HECENT INVESTIGATIONS ON INON CATALYSTS
L Introduction

During the years 1925 to 1928, mumerous investigations were carrisd out with

cobalt and nickel. At the same time, we also tried to find effective and last-
ing iron catdl yets which eventually might be used to replace the expsnsive co-
balt in large tecimical enterprises. A summary the results obtained during
those yeers is presented in "Die irdoelaynthese®d/. In the following, a short
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The highest yields cbtained with iron catalysts at that tims amounted to 35 to
45 grams of liquid hydrocarbons psr cubic meter of water-gas., The catalysts
contained iron and copper in the ratio of 4:1, and were prepared by decomposing
the nitrates, Sowe additional products were added which were bellsved to be
favorable and increase the activity. At this time, we used sodium~glass powder,
and sodiun aluminate of cempoaition 1A1(CH)4-1/3NaCH. The additiomal products
amounted to 10 percent and were mixed in dry form to the finished iron-copper
oxide mixture, The mentioned catalyste were tessted with water-gas. The time
for which the catalysts remained active was not very long. At that time, we
conducted a laboratory experiment and used 40 grems of oxides (corresponding

to approximately 22 grams of Fe), the gas flow velocity was 4 liters per hour,
In the following experiments, we used 10 grams of iron most of the time, Hence
for the earlier runs, ths catalyst quantity was more than twice as large for
the same gas velocity. This has to be taken into consideration when the effi-
clency of those early catalysts is Judged. For this reason, a direct compari-
son botzveen the yields at that time wilth the yilelds which are obtained at
present is not posasible lmrediately. This is complicated also by the fact that
our prsssnt results are not based on water-gas but ingtead are referred to adxed
gas (29C0 + 58H,). It is conceivable that iron catalysts will give better
Jields with water-gas than with mimsd gas.

The best catalyst which was used at that %wime conalsted of 4Fe + 1Cu + 1C per~

cent sodium sluminate (1A1(0H)2 + 1/3 NaOH). The preparstion of this catalyst

wag carrisd out under the conditions mentioned earlier, With 44 grama of cata-
lyst (corresponding to approximately 22 grems of iromn) and § gas velocity of 4

liters per hour uging water-gas, a maximum yield of Lk g./m” was obtained, The
highest efficlency was reached after the catalyst mas in operation for 5 days,

After 14 days of operation, the yleld still amoumted to 38 grams. Between the

lith and 18th days of operation, the activity decreased very rapidly from 33 to
21 percent contraction,

During the ysars 1928 and 1929, the investigations with iroa catalysts were re-
sumed (A. Hintermeier). The object was to reach the same degree of perfection
with iron catalysts as had been reached with cobalt catalysts. At that time,

we lnvestigated, among others, Fe-Cu-Mn0 catalysts which contained 40 psrcent
silica gel powder nmixed with ths catalyst in the dry state. A definite improve-
ment as compared to the earlier Fe=Cu catalysts could not be cbserved at thie
time. However, we calculated a yleld of 48 g./m> for water-gaa at 250°C,

when the gas rate was 4 litezs of gas per hour and the catalyst consisted of
Fe-Cu-Mn + 40 percent of silica gel. The catalyst contained a total of 4 grems



of iron {Fe:Cu:Mn = h:l:l). The 1lifetime of this catalvst was very short hvow-
ever. Already during 20 to 25 hours of operation, the contraction decreased

by 1/3. At the same time, the products formed showed 8 distinct yellowish tinge,
Only for a short period of operation (approxinmately 20 hours) did the catalyst
came up to expectations and produce a yield which was comparable to the calcu~
hud Yieldo

For tha following experiments, chiefly, Fe~Cu-2-component znd Fe-—Cu-MnO-3-
component cata.ysts sere used. For the experimentx which used Fe-Cu, the cata-
lysts were chiefly firmed from ferrous comwpounds, The Fe~Cu-¥nO-3-~component
catalysts were formed from ferric nitrates exclusively, For the sake of clarity
these two catalyst species are dealt with separately in Sections II and III.

In the course of the experiments, it was found that iron was capable of giving
good results when used alons under certain expsrimental conditions. These Fe-
l-component experiments are described in Section XV.

f\

II. 1ron Copper Catalysts from Ferrous Compounds.

In the following, those results are first described which were obtained with
ircn-copper catalysts that were rroduced by precipitation of various ferrous
compounds under various conditions. The ferrous compounds were made by dis-
solving iron shavings i{n various scids; in some other cases, the ferrous com=
pounds were bought as such, for example, iron~IJ-gulfats and iron-IT~chloride.

After scme experiments which prouised little success and were carried out with
coprer-free ferrous carbonate catalysts (on which we shall report later more
in detail); the same catalysts were investigated containing 20 percent of cop-
per. The conditions for preparation were the same as those of the copper-~free
catalysts. Therefore, we refer to what has been said about the preparation of
copper-fres catalysts.

. Dissolving iron-metal in formic acid and rrecipitation with sodiun < -
carbonate.

Iron shavings were dissolved in dilute formic acid, and the resulting iron—
formate solution was precipitated in the cold with sodium bicarbonate and in
the presence of copper nitrate (20 percent of copper). The washing of the
catalyst was carried out in a 002 atmosphere in order to avoid an oxidation
of ferrous carbonate to ferric hydroxide, The drying of the catalyst was care
ried out in vacuum at room temperature. For the investigation of the activity
we always used 10 grams of iron and 2 grams of copver, The {low velocity of
the mixed gas, which consisted of 29 percent CO and 58 percent of H,, was 4
liters per hour. The catalysts were taken into operation without any previous
pretreatment .,

Since by the addition of manganese to iron-copper catalysts which were produced
from farrous compounds, the catalysts could be activated more or lass correspond-
ing to the production conditions, we investigated how an alkalization of the
manganese would effect the activity. %e found that alkalization of tle man-
ganese did not improve the efficiency of the catalyst. For the sake of clearw
ness, we discussed the influence of manganese and some other additicns Lo the
ferrous catalysts at the same place where we discussed the iron-copper catalysts
without additions,



Table 1.
Activity of Copper-Containing Ferrous Catalysts
(From Farrcus Formabe by Precipitation with Sodium Bicarbonate)

Exp., Maximum Max. lds

Catalyst Temp,, Contraction in g./m’ of
ition Pre tion Conditions °C. reen mixed gas
e - 10u Ferrous-formete and copper-nitrate pre- 238 25 2 39

cipitated in the cold with HaHCQJ.
i‘ - 1Cu " " 235 26 3 Lo
- = 10u + Ferrous~formste and copper-nitrate pre- 235 27 3 L7
10€ basic oipitated in the cold with RalCo , basic
¥gCOy Ig003 mixed in dry.

