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ABSTRACT

The article is devoted to the development of a methodology for microstructural and thermal
verification of the quality of an industrial Ti-10V-2Fe-3Al triple vacuum arc remelted ingot
produced by UK TMP JSC. It was established that all zones of the ingot demonstrate a two-stage
thermal evolution characteristic of the B-metastable Ti-10V-2Fe-3Al alloy: decomposition of the
metastable B phase (*520-570 °C) and an endothermic a->B phase transformation (=950-1120
°C). It was found that the enthalpy of the exothermic decomposition of the B matrix increases by
approximately 60—80% in the lower zone of the ingot. The width of the phase transition (AT)
correlates with an increase in microsegregation. It was also determined that the enthalpy of the
endothermic a->B transformation decreases from the bottom part of the ingot toward the steady-
state crystallization zone (Middle-1), which correlates with a reduction in the microsegregation
parameters obtained from SEM—EDS profiles (AC_max, oC, Leorr). Thus, thermal analysis confirms
the absence of a pronounced vertical gradient of structural stability and can be used as a validating
criterion for the integral electrode quality index. For the first time, a quantitative correlation
between SEM-EDS profiles and DSC-DTG characteristics has been proposed. Thermal analysis is
suggested as an independent validator of microsegregation. An approach to the quantitative
evaluation of microsegregation based on SEM-EDS profiles using the parameters AC_max, oC, Leorr,
and ACOqieca) has been developed. Additionally, the use of an integral chemical index lchem, and a
critical threshold I“nem is proposed for electrode quality control using thermal analysis results.
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Introduction

depth—factors that cannot be completely
eliminated solely by increasing the number of

In industrial titanium metallurgy, vacuum arc
remelting (VAR) remains the fundamental
technology for producing large ingots, while triple
VAR is used as a method to reduce inclusions,
stabilize the molten pool, and improve chemical
homogeneity [1]. However, even with multiple
remelting cycles, risks of crystallization defects
persist:  macrosegregation, local segregation
channels, “hot top” defects, inhomogeneity of the
solidification zone, and variations in molten pool

remelts. Studies on VAR defects emphasize that the
evolution of macrosegregation during different
stages of triple VAR remains a distinct scientific
problem requiring a combination of experimental
and modeling approaches [[2], [3]].

A modern trend is the control of structure and
segregation through melting regimes and pool
management: melt depth, mushy zone width,
thermal gradients, and solidification rate. These
aspects are actively developed in numerical VAR
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models, including multilevel and multiscale
approaches [4].

The quality of a VAR ingot is determined not only
by chemical composition but also by the trajectory
of heat and mass transfer and arc/gap stability,
which influence the pool profile and solidification
conditions. Therefore, methods that “read” quality
through structural-chemical markers
(microsegregation, oxygen-enriched zones, a/p
morphology) and link them to thermal signals of
phase transformations and melting are becoming
increasingly important [[5], [6]].

Control of the VAR process and ingot quality
today relies on electrode gap control, melt pool
modeling, and structure prediction. Arc gap control
and melting stability are widely discussed. For Ti-
10V-2Fe-3Al (Ti-1023), it has been shown that
automatic electrode gap regulation (via maintaining
average voltage and using specific pulse/polarity
modes) significantly affects remelting stability and
indirectly influences homogeneity and defect
formation. This research direction is important as it
links VAR “process maps” with industrial ingot
quality [[7], [8], [9]].

VAR modeling as a tool for segregation
prevention is considered a source of critical data.
Models have evolved from axisymmetric to
3D/multiscale (arc > pool > solidification = grain
structure). Key references include multiscale 3D VAR
models (process-oriented coupling of
arc/pool/solidification), multiscale modeling of
microstructure formation in Ti-6Al-4V, and models
validated for Ti-10V-2Fe-3Al aiming to reproduce
pool profiles and solidification behavior [[4], [10]].

Additionally, modern solidification simulation
approaches (e.g., CAFE methods) demonstrate that
modeling is becoming a practical tool for selecting
process parameters, although experimental
validation remains necessary to confirm real
homogeneity.

