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1.ABSTRACT 

This project high lights the development of efficient solid acid catalysts from palygorskite 

for acetylation and alkylation reaction in the liquid phase. Clay minerals were collected from Korvi 

Fuller‘s Earth Limited Karnataka, Asha Pura Mine Chemicals, Gujarat and Ashwa Minerals Pvt. 

Ltd, Baraya, Hyderabad. The preparations of the catalysts were done by four modification methods 

such as acid activation, metal salt supporting, metal ion exchanging and carbonization of sucrose on 

palygorskite supports followed by sulfonation with concentrated sulfuric acid. Acid activation of 

palygorskite collected from different places such as Karnataka, Gujarat and Hyderabad was done by 

refluxing the purified sample with sulfuric acid solution of different concentration. Metal salt 

supported catalysts were prepared by supporting the clay mineral with FeCl3, MnCl2, CoCl2, SnCl2, 

ZnCl2 and AlCl3 and metal ion exchanged catalysts were prepared by exchanging the clay minerals 

with Fe
3+

, Mn
2+,

 Co
2+

, Sn
2+

, Zn
2+ 

and Al
3+

. Sulfonated carbon palygorskite composite was prepared 

by incomplete carbonization of sucrose on palygorskite supports and followed by sulfonation. 

Characterization was done by using XRD, SEM, FTIR, NH3 - TPD, acidity measurements, 

chemical analysis, cation exchange capacity and BET surface area measurements. Catalytic activity 

was tested by acetylation and alkylation reactions and the correlation between surface properties 

and catalytic activity was examined. Structural properties and catalytic activity of the prepared 

catalysts were compared with standard sample collected from Clay Mineral Society of Attapulgate, 

Department of Geology PFLI US Repository, Missouri, Columbia. 

The structural features of palygorskite were retained during the various modifications. Ion 

Exchange is found to be the most effective method of modification among the four methods 

selected in the present study.  Out of the 66 catalysts prepared, iron exchanged palygorskite 

(collected from Hyderabad) was found to be the most active catalyst in both alkylation and 

acetylation reactions. These are nontoxic, inexpensive and reusable catalysts which can effectively 

catalyze the reaction in good yields. Modified palygorskite was found to be an efficient catalyst for 

alkylation of a number of aromatic hydrocarbons such as benzene, naphthalene, para xylene, 

anisole, biphenyl and toluene. It was also found to be active in acetylation of primary and 

secondary alcohols and there was no loss of catalytic activity even after four cycles. 
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2. INTRODUCTION 

2.1 Introduction 

Catalysis is a phenomenon known from very ancient times, although not so its theory or 

characteristics, now a day it plays a fundamental role in the manufacture of the vast majority of 

chemicals used by our society [1]. Catalysis is the term proposed in 1835 by John Jacob Berzelius. The 

idea of catalysis was clearly formulated by Wilhelm Ostwald according to him ―there is probably no 

chemical reaction which cannot be influenced catalytically‖. The first known use of inorganic catalyst 

is from1552 when Valerius Cordus used sulfuric acid to catalyze the conversion of alcohol to ether [2]. 

Catalysts usually accelerate the chemical reaction which is not consumed during the reaction. A green 

catalyst simultaneously achieving the dual goals of environmental protection and economic benefits. 

The design of chemical products and processes must be in such a way that they can eliminate the use 

and generation of hazardous substances and thus preventing the pollution and demonstrates the power 

and beauty of chemistry. Catalysts offers a number of benefits including lower energy requirements, 

catalytic verses stoichiometric amounts of materials, decreased use of processing and separation 

agents, increased selectivity and allows for the use of less toxic materials. Industrial progress includes 

the need to develop sustainable processes in which environmental impact is not amplified when 

economic growth is achieved [3]. Catalysis is one of the most important technical field due to its 

principal role in industrial chemical synthesis. 

2.1.1 Heterogeneous Catalyst 

Catalysts were classified in to homogeneous and heterogeneous catalysts. In homogeneous 

catalysis the reactant and catalysts are in the same phase where as in heterogeneous catalysis the 

reactant and catalysts are in different phases. The great majority of heterogeneous catalysts are solids 

and great majority of reactants are gases or liquids [4]. Homogeneous system offers better activity and 

selectivity as compared to heterogeneous catalysts. The disadvantages of homogenous catalysts are 

short life time, low thermal stability and difficulty of their recovery from the reaction medium. 

Heterogeneous catalysts usually have excellent thermal stability and they can be used in high 

temperature process. Another advantage of these catalysts is the ease of separation of the catalyst from 

the reaction mixture, reusability and possibility of continuous operation in a reactor without 

interruption. 

    The use of heterogeneous catalysts has grown in recent years as a result of the environmental 

and economic benefits it has, compared to homogeneous catalysts [5]. Therefore, efforts are being 

made to perform the replacement of homogeneous catalyst with heterogeneous ones. Heterogeneously 

catalyzed reactions fall mainly in to two groups (a) Acid base catalyzed reactions and (b) Oxidation-

reduction reaction. Metals and metal oxides usually catalyze oxidation – reduction reactions. 

2.1.2 Solid acid/base Catalysts 
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A number of reactions that are catalyzed by acids and bases in solutions can also be catalyzed 

by solids having acidic and basic properties. Compared to solid base catalysts a number of solid acid 

catalysts used in industrial process is very high due to its demand in the petroleum and petrochemical 

industry. Among the materials that can be used as solid acid catalysts, clays, zeolites, binary metal 

oxides, heteropoly acids and ion exchange resins are found to be better alternatives to corrosives and 

toxic liquid acid catalysts.  The main advantages of clays over other solid acid catalysts are, presence 

of both Lewis and Bronsted acid sites, no pore restriction, no poisoning, easy regeneration and less 

expensive. Above all clay catalysts are found to be eco-friendly. 

2.2 Clay minerals 

The term clay is applied both to minerals having a particle size of less than 2 micrometers. The 

clay may be composed of mixtures of finer grained clay minerals and clay sized crystals of other 

minerals such as carbonates quartz and metal oxides. Swelling is one of the important characteristics 

of the clay mineral. Swelling clay expands or contracts in response to changes in environmental 

factors which is reversible. Another important property of the clay mineral is the ability to exchange 

ions. This property relates to the charged surface of the clay mineral.  

Clays are essentially hydrous alumino silicate but often magnesium and iron can substitute 

aluminium in varying degrees. Alkali and alkaline earth minerals can also be essential constituents. 

The clay mineral structure contains continuous two dimensional tetrahedral sheet of composition Si2O5 

with SiO4 tetrahedron [6] linked by the sharing of three corners of each tetrahedron to form a 

hexagonal mesh pattern (Fig. A). 

 

Fig. A -Single silica tetrahedron (shaded) 

and the sheet structure of silica 

tetrahedrons arranged in a hexagonal 

network. 

Silicon atoms of the tetrahedrons 

are partially substituted by Al
3+

 and Fe
3+

 

ion to a lesser extent. The epical oxygen at 

the fourth corner of the tetrahedrons, which 

is usually directed normal to the sheet forms parts of an adjacent octahedral sheet in which 

octahedrons are linked by sharing edges (Fig. B).  

 

Fig. B- Single octahedron (shaded) and the 

sheet structure of octahedral units. 

One unit consist of two sheets of 

closely packed oxygens or hydroxyls in 
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which aluminium, magnesium or iron atoms are embedded in octahedral coordination so that they are 

equidistant from six oxygens or hydroxyls. In most of the clay minerals octahedral sheet is either 

occupied by divalent cations like Fe
2+

 and Mg
2+

 by trivalent cations such as Fe
3+

 and Al
3+

. When 

aluminium is present, only two third of the possible positions are filled to balance the structure and has 

the formula Al2(OH)6. When magnesium is present, all possible positions are filled to balance and has 

the formula Mg3 (OH)6. The former type falls in the tri octahedral series and the latter in di octahedral. 

The junction plane between tetrahedral and octahedral sheet consist of the shared oxygen 

atoms of the tetrahedron and unshared hydroxyls that lie at the center of each hexagonal ring of 

tetrahedron. Common cations that coordinate the octahedral sheets are Al
3+

, Mg
2+

, Fe
2+

 and Fe
3+

. 

When one octahedral sheet is linked to one tetrahedral sheet a 1:1 layer and when two tetrahedral sheet 

sandwich an Octahedral sheet, 2:1 layer are formed (Fig C). Cations may be found in between 

alumino silicate layers. 

 

Fig. C- Schematic representation of (A) 1:1-layer 

structure and (B) 2:1-layer structure 

2.3 Composition of clays 

2.3.1 Sepolite and Palygorskite 

Structure: 2:1 Tetrahedral 

Composition:(MgAl)2Si4O10OH4H2O 

Sepiolite and palygorskite are magnesium 

alumino silicate with fibrous structure. The structures of sepiolite and palygorskite are alike. Both of 

them contain tetrahedral layer which is not continuous. It inverts its apical directions in adjacent 

ribbons and each ribbon alternating with channels along the fiber axis. The major difference between 

sepiolite and palygorskite is that the width of the ribbon is greater in sepiolite than in palygorskite.  

2.5 Palygorskite clay mineral 

Chemical formula: (Mg,Al)2Si4O10(OH).4H2O 

It comes under the category of phyllosilicates (2:1 layer silicates). It is a fibrous clay and is 

also known as attapulgite or fuller‘s earth. This fibrous nature gives the clay a high porosity and 

surface area which provide excellent gelling properties and sorption. The properties such as high 

acidity and surface area which makes the clay a good solid acid catalyst. Substitution of silicon for 

aluminium atoms in the tetrahedral units provides the clay a cation exchange capacity (CEC) ranging 

from 20 to 30 meq /100g [7]. The main uses of palygorskite are clarifying agents for oils, filter aids, 

oil spill absorbents, soil improvers, pesticide carriers, animal litters and toxin binders for humans and 

animals. The hybrid pigment called Maya Blue, it was used during pre-Colombian meso American 

period which is a combination of palygorskite, indigo dye and metallic particles [8,9]. 
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  Fig. D- Structure of palygorskite 

 

Its acidity and surface area can be 

improved by progressive acid treatment/metal salt 

supporting or metal ion exchanging. Acid treated 

palygorskite is reported to catalyze reactions like 

esterification, Isomerization, polymerization etc. 

Mineral data of Palygorskite 

Palygorskite : (Mg,Al)2Si4O10(OH).4H2O 

Crystal data: Monoclinic, Point group 2/m. crystals are tiny laths, flattened 

on{100},elongated along [001], to 1 cm. Fibrous, forming tangled mats 

termed ―mountain leather‖, compact. 

Physical properties: Cleavage: Good on {110}. Hardness:2-2.5. Tenacity: Tough. D (meas) 

= > 1.0 - 2.6. D (calc.):[2.35] 

Optical properties: Semitransparent  colour: Yellowish, White, grayish, gray green. 

Luster: Earthy to waxy 

Optical class Biaxial (-). Pleochroism: For colored varieties, X=Pale yellow,Y=Z= 

Pale yellow green, 

Orientation: Z ˄ C α = 1.522-1.528, β=1.530-1.546, γ=1.533-1.548. 2V(meas)=30º-

61º. 

Cell data: Space group: C2/m. a=12.78  b=17.86   c=5.24  β=95.78º Z = 4 

X-ray powder 

pattern: 

Shapillo Creek, New Mexico, USA 

10.44(100), 

4.262(22),4.466(20),2.539(20),3.096(16),3.679(15),6.36(13) 

Chemistry: 

 

 

 

 

 

 

 

 

 

 

Association: 

 

Name: 

(1) Attapulgus, Georgea, USA. Correspond to (Mg0.99 Al0.68 Fe
3+

0.18 

Ca0.16 Ti0.04) ∑=2.05 

(1) 

SiO2         55.03 

Al2O3       10.24 

Fe2O3     3.53 

MgO      10.49 

K2O        0.47 

H2O
+
       10.13 

H2O
-
        9.73 

Total       99.62 

Calcite, dolomite, talc, chlorite, quartz, ―chalcedony‖, ―opal‖, 

montmorillonite. 

For the type locality palygorskaya, Russia [10]. 
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2.6 Properties of clay minerals that contributes to their catalytic activity. 

2.6.1 Acidity 

Aluminium in alumino-silicate is the source of the acidic nature of the surface. Al
3+ 

replacing a 

Si
4+

in tetrahedral coordination, gives rise to a net negative charge [11]. A charge balancingH3O
+
 

associated with such tetrahedral aluminium corresponds to a Bronsted or protonic acid site. 

Aluminium in the three-fold coordination perhaps occurring at an edge or arising from a Si –O- Al 

rupturing or de hydroxylation of the Bronsted site would corresponds to Lewis site. An octahedral Al
3+

 

located at a platelet edge will function as a Lewis site after thorough dehydration. Such aluminium 

ions would be electron pair accepters and would function as aprotic acid in the Lewis sense. 

Obviously, water will convert the Lewis site in to Bronsted site. 

Acidic properties of the clay minerals strongly depend on the type of the clay, the exchanged 

cations and the water content. Both total acidity and acid strength increased markedly when the clay 

was converted to the hydrogen form. Acidity of the clay is due to the dissociation of adsorbed water. 

This dissociation is induced by the polarizing power of the cation in the inter layer, which depends on 

the size and the charge of the ion. When the water content is reduced less than 5% by weight, the 

acidity increases because polarization of the cation is less dissipated [12]. Removal of all the water 

from the clay by calcinations above 200ºC results in a marked reduction in the Bronted acidity [13]. 

2.6.2 Cation exchange capacity 

Isomorphous substitution of cations in the lattice by lower valent ions, e.g. The substitution of 

aluminium or silicon, magnesium and/or ferrous ion for aluminium or sometimes lithium for 

magnesium, leaves a residual negative charge in the lattice that is balanced by other cations [14]. 

These cations can be readily replaced by other cations when brought in to contact with these ions in 

aqueous solution. 

The heat evolved in the course of an ion exchange reaction is usually rather small~ 2kcl/mole. 

In clay minerals the commonest exchangeable cations are Ca
2+

, Mg
2+

, Na
+
, K

+
, and NH

4+
. The 

common anions are SO4
2-

 , PO4
3-

 Cl
-
, NO3

- 
etc. [15]. The property of ion exchange and exchange 

reactions are of very great fundamental and practical importance in all the fields in which clay 

minerals are studied. Brocken bonds around the edges of alumina-silica units in clay minerals would 

give rise to unsatisfied charges, which would be balanced by adsorbed cations. The exchange capacity 

and the number of broken bonds would increase as the particle size decreased. The exchange capacity 

would be increased as the degree of crystallinity decreases and also lattice distortions would tend to 

increase the broken bonds.   

The replace ability of a given ion varies with the nature of the ion. Other thing being equal 

higher the valence of the ion the greater is it‘s replacing power and the more difficult it is to displace 

when already present in the clay. Among the ions of the same valance, replacing power tends to 

increase with increase in the size of the ion. The size of the hydrated ion rather than the size of the 
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non-hydrated ions controls the replace ability. The power of common ions is in the order Na < K < Ca 

< Mg < NH4.   

2.6.3 Surface area 

Specific surface of clay minerals plays an important role in its catalytic activity. Surface area is 

characteristics of the nature of the clay mineral. Naturally occurring palygorskite has a surface area of 

67.4m
2
 /g. Acid activation increases the surface area. The increase in the surface area is mainly due to 

the elimination of octahedral cations and generation of silica. Acid activation increases the total pore 

volume due to the development of meso porosity.  

2.7 Modification of clays 

Naturally occurring clay minerals are not always found to be an efficient catalyst. Catalytic 

performance of the clays can be improved by shaping the properties such as acidity, surface area, 

thermal stability, porosity, mechanical strength etc. Various methods of modification include acid 

activation, metal salt supporting, metal ion exchanging, pillaring, organic modification etc. 

