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Material C &1 Fe Cr N1 Mao W Nh Oiher
T23 Benteler) 0070 | 024 | Bal | 209 | 013 | 017 | 17 | 0031 | 00028
Po] 011 | 037 | Bal | 829 | 014 | 103 | 0024 | 0068 | 013Cu
P92 (V&M Tubez) | 011 | 021 | Bal | 893 | 012 | 049 | 165 | 005 | 00058
MARB2 (NIMS) | 0082 | 073 | Bal | 916 001 | 247 | 0048 ;;1‘;;
SAVE 12 (SMD) 012 | 028 | Bal | 935 797 | 005 | 268Co
VMI2 (V&M Tubes) | 012 | 048 | Bal | 1137 | 029 | 028 | 144 | 0047 | 149Co
443 Al
Alloy 214 (Haynes) | 0040 | 010 | 352 | 1634 | Bal | =01 | <01 | <01 | o.008Y
0.03 Zr
47HFG SMI) | 0091 | 048 | Bal | 1861 | 1240 | 007 087
304H (Century Tubes) | 0050 | 045 | Bal | 1883 | 110
SUPER3O4H (SMI) | 0080 | 025 | Bal | 1900 | 957 | 01 0.50 nﬁ E;
Alloy SO0HT (Ince) | 0070 | 027 | Bal | 1949 | 3232 0.36Ti
- 0.53A1
1035 Co
Alloy 282 (Haynes) | 0068 | <005 | 035 | 1963 | Bal | 856 | =001 21T
141 Al
1951 Co
Nimonic 263 (Inco) | 0.050 | 007 | 034 | 2002 | 5117 | 591 216 Ti
0.44 Al
20256 (ATD | 0.080 | 036 | Bal | 2042 | 2583 | 134 036
11.57Co
ccagl7vomy | oose | 017 | os7 | 207 | sso | s | 026 | oos | 1234
041Ti
SAVEDS (SMD) | 0072 | 024 | 5125 | 2185 | 18905 | 012 | 133 41Cu
Alloy 230 (Haynes) | 0110 | 039 | 125 | 2242 | Bal | 131 | 1427 | 005 ?&3 i‘.’
HREW (SMD) 007 | 026 | Bal | 2344 | 4470 60 | 035 | 01T
075 Al
Alloy 740 0034 | 0450 | 1.020 | 2431 | 4945 | 0.520 1830 | 19.63 Co
{Special Metals)
L58Ti
234l
RAG02CA (RA) 017 | 01 | o4 | 252 | 625 0.08 Y
0.08 Zr
- i - 0.05A1
HR-120 (aynes) | 006 | 059 | Bal | 2594 | 3649 | 038 | <01 | 066 | oc
J10HCON (SMD | 0.067 | 034 | 5045 | 2598 | 1987 | 0.1 | <0001 | 0470
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3 4% R i

Test
Surface Temperature
Treatment Base Metal (C) Result
Barrier
Ceramic/Glass PO2 650 Coating exfoliated during first 1.000
hour exposure
Electroless Ni Po2 650 C'oati.ng was non-protective and
exfoliated
Surface Alloying
Chromized P92 650 Cr oxide forms. oxidation rate < P92,
S304H 750. 800 = S304H. no exfoliation
Mixed Cr. Fe. Al. Ni oxide forms
P92 650 o . e
A luminum- above thin Al oxide. oxidation rate
o . <P92, but >S$304H and other
Chromized . . .
S304H 750. 800 chromized and Si-chromized
materials
Silicon- Po2 650 Cr oxide forms. oxidation rate < P92,
Chromized S304H 750. 800 = S304H. no exfoliation
Mechanical
) . SUPER304H 750. 800 k;, of shot blasted materials ~10X less
Shot Blasting — .
i 34THFG 750. 800 than for non-blasted materials
. _ kp of deep rolled materials 10-1003
Deep Rolling 347HFG 750 P b )
= less than for non-blasted materials

21328 %= %

B120 % 2650°C 2 T23#8 o LR .3? it & c"SEM 2 EDS Maps#’ i >
FOEEEI K i Bt K ¥ Y K A 4 (Tron-Rich) ¥
B oo B K BIE_E 4% (Cr-Rich) ¥ fé] st g itk E R 4nT23

