We have endeavored Lo autivate such an inactive 1:1 catalyst, for example, by
boiling it with water in order to remove the possible unfavorable excess of
alkali. No improvement of the catalyst resulted through this meagure. It has
to be mentioned here, however, that we did not succeed in removing any residual

precipitating salts out of a kisselguhr catalyst which was dried st 1065°¢,
This may be seen fram the following experiment.

A 131 kieselguhr catalyst precipitated with Nas was dried in the filter
funncl, and then subjocted to drying in an oven at 105°C. The moist pro-
cipitate atill reacted stronger alkaline when tested with litmus, Alter the
drying, the catalyst was boiled for some time with water in order to remove
the residual alkali, Neither the acqueous filtrate nor the catalyst reacted
alkaline when tested with litmus after the boiling oparation had been care
ried out, This was an indication that the residual alkali was held firmly
by tho catalyst (the kieselguhr) after the drying operation,

Considering that such an ineffactive 1:1 ideselguhr catalyst could contain
too little alkali, we have taken already dried catalysts and added some ad-~
ditional alkali to them, Thus, we added 0.1 percent K,CO, referrod to the
total weight of the catalyst. When the dried catalyst treated with al-
kali, we found that the alkalization had no offect on the activity, neither
was the activity effected when 0,1 percent K2C0y was added 4o the still
moist precipitate, :

A decrease of the kicselguhr quantities did not improve the ironekieselguhr
catalyst any further,

2. 1(4 Fe-1 Cu-1 Mn0): 0.5 kieselguhr catalyst.
A 1(4Fe-1Cu=2t'n0):0.5 kieselguhr catalyst was only little active, It only
gave 1l percent contraction at 235°C. Strangely enough, no water formation
was observed with this catalyst, This peculiarity of the carrier-catalyst
was not yet pronounced with the small cuantity of kieselguhr used,

3. 1(4Fe-1Cu-1Mn0)s 2 kieselguhr cafalyst.
Better yields than with a 1:1 kieselguhr catalyst were obtained with a
1{LFe-1Cu~1tin0):2 kieselguhr catalyst. With the application of only L yrams
of iron in the catalyst quantity and L liters per hour of gas at 235°C., the
maximum contraction after 18 hours was 32 percent, At this point, the cata-
lyst gave L7 grans of liquid produchs per cubic meter in addition to 30 grams
of' water (inclusive water vapor). Although this yield is smeller than that ob-
tained with the carrier~free precipitated catalyste, the result msy be looked
upon as favorable anyhow, because it was obtained with the application of only
/10 of the otherwise customary quantity of iron, and also at a considerably
small?r CO consumption. 1In the present case, approximately 55 percent zlto-
gether of the furnished CO were used up. At a complete CO usage, a yield of 85
grams per cubic meter would result. In comparison with this, a carrier-free
catalyst gave a yield of 55 grams per cubic reter, The total 50 censumption
was approximately 90 percent of the furnished CO. Here a yield of 61 grams
would result for a complete conversion of the CO.,

At 225°C,, and with a 1:2 catalyst, a contraction cf 20 percent was stil]l obe
tained for L liters per hour of Fas, and 26 percent coniraction for 2 liters

per hour The corresnonding yields were 27 respectively 36 grams per cubie
meter,
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By using a larger catalyst quantity corresponding to 15 grams of iron, we suc-
ceaded with a 1:2 catalyst to incroase the yisld some more, and at the same
tire, we were ablc to suppress the rsaction tomperature somewhat, The followe
ing results were cbtained:

Liquid
Temp., gas rate Contraction, prodycts,
°C. 1iters/hour percent  g./ '
215 .3 28 35
225 bl 33 55

( These results nmay be looked upon as favorable from the point of view of CD usage,
and the water farmed during the reaction,

In most cases, the li2 kieselguhr catalyst was reproducible, The lifetinme of
the catalyst so far cannot be regarded as satisfactory up to now, %ith a cata-
lyst cuantity corresponding to L grams of iron at an hourly gas rate of L liters
after already 120 hours at 235°C., a decrcase in the contraction was cbserved,
Apparently, a reaction temperature of 235°C, is too high a terrerature to om~
ploy when working with kieselguhr catalysts, More favorable results were ob-
tained at 225°C., workin. temrerature, although a smaller conversion was ob~
served when the same quantity of iron, namely L grams, was used,

No cxperiments have been conducted on the rcgeneration of the 112 eatalyst,

: ¢ai(hFe-10u-lvno):3 kieselguhr catalyst,

When we used this catalyst, we could only chargethe tube with a catalyst quan-
tity corresponding to 3.3 grams of iron, extending over a length of 30 cm.;
the hourly gas rate was corresnondingly decreased to 3 liters, The 1:3 catae
lyst at 225°C., gave, under the most favorable conditions, a contraction of 29
percent and corresrondingly a yield of LS grams of liquid products rer cubic
meter, Along with the liquid products, LO grams of water per cubic meter were
formed, so that water and oil were rroduced in the ratio of 1:1.1. Te inves-
tigated this catalyst at 235°C¢, and found more unfavorable results, namely
only 30 grams of liquid rroducts per cubic meter, were obtained, This was at-
tributed to the shorter lifetime of the catalyst, The contraction decreased
from 30 to 26 percent within 70 hours of operation.

Sk (LFe-1Cu-1'n0):k kieselguhr catalysts,

A further dilution of the catalyst to 1:4 proved to be unfavorable. By doing
this, the time of induction of the catalyst was consicderably prolonged., For
example, such a catalyst when using an equivalent quantity of iron.of 2 grams,
and I liters rer hour of gas, and 235°C,, gave 3 percent contraction after
L6 hours, 9 rercent after 118 hours, and after 1L2 hours, only 12 parcent

At 2L5°C., such a catalyst cont ining L parts of kicselguhr, gave 20 rercent
maximum contraction. We did not make any yield determination for the exveri=-
ments with the l:L catalysts on account of the low degree of conversion, Su~
perficially Judged, the catalyst behaved similarly as did the previously de-
seribed catalysts, namely it had the ability ito form water during the reac-
tion from the very beginning,
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With kissslguhr catalysts of composition 1:5 and 1:8, using the same normal
catalyst layer length, only one respectively 0.5 gram of irom could be used,
With an hourly gas rate of 2 liters, these catalysts were tested at 250°C,,
and did nol give a contraction surpassing & percent. HNeverthelsss even these
catalysts formed o1l and water,

. General Considerations on the Kieselguhr Precipitated Catalysts,

A» has been mentioned in previous paregraphs, the kieselguhr catalysts offer
e possibility (even if only thecretical) to incresse the ylelds of liquid
products. This is due to the fact that they convert less CO to COp than do
the carrier«free catalysts. In order to use the experiences nade with the
kisselyuhr catalysts on the technical scale, 2 hindering properties of the
catalysts have to be overcome, namely, the unsatisfactory activity and the
coxparatively chort lifetimne. '

