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Effect of Heat Treatment on Fracture Toughness of 0.85% C-3%Cr

Roll Steel

Synopsis:

Kenji Mivazawa

Fracture process of band-type spalling which often occurs on the barrel surface of cold rolling work

rolls, is known to be controlled by the fracture toughness K;c of the roll steel in many cases.

In order to

study the factors improving the Kjc value, fracture toughness tests were carried out on the test pieces
which were taken from the actual roll of 0.85%C-3%Cr steel, and were quenched and tempered in several

conditions.
The main results obtained are as follows:

(1) K¢ values were highly dependent on the hardness.

In the same hardness level, the higher the austen-

itizing temperature was, the higher the K;c value became, and as for the subzero treatment, non-subzero

steel gave higher K¢ values.

(2) In comparison between fully quenched steel and slack quenched steel containing some lower bainite in

its structure, the latter gave higher Kjc values.
Key words: fracture toughness; roll

steel ; band-type

spalling ; hardness ; austenitizing temperature ;

subzero treatment ; fully quenched steel ; slack quenched steel.
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Photo. 1. A typical spalling accident which oc-
curred on a cold tandem mill work roll.
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a : Macroscopic view b : Scanning electron micrograph of beach
mark c: Scanning electron micrograph of fracture surface be-
tween beach marks

Photo. 2. Observation of the belt-like fatigue
fracture surface.
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a : Beach marks and chevron-like pattern
b : Chevron pattern between beach marks

Photo. 3. Characteristics of the
belt-like fracture surface.

a : Small spalling b, d : Microcracks around a
non-metallic inclusion ¢ : A fine crack
under surface

Photo. 4. Damage on the barrel sur-
face due to rolling contact fatigue.
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Table 1. Chemical composition of the steel used
(wt%).
C Si Mn P S Cu Ni Cr Mo

0.90 0.65 0.33 0.013 0.008 0.07 0.18 3.19 0.23
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Dimension of fracture toughness test piece
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Fig. 2. Directions of notches of test pieces taken
from part near the surface of the roll.
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Table 2. Heat treatment conditions of the test
. 900°Cx1/2h » 0.Q
pieces. 70 |-
130°C x3h - AC
Quenching Tempering o [~
™
A 880°CX1/2h—0. Q E 60
B 900°CX1/2h—0. Q 100°CX3h—A. C E
C 920°Cx1/2h—0. Q 130°CX3h—A. C b -
D 880°CX1/2h—0. Q—S. Z((—)120°CX1h 150°CX3h—A. C 3 ._______———.
E 900°CX1/2h—0. Q—S. ZE(—)IZO"Cth 180°CxX3h—+A. C ~ 50}
F  920°CX1/2h—0. Q—S. Z((—)120°CX 1h E
i
G 900°CX1/2h—200°CX1/3h(HOT a. ¢)—~A.C o .
i 900°c><1/2h~»21o°c><1/3h§H0T a CLA. ¢ 130°Cx3h—a.C s}
0. Q : Oil quenching S. Z : Subzero treatment A. C : Air cooling 1 i 1 L ]
2.0 40 6.0

900°Cx1/2h » 0.6
70 130°C x 3h = AC
~ i
T
E 60 —
g | L ° °
o S50
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40 I
1 1 1
0 45 90

Notch direction (deg.)

Fig. 3. Relation between the notch direction of
test piece and fracture toughness K;c.
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Forging ratio

Fig. 4. Relation between forging ratio and frac-
ture toughness Kjc.
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Fig. 5. Relation between austenitizing tempera-
ture, hardness and fracture toughness Kjc.
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Fig. 6. Relation between tempering temperature,
hardness and fracture toughess K;¢.

A 880°Cx1/2h - 0.Q

80 ® 900°Cx1i2h > 0.Q
L B 920°Cx1/2h > 0
§‘ 70 |-
£ [ J
E [~ AN
E’ 60 - \A \
Q i \A\.
< 50} ° \
i .
40
L P n ] 1 1 1 L
60 61 62 63 64

Hardness (HRC)

Fig. 7. Relation between hardness and fracture
toughness K.
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Fig. 8. Relation between hardness, the amount of
retained austenite and fracture toughness K- of
subzero and non-subzero treated test pieces (aus-
tenitizing temperature 880°C).
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Fig. 9. Relation between hardness, the amount of
retained austenite and fracture toughness K- of
subzero and non-subzero treated test pieces (aus-
tenitizing temperature 900°C).
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Fig. 10. Relation between hardness, the amount of
retained austenite and fracture toughness Kjc of
subzero and non-subzero treated test pieces
(austenitizing temperature 920°C).
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Fig. 11. Relation between hardness and fracture

toughness Kjc of test pieces quenched at several
austenitizing temperature and subzero treated.
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Fig. 12. Relation between hardness and fracture
toughness K;c of test pieces quenched fully and
slack.
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Initial

Fracture stage

Final

a:900°C, 0.Q b:900°C, 0.Q, S.Z ¢ :900°C, HOT A.C
Photo. 5. Observations of the fracture surface of test pieces variously quenched by a scan-
ning electron microscope.