H 4w 5 A R Ao j£EDS Maps# {8 4w > Fe2 O~ % 7 34Tl o
%800°C » 3 5% 1000-] P & i T2344 4L £ LmARLEE Uk (4R
21) -

#9~12%Cr & & #13#«

chy v F W Rt b A F] A vk § i
BESLORRS BEESG -
&

T AL iRE o BB 9%Crz SAVE 12

A A650CT § it & = &2 (rR22) Ml &G F& - K F L4
R leRexs M AR CHEELRS LHERMIPEZTTF B
ehg k> FHP AL EFEFS L FERTRIFF K DRE
T MR o

FLERCrz £ % 3 12%HCCA617H AL » #4625 X &% ehehg
fLge ik (8000C ) e wMWI23% Bgom & o 7 F M4PR &3 14k
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H% 0 Fla# 4 & (Thermodynamic) © » £ A2 89§ chk B8 &

:
AI>Ti>Cr>Fe>Ni

ol d 6 FF AR F AT R W23 S B

ﬁ*F’ﬁ ”'“’25’ R I % 0 £.650°C T 14000 FER S Y mER T

50 2 A750°C #2800°C 11000/ Pridskio BLET] - T F 5 1.5 &

FELRBIGER L TEAME 20 R 8 RhE 3T A R4

B TR 5 Al E i 3ALE AT 14374 @ 2. & li@’éfcg

B

o

L g L&Fé] 3 AF iR gk o *F';g iLig "ﬁ;&mﬁu“& )

AP FRFRERRT n&_%?f;@_ﬁ%fﬂ%m%dvii v AR EEIR
4ok 4477 o

B21 T2344342 % k& “b g (800°C/1000-) B+ )
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23 #%800C2CCA61T# 5 ¥ it & &
% 1“ 487 % & K SEME {2 EDS Maps

B124 800°C 2 Alloy 214# & 3% 1t 48k SEME 1§ EDS Maps
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24 2 FCrz B M2 FTF A5

Material | %oCr Morphology

T23 200 [ At 650C very thick nmltiple layered Fe oxide above a Fe/Cr oxide

At 650C Fe oxide over Cr-rich oxide nodules at shorter times evolving to very thick
a1 829 . . ) . =
Fe oxide over Cr-rich oxide at longer times

Fo2 8.93 | At650C - 800C nodules and thick Fe omde over Cr oxide

At 650C a thin Fe oxide over a thin, dense Cr oxide; oxides thicken at 750C;
MAREB? 9.16 nodules form at 800C

SAVELY | 925 [ At650C — 800C nmltiple lavered Fe oxide over muxed Cr/Fe oxide + nodules

a - | At 650C dense Cr oxide, omide thickens with time and temperature; at 750C-800C
VMI2 11.37 . !
Fe oxide laver covers Cr oxide

214 16.34 | At 750C and 800C thin dense Al oxide

34THFG | 18.61 | At 750C Fe omide above thick Cr oxide; nodules form at 800C

At 650C Cr oxide; at 750 Fe oxide over Cr/Ni oxide; at 800C nodules (Fe oxide

304H 18.83 over Cr/MNi oxide)
S304H 19.1 At 650C thin Cr oxide w/ Cr depleted zone beneath; at 730 Cr'Fe oxide and
beginning of nodules; at 300C nodules
182 19.63 At T50C Ti oxide above Cr oxide muxed with some Ti oxide; Al cxide along grain

boundaries

2025+ | 20.47 At 750 dense Cr oxide above Cr depleted zone; at 800C dense Cr oxide above very
T " | thin Si layer, minor Al oxide grain boundary penetrations

S800HT 19.49 | At 650C thin Cr oxide above thin Ti oxide above very thin Al laver

N263 20,02 At 650C Ti oxide above Cr oxide; at 750C Ti oxide above Cr oxide with Al oxide
- “7 | srain boundary penetrations

At 650C thin Cr oxide above very thin Al oxide; at T50C-800C dense Cr oxide
CCA617 | 21.73 | mixed with some Ti oxide that thickens with temperature; Al oxide penetrations
along zrain boundaries

At 650C thin Cr oxide above Cr depleted zone; at 750 thicker Cr oxide above larger

AVE?S | 2
SAVED | 21.83 Cr depleted zone; at 800C Cr oxide above a very thin 51 layer

