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AHHOTaUuA

Surface acidity/basicity of natural and acid/alladiivated aluminosilicates of layered (nontronite,
Nt, glauconite, Gla), framework (clinoptilolite g§ and a mixed layered typ#§sC,o) structure were studied
by means of catalytic conversion of 2-methylbutr32¢ol. Conversion over natural samples decreasti
order Cys > M4sCyo = Nt > Gla. Acidic active sites are dominant on the surfatéath natural and acid
treated samples. Acid activation strongly reduderldatalytic activity of zeolite g while in case of MCy
and Nt the conversion slightly increased. The y@fgproducts formed on acid sites decreased by &%
Cys and increased by 25; 30 and 100%, respectivelWWfge,,, Nt and Gla. Catalytic activity of all studied
minerals was significantly suppressed after allalativation except for MC,, for which the increasing
activity of basic sites was observed. The changesonversion and surface acidity of minerals were
explained by the changes in a ratio of acidic amsldsites induced by surface modification.

Keywords: catalytic test reaction, natural alumosilicatesidaand alkaline treatment, basic and
acidic sites

KHCIOTHOCTE U OCHOBHOCTH MOBEPXHOCTH MPHPOAHBIX, KHCIOTHO- M LICTOYHOAKTHBUPOBAHHBIX
AFOMOCUITKATOB cnoucToit (HoHTponut, Nt, rmaykonut, Gla), xapkacHoit (knuHontwionut, Cgs) U
CMEIIAHHOCIOMHON CTPYKTYPHI H3yYeHa METOAOM KATAJUTHICCKOH KOHBEpPCHUH 2-MeTHIOYyTHH-3-01a-2. [t
NPUPOTHBIX 00pasiioB KoHBepcus cHukaercs B psagy Cos > MysCoo = Nt > Gla. KuciotHble akTUBHBIE
[EHTPHl JOMHHUPYIOT Ha TOBEPXHOCTH KaK TMPUPOIHBIX, TaK U KHUCIOTHOAKTHBHPOBAHHBIX 00pa3IoB.
KucnoTHast akTHBamusI CYIIECTBCHHO CHIDKAET KATATUTHIECKYIO aKTHMBHOCTE meoiuTa Cgs, B TO BpeMs Kak
st MysCoo 1 Nt oHa ToBBICHITach. BBIXOM TMPOAYKTOB, 0OPa30BaHHBIX TIPH YYACTHH KHUCIOTHBIX IIEHTPOB,
s meonmnta Cgs moHmsmucs Ha 62%, a mnsa MysCoo, Nt and Glanoseicuncs ma 25; 30 ' 100%,
COOTBETCTBEHHO. KaTanuTuueckas aKTHBHOCTh BCEX HCCIEAYyEMbIX MHHEPATOB ObUla 3HAYHTEIHHO
nojasiieHa, 3a uckimoueHueM MysCpo, IS KOTOPOro OOHAPYKEHO BO3PACTAHHE AKTHBHOCTH OCHOBHBIX
LEHTPOB. VI3MEHEHNsI B KOHBEPCHHU M MOBEPXHOCTHOI KHCIOTHOCTH MHHEPAIOB OOBSICHICTCS H3MEHCHHEM B
COOTHOLICHHH KHUCIOTHBIX M OCHOBHBIX LICHTPOB MPU MOAU(PHUKALIMH TOBEPXHOCTH.

KiroueBble cj10Ba; KaTaTUTHYECKAs TECTOBAs PEAKLHs, IPUPOJHBIC ATIOMOCHINKATBI, KUCIOTHAS U
1enovHas 00paboTKa, OCHOBHBIC M KHCJIOTHBIC LICHTPI

Introduction

Aluminosilicates can be considered as inorganigrpels, the structure of which is
represented by continuous tetrahedral and/or odtahesheets formed as a result of
condensation of silica-oxygen tetrahedra Sié@nhd/or octahedral Al©[1, 2]. Such
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groupings (tetrahedral and octahedral) are the ateqe units of an inorganic
heteropolymer. The strongly marked adsorption ptegse of many natural
aluminosilicates can be successfully applied toucedthe concentration of toxic
components in both aqueous and gaseous media basa®) their addition into the paint
or adhesive composition [3, 4]. Addition of actedtnatural aluminosilicates (zeolites,
clay minerals) significantly decreases emissiont@fic components (formaldehyde,
acetone, butylacetate, styrene) containing in foem in gluing compositions that allows
producing the environmentally friendly materials 43. However, it is necessary to take in
to account that the activated surface of alumagiis is able to exhibit a catalytic effect
owing to polarized SBH or Si-O(H)-Al groups, exchangeable cations and polarized by
them molecules of water or the coordinately unsaééar interlayer cations. As a
consequence, the rate of curing of a gluing contiposctan be significantly changed that
results the properties of a material.

In the present paper, the catalytic properties aitiral, acid and alkali activated
aluminosilicates of different structures were stddiby the method of methylbutynol
(MBOH) conversion.

Experimental

The objects under investigation were natural alwsilicates having various
structure: G@s - clinoptilolite, 95% - hard framework structuréVlssCoo — 45%
montmorillonite (layered) and 20% clinoptilolite; tN— nontronite Iferrous
montmorillonite) — layered structure; Gla — glauitern- spherulites of layered minerals
illite and smectite.

Aluminosilicates were activated by 2M solutions SO, and NaOH at 10@
with a ratio ofadsorbent dctivator = 1:4 for 6 h. The slurry washed untiutral reaction
was filtered, dried, milled and sieved into frao8q200-315 microns).

