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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 hardenzibility 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-Si0,-TiO in manganese silicate flux and MnO-SiO,-ALO,-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-%).

Ca0 MgO0 ALO;

Flux Si0, Na,0 K, 0 FeO Ti0, MnO B,0; CaF, M BI*
1 39.59 0.20 0.48 1.68 2318 351 23 2.9 1978 0.07 7.49 - 1.08
2 15.21 3.04 0.14 3.8 10.61 23.30 25.02 10.17 0.09 0.45 3.37 - 1.29
3 1271 259  0.11 889 14.63 28.49 2215 201 0.12 0.61 4.36 142 221

CaO +MgO +BaO +K.,0 +Na,0 +CaF, +l(Mno + FeO)

* Basicity Index =
$i0, +—
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(ZrO +Ti0,+Al,0,)

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



A oz PristArh 89S HEF C Se
C/SEMEA, 0.9 N.& O/NAEXF

A, 718 9
v HEEFEAAXE olgstd EHsAS
o, 23 2&2 W& 4008 A FEEAGA

[}
(image analyzer) & A}-8-38le] &4 7004 o] 49 &
Aoz 2HINL AAE 4L FEEEE
7} (extracted replica) & A}&3ted STEM#A &3}
EDXE®4 & sk

e £H3FE AR His
Table 20 YERN AT}

Manganese silicateA|¢] 1 EH2& AFEE H
< alumina basicA|¢l 2H ¥ 3H EH 2~ v} S
Mno] &t} TiO.7} 10.17% A71E 29 829
ASAE TVl 0.013% 2 7} =31, B0 0.
45%% 0.61% A7tE 23 38 E822 &3
7 $-l& B7F 22F 0.0016% 9+ 0. 0018% & e
01 51029]' MnO °]9‘]°“ TiOZQ'}‘ 32039*] ﬂ‘%‘% Q'?l
g 4 gt olEd Y FYTSe 9d &3
F& AL 4EE v HoE iHo Y
2 AE 8355 dagy H4HAdE =AY
t}. Figure 19 £~ dr|2d & §3¥545 4
A2 %9 W3E Eagard] 2387279 g4 Jehy
Ack. o AdEE wiel o] H|E} SIS E
a7t Askebe (1,08, 1.29, 2.21 € W ZtE
750, 460, 330ppm) L 73 3L Eagare] A3 439}
fFALSIY. 8- F 4 Abas URE A B &
Aste] 82 HEo mal AsE AT 3ols}
g Aoz dAatdt}, Figure 201 dl¥E Q) ALELE

HAZEu) A AR} (A), manganese silicate A ¢}

60kgf/mm’F C-MoAl ool & AL&3 NEoXE o} 8HTFE A L Ao vixle B2 240 g B

8 822 84% 4% (B) % alumina basic 7l
A2z 3 EYx2 4% A9 (C) EDX &
AAANE JehRACt. Manganese silicate Al 1=
Mn, Si, Ti A%, alumina basicA+= Mn, Si, Ti,
Al AE-& Jelde] 2tz MnO-Si0.-TiO$} MnO-
Si0.~ALOy-TIO BE3HIEEUS o 4 ch. H#F
4 A olyg aFELS 2MnO - SiO.
(tephroite) o F-ALS 2A-& 7} 0] Z& A F 7o
w2 TiOE 1~2%, ALOE 5~10% a3t o
o}, ASEES ZAE AHEY F2 g4 FHYd
2 WA MAEe] A EAste A7 Bol
#EAHEd Fig. 2(A) oA A ER FA]) EDX
421 Mn, Cu, SR AEHAY (Fig. 3).

SAW &HF%F o3 7iAEL de 4142
FoH= #aHn QEd Court 5" (Mn, Cu)
S, Ze CuS @x 2381 Yok B AFelME
Court®] &7+ 98 7+ SiE HdEH3 oy
1M EY2E AYstue 22 doltl (18 ZHA
o] Z% 10%, 293 39 T2 BS 0~6%).
wEbA B AT olzid HAd ANE=

12
® Experimental data
1] —_Eagar's work?
o)
R
g
0.8
E ]
=]
8 0.6
g
:s 0.4+
.
o
O.Zﬁ
0 T T T T Ll T
0 0.5 1 15 2 25 3 35

Basicity index

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 .21 0.01 0.01 0.02 0.49 0.01 0.03  0.013 0.0016
3 0.10 0.08 115 0.01 0.01 0.02 0.48 0.01 0.68  0.007 0.0018
REHGHREGEE F14% H6H, 1996F 12 430
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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.

d4YzZtdE s (WM-CCTE) & vehdigich o
Aol ERHE 9% dAYIGEE (C)E
17 29 8FHF &0l & 15T /syl Hleted 3
SHEEL o 9C/s8 UEIL Qutyoz &
Aes HAZdolERYgE A4y HAe4E a8a
7 sksol 248 JAlHo A& T} FA|
7t Z02 o] 53T, welM 3W £HTS e Fe
b4 % (330ppm) 3 g7 Nid7F (0.68%) o <3t
E& A8 5ol Y9902 AW EE s} )
i I A ARAA HAHE HAH o ER
Bo] AAHE RAog Agdrh 3 4L
5]+ AAdo] o2 7 oF 10% 2] 3Atseto
7kl A& AQAJME BAE 7] Hsted 14 =
AHgete] 8- AEF 15k)/cmE &3 8o
H 23R (o] A% &HF% AdHeto]
BEE2 o 81%2 3W HF&53 A9 FUs
). FARHlE E&o] FAFNE BFsta
AU Hel2EE -39T 2 3W £HFTERT oA
3] =}, watM 3 $-4F59 =3 $E A4
2 AgHztolE] Fto] 9% 3R} Ni B}
o &g 714 A9 A4 FoF AFr oL 2 A
o7 Aztdd.

“ﬂ

ANE
=&
é%

m r_ iy

KEEGHSEEE 51445 $65E, 1994 128

C-MoA sto]ol g ALEE MEWA= o}agH TS A 2 Ao WX Ed 2= 24

o | 97

3.28

Hﬁ

=}
x|

[IQ
0x
=

3}

459 3

22¥ 429 §HAPY L v
3171 Hste] 19
%

g £
W BY2E ALRsle £HF
Aol @& b= g4 W3E zAEIE. Figure
ol SHAF &5 w2 89]7lole X9
H3LE JEIT (ol Agte 35V). 1 £

o

Gl
=

=

35V-50cpm
14
= o
E 10 ° °
~— [ ]
8- °
g [ J
o' 6
(s
4
2 T T Ll
500 600 700 800 900
35V-600A Current (A)
30
1o ras|
Jle Fux3
g s
g 15 ) .
10
5 L 1 [ T T 1

10 20 3 40 5 6 70 80 80
Speed (cpm)

Fig. 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
heating microscope: (A) Softening; (B)
Melting; (C) Flowing.
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Fig. 9 Change in appearance of flux 2 and 3 on
heating in heating microscope: (A)
Softening and (B) melting of flux 2; (C)
Softening of flux 3.
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