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Iraq ABSTRACT
'Iz\iywortQS: The present paper deals with studying the dynamic model and control of absorption

sorption column by implementing two types of control strategies for CO2 gas and NaOH
fuzzy logic control solution. The control methods in this study are PID, fuzzy with five membership
PID control function. The results showed that a good improvement for CO2/Air-NaOH system

Matlab/Simulink with chemical reaction is achieved when the fuzzy logic with five membership

function because these methods have more suitable, lower over shoot, less offset
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1. INTRODUCTION

The consideration of gas absorption under unsteady
state regime is quite novel. Most gas absorption systems
operate under steady sate regime. Such unsteady state
processes find application in a variety of chemical process
industries. The absorption of carbon dioxide into sodium
hydroxide is accompanied by chemical reaction to form
sodium carbonate as product; this process is known as
chemisorptions [1].

Olutoye and Mohammed [3] presented the modeling
of a gas absorption packed column with the aim
formulating a mathematical model and simulation of the
model using computer software to obtain the rate of
absorption and the amount of absorbed carbon dioxide CO,
into dilute sodium hydroxide NaOH. The comparison
between the obtained experimental and simulated results
shows that the formulated model is a good representation
of the system. Olytoye and Etengh [1] investigated the
unsteady state behavior of gas absorption column for CO»-
NaOH system was carried out using the gas absorption

* Corresponding author: E-mail : drduraidl@yahoo.com

column. Model equations were derived for the time
dependent parameters and the model compared with
experiments showed that the results of experiments showed
agreement with the model results. Mores et al. [4] is
developed a mathematical model of a packed column for
CO; capture using aqueous monoethanolamine solution.
The absorption unit model takes into account. The
absorption efficiency defined as the ratio between the CO;
recovery in rich solution and the packing volume of the
column. The effect of the main process parameters on the
optimized results was also investigated. Dowell et al. [5]
proposed a dynamic non-equilibrium model of a packed
column for the chemisorptions of CO, from dilute gas
streams using a monoethanolamine solvent. The model
uses the SAFT-VR equation of state to describe the thermo
physical properties and fluid-phase behavior of this
process. It has been evaluated through dynamic simulation
the effect of changing the lean solvent flow rate and
thermodynamic state on column behavior. The influence of
flue gas humidity on the position and shape of the mass
transfer zone is also highlighted and discussed. Asendrych
et al. [5] applied numerical modeling of carbon dioxide
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capture by amine solvent from flue gases in post-
combustion technology. A complex flow system
including a countercurrent two- phase flow in a porous
region, chemical reaction and heat transfer is considered to
resolve CO; absorption. Good consistency of numerical
results with experimental data acquired at a small-scale
laboratory COs.

Control plays a fundamental role in modern
technological systems. The benefits of improved control
in industry can be immense include improved product
quality, reduced energy consumption, minimization of
waste material, increased safety levels, and reduction of
pollution. Bedelbayev et al. [7] studied CO: capture by
post-combustion using monoethanolamine. The
mechanistic model for the absorption process is
elaborated and includes specie and energy balances for
the liquid and gas phases. Model predictive control is
implemented as a control strategy for the absorption
column. The developed mathematical model of the
absorption tower is compound of several nonlinear
elements acting in combination with each other in the
model and causing high nonlinearity. The MPC showed
good results for the disturbance attenuation, and was able
to handle relatively large changes in set point and
disturbance variables. Harun et al. [8] studied a dynamic
model for the complete monoethanolamine absorption
process to study the operability of this process in a dynamic
fashion. A basic feedback control strategy based on
Proportional-Integral (P1) controllers was developed and
implemented using this dynamic model to study the closed-
loop performance of this system under the effect of
external perturbations. Eyng et al. [9] investigated the
development of a nonlinear controller, based on a neural
network inverse model (ANN controller), was proposed
and tested to manipulate the absorbent flow rate in order to
control the residual ethanol concentration in the effluent
gas phase. The results demonstrated that ANN controller
was a robust and reliable tool to control the absorption

studies on packed bed absorption column are carried out.
This circumstances allows for a particle way to develop a

control block diagram including measuring device
feedback controllers and final control element,
implementation of PID, fuzzy logic controller on

absorption column and a comparison between the two
control strategies is made to observe the best control
method that can be recommended for the gas concentration
absorption system and to test the effectiveness of these
controllers on the behavior of the system.

