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Observation of Fracture Surfaces of Carbon Steels with

Scanning Electron Microscope
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Table 1. Chemical composition of specimens (wt%).
Materials I C ’ ~Si Mn l P S ‘ Ni Cr Cu
SUYBI 0-01 0-02 024 tr 0-009 0-08 0-01 0-02
S20C 0-22 0-01 063 0029 0-032 0-01 0-01 004
S45C 0-45 0-27 062 0:017 0-012 0-06 0-06 0-17
SUP 3 0-89 0-22 0'55 0:019 0-014 0-06 0-15 0-15
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Table 2. Heat treatment of specimens and Vickers hardness number.

- Materials ' Symbol Heat treatment Hardness(Hv (30)) dharpy test piece

SUYBI A 950°C % 30 min AC 62 JIS No 4
S20C BN 900°C x 30 min AC 120 7
S45C CN - 1850°Cx 30 min AC : 199 7
% CM |850°C%x30min WQ 660 - ”
” CT 850°C X 30 min WQ, 500°Cx1hr W 335 4
SUPS3 DN 850°C % 30 min AC : 300 JIS No 3
4 DB 850°C % 30 min Salt(280°C)quenched x 1hr kept 602 . # 3mm width
7 | DS 850°C'x 30 min OQ, 715°Cx20hr AC 189 ~ | JIS No 3

Remarks: JIS No 3> U-Vshapc notch,, Né 4 V-shape notch,

.1,

.
a) Magnct icmild steel V(A) % 1007(2/3)
b) 820C (BN) x 1000(2/3)
c) S45C (GN) % 1000(2/3)
d) S45C (CM) % 1000(2/3)

- c% S45C (CT) % 1000(2/3)

. f) SUP3 (D) = 1000(2/3)

g) SUP3 (DB) x 1000(2/3)
hy 3UP3 (DS) x.1000(2/3)

)

"

Photo. 1. Photo-micrographs of specimens.
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a) Broken at —196°C.
%300 (2/3)

b ) Intercrystalline fracture surface with dimpled
fracture surface at 100°C. X300 (2/3)

Photo. 2. Fractozraphs of ferrite in magnetic fild steel (A) broken by notched-bar impact,

a) Cleavage pzittem at-196°C. X 3000 (2/3)

P
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b)) Ductile fracture surface at 302’0 %3000 (2/3)

Photo. 3. Fractographs of ferrite-pearlite in S20C (BN) broken by notched-bar impact,,
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a) Cleavage pattern at-196°C %3000 (2/3)

bt

b ) Ductile fracture surface at 100°C %3000 (2/3)

Photo. 4. Fractographs of pearlite in SUP 3 (DN) broken by notched-bar impact.

Photo. 5. Trans-coleny fracture surtace of lamellar

pearlite. X 10000(2/3)

F5CM)

(a) 1 —196°C COREMTH L. WEIELL T
EERARLE T H BA, WA — 27+ 4 PR TIEL &
BbhaAfbds. BERITIEREEL, WIERA
2OWUER Lo XS CBbNs. (b)ix 100°C T
EMRERm AR L, BEE | g RAOT 1+ P upas
NHH, S—=F4 DX IRERT HlEShk
(VAN

Photo. 8: M, KL <5 4 4 FHEEOEG. S45
C HEHE=SCT).

(a) 13 —196°C i ¥ E5RAnkEEm 2 3. 500°C
X lhr OBEDL FLIC & D R{bMBE—lcmt L7729

PRI 2 R L T 5. BEBIERIBEANHT & FER
KPEREEL T B85S K LICX DA RIEL <
T T 7T — Y v UV RIFENL S THS. (b)IX100°C
TOERIEmZRL, 2O HEENITEDT + 7
MHEEITNTVWD.

Photo. 9: BEAIUED ELAEJEL72S45C @ 100°C
a5 ¥ 11 35 i1

74 v P VORKR RO RHIT KO THR SN T
<D, [EHOMbDHELT /oA FORLELLHDD
BRI ECE2T AW ADOEE E5b0 L Bbh
. ZOFRBBIRORE 21T 4« v T VvOBITHS.
RO D 7 1 > P DI s i iiE < FHE Rt
T rFdimons. EEMBSEEMTHSDTHE
XD CERE NI EEBNEWMR T y o K4 KD
TEE L7 DIEMEREEMEC D, FEROT + » P vdsil
WEhicbotBbhs., ZOHEROT « > PO
TR Ty VREESM & EEFTREATES, —
F, ZERoOABOF + ANV OEHFICE VTR T v
TR R EELHNTEELZDDOTHSS.
FrdES BN EDE IR ER I UCTEiL Tw 5.

Photo. 10: FRIK{b kL ML DB &

SUP3 (GLEIREDS). (a) 1z —196°C k¥ b
BYEARSEHITH 5. Kb TEy— kit T 5%
7o R IC 39— L M2 4 B . BEBAEIITIE
FEELTWAS. (b) 13 100°C COEMIFEmMZTR L
F 4 T PIEEBH I GRL TCC DO R LIS, A
Hind5 7« o FVERMOENIN 20 THY,
Juid Photo. 1 (h) k13 5 RILWRIRG & i E—L C
VA IEW TR AT IR T « P BE ORI D
S HEP BA Ty, RIMmOsRIKLR{ILT D X

— 115 —



116 % & i\ B 56 &£ (19760) 1 =

a) Cleavage pattern at —196°C  x 3000 (2/3) b ) Ductile fracture surface with cleavage fracture
surface at 100°C %3000 (2/3)

Photo. 6. Fractographs of mixed structure of bainite and fine pearlite in SUP 3 (DB).
The structure was formed by reaction at 280°C and broken by notched-bar impact.

a) Cleavage pattern with small amount of intererystalline b) Ductile fracture surface at 100°C

fracture at —196°C X 3000 (2/3) x 3000 (2/3)
Photo.7. Fractographs of untempered martensite in S45C (CM) broken by notched-bar impact.
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a ) Cleavage pattern at —196°C %3000 (2/3) f ) Ductile fracture surface at 10J°C  x 3003 (2/3)
Photo. 8. Fractographs of tempered martensite of S45C (CT). The structure was formed
by reacticn at 500°C for lhr and broken by notched-bar impact.

. || b
i e X A et 3 g -
Photo. 9. Dimple pattern of string type in S45C (CT) broken by notched-bar impact at

100°C. Something which is supposed to be non-metallic inclusions are cbserved

at the bottom of dimples. a) x300 (2/3) b) x3000 (2/3)
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a ) Cleavage pattern at —196°C X 3000 (2/3) b) Ductile fracture surface at 100°C

% 3000 (2/3)
Photo. 10. Fractographs of spheroidized carbide structure in SUP 3 (DS)
broken by notched-bar impact. '
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a) Magnetic mild steel (0°01%C) X000 (2/3) b) S20C (0-22%C) %3000 (2/3)
c) S45C (0°45%C) %3000 (2/3) , d) SUP3 (0'89%C) x3C00 (2/3)

Photg. 11. Influence of carbon content on cleavage pattern in ferrite-pearlite steels.
Specimens were broken by notched-bar impact at —196°C.
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a) Magnetic mild steel (0-01%G) X 3000 (2/3) b) S20C (0-22%C) x 3000 (2/3)
c) S45C (0452 C) x3000 (2/3) d) SUP3 (0°89%C) x3000 (2/3)

Photo. 12. Influence of carkon content on dimple pattern in ferrite-pearlite steels.
Specimens were broken by notched-bar impact at 100°C.
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