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PHYSICO-CHEMICAL ANALYSIS OF 12KH18NO9TL STEEL MELTS
FOR QUALITY CONTROL OF CAST PRODUCTS
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Abstract. The authors studied the behavior of slag inclusions in four samples taken during casting of austenitic corrosion-resistant steel grade 12Kh18N9TL.
The samples for the study were taken under production conditions after melting the charge (1), introducing Ti and FeMn, slag induction and additional
loading (2), re-introducing Ti, slag induction (3), slag induction (4). The elemental composition and temperature of the melt were determined under
production conditions. The physicochemical properties of the melts obtained from the selected samples were measured under laboratory conditions:
surface tension and kinematic viscosity. The measurements were carried out in the temperature range from 1370 to 1760 °C in the mode of heating
and subsequent cooling of the sample. When observing the sample during the measurement of surface tension, the release of slag inclusions from
the volume of the drop occurs in the heating mode. During subsequent cooling of the formed drop of liquid steel, slag particles flow from the slag bath
under the action of the Marangoni force. Analysis of the dependence of the slag particle ascent rate on its size showed that only particles up to 10 um
in size can remain in the melt volume, while larger particles have time to float to the surface of the liquid bath. It was found that slag particles
up to 4 mm in size can flow onto the surface of the sample under the action of the Marangoni force. The volume fraction of slag inclusions was
determined, and a correlation was established between it and the element composition of the sample. The authors made a conclusion about the effect
of Ti additives in the melt as the cause of increase in the volume fraction of slag inclusions in the casting.
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AHHOmMayus1. ABTOpBI N3y4HIIH ITOBEACHHE [ITAKOBBIX BKIFOYEHHUHN B UETHIpEX 00pa3Iax, OTOOPAaHHBIX B IIPOLIECCE PA3IMBKH ayCTEHUTHON KOPPO3HOH-
HocToikoi ctamu Mapku 12X 18HI9TJL. OOpasis! st vcclieqoBaHus OTOUPATH B IPOM3BOJICTBEHHBIX YCIOBHUSIX TOCIIE pacIlIaBIeHUs UXTHI (1),
Beenenns Ti u FeMn, HaBeenust nutaka u go3arpysku (2), mosropuoro Beenenus Ti, HaBeneHus nutaka (3), HaBeqeHus nuiaka (4). DJIeMEeHTHbIH
COCTaB M TeMIepaTypa paciuiaBa ObUTH OIpeesIeHbl B TIPOM3BOICTBEHHBIX yCIOBUIX. DUBMKO-XUMHYECKHE CBOMCTBA PACIIIIABOB, MOJYYEHHBIX M3
0TOOpaHHBIX 00pa3LOB, TaKHe KaK IIOBEPXHOCTHOE HATSHKCHHE M KMHEMATH4YeCKas BA3KOCTh ObIIM M3MEpEHBI B JJAOOpaTOPHBIX ycioBusx. M3me-
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peHHUs IPOBOAMIIUCH B narna3oHe temmeparyp ot 1370 mo 1760 °C B pesxumMe HarpeBa  MOCIEAYOLIEro oxJiakaeHus oopasiua. [Ipu HabironeHnn
3a 00pa3IoM BO BPEeMsI H3MEPEHHUS TIOBEPXHOCTHOTO HATSDKCHHS B PEKIME HarpeBa oOHAPYKEHO BBIICJICHHE NMITAKOBBIX BKITFOUCHHH M3 0ObeMa
karutd. TIpu mocseayrommeM oXJIakIeHUH CHOPMUPOBAHHOMN KaIlIX JKH/IKON CTaJIH IIUIAKOBBIC YaCTHIIBI HATEKAIOT M3 IIITAKOBOW BaHHBI 11O ACHCT-
BHEM CHITBI MapaHTOHH. AHAIN3 3aBICHMOCTH CKOPOCTH BCIUTBIBAHMS IIITAKOBOW YaCTHIIBI OT €€ pa3Mepa IoKasal, 9To B 00beMe paciiiaBa MOTYT
0CTaThCSI TOJBKO YaCTHUIIBI pazMepoM 110 10 MM, Gosiee KpyIHbIe YaCTHIIbI YCIIEBAIOT BCILIBITH HA TIOBEPXHOCTH XKUAKOH BaHHBI. OOHAPYKEHO, YTO
O[] IeiCTBHEM CHITBI MapaHTOHH Ha TOBEPXHOCTH 00pa3iia MOTYT HATEKaTh YaCTHIIBI IILTaka pa3mMepoM 10 4 MM. Bbita orpeeieHa o6beMHast T0Ist
IIJTAKOBBIX BKJIIOYEHUH M YCTAHOBJICHA KOPPEISLHMS MEXIy 0ObEeMHOM JI0JeH IUIAKOBBIX BKIIFOYEHHUI U DIIEMEHTHOM COCTaBe 00pasia. ABTOpBI
CIIeTTAITH BBIBOJ O BJIMSIHHH JOOABKU THTAHa B PACILIAB KaK IPHYMHE YBEIHUCHUSI OObEMHOM TONH IUTAKOBBIX BKIIOUCHHUIT B OTIIHBKE.
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- INTRODUCTION

