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Abstract. Upon UV excitation, aluminium hydroxides display four thermo-
luminescent peaks at —140, —50, +30 and +150°C. Thermoluminescent curves for
Al,0, samples obtained by heating of Al(OH); at 900°C show pronounced changes,
although the position of peaks is identical with that in aluminium hydroxide. The
defects that give rise to trapping levels in the structure of Al,O; are the same as
in the structure of Al(OH);.

INTRODUCTION

The stable crystal structures of Al,O, are a-Al,O3 and v-Al,O; phases.
The ¢-Al,O; phase crystallizes in the trigonal system. An admixture of
some elements gives it different colours (sapphire, ruby). The ¢-AlO,
phase forms during the heating of aluminium hydroxide at temperatures
higher than 900°C. The y-Al,O; phase, with a regular structure, is obtai-
ned at 600—900°C from aluminium hydroxide or its derivatives, or from
some aluminium salts. The transition y-Al,O3 — aAl,O; takes place at
temperatures above 1200°C. The crystallochemical properties of these
phases depend not only on the reaction conditions but also on the purity
of the initial substances. For example, in synthetic hydrargillite there is
always 0.2—0.4% Na,O. Admixtures of alkali metal oxides determine the
amount of lattice defects in a-AlyOs.

The pioneer work on the thermoluminescence of various structural
modifications of Al,Oj is the publication of Rieke and Daniels (1957), who
made thermoluminescent studies of over 30 crystal forms of alumina.
They found that the shape of thermoluminescent curves of alumina de-
pended on the degree of hydration, the heating temperature, and their
chemical purity. The investigations were carried out over the tempera-
ture range between 5 and 420°C, and the samples were excited with
v (Co8%) or UV radiation. It was found that UV excitation generated ther-
moluminescence in Al,O; samples containing hydrates. The thermolumi-
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nescent peak at 160°C was attributed to AI(OH)’+ group, while the peak
at 226°C was associated with the presence of alkali metal ions. The pa-
pers of Gabrysh et al. (1962, 1963) deal with the thermoluminescence of
a-Al,O; samples irradiated with y rays and subjected to pressure. These
authors determined the depth of local traps, basing themselves on the
theory advanced by Lushchik (1955), and found that the thermolumine-
scent peak at 146°C was also associated with the degree of hydration of
samples. Optical and luminescent properties, the temperature and heat
of phase transition and enthalpy are given by Kantor et al. (1962) and
Neustuev (1974), who discuss several physical parameters determining the
lattice energy and crystal structure of the a-Al,O, phase.

EXPERIMENTAL AND RESULTS

This paper aims to investigate the distribution of electron traps in
Al(OH); and Al,O; by thermoluminescent methods. Investigations were
carried out on powdered hydrargillite Al(OH), samples obtained for the
purposes of ceramics for electronic capacitors, or for the growing of co-
rundum or ruby crystals. Two series of samples (8 samples each) were
used, and measurements of thermoluminescence were expected to syste-
matize the samples according to the degree of their purity (Table 1). The
results are presented in figures 1—6. All the measurements were made
over the temperature range from —190 to 250°C, and the samples were
heated at a constant rate of 0.3°/sec. UV excitation was carried on at
the liquid nitrogen temperature for 10 minutes. Each portion of powde-
red Al(OH); or Al,0; was investigated three times, and the diagrams show
the average values of each series of three measurements.

Figures 1 and 2 show thermoluminescent curves for Al(OH); samples
numbered from I to VIII and normalized to a common peak height at

—50°C. As is evident from the fi-

gures, upon UV excitation, alumi-

Table 1 nium hydroxides display four ther-

Content of alkalis in the Al;O, moluminescent peaks at — 140, —50,
samples * +30 and +1600C The helght of

peaks is different and does not show

: Na,0 K,0 any regularity that could be related
Sample | to sample numbers, while maximum
wt. % luminescence temperatures remain
: e AR constant .within the experimental
3 0.2? 0'0‘1 error limits. The repeated constant
ez 0~13‘ S positions of thermoluminescent peaks
s 1 g indicate that the eight AI(OH), sam-
2 , 0~20 0-05 ples numbered f.'rom I to VIII derive
8¢ 0-20 Py from the same initial substance, and
i) 0-11 0-01 tha't the process of chemical purifi-
e P . cation has no effect on the position
: : of peaks and their amplitudes.

