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Table 3.1 Chemical compositions of materials used (mass%)

Alloy C Si|Mn| P S Ni Cr N Mo | Cu
308A | .038| 52| 1.80|.023| .003| 9.81 | 19.84 | .0253 | .02 | <.01
308B | .054 | 53|1.71|.019| .002| 9.45 | 19.85 | .0212 | .01 | <.01
308C | .072| 52| 1.72|.021| .002| 9.60 | 19.92 | .0224 | .01 ; .01
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Table 3.2 Preparation conditions for materials used

Treating condition 1473K X5400s
Hot forging Working temperature (K) - 1473~1273
Size (mm) 300'%X100Wx 20t
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Hot rolling Working temperature (K) 1473 ~1273
| Size (mm)- 1200/ X100 WX 5!
Heat treatment 1323K X 600s (Water quench)
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Table 3.4 Conditions for critical density measurement

Solution 0.5mol/l LSO+ — 0.01mol/l KSCN
Temperature (K) 303X0.5
Voltage sweep rate (mV/s) 1.67
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(d) Tip of crack
Fig.3.7 Continued

(a) Microstructure of crack
(¢c) Microstructure of region B

Fig.3.8 Cross section of weld metal
after Strauss and bend tests



(d) Microstructure of region C (e) Microstructure of region D

(f) Tip of crack

Fig.3.8 Continued



(h) Microstructure of region A

(g) Micro structure of crack derived
from main crack

(i) Microstructure of region B

Fig.3.8 Continued
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Fig.3.20 EDX spectrum of chromium carbide
in weld metal of 308B
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Fig.4.3 Schematic illustration of the shapes of the chromium
carbides at 8/y and y /y boundaries



Table 4.1 Equations for Kj and L;

Fig. No. Kj L
Fig.4.2(a) 2 f(\lb : I1-cosy

Fig420) | Y + sm3“/ =L Av) ’/2[(1 - cos ) + ( ) (1-cos ‘I/)]

: — 3
o7, f(‘//)'——'z 3cos:/l/+cosw LT 2.

Table 4.2 Data used in theoretical analysis

Parameter ' Value
D 0.08 X 10 %exp(-58500/1.986/T) m?/s
GKs 0.134 J/m?
G Ky 0.668 J/m?
3.599 x10'%m (y/M23Cs)
a
2.44x10"%m  (&/M23Cs)
k 1.38062 X 1022 J/K
Ve 25%1023 m3
v 57° (Fig.4.3(a))
60° (Fig.4.3(b))
Wy 10° (Fig.4.3(b))
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Fig.4.4 Schematic illustration of the evaluation parameters
and the Cr-profiles around the grain boundary
based on the 2-D finite difference model

of sensitization
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BRETH 5.
Kz, FHETHERL-Z£ER T Table 4312777 .

Table 4.3 Data used in theoretical analysis of 2-D Cr content profile

Parameter Value Source
reference
Dgb 0.3 X102 xexp(-191000/(8.31 XT)) (cnf/s) 105
Dvol 0.08 X exp(-58500/(1.986 X T)) m?/s (iny) ‘76
0.46 X exp(-52500/(1.986 X T)) m?/s (ings) 106
K exp(9.9+36680/T) 82
s 1.0X10°m 104
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Table 4.4 Constants used in calculation

5. Parameter Value
AG =-RT InK (4.28) A exp(-26360/RT)
F77, 6 FOCr3CeDAERBHEI * NV S 1980
F—AGs L, SmallbMODHEIZL B Vém 6.845
LRAD LI IZRENS. Vrm 5.898
AG s = —241400—79.8T  (4.29
5 (4.29) vy 8859

L72H 2T, (4288 L4293 LD
S ICTIRALMIRENC BT 5 FEEBKs DS RDOLN S

—HRIZ, 7 ICrRALIRL RS & U 6 [CriRALR RIS BT, &I FHREFHRR
DAL L, CrftibFERWLER TEEIN, KSOESE LV ERET 5 L &EBTD
IbERF Vv b pi®, pi?, p & OBICRREXD LT 5.

ul=pl=pf (4.30)

372, EAELP0MEIC L YABCETRICBWTOMHB LUy HOBFADILERT >
T WIERATEREINS.

48 =0GS +RT In x§ + .QﬁB(I —Zﬁ) X5-Q0cxx?

+ 231~ 28) 2+ Q{1 - 228) 25 2 b
U} =0G] + RT In [+ Q{1 21} 1 - e W)
v {12 2lr U1 -2 2y 2L
272L,
Q5 =[5, + [Q,{B];T + ([QﬁB]l + [.QjB]I,T) (4.33)
Qe =2sc|,+ [QZBC];T (4.34)
49677 =0GS - oG, (4.35)
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Table 4.5 Qvalues of austenite and ferrite (J/mol)

Alloy Phase [Qijl, [Qijly [Qijl, [Qi]])
) 24710 -11.76 -660 -1.74
Fe-Cr
Y 13840 -13.61 -6280 3.31
_ ) 575 -3.297 0 0
Fe-Ni
Y -14650 3.325 10570 -2.397
CroNi ) 23370 -17.22 26030 -4.67
r-iNi
Y 4270 -15.80 31080 -19.23
Fe-Cr-Ni d [QFeCrNi],=0 [QFeCrNi],'=0
Y
Table 4.6 Free energy change from & to y phase (J/mol)
Elememt OAGY =
Fe 6108.4-3.4618T-7.472 X10-3T2+5.124 X10-3T3
Cr -10460-0.628T
Ni 4623+7.050T-1.024T InT