2. ABSORPTION OF CO2

The absorption process is presented a dynamic
behavior and mass transfer model for a general binary gas
absorption column, the inlet Composition of the absorption
column is homogenous and the Concentration of inlet
liquid is constant. The temperature effect is negligible, the
absorption process is under atmospheric pressure, the gas
holds up is constant, and the density of the solution is
constant.

The chemical reaction is:

2NaOH +C0,_ Na,CO;3 + H,0
The rate of reaction is [10]:

8057.1398 -
) (co) (1)

The absorption process divided in two types:

14 = 2.4956 X 10—5e<

CO2-Naoh System with Chemical
Reaction

The assumptions in this system are: the inlet gas flow rate
(92) is unequal to out gas flow rate (g2), the mole fraction
of inlet gas is equal to the mole fraction outlet gas (y1=y2).
The inlet liquid flow rate is equal to the outlet liquid flow
rate (L1 = Lo = L), the inlet liquid is pure, (xo=0).

Rate of accumulation of component mass = Input of component mass rate

- Out of output of component mass rate — [volume of the column X (£ Rate of reaction) 2
dx
M(Z2) = 0O RO + L 2O [9:0 7.0 + L@l [V x (k)] ©
column. Attarakiha et al. [2] developed mathematical  The derivative equation is:
model, which consists of a system of differential and dx
algebraic equations using MATLAB and SIMULINK to  Tp (_1> = ky(t) g:(t) + ky g,(b) (4)
simulate steady state, open and closed loop dynamics of a dt
sieve tray gas absorption column. The controlled variable x4, (s) ky g-(s)
was found to exhibit fairly large overshoots due to step G(s) = (s) = (T_ + 1) [1 - ©)
; , . 91(s Ps 91(5)
change in the inlet gas flow rate, while the PID controller )
performance was satisfactory for step change in the inlet ~ While:
gas composition. The closed-loop dynamic analysis Tp=M/L+Vk, k,=1/L+Vk

showed that the controlled variable (outlet gas phase
composition) had a fairly linear dynamic due to step
changes in the set point.

The objective of this work is to develop an unsteady
state and dynamic models for the mass balance of packed
bed absorption column. The developed models are
programmed in MATLAB and SIMULINK flow sheet
software. The combination of simulink and matlab is
utilized to develop an industrial feedback control system
for a general packed bed gas absorption column with only
one solute transfer. Both theoretical and experimental

where M is the liquid holdup, x is the concentration of CO,
absorbed in liquid, and y; is the concentration of CO; in
gas.

CO2/Air-NaOH System with Chemical
Reaction

The assumptions in this system are: the inlet gas flow
rate (gi1) is equal to out gas flow rate (g2), the mole fraction
of inlet gas is unequal to the mole fraction outlet gas (y: #
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y2). The inlet liquid flow rate is equal to the outlet liquid
flow rate (L1 = L= L), and the inlet liquid is pure, (X2 = 0).
The derivative equation is:

dx;
Tp () + 20 = k[ () + (0] (©)
The transfer function is:
(ks ky
x,(s) = (T_ps + 1) y:1(s) + (T—ps + 1) v2(s) ™)

3. SIMULATION WORK

A simulation program is built for the absorption by
using the program MATLAB /Simulink version (R2011a)
from (Math works), which are a software modeling
dynamical systems and simulation and analysis, whether
linear or non-linear. By using Simulink, we can build
models from scratch or amendment to existing models and
of interest is the study of the characteristics of control and
dynamic situation. The mathematical model is built for the
absorption in the form of a set of systems, and each system
component with a set of subsystems which represents the
mathematical model equations for absorption. The
simulation results are showed qualitatively acceptable
behavior for all systems. The model is developed consists
of differential and algebraic equations that validated using
a parameter sensitivities method that uses data collected in
the industrial plant. Tables 1 and 2 show the simulation
runs that have been made using a simulation program to
control methods system.

