4. "3=Llrrer Fxrasimant Tith Tean~¥ieselouhr Catalvsts,

The previously mentioned experiments show that the CO contained in tho nixed
gas are comparatively incompletely converted when using kisselguhr catalysts,
The degree of conversion depends on reaction conditions, The magnitude of
conversion varied between LO to 70 percent. This lower degree. of conversion
may be due to the fact that the kieselguhr catalysts were more dilute in irom,
hence, for a certain catalyst quantity, smaller iron quantities were used than
in the case of the metal catalysts., In a further series of experiments, we
have attempted to increase thes gas conversion in one single stage by simply
using greater catalyst quantities. For this larger catalyst quantity, we enm-
ployed lonyer catalyst layers (longer reaction tubes). The reaction tubes
used were up to 80 cm. long. The catalyst tubes used so far, were only 30 cn.
in length.

I% is interesting to notice that with these exporiments an increase in GO
conversion in favor of the synthesis products was not obtained. It was found
that the CO vas used up to a greater extenty however. the extra CO converted
went to COp instead of synthesis products., At the same time, the water forme
ation,decreases sharply. These phenomena were observed universally irrespec-

_ tive whether the catalyst had the same composition over the entire catalyst

layer length or whethor the catalyst contained an increasing or decreasing
amount of iron at various plac:s in the reaction tube.

In the following an experiment is discussed for which 3 catalyst laysrs were
used in series, each catalyst layer veing richer in iron than the vrevious one,
Table 31 gives information on the arrangement of the experiment., The total
iron cuantity was 1l grams. The first layer was composed of a catalyst having

a composition of one metal to 3 kieselguhr, the second layer consisted of a
catalyst of one metal to one kizselpuhr, and the last layer contained no kiesal-
guhr at all. It may be seen that the catalyst was arranged according *o the
countercurrent principle. The entoring mixed #as thus was Iintended to {irst
contact the iron-deficient catalyst and then proceed to the iron richer cata=
iyst layers.

To start with, larer "o, 1 was talen into operation at 235°C, up to such a time
for which thc contraction was 13 percent, Table 31 shows that at this point ap~
nroximalely 35 percent of the 0O ®was converted, and the ratio of the CO whicp
went to CO, and synthesis products respectively, was equal to 1:1.8. The CC to
Hp ratio shifted only moderatoly. It was l:2L for the reaction gas. At this
point, catalyst layer Wc. 2 was taken into operation, The second layer was
contained in a glass tube of somewhat smaller diameter than the contact tube.
Tho glass tube was open at both ends. After a total of L7 hours, the contrac-
tion then incroased to 29 percent. A total of 75 percent of the CC was cone
verted, The ratio of the IC which went to COp to the CO which went to synthe-
5is rroducts had shifted to l:1.3; hence it had become more unfavorable, The
nygén conversiocn also had shifted in the direction of an increased €O, form-
ation. The 1,0 to COp ratio was now 1:6.L, and the CO to Hg ratio in the rcaz-
tion gas had 1ncreasc§ to 1:5.1. then the temperature was lowered to 225°C.,
the CO conversion decreased to 2 percent, The other conversion data shiftad
in the manner indicated in Table 31, @hen the temperature of 2350C,, was
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reached again, catalyst layer No. 3 was taken into operation, This caused a
decrease of contraction to 25 percent, and conversion conditions rrevailed
which were similar to those when carrier-free catalysts were used. No more
water was formed, only CO,. The CO-H, ratio in tho snd-gas shifted sharply
towards 1, (117.2).

This experiment showed that 1t was not possible to use more CC for production
of synthesis products by employing a longer catalyst layer length in connec-
tion with kieselguhr catalysts. Tho rcason for this was that the water formed
on tha following catalyst layers ontored into reaction with CO to form CO,,

In order to re-use the CO when workin, with kieselguhr catalysts, we found
that it was necessary to work in several stagoes. Ths water had to be removed
between sach stage of opcration. In the following investigation, we carried
out such an experiment using tonsil as a carrier. The exporiment was not suc-
cessful, however,

Table 31
Three-layer bxperiment
35 cm. 25 cm, 20 com.
FeTuan0 1 TFe-Cu-Ind
wieselguhr 3 kieselguhr 1 8:2:2 K,C0q
Temp:rature, °C, 235 * 235 225 235
1itars per hour L.l k.3 3.9 k.1
Contraction, percent 13.0 29,0 26.2 25.04
Fours of operation 23 L7 53 73-3/L
CO conversion, rercent %o COp 12.3 32.hL 22.7 ho.2
Unchanged CO 65.2 25,1 L2.2 19.L
Synthesis (difference) 22,5 Lh2,5 35.1 LO.9
CO, :Synthesis 1:1,8 1:1,3 1:1.5 1:1
0p conversion, percent to COp 2L-6 6L.C LS.k 30.L
to Ho0 (g8ifr.) 10.2 10,1 12.4 0.2
Hp0:CO2 1 2.4 1:6.4 1 3.7 1 ¢ (LOO)
Reaction gas, vol. percent CO 565 1.8 10.3 17,2
8 0.9 0.7 0.8 0.6
05 0.0 0.1 0.1 0.0
co 23,2 10.5 17.1 7.7
HQ 5557 51-131 Sl‘cs 5,5‘?
C!{h‘-m-\'r 299 602 3u8 556
CuZetlusug, 1. 59 1,86 2,01 1.98
Ny 11.8 13.6 . 1h.h 13,0
CO:I’Q l H 2/:"4 1 : S.l 1 H 302 1 7&2 .
layer 1 layer 1 Same at Iayer 1,2, and3
and 2 a 1
lower
tempera-
ture
- b7 -
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2. Experiments with Tonsil as Carrier.

Tt was interestin,. to study th: influence of th: addition of tonsfl upon '>®
activity »f thz iron catalysts and on the course of the reaction. The m™ of
adding the tonsil plays an important role, In Table 32, the resulis are ¥~ 1
serited mith a mumber of Fe-Cu catalysts containing different amounts of t~nail.
They were rrecipitated by soda from ferrous chloride and copper chlorids svwiu=
tions., Zxprriments ) and 2 show the cffect of the tonsil when mized in thW
state with an alka)ised catalyst and with a non-alkalized catalyst, Tiw catd~
lyst contained 55%e¢ to lCu. To this, L grans of tonsil were added for everY 10
( grans of iron, The activity as comrared to the tousil-free c:talysts is &~
proximately 25 to 30 porcent lower. Otherwise the course of the reaction !#
the same, that is to say, the reaction proceeds over CO, formation. When the
tonsil is added rricr to rrecipitation, an almost entirely inactive cataly#t
results (Experiments 3 and L), 'The alkalized catalyst is still less a~ti\¥
than the nonealkalized catalyst, A reduction with I at U50°C., does not
change the situation, Vhen the same tonsil quantity is added after the iron
copper rrecipitation has taken place, a decrease in activity results here V00
but it is by far not as serious as when the tonsil is added prior to rrec‘vi-
tation. DBoth catalysts, with and without alkali, reach a maximum contrachior H
of 16 percent, and in this condition furnish 26 respectively 22 grams of ttquic
producty per cubiz meter of mixed gas. T.ater is formed simultanecusly. 'V %
20 g. /@ of mixed gas were ovtained, A tonsil-free catalyst, under the na'®
conditions of operation, yields no water at a contraction of 16 percent. t
is evident, thereforc, that for the tonsil-containing catalysts, the reactlon
proceeds partly over the forration of water just as in the case of the mv~
viously descrined kieselguhr catalysts. The CO, formation is supprressed
consequently more CO 1s available for the foma%ion of hydrocarbons.

