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Abstract. The oscillating-cup method is the most common method for studying the metallic melts viscosity at high temperatures. However, the data
obtained by different authors using this method may differ by several tens of percent. The reasons for this lie in the features of the method which
lead to the influence of experimental conditions on the measurement results. In this paper, the boundary conditions influence at the melt upper
boundary and processes of preliminary sample preparation on the viscosity measurements results is considered. It is shown that under certain
experimental conditions, anomalies of a methodological nature can occur on polytherms. The considered features of the experiment are a conse-
quence of film effects, wetting phenomena and irreversible processes in the melt-crucible system. Methodological processes are proposed that
allow us to identify and eliminate their influence on the viscometry results. Film effects are caused by changes in the melt surface condition as
a result of formation of a viscous film. To eliminate them, viscosity measurements should be carried out using different boundary conditions
at the melt upper boundary. The wetting phenomena influence is caused by the meniscus formation at the upper boundary of the melt. When
measuring viscosity in crucibles with a lid on the melt, the wetting influence can be eliminated by selecting the modes of preliminary remelting or
by selecting the lid mass. Irreversible processes in the melt-crucible system are associated with the crucible gradual destruction when the sample is
cooled below the crystallization temperature due to the high adhesion of the alloy to the crucible walls and differences in their thermal expansion
coefficients. To eliminate them, the authors proposed a mode of the sample remelting with overheating of the melt to the maximum temperature
expected in the subsequent measurement cycle and cooling to a temperature 100 °C below its solidification temperature.
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AnHomayus. MeTo KpyTWIBHBIX KoJeOaHui sIBIseTCS HanOojee pacupoCTPaHEHHBIM METOJOM H3YUCHHUS BSA3KOCTH METAJUIMYECKHX PACIIaBOB
IIPY BBICOKUX TeMIIeparypax. Mex/1y TeM, JaHHbIE Pa3IHYHbIX aBTOPOB, OJTYYEHHBIC 3TUM METOJIOM, MOTYT OTJIMYATHCS HAa HECKOJIBKO JICCSITKOB
MPOLEHTOB. [IpUYMHBI TAKOTO PACXOMKICHHMS 3aKITIOYAIOTCS B 0COOCHHOCTSIX METO/Ia, KOTOPBIE BIHAIOT HA PE3yJIbTaThl U3MEPEHH YCIIOBHUIT dKCTIe-
pumeHTa. B Hacrosiiieli paboTe pacCMOTpPEHO BIMSHHE TPAaHHYHBIX YCIIOBHH Ha BEPXHEH I'paHMIE pacIuiaBa M CIIOCOOOB INpEIBAPUTEILHON
MOATOTOBKU 00pasiia Ha pe3yJbTaThl M3MEpPEeHHi BI3KoCTH. [oka3aHo, 4To MpH OIMpPEIeICHHBIX YCIOBUIX IKCIIEPUMEHTA Ha MOJIUTEPMAX MOTYT
BO3HHMKaTh aHOMAJIMH, MMEIOINE METOANYECKYIO IPUPOoy. PaccMOTpeHHbIE 0COOCHHOCTH IKCIIEPUMEHTA SIBISIOTCS CICICTBHEM IUICHOYHBIX
3¢ }eKTOoB, SABICHNI CMAaYMBaHUS K HEOOPATHMBIX IIPOLIECCOB B CUCTEME PACILIAB — TUTeIb. [Ipe/iokeHbl MeTOIHYESCKUE TIPUEMBI, TO3BOJISIOINE
BBISIBUTh M UCKJIIOUUTH WX BIIMSHUE HAa PE3YJIbTAaThl BUCKO3UMETpHH. [11eHOuHbIe 3 PeKThI 00YCIOBICHBI N3MEHEHUEM COCTOSHHS TOBEPXHOCTH
paciuiaBa B pe3ysibTaTe 00pa3oBaHuUs BSI3KOW IUICHKH. J{J1s1 MX HCKITIOUSHUS U3MEPEHUS BI3KOCTH CIIEYET IPOBOAMUTH C IPUMEHEHUEM Pa3IHIHBIX
TPaHUYHBIX YCJIOBHI Ha BEpXHEH IpaHHMIC paciulaBa. BiusiHuE SIBICHMH CMauyMBaHUS BBI3BAHO OOpa30BaHMEM MEHHUCKAa BEPXHEH TPaHUIIBI
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pacruiaBa. IIpy U3MepeHMH BS3KOCTH B THIVISX C KPBIIIKOW Ha pacIuiaBe MCKIIOUEHHE BIMSHHUS CMAuMBaHMS BO3MOXKHO IOJ00OPOM PEXUMOB
IpeIBapHUTEIFHOTO MeperriaBa, IH00 Mox00poM Macchl KphIIKH. HeoOpaTuMmble ImpoIecChl B CUCTEME PAcIUIaB — THTENb CBA3aHBI C MOCTeE-
MEHHBIM Pa3pyLIEHHEM THIVIS IPH OXJIaXICHUH 00pa3lia HUKe TeMIepaTypbl KpUCTA/UIN3aLuH U3-3a BBICOKOW a[Ire3un CIulaBa K CTeHKaM THIVIS
U pa3nuaui K03QGHUIUEHTOB TEIIOBOTO PaCIIHPeHHUs. [ X HCKIIIOUCHUS IPEAI0KEeH PeXKUM HepeluiaBa o0pasia ¢ IeperpeBoM paciuiaBa 10
MaKCHUMAJIbHOM TeMIIepaTypbl, HPEIoIaraeMoi B IOCIeAyIOeM HUKIIe U3MEPEHHH, U OXJIaXKAeHHEeM 110 TeMiieparypsl Ha 100 °C Huxe Temrie-

