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1  Epitaxial growth
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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. 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 I 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.-%]

& N Silicon K series 0.03 0.03 0.05
i | | Chromium K series 25.18 26.51 27.99
G5 iyl yd ! 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 %
AN

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

Carbon K series 3.13 3.44 13.99
NN Chromium K series  26.43  29.07  27.28
Manganese K series 1.60 1.76 1.56
Iron K series b4.44 59.88 52.31
1 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
TIron K series 62.06 66.43 65.66

Nickel K series 10.62 11.36 10.69

l Total: 93.4 %
i A
5 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

‘ 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
A Nickel K series 13.09 12.97 12.18
éM)lS u|)0

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
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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 %
1’-77-'l!yv\Jl N P G ]
2 4 1] L] 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 }l 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

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
G W Fe B W w 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 %
|
T A T T
4 6 & 10
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
B W 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 &
A ‘ 1 | \‘\
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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
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Fig. 20. Diagram of friction coefficient in terms of distance for substrate and coatings

ok D95 o odmliie Yo IS5 50 a5 ok o ol o 039l Yo IS5
YAVAIST ¥YFe 0¥es 4 5 sladised ;0 SKlasl coyps (1Ske
g <JBA e IEY ISV L il sy & Seodil iSs, ER Y4 ER
Ll i gl pdaw isle 4 Cuoglie e x>y 0L 0 +/QY
ool o g o SKlanl Cops 5 Canl oS ady cud
b e e oisle cls cpyine Al ol g &S by dales eSS
Ol Oy Pl (S g) &5 am3 o0 (Ui SBlasl b gl
S 1y Sisle 4 Caoglio
Oile golaw (g =V 5 ¥

Sl )i b (pag) SerSll (psfwgSee pglad YV S
Y+4 ER YV bases gy (iSs) 38 Gule adoaw 5l calise
Loawd o ol 1) AIST FYF- 4 ;5 pld g0 o oMl ER
reiine dlasl)y (ol )8 &S 398 o odnltie Sl o pd (o)

va)

£5 o) lerd Sy dine ol Js 45 Wil e Sl ies
ey S5 42553 5 (S ) 1payS WS 9 b g b
ove 3 bl o e il g g a0 a8 il
9 oS )5 9 pe)S e s 4 ERYIY g 56 4 s ER Y4
Gos 9 Conmg 3l g oS (B b (ylisle 4o ) 9 S5 58]
oﬁdh&éo.cgﬂaﬁomﬁj)}goﬁ;gmmgommﬁbébb
Wl gyt (g el e a1 g ik ol £ cdaw jl ead
3 ol o Lo & a5 L o w3 ol Loy 45 386 5 BR
Silojl g e )3 Slgi oo (39 A pody (gpde 9 b he> B g9

9 48,5 ISy iy ST o clos5h

Sl ) =5 Y
5 l:au;’;f% 9 AJY)U d‘ﬁ alold o> Sl w).w )‘.)903

Archive of SID.ir



Archive of SID.ir

YAY U YWY dorao OFY Jlo & o)lods DO 093 ¢y puol Sl pwidines &y i

AISIFYfe a5

PL Diged 9 (S, Srdiged (sl lalw Tobaw I (g (95! (195wg e gl ¥ JSUd

Fig. 21. SEM images of wear surfaces for coated and raw samples
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