UI0-66-MnFe,0,-TiO,

Metal Organic
Framework (MOF)

Adsorption
Chromium Cr (IV)

Experimental Design

* corresponding author:

mojtabasaei@qiet.ac.ir

Synthesis of Novel UI0-66-MnFe,0,-TiO, Magnetic
Nanoparticles for Adsorption of Cr (VI) Using Experi-
mental Design

Pedram Nasehi?, Mojtaba Saei Moghaddam?', Seyed Foad
Abbaspour?, Reza Asadi®

1 Faculty of Petroleum, Gas and Petrochemical Engineering, Persian Gulf
University, Bushehr, Iran, 7516913817
2 Assistant Professor Department of Chemical Engineering, Quchan
University of Technology, Quchan, Iran, 9477167335
3 Department of Chemical Engineering, Tarbiat Modares University, Tehran,
Iran, 14115111

Research subject: One of the major problems we face with the growth
of various industries around the world is the environmental pollution
of heavy metals. One of the most toxic heavy metals that is problematic
even at low concentrations is Cr (IV).

Research approach: In this study, the removal of this toxic heavy
metal was investigated with high efficiency by UIO-66-MnFe,0,-
TiO,magnetic adsorbent. For this purpose, magnetic nanocomposite
(UIO-66-MnFe,0,-Ti0,) was synthesized based on metal-organic
framework (MOF) for adsorption of Cr (IV). The choice of the
hydrothermal method for the synthesis of UIO-66 in addition to its
simplicity resulted in the production of pure and efficient UIO-66,
which produced very high efficiency during the experiments. MnFe,O,
nanoparticles were used to magnetize the adsorbent. To increase the
magnetic properties and increase the loading efficiency of the MnFe,0,
nanoparticles, TiO, nanoparticles were used to increase the loading
rate on the adsorbent. XRD, SEM, FT-IR, BET, VSM and EDX tests were
used to the characterization of the adsorbent properties.

Main results: Effect of four effective variables during adsorption
experiments such as adsorbent content (0.05 to 0.25 g), pH (2 to
6), adsorption time (15 to 75 min), initial metal ion concentration
(200 to 1000 mg/1) at five levels (2+ to 2+) were investigated using
experimental design with response surface methodology (RSM) and
central composite design (CCD). The best conditions were determined
for the independent variables for the initial metal concentration of 552
mg /1. The optimum pH was obtained 4 during the experiment. Finally,
the optimum values were achieved for adsorption parameters such
as adsorption time and adsorbent amount were 42.3 min and 0.143
gr, respectively, and also the maximum adsorption rate was obtained
%98. Investigation of the adsorption isotherm kinetics showed that
the pseudo-second-order model and Langmuir isotherm fit the Cr (IV)
data well. After the adsorption process, the adsorbent can be removed
from the environment by a magnetic field.
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Figure 1 Schematic of the adsorption and adsorption of chromium ions
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Table 1 The surface area of the synthesized samples

sample SBET [m?/g]
MnFe,0, 94.1
MnFe,0, - TiO2 132.1
MnFe,0, - TiO, - UI0-66 836
UI0-66 1167.16
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EHT = 15.00 KV
WD = 6.6 mm

10 pm

Signal A = SE2
Mag= 100KX
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Figure 5 SEM image taken from the synthesized sample surface
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Table 2 Coded levels and values of experimental design

Variables a- Initial metal b-pH | c- absorption | d- Absorbent
Levels concentration (mg/L) time(min) amount(gr)
2 0.25 75 6 1000
1 0.2 60 5 800
0 0.15 45 4 600
-1 0.1 30 3 400
-2 0.05 15 2 200
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Table 3 Test Design Data

Software parameters . . re-sult

(a-d) actual values used in the experiment obtained by

adsorbent

W a- [nitial metal . d- adsorbent | Absorption

a b c d | concentration | b-pH c-tiargzo(l;ﬁit;c))n amount Percentage

(mg/1) (mg) (%)

