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Abstract

Influence of Long-term Aging on Microstructures and
Mechanical Properties of Dissimilar metal welds in

Nuclear Reactor Pressure Vessel

Won Sik Kong
Advisor: Prof. Chung Seok KIM Ph. D.
Dept. of Advenced Materials engineering, Graduate

Graduate School of Chosun University

The purpose of this study is to investigate the effects of the thermal aging
on the microstructure and mechanical properties of dissimilar metal welds for
reactor pressurized vessels in the primary system of nuclear power plants. The
dissimilar metal welds composed of SA 508 Cl.3 low alloy steel and AISI 316L
stainless steel are prepared after buttering with alloy 82 on the SA 508 side by
the gas tungsten arc welding process using Inconel 82 welding consumable. The
test specimens are heat-treated at 600C for 10000 h at each predetermined
aging time to simulate the degraded microstructure of dissimilar metal welds
subjected to high temperature and pressure. The long-term aging tests are
interrupted at various stages to obtain the different level of degraded specimens.
AISI316 austenite stainless steel showed polygonal-shaped grains with many
annealing twins that gradually tended to become more circular-shaped grains
during long—-term aging. In the initial material degradation, the twins were
distributed uniformly within most grains, but they all recovered and disappeared
after prolonged 10000 hours aging time. Delta ferrite along austenitic grain
boundaries transformed to sigma phases and CrsCs precipitates during
long-term  aging. Elongation and toughness decreased continuously,

demonstrating the material embrittlement during long-term aging. SAD08 steel

_Xi_
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showed a typical bainitic phase consisted of well developed lath substructure
before aging and most fine precipitates lay along the lath boundaries. As the
aging time increased, precipitates were redissolved into matrix and the lath
substructures were recovered. The microstructure of SAS08 steel finally changed
into ferritic microstructure after 5000 hours aging due to dissolution of fine
precipitates and lath migration. Hardness and tensile strength decreased during
long-term aging due to bainite decomposition. The microstructural changes in
base metals and weld metal have been evaluated by the optical and electron
microscope in relation with twins, grains, precipitates, and phase transformation.
The residual stress and mechanical softening were also discussed in terms of

microstructural changes during long-term aging.
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Fig 2. 1. Schematic diagram of reactor pressure vessel structure.
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Fig 2. 2. Schematic structure of welding production diagram of reactor pressure

vessel.
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Fig 2. 4. Time-Temperature-Precipitation diagram of AISI 316L [&].
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Fig 2. 5. Calculated equilibrium mole fraction of individual phases vs.

temperature for the SA5S08 grade 3 steel [9].
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Fig 2. 6. Schematic of gas tungsten arc weld.
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Fig 2. 7. Schematic diagram of various sub-zones of HAZ.
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Fig 2. 8. Schematic diagrams of the HAZ, (a) single-pass weld and (b)

multi-pass weld.
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Table 2. 1. Near room temperature values of thermal properties for some typical

typical in primary circuit structure of nuclear power plants

Materia
1 Thermal property source
Coefficien of .
. Coefficien of
thermal expension o
(<10°5/C) at thermal conductivity
. (x107%7C) at 100C
20~300C
Carbon .
13.5 45.0 Sandvik 1996
steel
13.08 RCC-M
AB08 44
13.6 KTA 3201.2
13.08 RCC-M
Ab33 44
13.6 KTA 3201.2
304L 17.7 16.0 Sandvik 1996
316L 17.5 16.0 ASM 2002
309 16.6" 15.6" ASM 2002
Alloy
. 15. ASM 2002
- 14 .4 5.8 S 00
Alloy
. 14. ASM 2002
690 14.5 0 S 00
Al Special Metals
8;)y 14.1 11.7° Welding Products
Co.
Special Metals
Alloy . .
59 14.6 12.1 Welding Products
Co.
Al Special Metals
: 8°2y 14.9 14.9" Welding  Products
Co.
Al Special Metals
1502y 14.7 12.17 Welding  Products
Co.