Macrosegregation and its persistence remain
among the most critical defects, as they can survive
subsequent heat treatment and degrade properties.
For triple VAR, it is emphasized that repeated
remelting does not always guarantee elimination of
macrosegregation without process optimization
([11], [12], [13]].

Channel segregation and its relation to
processing are also highly relevant. In industrial
ingots, channel segregation typically appears in
characteristic zones (often 1/4-3/4 of the radius),
with morphology correlated to pool profile and

steady/transient remelting regions [[14], [15], [16]].
These defects may be associated with local oxide
particles, directly linking to oxygen enrichment and
ax-phase risks.

From a technological perspective,
microsegregation of B-stabilizers (Fe, V) and oxygen
should be considered as “hidden” quality markers.
For Ti-1023, Fe microsegregation is critical due to
the risk of B-flecks and property degradation. SEM—
EDS is widely used to quantify these effects,
including diffusion and homogenization behavior of
Fe. This confirms that SEM—EDS profiles are not
merely illustrative but serve as a quantitative quality
control tool. Oxygen plays a separate role, affecting
phase equilibria (B-transus), promoting local
strengthening or embrittlement zones, and being
difficult to accurately assess without spatial
resolution beyond bulk chemical analysis [[17], 18],
[19]].

Thermal analysis using high-temperature
analyzers is also a universal tool for quality control
of Ti alloys, particularly for determining B-transus
and phase transformations via DSC/STA. DSC is
widely used for evaluating B-transus, composition
effects, oxygen influence, and thermokinetics.
Literature emphasizes that DSC can be faster and
more objective than purely metallographic
methods. Thermal analysis allows evaluation of
melting intervals, phase transitions, and heating rate
effects. For Ti alloys, phase transformations and
melting behavior are sensitive to processing
conditions and material state (including heating rate
effects). Some  studies demonstrate the
determination of liquidus/solidus temperatures
using DTA as a classical approach for obtaining
technologically significant temperatures [[20], [21],
[22]].

This work proposes the development of a
methodology for microstructural and thermal
verification of the quality of an industrial Ti-10V-2Fe-
3Al triple VAR ingot through metrological coupling of
spatial chemical heterogeneity (SEM-EDS profiles)
and thermokinetic analysis (STA/DSC/TG), as well as
the introduction of the Ichemcrit criterion as a
decision-making tool for rejection or correction of
triple remelting parameters and charge preparation.

Initial materials

The object of the study was a triple vacuum arc
remelted (VAR) ingot of Ti-10V-2Fe-3Al, produced by
vacuum arc melting in accordance with the
customer’s specification: Al — 2.60-3.40%, V —
9.00-11.00%, Fe — 1.60-2.20%, O — max. 0.13%.
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The objects of investigation for SEM—EDS and
DSC/DTG analyses were three electrode zones:
samples taken from the “top”, “middle 1”, “middle
2”, and “bottom” regions of the ingot.

Technology for the production of titanium
ingots in a vacuum arc furnace (VAR)

The triple vacuum arc remelted Ti-10V-2Fe-3Al
alloy was produced on an industrial scale at Ust-
Kamenogorsk Titanium and Magnesium Plant JSC.
The VAR furnace configuration used for producing
the Ti-10V-2Fe-3Al alloy is shown in Figure 1.

Legend for the schematic: 1 — electrode feed drive;
2 — furnace chamber; 3 — melting power supply;
4 — busbars and cables; 5 — plunger-type electrode
holder; 6 — water jacket with mold (crystallizer);
7 —vacuum duct; 8 —rotating column; 9 — coordinate
adjustment system; 10 — load cell system; 11 - TV
camera system; 12 — oil booster pumps.

Figure 1 — Schematic of the VAR furnace

The industrial Ti-10V-2Fe-3Al alloy ingot was
produced by triple vacuum arc remelting (VAR).
Multiple remelting was applied to minimize
macrosegregation, improve chemical homogeneity,
and stabilize the molten pool depth.

The main technological parameters for each
remelting stage are presented below:

1st remelting: mass of melted metal — 4.5 t;
melting time — 7 h 40 min; electrode area— 500 mm?;
2nd remelting: mass — 4.4 t; time — 10 h; electrode
area — 600 mm?; 3rd remelting: mass — 4.4 t; time —
21 h 40 min; electrode area — 680 mm?>.

