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Abstract. The temperature (up to 1700 °C) and concentration dependences of the viscosity of liquid binary alloys of cobalt with silicon and boron were
studied using an oscillating-cup method. The viscosity polytherms of liquid cobalt and its melts with silicon and boron (up to 54 at. % of the metalloid)
are monotonous character without any anomalies and are well described by the Arrhenius equation. Coincidence of the viscosity polytherms obtained
in the heating and cooling modes and linear dependence of the viscosity logarithm on the inverse absolute temperature in the supercooled region
indicate the preservation of the liquid alloy structure. Microheterogeneous structure of Co—Si and Co—B melts (up to 54 at. % metalloid), associated
with the formation of microgroups based on silicides and borides of cobalt with stronger internal bonds, leads to a complex form of concentration
dependences of their viscosity and activation energy of viscous flow. The prognostic capabilities of the Kozlov-Romanov-Petrov and Kaptay equations
for describing the concentration dependences of the viscosity of liquid metal-metalloid alloys are discussed. Features associated with the application
of these equations to the systems in which one of the alloy components (in this case, boron in the Co—B system) is in the solid state at the calculation
temperatures are considered. It is shown that the correct way to solve the problem is to use the viscosity value of liquid boron at its melting point
as an input parameter for calculating the viscosity isotherms of the Co—B melts. The Kozlov-Romanov-Petrov and Kaptay equations differ only
in the coefficients before the melt mixing enthalpy, the physical meaning of which is discussed in the paper. The Kozlov-Romanov-Petrov equation
can be recommended for predicting the concentration dependences of the viscosity of liquid alloys of cobalt with silicon and boron.
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BA3KOCTb XUAKUX CNNABOB KOBANIbTA C KPEMHUEM U BOPOM:
IKCNEPUMEHT U PACHET
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AHHOomayus. MetoioM KpYTHIBHBIX KOJIEOaHWH MPOBEACHBI HccienoBanus temmeparypHbix (10 1700 °C) u KOHICHTPAIIMOHHBIX 3aBHCHMOCTEN
BSI3KOCTH JKUJIKUX OMHApPHBIX CIIABOB KOOaIbTa ¢ KpeMHUEM 1 6opom. TeMneparypHble 3aBHCUMOCTH BSI3KOCTH KHIKOTO KOOAIBTa U ero pacIijlaBoB
¢ KpeMHHeM 1 60poM (710 54 at. % Mmera/uionsia) UMEIT MOHOTOHHBIN Xapaktep 0e3 Kakux-JIH00 0COOEHHOCTEH U XOPOIIO ONMUCHIBAIOTCS ypaB-
HeHueM Appenuyca. CoBIaJieHUE TIOJIUTEPM BS3KOCTH, ITOJYYEHHBIX B PEKMME HAarpeBa M OXJIKICHUS, a TAKXKE JIMHEHHAsl 3aBUCUMOCTD JIOTa-
puMa BI3KOCTH OT 00paTHON abCONIOTHOI TeMIepaTypbl B IEPEOXJIKACHHON 001aCTH CBHAETEIBCTBYIOT O COXPAHEHUH CTPYKTYPBI JKHIKOTO
criaBa. MukpoHeonHopoaHoe crpoenne paciaBoB Co—Si u Co—B (10 54 at. % meramionsa), cBsi3aHHOE ¢ 00pa30BaHUEM MUKPOIPYIITHPOBOK
Ha OCHOBE CHJIMIIHJIOB ¥ 00pHI0B K0OaJIbTa ¢ HoJiee NPOYHBIMU BHYTPEHHUMH CBS3SMHU, IPUBOAUT K CJIOKHOMY BHJLy KOHIIEHTPAIIMOHHBIX 3aBUCH-
MOCTEH MX BSA3KOCTH ¥ DHEPI'HHU aKTHBAIMH BSI3KOTO TEUCHUS. B cTaThe aBTOPBI 00CYKIat0T MPOTHOCTHYECKHIE BO3MOKHOCTH ypaBHeHui Ko3znosa-
Pomanosa-IlerpoBa u Kaptay mist onricanusi KOHIEHTPAIIHOHHBIX 3aBHCUMOCTEN BS3KOCTH KHUJIKHUX CIIAaBOB THUIA MeTalI-MeTamtons. Paccmor-
PEHBI 0OCOOCHHOCTH, CBSI3aHHBIE C IPUMEHEHHEM ATUX YPaBHEHHH K CHCTEMaM, B KOTOPBIX OJMH W3 KOMIIOHEHTOB CIUIaBa (B JJaHHOM ciiy4ae 0op
B cucreme Co—B) npu temneparypax pacyera HaXOAUTCS B TBEPAOM cocTosHuU. [Toka3aHo, 4TO KOPPEKTHBIM CHOCOOOM PEIICHHUs] NPOOIEMBI
SIBJISICTCSI MCIIOIb30BAHNE 3HAYEHMS BSI3KOCTH XKUAKOTo Oopa IpU €ro TeMIeparype IUIaBIeHHs B KauecTBE BXOIHOIO Napamerpa Juls pacdera
HM30TEpM BsI3KOCTHU paciiaBoB cucteMsl Co—B. YpaBuenust Kosnosa-Pomanosa-Ilerposa n Kaptay oTiangarorcst ToJIbpK0 Ko3hPHIHEHTaMU TIepe,]

