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CRYSTALLIZATION PROCESSES IN Co-BASED AMORPHOUS
MICROWIRES

Investigations of the effect of thermal treatments such as conventional annealing and annealing
under tensile stress on crystallization behavior of Cos;FeqNij(Si;;Biso glass-coated microwire are
carried out. It is shown that the crystallization of amorphous microwires occurs in two stages. At the
first stage of crystallization primary a- and p-Co crystallites are formed in residual amorphous matrix
at the temperature 480 °C. At the second stage the residual B and Si enriched amorphous phase
transforms into Co,Si phase and the metastable phase Co;B through eutectic crystallization in the
temperature range 520 — 550 °C. The mean grain size and crystallized volume fraction of Co crystals
increase from 4 nm to 20 nm and from 10% to 25%, respectively. Stress annealing in this temperature
range stimulates the crystal grain nucleation (crystallized volume fraction of Co crystals increases up
to 40%, however the crystalline grain size increases weakly to 10 nm). It is found that stress annealing
accelerates the nucleation of new grains rather than existing grain growth.

Keywords: microwire, amorphous and nanocrystalline structure, crystallization, stress annealing, X-
ray diffraction.

JlociiizkyBaBesi BIVIMB Pi3HHX BHAIB TepMOoOpOoOKHM Ha mpouecH KpucTadizauii B mikpoapori
ckiaany Cos;FeqNijSiBis9 B ckusniii i3onsinii. BcranoBiieHo, 1o Kpucragizanmiss MHKPOIpoOTy
BinOyBaernes B ABi craxii. Ha mepumii cragii kpucramizanii npu remmnepartypi 480 °C yreoprowoThes
NepBUHHI KpucTaan o-, f-Co B 3aanmkosiii amopgniii maTtpuni. Ha apyriii ctaaii 36arayena B u Si
amoppHa ¢aza posnmagaeTrbess Ha Co,Si m meracrabiibHy ¢azy Co;B BHaciizok eBTekTHYHOI
KpucTagizanii B Temneparypuomy intepsani 520 — 550 °C. Cepenniii po3mip 3epHa Ta uYacTHMHA
3aKPHUCTAJI30BaHOr0 00’ €My 3pocTaloTh Bix 4 HM 10 20 M Ta Bin 10% no 25%, Binnosinno. Bignan 3a
HASIBHOCTI O/THOOCHOIO PO3TSATYBAaHHSI B IbOMY TeMIEPATYPHOMY iHTepBadi CTHMYJIOE YTBOPeHHS
KpHCTATiB (Y4aCTHHA 3aKPHCTANI30BaHOr0 06’ emy 3pociia 10 40 %, ane po3mip KpucTamiB 30i1bIIMBCS
He3HayHOo — 10 10 HM). BcTaHoBJIeHO, 10 BiANaa 3a HASIBHOCTI PO3TATyBaHHs Oilblle MPHCKOPIOE
¢opmyBanus 3apoakiB HOBOI (pa3H, a He INBUAKICTL 3pOCTAHHS iICHYIOUHX KPHCTAJTIB.

Kuarwuosi cioBa: Mikpozapit, amopdHa Ta HaHOKpHCTAJiYHA CTPYKTypa, KpPUCTaji3alis, BiAmaa mpu
HAsIBHOCTI OJJHOOCHOT'O PO3TATYBaHHs, JU(PAKLis PEHTI€HIBCbKUX ITPOMEHIB.

