine decroased when ,the tenpsrature was raised, the liquid and esrecially
the volatile hy!'rocarbons-and the gasol hydrocirbons increased in gquantity.

it 230°C,, the paraffin yields were even less, but at this torrcrature the
yields of liquid and gfasol hy:dirocarbons started to decrease also.

Tabl=s V.« Nature of the Reaction Irsiusts for Various Temperatures

teaction Yields, #- per rorueal zubic meler o!f ideal pes

Tenparis Solic ‘ TTonad

ture, “0- raraffin Soorecarbons Sasol
25 3% 83 24
280 Z as 35

Ua The Influence of the alkali Contents on tlz Iren Caialystis..

.

n of alkali to the catal e
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Iron Cdudlyqtu Caf «ing Jiiferent mounts of ilkali

= T

Precip= ilkali S5elid and liqguid and Gasel parafin HC Jasol
~itant addition 2 2. @3 of synthesis gas voecreent  percent  percent
i3 0 Ll 12 67 21
Na,C04 0 140 by £7 2¢

" 1/L7 K,C04 L8 26 55 18
Na,CO3 17 K,CO3 157 42 L7 11

n 17 Xno) 155 L L3 1

n 17 K2S404 158 43 L1 1%

n 17 KoFp 163 L€ L2 12

» 1L KNP0, 15k 33 5?2 10
NapCOy 27 K2C04 1L3 - 43 Ly 13

" s n 16} L L3 12

" 5% " 155 ué Ly 10

The indicated quantities of notassium carionate udded s Lhe catalyss are based
on the iron metel centants. In ths case »f the other alkalizod salis (rerman-
ganate, fluorides, ate.; the notation 17 inCy " is to indicate that zuch a
quantity was used which would be equivalsat to one pereent K2C035

Table VI shows the yield and naturs ot Lthe reaclion producte whic
from catalysts containing different amcunts of alkali. The_tenge
and tre oressure 15 aiz-  ihe Jﬁ,Las indicated as g- per N of i
gquite constant for the first montn of opcration. This is due 1o Y 7
cent contraction. The yvields ave arrpraximately 140 *o 15C rrans for this fi-st

month. 1 the nature of th: products Jormed is disregardsd, we see sl b

¥all addition to the catalyst hos no icrortant effect on the yizid as suca.
alkali-free catalyst orscipita*ed #ith armonia showed yi=lds which ware nat
sentially belox those obtained r:m caralys~s containing 1/L rircent KolC -
alkzali contenis of the catalys:i, “owever, has 4 very marksd influence U0l 4!
nature of the reaction rrocducts. \.hen 70 alkali was present, the Jutancn metnod
revealed arproximately 12 percert of rarsffins in the product. When 1/L ?arccnt

potassium carbonate was added fo the catalyst the paraffins anounued te 25 parcent,
with one percent potassium carbonate the products contained L2 percent cf paraffins,
with two vercent rotassium carbenate, L3 rercent, and with T rcrcent rotassium car-
bonate, the [inal product contzined hS to ub DerceM par"'firs The wield of
liquid and gasol hydrocsriens decreases with increasing alk:eli ceontent <f the
catalyst -

Table VI shows furthermcre ta%t ithe quant*ty and the nahurs o
rducts was not effacted oy tho fipe ol alkaline salt addad @ 2
essential difference was diszovered when the catalyst was & kali
rotassiur cartonate or the equivalent quantities of ~otassiiz 2
tassium cilicate, potassiwm flucrides, or petassiun phos—n

8
v

3
z2d by one parcent
roancanihe, nos

P
{

onier a% a lew alkali coniint {for 2xarzlz, 17



C. lreairent of ire Caislyst with pydroson.,

we have already rointed ocut that we nay not substitute hydrogen for C in the in-
duction of the catalyst. Catalysts wiich are prretreated wish hveiirezzn, L.t is
reduced iron catalysts, are iractive st low ltemperaturcs. If tho cotalish was
pretreated with hydrogen tefore it is sucjected to the actiasn of 2° o irprove-
ment resalts. Neither does an improvement result if the catalrst is t-ozbod with
hydroyen odetween the induction pericd and thae synthesis rroper.

