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WEAR AND CORROSION RESISTANCE OF ELECTRIC-ARC COATINGS SPRAYED
FROM POWDER WIRES OF THE STEIN-MESYFIL SERIES

J. Gargasas,1 I. Gedzevicius, H. Pokhmurska,z’3
B. Wielage,” T. Lampke,” R. Rosert,” and N.Chervinska®

We investigate the influence of the chemical composition and modes of spraying of electric-arc coatings
from powder wires of the Stein-Mesyfil series, in particular, 953V, 932V, 954V, and 957V, on their
abrasive wear resistance and corrosion characteristics. It is established that all coatings obtained at
a current of arc burning of 350 A, have the smallest porosity and largest resistance to abrasive wear re-
sistance, and coatings obtained from 932V and 957V wires are most wear resistant. An influence of the
chemical composition and spraying modes on the electrochemical properties of the coatings in a 3% so-
lution of sodium chloride is not found.
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Gas-thermal spraying of metallic coatings is extensively used in different branches of engineering to protect
the surface of components from wear and corrosion. The main advantages of electric arc metal spraying are the
low cost of the process and high productivity with the preservation of the quality of sprayed layers. New con-
sumable materials in the form of powder electrode wires, advanced equipment, and improved technologies of
protective and restorative coatings favor their use. Gas-thermal coatings are characterized by substantial struc-
tural and chemical heterogeneity, increased contents of pores and oxides of different metals, as a result of which,
their corrosion resistance usually decreases, and their wear resistance, in particular abrasive wear resistance,
changes differently [1-8].

In what follows, we study the influence of the chemical composition and modes of spraying of electric arc
coatings from powder wires (PW) of the Stein-Mesyfil series on their abrasive wear resistance and corrosion
resistance.

Materials and Technique

We investigated PW 1.6 mm in diameter (Table 1). Coatings were sprayed with the help of a stationary arc
spraying pistol and a Kemppi ProEvolution power source at currents of 320, 350, or 380 A. The working voltage
of the arc ranged from 30 to 38 V. Before spraying, a plate of St3sp steel was degreased and shot blasted. The
mean thickness of the coating ranged from 600 to 1000 um. We cut the plates into specimens with a size
150 x 25 mm and studied their abrasive wear resistance and corrosion resistance. The microhardness HV 0.1
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and HV 0.3 was measured by a standard microhardness tester. The abrasive wear resistance of the sprayed lay-
ers was determined on an ASTMG®65 unit, in which a rubber wheel contacts with the surface of a specimen, and
the abrasive flux is directed from the top to the gap between them and the surface [9]. The wheel turns to the
abrasive flow. The sliding velocity was determined by the formula ®R, where  is the angular velocity of
the wheel and R is its radius [10]. As an abrasive, we used AFC quartz sand (fraction 50/70 pm), recom-
mended for testing under dry friction by the ASTMG6S5 standard. The consumption of sand ranged from 300
to 400 g/min. The size of specimens was 40 X 27 x 3 mm. Their mass loss was determined by the weight meth-
od [9, 11].

Table 1. Chemical Composition of Powder Wires and Parameters of the Spraying Mode

Stein- Elements, wt. % Spraying parameters
M;ii;fﬂ C Mn Si Cr Mo Ni N;l;z:n?;:?e Current, A | Voltage, V
1 320 31
932V 0.5 1.1 0.3 03 4.8 1.5 2 350 36
3 380 38
1 320 30
954V 1.3 0.8 14 6.5 - - 2 350 36
3 380 33
1 320 31
953V 0.5 1.5 0.6 6.0 0.5 - 2 350 34
3 380 32
1 320 30
957V 20 038 0.26 22.61 - - 2 350 32
3 380 32

We evaluated four types of coatings (12 modes of spraying) of different hardness. The time of wear was
determined according to the standard at a force of pressing of the rubber wheel to a specimen of 130 N, which is
recommended for commercial materials [11]. Electrochemical investigations were carried out at room tempera-
ture according to a three-electrode scheme with the use of a PI-50-1 potentiostat. Investigated specimens were
working electrodes. We used a saturated silver-chloride electrode as a reference electrode and a platinum elec-
trode as an auxiliary electrode. A 3% NaCl solution served as a corrosive medium. For a metallographic analy-
sis of specimens, an optical and a scanning electron microscope were used.

