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Abstract

This industrial project was established on the purpose of studying failure of the tube
expanders of Main Steam Stop Valve at Wang Noi Power Plant. The material of tube
expanders had been manufactured by carbon steel and was subsequently changed to be
manufactured by Steel P22 resulting in the tube enlargement and huge space required
for placement. However, the development of Steel P91 (ASME T91) use was
subsequently replaced for steam transmission from the heat recovery generator to drive
the steam turbine in order for high-temperature and corrosion resistance increase. After
a period of service, some fractures were found on the external surface at approximately
65% and somewhere on internal surface where Steel P91 and Steel P22 were
jointlyweldedwith Inconel 82 wire at the weld fusion line.

According to this study, the fracture welding work affected and caused fracture was
examinedfor material microstructure and scanned for material compositions by SEMat
the fracture and surrounding area to analyze the relevant factors, causes and service
condition. The experimental findings would be referred to the theories in order for
conclusion of fracture occurrence.

Keywords: Examined for material microstructure / Fracture of the tube expanders /
Inconel 82 wire / Scanned for material compositions / Steel P22 / Steel P91
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’c = degree Celsius

EDS = Energy Dispersive X-ray Spectrometer
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ER90S-B9 = Electrode Rod

ER308 = Electrode Rod

eV = electronvolts

GTAW = Gas Tungsten Arc Welding

HAZ = Heat affected zone

Inconel82 = ASME AWS Class AS5.14
Kg/cm2 = Killogram per Square centimeter
mm = uaaas

P22 = ASTM Grade P22

Po1 = ASTM Grade P91

PT = Penetrant Testing

RT = Radiographic Testing

SEM = Scanning Electron Microscope
SMAW = Shield Metal Arc Welding

TIG = Tungsten Inert Gas

uT = Penetrant Testing
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M99 2.2 HAAIEIUNANMIAUATYDITAG P91 1azide P22 [16]
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P91 P92 P122 E 911
C 0.08-0.12 0.07-0.13 0.07-0.13 0.09-0.13
Si 0.20-0.50 max. 0.50 max. 0.50 0.10—-0.50
Mn 0.30-0.60 030-0.60 max. 0.70 030-0.60
P Max. 0.020 max. 0.020 max. 0.020 max. 0.020
S Max. 0.010 max. 0.010 max. 0.010 max. 0.010
Ni Max. 0.40 max. 0.40 max. 0.50 0.10—-0.40
Cu - - 0.30-1.70 -
Cr 8.00-9.350 §.50-9.50 100-125 8.50-9.50
Mo 085-1.05 030-0.60 0.25-0.60 090-1.10
W - 1.50-2.00 1.50-2.50 090-1.10
V 0.18—-0.25 0.15-025 0.15-0.30 0.18-0.25
Nb 0.06-0.10 0.04-0.09 0.04-0.10 0.06—0.10
Al Max. 0.040 max. 0.040 max. 0.040 max. 0.040
N 0.030-0.070 0.030 -0.070 0.040-0.100 0.050-0.090
B - 0.001 - 0.006 max. 0.005 0.0005-0.005
ﬂ]‘iNﬁ 2.3 Llﬁﬂﬁﬂmﬁmﬂwaﬂiﬁﬂﬁﬂ]@\i’sjﬁﬂ P91 uazi’ﬁ@ P22 [14]
Standard Grade Yield strength | Tensile strength Minimum Maximum
Mpa (ksi) Mpa (ksi) longitudinal hardness HB
elongation %
A213 - A335 T/P22 Min. 205 Min. 415 30 163
A213 - A335 T/P91 Min. 415 Min. 585 20 250
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ANMVLANATIATUNIBNTNYDI T P22 1Az Iag P

nadeUNgUuYil 550 °C wagAuAUN 280 bar. Tag 1Y P22 Aumun 132 wu. e 14T POl
1 % %)J % 1 %

wiANUMLIaAaunde 61 Uy, UANUHUIANANNY 54% taziihminuana1snud 65%

awaalugin 2.7

Design Pressure: 4000 psi/280 bar \ Design Pressure:

Design Temperature: 1020°F/550°C 4000 psi/280 bar
Design Temperature:
1020°F/550°C

15" 1.D./ ‘
38t mm ‘
| F22
Difference: 54% wall thickness Difference: 65% weight

Y

sUN 2.7 MnuaaamsfTeuMeua Ny UIasiMinI L9 P91 AU P22 [14]