{Table 32, next page)

This is aprarent by comparing the end-gas analyses for tonsil-containiny and
tonsil-free catalysts.at approximately the same contraction (Tabls 33). he
tonsil-containing catalysts for the same contraction form only aptroximatiw
half the COp quantity. Correspondingly, the CO contents in the endegas 34
higher than in the case of the tonsil-free catalysts. Mormally, using carrier~
free iron catalysts, each mole of CO which is used up for the hydrocarbon 8Y7~
thesis should also form one mole of CO,. In Experiment 5, we found that A
total of 35 percent of CO was used up, Of this, 12 percent went to CO,, ‘f“d
23 percent to hydrocarbons. Consequently, for each mole of CO availabia ror
the synthesis, only 1/2 mole of CO went to CO, or in other works, for this 0X~
perirent, the reaction proceded to 1/2 over the formation of water and tiw
other half to the formation of COZ,

(




c¢
Exp. con enas, Tonsil Mode of

Talle 52

Influence of Tonsil Addition to SFo~1Cu Catalyst

¥ax, con~ Maximum

Reduetion traction, yield,
No., percent  quantity addition conditions percent percent Remarks
1 1/k L grams MKixed in dry Fixed gas im- 24 L1
st A —
. activity
{ without 'l grams n " 15 17 by tonsil
235°
3 /L 4 grams Tonsil added Mixed gas im- 3 - i
prior to pre~ mediately, 23¢° By adding
cipitation HE’ Lsoe 2 = ( tonsil prior to
235° precipitation,
L  without L grams n Mixed gas im- 5 - the catalyst
mediately, 2350 wag almost en-
Hp, LSCP 7 - tirely inactive.
235° y
5 1/k L grams Tonsil added Yixed gas im- 16 26  After 6 days, still
after pre- rediately L Y./mr. 15 percent ccne
cipitation traction. later
32 36 formation 7 days,
1 1,/nr, later contraction
still 27 percens.
4 without L grams w ¥ixed gas im= 15 22  5till 13 percent
mediately L i./nr. contraction after
4 days. Tater
29 25 formation 7 days,
1 1./hr. Later still 26
percent contrac=
tion
7 without L grams " Hp LEOP 16 - PBehaved like cata-
235° lyst in E?Cpa €,
8 /4 10 grams " Mixed gas im~ b)Y - )
mediately 250 ( Increase of
; tonsil quantity
9 without 10 grams " " 11 - | causes more rapid
2500 #) activity decrease
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Tablo 3]
Influonce of the Tounsil Upon the Ind-Gas Composition.

Catalyst Contraction, Enq:ggg Camposition
SFe~1Cu Fercent Cop  sKF 0, 0 I K@ C=Zahl |\
Contains 1505 hog Ooh Oez 2ho8 57=8 291 1076 9»8
tonail +
/4% K2C04
" - 16.0 S.h 0,6 0.1 23,0 58,9 2.1 2.0 9.9
Contains 16,0 5,2 0.6 0.1 23.3 58.9 2.5 1.85 9.9
tonsil
without
K2003
Without 15.5 9.9 0.9 0.1 17.1 59.6 1,7 1.k 10.7
tonsil,
1/Lz K2003
" 15.0 9.0 O.4 0,1 17.6 50.6 1.5 1.67 10.8

Next we tried to obtain a better degree of conversion by raising the reaction
temperature, “e regret to stste that increasing the temperature by 15°C, (from
235 to 250°C.), the contraciion only increased to 20 percent. The 20z contents,
however, went up from L.9 to 8.5 percant, and the water formation ceased almost
entirely, e are forced, therefore, to assume that at higher temperatures, the
primary water reacts with the secondary CO under CCo formation. DBy decreasing
the flow velocity from 4 to 1 liter per hour (Experiments 5 and 6, Table 32), a
significantly higher conversion was obtained. Te observed that the contraction
increased frow 16 to 32 percent respectively 29 percent, The water formation,
however, decreased very considerably; whereas the CO, contents increased to 17
vercent, The course of the reaction, therefore, was the same as for the normal
iron catalysts.. The decrease of flow velocity caused a higher formation of
gaseous hydrocarbons so that the yield of liguid products anmounted only to 36
respactively 35 grams although 85 percent of the CO was converted.

Therefore, it is apparent that neither by raisinp the temperature nor by de=
creasing the flow velocity are we in a position to cause a reaction to take
place in the desire manner. "e tried one further arrangement which was gener-
ally recognized as favoring water formation, narely multi-stage operation in
series, The experiment temperature was 235°C., and the flow velccity, L liters
per hour., The end-gas of the first stage after removing the liquid reaction
products was recirculated. In this manner, 90 pcrcent of the CC was worked up
In L stages. The total contraction amounted to 40 percent (See Table 3L), and
the total of all the liguid hydrocarbons formed in all stages was L3 grams. One
can see, therefore, that in comparison to a one-stage operation for the same (O
'conversion, the formation of gaseous hydrocarbons is favored, This is also evi-
dent from the comparatively high contents of gaseous hydrccarbons in the end-gas.
It has to be taken into consideration that nart of the g£3s is removed by the ac-
tivated charcoal behind the individuwal stages. A CO balance gives the follawing
picture: Of the total CO converted (90 percent) LO percent went to COp and GO
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percent was converted to hydrocarbons. The ratie of CO, to hydrocarbons is,
therefore, 2:3, From the CC quantity which was used up for the synthesis,
theoretically 100 grams of liquid products could be obtained. Since in reality
only 48 grams of ligquid products were obtained, the portion of the CO which
went to gaseous hydrocarbens amounted to 50 percent,

Table 3L.
Four-3tage “xperiment with Tonsil-Containing Catalyst

Grams of ligquid

Contraction, products per m3 Gas camposition
Stage percent of mixed gas ‘ng 8Ky ~0, C0 T, B C-Zahl N
1 13.5 22 5.1 0. 0.3 23.4 58.8 1.8 2,3 11.0
2 10.5 i 10.5 0.3 0.3 17.1 56.0 L4,0 1.88 11.8
3 ono 3 1506 ooo 010 938 55011 5;8 1076 1351-1
L 6.3 L 19.5 0.1 0.3 5.2 54,9 6.0 1.83 1.0
l-b Lo.3 L8 |