3.1.Simulation of Open-Loop System

The unsteady step change simulation runs were
conducted by introducing the gas flow rate and the liquid
flow rate of the absorption tower and measuring the output
concentration of CO; absorbed by the liquid (caustic soda)
in the absorption column by two types of the system, as
shown in Figs 1 and 2.

Table 1

Simulation runs for dynamic systems.

M mate

Table 2
Simulation runs for control methods system.
Run Type of Value of
no. disturbance step change System
gas flow rate, i
L (Umin) 4-8 0s.
gas flow rate, i
2 (L/min) 8-12 NaOH
3 liquid flow rate,  0.666- with
(L/min) 1.333 chem_lcal
liquid flow rate, reaction
gas flow rate,
5 : 4-8
(L/ ”;I'”) t CO2/Air-
gas flow rate, )
6 (Umin) 8-12 NgﬁH
liquid flow rate, wit
7 (f,min) 0.666-1.333  chemical
liquid flow rate, reaction
8 (L/min) 1.333-2
|
~1‘ l W~ o
- | [:J Jv‘ :,‘ b4
- B
|| =gl fipiie=1

Fig.1. Simulation work of CO2-NaOH with chemical

reaction system.

Run  Type of

Value of

no. disturbance step change System
gas flow rate, )

1 (L/min) 4-8

2 gas flow rate, 8-12 CO2-
(L/min) NaOH with

3 |(II(_:]/lrJ]!](?nf)|OW rate, 0.666-1.333 Cher?_lcal

reaction

liquid flow rate,

4 (L/min) 1.333-2
gas flow rate, )

> (L/min) 48 _

o gmlowse gy COMAE
liquid flow rate, chemical

! (L/min) 0.666-1.333  eaction
liquid flow rate,

8 (L/min) 1.333-2

Rleof Roetion

Fig. 2. Simulation work of CO2/Air-NaOH with chemical
reaction system.
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3.2.Simulation of the PID Control System

After running the dynamic model that has been
developed using Simulink and determining the extent of
the system’s response to some of the changes, as shown in
Figs. 3 and 4.

{1

Fig. 3. PID control of CO2-NaOH with chemical
reaction subsystem.

To Workspacei
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=
fompe
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SETPOINT ﬁ\
PID Comtmler

Fig. 4. PID control of CO2/Air-NaOH with chemical
reaction subsystem.

3.3.Simulation of Fuzzy Control System

After running the dynamic model that has been developed
using Simulink and determining the extent of the system’s
response with changes, the control system is run for this
model using fuzzy control method (fuzzy logic), as shown
in Figs. 5 and 6.

3.4.The System Studied

The system used in this study is CO»- NaOH and the
schematic diagram of the experimental arrangement of
absorption tower is shown below in Fig. 7. A 1.5 m height,
0.20 m diameter, and 1 m height of packing glass column
is employed. The size of plastic reaching ring is 2.5 mm
with bulk density of 88 kg/min3, surface area is 207 m?/m?3
and packing factor is 170 m*. 100-liter stainless steel tank
is used as feed tank of liquid solution. The transfer of liquid
is achieved by centrifugal pump. The liquid flow rate is
measured by independently calibrated rotameters. The
range of flow of rotameter that was used in laboratory is

(0-40-80-120-180 L/hr) of water at(20°C). A CO; bhottle
with gas flow meter is used as feed tank of CO,[11].

an

‘fj'—"1%7 J

Fig. 5. The fuzzy control of CO2-NaOH with chemical
reaction subsystem.

; =
0] ' =]
g E
{) .-> J :I
1 ]/ Gt

Fig. 6. The fuzzy control of CO2/Air-NaOH with
chemical reaction subsystem.

i

Xﬂe

CO; Bottle

v/ S
LSl v
Absorption

Fig. 7. The schematic diagram of absorption process.
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4. RESULT AND DISCUSSION

Experimental and Simulation results for the
absorption concentration responses for different step
changes in the gas flow rate and the liquid flow rate were
obtained in simulation for the tow systems and make a
comparison between simulation and experimental results.