. The treatment with hydrogen, however, k23 a different resul: if it risd out

TTL u
on an iron catalyst during the synthesis. The si*uation is then sinilur to Lrat
of cobalt catalysts, To deronstrate =<hids, w2 carried out te follo:d

{ ment, e had available a catalyst which in order te give Lthe best - bt

should hava been emrloyed at a tenreraturs a few degrses hircher *han 7:5°0. (at
15 atr. and L liters of CO=rich pas rer nour;. Ve allowed %his catelv:s Lo ¥or
at 23%°C. Durins the first and second days of th2 operation, we obscrved & ¢on-
traction of 32 pcreent (see Fizure &), aft:r the second day, the cortraclicon was
50 cercent, snd after three days, ;7 tercent. From the dotted curve, Tizure £
we are able 1o see that the contraction would have fallem to LO rercent had we
centinued to orerate for a week at 235°0. lowever, afler the trhird day ol orore=

tion, the catalyst was treated with hycdro,en for 15 hours with 8 literc per nocur
at onc atrosphere and 320°C. After thic hy.rogen Lreatment, the catalyst caused
a contraction of 55 nmerzent in the followins svnthesis. t glowly decroased
ttereafter, however it remained above 1 narcent up to the 12¢h day ¢n the 12th

day, the same hydrogen traatnment as doscribed akove wasg repesated. The contrace
tion rose ayzin to 57 rercent ond «f er 17 cars of operation, decraasad to 0
p-rcent, safter the third treaiment with hydrocen, 55 vorcen* contrzcilon was
observed which decreased to 51 percent sfter 3 days and after L davs, 22 percent.
When the synthesis was continued feor two montns tnzrzafter at the fewporature of

235°C., “he contraction remeined pear [0 “o I3 rercent.

Figure B shows that an incroass in catalyst activity rosulis when 02

is interrurzted and a hydroren wreatzort 15 pariormed, This inceroass in
: iy £

was especially vronounced durin: the {irs: [ow hourg of the hydreoge:s :

s
aiyst tUhorsalter. Uren
Cen treaslment, Lo oucaro
ratic of CQ and lip was no different from Srot =f bhe normal symihesi=z cocurring
with 70 1o T2 rercent contracticr. In bo:in czases JC and 1, were usc. tpoin Rl
ratio 1.57-1,70:1, It is, therefore, no

curred durin: the time of ontimum acti

r
and it also czused a Tettor stanility of the 2at
tivisty of the catalyst wac 2t a maximup olter th

¥
=
=
'
!
3]

Lt e -2 by - " Fad . -
oviceavle thaly noc carbon Farstion og=

ity =f the catalyst.

Iron catalysts which had been used for z long timz already or which Lzt
in activity to a great sxtent 3id ncl shicy = lasting improvement whep ore
with hydrogen., A lasting improvement may not be obiained even i arsiiz
tion is given with C0. If it is desired to perfeym a wirozen treaimes.
it is expected that the hyiroysn rroeireatment rroduces good resuits, Yo
must be subjeccted to hydrogen telfore it gives as low a contractiorn re

=

I want to roint out onca more thab we have operated with iron sanzl
eral months even up to one Year, and it wag not necessary to carry

regeneration of the catalyst,
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F- The Rffect of Addition of Xicselguhr,

~e have discussed the effect which alkali %35 when added to the catalysi: let us
shortly mention the effect of Kieseleinr when mixed into the cazalyst. It s
well knowm that Kieselguhr is an sssential carrier with cotalt catalistr  Jood
yields are only obtained with cobalt catalysts when Kieselpuhr is usid 3 8 CAar=
rier for those catalysts, -

This is not so with iron catalysts. Tho Dest results were obtained ~ith cata=
lysts freo of Kieselguhr. liowever, 1% might be desired to add ¥izselpurr to the
catalysts for various rcasons such as for inctance, looscning of .he ircn cata-
lyst or decreasing the danger of corvon formation. In peneral, the nddiilon of
Kieselguhr to irom catalysts causes 2n improvement in activity in tiao suns® that
more lower boiling and gaseous hydrocarbons are formed.,

