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New iron oxide pillared montmorillonites have been prepared by the reaction of Na™ montmoril-
lonite with base-hydrolyzed solutions of Fe3* salts and subsequent thermal conversion of the
intercalated polycations. Depending on the hydrolysis conditions used to generate the pillaring
solutions, pillared products with basal spacings in the range 18 to 25 A were obtained. Under
optimum hydrolysis conditions (base/metal = 2.0 meq/mol, aging time = 23-147 hr) the pillared
products contained 6.8-9.8 Fe’* ions per O,(OH), unit cell and exhibited basal spacings of 25-29
A. These latter spacings corresponded to exceptionally large gallery heights of 15-19 A. Upon
calcination at 300°C, the spacings decreased to 23-27 A. N, BET surface areas after outgassing at
350°C were in the range 270 to 350 m*g. The pillared products are active catalysts that have
undergone Fischer—-Tropsch synthesis of hydrocarbons at 275°C and 120 -psi (CO: H, = 1:2). The
hydrocarbon distribution in the C,-C, range (1.3% conversion) followed Anderson-Schulz—Flory
statistics with a chain propagation probability of & = 0.49. X-ray energy dispersive analysis
indicated that substantial amounts of the intercalated iron migrated to the edge sites of the clay
particles under reaction conditions. The redistribution of iron resulted in a distribution of gallery
heights sufficiently heterogeneous to preclude Bragg X-ray scattering along the 001 direction. Iron
migration also occurred upon exposure of the pillared products to the ambient atmosphere for

prolonged periods (=3 months).

INTRODUCTION

Pillared clays were first introduced by
Barrer and Macleod in 1955 when they in-
duced permanent porosity in smectite clays
by propping open the clay layer with interca-
lated tetraalkylammonium ions (/). Various
robust organic cations and metal chelates
have been successfully used to pillar smec-
tites, but these systems tend to undergo in-
terlayer collapse above 300°C (2). Pillaring
reagents formed by the hydrolysis of chro-
mium (3), aluminum (3-7), bismuth (8), sili-
con (9, 10), and zirconium (/7) afford
intercalated oxide aggregates that are
considerably more robust than organic pil-
lars. Thermal stabilities exceeding 500°C
have been reported (6, 12) for aluminum
and zirconium oxide pillared clays. These
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thermally stable systems continue to be of
interest, in part, because of their properties
as catalysts for hydrocarbon cracking
(13-16), alcohol dehydration (17-19), and
other acid-promoted reactions (20, 21).

The aqueous chemistry of Fe*" is known
to yield polymeric cations (22, 23) of sub-
stantial size, and there have been reported
attempts to intercalate such ions in the inter-
layers of smectite clays (24-30). Polymer-
ization of iron typically begins at low pH
(<1.5) and propagates by deprotonation of
coordinated water molecules (olation) and
hydroxygroups (oxolation) as illustrated in
Egs. (1) and (2) (31).

[Fe(OH); 1, + Fe** + 2H,0 —
[Fe(OH)71,., + 2H* (1)

[Fe(OH); 1, — [FeO(OH)], + H; (2)
The hydrolysis reactions of Fe** can lead

to discrete spherical polycations as large as
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30 A in diameter (32, 33). Aggregation of the
spheres produces rods and eventually rafts
of rods. The polymerization process is de-
pendent on base to metal ratio, temperature,
nature of the counterion, pH, and other fac-
tors (31, 34).

Earlier attempts to intercalate Fe** poly-
meric cations in smectities yielded products
with relatively low gallery heights and lim-
ited thermal stabilities (approximately
300°C) (24-29). In the present study, we
have examined the intercalated products
formed by the reaction of sodium montmo-
rillonite with base-hydrolyzed Fe*" solu-
tions under different hydrolysis conditions.
These studies have led us to new iron oxide
pillared clays with basal spacings up to 28
A, a value substantially larger than the 16.7
A materials derived from utilized basic tri-
nuclear iron(I1I) acetate as the pillar precur-
sor (35). Since iron oxide is known for its
activity as a Fischer-Tropsch catalyst
(36-38), we also have examined one of these
new pillared products for the catalytic hy-
drogenation of carbon monoxide.

