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ABSTRACT

High entropy alloy has excellent performance, such as high mechanical
property, thermal stability and corrosion resistance, etc., as compared to
the traditional alloys, which presents a high research value and great
potential application in industry. It might be an alternative material that
could be used in ultrahigh temperature and corrosion resistant equipments
in future. This paper reports the preparation of FeNiCoBiMn high entropy
alloy film by electroplating deposition method, and the test results of
microscopic observation, energy dispersive spectrometer and X-ray
diffraction analysis. Research resultsindicates that the film is amorphous,
the molar content of each element in the high entropy alloy film is greater
than 5%, the surface of thefilmisgranular structure with grain size of about
1um. It provides a new way for exploring preparation of high entropy alloy.
© 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

With the devel opment of energy resourceindustry,
chemical engineering, mechanical engineering,
aerospace, aviation, el ectronics and communication
technol ogy, the requirement for material with excellent
propertiesbecomeschallengeable, traditiona material
couldn’t meet the demands solely. Synthetic and novel
materials appear as a new way to satisfy the new
requirements.

Jien - Wel Yeh, et a proposed a new concept of
“high entropy alloy” in 1990s!, which is a novel
breakthrough to overcome the disadvantage of the
traditional materid, thereafter moreand moreattention

has been attracted to the high entropy aloy preparation
and characterization.

High entropy alloy hasthe excellent mechanical
property, thermal stability and corrosion resistance due
toitscharacteristicsof multi-principa dementsinstead
of multi minor e ements, which makestheatom easy to
form solid solution phase and nano - structure, or even
amorphous structure, whiledifficult to move, and thus
resultsinahigh disorder structure or high entropy, and
thereforehigh mechanicd property, thermal stability and
corrosionresistance.Upto now, the preparation of high
entropy dloy isstill abasic problem for thestudy of this
new type of alloy. Recently, the preparation of high
entropy aloy hasattracted moreand moreattention. In
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Jen-We Yehgroup, theAlCoCuFeNi highentropy dloy
isprepared and studied”. Theanalysisof microstructure
and properties showed that: (1) the hardness and
percentage of body centered cubic volumeincreasewith
theincreaseof thecontent of Al atom, while, itsfrictiond
coefficient decreases due to the change of the wear
mechanism from gtratification to oxidativeone; (2) the
addition of Feinto AICoCrCuNi high entropy aloy
doesn’t change the solid solution phase and its
microscopic structure obviously, which makes the
hardness of AICoCrCuNi close to that of
AlCoCrCuNiFehighentropy dloy; (3) theaddition of
Aginto AICoCrCuNi high entropy alloy makesthe
micro-structureof theingot of aloy laminar ones, one
layer iscomposed of hypoeutectic composition (Ag-
Cu), theother layer ismainly composed of other mgor
elements; While, theaddition of Auinto AlICoCrCuNi
high entropy alloy could make agood all oy, sincethe
abovefiveeementscould bind withAuvery well, so
Au can be considered asagood binding intermediary.
It indicatesthat the maximum mixing entropy between
themain atom pair should not exceed 10kJ/mol sothat
an effective hybrid could be achieved, which is
considered astherule in the design of high entropy
aloyt¥,

Yu-Jui Hsu studied the corrosion behavior of
FeCoNiCrCu high entropy alloy at in 3.5%
concentration sat solution@. In 3.5% concentration sat
solution, surface andysisshowed that € ectrochemical
corrosion occursinthe copper richinterdendritic and
dendritepositioninthealloy after 30 daysimmersion.
While, K.G. Pradeepyet al®, 1.Kunce, et all,
V.Doligue, et al®, K.B.Kim'®, and P.J.Warren,
B.Cantor!”, et al, have studied other propertiesof high
entropy alloysaswell.

Sofar, most of the preparation of highentropy dloy,
such asvacuum evaporation, arc melting and casting
under vacuum, electron beam evaporation and ion
sputtering, laser cladding, etc., isphysical ong®. Other
approach is quite rare. Recently, Yao Chenzhong
proposed an electrochemica deposition method to
prepare high entropy alloys containing rare earth
elements¥, whichisanew approach.

In this paper, we try to employ the basic
electroplating method to prepare high - entropy alloy
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FeNiCrCoBiMnfilm. Themicroscopic anadysisof the
product isconducted aswell.

EXPERIMENTAL

Thechemical agentsusedin theexperiment for the
preparation of high entropy alloy with electroplating
method areshownin TABLE 1.

The detail of the experimenta procedure is as
follows.

1) Treatment of Cu electrode

A 30 mm x50 mm x1 mm copper slice is polished
with sand papersfrom 200 to 1500, and degreasing is
conducted in a mixture solution of NaOH 20g/L,
NaCO, 30g/L, and NaPO, 40g/L at 60°C.

After that, the copper diceiswashed with distilled
water, and immersed in a solution of 5% HCI
concentration for 10min, then drying. A copper wireis
soldered at oneend of thedlice.

