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Physical-chemical properties of the structure dred durface of natural (Glt-Nat) and modified by
2M H,SQ, (Glt-Ac); 2M NaOH (Glt-Alk) aluminosilicate sampdecontaining glauconite were studied by
means of XRD, SEM, BET-methods and catalytic cosieer of methylbutynol (MBOH). It was observed
that investigated sample was a mixture of mixeaidagt minerals of illite-smectite (I-S) series, maya I:S
ratio of 50:50 and 80:20. The content of the mileer mineral phase (1:5S=50:50) changed as foll®@s:
35% for Glt-Nat; 20-25% for Glt-Ac and 10-15% forlt@®@lk. The elemental composition did not
significantly change after both types of treatmavtiereas a twofold increase in specific surface afeGlt-

Ac was observed. The catalytic conversion of MBGtdralO min of reaction changed in the order: Git-A
(25.4%) > Glt-Nat (23.5%) > Glt-Alk (5.7%). The phact yields distribution confirmed presence of both
acid and basic sites on the surface, with the negatribution of acid sites. According to experinatyields

of products formed over acid pathway of the reactaridity of unit surface area varied in the ordalt-Nat

> Glt-Ac > Glt-Alk. The chemical modification of ha&al sample caused an alteration of its surface
acidity/basicity as observed from the ratiq{Ralues) of product yields normalized per unit avéaurface.
The highest B, was found for Glt-Ac (97.5), which was 3 timeshweg as for Glt-Nat (33.1) and 7.7 times
that for Glt-Alk (12.6).

Keywords: natural glauconite, acid/alkaline activation, sgd and characterization, surface active
sites, catalytic conversion of methylbutynol
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DU3NKO-XUMHUYECKHE CBOICTBA CTPYKTYphl M moBepxHocTH npupoanoro (Glt-Nat) wu
Moauduumposansoro pactsopamu 2M H,SO, (Glt-Ac); 2M NaOH (Glt-Alk) anromocunukatHoro odpasia,
coJiepkamiero riaykoHut, usydensl Mertomamu XRD, SEM, BET u karamutnueckoli KOHBEPCHH
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metmiOytunoia (MBOH). O6HapyxeHO, YTO HUCCIeAyeMblii 00pasell SIBISETCS CMECHI0 CMEIIAaHHOCTOMHBIX
MHHEpaJIoB psaa wiuT-cMeKTHT (I-S) ¢ cootHomeHusmu cioes |:S paBaeivu 50:50u 80:20.Coaepixanue
¢assl 1:S=50:50u3mennnock crnenyronmm oopasom: 30-35%mus Glt-Nat; 20-25%uus Glt-Ac u 10-15%1s
Glt-Alk. DeMeHTHBIN CcOCTaB 3HAYMTENBHO HE M3MEHMJICS IOCIE OOOHMX THIIOB XMMHUYECKOH 0OpPabOTKH,
TOTAa Kak JBYKpaTHOE VYBEIMYCHHE YACTbHON IMOBEPXHOCTH ObUI0O OOHApyXEHO M KHCIOTHO-
AKTUBHPOBAHHOTO MuHepana. Katamurudeckas xouBepcus MBOH mnocie 10 MuH. peakiun M3MEHSIach B
pany: Glt-Ac (25.4%) > Glt-Nat (23.5%) > Glt-Alk (5.7%)Pacnpenenenne NpOAYKTOB peakIUu
MOATBEPANIIO MPUCYTCTBHE KaK KUCIIOTHBIX, TAK M OCHOBHBIX IICHTPOB Ha MOBEPXHOCTH, IPH HAHOOJIBIIEM
BKJIaJIC KHCJIOTHBIX LIEHTPOB. COrJIacHO SKCIIEPUMEHTAIBLHBIM 3HAUEHHSIM BBIXOJ1a MIPOYKTOB, 00pa3yeMbIX C
y4acTHEM KUCIOTHBIX LIEHTPOB, KHCIOTHOCTh SAMHUIBI MOBEPXHOCTH MUHEpaia U3MeHs1ach B nopsake: Glt-
Nat > Glt-Ac > Glt-Alk. Xumuueckas Moaudukaius mpupoaHOro obpasia MmpuBeia K BapHAIMAM B €ro
KUCJIOTHOCTH/OCHOBHOCTH TOBEPXHOCTH, KaK CleAyeT W3 3HadeHHd oTHouieHHs (Ryp) BBIXOAA MPOAYKTOB,
HOPMaJIM30BaHHbIX Ha €AMHMILY ILJIOINAAM ToBepXHOCTH. Hanbonbinee 3HaueHne Ry, Ob10 00HApYKeHO U1
Glt-Ac (97.5),uto B Tpu pasa Bbilue, yeM TakoBoe s Glt-Nat (33.1)u B 7.7 pa3 Boiute, yem st Glt-Alk
(12.6).