Ne have tried by several means to increase the activity of the kieselguhr
catalysts, First of all, we studied the influence of subsequent alkalization,
The catalysts as previously mentioned gave contractions wp to 30 percent even
without alkalization, or in other words » contractions of the same order of
magnitude as corresponded to the carrier-free catalysts. The CO conversion

- was, however, much lower on account of the prevalent water formation, A
serios of experiments showed that the activity of such a carrier catalyst
could not be improved by subsequent addition of alkali. It gave a maximun
contraction of around 30 percent. W¥hen the alkalj, (X,C0.) was added in larger
quantities ( one rercent ) to the already dried cataléstB (at 105°C,) in sore
casas, we observed that the alkali addition had even a damaging cffect, and
it legd to catalysts of lesser activity, Smaller additions remained without
influenze, If the alkali was added to the still moist catalyst immediately
after precipitation, additions amounting te 0.1 to 0.2 percent did not cause
any noticeable effect. Vith additions anounting to 0.5 to one percent, we
observed that the reaction showed a tendency to take the course over the Co2
formation again,

These facts were especially outstanding with catalysts which were precipitated _
with ammonia. The simultanecus or separately precipitated ammonium carbonate
kieselguhr catalysts of composition 1:1 to 1:12 were only mildly active in the
absence of alkali, At 235°C. and L liters of gas per hour, they gave a con-
traction of 15 to 20 percent, When alkali was added to this catalyst, we could
observe that the water formation decreased as the alkali added to the catalyst
was increased, With approximately 0.5 to one rercent KZCOB’ the visible water
formation stopped entirely.

We have furthermore tried to utilice the mixed gas to a greater extent when
using iron~kieselguhr catalysts (in one stage) » ¥ usin, correspordingly wide
and longer catalyst tubes and larger catalyst quantities. On the other hand,
we tried to increase the conversion by reducing the gas rates and keeping the
catalyst layer length at its normal value, A noticeable increase in contrac-.
tion was observed in any case, The maximum contraction with kieselguhr cata-
lysts which was reached in this manner amounted to 37 percent. A more thorough
investigation showed why a further increase in contraction is no longer possible,
%0 found that the CO under the given conditions is converted to a large degree
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(Bahr)

towever, net wilder locreee.d waler formaticn, hut ratler increased COs furmae
tion. It is, therefors, aprarcnt that the carrier catalyst aporoachos nore
and more the behavior of t'e carrier-free metal catalyst when thc conversion
of tiho CO increases. In Section VIII, page 11k of the oriyinal cAnuserirt,
the conversion conditions far a kleselyuhr catalyst arc deseril-ed when the ca=
talyst layer len.th varied, The experimant discuscsed thera, indicated that
the water formod in the first section of the catalyst is decamrosed again in
tha following suctions, and enters into a reaction #ith the CO accordiny to
the water-gas reaction,

In apite of the difficulties mentioned, we are of the opinion that by con-
tinuin. the exrerimonts with the iron catalysts containing kieselguhr, we
zRy eventually obtain yields which are higher on the average than 55 grams
of liquid products per cubic meter.

VII. Course of the heaction with the Iren Catalyst.

Between the carricer-free iron catalysts and the cobalt catalysts used for the
benzene synthesis, a remarkable difference exists, namely, the oxygen con=-
tained in the CO is chiefly converted into CO, whken iron catalvsts sre used,
whereas with cobalt catalysts (as well as nickel catalysts) practically only
water is formed. The course of the reaction with cotalt catalysts follows
the following equation:

CO + 2l = (Ci,) + Hy0

whereas for iron, the reaction chiefly proceeds according to:
2C0 + Hy = (C)%) + CO,

This equation states that with iron catalysts for cvery molecule of hydrocar-
kons one mcleculs of CO, is produced, that is, in tresence of iron catalysts
only 1/2 of the CO poes“to synthetic rroducts of some nature. As already
pointed out, the reaction with iron catalysts does not proceed exclusively
according to the equation given above, but here also, varying with experi-
mental conditions, water is formed to a preater or lesser extent. In Feneral,
one can say that an iron catalyst converts larger quantities of the CO=oxygen
t¢ water when: :

1, The reaction temperature is high;

2., The exit gas is rich in hydrogen;

3. The catalyst layer length is longer for a certain
flow velocity; in other words, the smaller the g£as
rate 1s for a given catalyst layer length,

In order to tring out the differences between iron and cobal® catalysts more
closcly, Table 18 shows exroriments with an Fe=Cu-bnQ catalyst as well as with
a cobalt-manganese and cobalt=thorium catalyst. The convarcion of the various
kas constituents was calculated in the following mamner: The corresponding GO
convers:on into CO2 is found from the analysis of the re-cticn {7a5Ccs uncder con-
sideration of the contraction. In this way, the percentage of the converted
CO is found also, The difference of botk guantitias referred to 100 narts
glves the percentage of CO used up. This cemrrises the total symthetic rro=-
ducts, including the paraffin which remains in the catalyst. It also takos
into consideration the carbon derosited on the catalyvst as elementary car-
bidic carbon and originating from the CO. 1In order %o ascertain how much oxy-
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gen (from L.: CC) waal tc . -l2o, w2 calculatiz b first how auch CO~oxygen
weat into CO,. The diff-rence between this value as compared to 100 parts
gives the percent of oxypen converted into water, (including the perhaps
formed oxygen containing synthetic products). Although the calculations
outlined here incorporate some inherent errors (for instance, the measurce~
ment of contraction in gas analysis), we have found it sufficient to obtain
a general picture on the course of the conversion,

Table 18,

Comparison of Gas Conversion (¥ixed Oas) With an Fe-Cu-inCs
and Cobait-¥anganese (15%) and Cobait-Thorium a ._/

Fe~Cu-¥n0 + Fe~Cu-Mn0 + Cobalt= Cobalt=

14 LC04 19 K,CO3  Manganese Thorium

Temperature, °C, 220 220 195 190
Liters per hour. L.h 2.2 L b
Contraction, percent 30 36 70 70
CO converslon, percent

to COp ’ - L3.k k0,5 1.1 1,6
Unchanged CO 7.2 6.5 ' 15.6 12.3
Synthese (difference) Lhy.h 53,0 Blh.ly 87.7
0z conversion, percent

o HO. 6.0 12.5 83.3 86.1
Liquid products, g./m) ’ 50,0 49.0 98.7 9L.5
Reaction water, ccmﬁ:3—/ _ 1% 28 - -—

1/

= Fe=Cu~=kn0 (L:1:1) + 17 K,CO4 was precipitated with NaOH from the

nitrates. The cobalt catalysts were precipitated with soda, and
the nitrates, and the details are described in the experimental

description of Dr. Koch (1932).

E-/Including the water of humidification of the not-dried starting
gas. The water contents amounted 8 to 12 cc/m.

