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N-T®U—-AWBH Bo3pactaeT B 1,5 pa3a mo cpaBHEHUIO C
ucnoab3oBanuem onHoro AUBH.

3aknoyeHue

Jloka3zaHa 11eJlecoo0pa3HOCTh UCITONb30BaHUsT N-TUj-
pokcupTaIMMALA U €TO CTPYKTYPHBIX aHAJIOTOB B Ka-
YecTBe KaTaJM3aTOpPOB B Ipoleccax XUIKOoGha3zHOIo
OKMCJICHHUSI aJKMJIapOMaTUYECKUX YIJIEBOAOPOIOB.
O06ocHOBaHa BO3MOXHOCTh MHTEHCU(PUKAIINHU ITPOIIEC-
ca okucienus1 UI1b no ruapomnepokcuaa ¢ yyacTueM
3TUX KaTaJau3aTOPOB 0€3 U3MEHEHUS TEXHOJIOTUU IIPO-
mecca, 4TO ITO3BOJUT CHHU3UTH CEO0ECTOMMOCTD IIOJY-
yeHus (peHosia U alleTOHA. YCTaHOBJIEHAa BO3MOXHOCTh
noBTopHoro ucnonb3oBaHus N-T'OU u ero croco6-
HOCTh CAMOCTOSITEJIbHO aKTHBHPOBATh IIPOIIECC OKHC-
JIeHUs 0e3 yyacTusi UHUIIMAaTOPOB U COKaTaInu3aTOPOB.

PaccMoTpeH MexaHU3M peaKIIMU OKMCICHUS ajlKu-
JIapOMAaTHUYECKUX YTICBOAOPOIOB IO TUIPOIICPOKCUIOB
B IpucyTcTBUU N-ruapokcudranumuaa. HaitneHo co-
OTHOIIIEHUE KOHCTAHT CKOPOCTHU OTPhIBa aTOMa BOAOPO-
Ja mepokcupaaukaiom ot monekyinsl N-T'OU u yrie-
Bonopona (ks/k,), mokasbiBalolee, HACKOJIbKO ObICTpee
MpOTEeKAaeT peaklvsl MPOAOJKEHUS LIeNUu TepoKCcHUpa-
nukaina c N-IT'OU, yeM peakusI ¢ YIIIEBOTOPOIOM.
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1. Introduction

Environmentally safe functional catalyst for organic
reactions is an emerging field of «green chemistry». The
nanotechnology guided design and synthesis of novel
catalysts show enhanced performance in their cata-

lytic activity or selectivity. Chemical industries engaged
in synthetic organics especially design and synthesis of
drug intermediates, natural products, bioethanol and oil
extraction seriously looking for new molecular/catalyst
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materials. Many nano catalysts show regenerative quality
by thermal or chemical treatments for repeated use and it
reduces the cost of the chemical synthesis. Economically,
the nanostructured catalysts have societal benefits in their
energy efficiency as well as by cutting the hazardous gase-
ous-emissions and minimizing the industrial water pol-
lution [1]. Metal nano catalysts exhibit large surface areas
have been found applications in wide range of chemical
reactions including hydrogenation, hydrosilylation, hyd-
rogenolysis, Heck-type coupling, oxidation reactions etc
[2—5]. Zeolite type porous materials with pore size of sub-
nanometers and clay minerals intercalated with transition
metal ions having high surface area have been employed
as catalysts very successfully even today for many indus-
trial chemicals [6—9]. Swelling nature and ion exchange
property of the clays are the important advantages in clay
catalysts where one can exchange bulky organic cations
easily during synthesis.

Supported noble metal catalysts with particle size down
to a few nanometers are recommended in today’s chemi-
cal processes. Importantly, deliberate tailoring of particle
size, shape and surface could lead to improved or new cat-
alytic properties. The generation of metal particles of na-
nometer size in the interlamellar space of the clay miner-
als was found to be a favorable technique for synthesizing
well dispersed and stable metal catalysts. The use of such
catalysts in selective hydrogenation reactions overcomes
the disadvantages like poor metal reduction, less selectiv-
ity, side reactions like condensation and cyclisation met
with the conventional porous and supported catalysts.

Heterogeneous catalysts used in hydrogenation reac-
tions contain usually an active metal species supported on
a carrier. The metal is able to adsorb hydrogen thus mak-
ing hydrogenation reaction possible. The carrier is able to
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disperse the metal to smaller particles as compared to bulk
metal enhancing the specific metal surface area. Addition-
ally, smaller metal particles partially behave as non-met-
als, e.g. have higher electron densities, leading to higher
hydrogenation rates compared to larger particles [10]. In
addition to the electronic effects which vary from met-
als to metals, geometric dimensions of the metal particles
also influence the kinetics of the hydrogenation reaction
and selectivity if the size of the reacting molecule is close
to the size of metal crystallites [11]. Activity and selectivity
depend not only on the metal type and dispersion but also
on the support. Secondly the electronic properties of the
active metal can be modified by a promoter which in turn
modifies the catalytic activity. In the preparation of sup-
ported catalyst, a high degree of dispersion of metal par-
ticles is important for maximizing the contact area of the
catalyst with the reactant. It also minimizes the fraction
of catalyst that is buried within the large particles which
are unable to participate directly in the catalysed reaction.
The mass transport in both reactants and reaction prod-
ucts is also increased when size of the catalyst particles are
reduced to nanometer [12].

The main task of the support material is to carry the
metal catalyst more homogeneously throughout the mate-
rial. Supports can have different properties, like surface
area ranging from 10 to 1200 mz/g or even higher, pore
volumes, pore diameter, surface acidities, electronic and
geometric properties. Mostly, all conventional support
materials are either acidic or basic oxides or different types
of carbons. The mostly used support materials in chem-
oselective hydrogenation reactions are the bifunctional
catalysts, exhibiting both acidic sites and an active metal,
like metal containing zeolites [13—16] and mesoporous
materials [15, 17—19], or metal impregnated/intercalated
clays [20—23].

In general, it can be stated that oxide supports can
provide stronger interactions with the main metal than
carbon materials but the complete reduction of the metal
is more difficult on the oxide compared to carbon [24].
Monometallic catalysts supported on Al,O; and SiO,
have produced very often saturated aldehydes as the main
products in chemoselective hydrogenation of unsaturated
aldehydes [25—27]. Acidic oxides are found to promote
side reactions, for instance alumina favours cyclisation of
cintronellal in citral hydrogenation [28] and formation of
condensation products from furfural [29]. Basic supports
can exhibit electron rich properties towards the active
metal [30].

Traditionally approaches such as co-precipitation, de-
position-precipitation, ion- exchange, impregnation,
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successive reduction and calcination etc. were practiced
to synthesize metal catalysts on support materials [31].
A disadvantage is however the lack of control over size,
shape and stability of the produced nanoparticles. An
ideal nanoparticle catalytic system should not only be
catalytically accessible but also morphologically stable
or controllable.

The interlayer space available in the clay minerals was
found to be a very good nano phase reactor to host finely
dispersed metal catalysts without aggregation [20, 22, 23].
In this work noble metal intercalated/impregnated clays
have been attempted for a few selective organic synthesis
reactions.