G. The Construction of the Apparatus.

The discussed time-tests were carried out in horizontal respectively, slightly
tilted reaction tubes. A slight cxpansion of the catalyst may thus take place
due to carbon deposition without any serious dangers of causing damages- (Fig-
9, Schematic Driwing 1), If the reaction tute is im a vertizal position, the
exransion of the catalyst causes a3 restriction botween the zatalyst ;ranules

and rence a shortening of the contact time of the gases rassing over it~ (Fig-

9, Schematic Draming 2). In order to nliminate any possible disturbances frem
the viewpoint of construction, we arc still in the process ol carrying cib 2%

- poriments d.oaling with this subject. azcorcing to Fipure 9, Scheisatic Crawing 2,
(at a ¢as rate of L liters of synthesis gas ror hour and 10 g- cf ircnj,
space~tine yield 1is aprroximately twxic

lyst. The apparatus is cooled Dy witer and has to stand & “ressure <f
(See wigure L) If salt soluticns would e nsad instead of water, L:
stean pressures could be reduced somewnnt.

]
¢

-

R}

“hen the iron zatalyst is used in the niddle-pressure synthoois, rarsiils
olefin hydrocarbons of various mnlecnler weizhts are producad as well se ¢
and lower gaseous hydrocarbons. It is n03sibla to regulats “he cours
reaction to form certain products in preference to others. In addition to the
products listed above, oxyren=containing organic compounds are rrxdaced as well,
products sometning similar to the Simthel having been descriied v Tlizhar an
Troosch several years ago,

A. Liguid iydrocarbens,

m2 erude tetal liquid product ~otained from OCerich rases zrd alxazi-ed satalrsts,
in ge2neral, is not quite coloriszg, Dul has 3 gresnlish=yelley Ling2. After aAdLSn
til.ation, howsver, one cbiains a sater-clear colorless benzine; wher:as small traces
£ +me formed oil remain back as a yaliow rasidue. The wmencine 1o et.blz and remalns

colorless even after moniths sf sterage.
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T~ quantiiy oi the fraction toilin: ug *o ¢_O°v , in other words, the henzine
fraction (3liphtly different in each case derending on workin: condi.ions
varies in amount accordiny to workin; ccnditions) may anount to 80 parcent, or
LO percent or even less than that as roferred to the total liguid and solid
hydroc.rbons rroduced.,

Table VII shows the vroperties of the stabilized benzine washed wiih sodium hy=-
droxide. 1ts knocking propertiies were determined in the I1.G. tastin: enrine.
Approxi-ately 2/3 of the total liquid rroduet boiled in the range of 3C-130032,
Table VII, to. 1, corresponds to the primary benzine. Its octane number is €1,

Tab" 2 IJ.‘)
Yropertics of the Denzine Obtained in the "1adle~Pressure Synthesis with Iron Catalysis

(, (with and without adcitional pelymovization)
Boiling Chraractaristics
Olefins o) 105 [{9z4 SOT Octane
0. 91  percent, °c, °8, G, °C, P37.%0 ¥o.
1,695 6h ) 30 L6 8% 5 0.34 ¢l
2 705 65 32 53 100 150 0.u48 71
3 .700 65 3k 60 9< 130 055 71 .

The two benzines lirsted under 2 and 3 are only shortly rentioned here. Durinfg
the synthesis, the total end-gas (that includes the C0,) w:s conduc.ed over a
phosphoric catalyst at 15 atm. pressure- The,unsaturazed hydrocarbons ccontained
in the gas furnished primary polymer benzine, which was mixed in with the pri-
mary oenzinc. Such mixed uenzine toiling up to 18CPC, had ar ~ctane nusier; 77
{Nenzine 2), If the distillation was Iinlerzurted at 150, the octare number vas
only 71 {(Zenzine 3). If 0.7 cc. lsad *etra-ethyl per liter were mixad into
Benzine 2, its octane numbler improved to 79, if the same quantity of lzad tetra-
athyl was added to Benzine 3, its activity ”cnt up to 83,

