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Friction and Wear Properties of Graphite Cast Iron for Hot
Working Rolls

Kunio GoTo and Toshiro MASE

Synopsis :

Two-disc type wear test and disc-block type adhesion test were conducted on the graphite cast iron roll
material in hot rolling mills for the purpose of improving its wear and adhesion resistance. The effects of
the amount of graphite in microstructure on friction and wear behaviors of the graphite cast iron were
studied under the mild and severe conditions. Austenitic stainless steel SUS304 and carbon steel S45C
were selected as the mated materials.

The coefficient of friction is decreased by the increasing amount of graphite in microstructure,
independent of mated materials and adhesion test conditions. Wear rate can be decreased by the
increasing small amount of graphite, but it is increased by the increasing large amount of graphite, except
for the case of the mated material S45C under the mild wear condition where wear rate is increased by

the increasing amount of graphite.

A new friction and wear model is proposed and it enables to explain these experimental results.
Key words : friction ; wear ; hot rolling; work roll; graphite ; cast iron; microstructure.
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Table 1. Chemical compositions (wt% ).

C Si Mn Ni Cr Mo \'4
2.8~3.2 1.5~3.0 0.7~1.0 4.0~7.0 7.0~8.0 2.0~3.5 ~0.1

Cooling water

High frequency coil
=~
Load
i _

Rl

Test specimen Mated specimen

| j
100 $120 2

Fig. 1. Schematic illustration of two-disc type
wear test.

Table 2. Wear test conditions.
Test condition A l B
Mated specimen SUS304, S45C
Hertz stress 100 MPa ‘ 200 MPa
Temperature of mated specimen 800°C
Rolling speed of test specimen 1.05m/s
Slip ratio 5% ] 20%
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Fig. 2. Wear profile after 10 cycles.

High frequency coil

ST +
40

Load —=p¢

=
3 3100
Test specimen Mated specimen

Fig. 3. Schematic illustration of disc-block type
adhesion test.
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Table 3. Adhesion test conditions.

Test condition A l B
Mated specimen SUS304, S45C
Hertz stress 10 MPa I 20 MPa
Temperature of mated specimen 800°C

Rolling speed of mated specimen 0.05m/s

Test time 60 s

0.6
0.5F
0.4

0!3
0.2

0.1

Coefficient of frictione

0 10 20 30 L&b 50 60
Time S

Fig. 4. An example of friction curve obtained by
adhesion test.
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Fig. 5. Relation between coefficient of friction,
mean wear depth and area fraction of graphite
(Test condition A).
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Fig. 6. Relation between coefficient of friction,
mean wear depth and area fraction of graphite
(Test condition B).
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Fig. 7. Relation between area fraction of carbide
and area fraction of graphite in graphite cast iron.
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Photo. 2. Surface appearances of test specimen after wear test under the severe condition

(Mated specimen SUS304).

Photo. 3. Typical microstructure of test specimens.
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(B), (C) shows tempered martensite, M;C3 type carbide and graphite appeared by nital etch.

BB SEEEER & UCERT A Z L aIfFET
5700, RBEHFEMETNICEN TS L, BELE
WL, WEEEONLICEFSTHLOREbH - 7121519,
ZIT, FTREHFHROMBTIIER S NDEHOEE
ERICIER L, Z20EEFANEGCHFME 2 L 0E
WIZX o TED X ) IR - BREEZEICHA T B2 0%
BS2ICT 5.

PEHESRER OSE R L, BRI BT A BRI L A B
BREOET, T4bbEBRERSRE, HEHEICH X
275, BBUhRHESE ENTEmETsZ %

—111—



112 B r M B E (199 1B

ARLTWwAS, 7, FHBHEOMINIC X o TEEER
BENVELVEB L I ALHECERVWERE D
D, TOEFIMFHERLATRE L o TELL T
5. BEEEEESEAT S R BEHEE, S45C kb
b SUS304 2 MFEME LD, F-EEHEHTL
DHBAEMEHFTOAFENMEE Z>TWE, ZTH L1
FHTCIE, BELREIBERTLEDICER, LhEL
DBV LETHAHI L EZRLTWS, TDXH IS
MHENEBICO B EFTHHATYH, L oE
S BE T 2I5E L AR, BEEEEAIR LR I LA
HELZ., Lad, SN2 oofti s 3842, HEA
WICBHHRET S 2 L BB T~ BRI HEE I
M, BAIIhLEWI BTHNTHLEbWVEI LY. &
LI, BAWICR2 EERESHEML, 20BBTHLY
BSRASKRA ICREICEH LT B 720, BEEREHE
RPRIBICECRBEEZOND, LIzh 5T, Miskdhi
Bz BT AR BRI HFICERS A 2VWE ) &
ABEBWCTRBERBIEME L LTI o T2i7E w2
5.