At 650C Cr oxide above Al laver; at 730C Cr oxide above shallow Al cxide grain
230 2242 | boundary penetrations: at 800C Cr cxide above Al oxide grain boundary
penetrations

HESW [ 2344 | At 650C thin Cr coude; at 750C and 800C Cr oxide

At 650C thin Cr oxide mixed with Ti oxide; at T30C-800C dense Cr oxide mixed
740 24 31 | with some Ti oxide above a Ti omde laver; Al oxide penetrations along gram
boundaries

BAG02CA | 252 [ At 750C Cr oxide above Al oxide

HE120 25.94 | At 650C Cr oxde; at 750C and 800C Cr oxide above thin 51 layer

310HCLN | 25.08 ;’f[;f,-gf and 200C dense Cr oxide that thickens with temperature above a very thin

BI255 & f&H# 2650°C ~ 750°C ~ 800°CE A ™ 2§ i*# F ¥ #&
(K,) B> %7 iCrz £ 8- 'lﬁf&'é‘ﬁ%m@m%‘ L4 28472
JER P R HR9-12%Crit = A Ap % B 03 (L 5 i3
9-12%Cr + R 5 i FHBELFE RS - g IR
P oAE A BBk Hd %?%«@if“fé«/éam

\ 4~
Ma|
\
NN
94
3
b
T,
a\
e
o
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“' Low Cr Fe-based
T Avictenitics

= ®

‘F :

b ﬂ @ 650C

]

pr B 750C
4 800C

0 5 10 15 20 25 30

% Cr

®25 2 FCrz 42 3 i@ 5 ¥ &

B126 5 ot =< ?an rﬁé%ﬂ'mwﬁwl*ﬁ 7 B <~9%Crz
#o S MARB2 & & 7o B & RIGHE R T 0 3B R A O - 2650C
Tk Era B A HeEF LA A2 e A750°C £ 800°C 0 # K Cr
8 (<~19% > 304H ~ 347HFG ~ Super304H ) 4L &5 § 1 43¢
F5 o237 F BNIZCrz £ 25270 48 kR £800°C » 7 ¢
FHEFLAL -

%750°C £2800°C © » 304H ~ 347HFG ~ Super304H+1 4L ¢ § #15%
MR AL VK EAT > R E AR TR % o A650TCHE
4000 ¥ > 304H22 Super304H 2 & F 25 E3E M chf (L4
(34THFG & ©650°C T RI3#) o &750°C £ 800°CH 4 6 7 § 1 42 4
UG I L AR L sl L o S
650~750C 2 » § 4B % Bibra £ > A F K& (7P N4 AriEAe 0 B
FlEBHETINE Y AAOWEGEDLE > FRAVEF K (F
L4k ) A e
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/A\ Low Cr Fe-based
Austenitics
T23
o [\
. |
§ Po2 [l
'5 P91 /A
E Q | m 1
: \__J
w
\.// High Ni-Cr
@ 650 . P92 ﬁ.ustenltlcs
MARB2 SAVE12
MLl ﬂmﬂﬂm—
A 800
0 5 10 15 20 25 30
% Cr

F126 7 I+ Cri £HH 2 p 4] 5

WA MR EA R B “,Té?ﬁr—g#’b; fb a4 ebppsob o ox
G WELR S SR TR #mat bivd o £3LRBEkESY O B
% (Barrier Coatings ) = ;% » P! Bg % ei:.g,i ML E A R E ek § 4 px
e Jig* 4414 (Chromizing ) 22 # -4% it (Silicon-Chromizing ) #j
wPO24 > ) = ik ey 1t f’éﬁ; ' G *f»}é‘ o g i F e E &t 1304H
HE > F O F RPN LRBRRIPENEY o R 4421
( Aluminum-Chromizing ) #j# > A SEM# EDSE’ ¥ BRI M
FOUAER D RAUSRGF B RBECF PEFF T

