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Synthesis of supported catalysts on mesoporous 
silica, namely SBA-15 and MCM-41, 

by sol-gel method

Prof. Maria Olea - e-mail: M.Olea@tees.ac.uk



• Industrial catalysts are generally
shaped bodies of various forms,
e. g., rings, spheres, tablets,
pellets;

• Production consists of
numerous physical and
chemical steps;

• Conditions in each step have a
decisive influence on the
catalyst properties, "chemical
memory";

• Conditions are: active surface
area; pore structure; mechanical
strength.

Heterogeneous catalysts



Heterogeneous Industrial Catalysts



 Activity

 Selectivity

 Thermal and Mechanical Properties

 Stability

 Morphology

 Cost

Criteria for a good catalyst



Heterogeneous catalysts/catalysis

Bulk catalysts Supported catalysts

 Cheap active components

Heterogeneous catalysis: Two/three phase process

◦ Solid phase (catalyst)

◦ Gas or/and Liquid phase(s) (reactants)

 Support: stabilize the catalytic particles
 Catalytic particles (oxide, metal or

sulphide): hold the active sites;
 Promoters: enhance the catalytic

performance or structural effects.



Heterogeneous catalysts/catalysis - examples



• Bulk catalysts, also known as
precipitated catalysts, are
mainly produced when the
active components are cheap;

• The preferred method of
production is precipitation;

• One or more components in
the form of aqueous solutions
are mixed and then co
precipitated as hydroxides or
carbonates. An amorphous or
crystalline precipitate or a gel
is obtained, which is washed
thoroughly until salt free. This
is then followed by further
steps: drying, shaping,
calcination, and activation.

Bulk catalysts



Preparation of bulk catalyst

Discussion: Which are the driving forces for each step?



Typical examples of (co)precipitated catalysts 



Methanol synthesis

Discussion: 
1. Explain why reaction (1) and (2) are exothermic, and why reaction (3) 

is endothermic; 
2. Draw the energy = f(reaction coordinate) graphs and identify all the 

parameters for the three reactions.
3. Reaction (3) is a side (unwanted reaction). How should the operation 

condition chosen to prevent it? 



Supported catalysts



Microscopic scale involves the structure of the active sites; 

determines the intrinsic activity of the catalyst;

The mesoscopic scale involves the pore system and the sizes of the 

support particles as well as catalyst particles of the active phase; it 

affects intraparticle mass transfer;

The macroscopic length scale involves the size and shape of the 

catalyst body; relevant for properties such as pressure drop, 

mechanical strength and attrition resistance.

Supported catalysts



Component Material Types Examples

Active Phase: metals noble metals: Pt, Pd; base metals: Ni, Fea

metal oxides transition metal oxides: MoO2, CuO

metal sulfides transition metal sulfides:  MoS2, Ni3S2

Promoter:

  textural metal oxides Al2O3, SiO2, MgO, BaO, TiO2, ZrO2

chemical metal oxides alkali or alkaline earth:  K2O, PbO

Carrier or
Supportb

stable, high surface area
metal oxides, carbons

Group IIIA, alkaline earth and transition
metal oxides, e.g. Al2O3, SiO2, TiO2,
MgO, zeolites, and Carbon

Components of a  Typical Heterogeneous Supported Catalyst





Active Phase Elements/Compounds Reactions Catalyzed

metals Fe, Co, Ni, Cu, Ru,  Pt,
Pd, Ir, Rh, Au

hydrogenation, steam reforming, HC
reforming, dehydrogenation, ammonia
synthesis, Fischer-Tropsch synthesis

oxides oxides of V, Mn, Fe,
Cu, Mo, W, Al, Si,
Sn, Pb, B

complete and partial oxidation of
hydrocarbons and CO, acid-catalyzed
reactions (e.g. cracking, isomerization,
alkylation), methanol synthesis

sulfides sulfides of Co, Mo,
W, Ni

hydrotreating (hydrodesulfurization,
hydrodenitrogenation, hydrodemetallation),
hydrogenation

carbides carbides  of Fe, Mo, W hydrogenation,  FT synthesis

Active Catalytic Phases & Catalysed Reactions 



Typical Physical Properties of Common  Supports

Mesoporous silica (SBA-15)           > 800                   0.9-1.1                5-30
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La2O3 promoter improves thermal stability of -Al2O3