EXPERIMENTAL SECTION
Pillaring Reactions

Anhydrous sodium carbonate was added
slowly as a powder to a rapidly stirred solu-
tion of 0.2 M iron(III) nitrate, chloride, or
perchlorate. The amount of base added was
in the range 0.0 to 2.5 meq/mole of metal.
The solutions, which were free of a precipi-
tate, were flushed with nitrogen to facilitate
the removal of the carbon dioxide that was
evolved during the hydrolysis. The solu-
tions were then aged for various periods of
time at specified temperatures to allow for
different degrees of polycation growth. The
general procedures used for the exchange
reaction between the hydrolyzed iron solu-
tions and sodium montmorillonite (Crook
County, Wyoming) were similar to those
previously described for the synthesis of
aluminum pillared montmorillonite (39). A
1.0 wt.% suspension of the clay was added
slowly to a vigorously stirred solution of the
iron polycations. The ratio of cation to clay

was 70 mmol/meq for most syntheses. The
material used for the catalytic Fischer—
Tropsch reactions was prepared at a cation
to clay ratio of 30 mmol/meq. Upon the
complete addition of clay to the hydrolyzed
Fe3* solution, the reaction mixture was
stirred for an additional 2 hr. The product
was then washed to remove excess salt by
the process of subsequent centrifugation,
decantation, addition of deionized water,
and redispersal of the product by vigorous
stirring in water. The product typically was
washed 12 or more times or until floccula-
tion of the clay occurred upon washing. The
resulting material was then air-dried on a
glass plate at room temperature.

Physical Methods

A Phillips X-ray diffractometer (Ni-fil-
tered CuKa) was used to determine the
basal spacings of the pillared products. Sam-
ples for XRD measurements were prepared
by allowing a 1 wit% slurry from the final
washing to air dry on a glass slide. Diffrac-
tion patterns also were recorded after heat-
ing the slide for 3 hr in air at 350°C. Elemen-
tal analyses were performed on a Jarrel-Ash
995 Atom Comp analyzer. Instra-grade stan-
dards (J. Baker) were used to calibrate the
instrument, and the results were checked
against a NIST standard clay (98a). Catalyst
samples (0.05 g) for chemical analyses were
fused with lithium borate for 2.0 min at
1000°C and the resulting hot glass was dis-
solved in 3% HNO;.

Surface area measurements based on the
three-point BET method were determined
on a Perkin—Elmer—Shell 212 sorptometer
using nitrogen as the adsorbate and helium
as a carrier gas. The gases were purified by
passing through a liquid nitrogen trap. Prior
to analysis, samples were outgassed at
350°C under a flow of argon for 2 hr.

Catalysis

Fischer-Tropsch reactions were carried
out in a 304 stainless steel, single-pass tube
reactor. Gas flow rates were controlled by
a Brooks 5890 mass flow controller. Ap-
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proximately 0.3 g of pillared clay was mixed
with enough low surface area y-alumina
(10-14 mesh) to make a bed height of 7 cm
in a reactor tube with a 7 mm inside diame-
ter. A thermocouple clad in 304 stainless
steel was placed in the middle of the bed
for temperature regulation by a Eurotherm
temperature controller.

The catalyst was dried in helium at 400°C
at a gas hourly space velocity (GHSV) of
300 hr~' and then cooled to 25°C. The gas
flow as then changed to hydrogen (GHSV
= 428 h~") and reduction of the catalyst was
carried out by ramping the temperature to
200°C for 30 min and then to 400°C for 16
hr. The reactor was cooled to room tempera-
ture, and the flow was switched to a pre-
mixed feed gas (H,/CO = 2.0) at a GHSV
of 300 hr~'. The temperature was then in-
creased to 275°C and the pressure was in-
creased to 120 psi. Condensible liquids were
trapped in an elbow attached to the reactor
tube. The elbow was cooled in a dry
ice—acetone bath. Hydrocarbon fractions
were sampled through a sampling valve us-
ing a valved, gas-tight syringe and analyzed
on an F & M scientific gas chromatograph
by flame ionization. A Porapak Q column
was used to separate permanent gases for
analysis on a Varian 920 gas chromatograph.
Alkane and alkene standards (Scott Spe-
cialty Gases) were used for calibration. Per-
manent gases (CO, , CO) were separated us-
ing a Carbosieve S-11 column and TCD
detection.

