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< Improved materials selection guidance and procurgme
specifications.
< Guidance and best practices for welding and repaifr

high-temperature components.

<>

Reduction of failures from high and low-temperataogrosion.

<>

Understanding damage mechanisms due to increaselic cy

service.

<>

In-depth knowledge of new advanced alloys.

<>

Materials in major power block components and bedaof-

plant.

< Technology transfer of key metallurgical informatiaitilizing
web-based tools.
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2.3 SR A A S a1

SeHE K HTH# S E5 3 (TP347HFG SUPER304HE HR3CYE T
el S (Ultrasupercritical plangigit I - 520 B 0 FHAYES
o AT OB EEAH /R EE ] SUPER304HE HR3CHE -
WU B NG B R Eas i - R L FE 600~700C HA B EAVHTK
[&ah(Fireside corrosion)fiiz& 5 HlE L (Steamside oxidatioB)f /25
(Creep¥ith: - LAR(EREVVESR Ni ~ CroeZRa® » MBI ?
CSEFii#1(Creep-strength enhanced ferritic steBI$fEL &4 7 [t - Bl
RIFAERHAE TAERE 620C LU T Y CSEFRSHF » DLUK TAERSE 650
CU EZsfEEw » SR AT A ol 1 2 £ 620~700
C - afE 15 Bl 16 fos -

TP347HFG SUPER304H# HRI3C EA{H4 A R A5 - FBiEE
EITZHHE DU R P #ELFE (Thermo-mechanical processifigii]
MRS - ZEEBIMEGA S RE - B 17 275 3 A Ry
SR E > D& (Lean) N s A% Cr & & (KA 20wt%e Ni & & (KR
15wt%> 41 347HFGEL SUPER304H =& < (High-Alloy) R i i ({32
Cr &= 20wty Ni & 8510 10wt%: 21 HR3C» H a4 BERK
7T (WTR)AIZE 2 Fi7R ©
< 347THFGEL SUPER304HRE M FHHY 304 A EE#ItHSE - ZH

C & &EHY 304H EIEHE -
< 34THFGEL 347H 7= B 17 HARAH 4, Ky 4 iz (Fine grain, FGJg
iG> H 34THAIRIN Ni X P Nb(ChYHERL $ 5E (Ferritizing)-
3ATHFGIZ B EVREIRE - TRl SR S n T A S i s bas /) -
SUPER304HER$E 347THFGIL B » #41 3% Cukid 0.10%N7kHE
B R  WED Ni &8 - SUPER304HA 347THFGYH i
HEEREIRE - TR SRS - B EPTEALRE T B 34THFG—% -
< HR3CEMRHE 310 AFEH B - 70 Nb B N (s i 4H 45 e Bl

tEe B - Hm Cr & &(25%Cr)> Al A MZERIEALR ST - (#

Mkl EERHE R TAbRE
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225 275 325 375

5
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Mandmum midwall temperature, °F

850

750

L

650

550
3000 4000 5000 6000
Pressure, psig
15 bl < 8 I BLER T [1]
Average Temperature for Rupture in 100,000 hours (°F)
1100 1200 1300 1400
500 T T T T 1 70
Inconel 740 Nickel-Based 1
Alloys 1 50
300 f N
CoRotT TN ST NG, e
- -4 30
- X
o =
=3 1 2
3
g 100 - E
a0 | n
- -1 10
60 F 1
9-12Cr Creep-Strength = ) 8
'Enhanced Ferritic Steels Advanced Austenitic 1 Minimum
40 HGr. 91,92, 122) Alloys (Super 304H, " - 6 Desired
347HFG, NF709, etc.) aynes 230 |
. s e e itrel?gtlt';at
550 600 650 700 750 800 Telr::}p:;ts:le

Average Temperature for Rupture in 100,000 hours (°C)

16 A[EZFIFEHE 100,000 N AHIGUREE M ETHIIETI{E(2]
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Alloy Development of Boiler Austenitic Stainless

Steel Tubing

304H i
18CroN ) N o SUPET304H
“ .
Lean +Ni +Nb 347H +Processing | 347HFG scu’ AN |
Stainless 18Cr1ONIND 18Cr1ONIND
Steels S e
Nb&Ti | Temp.A-1 *Cu+B | Temp.AA-1
*+NI +Ti 321H 18CHONINGTI 18CHONICUNBTIB
18CH1ONITI
; Mo +Ti
High-Alloy HR3C o2 NF709
Stainless Steels *NP*N 25CI20NINDN 20CI25NIMONDTING
310 -Cr +Ni +Nb +N +B +Cu Sanicro25 |
-
25CT20Ni 23Cr25NICUNBNB
1 o +Nb +N +B | Temp.A-3 e
s | 22CHENINDNB
Yellow Fill = ASME Code Approved ] #Cu+Nb+N | SAVE25
1€2043 Elarinic Fower Razsarch inssiute, In. AN ights ressred 13 A RALL B EPE' s s
=X > > o
17 SRS R EAE 2]
PA A =y VAN
722 AEEeEIT2]
Some of the alloys & classes
Nominal Compogition (wi) of Advanced Austenitic Stainleses Steele and Alloys
Material c Mn Si Cr Ni Mo N Nb Ti Others
Class
Lean 304H 0.08 1.6 0.6 18.0 8.0
Stanlzss = f
Steels 347H 0.06 1.6 0.6 18.0 10 0.8
ITHFG 0.8 16 0.6 180 10 0.8 Fine-grained
Tempaloy A-1 0.12 1.6 0.6 18.0 100 0.1cC .08
Termpaloy 0.12 16 0.6 18.0 100 025 0.15 | 3.0Cu, 0.0036
AA-
Super 204H | 0.10 0.8 0.2 18.0 9.0 0.10 0.4 3.0Cu
17-14CuMo’ 0.12 0.7 0.5 16.0 140 20 C4 0.3 3.0Cu
Esshetel 2507 012 6.0 05 15.0 100 10 1.0 0.06 0.2v
High- | TempaloyA-2 | 008 | 10 05 | 20 | 150 015 | €7 0.0033
sty [ NFT9 008 | 10 D5 | 200 | 260 | 16 020 | 02 | 015 00043
Steels HR3C 0.06 1.2 0.4 250 200 0.20 D4kE
SAVE2S 0.10 1.0 0.1 230 180 0.20 04c 3.0Cu
Sanicm 25 0a7 as 02 25 250 023 0&0 0.004B, 30Cu
I;ﬂ}- B00H 0.08 1.2 0.5 210 320 0.5 0.4A
Austenitic HR120 0.05 07 0.6 250 370 2 02 .7 0.08 I:IJ'.'N:I;'I‘E;;I 2w,
13
HRS(T)W 0.08 1.2 0.4 230 430 018 0.08 0.0038,
6.0(7.0/W
CR3A 006 a2 (v 300 s00 20 02 0.037r

