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Effect of Additives and Welding Current on the Hardness of Weld Metal
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Abstract
This research aimed to examine the effect of type and mass of additives and welding current on the
hardness of weld metal in the submerged arc welding process. Three types of additives were used in this research
including carbon, silicon carbide and carbon-silicon carbide mixture. Three amounts of each additive were used in
this research including 1, 2 and 3 grams. Three welding currents were used in this research including 430, 500
and 570 amperes. During welding, the welding voltage and welding speed were kept constant at 30 V and 15
inches per minute, respectively. After welding, weld metal specimens were subjected to chemical composition

analysis, microstructure examination and Rockwell C hardness testing. The results demonstrated that the
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specimen derived from the welding with 3 grams of carbon addition and 430 amperes of welding current was the

specimen having the highest hardness value of 47 HRC and the highest carbon content of 1.34%. This specimen

was hypereutectoid steel whose microstructure consisted of pearlite and carbide. From the statistical analysis, it

was found that the main factors influencing the hardness of weld metal were mass of additives and the

interaction effect between mass of additives and welding current.

Keywords: Hard facing, Submerge arc welding, Silicon carbide, Carbon
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Table 1 Chemical composition of low carbon steel

C Si Mn P/S Fe

0.13 0.16 0.05 0.05 Bal.
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Figure 1 Addition of additive on low carbon steel
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(Submerged arc welding) #eaimdion A5.17-EM 12 K
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Table 4

Table 2 Chemical composition of electrode wire

C Si Mn P S Cu

<0.15 <035 <1.25 0.030 0.030 0.35

Table 3 Chemical composition of flux

Si0, MnO CaF, Na,0 ALO, CaO TiO,

9 16 11 2 45 1 9
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Table 4 Welding parameters

Welding parameter Value
Current 430, 500, 570 A
Voltage 30V
Speed 15 inches/min

2.4. NMSAATUNUVIAFRUAMENTUANING
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Figure 2 Specimen cutting for tests (sizes in mm)
1 Hardness test, 2 Microstructure examination,

3 Chemical composition test

Figure 3 Positions for hardness test
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9an35AUBLANATOULUUEINTIA (Scanning electron

microscope)
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(Figure 5, Figure 6)

Table 5 Percentage of carbon content of weld metals from the welding with different types

and amounts of additives and different welding currents

Carbon content (%)

Additive Mass (g)
430 A 500 A 570 A
0 0.15 0.15 0.15
1 0.28 0.32 0.58
Carbon
2 0.32 0.34 0.54
3 1.34 0.32 0.36
0 0.15 0.16 0.17
1 0.21 0.20 0.21
Silicon carbide
2 0.26 0.21 0.21
3 0.30 0.22 0.23
0 1.13 0.15 0.14
Carbon-silicon carbide 1 0.33 0.36 0.37
mixture 2 0.38 0.45 0.44
3 0.34 0.23 0.36
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Table 6 Percentage of silicon content of weld metals from the welding with different types

and amounts of additives and different welding currents

Silicon content (%)

Additive Mass (g)
430 A 500 A 570 A
0 0.19 0.19 0.19
1 0.29 0.28 0.34
Silicon carbide
2 0.62 0.36 0.38
3 0.81 0.37 0.40
0 0.21 0.17 0.17
Carbon-silicon carbide 1 0.31 0.32 0.34
mixture 2 0.33 0.35 0.41
3 0.28 0.23 0.32

Figure 6 Microstructure of weld metal (carbon-silicon carbide mixture 3 g, welding current 430 A)
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(Figure 8) \ilelany douifudaneuniludnaunsvey
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0O lIron 50.14
m Carbon 46.58
| @ Silicon 205

= Manganese 1.23

Atomic fraction

Figure 7 Distribution of carbon and silicon on weld metal (carbon 3 g, welding current 430 A)

O  lIron 58.81
\ ®  Carbon 37.71
m Siicon 230
m Manganese 1.18

Atomic fraction

Figure 8 Distribution of carbon and silicon on weld metal (silicon carbide 3 g, welding current 430 A)

O lIron 50.31
m Carbon 46.39
' @ Silicon 2.22
C @ Manganese 1.08

Atomic fraction

Figure 9 Distribution of carbon and silicon on weld metal (carbon-silicon carbide mixture 3 g, welding current 430 A)