The density of titanium was taken in the range
of 4.67-4.75 g/cm3.

The first remelting was carried out in a mold
with a diameter of 620 mm. The mass melting rate
was 9.90 kg/min (1st electrode), 7.49 kg/min (2nd
electrode), and 7.96 kg/min (3rd electrode). The
formation of a residual disk with a height of at least
40 mm ensured melt pool stability and controlled
solidification.

A key technological parameter was cooling
under residual pressure in the VAR chamber: 10
hours after the first and second remelting stages and
8 hours after the third. The average voltage in the
steady-state phase was 29.8-33.3 V with a solenoid
coil operation periodicity of *3 s, ensuring arc
stability and thermal regime control.

The calculated electrode composition was
identical for all remelting stages: Al — 3.25%, V —
9.7%, Fe —1.95%, O — 0.105%, C — 0.011%.

The selected processing conditions ensured
process reproducibility and minimization of
macrosegregation.

Research methodology, sampling, and
homogeneity control strategy

To assess structural and chemical homogeneity,
samples were taken from four characteristic zones
along the ingot height: “top”, “middle 1”7, “middle
2”, and “bottom”. Additionally, each ingot was
divided into three sections with transverse cuts
performed: at a distance of 40 mm from the top,
from the central steady-state zone, and at a distance
of 40 mm from the bottom.

This approach made it possible to analyze the
vertical distribution of elements and identify
potential zones of non-steady crystallization.

The chemical composition of all studied samples
meets the specification requirements for Ti-10V-
2Fe-3Al, confirming the effectiveness of triple VAR in
terms of macrochemical homogeneity. Further
analysis of structure and elemental distribution was
carried out using SEM—EDS and DSC/DTG methods
to identify microsegregation, local oxygen
enrichment, and to perform thermal verification.

The study employed scanning electron
microscopy (SEM) and energy-dispersive
spectroscopy (EDS) using a JEOL JSM-7000 system.

Thermal analysis was performed using a STA 449
Jupiter NETZSCH thermal analyzer with heating up to
2000 °C.

For SEM-EDS investigations, key magnifications
were selected to reflect the technological
relationship of structure formation within the ingot:
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— 500x — general structure, primary phase
distribution;
— 1000-2000x — morphology of a plates;

— 5000x — local features, dispersed particles,
segregation zones.

Thus, the study focused on identifying: vertical
chemical gradients (increase of V or Fe upward or
downward); distribution of [-stabilizers during
remelting; presence of oxygen or carbon
segregation; oxygen enrichment in the upper part
due to interaction with residual gas in VAR; and
oxygen accumulation at a-phase boundaries as an
early stage of a,—TisAl formation.

SEM-EDS Analysis Results

As a result of analyzing the morphological
evolution of the a/B structure, the following
features along the ingot height were identified.

“Top” zone. At magnifications of x3000-5000,
thin parallel stepped layers, individual loose
fragments, and isolated fine particles are observed.
According to EDS data, Ti dominates (TiKa peak ~4.5
keV), with pronounced V and Al peaks, as well as
elevated carbon content. The surface is generally
smooth with minor defects; the increased carbon
content is likely associated with the final stage of
remelting and surface-related processes.

“Bottom” zone. Clusters of rounded and
irregularly shaped particles are identified between
the matrix steps, morphologically corresponding to
non-metallic inclusions (oxide or slag fragments).
Pronounced layering and the presence of large
defects are observed, indicating structure formation
under unstable initial remelting conditions and
possible dendritic segregation. The Ti content is
~83.5-84 wt.%, while V and Al concentrations are
close to nominal values, and no pronounced vertical
gradient of B-stabilizers is detected. The carbon
content is lower than in the top zone, confirming its
predominantly surface-related nature in the upper
section.

“Middle-1" zone. The structure is characterized
by the most uniform lamellar morphology: a plates
are well-bonded and aligned, the surface is relatively
smooth, and the number of inclusions is minimal.
The chemical composition is stable and closest to
the nominal composition of Ti-10V-2Fe-3Al. Low
carbon content and the absence of pronounced
oxygen peaks indicate minimal gas saturation and
oxide defects. This zone corresponds to a steady-
state remelting regime and uniform formation of the
o/P structure.