KiroueBble cji0Ba: MpUPOAHBIN TTaAyKOHWUT, KUCIOTHAS M IIEIOYHAS aKTUBAIHSA, XapaKTePUCTHKA
CTPYKTYPBI I IOBEPXHOCTH, aKTUBHBIC IIEHTPHI MOBEPXHOCTH, KATAJTUTHIECKAsi KOHBEPCHSI METIIIOYTHHOJIA

Introduction

Natural layered aluminosilicates are representadonty by lamellar, but also by
globular species, to which belong glauconites -glbbules of a bright green color, as well
as other mixed-layer minerals with a high iron eomt Spherulite-like particles of these
minerals consist of illite and smectite layers (2aYer type), which have uneven and
unequal ratio between them along the volume of |emn[1]. Glauconite is a typical
marine mineral, being formed as a result of co-atagn of Fe, Al and Si gels (products
of decomposition of ash particles/volcanic glassesthe interface of oxidative and
reductive zones around fragments of organic maited particles of Fe-Al smectite.
Marine and sludge waters are the main sources @fnid Md*, which diffuse to reductive
micro systems [2-4]. Intensive involvement of-&ations into mineral structure increases
the number of mica packages that results in theerootered mineral structure typical for
more mature glauconites. The chemical compositidn glauconite is commonly
characterized by a higher content of FéFe03~6,1-27,9%), to a lesser extent by*Fe
(FeO~0.8-8.6%) and other micro elements. Dependingthe age and a degree of
maturation, glauconites significantly vary theireafical composition that is expressed by
applying the average crystal-chemical formulas, e.g

) (NayoKoataosd HHO] 0900dM0ozd € 00 € 006N 06920 OHMA 0456 30T 10180110 [4];
i) (Ko.soX ™ 0.09[(Al 0.80F€ %0 44 €0, 39MJ0.59)(Siz.76Al 0.24)10(OH)3] [5];

i) Kyry(Ray™" Ry7)(SizxAl)O10(OH)y, [6]

where R* stands for F& and/or A1, and R for Mg and/or F&"; x>0.2;

iv) Ko.sNao.0aMgo.01(Alo.71Mgo 7€ 51> Fey 26 )2.2A Sz 862l 019 O10(OH)2.24. [7]

Nevertheless, the geological age (Cretaceous diafeglauconites) has little to do
with the composition of glauconites. Of greater aripnce in determining the composition
of a glauconite, is the specific environment, inickhthe glauconite was formed,
particularly, the degree of iron concentration, Red-Ox state and opportunities of iron
oxidation and/or R-fixation [10, 11].

The type of a cation, which is generally occupyihg octahedral positions (more
than a half of the total sum of octahedral catiomg. about 1.0 f.u.(formula unit),
attributes minerals of the glauconite group to ohé¢he three types [8]: ferrous g
aluminium or magnesium glauconite [7]. The changeghe composition of octahedral
cations cause an alteration of the ratio of tetleddecations as well as anions, mainly -
OH" and F, i.e. the generally ferric minerals have a higBecontent along with a lower
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tetrahedral A" content, whereas aluminium and magnesium glauemiomprise higher
F content, reaching about 1.8% (or 0.4 f.u.) [8].

