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Synthesis with Iron Catalysts

By the end of the war the research and development
work on irom catalysts had reached such a stegs that
Ruhrchemis were melking plans for full-scale tests before
introducing them as standard catalysts for medium pressure
synthesis, Lurgi now consider that;, as a result of smaller
scale tests, they would be prepared to build a plant and’
give a guarantee of 150 g, liguid and solid products/N.cu.m,-
Dr, Michael, of I.G, Farben, pointed out, however, that on
account of the ease with Which iron catalysts bolt, the step
up from the zemi-technlcal scale to full-scale might not be
quite a straightforward one.

Unlike the cass of aynthesis with cobali catalysts,
where most of the work has centred round one standard
catalyst, & large number of iron catalysts have been
developed, which require very different conditions for
synthesis and give different types of producis., The
preparation and performance of the more lmportant of these
catalysts will be glven in some detail in this section, but
before this is dons & few more general polnits, which apply
to most iron eataiysts, will be considered,

Catelyst Costs,

In comparing costs for iron and cobali catalysts, 1t
mist be remembared that the cobalt required to make up for
losses is not included in the cost data given by Ruhrehemie.
If therefore the steps in the preparation are about equally
costly, it is a guestion .of comparing the cost of the cobalt
loss with the cost of the extre chemicals needed in the
preparation of iron catalysts Becsuse the cost of ths irom,
the raw meterial, is small, HRuhrchemie consider that 1t
is guite possible for these extra chemicals to outweigh

the cobalt loss factor and sc to meke iron catalysts the more
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axpensive,

tha manufacture of an Fe 100:
catalyst, besed on smalliscele discontinuous working,
aalaulation is for a scale of working to preduce 70 reactor

Ca 10:

Cu 5

charges per month, each of 10 cu.m., &and assumes that the
used catelyst is worked up B3 compietely as posaible, so
trat sdditions of ircn, copper ard calcium sre omly

o credit is allowed for

reguired to make up for losses,

recovered sodiuwn nitrate.

Teble 43,

Estimated Costs for an Iron Catelyst, Ruhvchemie

They gave the foilewing estlimate, Table 43, for
kienelyuhr 50
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Fretreatnent.

Jdust as cobalt catalyets reguire reduction in hydrogen
before they become ective for synthesis, so iron catalysts
require pretreatment with weter-gas, synthesls gas, carbon
monoxlde or hydrogen at atmosvherle pressure or at redused
preasures before they can be uged for synthesis st medlum
pressures, Ruhrchemis could give ro gensrel conclusions on
the relative merits of the various methods that have been
proposed for carrying out the pre u**eatm&nq, and they thought
that possibly Qifferent types of eatalyst required different
pretrestnents, They gawve ths followling rather fentative
scheme: -

(1) Pretreatment with hydrogen.

a) Yormal reduction, Maximun temperature 300°C , |
time 30 - 60 mins., gas rate 6,000 litres/litre
cataiyst/h, , using 753 H,, 251 ZT This gives
good results, For wax -f%crminé catalysts very
mild freatment is requirsd,

b) Lon%ar time and higher femperaturs, T = 325
40070, , time 24 hours, ges rate as bafore, is a
good pretrestuent for very concentratad catalysts,

¢) Low gas rate end low temperature, This gives
poor resulis,
4) High gas rats and low temperature, The first

resulis were good but researchss have not besn
comnleted,

(2) Pretrestment with hydrogen, follewed by carbon
monoxide or water-gas, It is ths initial hydrogen
treatment that determines the actilvity of t::e
catalyst, the subssguent carbon monoxide oy water-
gas freatment has 1ittle effect.

{3} Pretreatment with carbon monoxide, T = 250 - j250!3.,
tims 24 hours, using pure 20 or CD largely diluted
with nitrogen, trmozpherle pressurs, Ir nzavly
&ll casss this glves good results,

(4) Pretreatment with water-gas. Using gas with 387 €O,
4335 H, at 250 - 300%C. and gas rates from 200 -

6,000 Litren/1itre catalyst . at atmosoheric
pressures good results were obfained but ths
rasearches were noil completoed,



(5) Work was started on pretrestment with iron A
pentacarbonyl, diluted with mitrogen, at 50 ~ 250°C.,
but again, although the first results were good, the
work has not besn finlshed,

pr. Rottig, of Rulirchemlis, considersd that the pre-
treatment is nothing more than & reducticn, and that any
carbide Formation that occurs is merely incidental. AfPter
pretreatment the porcentage of metallic iron wmust be less
than 5%, caloulated on the total catalyst, or less than 103
caloulated onn the tozal iron. The metellliec lron plus
ferrous oxide must not exceed 50 - 634, on the total iron,
Catalysts which are less reduced than inis are astive,
catalysts more reduced are poor. This has been fourd to bs
very important, and ms a result the extent of reduction is
always measured as a routine test, as Pollow=s: The metallie
iron is dstermined in the usual way with mercurlc chioride,
The {Fe + ¥eQ) is determined by boiling for 2 hours under
reflux with 24 acetic acid, and the total iren by dissolving
in hydrochloric acid in an atmesphere of carbon dioxide, '