© N. V. Olyanina, A. L. Beltyukov, V. I. Ladyanov, 2025 517


https://doi.org/10.17073/0368-0797-2025-5-517-525
mailto:oljanina@mail.ru
mailto:oljanina@mail.ru
https://fermet.misis.ru/index.php/jour/search/?subject=melt
https://fermet.misis.ru/index.php/jour/search/?subject=Co - B system
https://fermet.misis.ru/index.php/jour/search/?subject=Co - Si system
https://fermet.misis.ru/index.php/jour/search/?subject=viscosity
https://fermet.misis.ru/index.php/jour/search/?subject=temperature dependence of viscosity
https://fermet.misis.ru/index.php/jour/search/?subject=concentration dependence of viscosity
https://fermet.misis.ru/index.php/jour/search/?subject=Arrhenius equation
https://fermet.misis.ru/index.php/jour/search/?subject=Arrhenius equation
https://fermet.misis.ru/index.php/jour/search/?subject=Kozlov-Romanov-Petrov equation
https://fermet.misis.ru/index.php/jour/search/?subject=Kaptay equation
mailto:oljanina%40mail.ru?subject=
mailto:oljanina%40mail.ru?subject=

N3BECTUA BY30B. YEPHAA METAJIJIYPTUA. 2025;68(5):517-525.
Ossinuna H.B., beavmiokos A.J1., JladvbsiHos B.H. BS3KOCTb U/IKHX CILJIAaBOB K06aIbTa C KPEMHUEM U HOPOM: 3KCIIEPUMEHT U pacyeT

SHTAJIBIIUEH CMEIICHHMS paciiiaBa, (PU3MUECKHI CMBICIT KOTOPBIX 00Cykaaercs B pabote. YpaBHeHne Kosnosa-PomanoBa-IleTpoBa Moxer OBITH
PEKOMEH/IOBAHO JUIsl TPOTHO3MPOBAHMUS KOHIICHTPAIIMOHHBIX 3aBUCHMOCTEH BSI3KOCTH JKHJIKHX CIIABOB KOOAJIBTa ¢ KPEMHHEM U OOPOM.

Kaiouesnle caoea: pacmnas, cucrema Co—B, cucrema Co—Si, BSI3KOCTB, TeMIepaTypHasi 3aBUCHMOCTb BS3KOCTH, KOHLCHTPALMOHHAS 3aBUCUMOCTh
BSI3KOCTH, ypaBHeHHe AppeHuyca, ypaBHeHue Kosnosa-PomanoBa-IlerpoBa, ypasnenue Kaptay

Jns yumupoeaHus: Onsuuna H.B., Bensrioko A.JL., JlagssiHoB B.W. Bs3KoCTh ®HUIKHX CIJIABOB KOOAJIbTA C KPEMHHUEM M OOPOM: IKCIIEPUMEHT U
pacuer. Hzsecmus 8yz06. Yepnas memannypeus. 2025;68(5):517-525. https://doi.org/10.17073/0368-0797-2025-5-517-525