74000/ PFF L 3RE Y o 884 4 5 3 F (Mechanical Surface
Alteration ) £ 7 »xezd Hid z7 R1F it 02 38 > 4o ik o g (Shot
Blasting ) 22/ & ;848 (Deep Rolhng) A EG AL RES €
SRR B LR A B R SR TR A '%5'1755 = A2 i
FRLEPFRRE 40 B L~ = N

g

N o

,z-\.
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2.1 4% £ 45 B %ra Inconel Alloy 74044417 i B8 4 2. = /&
Inconel Alloy 7408 37 )& i AINi-Cr-Co & & » F 7 4c > 3F 5 Nb »
$t & & & & Nimonic Alloy 2633 & 41 % » £760°C £234.5Mpa™ £ 3 %
Borie B (4eB2) & iR R Fu K4 (Coal Ash Corrosion Resistivity )
e B EEEMKE T RERT NIRRT RZE L RETE
B AR FIER Al BER HE > ARBERE AL RN
% (Liquation Cracking ) o #* I % &_F] § 4% ¢ B 4258 7 »]z‘{ﬁffi‘r IS
SFARPEF MBI E D AFRE A A2 DB e 27 5 3in.
E - 45 Inconel Alloy 740 » 12 p & it 44 55 5 1845 9%4% (Hot Wire
GTAW) & ixts T A 2 R B % AW TR Y 5 5 *Tdp e o 2t 47 1)
HAB R TS (FFHERB P RATREA A& )R ES
Ao AR SRS (i~ £) 255G M -

L

=

®B27 4+ BMS8 (Inconel Alloy 740) » 2 Hot Wire GTAW 4% £:{5 »
AEPERAE A DB o

21414 B R E RIS 2

% Dr. Jose Ramireziy & & 3 B 8 % e B WA 4 SRR 1S 4% 3
A FrpFengg ut (g & # B (Nil Ductility Temperature Range » NDR )
3 B> B NDR® 0 j 2 B it Jkeng 2 o m NDR#CE ¥ 5 8
Glebble# # 14 % ( Glebble Thermal Mechanical Simulator ) 3£ » 3
Bk RN GACER N T KRB E G R AGR > il
NDR -

Seteiir #8 = 7 % E JMatPro# # > 1345 Gammaip 7 £ £2 “Nb¥2 B
Zwt% 5 R E g ,ﬂ‘,h% Bl > BI28¥29 % 0.1%Si12 0.5%Si e 2
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FRE B AR RS UL R 5 BEND 7‘»% 2?\-1 EBAA
0.0017%2 Nb =~ & i3 1.3%p% » H 43 E g5 Fl#-| > 130°F » 23 10

B B M o
¥ v AR L e+ 3 & (Differential Scanning Calorimeter °
DSC) #5445 17 3145 BL# [

Contour Plot of Melting Range vs %Nb and % B with 0.1% Si
2.0

0.0015 0.0020
B

R128 JMatProif il e gL 4= [F (0.1%Si) (HE -
Ni-24.5Cr-20Co-1.4Al1-1.3Ti-1Fe- 0.5Mo0-0.1Si-0.03C-0.02Zr-0.001B )

Contour Plot of Melting Range vs %Nb and %B with 0.5% Si
2.0

0.0015

B129 JMatPro#7 7 iR| 75 B 4% ] (0.5%Si) (# F :
Ni-24.5Cr-20Co-1.4Al1-1.3Ti-1Fe-0.5Mo0-0.5Si-0.03C-0.02Zr-0.001B )



21428 5% i3

I BI2820:F # L 7462 ++ (BMI~BM7) £245 4 (FMI
BIFM2 )& & % = & e £ 5977 0 2 ¢ (X 5. BMS i Inconel Alloy
74018 & 4 > H 4R 4 F 4o 2 60 X 5LBM1~BMS 5 5/8in.( 16mm )
EehT x> HSin% 7 £7£0.5%~0.2% (Inconel Alloy 740:0Si~ % &
BB B 505%) NBo2 5 BAE%E E2%% 71%~1.6% > B~ % 3
£ 310.001% (Inconel Alloy 74042 f& % 0.0037% ) » #-it (7 7 4% |4
= > ¥ 12 Glebble#t # H35% % ~ IMatProdi 48 22 DSC ik %+t 2 Si ~
Nb&B& & =% % % $NDR# 4 B [l <H % 58 - BM62 BMTH & 4 &)
215835 > SREA LFMIZFEM23 /5 & A 4o 5977 o

