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NiCoMn nanostructured powders used for wastewater treatment

DADDA Karima“, DJERAD Souad ?, ALLEG Safia 3, DADDA Noureddine * and HLIL EI-K¢ébir °

Laboratoire des Matériaux Semi-conducteurs et Oxydes métalliques (LMSOM), Département des Matériaux et Composants,
Faculté de Physique, Université des Sciences et de la Technologie Houari Boumediene (USTHB), Alger, Algérie
2Laboratoire Génie de I’Environnement, Département de Génie des Procédés, Université Badji Mokhtar Annaba, B.P. 12,
Annaba 23000, Algérie
SLaboratoire de Magnétisme et Spectroscopie des Solides (LM2S), Département de Physique, Université Badji Mokhtar
Annaba, B.P. 12, Annaba 23000, Algérie
4Laboratoire de Synthése et Biocatalyse Organique (LSBO), Département de Chimie, Université Badji Mokhtar Annaba, B.P.
12, Annaba 23000, Algerie
SUniv. Grenoble Alpes, CNRS, Grenoble INP, Institut Néel, 38000 Grenoble, France

*(kdadda@usthb.dz) Email of the corresponding author

(Received: 01 November 2023, Accepted: 13 November 2023)

(2nd International Conference on Contemporary Academic Research ICCAR 2023, November 4-5, 2023)

ATIF/REFERENCE: Dadda, K., Djerad, S., Alleg, S., Dadda, N. & Hlil, E. (2023). NiCoMn nanostructured powders used for
wastewater treatment. International Journal of Advanced Natural Sciences and Engineering Researches, 7(10), 171-174.

Abstract — This study uses mechanical alloying to prepare nanostructured Co27Mn13Nigo (Wt.%) powders.
24 h of milling leads to the formation of a single fcc-solid solution that undergoes ferromagnetic-
paramagnetic transition at a Curie temperature of about 790 K. Powders were tested for Fenton catalysis,
and their performance was investigated for methylene blue discoloration.
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I. INTRODUCTION

Nano-produced powders have attracted much
attention due to their promising application in
different fields. These powders can be elaborated by
several methods, such as the mechanical alloying
technique (MA). The MA is a solid-state process
based on repetitive fracture, cold solder, and
agglomeration phenomena of powder particles. The
high-energy ball-powder-ball and/or ball-powder-
vials impacts reduce the particle size to a nanometric
scale and introduce many structural defects' origins
of extraordinary applications such as soft magnetic
character, catalysts, sensors, etc. Arc melting and
MA techniques [1]-[5] were used to elaborate
disordered face-centered cubic and body-centered
cubic CoNi-based solid solution with soft-magnetic

character. The solid solution is used in an oxidation
reaction via a heterogeneous Fenton-like process.

The Fenton reaction is an effective oxidation
system used for water treatment by forming
hydroxyl radicals (*OH) [6] responsible for dye
degradation.

Il. MATERIALS AND METHOD

The nominal composition of Co27Mn13Niso
(wt.%) powders was prepared from pure elements of
Co (99.5%), Mn (99.95%), and Ni (99.9%) by using
a high energy planetary ball mill (FRITSH
Pulversitte 7) at 400 rpm, under an argon
atmosphere, at ambient temperature. The ball-to-
powder weight ratio was 12/1. 24 h of milling was
set with an interruption of 15 min each 30 min of
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milling. Morphology, structure, and microstructure
measurements were investigated using scanning
electron microscopy (FEI Quantum 250) and X-ray
diffractometry (PANalytical Empyrean
diffractometer). Magnetic measurements were
carried out by BS2 magnetometer and vibrating
sample magnetometer (LakeShore 7404) at room
temperature.

A. Methylene blue discoloration experiments

The concentration of methylene blue was
determined by using a JENWAY 675UV/Vis
spectrometer at 665 nm. The reaction solution was
composed of 30 mg of powders and 100 mL of
acidic solution of methylene blue (5.10° M, pH =
3). A volume of about 3 mL of the reaction solution
was collected with a syringe at regular time intervals
for absorbance measurements and then they were
returned to the solution. The experiments were
carried out at 60°C under different stirring
conditions.

I11. RESULTS

The powder morphology (Fig. 1) shows irregular
shape and size. The large particle size is due to the
nature of the starting materials as all elements have
a strong tendency to form agglomerates.
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Fig. 1 SEM micrograph of NiCoMn powder mixture.