Sme- Precipitation with NalKO, (simultanecus) 235 23 g L3
1/44)
SPe=1Cu~1Mn " " n n 237 26 L L3 (2)

-

Table 1 contains results of soms catalysts which were prepared by the mentioned
wethods, With an iron-copper catalyst containing iron and copper in the ratio
of 5:1 (Experiment 1), 39 grams of liquid products were obtaired per normal cu-
bic meter of mixed gas at a maximum contraction of 25 percent. Catalyst No. 2
differs from Catalyst No. 1, in so far that it was not dried at room temperature
in a vacuum, but instead in the air at 10%°C, Thus, the ferrous iron partially
oxidized to ferric iron, This can be followed easily by the change in color
from greenishegray to brown. The efficiency of this catalyst was the same as
that of catalyst Wo, 1, For this reason, in our future experiments, we will no
longer resort to drying in a vacuum,

After mixing the SFe-1Cu catalyst with 10 percent basic magnesium carbonate

(mixed dry), the yield could be increased %o L7 grams (Experiment 3), With an
addition of S percent aluminum (simultaneous precipitation of the 3 components)
43 grams of liquid products were obtained {Experiment 4). A catalyst consist-
ing of SFe~1Cu, containing 20 percent of manganese and for which the compenents

were precipitated simultaneously with sodium bicarbonate, a yield of L8 grams
was obtained,

B~ Precipitation from Salts with Soda Without Alkalization Thereafter,

In order to simplify the preparation, we used ifon-IIosulfate as starting ma-
terial instead of iren-II~chlorids. These salts were precipitated in the cold
with sodium carbonate in the presence of copper nitrate,
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Table 2.
Activity of Coprer=vonainin: lron Catalysts

Preparced fros e30} rospoctively T'etl, by vreeinitation with Tas004

X s Faximum rax, yields
Bx;. Catalyst Terp,, Contraction in f./em of
No. Corposition Freparation Concitlions oc, Torcent Gays rixed rpas
1 &re - 1Cu te30), and Cu(¥04y); precipit: ted in 2l2 1 6 1Y
: the cold with §nC03
2 r 0 " n n 250 23 5 2:3
( “Fe~-1Cu~1tn FeSOLCu—Rn‘nitrata crecipitated in 2l:0 pIN L 22
the cold with MayCOj.
b * v peClp,Cu-n-nitrate precipitated in 2LO 22 3 32
the Cold w.th NachB'
S " n " " n " 235 20 L 30
6 = ®» " TFoClp,Cu=Yn-nitrate precipitated in 239 12 L 18

the cold with Na,CO5, catslyst ex-
tracted for 2L hourd with water.

sxperiments 1 and 2, in Table 2, shew that the efficiency of the catalyst pro-
duced from iron-sulfate is lower than trat of the catalysts rroduced from ferraous
formate. The yield amounted only to 1 ¢./m of mixed ras At 2L2°C,, and of

£ 20 percent <of manganese at

only 25 ¢, of mixed ¢as at 250°C. &n addition o

242°C. furnished 22 prams of liquid products (Uxperiment 3.
used instead of Fe3Q), this yield increased to 32 grams (Experiment L).

v'hen F6012 was

“hen

the exporiment was repeated, 30 gframs were ostained at a temrcrature of 235°C.

(Lapzriment 5).

ve belicved, at first, that the poor catrlytic activity of the catalrsts Tro=
tributing it to unfavorable

duced from FeSO), ard 1eCly could be exrlained by at

influences caused by the presence of sore Ma550 raspectively ¥aCl.

For this

reason, Catalyst ¢ was wnshed for 2l hours with water before it was used for

the operation proper. The washins ~ith water was suprosed to 1

erove the last

traces of the sodiwn salts. The wash-water contained definite quantitics of

chloride irons. Lxperiment 6 shows that this extracte

d catalyst does not worx

any better than the uncxtracted catalysts; in act, it was found that thc ex=-

tracted catslyst was less active than the unextract

observed shen a catalyst was rrecipritated with potassium curbonate,

ed.

The sane effect was
In this

case, the catalyst activity did not isprove either oy washing, as could hte £éen
by comparing it with an arwashed calalyst of the same kind. The
for this behavior is possicly as f£3llows: uarlier investipations have shown
; that iron catalysts may be activated considerably by the addition of small
quantities of alkali. After the normal washinffoperation followingtire mre-

cipitation with soda, where are certainly some traces o
catalyst which could cause an activalion of the contéct.

the extractsd catalyst cannot normally reach the activity o

catalyst, Experiment 6 confirms this,

A -
i

wnlanation

A dn

§ alkali left in the

Ry a further washe
in. oreration (extracticm) with water, the sikali contents are reduced so
considerably tnat it is no longer sufficient for an activation,

Therefore,
£ the unextracted



Poeve - LilloTe, 10 1s pudc.se? uiabt Lhe alnall remaining un the catalysi after a
normal washing oporation may not produce a sufficient activation simply be-
cause it is combined with chlorine. This would serve as an explanation for
the low activity of catalysts prepared from FeSO), respectively Feolz. A bet-
ter sfficiency of the catalyst, howover, is not obtained either when the con-
tact precipitated with soda was boiled three times with a soda solution prior
to extraction. One is forced to assume, therefore, that only an alkali addi-
tion to the finished catalyst can increase the activity in the desired measure.
That this is actually the case, may be seen by the experiments described in
the following section.

C.¥: Influence of a Separate X>CO; Addition.

We used potassium carbonate as an alkaliring agent. At first, the quantity
was 1/2 percent referred to the iron metal. The alkalization was carried out
in such & way that the catalyst already dried at 105°C. was lmpregnated with
a votassium carbonate solution. It was then dried on the sand bath with a

snall MQ

From Table 3, the activating influence of the potassium carbonate addition
may easily be noticed. Catalyst 1, was precipitated from a ferrous-sulfate
solution containing copper and manganese nitrate (precipitating agent, soda,
ané precipitation carried out in the cold) and furnished a maximum contrac-
tion of 1l percent without the extra addition of XpC0,. The yield amounted
to 272 grams of liquid products per cubic meter of mixgd gas, (Experiment 1).
When 1/2 percent KpCO, %as added to the same catalyst, the yleld was doubled
(iperiment 2). The optimum reaction temperature could be lowered from 2L0PC,
(Experimental) to 230°C, Experiments 3 and 4 give the results with catalysts
of identical composition which, however, were precipitated from a FeCl; solu-
tion instead of a FeS50) solution. A later activation with 1/2 percent K,CO-,
ircreased the yield from 32 to 4B grams. %hen the precipitation was carried
» with sodium bicaruonate instsad of soda, the yisld amounted to LS grams
periment 3). The use of sodium bicarbonats as precipitating agent, there-
e does not seem to give any advantages. From Experiment 6, it can be ob-
v.d that & catalyst whicl. was produced from ferric nitrate as a starting
z-%al gives a catalyst of lower activity (for the same conditions of prep-
< 3i:n), A catalyst which was obtained by thermal decomposition of the ni-
<z and which was impregnated with 1/2 percent K,CO; was far infericr to
- 1recipitated catalysts (BExperiment 7). Iron-coppeT-mangansse catalysts
iar were precipitated with soda at the boiling point and which contained
© jrrcent K5CO, gave 51 grams of liquid products at 230°C. (Experiment 8}.
- d'ccovered that the washing time may be shortened considerably for a cata-
5 which was precipitated out of a hot solution. For this reason, we al-
- -5 rasorted to this kind of precipitation in our future work.
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suits up to tlds time refer to catalysts which contained ccprer and man-

