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Cart TABLE 21.—Formation of free earbon during synihesis
arburizing conditions: Tempernture, 325°C.: CO progsure, 0.1 atmosphor i i
tions: Initinl tamperature, 285°C.; pressure, 15 atmospheres; gas cnn!.p;sietion,y;égesr ;?[Tjh

Exh;;-ri)ment Opglrating ’l‘emgm‘nture Contrayction Tree carbon
. (wlel:ll‘;s) °C.) {percent) {grams/10 gramy Fe)
1 )
— — 173
1 2345 52 2-8
3 23 55 2.37
2 0 - — 5
1% 233 0 b
3 _0 — — 2.21
T3 235 hi -5 T.07
to
285
4
[(I oln — 1.75
235 490 2.02

Talgle_22 shows the results of three experiments with synthesis
gas of different compositions. Since conversion of earbon monox-
ide is more nearly complete at low temperatures with a hydrogen-
rich synthesis gas than with a carbon monoxide-rich synthesis
gas, an initial temperature of 190°C. was used in experiment 1
The carbon monoxide : hydrogen ratio of experiment 3 corre-
sponded to the consumption ratio during synthesis. Consequently
it produced the maximum hydrocarbon yield in a single stager

In experiments 1 and 2 the gas had to be rec
monoxide added before each eycele. yeled and carbon

TaBLE 22.—Formation of free carbon as a function of synthesis-gas composition
[Pressure, 15 atmospheres]

Exnﬁ'iment ’[‘un:r;eraturu O[)e}'atim; Synthesis-ras I'ree carbon Contraction
0. C.) time ratia (grams/10 {puercent)
N (dawvs) (CO : Hy) grams e}
1 100 ] 1:4"b 2.2
200 @ 50 ] 39
2 210 0 1:2 2.21
- 2550 . 151 251 83
3 235 9 3:2 3
240 112 183 50
f

:Temperuhu‘e required to mmintain conatant conversion, |
The low carbon monoxide eontent resnited in smaller contraction despite the high hydrogen

contont of the synthesis gas and low synthesis temperature i + the for i
consant of the aynthesis ga. 4] ¢, which favor the formation of water

These three experiments show that undesirable earbon deposits
depend largely on the composition of the synthesis gas. In
experiment 1 less free carbon was present at the end of the
experiment than at the beginning. This condition was similar to
that found in an iron catalyst decarburized with hydrogen at
263°C,, where less free carbon was found on acid decomposition
after hydrogenation (see above). In experiment 3, a consider-

able amount of carbon was formed owing to the high carbon
monoxide content, .
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Formation of carbon may therefore be avoided by use of
hydrogen-rich synthesis gas and low reaction temperature. A
series of parallel experiments showed that the composition of
the catalyst is important. For instance, catalysts that were alka-
lized to increase the yield of solid paraffins formed more free
carbon than nonalkalized catalysts.

Further study of iron catalysts used for medium-pressure syn-
thesis showed that the disadvantages of carbon formation on
promoted eatalyst could be avoided by using technical water gas
for the synthesis.

SUMMARY

The composition of iron catalysts used in medium-pressure syn-
thesis was studied by means of acid decomposition. The more
carbide formed during carburization, the greater was the ac-
tivity of the catalysts during synthesis. Life of catalyst also
increased with higher carbide content. The large amount of car-
bide present after pretreatment decreased during the first days
of operation to 0.2-0.4 gram of carbidie carbon per 10 grams of
iron in an active caialyst. There was a corresponding increase
in the oxygen content to 0.1-0.2 gram per 10 grams of iron. The
catalysts maintained this carbide—oxide equilibrium for months.
Acid decomposition of catalysts whose activity had decreascd
(contraction less than 40 percent) showed at most 0.1 gram of
carbidic earbon per 10 grams of iron and a correspondingly high
oxygen content.

