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Abstract

Background and Objective: Malachite is a cationic dye that is widely used in the dyeing
industry. Due to its structural characteristics, this dye has very low degradability and is difficult
to remove in aqueous environments. Considering the effect of sulfuric acid on the physical and
chemical properties of scoria, the aim of this study is to investigate the effect of sulfuric acid (1,
6 and 12 normal) on the efficiency of scoria in removing malachite dye from aqueous
environments and to determine its model, isotherm and kinetics of the reaction.

Materials and Methods: The adsorption process was carried out under laboratory conditions at
different pH, adsorbent dosage, contact times and constant dye concentration. The residual
concentration in the dye solution was measured by absorption using a Cary 50
spectrophotometer manufactured by Perkin Elmer at a wavelength of 665 nm. The DOE
software program was used to determine the sample volume and modeling. Also, in order to
understand the absorption, the obtained data were fitted with Langmuir, Freundlich adsorption
isotherms and pseudo-first and second order reaction Kinetics.

Results: The results showed that with increasing acid normality, pH, adsorbent dose and contact
time, the dye removal increases, so that the highest removal efficiency (100%) was obtained for
the adsorbent modified with 6 and 12 normal sulfuric acid at pH = 11, adsorbent dose of 1.4 g/L
and time of 75 minutes. The dye absorption data also followed both Langmuir and Freundlich
isotherms and pseudo-second order kinetics well.

Conclusion: According to the results, it can be said that the adsorption of malachite dye by
scoria occurs in both multilayer and monolayer forms. And modifying scoria with sulfuric acid
increases its efficiency compared to natural scoria due to extensive chemical changes (especially
the ratio of silica to alumina) in the structure of the adsorbent.

Keywords: Sulfuric acid, scoria, malachite, adsorption isotherm, reaction kinetics.
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Table 1: Chemical structure of raw scoria and sulfuric acid modified scoria with normalities of 1, 6 and 12
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SiO2 48.79 SiO2 50.35 SiO2 57.30 SiO2 70.63
Al2Os 19.6 Al203 18.8 Al2O3 12.27 Al203 6.10
K20 4.4 K20 2.64 K20 2.33 K20 1.02
Fe203 9.1 Fe203 8.64 Fe203 8.31 Fe203 6.66
CaO 7.9 CaO 7.49 CaO 6.92 CaO 6.61
MgO 8.85 MgO 8.64 MgO 6.74 MgO 4.63

etc. 1.36 etc. 3.44 etc. 6.13 etc. 4.35
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Diagram 1: FTIR of the adsorbent, a: raw scoria, b: scoria modified with 1N sulfuric acid, c: scoria modified with 6N
sulfuric acid and d: scoria modified with 12N sulfuric acid
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Image No. 2: Scanning electron microscope (SEM) image of the adsorbent: a: raw scoria b: scoria modified with 1N
sulfuric acid c: scoria modified with 6N sulfuric acid and d: scoria modified with 12N sulfuric acid.
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Table 2: Average actual and predicted percentage removal of malachite color by scoria modified with different

concentrations of sulfuric acid (N 1,6,12)

Variables Responses (Removal of dye, %)
Factorl Factor2 Factor3 Nitric Acid
RUN A: B: 1IN 6N 12N Raw Scoria
Contact Adsorbent C: pH _ _ _ _
Time, Dosage, Actual | Predicted | Actual | Predicted | Actual | Predicted | Actual | Predicted
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Table3: Analysis of variance (ANOVA) for fit of Malachite Green Dye removal from central composite design after

elimination of insignificant model terms
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Table 4: Calculated constants of Langmuir and Freundlich isotherms

R? R b (L/mg) Qm (mg/g) aul adle 3
0.921 0.144 0.07 5.376 \ s
0.928 0.22 0.042 6.2 ;
0.963 0.173 0.056 6.21 X
R? 1/n Kt (mg/g) Sl o 3
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0.955 0.483 0.741 X
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Table 5: Calculated constants of Langmuir and Freundlich isotherms and kinetic constants of pseudo-first-order and
pseudo-second-order equations
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Figure 5: Determining the effect of adsorbent dosage, contact time, and pH parameters on the color removal of
malachite scoria modified with sulfuric acid a: 1 normal, b: 6 normal, and c: 12 normal
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Chart 6: Determination of the actual and predicted values of malachite color removal with scoria modified with sulfuric
acid a: 1 normal, b: 6 normal and c: 12 normal
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