(Note that CeO2 and BaO also have a similar effect on thermal stability)



Pt supported on alumina 



TEM of Pt supported on alumina 



Supported Catalyst Preparation and Forming: General Scheme



 Wetting of support with solution precursor

– "Wet" Excess solution

– "Dry" Amount of solution = Pore Volume 

 Drying

– Critical, tendency towards "egg-shell" catalyst

 Calcination

– Critical

• bursting support

• interaction compounds

• sintering

Impregnation



The support is immersed in a

solution of the active component

under precisely defined conditions

(concentration, mixing, temperature,

time). Depending on the production

conditions, selective adsorption of

the active component occurs on the

surface or in the interior of the

support. The result is non uniform

distribution.

Impregnation



• One of the best known methods for producing catalysts is the 
impregnation of porous support materials with solutions of active 
components (precursors).

• Impregnation as a means of supported catalyst preparation is 
achieved by filling the pores of a support with a solution of the 
metal salt.

• Especially catalysts with expensive active components such as noble 
metals are employed as supported catalysts.

• Industrial examples: 
 Ethylene oxide catalysts in which a solution of a silver salt is applied 

to Al2O3

 Catalysts in the primary reformer of ammonia synthesis, with 10–
20 % Ni on Al2O3

Impregnation



Impregnation



Impregnation



Impregnation



Impregnation



Impregnation



Impregnation



Processes during Impregnation



Impregnation

Discussion: Explain the different behaviour of the two supports for 
adsorption of [Pt(NH3)4]2+



Impregnation



Wet impregnation

Dry (incipient wetness) 
impregnation

Bucket conveyor

Drip chute

Bucket

Drive wheel

Bucket filter

Tipper

To drying

Impregnating 
solution

Impregnating basin

Impregnating solution

Spray header

Support to be 
impregnated

Rotating drum

a.

b.

Impregnation at industrial level



Incipient wetness impregnation





Impregnation at industrial level



Distribution of solid, pore and void volumes  in a typical catalyst particle



The advantages of impregnated catalysts compared with 

precipitated catalysts

• Pore structure and surface of the catalyst can be

controlled;

• More economic, since the content of expensive active

components is often low;

• The distribution and crystallite size of the active

components can generally be varied over a wide range;

• Multiple impregnation is possible.



Support Preparation - SBA-15 Mesoporous silica 

Triblock copolymer (P123): PEO20PPO70PEO20 +

+ water + tetraethyl orthosilicate (TEOS)

mesopore

Sol – gel method



176 ml NH4OH was mixed with 200 ml of de-ionised water at 350C. 2 g of

cetyltrimethylammonium bromide was dissolved until a clear solution was observed.

10 ml of tetraethyl orthosilicate was added to this solution. The solution remained

under vigorous stirring before and after the TEOS addition. A white slurry was

observed after a few minutes which was allowed to age for 2 hours under the same

conditions.

The synthesis was carried out at 350C because cetyltrimethylammonium bromide

forms micelles above 300C. A few attempts were made to carry out the synthesis at

room temperature, but the surfactant did not wholly dissolve even after two hours of

vigorous stirring. The sample prepared at 350C used as a standard sample was

prepared only once and compared with all the other samples prepared at different

conditions.

