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Metal Organic Framework Nanocomposite Adsorbents with Enzyme
Function to Remove Direct green 6 Dye Pollution

Reza Alizadeh*!, Fahimeh Tahmasebeg?
1. Department of civil engineering, Engineering Faculty, Qom university of technology Qom, P. O. Code: 3716146611,
Qom, Iran,
2. Faculty of Chemistry, Urmia University, P. O. Box: 165, Urmia, Iran.

Abstract

The purpose of this research is to investigate the separation of dyes by using the combination of enzyme-containing
organometallic nanostructure resulting from the enzymatic layering process on the organometallic compound. For this
purpose, 15 experiments were designed with the surface response method and using the central composite Designs by
Design Expert 7.0.0 Trial software and three factors of time, amount of adsorbent and solution concentration at three levels
(+1, 0, -1) was selected. In each test, a specific amount of absorbent was placed in 10 ml of 6-cation green color solution
and the amount of color removal was measured. The bioactive nanoabsorbent has a porosity of 30 Angstroms and a specific
surface area of 2500 grams/square meter. The physical properties of prepared nanoparticles were investigated by
instrumental methods. The conditions of the tests included contact time (5-60 minutes), amount of absorbent (1-5 g/l), dye
concentration (up to 1000 mg/l) and different pH. The electron microscope image confirmed the nanostructure of the
adsorbent. The maximum dye removal was determined with the amount of enzyme nanoabsorbent at the rate of five mg/liter
and contact time of 45 minutes. Easy management and high efficiency in this process are advantages that allow it to be used
on a wide scale.

Key words: Nanocomposite, Metal organic framework, Laccase enzyme agent, Dye remove, Adsorbent.
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Figure 1: Molecular structure of green direct dye 6 (1).
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Figure 2: Structure of laccase enzyme
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Figure 2: Schematic representation of the mechanism of the step-by-step assembly of the enzyme organometallic nano adsorbent.
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Figure 4: X-ray diffraction patterns of Fe-BTC and LC@Fe-BTC.
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Figure 5: SEM images of of the right enzyme A) Fe-BTC and B) LC@Fe-BTC.
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Table 1: Range of variables in CCD method.
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Variables Symbol
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Figure 3: The relationship between the predicted removal percentage with the statistical model and the calculated value.
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Table 3: P and F response values obtained from surface response analysis for response %R.

Model 72.07 0.0001<
A 103.90 0.0002

B 4211 0.0013

C 389.41 0.0001<
AB 0.33 0.5929
AC 042 0.5464
BC 24.98 0.0041
A2 20.00 0.0066
B2 425 0.0942

c2 40,01 0.0015
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Figure 7: Effect curve of time factor on separation percentage.
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Figure 8: Effect of adsorbent concentration on the amount of dye separation with the software.
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Figure 9: The curve of the effect of the factor of initial concentration of dye on the percentage of separation.
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Table 4: P and F response values obtained from surface response analysis for response g

Parameter F Value P Value

Model 56.50 <0,0001
A 16.00 0,0002

B 258.44 0,0102

C 153.39 <0,0001
AB 32 01,0001
AC 716 01339
BC 17552 0,0450
A2 040 0,0088
B2 464 1,0839
c2 15.99 00119

B =3 400 '481.2
- = 35
K 2 g 221 B

3 91

Silolaz 2 1555, 5 L3l plojen J1:Ne SIS
Figure 10: Curve of the simultaneous effect of adsorbent amount and dye concentration on separation percentag.
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Figure 11: Effect curve of adsorbent amount and time on absorption capacity.



ST ARG ¢ obq AME

2 Bl D3l 5 S lesen S NY Y8
Figure 12: Effect curve of dye concentration and adsorbent amount on adsorbent capacity
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