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N ew data about t he stru cture of hi gh-te m perature resista nt meta llo ce-
ramic plasma spra yed coatings in micro and nano areas are presented . A ppli-
cation of the new instrumental metho ds: transmissio n electron microscopy

combined w ith selected area electron di ˜ractio n made it possible to obtain
these data. The Ùrst layer in N i based metallic bondcoat show s nano crys-
tallin e structure. External ceramic layer based on stabilised Zr O 2 is p oly-
crystalli ne and contains both cubic and tetragonal crystalli ne phases. Lo cal

inhomogenei ti es in coatings phase comp osition are determined.
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1. I n t rod uct io n

The presented paper deals wi th the pro blem of the hi gh- temperature resis-
ta nt protecti ve coati ngs deposited m ainly by plasma spra yi ng technology. Co ati ngs
of thi s typ e are used in num erous techni cal appl icati ons. The m ost im porta nt typ es
of such coati ngs are the so-cal led therm al barri er coati ngs (T BC) used am ong oth-
ers in gas turbi nes and D iesel engines [1{ 4].

TBC coati ngs reduce the tem perature atta ined by the m etal base com po-
nents and act as a barri er f or hot corro sion. These coati ngs are the result of ad-
vanced technology com bining suita ble choice of the substra te, metal l ic bondco at
(m ainly superal loys on Ni base e.g. Ni CrAl Y) and essentia l externa l ceram ic layer
based on Al 2 O3 and ZrO 2 .

In the earl ier wo rks resistance of such coati ngs to therm al shocks was studi ed
on special experim enta l arra ngement. Observ ati ons of the resul ted m acroscopic

(295)



296 L. G§r ski , A . Paw¤owski

coati ngs degradati on are accom pani ed by studi es of the surface structure changes
wi th the use of l ight m icro scope (LM) and scanni ng electro n microscope (SEM)
and also by X- ray di ˜ra cti on (XR D ) studi es of phase tra nsiti ons caused by the
pl asma sprayi ng and therm al shocks condi ti ons [5{ 7].

The purp oses of the presented paper are of both, research and pra cti cal
character. The research purp ose is to determ ine local changes in coati ngs phase
compositi on, especial ly e˜ects occurri ng in the areas near to the m etal { ceram ic
and substra te{ bondco at interf aces. It shoul d be useful in the real isati on of the
pra cti cal goal nam ely to obta in coati ngs wi th increasing resistance to high tem -
perature pro cesses. For the above purp oses new instrum enta l research m etho ds:
tra nsmission electron microscopy (TEM) com bined wi th electron di ˜ra cti on in
selected areas (SAED ) ha ve been appl ied. Special thi nni ng techni que necessary
to study coati ngs by the TEM metho ds has been worked out in the Insti tute of
Meta l lurg y and Ma teri al Science.

The presented work is the result of cooperati on between the Insti tute of
Ato mic Energy and the Insti tute of Meta l lurg y and Ma teri al Science. R eport on
the Ùrst joint research in thi s Ùeld is described below.

2. E x per i m en t a l

The coati ngs studi ed in thi s work consi st of two layers:

1. m etal l ic bondcoat | Ni CrAl Y, Cr | 25 wei ght %, Al | 6%, Y | 0 : 5 À 1.0%,
Ni | ba lance, thi ckness about 1 0 0 ñ m ;

2. ceramic layer, ZrO 2 + 8{ 20 weight% Y 2 O 3 , thi ckness 200À 3 0 0 ñ m .

Co ati ngs are deposited by the m etho d of atm ospheri c pl asma sprayi ng (APS)
wi th the use of PN- 120 plasmatro ne in Ïwi erk. The pro cess is carri ed ful ly auto -
m ati cal ly wi th m icroprocessor contro l led m echanical robot. The pro cess parame-
ters and exp erimenta l detai ls are described elsewhere [7, 8].

XR D patterns for m ateri als in the form of powders before sprayi ng and
pl asma sprayed coati ngs have been obta ined. Coati ngs are studi ed by X- ray m eth-
ods on the surface and at the various depths.

Mi crostructure wa s studi ed Ùrstl y by SEM and next by TEM m etho ds. Ion
etchi ng techni que is used for thi nni ng the specimens [9]. Mi croscopi c observati ons
by the TEM m etho ds wi th the use of Phi l ips CM 20 Twi n electron micro scope
are accom panied by the SAED m etho ds. Chem ical compositi on in micro and nano
areas is studi ed by the energy dispersive spectro scopy (ED S) m etho ds.

