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Scanning Electron Microscope)(f#g A 5% : Hitachi SU 6600) -

< MTHNE 5 5 55 22 54 (EBSD » Electron Backscatter Diffraction)
(R 5 Y B T B (e (i 2 5% © JEOL JSM 5910) » H] 73 Afr
gL 75 17 (Grain Orientation)EifH (Phase) @ i /5 £ HH &S 2R B2 7 FH
H-R A8 E HY EBSD Bl - BURidMEE/ NS FIEY 20um » FAEN—
B B4 20um -

< RS EESAMNE T IR T #(EPMA - Electron Probe
X-Ray Microanalyer)(f#h& : JEOL) °

MHI S B 40 = BRI S » 195 Toshin #44
MK TREBERA/NE B RS U B v T e
SRBR > 7% SABRISRTEE 10 /DAL » MHI 49 1990 A (R b
INRST B R BEE I, - BB IER » #E(T PO1 - PO2 B
Super304H JESETIZE » BIBRAEIFHET: - ZMIIRR L & » SR
SRS » BRI B EMANRE » TR TIRE R DU
BRSBTS R R~ SH 5R— B (B BB R P SR
KA -
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7y~ B ~ ARIE - B UKE - JKEE -~ Al ~ 2]
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P~ HEIEERERIE  PUESTRE - $ESL ~ 879 PURBE - SRR
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Contact chip
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2.1.3 OB REEEE M1 E B R

PROTEE R siE £ 2 /KRS~ Bes - —JUBREGES - —ZUEE
gy~ SICGRENGS » — BRI SR TREREL - 20lE 3 A o
HORNTEME (A Super 304H ~ SA213T91 ~ CASE2179-7 ~ HR3C)43 (|
JEFEEEEATE - AlE 4 815k 2 R » BURE e GG RE 637
CYEM(=XiEE s B " K Eas) 7 AR CASE2179-7(T/P92)Hi
Super 304H 15 -

LIN KOU Boiler General Arrangement

J—|—F‘ ulvenzer
AA - Additional Air L

A-PM - Advanced Pollution Minimum

3 Sl e



Main Material for Boiler Tube

Super 304H

(ASME Code Case 2328)
2rySH,3rySH,
2ryRH,1ryRH

SA-213T91
(9%Cr)
2rySH,”3rySH,
1ryRH Outlet

SA-213T22
(2%Cr)
2rySH,2ryRH, 1ryRH

SA-213T12
(1%Cr)
Furnace 1rySH,1ryRH,

SA-210C
(Carbon Steel)

Eco, 1ry RH

% E i P92 : 3ry SH and 2ry RH Qutlet Header
1% ;)%L B The first row in 2RY RH
R A panel HR3C (TP310HCHN)
i F ’;:".' . =
ti P A B L
e O ITiE=™ B
bl A
— s
HI| R - T B
e | -
I L e
-3 - - il
;"%;%"" y
%’% "J: i | I | |
e Wl S b A s
T i i s m-_a_." I - l=ri=A0Y
i e mﬁ"""‘“\ :
<4 FI 13 : 1] 331 .‘“ a...‘ R
e T ek =l mf e hm
i [ g —
Forura Pt | | T e ) Y
Furrllace umr----,fff =
Tube material classified bv Temnb.
FE 5
& 4 EMMEEEHTE
P e
=2 BEEME
IBERZE IS SA-335P91 $335.6 x 66 28.0
3,&@%&«’@5‘%@[{*% SA-335P91 ¢$508.0 x 73  28.0
3TGEBEEHIIEE  CASE2179-7(P92)  ¢610.0 x 135 26.7
1M EREHIOIEL SA-335P91 $711.0x30 5.7
2MEEES AR SA-335P22 $711.0 x 59 5.7
2WEHEEH 12 CASE2179-7(P92) $762.0 x 65 5.7
FIERE B31CASE183(P92) ¢»508,559
X 85,95,110.5
HEEE B31CASE183(P92) 864,914,850,
(850,750)
x 39,64
EESEET B31CASE183(P92) ¢355.6,350
X 61

= Water or Steam
Flaw Direction

BEF1(Mpa) | 3SHEREHC) |

547
631
550
550
633




MHI $e it H A 155 RiE s (FEany £ - DURERE 35%1%
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B M KIRO R as B 57 BLRE BRI - A E B B B PR VS
W55 ~ PR - A ESHYIEED ~ SRS  hekBIR - KR ERY
TS~ RSy~ hak ~ KONEER ~ R EUERER > FEAE 6 B -

Simple Fracture
Corrosion <1% (6%)

DAMAGE ANALYSIS ON JAPANESE POWER PLANT (2004)
*Basic on boiler tube damage

5 HAREZIEE (FHHEN EAN



Points to be Inspected

m Desuperheater
: I * Fatigue
_F ; - o || + Vibration
- Creep Cracking at : Win Cﬁ l
High Chromium 1 i i“ } ¥ SH/RH
Steel Nozzle Welds o [+ * Creep
- L] ] , » Fatigue
|.| : 'Sl I LY ==y « Erosion (around
Hot Reheat Steam Piping — o L
- Creep Cracking at _ AN T 2001_b|0\'fl‘-‘r2}
High Chromium & El rosion (in 2ry
Steel Nozzle Welds | - | ?F\s\ Pafsllzfnel
'J 5 i N f \;\"‘ i} l‘/ Q |— Eco
= %——>\\ | U_ J: Corrosion
R = -1y N + Corrosion Fatigue
- ] o | pi ok = * Erosion
T AR HY »" l
'ILL]' M! T — ] ﬂé Q
Furnace Wall > | < I,J L
» Creep \ 7 —] T -
- Fatigue - o ]
| Il -
IS =S

