A further series of experiments brought out that the copper and manganese cone
tents of the catalyst may be reduced down to a very low percentage, and as
Section XV reports, these constituents may bemissing entirely if one is willing
to adjust the experimental conditions accordingly and be satisfied with the
longer time which is required for such a catalyst to reach ites maximum per-
formance.

In the follélring, two such copper and manganess oxide deficient catalysts are
mentioned, having composition (1) Fe to Cu to MnO being equal to 10:0,2:0.2,
and (2) 10:10.1:0.1. Both catalysts were alkalized with 0,2 percent KQGOB.

The catalyst which was precipitated with soda behaved most favorably, At
235°C. and L liters of gss per hour, it reached the maximum contraction of 26
percent which it also maintained when the temperature was lowered to 23(PC.
The yield of liquid products at 230PC. was LO grams per cubic meter, The
catalyst was allowed to work for a short time at 225°C, and gave a 22 per=-
cent contraction, When the temperature was raised again to 23(°C., the cata-
lyst kept on working for another 298 hours, and continued to give a conmtrac-
tion of 2, percent. The catalyst which was precipitated with ammonium care
bonate Fe~Cu-Mn0 = 10:0,2:0.2, performed essentially slower, It gave the
following contractions at 235°C. and L liters of gas per hours

Hours 1 83 18 151 222 286
Contraction, percent 5 i :

After the 118th, hour of operation, the contraction only increased very little,
But apparently after 12 days of operation, a maximum contraction had not been
reached as yet,

Although the experiment described here has no practical significance, it brings
out the interesting fact nevertheless, that i%{ is possible to slowly activate
the apparently inactive copper-manganese oxide deficiemt catalyst, For prace-
tical purposes, it appears that one can get by with considerably less copper
and manganese than is contained in the so=talled normal Fe-Cu-¥n0 catalyst
containing Fe-Cu«Mn0 in the ratio of Lil:l.

4. Significance of Alkali Addition to the Fe~Cusin0 Catalyst.

The significance of the addition of alkali for the activation of the Fe~Cu-Mn0
catalyst has already been discussed in comnection with the various modes of
catalyst preparation, In the following, the various observations are once
more summarized. We have found that catalysts not containing any alkali (as
for instance, decomposition catalysts or those precipitated with ammonia or
ammonium carbonate) exhibit only little activity or are only mediocre at best.
These catalysts require an additlonal quantity of approximately 0.5 percent
alkali, and, we believe that K,COy so far seems to be the best salt we used,
The situation is net quite as clegr in the case of the precipitated catalysts
precipitated with alkall hydroxides or alkall carbonates. In this case, in
spite of the fact that intensive washing is carried ocut, a certain quantity
of residual alkall remains back in the catalyst, which already acts as a
promoter and which 1is already capable of restoring the catalyst activity wp
to its entlire strength. In such a case, the addition of more alkali is not
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required. The occasional observation that precipitation catalysts exhibit high
activity even without subsequent impregnation (for instance, catalysts precipi-~
tated with a stronge: Lase such as K,CO, or catalysts for which the comporents
are precipitaied separately) may be explained by ths presence of this uncone
trollable rasidual alkali which remains in the catalyst after washing, This
quantity of residual alkali can vary between considerable limits. If an addi-
ticnal quantity of alkali such as K,CO, is added to such a catalyst still con-
taining considerable residual , the extra addition of alkali mlght not
have any beneficial effect. In some cases, the effect is even damaging, and
the impression.is created that an alkalization of the catalyst is not required.
In order to exclude the varying effects which the residual allkali has, it will
be advantageous toc wash the precipitate as well as possible with water or it
might be possible to extract with water. After extraction, 0.l to 0.2 K2003
should be added.

B. Iron-Copper Catalyst with Zinc, Chromium, Aluminum, and Tin.

The question was raised wheiher manganous oxide may be replaced in the Fe-Cu
catalyst advantageously by other oxides such as tin, chromium, alumimum, or
zine. 8o far on}y orientating experiments have been conducted.

Zinc. A catalyst which was precipitated by soda and contained Fe-Cu~Zn0 in
theé ratio 10:2,5:2.5 in addition to 0.2 percent K,CO4 corresponded in activity
to a manganese catalyst, The catalyst gave 27 parceft contraction at 225°C,
‘at a gas rate of L liters per hour. After the temperature reached 235°C,, the
contraction increased to 31 percent. Without the addition of alkali, a con-
traction of 23 percent at 235°C. could not be surpassed.

Chromium. In an older series of experiments with chromium, two NaCH precipi-
tated catalysts containing different amounts of chromium were investigated,
nansly:

; g
1. Fe=Ca~Cr203 + 0,59 KZCO .

B:2:2 3
2 a Fe"cu"CrZOB + Ou S% K2003 a'
' B:2: 8

Catalyst No. 2 was practically inactive and at 24(PC., gave only B percent con-
traction. Catalyst No, 1, gave 18 percent contraction at 24(PC. and 238 percent
at 250°C, After an oxidation with air at 250°C. neither of the catalysts could

be used any longer. It did not do any good either to treat with Ho in order to
eventually reduced .any 1orming chromale, altnougn Tae reduction tenpurature
was LOOPS, The corresponding decomrosition products, having comrositionsl and
2, were even lsss active than the given precipitated catalysts.

Alvminum, By precipitaticn with soda from the nitratas, a Fe=Cu-Al,0, was pre=
pared, This catalyst gave a maximum cecntraction of 25 percent and Iodt its ac-
tivity very rapidly. When the catalyst was impregnated with one percent X,CO,,
the contraction cnly came up to 17 percent at 235°C.

Tin, T™wo catalysts containing tin were prepared by decomposition of the nitrates.
The required tin was added to the mixture of the nitrates as Snoﬁocalculated
as meta-stannic acid (from tin,nitric acid), The catalyst was almost entirely

.27 -
2/



inasctive, in toth cadSes only a very slijht forration of gil resulted. No noticce
able contraciion was noticed at 250°C. The catalyst had the following composie
tion: Fe=-5nC-linC = 4:1:1 + 0,5 percent K,CO,. The other :atalyst had the come
rosition: Fe~Cu=3nQs = L:l:1 containingy 80 percent K2093 also,

C. App_gndix. - M‘% f’%""“*“e— WW

In ad-lition to the Fe-3-corronent catalysts, we desire to deseribe a fov ror: ex-
rerueents in which calalysts of a srecinl ecomposition or a certiin Preparal.ion
were investipated,

Iron "anganese, The following ex;orirments show that iron~manganese catalysts
which Jdo not contain copper exhibit a certain activity when used at 237°C. A
catalyst which was rrecipitated with soda and consisted of Ye and I'n0 in the
ratio of 10:2,5 and contained 0,5 pereent K, 0O, gave 12 percent contrusction
aftsr 2L hours and 20 percent contraction a?te; L2 hours, and a maiimum contrac-
tion of 23 percent after (9 hours (gas charge, L liters per hour of mixed Fas).
After 69 hours, the reaction products became yellowish in color and siter 11l
hours, tre contraction started to decrcase again,

when the same catalyst vas used, hovwever, without the alkali, the tim: of in-
duction was considerably longer. & contruction of only 11 percent was reached
after 69 hours, and after 162 hours, 18 percent was observed. After 210 hours,
the comtraction was 20 percent, the maximum contraction at 235°C, When the tem-
rorature wus raised to 2L0°PC,, the contraction could be increased to 249 rercent
{afver arproximately 282 hours altopether), & previous reduction with I, at

350 to L'ePC. (1-1/2 to 2 hours of trentment), was of no influcnce on tha al~
kali-free as well as the alkalized catalyst, PFurther details on the COrTer-
free iron catalyst are discussed in ZJection (V.

ron dapmesivm, 4 catalyst which was rrocduced by thermal decornosition of Fe
nitrate and a golution ef g0 in nitric acid contains tre two metals Fe to Vg0

in the ratio of 1:1, This catalyst was used at 260P7, with mixed fFas and no
noticeable contraction could be abserved. When $.75 percent ¥-C0; was mixed in,
and when an i, treatment at 350°C. was parformed, nc better resulfs were obscrved.