Electron Microscopy

Air-dried iron pillared clay samples for
scanning electron microscopy (SEM) were
wedged between two pieces of wood appli-
cator sticks. A conductive liquid was ap-
plied around the base and exterior of the
catalyst particles and atop the wood seg-
ments to minimize charging. A light coat of
gold was then evaporated onto the samples
using a sputter coater. SEM was performed
with a JEOL JSM 35 C electron microscope
equipped with a Kevex X-ray energy disper-
sive detector (EDS) and a Tracor Northern

TABLE 1

Iron Pillared Clays Formed from Hydrolyzed Ferric
Chloride and Nitrate Solutions®

B/M FeCl, Fe (NO;);
(meg/mol)
Pillaring  Clay Pillaring Clay
soln. basal soln. basal
pH spacing pH spacing
(A) (A)
0.0 1.38 12.3 1.25 12.3
0.5 1.40 19.8 1.52 18.0
1.0 1.53 23.8 1.65 23.2
1.5 1.60 24.5 1.75 23.2
2.0 1.72 25.2 1.82 23.8
2.5 2.18 b 2.05 b

4 Reaction conditions: [Fe**] = 0.2 M: Fe’*/mont-
morillonite = 70 mmol/meq; temp. = 25°C; aging time
of pillaring solution = 24 hr.

b Very broad 001 peak centered near 16 A.

digital beam controller. EDS linescans were
obtained by a computer-controlled point-
by-point scan of the electron beam across
the sample.

RESULTS AND DISCUSSION
Synthesis of Iron Oxide Pillared Clays

The iron oxide pillared clays formed by
the reaction of sodium montmorillonite with
hydrolyzed Fe®* solutions depended criti-
cally on the hydrolysis conditions. Table 1
shows the relationship between the base to
metal ratio (B/M) used for the hydrolysis of
ferric chloride and nitrate solutions, along
with the basal spacing of the products
formed upon reaction with sodium montmo-
rillonite. In each case the time allowed for
aging of the pillaring reagent was held con-
stant at 24 hr. Solutions with B/M = 0.0
gave products with a low basal spacing near
12.3A, corresponding to a gallery height of
~3.0 A. Incremental increases in B/M ratio
over the range 0.5 to 2.0 resulted in dramatic
increases in basal spacing in the range 18 to
25 A. The abrupt increase in spacing begin-
ning at B/M = 1.0 points to the more or less
uniform intercalation of a polymer fraction.
The observed gallery heights are consistent
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FiG. 1. X-ray diffraction patterns of air-dried iron
pillared clays prepared from hydrolyzed ferric chloride
solutions (0.2 M) at base to metal ratios in the range
0.0-2.5 meq/mol. Solid Na,CO, was used as the base
and the aging time of the pillaring solutions was 24 hr
in each case.
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with the previously estimated size of 15 to
30 A for polycations formed by iron hydroly-
sis in this B/M range (32, 33). The relatively
small increase in basal spacing for the pil-
lared products over the B/M range 1.0-2.0
was indicative of limited growth in the poly-
mer along the 001 direction of the host clay.

Figure 1 illustrates the XRD patterns for
the pillared products obtained from ferric
chloride pillaring solutions with B/M = 0.0
— 2.5. Note that the low 20 peak was ini-
tially positioned near 19.8 A and that the
peak was relatively weak, indicating that
the extent of ordered pillaring was relatively
low at B/M < 0.5. As the B/M ratio was
increased, the peak for the pillared product
shifted to higher basal spacing and increased

in intensity. At a B/M = 2.0, two orders of
001 reflection were observed, correspond-
ing to a basal spacing of 25.2 A (gallery
height ~15.9 A). However, at B/M = 2.5,
the product was highly interstratified with a
broad first-order reflection centered near 16
A. Thus, the most ordered product was ob-
tained at B/M = 2.0. The interstratification
which occurred at B/M = 2.5 may be due to
the presence of a distribution of polycation
sizes. The latter possibility is supported by
the previously reported (32, 33) bimodal
sedimentation values for 0.10 M FeCl, solu-
tions hydrolyzed at B/M = 2.5.

