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The use of‘lron ag a catalyst for the hydrogenétibn of
carbon monoxide to higher hydrocarbons dates~far_back. ‘The
- Baudlische Arilin und Sodafabflk has-puhllshed alreédy 1n 1913 :
'information oh the production of higher hydrocarbong' from car-
bon monoxide under pressure using iron catalyets. i
rranz Fiecher and co-worxers have carried out exten--
- 8lve experlmenfs in that field at a later date,!between 1g21
'and'1924, in the KWI in suelheim-Ruhr. Ve may cons;depithe ‘
chsracteristlcs of this experimental period to consist in the
ﬁctivation of iron by means of alkelies. The methods of pre;
paration of catalysts at tnat time were still %ery imperfect
and the activity was relatlively lew., Iron was used in a com-
pact form, e.g. as iren filings coated with potassium cafbonate.
Such masses were naturally‘but 1ittle active. ’Work had to be |
done under guch physiczl condltions which forced convergion to
the 1limit, namely at high pressures anda high te@peratures, €eile
at 150 atm gauge and 400-450°C. Liquid products were then ob-
talned, but no hydrocarbons, namely only oxygen-containing eub-
stances. Thls mixture was called synthol. It is of 1nterest
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%o know in this connéction, thét the synthol tests were not fur-
ther continued, because of the lmpossibility of obtaining cata—
lysts of long 1ife. The masses became hard and plugge& upvaftgr
a short time and could be removed from the reaction space only
with great 4ifficulty. |

- We learned at that time to improve the catalyst produc—r
tion by finer sub&ivlaion of the active metal, and the tempera—
ture and pressurse could be then lowered. - The first production
of higher hydrocarbons at atmospheric pressure was succeasfully
done 1n_1925'using catalysts prepared by hechanical @1x1ng of
~1lron oxide and zinc oxide. The reaction temperature>st111}wasb
at 365-380°0, 1.e. still relatively high, o
‘ - It had been recognized already in 1925;,that cobalt was.
alsoc capable of forming higher hydroéqrbons.  The téats_with
cobalt were not, however, at first contlnued,';n part becausé,'
they were not vgfy guccessful, in part aiso because'of the high
cost of cobalt. Thus, during the first four years of the develop—‘)
ment of gasoline gynthesls work was done almost exciuslvely'wltn
iron catalyste. A% that time cihlefly decomposltion catalysté were
made obtained by roasting of nltrate mixtures. The ylelds obtalned
with that type of catalyst were rather small. Kven in 1929 the
maximum yleld d1d not exceed 1l mls of liguid products per cbm
water gas. The revaluation of the knglisn pound sterllng'to one-
balf 1t%s Tormer value happened in that year. This reduced the
purchase cost of cobalt to about one-half., The experiments with
the cobalt catalysts were started afresh, ,'Tné introduction to
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cobalt of the improved production methods already developed for
iron resulted immeGlately in appreciable progress, and two years
later a yield of 100 g/cbm could be}reaened. Since that time,
l.e. since 1930, the development went almost excluslvely by way
of the cobalt catalyst, and the iron catalysts have not been
studled to any extent for ten years. - |
| A partlcular inducement to start anew ths tests with
iron has been produced some time ago after the deveIOpment or
the cobalt catalyst had reacned a8 certaln 11mlt | bxperlments
with iron catalysts were taken up in Germany again in at least
Csix different places, independently from each othera
Franz Flscher has communicated in a closed meeting of
the KWI hls new experimental results with the iron catalysts. A
second suci meetlng has taken place last Tuesday, September 16, |
1940. ‘fue principal poinfs,rrom H. Plchler's report are_neée
repeated: |
,l) Catalysts were used‘nontalﬁlng o.ly iron or at most
also alkalles, ang formed by precipitation with soda or. ammonia.
2) "Forming® 1s required prior to starting. This con-
slsts 1n a pretreatment with carbon monoxide or carbon ménoxlde-
rich geses at higher temperatures but lower pressures than the
synthesis pressure,
3) The preferred synthesis conditlons are 15 atms,
220-250°C, CO-rich gas. | |
4) The ylelds obtalned were 5-50% paraffins or 40-80%

gasoline. The stabllized and washed gasoline‘contained 64%
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oiefinea, 90% camé over -145°C and had an octane number of 61.