2.7.1 Acid activation 

Acid activated bentonites were among the earliest known solid acid catalysts. Acid treatment 

produces clean surfaces, which have the property of donating protons and increased amount of surface 

area. Acid activation usually done by treating the clay mineral with hydrochloric or sulphuric acid at 

moderately elevated temperature [16]. The treatment should be sufficient for substantially complete 

removal of absorbed alkali and alkaline earth elements. The exchangeable ions are usually replaced by 

hydrogen. The proton penetrates the octahedral part of the lattice displacing magnesium, aluminium 

and iron. The protons from the acid probably join with oxygen in the octahedral unit to form hydroxyls 

there by freeing the octahedral cations. Magnesium, aluminium and iron proceed from octahedral 

position to exchange sites and then in to solution at a rate and degree depending on the treatment 

procedure. e.g. acid concentration, time and temperature [17]. Acid activation of palygorskite, 

resulting in the partial leaching of ions increases the surface area and porosity and decrease the particle 

density. The surface area is increased from about 50-300m
2
/g in the finished catalyst. Generally, a 

substantial increase in surface area is necessary to develop adequate catalytic properties but there is no 

direct correlation between the surface area and catalytic activity [18]. Acid treatment serves to change 

the pore size distribution. Crystallinity of the palygorskite is usually retained during catalyst 

preparation. The more intense the acid treatment, the more the structure of palygorskite is affected. A 

significant property of catalyst is their shelf life, during which they preserve their catalytic activity 

[19]. 

2.7.2 Metal salt supporting 

Metal salt supported reagents have been widely used in organic synthesis for the last 30 years 

and their importance is likely to increase as a result of new environmental legislation and the drive 

towards clean technology. Solid acids are the most widely studied supported reagents [20]. Clay based 
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materials have been used as catalysts in liquid phase organic reactions for many years. Initial 

screening of various metal reagents supported on acid treated palygorskite revealed that while most 

reagent reduced the already law activity of acid treated clay, supported MnCl2.4H2O, AlCl3.6H2O, 

FeCl3, CoCl2.6H2O, SnCl2.2H2O and ZnCl2 give a definite enhancement in activity.  

2.7.3 Metal ion exchanging 

Metal ion exchanged clay minerals possess catalytic potentialities in their own right as an acid 

and redox catalyst without any additional treatment. Catalytic activity arises from the intrinsic activity 

of the metal ion and surface acidity generated due to cation exchange [21-28]. The restricted 

environment of the clay interlayer often facilitates the shape selectivity of the reaction products. By 

suitable choice of the cation in the interlamellar space, acidity and polarizability of water in the 

environment can be varied. 

2.7.4 Organic modifications. 

Clay minerals with distinct layered structures have found wide application for a long time, such 

as catalysts and catalytic supports or porous adsorbents for organic substance [29]. Covalent grafting 

of organic units on inorganic surfaces have been developed mainly for chromatographic applications 

[30]. Covalent grafting of organic units on an inorganic surface leads to materials combining 

functionalities and specific properties of the support [31]. 

Reports in the literature of such covalent grafting on natural clay minerals are rather scare. 

Alberty et al [33] reported the synthesis of organically modified zirconium phosphate with uniform 

pore size by controlling the ordering of organic units [34]. Choudiri et al have reported the anchoring 

of palladium(Ⅱ) catalysts [34-36] and of zirconium salts [37] in the interlamellar space of 

montmorillonite. Organo silane reagents have been used to graft organic units on silanol groups of 

various minerals [38] 

2.7.5 Composites 

In recent years‘ polymer or layered silicates nano composites have attracted great interest, both 

in industries and academia [39]. 2:1 clay mineral species play a major role in preparation of organo 

clays as a host material because of their layered silicate structures, high cation exchange capacities, 

nontoxic properties, great adsorption abilities, high surface area, porosities, dispersion in water 

hydration and perfect swelling properties [40-48].  

The preparation of organo clays is an important process to improve the physical chemical 

properties of clay [49]. Also Sol-Gel reaction in the presence of dispersed organically modified 

montmorillonite was used to form delaminated clay structures [50]. Two common methods of 

exfoliating clay in polymer matrix include insitu polymerization and polymer mixing methods by melt 

compounding or solvent casting. 

2.7.6 Pillaring 
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Clays are very useful for many applications in the field of catalysis, ion exchange and 

adsorption. But one of the main disadvantage is the lack of permanent porosity. Smectites swell upon 

hydration but upon severe dehydration the layer‘s collapse and the interlayer surface become no longer 

accessible for chemical processes [51]. 

Researchers found a way to overcome these problem by the introduction of stable pillars in the 

inter-layer region. As a result, high pore volume is created. The pillared interlayered clay retains its 

porosity during dehydration or hydration process. The pillars provide new acid sites to the material 

and a permanent micro porous structure with in the interlayer that produces a considerable increase of 

specific surface area [52-55]. The studies with pillared clays began during the oil crisis in the 70‘s as 

optimal catalysts to zeolites. In recent times, due to their features pillared clays are used as catalysts or 

catalysts support in several reactions and as adsorbents for organic [56-60] or inorganic [61,62] 

pollutants.  

2.8 Advantages of clay based catalysts.  

Natural and modified clay minerals are versatile heterogeneous catalysts for a wide variety of 

organic reactions. A very significant advantages of clay catalysis stem from the reduction in 

dimensionality of the reaction space. Clays are two dimensional layered solids. Because of the 

reduction from D=3 to D=2 frequency of the collisional encounters by several orders of magnitude 

accelerating the reaction conducted on the clay surface. Another advantages of clay surface are the 

ability to stabilize polar transition states and intermediates. This is due to the presence of the electric 

double layer at the clay interface. High surface acidity of the clay surface is another advantage of the 

clay catalysts. It is noteworthy that the clay minerals after washing with mineral acids have surface 

acidities that place them in between concentrated sulphuric and nitric acids. The clay surface bears 

negative charges. These are delocalized on the oxygens of silanoxide groups. Accordingly, 

deprotonation of the intermediates in to products occurs rapidly due to the proximity of the reservoir 

of proton attachment [63-69]. Clay surface also bears Lewis acid sites. The number of Lewis acid sites 

can be enriched by cationic exchange of the interstitial cations with transition metal ions such as Fe 

(Ⅲ). Clays bear radical centers also after they have been subject to dehydration activation, by the 

elimination of water molecule from surface silanol groups [70-78]. They exist either isolated or 

bridged in to peroxy linkages. They can also lead to protection of Superoxide, O2
2-

. Accordingly, clay 

surfaces are able to oxidise most aromatic substrates in to their radical cations. These are likely 

intermediates on the way from reactants to the Wheland like transition state. 

2.9 Clay catalysts in organic synthesis 

Clay minerals are very abundant in earth crust. They are the part of healthy soil make up and 

are nontoxic. Human beings built their life in the soil from ancient years on wards. This reveals the 

environment friendly nature of the clay minerals. Clay minerals are found to catalyze a number of 

organic reactions. It acts as a heterogeneous catalyst in liquid phase reactions and having a wide 

variety of applications in green chemical synthesis. Acids such as H2SO4, HF, AlCl3etc. are widely 

used in chemical industries. The US petroleum refining industry alone uses ~ 2.5 M tons of H2SO4and 
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~5000 tons of anhydrous HF annually. These are highly toxic and corrosive. Also separations of the 

catalyst from liquid products are very difficult. There are a large number of well-studied solid acids 

available as replacement for liquid acids such as binary metal oxides, Zeolites, Clay catalysts, hetero 

poly acids and ion exchange resins. The slow diffusion of reactants through the zeolitic micro porous 

structure makes Zeolites relatively poor catalysts. Furthermore, Zeolites are found to be de active at 

high temperature due to coke formation [79-83]. Clay minerals are found to be a better alternative 

because they possess both Lewis and Bronsted acid sites, they have no pore restriction, no poisoning, 

they can be easily regenerated, less expensive and also eco-friendly. Clay catalysts are mainly 

developed by the surface modification of montmorillonite, kaolinite and palygorskite. Most of the 

studies were dealing with swelling smectite minerals and very little work was done on palygorskite.  

Palygorskite is a hydrated magnesium alumino silicate mineral with a fibrous morphology. This clay 

has been mined for centuries because of its useful properties such as large surface area and micro 

porosity. It has many commercial uses in the fertilizer, pharmaceutical and pesticide industries [84-

87]. 

Clays have a long history of use as catalysts and as supports in organic reactions [88]. Recently 

interest is shown in the organic transformation and improvement of selectivity of reactions in the 

presence of a variety of solid catalysts, including clay catalysts, and many useful syntheses methods 

were developed [89,90]. Currently the authors are much interested in the use of metal cation –

exchanged clays as one of such catalysts for organic syntheses [91-98]. The clay minerals often 

displaying highly sought product, regio or shape selectivity. The benefits of modification of clays lies 

in the fact that the inter lamellar cations can be very easily replaced by other molecules or cations. 

Several excellent reviews on clay catalyzed organic reactions have appeared in the recent past 

[99,100]. 

Commercially available alumina is (Al2O3) is known to catalyze or promote a variety of 

organic transformations [101,102]. However, alumina doped with potassium fluoride (KF/Alumina) 

has been extensively used as solid basic surface in vast range of organic transformations [103]. Much 

of the work on clays focus on the use of ―normal‖ smectites, mostly the commercially available K10 

and KSF or native varieties with Bronsted or Lewis acid sites and enhancing their catalytic 

performance by pillaring techniques to manipulate the pore size, surface area and stability or replace 

inter layer cations to alter acid base properties [104,105] 

The search of new application of palygorskite as either catalyst or catalyst support material is 

still ongoing.  Palygorskite with the appropriate treatment could be converted in to an efficient solid 

acid catalyst for alkylation reaction. Alkylation is an important industrial organic reaction and is 

applied on a large scale in the chemical industry [106-108].  

  Although the use of clay as solid acid catalyst is an old concept, there is still a wide interest in 

the use of acid modified /ion exchange/metal salt supporting clays, not only because of their low coast 

but also because of structure and dimension of their pores appear more suitable compared to Zeolites 

for the conversion of large molecules. Acid treated palygorskite is reported to catalyze reactions like 

esterification, Isomerization, polymerization [109]. The acid activation improves the surface area and 
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catalytic properties of the clays. Leaching of the natural clays with inorganic acids causes a 

disaggregation of the clay sheets, elimination of impurities and dissolution of the external layers thus 

altering their chemical composition and structure. The result is an increase of surface area, porosity 

and number of acid sites with respect to the parent clays, depending on intensity of the treatment. In 

addition to acid activation acidity, surface area and pore size distribution of natural clay minerals can 

be manipulated by different methods such as metal salt supporting and metal ion exchanging. 

Supported reagents have been widely used in organic synthesis for the last 30 years and their 

importance is likely to increase as a result of new environmental legislation and the drive towards 

clean technology. Solid acids are most widely studied of supported reagents [110]. Initial screening of 

various metal reagents supported on acid treated palygorskite revealed that FeCl3 supported 

palygorskite give a definite enhancement in activity. Metal ion exchanged clay minerals possess 

catalytic potentialities in their own right as an acid and redox catalyst without any additional 

treatment. Catalytic activity arises from the intrinsic activity of the metal ion and surface acidity 

generated due to cation exchange [111]. The restricted environment of the clay inter layer often 

facilitates the shape selectivity of the reaction products.  The acidity and polarizability of water in the 

environment can be varied by suitable choice of the cation in inter lamellar space. 

Acetylation is commonly performed under homogeneous catalysis with acetic anhydride in 

presence of bases, such as pyridine [112], 4- (dimethylamino) pyridine (DMAP) [113], tertiary amines 

[114], 4-pyrrolidino pyridine [115], tetra methyl ethylene diamine [116] and tributyl phosphine [117] 

or acids such as p- toluene sulphonic acid [118], TaCl5 [119], RuCl3 [120], CoCl2 [121], ZnCl2 [122], 

metal triflates Cu(OTf)2 [123], In(OTf)3 [124], Sc(OTf)3 [125]. However, these methods pose several 

environmental and technological problems like long reaction time, use of highly flammable and 

expensive reagents, formation of byproducts, law yield of desired product, difficulty in separation, 

recovery of desired product, disposal of spend catalyst, high corrosion, toxicity etc. [126]. In view of 

this development of eco-friendly heterogeneous solid acid catalyst for acetylation reaction is of great 

practical importance. Various solid acid catalyst reported for acetylation reactions using acetic 

anhydride are Zeolites [127-130], mesoporous supported Lewis and Bronsted acids [131-134], 

supported heteropoly acids on silica and Silica-Zirconia [135] modified metal oxides, supported ionic 

liquids, Nafion or Nafion like composites [136]. However most of these catalysts show several 

disadvantages such as rapid catalyst deactivation, low product yields, complexity in method of 

preparation, production of wasteful products and severe reaction conditions [137]. 

Acetylation of alcohols is   having a wide variety of applications in food or cosmetic industries, 

fragrances, solvents plasticizers and pharmaceuticals [138-141]. The most convenient method for 

acetylation reaction is the use of acetic acid as acetylating agent because only water is produced as by 

product. The catalyst used in the acylation of alcohols and phenols with acetic acid include mineral 

acids [142], titanium and tin salts [143], anhydrous sulphate and catalytic amounts of sulphuric acid 

[144], aluminium phosphate or molecular sieves [145], sulphated zirconia [146], ion exchange resins 

[147] and Lewis acids [148]. The catalyst prepared by the modification of palygorskite was reported to 

catalyze reactions like oxidation of ethanol [149] and styrene [150], polymerization of caprolactone 
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[151], synthesis of alcohol [152] etc. Acid activated attapulgate was an efficient solid acid catalyst for 

acetylation reaction [153]. The acid activation improves the surface area and catalytic properties of the 

clays. Leaching of the natural clays with inorganic acids causes a disaggregation of the clay sheets, 

elimination of impurities and dissolution of the external layers thus altering their chemical 

composition and structure. The result is an increase of surface area, porosity and number of acid sites 

with respect to the parent clays, depending on intensity of the treatment. In addition to acid activation, 

acidity, surface area and pore size distribution of natural clay minerals can be manipulated by different 

methods such as metal salt supporting and metal ion exchanging.  Metal ion exchanged and metal salt 

supported palygorskite give better results.  Supported reagents have been widely used in organic 

synthesis for the last 30 years and their importance is likely to increase as a result of new 

environmental legislation and the drive towards clean technology. Solid acids are most widely studied 

of supported reagents [154]. Initial screening of various metal reagents supported on acid treated 

palygorskite revealed that FeCl3 supported palygorskite give a definite enhancement in activity. Metal 

ion exchanged clay minerals possess catalytic potentialities in their own right as an acid and redox 

catalyst without any additional treatment. Catalytic activity arises from the intrinsic activity of the 

metal ion and surface acidity generated due to cation exchange [155]. The restricted environment of 

the clay inter layer often facilitates the shape selectivity of the reaction products.  The acidity and 

polarizability of water in the environment can be varied by suitable choice of the cation in the inter 

lamellar space. 