™) Value of equivalent alloy
™) Estimate at RT of equivalent alloy
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A3 A
A lAdNTFEEHAR

AT AR E olFEEHEH MRS LEUClEY] 2HQIE A7 AIST
316L 73 A=74<20 SA 508 Gr.3e]t}. Filer metalZ Alloy 825 AF83Fe]  AISI
316L ¥ SA 508 Gr.3E GTAW (Gas Tungsten Arc Welding) S A}-&3to] g
bt Ao A AFEHE olFE&HEHT = dAE THA dA A2l A9
2 95 87] (Reactor Pressure Vessel, RPV)el A&t} Fig 3. 12 GTAWH
olFEHEHANRY S YW Atk AlFHS AAZ s dAHE H8
20mmx>20mmx>150mm= 7} % St}
reel 242 Table 3. 13 Zow FH| al
wA ARE e A B4 FUIEREY dEEe da 24
i sub-ppmTEl] F=E HEe W AL v #H o] Jhed A EFeh=vt

M

S; Perkin

r_1
r

A= 27] (Inductively Coupled Plasma Mass Spectrometry, ICP-
elemer, OPTIMA 4300 DV)& A}-&3lo] E4351%

Table 3. 1. Chemical compositions of the alloys used in this study

(Wt%)

(&} Si Mn P S Mo Ni Cr Cu % Ti Nb Fe

AISI 316L 0.02 | 035 | 158 | 0.032 | 0.001 | 2.47 | 10.82 | 17.41 | 043 | 0.06 | 0.001 | 0.02 | Bal
SA 508 Gr.3 || o2 0.22 | 1.36 | 0.003 | 0.004 | 052 | 069 | 0.18 - 0.003 | 0.002 | 0.002 | Bal
Alloy 82 0.03 | 024 | 279 | 0.01 - 0.26 | 70.47 | 18.80 | 0.04 - 032 | 193 | 486
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Fig. 3. 1. Specimen of the dissimilar metal welds used in this study.
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A 2d dAg

olFEEHEH © AFALE F Alg AHE SHAR g HA7IZAA 600 T
L2 77 0 h, 100 h, 1000 h, 5000 h 28] 10000 h &<+ FA 8o A+ =
2 FEIE HV|RAM FIdSAY. VR S 2E5FE 4T/minoE F33}

g1, Wrhe 2509 B4 FYaa

600}

Temperature (°C)

b e

100h1000h 5000h 10000h

Aging Time (h)

Fig. 3. 2. The heat treatment process used in this study.
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=
W O RAEda, FAHe 7kZE SA 508 Cl 3(5% Nital; Ethyl alcohol 47.5ml +
Nitric acid 2.5 ml), AISI 316L(Vilella’s reagent; Glycerol 45ml + Nitric acid
15ml + Hydrochloric acid 30ml), Alloy &82(Electrolytic; Dist water 30ml +
Phosphoric acid 70ml + sulfuric acid 15ml, 5-20s, 2V, Pure Ni cathode )& ©]&
sho] F2AAZ1 & A 3ol M FH3ste] FstdAwn 7 (Optical Microscope, ZEISS AXIO
Vert.Al)2.2 323}

w3k FAF A2 dw 7 (Scanning Electron Microscope, SEM)S ©]&3}o] o]z}
A=} o)1) X (Secondary Electron Image, SEI) 18|11 YAFEAS 93] o= Ak

1347 (Energy Dispersive Spectroscopy, EDS)E 3] 3} t}. Odﬂ Al tfslo]

ZENe “3}»\3}. °o]E 9% AlEHL 5 mm x 5 mm x 2 mm] A]@fﬂ% 71 A
7beatol FHlstAth. FH g Al @S #0™ ol A #4000 744 71 A Awb
0.05 mm &FHjv FHo]2EES A& o] &eto] Al Awekgitt. o] & 3l
E o]&3to] 2A3b e W AvpE S