5) 1t was perticularly ilmportant, that the ivolxi_me of
the catalyst mass increased durlng operations, and that the
catalysts had a tenrdency for deposition of elementary carbon.

As a result these castalysts could best be used in a hbrlzbntai'
layer. w1th a vertlical layer, difficulties arcse 1n. tne gas |
passing tirougn tine catalysts and much effort had to be used

for overcoming tham and the~1nvestlgatlons‘;n that fleld are.  .
e%1ll 1in progrees. | o

The patent applioations of the I G between 1935 and
‘ 937 nave, ln ihe meantlme, become hnown ana 1ncludea a new type
of iron catalyst obtainea by sintering of nixtures of finely di—r“
videq iron witn other subotanoes. This type of sintered catalysts
is néturally consgiderably less actlive tnan precipitation catalysts"
~ and require relatively nigh reaction temperatures, e.5. 320-380°C
Tne Lurgi Company, Frankfort/Maln hag developed an,iron N
precipitation catalyst whlci operates at about 250°C with ratnér
good results,

Syntheslsg experiments with iron catalysts have also been
carried out in the meantime in the laboratories of the Brabac Com-
pany in Schwarzhelde. They also obtalned good results using pre-
cipitation 1ron catalysts. |

Dr. XKolbel has alreédy reported on the results of tae -
experiments 1n Rhelnpreussen. ‘ |

As Tar as our experiments in HolQeﬁ.are concernéd,)we have

not limltedaourselies to prepare a slngle‘catalyst_whicn wquld give
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optimum results but have trled rather to apply the experience.
gained in the meantime with cobalt to carry out the werk on a
broad basis. }As a result we are now in a positlon to produce
1ndividual catulysus for a great varlety of purpoaes, asg I will
show you later on a few examples. | '

We have lnvestigated the preparation of the catalysts
by rOasting of nltrates and paruicularly the preparation of the
precipitatlon-catalys»s of the most divereifled—klnd. Without

givinb detalls on the preparatlon of catalysts pr0per, we may say :

the followinh about the general experience witn our iron catalysts."

Vie may conaider_the low hydrogenation property valron_as being
in several respécts the princlpal difference from cobait. - The
liquefaction 1s thmughout more favorahle'yhan with the cobalt, in
splte of the fact that all iron catalysts kndﬁn heretoforevépéré-:
ted at nlgher temperatures than cobalt, In addition the eatuw
ration state of the liquid products 1s conalderably lower, peru
mittinﬁ the production of lar ;¢ ylelds of the valuable' oleflnes.
The lower tendency for methane formation in comparison with cobalt
permitied operaticns with a much wilder range of synthesis conﬁi-i
tions, wlthout causing elthsr excessive gasificatlon or too low
converglion., Thig offers greater possibilitles to affect the
éourse of the gynthesls by changlng operating conditions, and in
particular %o change the bolling point range.

Iron differs appreclably from cobalt also in one other.
respect, namely with respect to the proportion of carbon monoxlde

and hydrogen used up. This prOportion of consumgtlon or co and Ha
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18 not constant Wlth eobalt and may be changed with the compo~'
sltlon of the gas or by pressure. However, these changea of the .
gas or of the pressure are very slight'with cobalt ahd permit
the varlation between 1 C0:1.9-2.1 Hz. On the other hand,with
iron the prOportlon may be varied much more depending on the mix-
ture, une form of the catalyst and the experimental oondltions,
proouoing the greatest variety of consumptlon proportion.

¥e have 1nveatlgatea this 1n detall and can tooay indi-~
cate to a certain extent;tns proportion of carbon mcnoxide to
hyérogen ‘b-stwe‘er‘i the 1imits 0.6-1.4 Ha:l CO, which can be set
at will by orOpef cholce of the iron catalyst. Ve can in>par~“
tioﬁlar prepaﬁe suoh_lron catélysts whicnlconoumé'oérbon‘mono-
xide and hydrogen in the exact proportioofin which th;y exist
in the water gas. We can in this way overcome the aifflculfiooﬁ
of havins to produce gases with appreciably more carbon monoxide
than 1n the water gas. | |

It has been necesaary 80 far to use a compositlon of a
gas Wlth cobalt catalysts whilch corresponded to the definite con-
sumption proportion. This requlred the preparation of a special
synthesils gas. Dr.,Kglbel has just now stated that the gas com-
gosnion had to be adjusted to the catalyst. We can, on the other
‘hand, produce 1lron catalysts of such composition that 1t will be
sultable with the gas most easlly produced, the water gao.