Hydrogenation of C=0 bond alone is more difficult
than C=C bond hydrogenation in o, B unsaturated alde-
hydes because the thermodynamic and kinetic data [32]
favour the hydrogenation of only C=C bond. This decade
long difficulty is to be solved in the area of fine chemical
synthesis. In this context selective hydrogenation of cin-
namaldehyde to cinnamyl alcohol has become one of the
highly potential organic transformations in fragrance and
flavour industries [33—37]. In general, acquiring maxi-
mum selectivity with high conversion is a tough task. This
is because of various factors such as nature of the metal,
nature of the support, method of syn-

. L Table 1
thesis, particle size of the metal cata-
lysts, solvent, reaction temperature,

tive hydrogenation of cinnamaldehyde in liquid phase due
to their larger d orbitals compared to Pd [39].

Here we presents the results obtained in the liquid phase
hydrogenation of cinnamaldehyde over synthesised plati-
num or ruthenium intercalated montmorillonite/hectorite
catalysts at different temperatures and hydrogen pressures.
The effect of solvent and time on stream on the conversion
and selectivity were studied and discussed. Comparison of
catalytic activity of the intercalated hectorite catalysts and
the impregnated catalysts was also made with respect to
hydrogenation of cinnamaldehyde.

2. Experimental methods
2.1 Synthesis of metal intercalated clay catalysts

Known amount of montmorillonite was first ion ex-
changed by stirring with 2M NaCl solution to ensure that
all the exchangeable cations are only Na™. Dried Na-mont-
morillonite or Li-hectorite (3 g) as received from «Wako
Pure Chemical Industries Ltd.» (Japan) were dispersed in
200 mL of water and allowed to swell separately for about
6 hours by continuous stirring. Surfactant assisted synthe-
sis was employed for obtaining metal nano particulate sol.
In a typical synthesis, platinum or ruthenium nanosol was

Catalysts synthesized and their codes

hydrogen pressure etc. have individual Wt.% Catalyst
influence in determining the activity Method Clay Metal (theore- Code
and selectivity of the catalysts. The ef- tical)

fect of all the above parametersonthe | Intercalation ~ Montmorillonite  Platinum 1 Pt-CTA-MM1
conversion and selectivity in the se- 5 PL-CTA-MM2
lective hydrogenation of cinnamalde- .

hyde has been reported in the review Ruthenium 1 Ru-CTA-MM1
by Maki Arvela et al [10] and referenc- 2 Ru-CTA-MM1
es therein. It is known that a properly Hectorite Platinum 1 Pt-CTA-Hecl
designed catalyst should strongly po- 2 Pt-CTA-Hec?
larize only the carbonyl group of the .

adsorbed aldehyde molecule for the Ruthenium 1 Ru-CTA-Hecl
adsorption and enhance its reactivity 2 Ru-CTA-Hec2
towards hydrogen. Hydrogenation of Impregnation  Montmorillonite Platinum 1 Pt-MM1
cinnamaldehyde was studied over dif- 2 Pt-MM2
ferent transition and noble metals sup- Ruthenium 1 RU-MM1
ported on various conventional sup-

ports like metal oxides, mesoporous 2 Ru-MM2
materials and smectite type clays [16, Hectorite Platinum 1 Pt-Hecl
38]. Among the various noble metal 2 Pt-Hec?
catalysts studied, platinum and ru- Ruthenium 1 Ru-Hec1
thenium were found to produce more

promising results towards the selec- 2 Ru-Hec2
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prepared by adding the metal precursors such as hexachlo-
roplatinic acid or hexammineruthenium chloride con-
taining 1 and 2 % w/w platinum or ruthenium respectively
in water in presence of cetyltrimethylammonium bromide
and stirred for 2 hours. Critical micelle concentration of
surfactant (CMC) is the minimum concentration at which
micelle is formed in an aqueous solution. The formation
of micelle helps to prevent the metal particles from ag-
gregation due to coalescence by forming a surface adlayer
around the particles and stabilize the particles in a dis-
persed state in solution [40]. Well dispersed particles were
obtained only when the concentration of the surfactant
was 10 times of its CMC (CMC of CTAB is 0.92 mmol/
Lit). Further increase in surfactant concentration resulted
in precipitation. Therefore the concentration of surfactant
was taken as 10 times its CMC in the synthesis of catalysts.
The cationic surfactant also helped in the long-term sta-
bility of the metal hydrosol, since the vertically oriented
[40] surfactant bilayer was adsorbed onto the surface of
the metal nano particles (electrostatic and steric stabiliza-
tion).

Then the precursor in the micelles was reduced to me-
tallic state by dropwise addition of aqueous solution of
NaBH, (0.05 g in 10 ml of distilled water) and stirred for
about 3 hours. Black coloured metal nanosol was finally
obtained which was added separately to the aqueous sus-
pension of the corresponding clay and left under vigorous
stirring for about 24 hours. The ion exchange reaction of
Na™ in the case of montmorillonite and Li* in the case
of hectorite with cetyltrimethylammonium cation (CTA")
resulted in the formation of organoclay complex with si-
multaneous intercalation of the Pt or Ru particles respec-
tively into the internal clay surface (interlamellar) [41,
42]. The metal intercalated organo clay samples (black in
colour) were washed thoroughly with ethanol and toluene
to remove the excess surfactant in solution and air-dried.
The different catalysts synthesized are listed in Table 1.

H,PtCL, + CTABr + H,0

H \H Reduction

'i NaBH,

Intercalation Na' Na

Na® Na®

Na - montmorillonite

Pt-CTA-MM

Fig. 1. Schematic representation of synthesis of Pt-CTA-MM

The ion exchanging property of the smectite clays was
effectively utilized in this study for generating metal nano
particles in the interlamellar space of the smectite clays. The
reaction between Na*t or Li* ions in the interlayer space and
CTA" ions in micelle is the driving force for the interca-
lation of active metal nano particles into the interlamellar
space. The CTA" ions involved in the ion exchange reaction
with Na™ ions rendered the clay surface hydrophobic. Sche-
matic representation of synthesis of platinum intercalated
montmorillonite catalysts is shown in Figure 1.

2.2 Synthesis of metal impregnated clay
catalysts

Metal impregnated montmorillonite and hectorite
catalysts were synthesised using wet impregnation tech-
nique. In a typical preparation, 1 g of montmorillonite or
hectorite was first preheated at 350 °C for 3 hours to clean
the pore surface. It was then dispersed into an aqueous so-
lution containing required amount of corresponding met-
al precursor salt to get 1 and 2 % w/w metal impregnated
samples. Then the mixture was refluxed for 3 hours under
vigorous stirring for homogeneous mixing and allowed for
evaporation of water in air oven at 110 °C. The dried cata-
lysts were reduced in a slurry phase using aqueous solution
of NaBH, and dried. The solid materials obtained were
ground and labeled as shown in Table 1.

2.3 Physicochemical Characterization

All the synthesised catalysts were subjected to X-ray
diffraction analysis in the region of 26 = 1.0° to 50° (Philips
X’pert X-Ray Diffractometer using Cu—K,, radiation of
wave length A = 1.54 E). For the transmission microscopic
analysis the intercalated catalysts were dispersed in iso-
propanol, drop of this dispersion was placed on a copper
grid and TEM photographs were taken using JEOL JEM-
2010F to determine the size of the noble metal particles.
Few representative catalysts were subjected to elevated
temperature before taking TEM micrographs to know ef-
fect of heat treatment on the metal particle size. Also the
catalysts were characterized by atomic absorption spec-
trophotometric analysis (Perkin Elmer 2380). The specific
surface area of representative samples were determined by
BET method using nitrogen as an adsorbate with a Quan-
tachrome Nova 4200 ¢ surface area analyser. The samples
taken in the sorption vessel were degassed at 150 °C un-
der vacuum (< 1073 Torr) for 2 hours prior to adsorption
measurements. TGA thermograms of the representative
catalyst samples were studied in the temperature range of
50 to 600 °C at a heating rate of 20 °C/min by taking 10—
15 mg of sample in an aluminum pan using Perkin Elmer
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Diamond TG/DTA analyser. The chemical composition
of clay minerals namely montmorillonite and hectorite
used to synthesise metal intercalated/impregnated clay
catalysts was determined by XRF analysis using X-ray
fluorescence analyzer (Shimadzu EDX-8000). Catalyst
samples (50 mg) were pelletized using a die and taken in
the cell of XRF instrument for further determination.