..xr which were precipitated from their nitrates. From Experiment 10, it

* - obsarved that the chlorides of the prcmoters Mn and Cu may be used
cuccess also, In ordsr to investigste whether the addition of ¥n to tha

<.y alkalized catalysts causes a further increase in activity, manganese-

: atalysts were tested during Experiments 11 and 12. It is evident from

~ ¢ reriments that a subsequent alkalization of an iron-copper catalyst

~¢ t manganese gives a yield of S0 grams. The catalyst which was not

. -2d with 1/2 percent potassium cartonate in comparison to the previous

U z% only yielded 35 grams of liquid products., Experiments 13 and 1 fi=-
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nally disclose tihai ohie &cdition of magnesium (simultanecus precipitation of
~he chlorides) reduces the activity of the SFe=l0u :a*alvst,

Table 3,
Infiuence of the iddition of Potassium Carbonate

K, CO

Catalyst conte %s Exp. Max. con- XNax, ylelcu
LXp, compO= refarred Temp., traction, in g. /L.« of
No, sition Vode of preparation to iron °C, percent rixed gas
1 3re-1Cu-1¥n Fe30),0u- and ¥n-nitrate precipe without 2L0 o 22
. 1tated in the cold with Na2003
2 n 1" t1 t n 1/2" 230 29 h3
moow o n ¥ell_,Cu~ and Mn-nitrate precip- without 240 22 32
1tangd in the cold with N32C03
" " n " m g 1/2% 230 30 L8
@ w peCl, Cuw and ¥n-nitrate precipi- 1/2¢ 232 28 Lg
tated with NaHC03
6 w . n Fa(M0,)_ ,Cu~ and Mn-nitrate pre- 1/29 232 25 35
cipitated with Na2003
7 m v n PFeaCu={nenitrate thermally de- /27 232 17 2l
composed
g = noon 221l,,lu~ and ¥n-nitrste precip~ 1/23 238 32 ‘ 5
itated hov with Na,lC,
-~
g w w0 " " " without 2LG 23 G
10w mow Tells,Culls and EnClp precipitated 12 233 30 58
hot with Ja2q0~
3
i1 SFe - 1Cu Peulg, CuCly precipitated hot 1/2% 235 30 g7
with } 32u'¢3
12 ¢ " n n " without 235 22 35
13 SFe~-1lu=lf2tg FeCl,,CuCl,,keCly precipitated 1/29 235 23 37
with NaCOJ ‘ :
1L SPe-lCu-IMg L " . 1/e% 235 21 33
(Crlu-d . I‘n\-.-'»-i/\. TA)SI‘YG)
The optimum 1,00 sontents 1 mamhera ?3t:ecn l,“ and 1/B rercent, fthe yields
2f liguid nyurr* : i o T3 gL/ sl zas, Whereas :e biher cati=
1ryss (uhmrar\u~ hatit cer only yisla TEmT -
The time of ndu t as ivity was TG Lad
iays for L/L 4o d pereents It hes proved
semeficial to g2 at, turas of 23%°2. As sgin
as tha contraciio 20 rature wav b2 lewercd
to 223 uo 2?“°”~‘ dow i chergiry the catae
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Table L.
Infivence of KCO5y Quantity Upon the activity of tho SFe-1Cu Catalysts

%4004 Expo Jax. con- Max yields

Exp. :Oi{entﬁ, Tenp,, traction in g,/hﬁ of Contraction

No. cerse .. %Cs percant mixed gas Percent Days

1 J 230 21 37 20 L2

2 ATRTS 230 30 53 28 L2

3 T3 230 31 g6 26 L2

N 1/ 228 31 6 26 h2

5 1/2 228 30 50 13 21

- 6 1 228 29 28 5 9
7 2 220 22 - 7 b

Besides causing & better yield, the addition of small guantities of KQCO%
sxorts a favorable influence upon the lifetime of the catalyst. The las
colwmn of Table L, shows the contrsction which was still obtained after a cér-
gain length of oporation. The catalysts with 1/16, 1/8, and 1/l percent K;CO4
contants still give a contraction of 28 respectively 26 percent after LO days
of oporation, whereas a comparative catalyst with 1/2 percent K,COy only fur-
nishes 18 percent contraction after 21 days of operation, and 7 pegcent con~ -
traction after 32 days. With the addition of one percent K2C03, the activity
decroas is expected to occur even faster, .but & contraction of 29 percent was
still obtained,after 6 days only 20 percent though, end after 9 days only 6
percent comtraction was measured (Experiment 6), The activity of a catalyst
containing 2 percemt XK-CO4 was such that within L, days the contraction de-
creased from 22 to 7 percént. The lifetime of a catalyst which was not sub-
sequently alkalised (Experiment 1) is quite good tooj howaver, the maxirum
yleld was only 37 grams, and is only obtained after operating for 1k days.
After LO days of oporation, the one-reached maximum contraction of 21 per=
cent reamained practically unchanged.

Table S.=
The Influence of K2COq QuantIty Upon the 1ifetime of the Catalyst
(SFe=1Cu catalyst)

Fxp. K2C03 yields, g./m3 of mixod pas after tho following days
No. Contents - 14 2L 20 a5 12 uy 50

Q 26 37 - - 3L - 35 -
1/16 53 c3 53 Lg LB L7 L3 32
1/8 56 55 56 ﬁz 47 LS 38 25
1/k 56 .56 52 9 U6 37 32 20
1/2 50 4s 37 21 12 - - -

[, W - PRI,V o

Table 5 shows very explicitly the favoraple influence which small K5CC quantie
ties (varying from 1/16 to 1/ percent) have upon the lifetime of the tatalysti.
In this table, the yields of liquid preducts are recorded with increasing time
of operation, After 42 days of uninterrupted operation with a catalyst contain-
ing 1/16 percent K,C04, still L7 grams of liquid products per cubic meter of
mixed gas were obtaingd, with a catalyst containing 3/8 percent KpCOq, L% grams,
and with anothor catalyst sontaining 1/L percent KxCs, stil1l 37 grams of liquid
products par cubic meter of mixed gas were formed. T%e average yield for six

- g
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months is approximately GO go/m3 of mixed gas for all of these catalysts. It
should be taken into consideration that the recorded yields are not referred
to standard conditions (0°C,, 760 mm.). By referring to normal conditions,
the ylelds seemed higher by about 10 percent, This data was compared with
the yields obtained from a catalyst containing 1/2 parcent EK,GOy. Te found
that this catalyst (containing 1/2 percent X 3) gave very much lower yields
alrealy after 21 deys. Thus, we found that the”yield after 21 days was only
37 grams, and after 35 days it had decreased to 12 grams, The catalyst which
was not treated with K,CO, gave a maximm of 37 grams of liquid products after
1L days of operation. Th2 activity from there on remains constantj after hg
days, etill 35 grams of liquid products were obtained (see curwves ) and 2).

A ropetition of the expcriments with smaller K,COy additions showed that the
maximm yields as well as the stability of the catalysts wers reproducible.

