Original Article

[E Cite This: Colloid & Nanoscience Journal 2(3) (2024) 328-335- CNJ.araku.ac.ir

Nanostructure, surface and magnetic properties of Co-Cr alloy thin
films

Nayereh Lotfil, Maryam Nasehnejad*!

Abstract
Received:2024.10.31 Co-Cr films were produced with electrodeposition with different pH at room
Revised: 2024-12-09 temperature. The effect of electrolyte pH on the structural, surface morphology and
Accepted: 2024-12-09 magnetic properties of the films was studied. X-ray diffraction measurement
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deposited at different pH values, the surface morphologies with different-sized
globular granules were observed whereas the morphology covered by uniformly
distributed nanoscale grains was detected for the surfaces of all films produced
from electrolytes with different Cr concentrations. Magnetic properties such as
coercivity and saturation magnetization showed strong dependence on he
electrolyte solution pH and consequently the crystallite size. The Co-Cr films with
low Hc were achieved using relatively low electrolyte pH. The differences
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1. Introduction

Currently, device systems are becoming smaller while their performance is enhancing. This trend corresponds with
a decrease in the material used for their thin-film elements, highlighting the crucial influence of the film’s surface
pattern on their functionality. It is widely recognized that materials and structures at the nanoscale behave differently
than their larger counterparts. Hence, achieving improved control over the nanoscale topography during the film
deposition process is highly advisable. Among these coatings, hard chromium electrodeposits are wellknown for their
high hardness, perfect wear resistance, and good corrosion properties [1]. The alloy coatings obtained from these baths
usually have a smaller grain size and better mechanical and tribological behavior than the pure chromium films [2].
Surviliene et al. [3] showed that the Co-Cr alloy coating had a better surface quality than the Cr electrodeposit. Co-Cr
alloys are used for medical prosthetic implant devices, components in the power generation, marine, aerospace, and
oil and gas industries due to their good wear, corrosion and fatigue resistance along with biocompatibility [4].
Optimum mechanical properties and corrosion resistance of these alloys are usually obtained in the presence of 10-
30% chromium [5].
The Co-Cr electrodeposits can be an economic alternative for these expensive alloys [6]. These coatings are also a
suitable substitute for hard chromium films [7]. Electrodeposition of chromium is widely used in aerospace,
automotive, and other engineering industries to produce wear and corrosion resistant coatings with high hardness and
good appearance [8].
In electrodeposition, the growth mechanism, morphology, and microstructural properties of the film depend on
electrodeposition conditions such as electrolyte composition, electrolyte pH, additives and current density or
deposition potential. The variations of these parameters have been shown to affect the growth mode mechanism,
morphology, microstructure, and magnetic properties of the deposited Co—Cr film [9]. Generally, the aim of the work
is to clarify the effect of deposition conditions on electrodeposited nickel films. It was observed that the solution pH
changes the complexing condition of metal ions, which usually plays a key role to control the film properties [10]. A
modification of bath pH can also affect the crystallite size and consequently the magnetic properties such as
magnetoresistance of some materials obtained by electrodeposition [10]. Consequently, the bath pH has a crucial role
on several properties of deposits.
In the present study, we present experimental results of the influence of electrolyte pH on the electrodeposition,
morphology, structure, and magnetic properties of the, Co—Cr thin films films electrodeposited from chloride baths.
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2. Experimental
2.1. Material And Preparation

Aluminum plates of size 1.5x1.5 cm are used for substrates (cathode). A platinum wire was used as the counter
electrode. All the applied potential was measured with respect to a saturated calomel electrode. These three electrodes
were assembled and were connected to a potentiostat (AUTOLAB PGSTAT 30, Eco Chemie BV, Utrecht, the
Netherlands) combined with a frequency response analyzer, controlled by a personal computer. The chemical
composition and operating conditions of the electroplating bath are as shown in Table 1.