Iron Salts., By preeipitating ferric nitrate, rcspectlvely ferrous chloride, with
discdium phosphate, the voluminous iron-phosphate was obtained, At temperatures
up to 260°C. and using mixed gas, the rhosphate did not rive any contraction,

An oxidation at 250°C. and an H., reduction at 300-350°PC. remained without influ~
ence, A so=called iron borate rceipitated catalyst which was obtained by al=
lowing iren hydroxide {from ferric nitrate with anmonia) to react with a voric
acid solution was just as ineffective. When the catalyst was subject to rcac-
tion tenrreratures, considerable quantities of boric acid sublimed away from it,
Anotrcr horate which we produced by trzating ferric nitrate soiutions with borax
was not effective either, The not-washed preparation vielced for a long tire,
nitric acid, nitrous oxides, and water, when heated in a stream of mixed gas,
Doric acid Kept on subliming off.

.
R 2



Iron (2)-carbonate. For the preparation of ferrous carbonate, we mixed lead
nitrate with The calculated quantity of ferrous sulfate together in a dry state
and added a few drops of sodium hydroxide solution. Then the mixture was di- -
gested in a solution containing 250 cc. of water and 250 ce. of alcohol, The
digestion was carried out long enough to convert all the ferrous sulfata. The
solution containing a precipitate of lead sulfate was filtered, and the light
green clear {iltrate containing the ferro nitrate was heated up and precipi-
tated with a hot sodium bicarbonate solution ipn an atmosphere of nitrogen.

The filtration and washing operation of the grayish-white ferrous carbonate
precipitate was carried out in a nitrogen atmosphere as well. Nevertheless,

a super?ficial discoloration (oxidation) of the carbonate did set in, When the
carbonate was allowed to act on mixed gas, a noticeable contraction could only
be obsarved above 24(°C., The maximum contraction of 19 percent was observed
at 250°C, Already after 8 hours of operation and after a decrease of activity
of the catalyst, the products assumed a yellow discoleration.

{¥eyer )IV. Needle-Iron-Ore Catalysts.

According to Fricke and Ackermanngf during the dehydration of synthetic needle

_—.___—_—_.-_—_.___-—.———————u——--——-—.—————.—-—-—

iron ore (acF9203°1H20) one obtains ciron III oxides of greater internal energy
contents, the lower one keeps the dehydration temperature., The internal erergy
differences amounted to up to § kilogram calories per mole of Fezo . The oxides
which were high in energy upon X-ray analysis showed a more random3crystalline
structure. Since the randomness of the structure is responsible for the cata-
lytic behavior of the oxides, it apreared interesting to us te investipats the

catalytic activity of the needle~iron-~ore with respect to the CO-H; reaction.

Preparation of the Synthetic Needle Iron Cre (G(Fe203"lH29)

In the preparation of the needle~iron-cre, we resorted to the methed. of Fricke
and Ackermann, -

A solution containing one mole of iron nitrate (Fe(NO3)3°9H,0) in one liter of
water was added under violent agitation to a solution contalning 3-1/2 moles

of ammonia per liter of water, The precipitate of oxy--hydrate was washed 7
times, each time with 4 liters of water. The separation of Wéou-w&ler irom
precipitate was accomplished by decantaticn and consequent pressing. Al) oper=-
ations were carried out in the cold. Before being dried, the moist and amor-
phous mass of oxyhydrate was mixed with twice its quantity of concentrated KOH
solution, Then the mixture was heated for 2 hours to WLO=160°C, in a silver-lined
autoclave, The reaction product which was bright yellow in color was filtered
off and washed with water 6 times.

Results of Zxperiments.

At first, the catalytic behavior of the needle-iron ore was compared with that
of other iron catalysts, WMe compared its activity with an iron catalyst which

- 2~
23



was preciritated from iron nitrate with soda. This catalyst after having been
wiashed carefully was dipested at room icriperature with 2-normal 0! golution,
After this dipestion, it was washed agaia in the usual manner, The catalyst
thus contained aprroximately the same quantity:of KOH after thc washing opera-
tion as did the needle-iron-ore catalyst, Both catalysts were dehydrated in

a current of air at 210°C, (2 hours), then they wore treated with for 4§ hours
-at 21(PZ,, and taken into opcration with mixed gas (L liters per holir). Then
tho activily of the needle-iron-ore was cammared with the activity of the other
iron catalysts, it was observed that it displayed about twice the activity of
the ordinary catalysts. At 240°C., the needlc-iron-ore catalyst pave a conhe
tracticn of 3,5 parcent, whersas the contraction of the other catalysts was
only L.5 percent, When the gas velocity was reduced to one liter per hour,

the needlc-iron-ore catalyat gave a contraction of 29 poercent and a yield of
liquid hydrocarbons of 2§ g.fm3 of mixed gas. The other catalyst gave, under
the same conditions, only 10 grams of liquid products. Tho activity of the
needlo-iron~ore was of the sane order of magnitude when the catalyst was used
for the synthesis with mixe” gas directly without previous dehydration, A de-
hydration of the catalyst st ordinary pressure or in a vacuum over phosphorous
pentoxide had apparently no effect upon the activity,

It is pointed out later that the rreparation of needlec-iron~ore docs not rro=
coed in the presence of copper, Thereforc, e have mixed the finished necedlo-
iron-ore in a moist strte with freshly rrepared coprer carbonate (obtained by
precipritating coorer nitrate solution with rot-ssium carvonate) and added 25
percent of coprer based on the iron, Uith this coprer-containiny needle-ircon-
ore catalyst (L frams of iron) and a flow velocity of L liters rer hour, a max-
imum contraction of 25 rercent was olserved yielding L0 grams of licuid Pro=
ducts rer cubic meter of mixed gas. Thc lifetime of the catalyst was short,
however, If ihe copper addition is carried out by mixins the compopents +na
rether in a dry stote, the needls-iron-ore is not activatad to as high an ex-
tent,

Furthermore, we discovered that kieselguhr added to the copper-containing necdle=
iron-ore (added to the moist paste) causes the activity to decrease. In the same
way, the activity decreases when 1/2 percent K,C0, is added after the copper ad-
c¢ition. Since the lifetime of the needle-iron-orgé catalyst was comparatively
short when L grams of iron were used with a gas velocity of L liters per hour,

it appeared purposeful to increase the catalyst quantity from U prams to 10 grass
of iron. This measure required no reduction of the pas velocity since the dumped
weight of the needle-iron-ore catalvst as compared to cobalt and nickel catalysts
is aprroximetely U times as great as that of the latter. The folloving exgeri-
ments, therefore, refer always to 10 yrams or iren, a contact layer length of 30

»y @and a flow velocity of L liters rer hour, '

Table 12 gives the results with a cov - cr-free nzedle-iron-ore which was cdehydratoed
under various conditions.