You might state that carbon monoxide-rich gases may bé
necessary for the produotlon of definite products, auch as a high

olefine or high paraffin content. ‘Such 13, however, not the case.
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We shall ahow below the possibillty of production of any desired
products from water gas.

Chenging over to water gas introduces a further advan-
tage., The carbon monoxide-rich gases favor the deposition of
elementary cardvon, which may lead 3o notable aifficulties in
operations. Ve have completely overcome this d;ngeb by using
cur nsew catolystis. ‘

The iron catalysts developed by us can be startéd in a
variety of ways. We may subject thém to a pretreatment at atmos-
pheric pressure at lemperatures reached in the synthesils and using
water gas. 1t 1s remarkable that water gaé pay also beureplaced
by other gases, such as nitrogen, carbon dioxide, or even alr.

We have found that starting with water gas at hign pressure 1s
Qisadvantagecus and in many cases resulls 1in Ialluréa. Uﬁlika
Fischer and hls collaborators we have had good results with re-
duétlon with hydrogen, which was much easler with our iron cata-
lysts than with the usual cobalt catalysts. Such iron catalysts
can be reduced and made ready for operations in the reactors,
without eny losa of time for "forming", as ls also the case with
cobalt catalysts. £&lscner has furthermore suggyested to carry out
the pretreatment of the catalysts with carbon monoxide in vacuum.
This, however, offers no particular advantages norvexPerience.

We have found that wlth iron catalysts, predictions of
their activity at higher pressures could not be made from behaflor
at atmospheric pressure. One 1ls therefore forced to carry ocut all

middle pressure catalyst teats at elevated tempefatures. Pressure
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resisting experimental reactors are not as readily obtalned as-
for atmospherle pressure reactors, and we had to use short tests
of the d1fferent catalysts instead of the long duration tests.
Nevertiheless, we may conslider the life of our iron catalyst to
be at least as great as that of the present cobalt catalyst,
baéing it on semi-fechnical Yests. We have succeeded in rais-
ing the activity of the iron catalysts to such an extent that
the reactlon tempeﬂature could be used close to that used with
cobalt catalysts, namely 220—250°C. Thege temperatures are still
too high to peruit the us§ of iron catalysts 1n,ﬁhe large indus- ,
trlal reactors at present avallable. - We therefore make the‘efforta‘A
to further improve the catzalyst preparation to permit a further
| lowering of bthe reactlon temperature. ,Ke}also are working on a
new type of reactor construction and the practical resultslobtalned
wlth them wlll be presently reported. |

We have carried out our pilot plant tests in pressure
water cooled tubular reacteors of known construction, €.g. 1n re-
actors with a gas thruput of 12 cbm/h. We duplicated the best
results_of our lsboratory tesis in a pllot plant = prcfuced iron
catalysts making long term tests. Our pllot plant tests have
shown that the iron catalysts différ favorably with respect to
hardness of the particles from the cobalt catalysts. As a result,
our lron catulysts have a very high abrasion resistance. One san-
ple, which has been used for two months in the pllot plant’reactor,
showed no carbon deposition nor increase 1in volume.‘ The emptying

of the reactors offera no difficulities.
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It 1s well known that all products of the catalyfic,
hydrogenation of carbon monoxide contaln more or 1ess'of ox&-
gen~-contalning compounds, and the more the h;gher.the reaétion‘
pressure. The mi&dle pregssure products obf@ined with the iron
catalysts contalned correspondingly varlable ‘amounts of oxygen-
ﬁcontaining materials, depending upon qurating conditlons and -
the catalysts used. We have even found that relatlively 1arge
amounts of oxygen-contalning prlmary products can‘be/reédily
produced. This direction of the synthesls appears, however, in
'many reaPects less promlsina. \

1) Tne oxygen~conta1n1ng‘products_are non;unirorm, |

and consist by no means of alcohols bniy; B | / 

-~ 2) Tae lower.moleeular weights are mostly presénﬁ”raﬁrr""

than the more valuable higher molecular velght compounds. o
| 3) The oxygen—containing constituents eannot be

separated_by available meang from the hydrocarbons.

