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Abstract

As recieved boiler tube steel was aged artificially at 650°C and 690°C for various time duration
to simulate the material deterioration which could be occurred during the operation of fossil
power plants, And the tensile tests, the microhardness tests and the chracterization of carbides
formed in the aging processes were performed to assess the relationship between the mechanical
properties and the effect of thermal aging, Furthermore, the amount of Mo-rich carbide were
investigated by nondestructive method by noticing the fact that formation of Mo-rich carbides
(Mo,;C) which stabilizes lastly affects the mechanical properties. It was known that the micro-
hardness of artificially aged materials decrease as the aging effect is increased. And, the
microhardness results of service exposed materials were similar to the ones which are aged at
650°C. The room temperature measurement showed small variation in the yield points and
ultimate strength in materials aged at 650°C. Those properties at 540°C showed the abrupt
decrease compared with as received material even if short aging time, And it was found that
650°C and 690°C aging cause different effects on mechanical properties, although the temperature-
time parameters (LMP;Larson-Miller parameter) are same. And it was concluded that the aging
at 650°C is more appropriate to simulate the service exposed condition. Finally, the relationship
between high temperature tensile properties and Ip values were established, which offers a

potential way of reliability tests on the power plant components.
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Table 1 Service exposed conditions of boiler tube materials used in present study

. Operation Operation
Symbol i . i Component
temperature (C) time (hour;
Fossil rer plant
RH-1 540 132,000 OSSIT power pian
reheater tube
RH-2 565 178,680 "
SH-3 581 75,000 "
Fossil rer plant
SH-1 571 196000 0SSt power platl
superheater tube
SHF | 590 106,000 )
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at 690°C and 6507 respectively.
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Table 2 Variation of mechanical properties and electrochemical reactivation value as a function of the
degree of artificial and service exposed aging in 2.25Cr-1M0 boiler tube steel (artificial aging

temperature is 650C )

T
LMP Ip ov (MPa! ours(MPay |
Sample | \ ’ A Hv
{(x10%) {(pA/cm?) R.T. | 540C | R.T. | 540¢C

New — 0 310 230 | 500 410 157

B-1 20.31 0 257 — 485 — 156

B-2 20 .52 0 270 176 479 298 140

B-3 20,69 0 254 — 196 — 139

B-4 20,97 0.11 255 164 483 273 132

B-5 21.12 0.15 244 — 493 - 127

B-6 21.23 1.6 273 153 470 280 134

B-7 21.39 ‘ 1.0 262 . — 459 — 130

B-8 ; 21.51 1.2 256 148 457 1 268 129

B9 21.61 1.15 252 172 166 246 128

B-10 21.69 1.16 257 157 433 265 121

B-11 21.73 1.4 244 112 160 229 122

RH-1 2042 0 153

RH-2 21.16 0.75 ' 133

RH-3 21.25 1.35 129

SH-1 21.35 1.5 J 130

SH-F 21.59 : 2 .58 216 127 437 237 116
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Table 3 Variation of mechanical properties and electrochemical reactivation value as a function of the
degree of artificial and service exposed aging in 2.25Cr-1M0 boiler tube steel(artificial aging

temperature is 690°C
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- _ - ; e
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~ | | ——
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Fig. 8 Appearance of fracture surfaces after tensile tests conducted in room temperature and 540.

b alaalsle] Amial o w Aol vt ghekia:

of yAlshel el wix sl Al shel R

glon], e-tidimple; o =ivl7p #3 f Afine
il ol de] Fobeler e w oA Qv A
Aol vhEbuhiz wlir wmak zhge e vIle
2ol o AxAub AdabH e s whetere]
Sioll elelf Al el dubuel el WEERASr 2t
e ok ooleh, vk, aldbAlgl Alitel 4 mal