Austenitic corrosion-resistant steel grade 12Kh18N9TL
exhibits high mechanical properties combined with
resistance to organic acid solutions [1]. The production
of castings from 12Kh18NI9TL steel is complicated by
its low casting properties. The castings are often char-
acterized by microstructural heterogeneity, susceptibility
to intergranular corrosion, and low resistance to crack-
ing. During foundry production, increased formation
of films, ingot porosity, shrinkage cavities, and a high
content of nonmetallic inclusions in the ingot structure
are observed [2].

Modern quality requirements for cast products made
of corrosion-resistant and heat-resistant steels such as
12Kh18N9TL are driven by their wide application in
the power industry, chemical engineering, and aircraft
manufacturing. Experimental and exploratory studies are
carried out to improve the mechanical properties of cast
products by stabilizing the austenitic structure through
alloying and thermomechanical treatment [3 — 5]. In [6],
the authors suggest that alloying with copper, silicon,
titanium, and niobium favors achieving a combination
of high corrosion-electrochemical and mechanical pro-
perties in steel. In [7], it was shown that laser pulse sur-
face modification of stainless steel 12Kh18N10T pro-
duces iron oxide (Fe,0,) and chromium oxide (Cr,0;,),
with titanium dioxide (TiO,) also present [7]. The absence
of undesirable surface contaminants, a decrease in their
size and quantity, as well as an increase in the amount
of retained austenite, enhance the corrosion resistance
of austenitic steels [8]. It was established that in samp-
les of austenitic stainless steels grades 03Kh18N10 and
08Kh18N10T, clusters of titanium nitrides and oxides
of various dispersity are located around globular non-
metallic inclusions containing a secondary phase [9].
On the surface of cold-rolled sheet made of 08Kh18N10T
steel, coarse defects in the form of delaminations were
detected, consisting of titanium nitrides and a slag-form-
ing mixture. Nonmetallic inclusions were noted to play

a decisive role in degrading the mechanical properties
of castings [10].

The casting properties of steel have a direct effect
on obtaining castings and ingots with specified techno-
logical parameters. The most relevant physicochemical
properties of the melt for foundry production are viscos-
ity and surface tension. Slag induction during melting
reduces the oxidation loss of volatile components and
prevents the formation of oxide compounds. However,
during melt tapping from the furnace, the slag becomes
entrained in the melt, and slag inclusions may be pre-
sent in steel ingots. In tests measuring the surface ten-
sion of liquid 12Kh18NO9TL steel, the authors observed
the release of slag during sample heating. Conducting
systematic studies of the behavior of slag inclusions in
steel is the objective of this work.