Catalysts usually produced free carbon during medium-pressure
synthesis; this tendency increased with higher operating tem-
perature and with higher carbon monoxide content of the syn-
thesis gas. At low operating temperatures (such as may be used
with especially active catalysts) and with hydrogen-rich synthe-
sis gas, carbon formation could be eliminated in medium-pressure
synthesis,

THERMOMAGNETIC ANALYSIS
DESCRIPTION OF MAGNETIC BALANCE

The question of whether a gingle carbide or a mixture of car-
bides was formed during pretreatment could not be solved chemi-
cally. No indication was found as to the presence of free metal
(known to be essential in cobalt and nickel catalysts) either dur-
ing pretreatment or during synthesis. The large excess of hydro-
gen found upon acid decomposition (table 10) was another point
still to be explained. It would have been unsatisfactory to attempt
to determine the amount of earbidic carbon or a carbide formula
from the catburization curve and from hydrogen-reduction data.
However, the ferromagnetic properties of iromn, iron carbide, and
magnetite offered an approach to the problem; the spacing of
their magnelie transition points (Curie points) is sufficiently
far apart to make identification easy. A type of magnetic bal-
ance developed by Lange® was found to be suitable for measure-
ments of this kind (fig. 10}.

‘;I:m;uc. 1., and Mathien, 1, wark cited in foctnoice DR,
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" The magnetic field was gencrated by a water-cooled eleetro-
magnet which produced a field gradient of 1,750 cersteds per cen-
timeter within the region of motion of the sample, with an oper-
ating current of 4 amperes, The force of this field gradient wag
sufficient o indicate the Curie point for a few milligrams of
ferromagnetic substance. A small, water-cooled electric furnace

with a noninductive winding was installed between the poles of
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IiouRe 10.—Simplified sehematic dingram of magnetie balinee,

the clectromagnet. 1ts temperature could be raised to about
900°C. by means of a resistance coil. The quariz tube of the
furnace contained the thermocouple tube (sample-holder support)
to which the brass sample holder was fastened. The latter had
a capacity of 0.3 to 0.4 cubic contimeter of matorial, The sample-
holder support was attached to the balance beam, which was
suspended from thin copper wires that could be adjusted so that
the system formed by the balance beam, thermocouple, sample
holder and its support swung freely in the quarlz tube of the
furnace.20 1t

¥ Lange, ., and Mathieu, K., work cited in footnate 0S,

T EMToR's NoTE,—It was thought desirable to Inchule a fuller description of the apparatus and
vrocedure. The following inlarmation’ was supplicd by Do 110 Pichlor from memory, nml the
drauwing aml numerical values are approximalions. Details of the sssembly belween the magnetic
poles are shown in figure 11, The thin hrass sample holder fitted tightly aver the free-moving
thermocouple tubing, The thermocouple junetion wis sepirraled from the sample by a hrass
partition.  The sample compartnwent was aceessible from 1he end of the heass tube and coulid
e cloavd with o brass eovor,  Nunwrem fine holes puncturol he campnrtnient wialls 1o permit
vireulation of the nitvogen steewm, ) rentvinder of the assermbly consisted of n osilion tube,
wound noninduelively with nichrame wire, and surrounded by a Lwver of mica insulntion and by
a double-walled hrass tube containing coling water.  This water-coolul heater wits fitted with
brass plates and fastened to Lhe roles of the mugnet.

The Tnss sample hoider haed s aver-nll lemrth of ahout 1 em., ol
over the thermoconple tubing,  Yhe simple compariment was aboul ¥ em, in leneth and about
0.5 em. in dinmeter, The elearanee heiween the samuple holder and the silica tube was ahout 9 mm.

The samuvles studied by Piehler nwl Merkel were always heated at uniform rate fron room
femperature Lo S00°C, in about 1 howr, eseopt, whia ulicited olherwise,  After BOOL, waus
reached, the Murneee was turned off, and the samples were allowed Lo eool.

vhich 1.5 eni was slipped

_the balance beam and pen
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i the i field of the

The sample was pulled into the inhomogeneous _ ;

1 lg?origgr})et Thispattraction was counteracted by t_he Ioré:_e of

the - dulum. A damper made raplg_reiz cink%\?
i . ; icate

ible. The deflection of the balance beam wag in C

Eogilaghe of light focused on a géaguatt_ed scah]adbgoamrl?iitgég mir

ificati i ¢ ¥ could be 2 .