Table 6 °

1
Influence of KpCO3 Quantity and length of Operatisn Upon the Ratio, 335%%25%135
KZCO Days of Con= Yields Yields : contraction
Exp. contegts, oper~ traction Yields_ contraction after days
No. percent sation percent in g./m3 aften 7days Y 2 28 35
2 1/16 7 28 53 1.9 1.8 1.8 1.75 .84
3 1/8 7 30 56 1.87 1.83 1.83 1.73 1l.65
L /L 7 29.5 56 1.9 1.9 1.72 1.66 1.6k
5 1/2 7 27,5 50 1.8 1.8 1.7 1.6 1.57

From Table 5, it appears that the GFe-1Cu catalyst containing 1/16 percent

K 003 still exhiblts a somewhat higher activity after 6 to 7 weeks of operation
tgan the corresponding catalyst containing 1/8 percent KoCO,, However, after 8
weeks, the yields are approximately the same in both cases.” It appears that
the activity of the catalysts containine 1/8 and 1/L percent K,CO, is higher
during tie first weoks of opsratlon Lhan that of the other catgl ts, that is,
these catalysts require a shorter time of induction,

In order to find out whether there is a relationship between the yield and con~
traction, Table 6 shows the ratio of yield to contraction for various catalysts

containing varying amounts of 820030

After 7 days of operation, the value of the ratio of yield to contraction varies
between 1.8 and 2.0 for all the catalysts concerned. The highest value of 2.0
refars to the K,CO, -free catalyst. The lowest value, namely 1.8, refers to the
catalyst containiné the greateat amocunt of X,C0;. With increasing time of oper-
ation, the ratiq yield to contraction, decreasea3 rather fast for all the cata-
lysts, and after 6 weeks, it reaches a value of 1.57 to 1.65, This means that
in the course of the operation, gaseous products ferm at the expe of liquid
hydrocarbons, The increasing formation of gaseous hydrocarbons witd increasing
time of operation way also be observed from the analysis of the reactiosn gases.
Thus, we found that a SFe-1Cu catalyst containing 1/l percent KQCO3 only yielded
3,4 volume percent of gaseous hydrocarbons after 8 days; however, after 6 weeks
of operation, the quantity of gaseous hydrocarbons nearly doubled, althcugh the
CO was nct converted to as large an extent as at the beginning of the operation.

- -8
#Graphs referred to not available on microfilm,



H.D.offect Whicn the ;oue of ilkalization has Upon the “eaction.

Up to now the K2C04 addition had been undertaken after the catalyst k:
veen driec. The catalyst was mixed with the KZCO solution to form a hoavy
paste, then it was carefully dried on the sandbath. %e have also rmixed the
woist catalyst paste (as is obtained after washing) with the K,C0, solution,
an:] have dried tho mass at 105°C, Ve found that this mods of addition does
not offect the characteristics of the catalyst to any noticeable degree. This
n3y bo seen from oxperiments 1 and 2 in Table 7. In both cases, the maximun
yield was 57 grams of 1liqQuid products and the average yield  for L wesks of
operation was 52 grams,

( Table 7.
Influence of the liode of Alkali Addition
(SFe-1Cu-Catalyst)
KZCOJ Exp. lax, yields iverage
Lxp. conteht, Tenp., Max. con= in g./m? of yield
Ro. percent Conditions of preparation °Cs traction mixed gas p./m3  Days
1 1/ Dry ca“, impregnated with K003 229 30 57 g2 28
2 1/L  “oist paste mixed with K,CO, 229 3 57 52 28
3 1 oist paste mixed with KéCOj 229 1 27 - -
and washed twice.
L 1/L  ‘“ashed 9 times before impreg- 229 30 58 - -

nation with KECO3'

v.e also have added one rercent X,CO, to a not yet dried catalyst, then we washed
the resultinge mixture twice with water through a filter fumnel, This catalyst
behaved just like a catalyst which was not alkalized at all, and fave 26 grams
of liquid products (Kxperirent 3) at a ceontraction of 1l percent., The minimum
quantity of K_.CO, required for rroper activation had therefore been removed
from the cataiysé by the washing operation,

In the case of Experiment U, the catalyst was not washed 5 times as was usually
done, but was washed 9 times instead, and then impregnated with 1/4 nercent
KpCO3. Since its activity was no better than that of a catalyst which was
washed only {6 times, we are justified to assume that it 1s sufficient when the
catalyct i3 washed only % times. <

_#-E.Influence of Shaping.

In the following course of the investipalion, we have analyzed what effect shap-
ing has upon Lhe iron catalysts. Ve have used a catalyst in rowder form in tie
laboratory, On the largo scale, however, the synthesis may only be carried out
with a catalyst having a definite form. 7‘hen the dried catalyst is broken up
into little piecos, they do not rossess sufficient rigidity to be used success-
fully, However, it is rossible to rroduce small pellets by protruding the wet
catalyst through small holes., These pellets exhibit excellent mechanical prop=
erties, Furthermore; we succeeded in gettiny a catalyst of good mechanizal
prorertics by adding 10 r.reent of starchd/(rsferred to iron metal), The ac-

3/ Brennstors Chemie, s, Ly, (1933).
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tivity of these catalysts may be obsarved from Table 3, For the sake of com~
parison, the rosults obiained with this catalyst are compared with those of a
pomdered catalyst which had the same composition.

Table 8.
Influence of Shape
(5Fe~1Cu-catalyst)
Yax, yields
X»CO sxp. Pax, con= in g./m3 of Average yield
- Kxp. con%eng, Temp., traction, mixed gas in p./ in
No, percent Conditions of preparation “C. percent 7 days 1L days 23 days
r. /4 catalyst used as a rowder, 229 31 58 58 52
2 1/L  Catalyst containins 107 starch 31 59 59 53
3  1/h  Catalyst pelleted " 31 57 56 L6

All three catalysts furnished arrroxinmately the samne yield of liquid products
during the first Ui days of operation. After 28 days of operation, we observed
that the activity of the powdered catalyst and the activity of the catalyst
containing starch were still approximately equal {average yleld 52 respectively
53 prams), but the activity of the pelleted catalyst dacrcased somewhat more
raridly. In tho latter case, the averare yield after L weeks of operation was
about U6 prars. e somewhat faster decrease in activitv of the relleted cata-
lyst may be attributed to overheating which is liable to occur more readily
with pellets than it doss with a powder. The average apparent density of the
prlleted catalyst was 0,95, whereas the average apparent density of the pow-
dered catalyst and of that catalyst containing starch was only about 0.6 in
both casss,

#.F, Influence of the Aadition of NasCO4

After we had investigated the effect of K?CO3 addition upen the activity and
the 1ifstime of the precipitated ironecopper”catalysts (produced from ferrous
iron), we also investipated the effect of a subsequent addition of Xa,CO,.