A3} Azt mE AEg 39 dA A4S o] fste] dA 'R w7
(Electron Probe Micro—Analysis; EPMA)ES AF-&3} ¢ —r—.O} ZR= A I FA
S 93t AlEH] TS #80H A A #20007F4] 714 vk F 1 gm LFuL; H o]
2EES AR o] §ate] wlAl Awletith. ol Awtde 7] shehA o e F3l

W R 7HE A 15 kVE 93, ¥ A= 20 nA, W A7) 1 m

=]
b

7 g3l Aol mY AEES #2907 9lad 152 7H(replica) & <=2
Atk 7H A @A EAL 4808 AA #20007H4 71A Avk T 1 om vl o]
~EEZ A2 o] §ate] vAl dAntstg. ol F Aviwe FHetH o 7] 5
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9e Fa wW FAGAL, $AE 29 ol Wnmz Ba TY F F oA

2

2

Balolo] @7t ¥ &S 3 mm Copper gridol] AdHES AF AT} A3 A
o J

q
<
=
r>~l
_>‘~1_4
L
=)
o

A (Transmission Electron Micoscope; TEM)S &3Fo] #2353
o} 7hES ASkS 150 kVE ko] #FshA T
A3lA| 7he] W2 M EEo WalE =A35} 7] 98] SA 508 CL 39 AISI 316L
o] AlEH o 15g2 o]§3dte] AL F=3FF T Methanol 98% + Hydrochloric
acid 2%°] AsjHH} 4= Pure NiE AH&stith. 09 AlE FAo 6VE 7Hst
= FEAT. FE3 A5EE XA 3 E7](Rigaley,
X'pert PRO MPD)Z& o] &3} TolA 0% 7MA] =7 AL 0.03=E A Al
F1s®E 20 2o R FArt. XA CuKa(A=154060) B}l o= FH 3
St 40kV, AF 30mA=Z A A AT
AISI 316L 42 xEHYolEY] 2EHAd A Foz 7A &

9 5
RIEEREIE EER
A

|

oFH FExHow WAHANYAS vk EF dWbHow
—ferrite7t JA EAsHA "ol oleldt AR Fx WIE #ESY] S& X
3d A4S FdstAth XA 347] (Rigaleu, X'pert PRO MPD
LoA 074 =70 THAL 0.03==, FAIAIZE 1s 2027102 FafstAr). XA
< CuKa(A=154060) B}l Ao FH 9t 40kV, AF 30mAR A A

QxEUolE AAld EAEE s-ferrite] E&S =7 ‘5P7] ﬁOH’ﬂ ¥ efo] E 2
X (ferrite scope)& AH&3tth #HEolE 23 2= 27|
. ol oaf HARE A FE AldHY 2] AR
Wst= 22k YD ol #lgtelE Aol Bleldts dgHstE ol o] Hbs
Hrlsle] HgolE AES =AHs A wr} o] Ho]lE A3 3 (Fischer, Mp-30E)&
Abgetel Zhzkel Alg ] 103] SAs At XRDolA SAE dolHolA Q2 2H
UolE 31 A9} §-ferrite?] 3 AE W] §ferritel] #&S A3}

Alloy 82¢] Zs}d<l ¥y 3o AES &<lstr] 98 Alloy 82 &3 F-9 TdF&
oA 10 x 10 x bmm= A FAS 7|A 7haste] F=n]eksdvh. o3 AldHS #30
Holl A #4000 7kA] 71A1 vk T 1met 0.05m LFvu o] ~2EE AHE o] &
slo] odntsldel. XA 3 & 7] (Rigalcu, X'pert PRO MPD)E o] &3] 30 ) A
BO=7bA 2= AL 0.03%==, FAAZE 1s 202w Faaith. X2 CuKa
(A=1.54060) B}l Z7o& FH M9k 40kV, A7 0mA=R MAAstach sdA
=2dsin@)°ll 9]&] 7z} I =] tlsle] sin® 9 sin0S Faa JCDPS =& o] &3}

i
)
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of sdvze] HARS PN Alloy 82 Ni 7] $EOE FCCFRE 7An
2 AR A5 Aa=dh’ K+ ) olgste] 7 gad tElAH a(AARS)E T
T3 AqAHS Fdl as TETh