ror. The magnification of the deflection Ol e et imum-
‘ature was measured by means of a plalini '
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Noninductively
o~ wound chromium—
nickel wire

mounted in brost .
Bross piofes Thin sitica

agnel [sample holder
Micg insulatign | o0 potes of mag sample s
J,  (TTE O T T

Waler jochet

e et e

G

T e ] RO R AN ARXAL Ay
T sl KOO OXKXKXXKA KK
CArs EAPATAr A AR T IR T T e
,’_r/, /CM//_//Z/Z/'/ texw XXM K R XXHXANXR
L L L L XX AKX

R A Al Ve Y P

“+—Na

- : N —— - o VT g
R P TSP I T I T VP ST IID LG IS EE LS.
Thermacouple /- .
e B / / \_Hemnvuhle
Junction -Sampls Hotes in )\ Dross closure
2~ nhols Bross bross tubg
refractary - partition
tubing
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sample capsule. Since the electrie furnace was ‘:vato:}'—cog]})e;c(lera;gg
Leiatively ghort, n marked drop in temperatmg y;]fls pbserved
within the quartz tube from the center out\yard, this Ee(‘zle ;51'0
the accuracy of the measurements. The ‘Lenni(g‘atmc yvalues w
{ sidore urate to within #1070,
srefore considered accurate ) C. o
thLMawnetic saturation was not determined, tbuftd:he %Ill{‘w;)dli}e)ntvgi
Sk = g . " . N o . -
metic fi : anee of movement of the s .
the magnetic field (in the rang e Ok the 2
i as a f i f the deflection of the beam .
termined as a function of ! e be g
?ri an inhomogencous field I7, a sample of mflg??utc' moment M
experiences a force P in the direetion of the gradient:
‘ o= M ograd H. . .
The intensity of magnetization J (based on volume) is therefore
¥

J == T/_p"['mi- Causs.

1 the measurements are baged on weight, the specific magnetiza-
tion is P st
~ g prad 1

[
5

The gradient was determined by means of this equation with
eleclrolytic iron (o 218) asa standard.

Peflection of

b of Jukt Con )
86 e __ 1T6h
99 17155
1'7.68 e - LTB0
0.6 o
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Figure 13

These experiments showed that the gradient was constant within
the range of movement of the sample. The deflections were there.
fore assumed to be proportional to the Torce, that is, to the mag-
netic moment of the sample. Thus, when specific magnetization
at saturation wag known, the deflection was a measure of the
quantity of ferromagnetic material present and accurate relative

shows the thermomagnetic curve for electrolytic

60
mMmeasurements coyld replace ahsolute measurements,
PRELIMINARY EXPERIMENTS
In the first experiment the sample hoIder_was filled with pre- - 50 |—
cipitated forric oxide, which wag heated to 500°C. in a current W Ry
of nitrogen and was then reduced in a stream of hydrogen, = \
Figure 12 shows the magnetic moment as a function of the time : g \
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FlGuRe 12.- IHydrogen veduction of ey gt 500° C, iy magnetic balanco,

ES
FORMATION AND STABILITY OF HIGHER IRON CARBID
during which the sample was exp

osed to hydrogen. At the

. ” » magnetic balance were fol-
beginning of the experiment the deflection WAas zero; in other Preliminary ekpeylments_ Wlff!‘_tlftigi;‘%llleﬁon carbides by car-
words, ferric oxide showed 10 measurable magnetization {para- lowed by investigation of the 'd0}m :

magmetic). During the first Tew minutes the magnetization in. burization of iron and iron oxide.

creased sharply and then remained constant for several minvtog,

indicating a discontinuous reduction of ferrie oxide. The first
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Since it was thought that water might affect them at higher
temperatures, catalysls that had been carburized in different
ways were stored under n-hexane, which was quite suitable be-
cause of its low boiling point and inert character,
saturated catalysts were
introduced into the center of the electric furnace and adjysted
there in such a way as to allow it to move freely.

the quartz tube of the furnace,

An iron catalyst of the type usged in medium-pressure synthesis
was carburized with carbon monoxide (325°C., 0.1 atmosphere,
4 liters of carbon monoxide ver hour per 10
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Fraunn I4,-—Thermomagnetic curve of carburized, allali-promoted iron eatalyst: I, After car-
burization; 1Y, afier heating ta 800° C. in nitrogen.

