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CORRELATION OF PHYSICAL
PROPERTIES OF CATALYSTS

Fant 40.—Bromiie numbers of Fiseher-Tropich produets Tram eoball~thoria—mag-
nesia—kieselyphur calalysts operated af almaspleric pressure .
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K do. 185 1 ail It is now generally recognized that sieh characteristics as erystal
RS S i o 508 307 structure, surfnce area, particle size, erystallite size, crystal habit
-| o do o s o and orientation, lattice parameter of crystallites, impurities, inter-
B T a1y 600 840 mediate compounds, ete., may proloundly influence the course and
Sl o 14 112 184 rate of & catalytic reaction oceurring on a solid catalyst.”8®  Physical
| B0 do. 1 . P and chemical procedures which can give mformation about ehar-
R _do. 1 20 iy acteristics such as these may be expected to yield important informa-
| o i b pih 811 tion about the mechanism of catalysis and may give important clues
-1 B0y Ao wr 2 el for the preparation of superior entalysts.  Such characteristios may
= : Caall 190 o 123 be stndied with a large number of available tools.  or example,
P i [ 05 3 bl
phtok A T o o b surface area may be measured by the Brunauer-Emmett-Tellor
hlok . 10 S T s i 43 method ®; crystal habit, orlentation, and lattice parameter may be
i LTS N IO 152 14 0z | attacked by well known K-rny and celectron dilfraetion methods;

particle size and shape may be studied by the small angle scattering of
-rays 19 crystallite size and shape may be studied by the X-ray
diffraction method of Seherrer, Laue, and Bl The erystalline
_Phases of catalysts may be identifiod by the X-ray diffraction analysis
method of Tlanawali.¥ The catalyst characteristics deseribed above
are not the only important ones nor are the methods deseribed for
their determination cxelusive.

- For eatalysts thal contain cither ferromagnetic or potentially
¥ ferromagnetic constituents, various magnetic studies constitute power-
g ful tools, although such studies in the past have not been nearly ns
~exhaustive as possible. A very instructive example of what can he

In the tests at 100 pounds per square ineh, ahout 90 pereent of the
product was o solid mixture of wax and oil whose hromine number
was zero in all eases.  The gascous products formed at 100 D. 8 L
were more saturated than those from tests at atmospheric pressure.
This is illustrated in table 50 by the averages for the gaseous produets =
recovered from the charcoal trap in test X21.

Tanve 50.-—Analysis of gascons products recovered from charcoal trap tn lesi X891

¢ . s : done is illustrated by the paper of Morris and Selwood.”® By means

S — - , of the magnetic balance, it is possible by determination of Curie

A\:’!Egﬁﬁor Progsure Saturites [Unsntumtes Raturates | Unsnturates| Saturates |Unsatnrates oints f':O identify erystalline l'erl:omﬂ.gn_etic DIIIHSGS. When the ferro-
’ magnetic phases are well-crystallized it is possible to make a quantita-

Percent by voleme tive as well as qualitative determination of the [erromagnetic phase,

‘Even when such clear-cut determinations are not, possible, the presence

S T b i 200 ks a8 n or absence of ferromagnetism as indicabed by field dependence of the
magnetic susceptibilily may be of great significance.  Wor example,

i the paper of Morris and Selwood, which dealt with copper catalysts
containing traces of nickel, it was shown that the active entalysts were
ferromagnetic, whereas the inactive catalysts were paramagnetie,

7 Beek, O, Catalysie, A Cliallenge to Lhe Physicist: Review of Muodern Physies, vol. 17, 1945, pry. 61-71,

;}}rtlllnnuer, 3., The Adsorption of Gases and Yapors, Physieal Adierplion: Princelon University I'ress,
1943, 511 pp,

? Mc)rras, H., and Selwaond, T, W, Magnotic Measuretments on Some Catalytienlly Active Suhstancos:
Jour, Am, Chent. Mog., vol. G5, 1943, pp. 2245-0252,

W Quinier, A., Determination de |a inilo des particules submicroseopiques par les rayons X: Jour, Chine
Phys., vol. 40, 1943, pp, 13- 150.
- WBrill, R, T, I'vilehom Grissenhestiimnogen mit Hille von Réntgenstrahlen: %tschr, IKrist,vol, 63,
1928, pp. Au7-403,
B Ameriean Seeiely for Testing M nlerials, ata Cards for the Ldentitieation of Crystalling Materinls by
the MTanpwall X-Ttay Diffraction RMelhed. Phikudelphia, I,

B Work eited in footnote 0, p. 131,
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The natural conclusion, therefore, is that in the inaective cats
the nickel was in solid solution, whereas irr the netive catalysts i
formed a separatoe plinse.  An effect such as this econld not have hean
demonstrated by X-vay diflraction, since the smallest amount of 8
phase that can be identified by X-ray dilfraction is about 2 to
percent. ‘The magnetic balance is thus well-suited to demonstrating
and identifying extremely small amounts of n ferromagnetic phase.
he experiments here deseribed were made to survey the field of ;
physical measurements as they related to Fischer-Tropsch catalysts,
They are intended to be used as the basis for further experinent

EXPERIMENTAL METHODS

X-RAY PIFFRACTION STUDIES

The X-ray diffraction studies were made by the powder method,
A Debye-Scherrer-type eylindrical eamera of 71.6-mm. dianmeter.
was used.  The camera was equipped with collimating lead pinholes
0.080 inch in diamoter and 4 centimeters apart, A finely pround
sample of the eatalyst was partially extruded from a ¥-ineh length of:
19 gnge stainless-sicel tubing of 0.7 millimeter inside diameter hy’
means of a stainless-steel wire fastened in g pin vise. This method of
preparing samples is deseribed by Barrett.™ Tubes of the required
characteristies may be obtained from the Superior Tube Co., Noris
town, Pa. No binder of any sort was uscd in the oxtrusion. Th
samples, although britile, wore strong erongl to withstand the han
dling required in loading the camern. A commereinl sealed-off irp
target tube of the Coolidge type equipped with 0.01-inek beryllium
windows designed especially for diffraction work was used.  The
target, was designed so that there would he o line focus. The radia
tion was fillered with comimercial manganese dioxide filters so that+
no iron X g radiation could be detected photographically. The
tube was generally run at 50,000 volts and about 8 milliamperes, -
Exposures ran from 1 to 2 hours, using Eastman Kodalc No-Secreen
Film. 5

Identification of the various crystalline phases was aecomplished
both by comparison with the patterns of the synthetic samples des-
cribed on pages 138, 141, and 143, and by reference to the Hanawalt ®
index cards of Xeray refloctions and other Neray diffrnetion date in
the literature.

