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EFFECT OF THERMAL
ANNEALING ON THERMOLUMINESCENCE
GLOW CURVES OF KY3F10 : Ho3+UDC 539

The effect of thermal annealing on thermoluminescence (TL) glow curves of commercially ob-
tained KY3F10 : Ho3+ phosphor is investigated, and the result is compared with that of unan-
nealed sample. The samples were annealed at different annealing temperatures: namely, 400,
500, and 600 ∘C. The activation energy (trap depth), which is one of the TL kinetic parameters,
is calculated for the annealed and unannealed samples using the variable heating rate (VHR)
method. The results show that the thermal annealing has a clear effect on the TL intensities of
the glow curves. The maxima of the TL glow curves shift toward a higher temperature region,
as the annealing temperature increases. Moreover, the higher the annealing temperature, the
shallower the position of the trap beneath the edge of the conduction band. The X-ray diffrac-
tion (XRD) pattern of the sample shows a monoclinic structure with unit cell dimensions (in
Angström) 𝑎 = 10.41, 𝑏 = 6.73, 𝑐 = 12.46 match with JCPDS card No. 21-1458.

K e yw o r d s: thermoluminescence, thermal annealing, variable heating rate method, activa-
tion energy.

1. Introduction

Thermoluminescence (TL) technique has reached a
new level in the fields of radiation therapy, space
research, geology, archaeology, and other related re-
search areas and attracts the attention of a lot of re-
searchers. It is an extremely powerful technique used
for the estimation of doses of ionizing radiation, since
the energy absorbed during the irradiation and the
following TL intensity is proportional to the radia-
tion doses. The TL glow curve is a measure of the
intensity of the emitted light as a function of the tem-
perature. A change in the glow curve, i.e., a change
in TL peaks, leads to a change in trap parameters
[12]. The glow curve is characteristic of the different
trap levels that lie in the band gap of a material. A
reliable dosimetric study of a thermoluminescent ma-
terial should be based on a good knowledge of its
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kinetic parameters that include the trap depth (E),
order of kinetics (b), and frequency factor (s). The
study of relatively deep trapping-defect states in var-
ious phosphors, as well as the TL dating of solid-state
materials, is closely related to the position of the trap-
ping levels within the forbidden gap [3–10].

The annealing treatment is required to optimize
the TL characteristics of phosphor. The annealing
parameters like temperature, duration, and atmo-
sphere critically affect the luminescent behavior of
phosphor. The annealing is used with TL materials to
establish the background (i.e., the TL signal at zero
radiation dose) and the sensitivity (i.e., the TL signal
per unit radiation dose) of the material and to main-
tain the stability of these parameters. The high-tem-
perature pre-irradiation annealing restores and stan-
dardizes the TL characteristics by erasing the accu-
mulated radiation damage and dispersing the impu-
rity ions to their original states. The low-temperature
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annealing reduces the low-temperature peaks to a
negligible level compared with the stable dosimetric
peaks [11–15].

The annealing temperature critically affects the lu-
minescent behavior of a material, and the anneal-
ing brings about an enhancement or decline in the
intensity of TL glow peaks of many TL materials
[4–8]. Particularly, in this study of a KY3F10 : Ho3+
phosphor powder, we observed an enhancement in its
TL intensity following the thermal annealing and a
shift of the temperature of each TL peak to the higher
temperature region. The TL study and the effect of
a thermal treatment of this commercial phosphor are
not yet investigated. A change in the trap depth lo-
cation after the thermal treatment is of our particu-
lar interest, because of its great impact on the band
gap engineering of this phosphor. The emission wave-
length from this phosphor can be tuned following a
change in the trap depth position within the band
gap [9–11].

It is important to understand the influence of ther-
mal treatments on the TL properties of a crystal. In
this work, the effect of the thermal annealing on
the trap depth and TL peak positions of a thermo-
luminescent KY3F10 : Ho3+ phosphor powder is pre-
sented for the first time using the variable heating
rate method (VHR). This study shows that the ther-
mal annealing affects the TL peak temperatures and
the level of the trap below the edge of the conduction
band.

Moreover, this study focuses on the thermal treat-
ment of a commercially obtained KY3F10 : Ho3+
phosphor powder in air. So, the treatments in vari-
ous gases and vacuum should be further investigated.

2. Experimental

A commercially obtained KY3F10 : Ho3+ standard
phosphor powder (UK) was annealed at temperatures
of 400, 500, and 600 ∘C for one hour in air. The TL
glow curves of this phosphor powder annealed at dif-
ferent temperatures at different heating rates are then
recorded and compared with that of the unannealed
one. A UV source was used for the TL excitation prior
to the heating. TL measurements were obtained by a
TL reader of the TL1009I type offered by Nucleonix
systems Pvt. Ltd., India interfaced to a PC, where
the TL signals were analyzed. Samples were heated
from 0 to 400 ∘C at various heating rates and for

Fig. 1. TL glow curves for KY3F10 : Ho3+ phosphor samples
annealed at different temperatures

10 minutes of an UV dose. The effect of the thermal
annealing on the trap level and TL sensitivity of a
phosphor powder was then investigated. TL measure-
ments were done immediately after stopping the UV
exposure. The level of the trap within the band gap of
a phosphor powder was evaluated for each annealing
temperature. The structure of the sample was also
studied by X-ray diffraction (XRD) using a Bruker
D8 advance X-ray diffractometer operating at 40 kV
and 4 mA using Cu 𝐾𝛼 = 0.15406 nm. The morphol-
ogy was studied using a high-resolution Transmission
Electron Microscope (TEM).

