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0 IRON CATALYSTS FOR SYNTHESIS OF HYDROCARBONS
nly 100 liters of carbon monoxide por 10 grams of iron was
1sed becanse of the relatively high carburization temperature
p- and the low pressure.

Above their regjon of therral stebility, both higher ivon ear-
ides (Curic point, 265°(., and Curie peint, 380°C.} were con-
arted to cementite. In no instanee was there any evidenece that
ementite had been formed directly as a result of carburization.
Hofmann,™ however, ohserved that comentite lines were always
present in the X-vay pattern obtained from pure iron carburized
within the same temperature range.

Thermomagnetic analysis cloarly showed the offect of reactivity
of calalysts on their earburization and final composition. A com-
parison of figures 20 (iron oxide without promoter, carburized
12 hours with carbon monoxide), 24 {iven catalyst with 0.25 per-
eent K.CO., carburized 12 hours with earbon monoxide), and
29 (iron-1 percent copper—1.5 percent K.CO; carburized 12 hours
with earbon monoxide) shows that iron oxide witheut promoter
F produced no detectable amounts of carbide, that alkali-promoted

- catalyst produced considervable amounts of carbide in the same
‘¥ period, and that ‘the catalyst promoted with copper and alkali
b was convorted to carbide almost quantitatively. In 25 hours of
b carburization of the pure ivon oxide (fig. 21) only traces of car-
. bide could be detected, while the catalyst promoted with copper
Fand alkali wasg about half cenverted to carbide in 0.5 hour of
¢ carburization (fig. 26).

I Copper-containing catalysls ave characterized by a tendency

L f0 form a higher carbide which ig virtually the execlusive ear
I burization product. The high aclivity of these catalysts in the
[ Fischer-Tropsch synthesis is apparently related to tho process
g of carburization. This neceseary protreatment for medium-pres-
b sure synthesis converts the iron eatalysts more or loss completely
- fo the 265°C. Curie-poini carbide,
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BEHAVIOR OF IRON CATALYSTS DURING HYDROCARRON SYNTHESIS

J

MEDIUM-PRESSURE SYNTHESIS

An iron ecatalyst containing a small quantity of copper was

o 300 500 500 [ carburized for 24 hours at 825°C. and 0.1 atmosphere with car-

TEMPERATURE o - bon monoxide (8 liters of carbon monoxide per hour per 20 grams

v C. cof iron). It will be scen from figure 22 that the 265°C. Curie-

s A Lggueemanetic curve of e, Gu. KaCOs (100 ¢ 1+ 03 entalyat, trented for 24 | POINE cavbide was virtually the only ferromagnetic component.

e b H00TE with synthests gus (1CO 17 2 1z mixture) The catalyst was then used for synthesis at 235°C. and 11 atmos.

~ pheres.  Samples for thermomagnetic analysis were taken at

intervals from the inlet side of the converters in a nitrogen-

flushed sample collector while the synthesis gas was flowing to

prevent contact with air. Since each vemoval diminished the

original 19 grams el iron by about 1 gram and sinee *he through-

put of synthesis gas was kept constant, the residual catalyst was
increasingly overloaded.

I Hefmann, L, work eited in foelonoie i,
Holmann, ., and Groll, E., work cited in footnote 91,
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After operating for 2.5 hours (contraction 46 percent, fig. 33),
-and oven after 6.5 hours of operation (fig. 84), the catalyst re-
mained essentially unchanged. After 18145 hours of operation,
gas conversion corresponded fo a contraction of 51.5 percent.
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Fisese 32— Thermonuysnetic earve of Cu- and alkali-promotel iren eatidyst, carburived for
24 hours al 325°C, and 0,1 almosphere, § liters of GO por hour per 20 grams of Pe,

T

(fig. 30), The absence of magnetite indicates that it is nof
essential for gasoline synthesis. On the contrary, subsequent ex-
periments showed that its presence hinders synthesis, Figures
33 to 35 show that no free iron is formed during medium-pressure
synthesis,
thus unnecessary.