A Aol Aehis A gkake] A adglel uheh
soe] glsih ool siAlsh whehtaie] dhel
3= sl g shnkol ol ahAl 51elv) kol iz
4ooleh il 45 shn el

ulamals dlolis ebzbel ef e 4o 9l

aL-9-2]

wlsnalel o glubg o

Aol 4l o) 2sts
shsle] 7 Aekel sialel

1,
= o] zv)op o)l

gl

3.3 MoeC EtSHE D 7| M & METfel 2|
Fig. 9ol EPR41&lol ofslf 4] glefxul oe]ufe] @l

e cbebsl Ao Al 7] apg Al (SHAF o] /ol
eh crsle wml - oAaiel Y oo elel 4l 4l
el Aielat Ip vhar gelie] mbabs)e gl
450 - T T T
300 -
2 50 y
- e lp
z /7‘~_———-~p__ ‘i
e f -::;
= T
2 v
g L
& T
150 e
>
4300 . . T e
102 10! 10° 10
Current Density 1 (!.1A/cm2 )
Fig. 9 Example of potential - current density curves

obtained from EPR tests ibold line is a result
of SH-F material and the as received material
may be shown as dotted line;



1380 A

10 - - - from watababe and shoji (cef. 1)
- O »
- QO service exposed material
I© @ 650°C aged materials
- @ 690°C aged materials
S LOE
E
P [
g -
=
01E
! H !
0.0 LI i | . [ J ;
20.0 20.5 21.0 215 220
x 10}

Larson-Miller Parameter(1.MP)

Fig. 10 Relation between time-temperature parameter
{LMP) and Ip values in artificially aged and
service exposed 2.25Cr-1Mo boiler tube steels

o)1= ARyl AlH Fol Fo A HEElE & 4s)x
gk MoCxlglso] &) ]Di A ovpehde #abol v,

o2k P fod dhelxiel el 7o

o)s MogCtl s} 2] %1 Aol okg ol 4 9f
of, G opek ulel glebEo] Al AlE]| ) 9ke w4
LA el el malFel F Al ko]l Wy &
Aol ypaky ° b i
o Ipgrisd '
LMPell chaf«] 41344 sle] Fig. 10o]c}, -vul
of = Aol A ol fhiii #bol 3 4AE|o] )
L e I A B B
Ae wEel AskAel sl el AAE weat
ez LMPo| coigl Ipghel Hal ks ey
of, aula HAde® 4% o Watanabes}
Shoji*®ol] efall A qlo] @ wlgjolrh of v] 4], 413]

o® BAE Y gAlen $45 ¥4 LMP
b B bsel vt afolsl ol wel AAnt 44l
ahaka 7k Abgel wslo] Labslol elm Apalug)e|
FRRE bl Fe o) sl vl

Ipe} LMPe| 34 vlelg] =

Lo
<

Aol 4l o

- O
e s

Hefahrl i ghel, gkl 690°C ¢ @l A e
= 650°C o A ) Al A7 AR s
ey 2l Auls] Aels]o] 9l

Lll 3 } L’k«?r

Pl ol Ipgke- MoC glsl-wo)
sk oberd Fig 10004 b 4 oltol
690°C el 7gi= b At ) sl el 4y A%
of stad whirs ob 4 vk

Ip gkt

Fig. 11& Table 20l 4] 9|

e
i

w
=]

3

test temperature:540°C

2
<

ISy
=1
T

test temperature : R.T.

Degree of strength variation, % [ 1- 617 ® )] x 100
= .

=]
L

0 05 10 15 zfo 25 30

Ip (HA/cm?)
Relation between ultimate strength variation
and electrochemical reactivation value Ip (g
means the strength of service exposed or arti-
ficially aged materials and o, is that of as
recetved material)

Fig. 11

o}

650°C A A ufep Alv] Abgafe] 4 9l 540Tel
b wskebel hAl vhebal Zelch,
40°Cell +f o] ml2bgAle] 7w

{4

B A

tofvh, dadell+l olstsbalaind Fig. 11ef 4]
g s Sl dE Askiel 30%¢l
S REI S R - O

ol o84

i
WEk % E G olebis Aol d] 2 olul ot

4.4 B
sheluba g weld Seae] dulssisl /A g
dulstel b Ass eobas] $lajel, aleed el

Aok 47 AL g

i AlAlglond,

SR
vaba)E 4o MoC wbs)

