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Abstract High temperature structural components represent the phenomenon of material degradation
according to the long—term operation under high temperature and pressure. So, the degree of material
degradation must be evaluated by fracture test quantitatively in aspect of safety. However, because

fracture tests are limited in size and number of specimen obtained from the structural components,
nondestructive tests are required. Therefore, the object of this study is to investigate the applicability of
grain-boundary etching test in evaluation of material degradation for high temperature structural mate-

rials, carbon and ferritic steels.

According to test results, it could be known that the degree of material degradation was more affected
by service temperature than service time. And the relationship between Larson-Miller parameter and
material degradation ([JDBTT]s:) was linear, but the slope was dependent on the type of steel. On the
other hand, the relationship between ductile—brittle transition temperature([ DBTT]s+) and intersecting
point ratio of grid(N,/N,) was linear regardless of the type of steel. Additionally, from the relationship
between [ADBTT]s and N/N,, it could be recognized that grain boundary etching test was an useful

test method in evaluation the degree of material degradation for carbon steels as well as ferritic steels.
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Fig. 1. The schematic diagram of power plant and loca-
tion of specimen.
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Table 1 —Chemical Composition (wt.% )

B e MELLAE FHE BT BiK 255

: N S —
Steels D ff) Sym boll l Mo P s L Si o Mo
: 4‘ 4*4‘”;‘) —
Carbon ‘SA178C‘ ABC 135 1 08 | 0.050 | 0.060 ‘ !
= R
1/2Mo SA2 9 ! 019 0.045 | 0.045 | 0.35 044
Ferrite — ,‘,F —
21/4 ‘SAZB 015 0.030 . 0030 | 050 | 211 | 096
_LCF_ZIMO R J_,J,,__J_,
— Mechanical properties
o “—s};fﬁ* T:nsile strength X Yieldgr;.ﬁgth
; |
Stecls o, ol o) | (pa)
Carbon SA178C ABCDF | 413 255
I ‘ e I dut g d . *i¥‘_g+_a//;ka
| 1/2Mo SA209 T1A i E 379 ‘ 207
Ferrite — . . T _— — “T‘ -
2 y
L/ SA213 T22 G ' 413 207
o CrMo | T ]

Table 2. Service Conditions.
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j Service years

Service ternperature

\ (yrs.) (C)
__,\/"r_,—_*i______"—-,r/\r,__—. - S — ——
A screen tube o 2 3%
B 1 __ convection tube R U
c _ slope section tube Tg,‘lii B T 250
D ~ left hand side water wall tube l’ 2 280
B /Eﬁ - ;‘@)sgperheater tube L 7,%_ o j‘ﬁ o 5;207 -
_F 1 right handﬂdiwitef)vglligbe I S I 0
G lry superheater tube o k]k 40
g 650°C , 3.5hrs
SP test specimen
(10 X 10 X 0.5mm)
300°C/hr
{air cooling}

outer surface

C-direction

Chemical etching
specimen

Fig. 2. Extraction procedure of specimen
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Time (hr)

Fig. 3. Heat treatment condition of de-embrittlement
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Fig. 4. The schematic diagram of SP test equipment
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Fig. 5. Measuring method of intersecting point for the
degree of etching
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Fig. 6. Load-displacement curves for 2ry superheater
tube — as degraded in various temperatures.
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Fig. 7. Load-displacement curves for 2ry superheater
tube — de-embrittled in various temperatures.
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Fig. 8. Transition behavior of SP energy according to
the various temperature for 2ry superheater tube.
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Fig. 9. SEM micro—ractographs according to the tem-
perature in 2ry superheater tube — as degraded.
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Table 3 Results of SP test in low temperature
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Fig. 10. Transition behavior of SP energy according to
the various temperature for screen tube.
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Fig. 11. Transition behavior of SP energy according to
the various temperature for slope section tube.
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Fig. 12. The relationship between | ADBTT|s, and LMP
for various tubes.
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Fig. 13. Microstructures of degraded and de-embrittied malerials on each etching time for slope section tube and 2ry
superheater tube.
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Table 4. Results of GEM B
Symbol Structure N/No

de-embrittled 0.498 o

A B as degraded 0.768 n

B de-embrittled | _Féﬁ -
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I [ deembnitld | edes
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4 = 9l
YA £ A8 o
7t
Fig. 13-& CAl Q) slope section tube2} Exj<l

2ry S/He 58 HAl3 308 H-419 =347

3] gl o2 Jeldich = A slope section tube
€ Hd, 459 Asrt gHA ] AR

4 YAsstE o HAFE o] W, dAF=

Wl Feg sj4E #43d ¢ ok 29

I 5 BAuc 308 BAle] qlA FEF

AlZke] F7tel whel Al ME=

= ETEo] ASHog H4o] g

Aol Wutolue}, whalE o] A wel 9
Mol HAEE FHEUE FAe] Hi=

Aoz Azrglch =3 GHsA e A dH

AXtEtdo] =it Hsix o

ml

2l2 ols qlAldl FAEE =HEEo] sz
Agad Az #Ag ¢ ok ¥4, AAS

3 mAHE A FE A5 (52 2377,
308 1 37470)sh @A B (G 1 27070, 304

300) % 22 5%, 0% FAIA Ae
2e 4E vel AHUEA HE A& A3
4 glck dbdol 2ry S/HS A9+ A3 E
o Uiyt A che) 9REL BAY
S olel A8l wel WAW AL Ay

n&

ml

+

itk Azg A wAabEe gATE 308 F4
o 7%, A3 (39870) 2 =33 (3837) )l
A AL e $F Ho|, bE A= o
3hal7b 36770, @A 3kl 28070 24 G 3}a) 9
A2 A ebu] (NN, 1 0.922) = slope section tube
o] odstafe]  AAHIB|(N/N, @ 0.634) 2}
7], d3tAd=s & A& o 4 vk Table 4¢f
JAF-Age s F&F AA~GA 7HA 9 A
A4 =] (N/Ny) S b sl
Fig. 14¢ 2+ tubed o] N/N, A9} LMP%}
o] AAAAE et dt 23N I 5 9l
%ol DAE Atz 7HFel FAstA LMP
gtol F7hgtel wgl =& N/No g Hoj
3glo) =& oolelyk 2y ez RE] N/NS A
7= tube®] AEAZPEThE AR g
dHg FA USE FFY 5 gl °ﬂﬂ
2 AZIMNEEE} 7L B2 2ry S/He| 7
7b 71 Ee N/Nghe Heolx gith “}?4*1
ol Abo] Falxl le]2) FEG Ad¥H JAZR
e ®adt 2 odlepe]Eke] tubexio] ot
A dgtel mE glARA A HgA H
FrEAdS g & 9ot
& olEl’t JAFA] AFAAE oo
7} tube o] tHE SP-AH2 A& Ao} vw



262

Screen
Convection

Slope
Left
2ry SHH
Right
1ry S/H

B B::) ot Jelnl |

> H
AP S S —
S :
P ——
*
04 B B 1 [E——
10 12 14 16 18 o] 2

LMP=[T-(20+Logt)) , (X107

Fig. 14. The relationship between N/N, and LMP for
various tubes.
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Fig. 15. The relationship between N/N, and [DBTT]s
for various tubes.
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Fig. 16. The relationship between N/N, and [ADBTT ]
for various tubes.
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