* Erosion (around wall blower)
* Fireside Corrosion

+ Circumferential Cracking
(Thermal Fatigue)

6 MR IR RBCERN

FERFRAEER 25%%7% TR ~ B NINEEDEY) »
EMAIEEREE - EVBEEEE - el sRe S - FEN
5~ MR - DIRESA - EEEFNEEREELY) » HKR
mEsHIES T - SEINECERMESFHEETRE > A AH

Gited ~ RSt ~ R ~ PR Ie &S 574 - MHI Al i
BIEH ~ BEEELEE T A 0 SRR 3 0 RILLIR B ESS -



=3 IR E M A e
MAINTENANCE
OUTAGE MAINTENANCE (1/5) (Refer to mechanical maintenance manual)

Action to be Taken -
. _ Checle Checle N Inspection
Description Major Check Item Method Ref Nhﬂuntlanclp‘l:lﬂe Bemariks Date Imspector Resalts
Limit)
Water wall Mozzle weld joint Diye Mo cracks Repair or change
tubes penetration
test, Visual
Deposits and Visual Mo deposits | Camyout boiler acid To maintain
thickness survey cleaning the existing
on tube samples - tube wall
Measurement | Tube Repair or change thickness 2 fsr
thickness damaged tubes
within limits
Deposit of clinker Visual Mo deposits Remowe manually or by
or slag i water washing
Tube overheating Visual Mo Change damaged tubes
overheating
Thickness survey Ultrasonic Tube Repair or change
at tube bend part Test thickness damiaged tubes
within limits
Erosion, comosion | Visual Mo erosion, Repair or change
or deformation COTOSION O
deformation
Furnace Cormosion, Remaowval of Mo Clear debris Inspection
indet and accumulation of inspection COMMOSIon or nipples to be
intermediate nipple and deformation restored after
headers ] checking of inspection
internal
surface
Water Erosion, comosion, Ho cracks Repair
separator weld and penetration or damage
damage test, Visual
Water Erosion, omosion, Ho cracks Repair
rator weld cracks and penetration or damage
drain tank damage test, Visual

R 3 HEE M G e A R ()

MAINTENANCE
QOUTAGE MAINTENANCE (2/5) (Refer to mechanical maintenance manual)

; Action to be Taken .

- - Major Check Check . Inspection

Noo Description Ilm Checl Method Ref ~ (if beyond Remarks I Inspector
acceptable Emit)

3 Superheater Cormaosion, Remaoval of No comosion Clear debris Inspaction
headers, accumulation of inspection nipple o deformation nipples to be
tubes debris and checking of restored after

internal surface inspaction
Thickness survey | Ulirasonic Test Tube Repair or change
at tube bend part thickness damaged tubes
within limits
Weld cracks, Dye penetration o defective Replace or repair Tio maintain
element test, Visual parts the existing
deformation, - - tube wall
damage fon. o Ulirasonic test and | Thickness of thid‘nw:ss;g- ter
tube thickness tube within
measurement limits
Spacer tube, Integrity and HNo 3 Rectify
Girdling tube, rod | alignment misalignment misalignment
Spacers, support
plates and
stoppers
Tube protectors Visual No excessive Replace
and the anti short erasion profectorsiplates
pass plate
supports
Hozzle weld Dye penetration No cracks Repair 10 year
Joints test, Orther NDT[for SUMVEY
high eromium
material)
Ash deposit on Visual No depaosit Clean manually Ash deposit
tube surfaces on tube
surfacas
Hanger tube Visual Mo deviation Comect the
alignment deviation




R 3 SR E M G e R ()

MAINTENANCE
OUTAGE MAINTENANCE (3/5) (Refer to mechanical maintenance manual)

. Action to be Taken -
No. Description M"“I —— Check Meihod RCI"""]‘ . e Remmriss L“‘""I | et || Rl
acceptable himit)
Deposit of -
5 Supﬁhe;;lter axfoliated _ ) Mo deposit )
{Cont) headers, tubes at pendantsnd“ Radiographic test [Blockage Remove deposit
panels rate<30%)
Liner, nozzle Visual using No wear o 10 vear
wear or damage, fiberscope damage, or Repair or replace sur'ry:r
6 Desuperheater | OF leakage Ultrasonic test leakage
Clearance Visual suing fiber Mo deviation Comect the
between liner SCOpe e deviation
T Reheater Comosion, Removal of Mo comosion or | Clear delwis Inspection
headers and accumulation of inspection nipple deformation nipples to
tubes debiris and checking of be restored
internal surface after
inspection
Thickness survey | Ultrasonic Test Tube thickness Repair or change
at bend at tube within limits damaged tubes
bend part
Weld cracks, Dy ation Mo defective Repair or change 10 year
element test, Visual parts SUrvey
deformation or
damage Ultrasonic test and Tube
tube thickness measurement
measurement within limits
Spacer tube, Integrity and Mo damage, Rectify
rod spacers, alignment misali misaligy
support plates
and stoppers
Tube Visual Mo excessive Replace
and the anti short Erosion protectorsiplates
pass plate
5
Paraw e LA 04| =5
\ = = =
<3 SR E M A i AL (%)
OUTAGE MAINTENANCE (4/5) (Refer to mechanical maintenance manual)
- Action to be Taken :
No. Description e Check Method P (if bevond i || e | Tpectr ||| Rt
Ttem Reference . Drate
acceptable Kmit)
T Reheater Mozzle weld Diye penetration Mo cracks Repair 10 year
[Con) headers and joints test, Orther SUMVEY
tubes NDT{for high
Cromium
material)
Ash deposit on Visual Mo deposit Clean manually
tube surfaces
Hanger tube Visual Mo deviation Comect the
alignment deviation
Depasit of Radiographic Mo deposit Remowve deposit
exfoliated test [Blockage
scales at rate<507%)
pendant panels
] Economizer Weld cracks, Diye penetration Mo defective Repair or change 10 year
headers and deformation or test, Visual parts SUMVEY
tubes damage
Ultrasonic test | Thickness T ain
and thickness measurement the existin
measurement within limits tube wall 9
thickness
=tsr
Thickness Ulirasonic Test Tube thickness Repair or change
survey at bemnd within limits damaged tubes
at tube bend
part
Hanger tube Visual Mo deviation Comect the
alignment deviation
Tube protectors Erosion Mo excessive change
and the anti ENSon protectorsiplates
short pass plate
supports