_Y

[ v [

Faq Po1 faamnsafugungil anwdu ldganiniae P22 Taslinnundianss (Strength) 110A
44 - 170% Tigainiseviig 510 - 593 °C paiautivesiag Po1 Sramnsadinnudiumulums
a9 uazdl Creep Strength gadananalugUf 2.8 Creep Strength Y09 72r9 T/PI198 N1
Creep Strength Y94 T/P22 ‘ﬁqmwgﬁ 540 pasUBAEeA At 100, 000 ¥ 10a naziduiszansms

v Y Ao 1o =
VY1YNIINAITVIDUNATINI muamﬂlugﬂﬂ 2.9

300 ——
— ] * T/P
£ 250 » TIP24
-3 ° T/P23
= ] w T/P22
E ]
- / T/P21
§. T/P23
g < T/P24
AR rd
S T/P22

500 510 520 530 540 550 560 570 580 590 600
Temperature [*C]

311 2.8 n319UaAAY Creep Strength Y39 T/P1AY T/P22 [16]

Y
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anufeunnauFeundwansznunuian Po1 awaaslugili 2.10

Base Material

HVO0.5

Soft zone

- weld fine groinHAZ | bose metal 4
1 A 2 1 Som 1 s - T L 1 | o, 3
2 3 4 5 6 7 B 8 10 #1 12 15

Distance to weld centre (mm)

‘]Jﬁ 2.10 lLﬂﬂ\HL‘H’JL“b’E)lI“U’E)Q P91 15190 Fine grain HAZ 99 Soft zone L’]Juﬂﬂd ﬂ1ﬂ’313\lllﬂlﬂ

q

A 5 o .
ﬂlﬂﬂlui’)?ﬁﬂﬁnfjﬂ “]N@]”Iﬂil”l Base Material [14]
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2.3 M5t¥e3 DISSIMILAR WELDING [14]

[ 1 a

M3FouA0IaAA1NHANY (Dissimilar Weld) 1517389 Low alloy 113 alloy Hana19nuiiie1in,

q

a U

4 1 @ 4 a 4 4 (% [
IFOUADAUIZINANITUNITNTZIBYDIATUBUUTNUUUNFON A1TUVOUIZNTZI8A 1TV
= a P T { } [
Tasdsuiluaunguesmsina lasdounis lua nsvanaesenn ldaradeunlauney Nickel-

base UNUMIFouADIdaa WA Taena lUNguunldndvzdinansenuiunuduiaves

U

TAQAIUANIN T892 (Toughness) YBITaA N151NA Creep Rupture 10 1 lasunansgny

ﬂﬁ!,g]ﬂ;'ﬂu Dissimilar Weld %314 P91 11 Stainless Austenitic 1a831n9 19099 Nickel- base
L‘ﬂiﬂ’iﬁj ﬂ!,l,uﬁﬁ;' ouaI150ls zqﬂéf Ta EJLG?'S 83 Buttering Electric Power Research Institute (EPRI)
Uszifiuorms ldnuvesiagTasnsdsudadimaendmsuSagaresiafy (Dissimilar
Weld) Tnonaaeusenerg P91 Buttered A9802A1T0N E9018-B3 112451 PWHT ﬁqmwgﬁ 760°C

a

Y ! H
VN weuaenU g P22 1 PWHT figungil 677 °C - 704 °C HAMINAABINTIINITI

. ! v v ] 2 ¥ y .
Buttering Step 9251814019015 199 1ue17u1uTu taznaaeuiy Iagldaiadon Nickel- base

. a 9 @ H A [
(ERNiCrMo-3) #an1snaaedlsziiiue1gns lsnuvediaangumngil 566 °C aua13199 2.4

d' = 9 (Y A A
139N 2.4 Llﬁﬂ\iﬂ”l'illr%ffﬂmfJ’]J’E)WQﬂ”ISﬂlGB\‘I"IuaU’E)\‘]'Jﬁ'ﬂ“l/l!ﬂf’ﬂﬂjﬂﬂﬂ15 Butter [14]

Estimate Life Weldment PWHT Weldment PWHT
@566°C (10500F) and 677°C (12500F) 732°C (1350°F)
52.8 MPa (7.8 ksi)

E9018-B3 53.158 347.809
E9018-B3 w/butter PWHT @ 760°C (1400°F) 551.445 642.573
ENiCrFe e-3 177.017 122.484

ENiCrFe -3 w/butter PWHT @ 760°C (1400°F) 362.446 293.892
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axy A 1w 1 a o ... A J = Y A
TNITONADITRAINTIANY (Dissimilar Weld) az0aadluasan 2.5 arunisaenldaiaion
azuaadlums1an 2.6 A MTULUINIINITIN Post Weld Heat Treatment (PWHT) dztiaaa 1y

