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(introduction of SiO2) and granulation process (introduction of carboxyl groups by ALG), some changes in bond
vibrations were observed in the FTIR spectrum of ALG-SPC which are shown in Figure 1c.

3.2 Batch mode adsorption

The experiments showing the effects of solution pH (2 - 7) and adsorbent dose (0.5 - 5 g/L) on the adsorption
of Ni(ll) are shown in Figure 2. Figure 2a shows that as the pH of the solution increases, the adsorption of Ni(ll)
increases sharply. According to the preliminary experiments, the precipitation of nickel was observed at pH
values above 9. The pH of 8 was also excluded from the range because its unexpectedly high removal
percentage could be related to the formation of precipitates (which cannot be observed) in addition to adsorption.
Blank tests confirmed this. In the range studied, increasing the pH from 2 to 7 improved Ni(ll) removal
percentage from 7.1 % to 63 %. The high concentration of H* under acidic conditions and its competition with
the Ni(ll) cations resulted in very low adsorption. The positive effect of increasing pH on the adsorption
percentage can be related to the gradual decrease of the net positive charge on the adsorbent surface, causing
an electrostatic attraction between the deprotonated functional groups, especially Si-O- (in SPC) and COO- (in
ALG) with the Ni(ll) cations. Therefore, the pH of 7 was chosen as the best pH under the range studied for
further experiments.

Figure 2a also shows the adsorption capacity of the adsorbent for Ni(ll) in the presence of aniline (50 mg/L) as
an additional and competing organic pollutant in the solution. It can be seen that the presence of aniline
throughout the pH range negatively affected the amount of Ni(ll) adsorption, as some suitable Ni(ll) adsorption
sites were competitively occupied in the presence of aniline.

Figure 2b shows changing the adsorbent dose on the adsorption capacity and percent removal of Ni(ll). With
increasing adsorbent dose from 0.5 g/L to 5 g/L due to the increase of active sites, adsorption increased from
30.5 % to 67.4 %. However, excess adsorbent and the unsaturation of a fraction of sites led to a decreased
adsorption capacity from 31.6 mg/g to 6.98 mg/g. Considering that increasing the dose from 3 g/L to 5 g/L only
led to an increase in the adsorption percentage by about 4 %, 3 g/L was chosen for economic reasons as the
dose with the reasonable performance.
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Figure 2: (a) Effects of pH and (b) adsorbent dose on adsorption of Ni(ll) (contact time = 24 h, and Co =
50 mg/L) (each test was performed twice, and the error was within 5 %)

The kinetic and isothermal studies on the adsorption of Ni(ll) are shown in Figure 3. From Figure 3a, the
adsorption capacity increases sharply in the first few minutes and reaches almost half of the equilibrium
adsorption capacity in 15 min, and then slows down until equilibrium is reached. Therefore, the time to reach
adsorption equilibrium can be estimated to be about 4 h. The kinetic experimental data (sufficiently far from
equilibrium) were analyzed using two kinetic reaction models, including the nonlinear forms of the pseudo-first
order model and the pseudo-second order model.

Figure 3b also shows the experimental adsorption data at equilibrium. Isotherm models such as the Langmuir,
Freundlich, and Sips models were applied to model the equilibrium data. It is also shown that the equilibrium
adsorption capacity (ge) increases with increasing initial concentration, which is due to an improvement in driving
force for adsorption.

The parameters obtained from the kinetic and isotherm modeling are shown in Table 2. The statistical
correlations (R? and RMSE) showed that the pseudo-second order model fits the experimental data better than
the pseudo-first order model. Another reason for the better agreement of the kinetic data with the pseudo-second
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order model is the closer proximity of the equilibrium adsorption capacity determined by the model (11 mg/g) to
the experimental value.

According to Table 2, the Sips model showed the best agreement with the experimental data. The Langmuir
model is the simplest adsorption model because it considers simplified approximations such as homogeneous
adsorption sites and monolayer adsorption. In contrast, the Freundlich model is an empirical equation suitable
for non-ideal adsorption on heterogeneous surfaces. The Sips isotherm model is a combined model that
includes the approximations of both the Langmuir and Freundlich models and does not need to reach a limited
equilibrium adsorption capacity at higher concentrations. According to R? and RMSE values, the fit with the Sips
and Freundlich models was better than with the Langmuir model.
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Figure 3: (a) Kinetic and (b) isotherm models for adsorption of Ni(ll) onto ALG-SPC (pH = 7 and adsorbent
dose = 3 g/L) (each test was performed twice, and the error was within 5 %)

4. Conclusion

Table 2: Kinetic and isotherm models parameters

Model Parameter Value

Ki (h) 2.7810
Pseudo-first order ge (Mg/g) 9.82

qr = qe(1 —exp(—Kqt)) R? 0.9799
RMSE 0.5625
Kz (g/mg.h) 0.3436

Pseudo-second order  ge (mg/g) 11.07

_aiK,t h= K2qe? 42.10
=T K, gt R? 0.9968
RMSE 0.2231
Langmuir KL (L/mg) 0.0548

Qo i Ce Qr;L(mg/g) 21.10

(e = W R 0.9631
€ RMSE 1.5070

-1/nF

Freundlicrl EFF (mg/g)(mg/L) ggg;o
- nrp R? 0.9959
Qe = KeCe RMSE 0.5052

Sips gms (Mg/g) 52.58
1 Ks (mg/L)ns 0.0856
_ Am KsCo® ns 0.3654
e = ES R2 0.9971
1+ KsCe RMSE 0.4666

*ge: Equilibrium adsorption capacity (mg/g), K1: pseudo-first order kinetic constant, K2: pseudo-second

order kinetic constant, h: initial sorption rate. gmL: Langmuir maximum monolayer adsorption

capacity,gms: Sips model maximum adsorption capacity, KL, KF and Ks: Langmuir, Freundlich, and

Sips constants, nF and nS: dimensionless exponents of Freundlich and Sips models.
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In this study, a local clay was modified by silica pillaring through the sol-gel method, and then sodium
alginate was used for granulating the powder adsorbent. The adsorbent beads were used to adsorb Ni(ll)
from an aqueous solution in batch mode. Characterization of the adsorbent showed that silica pillarization
increased the SiO2 content by more than 91 %, decreased the degree of crystallinity, and significantly
increased the specific surface area (from 40 m2/g to 506 ™2g) and total pore volume (from 0.13 cmd/g to
1.29 cm®/g) compared to the raw clay. an extended pH range.Adsorption studies showed that the amount
of Ni(ll) adsorption was strongly dependent on pH, and the highest adsorption capacity was achieved at
pH 7; and electrostatic forces play an essential role in the process. The presence of aniline in the two-
component adsorption system was an inhibiting factor for the adsorption of Ni(ll). More than half of the
equilibrium adsorption capacity of Ni(ll) was reached in 15 min, and adsorption reached equilibrium in 4
h. an extended pH range. The pseudo-second order kinetic and Sips models (with a maximum adsorption
capacity of 52.58 mg/g) had the best agreement with the experimental data. Based on the results, SPC
is an effective adsorbent for Ni(ll) adsorption, which can be used in further fixed bed studies. Moreover,
to simulate the adsorption conditions in real wastewaters, the effects of other metal species (especially alkali
and alkaline earth metals) on the adsorption of Ni(ll) can be studied. Given the dominance of the electrostatic
attraction mechanism in Ni(ll) adsorption and the dependence of adsorption on pH, it is recommended that
other surface treatments, such as using the metal cationic chelating agents, be applied to enhance
adsorption over
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