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Photocatalytic behaviour of NiMnOs/Mn,O; materials for degradation of
Malachite Green and Methylene Blue dyes under UV irradiation
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The present work describes a study of the photocatalytic behaviour of NiMnO3/Mn,O3 materials for degradation of
Malachite Green (MG) and Methylene Blue (MB) dyes as model contaminants under UV light irradiation. Samples
were prepared by precipitation using nickel and manganese acetates as starting materials and sodium hydroxide
precipitant, and then thermally treated at a different temperature — 450 and 650 °C. Powder X-ray diffraction analysis
and Fourier-transform infrared spectroscopy were applied to study phase composition and structure of synthesized
NiMnOs/Mn,03; samples. Photocatalytic measurements were carried out using MG or MB aqueous solution with
starting concentration of 5 ppm. According to experiments using NiMnOs/Mn,0O5 photocatalysts calcined at 450 and
650 °C the degree of degradation of Malachite Green and Methylene Blue dyes after 120 minutes was increased as
follows: NiMnOs/Mn,03, 450 °C, MB (10%) < NiMnO3/Mn,03, 650 °C, MB (13%) < NiMnOs/Mn,0s;, 650 °C, MG
(67%) < NiMnO3/Mn,0s, 450 °C, MG (78%). It was established that the NiMnOs/Mn,05; samples showed a much
higher photocatalytic ability for degradation of Malachite Green relative to Methylene Blue dye under UV illumination..
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INTRODUCTION

Metal oxides can demonstrate an enormous
number of structural geometries with an electronic
structure that can possess semiconductor, metallic or
insulator character and consequently show a very
important role in various fields of physics, chemistry,
and materials science [1]. Manganese oxides are
famous to be active catalysts for various chemical
processes such as dye degradation, water oxidation,
organic synthesis, and CO and NO, removal from
waste gases [2]. Heterogeneous photocatalysis using
metal oxides due to its potential application to both
organic synthesis and environmental applications
has attracted considerable attention [1,3].

Catalytic oxidation of Methylene Blue by H,0O,
has been tested on manganese oxide loaded hollow
silica particles (MHSPs). The MHSPs with hollow
structure and high surface areas enhance the cata-
Iytic activity compared to the matching manganese
oxide solid particles (MSPs) [2]. Xia et al. have
prepared Mn,O; microspheres by a two-step method
in ethylene glycol system. The obtained samples
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were tested for photodegradation of Methylene Blue
solution in the presence of H,O, under ultraviolet
illumination. The Mn,0O3; microspheres exhibited
moderate photocatalytic ability due to their parti-
cular structure [4]. In addition, Mn,O3z microspheres
obtained by a hydrothermal route have been studied
for purification of water polluted with Methylene
Blue dye [5].

Han et al. have investigated a Mn,0Os/MCM-41
composite for degradation of Methyl Orange (MO),
Congo Red (CR), Methylene Blue (MB), and Rhod-
amine B (RB) with/without visible light irradiation
at room temperature. The Mn,Os/MCM-41 compo-
site demonstrated superb removal efficiency for RB
and MB [6]. A Ni/a-Mn,0; catalyst has been tested
for reduction in aqueous phase of 4-nitrophenol and
organic dye pollutants - Rhodamine B, Methylene
Blue, Rose Bengal, Congo Red, and Methyl Orange
in the presence of a mild reducing agent, NaBH, [7].
Yang et al. have prepared single-crystalline nano-
rods of beta-MnO,, alpha-Mn,0s, and Mn3O,4 using
heat-treatment of y-MnOOH nanorods obtained by a
hydrothermal method. The synthesized manganese
oxide nanorods manifested catalytic ability to oxidise
and decompose Methylene Blue dye with H,O, [8].

