THEORY AND TECHNOLOGY OF SINTERING, THERMAL, AND CHEMICOTHERMAL
TREATMENT PROCESSES

EFFECT OF PLASMA-SPRAYING CONDITIONE
ON THE ADHESION OF STEEL COATINGS
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Nepending on the heat source employed, spraying may be performed by gas, electric-are, high-fre-
quency, or plaama processes, Al the present time, inereasing use ls made of the last of these processes,
The fact that it erables high temperatures fup to 30,000°C) and particle Hight velocitles in the region of that
af gound to be attained (1] suggests Lhat almosat any material could be sprayed by thia techrique,

In recent years, a number of anthors bave described investigations of the plasma-soraying process
[2-6], In most of them, however, atlention was focesed primarily on various theoretical lopics (mainly the
kineties of the precess), preparation of oxidstion-resistant coatings, ete, The principal factor determining
the practical usefulness of sprayed coatings is the sirength with which Lhey adhere to their suhsirates, Even
the mosl atiractive propertica of 8 sprayed coating bocome useless when the depoalt itself does not firmly
adhare to the baze syrface,

The few available literature data on the sirength of adhesion of plasma-spraved coatings are fre-
guently contradictory, Thus, it has been reported thal e atrength of adhesion of Al,O; and Zr0, coatings
cn steel ranges from 40-70 {2, 3 to 570 ke/em? [4] and that of mol vhienum coatings from 150 [2] 1o 460
l-’.g.-'r{!m? [4], Soch an appreciable scatter of data must, of course, be attribled to differences in both the ad-=
hoesion testing technigues and spraying conditlons emploved, It has been reported [4, 6| thal the slrenpih of
adhesion of aluminum is 470 kg/rm® and that of tungaten on steel, 160=230 kgfem®, The investigations re—
ferred 1o above wore primarily concerned with refractory metals aml oxides,

The preaent work was undertaken with the aim of studying the possibility of employing the plaama-
spraying lechnigue for inereasing the wear reaistance of aulomaobile and Lraclor compooents and far the
reclamalion of worn parta, Tt has already heen indicated [7-8] that, when the aro-spraving process is nsed,
high-carbon steels are the most suliable materials [or ihis purposae, In view of thia, it was dacided w de=
terming the strength of adhesion of plasma-sprayed steel coatings and study ihe effect of the geometric and
elecirienl plusmu-spraying parameters on this characteriatic, Spraving
was performed, using the "neutral wire® arrappemeat, in 8 UPU-3M

32 plasma unie, The high-carbon steal USA was deposiled on pormal (zed
Type 45 steel, which is exlensively uaed in automobile and Ltractor con-
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gurangth of adhesion was determined by the pin technique {Fig, 1),
During the aprayving operation, the pin 1 Was poaitioned flush with the
aurface of the block 2. A layer 2-mm thick was deposited, Belore the
applicgation of @ eoaling, specimens were degreased in a 5% canstic soda
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g aolution and polished with steel powder, Such treatment rids surfaces of
Fig. 1. Deviee for adhesion axides and adaorbed films and induces in them a cold-worked state, which
testing by pin technique: 1)
pin: 21 block; 3 eoating; 4 ¥O5A and Type 45 sieels are carbon grades with 0.8 and 0.45% C, respec-
fixing serew, tively = Publisher's Note,
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Fig. 2, Effect of distance on strength of adhesion, I = const = 460 A, V = const = a0 V,
G = eonst = 0,86 m/min, § = const = 17 liters /min,

Fig. 3. Effect of current power and inlensily oo strengih of adhesion,

iz zecompanied by a bulldup of energy and, consequently, an
inerease in Lhe aelivily of their surface lavers, This cre-
ates favorable conditions forthe geaerstionefintermolecular
——bT—-—h—— bonds produced by the propegation of electronic reaction
processas [10],
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ﬁ“_gn - = 75'_______;# Krasnov and Sharivker [11] interprel the mechanism
' Il!eu.l’r;;.in. by which a eoating adheres to its subsirale on the basis of
intermolecular and mechanical reaclivos and consider the
Tig. 4. Effect of flow rate of plasma- former factor to be the more important, The mechanical
forming gas on strength of adheaion, T = effect is linked with Lhe shape of the surface microirregu-
const = 450 A, W - gonat = 80 V, larities gencrated by shot pecoing, which promotes wedging

of the particles being deposited,

The spraving conditions employed and the results obtained are illustrated In Figa, 2-5, Tt can he
seen from theae figures that, at a short diatance batween the torch nozzle and the surface heiog sprayed,
the atrength with which the coating adheres to its substrate is relatively low, The reason for this is that
the plasma jet In this zone is severly constricted and has a sharp maximum in its center, which leads to
loeal averheating of the substeate [11], distortion of the coating, ele, As the toreh iz moved away from the
surface belng spraved, the jet argel increases in size and the thermal flux power decreases, lowering the
lemperature of the spraved particles end reducing their veloeily [5], At a certain distance from the nozzle
([im our case, 130 mm), ootimum thermodyoamic conditions of spraying prevail, giving maximum strength
of adbesion (Fig, 3,

The dependence of strength of adhesion on electrical parameters (Fig, 3 has been explained from the
viewpaint of the thermodynamics of the process, Increasing the current inlensily raises the opersting power
of the plasms device, Al an optimum current intensily {in our investigalion, 450 A}, steel particles be-
come rmelied o such an extent thel, al the inslanl of collision with the surface being spraved, they remain
sufficiently hot and plastic, withoul, however, everheating the subsirate. The decrease io strength of ad-
hegion (Fig, 4 dccompaiying an inerease in the Now rale of Lhe plasma-generaling gaé (argon) may be at-
tributed 1o an increaze in the velocity of the steel particles and a reduction in their resideoce Hme in the
plasma jel, 'The latter faclor lowers the lemperaiure of the pariicles and decreases Lheiv plasticily,

Tahle 1 Tista the optimum gesmetric and electrical plasma-spraving parameters together with com=
rarable data reported upon the welding-arc-spraying process by other authors [7, 12-14] who also investi-
gated ateel deposile,

An examination of the dola in this lable reveals a wide scaller of oplimum welding-arc-spraying
parameters, The diversily of recommendations is particularly remarkable in view of the strong infleenee
exerted by spraying range ob strength of adhesion, Both Yadivasov [7] and Troeitskii [12] regard 200 mm
as the optimum sprayving range, althoogh this quantitative agreement would appear to be purely accldental,
since the electrical process parameters are quite different, Nevertheless, the optimum spraylng ranges
estahliebad by these authore must be regarded ar gualitatively similar,
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