“Middle-2” zone. A layered and split structure is
observed, with the presence of oxide phases and
film-like inclusions. EDS data confirm the presence
of local structural defects. Since the “middle-1” zone
reflects a stable crystallization regime and the
highest structural homogeneity, the SEM-EDS
results for this sample are presented in Figures 2—4.
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Figure 2 — SEM elemental analysis results over the
surface area of the “middle 1” zone
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Figure 3 — EDS mapping results of the “middle 1” zone

Figure 4 — SEM micrographs of the “middle 1” zone

As a result of analyzing the vertical distribution
of Al-V-Ti, no pronounced chemical gradient along
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the ingot height was identified. This confirms the
high efficiency of triple VAR, which ensures melt
homogenization and suppression of segregation,
positively affecting phase stability, uniformity of the
o/B structure, and reproducibility of mechanical
properties.

SEM-EDS data show that the V content in all
studied zones (top, bottom, middle-1) is within
~9.3-9.9 wt.%, Al — 2.5-3.1 wt.%, while the slight
increase in Ti from the top to middle-1 falls within
the measurement error. No significant vertical
segregation of B-stabilizers was detected.

Thus, the Ti-10V-2Fe-3Al ingot is characterized
by complete chemical uniformity along its height.
The variation in the concentrations of the main
alloying elements does not exceed 1-1.5% (Al and V
— within +0.5-1.0%, Ti — ~83—-86%), which, for an
industrial ingot weighing 4.5 t, indicates the high
quality of the performed triple VAR process.

Macrohomogeneity in V and Al is confirmed by
SEM-EDS: triple VAR effectively suppresses
macrosegregation of B-stabilizers along the ingot
height. Microdefects are distributed according to
technological zones: bottom — non-metallic
inclusions/layering  (initial  remelting  stage,
interaction with the baseplate/crucible); middle-1 —
minimal defects (steady-state regime); middle-2 —
film-like/oxide inclusions (local disturbances in
charge preparation/purity); top — surface reactivity
and elevated carbon content (final stage/surface
processes).

Development of a methodology for electrode
quality control based on SEM-EDS profiles

The obtained SEM—EDS profiles of V, Fe, Al, and
O distribution along scan lines in the “top”, “middle
1”7, “middle 2”, and “bottom” zones make it possible
to transition from qualitative assessment to a
guantitative electrode quality criterion based on
microsegregation parameters.

The following diagnostic indicators are
proposed: the maximum deviation of B-stabilizer
concentrations (V, Fe) from the mean value along
the scan line,
ACpax = max |G — C|; the standard deviation of
concentration:

5C = \[%z;;l(a' — ()2 (1)

the correlation length L.r — the characteristic
size of chemically heterogeneous regions,
determined from the autocorrelation function of the

profile (the distance at which the correlation
coefficient decreases to 1/e); local oxygen
enrichment:

ACo %) = Co, 10c- Co (2)

For the central zone of the ingot (“middle-1"),
the values of ACax and oC are minimal, and Leor is
small, corresponding to fine-scale, statistically
averaged microsegregation. In the lower part of the
ingot, these parameters increase, reflecting the
formation of more extended chemically
heterogeneous regions. Based on these quantities,
an integral index of chemical heterogeneity is
introduced:

Ichem = alACmax " a_sc , A_ALcorr
[

25+ 3 + %4 8 (3)

Lref CO,ref

where a; are weighting coefficients (determined
empirically), and Lrr M Co,ref — are normalization
parameters.

A threshold value lqem™ (critical chemical
inhomogeneity index) is defined. If the condition
lchem < 1M em is satisfied, the electrode is considered
compliant with homogeneity requirements; if the
threshold is exceeded, adjustment of the triple VAR
regime or rejection of the billet is required.

Thus, the proposed index transforms SEM—EDS
analysis from a descriptive tool into a quantitative
method of incoming quality control. Incorporation
of this criterion into the charge preparation protocol

enables closure of the technological chain
“briquette - electrode - ingot” and ensures
reproducible alloy structure under industrial
conditions.