 Several solid acids have been reported in alkylation process such as H-Y, HZSM-5 and Hβ  

Zeolites [156-158],  sulphated Zirconia [159,160], SbF5 [161],  Fe2O3  or FeCl3 supported on micro-

[156], Meso- [156,162] and macroporous material [156,163], Zn-MCM-22 [164], Sb supporting K10 

[165], Si-MCM-41 supported Ga2O3 and In2O3 [166], ion exchanged clays [167], clayzic [168], Ga-

HMS [169], InCl3, GaCl3, FeCl3 and ZnCl2 supported  on clays and Si MCM-41 [170], H-ZSM-5 

[171] and FeCl3, MnCl2, CoCl2, NiCl2, CuCl2, ZnCl2 supported on acidic alumina [172] for the 

benzylation of benzene and other aromatic compounds, supported thalium oxide catalysts [173], solid 

super acid and silica-supported polytrifluoro-methane sulfosiloxane [174], H2SO4, HNO3 and 

HClO4/meta kaolinite [175], alkali metal salts and ammonium salts of keggin-type heteropoly acids 

[176], solid super acids based on sulfated ZrO2 [177,178], Ga and Mg-oxides and chlorides derived 

from Ga-Mg-hydrotalicite [179], Ga-SBA-15 [180], Fe-containing mesoporous molecular sieves 

materials [181,182], Fe-, Zn-, Ga- and In-modified ZSM-5-type zeolite catalysts [183], Ga and Mg-

oxides and chlorides derived from Ga-Mg-hydrotalicite [184]  

Recently palygorskite carbon nano composite prepared by hydrothermal carbonization of 

glucose in the surface of palygorskite crystals was used as an adsorbent and exhibited high adsorption 

ability for Cr
3+

and Pb
2+

 [185]. Carbon palygorskite composite could also be obtained through vapour 

deposition polymerization of furfuryl alcohol. Subsequently, the carbon palygorskite composite was 

used to prepare mesoporous carbon after the removal of palygorskite by using HF as an etching agent 

and has high adsorption ability for tannic acid. 
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                        3. LITERATURE SURVEY 

Alkylation and acetylation are important reactions which are catalyzed by acids. Ganapati D. 

Yadav et al designed a novel mesoporous solid acid catalyst named UDCaT-4 for alkylation reaction 

by loading persulfated alumina and zirconia in to highly ordered, hexagonal mesoporous silica. The 

superior catalytic activity of UDCaT-4 is attributed to the uniform dispersion of super acidic centers of 

persulfated alumina and zirconia in to hexagonal mesoporous silica. [186]. Suresh M Kumbar et al 

studied the alkylation of para cresol with tert-butanol using heteropoly acid supported on titania as 

solid acid catalyst [187]. Butylation of para cresol with tert-butanol was investigated on titania 

modified with 12-tungstophosphoric acid catalyst under vapour phase conditions. The catalytic 

activity mainly depended on tungstophosphoric acid coverage and highest activity corresponds to 

monolayer coverage of tungstophosphoric acid on titania. 

Alkylation reaction on a zeolite catalyst was conducted in supercritical phase isobutene or 

isopentane. The study was carried out by Li Fan et al [188] compared to the reactions conducted in a 

gas phase or liquid phase, the supercritical phase alkylation reaction exhibited higher activity, along 

with an obviously longer life time, on a Y type zeolite catalyst. Lewis acidic site were found to be the 

active sites for the alkylation reaction. High molecular weight olefins formed through oligomerisation 

reaction readily deactivated the Lewis acidic sites, as in gas phase or liquid phase reaction. Zabra 

Mehraban et al synthesized mesoporous aluminium silicate as remarkable solid acid catalyst for 

alkylation of phenol with 1-Octene. The catalyst shows the best activity and alkyl phenol selectivity 

[189]. 

Zinc modified MCM-22 as potential solid acid catalyst for Friedel-Crafts alkylation reaction 

[190]. The study was conducted by Sharad V Lande et al. The catalyst has excellent stability and the 

reaction is highly selective towards diphenyl methane. Zirconum incorporated MCM-48 solid acid 

catalyst with the different Si/Zr molar ratios were prepared by Tingshun Jiang et al and the catalyst is 

modified with H2SO4 and NH4NO3.There is no influence on mesoporous structure of MCM-48 after 

introducing of SO4
2-

or H
+ 

and these solid acid catalysts still retain the cubic mesoporous frame work 

[191]. Several zirconium incorporated mesoporous MCM-48 solid acid catalysts were prepared by the 

impregnation method and their physicochemical properties were characterized by Tingshun Jiang et al. 

These catalyst was found to be most promising and gave highest conversion among all catalysts [192]. 

Bejoy Thomas et al prepared rare earth exchanged (Ce
3+

, La
3+

and RE
3+

) H-Y zeolites as solid 

acid catalyst for the syntheses of alkyl benzene [193]. The rare earth exchanged zeolites could be 

efficient catalyst in the intermolecular coupling of the aromatic nucleus with activated compounds like 

long chain olefins under relatively mild reaction conditions in a continuous down –flow type reaction.
 

Montserrat Dieguez used palladium nanoparticles in allylic alkylation and Heck reactions 

[194]. They synthesized a series of palladium nano particles stabilized by chiral sugar based 

oxazolinyl - phosphate ligands. Jian Zheng Zhang et al developed an efficient quasi homogeneous 

catalyst for Susuki and Heck reactions in aqueous solutions [195]. 
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Sulfamic acid was found to be a cost effective and recyclable solid acid catalyst for Friedel- 

Crafts alkylation of indole with α, β unsaturated carbonyl compounds and benzyl alcohol. This study 

was conducted by Jing Yang et al [196]. M G Dekamin et al prepared an efficient and recoverable 

solid acid catalyst for three-component Strecker reaction of carbonyl compounds, amines and Tri 

methyl silyl cyanide. The three component Strecker reaction of wide range of aldehydes or ketones 

and different amines with TMSCN was efficiently catalyzed by nano-orderd mesoporous borosilicate 

at room temperature to afford the corresponding α-amino nitriles in high to quantitative yields in short 

reaction time.  

Maurizo et al developed a solid acid catalyst for benzene alkylation with ethylene catalyzed by 

aluminium and aluminium gallium pillared bentonites. The higher activity of the catalyst must be 

related to the presence of stronger Lewis acid sites on the pillars [197]. 

 Solid acid catalysts are of increasing importance for esterification in the production of bulk 

and fine chemicals. S. Storck et al proved that amorphous Sn/Si mixed oxides can be used as a better 

solid acid catalyst for esterification and etherification reactions [198] 

Fly ash supported cerium triflates as an active recyclable solid acid catalyst for Friedel-Crafts 

acylation reaction. The study was done by Chitralekha Khatri et al. This catalyst possessed significant 

amount of Lewis acidity comparable with other silica supported triflates [199]. Similar work was done 

by Ashu Rani et. al. Fly ash supported scandium triflate was found to be an efficient solid acid catalyst 

for Friedel crafts acylation reaction. In this work it was confirmed that activation of fly ash increased 

the surface silanol groups responsible for loading of scandium triflate species on fly ash surface [200]. 

J. Ni and F.C Meunier studied the esterification of free fatty acids in sun flower oil over solid 

acid catalyst using batch and fixed bed reactors. The aim of the work was to determine active and 

durable solid catalyst for the esterification of palmitic acid [201]. Eco friendly WO3-ZrO2 solid acid 

catalyst developed by Benjaram M Reddy and Pavani M Sreekanth [202]. The main advantages of this 

catalyst is eco-friendly, simplicity in the work up. 

Keith smith carried out acetylation of aromatic ethers using acetic anhydride over solid acid 

catalyst in a solvent free system. These catalysts are also tested for substituted ethers [203]. P 

Pushpaletha and M Lalithambika developed an efficient solid acid catalyst for acetylation of alcohols 

using acetic acid. The catalysts were active in acetylating a number of primary and secondary alcohols 

[204]. 

Shanhui zhu et al developed an efficient solid acid catalyst from graphene oxide for alcoholosis 

and esterification reaction [205]. It is highly active, selective and reusable solid acid catalyst for the 

production of alkyl levulinates through esterification or alcoholosis. A novel fibrous zirconium 

sulphate solid acid catalyst for esterification reaction was developed by Liao Yang et al [206]. The 

catalyst was prepared by using collagen fiber matrices. The catalyst has high catalytic activity and 

overcome the drawback of liquid acid catalysts. Hong Liu et al studied the hydrophilic /hydrophobic 

effect of porous solid acid catalysts for esterification reaction. The catalyst with phosphotungstic acid 
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fixed in a channels of SBA-15 have been successfully prepared and the fixation of the acid in the pores 

can increase the hydrophilic property of the catalyst [207]. 

An efficient and sustainable production of triacetin from the acetylation of glycerol using 

magnetic solid acid catalyst was done by Jinyan Sun et al. A possible reaction mechanism is proposed 

to explain the high conversion and good selectivity of this catalytic process [208]. 

Limin zhou et al carried out the acetylation of glycerol using different solid acid catalyst. 

Amberlyst-15 showed high activity and high selectivity towards diacetin and triacetin. The 

consecutive reaction of acetylation of glycerol and "sterric effect‖ of the product was confirmed [209]. 

Organo sulfonic acid doped polyaniline based solid acid catalysts was developed by A. Drelinkiewicz 

et al for the formation of bio-esters in trans esterification and esterification reaction [210]. 

4. OBJECTIVES OF THE PRESENT WORK 

The main objectives of the present work are 

  To prepare acid activated catalysts from palygorskite clay mineral using sulphuric acid as acid 

source.  

 Physicochemical characterization of the prepared catalyst using SEM, XRD, FTIR, surface area 

measurements, chemical analysis, TG/DTA and TPD-NH3 measurements. 

  Application of these catalysts for the synthesis of esters using primary and secondary alcohols 

and also for alkylation reaction of benzene, biphenyl, naphthalene, anisole para xylene and 

toluene using benzyl chloride, optimization of reaction parameters. Characterization of the 

product by gas chromatographic studies. 

 To prepare metal ion exchanged catalyst by simple ion exchange method. The metal ions used for 

exchange are Fe
3+

, Mn
2+

, Co
2+

, Sn
2+

, Zn
2+

 and Al
3+

. 

 Physicochemical characterization of these catalysts are done by SEM, XRD, FTIR, TG/DTA and 

TPD NH3 measurements. Application of these catalysts for the synthesis of esters and 

alkylated products. 

 To prepare metal salt supported catalyst by supporting FeCl3, MnCl2.4H2O, CoCl2.6H2O, 

SnCl2.2H2O, ZnCl2 and AlCl3, their characterization and application in alkylation and 

acetylation reaction. 

  To prepare sulfonated carbon palygorskite composite catalyst by carbonization of sucrose on 

palygorskite supports followed by sulfonation with concentrated sulphuric acid, their 

characterization and application in alkylation and acetylation reaction. 

  To compare the catalytic activity of acid activated, metal salt supported, metal ion exchanged 

and sulfonated carbon palygorskite catalyst with standard sample collected from clay mineral 

society of attapulgate Columbia. 
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5.MATERIALS AND METHODS 

5.1 Introduction 

      Clay minerals are versatile materials, which can be modified easily to solid acid catalysts. 

Clays collected from the mines contain impurities like carbonates, sulphates, silicates amorphous 

compounds and organic materials. These contaminants must be removed before the catalyst 

preparation. Catalysts were prepared from the purified clay samples using different techniques. 

Techniques used for the characterization of the clay catalysts are acidity, cation exchange capacity 

measurements, metal salt supporting, metal ion exchanging, preparation of sulfonated carbon 

palygorskite composite, scanning electron microscopy analysis (SEM), X-ray diffraction studies 

(XRD), TGDTA analysis, Fourier transform infrared spectroscopy (FTIR) and Temperature 

programmed desorption of ammonia (TPD-NH3) 

5.2. Clay samples and chemicals used in the present investigation 

Clay sample used for the present study was procured from Korvi Fuller‘s Earth limited 

Karnataka, Asha pura mine chemicals Gujarat and Aswa minerals Pvt. Ltd. Hyderabad. Chemicals 

used were ferric Chloride, stannous chloride, manganese chloride, zinc chloride, sodium hydroxide, 

hydrochloric acid, sulphuric acid, n-hexane, n- heptane, 2-butane, lauryl alcohol, acetic acid, 

naphthalene, p-xylene, anisole, toluene, benzene, biphenyl, benzyl chloride etc. 

5.3. Purification of clay sample 

   Purification is done by suspending the clay in water, stirring vigorously and allowing the 

coarser particles to settle. The fines have been passed through a 350 # B.S sieve to separate the clay 

particles of size less than 45 micrometers. The slurry is dried and the dry mass is disintegrated. 

5.4 Acid activation of the clay 

 Acid activation was done by refluxing the purified sample with sulfuric acid solution of 

different concentration in 1:4 ratios in a 250 ml R.B flask with condenser for 45 minutes. It was cooled 

and added to 1L water and allowed to settle. It was then vacuum filtered using Buchner funnel and 

conical flask and washed with distilled water until the pH of the filtrates remained at around 7 and thus 

free of anions. The materials obtained were dried in an oven at 110
o
C for 6 hours. It is then dis 

aggregated in a mortar. 

5.5 Preparation of the metal salt supported catalyst 

    Metal salt supported catalyst was prepared by supporting the clay minerals with Fe
2+

, Mn
2+

, 

Co
2+

, Sn
2+

, Zn 
2+

 and Al
3+

.This was done by treating the clay with corresponding metal chlorides in 

acetonitrile solution and the resulting solution was stand for 3 h in magnetic stirrer. This was then 

dried and activated at 110
0
C. 

5.6 Preparation of metal ion exchanged catalyst 

Acetylation was also done by exchanging the clays with Fe
2+

, Mn
2+

, Co
2+

, Sn
2+

, Zn
2
+. This was 

done by treating the clay with corresponding metal chlorides in water solution and the resulting 

solution was stand for 3 h in magnetic stirrer. This was then dried and activated at 110
0
C 

5.7 Preparation of sulfonated carbon palygorskite catalyst 
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5g of palygorskite was dispersed in to 50 ml of sucrose solution containing 1-7 g sucrose and 

ultrasonic irradiation for 30 min. After drying at 80º C overnight, sucrose- palygorskite composite was 

incompletely carbonized to obtain carbon palygorskite composite at 400º C for 3h. The sulfonation of 

carbon palygorskite composite was carried out in 50 mL of concentrated sulfuric acid at 150º C. This 

was kept under reflux and agitation for 10 h to introduce SO3H in to the amorphous carbon. After 

cooling to the room temperature, 500 mL of distilled water was added. It is then filtered washed with 

hot distilled water until the sulfate ion was no longer detected in the filtrate by testing with barium 

chloride solution. Sulfonated carbon palygorskite composite could be obtained after drying of the filter 

residue at 100ºC.  

5.8. Techniques used for the characterization of catalysts 

      5.8.1 Acidity measurements 

 Acidity of clay surface can be defined as the ability to convert an adsorbed neutral base to its 

conjugate acid. It is the most important parameter, which controls the catalytic activity of clay 

minerals. Clays contain both Bronsted and Lewis acid sites. Different methods are available for 

measure the acidity of clay. Catalysts were prepared by the acid activation of the fine fraction. Acid 

activation was done by using the samples collected from Karnataka, Gujarat and Hyderabad. Acid 

activated catalysts were prepared by refluxing clay samples with different concentration of sulfuric 

acid (0.1, 0.5, 1.0, 1.5 and 2 N) in solid to liquid ratio1:4 for 45 minutes. It was then filtered washed 

free of anions and then dried at 110
0
C. 

5.8.2 Sodium hydroxide titration method 

Surface acidity was determined by equilibrating 0.5g of clay catalyst with 40 ml 0.5 N sodium 

hydroxide for 24 hours at room temperature. After filtering off the clay the amount of base remaining 

was determined by titration with hydrochloric acid. The technique determines the total number of 

surface acid sites. 

5.8.3 Cation exchange capacity measurements  

The property of ion exchange and the exchange reactions are of very fundamental and practical 

importance in all the fields in which clay minerals are studied and used because the physical properties 

of clay materials are dependent on a large extent on the exchangeable ions associated with the clay. 

Cation exchange capacity of clays was determined by exchanging the cations of the clay by 

ammonium ions and measuring the amount of ammonium ions exchanged. 