#.5 Inconel Alloy 740p|:828 5 2. (“ & = &
Table 1
Chemical Compaosition for Evaluated Heats of INCONEL Alloy T40
Heat FM1 FMz BM1 BM2 BM3 BM4 BME BME BMT BME
C 0,031 0046 0.033 0042 0.03% 0,048 0,035 0,060 0035 0,030
M 0370 0302 0295 0253 0300 0.300 025 0305 0358 0260
Fa 0.550 1.054 1.051 1.058 1.037 1.073 1.050 1.107 1188 0.460
Si 0,190 0.x20 0219 0457 0243 0.223 0.503 0. 289 0.3 0.510
Cu 0.0610 00050 000135 0003 0.0045 00055 0.00E0) 00210 0.0358 00200
Hi Bal Bl Bal Bad Bal Bal Eal Bal Eal Eal
Cr .13 MM 2425 2448 2448 24 60 227 25.38 M7 MM
Al 1.280 1.300 1440 1.460 1 460 1,280 1,380 1.080 1.230 0970
Ti 1.310 1.497 1420 1417 1.430 1,148 1,696 1483 1373 1.780
Coy 1976 19.87 205 20004 20,00 20005 1984 20023 1851 19.80
Mo 0.5600 05280 05347 0.5301 0.5420 05443 05369 ] 0.5515 05000
iy 0,930 1.585 1.050 1.048 1.308 1.557 1.569 1.617 1.516 1,550
Ta =0.001 ] ] 1] ] 0 0002 0002 0.0 1]
00040 00032 00032 000350 00033 00033 00035 ] ] <0005
0000 0. 000 00009 00007 0.000E 00008 0000 00003 00004 00037
v 0.0050 0.0075 0.0068 0.0074 0.0064 0.0078 00050 0.0024 0.0045 ]
W 00020 00030 00024 00019 0.0029 0.oe 00040 0080 00425 ]
£r 00030 0.0244 0.0141 00128 0.0112 00123 001350 0.0248 0.02H) 00250
N =0.001 0.00:30 0.0059 000Fy 0,001 00047 00 35 o 00119 o

%6 Inconel Alloy 7404> ¥ 4 %} 57

PlRE R Ry UTS > ksi | 0.2%YS - ksi | Elong. » % | HRC
gr) F 169.5 104.5 5134 | 356
760°C w4 111.1 88.2 32.5 -
g1 g e 152.6 111.0 14.4 -

A e B GmmE - B0
%2 1 45 5.0.625in. 64 1 » ¢ * Nimonic 2638 4% » 2 GTAW = 3% 4% 32
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5/8in.#F £ 12 Pulsed GMAW = ;ViE (74% 4 - 1.5in.4F ¢ 12 GTAW >
FUAREE 0 3ingF B0 p B0 S S F 1845 9548 (Hot-Wire GTAW) =
FARE O SRR T TN (1150°C/304 &/k %) B
(800°C/4-) /% %

R 4R P R 1 5 8x4.5InxF B 0 AlE vt endk i 41 D130°4H,
@A BERTE A - VAR £ @ ¥ 183k (Backing Bar) » FE 45
% pz (blow through) o # & FGTAWRF » & ;1 £ 4%3%k (weld bead) &_
e FIAMAAE sk e AW kAl T A (A p b R
S EEE 2 B e

21439 % = %
7% = 8% % > 2 (JMatPro ~ DSC ~ Glebble#: % ¥4 & ) #7118

2 NDR# 5 8L 4= Bl 3¢5 % % » 4= 4 2 Inconel Alloy 740 (BMS8)

2% BEgE A R ORI H ALY B d ¢ o BM2 - BMS - BMSH Si g £

A% % 0 €A T2 DSCA 75 % 3 3 8h45 F1 5 74~ 87 88°C » 2 NDR
@5 113~103~229C » 5% 30 2 & 38 4 5 847 {157 NDR < BMI1 ~ BM3
FIANb= % § £ 4p$hiis » R RNDRiE (58 637C) Mo fl g s
& %Si~ B&ZNb~ % 7 £ 7 F 2 > Inconel Alloy 740 = [l £2

NDR -

%7 FMI ~ FM2 ~ BM1~BM83# & 2 NDR £ % 8§ ]

Table 2
Prediction Gamma Primeé Contént and Calculated Melting Range (Performed using JMatPro), DSC-Determinad Mealting
Range and Nil-Ductility Range [Determined via Gleeble Hot Tensile Testing)

