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Summary of Results
In the middle pressure synthesis with iron catalysts
of different origin, using CO-rich gas, '
1) either the Leuta or the Lux gas purification masses
re sultable Zor use as catalysts in the syntheasls after
some preliminary treatment. The temperature required 1s
higher than with actual catalysts, but appears to be
capable of belng lcwered by a suitable reduction (form-
ing methods) of the catalyst.

As an example, the preliminary gas purification Lux
mass prepared by washing, drying and alkalization, oper-
ated for 3,000 noufs wlth a CO-rich synthesis gas at 10
atn pregsure and 248° with a normal load, producing 180

3 hydrocarbons, of which 154 gram were the higher hydro-
carbon {propane and up).
2) The effcet of alkell content on the life, olefin, para-
ffin and 2lcohol Formatlcn of the carrier-free catalysts
®¥as rsinvestlgated.

A 1iquid phase synthesls catalyst, 2500 hours old and
containing 2% K,C0s produced en 87% CO conversion with
176 gr higher hydrocarbons, with no methane production.
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The proportion of oxygenated compﬁunds is only about 1/2
of that produced in the 1iquid phase.

A comparlison of precipitated ferric nitrate catalysts
with 0.25 to 10% K;C00s showed thaf 1% K,003 produced the
best results. The methane production 1s reduced from 18
to 3 g/ncbm CO + Hz in comparison with the usual alkali-
zation of 0.25% K3C0z. The proportion of paraffin formed
has not been determined. Higher alkallzation than 1%
‘ylelds products richer 1n'pararf1n,-but-the 1ife of the
catalyst 1s proportionately redgced. The effect of
alkalization on the production of oxygenated producte
18 but slight in comparison to the effect in the ligquid
phaee. ‘

3) Efforts %o apply the process of reduptlon under press-
ure, which has been found suocessful in the liquid phase,
to operations in the gasAphase was not successful.

4) Powdered iron, activated with copper and aikalies, can
be ueed for gas phase hydrogenation. Activity is not.
satisfactory (80% conversion of CO at 260° G.). Sur-
poisingly, no me;hane was formed with a high thrqﬁut.

5) The subatituplon of potassium gllioate for potassium
carbonate in catalysts deposited upon carriers and in

- carrler-free ocatalyst, as protected by a patent, has not
been found to affect the direction of the CO:H, consump-
tion, nor the paraffin production, 1t 1ls posslb}e to
introduce & larger amount of K35103 than of K3C0s into
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the catalyst without harming the catalyst, but no effect
upon the proportion of the CO:H, consumption nor on the
paraffin production could be observed. Blue water gas
has been uged in the;e tests,

II. uiddle pressure synthesls experiments with oir-
culation of the tall gas with a low proportion of make-up gas
to clrculation gas and using either a CO-rich éynthesls gas
Or an Ha-rich synthesis gas showed thats

1) with CO-rich gas (and a carrier-free catalyst) the pro-
portion of circulation gaas (between 0.6 énd 3 p./1 part of
make-up gas) did not affect the consumption proportion of
CO %o Hy, as could have been expected. The effect was
great on the conversion, 1ncreasel1n Yield from 170 to

190 g/ncbm CO + Hy and the olefin proportion increased from
65% to 78%. | |

2) No solution of the problems was found in the circula-
tion tésts with dolomite carrier catalysts and a 2 Hj:1 CO
with a cilrculetion proportion of 1l:1 because of deposition
on the catalysts.

III. Circulation experimeﬁts at middle pressure with
catalysts reduced by the manufacturer with elther water gas
or with hydrogen-rich synthesis gas for ths 1no£ease of ths CO
conversion, and through that to increase the Yield and the pro-
portion of olefinea, produced the following lnrormatlon.

1) The H3:CO consumption proportion was ilncreased from O.63
with direct pass of the gas to 0.84 with a 1:1 circulation
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and a colomlite catalyst using water gas with 1.05 Hy:1 CO.
This 1s the tlretlindioatlon that iron catalyst can con-
vert even o high-hydrogen gas with opticzum gas utili-
zation and ylelds., -
2). The H; + CO consumption increases from 80% with 1.20 Ha:
1 CO water gas, in a single pass and a dolomite ocatalyst
%o 85% 1n a two stage process and to 0.96% with a 1:1 and
1:1,02 gas in the first stage and 1:2 in the second atage.
The methane formation stlll remalnsg very high, forming 11
to 178 of the products formed, depending on the method of
Opefat§on. xhe'prOportion of olefines is slightly in-
creased by circulation, fr&m 43.5 to 48.6%.

