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Synopsis:

Effects of lowering Si and impurities on temper embrittlement and creep rupture strength in Cr-Mo-V
steel were investigated, using specimens with various amounts of Si (0.02~0.26 wt%) and embrittlement
factor X (4.3~25.4).

(1) Microstructure of samples with a heat treatment corresponding to the center position in a large
rotor was completely bainitic without ferrite, even though with reducing Si content to 0.02 wit%. _

(2) Temper embrittlement susceptibility decreased with lowering Si content and X. Low Si low X steel
was not embrittled by the step—cooling treatment.

(3) _Creep rupture strength of low St and low X steel remarkably increased beyond that of high Si and
high X steel. .

(4) A low Siand low X turbine rotor of actual size (32 t) was manufactured as a trial based on the above
basic investigation, and it was proved that this had higher creep rupture strength than that of commercial

one, and was not embrittled by aging at elevated temperature.
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Table 1. Chemical composition of the steels examined (wt%).
Nl ¢ | si | ma | P | s | N | o | Mo | VvV | s | s | oa | x
1 |02 | oz 0.67 | 0.00¢ | 0.010 | 0.6 ] 1.05 | 1.8 0.28 0.002 | 0.0003 | 0.001 | 5.05
2 | 027 ‘ 0.10 0.65 | 0.00¢ | 0.009 | 0.5 | onon | on 0.24 0.002 | 0.0002 | 0.001 | 5.0
3 ’ 0.28 ! 0.02 0.69 | 0.004 | o0.012 | 0.45 | 1.01 ] 1.2 0.23 | 0.002 | 0.0002 ’ 0.001 | 5.0
+ |08t | o004 | o074 | 0.002 | 0.009 | 0.47 1.11 1.27 0.26 0.003 | o0.000¢ | 0.009 | 4.30
5 | 033 | 005 0.70 | 0.009 | 0.002 | 0.59 1.08 145 | 0.27 0.006 | 0.0009 | 0.010 | 13.7
6 | 029 | o 075 | o0.013 | 0.009 | 0.5 | 1 | o1st | ooz 0.007 | 0.0016 | 0.009 | 17.5
7 ] 0.2 | 0.26 0.87 ] 0.014 | o.011 | o0.12 1.09 1.22 0.21 0.012 | 0.0017 ’ 0.023 | 20.7
8 | 030 | o0.23 0.7+ | o0.015 | 0.013 | 0.3 1.04 1.25 0.27 | 0.016 | 0.003 | o011 | 254
* Embrittlement factor Heat treatment
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Fig. 1. Step cooling heat treatment used to 3-1 SEgsiamn

produce temper-embrittlement.
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Photo. 1. Micro-structure of the steels
examined : No. 1 0.219,Si steel, No. 2
0.109,Si steel, No. 3 0.0294,Si steel.
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Fig. 3. Creep rupture strength of low Si, low X

steel and high Si, high X steel.
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Fig. 4. Effect of X and Si on 538°C, 105h
creep rupture strength.

No. 1 (Si 0.21%, X 5.05) 0L 51 Si #Th, X
ANIWEERIIME L2 & B L.
33 sU—THMEER

Fig. 3 mwRFEH LK D Larson-Miller < 2 x —
Wi AR, K SiHE X Mo 2 ) — SHERRE,
E5 2 —x—fE (KR GFER) 20852 — %
—E (BE-EEEAD) zcof£#if<c, 8§55 X M
o HEbaIE. Fig. 4 37 v — 7HEERE © RS
3 81 kot X oFE8%R3. KHo HFix Larson-
Miller #:csRi7- 538°C, 105h 7 v — FHEWiREE &7
+. % Si-i5 X # (3% No. 7, 8) o 538°C, 105h
7 ) — MR ERY 14~15kgf/mm? /cdwexL, Si=

— 127 —



1940 B o M

% 72 4 (1986) 142

Table 2. Chemical composition of low Si, low X rotor. (wt %)
¢ | st [ Mo | P | s | N oo ‘ Mo j v | Sn ' Sb A | X
0.30 ) 0.05 } 0.76 0.009 ) 0.002 ] 0.5¢ 1 1.08 } 1.40 [ 30 | 0.002 ] 0.0012 0.012 l 1.6

Ingot weight : 50 t, Forging weight : 32 t, Heat treatment {

R W

&
d

Ingot weight : S50Oton
Forging weight : 32ton
Total length : 7655mm
dy dig. :1200mm

Photo. 2. View of quenching of low Si, low
X rotor.
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Table 3. Mechanical properties of low Si, low

X rotor.
T ‘ 0.02% Y. S. T. S. E. L R. A.
| (kgf/mm?) (kgf/mm?) (%) (%)
H. P. 62.3 82.5 17.7 52.0
Turbine side 63.9 82.3 18.1 49.8
1. P. 63.1 81.7 17.3 49.8
Turbine side 64.2 81.7 18.1 52.0
ASTMA 470 73.8~87.9 z14 =38
Class 8
Sampling position of the specimens : Center core
H. P. Side 1. P. Side
5 ]
[ F———]
7655 Unit mm
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Photo. 3. Micro-structure of the center core.
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Low Si, low X rotor : Si 0.05%, X=11.6
High Si, high X rotor : Si 0.23%, X =25.4
Fig. 5. AFATT of low Si, low X rotor and

high Si, high X rotor.
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(a) Low Si, low X steel, as-received (b) Low Si, low X steel, aged at 500°C for 1000h
(c) High Si, high X steel, as-received (d) High Si, high X steel, aged at 500°C for 1000h
Photo. 4. SEM fractography of charpy specimens.
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(a) and (c) As-received (b) Rupture tested at 600°C, 19 kgf/mm? for 1556 h
(d) Rupture tested at 600°C, 15kgf/mm?2 for 1363h

Photo. 5. Extraction replica electron micrograph of low Si, low X steel
[(2), (b)] and high Si, high X steel [(c), d)].
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Fig. 6. Creep rupture strength of low Si,
low X rotor. '
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