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F280] ' Bx¥, 1Cr-1Mo-0.25V7, VikersBx, 3|2 |2 £X SEM, EPMA

Abstract The integrity of the turbine rotors can be assessed by the coercive force and Vickers hardness of the aged
rotors at service temperature. The coercive force measurement system was constructed in order to evaluate material
degradation nondestructively. The test specimen was 1Cr-1Mo-0.25V steel used widely for turbine rotor material. and
then the seven kinds of specimens with different degradation levels were prepared by the isothermal heat treatment at
630C. The coercive force of the test materials was measured at room temperature. Vickers hardness and coercive force
decreased with the increase of degradation. The relationship between Vickers hardness and coercive force was
investigated. The degradation of test material may be determined nondestructively by the relationship between Vickers
hardness and coercive force.
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£ ATdA = EAEAE gt 43 et o
& Algug Fvjsiglen, Az ©E 1Cr-
1Mo-0.25V 7Z9] 71413 54 Ase A=g v, 2
718 W3l 9 nja 2] Wl ofsf Aw Rgict

2.4 8
2.1. ANz

Ao AR A LA HYIZE A=
Bo| AHEE 1Cr-1Mo-0.25V7e 24 &8k AR
3 7144 BAXNE Z4zF Table 1 2 29 20, 28

2 AA= d3td A8 vl 2 FARE n]H 23
& Ze AEE 7] A8 AR ez HA AH2e

Table 1 Chemical composition (wt, %)

(538T)ET} 2 2=(630T)oA 5 g3} Aes
of ARSI AlEd AHEE AlRE T7HE EAE
A9 Al 1749 630TAN EAE ARl 742} 453
A, 933A17F, 1,322A1%F, 1,820413F, 3,640A13
3 5,460A121 6709 AlH S FulETh o] of &8
HE €3It Fedl A7 84 o] &4 28t 538T
oA ol AR AIZAM S Fed] A7) &35} LA 8t
£ 630TAMS AIZEE ALl o 2R st (7],
AA AHg2xs} vmg dA Y Azt Table 33 2
o

2.2. 3zAE

ZAE ZA4E Ag¥He=E 10mmXxX10mmX
10mm 2719 FSHA Y] A8 & AHL3HT. 3
T=Z2Ho] fold& & APHES 100WFE 12000
7AA AZE FREez deigt ¥ 0.6pme) di-
amond paste® AMH&3l ARAZsAT}H. A=A
& vlo] A2 vlA X AEAIYIE AlE3I o] Algs}
& 1kgfZ 391 F5H3AILE 1522 3t
Az e Ad&oA Zr AldEe gialA 2084 24
3l e ghiA=zke] A 5214 -E W3y Yt Ax
SAAAE GYAT A Lole] 48] o)} oA =
2 3Tt

2.3 2X &3

Bx13 2448 AdHoZE= Z 5mm, 7] 1mm,
2o} 55mm¢<l HE AFHE S AT 2A4Y S

C Si Mn P S Ni Cr Mo v As Sn Sb
0.31 0.23 0.76 | 0.006 | 0.001 | 0.36 1.11 1.32 0.27 | 0.006 | 0.005 | 0.001
Table 2 Mechanical properties
Temperature | Yield strength Tensile Elongation Reduction of Hardness
(v) (MPa) strength(MPa) (%) area(%) (Hv)
24 665.2 823.1 18.8 59.4 266
538 533.5 580.6 22.7 55.5 -
Table 3 Determination of aging time at 630TC for equivalent microstructure serviced at 5638T
Aging time at 630T (h) 453 933 1,322 1,820 3,640 5,460
Time served at 538¢C (h) 25,000 50,000 75,000 100,000 200,000 300,000
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Fig. 1 Block diagram for coercive force

measurement
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Fig. 2 Hysteresis loops with aging times
(a) Obr, (b) 933hrs, (c) 1,820hrs
and (d) 5,460 hrs
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Fig. 3 Dependence of coercive force on heat
treatment time
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Fig. 5 Normalized coercive force and Vickers
hardness on heat treatment time
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Fig. 6 Relationship between coercive force
and Vickers hardness

o2 FHdEg. weEhA Byl AR Adule) 93z
Hrtsted e BAtgo] o $53ltte RE ¢ 4 o
ooz BaEE o4 dalgrigol ZAIzt datd
aAe] EAHEE B ete XF dA7R LEE
BHrpg SelAle 7 58 Wolgta Al €Y.

