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Characterization of bionanomaterial Nigo-Cr 40 alloy obtained by mechanica
alloying
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Abstract

Ni60-Cr40powder mixtures were prepared from elemeNi and Crusing a high energy ball mill (Fritsh F
under an argon atmosphehicrostructural, tructural,magnetic and mechanical properties were followe:
scanning electron microscopy, vibrating sample retmgnetry and Vickers mic-hardness measurements.
Morphological observations show the existence cbroad distribution of size and shape of the pow
particles After 6 h of milling, the Rietveldrefinement of Xray diffraction patterrreveals the formation of
disorderedCr(Ni) solid solution. The crystallite size refinent against the milling time is accompanied by
increase of the atomic level strain. Cold compactollowed by liquid phase sintering were carried im order
to obtain a bulk sample and to estimaoth porosity percentage and powders formabilDue to the
coexistence of different microstructural componertd their interactions, multiphase alloy offerseaxellent
combination between high formability and hardn
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1. Introduction

Significant progress has been made in order torstated fundamental aspects of the nanomateriatheyis.
Thus, various processing routes have been adoptdtidir production including vap-solid-liquid approach
[1], equal channel angular pressilECAP) [2] and high energy ball milling [Bl. Among various biomaterials
alloys, Ni-Cr alloys have excellent high temperature streragiti good corrosion resistance. The exce
properties of Ni€r alloys are due to their complex composition. yTaee wdely used in electrical elemer
and dental applications [3—8kenerally, these alloys are composed of N-80%) and Cr (11-26.3%), but
alloying with other elements is required to enstire achievement of mechanical strength and comi
resistanceind porcelain bonding. Iron, aluminum, molybdensiiicon, beryllium, magnesium, cobalt carb
niobium, copper, titanium, gallium, magnesium aindare added to I-Cr alloys in the range of (-14 wt. %
[6]. The casting of these alloys is easily perfed by the use of a gasygen flame with a blowtort.
However, the gasir combustion in the blowtorch exposes noble, él-chromium and other alloy[7,8] to
oxidation through the inclusion of carbon, whichghti change the physical properties o-Cr alloys [9]. The
aim of the present study is to produce nanostradtiits,-Cr,o powders by high energy ball milling process.
follow the evolution of structural, microstructurahd magnetic properties of mechanically alloye-Cr
powder mixtures by means of P&y diffraction,thermal stabilitymmagnetic measurement and m-hardness.
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2. Experimental details

High purity elemental Nig um, 99, 8 %) and Cr (< 8 u powders with a nominal composition ofgo-Crsg (Wt.%) were
mechanically alloyed in a planetary ball mill (Baoh Pulverisette 7) under argon atmosphere usirttehad steel balls ar
vials. The ball-to-powder weight ratio was about 35/5 and the rotaipeed was 400 rpm. To avoid the exces
temperature increase inside the vials, the milling psscwas interrupted each 1/2 h for 1iThe morphological changes
of the powder particles were followed by SEM in DS30A Zeiss equipment. Structural evolution and pl
transformation were investigategt X-ray diffraction (XRD) by means of Siemens D501 miftometer in ( -2 ) Bragg
Brentano geometry using Cu-Kadiation | = 0.154056 nm)Morphological changes of the powder particles dyitime
milling process were followed by scanning electroitroscopy (SEM) in a DSM960 A Zeiss equipmeMagnetic
properties were determined by measurin-H hysteresis loops using a vibrating sample mtometer VSM 3900 PMC
under an applied field of 1 T at 300

3. Results and discussion

3.1. SEM analysis

The progressive change in morphology during thdingilprocess is due to the repeated fracturingg-
welding, agglomeration and @gglomeratiorof powder particlesFig. 1 shows the SEM micrographs of 1
Nigo-Crso powders after various milling time

Fig. 1.Morphological changes of the -Cr powder particles as a function of milling tii

At the early stage of milling, th@uctile powders can easily be plastically deforraeder compressive force
and consequently, they become flattened into flakesugh micr-forging (3 h). Also, since the powders .
soft they tend to agglomerate by cold welding adhfbigger particls with a diameter of abouO um (6 h).
At the intermediate stage of milling, fracturingti main event involved in the MA process. Thamfdhe
agglomerated powder particles are subject to coatia disintegration with fragmentation to form tislely
fine powders with particles size smaller than m in diameter (24 h)-urther milling time leads to rough
spherical agglomerate composite particles haviragiyehe same shape but varying in size from alidditto
12.6 m in diameter. The induceheavy plastic deformation into the powder particldsring the milling
process, gives rise to the creation of a great amaofl crystal defects such as dislocations, vaes;
interstitials and grain boundaries which promotkdsstate reaction at amint temperature. Depending on
initial mixture, changes in structures of mechalhjcalloyed powders can occur as follows: grainmefent,
solid solution diffusion and/or formaticof new phases. The weak force area supports tgenématation of the
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The evolution of the average size of the powdetigdas with the milling time (Fig. 3) presents tardistinct
stages which clearly reflect the competition betweelding phenomena and refinement. Thus the fiaséase
until 6 h, the reduction between 6 and 24 h andinbeease up to 104 h of milling can be explaingdhe
predominance of cold welding, fractures and rewgjdespectively.
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Fig. 3. Evolution of average crystallite size as a funcitd milling time

3.2. Magnetic properties

The hysteresis loops of the Ni-Cr powders milleddeveral times are characterized by a sigmoidah f¢-ig.