4) We have found in the meantiise othe? ways to pro-

auce oxygen-céntalning products in the pure state, such
és alcolhwls, aclds, ¢sters, ketones, aldehydes,. etc,

I will now tell you the numerical data obtalned in our
experiumentis, starting with the dependenos of the course of the -
synthesis from the catalysts, then from the operatlng conditlons )
and finally the summarized results. - ‘ g

Table 1 shows that we can produce with this catalyst
elther more gasoline or more paraffin (20-58% gasollne or‘so-sﬂ
paraffin) wlth the same qurating condltions. .
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The maintenance of the most favorable metal concentra-
tion hag been of prime 1mportance for the activity of the cobalt
catalysts. The large number of tests performed have caused'the,
adoption of the lower cobalt mixtures. This is the reason why,
unlike the KWI and Rheinpreuseeﬁ, we have not yet reached the
concluslon that the question of the adnition of carriers to iron
catalysts has been definitely solved in favor of the carrler-free
catalysts. Ve have instead studled carefully the proportions
for iron. _ )

Table 2 shows an illustration of the changes in the
course of syntheslis with the metal concentration. Higher boil-
ing products are'obtained with 1ron with lncreasing metal con-
centration, other condltions belng left the same and vice versa.
The preparation of catalysts involves a number of Opefations wﬁich'
may be changed. Table 3 shows cnanbes in the course of synthesis
produced by varying the operations auring the catalyst production,
whlle retaining the composition of the mass. This measure alone
has been found sufficient to affect appreclably the liquefaction
and the boiling point range.

Table 4 shows the same thing for a second variation of a
slngle operation in the preparation of the catalysts of the game
compositlion. Thle agaln permitted changlng the bolling point
curve as well as degree of saturation (10-25% gasol, 16-45% gaso-
line, 35~66% paraffin, 54-75% olefines).

Table 5 shows the possibility of affecting the boiling
polnts and degrees of saturation by a third variation in the
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preparation of the catalysts of the same composition (16-52%
ga&oline orlss-zz% paraffin).

gwé havé varified the fact that such variations in the -
preparation can be equally successfully carrled out on a pllot
.plaﬁt scale, as can be seen from Tavlé 6,

Tna_éubaequent tablgs}shbw'the possibilities of chang-
ing the course of the synthesis with the same catalysts by using
different synthesis conditlons. Table 7 shows the effect of in-
creéael;n preasure. In agfeement with the results obtéined_eise-
‘where, the convef91qh at atmospheric pressure was conslderably
less than at higher pressure.ILWe were forced to qperate at the
75% GO conﬁersion_at an,élefated pressure tp obtailn the same ylelds
 as are obtained at atmospherlc pressure with a 95% conversion of
Co. VObviously under»sucn cohditlons the liquefaction 1is cprreﬁ-
‘pondlnbly_poorer. For the samé CO conversion, the yield increased .
with increaéing pressure up to 10 atus gauge, and was no longer
appreclably higher at 20 atms gauge. The bolling polnt curve
changes in the well known way in produclng less gasoline and more
paréffin with lnereased pressure. The degree of saturation ls
not appreclably affected by increasing the pressure.

Tabie 8 ghows the effect of the method of operation from
the composition of the gas. We mean specifically under operating
conditions tné details of gas supply, as e.g. the flow veloclity,
etc. The more carbon monoxide and the less hydrogen 1s present
in the tall gas, the less gaaollné and the more paraffin 1é'ob-

~ talned. The amount of unsaturated hydrocarbons lncreases simul-
taneously with lncreasing carbon monoxide content.
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We have found that with the iron catalyst the dilution
of gases or increaslng‘ths flow velocity operated in the same
way, namely by increassing the gasoline yleld and the olefine
content, while the paraffin formafion was lowered, as cén be
geen in Table 9. | o f

