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Abstract: Layered double hydroxides (LDHs) and mixed oxides derived after
thermal decomposition of LDHs with different Mg—Fe contents were inves-
tigated. These materials were chosen because of the possibility to tailor their
various properties, such as ion-exchange capability, redox and acid—base and
surface area. Layered double hydroxides, [Mg;.,Fe(OH)5] (COg3),o-mH-0 (where
X presents the content of trivalent ions, x = M(II1)/(M(I1) + M(111)) were syn-
thesized using the low supersaturation precipitation method. The influence of
different Mg/Fe ratios on the structure and surface properties of the LDH and
derived mixed oxides was investigated in correlation to their catalytic pro-
perties in the chosen test reaction (Fischer—Tropsch synthesis). It was deter-
mined that the presence of active sites in the mixed oxides is influenced by the
structural properties of the initial LDH and by the presence of additiona Fe
phases. Furthermore, a synthesis outside the optimal range for the synthesis of
single phase LDHs leads to the formation of metastable, multiphase systems
with specific characteristics and active sites.

Keywords. Mg—-Fe-LDHSs; hydrotalcite; anionic clays, Mg—Fe mixed oxides;
Fischer—Tropsch reaction.

INTRODUCTION

In recent years, many investigations have been focused on the development
of low-cost heterogeneous materials with basic characteristics that could be used
in reactions for industrial purposes. Layered double hydroxides, LDHSs, are anio-
nic claysthat are also known as hydrotalcite-like materials
(IM(I1) 1M (HT1)x(OH) 2P (Ayyn) "~ mH20),
where x represents the content of trivalent ions, x = M(I11)/[M(I1) + M(lI1) and
A™ is the anion. LDHs are formed by isomorphic substitution of octahedrally
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coordinated M(Il) cations in brucite-like layers with trivalent cations. The posi-
tive charge is compensated by hydrated anions located in the interlayer space to-
gether with water forming the layered structure. The properties of LDHs and of
thermally derived mixed oxides can be tailored by variation of the M(l1), M(l11)
cations and interlayer ions and different M(I1)/M(I11) ratios, resulting in their
wide application as acid-base and redox catalysts, catalyst supports, anion ex-
changers, adsorbents etc. The synthesis of single-phase LDHs is narrowed to the
range 0.2 < x < 0.33.12 The influence of the extent of M(I11) substitution (within
and outside the optimal range), on surface properties of LDHs and derived mixed
oxides and their efficiency as catalysts in the Fischer—Tropsch test reaction were
investigated. The conversion of syngas (CO + Ho mixtures) to a range of hydro-
carbons using Fischer—Tropsch synthesis (FTS) is currently of increasing interest
in the scientific field. The FTS products are complex mixtures of organic com-
pounds that depend on the catalysts employed, as well as on the operating condi-
tions. Therefore, selectivity of catalysts towards the desired products is of great
importance. Magnesium was chosen as the M(l1) ion, because of its basic proper-
ties, and iron as the active M(I11) ion, because of its reductive characteristics and
its ability to form specific active sites in the layered structure required for cata-
lytic application.3

EXPERIMENTAL

Layered double hydroxides were synthesized using the low supersaturation co-precipi-
tation method at constant pH with different Mg:Fe ratios and x in the range 0.15-0.7. Precur-
sors with different Mg:Fe atomic ratios were prepared using agueous solution of Mg
(NO3)»6H,0 and Fe(NO3)3-9H,0 continuously (4 cm3 minl) added at constant pH (ca.
9.6-9.9) maintained by simultaneous addition of Na,CO5; and NaOH solution. The products of
the precipitation were calcined for 5 hin air at 500 °C.

Structural analysis (XRD) of LDH and mixed oxide samples was investigated with a
Siemens D500 X-ray diffractometer (Cu Ko radiation, A = 0.154 nm, 45 kV, 25 mA) in the 26
range from 3 to 63°. The texture of mixed oxides was evaluated by low temperature nitrogen
sorption at —196 °C using a Micromeritics ASAP 2010 instrument.

The investigation was oriented to the selectivity of the synthesized samples because their
selectivity towards particular hydrocarbons is of essential importance in evaluating their
potential in the overall activity in FTS. Selectivity tests were performed in a tubular reactor.
The catalysts were activated by reduction treatment with a pure hydrogen flow of 20 ml min-1
for 2 h at 350 °C. The gas flow was adjusted by mass flow controllers with the H,:CO ratio of
2:1. The entire reactor system was placed inside a furnace at a temperature of 375 °C. Reac-
tion products were analyzed using a gas chromatograph, HP 5890, Series Il, equipped with
TCD and FID detectors. The selectivity of the prepared catalysts was calculated using the
following formula (S—selectivity, F —detector response factor, x —desired product, nC —

number of C atomsin the product; A — value of the surface under the peak):

Z ( Fproduct nCproduct Aproduct )