MAGNETIC STUDITES

Figures 28 and 29 ave photographs of the instrument used in making

the tests.  This maghetic balance was modeled after one deseribed
» D- Iy .

by Buchl and Wullf.®™  The magnet cores, yoke, and pole picees wepe

i i i MavRK 28— Magnetie balanee, front view,
mado of cold-drawn Armco ingot iron. The micarta spools were FIOVRE 25— Magetie bulanee, font vie
LN e o F , . T \ N .
| 18 01 double-¢ N-¢OVOre( ¢. 16 copper wire, . . R 4 .
ongidl“gfphrfg’gg(} Lutl 10‘} s,i(.l,l b,lg L]()1Lt(1)] trpflgl ﬁnlsf\(‘l(. dign%m]tg'uog ;ﬁ} : spool was 23 inehes, and its wall thickness was mch.  The .s'poql
& < ce Wire was used. - T } was 8% inches tall aned could he covered to 7Y% inches of this hmg[g'htt.
v 1¥% inel i rited a
o qpmett, O, 8, Slruetire of Metals: Mot Hill Co., Now York, 1943, 1. 118, The coil was about 152111(11("1“—‘5 _do,{cp. .;ll‘he LCOIIS C}(:U‘E’(gi[l;e Ol)lﬂf'é?trshm.t
5 Waork cited in wotnole 12, p. 141, / . . - - IO without overhe . 1 '
8 Taehl, ., and Wullf, 1., A Bimple AMametic Apparatus for Thase ‘Transformation Studies of Ferrous 2}3 amperes fO[ extende perods ) 5
Alloys: Rev, Bei. Instruments, vol, 9, 1938, pp. 22430,

perviods 3% amperes have been used without deteetable damage.
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Frovne 29,—Magnetic balanes, side view,

According to the suggestion of Fereday, " and Buehl and Wulff 7 the
two-pole faces were made unegual in diameter, and the larger pole
picec was hollowed out on a radius of 3 inclies.
wag to produce 8 magnetic ficll whose gradient a

i -
suel that the produet 77 ((1'5‘ anywhere along the polar axis is constant,

The advantage of this condition is oby
the equation for the magnetie foree ¢

long the polaraxisis

ious when one considers that

xerted on o paramagnetic body in
. : . dli dll
& magnetic fiold; namely, F=Xm I7 s T

roe, Phys, Soe,, vol, 43,

contains the product 7

[
Y Fereday, 12, A,

LG, 1, 25123,
T Work ciled in fontote 15, 1. 182,

v A KTeihiod of Comparing Small Maghetic Suseeplibititics: 1

The purpose of this, -

7 S H =4
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n this equation I is the foree exerted in dynes, m is the mass of the

. dIr . . T
sample In grams, 17 is the field strength in gauss, de S tlie field gradient

‘.-[1 gAuss Per centimeter, :Lns] hy :‘-. the specifie 111:1.;1‘|}f~l:1(: Hilllm.{{‘![)'(l:']-:\]htt‘?:
in clectromagnetie C, G, S, units. 1t s WINCCCRSErY, Ju:(” o 1o
‘loeate the sample aceurately along the polar axis. B('(in.us(f :]t m )(_
aces are quite large compared with the usual snmplvo(s.l. )Q.IT% _]t h!r'J(]Enh;
‘the field gradient radial to the polar axis is less than 2 p_nr](i nt ;\.I hin
-1 centimeter of the polar axis, and henee accurate l'ﬂ‘(llf.l-.l Ior ation z:.
‘unnecessary.  ‘This eliminates much of the very tedious {ield mapping

COLSSAry W tth OLI ( InsLrl NS AN afso ]1 ¢ Precisia JRitE !1;[ r'
JIEGES = nNedCiIs b . 1130y ()l
’ n e ¥ -1 \ v v 0 i o ane

ﬂ.mpl(, {*S8¢ I]tl&l W lth 01.][( AN L 0 tl](‘i(lﬂ. Fl]( constancey ﬂf ]-] (lfk‘ n'l tal

he polar axis also leads to another desivable result, stability of the
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snmple in the field,  This factor will be discussed in the paragraph en The condilions for stability may he expressed mathematically:
the torsion balance. .

IPor most of the work, a distanec of 27 millimeters between the
pole faces was used. In fgure 30 the relationship between field
strength and magnetizing current is given, using this interpolar dis
tanee. The field was measured with a Ceneo fluxmeter, All the
measurements were made at 2,120 ganss,

The sample was supperted in the field by means of a glass tube
atiached to a vertical wire acting as the torsion filament of the balanee.
The upper end of the torsion wire was rotated by means of a worm-and-
pinion arrangement and the amount of rotation determined on a dial.
The lower end of the torsion wire did not rotate. The torsion wire
was kept taut by means of a suspended weight. A small mirror was
attached to the specimen support, and a beam of light was reflected
from this mirror to a seale about 8 feet away. Any movement of the
specimen was indicated by a corresponding movement of the beam ov
the scale. The position of the beam on the scale, and hence the
position of the specimen in the field, was kept constant by applying a
compensatory twist to the worm and pinion of the torsion head. The
amount of this twist, read on the dial, was proportional to the mag-
netie foree on the specimen.

The procedure used in making the measurements was as follows:
The sample was placed in the holder between the poles, and an initial
dial reading was taken with no field. Then the field was switehed on,
and another reading was taken. The field was again switched ofl, and
a third reading was taken. Then the field was turned on, but in the
reverse direction, for a fourth reading.  Finally, lov a fifth reading, the
field was turned off. The difference between any two successive
readings shonld be the same and was proportional to the magnetic
force oxerted by the specimen. In some cases the first two or three
readings were not constant. In such instances another cyele of
readings was run off. It was found that, even when the initial cycle
wag orratie, subsequent eyeles of readings gave very satisfying checks.
Those samples that gave these erratic results on the first eyele of
readings seemed to be slightly ferromagnetic rather than para-
magnetic.

The stability of sample in the field mentioned previously is & very
important consideration, Stability is defined as the possibility of
reaching stable equilibrium in any portion of the field between the
poles without the danger of having the sample drawn to cither pole.
The condition for stability, as has been stated by Buchl and Wullf, is
that the rate of increase of restoring foree produced by the torsion
balance must exceed the rate of increase of magnetic force. Ina prop- 4

d dlt
e Y e —
dx('r' Fi) g

T4+ Ty _dI,
o ]‘2,,,>d8,

where

Fy=restoring foree due fo lhe upper part of the suspension,
Fy=restoring foree due te the lower suspension,
y=storsion eonstani of upper suspension,
Ty=tlorsion constant of lower suspension,
Li=distance from speeimen {o the axis of rotation,
Al rate of change of magnetie force with distanee along the polar axis at

ds Lhe position of the sawnple.

Beeause the sum of the two torsion constants is invelved in stability
and only the upper lersion constand need be invelved in sensitivity,
requirements of stability and sensitivity can both be met by choosing
the upper suspension to give the desired degree of sensitivity, while
the lower suspension can be chosen stiff enough to mswe stability.
In most of the worl, the upper suspension was & 0.01-inch-diameter
phosphor-bronze wire, 2 inches long, while the lower suspension was a
0.02-inehi-diameter phosplwr-bronze wire also 2 inches long,

The specimen support was equipped with paddles dipping in oil in
order to damp undesirable vibrations,  The apparatus was so designed
that o small furnace may be inserted betweon the pole faces about the
specimen so that magnetic susceptibility may be studied as a lunetion
of temperature.  Thus feature is necessary for use in the study of the
Curie point of ferromagnetie phases, but so [ar ounly preliminary
studies of this nature have been made. The Instrument was eali-
“ brated with Moluw's salt, whose suseeptibility was taken ns 31.6 x 107%.%

FERRIC OXIDES AND FERRIC OXIDE HYDRATES

The only preducts whicl can be obtained by aging, hydrolysis, or
precipitation from ferrie salts, according to the literature, are hematite
(aFe,05), goothite (alfe,0y-110), Fe,0,IL,0, or amorphous hydrous
Aerrie oxide #2021 2 5 however, two other ferric oxides or hydrates are
- kmown-—lepidocrocite (yIfe,041,0) and maghemite (yFey(hy). Lepi-
docrocite has hitherto always been preparved from ferrous ion under
conditions that faver eomplex ion formation, and maghemite * %
either by the debydration of lepidoerocite at temperatures below
400° C. or by the carcful oxidation of magnetite® 25 It is rather
unlikely, therefore, that either yIfe,05-H50 or vIfe,05 will be present