Figure 36 shows the thermomagnetic behavior after 40 hours §.
The decrease ing

of operation. The contraction was 50 percent.
magnetization ahove 500°C. shows that magnetite was present,
After 62 hours of operation the amount of magnetite increased
congiderably (fig, 37).

he thermomagnetic curve shows that the catalyst was composed '
entirely of the 2656°C, Curie-point carbide at this high activity-E

The presence of the free metal for the synthesis is

The oxidation of the catalyst resulted in'f,
reducing the contraction from 50 to 40 percent, the synthesis.}
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Fieuxe 33, —Thermomagnetic curve of Cu- and alkadi-promeled iron catalyst, eacburized for

24 hours at 425°C, und 0.1 atmosphere, 8 litera of CO per hour per 20 grams af Fe and used
for synthesis for 2.5 houtirs a4t 285°C, aund 11 atmospheres.
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. iv hurized for
. - E alkali-prometed ivou ealalysl, ecar !
Bh.—Thermomagnetic eurve of Cu. :“"l “l,k“ h Coper 20 prams of Fe and used
Flg[lmlr {lll;. 11:1 !}]";']'1]’:1(5’ 'nf‘:l 0.3 atmesphere, 8 liters of GO per hour pev 26 grams o
24 houvs : ar N W1

for synthesis fov 185 hours al 235°C. naul 11 atmospheres.
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TEMPERATURE -°cC.
Fiaus 34.—"Thermomagnetic cmve of Cu- gnd alknli-promoted jron calalyst, earburized for

24 hours at $26°C. and 6,1 atmosphere, 8 liters of CO per hour per 20 grams of Fe, and nsed
for synthesis for 6.5 hours at 235°¢C, and 11 atmospheres.
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Fiaure 36.—Thermomagnetic eurve of Cu- and alkall-promoted iron catalyst, earburized for
24 hours at 326°C, and 0.1 atmaosphere, 8 liters of CO per hour per 20 prams of Fe and uged
for synthesls for 40 howrs at 286°C, and 11 atmospheres.

: i cadi-por i ialyst, earburized (or
; FIGURE  37.—Thermomagnetic eurve of Cu- and alkali-promoted iron ea ) .

i I‘rg!lunfl:‘ﬂu?:a at 31(3‘5” 3. and 0.1 atmosphere, 8 liters of CO per hour per 20 grams of Fe and used
for synthesis for G2 hours at 285%C, and 11 atmospheres,
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Figore 38.—Thermomagnetic curve of Ci. amd alkali-pramoted jron catalyst, earburized for

24 hours at 825°C, and 0.1 atmosphere, 8 lilees of CO per hour per 20 g
Tor synthesis for 100 hours at 235°C. and 11 wtmospheres.

rams of Fe and used
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temperature having been kept constant. After 109 hours the

~amount of magnetile increased considerably at the expense of

the carbide as shown in figure 38, Oxidation probably was eaused
by the carbon dioxide formed during the reaction. The carbon
dioxide of the tail gas increased to 40 percent during the first
part of the experiment and then decreased with diminishing con-
version,

This series of experiments also demonstrates the approximately
linear relationship in medium-pressure synthesis between the
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Yo 30, —Thermomagnatie curve of Ou- and allali-promoted ivon catalyst, carburized for
25 hourg at 8257C. and 0.1 atmosphere, 8 liters of water gas per honr per 40 ce. of eatalyst, and
used for synthesis for 54 hours at 215°C, and 12 atmospheres,
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activity of the eatalyst and the amount of 265°C. Curie-point iron
earbide present. There was no positive evidenco of the presence
of the 380°C. Curie-point earhide.