Lurgi agree that the pretreatmant is nothing more than
reduction and elways use hydrogen. They say that 1f the
catalyst is interded $o produxe wax it should only contain
some 109 metallic iron, but if benzln is the product
required, reduction should be carried as far as posalble by
increasing the time and the gas rats,

Rhsimpreussen, however, taxe the opposite view, and say
that pretreatment is not reduction but consists essertially
of cerbide formetion. o advantege is gained by veducing
the catalyst before the pretreaiment as iron oxide forms

carbide much more readily than metellic iron. But in spite
of this general conception of pretreatment Rhelmpreussen
still think that & further study of ths reduction of ferrie
oxide would be very profitsble from the polnt of vidw of the
syntheszis,

They agres with the general view that preireatment at
reduced pressure 1s no better than at atmospheric pressure,
and they also =av that thelr cwn catalyatsprecinitatel on
dolomite as a carrier form no free carbon during pretreat-~
ment, which is a great sdvantags, The ¥.7.I1. agree with
this carbide theory'of pretreatrment and produce thermo-
pagnetic curves to show that during the pretreatment
Fa 04 chenges to Fe,C by way of an intermediate compound
which is probably a” Lower carblde, They say that the
catalyst only begins tc become active when carblde is Pormeq,
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Thelr best catalyst, like the Rheinpreussen catalyst, gives
ne free cerbon during pretreatment.

The Utilisation Ratio,

Since the only oxygen product formed during synthesis
with oobalt catalysts is water, the ratio of hydrogen %o
carbon monoxide used up is approximately 2, Iron catelysts
normally produce a mixture of carbon dicxide and water as
oxygen products, so that the utilization ratlo, X, may be
anything between 2 and 0,5, the wvalue it would have if
carbon dioxide and no water were formed, The utilization
ratio is Important becsuse itz wvalue conmtrols the composition
of the residual gas, ard i this gas is to bs suiteble for
use in a socond stage of synthesis, the utilization ratio
must be approximately the same as ths ratlo ofhydregen to
carbon monoxide in the synthesis gas,

Ruhrchemies gave the following sccount of the factors
controlling the utilisatlon ratio., As far as the composi-
tion of the catalyst is concerned, the only factor that
affects ¥ is the alkali, and the more alkali that is present,
the smaller X becowes, Ths following eoxmmple was gilven to
illustrate the extent of the altesration that cen be prodused,
Teo catalysts of the compousition Fe 100: Cu 5: Cad 1G:
klesselguhr 120 were precipitated with the same amount of
alkali, using 10% excess ovar the theoretical amcunt of 87
NaGH colution., One sample was washed with 1,200 wl. bolling
water/25 g, Pe and the other with conly 600 ml. For
synthesis with water-gas the First semple gave 8 utilimstion
ratio of 1,38 and the second 1,18, The kieselguhr as such
. does not affect X although 1t may appear to do so singe 1%
may introduce alkali inteo the catalyst.

Of the synthesis conditions, the most important increase
in X is that effected By recirculation. Ths ezsct change
cennot be predicted, but as 2 typical exampls, If X is 0.95
for normel synthesis, recirculetion will imcrease it to 1,25,
Brabag say that in general those cetalysts which normelily
form a large proporiion of wax in the products respord well
to recirewlation, and the utilismation ratic X can be lwproved
in this way up to 1.2, The sscond Relchaemiverauch was
carried out to investigate the effect of recirculation, and for
it a recirculation ratio of Z was used.
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X 4s increased by increasing the propcrtion of hydrogen
in the synthesis ges, and is decreased by conducting the
synthesls at a temperature asbove ths best working value, or
by ruming with & lower CO conversion than normal.  This
Istter 1s not a perfectly gsnera’rule, particularly at low
temperatures,

The statement that preirsaiment with water-gas Incresses
4 hes not yet been confirmed but may well be true. It i=
also possibls that I is dependent on the pressure, because
in one caseg i1t ves found %o be 1.C. at 10 stw. ard 1,10 at
20 atm, :

General Synthesis Topics,

Some comparison of the perfomance of a catalyst at
stmospheric and medium pressures is important because of the
convenlence of making a preliminary judgement of a cetalyst
on the result of & short feat at atmospheric pressure,
Ruhrchemis said that such tests wers useful Inssmuch as a
catalyst which 1s active at atmospheric pressure will be
more active at medium pressure, and that 1f one catalyst is
better then ancother =t atmosphsrie pressure it will also be
more active st redium pressure,

, Ay far as the effsct of pressure on the synthesis is
concerned, Lurgl say thet the remults at 50 atm, ave alweys
worse than at 20 atm, At the higher pressure too much of
the catalyst surface is covered witk products, and shat is
worse, water iz wery near its condensation point and damages
the iron surface.