Results of thermal analysis (differential
scanning calorimetry) DSC/DTG

Thermal analysis by DSC/DTG provides

information that is not accessible through SEM/XRD
analysis, namely: the temperatures at which
structural transformations begin, thermal markers
of phase rearrangements, high-temperature
anomalies, temperature indicators of local
microzones/defects that manifest only at elevated
temperatures, as well as the solidus—liquidus
interval of alloys.

The aim of the thermal analysis using differential
scanning calorimetry (DSC/DTG) was to determine
the thermo-microstructural properties of the triple
VAR  Ti-10V-2Fe-3Al  ingot, including the
identification of temperature transformation
gradients along the ingot height.
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Figure 5 presents the results of the thermal
analysis, including DSC/DTG thermograms of the Ti-
10V-2Fe-3Al ingot.
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Figure 5 — DSC/DTG thermograms along the height of the
Ti-10V-2Fe-3Al ingot for different zones

Table 1 presents the results of the thermal
analysis of the zones of the industrial Ti-10V-2Fe-3Al

ingot.

Table 1 — Summary thermal analysis of the zones of the
industrial Ti-10V-2Fe-3Al ingot (triple VAR)

Zone T, Phase Structural mechanism
peak interpretation and diagnostic
(°C) significance
Middle- | 685.3 Stage-wise Precipitation of
1 decomposition of | dispersed a/w phases;
metastable B reflects initial
microsegregation of B-
stabilizers
764.7 o coarsening Redistribution of V and
Fe; indicator of B-matrix
homogeneity
914.3 Onset of a—>B Dissolution of secondary
transformation a; marker of transition
toward the B-region
1352.2 | P stabilization Completion of solid-
state homogenization;
indicator of steady-state
remelting
1495.8 | Solidus Onset of partial melting
of segregated domains;
sensitive indicator of
microsegregation
1547.7 | Main melting Increase in liquid phase
stage fraction; reflects
compositional
distribution
1610 Liquidus Completion of melting;
melting interval AT
characterizes chemical
homogeneity
Middle- | 526.9 Decomposition of | Precipitation of w/early
2 metastable B a; indicator of local
heterogeneity
975 Onset of o> transition; degree
precipitate of phase stability
dissolution
1123 Peak of a—>p Stabilization of B-matrix;
transformation reflects structural
energy rearrangement
Top 566.1 Solid-state B Dispersed a
decomposition precipitation; influence
of final remelting stage
975 a->B transition Dissolution of
precipitates; uniformity
of phase structure
1449 Upper limit of Stabilization before
solid-state region | melting; absence of
premature partial
melting
Bottom | 547.6 Enhanced B Intensive a/w
decomposition precipitation
975 Onset of a—>B Phase dissolution;
broader transformation
range
1013.4 | Multi-stage a—>p Non-uniform
transformation dissolution; presence of
local compositional
domains
1399.9 | End of solid-state | P stabilization; absence

region

of melting up to 1400 °C

—— Q4 ——
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It was established that all zones of the ingot
exhibit a characteristic two-stage thermal evolution
typical of the B-metastable Ti-10V-2Fe-3Al alloy:
decomposition of the metastable  phase (<520-570
°C) and the endothermic a->B transformation
(=950-1120 °C). The analysis of the zones revealed
the following:

The “middle-1” zone is characterized by the
smoothest transitions and minimal staging,
confirming a steady-state crystallization regime
during triple VAR.

The “bottom” zone exhibits additional staging
(=1013 °C) and more pronounced exothermic
effects, indicating increased microsegregation
formed during the initial stage of remelting.

Only in the “middle-1" zone, the solidus (<1496
°C) and liquidus (=1610 °C) temperatures were
identified, which made it possible to evaluate the
melting interval and confirm the absence of
macrosegregation along the ingot height.

Figure 6 shows the dependence of the relative
enthalpy of phase transformations on the ingot
height.

16

14

AH, J/g

: : .
H13 CepenuHa-2 Bepx
Zone

Cepeauna-1

Figure 6 — Dependence of the relative enthalpy of phase
transformations on the ingot height

It was established that the enthalpy of the
exothermic decomposition of the B-matrix increases
by approximately 60-80% in the lower zone of the
ingot. The width of the phase transformation
interval AT correlates with increasing
microsegregation. The minimum values of AH and AT
in the “middle-1” zone confirm a steady-state
crystallization regime.