4.1. Effect of Gas Flow Rate

In Figs. 8-11, it can be observed from the Figures that
the concentration of CO; in experimental need so many
time to reach to steady state while in simulation need less.
In experimental the concentration is (0.14 kg/L) with step
change (4 to 8 L/min) and (0.155 kg/L) with step change
from (8 to12 L/min) and in simulation is (0.106 kg/L). It
showed that when the system CO2-NaOH with chemical
reaction, the concentration still did not change with
increase in gas flow rate from (4 to 8 L/min) and from (8
to 12 L/min) but the concentration increase to (0.144 kg/L)
because of the value of rate of reaction. For CO,-NaOH
system, the flow of liquid is steady state and the increase
here only on gas flow (assuming 100% CO;) so the
concentration will not effect because of the liquid would
take the same amount of gas that the liquid need for the
reaction, so that the increase in gas flow rate will make no
difference because Othe liquid is steady state.

0.16
0.14
~ 0.12

0.1
0.08
0.06
0.04
0.02

0 T T T 1

0 5 10 15 20
Time,(min)

g/L

Y ——

concentration of co,

Fig. 8. The response of CO2 concentration in NaOH

solution at experimental a step change in the gas flow
rate from 4 to12 L/min for CO2-NaOH system.

__0.16
£ 0.14
®0.12
S 008
G
o 0.06
2 0.04
0.02
0 . . .
0 50 100 150
Time, (sec)

concentra

Fig. 9. The response of CO, concentration in NaOH
solution at simulated a step change in gas flow rate from 4
to 8 L/min for CO2-NaOH with chemical reaction system.

0.18

0.16

0.14
0.12

o
[

0.08

0.06

0.04

0.02

0 T T
10

Time,(min)

concentration of CO, kg/L

15

20

Fig. 10. The response of the CO2 concentration in the
NaOH solution at experimental a step change in the gas
flow rate from 8 to 12 L/min for the CO2-NaOH system.

0.16

t

o©
[uny
N

0.12

0.1

0.08

0.06

0.04

0.02

concentration of CO,, (kg/lit.)

0 T T

0 50 100
Time,(sec.)

150

Fig. 11. The response of the CO2 concentration in the

NaOH solution for simulated a step change in the gas
flow rate from 8 to 12 L/min for the CO2-NaOH with

chemical reaction system.

0.3
R
0.25 =
0.2
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30.15 5
]
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ON 3’/ m—— CONCEN
Q 0.1 +J
- Eff 60
Y w,
o oy
g O 05 [ Concon
20. > Concen.
il - Eff 80
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8 0 -~ T 1
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Fig. 12. The response of CO2 concentration in NaOH

solution at simulated a step change in the gas flow rate
from 4 to 8 L/min for CO2/Air- NaOH with chemical

reaction system.
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In Figs 12 and 13, it showed that system CO/Air with
chemical reaction with a step change in the gas flow rate,
the concentrations will increase with increase in gas flow
rate. When the gas flow rate up from 4 to 8 L/min the
concentration when the efficiency 60% equal to 0.229 kg/L
and in 80% equal to 0.257 kg/L and when increase the gas
flow rate from 8 to1l2 L/min. The concentration when
efficiency 60% equal to 0.301 L/kg and when 80% equal
to 0.330 kg/L.

— 0.35

o i

i

<

[o14]

=3

S

« 0.2

2 jf ——Concen.

o 0.15 Eff. 60

©

5 01 Concen:

c

@ 0.05 Eff. 80

C

8 O T T 1
0 50 100 150

Time,(sec.)

Fig. 13. The response of CO2 concentration in NaOH

solution at simulated a step change in the gas flow rate

from 8 to12 L/min for CO2/Air- NaOH with chemical
reaction system.

4.2.Effect of Liquid Flow Rate

Fig. 14 shows that experimental response of the outlet
concentration of carbon dioxide to step change in the liquid
concentration increases from 0.093 to 0.099 kg/L. Fig. 15
shows the experimental response with a step change in
liquid from (1.333 to 2 L/min), the concentration increase
from 0.097 to 0107 kg/L.

