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About me 
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Chemical engineering in a nutshell 

3



What you can expect today

Determine some 

useful information 

about chemical 

reactions by data 

fitting
Develop simplified 

reaction rate 

expressions using 

algebraic 

manipulations

Simulate a chemical 

reactor using 

numerical methods 

for solution of 

equations
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Use of experimental data to determine 

parameters

In this experiment, the 

rate of a reaction at 

different rates of change 

of temperature is 

obtained. 

Notice how the 

temperature at which the 

maximum rate occurs 

shifts with the heating rate

A mathematical model to 

describe this reactor has 

been established: 

This will be manipulated 

to extract the parameters 

“E” and “k0”  from the 

experimental data

12 s-1

10 s-1

5 s-1
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“Straight-line plots” give us values of parameters

Try this exercise quickly in your notebooks: 

● Differentiate the RHS wrt T

● When the rate is maximum, we expect 

that this quantity = 0 

The experimental data is peak temperature 

(Tp) vs. heating rate (β)

Straight line plot -

The slope of the straight line that we 

draw through the experimental points 

gives us the value of E/R! 

T b y X

780 5 11.70915 0.001282

800 10 11.06664 0.00125

810 12 10.90916 0.001235

Data from previous plot

y=mx+c
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Extracting useful information from experiments

● We routinely use various tools such as linear and non-linear regression in data 

fitting. 

● Recall that this involves minimising an objective function

● The aim is to get values of the parameters k such that the experimental and model-

predicted values of y at various x are close.

● We sometimes question the model assumptions if the gap between experiments 

and model is large*

● In general we prefer to understand the physics and chemistry behind the 

processes, and propose the form of the mathematical model based on those. 

● In this example, we know that the rate of the reaction typically follows the 

exponential dependence on temperature we used so far. 
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An introduction to reaction mechanisms

Chemical reactions occur in a 

sequence of several simple 

steps

Each step involves the 

breaking of a single chemical 

bond

Puzzle Time! 

Take the PIG to the STY- In each step, 

change one letter only! 

PIG -> GIG ->GAG ->SAG -> SAY -> STY

Can you go from COLD to WARM in just 

three steps? 

COLD -> CORD -> WORD -> WARD -> WARM

In how many steps can an APE evolve to a 

MAN? 

APE -> APT -> OPT-> OUT-> BUT-> BUN-> 

BAN -> MAN

A+*→ A*

A*→B*

B*→B+*

H2+2*→ 2H*

N2+2*→2N*

N*+H*→NH*+*

NH*+*→NH2*+*

NH2*+*→NH3*+*

NH3*→NH3+*
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Analysis of reaction mechanisms 

What is the rate (or 

speed) at which N2

or H2 is consumed? 

How about the 

rate at which NH3

is formed? 

We use a special technique to 

get reaction rates, once the rate 

parameters for individual 

reaction steps are known

Some assumptions are 

involved, which lead to 

mathematical simplifications

Mostly, it is just algebra - but 

can be very powerful in 

practical applications

H2+2*→ 2H*

N2+2*→2N*

N*+H*→NH*+*

NH*+*→NH2*+*

NH2*+*→NH3*+*

NH3*→NH3+*

H2, H*, *, NH*, etc. are all participants. Their 

amounts need to be known as a function of 

temperature, activation energies etc. 

R1=k1CH2C*
2
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Overall reaction rates from mechanisms

A + * ⇔ A*

A*     ⇔ B*

B*     ⇔ B + *

Assumption 1: Rxn step 1 

determines the overall reaction rate

Assumption 2: Rxn step 2 

determines the overall reaction rate

Assumption 3: Rxn step 3 

determines the overall reaction rate

?
Can you guess 

what the four 

equations for this 

case are? 
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Final expression for the reaction rate

A + * ⇔ A*

A*     ⇔ B*

B*     ⇔ B + *

Assumption 2: Rxn step 2 

determines the overall reaction rate

We prefer the rate expression to 

be in terms of CA, CB, and ki as 

these are easy to measure in 

experiments

This is called LHHW analysis, and is very 

popular in studies of catalytic reactions 

(Nobel Prize 1932)
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What we have seen so far..

Determine some 

useful information 

about chemical 

reactions by data 

fitting
Develop simplified 

reaction rate 

expressions using 

algebraic 

manipulations

Simulate a chemical 

reactor using 

numerical methods 

for solution of 

equations

✔️

✔️

Linear regression, hypothesis testing 

(model sufficiency), algebraic 

manipulations.
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Moving on to Modelling of Chemical Reactors 
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Overall reaction A → B in a Batch reactor

Now this is a system of two Ordinary Differential Equations which can 

be solved using various techniques and tools known to us. 

What methods do you know to solve 

ODEs such as these?

This comes from our 

analysis in part 2 of the 

presentation! 

14



Are we missing something though?

Recall that the experiments described in 

Part 1 allowed us to determine k0, E 

using a graph or via linear regression

The same can be used to get values k2, 

K1 and K3 that are needed here

Once we have numerical values for all 

the parameters, the ODEs can be solved 

for the given initial condition
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Control of NOx using Catalysts

Catalytic converters are used to 

reduce NOx in automobiles

But they have drawbacks- cold start, 

lean burn engines…

Selective catalyic reduction, Lean 

NOx trap are proposed for this. 



Hypothesised reaction mechanism
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A plug flow reactor model 

Reactants
Products

Monolith Plug flow reactor

Elementary 

Reactions

Activation barrier (kcal/mol)

Pt Rh Pd Ru Ir

NO + * → NO* 0.0 0.0 0.0 0.0 0.0

NO* →NO + * 26.0 26.0 32.0 34.2 30.7

NO* → N* + O* 12.5 6.6 9.0 0.0 7.7

N* + N* → N2+ 2* 26.6 26.6 42.8 48.5 39.3

NO*+N* → N2O* + * 21.2 21.2 30.0 42.2 28.7

N2O* → N2O + * 12.2 10.0 17.0 12.0 14.0

CO + * → CO* 0.0 0.0 0.0 0.0 0.0

CO* → CO + * 32.0 32.0 34.0 34.0 34.0

CO* + O* → CO2 + 

2*

23.2 24.3 24.4 27.0 24.9

O2 + 2* -> 2O* 0.0 0.0 0.0 0.0 0.0

2O* -> O2 + 2* 51.0 85.0 55.0 121.0 54.0
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Predicting experimental data
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Summary and conclusions

Experiments and 

mathematical 

simulations go hand in 

hand in developing 

deep understanding of 

(catalytic) reactions 

I demonstrated a set 

of tools and 

techniques I often 

use in my research 

There are several 

other applications in 

chemical 

engineering that are 

also interesting! 
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Thank you for listening! 

Questions? 

preeti@iitm.ac.in

Currently reading
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