The individusl examples cited above show that the boll-
ing points andvdegraé of saturation of the’liquld'producta cén‘f
be affected by a whole number of dlffereﬁt‘measufés.‘ Were we
to uti@lze gll these possibllities aimﬁltanequsly, 1;95 were - »:
we to select the catalyst and the method of operation forﬁtﬁe ‘f, )
rbptimﬁm'cond1310ns, Qne could easlly get up\the'déélrad,highest'°"
 gasoline or paraffin yleld or else the highest yielda 1n uhsatuf' B
rated hydrooarbons. Table 10 shows a few ekampiqé._ The first
‘method of operation produced 81l% gasoline énd Gﬁ'paraffih; Ths . .
paraffin gontalned 70% sulfuric acidnsoluhlgé and had an octane
number of 69, or when leaded - 81 (boiling —206°C). ﬁe obtalnéd,
only 14% gasoline and 64% paraffin yleld in the third method of
operation. ‘ |

An improvement in the octane number of the primary pro-
duct has heretofore been possible exclusively by increasing the
proportion of unsaturated hydrocarbons. Ve know, however that thapa
exisis a further possibllity by producing a strong branching of ‘
hydrocarbons in the primary products. We have made attempts to
work in this direction, and have developed special'cétalyéts for
this purpoée. The second column of Tqble 10 shows fhe results
with such a cétalyat,(D). ‘The olefine content of tk\xe!g"asoline-iw
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lg lower than in the preceedinyg one but 1its octahe number 1is
appreciably higher, namely 72 (b.p. =-200°C). Thig shows that
we have been successful in increasing the proportion of the

l1go hydrocarbonsg, as nas=also been cgonfirmed by a bolling point
analysls of the precision distillation fractiohs.

Table 11 shows numerical examples on the consumption
proportion of CO:H; already discussed above. It may be seen
that with seven catalysts of the same composition B, but prepared
somewhat differently, the consumption proportlion can be changed
in relatively small steps over a wide range, keeping other syn-
thesls conditions unohanged. A simultaneous change offthe syn-
thésls conditions permitted still further changing of the con-
sumption proportlon. A comparison shows further that with in- _
-creaslng carbon mpnoxiée aonsumptlon the proportion of the un-
saturated hydrocarboné increases. Tgble 11 snows further that
the maximum paraffin yleld 1s obtained when the carbon monoxide -
hydrogen proportlon in the syntiesls gas was the same as in the
off-gas. .

Table 12 shows a pllot plant test, namely the paraffin
syntnesls from water gas, witn all tiie important data. The low
metnane formation of only 7% wlth a yleld of 145 g/ncbm of the
active yuas 1s worthy of notice. The paraffin yleld amounted to 64%.

Table 13 gives jurtaposition of the most favorable indi-
¥idual results so far obtained with tihe iron and the cobalt cata-
lysts. They show that the 1iron catulysts do not merely reacin the

Yields obtalned with the cobalt catulysts, but even exceed them.
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It must, in that connection, be considered that the develoﬁment

of the iron catalyst 1s by no means concluded, and is atill being

continued. Further lmprovements can therefore be antlclpated with

certalnty. ) |
| In the dlscuesions which followed, K&lbel has stated
that his catalysts were less sensitive %o sulfur poisoning but

had nc numerical data at that time %o substantlate his opinion.
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HYDROCARBON SYNTHESIS WITh IRON CATALYSTS

Table 1;' Changing the Course of the Synthesis
by Changingz the Catalysts

Fundamentally different methods of preparation and
compogltlon. The same synihesls conditions: 20 atm
gauge, water gas, 245°C, operating method I. '

Bolling Polnt Dilstributlon in Percent by Weight of the
Liguid Products: —
Gasollne - Heavy Qil Soft Paraffin Hard Paraffin

Catalysts -200°¢ 200-320°C 320-460°C 460°C
58,5 24 14 3.5
B - 20.5 13 16.6 , 50

Table 2: Changing the Course.of the Synthesis
by Changing the Metal Concentration

Catalyst B, watler gas, 20 atm gauge, operation I. |

Metsl Concentration High Middle . Low
CO conversion 80 75 75
Yield, g/ncbm of _ '

active gas 143 140 115
Gescl, % of the yleld 10 17 24

Bolling range:
Gasoline, % by weight

of liquld products 16 27 26
011, % by welght of
liguild preoducts 18 1?7 21
Paraffin, % by welght
of liquid products 66 - 56 53
Olefines: % by volume
in gasoline 64 65 72
in oil 56 54 - 69
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Table 3: Changing the Course of Synthesls by
Changing the Preparation of the
Catalyst, Variation I

20 atm gauge, water gas, operation I, the same catalyst. -
composition.

