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Study of Brittle Fracture Surface in Relation to Microstructure
of High Carbon Steel

Hiroo OATANI and Fukunaga TERASAKI

Synopsis:

The brittle fracture surfaces of the isothermally transformed high carbon steel (0°7%, C) were investigated.
The various microstructures which were lamellar pearlite, degenerate pearlite, upper bainite, lowere bainite,
and martensite were obtained based on the TTT diagram.

The brittle {fracture surfaces were prepared by Charpy impact test at —196°C.  The direct correspondences
between the brittle fracture surfaces and the microstructures were carried out in scanning clectron microscope.

The mode of quasi-cleavagc surfaces was closely related to the decomposition of austenite to ferrite. The
crystallographic orientation of the cleavage plane was determined as {100} by means of facet pit technique
and goniomicroscope. The fracture facets of pearlite, degenerate pearlite, upper bainite and lower bainite
corresponded to the domains in which the crystallographic orientation difference in respect to the cleavage
surface {100} were small.

Such the domains on the other hand, were not seen in the case of martensite. It seemed that the marten-
site plates itself formed the fracture facet. From this point of view, there was a great difference in fracto-
graphic appearance between high carbon martensite and low carbon lath martensite. It is probably due to

the difference of the crystallographic behaviors in transformation.
(Reccived July 9, 1971)
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Fig. 1, TTT Diagram for 0-699% C steel.
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Photo. 1. Optical microstructures arrested during
isothermal transformation.
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Photo. 2. Optical microstructures of specimens
used for Charpy impact test.
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Oiffraction pattern . Scremaiic representation of diffraction patiern

Photo. 3. Electron micrographs of pearlite (1 200°C x5 min — 600°C x 100sec) .
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Diffraction pottern Schematic representation of diffraction pottern

Photo. 4. Electrcn micrographs of degenerate pearlite (1 200°C X5 min -» 450°C x 200 scc).
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Photo. 5. Electron micrographs of upper bainite (1200°C x5 min — 380°C x 300sec).

213a

420a

(100} # {110
S {010)c7 (111 )
213a {QO1)c# (112),

213a

Diffraction poitern Schematic representation of diffraction pottern

Photo. 6. Electron micrographs of lower bainite (1 200°C x5 min — 280°C X2 000sec).
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Bright field image

Dark field image O5u

Photo. 7. Electron micrographs of martensite
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. = Orientation of
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2. Crystallographic orientation of cleavage
plane determined by gonio-microscope
in comparison with that determined by

facet pit.
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Photo, 8. Two-stage replica image of brille
fracture surface. X 2000(3/7)
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X 800(4/9)
Fracture surface and crystallographic
orientation in degenerated pearlite

(450°C x 200 sec) .
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Photo. 12 Direct correspondence between fracture
surface and microstructure in degenerated

pearlite (450°C x 200 sec) .
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Fracture surface

Microstructure (nclined
about S0°

.

% 30000(1/2)
Photo. 19. Replica image of fracture surface
and microstructure in martensite.
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test temperature; (a) RT

Photo. 20.

(c)

%100 (1/2)
(b) 300°C
(c) 600°C

Fractographs of intercrystalline fracture in martensite

with Charpy impact test temperature.

SeANITH 5 {100} @D, bTFrO/EE LI LR
BECTHDLZ bk, ZHREIEY 07 = 54 +
B, =594 MIBOBE L T oL MKTH D,
N=54 F - IP=2—MNT =54 MRIIKENTHZ &%
MLTW5.

TURKALO {T X 3uiE, EE~A 4 Mz owWThL, ,¥—
T4 FEMUMKEWHTHEMDD O, LIELEA—2
FFA PREHELEELIDLEEZHME LTV,
REBIEETIE, <A F4 MEEB L EEE W2 T
MR ARSI LT 0, WimBIEE,» boL Ty L
LIEMREHEEBL LRI TERVWDIDEEZILND
TEEARA FA bR T H A NOEEICIIRERE SR
BB LTwv5 needle OJIT XEEN TS BITAEER
BRLRERTHS. FERFEECO VTR, -2 7
FA PRRANA T4 Fao = —EREETETSEZEH
BONTVWLEPT—X 754 PRACHESBIDEEL
Zxbh, KEBROBEE, T NTH—X57514 PR
TH5.

