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Effect of Additional Elements on Corrossion Resistivity, Mechanical
and Other Properties of Stainless Steel Weld Metals

By Kiyoshi Watanabe
Hitachi Recearch Research Laboratory, Hitachi, Ltd.

Abstract

Weld metals prepared with 18Cr-8Ni-Ch, 18Cr-11Ni-Mo, 25Cr-12Ni and 25Cr-20N1
stainless steel electrodes coated with fluxes containing various metal elements such
as Ni, Cr, Mo, Si, Mn and Cu were studied for their corrosion resistivity, mechanical
properties, magnetic susceptibility, hardness and microstructure. The corrosion test
was carried out in 5% H,SO,, 1% HCI, 30% CH,COOH, 65% HNO, and Strauss, solution
at the boiling point, and the results were as follows:

(1) Ni, Mo and Cu improve the corrosion resistivity of weld metals to H,S0O..
Likewise, Cu, Mo, Mn and Ni are effective to HCI, but there is a limit with
regard to Cr and Mo addition. Among various electrodes, 25Cr-20N1 and
18Cr-11Ni-Mo have good resistivity to H.SO, and 18Cr-8Ni-Cb, to HCl. From
the view point of intergranular attack, 18Cr-8Ni-Cb and 25Cr-20N1i are found
most suitable.

(2) The addition of Cr and Mo increases mechanical strength but decreases
ductility, while the addition of Cu and Ni beyond a certain limit results in
severe decrease in ductility of weld metals. The limit of addition varies
with the kind of electrodes but in general it may be safely said that the
adding rate is higher when the alloying elements of Ni-Cr is added to steel
in larger amount.

(3) Cr, Mo and Si used as ferritizer increase hardness. Especially the ferrite
produced by the addition of Cr or Mo transforms to sigma phase, and the
addittion of Si tends to form silicate slag inclusions around the grain boun-

daries. Ni, Cu and Mn have no effect on either hardness or microstructure.
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Table 1. Chemical Composition of Rods (%)

£ T | & Si Mn Ni Cr Mo Cu Cb
S B —

18- 8-Cb ‘ 0.08 | 0.51 | 0.55 | 8.37 18.0?} Tr. | 0.10  0.65

18-11-Mo | 0.07 | 0.12 | 0.58 | 11.87 | 18.69 | 2.64 | 0.19 | —

95—12 ‘ 0.08 | 0.29 | 0.46  12.73 22.68 Tr | 0.08 —

25—20 | 0.08 | 0.17 | 1.27 | 20.03 24.36 1.29 | 0.06 = —
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Fig.1. Location and Dimension of Corrosion
Test Specimen from Weld Metal
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Apparatus for
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Chemical Composition of Coating
Metals (%)

B =>41 | Ni 91.33 | T.C. 0.17 | Si 0.24 Fe 8.26
4 E 7 v—2x Cr 97.88 T.C.0.02  Si 0.99 Fe 1.11

2BEY75F> Mo 9.77 T.C.0.04| — — |Fe 0.19
B/ R % Cu 99.86 | T.C.0.03/Si Tr. Fe 0.11
Zxruiaoyxy |(Si 74.44 | T.C.0.07 | — Fe 22.62