11




R 3 HEE M EE

MAINTENANCE
OUTAGE MAINTENANCE (5/5) (Refer to mechanical maintenance manual)

T ZERA(50)

; Action to be Taken .
R Major Check Check
No. Description i Check Method Rk (if beyond FRemarls T“ Imspector | Results
acceptable Hmit)
9 Safety valves Internals, Popup No damage, As per
and reset steam cut recommendation in
pressure sefting the manual for
safety valve
10 Baoiler skin Gas leakage Visual No gas leakage | Repair skin casing
casing leakage
Paxam 2R LA [P ==
=3 iEEM e T ER(E)
MAINTENANCE
OUTAGE MAINTENANCE (Option)
ltems Check Method Expected Damage Frequency Remark
(1) Thickness Measurement .
on Pressure parts UT {or Inner UT) Ash Erosion Every year
Creep Rupture Test or MHI will recommend
. . Every 5to 10
(2 Life Assessment NDT (microstructure, Creep ars after 5 or 10 years
hardness) ye operation
(3 Furnace Wall Fin PT {or MT) Thermal Fatigue Every year
@) Scales in Furnace Wall Tube sampling g;?:iﬂg E:zg gr}'ears
(5) Scales in SH/RH RT Accumulation of Every year
Scale
B Visual Check . \ . Every 5to 10
(Inside HDRs) Visual (Foreign Objects) years
(7 Visual Check - . Every 5to 10
(Inside DeSHs) Visual Thermal Fatigue years
(B)Visual Check
{on the bottom slope of | Visual Fracture Every year
furnace wall)
. . MHI will recommend
(@High Chromium Steel NDE Every 5to 10
Nozzle Welds (PT/ MTUTTOFD,etc) | C"%°P years after 5 or 10 years

operation

12
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e A T B SR A £ R T IR M T A TR
FEWIENE T A- TGS o M~ BEIS B MBS P 8O0 - 9] fE H £
SA-213T12(1Cn)%] SA-213TP310HCbN(25Cr) - JEEp Al GhBbfr
TR EM S BB LS - i EEEIEESan T > WIE 7 -

RS TE T B PR BTG » E RN EE R ~ LA
s Bl 2 i =R B - BEBEE R 7 - EEIAL - TRssEaHa% -
Mrii¥ - (B REE BUGIRE FE A B R A - (EIEGE AR » A0E 8 -

B SO ER i SR S s 2 M) > SIPEERENM 7 A8 E
RP{E - B 1.05 EIRGIMEELEES - BIRGNENIEESER - HH
BAEBENSFERINA SRR - WE 9 -

Sample Tube

Specimen

]

'
Wai ght
For Band

L]

Jnert  Wei
G

e Monitor TV

ht
For Tensian !
[

Tharmocoupl o
| | .
| o Oparatsan

Fanal

Rotary Turbo |

P P L 1
ump  Fump e Schematic Diagram Equi pment

7 BRI
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r—-— - : MERIT
TUBE S TUBE 5

1 1 | + Low cost
= + Short period
o N j for several hours ~ a
r Fjiff few weeks
Scanmng Electron Trar;r_r;;;sion Electron DEMERIT
Microscope (SEM) Microscope (TEM)
1 1 + Limited application
l| . B R N
SRR ANy
/‘N\m TN P .
s~

Creep Voids  Micro Cracks Precipitations

8 (SR

HARDNESS MEASUREMENT DEFORMATION MEASUREMENT

Tube -

Rough Criteria
X+Y

Ultrasonic Hardness Measurement Tool 2

= 1.05 x Original Diameter

MERIT DEMERIT

+ Easy to apply » Available only for catching the sign of the final
stage of creep damage

9 HEHEPEEN
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2.1.5 EffE & ER

MHI & T/P91 ~ HR3C Ef Super304H EM 154 ERg » W7= 4
Fim » BURC A ZES - EMEFERHIRIE ASME Section IX
WPS » AR B S 28y - (575 SA213-TP347H B2 SA213-T22
FUEPTRE 0 1F SA213-T22 (AR E G 2 4 4 VSRR - (R R HHE
T RERSEZ AR - EEWE - 20lE 10 Fos -

