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Effects of CaCO3; on the Microstructure and Abrasion Resistance
of High Chromium Alloys Deposited by Open Arc Welding
with Composite Powder Particles and Solid Wire
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ABSTRACT: The work aims to introduce activating flux into the composite powder particles (CPPs) to change the arc
behavior on CPPs and increase the content of alloying elements in hardfacing metals, so as to improve their abrasion
resistance. Five groups of high chromium alloys were deposited by self-shielded open arc welding with filler materials
such as CPPs and HO8A solid wire. Then, the effects of different CaCO; contents on the arc shape, arc stability,
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microstructure, and abrasion resistance of high-chromium hardfacing alloys were investigated in detail.

Q235 mild steel plates with the dimension of 180 mmx52 mmx10 mm were selected as the base metals. The CPPs
were evenly placed in the middle of the weld beads. HO8A solid wire was used as the self-consuming electrode and
self-shielded open-arc welding was performed with a ZD5-1000E DC welder set with reverse polarity. Hardfacing samples
with two layers were deposited with the same process parameters. HR-150 Rockwell hardness tester was used to test the
bulk hardness values of these hardfacing specimens, and the average value of 10 readings was used as the final data. A
metallographic specimen with the dimension of 12 mmx10 mmx30 mm was prepared by wire electrical discharge
machining (EDM). The un-etched metallographic specimens were firstly used to analyze the phase compositions via
D/MAX2550VB X-ray diffractometer (XRD). Then, these specimens were etched with 4% nitric acid alcohol and
observed with VHX-2000C three-dimensional super-field depth microscope. The carbide morphologies were observed by
a JSM-6360LV scanning electron microscope (SEM) and the micro-area compositions were analyzed by an attached
Oxford7854 energy dispersive spectrometer (EDS). HV-1000 micro-Vickers hardness tester was used to measure the
micro-hardness values of the specific phases. MLS-225 wet sand rubber wheel type abrasion tester was used to test
abrasion resistance. High-speed synchronous camera and AcutEye V4.0 welding current and voltage sensors were used to
capture the arc image and record current and voltage data during welding procedures.

With the increase of CaCOj;content in CPPs, the bowl-shape penetration of weld beads was eliminated. The powder
filling amount of the hardfacing alloys increased from 43.7% to 47.5% and the dilution ratio reduced from 0.281 to 0.14.
The microstructure changed from hypoeutectic to hypereutectic. The volume fraction of the primary M,C; phase increased
accordingly. The bulk hardness increased from 55.4HRC to 62.3HRC and the wear mass loss decreased from 54.9 mg to
16.7 mg. The abrasion was advanced by 2.3 times. The wear mechanism of hardfacing alloys consisted of micro-cutting of
abrasive particles and micro-spalling. The arc image shape and the current and voltage data showed that the addition of
CaCO; powder into CPPs made the arc change from a cone shape to a flat bell jar, which expanded the covering area of
the arc for nearly 2 times.

The conclusion is that CaCO; powder changes the arc behavior on CPPs and expanded arc not only advances the
melting amount of CPPs, but also reduces the dilution rate of base metals significantly. The microstructure and abrasion
resistance of hardfacing alloys are deliberately improved at a minute cost.

KEY WORDS: composite powder particles; open arc; hardfacing; high chromium alloy; activating flux; CaCOg; abrasion
resistance
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Tab.1 Setting parameters of hardfacing

Current Voltage Wire extension  Welding speed Interlayer Cooling Polarit
I/A unNv L/mm vi(m-h™) Temperature t/°C mode y
410 40 30 16 Below 100~150 Air cooling Reverse polarity
F2 HRAENLERS
Tab.2 Chemical composition of
har dfacing specimens
wt.%

Sample C Cr Si Mo \% Ti Fe

1# 32 143 109 040 032 026 Ba.
328 154 093 042 035 031 Ba.
342 166 0.78 044 042 037 Ba.
351 179 0.83 046 043 041 Ba.
363 192 0.93 047 047 047 Ba.

$ R ER

e R I3, BT OR IO, A S AR
SRR U R AR T A4 2 O S, 08 P P AR - ]
1R Xk A L B iR, H A3 0=Se/(Sa+Ss)
TR RIHEIR AR G H 0.

1 86 0 m a5
Fig.1 Measuring principle of dilution ratio 6
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Fig.3 XRD spectra of high chromium alloys with different contents of CaCOs
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Fig.4 Microstructure of high chromium alloys with different contents of CaCO;
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Fig.5 Carbide morphology of high chromium alloys with different contents of CaCOs
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Tab.3 Micro-area chemical composition in high
chromium alloys
at.%

Point Cc N Ti \% Cr Mo
b, 23.67  3.56 0.04 0.2 7.97 0.03
b, 18.66 32.68 20.69 1.07 1015 0.12
O1 25.59 191 0.03 0.10 7.42 0.11
02 40.15  0.00 011 085 3011 0.11
O3 20.47 3516 28.08 1.24 581 0.13
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Fig.6 Powder addition ratio and dilution ratio of high
chromium alloys with different contents of CaCOs
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Fig.7 Morphology of weld beads of high chromium alloys with different contents of CaCO;
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Tab.4 Micro-hardness of high chromium alloys with
different contents of CaCO3; (HV0.2)

1# 2# 3# 44 S5#

Austenite 556 — — — —

Eutectic 734 757 772 792 817
Carbide — 1015 1 056 1108 1137
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Fig.8 Effects of CaCOj; content on the bulk hardness
and wear mass loss of high chromium alloys
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Fig.9 Worn morphology of high chromium alloys with different contents of CaCO;
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Fig.10 Effects of CaCO;on shape of the arc
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Fig.11 Effects of CaCOs on arc stability
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