Available online at www.sciencedirect.com

sclENcE@DIRECT“ JOURNAL OF
CATALYSIS

%‘@

ELSEVIER Journal of Catalysis 236 (2005) 205-220

www.elsevier.com/locate/jcat

Novel Fe—Mn-Zn-Ti—O mixed-metal oxides for the low-temperature
removal of BS from gas streams in the presence ef @0,, and HO

K. Polychronopoulog, F. Cabello Galiste®y M. Lépez Granadds J.L.G. Fierrd, T. Bakas,
A.M. Efstathiow?*

@ Department of Chemistry, University of Cyprus, P.O. Box 20537, CY 1678 Nicosia, Cyprus
b Ingtituto de Catdlisis y Petroleoquimica, CSIC, C/Marie Curie 2, Cantoblanco, 28049 Madrid, Spain
¢ Physics Department, University of loannina, P.O. Box 1186, 45110, Greece

Received 4 August 2005; revised 29 September 2005; accepted 1 October 2005
Available online 28 October 2005

Abstract

The efficiency of Fe—-Mn—Zn—Ti—O mixed-metal oxides of varying composition prepared by sol-gel methods toward remgSdtoifith gas
mixture containing 0.06 vol% 8, 25 vol% H, 7.5 vol% CQ, and 1-3 vol% HO was studied in the 25-10C range. In particular, the effects
of the Fe/Mn molar ratio in the Fe—Mn—Zn-Ti—O solids on theSHiptake and regeneration performance of the solids were studied. The nominal
chemical composition (metal mol%) of the Fe—Mn—Zn-Ti—O solids was found to strongly influence the chemical composition, particle size, at
morphology of the crystal phases formed. It was found that the 5 Fe—15 Mn—40 Zn—40 Ti—-O mixed-metal oxide provides thed8gimake as
fresh and after regeneration in 20%/8e gas mixture in the 500—73C€ range compared with the other solids investigated. It was also found that
5 Fe—15 Mn—-40 Zn-40 Ti—O exhibits highep$8l uptake than a commercial Ni-basegSHdsorbent in the 25-5C range. In particular, a three
times greater HS uptake at 283C compared with that on the commercial adsorbent was found. The effectiveness of the regeneration procedu
of 5 Fe—15 Mn-40 Zn-40 Ti-O solid after complete sulfidation was found to be in the 48—-82% range, depending on the sulfidation temperat
and regeneration conditions applied. A detailed characterization of the fresh, sulfided, and regenerated 5 Fe—15 Mn-40 Zn—40 Ti-O and 20
40 Zn-40 Ti—O solids, which exhibited the best and worsbtdptake performance, respectively, using BET, XRD, Raman, XPS, and Mdssbauer
techniques revealed important information on the sulfidation mechanism. The present work provides new fundamental knowledge that cc
trigger further research efforts toward the development of alternative mixed metal oxides not based on toxic chp@giedFE@D3/a-Al 203),
which is used today in several industrial plants for the catalytic oxidationy&f ¢€laus process).
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1. Introduction >300°C. Among the most studied solid materials for the re-
moval of S from a “coal-gas” are Fe- and Ca-containing
The removal of HS from a gas stream can be accomplishedmaterials, because of their high reactivity and low d6ést].
by adsorption onto a solid surfad#,2], catalytic oxidation However, due to the fact that “coal-gas” contains a large frac-
[3-5], and absorption by a liquid solution (amine/alkaloamine)tion of H, and a high CO/C@ratio, these materials have some
[5]. Various solid materials have been developed to rem@& H drawbacks. For example, §®; is reduced to FeO and Fe,
from a number of industrial gas effluent streams. Most of theyhereas the formation of E€ reduces the sulfur uptake of the
work carried out to date on the development efSsolid ad-  solid [6-8]. Moreover, regenerating the sulfided Ca-containing
sorbents has been focused on materials suitable at temperatuggqs is very difficult. Lew et al[9] have shown that ZnO is
more attractive than iron oxide because of its more favorable
" Corresponding author. Fax: +357 22 892801. sulfidation thermodynamics. On the other hand, ZnO has much
E-mail address: efstath@ucy.ac.cfA.M. Efstathiou). slower sulfidation kinetics than iron oxide. A major limitation
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of ZnO-based adsorbents for hot-gas cleaning is their loss due-Al,03-supported iron and chromium oxidg9,30] Contin-
to reduction of ZnO to volatile elemental zinc. uing research is being conducted into the development of new
Mixed metal oxides, such as Cu—-Mn-0, Cu-Fe—-0, Cu—Mo-materials for this important catalytic reaction, excluding the use
0O, Zn-V-0, Zn-Ti-O, Zn-Fe-Ti-0O, and Zn-Fe-V-0, haveof Cr,O3 because of its severe toxicity. Despite numerous in-
been studied as 4% adsorbent materia[$0—-13] Their reac-  vestigations into the mechanism of this reaction over different
tivity and regeneration ability are improved when deposited ormetal oxide$31,32] a detailed mechanism based on which fur-
a suitable support. ZnE®4 mixed-metal oxide was also found ther significant catalyst developments would be expected has
to be a good HS adsorbent in the 500-70Q range[14,15]. not yet been established. The selection of a better catalyst for
Kobayashi et al[16,17] studied zinc ferrite—silicon dioxide the Claus reaction is still based on a modification of the sur-
composites as high-temperature fuel gas desulfurization adsdface acid/base properties of mixed-metal oxif&%33] Li et
bents. Sulfidation of zinc ferrite in the reducing environmental. [34] reported that Fe—Sb—O and Fe—Sn—O mixed-metal ox-
yielded wurtzite, zinc blende, and iron sulfides in the presenc&les are good b oxidation to sulfur catalysts. The catalytic
of 500 ppm of BS. properties of these materials change significantly with their
Little research work has been carried out on the developmerfomposition.
and characterization of solid materials for low-temperature re- Based on the work mentioned in the previous paragraph,
moval of HS [18-28] Carnes and Klabundf?] studied  the results of the present work, which relate to the chemisorp-
nanocrystalline metal oxides prepared by sol-gel methods. Aton and bulk chemical reaction ofJ3 with new Fe—-Mn—Zn—
low temperatures (25-10C), the activity order was Zn@  Ti-O mixed metal oxides and also to the oxidation (use of
CaO> Al203 > MgO. Davidson et al19] reported on the ad-  air) of the latter sulfated solids, could trigger further research
sorption of BS on ZnO in the 25-45C range, where about into Fe—Mn—Zn-Ti-O mixed-metal oxides as important cat-
40% conversion of biS was observed. Sasaoka e8] stud-  alytic materials for the oxidation of 45 to elemental sulfur.
ied the adsorption of p5 on ZnO in the presence of CO, €O The present work was motivated by a European prdRsitin
and KO and found that CO inhibits sulfidation reaction due towhich the gas effluent stream from a bioreactor used to reduce
its competitive adsorption with & for the same active sites, toxic C/5* present in waters into €t after using the sulfate