© 2018 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 135



K. L. Zaharieva et al.: Photocatalytic behaviour of NiMnO,/Mn,0O3; materials for degradation of dyes

Preparation of NiMnOs/Mn,O; powders using
MnSO,-H,O and NiSO4 6H,O precursors has been
reported by Gao et al. [9]. Mn,Os is a semiconductor
metal oxide [10]. Kakvand et al. have prepared
NiMnO/C nanocomposite electrode materials for
electrochemical capacitors [11]. NiMnOs; and
NiMnOs/nitrogen-doped graphene nanocomposites
have been investigated as super-capacitors [12].
Gnanam et al. have determined the band gap energy
(3.49, 3.43, 3.38, and 3.36 eV) of a-Mn,0O3 hanopar-
ticles prepared using sodium dodecyl sulphate
(SDS) or different surfactants such as polyethylene
glycol (PEG), cetyl trimethyl ammonium bromide
(CTAB), and citric acid (CA) [13].

The present paper deals with a study of the
photocatalytic efficiency of NiMnOs/Mn,O; mate-
rials about degradation of aqueous solutions of
Malachite Green and Methylene Blue dyes under
UV irradiation. Samples were obtained using pre-
cipitation technique by nickel and manganese ace-
tates, followed by calcination at 450 and 650 °C. The
synthesized products were characterized by powder
X-ray diffraction analysis and FTIR spectroscopy.

EXPERIMENTAL

Synthesis and physicochemical characterization
of NiMnO3/Mn,05; materials

NiMnO3/Mn,0; samples were prepared by preci-
pitation technique using 0.25M Ni(CH;COQ),-4H,0
and 0.25M Mn(CH5COO),-4H,0 mixed at a ratio of
1:2. 0.75M NaOH precipitant was added dropwise
to a mixture of aqueous solutions of acetate pre-
cursors until pH reached 12 under continuous stir-
ring. After precipitation, the suspension was further
agitated for one hour. The precipitate was filtered
and washed with distilled water several times.
Finally, it was dried at 35 °C and calcined at 450 °C
and 650 °C for 3 hours and 30 minutes in air atmo-
sphere.

FTIR spectra of the synthesized materials were
recorded on a Bruker-Vector 22 Fourier transform
infrared spectrometer in the range of 4004000 cm™'
using KBr tablets. Powder X-ray diffraction analysis
(PXRD) of the investigated samples was performed
by means of Philips PW 1050 instrument with Cu
K,-radiation. Phases in the prepared materials were
established using ICDD database.

Photocatalytic study

The photocatalytic tests of degradation of Mala-
chite Green (MG) and Methylene Blue (MB) with
initial concentration of aqueous solution of the dye -
5 ppm were performed under UV-A illumination
(18 W). The catalytic experiment was carried out in
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semi-batch slurry reactor using 0.15 g catalyst and
150 ml of dye solution under air flowing and
stirring. To reach adsorption-desorption equilibrium
state NiMnOs/Mn,0; powders were left in the dark
for half an hour before turning on the UV light for
period of time - 2 hours. The powder was divided
from the aliquot solution by centrifugation. After
that the change of absorbance during the photo-
catalytic investigation was monitored by UV-Vis
absorbance spectrophotometer UV-1600PC in the
wavelength range from 200 to 800 nm (Amex = 615
nm for Malachite Green and 664 nm for Methylene
Blue). The degree of dye degradation was computed
using ((Co—C)/Cy) =100, where Cy and C were initial
concentration before turning on the illumination and
residual concentration of the dye solution after
illumination for selected time interval.

RESULTS AND DISCUSSION

Results obtained by powder X-ray diffraction
analysis are shown in figure 1. Two phases -
NiMnO; (PDF-653695; PDF-895878) and Mn,03
(PDF-721427; PDF-651798) were registered in the
X-ray diffraction patterns of materials synthesized at
450 °C and 650 °C. In the powders, treated at 450
°C, the NiMnOj crystallographic phase prevails over
other phase.
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Fig. 1. PXRD patterns of NiMnO3/Mn,03 samples
thermally treated at 450 and 650 °C.
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Figure 2 displays FTIR spectra of investigated
samples. Characteristic bands recorded in the range
of 520—-606 cm™* are due to vibrations of the metal
oxides [14—16]. The bands at about 3400 cm ' and
1631 cm™" arise from stretching and bending vibra-
tions of OH groups of absorbed water molecules
[16,17]. The vibrations observed at 1051, 1058, and
1197 cm " are probably due to the presence of other
admixtures in the studied materials. The data ac-
quired by FTIR spectroscopy are in agreement with
results established using powder X-ray diffraction
analysis.
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Fig. 2. FTIR spectra of NiMnOs/Mn,03; materials
thermally treated at 450 and 650 °C.