paTypsbl 3aTBEPJIEBAHMS.

Kawuessle cao8a: pacluiaB, BA3KOCTb, METO KPYTHIIbHBIX KOHC6aHHﬁ, JCKPEMCHT 3aTyXaHUsl, aHOMaJIuU IIOJIUTEPM, BsA3Kas IJICHKA, MCHUCK, a/iTC3Us

Aasa yumupoeaHnus: bensriokos AJL., Onsaunaa H.B. OcoGEHHOCTH BHCKO3MMETPHUUYECKOTO HKCIIEPUMEHTA METOIOM KPYTHUIIBHBIX KOJCOaHHIA.
Hzeecmus 6y306. Yepnas memannypeus. 2026;69(1):59-66. https://doi.org/10.17073/0368-0797-2026-1-59-66

I * Tlo marepuanam XVI MexayHapoaroii HayuHol KoH(epeHmnn «PU3UKO-XMMHYECKHE OCHOBBI METAIITYPTHIECKUX TIPOIIECCOBY

nMmenu akazemuka A.M. CamapuHa.

[ INTRODUCTION

Viscosity measurements, due to the high sensitivity
of viscosity to structural changes, are widely used in
studies of the structure and in physicochemical analysis
of liquid systems [1; 2]. The high efficiency of visco-
metry as a method of physicochemical analysis of liquids
was noted as early as in the works of N.S. Kurnakov.
Along with other structure-sensitive properties, viscosity
measurements form the basis of the concept of experi-
mental physicochemistry of metallic melts developed in
the works of M.A. Samarin and his school [3]. Special
attention in studies of physicochemical properties has
traditionally been given to the methodological issues [4]
aimed at improving the reliability of experimental
results. These issues remain highly relevant in view
of the steadily increasing requirements for experimental
accuracy driven by the intensive development of liquid-
state theory, modeling and prediction methods, inclu-
ding those based on machine learning [5], as well as by
advances in materials processing technologies.

The most widespread and reliable method for deter-
mining the viscosity of metallic melts at high tempera-
tures (1000 — 1800 °C) is the oscillating-cup method
based on torsional oscillations of a cylindrical cup con-
taining the melt. On the basis of this method, a number
of experimental setups have been developed [6 — 9], which
mainly differ in the techniques used for recording oscilla-
tion parameters and processing experimental data. Most
commonly, viscosity calculations are performed using
the mathematical framework developed by E.G. Shvid-
kovskii [10] and R. Roscoe [11]. According to various
authors, the calculated total relative error in determining
absolute viscosity values ranges from 0.7 to 15 %. Despite
this seemingly high declared accuracy, viscosity data
reported in different studies, especially for pure liquid
metals, may differ by several tens of percent [12; 13]. This
discrepancy may result from the strong influence of both
small, uncontrolled impurity concentrations and experi-
mental conditions, as well as data processing procedures.