1 Jaekson, L. O, Investipations on Paramagnelism at Low Temperatures: Trans. Roy. Soc., London,
1922, pp. 14K,
- 1L R, und Milligan, YW, 0., An Tleetron Diffraelion 8tdy of the Hydrens Oxides Amorphous
Tour, Phiys, Chem, vol, 44, 1940, pp, 10811004,
or, 1L, B, and Milligan, W. 0., The Constitution of Colloidal Systems of the Hydrous Oxides:
Chem, Rev., vel. 25, 1030, np, 1-30,
u Milligan, W. 0., aid Woiser, 11, 8., The Direet Rxamnination of Sols by X-ray Dilfraction Melhods:
Jour, Phys. Chem,, vel, 40, 1936, pp. 1095-1102,
2 Weiser, 1, H,, and Milliman, W, 0., X-ray Studies on the Nydreous Oxides. VLI Verrie Oxide: Jour,
Phys. Choem,, vol, 39, 1935, pp. 25-34,
d Wedeer, H. 1, and Milligan, W. 0., X-ray Studies on the Hydrous Oxides. V., Beta Ferrie Oxide Mono-

etly designed magnet of this type H i is constant and hence I, the
¥y g ds

LA
force on the sample, is constant throughout the field.  Therefore, %‘ :

cquals zero. However, due to [ringing effects, ferromagnetic char-
p

. af, . .
acter of some samples, and other factors, Jy 18 nob quite zero. Thig

puts a limit to the fineness of the suspension if both upper and lower ¢
sugpensions are taken to be the same size.

onr, Ay, Chiemn, Soc., val, 81, 1936, pp. 298 -241,
seln 00, and Albeceht, W. I, Chiunmas Forsie Oxdde Hdeate: Jour, Am Chem. Soe,, vol. &,
1832, pp. 8
B3Welo, Lo AL and Baudizen, ©,, Active Iron 1, Relationships Among the Oxide Hydrates and Oxides
of Tron und Some of Their Prepertics: Chem, Rev,, volo 16, 1964, p. 45-85.
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in the unpromoted catulysts prepared from ferre salts, However,
because both ¥Fe 0, H,O and yIFe, 0, are ferric compontyds, the
possibility that they may be formed during precipitation should not by’
overlooked.  The erystalline propertics of the three erystalling forrie:
oxide hydrates and the two crystalline ferric oxides are tabulated i
table 5. Figure 31 shows the diflraction patterns of the erystallin

ferric oxides and their hydragoes, Figure 32 contains clectron miero-.
graphs of &, 8, and yFe,0,.11,0,

Tarvrm 51, —Crystalline ferrvic oxide hydvates and ferric oxides

Y Fep03.Hg0

. . . o Lattice
Formula Name Crystal sysiem Spuce group paraTelers Color
a0 I,0 .. Goethite Ortharhiombie Phomo______..
Nuadeleisenerz
AlPesOptTO_ L ___f o L[ S I
yesOg 10 .. Lepidosrocite | ____ doo.________. Amam__..__.. ity 87
Rubinglimmer bg=12.51____ __
* to= 3.06_
wleaOy. oL . Hemalite.__..____| Rhombehedral.. R:!c,.._...,,,.__" o= 542
a =86°17
F¥eeOg L. Maghomite_ . ____ Cubie_..____.___ Closely relaged | wg= B3l ___.
Lo spinel, r

The magnetic susceptibitity of the various synthetic forrie oxides
and ferrie oxide hydrates was determined and the results tabulated
in table 52. The results agree with the data of Albrecht which have

been indicated for comparison.  No prior magnetic data on gFe,0, .
IO were [ound,

Tanue 52— Magnetic susceplilility of ferric oxides and Jerrie ovide hydratey

Thase Albrecht Burean of Mines

—

altey Oy« TI20_ .
Alea0y - 1120
¥¥ey0y« 0

49.9x10-9,
28 85x 106,

. | 4225100, -
alfepQg L. - [ 25x10-8,
yiteg Qs . .. Ferromagnatie «-wmomeny Ferromagnetie,

The yellow compound, ale,0,.11,0, formed when solutions of.
ferric salts other than the chloride are slowly hydrolyzed or permitted
to stand for long periods of time,” is identical Wit the mineral’
goethite and Nadeloiseners, It may also be formed by the oxidation. j
of {errous salts under certain condi tions; but if conditions for complex -
ion formnation exist, the product may be vFe,(0,.H,0. The water of
hydration of the well-crystallized “gocthite is lost below 270° C,,
whereas that of the more amorphous limonite is lost below 180° O
Béhm prepared ale,0,.11,0 by digesting precipitated ferric oxide
with KOIT in an autoclave at 150° (1. for 2 ltours,

FIGURE 31.—X-ray diffraction patierns of some erystalling iron oxides and fron oxide hydrates.

B Work elted in footnote 18, p, 137,
T Wark eited_in fontnote 25, p, 137,
BNahm, S, Uber Aluminem und i=en 10 yedroxide

It Ztselir. anorge, allpen, Chent., val, 140, 1925, pp,
-2,

TTROGGE I8 - -
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The synthetic sample of aFe,Op 110 used in the present study
as made by the method of Weiser and Milligan.® T'wenty-nine
rams of Fe(NOp);0IL,0 were dissolved in 1 liter of water and
Eheated slowly to boiling with constant stirring in a peried of 16 hours.
he filtered and air-dried product was a tan to chocolate brown
owder,
.The yellow precipitate formed by the slow hydrolysis of ferric
Léhloride is not wlentical with either the hydrates aFe.0,-H,0 and
¥e, 0, H,0 or with the oxides oFe,Oy or yFe,0y. ° Bshm showed
hat it had o unique X-ray diffraction pattern® Schikorr ® showed
hat the pattern was distinet [rom the basic ehloride, FeQCI, of
tirnemann,®  Bohm believed the yellow precipitate to be a basic
Uehloride, but Schikorr, and Heller and Zocher * were uncertain as to
hether it was a definite basic chloride. Sechikorr, and Weiser and
illigan were ahle to show that this yellow precipitate contained
molecule of water per mole of Fe;0;. Weiser and Milligan have
ssembled a bibliography 3 dealing with the chloride content of lerrie
xide hydrate precipitates prepared in such a way that the precipitate
ay be presumed to be  pFe;O0ypI1,0. The ehloride content ex-
shressed as Fe : Cl ratio varies from 2.33 to & in the papers of the
ibliography. Woeiser and Milligan®  themselves experimentally
fopnd the content to vary from 4.9 to 45 in samples prepared in
rious ways. Weiser and Milligan take this evidenee fo mean that
loride ion is not an essential part of the structure. The funetion
‘the adsorbed ehloride ion, they say, is to stabilize the ge,0,.11,0)
Jattice. This is supported by their studies of the isobars; a sample
th the Fe : Cl ratio of 4,70 lost its water of hydration at o tempera-
“ture 50° higher than relatively pure samples (100° C.).
KolthofT and Moskovitz * have made further studies on the yellow
fecipitate designated by Weiser and Milligan as 'e,05.H,O.  They
gve shown that the precipitate, when relatively chloride free, ncts
'a¢ an ion exchange sgent when placed in dilute hydrochlorie acid
ndeording  to  the reaction: FeO(OH)+Cl*—FeOCI4-OH™. No
Kray diffraction analysis was used in their work, and it has not been
proved that the FeOCI of this reaction is identical with the FeOCl of
:Stirnemann.®”  Eeonomy of hypotheses makes it desirable to assume
that the FeOClof the cquationis Fe,Oy 0 with more CL~ ion adsorbed
ithan the original hydrate. Kolthofl and Moskovitz,* however,
rolaim  that a continuous series of solid solutions between the g
“Tg,0,-H,0 of Milligan and Weiser ® and the FeOCl of Stirnemann ¥
‘18 possible.
The synthetic sample of fFe,0,H,O used in the experimnents
deseribed below was prepared by one of the methods of Weiser and

