Research Journal of Chemistry and Environment

Vol. 27 (7) July (2023)

Res. J. Chem. Environ.

Decolorization of Malachite green dye using seaweed

Vivekanandan B.%", Rengadurai S.?, Ashok Kumar A.2, Elavarasan P.2 and Riswan Ali S.B.?
1. Department of Chemical Engineering, Hindustan Institute of Technology and Science, Chennai-603103, INDIA
2. Department of Chemical Engineering, Annamalai University, Annamalai nagar-608002, INDIA
3. Department of Biotechnology, Periyar Maniammai Institute of Science and Technology, Thanjavur - 613403, INDIA
*bvivek@hindustanuniv.ac.in

Abstract

The potential use of seaweed Sargassum crassifolium
to decolorize Malachite Green dye (MG) in a batch
process has been investigated in the current study.
Adsorbent dosage, contact duration, initial dye
concentration, as well as temperature were examined
as influencing factors for adsorption. Optimizing the
initial pH (2 — 12), temperature (20 — 38°C), initial
concentration of dye (10 — 30 mg/L) as well as
adsorbent dose (0.4 — 2.4 g) at varying time intervals
led to an increase in the decolorization efficiency. The
percentage of dye adsorption was calculated using
standardized colorimetric procedures.

The highest degree of decolorization was observed at
an initial pH of 8, dye concentration of 10 mg/L, a
biosorbent dosing of 2 g, contact temperature of 35°C,
at a contact period of 150 min. The findings
have indicated that the research is a useful alternative
technique in minimizing damage to the ecosystem.
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Introduction

Treatment of pollutant-contaminated wastewater remains a
major challenge in modern society. Today, there is still a lot
of concern on treating wastewater contaminated with toxins.
Concerns include the intake of contaminated water,
especially in developing nations, which can result in a range
of diseases and ailments®. Furthermore, as the world’s
population continues to rise, there is an exponential increase
in the demand for textiles and coloring products.
Consequently, there has been a surge in both the production
volume and the utilization of colored materials including
synthetic dyes. As synthetic dyes are inexpensive, widely
accessible and used in a variety of ways, this cannot be
avoided?.

The dyes easily pollute the water when they are released into
waterways. The majority of synthetic dyes could be
extremely hazardous to the environment and to living
organisms. Prior to being disposed of into water systems,
contaminated wastewater needs to be treated to minimize
this problem?,

Although dye concentrations exceeding 1 mg/L are normally
noticeable in water, the usual textile wastewater dye
concentration is 300 mg/L'*. An enormous amount of dyeing

113

wastewater is produced as a result of the increased water
consumption that occurs in textile processing procedures
like dyeing, cleaning, de-sizing as well as finishing*®. Owing
to the existence of toxic aromatics, heavy metals, chlorides
and other contaminants, ineffective treatment of such a
dyeing effluent results in soil as well as natural water body
pollution'?.

One of the widely used dyes throughout the textile industry
is malachite green (MG)®%° Humans experience
teratogenic, mutagenic, as well as carcinogenic impacts from
MG exposure'®. Different treatment options have been
developed and utilized for this purpose. Adsorption has been
reported to be one of the most efficient processes for
removing color from dye wastewaters among all of the
treatment options.

Research on biosorption based approach that takes
advantage of the sorption ability of biological substances for
removal of various pollutants has been sparked by growing
demands for efficient and affordable color removal
technologies. Dried and nonliving biomass could serve as a
desirable biosorbent for color removal from dye effluents.
Metabolically functional Aspergillus terreus culture was
utilized to remove synthetic dyes*.

Triphenyl methane dye called malachite green is used to
color materials including cotton, silk, wool, paper and
leather. It is additionally useful as antiprotozoan,
fungicide, antibacterial and parasiticide agent®3. The dye is
exclusively recommended for external application because it
contains nitrogen, which is hazardous, toxic and
carcinogenic when consumed orally?. It is well recognized
to be extremely harmful to mammalian cells and to promote
tumour growth. Additionally, it impairs the ability to eat,
develop and reproduce, damages the major organs and
results in lesions on the body. Therefore, it is crucial to
remove them from the effluents.

A marine algae species that is abundant in sulfated
polysaccharides and has a wide range of biological
characteristics, including free radical scavenging as well as
antioxidant effects, is the brown Sargassum crassifolium
algae. The goal of this research is to use the seaweed
Sargassum crassifolium to effectively remove the
triphenylmethane dye (MG) and to optimize the process
parameters.