With regard to viscometry results, the nature of ano-
malous behavior in the temperature dependence of vis-
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cosity remains a subject of debate. Such behavior mani-
fests itself as abrupt changes (jumps) in property values
during heating and/or cooling of the melt, breaks in
the curves, inflection points, hysteresis in viscosity—tem-
perature curves, and similar features. These anomalies are
often attributed to structural changes in the melt. A dis-
cussion on the possibility and nature of structural transi-
tions in metallic melts was conducted as early as 1985 in
the journal Izvestiya. Ferrous Metallurgy [14 — 17]. Most
proponents of the structural transition concept relied on
anomalous behavior observed in various physicochemi-
cal properties of melts, including viscosity. Reports on
anomalous features in the temperature dependence of vis-
cosity associated with changes in melt structure continue
to appear regularly [18 —20]; however, no consensus
on their nature has yet been reached. This is largely due
to the contradictory nature of data obtained by different
authors [21].

It has been shown in [21;22] that anomalies in
the temperature dependence of viscosity may be caused
by methodological features of the viscometric experiment.
Identification and elimination of such effects are of criti-
cal importance both for experimental physicochemistry
of melts and for the further development of liquid-state
theory.

In the present work, methodological approaches are
considered that make it possible to identify and eliminate,
directly in the experiment, the influence of such pheno-
mena as film effects, wetting phenomena, and interaction
between the melt and the crucible material (high adhe-
sion) on the measured results. The described approaches
were tested on a number of pure metals as well as on
binary and multicomponent systems.

] MEASUREMENT PROCEDURE

The viscosity of melts was determined using the oscil-
lating-cup method in the version developed by E.G. Shvid-
kovskii [10] on an automated setup [23] equipped with
an optical registration system. All measurements were
carried out in a protective helium atmosphere. Cylindri-
cal AL,O; cups with an inner diameter of approximately
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17 mm and a height of 42 mm were used as crucibles. All
crucibles were checked for the absence of ellipticity and
taper by measuring the inner diameter near the bottom
and at mid-height of the crucible. The temperature depen-
dence of viscosity was measured in the heating mode fol-
lowed by cooling, with stepwise changes in temperature.
In order to ensure that the melt reached an equilibrium
state, isothermal holds of at least 10 min were performed
before measurements at each temperature.

When calculating viscosity using numerical methods,
the following equation was solved [10; 23]

f(v)=Re(L) +ilm(L) —21{§—6—0] =0,

2n T T,

where / is the moment of inertia of the suspension sys-
tem; 9, 1, 9,, T, are the damping decrement and oscilla-
tion period of the suspension system with and without
the melt, respectively; Re(L) and Im(L) are the real and
imaginary parts of the friction function; and v is the kine-
matic viscosity of the liquid. To eliminate the influence
of external friction of the suspension system in the inert
gas on the measurement results, 6, and 7, were determined
experimentally under the same conditions as those used
for measuring 8 and t. The melt height in the crucible was
calculated using the formula

m

H=—70H,
R p

where m and R are the mass and radius of the sample,
respectively, and p is the melt density. The radius and
height of the sample were determined taking into account
the thermal expansion coefficient of the crucible material.

During viscosity measurements, the following: condi-

tions were satisfied H > 2R and { =R ,2_75 > 8. Fulfillment
v

of the first condition makes it possible to exclude the influ-
ence of secondary flows in the melt on torsional oscilla-
tions [10]. Fulfillment of the second condition ensures
minimal error in viscosity determination associated with
the error in measuring the damping decrement [23].

The total relative error in determining kinematic
viscosity values, calculated according to the procedure
described in [23], does not exceed 4 %, with the error
of a single experiment being no more than 2 %.