7 4 MHI B8RSR (E M E
Reference list of Supercritical Sliding Pressure Boiler
(T/P91.T/P92,HR3C,Super304H)

Stggg’leag#ctjli%tnn Material
Customer Station MW Fuel
I(:’“l;'eF;sasj T?fgg’ T/P91 | TIPG2 | HR3C | SUker
Tohoku EPCO Haramachi #1 1,000 | 254 570/595 Coal (@] - 9] -
Chugoku EPCO Misumi #1 1,000 | 254 604/602 Coal o] 0] O
Kobe Steel IPP Kobe #1 700 | 250 542/568 Coal o] @]
Kansai EPCO Maizuru #1 900 | 253 598/598 | Coal | -#1 o] o}
Tokyo EPCO Hirono #5/#6 600 | 254 604/602 Coal o] 0] O
Mexico CFE Pacifico 678 | 25.0 543/568 Coal (@]
Indonesia Paiton 111 856 | 257 542568 Coal O

Mark “O" means “apply”
#:1 : This boiler was applied 12Cr material.

Dissimilar Welding Trouble Example

Weld Metal

SUS321HTB STBA24 (oINS

10 BB §F PR

15



2.1.6 JEEE 25

TEVEENHFIPRCE =P EL > WiE 11 Fs e fEVIHHIZ B S —1
PO L AHS NS ) - BEEA I TR L - 788 I
TENN TR LG & A f i [FIE R S - BRI EEETRER L
INBIEEITIERE ~ MFUETS ~ ZZFLIP AR ~ TP~ SRRk
£~ s A RS T B -

JEENIERIE SO S BB R SRA R - BN S HRE B

SEEER - W G R =R 34 (Triple-Point Cracking) » 7572 FH X b

FUBT BEE = (8 M R R PE R B R ISR > (e BRI 24T
(Wedge Cracking) » 41[&] 12 - {7 S B RIEE IR » N EEUE
FHEEZEFLIPRL » DRSBTS AR ZEFLIZEL » Q18 13 FioR

(unstable) . rypture

|

| Secondary

1 (steady-state)
\

!

|

o constant

Primary
(transient)

g, Strain

J
l
I
I
|
l
l

12 VESBITREES SRR S EE )
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PR e : wilation
13 SRS B )

=R EADEHEEE A A ERETIA(LRE T - WS TEERERE )
#3 2 FHCSEF » Creep Strength Enhanced Ferritic){F B R E N =
s EEREEG A E BT - REAH/ Y MX Carbonitrides JERGHT 58
B » DARAE[EDK ik FHELEEES T R HY Mo B W TR TP RkaVE A8 L
[ERFERr =R P VRIS - B ERE T EE - STEEREEE T8
FMRIREE S M N o £F 2004 LR L SR AN B
AR, 0 M BT A AE AL B B & (FGHAZ » Fine Grain Hear
Affect Zone)HYSEVURIE I (Type-1V) - BURHEHG#7 A B E5RE E
FME

H A& b 85 J7 8 92 B (CRIEPI » Central Research Institute of
Electric Power Industry) ~ [B] 17 M %} R} 22 87 72 7% (NIMS > National
Institute for Materials Science) ~ iz ~ MHI Bz 26 25 g Bt g o2 40k
%% Grades 91 ~ 92 Ei 122 JESSMEHYEESE(SHC » Committee on
Establishing Allowable Stress Value etc. of High Chromium Ferritic
Steel ) °

IFt SHC VB IRTE e E M YIRS ~ EM VTN L RGER Az
B sTERMEAE - EEa i E - SBRE - EFUE RV
B2 AR E AT (Fitting) » #E{ 7B 5 - BESUE IRV EZ DI IE
T3 02% A R PTG EIHIIE 1 R 57 & oS FE TR FE T & e T E B -

EEREFFRIAFERR - Bl & H58HE Grade 91 i 155 SETRSEEHET 8

17



RN & Z AR 370 SEREMETEER) » Frodhk Grade 122 g 199

FUBEEEIECR &2 A SR 269 FE

Grade 92 ifi] 24 SEEERETEIR(H & Z AR 331 55

SEELEE
USE=S

WETRS) - # 52
R

1) » {&1E 2 A MHI B CRIEPI | F] Larson-Miller parameter » 324

JIEs > FEREAA NS o

B PR &84

FEBRR BRI REIRE e - DA TR AR/ E iR - T RIEAESIE

LMP=(T+273)(C+logtr)=A0+A110gc5+A2(logcs)2

HtEA(1)

ORNLAE 199 I I (R IE ST Bk B2 AR 1] -

LMP=(T+273)(C+logt,)=By+Blogc+B,c

HEA(2)

SHCTESE I ER eI R Bl Wrie th VR - st (DEL
(2) > fREHREHEG) -

LMP:(T+273)(C+10gtr)=a0+a110g6+a2(log0)2+a30

] [E] s FAE = e B TS - C - ap > a
FIFERT > 14 RsGrade 91 ~ 12283928F (15 F 52 2U(3) RS
8 Frégthiaydber - BRIGERREGRIEE - BURI R

B0z - AT RESy -

RS LMPRENH EUE

FtE3)

YAyt 337%7%'%( ’