In conclusion, we should lika to .ive some of our speculations on why we believe
that carrier catalysts are capable of forming water and why metal catalysts are
incapablec of doing so., Obviously with iron catalysts, the formation of water
is the primary rcaction just as it is with cobalt and nickel catalysts, Tiith
the carricr-free iron-metal catalysts, this phenomcna of primary water formation
is not noticeable because the water formed reacts with part of the CO according
to the water-gas equation. The CO, once formed is, however, as nointed out in
Section XIV, not reduced on the iron catalyst at the temperature range in ques=
tion. with the carrier catalysts, however, according to observations from the
experiments, this subsequent CO conversion by the roaction water takes part only
to some extent. It may be that the reason for this behavior is in the dilution
of the catalvst and in the fact that the temveratures at tha wvarions active
centers ar= not “uite as kiih as tiey are in the case of metal catalysts., The
metal catalysts, on sccounl 3l their concentrated form, develop more heat per
unit volum=, wiersas the carricr calalysts develop less hest for the same volume
on account »! tho carrier &ilution.

IX. Best Catalrct Obtained,

Of the iron catalysts described in Sections III and IV, the best catalyst found,
especially with respect to stability, was a SFe~1Cu containing 1/8 percont K5CO5 .
Its method of preparation is as follows: 130 grams of FeCl, + LE,0 (50 g- of re)
and 26 grams of CuCls + 2H,0 (10 g. of copper) are dissolved in one liter of water,
“he chloride solution is heated to the boiling point and precipitated with a soin-
cion containing 160 grams of soda in 1-1/2 liters of wator (time for precipita~-
tion, 1/12 to one minute}. The precipitate is filtered and washed & timcs with
one liter of hot water each, ifter drying at 105°C., the catalyst mass is pow-
dered and impregnated with 67-1/2 mg. of K5C0, (1/8 percent referred to irom),

The K;CO3 was dissolved in 100 cc. uf water, “The impregnated mass is heated
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with a ¢ma 11 flame on the sand bath. It is also jermis_ $ble to mix the K 003
solution L1 mediately after the washing operation of the precipitate into Ehe
still moist“ and not previously dried catalyst nass,

A catalyst 1 7ass which contained 10 grams of iron was taken into cperation imme-

diately and without any previous pretreatment. The gas used was mixed gas

(29CC ~ S8 H 2), and the flow velocity was L liters per hour at a temperature

of 235°C, The maxdimum contraction was 31 percent, and was already reached

after 2 days of operatica. After loveriny the temperature to 228°C., a yield

of 56 grams o.f liquid products {(uncorrected) per cubic meter of mixed gas was
found. The avrerage yield for 5 weeks of operation smounted to 52 g,./=> of

" ixed gas, Fo'r 7 weeks of operation, it was 50 g./nl of mixed gas, and for 8
weeks, it was -stili 47 gc/a‘.B of mixed gas.

From Table 35 ((see also curve ? ) the behavior of such a catalyst may be obe
served for 8 iweeks of uninterrupted operation. The experiment temperature

was raised by a prroximately 10 degrees sor a time of operaztion of 7 weeks.

From th: gradua 11y decreasing ratio of yield:contraction, one recognizes that
+he formation o f gaseous hydrocarbons increases at the expensc of the liquid
hylrocarbons, +ifter 7 weeks of operation, the experiment temperature was
lowerazd from 237/ to 230°C, By doing this, the contraction decrcased from

2% to 15 percent.. The yleld amounted to only 25 grams. The ratio yield:
contraction had iincreased frop 1.52 to 1,66,

Table 35
Bfficiency of a SFe-l1Cu Catalyst + 1/B percent K>C0q
Pre:pared by Precipitating Feclz and CuCl, with Soda

Time of Operation, days

. 7 L 71 78 35 L2 L3 55
Zxperiment Temprrature,®C. 230 228 229 230 233 233 237 230
Contraction, percent 30 36 30 30 28 26 25 15
Yiald in g. A3 of mix_?d gas 56 55 56 52 L7 I 38 25

, , . Y of .
werage yield dngeh¥ of 5 5% % m m o2 » W
% 1.87 1.8  1.87 1,73 1.68 1.72 1.52 1.8

In some cases catalyste: were obtained with the above mentioned method of prepara~
tion which gave a maxinum yleld of 60 grams of liquid procducts per cubic meter of
mixed gas. For the above described experiment with a maximum yield of 56 grans
of liquid products, a catalyst was used the activity of which may be surpassed in
scme instances. '

X. Regeneration of the Iron Catalysts,

with regard to the possibility of regeneration, the iron catalysts are much easier
to handle than the cobalt and nickel catalysts, Whereas, for the cobalt catalyst,
a complete reworking of the catalyst is necessary in order to obtain the original
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activity (dissolving the catalyst in nitric acid and reprecipitation), Iiron cata-
lysts may be regencrated simply by treating them with air at the synthesis tem-
perature, A precoding extraction with benzene is recommended in order to recover
the high boiling accumulated paraffin hydrocarbons which are always present in

the catalyst. A B " ¢ Po-C talvat
« Re r o - a .
generation ] T:bie 3%3" s

SFe ~ 1Cu Catalyst + 1/4 Percent KyCOj
Regenaration Under Various Conditions

Extracted
paraffin __Yields in g./m’ after days
¥ode of regeneration in grams 5 by a4 32 39
1. Hp tre.tment at 235°C., 742 55 53 50 L3 37

benzene extraction, then
treatment with air at 235°C.

2. Benzene extraction, then 9.0 53 50 u8 Ll 35
air treatment at 235°C, after28 36 L3 days
3. Air treatment at 235°C, - 55 52 Ly L8 43
only.

Table 36 siows the course of the second operation period, when using a SFe-1Cu
catalyst containing 1/h vercent K3CO4 which was regenerated under varicus condi-
tions. These catalysts furnished, during the first operation perjocd, 2 maximum
yield of 56 grams, and after 6 weeks, they still produced 39 g./m’ of mixed gas
(average yield for 6 weeks operation, L9 grams uncerrected.). Catalyst 1 was,

at first, treated with H, at 235°C., then extracted with synthetic benzene (boil-
ing point 80 to 100°C.), and finally oxidized with air, Catalyst 2 was extracted
with benzene and then oxidized with air; whereas catalyst 3 was mezely oxidized
with air.