- INTRODUCTION

Viscosity is an important physical property of a liquid,
governed by interparticle interactions and linked to its
structure. It is therefore widely used to probe the struc-
ture of high-temperature metallic melts. This is especially
relevant for metal-metalloid systems, for which direct
diffraction studies have been performed only for indivi-
dual alloys [1] or at small superheatings above the liqui-
dus line [2]; moreover, the coexistence of metallic and
covalent bonding makes the use of modeling methods for
these systems a persistent challenge [3; 4].

Accurate viscosity values are needed for many metal-
lurgical processes involving the liquid state [5—7].
To predict the viscosity of multicomponent liquid alloys,
thermodynamic-based equations are used, in particular
the Kozlov—Romanov—Petrov equation [8] and the Kap-
tay equation [9]. The required input data for these equa-
tions are the viscosities of the pure liquid components that
form the melt and the melt mixing enthalpy. According
to [10], these equations predict the concentration depen-
dences of viscosity well across systems with different
phase diagrams. However, validation has mostly been
carried out for metal-metal systems. Many advanced
materials, by contrast, contain metalloids as well as
high-melting elements such as boron, tantalum, and nio-
bium. The presence of refractory elements complicates
the application of these equations, because calculations
are performed at temperatures at which these elements
are in the solid state.

In the present work, experimental measurements
of the viscosity of liquid alloys in the Co—Si and Co—B
systems are reported, and the applicability of the Kozlov—
Romanov—Petrov and Kaptay equations for predicting
their concentration dependence is analyzed.

[} MATERIALS AND METHODS

Co-Si and Co—B master alloys (54 at. % metal-
loid) were produced in a vacuum resistance furnace by
alloying cobalt powder grade PK-1u per GOST 9721-79
(cobalt content >99.35 wt. %; principal impurities,
wt. %: <0.2 Fe; 0.4 Ni; 0.02 Si and C; 0.04 Cu) with
single-crystal silicon (99.9999 wt. % Si) or amorphous
boron per TU 113-12-132-83 (94 wt. % B; principal
impurities, wt. %: 0.23 Fe; 0.1 Si) in a corundum cru-
cible at a pressure of 1072 Pa, a temperature of 1550 °C,
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and a 20-min hold. Samples of the required composi-
tion were then obtained by alloying cobalt grade KO per
GOST 123-2008 (cobalt content >99.98 wt. %; prin-
cipal impurities, wt. %: <0.003 Fe; <0.005 Ni and C;
up to 0.001 Si, Cu, Mg, Zn, and Al) with the Co—Si or
Co—B master alloys in the viscometer furnace immedi-
ately prior to viscosity measurements.

The kinematic viscosity (v) of the liquid alloys was
measured on an automated setup [11] using the oscilla-
ting-cup method in the Shvidkovsky modification [12].
Experiments were carried out in a protective helium atmo-
sphere (grade A) after evacuating the chamber to a pres-
sure of 1072 Pa. Viscosity was measured on heating and
subsequent cooling, with stepwise temperature incre-
ments of 20 — 30 °C following 10-min isothermal holds
at each temperature step. Measurements were carried out
in cylindrical Al,O, crucibles with two opposing end-face
friction surfaces (the crucible bottom and a lid resting
on the melt surface). To create the second end-face sur-
face, a lid with an outer diameter 0.5 — 0.8 mm smaller
than the crucible’s inner diameter was placed on the sam-
ple. The lid design [13; 14] allows free translation along
the crucible’s vertical axis and co-oscillation with the cru-
cible during torsional oscillations of the suspension sys-
tem. Using two end-face friction surfaces helps account
for uncertainties in viscosity calculations arising from
potential oxide-film formation on the melt surface [13; 15]
and from wetting of the crucible walls by the liquid metal
(meniscus effects) [16; 17]. Prior to viscosity measure-
ments, the samples were remelted at 1680 °C for 10 min
to eliminate irreversible processes associated with alloy-
ing of the initial charge materials. The total error of vis-
cosity determination at the 0.95 confidence level does not
exceed 4 %, with a single-measurement error of 1.5 %;
error analysis followed the procedure in [11].