TR e e b by Bl The second series of thermolumi-
ing of AI(OH); The samples II—vil Dnescent measurements was carried
were leached with distilled water in OUt on eight alumina wobtained by

, heating Al(OH), for 4 hours at a
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Fig. 1. Thermoluminescence curves of Al(OH); samples I, III, V
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Fig. 2. Thermoluminescence curves of Al(OH); samples II, IV, VIII



constant temperature of 900°C. The results are presented in figures 3 and
4. Compared with Al(OH); curves, the shapes of thermoluminescent curves
for Al,O; samples show pronounced changes, especially the peak at
—140°C has markedly decreased. The positions of these peaks are iden-
tical with those in Al(OH);. It is generally known that from the thermo-
luminescent peak position the energy depth of a trap can be determined,
and these depts are respectively 0.13 eV, 0.295 eV, 0.56 eV and
0.68 eV. The defects that form trapping states in the structure of Al,O,
are identical with those in the structure of Al(OH);, and the chemical
treatment of samples does not change their energy depth. The amplitude
of thermoluminescent peaks depends on the concentration of electron
traps and the location of electrons in these traps. The concentration of
low-temperature traps (—140°C) in Al,O3; decreases markedly in relation
to the concentration of traps displaying a thermoluminescent peak at
—50°C. As in the case of aluminium hydroxides, there is no regularity
relating the peak amplitude to the sample number. The standard alumina
used for investigations was an English oxide, ”Cera Alumina”, which
displays three thermoluminescent peaks shown in fig. 5.

A comparison of the thermoluminescent curves from figures 3 and
5 shows that in Al,O; obtained by the method discussed in this paper
there is an energy level giving rise to electron traps at —140°C, whereas
the ”Cera Alumina” oxide does not have this level. Other peaks displayed
by the alumina are similar.
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Fig. 3. Thermoluminescence curves of Al,O; samples I, III, V obtained by heating fig. 6 shows their thermoluminescent curves..The perUCt O]?talneq m
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Fig. 6. Thermoluminescence curves of Al,O; samples I, V, VII obtained by heating
of AI(OH); in 1300°C

that longer heating would eliminate completely the traps responsible for
thermoluminescence at —140°C. As appears from figures 5 and 6, both
alumina display pronounced peaks at —50 and 160°C, as well as small
peaks close to +-40°C.

CONCLUSIONS

From the above investigations it can be inferred that:

— the thermoluminescence method is a useful comparative method for
purity tests of Al,Og;

— the thermoluminescence method can determine the content of a- and
v-Al,O3 in heterophase samples;

— alumina heated at temperatures higher than 900°C can find appli-
cation in ceramics for electronic capacitors.

Translated by Hanna Kisielewska
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BADANIE I IDENTYFIKACJA DEFEKTOW PUNKTOWYCH
W Al(OH); T Al,O; METODA TERMOLUMINESCENCYJNA

Streszczenie

Wykonano badania termoluminescencyijne 8 prébek wodorotlenkéw
glinu, ktére zostaly poddane procesowi ,,odsodowania” (przez przemycie
woda destylowang w 80°C). Zmieniajaca sie zawarto$é Na,0O i K,O nie
wplywa na polozenie 4 maksiméw termoluminescencyjnych w — 140, —50,
+30 i +160°C. Nastepnie 6 prébek wygrzano w 900°C przez 4 h. Kon-
tury krZywych termoluminescencyjnych prébek Al,O; w stosunku do

Al(OH); ulegly wyraznej zmianie, zwlaszcza amplituda maksimum w

—140°C. Z polozenia maksiméw termoluminescencyijnych wyznaczono gle-
bokosci energetyczne poziomu pulapkowego, ktére wahaja sie w granicach
0,13—0,68 eV. Natura defektéw, ktéore tworza poziomy pulapkowe w
Al(OH); i Al,O3, jest podobna.

Krzywa termoluminescencyjna tlenku glinu ”Cera Alumina” nie za-
wiera maksimum w —140°C. Wygrzano wiec 3 prébki Al(OH); w tem-
peraturze 1300°C przez, 4 h. Pomiary termoluminescencyjne wykazaly, ze
otrzymane tlenki glinu niewiele odbiegaja od tlenku glinu ”Cera Alumi-
na”. Nalezy sadzi¢, ze przez dluzsze wygrzewanie prébek mogloby sie
wyeliminowaé¢ zupelnie pulapki elektronowe powodujace termolumines-
cencije w temperaturze —140°C, prawdopodobnie zwigzane z domieszka-
mi y-Al,O,. Natomiast oba rodzaje tlenkéw maja dobrze wyksztalcone

‘maksima w —50° i +160°C oraz niewielkie maksimum w +40°C.