@
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THERMALLY ACTIVATED Mg—Fe LAYERED DOUBLE HYDROXIDES 1253

RESULTS AND DISCUSSION

All the synthesized samples showed X-ray diffraction patterns that are typi-
cal for layered double hydroxides,14 but asingle LDH crystalline phase structure
was observed only in the samples with x values of 0.15 and 0.3, Fig. 1. The sample
with the lowest amount of Fe (x = 0.15) showed broad XRD lines, indicating a
less ordered structure. Outside this composition range, x from 0.5 to 0.7, the XRD
peaks typical for LDH decreased linearly with increasing amount of Fe in samp-
les, corresponding to a lower crystallinity and a less ordered structure. Another
crystaline Fe phase (goethite, FeO(OH)) was observed in the sample with an x
value of 0.5. The typical XRD patterns for this additional Fe phase were not
detected in the sample with the highest amount of Fe (x = 0.7), probably due to
the low intensity of the peaks and the signal response noise, but its presence was
also assumed in this sample.
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Fig. 1. XRD Patterns of all the synthesized LDH samples (% — LDH; + — goethite).

The lattice parameters. basal spacing dg=d(003), cation—cation distance
ap = 2d(110) and parameter cg = 3d(003) are presented in Fig. 2. The d(110)
reflection is independent of the kind of layer stacking and can be utilized for the
calculation of the parameter a, whereas the d(003) reflection, the true ¢ parame-
ter, depends on the layer stacking sequence.1 With increasing amount of Fein the
sample, a decrease in the lattice parameters, indicating a decrease in the interla-
yer distance and a higher attraction between the negatively charged hydroxide la-
yers and the anions present in the interlayers, was also reported elsewhere.>

The XRD analysis of al the samples after thermal treatment showed diffrac-
tion peaks typical for mixed oxides with a regular, dense-packed, cubic, NaCl-
-type oxygen lattice, shown in Fig. 3. A collapse of the layered structure leading
to the formation of mixed oxides after calcination was observed in all samples.
The intensity of the XRD peaks decreased with increasing iron content in the
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samples and with increasing deviation from the optimal range for the single-pha-
se synthesis. The XRD analysis of the samples synthesized with a content of Fe
higher than the mentioned optimal range revealed additional phases of hematite
(Fex03) and spinel (MgFexO4).6 The intensity of the characteristic additional
phase signals increased with increasing Fe content in the samples, indicating also
higher amounts of these phases in the samples with x = 0.7. This aso confirms
the mentioned assumption about the presence of the additional Fe phase in the
original LDH sample.
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Fig. 2. The influence of the chemical composition of the LDH on the lattice parameters.
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Fig. 3. XRD Patterns of the samples after thermal treatment (% — mixed oxides;

0 — hematite, X —spinel).

The structural parameter ag as a function of the amount of Fe in the sample
is presented in Fig. 4, from which it can be seen that the values for ag decreased
with increasing amount of Fein the samples.
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The surface area of the as-synthesized LDH samples and after the thermal
and reduction treatment, as well as the influence of the amount of iron in the
samples is shown in Fig. 5. The increase of the surface area after thermal treat-
ment for samples with x = 0.15 and 0.3 is due to the formation of smaller meso-
pores.” The presence of additional phases in samples with x = 0.5 and 0.7 nega-
tively influences the development of surface area after calcination. A smaller de-
crease in the surface area was detected for the sample x = 0.5, which contained
lower amounts of additiona phases. The LDH sample with the highest iron con-
tent (x=0.7) had the highest surface area that significantly decreased after cal-
cination. This drastic fall was due to the lowest amount of carbonate in the LDH
interlayers in this sample and the formation of additional crystalline phases iden-
tified by XRD analysis.
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The surface area of the mixed oxides after reduction was lower than the sur-
face area of the mixed oxides after calcination, Fig. 5, most likely due to the for-
mation of new phases after the reduction.

The selectivity of all samples towards C4 and Cs products at 375 °C and a
H>:CO ratio of 2:1 is presented in Fig. 6. The sample with the lowest iron con-
tent, having the highest basicity compared to the other samples, exhibited the
highest selectivity. These results are in agreement with literature data, where it
was observed that with increasing MgO content in the sample, the selectivity of
the Fe-catalysts in the FT reaction also increased.8

20+

ot O o |35Mg-15Fe: —@—CH

CSHIZ

70Mg-30Fe: —A—CH

—_
o
1

50Mg-50Fe: —wv— C H

410

-V CSHIZ

Selectivity, %
s

B e
'/ O\'k\:/"va\."g\v.‘v: ".'\gjv-; 30Mg-70Fe: —8— C H
] / O oo o-CH.

v a /‘\AO~A~A\‘/A\ AL 512
"
54 a4

A

0 25 50 75 100 125 150

Fig. 6. Selectivity of all samplestowards C, and Cs products at
375 °C at an H,:CO ratio of 2:1.