III b, Circulation teats with watpr'sas or hyqrogené

Al

rich gas on dolomite oatalysts reduced with CO at 0.1 atm
resulted in satisfactory gas utilizatlon under suitable 6per—
atlng conditlons.
1) Preliminary tests under a sreat variety of operating con-
dltions permitted us to select operating conditions suitable
to any H3:C0 ratio. ‘
2) The following circulation proportion (vol. circulating
gas:volumes make-up gas) with a normal load of make-up gas
(100 n.li. make-up gas/h, 11 catalyst volums) were adapted
to properly utlillze the make-up gas used:

Synthesls gas Circulation ratio
H3:C0 about
1.18 6
1.37 . 7
1.56 8
1.84 10
1.90 11

1.93 13
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In this way 180 g hydrocarbons, (and overynobm CO + Hy were
‘obtained by using the above mothod of synthesis, which has
never been produced heretofore by others, as far as we know.
These circulation proporiions appear, however, undesira-
bly high for industrial operations. Experimental runs with
water gas and a circulatlon proportlon down to 3:1 pro-
duced acceptable yields of 160 - 165 g with 86% CO conver-
sion., | .
The effectiveness of the process even at-atmoepheflo
| pressure has been dlscovered at a lower excess pressure
with circulation, by showing that tha Hy '+ CO consumption
at 2 atﬁ gauge was but slightly less than at 10 atm.
3) When the middle pressure olrculation synthesis with
waler gas 1s used imnediately aiftor reduction of the
catalysts, without first operating with no circulation
of the gae, the synthesis temperature oan be reduced by
about 5% to 210-212°C. With water gas of the composi-
tion of 1.28 H3:1 CO and a circulation proportion of
6, 175 g of hydrocarbons are obtailned on the average,
although the Hz:00 consumption 1s not entirely ia the
same proportion ag in the water gas. .'
4) Even with a circulation proportion of 1:2.,5, 167 =
hydrocarbons are obtained from water gas with an 88% CO
conversion. The formation of methane is greater with
higher circulation proportion, than with lower, and with
a oclrculation of 1:2.56 it still equals 19-21 g.
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5) The effect of higher (210°C.) or lower (180°C.) start-
ing temperatures cannot be definitely stated when start-
. ing the clirculation operations after reduction with CO
under reduced pressu;e. Higher starting temperatures
seem to require slower temperature increases.
6) Special tests were performed to lower the methane for-
mation during olrculation water gas synthesis on dolomite
carrier catalysts, after having definltely established
the gatisfactory yleld of to§a1 CHg 2
With very low starting temperatures and very‘
s8llght temperature increases, with a very low CO
converslon of below 70%, the CHe formation is
reducel from fhe normal 14% to 5% of the liquid

.prOducts. _

Increased alkallization has also a favorable effect, but

not as much as expected, | '

1t appears that the tendency for methane production 1s

a pecullar pfOperty of the dolomite carrier catalyst used.
The methane formation could not be kept below 10% in long
time operatlons with a 90% CO conversion even with strong
alkalization. | '

III o. Middle pressure clrculation synthesis with
klselguhr-magnesia catalyst uglng water gas indicated that
this catalyst behaved exactly like the dolomite catalyst
with respect to H3:CO consumption, permigsible load, CO

- ceonversion, synthesis temperature and methane formation.
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iV, Testing the qppliogblllty of the various pro-
cesses for the reduction of the catalysts for the middle
pressure synthesis gave the followlng results:

1) A synthesis temperature lowering by 10° was brought
about by the carbon monoxlide + hydrogen reduction of
carrier-free catalysts for the middle pressure syn— |
thesls with CO-rich synthesls gas, in comparison to
the usual reductlon process,

2) A 10° lowering of the temperature results ale§ with
the reduced pressure CO-reduction of carrier-free cata--
lysts for middle pressure synthesis with water gas.
Similar syntihesis temperatures seem to be well suited
for the same space veloclties as in the carrier ocata-
lysts. For equally high GO conversion the H3:00 cohé
sumption 1s equally high, l.e. 0.9 with water gas.
Appreciabiy more methane was formed (17 g) with low
alkalinity catalysts (0.25% K3C0,). .