Results from photocatalytic degradation mea-
surements of model pollutant Malachite Green and
Methylene Blue dyes under UV light using synthe-
sized NiMnOs/Mn,O; as photocatalysts are shown
and discussed in the following lines.

Calculated adsorption capacities and apparent
rate constants of the investigated photocatalytic
systems are presented in figure 3 and table 1, res-
pectively.

The following formula was used to estimate
adsorption capacity:

0= (C,—C)V ,
m
where C, is initial dye concentration, C is dye
concentration after 30 min in the dark, V is solution
volume, and m is sample mass.

0,05
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Materials

Fig. 3. Comparison of adsorption capacities of materials
tested as photocatalysts for degradation of Malachite
Green and Methylene Blue dyes: 1-NiMnOz/Mn,05

650 °C, MG; 2-NiMnO3/Mn,0; 450 °C, MB;

3-NiMnO3/Mn,0; 450 °C, MG; 4-NiMnO3/Mn,03 650

°C, MB.

Table 1. Calculated apparent rate constants (k) of tested
photocatalysts and degree of degradation of investigated
dyes after 120 minutes.

Degree of
Used k .
Sample dye  (x10°minY) degraod/oatlon,
NiMnO3/Mn,0; 450°C MG 11.6 78
NiMnOs/Mn,0; 650 °C MG 7.9 67
NiMnOs/Mn,0; 450 °C  MB 0.7 10
NiMnO4/Mn,0; 650 °C  MB 0.5 13

The adsorption capacity of the investigated
materials decreased in the following order:
NiMnOs/Mn,0;, 650 °C, MB (0.0450 mg/g) >
NiMnOs/Mn,0; 450 °C, MG (0.0138 mg/g) >
NiMnO,;/Mn,0O3 450 °C, MB (0.0120 mg/g) >
NiMnO;/Mn,03 650 °C, MG (0.0118 mg/qg).

Apparent rate constants which followed pseudo
first-order kinetics, were calculated using a loga-
rithmic linear dependence —In(C/Co) = k.t. The ap-
parent rate constants of samples calcined at 450 °C
were higher than those calcined at 650 °C for degra-
dation of Malachite Green dye (11.6x10~° min™* and
7.9x10° min') and Methylene Blue (0.7x107°
min * and 0.5x10 % min*) were.

C/C, concentration changes of Malachite Green
and Methylene Blue dye degradation as a function
of UV illumination time are shown in figure 4. The
calculated degree of degradation (Table 1) after 120
min UV illumination of Malachite Green dye is
superior (67—78%) than that of Methylene Blue dye
(10-13%) over the investigated NiMnOs/Mn,0O3
samples. The NiMnO;/Mn,O; materials demon-
strated an enhanced photocatalytic efficiency toward
photocatalytic degradation of Malachite Green dye
compared to Methylene Blue dye.
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It could be supposed that the MG degraded faster
than the MB taking into account the chemical
structure of the dyes. According to Berberidou et al.
the degradation of MG may proceed in two path-
ways. The first involves a hydroxyl radical attack to
the central carbon atom of MG, while in the second
pathway the hydroxyl radical hits the N,N-dimethyl-
amino group of MG producing a reactive cationic
radical [18]. Methylene blue dye decolourizes slower
due to difficult destruction of the single benzene
rings in comparison with MG degradation.
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Fig. 4. C/C, concentration ratio of Malachite Green and
Methylene Blue dyes as a function of UV irradiation
time.

