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This work presents acoustic emission (AE) and microscopidysof ceramic samples
subjected to compressive stress. The object of researehspecimens made of insulator alu-
minous porcelain 130 type. Purpose of this work was redistrahe stages of the process
of degradation in ceramic material structure. Microscagialy allowed observing structural
parameters of material before loading and on particulgestaf the process of defects devel-
opment. Influence of technological faults existing in miafestructure on mechanical-acoustic
characteristics and mechanical strength of the samplesagagnized.
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1. Introduction

At present aluminous porcelain of high strength C 130 type is widely apiplitte
production of reliable electroinsulating elements. This material is used tupedine
insulators HV and EHV, HV post insulators, medium voltage (MV) line anst jrasu-
lators of increased mechanical requirements, traction insulators dliogvhosulators
of high parameters [1]. In the case of these products, besides higjtamieal strength,
a long period of exploitation without breakdown is required. For the matefia30
kind there is not enough experience obtained during a longer periogptdigtion
of the products. The investigation results seem to indicate a differerdatbainof the
development of cracks in the material C 130 in comparison to typical ahsiticate
materials (including porcelain of 120 type). This is the result of effectieforcement
by corundum and mullite phases. The aim of the present study was tdigateshe



84 P. RANACHOWSKI et al.

effects of structural degradation under the influence of slowly inargaompressive
stress. There were prepared specimens, which were divided in® dhoeps: first —
without any significant defects, second — with defects of smaller or nreditensity,

and third — containing numerous defects in structure of samples. Speciioreultra-

sonic, mechanical-acoustic and microscopic measurements wesggutegrcording to
the technology typical for production of ceramic parts of the insulatorsvefhead
lines. The deaerating extrusion press was used for plastic formaticemoteramic
material. Firing process of specimens was carried out in a large cmdothace. The
applied composition of the mass was typical for electrotechnical alummaterials of
130 type [1].

2. Mechanical-acoustic and microscopic investigation

The method of acoustic emission is a valuable tool when used for monitotirg
nal structural changes in ceramic materials. This technique allows olgainmerous
data concerning the dynamic processes occurring during changscbmical, thermal
or thermo-mechanical stresses [2]. This is the more essential thatghBls appear
already at the threshold stresses when the generation of microcrattks material
cannot be in practice detected by other methods. The measuremeet AEtbvents
rate as a descriptor, at a slow increase of mechanical load (of theadd@®1 mm/min)
allows to make the AE investigation independent of the influence of oth&sraon
the degradation process of the material. This has been confirmed bytttwesaduring
the investigation of porcelain and cordierite materials [3, 4]. Mechanmalistic tests
were carried out using specially constructed two-channel measuyritgns, described
in details in works mentioned above. Mechanical-acoustic measurenosrfitsreed that
examined samples can be divided into three groups. The degreecotidefess of the
structure of a porcelain material has a significant influence on the #coharacteris-
tics of a specimen subjected to increasing mechanical load. Recognittbe efages
of material structure degradation was possible on the basis of convearatstigation
using microscopic and ultrasonic techniques.

Four samples, denoted as the first group, during the whole processnpiression
showed low acoustic activity. These specimens did not contain any tegficed defects
of structure. For these samples the occurrence of the stage of cargiddo activity
was not observed. Only single signals at different stress valuesaufogeach sample
were recorded. These signals had as a rule small amplitude. Stronffle&ts eppeared
only in the short interval of stresses directly preceding the destructidreafpecimen.
This interval was called the critical one. The destructive stresses fosamples from
the first group, which were loaded till complete destruction, were 12851261 MPa.
Figure 1 shows the typical course of the rate of AE events as a functicongbressive
stress for a sample from the first group.

The samples from second group contained technological defects vesohed in
decrease of mechanical strength of aluminous material. In the casess samples
a noticeable initial stage of acoustic activity was observed, which oatwithin the
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range from about 20 up to over 230 MPa. The continuous AE effettteoinitial stage
for some samples of second group disappeared already at thecftedssit 100 MPa.
The amplitude of AE signals for particular samples was quite differenti@ederally,
it can be stated that the amplitude of signals was on a level typical for othterials as
porcelain 120 type and cordierite [3, 4]. After the preliminary stage obatvity there
were registered only single signals, mainly of low amplitude. Only at stsesszeding
600 MPa some of the samples generated the signals of stronger ampitoidé. level

of AE activity was registered at stresses preceding the failure of thplsaifihis rela-
tively short — critical stage of acoustic activity was characterized bydi#&sentiated
and a considerably higher intensity in comparison to the preliminary stagestiength
of three destructed samples of the second group was 713, 881 ahiFzl8
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Fig. 1. Course of the rate of AE events as a fun&ig. 2. Course of AE events rate for a sample from

tion of compressive stress for a sample from thke third group, which was destroyed at the stress

first group, which became destroyed at the stre884 MPa. The continuous acoustic activity and the
1225 MPa. high level of AE effect can be observed.

