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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

iImpact 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

4.0ptimization of Yield:

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

affecting the overall yield of desired products.

e 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:

Chemical & Petrochemical ENG _ Chem Reactor Design Il_6th 19
Semester_Mr.Serwan lbrahem



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

N/

% Multiple Linear Regression with Statistics

\/

% Nonlinear Regression with Statistics
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Polymath Software

* Polymath™ is unique Iin 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
k1
3A+2B — 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 (k,) is 200 dm*?/mol“.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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@ POLYMATH 6,10 Professional Release - [Ordinary Differential Equations Solver]
[ File Program Edit Format Problem  Examples Window Help

DeEH 2R AL, EEDEE @A) Z9
4, %, v @9 [E P | [RFE5 v] W Table ¥ Graph ¥ Repor

Drifferential Equations; 4 |.-'lu:-:i|iar_l.J Equations: ¥ |'~.-'" Ready for zolution

#Fexample 1 solution
dicd) / dit)
dicc) / dit)
dicb) / dit)
dica) / dit)
rd = -[5/3)"ra

rc=-ra

rb = 0.66667*ra

ra = -k*(0.25%1-X)[1+0.5%K) " 3%(0.25%(1-0.6667*X)/(1+0.5%X) "2
#=(0.25-ca)/0.25

rd
rc
rb
‘

d

k=200

cd(0) =10
cc(0) =10
ch(0) = 0.25
call) =025
t0)=10

t(f) = 500

VCSTR=X"2.5/(-ra)
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@ POLYMATH 6,10 Professional Release - [Differential Equations Solution #12]
@ File Edit Window Help

EEH 2R #: BEEEE @A) =7

POLYMATH Report
Ordinary Differential Equations

Calculated values of DEQ variables

Variable Initial value |[Minimal value Maximal value Final value
1 |ca 0.25 0.03081 0.25 0.03981
2 |cb 0.25 0.1098727 0.25 0.1098727
3 |cc 0 0 0.21019 0.21019
4 |cd ] ] 0.3503166 0.3503166
5 |k 200, 200, 200, 200.
6 |ra -0.1953125 |-0.1953125 -2.635E-05 -2.635E-05
7 rb -0.130209 -0.130209 -1.736E-05 -1.736E-05
8 |rc 0.1953125 | 2.635E-05 0.1953125 2.635E-05
9 rd 0.3255208 |4.391E-05 0.3255208 4.391E-05
10|t 0 0 500. 500.
11 VCSTR |0 ] 7.978E+04 7.978E+04
12 X ] ] 0.8407598 0.8407598

Differential equations

1 d(cd)/d(t) = rd
2 d{cc)/d(t) =rc
3 d(cb)/d{t) =rb
4 d(ca)/d(t) = ra

Explicit equations

1 ¥ =(0.25-ca)/0.25

2 k=200

3 ra =-k*(0.25%(1-X)/(1+0.5%X1)~3%(0.25%(1-0.6667=X)/(1+0.5%X1)"2
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B4 F# Ly RO

FEEH » BBRES AL @Al =7
0.4000
— cd
- cC
0.3800 | (- -4
— ca
0.3200
0.2200
0.2400
0.2000
0.1600
0.1200
0.02800
0.0400
|:||:||:||:||:| 1 1 1 1 L 1 1

0.0000 30.0000 100.0000 150.0000 200.0000 250.0000 300.0000 350.0000
t
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@ POLYMATH 6.10 Professional Release - [ODE Results: REF43, Solution #12)
File Program Edit Row Column