The outlet concentration of CO, response for CO,-
NaOH with chemical reaction is shown in Figs. 16 and 17,
these figures show that the concentration is increasing with
increase in liquid flow rate. In Fig. 16 the concentration
reach to (0.2144 kg/L) with a step change in the liquid flow
rate from (0.666 to 1.333). In Fig. 17 the concentration
reach to (0.266 kg/L) with increasing the step change in the
liquid flow rate from (1.333 to 2 L/min).

= o012
oo
< 01 -
S o008
S 0.06
C
S 004
©
S 002
C
8 O T 1
S 0 10 20
(&)
Time,(min)

Fig. 14. The response of CO2 concentration in NaOH
solution at experimental a step change in the liquid flow
rate from 0.666 to 1.333 L/min for CO2-NaOH system.

0.12
0.1 -

concentration of CO,,(kg/L)
o
o
(o)}

0.04
0.02
0 T T T T 1
0 5 10 15 20
Time,(min)

Fig. 15. The response of CO2 concentration in NaOH

solution at experimental a step change in the liquid flow
rate from 1.333-2 L/min for CO2-NaOH system.

0.25
0.2 //
0.15

o //

0.05

0 T T 1
0 50 100 150

concentration of CO,, (kg/lit.)

Time,(sec.)

Fig. 16. The response of CO2 concentration in NaOH

solution at simulation a step change in the liquid flow rate
from (0.666 to 1.333 L/min) for CO2-NaOH with

chemical reaction system.

0.3

0.25
0.2

0.15 /

wi S

0.05 /

0 T T !

0 50 100 150
Time,(sec.)

Concentration of CO,, (kg/lit.)

Fig. 17. The response of CO2 concentration in NaOH
solution at simulation a step change in the liquid flow
rate from 1.333 to 2 L/min for CO2-NaOH with

chemical reaction system.



Tikrit Journal of Engineering Sciences (2018) 25 (2) 1 - 11

Table 3

Cohen-Coon parameters of the PID controller for CO,-NaOH systems.

Variable of step Value of step

No. change change Kc 7l D system
1 Gas flow rate(L/min) 4-8-12 13.3 0.24 0.036 Experimental CO,-
2 liquid flow rate (L/min) 0.666-1.333-2  1.27 15 0.24 NaOH system
3 Gas flow rate (L/min) 4-8 1.106  1.08 0.171
4 Gas flow rate (L/min) 8-12 0.97 1.27 0.203 CO,-NaOH with
5 liquid flow rate (L/min) 0.666-1.333 3.58 0.304 0.047  chemical reaction
6  liquid flow rate (L/min) 1.33-2 2.09 0.528 0.081
Table 4

Cohen-Coon parameters of the PID controller for CO2/Air-NaOH systems.

No. Eglljcelency ?:/haa:’r%gle of step E/haa{gge()f step Kc Tl 1D system

1 o o rate 4-8 575 0214 0.032

’ iy §-12 1075 04 006 CO2/Air-NaOH
60% liauid flow with chemical

3 rate,(kg/min) 0.666-1.333 4314 026 004 reaction

4 oW 1ee 13332 387 0282 0042

5 e oy rate 4-8 244 026  0.04

6 ?f;,‘:ﬁ‘r’]‘; rate 8-12 094 043 0067 CO2/Air-NaOH

0, . .

80% liquid flow rate, with chemical

7 (Kg/min) 0.666-1.333 386 0283 0.042 reaction

8 I(fgl}'rg,ﬂfw rate, 13337 34 0328 005

5. CONTROL OF ABSORPTION

The PID method is used and compared with Fuzzy
control method.

5.1.PID Controller

The process reaction curves method developed by
Cohen- Coon method is used for determining the values of
the controller parameters which required the transient
responses for outlet concentration of absorption to step
change in the gas flow rate and step change in the liquid
flow rate. Table (3) and (4) includes our attempts to tuning
parameter of PID controller. Response of concentration of
absorption column using PID feedback controller to step
change in the gas flow rate and step change in the liquid
flow rate are done on the simulation program for PID
controller.