At “Precision Casting Center” (LLC, Ekaterinburg),
castings of 12Kh18N9TL steel are produced as part
of the import substitution program, highlighting the need
to improve product quality at the melt preparation stage.
Defects in finished products have been linked to the pres-
ence of slag inclusions in the casting. The objective of this
study is to characterize the regularities of slag inclusion
behavior in castings to improve control over the quality
of 12Kh18NITL cast products.

[l MATERIALS AND METHODS

Samples of 12KhI18NOTL steel were taken from
an induction crucible furnace under production condi-
tions at “Precision Casting Center” (LLC, Ekaterinburg)
according to the technological scheme shown in Fig. 1.

The production process of cast products made
of 12Kh18NITL steel has the following specific fea-
tures. As the metal charge, returns of the same grade
from in-house production and B26-grade scrap are used.
The melting of the metal charge lasts about 3.5 h, with
heating of the melt to 1580 °C, at which point a sample is
taken for elemental composition analysis. The elemental
composition is determined using an MSA emission spect-
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Fig. 1. Technological scheme of 12Kh18N9TL steel smelting with indication of sampling points for research

Puc. 1. Texnonornueckas cxema BoituiaBku cranu 12X18HITJI ¢ ykazannem or6opa 00pa3LoB [UIsl HCCIIEIOBAHUS

rometer (model MSA II v5). After titanium introduction,
the melt surface was covered with the perlite-based slag
coagulator KShP-1. The holding time for titanium dis-
solution in the melt is 5 — 7 min, and the melt tapping
temperature into the ladle is 1650 — 1670 °C. Before melt
tapping, a 200 g portion of aluminum is placed at the bot-
tom of the ladle. The modifier INSTEEL 7 is introduced
into the melt stream at a rate of 500 g per 400 kg of metal.
After tapping the first portion of the melt into the ladle,
the residual melt in the furnace is additionally loaded with
12Kh18N9TL steel and then heated to 1580 °C for 1.5 h,
after which another sample is taken for elemental analy-
sis. An 8 kg portion of titanium is added based on the ele-
mental analysis results to achieve the required elemen-
tal composition. Before tapping the melt into the second
and third ladles, slag induction on the melt surface is
repeated, followed by heating to 1650 — 1670 °C. A300 g
portion of aluminum is also placed at the bottom of each
ladle. During melt tapping, the modifier INSTEEL 7 is
again introduced into the melt stream at a rate of 750 g
per 600 kg of metal.

Thus, samples for the present study were taken under
production conditions in accordance with the technologi-
cal scheme shown in Fig. 1. Sample / was taken from
the furnace before titanium introduction at a melt tem-
perature of 1580 °C. Sample 2 was taken from the ladle
after titanium introduction. Samples 3 and 4 were taken
from the second and third ladles, respectively. The results
of the chemical analysis of 12Kh18N9TL steel samples
are presented in Table 1.

The kinematic viscosity (v) and surface tension (o)
of liquid 12Kh18N9TL steel were measured using
the equipment of the Research Center of Physics of Metal-
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lic Liquids, Institute of Physics of Metals (UrFU, Russia).
The kinematic viscosity was measured by the oscilla-
ting-cup method [11; 12]. The tests were carried out in
an atmosphere of high-purity helium under a pressure
of 10° Pa. The temperature was measured with a BP-5/20
thermocouple, the readings of which were transmitted
to a Termodat-14E2 controller. Kinematic viscosity was
measured in 30 — 40 °C increments during heating and
subsequent cooling. At each temperature, at least ten con-
secutive readings were acquired. Values were considered
stabilized when the root-mean-square (RMS) deviation
did not exceed the random measurement error. The oscil-
lation parameters were recorded optically throughout
the tests. The systematic error of the viscosity measure-
ment was 3 %, and the random error governing within-
test scatter did not exceed 1.5 % at the 95 % confidence
level (p = 0.95).