DX S TLnEE & WiE & OF & OBIEE T RATE L EE R
KRELRWOT, FREBOIT E EESICHULETH
D, ZDXSHFETIT L b ERIFERDF— #iC
WA HI-HEv.

BT MBS E T, BHEBREOERTHD [FFE
OEFEHEERE COREE | WY LA-RRAEEYERT D
TEREBETHD, fiEK, “quasi-cleavage” (HEE5EH)
EEER T Wiz, Lo LA BAEROERTIX, M
7t lath % needle WEEFRAR B THILCFET S
DT <, 1ZIEF—OFMHA I /o il l» Hio
TED, IhoD AT R—0 FE&HHRE Zist
¥, 7=34 MERREEoL< ik {100} @mA2E®E
ELTHENRE UL CWDZEER LT V5.

—
N

CDXSIEE»SRERNE S EL LD 1 0 1
DG L, Tz ElF—F4 POBEETEZ LD T
£, 20D ED 3w = — 7D CHETHBAL AR X
NTW2EEdH D, BRAFUPCBFLMECLAL
IR =~ XOTHREINTVWESED, XM
BELNELDEHEZING.

v F YA O BEITIE, BEBEAT JEE Mme

<, TNREREF AT VA NEZELLLERDAET
HBH. TOHEIDOWTIE, BRFEOESICIITERO R

FEmEAs (111},//{110}, E7s b, SAPRESI VDT L
T, BRERWMOHEITT {225}y THH 7 =54 b L
T {112}, ~{113}, DOHBIZ L 5DT, X D SO
BEAFETSZENEZILNS. bbb, BL2D5
2D E DELERFENTBRENRKE WD, b
PO/ TR LV mBRE X b, Lo Lish
B, TFERANA FA4 bz BT REEE, {496}, 10iF
D, =NFrH¥4 bERBICHERESE V0T Z 0
HOLTRBATE RV, 2T 44 FOBESIT,
TR SDIFAIT tetragonality OIEZEIC X 5 ERED
DI EBEZ DI, BEOFVIDVRELSEBELTWS
FDEEbNSE. WThIC LT LAERTIR, BEEmEAr
MERERF O MFEMSENCEEN G T L2 RVWHE L
72H DT, ZOBEW,LEEFEE L MOYM L O #E
FETIHI—FHEhdrboEELONR5.
ERLORMOBMLH U D HEEHmEADO LTS
T, MELNUSREIC S X5, BEAREOMINE
NOMES, MRELL EHBH D THERNTHETT 5 0
Eoid D EER T BTV, Sl Ed T
=74 MESRRE ~ R 7 F 4 MESR O T
iz35X0d, WEENOLEHX HEENTSHOD.
el xiE, RUCA—RFH4 M CEBEE &

— 79 —



898 & &

® 58 & (1972) 7 &

HMLAEEIT NAF4 MHBRE =V 794 MEBET
i, A—RFFA4 PREKEFESEORCRELDZ L)
E0LE T FRIR A BRI LCWBEIS .

Siglic, BEOFEMIT OWCiithnE, KEBRO I &
{, ®ALH4 FPESRICEATVWRIEEKIE, WEHD
YW=RE2—2 37 =254 POTHICEULTWS &IX
W%, Photo. 8/¢— 54 pMHEICADNRBTEL,
Togi<irhth > TV B {EmBA LIS, F/Photo. 9
~12 DEFEWERFETS, WO T =74 MIDOY
HITHLT, Y N— - 02— 3, X DS EMTHS.
TOBEF A4 NOBEIEIC Y = 74 FEROES
BERgE & — LWV E ZE6n 6L 55D E:HLLN5.
FE, 7294 P E Bx &4 b L O HAER
Photo. 3 ~Photo. 6 {T7R3 Z & <, Bagaryatskii D%,
Tibb (100)c//(110).,  (010)¢//(111),, (O01)//
(A12), OEHRE%E L TVS. ZOTENLT = 54
FMROBSBARE {100}, DEFAENCENF NI ELT
x4 POEEDLEMEITL N AL D
L7chiDT, &2 &4 POREISREE DR uE T4 T
HrFRE, A 24 MET =54 MR OBUR TR
DHEHBLEDD T Lie D TH b ORERSRHE O % 57
COWTOMBEIRSHRITE D, KBTI, XV REME
HIRiC L LD 5.

