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Abstract

The residual stresses on the surfaces of low carbon 12Cr steels used as a nuclear steam turbine blade
material have been studied by controlling the flame hardening surface treatments. The temperature cycles
on the surfaces of 12Cr steel were controlled precisely as a function of both the surface temperature and
cooling rate. The final residual stress state generated by flame hardening was dominated by two opposite
competitive contributions; one is tensile stress due to phase transformation and the other is compressive stress
due to thermal contraction on cooling. The optimum processing temperatures required for the desirable residual
stress and hardness were in the range of 850°C to 960°C on the basis of the specification of GE power
engineering. It was also observed that the high residual rensile stress generated by flame hardening induced
the cracks on the surfaces, especially across the prior austenite grain boundaries, and the material failure
virtually, which might limit practical use of the surface engineered parts by flame hardening.
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Fig. 1. Equilibrium phase diagram of Fe-Cr alloy with
0.1 wt% carbon (K.=Fe;C, K=(Fe,Cr);Ces=
(Fe,Cn),;C5).

o} nt2EIALO)E HEl 7t dojubes T,,017d] 850~
1200°Ce] HHZ Vrojx HE ZR-$H Aol
v xle €89 9 Hel-§He 9FE zEsAh
T3, T, .0l 760°C, 1000°C, 1200°CY o 29, 7t
A)-&8 (Forced Ar blowing), 98 52 b3k Wzt
e 5ol WEEE 2t ARS8 Ao
HXE Ve 9FE 22U Ve H2 R
A 500°C7FA 9] =T ZRE] ARSI (T,
—T500°C)/(t, max—t500°C)Z 7 2] 5}3 .

I8 2@)% 20)% Tome<Tw,dd B Tome>
Turdl 2% Tomeol wet 397338 Mel8 12Cr 4
o] 2xold 2d FAE HAFH, I8 2c), 2d),
2(e)5 Tema’F Z2ZF 760°C, 1050°C, 1200°CY o
Yztahyol] wah AlojE 12Cr o] =0y =3
FHAE B Foh 7} 25 FAELS A|WHe] 3
g dolg BEXoEMN of ~10°C/sY] HwE wE
T2 Bzt Al @ B89 AFaY FHo=
tE A2 W7k Atolel A
F4& veile 39733 3%
18 54& BEden. 7t AlHE
Y7ol we} gdsiA 19
S ER=y
Al B3kE 2 7AW 38 ghae
&l Auger electron spectroscopyE ©|
R zdEgowRy FA Zyd w
E Bage] oy "stE Ak oy o) &
H AR HEAYE 10keVelUL, HE A3
2 °F 100 pmX 100 pme| R, FA4 oUA] Hej=

Q

ol o
o St
2

o

fru

N

RN
e
oo ot SN 1l
@ it porr
o o
U e e
[0

L)
2
o,
o
of
TRy

il oo
_O|L
32
K
1o, o
s



228 ORI o)/ EHE IS 37 (2004) 226-233

g
1200 T,,.=1197°C
- T,..,=1152°C
[ —0nge
& T,,.=1008°C
=
T o |\ T, o
£ Toay
lg.
o 600
g
h =
@
: r : y 300~
0 30 60 90 0 100 200 300
Time, t (sec) Time, t (sec)
QG (C) o O 12001 (d) -~ (e) T =1200°C
a0 T 760°C ~ T, ., =1050°C & 1200p - - - g pan o
- [~ ~"~"""~"==-"-- ’_"’ - P >
o o = Air cooling
3 Air cooling 3 9004 o
© ® Air cooling 2 9goof Ar 60 |/min
g 60 Ar 60 Imin @ I
a =% / @ )
£ Ar 80 /min £ Ar 50 i/min g Ar 80 Yimin
= = 600- e 8 ek
5] Water quenching & Water quenching © Water quenching
£ w00l £ 2
3 5 o=
@ A g
1 1 . 3004 y — y \ @ 300 . e
0 30 60 90 120 1] 30 80 90 120 150 [4] 30 80 90 120 150
Time, t (sec) Time, t (sec) Time, t (sec)

Fig. 2. Temperature cycles as a function of Tymax, () Tsmax< Teqy (B) Temax>Teqy @nd as a function of cooling method,
(€©) Tsmax=760°C (d) Tsma=1050°C (&) Tsmax=1200°C.
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Fig. 3. (a) Residual stress and (b) hardness properties
of 12Cr steel as a function of T, after flame
hardening treatment followed by air cooling (the
symbols “a” and “e” represent the data for the
as-received 12Cr steel).
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Fig. 4. SEM view of the flame-hardened surfaces of
12Cr steel as a function of T, . (PAGB: Prior
Austenite Grain Boundary).
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