P
A

. B Work cited in footnote 23, p, 137,
M Work cited In fooinote 28, s). 18,
1 Behikorr, G., Ueher das gelbe n (111} TL ydroxydzol: Kolloid Zischr,, vol, 52, 1930, pp. 25-31.
HH (}o]dsv,tnul?:fs.. Christallographie stroeture eristalline de Yoxy chlorure de fer;  Compt. rend., vol.

* Wark eited in foatnat 7,

# Kolthoff, 1, M., and Moskovitz, B., The Constitution of Tron Oxide Monohydrate: Jour, Am, Chemn,
. Boe., vol. 58, 1036, pp. 777-770. .

7 Stirnethan, ., Neies Joheb, Mineral, vols, 524 and 53A, 1925, pp. 334 and 369, respectively.

W Work cited In footnote 21, p. 147,

Scale, microns

¥riury 32, —Electron micrographs of ferric oxide hydrates,
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Milligan.®  Ninety grams of FeCl,-6H.0 in 1 lit '
Ninety g § Cl,-GH, ¥ liter of water
was hented to 90° C. in 3 1o 4 11051'3 with stivring, e s

was allowed 1o settlo overnight. Tt was then centrifuged with water

onee and five or six (imes with dil i i
4 six bimes , ute (1-2) ammonium hydr
wash and dried at 80° to 85° C. {or 20 hours. ydroxide
y‘A‘dciin‘uLe erystalline form of ferric hydroxide, Fe(OH),, does not
exist,  The familiav voluminous, gellike preeipitate obtained upon -

Gk 33, Xoray dilfractien patterns of unpromoted Iron eatalysts,

treating fervie salt solutions at v i i

s sall s s ab room temperature with o base is quite
mlnorpllous_t(.) Xorays. Weiser and Milligan's data ®show that this :1?1101‘-
& 10171!&1 precipitate is very linely divided hydrous aFe,05.  Krause, #1424
on the otlher hand, considers this gel (rom the point of view of the

ey ) 1 . - 1 M ’ ]
i))togl:hrﬁ(,mcu;r!nmt] andl explaing ils structure in terms of moleenles
OO0, i 1 g . H ' i
| together largely by covalent bonds,  The processes occurring

® Work eited in footnote 23, p. 137
:tl' }Y(u'k ited in foolnote 20, p. L7,
l~‘('(‘F]';l:?:" ;\r..‘:‘m.tl Ruezkowski, W,, U])t\l‘ Silberferrite 17, Die 8iruktur des dureh Heisshydrolyse v
" |f| R .lllll{(l]l;lt;l'll’lt‘ll welben Nydrovidis: Ztscehe, anorg. alleem. Chem \;()I KRR l“;s|') III“I'”u on
ranse, Ao, and Kowna, 00 W, Uber Sitherferrite ekt N Iy reerisnt i .
OI":]:{'JI.{‘!'I'IhydI‘l)X_\-’lL‘»'.‘ ey {,l“m.m. \"h:':n,: l\t.(l)lt. '.!Illlrll,' h:llizu}l\;::nﬁlrlg‘l’:il IMolymerisarion des br
o I:ill‘(lll:::‘;‘: \\nnIIll:\:{::flul(l\l)\\-il;nilr 1., :n;ci .\I(-Iml\vn k. 1., Tiber Silberlerrite VI, Der Reacktions-meehanismus
P s Chowe Lund der Bindluss der 3R Kong ution aul die & | thas
ey ees Ztachir. moet, i e \3'1:1!. l‘.;;‘l;,‘lll!::!‘j,l I:Ep?\;:.m |:‘I)r\|t|nn anl div Alterung des Orghoferri-
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in the gel are deseribed by him as similar to such classieal organic
reactions as polymerization, ring closure, oxygen bridging, ete. The
theory of Krause is ol limited application boeause it is applicablo only

to the amorphous hydrous oxide and is somewhat generous in its

- assumptions and hypotheses,
sontained at lenst 5 to 10 percent of definitely erystalline material, and
inmost cases the pereentage probably was higher.
tates formed at temperatures between 50° and 100° C. arc somewhn§

Most of the catalysis deseribed below

In general, precipi-

106G

IOH
104J
10K
10!_- Pfu

0L pth

100

Provre #t Nerny diffraction putterns of nnpromated iron eatalysts,

erystalline, and even (hose precipitated al room temperature hecome
erystalline if aged under water for several months ut room temperature.

The third ferric oxide hydrate, ¥Fe.0,-1T:0, is known as lepido-
erocite; it may be prepared from lerrous salt solutions under conditions
that fnvor the formation of a complex ion.  Iahn and 1ertrich ™
showed that by exidizing lerrous salt solutions containing sodium
thiosulfate with potassium iodate, & yellow precipitate was formed
which Albrecht * demonstrated was 4Fe05 0. The sample used

in our stadies was prepared by the method of Hahn and Hertrich,
W Habn, I L, and Herfrieh, M., Teiehi Flivierhares Kisenhydroxide dureh Fullung mit Mhiosulfat und
Jodat: Ber. Deut, cheny, Gesell,, vol. 5, 102 13, 1720-1742,
15 A Threehl. 3. 11, Magnetisehe el kystallopraphiseho Unterspehungen fber Bisen-J-oxydhydrle.
Ber. Deat, ehent, iesell, vol, 2, 1920, pp. H7H-182
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All the Neray diffraction data on these catalysts are assembled in
table 53, and the diffraction patterns themselves are shown in figures
33, 34, 35, and 36, Some ol the diflraction patterns are shown in a
schematic way in figure 38. IEleetron micrographs of unreduced
catalysts 1013, 47D, and 80A are reproduced in figure 37; comparison
of these with the electron micrographs of the pure lerrie oxide hydrates

The anhydrous oxides, «Fe,0; and yIfe,0,, are obtained by de-
hydrating aFe,0.-H,0, and vFe,0,-H,0, respectively, at temporatures
below 300° C.  a¥e,04 is also obtained on dehydrating 3Fe, 0, H,09
At temperatures above 300° C., 4Fe,05-H,0 will dehydrate to oFe,0,
directly if the vFe,0y is not stabilized by alkall.¥”  As mentioned above,
the anhydrous aFe,0, may be obtained also by aging amorphous ferrie:
hydroxide under water.  yFe, O, may be made by oxidizing magnetite

50 A

50 0

68 A

68 B
70 A
50 A .
808

Bl B

Fraere 36, -X-ray dilfraction patterns of unpromoted iren eatalysts.