Lurgl alss poirt out that the whele guestlon of the
secord stage iz complicated by the fact thet the oarben
dioxide produced in Stage T has a definitely harmful effect
on Stage II. For synthesls with iron catalysts it is not
en inert constitusnt as it appearste bs for cobalt, bug
produces a dimimution of activity probebly due to oxidation,
Turgi compared water-gas diluted with 307 N, smd with 30%
€6, and found that in the second case the y%elﬁ was 207
le8s at the same temperature, or to get the same yisld 20°
higher temperature must be used,

The removal of the carborn dioxide is costly becausge
the bsnzin has to be removed compleiely before the Alxasid
washing or it is lost ani this means that a much bigger
activs carbon plant would be recuired than is normally used

hetwaen the stages,
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At the moment therefore, leaving the carbon dioxide in-
the gas, the conversion U, 53, cammot be mwade to excesd 9977,

The Mechanism of the Swnthesis wiih Iron Catalysts,
Rheinpreussen considers that the symthesis procesds by
T & lahile carbide and say that the detericorstion of
catalyst s due to the clange of this carbide intc =
stable one wilch canuct act as an intermediate compound for
esia, Thiz change to the stable ecarbide is favoured
igh proportlon of carbon wonoxide in the synthesis zas
S0 hy worzing at atmospheric nressure, The lebile,
carbide may be one of the higher iron carbides,
C or wigher, and magneto—thermal analysis hae shown
t Fe(_,{) does change Into FexC and also that catalysts
contain more ﬁeju towmards the  end of thelr lives than at
S
5]

waN O
&

At atmogsheric preszure the formeidion of cardbide is a
more rapld reaciion than the rsduection, and the reverse is
true at medium pressures. Fencs synthesls gas containing a
nigher proportion of carbon monczxide must be used at
medivm pressumes

At aimospheric pressure, free carhon ls formed very
sxsily, ard Rhesinpreusssn say that thelr succeszs in this
£ield *s due to a large extent to their prelimimry work on
the ifferent reactivities of ¢ and ¥Y-¥Fs EOH

catalysts the surface
t ig for other eatalystz,

(o)

k3

Pinally, they say that for i}
is t nearly so impartant a

i)

The ¥.V.I. cbtained the-follw?ing resuits by thermo-
magnetic work: Their catalyst with 170 Cu. [see p. 122" after
eatrent with carbon monoxide at reduubd'pressures
ined pure Pe,C. The cstalyst with 207 Cu. (sse p. 122)
af*er pFEEreathn% with synthesis ges eontalns ¥s. 0, Fs
ard Fe 0 7 Yet both samples are equally active. During
gynthesis the amount of carbide decreases In the first case
hul stays constarnt in the secopd. The oxygen comigant of
the catalyst increases during syntheslis, and this zorresponds
to lﬁl* in activity.

without

ure
yst Is

If synthesis is attempted at medium press
nretreatment; no carbids Is formed and ths catal
L

naotive,
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Catalysts for Synthesls nt Higher Temperatures,

Before i_nteresu in Germany turned towerds flwding an
iron catalyst which could be used in the existing medium
preasure plants, Ruhrchemle developed severa.l iron catalysts
which would work very successfully at 250%C, and higher
temperatures, One of these was to be used in the plent
designed for the 3ccieta Italians Carburantl Sintetici ag
Arszzo, It had the compesition Fe 100; Cu 5: Cal 10:
kieselguhr 150, and vas prepared by repid precipitation
from the nitrates with potesslum hydro:{ide solution at the
boiling point After reduction in dry hydrogen for ons
hour at 300°C., synthesis was carried out at 20 atm,
pressure, with water-gas, recirculation ratio 2.5, and &
space valoclty of 90, OThe temperature only required
raising from 251 to 257 C. during the course of 120 days,
but Rubrchemie say that on account of the high proportion
of kieselguhr it was possible to use it over & wide
tempsrature range, In the experimental work with this
catalyst, on which the Arezzo project was based, e two-stuge
pilot plert wes worked to an 837 converslon awd gave & yielld
of 1iquid erd solid products of 415 g./H.cu.m, From this iy
was calculated that the yleld would be at least 140 g, 1
ths plant were operated to & conversion of 93%. It was a
v'ax-«.cmning catalyst, the products containing 35/ wax, of
which 17735 was herd wax of boiling point sbove 260" o,

