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Summary of Results
in the middle pressure synthesis with iron catalysts
of different origin, usihg CO-rich gas, '
1) sither the Lesuta or the Lux gae purlfiaation-masses
re sultable for use as catalysts in the synthesls after
som® preliminary treatment, The temperatﬁre requlred 1is
higher than with actual catalysts, but appears to be
capable of being lowered by a sultable reduction (form-
ing methods) of the catalyst. |
42 an eXample, the preliminary gas purification Lux
Dass prepared by washing, drying and alkallzation;IOPer-
ated for 3,000 hours with a CO-rich synthesis gas at 10
atm pressure and 2¢8° with a normal losd, producing 180
g hydrocarbons, of which 154 gralk were the higher hydro-
carbon {propane and up).
2) The effect of alkall content on the life, olefin, para-
ffin‘and alcohol formation of the carrier-free catalysts
wag rsinvestigated,
A liquild phase synthesis catalyst, 2500 hours o0ld and
containing 2% K;C0p produced an 87% CO conversion with
1756 gr higher hydrocarbons, with no methane production,
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The proportion of oxygenated compsunda is only about 1/2
of that produced in the 1lquid phase. |

A éomparlson of precipitated ferric nitrate catalysts
with 0,25 to 10% K4COs showed that 1% K300 produced the
best resulte. The methane production 15 reduced from 18
to 3 g/nchm CO + Hp 1n comparison With the usual alkali-
zatlon of 0.25% K3C0;. The proportion of paraffin formed

has not been determined. Higher alkallzatloh than 1%
yields products richer 1n'paraff1ﬁ,'but~tha 1ife of the

catalyst is proport&onately redueed The effect of

‘alkalization on the produotion of oxygenated products

1s but sligh%t ir comparigon to the effect in the liquid
phase. o |

3) Efforts %o apply the process of reduction uhder press-
ure, which has been round successful in the liquid phase,
to cperatiocns in the gas phase was not aucoesaful.

4} Powdered iron, activated with copper and alka*iea, can

‘be used for gas phase hydrogenatien. Activity is not.

satlsfactory (80% conversion of CO at 260° C.). Sur-
prisingly, no methane was formed with a high thruput.
5) The substitution of potassium silicate for potagsliun

-carbonate in catalysts deposited upon carriers and in

- carrler-free catalyst, as protected by e patent, has not

been found to affect the direction of the CO:H consump-
tion, nor the peraffin produotion. 1t is poeslble to
lntroduce & larger amount of K3S103 than of K;COa 1nto
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the catalyat without harming the catalyst, but no effect
upon the proportion of the CO:H, consumptlon nor on the
Paraffin production could be obgerved. Blue water gas
has been uged in theée tests,

II. Mlddle pressure synthesis experiments with oip-
culation of the tall gas with a low proportion of mgke-up gas
Yo circulation gas and using either a'CO-rich,éyntheais gas
or an Hz-rich synthesils gas showed thats

1) with CO-rich gas (and a carrier-free catalyst) the pro-
portlon of oirculation gas (between 0.6 énd 3 p./1 part of
make-up gas) 4id not affect the consumption proportion of |
CO to Hy, as could have been expected. The effect wag
great on the conversion, 1ncreaseiin yield Irom 170 to

190 g/ncbm CO + H; and the olefin proportion increased from
65% to 78%. '

2) No solution of the problems was found in the circula-
tion tésts with dolomite carprier catalysts and a 2 Hy:1 CO
with a circulation prqportion of 1:1 because of deposition
on the catalysts.

III. Circulation experlmeﬁte at middle pressure with
catalyats reduced by the manufacturer with elther water gas
Or wilih hydrogen=-rich synthesls gas for ths 1norease of ths CO
converslion, and through that to increase the yield and the pro-
portlon of olefines, produced the following inrormation.