Hydrolyzed solutions of the nitrate salt of
Fe’* exhibited pillaring properties analo-
gous to those observed for the chloride salt,
as judged from the basal spacings of the
pillared products (cf. Table 1). Similar spac-
ings also were found for the products formed
from hydrolyzed solutions of ferric perchlo-
rate. Previous studies (23, 3/-34) of Fe*~
hydrolysis have shown that the extent of
iron aggregation can be anion dependent.
For instance, the polymerization of hy-
drolyzed chloride solutions is bimodal (31),
whereas nitrate solutions exhibit unimodal
behavior. Despite these differences in ag-
gregation for the chloride and nitrate salts,
hydrolysis of both salts under appropriate
conditions gave pillared products with simi-
lar basal spacings. However, a dramatic
anion effect was found for solutions formed
by hydrolysis of Fe’* in the presence of
sulfate. Sulfate readily complexes with iron
and promotes precipitation of hydrolyzed
products (37). Thus, ferric sulfate always
afforded non-pillared products with basal
spacings of ~12.6 A, regardless of the B/M
ratio used in the hydrolysis.

All of the products described in Table 1
and Fig. 1 were extensively washed with
deionized water prior to being air-dried. The
washing process is extremely important for
producing crystalline pillared products. At
least twelve was cycles were normally
needed before the flocculation of the prod-
uct was observed. The relationship between
the product crystallinity, flocculation, and
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F1G. 2. pH of wash solution vs number of washings
for a pillared clay prepared by reaction of Na*-mont-
morillonite with a hydrolyzed ferric chloride solution
(B/M = 2.0 meq/mol; 24-hr aging time). The arrow
indicates the point at which the clay suspension floccu-
lated and where a distinct 001 X-ray reflection was
evident at 25.2 A.

degree of washing suggested that hydrolysis
of the clay-bound polycations continued
during the wash cycle. For pillaring solu-
tions with B/M = 1.0, the products tended
to be amorphous, if they were not washed
to the flocculation point. Apparently, the
initial products formed were highly inter-
stratified and the irregular basal spacings
gave rise to little or no Bragg scattering
along 001. However, as washing was contin-
ued, hydrolysis becomes more extensive,
the polycation size became more uniform,
and the gallery heights became sufficiently
regular to exhibit Bragg scattering.
Support for the hydrolysis of the surface-
bound iron cations during the wash cycle
was provided by the data shown in Fig. 2,
where the pH of the wash solution is plotted
vs the number of washings for a product
formed by the reaction of Na*-montmoril-
lonite with a pillaring solution prepared at
B/M = 2.0. The pH continued to rise with
the number of washings until a limiting value
of approximately 3.9 was approached after
the 11th wash and flocculation of the clay

wr (A)

T

pH of FeCl; solution

10 20 30 40 50 60 70
Time (hour)

F1G. 3. (A) Dependence of pillaring solution pH on
againg time for a ferric chloride solution hydrolyzed at
25°C and B/M = 2.0. (B) Dependence of the basal
spacings of pillared products on the aging time of the
pillaring solution.

had occurred. Significantly, no Bragg X-ray
scattering was apparent until the sample had
been washed at least 9 times.

We should note at this point that our syn-
thesis methods have recently been utilized
(40) in an effort to produce iron pillared
clays for the demetallation of crude oil and
the absorption of H,S (41, 42). However,
the products obtained were highly interstra-
tified, X-ray amorphous phases with high
surface area. The formation of amorphous
phases most likely was the result of inade-
quate washing and insufficient hydrolysis of
the intercalated polycations.

The aging time of the hydrolyzed pillaring
solutions also was important in determining
the nature of the pillared products. Figure 3
illustrates the change in pH for a 0.2 M ferric
chloride solution hydrolyzed at 25°C by the
addition of sodium carbonate at B/M = 2.0.
As expected for an increase in the degree of
cation polymerization, the pH of the solu-
tion decreased with aging time up to 70 hr.
Shown in the same figure is the relationship
between the basal spacing of the pillared
product and the aging time of the pillaring
solution. An overall increase of approxi-
mately 2 A was observed upon extending
the aging time from 10 to 70 hr. The rela-
tively small increase in basal spacing despite
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TABLE 2

Compositions of Iron Pillared Clays®

Pillaring soln. Pillar/cell® S.A. dy(A)
my/g’

Salt Age (hr) pH 25°C 350°C
FeCl, 24 1.72 (Fe(OH)Y%* g5 244 25.2 238
Fe(NO,), 3 1.92 [Fe(OHE* ) 5 351 27.2 24.5

147 1.73 [Fe(OH)E* lyao 270 29.5 27.6
Fe(ClO,); 3 1.89 [Fe(OH)YL* 1, 1y 343 26.8 24.5

¢ All products were prepared from pillaring solutions formed by hydrolysis of Fe** salt solutions (0.2 M) at
25°C using a base to metal ratio B/M = 2.0 meq/mol and solid Na,CO; as the base.

