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Abstract

Background and purpose: Malachite green is one of the most widely used dyes in various
industries, aquaculture, and fungicides. The residues have adverse effects on environmental and human
health and should be removed from the effluent before discharging to the environment. The purpose of
this study was to investigate the efficiency of photocatalytic process using halloysite-titanium dioxide
nanocomposite in the removal of malachite green from aqueous solutions and the effect of various
parameters on the process efficiency.

Materials and methods: This experimental study was performed on a laboratory scale in a
discontinuous system. In this process, a 15 W (UV-C) lamp of 26 mm diameter and length of 45 cm and a
nanocomposite (halloysite-titanium dioxide) were used. The influence of contact time, nanocomposite dose,
dye concentration, and pH of the reaction on the removal efficiency was investigated. The properties of
the synthesized nanocomposite were determined by sol-gel method using XRD and SEM techniques. The
concentration of malachite green was measured using a UV-VIS spectrophotometer at 619 nm.

Results: The best photocatalytic dye removal efficiency (91.29%) was seen at 3 mg/l dye
concentration, pH= 10, contact time= 90 min, and nanocomposite dose= 0.1 g/I.

Conclusion: This study showed that photocatalytic process using nanocomposite (halloysite-

titanium dioxide) is efficient in decomposing and removing malachite green.

Keywords: malachite green, photocatalytic decomposition, halloysite, titanium dioxide, nanocomposite,

wastewater treatment
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(Asiltirk etal ,2009) 68 205 UV-A-T0 - UTio2 1
79 UV+0.3FeTio2
76 UV+7FeTio2
70 5 UV Tio2
77 UV+0.3FeTio2
72 UV+7FeTio2
(Jafarietal 2016) 96/25 8 UV-A-60 - TiO2/Si02/PCC 2
875 Tio2/PCC
625 PCC
(Jafarietal 2016) 95 10 UV-A-120 - Nano-TiO2-Si02/WPC 3
85 Nano-TiO2-Si02
(Rengifo-Herrera et al 2011) 80 1 60 - p-25 4
81 TiO2-TPA-0%
97 TiO2-TPA-20%
99 TiO2-TPA-30%
(Jlangyan et al,2019) 98 20 120 05 Si02-Tio2 CNS 5
(Rajesh Jetal 2007) 100 75 UV-A-50 1 anatase nanocrystalline+ TiO2 6
86 rutile nanocrystalline+ TiO2
(Fuyou etal,2019) 100 01 UV-A-120 02 E-spun RGO/TiO2/PANCMA NFs 7
(Purkayastha, et al,2020) 60 5 60 001 TN(Nio-Tio2) 8
(Eskizeybek etal 2012) 52712 555 UV-A-240 0/4 Cdo 9
40 PANI
95 PANI/CdO
(Sayilkan et al,2008) 96 5 130 - Sn-doped TiO2 First use 10
9% Sn-doped TiO2 Second use
93 Sn-doped TiO2 third use
89 undoped TiO2 First use
undoped TiO2 Second use
87 undoped TiO2 third use
84 Sn-doped TiO2 First use
(Jia, A. Z. et al, 2010) 98 20 UV-A-90 0/8 Ni,La-STO-0 n
80 Ni,La-STO-1.0
7% Ni,La-SrTO-5.0
(L1, Yue-Sheng et al,2010) 37 20 210 1 controlled TiO2 12
7 CdTe-0.06-TiO2
60 P25
References

1. Zarrabi M, Haghighi M, Alizadeh R, Mahboaob
S. Solar-light-driven photodegradation of
organic dyes on sono-dispersed ZnO
nanoparticles over graphene oxide: Sono vs.
conventional catalyst design. Separation and
Purification Technology 2019; 211: 738-752.

2. Tan KA, Morad N, Teng TT, Norli I,

Panneerselvam P. Removal of cationic dye
by magnetic nanoparticle (Fe304) impregnated
onto activated maize cob powder and Kinetic
study of dye waste adsorption. APCBEE
Procedia 2012; 1: 83-89.

. Jafari H, Afshar S. Improved photodegradation

of organic contaminants using nano-TiO2

17 1400 shsps < 199 s)lodds @5y g ;W 8)9s

ohsijle (Al eole slGisl alas


https://jmums.mazums.ac.ir/article-1-16539-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 ]

025 bl () (TmGLSe3s s3a

10.

11.

and TiO2-SiO2 deposited on Portland
cement concrete blocks. Photochemistry and
Photobiology 2016; 92(1): 87-101 (Persian).

. Moussavi G, Mahmoudi M. Removal of azo

and anthraquinone reactive dyes from industrial
wastewaters using MgO nanoparticles. J
Hazard Mater 2009; 168(2-3): 806-812.

. Yaseen DA, Scholz M. Shallow pond

systems planted with Lemna minor treating
azo dyes. Ecological Engineering 2016; 94:
295-305.

. Sekomo CB, Rousseau DP, Saleh SA, Lens

PN. Heavy metal removal in duckweed and
algae ponds as a polishing step for textile
wastewater treatment. Ecological Engineering
2012; 44: 102-110.