[ RESULTS AND DISCUSSION

Viscosity measurements in crucibles with a lid

at the melt upper boundary

When measuring viscosity by the oscillating-cup
method under standard experimental conditions, the liquid
sample is contained within a cylindrical crucible and has
a free upper boundary (Fig. 1, a). During the experiment,
the melt is in contact with the side wall and the bottom
of the crucible; thus, one lateral and one end friction
surface are realized. However, during the experiment
a viscous film (for example, an oxide film) may form
on the melt surface. Since the viscosity of such a film is
much higher than that of the melt itself, it effectively acts
as a second end friction surface. The presence of a vis-
cous film leads to additional dissipation of mechanical
energy of the torsional oscillations of the viscometer
suspension system and, consequently, to overestimated
values of the logarithmic damping decrement and, cor-
respondingly, of the calculated viscosity [24].

\/4 6
777 -~ .
|6
5
1
— I L
B o
N
a b

1 — crucible, 2 — melt, 3 — crucible holder, 4 — rod, 5 — lid, 6 — clamp

Fig. 1. Scheme of a crucible with the melt in experiments without () and with a lid () at the melt upper boundary:

Puc. 1. Cxema TUIJIS ¢ pacIilIaBOM B OIIBITaX 0e3 KPBIMIKY (a) 1 ¢ KPINIKoi (b) Ha BepXHEi rpaHuUIle paciiaBa:

1 — Turenp, 2 — paciuias, 3 — epKaTenb TUIS, 4 — IITOK, 5 — KPBIIIKa, 6 — ckoba
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To identify film effects during viscosity measure-
ments, crucibles with a lid floating on the melt were used
(Fig. 1, b). The lids were fabricated from cylindrical
ALO, cups with an outer diameter 0.5 — 0.8 mm smaller
than the inner diameter of the crucible. The lid can move
freely along the vertical axis of the crucible, compensa-
ting for thermal expansion of the melt. Rotation of the lid
relative to the crucible is excluded. In experiments with
a lid on the melt, boundary conditions with one lateral
and two end friction surfaces are established [10].

The influence of film effects on viscosity measurement
results is demonstrated in Fig. 2 using the liquid alloy
Fe, Si ;B,; as an example. In the experiment without
a lid (Fig. 2, a), anomalously abrupt changes in the dam-
ping decrement are observed in the temperature depen-
dences near 1550 °C during heating and below 1370 °C
during cooling of the melt. In the experiment with a lid
at the melt upper boundary (Fig. 2, b), the temperature
dependences of the damping decrement are monotonic and
exhibit no special features. In experiments with a single
end friction surface (the melt upper boundary assumed
to be free), a viscous film is present on the sample sur-
face, which leads to overestimated values of the damping
decrement. The sharp decrease in the damping decrement
during melt heating is associated with a change in boun-
dary conditions at the melt upper boundary, i.e., a transi-
tion from two end friction surfaces to one. This change in

0.275

0.250

0.225 -

0.200 -

0.175 -

0.150 I I I I I
0.250

0.225 -
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1200 1300 1400 1500 1600
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1100 1700

Fig. 2. Temperature dependences of the damping decrement
of a crucible with liquid Fe, Si, B, alloy in experiments without (a)
and with a lid (b) at the melt upper boundary. Filled symbols indicate
points obtained in heating mode, unfilled symbols — in cooling mode