The surface tension of liquid 12Kh18NI9TL steel was
measured by the sessile-drop method during heating
to 1750 °C, followed by sample cooling. The working

Table 1. Chemical composition
of 12Kh18N9TL steel samples, wt. %

Tabauya 1. XuMu4ecKHuii cocTaB nmpood
cragu 12X18HI9TJI, mac. %

Sﬁfle C | Si |Mn| Ni | C | Ti | Fe
I |0.059]0423|1.174 9373 | 17.49 | 0.022 | 70.31
2 100600563 | 1.196 | 9.298 | 17.41 | 0.503 | 69.80
3 ]0.065]0.558 | 1.113 |9.549 | 17.50 | 0.595 | 69.48
4 00640655 1.0449.430]17.43 ] 0.401 | 70.31
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chamber was evacuated to 0.001 Pa and then backfilled
with helium to approximately 103 Pa. Samples were
held in the inert-gas chamber for 5 — 8 min at the melt-
ing temperature, then heated to 1750 °C in 30 — 40 °C
increments. The isothermal hold at each setpoint was
at least 15 min. The drop profile was recorded with a
digital camera, and the images were processed on a
computer. The geometric parameters of the drop pro-
file were determined using SIAMS 700 image-analysis
software with an accuracy of 0.3 — 0.6°. No melt evapo-
ration or drop volume loss was observed. The measure-
ment error for density and surface tension did not exceed
7 %, and the random error governing within-test scat-
ter did not exceed 1.5 % at the 95 % confidence level
(» =0.95)[13 — 16]. The method and apparatus for deter-
mining the density and surface tension of metallic melts
are described in [17 — 19].

[ RESULTS AND DISCUSSION

During observation of the sample with a digital camera
in the course of surface tension measurements, slag
release was detected during sample heating (Fig. 2, a),
which made it impossible to perform measurements in
the heating mode. When the maximum temperature was
reached, the contour of the liquid drop was formed as
the slag drained from the drop surface into the slag bath
(Fig. 2, b). Upon subsequent cooling, slag flowed from
the formed slag bath onto the sample surface (Fig. 2, ¢).

grad(c)

a b c

Fig. 2. Formation and evolution of slag inclusions on the sample surface
during experiments on measuring the surface tension of liquid steel
12Kh18NOTL using the sessile-drop method

Puc. 2. ®opmupoBaHHe U SBOJIOLHUS MITAKOBBIX BKIIOUEHUH
HAa MMOBEPXHOCTH 00pa3iia B OMbITAX M0 U3MEPEHUIO TIOBEPXHOCTHOTO
HaTsHKeHUs skuakon ctanu 12X 18HI9TII MmeTomoM cusIei Karim

These observations confirmed the presence of slag inclu-
sions within the sample volume.

The volume fraction of slag in the sample was deter-
mined according to the procedure described in [20]. Fig. 3
shows the temperature dependence of the volume frac-
tion of slag inclusions m (%) in the 12Kh18N9TL steel
samples. A progressive increase in the volume fraction
of slag inclusions from sample / to sample 3 is observed,
whereas the lowest value was recorded for sample 4.
The volume fractions of slag inclusions at the melting
temperature of 12Kh18N9TL steel are given in Table 2.

The volume fraction of slag inclusions increases
from the first sample taken from the melt before titanium
introduction to the third sample taken from the second
ladle after furnace replenishment. In the fourth sample,
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T,°C
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Fig. 3. Temperature dependences of volume fraction of slag inclusions
in the samples of liquid steel12Kh18N9TL:
a—sample /; b — sample 2; ¢ — sample 3; d — sample 4
The dotted line shows the value of volume fraction of slag inclusions
at smelting temperature

