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Thermoluminescence of A1 3layers formed
by anodic oxidation in oxalic acid

Roman Dragon,Stanistaw M arzec

Physics Laboratory, Higher School of Engineering, ul. Ozimska 75, 45-370 Opole, Poland.

Thermoluminescence (TL) of Alji0j layers obtained by electrolytic oxidation of alu-
minium in aqueous solution of oxalic acid has been investigated. It has been found
that the Alg0.~ layers show both the natural (without excitation) as well as the UV-
excited thermoluminescence. By applying the method proposed by Alencev®-F6k and
Antonov-Romanovskii it has been shown that in the case of the layers formed at d.c.
voltage the TL-curve consists of 5 and 3 elementary glow-peaks depending on wheth-
er thermoluminescence is natural or stimulated. For the layers formed at a.c. vol-
tage 2 or 6 elementary glow-peaks were observed, respectively. For all the observed

elementary glow-peaks the activation energy of the electron traps has been calcu-
lated.

1. Introduction

Although the thermoluminescence of AlgO” £as been already studied by
several authors [1-63, the number and nature of electron traps present
in the oxide still remains to be the subject of controversy.

RIEKE and DANIELS [1] observed three maxima on the thermoluminescenoe
(ML) curve of the chemically synthetized AINOM. They associated the
two low-temperature maxima of 376 and 437 K with the presence of crys-
tallization water in the sample and the high temperature maximum at
593 K with the presence of crystal lattice defects on the sample sur-
face. Similar results were obtained by SALAJCZYK and SUJAK [3# 43 who
investigated the anodioally deposited AINON layers#

MICHNO and co-workers [63 Investigated the effect of external elec-
tric field in the TL-curve of AlgOj obtained by electrolytic oxidation
in aqueous solution of oxalic acid. They have stated on TL-curve five
maxima at temperatures of 368, 413, 463, 513 and 593 K with activation
energy of electron traps equal to 0.71, 0.89, 1.11, 1.24 and 1.31 eV,
respectively.

The TL-curves of AINO™ are much complicated, making it difficult to
interprete the observed phenomena. Consequently, the exact determi-
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nation of the parameters of eleotron traps responsible for the observed
thermoluminescenoe is not possible. There is in the literature one
paper [61 concerning the analysis of the experimental TL-curves of an-
odioally deposited AlgO™ layers by the procedure based on the method
proposed by ALENCEV-FOK [71 and ANTONOV-ROMANOVSKII [8] method. The
method proposed in [61 is especially useful in the case of the over-
lapping of individual glow-peaks, e.g., in the case of thermolumines-
cenoe of AlgOo™.

The purpose of the paper is to present the analysis of the experi-
mental TL-ourves of the anodioally formed AIgO”™ into elementary glow-
peaks and to oompare the corresponding values of the eleotron traps
depth determined by means of the ANTONOV-ROMANOVSKII [8] method with
those obtained by applying the method proposed by CURIE and CURIE [91.

2. Experimental methods

Thin AlgOj layers were deposited electrolytically on the Al anodes
(0.06 mm thick foil of the 99.50% purity) 1in 1% water solution of
oxalio acid. As a cathode a platinum plate was used. Eleotrolysis
was oarried out during 2 hours at direct current (d.o.) or alternating
current (a.o.) voltage of 60 V. Temperature of electrolyte during the
anodization process was not higher than 308 K.

After anodizing the Al-anodes were rinsed first in running water,
then in distilled water and subsequently dried at the room temperature
in closed box containing atmospherlo air dried with the use of
The 0.06 mm thiok disc-shaped samples with diameter of about 1.5 cm
were cut from the anodized plates. The samples were heated at a con-
stant heating rate of 0.9 k/s in the temperature range from 300 K to
700 K. The sample temperature was controlled with the aid of iron-con-»
stantan thermocouple with the accuracy within "5 K.

The intensity of thermoluminescence was recorded by an FEU-19 M pho-
tomultiplier connected with a G1B1 recorder. Both the integral and
colour TL-curves were recorded. In the case of integral TL-measure-
ments a 2 om thick water filter was placed between the sample and the
multiplier in order to protect the multiplier against the thermal ra-
diation. The colour TL-curves were measured in both the UV and visible
ranges of spectrum. They were obtained by placing appropriate absorp-
tion filters between the sample and photomultiplier. The filters used
transmit the broad UV or visible bands lying within the spectral sen-
sitivity of photomultiplier. The spectral characteristic of the fil-
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ters are shown in Fig. 1, together with the speotral sensitivity of
the photomultiplier (ourve a).