15




TP347HFG SUPER304H1 HR3C 52 H H 4~ Sumitomozy,
Nippon Steel & Sumitomo Metal corporation(NSSMEJ B 7 » 1F
1992 F- 1% 48 1% ASME 571 » H: ASME #R i B Ho A B 52 fR d s a0 22
3 A7 ©

%3 347HFG- SUPER304H HR3C & B #5[3]

347HFG SUPER304H HR3C
UNS Number S34710 S30432 S31042
ASTM A213/A213M-11a| A213/A213M-1la | A213/A213M-1la
TP347HFG S30432 TP310HCDbN
ASME SA-213/SA-213M| SA-213/SA-213M | SA-213/SA-213M
TP347HFG S30432 TP310HCDbN
ASME CC CC2159 CC2328 CC2115
European Steel X8CrNil19-11 | X10CrNiCuNb18-9-13 X6CrNiNbN25-20
1.4908 1.4907 1.4952
VdTUV Data
Sheet No. 547 550 546
Japan METI SUS304J1HTB SUS310J1TB

NSRS R G S MV E =R - [EIN RS
R EEH B B S B AR (8 (CTE - Coefficient of thermal
expansiony [MRH ST E R FHVER @ [EREHIRAERE - &
SR A E 2 E T B LR AORHEE R OT - A
FERER > B RN 25 BB 25U - EMIRHIERTEEEHRR
HRE - E—HVEIRENEHZ/E Eddystone BEf% - PR 316~ 8%
HIADEHE By T2 Riais B PR - 1r g RS R H N BVE IR G
TSR ST -

18 ER[EMEHEARERERY CTE » 8~10%Ni(TP304H
SUPER304H# 347THFG) 58] CTE 2= HY » HZE NF709- &
BRI 8 22 (P22851 PO1)- Hit NF709H1 Ni /& 25%: [A] Ni & &H2
i 0 B OB DRI IR A #5800y CTE(E » 3RS0l dlE 19 Besg
HR3C A 20%Ni & & > #H CTE{K} SUPER304H(9%Ni) {2 HR3C
£ 593CHy CTE 5 17.6x10°%°C » i P91/ 13.1x10%°C » H CTE#

FIHE K - [E 20 Fy NSSMCHilfif 2 ASME M #aHy 5 CTE Lh#g -
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BURWI &g CTE 4T

ST SRR 2 F N i R e L P > RTIRBIE RS

65MmMELEE 12.5mmPlA ; AHAERE R KFENKEE > HgH
JE S ahAERY TTREM: > &1 ASME BPVC Section IHH2£ -

Mean Coefficient of Thermal Expansion (in/in/°F)

-+ Super 304H —— 347THFG —O-NF709
12.00 -~ ERNICr-3 -o- P87

18-20%Cr8-10%Ni Stainless Sted

20%Cr25%Ni Stainiess Steel

EPRI P87

- / CSEF Steel (Gr. 91)

Fermitic Steel (Gr. 22)

400 . T . T T - - .
0 100 200 300 400 500 600 700 800
Temperature (°C)
18 A[EM Y- CTE[3]
o ¥
260 360 460 560 660 760 260
10.6 ™ T T T T T T T T T T T T L | ]9-1
10.4
- 18.6
10.2
& 10.0 il
B 5 >
E 9.8 I A ]?.6 E
9.6
=i HR3C - 171
9.4
—==—Super304H
9.2 : : ' ' : ' 16.6
500 700 900 1100 1300 1500 1700
Temperature (°F)

19 HR3CHi SUPER304HYy CTE 7 #[4]
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9.0

Mean Thermal Expansion Coefficient from RT {*F!)

7.0

110

105 |

] 196

100 |

{ 186

95 |

1176

| 166

85 |
8.0

75 |

=== JATHFG (NSSMC)

e Super304H (NSSMC)

== HR3C (NSSMC)
© ASME-DGroup 3 (34THFG)
4 ASME-DGroup4 (MR3C)

Temperature (°F)

TR dodedo b d o dd e dddd e e e e
200 400 600 800 1000 1200 1400

| 15
| 146
! 138

1 128
1600

a1

20 P45

R (A H(NSSMCEL ASME Section Il Part D)[4]5]

=SSR EEE 48 DL SUPER304HTZVE B (48 F
A > HRICEVHEGE T i/ » AE 21 s o SPGB
SUPER304HR AL » HR3C £l 347HFGHE (A E 3T - 40[E] 22 Aow »

Thermal Conductivity (BTU/h-ft-="F)
[ [ [ = = [
bl g ~ Fan o = =
(=] [~] = [=] (=1 = [=]

o
=1

oC

-20 80 180 280 380 480 580 680 780 BBOD 980 1080

B

—

== Super304H (NSSMC)

// '///_.__umrs [NSSMC)
; / e HR3C (NSSMC)

E / o ASMEII-DGroupK (347HFG, HR3C)

4 304

J 104

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Temperature (°F)

21 =TGN 2 BME R

(NSSMCEi ASME Section Il Part D)[4][5]
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°Cc
-20 80 180 280 380 480 580 680 780
310 T T e T T
200 t e 1 THFG (NSSMC) 210
—Superd0dH (NSSMC)

- 280 s MR 3C (NSSMC) 190
W
g o ASME|I-DGroup G {347HFG, HR3C)
S 26.0
3 170

24.0
3 &
2
§22.0 i 150
“ 200 |

130
18.0
IED ................:.::!:!:::!:!:!:!:!!I110
0 200 400 600 800 1000 1200 1400 1600
Temperature (°F)
N I:ll:l‘ ¥
22 e AN RN 2 MR (R
(NSSMCEd ASME Section Il Part D)
VAN
2.3.1 58 A

M G Eaat - B RERG Rt R E BRI FT A Z K

Ve SRR SR 1R 2 Fow - BTN 4 -

< E#FMH(Cu-rich) : §il/¢ SUPER304HN &G ICE Y — » EHIHE
2= SUPER304HESEE b B 58 Y + T HAH

< MX Carbides, Nitrides and Carbonitrides(NbCMNbC) : MX #7H
Yife MBI - X ZIRECE - MX FH A2 A48 RHUB ST -
FEAFEHAETTEARR B T > (E MX Rl AZERY - FHREEK - (#
MX fEEAE L AEBRE AT AERE S R E A At N g 2T
A/ INE Y MXOAE > TFE (e RPUEEE R - Nb/C AYEEZREL
0.2~1.0Z P iy &t -

