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Abstract

In this study, we developed artificial neural network-based model for
prediction of equilibrium solubility of carbon dioxide in the amine solvent
system of (triethanolamine + piperazine + water) for the purpose of
carbon dioxide uptake. In the MLP model, the solubility data (CO»
loading in the amine solution) were investigated as functions of CO;
partial pressure, system temperature, and amine composition.
The Levenberg—Marquardt back-propagation (LMP) algorithm was used
to predict the partial pressure of carbon dioxide. The final ratio of
training, validation, and test datasets was approximately 70:15:15.
The optimum  multilayer  perceptron  (MLP)  structure in
Levenberg-Marquardt algorithm for CO, partial pressure is created with
20 neurons in the first hidden layer and 10 neurons in the second hidden
layer. There was a 0.99546 correlation coefficient between
the experimental results and the artificial neural network (ANN)
calculations, demonstrating excellent compatibility between them.
The best validation performance was 0.0043497 from epoch 13.
In general, the results show that the applied model can provide
an accurate prediction of partial pressure or solubility for different
operating conditions.
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1. Artificial Neural Networks (ANN)
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Table 1. Data collected on the solubility of CO,in TEA + PZ
aqueous solutions.
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2-3
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313.2-353.2
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3. Fault tolerance

1. Multi Layer Perceptron (MLP)
2. Levenberg Marquardt Algorithm
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1. Feed-Forward Artificial Neural Networks
2. Loading
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1. Scaled Conjugate Gradient

2. Bayesian regularization

3. Levenberg—Marquardt Algorithm

(\&+Y) asgemmnns 9 340 o Loy — 939wy Jbw — Ol pal (poud (o A puins

—~

e | Jgills 5 Jgdomo )3 (2 S 3anS16d Uolesi Colll> S i

A7

YA-AY @ oo — ol8 g ;LS Jig5



10 0000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

S>> Jd

S|l

Bles 5 Jslome 3 oS

9

—

Training: R=0.99898

1
O Data
Fit
05 ... Y=T

Output ~= 1*Target + -0.00058
o

-1 -0.5 0 0.5 1
Target

Test: R=0.98983

1
O Data
Fit /0
0-5 ............. Y=T Q
o/

Output ~= 0.94*Target + -0.052
o

-1 -0.5 0 0.5 1
Target

Validation: R=0.99014m

1
O Data

Fit
057 | ... Y=T

Output ~= 1.1*Target + 0.037

o
-1 -05 0 05 1
Target

5 All: R=0.99546
o
S 1
o O Data
+ Fit o
= 051 | .. Y=T
> (0]
S o 2
*
(o2}
0?
© -05
1
1
§ -1
>
3 -1 05 0 05 1

Target

Ol pallie i pd b (dad g ule ] (i el (4 ) gal) s jbudss pA Ho (SuIS) s o gal O Sk

Figure 5. Scatter diagram at each modelling (training, validation, testing and all) with the coefficient of determination values.

MSE 51 jslaie ol +/+ - FYFAY L ol y iz ol o 45wl
955 990 Slazrg > 45 Sl (nl Gho 4 Su05) Sz 65 b
S35 ot R0 4 (j9el degaze sl ANN sl 2 >

iloas
5 b (Rl Ll AL - leyes (a3l g 185 o L
odaliin 45 ,sboles a0 Sl 4 (orae D 0 Sles
099 S2 (eizpe g Ll L5l Shes 0 i 09 o0
890 50 ailelw Abuogdy o & (miw il (bjgal slologes
Hlid slaosls (gl VY 5,90 j0 Lbge] el ool oluls VY
OeSle o ABgie it Joud BB b3gacne 4 SGo3 &S Sy
oads ools (Lt () S ) (gasl g Gijaal slallas Slayye

0, Sloe Bla> Y 5,90 )0 MSE (v liel ulis 4 4> g5l
plod U omae &S d ojanl (Jmeds 'o)90 .ol ¢+ FYFAY
osls ales 310,90 S 5o el a3 > G gl (Sbjsal slaools
T R P TRUY (RU VL N R Y HEN
L S 5le)90 S idigdgo ol (ol S plsisa g b e
03l dcgomme 5l iy A4S sla el ond L Si5 ans Wi
Slass €o 50> Sy auiS o ooliiwl s &S bigel 1y
S oo oyl e oo | 0018 degazee IS p Xl ST ], Slads
00l dcgomms ;o |y Laasged plood p )6l a5 | ;o cpl nlo
s> ANN S Ll ouls JslS 8,90 S 00,5 onmlice

u:’}ﬂ—‘] ad> 50 bL 5o b jlew MSE (dl)ls wub °~‘:i°uf‘)'5’°]