3. Results and Discussion

The TL spectra were taken following the furnace an-
nealing at different temperatures for 1 h in air. After
the thermal annealing, changes in the TL glow curves
were observed. Figure 1 shows the TL glow curves
of KY3F10 : Ho3+ phosphor samples annealed at dif-
ferent temperatures. All the TL measurements were
taken at a heating rate of 1 ∘C/s after the irradiation
with the same UV dose for 10 min. It is found that
the TL intensity increases with the annealing temper-
ature of the samples.

We assign this to the fact that a higher anneal-
ing temperature minimizes the residual TL signal by
emptying the high-temperature traps and restores the
original sensitivity and the glow curve structure. The
initial nonzero value of the TL intensity is attributed
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Fig. 2. Effect of the annealing on the peak temperatures of
the glow curves. The measurements were taken for various
heating rates

Fig. 3. Graph of 1
𝑘𝑇𝑀

versus ln
(︁
𝑇2
𝑀
𝛽

)︁
at an annealing tem-

perature of 400 ∘C

to the phenomena of fluorescence during the UV ir-
radiation. The effect of a thermal treatment on the
peak temperatures of the glow curves was also ana-
lyzed for various heating rates and shown in Fig. 2.

This figure clearly shows that the annealing process
affects the peak temperatures of glow peaks. In all
variations, the peak temperatures of all glow peaks
of the annealed KY3F10 : Ho3+ phosphor are higher
than that of the unannealed one. In addition, the shift
in the peak temperature of glow curves to the higher
temperature side increases with the heating rate.

It has been reported that the thermal annealing
has also a clear effect on the position of the trap
within the band gap [13–15]. Let us now analyze the
evolution of the TL maximum with the heating rate
in order to determine the level of the trap beneath
the edge of the conduction band. For this purpose,
we performed a variable heating rate (VHR) analysis
that considers how the traps are emptied at differ-
ent heating rates, while all other parameters are held
constant. As the heating rate increases, there is an
observed shift in the position of the TL maximum
𝑇𝑀 toward higher temperatures (Figs. 1 and 2). The
heating rate 𝛽 can be related to the 𝑇𝑀 of its corre-
sponding peak using the equation [7–9]:

𝐸

𝑘𝑀
= sexp

(︂
− 𝐸

𝑘𝑇𝑀

)︂
, (1)

where 𝑘 is the Boltzmann constant (in units of eV/K),
and 𝐸 is the activation energy (in units of eV). A
change in the linear heating rate 𝛽 results in a change
of the temperature 𝑇𝑀 of the maximum TL intensity
of the peak: faster heating rates produce a shift in the
temperature toward higher values of 𝑇𝑀 , as shown in
Fig. 1. By means of the VHR method, the trap depth
(the activation energy) was derived from the varia-
tion of ln

(︁
𝑇 2
𝑀

𝛽

)︁
as a function of 1

𝑘𝑇𝑀
to see how the

annealing process affects the level of the trap within
the band gap. When ln

(︁
𝑇 2
𝑀

𝛽

)︁
is plotted against 1

𝑘𝑇𝑀
,

the resulting graph consists of a straight line with
slope 𝐸 and intercept (on ln

(︁
𝑇 2
𝑀

𝛽

)︁
) axis ln

(︀
𝐸
𝑆𝑘

)︀
, as

shown in Fig. 3. The calculated values of 𝐸 are 0.92
for the unannealed sample, 0.54 for a sample annealed
at 400 ∘C, 0.52 for a sample annealed at 500 ∘C and
0.44 for a sample annealed at 600 ∘C.

The comparison of the unannealed and annealed
phosphor powders shows that the annealing process
shifts the peak temperatures of the glow curves; the
peak temperatures of the glow peaks of the annealed
phosphor being higher than that of the unannealed
phosphor. One of the reasons for shifts in the peak
temperatures after the annealing can be due to the
cluster formation. The formation of the clusters of
traps instead of randomly distributed defects causes
a variation in the kinetics of the trapping and recom-
bination processes [1–5].

The calculated data on ln
(︁
𝑇 2
𝑀

𝛽

)︁
and 1

𝑘𝑇𝑀
are shown

in Table for various annealing temperatures. Another
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cause for an variation in the peak temperatures af-
ter the annealing can be the removal and creation of
defects as a result of the annealing [10–15]. For the
sake of comparison, the TL kinetic parameters are
also determined using the initial rise method. Using
this method, the calculated values of 𝐸 are 0.90 for
the unannealed sample, 0.51 for a sample annealed at
400 ∘C, 0.54 for a sample annealed at 500 ∘C, and
0.42 for a sample annealed at 600 ∘C. This is in a
good agreement with the results obtained from the
VHR method.