The comparison of both contact species in Table 18 shows that the cobalt cata-
iysts practically do not form any COp. Hence, they convert almost all the CZO-
oxygen into water. In contrast to the cobalt catalysts, the iron catalysts
form a considerable part of CO,. With them, only approximately half of the

CO is used for the synthesis as such. Only arpreoximately 16-12 percent of the
CO~oxygen is converted into water when iron catalysts are used. By comparing
column one with column 2, it may be observed that by reducing the gas rate down
to 1/2, the water formation doubles arprgximately. The water formation in-
creases from 15 to 28 cc, of water per m’ of gas, On account of the prevalent
CO, formation, the ylelds with iron catalysts are only aprroximately half those
of the cobalt catalysts. This different reacticen mechanism which forms CC
rather than H,0 is the chief reason why iron catalysts give lower yields than
cobalt catalysts. The following example will point this out: Referring to
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Tatle 13, the aentioned cobalt-mangansse catalyst acted on a mixed gas and gave
70 percant contraction. The reaction gas had the composition:

2ot
co, sk 0, co Hy CH,-Kd  C-jakr ¥,
Percent 10.8 392 0.0 1306 32;8 1602 1056 23 oh

It is evident that the catalyst uses CO and H, aprroximately in the ratio of 1:2
that is, very close to the original ratio of the two gases in the mixed gas,

The CO=f, ratio in the reaction gas is still 1:2.k. Theoretically, the possi-
bility exists to romove the hydrocarbons from the reaction gas and obtain a
more complete conversion by recydling the unreacted components once mors. An
essentially different picture iz obtainod [rom “he reaction gas analyses of
tho iron catalysts. The catalyst mentioned in Table 18 gave 30 rercent contrac=-
tion at 22(PC,, and a reaction gas of the following couposition:

Pl din/
co,  ski Op co H,  Cly-ky C-zahtr Np
Percont 21,8 0.7 0.3 3.2 58.8 Sl 1.72 9.8

Here, 93 percent of the CO converted (3.2 percent CO in the end-gas), The CO:
Hp ratio used up was, however, not in the ratio of 1:2. On account of the
greater GO0, quantity formed, more CO was used up with respect to hydrogen than
would gorrespond to 1C0:2Hz. Consequently, the final gas has a CO:H, ratio
of 1:18. :

Another exy:riment is discussed during which (on accowit of the low reaction
terperature of 210°C.) a somewhat larger vart of the CO was not converted. For
this cxperiment (Table 19, No. 2), the following end-gas analysis was obtained
with 26 rercent contraction:

Mersndsnr

CO;4 sk 05 co Hp Cly, -k C-zal M,

Fercent 13,2 C.3 0,2 9.0 59.8 2,5 2.75  10.0

The analysis shows that the shifting of the ratio of CO to in the end—=gas
1s vary considerable for this catalyst (arproximately 78 porGent of the
CO was converted). The ratio is only still 1:6,6.in the final gas

The following expariment finally shows that the shifting of the ratic of 00 to
lip was already ncticeabls in the first stages of the reaction. An Fe=Cu=i'nG
catalyst was tested at 220°C,, and it gave 10 percent contraction at a certzin
gas rate, The reaction gas had the following cemposition:

. ., FYIS Ny,
COp SKv 0o co 1, CH),~KY CmZaAl Wy
Percent 8,1 c.0 O.l 21.4 60,1 2.8 1.43 7.2

Although only 26.5 percent of the CO was converted, the COp to Hs ratio in the
reaction gas had shifted already from 1:2 (mixed gas) to 132.8.
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In contrast to the ccbalt catalyst which uses CO and HQ arproxinately in the
ratio of 1:2, the gas composition changes very rapidly all along the co:rse

of the reaction tube when iron catalysts are used, This is trus even for very
small contractions, and becomss more rronounged as the convearsion increases.
%ith an iron catalyst, therefore, only the {irst zones of tho catalyst receive
a gas of the original composition of 20 to Hy. The followingy zones receive
gases which are more and more enriched in [l and are leaner in 0. To convert
such a gas to liguid croducts, obviously different reaction conditicns are
necessary than were required for the original gas.

( Considering the cocparatively nigh CO usage in commectiion with iron catalysts,
it is obvious that a gas richer in CO than ordinary mixed gas should be used,
This is evident from the equation, 2C0C + il = CC, + Cll,» Ve have, howover,
found that the activity of the iron catalyst dec;eases extremely fast whon
such a gas is used. The activity cannot te maintalned even when the gas rate
is reduced, Already when water-gas is employed, this rapid decrease of ace
tivity with the iron catalysts is noticeable. The mentioned shifting of the
CO to H, ratio in the gas in connection with iron catalysts is the reason for
not rosorting to recycling in order to obtain a higher yield of liquid pro-
ducts and a more complete conversion.

In the followiny, a summary of the reaction gas analyses is given as 1% is
obtained with an iron=copper-manganese catalyst at a tempcrature of 190 to
23C°C, 1In order to facilitate working at a temperature of 19(°C., a larger
catalyst quantity was used for this experiment. The catalyst used correse
ponded to 120 grams of Fe~Cu<ln0O., The analyses show how comparatively inde~
perndent cf the reaction temperatures the final gases become richer in Hp and CO.

Temn, Gas rate, Contr., Peiredon

°C. liters/hr, porcent CO, SKI 0O co Hy  CHy~K Czatd N,
190 ].,5 20 lhos 0':5 092 12Q8 61e5 los 2'.‘33 SOB
200 2.7 24 19,8 0,2 0.2 5.8 81,1 2.5 2.20 9.4
220 3.9 32 22, 0.3 0€.1 1.7 60,0 6.6 2.55 8.9
230 L6 33 21,6 0.6 0.2 1.9 55,4 10.5 L4W6 9.3

(Bahr) V111, bLxperiments on Vater Formation.

As is mentioned already in Section VII, the smallor yields obtained with irom
catalysts &s cooparcd to cobalt catalysts are caused chiefly because the re-
action yields considerablo CO, and not water. It has already been pointed out
that with iron catalysts undar certain conditions the formation of water nay
be obscrved. Teo investigated thls sonc more and in the following series of
experiments, we have attempted to prevent the CO, formation on the catalyst in
order to obiain a higher vield of liquid preducts. We investigated the follow-
ing:

1, The influence of composition (of CO

the CO, and wata§a§orma ion, ¢ vo H2 ratlo) upon
2. The %ggi

uence of i%kali contents upon the C02 formation

iron catalysts,
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3. The COp formation on the iron catalysts by using a CU, con-
taining initial ges,

L. The CO,~water formation on iron catalysts containing carriers.

;/.h The Influence of Gas Composition (CO to H, ratio) Upon the CO, and Tater
“Formation, .

