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Abstract

The effect of silicon and manganese, in the ranges of 0.3 to 1.0 wt% Si and 0.7 to 2.6 wt% Mn, on
the microstructure and mechanical properties of flux cored arc welded deposits have been
investigated for the purpose of improving mechanical properties.

Microstructure of weld metals was mainly influenced by manganese content, and manganese
increased the volum fraction of acicular ferrite and refined the microstructure.

Also, tensile properties were governed by manganese content, ultimate tensile strength and yield
strength were increased by approximately 82MPa and 58 MPa per 1% Mn addition to the deposit.

Toughness was improved by increasing Mn content and lowering Si content. Optimal impact
properties were obtained at above 1.8wt% Mn and below 0.5wt% Si.

Acicular ferrite was predominant factor in improving mechanical properties. Formation of
acicular ferrite was promoted by manganese and no direct relationship between AF(acicular ferrite)
proportion and oxygen in weld metal was found.
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2. 1. Flux cored wire2| X%}

Flux cored wire(FCW)+=
o] A Bo uwebA] o7 F
oAl AHEE AL
olt},

2atF4of Siz} Mn &-Fa& WaA]s17] 98
Sizt Mn& Fe-Si, Fe-Mn<2] 3=} 2 fluxel 7}
sldom, o ArpakE 77 SubAlZ WSk A 25
Fo] FCWE A 235l ct, fluxe Table 1o v}

Dl g A coredE
FE roiRe B A
overlap Hejo] A28 FCW

b g So] Ti0Q,7} =4 3el elo]e}r] oA (rutile
type) 2 TulianisVe A7l= AbEAel 23

d71=7F 0,032 3 W& AAAALY Fo|,

oh, a2y AdAde e drAAY Axc A AR FCWY AL 2mmeld fluxF
AAAS] AA™ A FHobsirks ARE sxlm AEL 18%°l+
oleh, wheba] fxF49 =AML B3 71AA 22 25
AAe Aol AAsieh, A W A=F A4S o
Loygoze FIYLE Hrle z2AL w4 448 wAe FA4 15mme SS-41 AAHE
3hA) 7] kol thEEA A Aol Aol 9 LAt qhadubdke] UAIFHEE 3fod root 7}
8 elAsA e W 55 & 4 3lth 7 10mme] w9 VE(single V-groove) ¥ el =
A7 s 294 F Sig Mo ZAel 3le 7bgEtel Abgstdoh, 3L BAle =29 ¥
A lRAel A LR FE FAAd Fakeld A, 7HE Al W Aol AREE A1 A
2% WP LS WEAA LGS 2 2-E Fig, 1ol vtebg)
ol gL v|AA Heh, F ol U4of Fregol Aol &40l LINCOLNALS] IDEALARC
ulel zaFAde 9 AAE AAJE S 4¥%  DC-600 Afora &A1t wire feeders AH-g3)
L ol gaRF5e A A AT = HA Ao, £33 EAE AN 4L 2AE
He, AL o|FAIAZ LFH3te WS AEY
Table 1 Flux composition
TiO, Si0, Zr0, CaF, Fe Mn Si Total BI*
41,0 7.0 1.50 1.0 26.0 17.5 3.5 97.5 0,035
Bascity index, Bl*=20+tMgO+Na,0+K0+Cal; o 1 i

Si0,+1/2(TiO, +ZrO, +A1203)
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Table 2 Conditions for flux cored arc welding
Welding conditions

Voltage 26V
Current 280-320 A
Wire feeding speed 175 in/min
Travel speed 30 cm/min
Shielding gas CO,, 20 1/min
Wire stick out 20mm
Wire dia, 2mm
Polarity DCEP
Interpass temp, 150+4C
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Table 5 Chemical composition of weld metals

PAS - HEA - BAE - AAF
methodS o]&stel 7zt Algiet 5314 ZA 3o
FEge sl AR 2715 A A
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zo & H wzje] FFstzA-e Table
7k, ol 7|4 Bl 2589 Al¥g#He Sz
Zb7E 0, 3-1, 0wt%, 0.7-2,6wt%Ake]s =

—I—V

o2 A vehd A

oA ALe B
o7 she] A Folu flux
Jal FFAS, @b §24F
fluxvie] 4bshEsl Ealol o)
SAFEW] HaTPe fluxel
qzeA Hu olH G 4

@ ngwsh 33 Hol §343
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W)

mlo

region) 2} & A of 2
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No. 112134567 89 w][uji2]3]ulns][w]i]w]io]z]afn]s]au|ss](m
Cwt%) | 065) 078 073), 093[. 093] 067] 066, 084 076 084] 069, 078], 062, 076], 077, 061]. 054|065 | 063 084 057 | 067|060 062 |.092 | 147
Si(wt%) |35 139 |35 [ 44 [44 [ 48 [ 50 [ 51 [ |51 | 48 .62 | 63 |37 .62 |66 .73 |68 |66 |67 | 64 .80 |.73 | 84 |.82 |99 |.35
Mn(wt%) [0, 711, 07]1. 1501, 792, 54l0. 78[1. 12[1. 441, 82{2. 12[0. 851, 150, 95[1. 73{2. 530, 84[1. 02|1. 24{1. 59[L. 750, 81[1, 081, 37[1. 6912, 53|1. 44
P(wt%) | 017 018] 019] 021|020}, 016|, 016| 019], 022), 0221, 016), 018 018|. 021 024[ 019] 020, 021|, 020| 023, 019} 016}, 018}, 017}, 022]. 015
S(wt%) | 007 007| 006} 0osl. 008 007] 00|, 008| 010( 020} 07| 007] 009|. 010}, 020} 011] 011} 012|, 010], 013, 011, 007 0081, 007} 007. 006
0,(ppm) | 820{ 790( 802[1100] 810| 840| 830] 800| 800{ 877| 765| 8451210 810| 800| 850( 910| 930| 800| 856/ 920| 870| 840 850! 850
Na(ppm) |75 |74 {80 | 71|74 | 74 |81 |76 | 48 |56 | 83 | 56 | 85 | 48 |50 |50 |54 | 71 |66 |55 |54 | 68 |69 | 71 |69
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Table 4 Grain size in fine grained region
(Si content : 0.48-0.51wt%)

Specimen No. 6 7 8 9 10
Mn wt% 0,78 | 1,12 | 1,44 | 1,82
D, um 7.2 | 6.1 | 3.8 | 3.4 |28
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Table 5 Grain size in fine grained region
(Mn content: 1.02-1.15wt%)

Specimen No. 3 7 12 17 22
Si wt% 0,35 (0,50 !0.63|0.68 | 0,73
D, gm 5.8 | 6.1 | 5,5 | 7.2 | 7.8
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Fig. 8 Charpy impact test results depending on the manganese content
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Fig. 9 Charpy impact test results depending on the silicon content
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Fig. 11 Effect of silicon content on toughness
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