sample. - The Curie point wag 260°C. As will be seen from the
Tollowing experiments, iron catalysts always exhibit this Curie
point during ecarburization or synthesis, the average value of
which was 265°C., as found in a large number of experiments,
Comparison with the Cyrie points listed in table 3 shows that
the ferromagnetic substance present was not identical with any
knoivn ferromagnetic iron compound and that thig thermomag-
netic curve probably shows a new iron carbide,

5

The hexane-
placed in the sample holder, which was -

During the
entire procedure a current of oxygen-free nitrogen flowed through

. grams of iron). ¥
Figure 14, curve I, shows the thermomagnetic curve for such a -
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obtain the data for curve I (fip. 14), the catalyst was
:hegif:ad to B00°C. in a stream of nitrogen. The effect of this
treatment became apparent from a J"edetermlna._tlop of the thermo-
‘magnetic curve (shown in curve 11, fig. 14). It is clear that the
Jferromagnetic iron compound had undelj‘gone a chang’e-. Thg_
Curie point in the second curve was 208°C., 50°C. below that of
curve I. The close agreement with the cementite Curie point
(205°C., established by Mathieu on the same magnetic ba]_ance)
showed that the iron carbide whose Curie pomt‘m 265°C. is un-
-stable at higher temperatures and chan_ges to FeyC. A further
‘difference in the thormomagnetic behavior of the two iron car-
bides was shown by the fact that the thermomagnetic eurve of
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Figure 15, —Thermomagmetic curve of alkali-promoted (0.25 pereent WQO0x) ceatalyat, reduced

for 240 hours at 250°C,, | liter H: per hour per 20 grams Ife; carburized for 210 hours at
220°C,, L liter CO per hour per 20 grims Fe,

900

cementite (II) decreased far more slowly initially than that of
the higher carbide (I). L ‘

Thermomagnetic analysis indicated formation of a homogeneo_us
iron carbide at a carburization temperature of 325°C.; its earbide
content had been determined by hydrogen reduction. A]thqugh
the formula Fe,..C thus derived cannot be considered definite
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befzausg oi_‘ uncertainties inherent in the method, the values ob-
tained indicated cIeat‘_ly that the new carbide was richer in earbon
than Fe;C, the only iron carbide whose composition is definitely
known,

_As observed by Bahr and J essen, carburization (at 225°C.) of
iron obtained by low-temperature rednction of Fea.Oy wields a
carbide whose carbon content corresponds closely to the for-
mula Fe,C. To study this carbide, two active iron catalysts
(iron-0.25 percent potassium earbonate and iron-1 percent cop-
Per—1.5 percent potassium carbonate) were reduced with hydro-

\ |

A

o]
w

Ok
Q

3]
(&)}

o

(=]
/

MAGNETIC MOMENT, ARBITRARY UNITS
n
Q

N
\

o 300 600 900
TEMPERATURE ° C.
F1ouRE 16.~Thermomagnetic curve of Fe, Cu, CO2 (100 : 1+ 1.5} catalyst, redueed for 240 hours

ot 250°C. with 1 liter Ha per hour per 20 grams lle; - s - 21y a nt v o
1 liter CO per hour per 26 grams Fe. grams Fe; earburized for 219 hours at 220°C. with

[

gen at 250°C. for 240 hours (1 liter of hydrogen per hour per
20 grams of iron) and earburized at 220°C. for 219 hours (1 liter
of carbon monoxide per hour per 20 grams of iron). Figures 15
and 16 show the thermomagnetic behavior of the two carburized
catalysts. The action of carbon monoxide at 220°C. led to the
formation of the ivon carbide whose Curie point is 265°C, How-
ever, this earbide did not form quantitatively, as it did at 825°C,
Figure 15 shows a second Curie point at 600°C, The average
value obtained from a large number of experiments was $595°C,

[1]

"A comparison with table 3 shows that this is the Curie point
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. of magnetite, Fes0,, for which Curie points from 565° to 595°C.

- are reported, Reappearance of the magnetization above 700°C.
pointed to the formation of free iron from the reaction between
magnetite and iron carbide. .

