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Removal of Malachite Green dye from wastewater using metal-organic mold
biocomposite (ZIF-67) and polymer (carboxymethyl cellulose)
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Abstract

In this research, the zeolitic imidazolate framework 67 (ZIF-67) and carboxymethyl cellulose
(CMC)/ZIF-67 biocomposite (CMC/ZIF-67) were synthesized. The synthesized materials were
characterized by different analyses. Then, carboxymethyl cellulose and CMC/ZIF-67 biocomposite
were used to remove the dye (Malachite Green). The results showed that the dye removal capability of
biocomposite (92.35%) is higher than that of carboxymethyl cellulose polymer (9.41%). As the
adsorbent dose increases, the removal percentage of malachite green also increases. As the adsorbent
dose increases, the active sites of the adsorbent surface are more accessible and the dye removal
percentage is higher. The dye removal percentage in amounts of 1, 2, 3, and 4 mg of composite
adsorbent was 25, 54, 79, and 92.35%, respectively. With the increase of dye concentration, the
amount of dye removal decreased. The dye removal in concentrations of 20, 30, 40, and 50 mg/L with
composite was 92.35, 85, 79 and 71%, respectively. The presence of imidazole rings in the structure
of ZIF-67 as a ligand can be one of the main reasons for the high adsorption capacity of the
biocomposite. Due to the double bonds in the imidazole rings, I1-I1 stacking interactions occur with

the aromatic rings of malachite green. This special interaction enables the biocomposite to adsorb the

high capacity of malachite green. The isotherm and kinetics of dye adsorption by CMC/ZIF-67

biocomposite followed the Langmuir isotherm and pseudo-second-order kinetics.

Keyword: Synthesis and characterization, metal-organic framework (ZIF-67) and polymer

(carboxymethyl cellulose) biocomposite, removal of organic pollutant (dye), wastewater
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Fig. 1. Chemical structure of Malachite Green
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Table 1: XRD characteristic peaks of ZIF-67 compounds and CMC/ZIF-67 biocomposite.
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Figure 2: XRD pattern of (a) ZIF-67, (b) CMC/ZIF-67 biocomposite, and (c) carboxymethyl cellulose.
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Table 2: FTIR spectrum of ZIF-67, carboxymethyl cellulose and CMC/ZIF-67 biocomposite.
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Figure 3: FTIR spectra of (a) ZIF-67, (b) FTIR of CMC, and (c) CMC/ZIF-67 biocomposite.
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Figure 4: Thermal properties (TGA) of (a) metal-organic mold ZIF-67, (b) carboxymethyl cellulose and (c) CMC/ZIF-67 biocomposite.
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Figure 5: SEM images of (a-b) ZIF-67, (c-d) carboxymethyl cellulose, and (e-f) carboxymethy! cellulose/ZIF-67 biocomposite.
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Figure 6: Comparison of performance of carboxymethyl cellulose/ZIF-67 biocomposite with primary polymer in removing Malachite Green
(100 mL solution containing 20 mg/L of MG and 4 mg of biocomposite at pH=6).
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Figure 7: Effect of dye concentration on the Malachite Green removal (R%) by biocomposite (100 mL solution of MG and 4 mg of
biocomposite at pH=6).
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pH=6).
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Figure 11: Dye adsorption isotherm on CMC/ZIF-67 biocomposite (a) Langmuir, (b) Freundlich, and (c) Tempkin.
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Table 3: Isotherm constants of pollutant adsorption by CMC/ZIF-67 biocomposite.
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Fig. 12. Kinetics of dye adsorption on CMC/ZIF-67 biocomposite (a) pseudo-first order, (b) pseudo-second order and (c) intraparticle
diffusion.

Table 4: Kinetic constants of dye adsorption by CMC/ZIF-67 biocomposite.

Pseudo-first order

Dosage Qe ki R?
Img 473.8054 0.0223391 0.9957
2mg 232.1133 0.0285572 0.9045
3mg 110.1793 0.0287875 0.9056
4mg 178.1148 0.0373086 0.9639

Pseudo-second order

Dosage e K R?
1mg 666.6667 3.5E-05 0.9914
2mg 588.2353 0.000205 0.9989
3mg 270.2703 0.000878 0.9999
4mg 238.0952 0.001145 0.9998

Intraparticle diffusion

Dosage Kp I R?
1mg 47.991 0.6011 0.9917
2mg 28.144 271.17 0.779
3mg 16.973 364.19 0.8198

4mg 13.287 331.61 0.7504
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