Ruhrchemie then found that the expsnsive astep of
precipitation with potassium hydroxids could be avoided and
the catalyst precipitsted with sodium carbonate so long az
the sodium salts were washed out thoroughly and a 1little
potassium carbonste or hydreoxide incorporated with the
washed precipltate, Such a catalyst produced as little metrare
a3 a catalyst precipitated with potassium hydroxzide, They
also fournd that if they bolled the kieselguhr for a short time
with the sedium carbonate solution that was to be uszed for the
precipitation, all the good effects were cbtained which Iurgi
rad previously achieved by adling waterglass ¢ their
catalysts {see p.124 }. Rubrchemie claimed that their metiod
gave more effective catalysts anl was also cheaper, They
always used the same kieselguhr as is used in the manufaciurs of
cobalt catalysts, but they have tested kieselgubr containing
both calcium and iron, and they are perfectly gool for %the
preparation of iron eatalysts, No kisselgulr specially
suitable for iron catalysts has beegn found,
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As an example of one of their bestHgh temperature
cataiysts, Ruhrchemie gave the following example. A
preperation of the coamposition Fe 100: Cu 5: 0Cad 30
kieselguhr 1060 was carried cut on the seml-technical scale,

A sclution was first made up to contain 6 kg, iron with the
corroct amount of copper anl caleilum in 120 litres condensate
water, and heated to boiling, At the same time 22 kg, soda
was dissolved in 150 litres condensate water and alsc boiled.
The kieselguhr, & kg. was stirred into this solutlion ard
beailed for 30 seconds. The solution of the lron wasthen
edded with rapid stirring during the course of 2 mimates, A
further 3 kg, soda was added to the mixture ard the stirring
continued for 20 seconds. The precipltate was then filtered
off on a filter preas and washad for 30 minutes with hot
gondensate water, The filter cake was put through an
extrusion press and the resulting dried catalyst was ina
wery hard and physically suitable form.

Using ordinary water-gas with 13% inert constituents,
the results shown in Table 44 were obtained for synthesis
at 20 atm.

Table 44,

Svnthesis with Rubrchemie’s
High Tempzrature Iron Catalvsi

Space Velocity, per h. 100 200 284
Reclirculation Ratio 2.7 2.4 2.0
Temperature, °C. 246 267 280
Conversion, U,. o 72 &8 69
H /00 in wateF-gas 2 1,22 1,15 | 4,23
H,/C0 used up, X, 1,14 111 1,13
CH_ as % of CO converted 6,410 8.40 | 15.6
71614 g. MN.cu.n. {CC + 212)

including Gasol0 113.7 96, 4 5.3
Benzin, b.p. 2007C, in

Aouid products, % 33 41 €0
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This tsble also shows how the proportica of benzin in the
praducts increase very rapidly as the tempsrature is
increased.

Tor synthesis at igher temperatures’Rheinpreusaen
develsped a catelyst of composition Pe 1C0: Cu 5: ECC
0,25, precipitated by sodivm hydroxide and contalning™

e
kieselguhr, Synthesis was dome with gas with E?/CO = (0.5,
but work on these lines has now been sbtopped. )

i)
o

Tuhrchemie's present opinicn sbout synthesis with such
cotalystszt 250%C. and above, is thet it is less satlsfact-
ory on eccnomic grounds, than synthesis with the best low-
tempcrature iron catalysts. Tn partisular, the higher
working temperature means that both plant costs angd working
costs are higher,

Catalysts ‘for Synthesis at Low Temparatures.

is alresdy mentioned, the shortsge of cobalt in Germany
during the wsar made it very important to develop an iron
patalyst wiich could be vsed in the existing wedium oressure
plants, i.e., cne which would warz at temperaltures below 225,
The positien up bo the winter of 1043~k is sumed us by the
‘Deichsambversuch', a comparative experiment arranged by ihe
Reinhsamt fir wirtschaftsausben in which the six best diron
catelysts aveilable were tried out simultaneously 2% the
Brsbag works at Schwarzheide.  Since that time a gresat desl
of progress has been made and in this section an acccunt of
+ne best modert. catalysts is given, together with sowe
particulars of several of the LGeichsambversuch catalysts
which were not previcusly availeble,

