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Abstract

In this study, novel polyacrylonitrile/iron nano oxide (PAN/Fe-Onps) nanofiber adsorbent
modified with 2-Amino-3-methyl-1-hexanethiol (AMH) was synthesized by combination of
hydrothermal and electrospinning method and evaluated as an adsorbent for removing thorium
(IV) (Th*") ion from aqueous solution. The PAN/Fe-Onp/AMH was characterized by X-ray
diffraction (XRD), Fourier Transform Infra-Red (FT-IR), Scanning Electron Microscopy
(SEM), energy dispersive X-ray analysis (EDX) and Brunauer—Emmett—Teller (BET). Response
Surface Methodology (RSM) was utilized in the optimization of Th*" adsorption for parameters
such as pH, the initial metal ion concentration (Th*" concentration) and contact time. For this
purpose, the central composite design (CCD) with a predictive quadratic model was applied
with 8 cubic points, 6 pivot points and 6 replicates at the center. The statistical measures (i.e.,
Analysis of variance (ANOVA), R’, the lack of fit test and the P value) specify that the
developed model is proper. The results of optimization showed that the adsorption percentage of
PAN/Fe-Onp/AMH for Th*" under optimal conditions (pH=5.7, initial concentration 232 mgL™"
and contact time=67.8 min) was 98% at 25°C. In addition, the adsorption kinetics was well
defined by the pseudo second-order equation, while the Langmuir model better fit the
adsorption isotherms. The adsorption capacity of PAN/Fe-Oxp/AMH was 472 mg Th*'g’
composite. The loaded Th*" can be easily regenerated with HNO,/HCl and the PAN/Fe-
Onps/AMH could be used repeatedly without any significant reduction in its adsorption capacity.
Adsorbent recovery by using 0.4M HNO;/0.2M HCI solution for adsorbent reuse indicated that
the PAN/Fe-Oxps/ AMH adsorption capacity for Th*" was decreased by about 7.5%.

Keywords: Adsorption, Th*', 2-Amino-3-methyl-1-hexanethiol, PAN/Fe-Oyp, Nanofiber,
Hydrothermal, Electrospinning.
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Table 2. EDX analysis results before and after of Th*" adsorption

PAN/ Fe-ONPs /AMH

Element
Weight % Atomic%
C 39.51 56.56
N 8.08 9.92
o 20.28 10.31
Fe 32.12 23.21
Th* - -

PAN/Fe-Onp,/AMH-Th*"

Weight% Atomic%
42.13 56.81
8.02 8.46
16.72 10.15
29.02 24.27
4.11 0.31
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Table 3. Calculated results for adsorption of Th*" on PAN/Fe-Onp/ AMH

Experiment Th* concentration Contact time o
No. PH (mg/L) (min __ Ad OO
1 5.0 55.0 50.0 94.5
5.0 55.0 50.0 91.3
3 6.8 81.8 67.8 93.1
4 5.0 55.0 50.0 94.8
5 6.8 81.8 322 88.8
6 5.0 55.0 50.0 92.7
7 3.2 81.8 67.8 93.1
8 32 28.2 67.8 92.8
9 6.8 28.2 322 93.0
10 5.0 55.0 50.0 91.2
11 3.2 28.2 322 88.1
12 5.0 55.0 80.0 98.6
13 8.0 55.0 50.0 84.5
14 32 81.8 322 92.4
15 5.0 10.0 50.0 97.0
16 2.0 55.0 50.0 80.7
17 6.8 28.2 67.8 94.5
18 5.0 55.0 50.0 92.7
19 5.0 100.0 50.0 98.1
20 5.0 55.0 20.0 94.6

s 1)) Jon (51 ANOVA 50T =¥
Table 4. ANOVA results for the response: Th*" removal

P-value
Source Sum of square af’ Mean square F-value Prob. > F
Model 327.69 9 36.41 17.89 0.0001
Residual 20.35 10 2.04 - -
Lack of fit 8.61 5 1.72 0.73 0.6290
Pure error 11.74 5 2.35 - -
Total 348.04 19 - - -
R?=0.9415, R%4;= 0.8889, CV" = 1.55%.
* = Degree of freedom.
** = Coefficient of variation
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Fig. 8. (a) Surface, (b) contour plot for pH—contact time (Th™ concentration=55 mg/L)
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Table 5. Comparison of predicted and observed values in optimum condition

No. pH TH*" concentration Contac.t time : ADS (%)
(mg/L) (min) Predicted Observed
157 23.2 67.8 98.14 98.01
2 56 23.2 67.6 98.11 97.17
3 55 24.1 67.8 98.03 97.12
4 59 23.2 67.8 98.02 96.13
S48 86.8 67.8 97.70 96.58
6 55 23.2 32.2 95.18 95.03
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Table 7. Equilibrium isotherm parameters of sorption of
Th* at 25°C

Models Equation q.(mg/g) Kk (min") R?
Langmuir 2.118x-19.86 472 1.07x10%  0.95
Freundlich -0.16x+0.099 1.3 6.3 0.68
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Table 6. Pseudo first and second-order parameters

Models Equation  q.(mg/g) k; (min") R?
Kinetic
Pseudo first-order  0.012x+6.052 425 0.012 0.87
Pseudo second- 0.037x+1.755 27 0.0279  0.98
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Table 8. Comparison between the maximum adsorption capacity (q,,, mg/g) of various adsorbents

No. Adsorbent

m Ion References

(mg/g)

1 Modified polyacrylonitrile composite
nanofiber adsorbent

2 Modified polyacrylonitrile composite
nanofiber adsorbent

3 amidoxime-modified polyacrylonitrile
(PAN-oxime) nanofibers

4 PAN-TiO, nanofiber adsorbent
modified with aminopropyltriethoxysilane

5 CeO, nanofiber adsorbent
functionalized with mercapto groups
Aminated Polyacrylonitrile Fibers
ferroxane/polyacrylonitrile
nanocomposite nanofibers adsorbent

8 PAN/Fe-Onps/ AMH

249.4 Th**  (Dastbaz and Keshtkar, 2014b)
193.1 U*  (Dastbaz and Keshtkar, 2014b)
26345  Pb*"  (Saced et al., 2008)
250 Th**  (Mokhtari and Keshtkar, 2016a)
272.3 Pb**  (Yarietal., 2015)

76.112  Pb*"  (Deng et al., 2003)
357.14  Pb*  (Moradi et al., 2017, 2018)

472 Th**  This study
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Table 9. Thermodynamic parameters for adsorption of Th*" by PAN/Fe-Oxps/ AMH

o o o
AR Temp(iz)ature (Kﬁ/?nol) (K?/I:Inol) (KJfAlgmol)
298 -83.8
303 -85.2
PAN/Fe-ONPs/AMH 308 -86.6 79.02 281.37
313 -88.0
318 -89.4
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Table 10. Desorption results in 0.1 M solution (%) on
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Agents Desorption (%)
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HNO; 90
HNO3/HCI 92
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