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Abstract
Koiprasert, H. and Niranatlumpong, P.
Investigation of method for Stainless Steel Welding Wire
as a Replacement for Arc Wire Comsumables
Songklanakarin J. Sci. Technol., 2005, 27(1) : 91-100

Arc spraying as a coating method is being employed in various industrial applications as a part of
maintenance service, and also as a surface engineering technique for many machine parts and components.
The major cost in producing the arc spray coating is, however, based on the cost of the arc wire comsumables.
This project was carried out to investigate the use of the commercially-available gas metal arc welding wire
(GMAW wire) as a cheaper alternative to the special-purpose arc wire comsumables. The wire material
chosen for this early study is the 316L stainless steel, due to its popularity in many applications as a built-up
coating for worn parts. The physical properties of the coatings produced from the two sets of 316L stainless
steel wire were determined to be different in the percentage of porosity and the oxide content. The mechanical
properties, including the tensile bond strength and the wear rate of the coatings produced from the two types
of sprayed wire, were also different. This will, in turn, result in a slight difference in the performance of the
coatings.

Key words : Electric arc spray, stainless steel 316L, welding wire, wear rate
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Figure 1. Schematic diagram showing the electric arc spray gun.



Songklanakarin J. Sci. Technol.
Vol.27 No.l Jan. - Feb. 2005

Investigation of method for stainless steel welding wire

Koiprasert, H. and Niranatlumpong, P.

Table 1. Electric arc spray parameter for the
coating fabrication. (TAFA, 1992)

Atomised air pressure 60 psi
Arc voltage 30V
Arc current 130 A
Stand-off distance 178 mm.
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Table 2. Test parameters for the reciprocation
ball-on-flat wear test.

Pin tip radius 3.16mm.
Normal force 250N
Stroke length 10.0 mm.
Oscillating frequency 5.0 Hz.
Test duration 1000 sec.
Ambient temperature 25+3°C
Lubrication none
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(a) 316L coating from weld wire

(b) 316L coating from arc wire

Figure 2. Micrographs of the cross-section of the coatings from GMAW wire and arc wire,

showing shape and size of the splat.
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(a) Crack in 316L coating from weld wire

=

(b) Crack in 316L coating from arc wire

Figure 3. Micrograph of the cross-section of the coatings, showing inter-splat cracks within
the coating. The weld wire coating (a) contains clusters of oxide scattering un-
evenly on the splat boundaries. The resulting crack tends to have high aspect ratio.
Whereas the arc wire coating (b), with thin oxides evenly spread out at the splat
boundaries, contains cracks of smaller aspect ratio.
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(b) 316L coating interface from arc wire

Figure 4. Micrograph of the cross-section of the coatings, showing porosity and cracks at

the coating/substrate interfaces.
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Table 3. Average chemical compositions of the sprayed wires
from the quantitative EDX analysis.
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Chemical composition (Average wt. %)

Fe Cr Ni Mo Mn Si C
316L Weld wire 633 194 11.1 2.8 2.0 1.2 <0.05
AWS ER316LSi
316L Arc wire 67.0 17.5 10.6 2.7 1.3 09 <0.05
TAFA 85T

Table 4. Average chemical compositions of the arc wire and welding
wire sprayed coatings, identifying different phases, from the
quantitative EDX analysis.

Chemical composition (Average wt. %)

Fe Cr Ni Mo Mn Si C
316L Weld wire coating 659 19.1 11.0 30 0.8 03 <0.05
AWS ER316LSi
_Light grey 669 16.0 129 32 0.7 03 <0.05
_Dark grey 689 221 53 29 07 0.1 <0.05
316L Arc wire coating 693 176 9.7 25 06 02 <0.05
_Light grey 70.1 158 106 25 08 0.2 <0.05
_Dark grey 713 219 42 19 05 02 <0.05