Ruhricherie consider that catslysfdmust be very denss,
prd hencecoBbain 1ittle kisselgubr, if $hey are t> be
active at low temperatures. Their hest low hempsrature
cetalynt had the composition Fe 100: Cu 53 Sa&d 33
kieselguhr 30 and was preparst ns follows., A sclution of
ircn, copper and caleium nitrates was made up bo contedn 50 -
55 g, Peflitre and with Fe : Cu : Dal in the ratiog 100 :
5 . 0, the excess CaD over ihe smovnt recuived in the finel
catalvst being used to allow for incomniste precipiltation
This solution is heated Lo g5, and run into e boiling )
solution of sodium carbomate of strengtb 60 ~ 100 £ Ha Oy
Titre whizh is stirred vigorously. The amcunts of o -
solutions are chosen go that after the precipitation the »F
19 6.0 - 7.0. The calculated amount of rieselpuhr is thei
stirred Ln, using preferably a sample of low density which has

=)

been hented to FOCTC.  The mixture is filtered and washed with
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hot distilled water till the content of Nali), in the
finished catalyst is sbout 0.5 -~ 0,74 based on iron.

Prom 200 to 220 litres water per kg, Fe are generally
sufficient, The wet filter cake is then lmpregnated with
3.0 to 3,5% KCOH, celculated on Fe by repulping it in a
solution of XKOH and filtering, A concentration of 6.0 g,
KOH/1litre in the mother liquor is usually sufficient to get
the carrect amount of ¥KOH in the filter cake, After
filtration, the cake 1s formed in s suliable manner and dried
at 110°C.

The catalyst is hard and resistant to abrasion, It is
reduced at 300%C. for 1 hour with a mixture of 75% hydrogen
end 25% nitrogen. The content of metallic iron after
reduction should not exceed 8 -~ 103 and the metallic plus
ferrous iron should not exceed 60 ~ 70% of the total iron
present,

The utilisation ratio, X, of this catalyst irncreases
from 1.05 for the first month of syntheses to 1,20 after
five months, but it is considered thst by malking small
changes in the catalyst these figures could be improved,
8mall chenges in the amount of kieselguhr could increase X a
little, and a slight reduction in the amount of alkalil
might be required to make the catalyst szuitable for use
on the full-scale.

Dr. KBlbel, of Rheinspreussen, gave the following
sccount of the best iron catalyst he has developed for
medium pressure synthesis, Normally it has the composition
Fe 100 + Cu 1 - 10 : dolomite 50 - 900 : X,00z 0.4 - 3, but
for work with gases rich in carbon monoxide tre dolomite may
be replaced by kieselguhr, In general, dolomite is =2 very
satisfactory support for medium pressure iron catalysis as
it promotes the formstion of wax, prevents the formation of
carbon and gives s very hard catalyst. A band of dolomite
contailning no sulphur or phosvhate is chosen in the mine,
and the meterial from this band is roasted at 700°C. ard
ground tc a fine powder., But a synthstic dolomite made
simply by mixing magnesiom and celeium carvbonates was Just
as good,

The catalyst is prepared as follows:- TFhe iron is
dissolved in nitric acid to give a 107 solution, the copper
nitrate added, the solution boiled, the dolomite added end
the precipitation carried out by adding boiling 10% sodium
carbonate solutlon. It is essential that these operations
be carried out in the order given sbove. After filtration
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S
stirred 1nto the wet Pilter cakeg which iu d
granulated to 1 ~ 3 mm. pleces, It ia n
extrusion through dies, A preparation has bhsen ¢
on the large scale in the catalyst factory of Bre b g and was
erfectly succeasful, the filtration being easier than fur

ihe normal ccobalt catalyst.

Tretrestment is done at atmes neris pregsure, EaﬁcC“? ip
synthesis gas, Hp/CO = 2, which is carefully freed from carnen
dioxide but need not be drxed‘ The gpas is passed
tre normal gas rate,

Synthesis is carried out at 205 « 215%C., =nd 2 ~ 10 st with
synthesis gas having Hy/CC = 2. No recirculation is
necessary, in fact, it is disadvantageous as it reduces the
rroportion of wex in the product slightly. Apart from thia,
the use of symthesis pgas is preferable to that of vater-gan
as there is no formaticn of uarbon, less formation of carbon
dioxide, the presence of which makes the active carbon stae
of the cordensation more difficult, and the wax produced is gpid
to be more sultable for oxidatliom. Asz, waber-pgas would
require a temperature some 15° nigher.