The refinement of the X-ray diffraction pattern
(Fig. 2) has been performed using the MAUD
program, which is based on the Rietveld method [7].
The best refinement is achieved by introducing a
single solid solution, labeled (NiCoMn)-SS, with a
lattice parameter of a = 3.542 A, average crystallite
size of about 60 nm, and microstrains of 1.5%.
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Fig. 2: Rietveld refinement of the X-ray diffraction patterns
of NiCoMn powder mixture (Reliability parameters: GoF =
0.89, Rwp = 1.87; Rb = 147, Rexp = 2.08).

The magnetization-field (M—H) hysteresis loop
(Fig. 3) recorded at room temperature under varying
magnetic field up to 10 kOe show that the M-H curve
exhibits narrowed and sigmoidal-shaped hysteresis
loops typical to the soft magnetic character.
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Fig. 3: Hysteresis loop of the ball-milled powders.
The inset shows a zoom of the central part region.

The low field of 500 Oe measurements of the
magnetization to temperature dependence (M-T)
curve, evaluated in the temperature range of 200—
850 K, reveals that the as-formed solid solution
undergoes a magnetic ferromagnetic—paramagnetic
phase transition at a Curie temperature of T¢ = 790
K (Fig. 4).
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Fig. 4: M—T curve of NiCoMn powder mixture. The
inset shows the first derivative.
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The as-formed solid solution was tested in the
discoloration reaction of methylene blue under three
different stirring conditions (Fig. 5): magnetic
stirring (mag) and mechanical stirring (mec) One
can observe that the degradation efficiency using the
magnetic stir (~95%) is more enhanced than that for
the mechanical (~75%) one.
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Fig. 5: Discoloration reaction of NiCoMn powder
mixture under two different stirring conditions:
magnetic stirring (mag) and mechanical stirring

(mec).

The discoloration process during the oxidation
of methylene blue may be described as a pseudo-
first-order reaction kinetic by using the following
relation:

Ao_
= = k.t (3)

The rate constant k values extracted from the
slopes of the straight lines of (ln %) Versus t

curves were, respectively, 0.011 and 0.013 min? for
mag and mec stirring where the reaction registered
one stage.

Iv.DISCUSSION

The MA technique is an easy process to produce
solid solutions that can be stabilized when the atomic
size mismatch 6 is valued at 6 < 6.6% and the ratio
between the entropy and enthalpy of mixing Q is Q
> 1.1 [8]. The two characteristic factors are given by:

5= ma(1-2)" @

TmASmix
= (2)

- |AHmix|
where c; is the atomic proportion of the i-th element,
r; is the atomic radius of the i-th element,  is the
average radius of the three elements, T, is the

Q

theoretical melting point (T, = X1(T)iCi), ASmix
is the entropy of mixing (AS,,ix = —R X1 (c;lnc;),
AH,,;, 1s the enthalpy of mixing (AHix =
437 12;(AH;jcic;)), R is the perfect gas constant,
and AH;; is the enthalpy of mixing of each possible
binary system calculated according to the approach
of Miedema [9]. The two criteriaof 6 =3.1and Q =
1.9 fulfil the conditions, and the stability of the as-
formed solid solution is highly possible.

The coercive field value obtained from the M—H
hysteresis loop, Hc = 490 Oe, which ranges between
100 and 1000 Oe, confirms the soft magnetic
character of the as-formed solid solution. Since the
remanence to saturation magnetization ratio value
(Mi/Ms = 0.04) is less than 0.1, the powder particles
are multi-domains.

Using a pitched four-blade magnetic bar for the
discoloration experience, in the case of the magnetic
stirring, can strew the powder particles over its
entire surface, making the particles susceptible to
react easily within the dye molecules and
consequently accelerating the oxidation rate as it
successively increased during the complete
experimental period. However, the flow dynamic
resulting from the mechanical stirring differs totally
from that of the magnetic one. In this case (i.e.
mechanical stirring), the minimum fluid velocity in
the central location of the vessel and under the
paddle makes the place adequate to form aggregate.
This aggregation decreases the reaction of
methylene blue oxidation as the exposed particles’
surface to the dye molecules is reduced.

V. CONCLUSION

The mechanically alloyed Coz27Mni3Niso (Wt.%)
powders were prepared in a high-energy planetary
ball mill P7. The X-ray diffraction analysis
confirmed the formation of a single disordered fcc-
solid solution phase obtained after 24 h of milling
that undergoes a magnetic phase transition at 790K.
The powders have been tested in discoloration
reaction of methylene blue under different
conditions. The nanostructured Co27Mn13Nieo
powders are good candidates for water treatment
applications.
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