During the following e xperiments, Fe-Cu~knO (L:l:1 containing ore percent X _CO_)
catalysts were used. They were prepared by precipitation fram the nitrates fitd
soc'ium hydroxide, Accordine to our experiences at that time, we have found this
to ‘e tha most favorablas wav of preparation. The comparatively high alkali con-
tert of one percent had an advantageous effect on NaOH precipitated'catalystso _
Lator on, however, we used catalysta which were precipitated with soda, and we
found that these catzlysts are still more favorable., These catalysts should
on'y be weakly alkalized containing no more than 0.1 to 0.2 percent K2003,

Expariments with Vixed (as,

The mixed gas used had the followlny composition:

M
COs sK” O, Co i, CH,-XW . CmZalil Na
Per\:EHt 2&2 an 0.0 3056 5801 1.-\5 hastnd 7:6

The ratic of CO to H, was equal %o 1:1.9. To start with, we investigated the in-
fluence of the experiment tamperature on the course of the CO conversion in the
mixed was, In order to extend the experiments and to be able to vary the tem-
peraturs and gas velocity in wide ranges, a comparatively large contact guantity
(120 grams to 80 grams of iron) was used, The results of the experiments are
glven in Table 19, They are arranged in increasing reaction temperatures. The
table shows, in thc first place, that at low temperatures of 200-21C°C., a com~
paratively large guantity of the CO remains unconverted., This is mainly caused
by the fact that the iron catalysts in this range of temperature show only lit-
tle activity., In addition to that, we want to point out that one cannect suc-
ceed accordirg to our present experiences to get an iron catalyst started at

200 or 210°C., over a pericd of time of 30 to 60 hours, We found that the time

of induction is longer than that. The catalysts are first allowed to act at
220=-23CPC,, up to such a time that they give a contraction of 20 to 25 percent,
Thereafter, the temperature is lowered. The table then shows how, with in-
creasing reaction temperaturs, the quantity of CO coenverted to CO, decreases
when compared to the CO required for the synthesls, At 200=21C°C., approxie
mately the same amount of CO is converted to COp as is converted to hvdrocarbons, -
At these texperatures, no water was formed yet. Practically all of the oxypen
went to CO,. At 22C°C., 6 percent more of the CO was used for the synthesis
proper, at 230°C., 10 percent, and at 2L:CPC., 21 percent more CO was used for
the synthesis than was used for (O formation, In accordance with all that, an
ever increasing quantity of water formed with the o011, The horizontal row in~
dicates what part of the CO-oxygen was cenverted into water at the various teme
peratures, Lxperiments 6 and 7 bring out the influence of the flow velocity.
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At 9.8 liters of yas per hour and 24CPC., arrroximately LO percent of CO weni to
COp, wheras Sh percent was used for the synthesis. At 1.6 liters of gas per hour,
approximately 1/3 of the CO went to COp and 60 percent went into the synthesis,
From the table, it is not apparent that the yield of liquid products was increased,
however, This is apparent by comparing experiments 3 and 5. For experiment 3,

L9 percent and for experiment 5, 59 percent of the CO was used for the synthesis,
In spite of that, the yield of liquid procducts for both experiments was 50 re-
spectively L9.5 g.,m3 of gas.

Table 19.

Influence of Temperature Upom CO Conversion (Vixed Gas) With
Fe-Cu-¥n0 Catalysts Containing Ome Percent 1(2003

1 2 3 k 5 6 7
Texperature, °C, 200 210 220 230 240 2L0 2LO
Hours of operation 263 191 k36 602 7Ll Bk 058
liters per hour 2.7 b0 L. L.6 3.k 9.8 1.6

Contraction, percent 2L 26 30 32 36 30 38
OO opversion, percent 41.8 38,6 L3l h1.8  37.7 394 35.5
Unchanf;ed Cco ‘ 17.0 22,1 7.2 6.5 3.8 6.5 L.g
Synthesis (difference) 1.2 39.3 k9. 5l. 8.5 sh.1 60,7
og conversion percent 0.6 0.7 6.0 9.9 208 1.7  2L.7?
o Lip0 A1 N
Reactlon water, cc/nP—/ 12.3 10,7 16.L 26.5 L42.9 26.7 n.b;
Iiquid products, g./=. 22,7 29.6 50.0 L9.7 L%.5 n.b. n-b,

Calculated theoretical yield 73.5  69.4  B7.5 92 99.8 92.2 1027
grans of hydrocarbons/m

Heaction gas '
CH, contents, percent 2.6 2.5 S.4 10,5 10.9 8.1 1i.3

o5
Carbon number 2.20 2,79 1.72 1.h6 1.37 1.3h 1.ho

-]-'/ Including humidification water.

—_——

If the "theoretical yield" of paseous, liquid, and solid hydrecarbons is calcu-
lated for the synthesis on the basis of the 0 contenis (expressed in grams of
hydrocarbons rer cubic meter of gas); then on comparing these c alculated yields
with the liquid products obtained, the difference between the total yield and
the licuid rroduct yield should account for the gaseous hydrocartons and other
compounds formed. The table shows that for experiment temgeratures of 200 to
21°C.,, comparatively larg=r quantities of products other than liquid are formed.
At 200PG., they amount tc approximately 51 grams and at 210PC., they amount to
40 gafmg, Since the reaction gas from these experiments contains a compara~
tively small amcunt of methane hydrocarbtons, one is justified to assume that
during the reaction larger paraffin gquantitiss remained in the catalyst when

the workin, temparature was lower. For the following experiments which wers con-
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ductecd between 220-240PC., »xe observed increasing amounts of methans hydrocar-
bons in the reaction gas. The carbon number of the hydrocarbons dacreases with
increasing temperature. The difference -etween the calculated yield and the
experimental yield of liquid ef-liquvid procduct yield aobviously is caused here
chiefly by the increased formation of gaseous hydrocarbons. The gaseous hydro-
carbons may be gasol or methane, If exreriments 3 and 5 arc comparsd onec with
another, one observes that during experiment 3, 37 grams of products other than
liquid were formed, and for experiment 5, 50 grams of synthesis rrocducts were
formed which were not liquid, The analyses of the reaction gases show that
during exporiment 5, approximately twice as many methane hydrocarbons were
formed as were during experiment 3. By raising the temperature, the conversion
of the CO during the synthesis appeare¢ more complete, Obviously however, this
larger corversion did not cause an increase in yield of liquid products, but
only increased the rortion of gsseous hydrocarbons formed.

In carticular, we want to refer back to experiments 6 and 7 which are listed

in the tabla, From them, the influence of the flow velocity upon the nature of
the conversion at 2L(PC,, may be observed. One recognizes that by reducing the
hourly throughput from 9.8 to 1.6 liters, the contraction increases from 30 to
38 percent; and 60 percent of the CO is consumed during the synthesis, From
this data, a theoretical yield of 103 grams of hydrocarbens per cubic meter of
gas can be calculated. No yield determination was made. However, it is al-
ready apparent from the gas analysis that for this slow gas throughput, a large
.amount of gaseous hydrocarbons had formed (14.3 percent mcthane hydrocarbons).