AL A A
=T

Material Regime C a0 al a2 ad SE
691 welded joints | igh stress| 34.7773] 37551.7] 4161.0] -2969.5 0| 0.3549
Low stress | 26.6958| 36158.6] -4628.6 0| -2.7323| 02354
Gr.122 welded joints| High stress| 35.5505[ 102924 50741.5] -13885.5 o| 0.2785
Low stress | 15.8726] 21089.0] -1518.2 o] -5.1385| 0.1611
| High stress| 302980 26174.6] 11828.6] -4695.1 o] 0.3998
Gr-92 welded Joints " |~ tress | 18.8166] 25397.4] —2327.7 o] -38787] 0.1425
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T
3000
& \"‘ 550°C
S 100 I —
] B 5
E 50 .. 600C
=
650°C
Solid line : Average 700°C
Broken line : 99% lower limit
10° 10! 10?2 10° 104 10° 10°
Rupture Time (h)
(a)Grade 91 $F{F/EEE 4R
300fF-—
“©
oo
= 100
“n
w
et
A 50
Solid line : Average
Broken line : 99% lower limit
10 '
10t 102 103 104 10° 108

Rupture Time(h)

(b)Grade 122 §R{4-B8 HhH4R
14 SRUFVEEE 4R
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300[ ——

100 i

Stress (MPa)
un
]

. .. 650°C
Solid line : Average '
Broken line : 99% lower limit

100 10t 102 103 104 10° 1086

Rupture Time (h)

10

(c)Grade 92 58 (B4 45
14 VRS ()

L REA B AE AR A E I EEE - w2 HY SR e IR
595 (WSRF » Weld Strength Reduction Factor) » # L REA ELER
HYJESEARGR - A0 15 > PSR REsa Ry AT > 4158 6 Fiow » Hf
(LSRRI F0 2 fE I {H (Allowable Stress) » {GZIFFHRYLZIET] - 1€
EERAHyE TRl -
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Stress(MPa)

500 ———+

300 .
100 -
80 1
60
Solid line: Average T
40 L Dotted line: Minimum v _
) Predictqd
L Solid symbol, Black line :Welded joint rupture time _
Open symbol, Gray line: Base metal N 650°C
.
20 ool ool vl oo el vl ! L1
10° 10 10° 10° 10° 10° 10°
Time to rupture(h)
(a)Grade 91 JESEHh4%
500 e ™
300| ]
©
(o
=
W
@ 100 .
»n 80 y
60 1
Solid line: Average
a0 Dotted line: Minimum .
- Solid symbol, Black line :Welded joint 1
Open symbol, Gray line: Base metal
20 Lol Lol Lol Lol Ll B R

10° 10' 107 10° 10°
Time to rupture(h)
(b)Grade 122 Y& h4g

15 B BRI Hh AR ELHL
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500’ T IIIIIII| T IIIIIII| T IIIIIII| T T IIIIII| T IIIIIII| T L L)
300 |
©
o
g -
w A
3 100 ) ';{{;“: 800°C 1
@ 80T Y RN =]
N A i
60 T N AN
N ~ ~ .
Solid line: Average \
40 7 Dotted line: Minimum N T
LY 650°C
- Solid symbol, Black line :Welded joint N 1
Open symbol, Gray line: Base metal N \
20 I Ll Lol Lol Lol L, Ll
10" 10" 10° 10° 10* 10° 10°
Time to rupture(h)
(c)Grade 92 &S A4
15 RIPFELsR B E fh4R ELE ()
76 Grade 91 ~ 122 ~ 92 #J WSRF
_ Weld strength reduction factor
Material S S S S S S Note
525°C| 550 C|[575C|600C|625C|650C
KA-SCMV28 1.00 0.90 0.82 0.79 0.79 0.79
Gr.91 |KA-STPA28 1.00 0.90 0.74 0.67 0.65 0.65 [<=76mm
KA-SFVAF28 1.00 0.90 0.74 0.68 0.65 0.65 [>76mm
KA-SUS410J3 1.00 0.84 0.68 0.57 0.50 0.50
A -
Gr122 |KA-SUS410J3TP 1.00 0.84 0.60 0.50 0.50 0.50
KA-SUSF410J3
Gr.92 KA=STPA29 1.00 1.00 0.74 0.62 0.53 0.53
KA-SFVAF29
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2.1.7 B0 SRR

BV 55 R F R S A A T R O [ A2 FR S T B R RS
(AHAEIEARR I 2T - A S A AR TR E B R E
S EMEREE R ~ mIRIEE R R EHF > A8l 16 Fr > HEUTnE
PREEG R TR AR > A0E PR E RIS R A eSS R
3o WEAE IR 2 IR -

Hanger Tube

Reheater Tube

Fixed Spacer

Reheater Tube \QQ?