AISI 316L A& Azl tig B2 58S H7istr] 9siA A71se2el E54
AS Fsgrt AFHELS 10 x 10 x 5mm A7 2 7)A 7bEste] #nlstgieh. &
Hl g A HS #80W ol Al #2000 7+A] 71 A Ank 3 1met 0.05um &Fw|vt o]~
EZ Az olgste] dvisdtt. AFH =F WAL @ 32mm’E o] 1%
NaCl(distilled water 2000ml + NaCl 20g) &S A4 722 308 E7]ste] A}
L3tk VTS XITEHAS(SCE)E AHEetdla, didsog2s Mad=
S ARESEATE AlE S el A ZF Alg Algde] tiste]l 1 mV/secd FANSG =
A9 ESARE FdstR L, A7) FAF 9= -08VelA 15VE k3l

_4

f
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[ . 1 . ']
SA 508 HAZ&Buttering Alloy 82 HAZ AlSI 316L

Fig 3. 3. Schematic illustration of the samples extracted from the dissimilar

metal welds.
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A4 - 7NAH 54 B

AlE AR & ZF AP VA 54 Hrketr] sle AEARE 86
Ak A=AFLE 10 mm x 10 mm 283 FASE 5 mmE 7| A 7besta g9
AwkA] #8004 #2000 7441 71 A Ambe dAp Aol 1 m FFH Holx
o]-&sto] FHF dAntsidtt. A= AP ASTM E3841F Aol Fste] A & 1
AR E g o 2 2AWE JdFgFS FAE A=

ZAskal 7t = <] 3
< 27 108 o] "ozl AHeA g GECl dI s FA4sAn. Y
3 Ax F4E A8 v vALAEAE 7] (Shimz, HMV-FA)E AF&-3Flth Al
3 F 99 FF S 2kgo B FF A7 10sE 4T

7 AP ASTM E8 A wet 4o ez AdAs Alzeksdv. AISI

S Gr.3 A2l Ale]A ZAoli= 33 mm,x 2 mm X 6 mm% O A

sttt ol FFEEH = AolA Zol 30 mm x 2 mm x 6.25 mme| IFoR

Az A A £ 3 mm/mine® F944 s Ald7] (MTS landmark

servohydraulic test system)Z SA3tA 0. AldHe] 42 Fig 3. 40 YEUA
t}.
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Fig. 3. 4. The dimension of the tensile specimen; (a) dissimilar weld metal, (b)

base metal.
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Table 4. 1. Microstructural characterization of AISI 316L steel observed by

Optical microscope

. . Twin fraction . . .
Aging Time (h) (%) Grain size (um) Aspect ratio
Oh 63 56 0.56
100h 60 55 0.60
1000h 0 55 0.61
5000h 0 62 0.63
10000h 0 59 0.64

Table. 4. 2. Mechanical properties of AISI 316L steel after to long-term

aging
Agi TS h) YS UTS Elongation | Tougheness
in ime
&me (MPa) (MPa) (%) (MJ/m?)
Oh 323 608 69 379
100h 340 648 65 379
1000h 288 590 59 313
5000h 321 627 54 303
10000h 332 650 52 304
— 40 —
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CHOSUN UNIVERSITY

(@ (b)

(©) (d

Fig. 4. 1. Optical micrographs of AISI 316L base metal microstructures with
long—term aging; (a)0 h, (b) 100 h, (c) 1000 h, (d) 5000 h and (d) 10000 h.
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Fig 4. 2. The distributions of the grain size at each aging time.
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Fig. 4. 3. Variation in &-ferrite with long—term aging of AISI 316L; (a) XRD

patterns and (b) fraction of S—ferrite.
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Fig. 4. 4. SEM micrographs at each long-term aging time; (a) 0 h, (b) 100 h,
(c) 1000 h, (d) 5000 h, and (e) 10000 h.
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(b)

Fig. 4. 5. Electron back-scattered diffraction IPF map with long-term aging of
AISI 316L; (a) 0 h and (b) 10000 h.
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Fig 4. 6. Variation in microhardness as a function with aging time.
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Fig 4. 7. X-ray diffraction profile of the extracted residues of AISI 316L; (a)
1000 h, (b) 5000 h and (c) 10000 h.
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Fig 4. 8 Variation in stress-strain curve as a function of aging time.
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Fig 4. 9. Variation in tensile strength as a function of aging time.