2.4 Liquid phase hydrogenation

Ahigh pressure SS hydrogenation reactor of capacity 150
ml provided with gas inlet and outlet valves, pressure gauge,
thermocouple, stirrer and sampling vent was used for the
entire study to check the performance of the catalyst syn-
thesized. Priorto the start of the hydrogenation reaction, the
catalyst (0.5 g) was activated at 373 K, 5 bar H, pressure for
about 3 h in the presence of small amount of ethanol. After
the activation, the reactor system was cooled down to room
temperature and 0.02 mol of cinnamaldehyde was taken in
the reactor along with the solvent (Ethanol) to bring the total
volume of 75 ml for efficient stirring. The reactor was pres-
surized to 2 bar hydrogen pressure and depressurized after
few minutes. This cycle of pressurization and depressuriza-
tion was carried out at least three to four times to complete-
ly replace the air inside the vessel with hydrogen. Then the
reactor was pressurized to 3 bar hydrogen pressure and re-
action was performed for the duration of 5 h. Samples were
withdrawn from the reactor periodically after every 1 h and
the catalysate was subjected to gas chromatographic analysis
(Shimadzu 17 A Gas Chromatograph fitted with OV 1 co-
lumn and using FID detector). Representative samples were
also analyzed by GCMS technique for the confirmation of
the reaction products.

3. Results and discussions

3.1 UV-Visible spectrophotometric analysis

The UV-Visible spectrum of the colloidal Pt sol is
shown in Figure 2. Before reduction the absorption peak
appeared at A = 260 nm due to [PtClé]z’ ions [43]. But
after reduction with NaBH,, this absorption band disap-
peared and a new peak in the visible region (A = 502 nm)
was observed which indicated the complete reduction of
precursor salt to zero valent platinum. The appearance of
new peak at L = 502 nm is due to the surface plasmon ab-
sorption which may be due to the regularity of the particle
size in nm range [44].

3.2 X-ray diffraction analysis

X-ray diffraction patterns of Na-montmorillonite and
Pt intercalated montmorillonite (Pt-CTA-MM 1 and Pt-

Absorbance, a.u.

400 600 800

Wavelength, nm

200

Fig. 2. UV-Visible absorption spectra of hexachloroplatinic
acid before reduction (a) and after reduction (b)

CTA-MM 2) are shown in Figure 3. The d (001) reflection
of Na-montmorillonite appeared at 20 = 6.1° corresponds
to the d spacing value of 15 E and this 2 0 value shifted
to 26 = 1.5° for the CTA™ exchanged Pt montmorillonite
catalysts which corresponds to d spacing of 59 E. The re-
markable increase in the d spacing value of 59 E after the
intercalation of CTA™ cation in the interlayer space indi-
cates the better swelling ability of the montmorillonite due
to its higher CEC value among the other candidates in the
smectite family. A small peak at 2 theta = 40° indicates the
presence of nano crystalline platinum metal phases and
the intensity of this peak increased when the percentage
loading of platinum was increased (Fig. 3, b, c¢). Further,
no shift in any other peak indicated the exchange of Na*
with CTA" along with the incorporation of Pt metals in
the interlayer surface did not alter the basic lattice struc-
ture of montmorillonite.
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Fig. 4. X-ray diffraction patterns of Na-MM (a),
Ru-CTA-MM 1 (b) and Ru-CTA-MM 2 (c)

50

Intensity, a.u.

10 20 30 40
26, deg

Fig. 5. X-ray diffraction patterns of Li-Hec (a),

Pt-CTA-Hec 1 (b) and Pt-CTA-Hec 2 (c)

0 50

The ruthenium intercalated montmorillonite catalysts
also show similar XRD patterns (Fig. 4) as that of plati-
num intercalated montmorillonite catalysts. A shift from
20 = 6.1° (d spacing 15 E) to 20 = 1.5° (d spacing 59 E)
and the (111) peak observed at 20 = 44.5° confirmed the
presence of ruthenium in the intercalated montmorillo-
nite catalysts.

The XRD patterns of Li-hectorite is shown in Figu-
re 5,a in which the first order reflection appeared at
20 = 7.4° (12 E). The same peak after the modification
with cationic surfactant (CTAB) was shifted to 20 = 4.6
(19 E). The shift in 26 value of d (001) reflection to lower
side revealed that the basal spacing increased due to the
incorporation of bigger organic moiety in the interlamel-
lar space by replacing Li*. The increase in basal spacing
in hectorite was less when compared to montmorillonite.
This is because of the lower CEC value of hectorite com-
pared to montmorillonite. The CEC value (87 meq/100 g,
49 meq/100 g for montmorillonite and hectorite respec-
tively) determines the amount of intake of surfactant
cation (CTA"), which in turn causes the increase in ba-
sal spacing. Greater the exchange of bulky organic cation
greater is the basal spacing. The lattice structure of the clay
minerals was not affected much during the introduction of
metal particles along with the surfactant micelle.

XRD patterns of the metal impregnated clay catalysts
are shown in Figure 6. No significant swelling was observed
for metal impregnated clay catalysts and therefore there was
no shift in (001) peak in the XRD patterns. It is clear from
the XRD patterns that impregnation of noble metals does
not alter the lattice structure of clay minerals.

3.3 Transmission electron microscopic analysis

Transmission electron microscopic images of plati-

num intercalated and ruthenium in-
tercalated montmorillonite catalysts
(Pt-CTA-MM 1,Pt-CTA-MM2, Ru-
CTA-MM 1, Ru-CTA-MM 2) are
shown in Figure 7. Fair and uniform

Intensity, a.u.
Intensity, a.u.

dispersion was obtained with almost
all the catalysts. The average diam-
eter of the particles was calculated

a N

and reported in Table 2. The diam-
eter of the particles was in nm range
confirming the effect of CTAB sur-

I\

NS\

factant. The presence of surfactant

200 30 40 50 0 10 20
26, deg

Fig. 6. X-ray diffraction patterns of Na-MM (a), Pt-MM 2 (b)

10

and Ru-MM 2 (c) (left); Li-Hec (a), Pt-Hec 2 (b) and Ru-Hec 2 (c) (right)

26, deg

cations in the interlamellar space
swell the layer spacing so that the par-
ticles have a greater chance to dis-
perse over a wide space.