From earlier experiments we know that Na,CO, as well as K,CO. are capablé of
increasinr the activity of iron=-copper cataiysts which wefe rroduced by decom=
posing the nitrates, The increase in activity resulting from the additlon of L/
Nazco3 is not quite as pronounced as the increase in activity of K2C03 howeverH,

s W e Ame S e G m G e e e e e e hul M M e e e R e W e e e mm AR WS S e e e S e we e S T

The lifetire of the catalysts containini Na,CO, was longer then that of the
. 2773
. J catalyst containing KQCO3’
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tavis 9.
Influencs of Subsequent ;ddition of N326Q3

?.E?CO‘

Expa Catalyst conaeng, Yield in EG/E}‘of mixed gas in days
No. _ccnpasition percent 9 12 19 30 33

1 She = o 1/k 50 ok Ly Ls L2
2 » 1 1/2 ol S SJ L3 37
3 " " i h? Lo 31 16 -
L

" " 2 20 10 - - -

Table 9 shows the rzsults xith a SFo-1Cu catalyst which was ~rerared v rrecini-
tating a mixture of ferrous chloride with Na,C05. After the rrecipitation 1/L,
1/?2, 1, and 2 percent of Ma,C0, were added, %ith 1/L percent of Na,C04, the
raximuwe yiold of &L yrams was Obtaincd after avrrroximately 12 days of grcration
(Exrorimant 1), %hon this ca‘alyst i3 carrared to one containing 1/L rorcent
K,C0;, it 15 observed that the mercent conlraction incrcases at.a much slower
rate” for a catalyst containing FaECO o If the yields and the lifetime are just
as gond #s in the case of a K,CO cagalyst, it is to be preferred to use K,C0

35 a promotor asrecially since ié is possible to rerenerate the K,C0, contain=
ing catalysts with greater assurance and satety. We shail report on” Ladt salel s

The catalyst containing 1/2 percent Na,CO4 exhibits a somewhat higher activity
than the corresponding X 803 catalyst and”especially a better stability (Bx-
periment 2}, On the whols, however, it differs little from that containing
1/L percent of Nag(0q. At a Na,C0 “content of one percent, the activity dee
creases and especialiy the lifetim® of the catalyst drops considerably (Ex~-
periment 3), This is even more pronounced when 2 percent of Na,C0, 1s added
(Experiment 4). In general, the foliowing may be said about the ihfluence of
an NapCO3 addition: Catalysts containing 1/L to 1/2 percent K,CO, or NasCO-
work about equally well, However, for rcasons given eariier; profiotion with
K2003 iz to ke preferred, ’

#.6.Influence of Capper Contents.

The catalysts so far discussed contained 20 rercent of coprer (raeferred to

the iron metalj in all cases., After we had discovered that larger cuantities
of coprer, as for example 30 percent, did not improve the activity any further,
we investifaled also coprer-deficient iron catalysts., Table 5 shows the ree
sults of exrerimonts during which an iron catalyst was used con*aininr only

& nercent coprer. All other conditions, however, remained the same uas for

the above mentioned catalysts, The sutsequent quantity of K?CO added amountad
to 0, 1/8, 1/L, and 1/2 percent. >

Table 10,
Influence of K,C04 Uron a 2CFe-ICu Catalyst (g rercent Cu)

E-CO

Exp. Catalyst coﬁ;eét, Vields in ./ of mized ras after days
¥o, conrosition percent 7 1L 21 26 35 L2
1 2CFe = 1Cu 0 25 38 Lo Lk 10 Lo
2 " " 1/8 c3 52 5o 0] L7 L2
3 n " 1/L 56 52 L9 L7 L1 35
u " " 1/2 50 LS 39 - - -
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1n=2 catalyet which =48 frae of X, 00. (.xporirent 1) gavs a maxinurn vield of
LY ¢rams after 2B duys of operation? By referrim; to Table L, {<xrerimcnt 1)
it may btc seen tint it surcassed tx: correspondiny catalyst containing 20
nercent o ccrrer, The catalysts uced in Sxreriments 2 and 3 containimy 1/3
resrectively 1/U percent K,C0, had en activity approximately equal to that of
the calal.st containing 207 refcant of sopuver, The decrease »f activity lor
th2 catalyst contiining 1/2 porcent X,C0q (Exreriment L) is of tie same order
of masnitude as that of 4¢ iroa cahnlys%s containing 20 percent conror.

It bas to ke pointed out hera, howevor, that by rercating this sories of ex-
perimonts with another catalyst of tir same compoeition, the resvlts could
not bo durlicated, The maximum yield with the K200 -{ree catalyst was only
35 grams, whereas with a catalyst containins 1/k pe;cent X,C05, only 50 frars
wors obtainad, e found thut tho catalysts containiny 20 rertent ol copprer
could be reproduced more easily than those containing lesser amounts,

I11, Iron-copper 3-éomngpont Catalysts Prepared from Forric Compoun’s,

At the same time when we investijyated tle iron-~coprer caztalysis prepared from
farrous ~alts, we also carried out exreriments on 3~componont catslysts. The
third caryonent consisted of a difficultly reducible oxide, preferably man-
gancse oxide. Earlior, we found that Lhe addition of such an o.ide to cobalt
and nickel catalysts caused a consileratle improvement, This lead us to in=
vestigate whether such an addition to iron catalysts would result in an im=~
provement similar to that of cobalt ¢ talysts. The rost rrominent mctal in-
vestigated as a third component was unanganese.

It should he rointed out here that the specific action of the mangancse oxide
is not knom™n up to the very day. It a-p=ars thst the rresence of such an
oxide in iron-coprer catalysts would not be recuired so far as inrrovements
in yield and regeneration are concerned, but it scems that the rrescnce of
such an oxide has a favorable effect uron the lifetime of the catalyst. Ob-
viously Aall trose factors are s3ls- a-fanction of the mode of preparaiion of
the catalyst and the choice of the workirg¢ conditions,

A, Pe-Cu-¥MnO catalysts, Fe-Cu-t n0 normal catalysts (h:1:1).

The so-called normal catalyst was used to study the influence of the various
condit‘ons of preparation, alkali addition, ctc, It was rrepared to contain
iron retul, copper metal, and presurmatly 'n0 (manganese oxide) in the ratio

of 4:1:1,

+

1, ‘liwrmal Decomposition of the !ilrates,

e investi-ated catalysts which were rrepared by decomrosing the nitrates at
250«330°C, in a porcelain dish, Heating was continued until ail of the ni-
troug oxiles had been disspelled. 7Thesc decomposition caialysts were in-
ferior to “he precipltated catalysts which werc investifated later. The de-
composition catalysts were investigated at temperatures ranging between 235
to 200°C, In all cases, it was recognized to be of advaniaye to add ApPProxX=
imataly 0.2 to 0.3 or 5 uercent of K,C0, to the catalyst. The alkali was
added in one case to the nitrates as sath and in anoiher case t¢ the finished

..)(3' -
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calyst, Subsequent ho cowrmdd cecomrosition. Te could not observe any dife

cunces due to addin the alkali in one vay or the other., The caialicis free
,i alkali were l2ss active, The apparent density of the catalysis varicd be-
. wen 1.l to 1,6, Consequently, it wus much higher than that of the later
Wil ~recipitated catalyst which had corros-onding aprarent densities varying
L.1wneen 0,92 to 1,07,