_46_

Collection @ chosun



Metallurgical Strength L"'L"A!F.'-

Fig. 4. 10. Variation in tensile fracture surface as a function with aging time;

(a) 0 h, (b) 100 h, (c) 1000 h, (d) 5000 h and (e) 10000 h.
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Fig 4. 11. Variation in electrochemical properties with long—-term aging time; (a)

electrochemical polarization and (b) corrosion rate.
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Table 4. 3. Variation in phase fraction with long-term aging time

Ferrite M23C6 M7C3 Fe3C
Oh 73.8 0.2 12 13
100h 79 0.3 8.3 125
1000h 84.7 0.4 5.6 9.3
5000h 87.4 0.2 4.4 8
10000h 88.1 0.2 4.1 7.6
Table 4. 4. Variation in tensile properties with long—-term aging time
YS UTS Elongation Toughness
(MPa) (MPa) (%) (MJ/m™®)
Oh 630 683 21 150
100h 470 608 21 117
1000h 450 587 25 130
5000h 408 534 26 131
10000h 295 427 33 133
— 52 —
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(a) (b)

(c) (d)

(e)

Fig. 4. 12. Optical micrographs of SA 508 Gr.3 with long—term aging; (a) 0 h,
(b) 100 h, (c) 1000 h, (d) 5000 h and (e) 10000 h.
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Fig. 4. 13. SEM micrographs of SA 508 Gr.3 with long—term aging; (a) 0 h ,(b)
100 h, (c¢) 1000 h, (d) 5000 h and (e) 10000 h.
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(b)

“ (c

Fig. 4. 14. TEM micrographs of surface replication on SA 508 Gr.3 with
long-term aging; (a) 0 h, (b) 1000 h and (c) 10000 h.
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(e)

Fig. 4. 15. Electron back-scatter diffraction image with long-term aging time;
(a) 0 h, (b) 100 h, (c) 1000 h, (d) 5000 h and (e) 10000 h.
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Fig. 4. 16. Variation in misorientation as a function of aging time; (a) 0 h, (b)
100 h, (c) 1000 h, (d) 5000 h and (e) 10000 h.
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Fig. 4. 19. Variation in tensile properties as a function of aging time.

_59_

Collection @ chosun



-]
b

Metallurgical Strengih Lab.

(c)

Fig. 4. 20. Fracture surface morphology as a function of aging time; (a) 0 h,
(b) 1000 h and (c) 10000 h.
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A2d EHES
1. Alloy 82
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b= M2Ceot ¥/ & ZHstu o] AEo] ¥A7] wjitel 0 AlZF APt vl szehA
Hek Aoz AZdEr 1000 AlZbolA @YU ®  subgrainboundrisoll &4 &=
Nb-rich 7ol a7k =71 A&kl grainboundaryell MaCe?b A& %o ATt
10000 A|ZF o] %ol = Nb-richd A &&E0] Fal¥ol A H==HJ. Ni 7] =%
o thsEA skl ¥ ( NisNb )o] AE= Qs 4o Hdes 7HA2 Ao
2 Hlt} Albuquerques-= NbC7} Zalgol webA y'As Aot B asky
51l 7] 5HAH o= EAsYH Nb-richd 5] 437t ol wet 37}

Haly's HEEo HEAss doA ARV Aed Aer ®Belth

c

_62_

Collection @ chosun



)

(b)

(e

Fig. 4. 21. Optical micrographs of filler metal Alloy 82 with long-term aging;
(a) 0 h, (b) 100 h, (c¢) 1000 h, (d) 5000 h and (e) 10000 h.
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Fig. 4. 22. Optical micrographs of filler metal Alloy 82 with long-term aging;
(a) 0 h, (b) 100 h, (c¢) 1000 h, (d) 5000 h and (e) 10000 h.
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Metallurgical Strength Lab. 3 connne 557