< My3Cs Carbides Mj3Cs FEEFS CrasCe » ARSI - Eh
NbC g B Pz B - Fr LA RTS8 b NbC ZE—
G o FEA SR AHET TENB R B (5 MosCo il AFEMT > FHIREEK -
MREMERE SRR T > B &R EHTH MasCefH -

< MeC Carbides MsCHiit{L¥) > M E¥5 Fe~ Cr~ Nb 70 » AKX

1/ eta-Carbide 1ERMRIHFT » G/ MC » HELIER
19



Nb &5 R E] > FrlL HAHEA S - MeC BHFE I % -

% Z-Phase Z-Phase—f& 245 Cr,Nb,N, » £ 600C fFEH T E4H
/NEAE - ARG ERSIPR > AIERIR ST -
< Sigmag) phase Sigma phasé&+s FeCr> HHF Ni &Hi{{ Fe> i
i AE 600~90CC B f SRRk » & —(EREREAE - 1E 347H R H
B E R > Sigma phaser H BT o R/ IR A
Mfteh > Sigma phas@¢ifi 2251 - (EIARBHBRC DA RN -
< G-phase G-phaseEfEfEan UL NitgNbeSi; > G-phase& iz -
THEEAETHES SiaE - £ HR3CHY 75,000/ \i/650C i
s\ BT G-phase/pl > AR E S E AR T -
< Laves phase 7F&FEIG%H - Al eEizL3 Laves phase
(Fe:Nb) » B FEA T2 - (IAFRE -
R 4 JeE R S 2 A A (3](6][7][8]
Phase sfgg;j:e Composition Alloys Comments
NbC FCC NbC Supei;(iig\%fmc (ms:tf]:gfglgll}:lilge T:_Sla;?: sit)lf:rgll;:;:iafor
| ey | FOC | MONNNGN: | Supersostt HRSC | CRE N and e
Nict:: rdt.:sde:;‘ d ManC Fee CruC 34THEG, Most common carbide, always present at grain
Carbonitrides e = Super304H, HR3C boundaries, lmuted by NbC formation.
MC | Diamondype | FENC HHEG | been wadel sudied Effets unknonn
. ‘an compete with NbC. Forms a fine matrix
Z-Phase Tetragonal CINDN Super304H, HR3C dCispersiort]:af s}:ould be alz beneficial as Nt'Il)C.
815)1111:1.(0) Tetragonal ~ (Fe,N1);Cr» Su ci:;:gcli-mzc 3E4}’{fp};rGe?ﬁ;;?éi;eﬁgg;sfl;ﬁ?;ig:;&
Intermetallic ase P ’ ] significant e.l’fecf on ducti]irf and CVN energy.
n Ph Pl . i Nb.Si . Confirmed existence for the high alloy HR3C with
ases C-Fhase Fcc NizNbgSiz HRSC significant effect on reducing.C.‘.VN mlpagf energy.
phase | Hesagonal Fe:Nb WG | e st Nt gepenlly agnificnt
2.3.2 BB

SHE NS Ry AT IR A AR, - WA it & S T R E
54 > 41 347THFGH Nb £ C ~ SUPER304H Nb ~ C ~ N 1 Cu >

HR3CHJ Nb ~ CEL N - WiAE{& &N S R AEE T - AR N
BB HT HHE (347THFGHY NbC » SUPER304H1) Nb(CN)~ CrNbN il
Cu-rich » HR3C#J Nb(CN)&i CrNbN) o
23 & SUPER304H# 347THFGHYZ#&EIFE » 347THFGHY /N

20




[EAMEE 1175C > SUPER304HN R/ NEIA R E 1100C - 1L
e B 2 /) 50°C - 'k H HYE R NbC AR - 24
T PRAF4T/ N NDC B NDN - FEATRIHET T/ 1F - SEIEE i R & ik
an RST > FEHET TR AR AV EE R BE T - 7238 NbC B NbN ZIe[H B &, 5
RIS ER - Z2E ASTM BUERY SRR ST NO.7 A - SERKIEl
R o HETDRIRIEK > B AR IMITHY)  AEIR N S A
FTEFEIN E RCAT N RS HEAH

1F ASTM/ASME 1 SUPER304HHE AR 8 FZE il sk A /)N » kR
EREREREE /D 50C - HR3CZF Cr & 2 A8 - A7
T b 2 P A SR - B R A TEDA R (R NEVARE - 1040
C)HLPRERPEK > SRR/ NI AR NO. 7K -

Softeninge ST+50°C |

I_ MNbC precipitation Solution treatment j
Softening Lack for pinning effect

Solution treatment

— Fine grain Coarse grain
Cold drawing Cold drawing

‘ ‘ GS No.6.0
0 Conventional
D process

X

23 H] RN 2 BV B BRI R[9]

2.33 &R MEA

SR S m PR T RS S SR B E Y F B8 JE (Cr0s) -
e LEFEA S ENITER - B HRICHIZERMAIEE
ge 1= th 347THFGEL SUPER304HE 1 -

24 Ry ATTIT S S S LEME - 2I RS - INE 2
i (Fe0,) » MJEE Fe-Cr spinel (FeRgCrO,) » & Cr 28l
TR 2 PREERTUREERY Cr0s » & Cr iR iR E AL

21



WA AR - R BRI A R - B Cr @& S S HEH > 1R
IR FAITT Fe-Cr spinefa (LERE @ iR EEIPHET Y
Fe-Cr spinele (LR > il TR A bR - SRR
SN > AITERET Ay Fe-Cr spinefl (LIg/E 1L - 1lE 25 Fr > 4l
M RER T AHEEHY CrOs ~ (Fe,CryO4 B2 FesO, > SO A
B - AE& TR CrOs - Sl EA(Fe,CryOs R E > BefNE
= FeO, - ENJEAILIE > Cr i » Fe Bl 71 RAGR 2 2IRHBEE -
AT LIS NEHY FesOs HYpRRARERE - Mife Rk Fe0s > #£ FeO; »
Fe;0, ~ Fe-Cr spinelZ [i] » FNA [EEE A LEAVRRRNE - EEUE
It FesO4 811 Fe-Cr spinelZ [EIfZRALINE - M AR5 T Ry -

Mkt EAL R AR A BE AR - B RBR IR - ]
BRENEHEERD  SULHERAED - FriliEdesE bR G KR
FElEs -