Proportional Integral Derivative Controller for
CO2-NaOH with Chemical Reaction System

It can be observed that from Figs. 18 and 19 the PID
controllers display a good performance for disturbance in
gas flow rate. The control action is much more aggressive
can be observed for large change in the error value of the
disturbance in liquid flow rate. The PID controller of CO;
concentration at step change in liquid flow rate exceed the

set point (0.1), however, the controller at step change in gas
flow rate keeps the concentration well with the set point.

025

0.2
e P|D1,step
in gas flow
0.15
0.1 PID2,step

o~ in liquid
0.05 / flow
O B T T 1

0 50 100 150

concentration of CO,, (kg/lit

Time,(sec.)

Fig. 18. Concentration responses of absorption for PID
controller to a step change in the gas flow rate from 4 to 8
L/min and a step change in the liquid flow rate from
0.666 to 1.333 L/min, at set point = 0.1 for the CO»-
NaOH with chemical reaction system.

Proportional Integral Derivative Controller for the
CO2/Air-NaOH System with Chemical Reaction

Fig. 20 shows good PID performance in control the
disturbance in the concentration with a step change in the



8 Duraid F. Ahmed and Sahar A. Ahmed / Tikrit Journal of Engineering Sciences 25 (2) 2018 (1-11)

gas flow rate from 4 to 8 L/min in the both value of
efficiency and equal to set point (0.2) but when the
absorption work with high efficiency (80%) the control
gets the set point with 1AE less than (60%). In Fig. 21 when
the step change in the gas becomes 8 to 12 L/min the PID
also can control the concentration in the two efficiency and
the values of the integral absolute error are so close. In
Figs. 22 and 23 it obvious that PID show a good control in
concentration with step changes in liquid 0.666 to 1.333 to
2 L/min and the IAE values for the both efficiency (60%-
80%) is close too.

5.2.Fuzzy Logic Controller

In this study, a rule base with a set of the rule form. The
input and the output are related through (25) rules (Table
5). Each rule output is determined by "MIN-MAX"
inference 12, Many runs are carried out to control the outlet
concentrations of absorption by using simulated fuzzy
logic controller to different step disturbances in gas flow
rate and in liquid flow rate.

0.3
S P|D1,step in

— 0.25
= gas flow
=
g 0.2
ORJ
Q 0.15 PID2,step in
o) liquid flow
c 01
£ /
et
s 0.05 +—
S / e Set point
e 0 -
@]
o

0 50 100
Time,(sec.)

150

Fig. 19. Concentration responses of absorption for PID
controller to a step change in the gas flow rate from 8 to
12 L/min and a step change in the liquid flow rate from
1.333 to 2 L/min at set point =0.1 for CO2-NaOH with
chemical reaction system.

0.25
e P|D1,step
0.2 . in gas
flow,60%
PID2,step
0.15 in gas
flow,80%

Cat H
JCTL pUIIIt

o
o o
(0] =

o

0 50 100 150

Time,(sec.)

concnetration of CO,,(kg/lit.)

Fig. 20. Concentration responses of absorption for PID
controller to a step change in the gas flow rate from 4 to
8 L/min at set point = 0.2 for the CO2/Air-NaOH with
chemical reaction system with efficiency = 60% and 80%.

£ 025 =#=PID1,step

Eﬂ in gas

= flow,60%

) PID2,step

:(-5) 0.15 s

- flow,80%

o 01 === Set point

)

@© .

5 0.05 4

= p

2o

g O (' T T 1

© 0 50 100 150
Time.(sec.)

Fig. 21. Concentration response of absorption for PID
controller to a step change in gas rate from 8 to 12 L/min
at set point =0.2 for CO/Air-NaOH with chemical
reaction system with efficiency = 60% and 80%.

—~ 025

§ =====P|D1,step in
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~ / flow,60%

8 0.15 PIDZ,step in

5 / liquid

c 01 flow,80%

o === Set point

-+

© 0.05 -

-

c

8 0 B T T 1

C

S 0 50 100 150
Time,(sec.)

