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The results of measuring the thermal diffusivity of plasma-sprayed Al,Os
coatings are givem in terms of the parameters of their preparation. The coa-
tings were applied by means of the PAL 160 apparatus. Corundum of two
grain sizes was used in the experiments. With both types of coatings, the
thermal diffusivity decreased with increasing distance of the burner face
from the object being coated.

INTRODUCTION

Al,0; coatings have already been paid considerable attention, but in spite of
this the physical properties of plasma-sprayed coatings specified in the literature
cannot be taken for granted as is the case with compact materials. The properties
of the coatings are given by the properties of the material being applied, i.e. its
composition and grain size, as well as the actual plasma coating technology. Porosity
of plasma-sprayed coatingsis one of their most important characteristics, as it influ-
ences their adhesion, apparent density, thermal conductivity, etc. The porosity of the
coatings is determined by the application technology, above all by the distance of the
object from the burner face, and the output of the respective apparatus [1]. These
two factors affect the temperature and velocity of the particles in the plasma
stream during their impact onto the base.

The thermal conductivity 4 of compact Al,O; materials is about 30 W/mK,
which corresponds to thermal diffusivity a = 4/(gc) &~ 0.10 cm?2/s, where p is
apparent density and ¢ is specific heat. With plasma-sprayed coatings of Al,Os,
the thermal conductivity falls down to one tenth of the value of the compact
material. This decrease is due to the porosity of the coating as well as to its structure
which differs from that of compact Al,O;. The thermal conductivity of plasma-
sprayed Al,O; coatings varies over a wide range of values according to the initial
material and the application technology employed. It is therefore necessary to seek
the optimum conditions for application separately for each type of spraying
apparatus, and each material being sprayed.

The present study had the purpose to establish the dependence of thermal
diffusivity of plasma-sprayed Al,O; coatings on the distance between the front of
the PAL 160 apparatus and the object being sprayed. The additional aim was to
find the way the grain size of the initial material affects the thermal diffusivity of
the coatings.

EXPERIMENTAL

The Al,O; coatings were applied by the PAL 160 apparatus (manufactured by
the Institute of Plasma Physics of the Czechoslovak Academy of Sciences) using
water stabilization of the electric arc with an output of 160 kW at a current of
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500—510 Amps and a voltage of 310—320 V. The powdered material was fed into
the plasma stream by compressed air in amounts of 19—20 kg per hour. The
plasma application was carried out under atmospheric air pressure. The actual
burner of the plasma apparatus was fitted to the arm of the APR 40 robot. The
burner was moved at a linear speed of 0.1 m per second. The distance between the
plasma burner front and the specimens was varied from 200 to 350 mm. Artificial
white corundum A99 —Ia No. 4 and 6 to CSN 22 4040, manufactured by Karbo-
rundum Benatky, was used as the coating material. The specific grain size according
to CSN 22 4012 amounted to 40—50 um for corundum No. 4 and 63—80 um for
corundum No. 6.

The thermal diffusivity of the plasma-sprayed coatings was measured at room
temperature by the flash method, adjusted for two layers (2). From the side of the
coating, the specimen was irradiated by an energy pulse from the Xe pulse dis-
charge lamp. A chromel-alumel thermocouple welded to the rear side of the
specimen was used to measure the time dependence of temperature following the
heating of the specimen by the discharge lamp. The apparatus employed is descri-
bed in (3). The specimens for thermal diffusivity measurements consisted of the
base material and the coating, and were 16 mm in diameter. The base was prepared
from steel to CSN 17 346. The base was 2.5 mm in thickness, while that of the
coatings was in the range of 0.45 to 0.70 mm.

RESULTS

In the thermal diffusivity measurements by the method described above, each
specimen was irradiated 5—7times at a given position of the thermocouple. Then
the thermocouple was welded to another position at the specimen centre and the
measurement was repeated. The results given above are means of values obtained
by all these measurements. The thermal diffusivity values obtained at various
positions of the thermocouples showed the maximum dispersion of 79,. Fig. 1 gives
a graphic plot of the measurements. For both types of coatings (i.e. those prepared
from corundum No. 4 and 6), the thermal diffusivity decreased with increasing
distance of the burner from the specimen (further on called spraying distance).
Both curves intersect at a spraying distance of about 250 mm.

