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Formation and Falling Mechanism of Black Oxide Layers in
High Speed Steel Rolls during Hot Strip Milling

Keun Chul Hwanc, Sunghak Lee and Eonsik Lee

Synopsis :

To shorten the roll transfer time and improve the surface quality of the hot-rolled products, the black oxide layers

formed on the roll surface were analyzed by means of SEM, WDS and X-ray diffraction techniques, for two rolls with

different W and Mo contents.

The observation of the near-surface region of the HSS roll with more W and Mo

additions indicated that microcracks formed in the black oxide layers on the roll surface, and easily propagated along

needle-shaped M,C type primary carbides segregated in the intercellular regions.

This led to further crack growth

along M,C carbides, and then to the final falling of the black oxide layers from the roll surface. On the other hand, in
the HSS roll with less W and Mo additions, the black oxide layers were hardly evident, since they were fallen off easily
from the roll surface. These results were interpreted by the molybdenum addition which affected the amount of M,
C carbides and the black oxide formation, suggesting the existence of a proper molybdenum content to achieve the

stable black oxide layers on the HSS roll surface.
Key words : black oxide layers ; roll ; crack ; hot mill.
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Table 1. Chemical composition of the two HSS
rolls investigated. (wt.%)

Roll C W Mo Cr A\ Si Ni Mn P S

A 200 65 41 56 43 02 14 09 001 001
B 195 17 17 55 52 08 09 04 002 002

Fig. 1. Optical micrographs of (a) the A-roll and (b)
the B-roll. Roll materials were etched using
nital etchant.
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Fig. 2. Optical micrographs of (a) the A-roll and (b)
the B-roll. Roll materials were etched using
Murakami etchant.

Table 2. Quantitative analysis in the two HSS rolls.

Volume Fraction (%)

Roll Cell Size ] Y+MoC+MiCs Vickers
(um) MC Primary Eutectic Tota] Hardness
Carbide Structure in
Cell Boundary
A 91 72 155" 227 710
B 112 75 83 15.8 612

* M:Cs eutectic carbides are not found in the A-roll.
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Fig. 3. SEM micrograph of the near-surface region of the sectioned A-roll specimen, showing black oxide layer,

coarse carbides, and cracks.
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Fig. 4. (a) X-Ray diffraction peaks, (b) WDS spectra, and (c) EDS spectra of the black oxide layer for the A-roll. (d)
is EDS spectra of the matrix structure, and is compared with (c).
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Fig. 5. Optical micrographs of the A-roll surface,
showing (a) fallen-off parts, surface cracks,
and M,C carbides and (b) MC carbides and
scale marks. Not etched.
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Fig. 6. (a) SEM micrograph of the surface region of
the sectioned A-roll specimen, showing sepa-
ration of black oxide layer on the top of the
MC type carbide. (b) SEM micrograph taken
after lightly polishing and etching the roll
surface, showing networks of black oxide
layers and microcracks.
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Fig. 7. (a)-(b) Optical micrographs (not etched) of the B-roll surface,

showing black oxide layers, coarse carbides,

cracks and black spots (as indicated by arrows in (b)). (¢) and (d) are the SEM micrograph taken after lightly
polishing the roll surface and EDS spectra of the black spots in (b), respectively.

Fig. 8. SEM micrograph of the surface region of the
sectioned B-roll specimen, showing infiltra-
tion of the corrosion compounds (black spots
in Fig.7 (b)) into the interior of the roll.
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