PREVENTING CRACKS WHEN CASTING STEEL SLAG LADLES
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The paper is dedicated to the improvement of large steel casting technology where slag ladle
casting is taken as an example. The temperature measurement of the crystallization process of cast-
ing is held. The causes of the formation of cracks are reviewed. To prevent the formation of cracks
the recommendations are developed to improve the casting technology.
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The metallurgical plant of Chelyabinsk region
produced three types of slag ladles made of steel
grades 15L—35L that were different in design and ca-
pacity: 16.5, 22.5 and 19.7 tons correspondingly.

Slag ladles were cast in sandy-clay forms from
self-hardening soluble-glass mixture (SGS) with the
dome up. The forms were poured using the siphon gat-
ing system composed of ceramics. The system con-
sisted of a funnel, a riser, a runner gate located around
the core on the lower diameter of the cavity of mold and
chokes that came into the mold cavity from the bottom.

There were found two types of cracks in castings
[3]: vertical cracks and horizontal cracks that were in
conjunction with the support ring in slag ladles of the
capacities of 11 m’ and 16 m® which is shown in Fig. 1.
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Fig. 1. The view of the slag ladle with the capacity of 11 m®

The measures to prevent cracks were introduced
into the technological process, i.e. the installation of
the internal refrigerators in hot nodes of mates with
the support ring; the dispersal of the metal feed along
the casting perimeter (bottom diameter); the applica-
tion of SGS which provides the best ductility at tem-
peratures of steel crystallization; the disrupting of the
mold at high temperatures.

Despite the measures introduced into the process
a number of slag ladles (about 7 %) were damaged by
cracks. The correction of cracks required additional
costs. Moreover, the appearance of operational cracks
into the places of usual occurrence of hot cracks, even
when they were not detected, indicated the common
reason of weakness and premature failure of the ope-
ration of separate parts of slag ladles.

To determine the cause of the operational crack
formation, it was necessary: to study the macrostruc-
ture of templates cut from castings (Fig. 2a); to inves-
tigate the influence of refrigerators (Fig. 2b) and the
casting microstructure (Fig. 3); to identify and re-
search the effect of the mold casting modes.

The calculations of the mold casting modes of
different authors (Table 1) showed the significant dif-
ferences in the duration of the casting process. If we
exclude the lowest speed of casting process of the
shortest duration 7., the fluctuations of the average
duration don’t seem large (3541 s).

Fig. 2. Macrostructure of two templates (etched with 50 % HCI)
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Fig. 3. Destruction and occurrence of eutectic sulphides
on boundaries of primary grains (x100)

Table 1
Calculated values of the duration of the casting process (z,) of slag ladles of capacity of 11 and 16 m®
. Duration 7, s
No. Calculation formula Author 3 3
11 m 16 m
1 7. = (16 + 2.36),/G, Yu.A. Nekhendzi [1] 189-297 222-348
2 7. = 1.11,/G, S.V. Russiyan [5] 140 165
3 T.=(1~+ 1.35)68'447 B.B. Gulyaev [4] 5676 65—88
4 7, = 1.53/8,G, G.M. Dubitskiy [5] 163 181
5 To = 4/00Gy N.N. Mishchenko [5] 109 120
2
6 . (M) G.F. Balandin [5] 94 94
1.13b,,(t, — t,,)
7 . = 1.35 \/8,G, P.F. Vasilevskiy [2] 146 162

However, the zones with high burning-in were
detected on the casting surface. This results from the
significant differences between the heating of casting
in the sections and is explained by the prolonged ex-
posure of metal stream from relevant chokes.

By measuring the temperature regimes of casting in
the marked areas it was founded that the difference in the
duration of crystallization of steel 30L taking place in the
period of cooling, which is considered the most danger-
ous one in terms of hot crack forming [6], reached
35 min and the temperature of 75 °C (Fig. 4, 5).

This difference in cooling further increases with
the decrease in the speed of casting. The duration of
the casting in the production of 11 m’ slag ladles was
within 3.5-4.5 min. The duration of the casting in the
production of 16 m’ slag ladles was more than 5 min.
To verify the substantial impact of the duration of
the casting on the process of cracking, one mold for
the ladle of 16.5 m® was filled in for 13 min 20 s (see
Fig. 6, 7, 8).

Later the dispersed siphon gating system was re-
placed with a tangent choke, which ensured the uni-
form cooling due to the circle flow of metal.

The differences in the range of crystallization

temperature reached 83 °C. Hot crack with a maxi-
mum opening at the bottom of the casting equal to
~ 50 mm (Fig. 6) became a sufficient evidence of the
need to limit the duration of the casting for ladles of
11 m® within 2 min and for ladles of 16 m’ and 16.5 m’
within 3 min. The temperature of the steel during cast-
ing must be maintained in the range of 1530-1580 °C.