Thermomagnetic analysis showed that by extending the oper-
ating time the magnetite content was increased. Ilowever, the
gradual increase in space velocity over the remaining portion of
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EXPERIMENTAL PART 81

the catalyst made it impossible to
; j F: evaluate the lator re i
tellmstﬁt tihtl‘l usual synthesis conditions, tor vesults in
n the iollowing serics of experiments comparable rati
conditions were maintained by using equal poril;jions of ;L)I?c?tgzttij]yns%
{which had been ecarburized identically} in sevoral converters,

1o 49 percent. Here too, the synthesis gas had little effect on the
Finagnetic behavior of the catalyst (fig. 89).

®  In a second experiment (fig. 40} the catalyst was operated for
J 110 hours under the same conditions as before. At the end of
this time contraction had attained an approximately constant
value of 40 to 41 percent. The curve corresponds to a catalyst

60 ] !
T tcontaining chiefly the 265°C. Curie-point carbide.
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TFiGune 411.—Thermoemagnelic eurve of Fe, Cu, KxGOa (100 : 20 3 _1.5) eatulyst heated in synthesis
gaus at 1 atmosphere until an exothermic reaclion oceurved,

TEMPERATURE ,°C.

Fisune 40, ¥ i : i
V55 Rouss ar appeEmametle curve of i of alop pncted fron entalyst, earburisad foe
used for synthesis Tor 410 hours al 215°C, afr!::l’ ??, :ﬁ}:ﬁnﬁiﬁgfl frour pov db ce. of eatalyst and

It will be seen from figures 23, 26, and 82 to 35 that a new
- Curie point appeared between 125° and 150°C. This phenomenon
. might be explained by the formation of potassium ferrite which
- has a Curie point of 150°C,, according to Hilpert.

Although no definite conclusions can be drawn from the data,
£ it does appear now that the opinion of Lefebvre and LeClerc!s is
F incorreet; according to them, calalytie activity during synthesis
-is to be attributed to cubic iron oxide which is stabilized by ferrite
formation. The thermomagnetic curve thesc authors aseribed to
potassium ferrite is undoubtedly characteristic of carbide.

16 Lq.;;e—}-_y:'-re, H., and LeClere, G., work cited in footnote 12, p, 3,

The experiments were interrupted at intervals and +he
. ] : als and tho ferromae- -
netic components of the catalyst determined, This moe‘fl?cl)iloglli‘ﬁ—
1‘natcd the disturbances due to chanpges in pressure and tempera-
ture which accompany the study of a single sample. '
_Batches of 40 cubic centimeters of catalyst were -protroated
\yfltl_l wator gas for 26 hours (825°C., 0.1 atrﬁosphere) '1;he ‘1'"1.{’,(3
of ﬁow was 8 liters per hour, making the total volume of c*n*k;on 4
m?llomde passed over the catalyst 100 liters. The cm'bl;rized ¥
cai.,zillysrts were placed in operation at 215°C. and 12 atmbqpheres
After 54 hours of operation, contraction for one sample arhounteci
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ATMOSPHERIC PRESSURE SYNTHERESIS

The production of especially active ivon catalysts makes it pos-
sible to obtain good conversion of the synthesis gas even at atmos-
pheric pressure, so that the carbon monoxide in water oas 18

converted almost quantitatively at 220°C. By adjusting the . 3
composition of the synthesis gas and the alkalization of the |
catalyst, this methed can yield gasoline and oil having the desired |

boiling range, and white, high-molecular-weight parafin wax.
In atmespheric pressure synthesis, active iron catalysts form
paraflins a few minutes after being put into operation, In order
to study the state of a catalyst (Fe, Cu, K.COq = 100 : 20 1.5)
just before synthesis starts a thermocounle wasg introduced into

the center of the catalyst, which was heated in a flow of synthesis :

gas. The gas was shut off when the thermocouple indicated an
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FieumE 412.—Thermomagnelle eurve of Cu. and alkali-promotod (0,25 percent Cu) jron eatalyst
wlter healimg (o 288°C, in synthesis gas al |l mosphere (Lime, 1) minules),

exothermic reaction. The catalyst was blackened on the gas-
inlet side, whercas it still showed the brown color characteristic
of ferrie oxide on the outlet side. As will be seen from the ther-

momagnetic analysis (fig. 41), the sudden veduetion of ferric |
oxide-lo magnetite was accompanied by carbide formation, thus °
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demonstrating the rapid carburization of active catalysts by syn-
thesis gas at 225°C. . .

