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Influences of Microstructure on the Wear Resistance of High

C-5Cr-V Steels for Work Rolls in Cold Rolling Mills
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Syuzo UEDA and Hiroshige WANAKA

Synopsis :

Influences of microstructures on the wear resistance of high C-5%Cr-V steels are studied using a

two-cylinder type wear test machine.

Under the test conditions of low Hertz stress (100kgf/mm?)-high

slip ratio (20%) and high Hertz stress (150~ 200kgf/mm?)-low slip ratio (9%), the main results obtained are

as follows.

(1) The initial wear rate decreases with C content, which increases primary carbides and spheroidized

carbides.
primary carbides.

However, the steady state wear rate is increased by pit-like flakings which often occur in the

(2) The initial and steady state wear rates tend to decrease with the increase in V content up to the

amount which makes the ratio of V content to C content, V/C, larger than 1.

This decrease of wear rate

closely relates to the fine precipitation of MC type carbides and the increase in the fraction of spheroidized

carbides.

(3) In the case of the steels having V/C of less than 1, the steady state wear rate increases with the in-
crease in the spheroidized carbides and the retained austenite.
Under the test condition of high Hertz stress and low slip ratio, the significant increase in wear loss is

obtained in the steel having V/C of less than 1.

It is indicated that the increase in wear loss is caused by

the flaking which results from the nucleation, growth and coalescence of voids from the spheroidized car-

bides larger thab lum.

Key words : wear ; cold rolling; work roll ; high carbon steel; chromium steel ; vanadium steel ; micro-

structure.
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Table 1. Chemical compositions of steels used
(wt%).

Steel C Si Mn Cr Ni Mo A%
A 0.96 0.66 0.41 5.10 0.15 0.32 0.076
B 0.94 0.64 0.40 5.13 0.15 0.31 1.01
C 1.28 0.65 0.40 5.02 0.15 0.31 0.076
D 1.32 0.64 0.40 5.11 0.15 0.32 0.53
E 1.26 0.67 0.41 5.20 0.15 0.32 1.57
F 1.26 0.66 0.42 5.30 0.15 0.32 2.08
G 1.59 0.65 0.40 5.14 0.15 0.33 1.06
H 1.54 0.70 0.40 5.12 0.15 0.32 1.53
I 1.58 0.67 0.41 5.18 0.15 0.32 2.06

Table 2. Wear test condition.

Test condition A B
Hardness of
test specimen HV 800

Pair specimen S45C HV 200 3%Cr HV 700
o 100 kgf/mm? 150 kgf/mm2, 200 kef/mm?
Hertz stress (981 MPa) (1471 MPa) (1961 MPa)
Rolling speed 770 min !

Slip ratio 20% 9%
Lubrication 3% Mineral oil emulusion, 60°C

XiE7.2mm SMWEOL & 3mm & L7
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R OF1X10° mlElEREF N2 RELD 33 L, i, W,
HFELRVEKELZ. &b, HFEMEIEOOERRL.
RERZMEBIE, PRI -V EDEBITERLAVYILH
% 150 kgf/mm? (1471 MPa) & U° 200 kgf/mm® (1 961
MPa) &L, $~03&E9% T, REBL, ERRHELN
EL7. HFHEIWS HV 700 & L7,
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Fig. 1. Schematic illustration of two cylinder type
wear test.
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Fig. 2. A typical example of the relation of wear loss and surface roughness of wear
specimen with number of rolling cycles during wear test.
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Fig. 3. Relation between wear loss and number of
rolling cycles of 1%C-0.08%V steel and 1.3%C-V
steels tested under the condition of low Hertz
stress and high slip ratio.
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Fig. 4. Effect of V content on wear rate obtained
by the low Hertz stress and high slip ratio wear
test.
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. \ Fig. 6. Relation between wear loss and number of
FIBE S — KR TEL T 5. rolling cycles for 1%C-0.08%V steel (steel A) and
1%C-1.0%V steel (steel B) tested under the condi-
tion of high Hertz stress and low slip ratio. .
a)008%,V (Steel C) 5°%V(Steel D ) | ©)15%V(Steel E)

Fig. 5. Three dimensional roughness profiles of wear surface of a) steel A, b) steel D and ¢)
steel E after 10° cycles tested under the condition of low Hertz stress and high slip ratio.
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Fig. 7. Effect of V content on the area fraction of

primary carbides and spheroidized carbides, and
the volume fraction of retained austenite.