(e)

Fig. 4. 23. SEM of filler metal Alloy 82 with long-term aging; (a) 0 h, (b) 100
h, (c) 1000 h, (d) 5000 h and (e) 10000 h.
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Fig. 4. 25. EPMA micrographs of Alloy 82; Nb (a) 0 h, (b) 10000 h, Mn (c) 0
h, and (d) 10000 h.
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Fig. 4. 27. Variation in lattice constant of Alloy 82 with long-term aging.
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Metaltargical Strength Lab e i - Metallurgical Strength Lab. oo

< FB

Fig. 4. 28. SEM of Buttering with long—term aging; (a) 0 h, (b) 100 h, (c) 1000
h, (d) 5000 h and (e) 10000 h.
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)

Fig. 4. 29. High magnification SEM image of buttering with long-term aging;
(a) 0 h, (b) 1000 h and (c) 10000 h.
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Buttering

(c)

Fig. 4. 30. Map of grain boundary misorientation with aging time; (a) 0 h, (b)
1000 h and (c) 10000 h.
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Fig. 4. 31. Variation in hardness on fusion boundary as a function of aging
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Fig. 4. 32. Variation of hardness in buttering as a function with aging time.
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Fig. 4. 33. Elemental distribution on SA 508 Gr.3 HAZ and buttering of

long-term aging; (a) Fe and (b) carbon.
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A 3d 4935 (HAZ; Heat-Affected Zone)

1. SA 508 Gr.3 @9 FH
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Bainite + : Fine Martensite + | & e

Fine Martensite Siinc Mapiasie Fine Bainite

Collapse martensite & bainite +
Carbide

Small Ferrite +

CorseCarbide Ferrite + Corse Carbide

(c)

CorseFermite +
fine carbide o

A

CorseFemite +
Fine Carbide

Fig. 4. 34. Optical micrographs of SA 508 Gr.3 HAZ with long-term aging; (a)
0 h ,(b) 1000 h and (c) 10000 h.
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Fig. 4. 35. SEM of SA 508 Gr.3 HAZ with long-term aging; (a) 0 h ,(b) 1000 h
and (c) 10000 h.
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Fig. 4. 36. Variation of grain size and hardness with a function with aging

time; (a) grain size and (b) hardness.
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2. AISI 316L €93
Fig. 4. 34= AISI 316 @& & F9olA mAEFo= Fstadn g AR
& Alzte] wz} YERd Aot Fig. 4. 37. (a)& as-weld¥d Bl Fig. 4. 1.
(@)% 22 ddel o HydS &5 4ol 3 d= e FHHAL, s5H
AR Yol ¥l YAo= RARY Ze s-ferrite’t A5 94 vH1,3]. Fig. 4.
37. (b)= 1000 A1zF Al&7F @] wel Ao MxuCe7b AFEo] a1, §-ferrite
+ o-phaseo.® WH7} HAvH16]. 2HH> BAQ} npR AR s X s
Atk Fig. 4. 37. (o)== 10000 Al7F f3t7h = AS o, AR A=A &3}

o] el = AFo] A

Fig. 4. 382 AIST 316L RAje} Ao dsprlzte] mE At 24 A71&

ER 2 ok A oF 400709 AAHES S48k Ht =
-

S A=

| © T dYolM A wFor o
o Hit AAH Z7|E AUd. M. Jafarzadegan 5 o]F whE muk &3
(DFSW; Dissimilar friction stir weld) ¥ stir zoneol| A 304 2®|ld 2 o] &4
Aol &g AAAs7E dojut 2™ v AsE dojwttta B sk tH62,63]. AISI
316L ddaFiol el AAHel A dojubx] Fskal, w2 A4 ol ARt
o Zobint o]y 3k dFFS %@%7‘301]/\1 HASHE do] @ AHLolES] A A A2
A stz AR ol Adstr] Aol Wl EH AT wEolth