The thermomagnetic curve of the iron—1 percent copper-1.5

percent potassium carbonate catalyst was different (fig. 16). _The
decrease in magnetization occurred in three well-defined sections
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Ficure 17.—Thermomugnetie curve of Fe, Cu, g(‘.'cO'.L (106 : 1 : 0.20) catalysl, earburized at
205°C.

of the curve, which fused at about 300° and 500°C. The first sec-
tion corresponded to the new iron carbide (Curie point, 265°(.).
The second (300° to 500°C.), with a Curie point at 400°C., was
new and did not ecorrespond to any known ferromagnetic iron
compound, Similar curves were obiained for a number of dif-
ferent catalyst samples, The earburization process was exactly
that used by Gluud and Ritlter?? and by Bahr and Jessen.’® The
carbide formula (Io,C) derived by these authors therefore prob-
ably does not refer to a homogeneous substance,

”Crlmjj’., Ollo, K. V., and Ritter, H., work eited in fooinole 87,
W RBahe, H. A, and Jessen, V., work eited in lootnote 47,
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Since the Curie point corresponding to the new compound could
not be established with certainty on samples carburized above
220°C. (for instance, at 325°C.), it was assumed that low car-
burization temperatures arc a necessary condition for its forma-
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tion. Consequently another experiment was carried out with a
highly active catalyst-Ie, Cu, K.COy (200 ¢ 1 : 0.25) at an even

lower earburization temperature (205°C.). The thermomagnetic
curve for this experiment (fig. 17 ) shows that a much Jarger quan-
tity of this higher iron carbide was formed under these reaction
conditions. This earbide (Curie point, 380°C.) contributed the
largest part of the total specific magnetization. The correspond-
g inflection in figure 16 was 20°C, higher, The difference be-
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it 18.—Thermomagnetic eurve of Fe, Cu, KeCOs (100 ¢ 1 :

0.25) cutalyst, carburized at
205°C, and then heated to 800°C. prior to

thermomagnetic wnalysis.

tween the two Curie poinls resulted from the fact that, in the
first casce, only a small amount of the carbide was formed. The
change in the magnetic force was too small at firsk to overcome
the inertia of the balance, thus shifting the Curie point toward
a higher temperature. The carbide with the 265°C. Curie peint
was also formed in appreeiable amounts, even at 205-C., as indi-

.~ had been replaced by cementite, Fe,C, and by some metz&)llic iron,
4 a3 shown by the decrease in magnetization a‘boye 700°C.  The
4 part of the curve corresponding to the 265°C. Curie-point carbide
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ated by the first part of the curve of figure 17. The deerease
n maggetization between 400°-600°C. was probably the result
f decompogition reactions. It ig interesting to note that exten-
ive reduction and carburization of iron occurred, even at these
ow carburization lemperatures. ) _ .

To determine the thermal stability of the 380°C. Curie-point
ron carbide, the sample was heated to 800“’0. in a second Lhczi'gno-
magnetic analysis (fig. 18). After the first heating 1o 800°C,
he 880°C. Curie-point carbide had disappeared completely zned
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b8  TmoN CATJ.UASiS FOR SYNTHESTS OF IIVDROCAREBONS ‘::‘cipitation and washing as before, it was alkalized with potassium

¥ i i reent of copper and 1.5 percent
was also absent, this compound was converted to cementite, as E carbonate, so that it contained 1 pe p

: ; ; . o »d on iron.