Material and Methods
Preparation of seaweed sample (adsorbent): Sargassum
crassifolium, a type of seaweed, was rinsed with water



Research Journal of Chemistry and Environment

Vol. 27 (7) July (2023)

several times to get rid of contaminants. For seven days, the
washed seaweed was completely air dried. Then it was
pulverized and sieved to yield particles of 150um in size.

Preparation of dye (adsorbate): One gram per litre of
water was used to dissolve precisely weighed colors to create
dye stock. In order to prevent color decolorization from
light, the bottle was shielded with aluminium foil and stored
at room temperature in a dark place.

Batch adsorption study: The effects of different variables
on the discharge of MG color by fluid arrangement upon the
S. crassifolium were taken into consideration. 100 mL of dye
solution and the required level of adsorbent were placed
inside 250 ml Erlenmeyer flask for the experimental studies.
The experiment was performed with various dye
concentrations (10-30 mg/L), adsorbent doses (0.4-2.4 g),
pH (2-12) and at various temperatures (20-38° C) to assess
the impact of diverse environmental conditions on
decolorization. 0.1 N Sodium hydroxideand 0.1 N
hydrochloric acid were added to the solution to adjust the
pH. The color removal efficiency and adsorption capacity
were assessed at different intervals of time (0, 30, 60, 90,
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120, 150 min) at the optimized conditions. The final dye
concentration was calculated based on absorbance of a
supernatant arrangement as measured by a colorimeter
operating at 625 nm.

Results and Discussion

Adsorbent dose effect: The maximum colour removal was
observed at 2g (95.7%) biosorbent concentration (Figure 1).
Biosorption potential of the biosorbent decreased when the
adsorbent dose was increased from 2 to 2.4. The percentage
of colour removal was 95.7% for the 2g adsorbent dose.

Effect of pH: The effect of pH was investigated by
increasing the pH values from 2 to 12 (Figure 2). The
minimum adsorption rate of 40% was observed at pH 2.
Adsorption was found to increase slowly as pH
was increased; at pH 4, it increased by 60%; at pH 6, by
90%; and at pH 8, it increased by a maximum of 95.5%. The
adsorption rate gradually decreased above pH 8 and was
observed to be 65% when the pH was 12. Similar findings
were reported for the adsorption studies of malachite green
dye employing rambutan seed derived activated carbon?.
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Fig. 1: Effect of adsorbent dose on the removal of MG dye
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Fig. 2: Effect of pH on removal of MG dye

114



Research Journal of Chemistry and Environment

Vol. 27 (7) July (2023)

Effect of temperature: Within the range of 20°C to 38°C,
the effect of temperature was taken into consideration
(Figure 3). With the increase in temperature from 20°C to
35°C, the color removal was increased from 80% to 96%.
When the temperature was raised from 35°C to 38°C, there
was either no noticeable increase in color loss or a decrease
from 96% to 95%. The maximum removal of color was
subsequently achieved at 35°C.

The reduced ability of colors to be bioadsorbed at extremely
high temperatures may be attributed to the deterioration of
the adsorptive properties necessary for adsorption of color
compounds onto the surface layer of biosorbents. This may
also be due to the deactivation of energetic areas which
occurs at higher temperatures and reduces biosorption®. The
adsorption was therefore moderate at high temperatures.
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Effect of initial dye concentration and contact time:
Figure 4 illustrates that the color was quickly absorbed in the
first 30 minutes and thereafter, the total color removal was
relatively constant. Malachite green dye adsorption on
polyaniline and formaldehyde on chitosan composite
yielded similar results’. The exterior surface of adsorbent
initially absorbs the colour and the adsorption rate is rapid.

The color is adsorbed by the interior particle surface when
the exterior adsorption surface becomes immersed in it. The
first rapid adsorption can be explained by the instant binding
of colors towards the adsorbent surface or by the enormous
number of empty spaces present in the initial arrangement.
S. crassifolium was able to fully adsorb MG dye out of an
aqueous solution under the aforementioned optimal
conditions as presented in table 1.
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Fig. 3: Effect of temperature on removal of MG dye
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Fig. 4: Effect of dye concentration and time on the removal of MG dye
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Table 1
Optimum conditions of MG dye removal using S. crassifolium

S.N. Parameters Treatment conditions Dye remoz)zl)eﬁlmency
1 Adsorbent dose 29 95.7
2 pH 8 95.5
3 Temperature 35°C 96
4 Contact time 150 min 96
Conclusion 8. Kanawade S.M. and Gaikwad R.W., Removal of dyes from dye

The findings of this investigation clearly demonstrated that
seaweed S. crassifolium is an effective adsorbent for the
removal of MG from aqueous solutions. S. crassifolium was
effectively used to identify the optimal conditions for the
removal of the maximum proportion of MG dye. The
optimum conditions for S. crassifolium to remove MG are
determined.

