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Microstructural Evolution and Ultrasonic Nondestructive Evaluation
During Creep-Fatigue of 9Cr Ferritic Heat-Resisting Steel
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Abstract The microstructural evolution of ferritic 9Cr-1Mo-V-Nb steel, subjected to creep-fatigue at 550°C, was
evaluated nondestructively by measuring the ultrasonic velocity. The variation of the ultrasonic velocity with
the fatigue life fraction exhibited three regions. In the first region (N/N; <0.2), a significant increase in the
velocity was observed, followed by a slight increase between the fatigue life fractions of 0.2N; and 0.8N;, and
then a decrease in the final region. The change of the ultrasonic velocity during creep-fatigue was interpreted
in relation to the microstructural properties. This study proposes an ultrasonic nondestructive evaluation
method of quantifying the level of damage and microstructural change during the creep-fatigue of ferritic 9Cr-

1Mo-V-Nb steel.

Key words
evaluation.

1. M

RN e 18 &3S As e

o
>
e
o
i)

b
2L

ot

L
Rl
flo
ol

i

3
%

WE
I At

o

RS

&)

o

>

1

52

fz
K
b

AA 7} Z7REA gle
A 28 sletoled Pus ke
Aol 27T Yo}, Wb T 2§ HejolE
22AR BAvle) el 27] Byl Sof
29T Jor 1e A TS Yo B TUH
T} AYHT Yk o] BESL WHEEZEoE

2

TCorresponding author
E-Mail : sookkwun@korea.ac.kr (S. 1. Kwun)

425

creep-fatigue, 9Cr-1Mo-V-Nb steel, ultrasonic velocity, heat-resisting steel, nondestructive

239 MaEoE A3l B 3 BAAY 59 /)7
2 Hdol AstHl AHGHR YO0 B =k,

Sy B 7)Ee] B v}
3 By A7E 0] way

R EREE RS

e mlAzLste] Bzkse ARe] B4R §
g Zom Aule ALg 2 AL 7K 9 @A B

A F AGHHDe) thFslA o] 4= ok

SRR o} A 7kA] Adu)e) 4 Aol g wA 223}
v oy 7} setu|eete] A 4 2 HdEe] &
S AAolrt. ojEjdt HelA 2 wf MujrzEe] 7AA
I kA S 8 RUEAS 8] FARG 7]
A o) ZA] mA A et ols7t Moo & F
840] At aER B AFor= 9Cr-1IMo-V-Nb 7}
o] YT v2&Ade) g 229 SEHIE 0] 85}
Ao g Hrisia d3tapge] wE wl xR W
2E&s A} 3T

e

B

ol =
=

2.1 32|=-U2A|H
2 A7 AHEE 9Cr-1Mo-V-Nb 72



426 8 - A

Al AREFLH, 1050°CAA X7 =)l 27 &
S T 760°CA A7 HHF XE] F AMS-s
3 Table 19] 388 23S JERUTE ZZ-9 A
P2 550°CY] th71&$7] FellA THEHEAIYIE ol %
sto] Hriaats (187MPayllA AFRFAA S 602
o} 60022 3t AN 7|EOE WAPE A 2 7
ZANEE FHEIHY. AEHE AlolA Zo)7t 16 mm, &
7ol 10mmg] 5742 AFHOZ /8l a B E.5
FAPAL FHLHE (£, NN) "F7E 01, 0.2, 04,
0.6 28] 0.8°] HEE APHE &9

3l Al AN

.
FHu0g ol gl B

o o
to
)

FA £ 4TI 23MHR] Y By ©
Z59 v B Rt ASA Lo Z s
$4414 223X (Panametrics,
PR5800)S AM&-3190o™, 1GHz LA Z 23 Z(LeCroy,
9374M)9] TAE 2EZA FXE A8

2.3 DM =Z{za A HEN HI}

nHzAFET HEEY 7] 2 BEE 23] 4
8] vl ak(vilella) A ¥ 2 H4 F 3318 ] 7 (optical
microscope, OM) % FAFA L& 1] 7 (scanning electron
microscope, SEM)& ©]-8-3t #HA3ITt AEE A
ol 248 s 2 1,000 719 HE=Eo ths) o]
v R EA7E AMEste] S RAY e HHATE
ZA3H T, ZYZ I 2HY F Hedre Hile X-
A H $AL 0] 83 Hall-Williamsond Vo2 2331y
o 2L 8 AP AFTHOE ) Avletq &
B3 YT X-AYL Cu Ko, ©E2F S Fae R8s
X-A18]H(x-ray diffraction, XRD) B Z 40kV, 25 mA
A St FEUS] HEEL FA9 3L
& olgasien AaFEEY (100ml S+ 10ml &
2h &FolA 3EES AGE 7t 24x7HE T EAT
e AgHeR §ARl F 3 M FEES
XRD #4-& 53l &89 +2E4S 3t XRD
AL Cu Kag ©l&3led 40kV, 30mAE 30°~80°7}
A Bt AAFES} vtERAIE A AT
| ¢l8l F2428 v 7 (transmission electron microscope,
TEM) £4& o] &3t on 48 5 dhae] A€
< A§ 3mm U2AZ 7HF F 25%2] HAE2Y (perch-