=
MITNIN 2.7

d‘ as Lﬂ' ! v J a v . . .
MTNN 2.5 LAAITNIYDUADITAANYUANU (Dissimilar Weld) [14]

Combination Approach
P91 to P22 B3 & PWHT @ 1350°F
P91 to P11 Butter P91 w/B2 & PWHT @

1350°F; Then, join w/B2 &
PWHT @ 1100°F

P91 to SS Butter P91 w/Ni & PWHT @
1400°F; Then, join to SS w/Ni

d‘ A 9 A o [ A 1 [ 1 a @
713190 2.6 fnﬁla9ﬂ1%ﬁ3@&%®ﬂﬁ1ﬂiﬂﬂ15l“ﬁ@uﬁ@ﬂﬁﬂ@l'l\?“]fuﬂﬂu [14]

P(T) 11 22 23 91 911 92 SS
11 B2 B2 B2 B2 B2 B2 309
22 B2 B3 B3,G B3 B3,G B3,G 309,Ni

W, B,
23 B2 B3,G G,Ni W.G G,Ni,SS
B3,G,Ni W.G,B9
91 B2 B3 G,Ni B9 W.B9,G | W.G,B9 Ni
B,
911 B2 B3.G W.G W.,B9,G W.,G Ni
W,G,B9
92 B2 B3.G B, B, B, B,W,G Ni
W.,G,B9 | W,B9,G | W,G,B9
SS 309 309,Ni G.Ni,SS Ni Ni Ni SS,Ni




G
B2

B3
B9
w
B

Ni

SS

Nonstandard composition

1-1/4 Cr1/2Mo

2-1/4Cr 1 Mo

9Crl1 MoV

Tungsten Modified

Boron Modified, etc.

Nickel Base (ENiCrFe-2 or -3)

Stainless, 308H, 309H, 316H, 347H, 16-8-2

Butter or buffer layers may be required.

19

NOTE: ENiCrMo-3 (*“625”) should NOT be used because it will embrittle at the PWHT

temperature for Grade 91.

5199 2.7 HUINWAITIN Post Weld Heat Treatment (PWHT) [14]

P(T) 11 22 23 91 911 92 SS
1350 £25 | 1350+25 | Butter 11 Butter 91 | Butter 911 | Butter 92 Butter 11
11 1350 £25 | 1375 +25; | 1375+25; | 1375 £25; (opt)
1275 £25 | 127525 | 1275+25 | 1275+£25
1350 £25 | 1350+£25 | Butter22 | 1375+25 | 1375+25 | 1375+25 | Butter (opt)
22 1350 £ 25 1350 £ 25
Butter 11 Butter 22 Butter 91 | Butter 911 | Butter 92
23 1350 £25 | 1350 £25 None 1375+25 | 1375+25 | 137525 None
Butter 91 Butter 91 Butter 91
91 1375+25; | 1375+£25 | 1375+25 | 1400+£25 | 1375+25 | 1375+25 | 1375+25
1275 £ 25
Butter 911 Butter 911 Butter 911
911 | 1375+25; | 1375+25 | 1375+25 | 1375+25 | 1375+25 | 1375+25 | 1375+25
1275 £ 25
Butter 92 Butter 92 Butter 92
92 1375+25; | 1375+25 | 1375+25 | 1375+25 | 137525 | 1375+25 | 1375+25
1275 £ 25
Butter 11 | Butter (opt) Butter 91 | Butter 911 | Butter 92
SS (opt) 1350 £ 25 None 1375+£25 | 1375+£25 | 1375425 None

1275 £ 25




20

Notes:

1. The recommendations in the above table were develop from References 9,22,26 & 27.

2. The objective in dissimilar welding is to maintain properties while addressing differences in the
respective base metals, HAZ’s and PWHT temperatures. See table 14 for weld metals.

3. Buttering and multi-step PWHT is used where PWHT required for one base metal, HAZ or weld
metal is excessive for one or more of the others.

4. Where “Butter” is shown, “Butter” the indicated base metal, perform PWHT of the butter at the
temperature listed, then join the other material to the butter and perform PWHT of the completed
weldment at the second temperature.

5. 123 has shown tendancies toward reheat cracking from PWHT. This alloy was originally
designed to be used without PWHT. Thus, buttering may be required.

6. 124 typically does not require PWHT. Thus, buttering may be required.

7. Caution must be observed when selecting PWHT temperatures that will not encroach on the A,
of the lowere temperature material.

8. Where B9 weld Metal is used for buttering or joining, 1400+25F is the recommended heat

treatment temperature.
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