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Abstract

The ferritic 2.25CrMo steel has been used for high temperature structure applications such as turbine rotors,
boilers and pressure vessels in fossil plant and petroleum chemical facilities. However, this steel is known to
result in aging degradation due to temper embrittlement, carbide induced brittleness and softening of matrix
after long time exposure to high temperature. This research investigated the microstructural and mechanical
changes after artificial degradation treatment and evaluated the degree of degradation by several nondestructive
methods. The decrease of electrical resistivity and increase of magnetic Barkhausen noise(RMS voltage) with

increasing aging time were observed. The change of electrical resistivity and Barkhausen noise showed a good

correlation with the ductile-brittle transition temperature.

1. M B
2.25Cr-1Mo 7, 1Cr~1Mol-V73
75, WAakskAg,

of L™ dvl,

=E, Rdel
A g oF 300C ~540Col A AbgE R
e ngoA FAE AMEY e
g247148, 71N A8 o=

p=N
Q

)
ot

A

o R
i

o

e o

-210-

Jeorg ArHor AEFHAE A
Aasti, @A dulz A AL
Astejorgt AAZL? IHE ALE

L& FREY dd #EE
o "argel 2P

#Hrbe g FRECAA A
ANY, AAAE, FAJY AP

g or Briske Ze) 7t

o

)
1

<

)l

L2 3

549

o
ox o £ “

e AFsoe
A Aeks AR A
L mEq FRES 3E
in-situ 2UEH & £
7)Re FPo] Fast
578 wpm Al wol 2

g% gl Prh

2 oy e
ok

1124

RES

o N Mg o oft aje

fe 24 e 2

>
B
o)
& re
1822

Q

=]

rZ £ 3o

10) =
A I



oA ofst AT AT Ak o HAEE 58 HHsEunh

53 A7uiAgy S v xE Jog E o A AN 1873 425 48y g8 dsiE
2 ule Az 44y Ao Wzse, viass Z9e olgdte] ALE AdHor FHALY
Aol zv ©atE el Wl wigsiths Ao % gagEs Ryduden, FaiE gdd o
o7 miol dst HrE 9% wyoew I 4 Bl QEACP) A& Aagdch dal #5& <18l
F7F A A, 28y B AT ZrEo) 7]'i Az, FA7F 55 x 10 x Immd AlHE
w Az A gpggle] dslel we s} ol gk + 10% 8 £ HoA FBE %
gt el o] ®Wlgte] e A3 AE Zed %‘ & 7hsl ik

ZHol wFold gt ol & Hstgl v

g3 rtell o] Aol low T3 sty H vt Table 1. Chemical composition of the

- vﬁ
f
A
2
u)
ok
&,
i)
a2
Mo
1%
o
i
o
fu
1o
o
i
o
o

225CrMo steellASTM A387-22-CL2).
ol ek o Qs Wl H st Aol e !
% )

Fe | C | Si |Mni P S ! Al Cri Mo Ni

QE4 HEol AHH 3 ek I Rl

! i

- | [
‘e B AP ME ol FAHE sE bal. 0.138|0.l42[O.46J0.014}0.OO4E0.007§2,2710_9730.17
Aad7] 9o Qedse 225Cr-1Mo 2ol o ‘ —

g a3 A whyoe e viHz (g

m{ﬂ
ot
o%

wes Aa @M D AR R Table 2. Artificial aging heat treatment
oo o#H A Molen) R 1@l uwha A conditions of 2.25CrMo steel
bl o iy 2] 5 B ©. Simulated service
g oA Wyl Ay, stAs Aoz g Artificial aging time , .
qgste] olgel Aug vluw nAJon dst at 6307 Hours(Days) time at 538°C
T @I RAe §448 d¥Hez 139 Hours(Years)
94 s 290(12) 15,000(1.7)
340(15) 20,000(2.3)
N 460(19) 25,000(2.9)
2. MY 9 550(23) 30,000(3.5)
01 ol@ sl AlH ME O o|MZEX DA 730(30) 40,000(4.6)
2 d-fol] AMEE 225Cr-1Mo A EFA ol 923((;8) 20,00025.8)
1,200(49) 5,000(7.5)
Mo AzEAe, 900TCoAHA 1A sy
_ 2.1 I 1 2l 1,500(61) 80,000(9.3)
A F 20TAM 1AL WY AeE S 1.800(76) 100,000(11.6)
15mme} e FFWE  AESATH 2,200(91) 120,000(13.9)
225Cr-1Mo 72| 38" A4S Table 1o e 2,700(111) 145,000(16.8)
gt A7) s e AgEs 9sss 3,100(129) 170,000(19.7)
He FAHoE e oyl wRo A 3,700(152) 200,000(23.1)
AN Hesel wsE A HAT U2 4,200(175) 230,000(26.6)
_ . 4,800(199) 260,000(30.1)
S e QAF 9 AHS EHAA A FE
H3=E HrteE g,
. . X s o 413 E2H = =X
o2 g5 630TeIA 290~4800 A7k 9ol 2.2 TojuIM e o sIASHPULC0IE 5
NE Qs G2 §5 9 Table 2). B8 8L 4%z A28 (four point probe method) & =
STt . . . = Sy Ko X [ g =
FESEM(field  emission  scanning  electron St old AR dEselas s dF
[} : fo) = = 2 5
microscope)? EHNAARAN AL o|&std TF A (Keithley 203)% ©]&3le] A% AFE AH
I 5] 1o .
st9loen JAHEA 7] (image analyser)E AM&3} e SR @OE'L UFJA%*_E‘D] H
o] etgtEol =y), wwuAY JE LA (Keithley 203)& AM&3te FAstaAch AdEdx
=244n) Apole] dBE A7)wol2F Axddl

-211-



7]

S
(Kethley)%

Q)
=2

I*ﬂ

4>

=48

v 39 A 0] 2= Stress Scan FE|E AME 3
of AT 24 Fs AzhEE o7 AR
ol g viASAMrolz Aade AR~

% RMS(root mean square)@at2 +

3.1 O[AM ==
3.1.1 etgt2e
- Fig. 1& €3 ~
Fv FHdxEdn A
o) 7% (globular), =i E (rod),
A 7hx Hele g@alE S
oo} s ach w4
717l a2 A RESIT 9
A717y G P (FFF7HA7)
%i}%(ﬁ&%—ﬂiﬂ 0.114m)l Hlsﬂ g4 77
Hl & (2% wi)ollA 2 B w@E
a4z 3}71“ °13’1x1‘:}

ol
4

FodAC EA e
Bt @3 Akl F7hghel
zUstsEy Fa 7437 AFH
AR FAY gsEe HA ot

oF 1000 Al olFele A9 #EY £
goich =3 dA dEE Azt {0y HA
%ﬂlﬂ Hojztn k. ©atgel Wi AFL B
71 93 egEe] HESrrAV], GASsES

=
=

-212-

ig. 29} Fig. 3ol “EH A

(a) as-received

(c) 1800 hr.

{b) 920 hr.
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Fig. 1 TEM micrographs showing the

morphology of carbides with aging time
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