As already mentioned wilh regard to activity, it does not matter whether the
ncedle~iron-ore was dehydrated at first for 2 hours in the prosence of air at
210°C, or whethzr the contact was taken into operation with mixed pas irmmediasely
{8xpariments 1 and 2), Frevious to Xxreriment 3, the needle~iron-orc was dehy-
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drated in a stream of air for 16 hours at LOCPC. By doing this, the activity
was increased considerably, and the yield improved from 13 to Ll grams por cubie
peter of mixed gas. It has to be moniioned, however, that the results of this
experiment were difficult to reproduce. As the dehydration is carried out in
the presence of hydrogen instesd of air again at LOOPC., the noedle-iron-ore ac—
quires only a very slight activity (Experiment L).

For Experiments 5 to 8, a needle-iron-ore was used which contained 25 percent
" of copper as carbonate, The mode of mixing the copper into the moist catalyst
is desdéribed sarlier. A maximum yield of 50 grams of liquid products (Experi-
monts S and 6) was obtained irrespective whether the catalyst was taken into
operation alrsady with mixed gas or whether it was first dehydrated in a stream
of air at 210°C. In comparison to the copper-free needle-ircn-ore, the dehydra~ -
tion of the copror-containing catalysts in a stream of air at JOCPC. did not
cause an increase of activity (Experiment 7). A dehydration in a stream of H,
at LOOPC. lead to a somewhat smaller activity (Experiment 8), Finally, we in-
vestigated the activity of a catalyst where the copper had been added after
dehydration of the needle-iron-ore in a streap of air at LOOPC. had taken
place. The copper was mixed into the catalyst in the dry state, When the re-
sults of this catalyst were compared to a catalyst where the copper was mixed
into the moist needle~iron-ore, it was cbserved that the catalyst having been
mixed dry showed an activity which was 50 percent below the activity of the
moist catalyst (Experiment 9).

We further investigated the activity of a copper-containing needle-iron-~-ore
catalyst containing the corresponding quantity of Pe-Cu in the same ratlo as
the previous needle-iron~ore copper catalysts but which would contain the

e Fe,0,"1 ) component as amcrphous Fe,0; instead of crystalline F820 » The
amorphdus Iron oxide obtained by precipitation with ammonia after wasﬁinn with
water was divided into two halves. The first half was converted intc needle-
iron-ore by applying heat under pressure at a temperature of 15(°C. in presence
of KOH, and thereafter the catalyst was mixed with copper carbonate. The other
half was mixed with the corresponding quantity of KOH at rocm temperature, and
was later on mixed with ccpper carbonate, Both catalysts were taken into oper-
ation with mixed gas without having previously been pretreated. Theyfurnished
the results indicated in Tabl2 13. Indeed, the needle-ironecre catalyst con-
taining the crystallized iron cxide is far superior as lar as activity 1S Son-
‘cerned when compared to the calalyst containing amorphous iron oxide. It was
found that the yields for the crystalline catalyst werc approximately 3 to L
times as high as those of the amorphous catalyst. This increased activity nay
be easily explained by a change of the crystalling structure which takes nlace
within the needle-iron~ore after derydration. During this dehydration, the
wator held back by the crystalline structure of the catalyst is either totally
or at least partially removed, and by doing 5o, a random crystalline structure
is produced,

Tith reference to the lifetime of the catalyst, one observes from Table 13,
Experiment 2, that the maximum yleld was still obtained after approximately 12
days, however after 22 days, only Ll grams of liquid products were produced,
When twice the catalyst quantity was used (20 grams of iron), the activity re-
mained unchanged during 22 days, whereas after L2 days, only 37 grams of liquid
products were formed.
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The Increase in activity which resulted through the addition of commex t» the
negcle~iron-ore may nut ue wmproved any furlher Ly the addition of thorium for
instance, or Mn. In Table lh, the results are described with needlc-ipon-ore
catalysts which in additior 45 conper also contaired® thoriwm and !'n. For Exe-
reriment, 1, the moist c: . . -.oanbiinimg needli:-iron—-ore cakalyst »ns miced with
thoriw: which was rrecipitated from t.orium nitrate with potassium carbonate,
The coprer-containing needla=irone-ore catalysts prior to the thorium addition
had teen dried at 100PC., <Catalyst "o. ? was prepared in such a manncr that pre-
cipitated coprer and preciritated thorium were mixed topether with the needla-
iron~ore in a moist statc, For Txperiment 3, copper-containing. ncedle-iron-ore
which had rot beon dried yet was nixed as a moist pasie with froshly rrepared
thorium. The additlon of manganege, .xperiments L to 6, wrs carried out in.an
analogous mannar, All catalysts furnished a paximum yield of L9 to G2 r,faj of
nixed gas. A specific influence of the thorium respectivoly manganese unon the
activity of ths catalyst could thercefore not be observed. Regarding the lifc-
time of the catulyst, it may be ssid that the thorium=-containing catalysts arc
sumewhat better than the manganese catalysts.

Sinplifiod Preparation of lcedle~Iron-Ore,

In thc course of the investigation of the catalytic promerties of needlr-iror-ore
catalysts, we have also investigated the possibilities of rreparing it in a sine
pler manner., e want to roport on these experiments shortly. To start with, we
endeavored to otrepare the needle-iron-ore in presence of preciritated covrer in
order to rroduce a more homofcneous iron copper mixture. The preraration of
necdle~iron-ore in the presence of correr did not succeed, In every instence,

wa obtained smorphous be O3 mixed with CuQ, which fact could already bve recops-
nized from the color of ghc reaction vroduct, Tt should he mentioned herz that
the necedlz-iron=ore in contrnst to the amorphous oxyhydrate is more voluminous
and forms larger granules, and is comparatively easier to filter. The product
obtained which was prepared in fthe rresence of coprper with KOH under heat and
pressure did not exhibit these prorertics, Also, when the iron and co-rer were
precipitated simultansously with rotassium carbonate respectively sodiunm rydrosx-
ide and when heat and pressure was apzlied in the nresence of rotassium Indroxide
no needle-iron-cre was rroduced., The catalytic effect of these rroducis was
slight, Thc highest contraction was 10 percent at 250°C.