Puc. 2. TemnepaTypHble 3aBHCUMOCTH ACKPEMEHTA 3aTyXaHUs TUTJISI
¢ xuakum crtaBoM Fe, Si) B o B onbitax 6e3 kpbimku (@)
U C KPBIIIKOit (b) Ha BEpXHEH IrpaHHUIle pacIliaBa.
3akpameHHbIME CHMBOJIaMU 0003HAUCHbI TOUKH, OTy4YCHHBIC
B PEKHME HAarpeBa, He 3aKPAIICHHBIMU — B PEIKUME OXJIKICHUS
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boundary conditions is caused by destruction of the sur-
face film during heating and its restoration during cooling
of the melt. In the limiting case where the viscous film
is immobile relative to the crucible, its presence can be
taken into account in viscosity calculations by introducing
a second end friction surface [10; 23]. Based on the 3(¢)
dependence shown in Fig. 2, a, the viscosity—temperature
dependence was calculated assuming boundary conditions
at the melt upper boundary that change during the experi-
ment: during heating from the liquidus to 1550 °C, two
end friction surfaces; from 1550 to 1680 °C, one end fric-
tion surface; during cooling from 1680 to 1370 °C, one
end friction surface; and below 1300 °C, two end friction
surfaces. The kinematic viscosity temperature dependence
obtained using this calculation scheme (Fig. 3, curve /) is
monotonic and is in good agreement with the v(¢) depen-
dence obtained in the experiment with a lid at the melt
upper boundary (Fig. 3, curve 2).

Thus, viscosity measurements performed under dif-
ferent boundary conditions at the melt upper boundary
(without a lid and with a lid) make it possible to identify
and eliminate the influence of film effects on the mea-
surement results. For a more reliable determination
of viscosity values, measurements should be carried out
both without a lid and with a lid at the melt upper boun-
dary. Agreement between the obtained data confirms their
reliability.

20.0

17.5 -

15.0 -

12.5

v, 10" m’/s

10.0 -

7.5

5.0 | | | | |
1100 1200 1300 1400 1500 1600

t,°C

1700

Fig. 3. Temperature dependences of Fe, Si, B, melt viscosity:
1 — calculated using the damping decrement data obtained
in the experiment without a lid (Fig. 2, @) taking into account
the boundary conditions at the melt upper boundary changing during
the experiment; 2 — calculated using the damping decrement data
obtained in the experiment with a lid on the melt (Fig. 2, b)

Puc. 3. TemneparypHble 3aBUCUMOCTH Bsi3KoCTH paciuiasa Fe, Sij B .
1 — paccunTaHa 10 JaHHBIM IEKPEMEHTA 3aTyXaHHsl, OJYICHHBIM
B OMbITe O€3 KPBIIIKHU (PUC. 2, @) C YIETOM U3MEHSFOIIUXCS
B XOJI¢ OIIbITA TPAaHUYHBIX YCIIOBUI Ha BEPXHEH rpaHHUIIe pacIliaBa,;
2 — paccuuTaHa 1o JIaHHBIM JIEKPEMEHTA, IOy YCHHBIM B OIIBITE

C KPBILIKOH Ha paciuiase (puc. 2, b)
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Influence of wetting phenomena on viscosity

measurement results

Wetting phenomena are most pronounced when stu-
dying melts that exhibit either low or high wettability
with respect to the crucible material, due to the forma-
tion of a meniscus at the interface between the melt and
the side wall of the crucible [25; 26].

The influence of wetting phenomena on visco-
sity measurement results is illustrated in Fig. 4, which
shows the temperature dependences of the viscosity
of the Cog, B, Si, melt obtained under thermocycling con-
ditions with repeated heating—cooling cycles performed
on the same sample. Measurements were carried out in
crucibles with a lid on the melt. During thermocycling,
the temperature dependences obtained in the heating
mode starting from room temperature exhibit an anomaly
in the form of an inflection point, followed by hysteresis
during cooling (Fig. 4, curves / and 2). In subsequent
measurement cycles performed under identical experi-
mental conditions, the anomaly shifts toward higher tem-
peratures, while the magnitude of the effect decreases
and eventually disappears completely (Fig. 4, curve 3).
The viscosity—temperature dependences obtained in mea-

12
11 |
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10

T T 0T

0T

v, 10" m’/s

T 10T

9
8
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8
7
8
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100 1200 1300 1400

t,°C

1500 1600 1700

Fig. 4. Temperature dependences of liquid Cog, B, (Si, alloy
viscosity during thermal cycling:
1, 2, 3 —first, second and fifth measurement cycles on one sample
with its cooling between cycles to room temperature;