The high layer (~0.35 in tetrahedral;, ~0.47 in betiral sheet [9]) and the
interlayer (0.46-1.23 [9]) charges, as well as ftrection (<5-10% [12]) of swelling
(smectite) layers present in glauconite samplederohene their physical-chemical
properties, namely, lack or almost no swellinghhogtion-exchange capacity (CEC~6-14
mg-eq/100 g [12, 14, 15], low specific surface aondosity [16, 17]. Owing to a high CEC,
glauconites are widely applied in processes ofewchange treatment of water from
hardness ions [18-20], as well as heavy metal aoksradionuclides [21, 22].

Nevertheless, weak porosity and low specific swfacea of natural glauconites
may constrain their use for a sorption extractibiaoger molecules and ions, assuming
their modification or activation. Commonly, naturaluminosilicates on the base of
layered, layered-band and/or framework mineralehseen activated by thermal, chemical
(acid, alkaline, [23, 24], salt [19, 20, 25, 26ihechanical [27], field (microwaves,
magnetic fields [28, 29]) modifications. Recengugh a few studies of natural glauconites
illustrated that they were able to vary their smnptproperties under mechanical [30],
chemical (exposure of acid [16, 19], manganesea®jdl], salts [18, 20]), and microwave
exposures [32], however, the detail behavior andhaeism of transformations of the
structure and properties of glauconites (globularcsure) are still faintly studied.

The present work investigates surface charactesjstiature and type of surface
active sites of natural (Glt-Nat), acid- (Glt-Achdaalkali-treated (Glt-Alk) glauconite in
order to elucidate the mechanism of the structune surface properties transformation
under effect of reagent modification.

Experimental

Natural probes collected on the area of Vorone#ftlare [2] were consequently
prepared by precipitation and electromagnetic s#jmer on the SIM-1 in order to obtain
90-95% content of glauconite in the sample. Fod arid alkaline treatments samples of
glauconite were correspondingly exposed Mif @lutions of HSQ, or NaOH at 37K for
6 h [22]. Afterwards, samples were washed to neptra dried, crashed and sieved into
fraction 200-315 pm.

XRD-method was used to characterize phase composition andctstal
transformations of the samples using Ultima-1V mittometer (Rigaku, Japan). The
following working mode was applied: 40 kV; 40 mAu&X-ray target, Ni-filter, B
measuring range - 5-620, Minimum step size 0.020, fixed system of focus slits.

The samples were studied both in non-oriented Iim plane of the substrate
support for XRD-analysis) and oriented states, queg from a diluted suspension, in air-
dried state and after saturation in vapours ofletteyglycol for 48 h.

The diagnostics of mineral composition was donetyparing the experimental
and reference spectra from the database PDF-2 seftware package PDXL, Rigaku. For
the quantitative analysis, the method of full-pefirocessing of X-ray patterns from the
non-oriented samples [36] was used applying a Rmtk3oftware [37]. Well-crystallized
zincite (Zn0O-10%) was applied as an internal steshda

Mathematical modeling of X-ray patterns [38] ob&drfor the oriented samples in
air-dried and ethylene glycol saturated states wemgied out using software Sybilla
(Sevron). The primary task was to choose a moddl afixed-layer structure of illite-
smectite type and clarification of structural feati
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SEM-measurements were carried out using Scanning electron microsddjgachi
SEM S3200-N and a supplement EDX-system Oxford IKeact with a SDD on the
INCA-software.

BET-nitrogen adsorption. Surface characteristics of glauconite samples were
determined by BET-method using the Quantachromegaub-1. For this, 0.3 g of the
sample was out gassed at 3@for 90 min. The BJH-method was applied for pdee s
distribution assessment.

Catalytic conversion of methylbutynol (MBOH) was applied to characterize the type
and activity of surface sites [5]. A 150 mg chaajesample was placed in a steel reactor
and activated at 40 consequently in the flow of air (4h) and (4h) with a flow rate of
50 L/h. After cooling down the reactor to reacti@mperature,d,=250C, the reaction
mixture of 95% of 2-methylbut-3-yn-2-ol (MBOH) arlel % of hexane was allowed to
contact to the catalyst applying a static pressfifd,. Reaction products formed on acid
(Prenal, MBYNE), basic (acetone, acetylene) or doately unsaturated (HMB, MIPK)
sites were analysed by a Hewlett-Packard Model 58&@es Il gas chromatograph
connected on-line to the reactor outlet and equippiéh a capillary column (Optima Wax,
Macherey-Nagel) [34].