Further experiments dealt with a simplified method of producing needle-iron-ore
in the .bsence of copper. Thus, the recommandation by PFricke and ..ckermann
calling for an intensive washing operatiom of thes amorphous oxyhydrate precipi-
tated with arronis seeas super{luous, It was sufflicient to aprly one single
washing operalion with water,and ¢ rollowing arplication of heat under pressure
#ith KOK thus led to the needlg-iron-ocre {one mole of iron vwas washod “fith nne
liter of water), Aprlication of heat under ~ressurs and treatment sith #20H in-
stead of ¥Ql docs not pive any rasults after previous intensive wasbing, [ur-
thermore, the use of an autoclave lincd with silver seems %o be absolutely nccos-
sary. Vwhen all the other conditions were most carefully observed and wken we
worked with an autoclave which was of iron or which was lined with correr, no
needle~iron-orc was obtained., It is therefcre probahle thal the silver favors

" the {orrmation of the needle-ironeore catalytically.
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®e found that the precipitation of ths iron may be carried out with potassium
hydroxide or potassium carbonate instead of asmonia, Even with an incomplete
washing, needle-iron-ors can be obtained by later heating under pressure in
the prregence of KOH, When the usual quantity of copper was ndded, a yield of
S0 g-/m> of mixed gas was obteined,

By heating commercial Fep03 under pressure {(in presence of KOH at 160°C.) ap-

pa;';mly unchanged Fe;0q was obitainad which at 27(PC. behaved practically in-
active, '

The investigation of the catalytic behavior of needlowiron-ore catalysts as
used for the benzene synthesis may be summarized in saying that the needle-

iron-ore catalysts exhibit a higher activity than the corresponding iron cata-
lysts prepared in the usual manner, that is where the iron is present as amor-

phous Fe;gr The maximum yicld obtained with needle-iron-ore catalysts amounted

te 53 g- of mixed gas, The use of needle-iron-ore catalysts, however, does
not seem practical since their production requires a great deal of time and is
rather complicated. Furthermore, it may bLe seen {rom Saction IT that the or-

dinary iron catslysts prepared in much simpler ways have higher activities and

especially exhibit longer lifetimes.

L B

Table 12, :

Dehydrogenation of Needle-Iron-Ore With or Without Copper Undor Various Conditions

Exp. Max. cone Yield

Exp. Catalyst ‘ temp,, traction g. m of
No. 10 g. of iron Pretreatruat °C, percent nixed gas
1 Needle-ironeore yixed gas immediately 233 13 12
2 n wooou 2 ars. air, 210°, then mixed gas " 13 13
3 " oo 16 hrs. air, 210°, 1 hr. air, “ 28 Ll
' LocR :
kL tn L 16 hrs, Ho, 21C°, 1 hr, lp, LOOP 2  almost in-
active,
5 Needle~-iron-ore ¥ixed gas at once, 230 31 45=50
plus 25% copper '_
() " LI 2 hrs, air, 21¢° then mixed gas 233 29 50
7 " L 15 hrs. air, 21CP, one hr, air, " 28 L7
Looe
8 " moow 16 hrs. Hp, 210°, 1 tr, Iip, LOC® » 26 L0
9 CuCO, added after 16 hrs. air, 210°, 1 hr, Adr, 242 21 26
treatment with air LOCP.
at hO@Co
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As "ell As Catalyst quantity Upon Yie Fetime
' &XF. Vax. con- Max, yieli
Catalyst Tormr., traction g./m of Yield in erams after
1o, 10 ¢rams of iron °C. percent mixed pas 12 days 22 days L2 days
1 e precipituate. with anronia 230 13 12 - -
after ¥NH treatment at room
temrerature with CuCO3. No ap-
plication of hont and presgurec,
' Fe nrocipitate with armonia 230 30 L7 L1 -
al'ter application of heat and
rrassure in rresence of XOH
nixed with Cu303.
3 Catalyst identical with:Nes 2, 230 31 L9 i3 37
but with 20 grams si aron,
Table Y.
Influence of Various Additions to thc Copper-Containing Needle-Iron-Cre
Added to Lxp. Kax. con- Crarms of liquid
the naesile- Temp., traction, products/m3 of
No. iron-ore Mode of additicn °C.  percent mixed gas hemarks

1 257Cu, 13% ThO; Needle-iron-ore plus 230 31 52 After 17 days,
Cu {(at 100°C. dried) 5ti1! L8 yracs
mnixed with freshly obtained.
precipitated thorium.

2 n n Cu rlus thorium pre-~ 234 29 51 nftar 18 dawvs,
cipitated simultanecus- still Ll grams
ly with K,CC, washed obtainad,
and mixed in”"moist state
with needle~ironeore,

3 " g Precipitated Cu mixed 235 30 L9 Lfter 17 da-s,
moist with needle-~iron- st111 L3 rravs
ore; to this, moist pre- ottained,
cipitated thoriurm is added.

4 257 Cu, 207 Mn MNeedlase-ironecre + Cu 234 9 50 —

AN (at 100PC, dried) mixed
with freshiy precipitated
manganese in moist state.

5 " n Cu and manganese precir- 232 29 51 ifter 12 days,
itated simultaneously and still 35 prams
mixed with needle~iron- obtained,
ore in moist condition.

6 2%5¢ Cu, 207 ¥n  Precipitated Cu mixed 235 29 Ly After 17 days,

wilh needle-ironeore in
moist condition, then
moist precipitated man-
fanese is added.

Y

still 33 ¢rams
obtalned,



V. Influence of Pretreatment of Iron Catalysts

(Meyer) A  1Influence of CO pretreataent.

The iron catalysts so far discussed with or without the addition of KQCO3 have
been used for the synthesis with mixed gas irmedlately after they were dried at
105°C. The maximum activity is reached after a certain time of induction elapses
which for the alkaliged catalysts with increasing alkali contents becomes shorter.
As already montioned, the time of induction for a catalyst containing 1/4 to 1/3

- percent XoCOy is a maximum of one to 2 days. At 1/16 percent K,C0, approximately
3 days are rgquired, For the catalysts which do not eontain exnes; alkali, the
( tine of induction may be as high as 1L days.

%We have investigated the question whether by a special pretreatment of the cata-
lyst a better activity could be obtained or whether the time of induction could
be shortened, FExperiments 1 to 4 of Table 15 were carried out with Fe-Cu-ln
catalysts which were prepared by preclpitating FeCl,,CuCly, and ¥nCl, with
soda. An additional 1/2 percent K,CO, was used for impregnation,

1. Influence of CO induction é% synthesis temperature.
Catalyst No. 1 was taken into operation with mixed gas at once. Catalyst No, 2
‘was first treated with CO for 24 hours, Catalyst No. 3 was treated with CO for
2h hours., "Catalyst No. b was treated first with mixed gas for 2l hours and fol=-
lowing with for another 2L hours. The pretreatment temperature in all cases
was 235°C, The contractions obtained after 25 hours of operation were 5, 17,
28, respectively 31 psrcent. In the case of “xperiment ki, it has to be taken
into consideration that the catalyst had already acted upon mixed gas for 24
hours before the H, treatment was performed. On the whole, for all experiments,
the same maximum activity was cbserved 1in so far as the yield of liquid hydro-
carbons was concerned, and alsc in so far as the percent contraction was ob-
served. With respect to the stability of the catalysts, no worthwhile differ-
ences could be observed, for in all cases the averape yield was approxinately
the same after 17 days of operation (last column, Table 15)., The lifetime of
these catalysts was not too satisfactory probably because they contained 1/2
percent K2COB=

(Table 15 - next. page)

If a previous pretreatment with CC exerts a faverable influence uron the time
of induction of the catalyst (as referred to the moment when mixed gas was ad-
mitted) one naturally camnmot speak of a reduction of the induction time for
these experiments since the pretreatment with CO requires 24 to L8 hours itself,

