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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.
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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 25.0N
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
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(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 63.3 194 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 07 03 <0.05
_Dark grey 689 221 53 29 07 0.1 <0.05
316L Arc wire coating 693 176 97 25 06 0.2 <0.05
_Light grey 70.1 158 106 25 08 0.2 <0.05
_Dark grey 713 219 42 19 05 02 <0.05
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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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ing detachment at the coating/substrate
interface after the pull-off testing.

' = & @ & X A a A
MANNKDIE ININANTee  NeikiilasanAIAfey
INAINIINAANNNIUNTDLADIENING splat 9 waz
a = a A dlul ! .
NUIIUALNITVIRILARDUNAINIT Figure 7 1 @3
AT DIRLARDUIINAINDITANAINIING BUNNT
=< =3 oA v t:{'d ! v 1A
e azindnaunieidauwiadeudnelug sy
whldAuauiauas splat uazlanwmzAaudnanas o
“uiegmldindunquiiiaainniswgaves splat no
-y = = Ao 94 d
Tu A5 NNIBINNITL BA MK splat L P
MNaAINAINIIVIANAROUDENNING splat LB IN
{A1n138AIN1Z3TWIN9 splat A1 1WIITINIB 9 T9TIH
a oa = tﬂl 1A A lﬂl ld'd
NUTNIMNIT NrIaN INNAARBUIINAIALTONNE
T X o
nIngaaad splat Hesndn  demaidiuimeanled

2Bnmm

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



Songklanakarin J. Sci. Technol.

Vol.27 No.1 Jan. - Feb. 2005 100

Investigation of method for stainless steel welding wire

Koiprasert, H. and Niranatlumpong, P.

U3nmgnguszning splat wazaramudnsslunis
fiainzpasiainfaudwuad ulunsivuanginssy
N3 NHIDVDIAAROUNT 1

51
q

N & AN o A = v Vo a

AnaRauN ldanalaaNtranndls dNwnIa
316L wazfildainalrnarsnluinsaifsinuidlass 319
meganmanasiudnios lagwmzdudsanmangu
d! 1 a dl 6 =
FHIAIAINANINNANTNBIAYIENAUNINLANVDIAIN 2
UsTNNANTUMIEAN 130 b5 I awn TN TN
ludndnludasinvuaseunmenuasnuaznonaonums
WLARDUNDUNITWIIAIAAW LaTy I RARDUNG
2 dszaniisasuansuiadnnizatadisgnisluias
&, {d‘ 1 a A g//
Wunan1angwinuazeanlodnedluiedoy v
a 1 g 1 U
USnmsaguanuazgngwmanineg suansznulinai
wI9T9bNIIBANNZVRIANARDUNAAARY bIUNIT
A AUNIT NHRTANUINRIAFNDUNHNAAIINAIAL AN
ANFEIUNIWAT NAIDLULLRDU LDaNANINATLARDY
MNAIND1INDILTINERA1AMNBTINAININEN T oY

o ] X oa o Aa
ANFIUNIBAIT NHRTBNANIBAAINIATY $19R7
WwAaUNNANBUILKYL 9037 B lsiauRAeRey
INMIATONANTaFaaNINRNARDVINNAINDISNATIN

]
a

fnsnszagrwiaued splat 91 _9nnmlFERYINIm
aanlad snndvaramldiedevld wrsauuss
NIEINNANNAN 9 19% wIenIzunn IFdaiAedey
ANANINAI9135N
- oa X 4 .
wmaan1sne sy NTaNwgIuie aelbilu
& ° o
unanwgaiaz wnsat Ul duuuanisniine sy
dl ! o a A U Qs g A 1
wWarislunisda uladenldy q wudaslunisvu

WaaudEaSN RN wazsdunise wanigdand

Uszndanliiuniega mnssw

1an 15914994

Boyer, H.E. and Gall, T.L. (Eds.) 1985. Metals
Handbook: Desk Edition, American Society for
Metals: 1.54. Friction and Wear Testing-Source
Book: Selected References from ASTM
Standards and ASM Handbooks 1997. ASM
International: 153-160.

Boyer, H.E. and Gall, T.L. (Eds.), 1992. Thermal Spray
Coatings, Metals Handbook: Desk Edition,
American Society for Metals, USA, p. 29.29

International standard, 1999. ISO 14916 Thermal spray-
ing-Determination of tensile adhesive strength,
Switzerland

Kelkar, M., Hussary, N., Schein, J. and Heberlein, J.,
1998. Optical diagnostics and modeling of gas
and deplet flow in wire arc spraying, Thermal
Spray: Meeting the Challenges of the 21%
Century, Proceedings of the 15™ International
Thermal Spray Conference, ASM International:
329-334.

Liu, X.,2001. Arc Spraying in China, J. Thermal Spray
Technology, 10(1): 40-43.

Patchett, B.M. 1995. The Metals Blue Book: Welding
Filler Metals, CASTI Publishing Inc. and
American Welding Society: 77-81.

Takeuchi, S., Ito, M. and Takeda, K. 1990. Modelling
of residual stress in plasma-sprayed coatings:
Effect of substrate temperature, Surf. Coat.
Technol., 43-44: 426-435.

Watanabe, T., Wang, X., Heberlein, J. and Pfender, E.,
1996. Thermal Spray: Industrial Applications,
Proceedings of the 9" National Thermal Spray
Conference, ASM International: 577-583.



