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Table 1. Chemical composition of quantized AISI 4340 low alloy steel used in weight percent
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Table 2. Chemical analysis of welding wires by weight percentage
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Table 3. Welding conditions and parameters of samples
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Fig. 1. Sample of coated discs and raw sample without coating a) Disc coated with Stellite 6 b) Raw sample
without coating
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Table 4. Chemical composition of the final welding layer of coatings by weight percentage
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Table 5. Equivalent chromium-nickel ratio in the second coating layer of ER312 and ER309 samples
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Fig. 2. Macrostructure of coated sample
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Fig. 3. Microstructure of AISI 4340 base metal
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Fig. 4. Optical and electron microscopic images of weld metal: ER312 a-b) first layer of weld metal, c-d) second
layer of weld metal
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Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
@ B N Silicon K series 0.03 0.03 0.05
Chromium K series 25.18 26.51 27.99
Ireon K series 63.92 67.28 66.16
Nickel K series 5.88 6.19 5.79
Jl Total: 95.0 %
‘ AL :
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Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
Carben K series 3.13 3.44 13.99
o Fal L] . s
Chromium K series 26.43 29.07 27.28
Manganese K series 1.60 1.76 1.56
Iren K series 54.44 59.88 52.31
Nickel K series 5.32 5.85 4.87
\ ‘ J | Total: 90.9 %
|
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Fig. 5. Scanning electron microscope image with EDS analysis of the first layer of ER312 coating a) base,
b) micro carbide particles
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Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]

6 N Silicon K series 0.03 0.03 0.05
. ] Chromium K series 25.18 26.51 27.99
‘5,;:_..)15 5% \;:I)\S ¥ 1 Iron K series 63.92 67.28 66.16
Y 1 Nickel K series 5.88 6.19 5.79
J Total: 95.0 %
AR A

Element Series unn. € norm. C Atom. C

[wt.-%] [wt.-%] [at.-%]

Carbon K series 3.13 3.44 13.99

o WA Fe | ] . R

Chromium K series 26.43 29.07 27.28

Manganese K series 1.60 1.76 1.56

Iron K series 54.44 59.88 52.31

" Nickel K series 5.32 5.85 4.87

J Total: 90.9 %
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Fig. 6. Scanning electron microscope image with EDS of the second layer of ER312 coating a) base phase, b)
carbide particles
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Fig. 7. Optical and electron microscopic images of ER309: a-b) first coating layer, c-d) second coating layer
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Element Series unn. ¢ norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
Silicon K series 0.17 0.18 0.36
Chromium K series 19.03 20.37 21.63
o M ] Manganese K series 1.54 1.65 1.66
Iron K series 62.06 66.43 65.66
: Nickel K series 10.62 11.36 10.69
|
|
l l Total: 93.4 %
J i A
[ 8 10
Element Series unn. ¢ norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
carbon K series 1.96 2.09 8.93
Chromium K series 24.02 25.66 25.27
o Fe L
Manganese K series 2.03 2.17 2.02
Iron K series 55.65 59.43 54.49
Nickel K series 9.97 10.65 9.29
}l Total: 93.6 %
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Fig. 8. Scanning electron microscopic image with EDS analysis of the first layer of ER309 coating a) base phase, b)
carbide particles
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Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]

Silicon K series 0.19 0.19 0.38
Chromium K series 22.87 22.66 24.03
Manganese K series 1.95 1.93 1.94
Iron K series 62.82 62.25 61.47
\5~L.‘:-!)L< Q‘)b - Nickel K series 13.09 12.97 12.18

Total: 100.9 %

Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]

Carbon K series 2.31 2.45 10.33
Chromium K series 22.01 23.31 22.72
Manganese K series 2.49 2.64 2.43
Iron K series 57.34 60.71 55.11
Nickel K series 10.29 10.90 9.41

Total: 94.4 %
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Fig. 9. Scanning electron microscope image with EDS analysis of the second layer of ER309 coating a)
base phase, b) carbide particles
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Fig. 10. Optical and electron microscopic images of the first layer coated with stellite 6