whereas HO inhibits the reaction due to promotion of the re- metal-reducing bacteria (SMRB) had to be treated to remove
action with ZnS to form IjS and ZnO. Baird et a[24] have the nondesirable t-s gas evolved.

found that mineral feroxyhyte is an efficient adsorbent g6H
at room temperature due to its high surface area and the pr
ence of the F&'/Fet redox couple. In another study, Baird
et al. [18] found that reaction of b5 with ZnO doped with . ) )
first-row transition metals was restricted to about 0.6 surfacg'l' Synthesis of HaS solid adsorbent materials
monolayers. The main role of the transition metal oxide was to
increase the total surface area available for reaction witg.H A series of Fe-Mn—Zn-Ti-O mixed-metal oxides were
Baird et al.[25] studied Co—Zn—Al-O mixed-metal oxides as Prepared by the sol-gel methof86] using Fe(N@)s,
H,S adsorbents at 2&. A comparison of HS uptake with (CH3COO)RMn, (CH3COO)Zn, and Ti(i-OPr) (Aldrich) as
Co—Zn-0 uptake suggested that the presence of aluminum joRéecursors of Fe, Mn, Zn and Ti, respectively. Appropriate
in the mixed-oxide matrix gave rise to an increased surface are@mounts of each reagent were used to obtain a-(He)/(Fe+
but not to S uptake. Other b5 adsorbent materials that have Mn + Zn + Ti) molar ratio of 0.2 and Fe/Mn molar ratios of
been investigated include activated carbf@ts27] the surface  15/5, 10/10, and 5/15 in the final product. An 20 Fe-40 Zn—
acid chemistry of which has been shown to play an importanfO Ti—O solid composition was also prepared. An appropriate
role. amount of (CHCOO)Zn was dissolved in b, and the pH
The present work concerns the development of novel Feof the resulting solution was adjusted in the 8.5-9.4 range by
Mn—Zn-Ti—O mixed-metal oxides prepared by sol-gel methodglropwise addition of ammonia solution (25% v/v). Appropriate
and tested for the first time toward low-temperature removal ofBmounts of iron nitrate, manganese acetate, and titanium iso-
H,S from a gas mixture containingHCO,, and HO. The fol-  propoxide solutions were then added, with the pH kept within
lowing parameters have been investigated with respect to theihe same range, until the formation of a brown gel-like prod-
effects on the HS uptake performance of the solids investi- uct was noted. This product was then dried at CGvernight
gated: mixed-metal oxide composition, adsorption temperaturd the presence of air. The dried powders were finally calcined
temperature of adsorbent regeneration in 204#H@, time of  in air at 100°C for 1.5 h, at 150C for 1.5 h, at 200C for
regeneration in 20% £He, and presence of water in the feed 2.5 h, and finally at 500C for 4 h before storage and fur-
stream. A commercial Ni-based catalyst was also investigatetier use.
for a critical comparison. A detailed characterization of some A second series of Fe—Mn—Zn-Ti—-O mixed-metal oxides
of the fresh, sulfided, and regenerated Fe—Mn-Zn—Ti—O solid&ere synthesized by means of co-hydrolysis of iron nitrate,
using BET, XRD, Raman, XPS, and Mdssbauer techniques hasanganese acetate, zinc acetate, and titanium isopropoxide.
revealed important information on the sulfidation mechanism. Appropriate amounts of each reagent were used so as to yield a
The selective catalytic oxidation of 43 to elemental sul- (Fe+ Mn)/(Fe+ Mn + Zn+ Ti) molar ratio of 0.1 in the final
fur (Claus reaction) is an industrial practice that makes use gbroduct, with Fe/Mn molar ratios of 7/3 and 5/5.
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