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Review of Principal Developments and Rolling Performance
of Centrifugal Cast HSS Rolls for Hot Strip Mills
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Kawasaki Steel has developed metallurgical technology of high speed tool steel (HSS) rolls for centrifugal casting. Prin-
cipal developments were reviewed as follows: (1) It was found that the addition of Nb transforms VC into compound car-
bides (V, Nb) C of which specific gravity is similar to the residual molten steel. Consequently, centrifugal separation of
VC carbide was prevented and the centrifugal casting process for roll manufacturing was applied the HSS roll. (2) The
increase of rolling load when conventional HSS rolls was applied to former stands is prevented by the use of improved
HSS where volume fraction of eutectic carbide is increased. (3) Super HSS roll which shows superior insistance to surface
deterioration and wear resistance was developed by the toughening operation of M;C, eutectic carbide enriched in C, Cr
and Mo contents. The excellent performance of Super HSS roll was achieved in actual mills, accomplishing yield con-

sumption (t/mm) several times superior to that of conventional HSS rolls.
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Table 1 Density of carbides and elements

Carbide w,C wC Mo,C NbC vC FE,C w Mo Nb Fe Cr A%
Density 17.2 15.8 9.1 7.9 5.7 7.2 19.3 10.2 8.6 7.9 7.2 6.1
MC typ(‘e carbide Eutectic carbide

(a) Outer surface side (b) Inner surface side

Photo 1 Typical example of segregation of carbide in a conven-
tional centrifugal casting of alloyed steel

Eutectic VC (VC + y) .
Pro-eutectic vC  Centrifugal force

*—>
Metal mold % E@ @@ . ....

Outside  Flow of molten steel Inside

Fig. 1 Segregation mechanism of V carbide in inner layer of a
high C-high V steel roll during centrifugal casting

o0oo0o C-0voOooOooOooOooOooOooooooooooo
00000000 Fg. 1O0Oooooooooooooooooo
o0ooooooooooooooooooooooooooooo
00oo0o0ooooooooooooooooooooooooo
00000000 Table10O0OO0OOO0O VCOOOOOOOO
00ooooooooooooooooooooooooooooo
0000000o0oo0oooooooooooooooooooon
vooooooooooooooooooooooooooooo
goooooooooooooooboobooobooboooooo
0000000o0ooooooooooooooooooooon
0000000o+®00000000000O0D0000O0OOODOO
0000000000000 ooooooooooooooooo
00o0oo(()NpOODODODOooDoooo vVeo (,Nb)COo
00oooooooooooooooooooooooooooo
ooes507000000000(2)0D0000000ODOOOOOO
000 MoOOOWOOOOODODOOODOOOWOOOOOO
0ooooooooooooooooooooooooooooo
00000000o00oooooooooooooooooooo
ooooooovoooooooooooooooopooovoo
goooowgoooooooooooogoooooooooo w
gooooooooooopoopoooooo
go0oo0ooooooooooooooooOooOOoDOoOoOoOon
oooooooooooOoOOo0oOooooooooooODoO00ooo

3 000000000 O0oooooooooo

0000o0o0o0o0oooooooooooooOooOOoODOOO0OO0On

0450

Roll x /

(a) Conventional HSS
(High friction)

(b) Improved HSS
(Low friction)

Fig. 2 Illustration of the cross section in the interface between
strip and roll
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Roll surface

Photo 2 Path line of cracks observed on the cross section in a

roll surface

'V and Nb contents are constant

0.7

06 [ 2C6Cr

05 [ +(C and Cr)

04 [

Wear loss (g)

03 [

02 [

0.1

Volume fraction of carbide (O)

Fig. 3 Effect of additional elements on wear loss in the hot wear
test of HSS material
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(a) Base material (2.2C-6Cr-2.5Mo-5V-1.5Nb)

(b) Increase in C content
(¢) Increase in Cr and Mo contents

Photo 3 SEM images of worn surface of hot wear test disks

60 mass Cr 80 mass Cr 120 mass Cr

2.50 mass Mo

50 mass Mo

Fig. 4 Effect of Cr and Mo content on chemical composition of
eutectic carbide
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MC type
carbide
100 um
| I—
Eutectic
carbide
200 um
[
HSS-1 | HSS2 Super HSS
Photo 4 Microstructure of MC type carbide and M,C, type
eutectic carbide in developed HSS roll material
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Photo 5 Comparison of damage on roll surface after usage

500

) L F1 stand
S 400 - ;});(Conventional
= | X HSS (HSS-2)
g
£ 300 |
B L
% 200 Sup?rHSS
IS]
CPC HSS
% 100 | T~ @
e e %
1

o 8o
0 80 %
0 5000 10000 15000 20000 25000
Continuous rolling amount (t)

Fig. 5 Relation between rolling amount and the depth of heat
crack in HSS rolls
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Fig. 6 Comparison of barrel profile on Super HSS roll and con-
ventional HSS-2 roll
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Fig. 7 Effect of the rolling weight on the roll performance
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