4 — measurement cycle after cooling to 1000 °C

10779

Puc. 4. 3aBUCUMOCTH BSI3KOCTH KHJIKOTO CITJIaBa ComB] 0Si9
OT TeMIIepaTypbl IPH TEPMOIUKIMPOBAHNY:
1, 2, 3 — nepBbIii, BTOPOl U MATHII LHUKIIBI U3MEPEHH Ha OTHOM
o0pasIie ¢ ero OXJIAXKICHUEM MEX/Ty IUKJIaMH1 10 KOMHATHON

TeMIIepaTypsbl; 4 — UK U3MepeHuid nociue oxnaxaeHus 1o 1000 °C

surement cycles after cooling the sample to temperatures
of 700 — 1100 °C exhibit a monotonic character without
any specific features (Fig. 4, curve 4).

Fig. 5 presents photographs of alloy ingots obtained in
a crucible with a lid after different degrees of melt super-
heating. In the ingot obtained after heating to 1380 °C
(below the temperature corresponding to the inflection
in the viscosity—temperature dependence), a region that
does not contact the walls of the crucible and the lid is
clearly visible. When the melt is heated only slightly
above the liquidus temperature, poor wetting results in
the absence of contact between the melt and the side wall
near the lid, as well as partial loss of contact with the lid
along its perimeter, leading to the formation of a menis-
cus in this region. In contrast, the ingot obtained after
cooling a melt heated to 1600 °C (above the temperature
corresponding to the inflection in the viscosity—tempera-
ture dependence) has a cylindrical shape; therefore, in this
experiment the entire surface of the sample was in contact
with the walls of the crucible and the lid. The mathemati-
cal model underlying the oscillating-cup method [10]
assumes a cylindrical shape of the liquid sample and
the absence of slip at the melt—crucible interface during
measurements. Formation of a meniscus under condi-
tions of low wettability leads to a reduction in the con-
tact area between the melt and the crucible side wall
and, consequently, to underestimation of the measured
viscosity values. The inflection observed in the tempe-
rature dependences of viscosity shown in Fig. 4 results
from an increase in the contact area between the melt and
the walls of the crucible and the lid.

When measuring viscosity in crucibles with a lid
at the melt upper boundary, the influence of wetting
phenomena can be eliminated by selecting appropriate
conditions for preliminary remelting of the melt or by
adjusting the mass of the lid. When selecting the lid mass,
it should be sufficient to to ensure a flat shape of the melt
upper boundary, while preventing extrusion of the melt
between the side walls of the crucible and the lid.

Fig. 5. Photographs of Cog,B,Si, alloy ingots obtained by cooling
the melt after heating to 1380 °C («) and 1700 °C (b)

Puc. 5. ®ororpapuu ciurtkos criasa Cog B, Siy, nomyueHHbIx
OXJIQXKJICHHEM pacIiiaBa rnocie Harpesa 10 temmeparyp 1380 °C (a)
u 1700 °C (b)
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Investigation of melts with high adhesion

