X
BEERAR 2 3 o 4 D J O FIRBIT 51 3 Wb

SR FERM™ N @Yo 'EH

Characteristics of Embrittlement in Steels above 600°C
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Synopsis:

" Hot ductility in steels was studied. Special emphases were placed on the effects of thermal history,
strain rate and fracture mode in order to clarify the sensitivity of surface cracking during both con-

tinuous casting operation and direct hot rolling.

There exist three temperature regions where typical embrittlement is noticed, i.e, Tj~1200 ),

1200~900 (II), and~700°C (III).

The cause of embrittlement in the region I is the existence of

residual liquid film along the dendritic interfaces. The ductility was found to be indepent of the

strain rate. In the region II, the precipitation of
boundary weakens the boundary strength, and thus
for certain time, or slow rate of straining result in
ment in the III region is manifested by the sl

finely distributed oxy-sulfides at the austenite grain
overaging treatment such as slow cooling, holding
good ductility. On the other hand, the embrittle-
ower strain rate of test.

Controlling factors of this

embrittlement are precipitation of oxides, sulfides and nitrides, precipitation of proeutectoid ferrite film
along austenite grain boundary as well as grain boundary sliding. Detailed mechanism was discussed.
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Table 1. Chemical compositions of alloys (wt%).

Heat| C Si Mn P S Al Cr Ni Mo Nb N (o]
A* 10,003 0.02 0.02 0.003 | 0.004 Tr Tr Tr Tr Tr | 0.0015 | 0.004
B*10.40 | 0.23 0.80 0.02 0.014 — 1.2 — — — —_ 0.0015
C*10.06| 0.20 1.46 0.002 | 0.005 |<0.01 — — — — 0.0014 | 0.0028
D#*% 0.12 | 0.01 .38 0.014 | 0.012 ) 0.06 — — — — 0.0013 | 0.002
E*¥ 0.06 | 0.27 1.6 0.016 | 0.003 | 0.03 — 0.2 — 0.04 | 0.006 | 0.003
F*¥ 0.063| 0.52 1.35 0.025 | 0.004 — 17.0 12.4 2.35 — 0.002 | 0.003

*: VIM, **:CC as cast
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Fig. 1. Schematic view of tensile test and

thermal cycles.
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Fig. 2. Temperature difference between interior
and outer surfaces of 10mm diameter
specimen (0.1¢,C-steel).

Photo. 1. As cast structure of 0,19,C-steel melted
and solidified at 20°C/s.
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Fig. 3. Hot ductility and strength curves for the
austenitic stainless steel (Heat F).
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Photc;. 2.‘ Fracture sufface of the austenitic stainless steel (Heat F), fractured at 1 350°C
on cooling (A) and 1325°C on heating (B).
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Fig. 4. Strain rate dependence of near-melting
temperature ductility of the electrolytic
iron (Heat A) and 0.4C steel (Heat B).
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Fig. 5. Hot ductility and strength curves for the
plain carbon steel (Heat D) subjected to
various thermal cycles (é=5/s).

WRBRREY Th ThEW®RT 5.

3.1.3 EM:OTEERFN
EMEEMAS: BHA), BI00.4C & $EB) A
W, BRESEEE D T W15 BEEREEEY BN
7z. Fig. 4 i3 BEHM O RE~T. o Fig. 4 »
L Basis X 5 I BRI Es O MEH TR E I K L
V. ek, BREMhieR W CbRBOEREEY B, 3-1-2
TRz X 3 IBEE B B0 B AP RAHE, &5
7V ES A Rl 835 BIRO BECL S ETh

(min)
1 3 5 10 20
T T qasolliq) T
1200 |- \ 60
R.Az60% F| [eosec

€=5/5ec

3
(e}

T
/
4

time

ure (°C)
(]
o
o
1

Temperat
o
o
o)
T

[ed}

o

o
T

700~

1 1 L L 1
10 00 1000
Holding time (sec)

Fig. 6. Effect of holding in the temperature range
between 1200 and 800°C on the hot ducti-
lity for the plain carbon steel (Heat D)
subjected to the melting treatment.

E, S BEERRE LTV BROBETHS
5.
3.2 F—2XFF+4 bE (1200~900°C) (CH(TBHEIE
3-2-1 BEJREKLEME

Table 1 1/R$D (BREM) LRV, HEM T
EINBGRE AT 4 ML XA L EEM ORE -
% Fig. 5 1R (& =5/s). REMBEEY D
B Lizsivs 1200~800°C {BEBR I B\ THEILA> B E
AETS., BEMTLREMBRE 1400°C 055
(O Lt (@) XN EREE OEE - Tt
FRLTWAD, FoBEbNLz O 1400°C whn#
LB & iR ol s — st L, i d 53
LR TR — I ~ERE L, I DI O
BEETHI-DEEZ DS,
;@ﬁgﬁ@%mmﬁ%m%ﬁﬁokk&f,%@%
DEEREIC HZE LLBRTHS. flz i, Bk,
T PR BENC T | X 55 BEBE O BEEE L HEL
T3 L0, GEETh (REAEY KT Eh, BHHWIE
Ar, SETEFCAHLCBBEMEREZTS & Lk bt
B LS5 5. Fig. 6 i3 xo—fi<C, Fig. 5 LFE—D
MDA, BR-EECs | Xk < BE®Th o 1200~
700°C R CERGEERTOCED ZEMMETHD (¢
=5/s). SEHMBIIYCHELRL, okt s
) — Xt 900°C B LT\ %, 1100°C Cit 80s,
900°C i3 500s, 700°C it 30s DEEHRFTH = &
X b 60% L EowmEiERSELRD (RECI S
Ml oEFENR) .

CORERCET LECOEOREL S,0 g0
WMPaE M ECE LB EBETF LIS, Bl

— 59 —



% 65 4 (1979) 14

2042 & & W
2Cr‘oss head speed (mm/s=c)
10° 107 1 10 102
100 T T T T 25
1450(Liq )
80 F - $¥1000°C 4 20~
— 60sec e
— et
3 - £
3,60 - time h 15g
P4 . 3
240 |- ¥ opag ] &
40 b =776
o
20 | v 15
prios
0 ! | 1 L ! o]
103 102 107 1 10

Strain rate (sec?)

Fig. 7. Strain rate dependence of ductility and
strength at 1 000°C for the plain carbon
steel (Heat D) subjected to the melting
treatment.
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Photo. 3. Austenite grain boundary fracture (A, B) and transgranular dimple fracture (C, D)

taken from the plain carbon steel (Heat D).
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Fig. 9. Dependence of ductility on the strain rate
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steel (Heat E).

Fig. 8. Dependence of ductility on the strain rate
and test temperature ranged from 1200 to
650°C for the low carbon steel (Heat C).
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Photo. 4. Optical micrographs showing void formation (A), and wedge type crack (B) at
prior austenite grain boundary, taken by interruption of tensile test (750°C, é=
5x10-3/s) for the Nb bearing steel (Heat E).
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Tensile tested at 750°C and &

=5x10-3/s for the Nb bearing steel (Heat E).
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Fig. 10. Schematic presentation of grain boundary
embrittlement in the temperature range
between 900 and 700°C.
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