The last three samples, denoted as the third group, were characteyizeldtively
high AE activity in a wide range of stresses. In the case of these samptesthre ob-
served both the initial stage — up to about 200 MPa, the interval, definatastial
— differing in the range and intensity for the particular samples, and thle-ficidtical
stage, directly preceding the destruction of the specimens. The strdrigthsamples
compressed up to failure was 604 and 647 MPa. Figure 2 shows theecafuacoustic
activity for a specimen which was destructed at a lower stress. Setiogtusal defects
were responsible for a substantial reduction of mechanical strendtie (famples —
about 50%. Although the defects were serious in the scale of the relaivelly dimen-
sions of the specimens, their strength was anyway high, exceedinglties witained
for samples of porcelain 120 type [3] and the cordierite material [4].

Samples from each of the three groups were selected for ultrasontraictlral
investigation. Two samples from the first group, compressed up to 188044 MPa
were taken for further investigation. In the case of specimens qualifiiteteecond
group — one sample was loaded up to 758 MPa — to the occurrence ofng £k
activity, which was the beginning of the critical stage. The loading of thersmkone



86 P. RANACHOWSKI et al.

was stopped at 250 MPa — after the preliminary stage of acoustic actinoty &nong
the samples of the third group, for further investigation there was selactpdcimen
loaded up to stress equal to 747 MPa. The stress was stopped alreiadytide critical

stage, close before reaching the destructive value.

Carrying out of microscopic investigation of the samples of the materiplired
careful preparation of the areas of observation. A correct anadyslse structure re-
quired the use of a special procedure of preparing the polished seclioa specimens
subjected to high compression stresses had to be especially carefludiyccpblished.
Thanks to use of a special saw, with finer graining of disc, the standgding of the
examined surfaces was not necessary. Preparation of polishémhselechnique was
described in article [3].

Phase analysis of the examined samples enabled to qualify the materiplcad ty
aluminous porcelain of high strength C 130 type [1]. The structure of theemal is
very similar to that observed in electrotechnical engineering produgtsinsulators of
overhead power lines. The dominating crystal phase constitutes fmgedrcorundum,
in amount of about 19%. It occurs in the form of elongated grains, fefxamicrom-
eters in size. Quartz grains with the diameterlof+ 6 um occupy above 8% of the
surface of the polished sections. Next about 4% of surface ar¢aiged grains, which
underwent crushing out during polishing process. The grey baakgrconstitutes the
glassy-mullite matrix of the content more than 65%. Greater, needle-lijstats of
mullite form big precipitates, usually of regular shape. Their size is of tderoof
50--100 um and they represent about 25% of the surface of the polished sections
spatial distribution of mullite precipitates is often inhomogeneous. The pypiaisthe
samples varies in the range from 0.9 to 2.2%. The size of pores dbesaezd 1GQum,
most often they are in the range-8 um. They have a regular, rounded shape. In the
samples of the second, and especially of the third group, the presttarge pores

Fig. 3. Image of the structure of the material of a sample fiioerthird group magnified0 x. The textural
defect is clearly visible as a dark band. Large pores andksrean be also observed.
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(above 20um) and usually of non-uniform distribution, is observed. They occustmo
often inside and on the peripheries of big, macroscopic bands of athastic dark
colour — Fig. 3. The dark bands contain first of all the precipitates of muillte pres-
ence of the bands, with non-uniform distribution of the phases inside tkeegarded
as a textural defect. In the neighbourhood of the bands there werelssoved char-
acteristic fissures. It should be noted that the revealed defects wbig dimensions,
especially in comparison to small size of the samples.

Investigation of sample from the first group, loaded to the value of 11R4&,Me-
vealed the presence of more substantial cracks only in its central pagdth.of cracks
was about 25Qum and they occasionally branched out. However, they were rather few
and they could not be regarded as critical defects. There was alsosetighe presence
of peripheral cracks around quartz grains as well as inside andduaflsome precipi-
tates of mullite — Fig. 4. High, exceeding 1200 MPa, strength of specinfehse d@irst
group was due to their homogeneous structure. The content of big waenot higher
than 0.3%, there were no textural defects or fissures.

- % ot S Lo i

Fig. 4. Structural image of the peripheral part of a sammenfthe first group, loaded up to 1144 MPa,
magnified500x . Cracks of a big precipitate of mullite are visible.