[F9203 Steam
— Porous Fe30,

it 0000 00000000000000000Q00000
Original———=--R02=2020°5-2000 o 22008

steel Compact spinel
surface (FeCr-oxide)

Austenitic steel
Note: 0= voidage

24 AR HE R A LB RS E(3]

Outer Scale Inner
__ Inner Scale peta] Sc‘;if,’ scale  Metal

——— ——

Cr; 03 \
(Fe, Cr); 04
Fine Grained Coarse Grained

25 FH dt B ot sl 1 % T 2 2SR S B S s B [10]

22



HR3C it #s Cr &g » AR PReEMEHT Cro0s 5
FeCrO, > TER— i X395 2 fdblg » tiRHINg FeOs Bl FeO,
HIRG IR » BB R R NERR R Z -

26 55 TP321H- SUPER304HA1 TP347HFGE i 10 43
1£ STICEREE  FALEIENE » o] Tt AY TP321HE 6.5 F L84
AfbEHrE - £ 10 F 2R b EETAEE] 130um - HAHHHY
SUPER304H:1 TP347HFGEL/g/EE Al fy 35um - fE 3R Ehn=
Z FERAHIER(100/NIF/700C) » TTHHEE F| HR3CERY 347THET ) -
B 34TH(H &) » W 27 Fos -

140

120

““IP321H
-~ (coarse-grained)-

100 -

80 |

el 4

20

Average Thickness, Inner Layer, pym

............................................. C TP34ATHEG ..

6 8 10 12
Service Duration, yr

26 H SN REIR SRR 571C TR LB (k

(£ 104E/80000//\i%) [10]
100 .

] |
] ]
€ ® 17-14CuMo i
= ' ’
80 |@12R72V 1257
= : 3"
-~ «15-15N 1
= ‘ 1 2
E 60 3 @ 321H 1 .1 E
% AN31 @ 347H (coarse-grained) -2
: 4
= 40 LEsshete 1250 1
ﬁ \
= 347H" {1
© (fine-grained) 1
S 20 ‘o B00H 1
& | 61E 1
% - | ,25
. 807. / x HR3C SZ 1 0
15 20 S 30

Alloy Cr Content (w1%s)
27 A [E Cr & B8R 2GR MIE LRE T Z 522 (100/NRF/700C)[11]
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28 4% 11000/ NI EE Y 34THFGHYZE S MIEALE 4 -
8@ % g At - HIEE S 34um - [& 28(0)Fy 42um HYH[FE 5
{bfgAE » THET4Y 30~50%NIEE FsE & 48 £ [HIEHIY - MalEE
J& RS Fy 670C o

-—

0.034 mm

T (0.00137)
- . v

0,040 mm (0.00167)

Semiquantitative Chemical Analyses
Sample 6-IF (E) a
i Lecation| Cr |

M| s | W
[1X} 08

|
|
Steamside Oxide: P E . - :

(a) E(LEEMH(E(LEEE © 34um)

T otal oxide thickness
0,063 mm (0.00257)

0.020 mm
(0L.ODOS™)

Semiquantitative Chemical Analyses
sample 2-18B (E) _ |
Locaton o | N | § e |
191 2 1| 04

4 8 1 il 04

Steamside Oxide:

(b)rEkE b AR SR(FTRER% 2~ S EEEE © 42um)
28 34THFGHZ AMIE(L/E e 1H(11000/N\EF)[2]
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RPN ZRRIEARE T > S R DR 700C PU N ZAH &
S A PR 50 (E-PR B2 (Shot-peeningi 3 - L2 {FRE s ¥
SATHFGH 7L A (A B AE TIHr I IHER > INBREE e BRI A= R [ B
PR RIS - R B AR - FE0REHE 48 7T00C KT » N7 DE
i AE - AT B4THFGHIZCRMIELRETTAIR - [ 29 KA i
& 650C/1Tharz &b Bz At FiakER(LEAHESRL
ERFEAT Ry (HEER BRIV REP N — g HE(bE - BURER
L n Uk R LR IT R -

650C — 17bar Steam
2,000 h 3,000h 4,000h
““ l I l'\ 'As-received surface = |
hOn oxidation & exfoliation
[50um]
foanod 0 Peened surface =
_ / thin adherent scales |

© 2013 Elecinic Power Ressarch Institute, Inc. Al righis reserved. 17 E':EI ‘ ”
29 JFansMEEEBLACER IR N BE 7 A (LJg S AH[2]

2.3.4 K e gt

e K AR e EFKIE B AU B LA ~ BRI 2GS
HYTRIIURS N HIRRERI R ~ PAR A B IE B ARG e B i L -
TR AL ELEA LRS- 7 low NOX #ABEES IS & Ok (I bt -
TIATRHTOK (RIS ahRE 7 BB S s a I S ORI - 2 &t
= Cre 2R B RN LU HY S Bl A R > =2 25%Cr
Y HR3CHRUE A THTK MR EREETT » 1T 18%CrHy 347HFGEL
SUPER304HE: AE B FIFE(R SHF - [B 30 R 18%Cri A EE S
2R ZKSEEAVEIRE T Ha BN 260um 2] 20um- ifj 25%Cr
AEFEME B RERANE 130um 2] 20um - HURE T SEE B R Cr&
BEEE -
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Wastage (mils/1000 hrs)

Metal Wastage (mils/1000 h)

25

20

[y
wu

—_
[=]

w

10 15 20 25 30 35
Chromium Level (Weight %)

(@A [E Cr &8 Z SlERkER

[ measen Wierwest=m Ovsren |

Chromium Level and Alloy
(b) R EI &R BB A=
30 fEAEMEREE FHYA[E Cr & 2w iRk 254(650C /1000

NEF)W S R SEEKE B a8 S MW :

26

40

= AL

= B

600

500

400

300

200

100

45

SEO[12]

1wm/1000 hrs



2.35 MRS

347THFG{E ASME #iE 2 fyfit KT #UE B AE NO.7~10¢455 fokiz
HRZL) 30~1Qum » {452 ASTM EL12515) » FHr {eom e Baas R AL
WIFE 5 For  H AR E A 58S E % N R(550~750MPa)
ZomET B /N Ry CVYN 63ft-Ib(85J) DLk i & (i M S a8 580
CHy - JAEEE N EEMER R » AR BRI JH 2 70um(2.8
mils) » LR DREEHN IR N BE S LR 8 B2 B HE R M R 2T E -

F25  34THFGTYHi (5% B (3]