Yiorked in two stages, with s space velccity of 500 -
1000/h. for Stage I, the yisld is 150 - 155 g./M.onm.,
excluding methane, which corresponds tc a production of
5.5 t, products/full-scale resctor/day. Ths life of the
catelyet ig 6 months or more,  The utilization ratic, X, i
1.5 ard is better in Stazpe I than in Stage I0. It Ls knﬁﬁ:
to depend on the alkali in the cataﬁyvt when working with
rich in carbon monoxide, but it is net known whether khere 13
any such effect when working with synthesis gas. Yhe methone
Tormed amounts te 5 = 10% of the products, which is less than
the amount formed by medium sreéssure synthesis with a cobalt
c°ta7y“t The products sre in general similsr to these

obtained from cobalt G&udwyius at atmcs-heric pressure, in
particular, in having cn’> a small proporiicn of wax. The
wax can be increased by using more allali in the catalysi, a
Ligher DrOnoy tjon of carbon monoxide in the syntneslz pas, or
by vorking at higher pressures. T this Tatter casg, nowever,
more organic oxygen compounds are produzed.

e catalyst used by Pheimpreussen in the Reichsambvers
at cclwrarzhelide in A was an earlier =né less effective

cataiyst of this type, of composition rFe AGC s u LB
dolenite 50 - 65 @ K00z 2, pretreated in ;

g . S EUE
100 06 “Zo iald .y
reduced pressure, Ihe ylald was not good
hadt e be done in one stage,
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work at the F.¥.I. had been on rather different lines,
and their best catalyst for’ synthesis at low temperaturss is
one containing no kieselguhr or other support. It has ths
comnosition Fe 100 : Cu 20 : K00 1 and is made from a
pixture of 75% PeCl, and 257 FPeCl: ~ An amount of thess
salts corresvending to 50 g iron is dissolved irn water,
sade up to 3 litres, the solution heated %o 7%, and
precipitated rapidly at that tewperature brihe corresponding
smount of sodium carbonnte dissolved in 1 litre water. y:X
slight excess is used 60 that the solution is Just alkaline
at the end of the precipitatlior.  The mixture is then
heated to 10092, , filtered, washed free Trom alkall, the
potassiur carbonate added in the usuzl wey ard the mixiure
evaporated end dried at 105°C. o special pregemtions
against oxideticn are taken during the drying and, in fact,
drying in air is better than ina inert stmosthere. Kore
ferric salt must be nsed in the origiral mixture if it is
desired to dry out of contact with air. The dried catalyst
is gramilated on a sleve,

, Tt ig pretrested with symtnesis gas, E./00 = 2, at
225q3. and atmospheric pressure, st e space veloeity of
500/h.  The gas is neither dried nor fresd from carbon
dicxide, This pretreatment lasts for 2 days. At the end
of this period it may becoms inactive, on accaunt of wax
rormation, and if sc, it must be extracted with high boiling
Xogasin (230 - 300%C.) at 225%C., and the 2 days pretresiment
repeated. After a further extraction it is ready for
gynthesis,

Up to now no attempts have been mage tc stert synthesis
at medium pressure directly but two weeks work abt atmospheric
pressure has alweys been done first (for details see b, 1407,
ifter this twc weeks, the pressure is ircreased fo 2 atm
and synthesis contimed for srother 2 weeks at 2127C., usis
walter-gas, The pressure ls then put up to 10 atm, and
synthesis can be done at a constant temoerature of 158 =
200%C, for three months, o extraction with solvent is
necessary although mich more wax is being formed than at
atmospheric pressure, The sverass yield is 143 - 148
5. /Mou.m, including methene, which labter is, however,
vanishingly small,  The utilization ratic X = 0.7 = Q.3
the effect of recirsulation has not yet been tried.

A good medium pressurs catalyss is also cbtelned by
reducing the 20 parts cf copper in the sbove preparation 1o
1 part. when this is Gone the prefreatment is best if
carried out with carbon monoxide alore, at /10 ate,
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DIEssure. The synthesiz bemperatures ars rather higher haw
if 20 paris of copper are used,

Referring back tc the Reichsamb versuch, the K,’a;l, said
that the experimental react:nr used at Schwarzheide had a
W“d"‘r tube than their own eztors, and as & resuli, their

irst catalyst gave too much _L:Lqum ard gassous p?‘gqust s,
This was rectified by preparing a szecond catalyet conisinipe

more alkali ard this one ran successfully for 3 mcr.hgg
third catzlyst, with 2till more alkali, was trisd for 3 weeks

Targi peint cut that the F.W. I., catalyst produced a great
deal of G, hydrocarbons and that these are included in the
ylelas; quated. In practice these hydrocarbons could not bhe
recovered and hence the actusl yields would be lower.,  The

final gases contain 40 -~ 5Q% 00, and 1 - Z Co hydrocsrhons,
and if these are to be recovered the G0y gt be removed by