Puc. 3. TemneparypHble 3aBUCUMOCTH 00BbEMHOI! TOJIH IIUTAKOBBIX
BKJIIOYCHUI B 00pa3max xuakon cramm 12X 18HITII:
a — obpasent /; b — obpasen 2; ¢ — obpasen 3; d — obpaser 4
ITyHKTHpHOM IMHEH 10Ka3aHO 3HAUYSHUE 00BEMHOMN JJOJIH IIAKOBBIX
BKJIIOUEHHI TIpU TeMIIepaType IJIaBKU

Table 2. Volume fraction of slag inclusions, surface tension and kinematic viscosity
of 12Kh18N9TL steel at smelting temperature (1670 °C)

Tabauya 2. O6beMHAas 10J151 NIJIAKOBBIX BKJIIOYEHU, TOBEPXHOCTHOE HATSIZKEHUE
U KHHeMaTU4ecKas BA3KoCTh cTajau 12X18HI9TJI npu temneparype niasku 1670 °C

Sample Volume fraction of Surface tension | Kinematic viscosity
No. slag inclusions m, % o, mJ/m? v-1077, m?/s
1 441 1930 6.20
2 5.39 1650 5.85
3 5.68 1850 5.67
4 4.12 1980 6.07
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taken from the third ladle according to the technological
scheme (Fig. 1), the volume fraction of slag inclusions
was minimal.

A slag particle of radius r; and density d
located in the melt of density d_ and dynamic visco-

. . 4
sity u, is affected by buoyancy force F), =§nr3dmg,

. 4
gravity F, :gn’”Sdﬂ g and the Stokes force F, = 6mruu.

Under the combined action of these forces, slag particles
rise to the surface of the melt because of the density dif-
ference between the slag and the liquid metal (Fig. 4).
When all three forces are balanced, a slag particle moves
through the melt volume at a constant velocity u.

F'A F,=F +F,
e IS gnﬁdmg :;nﬁdﬂg +6mnru
“CoooooTC N — 4
“oooooooQoooooooooo Gmvu=gmrg(d, —dy)
,,,,,,,, -

O R =2 rgldy—dy)

F; 9 n

Fig. 4. Nlustration of slag particles floating in the melt volume

Puc. 4. Inmroctpanus nporecca BCIUTBITUS IITAKOBBIX YaCTHUI]
B 00bEMe pacriiaBa

9
o~ - w) a
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e’

5

9
o = . - b
T g
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I\o.\ % . ¢
T g

5

9
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5

1400 1500 1600 1700 1800
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Fig. 5. Temperature dependences of kinematic viscosity of liquid steel
12Kh18NI9TL obtained in heating mode with subsequent cooling:
a—sample /; b — sample 2; ¢ — sample 3; d — sample 4
@ — heating, @ — cooling
The dotted line shows the value of kinematic viscosity
at smelting temperature

Puc. 5. TemneparypHble 3aBUCHMOCTH KHHEMAaTHYECKOH BSI3KOCTH
skunkoit cramu 12X 18H9TII, nony4eHHbIe B pe:KUMe HarpeBa
C MOCIIEAYIOIINM OXJIAKACHUEM:
a — obpazen /; b — obpaszen 2; ¢ — odpazen 3; d — obpazer 4
@ — Harpes; @ — OXJIAXKACHHUE
ITyHKTHpHOI TMHEN NOKa3aHO 3HAYEHNE KHHEMATHUECKOM BA3KOCTH MPH
TEMIIEpaType IIaBKN
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The ascent rate u of a slag particle depends on its size
and can be expressed as

L _2g(d,—d,)
vd

m

; (1

where r is the particle radius; g is the acceleration due
to gravity; d_ is the density of the liquid metal; d is
the slag density; v is the kinematic viscosity of the liquid
metal.

Fig. 5 presents the temperature dependence of kine-
matic viscosity obtained during heating and subsequent
cooling. The absence of hysteresis between the heating
and cooling branches indicates the lack of irreversible
structural transformations in the melt, and consequently,
the stability of slag particles within the melt volume
up to 1740 °C. Therefore, slag particle removal from
the melt is possible only due to their ascent to the sur-
face.