—F, BEREEBICOWTAL L, BEGHEORMIC
P> TEEBARI T A TIX, BRELRIT 525, B
BEREEHR I L - TIX, BRI LA VvIicHmL
BLD%, 861, BREAREOBREERSE,»S, &b
BHEVENT IS L 5T, BILWS 5\ I3HEFH
DOBFE LEZONBESDEDHLEEND R R OB
fFErBRENTHS, L l, JUBHESDPERVE
Kb, BB Db DDBEDORECIRE
KXo THREL G o EROET DL TL YT
BRESELTVWD. X )i, BHREzaET o8,
mHBRESY I VI EBERSRIRESNL LD
D, BREILTLHHERICHITHDLIFTRERNWT &8
oIk o7z, LichioT, IEHEENERShLH
BENORREEATHAMBOBERICH 72 - T, HFH
BRBEWMEHIL D TEEFR/MNI 25 X9 25 EEH
BEHONULDROTTBALELNDHL. 0L RE
B-EBEREBBR~OU—-AVHER»ODT Tu—F Dk
13, DS BERO L) BRI MR T AGETLE
DE (BE) PLZUTRERVEVI D TE A, BEE
BHAR, BEAM, Ry THLERERL CEYLE
PHROLSGEE X LPT B,

4-2 WFEHOHE '

SEFHFM & LCTHV 2 S45C & SUS304 12, #
EIARYL & R LM 2 2 CHb A o BR R - BEFEZS B~
52 5EBBEKEL B 5 Tw5, B TOLRIKGA
BWIERERNLAENOMMEERL, B R

LRI L bEEREITNC L, ThbbBItYIH
B & OMICHET 5 % 51, BB BEFEIEERE S
nNntE2ZoHh5, 800°CITBIF5 S45C & SUS304
DEFAEHIE, BS 2 SUS304 i AsEwv. Lad,
SUS304 OB LMD FAERIE S45C LD bR wTw,
PEHE - BEFEBRIR X SUS304 OB IR IR LV & a5
s, HBOERL»S S, SUS304 CldBHEE L
BERERSH SMC LY OEVEZRLTVWE I LS
NEERMFIF VB, —F, S45C 1 BBEHIIAME <,
LASBIEWIC L - THEMATIRES LTV, Lz
o T, BEBREHET TO S45C 2MHFHM & L EE
AERIZB VT, SHEREICHER R BEIBRE L B
NS REER L0, BHEBRIC X B ERE- BEER
WERRL LB O X ABBRIRAKE - 7
LEZOND. LIHF-T, BENEHTICRLE, B
LB IR {220, SUSL L RAHICESE
BRIV R LV BRI BRFEIRRE & 2 1, SUS304 i
PR BB E R LD EELILNS.
4-3 BER-BFAH=XLA

DEDKRD G, BRGFHR0EE B2, &l
BHORECHE L DEROMRIER E XKEICELRD
BVIERECHE L -G HBEROBMARA~OEAIZ X
HEBOERBIER L OKX/NEFRICL > THRENRS L
Abhh. Tibb, AHEHELERE L OBRIE,
Fig. 8 KXW EBMCHH I D, EMRAHE~BH5*
EASNEBEFRBEND Z L IZXsBEREOE{LIE,
BEARORMICIIHETH0T, (WDXILRET
BHOMMBE LTEZ TN, —F, BEHEIRECHE
LTERZBET A LICLAEHEOTLIE, BHE

Ut
/

Wear 1oss

- T e—e—- —(b)

Area fraction of graphite

(a) A proportion of wear enchanced by graphite
(b) A proportion of wear relieved by graphite
(¢) Total wear loss
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Fig. 9. Explanatory figure of friction and wear

behaviors in graphite cast iron.
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