Tensile Yield Hardness Maximum
Strength, Strength, Elongation :
ksi (MPa) | ksi(MPa) % %rl':;;i’ Rockwell
ASTM/
ASME | 80(550) | 30(205) 35 ot | 90HRB
[29,30] -
vdTOV 80-109 e =
[31] (.550_750)11 30 (205) 31

a: The listed value 1s the minimum, unless otherwise noted.
b: Stated to be approximate

SUPER304HF ASTM/ASME PN E ik K~T » (B E#R

T NO.7 S 7 Sfir RS HZRHE S N BE R SRR - A
AREZHEE T0um(2.8mils) BT/ DRI RN EE R L g H s S8R E
R BEE - (ERE &/ MERDEE - (EEFREE A fREA

7EF% I T PR(590~850MPa) =R # ¥ {E £\ fy CVN 63ft-Ib(85J) &F
WIF 6 -

36 SUPER304HY 1 e85 e Bl 3]

Tensile Yield Hardness Maximum
Strength, Strength, Elongation Brinnell/
ksi (MPa) | ksi(MPa) % Vikere | Rockwel
ASTM/ —
ASME | g6(s00) | 34(235 35 HBW/ | 95HRB
29,30] (5390) 34 (233) 35 I 5
123, 230 HV
vdTUV 86-123 s
3 35
[31] (500-850)° | > .

a: The listed value is the minimum, unless otherwise noted.
b: Stated to be approximate




HR3CAE ASTM/ASME N igyifir R ~T#E E & NO.7 B R Ry
A/ NS R T SR B U RE ST 0 1T HR3CHE Cr & & AR
SEA b SRR B T Ry > BI RS PiE be T2 75K « 2]
F#iE HRICAHHRIE E &AL H5EE E T R(655~900MPa)y =) fErE
{E &% /N Ey CVN 63ft-Ib(85J)> E4NF= 7 -

% 7 HRICHJAL{f5REE BLEEE[3]

Tensile Yield Hardness Maximum

Strength, Strength, Elongation -

ksi (MPa) | ksi(MPa) % %ri':k”:r'g Rockwell
ASTM/

2 7/
ASME | 95(655) | 43(205) 30 1260}[33 00 HRB
[29,30] 2
VdTOV 93-131
b | 43(295 30

[31] (655-900) > (293) ’

a: The listed value 1s the minimum, unless otherwise noted.
b: Stated to‘ be approximate

2.3.6 RERERFE

RIEHL AT SR AN A SRR o A A 8%
VEIE 75 [FERYFESES [#E 2~ A7 HiF# B (SIPH- Strain Induced Precipitation
HardeningliZ - B &GS BT I EHIVIP A - IRFESEEETE S ~ &
H VERSEE oA O B VRSB IIE MR [, - [ 31 Byb S 347H 2 FHEGS EE B,
B SMEERRBALGID A > B AHAHA - HEUTE SLRLIE R - &L
55 A RIS SR LA Y U SR EE  HuEERA
Ry SIPHESNNZVESENIH - 20lE 32 Fy 347 AFEliHV 2 FEHE 10%
pEhNE 30.4% S EPUBERE TGS - (HESR K mH - Mk Al
IR EDUBEEEETT -

EMREGTRE R 675C » EEES B 10% sEsn/E
IR 540~675C 2 [H] - JEETEE S 15%  FRHETEIEERK »
/b SIPHBZE » 417% 8 Fiyw - 28 3R H RBARHE AR » o]
TR 20 738 - EPRIGRSFHVEES: - BB MBS Sl 5% Bl

{TREEEK > BiD SIPHEIE -
28



The damage Nitated dong the OO surtacs af
e fute and foliowed an e ranuiar orack pain,
W Svinenoa of carhide precpilation spparsat.

|

| Camide PrecipEatatn ‘

S00x - Caic =

‘Snowing a Closs-up of ne Falure W —

()RS (bJF e RS 2L
B 31 A1 347H  FEARE SR [13][14]

1000.0
s Annealed
B T s o 10.0 %CW
&.&'-&‘_a::ie%,‘
Fo 4 20.8% CW
;_'E e 30.4% CW
=
» 100.0
i
@
=
0
"B
100+ 1 | | P e e
16000 19000 20000 21000 22000 23000 24000 25000 26000
Larson-Miller-Parameter (C=20)

32 REIATEM T REEL IR K 7 347 R %] LMP #i47[14][15]

% 8 MR HEEE R I B 2 B 2K [5]

Lower Design Temperature Higher ]_JESI_EJ . Minimum
Temperature Heat

. —\:ud . Aﬂd Treatment

Exceeding But = Forming Exceeding Forming Temperature
°F (°C) °F(°C) Strains °F (°C) Strains °F(°C)
Exceeding Exceeding

s, 1000 1250 . 1250 o 2150
Super 1000 1250 15% 1250 10% 2000
30417 (540) (675) i (675) i (1095)
” 1000 1250 i 1250 5 2000
HESE (540) | (675) o (675) Wh (1095)

a: Conditions for 347H per ASME Code Case 2328-2 [3 8}‘

v



33 Ry A [ELMIE NEA [F 2 S & 2 34THFGHY b ETH
FE BRI E - AR Z TR - R EAT RV 58 e
RIAER K Z Ak} > {HAE 10,000/ \K# & Z (RFESJEST T > A 1EM
RHYBETSRE/ NP EGEK Z AT R RFREE R SR - &2
{EZ 34THFGH R/ NIV IR KR -

300 ~

aml - . .
140 140
m 4 -
U‘ ]
(hiFa) b _ (MPa)
\ ]
00 3 a0 | s 3 430
kst | kesi
150 50
4 20 | 0
| TPW":-;FGHAD‘ [ TP 347 HFG I WAD
| T=825"C T=650*C
00 130
a0 A e e e
l “TP 34T HFG/ KAD I TP 347 HFG /RAD
Ay 2, TeEsC || Ak T=650'C ||
%) %) ’
w040 200k o
o o
b1 © 228 g
p=0% o
o o
wol | 2 % O & 150
ks D
pe0% i
15E g A 13 .
.z =¥y a-§
v L 'l na = a Ak s smul A e ll =i
" g w0’ ip) i w w L 1y 1

33 A1E(p %)Et 3ATHFGHYES T Fy s 28
(L& BERRE - NE  EPE<RER A B Ze>)

SUPER304HT Sumitomo/NSSMG& > 1% 700C B 750C T~ »
FERIFHEIEMRMETIERT - fEEE 20008 30960t 2 BETRE T~
b2 - (PR AERS A -

HR3CIEH S B N » HA TN T 8RS 2 ARl TS i i D ik
RAAER > 2R H AR PR R B L P rE A B A 2 A ARt A PR A SR
» WIE] 34 Fr7

30



500

T T T +
< B0
150
300 | [
1 40
-
& 130
g z
g 120
5 100
80 |
: 110
go || 10% pre-strained 1
| | 15% pre-strained| W - - 1
20% pre-strained | @ Fy | 1
e e e Js_'E
10 10 10 10 10