Dynamic viscosity (1) was obtained using literature
density data [18 — 20].

- EQUATIONS FOR CALCULATING VISCOSITY

The Kozlov—Romanov—Petrov equation [8] was de-
rived within the framework of the theory of oscillatory
liquids by relating atomic vibrational motions to the free
energy of the solution using the Einstein approximation,
and has the following form:

lnnlelnn1+x2lnn2—%, (1)
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where 1 and 1, are the dynamic viscosity of the melt
and of its pure components (i = 1, 2), respectively; x; is
the mole fraction of component i in the alloy; AH is
the integral mixing enthalpy of the melt; R is the univer-
sal gas constant; 7 is the absolute temperature.

The Kaptay equation [9] is a modification of Eyring’s
equation [21] for multicomponent alloys and has the fol-
lowing form:

i(x AG)) -
exp| = RT ’

hN,

n=- (2)
2

i=1

xV)+V*

where V. is the molar volume of pure component i in
the liquid state (V,= M,/p,, where p,is the density
of pure component i in the liquid state, M, is the molar
mass of component i in the alloy); V% is the excess
molar volume upon alloy formation, which is neglected
for simplicity; a=0.155+0.015 is a parameter
obtained from the ratio of the activation energy of vis-
cous flow of pure liquid metals to their cohesive energy
at the melting temperature; AG, is the free energy of acti-
vation of viscous flow of pure component i in the liquid
state, which is calculated from the measured viscosity
of the pure component at a given temperature by the fol-
lowing expression:

AG; = ern(“f—Vf].
hN
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[ RESULTS AND DISCUSSION

The kinematic viscosity of melts in the Co-B
(37 compositions) and Co—Si (24 compositions) systems
was investigated over the range from 0 to 54 at. % metal-
loid. Typical viscosity polytherms are shown in Figs. 1
and 2. The viscosity polytherms exhibit no anomalies and
are well approximated by the Arrhenius equation:

i)

RT

V= Aexp[ 3)

where 4 is a constant; £_is the activation energy of viscous
flow. In repeated experiments, the measured data are repro-
duced within the measurement error (Fig. 2). The absence
of differences between viscosities obtained on heating and
on cooling, together with the linear dependence of Inv
on the inverse absolute temperature in the supercooled
region, indicates preservation of the liquid alloy structure
over the temperature range studied.

Based on the obtained viscosity polytherms, the con-
centration dependences for the liquid alloys of the Co—Si
and Co—B systems were calculated (Figs. 3, 4). The iso-
therms of viscosity and of the activation energy of viscous
flow for cobalt—silicon and cobalt—boron melts are non-
monotonic and dome-shaped, providing indirect evidence
of structural rearrangements in the melt as the metalloid
content varies. The maximum in the viscosity—composi-
tion curve is attributed to the formation of atomic micro-
groups composed of unlike atoms, presumably ordered in
the manner of intermetallic compounds [22].
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Fig. 1. Viscosity polytherms in Inv — 7! coordinates of the Co—B (at. %) melts in heating (@)
and subsequent cooling (O) mode. The graph shows the error of a single experiment of 1.5 %

Puc. 1. TlonurepMsbl BA3KOCTH B KoopauHarax Inv — 7! pacruiasos cuctembl Co—B (ar. %) B pexkume Harpesa (@)
u nocaexyontero oxiaxaerHus (O). Ha rpaduke npuseneHa norpenHocTs eJMHIYHOTO 3KcrepuMenTa 1,5 %
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Fig. 2. Viscosity polytherms in Inv — 7! coordinates of the Co—Si (at. %) melts in heating (@, )
and subsequent cooling (O, [[]) mode, where @, O is the first sample, and [ll, [] is the second sample. The graph shows a total error of 4 %

Puc. 2. TlonutepMbl BA3KOCTH B KoopauHarax Inv — 7! pacrasos cuctemsl Co—Si (at. %) B pexume Harpesa (@, H)
u nocnenytoiero oxaaxaenus (O, []), rae @, O — nepssiit oopasery; [ll, (] — Bropoit oopaser. Ha rpaduke npusenena odmas norpemHocts 4 %

