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Abstract

Natural processes and industrial activities can cause chromium to enter Received: 20 March 2021
water resources. Chromium in water enters food chain and causes diseases Accepted: 1 September 2021
like cancer, skin dermatitis, and other health problems. In this work, cellulose Page Number: 35-46

adsorbent, Kraft paper, was used to remove chromium (VI) from water. The
ash of the cellulose adsorbent was 2%, and its specific surface area was
3.6 m%g according to the BJH isotherm adsorption branch. Cellulose
adsorbent was also characterized by FTIR, SEM, and EDX methods.
The effects of pH were investigated in Cr(VI) adsorption and showed that Keywords;
with the increase in pH of the solution, Cr (VI) removal was decreased.
The adsorption isotherm was corresponded to the Langmuir model.
The kinetic data was in agreement with the pseudo first order model.
The thermodynamic studies showed that Cr (V1) adsorption on the cellulose

Chromium (V1) Removal,
Wastewater Treatment,
Cellulose Adsorbent,

adsorbent was endothermic and spontaneous. The cellulose adsorbent, Kraft Kraft Paper,
paper, in powder and sheet forms can remove Cr (V1) from water solutions. Powdery Adsorbent,
In the operating conditions of pH 2, powdery adsorbent dose 3 g in 50 mL of Sheet Adsorbent

chromium solution with the concentration of 10 mg/L in 25 °C after 2 h,
99.16% chromium (V1) removal yield was obtained.
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Figure 1. Fourier transform infrared spectra of the cellulose adsorbent (Kraft paper).
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Figure 2. SEM images of the powdery cellulose adsorbent; (a) magnification of 58200, (b) magnification of 190000.
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Figure 3. Energy dispersive X-ray spectroscopy of the cellulose adsorbent.
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Figure 4. Effects of the operating conditions on the chromium (VI) adsorption; (a) Cr(V) initial concentration,
(b) adsorbent dose, (¢) pH, (d) time, (e) temperature.
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Table 1. Results of fitting with Langmuir and Freundlich isotherm models.

Temperature (°C)

Gm 12.11 20.20 26.59
(mg/g)
Langmuir model e_ L e ki 0.165 1.095 0.904
de KiGm dm (L/mg) ' ' '
R? 0.9999 0.9972 0.9964
Ky
(LY"mg* 1.481 10.860 11.00
Freundlich model L )
reundlich mode In = In(k¢) + —In(C
(@e) = Inke) +In(Ce) 1.78 1.348 1.43
R? 0.9756 0.9567 0.9806

La,ls b b LSl galia dwlis Y Joua
Table 2. Comparison of the results of this work with others.

Operating conditions

Maximum

Authors Temperature H | Time (h) adsorbent Adsorbent Reference
(°C) P capacity (mg/g)
Vargas et al. (2012) 18 2 3 6.25 Composte generated from
Carnation flowers waste
Tefera and Prasad (2014) 25 1 12 12.865 Bark of Cassia [31]
spectabilis
Chen et al. (2017) 70 7 48 1.872 Sewage sludge compost [32]
biomass
Parlayici and Pehlivan
(2019) 25 2 1 10.42 Banana pell [25]
Parlayici and Pehlivan .
(2019) 25 2 1 15.17 Rose hip seed shell [25]
This work 25 2 2 12.11 Kraft paper -
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Table 3. Results of fitting with pseudo first and second order models. 3 33
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i 0.135 o X
(mglg) A
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R? 0.8847 N o«
'
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e2
0.2
(mg/g)
Pseud d order model et ke
seudo second order mode! ===
e sziz ez (g/mg.min) 0.036
R? 0.7958
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Table 4. Results of thermodynamics analysis of Cr(VI) adsorption on cellulose adsorbent.

Gibbs free energy
Enthalpy Entropy (kJ/mol)

(kJ/mol) (kJ/mol.K)

10.240 0.037 -1.254 -2.187 -2.934
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Cr(VI) removal (%)
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Figure 5. Comparison of powdery with sheet adsorbent; operating conditions: initial concentration of C(VI)
10 mg/L, adsorbent dose 0.5 g/100 mL, temperature 25 °C, and time 2 h.
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