Fig. 22. Concentration responses of absorption for
PID controller to a step change in the liquid flow
rate from 0.666 to 1.333 L/min set point = 0.2 for
the CO2/Air-NaOH with chemical reaction system

with efficiency = 60% and 80%.

— 0.25

=

= .

E‘D 0.2 P:Dl,)tcp n

= / liquid,60%

o

O 0.15 .

S I?ID.Z,step in

c 0.1 A —liquid,80%

.2

©

b 005 T Set pu;llt

c

8

C 0 - T T 1

o

© 0 50 100 150
Time,(sec.)

Fig. 23. Concentration responses of absorption for PID
control to a step change in liquid flow rate from 1.333
to 2 L/min set point = 0.2 for CO2/Air-NaOH with
chemical reaction system with efficiency = 60% and 80%.
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Table 5
Rules of the fuzzy logic controller (5MF).
E NB NS z PS PB

CE
NB NB NB NB NS Z
NS NB NB NS Z PS
Z NB NS Z PS PB
PS NS z PS PB PB
PB Z PS PB PB PB

Fuzzy Logic Controller for the CO2- NaOH
System with Chemical Reaction

Fig. 24 shows the performance of fuzzy logic
controller to control the concentration of carbon dioxide
with a step change in the gas flow from 4 to 8 L/min for the
CO2- NaOH system with chemical reaction and equal to set
point (0.1) in (100sec) but no control on concentration with
step change in the liquid from 0.666 to 1.333 L/min. It can
be observed that from Fig. 25 fuzzy logic control display a
good performance for disturbance in gas flow rate and get
the set point with less than (60 sec). The control action is
much more aggressive can be observed for large change in
the error value of disturbance in liquid flow rate.

0.25
e fUzzy1,stE
0.2 pin gas
flow
0.15 fuzzy2,ste
p in liquid

0.1 e flow—
e Set point
0.05 /
O - T T 1

0 50 100 150
Time,(sec.)

concentration of CO,,(kg/lit.)

Fig. 24. Concentration responses of absorption under five
membership functions fuzzy logic controller to a step
change in the gas flow rate from 4 to 8 L/min and a step
change in the liquid flow rate from 0.666 to 1.333
L/min. at set point = 0.1 for the CO2- NaOH system with
chemical reaction.

Fuzzy Logic Controller for the CO2/Air- NaOH
System with Chemical Reaction

In Fig. 26 the fuzzy logic make a good control on the
disturbance in concentration of CO; with efficiency 80%
and equal to the set point (0.2) and control on concentration
with efficiency with 60% to the set point with a step
change in the gas flow rate from 4 to 8 L/min. Fig. 27
shows the concentration of carbon dioxide with efficiency
is associated with disturbance but the fuzzy logic
controller makes a good control and equal to the set point
with a step change in the gas flow rate from 8 to 12 L/min
and the concentration with efficiency 80% is controlled to
set point with the same simulation time too. Figs. 28 and
29 show a good control of fuzzy logic with two efficiencies
60% and 80% on concentration of carbon dioxide with step
change in liquid flow rate from0.666 t01.333 to 2 L/min.
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Fig. 25. Concentration responses of absorption under
five membership functions fuzzy logic controller to a
step change in the gas flow rate from 8 to 12 L/min
and step change in the liquid flow rate from 1.333 to
2 L/min at set point = 0.1 for the CO2-NaOH system

with chemical reaction.
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Fig. 26. Concentration responses of absorption under
five membership functions fuzzy logic controller to a
step change in the gas flow rate from 4 to 8 L/min at

set point =0.2 for the CO2/Air-NaOH system with
chemical reaction with efficiency 60% and 80%.
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Fig. 27. Concentration responses of absorption under

five membership functions fuzzy logic controller to

a step change in the gas flow rate from 8 to 12
L/min at set point = 0.2 for the CO2/Air-NaOH

system with chemical reaction with efficiency 60%

and 80%.
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Fig. 28. Concentration responses of absorption under five
membership functions fuzzy logic controller to a step
change in the liquid flow rate from 0.666 to 1.333 L/min
at set point =0.2 for the CO2/Air-NaOH system with
chemical reaction with efficiency 60% and 80%.
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Fig. 29. Concentration responses of absorption under
five membership functions fuzzy logic controller to a
step change in the liquid flow rate from 1.333 to 2
L/min at set point = 0.2 for the CO2/Air-NaOH system
with chemical reaction with efficiency 60% and 80%.

