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Abstract

Effect of a flux composition on weld metal toughness in submerged arc welding with 60kgf/
mm’ grade C-Mo type wires was investigated and interpreted in terms of weld metal
microstructure and hardenability. Flux workability was also studied by characterizing a weld
bead profile. Compared to other weld metals, weld metal used alumina basic flux with nickel
showed lowest oxygen content, highest hardenébility and the most acicular ferrite. The highest
impact toughness of that weld metal, however, was attributed to the tough matrix due to the
nickel rather than to the larger amount of acicular ferrite. Manganese silicate flux had better
workability than alumina basic flux, showing broader welding conditions resulting in a depth-to-
width ratio of 0.5. The composition of oxides in the weld metal was dependent on the flux
composition, showing MnO-SiO,-TiO in manganese silicate flux and MnO-SiO,-Al,0,-TiO in
alumina basic flux. MnO-SiO, composition in both oxides was similar to a tephroite.
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Table 1 Chemical composition of fluxes used (wt-%).

Flux SIOZ Nazo Kzo FeO

Ca0 MgO ALO; TiO, MnO B0; CaF, Ni BI*

1 39.59 0.20 0.48 1.68
2 15,21 3.04 0.14 3.8 10.61

23.18 3.51

3 1271 259  0.11 889

236 290 19.78 0.07
23.30 25.02 10.17 0.09 0.45

7.49 - 1.08
3.37 - 1.29

14.63 28.49 22,15 2.01 0.12 0.61 436 142 2721

Ca0 +MgO + BaO +K,0 +Na ,0 +CaF2+%(MnO +FeQ)

* Basicity Index =

Si0, + % (Zr0,+Ti0, +Al,0,)

429

Journal of KWS, Vol. 14, No. 6, December, 1996



60kgf/mm’F C-MoAl $ho]ol & AL MEMA = o} 28 T4 U4 2 Aol WA S x 240 g 95

m{n

A F99o2 FGrtstanh. §H3545 42F C SE IH EF822 84% A% (B) 2 alumina basic)
C/SEAAA], 0,9 Now O/NEAFA, 71El 9 Ql 2wz} 39 Zelag %ﬁﬂ A9 (C) EDX ¥
Ec FENZAE o] &3ty FAslge HAxE vehdAuk. Manganese  silicate A =
o, 23 E&L H8 40089 A GAHREA A Mn, Si, Ti ¥, alumina basicA|+> Mn, Si, Ti,
(image analyzer) & A&3}od A 7009 o) Ae] A Al FE& vero] Zk2E MnO-Si0.-TiOSF MnO-
Agos 2HIUT AN BAE 2By SO, ALOCTIO BEASES o 4 o g3t
7} (extracted replica) & AMg-3ted STEM# 2z} 4 Az o#dd A3 EL 2Mn0 - Si0.
EDXEA4 & 33t (tephroite) ol FAFgH 24 & 7= &2 2Fo|

W&t TIOE 1~2%, ALOE 5~10% g3k 9

4

F

o AFEES A AERw S F90l

3. 4¥ZEn 9 nE 2o Bkl MR Eo| FA A HS o) wol
#HAH =Y (Fig. 20 ollM sAER ®A]) EDX

3.1 2F3L oA wa} BN 43 Mn, Cu, S A¥o] &5} (Fig 3.
SAW £ HF&F oleizs} NAEL e A3z

Fez FHA wWE §4F$ AY ¥8E FHolME #F53n A Court 527 (Mn, Cu)
Table 20 YEF AT, S, & CuS a1 2 zga}ﬂ ok, B oA

Manganese silicate 4] 191 ZZH2E ALL35 3 Court®] &3 as 2 715 SiE H&E¥ 1 Qou
5 alumina basicAl¢l 283 3 E2 ¥} Sig} 1 EY28 A 9slu 2h& Folt} (1 Sy
Mno| #oh TiO.7} 10.17% H7H9 2 Zg 2o o 734 10%, 2913 3 FY 2] A9 0~6%).
AfolE Tizk 0.013% 2 74 =1, B0 0. wekx B AP e o] 1“]’6} NAEE
45%9F 0.61% H7Me 297 3 E9A2 233

7%= B7t zHzt 0.0016% <} 0. 0018% & e 12

o] $i0,% MnO o] 2ol TiO,% B,0;¢] #4< el ] O popermeni e

& 5 gieh oleid YA UM 3l 8Y - e

I WAl 9BE MY Aoz A5l B ]

2 JEH 8135 Aaoe FUHS 2 8 '

o. Figure 19] S8 @A7]%o] B §H3% A4 § 06

439 WSS Bagare] AGAA A e § ]

A AgsE vhe gol Wriws FhESE B .

a7t AEstH (1,08, 1.29, 2,21 o o) z}z} 0.2

750, 460, 330ppm) 1 7 3F-S- Eagard] A8 A 99}

fAsth SIS das iy AR & R R R T R
Ate] Sex A Pol ntel ASE HRE afo)s} Basicity index

g Ao R dAE. Figure 29 tiF ¢ A1slE

AArdn) A AFA# (A), manganese silicate 7|91 Fig. 1 Variation of oxygen content of weld metal

with a flux basicity index.

Table 2 Chemical composition of weld metals (wt-%).

WM C Si Mn P S Cr Mo Al Ni Ti B
1 0.09 0.28 1. 56 0.02 0.01 0.02 0.50 0.01 0.03 0.002 Tr
2 0.10 0.16 1.21 0.01 0.01 0.02 0.49 0.01 0.03 0.013  0.0016
3 0.10 0.08 1. 15 0.01 0.01 0.02 0.48 0.01 0.68 0.007  0.0018
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Fig. 2 (A) Typical TEM image and EDX spectrum
of oxide inclusion in a weld metal which
used (B) manganese silicate flux and (C)
alumina basic flux.
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Fig. 3 EDX spectrum of the patched-inclusion
indicated by an arrow in figure 2.
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Fig. 4 Variation of impact toughness of weld metal
with temperature.
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Fig. 5 Continuous cooling transformation diagrams
of weld metal.
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Pig. 6 Variation of depth and width of weld bead
with welding current and speed.
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Fig. 7 Variation of depth-to-width ratio of weld
bead with welding current and speed: (A)
Flux 1; (B) Flux 3.
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Fig. 8 Change in appearance of flux 1 on heating in Fig. 9 Change in appearance of flux 2 and 3 on

heating microscope: (A) Softening (B) heatin.g in heating .microscopei (A)
Melting: (C) Flowing Softening and (B) melting of flux 2; (C)

Softening of flux 3.
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