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INTRODUCTION 

▪ Industrial catalysts are generally 
shaped bodies of various forms, 

e. g., rings, spheres, tablets, pellets.

▪ The production of heterogeneous 
catalysts consists of numerous 
physical and chemical steps.

▪ The conditions in each step have a 
decisive influence on the catalyst 
properties.

▪ the main physical properties of a 
catalyst that are influenced by the 
production Conditions are: Active 
surface area; pore structure; 
mechanical strength.
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TYPES OF CATALYSTS

(1) Unsupported Catalyst
       Usually very active catalyst that do not require high  
      surface area
 e.g., Iron catalyst for ammonia production (Haber process)
          

(2) Supported Catalyst 
      requires a high surface area support to  

disperse the primary catalyst
 the support may also act as a co-catalyst                   

(bi-functional)
 or secondary catalyst for the reaction 

(promoter)
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TYPES OF CATALYSTS
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TARGETS FOR CATALYST PREPARATION
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BULK CATALYSTS: FUSED CATALYSTS
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BULK CATALYSTS: RANEY CATALYSTS
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BULK CATALYSTS: RANEY CATALYSTS
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BULK CATALYSTS: PRECIPITATED CATALYSTS
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BULK CATALYSTS: PRECIPITATED CATALYSTS

» Nowadays increasing use of organic solvents, e.g. in production 
of VPO((VO)2P2O7) catalysts or Ziegler (zirconocene/MAO/SiO2 - 
catalyst) catalysts

» Precipitation of defined precursor compounds followed by 
thermal decomposition or transformation into final catalyst 

Examples:

Ni/Al2O3

Hydrotalcites, such as Ni6Al2 (OH)16CO3 . 4 H2O, have different 
calcination and reduction behavior than mixtures of components 
due to dispersion of elements on atomic level

Methanol catalyst (Cu/ZnO)

Depending on precipitation conditions many different phases 
with strongly varying catalytic properties can be obtained in 
dependence of conditions during transformation into catalyst
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BULK CATALYSTS: SOL-GEL MATERIALS
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SOL-GEL FORMATION
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GELATION OF SILICA
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GEL DRYING / AEROGELS
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BULK CATALYSTS: HYDROTHERMAL SYNTHESIS
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ZEOLITES
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ZEOLITES
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WHAT IS ZSM-5 CATALYST  ?

➢It is  an abbreviation for  (Zeolite  Scony  Mobile Number 5 )

➢ First  synthesized  by  Mobil  Company in 1972

➢ It replaces  many  Homogeneous Catalysts  were    used  in  

  many petrochemical  processes

➢ ZSM-5 has two diameters for its pores :  d1= 5.6 Å , d2= 5.4 Å
➢Where as, Zeolite Y has a diameter = 7.4 Å
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BULK CATALYSTS: HYDROTHERMAL SYNTHESIS
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BULK CATALYSTS: SOLID STATE REACTIONS
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BULK CATALYSTS: OTHER METHODS
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SUPPORTED CATALYSTS: SUPPORTS

⚫ -, - or -Al2O3, SiO2, TiO2, ZrO2, MgO, C
⚫Surface functionality typically -OH for Oxides, oxo-functionality for 

Carbons
⚫Oxidic surfaces in electrolytes generally charged
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DISTRIBUTION OF ACTIVE COMPONENT ON SUPPORT
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SUPPORTED CATALYSTS: PREPARATION
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SUPPORTED CATALYSTS: PREPARATION
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SUPPORTED CATALYSTS: PROBLEMS
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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.
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SUPPORTED METAL CATALYST
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SUPPORTED CATALYSTS: PRECIPITATION-DEPOSITION
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SUPPORTED CATALYSTS: PRECIPITATION-DEPOSITION
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SUPPORTED CATALYSTS: GRAFTING
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ACTIVATION / CALCINATION
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REDUCTION
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SHAPING OF CATALYSTS
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FORCES BETWEEN PARTICLES
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FORCES BETWEEN PARTICLES
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METHODS OF SHAPING
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ROTARY TABLET PRESS
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INDUSTRIAL TABLETING MACHINE
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EXTRUSION
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EXTRUDERS
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EXTRUDATES / MONOLITHS
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GRANULATION / PELLETIZING
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INDUSTRIAL SPHERONIZER
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CHARACTERIZATION OF HETEROGENEOUS CATALYSTS
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Investigate:
• Structure/morphology
• Surface area
• Number of active sites
• Pore distributions
• Nature of active site
• Overall reactivity
• Turn over frequency (TOF)
• Selectivity
• Stability
• Heat and mass transport 
• ?
• ?