For further exreriments where a manganese-free SFe-lCu catalyst was used which
contained 1/2 percent choa, the time of pretreatment was reduced from 2L to 2
hours {Experiments S to 7). ¥hen experiments & and 7 are compared, one rinds
that for the run with CO treatstent and following H, treatment, a contraction of
16 percent was measured even when the catalyst was only pretreated for 2 howrs.
When the pretreatment was carried out with mixed gas and following Hp, the con-
tractinn after the asme lenoth of time of operation was only 8 vercent. The two
catalysts, however, do not differ in their maximum activities exhibited, In
this series of aexperiments, the catalyst which acted upon mixed gas immediately
produced a contractien of ﬁ percent after 2 hours, and after it had produced
its maximum contraction, it was recognized to be somewhat superior to the pree
treated catalysts (Experiment 5). The experiment indicates that the time of
induction of the catalysts when CO is used may be shortened, however, no other
advantages such as for instance an increase in activity of lifetime resulted,
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Takla 15
Influence of ‘rotreatment with CO

P'erceat, Avorage yield -
Catalyst Yxp. uvontrac- lax. con-Max, yield after 17 days o
oXpe COmMpO~ Fretreatment of Tenp. tion af- traction,in g.& of operauvion, g,/rﬁ
Yo, sition the catalyst °C, ter & hrs, percent mixod gas  of mixad gas
1 SFe-1Cu-~l''n Mixod guas irmediately 228 5 30 L9 L7
+1/e” KoCo4
2 " ®* 24 hra, CO then mixed 228 17 32 50 L7
( GaSo .
- w " 2L hrs, Co, 2L hrs, Hy 225 18 '
then mixed gas. 0 49 45
L " " ?L hrs, mixed gas, 228 31 30 L9 Ll
24 hrs. Hy then mixed -
vas,
5§ £&Fe=1Cu + ¥ixed gas at once, 230 after 2 31 55 -
6 " " 2 hre, mixed gas, 2 230 after 2 32 52 -
hrs, iy, then mixed hrs. 89
Fas.
7 " " 2 hrs, CO, 2 hrs, l,, 230 after 2 31 53 .-
then mixed gas. hrs. 16% '

2, Influence of C0 pretreatment at higher than synthesis temperature.

£3ahr) In addition to the previously described experiments, some further investigations
are mentioned in which we investigated how a short pretrecatment with 20 influ~
cnces the time of induction of the catalyst, when the pretreatment is carried out
at a higher temperature than the lnter reaction temperature,

For these experiments, we used Fe~Cu~MnO catalysts containing these metals in

the ratio 10:2,5:2.5, 0.5 Percent of K5CC4 had been added., The catalysis were
prepared by precipitating ferric nitrate with sodium hydroxide. The investiecateld
range of temperature w2s between 250 and 270°C. To start with, the catalyst

was brought to the experiment temperature in a strzam of air, then it was switched
to CO, and the catalyst was allowed to act upon CO for the desired length of time
at a flow velocity of 4 liters of CO per howr., Then we lowered the temperature
down to the reacticn tamperature of the experiment which was 23C°C. After this,
we switched over to mixed gas,

It should be menticned here that in the experiments carried out, uniform and re-
{ ' producible results could not always be obtained. MNevertheless, the following
findings were made.

Vihen the catalyst was taken into operation in the normal way immediately with
mixed gas, it gave S to 8 percent contraction aftar 2 hours and 9 to 10 nercent
contraction after 3 to L/ hours. 'When the catalyst was pretreated with CO for
one to 2 hours, a very great reduction in induction time resulted.,
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“hen the pretreatment was carried out lor one to 2 hours and 230°2., the cata-
lyst gave 1Y rercenl contraction, aftor one hour at 230PZ, and after 3 to §
hours, it yiolded 26 percent contraction,

Wren the CO treatment was carried out at 260°C., a conlraction of 17 percent
%as observed for the following synthesis at 23050. already after 1/u4 hour, and
22 percent ajter 3/L hours, but after 4 hours, the contraction did not go be-
yond 25 rercent,

When the temperature of the CC pretreatment operation was increased some mors,
as for ipstance, to 270°C., no further faveorable results were obtained. Vhen
mixad pas was sdmitted to such a catalyst, the contractions moasured were lower
than in the case of the catalyst which was rretreated at 260PC. For example,
after 15 minutes, the contraction was 11 percent, after 3/L hours, 1 percent,
and 18 percent after 2 hours, In some cases, we succeeded to produce a cata-
lyst which reached its maximum contruction comparatively fast at 220°C, reac~-
tion terperature. This catalyst was pretreated with CO at 25CPC, for 2 hewrs,
Thus, for this catalyst, we obtained 9 percent contraction after 1/L hours,

15 percent after 1/2 hr,, and 20 prercent contraction after 2 hours.

During the CO treatment at 250°C. to 270°C., the following observations were
made: Immediately after the passage of the CO, the exit gas showed very hirh
rercentages of CCp (up to $0 percent). After 1/2 %o 3/k hours; this €0y con-
tent had reduced drastically, and depending on the temperature, aprroached a
nore or less constant value of 10 to 20 percent. Generally, a cortraction
was not obcerved in the teginning. At 250°C., and even after one te 2 hours,
no contraction was observed. At 260 to 270°C., a contraction pradually set

in which could go up as high as 13 parcent, llere apparently, a partial decon-
rosition of the CO occurs with carbon {ormation,

Net only did the contraction reach a hirher value aftor a shorter time of in-
duction when the catalyst was rretreated, but the visible oil fermation was
considerably accelerated by the CO treatment. For a catalyst taken into oper-
ation with mixed gas under normal conditions, the visible oil formation at
235°C. sct in generally after 2 to 3 hours. liere, however, the visible oil
formation was observed very soon aftcr mixed gas was admitted, and in no case
later than after one hour. In most cases we could observe the formation of
0il already after 1/4 to 1/2 hours. In scme cases, even already after 5 to

10 minutes,

We observed that a CO trcatment at hirher temperatures shortened the tine of
induction considerably and caused a groater contraction as compsred to 2 cata-
lyst which was not vretreated, However, it appears that CO preircatmont is

not practicable since we ourerved that rretreated catalysts in peneral did not
glve a higher yield. In scmc cases, CO pretreatment was detrimental o the
yield, Thus, we observed that the catalysts described here gave a centraction
of 20 to 25 percent in a comparatively short time; however, they reached maxie-
mum contractions of 30 to 33 vercent only after aprroximately 30 heurs, In
several cases, the contraction remaincd even below 30 percent, that is, it
almost did not increase any further, %e also noticed that the pretreatad cata-
lysts had a shorter lifetime than the normal catalyst, and that they had 2 ten.
dency to form yellowish colored products comparatively early espacially when
the pretrcatment was carried oul between 250 and 260900,
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If % shenld b dagired  nevarthaless, to carry out a 70 rrotreatrerni ¢ *he
catalyst, it is recommencded to pretrcat for approximately onc hour and 2LC°C.
It is perhaps tetter to use a CO deficient gas, as for instance, producer gas,
in order to avold local overheating of the catalyst by a too rapid reduction.

The influence of a CO treatment upon copper-free - iron-manganese catalysts
was also investigated. The pretreatment, however, had no favorable effects
upon the contraction.