already noted in figure 14, E of potassium carbonate, basc - s but useful

Figtfre 19 showsg graphically the results of g systematic study" ., Jupromoted iron 0X1de~ W@%Eniﬁgﬁeﬁ? ?ﬂrﬁ?gﬁlycsafrburization
of the thermal stability of the new iron carbides. Figure 194, F for comparison with %3 L'ueﬂu literature survey, The “standard”
1'épresents the ther‘momagnetic‘ curve of the catélyst after cétr: J- cxperiments were Clteé:-m 1 ¢ nt of potassiﬁm carbonate and the
burization at 205°(, The samples used for ihe éxpériments f 3 catalyst containing 0.25 perce
represented in figure 19, B-F, were heatod in flowing nitrogen § -
to 800°, 355°, 400°, 480°, and 510°C., respectively, and main- ¥
tained at these temperatures for 0.5 hour. Thermal treatment at §
300°C. produced little change in the carburized catalyst; how- §
ever, the formation of metallic iron was perceptible (fig. 19,B). ¥
Treatment at 855°(. resulted in considerable decomposition of §
the 8R0°C, Curie-point carbide, whose presencoe was still clearly ¥
indicated by the virtually linear drop of the magnetic moment §
between 230° and 470°C, The unstable carbide was partly con-
verted to the 2650, Curie-point earbide (fig. 19,C.). Treatment {
at 400°C, left only a small quantity of the 380°(C. Curic-point car- §
bide. The 265°(", Curie-point earbide remained unchanged, as §
shown by the Curie point (figure 19,D), At 480°C,, the 380°C. [
Curie-point carbide disappeared completely. The amount of free
iron ineraased considerably. The 265°C. Curie-point carbide also
suffered changes, as shown by the drop in the Curie point to
230°C. (fig. 19,E). At 510°C., the 285°C. Curie-point carhide
disappeared completely. In its place appeared cementite, which
is the decomposition product of both the higher carbides, The
amount of free iron inereased still further (fig. 19,77, '

The effect of a current of hydrogen at ordinary pressure on
the two higher iron carbides was also determined.  For thig pur-
pose, iron catalysts containing both the 265°(C, Curie-point and
380°C. Curie-point carbides were treated for 3 hours at 230° 1
to 240°C. with a current of hydrogen in the sample holder of ¥
the magnetic balance. No change in magnetic moment was ob- E
served after this treatment or after displacement of hydrogen
by nitrogen. :
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CARBURIZATION OF IRON CATALYSTS FOR MEDIUM-PRESSURE SYNTHESIS §

The effect of carburization was studied on three catalysts that 3
differed appreciably in activity and in the type of products syn-
thesized. The procedure for Dbreparation wasg the following: Iron
filings were dissolved in dilute nitrie acid, and the solution was ¥
neutratized and divided into three parts, The first fraction was
heated to boiling and precipitated as usual with a sodium car-
bonate solution. It was then washed with hot water until the
water was no longer alkaline and dried in an oven at 105°C,
This catalyst therefore consisted essentially of iron hydroxides.
The second fraction of the iron nitrate solution was precipitated
and washed in the same manner, 1t was then alkalized with 0.25
percent of potassium carbonate, based on the iron content. Thig
was the so-called “standard” iron catalyst that was used for the
first part of this work, Copper nitrate was added to the last por-
tion of the iron nitrate solution before precipitation, After pre-

ini ercent of 5 percent of potas-
‘ alyst containing 1 pereent of copper _m}d 1.5 percen ‘
§?§$y§;1"%oonate di%fered not only in activity but also in the tlype
of products synthesized. The form?lr].w]ﬁ:shadtyplig n%aso rll‘{]lg
" catalyst yielding principally liquid and lig ydrocarbons,
f;f}trgly S;;igllc?ed aglat'gel‘ amount of solid paraffins because of the

presence of more. alkali.
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CARBURIZATION OF IRON OXIDE

The iron oxide obtained by precipitation was treated in an

aluminum block oven at 326°C., with a current of earbon monoxide

at 0.1 atmosphere and a flow rate of 8 liters per 10 grams of F
E panied by formation of carbide.

iron per hour (standard carburization conditions) for diffe
iro . for diffare
fr_;tervals. _ Normal hexana_a was introduced into thc)a catalg/lste‘tsgfe:
g{fﬂ:g}" (;oofldl_ng 1for lzér?ltectlon of the carburized product
arburization for ours, the sampl ‘mor i
curve shown in figure 20. O part of fhaermomagnetic
point, 770°C.),
860°C,
After carburization for 25 hours. the ma i

_ . ) s agnetic curve show
that the amount of free iron had increasod appreciab?ysag V:uﬁg
expense of magnetite (fig, 21). The iron curve was again char-

The sample. showed no ferromagnotism above
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Frauny 21.—Thermomagnetic curve of ¥ i i f for 25 hou
unnromoted jron oxide, after earburizat} 256 hours at
¢ ; Le 3 \ f B ation "
326°C. and 0.1 atmosphere, 8 litess CO per hour per 10 grams I'e ; ot <

acterized by its sharp Curic peint.