% fron content of pillared products expressed as hydroxyiron (III) per O,,(OH), unit.

¢ BET N, surface area after outgassing 3 hr at 350°C in vacuum.

the appreciable drop in pH and extent of
hydrolysis was suggestive of uniaxial poly-
mer growth. Anisotropic polymer growth
would be consistent with the results of Mur-
phy et al. (33b) who observed the formation
of short rods from spherical polycations
after 24 hr of aging at B/M = 2.0. The rod
diameters were estimated to be 20 A, and
the rod lengths were 60 to 100 A.

Further evidence for polycation rod or
rafts in the clay galleries was provided by
the analytical data and BET surface areas
provided in Table 2. Limiting the hydrolysis
of iron at a B/M = 2.0 by restricting the
aging time to 3 hr at 25°C produced products
containing 6.1 to 6.8 Fe3* ions per 0,o(OH),
unit cell. Increasing the extent of polymer-
ization by increasing the aging time to 24 hr
of 7 days, produced pillar products con-
taining 8.8 to 9.8 iron ions per unit cell. The
average charge per iron was in the range
0.06~0.10, based on the assumption that the
clay layer charge is unaltered by pillaring.
In providing the pillar formulas in the table,
we arbitrarily selected hydroxide as the
counterion to express the average iron
charge. The actual polycation, however, is
expected to contain both oxide and hydrox-
ide counterions (30, 31).

A change in iron composition was accom-
panied by a change in the BET surface areas
from approximately 345 m?*/g for the prod-
ucts containing 6.1-6.8 Fe/cell to between

244 and 270 m?/g for the materials containing
8.8-8.9 Fe/cell. The decrease in surface
area with increasing iron content, along with
the absence of a dependence of basal spac-
ing on composition, suggested that ion poly-
merization in the gallery was restricted to
aggregates with rod-like or raft-like mor-
phology.

We breifly explored the possibility that
pillared products with basal spacings differ-
ent from ~26 = 2 A might be accessible
using pillaring solutions prepared by hydro-
lysis below and above ambient temperature.
Accordingly, a 0.2 M FeCl; solution was
hydrolyzed at 0°C and B/M = 2.0. After
aging 24 hr at 0°C, the pillaring reagent was
allowed to react with Na*-montmorillonite
both at 0 and at 25°C. Regardless of the
reaction temperature or the temperature at
which the pillared clay product was washed,
the basal spacings were near the value ob-
tained when the hydrolysis was carried out
at 25°C.

Hydrolysis of 0.2 M FeCl, at 75°C and at
B/M = 2.0 also afforded a pillared product
with a basal spacing near 26 A, provided that
the aging time of the solutions was limited to
1.5 hr. Solutions aged >5 hr at 75°C were
unsuitable as pillaring reagents owing to pre-
cipitate formation. Thus, varying the hydro-
lysis temperature of 0.2 M FeCl, over the
range 0-75°C at B/M = 2.0 had little effect
on the basal spacing of the pillared product
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formed by reaction with Na*-montmoril-
lonite.

Catalysis

The iron oxide pillared clays prepared in
this work can be activated for Fi-
scher-Tropsch catalysis by pretreating in
hydrogen at 400°C for 16 hr. Previous stud-
ies have shown that the reaction of a-Fe,0,
with hydrogen at 350°C for 16 hr leads to the
formation of metallic iron, as judged by X-
ray diffraction and Mossbauer spectroscopy
(43). Reduction of iron also is known to oc-
cur in the reaction of magnetite (Fe;0,) with
hydrogen at 497°C (44). Earlier XPS and
Mossbauer studies (45, 46) of monot-
morillonite interlayered with iron poly-
cations have established the presence of
Fe(III) ions in octahedral environments. Al-
though the gallery height of our pillared clay
is larger than previously reported deriva-
tives, we expect a similar reduction of
Fe(III) to occur under the hydrogen pre-
treatment conditions used in the present
work.