Heat FM1 FMz2 BM1 Bmz BM3 BMa BMEA BME BmMT BMma
Wt % Gamma Prime af 70" C 145 7T 1646 17 4 182 1) n5 154 1540 181
Calculalad Solidus, “C 1313 1203 1307 1301 1301 1205 1284 1206 1267 1255
Calculated Ligusdus, “C 1 1367 1574 1366 137 1367 13a 1366 LI 1357
Mualting Ranga, "C 64 4 LiT) 65 o ([ (] o 4 102
DSC Soldus, "C MIA, 1293 1301 1304 1260 A 1268
DSC Liguodus, *C MA 1387 1367 1360 1356 MA 1357
DiSE Melbng Hange, "C MNUA fd Lili] B85 Bé MIA BE

NOIR, from Glesbie, "C
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A.5/8in.#% 1 erPulsed-GMAW 4 & :

BBM2EBMSH# i 7485 B A FMI 2R 25 B @AY &
P4 o A EBETS0CHE RN PR BHEk4ick8 467
2_Inconel Alloy 7404 4> ¥ 33 & 4piT o I 425 B~4% 5 5/8in.2. BMS&
MR E > e B ERF R F I MA LT A

%8 F B BT50°CT e05/8in4% 2 (BM2E2BMS) = W Esk % %

Table 3
Tensile Properties at Room Temperature and 1382°F (750°C) for Manual p-
GMAW Welds Fabricated Using 0.625 in. (16 mm) Thick Plate, Heats EM2 and
EMS5 and Filler Metal Heat FM1
Temperature Heat | UTS, ksi | 0.2% Y5, ksl | Elong., % | Rof A, %
RT 147.5 109.9 16.6 19.4
BM2
RT 145.7 110.7 13.9 19.4
RT 149.2 111.0 17.5 35.0
BME
RT 137.4 114.0 8.9 18.2
1382°F (750°C) 107.5 828 5.0 125
BmM2
1382°F (750°C) 108.5 92.1 B.5 12.5
1382°F (750°C) 115.3 876 104 21.8
BEMS
1382°F (750°C) 1128 959 7.0 10.0

B.1.5in.4x #1 e+ > GTAWER &

B30 5 " GTAWER 3 (ABM61 2 » 2 * 3 f50.093in. cFM2 44 B 4
1u, EFPEYEFREEERENR BRI FE e TR HEFR
IR T A  BBlABEHAIE VS AR EY B &R
Rockwell CAH & 2. & 2B > Bpr 4 2 4R S pd? > # 4 ~ 23 B2 44

FRARBEF R B#P A E%i-’z,é@@# Pk ko 295 3RS
750 C2BMO& ¥ 25k %% » 1 200 i P 4 B3 4o > H BT

[F = 3
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Rockwell C Hardness

B30 4% 5 1.5in.2.

BM64% it E B & 4p

e GTAW As-Welded
{Preweld Anneal+Age)

. —u— GTAV with Post-Weld
M Age

12 3 4367 8 9101112131413 1617 1819 20

2L

BI31 4% i # g2 w0 & 15 2. BM64% i2 Rockwell CH &

%9 _:r.m_—-—750C BM6;}° it ﬁﬁv}-‘\ir}’?ﬁ‘

Table 4

Tensile Properties at Room Temperature and 1382°F (750°C) for Manual GTAW
Weld Fabricated Using 1.5 in. (38 mm) Thick Plate, Heat BM&
and Filler Metal Heat FM2

Temperature UTS, ksi 0.29% Y5, ksi Elong., % Rof A, %
RT 164 .2 1116 254 242
1382°F (750°C) 1213 104.2 176 16.2
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C.3in.4% # er1p # it Hot-Wire GTAWA4: 3

BI328 2 p # it 4 5% (Hot-Wire GTAW ) 4% #14 (hBM7 = & » 12
0.035in (0.9mm) ® /& FFMIE R » 547 Bk fra chE L& 4p B o
BRI PR GO FRE P A B335 41 S RIS At
AoG BN~ P oL B R IR Fp|Rockwell CAH B 2 & B 0 * 4 ~ 4%
FH R RS H BS54 HRC300 £ 10 3 BM74% 2 &3 8 prend i )
PR B L6 o BT % AR ¥ ¥ Inconel Alloy 74045 2 & 4p i o