$1kazid wasbing, which in turn causes losses of h:fd.rﬁcar‘ggn_s’
Thms the recovery of C, is slways too dear,

4Although the results obtainsd in the Relchsamtversuch
with all the six catalyats arve well-known, ihe compositions
of the Lurgl, the Brabvag snd ithe I.G. Fsrben catalysis wer

not availeble. These have now been obtainsd
\4-
The ra:mg atalvst hzd the composition Fe 100 1 Qu 2.
Zn 20+ K0 3 1, the zinc being in the form of zine oxide,

It was a norsgl reclpltated zatalyst, xade fron The nitrales
end sodium cerbonste. It was pretreated with waler-gas at
235 - 24070, at atmospheric pressure. TWhen the profuction
cf parbon dioxide falls of f the preirestment is consideved
t0 be finished, snd it uwsually requires scme 48 hours. If
the pretrestment is stopped too soon, the catalyet
disintezrates during synihesis.

The first of these catslysts used in the Relchsambversuch
was too soft, disintegrzted, and came oat of the rveactor with
the products, The second attemot was spoilt because the
terperatire was increased too rapidly and depositlen of

cerbon ocgurred, The third stitempt was successful.

The Lurgl catelyst hal the compdsition Fe 100 : Cuv 19
41,059 : Sib, 30 : K003 2, Phe K00, being added to glue
25 1‘20. Subs8guent LuTgl catalysts had 25 parts coppor hut
behaved sssentielly in i.ia same way as the ghove e::ce.r‘t that
the utilization ratic was immroved, These catalysts are
prepared by precipitation with sodium cerbonpate Irod a kot
solntion of the mixed nitrates: freshly precipitated silica,
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lzzs ard dilute mineral acid, is theustirred in
ture Tiltersd, wested oA iooraesnated with

i LIS

Turgl say that pretrestment mey =2qually well be done
mith hydrogen, watee—gas or diluted carbon monoxide but they
'grefe; hvirogen as this sveids all trouble wue to synthesis
setiing in, bolting and carbon formation, For full-scale
gorking hydrogen would be the cobvicus choice for two reasons.
Firstly, if wabter-gas were usad the trezatment would heve to
e done in the reacitor ifeelf becsouse of the danger of
syrthesis setiing in, and the reaclors ars not capable of
beirng used at temperatures high enocugh for the pretrzatment.
And secondly, oa sccount of the very hipgh ges rate requived,
the water-ges would have to be recirculated end before it
could be passed through recirculation purps 211 the
synthesais products would have to be scrubbed out of it.

The pretreatment actually used is carried out with
hxﬂvo;en at & space velacity of Tyﬁﬁafh. for 1 - 3% hours at
230% C.; the exsot time depending on the alksli snd copper
content, The reductlon is dlower the more alkali present,
The tuEpB”&uU_E required varies from 250 $o 300%C.,
gocording to the emount of covger present, and in its
ebzence temnerziures above 3000, are reqylred, ir
pretreatment is done wth geses containing carbon monoxide,
under certain conditions femperstures az low as 180 - 200
may be used, Temperatures shove 300°C, alweye give bad

resulta,

The caﬁalvst tourgl used In the Relchsambversuch started
synthesins successfully at the first attemnt and worked to a
utd Lkuw?lcn ratic ¥ = 0.7 without recirculation or 1.0 with
recireulatbion. Their latest catalyst gives ¥ = 1.3 and they
are confident that this could be increased to 1.6 if
nEcessary, Ruhrchemie and ETheinpreussen got as good a
utilization ratio but anly at the expense o producing more
methane, The gilica gel is the Tactor which gives a geod

utilization ratioc,

that is, the K0 plus an equivalent

The zlkelil silicats,
argount of silieca, 1s responsible Tor the good physzical form

and the long 1ife, It Sﬁ&DillaCS ths paste dring the

rreparation of the catalyst and prevpﬁba thixodropic

liguafeciion, and as z resuli, the catelyst thre is ffter

crying are hard erg bregk like glass., A noneal iro

catalyat bacires more mmd nars redusst dping e ‘::rﬁ
T

synthesis et this alkell silicate catalyst does no



The iife is very good; thus, during the 90 Jays run =t
Schwarzheide the temperature had only fc be ralsed 27, from
246 to 218°C. %o maintain activiiy.

