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Solidification Mechanisms of Abrasion-resistant
High Speed Steel Type High Carbon Alloys
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Fe-5%Cr-5%Mo-5%W-0% ~11%V-1~44%CAEnREN L SEFRBR T LML, AEERTIE, A
fE LTS, 7. MC, MsCASRAN L. &Ml DML V L CIRIE & DBIRTHE T &, Fe-V-CREBML T
VD, MaCRMCHTIRRERNT E BN hr o 7295, Mo, W. CrEEERATIC L D S OBMEB Tk LT
BT A, ARRER L BN B B A TR OSTESE) I B T A ARMEA R IS0 W TR ORI & il
WTED, y-RALESLVEICPREORME N SELLOOFEMBIZ OV THREL

Synopsis:

The phase diagram and the solidification processes are revealed for Fe-5% Cr-5% Mo-
5% W-0~11% V-1~4.4% C alloys. &,y , MC and MsC crystallize as primary phases in the ranges
of C and V contents similar to those of Fe-V-C and Fe-5% Cr-V-C alloy systems. M:C and M+Cs
crystallize as eutectic because of segregation of Mo, W and Cr to residual liquid, though they don't ap-
pear in the diagram. The species and amount of carbides of this alloy system are estimated on the ba-
sis of the diagram and the analysis of redistribution of alloying elements during solidification. The
chemical compositions are proposed to the alloy which should crystallize small amount of graphite

among y -carbide eutectic cells.
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Table 1 The chemical compositions of specimens

Sample Chemical composition(mass%)

number| - Cr vV W Mo Carbide

No.l1 {1.01 432 — 520 498 MeC
No.2 |1.29 457 — 518 495 MeC+M7C3
No.3 | 139 423 3.03 477 49 MC+M2C
No4 |1.87 453 645 535 480 MC+M2C
No.5 193 441 852 534 490 MC+M2C
No6 |1.99 416 3.06 430 494 MC+M2C
No.7 [2.02 509 624 378 498 MC+M2C
No8 |2.07 482 11.13 462 477 MC+M2C
No9 |2.11 500 848 509 464 MC+M2C

No.10 {248 5.17 531 473 527 (MC+M2C+M7Cs3
No.11 {2.50 449 3.13 5.05 521 |MC+M2C+M7C3
No.12 12.57 438 693 502 483 MC+M2C
No.13 |2.91 509 7.16 442 528 MC+M2C
No.14 [3.27 4.06 3.42 3.85 5.06 | MC+M2C+M7C3
No.15|3.76 464 326 510 4.96|MC+M2C+M7C3
No.16 |3.81 4.54 324 484 4.80|MC+M2C+M7C3
No.17 |4.13 468 — 481 488 MC+MC3
No.I18 |4.16 469 3.44 5.02 4.50MC+M2C+M7C3
No.19 [4.16 4.61 3.77 4.64 4.82|MC+M2C+M7C3
No.20 (431 457 — 477 49| MC+M1C3
No.21 431 463 122 539 483 MC+M1C3
No.22 [435 462 340 560 4.83|MC+M2C+M7C3
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Fig.2 The diagram for liquidus surfaces of Fe-5%Cr-5%
Mo-5%W-V-C alloy system
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Fig.6 Phase diagram for Fe-5% Cr-5% Mo-5%
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Fig.10 The changes in alloying elements in residual

liquid during solidification of Fe-5.2% Cr-5.3%
Mo-4.7% W-5.3% V-2.48% C alloy

Table 2 Partition coefficients of alloying elements
to eutectic phases
¥ + MC eutectic
kv kce kMo kw
Y 026 052 022 032
MC 11.03 067 170 2.68
Yy+MC| 265 056 055 084

Y + M2C eutectic

kv kcr kMo kw
¥ 0.17 031 023 043
MC [|366 083 352 584
Y+MC| 1.59 052 157 263
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Development of Innovative Thermal Spraying Technology of Tungsten Carbide Cermet
— Experimental Results of Thermal Sprayed Rolls Applied to Skin Pass Rolling —
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Synopsis:

Due to the defect that thermal sprayed coatings are easily peeled off which are now
being used in the processing rolls of steelmaking, its applicability has been frequently restricted
so far. Above all, even the coating of tungsten carbide cermet which is said to have a relatively
high adherence has not yet been applied to rolling rolls like a chromium plating.

Then the authors, aiming at the adhesive property equivalent to that of hard chromium
plated coatings which have already been used in the cold rolling, carried out the development of
thermal spraying technology and, at this time, rolling experiments using a skin pass rolling roll in
the laboratory. As the result, it was confirmed that no peeling-off of the coating occurred, even
when repeating its rolling exceeding 1,000 passes, and its adherence is equal to that of chromium
plating.

From now on, its commercial application will be planned not only for rolling rolls, but
also for higher stress bearing processing rolls which cannot be applied a usual thermal spraying,
furthermore, confirming and, if necessary, improving its performance will be carried out.
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Production and Application Results of Front Stands Rolls for Hot Strip Finishing Mill by Continuous Pouring Process for Cladding
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Synopsis:

A special cast iron such as a high chromium cast iron, a high alloy grain cast iron, etc.,
has conventionally been applied for work rolls in hot strip mills. Recently accompanied with a
higher quality of products and a higher efficiency of hot strip mill lines, loads to these rolls have
been increased and a higher level of characteristics has been required. For these requests,
together with selecting tool steel series materials containing many kind of alloying elements as
work roll materials by applying the Continuous Pouring process for Cladding (hereinafter
referred to as C.P.C method) as a manufacturing method, a manufacturing technology for the
work rolls with an excellent useful life longevity has been established. Rough surface resistance
of work rolls is specially required by the front stands of hot strip finishing mill, so the selection
of material was newly carried out for a work roll. The work roll can roll 10 times without grinding
and excellent application results are obtained. Also it was confirmed that its durability is three times
or more greater than that of the conventional roll (high chromium cast iron) in wear resistance.
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Development of Composite Sleeve Roll for Bar Mill by Continuous Pouring Process for Cladding
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Synopsis:

A composite sleeve roll with a high speed steel outer layer has been using the continuous
pouring process for cladding (C.P.C) developed by our company, and the roll has suceeded in
rolling deformed bars. The composite sleeve was clad in a high carbon high speed steel (HsD
80~90) on a Cr - Mo steel (core), and the composite sleeve roll was manufactured by fitting the
composite sleeve to an arbor machined out of a disposal roll with a shrinkage fitting ratio of 0.6 -
1.0/1000. The durability of the roll, obtained from intermediate and pre-finishing stands of
deformed bar mills, is more than 3times as compared with the conventional roll. Especially to
the calibers which are similar to "Sakura (cherry blossom)" and "Peanuts” in shape in slit system
mills, the durability at the protruding portion of slit positioning and the slit portion was markedly
improved.
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Theoretical Analyses of Temperatures and Stresses on Rolls in Strip Mill Lines
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Synopsis:

Theoretical analyses of temperatures and stresses on composite rolls subjected to thermal
loads (contact heat transfer and frictional heat) and mechanical loads in strip mill lines were
carried out by means of the Laplace transformation and the finite Fourier cosine transformation.
Using solutions of temperatures and stresses obtained from the theoretical analyses, and taking a
shrinkage fit roll subjected to the repetition of heating and cooling in a strip mill line as an
example, numerical calculations of temperatures and stresses generated in the roll under the work
were carried out, furthermore, the distributions and transitions of temperatures and stresses were

made clear numerically.
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