eriz Iron carbide had also
as indicated by a slipht decrease in oreen Sae"

magnetization between 250°

After F
i . ve the F bon (from carbon monoxide) can combine with iron fo give iron
1 ¢ major part of the magnetization
was due to magnetite, and above T00°C. to metallie ilgon 581111"012 :

61

. and 300°C. Although most of the ferric oxide was reduced to
i froe metal, the amount of carbide formed remained small, indi-
cating that the production of frec iron is not necessarily accom-
Iron can remain unchanged in
b an atmosphere of {lowing carbon monoxide; the physical struc-
ture of the catalyst must create the conditions under which car-

LEXNPERIMEENTAL PART

carbide.
The same sample of catalyst was cooled and subjected to a

¥ sccond thermomagnetic analysis to determine the effect of thermal

* treatment (fig. 22). Comparison with figures 20 and 21 showed
e that the first heating caused exfensive changes, This was par-
ticularly noticeable in the sharp drop of the initial magnetization

§ from 70 divisions before heating to 27 divisions after heating,
¥ The magnetic moment (fig. 22) remained unchanged up to about
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Wanee 22, —Thermomagnetic curve, affer heating io 800°C., of unpremeoted iron oxide which
had been earburized for 26 bours at 325°C, and 0.1 atmosphere, 8 liters of CO per hour per

10 grams ol Fe

440°C. Thevealter, it increased, then decreased in the magnetite
region (Curie point, 600°C.) and finally dropped almost verti-
cally in the region corresponding to metallic iron.
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CARBURIZATION OF AN ALKATIZED IRON CATALYST

unpromoted iron eatalyst.
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Froune 23.7~'1‘hermnmagnetin emrve of alkalized (0,25
ztitlon for 5 hours ot $25°C, and 0,1 atmosphere, 8 fi

900

pereent K:C04) iron oxide, ulter enrburi-
ters of CO per hour per 10 grams of Fe,

burization for 5 hours The largest part of the magnetization
was due to magnetite. The course of the curve between 200°
and 300°C. indicated the formation of higher carbide, although
the Curie point remained rather vague. The curve shows an
inflection as low ag 150°C., which will be discussed later,

The effect of temperature on the magnetization of the catalyst
after carburization for 12 hours is shown in figure 24. Forma-
tion of the 265°C, Curie-point carbide had inereased to the point of
accounting for almost 50 percent of the magnetization, the othep
50 percent being due to magnetite. The magnetization increased
again ahove 650°C., and the abrupt drop in the curve above
700°C. shows that metallic jron was formed.

The magnetie behavior of the catalyst after carburization for
25 hours is shown in eurve I of figure 25. The proportion of iron
carbide fo magnetite had increased very little as compared with

E tions.
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i rization
the previous experiment. Further reduction and carburiza

¥ of this catalyst proceeded very slowly. Sinpe t}}el cat(;lgo?h ;1;01{}11:;%
: b content of the tail 2as ld_uri_ng p'r'e‘qrezkx)trkrlmgito;v?;]vlsti\f{) v than that
The “normal” iron catalyst containing 0.25 percent of potas- E for iron-magnetite equitibrium, this beha

sium carbonate was carburized under the same conditions as the E

Figure 23 shows the results of cap.
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300 600 800
© TEMPERATURE,°C.

. eveent 1aC(a) iron oxide, after earburiza-
" rve of alkalized (0.25 pereent TG har ‘aras Fe.
Figuri 2-1‘_.7---’Iige;-;;‘llﬁll:uﬁnsgﬁcbéu1:]!1,1110.1 atmosphere, & liters CO per hour per 10 grarms Fe
tion for R .

