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Kinetics of Thermal Relaxation
of Cold Sintered Amorphous Powder of 82Nil8P
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Abstract: The process of thermal stabilization of cold sintered amorphous powder of 82Nij18P
was studied using the method of measuring the electrical resistance in non-isothermal and
isothermal conditions. It was shown that the process of crystallization foilowed by further
structural arrangement occurs in stages in the temperature interval from 623 to 723 K. By
measuring the change in electrical resistance at constant temperatures, T; = 613,
T, = 633 and T; = 653 K, the kinetic parameters of the process of structural ordering of the
evaluated substance were found. It was shown that every stage of crystallization is followed
by a decrease in electrical resistance.

Keywords: Amorphous powder; Electrical properties; Thermal properties; Structural
consofidation.

Pestome: IIpornecc TepMHTCCKOH CTaOHIH3ALAH XOJOQHOIOCIIEYCHHOTO aMOPPHOIo MopoIika
82Ni18P  HceaeqoBaH MeTONOM H3MEPEHHS 3JICKTPHIECKOIO CONPOTHBIECHHSI B HCH30-
TEPMHYECKHX H H30TEPMIYECKHX yCcKoBHAX. IlokaszaHo, 4TO HpOHEcC KPHCTAIUTH3ALHH,
CONPOBOXAAEMBIH JaTbHECHIIHM PACITOJTOXCHACM CTPYKTYDBI, IPOHCXOJHT CTYICHYATO B
reMirepaTypHoM HHTepBate 623 — 723 K. MaMmepeHHeM 3JIeKTPHYCCKOIO COPOTHBICHHA TPH
KoHcTauTHRIX Temieparypax T, = 613, T, = 633 n 1, = 653 K onpcgeacHpl KHHETHICCKHE
HapaMeTprl NPOHecca CTAOHIH3AIHI CTPYKTYDEI HCCIICAOBAHHBIX 00pasloB. Y CTAHOBICHO, UTO
KaxXJIbIH CTYIEHb CTACHITH3ALHHA COINPOBOXAETCH COOTBETCTBEHHLIM ITOHWKCHHCM 3JICKTPH-
JeCKOro CONpPOTHBICHAA.

KnioyeBble crioBa: - AMOp@HBIH [HOPOLIOK; JICKTPHYECKHE CBOHCTBa, CIPDYKTYDHAaA

KOHCOJTHALTHA.

Capgpyxaj: Metogom meperba €MEKTPUHHOr OTropa y HEeM30TePMCKUM U n30TePMCKUM
yCrioBMMa MCINTaH je NMpouec TepMudke crabuinsayuje xrnafgHoCUHTepOBaHOr amMopgHor
npaxa 82Ni18P. lNokasaHo je ga ce npoyec Kpuctanusauyuje, npakeH farbni cpehbnBarmem
CTPYKTYPpE, oaurpaBa CTynHeBUTO y TemnepaTypHoM wuHTepsasny of 623 pgo 723 K.
MepetbeM NpoMeHe efleKTPUYHOr OTropa Ha KOHCTaHTHUM Temneparypama T, = 613,
T, = 633 u T, = 653 K ogpehkeHu Cy KMHETUYKW rapameTpyu npouyeca crabuimsaryje
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CTPYKTYype UCIATUBaHNX y30paKka. YTBpheHo je fa cBaku CTynarw KpucTaiusauuje rnpatu
ofropapajyke cMarere e/1eKTPUYHOr oTropa.

Kroy4dHe peun: AMOpGHM npax; enekTpnyHa CBOfCTBA; TepMuYKa CBOJCTBA; CTPYKTYPHA
KOHcompawmja.

Introduction

Amorphous powders of metal alloys are a matter of constant interests to researchers
[1-3], particularly from the point of view of their thermal stability and the crystallization
process [4-8]. In our earlier work [5-8] the crystallization process of an amorphous powder of
the NiP alloy was evaluated using DSC. In this paper, the crystallization process of an
amorphous powder of the NiP alloy was evaluated by measuring the electrical resistance as a
function of time at a constant temperature. The results are in accordance with earlier results
[5, 8] obtained by DSC.

Experimental

For our research, we used a powder of the 82Nil8P amorphous alloy, which was
obtained by electrolysis of the corresponding electrolyte water solution. The method of
quantitative microstructural analysis was used to determine that the powder particle size is
0.66 — 1.73 wm, and that the greatest number of particles (~85 %) has a diameter between
0.85 and 1.4 um. For the purpose of thermal characterization of the obtained powder, the
analysis was done using differential scanning calorimetry (DSC).

For the purpose of evaluating electrical characteristics, the powder was pressed under
800 MPa into samples 4 mm in length and 0.5 mm’ in diameter. Measurements of the
electrical resistance as a function of temperature were performed using the four-point method
in the temperature interval from 293 to 873 K. All experiments were done in argon
atmosphere.