Crack (b)

(@) heE

Frequent Start
and Stop .
e?".l‘{_ l::q};!-]er Crack
E )
4 o
e ﬁ
Mgfmum Number of Stress Cycle
SE (=Number of Start and Stop)

Furnace Steam
Water Wall Cooled Wall

(b)/Kil&"E
16 B HE
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2.1.8 Bl 55 BRI B AR R

FEHSE P DeNOx Zone (& » /KA E ATREI BB ML - JEE
SMEZIEUANE 17 Bor > SRR RPARIERREAVEREE TR > O
H,S > H,S EAF LIS E/ L FeS » FeS ELEIRER TR > 1ERE
B A Ut (RIS > FeS BV TEEIE NEN - IGRURERBIR -
MHI f2HHER] > 40iE 18 AR > & HEMZRIREE D Iy > Bk E
HAAE o — -

()N 'E S N
* Circumferential Cracking

Furnace |
- Penetration

| —

Progress of
Corrosion

|
Ci
Crack
Scale Lotal
. Crack due to thermal
[

expansion difference between Camosion
Scale and base metal

Combustion Gas  Combustion Air — — BN

§
Fe,O
i FeS

Combustion in’
deoxidization

H,S + Fe — FeS + H,
O @ D S ¢ ey — PFeS + 3H,0
N, H, FeS, + Fe — 2FeS

(b) B
17 B 55 BER ev B TR
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JUDGMENTCLASIFICATIONBY VISUAL

(Example)
Eank A Eank B Eank C Bank D

[l 18 5B 57 B 6 ey £ g EE A
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2.2 2 B FEM 223 (Shimadzu) A 5]

AR EEFMNPESESE > HEALFLE - HHEREEN
TSRS WE 19 B > EANE EEEL T EEREE - &
AEENEAFHARRREYERTE 1875 FAI15E - 1684 LA A&
TR RISE S 5 DRSSt e HE R > R A AR E
AETFETESEER - Tt B FTORAIRI R - Rt ghEs A ER
B IE A i - AR AT 50 AR R\ BI5t SR EL e
AR » RO - X HROTEEFEES - Rl e
MRS ~ BHRERES ~ MIZE SRSl > DUERlr ~ X 4
i ~ B BT 8 = KA LRl Ry AU BB Lol » £ —
e > BESEAGRE » BRI REE  HERIBUERSS - (EREN
FEGRES BT EATIER » TCHAER D o M 98isk B A FrRicak -

;E'
v

19 SaisREAFER

26



2215 ST BT ST
FERPRISH TR » —AUE DR Spark) PE R BRI - 40
TEHHI(GDS) 5165 BT A5 S A ISR
TR B R FE LR © A RS
REMRATESREE  BRTR S ROEREEE VB -
52 4357 H7 HEICP-OES + Inductively Coupled
Plasma Spectrometer-Optical Emission Spectrometer)#1 75347 » {HIEH

AR E I

BB R

RTINS - FIRAVRT BT R >

B AL E FEE: N IR AE RSy > o] HE T BT
(EPMA  Electron Probe Micro Analyzer)5 25 128 il #2 (SEM -
Scanning Electron Microscopy)[ff J1 sE &5 7711 (EDX > Energy

i -

Dispersive X-ray Spectrometer)?;

BRI R — R RV EE - B O B 0 BE R 3 B
1 (SEM-EDX) A [&] f& £ 1Y B8 F s PR 0 M & DL R & 77 15 3
X-ray » i SEM-EDX 2 DIRE[E (Energy Level) & 57453 X-ray » A
AL SEM-EDX B4V AR 7 Z BHAE » W1k 7 P -

BT EE T KER
T EITER - LHEKITER - Wa{HAE] 0.006%HIhix = & -

BB triae E 4T E R £ 10eV > Z 5> SEM-EDX 1Y
130e V(A& 20) » K BEFUPR s s RIS N TR OR I -

DY &N =fiduen

AR T 2R -

NS E YNGR I P i)

R T BT TEREL SEM-EDX £ 2

EPMA

SEM + EDS

Elemental Analysis
Range

4Be to 92U

5B to U

Beam Current During
Analysis

Large (10° to 10°A)

Small (107 to 10™A)

Energy Resolution

High (Around 10 eV)

Low (Around 130 eV)

Limit of Analysis High (1500 to 2000 ppm)
Detection Low (500 100 ppm) Single-digit % or higher for light elements
Accuracy of

Quantitative Analysis

High (1 % max., Be to U)

Low (2 to 3 %, Nato U)

Analysis Targets

Type and quantity of elements,
chemical bond state

Type and quantity of elements
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[count]

«| | EPMA

a0

200

100 4 } Fe 1
o 5 F. B | llel Fo & A
Felr S| R ¥ Cr | WY B e i F'hoa , Er rg
e : -"M—-—-—-?w’ “-:-d ; —ﬁ-w-r"‘r LV 'a‘;,.,xﬁ{, _'_'i,'_,_,-’. '-,,‘i..?jt__h__fi'fv}‘___
0.5% 0.k 0.k5 Q.7 0.76 0.8 0.86 0.9
[Kev¥]

SEM + EDS

20 BEERITEREL SEM-EDX T T ELRL

B iR o AT £ R Ry o Al NR B s B T 74
B PR AT R BLE AL b s R IR B SR L - AT E
THRITEER & EAETKET - FAEHE TR Xoray » KU
ERT TR SR TR B AT

MRt RER HAY » EE A&y REEZE - TR
i o BT BLALRLIRRR o0 M - A& 21 P - R AR 22 F 20 4w
1 =0 B T B W % (TEM » Transmission Electron Microscopy)E2ZEiE =,
BB TR M EE(E & T (XRE > X-ray Fluorescence
Spectrometer) B §E = HY i 77 7 5 (EDX > energy dispersive X-ray
spectrometer) * &EE T EHE LA X SEEEE 7 T XRD > X-ray
diffraction) » F1AHIRRE 73 Afr T B2 (58 HI B8 (R o B (R BB - RE R 6
(XPS » X-ray Photoelectron Spectrometer) » JREE /-T2 f5 o] [EIHFJERS:
RIFHS BT R M Z 455 -