Results and discussion

Effect of acid and alkaline activation on the stawe of glauconite.

X-ray diffraction patterns of natural and activaggduconite samples are shown in
Fig. 1. It follows from the analysis of the XRD- tf@ns from non-oriented samples
(Fig. 1) that dioctahedral layered aluminosilicadé:1 layer type group predominated in
all investigated samples. These aluminosilicatekide minerals of the next series: illite-
smectite, smectites and mixed-layered clay mineoéldlite-smectite (I-S) series. The
rather distinct non-basal reflexes obviously testifto a well-ordering of a micaceous
component of the polytype 1M as a part of mixedretanerals. This ordering is due to a
natural bias of the layers relative to each other+kl2(. The admixture of non-clay
minerals (quartz) was less than 3-5% accordingedull-profile quantitative analysis.

The similarity of XRD-patterns of the powders ofxex-clay minerals and defect
mica minerals required their analysis in orientedes The most significant differences of
clay minerals from each other are in their param€tewhich is strongly affected by the
type of packages in the mineral structure and #tara of their alternation. Mathematical
modeling of the diffraction patterns of orientedngdes in air-dry state and after the
saturation allowed clear distinguishing betweendiserete minerals (illite-glauconites and
smectites) and mixed-layered clay minerals oeHBimectite series (Fig. 2).

Analyzing the XRD-patterns in Fig.2, it is observadsignificant amount of a
swelling component by a clear shift of basal redleand a change in their intensities ratio.
The main phase component was a disordered mixedddyormation of I-S series with a
prevailing of I-S interlayers (ratio ~ 20:80). Thwin basal reflections are shown in Fig. 2.
The low intensities of even reflexes illustratethigh amount of isomorphic iron in the
structure of micaceous component. This phase magtthbuted to glauconite-smectites;
however, the term «illite-smectite» is more comrfunthe mixed-layered minerals.

The swelling mineral was represented as a disadd®iged-layered mineral illite-
smectite with almost the same ratio of illite amdestite interlayers (50:50). This phase
appeared distinctly as a shift of the first refleithin the 12-15 A range in air-dry state
towards 17-18 A in ethylene glycol saturated stdiee amount of I-S (50:50) phase
changed for different samples. The highest conténthis phase, nearly 30-35%, was
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reached in natural sample Glt-Nat, followed bydiggrease to 20-25% after acid treatment
and to 10-15% after alkaline treatment.
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Fig. 1. X-ray diffraction patterns of non- Fig. 2. XRD-patterns of oriented samples

oriented samples of natural (Glt-Nat), of natural (Glt-Nat), acid- (Glt-Ac) and
acid- (Glt-Ac) and alkali- (Glt-Alk) treated alkali- (Glt-Alk) treated glauconite
glauconite

Due to the fact that investigated samples are aumgixof mixed-layered clay
minerals of glauconite-smectite and illite-smecstries, they can not be attributed to
«glauconites». According to the recommendationthefinternational Committee on Clay
minerals (AIPEA), there should be no swelling itdgers in the structure of true
glauconites and illites [35], otherwise, the sampdge attributed to the mixed-layered
formations [39, 40]. Hereinafter, the investigasainples are referred as mixed-layered
mineral (MLM) of I-S series.

The relief of the particle surfaces of the investiagl MLM before and after
chemical treatment is shown in Fig.3.

The particles of natural MLM-sample are representgdthe granules of an
elongated shape with a slightly expressed layeretphology. The agglomerates with a
fine flaky shape found in natural samples confirjreggparently, the presence of smectite.
After acid and alkaline treatment the form of ghasudid not significantly change,
although a more layered relief was observed. Thenehtal composition of natural and
activated MLM are given in Table 1.