-

Catalysts B1. B2 B3

Temperature - R20 : <30 240
% CO conversion 75 . 77 3 76
% CO in CHe 14 7 .6
% CO in COg - 30 . 27 26
Gasol, g/ncbm - 23 11 13
Llguld producte, ) '

- g/ncbm 85 130 - 127
Bolling range: ‘

% gasoline by wt. 45 16 22
% oll " “ 20 18 - 22
% paraffin v 35 66 56
Qlefines: % by vol. : . : . -

in gasoline 69 - 64 63

in oil 63 56 . B5

Table 4: Changing the Course of Syntnesis
(Variations in Catalyst Preparation; -
Varlation 1I)

atm gauge, water gas, operation I, the same catalyst composition.

Catalysts B 4 B b B 6 B 7 B 8
CO conversion 80 76 75 80 80
Gasol, % by wi. :

of ylield 10 16 - 25 25 20
B.p. range: ‘ :
Gagoline, % of

liguld products 16 22 33 45 25
011, % of liquid

products 18 22 23 20 20
Paraffin, % of

liquld products 66 56 44 35 556

Olefines: % by vol.

in 'gasoline 64 63 65 - 69 79

in oil 56 615 54 63 , ™
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Table 5: Changing the Course of the Synthesis
by Changing the Method of Preparation

of Catalystsg; I1I Variation

20 atm gauée,water gas, operatlion I, same composition
of catalysts. : ‘ ' '

Catalysts B9 Blo _B 11

CO conversion . 75 » 75 ) 80 .

B.p. range: ‘ ,

- Gasoline, % by wt. 52 45 16
011, % by wt., . 26 . 28 - 18
Paraffin, % by wt. 22 - 27 66 -

Qlefines: % by vol. : ’ L
in gasoline - B2 54 o 64

in o1l 46 48 . 56

B

‘Table 6: Variation IV in the Preparation‘or the
- _Catalysts, Pilot Plant

- 20 atm gaugs, water gas, operation I, the same catalyst -
- composliilon. / .

_ Catalysts = | B 12 B 13

CO conversion : 75 75
B.p. range: .
Gasoline, % by wt. P2t ' 17
011, # by wt. 156 16
Paraffin, % by wt. 61 67
OClefines:
% by vol. in gasoline - 58 79 ..

% by vol. in oil 49 v 81
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Table -7: bhanelng of the Course or the Syntheaia
' by Pressure

- Water gas, same catalyst, same method of Operatlon.

=

Pressure, all gauge atm Pregsure 8 § 10 20 &3'»'@E; 

CO converslon . 95 .76 70 75 75
Yisld, g/cbm ' - 90 98. 86 118 120 .
B.p. range: v : : RS

ﬁ bJ wt. of gasoline o7 o2 30 26 22

® * o1l 24 50: 256 20 22

# o8& " paraffin 19 ' 38 45 55 56
Olefinea: ’ o :

" by vcl in gasoline 68 , 64 63 62 63 P
LS , : 011 41 o 48 49 47 - 46

Tabie 8: Changing the Course of bynthesle
by Altering wethod of Operatlon - i .
- Vellant I S . e

20 atm gauge, 245°G the same catalyst operatlng pro—
- cedure and composition vary. . A _

-

- E 3 : '
Operating Pr oaedure Synthesls Water CO-Rick -4ater 50—§Ech

O

Gas Gas _ Gag Ggs Gag

% of Co 1n gas 26.3 8.0 60.9 | 38.0 50.9
% H . 52,6 48.9 58.1 48.9 38.1
Co conversion 70 70 60 6] 62
B.p. rangev

% by Wt of gasoline 38 25 20 43 20

“ % f 011 20 24 - 30 20 13

Boom M 8 papaffin 42 51 50 a7 . 67
Olefines:

% by vol in gasiline 77 7 86 65 . 80

“« n oll 68 76 82 56 74
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| Table\Q' Changes in Course of Syﬁthesls by Changlng ‘
the Operating Procedure to Yariatlon .