DISCUSSION

The cooling rate of particles passing out of the plasma stream depends on their
velocity and size. The distance of the burner from the object being sprayed determi-
nes the state in which the particle will hit the object. If the particle is well fused
throughout, the coatings will be more compact than those produced by particles
already having a solidified surface on impact. These partially solidified particles
produce coatings with a higher porosity compared to the case of completely
molten particles.

Fig. 1 shows the dependence of thermal diffusitivity on the spraying
distance for coatings produced from corundum No. 4 and No. 6. The thermal
diffusivity of coatings prepared from both types of corundum decreases with
increasing spraying distance. The curves for corundum No. 4 and No. 6 intersect at
a spraying distance L & 250 mm. At shorter distances, coatings prepared from
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corundum No. 6 (larger specific grain size) show a higher thermal diffusivity. In
this case the coatings are more compact than those prepared from finer corundum
(No. 4), as the rate of particle solidification is indirectly proportional to its size.
Beyond the optimum distance mentioned above, the coatings from both particles
sizes are obviously formed from grains already solidified on their surface. In that
case, the coatings made from material with a larger grain size show larger porosity
than those formed from powder with a finer grain size. The greater the porosity,
the lower the thermal diffusivity.
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Fig. 1. Thermal diffusivity a vs. spraying distance L for coatings prepared from corundum No. 4,
(%) and No. 6 (O)-

It has already been mentioned that plasma-sprayed Al,O; coatings have
a thermal conductivity lower by a factor of upto 10 than compact Al,O; materials.
This great difference cannot been explained by a higher porosity alone. According
to Eucken’s equation (4) one finds that the increase in porosity by 10 9, is respon-
sible for an increase of thermal conductivity by about 20 9%,. The considerable
decrease of thermal conductivity of plasma-sprayed corundum coatings
compared to compact corundum is also due to the difference between the phase
compositions of the two corundum materials. Whereas compact corundum is
composed of o phase alone, the plasma-sprayed coatings are mixtures of «, § and y
phases. The relative shares of the individual phases in plasma-sprayed coatings
depend on the application technology. Both thermal conductivity and diffusivity
of the « phase are higher than those of a mixture of the y and J phases. This also
follows from theoretical considerations. For thermal conductivity it holds generally
that

A= —=cv, (1)

where A is thermal conductivity, ¢ is the specific heat per unit volume, » is the mean
oscilllation velocity of the lattice and I is the mean free path of the phonons.
According to (5) th» mean free path of phonons is longest with phase «. With the
y and d metastable phases, the mean free path is reduced, with proportionally
decreasing thermal conductivity. For corundum No. 4 the phase composition of
coatings was as follows: for L = 200 mm the coating contained 119, of phase «,
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the rest being a mixture of phases y and ¢, for L, = 250 mm there were 3.49, of
phase a, and for L = 300 mm the « phase amounted to only 2.19,, while a mixture
of phases v and § always consituted the remaining content. The results are in good
agreement with literary data. For example, according to [6], the coatings composed
mostly of phases y and d showed a thermal diffusivity of 0.012 cm?/s.

CONCLUSION

1. The thermal diffusivity of plasma-sprayed Al,O; coatings decreases with
increasing distance of the burner from the specimen in the course of application.

2. With the PAL 160 spraying apparatus, the quality of corundum coatings
produced from initial powders No. 4 and 6 is significantly affected by the spraying
distance, which should be about 250 mm. Shorter spraying distances yield coatings
with a higher thermal diffusivity from initial material with larger grain sizes. The
opposite holds for longer spraying distances. The temperature conductivity is
a sensitive index of porosity and phase composition of plasma-sprayed coatings.

References

[1] Pekshev P. Yu., Safiullin V. A.: Izvestija Sibirskogo otdelenija Akademii nauk SSSR 18,
99 (1988).

[2] Larsen K. B., Koyama K.: Journal of Applied Physics 39, 4408 (1968).

[3] Rudajevova A.: Silikaty 32, 343 (1988).