As follows from Table 1, the elemental compositedmatural and activated MLM
was represented by i) Si, Al, O atoms in the mihgtraicture forming a tetrahedral sheet of
the crystal; ii) atoms of Al, Fe, Mg, O, includedthe octahedral grids. The exchangeable
cations of natural sample are represented, mddylypotassium and calcium ions. In small
guantities found Cr and Ti, apparently in the foomthe respective oxides due to the
presence of impurities in natural sample.

For the samples treated by acid (Glt-Ac) there weresignificant changes in the
elemental composition found, in the contrast to ti@ntmorillonite containing samples
studied before [41]. This demonstrated a relatit@bibty of the structure of the
investigated MLM against the acid attack. Obvioualgtronger interaction of the layers in
the I-S mixed layered mineral resulted in the latkayer and interlayer swelling, thus,
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preventing the penetration of the acid and itsradigon with the elements of the crystal
lattice.

B Rl

g. 3. SEM-ima o itigated glauce stural &)-(c); acitreated
(d)-(f); alkali-treated (g)-(i)Resolution: 9000, 180G, 50(.

Table 1. Elemental composition of natural and at&d mixed-layer mineral of illite-
smectite series

Content, atom%

Element Glt-Nat Glt-Ac GIt-AIK
0 72.10 72.58 72.12
Na B B 121
Mg 154 151 1.49
Al 3.66 3.45 3.35
Si 15.86 15,39 14.39
K 1.74 1.75 1.64
Ca 0.42 0.40 0.98
Cr 0.05 i ;

Fe 4.48 4.75 4.46

Ti 011 0.18 0.36

S 0.05 i i
Total 100.00

In the case of alkaline treatment, the contentidfeS slightly decreased as a result
of its chemical interaction with alkali forming sach silicate. As a consequence, Na
content increased in the elemental compositionhef Glt-Alk sample. Besides, a non-

Novikova et al./ Cop6upomnusie u xpomarorpaduueckue npoueccsl. 2015.T. 15.Bpim. 5



736

exchange uptake of Ridgons was possible as well as, to a lesser exaenipn-exchange of
K" for Na' could occur.

Surface characteristics of natural and activatedvMit illite-smectite series.

Fig. 4 shows nitrogen adsorption and desorptiothesms on natural and activated
by solutions of sulfuric acid and sodium hydroxMEM-samples. The resulting isotherms
are characterized by a presence of hysteresisdanoped by a capillary condensation of
nitrogen. According to the IUPAC classificationjsthtype of isotherm indicates at the
presence of meso pores in an adsorbent. For thédsltand Glt-Alk samples, the
isotherms were practically identical that indicatdthe small changes in the surface
properties of the sample due to the alkaline treatmrhe isotherms obtained for the Glt-
Ac sample lie higher, providing the volume of-ldsorbed twice as high as for the natural
sample. Hence, the acid treatment of natural sapnolmoted an activation of its surface
and adsorption properties due to a partial destnucif the mineral structure, dissolution
of its swelling smectite layers, which are lessstasit to acid exposure.

100 4 Desorption Glt-Ac 30 {

== Adsorption Glt-Ac
= A dgorption Glt-Alk 25 1
= Desorption Glt-Alk

90 4
80 4

E

70 4 Adsorption Glt-Nat m%
60 =—Desorption Glt-Nat ‘é
50 1 =
Z 10 Glt-Ac

==Glt-Allk
——Glt-Nat

N, adsorbed, cm?

40 1

30 1

20 4

0 5 10 15 20 25 30

Pore diameter, nmm

0 0.2 0.4 0.6 0.8 1 p/p,

Fig. 4. Isotherms of adsorption and  Fig. 5. Pore size distributions of the natural
desorption of nitrogen by natural (GltNat), (Glt-Nat), acid- (Glt-Ac) and alkali-
acid- (Glt-Ac) and alkali (GItA-Ik) treated  (GIt-AlK) treated investigated MLM of

MLM mineral illite-smectite series

Pore size distributions of the investigated sammakulated from the BET-
desorption isotherms are shown in Fig. 5.