30 40 50
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Table 2
Physico-chemical properties of montmorillonite catalysts
a 26”, deg o
Materials Meta\lthog/tent , e m2/g o000 ) d spacing, A dye MM
- o 001 111
Na-Mont - 209 6.0 - 15 -
CTAM - 91 1.5 - 59 -
Pt-CTA-MM 1 0.98 129 1.5 40 59 2.7
Pt-CTA-MM 2 1.97 - 1.5 40 59 6.9
Ru-CTA-MM 1 0.89 113 1.5 44.5 59 11.2
Ru-CTA-MM 2 1.98 - 1.5 44.5 59 21.7

Fig. 7. TEM micrograph of Pt-CTA-MM 1, Pt-CTA-MM 2, Ru-CTA-MM 1, Ru-CTA-MM 2

Fig. 8. TEM micrograph of Pt-CTA-Hec 1, Pt-CTA-Hec 2, Ru-CTA-Hec 1, Ru-CTA-Hec 2

The transmission electron micrographs of platinum
intercalated hectorite catalysts (Pt-CTA-Hec 1, Pt-CTA-
Hec 2) shown in Figure 8 indicate that the particle sizes
are similar to that of Pt intercalated montmorillonite
catalysts but the dispersion of particles is poor when com-
pared to Pt-CTA-MM catalysts. TEM images observed
on Ru-CTA-Hec 1, Ru-CTA-Hec 2 show that the particle
size of Ru is greater in Ru-hectorite catalysts than in Ru-
montmorillonite catalysts. This increase in particle size in
these catalysts may be due to poor swelling of hectorite
compared to montmorillonite.

The TEM images of some of the representative cata-
lysts subjected to high temperature treatment (400 °C)
are shown in Figure 9. From the pictures, it is clear that
when catalysts were subjected to elevated temperatures,
due to the decomposition of surfactant, aggregation of

Fig. 9. TEM micrograph of Pt-CTA-MM 1, Ru-CTA-MM 1
pretreated at 400 °C

particles occurred leading to the formation of bigger
particles which process is commonly referred as coales-
cence [24].
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Table 3
Physico-chemical properties of hectorite catalysts
a 26°, deg o
Materials Metal content’, ayer M%/9 d spacing, A dSye NM
wt. % d(001) (111)
Li-Hec - 47 7.4 - 12 -
CTA-Hec - 34 4.6 - 19 -
Pt-CTA-Hec 1 0.92 41 4.6 40 19 2.3
Pt-CTA- Hec 2 1.68 - 4.6 40 19 9.5
Ru-CTA- Hec 1 0.93 42 4.6 44.5 19 21.3
Ru-CTA- Hec 2 1.85 - 4.6 44.5 19 24.5

3.4 BET surface area analysis

The surface areas of the different smectite clay minerals
used as support materials are given in Tables 2 and 3. Clay
minerals are generally used as catalysts and support mate-
rials to disperse the metals or metal complexes because of
the tunable acidic behaviour and interlayer space. The sur-
face area of the clay minerals in turn depends on the space
available between the silicate layers. As montmorillonite
is one of the major candidates of the smectite group of clay
minerals with larger interlayer space, its surface area is
higher when compared to other members studied in the
same smectite family (Na-MM = 209 m2/g, Li-Hec =
= 47 m?/g). But in all the cases the surface area decreased
when they were intercalated with bulky surfactant cations
(CTAM = 91 m?/g, CTA-Hec = 34 m?/g). The decrease
in surface area of the surfactant exchanged clay materials
may be attributed to exchange sites which were satisfied by
CTA with large molecular size resulting in inaccessibil-
ity of the internal surface to the nitrogen gas and blocking
of the micropores in the surfactant modified clays. The
major increase in surface area of the surfactant stabilized
metal intercalated catalysts (Pt-CTA-MM 1 = 129 m?%/g,
Ru-CTA-MM 1= 113 m?/g, Pt-CTA-Hec 1= 41 m?/g and
Pt-CTA-Hec 2 =42 m2/g) is due to the fact that, during
the intercalation of surfactant stabilized metal sol the in-
terlamellar space of the clay material may significantly
expanded (because of the vertical orientation of surfactant
bilayer onto the surface of the metal nanoparticles) which
inturn increases its surface area. This increase in surface
area is also added with the contribution from the metal
particles.

3.5 Atomic absorption spectrophotometric
analysis

AAS analysis of the catalysts samples clearly shows
the presence of actual metal contents in the clay minerals.

The results reported in Tables 2 and 3 indicate the con-
centrations of the metals in the catalysts. One can notice
that they are almost equal to the calculated amounts taken
during the preparation of catalysts.

3.6 Thermo gravimetric analysis

The thermogram of Na-montmorillonite and Li-hec-
torite and their corresponding surfactant modified forms
are shown in Figure 10. The thermogram indicates that
there are two stages of weight losses. The first one around
90 °C was assigned for the loss of adsorbed water mole-
cules. The second loss between 170 °C and 350 °C was due
to the decomposition of surfactant ions.

The TGA reports reveal that the catalysts can be sub-
jected to maximum temperature of 270 °C, beyond which
the decomposition of surfactant leads to the formation
of metal cluster with increased diameter. The TEM pic-
tures taken for the catalysts heat treated at 400 °C have
confirmed the increase in particle size. From the TGA
analysis, one could understand the thermal stability and
service temperature range during the synthesis of indus-
trial chemicals.

3.7 X-ray fluorescence analysis

X-Ray fluorescence analysis was carried out to de-
termine the chemical composition of the clay minerals.
Table 4 shows the percentage composition of various ele-
ments in montmorillonite and hectorite clays in their oxi-
de form.

4. Hydrogenation of cinnamaldehyde
4.1 Effect of temperature

The general reaction scheme of hydrogenation of cin-
namaldehyde is shown in Figure 11. The effect of tem-
perature at 3 bar hydrogen pressure on the conversion of
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Fig. 10. TG thermogram of Na-MM (A) and CTA-MM (a),

DTG thermogram of Na-MM (B) and CTA-MM (b) (I);

TG thermogram of Li-Hec (A) and CTA-Hec (a), DTG thermo-
gram of Li-Hec (B) and CTA-Hec (b) (II)

Table 4
Chemical composition of Na-Montmorillonite
and Li-Hectorite

Name of the clay

mineral :ﬁoT?tztlzlz; Li-hectorite, %
Chemical Constituents

AL,0,4 66.2 -

Si0, 17.1 61.7

Mg0 1.8 29.5

Ca0 1.5 -

H,0 6.3 -

Na,0 3.9 5.9

Li,0 - 2.9
Others 3.2 -

cinnamaldehyde and selectivity towards cinnamyl alcohol
over different amounts of platinum intercalated montmo-
rillonite catalyst (Pt-CTA-MM 1) (viz. 0.1, 0.3 and 0.5 g)
is depicted in Figure 12. At room temperature it was ob-

A
OH
H H
/ Cinnamy] alcohol \2
2
o OH
Cinnamaldehyde Hydrocinnamyl alcohol
1
h X o) /H2
Hydro cinnamaldehyde
3

Fig. 11. Reaction scheme of hydrogenation
of Cinnamaldehyde

Pt-CTA-MM 1

20 1

0 T T T
30 40 50

Conversion and selectivity, %
Pt-CTA-Hec 1

70 1

60 -

50 4

40 4

30

20 1

40 50 60 t,°C
Fig. 12. Effect of temperature on the conversion of cinnamal-
dehyde and selectivity towards cinnamyl alcohol

1 - conv with 0.1 g; 2 — conv with 0.3 g; 3 — conv with 0.5 g; 4 — sel

of COL with 0.1 g; 5 — sel of COL with 0.3 g; 6 — sel of COL with 0.5 g
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served that 60 % conversion was obtained at the end of
five hours and as the temperature increased the conver-
sion increased linearly and reached a maximum of 89 % at
70 °C over 0.5 g of Pt-CTA-MM 1 catalyst. The increase
in conversion with increase in temperature is due to the
adsorption of more amounts of reactant molecule over the
catalytic sites at higher temperature.