B132 47 5 3in.2. BM74% % B i £ 4p
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Rockwell C Hardness

”—o—lnp

37

35

32

Ky |

| —m— mid
(| & hﬂliom

29

28

10

B33 4% {5 # d2 2 BM74%

15

20

25

=+ 7 £ 5 % & 2 Rockwell CH &
%10 FF 2 BM74 0 #4457

Tensile Properties at Room Tempe;l::zlr: Eor Automatic Hot-Wire GTAW Weld

Fabricated Using 3 in. {76 mm) Thick Plate, Heat EMT and Filler Metal Heat FM1

Location UTS, ksl D0.2% Y5, ksl Elong., %% R of A, %
A-Top 155.8 1144 226 29.2
A-Middle 159.3 111.5 242 270
A-Bottom 158.5 111.7 27.0 3z
B-Top 1564 114.8 24.5 27.2
B-Middis 161.2 110.8 28.5 315
E-Bottom 157.7 1125 278 28.0
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2.2 9-12Cr,P23/P24, 4 & &4 ...... 2 USCHE B2 Bt &3t g
T EREPB&EWL 215 0 3 5 4B 24 ETD (European

Technology Development) #8? 4p 225p # %2 New High Temp.
Materials Int. Conference > 4+ ¥+3% 48 Use of 9-12 Cr Martensitic ~ P23/24 ~
Traditional Low Alloys Steels ~ Stainless Steels and Ni-based Alloys in
USC Power Plantsi& {73 277 7 = % B 3 iitsh > & 2 = BAER ¢
Z#IELJ‘:E‘?%\E ( Microstructural ) ~ 3% 3+ % 13 22 41 4L (Design, Manufacturing &
Materials) ~ f+% sc 7 K 2 #7141 # (New Materials for Nuclear Energy
Plant) ~ & B F %82 9-12Cr & & 4k vh3& & 31 22 4 p] (Plant Experience,
Remaining Life Assessment and Inspection of 9 -12 Cr Alloy Steels ) ~ %
dh4m 27 43 3L £ £ (Stainless Steels and Ni-Based Alloys ) ~ 2.25Cr

(P23/P24) 2 4 & % 4% (Low Alloy Modified 2.25 Cr Steels P23 and
P24) ~ 4% £ 27 4% % 4 it (Welding and Welded Component Performance) °
HBEA TR HH G & Ak o

2.2.1 9~12%Cr ¢ &4 BRI 576

RS 29Mpa/620CALTRR TR B F ~ AT A # H
B v O12%Crs A L EH AP AL BT L EEN G A
Lo R REERIPA S0 Ko B34 5 9%CrE 118 & 9 b 484k
14MoV6-3 (0.5Cr-0.5Mo-0.25V) 2 R % & in » — 4 kw7445
NIl B Aot S &5 R A AR Y 0 VBRI 2 b
Bt #R @ BOCr% > #r 7 AR hzat o g 2 F] 5 9%Crdh oy
0 R4 S0 £ 4R G % #7948 (Prior Austenite ) b €7 33 % Fr o {gds o
B A A s ] 5 R ST o
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NGRS e :
/ --1-!- ] '] o
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Rating class Structural or damage condition Limit criteria
1 Subject to creep loading without creep
cavities
2a Individual creep caviries Up to 130 voids per mm’
2b Numerous creep cavities, randomly oriented | More than 150 voids per nmy?
3a Numerous creep cavities, specific orientation
3b Chains of creep cavities; individual grain At least 2 successive grain
boundary separations boundaries with at least 3 voids
4 Microcracks More than one grain boundary length
5 Macrocracks
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Rating class Damage condition Limit criteria

1 Subject to creep loading Up to 50 cavities per mm?

2 Subject to advanced creep loading - limited Up to 100 cavities per mm?
number of cavities

3 Creep damage. increased number of creep More than 100 cavities per
cavities, randomly oriented min’

4 Creep damage, numerous number of creep More than 200 cavities per
cavities, randomly oriented min’
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Boiler Materials

Material Nane (asgiven | Standard & NMaterial Naave | Type of steel

in source documents)

