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ABSTRACT: The work aims to overlay the self-lubricating anti-abrasion alloy with graphite phase on the Q235 steel by

non-droplet arcing wire GTAW. The nickel-coated graphite flux-cored wire was designed and introduced into the overlay by the
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non-droplet arcing wire GTAW and the traditional GMAW for comparison. After welding, the pin-and-disc friction and wear
tester were used to compare the anti-abrasion and wear resistance of the overlay. OM, SEM and EDS were accomplished to
study the microstructure and component of the overlay and analyze the wear morphology. The processing characteristic of
preparing overlay with graphite phase by welding system and the self-lubricating anti-abrasion performance of the overlay were
analyzed. Non-droplet arcing wire GTAW could effectively inhibit the dilution ratio of the substrate, ensure the transition of the
graphite phase in fluxed cored wire and improve the deposition rate. Fe-Cr-B anti-abrasion substrate was formed on the overlay
and a lot of granular graphite phase was observed at the boundary. The friction coefficient under the friction and wear test could
be as low as 0.65 and decreased further with increasing friction time. No typical furrow was found on the wear surface which
was smooth and black and belonged to self-lubricating wear type, and the friction coefficient was related to welding parameters.
The friction coefficient of the overlay prepared by the traditional GMAW method was about 1.4, and slightly increased with the
prolonging of wear time. Non-droplet arcing wire GMAW has the characteristics of low heat input and high deposition rate,
which is suitable for overlay, especially for overaly to prevent the chemical composition of welding wire from burning out.

Under the premise of reasonable control of process parameters and stable welding, self-lubricating anti-abrasion overlay
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containing graphite phase can be successfully prepared by selecting low auxiliary current.

KEY WORDS: arcing wire; GTAW; overlay; microstructure; self-lubrication; friction and wear
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Fig.1 Cross section images and energy spectrum of the flux-cored wire and energy spectrum : a) cross section of the flux-cored
wire; b) wire core (nickel coated graphite particles wire); ¢) wire core energy spectrum
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Tab.1 Alloy powder composition of the flux welding wire containing nickel-coated graphite

wt.%

Component Fe Chromium iron Boron iron Aluminum Rare earth Silicon iron Manganese iron Nickel package graphite

Content 57 20 8 0.5

2.5 4 4 4

®2 WEIZSH

Tab.2 Overlaying parameters

Welding Main arc Assistant arc Wire feeding Welding Distance between Distance between

Gas feed rate

Method voltage/V current/A  current/A rate/(m-min"") speeql the torch and the t.orch and /(L-min")
/(mm-s ) base/mm wire/mm
Non droplet 22~26 120 120 2.4 3.5 7~8 2~3 15
arcing wire ~ 22~26 120 140 2.4 3.5 7~8 2~3 15
GTAW 2226 120 160 2.4 35 7~8 2-3 15
22~26 120 240 2.4 3.5 7~8 2~3 15
GMAW 22~26 240 Non 2.0 3.5 — — 15
22~26 280 Non 2.0 3.5 — — 15
1.2 U0 45 #9 3R AE K i R M B i3t Al K A ) T RS A O S B 4 R BB AR Y, i )
HEGHA AN #%’fh
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P JE 3 mm, BEEFHTE 30 min, HRHEEE 12 R BN
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Fig.2 Macro morphology of the weld seam: a) arcing wire GTAW(240 A); b) GMAW(240 A); c) arcing wire GTAW(280 A); d)

GMAW(280 A)
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Fig.3 Schematic mechanism between non-droplet arcing wire GTAW and traditional GMAW: a) non droplet arcing wire GTAW;

b) traditional GMAW
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Fig.4 Two droplet transitions in GTAW with coupled arc preheating wire: a) with droplet, b) without droplet
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Fig.5 Metallograph of overlay: a) without erosion with non droplet arcing wire GTAW, b) after erosion with non droplet arcing
wire GTAW (low magnification), c) after erosion with non droplet arcing wire GTAW (high power), d) after erosion with GMAW
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Fig.6 EDS spectra of black granular phase in weld seam
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Fig.7 SEM of bonding area with different assistant arc welding current
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Fig.8 SEM of overlay with different assistant arc welding current
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Fig.9 Relationship curve between friction coefficient of overlay : a) non-droplet arcing wire with 120 A assistant welding curren;
b) non-droplet arcing wire with 140 A assistant welding current; c) traditional GMAW
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Fig.10 SEM of wear morphology of overlay in two methods:
a) non droplet arcing wire GTAW; b) traditional GMAW
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