Fig. 6& Z=43 RA= 3te] 43dAE JYehlzn
oo £ A F AYPAE Zerh o
Jae-Kyung Yi $°| §3% 2ot Ael dx gt
(10). v A AEU T Ay T2 Wy
Hlsle) S o] Hete] 1 Eol e Bl A&
ol it} Gotor A8 AeldlA Cr-Mo-VZel
122 AZE F£HE Larson-Miller parameter?
AP G FpiE & o] &3t oS3 H (5], whetA
Fig. 62 ZHTAE o]l &3] BHalge] &3 oz RE
AEHE FRITE G HelYEE o] g3l 1 2
= £u AME 5 glovz FAdgsiA)e o
B3 38 5 U

3.4. @stAZtol E ol MZEZ 2| 3}

H3HAIZL el w2 vlA 22 ] H3lE A E Y] 93l
v|dsiA el 247 ThE AEERE 71 dEtazl dEkA)
o] BHE 4% vold fdoz RAAA 7 vlAzF
o] M3 E FAMY MAdv|H oz BEAslgn. =8 @
3| 2o wh 2 AG P A2 sletad ol Wglg 2A}aly)
$#13}te] electron probe micro analysis(EPMA)E
AL8-3HA T



292 +84, ¥, 84, 39, &dF

Fig. 7€ €A A, 9 njqz7 W39 ealg
4L 9% SEM ¥ EPMA AHE BodFa i,
g3} A2 g A &2 AW Afolle ZFHA N 4
280 A9 glovt (Fig. 7(a)) F3tA9 ASole
dz}|zto] Uoj o wie} ZHHA FHo 4EE9]
%ol F7lste AE & 5 UH(Fig. 7(b)). EPMAS]
EAo olahd 7AW g4 (Fig. 7(0))7} wavsl 2
YA M B35S gAFHFig. 7(d). 2FH
AlA 4L 2322 Fig. 89 X-4 34 4oy &
4 SlE 2} 2ol MnysCe®t (Cry sFey sMog, 1)C30l
th. §3) FahA3re) 713 20 5,460A1F D3t
2R PA ) HEE @3tEo] deF 2. 0um F 9] 27|
oln| 1 ¥= 4 & & Utk

g3} Alte] Fhetell whet 7)1A) A4 F eSS 3
a7l A& 9450 ZRHANAM HE=lo] GFY
©3hE Bot ol ER T v ES e 8.
olFA FAE BIE J1eH FUF T DREL ALS
AlZto] Zoj Aol whe} <ty 3 ©3lE 2 W gt} 18]
I YA FHM 9 g2 Fvle FHEATY @3
B2 o] 2ol A FE5 L PR o] R ARFEH
o] o]F Zfo = A% AFHI ZHHA ] AT
S 2N E 90] HB2 AMHEAIRE] F71gel o)

2t Cr-Mo-V 739 7144 44 4 2|4 4do| A3}
goa gy, B3 @Al S et 23
He zdigrt dgsE H& 27)d 71A 2™
Atold] EAdte AFEHC| 2EH 1 7Ae Y
Ztz2te] a5 AAGdE AUA ol g2tk Y A

T v T T R T
10000 iFe
B e MnC,
w: (Cr,Fe, Mo, )C,
8000 |- . .
- 1
=) |g
< .‘
= . I
@ i
2 e :
= L i
. [ ]
100 |- : :
50 PR ! N S ) N 1
30 40 50 60 70 80 %

2¢ [0]

Fig. 8 X-ray diffraction patterns of 1Cr-1Mo-0.
25V steel (a) before and (b) after heat
treatment at 630T for 3,640 hours
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Fig. 7 SEM and EPMA photographs of 1Cr-1Mo-0.25V steel before (a, ¢) and after (b, d) heat

treatment at 630T for 3,640 hours
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