W M9 89 wnIndesehldlainaia EDX uwazen
Wwizuesl3nmn1na19g 1w aelslu Table 4 Toaz
1 a A dl U g// a a a al
WUIRNARDUNLFIINAIATS a9uiaRUSNmlaTuNew

&/ a = = = 1 dl
TuitaAadounIalud “m1dauanay 183N
lasilandurnningnasidldlunis 3refdusanlad
Usznavvadlasiianuasinan (Cr-Fe oxide spinels)

1 = aa 1 va 1 U
ubNini wazdanawlNldd Huadalunis 3w
e e a4 v ;v,
sanlofuinin walsamnimaluiuiiesansians
asaiadaudule v (high vapour pressure) waz
qm%qﬁﬁdwmmé’ﬂaéﬂ (low temperature at various
pressures) @9k @dlu Table 5 9azildsians a4
TRANSNIINT WWAY (vaporization rate) 113730452

= o U a v | 1 =

Jom i guwdsluluussenieldieluamenuintau

PBnaunnunguuazeenlealuianeu
HaNSTRUINIMINIBLAzDaN lTRluAAR B

Toiu @al3lu Figure 5(a) USumoanladlufiaday

e asddrdeudie aitesainnsze Indhaldlunas
& a a pRp A9 o o

9150 suazSnnmesndanndluenenldsaluume

M

I *a 2 o o | ! v a e &
WHNNNIN "N‘Vl'ﬂ,‘ﬂ\‘l']ﬁl(ﬂaﬂﬂi i?\‘iWﬂ&lﬂaﬂ‘leﬁﬂ

A AV o A a ¢ = & & i
Lﬂaaﬂﬂi@ﬁ]’]ﬂﬁ?(ﬂLﬁBNNLUaﬁLEH%@]%@\ﬂaaﬂVLGﬁ@ qj\Tﬂ'.]']

a A

Aaedaunidanainersnidntes iavanayniavas

[ A

PN | P = i o & o
9 @]Lﬂ@aﬂ%g“ﬂwuaﬂﬂ‘lﬂﬂﬂl%qﬂL@ﬂﬂ'ﬂ"l N A IN

X L'A ] a P o aaa ) a = a
‘Wu"nN’ma‘iJia\l’Wli‘m]:“fl’liJgﬂiﬂ’muaaﬂﬁnLﬁ]uﬁ)GNN’lﬂ

anmldAneseunldanaateandivesiGudsanlan
L9071 dou aslu Figure 2
AMNNWIUVBIAAROUIINAINDITN 9NN
WIn28IAAREUIINAIAL TN TIn 9 UL aslu
Figure 2 L#ad91nALadaudUInImdanawwLay
P | o ' R aa &, A
AN LY AUUIENEUAINIT NTANDWLLUEINN
gramlinsivadizes splat @  luamenunsnii

° ) & d a
MW 20 Wwb@L D8ININAW  LaRUSNIILLN



Songklanakarin J. Sci. Technol.
Vol.27 No.l Jan. - Feb. 2005

98

Investigation of method for stainless steel welding wire

Koiprasert, H. and Niranatlumpong, P.

Table 5. Vapour pressures at various temperature of the elements contained
in the stainless steel grade 316L. (Boyer, 1985)

Temperature at Temperature at Temperature at Evaporating

Element pressure pressure pressure temperature
0.01 atm. (*C) 0.1 atm. (*C) 1.0 atm. (*C) 0
Fe 2004 2316 2735 3000
Cr 1813 2097 2482 2665
Ni 2025 2321 2732 2730
Mo 3477 4027 4804 5560
Mn 1476 1750 2151 2150
Si 1867 2057 2287 2680
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Figure 5. Graphs showing average values of physical and mechanical properties of the 316L
coatings produced from the welding wire and from the arc wire.
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Figure 6. Optical micrograph showing the coat-
ing detachment at the coating/substrate
interface after the pull-off testing.

Figure 7. Wear surface of the arc wire coating
showing splat pull out.
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