Both the natural and UV-excited thermoluminescences were investigat-
ed. The natural TL was measured direotly after the oxide had been formed
and dried. For the measurements of the UV-excited thermoluminescenoe

the samples were previously tem-
pered in atmospheric air at tem-
perature of about 870 K and af-
ter cooling submitted to 20 min
UV-irradiation from the quarts

Fig. 1. Spectral distribution of the
transmittance of filters and the spec-

tral sensitivity of the photomultiplier
300 350 400 450 500 550 600 (CUTVS a)

lamp with a HBO-50 burner. Thereupon, the heat treatment-excitation-TL
measurement cycle was repeated in order to check whether the TL-curve
is affected by the duration of thermal treatment.

3. Results of measurements

3.1. Integral TL-curves

Figure 2 shows the curves of the integral natural thermoluminescenoe
for AlgO” samples formed at d.c. (curve a) and a.o. (curve b) voltages.
Both the curves are normalized to the height of the heighest maximum.
The absolute value of the TL-intensity for the samples formed at a.o.
voltage is about 10 times greater than that for samples formed at d.o.
voltage. Independently of the oxide formation process, both the TL-
curves show a high temperature maximum at about 603 K. For the oxide
formed at a d.c. voltage there is also a broad low-temperature glow-
peak, its intensity being distinctly smaller than that of the high
temperature glow-peak.

The normalized curves of the integral UV-excited thermoluminescenoe
for samples formed at d.o. (ourve a) and a.c. (curve b) voltage are
shown in Fig. 3. They have shape of the broad bands with a great in-
tensity in their low temperature region. The shape of the TL-curve for
samples formed at d.c. voltage is more regular than that for the sam*
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Fig. 2. Natural integral thermolumines- Fig. 3. UV-excited integral thermo-

cence of aluminium oxide formed at d.c. luminescence of aluminium oxide formed

(curve a) and a.c. (curve b) voltage at d.c. (curve a) and a.c. (curve b)
voltage

pies formed at a.o. voltage. The position of maximum on the TL-ourve
for samples formed at d.o. voltage (443 K) does not depend on the du-
ration of the heat treatment, whereas for samples formed at a.c. volt-
age the position of the main maximum of the TL-intensity, occurring in
the vicinity of 460 K, depends slightly on the duration of the heat
treatment. In contrast to the natural thermoluminescence, the abso-
lute intensity of the UV-exoited TL for samples formed at d.c. voltage
is -greater than that for samples formed at a.c. voltage.

32. Colour TL-curves

From observation we have performed it follows that the observed thermo-
luminescence oocurs in both the UV and visible interval of spectrum.
Therefore, apart from the integral TL-curves, the colour glow-curves
were measured for both the natural and UV-excited thermoluminescence
with the use of filters whose transmittance is shown in Fig. 1-

The colour glow-curves of both the natural and UV-excited thermo-
lurninescence, measured with the use of filter 1 (see Fig. 1) for sam-
ples formed at d.o. and a.c. voltages are shown in Fig. 4. Except f-r
the very weak luminescence observed in the low-temperature thermolumi-
nescence of samples formed at d.c. voltage, the colour glow-curves of
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the natural thermoluminescenoe for
samples formed at a.o. and d.o.
voltages (curve o) are very similar#
They show also a distinct similarity
to the integral TL ourves presented
in Fig. 2. The same concerns also
both the integral and oolour glow-
curves of the UV-exoited thermo-
luminescence for samples formed at

Fig. 4. UV-excited colour thermoluminsscence
of aluminium oxide formed at d.c. (curve a)
and a.c. (curve b) voltages and the natural
colour thermoluminescence (curve c)

d.c..voltage (see Fig. 3). However, the colour glow-curves of the UV-
excited thermoluminescenoe for samples formed at a.o. voltage differ
from the corresponding integral TL-ourves, the main maximum of the
colour curve being shifted towards lower temperatures with respeot to
the integral TL-curve (curves b in Figs. 3 and 4). The oolour curve
shows also fewer lateral maxima as compared with the integral TL-ourve.
There is also’seen a relative diminution of the TL-intensity within
the whole high temperature region with respeot to the integral glow-
curves.

Relations between the intensities of natural and UV-excited colour
luminescence are analogous to those for integral”™ TL.