It follows from Fig. 5, that the pore size of intigated samples varied mainly
within the 2.8-5.9 nm range, which correspondsiamneter of meso pores. The mean pore
diameters and specific surface area values of #teral and modified samples are
summarized in Table 2. As a result of acid treatntlea fraction and the volume of meso
pores increased approximately in two times byghsllecrease of the mean pore diameter.
By the alkaline treatment the fraction (~14%) ahé tliamter of meso pores slightly
increased.

As a result of acid treatment the values of speatirface area of the mineral (Table 2)
increased approximately two times. The main redsorthis is the action of the acid

mainly on the swelling illite-smectite layers (s@ove the results of XRD-studies), which
resulted in the dissolution of the smectite compbd an aluminosilicate and lead to an
increase in the specific surface area of the saorbEme proportion and the volume of
mesopores increased by about two times, whereasvbamge pore diameter slightly
decreased, apparently, due to an increased propasfi micropores formed during acid
treatment. In case of alkaline treatment, the pitopo (~5%) and the diameter of

mesopores slightly increased.
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Table 2. Specific surface area and pore diameteratiral and activated mixed-layered
mineral «illite-smectite»

Specific Pore Pore volume, cﬁiig Total pore
Sample surface area,| diameter, . volume,
2 Micro Meso Macro 3
m°/g nm cm’/g
Glt-Nat 66 57 0.003 0.217 0.086 0.306
Glt-Ac 127 4.4 0.010 0.391 0.122 0.523
Glt-Alk 64 5.9 0.003 0.228 0.089 0.321

The action of the alkaline treatment practicallgt dot change the specific surface
area of the mineral. This is, probably, due to sheultaneous action of two factors: the
dissolution of the swelling layers along the tet@dtal planes and an amorphization of the
surface due to formation of insoluble sodium siksa

Catalytic properties of natural and activated ahosilicates.

Fig. 6 represents changes of the conversion of MBfHime of the catalytic
reaction over surfaces of the investigated mineral.

As follows from Fig. 6, the catalytic activity ofltNat and Glt-Ac was comparable
and approximately three times lower than that eyathetic zeolite H-ZSM-5, which was
used as a reference material. Conversion of MBOHhensurface of Glt-Alk proceeded
with the lowest intensity. A decrease in the coswm®r on time indicated at the
deactivation of the catalyst due to adsorptioreafttion products [42, 43].

Product yields,
mol %o

o,
Xypom %0
70 5

50 - = MIPK
60 | —4—Glt-Nat | Acetone
—B-Glt-Ac 0 4 1 Acetylene
50 - Glt-Alk Mbyvne
a0 ] ——=Z8M-3 40 1 uFrenal

30 4
30

20 4 20 1

0 e, 0+

O 20 40 60 80 100 120 140 160 180 GI-Nat  Glt-Ae  Gl-Alk ZSM-5

Time. min

Fig. 6. Changes of MBOH conversions on Fig. 7. Yield of products of MBOH

time of catalytic reaction over the surfaces conversion for Glt-Nat; Glt-Ac;
of Glt-Nat, Glt-Ac, Glt-Alk and a synthetic Glt-Alk and ZSM-5
zeolite ZSM-5 (reference) (reaction time is 10 min)

The vyields of products formed during the catalygaction are summarized in
Fig. 7. The major products of MBOH catalytic corasien MBYNE and Prenal formed
over acidic pathway of the reaction. Accordinghe teaction mechanism [33], acid sites
of zeolites are represented mainly by bridged Sig4Hhydroxyl groups (strong acid
sites) and Si-OH groups (weak acid sites). For alaiperals, the protons of water
molecules polarized by exchangeable cations widiminnterlayer space may significantly
contribute to activity of acid sites. The sourcetld specific catalytic activity (SCA) of
illite-smectite (I/S) clays is their Bronsted atydresulting from the dissociation of water
molecules bonded to exchangeable cations in tlelayers of the smectite and on the
external basal surfaces of illite platelets [448id&tionally, it was shown [44] that SCA of
a cation site resulting from tetrahedral substiutof AP* for Si** was about 40 times
greater than that of a site of octahedral originer& was a linear relationship between the
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SCA values and a platelet thickness of differentamiand illites, confirming the major
contribution of the external basal surfaces toctitalytic activity.