From a further series of experiments, onc can observe that for still lower ex-
reriment temperatures, the benzene formation on the iron catalyst proceeds
predominantly over COp formation. The results of the experiments are tabulated
in Table 20, 1In order to be able to lower the experiment tempzrature consider=
ably, we used for this experiment a Fe-Cu-MnO catalyst which contained § per-
cent K,CO3 (90 grams, 60 grams of iron). ¥e initiated the catalyst at 220°C.,
whersaiter the temperature was lowered gradually-the lowest experiment temrera-
ture was 170°C, For this temperature and a gas rate of approximately one liter
per hour, still a contraction of 11 percent was observed. On account of the
low throughput, we decided not to make a yield determination, and we merely

checked up on the nature of the end-gas, .
Table 20

£O Conversion (Mixed Gas) on Fe-Cu~kn0 + 5% KoCOq at Low Temperatures

1 2 3 L

Temperature, °C, 220 200 150 170

Hours of operation Ll L8 140 185
Liters Eer hour 4.0 L.1 1,2 1.1
Contraction, percent 31 22.1 22.8 10.8
CO0 conversion, percent o CO, 4.5 37.0 Ll O 19,3
Unchanged CO 6.2 2838 10.5 61.0

Synthesis (difference) L9.3 38.6 Lol 19.
O, conversion, percent o H,0 4.8 1.0 1.4 0.4
percent &o COp 89.0 75.2 83,0 38.6




Tabla 20 show~ {as is apparent from carlier experiments already) that in the
rangs of the low reaction temperatures, the reaction practically only proceads
over COp formation. For instance, at 17PC,, the CO jquantity converted to CO
was appraximately the same as the COp quantity converted to hydrocarbons. This
condition does not change appreciably at 190 to 200PC., but at 220°C., we couid
obzerve that the quantity of CO converted to hydrocarbons was larger than the
quantity of CO converted to COp. At this temperature too, we could observe the
formation of small water quantities. Originally, we were inclined to believe
that the differences in the reaction mcchanism between iron as compared to co~
balt catalysts was mainly due to the higher r2action temperatures which the
iron demands. Ths above described experiments point out, however, that the
iron catalyst under investigation did not form increasing quantities of water
when it was permitted to work in the rcaction temperature range of the cobalt
catalysts, In fact, we observed just ths opposite, namely, that in this tem-
perature range COp was formed exclusively. The lower, the reaction tempera-
ture, the more CO, was formed.

. 3xperiments with i,-rich Gas,

For the following experiments, inste=d of using mixed gas, a H,-rich gas was
employed T.e intendedto find out whether the CO, formation could be suppressed
by using a larger excess of Hy. The gas emrloyed had a CO to Hp ratio of 1:kh.2,
The theoretical yield of lizuid rroducts may ‘e calculated to be 108 grams of
hydrocarbons par cubic meter, The composition of the gas was as follows:

Co, sk o)) Co Hp CH,-K%  CeZahl Ny
Parcent 0.0 0,0 C,.0 18.6 79.2 - — 2.2

Tre catalyst guantity used was 60 grams which was equivalent to 4O grams of
iron, The exparimental results are arranged according to reaction tenpera=
tures in Table 21,

Table 21 ,
CO Conversion %When Using Hoerich Gas (CC~H, = 1:li.2) on Fe-Cu-knC Cata-
lystg_%ontaining Cne Percent KpCO3
1 2 3 L 5
Temperature, °C, 200 210 220 230 2L0
Hours of operation : 59a h?ﬂ 353 113 287
liters per hour .0 1 3.9 3.7 7.9
Contraction, percent 19.7 20.6 23,1 25,0 °2.7
CO conversion, percent to CO» 32.08 45.1 hl.h L2,5  hLl.d
Unchanged CO 28,0 5308 6o 7.5 7.0
Synthesis (difference) : 39.2 1.1 52,1 50,0 51.6
C2 conversion, perceni/to 0 6.4 6.0 10,7 7.5 10.2
Reaction water, c:/fu3 16.6 2,1 28,3 25.4 23,8
Tiquid preducts, g./mJd : 3 16.2 35.1 35,9 29.9 29,3
Reported theoretical yield, g. Clc/s L2.6 55.5 56, cL.0 56.0
Heaction gas: CH), contents rcent Y 2.2 1,3 2.0 1,9
5 Cotbon numbed 13 2.27 2,08 1.65 1.8

1/ Inciuding humidity,




In genoral, Table 21 shows that an H,-rich gas does not give any more favorable
results as far as the suppression of the CO» is concerned. By using an lip~rich
gas, the wator formation scems to set in somewhat earlier, Ve could observe
water already at 210 and 200°C, Howaver, at higher temperatures, as for in-
stance, 230 and 240°C., the reaction water rredominantly proceeds tho COz form-
ation, The comparison with Table 19 (mixed gss experiments) shows that an Hp-
rich gas does not give any botter results than does a mixed gas as far as water
formation is concerned at higher temperatures, Some additional interesting ine
formation may be obtained by studying Table 21. It appears that a Hy-rich gas
has a tendency to produce comparatively large quantities of gaseous hydrocarbons
in addition to the usual licuid products. This may be seen by comparing the
calculated theoretical yields with the observed yields of liquid products. It
is remarkable alsc that for los temperatures, 200°C,, considerable difference
axists tatwesn both values. In general, the experiments mxy be summarized as
follows: When using a Hp-rich gas, the degree of conversion of CO to liquid
products is not essentially larger than the degree of conversion with nixed
gas. With a mixed gas containing 30 percent of CO (compare Table 19) on the
average, 70 grams of liquid products per cubic meter are obtained, If this
figure is referred to COp, it corresponds to a degree of liquefaction of 57
percent. For the Hp-rich gas (18.5 percent CO), the yields amounted to 35 to
36 grams rer cubic meter, which corresponds to a degree of liquefaction of 65
to 66 percent when referred to CO,.

In general, we want to bring attention to the percent contractions obtained.

by using the Hy=rich gas, On the average, we ohserved 20 to 23 percent, that
is, numerically it was approximately 2 to 5 percent above the CO contents of
the initial gas. The situation was similar for the mixed gas. With mixed gas,
the average maximum contraction was 30 to 35 percent with an initial CO contert
of 28 to 30 percent in the synthesis gas.

Tt should be mentioned here “hat the iron catalyst required a longer time of ine-
duction when used with Ho—rich gases as compared to the tims of induction for
mixed gas.

The experiments with Ho-rich gas were repeated with another Fe«=Cu=zinC catalyst
containiny one percent K,CO, (8 grams of iron). We wanted to investigate hcw
the gas composition shiffs 3t elevated temperatures (up to 26(PC.). ¥e obbtained
the following picture, (Table 22). %ith increased temperature, the CO, contents
diminished and for the maximum case (260°C,), it decreased down to 35 percent of
the originally emplcoyed CO. At thls point, 57 percent of the CO was used for
the synthesis. Such and similar resulis were observed earlier with mixed gas

at 2L,0°C,, when larger catalyst guantliies were employed; (compare Table 19,
Exreriment ).