BHE~ > #> Mn 93.02 | T.C.0.04 | Si Tr. |Fe 0.27
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Table 3. Additional Elements and Chemical Composition of Weld Metals (%)
4 B LA GE K Si ‘ Mn | Ni Ly Mo ‘ Cu
. | | - -_—_I__ ey gy B = |
i Ni 0.07~0.10 |  0.30~0.42 1.68~1.92 8.71~14.75 ‘ 17.68~18.55 0.86~1.08 | 1.76~2.08
: Cr 0.08~0.10  0.46~0.70 1.44~1.95 | 8.39~ 8.75 | 18.54~24.90 0.86~1.03 1.84~2.21
. Mo 0.06~0.09 0.34~0.71 1.48~1.94 | 8.51~ 9.32 .I 16.82~18.02 Tr.~3.38 | 1.66~1.75
]« |
18-8-L ' Si 0.06~0.10 0.28~2.92 1.81~1.94 | 8.49~ 8.83 i 17.08~17.63 0.91~1.04 ‘ 1.40~1.94
Cu 0.06~0.09 0.39~0.64 1.44~1.80 8.26~ 8.83 | 16.80~17.55 0.84~1.11 | 0.76~3.30
Mn 0.06~0. 08 0.54~0.71 | 1.04~4.79 | 8.34~ 8.77 l 17.06~17.69 1.01~1.07 ‘ 1.52~1.83
— — — = - - | - - | i - - o | a
* I i |
Ni - 0.07~0.09 0.22~0.36 ‘ 1.44~1.48 10.22~16.37 = 17.39~18.50 2.43~2.95 | 1.52~1.76
| , . |
‘ Cr . 0.07~0.08 0.19~0.28 | 1.56~1.63 10.24~12.45 ; 18.26~22.99 1.97~2.39 | 1.'72~1.093
Mo | 0.07~0.09 0.20~0.31 } 1.68~1.77 11.74~12.53 | 17.32~18.36 2.58~6.30 | 1.50~1.55
18-11- i |
S=1=Mo | Si 0.07~0.09 0.19~2.28 | 1.46~1.81 12.29~12.41 17.95~18.97 1.83~2.45 | 0.75~1.60
Cu 0.06~0.08 0.12~0.33 1.45~2.10 11.35~12.23 16.85~18. 64 1.65~3.11 | 0.40~2.36
Mn 0.06~0.08  0.20~0.23 1.36~3.20 11.77~12.02 16.77~17.63 2.39~3.05 | 1.46~1.71
Lo | 0.08 | 0.35 | 2.21 | 12.51 92, 22 Tr. | Tr.
e Cu | 0.08~0.09 : .27~0.41 1.69~1.83 | 12.44~12.51 21.97~22.22 Tr. 1.20~3.10
Cr 0.07~0.08 .37~0.39 | 2.04~2.35 12.44~12.48 | 23.36~25.00 Tr: | 1.51
Mo | 0.07~0.09 0.27~0.30 1.39~2.77 11.98~12.29 | 21.01~21.36 1.32~2.63 | 0.98~1.05
Cr | 0.09 0.49~0.54 2.16~3.20 15.35~18.31 25.09~25.89 1.05~1.26 0.10
25-20 Mo | 0.07~0.09 0.16~0.50 3.10~3.31 17.53~18.22 | 23.03~23.39 87~3.83 0.06~0.08
Cu ‘ 0.09~0.10 0.12~0.51 2.77~3.10 16.96~18.04 | 22.85~23.11 0.86~0.97 0.50~1.75
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No. Whmc#a (%) Ni % #* Cr % &+ @ ik

1 | 8.71 12.55 19.79 A+ 4%F
2 9.18 12.74 19.58 A+3%F
3 10.27 14.48 19.33 100% A
4 | Ni 10.87 15.29 20.25 | 100% A
5 11.33 15.21 19.99 | 100%A
6 14.17 18. 38 19.70 1002 A
7 14.75 | 18.94 19.61 1002 A
8 18.54 13.28 20.60 | A+3%F
9 19.63 12.69 21.99 | A+ 9%F

10 20.15 12.56 99 17 A+10%F
11 . 21.71 12.46 23.93 A+16%F
12 24.21 12.46 26.22 A+25%F
13 24.90 12. 89 26.77 A+28%F
14 Tr. 12.08 17.80 100% A
15 0.89 13.03 | 19.92 A+2%F
16 Xto 1.62 .01~ | 20. 68 A+6%F
17 2.53 13.09 21.39 A+7%F
18 3.05 12.24 21.18 A+8%F
19 3.38 12.11 22.26 A-+13%F
20 0.28 12.04 18.87 A+ 3%F
21 0.47 12.54 19.49 A+6%F
22 , 1.25 12.02 20.27 A+7%F
a3 | O 1.66 13.03 21.46 A+ 8%F
24 2.47 12. 64 22.31 A+12%F
25 2.92 12.69 23.05 A+13%F
26 0.76 12.36 19.56 A+ 3%F
27 1.34 11.27 19.30 A+ 7%F
28 1.58 12.25 19.45 A+ 4%F
29 e 2.00 11.93 18.88 A+2%F
30 2.18 12.48 18.91 A+1%F
31 3.30 12.26 19.01 A+1%F
32 1.04 11.63 19.50 A+ 7%F
33 1.92 11.91 19.49 A+ 5%F
34 2.69 12.77 19.59 A+3%F
35 Mn 3.7 12.85 19.39 At 29%F
36 3.81 13.26 19.87 A+1%F
4.79 13.59 19.53
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