Catalytic reaction of 2-methylbut-3-yn-2-ol (MBOMjas carried out in a U-shaped
reactor at 251, likewise in [5].

Before the reaction the catalyst was activatedhénfiow of nitrogen at 400°C for 8
h. The reaction mixture (substrate) composed of MBO5%) and toluene (5%) used as
an internal standard. Depending on the type ofadites, acidic, basic or coordinatively
unsaturated ions, MBOH was converted into variormlpcts [5]. The analysis of the
reaction products was carried out by gas chromapdgr. The equations for calculating the
MBOH conversion and yield of products were desctiimedetail in [5].

Results and discussion

Dependence of MBOH conversion on reaction timenfatural aluminosilicates is
represented in fig. 1.

The highest value of conversion were observed fmogtilolite Cgs, gradually
decreasing in the orderg£s> MysCoo = Nontronite > Glauconite. In the first 30 min of
reaction there was a sharp decline in the conversier all studied aluminosilicates
indicating at deactivation of the surface sitescaftalysts. The possible reason of this is
adsorption of reaction products on the catalystaserresulting in blocking of the active
sites.

In order to compare the extent of influence of mci@hd alkaline activation of
aluminosilicates on their catalytic activity in oti@n of MBOH conversion it is necessary
to address to the results given in table 1.
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Fig. 1. Dependence of the MBOH conversion on tlaetren time (t.o.s.) for
natural aluminosilicates: 1 € 2 — MysCoo, 3 — Nontronite; 4 — Glauconite

Table 1. Values of MBOH conversion for natural, dacand alkali activated
aluminosilicates (reation time 30 min)

Sample Type of 'Freatment .
Natural Acid Alkaline
Cos 43.7 17.3 14.7
M 45Coo 21.1 25.7 35.3
Nt 18.8 22.2 15.3
Gla 10.9 11.8 3.6

As shown in table 1, the acid activation of thelzedys significantly reduced its
catalytic activity, while in the case of ;C,o and nontronite there was a slight increase in
MBOH conversion, weakly expressed for glauconite.

Alkaline activation sharply weakened -catalytic watyi of the zeolite and
glauconite, decreasing the value of MBOH converdigna factor of three, except for
M4sCoo. For alkali treated WCoo the rise of MBOH conversion by 60% was observed as
compared with the natural sample.

Using the data of fig. 2, one compares the yielgrofducts and the type of active
sites on the surface of the natural and activatediaosilicates.

As follows from fig. 2, that the higher yields ofgalucts of acidic pathway of the
reaction (MBYNE, Prenal) are typical for all sangplef natural and acid activated
aluminosilicates, indicating at dominance of acidotive sites on their surface. The effect
of acid activation is inequable for minerals witlffetent structures. A significant decrease
in the yield of acidic products (by 62%) is chaeaistic for the zeolite ¢, whereas for
minerals possessing a layered structure, montraoitd, nontronite, glauconite, the yield
of acidic products increased by 25; 30 and 100%peaetively.

The most probable reason for the decrease in tiatalstivity of clinoptilolite Gs
is a dissolution of oxides ADs;, FeOs; reducing polarization of surface bridging
SiO(H")AI groups and leading to a weakening of the Breeshscid sites.

The presence of a free acid in the structure ofdélse minerals remaining after the
activation is, probably, responsible for the insieg acidity and amplification of catalytic
properties.
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Fig.2. Yield of products by conversion of MBOH ovetural, acid (Ac) and alkali
activated (Alk) aluminosilicates. Reaction timer8h

The alkaline activation significantly suppressed tatalytic activity of all studied
minerals by reducing the yield of acidic productgitimes for clinoptilolite, in 4,4-4,8 for
glauconite and MiCoo, and in 2 times for nontronite (fig. 2). At thexsatime, it should be
noted the increasing yield of basic products (deat;, acetone) formed on basic centers.
The highest contribution of the basic sites inM®&OH conversion was found for a mixed
mineral MysCoo, Which came in total to 31%, while for4: nontronite and glauconite the
yields of basic product were equal to 8,50; 7,3d @79% respectively.

The effect of alkali on the aluminosilicate struetus realized in a preferential
destruction of silicon-oxygen tetrahedra due tonuical interaction of Si@with sodium
hydroxide forming sodium silicate. The contributiohion-exchange processes between
AIOH groups of the tetrahedral sheet of layereidatiés and Naions or a cation-exchange
of Mg?* for Na" is observed to a lesser extent [6]. These prosasselted in the changes
of the surface properties such as surface areapanusity. A significant increase in
specific surface area (ca. 2 times) and an incre@agmre diameter after the alkaline
activation were shown for MC,. However, in the case of glauconite the alkaline
treatment did not change the value of specificaa@farea, which apparently is caused by
redistribution of the proportion of macro and migores in the mineral structure. The
globular structure of glauconite favors the surfelsanges mainly in the outer layer of the
spherulites, preventing penetration of the activatolecules, or a substrate in the case of a
catalytic reaction, that ultimately affects the &veatalytic activity of the sample Gla-Alk.

Thus, the catalytic activity of natural aluminosdlies of a layered or a framework
structure in the reaction of MBOH conversion isvpded by acid active sites. The acid
activation significantly decreases activity of dptilolite, and slightly increases activity of
the minerals with the layered structural compon&he alkaline treatment reduces acidity
of catalyst and conversion of MBOH for all studiegherals except for a mixed mineral
M45Co0, due to a significant increase in its surface ati@ristics.

The researches were carried out within the ECONARRB European project
under the frames of Marie Curie Actions FP7-PEORRISES-295260.
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