B HRITEE R 2 - A DI KEFRsE SR REP I
LUK T IR B - aR R n g T R oA eUE, - R PRyt
ZEEE R FRURESE  [H PR N TR SRS H D RURATEL
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g A0[E 22 Fiow o 553 Xoray sl f AR &GS TR ERSITHEEE
EIT R R EIN AT °
Elemental Analysis Surface Observation
SIMS

~— (S)TEM/EELS

XRF
EDX AFM
SEM+EDS
LSM
XRD i« ¥PS
Structure Analysis State Analysis

B2l kb

Secondary Electron Image (Morning Glory Pollen) Backscattered Electron Image (Solder)

22 ZRE TR R B TR G R R
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B IR o A e T S (o R R 0 A 8 (WDS > Wavelength
dispersive X-ray spectrometer) 2 F] 5l 52 X-ray NFT& [T ER
AU BRI AT A 2 R AR E 5 DR -RRfi AT » [BINF 000 5
{EoTE -

sl AT R Xoray - ASEIf#ATT 648G (Analyzing Crystal) -
eI S EfF (Bragg’s Law) R Xoray & ST EMEES - HIATE
falfETTER - FTPABEE AR A - o[ EMEA EDE & 2 R Xoray - BIH]
IR FEDZRAVITER - AE 23 7 o (B [ERY AT aEEE AT Ge i A [F]4
BN KAV Xoray » (] 24 FIIHY 11 FEAENT S8 A6 HE 1] 0 HHR R 2
JLE °

BB T EE oY) - M - iR - &g - 1B
ARG (EFRE N R L ) ~ A R ESTTEN TEE & T -

[ \ Electro|1|1 beam Analyzing crystal
Bragg’s Condition
nA=2dsin6
Incident Backscattered
Analyzing I“*-EE__ d
crystal Rowland circle
Detector
When X-rays enter an analyzing crystal
with a known crystal spacing d, the
incidentangle 6 can be varied to vary
the wavelength of diffracted X-rays. When the Bragg's condition for diffraction is satisfied, the
\ sample, analyzing crystal, and detector are positioned on

a Rowland circle.

23 A8 E HE(Bragg’s Law)
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(1) LiF

(2) PET

(3) ADP

4) RAP

5) PbST

6) LSAS5

7) LSA70
8) LSA80
9) LSA120
(10) LSA200
(11) LSA300

(
(
(
(
(
(

(counts)

_40 PO 50 60 L ?0. 1 30 il 90
5050 s0Hg (Atomic number)
]

sBa 7lu 92U
]

slee ) ey s0Hg QEUI

80 AL uCr ke

| T e R e o e IR )
=K.ine [ =lL-line [J =M-line

24 fEMTELAZ(Analyzing Crystal) Al 34TV R T 0 R

BT TR A oA T RV B S B - WA AT A
[E LGS RR (L) A1l 25 thAY =fESE (L#(FeO » Fe;04 > FeyO3
FEEARFEESEAI LGB La Y EARE #HstE LS /Lath
EH@FR 7)) > R EEALE P - AR REDR E 2R (ATE 26)
EEEEE M e LB T EE A -

Fe
FeO
Fe304
Fe203

18.0 18.2

(A)
Spectra for Each Fe Oxidation State
(a) B AE A AL B Y 5L

& 25 S Lot
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Fe

= m  FE304 o
] 1 ~—La
1 - | 5
1™ 1 -t =Lp
-"E 'SIJ—M I[P-J ‘&.1985 16.I802-1 - r{,&-J o 75.1935 16. IBD?.A ’(A'r :é.man
Fe203 ..,  FeTiO3 ., Gamet .
3 b _
X 4 mmpx
1= ]
16,5024 W 1.:'5.1935 160024 (&) 1-5.. 1.9;35 16. 8124 ‘) 1%.2050
Fe L-line Spectrum
(b) # L-line Y&
& 25 FALFESERE(
#=7 ~ESF/L#E LA /L a b
Fe FeO |Fe304 |[Fe203
Lp~La 10.108 10.502 |0.454 0.394

LB~ La ratio of Fe-Oxide
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26 A [EFALEZARRE 3T

ATV TSN G ST A1 27
UGy &4 TTE D B B Cr [2% » B TTAE B (Fe,Cr),B I
B TS -

(Fe,Cr) nB

BEI-COMPO

27 ST
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ﬁﬂﬁﬁ*ﬂrﬁﬁ‘ﬁﬂﬁ B 3 AT AR R T LR A S Ry (T R )
> B AT jE L ST oot oot > 8 28 SEA - BURIELIGHEY)
L)LC‘N‘Ti~VZ%£°

GW

COMPO x20000 C Ka x20000 N Ka x20000
340

________

S Ka x20000 Tum Ti Ka x20000 V Ka x20000
(counts) (counts) (counts)
336 844 35
200 710 24
1 160 620 2
140 530 20
120 440 18
i,
100 S 350 16
80 260 14
60 170 12
40 80 10
Mn Ka x20000 TH Fe Ka x20000 Se La x20000 Tum

' 28 ?L/HW%%&%BZ%\

H < JFE ] it (58 FH TP oo A i > s Al s Aot o e
oy > e 29 FEURILIGEYIZYE 2 om > BLO > S~ Mn fyE -