Sol – gel method
Support Preparation – MCM-41 Mesoporous silica 



Support morphology (SEM measurements) 

MCM-41SBA-15 



SBA-15– effect of the nature of the acid

Support morphology (SEM measurements) 



SBA-15

Support texture (TEM measurements) 

MCM-41



In a typical sol-gel process, sol particles (oligomers, colloidal suspension of 1
to 9 precursor units formed by partial solvolysis and condensation with size 1
nm to 1 μm) aggregate by condensation reaction to form a network/gel in a
continuous liquid phase. Precursors are either inorganic or organic and so it is
the solvent (aqueous or non-aqueous); however, hybrid precursors of
metal/metalloid alkoxides are widely used in the sol-gel process. On the basis
of more controlled and lower reactivity than other metal alkoxides, silicon
alkoxides (e.g. tetraethoxy silane/tetraethyl ortho-silicate (TEOS, Si(OC2H5)4,
tetramethoxy silane/tetramethyl ortho-silicate (TMOS, Si(OCH3)4) are widely
used in sol-gel processes to produce highly pure silica.
For alkoxy silanes, the main reactions are hydrolysis and condensation,
catalysed by acid or base catalysts.

Sol-gel method



Hydrolysis: a chemical reaction in which water molecule is broken

down. In the first step, alkoxy group/groups are hydrolysed to silanol/s in

the presence of acid or basic catalysts, while their backward reaction

produces silicon alkoxide upon esterification.

Sol-gel method



Condensation: a chemical reaction in which two molecules or functional groups
react to form a single molecule with the extraction of a small molecule such as
water or alcohol. Condensation reaction proceeds through two competitive
mechanisms: alcohol condensation with alcoholysis as reverse reaction and
water condensation with hydrolysis as reverse reaction. In the sol-gel process,
both hydrolysis and condensation take place together; however, hydrolysis
precedes condensation, but it does not necessarily go to completion before the
onset of condensation.

Sol-gel method



Sol-gel method



Sol-gel method
Structure directing agent, P123



SBA-15 Sol-gel method 
Effect of acidity on particle morphology

An increase in HCl concentration produces short SBA-15 rods and
vice versa, by keeping other parameters constant. It is further
suggested that at low acidity, micelle rods grow axially because H+

ions are preferentially adsorbed at their ends; however, at high
acidity, there are more H+ ions around the micelles sides than their
ends and hence, silica grows radially.



Effect of acidity on particle morphology

SBA-15 Sol-gel method 

By decreasing the acidity, the surface curvature is increased. 



Sol-gel method 
Effect of swelling agent



 

Gelation temp, °C Gelation time, hr Bulk density, g/cm3 Porosity, % 

25 380 1.34 38 

40 - 1.45 33 

50 70 1.46 27 

60 - 1.56 25 

70 20 1.55 26 

Effect of ageing (gelation) temperature and time on bulk density and porosity 

SBA-15 Sol-gel method 

By increasing the ageing time pore size increases while rod-shaped
morphology is preserved. Both increase in temperature and ageing
time make and withdraw the hydrophilic turned hydrophobic PEO
chains from the growing silica wall into the PPO block; consequently,
pore-size increases and wall thickness decreases.



Effect of silica precursor to P123 molar ratio. The pore size,
microporosity and wall thickness can be controlled by changing the
molar ratio of silica precursor to P123. At lower HCl concentration, an
increase in silica precursor concentration increases wall thickness and
decreases pore size and total porosity e.g. an increase in TEOS/P123
molar ratio from 45 to 75 diminishes microporosity and increases the
wall thickness. However, at higher HCl concentration, such an increase
develops silica plugs inside the mesopore due to faster sol-gel
reactions.
However, an increase in ageing hydrothermal temperature or addition
of salt or both can also diminish microporosity by making polyethylene
oxide chains hydrophobic. It is because these chains turn less
hydrated and ether’s oxygen atoms deprotonated, so they behave like
hydrophobic moiety and are withdrawn from micropores.

SBA-15 Sol-gel method 



Effect of block length of triblock copolymer. The length of the EO-

blocks determines the wall thickness, while the pore diameter and

templating order are greatly affected by the PO-block length. It is

because silica grows around hydrophilic PEO chains and the micelle

core, which is occupied by PPO units, gives rise to mesopore after

emptying. For micelles templating order/geometry, it is constituted by

the critical packing parameter (CPP), which is in turn dependent upon

the volume of PPO chains.

SBA-15 Sol-gel method 



Summary

Let’s write it together!



Thank you for your attention!