Time to rupture (h)

& 34 HRICHESTERI (E4R) L
S AE I TR 2 TS 1T Ry PR 16]

[& 35 & 650C 81 7000C 22 HR3C 2 Byl E3R » #E&GE KR
TMREERE 20~27% FH455F 10~20%H &2 F] 3~4% > TLHFE
1£ 10,000/ N\EE A > 71 10% (HEREBHEE TR > B2 B alEE -

Elongation (%)

°_||||I||||I||||I||||l|||
[} 8 10 18 20 28

Pre-Strain (%)

B 35 HR3ICx S LML S1F 2~ BHlR[16]
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2.3.7 §895

JoHE KT #8  $F A AH AR FE Ry RHTFHE (HEE Ni B E5F -
W& 36 o » i SUPER304HAL 347HFG#T 78 1< 728 A 1 7 HE i 8805
RS - RV O PR » 34THFGH]DAER AT 347THHY{KAREE
el 16-8-2tEf} ; SUPER304HA] £ F'E Cury E308H- HFE Nippon
Steel & Sumikin Welding Co.(NSSW)E]74%) ; HR3C &/&E $7 87 Al #%
A InconeliEif 82(ERNICr-3), 617(ERNiICrCoMo-1) 5k R NSSW/»
543 - SUPER304HA 347THFGIESF FEIF T B Bvy Blm = 2 R iy
R R R AT -

FR1E ASME Section Il Part D 347HFG/E P Number 8 Group
Number ¥} » HR3CE P Number 8 Group Number F1} - 1
SUPER304H= RS A - P Number 871EHE A TR & 2 # -
SUPER304H 347HFGEL HR3C Z 70y & 5 & £ 150~200C -

R B RE IR e AT 87 AR s #7 A AV [E L Crater
CrackingE®;i{L3d4E(Liquation Cracking) Uk ZAZ 2 R (L34 -
£ 347HFG> Nb(Cb)g i i b nIREM: -

24

(Ni+35C+20N+0.25Cu)

¥
o

eq

Super 304H
{347HFG

Ni
>

-
M

18 20 22 24 26
Cr,, (Cr+Mo+0.7Nb)

36 fR4E Ni B Cr & A TR Sl 857 54

(A : Austenite- F : Ferritec FN : Ferrite Number)[17]
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5 O SRR SR B S

) Source- . . i ) . ~ Nb Other )
Alloy Desiena tion® C Mn P s Si Cr Ni N (('h}c Elements Comments
. . S Matching 347H except for no
AWS/ASME- | _ . ; 0.30- | 190- | 9.0- 1xC- | =075 Mo s i
347 ER347[58.59] =008 |10-25) =003 | =003 | o 515 |10 — 100 | =075 Cu mininum C and lower Nb than
34THEG
Non-standard, Example of an available
347TH Commereial (e.g.| 0.05 13 - - 03 190 | 102 - = 8xC — 347TH(FG) matching filler,
[607) produces FIN of 3-8
Shown to reduce hot cracking
AWS/ASME - ; ; 030- | 145-| 75- 1.0-2.0 Mo |and fissuring in 347H. Potential
1632 | E16-s2 58,507 | 010 [10-20[ =003 | <003 | 565 | 465 05| — | — | =075¢u for all 3XXH series
applications.
Non-standard, 0.8 Mo A Cu-modified E308H. for
Super304H |commercial (e.g..| 0.1 32 — — 04 180 | 160 02 04 30Cu welding Super304H. Note high
[607) Man and Ni.
Source- Nb | Other Elements
Alloy C M P S Si Cr Ni N C t
oy Designnlionb n i ) i ) © omments
Consumable for welding
Non-standard, c ) -
Super304H | commercial | 010 | 32 | 0001 | 0.004 | 023 | 184 | 162 | 020 | 0.62 0.85 Mo Super304H produced by
SSW 61 30Cu NSSW. Also proposed for
(NSSW [61]) welding 347HFG [11].
HR3C Non-standard. 0.94 Mo Matching consumable for
310HCHN commercial 0.06 1.54 0.003 | 0.005 032 271 20.1 037 | 0.44 3 oc welding HR3C produced by
( )| Nssw[61]) 0Cu NSSW.
Inconel et | =3.0Fe =0.50 Cu| Ni-base filler metal usable
Filler Metal A“.S_"ASME .| =010 [25-35 | =003 [=0015 | =0.50 18.0- =67.0 | — |2.0-3.0 =0.75Ti for welding HR3C and for
ERNiCr-3 [62.63] 220 o o
82 dissimilar metal welding [57]
Inconel | AWS/ASME | oo 200 S0 Fe 059 01 Nibase filler metal usable
Filler Metal | ERNiCrCoMo-1 - =1.0 =0.03 |=0015| =10 | 5, | Rem — |2.0-30 o on en: | for welding HR3C and for
0.15 240 10.0Mo =0.60T1 |, " .
617 [62.63] 081 5A1 dissimilar metal welding [57]

a: All data are shown for gas tungsten arc welding (GTAW) wire: data for shielded metal arc welding (SMAW) process electrodes are available from the listed

references. b: Commercial examples cited only as references for nominal compositions. Many other consumables producers also supply similar alloys. ¢ May
be reported as Nb+Ta for the AWS/ASME specified fillers.
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EPRISy T &

Bl HR3CYHE B - B3 AHREEE
1F Eddystone#EE gy 13 F{F 45 E5(1991~2004F)
HR3CEH SHi& & /bEE ] » 34THFGE XX >

/n\

THEE BN B LEEERE

KT 2 A S5 H(TP347HFG- SUPER304H
Y2 e

FEFR 10

=30

i1 SUPER304HAIE
Y1lE 43 - £ Callide

B 34THFGE s - RH EB{i2(670C)4X 9,500/ N\i#% » HHHZHSE,
{EELEEERS - E4E SHE AL AIdESE 4

< 10 {sf I &CER(3]

