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Development of High-Cr Roll for Hot Strip Mill with Superior Resistance
to Surface Deterioration and to Spalling of Outer Shell

Yoshihiro NAKAGAWA, Takashi HasiMoTo, Hiroaki KATAYAMA and Hajime MORIKAWA

Synopsis:

In recent years, High-Cr cast iron work rolls have been used at front finishing stands in many hot strip

mills instead of Adamite rolls.

‘We researched and investigated heat treatment to improve the resistance to surface deterioration and
centrifugal casting to improve the resistance to spalling of outer shell.

According to the above, our findings are as follows:

In case of 2.8%C-18%Cr roll,

(1) Precipitation of secondary carbide with high wear resistance and martensitization of matrix with high
hardness are obtained by destabilizing heat treatment at more than 1 000°C.

(2) Regarding to melting bond structure of roll with High-Cr outer shell and spheroidal graphite cast iron
core, the roll cast with intermediate layer between outer shell and inner core is sounder than the conven-

tional roll.

This intermediate layer improve the mechanical property and minimize the residual stress.

(3) This type of High-Cr rolls have been used in the actual rolling and we found the clear effects of im-
proved resistance to surface deterioration and to spalling of outer shell.
Key words : hot strip mill ; rolling ; work roll ; high chromium ; heat treatment ; centrifugal casting; adamite

roll ; austenite ; chromium carbide.
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Table 1. Chemical composition of outer shell part
of High-Cr roll used in experiment of heat treat-
ment.

Sample Chemical composition (wt %)

No. c Si Ma P s Ni Cr Mo
Y8003 | 2.69 0.72 0.89 0.040 0.028 1.13 16.65 0.95

T° C
S HP
350" ¢ 125° C/Hr
10Hr Air
cocling

Pre heat treatment of
full scale roltl

Heat treatment of
test specimen

T°C : 800, 900, 1 000, 1 050, 1 100
Fig. 1. Curve of heat treatment.
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Fig. 2. Relation between hardness and tempera-

ture of heat treatment in the roll material with
2.96%C and 16.65%Cr.
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(a=—1) 550°CX10Hr +1100°CX5Hr

(Murakamis etchant)
(a—2) 550°CX10Hr +1100°CX5Hr
(a=3) 550°CX10Hr +1100°CX5Hr
(b—1) 550°CX10Hr + 900°CXS5Hr
(b—2) 550°CX10Hr + 9007CX5Hr
(e—1) 550°CX10Hr + 800°TCX5Hr
(e—2) 550°CX10Hr + 800°CX5Hr

Micro structure of 2.69%C-16.65%Cr type High-Cr roll after heat treatment.
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Table 2. Casting condition of centrifugally cast Core
i Core
High-Cr roll.
Outer shell casting Intermediate Core i
Sample
No. Thickness ~ Temperature | Thickness Weight k7050 K7056
(mm) (mm) (kg)
K7050 82.5 1400 — 3750 ) . .
K7056 70.0 1400 20 3600 Fig. 4. Sampling method of specimen for com-
pression test at melted bond parts.
Inspected position for Quter Shell
Hardness and Microstructure
Core
>I_-.____ e Y- - - _---,ﬁ,f{,____ ___!TE-.h-.
] - ij;—ﬁ / T
ZlSampting position 9= Sampling position for
| for tensile test chemical analysis o
S hd A o~ o«
T e s
40140 Str ebsys Srnfercnus iunr egdu upgues itijn
//
550
760 1670 810
Fig. 3. Size of material and researched position of centrifugally cast High-Cr roll.
Table 3. Chemical composition of centrifugally cast High-Cr roll used in the research.
Chemical composition (wt %)
Sample No. Sampling position
C Si Mn P S Ni Cr Mo Mg
K7050 Outer shell 2.79 0.69 0.84 0.032 0.025 1.76 18.00 1.14 —
Core 3.46 (3.00) 0.43 0.052 0.018 0.72 0.17 0.09 0.069
Outer shell 2.64 0.80 0.76 0.029 0.019 0.94 17.90 2.32 —
K7056 Intermediate 1.62 0.70 0.78 0.035 0.017 0.19 0.03 0.01 —
Core 3.55 (3.00) 0.38 0.059 0.013 0.77 0.18 0.06 0.070

*1 : Chemical analysis of molten metal in the ladle

( ): Target value
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Fig. 5. Change of hardness at barrel section of
centrifugally cast High-Cr roll.

K 7050 sectional view of barrel part
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<, —HMEBHOFLIZT =54 FHBEESH, Fig. 5
IR LB S PERR G LM TH 5.
HRPED 45° Fn O FEMABAER % Table 4 127R
T. NWBRICEBNBR R HE L2 K7050 O L B
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Table 4. Compressive breaking strength in the
direction of 45 at melted bond zone (Outer
shell-intermediate layer-inner core) of centrifugal-
ly cast High-Cr roll.

Sample No. Position 1 Position 2 Position 3

1660 MPa
K7050 1704 MPa
Av.1682 MPa

1520 Mba | 154 Mpa

1 a a

K7056 1985 MPa 1536 MPa

Av.1954 MPa Av.1548 MPa

Position 1 : Melted bond of outer shell and core
Position 2 : Melted bond of outer shell and intermediate layer
Position 3 : Melted bond of intermediate layer and core

4

K 7056 sectional view of barrel part

Photo. 2. Macro-etching of barrel section of centrifugally cast High-Cr roll.
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Table 5.
from the end part barrel of work side).

Chemical analyzed result of S.G. cast iron core of centrifugally cast High-Cr roll (At 550 mm

Sample Sampling Chemical composition (wt %)
No. position c si Mn P S Ni Cr Mo Mg
1 3.60 2.52 0.51 0.061 0.014 0.73 3.09 0.25 0.040
K7050 2 3.45 2.52 0.47 0.055 0.021 0.76 2.50 0.23 0.049
3 3.20 2.53 0.45 0.043 0.029 0.77 2.43 0.20 0.059
1 3.24 2.81 0.43 0.067 0.016 0.77 0.87 0.16 0.044
K7056 2 3.42 2.73 0.44 0.075 0.014 0.72 0.95 0.17 0.045
3 3.34 2.77 0.46 0.083 0.018 0.73 1.03 0.22 0.060

_ ftit, HRC2~3 BT d 0 ELHHE OB 5 IH1
Table 6. Measurement result of residual stress of

barrel surface in the axial direction.

Sample No. Position Value (MPa) Average (MPa)
1 —196 _
K7050 2 —266 231
1 —154 _
K7056 2 —158 156
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PORMEDKERICEIAH 72 sa—vEo 1000°C
DLETOREELBNEIL X 2R BBBOREL IV

Photo. 3. Observation re-
sults by SEM at section of
surface of High-Cr roll af-
ter rolling.
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Table 7. Comparison of roll performance at entry
stands of finishing mill.
Stand 2 Stand 3
Hi-Cr Adamite| Hi-Cr Adamite
t/mm 3145 2037 3597 2043
Average surface evaluation code 1.70 1.87 1.73 1.86

C% & Cr% OREIZI NGB RAMELS ST HIL
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Patt 5 OEH D HHERNICIIKE 2T BV,
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BT T4 a— L), RRECEENHAE. 231
wmrusu— )iz, FEFFCBETCHL LEZRIESR
5F, SHICU—VHEOUEBEINETHSL. T/3%
Tk~ PEGHEHFRNORLNHFEEETRAT AL
LK, SR ABOBROMER F, PR E O
B EB LRI HDEREEBICXL Y, AN
HBERORERI L L, BELIFHIWEL 207,

5 #&
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