13:4 (2013) 288-292

Zbigniew Pedzich'™, Robert JasionowskiZ, Magdalena Ziabka'

" AGH - University of Science and Technology, Faculty of Materials Science and Ceramics, Department of Ceramics and Refractory Materials

al. A. Mickiewicza 30, 30-059 Krakow, Poland

2 Maritime Academy, Institute of Basic Technical Sciences, Department of Shipbuilding Materials Engineering, ul. Podgérna 51-53, 70-506 Szczecin, Poland

*Corresponding author. E-mail: pedzich@agh.edu.pl
Received (Otrzymano) 27.10.2013

CAVITATION WEAR OF CERAMICS - PART I.
MECHANISMS OF CAVITATION WEAR OF ALUMINA AND TETRAGONAL
ZIRCONIA SINTERED POLYCRYSTALS

The usage of ceramic materials in applications endangered by intensive cavitation could limit erosion phenomena. In the
presented work, cavitation erosion resistance of commonly used oxide phases (a-alumina, tetragonal zirconia) in structural
application were investigated. Volumetric wear of both materials was compared to the wear rate of FeAl48 alloy. Both oxides
were more resistant for cavitation than intermetallic phase. Observations by means of SEM technique showed that surface de-
structions run in a similar way for both investigated oxides. The degradation proceeded by removing of the whole grains from
sintered body. However, in the alumina grains were removed from a wide area, opposite to the zirconia material, which was
degraded in limited, ribbon-like areas. In this case destruction reached deeper than only the one grain into material.
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ZUZYCIE KAWITACYJNE CERAMIKI - CZESC I.
MECHANIZMY ZUZYCIA KAWITACYJNEGO SPIEKOW Z TLENKU GLINU
| TETRAGONALNEGO DWUTLENKU CYRKONU

Uzycie materialéow ceramicznych w zastosowaniach, w ktorych material narazony jest na intensywna kawitacj¢, moze
ograniczy¢ zuzycie. W prezentowanej pracy zbadano odporno$¢ na zuzycie kawitacyjne powszechnie stosowanych faz tlenko-
wych (o-tlenku glinu i tetragonalnego dwutlenku cyrkonu). Zuzycie objetosciowe obu materialéw poréwnano ze zuzyciem
stopu FeAl48. Oba tlenki byly odporniejsze na zuzycie niz faza mi¢dzymetaliczna. Stwierdzono, ze dwutlenek cyrkonu jest
odporniejszy na erozj¢ kawitacyjna. Obserwacje SEM pokazaly, ze destrukcja powierzchni przebiega w obu tlenkach
w podobny sposéb. Zniszczenie polega na usuwaniu calych ziaren ze spiekow. Jednakze, ziarna tlenku glinu usuwane sa jako
monoziarnowa warstwa na stosunkowo duzej powierzchni, a ziarna dwutlenku cyrkonu usuwane sg z obszaréw wzdluz niere-

gularnych linii na gl¢boko$¢ co najmniej kilku ziaren.

Stowa kluczowe: kawitacja, erozja, tlenek glinu, tetragonalny dwutlenek cyrkonu

INTRODUCTION

Cavitation is a phenomenon caused by the repeated
nucleation, growth, and violent collapse of clouds of
bubbles within the liquid. Microstreams of liquid
developed during the implosion of cavitation bubbles as
well as the action of pressure waves from disappearing
bubbles are the main causes of destruction on swilled
surfaces leading to a loss of material, i.e. to cavitation
erosion. On the surface of the material exposed to the
acting of liquid, the cavitation phenomenon induces
local destruction of the surface layer as a consequence
of the resultant effect of liquid micro-stream blows with
high hydrodynamic parameters as well as pressure
waves. Due to the nature of loading, destruction of

material surface can be compared to the fatigue process
[1-3]. This means that materials with larger resistance
to cavitation erosion are first of all characterised by
high hardness and micro-hardness as well as fine-
grained one-phase microstructure having internal com-
pressive stresses [4-6]. Among metallic materials the
progress in cavitation resistance could be achieved by
the application of intermetallic phases [7, 8]. Also ce-
ramic materials could be perspective for such applica-
tions. The problem of devastation of fluid-flow machin-
ery components is very complex. It consists of
processes of erosion and corrosion. The use of ceramic
materials in the applications endangered by intensive
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cavitation could limit corrosion phenomena. The num-
ber of works devoted to the investigation of resistance
to cavitation erosion of ceramics materials is not large
[9-14] and they concern the properties of pure phases,
such as alumina, zirconia silicon nitride or some glass
types. As the result, the mentioned works gave some
useful data suggesting which phases could be more
resistant than the others and how the microstructure of
sinters could influence the susceptibility to cavitation
wear of ceramic phases.