The selectivity of cinnamyl alcohol was also dependent
on the reaction temperature. Low temperature favoured
the formation of cinnamyl alcohol through the selective
hydrogenation of C=0 bond and the selectivity of cin-
namyl alcohol decreased with the increase in temperature
because of the competitive adsorption between cinnamal-
dehyde and the product cinnamyl alcohol simultaneously
over more active catalytic sites. The product cinnamyl
alcohol formed has sufficient energy to get adsorbed on
the surface at higher temperature, which leads to further
hydrogenation and thus decreasing the selectivity.

Hydrogenation of cinnamaldehyde was carried out
with Pt-CTA-Hec 1 at different temperatures to study the
effect of reaction temperature on the conversion level of
cinnamaldehyde and selectivity towards cinnamyl alcohol
and the results are plotted in Figure 12. The catalytic activ-
ity of Pt-CTA-Hec 1 at room temperature was compared
with that of Pt-CTA-MM 1. The conversion and selectivi-
ty were found to be 50 and 64 % respectively over Pt-CTA-
Hec 1 catalyst whereas Pt-CTA-MM 1 catalyst showed
the conversion and selectivity of 61 and 80 % respectively.
Figure 13 shows the histograms of conversion and selectiv-
ity of Ru-CTA-MM 1, Ru-CTA-MM 2, Ru-CTA-Hec 1
and Ru-CTA-Hec 2 catalysts at room temperature and at
9 bar hydrogen pressure for the reaction time of 5 hours.
Among all the catalysts studied, Ru-CTA-MM 2 showed
maximum conversion of 65 %.

%
80-
70
60
50
40
30
20
104

0

1 Conversion
[ Selectivity of Cinnamyl alcohol

1 2 3 4
Fig. 13. Conversion of cinnamaldehyde and selectivity to-
wards cinnamyl alcohol over Ru-CTA-MM 1 (1), Ru-CTA-MM 2 (2),
Ru-CTA-Hec 1 (3) and Ru-CTA-Hec 2 (4)

Low conversion and selectivity over Pt-CTA-Hec 1
and Ru-CTA-Hec catalysts compared to Pt-CTA-MM 1
catalyst may be attributed to the less swelling ability which
retards the diffusion of the reactant into the interlamellar
space, lower acidity of hectorite compared to montmo-
rillonite and may also be due to larger particle size in
Pt-CTA-Hec catalysts. The fine dispersion and smaller
particle size of Pt in Pt-CTA-MM 1 lead to the increase
in the number of active sites and therefore the substrate
has more chance of getting adsorbed on the catalyst. The
higher conversion of Ru-CTA-MM 2 is due to the high
concentration of metallic sites with very fine dispersion as
montmorillonite offers greater interlayer spacing. But the
selectivity towards cinnamyl alcohol over Ru-CTA-MM
2 was found to be less due to the greater size of the Ru
particles.

The conversion and selectivity over Ru-CTA-MM 2
was found to be less than Pt-CTA-MM 2 at room tem-
perature and at 9 bar hydrogen pressure. This difference
in selectivity is due to the specificity of the metal in se-
lectively hydrogenating the C=0 or C=C bond in the hy-
drogenation of cinnamaldehyde [45]. The less selectivity
of Ru catalysts may also be due to the fact that d orbital
of Ru expands to a smaller extent [46], which results in
the preferential adsorption of C=C bond over the catalytic
sites because of less four electron repulsion compared to Pt
catalysts. This is similar to the observation made by Gi-
roir-Fendler et al [47].

4.2 Effect of pressure

The effect of hydrogen pressure on conversion and
selectivity was also studied by varying the pressure of H,
at room temperature (Fig. 14). The change in pressure of
hydrogen affects the conversion level of cinnamaldehyde
significantly. The conversion was directly proportional
to the hydrogen pressure as observed by Satagopan and
Chandalia [48] and Zhang et al [49]. From Figure 14, it is
clear that the conversion increased as the hydrogen pres-
sure increased from 3 bar to 9 bar and reached a maxi-
mum of 80 % over Pt-CTA-MM 1 at room temperature.
Figure 14 also illustrates the effect of pressure of hydrogen
on the conversion and selectivity of cinnamyl alcohol over
Pt-CTA-Hec 1. As the hydrogen pressure of the reaction
increased to 9 bar the conversion level increased to 73 %.
This increase in the conversion with pressure is due to the
availability of more amount of molecular hydrogen for ad-
sorption on the metal sites. However the increase in hy-
drogen pressure did not influence the selectivity towards
cinnamyl alcohol and the selectivity remained at 80 % in
case of Pt-CTA-MM 1 at all the pressures.
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Fig. 14. Effect of hydrogen pressure on the conversion
of cinnamaldehyde and selectivity towards cinnamyl alcohol

1 - conversion; 2 — selectivity

4.3 Effect of weight of the catalyst

Figures 15 show the effect of weight of intercalated
montmorillonite catalyst on the conversion and selectiv-
ity. It was found that conversion of cinnamaldehyde in-
creased with weight of the catalyst. This is because of the
increase in number of active sites available for the sub-
strate molecules. But the increase in weight of the catalyst
has no effect on selectivity towards cinnamyl alcohol and
in all the cases the selectivity towards cinnamyl alcohol
remained the same as 78 and 65 % over Pt-CTA-MM 1
and Pt-CTA-MM 2 catalysts respectively.

4.4 Effect of time on stream on conversion

The effect of time on stream on conversion was studied
and the results are shown in Figure 16. The reaction was
carried out for 5 hours and the samples were withdrawn for
every one hour interval and subjected to GC analysis. Re-
action was almost absent with 0.1 g of the catalyst but with
increase in weight of the catalyst the conversion increased
linearly with time and found to be maximum (89 %) at the

Conversion (%) and selectivity (%)
of cinnamyl alcohol
a

2

804

60+

40-

204

o

80

60

401

20
0.1

0.2 0.3 0.4
Weight of the catalyst, g

0.5

Fig. 15. Effect of weight of the catalyst on conversion
of cinnamaldehyde and selectivity towards cinnamyl alcohol
over Pt-CTA-MM 1 (a), Pt-CTA-MM 2 (b)

1 - conversion; 2 — selectivity

%
80
0.5¢
60-
0.3g
404
201
0.1g
O T T T
1 2 3 4 5

Time, h
Fig. 16. Effect of time on stream on the conversion of cin-
namaldehyde over Pt-CTA-MM1

end of 5th hour with 0.5 g of catalyst. The results suggest that
the conversion may increase further with the reaction time.
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4.5 Effect of solvent

The most important aspects in the liquid phase hydro-
genation of o, B unsaturated aldehydes are solvent polar-
ity, hydrogen solubility, interaction between the catalysts
and the solvent [50] as well as solvation of reactants in the
bulk liquid phase. Solvent effect in heterogeneous cata-
lysed reactions on the catalytic activity has been reviewed
by Singh and Vannice [51]. Hajek et al [52] studied the sol-
vent effect on the hydrogenation of cinnamaldehyde over
Ru/Y zeolite catalyst. The solvent used in the reaction
played a major role in determining the selectivity of the
desired product.