For all three catalysts, after the regensration under varying conditions, prac-
tically the original maximum yields could be obtained again, Catalyst 3 is even
superior to both the other catalysts in so far as stability 1s concerned. 'Where-
as for catalysts 1 and 2, after removal of the paraffin, a 2L~hour oxidation with
air was sufficient, the unextracted catalyst 3 still consumed part of the oxygen
80 that it was treated with air for another 48 hours. The reason for the beiter
stability of catalyst 3 seems to ba therefore the complete removal of fhe last
traces of the high molecular paraffins, respectively acids,

It should be mentioned here that a 3Fe-1Cu catalyst containing 1/l percent K.CO
and formed with starch reached its original activity after a paraffin extrac 'io'?l
7Ath benzene and a subsequent oxidation with air had been performed. The shape
of the catalyst had not suffered any during the reactivation. Even after a
second oxidation, the shape of the catalyst was still the same. We want to men-~
tion here that no reactivation is possible by merely conducting H, respectively
Ho~NH, mixtures over the iron catalysts. TWhen the catalyst was tfeated with
HE-N% mixtures, a small degree of reactivation is obtained; 1t is, however, of
s duration only.
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The SFe~lou cawzlyzss =hizl 2:ctzined only 1/8 percent £>C05 could be extracted
with bengzene and could subsequently bes oxidized in 3 stream”of air, sc as to re-
gain their activity completely. When the catalysts contained only 1/16 percent
Kﬁ203, by regemeration, an initial yiold of 51 grams was obtained also; however,
the 8tabllity was somewhat impaired and was not quite as good as during the first
period (53 grams during first period). Similar observations could alsc be made
with a catalyst which was activated with Na,CO.. However, it seemed that the
time of induction for these catalysts, aftef réganeration3 was somewhat longer
than for the first pericd ~f operation. For this reason too, an activation of
FPe-Cn catalysts with Na. .l Instead of KpCOy is not recommended. It should be
mentioned here that =zn extfaction alone witgout subsequent oxidation only causes
an incomplete regeneration. Other processes of regeneration such as tresiment
with steam or heating in a stream of N, at 250°C. were without effect.

Regeneration of Cu-free Catalysts.

A regeneration by simple alr treatment did not prove successful with the Cu~free
catalysts.

The catalysts which were prepared by dissclving iron shavings in dilute nitric
acid and subsequent precipitation with Na,C0,, containing 1/l4 respectively 1/2
percent KESO alkali (they gave a maximum yi®ld of L5 grams respectively L7
grams of qaid producte) after being treated with air after B days of cpera-
tion gave only a contraction of 13 respectively 3.6 percent. During the firsi
two days of operation, these catalysts had already given a coniraction of 20
respectivelv 23 vercent.

¥I. Regeneration of the ~xii Tazec.

-

A
In Section VII, we have menticned a disadvantage which occcurs when the benzgne
synthesis is carried out on iron catalysts by using mixed gas of composition
1CO + 2H,. The disadvantage cited is that an appreximately equal quantity of
CO is used up for the feormation of hydrocartons and for tbe formation 6f 8023
This conversion to CCp is responsible to a great degree fer the comparatively
small yield of approxirately 60 grams of liquid products par zubic meter of
mixed gas. The degree of liquefaction iy which we understand the percentage
of liquid hydrocarbons formed dwring the synthesis for a certain quantity of CO
reacted, is just as xocod as in the cass of the cobalt catalysts, namely 60 to
65 grams per cubic meter. A further increase of the degree of liquefaction at
the expense of the already small quantities of gaseous products formed appears
therefore barely pessitle, since we do not succead well to direct the reaction
over the course of water {armation when iron is used instead of cobali, In
some cases, it appears purposeful to reconvert the exit gas obtained during the
benzdne synthesis into synthesis gas. This is to be reccrmmended especially
since by using iron catalysts, approximately 700 liters of endegas are obtained
from each cubic metsr of synthesis gas, The average contraction is approximately
30 rercent. For this reason we carried out a fow experiments on the recovery
and regeneration of the exit gases,

A, aﬁ Use of Coke at ili;h Temperature,
B. Y. Use of Coke at Lish lemperature, and in “ressnce of Illuninating Gas,
C..5 Use of Coke at ligh lsmieratures in Presence of Broken Clay,
-9 -
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A. Use of coke st high temperature.

Lta) The exit gas was conducted over a layer of coke 10 cm, in length.
The coke was granular in shape and was approximately of pei-#ize, It was con~
tained in a porcelain tube <f 16 mm. I.D., and the temperature under which the
gas was conducted over the coke was 1000°C. In order to protect the reaction
gas from later changes which might occur when the reaction gas comes in cone
tact with regions of lower temperature, it was conducted away from the hot zoms
as rapidly as possible ULy using a 2 mm, wide porcelain capillary. The heating
of the porcelain tube was accomplished in a VWars furnace,

In Table 37, the composition of the reaction gases is tabulated for various re-
generation temperatures,

Table 370 .
Conversion of the Reaction Gas on Cok~ at llgh Temperatures.
i Expansion,

Temperature, °C. COp,  SKW 0> CO H, kv C-Zamr N, percent
Final gas from the hen-

Zﬁﬁa SynthQSiSr, 2005 Ous 0.0 hn(} 60@5 302 1.2 11.7 -
At 1030 2.7 0,2 0.031,0 53,7 2.0 1.0 10.0 10
at 110C° 1.8 0.2 0.033.L 53.9 0.7 1.0 10,0 19
At 1150° 0.6 0,1 0.03L.8 547 0.5 1.0 9.3 23

A synthesis gas is obtained which cortains more CO than corresponds to the compo-
sition 1C0-2i5.

Proof that the carbon has particlpated in the reaction furnishes the gas expin-
sion experienced during the conversion, This expansion amounted to 23 percent
at 1150°C. From 700 liters of exit gas, therefore, 870 liters of new synthesis
gas were regenerated., The carbon used up during the reaction could be accounted
for by differences in weight.

B. Use of coke at high temperature, in the Presence of Illuminating Gas.

(¥) In order to arrive at a CQ-leaner respeckively Hp-richer synthesis gas,
various quantities of city gas were mixed to the exit gas obtained {rom the ben-~
zptie synthesis, The mixture thus obtained was conducted over coke at 1100°C.
Table 38 shows exrerimental results of this regeneration.