Table 1. Bath electrolyte composition and parameters for Co-Cr thin film electrodeposition

Bath composition Cr2(S04)3.6H20: 0.3 M, C0S04.7H,0:0.1 M, H3BO3 0.9 M, Na;SO4: 0.6 M
pH 2-5

Bath temperature 25°C

Stirring speed 250 rpm

Thichness 400 nm

2.2. Characterization

The film content was detected by the energy dispersive X-ray spectroscopy (EDX). The crystalline structure analysis
was made with the X-ray diffraction (XRD) technique with the Cu-K, radiation (A= 0.15406 nm). The 26 was scanned
between 40 and 100 for the XRD measurements. The surfaces of the films were observed by the scanning electron
microscope (SEM) at the same time with the EDX measurements. The surface roughness was investigated by the
atomic force microscopy (AFM) to get detailed information about the surface of the films. The magnetic properties
were studied with the vibrating sample magnetometer (VSM). The applied magnetic field was in the film plane and
the measurements were performed at room temperature.

3. Results and discusion
3.1. Elemental analysis

According to elemental analysis of the Co— Cr films deposited using the electrolytes have different pH values, the
film deposited at high pH value (5) consists of 78 at.% Co and 22 at.% Cr, as shown in Fig. 1. When the electrolyte
pH was gradually decreased from 5 to 3.5 and then to 2, Co and Cr contents remained at the same values. It was
revealed that the decrease in electrolyte pH did not provoke a change in film content.

Fig. 1. EDX spectrum of Co-Cr thin film produced at electrolytic pH of 5.
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3.2. XRD analyis

The XRD patterns of the Co— Cr films deposited at different electrolyte pH values are presented in Fig. 2. These
patterns reveal that the as deposition Co-Cr coatings have a crystalline structure. The pattern of the deposited alloy
shows the presence of a hexagonal-close-packed (hcp) phase (JCPDS 01-1278). The lack of chromium peaks indicates
that the alloy coatings are a substantial solid solution of Cr in Co, as also reported by other researchers [5,11-15].
However, Co with face-centered cubic (fcc) lattice have been observed by Kim et al. for Co- Cr films [16]. Moreover,

results of Koutsoukis et al. showed the presence of both the fcc phase of Co and the hcp phase of Co for Co- Cr alloy
[17].

Fig. 2. XRD patterns of the Co—Cr films deposited at electrolyte pH values of (a) 5, (b) 3.5 and (c) 2.

It is obvious in the figure that all films have the hexagonal close packed (hcp) of Co atoms. The hcp peaks appeared
at 2 values of ~ 41¢, 450, 47, 760 , 93¢, 950 and labeled as (1 0 0), (002), (10 1), (1 10),(112)and (20 1),
respectively. Besides, some changes occurred in the intensities of the XRD peaks when the electrolyte pH value was
changed. As the pH value decreased, the intensity of the peaks (1 0 0), (0 0 2) and especially the intensity of the peak
(1 0 1) decreased whereas that of the peak (1 1 0) clearly and gradually increased. While the highest peak was (1 0 1)
for the film deposited at high pH value, the (1 1 0) peak was detected as the highest peak for the film deposited at the
low pH value. Also, the peak of (2 0 1) disappeared from the XRD pattern as the electrolyte pH decreased.
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3.3. SEM Study

Fig. 3 shows the SEM images of the Co— Cr films deposited at different electrolyte pH values. Electrodeposited
film surfaces are sensitive to the electrolyte pH value [18]. The surface of the film grown at the high pH has a structure
with numerous grains and their diameter is ~1 m. When the electrolyte pH gradually. Fig. 3. SEM images of the Co—
Cr films deposited at different electrolyte pH values. decreased, the diameter of the surface grains decreased in
accordance with the decreasing pH value and nano-scaled surface grains were obtained for the film deposited at the
low pH value (2). The observed grains uniformly dispersed on the surfaces ofthe all films.