. Michailidou K, Hall P, Gonzalez-Neira A,

Ghoussaini M, Dennis J, Milne RL, et al.
Large-scale genotyping identifies 41 new loci
associated with breast cancer risk. Nat Genet
2013; 45(4): 353-361.

. Yaseen D, Scholz M. Textile dye wastewater

characteristics and constituents of synthetic
effluents: a critical review. International Journal
of Environmental Science and Technology
2019; 16(2): 1193-1226.

. Khatri J, Nidheesh P, Singh TA, Kumar MS.

Advanced oxidation processes based on
zero-valent aluminium for treating textile
wastewater. Chemical Engineering Journal
2018; 348: 67-73.

Ghaedi M, Azad FN, Dashtian K, Hajati S,
Goudarzi A, Soylak M. Central composite
design and genetic algorithm applied for the
optimization of ultrasonic-assisted removal
of malachite green by ZnO Nanorod-loaded
activated carbon. Spectrochim Acta A Mol
Biomol Spectrosc 2016; 167: 157-164.
Ghorbani F, Molavi H, Fathi S, Piri F.

Application of response surface methodology

12.

13.

14.

15.

16.

17.

18.

19.

to optimize malachite green removal by CI-
nZVI nanocomposites. Journal of Water and
Wastewater 2017; 28(4): 79-92 (Persian).
Tewari K, Singhal G, Arya RK. Adsorption
removal of malachite green dye from agqueous
solution. Reviews in Chemical Engineering
2018; 34(3): 427-453.

Baek M-H, ljagbemi CO, Se-Jin O, Kim D-S.
Removal of Malachite Green from aqueous
solution using degreased coffee bean. J
Hazard Mater 2010; 176(1-3): 820-828.
Sacara AM, Cristea C, Muresan LM.
Electrochemical detection of Malachite Green
using glassy carbon electrodes modified with
Ce02 nanoparticles and Nafion. Journal of
Electroanalytical Chemistry 2017; 792: 23-30.
Kiani G, Dostali M, Rostami A, Khataee
AR. Adsorption studies on the removal of
Malachite Green from aqueous solutions onto
halloysite nanotubes. Applied Clay Science
2011; 54(1): 34-39.

Rajabi HR, Khani O, Shamsipur M, Vatanpour
V. High-performance pure and Fe3+-ion doped
ZnS quantum dots as green nanophotocatalysts
for the removal of malachite green under
UV-light irradiation. J Hazard Mater 2013;
250-251: 370-378.

Yong L, Zhangi G, Yuefei J, Xiaobin H,
Cheng S, Shaogui Y, et al. Photodegradation
of malachite green under simulated and
natural irradiation: kinetics, products, and
pathways. Journal of Hazardous Materials
2015; 285: 127-136.

Verma S, Daverey A, Sharma A. Slow sand
filtration for water and wastewater treatment—a
review. Environmental Technology Reviews
2017; 6(1): 47-58.

Teh CY, Budiman PM, Shak KPY, Wu
TY. Recent advancement of coagulation—

flocculation and its application in wastewater

1400 slsys « 199 s)ladd (@53 § ;W 0)93

ohaijle b)) eole olEm3l alas 118


https://jmums.mazums.ac.ir/article-1-16539-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 ]

ul)lSnsb g ;lgjj i5le anan

20.

21.

22.

23.

24.

25.

26.

27.

28.

treatment. Ind Eng Chem Res 2016; 55(16):
4363-4389.

Levchuk I, Marquez JJR, Sillanpda M.
Removal of natural organic matter (NOM)
from water by ion exchange-A review.
Chemosphere 2018; 192: 90-104.

Lee B-H, Song W-C, Manna B, Yang H-J,
Kim J-H, Kim Y-S. Removal of color from
wastewater using various ozonation techniques.
2007 International Forum on Strategic
Technology; 2007.

Malaeb L, Ayoub GM. Reverse 0smosis
technology for water treatment: State of the
art review. Desalination 2011; 267(1): 1-8.
Sevda S, Sreekishnan T, Pous N, Puig S,
Pant D. Bioelectroremediation of perchlorate
and nitrate contaminated water: a review.
Bioresource technology 2018; 255: 331-339.
Gholami-Borujeni F, Nejatzadeh-Barandozi
F, Mahvi AH. Application of low purity
horseradish peroxidase enzyme to removal of
oil from oily wastewater. Desalination and
Water Treatment 2016; 57(42): 19760-19767.
Bansal J, Hafiz A, Sharma SN. Photoreduction
of Dye with Noble Metal Gold Permeated
with Metal Oxide Titania. J Nanosci
Nanotechnol 2020; 20(6): 3896-3901.
Kurczewska J, Ceglowski M, Schroeder G.
Alginate/PAMAM dendrimer—Halloysite beads
for removal of cationic and anionic dyes. Int
J Biol Macromol 2019; 123: 398-408.
Anastopoulos I, Mittal A, Usman M, Mittal J,
Yu G, Nufez-Delgado A, et al. A review on
halloysite-based ~ adsorbents to  remove
pollutants in water and wastewater. Journal
of Molecular Liquids 2018; 269: 855-868.
Zheng P, Du Y, Chang PR, Ma X. Amylose—
halloysite-TiO2 composites:  preparation,
characterization and photodegradation. Applied
Surface Science 2015; 329: 256-261.