The thermograms demonstrate a clear
dependence of the energetics of phase
transformations on the position along the ingot
height: the middle-1 zone shows minimum enthalpy
and narrow transitions - maximum homogeneity;

the bottom zone shows increased AH and
broadened transitions -> macro- and
microsegregation, AH values for endothermic

transformations along the ingot height Table 2.

Table 2 — AH values for endothermic transformations
along the ingot height

Zone AH, T_{U.%B} T_{max Tsolidus, Tiiquidu

J/g | onset, °C a->pB}, °C s, °C
°C

Botto | 1.7 ~975 1013.4 - -

m

Middl | 1.4 ~975 1123 - —

e-2

Top 13 ~975 — — —

Middl | 1.0 914.3 1352.2 1495.8 1610

e-1

The “bottom” exhibits the maximum
relative enthalpy of the endothermic transition
(AHendo = 1.7 J/g), which is associated with a more
pronounced staging of the a—=>p transformation and
increased microsegregation of B-stabilizers.

The “middle-2” zone is characterized by a
pronounced a->f transition peak at 1123 °C (AHendo
= 1.4 )/g), reflecting active dissolution of precipitates
and redistribution of alloying elements.

The “top” zone shows a less pronounced
endothermic effect (AHendo = 1.3 J/g), corresponding
to a more uniform phase structure after the final
stage of remelting.

The “middle-1” demonstrates the
minimum AHe,do, = 1.0 J/g and a smooth
transformation behavior. It is also the only zone
where the melting interval (1495.8-1610 °C) is
recorded,
liquidus
homogeneity.

The enthalpy of the endothermic a—> transition
decreases from the lower part of the ingot toward

zone

zone

allowing evaluation of the solidus—
range and confirming high chemical

the steady-state crystallization zone (middle-1),
correlating with a reduction in microsegregation
parameters obtained from SEM-EDS (ACnax, 0C,
Lcorr).

An increase in microsegregation directly
correlates with a rise in the enthalpy of phase

transformations and a widening of temperature
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intervals, confirming the consistency between SEM-
EDS and DSC/DTG approaches.

Thus, thermal analysis confirms the absence of a
pronounced vertical gradient in structural stability
and can be used as a validation criterion for the
integral electrode quality index.

Thermal verification (DSC)

To validate the lchem index (which integrates the
contribution of B-stabilizers and oxygen), a thermal
component is introduced:

— presence/intensity of the PB-phase
decomposition (=520-570 °C),
staging/broadening of the a—>B transformation
(=950-1123 °C), and the appearance of an additional
marker (~1013.4 °C) as an indicator of large-scale
heterogeneity (Lecorr T);

— for the “middle-1” zone — control of the
solidus—liquidus interval as an integral indicator of
homogeneity;

— confirmation of SEM—EDS results using DSC—
DTG data: the higher the macro- and
microsegregation (ACax, 0C, Lcorr), the wider the

transition

melting interval AT_melt = Tiiquidus — Tsolidus due to
the presence of local compositions with different
melting temperatures. The observation of a well-
defined solidus—liquidus pair and the absence of
premature melting in other zones within 1400-1450
°C confirm the absence of severe macrosegregation
and the correctness of the triple VAR regime.

A “thermal indicator” has been developed: the
number of stages/peaks in the a—>p transition
range, the transition width AT, and the presence of
early melting or expansion of AT yet.

Thus, SEM—EDS determines the cause (spatial
profile of chemical inhomogeneity), while DSC-DTG
captures the consequence (thermodynamic and
kinetic response of the structure). The integration of
these
qualitative assessment to a verifiable quality control
protocol for industrial electrodes and ingots.

methods enables the transition from

Conclusion

Thus, for the first time, a quantitative
correlation between SEM-EDS profiles and DSC
characteristics has been proposed. Thermal analysis
is suggested as an independent validator of
microsegregation.

Triple vacuum arc remelting ensures high
chemical homogeneity of the main alloying
elements (Ti, V, Al, Fe), as confirmed by SEM-EDS
through the absence of a pronounced vertical
gradient.