If the bLenzirne 13 not subjected to washing with sodimm hyZroxide a higher ocltane
number is obtalned too in the primary ronzine. If washing is not carrizd out
with sodium hy. roxide, zcid constituents ars laft in the tcrzine in addition %o
water soluile oxygen containineg orpanic compounds such as alcohols. ‘“The hiph
econtents of unsaturaled hydrocarbons is very favorahle for the antixnock rro-
perties of the benzine. Should it be cesired to produée lulricants from the un-
saturated constituents, then it would be ni:cessary to rework the oil in order to
remove all trices of oxygen eontainin. constituents which normally would Sisturd
the polymerization with aluminum chloride.

3, Faraffin

The solid #nd licuid products of the liguid according to the iwtanon me-hcd cone-
tain arrroximately 5 to 50 ;ercent of so0lid paraffin. The peraf?ir is white to
brownish-yellow when hydrogen~rich synthesis gzas and alkali Jeficicnt catalys*s
are used. If a CO~rich gas and an alkalized catalyst up to one or more cercent
potassiim carbonate catalyst ic uszed, the paraffins are both yellow to dark yvel-
low. The coloring matter may be due to iron compounds. In general, houever,
the cwloring rmatier is due to small quantities of higher boiliny oils, which may
be removed by extractin or bty hydroreration.
. ®



The melting point of the parsl{ins run,a ov;r the whole region of the known parsffin
hydrocarbeorns. The so=called contact p-raffin which rerains behind in the catalyst

contains ccnstitluents having an esgecially high melting roint.

The usefulress of the raraffins is very ;reat. It is not necessary here to clscuss
them, “e cdid not think teco much about oxidiziny trem to fatty acids used in the
soap Industry, The paraffins which are obtained from iron catalysts are not as
ideal for fatty acid production as used in the soap industry as are %ne raraffins
manufactured with cobalt ca*alysts. In order to mak: those naraffins available for
the soap industry, thery nave to underro A gpzcial tr2alment. It bas rot been shown
whebher the "iron paraffin" contains a ¢reater number of branched-hydrocarbons than
th~ "cobalt paraffin®.

Cs Gasol.

usntity and cowrosition of the gaseous hydrocarbons is also & function of the na=
ture of ths catalyst, and the roaction Le-rerature. Table YI1] s%oxs vields of
pasol hydrocarbons with their contents of unsaturated constiiueris rtroduced under
various synthesls conditions. All sxperiments refer to a symthesis ras of cone
rosition 3CO + 2L2 and a synthesis ressure of 1% at-ospheresc. The gasol rields
are essentially larger here than in the case of the cobalt catalysts.

Table VIII.~ Yields of Gasol lyirocarbons with Niflerent Zatalysis

Yemp., Grams 9f vascl  Fercont of pasol
Catalysts °C. per Mo of #°s  of unsaturatad O

Fe N3 rrecipitated, 07 £,004 23% 3G 70,

»Nap03 r-ecipivated O K7233 235 23 70
‘°, " R 235 é 75
Te, m " MO 2375 17 20
Fe, " " b o 27C at 47
Fe=kisselpunr i~ o 230 34 33
with the iron catalysts ;reci vated with ammonia o scda~ash at a synthesis teﬂpexa=
ture of 235°C., 20 to 30 prams :f gasol hyirocarbons p=r nnrral cubic meter of gas
were outained with a “otal of 70 to 30 percert of unsaturated constituents. with

incrcasing wlkali contents ani with all other condi%ions remainin, the sane, the
quantity of the gasol yroduced decreasess. ~Tith higher reaction temparatures, the
quantities of gasol hycirocarbons increased, but their hyoreienation was favored too
so that at & temperature of 270°C., the same amount (r./Nz” of ideal vas) of un-
saturated hyrrocarbons were ottained, nemely, 20 g./lmd of jdsal zas.