3.4. NAN1SNAFIUAULTS
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senszualni 430 wenwus aauudegean nsids
asueuldainnugafign 47 HRC (Figure 10) N3y
FanauaisludaldAin1uulagega 26 HRC (Figure 11)
warnsiiuddaeumsludnaumsveuldrmauuigegn
30 HRC (Figure 12)
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Table 7 Hardness of weld metal from the welding with different types and amounts of

additives and different welding currents studied by full factorial designed experiment

No Additive Current (A) Mass (g) Hardness (HRC)
1 SiC 430 2 20
2 C 500 2 17
3 C+SiC 430 2 27
a4 C+SiC 430 3 30
5 SiC 570 0 11
6 C 430 2 17
7 C+SiC 500 3 26
8 C 570 3 21
9 C 570 0 11
10 C 570 1 15
11 C+SiC 570 0 11
12 SiC 500 1 21
13 C+SiC 570 2 24
14 SiC 500 3 22
15 C 430 3 47
16 C+SiC 430 1 18
17 SiC 570 3 25
18 SiC 500 2 21
19 C+SiC 430 0 13
20 C+SiC 570 1 19
21 C+SiC 570 3 25
22 C 500 0 12
23 C+SiC 500 0 12
24 SiC 430 1 20
25 SiC 570 2 23
26 SiC 430 0 10
27 SiC 430 3 27
28 C 500 1 15
29 C 570 2 16
30 C+SiC 500 1 16
31 SiC 500 0 12
32 C 430 0 13
33 C 430 1 16
34 C+SiC 500 2 26
35 C 500 3 27
36 SiC 570 1 22

C = carbon, SiC = Silicon carbide, C+SiC = carbon-silicon carbide mixture
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Figure 10 Relationship between mass of carbon and hardness
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Figure 11 Relationship between mass of silicon carbide and hardness
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Figure 12 Relationship between mass of carbon-silicon carbide mixture and hardness
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Probability Plot of Hardness
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Figure 13 Probability plot of hardness.
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Figure 14 Residual versus fits plot
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Figure 15 Residual versus order plot
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Tuiaa R-sq A1 92.99% wazA R-sqlad)) dA1
79.54% GaAINNIT 70% wanaidiAnMLva [15],
[16] (Table 8)

Table 8 Model Summary

Model Summary

S R-sq
3.27381 92.99%

R-sg(ad))
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R-sq(pred)
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annsnaguldiniansiododamarodianundsves
Funuidon lud Jjduitusuiedvinasau (nteractions)
fiftestatevesvinansifuiuuinaniuiidie Tnedan
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nswanen1siuduiadefidmanomauuds
vaadusudonld Main effects plot nui1 Yadeusunas
ansdudmaremanuudenielansienstadiu

Iodn IngAnanuudaislumuusinaansfidiy (Figure 17)

Pareto Chart of the Standardized Effect
(response is Hardness Ol= 0.05)

Term 2179
. Factor Name
C A Additive
B Current
c Mass

3 4

5 6 7T 8 9

Standardized Effect

Figure 16 Pareto chart of standardized effect

Main Effect Plot for Hardness

Data Means
30 Mass Current Additive
L d
__f’
25 f
W "
c 1
& 20 ,/. . e,
‘é ./ — *
15 /
.-"r:
y
10
0 1 2 3 430 500 570 C C+SiC SiC

Figure 17 Main effects plot for hardness
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Table 9 Analysis of variance

Source DF Adj SS Adj MS F-Value P-Value
Model 23 1705.07 74.133 6.92 0.001
Linear 7 1248.14 178.306 16.64 0
Additive 2 17.21 8.605 0.8 0.471
Current 2 57.32 28.658 2.67 0.11
Mass 3 1173.62 391.206 36.5 0
2-Way Interactions 16 456.92 28.558 2.66 0.046
Additive*Current il 78.15 19.537 1.82 0.189
Additive*Mass 6 218.98 36.496 3.41 0.034
Current*Mass 6 159.8 26.633 2.48 0.085
Error 12 128.61 10.718

Total 35 1833.68
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