HcenenoBaioch BiausiHUE PA3JIMYHBIX BUAOB TePMOOOPAGOTKH HA Mpouecchl KPHCTALIH3ALUN B
mukponpoBoxe cocraBa Cos;Feg NijgSi;1Bis9y B crekasinHoii  m3oasiuuu. Ilokaszano, uToO
KPHCTAJUIM3Aa0Hs aMOP(HOro MHKPONpPOBOAAa NpoxXoauT B aBe craguu. Ha mnepsoii craaum
KpucTajum3anuu  npu temnepatype 480 °C o0pasylorcss nepBHYHBIE KpHCTALILI 0-, B-Co B
ocraBueiics amop¢Huoii matpuune. Ha Bropoii cragmu oGoramennas B u Si amopduas da3za
pacnagaercs Ha ¢azy Co,Si m meracrabmiabHyw ¢azy Co;B B pesyabrate 3IBTEKTHYECKOI
KPHCTAJUIM3aUMH B TemmeparypHom uHtepBaie 520 — 550 °C. Cpemnmii pa3mep 3epHa u 10as
3aKPUCTAIN30BAHHOTO 00beMa kpucTtawioB Co yBeanyuiaucs ot 4 Hm 10 20 um u ot 10% 10 25%,
€cO00TBEeTCTBeHHO. OTKUT NMPH HAJIMYHH OJHOOCHOTO PACTSKEHHS] B 3TOM TeMIIEPATYPHOM HHTepBaje
CTHMYJIHPYeT 00pa3oBaHHe KPUCTAILIOB (10151 3aKpHCTA/LIN30BaHHOro oobema Co Bo3pocaa 1o 40%,
O0JHAKO pa3Mep KPHCTANIOB YBeJIUYHJICHA He3HAUHTeJbHO 10 10 HM). YcTaHOBJIEHO, YTO HAIH4He
OITHOOCHOI0 PACTS’KeHHsI NMPH TepMooOpadoTKe yckopsieT 0oJblle o0pa3oBaHHMe 3apoiblileil HOBOM
¢a3bl, a He CKOPOCTH POCTA y:Ke BOSHUKIINX KPUCTAIIOB.

KaroueBble cj10Ba: MUKPOIPOBOJ, aMOp(HAs M HAHOKPUCTAUIMYECKAs CTPYKTypa, KpUCTaJUIN3aIu,
OTXHT IIPY HAIMYUH OJJHOOCHOTO PACTSHKEHHS, TU(PAKIUSI PEHTTCHOBCKUX JIydeH.
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1. Introduction

Amorphous and nanocrystalline glass-coated microwires (MW) have attracted a
great interest due to their good combination of unique physical properties and thermal
stability of amorphous or nanocrystalline state with small dimension. Nanocrystalline
wires present a number of excellent magnetic properties which are suitable for various
applications, such as sensors, transducers, security labels [1, 2]. The Taylor-Ulitovski
method allows preparing a long homogeneous composite materials consisting of a
metallic nucleus with a diameter in the range 1+50 pm and a glass coating with the
thickness of 1+20 pm. During the manufacturing process in the metallic nucleus of the
wire both quenching and thermoelastic stresses occur and as a result initial microwires are
characterized by great values of internal stress. Magnetic properties of amorphous
materials, which are no crystalline structure, are controlled most of all magnetoelastic and
shape anisotropies, as well as the value and sign of the magnetostriction constant.
Recently some studies have indicated that annealing and stress annealing change the
magnetic anisotropy and promote the crystallization processes in Fe-rich materials with
positive magnetostriction [3-6]. Magnetic behavior of nearly zero magnetostrictive
microwires is controlled by the surface anisotropy that can be changed by glass removal
or thermal treatments [7]. However the most studies focused only on magnetic
characteristics of such wires and there is a little information about the influence of stress
annealing on phase transformation from an amorphous state to the crystalline one. The
aim of this paper is to investigate the effect of thermal treatments such as conventional
annealing and annealing under tensile stress on the crystallization processes and magnetic
properties of Co-based amorphous microwires.

2. Experimental details

Initial MW of nominal composition Cos;Feg NijoSijBise (metallic nucleus diameter
14 um and coating thickness 12 pm) was obtained by the Taylor-Ulitovski technique. The
structure investigations were carried out by X-ray diffraction (Mo K,, Co K, radiation).
The heat treatments were performed in a conventional furnace without applied stress
(CA) and under applied tensile stress 15 g on one microwire (SA). Thermal analysis for
microwires was carried out with using a Netzch 404 differential scanning calorimeter
(DSC) with a heating rate 20 K/min.

3. Results and discussion

The structure examinations show that initial MW has amorphous structure. The X-
ray diffraction patterns are characterized only some broad diffusive halos, which indicate
an amorphous state of the MW (Fig. 1).