“her. the ircn catalyst ccntains kiesalyuhr, the gasol hysrocarbons nronuced at 227C.
1iffer from those of a catalyst without kisszlpuhr in “hat tihey contain a smalle
mount of ursaturated hydrocarbons.

ron catalysis nol only rroduce pasol hydreocarbons corlaining 3 and L carbon ators
to thn ~ol-cule, but they also form Op hylrocarbons. The pasas  from onz expweris
ment were subjected to a_low-lemrerature distillation, and *h2 follewins constituents
ware obtaineds 11 ¢ /1—3 I ‘rorvllre - ’TnJ of butwlnre and r-/"w3 of etEV;are
The relatively hiyh yields of unsat u"auud Fascl .yﬂrocartsns re esrtecially faveor:zlile
if one considers the furthasr rrocessing for hi ki oclane benziae,



0. Oxvien-containing i‘rcducts

t4 2368°C. and workin, with a ZO~rich gas at 1Y% atrosrhorcs, we obtainad 13 grams of
aqueocus -croducts with the iron-kieselguhr catalyst. They centain acids, aldahvdos
an:d esters (the tost for forrmic acid was nigative, trat Tor acetic ac'd was “osit=v
the aldehydes shoiwed a rositive when fuchsine-sulprhurous acids were used, and the
esters could be devonatrated (saponification)), The saquoous cemounds alao contain
alcohels, such as ethyl and a little nathyl alcohel, Iizure 13 shows a boiling
foint analysis of th~ constituents of the reaction water which hailad telow 0PC.
(28 porceat of thz total reaction waler). The distillation was carr;ed out by =
micro-column,

.he toilinc roint curve shows distinctly the ethyl alecohol fraction, It represerts
7.5 rarcent of tha Jotal r?nc*ion water. Ths secon! constant ta-rorature corras
ronds to the arzcotropic mixture of proryl alcohol and water (37.7°0. and 223.3 por-
cent of .atcr).

Mot only did we ind synthol-liks comrounds in the roaction waver, but thcy ware
also rresent in the hydrocarbons, ihey can be found in the lorabo ling As m0ll as
the hi h-boilingy fractions. The oxyyen :etermined by analysis varies bezween 0.2
and 2 percert., The lowsr-boiling fractions centain more oxyran thsn the hisher-
boiliny fractions. Alkali=defficisnt iron nalalysts croduce only small quaniitics
of exygen-centaining products. More alkalired catalysts nroduced higher QLdﬁtltiJSa
The normal iron catalyst produces at 18CPC., a benzine which contzins on= o ¢ ser-
cent. of water soluble products- Other iron catalysts yield 5 porcent or more. o
acid nunker of procucts t2low 13C°C. is cn2, that above 180PC, is O.1. Tre ccr:éé
pondin, esterificaticn values arc 1.5 rasgen

values are 2.5 respectively C.5. amongst o
of es.=rs ard alcohols. lore detailed anal
report

atively 0.5 and th2 saporification
thers we wore able to rnrove the Tracencsa
ytical informaticn is left for a Iuturs

(=]

i. City Gas.

Before I end ny discussion on the resstion products, I want o menbtlon here that
accordin: to our newest xpw*ivnﬂeo th2 iron catalysts are well adaptad for »ro-
duction of a standard city ras from vater=pas.

Part 7

Conclusion
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The followin- may ze said about %boz ircen -iddlew
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1A
of soliq, liguid,an” gasol hyirocarktens are scgme near 130 *o 60 normal cupi
rnicters of idzal ras. The lom est lifstime cctainec for the catalyst lasted for
1-1/2 years vithout aqy repenaration at 3 “emmeraturs of 28000, it b3 some £i-a

t still pavz a yiz2ld of LG u,/WNm-.