Procedure: 0.5g of the clay sample was weighed into a centrifuge tube. It was shaken with 50 ml of 1 

N ammonium acetate solution (pH 7) and left overnight. After centrifuging, the clear solution was 

decanted and a drop of very dilute ammonium chloride was added. The slurry was washed with 90% 

alcohol until the centrifuge is free of chloride ions. The washed residue was transferred, diluted to 100 

ml and 0.5g of magnesium oxide powder was added. About 10 ml of saturated boric acid solution was 

mixed with a few drops of mixed indicator (Bromocresol green/methyl red) and the tip of the 

condenser tube was immersed into the boric acid solution. The flask was heated and the ammonia 

evolved was collected in the boric acid solution. The distillate was titrated against standard 

hydrochloric acid solution and the end point was indicated by a color change from green to pink. 

5.8.4 SEM Analysis 



17 
 

     Scanning Electron Microscopy (SEM), is used very effectively for studying clays because it 

gives a magnified three dimensional view of the clay surface with great depth of focus. It utilizes 

focused beam of electrons and these electrons interact with the sample, producing various signals that 

can be used to obtain information about the surface topography and composition. Scanning electron 

microscope can detect and analyze surface fractures, examine surface contaminations, provide 

information in microstructures, reveal special variations in chemical compositions, provide qualitative 

chemical analyses and identify crystalline structures. The SEM images were taken on a JEOL, Model 

JSM-6390LV from Sophisticated Analytical Instrument Facility, STIC Cochin CUSAT. 

5. 8. 5 X ray diffraction studies 

     X-ray diffraction is one of the most important characterization tools used in solid state 

chemistry and materials science. XRD is an easy tool to determine the size and the shape of the unit 

cell for any compound. The distance of atomic planes, d can be determined based on the Bragg‘s 

equation. 

nλ = 2d sin θ 

where n is an integer and λ is the wave length. Different clay minerals have various basal 

spacing or atomic planes. Different types of clays can alternate producing a completely different 

diffraction pattern. 

Powder XRD (PXRD) looks at a large sample of poly crystalline material, thus it is considered 

a bulk characterization method. It is considered a finger print for a given material. PXRD is a non-

destructive characterization method that can be used to gain information about crystallinity of a 

sample. The intensity of X-rays detected as a function of detector angle 2θ. X-ray diffraction patterns 

were recorded on a Bruker D8 Advance X-ray diffractometer. 

5.8.6 TG DTA analysis 

     Thermal analysis is the analysis of a change in a property of a sample, which is related to an 

imposed change in the temperature. The sample is usually in the solid state and the changes that occur 

on heating include melting, phase transition, sublimation, and decomposition. The analysis of the 

change in the mass of a sample on heating is known as Thermogravimetric analysis (TG). TG 

measures mass changes in a material as a function of temperature (or time) under a controlled 

atmosphere. Its principal uses include measurement of a material's thermal stability and 

composition.TG is most useful for dehydration, decomposition, desorption, and oxidation processes. 

The most widely used thermal method of analysis is Differential thermal analysis (DTA). In DTA, the 

temperature of a sample is compared with that of an inert reference material during a programmed 

change of temperature. The temperature should be the same until thermal event occurs, such as 

melting, decomposition or change in the crystal structure. 

5.8.7 FTIR analysis 

FTIR (Fourier Transform Infrared) Spectroscopy is an analytical technique, used for structural 

analysis. It provides information about the chemical bonding or molecular structure of the materials. It 

is a rapid easy and non-destructive technique widely used in clay mineral analysis. The FTIR spectrum 

of the clay mineral is sensitive to its environmental changes upon modification such as acid activation, 

pillaring, isomorphous substitution and preparation of clay supported catalyst. Near and infrared 
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spectroscopy has been used to investigate palygorskite containing clays because the anharmonic 

coefficient of the stretching modes for the structural OH groups are typically smaller than those of 

H2O. IR spectroscopic investigations yield useful information about hydration characteristics and inter 

layer cations. It is used for analyzing surface properties of supported catalysts. The selection of 

sampling technique used depends on the purpose of the study and on the physical state of the sample. 

KBr pressed disk technique was found to be very useful for a routine characterization of both di-and 

trioctahedral clay and for examination of structural modification of smectite during acid treatment 

[211]. FTIR spectra were recorded on a Thermo Nicolet spectrometer in a range of 4000-400cm
-1

using 

KBr pellets. 

5.8.8 Surface area measurements 

In 1938 Stephen Brunauer, P.H. Emmet and Edward Teller, they were working on ammonia 

catalysts, first developed a method to measure the specific surface of finely divided and porous solids. 

The BET method is based on adsorption of gas on a surface. The amount of gas adsorbed at a given 

pressure allows to determine the surface area. It is cheap fast and reliable method applicable in many 

fields. More convenient form of BET equation as follows 

P/V(P0-P) =1/VmC+ (C-1) P/VmC P0 

Where P and P0 are the equilibrium and saturation pressure of ad sorbate gas at the experimental 

temperature. V is the adsorbed gas quantity and Vm is the monolayer adsorbed gas quantity, Cis the 

BET constant. 

By the BET equation we can calculate the cross section area of gas molecule. A graph 

ofP/V(P0-P) Vs P/P0 gives a straight line. The slope and intercept of which can be used to evaluate 

Vm and C. By knowing Vm, we can calculate the surface area. 

S. A = VmN0Am/22414W 

N0   = Avagadro number 

Am = Molecular cross sectional area of adsorbate 

 W    = Weight of the sample. 

 

The properties of the clay change with variation in the chemical composition. From the 

knowledge of a few well distributed members, the behavior of others may be predicted. Palygorskite is 

structurally related to amphiboles. The percentage of the content of SiO2, Al2O3 and Fe2O3 present in 

palygorskite was analyzed 

5.9 Chemical analysis 

The elements analyzed are SiO2, Al2O3 and Fe2O3.The clay samples are decomposed to effect 

complete dissolution by acid digestion and fusion. In acid decomposition samples are dissolved in 

hydrochloric, hydrofluoric, nitric, sulphuric, perchloric or phosphoric acid or combination of these. 

The most widely used acid dissolution technique is decomposition with hydrofluoric acid either alone 

or in conjunction with nitric or sulfuric acid. Decomposition by fusion at high temperature with alkali 

carbonates, hydroxides, borates or pyrophosphates usually in the sample to flux ratio of 1:7, results in 

a melt, which can be dissolved in water or acid to give a solution containing the constituent elements. 

5.9.1 Determination of SiO2 by gravimetric analysis 
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Clay sample was initially fused in to silicates and aluminates. This on acid treatment followed 

by dehydration and ignition gave pure silica. 

0.5 g of the finely powdered and dried sample (105-110ºC) was weighed in to platinum 

crucible.3g of fusion mixture (1:1 potassium/sodium carbonate mixture) was added to it. The crucible 

was covered with its lid and kept in electric Bunsen to fuse the contents completely. After the 

complete decomposition the crucible is allowed to cool. The melt was then dissolved in 1:1 

hydrochloric acid transferred to a china dish. The dish was placed on a water bath and evaporated the 

solution to dryness till there was no smell of hydrochloric acid. The evaporated mass was baked by 

keeping the dish in an air oven at 110ºC for one hour. After cooling the basin 10 ml conc. hydrochloric 

acid and 40ml hot water were added to it and digested on water bath for 10 minutes. It was filtered 

through a Whatmann No.40 filter paper and the precipitate was transferred to it. The precipitate was 

washed with hot dilute hydrochloric acid and then with hot water till it became free of chloride ions. 

The filter paper and the precipitate were transferred to an ignited, cooled and weighed platinum 

crucible. The filter paper was burned off by placing the crucible in an electric Bunsen. The crucible is 

cooled in desiccator and weighed to constant weight. The content of the crucible is moistened with 

water by adding 4-5 drop of 1:1 sulfuric acid and 10 ml of hydrochloric acid and evaporated to dryness 

on a sand bath. The crucible and the residue was ignited for two minutes at 1175º 

Percent of silica (SiO2) =[(W1-W2) ×100]/W 

Where W-Weight of the sample, W1-Weight of the basin and the impure silica before HF treatment, 

W2- Weight of the basin and the residue after the HF treatment. 

5.9.2 Determination of Al2O3 and Fe2O 

Clay samples are treated with hydrofluoric acid to remove the silica as the volatile silicon tetra 

fluoride. The residue is fused with potassium pyrosulfate to transform the metal ions to soluble salts. 

Decomposition and preparation of sample solution: 0.5 g of finely powdered and dried sample 

was weighed in to platinum dish. It was moistened with water and then 10 ml 1:1 sulfuric acid and 

10ml 40% hydrofluoric acid were added. The contents of the basin were evaporated on a heated sand 

bath to fume of the acids. The basin was cooled and another 10 ml hydrofluoric acid was added.it was 

evaporated to near dryness. The residue was fused with 5-6-fold quantity of potassium bisulfate in the 

platinum basin. It was cooled, the melt was dissolved in 3% sulfuric acid and heated on a steam bath to 

get clear solution. The solution was transferred to 250 ml standard flask and made up to the mark. This 

solution was used for the determination of alumina, iron oxide, titania, magnesia and lime. 

5.9.2.1 Determination of alumina by complexometric titration 

Aluminium and iron quantitatively react with EDTA to form the respective EDTA complex in 

the pH range 5-6. The test solution is buffered at the desired pH with sodium acetate and acetic acid 

and a known excess of standard EDTA solution is added and the excess of EDTA is back titrated with 

a standard zinc acetate solution using xylenol orange indicator. 

The EDTA complexes of alminium and titanium are less stable than the corresponding 

fluoride. After the titration, sodium fluoride solution is added to liberate EDTA from Al-EDTA 
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complex in equivalent amounts to form the corresponding fluorides. The released EDTA is titrated 

against zinc solution to determine the amount of aluminium. 

10 ml of standard aluminium solution (0.05M) was transferred to a 250ml conical flask. 25ml 

EDTA solution(0.02M) and a drop of methyl orange solution was added to it.1:3 ammonia solution 

was added dropwise until the colour of the indicator changes from red to yellow.10 ml of buffer (pH 

5.3) was added to it and heated to boiling for five minutes. It was cooled, 5 ml of buffer solution was 

added and titrated with zinc acetate (0.02 M) solution using a few drops of xylenol orange indicator. 

The end point was indicated by a colour change from yellow to orange. About 1g of sodium or 

ammonium fluoride was added and boiled for five minutes. It was cooled and 10 ml buffer solution 

was added and titrated again with zinc acetate. Let the last titre value be ‗a‘ ml. Equivalent of Al2O3 

for 1 ml of zinc acetate was found by dividing the amount of alumina present in 10 ml by the titre 

value ‗a‘ ml i.e., (10×0.0010194)/ a g of alumina (1ml of standard alumina solution = 0.0010194 g 

Al2O3). Alminium content of the sample to be analyzed was determined following the above 

procedure. 

Percent alumina = (V×X×100)/W 

Where V-the titre value in ml of zinc acetate solution, X-equivalent Al2O3 in g per ml of zinc acetate 

solution, W=weight in g of the sample present in 25 ml of the stock solution. 

 

5.9.2.2 Determination of iron oxide by calorimetry 

Iron (Ⅲ) react with thiocyanate to give series of intensely red coloured compound which 

remain in true solution. Iron (Ⅱ) does not react. Depending upon the thiocyanate concentration a series 

of complexes can be obtained. These complexes are red and can be formulated as [Fe(SCN)n]
3-n

where 

n=1….6. At very high thiocyanate concentration the predominant coloured species is [Fe(SCN)6]
3-

. In 

the colorimetric determination a large excess of thiocyanate should be used since this increases the 

intensity and also the stability of the colour. Strong acids should be present to suppress the hydrolysis 

of iron (Ⅲ). Sulfuric acid is not recommended since sulfate ions have a certain tendency to form 

complexes with iron (Ⅲ) ions. 

Standard Fe2O3 solutions (0.5.1,1.5,2 and 3 ml of 0.1 mg/ml) and sample solution (1ml) were 

taken in 100 ml standard flakes. 5ml 1:1 hydrochloric acid and 20 ml potassium thiocyanate were 

added to the flask and colour was developed. Absorbance at 480 nm is measured immediately after the 

colour development. Calibration graph was drawn using the data obtained for standard solution and the 

unknown concentration was determined by referring to the graph. Absorbance measurements were 

done by HITACHI 220 spectrophotometer. 

5.10 Catalytic activity measurements 

Reaction was carried out in an R B flask fitted with condenser. In a typical experiment reaction 

mixture consisting of cyclohexanol and glacial acetic acid was refluxed in the presence of 0.5g 
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catalyst. After 3 h reaction was stopped and the catalyst was separated by filtration. The filtrate was 

washed with saturated sodium bicarbonate solution to make it acid free. Dried over anhydrous sodium 

sulphate and analyzed by G C. 

 

 

5.11 Influence of reaction time 

The effect of reaction time on catalytic activity was monitored by changing the reaction time. 

Reaction was carried out in a R. B. flask fitted with condenser. Benzylation of benzene was used as a 

test reaction in alkylation studies and acetylation of cyclohexanol was used as a test reaction for the 

optimization of time in acetylation. In each experiment reaction was measured after various time using 

gas chromatography. 

5.12 Effect of catalyst loading 

Effect of catalyst loading and reaction time on the percentage conversion was also monitored. 

Experiments with different amount of catalyst loading were conducted to fit for both alkylation and 

acetylation reaction. 

5.13 Reusability of the catalyst 

One of the most important features of clay catalyst is the ability to be recycled. After the first 

test, the used catalyst was filtered, washed to remove any unreacted precursor and organic products. 

The recovered catalyst was charged for the next run. Recyclability of the catalyst was assessed by 

using four cycles. 
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6. RESULTS AND DISCUSSION 
 6.1 Introduction 

Palygorskite is a hydrated magnesium alumino silicate mineral with a fibrous morphology. 

This clay has been mined for centuries because of its many useful properties such as large surface area 

and micro porosity. It has many commercial uses in the fertilizer, pharmaceutical and pesticide 

industries. The search of new application of palygorskite as either catalyst or catalyst support material 

is still ongoing. Palygorskite with the appropriate treatment could be converted in to an efficient solid 

acid catalyst for alkylation and acetylation reaction. Alkylation and acetylation are two important 

industrial organic reactions and is applied on a large scale in the chemical industry [212-214]. 

6.2 Acid activation of palygorskite. 

The theoretical formula of palygorskite is Si8Mg5O20(OH)2(OH)4. 4H2O. In the clay mineral 

structure Al
3+

 can replace Mg
2+

 in the octahedral sheet. Due to this isomorphous substitution the ideal 

palygorskite is rich in magnesium or aluminium and the formula would be Si8(Mg5-3xAl2x) 

O20(OH)2(OH2)4.4H2O and the structure contains three forms of water i.e. zeolitic water, structural 

water and coordinated water. 

In addition to Al
3+

 some other cations also replace Mg
2+

. The presence of trivalent cations in to 

octahedral position creates an excess of positive charge which is compensated by empty spaces caused 

by two trivalent ions. The chemical composition of palygorskite varies in accordance with the 

difference in ratio of divalent to trivalent cation. 

Surface area and number of acid sites of palygorskite clay mineral can be modified by 

appropriate acid treatment. This modification is due to the disaggregation of clay particles, removal of 

metal exchange cations, elimination of mineral impurity and proton exchange. The main advantage of 

acid activation is that it eliminates impurities, generates more active OH
 –

 groups on its surface and 

change its composition, that means during acid activation exchangeable cations are replaced by H
+ 

ions and a part of octahedral cations are dissolving and thus creating a new acid sites in the structure. 

More over acid activation increases the surface area and pore volume as well as the number of 

adsorption sites by disaggregation of palygorskite particles. 

 Table 1. Acid activation of palygorskite 

 

Acid activation 

of palygorskite 

collected from 

different places such as 

Karnataka, Gujarat and 

Hyderabad was done 

by refluxing the 

purified sample with 

sulfuric acid solution 

SI No Concentration of    

Sulphuric acid solution (N) 

Acid activated Palygorskite  

Karnataka 

sample 

Gujarat 

sample 

Hyderabad 

sample 

1 0 PS0 AR0 HB0 

2 0.1 PS1 AR1 HB1 

3 0.5 PS2 AR2 HB2 

4 1.0 PS3 AR3 HB3 

5 1.5 PS4 AR4 HB4 

6 2.00 PS5 AR5 HB5 
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of different concentration (0.1,0.5,1.0,1.5 and 2N) in 1:4 ratios in a 250 ml R.B flask with condenser 

for 45 minutes. It was then filtered washed free of anions and then dried at 110ºC the observations are 

given in Table 1.  