1) The H3:CO consumption proportion was increased from 0.63
- with direct pass of the gas %o 0.84 with a 1:1 clroulation
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and a colomite catalyst using water gas with 1.05 H,: 1 Co.
Tnis 1g the first indloation that iron oatalyst can con-
¥or{ even & high-hydrogen gas ai Optzmum 8as utilli-
zation and ylelds., -
2). The Hp + G0 consumption increases from 80% with 1.20 Ha:
1 CO water 8as, in a single péas and a &olomite catalyst
o 85% in a two stage process and to O, 96% with a 1:1 and
1:1, 02 gas in the rlrat stage and 1:2 in the aecond stage.
- The methane formation still ramalna very high, rorming 11
to 17% of the products rormad dapend1ng on the method of
Operatlon. The pr0portion of olerlnes 19 slightly in-
creased by oirculatlon, trom 43 5 to. 48, 5%. , e
- IIXI b, cxrculatlon tests with water gas or hydrogen-
rich gas on dolomite ocatalysts reduced with GO at 0.1 atm
resulted in satisfactory gas utilization under sultable Oper-

T ating conditlions.

1) Preliminary tests under a great variety of operating con-
dltions permititsd us to seleoct operating conditions suitable
to any H3:C0 ratio.
2) The following circulation proportion (vol. circulating

’ gas:voluhas make~-up gas) with a normal losd of make-up gas
(100 n.1i, make-up gas/h, 11 catalyst voluma) were adapted
to properly utillze the make—qp gas used:

Synthesls gas Circulation ratio
H3:C0 - about
1.18 6
1.37 : 7
1.56 8
1.84 10
1090 11

1.93 13
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In this way 180 g hydrocarbons, {(and overyncbm CO + H; were
‘obtained by uging the above method of synthesgisg, which has
never been produced herstofore by others, as far as we know.
These ciroulation proportlons appear, however, undeslra-;
bly high for 1ndustr1a1 0perationa. Experimentsl runs with
waler gas and a circulatlion proportlon down to 3:1 pro-' |
duoad aoceptable ylelds of 160 - 165 g with 86% CO conver-
slon. ] \
The efrectiveness of the process even at atmospherio
| pressure has been dlscovered at a lower excess pressure
with ocirculation, by showing that thalna'* CO consumption
at 2 at& gauge was but slightly less than at 10 atm.
3) When the middle pressure oirculation synthesis with
waler gas 1ls used lmueGintely after reduction of the
catalysts, without first operating with no circulation
of the gas, the synthesis temperature ocan be redubed"by
about 5° to 210-212°C. With water gas of the éompoel-
tion of 1.28 Ha:l CO and a circulatlon proportion of
6, 176 g of h&drocarbona are obtained on the average,
although tae Ha G0 consumption is not entirely ia the

samé proportlon as in the water gas.

4) Even with a girculation prOporﬁion of 1:2.5, 167 g
hydrocarbons are obtalned from water gas wlth an 88% CO
conversion. The formation of methsne is greater with
higher circulation proportion, than with lower, and with
a clroulation of 1:2,6 1t still equals 19-21 g. |
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5) The effect of higher (210°C.) or lower (190°C.) start-
ing temperatures cannot be definitely stated when start-

. ing the circulation Qperatlbns after reduétion with CO
undar reduced pressu;e. Higher starting temperatures
seem to require slower temperature increases. |

 6) Special tests were performed to lower the methane for-
mation during circulation Water»gaa synthesls on dolomite
carrler catalysts, after having definltely establishsd
the gatlsfactory yleld of total CHy:

With very low starting temperatures and very
slight temperature increases, with a very low CO
‘converslion of below 70%, the CHe rormatlon is
reducei from the normal 14% to 5% of the liquid
.products.

Increased alkalization has also a ravorable effect, but
not as much as expected.

It appears that the tendency for methane production is
a pecullar pfOparty 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
alkellzation,

111 c. Middle pressure clrculation synthesis with

‘klselguhr-magnesia catalyst using water gas indicated that

this catalyst behaved exactly like the dolomite catalyst
with respect to Ha:CO consumption, peruissible load, CO

- tonverslion, synthesis temperature and methane formation.
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)IV. Pesting the applicability of the verious pro-

Cesses for the reductlon of the catalyste for the middle
pressure synthesis gave the following results:

1) A synthesls temperature lowering by 10° was brought
about by the carbon monoxide <+ hydrogen reduction of
carrier-free catalysts for the middle preesure syn— 73_
thesls with CO-rich syanthesis gas, 1n comparison fo ‘
the usual reduction process.