3) Only negative results were obtalned in the experi-
ments for the direct pressure reduction of the dolo-
mi te cataljats with hydrogen-rich CO-free synthesis
gas.,

4) A repea»eu rcduectlon of a dolomité catalyst reduced
with uydrogen, for synthesls with water gas at 2507, |
bhas been found to have no effect upon the activity in
the middle pressure synthesis.
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5) When testing the reduction method used by Largl

in which the reduction wag done for & bhort while at

v

250° and later at 225°, a less active catalyst was
produced than in ouP original simple reduction.

e e?

*Palfun Reduotion"
s Y

Reductlon at very high space velocities with hydrogen-

80 tar.

rich synthesis gas at atmospheric pressure in the tempera-
tures of 280-320°C. has produced the most fwuvorable results

The. slmplest prooess to be 3arried out 1nduatr1-
ally producee espeolally high activity state for the middle

+ fTormation.

pressure synthesis, which manifests 1tself in lower synthe-
8ls temperature and greatly reduced tendahcy of methane

Special tests have shown that:

Do o
g

1. Dolomite catalysts with 1% KaCO,.

Re-reduction by the Taifun Process of the catalyst

already reduced with hydrogen was successful.

S%111 better results are obtained when green corn
iz reduced by the ‘faifun Process.

in it,

The carbon diloxide which used to be removed frbm
reduction gases for the sake of safety, can be left

The effect of space velocity is slight, as long as
kept above 2000.
No preheating of Shs reduction gas 1s neéessary.
The reduction temperature should mostly be kept

between 300 and 350°C. with thick layers of catalyst.
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The congiderable heating up of the‘cataiyat mﬁst_be '
watched, - |

' The methane formation with a 90% CO conversion
amounts to 4-6% of the 11quid products,
2) Use or-more strongly alkalized dolomite éatalyst
dld not lower any more the rormatlon oI methane durins .
the middle preasure aynthosis with a dlreot gas ;;;u-
put. One might ponaibly dstect dlegdvantages of the
1noreased alkallzatlon in a lower oatalyat 1zre and

a reducad consumption ratio of Hy:CO.

3) Talfqnprsﬁhced 1ime catalysts excelled by a com-

plete abgence of methane formation. Thelir life was
not, however, aatiefaotofy. |

4) Carrier-free qatalyéte showed the same advantages

Lor watér'gds,middlé pressure syntheglis after Talfun

reductlion as do catalysis upon carriers. The methane
formation 1s again reduced %o a minimum.
5) A cobalt catalyst reduced by the Talfun process for

experimental ressons was almost inactive,

- 6) The connection has been investlgated between carbide

- formation and free carbon.

vi. Experlmental atmospherlo pressure reduction undor

apeoial Operatlns conditions.

1) The carrier-free catalyst can also be used with satis-
factory CO conversion at temperatures below 225°C., if

operated at space veloclties commonly used in large scale
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Operatlons. With an 853 CO conversion, 105 g. CH,

was formed during the first 1000 hours.

2) The recirculation of the tall gas permitted operat-
ing with a proper H3:CO consumption with iron catalysts
at atmospheric pressure with ylélds similar to the

_ochalt catalys ts.

For a proper consumption proportion Hg:CO, t5:¥c1f§
culation proportion of Ha-rich gas must be very high,
about 12-14, Ths Ha :CO consumption is less satls-
factory with a lower circulation proporsion, but eoco-
nomical conversions are still obtainable with 1%t.
Harmful effects of the wéter éaa reaction are reduced
by having the syntheslis gas as dry as possible dﬁring
synthesls. The‘aynthesia temperature 1s befween~205
and 226°C. )

3) Brief preliminary experiments at increased space
velocities (excessive loads). The catalyst life and
the H3:CO consumptlon appeared less promising with
& stralght pass than the recirculation process.