Because the maximum on the viscosity isotherm
ofthe Co—Sisystem coincides with the presence of Co,Si
on the phase diagram, melts containing 30 — 35 at. % Si
are likely to exhibit Co,Si-type ordering. At silicon con-
tents below 30 at. % and above 35 at. %, the melts are
microheterogeneous: below 30 at. % Si they contain, in
addition to Co,Si-type microgroups, regions dominated
by cobalt atoms, whereas above 35 at. % Si they con-
tain silicon-richer microgroups, for example of the CoSi

type.

In the Co—B system, the viscosity changes little over
0 —20 at. % B, which likely reflects short-range order
consistent with a solid-solution—like arrangement in
the melt. At boron contents above 20 at. %, both v and £,
increase, attributable to the formation of atomic micro-
groups of unlike atoms, presumably ordered in the manner
of a compound. However, in this system no correlation is
observed between the maxima of the viscosity isotherms
and the stoichiometries of compounds on the phase dia-
gram.

v, 107 m’/s

44
40
36
32
28

E . kJ/mol

1500
1400
1300
1200

t,°C

1100
100

Si, at. %

Fig. 3. Concentration dependences of kinematic viscosity and activation energy of viscous flow of the Co—Si melts.
A part of the phase diagram of the Co—Si system is given according to the data from [23]

Puc. 3. KoHLIIeHTpaI[HOHHBIE 3aBHCHMOCTH KHHEMAaTHYECKOU BA3KOCTU U SHEPIHH aKTHBALIMH BSI3KOTO TEUCHHS PacILIaBoB cucTeMbl Co—Si.
IpuBenen GpparmMeHT quarpamMmsl coctosaus cucteMbl Co—Si 1o aaHHbIM padoThl [23]
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Fig. 4. Concentration dependences of a kinematic viscosity and activation energy of viscous flow of the Co—B melts.
The parts of the phase diagram of the Co—B system is given according to the data from [24] (===) and [25] (===)

Puc. 4. KoHIIEHTpallMOHHBIE 3aBUCUMOCTH KHHEMATHYECKON BSI3KOCTU M SHEPIMU aKTUBALMH BSI3KOTO TEUEHHs pacmiiaBoB cuctemMsl Co—B.
[IpuBenens! pparMeHTh! AnarpaMmel coctosiHus cucteMsl Co—B 1o nanneiv pabor [24] (=) u [25] (===)

The monotonic, exponential character of the viscosity
polytherms without hysteresis, together with retention
of the viscosity-isotherm shape on heating, indicates that
no substantial structural changes occur during heating.
This suggests that microgroups of cobalt silicides and
borides persist throughout the temperature range inves-
tigated.

Fig. 5 presents the results of calculating the con-
centration dependence of viscosity for Co—Si melts.
The required data on the mixing enthalpy of the melt and
the viscosity of liquid silicon were taken from [26; 27].
As seen in Fig. 5, the Kozlov—Romanov—Petrov equation
predicts not only viscosity values close to the experimen-
tal data but also the observed dome-shaped concentration
behavior. The maximum deviation of the calculated from
the experimental values is +11 %.

Equation (2) was recast into the following form by
using the expansion In¥, = ¥, — 1 and setting V'* = 0.

(0.155+0.015)AH

Inn=xInn, +x,Inn, - 3RT

(4)

Neglect of the excess molar volume upon alloy forma-
tion was also employed in [8] when deriving the Kozlov—
Romanov—Petrov equation. Thus, the Kozlov—Romanov—
Petrov and Kaptay equations have similar forms and
differ only in the coefficient before AH. In deriving Equa-
tion (1), it was assumed, to first approximation, that atomic
motion in a metallic melt is dominated by simple three-
dimensional vibrations; hence the coefficient in front
of AH equals 1/3. In the Kaptay equation the coefficient
is 1/6.5, which follows if, in addition to three vibrational
degrees of freedom, three rotational degrees of freedom
of a nonlinear molecule are considered. In the deriva-
tion of Equation (2), only a small fraction of the cohesive