Acid activation of the investigated MLM aluminostéite of illite-smectite series
caused only a slight increase (less than 2 %)anyteld of products formed on acid sites
despite a remarkable rise of SSA.

It should be noted that the products of the basaction pathway - acetylene and
acetone, are also formed owing to surface basigpgolhe low product yields testify to a
weak basicity of the surface, which is further @éased after acid treatment due to
dissolution of A}O3; and FgOs.

The alkaline activation of natural aluminosilicatample caused a significant
reduction in the yield of acidic products as wellia the overall conversion of MBOH.
The main reasons for such effects of alkali arejalsly, a partial dissolution of Si, an
amorphization of the surface and the absence afgdsain the specific surface area of the
sample.

To compare the effect of reagent modification om physical-chemical activity of
the surface of the investigated MLM, the valued&OH conversions and product yields
were normalized per unit surface area (Table 3).

Table 3. Values of MBOH conversion and yields afateon products normalized per unit
surface area

XwmeoH, % | Specific Product yields

(10 min of | surface XMBOH/S?)ET! 3 3 Ram,
Sample reaction area, %/(n/g) Aos*l?ﬂz' Bj*l?nz' mol/mol

time) melg mol%/(nt/g) | mol%/(nf/g)

Glt-Nat 23.5 66 0.4 331 10 33.1
Glt-Ac 25.4 127 0.2 195 2 97.5
Glt-Alk 5.7 64 0.1 76 6 12.6
ZSM-5 58.5 370 0.2 157 0 -

A, — yield of products formed on acid sites normalite Ser, mol%/(nf/g); Bs — yield of products formed
on basic sites normalized t@g$, mol%/(nf/g); R.up= A4Bs, mol/mol.

It follows from Table 3, that the highest catalytonversion of MBOH was
observed for unit surface area of Glt-Nat, decreasi the order: Glt-Nat > Glt-Ac=ZSM-
5>Glt-Alk. According to A values, the highest acidity, which provided thghlesst yield of
products over acid sites, was found also for Glt-t¢amparing to the other samples. This
can be caused either by stronger acid sites orsulface of Glt-Nat or by their higher
concentration. The R values testified to an alteration of surface agitasicity under
exposure of acid or alkali during modification. Thaghest values of g for Glt-Ac
pointed out, obviously, to a weakening of surfaesitity, moreover, Aindicated about
weakening of surface acidity for Glt-Ac as well. w®ver, when comparing the,Rvalues
for Glt-Nat and Glt-Ac samples it follows that f&it-Ac the contribution of acid sites to
catalytic conversion of MBOH was 3 time higher thhat for basic ones, although acidity
of unit area of surface was reduced after acidrireat.

Conclusion

Study of the physical chemical properties of théase and the structure of natural
and modified aluminosilicate samples, containingaugbnite, found out that the
investigated sample should be attributed to a méxtf mixed-layer minerals of illite-
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smectite series with a ratio of 1:S=50:50 and 80&60id and alkaline treatment did not
significantly change the elemental composition lté sample. The twofold increase in
specific surface area of the acid treated alumiicase sample was mainly caused by the
dissolution of the smectite layers as confirmeddRD-data, providing rise of mesopore
volumes.

Catalytic conversion of MBOH revealed higher suefacidity of the natural and
acid treated aluminosilicate sample as comparedkab-treated one. Normalized values of
product yields per unit area of surface testifie@ idecrease of surface acidity in the order:
Glt-Nat>Glt-Ac>Glt-Alk, due to the changes in cheali composition and the
strength/number of active sites.

The authors are thankful to the German Academic Exchange Service, DAAD, and
the Russian Ministry of Education and Science for supporting a research grant within the
framework of the joint German-Russian Program «Mikhail Lomonosov» in 2013.
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