MAGNETIC MOMENT, ARBITRARY UNITS

: di-
; 3 ivi f the catalyst under the carburizing con
o he ]C)CvlrlrlveéL %?véggo I251;)esj}lowsythe magnetlzatl?)n of rI:a}llle Sﬂ{l;lfg
B e st hoating at higher tompora.
incides with the curve of the firg atin, ligh
’ggigg]de(s‘ja‘lgll)%et;%d oxide had reacted to yicld free iron.

i cent —1.5 percent potassium carbonatq
o iron-1 percent copper-1.5 p ‘ i arbona
caEL}ll;stuwaq si}%ilarly treated VVlt}hcarbm;) nrl'?;s;}i((l)ic"forp 65;[,3u;1((\) Lif)
§ : rneti y Tter carburiza i .
the thermomagnetic curve a : rization .
%hoorgg%tl"iq011 with figure 23 shows that carburizing the copper
€ = =
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containing catalyst for 0.5 hour is equivalent to carburizing th
copper-free catalyst for 12 hours, This is a pProof of the ex
tremely high reactivity of the copper-promoied catalyst durin
carburization. Magnetite was reduced vapidly to carbide,
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wation for 25 hours al 326°C, and 0.1 ntmoesphere, 8 liters of CoY ver hour per 10 grams of . " 4 wltor enrburization
Fer 1. Proshiy carburized sample; I, wfter henting to 8pueg, PP : sve of e, Co, WeCOx (100 : 11 1.5) calalyst, a c1 o

- ) e ‘ quz}'mrll.:h-:illlolllt(:'l :]l.ng;.l'}%gﬂf\pnflué.‘le antmuiphere, 8 liters of CO per hour per 10 grams of Fe,

- . . ' . or bi -t

Figure 27 iz tho thermomagnetic cnrve after earburization

for & hours. Comparison with the brevious experiment shows
that the composition changed appreciably. The largest Traction
was the 265°C, Curie-point carbide, whereag the magnetic con-
tribution of magnetite was very small. The course of the curve
between 850° and 100°C. indicates the presence of the 380°C,
Curie-point carbide. This result shows the bronounced tendency
of thig catalyvst to form carbide. After the same period of car-
burization, the legg active iron—0.25 percent potassium earbonate
catalyst consisted almost entirely of magnetite. The iron oxide
preparation eontained little carbide even after carburization fop
25 hours.
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Figure 28 is the thermomagnetic curve for the same sample
after heating to 800°C. The small amount of magnetite ob-
served previously (temperature range, 400° to 550°C., fig. 27)
was absent after heating. The magnetization disappeared below
400°C.; that is, the catalyst consisted exclusively of cementite,
which is paramagnetic at that temperature.

Another sample of the catalyst consisted almost entirely of the
265°C. Curie-point carbide after carburization for 12 hours (fig.
29). Magnetite was no longer detectable. The deerease in mag-
netization starting at about 820°C. was probably due to the 380°C.
Curic-point carbide whose ferromagnetism disappears above
450°C. Carburization for 25 hours and for 62 hours produced
the same resitlis as were obtained in the preceding experiment
(fig. 30, curve I). Cementite again formed as a result of the
first heating’ (curve II). Whereas the magnetization due to
cementite disappeared at 350°C., the magnetization of the original
product decreased only slowly above 350°C., indicating that in
this experiment, too, the 880°C. Curic-point carbide probably was
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present in small amounts. Both curves in figure 30 show that
the values of the Specific magnetization of the two carbides are
nearly the same because the deflections at room temperature were
almost identjcal,

These copper-promoted iron catalysts were exceptionally re-
active, even when treated with synthesis gas (carbon monoxide -
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TiGtRE 251.—'I‘hurmnnlnuzu-lic curve of 1, Cl;. K:COx (100 - | 1.3) eatat

vit, alter carburization
for 12 houry gt 32550, and 0.1 atmosphere, 8 lilers of GO per hour

Lev 0 graamg of LI'e,
hydrogen = 1 . 2) at 100°C, Figure 81 shows the thermomag-
hetic analysis of an iron-1 percent Copper-0.25 percent potas-
sium carbonate catalyst, treated with synthesis gas at 100°C.
for 24 honrs, The fact that even at this low temperature hema-
tite was reduced to magnetite shows that the data given in the
literatire for the minimum temporature at which carbon nmonox-
ide and hydrogen react with ferric oxide (180" and 280°C., ve-
spectively) are of limited valpe.

The resulis obtained by carburizing the three iron preparations
ean be summarized as follows: The action of carbon monoxide on
precipitated iron catalysts at about 325°C. always resulted in
a higher-iron carbide, with a Curie point at 265, There are
also Indications that a carbide with g Curie point at 380°C. was
formed.  With active catalysts, carbiding oceurrod even when
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