Q] el
%'3;;' Refs. | MW | Fuel Material | Component ; i‘::pg Ebgi) Time Notes
Callide C . SH: 1050 -Sleamsldc oxide spallation a.nsl partial blockage in RH bends in about 10 khr. EPRI post-exposure
44 (5] 100 | Ceal UTHEG Vertical (566) 3640 2,500 h analysmr— 1238°F (670°C) f,suma(edutmnpegamre 7
{Australis SH & RH 2513 11,000 h | »Conclusion: AL T approaching 1300°F (700°C), no steamside oxidation benefits for 347HFG as
& ’ compared with 321 or 347H
RH: 1010 «No aging ¢ffect on room temperature tensile behavior (after 2.5 years) and on 1112°F (600°C)
(543 580 tensile srcn\'im. lSup]cri\MH Charpy 32°F (0°C) encrgy drop by 50% in short (2.5 yr) cxposure, but
- . ~ . f . saturates at this level.
Unknoen, [5’_1‘)’ 156 Oll;‘ 347HF““'J Hoizontal 40 L2283, #No significant precipitate coarsening; a relatively stable microstrucuure,
(Japan) 14] Gas SUPER304H SH&RH SH. 1060 10 yeats e« Post-gxposure rupture test data within new material scatterband (no thermal aging effect, exposure
(571) " stress conditions were less than half of the cumrent ASME allowable).
2760 (190) o Steamside scaling less than half of conrse-grained 321H exposed at the same time (see Fig. 1-2).
sFollowing earlier laboratory and field probe experiments, HR3C was chosen to replace portion of
the RH: the SH and RH had experienced rapid wastage loss prior.
» The HR3C tubing performed well without evidence of major wastage and without failures.
Gallatin . Plnlter: f:[[ 1050-1090 «Cr content provides the dominant effect in fireside corrosion resistance,
" o ’ ‘endan ® A companion “in-operation ™ experiment involving sleeved sections of various materials with a
i ]}2“ [5.15] | 250 Coal HR3C (31,000 ft or (:;‘S'E;x.,&;‘ 43,000 range of temperature exposures effected by sleeving gaps and speol sections with constricted fow
o 9450 m) - ! (header orifices) showed HR3C (o have a lower fireside wastage rate than 304H.
#HR3C exhibits the lowest fireside corrosion resistance at a temperature of about 632°C (1170°F )
«In addition (o ash composition and lemperature, boiler location was found to be a key variable
aflecting wastage where localized erosion was a conuibutor.
" Tiner °C
l; Il‘lm" Refs. | MW Fuel Material Component |! iln lli ( (')’\ Time Notes
» The alloy age hardened with the hardness increasing almost linearly from 14010 1SOHV in 10
vears, Simultaneously, the room temperamre tensile strength increased only slightly (<10%) over
the same expaosure period
Bdidvstons o ; 4,10 e Posi-€xposiire creep rupture data iudigsle ate dugn‘on in short term test strength with exposure, but
# (l'980’s) (5.16] | 265 | Coal UTHFG Finishing 1170 {632) years this difference appears to reduce considerably with longer term testing.
USA) ' : - SH 4550 (310) (Oper.: » The minimum creep rate data suggest two strain rare-stress dependence regimes with the higher
20kh, S0kh) stress behavior attributed to precipitation and the lower stress behavior dominated by solution
strengthening.
# Steamside oxide showed no signs of exfoliation and the oxide growth rate was significantly lower
than for the 17-14CuMo alloy of eriginal construetion that behaves like 316
AR #Both, fireside comosion and steamside oxidation reduced with increasing Cr content, with R3O
1133 (‘?15:{ showing by far the best performance.
5021 (351} « Super3dH and 347THFG exhibited some sigma phase formation with a slight influence on a post-
Eddystone Post- exposure ductility and toughness reduction.
i . UTHFG Iexposure l}_y;?gs] -HRSI,CI‘ h:weve; showed ?ldente of a slgnll‘imn( toughness {Charpy energy) reduction atributed
51T, v v : microstucture 15,075 N to & blacky G phase grain boundary precipitation.
(213;;)' 18] 265 Coal SUI;_IER?CEMH Pendant SH -based metal of » Post-exposure creep miprure strength showed a significant reduction in shorrer term tests but
(USA) femperature operation appeared to .appmn_ch propertics of new mallcrlal wnh-mcrmsod tlcst d}.ll'!llnn )
estimated at #In a comparisan with 17-14CuMo, the fireside corrasion (3%8 bituminous coaly behavior of
about 1200°F Super30dH and 347HFG was superior, although hot eorrosion was significant.
(650°C) ® 347HF( showed a lower steamside oxidation rate than did Super304H, attributed to the finer grain
size of the 347THFG.
Oil & 1076°F L yr (3 khr | eLittle corrosive attack was observed on the 347HF G tubes after the first vear's firing with gas and
Gas, (580°C) oper.) oil, but thicker deposits {due 10 the biomass firingi were observed after the second and third year
Avedore + Estimated 2yrs (11 firing which inereased the sulfur con centration within the oxide at the oxide metal interface .
11 [5.19] 200 Wood WTHFG SH b Khr oper)) #The metal loss was small (b:lwleen_ 1 and 4 mils or 25 tr.ll 35 mm), but local areas showed grain
(Denmark) in 2@ temperatuce 3yrs (19 buundaw attack 45 }leep as 4 mils (100 mm} after the third year, 7 o
1 3 950°F Kl +Steamside infer oxide thickness was about 04 mils (10 mm) and overall steamside oxidation rate
a]years (SIU“C) OP::) was expectedly low,
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Super304H MeCo, 0 Z-Phase(CrNbN) 191 | lieu of some
Nb(C,N)
Intergranular
G-phase. CrNbN
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72 12 Grade P9I < MHE 6K FF M B4 75 & e 7 [22]

| Fer martensitic and procipitation hardenable grodes. Use of
room temperature. [5 gm Cull,, 40 ml HCI, 25 ml ethanal, 30
ml H.Q}

2] Kolling's #2 ' Farrite attacked rapidly, oustenite slightly atacked, carbides
not aftocked, Use of room temperature. (5 gm CoeCl, 100 ml
| HCL, 100 ml ethanel)

' Outlines second phase particles [carbides, sigmo phose, delia
berrita), otches martensite. Use ot reom temparature up to |
minut. (1 gm picric oeid, 5 mlHCl, 100 ml sthanel]

4) Elactrolytic HCl | Reveal struchure (6v, 3-5 sec), atiack sigma {1.5v). (10 ml HCI,
90 ml methanal)

5! Elac CrO), ' Iron and nickel superalloys, sigma attacked, carbides outlined
| or attocked, &v, 10-30 sec. [2-10 g GO, 100 ml H.Q

&) Kalling's 81 Reagent for martensitic stainless sesls. Martensite dark, ferrite
colored, oustenite not afiocked, Use at room temperaiure, [1.5
gm CuCl, 33 ml HCI, 33 ml ethancl, 33 ml H.O)