The distribution of C, to C¢ hydrocarbons
formed in the hydrogenation of carbon mon-
oxide followed the Anderson-Schulz-Flory
relationship (36)

W, = na" '[1 - a]?,
where W, is the weight fraction of product
with carbon number » and « is the probabil-
ity of stepwise chain growth. Figure 4 pro-
vides the C,—Cq distribution obtained for Fi-
scher-Tropsch synthesis at 275°C over a
pillared montmorillonite containing 6.98
Fe™ ions per Oy(OH), unit (dy, = 25.2 A;
298 m?*/g). Under the reaction conditions
employed (H,/CO = 2.0, 120 psi, GHSV =
2100 hr ', 21 hr time-on-stream) the conver-
sion was 1.3% and the chain propagation
probability was 0.49. Increasing the conver-
sion to 2.1% by decreasing the space veloc-
ity gave the same value of « within experi-
mental uncertainty. Very small quantities of
oxygenates, mainly methanol and ethanol
in 2:1 ratio and a trace of propanol, were

1.0

0.13

Win) /n

01 3 o =0.49

Carbon number (n)

FiG. 4. The Anderson-Schulz-Flory plot of the hy-
drocarbon distribution obtained for the hydrogenation
of CO over iron pillared montmorillonite after 21 hr on
stream. Reaction conditions: 275°C, 120 psi, H,/CO =
2.0, GHSV = 2100 hr".

detectable in the aqueous phase trapped at
—78°C.

In general, the conversion initially in-
creased with increasing time-on-stream and
then decreased at longer reaction times
(=125 hr). Similar behavior has been ob-
served for related iron-based Fischer—
Tropsch catalysts (43, 47). After a
reaction time of 50 hr the catalyst contained
1.18 wt% carbon, suggesting the possible
formation of coke. No attempt was made to
extract and identify the adsorbed species.

In order to minimize product hold-up ef-
fects and, especially, the possibility of coke
formation, relatively low conversions were
utilized in determining « for our pillared clay
catalyst. Although the conversions are low,
the value of 0.49 at 275°C is similar to the
propagation probabilities found for related
iron-based catalysts under analogous reac-
tion conditions. For instance, Accuri et
al. (44) observed a = 0.43 at 2% conversion
over a silica-supported prereduced iron cat-
alyst under related reaction conditions (206
psi, 250°C, H,/CO = 3.0). Using magnetite
catalyst precursors prepared under different
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FiG. 5. SEM images illustrating the folded or ‘‘waffle-like’” surface texture of Na*-montmorillonite.
The bar represents 10 wm in micrograph A, 1.0 um in micrograph B.

prereduction conditions, Krebs et al. (48)
observed « values in the range 0.39-0.46 for
Fischer-Tropsch synthesis at 298°C (H,/CO
= 3.0; 1 bar). Also, Dictor and Bell (47)
observed « = 0.53 [C,-Cs] for Fi-
scher-Tropsch synthesis carried out at
<5% conversion in a slurry reactor over
hydrogen-reduced hematite at 250°C and
147 psi.

SEM and EDS Studies

Scanning electron microscopy and X-ray
energy dispersive spectroscopy were uti-
lized to investigate the texture and iron dis-
tribution of an iron oxide pillared clay before
and after Fischer—Tropsch catalysis. The

air-dried clay before catalysis exhibited a
distinctly lamellar texture, as expected. In-
terestingly, however, the folded or ‘‘waffle-
like”” surface texture typical of air-dried
Na*-montmorillonite was substantially re-
duced upon pillaring by the iron poly-
cations. The change in texture upon pillaring
is illustrated by the SEM images in Figs.
5 and 6 for Na*-montmorillonite and iron
pillared montomorillonite, respectively. Al-
though the iron pillared clay had a more
platey texture than the Na* exchange form,
and exhibited much more intense 001 X-ray
diffraction peaks.

EDS linescans for iron and silicon in the
native Na*-montmorillonite indicated that
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Fi1G. 6. SEM images of iron pillared montmorillonite
with a smooth platey surface texture. The bar repre-
sents 10 wm in micrograph A and 1.0 wm in micrographs
B and C.

the two elements were uniformly distrib-
uted. However, the Fe** X-ray emission in-
tensity was just above background, whereas
the Si X-ray intensity was high, as expected
based on the relative abundance of the two
elements. After pillaring by polycations of
iron, the clay gave similar iron and silicon
EDS linescans, except that the iron emis-
sion was much more intense, comparable to
the emission intensity of silicon. Thus, the

spatial distribution of the pillaring iron spe-
cies was uniform on a micrometer length
scale for the freshly prepared pillared
products.