Fig. 6 shows the dependence of slag particle velocity
in liquid 12Kh18N9TL steel on particle size, as calculated
from Equation (1). It follows from Fig. 6 that large par-
ticles rise rapidly to the surface, while particles smaller
than 10 um fail to reach the surface during the smelting
process and remain within the melt volume.

Fig. 7 displays the results of surface tension measure-
ments for liquid 12Kh18N9TL steel samples. In the tem-
perature dependences for samples 3 and 4, anomalies
were detected near 1600 °C, associated with the forma-
tion of a slag film on the sample surface due to slag flow
from the slag bath. Slag particles and liquid metal pos-
sess different surface tension values. The surface ten-
sion determines the force that pulls the drop toward an
ellipsoidal shape. A surface tension gradient (do/dr) in

80

60

40

u, cm/s

20

0 0.2 0.4 0.6 0.8 1.0

2r, mm

Fig. 6. Dependence of floating rate of slag particles in liquid steel
12Kh18N9TL on particle size, °C:
1—-1500; 2 —1600; 3 — 1700

Puc. 6. 3aBUCUMOCTb CKOPOCTH BCIUTBITHS IITAKOBBIX YaCTHIT
B kuaxoit cramu 12X18HI9TJI ot pazmepa npu temmneparype, °C:
1-1500; 2—-1600; 3 — 1700
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Fig. 7. Temperature dependences of surface tension of liquid steel
12Kh18NI9TL samples obtained in cooling mode:
a —sample /; b —sample 2; ¢ — sample 3; d — sample 4
The dotted line shows the value of surface tension of slag inclusions
at smelting temperature

Puc. 7. TeMneparypHble 3aBHCHMOCTH TIOBEPXHOCTHOTO HATSHKCHUSI
00pa3ioB xuakoi cranu 12X18HITJI, nonyyenHbie
B PEIKHME OXJIaXKICHHS:
a — obpasery /; b — obpaserr 2; ¢ — odpazen 3; d — obpazers 4
TIyHKTHUPHOI JIHEH MOKa3aHO 3HAUYCHUE TIOBEPXHOCTHOTO HATSHKCHUS
IIPU TEMIIEpaType IIaBKU

the vertical direction induces the Marangoni force, which
drives slag particles from the base of the drop toward its
apex; this force is counterbalanced by gravity (Fig. 8).
The Marangoni force was estimated from the surface ten-
sion gradient (do/dr) using expression [21]

, do

ZEG—T:FIH:mtr

F =4nr
or dr

)

Thus, a slag particle located on the surface of a liquid
12Kh18N9TL steel drop is subject to both gravity
Fe=p,8V, and the Marangoni force (2) (Fig. 8). The equi-
librium condition of these forces can be written as:

F,,

Slag

A Liquid
particle

metal
£y

Fig. 8. The Marangoni effect

Puc. 8. Dpdext Mapanronu

4 3 2 do
—nr =4mr° —,
3 pslg dl"

do

—_— = r.
dl" pslg

From this, the expression for Ac can be obtained
Idc = J.Ps1 grdr,

2
Ao=-PE (3)

In equation (3), Ac represents the difference between
the surface tension values of slag and metal, at which
the slag particle remains in equilibrium under the oppo-
sing actions of gravity and the Marangoni force. Fig. 9
shows the dependence of Ac on the slag particle radius
on the drop surface. When Ac =200 mJ/m?, slag par-
ticles larger than 4 mm can move upward from the base
toward the apex of the drop surface. The observed slag
flow phenomenon indicates that during slag bath forma-
tion at the base of the drop, the surface tension changes
to a value at which the Marangoni forces become domi-
nant.

Table 3 presents the chemical composition of the samp-
les and the corresponding volume fraction of slag inclu-
sions. Analysis of the data shows that the volume fraction
of slag inclusions increases with increasing titanium con-
tent, suggesting a decisive role of titanium additions in
the formation of slag inclusions.