The shape of the colour TL-curves measured with the use of Ffilter 2
(also in the UV-region) is similar to that observed in the visible in-
terval of spectrum,, the absolute value of the measured intensity of
the former being few times smaller than that of the latter. This is
because the transmittanoe of filter 2 is smaller than that of filter
1, and possibly because of the smaller intensity of UV-radiation in
the measured thermoluminescence-, as compared with that for the visible
component.
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4. Analysis of the TL-curves

Although the thermolurainescenoe method is commonly applied in deter-
mining the parameters of the eleotron traps in crystals, the results
obtained with the use of the hitherto existing methods for evaluating
the TL-curves in many oases are not unabmiguous. In general, some
simplifications are neoessary to analyse the complex glow-curves. It
is commonly accepted to perform the analysis under assumption of an
oversimplified crystal model with one trap level lying under the bot-
tom of the conductivity band [10-153. The observed glow-curves of Algon
are, however, very complex, and therefore these methods do not permit
the unambiguous determination of the parameters of traps existing in
AlgO”-  The method we have applied is baaed on the combination of the
methods proposed by FOK [73 and ANTONOV-ROMANOVSKII 183. A detailed
description of this method and its application to analysis of the TL-
ourves of anodically formed AlIgO™ layers is given in [63.

The combined Alencev-Fok and Antonov-Romanovskii method was em-
ployed to analysis of the colour UV-excited TL-curves, whereas the
natural TL-curves were analysed by the Antonov-Romanovskii method, -
sinoe in the latter case one appropriate deformation of the glow-curve

Fig. 5. Analysis of the natural colour Fig. 6. Analysis of the UV-excited
TL-curve of aluminium oxide formed at colour TL-curve of aluminium oxide
a.c. voltage formed at a.c. voltage
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oould not be performed. Due to very weak Intensity of the natural
thermoluminescence of the samples formed at d.o. voltage, only the
integral TL-curves were analysed. The results of the analysis are
shown in Figs. 5-8. Figures 5 and 6 show the results of analysis of
the experimental natural and DV-exoited oolour thermolumin”soenoe of
the samples formed at a.o. voltage. The natural glow-ourve (Fig. 5)
consists of 2 elementary glow-peaks, that for the UV-exoited thermo-
luminescence being composed of 6 peaks (Fig. 6). Figures 7 and 8 re-
present the results of analysis of the experimental glow-ourvea of

the natural and UV-exclted thermoluminescence of samples formed at

d.c. voltage. As it is seen, the natural TL-ourve (Fig-.- 7) consists
of 5 elementary peaks, whereas that of the UV-exoited thermolumines-
cence consists of 3 peaks (Fig. 8).

For all the glow-peaks occurring in the analysed TL-ourVes the fre-t
quency factors and activation energies of the corresponding eleotron
traps were evaluated. The obtained results were collected in the Table.
The method used together with the acouraoy of determination of the pti- i
sition of TL-peaks permits to determine the value of the aotivatlon
energy of electron traps with accuracy of about 5%. 1In all the oasetf ]
the measurements were repeated on several samples, the results obtained®
being reproduoible.

Fig. 7. Analysis of the natural in- Fig. 8. Analysis of the UV-excited
tegral TL-curve of aluminium oxide colour TL-curve of aluminium oxide
formed at d.c. voltage formed at d.c. voltage
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5. Conclusions

From the results we hare obtained the following oonoluslons may be for-
mulated t

1) A natural thermoluminescenot oocurs in samples formed at both
the d.o. and a.o. roltages and Is not affeoted by UV-irradiation. The
number of elementary glow-peaks ooourring In the TL-ourres of samples
formed at d.o. and a.o. roltages ie different (see Figs- 5 and 7). Par-
ametere of the eleotron traps responsible for the observed TL-peaks arej
given In Table. As It is seen» thelgroup of electron traps of the ao-
tivation energy of 1,10 eY, and 1.44 eY ooours In both the samples
formed at d.e. and a.o- voltages, whereas the group of eleotron traps
withxaotlvation energies of 0.77 eY. 0.63 eY and 0.40 eY oeeurs only

in the samples formed at d.e. voltage. The natural TL-ourres obtained
in the present work are similar to those reported by SALAJCZYX [2r 4]
who. however, did not analyse the T”-ourves be had obtained.