29.

30.

3L

32.

33.

34.

35.

Gilja V, Katanci¢ Z, Krehula LK, Mandi¢ V,
Hrnjak-Murgi¢ Z. Efficiency of TiO2 catalyst
supported by modified waste fly ash during
photodegradation of RR45 dye. Science and
Engineering of Composite Materials 2019;
26(1): 292-300.

Souza RP, Freitas TK, Domingues FS, Pezoti
O, Ambrosio E, Ferrari-Lima AM, et al.
Photocatalytic activity of TiO2, ZnO and
Nb205 applied to degradation of textile
wastewater. Journal of Photochemistry and
Photobiology A: Chemistry 2016; 329: 9-17.
Eaton A, Clesceri L, Association APH,
Greenberg AE, Federation WPC, Association
AWW, et al. Standard methods for the
examination of water and wastewater
Washington:  American  Public  Health
Association. 1995.

Du F, Sun L, Huang Z, Chen Z, Xu Z, Ruan
G, et al. Electrospun reduced graphene
oxide/TiO2/poly (acrylonitrile-co-maleic acid)
composite nanofibers for efficient adsorption
and photocatalytic removal of malachite green
and leucomalachite green. Chemosphere
2019; 239: 124764.

Jafari H, Afshar S, Zabihi O, Naebe M.
Enhanced photocatalytic activities of TiO2-
SiO2 nanohybrids immobilized on cement-
based materials for dye degradation. Research
on Chemical Intermediates 2016; 42(4):
2963-2978.

Sayilkan F, Asiltirk M, Tatar P, Kiraz N, Arpag
E, Sayilkan H. Photocatalytic performance of
Sn-doped TiO2 nanostructured mono and
double layer thin films for Malachite Green
dye degradation under UV and vis-lights. J
Hazard Mater 2007; 144(1): 140-146.

Zeidi A, Mehrjo F. Investigation on the
Removal of Malachite Green from Aqueous

Solutions Using Photocatalysis of Titanium

119 1400 slsps < 199 s)ladds @5y g ;W 8)9s

ohsijle (Al eole slGisl alas


https://jmums.mazums.ac.ir/article-1-16539-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-04 ]

025 bl () (TmGLSe3s s3a

36.

37.

38.

39.

Dioxide and Zinc Oxide Nanoparticles. J
Health 2020; 11(2): 156-1609.

Yang J, Xu X, Liu Y, Gao Y, Chen H, Li H.
Preparation of SiO2@ TiO2 composite
nanosheets and their application in
photocatalytic degradation of malachite
green at emulsion interface. Colloids and
Surfaces A: Physicochemical and Engineering
Aspects 2019; 582: 123858.

Eskizeybek V, Sart F, Giilce H, Giilce A, Avci
A. Preparation of the new polyaniline/ZnO
nanocomposite and its photocatalytic activity
for degradation of methylene blue and
malachite green dyes under UV and natural
sun lights irradiations. Applied Catalysis B:
Environmental 2012; 119-120: 197-206.
Zahra D, Mohammad Ali Z, Mohammad
S, Noureddin Mousavi N, Ehsan R.
Photocatalytic degradation of diazinon using
Zno/TiO2  nano-photocatalysts.  Koomesh
2016; 18(3): 343-349 (Persian).

Purkayastha MD, Datta J, Ray PP, Singh N,
Darbha GK, Denrah S, et al. Modelling the

photocatalytic behaviour of pn nickel-

40.

41.

42.

titanium oxide nanocomposite. Chemical
Engineering Research and Design 2020; 161.:
82-94.

Noori Motlagh z, Darvishi R, Shams khoram
abadi G, Godini H, Foroughi M. of Methylene
Blue Using UV Radiation in Study of the
Effective Parameters on Decolorizationof
Methylene Blue Using UV Radiation in the
Presence of Immobilized Catalyst. Journal of
llam University of Medical Sciences 2013;
21(1): 36-46 (Persian).

Veisi F, Zazouli MA, Ebrahimzadeh MA,
Charati JY, Dezfoli AS. Photocatalytic
degradation of furfural in aqueous solution
by N-doped titanium dioxide nanoparticles.
Environ Sci Pollut Res 2016; 23(21): 21846-
21860.

Zazouli MA, Yousefi M, Ghanbari F,
Babanezhad E. Performance of photocatalytic
ozonation process for pentachlorophenol (PCP)
removal in aqueous solution using graphene-
TiO 2 nanocomposite (UV/G-TiO 2/0 3).
Journal of Environmental Health Science and
Engineering 2020; 18(2): 1083-1097.

1400 slsys « 199 s)ladd @5y § ;W 8)93

ohaijls A}y eole slEhil alas 120


https://jmums.mazums.ac.ir/article-1-16539-en.html
http://www.tcpdf.org