5. &

R B OKIE T & MO BIRE TS 20w,
0:7%C xR THFREBHBIC OV THEL, HE
W & DX & 7. SHEERRMEIC DV, Bk
R=5 4 b, BEUS— 54 b, EERNA T4 R, TFEEN
AF4A N, 2FoHA POETRTRICDOWT, 727
A4 FOSHE, RICHDOIREC DWTHFHE L.

PSSR I VY, M BEE X CERREIC X
DEIZE L7 SSBAmtm oA, EATMEE S Av
T77ty by FPOESANMERIETSZ LITX bR
Wi, FOFER, wFoH4 bEBRE, TRERICAR
ENHHML 7 = T4 FTEMENE, HDEMANTIZ L
AERICEESNCH>TE D, ZofFEEND (100} &
THERE LTS,

ZDX S TEERIE, FIERD ICHE L nE BSOS
DPEKEMOBHC LRI EERLTVWS. ZEhE
BT D W TEHTHIED T LB D THS.

(1) %= F 4 MG DWTHE, B/ B AT <
—54 b-39=2—~ThHy, 20=—OREWTH
A4 PBXCT7 =54 ME, FUESHEER
RELTWS. LHL7=54 PROEES L ET

i[]]

N, VN— g —pEMTHY, X7 =3
A4 FOUSEHTE {100} p5 2 2 & 4 b OKET LTS
T—FH Lk wintBbhs. AENS—F4 Fo0o
= —oOmOFERA R {100} 2L WHEITIE, BEE
B ZoLA EIC e hs B

(2) LEE~AFA NI 2IKD7 =514 b
555, TRAETOTHAEL LGRS
W—FPEERL, ZOFN— FPNTIES 2ADEEES
Fibx, EIERICCHS. BEBELL, cosv—7F
ZEfME LTI IRTHS.

(3) "FERNA F 4 ME, BREARIRT = 54 A3
EOBKD TV — TR LT B EEEMEE <,
WHEHBAT ZOBUIREEE»L SR 2T W 5.

(4) =794 MI, BREOEESEEL 0L
HOFHE AT ST, 7 A —D2—DH ki BALIT 3
THE5THS. zhid, I2sRiorEesrFmK
LS W7cDT, {RERFEMC I LT £RE
gonality, S E) O ER CIHLDEEZD
hs.

(3) 0'7%C Moga, MBLEEMETEIs —2F7
F A4 MRERBRT
DHUEEEPBLENT A U T W5,

Fb i, BRMRORELHF T IR, FREiIE
FRFfRAE Rt R4, K ooiT, FEBREE U THL
THIE vl v, RRENHRTEEMER, FEt
SEERHE A, WIE B RFRMTHIE I IER R R 0B 2 &
T 5.

ZRE (tetra-

T 73

L)y w5, K& gked, 58 (1972) 2, p-293

2) B, F0F, KB gL, 58 (1972) 3, P-434

3) A. Bacarvatski; Dokl. Akad. Nauk SSSR, 73
(1950), p. 1161

4) Y. Oumort and R. W. K. HonEvcomsBgE; Porc.
Int. Conf. Sci. Tech. Iron and Steel, Tokyo (1960)

5) Y. Oamorr; Trans ISIJ, 11 (1971), p. 95

6) Kk gk, 57 (1971) 9 #HB#ETE

7) W. Pitscu; Arch. Eisenhiittenw., 34 (1963), p.
641

8) I V. IsaicaEv; Zhur. Tekhn. Fiziki, 17 (1947),
p. 835

9) A. M. GRENINGER AND A. R. Toriano; Trans,
AIME, i40 (1940), p. 307

10; R. F. MEHL and D. M. Van WinkLE; Rev. Mét,
50 (1953), p. 465

11) C. M. Wayman, J. E. HanaFee and 7. 4. ReEaD;
Acta. Met., 9 (1961) p. 391

12) A. M. Turkaro; Trans. AIME, 218 (1960), p. 24

13) dg, siA; g&88, 50 (1970), 4, S157

— 80 —