6.2.1 Characterization of the Catalyst 

6.2.1.1 X ray Diffraction Studies 

X-ray diffraction patterns of the raw and acid activated clay mineral (Karnataka-Fig 1A) 

indicate that the major mineral in the sample is palygorskite. The peak at 2θ value of 8.5 (d value 

10.30), which is characteristics of palygorskite mineral. There is a peak at 2θ value of 19.84 and 26.7 

(d value 4.4 and 3.3) which indicates the presence of impurity quartz. The sample was found to be 

reasonably pure but for traces of carbonate as impurities (2θ value 29.49, d value 3.02). Carbonate 

impurity dissolves on acid activation and thus the peak disappeared. 

 

 

 

 

 

 

 

 

Fig. 1 - X R D pattern of raw and acid activated palygorskite, [A] Karnataka origin (PS) 

[B]Hyderabad (AR) origin. 

XRD pattern of raw and acid activated clay mineral from Hyderabad also indicates that the 

major mineral in the sample is palygorskite (Fig. 1B). Here also there is a peak at 2θ value around 19 

and 26 indicates the presence of quarts as impurity. Carbonate impurity was also present in the case of 

Hyderabad sample. Carbonate impurity dissolves on acid activation and thus the peak around 2θ value 

of 30 disappeared. 

6.2.1.2 Scanning Electron Microscopy (S E M) Analysis 

Morphological studies were carried out by scanning electron microscopy (Fig. 2). S E M 

micrographs of the raw sample show elongate lath shaped crystals and their bundles, characteristics of 

palygorskite mineral. S E M photographs of the acid treated samples show that the acid treatment has 

not affected the fibrous morphology of palygorskite. It is reported that the tetrahedral layer tends to 

preserve the morphology during acid activation [215]. Even after the removal of octahedral layer 

A B 
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fibrous morphology is maintained indicating the retention of order in the tetrahedral layer in 

palygorskite. 

 

                Fig. 2 - S E M of raw 

and acid activated palygorskite 

 

6.2.1.3 TG DTA analysis 

Differential thermal analysis in 

combination with other technique such 

as X-ray diffraction and Fourier 

Transform infrared spectroscopy 

proved most useful for the study of the 

dehydration process of palygorskite. It 

was found that dehydration of raw palygorskite clay mineral collected from Karnataka take place in a 

series of three steps (Fig 3). First step occurs at 74.70
0
C. The second step occurs at 187.36

0
C. Up to 

this stage both hygroscopic and Zeolitic water were lost, more strongly bound water was lost in the 

temperature range 400-600
0
C and the third step occurs at 677.77

0
C. Co- ordinate water was lost in this 

temperature.  The entire dehydration step was endothermic in DTA. The partial dehydration of bound 

water resulted in the formation of palygorskite anhydride. Dehydration of the bound water was 

attributed to the difference in bonding position of H2O in the structure of these minerals. As the 

intensity of acid treatment is increased the intensity of these effects decreases. Thus only two effects 

are observed in the 2N (PS5) sample. The first (less than 100
0
C) is the loss of water adsorbed by the 

free silica originated and the second, a very modest slope in the high temperature region of the TG 

curves, is due to the elimination of silanol groups. This last process goes without important energetic 

effect. 

 

 Fig. 3 - TG/DTA of raw 

palygorskite collected from Karnataka. 

In acid activated Karnataka sample 

low temperature weight loss at 83.06ºC 

can be assigned to the physisorbed water 

where as high temperature weight loss is 

due to the dehydration and dihydroxylation 

of the clay sheet (Fig. 4). Comparing the TGA profile of the parent and acid treated clay it was 

observed that acid treatment increased the amount of amorphous silica and also the surface area which 

made the water absorption higher. However, in the high temperature weight loss region, percentage 
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loss is low for treated clay as compared to the parent clay due to the removal of octahedral aluminium 

ions along with the concurrent removal of structural hydroxyl groups after acid treatment. 

 

Fig. 4 -TGDTA of acid activated 

palygorskite from Karnataka 

The raw sample collected from 

Gujarat also shows three well defined 

weight loss region at 81.51ºC and 212.27º 

C and other at 454.43º C (Fig. 5). The 

physisorbed and interlayer water is loosely 

bound and are mobile they can be removed by heat treatment below 200ºC. Hygroscopic and zeolitic 

water were lost at 212.27º C. The water molecule presents in the first coordination sphere of the inter 

layer ions are strongly bonded and they require higher temperature and it occurs at 454.43ºC. 

 

Fig. 5 -TG/DTA of raw  and acid 

activated palygorskite collected from 

Gujarat. 

The thermal curves of acid activated 

Gujarat sample were given in Fig. 5. Acid 

activated Gujarat sample shows three peaks 

at 93.65ºC, 212.40ºC and another at 452. 

81ºC. In this case also acid treatment 

increased the amorphous silica and also the 

surface area and as a result water adsorption 

is higher. The combined effect is that all the 

peaks are shifted to high temperature region. 

Fig. 6 - TG/DTA of raw and acid activated 

palygrskite collected from Hyderabad 

The DTA patern of the untreated 

palygorskite from Hyderabad sample showed two 

endothermic peaks at 67.21ºC and 212.47ºC (Fig. 

6). The endothermic peak centered at around 

82.12ºC may be due to physisorbed water and a 

large peak at 212.47 ºC at this stage zeolitic and 

hygroscopic water were lost.  
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Acid activated clay mineral collected from Hyderabad (Fig. 6) shows only two peaks one at 

82.12ºC and other at 203.48ºC. The structural deformation is less in the case of Hyderabad sample 

compared to Karnataka and Gujarat sample and the catalyst developed from the clay mineral collected 

from Hyderabad (HB2) was found to be more efficient catalyst compared to PS2 and AR2. 

AM2, the standard sample collected from the clay mineral society of attapulgate Columbia, 

also shows three peaks at 87.38ºC, 210.70ºC and another at 420. 47ºC (Fig. 7). These temperature 

ranges are in accordance with the temperature ranges obtained in the case of acid activated clay 

mineral collected from Karnataka, Hyderabad and Gujarat. 

 

                 Fig. 7 - DTA and TGA curves of 

acid activated palygorskite 

(standard sample) 

6.2.1.4 FTIR analysis 

FTIR spectra of raw and acid 

activated palygorskite collected 

from Karnataka sample is shown in 

Fig. 8. FTIR of the raw clay sample 

showed sharpest band at 3553.14 

cm
-1

. This band is due to stretching vibrations of the OH joined to two Al
3+

cation in the octahedral 

coordination. The bending vibrations of H2O appear in a strong band at 1657.05 cm
-1

. The intensity of 

the Al-OH-Al band was found to decrease with the severity of acid treatment. Intense band at 1028.71 

cm
-1 

is due to the Si-O-Si stretching vibrations. It becomes broader on acid treatment indicating the 

gradual destruction of the crystal structure. 

Fig. 8 - FTIR spectra of raw and acid activated 

palygorskite collected from Karnataka 

FTIR spectra of Gujarat sample was shown 

in Fig. 9A. In high wave length region, the peak 

occurs at 3551.95 cm
-1 

and at 3399.32 cm
-1

. The 

first band is assigned to (Me-Me)-OH and the 

second corresponding to adsorbed water 

molecules. In the case of strongly activated sample 

only a broad band centered at 3425.15 cm
-1

, with a 

small shoulder at 3551.35cm
-1

 is found.  

 

The intensity of the band at about 1650 cm
-1

, assigned to the deformation mode of water 

molecules. [216]. The bands at 780.02cm
-1

, 462.75 cm
-1

 are assigned to free silica. The broad band at 
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1100-1000 cm
-1

 remains the same 

position but its appearance changes, 

from that characteristics of tetrahedral 

sheet in natural palygorskite to that of 

silica in the more strongly attacked 

samples. 

Fig. 9 - FTIR pattern of raw and acid 

activated palygorskite collected from 

(A) Gujarat (B) Hyderabad 

 

FTIR spectrum of palygorskite and treated palygorskite collected from Hyderabad is shown in 

Fig. 9B. The natural clay mineral from this place shows a band at 3552.58cm
-1 

corresponds to Al-OH 

stretching. The bending vibration of H2O appear in a strong band at 1646.4 cm
-1

. Intense band at 

1025.06 cm
-1 

is due to the Si-O-Si stretching vibrations. band at 463.15 cm
-1

 is due to the Si-O 

stretching. In the bending mode clay minerals shows a series of IR bands with peak maximum at 

1441.75, 876.29 cm
-1

. This peak was found to be absent in the case of Karnataka and Gujarat sample 

due to structural disintegration. These bands correspond to free silica.  

6.2.1.5 Surface Area Measurements 

 BET surface area, pore volume and average pore diameter of raw, acid activated, metal salt 

supported and metal ion exchanged palygorskite were shown in Table 2. Surface area increases with 

the progress of acid treatment. The raw sample has the surface of 146.3 m
2
g

-1
. The maximum value of 

surface area obtained was 210.57 m
2 

g
-1 

for PS5.This increase in surface area with increase in acid 

concentration is due to the elimination of exchangeable cations and the consequent increase of SiO2 

[217]. 

Table 2 -BET surface area and acidity of acid activated, metal salt supported and metal ion 

exchanged catalyst. 

Samples BET 

Surface 

area 

(m 
2
/g) 

Pore 

volume 

(cm
3
/g) 

Average pore 

diameter 

(4V/A by 

BET) (nm) 

Surface acidity 

(milliequiv./g) 

CEC (milli 

equiv./100g) 

Conversion 

(%) 

PS0 146.34 0.043 1.675 162.64 47.71 59.88 

PS1 156.04 0.045 1.675 193.63 59.64 68.33 

PS2 159.04 0.047 1.671 200.30 71.50 75.00 

PS3 169.10 0.049 1.675 191.74 53.67 66.19 

PS4 192.48 0.055 1.687 169.49 49.70 65.00 

PS5 210.57 0.060 1.686 184.90 41.74 64.20 
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6.2.1.6 Acidity Measurements 

Palygorskite contains both Lewis and Bronsted acid sites. The total acidity of palygorskite is 

the contribution from both acid sites. Metal oxides contributed to Lewis acid sites and structural OH 

group contributed to Bronsted acid sites. Which are accessible to probe molecules and are removed 

upon heating. 

NH3-TPD is an important technique used for the characterization of catalysts and gives 

information about the acidity of catalysts. It gives concentration of both Lewis and Bronsted acid sites. 

Acidity is the most important parameter that decides the activity of the catalyst. The NH3-TPD was 

carried out to evaluate the acid site distribution of the raw and acid activated palygorskite. TPD 

profiles of raw and acid activated palygrskite are based on the desorption temperature maxima which 

could be divided in to three regions, corresponding to (a) Intermediate or medium (100-200°C), (b) 

strong (200-400°C), and very strong acid strengths (> 400°C). Acid activated palygorskite from 

Karnataka (PS2) exhibits two peaks at 103.6°C and 454.7°C. The two resulting peaks can be 

correlated to three different types of active sites (Fig. 10 B). The first peak suggests that palygorskite 

possesses a large number of acid sites with intermediate acid strength. The peak at 454.7°C 

corresponds to very strong acid strengths. The total acid sites of PS2 are greater than those of raw and 

other acid activated samples. Thus PS2 shows more activity. 

 

  

 

 

 

 

 

Fig. 10 - [A] 

NH3-TPD 

pattern of raw 

palygorskite 

(PS0, AR0 and HB0) and acid activated palygorskite from Karnataka 

Acid site measurements of   clay mineral collected from Gujarat were carried out via thermal 

programmed desorption of NH3 (Fig. 11A). Among different acid activated clay mineral (AR0, AR1, 

AR2, AR3, AR4, AR5), AR4 shows four peaks for acid distribution. The first peak is at 115.3ºC with 

a volume 17.97088 ml/g and having a peak height 0. 28292.The second peak is at 415.1 ºC which is 

classified as strong site with a volume of 36.70818 ml/g and having a peak height 0. 41852.The third 

peak is at 615.6ºC (volume 0.07557, Peak height 0.00841), which is considered to be weak site. The 



29 
 

A B 

fourth peak is at 655º C (volume 8.16791 ml/g, peak height 0.12846). The total acidity is the sum of 

the three sites. Thus the total acidity of AR4 is maximum compared to others. 

TPD NH3 profile of Hyderabad sample is given in Fig. 11B. HB2 shows four peaks. The first 

is at105.8ºC (volume 3.61159ml/g, peak height 0.09506). The second peak is at 477.1ºC which is a 

strong site having volume 41.75711 ml/g and having a peak height 0. 46805. The third peak is at 

617.1ºC (volume 0.06749 ml/g and peak height 0.00925), which is the weak site. The fourth peak is at 

702.7ºC (volume12.85607ml/g and peak height 0.25104). The total acid site is greater for HB2 

compared to raw and other acid activated samples 

 

Fig. 11- NH3-TPD 

pattern of raw and acid 

activated palygorskite 

collected from (A) 

Gujarat (B) 

Hyderabad. 

 Comparing the 

acid sites of raw and 

acid activated 

palygorskite from 

Karnataka, Gujarat and 

Hyderabad, AR4 (total volume 

62.92ml/g and total peak height 0.83831) 

and HB2 (total volume 58.29 total peak height 0.8234) shows more acid sites. Comparing the acidity 

of PS0, AR0 and HB0, total acid sites is higher in the case of HB0 (Fig. 10A). Natural palygorskite 

collected from Hyderabad was more acidic compared to others. 

Another technique used for the measurement of acidity is potentiometric titration methods. 

Potentiometric titration gives relative strength and types of acid sites present in the solid. Initial 

electrode potential indicates the maximum acid strength of the surface sites and the quantity of base 

(n-butyl amine) indicates the total number of acid sites. Horizontal portions in acidity distribution 

curve denotes different types of acid sites present in the sample. 

 

 

Fig. 12 - Acidity distribution curve 

of acid activated palygorskite 

Acidity distribution curve of acid 

treated palygorskite was given in Fig. 
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12 The plot indicates that the acidity of PS1, treated with 0.1N H2SO4 is very low. Treating with 0.5N 

H2SO4 there is a large hike in acidity. The maximum acidity is shown by PS2; the graph clearly 

indicates that the acid strength of the clay shows a two-fold increase on 0.5 N H2SO4 treatment. 

Potential which is a measure of acid strength has increased from 230 to 410 mV. Concentration of n-

butylamine, which is a measure of number of acid sites shows an increase from 0.35 to 0.8mmol/g. 

Samples treated with 1N, 1.5N and 2N acids have acid sites and number of sites lower than PS2. The 

distribution curve clearly shows that treatment with 0.5N H2SO4 imparts maximum acidity to the 

palygorskite sample under study.   

Surface acidity calculated by sodium hydroxide titration is given in Table 3. This technique 

determines the concentration of surface acid sites. Acid properties of the clay minerals stem from the 

terminal hydroxyl groups, bridging oxygens and from the dissociation of inter layer water molecules 

coordinated to the exchangeable cations. There is a remarkable increase in acidity on acid activation. 

Acidity of raw clay mineral collected from Karnataka is only 162.64 milliequiv/g. On acid activation 

using 0.1N H2SO4 acidity increases to 193.63 milliequi/g. Then acidity increases with acid 

concentration used for activation. It reaches a maximum value and then shows a decrease. The 

maximum value is shown by PS2, clay activated with 1N H2SO4 (200.30milliequiv/g). Then the 

acidity decreases with increase in concentration of sulfuric acid solution. Thus acidity first increases to 

a maximum value and then decreases. 