Three types of iron catalyst were studied in various stages of
carburization and synthesis at atmospheric pressure .W}‘C.h 8V~
thesis gas (2H, + 1C0). An alkalized catalyst containing 0.2
percent of copper was used for the first group of experiments,
This catalyst was not very active and was therefore carburized
and simultaneously operated at 285°C. It produoeced little paraf-
fin. The data on iime, temperature of aluminum block oven, rate
of flow of exit gas, contraction, and carbon dioxide content of
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. . . A | . Iyst
ermomagnetic cufve of Cu- and alkali-promoted {0.25 percent Gu) irgn (‘ﬂtu.y a
heated to 230°C. in synthesis gas at 1 atmosphere and kent ot that lempervalure {total time,
4 hours amd 10 minules).

the tail gas are tabulated in table 23 for the first 6 days of oper-
ation. Contraction rose sharply during the Tirst hour and, alter
reaching a maximum value of 54 pereent, decreased fo 2.6 per-
cent ; the carbon dioxide content of the end gas was approximately
preportional to the contraction. This first reaction was a redue-
tion of the original oxide to magnetite. .A second rise in the
contraction (and paralle]l carbon dioxide increase) followed and
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reached a final value of 34 percent after several days, This was
due to the reduetion of magnetite, to carburization (decomposi-
tion of carbon monoxide and carbide formation), and to hydro-
carbon synthesis. Samples for thermomagnetie analysis were
colleeted periodically as before in 2 current of synthesis gas, in
samplers which were Qushed with nitrogen,

Figure 42 ghows the thermomagnetic eurve of the catalyst at
the conclusion of 1.5 hours of operation. At this point contrac-
tion had reached its lowest vaiue (2.6 percent). The catalyst
evidently congisted of magnetite, The thermomagnetic curve
alter a total of 4 hours and 40 mirutes is shown in figure 48,
magnetite was still the principal component, but the higher iron
carbide became perceptible at 330°C. Contraction had risen to
16.1 percent. The catalyst reached ity maximum contraction
after 49 hours of operation. Figure 44 shows that the amount
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BTN 4. —Thermomagnetic curve of Cu- and alknli-promated (0.23 bercent Gu) jren cntolyst,

200

heated 1o 235°C, in synthesiy ras at 1 atmosphere anel kept aut that temperature (total time, *
2 hours),

of 265°C. Curie-point earbide had increased considerably. Figure
45 is the thermomagnetic curve of the catalyst after operation
for 120 hours. The contraction remained unchanged, but the
amount of higher carbide increased still more at the expense of
magnetite. The horizontal portions (figs. 44 and 45) at the lower
temperatures and around 400°¢. are unusual,

EXPERIMENTAL PART 85

Thus, the first effect of synthesis gas at almospheric pressure

was to reduce and carburize the ivon catalyst. As carbide forma-

tion increased, the contraction and the amount of carbon du_)x;de
alse increased and reached their maximum value when carbldm.g
was complete. The first stage in atmospheric-pressure synthesis
corresponds therefore to carburization in medium-pressure syn-
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i ali-proma s ir tulyst,
3 45, — 3 agnetie eurve of Cu- and alkali-promoted (0.25 percent Cu) iron en !
F]ggﬁ'mi"?o éggléij?;?qsinthcsis gny at 1 atmosphere and kepl at that Lemperature (total time,

120 hours).