Tablc 22.= Q0 Convarsion with Hp-rich Gases (CO to Hp = 1:L.2)
On Fe-Cy-n0 Catalysts Contalnlns 17 K,CO4, for a Temperature Range cf 230=26CPC,

1 2 3 N
Temperature, °C. 230 i 250 250
Liters per four 3.7 4.0 L-2 4.0
Contraction, percect o 21.3 19,8 2h.b 25.8
CO conversion, percent te CO; L1.3 LL.O 39.7 34,9
Unchanged CU 9.0 6.4 T2l 7.9
Synthesis (differsnce) L9.7 by.6 52,9 57.2
0, conversion, percent to 50 8.4 k2.9 13,2 22,3
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3. Experiments with CQ0-Leficient Gas.

Tha conditions for conversion were investigated again with a starting gas con-
taining CO and H, in the ratio of 1:8.5. The gas had the following composition:

Percent

'c"t* ; A .,
The thecretically possible yield for this gas mas 61 grams of hydrocarbons per
cubic meter, Coe A ’

_0.0 0-0 -.;0,3 " IO,h 88a3 - — 1.0

The oxpnrﬁants carried out in this connoction followed those described in Table
21, withou- timely interruptiom.The same catalyst was used without a previous
regoneration, Tho catalyst (60 grams = L0 grans of iron) st this time had been

in oporation alroady for 980 hours. A decrease of its activity had not been
observed up to this time,

By using thoc CO-doficient gas, the experimental results of Table 23 were obtained.

Table 23.

CO Conversion for a CO-deficient Gas (CO-H, = 1:8.5)
on re=Cu-in0 Catalysts Contalning 1 2C04

1 2
Yemperature, °C, 720 220
Liters per hour : L.3 5a3
Contraction, rercent . 13.9 18,2
CO conversion, percent to CO, 34.6 21.0
Unchanged CO 8.6 2.6
Synthesis {difference) 56.7 53,4
O, conversion, percent to 10 22,1 304
Liquid products, g;ﬁb’ n.b.® 19,7
heaction water, cc/; -— 23.2

Table 23 shows that it was possible to decrease thc conversion of CO to Coa to a
value of 27 percont when using a large escess of H,, i'or the same expériments,
63 percent of the CO went to synthesis hydrocarbons. Roughly, 36 percent of the
available oxygen in the CO was converted into water. A comversion of 63 percent
of the CO to synthesis products would correspond to a yimid-of 39 grams of hydro-
carbons per cubic meter. The determination showed, however, that only 20 grams
of liquid products per cubic meter would form; hence, an aprroximately equal
quantity of other synthesis products was produced. The reaction gas contained
2,3 volume percent of melhane hydrocarbons with a carbon number of 1.78. The
obtained yield of approximately 20 grams of liquid products would corresgond

to a degree of liquefaction of 65 percent as referred to half of the CO quan-
tity in the original gas., As already pointed ocut, 65~60 percent of the lique-
facticn was reached with the previcusly described y-rich gas, OCme can see,

therefore, that even by using a large Hy excess, it was not possible to exceed
this degree of ligquefaction.

*n.b. = not determined.
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The result of the zeries of expoeriments showing "the influence of gas composition
(CO~Hp ratio) upon the CO, formation® may be summarized ss follows: &y uaing
larger catalyst quantitics (respectively smaller gas throughputs) and working
at higher reaction temperatures or using a Ih-richer original gas, ono succeecds
in directing the reduction of CO partly over water formation (for a Fe=Cu~in0
catalyst). In the most favorable case, 20 o 36 percent of the oxygen contained
in the TO could be converted into water, The ratio of tho CO which was con-
verted into CO, and the CO which wus converted into synthesis products was 1:2.3
for the most favorable case (Table 23, .xperiment 2), 'An essential incroase
in the yield of liquid products was however not connected with the water forma-
tion. The degree of liquefaction cbtained was 57 perceut whem nixed gas was
used; and for an lz-rich gas (up to a co-uz ratio of 1:18.5), 65 to 66 parcent
liquefaction was referred to CO2.

From the experiments reported hore, one may conclude that tho water formation
obviously proceeds in & different sanner than it does with cobalt catalysts.
It does not show up before a sertain dilution of the CO in the reaction gas
bas been reached. %hen Ho-rich gases are used, this conditions is already met.
in the range of low contractions - for mived gas, the formation ¢f reaction
water (visible separatiom of water in the receiver) is ganerally obscrved when
a contraction of 25 percent is rcached. Obviously, the CO was converted in
the first sections of the apparatus to such a degree that the following sec-
tions of the unit were practically charged with a =rich gas, Such a gas,
however, furnishes predominantly gaseous hycrocarbon§ for the temperatures in
question, Therefore, the yield of linuid products does not increase essen~
tially any longer with the water formation, -

Z.8. Influence of Alkali Contents Upon CO, Formation Using Iron Catalysts.

In order to acquire full activity, the carrier-free We~Cu-Mn0 catalysts need an
activation with fixed alkall, This 1s contrary to experience with cobalt cata-
lysts, It could be assumed that the different course of the reaction with the
precipitated iron catalysts may be due to the alkall contents of the catalyst.
(By different course of the reaction, CO, formation is meant). This may refer

to the alkali (KpCOU,) which was addcd subsequently to the catalyst or it may
refer to tle ailkali“recidual slliali ccntents of the precipitated catalysts (such
as Ra,C0,;, 3Zven if toe iron calalvsts are washed thoroughly, considerably quan-
titie o? Kaché rezain in them,

In order to investigate this point, a rumber of Fe~Cu~¥nQ catalysts were pre=-
pared for which ammonium carbonate was used as a precipitant, The method of
preparation and the general behavior of these littlemactive catalysts has been
described in Section III. In the following, we only want to discuss whether
such catalysts which are free of fixed alkali faver the formation of water., In
Table 2L, the nature of the gas conversion for two such armonium carbonate cata-

lysts is descrived. Two Fe~Cu-MnO (4:1:1) catalysts were subjected to invosti=
gation,
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C0 Conversion (Mixed Gas) Lith FeeCu<iind
5'33117&'5503 Hf% IxmonIum Uuﬁu%%
| 1 2
“Fe - Cu - 1I&3 - Cu =
10 12,51 2,5 LO : 10 : 10
Terperature, °C, 235 35
Throughput, liters per hour b1 2.0
Contrsction, percent , 17.4 32
CO ccoversion, roresnt %o CO, 13.8 Lh.b
Unchengmd CO 61,5 8.0
Syntheeis (differonce) 2l 7 7.6
0, Convorsion, peroent o 27.6 23,8
percent to {asrt,) 10,9 3.2
Reactian gas, volune percent 00, 6.2 20.3
co g.o 53-5
.3 N 3'9
gf\ baS 0,2
carbon number 1.5 2,3U

Tho expcriments 1listed in Table 2i, seem to point out that an immediate relation-
ship between the alkali contonts of the catalyst and the CO, formation during
the synthesis does not exist. This seems to be obvious becguse the catalysts
which were precipitated with amonium carbonate and waere free of alkall, pro=
duced rredominantly CO,. The catalyst used in the first coliumn was an exw
ception. This catalyst produced water already at a time when the contraction
was only 12 percent. Eleven percent of the CO converted went to water, whereas
26 percent went to CO,. Next we fried to increase a conversion of the CO by
using larger catalyst quantities and by decreasing the gas throughputs (Sx=
periment 2). However, hcre also we cbserved the characteristic feature ale
ready met before with iron catalysts, namely, CO, formed almest exclusively,
For Ixgurinent 1, the H.O-, ratio was 1:2.5. Fér Experimont 2, it had inw
creased to 1:2,8. ¥or Sxperiment 1, the end-gas showed a ratio of CO-H, of
1:2.6. For “xperirent 2, however, this same ratio was 1:15.4.