In order to examine the hydrolytic stabil-
ity of the pillared clay under ambient condi-
tions, the material was allowed to age in the
open atmosphere. Substantial changes were
observed in the iron distribution by EDS
after aging 3 months, as shown in Fig. 7.
Although the iron and silicon content paral-
leled each other across the basal surfaces, a
dramatic increase in iron and a decrease in
silicon occurred at the edge of the clay parti-
cle. An EDS examination of the edges of an
iron-bearing Na*-montmorillonite showed
that the increase in emission intensity at the
clay edge was far greater than would be ex-
pected due to edge-selective emission ef-
fects of a compositionally uniform particle.
Thus, we conclude that exposing the iron
pillared clay sample to the moist ambient
atmosphere resulted in the migration of
some iron ions out of the gallery and onto
the edges of the clay particles. This change
in iron distribution was accompanied by a
loss in 001 X-ray reflections.

Calcining the iron pillared clay at 350°C
in air did not improve its stability toward
moist air. Hydrolytic instability and redistri-
bution of iron also was apparent for the iron
pillared clay after use as a Fischer-Tropsch
catalyst for 24 hr under the reaction condi-
tions described in Fig. 4. The spent catalyst
also was X-ray amorphous. The production
of water in the Fischer-Tropsch reaction
most likely facilitated the migration of the
gallery iron.

SUMMARY AND CONCLUSIONS

The hydrolysis of ferric chloride, nitrate,
or perchlorate solutions at a base to metal
ratio of 2.0 meq/mol afforded polycations of
iron that were suitable for the pillaring of
montmorillonite. The products obtained by
the reaction of the polycations with Na*-
montmorillonite at Fe/clay = 30-70 mmol/
meq were crystallographically poorly or-
dered along the 001 layer stacking direction,
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F1G. 7. (A) SEM and (B) Si and Fe X-ray EDS line scans for iron pillared montmorillonite after aging
3 months under ambient conditions. The arrows in the SEM image indicate the direction of the EDS
line scan.
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most likely due to a distribution of interca-
lated pillar sizes. The degree of 001 ordering
was improved by extensively washing the
product with distilled water. The washing
process represented a second hydrolysis
step in which ensembles of polymeric cat-
ions with rod- or raft-like structures were
reconstituted on the clay basal surfaces into
more regular oxocation aggregates that give
rise to a basal spacing of 26 = 2 A. The
basal spacings were substantially larger than
those previously reported for pillared prod-
ucts obtained by hydrolysis of basic iron
acetate cations (dyy ~ 16.7 A) (35, 46).

Products containing 6.1-9.8 Fe** ions per
0,o(OH), unit cell were obtained after aging
the pillaring solutions 3—168 hr at room tem-
perature. The decrease in surface area with
increasing iron content over this composi-
tion range, along with the absence of a de-
pendence of basal spacing on iron content,
was consistent with a rod-like or raft-like
pillar structure.

The iron pillared clays reported here were
quite labile even under ambient conditions.
Aging the materials for periods of 3 months
at 25°C resulted in a loss of 001 ordering due
to a redistribution of iron and a concomitant
change in the degree of polycation polymer-
ization. X-ray energy dispersive spectros-
copy indicated that some iron migrated to
particle edges upon aging. Calcining the ma-
terials at 350°C did not improve the stability
toward iron redistribution.

Fischer-Tropsch synthesis of hydrocar-
bons was achieved over iron pillared clays.
Prereduction in hydrogen at 400°C afforded
an active catalyst for CO hydrogenation at
275°C, and 120 psi. The hydrocarbon distri-
bution over the C;—C, range followed the
Anderson-Schulz—-Flory model with a
chain propagation probability of « = 0.49 at
1.3 to 2.1% conversion. The value of «
was not unlike that observed for iron oxide
supported on alumina. Crystallographic
ordering of the catalyst along with 001 layer
stacking direction was lost during Fi-
scher—Tropsch synthesis. The water formed
as a reaction by-product most likely facili-

tated the reconstitution of polyoxoiron
pillars.
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