WVIEE K 3R EWVH, 1.4% DETRIZEALRE
LBV ERNTWES, REBROEAIZIE 4~6% OHH
ThHND, RERMAWEOHEIL Kc ICIZLALE
BLCTwhWwEHEESND, KIZ, w741 M
NOEELKEBREOHEL LT CEICOVTHREL
TWaE, BAREF/NEVIEE K ZKEWI %R
LTWa., ZOERBIZINEYLERENSEVE, 427
FOBEBBIHEKTHDT, K I LTREAFE RS
ENHEESNS.

T7, BBy ORBIOVWTRZIOHEIKEV &
2 42 B TR EBYTHAHD, vILEBEIEHIZ
ERE y &%\ (Fig. 8~10) OT, ZOFRHBKE
WweEzZbNhL, B, BE v IHEETEHEIC K
PEMERRTHEBE LT, ryRESRRICELET S
BBy », MiRE B ERT LA, KR
TrHLEIONL. RBECELELEEORE THS
%, Fig. 5 RO 6 &b, BEAR &3 v fLBEH VT
EEVWDT, FA—MS LNV TI Y [LIREAEWIT &5
LELIREDEL A, 2T, vLREE & HITHED
ELIRESEALTHOIUARTHD, 20D & K¢
I LRESEBELAZLEEZN v,

DEtoZgicky, yLEEIEFVIEIEEY K %
RLZZEHELTE, TELTryERESAKEV L,
BREYyBIFZWI LR ED Kic M ERTICLAEER
RY, FEXROBBRERRICLASTA LM% EE>
TeledtEZONDL., B, THR—FA4 b2 G5LAE

EFAMBL, TERAMBID DE K 2RTC
L3 Tig 120EBVTHEN, 0O & IR
AMEPBEN L 0 - VAR S ICHEVWMETD
Kic 22Tk, BETHLENLVI Ebh kb,
5:2 WRAKR—1 > IHEOHRE

5:2:1 WS LRI

U— VOB ES T EAEN Y s THEICLLEHMTH
%75, OSSO S LREBICHICX S
BEDSLL0TEY BRARNOKE S EHHIIE
EHChD, BT 0—VORERBICIE—ICKE R
JEREFREE IS (K O A )i 50~150 kgf/mm?) 2%
FHETAHDT, YaT7HBEEEOLIHRIIKE VD,
BHBOBIEBEENICL O THIEOER +RET 5
EBEZOLNDD, —F, Uo 2 VBERY v F—
AL IHREIN OB H I NZT DT, HEO
EWBEOWEICFEHEINDL, Y a7THs2—EL L
L&, A 2HEIGEET L, REBEIICX A
MES R ZOFEHETERLIENTES, T4bb
HREBIBNEETTEDH, HED Kic JIETT 5. #
DT, YaTHE*MESEAEE, BEHESICERL
GELBRBENAFAET LI LN EI LV EFEI LR
L. RIZO—VHOFEME S DFRETHHHS, FEHEICK
REAS 22 VR ST EEA R, ERESRM 42 & 2 BB L CiE
TAHLEND LY, HiglkEtlETHL. L LE
B2k HRC62 L LW S L ETH Y, DT
DEVIE XTIt Kic 3& < %A%, FRERKT— VKR

—135—



2024 #or M 74 4 (1988) 105

WCANZAETEELR TV

5-2-2 BRLIHSAE

B — 70— VILEE, FHEMBBEATEIC XD L
MY 5., TOFECXLEREMEACTE, yLRERS
Ho b7 BibiEE 25w, B3&5L 3704
Bl orELRY W, Fig 70 7{LiRE L Kic DE
Bz ki, 7{LEEREWIREER 2O T 920°C %
BELV, L 2ADT OREGEINTEOAHE L
LI OGO IV TERETHE, §TX5TH
A9,

Nunomura & 203 8l TR DB A2, Kie ¥ — 27l
T Y ALIBEORETAZ L E#WEL TS, LaL
AEfgeCid, FERMBMEAEICBIFAT—LDOI 7 oMl
#IcEH LT RBREE2RE L, 900°C fr%#iy) ik
EErE 2 k2, S.ZIZowTidf 2, Fig 91
RT e, A& T K W LTRAFTHS.
Heo T, BELIEEFLELTLEE, MBABEATEDE
TRMRBICLO>THEMEERL, S.Z ITKFELRZWVE
EAEF LW, FRTHIOMEEPLEEL THHAIC
B, BEryEL LR CE S 10% (REBD 830°C BEA
NOBEICHY, 900°C BEANK(—)120°C D S.Z T
12 8%) LECEHITRETHAL).