In the material of a sample from the second group, loaded up to 758 thi€apn-
tent of big pores was greater than 0.5% and their distribution was notrmmiidhe same
concerned also the precipitates of mullite and quartz grains. A small nuohledon-
gated fissures were also present. These defects were the sourtansiviea generation
and growth of microcracks during the preliminary stage of AE. Nevésise strong
structural reinforcement hampered their further growth. At suffiityehigh stresses (of
about 70@-900 MPa) rapid increase of the arrested cracks took place. It resuléds
activity of the critical stage. Figure 5 shows the structure of the centrabpshe de-
scribed sample from the second group. Big precipitates of mullite and lau<are
well visible. It should be noted that the structural defects of samples fhe second
group, considerably favored the formation and growth of cracks.
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Fig. 5. Image of the structure of the central part of a sampefthe second group, loaded up to the
beginning of the critical stage of AE (758 MPa), magnifié@d x. Cracks of various length are visible. Big
precipitates of mullite and spherical pores inside the &ggne are observed.

Microscopic investigation carried out for many fragments of the sanfpbes the
third group revealed the presence of serious structural defectisleBegefects of tex-
tural nature (elongated dark bands), the effects of agglomeratiesempce of fissures
and big pores were observed. They were present most often adtmeldries of dark
bands and were the source of significant internal stresses. Thentoaton of the de-
fects was considerably higher than in the case of samples from thedsgomump and
their distribution was more non-homogeneous. Investigation of a sanaptethe third
group, loaded up to 747 MPa, revealed a considerable number é&cegpecially in-

Fig. 6. Image of the material of the central part of a specifn@m the third group, loaded up to 747 MPa,
magnified100x. Numerous large cracks, non-homogeneous distributioradfed mullite precipitates,
bright quartz grains and dark areas after crushed out gaagisible.



INVESTIGATION OF INFLUENCE OF DEFECTIVENESS IN ALUMINOUS ... 89

side and at the boundary of the dark bands. The generation and telmleent of
cracks occurred particularly in the areas of defected structureactiesized by strong
internal stresses. The cracks often came out from the fissureggapdrles. Numerous
cracks grew up already at moderate external loads. The thresterglyeanf this process
was low. Hence, they were the source of acoustic signals in wide rarsgess$es, start-
ing from the preliminary stage of AE activity — Fig. 2. Higher external loadeyated
series of large cracks in the central part of the sample, where theedrbecame cu-
mulated. These cracks had already a subcritical character and thyggated through
all the phases of the porcelain material — Fig. 6. Considerably redticawyth — even
by 50% — and high acoustic activity of samples of the third group were thdtref
improper homogenization of the raw ceramic body. Particularly imporaatprop-
erly performed firing process, a correct plasticization as well as genination of raw
ceramic body, especially during deaeration in an extrusion pressriNeless all the
stages of the complicated production technology have influence ortiopedgarame-
ters of the aluminous porcelain.

3. Final remarks

The object of complex mechanical-acoustic, microscopic and ultrasorestiga-
tion were samples made of aluminous porcelain C 130 type. At presenbiiteisof
the most important materials used in electrical engineering. It is widelliezpfor
the production of elements with required high durability and operationabiktja—
first of all power lines insulators and hollow insulators. The relativelyrtsperiod of
exploitation of products made of the material C 130 type has not yet alloltdn-
ing sufficient information about the processes of aging degradatioreipdtcelain of
this type. The presented method and results of investigation have an tinecsiaar-
acter. They demonstrate significant analogy between the structuzatséfuring long
period of exploitation and compressive stresses on the material in atabotest of
relatively short duration, carried out on small specimens. It waaddbat the pres-
ence of areas of high internal stresses favours the generation@rabjation of cracks,
which causes the decrease of the strength of the samples by some penserit. This
refers to areas with disturbed texture as well as fissures and dengeilyudésl large
pores. The non-homogeneities of the distribution of mullite precipitates anidydarly
of quartz grains, which relatively easily undergo separation from thexrend show
internal cracking, are definitely less important. The mechanical stresfgtie mate-
rial is determined primarily by the properties of the glassy matrix, contaiaitagtice
of submicron, needle-shaped crystals of mullite and densely distributedfains of
corundum.

The effectiveness of the dispersive and fibrous reinforcemeheddtructure of alu-
minous porcelain C 130 type was confirmed. Even samples containirificagtly de-
fected structure, such as macroscopic defects, demonstrated highessive strength,
exceeding 600 MPa. This means decrease of about 50% of strengiimpadson to
specimens without defects.
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