 

Table 3 - Surface acidity of palygorskite 

 

 

 

 

 

 

 

 

Acidity of raw clay mineral collected from Gujarat was found to be 198.74 milliequiv/g. On 

acid activation using 0.1N H2SO4 acidity increases to 213.52 milliequi/g. Then acidity increases with 

acid concentration used for activation. It reaches a maximum value and then shows a decrease. The 

maximum value is shown by AR4, clay activated with 1.5 N H2SO4 (218.53 milliequiv/g). From there 

acidity decreases with increase in concentration of sulfuric acid solution. Thus acidity first increases to 

a maximum value and then decreases. 

Sl. No. Catalyst Surface acidity 

(milliequiv./g) 

Catalyst Surface acidity 

(milliequiv./g) 

Catalyst Surface acidity 

(milliequiv./g) 

    1  PS0                                       162.64 ARo 198.74 HB0 200.35 

    2 PS1 193.63 AR1 213.52 HB1 289.00 

    3 PS2 200.30 AR2 215.43 HB2 332.55 

    4 PS3 191.74 AR3 216.72 HB3 296.05 

    5 PS4 169.49 AR4 218.53 HB4 274.36 

    6 PS5 184.90 AR5 212.36 HB5 267.99 
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Raw clay mineral collected from Hyderabad shows an acidity of 200.35 milliequi/g. On acid 

activation acidity increases and reaches a maximum value of 332.55 milliequi/g for HB2 catalyst. 

Then the acidity decreases. Different acidity measurement techniques such as TPD NH3,  

 potentiometric titration methods and sodium hydroxide titration methods are found to be in 

agreement with each other. Correlation of acid site distribution is possible in all these cases. 

 

6.2.1.7 Cation Exchange Capacity (CEC) Measurements 

The property of ion exchange and the exchange reactions are of very fundamental and practical 

importance in all the fields in which clay minerals are studied and used because the physical properties 

of clay materials are dependent on a large extent on the exchangeable ions associated with the clay. 

Cation exchange capacity (C E C) of clays was determined by exchanging the cations of the clay by 

ammonium ions and measuring the amount of ammonium ions exchanged. Cation exchange capacity 

of raw and acid activated sample is listed in Table 4. Cation exchange capacity of the raw sample 

from Karnataka (PS0) is 47.71 milliequiv. /100g. During acid activation cation exchange capacity first 

increases and reaches a maximum and then decreases. Maximum cation exchange capacity was shown 

by PS2, treated with 0.5 N H2SO4 (71.50 milliequiv. /100g). With the severity of acid treatment crystal 

structure starts collapsing and thus cation exchange capacity decreases. 

 Cation exchange capacity of raw (AR0) and acid activated clay minerals (AR4) from Gujarat 

was found to be 17.289 milliequiv. /100g and 19.92 milliequiv. /100g. During acid activation cation 

exchange capacity first increases up to AR4 and then decreases. Maximum cation exchange capacity is 

shown by AR4, treated with 1.5 N H2SO4. 

Clay minerals collected from Hyderabad shows maximum cation exchange capacity to raw and 

acid activated clay minerals. The cation exchange capacity values of HB0 was 54.81 milliequi. /100g. 

Among Hyderabad sample maximum CEC was shown by HB2 and the value is 78.23 milliequi. /100g. 

 

 

Table 4 - Cation 

exchange 

capacity of 

palygorskite 

 

6.2.1.8 Chemical 

Analysis 

The 

 

Sl.No 

Catalyst CEC (milli 

equiv./100g) 

Catalyst CEC (milli 

equiv./100g) 

Catalyst CEC (milli 

equiv/100g) 

    1 PS0 47.71 AR0 16.34 HB0 54.81 

    2 PS1 59.64 AR1 18.42 HB1 63.50 

    3 PS2 71.50 AR2 19.32 HB2 78.23 

   4    PS3 53.67 AR3 20.42 HB3 63.04 

    5 PS4 49.70 AR4 24.234 HB4 52.66 

    6 PS5 41.74 AR5 16.20 HB5 48.00 
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elements analyzed and presented in the form of percentage oxide are SiO2, Al2O3 and Fe2O3. The clay 

samples are decomposed to effect complete dissolution by acid digestion or fusion. 

Chemical analysis of the raw and acid treated palygorskite was given in Table 5. SiO2 in raw 

and acid treated palygorskite ranges from 56.56-62.04 %. The percentage of the content of SiO2 in 

palygorskite increases with the removal of aluminium, magnesium, iron and others during acid 

treatment. Silicon which is the dominant constituent in the tetrahedral sheets of the clay and which is 

relatively resistant to acid attack [218]. The amount of aluminium and iron were reduced with 

increasing acid concentration this indicates that the ions Al
3+

 and Fe
3+

 were leached out during acid 

activation. These values are found comparable with the reported values standard palygorskite sample. 

Table 5 - Chemical analysis of raw and acid treated palygorskite 

Sample code SiO2 

   ( %) 

Al2O3 

(%) 

Fe2O3 

(%) 

Sample Code SiO2 

   ( %) 

Al2O3 

(%) 

Fe2O3 

(%) 

PS0 53.40 19.02 2.93 AR0 56.56 17.04 2.64 

PS1 54.27 18.27 2.68 AR1 56.89 15.37 2.58 

PS2 59.60 17.28 2.58 AR2 58.32 14.34 2.54 

PS3 59.12 16.63 2.54 AR3 59.13 12.70 2.46 

PS4 60.90 16.49 2.47 AR4 60.29 12.36 2.40 

PS5 61.56 16.23 2.40 AR5 62.04 12.27 2.34 

 

6.2.2 Catalytic Activity Measurements 

Palygorskite can effectively catalyze a number of organic reactions occurring on their surface 

and interstitial space. Modification of palygorskite by acid activation leads to an effective catalyst that 

are catalyzing a variety of reactions and higher selectivity in product structure and yield. It acts as an 

ecofriendly catalyst in organic reactions. Alkylation and acetylation are two important reactions that 

are catalyzed by acid activated palygorskite. 

Catalytic activity of raw and acid activated catalysts was studied. Acetylation was carried out 

by using cyclohexanol and acetic acid. For alkylation studies benzylation of benzene is used as a test 

reaction. Results were given in Table 6. 

From the catalytic activity studies of Karnataka sample, it was found that maximum catalytic 

activity was shown by 0.5 N H2SO4 treated palygorskite, i.e. PS2 gave maximum conversion in the 

case of both alkylation and acetylation reaction. This result is in accordance with cation exchange 

capacity and acidity studies. Catalytic activities of both primary and secondary alcohols were analyzed 

by using PS2. Primary alcohols give good results compared to secondary alcohols. The results were 

listed in Table 7.Catalytic activity studies were carried out by using the clay mineral from Gujarat. 

AR4 shows maximum catalytic activity, 72.24% for acetylation (acetylation of cyclohexanol) and 

77.9% for alkylation (benzylation of benzene) reaction. Then AR4 is selected as an effective catalyst 
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for both alkylation and acetylation reactions. CEC and acidity studies support the catalytic activity 

measurements. 

 0.5N H2SO4 treated Hyderabad sample (HB2) shows maximum catalytic activity. Comparing 

the catalytic activity results of Karnataka, Gujarat and Hyderabad clay minerals good activity was 

show 

Table 6- Catalytic activity studies of raw and acid activated palygorskite in acetylation 

(cyclohexanol and acetic acid) and alkylation (benzylation of benzene) reaction. 

 

 Acetylation was carried out by using different primary and secondary alcohols. Primary 

alcohols gave good conversion compared to secondary alcohols. Comparing the catalytic activities of 

PS2, AR2 and HB2, HB2 was found to be a better catalyst compared to other acid activated catalysts. 

 

 

Table 7- Catalytic activity studies 

-Acetylation using primary and 

secondary alcohol 

 

 

 

 

Acid 

activated 

catalyst 

Conversion (%)  Acid 

activated 

catalyst 

 

Conversion (%) 

 

Acid 

activated 

catalyst 

Conversion (%) 

 

Acetylation Alkylation Acetylation Alkylation Acetylation Alkylation 

PS0 59.88 60.88 AR0 63.72 62.88 HB0 70.00 73.99 

PS1 68.33 62.33 AR1 68.06 65.56 HB1 75.54 78.37 

PS2 76.34 64.32 AR2 70.49 68.06 HB2 84.90 86.90 

PS3 66.19 63.19 AR3 71.817 72.24 HB3 71.43 73.00 

PS4 65.00 62.00 AR4 72.24 77.9 HB4 67.32 66.90 

PS5 64.20 57.11 AR5 45.75 45.75 HB5 56.99 60.03 

Substrate Conversion (%) 

PS2 AR2 HB2 AM2 

Cyclohexanol 76.34 70.81 84.90 77.90 

Benzyl alcohol 74.30 79.5 82.69 76.00 

1-Butanol 64.58 90.05 72.11 66.10 

1-Hexanol 88.00 89.27 98.36 89.93 

1-Heptanol 86.00 87.38 94.32 86.98 

1-Octanol 85.39 88.12 90.61 87.64 

Lauryl alcohol 51.83 65.34 78.21 52.43 

Butane-2-ol 44.38 60.03 73.73 46.23 
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Alkylation was carried out by using different substrates such as benzene, naphthalene biphenyl, 

anisole, paraxylene, toluene, naphthalene (Table 8). Among these, naphthalene gave good result i.e.  

95.03 % conversion in the presence of HB2 catalyst. In the case of alkylation reaction also HB2 was 

found to be a good catalyst compared to PS2 and AR2. 

Acidity, cation exchange capacity and the catalytic activity of the catalysts were compared 

with catalyst prepared from the standard sample (AM) collected from Clay mineral society of 

Attapulgate, Department of Geology PFL1 US Repository, Missori Columbia. The acidity and cation 

exchange capacity values of AM2 (193.68milliequiv. /g and 68.34 milliequi. /100g), was found to be 

comparable with the acidity and cation exchange capacity values of the sample collected from 

different states. Catalytic activity values of these samples were also comparable with the sample 

collected from Karnataka, Gujarat and Hyderabad. 

Table 8 -Catalytic activity studies -Alkylation reaction 

 

 

 

 

 

 

 

 

 

 

6.2.3 Effect of reaction time, 

catalytic loading and reusability of the catalyst             

The effect of reaction time on catalytic activity of acid activated catalyst for acetylation 

reaction was monitored by changing the reaction time. Reaction was carried out in a R. B. flask fitted 

with condenser. In each experiment, 0.5g of the catalyst was added to the reaction mixture (benzyl 

alcohol and glacial acetic acid). The percentage of conversion was measured after various times using 

gas chromatography and is given in Table 9. Maximum conversion was obtained in 3h.  

    Effect of catalyst loading on the percentage conversion was also monitored using acetylation 

of cyclohexanol and is given in Table 9.  The minimum amount of acid activated catalyst required for 

the conversion is 0.5g for 0.05 mole alcohol. 

SI 

No 

Substrate Conversion (%) 

PS2 AR2 HB2 AM2 

1 Biphenyl 85.65 89.67 89.46 87.39 

2 Naphthalene 86.72 79.9 95.03 79.89 

3 Anisole 79.63 73.63 85.99 72.42 

4  P-Xylene 77.23 71.21 83.62 70.80 

5 Toluene 72.66 62.63 80.15 68.46 

6 Benzene 74.00 62.00 86.90 65.75 
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    Reusability of the catalyst was also tested by using the same reaction. No reduction in 

percentage of conversion was noticed even after four cycles. The results were given in Table 9. 

Table 9 - Effect of reaction time on percentage of conversion, effect of catalyst loading and 

reusability of the catalyst 

 

Among various catalysts prepared by acid activation of palygorskite maximum acidity is 

obtained in the case of 0.5N H2SO4 sample. Acid activated palygorskite was found to be an efficient 

catalyst for acetylation reactions. Comparing the catalytic activities of Karnataka, Gujarat and 

Hyderabad sample maximum conversion was obtained in the case of Hyderabad sample. The optimum 

time and catalyst loading for maximum yield was found to be 3h and 0.5g for 0.05 mole of the 

reactants. In conclusion, modified natural palygorskite collected from three different places of India 

were found to be eco–friendly, in expensive and reusable heterogeneous catalyst for acetylation and 

alkylation reaction.  

6.3 Metal salt supported catalyst 

Conducting organic reactions in mild conditions and use of solid acid catalysts are important 

points of concern in terms of green chemistry. The activity of a catalyst in a particular organic reaction 

is influenced by the pretreatment conditions and method of preparation. Metal containing clay catalyst 

were prepared by modification of palygorskite clays. Physicochemical characterization of the prepared 

catalyst was done by techniques like XRD, surface area analysis, Cation exchange capacity 

measurements, SEM, FTIR, TG/DTA and TPD NH3. 

Various metal ions can be incorporated in to the clay matrix to get catalysts for various organic 

reactions. The effect of impregnation of MnCl2, FeCl3, ZnCl2, SnCl2, CoCl2 and AlCl3 on palygorskite 

and a comparison of natural and activated clay showed that the process led to catalysts with improved 

activity. Maximum being associated with FeCl3 when employed in alkylation and acetylation reaction. 

Catal

yst 

Effect of reaction time on 

percentage of conversion 

Effect of catalyst loading Reusability of the catalyst 

Catalyst 

loading 

(g) 

Reactio

n time 

(h) 

Conver

sion 

(%) 

Catalys

t 

loading

(g) 

Reacti

on 

time 

(h) 

Convers

ion(%) 

Catalyst 

loading 

(g) 

Reacti

on 

time  

(h) 

Convers

ion(%) 

PS2 0.5 1 28.53 0.25 3 75.6 0.5 3 77.82 

PS2 0.5 2 71.81 0.5 3 77.82 0.5 3 77.16 

PS2 0.5 3 77.82 0.75 3 71.74 0.5 3 77.09 

PS2 0.5 4 63.193 1.00 3 68.42 0.5 3 75.32 
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Fe
3+

 ion supported palygorskite effectively catalyzed the acetylation of primary and secondary alcohol 

using acetic acid and alkylation of naphthalene, biphenyl, paraxylene, Toluene and benzene using 

benzyl chloride. Metal supported catalyst prepared are listed in Table 10 

 

Table 10- Preparation of metal 

supported catalyst 

6.3.1 Characterization of metal 

supported catalyst 

6.3.1.1 X ray diffraction studies 

The XRD pattern of raw 

palygorskite shows a large peak indicating 

the main mineral as desired (Fig. 13A). 

When Fe (Ⅲ) adsorbed on to the 

palygorskite, the main peaks are similar to 

those of original palygorskite mineral, 

revealing that the crystal structure was retained after adsorption. Standard sample of palygorskite 

(AM0 and AM2Fe) also retains its crystal structure before and after modification (Fig. 13B) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13 - XRD pattern of raw and iron supported palygorskite(A) Hyderabad origin(B) standard 

sample collected from clay mineral society. 

6.3.1.2 FTIR analysis 

SI 

No 

Metal Metal source  

 

Metal salt supported catalyst 

1 Fe FeCl3 PS2Fe AR2Fe HB2Fe 

2 Mn MnCl2.4H2O PS2Mn AR2Mn HB2Mn 

3 Co CoCl2.6H2O PS2Co AR2Co HB2Co 

4 Sn SnCl2.2H2O PS2Sn AR2Sn HB2Sn 

5 Zn ZnCl2 PS2Zn AR2Zn HB2Zn 

6 Al AlCl3.6H2O PS2Al AR2Al HB2Al 

A 
B 
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The FTIR spectra of different metal supported palygorskite having Karnataka origin (PS2Al, 

PS2Sn, PS2Mn, PS2Co, PS2Zn, PS2Fe) were given in Fig. 14A and FTIR spectra of different metal 

supported palygorskite collected from Gujarat (AR2Al, AR2Sn, AR2Mn, AR2Co, AR2Zn, AR2Fe) 

were given in Fig. 14B. 