1 1 1 -1 -1 800 5 30 0.1 42.32
2 0 0 -2 0 600 4 15 0.15 70.32
3 0 0 0 0 600 4 45 0.15 96.85
4 1 1 -1 1 800 6 30 0.2 41.68
5 0 0 0 0 600 4 45 0.15 96.53
6 1 -1 -1 800 3 60 0.1 72.92
7 0 0 0 -2 600 4 45 0.05 58.46
8 1 -1 -1 -1 800 3 30 0.1 91.32
9 0 600 4 45 0.15 96.56
10| O 600 4 75 0.15 96.32
11 1 1 -1 800 5 60 0.1 39.42
12 | -1 1 1 1 400 5 60 0.2 53.51
13 1 -1 -1 800 3 30 0.2 70.96
14| 0 2 0 0 600 6 45 0.15 62.22
15 -1 1 1 800 3 60 0.2 49.46
16 | 1 -1 1 -1 800 3 60 0.1 40.23
17 | -1 -1 1 1 400 3 60 0.2 77.36
18| 0 0 0 0 600 4 45 0.15 97.95
19 0 0 0 600 4 45 0.15 97.68
20 0 0 0 0 600 4 45 0.15 97.28
21 -2 0 0 0 200 4 45 0.15 68.36
22 | -1 1 -1 -1 400 5 30 0.1 81.23
23 1 1 1 800 5 60 0.2 43.28
24 0 0 0 0 600 4 45 0.15 96.28
25 -1 -1 -1 1 400 3 30 0.2 84.63
26 | 2 0 0 0 1000 4 45 0.15 88.91
27 | -1 -1 400 5 60 0.1 70.86
28 | -1 -1 -1 -1 400 3 30 0.1 78.96
29 | -1 -1 -1 400 3 60 0.1 82.56
30 0 0 600 4 45 0.25 86.01
31 -2 0 600 2 45 0.15 54.81
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Table 4 optimum values for 4 independent variables, (a) Initial metal concentration, (b) pH, (c) Absorption time, (d)
Absorbent amount

Independent (a) Initial metal (b) pH (c) Absorption (d) Absorbent
variables concentration (mg/L) P time (min) amount (gr)
Optimum 552 3.79 423 0.143

amount

L

-1.00 1.00 -1.00 1.00 -1.00 1.00
A=-0.24 B=-0.21 Cc=0.18
Desirability = 1.000
-1.00 1.00 39.42 97.95
D=0.13 R1=98.1174
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Figure 6 Optimal data specified by the test design software
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Figure 7 Effect of initial metal concentration (A: A) and adsorption time (C: C) on the adsorption of Cr (VI) by the
synthesized adsorbent
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Figure 8 Effect of initial metal concentration (A:A) and pH (B:B) on the adsorption of Cr (VI) by the synthesized
adsorbent
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Figure 9 Effect of initial metal concentration (A: A) and adsorbent amount (D:D) on the adsorption of Cr (VI) by the
synthesized adsorbent
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Figure 10 Effect of adsorption time (C: C) and pH (B:B) on the adsorption of Cr (VI) by the synthesized adsorbent
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Table 5 R, factor for synthesized adsorbent

R

L

adsorbent

0.89

0.91

0.912

0.94

0.96

UI0-66 - MnFe,0,Ti0,
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Table 6 Langmuir and Freundlich isotherm variables for synthesized adsorbents

Langmuir isotherm UIO-66 - MnFe,0,-TiO,
q,.. 1036.4
b 0.0381
R? 0.996
Freundlich isotherm UI0-66 - MnFe,0,-TiO,
1/n 1.628
K, 4.568
R? 0.913
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Table 7 Variables of pseudo-first order & pseudo-Second order -model equations

pseudo-first order -model

UI0-66 - MnFe,0,-TiO,

q, 572

K, 0.326

R, 0.902
pseudo-Second order -model UI0-66 - MnFe,0,-TiO,

q, 694

K, 0.394

R, 0.996
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Figure 12 EDX spectra of the adsorbent sample synthesized before and after Cr (VI) adsorption, (A) EDX spectrum
before Cr (VI) adsorption, (B) EDX spectrum after Cr (VI) adsorption
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