Format  Analysis  Examples

Window Help

- 8 X

D E&E|

G\ BEBEE DA =7

R001: €001 |CO1 X v |
t | cd el | ch ca ‘ = | k ra d [ ib YCSTR

1 a 1] 1] 024 0.2a ] 2000 01953125 032BR202 01953125 -0.130209 1]
2 10,2143 02209472 01325683 01616207 01174317 05302733 2000 Q002102 Q0043B03 00026102 00017401 5078891
K] 1740902 024382 01463407 0152433 071036833 (05853628 2000 000714301 0002330 0007143401 -0.000956 1020471
4 2071334 02510473 01806284 071495806 003933716 06B025136 2000 00011763 00019514 00011763 00007346 1279915
] Z2BE00R2  02638RRZ2 0158313 01444574 00916363 0E332625 200, -0.000313 00071355 0.000a13 -0.000542 1947 273
B J2B00E2 02688775 01613265 071424434 00336735 06453061 200, -0.000839 0.001165 (0.000839 -0.0004EE 2302.Mma3
7 JEEDORZ 027323 01633398 01407062 00280602  0.E557R94 2000 00006112 QO0MofEs 00006113 00004075 2681918
a 4060062 (0.2770B84 0166241 01391721 0083759 [.664964 2000 00005419 0000903 00005415 00003812 3067 944
] 4860062 0.28356B6 01701394 01365732  007P3BE06  0B205E7Y 2000 00004393 00007324 00004393 00002929 3873054
10 52 B00E2 (. 286361 0171816E 0138455 00751834 (BEY2EG4 200, 00004004 QO00EEV4 00004004 -0.000267 4290 797
1 BEEOORZ 02889177 Q1733806 071344324 007EG494 06934024 2000 -000036V4 Q0006124 00003674 -0.000245 4717 926
12 BOEDORZ 02912704 Q1747622 01324313 00752372 06330483 2000 0000339 0. 0005651 00003331 00002261 5153973
13 BBEOORZ 02954704 Q1772822 0138112 007EA17a 0709129 200, 0000233 0.0004583 0.000233 000071953 B0R1.212
14 72 60062 0297389 01784154 01310862 00716846 07136616 200, 0000274 0.0004567 0.000274 00001827 E511.706
15 JEEDORZ  (0.2991284 0173477 0130343 0.070523 0717302 2000 00002571 00004286 00002571 00001714 B373.708
16 B0E00RZ2 03007315 01204743 01296822 00835251 07218337 2000 0000242 00004035 00002421 00001614 7454 945
17 88.60062 0303842 01823062 01284626  0OB7ES48 07292207 2000 00002164 QOO03B0E 00002164 000071442 842618
18 9260062 03052489 018314 01279006 00BE8R19 07328925 2000 00002053 00003421 00002053 -0.0001369 89217
15 S96.600EZ2 03065813 01835488 01273669 OQOBEODSTZ 07357951 2000 00001952 Q0003253 00001952 000007301 9423533
20 1006006 0307814 01847109 01268532 00652891 [.7358435 200, -0.000186 000031 0000786 -0.000124 994 BTG
21 1086006 03102199 01ee132 01259114 0053368 07445278 2000 -0.0001BSY Q0002829 00001BSY 00001132 1.097E+04
2 M2e006 03113273 01967364 01254685  00B32036 07471854 2000 -00001E26 Q0002709 00001626 -000071024  1.149E+04
23 TEENOG 03123835 0187433 0126044 0O0BZBEET (07457324 200, 00001853 Q0002532 00001859 00001033 1.202E+04
24 120.6006 03407 01320442 01246366 00B19862 07521763 2000 00001497 00002435 00001497 -9.982E-05 1.2BBE+04
25 1286006 03153276 01891966 01238683 00602034 07567862 200, 00001386 0000231 0ooo3ee  -9.241E05 1.36BE+04
25 1326006 03162349 01897409 01235084 00802591 [0.7589636 2000 00001338 Q0002227 Q0001336 -B.908E-0% 1.42E+04
27 1366006 03171098 019028B9 01231884 00837341 07610635 2000 00001233 Q0002149 00001283 -B59BE-05 1.47BE+04
28 1406006 0317945 01907727 01228176 00852273 07E30807 2000 00001245 Q0002075 00001245 -8302E-05  1.B3ZE+04
29 1486006 03195602 01917361 01221753 00582633 (7669444 2000 00001165 Q0001942 00001165 -FFERE-05 1.B4EE+04
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Example-2(by Microsoft Excel)

The elementary reversible reaction:

2A 2B
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 (X,.), for a liquid-phase reaction and the
equilibrium constant = 0.48 dm3/mol?
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F

=A2/[1-A2)"2

= — D Show Queries (2] Connections Al A Y}: Clear “V  [E’ Flash Fill H
S = | {3 B
i | Fi ol 7
Get External NE D From labig | Eef.[:h Propeties L71 bt Eilter Ej‘ Reapply | Tevitn P RARLGIR
Data~  Query P Recent S0UR orver Parameters *® [
et Sk shasm 3
N h
F2 v | setObjective: 3852 £
To: () Max ) Min @) Value OF: 384 )
4 A | Bl | C
1 x Keq By Changing Variable Cells:
e o 5452 ® |
= | .
4 Subject to the Constraints:
5 | SAS2 <=1 R N
= SAS2 =10 Add -
A "
i Change
8
g_ Delete I
10
11 Reset All N
12 v Load/Save -
13
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A B l
| X Keq
1 0.603548  3.84
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End od 15t week —part 1 lecture
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