¢ .+ 7 catalyst quantity correarondiny to L graws of iron and 8 gas rate of
\iLers ocr hour, the decomrosition catalysts gave contractions of 25 to 30
_.rcent. for 20 to 25 hours when operated at 2L0=250PC, The naximum rield of
{14yuld rroducts ever rccorded was L2 g./cri. The lilotime of the catalvst wes
oort on accommt of tne high reaction temperature of ?00°C, Already during
41,10 hours, the contraction decreased by S percent, and at the same tire,

e 01l and raraffins forrmed became yellow in color, The lifetime of the
mcomrosition catalysts was higher ot 235°C,, however, hore also, the cone

,» ~ctions decreased after 80 to 100 hours of opcration. The products started
, + bocome yellow after 150 to 200 hours of running. When the decomposition
.« lL#lysts wore usod at 235°C,, they required 30 to LO hours of op=ration he-
lurd they gave a maximum of 25 percent contraction, The yields amounted to
qound 30 to 35 grams ser cubic reter. A more rapid increase in contraction
il be obtained when the catalysts were initially taken into operation at

+ tPC., and then after the contraction had reached 25 to 30 rercent, ithe

\wi. Purature could ke lowered again to 235°C,

FERR? the decomposition products under normal circumstsnces, we did not ob=-

, .rva 3 water formation, but only when the avera e gas velocity came dovm as
{.4v A8 2 Or 1 1iter rer hour. In this case we founs seme water in the ree-
.wiver in addition to all the paraffin-rich oil, The ratio of ligquid rro=-

y «.ts to water wus then approximately 3:1l. An increase in vield of liguid

, . -+lucts ®was not connccted in any way with the wator formation. e shall re-
('t oon this mora in detail in Scetion VIIZ,

(1.4 reaction gas of the decomnosition catalysts con%ained a high rarcentage

4 002 and Hy (Just as in the case of the precipitated catalysts to ve de-
Lerited later), An endw-gas which waos ottained at 2LO°C. and i liters per hour
A contraction of 25 percent, had the followim composition:

4
* Nm b
CGa sK” O, co Hp Clij, =K.  C-Aedd ¥s
jarcent 18,k 1.h 0.3 2.3 531 3.7 1,51 7.8

(14 decorposition cuatalysts could be regencrated with air at a tesmporature of
«11=250°C, with or without rrevious extraction of tlc raraffin. It is o Le
qeetad that the regenerated catalysts usuvally caused the contraction to in-
uase at a lower rate than a freshly preparced catalyst., When the alkali-frce
jwemrosition ~roducts were repeatedly treated with air, it was olscrved that
L1er activity of these cavalysts slowly increased mo=e and more after sach rew
suratione

*i!!

2. Yrecipitation with Alkaligs.

phn we rcsorted te preparing the Fe-Cu-¥nQ catalyst by precipitation with al-
,nlies, we could notice essential rrogress as compared to the rreviously de-

“urmbed decomposition catalysts, At first we used alkali bases, later on we
waud @lkali carbonates.
¢ 3



a8, Procipitation with NaOH, (KOH and NHy).

NaOH. A solution of the nitrates in approximately the 10-fold welght of water
(relerred to the Fe~Cu-MnO quantities in the nitrates) were precipitated in
portions with a hot solution of NaOH under stirring and shaking. The NaOH so-
lution was prepared by dissolving a theoretically required quantity of NaOH +
G parcent excess in four times its wedght of water., The filtered rrecipitate
was washed I timos with the same amount of waiar as the oripinal liquid
amounted to., althouih such a catelyst still contains some residual alkali as
could be datescted by analysis, it was neccssary pevertheless to add some addi-
tional alkéeli in order to obtain an active catalyst., The alkali (a dilnte

C0q solution) was added to the still moist but alreacy washed catalyet.
Thon the catalyst was dried at 10f®C. and used for the rcaction., When NaOH
vwas used as a precipitant, the most favorable quantity of K 003 was betwsen
0.5 and one percent K,C0, referred to the total catalyst, If a largor alkali
quantity was usod, euch is for instance, 5 percent, the catalyst reacied its
maximum porformance gooner, but it had a shorter lifetime., This apparently
i3 dve to the fact that the incroased alkali contents faver the formation of
high molecular weight hydrocarbons which decompose and cause damaging decon-
position products to be loft behind on the catalyst, When catalysts were
usced containing a higher amount of alkali, it could alrcady be recognized
superficially that a2 preater guantity of solid paraffins appeared at the end
of the reaction tube and in the receiver.

The follcwing experimant 2lso shows that with tne migner alikalized catalyst
larger paraffin quantities are retained than in the case of a catalyst carry=-
ing the normal alkali contents. A catalyst quantity was used which contained
20 grams of iron, 5 grams of copper, and 5 grams of manganese oxide which in
one case contained one percent K,COj, and in another, contained 2.5 percent
K2C03. After 360 hours of operation (at 220-230°C. and 2 liters per hour of
gas), an extractioen of the catalyst with benzene yielded 9.3 grams of paraffin
from the catalyst containing 1 percent K,COq and 17.1 grams of paraffin from
the catalyst containing 2,5 percent K,CO3. “The catalyst containing larger
quantities of alkali contained almost twlce as much paraffin which speaks for
its greater polymerlzation ability. This observation is supplemented by the
further fact that the catalyst richer in alkall gave only 29 grams of liquid
hy-irocarbons per cubic meter of gas as compared to 4O grams for the catalyst
containing one percent K;CO3, (In both cases, the temperature was 220°C.,
and the contraction approximately 28 percent.) On account of the higher boil=
ing points, obviously a greater percentage of the reaction products remained
in the higher alkalized catalyst. A final talculation and addition of all
products formed, showed that in both cases approximately the same quantity

of synthetic products were formed., For the catalyst containing one percent
K,C0,, this total quantity amounted to L9.% grams, and for the catalyst con=
taining 2 parcent K2003, the total yield was 51.5 g./md (apparently should

be 2.5 percent K2003 )a
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Compared with the decomposition catalysis, the NaGli procipitaved catalysis <is-
tinpuish thersclves in that thyray be taken into opcration with a [air deproe
of saftety alrcady at 235°C,, in some cascs even already at 22 \~2)13ﬂ , and whon
large catalyst guantitias are used (such as for instance 30 jrams), the initial

temparature may be as low as 220°PC, when a cutalyst gquantity corresponding t
10 prams of iron, 2.0 prams or copyer, and 2.5 yrams of knO {plus 1 rorcent
KoCO4) are used with a pas rate of Lk liters ner hour, the YNaOh rrecipitated
catalysts gave a naximum contraction of 30 to 35 rarcent after RFDTOXiHRtbly
25 to 30 hours of o eration at 235°C, 4t this point, they gave a maximum yield
of Li” to S0 yracze of liquid product per cubic meter,

¥e did not carry out any systematic exreriments on the lifetime of the kaly
rrecipitated catalysts, In Ceneral, hovever, it may be said that they are
nore siable than the decomposition catalysts on account of thne lower rcactlion
tomperature (235°C,). lloaaver, they are inferior to the soda preciritated
catalyrts in so tar as the lifetime is concerned. For example, ve found that
NaQh rrecipitated cartalyst working at 220-230°C, at the end of 350 hours

3

gave 4 rercent less contraction than at the beginning of the ororaticn.