‘he avenness with which iren catalyssa ars capable of workins for long periods of
time mar bz odbsarvad from the end-pes snalyses which are swmarized in Tabl: X






Months of Temp., Centraction
operation °C. percent €Oy sHC 0z Co Hy e - Mo

A, FbEnd-gas analysis of an experiment.pcrformed at 255PC., iron catalyst inducted
with CO at 1/10 atmosphere,

1 235 50 k3.6 2.2 C,1 15.0 13,3 8,8 1.9 11.0
pUN 254 50 50.1 2,8 0.2 1.9 11,9 7-3 1.7 125

B. End-yas analysis of an experiment with a catalyst inducted at 325°C,, 1/10 aim.
1 235 sL 57,0 2.5 041 5.3 .6 8.9 2.0 10.%
3-1/2 235 52 61.2 3.3 01 5.2 11.2 9.0 1.9 130

Tatle IX refers to a catalyst inducted at 255°C. with CO at 1/10 atr. It shows
the same conversion for lk months of operaticn uninterruptedly operated at 25F«
25lP at the same charysof gas through the convarter of 400 liters of symthesis gas
per kilogram of iron.

Table IX refers to a catalyst inducted at 325°C. at 1/10 atm, with CO. This cata-
lyst yielcded practically the same degree of conversion and optimum yiclds of 130~
160 g./tm3 or fas, after L months of ororation,

The iron catalysts are nol only superior to the cotalt catalysts on account of the
cheapness, but also for the chsaper aprarastus which they require and for tte more
aven lifetine wihich they exhibit. It should be added that the antiknoering propirs
tiss of the iron lenzine are better than those of tLhe cobalt benzines, and that
the unsaturated yasol hvdrocarbons obtained with iron catalysts can be used to
vreater advantage for zroduction of hirh guality benzine.

The follosing disadvancarmss come in @itk iren casalysts
reratures, hence greater steam pressure, if I+ is desir
wha (o]

in the case of cohalt catalysts. Furtharmors th
tandency %o form carbon than the cobalt caselrsts.

Zentlemen, the proviem of nsing iron catalysis fer
has been discussed. It all was conceived throurh

his previous work. e

th= synthesis of hy!rocarbons
the afforts of 0r, Fischar anc

The developments which I have told you about today on the iron middle-pressure
synthesis are ths result of the last I vcars »f ressarch. ¥%e have succeaded in

raising the yield two to threefold as compared to the earlier experiments
with cobalt, and we have succeedsd in izrroviar the lifetime ten to twenty times.
llsnce, the total yield imgroved 20 to 50 times. e succeeded in the “ollcwing:

L, Ve used iron catalysts which were rratreated oy CO,

2, .2 maintained ti2 synihesis ;as prassures al the sare optimum as ~hat of

W - & 4
conhalt middlie=rressure synthesis, namely, 1C fo 20 atmcsphezres. ‘

3, "e used a ratis of kp + CO which was most ideally suitecd for tha syatnesis.

- 20 -
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ilready at e end of 1537, Jr. “ischer aas reported to you the developnants of

iron ca-alyst=. Today, we can say that a great sipnificance is attached 1o lhe
middle~pressure synthesis with iror, I want %c¢ exprass my thanks to Dr, Flscher
who has assisted us with his council and advice in all this work. Finaily, I

want to express my thanks to all my co-workers who have hclped in the same offort.

Haferuances

1. ¥Franz kischer and k. Pichler, Freanstoff-Chem. 20, 221 (1939}
2. ¥ranz Fischer and ii- Tropsch, ~renrstof{ Cham., G, 275 {1923}
. Jurgen Schmidt, Das Kohlenoxyd, «xad. Verlayspes, Leigzip, 1935, 3. 51 7f.
4. ¥ranz Fischer and 5. Zerbe, Imwandluny cder Konle in Cle, Torntraeger, Rarlin
1924, s.5, 320.
$. Franz Pischer and H. Tropsch, Srennstoff-Chem. 7, 37 {1926}
6. Franz Fischer and H. Trorsch, Ges. abh. Kenntn. Konle 10, 313 ff. (133C].
7. Franz Fischer and H. Tropsch, Brennstoff-Chem, 8, 1£5 T1927)
8, Franz Fischer, Trennstoff~Chen., 16, 2 (1935), ~
9. Franz Fischar and K. Meyer, unver3ffentl. irbsiten aus d. Institui.
10. Franz Fischer and . Ackermann, unverSffentlichte airbeiten aus dem Institui.



