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Abstract This study has evaluated the dissimilar weldability of Incoloy 825 Ni base alloy with a mild steel (S541).

Further a compatibility study of several Ni base filler metals with the dissimilar joint between the two alloys was also

included.

The dissimilar weldability of Incoloy 825 with mild steel is strongly dependent upon the type of the filler metal used.

Among the filler metals, ENiCrFe which has a chemical composition similar to that of Incoloy 825 was found to be

most compatible to the joint. In addition, a filler metal which showed a good cracking resistance in one dissimilar alloy

combination was not necessarily guaranteed to other combination.

Microstructural examination with SEM, TEM and Auger revealed that the solidification cracking resistance of the

dissimilar joint between Incoloy 825 and $S41 was closely related with the Ti — Nb content and with the content of a

low melting eutectic phase of Laves relative to that of MC type phase.
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Table 1. Chemistry of the base metals and filler metals evaluated.

T ype ) C - Si Mn Cr - Mo Nb Ti,, Al Fe ”Cu P @ N1 : Remdrk
W $S41 ().122 ()j( 57 70.69 ().02 0.01  Tr ,T,r Tr b(l] B lﬁr ():()14770.0100 0.02 Ml d stee]
Inconel . . . . . .
) 0.055 0.170 Tr 16.24 Tr Tr I'r ' 7.10 0.36 0.007 0.0014 bal Ni base
Base 600
Metals Inumel . ) . .
718 0.033 0.055 Tr 19.00 3.32 5.19 1.00 0.65 17.04 0.18 0.003 0.0010 bal Ni base
In(oloy . o : o 7, -
825 0.011 0.052 0.39 24.02 3.33 'r 1.20 0.27 28.01 1.91 0.015 0.0005 bal NI base
7 o ‘ o ENiCrFe-2
[nco.S 0.015 Tr 1.05 15.64 0.02 0.03 0.61 0.54 5.29 0.012 0.0061 0.0001 Tr
- SM»\W
‘ [ 82 0.018 T 274 19.19 0.07 255 0.31 Tr 0.76 0.074 0.0056 0.0013 T [ RNlCI
neo. . r 7419.19 0. 55 0. g 76 0.074 0. .001: r
Filler | ’ 7 GRAW
Metals) Inco- o 016 T 005 2161 860 349 037 083 244 0.150 0.0060 0.0019 Tr ENiCrMo-3
V 112 V I Ao 2106 Re . V\ 7.7( 7 i < ) 7. . \:)7 .V 7 . V b ) I SMAW
Inco. . i . o . . ENiCrFe-3
0.014 Tr 2.16 1548 0.04 0.02 3.16 Tr 6.36 0.044 0.0060 0.0014 Tr
i : ,,,_] 827” 7 - - - - SM/\VVN
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Base Filler ) i
Si Mn Cr Mo Nb
rpetal metgll
182 0.021 0.393 1.80 16.29 L.00 1.00
112 022 0.324 0.19 20.73 4.86 1.84
825-5S41 0022 0921 0,19 20.75 4.5
A 0.019 0.250 0.89 1444 1.71 0.85
S 7*82& OOIQ 0.161 I;E)'E} 17.79 0.92 1.20
182 0026 0.262 1.80 11.53 0.05 0.94
112 0.031 0.221 0.24 1543 3.85 1.92
600-SS41 ’ b
A 0.041 0.205 1.19 10.21 0.81 0.97
o 8277 0.029 0.187 1.69 1597 0.08 1.36
182 0.028 0.232 1.80 1196 0.89 2.30
112 025 0.184 0.25 1447 441 2.73
718-5841 0 b o
A 0.024 0.234 0.92 1292 167 2.65
b §2 7”707.7(7)”179%().1275 150 15.80 1.12 2.87
GTA Torch
— W.D.
Specimen BN
Load
Cell
Filler metal test specimen i
Unit : mm
110
Filler metal
| /
; O-
E 35 30 |50
O : O
.
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Fig. 2. Dimension and shape of specimen for the tensile type

test.
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Table 2. Chemical composition of the welds for combinations of base metals and filler metals.

Co Ti Al [Fe Cu P S Ni
0.136 046 0.15 2749 0.61 0.0094 0.0038 bal
0.152  0.30 0.041 24.97 0.71 0.0059 0.0004 bal
0.110 045 0.068 37.38 0.51 0.0070 0.0007 bal
0.134 048 0.050 30.10 0.59 7( 0()6 0.0006 Wbal
0.033  0.37 0.030 30.78 0.15 0()( . "() bal
0.033  0.07 0.058 16.38 0.17 0.0052 0.0028 bal
0.022 0.10 0.081 37.50 0.10 0.0086 0.0061 bal
0.073  0.25 0.107 15.78 0.17 0.0068 0.0031 bal
1042 012 0.061 37.50 0.08 )()O()4 ()()()19 bal
0.0 0.38 0.044 3750 0.05 0.0010 0.0023 bal
0.051 0.24 0.122 31.11 0.08 0.0050 0.0047 bal
0.081 0.37 0.144 26.98 ()i()S) ().()()32 0.0016  bal )
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[7ig. 3. Comparison of filler metal cracking susceptibility for dis-
similar welding of 825-5S541.
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Fig. 11. Typical solidification crack surface in Incoloy 825.
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Fig. 13. Auger elemental distribution as a function of sputtering.
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