JC Experiments on the CO, Formation on Iron Catalysts Then Uéingﬁa GEn-Coue
SaimEwg 00;-r1ch Starting Oas.

In the following, we attempted to supprress tho formation of CC, on iron cata~
lysts by adding a certain percéntage of C0, to the starting gas. Thus, the
possibility might exist to use CO for the syntheeis proper. For thcse expori-
ments, wo employed Fe-Cu-inO catalysts (10:2.5:2.5) which were precipitated
with scda and which contained 0.1 percent KoCO;. The original analysis is
given in Table 25, and the CO~l, ratio amounted to 1:1,8, This was somewhat
too low. Of several exporiments, which on the whole gave substantiating re-
suits, only two are discussed here.

e
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Table 25, Reacticn G3s Analyses by Using & CCo~rich Starting Gas

Temp. Throughput Contr:zction iticn of the Reaction Qases, Percont

Exp, °C., 1. per hr. percent ) Gz CO m
mtm ©as: 10.3 0.0 0.0 30.8 55.1 el - 30&
1 235 hol 26.!‘ 26.9 1|S 001 7.8 %lh 1-6 1063 3.7
2 240 L.o 2.6 28,7 1.2 0.2 8.0 %L 3.9 1.33 3.6

By comparing the two roaction gas smalyses with tho initial gas, one can say al-
ready qualitatiwely that the addition of CO, to tho starting gas does not impeds
the CO, formation. In both cases, the anrigl'-mt in has occurred in the end-
gas which we are already familiar with from using gas as initial gas. The
ratio of the rosidual CO and has shifted to 1:7.2 for Experiment 1, and for
Expsriment 2, to 1:6.,3., It » that for txperiment 1, at least, the CO, forn-
ation was not influenced by the CO, addition to the starting gas. Neither was
more CO-oxygen converted to water than when working with mixed gas, MNo reduc~
tion of CO, forration from CO was ohserved., Zxreriment 2 shows somewhat more
favorable rosults, The ratio of water to CO, was 1:2.h, WNo increase in the
yield of liquid products was obtained during this experiment. Lk.S g.,m) were
found, This corresponds to a degree of liqusfaction of 57 percent by taking
into consideration the somewhat low Hgacontants of the starting gas., The de-
groe of liquefac:ion just mentionad w3s referred to 1/2 of the usable CO of

the starting gas. : :

Table 26.~ Courte of the CO Conversion Dy Using a COy Containing Starting cas

Kxperiment 1 Experiment 2

{235°) (eLe)
Co conversicn, percent to CO, 3507 29,2
Unchanged CC 18.5 17.5
Synthesis (¢ifferencs) L5.8 53.3
0, conversion, percent to CO, 71.4L ‘ 58.4
to Hy0 (diff.) 10.1 2h.1
H20=C02 137n2 1320&

¥«8 The CO, and ~ater Formation on Iron’Catalysts,

An essentially different result with rospect to €O, and water farmation is ob-
served when the previously described carrier catalysts are used instead of the
so-far investigated metal catalysts., Te investigated carrier catalysts for
which the kieselguhr was added immediately and which were precipitated with
soda, Ye also investliyated precipitated catalysts for which the carrier mate-
rial (tonsil} was added after the precipitation,

-,5(.
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Fe~Cu~t'nC-kieselyuhr catalysts,

A description of the method of tho preraration and the bahavior of the kiasel-
guhr rrecipitated catalysts containin, various quantitiea of kieselyuhr has
bsen prusented in 3ection VI, I:ldgonornl, we limitod ourselves to investigate
the influence of the kisselycuhr ition upon the and H50 fornation. UThen
& precipitated catalyst (Fe-Cu-1'nO, LU:l:l) was taken into operation, precipi-
" tated with soda, and contained 6 wrems of kieselyuhr, the water formation set
in simultanecusly with the oil for-ation from the vory begloning, Tho tempcr-
ature was 235°C,, and tho gas throughput was L 1iters of atued g38 per hour.
Por Lhe esrlier metal catalysts as already described, the formation of waster
could only be detected aftsr hixher percentagess of contractions wors obsarved,
The catalyst yave 30 porcent contraction aftor 22 hours; in other -ords, just
a8 much as the carrier-fres catalysts geve in the same timeé, The rosotion gas
had tho followink composition.

C02 slG, 02 CoO Hp Ch'b C-No No

Kieselyuhr catalyst
307 ~ontraction ’ n.s 11 0,2 13.9 9.k 2.7 3.37 11,2
¥otal catalyst, _ 17.9 1.3 0.1 5,0 59,6 L.P 1.32 11.k

32% contraction

For comrarison, the kieselguhr catulyst was compared with a carrierefree rro=-
cipitatod retal catalyst (precipitated with soda)., The comparison showed that
the kieselguhr catalysts, at approximately the same contraction, gave essen-
tially smaller quantities of C 2. Furthermore, it appears that with the kiesala
guhr catalysts, a larger rroportion of the CO remained unconverted, The final
¥as did not show such a pronounced shifting of the ratio of CO to Ho. 4s was
experienced with metal catalysts, the ratio was 1:4.3 for the kicselguhr cata-
lyst as compared to 1:11.9 for the metal catalyst.

A better insj.ht in the various gas conversions for the two mentioned catalysts
may be obtained from Table 27,

Table 27.~ Gas Conversion (Mixed Gas) Viith an Fe-Cu~kn0 (L:l:1) Catalyst
Precipitated wi 8,003 _and Gas Conversion for Kieselguhr Catalysts

¥etal Catalyst Kieselguhr catalyst

Temperature, °C, 235 230
Liters per hour L I
Contraction, percent 32.14 30.0

CO conversion, percent to CO, 38,2 26,1
Unchanged CO : 1.7 33.8
Synthesis (difference) 50,1 k0.1

02 conversion, percent to CO05 T6.4 52,2

to 10 (aiff.) 11,9 _ 1.0

Hp0:C0, 1: 6.4 1:3.7
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A comparison between the two sories of experiments brings out that the reaction
on the kieéselyuhr catalyst has a tendency to proceed more over water formation,
For a total of 56 percent conversion of the CO, the ratio of H,0 to COz formed
was 113.7. Whereas the metal catalyst, at 88 percent conversion of the CO,
gave a ratio of 16,4, thit is approximately & times as much oxygen went to €O,
than did to Hy0.

ve did not make a ylcld determination of liquid products for the experiments de-
scribed above, From calculations, we could observe already that in spite of the
increased water formation on the kieselguhr catalysts (on account of the lower

gas conversion} an increase in yield did not occur when corpared to metal cata-

lysts.,

Further experiments con’irm the observation of increased water formation on the
kieselguhr catalysts, These expsriments, to some extent also, gave better re-
sults on the conversion relationships of CO.