N

DL

rolic) A Ao A3 Anjsie] FH|BIATE A& E]
43 FEREY S AA gaFE dEIUTEE 79
Aot HEEY 24 FHAARANEY AR
7l(energy dispersive x-ray spectroscopy, EDS)YE ©]-&3&}
G FZENL AghA ks d =8 (selected area diffraction
pattern, SADP) £4-& Fastqth.

ofd o N

3.8 1

3.1 FZ|=-m2 WY mE =J0 £ H

Fig. 1& ©AE F2ZAZ A T H2o|FY)
3 ST 230 &&= W3E Ueid Aot zg=.-
T2 FAAE FFANTL] 6059 6002 22}
64X ZHN=3,300), 160AZHN=950)°IT}. F&3
< ZYZ-HR FHo] F7HE| mEt FIHE SRR
53], Fg=z-02 27|DAWNN<L02)NA F48 2
o £x9 F7} o]T HAH o= mAg FIF F7H0.2

o lo

g o

<NINK0.8Y Holi HFDA(NIN>0.80IM Tag &
At

3.2 Z&sold ¥ FAMXEE0|E 23

Fig. 2= 9¥ 3} Fgj=-gitt & Jekdv|7oz
23 B2 A zAE Vel Zolth. AEF A vp

EdrolE 2203 HH o] 7 Q2HUE A
H(prior austenite grain, PAG) AlE ZZ|Z-gt Fo=
Bg3| A2 F Qe Ao FFEHYG. o8 Huh A
AlstAl #&37] fleix FARAERA S o838t PAG
JAE JFSFAL ©]E Fig. 39 YERIATH AHHF <

5950

—a—§0s
— - o- 600s
]
£ 5940
5 Region I Region II Region 11
< 5930
=
[1]
2o
g 5920 -
L
4
9 5910
E
S 5900 : : :
0.0 0.2 0.4 0.6 0.8 1.0

Fatigue life fraction (N/ N)

Fig. 1. Variation in ultrasonic velocity of 9Cr-1Mo-V-Nb steel
with fatigue life fraction.

Table 1. Chemical composition of ferritic 9Cr-1Mo-V-Nb steel(wt. %).

C Si Mn P S Ni Cr

Mo Cu A\ Al N Nb Fe

0.09 0.23 038  0.015 0.013 0.065 8.66

0.90 0.04 0.21 0.01 0.035 0.07 bal.
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Fig. 2. Optical micrographs of 9Cr-1Mo-V-Nb steel; (a) as-tempered, (b} N/N,= 1, hold time of 60s and (c) N/N,/=1, hold time
of 600s.
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Fig. 3. SEM micrographs showing the precipitate morphology; (a) as-tempered, (b) N/N,=1, hold time of 60s and (c) N/N=1,
hold time of 600s.
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Fig. 4. TEM micrographs showing the dislocation substructure; (a) as-tempered, (b) N/N;= 1, hold time of 60s and (c) N/N;=1,
hold time of 600s.
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Fig. 5. TEM micrographs showing the precipitate morphology of 9Cr-1Mo-V-Nb steel prepared by carbon replica; (a) as-tempered,

(b) N/N;=1, hold time of 60s and (c) N/N;=1, hold time of 600s.
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Fig. 6. X-ray diffraction profile of electrically extracted
precipitates residues of 9Cr-1Mo-V-Nb steel.
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Fig. 7. Change of dislocation density of 9Cr-1Mo-V-Nb steel
with fatigue life fraction.
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Fig. 8. Typical TEM micrographs of extracted carbon replica, diffraction patterns and EDS results showing the various precipitates
observed in as-tempered 9Cr-1Mo-V-Nb steel; 1 and 2 are M23Cq, and 3 is MX precipitate.
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Fig. 9. BSE images of surface morphology and SEM micrographs showing the surface fractured at LNT; (a,d) as-tempered, (b,e)

NINs=1, hold time of 60s, (c,f) N/N/=1, hold time of 600s.
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