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Abstract. Aselected corundum material was investigated by TEM, SEM and
EMPA methods. Two kinds of intergranular phase were found to be present: besides vi-
treous phase, microareas of aluminium-magnesium spinel were observed.

INTRODUCTION

The technology of production of corundum materials requires that
precisely contolled amounts of admixtures be introduced into aluminium
oxide in order to modify the properties of the resulting sinter.

several investigators /Pampuch 1962, Kitajgorodski 1959 ,Burke 1960/
are of the opinion that these admixtures form a separate liquid phase
with the participation of aluminium oxide being sintered. This phase,
appearing at room temperature as an amorphous component, is commonly
referred to as vitreous or intergranular phase. In view of the lower
viscosity of liquid layers compared with the least ordered layers at
the intergranular boundaries, the cited authors believe that the rear—
rangement of aluminium oxide grains in the presence of liquid pro-
ceeds more readily and at lower temperatures than in the solid phase.
Accordingly, the process of rearrangement of grains is initiated the
The effect of liquid on the sintering
tent of 0.01 - 0.5

moment the liquid phase appears.
process has already been noted at a liquid phase con
mole %, and it has been found that the increase in its content does not

produce any further significant changes.
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The positive effect of the liquid phase on the sintering pracess
can be expected only if the solid phase is adequately wetted, which
usually is the case in ceramic materials. The presence of the inter-
granular phase in corundum materials is also advantageous from the
point of view of their future applications. According to the studies
of Cole and Sommer /1961/ and Wtosiriski /1976/, the migration of this
phase to the metallic.layer is one of the factors responsible for the
strength of the ceramics-to-metal seal. The morphology of the inter-
granular phase solidified in the cooling process also depends on the
degree of wetting of the solid phase by liquid phase. When the wetting
is adequate, the intergranular phase areas are represented in plane
sections by more or less elongated forms of polygons, commonly by
triangles.

Microscopic studies have revealed that the microareas of this pha-
se, forming in the process of sintering, are some micrometres in size.
Therefore, selective X-ray investigations of their chemical composi-
tion and structure are unsatisfactory, especially when their volume
fractions are small. Using TEM, SEM and .EMPA methods, it is possible
to investigate the morphology, structure and chemical composition of
the intergranular phase in selected microareas.

Since there is a certain divergence in opinions regarding the stru-
cture of the intergranular phase in corundum materials, microscopic

studies of a chosen material were taken up at the ITEM.

EXPERIMENTAL

Investigations were carried out on a corundum material with an al-

uminium oxide content of about 96% and a chemical composition shown in

Table 1.

Samples in the form of bars were prepared by pressing /at a

pressure of 1400 kG/cmz/ and fired at 1750°C in a gas furnace

rations for microscopic studies were cut out of the samples w;th
Isomet saw. Polished sections obtained by successive
lishing were investigated with a Jeol J SM-
JXA—3A‘electron microprobe.

Prepa-
an
grinding and po-
F 2 scanning microscope and a

Oor transmission i

—120 microscope/ the samples were ground and :iii:;:g t:czoi;izingsz-
of‘about 100 pm, whereupon they were thinned until perforation was ob-
tained by bilateral bombardment with argon ions at an angle of 30°

. . a
a Commonwealth SCleIltlfiC COIpOZathll IMMI Model v apparatus Operated
at an acceleratlng voltage of 6 kv and a beam current of 100 PA In the

rdment was conducted at an
8o t i

hat the ion bean would have a polishing effect.Due to
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Tyarbilige 4
Initial chemical composition of the material studied
t i :
Componen AlZO3 8102 CaF, MgO Bar, Cr203
Content 95493 115517, 0.90 0.60 0.50 0.50
[wt. %/

this procedure, samples were obtained with sufficiently large areas

transparent to an electron beam of an energy of 120 keV. The thinning
time of one samples was about 120 hs. Before the samples was mounted
in the electron microscope, its surface was coated with a thin /~ 25 X/
carbon layer to carry off the electric charge generated at the surface,
and to eliminate interferences resulting from the electrostatic inter-

action of the beam with this charge.