Comparison of Concentration Control of
Absorption Between Two Methods for the Coo-
Naoh System with Chemical Reaction

Fig. 30 shows that the compare between the PID and
fuzzy controllers, the fuzzy controller show a good
performance with IAE value smaller than PID controller to
control the concentration of CO; with step change in gas
flow rate 4 to 8 L/min. In Fig. 31 it can be noticed that the
both controllers could not control the concentration with
step change in liquid in flow rate from 0.666 to 1.333
L/min.

Comparison of Concentration Control of
Absorption Between the Two Methods for the
Coz/Air-Naoh System with Chemical Reaction

Figs. 32 and 33 show that the comparison between the
PID and fuzzy controllers' performance with efficiency
60% and 80% with a step change in the gas flow from 4 to
8 L/min and the action of the two controllers are so close
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Fig. 30. Comparison between PID and fuzzy logic five
membership functions controllers in absorption to a step
change in gas flow rate from 4 to 8 L/min at set point =
0.1 for the CO2-NaOH system with chemical reaction.
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Fig. 31. Comparison between PID and fuzzy logic five
membership functions controllers in absorption to a
step change in liquid flow rate from 0.666 to 1.333
L/min at set point = 0.1 for the CO2-NaOH system
with chemical reaction.
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Fig. 32. Comparison between PID and Fuzzy logic five
membership functions controllers in absorption to a step
change in the gas flow rate from 4 - 8 L/min at set point
of PID = 0.2 and set point of fuzzy 5M = 0.2, for the
CO2/Air-NaOH system with chemical reaction with

efficiency = 60%.

Figs. 34 and 35 show the actions of the tow
controllers in step change in liquid flow rate from 0.666 to
1.333 L/min with two efficiencies, in 80% the fuzzy
controller make a good performance from the PID. The
Table 5 shows the comparison between the integral
absolute Error between the PID and fuzzy controllers.
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Fig. 33. Comparison between PID and fuzzy logic five
membership functions controllers in absorption to a step
change in the gas flow rate from 4-8 L/min at set point of

PID = 0.2 and set point of fuzzy 5M = 0.2, for
theCO2/Air-NaOH system with chemical reaction.

— 025

=

® 02 =

=

o 0.15 ’/ ——I?ID?,step in
%) W liquid

S 0.1 . flow,60%

'g / fuzzyl,step in
5 0.05 tiquid

S / flow,60%

(8] O ¥

S - ' ' '
o 0 50 100 150

Time,(sec.)

Fig. 34. Comparison between PID and fuzzy logic five
membership functions controllers in absorption to a step
change in the liquid flow rate from 0.666 to 1.333 L/min

at set point of PID = 0.2 and set point of fuzzy 5M =
0.2, for the CO2/Air-NaOH system with chemical
reaction with efficiency = 60%.
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Fig. 35. Comparison between PID and fuzzy logic five
membership functions controllers in absorption to a step
change in the liquid flow rate from 0.666 to 1.333 L/min
at set point of PID =0.2 and set point of fuzzy 5M =
0.2, for the CO2/Air-NaOH system with chemical

reaction with efficiency = 80%.
6. CONCLUSIONS

The transfer function of absorption tower can be
regarded as a first order system with time delay. The
results of the simulation work in the experimental data
show that the values of concentration when makes a step
change in the gas flow rate is higher than concentration
with a step change in the liquid flow rate. The results in

simulation work for systems of (CO2-NaOH) with
chemical reaction show that the value of concentrations
with step change in liquid flow rate is higher than
concentrations in gas step change. In simulation work, the
process with high efficiency gets a high response of
concentration than the small efficiency. Results have
shown priority of fuzzy logic (five membership functions)
controller in CO/Air-NaOH with chemical reaction
system which gives less offset value and the
concentration response reach the steady state value in less
time with lower over-shoot compared with PID controller.
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