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Introduction

• • Definition of Catalyst Deactivation

• • Importance in Industrial Processes

• • Impact on Reaction Efficiency and Cost

• • Real-world Examples (e.g., petroleum refining, 
environmental catalysis)



Topics to be Covered

• 1. Basics of Catalyst Deactivation

• 2. Types of Catalyst Deactivation Mechanisms

• 3. Causes of Catalyst Deactivation

• 4. Methods to Prevent or Mitigate Deactivation

• 5. Case Studies in Industry



Objectives

• • Understand the fundamentals of catalyst 
deactivation

• • Identify different mechanisms and causes

• • Explore strategies to prevent or mitigate 
deactivation

• • Analyze real-world case studies for practical 
insights



Catalyst Deactivation
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Catalyst Deactivation
Thus far, we assumed the total conc. of active sites on the surface was 
constant, which means the catalyst’s activity is constant throughout its lifetime

In reality, there is a gradual loss of catalytic activity (active sites on surface of 
the catalyst) as the reaction takes place

•Main types of catalyst deactivation

•Sintering (aging): loss of active surface due to high temperature

•Coking or fouling: carbonaceous material (coke) deposits on surface

•Poisoning: molecules irreversibly bind to the active site

We will evaluate the kinetics of general catalyst deactivation and these 
specific types



Catalyst Deactivation Kinetics

• Adjustments for catalyst decay need to be made in the design of reactors
• Catalyst activity a(t) is used as a quantitative specification

( )
=

−
=
−

'
A
'
A t 0

r (t)

r
a tCatalyst activity at time t:

Reaction rate for catalyst used for time t

Reaction rate for fresh, unused catalyst

For fresh, unused catalyst, 
t 0

a 1
=

=( )0 a t 1 

( ) ( ) ( )=− A,A Bfn C C ,..r .' k Ta t .etc
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species conc. h=1: no conc 
dependence; h=Cj: linearly 
dependent on concentration



Sintering (Aging)

• Loss of active surface area resulting from the prolonged exposure to high gas-
phase temperatures

• Active surface area is lost by 

• Crystal agglomeration and growth of metals deposited on support

• Narrowing or closing of pores inside the catalyst pellet

• Surface recrystallization

• Elimination of surface defects (active sites)

• Sintering is usually negligible at temperatures below 40% of the melting 
temperature of the solid

• Second-order decay of reaction rate with respect to present activity:
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Coking (Fouling)

• Common to reactions involving hydrocarbons

• A carbonaceous (coke) material is deposited on surface of catalyst

n
CC At=Concentration of carbon on surface (g/m2):

• Coking can be reduced by running at high pressure & hydrogen-rich feeds
• Catalyst deactivated by coking is often regenerated by burning off the 

carbon
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Catalyst activity at time t:

A & n are fouling parameters

(one of many different expressions for a(t))
m is a fouling parameter



Poisoning

• Poisoning molecule is irreversibly chemisorbed to active sites
• Reduces number of active sites available for reaction
• Catalyst can be poisoned by reactants, products, and impurities

'kdpoisoning by impurity:  P S P S+ ⎯⎯⎯→ 

( )d d P
da

r a t k ' C
dt

= − =

'kdpoisoning by reactant:   A S A S+ ⎯⎯⎯→ 

'kdposioning by product:  B S B S+ ⎯⎯⎯→ 

A S B S+ → +

For the overall reaction:

a(t): time-dependent catalyst activity
kd: specific decay constant
CP: concentration of the poison



2.1 Sintering of the Catalytic 
Component
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2.2 Carrier Sintering
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Example 1
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• A perfectly dispersed (100% dispersion) catalyst is 
one in which every atom (or molecule) of active 
component is available to the reactants. This is 
shown is Fig. 5.1 (next slide).
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550o C⎯⎯⎯→
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•Reactant & catalyst enter at top of  reactor
•Reactant & catalyst flow down the length of the 
reactor together as a plug
•Product and spent catalyst (black) flow out of 
reactor outlet
•Spent catalyst is regenerated by passing it 
through a separate regeneration unit, and newly 
regenerated catalyst  is fed back into the top of 
the reactor

Moving-Bed Reactor

• When catalyst decay occurs at a significant rate, they require frequent 
regeneration or replacement of the catalyst

• Moving-bed reactor enables continuous regeneration of spent catalyst
• Operates in the steady state, like a PBR



Moving-Bed Reactor Design

Reactants
0 (dm3/s)

fresh 
catalyst 
US (g/s)

Z

Z + Z

W

W + W

Products & coked catalyst

Catalyst flow US << reactant flow 0

As far as the reactants are 
concerned, reactor acts 
like a PBR:
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A→B   Given constant T, pure A in feed, and 1st order kinetics for reaction & 

catalyst deactivation, find XA(t) in a fluidized batch reactor of constant volume
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Solve the batch reactor design eq for XA. The batch reactor design eq must be 
combined with the rate eq.  The rate eq contains ‘a’, so we need to use the rate of 
deactivation to find how ‘a’ varies w/ time.  We will determine how ‘a’ varies with 
time by integrating the rate of deactivation eq & solving for ‘a’:
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Summary

• Catalyst deactivation significantly affects process 
efficiency

• Multiple mechanisms contribute to deactivation

• Preventive and mitigation strategies are essential

• Continuous monitoring and innovation improve 
catalyst longevity
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