AJF35 P32 AZTW A535 P22 24ACr-1Ma

A2153 T2 AZTW AZIF T22 24ACr-1Ma
AlEIFIL AZTR ALGITFIY 2ACr-1a
A33AFIL AZTR AS36 F 22 2ACr-1a

A 234 WPI2 AZTH AY34 W22 24Cr-10ao
AJF35FP11 AZTR A5 P11 134 Creho

A215 Tl AT AZIF T11 134 Creho

A234 WPLL AZTH A3 WFILL 134 Cr2aho

C13 C13 Carbon steel
Agds A5 Carbon steel
14MIoVe-3 EM 10218-2 14hIoVa-3 L2 Cr-tahlo A4V
10CWI08-10 ERM 10218-2 10Co9-10 24Cr-10a

14C o3 14CrIWIo3 1Cr42ho
12CI08-10 12Cro8-10 24Cr-1Ma

AIB] 3MH ASTR AZ1S TR304H Type 304HAustentic)
LMAMNAURITE 200 LMAMNAURITE 900 LMAMNAURITE 200
A335P01 ASTR A335 P01 ACr I WMoWVTBE
AZ153TO1 ASTRI AZIS TO1 ACr I MoWVIBH
BA3ET GrD ASTW ASET Gr 22-1 24Cr-10o

15cd3 ASTR A335 P11 134Cr42ho
A335P12 ASTI A335 P12 1Cr42ho

A3 WPL2 ASTW AZ34 WP 12 1Cr42ho
AZ3TWPL2 ASTR AZ33 WP 12 1Cr42ho
AZETFI ASTW ASETF12 1Cr2&ho
A33AF1 ASTW A6 F12 1Cr2&h o

A 106 Gr-B A106 Gr-B Carbon steel
A335P21 ASTR AS35 P21 3Cr-1Mo

ASlE ASTW ASLG Carbon steel
A234 WEB ASTH A234 WEPB Carbon steel
AJ35P9 ASTH AS35 P ACr- 1o

A234 WPD ASTR A234 WD ACr- 1o
A335FS ASTH AS35P5 SCrAo

A234 WPS ADTI A234 WS SCrAo

10C a1l DINOC a1l ICr-IaV
12ChaV 12CrhaV 12Ct MoV
AZlZTPHAT ARTW AZLS TPHT Type 347 (Austenitic)
All0AlL ARTW A210 Gr-1 Iedium carbon steel
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Steam Twhime Materials
Material Namee {as given | Standard & Material Nane Type of sted
m sonrce docureets)
ZE0CoV 12-1 DN X200 oV 121 12Cr-IaV
ZZ0Cr13 En/D I 220013 153Cr
2ECDVY French Grade French Grade
21 CtIoV 5-11 DM 21C eV 5-11 1 CrIIaV
18CDVS French Grade French Grade
25 Ct Ik 49 SEW 555 28CMabV49 (Gerrnan 1 CrIlat-i v

standard)

Gas Twhine Matertals

Material Namee {as given in sowmce Twbine Technology
dociments)
In73% Slemens V4.2
GTD111 D& 5E Frarne 6B
GTDI11EA GE Frarne 9FA
Udirnet 500 5E Frarne 6B
CIEX4 Algom GT26
Hastelloy X GE OFA
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Structural assessment by metallographv

Pictorial

Nommal microstucnire for 2 new component

Bepresentation

Momnal microstucture for service conditions, ncipient or
advanced structural transformation or precipitation

Earlv stages of cresp damage

Isolated cavites on the grain  bowndaries, oriented
perpendicularly to the direction of maximum stress

Fow cavitics on the grain boundanies, e gularly disributed

Intermediate creep damage

Cavities on the grain boundaries, oriented perpendicularly to
the direct on of maximum sress

Grain bomndary separation, approx. the length of cne gain
boundary

Advanced creep damage, micro- cacking the length of several
grain boundaries

Classification
o
i
2
(a)
(b)
3
@
(b}
3

Structural disintegration, visible cracking 2mm plusin length
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Material Comparison Search

Select Your Search Options —

Material Name1 |

Material Name?

Temperature (°C)

Pressure (MPa)

Service Time (hr)

Microstructure
(PM/ HAZ/ WM)

Back to Menu

[ Search ][ Cancel
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Material Comparison Result

| 155600
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Grain Boundaries =13
Cavitated grain Boundaries =2
A=213=0154
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