Table 28 shows the reosults of two further cxperiments. One of the tests was
conducted with a catalyst which was somewhat, leaner in copper.

Table 28,
Gas Conversion (Nixed Oas) on Kieselguhr Precipitated Catalysts

1 2
re=Cu~¥n0 -1 Fe=-Lu-1'nQ w1
L: 1:1 / . h:Q2:1 /
kieselguhr: 1 kleselguhr/ 1
Temperature, °C, . 235 235
Liters rer hour L L
Contraction, percent 32.4 29,2
Reaction pas, volume rercent COp b 7.5
sk 0.8 0.0
05 0.2 0.0
co 11.2 18.5
H? 52492 57:1
CHy, -KW 5.9 2.8
£0 conversion, percont to COp 28.1 15.5
Unchanged CO 2k.S k.3
Synthesis (differencs) b7.4 40,2
- 0p conversion, percent to €02 : 56,2 31,0
to Bo0 (difference) 2L.S 24,7
H203002 1 H 203 1 H 1.3

With catalyat Yo. 1, a conversion of 76 percent of the CO was obtained, and only

2.3 times as wuch COp was formed than water. With catalyst No. 2, only 1.3

;2:-- as much CO, was formed as water, however, at a total (O conversion of
vercent, '
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At any rate, for these experiments the larger part of the CO-oxygen siill went
to CO>. Thereforo, we investigated further how far the C0, formation may be
suppressed: First, by using catalysts of s%11l higher kieselguhr con‘ents, and
secondly, by lowering the reaction temperature,

The magnitude of the possible maximum conversion for these experiments has not
been estimated., The reason for this was that the kieselguhr-rich catalysts
took up a very large volume in the reaction tube, and thus, permitted only
small quantities of Fe=Cu-lin0 to be contained in the tube. ™"ith the carricr-
free catalysts considerably larger metal ruantities could be introduced into
the reaction tube. In Table 29, two catalysts which are richer in kieselguh-
and which were precipitated with NapCOy are mentioned. The first catalyst con-
tains 2 parts of kieselguhr per part of Fe~Cu-lin0O, whereas the second contains
3 parts of kieselguhr per rart of metal.

Table 29
Gas Conversion (Mixed Gas) on Kieselguhr-rich Pe-Cu-MnO Catalysts
1l P4
Fe-Cu~t'n0 93 fe=Cu~!nd
3:0.750.75 | :2:2 |-
kieselguhri, ‘kicseiguhrjj
Temperaturc, °C. 235 235
Iiters per hour 3.0 L1
Contraction, percent 22.0 17.7
CG conversion, percent to CO, 16.6 12,2
Unchanged C0O 52.7 52-1
Synthesis (difference) 30.5 35.17
8, conversion, porcent to CO 33.6 2l
to HoC (difference} 13.7 23,5
Hp0:C0, 1:2.4 FREN W«

From Table 29, it may be seen that tho investigated 1:2 kieseleuhr catalyst did
not behave more favorably than the previously described 1:1 catalyst 38 far as
water formation was concerned. The Hy0 to CO, ratio was 1:2.4, However, for
a 1:3 kieselquhr catalyst, we succedded to reguce the CO, contents to such a
point that arproximately equal amounts of CO-oxygen went to €O, and water re-
spectively.,

A further increase in kieselguhr resulted in sti}l less active catalysis which
have not teen investigated very thoroughly.

Ancther factor which influences the water formation favorably is to allow the
kieselguhr ca'alyst to work at a2 lower axperiment temperature., Just as we did
in earlier experiments for the metal catalysts, here again we employed larger
catalyst quentities, and used a catalyst tube of larger diameter when working
at lower temperatures, This was necessary in order to obbtain a sufticient
degree of conversion for the lower rcaction temrerature. “e used 14 grams of
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equivalent catalyst of composition l(Ve-Jue=lnd,; + 1 kicselpuhr, The catalyst

was procipitated with soda, taken into operation at 235°C., then gradually the
temperature was lowered to 200°C,, step by stoep. Thus, we obtained the condi-~
tions reported in Table 30,

Table 30
Gas Conversion (Mixed 0as) on 1lFe~Cu~¥n0 (15:4:4) + 1 Kieselguhr at 215 - 200°C,

1 2 3
Temperature, °C, 218 208 200
Liters per hour b,2 L.3 2,2
Contraction, percent 29 25,4 27
CO conversion, percent to COp 17.8 10.8 14.5
Unchanged CO k7.7 61.0 50.7
Synthesis (difference) 3k.5 28,2 34.8
0y Conversion, percent to COp 35.5 21l.6 29.0
to 1,0 (diff.) 16.7 17.4° 20,3
Hy0:C0, 1:2.1 1 1.2 1: 1.4
Heaction gas, volume percent COp 3.0 €0 7.0
skl 0.9 C.6 Q.3
0s 0.0 0.0 0.0
Co 19.3 23.4 20.5
ilp 58.9 £3.8 £8.5
CH),~K¥W 1.8 1.0 nen,#
C Puunndir 3.3 2.3 n.b,
N> 1.1 11.2 b
CO:Ho 1:3.2 l: 2,5 1: 2.8

Table 30 shows that for the temperatures in question (215-20%°C,) comparatively
favoribtle results were obtained in so far as the CO-oxygen conversion was con=
cerned, For bxreriment 1, approximately twice as much CO went to aymthesis rro-
ducts than did to C0,. For Cxperiment 2, almest 3 times as much was used up for
synthesis products tgan was converted into CO2° The ratlo of Hzo-oxygen to the
COp=0xygen iies somewhere between 1:2 and 1:1.2, It has to be mentioned, howe-
ever, that at these low temperatures, only LO to 50 percent of the total CO
entered the reaction, However, the pessibility exists to re-~use the end=-gas
once more and lead it back over the catalyst. This can be done because the COC
to Hy matio in the reaction gas has not changed considerably. For the experi.
ments discussed, this ratio lies between 1:3 and 1:2,5.

The kiecselguhr catalysts differ essentially from the metal catalysts in that
they can form water at low reaction Yemperatures and are capsble of convertirg
a greater portion of the CO to synthesis rroducts, For the metal catalysts
(see Tables 19 and 20), we found that the water forration decreases as the re-~
sction temreratures incrcases., As the reaction temperature drops, the water
formation finally comes to an end. For lower temreratures, therefore, the CO
value became more and more pronounced when compared to the synthasis value,
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