References

1. Ahmad M.A., Afandi N.S., Adegoke K.A. and Bello O.S,,
Optimization and batch studies on adsorption of malachite green
dye using rambutan seed activated carbon, Desalination and Water
Treatment, DOI:10.1080/19443994.2015.1119744 (2015)

2. Bulut E., Ozacar M. and Sengil I.A., Adsorption of malachite
green onto bentonite: Equilibrium and kinetic studies and process
design, Microporous Mesoporous Mater, 115, 234-246 (2008)

3. Denis F. and Kepekci R.A., Bioremoval of Malachite green from
water sample by forestry waste mixture as potential biosorbent,
Microchem J., 132, 172-178 (2017)

4. Engade K.B. and Gupta S.G., Decolorization of few synthetic
dyes by metabolically active culture of Aspergillus terreus, Jr of
Life Sciences, 16, 207-218 (2006)

5. Fathy N.A., El-Shafey O.l. and Khalil L.B., Effectiveness of
alkali-acid treatment in enhancement the adsorption capacity for
rice straw: the removal of methylene blue dye, ISRN Physical
Chemistry, http://www.oalib.com/paper/3089113 (2013)

6. Gao M., Wang Z., Yang C., Ning J., Zhou Z. and Li G., Novel
magnetic graphene oxide decorated with persimmon tannins for
efficient adsorption of malachite green from aqueous solutions,
Colloids Surf. A Physicochem. Eng Asp, 566, 48-57 (2019)

7. Juman A.N., Fatimah A.A., Israa M.R. and Taki A.H., Kinetic
Study of Adsorption of Malachite Green Dye on Poly Aniline-
Formaldehyde/Chitosan Composite, IOP Conf Series: Materials
Science and Engineering (2020)

effluent by using sugarcane baggase ash as an adsorbent,
International Journal of Chemical Engineering Application, 2(3),
202-206 (2011)

9. Lin K.Y.A. and Chang H.A., Ultra-high adsorption capacity of
zeolitic imidazole framework-67 (ZIF-67) for removal of
malachite green from water, Chemosphere, 139, 624-631 (2015)

10. Murthy T.K., Gowrishankar B.S., Prabha M.C., Kruthi M. and
Krishna R.H., Studies on batch adsorptive removal of malachite
green from synthetic wastewater using acid treated coffee husk:
Equilibrium, kinetics and thermodynamic studies, Microchem J.,
146, 192-201 (2019)

11. Pandian A.M.K., Karthikeyan C. and Rajasimman M.,
Isotherm and kinetic studies on adsorption of malachite green using
chemically synthesized silver nanoparticles, Nanotechnol.
Environ. Eng, 2(1), 2 (2017)

12. Pearce C.1., Lloyd J.R. and Guthrie J.T., The removal of colour
from textile wastewater using whole bacterial cells: A review, Dye
Pigment, 58, 179-196 (2003)

13. Srivastava S., Sinha R. and Roy D., Toxicological effects of
malachite green, Aquat Toxicol, 66, 319-329 (2004)

14. Tony B.D., Goyal D. and Khanna S., Decolorization of textile
azo dyes by aerobic bacterial consortium, Int Biodeterior
Biodegrad, 63, 462-469 (2009)

15. Wu C.H., Photodegradation of C.l. Reactive Red 2 in
UV/TiO2-based systems: Effects of ultrasound irradiation, J.
Hazard Mater, 167, 434-439 (2009)

16. Zhao L., Lv W., Hou J., Li Y., Duan J. and Ai S., Synthesis of
magnetically recyclable g-C3N4/Fe304/ZIF-8 nanocomposites for
excellent adsorption of malachite green, Microchem J., 152,
104425 (2020).

(Received 29" January 2023, accepted 02" April 2023)

116


http://www.oalib.com/paper/3089113