RESULTS AND DISCUSSION

As appears from the observations of the unetched surfaces of poli-
shed sections /Phot. 1/, two types of microareas /B and (/ can be dist-
inguished in the material studied besides aluminium oxide grains and

pores. One type is represented by microareas of a prevalently triangu-

lar shape and maximum linear dimensions from one to a ‘dozen Or soO mi-

crometres; the other by irregular polygons of a size
equal to that of A1203 grains. The two types also differ 4in chemical
composition. As is evident from microprobe analysis, type B microareas

approximately

/Phot. 2/ contain all the elements introduced in the technological pro-
cess, while only aluminium, magnesium, chromium and oxygen /Table 2/
are present in type C microareas AR 8/

T, a5 brilfied

Mass freaction of elements entering into the composiFi?n of the
intergranular phase, calculated from relative intensities of the
characteristic radiation

Element
Miizgzzza Mass fractions [wt.%/
Al 0 Mg Cr Si Ca Ba
Area B 118 876 246 2.4 27150 6.4 4.4
Area C 31.4 43.4 17:49, 246 ¥ = »
o
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Mass fractions of the elements occurring in the analysed microareas,
calculated from relative intensities of the characteristic
are given in Table 2.

radiation,
Transmission electron micrographs are shown in photographs 4 and
5. Microdiffraction performed from type B microareas /Phot. 6/
tes that they are amorphous in nature, whereas the patterns obtained

from type C areas /Phot. 7/ correspond to a structure of the aluminium-
magnesium spinel type. These results have been confirmed by microprobe
studies. Discrepancies, amounting to about 17%, have been noted between
the values of interplanar spacings obtained by the authors /lower va-
lues/ and those given by Mitchell /1979/. Further investigations are

required to find the causes of these discrepancies. It seems, however,

indica~

that the presence of chromium in the structure of spinel phase

is re-
sponsible for the noted differences.
CONCLUSIONS
From the above studies it appears that the investigated corundum

material has aluminium oxide grains as well as an amorphous vitreous

phase and crystalline spinel phase containing certain amounts of chro
mium in its composition.
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ADANTA MIKROSKOPOWE FAZY MIEDZYZIARNOWEJ TWORZYW KORUNDOWYCH

SEtariie sz ol elni in

réw fazy szklistej zaobserwowano mikroobszary spinelu glinowo-magne-

zZowego.
OBJAéNIENIE FOTOGRAFII

Fot. la, b. Powierzchnia nietrawionego zgladu badanego tworzywa korundowego. Zdjecie
wykonane metoda elektronéw wtérnych /SEM/

A - ziarna tlenku glinowego, B — mikroobszary fazy bezpostaciowej, C — mikro—
obszary fazy spinelowe]j

Fot. 2. Rozktady natezenia promieniowania charakterystycznego w mikroobszarach fazy
typu B /fazy szklistej/

a - obraz topograficzny

Fot. 3. Rozktady natezenia promieniowania charakterystycznego pierwiastkéw w mikro-
obszarze fazy typu C /fazy spinelowej/

a - obraz topograficzny

Fot. 4. Obraz mikrostruktury badanego tworzywa wykonany metoda wiazki przechodzgcej

[TEM/
A - ziarna tlenku glinowego, B — mikroobszar fazy bezpostaciowej

Fot. 5. Obraz mikroskopowy mikroobszaru fazy spinelowej /faza C/ 2z uktadem dyslo-

kacji /TEM/
Fot. 6. Obraz dyfrakcyjny mikroobszaru fazy szklistej /faza B/

Fot. 7. Obraz dyfrakcyjny mikroobszaru fazy spinelowej z wyznaczonymi wskaznikami
Millera

Jleonapd KYIIUI', X3HpuKx TOMAMEBCHM, Endxett TOPYHb

MUKPOCKONUUYECKUE HCCJENOBAHUSA MEX3EPHOBOH ®A3H
KOPYHIOB:IX MATEPHMAJIOB

Piie 3 0, M €

U36paHHHEE KOPYHIOBHE MaTepHallbl u3yvaymucs TEM, SEM u EPMA MeTOIaMH.