Fig. 4. 39& EA 3 dgaFi-o AR YA S k= 6-ferrites d3pA|Ztol| whet
AlA st ATt Aol Hls] ddFF-o S-ferrite®] A7+ W il JFE Ak} o
gk ol fr= gl o fJAlol EAEtH ko S-ferriteso] WA H A7 wE
o7 AZtAEY Agrt AYPHJS uf, ZAe] S-ferriter o-phasel @ WHE|7}
HA JQAIE wet ARkl shARE dddFo S-ferrites YAE wel A e
A @i 27] S-ferrite7t 1A A F-EZol A WHEj7E AT o]H g o= %7
g FAH WY v EAEE Y AISI 316Le] Aol w3 HAZE &8 FHA
AR FEged & 2A- " Wil wEdEo] AAHHUY] wEoltt

Fig. 4. 402 AISI 316 €352 KAM(Kernal Average Misorientation) ©] "] A
E Uera Aok 8T AN BT GRSl ofsiA AP Hu ol W ol
A= AT Fig. 4. 40. (a)& as-weld®] KAM o|v A& eI ot 24 H
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StAzol A& Albe]l FbetHAl Al H YPule] MuCeol A&7 S-ferrite®] o
-phase®] WE|Z 3] A7t Z7tatsich e RART dFFF o Hrrt w2
ol EART AAHY AVI7E ¥ FY] wiielth o3 o]fi= Hall patchel
ofs) Adge A7|7F Aol wel AguE e A zhE [ olF Agrt
A HE2 ARG dFFFd HiEHor =& FEE YA

_82_

Collection @ chosun



(a)

(b)

(c)

Fig. 4. 37. Optical micrographs of AISI 316L. HAZ with long-term aging; (a) 0
h, (b) 1000 h and (c) 10000 h.
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Fig. 4. 38. Variation of grain size as a function with aging time on AISI 316L
Base Metal and HAZ.
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Metallurglcal Strength Lab.

Metallurglcal Strength Lab. , - KV X 1.0K - Metallurglcal Strength Lab. ,

Metallurglcal Strength Lab. , - KV X 1.0K " Metallurglcal Strength Lab. ,

Fig. 4. 39. SEM image of long-term aging in AISI 316L &-ferrite; Base Metal
(a) 0 h, (¢c) 1000 h, (e) 10000 h, HAZ (b) 0 h, (d) 1000 h and (e) 10000 h.
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(a)

(b)

—_—

(c)

Fig. 4. 40. KAM map of Alloy 82/AISI 316l HAZ with long—term aging; (a) 0
h, (b) 1000 h and (c) 10000 h.
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Fig. 4. 41. Misorientation of AISI 316L HAZ with long-term aging.

Fig. 4. 42. Variation in microhardness of AISI 316 HAZ as a function of aging

time.
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Table. 4. 5. Mechanical properties of dissimilar weld metals subjected to

long-term aging

. . ) Fracture
Aging Time YS UTS Elongation Fracture .
. distance
(h) (MPa) (MPa) (%) position ()
pm
Oh 400 607 27 SA 508 2420
100h 325 583 24 SA 508 2656
1000h 318 526 12 SA 508 HAZ 600
5000h 251 404 16 SA 508 2789
10000h 273 411 17 SA 508 3447
—_ 90 —_
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Fig. 4. 43. Variation in hardness of dissimilar weld metal as a function of aging

time.

Fig. 4. 44. Variation in stress-strain curve of dissimilar weld metal as a
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(a)

(e)

Fig. 4. 45. Optical micrographs of long-term aging of dissimilar metal weld on

fracture (a) 0 h, (b) 100 h, (c) 1000 h, (d) 5000 h and (e) 10000 h.
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Fig. 4. 46. SEM micrographs of fractographs on SA 508 Gr.3 HAZ with
long-term aging time; (a) 0 h and (b) 10000 h.
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Fig. 4. 47. Variation in tensile fracture surface of dissimilar weld metals as a

function with aging time.
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