She I.03. Parben low-tempsersture lron catalyst wos a
nelted cataelyst of the composition Fe ilEO} . %
the caleiux flucride being added to increase the fbnm&ﬁicnz
cf 1ight hydrocarbons. it is a wvery remarkable Fact that
such a catalyst was just as active as the other calalysts
used in the Reichsamtversuch, all of whizh were made by
crecivitation and pretreatment urder carceiully contrallad
corditions,. ‘fo produce wax, the calcium fiuoride 1s left

&Fz;!‘i:}

cut, end preparaticns of the compesiticn ¥e @ K0 @ Unl o
Fe . KO : Al G, are used, the asctivating oxide§ being
reltsdlwith thedircn in oxygen. 4t 230 ~ 250°0. they
oreduce products containing mere than 60% wax, The scost of

preparation is sbout the same as thet of precivitated
catalysts. '

Catalvets based on Liomasse

=

Ruhrehemie say that it is difficult to melke such
catalysts hard encugh for use on the full-ggale. Thay are
cssentially catalysts which tend %o form light preducts and
not wax, end they reguire & high temperature. They are
conzidered on all these grounds to be inferior to the low-
remperabture catalysts already referred %o,

43 an exapple, the catalyst e WO . Cu 3,% : bleschdrng
eerth 100 :+ kieselguhr 40 may be desoribed, as it was
vrepered and tested by Ruhrchende in 1940, A volume of
, 100 ml, 10, 3% HKCH, specific gravily 1,085 w.s hented to
5iiing, 3.5 g.xieselguhr 120 aadsd snd the Hoiling continued
or 1.5 minutes, Then, with continuous intensive stirring a
suspension of 200 g. Luxmasse (35 8. Fe), 35 g Dbleaching
garth [Sranosil} end 10,3 ml. cooper nitrate soluticon
(1.25 g Cu} in 500 mi. hot distilled water wos added axd
heated with continued stirring ti1l beiling began. ' The
wiyture w s then filtered, washed with three nortions, each
of 200 ml., of distilled water at 90 °C., end the Tilter cake
aried at 110 - 115°%C,  after granulation i: the usual way the
Lulk density was 500 g./litre.

e

N

L¥

Synthesis was started with wolor-gos CT stmosnheric
at o space velooity of 100 h, and the Temporature
cned until a somtracticn ol 200 was sbtalnad.

then mui un to 14

¢ syrthesis
a recireulation rat o of 4.5 to 2.5, at-
;] X .47 =

"V . 3 R I -
The ubildzation ratlio, A, WaL .



veraion, 1, E0w  The 1neld, caloolabed for o T cowversion,
wes 35 g, l*quid rroducis end 31 g gassi zer M oum,, eod

et 1:,qu11:1_ Froaust “1_1,.. the follmring hoiTing rengera  bolog
2R ARE, BT - SE0Tn stn wAY &0ove IRGTL L, Tae
preduet pziling below 20090, had an czta_h. muther of FA,

cn Dakalygie for Sas Bien in Jarber Monooode
k)

A3 iron celelwsl dewelopseert done by Byhrohenie wos in
the darecticn of exbalvals to wosl »wth watorepes, and they
amd no Liageddiate inlerest Az ecataiyeis enltable Tor ganne
sontaining A hisher groportion of ecarbon meaoxize. Using meh
Ly 220% plelings wpv produeced, Tut ed the aoal of 2 iigher
grrtnotes tenperatore, wileh means higeer ulont goste and worldng
cozta, Carcct Tormetion and deri ooleused wex also ogour,
e effeqct of recizciluiion o hege maszers wos ROt iowm

The seesntiel coguisite M grodteeie wibh gos moh in
cozn agworede irow suippely of l::hea@ oxyEen, beoglese saitoble
"‘"I‘Lthﬁ-szb Fag can only b gale by gascfhieablon wifh oogygen,
worddngy ko Lhis wes, I._. Torhen prmn'-edsv Tehle sumthasis
wxs acunnmtooliy,

A ozxpucde of & very sucomesful cotalvet Jor g ozas whih
ﬁr;fr':‘: 2 3 ia che LMY catalyst of T ihic: He P00
Tw s T OO, 0w 2%, preparsd by Gissoivieg ires ip miirie sold
unisr fl’x’gn dMdiiticgs suen et e 11%ile forTous pibTens g

forasd, and ;t}*mn oreciplifating 2.0 Ena boema™ wein TL wroars
ot 235 . YT, and A0 - 15 afm

Fargd ocohe’der that 1Y sueh 2 ogas aoli be prensved asn
SRRy By ardinsey water-ges the hesth relio of ;1 SO0 iy
e bb pdwves move wax, more oielines and deen r]r-tnara& Lhen
gl wuler-pgag, Fach Lhey corsiler that jmees cicller in
cLri MOOORISS AR hou Gesirocle,