i though no free carbon is formed. DBecause carburization
}? Zséz’pgiat%?%reliminary operation in medium-pressure synthesis,
correlation between activity and carbide content of t-hga t_wo
processes becomes possib]e{ only after C?l;,blde formation in the

i pressure synthesis is complete, )
atrﬂ?s’c}l}l};oélecoﬁd group gf experiments with1 synth_esm gag at Il(?_l"—
mal pressure, an iron catalyst (Fe, Cu, Kz_(,O;; = 100 : 20 : 0.20)
was used at 235°C. This was more active than the preceding
one. Several converlors were operated simultaneously under .t_he
same conditions for different pcf.i‘)d]*? and samples were with-
: and anaklyzed thermomagnetieally. )

drjcv%o?lr‘égactim{ of 14 percent was attained after 17 h(_)urs of
operation. At this point the theljmomagnet_lc curve (fig. 4_-6)
clearly indicated the presence of higher carbide. However, the
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TanLE 23.—Operation of a copper-containing iron catalyst at normael pressure
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catalyst still consisted mainly of magnetito, After 47.5 hours of
operation (contraction, 26.5 percent) the thermomagnetic cnrve
clearly showed the 265°C. Curie-point carbide (fig. 47). After
121 hours of operation the catalyst reached itg maximum con-
traction, amounting to 30 to 31 percent. As shown in figure 48,
there was only a slight change in the relative amounts of carbide
and magnetite, However, the formation of the 880°C, Curie-point
carbide in this experiment was evident from the Curie point at
about 390°(C,

The relationship between aclivity and earbide content is clear
from this group of experiments. Increased tormation of carbide
was associated with increased contraction. The appearance of
the 380°C. Curie-point carbide in the last experiment was aceoms-
panied by a rise in contraction from 26.5 to 31 percent,

In the third group of experiments an iron catalyst (Fe, Cuy,

200z = 100 : 20 : 1.5) wag used (at 225°C.) which was con-
sidered {0 be the best catalyst for the Fischer-Tropsch process
at atmospherie pressure. Since the catalyst was alkalized with

1.5 percent of potassium carbonate, large quantitics of solid .

paraflin blocked the surface, and periodie extraction with Diesel
0il was nccessary. Ixtraction resulted in an immediate rise in
the carbon dioxide content, showing the reaction was resumed at
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; — S cnetic eurve of Fe, Cu, K200 (100 : 20 : 0,25) catalyst, heated in
le{;;rxilt‘li:{éle;isq;::;lg%:mln;i‘mospheru 1o 235°C., and kept at that lemperature (tirne, 17 hours),
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Preuniz A7, - Thermomagnetic curve of T, Cu, WoC0: (106 : 20 : 0.23) eatulyst, heated 1o 235°C,

in synihesis gas at | atmosphere and kept at

thal temperature {time, 47.3 hours).
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. Fraugr 48.—Thermomngnetic curve of Yo, Cu, KaC0s (100 1 20 ¢ 0.25) catalyst, hented ta 2°5°C,
in synthesis gus at | atmosphere and kept at that temperature (time, 191 houre},
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once. Samples were
magnetic examination, :
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Figure 49 shows the thermomagnetic behavior of the catalyst ]

after treatment for 24 hours with

synthesis pas at 22500,
gas throughput wag 20 liters per
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Fisore A-—Thermomagnolic enrve of Fe, Cu, Ka('0y (100 : 2p
ab Z2RCL with synthesis gns (20 liters | CO

900

ZHy gus mixture per hour per 40 eo, extalyst),

of catalyst. An appreciable amount of paraffin and oil had heen
formed. The graph clearly shows the composition of the catalyst,
The 265°(C. Curie-point carbide was already forned at this time,
It is interesting to note that, after elimination of the magnetiza-
tion due to thig carbide, the curve procecdoed horizontally from
290° to 340°C.;
temperature. The second drop in magnetization shows a Curie
point at 395°C,, which was the result of the formation of the
380°C. Curie-point « wrbide, as the following oxperiments deron-
strate more clearly,
440°C. was probably due to the Tormation ot copper ferrite whoge
Curie point, according to Chaudron, is A55°C,  The remaining
drop in magnetization was due partly to magnetite and above
600°C. to iron,

collected at various intervals for thermo-1

P LB) eatnlyst, treated for 241 houry

that is, magnetization wng independent of the -

The next well-defined inflection at 430° to -

; gas.