 

 

 

 

 

 

 

 

 

 

Fig. 14 - FTIR spectrum of different metal supported palygorskite (A) Karnataka origin (B)   

Gujarat origin 

FTIR spectra before and after modification of palygorskite were given in Fig. 15. The FTIR 

analysis was used to confirm the composition of palygorskite mineral. The spectra were divided in to 

two regions to facilitates their study. Spectra before modification shows adsorption band at 3555 cm
-1 

and 3421cm
-1

 could be attributed to the OH-stretching vibrations. The peak at 1646 cm
-1

 is due to the 

vibration band of coordinated water and absorbed water molecule. The peak at 876 cm
-1 

is due to the 

bending vibrations indicating the presence of free silica. The characteristic band of Si-O-Si were 

observed around 1025 cm
-1

. Finally, the bands at 507cm
-1 

and 462 cm
-1

 could correspond to vibration 

of the Mg-OH, Si-O-S and Si-O-Mg bonds.  

             In the FTIR spectrum of palygorskite after Fe(Ⅲ) adsorption, the band at 662cm
-1

 can be 

attributed to Fe-O stretching vibrations, confirming the change at the palygorskite surface. The 

prominent IR band at 796 are due to Fe-OH bending vibrations in characteristic kind of goethite 

(FeOOH) [219] 

A B 
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Fig. 15 - FTIR spectrum before and 

after modification 

6.3.1.3 TGDTA Analysis  

TGDTA pattern of different metal 

suported catalyst prepared from 

palygorskite having Karnataka origin  

were given in Fig. 16A and DTA pattern 

of different metal supported catalyst 

prepared  from palygorsskite collected 

from Gujarat were given in Fig. 16B. 

 

 

 

 

 

 

 

 

 

 

Fig. 16 – TG/DTA pattern of different metal supported palygorskite [A] Karnataka origin [B] 

Gujarat origin 

The raw palygorskite (Hyderabad) gives one peak at  82.12ºC is due to physisorbed water (Fig. 

17). Second peak is at 212.27ºC, Hygroscopic and zeolitic water were lost at this stage. When it is 

supported with iron it shows only one peak at 75.75ºC. It indicates that Fe is adsorbed on the surface 

of palygorskite mineral. So the physisorbed and zeolitic water content in the supported clay mineral is 

less compared to raw palygorskite 

 

Fig. 17 – TG/DTA of palygorskite before and after 

modification 

 

A B 
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6.3.1.4 TPD NH3 Analysis 

Acidity of metal supported catalyst PS2Fe, AR2Fe, HB2Fe and AM2Fe were given in Fig.18. 

Maximum acidity was shown by HB2Fe. From the catalytic activity studies, it was clear that 

maximum catalytic activity was also shown by HB2Fe catalyst. Thus acidity and catalytic activities 

are correlated to each other. 

 

Fig. 18 -TPD-NH3 of iron 

supported catalyst 

Comparing the TPD-NH3 profile of 

raw and iron supported palygorskite it was 

found that the metal supported catalyst 

shows a clear enhancement in acidity 

compared to raw palygorskite having 

Hyderabad origin (Fig. 19). 

 

Fig. 19 - TPD-NH3 before and after 

modification. 

6.3.1.5 Surface area analysis of 

different metal supported catalyst 

BET surface area, pore volume 

and average pore diameter of different 

metal salt supported palygorskite were 

shown in Table 11. Maximum surface 

area was shown by PS2Fe (151.3705 

m
2
/g) 
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Table 11 - Surface area of different metal supported catalyst 

Iron supported 

catalyst 

BET Surface area 

m
2
/g 

Pore volume 

cm
3
/g 

Average pore 

diametre (nm) 

PS2Fe 151.3705  0.046121 1.66135 

PS2Mn 75.2598 0.047013 1.60164 

PS2Co 92.0773 0.058585 1.61719 

PS2Sn 173.1333 0.053304 1.65844 

PS2Zn 125.3521 0.079864 1.62735 

PS2Al 137.5938 0.02908 1.76775 

AR2Fe 79.8757 0.025975 1.63476 

AR2Mn 72.9928 0.045203 1.59607 

AR2Co 86.888 0.055333 1.61868 

AR2Sn 125.0949 0.03866 1.65645 

AR2Zn 99.1981 0.054057 1.58634 

AR2Al 115.5715 0.035414 1.65945 

 

6.3.2 Catalytic activity studies 

Catalytic activity of FeCl3, MnCl2, CoCl2, SnCl2, and ZnCl2 supported catalysts were 

monitored alkylation and acetylation reaction. In the case of Karnataka sample, PS2 gave maximum 

conversion. So different metals are supported on PS2. Better acid activated catalyst prepared from 

Gujarat origin is AR4. So various metals are supported on AR4. For Hyderabad clay mineral metal 

was supported on HB2.  Among different metal supported catalyst prepared the Fe
3+ 

cations are 

superior over all other cations. It indicates that clay is not merely an inert support, but shows selective 

synergistic effect on the activity of the metal cations it supports. In this context the presence of Fe in 

the clay seems to be a crucial factor. 

Table 12 - Catalytic activity measurements of different metal salt supported catalyst 

SI 

No 

 

 Metal salt 

supported 

catalyst 

Conversion (%)  Metal 

salt 

supported 

catalyst 

Conversion (%) 

 

 Metal salt 

supported 

catalyst 

Conversion (%) 

 Acetylation Acetylation 

Acetylation Alkylation Acetylation Alkylation 

1 PS2Fe 93.85 76.36 AR4Fe 90.82 63.26 HB2Fe 95.75 89.47 

2 PS2Mn 76.79 68.45 AR4Mn 78.86 75.03 HB2Mn 80.00 78.09 

 3 PS2Co 75.37 66.07 AR4Co 73.98 72.00 HB2Co 78.86 74.64 

4 PS2Sn 74.65 62.02 AR4Sn 78.34 72.33 HB2Sn 79.00 72.34 

5 PS2Zn 68.81 61.79  AR4Zn 70.46 68.03 HB2Zn 74.00 73.00 

6 PS2Al 67.34 60.34 AR4Al 72.46 65.00 HB2Al 72.33 69.54 

 

Catalytic activity of FeCl3, MnCl2, CoCl2, SnCl2, ZnCl2 and AlCl3 supported catalyst was also 

monitored by acetylation of cyclohexanol and alkylation of benzene using benzyl chloride and is given 

in Table 12. Maximum conversion is obtained in the case of iron supported catalyst. The effectiveness 
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of the catalyst for percentage of conversion is almost in the order FeCl3 supported catalyst > MnCl2 

supported catalyst > CoCl2 supported catalyst > SnCl2 supported catalyst > ZnCl2 supported catalyst > 

AlCl3 supported catalyst. 

Table 13 - Catalytic activities of metal supported catalyst for acetylation reaction of different 

primary and secondary alcohols 

Substrate Conversion (%) 

PS2Fe AR4Fe HB2Fe AM2Fe 

Cyclohexanol 93.85 90.82 95.75 94.38 

Benzyl alcohol 86.01 82.50 89.43 88.62 

1-Butanol 80.38 78.76 87.44 83.00 

1-Hexanol 94.31 92.76 98.88 90.67 

1-Heptanol 90.30 86.60 95.30 90.05 

1-Octanol 89.10 89.00 91.00 89.37 

Lauryl alcohol 61.32 69.21 78.66 64.00 

Butane-2-ol 58.52 64.55 74.81 61.30 

 

Catalytic activity of FeCl3 supported catalyst was tested by using both alkylation and 

acetylation reaction and is given in Table 13 and Table 14. Different substrates used for alkylation 

are naphthalene, biphenyl, paraxylene, anisole, toluene and benzene. Acetylation reaction was carried 

out by using different primary and secondary alcohols. Comparing the catalytic activity values catalyst 

prepared from Hyderabad sample was found to be superior. Finally, catalytic activity was compared 

with the iron supported catalyst prepared from the standard sample (AM2Fe). 

Table 14 - Catalytic activities of metal supported catalyst for alkylation reaction. 

SI 

No 

Substrate Conversion (%)  

PS2Fe AR2Fe HB2Fe AM2Fe 

1 Biphenyl 90.67 89.67 93.90 91.39 

2 Naphthalene 92.89 91.34 97.91 89.89 

3 Anisole 80.85 80.00 87.66 82.42 

4  P-Xylene 79.21 76.00 84.50 80.80 

5 Toluene 75.99 74.90 83.00 78.46 

6 Benzene 75.36 72.04 89.47 75.75 

6.3.3 Effect of reaction time, Catalyst loading and reusability of the catalyst. 

The effect of reaction time on catalytic activity of both acetylation and alkylation reaction was 

monitored by changing the reaction time. The percentage of conversion was monitored after various 
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times by using gas chromatography. For both alkylation and acetylation reaction using metal 

supported catalyst, maximum conversion was obtained in 3h. 

Effect of catalyst loading on percentage of conversion was also monitored. The minimum 

amount of iron supported catalyst required for both alkylation and acetylation reaction was found to be 

0.5 g for 0.05 mole of the substrate. 

Reusability of the catalyst was also tested. The catalyst was found to be reusable even after 

four consecutive cycles. 

Acidity, cation exchange capacity and the catalytic activity of the catalysts were compared 

with catalyst prepared from the standard sample (AM) collected from Clay mineral society of 

Attapulgate, Department of Geology PFL1 US Repository, Missori Columbia. The catalytic activity of 

AM2Fe was found comparable with catalytic activity of iron supported catalyst prepared from 

different states. 

6.4 Metal ion exchanged catalyst 

6.4.1 Introduction 

The most interesting features of palygorskite clay are their intercalation, swelling and cation 

exchange capacity which improve the catalytic properties of palygorskite. When palygorskite is 

immersed in to the solution of metal cations, both intercalation of water molecules and swelling occur. 

The suspended palygorskite can also freely exchange its inter layer cations for other metal cations in 

solution, which can substantially increase the acidity of the clay. The substitution of exchangeable 

cations, by highly polarizing species of small radius such as iron, manganese, cobalt, tin, zinc and 

aluminium results in the alteration of Bronsted and Lewis acid sites as well as clay architecture, which 

subsequently influences the activity and acidity of alkylation and acetylation reaction. One of the aims 

of our present work is to study the effect of metal cation exchange on textural properties of 

palygorskite clay and there by the pattern of acidity-activity. In the present work Fe, Mn, Co, Sn, Zn 

and Al metal cation exchanged clay catalysts were prepared and evaluate for the alkylation and 

acetylation reaction. The catalysts were characterized by various technique including X-ray powder 

diffraction, ammonia temperature programmed desorption (NH3-TPD), TGDTA and FTIR. 

6.4.2 Characterization of the catalyst 

6.4.2.1 XRD analysis 

The XRD pattern of ion exchanged palygorskite (PS2FeI, AR2FeI, HB2FeI) shows a large 

peak indicating the main mineral as desired (Fig. 20A). According to the XRD spectrum Fe (Ⅲ) 

adsorbed on to the palygorskite, the main peaks are similar to those of original palygorskite mineral, 

revealing that the crystal structure was retained after adsorption. Metal ion exchanged palygorskite 

(HB2FeI) also retains its crystal structure before and after modification (Fig. 20B). 
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Fig. 20 - [A] - XRD pattern of metal ion exchanged palygorskite. [B]- XRD pattern of metal ion 

exchanged palygorskite before and after modification. 

 

 

6.4.2.2 FTIR analysis 

FTIR spectra of ion exchanged palygorskite, PS2FeI, AR2FeI, HB2FeI and AM2FeI are given 

in Fig. 21. The FTIR spectrum of palygorskite after Fe(Ⅲ) adsorption is presented in Fig. 22. The band 

at 699cm
-1

 can be attributed to Fe-O stretching vibrations, confirming the change at the palygorskite 

surface. The prominent IR band at 797 are due to Fe-OH bending vibrations. 

 

                             Fig. 21 - FTIR pattern of 

different metal ion exchanged palygorskite 

                             

Fig. 22 - FTIR pattern of palygorskite 

before and after modification. 

 

6.4.2.3 TPD NH3 Analysis 

TPD NH3 of various metal ion 

exchanged palygorskite were given in Fig.23. 

HB2FeI shows maximum acidity. Catalytic 

activity was also found to be maximum for 

HB2FeI. 

A B 
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Fig. 23 - TPD NH3 of iron exchanged 

palygorskite 

Comparing the acidity of raw 

and iron exchanged catalyst, the catalyst 

after modification shows an 

enhancement in acidity (Fig. 24). 

Catalytic activity was also found to be 

maximum for HB2FeI. 

 

Fig. 24 - TPD NH3 of palygorskite 

before and after modification. 

6.4.3 Catalytic activity studies 

Iron exchanged palygorskite 

PS2FeI shows maximum catalytic 

activity compared to manganese, cobalt, 

tin, zinc and aluminum (Table 15). So the 

acid activated Hyderabad and Gujarat 

sample was also exchanged with iron and 

catalytic activity was tested in acetylation 

reaction using different primary and secondary alcohols (Table 16). Catalytic activity of all these iron 

exchanged palygorskite was compared with the iron exchanged catalyst prepared from the standard 

sample (AM2FeI).  

Table 15 - Catalytic activity of different metal ion exchanged catalyst (Acetylation using 

cyclohexanol and acetic acid, Alkylation using the reaction benzylation of benzene 

 

 

 

 

 

 

 

SI No Metal ion 

exchanged 

catalyst 

Conversion(%) 

Acetylation Alkylation 

1 PS2FeI 97,78 78.73 

2 PS2MnI 82.91 70.71 

3 PS2CoI 79.32 67.52 

4 PS2SnI 81.43 65.86 

5 PS2ZnI 80.35 62.43 

6 PS2AlI 78.49 71.54 
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Table 16 - Catalytic activity studies of metal ion exchanged catalyst using primary and 

secondary alcohols for acetylation reaction 

 

 

 

 

 

 

 

 

Alkylation reaction was also done by using iron exchanged palygorskite and was given in 

Table 17. Comparing the catalytic activity of PS2FeI, AR2FeI, HB2FeI and AM2FeI maximum 

catalytic activity was shown by the iron exchanged catalyst prepared from the palygorskite collected 

from Hyderabad. HB2FeI was found to be a better catalyst compared to all other catalyst prepared by 

different modifications methods. 

Table 17- Catalytic activity studies of metal ion exchanged catalyst for alkylation 

reaction. 

SI 

No 

Substrate Conversion (%) 

PS2FeI AR4FeI HB2FeI AM2FeI 

1 Biphenyl 99.62 99.6 95.42 91.90 

2 Naphthalene 95.32 88.89 99.00 92.00 

3 Anisole 83.91 86.02 90.85 81.93 

4  P-Xylene 81.97 73.97 87.53 78.30 

5 Toluene 79.93 87.58 86.61 76.97 

6 Benzene 78.73 65.56 90.88 72.85 

 

6.4.4 Effect of reaction time, catalyst loading and reusability of the catalyst 

The effect of reaction time on catalytic activity of ion exchanged catalyst was monitored by 

changing the reaction time. Reaction was carried out in a R. B. flask fitted with condenser. In each 

experiment, 0.5g of the catalyst was added to the reaction mixture (benzyl alcohol and glacial acetic 

Substrate Conversion (%) 

PS2FeI AR4FeI HB2FeI AM2FeI 

Cyclohexanol 97.42 81.76 98.77 98.70 

Benzyl alcohol 95.80 75.62 96.65 97.50 

1-Butanol 89.49 93.10 90.41 89.84 

1-Hexanol 98.00 99.90 99.00 98.10 

1-Heptanol 93.61 94.91 96.33 94.00 

1-Octanol 90.59 92.77 93.12 91.70 

Lauryl alcohol 72.34 73.90 79.95 72.46 

Butane-2-ol 63.45 70.37 76.00 73.43 
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acid). The percentage of conversion was measured after various times using gas chromatography and 

is given in Table 18. Maximum conversion was obtained in 3h.  