(Bahr)g:etreatment with dixed Gas at [iigher Temperatures,

Vie have attempted to shorten the time of induction for the iron catalysts by

( traating them for a short time with mixed gas at a temperature higher than
the following reaction temperature, The investigated temperature range was
250 to 300°C,, the time of pretroatnment lasted from one to 2 hours, AS an
example, the following experiments are described,

A Fe-Cu-lin catalyst containing the metals in the ratio of 10:2.5:2.% was

heated to 250°C. in a stream of mixed zas for 3/4 hours, Then it was heated
for another hour at 25(°PC, with mixed gas. After this time, it furnished a
contraction of 1L percent, When the reaction temperature was lowered to 230°2.
visible oil formation sct in after 5 minutes, The contraction, after 1/l hours,
was 10 pcrcent, after 5 hours, 1L percent, and after 20 hours, 20 purcent.,

Tha samc catalyst was treated for 2 hours with mixed gas at 260°C, After lower-
ing the reaction temperature to 230°C., the coniraction after 1S minutes was
percent, and after L hours, it was 7 percent. After 20 hours of operation, it
was only 16 percent. Visible oil forration set in after 10 minutes at 230°C.

Rhen the same catalyst was pretreated with mixad gas at 300°C,, it gave a con-

traction of 17 percent within 2-1/2 hours. 0il was formed even then., 2y
lowering the reaction temperature to 230°C., the contraction decrecascd to &
ergent, and after 70 hours, did not surpass 13 percent.

From the indicated experiments, it is noticeable that pretreatment with mixed
gas at elevated temperatures Is without advantage, It appears that the oil
formation was accelsrated to some oxtent, however, the increase of contraction
was not, As a matter of fact, we could observe that a catalyst pretrsated in
8uch a fashion behaved more unfavorably than the normaxypretreated catalysts.
Especially is this true for pretreatment at higher temperatures, This effect
is understandablc if one takes into consideration that the iron catalyst is
comparatively sensitive already at temperatures of around 250°C,

C.Influence of K, Pretrcatment.,

As already mentioned, conirary to cobalt and nickel catalysts, the iron cata-
( lysts can ke used for the synthesis without a previous li, treatment, They
exhibit, however; the disadvantage that they require a comparativelr long
time of induction. At a reaction temperaturs of 23%5°C, varying witih the cone
ditions of the synthesis, this time of induction lies between 20 to 30 hours.
It takes aprroximately this length of time to produce the maxizmum contraction.
It was plausible to investigate whether this time of induction of the catalyst
could be shortered by a Hp treatrent nerformed either at the reaction tenpera-
ture cr at some other hirher temperature.
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All of the oxpuriments carried out with this obiect in wind indiczate that an I
treatment at the reaction temperaturo does not shorten the tinme of incduction o
the carrier-free catalyst, when & catalyst was treated for 1/2 hour or longer
(up to 10 hours) with Hy, “uth a catalyst behaved just like a.catalyst which
was taken into operation immediately. No difference existed batween the coppere
containing and the copper-free catalysts, If the course of the H, pretrecatmunt
is followed closely, as the temaperature increases slowly up to 200°C,, the ap~
pearance of roaction water is noticed at . around 100°C, This seems to indicate
that the copper is being reduced, Water formstion set in arain at around 150°C.
Obviously, at this tenporature, tho reduction of the iron oxide takes place as

‘wall as the reduction of the higher manganese oxides. The reduction of these

metals, however, does not proceed down to tiie mctallic state, but only to a
lower oxide. In the case of manganese, it leads to knO,

o .
(Meyer )Influence of Ho NMeduction at ligh Temperatures,

Yeyer)

A preceding reduction of the Fe catalyst with llp at high temperatures causes a
considerable decrease of the activity. A SFew1Cu catalyst containins 1/L por=
cent K230 wvhich was taken into opcratisn with mixed fas immediately, furnished
58 rramg gf liquid products, after 15 hours of reduction with Il, at L50°C., and
followins action upon mixed gas, a contraction of 1L percent was ohtaincd after
one hour, After 2L hours of further operation, the contraction had decreased
to 5,5 percent, and yellow-colored rroducts were formed already. Since this
catalyst had been reduced by the ho treatrment at L50°C. already rather far to
iron metal, the deterioration of activity nay lLe due to various rcasons. First,
the iron which was formed due to iLhe reduction at 450°C, night have sintered.
Secondly, the high reduction tenperature might have favored the iron and coprer
to form an alley one with anoiher,

However, there is an indication that in some cases, a recuction of ths catalrst
at high temperatiures may be advantageous as the followin; observation shows:

A simultanecously precipitated re-il catalyst {1 percent A120 referred to iron),
rroved to te entirely active when taken into oreration with mixed Fas immediatelr.
After a reduction with K, at L50PC,, this catalyst yiolded 27 rercent conirac-
tion after & hours alrea y; however, it had reduced to ¢ rercent After £ days:

of operation, This finding is not in contrast to the statement just niade, since
in the presence of Alp04, the iron oxide is only reduced to a small degree to
iron mctal, This has been found to be true by oxperimental cvidence not yot
rublished. Furthermore, A1203 is capable of preventiny sintering.

Since the catalyst did not contain any correr, a damaging offect due to alloy
formation was out of the question.

Vi, Influence of the Addition of Carriocrs and Influence of the Mode of Addition,

The addition of carricrs is very important when we speak of cohalt and nickel
catalysts, It exerts a marked influence uron the activity and lifetime of

these catalysts. With iron catalystc, however, we found that the addition of
carriers generally produces unfavorable results, except in those -~ases whore - -
the catalyst was mixed with alkali carriers, such as for instance, Stuttpart lass,
In these instances, an activation is actually caused by the addition of the car
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ricrs, This increase in activation, however, should not be attrituted to the
presenco of a carrier as such, but to the lfact that the carrier is alkalire.
Such an increase in usctivity also could be accomplished by adding small quan=-
tities of K2CO3 to the catalyst free of carrier,

However, we have again investigated the question of the carrier, since in some
cases the reaction proceeds in a different course when a carrier is added. Just
as it is poseible to direct the reacticn of water formation, the possibility
should exist to increase the yields which are obtained from mixed gas and iron

catalyst. In the next cEEEter, we shall report on these experiments.

A A. ree_u=carrier 8 trom terrous Salts, .

The basic m~torial which was chosen for a number of carrier catslysts had the
comrosition SFe + 1Cu. The preparation was accomplished as already deecribed
pravicusly by precipitating the chlorides with Na,CO,. If alkalized with

1/L or 1/8 percent K,C0,, this catalyst yielded 60g./ms of mixed gas. Table

1¢ summarizes the results of the experiments with iron catalysts containing
carriers. It should be mentioned in advance that in no instance did the ac-
tivity of a cstalyst coniaining a carrier surpass the activity of a carrier-
free catulyst, Gencrally, the carrier had an"unfavorable influence on the per-
formance of thes catalyst, It was also observed that the moce of mixing uiw
carrier and the catalyst was of special interest, For Experiment 2, the cata-
lyst which was used in txperiment 1 and which had given 58 grams of liquid
rroducts was mixed with kieselguhr. Thus, L grams of kieselguhr werc added

to every 10 grams of iron and mixed in a dry state., In considering for the
roment the small maxdimum yield (51 irarms), the catalyst required a time of
induction of L days, This is understardable il one considers the larger volume
of the catalyst and the better distribution and dissipation of the heat cf re=
action., Besides, the activity decreascd faster than in the case of a kieselguhr-
free catalyst. If the kieselguhr is added to the catalyst prior ito precipita=-
tion, a more intimate mixture is cbtained. This catalyst only furnishes a max-
imum contraction of 15 percent (Ziperirent 3) which already decreased to 13
percent after L days of operation. A preceding reduction of Hp at 350°C, did
not change the situation (=xperiment L. The sane catalyst, however, without
K,C0, addition (<xperiment 5) only yielded a contraction of 16 vercent when
takag into operation with mixed gas irmediately, One can conclude from this
that alkali in presence of Kieseclguhr loses its activating propertics. The
two followinr exreriments (6 and 7) show that Diatomaceous Earth reduces the
activity of the iron-coprer catalysts also. In ECxperiments 8 to 10, sodium
glass powder was added in various ways to a nonealkalized 5Fe-iCu catalyst. In
Experiment 8, the sodium glass rowder was mixed with a catalyst in a dry state
and in the course of 5 days operation, 29 percent coniraction was observed.