Results and discussion

The experimentally obtained dependence of electrical resistance on temperature p (T)
of samples obtained by pressing the 82Ni18P amorphous powder is shown in Fig. 1.
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Fig. 1 Temperature dependence of electrical resistance of samples of the 82Ni18P pressed amorphous
powder (a - first heating to 583 K; b - second heating to 873 K and ¢ - third heating).
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A DSC thermogram of the same sample is shown in Fig. 2. The DSC thermogram
shows that this powder crystallizes in two steps, maximum 2 and 3, in the temperature
interval from 620 to 720 K. Further exothermal structural ordering (maximum 3) follows the
first crystallization maximum (maximum 2).
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Fig. 2 DSC thermogram of the alloy in a hermetically closed capsule; the heating rate is 25 Kmin™.

By analyzing the curves shown in Fig. 1, it is concluded: during the first heating
period, up to 583 K (a) a process of annihilation of defects, that were brought in during
pressing occurs, which is then followed by a decrease in the specific electrical resistance of
the sample after cooling, by 30 %.

The first heating of the sample was done only up to 583 K, to preserve its amorphous
structure. During the second heating period (curve b in Fig. 1) a decrease in electrical
resistance occurs in points (1) and (2), which are in the region of the crystallization
temperature of the powder [5].

In accordance with [5], every crystallization step is followed by a decrease in the
electrical resistance. By differentiating curve b it was found that dp (t) / dt has a maximum at
the temperature T\ = 483 K, which is the Curie temperature for this alloy. The decrease of the
temperature coefficient of resistance at this temperature is a result of ending the interaction of
conducting electrons with magnons.

The third heating of the same sample, (line ¢ in Fig. 1) gives a linear temperature
dependence of electrical resistance in the temperature interval from 273 to 873 K, which
means that during the second heating period up to 873 K complete crystallization of the
powder occurred.

The kinetic parameters of the crystallization process are determined using the method
of measuring electrical resistance at a constant temperature. The acquired dependence of
specific electrical resistance on time p (t) at temperatures 613 (curve a), 633 (curve b) and 653
K (curve c¢) are shown in Fig. 3.

A detailed analysis of the obtained experimental results showed that specific
electrical resistance, at constant temperature changes in time according to equation:

p=poe™
where: po — is the specific electrical resistance at the beginning T, and k — is the rate constant.
For example, in Fig. 4 a logarithmic dependence of Inp on time 1, for the isotherm at 613 K,
from Fig. 3, is shown.
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Fig. 3 Isothermal dependence of specific electrical resistance on time (curve a— 613, curve b — 633 and
curve ¢ — 653 K).
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Fig. 4 Logarithmic dependence of specific electrical resistance on time at the temperature T, = 613 K.

From the shape of the curve in Fig. 4 it can be concluded that a complex process
occurred during the isothermal decrease of electrical resistance. The curve is there after split
into two components, b and ¢, whose time dependence is linear. The same procedure is used
for dependence p (1) at temperatures 633 K and 653 K, which is in the region of the
crystallization temperature of the alloy.

From the slope Alnp/At, the rate constants for each crystallization step at given
temperatures were determined. The energies of activation for both steps of crystallization
were determined from the slope Alnk/A (1/T), Fig 5., using equation:

Alnk
A(/T)
-gs k] T 3 L T 43
o Ink

“00 o Ink 1%
02 60095652228 52
~ 54

< D4}
58

D6 L
58

N8l
2 ) = ) w ) ehel

1000T (Y

Fig. 5 Dependence In k on (1/T) for every crystallization step.
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The obtained values of kinetic parameters are shown in Tab. L.

Tab L Kinetic parameters of the crystallization process of an amorphous powder of the 82Ni18P alloy.

T, K Kk, -107s k, - 1075 E,, kJ/mol E,, kJ/mol
613 3.77 2.00
633 5.79 3.00 54.23 49.52
653 7.22 4.00

Conclusion

Using the method of measuring the electrical resistance in non-isothermal and
isothermal conditions in argon atmosphere it was determined that an amorphous powder of
82Ni18P crystallizes in steps in the temperature interval from 620 to 700 K. It was
determined that every crystallization step is followed by a decrease in the electrical resistance,
as a consequence of the increase in the mean free path of electrons.

By analyzing the dependence dp/dT, the Curie temperature of the given alloy in its
amorphous state was determined, Ty = 483 K, at which dp/dT has a maximum as a result of
ending the interaction of the conducting electrons with magnons.

It was experimentally determined that by pressing the powder at 800 MPa, the
amorphous structure is retained.

During the process of sintering the stability of the amorphous structure is retained up
to 560 K.
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