(@) (b)

(c)

Fig. 3. SEM images of the Co—Cr films deposited at electrolyte pH values of (a) 5, (b) 3.5 and (c) 2.
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3.4. AFM images

Fig. 4 shows the AFM images of the films deposited with different electrolyte pH values. The images prove the
SEM images given in Fig. 3 in point of surface grain size and roughness. The surface roughness decreased with the
decreasing size of the surface grains. Also, Fig. 4 indicates that the relatively lower stressed surfaces were obtained
for the film deposited at the low pH value. It can be emphasized that the electrolyte pH has an important effect on the
surfaces of investigated films.

Fig. 4. AFM images of the Co—Cr films deposited at electrolyte pH values of (a) 5, (b) 3.5 and (c)

3.5. VSM Study

The hysteresis loops of the Co— Cr films were illustrated in Fig. 5. As seen in figure 5, the Hc values were found as
157 Oe, 92 Oe and 43 Oe for the electrolyte pH values of 5, 3.5 and 2, respectively. The decrease of pH value resulted
in a considerable reduction of Hc value. This points out to the magnetically smoother films as the electrolyte pH
decreases. The decrease in Hc can depend on the changes in the structural properties especially the change in the
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intensities of the XRD peaks, Since the detected peak intensities in the XRD patterns determine the preferential texture
of the films [19, 20], and also the Hc are considerably affected by film texture as indicated in studies by Choi et al.
[21] and Rahman et al. [22]. In these studies, it was shown that the Hc of the electrodeposited films is mainly affected
by the crystallographic texture. In addition, it can be said that the decrease in the size of surface grains seen in figure
3 can provoke this decrease of Hc arising from the change of the peak intensities. It can be stated that since the
homogeneity and the regularity of the surface appearance increased with the decrease in the size of surface grains (see
figures 3 and 4), the low stressed surfaces, and hence coatings, were obtained for the films with nano-scaled surface
grains. Therefore, the Hc, which is a quite sensitive property to the changes in internal factors of the magnetic materials
[23], can be affected by the microstructure such as the size of surface grains. It was seen that the change in the
electrolyte pH caused the magnetic properties to change. According to electrolyte pH investigation, the desired film
properties, i.e. relatively smoother and lower stressed surfaces in addition to lower Hc values, can be obtained when
an strong acidic electrolyte pH is preferred for the production of the Co—Cr films, as done in the present study.

Fig. 5. hysteresis loops of the Co—Cr films deposited at electrolyte pH values of (a) 5, (b) 3.5 and (c) 2.
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4. Conclusions

The Co-Cr films were produced at various electrolytic pH using the electrodeposition and their structural, surface
morphology and magnetic properties were studied to investigate their applications in magnetic recording and sensor
technologies. The hcp structure was detected for the all films whereas the surface morphology varied depending on
the electrolytic pH. The decrease in the electrolyte pH reduced the size of surface grains from micro-scale to nano-
scale. By SEM measurements, we have shown that the bath pH has a great influence on the morphology, the shape,
and the size of the crystallites. Finally, the magnetic properties showed a sensitive dependence with the pH and the
observed structural changes. In addition, the high and unexpected coercivities reaching a maximum of 157 Oe at pH
5 can be attributed to the presence of residual stress in the film—substrate interface, which increased as the bath pH
became more acidic and the crystallite size smaller.

Conflicts of Interest
The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Author information
*Corresponding Author: Maryam Nasehnejad
M.nasehnejad@gmail.com

ORCID
Maryam Nasehnejad: 0000-0003-0083-6791

References

[1] A. Mardanifar, A. Mohseni, S. Mahdavi, Wear and corrosion of Co-Cr coatings electrodeposited from a trivalent
chromium solution: Effect of heat treatment temperature, Surface and Coatings Technology 422 (2021) 127535.
https://doi.org/10.1016/j.surfcoat.2021.127535.

[2] H-H. Sheu, C-E. Lu, H-B. Lee, N-W. Pu, P-F. Wu, S-H Hsieh M-D. Ger, Electrodeposition of black chromium-
cobalt alloy based on trivalent sulfate electrolyte, Journal of the Taiwan Institute of Chemical Engineers 59 (2016)
496-505. . https://doi.org/10.1016/j.jtice.2015.08.002.