The results of thermal analysis (DSC/TG) confirm
the SEM-EDS findings regarding the absence of a
significant gradient along the ingot height. It has
been established that the intensification and staging
of B-phase decomposition and a—>f transformation
effects are characteristic of the lower zone of the
ingot, which is consistent with increased
microsegregation parameters (ACpax, 0C, Lcorr).

A methodology for microstructural and thermal
verification of the quality of an industrial Ti-10V-2Fe-
3Al triple VAR ingot has been developed using DSC-
DTG and SEM-EDS analyses. This approach is based
on quantitative evaluation of microsegregation
through SEM-EDS profiles using the parameters
AChax, 0C, Lcorr, AC, (local), as well as the
application of the integral index Ihem and the
threshold 1" .., for electrode quality control.
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Ti-10V-2Fe-3Al TUTaH KOPbITNACbIHbIH YL M3pPTe BaKyyMAbl-A0FaNbiIK KalTa
6anKbITYy apKbl/ibl a/IblHFAaH OHEPKACINTIK KYMMaCbIHbIH, CanacblH
MUKPOKYPbIZIbIMADIK }KaHEe TepMUANDbIK BepudpuKaymuanay agictemeciH asipney
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TYRIHAEME

Makana «BckemMeH TUTaH-MarHUii KombuHaTtbl» AK-aa anbiHFaH Ti-10V-2Fe-3Al KopbITNacbIHbIH,
YW M3pTe BaKyymAbl-A0FanbIK KalTa BankbiTyaaH KeWiHr eHepKaCinTiK KyMMacbiHbIH, canacbiH
MUKPOKYPLINbIMABIK, KIHE TepmMUAnbIK BepuduKaumanay aaictemeciH asipneyre apHanfaH.
KylimaHblH, 6apablk aimakTapbl B-metaTypakTbl Ti-10V-2Fe-3Al KopbiTnacbiHa TaH €Ki caTblibl
TEPMUANDBIK IBOOLUMA  CUMATTAMacblH KOPCETETiHI aHbIKTanabl: mMeTacTabunbai B ¢asaHblH,
biAbipaybl (x520-570 °C) KaHe aHA0TeEPMUANBIK a—>B daszanbik KaiTta Kypbiaybl (x<950-1120 °C).
B-MaTpUL,aHbIH 3K30TEPMUANDBIK biAbIPAY SHTANbMUACHI KYWMaHbIH TOMEHTi aiimaFbiHAa WamameH
60—-80%-fa apTaTblHbl aHbIKTanabl. Pasanbik aybicy eHi AT mMuKpocerperaumaHbiH, apTybiIMeH
KoppenauuanaHagbl. IHAOTEPMUANBIK O—>B aybICyblHbIH, SHTANbNUACHI KyWMaHbIH, TybiHeH
TYPaKTbl KyWAeri KpuctangaHy aimasbiHa (Middle-1) aeiiin TomeHaeiTiHi aHbiKTanapl, 6yn SEM-
EDS  npodunbaepiHe  COMKEC  MUKpOCerperaums  napameTpiepiHiH, — TemeHaeyimeH
KoppenaumanaHagpl (AC_max, oC, Lcorr). byn SEM-EDS npodunbaepi 60oibiHWA anbiHFaH
MMKpocerperaumsa napametpaepiib, (AC_max, oC, Lcorr) TemeHaeyimeH CcaiKec Kenegi.
KopTbiHAaplnait kene, anfaw pet SEM—EDS npodunbaepi meH DSC-DTG cvnaTTramanapbl apacbiHaa
CaHAbIK KOPPEeNnAuMA YCbIHbIAAbI, an TEPMUANbIK TangayAbl MUKpOcerperauusaHbiH, Tayencis
Ba/MAaTopbl  peTiHAe  MaWdanaHy  ycbiHbingbl  SEM—-EDS  npodunbaepi  HerisiHae
MuKpocerperaumsaHbl ACmax, oC, Leor aHe ACO(N0K.) napameTpsiepi apKblibl caHaplK bafanay
Tacini asipneHai. CoHbIMEH KaTap, TEPMUAAbIK Tanday HaTUXKenepi HerisiHae 3N1eKTpoATapAblH,
canacbiH 6aKbinay YWiH MHTerpangplk KepCeTKil lcem »KoHe WeKTi MaH [“phem KONAAHY
YCbIHbINABI.