5-2:3 Kjc %5 L BN Lt Bt w8

W HRIE L DR

(1) IR - R R SR EATRE ,
PENIZEERTH LY. Ho T, FEEHEOBNELIS
BO— VOB TELEIFEL LAz, 5-2-2H
R BEHCK D EERANCASTEELRVEL
(HRC 62~63) BLETHAH. KiZ, S.Z LfFih
OB TH A, ELVIRE y B0 E 0 EME KT
T 570, WEHECHENTHLD LBRITWD. 2T,
COBBEILEEI TR THLE,S, S.Z OFEI
Hhb o, Bl—MS 2 oRFEEEE - cEES NS,

( 2)EEBNIE TR - RIR S 2013852 1 8 O siEhJE 55 FF
i3 X HRC62~63 fHETCE—2 B I L %R L
Twh, ZOZEEy, a—VEHTH LR 25, &
T AR REEESRE LI EEEshs.
7=, BE y DNEEEI ARG RITTREBICOWTH, #
SHEHTORBREREND VD, BE v 5FRNERT
LREBREBTVA. (62T, U VEROEENE I FdniC
HLThH, BRyPAHEDTHS 2 L BEICE 2w,

DEoBEIckD, K 2B L -8Bt dmEE
Wt EEESHREICH LTOARIC LI E3E LD
niwv, B, S.Z LEVWBAECHEDSEILERE
LB — 7 u— VT, BRI AR—Y V7%

AETAHAIEEHREL TV,

6. #5

GREEREBEEMT — 2 u— )i 0.85%C-3%Cr D
BB Kc CRITTEMBOEE L+ ILRT 5 HMT,
EFO— VX DRI 2R ICHEL DBEANBED &L
L, BEMNRBREBI 202 BohEREN
ToXHThA.

(1)RBARIUHMEUTEER E K OBRITERRIC
B bhihor. (2)Ke 388 SKEEIK & VT,
F—MsTidd—27F+1 MEiRESEVIZEBWEEL
RL7 (3)BANBRY 7EORBE LD L L
DTIR, BENEY Ke #anL7z. (4)TEBEAHE
TEHAN—F A4 FEGUCARERAMTIE, BFEFGV
Kic #7R L7z, (5)5S&BE AR o #0IRE I i3 b FRak
H, FHN—F 1 b2 ECREERARERR O 2 i3k
HEE CH D 7.

i

X Bt

1) B IF, IR#EE: gk M, 57 (1971), p. 785

2) BREREAL=, HEREE: £k, 57 (1971), p. 836

3) B IF: RERKFTHEE2faRsc (1961 410 A),
p. 15

4) e, =ZHEW, JIREE, HEE gkew, 70
(1984), S 1089

5) KHEEHE, #BOFERE, H)—%: k¥, 62 (1976),
S621

6) M T, B B gkrM, 57 (1971), p.795

7)) BEEESEE & APRISRREE A 15 (JbFER, AFRE—F)
(1979), p. 61 [RZHEAH]

8) AH I WS L MR 2 (1977), p. 39 [B
JAAE]

9) BRMEk: HABMFLHTE (F35), 26 (1960),
p. 1258

10) FRIBAEE: WML T, 6 (1965), p. 329

11) EJIER, SULME, WA= gk, 69 (1983),
S710

12) K. Miyazawa: Lubrication Engineering, 38 (1982),
p. 416

13) ASTM Standard Designation E-399-72 (1972)

14) N. TsusHIMA, H. NAKAsHIMA and H. Muro: B ZAH 1o 5
£EE, 10 (1975) 3, p. 91

15) PIIL AR, fELE, ATSRETR, AiARE—: Sk mTREE
Hkte (1981), p. 174 (TEHRAES)

16) H)—B, #HOFER, KTFTiE—, KHEHE: M, 63
(1977), S 903

17) FH)N—5B, KHEH, #O0%E: 28|, 65 (1979),
S 259

18) djIlifih, HP2: gk, 65 (1979), S 260

19) w)llgfide: #k & 54, 60 (1974), S 469

20) S. NUNoMURA, T. KASHIWAMURA, K. MACHIDA and S. SAKUL:
Proc. Int. Conf. FRACTURE MECHANICS AND
TECHNOLOGY, Vol. 1, Hong Kong (1977), p. 553

21) KIREE, 24— AT, 17 (1961) 2, p. 47

22) HsE=gR, MA—&, EAE=: gL M, 54 (1968),
p. 1353

— 136 —