[3] S. Surviliene, * V. Jasulaitiene, * A. Cesuniene, A. Lisowska-Oleksiak, The use of XPS for study of the surface
layers of Cr—Co alloy electrodeposited from Cr (111) formate—urea baths, Solid State lonics 179 (2008) 222-227.
https://doi.org/10.1016/].si.2007.12.052.

[4] S. Mahdavi , S. R. Allahkaram, Composition, characteristics and tribological behavior of Cr, Co—Cr and Co-
Cr/TiO2 nano-composite coatings electrodeposited from trivalent chromium based baths, Journal of Alloys and
Compounds 635 (2015) 150-157. https://doi.org/10.1016/j.jallcom.2015.02.119.

[5] G. Saravanan, S. Mohan, Structure, composition and corrosion resistance studies of Co—Cr alloy electrodeposited
from deep eutectic solvent (DES), J. Alloys Compd. 522 (2012) 162— 166.
https://doi.org/10.1016/j.jallcom.2012.01.140.

[6] Zzhang W, Li Y, Hu S, et al. Effect of powder oxygen content on the microstructure and properties of Co— Cr dental
alloys  fabricated by  selective  laser  melting. Powder  Metall. 61  (2018)  157-163.
https://doi.org/10.1080/00325899.2017.14232.

[7] Bikul&ius G, Ce$uniené A, Selskiené A, et al. Dry sliding tribological behavior of Cr coatings electrodeposited in
trivalent chromium sulphate baths. Surf Coat

Technol.315 (2017) 130-138. https://doi.org/10.1016/j.surfcoat.2017.01.076.

[8] C.A. Huang, C.K. Lin, C.Y. Chen, Hardness variation and corrosion behavior of as-plated and annealed Cr—Ni
alloy deposits electroplated in a trivalent chromium-based bath, Surf. Coat. Technol. 203 (2009) 3686—3691.
https://doi.org/10.1016/j.surfcoat.2009.05.047.

[9] M. Nasehnejad, M. Ahmadi, Structure and size effects in the magnetic anisotropy factors of Co-Ag nano
granular films, Colloid & Nanoscience Journal 1(2023). https://doi.org/10.61186/CNJ.1.3.119.

[10] M. Boubatra, A. Azizi, G. Schmerber, A. Dinia, The influence of pH electrolyte on the electrochemical
deposition and properties of nickel thin films, lonics 18 (2012) 425-432. https://doi.org/10.1007/s11581-011-0642-3.
[11] A. Kharmouche, S-M. Chérif, G. Schmerber, and A. Bourzami, Magnetic and structural properties of
evaporated CoxCr1— x/Si (100) and CoxCrl1—x/glass thin films, Journal of magnetism and magnetic materials 310
(2007) 152-158. https://doi.org/10.1016/].jmmm.2006.08.012.

Colloid Nanosci. J. 2(3) (2024) 328-335.


mailto:M.nasehnejad@gmail.com
https://doi.org/10.1016/j.surfcoat.2021.127535
https://doi.org/10.1016/j.jtice.2015.08.002
https://doi.org/10.1016/j.ssi.2007.12.052
https://doi.org/10.1016/j.jallcom.2015.02.119
https://doi.org/10.1016/j.jallcom.2012.01.140
https://doi.org/10.1080/00325899.2017.14232
https://doi.org/10.1016/j.surfcoat.2017.01.076
https://doi.org/10.1016/j.surfcoat.2009.05.047
https://doi.org/10.61186/CNJ.1.3.119
https://doi.org/10.1007/s11581-011-0642-3
https://doi.org/10.1016/j.jmmm.2006.08.012

Colloid & Nanoscience Journal Original Article

[12] S. Mahdavi, S. R. Allahkaram, A. Heidarzadeh, and R. Tavangar, Characteristics and properties of Co—Cr alloy
coatings prepared by electrodeposition, Surface Engineering 36 (2020) 966-974.
https://doi.org/10.1080/02670844.2019.1688012.