The paximum yield amounted to L9 y./mj of mixed gas, From thls, it appears
that the activatdon caused by sodium glass powder is not as propounced as the ’
activation increase due to addition of X 003n If the addition of the glass
powder is made before or respectively af%er the precipitation (xperiments 9
and 10), a maximum contr-ction of 26 porcent is obtained in both cases after

a long time of induction, and a yield of LO grams is obtained, With this mode
of accition of glass nowder, the increase in activity is not as pronounced as
we found it to te when the glass rowder was nmixed in a dry state with the ca-
talyst., For the sake of comparison, the catalyst was tested without glass
posder addition under the same conditions (Sxperiment 11}, The maximum vield
obtained was 28 grams,
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Tatle 16

Influence of the Addition-of Carrier and “ode of Addition
Freciritation of Chloride with Ha2003;5Fe + 1Cu Catalyst

Carrier, Yax, con-
Exp,  X,C0 L ¥. per Mode of Reduction traction, Rehavior of
Mo, conlefts 1C 4. of Fe .ddition Conditions percent the catalvst
1 1/L” without - irmediately, 33 58:., liquid products
rixed gas 230°
2 /4 kiegelguhr mixed dry " 32 Sli., liquid rrvaducts, induc-
( afterwards 2320 time, L daye; faster dnereace

of acivity than in case
without carrier,

3 /4% - kizsalguhr added before " 16 “apid decrnase of activity;
precipitation 2l slight water fsrration.
L 1/L” kicselguhr " fy 350° 17 Iritially snall rater lorma-

2% tion; only 10 rercent con-
traction after 10 Cays.

S without  kieselgubr " immediately, 15 Tnitially small wator formae
mixed gas 24(®  tion; rapid Jdecrease of ac-
tiVitYQ
& without diatomaceous added " 1% Yo 10 formation,
earth rowder after 23€° b
pr-cipitation
7 1/]-1‘;: " " n 22 " ' "
: 234°
8 without sodium glass added " 29 L9g. of liquid rrocducts. Na-
powder  aftorwards 237° glass rowder does not acti-
in dry state vate as well as X CC.. Lonc
time of induction? 3
9  without n added after " 26 LOg, of liguid products,
precipitation 237® Very slow incrcase of uac-

tivity. !ode of addition
more unfavorable than dry

State a
10 without il added before " 25 n "
precipitation 237°
/ without without - - " . 22 28e. of licuid rroducts,
237°
12 without powdored adcded after i 15 ) Slight activity
silica gel precipitation 2LoP)
13 1/h~ " " " 13 ) 51igtt watar “ormmiations. Neo

improvement when reduced with
2LoP) . at  LseeC.



Tablz 16 (cont?d.)

(errisr, Max, con~
I #. per Kode of Reduction tractiom, Behavior of

Exp. co
N6, cggteAta w [y of fe addition conditions percent the catalyst

U 1l wilios gel added dry impediately 30  S6g. of ldquid products.
- wmder afterwards mixed gas 230° When silica gel is afterwards

mixed in the latter re-
mains 1&5:‘9111:0
15  withou. wela#tos meal after  mixed gas 10% 250° Deterioration due to asbestos
ou- Aoy o/ 108 of precipita~ irmediately.21¥ 230° powder. Rapid decrease of

{ron tion Hy Lsoe activity.
14 1 /h% " n n lhs 25@ n "

25% 238

4
P

The additiun Of powdered silica gel caused a similar effect as did the lieselguhr
(Experiment# 32 and 13). The alkalized as well as the non-alkalized catalyst
showed the #ene behavior after addition of silica gel had taken place in a moist
condition. T maximum contraction of 15 respectively 13 percent coiid not be im-
proved any #ven after a reduction with had been carried out at LSC°C., When
the silica xo1 was ac}ded in the dry stateé to the alkalized catalyst, no specific
effoct yan morved; (Experiment lh). By tresting with Hy at LS0°C., only a short-
lived inevwsae in contr action, up to 21 respectively 25 percent, was observed.
Table 17 cuntains a few more experiments, during which some metal oxides had been
used ag earrierse Al?»hough these metal oxides cannot be considersed as carriers
proper gtw br affect 1is t‘:o bs discussed here novertheless, since these oxides
were not missd with the iren and copper by simultaneous precipitation, but were
added to Hh# {ron and corper sqgfarately after precipitation had been completed,
Manganese 'wxide and zinc oxide decrease the activity of the alkalized as well as
the non-alk“l'ued iron-copper catalysts in the same degree {Lxperiments 1 - L):
It should '™ montioned that the alkalized catalysits possess a somewhat higher
sctivity. e addition of 41,0, exerts an unfavorable influence upon the ac-
tivity of tiw irop=coprer catilfst (Experiments S and 6); no difference seems
to ezgst (n the activity of the alkalized and non-alkalized catalyst, Finally,
we ime““;ud the influence of chromium oxide, Crio behaves indifferent ir-
respective whether it is mixed with a catalyst ih mo s% or in dry form. The
yields with tha alkalized and non~alkalized catalysts are of the same order of
with the catalysts without Cr,0, addition. :

magnitude n¥
e Table 17 (next page)
Summarizimg YHC resulds, the following may be said about carricrs: Ve have

not succeailed tn improving the yields by adding carriers to the iron=-copper
. catalysts (vestigated in this work. :
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Table 17.
Precipitation of the Chloride with Na?co3

(SFe~1Cu Catalvst)

Carrier, ¥axs con-
zxy,  K,ZO I ». per Method of Reduetion - tractionm, ehavior of
No, con%enES 10 », of Fe addition condition percent tha catalysts
1  without Ygd added alter  immediatcly 12 No water; slow increase
precipitation mixed gas 236° of activityr; MgC acts
damaging.
(‘ 1/]44 l'.gO " ' n 20 n "
235°
3 without Zn0 " " 1} Yo water formation; ZnC
235° acts damaging.
L l/hf Zno " ” 22 n "
235°
g without Commercial " " 13 ) Deterioration Uiy A0
.2;1203 ~ 235°) no water formation,
£ l/hq_' " " " 13 ; " "
2357}
7 without Commercial n " 22 28 g. of liquid products
g 1/ " " " 29 Sle. Ua. prod.) o o
‘ 230° . ) benn%es
2 without n added dry " 15 27¢. ") aloost
¢ 230° ) indif-
10 1/&'.". " tt . [ 30 Shg“ n n ) ferent
, 2307 )
{Rahr) . re-Cu~n0 Carrier Catalysts from Ferric Salts.