2) A 10° lowering of the temperature results alao with

~ the reduced pressure CO-reduction of carrier—free cata--

lyste for middle: pressure synthesis with water gas.
Simllar synthesis temperatures seem Yo be well suited

for the same gpace velocities as in the carrier cata-

lysts. For equally high GO conversiocn the Hascplcoh4(
sumption 1s'equa11y high, 1.e. 0.9 with water gas.
Appreciabiy more methane was formed (17 g) with low
alkalinity catalysts (0.25% X;C0,), _

3) Only negative results were obtained in the experi-
ments for the direct pressure reductioh of the dolo-
mite catalyste with hydrogen-rich CO-free synthesis
gas,

4) A repeaueu rgductlon of & uolomite catalyst reduced
with Jydrogen, for synthesls with water gas at 250° :
has been found to have no effect upon the activity 1n.
the middle pregsure synthesis.
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5) When testing the reduction method used by Lurgi,
1n which the reductlon wag done ror a short while at
250° and later at 225°, a less active catalyst was
produced than in ou® original slmple reduction,

V. ®Taifun Reduction”.

Beduction at very high apace velocitiea with hydrogen—

"7 rich synthesis gas at atmospheric pressure in the “"‘pem"

| tures of 280-520“0 has produced the moat favorable resulta
8o rar. Ths simplest prooess to be zarried out 1nduatr1—

- ally producea espeolally high aotivlty state ror the middle
preseure synthegls, which manlrests itaelr in lower synthc-» ‘

- Bim temperature and greatly reduced tendancy of methanc

‘ rormation.

Speeial tests have shown that.»
1 Dolomite catalysta with 1% KabOa.
- Re-reduction by the Talrun Process of the catalyst
| already reduced with hydrogen was successful.
| St11l1 better results are obtalned when green corn
18 reduced by the Taifun Process.

The carbon dloxid@ which used to be removed frbm
reductlon gases for the sake of safety, can be left
in 1%, 4

The erfeét of space veloclty is 8light, as long as
kepf above.ZOOO. ,

. No preheating of(ths reduction gas 1is neéesaary. \

The reductlon_températura should mostly be kept
between 300 and 350°C. with thick layers of catalyss.
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The considerable haating up of the oatalyat must be -
watched, = | |
The methane formation with a 90% CO conversion
amounts to 4-5% of the liquid products,

2) Uae of more strongly alkalized dolomite catalyst
did not lower any more the rormation or methane durins»ﬁl -

R

*athe middle pre:sure aynthssis winh a dlrect gas thru-
‘ put.; One might pcsaibly detect dlaaQVantases or ths
"‘:kaincraased alkallzaxion in a lower oatalyst 11re ann

a reduced oonsumption ratio’ ot Ha GO.;‘v‘ff;;ﬂ? B
_,fS) Taltun-raduced llme oatalysts exoelled by a com-7 '
plete abaenoe of mathane formation.. Ihslr llte was

. not, however, aatiefactory. ' | |

4) Carrlerufree oatalysta showed thn sane advantages
“fop water gas middle presaure synthesla arter Talifun

: rﬂArenaction as do catalysts upon carrlera. The methane
formation.ls agaln reduced o a minimum. |
5) A cobalt catalyst reduced by the Talfun process for
experimental reseons was almost linactive,
«/6)~Tneicannec§10n has been investlgated between carblde
- forgation and free carbon,
vi. Experimental atmospheric pressure reduction uﬁdar
epeoiai qperétlns conditlions.
1) The carrier-free cafalyst can also be used with satis-
r;otgrw GO conversion at temperatures beslow 225°C., if

operated at space veloclties commonly used in large scale
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OperAtions. With an 85% oo .eonversion, 105 g. GH;

was rormed during the rirst 1000 hours. ,

2) The recirculation of the tall gas permitted Operat-
1ng'w1th e proper H3:CO consumption with iron catalysts
a% atmospheric pressure with yields similar to the

e

For a prOper conaunptlon perortion Hy: co, tha cirb
culataon pr0port10n of’ Haorich gas must be very hlgh,
about 12-14. The H;.CO consumption is less satis-

factory with a lower circulation proportion, but eco-

nomical conyeraionatare 8%111 obtainable with 1t.

Hafmrul effects of the wéter éaa reéctlon are reduced
by having the. synthesls gas as dry as possible dnring
synthesis. The synthesis temperature is between 206
and 226°C, J |

3) Br;er"preiiminary experiments at increased space
veloclties (excessive loads). The catalyst 1ife and
the H3:C0 consumption appeared less promising with |
a straight pass than the recirculation process.