Therefore in the present study, hydrogenation reaction
was carried out with three different solvents namely etha-
nol, isopropyl alcohol and n-hexane over Pt-CTA-MM 1
at 30 °C and 9 bar hydrogen pressure. The polarity of the
solvent significantly influenced both conversion of cin-
namaldehyde and selectivity towards cinnamyl alcohol.

The interaction between the solvent-solute and sol-
vent-catalyst played a vital role in the catalytic perform-
ance. Reactions carried out in polar solvents (alcohols)
exhibited high conversion and moderate selectivity
whereas in the non polar medium, very poor conversion
with high selectivity was observed (Fig. 17). Stronger
hydrogen bonding between lone pair electrons of C=0
group and OH group of alcohol may slightly prevent the
hydrogenation of C=0 bond when compared to C=C hy-
drogenation. Hydrogenation reaction in non-polar sol-
vent such as #-hexane resulted in very low conversion of
cinnamaldehyde but high selectivity towards cinnamyl
alcohol. The more solubility of both hydrogen and the
substrate molecule namely cinnamaldehyde in polar sol-

% | == Conversion

[ Selectivity

80

60 -

40

204

0
1 2 3

Fig. 17. Effect of solvent on the conversion of cinnamalde-
hyde and selectivity towards cinnamyl alcohol Ethanol (1),
Isopropyl alcohol (2) and n-hexane over Pt-CTA-MM 1 cata-
lyst (3)

vents leads to the higher conversion of cinnamaldehyde
in the polar solvents [45].

4.6 Hydrogenation of cinnamaldehyde over
impregnated platinum and ruthenium catalysts

Hydrogenation of cinnamaldehyde was also carried out
over Pt and Ru impregnated montmorillonite, hectorite
catalysts (Pt-MM 1, Pt-Hec 1, Ru-MM 1 and Ru-Hec 1)
and the results are compared with that of intercalated cat-
alysts. To study the effect of method of synthesis of cata-
lysts on the catalytic activity, the obtained results with the
metal intercalated and impregnated catalysts were com-
pared. Figure 18 shows the conversion and selectivity to-
wards cinnamyl alcohol at room temperature and at 9 bar
pressure over different catalysts prepared by impregnation
method. The results clearly show that the impregnated
catalysts are not as good as intercalated catalysts as far as

%

801

—1 Conversion a
[ Selectivity

704

60
504

40-
30-

204
104

0

1 2 3
Conversion, %

N

100

90

60 1 1 1 1

40 50 60 70 t °C
Fig. 18. Conversion of cinnamaldehyde and selectivity
towards cinnamyl alcohol over Pt-MM 1 (1), Pt-Hec 1 (2),
Ru-MM1 (3) and Ru-Hec 1 (4) (a); Effect of temperature on
conversion of cinnamaldehyde over Pt-MM 1 (1), Pt-Hec 1 (2),
Ru-MM1 (3) and Ru-Hec 1 (4) (b)
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selectivity is concerned. Less selectivity may be due to the
bigger particle size of the metal particles because of poor
dispersion. Although 82 and 70 % conversion could be ob-
tained over Pt-MM 1 and Ru-MM 1 catalysts, very poor
selectivity was obtained over these catalysts. Similar ob-
servation was made also with hectorite catalysts irrespec-
tive of the metal species.

Figure 18 shows the effect of temperature on conversion
of cinnamaldehyde over Pt-MM 1, Pt-Hec 1, Ru-MM 1
and Ru-Hec 1 catalysts. As the surface of impregnated cat-
alyst is highly populated with metal particles, the increase
in temperature increases the surface energy of these metal-
lic sites favouring the easy adsorption of cinnamaldehyde
molecule and also the transfer of hydrogen. The increase
in temperature greatly influenced the hydrogenation rate
in such a way that even 95 % conversion was obtained over
Pt-MM 2 catalyst at 70 °C. As far as the selectivity was con-
cerned the increase in temperature decreased the selectiv-
ity towards cinnamyl alcohol. This is because the more
energetic catalytic sites favour consecutive hydrogenation
through the adsorption of C=C bond of cinnamyl alcohol
formed leading to hydro cinnamyl alcohol. As the size of
metal particles in the impregnated catalysts were found to
be greater than the catalysts obtained by the intercalation
method, the orientation of reactant molecule may be dif-
ferent facilitating the C=C hydrogenation.

5. Conclusion

Intercalation of Pt and Ru metal nano catalysts into the
clay minerals by the micellar technique is attempted. The
technique is found to be attractive to homogeneously dis-
perse metal catalysts within the interlamellar region of clay
materials that can perform as nano reactors for synthetic
organic molecules. XRD patterns confirm that the crystal-
linity of clay minerals was unaffected after the intercalation
of metal nanoparticles. d spacing values obtained from X-
ray diffraction patterns prove that montmorillonite swells
to a larger extent (from 14.72 E to 59.23 E) when compared
to hectorite (from 11.93 E to 19.2 E). TEM micrographs of
metal intercalated and impregnated catalysts confirm the
good dispersion of the Pt, Ru nanoparticles. Due to higher
swelling capacity of montmorillonite than hectorite, better
dispersion of metal particles was seen on the former than in
the later. The diameter of the particles was found to be be-
tween 1—25 nm for the different catalysts synthesized. The
thermogram of the organo clay evidenced that there are two
stages of weight loss i.e. at 90 °C due to the loss of adsorbed
water molecules and between 170 and 350 °C due to the de-
composition of surfactant ions. This indirectly shows the

thermal stability and temperature range for carrying out
the catalytic reactions using metal intercalated catalysts.
BET surface area analysis of the synthesised clay catalysts
shows that the surface area values are good enough for car-
rying out catalytic hydrogenation reactions.

The results obtained in liquid phase hydrogenation of
cinnamaldehyde over the synthesised catalysts indicate
that all the catalysts could effectively be used as alternative
catalysts for many other hydrogenation reactions. As far as
hydrogenation of cinnamaldehyde is concerned, Pt-CTA-
MM 1 catalyst was found to be the best catalyst which
showed the maximum conversion of 60 % and selectivity of
79 % towards cinnamyl alcohol at room temperature and
at 9 bar hydrogen pressure. Pt-CTA-MM 2 catalyst also
showed higher conversion than Pt-CTA-MM 1 catalyst but
the selectivity was comparatively less due to the presence
comparatively larger size particles. The increased cata-
Iytic activity of Pt loaded montmorillonite catalysts with
better selectivity is due to larger d-orbital expansion of Pt
compared to Ru, larger interlayer spacing and more acid-
ity of montmorillonite compared to hectorite. A hydro-
gen pressure of 9 bar and a reaction temperature of 30 °C
respectively was optimized for achieving high conversion
and selectivity. Increase in temperature and pressure only
increased the conversion. The selectivity decreased with
temperature and no significant change was observed with
increase in pressure. Study of solvent effect in cinnamal-
dehyde hydrogenation reveals that polar solvent is better
for significant conversion with maximum selectivity. Time
on stream study revealed that there was no inhibition pe-
riod for all the catalysts for all the reactions. Comparison
of catalytic activity of Pt and Ru intercalated catalysts with
Pt and Ru impregnated catalysts indicated that the inter-
calated catalysts were more selective towards the desired
products namely cinnamyl alcohol. The impregnated cata-
lysts showed more activity but less selectivity.