Iranian Chemical Engineering Journal — Vol. 22 - No. 129 (2023)

eececccccccccsd



10’ 3

Mean Squared Error (mse)

10'4 e 1 1 1 1

Best Validation Performance is 0.0043497 at epoch 13

Train
Validation
Test

1 i I I I

0 2 4 6 8

10 12 14 16 18

19 Epochs

Alids slaoyga o Uod Cilas yo (uSilie # JSud
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N 1
5 g J6 Jolo
3 033 i 9 el JSAH (58 s (Saes! (59 cudla ) Jgua
s\ S Table 1. The solubility of CO2 in TEA+PZ.
= Number TEA Pz Temp Loading Pressure
f ] 1 2 0 313.2 0.085 1.62
v | 2 2 0 313.2 0.128 6.56
3 3 2 0 313.2 0.169 9.56
—3‘ : 4 2 0 313.2 0.205 14.98
— : 5 2 0 313.2 0.345 36.27
’3 ! 6 2 0 313.2 0.534 92.98
: 7 2 0 333.2 0.077 2.6
: 8 2 0 333.2 0.114 8.58
: 9 2 0 333.2 0.207 32.91
: 10 2 0 333.2 0.243 53.88
11 2 0 333.2 0.257 60.17
: 12 2 0 333.2 0.34 90.97
: 13 2 0 333.2 0.485 153.4
: 14 2 0 353.2 0.066 5.42
15 2 0 353.2 0.08 8.05
: 16 2 0 353.2 0.108 20.56
: 17 2 0 353.2 0.134 43.01
: 18 2 0 353.2 0.178 98.14
: 19 2 0 353.2 0.191 137.9
20 2 0.5 313.2 0.265 0.99
: 21 2 05 3132 0.305 2.37
: 22 2 0.5 313.2 0.384 7.83
g 23 2 05 3132 0.416 12.73
24 2 0.5 313.2 0.486 23.08
: 25 2 0.5 313.2 0.567 41.49
: 26 2 0.5 313.2 0.699 87.77
: 27 2 05 333.2 0.215 1.09
28 2 0.5 333.2 0.275 6.3
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Number
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

TEA

N NN NN DN DN D DN DN DN DN DD DN DN DN DD DD DD DD DD NN DD DD DD DN DN DD DD DD DNDDND DD DD DNDDN

Pz Temp Loading
0.5 333.2 0.346
0.5 333.2 0.368
0.5 333.2 0.405
0.5 333.2 0.433
0.5 333.2 0.553
0.5 353.2 0.161
0.5 353.2 0.203
0.5 353.2 0.245
0.5 353.2 0.283
0.5 353.2 0.342
0.5 353.2 0.399
1 313.2 0.474
1 313.2 0.545
1 313.2 0.603
1 313.2 0.645
1 313.2 0.74
1 313.2 0.827
1 333.2 0.374
1 333.2 0.421
1 333.2 0.47
1 333.2 0.533
1 333.2 0.569
1 333.2 0.633
1 333.2 0.682
1 353.2 0.296
1 353.2 0.342
1 353.2 0.359
1 353.2 0.398
1 353.2 0.433
1 353.2 0.446
1 353.2 0.49
1.5 313.2 0.432
15 313.2 0.519
1.5 313.2 0.598
15 313.2 0.635
15 313.2 0.701
15 313.2 0.785
15 313.2 0.861
1.5 333.2 0.389
15 333.2 0.46
15 333.2 0.544
15 333.2 0.587
1.5 333.2 0.651
15 333.2 0.691
15 333.2 0.746