JJ.\. = Lw _ o
are T 197
1705, i |
e T ok
] ) i
1w 1o M
11% ! 14t = x
2 : 0 |
pere ] 1zp 10 :
T T B
: |
L1 '_ i . L R
»4 !
I ] OF ] .
LI | b -
LS 31 o v
y.? Lr.o 1
= 1.0 - .05 1.9
T I 14 31
1= rp B 12 1
it . 18 | | L%
- By
L e b Oy h
Sk o £
- b g 0.0 am 0.0
] b 0 [
& 1 o -1 3l T
B 5 2 -1 1K <
: r 7
. 1408
a 11 11
’ !
& 1 13
. 2 11
" o
2 3.0} T
n '
1 i
F. 1l
ol T

B 20 SR T IR
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2225857 T (RU B A & BEE IR F 8 5 OEEE)

Jl FE & BE A% T 28 5 i 5274 (ICP-AES » Inductively Coupled
Plasma Spectrometer-Atomic Emission Spectrometry){ZiEF <5 & /A f# Ak
EG » DI IV AIRE(FAE - HRE—EPEREIR L - SekiaRas
EFE e F LBV NERDRRS - AlE 30 7~ AR PSR E ST
KBRS N3 0 MRS EIES/ NFERL - 28 e/ NRERLER () &
T3 FERR BTy o 1 S AT R E KO R T B S A R
¥ o AR FRERRBUREE G A A A EIHVRE & - RS R R
T A R E R R H A RIERE - &8I ey e RO E R E
FIECHT > BIRTET T3 2 Ve RE & > 4lEl 31 Ffrow » Hoalfgel]
YT - WE 32 fos -

JR T TR Y A B2 A 38 Re Y IR T R i AE = B 21 AL R
5 >y DASR S 7 U R R =D » TR A R e %5
REE 7T\ > TORHTRR YR TR RS -

30 AR A AR R SN
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4. Measuring the intensity
of elemental-specific light

HODEEZRIFE T S
2. Emit the
. spectral light
% that is
Al Cu particular to
Ca the atoms
. ) . , N
TEEED 3. Dispersing the emitted light in
SEON AR spectrometer ~
A DHBNTIHRES & (a5

#outline flow

. Thermal energy from ICP plasma
TSI 0RIT IV —

31 ICP-AES 4y #75ifg

1A | 2aA 3.&|-1-A|a—x|aa|:.~x| |3| |1B|EB 3B | 4B | 5B | 6B | 7B 0

H Avai lable He
3 1 5 B 7 E] 7 0

Li | Be B|C|N]O|F | Ne
12 \M i i 15 16 17 1

1

Na | Mz Al | Si | P S | Cl | Ar
10 20 il 7] 23 24 ¥ F23 27 28 Fx] 30 k1] 12 13 k] 15 36

K (Ca|Sc|Ti|V |Cr | Mn|Fe|Co|Ni |Cu|Zn|Ga|Ge| As | Se | Br | Kr
n 38 E] [T] 41 42 42 4 15 46 47 [ [T 50 81 52 53 5

Rb|Sr | Y |Zr | Nb (Mo | Tc|Ru|Rh |Pd | Ag |Cd| In | Sn | Sb|Te| I | Xe

56 5T 7 7 M 15 ] m T8 T L] B a2 83 8 b5 86

Cs |Ba|La|HFf | Ta| W |Re|Os|Ir|Pt|Au|Hg|TI |Po|Bi|Po]|At|Rn

a7 88 [ 89-103

Fr | Ra | Ac
57 L1 59 &0 (3] B2 <] 2] 65 [ 67 (] (1] T Ti
La|Ce | Pr | Nd {Pm ] Sm| Eu|Gd|[Th | Dy |Ho | Er | Tm| ¥Yb | Lu
i 80 1] a2 [] a4 5 [3 a7 [] ag i 101 102 0
hc | Th | Pa]l U [Np | Pul| Am | Cm|Bk | CGFf|Es|Fm| Md]| No | Lw

32 mlfg It T R T
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AE - MEE=aEFENE  EBTsMETEeg - e
o AT B oA 5 i 2 SR A BB RE AT 0 DU 2 K BRI E
SR o HisBEE -

= 22N E) HE HY PR 128 g 1% 48 4 S 7Y 07 () BAL i i A~ =] 50 iz 4H
{4 AT RE 2E AR AR Al A E R B B T 2 F -
FEEE SR EEE R T/PO1 B T/P92 #7'E - =215 DLHUER &
MHE R Ry T - BERVEE 2 F B B - W E M TR
AN 2H B DRI B 85 e i 7 A e R DASE kSR S e T BN JR =
Z [t ] 2 B R R B es - IR A AT T LL s mr e & R 5 =
HZAR&H RIS Grades 91 ~ 92 Bil 122 7B M AV - REHETT
Vs Es 0 DL Larson-Miller parameter » %3257 & B A BT HS RE A
Bt - IR RESUES /BSR4 - Al TR 55y -
PR o B > BROTATERA R or 1 » IRZA ST idiiian s - 5
IR - FELBIE $ TR TEE—HEFNTE
HEE BT E S (10eV) » ANEBLEMAARTI TR - vl 0T
AREFEY) ~ ArHAH - EiEE - g -~ IERUE SR H S b
M) ~ fait LESTTRNEEEE ST ~ hlAES( LB LS
) HERMES -
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