OBJASNIENIA FIGUR

Fig. 1. Krzywe termoluminescencyjne prébek I, III, V wodorotlenku glinu
Fig. 2. Krzywe termoluminescencyjne prébek II, IV, VIII wodorotlenku glinu
Fig. 3. Krzywe termoluminescencyjne prébek Al,O; uzyskanych przez wygrzewanie

wodorotlenku glinu I, III, V w temp. 900°C

Fig. 4. Krzywe termoluminescencyjne prébek Al,O; uzyskanych przez wygrzewanie
wodorotlenku glinu II, IV, VIII w temp. 900°C

Fig. 5. Krzywa termoluminescencyjna tlenku glinu ”Cera Alumina”

Krzywe termoluminescencyjne prébek Al,O; uzyskanych przez wygrzewa-
nie wodorotlenku glinu I, V, VII w temp. 1300°C
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Yecaas OCTPOBCKMU, sin MOXHSAK

VCCJIEMOBAHUME M VJIEHTUOUKAIMA IIYHKTOBBIX
NE®EKTOB B Al(OH), M AL,O,
TEPMOJIOMMHECIHIEHTHOM METOJIOM

Pe3zomMme

BbLM BBINOJHEHBI T€PMOJIOMMHECL@HTHBI MCCe/loBanus1 8 npod ruaApo-
KVUCY AJIOMMHMS, M3 KOTOPBIX YCTPAHAJCA HATPUiA IyTEeM IPOMBIBKM J1eC-
TMIMPOBAHHOK BojON B Temieparype 80°C. VMamensiouieecs cofepKaHue
Na,O n K,O He Bimser Ha noJioKeHue 4 TeMpMOJTIOMMHECUEHTHBIX MaKCH-
mymoB mpu —140°, —50°, +30° n +160°C. 3arem 6 mpob 1moAOrpeBaoch
gepe3 4 waca B rtemmeparype 900°C. KOHTyphI TeMpOJIOMMHECIIEHTHBIX
kpuBbIX 1pob Al,O3 mo orHomenmio k Al(OH); yerko m3MeHMJINCH, OCO-
feHHO aMILIMTya MakcumyMma mpu — 140°C. VI3 pacrioioKeHus TepMOJIo-
MMHECLEHTHBIX MaKCMMyMOB ObLIM OIlpejiesieHbl TOpUM30HTa — JIOBYIIKH,
KoTophle Kosebmores B npejgenax 0,13—0,68eV. IIpupona gedexToB, KOTO-
pule 06pa3yioT ropu3oHTHBI-I0BYIIKKU B Al(OH); n Al;O, ABIseTCA MOX0-
JKe.

TepMomOMMHECIIEHTHAsi KpuBas oxkucu amomueusa ,,Cera Alumina”
He comep:kmT Makcumyma npu — 140°C. ITostomy 3 npo6er Al(OH), moxmo-
rpeBauch B TeueHuyu 4 uyacoB B Temmeparype 1300°C. TepmosromMuHec-
LUEHTHbIe M3MEepPeHUa I0Ka3ajy, 4T0 MOJyHYeHHbIe OKMCK AaJIOMMHMUA Ha
HEMHOTO OTJMYarTcs OT okuen asromuuus ,,Cera Alumina”. Cueayer cum-
TaTh, YTO JUIMTEJLHOE IOJOTpeBaHye INpod MOrjo oOyCcJIOBUTH OTCYTCTBUE
9JIEKTPOHHOM JIOBYIIIKM, KOTOpBIE OOYCJaBIMBAIOT TEPMOJIOMUHECIEHIMIO
B Temneparype —140°C, moBuaMmoMy cBfiZaHHBIE C TpuMechio y-Aly,Os.
B aro Bpema ofa BMAa okmceit MMEIOT ueTKue Makcumymbl npu —50°C
u +160°C, a rakxke HeGosbIION MakcuMyM mipu +40°C.

OB'LACHEHUA PUTYP

Dur. 1. Tepmomommuecuednibie kKpusble npob I, III, V ruapoxmen anomMmuns
Dur. 2. TepmomommHecueiTuble Kpussle npod I1I, IV, VIII ruapooxmeu anoMmumusa

Pyr. 3. TepmomomuuecueHTible KpuBble npod Al,O; mony4yeHHBIX IPM TOAOrpPEeBe
ruapookucu amomuuua I, 111, V B remneparype 900°C

Pur. 4. TepmomoMuuecuenTHble Kpusble npob Al,O3 moxydeHHBIX NPM IOAOTPEBe
mapookuceyu amomuuua II, IV, VIII B temmeparype 900°C

Pyr. 5. TepmonoMuuecnedTHas KpuBasg okuceyu amomuunsa ,,Cera Alumina”

®ur. 6. TepMOIIOMUHECLIEHTHAA Kp.nsaﬁ npob Al,O3 mMONyYeHHBIX TIPU IOJOrPeBe
ruapookuen amomuuua I, V, VII B remnepatype 1300°C