7] Martla's Attocks sigma in qustenite. |4 g Cu50,, 20 ml HCl, 20 ml
| O
8] Blec HNO, ' Reveal prior austenite grain boundaries in martensitic
precipitation hardenabls alloys. (50-60 ml HNC,, 40-50 mi
HO
%) Elee MNaOH | Revaal ﬂgm in ustenitic grades, 2—61' 510 sec [ﬁﬂ g
Mﬂﬂ'l 'FDD ml H_ ':'_'J]

10] Elec KOH Reveal si nndhtﬂalnumhn‘rh:g:ﬂaa 1.5-3v, 3 sec
[E&QEI]H, lmnﬂ H.O, 'Eﬂﬁnu'muﬂ

11} Elec KOH Blackens sigma. 151.-' }sac[SE-gKDH 100 ml HO, 1
Innrny_:llll

12} FeCl, HCI Reveals structure of austenitic nickel and stainless steel. {5 g
Fnﬂ,,ﬁﬂm”‘ﬂli, lﬂﬂ'mlH'D]

1) Fry's

3) Vilella's

13) NH,OH Alkaline hydrogen peroxide stoining immersion eich. Use afier
| Vitella's |25 ml l"-IH LOH, 50 ml 3% H, O, 25 ml I'ED]
14) KMnO, - Alkaline pﬂhsmm permanganate Hnmmg immersion eich.

Use afier Vilella's (4 g NoOH, 10 g KMnO,, 85 ml H,0)

15} Picric acid Afkaline sodium picrale stoining immersion etch. Use IJHH'
| Vilella's |2 g picric acid, 25 g HIJDH 100 ml H-D]

]ﬁ] Ghn::u'agru  Asacks sigma, ooflines corbides. Usa fresh. [3 fhl:emt o5
HCl, 1 HNO,) HMNO, add last
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% 13 SRR E SR e 2 R A S 22]

AR ER | BRI R BEOAAH 457 2 (1000 1 %)
Carbide precipitates are uniformly
Fry's S EEE 12 F) dispersed in the

Tempered martensite lath.

Carbide precipitates are uniformly

Kalling’s 2 | 323 a it 20 ) dispersed in the tempered martensite
lath.

Carbide precipitates are uniformly

dispersed in matrix and along lath
Vilella’s R R 301 boundaries.

Tempered martensite lath is not visible.

Carbide precipitates are uniformly

dispersed in matrix
Elec. HCL | 2Volts> #7417 8 ) and along lath boundaries.

Tempered martensite lath is outlined.

Fine prior austenite grains with carbide
Elec. CrQ | 4.5Volts: £ 60%) | yrecipitates oriented with martensite lajth.
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MAGE 200X L1 f ' ; MAG: 1000

51 IEHZ Iy T/1POL gy g HB MK (ETL : Fry's -
ET2: Kalling’s 2- ET3: Vilella’s - ET4: Elec. HCL- ET5: Elec.

Croy)[22]
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ESAB Dual Shield B9
AWS AS5.28: ER905-B9
GTAW with 100% Argon

Chemical Analysis

Required or
Element Min  Medlan Max Deslred
C 0.09 0.095 0.11 Austenite stabilizer
Mn 0.4 0.96 1.15 Austenite stabilizer
Ferrtite stahilizer, increases susceptibility to
Si 0.13 0.18 0.2z sofidification cracks, affects axidation behavior
P 0.003 0,009 0012 Increases tendency for solidification cracks

Increases tendency for solidification cracks,
affects oxidation behavior

Farrite stabilizen forms chromium carsides
strongly sffects oxidation behavior

s 0.006 0008 0.01

Cr 813 8.93 | 961

Ni 0.04 0.19 0.25 Austenite stabilizer

Mo 0.92 0.99 111 Ferrite stabilizer

b 0.02 0.0z 004 Farrite stabilizer

Al 0.001 0002 0.003 Can create detrimental aluminum nitride
o 0.001 0,001 0.003 Austenite stabilizer

Cu 0,01 0.03 0.04 Austenite stabilizer

v 0.17 0.22 0.25 Ferrite stabilizer

M 0.028 | 0031 0.034

A5 0.0002 | 0.0005  0.0005%
Sb 0.0004 | D.0005  0.0027
sn 0.0018 | 0,005 0.0081

Farms fine Intragranular precpitates or AIN
Increases tendency for solidification cracks
Increases tendency for solidification cracks
Increases tendency for solidification cracks

High values increase the tendency for hot tears,
Beuscato pumber, X =
{10P+55h+45n+As)/100; Values in ppm = Wi

X 39 113 6.6 <15 x 10,000
Mn/S 133 120 115 =50 Lo values increase the tendency far hot tears
Low values can produce increased thermal

WAl 28.0 15.5 1.3 =4 softening
High walues lower AL and ME IF Ni+Mn < 1,50%

but = 1.0%, the maximum PWHT temperature

is 1450°F (790°C)

If Ni+Mn = 1.0%, the maximum PWHT

temperature is 1470°F (200°C)
MNi+Mn 0.8 1.2 14 <1.5

Carbon equivalent = 0.6 Is considered "high”

CE 2.1 43 45 hardanabliity

HY max 50+ 553 508
Mf (°C) = 254 - 210{% carbon} + 4.2/(%
carban} - 37 (% nicked) - 7.8 {% manganase}
= 8.5 {% chromlum + % molybdanum + %
vanadium + % tungsten + 1.5 (% silican)}
Mote: Ma = MI' + Z00°0

MI(°Cy 198 182 164
Ma[C) 389 360 327

This data is compiled from & different lots within the time period
of February 2007 to May 2008

Anticipated cracking susceptibility
*Hot (solidification, hot tears) cracking
*Cold (hydrogen) cracking

*Reheat (stress relief) cracking

*Type IV cracking

Fine-tuned weld desgn & welding parameters
*Design detail

*Groove configuration

‘Welding process

‘Weld bead shape & sequence

*Preheat/ interpass temperatures

Arc energy

*Hydrogen control (H4, cleanliness)

‘PWHT

52 AWS A5.28(ER905-BR 5 & 42l 47 ~
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P91 Pipe Life Influence Factors

Alloy chemistry

. Parent metal, HAZ
weld hardness
2. Residual, secondary
sustained, cyclic stress
3. Service temperature

Weld
imperfections

. Life

Weld connection

Service conditions (P,
T, dT/dt, dT/dx, etc.)

Characteristics of
every NQ&T and
Q&T sequence

Weld profile and other

design welding attributes

B 53 PO1EF=d1 2
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