91

- of a3 Ay : wi hesis

igur sh the efTect of o 3-day treatment with sypt
Flgyl}lrle‘elagagalo;:ts was extracted with Diesel oil before the enc}
It i interesting to note that the amount o

BXPRRIMENTAL PART

of the experiment,

§ 265°C, Curic-point carbide remained virtli}allly unchanged, as com-
; : b nared wi -hour experiment in this group.
hour per 40 cubic centimeters g Eg;ﬁf a}:étgloo%l_ew%i l;gél}{e Cci(elzu'ly defined, showing that the 880°C.

The Curie
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. . . 1 s g 1 Tor 3 duys
a0, ——Thermoumagnedie curve of Fe, Cu, K2COs (100 1 20 ; 1.5) entalyst, Lreate ]
Fmgﬁ’i—:i»né_;\filfﬁléi:ﬁim;i'r;:'«a(El-ily'lil‘.ln-.t; ? CO -+ 2 Mz gas mixture per hour per 40 ce, ealalyst) .

at 225°C, 83 s s (2

]

i int "hi :ontent had increasoed. This probably ex-
Cllfltri.llles: 11(131? Lb%ii}?ﬁ?n%?gﬂi'@ 50 of the first hor_izonta.l section thgf'f
g}:;pem's in figure 49; the magnetization in this region Was‘ r?)oj!t\
temperature-dependent now. As a result of 111'(:1:'ee.13§}d cat Eﬁ} ;..
formation, the quantity of {ree iron was alsq co.nmdera l.y)‘gre}a. !
than in the preceding experiment,. Alter b_ddys,_du_r 1nghwvnc
time the catalyst was extrzjgcted t:ivlme ngll) tllelgifil 01%,{ é,]:hée ;550.81 133;

meti g wn in figure 51 was obtaine . Here, , the
Igl?figelggﬁlftgagesggg& is weﬁ—de'ﬁned. The formation (31 Iree iron
began below 500°C. (flat portion of the curve). The cm'bl.d?
content of the eatalyst sl_lowst v(lfl:tuag]@r) no change, as compared

1 X i experimen 1g. o0),
Wlﬁ} Etl:l?:)tl?lleﬁc ee(}:;)]frimgnt in this series, a catalyst was operated
for 4cdays with synthesis gas (20 liters per hour per 40 cubic
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centimeters of catalyst at 225°C, and 1
opke);'ated twit}%C water gas (4 liters of
cubic centime ers of catalyst at 220°C. and 1 atmos here

l_oyvmg the third extraction, the carbon dioxide corz)ltent) of the
tail gas was over 30 percent, corresponding to about 86 percent
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Fravne §1.—Thermomugnetic curve of e, Cu, KxCOs (100 : 20 ¢ 1.5
¢ i 1 ¥ ; LUV » KaCOy H ¢ 1.4) eatalyst, trented far
wl 225°C. with synthesis gns (20 litera I’CO + 2 ¥ pas mixture p(’el' hour );ml' -lIOL:;u.“('nl‘::IyZ{])?ys

contraction. After 2 days of operation with water gas, the
catalyst gave the thermomagnetic picture shown in figure 52.
It will be seen that the 265°C, Curie-point and 380°C. Curie-point
carbides were equally prominent. The amount of 380°C. Curie-

point carbide had increased during the synthesis with water gas

over that formed during operation with synthesis pgas.
Comparison of the three series of experiments on the efTect
of pretreatment with synthesis gas (1CO -+ 2H.) on iron catalysts
at atmospheric pressure shows the Tollowing: The catalyst used
in th_e first ser'.ics contained mainly magnetite, but also some higher
carbide (Curie point, 265°C.).  There was no evidence of the
formation of the 380°C, Carie-point carbide. An operating tem-
perature of 235°C. was neeessary in thig case to obtain satis-

atmosphere) and was then ._ 3
water gas per hour per 40 ]
Fol- g
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. factory conversion. The carbon dioxide wvalue on the fifth day
. amounted to 17.7 percent, showing that the catalyst was not very