The sample synthesized in the optimal range for single-phase LDH synthesis
(70 Mg—30 Fe) exhibited low selectivity towards C4-compounds, while selectivity
towards Cs-compounds was not detected. The very low selectivity of this sample
is probably due to its stable structure, as observed by XRD analysis, which is not
desirable for catalytic application. Both of the samples 50 Mg-50 Fe and 30 Mg—
—70 Fe exhibited selectivity towards C4- and Cs-compounds. The sample with
the highest Fe content showed selectivity towards Cs-compounds after 5 min of
the reaction, whereas selectivity for the 50 Mg-50 Fe sample towards Cg-com-
pounds was detected after 40 min.

CONCLUSIONS

The synthesis of Mg—Fe layered double hydroxides outside the optimal ran-
ge for a single LDH phase resulted in the formation of complex, multiphase,
layered double hydroxides, which gave metastable phases of oxides after thermal
treatment. These mixed oxides enabled the development of active sites on the
surface contributing to their catalytic performance. The reduction of mixed oxi-
des before their application in the Fischer—Tropsch reaction decreased the surface
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area, most likely due to the formation of new phases. All the samples synthesized
outside the optimal range for a single LDH phase showed higher selectivity to-
wards the chosen products compared to the samples synthesized within the opti-
mal range. The sample with the lowest iron content having the highest basicity
compared to other samples exhibited the highest selectivity in the FT reaction.
The stable structure of the sample synthesized in the optimal range disenabled the
formation of active sites and confirmed the positive effect of metastable struc-
tures on catalytic properties. Such results open up a new route for the synthesis of
LDHswith desired properties for application in certain catalytic reactions.

Acknowledgements. The financial support from the Ministry of Science and Technical
Development of the Republic of Serbia (Project No. Ol 142024) is gratefully acknowledged.

N3BOJI

UCIIUTUBABE TEPMUYKU AKTUBUPAHUX Mg-Fe JIBOCTPYKUX CJIIOJEBUTUX
XUAPOKCUIA KAO ITIOTEHITUJAJTHUX KATAJIU3ATOPA
YV 3AHITUTH X KUBOTHE OKOJIMHE

MUWJINLA C. XAJITHABEB-KOCTUR, TATJAHA J. BYJIUh u PAJIMUJIA I1. MAPUHKOBUR-HEAYUVH
Texnoaowrxu gaxyaitiein, Ynueepsuineiwi y Hosom Caoy, Bya. yapaJlazapa 1, 21000 Hosu Cao

WcnutuBanu cy qBoCcTpyKH cinojeButu xuapokcuan (LDHS) ca pasmuuntum caapxajem Mg—
—Fe u MeoBUTH OKCHAN KOjH Cy HACTAlHM BHHXOBOM TEPMHUYKOM pPasrpaimoM. J[BOCTpyKH clioje-
BUTH xuzapokcuan [Mgy4Fe(OH);](COs)y>mMHL0, e je X yaeo TpOBaeHTHHX aHjoHa, X =
= M>H)/(M(I1) + M(I11)) curTeTHcanu Cy KONPELMUIMTALMOHOM METOAOM Maje mpe3aculieHOCTH.
WsBpmiena je kapakTepu3aldja MEMIOBHTHX OKcuaa Hactanmux u3 LDHS, xao um HeTpermpanux
LDHs, wucnutiBameM Kpuctajgorpadcke CTPYKType, TEPMHUYKHX KapaKTepHCTHKA, TEKCType,
KHCEeN0—0a3HUX KapaKTeprCTHKa U Mopdoioruje. [Ipoyuasad je yTuiaj pasmaautor ogaoca Mg/Fe
Ha CTPYKTYpHE, MOBPIIMHCKE W KHceno—OasHe kapakrepuctuke LDHS M BHXOBHX MEIIOBHTHX
OKCHJa y KOpelalHji ca KaTAIUTHYKUM KapaKTepHcTHkama y ofgabpaHoj tect peakuuju (Fischer—
Tropsch cunresa). YrBpheHo je ma cTpykTypHe Kapakrepuctuke mnosiasHor LDH, mpucycrtBo
nonatHux (dasza Fe u kuceno—Oa3He KapaKTEpPUCTHKE YTHYY HA IPHUCYCTBO aKTHBHHX LIEHTAapa KOJ|
CBHUX MELIOBUTHX OKCHZA, Ka0 M Jia CHHTE3a BaH ONTHUMAJHOI Olcera 3a aodujame jenHodasHux
LDHS noBomu 10 ¢opmupama MeracTabHIHUX, BHIIE(pAa3HHUX CHUCTEMa Ca CHeHUPHIHAM
KapaKTepUCTHKaMa U aKTHBHUM LICHTPHMA.

(Ilpumsbeno 15. janyapa, pesuaupano 25. Gpedpyapa 2010)
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