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Abstract

Cr (VI) enters water resources via wastewaters of pigment, tanning, and
plating industries. Cr (VI) in water is a dangerous pollutant and
carcinogenic. In this work, turnip peel bioadsorbent was used to remove
Cr (VI) from water. The SEM images showed porous structure of turnip
peel. The specific surface area of turnip peel was measured 4.436 m?/g.
The effects of the operating conditions including Cr (VI) solution initial
concentration (5 to 20 mg/L) and pH (2 to 10), bioadsorbent dose (10 to
30 g/L), time (0 to 150 min), and temperature (25 to 85°C) were
investigated. Adsorption isotherm corresponded to Langmuir model and
maximum adsorption capacity was 14.45 mg/g at pH of 5. Cr (VI)
removal of 78.36% was obtained in the operating conditions of initial
Cr (VI) concentration of 10 mg/L, pH of 5, time of 60 min, and
temperature of 25°C. Complete removal of Cr (VI) was reached with
increase of temperature (to 85°C) or decrease of pH (to pH of 2).
The main advantages of turnip peel bioadsorbent are the low cost, large
adsorption capacity, and short time to reach equilibrium and shows
the ability of bioadsorbents which usually are from agricultural wastes to
remove Cr (VI) from water.
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Figure 1. Infrared Fourier transform spectra of turnip peel before and after adsorption.
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Figure 2. X-ray diffraction pattern of turnip peel.
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(c) after adsorption with the resolution of 108000 times.
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Figure 4. (a) Isotherm of nitrogen adsorption and desorption; (b) Pore size distribution according
to the BJH isotherm adsorption branch.
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Figure 5. The effects of (a) Adsorbent dose, (b) Initial concentration of Cr (VI) solution, (c) pH (d) Time, and (e) Temperature on
adsorption; operating conditions: adsorbent dose 20 g/L, initial concentration of Cr (VI) solution 10 mg/L, pH 5,
time 60 min, and temperature 25 °C; unless its effect was under investigation.
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Table 1. Results of fitting with Langmuir and Freundlich models.
Temperature (°C)

Model 25
gm (Mg/g) 14.45
C 1 C
Langmuir model® = + =< kL (L/mg) 0.63
ge kijgm gm
R? 0.9789
kr (L Y"mg*-¥n/g) 6.82
Freundlich model* Ln(ge) = In(kr) + % In(ce) n 3.2
R? 0.8544

(L/MQ) 155 Joms Jolws cols KL (MP/G) Jsdome 10 oaisanls o (V1) pg,S jlade e (MOIL) Jolxo 13 (V1) po,S Jolss clale :C 27
Edas b hw Gds Gud dasie N (LYMEEYNG ) das b Jolas cl ke« (MQ/G) wils o i cd )b iSTa > m

LalS yabes b 418 ol el deasllis Y Jgaa

Table 2. Comparison of the results of this work with other works.

Operating conditions Maximum
d ti
Authors Temperature . . a sorpllon Adsorbent
¢0) Time (min) capacity
(mg/g)
Moham et al. (2011) 25 2 880 4.6 oak bark bio char
Tefera and Prasad (2014) 25 1 720 12.865 cassia spectabilis
Parlayici and Pehlivan (2019) 25 2 60 10.42 banana peel
Akhlaghi d Moradi
% I(;g;g) ored 25 2 120 12.11 kraft paper powder
This work 25 5 60 14.45 turnip peel
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Table 3. Results of fitting with pseudo-first-order and pseudo-second-order models.

Pseudo first order model

t 1
Pseudo second order model* =

In (Ger - q: ) =In(qer) - kqt

= — 4+ —
Q@ ks qu qe2

ge1 (Mg/qg) 0.0304
ki (min) 0.166
R? 0.8718
Qe2 (Mg/qg) 9.23
: k2 (g/mg.min) 0.01168
R? 0.9941
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Table 4. Results of thermodynamic analysis of chromium (VI) surface adsorption on bio sorbent.

Enthalpy
(kJ/mol)

Entropy
(kJ/mol. k)

Gibbs Free Energy (kJ/mol)

12937.3 452.57 - 7799.96 - 14588.4 - 21376.9

-32238.5
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