2) Treatment of metallic salt

The metallic sats of Bi(NQO,),, CoCl,, MnCL.,
FeCl., NiCl,, and LiClO,, aredried at 80°C, 120°C,
140°C, 198°C, 150 °C, 130°C for 12h, respectively,
toremovethecrystallized water inthe corresponding
«it.

3) Preparation of eectroplating solution

A mixture solvent of CH,CN and C,H . NO with
theratio of 8:2isprepared and stirredin theelectrolytic
bathfirst. The dehydrated metdlic sdtsof Bi(NO,),,
CoCl,, MnCl,, FeCl,, NiCl,, and LiClO,, are added
into themixture solvent in accordancewith 0.002 mol/
L, 0.01 mol/L, 0.01 mol/L, 0.01 mol/L, 0.01 mol/L
and 0.1 mol/L, respectively.

4) Electroplating process

The copper electrode and graphite electrode are
placed intheelectrolytic bath, both the electrodesare
connected to DC power supply (GWL-305-2) of the
positiveand negative poles, respectively. Thedeposition
potentia iscontrolledto be-2.5V. After 12h, thesample
is removed from the electrolytic bath. The
microstructureand chemica composition of thesample
isanayzed by scanning el ectron microscopy, energy
spectroscopy (SEM) and X-ray diffraction (XRD)
ingrumentations, respectively.
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SEM analysis

The sample of the high entropy alloy film
FeNiCoBiMn prepared by el ectropl ating deposition
methodisandyzed by usingaHitachi S-2700 scanning
electron microscope, the microscopic surface
morphology showninFigurel.

From Figurel, it can be seen that thealloy filmis
formed by the accumulation of different grains, the
smaller onesexhibit spherical grain, thelarger ones
exhibit flat shape. Inthe surface of thedloy film, there
aresomelarger irregular grains, which may betheresult
of surface oxidation. From SEM image of 5000 times
magnification, it is seen that the film is stacked by
spherical grainswith different sizes, and thesegrains
arearound 1pum.

Spectrum analysis

Energy dispersive spectrometer (EDS) analysis
result isshownin Figure 2, the corresponding el ement
contentisshownin TABLE 2.

Intheright part of Figure2, the EDSisshownwhich
corresponds to the microscopic region in the left of
Figure2. It can be seen from TABLE 2 that the molar
content of each e ement isgreater than 5%, itisbasicaly
qualified experimental sample.

X-ray diffraction analysis

The X-ray diffraction (XRD) of thisfilmisalso

conducted, theresultisshownin Figure3.

Figure3indicatesthat the high entropy alloy film
FeNiCoBiMn asreceivedisin amorphous state.

Figurel: SEM imageof high entropy alloy film FeNiCoBiM n; (A) amagnification of 2000 times; (b) a magnification of 5000

times
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Figure?2: Spectroscopy of high entropy alloy film FeNiCoBiM n; (a) analysisarea; (b) spectrum of the sample
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Figure 3 : XRD feature of the high entropy alloy film
FeNiCoBiMn

CONCLUSION

Inthis paper, the e ectroplating deposition method
isemployed to prepare high entropy aloy thin film
FeNiCoBiMn. Theresultsindicate that the content of
each element in the prepared high entropy aloy thin
film is greater than 5%, the film is with a granular
structure, and the crystal grainsare about 1mm. The
electroplating deposition can be a quick and easy
method to prepare high entropy aloy thinfilm, which
opensanew way to synthesize high-entropy aloy.
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TABLE 1 Chemical reagentsused in thisexperiment

Agent  Specification Manufacturers
NiCl, AR Tianjin Fucheng Chemical Reagent
FeCl, AR Tianjin Fucheng Chemical Reagent
MnCl, AR Tianjin Chemical Reagent Factory
Bi(NOs); AR Tianjin Fucheng Chemical Reagent
CoCl; AR Xi’an Chemical Reagent
LiClO, AR ;I;:str:i L rt1eGuangfu Fine Chemical Research
NaOH AR Tiar_ljin Guangfu Fine Chemical Research

Institute

Na;PO4 AR Tianjin Chemical Reagent first factory PPP
N&CO3 AR Xi’an Chemical Reagent
CH5CN AR Tianjin Kermel Chemical Reagent Co., Ltd.
C3;H/NO AR Tianjin Kermel Chemical Reagent Co., Ltd.
HCI AR Xi’an Chemical Reagent
C electrode Wuhan Instrument Co., Ltd.
ggctrode 99.99%

TABLE 2: Componentsof high entropy alloy film FeNiCoBiMnin theselected area

Content Content Content Content

Element Element
(mass per centage) (atom per centage) (mass per centage) (atom per centage)
Ni 5.84 9.10 Co 431 7.29
Bi 58.41 27.67 Mn 7.95 14.32
Fe 23.49 41.62
tomography, Acta Materialia, 61, 4696 — 4706
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