11) There Is also the thermolumlnesoenoe observed after UV-Irradi-
atlon of samples submitted previously to the heat treatment. Analysis
of the obtained TL-ourves (Figs. 6 and 8) and the results of evalua-
tion of eleotron traps parameters (Table) show that In the samples
formed at a.o. voltage there occur the traps of the aotlvatlon energy
of 1.40, 1.10, 0.73# 0.37# 0.34# and 0.39 eY, whereas In the samples
formed at d.o. voltage there Is only the group of low-temperature traps
with aotivatlon energies of 0.78, 0.64 and 0.40 eY. The curves of the
UV-exolted thermolumlnesoenoe obtained In the present study differ
from those reported by SALAJCZYK £3, 4} and MICHO [51.

e ill) When comparing the natural and UV-exoited thermolumlnesoenoe it
seems to be of Interest to note that the _preheating process for samples
formed at a.o. voltage oauses the appearanoe of the low-temperature
traps (see Figs. 5 and 6), whereas preheating of the samples formed
at d.o. voltage causes the disappearance of the high-temperature traps
(Figs. 7 and 8).

iv) In connection with the results reported by RAO and DAS [16] who
investigated the UV-exoited thermolumlnesoenoe of a-AlgO”™ powder it

is noteworthy that their values of the frequenoy factor are distinctly
larger than those obtained by us for anodioally. formed AIgO™. Never-
theless, the latter seem to be reliable, being oonfirmed by the faot
that the activation energy of eleotron traps evaluated by the method
proposed by CURIE and CURIE [93 with the use of our values of the fre-
quenoy faotor was in good agreement with the results obtained by means
of the Antonov-Roraanovskii method (see oolumns 5 and™8 In the Table).
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v) The risible and UV-oomponents observed In both the natural and
iUV-exoited thermolumineseence show dearly that two kinds of lumine-
scence oentres are present in the investigated oxide. The centres oan
be formed owing to the admixtures of other metals present in the oxi-
dised, aluminium. They are subsequently built into orystal lattice of
;1%e oxide formed on aluminium. In our oase the aluminium contains ad-
mixture of Pe, Si, Cu, Zn and Ti. The determination of the nature of
these oontents requires further studies.
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TEPMO/LLLLECLIEHLIL TVEHOK AI2C8.  AHQIHO OSPASOBAHHLIX HA ATKOWHAM
BEIJH—O\APA%%EO%EULLPBETEEU%WUDIBI

B paboTe npeactaBneHbl pe3ysbTaTbl OMNbITHbIX WMCC/EL0BaHUA TEPMOFOMUHEOLLEH-
unmn(T/) okucnm amomuHus (A120*), NONYYEHHOW [YTEM 3/1EKTPONUTUYECKOTO
OKWUCNEeHNA antloMUHMA B BOJHOM.PAacTBOpeE il|aBeneBOM” KMCNOTbl. Y CTAHOB/IEHO, YTO
3IEKTPONUTUYECKN 06pa3oBaHHbIN Al 06HapYXMBAeT eCTECTBEHHYHO TEPMOSIHO-
MUHecUeHUMIO (6e3 BO3BYXAeHMS UuVv),a Takke BO30yxaeHwto TJ1 nocrie npegsapu-
Te/IbHOLO MNporpesa OKUCUM W 06/ydYeHus ero usnydeHvem LT . MpuveHss mMetog,
KOTOpbIN npegnoxuny AneHues-ABok M AHTOHOB-POMaHOBCKMIA, 6bII0 A0K@3aHO, 4TO
3KCMepuUMeHTanbHas HeaneMeHTapHas Kpusas T/1 okucu, 06pa3oBaHHON NOCTOSH-
HbIM HanpsXeHWem, COCTOUT W3 O 3/IEMEHTapHbIX MUKOB TEPMOBbLIOBEYMBAHWUA B
ciyyae ectecTBeHHOW T/1 m 3 aneMeHTapHbIX NUKOB _B criyyae BO3GYXAeHHOW T/1.
HeanemeHnTapHas »e kpusas TJ/1 okucu, 06pa30BaHHON MepéMeHHbIM HanpsXeHueM,
COCTOUT W3 2 3/1eMEHTaPHbIX MUKOB TEPMOBLICBEUMBAHWUA 1A €CTECTBeHHOW T

M 6 3nemMeHTapHbIX MUKOB AN BO30YXXAeHHOW TJ1. OnpefeneHa aHeprus akTusa-
LMW 3MEKTPOHHBIX fIOBYLLIEK BCEX BbICTYMAOLMX 3M1EMEHTAPHLIX MUKOB TEPMOBLICBE-
4ynBgHMA Mo metofy AHTOHOBa-POMaHOBCKOro u npoe&quo CpaBHEHWe C 3Hep-
rven akTusaLuu, paccyMTaHHOW C MOMOLLp0 MeTofa Kropw.