energy (enthalpy) was assumed to be expended during
viscous flow; therefore, o = AZ/Z, where AZ is the num-
ber of broken bonds during viscous flow and Z is the ave-
rage coordination number of the melt. Accordingly,
AZ/Z =1/3 for the Kozlov—Romanov—Petrov model and
AZ/Z =1/6.5 for the Kaptay model. Reference [28] con-
cluded that in a close-packed liquid (Z = 12) three bonds
are broken during flow, i.e., AZ/Z = 3/12 = 1/4. This coef-

n, 10° Pa-s

40
Si, at. %

60 80 100

Fig. 5. Calculation results for concentration dependence of dynamic
viscosity (1) of the Co—Si melts at 1600 °C obtained using equations:
1 — Kozlov-Romanov-Petrov (eq. 1);

2 —Kaptay (eq. 4);

3 — additive dependence of viscosity (n,,, = x M, +x,1,);

@ — our experimental data; [l — experimental data for pure silicon [27]

Puc. 5. Pe3ynbrarsl pacyera KOHICHTPAIMOHHON 3aBHCHMOCTH
JMHAMHYECKOH Bsi3KOCTH (1)) pacmiaBo cuctembl Co—Si ipu 1600 °C
10 YPaBHCHHUSIM:

1 — Kosnosa-Pomanosa-Ilerposa (ypaBaenue (1));

2 — Kaptay (ypaBHeHue (4));

3 — ayIMTHBHAS 3aBUCUMOCTb BA3KOCTH (1), = XN, +X,M,);

@ — >xcriepuMenTanbhble AaHHbie; [ll — SKcrieprMeHTaNbHbIC TaHHBIC
JUISL YUCTOTO KPEMHHUSI 10 IaHHBIM paboTh [27]
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ficient is close to that implied by the Kozlov—Romanov—
Petrov equation, which indeed provides the best predic-
tion of the concentration dependence of viscosity for
Co—Si melts (Fig. 5). These findings are also consistent
with diffraction data [2] indicating that liquid cobalt and
Co—Si melts (up to 40 at. % Si) possess a close-packed
atomic structure.

When calculating the concentration dependence of vis-
cosity for the Co—B system, two issues arise due to the very
high melting temperature (¢ = 2075 °C) of the second
pure component, boron, relative to the calculation temper-
ature. The first concerns the choice of the dynamic viscos-
ity (n) and density (p ) of pure boron required to compute
the molar volume of the melt. Two approaches are pos-
sible: assign to n; and p, the values for liquid boron at its
melting point, namely n, = (2.6 £ 0.3)-10 Pa-s [29] and
pg =2170 £ 43 kg/m* [30]; or extrapolate the visco-
sity polytherm of liquid boron using Equation (3) [29]
and extrapolate the density polytherm linearly [30]
to 1627 °C, the temperature at which the binary iso-
therm is calculated (supercooled liquid boron), yield-
ing Ny =(10+1)-10%Pa's and p,=2285 =46 kg/m°.
The second issue is the choice of the concentration depen-
dence of the mixing enthalpy (AH) for Co—B melts with
the standard states taken as either “crystalline boron —
liquid cobalt” [31] or “liquid supercooled boron — liquid
cobalt” [32].

The effects of varying the dynamic viscosity of boron
and the mixing enthalpy on the predictive capability
of the equations are shown in Fig. 6. Using properties
of supercooled liquid boron at 1627 °C in the viscosity-
isotherm calculations yields an incorrect additive (ideal
solution) trend for the viscosity of the Co—B system
(Fig. 6, ¢, d). Because Co—B melts exhibit strong unlike-
atom interactions [33], a positive deviation of the visco-
sity isotherm from the additive dependence expected for
an ideal solution is anticipated. In contrast, using the vis-
cosity of liquid boron at its melting point as an input
yields an additive trend consistent with the experimen-
tally determined isotherm (Fig. 6, a, b). This approach
should also be useful for systems whose components
have markedly different melting temperatures.