Th: conversion of the nixed gas proceeded in fundamentally the same ranner ir-
raspective whether a NaCl rrecipitaled catalyst was used or a decompesition
catalyst, .Primarily, CO, was formeu and normally little «ater forsaltion
was ocservod, Detailed @ata on tim relationship between yield, 20,, and walar
formation for the Nalli precipitated calalysts are sumsmarized in Sebtiom V1TI,
Tables 19 and 20, When the precipitation of Lhe Kad)i catalysts was curried
out in the cold with a subseguent washing with hot water, a cataly< was obe
taired which gavz a higher contraction rors rapidly, ho»evgr, the coriraction
fell ofY already after 50 to 60 hours o operation, In addition to this de-

crease of cuntrasction, the reacb1on prodicts were yellow in spite o7 the Tact
that thwe temrL‘wbu"u was only 220°C. This rhenonenon is ordinarily cusarved
to occur bet»e 2LC=250P 1, whcn using a citalyst which weEs preeipitated hot.
The large quan ty of residual alkall remaining in the catalyst after rre=

ciritating ”olu, is obvicusly the cause for the initial accelsrated sctivity.
Nevu.tﬁeless the stability of th2 caialyst is net very rnod.
) 7 b

A similiir obzorvation was wmude when the constituents of the Fe-Cu=lnQ catalyst
are rrecipitaled separately with FaQi cut of the hot solution., The wached
precipitates were then mixed in A moist state by using & mortar and restlo
and one rorccnt K C0, was added, The catnlyst thus rroduced showed an in-
creased activity at 335003, but the activity roduced rapldly with a conse-
guent forration of wellow reaction HIOdUCtS si—ilar to those of *ho ~atalvst
deserived akbove., Te then were in a rosition to dermonstrate that oy washing
each constituent more intensively than would have been done oiherwisc, =z
cataly~t of normal character was jroduced. It anrears that with sep-rate
rracipitation, larger rasidual quantities »f alkali remain in the cntalrst
than do ~hen the precipitation is c¢srricsd ov simultaneously.

n order to further investigate the influence of itz residual nlka on
in the catalyct upon the activity and trhe 1iletime of thre catalyst, the

lowing exroriment was carried out: A crtalyst quantity which contained i
frams 37 iren ant was rrepared by preciritating the various constit icr t
szerarately was divided inblo L cstalytic tubes, Samrle llo,lwas used im
as such without further alkali addition, OSamrle Mo. 2, was d;ﬁ&ll?@u WILA
one rercent KECO3n Sample No. 3 and Sample ¥o, 4 were f{irst =2xtracted for
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24 hours 1n tne soxhiet appusicous in crder to extract any possible residual
salts originating from the precipitation, As the extraction medium, we used
water. After this, Sample No, 3 was immedialely taken into operaticn as it
was, but one percent KCO, was added to Sampls No. 4 before it was taxen into
operation.

In the temperature range for which we investigated these conditions, we ob~
tained 2 comparatively significant picture on the action of the residual ale
kali and the subsequent alkali addition. Sample No. 1 (without alkalization)
reached a maximum contraction of 26 percent and remained there for 180 hours.
Sample No. 2 (with addition of alkali) reached a maximum of 32 percent con-
traction very soon, but already after 116 hours ylelded yellow reaction pro-
ducta. After 188 hours the contraction had decreased to 20 percent. Sample
No. 3 (extracted with water, without alkali addition) gave a contraction of

17 percent and was very active, However it retained this activity all through
ths duration of the experiment., Sample No. L (water extracted with alkali
addition) proved to be best. It gave a contraction of 2B percent which is
somewhat less than Sample No., 2, but it was sssentially more stable, and
after 188 hours still caused a contraction of 27 percent. It may be said
summarily that the catalyst which was prepared by separate precipitation ob-
viously on account of 1lts comparatively high residual alkali contents was
quite active even without the addition of extra alkali. Tt was rather sta-
tle, too. By adding some additional alkali, its activity was increased
scmewhat more, but its lifetime considerably suppressed. VWhen the catalyst
which was prepared by separate precipitation wwas water-extracted, it decreased
considerably in its activity, This is obvicusly a result of tre more eflicisnt
was of washing out the residual alkali when each constituent is washed sepa-
rately. When this water-extracted catalyst was alkalized in the ordinary ran-
ner, a comparatively geod and stable catalyst resulted. According to this, a
good NaOH-precipitated catalyst should be obtained in the following way: 1,
by separate precipitation; 2, ty & thorough washing and extraction; and 2, by
subsequent alkalization.

KOH. Ve did not find it advantaygeous to use KOH instead of NaOH as a precipi-
Yating agent. The KOH precipitated catalyst seems to be comparatively active
also without additionsl alkall. The reascn for this may be that the residual
potassium remaining in the precipitated catalyst acts as a stronger base than
the NaOH, and consequently as a greater activating influence. When an addi-
tional amount of alkali was added in the form of potassium carbonate, no es-
sential improvement in activity resulted.

NH3, NHy may be used also for precipitating the iron-copper-manganess cata-
I?é - Tge process of precipitation with ammonia seems s little mors 4iffi-
cult here because the precipitation of the manganese has a tendency to be in-
complete, or it may happen that the soluble coprer complex salt forms alreacdy.
One can prevent this difflculty when one precipitates tLhe three constituents
separately, and after washing them carefully, mixes then togetier in a moist
state. Without the addition of alkali, the ammonia caalyst was only mcder-
ately active, with one percent K2003 it had ascquired the activity cf the HalH
catalyst,

- 3T -
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b. Precipitction with NapCly YK, 003, (NHy), Co3.1

FapCOy. The preparation of the toda contacts was carried out in a similar manner
EE‘EH; preparation nf t e NaOF ccntacts: Fe-Cu, and an Mn-ritrates were aissnlved
in tea Lim2s their woipnt in sater {(r2ferred Lo ird.; uoyrer, And Lanyangse oxiue
contents) and rrociritated hot with a tot solutjion of ¥a,C00y in water (the solu-
tion coatain:d © rorcent excess cver thc theoratical amount of ha,sC0,). The

soda solution contained one part by weipht of aniydrous goda to fgverarts by
weipht of watcr, The precipitate was waghed % Limes with hoi water each rortion
hein, weunl to the volume of the original solution, then the still roist pre-
ciritate w-s treated with a required quantity of KZCOB, it ars pre-driod on the
woter iath, and finally in the owen st 105°C.