Table 38.
Conversion of the Reaction Gas on Coke in the Presence of City Gas at 1100°C.
Added quantity of “

11luminating gas, Pk
percent CO; sKi ) co i, [ o4 C-Zoht N,

15.5 1.2 0-0 0.1 32.4 5.9 1.6 1.0 8.8
18.0 1.0 0,0 0.0 31.6 57.1 1.6 1.0 8.7
20,5 0.7 0.0 0.0 31,k 57.6 1.3 1.0 9.0
23.0 0,5 0,1 0,2 30.8 57.6 1,2 1.0 5.67
26.0 0,9 0.0 0,1 29.3 58.3 1.6 1.0 9.8
28.5 0.8 0.0 0.2 28.6 59.1 1.6 1.0 9.7

Composition of the

exit.gas from the 21.8 0,1 0.0 Lok 56.6 3.2 .13 11.9

benZgne synthesis
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#ith an addition of 26 respectively 28.5 percent illuminating gas to the exit gas
obtained from the benzgfe synthesis (the composition of the exit gas as obtained
from the synthesis is given in the last column) a synthesis gas 1s obtained which
contains CO and Hy in the ratio of 1:2, This, however, is not to indicate that
for all exit gases obtained from iron catalysts the situation is as described
for the synthesis., So, for example, we found that for a COg-leaner end~gas com-
taining only 19 percent COp and 61.8 percent Hp, the addition of 18 percent il-
luninating gas was sufficient to arrive at a synthesis gas containing 28.3 per=-
cent CO and 58.L4 percent H,, The gas expansion experienced in this conversion
(the conversion of eni-gas to synthesis gss) amountoed to 17-20 percent.
C. Use of Coke at High Temperature, in the Presence of Broken Clay.

¢ £} A third possibility to regenerate the exit gas obtained from the ben=-
zone synthesis consists in heating the gas to very high temperatures in the
presence of ceramic material, Table 39 suamarizes the reaction gas analysis
after the end-gas was conducted over broken clay at various temperatures.

Tabla 39.
Conversion of the Reaction Ges on Rroken Clay.
' Bumber

Temperature, °C, €0y skf 02 co Hp K C-Xxm2 N,
Composition of theigxit
gas from the benzene 17.8 1.0 0.1 5,2 62,3 2.6 1.31 11.0
synthesis

1000° 9.8 0.0 0.0 18,1 57.9 3.0 1.0 11.2

11o00@ L7 .0 0,3 23.9 6.6 2,9 1.0 11.7

lz200° 2.5 0,0 0.1 26.6 57.3 2.2 1,0 11.3

12300 1.8 0.0 0.3 27.2 57.6 1.9 1.0 11.5

1300° 1.6 0.0 0.0 28.1 58.4L 0.8 1.0 11.1

As is noticeable from the table, a reaction temperature of 1200PC. is required

if it is desired to produce a synthesis gas containing 2,5 percent C0,, 25.6 per-
cent CO, and 57.3 percent Haq In accordance with the equation COp + fo = CO + K20,
the conversicn is associated with a contraction, which to a certain extent is com-
pensated by expansion reactions of the hydrocarbons. In the best instance, a max-
imum contraction of 8 percent was aacertained.

This mode of regeneration of the exit gas has the advantage that no new sulfur

compounds ere introduced into the synthesis gas amnd consequently no additional
sulfur purification is necessary,

(Meyer) XII. Twe-stage Lxperiments with water Gas and Mixed Gas on Iron-Copper Catalyeus.

{ a, r.ater=0as Lxperiment.

As has already bcen pointed out in Section IX, a catalyst composed of SFe-1Cu cone
taining 1/L percent KoCCy (precipitated from FeClpand CuCl, and by using Na,C0, as
precipitant) will give s% grams of liquid products ver cubic meter of mixed gaé
when permitted to act on mixed gas of composition 29 percent CCO and 58 percent Ho.
This was found to hoid for 6 weeks of operation during which time no regencration
of the catalyst was required,” Since during this experiment the synthesis pas is
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depleted in CQO quite considerably and since only noderate quantities of jzaseous
hydrocarbons are formed, we felt that no ccnsiderable increase in yield could

be expected In a ome-stage creration by merely changing the experimental condi-
tions, V.o therefore tried to employ water gas instead of mixed gas., Ve worked

in two stages using iron catalysts of the same composition in both stages. The chject
was to increase the yield per cubic rmeter of synthesis gas. To start with, we
attempted to find the hiphes: possible yiasld and the stability of the iron cata-
lyst. The result of this investigation is given in Table 4O.

Table b0
Maximum Yields and Stabiliﬁz of ths Fe-1Cu Ca%g%Egg
-Gontalning 1/4 Percent K CU, n Tater @
bxpariment Yield in grams of
Days of Temporature, Oontraction, liquid products/3
operation °C. percent of water gas
6 . 285 ko 75
10 237 35 67
. 237 29

53

with an initial maxdmum yield of 75 grams per cubic meter, the effectiveness of
the catalysts decreases rapidly as compared to the operation for which mixed gas
was used., After 1L days of operation, the quantity of liquid hydrocarbons formed
had alrcady decreased to 53 g./A:3. Aside from the actual decrease in vield, the
deterioration of the catalyst in this case is almewdy noticeable from the early
appearance of yellow~colored rcaction products. As compared to the water cas
experiment, the yellow-colored products appear much later when mixed jas is em-
ployed. ith mixed gas, we could operate for L to 5 weeks before the colored
product was noticeable, Here again, we hWad the old experience, namely, that a
catalyst loses its activity approximately at the same rate at which the ysllow
products are formed which we believe to be paraffin decomposition rroducts, It
should be plausible to assume that the iron catalyst should exhibit a longer
lifetime when only part of the CO in the water gas was converted. For this rea-
son we worked in two stages, Two tubes, each containing 10 grams of iron, were
operated in scries and charged with water gas at a flow rate of L liters per
hour. The temperature was chosen so that the contraction after the first stage

" was 28 to 30 percent. After the gases had passed tho first stage, the liquid
reaction products were removed and the end-gas was passed on over the second
catalyst without removal of the C0,. The results of this experiment are sum-
marized in Table 4l. The sum of tge hydrocarbons formed in the f{irst and second
stages amounted to a maximum of 85 grams, after 12 days of opsration, this was

80 grams, and after 18 days, only 70 prams of total liquid products were obtained.,
In spite of tha higher yields, the decresse in activity is not cuite as rronounced
18 when water ias was used in a one-stage operation, One should keep in mind,
howaver, that durins the twoe-stipe experiment, twice the catalyst quantity was
used,
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Table L1,
Two-Stage Fuperiment with Tater Gas on a SFe-1Cu Catalyst Containing 1/L% K2C04

First stage Second stgg; Sum of liquid pro-
Days of . Temp.,Contraction, Liquldmo- raction, Liquld rro-ducts collected in
operation °C. percent  ducts,p/k3  pércent ducts g/r’ lst. and 2nd, stage:

7 230 30 ns 20 30 85
12 232 27 52 18 28 80
18 230 20 L2 18 27 70

It i3 our ta2liof that if we should increase the flow velocity from L to 8 liters
per hour, corresponding to twice the catalvet quantity, the results obtained with
the two-stape experiment should be less favorable. However, we have not carried
out this experiment. The reason for not havins investipated this was that even
with a i'low velocity of L liters rer hour, the yleld had already decroated {rom
€S crams %0 L2 grams in the first stagze after only 13 darys of operation, Since
tre load on the catalrst for the first stare of the operation was no larger than
that of a one=stage oreration orerating with mixed gas (because here alsc for the
same cortraction of 30 percent, the same yield was observed, and in addition,

for a considerably longor time of operation) the faster decrease of the activity
in the first stage when usiny water-gas should be blamed on the hiypher CO con-
centration vhich the water-gas has, If the flowr velocity should be doubled, this
disadvantape would become cven more pronounced than with a corresponding increase
in flow veloecity when mixed gas is used. In the later case, the maximum yield

is 51 grams with a flow velocity of 8 liters per hour (40 grams at L liters per
hour}, and after 10 days of orcration, it has alrcady decreased to L6 grams,

With respect to the stability of the I'e catalysts, we consider it unfavorahle for

the reasons mentioned above to employ them with water gas.
B. Mixed Gas Experiments;:

x®. g
after the firs

1.
rexckexd xgax Without regeneration of the end-gas

PO

t étagfa

Two-stage experiments with mixed gas in which the end-gas was passed over a
second iron catalyst after the benzene had been removed appeared not very promis-
ing to us. The reascn for this is that the CO is already converted rather com~
pletely after one single stage, It is to be noted that gaseous products appear

" only in small quantities. In fact, when we did carry out a two-stage experiment
for which we worked with twice the flow velocity, namely B8 liters per hour; cor-
responding to twice the catalyst quantity; nc improvement in the yield of liquid
hydrocarbons was cbserved. 2

o a¥ v
iy =gy g w >

With Regeneration of the Cnd-gas alter Lhe

First Stage.

“ o were interested in findin. out what kind of yields per cubic meter of mixed
gas could be obtained when the end-gas was scrubbed of the benzgXe, and then
passed over pieces of clay at 1200°C. This oporation regenerated the gas and
made it over to synthesis gas., It was carried over an iron catalyst again., The
arra gement of the experiment was as follows: The firet stage was charged with
3(Fe~Cu catalyst) containing 1/8 porcent K,CO,. The flow velocity was 3 x L
liters per hour, in other words, 12 liters of mixed yis per hour, The reaction
gas was denletad of liquid reaction products and con.inuously regenerated on

-}a“n.
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pieces of clay by passing it through a Mars furnace at 1200°C. The synehtisis gas
thus formed was immediately conducted into the second stage., In accord with the
contraction in the first stage and the gas volume reduction resulting from pass-
ing through the Mars fwnace (from 12 to 8 liters per hour), the second stage was
only charged with 2 parts of iron catalysts. Tabde L2 contains the results of
this experiment,

Tablo k2

Two-aggge %gngrinant'with Kixed-Cas
Regensration of the Znd-Gas om t Stage

Grams of liquid
Temp., Contraction, products per cubic

°C. percent meter of mixed sas
lst Stage 230 30 56
2nd Stage 230 26 37
1st and 2nd Stage - approximately 93
50% referred to
starting gas.
Table L3

Camposition of the Starting Gas and Weaction Gas for Soth Stages

R=sidual gas
quantities stil:

Zsektrs  orosent from
COy sK 0y Co Ho Kl C-Zail No  10CO liters

Starting gas,

first stage 1.0 0.0 0.0 296 59.5 1,8 1.0 8.1 1000
kbnd-gas ‘

first stage 13.9 0.1 0.3 3.9 59.9 5.6 1,21 11.2 700
Regenerated end=-gas 2.4 0.0 0,2 26,3 5.9 3.0 1.0 11.2 680
knd-gas, 19.8 0.9 0.2 2.5 58.6 L.9 1.5 1h.9 £00

second stage

e T e T .

It is possible therefore to obtain 93 grams of liguid rroducts from one cubic meter
of mixed gas, 56 grams of the 93 grams were obtained 4in the first stage, and the
residual 37 prams from the second stage. However, it was required that thc gas

was regencrated after the first stoge before it was admitted into tihe second stage.
Heferring the vield to normal conditions, the number increases from 93 to 102 grams
Jer cuble meter of mixed gas, From the last column of Table L3, it is seen that
from originally 1000 liters of pixed gas employed, 500 liters were still present
leaving the second stage, After another regeneration of this end-gas, 25 granms
additional liquid hydrocarbons could be obtained; so with a 3-stage operation, a
¥ield of 127 grams per cublc meter of mixed gas should be anticipated,

-2 -
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Nothing definite can be said dbout the economic feasibility of such a process.
Perhaps it is to be recommended to pass ths syathesis end-gas through the gen-
erator during the gas production period, A two-stage cperation with water-gas
for which the end-gas is regensrated after having passed the first stage, ﬁwa
8 higher yisld for the first days of operation as compared to mixed gas. The
yield with water gas amounted to 70 grams for the first » and 33 grams for
the second, a total thersfore of 103 grams (uncorrected). activity of the
iron catalyst, however, decreases more rapidly with the use of water-gas. This
holds especially for the second stags, The reason is that the end-gas contains
more CO than after it has gorm through the broken clay and was regenerated
at 120°C. For exampls, its CO content was Li percent and H, content only 32
percent.

C.&l TIontago experiment with water-gas.

1lst Stage: Fe catalyst.
2nd Stage: Co catalyst.

Finally we munt to give the results of a two-stage experiment for which the

- first stage was opcrated with an iron catalyst, and the second stage with a

cobalt catalyst. As a starting gas, we used water-gas, It was our intention
to convert sufficient CO during the first stage containing the irom catalyst,
so that the end-gas from the first stage had arproximately the composition,
1CO + 2il;. .A gas of such a composition is most favorable for the exegution

of the benzﬂne synthesis on cobalt catalysts. ' In this manner, benzgne may be
oasily obtalned in places where the local conditions provide sufficiently
cheap water-gas, The results of such an experiment are summarized in Table LL.
Fenze¢ne and oil were removed after the first stage. The COp formed was not
scrubbed out,

Table llbo
Two-Stage Experiment Giith —ater-Gas

(1st Stage Fe catalyst) 10 g. FPe
(2nd Stage Co + 18% ThOp) L g. Co

Con~ ILiquid
Tenp., traction, products

Stage °C, percent  g./a3
1st Stage (Fe) 224 21 35
2nd Stage (Co) 130 &L 68
1st and 2nd Stace 103
1st Sta.e (Fe) 228 27 L7
2nd Stage (Co) 180 S7 58
1st and 2nd Stage 115

v— r——— —
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Table LS
Composition of the Rcaction Cas Bahind the Various Staces

Cop  sk¥ 02 co Hy W Czam N,
End gas )
1st 3tage .7 0.5 0.0 28,5 u6.6 1.2 1.75 8.5
End gas ¢
2nd Stage 33.7 1.7 .1 25,6 13.9 6.0 1,74 17.¢C
End gas 20.1 1.1 0.1 23.3  Lk.2 2,2 1.77 8.9
lst Stags
End gas a B . ° o - 1.82 .
2nd Stage k6.l 1.5 0.3 8.9 15.2 10.3 17.4

