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Production of alloying Bonded Flux and study of Weld Metal properties
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ARTICLE INFORMATION ABSTRACT

In submerged-arc welding, flux is produced through bonding so that alloying element can be added to
Weld Metal. In this method, mineral ingredients and alloying elements are milled and mixed with glue
in appropriate proportions. Once the drying of the pellets is complete in air, they are baked at 350
degree centigrade and broken up by using a sieve to attain the desired particle size (0.3-1 mm). The
various content of Cr, Mo and Cr-Mo was added to bonded flux. Addition of alloying elements was
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Sumerged Arc Welding done through flux and slag-weld metal reactions. Mechanical properties were studied by means of
Bonded Flux Longitudinal Tensile, Hardness and Charpy V-notch tests. Microstructure was studied by means of

Acicular Ferrite
Alloying elements
Inclusion

Optical and Scanning Electron Microscope. The addition of 0.4 wt. % Mo increased the volume fraction
of Acicular Ferrite (AF) to 87%. The Ultimate Tensile Strength (UTS) increased by 20% and Impact
Toughness (IT) decreased by 25%. Cr affected AF content less than Mo. The addition of 0.4 wt. % Cr
increased the volume fraction of AF to 57%. The UTS almost did not change and IT decreased by 35%.
Further increase in Cr content led to increase of Ferrite with Second Alloyed phase that strongly
impaired IT (60%). The highest proportion of AF (95%) obtained in 0.28 wt. %Cr and 0.35 wt. % Mo.
In this specimen UTS increased by 20% (100 Mpa) and Impact Toughness was decreased by 15% (20
J).
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Fig. 1 Weld metal cooling curve and phase transformations that may
occur as weld metal cools to room temperature
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Fig. 2 Join geometry for the weld
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Table 1 Chemical composition (wt. %) of the base metal and filler
metal

C Si Mn Cr Mo Fe oYgh g8
0.23 0.5 0.9 0.2 - ouile il St37
0.1 0.1 1 - - suile gl Sz

(AMA OP139) g2 ;09 ((S)9 woy0) (plond oS 52 Jgo
Table 2 Chemical composition (wt. %) of flux (AMA OP139)

SIOZ + TIOZ CaO + MgO A|203 +MnO CaF, M_S))

20 25 35 15

D R

ST rolie 35y (9 20,9 (ploowd <S5 53 Jgumr
Table 3 Chemical composition (wt. %) of alloying element powders

C Mo Cr o8
029 - 75 £3,555%
01 45 - Odeedgag 8

4 Atomic Adsorption Spectroscopy
5 Optical microscope (Olympus BX51M)
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Fig. 3 Dimensions for Longitudinal Tensile Strength test (ASTM E8M)
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Table 4 Chemical composition (wt. %) of weld metals

C Si Mn Cr Mo Fe oo el
0.09 0.26 1.15 0.05 - oaile 3 AS
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0.09 0.26 1.13 - 0.4 oails 3l BS4Mo
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0.09 0.24 11 0.4 - oails 3 BS4Cr
0.09 0.23 1.08 15 - odile S BS15Cr

009 025  1.05 02 02 .l i, BS22
009 024 107 028 035 .3,  BS33
009 024 106 045 061 .. 3, BS46
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1 Scanning Electronic microscope (TESCAN MIRA 3)
2 Sub size

8 Grain boundary ferrite (GBF)

4 Polygonal ferrite (PF)

5 Widmanestatten ferrite (FS)

8 Acicular ferrite (AF)
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Fig. 5 Microstructures of Base metal St37, HAZ, weld metal welded by Agglomerated flux (AS) and weld metal welded by Bonded flux (BS)

(BS) ool ouilenzr gz ;39 b 0ol (5,5 9> (o 1o 5 (AS) o0 0y09lST gz ;39 b oadd (5,5 o (o= 18 HAZ ST ayly 53 lislay ) 5 S

Fig. 6 Microstructures of the weld metals with 0.4 wt. % Molybdenum (BS4Mo), 0.7 wt. % Molybdenum (BS7Mo), .04 wt. % chromium (BS4Cr)

and 1.5 wt. % Chromium (BS15Cr) contents
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Fig. 7 Microstructures of the weld metals with 0.2 wt. % Chromium and 0.2 wt. % Molybdenum (BS22), 0.28 wt. % Chromium and 0.35 wt. %
Molybdenum (BS33) and 0.45 wt. % Chromium and 0.61 wt. % Molybdenum (BS46) contents
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and Bonded Flux without addition of alloying elements
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Fig. 10 Effects of Mo addition on Stress-Strain diagrams of weld
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