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Microfractographic Studies of Temper Embrittled Steels

Masaaki KATSUMATA and Shushi KiNosHITA

Synopsis:

The testing temperature dependence of the fraction of intergranular fractures was mvestlgeted in
brittled the fracture of temper embrittled low alloy steels after Charpy impact tests. Quantitative
measurements of the fraction of intergranular fractures in microscopic brittle fracture, which consists
of quasi-cleavage and intergranular fractures excluding ductile fracture in macroscopic brittle fracture,
were made using the point count technique applied to electron microfractographs.

It was found that intergranular fracture increases with the increase of fracture temperature and
transgranular (quasi- ~cleavage) decreases with it. Intergranular and transgranular fracture strengths were
discussed following Griffith-Orowan equation for brittle fracture accompanying plastic deformation on
the fracture surface, and the change in fracture modes would be attributed to the temperature depend-
ence of the plastic energies accompanied by the formation of the fracture surface, since the plastic
energies would be dominant in the effective surface energies accompanied by the brittle fracture surfaces.
The variation of the fraction of intergranular fracture as a function of phosphorus and molybdenum
contents, and the intergranular fracture in temper embrittled ferritic-pearlitic steel were also investi-

gated.
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Table 1. Chemical composition of steels (wt%).
R ‘ Graln size
Steel c si | Mn | P S Cr Mo | Al Cealn size
A 0-43 0-31 : 1-64 0-024 0-014 — —_ 0-033 85
B 0-40 0-33  1-53 0:007 0-013 1-00 0-007 0-039 85
C 040 0-31 1-50 0-013 0-014 1-00 0-003 0-043 85
D 0:39 0-35 1-56 0-023 0-014 1:06 0-003 0:050 8-5
E 040 0-36 1-45 0-023 0-014 0-97 0-191 0035 8-5
F 040 0-32 153 0-023 0-014 1:00 0-327 0044 9
G 021 0-39 161 0-030 0-008 1-01 0-003 0:034 10
H 023 0-29 1-43 0-022 0-014 1-00 0-006 0:035 7
I 0-39 0-32 1:54 0-023 0:014 1-02 0-262 0-034 85
Table 2. Heat treatment of steels used.
Steel Heat treatment
A 900°C x 3hrAC — 850°C x 2hrWQ — 650°C X 2hrWQ — 500°C X 2hr and 20hrwQ

B,C,D,E,F,H, I,

950°C X 2hrAC — 900°C X 1-5hrWQ — 650°C X 1-5hrWQ — 525°C X ShrwQ

G 875°C x 2hrAC — 875°C X 2hrFC — 650°C x 2hrWQ — 475°C~600°C X 5hr and 20hrWQ
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Photo. 1. Typical electron microfractograph of
macroscopic brittle fracture surface of
temper embrittled steel after Charpy
impaci test, A : Ductile, B : Quasi-
cleavage and C : Intergranular.
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a), c¢) 2hr embrittlement=27°C

L,

b), d) 20hr embrittlement=64°C

Photo. 2. Change of sizes of intergranular fracture facet (a, b) and grain boundary network
(¢, d) with embrittling time at 500°C for 2 hr in a) and c) and 20hr in b) and

d) in steel A.
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Variation of ductile-brittle transition temperature and fraction of intergranular

fracture as a function of phosphorus (left) and molybdenum (right) contents.
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Table 3. Comparison of ductile-brittle transition temperature, fraction of intergranular fracture
and embrittlement of martensitic steel with those of ferritic-pearlitic steel.

Embrittling Unembrittled Embrittled Embrittlement
Steel | Structure 59500 ‘z; ) [ VI [LGFP | VI LG Ew | AVTrss LG P
r o -] )
(°C) (%) ¢C) (%) (cC) (%)
H Martensitic 5 —21 15 98 85 119 70
L. - 5 35 0 78 30 43 30
G Ferritic-pearlitic 20 35 0 95 50 60 50
*) Ductile-brittle transition temperature. »
**)  Fraction of intergranular-fracture.
#xx)  Difference of vTr between embrittled and unembrittled,
=exx)  Difference of intergranular fracture (I.G.F.) between embrittled and unembrittied.
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Photo. 3. Electron microfractograph of ferritic-
pearlitic structure of steel G embrittled
for 20hr at 525°C.

¥ 7o, Welbansiesi a2 20 hr o O ET & Mk O EBSIR
JEyE 95°C &7, fEL E LT oA MEEOBO
Walbtt D £ i I TIEE L 7 555, RRERE % 22 50
% THbdH. TOFERPL, FHEL w7 A Ml
@i X BRT . T4 hst—F 4 MO WMOfILED
IR L, FRBEERS LW E ERER K —
HLTWBZ EMNbM5E. LU, mliko e
MMREL DT, ZOFMETLT LLMMOELTTSH
Ll ERCL.

Table 3D 7 » 74 b—/8— T4 MHliEOME, 525
°C T 5hr X 20 hr fE{LEE L7z 3550 EBIRE
DERE 43°C kXX 60°CITIEVE(LEZ RIHED &
L5 ¥4 Migko%E Fig. | »5X233 &8 E
LEMBBELNS. MMM X R ABWEEBD
pahnx, SHE T 35%, B TH45% ThHY, LR
BFITE L v T =94 b-8—F 4 MIBKOHMT BIRKX
hi-rRpmBoEmE»L ) XK LT3, #HlE
Bz o Thin vy, AURGEEOME, ML aE:
T, EBREOCLFERFELVE, BELwVT

— 57 —



2056

23

& £

% 61 4 (1975) =8 =

Table 4. Ductile-brittle transition
before and after embrittling treatment
and embrittlement of steels B, C and 1.

temperature

Stecl Transition temperature (°C) Embgi(t}tlemcnt
Unembrittled | Embrittled | (C)
Cc —44 37 8]
! —53 —21 32
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Fig. 2. Fraction of intergranular, quasi-cleavage
and ductile fracture in macroscopic brit-
tle fracture of steel B embrittled for 5hr
at 525°C as a function of testing temper-

ature.
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