The first row shows that the first stage gives 35 grams of liquid rroducts at a
contraction of 21 porcent (iron catalyst). The end-gas analywis (Table LS) shows
hotever, that the gas composition 1CO + 2H, has not been reached yet, instead
CO is still present in excess. With this end-gas, a yield of 68 grams was ob-
tained in the second stage using a cobalt catalyst. The CO, was not previously
removed, and the contriction was &l percent (Table LS, row 5), In both stages
together, therefore, 103 grams per cubic meter of water-gas (uncorrected) were
forzmed. The end-gas analysis of the second stage indicates plainly that an ex-
cegs CO #as present as far as the cobalt catalyst way concerned, ing a
soconc experiment, therefore, we charged the Fe cataly:t stage somewhat more
heavily. Ore can see that with a contraction of 27 poreent {row 3), the yield
amounts to 47 xrams, and that the end-yas approximately corresponds to a 1C0 +
2lls.  This end=-gas furnished 68 wrams of liguid products per cubic meter of
water pas when going through the cobalt stage (row L). Consequently a total

of 115 prams per cubic meter of water-gas were formed. The end-gas leaving the
second stage still contains CO and Hy in approxinately the ratio of 1:2 which
1s proof of the fact that the gas used for charging the second stage corres-
ponded nearly to the usage ratic of CO and Hz. If one expresses the residual
CO and Hy in percent, taking into consideration the contraction which had oc=
curred, one finds that only 5.7 percent CO and 9 percent Hy did not enter into
the reaction, 1L.5 percent CO was utilized to form gaseous hydrocarbons. A
certain quantity of CO2 (corresponding to the guantity of hydrocarbons formed)
appeared at the end of the first stage. During the second stage, no additiomal
COz was obsarvel to have formed. The COp which was obtained in the first stage
and which entered the second stage was apparently not attacked while going
through the second stage. Ve beliecve this to be true because it arneared that
the CO, quantity after tho second stagpe xasqequal to that after the first
Stage, Furthermore, .U the COp mewmd=hsse 'een partly hydrogenated, the Hp
balance should have given an indicatiocn of that, the gaseous hydrocarbons
formed should be composed of molscules incorporating fewer carpon nuucers,

The questiecn of CO reduction with iron catalysts will be discussed in detail

in Section XIV. It is apparent from thc exprriments that with mixed % ad-
vantages result in a multi-stage operation only then when the eﬁa:éigjggater
each stage, is regenerated by thermal treatment.

e
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Table L6,

End=-(as with Fe Latalysts for Gases of

Various CO Contents

Cone- Grams of liguid

tnd~gas composition

Temp., Days of traction, preducts Per cue C-
°C.  operation parcent Lic meter of gas COp sk 0 cCo Hy K _Zahl N,
la
Synthesis Gas: 20C0-751L,
226 - 27 ur 10.270.5 0.0 1.8 80.5 2.1 1.57 ).2
After removal of CCyp =~ 0.6 0.0 2.0 90, 2,3 1,874.7
1b
' Synthesis Gas: 29C0-581, :
230 20 30 52 19.371.L 0.0 L.0 4c.1 koL 1,53 10,8
After removal of CO» = L7 0.0 5.0 7hL 5.5 2,43 134
230 15 31 56 19.7 0.9 0.0 3.5 1.3 L.31.43 10.3
~fter removal of CO» — 1.1 0.0 L.k 75,6 = 1.63 2.5
-t =
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Table L6 givos some end=gas analyscs which were obtained when various starting
gases were used with@'e~lCu catalysts containing 1/l percent K,CO, (precipitated
from FeCly, CuCl,, and soda). The oxperimental conditicns were such that optie
mum yield of liquid My rocarbons were produced. Ry using an il,-rich synthesis
gas of compositiong 20 percent CO and 75 percent H, which is aiao aspocially
suitable: for the production of a proper city gas when cobalt catalysts aro used,
iron catalysts produce an end-gas which aftor removal of the CO, contains ap-
proximately YO p:rcent H, snd only small quantities of hydrocar (Cxperis
ment la), “ith miwed gas (29C0-58H>) and under conditions favorable for the
benszine synthesis, an exit gas is obttained during Cxpariment 1b, of the indi-
cated composition. DBy raising the expsriment temporature from 230 to 2hS°C.

/ -emporarily, twice the quantity of gaseous hydrocarbons may be obtained (as
any bo goen by comparing expsriment lw.th® in Tabls 47.

Tablo L7
wnd=Nases with I'e Catalysts and Lixed-Gas at Llovated Tempor:stures

Con- (Grars of

Days of trac- liquid snd=Gas Sompesition
Tenr., bpera- tiom, groducts, : —
Starting gus °Z, tion percent -, gas COp sK. 0Op CO o K. o e
1. &5 cu - 98 tp 230 6 30 53 39.3 08 0.2 3. 51.0 3.3 1.5 11,5
After resovil of CO2 — 0,6 0,3 L.2 74,5 L.11.5 1L.3
2, 27 30 ~ 8 Lp 2LS 7 33 - 20,0 1.5 0.3 1.7 7.5 Lol 1.7 12.¢
after rauwoval of C02 - 1.9 0.k 2.1 71.9 3.0 1,j 177
3. 2730 -3 2LS 12 28 - 19,2 1,2 0,3 4.0 35.1 L.k 1, 11
ifter roravl of CO2 -~ 1,5 CL 5.0 73.1 5.4 1.k 1L.0
L., 2970 -8 1 270 12 3L - 20,2 1,9 0.L 1.7 55,0 7.2 1,27 1Z.:
After ro-oval of C0p - 2,4 0,5 2.3 70,0 %8,3 1,27 12.¢
5. 29720 -58 1l 270 1L 26 - 17.2 1.k 0.2 L.8 (2.5 5,1 1.2¢ 11.3
After romoval of COp “ 1.7 0.2 5,8 72.3 5.2 1,23 13
6. 79 00 - 731, 300 1 3L - 19.2 2.3 0,0 3,5 <L,y 8.1 1.28 12.¢
After reroval of COp - 2,8 0.C k.3 (7.2 1001.26 13-4,
7. 2% 20 - 53 lip 300 15 11,5 - 9.7 0.9 0.2 1L 59,1 3.1 1.07 9.¢
‘fter rengval of CO2 ~= 1.0 0.2 13%3 £5.5 3.u 1.07 10.6

Cn icoount of the higher exreriment temreratures, the activity of tha catalyst
decreascs rapidly with a simultaneous formation of yellowish-colored rroducts.
After L days of operation, startin. froz the moment when the tomrarature was
raised to PL5°C,, the contraction decreased from 33 to 28 percent, The end-