[13] G. L. Turdean., A. Craciun, D.Popa, M. Constantiniuc. Study of electrochemical corrosion of biocompatible Co—
Cr and Ni—Cr dental alloys in artificial saliva. Influence of pH of the solution.” Materials chemistry and physics 233
(2019) 390-398. https://doi.org/10.1016/j.matchemphys.2019.05.041.

[14] T. Ohgai, Y. Tanaka Y, T. Fujimaru, Soft magnetic properties of Ni—Cr and Co-Cr alloy thin films
electrodeposited from aqueous solutions containing trivalent chromium ions and glycine, Applied Electrochemical 42
(2012) 893-899. https://doi.org /10.1007/s10800-012-0472-7.

[15] S. Mahdavi, S. R. Allahkaram, Composition, characteristics and tribological behavior of Cr, Co—Cr and Co—
Cr/TiO, nano-composite coatings electrodeposited from trivalent chromium based baths, Journal of Alloys and
Compounds 635 (2015) 150-157. https://doi.org/10.1016/j.jallcom.2015.02.119.

[16] HR. Kim, SH. Jang, Y K. Kim, JS. Son, BK. Min, KH. Kim, and TY. Kwon, Microstructures and mechanical
properties of Co-Cr dental alloys fabricated by three CAD/CAM-based processing techniques, Materials 9, (2016)
596. https://doi.org/10.3390/ma9070596.

[17] T. Koutsoukis, S. Zinelis, G. Eliades, K. Al-Wazzan, M. Al Rifaiy, and YS. Al Jabbari, Selective laser melting
technique of Co-Cr dental alloys: a review of structure and properties and comparative analysis with other available
techniques, Journal of Prosthodontics 24, no. 4 (2015) 303-312. https://doi.org/10.1111/jopr.12268.

[18] A. Karpuz, H. Kockar, M. Alper, Properties of electrodeposited Co—Mn films: Influence of deposition
parameters, Applied Surface Science 358 (2015) 605-611. https://doi.org/10.1016/j.apsusc.2015.08.179.

[19] H. J. Kim, K. Kim, S-R. Lee, W. Y. Jeung, Thickness dependence of (001) texture evolution and magnetic
properties of sputter-deposited FePt: MgO nanocomposite films, IEEE Transactions on Magnetics 44 (2008) 3535-
3538. https://doi.org/10.1109/TMAG.2008.2001608.

[20] A. Vicenzo, and P. L. Cavallotti, Growth modes of electrodeposited cobalt, Electrochimica Acta 49 (2004)
4079-4089. https://doi.org/10.1016/j.electacta.2004.04.001.

[21] D. H. Choi, G. H. Kim, K. H. Lee, W. Y. Jeung,Tailoring the magnetic properties of CoFePtP alloys with
variations in iron content, Journal of Magnetism and Magnetic Materials 272 (2004) E507-E508.
https://doi.org/10.1016/j.jmmm.2003.12.533.

[22] I. Z. Rahman, M. V. Khaddem-Mousavi, A. A. Gandhi, T. F. Lynch, and M. A. Rahman, Growth of
electrodeposited Ni-Co and Fe-Co magnetic films on Cu substrates,In Journal of Physics: Conference Series 61, IOP
Publishing, 2007. https://doi.org/ 10.1088/1742-6596/61/1/106.

[23] D. Jiles, Introduction to Magnetism and Magnetic Materials, Chapman and Hall, London, 1991.

Colloid Nanosci. J. 2(3) (2024) 328-335.


https://doi.org/10.1080/02670844.2019.1688012
https://doi.org/10.1016/j.matchemphys.2019.05.041
https://doi.org/10.3390/ma9070596
https://doi.org/10.1111/jopr.12268
https://doi.org/10.1016/j.apsusc.2015.08.179
https://doi.org/10.1109/TMAG.2008.2001608
https://doi.org/10.1016/j.electacta.2004.04.001
https://doi.org/10.1016/j.jmmm.2003.12.533