4. Structural and Morphological Studies

Figure 4 shows the XRD pattern of the sample. The
crystal structure and the phase purity of the mate-
rial is obtained, and all the obtained diffraction peaks
were indexed and assigned to a monoclinic phase with
unit cell dimensions (in Angstŕ’om) 𝑎 = 10.41, 𝑏 =
= 6.73, 𝑐 = 12.46. The pattern was compared with
the Joint Committee on Powder Diffraction Stan-
dards (JCPDS) card No. 21-1458. The prominent dis-
played peaks correspond to (hkl) values: (200), (100),
(220),(321), (400), (422), (404), (426), and (624). The
width of the peak increases, as the crystallite size de-
creases. The average crystallite size of the prepared
powder was determined from Scherrer equation [2, 8]
which is given by

𝐷 =
0.9𝜆

𝛽 cos 𝜃
, (2)

where 𝐷 is the crystallite size, 𝜆 is the X-ray wave-
length (0.15406 nm), 𝛽 is the FWHM, and 𝜃 is the

1
𝑘𝑇𝑀

versus ln
(︁
𝑇2
𝑀
𝛽

)︁
for unannealed

and annealed samples at different temperatures

Unannealed
sample

Sample
annealed
at 400∘

Sample
annealed
at 500∘

Sample
annealed
at 600∘

1
𝑘𝑇𝑀

ln
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𝑇2
𝑀
𝛽

)︁
1

𝑘𝑇𝑀
ln

(︁
𝑇2
𝑀
𝛽

)︁
1

𝑘𝑇𝑀
ln

(︁
𝑇2
𝑀
𝛽

)︁
1

𝑘𝑇𝑀
ln

(︁
𝑇2
𝑀
𝛽

)︁
31.985 14.35 31.49 14.38 31.72 14.31 31.19 14.43
31.77 13.82 31.12 13.87 31.32 13.85 30.72 13.89
31.404 13.59 30.61 13.66 30.82 13.63 30.35 13.59
31.23 13.39 30.28 13.47 30.52 13.45 29.88 13.49
31.067 13.15 29.97 13.23 30.17 13.16 29.44 13.28
30.86 12.95 29.25 12.95 29.45 12.94 28.57 13.01

Fig. 4. XRD pattern of a KY3F10 : Ho3+ phosphor powder

Fig. 5. TEM image of a KY3F10 : Ho3+ phosphor powder

diffraction angle. The average crystallite size of the
sample is 182 nm.

The transmission electron microscopy (TEM) im-
age of the sample is also shown in Fig. 5. TEM image
indicates that the particles of KY3F10 : Ho3+ extend
up to several hundreds of nanometers in size. This
result is in a good agreement with the average size
obtained using the XRD result.

5. Conclusion

In this work, the study of the effects of the anneal-
ing on TL peak positions and trap depths of a com-
mercially obtained KY3F10 : Ho3+ phosphor powder
is carried out within the variable heating rate (VHR)
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method. We have shown that the thermal treatments
affect the TL peak temperatures and alter the trap
depths. This effect of annealing on the trap depth
within the band gap of KY3F10 : Ho3+ is studied in
details. It is observed that the activation energy shifts
toward the conduction band edge after the thermal
treatment in such a way that it decreases with in-
crease in the annealing temperature. An increment in
the TL intensity and a shift of the TL peaks toward
the higher temperature region following the thermal
treatment are also observed. The XRD pattern of
the sample shows a monoclinic structure match with
JCPDS card No. 21-1458.
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ВПЛИВ ВIДПАЛУ НА IНТЕНСИВНIСТЬ
ТЕРМОЛЮМIНЕСЦЕНЦIЇ KY3F10 : Ho3+

Р е з ю м е

Дослiджено вплив вiдпалу на кривi свiтiння пiд час термо-
люмiнесценцiї сполуки KY3F10 : Ho3+ промислового виро-
бництва, i проведено порiвняння з результатами для невiд-
паленого зразка. Вiдпал проводився при температурах 400,
500 i 600 ∘C. Розраховано один з кiнетичних параметрiв тер-
молюмiнесценцiї, енергiя активацiї (глибина пастки), для
вiдпаленого i невiдпаленого зразкiв, з використанням ме-
тоду змiнної швидкостi нагрiву. Результати показали, що
вiдпал впливає на iнтенсивнiсть свiтiння при термолюмiне-
сценцiї. З ростом температури вiдпалу максимуми кривих
термолюмiнесценцiї змiщуються в бiк бiльш високих тем-
ператур. Чим вища температура вiдпалу, тим нижче поло-
ження рiвня пастки вiдносно краю зони провiдностi. Рент-
генографiя показує наявнiсть моноклiнної структури з па-
раметрами елементарної комiрки (в Å) 𝑎 = 10,41, 𝑏 = 6,73,
𝑐 = 12,46, вiдповiдними JCPDS мапi No. 21-1458.
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