As seen in Fig. 6, the closest agreement between
calculated and experimental viscosity isotherms is
obtained when the viscosity of liquid boron at its melt-
ing point is combined with the mixing enthalpy refe-
renced to the standard states “crystalline boron — liquid
cobalt” [31] (Fig. 6, a). Under these conditions, the Kap-
tay equation reproduces the dataup to 20 at. % B, whereas
the Kozlov—Romanov—Petrov equation performs better in
the 40 — 54 at. % B range. The deviations from experi-
ment are —16 % for the Kaptay equation and +17 % for
the Kozlov—Romanov—Petrov equation.

Despite the difficulties in choosing parameter values
for calculating the concentration dependences of viscosity
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in the Co—B system, both the Kozlov—Romanov—Petrov
and Kaptay equations predict physically reasonable vis-
cosity values. Given their simple form and the availabi-
lity of the required parameters in standard data sources,
these equations are recommended for predicting viscosity
isotherms of liquid systems.

12

20 40 60 80 100
B, at. %

2
0 20 40 60 80 100 0
B, at. %

Fig. 6. Calculation results for concentration dependence
of dynamic viscosity (1) of the Co—B melts at 1627 °C
obtained using equations:

1 — Kozlov-Romanov-Petrov (eq. 1);

2 — Kaptay (eq. 4);

3 —additive dependence of viscosity (n,,, = x M, +X,N,);
@ — our experimental data;

[l — experimental data for pure boron.

The following input data were used for calculation:
a—AH from [31] and n, = (2.6 £ 0.3)-107 Pa-s;
b—AH from [32] and n, = (2.6 £ 0.3)-107 Pa-s;
¢—AH from [31] and ng, = (10 £ 1)-107 Pa-s;
d—AH from [32] and n, = (10 £ 1) 103 Pa's

Puc. 6. Pe3ynbrarsl pacuera KOHIIEHTPAIIMOHHON 3aBUCHMOCTH
JTUHAMUYECKOH BSI3KOCTH paciiaBoB cucteMsl Co—B npu 1627 °C
0 YpaBHCHHUSIM:

1 — Kosnosa-Pomanoga-Ilerposa (ypaBuenue (1));

2 — Kaptay (ypaBHenue (4));

3 — anIMTHBHAS 3aBUCUMOCTD BA3KOCTH (1), = XN, +X,1,);
@ — DKCIIEpPUMEHTAIIHBIC JJAHHBIC;

[l - >xcriepuMeHTaNbHbIC AaHHbIE ISl YHCTOTO Oopa.

Jlist pacyeTa MCHoJIb30BaINCh CICAYIOLINE BXOIHbIC TaHHbIC:
a—AHwus [31]un, = (2,6 +0,3)- 107 Ia-c;
b—AHwu3 [32]un,=(2,6+0,3) 10" a-c;
c—AHwu3 [31]un,=(10+1)-107 Ma-c;
d—AHwu3 [32]un,=(10+1)-107 ITa-c
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- CONCLUSIONS

The kinematic viscosity of liquid cobalt and its binary
melts with silicon and boron was measured by the oscil-
lating-cup method over wide temperature (up to 1700 °C)
and composition (0 — 54 at. % metalloid) ranges.

The resulting viscosity polytherms, obtained on heat-
ing and on cooling, coincide (no hysteresis), are mono-
tonic, and are well described by the Arrhenius equa-
tion. Their exponential character indicates preservation
of the liquid alloy structure in both liquid and super-
cooled states.

The concentration dependences of viscosity and
of the activation energy of viscous flow for Co—Si and
Co—B melts are nonmonotonic and dome-shaped, with
maxima at 35 at. % Siand 40 at. % B, respectively — signa-
tures of composition-driven structural changes in the melt.

For the first time, concentration dependences of vis-
cosity of high-temperature metal-metalloid melts were
calculated using thermodynamic-based equations.
The Kozlov—Romanov—Petrov equation provides the best
overall prediction for the Co—Si and Co—B systems, with
maximum deviations from experiment of 11 and 17 %,
respectively. A practical procedure is proposed for pre-
dicting viscosity isotherms in liquid systems whose com-
ponents have substantially different melting temperatures.
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