Kreuns 35, —Neray dilfraction patterns of nnpromoted iron catalysts, . - . - SN . .
F ’ shown In figure 32 is insuflicient for charncterization of the phases

£ present in the catalyats.

i In the X.ray diffraction patterns of active entalyste produced by
preeipitation from a solution containing only nitrate ion in addition
to ferric ion, the diffraction lines of alfe,0; (hematite), of el e,y H,0
goethite), or of both were identified. In the X-ray dillraction
patterns of the msctive eatalysts produced by precipitation from a
solution containing chloride ion, e 0, 1,0 wag identilied in every
ease  oxcept 47F. The presence of gFe, 0414 was somewhat
surprising beeause the formation of 8Fe,04- 1,0 by diveet precipitation

in o stream of air at 200° 1o 300° C. yFe 05 is ferromagnetic, whereas
all the other lerric oxide hydrates and ferric oxides are paramagnetie;
its erystal structure is the same as magnetite, although the lattice
parameter ks slightly smaller. The oxygen necessary to convert
magnetite to yFe,Oy may boe removed from yFe,O, merely by evacu-
aling al aboul 200° U, indieating that the oxygen is quite loosely
held.  Baudiseh and Welo 7 have written an exhaustive review of
data on this interesting substance and closely related compounds,

p—

X-RAY DIFFRACTION STUDIES OF UNPROMOTED-IRON CATALYSTS
All catalysts of the 10, 47, and 80 scries were precipitated from
ferrie salt solutions with K,C0; or KOH solutions (see table 16).

# Work eited in foolnote 31, p, 141,
1 Work citeed in footuote 25, p, 137,
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temperatures above 50° ©. has not been previously reported.
Other investigators, Weiser and Milligan,*# #8152 Sehilcorr,™ and
tHoller and Zocher,™ prepared gFe;0,.H,0 by the slow hydrolysis of
sferric chloride solutions. Weiser and Milligan, in studies of the
brown gel precipitated at 20° C, from forric chioride solution, found
that it contained no gFe;03H0.  The gel was eatirely f\,mm‘phom
o Xray cxamination; but after being washed free of chlonde ion,
t aged over a period of months to a'Fo.zo_», under water at room

5040 30 20 1.5 [Re]
(] 1 { ] |
dFap0y ! ' | ) l || 1 L
quzoino 1 I IE Pt |II|| |||I\ Lol Wl d s
108 PARTC 1 , ; | ] .“ ] 1
(o] l Ll 1l l I l 1] .||
1oOM | I II
BOA 1 || I“ Ll l|||x ||1|.s TR NI B
4TA | | 1 f [ |1 L
47D [ |
47D L 1 L |
£ Fe,04H0 l | | 1 | I| ‘ [ | S S
¥ Fe,04H,0 l ) Ll | I H LI [
‘YFQZOB T I[ f] 1 | | 11 L 1 | L |
5040 30 20 1.5 1.0

TGURE 38.—X-ray diffraction powder patterns of various iron Fischer-Tropseh eatalysts and erystalline

ferrie oxides and ferrie oxide hydrates.
emperature and at 100° C. in a few hours.  The fact that all the
ctive catalysts preeipitnted [rom [erric solutions with potassium
‘earbonate or potassium hydroxide contained alfe,0;, alfe;04 H,0,
r both, whereas all the mactive catalysts contained Blle 0y 11,0,
with t.h(‘ exception ol 47F, suggested that f1e;0,11,0 had some 0011-
nection with the EH&CLIVILY and that catalyst 471 was somewhat
nomalous.

Scoie microns

4 Work eited in foatnote 149, p. 137,
# Work ciled in fantnote 20/ p. I
¥ Wark cited in foolnote 2,
3 Work eited in foolnole
# Work cited in footnot
B Work eited in [ootnote 31, p.
HWork eited in footnote .35 p. 141,

Flinue 37, Rlectron micregrphs of unreduecd iron eatulysis,
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Two possible causes for the presence of alfe,0); in 47F suggested
Ahemaclves.  Tfrst, the presence of free base in the precipitant may
ave prevented the lormation of gFe;0,.11,0, and second, the rapidity
f precipitation may not have allowed sufficient, time for the formation
{ 8Fe,0yH,0. Neither of these hypotheses, however, accounts for
he inactivity of the 47-type catalyst. In order to test these hy-
otheses, three catalysts, 47H, 471, and 47J, were prepared exactly
ke 471, except that 471 was precipitated with an alkali solution
ontaining some KOII in addition to the K,COy and 47 was preeipi-
ated with o solution of KOII only. The reagents used i preparing
he eatalysts are listed in table 54, The following procedire was used:
To the [errie ehloride solulion (2 liters) at 72° C. was ndded the alkaline
solution (700 milliliters) in 3 minutes. After several washings,
samples were removed, filtered, and air-dried for X-ray analvsis,
 These eatalysts contained oFe;04 and alfe,05 H,0 but no BFe 05 HLO,
Wicating that the absence of gle,0,-H:0 in catalyst 471F was nol,
ortuitous.
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During the precipitation of catalysts 4711, 471, and 47J, & dark
hocolste-brown precipitate was formed, wlueh beeame very much
ighter and redder during the first washing. The record showed that
imilar observations were made in the ease of 47F.  In order to study
the nature of this transformation, another eatalyst (47HX, tahle 54)
was prepared under the same conditions as 471 Before the fivst
washing two samples ol the precipitate were removed and filtered.
One was dried until dry to the touch; the other was dried until only
b slightly moist. Potassium chloride erystals formed on both samples.
" Thoese were removed by washing.  In the case of the dry sample, the
washing was accompanied by no obvious peptization, but there was
‘some peptization in the case of the moist snmple,  Both samples were
agnin air-dried and examined by X-ray diffraction.  Both contained
8Fe,05-11,0.  Similar samples vemoved after the fivst washing con-
tained ale,0y or alfe 04 11,0 and possiply a trace of g1e,0411,0.
" After subsequent washes, no gFe,0,H,0O ecould be detected. One
E may conclude that the aFe0; found in 471 was derived {rom
b BlFe,0y- 11,0 at léast tn part by aging. Such an aging of gle,0,- 11,0 Lo
' olfe,0, in hot water was observed previously by Weiser and Milligan.®
¥ Presumably the gle,0,-T0 formed by rapid precipitation is more
E unstable toward aging than the Fe,05-11,0 formed by slower precip-

8 Work cited in footnote 23, p. 137,
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TasLe 53.—Characterization of unpromoted Fischer-Tropsch iron calalysis

Catalyst dried at 120° €.
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itation.  This would account for the absence of gFe,04H,0 in 477
and its presenee in the othep 47-lype eatalvsis, 1t seems likely that 3

all the 47-type catlalysts at one time in their history contained
Be,04H,0.