EXTERIAMENTAL PART

. active.
g In the sccond series of experiments, the higher activity of the
- eatalyst containing 20 percent copper was apparent from the
31 percent contraction obtained at the same operating tempera-
ture. IMigure 48 shows that the 380°C. Curie-point carbide was
formed in addition to the 265°C. Curie-point earbide.
The third scries of experiments was characterized by low oper-
ating temperature (220°C.), by high contraction, and by high
content of 380°C. Curie-point carbide (fig. 52). Under these
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TFiaurm 52— Thermomagnetic curve of e, Cu, K:CGa (100 ¢ 20 : 1.5) catalyst, treated for 4 days
at 225°C. and 1 atmosphere of synihesis pag (20 liters 1 CO 'F 2 Ha gag mixture per hour
per 40 ee. of catalyst) and then 2 duys at 220°C. and 1 atmospheve of water gas (1 liters was
per haur per 40 ce. of ¢atalyst).

conditions the catalyst converted the earbon monoxide in water
gas quantitatively, The gas ralio was approximately 100 parts
of carbon monoxide to 60 parts of hydrogen, and contraction
amounted to 36 percent,

With an iron catalyst of this type, pretreated as usual with
synthesis gas (220° to 225°C., 1 atmosphere, 20 liters per hour)
and operated at medium pressure (that is, 10 to 20 atmospheres)
instead of atmospheric pressure, the optimum synthesis tempera-
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ture dropped from 220°C. to 205°C., for the same conversion,
This inereased activity (as compared with iron catalysts pre-i
treated at 82570 with carhon monoxide, which require operating
temperatnres between 220° ang 230°C. for the same pressures)
was probably cansed by the 880°(., Curie-point carbide, to which
the characteristic broperties of synthosis at atmospheric preg-
sure are doe., Ag already stated, there weps only minor indies- -
tiong of the presonce of the 880°(. Curie-point carbide in copper-:
free iron catalysts pretreated at 325°(C,

IRON CATALYSTS FOR SYNTIHESIS oF NYDROCATBONS

In this case, the Syn- -

thesis procceded through the 265°C, Curie-point carbide, which
synthesis temperatyre,

required a higher The oxide content of
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TEMF’ERATURE, °C.

ITHH - —Thermomugnolie Cve ol an petive

cutnlyst vsed for synthesis at
sure and poisoned by extraetion

. atmospheric proga
with sulfur-containing il

Diesel o],
catalysts was appreciably higher in atmospheric-pressure synthe-
sis than in medinvm-pressure synthesis (for the same activity).
Thug, the oxide content alone is no measure of the activity of an
iren cataiyst.
Liven a catalyst containing the carbide needed for satisfactory
activily may prove inactive in the gasoline synthesis. Figure 53
shows the thermomagnetic curve of an iron catalyst in an experi-
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EXPERIMENTAT, PART a5

3 i i i T the synthesis gas was con-
in which the carben monoxide of 1thes
if%?%zd almost quantitatively at normal pressure; it became almost
completely inactive
sulfur. o
fur content. . : L dered
?rltl(]}geﬁ'ative due to sulfide formation, thaugh__ the stluctu% e1 re
mained unchanged., While the thermomlag'ir:leltxcIculive (:if’fels%cm::g
; ati ' thi havior atalyst had already
- explanation of this behavior, the catals ad ¢ ady
: g}t?pical behavior in the course of thermomagnetic measurement,

after extraction with Diesel oil containing
Chemical analysis showed ihat the catalyst had a lngh
As a resulf, the acltive eenters were rendered
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Fraune 54.-—Thermomagnetie curve of Fe, Cu, KaCOy (100 @ 20 : 0.25) catalyst at high netivity.
'IGURE 54— 4

when large quantities of oil vapor were evolved above 220°C.,

’ " ; ° 08 ling

igure H3 is unusual because the drop at 550°C, (correqnonF
{Egrg;zn)e;;i};) lis followed by a slight peak. S_ubsequ_ently,_therg
isa f;ec(md rise Tollowed by a drop with a point of inflection a

