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Development of Centrifugal Cast Roll with High Wear Resistance
for Finishing Stands of Hot Strip Mills
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For the purpose of the development of a higher wear resistance roll produced by a centrifugal casting process,
metallurgical studies were systematically carried out on relationships among alloying elements, casting conditions,
microstructures and wear properties, using high-alloyed steels, such as a high speed tool steel. Results obtained are
summarized, as follows : (1) The difference of the specific gravity between primary crystals and residual molten steel
generates the segregation of VC to inner layer of a roll during centrifugal casting. (2} The addition of an appropriate
amount of Nb makes the compound carbides of (V,Nb} C, which have the similar specific gravity to the residual molten
steel. (3) The uniform distribution of MC type granular carbides has been achieved in the roll of the 2 mass% C - 6 mass%
- Nb type alloyed steel. {4) The increment of tough carbides enriched with C, Cr and Mo is effective to suppress an increase
in rolling load and to improve a wear resistance. (5) The developed rolls have the wear resistance more than 4 times as

high as conventional roll and have been satisfactorily used at the finishing stands of hot strip mills.
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Table 1 Chemical compasitions {mass?%)

C Si Mn Ni Co Cr Mo \Y Nb W

002 0.2 0 0 3.6 2.0 3.1 0 ¢
~3.7~1.0~1.0 ~3.0 ~6.0 ~20.0 ~15.0 ~-8.6 ~2.5 ~11.1
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Photo 1 Typical example of segregation of carbide in a
conventional centrifugal cast ring of 2.5 mass%C -
6 mass%Cr - 5 mass% Mo - 5 mass% W - 6 mass%V
type alloved steel

Table 2 Density of carbides and elements

Carbide W.C WC Mo,C NbC VC  Fe,C
Density 17.2  15.8 9.1 7.9 5.7 7.2
Element W Mo Nb Fe Cr Vv

Density 19.3 10,2 8.6 7.9 7.2 6.1
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Fig. 1 Segregation mechanism of V carbide in inner layer of
a high C-high V steel roll during centrifugal casting

\
Cr
WMo
f\./‘ N
4] 5 10
(keV)
(a) 4 mass%W - bearing material
v
Np Ma /
f J Cr
.
0 5 o
(keV)

(b 1.8 mass%Nb - bearing material

Fig. 2 EDX spectra of pro-eutectic MC type carbide (Basic
composition : 2 mass%C - 7 mass%Cr - 2.5 mass%
Mo - 6 mass% V)



AOHEIC L BBER I LV ASHERo—LOER g1

Slip ratio;3.0%
, —

1.0 T N T
| —0— 2C-7Cr-2.5Mo-4W-6V
A 2C-6Cr-2.3Mo-6V
w 080 O 2C-4Cr-2.5Mo-6V-INb 1
- .~2— Ni-G |
; --&- Hi-Cr
£ osr A .
5 ] A 1
z 047 . 7
02 - N
Ay s
00 o L A
) 200 400 600 800

Slip distance  {m)

Fig. 3 Wear resistance of high C-high V type alloyed steels
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Fig. 4 Effects of alioying elements on wear resistance of
2 mass%C - 6 mass%V steel
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Photo 2 SEM images of wear surface of hot wear test disk
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Fig. 5 Relationship between content of alloying element and
area ratio of carbide
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Fig. 6 Effect of area ratio of carbide on wear resistance
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(a) Basic chemistry (2 mass%C - 6 mass%Cr - 2.5 mass%Mo -
5 mass%V - 1.5 mass%Nb)

(b) Increased in C content

{c) Increased in C, Cr and Mo contents

Photo 3 SEM images of wear surface of hot wear test disk

Photo 4 SEM image of disk surface of newly developed
material after hot wear test
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Fig. 7 Distribution of hardness of centrifugal cast HSS roll
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