1t must be emphasized that neither of the above-mentioned oxide
Liydrates of iron, BF e, 04 H 0 and alfe,0,- 1.0, is stable at the temper.

ature of the synthesis and alFe0)y itself is not stable under Lhe reducing :

conditions of the synthesis.  This is illystratod by the efleet of heat-

ing the catalysis containing ale,0.-11,0 and BEe041,0 shown i .

table 53, The deactivating effeet of precipitation in the presence of
chloride ion scems to be due, not to the presence of B Fe 0, H.0 itsolf,

but to some charncteristic that it imparts Lo the final catalyst. Thig

idea is supported by the fact that eatnlyst 47H which, althongh it

contained no g Fo,Ou 10,0 when exanmined, was formed in part from >

B Fe,0,H,0 and was innetive in the synthesis, Although chloride

1on seems to have some deleterious eflect on catalysts in its own right,

the presence of g Fea05T1,0 at some stage in catalyst preparation
greatly aceentnates this effect. Reasonahly active catalysts can be
produced by preecipitation of solutions vontaining eupric niirate and
ferrie chloride (catalyst 5A), cupric chlovide and lerrons chloride
(entalyst 85A), and Terrous chloride; in cach of these cases, the
precipitate would at no stage be composed of BT e.0,-H,0, beeauss

the presence of bivalent iron would favor the formation of other |

erystalline forms, possibly spinellike structures,  Diffrnetion analysis
revealed catalyst 85A to have thoe spinel structure of magnetite.
Catalyst S5A was completely amorphous to X-rays; its suberystalline
strueture will be diseussed in the section on Magnetie Studies. In
cach of these eases there is no evidenee {hat AFe.04HyO oxists at
any stage of the precipitation.

As has previously been diseussed in the section on the Ferrie
Oxides and Ferric Oxidoe Hydrates, gle,0,-H,0 always contains some
chloride ion in relatively large amounts, determinahie by ordinary
analytical procedures,  Because this ehloride ion is very difficult to
remove by washineg and is so intimately  diffused through
the AFe,05H,0 erystal structure, inclusions containing ehloride will
be dispersed through the ferrie oxide and any other phase prepared
from the Fe,0,.T5,0.  This fnet alone ean quite con ceivably aeconng
for the dilference in entalytic netivity between those entalysis derived
from SFe;0,.FLO and those that are ntot.

The Xeray diftraction studies of 1he ot her unpromoted iron catalyste
do not form a very complete series, and this makes it difficult to draw
any definite eonclusions. In general, all catalysts precipitated from
forvie salts other than the chloride contained alfe,0y, alfe £, H,0, or
hoth, Catalysts 48A, StA, and 818, although they contained alfe,0,
and aFe,0.11,0 like the active 10-series and K0-series entalysts, wore
only slightly tetive.  These cnfalysts, 484, 814 and 811, were pre-

cipitated with sodium hydroxide” and sodium carbonate; this may

have something to do with their inactivity, although it has been shown
by research al the Kniser Wilhelm Institute * that iron catalysts
prepared by precipitation with sodiam earbongte and pretreated with
pure carbon monoxide at 1/10 atmosphere and 325° C. are almost ns

B Work eited in fostnote 88, p. 1.
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active as those coniaining some potassium. The catalysts, 48{'_\,
81A, and 81B, will be discussed further under the seetion ont Magnetic
Studies ol Unpromoted Fron Catalysis, Calalyst 50A is a com-

mercially obtainable oxide. It is largely magnetite, and its inactivity

smay be due to the very large erysiallite size or to the prosence of

ome catalyst poison.  Chatalyst 501 i3 simply catlalyst 50A after

o ! . it
solution in acid and rveprecipitation from a chioride solution. This

atter process has already been shown to lead to mactive catalysis.

The diffraction pattern shows gFe,04H 0. Catalyst 68:% was c]mm(i(l
to be linonite ore; but limonite, according to Dana,” is a.part}y
“amorphous goethite. . ‘This material, however, conmsted of v_,r'(f\ -
developed crystallites of a phase that we were not able ip 1(‘10nt3 v,
it is, however, definitely not limonite. Catalyst 6813 is made from

; soluti eprecipiéati i its amorphous
eatalyst 68A by solution and reprecipitation.  Owing to its
nature no identifieation could be attempted.  Catalyst 701}_ was
preparcd by the tgnition of ferrie nitrate and consists of hematite.

MAGNETIC STUDIES OF UNPROMOTED IRON CATALYSTS

The studies of the magnetic susceptibility of the ferric-oxide-type
Fischer-Tropsch catalysts showed that all the 80-serics catalysts and

“ull the active 10-series entalysts, with the exception of 10M, had

agnetic susceptibility equal to or higher than those catalysts of the
iﬂa%éivo 47 sogics. Iﬁ :'?11 cases the magnetic susceptibility of the
active catalysis is very muelt higher than the normal magnetic sus-
ceplibilily of any of the ferrie oxides or ferric oxide hydratos_ w_hoso
presence could be confirmed by Keray difl raction. By contrast, those
catalysts of the 47 series containing 8 Fey05-IT,0 have a magnetic
susceplibility not much greater than that of 8 IFe,0,-H0 iself,  Cat-

t alyst 47T is sonmewhat exceptional in that il contains no 8 Fe,Q4-FLO,

but only @ Fe,0;. This point has been previously disenssed.  Even

the magnetic examination shows that this catalyst hag a higher mag-

netic susceptibility than the rest of the 47 series, but to higher than

b the lowoest susceplibility of active catalysls of the 10 or 80 series.

The enhanced magnetic susceptibility of most of the 10-serics cata-

lysts and 80 scries has no conipletely satislactory and tested cxplana-

tion.  The phenonomenon has atirneted the  attention of many

] gtudents.  Albreehl and Wedeking 5 observed that the magnetic
- susceplibility of precipitated oxides of ferrie iron varied widely and

thai they were considerably larger than the susceptibility of gqcbl_utv
(aFe, 04 H,0), lepidocrocite (vFe 0, I1,0), or homatite (aFe,0y).
Their observations, msolfar as they do not relate to preeipitated
oxides prepared from ferrie c'h]orulo,rn‘l'(‘. _l(lcrrli.z(tn_l with those pre-
sented in this paper.  Albrechi and W edekind asertbed the enhaneed
susceplibility to troces of lugl_:ly_mn.;:m;l;lc hyﬁethqtl(ifd iron com-
pounds, which they termed “ferrite.”  These ferrite” compounds
do not seem to be identieal with sueh well-established ferrites as are
deseribed by Micliel®  Albrecht and Wedekind sugeested also that
W‘normm!, ]'[}., :13‘1\('1111:‘1:01&(2]!,] (‘.‘.., :’lll‘h][‘ .‘;s‘gi';;.l]olizli)[’ﬁ\'fi;il:t}\l;;}l;))ny of Janmes Dwight Dana and

E(ﬂlﬁwflrlglrtﬁruitfh{l\r? Ill).m;:iti.lE;\I'I(:dvkiirllii,‘ E‘-.,‘ ;.\:‘l’}]‘;l]z.(‘l'{'llllll'l];[! er QBrsehiu:iz:l_wn Arten von Eisr_:n-:‘f-nxydvn
& ('11-3-()‘(_\'("!:\‘lil':ﬁ(‘ﬂ dureh thre imtersehicdlichon magnetiselien Rigensharten IV: Zischr. anorg,

Ll vol, 202, 1031, pp. 200-226, ) ) ) n
n“ﬂg(‘]{lll{c-(lmll[,‘ﬂ;x,, c]“m[)crlich‘ n!a‘mwtit es o quelgues solutions solids: Ann, ehim, 171 ser., vol. 8, 1637,

pp. 3TT-133,
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in some coses the enhanced magnetic suseeptibility is due to the
: of yFe; Hiittig and Kittel * suggested that the
magnetie susceptibility is a function of the stoichiometrie ratio of

presence of traces of vFe,0,.

oxygen to iron in hematite, which these anthors believe is not constant,

Such deviations in stoichtometry in Bertholoid compounds reflect a

stable, yet defective crystal structure. Herroun and Wilson 8 hgve
attributed the high magnetic susceptibility to the presence of alkali
ferrites. This iden is supported by the fact that most ferric oxide
precipitates showing this enhanced susceptibility were prepared by
precipitation by some alkali.