[4] Kingery W. D., Bowen H. K., Uhlmann D. R.: Introduction to Ceramics, 2nd cd., Wiley-
Interscience, New York 1976.

[5] Hurley G. F., Frank D. G.: American Ceramic Society Bulletin 58, 5 (1979).

[6] Fiedler H. C.: Materials Research Society Symposia Proceedings 30, 173 (1984).

VLIV TECHNOLOGIE PLAZMOVEHO NANASENT
NA TEPLOTNI VODIVOST POVLAKW AlLO;

Alexandra Rudajevova, Karel Neufuss

Ustav fyziky plazmatu CSAV, 182 11 Praha 8

Prace predklada vysledky méteni teplotni vodivosti v zavislosti na technologii nanéaSeni
povlaku Al;,O3. Povlaky Al,O; byly pripraveny z materidlu ¢. 4 a ¢. 6, které se liSily mérnym
rozmérem zrna. Povlaky byly nandseny plazmovym agregdtem PAL 160, pficemz vzdélenost
Gela hofdku od vzorku se ménila pro material ¢. 4 z 200 do 300 mm, pro material &. 6 z 230 do
350 mm. V obou pripadech teplotni vodivost s rostouci strikaci vzdalenosti klesala. Pro stfikaci
vzdalenost mensi nez 250 mm byla teplotni vodivost vétsi pro povlaky pripravené z korundu
8 vét8im rozmérem zrna, nez pro povlaky, kde vychozi materidl mé! mérny rozmér zrna mensi.
Pro stiikaci vzdalenosti vétsi nez 250 mm tomu bylo naopak.

Obr. 1. Zavislost teplotni vodivosti a na stitkaci vzddlenosti L. pro povlaky pFipravené z korundu
é.4(X)aé 6(Q).
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BJIUAHUE TEXHOJIOIHHU ITJA3MEHHOI'O HANKBIJEHNA
HA TEMOEPATYPOINPOBOJAHOCTL MOKPHLITHUIT Al,O;

Anexrcanjpa PynaesoBa, Kapen Hoiidycc
Huemumym gusuru naasmer 4CAH, 182 11 IIpaza 8

B npepgiaraemoii pabore npuBOAATEA pe3yJIbTaThl H3MEPEHHMA TeMIepaTypPONpPOBO;THOCTH
B 3aBHCHMOCTH OT TeXHOJIOrMH HaHeceHUA HOKPuITHA Al;Os. Ilokpoitusa Al,O; Osuin
TmOJIy4YeHbl M3 MaTepuajioB Ne 4 M 6, OT;IMualOMuUXCA yIeJLHHM pa3mMepoM 3epHa. IloxkpuTus
HaHOCHIINCHL IL1a3MeHHRIM arperatoM PAIL 160, mnpuuem paccrosiHne Mexny m000BoM
4aCcTLI0 TOpPesiKM A 00pa3loM M3MeHAJoch: B cirydae MaTepmaia Ne4 ¢ 200 jo0 300 MM,
MaTtepuaiia Ne 6 ¢ 230 ;10 350 MM. B 06oux caryyasix TemmepaTyponpoOBOJIHOCTE C PacTyINIMM
paccToAHAeM HaHeceHuA HOHMIKAJachk. B cilyuae paccTOAHAA HaHeceHMA MeHbIlle, deM
250 MM TeMnepaTyponpoBOJAHOCT, OKa3biBajach 0oiee BBICOKOM NPH NOKPHITHAX, MOIY-
9eHHHIX M3 KOPVHHUa ¢ GOJLUIMM pa3MepoM 3epHa MO CPAaBHEHHMIO ¢ IIOKPLITMAMH, 1€
yHOeJIbHBI pa3Mep 3epHa HcXOHOrO MaTepnmana Onul MeHpmie. B ciydae paccrosHusA
HaHeceHMsA Ooipmie, weM 250 MM 3ToMY OHJIO Hao0o0pOT.

Puc. 1. Basucumocmv memnepamyponpogodrocmu a om paccmosHus Hanecewus L
y nokpwuimuli, noayvennviz uz xopynda Ned (X) u Ne 6 (O).
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