760°C, {Curic point of a-iron).
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96  mON caTALYSTS TOR SYNTHESIS OF HYDROCARBONS
synthesis in this state. Metallic iron is not capable of ca&;a}-llyzlzlfieg_
the formation of hydrocarbens from carbori ?gélgémdeoi?d n{))ffg o
i Torme N tion at .o
en, and the iron formed by redue ) .
garf)ided at the prevailing synthesis temperature, It shouid be

EFFECT OF CARBIDE CONTENT ON CATALYST ACTIVITY

Figure 54 is a thermomagnetic curve obtained with g highlyy
active catalyst (Fe, Cu, K.CO, = 100 120 1 0.25) which atfained

a contraction of 40 percent at atmospheric pressure and 235°(,: 20
Figure 55 ig the thermomagnetic eurve of the same catalyst afte
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Sve 1 aftor res ion wi 2 at 4009,
Ficuns 56.-—Thermomagnetie eurve of an aclive iron eatalyst after reduction with Hz at 400°C
16 T

TEMPERATURE, °C

Fuevne on.- “Fhertnomagnetic eurve of Fe, Cu, K2CO; (100 : 29 1 0.23) eatalyst a( low activity,

. . " - A i, I

i that iron catalysts that were reduced to the _flee meta
gfelﬁ;iﬁ"%(;ér}:nglggmc..1"eacted almost completely with carbon
monoxide at 205°C. to yield higher-iron carbides.

SUMMARY

i ’ st " at i essure syn-
standing characteristic of atmospheric pr e
thtii;}ll:) “?;?; that th§ catalysis formed both the hlgh er-iron c‘a;rb; (1(?3
in Ié}Sproximate]y equal amounts with synthesis gas at 220 ‘1,0
230°C '(assuming that the specific .mag'n)etlz%};lonr of Lhtg tw(orc{l}f(;
ides :: f the same order of magnitude). he Tormation of 1
ggg)%bch é)urie—point carbide was favored by the low .reac‘tlon
"cempe{'ature and by the high copper.contetl_lt Off_’t?}?' caf:La;"]gl‘i%é as
11 in earlier experiments on the formation o is c:
Sh(K}‘]c}ml*no?)eration' for several days, the catalysts still contained
appreciable amounts of magnotite,_ although :f:'r_oe iron and Jiron
E(]:}pl.)!(l(_ are slable in the presence of the synthesis gas used. This

its activity had dropped to a contraction of 2 percent after pro-
longed operation, Figure 54 shows that Ligh activity at normal
pressure and 235°C. wag characterized by large amounts of
265°C. Curie-poini, carbide and some 880°C, Curie-point cavbide,
Magnetite was present in large amounts, ag indicated by the Curie
point at 590°C. The amount of iron carbide in the inaetivated
catalyst was extremely small. The catalvst consisted chiefly of
magnelite, which was Tormed by oxidation of the carbides.

The following experiment again illustrates the need of iron
carbide for the synthesis, Aniren eatalyst that gave a 30-pereent
contraetion when operatod at atmospheric pressure was reduead
with hydrogen at 400°C. Synthesis gas was then passed over the
reduced eatalyst, which reached a contraction of 10 to 12 percent
in the course of several days. 1t is apparent from the thermeo-
magnetic curve that the catalyst consistod of metallie ivon (fig.
56). The catalyst was almost completely inaclive for the gasoline



