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Importance of understanding multiple reactions

Understanding multiple reactions is crucial in the field of

chemical engineering and reactor design. Multiple reactions

refer to situations where more than one chemical reaction

occurs simultaneously within a system. This complexity

introduces challenges and opportunities that significantly

impact the design, optimization, and operation of chemical

reactors.
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Importance of understanding multiple reactions
Here are some key reasons highlighting the importance of

understanding multiple reactions:

1.Product Selectivity:

• Different reactions often lead to the formation of various products.

• Understanding the kinetics and thermodynamics of each reaction helps

optimize conditions for desired product formation.

• Achieving high selectivity ensures efficient use of resources and

minimizes waste.
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Importance of understanding multiple reactions

2.Reaction Kinetics:

• Each reaction in a multiple reaction system has its own kinetics.

• The rate of each reaction influences the overall system behavior.

• Accurate knowledge of reaction kinetics aids in predicting the

conversion of reactants and the evolution of product

concentrations over time.
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Importance of understanding multiple reactions

3.Energy Considerations:

• Multiple reactions can have different energy requirements.

• Balancing energy input and removal is essential for maintaining

temperature control and preventing undesired side reactions.

• Understanding the heat generated or absorbed by each reaction

is critical for reactor safety and efficiency.
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Importance of understanding multiple reactions

4.Optimization of Yield:

• Some reactions may compete for the same set of reactants,

affecting the overall yield of desired products.

• Balancing reaction rates and concentrations is essential for

optimizing the yield of the target product while minimizing the

formation of by-products.
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Importance of understanding multiple reactions

5.Reactor Design:

• Different types of reactors are suitable for different types of

reactions.

• Understanding the nature of multiple reactions helps in selecting

an appropriate reactor design that maximizes efficiency and

minimizes costs.
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Importance of understanding multiple reactions

6.Process Economics:

• The economic feasibility of a chemical process is influenced by the

efficiency of the reactor system.

• Knowledge of multiple reactions allows for the design of cost-

effective processes with minimal energy consumption and raw

material waste.
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Importance of understanding multiple reactions

7.Environmental Impact:

• Optimizing reactions to reduce by-products and waste is crucial

for sustainable and environmentally friendly manufacturing.
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Importance of understanding multiple reactions

8.Process Control:

• Multiple reactions introduce additional variables that need to be

controlled for stable operation.

• Understanding the interplay between reactions aids in developing

effective control strategies for maintaining product quality and

consistency.
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Importance of understanding multiple reactions

In conclusion, a deep understanding of multiple reactions is

essential for achieving optimal performance in chemical reactors. It

not only enhances the efficiency of chemical processes but also

contributes to sustainability, cost-effectiveness, and safety in the

chemical industry.
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Polymath Software

Polymath™ is an easy-to-use numerical computation package that

allows students and professionals to use personal computers to

solve the following types of problems:
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Polymath Software

• Simultaneous Linear Algebraic Equations

• Simultaneous Nonlinear Algebraic Equations

• Simultaneous Ordinary Differential Equations
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Polymath Software

• Data Regressions (including the following)

 Curve Fitting by Polynomials and Splines

 Multiple Linear Regression with Statistics

 Nonlinear Regression with Statistics
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Polymath Software

• Polymath™ is unique in that the problems are entered just like

their mathematical equations, and there is a minimal learning

curve. Problem solutions are easily found with robust algorithms.

This allows very convenient problem solving to be used in

chemical reaction engineering and other areas of chemical

engineering, leading to an enhanced educational experience for

students.
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Example-1
The elementary gas phase reaction

3A+2B    
𝑘1

3C+5D

is carried out in a flow reactor operated isothermally at 427°C and 28.7 atmospheres.

Pressure drop can be neglected. The entering volumetric flow rate is 10 dm3/s and the

reaction rate constant (k1) is 200 dm12/mol4.s. The feed is equal molar in A and B.

a) Express the rate law and the concentration of each species

b) Calculate the required CSTR volume for 50% conversion.
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Example-1-solution
d(cd) / d(t) = rd

d(cc) / d(t) = rc

d(cb) / d(t) = rb

d(ca) / d(t) = ra

rd = -(5/3)*ra

rc = -ra

rb = 0.66667*ra

ra = -k*(0.25*(1-X)/(1+0.5*X))^3*(0.25*(1-0.6667*X)/(1+0.5*X))^2 

X=(0.25-ca)/0.25

k=200

cd(0) = 0

cc(0) = 0

cb(0) = 0.25

ca(0) = 0.25

t(0) = 0

t(f) = 500

VCSTR=X*2.5/(-ra)
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Example-2(by Microsoft Excel)
The elementary reversible reaction:

2A ⇄ B

is carried out isothermally and isobarically in a flow reactor where pure A is fed at a

concentration of 4.0 mol/dm3.

What is the equilibrium conversion (𝑋𝑒), for a liquid-phase reaction and the

equilibrium constant = 0.48 dm3/mol?
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End od 1st week –part 1 lecture
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