catalyst electronsphotons



CHARACTERIZATION OF HETEROGENEOUS CATALYSTS

▪ Physical properties: pore size, surface area, and morphology of the 
carrier; and the geometry and strength of the support

▪ Chemical properties: composition, structure, and nature of the 
carrier and the active catalytic components

▪ Changes during the catalysis process: deactivation
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MOST OFTEN USED METHODS

XRD
Adsorption / BET

Infared
XPS / UPS

TP Techniques
TEM / SEM

NMR
UV-vis
EXAFS

ESR
EDX

XANES
AES

LEED
Raman

Mossbauer
STM

ISS / LEIS
Calorimetry

Neutron scattering
SIMS

49
46
46
38
36
25
23
16
14
12
10
8
7
5
5
4
4
3
2
1
1

0          10            20 30            40            50

Number of times 
characterization techniques 
were used at the 11th ICC
Baltimore 1996

total number of papers
presented orally: 143
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PHYSICAL PROPERTIES OF CATALYSTS

Surface Area and Pore Size of the Carrier

▪ Surface area

▪ Pore size: (Pore size distribution ,Pore structure, Pore 
volume)

▪ It is usually advantageous to have high surface area (large 
number of small pores) to maximize the dispersion of 
catalytic components.

▪ If the pore size is too small, diffusion resistance will  
becomes a problem. 

• Simpler system  - Detailed studies
• Fundamental insight
• Input to catalyst design

• The structure gap
• The pressure gap
• The materials gap

Single crystal surfaces
as model catalysts. 52
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Does not work in situ

Gives information on particles size, shape, composition.
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SCANNING ELECTRON MICROSCOPE (SEM)

▪ Scanning electron microscope (SEM) is equipped 
with an energy dispersive analyzer or wavelength 
dispersive analyzer.
The bombardment of a sample with electrons 
generates X rays characteristic of the elements 
present.

peanut shells 

TRANSMISSION ELECTRON MICROSCOPE (TEM)

TEM images of Cu on ZnO (a model methanol catalyst).
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L. P. Nielsen University of Århus (80Åx80Å)

Length scales

”Seeing” atoms

Electron tunneling

Hardware realisation

Applications

Basic research
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STM image

35 micrometer
A. Emundts und H.P. Bonzel

A sharp tip
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0.02ML Au 0.8 ML Au

Let you sometime, but not always, see the atoms
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MoS2 on Au(111)

Sulfur removed by atomic hydrogen
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X-rays

d
d sin

n = 2d sin

2 



...,2,1;sin2 == Bragg ´s Law

catalyst

X-rays in X-rays out

Can be used in situ

Gives information on phases and sizes of particles if big enough.
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XRD
Pd/SiO2

2.4 wt% Pd

1.1 wt% Pd
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Peaks position reveals 
crystalline structure

Width of peaks
reveals particle size




cos
=

4.5 Å

2.5 Å
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FTIR (FOURIER TRANSFORM INFRA RED)

▪ FT-IR stands for Fourier 
Transform Infra Red, the 
preferred method of infrared 
Spectroscopy.

▪ So, what information can FT-IR 
provide?

• It can identify unknown 
materials

• It can determine the quality 
or consistency of a sample

• It can determine the amount 
of components in a mixture
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INFRARED SPECTROSCOPY 

catalyst

IR in IR out

IR through

An in situ method
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