TyiiiH ce30ep: Ti-10V-2Fe-3Al yw mapTe KailTa 6anKbITbiIFaH KOPbITNACbI, BaKyyMAbl-40FaNblK
6anKkbiTy, DSC—DTG skaHe SEM—EDS Tanaaynapsi, a/B dasanbiK aybicynap, TEpMUANbIK biablpayabl
Tanpay.
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Pa3spaboTka MeToAUKU MUKPOCTPYKTYPHOI U TepMUUYECKO BepupuKaumm
KauecTBa NPOMbILIEHHOro camtka Ti-10V-2Fe-3Al TpoitHoro

BaKyyMHO-4yroBoro nepennasa
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AHHOTALMUA

CraTba MnocBAlLeHa paspaboTke METOAMKUM MUKPOCTPYKTYPHON M TepMUYecKoi BepuduKaumm
KayecTBa NPOMbIWAEHHOro canTKa Ti-10V-2Fe-3Al TpoitHoro BakyymHo-ayrosoro nepensasa AO
YK TMK. VYcTaHOBAEHO, 4YTO BCe 30Hbl CAUTKA LEMOHCTPUPYIOT XapaKTepHylo ans B-
meTactabunbHoro cnnasa Ti-10V-2Fe-3Al AgByXCTaAWHYIO TEPMMYECKYIO 3BOJIIOLMIO: pacnag,
meTactabunbHoi dasbl B (x520-570 °C), saHgoTepmUuyeckas a—>P nepectpoika (=950-1120 °C).
YCTaHOB/IEHO, YTO 3HTANbMMA IK30TEPMUYECKOro pacnaja B-matpuupl yBennuusaetca Ha ~60—
80% B HWKHel 30He cauTKa. LupuHa dasoBoro nepexoga AT KOppenvpyert € yBenUYeHUEM
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MUKpoOcerperaummn. YCTaHOBNEHO, YTO 3HAYEHWEe SHTaNbNUKU SHAOTEPMUYECKOro a—> P nepexosa
YMEHBLUAETCA OT HUXKHEN YacTu CIUTKA K 30He yCTaHOBMBLUECA Kpuctanmsaumm (CepegunHa-1),
4YTO KOppesnvpyeT CO CHWMKEHMEM MapameTpoB MUKpocerperauun no SEM-EDS npodunam
(AC_max, oC, Lecorr). Takum 06pa3om, TEPMWUYECKUIA aHaNU3 NOATBEPNKAAET OTCYTCTBUE
BbIPa*KEHHOIO BEPTUKANIbHOMO rpagueHTa CTPYKTYPHOM CTabUABHOCTU U MOXKET MCNONb30BaTbCA
KaK BaNMAMPYIOWNIA KPUTEPUIA MHTErPasbHOrO MHAEKCA KayecTsBa 31eKkTpoda. Takum obpasom,
BrnepBble MNPea/NoKeHa KoAu4yecTBeHHasa Koppenauua SEM-EDS npoduneit ¢ DSC-DTG
XapaKTEPUCTUKAMK, NPEAJIONKEHO TEPMMUYECKUIA aHaNU3 MUCNONb30BaTb KaK He3aBUCUMbIN
Ba/MAATOP MUKpocerperaumn. PaspaboTaH Noaxos K KONMYeCTBEHHOM OLeHKe MUKpOcerperaLmm
no npodpunam SEM-EDS uepe3 napameTpbl ACmax, oC, Lcor ¥ ACO(NOK.) U npepnoxeHo
MCMNONb30BaTb WHTErpasbHblii MoKasaTenb lcem U nopor [hem ANA KOHTPONA KauecTsa
3N1EeKTPOA0B C NOMOLLBIO Pe3yNbTaTOB TEPMUYECKOrO aHau3a.

Kniouesble cnoea: cnnas TpoliHoro nepennasa Ti-10V-2Fe-3Al, BakyymHo-ayrosas nnaska, DSC-
DTG v SEM—EDS aHanusbi, a/B- pasosble nepexoibl, aHasmM3 TEPMUYECKOrO Pas3/ioKeHUA.
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