Pressure
16.19
19.14
37.91

438
103.1
1.01
3.97
11.15
22.45
43.04
87.77
3.51
7.84
18.37
30.26
55.87
103
2.28
7.75
18.15
30.53
45.44
67.97
117.9
2.31
4.43
8
2159
35.44
46.12
91.73
1
3.17
9.44
15.28
25.83
52.68
98.13
1.75
6.24
18
32.67
54.18
80.22
120.1
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Number TEA Pz Temp
74 2 15 353.2
75 2 15 353.2
76 2 1.5 353.2
77 2 15 353.2
78 2 1.5 353.2
79 2 15 353.2
80 3 0 313.2
81 3 0 313.2
82 3 0 313.2
83 3 0 313.2
84 3 0 313.2
85 3 0 313.2
86 3 0 313.2
87 3 0 333.2
88 3 0 333.2
89 3 0 333.2
90 3 0 333.2
91 3 0 333.2
92 3 0 333.2
93 3 0 333.2
94 3 0 353.2
95 3 0 353.2
96 3 0 353.2
97 3 0 353.2
98 3 0 353.2
99 3 0 353.2
100 3 0 353.2
101 3 0.5 313.2
102 3 0.5 313.2
103 3 0.5 313.2
104 3 0.5 313.2
105 3 0.5 313.2
106 3 0.5 313.2
107 3 0.5 313.2
108 3 0.5 333.2
109 3 0.5 333.2
110 3 0.5 333.2
111 3 0.5 333.2
112 3 0.5 333.2
113 3 0.5 333.2
114 3 0.5 333.2
115 3 0.5 353.2
116 3 0.5 353.2
117 3 0.5 353.2
118 3 0.5 353.2

Loading
0.335
0.356
0.402
0.446
0.493
0.538
0.074
0.086
0.157
0.182
0.259
0.313
0.425
0.055
0.073
0.128
0.137
0.145
0.175
0.241
0.034
0.045
0.064

0.08
0.107
0.125
0.147

0.2
0.239
0.285
0.353
0.386
0.443
0.519

0.15
0.196
0.226
0.265
0.303
0.329
0.362
0.134
0.165
0.184
0.209

Pressure
1.22
291
6.84

16.47
47.08
87.94
2.66
4.64
13.36
22.18
37.85
61.66
106
2.37
6.26
16.11
29.34
32.14
54.74
99.41
1.43
3.05
11.31
23.09
36.01
55.43
89.44
1.18
6.42
14.78
284
40.52
64.91
109
1.24
6.42
15
30.01
48.21
69.16
99.55
1.85
6.95
14.84
24.44
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Number
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

TEA

W W W W W W W W W W W W wwwwwwowwowwwowowowowowowwowowowowowowowowowwowww w w

Pz Temp Loading
0.5 353.2 0.226
0.5 353.2 0.237
0.5 353.2 0.265
1 313.2 0.258
1 313.2 0.315
1 313.2 0.368
1 313.2 0.444
1 313.2 0.472
1 313.2 0.546
1 313.2 0.601
1 333.2 0.25
1 333.2 0.3
1 333.2 0.316
1 333.2 0.353
1 333.2 0.393
1 333.2 0.408
1 333.2 0.434
1 353.2 0.18
1 353.2 0.212
1 353.2 0.245
1 353.2 0.269
1 353.2 0.309
1 353.2 0.323
1 353.2 0.353
15 313.2 0.311
1.5 313.2 0.342
15 313.2 0.392
1.5 313.2 0.507
15 313.2 0.562
1.5 313.2 0.613
15 313.2 0.642
1.5 333.2 0.258
15 333.2 0.308
15 333.2 0.338
15 333.2 0.362
15 333.2 0.411
15 333.2 0.437
15 333.2 0.462
1.5 353.2 0.249
15 353.2 0.255
1.5 353.2 0.279
15 353.2 0.308
1.5 353.2 0.329
15 353.2 0.345
15 353.2 0.373

Pressure
36.68
55.31
84.91

1.26
6.25
14.73
29.34
34.16
58.84
95.39
2.17
8.75
15.96
28.53
45.18
63.41
103.7
0.73
2.18
4.76
15.86
31.43
49
80.29
1.17
2.68
8.32
31.33
49.77
88.87
1211
1.34
4.77
12.67
27.18
42.77
68.81
101
2.63
3.59
6.4
15.5
29.05
46.83
82.22
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Table 2. A description of the ANN-MLP model with the Levenberg Marquardt algorithm.
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