    Effect of catalyst loading on the percentage conversion was also monitored using acetylation 

of cyclohexanol and is given in Table 18.  The minimum amount of iron exchanged catalyst required 

for the conversion is 0.5g for 0.05 mole alcohol. 

Table 18- Effect of reaction time on percentage of conversion, effect of catalyst loading and 

reusability of the catalyst 

 Reusability of the catalyst was also tested by using the same reaction. No reduction in 

percentage of conversion was noticed even after four cycles. The results were given in Table18. 

Acidity, cation exchange capacity and the catalytic activity of the catalysts were compared 

with catalyst prepared from the standard sample (AM) collected from Clay mineral society of 

Attapulgate, Department of Geology PFL1 US Repository, Missori Columbia. Catalytic activity values 

of iron exchanged catalyst    was found to be comparable with the acidity and cation exchange 

capacity values of the catalyst prepared from the standard sample, AM2FeI. 

6.5 Sulfonated carbon palygorskite Catalyst 

Palygorskite carbon nanocomposite was prepared by hydrothermal carbonization of glucose in 

the surface of palygorskite crystals. Carbon palygorskite composite could also be obtained through 

vapour deposition polymerization of furfuryl alcohol [220]. Subsequently, the carbon palygorskite 

composite was used to prepare mesoporous carbon after the removal of palygorskite by using HF as an 

etching agent and has high adsorption ability for tannic acid. 

In this study, sulfonated carbon palygorskite composite was prepared by incomplete 

carbonization of sucrose on palygorskite supports and followed by sulfonation in sulfuric acid. The 

sulfonated carbon palygorskite catalyst prepared is listed in Table 19. The structure and catalytic 

performance of the sulfonated carbon palygorskite composite were studied. 

Catalyst Effect of reaction time on 

percentage of conversion 

Effect of catalyst loading Reusability of the catalyst 

Catalyst 

loading(g) 

Reaction 

time(h) 

Conversion 

(%) 

Catalyst 

loading(g) 

Reaction 

time(h) 

Conversion(%) Catalyst 

loading(g) 

Reaction 

time(h)) 

Conversion(%) 

PS2FeI 0.5 1 84.70 0.25 3 87.34 0.5 3 97.42 

PS2FeI 0.5 2 97.42 0.5 3 97.42 0.5 3 96.00 

PS2FeI 0.5 3 95.65 0.75 3 93.00 0.5 3 94.00 

PS2FeI 0.5 4 87.65. 1.00 3 77.31 0.5 3 92.70 
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               Table 19- Preparation of 

sulfonated carbon palygorskite 

catalyst 

 

6.5.1 Characterization of the catalyst 

6. 5. 1. 1 XRD Analysis 

 XRD pattern of sulfonated carbon palygorskite composite prepared by incomplete 

carbonization of sucrose (SPL) and dextrose (DPL) on palygorskite supports are shown in Fig. 25. All   

SPL and DPL catalysts displayed the characteristic diffraction reflections associated with palygorskite 

indicating that carbonization and subsequent sulfonation did not result in the structural change of 

palygorskite mineral. Palygorskite has high thermal stability and could remain the crystal structure 

after calcination at high temperature (500ºC) [221]. However, the structure of palygorskite could be 

easily destroyed and converted to amorphous silica after treatment in the hot acid solution for a long 

time [222-226]. This study also reveals the same. The characteristic diffraction reflections of 

palygorskite disappeared and a broad diffraction reflection appeared in the XRD curve of SPL and 

DPL. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 25 - XRD pattern of sulfonated carbon palygorskite composite prepared by incomplete 

carbonization of [A] sucrose[B] Dextrose 

6.5.1.2 FTIR Analysis 

Catalyst Weight of sucrose 

added 

Catalyst Weight of dextrose 

added 

SPL-1 1g DPL-1 1g 

SPL-3 3g DPL-3 3g 

SPL-5 5g DPL-5 5g 

SPL-7 7g DPL-7 7g 

A B 
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FTIR analysis of DPL and SPL also   indicates the increased amount of amorphous silica after 

the treatment in hot acid solution for a long time (Fig. 26) Spectra before modification shows 

adsorption band at 3555 cm
-1 

and 3421cm
-1

 could be attributed to the OH-stretching vibrations. The 

peak at 1646 cm
-1

 is due to the vibration band of coordinated water and absorbed water molecule. The 

peak at 876 cm
-1 

is due to the bending vibrations indicating the presence of free silica. The 

characteristic band of Si-O-Si were observed around 1025 cm
-1

. Finally, the bands at, 507 cm
-1 

and 

462 cm
-1

 could correspond to vibration of the Mg-OH, Si-O-S and Si-O-Mg bonds. 

FTIR spectrum after modification (SPL1) shows adsorption band at 3430 cm
-1

 due to OH 

stretching vibrations. The band due to vibration of coordinated water occurs at 1634 cm
-1

. The band at 

1087 was due to Si-O-Si stretching vibrations. Some of the band of natural silicate corresponding with 

vibration of octahedral cations disappear, new bands appear at 673 cm
-1

 594 cm-
1 

and 460 cm
-1

, all of 

them are assigned to free silica. The broad band at 1000-1200 cm
-1

 remains at the same position but its 

appearance changes, from that characteristics of the tetrahedral sheet in natural palygorskite to that of 

silica in more strongly attacked samples. 

 

 

 

 

 

 

 

 

Fig. 26 - FTIR pattern of sulfonated carbon palygorskite composite prepared by incomplete 

carbonization of [A] sucrose[B] dextrose 

6.5.1.3 TGDTA Analysis 

Themo gravimetric curve of SPL and DPL shows in Fig. 27. Palygorskite is hydrated 

magnesium alumino silicate. Mass loss of palygorskite at a temperature range of 200-400º C was 

obviously higher than that of SPL and DPL for the release of free water and structural water in 

palygorskite. An obvious mass loss appeared at the temperature range of 400-500ºC in SPL and DPL 

because of the decomposition of carbon. This decomposition of carbon is more effective in DPL 

compared to SPL. The mass loss is increased with additive amount of sucrose and dextrose. 

 

 

A B 
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Fig. 27 - TGDTA pattern of sulfonated carbon palygorskite composite prepared by incomplete 

carbonization of sucrose- before and after modification 

 

6.5.2 Catalytic activity studies 

Table: 19- Acetylation of cyclohexanol with acetic acid over sulfonated carbon palygorskite 

composite catalyst (SPL) 

Solid acid Catalyst Ester Yield (%) Solid acid Catalyst Ester Yield (%) 

SPL-1 97.62 DPL-1 98.44 

SPL-3 95.26 DPL-3 95.81 

SPL-5 94.03 DPL-5 96.88 

SPL-7 95.90 DPL-7 95.40 

 

The acetylation of cyclohexanol with acetic acid was selected to evaluate the catalytic activity 

of sulfonated carbon palygorskite. Table 19 shows the yield of cyclohexanol catalysed by sulfonated 

carbon palygorskite catalysts. In this study natural palygorskite was used as a support to prepare 

sulfonated carbon palygorskite composite catalyst via surface carbonization and sulfonation. The 

catalytic properties of sulfonated carbon palygorskite composite catalyst could be adjusted by 

controlling the added sugar amount. 

 

 

 

 

 

 

A B 
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7. SUMMARY & CONCLUSIONS 

SUMMARY 

 Various techniques used for the preparation of catalysts are acid activation, metal salt 

supporting, metal ion exchanging and carbonization followed by sulfonation. Among the acid 

activated clay catalysts having Karnataka origin, 0.5N H2SO4 treated palygorskite (PS2) was found to 

be more active towards alkylation and acetylation reaction. In the case of palygorskite collected from 

Gujarat, 1.5N H2SO4 (AR4) treated palygorskite shows maximum activity. Among Hyderabad sample, 

HB2 (0.5N H2SO4) shows maximum acidity. Activity of this catalyst is further improved by metal salt 

supporting and metal ion exchange. FeCl3 supported catalyst showed maximum acidity and CEC too. 

Among various catalyst prepared by metal ion exchange method, PS2Fe, AR4Fe and HB2Fe showed 

maximum activity. Among these the iron supported catalyst HB2Fe was found to be superior. 

Catalysts were also prepared by cation exchange method. Among the catalysts prepared by cation 

exchange method, PS2FeI, AR4FeI and HB2FeI were found to have better activity and among those 

Fe
3+

 exchanged sample (HB2FeI) showed the highest activity. The catalyst HB2FeI was found to be 

superior among all the catalyst prepared by different modification methods. The catalyst was found to 

be active in catalyzing a number of primary and secondary alcohols in acetylation reaction. Better 

conversion was also obtained for the alkylation of benzene, biphenyl, naphthalene, anisole, toluene 

and paraxylene. Sucrose palygorskite composite catalyst was also found to be a better catalyst for 

alkylation and acetylation reaction. Reusability of the catalysts was excellent up to four cycles. 

CONCLUSIONS 

 The major conclusions that can be drawn from the present work are the following 

 Acid activated palygorskite clay catalyst was found to be an efficient catalyst for both alkylation and 

acetylation reactions. The catalyst was characterized by various analytical techniques, which confirms the 

crystal structure and could be correlated with the yield of the product. 

 Metal salt supported palygorskite clay catalyst was also found to be effective for both alkylation and 

acetylation reactions. Activities of different metal salt supported catalyst was in the order FeCl3 > MnCl2 

> CoCl2 > SnCl2 > ZnCl2 > AlCl3. Among different metal salt supported catalyst FeCl3 supported catalyst 

showed the maximum acidity, cation exchange capacity and highest activity. 

 Catalytic activity of palygorskite clay was further improved by cation exchange modifications. Catalysts 

prepared by cation exchange were found to be superior compared to others. Among the different metal 

ion exchanged catalyst Fe3+ exchanged catalyst showed highest activity (97. 76%). The catalysts were 

found to be active towards acetylation of several primary and secondary alcohols and alkylation of a 

number of aromatic hydrocarbons. 

 Sulfonated carbon-palygorskite solid acid catalyst were prepared via carbonization of sucrose and 

dextrose on palygorskite supports followed by sulfonation with conc. sulphuric acid. The carbonization at 

high temperature and sulfonation did not destroy the structure of palygorskite for the uniform dispersion 

of sucrose and dextrose in the pore and the surface of palygorskite. The sulfonated carbon palygorskite 

composite catalysts also have a very good potential in acetylation and alkylation reactions. 

 In conclusion, modified natural palygorskite were found to be eco–friendly, in expensive and reusable 

heterogeneous catalyst for alkylation reaction and acetylation reactions using acetic acid under mild 

reaction conditions 
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8. OUTCOME OF THE PROJECT 

 Salient findings 

Important finding of the project is that ecofriendly and reusable solid acid catalysts could be 

developed from naturally occurring palygorskite in Karnataka, Gujarat and Hyderabad which can be 

used as a substitute for the commercially available clay catalysts for doing industrially important 

organic reactions. Solid acid catalysts were prepared by different methods like acid activation, ion 

exchange, metal salt supporting and sulfonation followed by carbonization.   

Acetylation of alcohol is one of the most important synthesis methods and find application in 

industries dealing with food and cosmetics, fragrances, solvent, plasticizers etc. Alkylation are also 

very important reaction in organic chemistry and together with acetylation constitutes two key 

processes to prepare many important intermediates in pharmaceutical and fine chemical industries. 

Liquid phase acetylation or alkylation process can be traditionally catalyzed by Lewis acids 

including AlCl3, BF3, FeCl3 and ZnCl2. However, these methods have several drawbacks such as long 

reaction time, use of highly flammable and expensive reagents, formation of byproducts, formation of 

significant quantities of hazardous waste, law yield of desired products, difficulty in separation and 

recovery of desired product, disposal of spend catalyst, high corrosion, toxicity etc. The process has 

therefore large E factor as all the Lewis acid employed is wasted. A combination of green technologies 

is therefore needed to improve the green credentials of such acid catalyzed reactions. 

The replacements of the Lewis acids for more environmentally compatible catalysts can be 

done through the implementation of solid acids and heterogeneous catalysts. Thus overcoming the 

problems with catalyst recycling and generation of waste. However, the implementation of such solid 

acids were mostly limited to alkylation reactions with acylation reactions requiring at least 

stoichiometric quantities of the solid acid and/or very long time of reaction. 

Acetic acid is generally preferred as the acetylating agent in the catalytic acylation of alcohols 

and phenols because water is the only byproducts. The acid activation improved the surface area and 

catalytic properties of the clays. In addition, acidity, surface area and pore size distribution of natural 

clay minerals can be controlled by metal salt support and metal ion exchange. In the case of metal ion 

exchanged clay minerals, catalytic activity arises from the intrinsic activity of the metal ion and 

surface acidity generated due to cation exchange. The restricted environment of the clay inter layer 

often facilitates the shape selectivity of the reaction products. The acidity and polarizability of water in 

the environment can be varied by suitable choice of the cation in inter lamellar space. Initial screening 

of various metal reagents supported on acid treated palygorskite revealed that there was a definite 

enhancement in acidity of FeCl3 supported and Fe
3+

 ion exchanged palygorskite. 

To the best of our knowledge, the catalytic activity of the clay has not been explored so far. 

Herein, we have compared the catalytic potential of solid acid catalyst developed from natural 
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palygorskite by different modification methods like acid activation, metal salt supporting and metal 

ion exchanging with a view to develop a more efficient catalyst for the acetylation of alcohols by using 

acetic acid and also for alkylation reaction. Important findings were given as follows 

 Catalytic activity of these catalysts in acetylation and alkylation reactions was found to be 

excellent. 

 Activity of Metal salt supported catalyst were found to be in the order FeCl3> MnCl2> CoCl2 > 

SnCl2 > ZnCl2   > AlCl3 

 FeCl3 supported catalyst showed maximum acidity, CEC and catalytic activity for both 

acetylation and alkylation reaction. 

 Catalysts prepared by Cation exchange were found to have better activity and among those 

Fe
3+

 exchanged sample showed the highest activity (above 97 %) in acetylation of 

cyclohexanol. 

 The catalysts are found to be active in catalyzing a number of primary and secondary alcohols 

in acetylation reaction 

 Better conversion is also obtained   for the alkylation of benzene, biphenyl, naphthalene, 

anisole, and toluene and paraxylene using benzyl chloride. 

 Sucrose and dextrose palygorskite composite catalyst was also found to be a better catalyst for 

alkylation and acetylation reaction.  

 Catalytic activities are comparable with catalysts prepared from standard sample collected 

from clay mineral society of attapulgate Columbia. 
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2. Dhanya Balan A. P, National Seminar on ‗Recent challenges and Progresses in chemistry, Govt. 

College Kasaragod, December 10 – 11, 2015. 
3. Dhanya Balan A.P, National Seminar on Recent Challenges and Progresses in Chemistry, Govt. 

College Kasaragod, December 8-9, 2016. 
4. Dhanya Balan A. P, National Seminar on Recent Challenges and Progresses in Chemistry, Govt. 
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10. SCOPE OF FUTURE WORK 

Catalysis is a technologically important field which determines the quality of life in future. 

Catalyst research in pharmaceutical industry, fine chemical synthesis and emission control demands 

various catalyst in bulk quantities.  As a future outlook the following works are suggested 

1. Preparation of palygorskite-graphene oxide nano composite 

The use of graphene-oxide nano composite based materials as catalyst for multicomponent 

organic transformations is limited in number. The thinnest material graphene has got much attention 

from various researchers because of its extra ordinary thermal, electrical and mechanical properties. 

Due to its high surface area, graphene is well established as a solid support for various metals and 

metal oxides and the prepared composite materials can be effectively used as catalysts 

2. Hybrid materials of palygorskite with other inorganic or organic materials were also 

suggested as catalysts. 
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