The Fe~Tu-t'n0 catalysts precipitated with soda showed arrroximately tho same bhe-
havior as thoso preciritated with NadK, thst is they pave arproximately the same
averago yiclds of liquid products. Furthermo-e, the CO rcduction took nlace
chiefly over Coz‘rornation. As an exanmple, in the followiny table, a soda rre=
cirpitated Fe-Cu=i'n0 catalyst containing 0.1 percent K2003 is described (Me:Cu:
¥nQ = 10:2.5:2:”5);5

Table 11,
Conversion {ifixed Cas) with Fe~Cu=¥nO-C.l rercent K2003 (with Soda Frecipitated)
10:2,5:2,5

Temperatura, °C. 235 235
liters per hour b.3 L.k
Con*raction, percent 28.2 32,4
Hours cf operation by 158
CO zonvursion, p.rcent going to CO, LC,6 38,2
Unreacted CO 10.5 11.7
Synthesis (2iff.) L3.9 50,1
302:5ynthesis 1 1.2 1: 1,3
Oz conversion

percent ¢oing to CO, n1,2 75,k

rercent, yoing to Hy0 (diff.) .3 11.9
Hp0:0Cs 1: 9.8 1: Gk
Liquid ~roducts, g./m3 not determined 52

Table 11 shows that the catalyst aftor 168 hours of operation still rives the sare
(somewhat higher) conversion as it did after L6 hours, The yield of liquid rro-
ducts amounted to 53 gq/m3= The conversion ratio between 0 anc li, are arproxi-
mately the sanc as those of Sectien VIIT, descrited for ths YaQil citalrsts, The
CO portion uced up during the synthesis amounts Lo 1,2 to 1.3 times tiat portion
which went into COp. 76 to 31 percent ol the {N-oxypen went to 3Cp and only J to
12 rercent went to water. According to this, a lot of 002 and lip should Le found
in the end-gas, This is clearly brougnt out by the end-pas analysis after 168

*The added K2003 guantjty is referred to the Fe-Cu~inl quantity,
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hours of operation.

ﬂh~ndﬁuw,
€Oz SKi 0z co 1 Chiy, KW C-zehx N,
Percent - 17.9 1,3 0.1 5.0 59.5 L.8 1.32 11.k

The soda precipitated catalysts could Le taken into operation at 235°C,, and by
using 10 grams of iron at a gas rste of L liters per hour, the maximum contrace
tion waa 30 to 3L percent after approximately 25 to LO hours. This corresponds
to a maxdmum yield of 50 grams per cubic meter of liquid products. Just as in
the case of RaOH precipitated catalysts here too the addition of alkali was re-
Quired. Wwe found that 0,1 to 0.2 percent K2603 was already sufficient. When

a larger quantity of KoCO, is added (up to 2 percent) a soda catalyst is pro-
duced which has an initiaily higher activity which fact can be recognized in
the more rapid increase of somtraction. However, the lifetime of the catalyst
decreases. With higher alkali contents, the formation of the yellow-colored
reaction products sets in earlisr. The appearance of these yellow-colored sub-
stances announces in advance the following decrease of catalyst activity.

The soda-precipitated Fe-Cu~¥n0 catalyst seems to Le more sensitive than the
corrasponding NaOH catalyst. At a temperature of 245 to 25(°C., the catalyst
begins to lose its activity comparatively fast,

Experiments extending over a longer period of time and investigating the life-
time and ability to regenerate the soda catalyst were not carried out so far.
For the 200 hours for which these cxperimonts were carried out, the soda cata-
lysts proved superior to the NaOH catalysts as far as lifetime is concerned.

With respect to water formation, the soda catalyst behaved in the same manner
as the NaCH catalyst did at higher temperature or at lower gas rates,

K2CO3. Only very meager experimental results are available on the use of po-
tass%um carbonate as a precipitating agent, The results show that a catalyst
precipitated by K,CO, can give a contraction of 24 percent (L liters per hour
at 230°C.) even withdut subsequent addition of alkali, Similar results have
been rerorted for the KOH catalysts. Since a further addition of cho to
the catalyst precipitated with K200 probably would not cause the actieity to
increase any further, we investigatgd the influence which NapC0,,RboCQ,, and
potassium acetate (each one percent) has as a promoter., UTe obServed that
the weaker base (NajCOj) remained without influence, also potassium acetate
had no influence, Howéver, no damaging effects resulted from their addition.
The addition of RbpCO3 caused the appearance of the yellow-colored reaction
products to cccur earlier. The contraction was not increased by the addition
of Rb,

(NH,),C0,. We investigated more in detail the Fe=Cu<l¥n0 catalyst which was
preciﬁtt&ted with ammenium carbonate, For the precipitation with ammonium
carbonate the same may be said as for the precipitation with ammonia. In order
to avoid incomplete precipitation or the formation of the water soluble complex
salt, it is recommended here to carry out the precipitation of the various com-
ponents separately, and then mix them together in a moist state.
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The benavior oi th: cutalysoes rrecipiteied witn armoniam carbonate but nol im-
prognated rith alkali is described in grcater detail in Section VIII in connec-
tion with the question whether a relationship exists betwoen the (05 forrmation
of the iron catalyst and its alkali conients,

The Fe=Cu-I'n0 catalysts not treated with alkali add little activity and resem=-
tled those obtained by rrecipitation with -rmmonia, In order to activate them,
they had to be treated with K,CO,, and similar to the Na,CO catalrsis, 0.1 to
0.2 peresnt had to be added, V.e"found that this cuantity ig also sufficiont
for tho catalysts precipitated with ammonia carbonate. In this manner, we suc-
ceeded in preparing a catalyst which gave a conlraction of 28 percent with L
liters of gas per hour at 23C"C., and at 235°C., the coniraction was 32 rercent,
Howcver, it seems. that the ammonium carbonate catalyct is not superior to the
soda catalyst.

3, Variation of tho Corper and .‘anganese Contents in thc Fe-Cu-!'n0 catslysts,

In the previous experiments, results were obtainad exclusively with a catalyst
catainine Fe-Cu= and PnO in the ratios of L:l:1. We have alse carricd out
some qualitative experiments to investigate how far the copper and rangFanese
contents of the catalyst can be varied without losing any appreciable activity
of the catalyst, Ve have carried out such an experiment in which we used the
percent contraction as a measure of catalyst activity, and we have found that
the ratio of coprer and mangancse to the iron may be changed in wide limits
without causing essential changes in catalyst performance, For this series of
experiments, we used NaOH precipitated catalystus which had been tronted with
0.5 percent K,CO,. The catalyst quantity was chosen so as to rrovide always
the same quantit¥ of iron (B grams). (It is obvious that on accommt of this
restriction, the total quantity of catalyst was different for the variocus ex-
periments as the copper and manganese contents of the catalyst changed). We
worked at an experimental temperature of 250°C, in order to be in a better po-
sition to study the stability and lifetime of the catalyst more rapidly. We
used the following:

1. 1L g. Fe-Cu-¥nO in the ratio of kL:l:l
2, 10 g. " u L:1:L
3, 2L g, u " Labizl
ho 13 - i w h: us:l

The experiment shows that with Ii 1iters per hour and 250°C., the catalyst gave
the following maximur contraction:

1 2 3 L
257, 26, 253 444

The contraction decreased to 8C percent of the maximum conlraction after hours:
L20 L50 L20 LLO

%with the excertion of the somewhat weaker catalyst No, L, all catalysts behaved
very similar. On the scale of the prescnt experiment, it made little difference
whether the iron contents of the catalyst varied between 33 anc 62 percent, the
copper contents between 7.7 to 33 psrcent, or the manganesc oxide contents be-
tween 29 to LL percent. It should be mentioned here that catalyst lNo. 1, still
gave L2 grams of liguid products per cubic meter after LL7 hours of oreration,
whereas catalyst Mo, 3 gave only 37 grams of liquid oroducts per cuble meter,
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