The same effect is obtained with similar castings
in Magnitogorsk. It was done by increasing the speed
of mold filling that was achieved by locating two
stops and two risers on opposite sides of the casting
with separate branches of the runner gate. The process
of casting was strictly regulated. The desired tempera-
ture of metal and the high speed of casting coming
through two risers create the conditions for the uni-
form flows from all the chokes located on both sides
of the runner gate. It prevents local overheating and
reduces the unevenness of deformation of the zones
that are formed in case of uneven liquid flow from
chokes. The deformation localization coefficient in
this case is close to 1 in all the areas between the
streams of metal that are formed when the metal
comes from the chokes. Other plants producing simi-
lar products have adopted this technique.
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Fig. 4. The layout of points of thermocouples in the ladle of 11 m®
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Fig. 5. The difference in cooling of the ladle of 11 m®
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Fig. 6. The layout of thermocouples in the ladle of 16 m® (indicated
by numbers). The arrows show the sides of casting, dashed lines show
the areas with an increased level of burning-in
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Fig. 7. The preheating of the mold for the ladle of 16.5 m%, 7, =13 min 20 s
during the casting (the arrow and dashed lines) by the points in Fig. 6
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Fig. 8. The cooling of areas with an increased level of burning-in (strokes) on the
right (a) and left (b) sides of the casting. Digits are the numbers of thermocouples

Thus, the major factor influencing crack forma-
tion is the uneven deformation caused by the lack of
mass velocity of mold casting through the siphon run-
ner gate system with the same section of the chokes
and insufficient section of channels of other elements,
in particular, the runner gate and the riser. The large
mass of metal passed through the closest chokes and it
was the reason for creating the uneven warming at the
second stage of cooling. The difference in temperature
preheating and cooling modes reached more than
70 °C at the crystallization range of hot locality.

This negative uneven preheating and cooling lo-
cations of the casting can be easily detected without
calculations and eliminated by increasing the mass
velocity of casting or with an oblique gating of
chokes.
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NMPEOOTBPALUEHUE TPELUWUH NPU OTIIUBKE
CTAJNbHbLIX LULNAKOBO3HbIX YALL

M.A. UsaHos, B.!. LlIseyos

Pa6ora TNOCBAIIICHA COBCPHICHCTBOBAHUIO TEXHOJOIMU HM3TOTOBJIICHHSA KPYNHBIX CTAaJIbHBIX
OTJIMBOK Ha MPUMEPE MIJIaKOBO3HBIX HYalll. HpOBCHSHO TCPMOMETPUPOBAHUEC TIPOIIECCA KPUCTAIN-
3alUH OTJIMBKH. VcTaHOBIIEHBI TIPUYHHBI O6pa30BaHHH TPCIIUH. HpI/IBeI[eHLI PEKOMEHAAUH I10 U3-
MEHCHHUIO TCXHOJIOTUU JINThA JJIA HAACKHOI'O MPEAOTBpAILlICHUA 06pa3OBaHHH TPCIIUH.

Knroueswvie cnosa: mpewiurna, omiueKkda, WiadKkoeo3ndas 4awud.

Jlumepamypa

1. Hexenosu, FO.A. Cmanvnoe numve: yueb. / FO.A. Hexenosu. — M.:Memannypeusoam, 1948. —766 c.

2. Bacunesckuil, I1.®. Texnonoecuss cmanvnozo numes / I11.@. Bacunesckuii. — M.:Mawunocmpoenue, 1974. —
408 c.

3. Usanos, M.A. Yciosua obpazosanus u npedomepawenus mpewun ¢ omauskax us cmau / M.A. Heanos,
B.U. llseyos, E.JI. Bonocamosa // Hayxa IOYpI'Y: mamepuaner 63-ii nayu. xongh. Cekyuu mexHuvyeckux HayK:
6 2 m. — Yenabunck: Uszoam. yenmp FOYpl'Y, 2011. —T. 2. — C. 123-127.

4. I'ynaes, b.b. Teopusa numetinvix npoyeccos / b.b. I'visies. — M.,;JI.: Mawunocmpoenue, 1976. — 214 c.

5. Bananoun, I.®. Ocnoevr meopuu popmuposanus omausku / I.®. Baranoun. — M.: Mawunocmpoenue,
1979. - 4. 1I. - 335 c.

6. Pazsumue meopuu mpewunoycmouuusocmu omaueox / M.A. Hseanos, B.U. Illeeyos, E.JI. Borocamosa,
I[.B. H30moe // Becmuux FOYpI'Y. Cepus «Memannypeusy. — 2011. — Boin. 17, Ne 36. — C. 48-50.

HNBanoB Muxani AjleKCAHAPOBHY, KaHJ. TEXH. HayK, JOICHT KadeIpsl 000pyIOBaHUS W TEXHOJIOTUU CBa-

pOYHOTO TpOM3BOACTBA, HOKHO-Ypanbckuii TocynapcTBeHHbIM yHuBepcureT (r. YemsOuHck); IvanovMA@
susu.ac.ru.

IIBenoB Baagumup UBaHOBMY, KaHA. TEXH. HAyK, TOUCHT Kadeapbl METaJUTyPIUH U JIUTEHHOIO TPOU3BOI-
cTBa, IOXHO-Ypansckuii rocynapcTBeHHbIH yHUBepeuteT (T. YensouHck); Shvetcovvi@susu.ac.ru.

Ilocmynuna 6 pedaxyuito 5 mapma 2014 2.

2014, Tom 14, Ne 2 25