Results and Discussion

The metallographic analysis revealed that the coatings have a lamellar structure, which is typical of gas-
thermal coatings. Their mean thickness ranged from 695 to 1000 um.
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Fig. 1. Microstructure of a coating sprayed from 957V PW at a current of 320 A (a); 350 A (b) and 380 A (c).
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Fig. 2. Abrasive wear resistance of sprayed coatings: (a) 932V; (b) 953V; (¢) 954V; (d) 957V; (1-3) numbers of experiments (see Ta-
ble 1).

For example, in Fig. 1, the microstructures of electric arc coatings sprayed from 957V PW at different cur-
rents are shown. On the whole, depending on the chemical composition and mode of spraying, the coatings con-
tain from 3.4 to 15.2% of the oxide phase and from 1.2 to 4.4% of pores. For all wires, the mode of spraying at
a current strength of 350 A provides a minimum porosity and the smaller amount of the oxide phase (Table 1).
With both a decrease in it down to 320 A and an increase up to 380 A, these characteristics are impaired.

As the content of oxides increases, the properties of coatings change: on the one hand, the hardness increas-
es, and, on the other hand, the number of pores and foreign inclusions increases, which can weaken the adhesion
of the coating to the substrate and promote its cracking [7]. It was established (Table 1), that, under the smaller
load, the microhardness HV 0.1 of individual plates is higher than HV 0.3, which was determined under the
larger load on the indenter. The mean value of the hardness depends on the chemical composition of the coat-
ing: decreases by 15% in the coating from 932V PW as compared with that from 954V PW and by 30% in the
coating from 957V PW as compared with a coating from 932V PW (Table 1).

The abrasive wear resistance of the coatings was determined under a load of 130 N for 30; 300, and 600 sec
(Fig. 2). The results were averaged after several measurements with an error of 3%. The coatings sprayed at
a current of 350 A (Table 2) have the smallest mass loss, minimum porosity, minimum content of the oxide
phase, and highest hardness HV 0.3.
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During electrochemical tests in a 3% sodium chloride solution (Table 2), it was established that the elec-
trode potentials of the coatings are in the vicinity of —0.5 V [for 957V PW the electrode potential is equal to

(- 0.6 V)], and the corrosion currents range from 0.015 to 0.035 mA/cm?. The absence of the influence of the

chemical composition and mode of spraying on the electrochemical parameters of the coatings can be explained
by their porosity because the corrosive medium penetrates to the substrate through pores, and the potential set-
tles at a compromise value, which slightly differs for all coatings.

Table 2. Microhardness, Abrasion Wear Resistance, and Electrochemical Characteristics of Coatings

Layers sprayed | Number of Hardness ) Amount Mass i
from Stein- the exper- Por;sny, of the ox- | loss, | Eg., V o )
Mesyfil PW iment HVO0.1 | HVO03 v ide phase mg mA/em

1 724 556 35 10.9 199 —-0.513 0.03485
932V 2 806 604 1.9 5.6 145 -0478 0.03189
3 836 591 23 7.0 167 -0464 0.01616
1 582 462 3.1 152 178 -049 0.01513
953V 2 643 480 1.5 79 174 -0494 001717
3 666 501 3.1 11.9 186 -0487 0.0276
1 714 494 3.0 10.1 205 -0.503 0.02318
954V 2 749 505 2.7 9.1 190 -0.536  0.02973
3 777 508 4.5 10.5 188 -0486 0.02315
1 1362 1184 2.7 4.8 161 -0.63 0.01743
957V 2 1413 1192 1.2 3.7 155 -0.615 0.02346
3 1479 1234 3.1 34 164 -0.61 0.03558

To enhance the corrosion resistance of porous gas-thermal coatings, it is recommended [2] to impregnate
them by different lubricants, polymeric materials, inhibited media, or fuse by high-energy source of heating.

CONCLUSIONS

It has been established that all coatings from PW of the Stein-Mesyfil series formed at a current of arc burn-
ing of 350 A have the smallest porosity and the largest abrasive wear resistance; their mass loss in abrasive wear
correlates with the decrease in the porosity and the content of the oxide phase; the coatings from 932V and 957V
wires are most wear-resistant; the influence of the chemical composition and spraying modes on the electro-
chemical properties of the coatings in a 3% sodium chloride solution have not been revealed obviously due to
their porosity, as a result of which the medium penetrates to the substrate, which takes part in the formation of
the electrochemical characteristics.
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