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Abstract

Nitrate removal is important for reuse of agricultural drainage, controlling nutrition and
reducing its environmental impacts. For this purpose, the effect of zeolite modification
with concentrations of 0, 10, 15, 20 and 25 mg/L of HDTMAB-r surfactant, in columns
with height of 30 cm and 32 mm diameter was investigated. In order to model the
breakthrough curve of adsorption column, three models of Bohart-Adams, Thomas and
modified dose-response plus Artificial Intelligence model of ANFIS were evaluated.
The results showed that when the equilibrium adsorption capacity is increased from
0.07 to 0.74 mg/g, the breakthrough and exhausting times are also increased.
Modification of natural zeolite with a concentration of 25 mg/L of surfactant was
selected as the best surfactant concentration. Among the adsorption models, Thomas
model and the modified dose-response model were able to predict the dynamic
absorption coefficients, but the modified dose-response model, was more efficient and
more accurate. The results of the study showed that increasing the concentration of
surfactant leads to an increase in the equilibrium adsorption capacity. ANFIS with
average relative error of 23.3%, root mean square and chi-square of 3.9 and 7.2 mg/L,
had a higher efficiency than the modified response dose model, and in total has shown
higher performance to mathematical adsorption models.

Keywords: Adsorption Capacity, Artificial Intelligence, Adsorption Model, Cationic
Modifier, Modified Zeolite.
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Table 2. Breakthrough curve parameters for adsorption of nitrate from a fixed bed column under different levels
of surfactant concentration

Surfactant

concentration b, te 9e Grotal Wiotal R% At MTZ

(mg/l) (min)  (min)  (mg/g)  (mg) (mg) (min)  (cm)

0 2.65 20 0.07 10.18 19.01 53.55 17.35 26.03

10 11.7 60.8 0.23 23.76 56.29 58.19 49.1 24.23

15 26.5 194 0.44 63.76 181.23 35.18 167.5 25.90

20 45 212 0.54 78.92 174.89 45.12 167 23.63

25 65 227.8 0.74 106.84 190.45 56.10 162.8 21.44
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Table 3. Statistical and dynamic parameters of the fitting of the Bohart-Adams, Thomas and modified dose-
response models on the results of outflow concentration of adsorbing column
Bohart Adams model Thomas model Modified dose-response
Concentration model

(mg/L) No Kap*10° R’ Kn*10° Qo R? Qo a R?

(mg/L) (L/mg min) © (L/min mg)  (mg/g) @) (mg/g) @) @]
0 135.97 0.438 0.5930 1.521 0.082 09179 0.069 1.52 0.9757
10 239.45 0.328 0.7579 0.918 0.202  0.9739 0.176 2.065 0.9750
15 802.15 0.079 0.5849 0.226 0.505  0.8196 0.318 2.32 0.9715
20 727.11 0.141 0.6363 0.294 0.659  0.8512 0.431 2.59 0.9789
25 458.70 0.344 0.9726 0.283 0.816  0.9541 0.595 2.39 0.9757
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Table 4. Evaluating error indicators for comparison of Bohart-Adams, Thomas and modified dose-response

models with ANFIS

AY

Modified
Bohart-
Surfactant Thomas Dose-
. Adams ANFIS
concentration del model Response
mode
(mg/L) Model
, AR RM , AR RM , AR RM , AR RM
R g g 2 R g g 22 B ¢ g 12 B 5 g 22
0 0.6381 414 394 719 09979 13.1 139 123 09808 142 136 7.0 09126 119 110 44
10 0.6948 31.6 284 155.1 0.9666 11.1 7.8 6.5 09752 109 6.0 4.3 0.992710.4 32 27
15 0.6797 104.7 44.7 400.1 0.8463 84.0 173 51.5 09762 16.1 52 5.0 09862 179 7.0 12.8
20 0.7359 103.5 35.8 3919 0.8612 72.0 11.7 63.2 0.9843 479 53 9.6 0.9946 455 3.0 11.6
25 0.9690 109 74 89 09578 283 84 145 09771 602 69 156 09963 193 23 1.6
Average 0.7435 584 31.1 205.6 0.9259 14.7 11.8 29.6 09807 299 74 83 09765 233 39 72
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