:as has 2 corrosition as given inrow 3. The quantity of Lhe gaseaous hyirocartons
formed, therefore, has decreased and is aprroxirately of the same order ol nape
nitude «s that of an iron catslyst op2r: ¢ zqk33o°c, A further inereasce in the
reaction tenperature to 270°PC. causes,@gé contraction bo—o—uf—dpain 4s wcil Aas
the formation of the gascous hyirocartons (column L). It is apparent from the
low carbon rumbers that rrimarily CH), was formed, After 2 furthor davs of opcra-
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: carried out an experiment
tion, the contraction had decreased from 3L to 26 percent. Corp?sﬂondinply, the
quantity of gaseous Mrocarbem decrea~>d (column 5). <@ also W
nentxfarorkix % at 300PC. MNefe to COp~free gas initially 10 parcent

of gaseous hydrocarbons were formed. twsady Aftor 24 hours, the contraction had

decreased to 11.5 percent, and only 3.L percent of saturated gasecus hydrocarbons
weres observed.,

Table L8
End-Qases with e Cstalysts and Rater-(as

Con- Orams of
Days of trac- liquid Ende-Cas Comroaition

Tewmp., opeara- tiom, p?mu, -
Starting gas °C.  tiom parcent ges 00 X O3 CO M K T,

1. “ater gas 236 6 Lo 1 2,3 0.2 4,1 Ll.0 L.2 1.58 9.
b ot 8, ™ 3% 3 £ L.2 1.58 9.6
After removal of COp . w 3.6 03 9.5 66.0 5.5 1.88 135.0
2. hater a8 m 10 36 67 °. 2.8 0. 1.0 0-8 08 o .
Ly G0t 5, 30.5 3 LO.8 L 1.6 9.8
After removal of COp : - U,0 04 15,8 53,2¢.9 1,6 1.1

Table 48 reporte the compositiom of two end-gases which wers obtsined with water-
gas acling on am iron catalyst. An essential increase of the gaseous hydrocar-
bons cs compared to the mixed-yas experiments had not taken place, osxperiments
at elevatod tempersturcs zere not cerried out. The reason for not investigating
higher temreratures was that iron catalvsts lose their activity considerably
faster when water-g¢as is enployed than when mixed—gas i3 used, This even holds
for low temperature rogions for whicﬁ chiefl fliquid products are {formed. An in-
crease in temperature therefore and/ % Watér-gas with iron catalysts would
certainly havo a tendoncy to decrease the liletime of the iron catalysts still
more than in the case of mixed gas,

<
Sumnarily, we can say that .a2e reaction gases obtained from the benzgn2 synthesis
when usiny iron catalysts do not possess the prorer requireronts of a good city
gas. Th2 con'ents of gassous hydrocarbons in ths exit pas are too low, and the
required heating value thus is not assured, The differont composition of the
end-gases obtained with iron catalysts as compared to the composition of end-
gases obtained with cobalt catalysts may le exrlained by the different course
of tr~ rcaction which takos place respectively on iron or ceobalt. Since, on ac~
count of the CO, formation, only approxima*tely half of the CO in the synthesis
gas is convertog into hydrocarbons when iron is used; the amount of gaseous
hWydrocarbons left in the exit gas is consideratly lower than when ccohali is used.
furthermore with cobalt catalysts, a considerable increase -in gaseous hydrocarbon
contents occurs due Lo the high contraction which is caused by the water forma-
tion. This is not the case with iron catalysts because chiefly COp is formed
which does not reduce the contraction as much as the condensable water, By
scrubbing cut the CO,, this disadvantage can be overcome to a certain extent,
The Mz usage with iron catalysts is small., Consequently, after the CO, has been
scrubbed out of tho endegas, the remaining as contains approxinately ?)O to 65
percent Hp when water xas was used originally. Vhen mixed gas was used to start
with, a final end-gas containing 70 to 75 percent of H, P*obtained after the
CO2 has been scrubbed out and when a starting gas of composition 20 percent CO
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and 75 percent Ho &s employed, an end-yas results containing 90 percent lip. For
this reasop, the end-gas hag too srall a donsity and dpeg not correspond to the
city gas rvqQuirements.

An incresse in experipent temperature is not to be recommended in conncction with
iron catalysta since the yleld increase in yasecus hydrocarbons does not roach
the dusired degree and tho lifetims of the irom catalyst is considerably impaired.
Tith ths decresse in lifetinms of tha catalyst the smount of gaseous hydrocarbons

formed dec as well,
Y -
n that a spall sddition of nickel sespeetdvedy cobalt to the iron

( satalyst should favor Lthe formatiom of gaseows hyvirocarbons, sd thereoly in-
oreass the heatiny value of tho end-gas.

Por this reason we added cne and five porcent nickelCroapegiivelycobali~to a
Sre-1Cu catalyst. The proparation of the catalyst was carried out by sirmul-
tansous precipitation of the three vetsls. The catalysts were taken into oper-
ation with nixed ges at 235°C., in ono case directly, and in another case, sfter
a vrovious li; treatrent had been given the catalyst. All catalvsts furnished
a finu)l gas which did not differ aprrociably from the end-gas obtained direcctly
with a SFo-1Cu catalyst without nickel or cobalt as far as thc contents of gase-
ous hydrocarbons was concerned.

rith a content of & percent nickel, the activity of the catalyst is samewhat
irtforior to the nickel-free catalyst, whereas with a contont of § percent co-
balt, tho actlvity does not seem to have been impaired as yot. :

(Bahr)XIV. Heduction of the "0, on Ircon Catalysts,

In the previous chapters, we have referred repeatedly tc the fact that the end-
gas obtained from carrier~free iron catalysts has a high content of CO,. e
have had end-gases ccntaining as much as 20 p2rcen: or more of CCp in addition
to a high li; content (60 percsnt). Since it is knopn that the COp may be re-
duced at a lomer temperature than the CO, this simultaneous appearance of COp
and il in the same gas in the nresence of the iron catalysts scems aztonishing.
gapecially is this true since C0p 1s reduced with noticeable speed admsmty at
150°C., when cobalt or nickel catalysts are present, The explanation may be
that the iron catalyst in the prasence of cobalt and nickel is not in a posis
tion to reduce COp at lom temparaturcs. As has been investipated by Kuester.5./
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no noticeable reduction of COs to methane occurs if the temperature is below
300°C., and only at elevated Lemperatures in the range of 350mU00PC, g will iron
catalysts reduce COp to methane. However, at temperatures of around .200PC., a
yeduction of COz to CO will occur.

The kicselguhr catalysts which are in a position o form some reaction water,
do not behave differently s: far as the CO; reduction is concerned, Of the ex-
periments mentioned, let us consider the following in greater detail: A Fe-Cu-
¥n0 (L:1:1) (kioselguhr)(l:1) catalyst was used, and the temperaturc in the bLe-
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