The authors would like to thank FONDECYT projects 3100010
(Postdoctorado) and 1100349, Government of Chile, Santiago.
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3 JlabopaTopus KaTanu3a, 0TaeneHne XMMUYECKUX TEXHONOTWIA,
TexHonoruyeckuii konnepx, Yuusepcutet AHHa, r. YenHan, MHgua

[MpemyioxkeH MeTON CHHTE3a MeTaJJICOAepXallnX
MOHTMOPWJUIOHUTHBIX KaTaJnu3aTOPOB, IO3BOJISIOLINIL
BBOIMTH METAJUIBI B MEXKCIIOEBOE IPOCTPAHCTBO MMU-
HepaJioB. [TokazaHo, YTO MeEXCIOHHOE MPOCTPAHCTBO
MOHTMOPUJIJIOHUTOB MOXET CJIYXUTh HaHOpa3Mep-
HBIM PEaKTOPOM JJIsl IOJYYEHUSI MEJIKOAMCIIEPCHBIX
MeTaJUIMYEeCKUX YacTUIl, MCKJIoYasi MX arperaiuio.
O0Opa3zoBaHue HaHOpPa3MEPHBIX METaIMYECKUX Yac-
THUIL MEXIY IMJaCTUHAMY MOHTMOPUJIJIOHUTOB MOXHO
WCITOJIb30BATH AJISI CMHTE3a CTAOMIIBHBIX, XOPOIIIO JTUC-
MePrupoBaHHbBIX METAJTIMYECKUX KaTaju3aTopos. [1o
CPaBHEHUIO C OOBIYHBIMU ITOPUCTBIMU M HAHECEHHBIMK
KaTaJn3aTopaMU TaKue KaTaJn3aTOPhl B peaKInIX ce-
JIEKTUBHOTO TMAPUPOBAHUS TTO3BOJISIIOT ITOBBICUTD CE-
JIEKTUBHOCTb, YMEHBIIUTh BEPOSITHOCTh IIPOTEKAHUS
MOOOYHBIX peaKUWil KOHAEHCAIMU W IHUKJIW3ALUU.
M3BeCcTHO, UTO CEJIEKTUBHOE T'UIAPMPOBAHUE KOPUY-
HOTO aJipJeruaa A0 KOPUYHOIO CIIMPTa MCIOJIb3YeT-
cg B map@IOMEpHON M TMUINEBON MPOMBIIIJICHHOCTH.
OCylIeCTBUTh peakliMio ¢ MaKCMMaJIbHOW CEJeKTUB-
HOCTBIO U BBICOKOI CTEIEHbIO KOHBEPCUU — TPYAHAas
3ajgada. Ha akTUBHOCTh M CEJIEKTMBHOCTH KaTajmM3a-
TOPOB BJIHUSIOT MPUPOIA MeTaJlla U HOCUTE S, METOI
CUHTE3a, pa3Mep YaCTULl METAJIMYECKUX KaTaalu3aTo-
pPOB, PaCTBOPUTEIb, TeMITepaTypa peaKliu, TaBJIcHUE
BOJOPO/A U T.[I.

B maHHO#1 cTaThbe paccMaTpUBaeTCs XuakodasHoe
TUAPUPOBAHWE KOPUIHOTO ajibIeTHaa Ha MJIaTHHOBBIX
U pyTEeHUiicomepXalluX CMEKTUT/TEeKTOPUT KaTajiu-
3aTOpax IpU pa3jIMYHBIX TeMIepaTypaxX M AaBJIEHUSIX
Bomoponaa. M3ydeHbl BIMSTHUE PACTBOPUTEINST M BPeMsI
KOHTaKTa Ha CTeleHb KOHBEPCUU U CEJIEKTMBHOCTD Ka-

Tann3aTopoB. CoIoCcTaBJIeHbl aKTUBHOCTh BHOBb CUH-
Te3UPOBAHHBIX METAJJICOAEPKAIIUX CMEKTUT/TEKTOPUT
KaTaJn3aTOPOB U MOTYYCHHBIX IIPOIMUTKON B peaKIInu
TUIPUPOBAHUS KOPUIHOTO aTbIeTUIa.

B cuHTe3e mMeTannmyecKuMX HAHOYACTUIL 30J151 MC-
IOJIb30BAHO  TOBEPXHOCTHO-aKTHMBHOE  BEIIECTBO
(ITAB). I1naTUHOBBIN U PyTEHUEBBIA HAHO30Jb IMOJY-
JyaJIiu 100aBJICHUEM METaTINYSCKUX MTPEKyPCOB, TAKUX,
KaK TeKCaIlJIaTUHOXJIOPUCTOBOAOPOAHAS KUCIOTA WU
reKCaaMWHOPYTEHUEBBIN XJI0pua, comepxkamue 1 u 2
Mac.% njaaTUHbI UK PYTEHUS, COOTBETCTBEHHO, B BO-
Iy B TIPUCYTCTBUH LECTUITPUMETUIAMMOHMS OpoMHUIa
¢ mepeMelnMBaHueM B TeueHue 2 4. KpuTuaeckast KOH-
neHTpauus muuesasa [TAB —3To MuHMMaIbHASI KOHLIEH-
Tpalus, TP KOTOPOU MUIIEIIJIBI 00Pa3yIOTCsI B BOLHOM
pacTBOpE M NPEAOTBPAIIaIOT arperMpoBaHe MeTalI1-
YECKMX YACTU L ITyTeM 00pa3oBaHu sl aACOPOMPOBAHHO-
T'0 CJI0ST Ha TIOBEPXHOCTU YaCTUIL M MX CTAOMIN3alINN B
JHUCIIEPTUPOBAHHOM COCTOSTHMM B pacTBOpeE. XOPOIIO
JUCTIEPTUPOBAHHbIE YacTULbl (DOPMUPYIOTCSI TOJIBKO,
korna koHneHTpauus [TAB B 10 pa3 ipeBbIlTacT KpUTH-
YeCKYI0 KOHLIEHTpalL o MuLies (111 KaTuoHHbIX [TAB
970 3HaueHue coctaniset 0,92 mmonb/n). KaTuoHHBII
ITAB criocoGc¢TByeT Takke IJIUTEbHON CTabuJIbHOC-
TH METaJUTMYECKOTO THAPO30Jis, TaK KaK BEPTUKAIHHO
OPUEHTUPOBAHHbIN OUCION ajscopOupyeTcsl Ha MOBEP-
XHOCTH METaJUIMUYEeCKNX HAHOYACTHUIL (3JIEKTPOCTATH-
yeckasi M IpOCTPAaHCTBEHHAsI CTaOUIM3aLusl).