ZET. SRS DR@31)~(4.35)DA, B, CIZFNFNCr, Fe, Nix 4 TIIO TRDO b NIZHK
EBLORICRDXe" #BWT, RE30CE VX PEHENS.
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Fig.4.8 Thermal cycle during welding

Table 4.7 Nucleation time of chromium carbide at &5/y and y /y boundary

Nucleation time (s)

Temperature (K)
8 /y boundary y/y boundary
773 3.51 1.27 X103
673 5.64 X103 1.98 X105
573 7.12X10° 2.38 X108
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Table 5.1 Conditions for laser surface melting treatment

Laser power (kW) / 25
Focal length of optical lens (mm) 127.0

Distance between focal point and

. 5.0,7.5,10.0,15.0
specimens (mm)

Beam traveling velocity (mmy/s) 1.67, 8.33, 16.7, 83.3, 167
Mode Multi mode
Assist gas Ar
Torch
CO2 I:insrerh >
orc
Laser beam ) —Lens
' f ! Forcal length of
; optical lens
Specimen ¥ n: Distance between
y focal point and
h specimen
o l ' ]
Base metal
Weld metal
(a) (b)

Fig.5.3 Schematic illustration of COz2 laser irradiation system
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Fig.5.12 TEM microstructure of laser treated region
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Table 6.1 Chemical compositions of materials used (mass%)

Alloy C Si Mn P S Cr Ni Mo N
HNA-1 | 0.004 | 0.49 | 0.90 | 0.002 | 0.0008 | 20.12 | 7.96 — | 0.022
HNA-2 | 0.004 | 0.49 | 1.02 | 0.002 | 0.0010}| 20.16 | 7.97 — | 0.102
HNA-3 | 0.006 | 0.49 | 1.06 | 0.001 | 0.0013| 20.29 | 7.99 — | 0.161
HNA-4 | 0.007 | 0.54 | 1.15] 0.002 | 0.0013| 20.62 | 7.72 — | 0.246
HNB-1 | 0.004 | 0.53 | 1.08 | 0.003 [ 0.0013| 24.97 | 7.77 — | 0.020
HNB-2 | 0.006 | 0.49 | 1.04 | 0.002 | 0.0008 | 24.70 | 7.78 — | 0.107
HNB-3 | 0.006 | 0.50 | 1.07 | 0.002 | 0.0010| 25.20 | 7.93 — | 0.205
HNB-4 | 0.006 | 0.49 | 1.06 | 0.002 | 0.0012| 25.20 | 7.96 — ] 0.253
HNC-1| 0.033 | 0.63 | 1.48] 0.015 | 0.007 | 25.13 | 14.26 | 0.88 | 0.221
HNC-2 | 0.032 | 0.61 | 1.54 | 0.020 | 0.005 | 25.12 | 13.89 | 1.10 | 0.301
HNC-3 | 0.029 | 0.57 | 1.55| 0.020 | 0.005 | 25.30 | 14.00 | 0.88 | 0.404
304LN | 0.020 | 0.56 | 0.93 | 0.019 | 0.005 | 19.17 | 9.04 | 0.12 | 0.168

304N | 0.063 | 0.51 | 0.87 | 0.019 | 0.007 | 19.33 | 9.39 | 0.07 | 0.161
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Table 6.2 Conditions for laser surface melting treatment

Laser power (kW) 2.5
Focal length of optical lens (mm) 127.0

Distance between focal point and
specimens (mm)

5.0,7.5,10.0, 15.0

Beam traveling velocity (mm/s) 1.67, 8.33, 16.7, 83.3, 167
Mode Multi mode
Assist gas Ar, N2
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Table 6.3 Oxygen mixed ratio in nitrogen
and oxygen mixture gas (vol%)

Mark Mixed ratio (%)
1%0 0.9715
5%0 5.014

I1‘0mmI

(a) Nitrogen gas

(b) 1% oxygen mixed in nitrogen gas

(10mm,
(c) 5% oxygen mixed in nitrogen gas

Fig.6.10 Appearances of laser-treated specimens
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Width of bead (mm)

Depth of bead (mm)

Laser traveling Distance between
velocity (mm/s) focal point and specimen

O 1.67 Open:5.0mm i
A 8.33 Solid:7.5mm
167

2 4 6
Oxygen content in shielding gas (%)
(a) Width
] i 1 1 I
Laser traveling  Distance between
velocity (mm/s) focal point and specimen
O 1.67 Open:5.0mm
A 833 Solid:7.5mm .
O 16.7
6
Oxygen content in shielding gas (%)

(b) Depth

Fig.6.11 Effect of oxygen content in nitrogen

shielding gas on width and depth
of laser bead

Table 6.4 Conditions of atmosphere for laser surface melting treatment

Mark PN.—Po, (MPa)
PN:0.1—P0,:0 0.1—0
PN:0.095—P0,:0.005 0.095—0.005
PN2:0.09 —P0,:0.01 0.09—0.01
PN»:0.08 —P0,:0.02 0.08—0.02
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Fig.6.12 Effect of oxygen content in the shielding
gas on nitrogen and oxygen content in

laser treated region
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Fig.6.13 Schematic illustration of instrument for laser surface melting treatment
in nitrogen and oxygen mixed gas atmosphere
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Fig.6.15 TEM microstructures of laser treated region (N2 gas shield)
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(a) Thermal cycle (b) Precipitation curve

Fig. Al Schematic illustration of additivity rule
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