- CONCLUSIONS

The behavior of slag inclusions was studied in samples
taken during the casting of austenitic corrosion-resistant
steel 12Kh18NI9TL. In surface tension tests of liquid steel
performed by the sessile-drop method using a digital
camera, slag release from the sample was observed upon
heating to 1760 °C. Slag drops flowed from the sample
surface, forming a slag bath at the base of the drop. Dur-

300
250 -

2

200 -
150

Ac, mJ/m

100
50 |-

Fig. 9. Dependence of Ao on the radius r of a slag particle
on the surface of liquid steel 12Kh18N9TL

Puc. 9. 3aBucuMocTb AG OT pajuyca » IUIAKOBOH YacTHIIEI
Ha MOBEPXHOCTH kuakon ctamu 12X18HITIL
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Table 3. Chemical composition of the samples, wt. % and volume fraction of inclusions

Tabauya 3. Xumuveckuii coctaB o0pa3uoB, Mac. % 1 00beMHast 10151 BKJIIOYEHHUI

S*}\Inzfle C Si | Mn | Ni Cr Ti Fe V"hi‘fﬁufsr;cfs";’o; slag
i 0.059 | 0423 | 1.174 | 9373 | 17.49 | 0.022 | 70.31 441
2 0.060 | 0.563 | 1.196 | 9.298 | 17.41 | 0.503 | 69.80 539
3 0.065 | 0.558 | 1.113 | 9.549 | 17.50 | 0.595 | 69.48 5.68
4 0.064 | 0.655 | 1.044 | 9.430 | 17.43 | 0.401 | 70.31 4.12

ing subsequent cooling of the liquid-steel drop, slag
particles were found to flow from the slag bath onto
the sample surface under the action of the Marangoni
force. The size dependence of the slag inclusion ascent
rate and the Marangoni force magnitude was evaluated.
Analysis of the relationship between slag particle ascent
rate and particle size showed that only particles smaller
than 10 um can remain in the melt volume, while larger
particles rise to the surface of the liquid bath. It was
established that slag particles up to 4 mm in size can flow
onto the sample surface under the action of the Maran-
goni force.

The physicochemical properties of liquid 12Kh18N9TL
steel relevant to foundry practice, namely surface ten-
sion and kinematic viscosity, were measured over a tem-
perature range of 1370 — 1760 °C. No hysteresis between
the heating and cooling branches of the kinematic-
viscosity curves was observed, indicating the absence
of irreversible structural transformations in the melt.
This suggests that slag particles remain stable in the melt
up to 1760 °C. In the temperature dependences of sur-
face tension for samples taken from the third and fourth
ladles during 12Kh18N9TL steel casting, anomalies were
detected near 1600 °C, corresponding to a sharp decrease
in surface tension. Such anomalous behavior is attri-
buted to slag particle flow from the formed slag bath onto
the drop surface under the influence of the Marangoni
force. The volume fraction of slag inclusions in the melt
was also evaluated. The lowest volume fractions were
recorded in the sample taken before titanium addition and
in the sample taken from the fourth ladle.

The volume fraction of slag inclusions in the melt
was also evaluated. The lowest volume fractions were
recorded in the sample taken before titanium addition
and in the sample taken from the fourth ladle. The reduc-
tion in slag inclusion volume fraction in the latter sample,
taken from the final ladle into which the residual liquid
metal was tapped from the furnace, is associated with
slag particle flotation to the liquid-metal surface during
steel smelting. A correlation was established between
the volume fraction of slag inclusions and the titanium
content in the samples. An increase in titanium concen-

540

tration was accompanied by a rise in the volume fraction
of'slag inclusions, indicating that titanium plays a decisive
role in the formation of slag inclusions. It was concluded
that titanium additions to the melt lead to an increase in
the volume fraction of slag inclusions in the casting.
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