BT g0 4 45 2S5 g ol pgyS uSlheS claan )5 L STy ol 005 93 G0y dg0e (Seiw oy Dbl s Y slod LIS
LS baca s oy pd LS 51 e sels Jgbxe )3 dlazdl Jslye ) B g pe)S il s Sy polaw xS aSd L LIS cLS aie;

YAY



VAF U YWY dorao AF+Y Lo & o)ladd OO 093 ¢ pusS yuol Gl cwdines 4 puiis

F oMl b o ()5 ()5, 093 Y (958l 9 (5595 (295w Sue pobal . N UKW

Fig. 11. Optical and electron microscopic images of the second layer coated with stellite 6
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Element Series unn.Cc norm.C Atom.C
[wt.-8] [wt.-%] [at.-%]
silicen K series  0.51 0.60  1.19
Chromium K series  11.70 13.70 14.84
Manganese K series  0.33 0.39  0.40
- !
Iron K series  45.97 53.81  54.27
. EEEEE N Cobalt K series  24.53 28.71  27.44
Nickel K series  1.17 1.37  1.32
Molybdenum L series  0.33 0.39  0.23
| Tungsten L series  0.88 1.03  0.32
l | Total: 85.4 %
w—r—..,,‘Jl e | UL
4 1] L]
Element Series unn.C norm.C Atom.C
[wt.-3] [wt.-%] [at.-3]
Carbon K series  1.94 2.32  10.74
i silicon K series  0.01 0.01  0.01
_DU W Chromium K series 15.86 19.18 20.29
n S W EWEDE W Manganese K series  0.76 0.92  0.92
Tron K series  33.07 39.99 39.40
Cobalt K series  21.05 25.45 23.76
Nickel K series  1.06 1.28  1.20
Molybdenum L series  1.30 1.57  0.90
Tungs ten L series T7.66 9.26 2.77
L Jl Total: 82.7 %
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Fig. 12. Electron microscopic image with EDS analysis of the microstructure of the coating of the first layer of

Stellite 6 a: base phase b: complex carbide
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Element Series unn.C norm.c Atom.C
[wt.-%]  [wt.-3] [at.-%]
silicon K series 0.63 0.72 1.48
Chromium K series 21.04 24.28 26.87
Manganese K series 0.29 0.33 0.35
Iron K series 4.07 4.69 4.84
Cobalt K series 55.67 64.23 62.72
Nickel K series 2.47 2.85  2.80
Molybdenum L series 0.16 0.18 0.11
Tungsten L series 2.35 2.71  0.85
Total: 86.7 %
Element Series unn.C norm.C Atom.C
[wt.-%] [wt.-3] [at.-5]
Carbon K serie  5.54 6.20 22.81
Chromium K series 53.63 70.44 59.89
Iron K series 0.99  1.35 1.07
Cobalt K series 12.72 21.45 16.09
Tungsten L series 0.41  0.56 0.13
Total: 73.3 &
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Fig. 13. Electron microscopic image with EDS analysis of the microstructure of the coating of the second layer

of Stellite 6
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Fig. 14. Optical and electron microscopic images of ER312 weld metal interfaces
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Fig. 15. Optical and electron microscopic images of ER309 weld metal interfaces
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Fig. 16. Images of the interface between the substrate and the first layer of stellite 6
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Fig. 17. Optical and electron microscope images of the interface between the first layer and the second layer of stellite 6
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Table 6. The results of the surface macro hardness of the samples in terms of Vickers (HV)
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Fig. 18. Microhardness of the cross section of the coatings towards the AISI 4340 steel substrate A: ER309 coating,
B: ER312 coating, C: Stellite 6 coating
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Fig. 19. Graph of weight loss according to wear distance for coating and substrate metals
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Fig. 20. Diagram of friction coefficient in terms of distance for substrate and coatings
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Fig. 21. SEM images of wear surfaces for coated and raw samples
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