4). The small hysteresis losses are propertiegedesn soft magnetic materials and usually obsenved
nanostructured samples. The coercivity, Hc, depestdmgly on the particle size, morphology, chetnica
composition and the large fraction of atoms assediwith the grain boundaries/interfaces.
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Fig. 4. Hysteresis loops dependence on milling time ofNR€r powders. The insert is an enlargement of the
low field region.
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Fig. 5 displays the coercivity changes of the Nigowder during the milling process. Hc increase§Qde
after 3 h of milling (i), decreases between 3 aidh bf milling (ii) and increases to about 80 OwaR4 h (iii).
The increase of Hduring the early stage of milling can be relatedhte plastic deformation effect introducing
internal strains and different types of defectshsas dislocations, inclusions, particles interactmd surface
irregularities which serve as pinning sites for thagnetic domain wall movement. The decrease.afuting
the second stage of milling might be attributedhe crystallite size refinement and to the bcc-Niume
fraction reduction. The increasebetween 12 and 24 h of milling can be ascribeatiédormation of the hard
Ni(Cr). Another probable reason for the bkhavior is the fragmentation of the magneticiplad during the
milling process leading to a heterogeneous ferravegg structure where the Ni-rich ferromagneticingaare
separated by non-magnetic Cr and/or Cr-rich phaSessequently, the coupling between the ferromagnet
grains becomes less effective, giving rise to dw®rded hardening.
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Fig. 5. Dependence of the coercivity, Hc, with milling time

The saturation magnetisation yMchange during the millingrocess is shown in Fig.6. The decrease ¢of M
suggests significant magnetic moment change dutiegalloying process due to the modification of the
nearest-neighbour configuration of the Ni. Indetéd, existence of non-magnetic Cr atoms in the iiciof Ni
ones leads to the reduction of the magnetic momenatom and therefore, to the magnetization réslucthe
obtained values of the saturation magnetizationtheatoercivity of about 157.3 emu/g and 80 Ogaetvely
after 24 h of milling are higher than those repirier the ferromagnetic amorphous Ni-Cr alloy pregaby
rapid cooling from the liquid state where Ms = @@u/g and = 3 Oe. The comparison with our results
suggests that the elaboration conditions influestoengly the structure and microstructure of thd product
and therefore, the magnetic properties.
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Fig. 6. Saturation magnetization variation versus millimget
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The remanence-to-saturation ratio,/ML which is about 0.04 after 24 h of milling, indieatthat small
magnetic particles are typically single domainsisTiesult is in a good agreement with that obseiwvethe
NisoCoso [10] binary alloy produced by high energy ballling) process.

3.3. Microhardness

The powder compressibility is generally affectedplayticle shape, particle size and distributiomfasie oxide
layer, impurities, amount of solid lubricant addethiemical composition and work hardening.The powder
aptitude to formability is favoured by (i) the peese of a great number of free surfaces with higériacial
energy providing short diffusion path which contrio to cold welding under the applied pressurgfr{itional
force between powder particles and the wall of dledissipating a power responsible for tool terapge
increase up to 90°C which leads to the increasg@etontact number between particles; (iii) theertisn of
small and spherical particles in the stacking efltrge ones minimize the unoccupied space.

The Vickers micro-hardness and the porosity evohgiversus milling time of the compacted Ni-Cr peved
are shown in Fig. 7 The micro-hardness of the powedeticles increases linearly with increasing mgltime.

At the first stage of milling, the sliding of atomplans imposed by plastic deformation occurs Isjodations
movement having a low density. As the milling preeeprogresses, the grain size is reduced and the
deformation occurs in the shearing bands locatdatierpowder particles. The reduction of grain $esals to
the increase of the particles resistance and threrdad the yield stress and the micro-hardneseasas. In
addition to the work hardening, the increase ofrmttardness is indicative of the substitution ofo@rNi and
the formation of the Ni(Cr) solid solution. The, Walue obtained after 24 h (176,His lower than that
recorded in the ball-milled Fe-30Co powders (450 H2]. In Fe-C-Cu-P, the micro-hardness varieshv@t
content (0.2 - 1 %) and applied pressure (400-7(aM12]. It has been shown that hardness is dirong
influenced by the porosity percentage. Indeed,tfier compacted Fe-0.35P-0.35Cr powder with porasity
about 3 %, the hardness is about 168 Hv while encise of Fe-0.7P- 0.7Cr with a porosity of abo¥i, the
hardness reaches a value of about 189 Hv [13]. pidnesity is relatively low for the short milling peds
because of the weak dislocations density and lawness. Consequently, the powder particles aptitodee
plastically deformed is important since the plasgformation increases the number of contact betweains
which leads to the decrease of the interior grairogity. The obtained pellet after 50 h of millimgth a
porosity percentage of about 42 % was partiallyagested. This behaviour can be attributed to thengtr
frictional force and to the grains inaptitude teate mechanical liaisons and to resist to resistnains during
ejection from the die. In the case of the compa¢iedand Cu with porosity fraction of about 15 %thbo
transmission electron microscopy and XRD analyseealed the absence of plastic deformation. Fopeup
the plastic deformation takes place entirely by mseaf grain boundary sliding in porosity free whih
associated with a reduction in the elastic modwtdisordered grain boundaries which are considered
elastically softer than the grain interiors [14].
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Fig. 7. Evolution of Vickers micro-hardness and porosigygentage versus milling time.
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Conclusion

Nanostructured Ni60Cr40 powder mixture was prepénedhechanical alloying. The reaction between Nl an
Cr leads to the formation of disordered Ni(Cr) &mNi) solid solutions in addition to Ni after 6df milling.
Morphological observations show a broad shapeildigion of the powder particleShe elemental mixing
powders kinetics can be described by an Avramimpater n = 1.1 and a constant rate k = 0.12. Botbspty
percentage and Vickers microhardness of the comggawders increases with structural refinement.
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