3aTeM MpeKypcop B MUIIEJJIEC TOBEIEeH 10 MeTaJlJIu-
YECKOT0 COCTOSTHUS J00aBICHUEM TI0 KATlJIIM BOIHOTO
pactsopa NaBH, (0,05 r B 10 My aucTHILIMPOBaHHOM
BOJABI) U MepeMellIMBaHUEM B TeUeHHe MPUMEPHO 3 4.
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[TosryyeHHBI MeTaIIMYECKU T HAHO30JIb YEPHOTO 1Be-
Ta ObLI M100aBJICH OTIACIBHO B BOINHYIO CYCIIEH3MIO CO-
OTBETCTBYIOIICH IIMHBI M OCTAaBJICH TIPY WHTECHCHUBHOM
nepeMelinBaHUM MPUOIU3UTENbHO Ha 24 4. Peakuus
nonHoro oomena Na' B ciiyuae cmektutam Li™ B coiyuae
rekToputa ¢ netunatrpuMmerunammonuem (CTAY) mpu-
BeJla K 00pa3oBaHUIO0 OPTaHOINIMHUCTOrO KOMILIEKCa C
OJHOBpEeMEHHBIM BHeapeHueM yactull Pt unm Ru, co-
OTBETCTBEHHO, BO BHYTpPEHHEE MPOCTPAHCTBO INIMHBI
(Mexny mutactuHaMu). OO6pa3ibl MOHTMOPUJIJIOHUTA C
BHEIPEHHBIMM YacTULIAMU MeTajlia (4epHOro 1liBeTa)
TIIATEJIBHO MPOMBIBAJINCH 3TAHOJIOM M TOJIYOJIOM IIJIST
yIaJIeHUsT N30bITKA MOBEPXHOCTHO-aKTUBHBIX BEIIECTB
B pacTBOpPEe M BBICYIIMBAJIWUCh Ha Bo3ayxe. Peakiuu
mexay Na™ u Li* B MexcitoitHom poctpanctse  CTAT
B MUIIEJIJIe CTUMYJIMPOBAJIN BHEAPEHNE aKTUBHBIX Ha-
HOYACTHUIL MeTajja B MEXCJIOHOe mpocTpaHcTBO. Mo-
Hel CTA", yuacTByiolmme B peakliii HOHHOTO 0OMeHa
¢ Na®, croco6cTBYIOT raApodOGHOCTU MOBEPXHOCTH
[JIMHBI.

PentrenorpaMMbl TONTBEPXKIAIOT, UTO KpPHUCTa-
JIMYHOCTH IMHUCTBIX MUHEPAJIOB He U3MEHUJIACh MTOC-
JIe BHEAPEHUS METaJIIMYeCKUX HaHovacTull. /laHHBIE
PEHTTeHOBCKOM MMM pPaKIIMKA ITOKAa3BIBAIOT, UYTO «(yiI-
JiepoBa 3eMJisl» (CMEKTUT) HaOyXaeT B 00JIbLIeH cTeneH!
(ot 1,472 no 5,923 um), yeM rektoput (ot 1,193 mo 1,92
HM). [1DM MukpodoTorpadun nponuTaHHBIX KaTaJli-
3aTOPOB M C BHEAPEHHBIMU MEXIY MIOCKOCTSIMU Yac-
TUILIAMU MeTaJljla TIOATBEPXAal0T YeTKOE pacCcerMBaHUe
Pt 1 Ru HanouacTuu. beo yctaHOBJIEHO, UTO AUAMETD
YacTHUIL MeTajjia COCTaBJISIeT OT 1 10 25 HM [UTSl pa3auny-
HBIX KaTaJan3aTopoB. TepMorpaMma MOHTMOPHUJIJIOHUTA
CBUIETEIBCTBYET O IBYX CTaIMSIX IIOTEPU Beca, a UMEH-
Ho mpu 90 °C BciencTBre MOoTepU aacopOUpPOBaAHHBIX
MoJieKysa Boabl U B obmactu 170—350 °C u3-3a pasio-
xKkeHust moHoB [TAB. M3 aTux m1aHHBIX MOXHO KOCBEH-
HO CYIMTh O TEPMUYECKON CTAOMIBHOCTU U JUaMa30He
TeMmIiepaTyp IJs MPOBeACHUS KaTaJUTUUYECKON peak-

LIMU C UCIOJb30BaHUEM METaTIMYECKUX MOHTMOPUJI-
JIOHUTHBIX KaTaJIN3aTOPOB.

Pesynbrarhl, mosyuyeHHbIE B XUIKOUM (hase TUAPU-
pOBaHUs KOPUYHOTO ajibAerMaa Ha CUHTE3WPOBAHHBIX
KaTajau3aTopax, yKas3blBalOT, YTO KaTajiu3aToOpbl MOTYT
OBITH MCITOJIb30BaHbI B Ka4eCTBE aJIbTEPHATUBHBIX IJIsI
peakuuii ruapupoBaHusi. Pt-CTA-MM 1 karanuzarop
0Ka3aJICd JIYYIIUM B peaKLIUU TUAPUPOBAHUS KOPUYHOTO
aJibIernia, MaKCuMaJibHast KOHBepcHst coctaBuia 60 % u
CEJIEKTUBHOCTb — 79 % MO KOPUYHOMY CIIUPTY IPU KOM-
HaTHOI TeMIlepaType U AaBJAeHUU Bogopoaa 9 6ap. Kata-
nm3atop Pt-CTA-MM 2 noka3zan 6oJiee BHICOKYIO CTETIEHb
koHBepcuu, yeM Pt-CTA-MM 1 , HO ero celeKTUBHOCTh
OblJIa MEHBIIIE, YTO OOYCJIOBJIEHO HAJIWYMEM KPYIHBIX
YacTuIl. YBeJIMUEeHHas] KaTaIuTUYeCKasi aKkTUBHOCTh Pt
MOHTMOPUJIJIOHUTHBIX KaTaJM3aTOPOB C JIy4ylleld ce-
JIEKTUBHOCTBIO 00YCJIOBJIEHA OOJIBIIUM d-0pOUTaTbHBIM
paclIMpeHueM TUIATUHBI 10 cpaBHEHUIO ¢ Ru, 661b1iuMu
PACCTOSIHUSIMU MEXIY CJIOSIMU M OOJIbllIeil KUCIOTHOC-
TBIO «(PYJIJIEPOBOIT 3eMJIN» IO CPABHEHUIO C TEKTOPUTOM.
Hanenue Bomopona 9 6ap u remreparypa peakinu 30 °C
SIBJISIETCS] ONTUMAIbHOMN ST TOCTUXKEHU ST BHICOKOW KOH-
BEPCUU U CeNIEKTUBHOCTU. [loBbIllIEHUE TeMIiepaTypbl 1
JTaBJICHUS YBEINYUBAET TOJIBKO KOHBepcHto. CeleKTUB-
HOCTb YMEHbILIAETCSI C POCTOM TeMIIepaTypbl U HE U3Me-
HSIETCSl C yBeJMueHueM nasieHus. V3yueHue BAusiHUS
pacTBOPUTENISI B pEaKkIMd C KOPUYHBIM aJIbJeTUIOM
MOKa3bIBaeT, YTO MOJSIPHBINA pacTBOPUTEb B OOJbIIEH
CTErNeHU TMOBBIIIAET KOHBEPCUIO 00pasiia ¢ MaKcuMasb-
HOI CeeKTUBHOCTHIO. MccnenoBaHvie BIUSHUS BpEMEHU
KOHTaKTa IMO0Ka3aJo OTCYTCTBUE Iepuoaa TOPMOXEHUS
JUUTSI BCeX KaTalu3aToOpoB B U3yuyeHHOU peakiuu. Cpas-
HEHUE KaTaJUTUYeCKO aKTUBHOCTU BHOBb CUHTE3UPO-
BaHHbIX Pt 1 Ru kaTanuzaropoB ¢ mponuTaHHbIMU Pt 1
Ru karanunzaTopamMu rmokasaJjio, 4TO IepBbIe 0oJiee celeK-
TUBHBI B OTHOILIEHU Y OCHOBHOTO MPOyKTa — KOPUIHOTO
crnuprta. [IponuTaHHbIE KaTaJIU3aTOPbl UMEIU OOIbILIYIO
aKTUBHOCTb, HO MEHBIIIYIO CEJIEKTUBHOCTb.
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