3. R esul t s an d d iscu ssio n

Ma teri als appl ied for sprayi ng are suppl ied in the form of powder wi th av-
erage gra in size 10{ 50 ñ m. The shapes of indi vi dual gra ins are m ainly spheri cal .
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XR D patterns of Ni CrAl Y show tha t onl y one pha se is present: stable sol id solu-
ti on on Ni base (cubi c system , fcc crysta l latti ce). D i ˜ra cti on patterns of stabi l ised
zi rconium oxi de show the exi stence of cubi c phase as a main com ponent wi th slight
tetra gonal spli t vi sible on 200 and 311 peaks. The small am ount of m onoclinic,
unsta bi l ised ZrO 2 i s also present. Exa m ple of such pattern is presented in Fi g. 1.
The di ˜ra cti on patterns of coati ng surf ace show only slight di ˜erences in the com -
pari son wi th pattern from Fi g. 1. Tetra gonal spl i t is better vi sible and the amount
of monocl ini c phase is decreased.

Fig. 1. X -ray di˜raction pattern of ZrO 2 + 8% Y 2 O3 in the form of p owder b efore

spraying, indices listed for cubic phase, m | mono clin ic phase.

Fig. 2. X -ray di˜raction pattern of the coating sprayed from material show ed in Fig. 1,

1 | coating surf ace, 4 | 12 5 ñ m depth, 5 | 15 0 ñ m depth, c | cubic, t | tetragonal

phases.
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Mo re changes are detected on XR D patterns made at di ˜erent depths of
ceramic layer. The am ount of tetra gonal phaseis increa sed and the am ount of cubi c
phase is decreased. Thi s e˜ect is dem onstra ted in the enlarged part of di ˜ra cti on
pattern presented in Fi g. 2. It should be emphasized tha t the content of tetra gonal
phases especial ly of the non- tra nsform able tetra gonal phase on the coati ng surface
is consi derabl y lower and appears rather at the presence of higher (above 10%)
Y 2 O 3 content [7, 10].

Smal l devi ati ons of latti ce param eters in ZrO 2 especially f or cubi c phase
are also observed. These devi ati ons connected wi th local di ˜erences in coati ngs
phase com positi on m ay be caused by pl asma sprayi ng pro cess condi ti ons. Very
short ti m e of Ûight (m s range) and subsequent rapi d cool ing (about 1 0 6 K / s) of
m elted powder parti cles inci dent on cold substra te (especial ly f or insul ated ceram-
ics) form condi ti ons far from therm odyna m ical equi l ibri um . Theref ore occurrence
of di ˜erent phase tra nsiti ons and local di ˜erences in coati ngs phase compositi ons
are qui te possible and even probable.

Fi rst TEM observati ons of the areas near to phase boundari es give new in-
form ati on whi ch was not kno wn previ ousl y. Observati ons in tra nsmission electron
m icroscope show a few sublayers existi ng in the areas of meta l lic and ceramic lay-
ers. Fi rst sublayer in the metal l ic bondcoat nearest to substra te is nanocrysta l l ine
wi th am orphi c fragm ents. In the next subl ayer crysta l l ite sizes are increased and
thi s layer is fai rl y polycrysta l l ine. In the ceram ic layer one can observe the existence

Fig. 3. Electron di˜ractio n pattern from the nano crystal li ne metallic sublayer.

Fig. 4. Electron di˜ractio n pattern from the crystalli ne ceramic sublayer.
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of polycrysta l l ine structure wi th tw o coexi sting phases: cubi c and tetra gonal . El ec-
tro n di ˜ra cti on patterns of nanocrysta l line m etal l ic subl ayer and polycrysta l l ine
ceramic layer are presented in Fi g. 3 and Fi g. 4, respecti vely.

These e˜ects are caused by the above m enti oned high cool ing rate duri ng
the plasma sprayed coati ngs form ati on. Fi rst layer in conta ct to the substra te
m ay sol idi fy as nanocrysta l l ine because there is not enough ti m e to form crys-
ta l l ine phases wi th long distance orderi ng. The next layers have a higher degree
of crysta l l ini ty due to slower pro cess of crysta l l isati on for parti cl es surro unded by
neighbouri ng insul ated ceram ic parti cles. Lo cal di ˜erences in Y 2 O3 am ounts in
ZrO 2 coati ngs m ay be the reason for the above menti oned devi ati ons of zirconi a
latti ce constants.

These experim ents give new inf orm ati on about the structure of therm al ly
spra yed coati ngs. Further works devoted to thi s topi c is in progress.

4. Co n cl usion s

The speciÙc condi ti ons of pl asma sprayi ng process give ri se to local inho-
m ogeneiti es in coati ngs phase compositi on. Near to the interf ace wi th substra te
the bondcoat exi sts in the nanocrysta l l ine f orm wi th am orphi c f ragm ents. Further
subl ayers show the increasing degree of crysta l l ini ty and crysta l l i te sizes. Externa l
ceramic layer is polycrysta l line and conta ins both cubi c and tetra gonal phases of
ZrO 2 . These new data were obta ined due to the appl icati on of new instrum ental
research m etho ds: TEM combined wi th SAED .
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