CONCLUSIONS

NiMnO3/Mn,0; materials were successfully pre-
pared by precipitation technique using acetates as
starting materials followed by thermal treatment at a
different temperature of 450 °C and 650 °C. NiMnOs
and Mn,0O3; phases’ occurrence was determined by
powder X-ray diffraction analysis and FTIR spectro-
scopy. The photocatalytic behaviour of synthesized
NiMnO3/Mn,05; samples was investigated in degra-
dation reactions of aqueous solutions of Malachite
Green and Methylene Blue dyes under UV irradi-
ation for 120 minutes. In degrading Malachite Green
dye the NiMnOs/Mn,0; samples exhibited a signifi-
cantly higher photocatalytic efficiency than that in
the case of Methylene Blue. The highest photocata-
Iytic ability possessed a NiMnOz/Mn,O; catalyst
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calcined at 450 °C for degradation of Malachite
Green dye (78%) in comparison with other studied
samples.
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OOTOKATAJIMTUYHO INOBEJAEHUE HA NiMnO3/Mn,0; MATEPUAJIN 3A PA3BI'PAXKJIAHE HA
BATPUIIATA MAJIAXUTOBO 3EJIEHO 1 METWJIEHOBO CUHbBO I10/] YB OBJIbBYUBAHE
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Toctenmna Ha 14 stHyapu 2018 r.; IIpepaborena Ha 20 mapT 2018 1.
(Pestome)

B Hacrosiiiata pabota e uscienBaHo (GoTokatanuTHYHOTO moBefaeHue Ha NiMnOs/Mn,Os; marepuanu mon aei-
cTBHETO Ha YB oOirpuBaHe 3a pasrpaxkiaHe Ha Oarpriiata ManaxutoBo 3eieHo (M3) u metmneHoBo cuabo (MC) Kato
MoJenHr 3ambpenTend. [lomydenn ca oOpasiy upe3 yTasBaHE M3IOJI3BAHKH HUKEJIOB M MAHTAHOB alleTaT M yTaUTENl
HaTpUEBa OCHOBA W CJeJ TOBAa TepMHUYHa 00paboTKa mpu pasznmyHa Temmepatypa - 450 u 650 °C. PentreHoB ¢dazos
aHaIM3 U MH(ppadyepBeHa crnekTpockonusa ¢ Pypue npeodpasyBaHe Osxa U3MOI3BAHH 32 1a ce U3cienBa (pa3oBHs ChCTaB
u crpykrypata Ha cuHtesupanute NiMnOs/Mn,O; ob6pa3uu. PoToOKATATUTHYHUTE H3CICIBAHUS OsXa MPOBEICHU
M3IMONI3Baliki BOJEH pa3TBOp Ha Oarpmimatra M3 m MC c HavamHa KoHIEHTpamus 5 ppm. OT (OTOKaTaTUTHIHHUTE
TECTOBE C€ YCTAaHOBH, Y€ CTEINCHTA Ha pa3rpakJaHe Ha Oarpuiata MajJaxMTOBO 3€JIE€HO U METHIEHOBO CHHBO ciex 120
MuHYTH H3nom3Baiiku NiMnOs/Mn,0; dotokaranusatopu, Hakaisenu npu 450 u 650 °C, HapacTBa KaKTO ClieIBa:
NiMnO3/Mn,0;, 450°C, MC (10%) < NiMnOs/Mn,03, 650°C, MC (13%) < NiMnO3/Mn,03;, 650°C, M3 (67%) <
NiMnO3/Mn,03, 450°C, M3 (78%). YcranoseHo e, ue NiMnO3/Mn,0; 06pasiy oka3BaT MHOTO [O-BHCOKA (POTOKATa-
JIUTUYHA CIIOCOOHOCT 3a pasrpak/aHe Ha MajlaXMTOBO 3€JIEHO OTKOJIKOTO Ha METHJIEHOBO CHHBO IOJ| ICHCTBHUETO Ha
VB o0mpuBaHe.
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