Wie also investigated Tne eri1eCt wniem a carrier nas upcn re-(u-t#nd casalysis
which were precipitated from ferric salts, With these catalysts, we always used
a larger quantity of carrier than we did with the Fe-Cu catalyst. We used at
least such a quantity of carrier that the ratio of catalyst quantity to carrier
quantity was 1:1. The quantity of carrier added is not without significance
upon the activity of the catalyst. This i3 brought out in the experiments on
precipitated carrier catalysts,

C]f. Carri-r-Deconposition Catalysts,

In previcus experimencs we nave mixed vne carrier material directly to the oxide
powder obtained by decomposition of the nitrates. Te added about 0,5 percent
X,00,, and the ratic of oxide powder and carrier was 1:1, As carriers, we used
sfliéa gel, kieselguhr, and ground Stuttgart Mass, ¥%ith this mode of addition,
ne difference in activity was noticed for the various carriers.
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Later on, we carried on investigations during which the cu*ier meterial was
mivad with the nitrataa nrinr +n tha dsramosittian. Tha ra-nltine maag ~Arma
tained Te=Cu~¥n0 catalysts and carrier in the ratio of 1:1. The necessary al-
kali (0,5 percent K,CO, referred to the metal quantity) was added to the ni-
trates prior to the defamposition. The chief carriers used werae Stwttgart )ass
(granulated and ground), silica gel, and kieselguhr. With. ihis method of ad-
dition, no improvement over the carrier-free catalyst could be ovserved in any
instance, Tka catalyst which contains Stuttgart kass or silica gel were approx-
imately as active as the catalyst without carrier. It is ’“nteresting to notice
that the addition of kieselguhr caused an extraordinary deterioration of the
catalyst and it rendered the catalyst almost inactive, '

The decomposibtion catalysts prepared in thess two ways could be regenerated by
oxidation with air at 250°C. with or without previous extraction of the paraffins.

ZD. Precipitated Catalysts,.

By mixing an alkaii-precipitated catalyst in a dry state together with a car-
rier. such 3s silica =zel and kieseleuhr, catalysts were obtained which gave ap-
proximately the sime percent contraction as the carrier-fre» preciritated cata-
lysts. (Te found this information from carlier experiments.) The advantage
which we derived i‘hrough these precipitated catalysts was chief'ly chat the
larger volume of ratalyst contailned a smaller quantity of metal. It should

be mentioned, how:ver, that the lifetime of the catalyst was shorter in pre-
portion %o the pmaller quantity of metal contents,

An essentially different picture resulted when the catalyst was precipitated cn
top of the carrier. As long as sodium hydroxide was used, as pre:ipitant. we
were not successiul in obtaining eiiective catalysis. ror instante, 2 Caiie
lyst which was precipitated on kieselguhr by using NaOH proved tc be prac~
tically inactive even at 250°PC. Also with Nz2,0C, and K2CO and the use cf
kieselguhr, at first, very little active cataiys%s were ob%ainedo Retter re-
sults were found with asbestos, calcium carbonate, aluminum silicate, and
powdered silica gel. These materials were used as carriers. The ratio of
carrier material to metal quantity of the catalyst was 1l:1, and these cala-
‘lysts gave a contraction of 20 to 28 percent at 2LC°C, with L liters of mixed
gas per hour. ‘

The use of kieselguhr appeared undesirable in connection with precipitated
iron catalysts., This is contrary to our e«perience with cobali and nickel.
Later on we succeeded in essentially improving the kisselguhr nrecipitated
iron catalysts without recognizing the reasons for the initial fajlure of
this comblnation.

As is mentioned in Section VIII, we succeeded in conducting the synthesis
over the ccurse of partial water Iormation when using kieselguhr catalysts.
This fact is of great significance with respect to the eventual possible in-
crease in yield with the iron catalysts, For this reason, th: Fe~Cu-in0O-
kiesalguhr catalysts with varying kieselguhr contents have been subject to

a thorough investigation (no yet cecncluded).
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E.EEE-Cu—FnC«Ki:selguhr Catalysts: ’rcparatidn ola b

Ferric nitrate, conrer nitrate, and manganous nitrate were dissolved in water.
The quantity ol wat:r used was 6C times by weight that of the iron-metal em-
ployed. Thc r:lu-i-. Is heated to the boiling point, and then the required
quantity of kiaselgihr i< added, A hot solution of Na,CO, is added to the hot
nitrate-~kiese_ guh~=slurry under frequent stirring, (Tﬁe ﬂagcoj solution con-
tains the theoretical quratity of NasC0y + 5 percent excoss in the tenfold
weight of water.) The Na.lC, solution was added to the nitrate-kieselguhr~
slurry in portiomns., Afts? ﬁﬁe precipitation is completed, the precipitate is
filtered and rashed 6 times with hot water, Each washing is equal to the
{ original volume of the original slurry. ifter the washing operation, the fil-
' trate should react only faintly alkaline. No alkalization of the catalyst was
- carried out., After the catalyst was predried onm the water bath, it was further
‘ ‘dried in the oven at 109°C. % have found it purposeful not to take the cata-
lyst intoc operation with mixed gas at once, but rather to heat it up to the
reaction temperature with a stream of air just as in the case of the cobalt
catalysts. Mixed gas was admitted after the water had been removed from the
catalyst.,
1. 1(4 Fe-1Cu -1 MnO)s 1 Kieselguhr Catalyst.

On account of the larger volume of the kieselguhr catalysts, we were not in a
position to use 10 grams of ircn as we did in the case of the carrier-free cata-
lyst earlier with normal experiments., We only usad 4 grams of iron, Visible cil
formatlon set in with a l(hFe-1Cu-1¥n0):1 kieselyvhr catalyst at a terperature
of 235°C., The contraction after ©~1/2 hours was 15 percent, and after 22 hrs,,
it vas 30 percent (maximun contraction). The contact yielded water from the
very beginning. Section VIII describes the difference between the kieselguhr
catalyst and the carrier=free catalyst for the same contraction, It is wen—
tioned here only that the kicselguhr catalyst only converts 5% percent of the

(0 at a contraction of 30 percent. Vhereas, metallic catalysts, at a contrac-
cion of 30 to 32 percent convert up to BR percent of the CO., The diffcrence
may be explained through the water formation of the kieselguhr catalysts.

A yield determinaticn was not carried our for the 1:1 kieselguhr catalyst,

since we found that the liletime of this catzlyst was very short. Already

sfter L6 hours, a decrease of contracticn set in., After 70 hours, the con-
traction had decreased to 20 percent.

Further experiments have indicated that a 1:1 kieselgkr catalyst may not be
reproduced very readily, Some catalysts (of same composition apparently) only
yielded a contraction of 15 to 20 rercent at 235°C, The causes for this unre-
producible behavior could not Le discovered so far, We suspect that the aikali
contents of tho catalysts has something to do with that. As already mentioned
no additional alkalization of the kieselguhr catalyst was carried out. The
residual alkali aprarently has an activating influence on the catalyst, Sven

! after considerable washing, some residual alkali remains in the kieselguhr ca=
talvst. It appears thatthis residual alkali in the 1:1 catalyst secems to he
extremely variable, Apparently in some instances, Lhe alkali content is higher,
in others lower, .
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