20 atms, CO-rich gas with 51% oo 38% Ha, 245-350°
same catalyst.

-

Gas Dilution ) ‘
- Velocity of Flow ) Inoreasing

;Iield;rg/ncbm of active : o o ',_i,/<  » “2; f:

constituents _ 126 85 956 . 90
% gasol in the yield 13 13 12 15
Bolling range: ' _ . ' o
% by weight of gasoline. . 20 20 20 40
“ow ’ ” oll 13 - 30 40 38
S T : paratfln : 67 80 40 22
.Olefinea. K ‘ . L ‘ - )
% by volume in gasoline : 80 86 88 87
; ! o oll . - 74 82 81 82 c.
Table 10: Simultaneous Change of batalyst
, ___in Method of Operaslon
Catalysts & B - E
Pressure, atm gauge : 10 - 18 20
Gas . water water CO-rich
. gas gas gas
% GO 39 39 60
% Ha 48 48 38
4 @aaolina by weight 81 39 14
¥ oll o 13 - 31 22
¥ paraffin " " 6 30 64
Olef*neS' .
by volume in gasoline 70 67 80
" * a1l 65 68 -~ = 73

Octane number 69 72 81 leaded
(Primary gasoline -200°C) : .
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. Table 11:

Dlsplaclng the Consumption

-‘20-_‘

5T‘459wfl,;7“?lx

Pronortion ot CO:Ha

CO + Ha conversion:
Consumption Proportion:

CO:Ha

B? _BS C

1:1.24

Ca gt B9 _Blo B6 G
Gas - ———> VWater gas & CO 50.9%
Pregsure, atm : o
. gauge . o —— 200 < Ha 38.1%
- method of ‘ : . S -
- .- operation - - - m——— I € I £
~7 - Consumption pro- : - ~ .
=« portion: - S : o D - s
. .- 003xHg 138 131 123 117 105 0.97. 0.88 0.71 (to 0.6).
T'Boiling range: . - ' N o : - A :
: gasoline : 62 456 . 16 22 33 45 @ 25 20 i
ol . 26 28 18 22 .23 20 20 13 -
S paraffin - 22 27 .66 b6 44 3B B5 . .67
A{',Olefines. R L T T S
. ingasoline 52 b54 64 63 65 69 79 - 80 -
1n oll - 46 48 - 56.:'35 bH54 63 75 74
,Table 12: Paraffin Synthesls with Water Gas ~ =~
L Catalyst‘ B4 - '
\  Gas: water gas thn 58% oo and
© 48% Ha (1:126) -
Pregsure: 15 atms
' Temperature: 230°C
Contraction: 60%
CO conversion: 80%
CO as C0a: 25,6
CO as CHe: 7.0
CO gasificatlion: 67.4
- Ha converslion: 80,0

80.0

Yield g/ncbm active gas ingredients

Gasol
Lioula products

18t and 2nd

st 2nd ’
stage gtggp _8tage
experimental calculated calculated
10 3 a 13
135 20 165
EE 23 168

(Cont'd., on following naca)



-2l -

T-469

Table 12: ~Paraffin Synthesls with VWater Gss (Cont'ad.)

~1lst 2nd 18t and 2nd
stage stage stape
experimental calculated calculated
Bolling range: . | \
gasoline -200°G 6% by wt. about 70% olefines
oil 200-320°C 20% 4 *  70% oleflne
soft parartin 320-460°¢C 225 * & ). 64% :
over 460°C 425 w » )

herd paraffin

* Table 13:

o Catalysts

Yleld, g/cbm, 1lst stage o
Yield, g/cbm, lst and 2nd stage
Boiling range:
gasolline -200°C by welght
0il 200-320°C .
- paraffin, over 320°C
Olefines: -
in gasoline
‘ in oil ‘ ,
Octane number (primary gasoline
-200°C)

with the Iron and Cobalt Catalystis

Comparlson of the wmost Favorable Single Results

ke oo’
145 . 130
168 155
80 60
40 30 -
70 70
90 656
82 55

72 5765

8