In presented work, cavitation erosion resistance of
commonly used oxide phases (o-alumina, tetragonal
zirconia) in structural application were investigated.
Experimental results presented in the paper show pro-
perties of oxide phases often used as composite matri-
ces. Next parts of work will present properties of com-
posites basing on mentioned matrices.

EXPERIMENTAL

Cavitation wear investigations were conducted for
two types of ceramic sinters - the widely used oxide
materials: a-alumina and tetragonal zirconia. For the
sinters fabrication commercial powders were applied:
AlO; - TM-DAR, produced by Taimicron Inc. (Japan),
and yttria stabilized ZrO, powder 3Y-TZ, Tosoh
(Japan). The materials for investigations are marked in
this work as follows: A, Z, for alumina, zirconia,
respectively.

The sinters were fabricated in not a complicated
way. Samples were uniaxially pressed under 50 MPa,
consequently isostatically re-pressed under 300 MPa
and then pressureless sintered at 1500 (for A) or
1550°C (for Z). The dwelling time of 2 hours was the
same for all the mentioned samples.

The relative density of materials was calculated as
a quotient of the apparent density and the theoretical
one. The apparent density of materials was measured by
Archimedian method. Theoretical density for alumina is
3.99 g/cm3, and for applied zirconia material 6.1 g/crn3
(according producers data).

The hardness (HV) and the fracture toughness (Kj.)
were measured by Vickers indentation method, basing
on Niihara calculation model [15], using Nanotech MV-
700 equipment. The load was 49.05 N for hardness
measurements and 98.1 N for Kj. calculations. The data
for strength analysis were collected from three-point
bending tests made on 30 x 2.5 x 2 mm bars. The
selected parameters of sinters are collected in Table 1.

The examination of cavitational erosion was carried
out on a jet-impact device described in detail in [7]. The
samples for the examination were of cylindrical shape,
20 mm in diameter and 6 0.5 mm height. Sample
surface roughness, measured by means of PGM-1C
profilometer, was about 0.03 pm. The samples were
mounted vertically in rotor arms, parallel to the axis of
water stream pumped continuously at 0.06 MPa through
a nozzle with a 10 mm diameter, 1.6 mm away from the

sample edge. The rotating samples stroke against the
water stream. Water flow intensity was constant and
amounted to 1.55 m’/h. The wear rate was determined
by sample weighing up to the total time of 2400 minu-
tes. Volumetric wear rate was calculated as a quotient
of weight loss and apparent density of each investigated
sample. Calculations were performed after 500, 900,
1200, 1500, 1800 and 2400 minutes of test duration.

TABLE 1. Selected properties of investigated ceramic sinters
TABELA 1. Wybrane wlasciwosci niektérych spiekow cera-

micznych
Mate- | Apparent |Relative | Vicker’s | Young | Fracture | Bending
rial | density | density | hardness | modulus |toughness | strength
lg/em’] | [% of HVs | E[GPa] Ki.  |o[MPa]
theo.| [GPa] [MPam"’)
ALO; [3.96+0.1 | 993 |[17.0£12| 37946 | 3.6+0.3 [600=£120
710, | 6.07£0.1 | 99.5 |14.0£0.5| 20945 | 5.0+0.5 |1150+£55

Worn materials surfaces were observed by means of
SEM technique with FEI NOVA NANO 200 device.

RESULTS

The basic results of the test are collected in Figure 1.
It presents the volumetric wear of investigated ceramic
materials during the stream impact test compared to the
wear of the iron aluminide FeAl48. This intermetallic
alloy was regarded to be the one of less susceptible to
cavitation wear [7].

As it could be recognized, ceramic phases were re-
sistant to cavitation wear, yet the difference between
alumina and zirconia was distinct.

25

mm?
[ 2] :
15 |
| K e Fenlas
g O cees
1 .
. e 2
i ixy LA
.-' ..‘l A."‘-
05 el g _____ o
o m.n:'.'.'.'.g...m..@
o T | |
0 500 900 1200 1800 @ | [mind

Fig. . Volumetric wear of investigated materials during the stream
impact test

Rys. 1. Zuzycie objetosciowe materialtow badanych podczas testu
strumieniowo-uderzeniowego

Figures 2-5 illustrate the state of the alumna sinter
surface after the cavitation test, observed by means of
SEM technique.