This excludes, of course, such ferric oxides as are cither obviously
or probably contaminated with magnetite or 4Fe,0,  This is also

supported by the papers of Chevalier and Mathieu, ™ 9 58 who showed -

that in precipitating ferric oxide from a solution of ferric sulfate with
potassium hydroxide, the magnetic susceptibility of the precipitate is
2 slrong function of the concentration amnd excess of base employed,
The higher the concentration and excess of base, the higher
netic susceptibility of the precipitate. -

Although Hiittig and Kittel ™ found the magnetic susceptibility of
hematite prepared under earefully controlled conditions to be about |

23X107% and to be independent of field strength and hence Dara-
magnetic, nevertheless, Michel ¥ has shown that hematite hag g
Curie point af 675° C. and very weakly ferromagnetic properties
particularly alter it has been annealed at high temperatures, "This

point of view is supported by Hayes ®® who claims that the magnetic -

susceptibility of pure hematite should range from 40 to 100107
ab room temperature, depending on the magnetic hardness, while
magnetically contaminated hematites should have higher sdscepti-
bhility, Unfortunately, Hayes * worked only with well-crystallized
samples, hence his results do not compare well with samples of
eatalysts.  His results were obtained on natural hematitoes exelusively
which raises Lhe question of impuritics.  In any ense, however mn'g-,
netie susceplibilities greater than 10031079 eannat he explained on the
hasis of the normal variability in the susceptibility of  hematite,
Susceptibilities greater than 1003107 have been attributed only
to traces of ferromagnetic “ferrite” (Albrecht and Wedekind 0y,
deviation of composition from stoichiometric ratio of iron to 0Xygen
{Thittig and Kittel ™), and traces of alkali ferrites.

o bty Go W, and Kittel, T, Aktive Oxyde X LI11, Die ma ischo 8 ibiti
A . 1, x wvile LI gnetisehe Suszeptibilitfit v *
lhﬁ :‘]‘i sleny 1‘1;51'"[()3.\'(|-\i\’:\1€:§rr: /,r:“!(-hr. anorg. allgem, Chem, vol, 199, 1931, pp. IIEQ—HH t von Priparten
PHervotm, 15, 10, and Wilson, K., On the Mapnetic Susceptibility of Certait 1 i
():’;lil‘l;i ]’rij_c‘ Hlx{ny. Hn{:mlmlntlun, \«n]: 33, 1920-1921, pp, 190*-20(‘[. ¥ ali Natural and. Artifcl
-hevalier, [, and Mathiew, 8., Mapgnetisme—eontribution magnetique des con !
wile forique, cvolug o ilien alealin: Compt. rond., vol. 207, 1038, pp. g oS constituents de Phydror-
wvalier, R., atu athicw, B, Magnotisme—ovoliztion speniands ¢ f
1'Ihv:(il"n‘<|=itle ferriepue; Colnp, r(!mi., v'nl. 206, 1938, pp. 1955-1958. ! 0 des prapriétés mognetiques do
“hevalior, R, aned Machien, 8., Magnelistoe—sur los propr 2
vul.(‘)(llﬂ. W, oo ATy, R o3 brapribifs de
8 Chevalier, R, and Mathien, 8., Magnetisme —adsorplion duns le precipitati hydroxyde
da suifale ferritpue: Compt., renl., val. 206, 1938, pp. 1243?--1'.’51. # e precipitation de Phiydroxyde s paril
8 Waork ciled In fotnole 60, p. 152,
"; }}’m’k eited In footoole 59, p, 152,
0 g M e Rl UN s iter i i 5 o H i '
i, __:!1’.\:‘;.. F. A%, Ferromagnetic 1'roperties of Tematite: Rurenn of Aines Rept, of Tnvestipations 3570,
'_;z X\’ﬁn'k (]:il.cr‘lvin footnote 58, p. 151. .
weeht, W. H., and Wedekind, ., Kennzeichnung der verschiedenon Arten von Fisen-3-oxy '
Eisen-3-oxydhydraten 111, Kisen-3-oxydhydraten aus Risenpenta-earbony h vor {"]-h -l)l)-(l(!’n'flnd
anorg, allgem, Chem, vol, 202, 1931, pp. 205-208. penta-eathony] dureh Zerselouug: - Zchr.
M Waork eited in foolnote 80, p. 152,
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abulated in table 55,
nd yFe,05-H,0 does not
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53

In order to study the character of the enhanced magnetic suseepti-
hility, it was measured at various field strengths,
The susceptibility of aFFe,03-H,0, 5Fe,04.11,0,

The results are

vary greatly with field strength, and this

ay be taken as cvidenee for the paramagnetism, Catalyst 10A
lus 10B scems to have a slightly field-dependent magnetic suscepti-
The suseeptibility of 47D is almost field-independent. |
ontrast to these catalystz, the suseeptibilities of 24C and 1 are

In

T'his 1s to be expected in the ease of 24C,

ince the X-ray diflraction pattern reveals the presence of large
More will be said about the susceptibility of
b 1E in the seetion on promoted catalysts.

ETanre 65— Magnelic susceplibilily as a funclion of field sirength for ferric oride
hydrales and sowe characlerislic calalysls

10A4-13 ’ 17D j 240 J 1E
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30, 4 43,2 61,4 27,100 L, LG
28,7 410 6LY 21, 800 1,010
20.4 44.3 62,3 20, 0410 OHT
28.4 1.4 5 i3 16, 100 BTT
2%.0 1.4 LT AR 14,000 824

. Chevalier and Mathien # ® ™ ™ have shown that the precipitate
btained from ferric sulfate and petassiim hydroxide increases in
E magnetic suseeptibility when aged in contact with the mother liquor,
gpecially i the mother liquor contains an excess of bage. In addi-
ion, the aging makes the precipitate Tess soluble in dilute acid.  This
eems to be duce to the inerease in goethite {(alic,0,11,0), which is
fitficultly soluble in dilute neid.  Nevertheless, the enhaneed magnetic
Esusceplibility scems to be due to the acid-soluble fraction, as the
Einsoluble residue has a magnetic suseeplibility which never deviates
Eoppreciably [rom that of gecthite.