In order to study the crystallization processes in MW during heating, a DSC test was
performed (Fig. 2). DSC curve shows several exothermal peaks at the temperatures 480
°C, 540 °C, and 590 °C demonstrating that devitrification occurs in a multistage manner.
As X-ray results shows, on the first stage of crystallization at the temperature 480 °C
primary a-, B-Co crystallites are formed in residual amorphous matrix. It is worth to note
that according to the phase diagram, adding of 10 at. % Ni leads to the nucleation of
crystallites of both modifications: the hexagonal closed- packed (hcp) a-Co (space group
P6s/mmc) and cubic face-centered (fcc) B-Co (space group Fm3m). The lattice
parameters of a-Co (a = 0.2503 nm, ¢ = 0.4223 nm) are close to equilibrium values, this
proves that B does not dissolve in lattice of (hcp) a-Co. At the same time the lattice
parameter of B-Co (a=0.3531 nm) differs from the equilibrium one (a=0.3544 nm). It
means that solid solution B-Co(B) is formed.
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Fig. 1. Mo K, X-ray diffraction patterns of MW: Fig. 2. The differential scanning calorimeter

1 - initial; 2 — treated at 480 °C (30 min)

At the second stage of transformation at the temperatures 520 — 550 °C the
decomposition of residual amorphous matrix and formation of multiphase structure: a-, -
Co, Co,Si, and metastable phase Co;B occurs. In order to evaluate the mean grain size of
the formed crystals and crystallized volume fraction (X.) quantitatively, the separation of
contributions to the total intensity coming from the crystalline phases and the residual
amorphous matrix was performed. The profile of the main diffraction peak was fitted by
pseudo-Voigt function. The mean grain size of the formed crystals is derived from the
Scherrer equation. Fig. 3 presents Co Ka X-ray diffraction patterns of microwire treated
at 520 °C for 30 min.

It was found that in the

11504 temperature range 520 — 550 °C the
1100+ mean grain size of Co crystalls and
10501 Xc increased from 4 nm to 20 nm and
from 10% to 25%, respectively.
1000 The annealing in the
950 temperature range 600 — 650 °C leads
000 to the decomposition of metastable
850 phase Co;B with formation of
equilibrium phases: B-Co (a=0.3544
800+ - nm), Co,B (I4/mecm, a=0.503 nm,
750 . . . . . . ¢=0.424 nm), and Co,Si. Alloying

48 50 S 56 58 elements such as Ni, Fe, B are known

52
26 as (fcc) B-Co stabilizers because of
Fig. 3. Co K, X-ray diffraction pattern of MW sluggishness of the o-Co «— B'CO
treated at 520 °C (30 min) transformation in alloy.

Stress annealing (c = 280 MPa) in the temperature range 520 — 550 °C stimulates
crystallization processes. Fig. 4 presents Co Ka X-ray diffraction patterns of microwire
treated at 520 °C (30 min.) under stress. After the total peak decomposition into
components it was found that the structure of stress treated microwires consisted of the
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250 mixture of a-, B-Co, Co,Si, and
metastable phase Co;B. The mean
grain size of Co crystallites
increased only to 10 nm that was
almost two times smaller than the
grain size at the traditional
annealing. At the same time the
crystallized  volume  fraction
increased up to 40 %. As well
known, amorphous structure is
48 %0 52 54 56 inhomogeneous and consist of the
Fig. 4 Co K, X-ray diffraction pattern of MW clusters with different short order.
treated at 520 °C, 6=280 MPa The inhomogeneties can act as

nucleation sites of nanocrystallites to promote the crystallization under stress annealing.

200

150+

100+

50+

4. Conclusions

It was found that initial Cos;Fes Ni (Si;;B;s9 microwires have amorphous structure.
Crystallization of amorphous MW occurs into two stages. Annealing at the temperature
480 °C leads to the formation primary crystals of Co (B) solid solution embedded in
amorphous matrix. At the second stage of crystallization the B-enriched Si amorphous
phase transforms into the Co,Si and metastable CosB phases, which decompose to the
equilibrium phases: p-Co, Co,B, and Co,Si.The mean grain size and crystallized
volume fraction of Co crystals increase from 4 nm to 20 nm and from 10% to 25%,
respectively. The annealing stress promotes the crystallization processes and accelerates
the nucleation of new grains rather than existing grain growth.
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