The firsts traces of wear appeared on alumina sur-
face as isolated holes left behind removed single alumi-
na grains (Fig. 2). During the test, the degradation pro-
ceeded and the next single grains were removed.
Figures 3a and 3b present a general view of the degra-
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dation progress. The detail observation of destroyed
areas revealed that the alumina surface was damaged by
removing of single layer of whole grains (Fig. 4). The
cases of transgranular cracking were very rare as it
could be visible in the Figure 5.

Fig. 2. Typical SEM image of the first traces of alumina surface
degradation

Rys. 2. Typowy obraz SEM pierwszych sladow degradacji powierzchni
tlenku glinu

b)

Fig. 3. SEM micrographs illustrating erosion progress on the alumina
surface: a) typical wear traces after 900 min, b) typical wear
traces after 1200 min.

Rys. 3. Mikrofotografie SEM ilustrujace postep zuzycia powierzchni
tlenku glinu: a) typowe $lady zuzycia po 900 min, b) typowe
$lady zuzycia po 1200 min
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Fig. 4. SEM micrograph illustrating erosion of alumina in a monolayer
mode

Rys. 4. Mikrofotografia SEM ilustrujaca monowarstwowa erozje tlenku
glinu

Fig. 5. SEM micrograph illustrating erosion of alumina by removing in
general the whole grains. The case of transgranular cracking was
marked with a white arrow

Rys. 5. Mikrofotografia SEM ilustrujaca erozje tlenku glinu gltéwnie
poprzez usuwanie catych ziaren. Przypadek pekniecia wskro$
ziarnowego zaznaczono biala strzatka

Figures 6 and 7 illustrate zirconia surfaces after the
cavitation test. Observations of SEM micrographs con-
firmed the results of volumetric loss of materials meas-
urements. The images showed also differences in de-
struction mechanisms for the investigated materials.
Comparison of both oxides A and Z showed that sur-
face destruction run in a similar way. It means that
degradation proceeded by removing the whole grains
from the sintered body. However, in alumina the grains
were removed from a wide area, opposite to the zirco-
nia material, which was degraded in limited, ribbon-like
areas. In this case destruction reached deeper than one
grain into the material. It is clearly visible in Figure 7.
Such a difference in the degradation mechanisms re-
sulted in a distinct difference in volumetric wear. The
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investigated zirconia sinter was much more resistant to
cavitation than the alumina one.

a)

b)

Fig. 6. Typical SEM images of zirconia sample surface after the
cavitation test - 2400 min: a), b) different magnifications of the
same area

Rys. 6. Typowe obrazy SEM powierzchni dwutlenku cyrkonu po tescie
kawitacyjnym - 2400 min: a), b) rézne powigkszenia tego samego
obszaru

Fig. 7. The SEM image of zirconia sample surface erosion illustrating
the depth of worn area

Rys. 7. Obraz SEM erozji powierzchni probki dwutlenku cyrkonu
ilustrujacy glebokos$¢ zuzytej strefy

Differences in the degradation mechanisms for both
investigated oxide phases were probably caused by two
factors. The first one was generally a large difference in
the mean grain size in the investigated sinters. This
parameter was not precisely determined during investi-
gations but the estimation made on micrographs indi-
cated that there was about a one order of magnitude
difference between the mean grain size in alumina
(~ a few micrometers) and the mean grain size in zirco-
nia (~ hundreds of nanometers). During the cavitation
test the pressure caused microcracking along grain
boundaries. Propagation of these cracks was easier in
the material with the lower grain boundary density
(alumina).

The second reason of the difference in the cavitation
wear behaviour between alumina and zirconia was
most probably tetragonal to the monoclinic phase trans-
formation which took place when microcracks appeared
near the tetragonal zirconia grains. This was the reason
why damage in zirconia polycrystals went into the
depth of the material.

SUMMARY

The performed cavitation wear tests by the stream-
impact method revealed differences in wear mecha-
nisms for alumina and tetragonal zirconia phases. In
both materials degradation runs by removal of whole
grains. The volumetric wear of zirconia was much low-
er than this measured for alumina.

In alumina the progress of this process is spread in
amono-grain layer on a relatively large surface. In
zirconia the grain removal process runs along ribbon-
like paths in the volume larger than one grain.
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