Photo. 1. Scanning electron
micrographs of wear surfaces
of a) 1%C-0.08%V (steel A)
after 7 X 10°% cycles and b)
1%C-1.0%V (steel B) after
1.2 X 107 cycles tested under
the condition of high Hertz
stress (200 kgf/mm?) and low
slip ratio (9%).

Photo. 2.

Scanning electron micrographs of wear test specimens of a) steel A (1%C-0.08%V), b)
steel C (1.3%C-0.08%), ¢) steel F (1.3%C-2%V) and d) steel I1(1.6%C-2%V) after the quench
and temper treatment (nitral etched).
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ICDWTEEL /-,
4-1-1 —RpAtS

Photo. 3 {2 1 X107 it D 1 %C-1.0 %V X 0
BrRAR L R, BERL KRB E T I
T5. COEKRZFALMEIFREEOERICIVE SR
TBH, 209 2 RAYHIZE NI AL TWw5. Fig 5
WRTEREOY » M, ERA2—RR{LW A EEREE I
FfEL, RERF oI OERIC L) RitrhicEin % 4
L, RILWERBOBER»SHBEEIEZ L, Photo. 3
KHERMIORTBRETERLZ D EEZ5NE. BEX
e FACY SRR I L TR 2R EE AN

' b)

pheroidized Wear
carbide Clrctck sur*face

o

Primary
carbide

Photo. 3. Scanning electron micrographs of a) the
cross section of the wear specimen after 107 cycles
showing the cracking of primary carbides, and b)
schematic illustration of the pit-formation of pri-
mary carbides.
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Fig. 8. Relation between wear rate and the frac-
tion of spheroidized carbides.
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Photo. 4. Electron micrograph of carbon extrac-
tion reprica of 1.3%C-1.5%V steel (steel E) wear
specimen, and results of EDX analyses of precipi-
tates A and B.

Mo

. : T dum,

Photo. 5. Electron micrograph of carbon extrac-
tion reprica of 1.3%C-0.08%V steel (steel C)
wear specimen, and the results of EDX analyses of
the presipitate A.
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Fig. 9. Relation between wear rate and the frac-
tion of retained austenite.
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Fig. 10. Influence of C and V content on the type

of carbides in 5%Cr steels.

4-2 WEFEMICRETVORLE

VEOBIMC X D RERE M L L, BREEELIKT
TA. VOMPRICELHELTRESL., V/CH 1L
e, BEREMSELCRLET A5 1K@ TN
B AMBRIEL 2L, ZhH0EVRRIEYDOTE
BOZLCHBETE S, V/CH 1 RMOETHRTI,
Fig. 10 {Z/RT & 512, M;Cs, M3C, MyCq DALY
BHHLTWBLS, V/CH1 L EDORS%Tid MC jx
It DK E L Twvwb,. MC #1L% i3 Photo. 4 ® B IZ
AT LI Tum RFOMMRIL & LTHEL T
%. %72, Photo.2 IZ7RT LD 12, VEOHEMIZLD (¢,
d)), FRRRALWORFZ/NE L RY, Fig 78R X
42 1pm B EOERKRAWE S BAEBMERL TV
. Zabhs, VEOHMNCXAWEREOM B,

—137—



516 B r 8 & 75 4 (1989) £ 3 B

Wear
surface

Micro
structure

Photo. 6. Scanning electron micrograph of the
wear surface and cross section of wear specimen
after 107 cycles tested under the condition of high
Hertz stress (200 kgf/mm?) and low slip ratio.
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