Studies conducted by the Bureau ol Mines have shown that pre-
ipitated oxides prepared from lerrie nibrate behave very similarly to
fithe oxides studied by Mathicu and Chevalier. A method was de-
Eveloped for separating goethite from the acid-soluble ferrie oxide,
iwhich was based on the msolubility ol goethite in 2% N IINO,;,  The
Feomplex oxide was digested with 2% N HNO; at room temperature
or 24 hours. The amount of the residue after it is filtered, ignited,
nd weighed as Fey(); was a measure of the yellow or geothite fraction.
‘he iron in the (ltrate was reprecipitated with ammonig, and the
recipitate was filtered, ignited, and weighed as Fe,Op  The per-
entage of insoluble oxide reported in table 53 was the ratio ol acid-
nsoluble oxide to the total amount of acid-soluble plus acid-insoluble
foxide multiplied by 100, In every ease in table 53 where X-ray dil-
- fraction analysis revealed the presence of goethite in the 10-series and

80-serics catalysts, o much larger fraction ol the catalyst was ingoiuble
mll (ootnefe 62, p, 152,
B Work cited in footnole 85, b, 152,

" Work cited in footnote 64, p, 152,
% Waork citedl in footnote 65, . 152,



154 synTHETIO FUELS FROM IYDROGENATION OF CO—PART {1

in 2¥N HNO, than in the cases where no goethite could be
tinguished. TIn agreement with the resulis of Chevalier and Mathig

Precipitabion over an extended period favored gocthite format
This i good evidenes that the acid-ingoluble fraction in thess cg
lysts was gocthite. [n the case of 47-series catalysts this relations ]
broke down. The amount of acid-insoluble oxidp seemed to bear

relationship to cither the amount of B, H 20 or the ameuynt:
olfe, 0, Ttisin teresting to note that the alfe,O, found by diffrac
analysis in 47F seemed to be acid-insoluble. Thig may be related;
the much greater erystallite size of the al'e,0y in the 47F catalyst:
compared with that of the hydrous al'e;,0, found in the 10- and §

serics catolysts, o

To cstablish more clearly the similarity of behaviop between th
10- and 80-seriee catalysts and the oxides of Chevalier and Mathisy
check catalyst wag prepared similar to the 10-serieg catalysts, It wad
precipitated over an extended period to insure formation of goethi
lon patterns of the complex oxide showed the Presengy
of both goethite and hematite, and itg magnetic susceptibility wag 9
% Bxtraction of the complex oxide with 2% N HNO; yielded 3
yellow residue of goethite only, whase susceptibility was 35 x 10-028
The enhanced susceptibility, as in Chevalier and Mathieuw’s oxides, ig
due to the acid-soluble fraction of the complex oxide,
ments conducted by the Bureay of Mines, therefore, indicate thag thig
oxides precipitated from ferric nitrate with potassium hydroxide ang
potassium carbonate hehaye sitnilarly, both magnetically and chem
cally, to the ferric sulfato oxides studied by Chevalior and Mathiey;
This should not be interpreted to mean thay Chevalier and Mathiews
oxides would fecessarily make good Fischer-Tropsch catalysts, byt
it does mean that some of their experimental work can be used asg.
guide in preparing forvie oxide-type eatalysts.

In diseussion of the possibility that active Fisel) er-Tropsch catalysts)
contain alkali ferrites, the series of papers of LeClere and Lefolyyra %7 L
mist be considered.  Thege authors claim that after an iron catalys
has heen properly conditioned it contains two phnses—magnetite an
a solid-solution limiy, of polassium oxide in ¥Fe,0y (saturated solutio
of K,0 in Fe,045). The eatalyst, after reduction with hydrogen, con
Lains magnelite only, but during the conditioning period, which takos
about 48 hours, the phase of the solid solution limit of potassium oxid
in yFe,05 appears and js Aecompanied by a great increase in catalytic:
activity, “The identifieation ol these phases in the catalyst was
accomplished by thermomagnetic analysis, which consists in de-
termining the Curie points of the varions ferromagpnetie phases in the
unknown.  Ifigure 30 is g reproduction of one of the thermoningnetie
analysis curves of LeClere and Lefebvre, showing the two Curie points,
The Curie point of magnetite, 580° C., is well known. Tlie Clurie point, .
of the solid solution fimit ol potassium oxide in yI'e,0, i3 250° C.,

de fer cubinue dans In “ynthese
atmospherioue]: Compt, rend,,

" LoClore, A, [Catalyso-—anr I'netivits eatalviinue dy sesquioxide
d’hydrocarburos par bydragonation de Poxyde de carbone ala pression
AN A IR T

T Lelibvre, ., and LeClere, (3., Les Catalysenrs an for dans la synthess de I'essence
de Poxyde di earbone; Congy. Chim, Ine, Compt. rend,,
. 725, -

" Lefehvre, ., and LoClere, ., Chimie appliqué—gtnda thermo-magnetique des catalysenrs ay fer c
ttilisés dans Ja syuthese des hydracarbures bar o proeéds Fiseher: Comipt, rend., 1936, vol, 208, pp. 1378~ ¢ i
A8n,

ar hydrogenation
18th Cangr. Naney, Septenther-Getoher 1938,

cording to Michel and Chawdron
eClere), i

i e point is 67 0 b ‘ le,
h]'él} gluoui(reli?m‘pret&tion of LeClere and Lefebvre, which is bflLSLd. OI{.L}!L
50° C. value of the Curic point of the solid-solution limit of potassium
ide in yIo Os, is theretore doubtful, { d
};ﬁ%lenf\ vach ;hown thiat (Iove]01)1n011t001 ]thq sect(;nd gg:f?ﬁ’orfi?:g
i ing to the Curie point at 250° -, during the ¢ , g
eei'li)gélldcllggcn(c)ls oun the presence of potassium in the catalyst before

s
™ Michiel, A, nod Chaodron, (3,
rend., vol, 201, 1435, pp, 1191-1163.
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" (referonce cited by Lefebyre and

i i ' g Lates that
‘tunately, Michel ® himself subsequently statc s
St e Ao E)y This tatter value scems to be more reliable,

Nevertheless, LeClere and

N
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Fraunk 39.—Thermemagnelic eurve for an iren Fiselier-Tropsach o ¥
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i g it soprecipita-
drying, or it may be introduced by a special method of eoj P
o ic point of 250° C. is the solid-solution limit of
i e 250° C. is the solid-sc ]
ssponding to the Curte point o s the fntion lin f
I‘L‘g)o iumboxi(lv in yFel0y, or whether this new phn.sc. i 50m(L‘1£11]g
pIO {Lsisn whose formation polassium played an 1mpprbalﬂf“ II,)_fL:l,‘a
‘ iy 1 ) 1 ] F il Al " H
" ;}?;}rsical-chomi(:nl basis for the action of potassium in the Fischer
Tropseh reaction has been (Ivmo_nsl,rﬂ.,tcd.t2200 d
comentile, ¥o,C, whieh hins & Curie point a .

The later method is superior.  Whether the new phase cor-

This phase may well be

Although a magnetic suseeptibility mueh greater than that of nor-
o

. i I [ be characteristic
t bhite, or 8lie,04-HyO) was lound to be char; |
analite, gocthite, or Blie,Oy ) 8 found to b : :
n}ﬂlhi:‘oacbivc 'c%l,n,lvsts’;)1'0(;1])1t-uted from ferrie nltlmi("]SOh:'%loﬁlsi‘:V:'ﬂ-
‘ ;ot{mﬂ;ium carbonate or potassium lly(lrtl)xule,l rtll(ll LSL L[;;Oélgf):(-qpnhw'of
58 e weptibility scems to be related to th SCNCE 0
od magnoetie suseeptibility sc . ed t bresence of
hﬁrﬁ(ﬁ (11-;-1-1{“&; in the oxide, these studies have not by (in '{“L[V(il!(;('(lc?il;i{fer
gir;ntly to permit deflinite conclusions as to the rel Mtwn?);l}l;ctwoon
between magnetic susceptibility and eatalytic activity :
magnetic suseeptibility and alkali eontent, fermic nitrats have fod
thal highly active catalysts prepared [rom | c]tng, nit )
magnetic slusco])til.)ilil,y in the dry, unreduced stato.
(=]

The date indieste only

. o b e 1
Chimde minerale, 6tude du sesguioxide de for eubinue stabilise: Compt,

B Work eited in fustnole 59, p, 152,
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