to crucible walls

Typically, prior to viscosity measurements, a homog-
enizing remelting of the sample is performed with sub-
stantial superheating above the alloy liquidus, followed
by cooling to room temperature. Subsequently, several
measurement cycles are carried out, each cycle starting
and ending at room temperature. However, for certain
systems this experimental scheme cannot be imple-
mented because of crucible destruction during the first
heating—cooling cycles. In such cases, property measure-
ments are usually performed only in the cooling mode
after heating the melt to the maximum temperature.
In particular, this problem arises when studying melts
of the Co—Si system. The crucibles used in this work
withstood no more than two measurement cycles. After
the third cycle, cracks were observed on the crucible
walls, and in some cases crucible failure occurred during
the measurements.
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Fig. 6. Temperature dependences of the damping decrement
of a crucible with liquid CoSi,, alloy:
1, 2 — obtained during the first and second heating-cooling cycles
without preliminary remelting; 3 — obtained after remelting according
to the proposed scheme
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Fig. 6 shows the temperature dependences of the dam-
ping decrement for a crucible containing the liquid CoSi,,
alloy, obtained during two heating—cooling cycles without
preliminary remelting of the alloy. In the first measure-
ment cycle (Fig. 6, curve /), an inflection is observed in
the temperature, dependence of the damping decrement
during heating in the range 1450 — 1480 °C, along with
hysteresis in the viscosity—temperature dependence during
subsequent cooling below 1480 °C. Upon repeated heating
(Fig. 6, curve 2), the temperature dependence of the dam-
ping decrement exhibits a monotonic character, and only
a slight hysteresis is observed. After this experiment, visual
inspection revealed the presence of cracks on the crucible
walls. Following mechanical destruction of the crucible,
tightly adhering particles of crucible material were found
on the ingot surface. Based on these observations, it was
concluded that crucible destruction begins already after
the first measurement cycle and occurs predominantly
during cooling of the sample below the crystallization tem-
perature, owing to the high adhesion of the melt to the cru-
cible walls and the significant difference in thermal expan-
sion coefficients between the solid alloy and the crucible
material. The onset of crucible destruction accounts for
the slight hysteresis observed in the second measurement
cycle (Fig. 6, curve 2). The hysteresis between the heating
and cooling temperature dependences obtained in the first
measurement cycle (Fig. 6, curve /) indicates the presence
of irreversible processes occurring in the melt. In particu-
lar, this behavior may result from melt inhomogeneity
after melting associated with the metallurgical heredity
of the initial charge materials [27]. In this experiment,
the first measurement cycle effectively serves as a prelimi-
nary remelting of the sample.

To prevent crucible destruction, an experimental
scheme was employed in which the sample was remelted
in the crucible by heating to the maximum temperature
expected in the subsequent measurement cycle, followed
by cooling to a temperature 100 °C below the melt solidi-
fication temperature. Thereafter, measurements were
carried out in the heating—cooling mode. The aggregate
state of the sample was monitored using the damping
decrement values. Fig. 6 presents the temperature depen-
dence of the damping decrement for a crucible contain-
ing the Co.Si,, melt obtained after remelting the sample
for 10 min at 1650 °C and cooling to 1150 °C prior
to the measurement cycle. Under these experimental con-
ditions, the temperature dependences of the damping dec-
rement obtained during heating and subsequent cooling
coincide and exhibit a monotonic character without any
special features.

- CONCLUSIONS

It has been demonstrated that boundary conditions
at the melt upper boundary and the methods of prelimi-
nary sample preparation significantly affect the results



IZVESTIYA. FERROUS METALLURGY. 2026;69(1):59-66.
Beltyukov A.L., Olyanina N.V. Features of viscosimetric experiment by the oscillating-cup method

of viscosity measurements of metallic melts performed
using the oscillating-cup method. Under certain experi-
mental conditions, anomalies of a methodological nature
may arise in the viscosity—temperature dependences.
The experimental features considered are a consequence
of film effects, wetting phenomena, and irreversible pro-
cesses occurring either in the melt itself or in the melt—
crucible system.

Film effects are associated with changes in the state
of the melt surface resulting from the formation or
destruction of a viscous film. To identify and eliminate
these effects during the experiment, viscosity measure-
ments should be carried out under different boundary
conditions at the melt upper boundary (without a lid and
with a lid on the melt).

The influence of wetting phenomena on viscosity
measurement results is caused by curvature of the melt
upper boundary due to meniscus formation at low or high
degrees of wettability of the crucible walls by the melt
and, consequently, by changes in the contact area between
the liquid and the crucible side wall. When measuring
viscosity in crucibles with a lid at the melt upper bound-
ary, the influence of wetting can be eliminated by select-
ing appropriate conditions for preliminary remelting
of the melt or by adjusting the mass of the lid.

High adhesion of the alloy to the crucible walls com-
bined with a significant difference in their thermal expan-
sion coefficients leads to crucible destruction during cool-
ing of the sample below the crystallization temperature.
The onset of crucible destruction gives rise to irreversible
processes in the melt—crucible system and manifests itself
as hysteresis in the viscosity—temperature dependences.
To eliminate these processes, a preliminary remelting
mode is proposed that involves superheating the melt
to the maximum temperature expected in the subsequent
measurement cycle, followed by cooling to a temperature
100 °C below its solidification temperature.
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