O6HapyXeHO MNPUCYTCTBHE OBYX BHIOB Mex3epHoBO# ¢asu. KpoMe MHKPOYYIaCTKOB

L e
CTeKIOBUOHONM dasH, HaBOAAIMCh MHKPOYYaCTKH QIIMUHHYBO—MarHUEBOM LIl

HEeJIH .

05BACHEHUA K ©0TOrPAGUAM

(0] n H 4yaeMoro KopyHaoBOro M S HU=
oto la, b OBEPXHOCTb HE pasneHHoro a wnnpa wn3y pPyHAOBO aTepuvana C
’ .

MOK CAenaH MeTO[OM BTOPUUHBIX NEKTPOHOB /M3B/

A — 3epHa OKMCW anomuHua, B — MUKPOYYaCTKH amop@HOM ¢assl, C — MuKpoyuyacT-

KM wnuHeneson hasbl

yacTKax Gassl Tu-
0070 2. PacnpepeneHue MHTEHCMBHOCTW W3NYUEHMA, XapaKTEepHOro 8 HHKROY) o

na B /cTexknoBugHOW (asbl/
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doTo 3.

®oTo 4.

®oTo 5.

doto 6.
doTo 7.

@ = TOonorpapPuyeckan KapTuHa
PacnpepeneHne MHTEHCUBHOCTM XapaKTEPHOro M3NyuyeHWd B MUKPOydacTKax ¢assl Tu-
na C /wnuHeneson ¢assi/

a — Tonorpaguueckas KapTuHa

06pas MUKPOCTPYKTYpbl M3yuyaemMoro MaTepuana, MOMyueHHb METOAOM MPOXOASWeEero
nyuka /MNN/

A — 3epHa OKWCM anNOMUHWUA, B — MUKPOYUACTOK amopdHON dasbi

Mukpockonuueckana KapTUHa MUKPOYYacTKa WAMHENeBol haabl /®asa C/ c cucTtemon
aucnokayum /MNN/

AMdpPaKuMOHHAR KapTUHa MUMKPOyYacTKa cTeknosugHon ¢asw /dasa B/

AvdpakuymoHHan KapTMHa MMKpOyuacTKa WNMHenesok ¢pasb C onpegeneHHsiMM mMokasaTe-
namm Munnepa

MINERAL. POL. Vol. 11, No 2 - 1980

PLATE I

b. Unetched polished surface of corundum material. Images are taken by se—

Fhpteules condary electron method. SEM

B - Microareas of amorphous phase, C - Microareas of

i Ged i rains
A Aluminium oxide g > spinel phase

j \ i i i f the inter—
Leonard KULIG, Henryk TOMASZEWSKI, Jedrzgj TORUN - Microscopic studies o
granular phase in corundum materials
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PLATE II
MINERAL. POL. Vol. 11, No 2 - 1980

Phot2sna Electron-probe microanalysis., X-ray microprobe

[vitreous phase/
@ - topography; Mg, AL (O Cri," Bai= distribution of: magnesium, aluminium, si-
lica, calcium, chromium, barium

images in type 5B microareas
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MINERAL. POL. Vol. 11, No 2 - 1980 PLATE II

in type C microarea

X-ray microprobe images
/spinel phase/

Phot. 3. Electron—probe microanalysis.

. - . . . i .
: a a - distribution of: magnesium, aluminium, si-
M Al, S1 CrsfiB distr t

2 > » Ca, )

a - topography; lica, calcium, chromium, barium
>

i inter-—
Lo N - Mi ic studies of the in
Leonard KULIG, Henryk TOMASZEWSKI, Jedrzgj TORUN —-'Microscop
o3 granuiar phase in corundum materials
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MINERAL. POL. Vol. 11, No 2 - 1980 PLATE IV

MINERAL. POL. Vol. 11, No 2 - 1980 PLATE V

Phct. 4. Microstructure of material studied made by TEM

A - aluminium oxide grains, B - microarea of amorphous phase

Phot. 5. Electron micrograph performed from spinel pt

! 1ase /C/ microarea with disloca-
tion system /TEM/
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Phot. 6. Electron diffraction of type B-microarea /vitreous phase/

i i i k1 Mi ’s indices
Phot. 7. Electron diffraction of spinel phase microarea with Akl Miller’s indic

; ¢ : i i he inter—
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