R e e S St

EESIRER RS IR

S
1%] /bl (4 EAR

1 elx e xoyj):‘,} '/'l

o|] LL]» ] o
of i) oyl
413 LMPe) -%oﬂ uk 2} 4 o}ou QAL 650°C
siaefaiel Al ALS- A Ee] A ste]l dere A

o Goldl ebabg wolst gleh,

[ [SSNF S E AL =N

Foll Aol At ol

(21 650°C < =] v =) 2]
s AubE o LMPe| Fotol afeb 449
glont ol A= FAekA] 7

&hx] 5L A% 9&



2.25Cr-IMo7}e] ofghe} 7| A=A A} A ghol] gk ol -

S ololri 690°C Azl H o= PEA v
i fiWP 650°Ce] AL Wl AA L)

47| AbEA o] dE s LMPE 7|5 e
], 650CoiM A A A7E Eok dxalg) A8

O-“:— 1 O ~ -
Shekm 975} 58 Golel, 690Ce el Nzl
o elqt opgatd melm 7|AM Aol Wb

650°C ofl 4] ¢] 17)&%: aolzb olgg oF & 2l

o}, e’k A7l AbEa)oke) w]arell o) ef 4 650°C ol A
o] el-gd A= A7 7E modts dol Bhebd
& ke S okl

rar

vy —1
AnF

) BT AL 1988, “ERAE(L BRI E i
’jmmm, TR, 264,
8~15,
(2) Viswanathan, R. and Gehl, S.H., 1992, “Life
Assessment Technology for Power Plant Compo-
nents,“ J. of Metals, Feb., pp.34~42.

fr -
F6%%, pp.

), 1978, In](ul.L ERE IS D 7 ) - 758
Lct SRR, T ORI BN, 204, IR2uE,

pp. 175~185,
(4; 4bJn, 1990,
FRarEk, 597, iUk,
(5) A&, 1991, "o
R S e | R R
241260,
(6) Saito,Y., 1989,
tructure Analysis by means of Image Processing

CERRBEEOE TN, T AT
pp. 36~ 43,
Auieists o %

=T

4314,  #3%&, pp.

“Correlation Between Micros-

Technique and Electrochemical Polarization
Parameter of Superheater Tubes of Fossil
Boiler,” ASME PVP Conf., Hawail, Jul. 23~27,
PP.237 ~ 242,

(7) Hacker, M.G., 1989, “Technical Approach for
Effective Ultrasonic Examination of Cast Stain-
less Steel Piping and Components,” ibid. pp. 221
~224.

(8) Larson, F.R. and Miller, J., 1952, “A Time-
Temperature Relationship for Rupture an Creep

1381

Stresses,” ASME, pp.765~775.
(9) HelE, 1992, “wr|shsbA ubilol ogh W4
el odshn AAT lalAsel e, A6

H, A3Z, pp. 387~396.

(100 A3l=, Asdz, 1993, “A 7| ghetH
ok Wedzbel Aste EA4-H2x, 7 ez AlE
3 =54, A174d, #A2ZE, pp. 300~312.

) Jeong, H.D. and Kweon, Y.G., 1993, “Nondes-
tructive Evaluation fo Degradation in Boiler

ol

Tube Steel by Electrochemical Technique,” Pro.
7th Asian-Pacific Conference on NDT , Paper No.
0035, Sep.14~ 18, Shanghai

(12) Watanabe, Y. and Shoji, T., 1991, “The Evalu-
ation of In-service Materials Degradation of
Low Alloy Steels by Electrochmical Method,”
Metallurgical Transaction, Vol. 22A, Sept., pp
2097 ~2105.

(13) Shaw, B. J., 1984, “A Study of Carbides in
Low Alloy Cr-Mo Sttels,” Research on Cr-Mo
Steels, ASME, MPC-21, pp.117~128.

(147 Yakel, HI.L., 1985,
ble and Metastable Iron-containing Carbides,”
International Metals Reviews, Vol.30, No.1, pp.17
~40.

(15} Klueh, R.L. and Swindemen, R.W.,1986, “The
Microstructure and Mechanical Properties of a
Modified 2.25Cr-1Mo steel,” Metallurgical Trans-
action, Vol 17A, Jun. pp.1027~1034.

1160 HOARGEE f, 1991, “Cr-Mosii oo Fe I 1
A SERIR AL & Gf P, ™ S HE T R L

“Crystal Structure of Sta-



