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This pa per pres ents the thermoluminescence prop er ties of K2GdF5:Tb ma te rial ir ra di ated in a
ref er ence neu tron-gamma field and its pos si bil ity to be used in neu tron do sim e try. Dou ble flu o -
ride of K2GdF5 doped with 10 at% Tb3+ ions was syn the sized un der solid-state re ac tion con di -
tions and ir ra di ated in the ref er ence neu tron-gamma field of 241Am-Be source. The
thermoluminescence glow curves were mea sured by the Rexon UL-320 TLD reader con nected
with the WinRex-320 pro cess ing pro gram for ob tain ing the in te grated thermoluminescence
sig nals (counts). The re sults show that the tem per a ture peaks of the ir ra di ated K2GdF5:Tb ma -
te rial con cern ing the gamma and neu tron fields at the dis tance of 100 cm from the source are at
230 °C and 300 °C, re spec tively. The sen si tiv ity ra tios of fast-to-ther mal neu tron and
gamma-to-ther mal neu tron are 6.3 % and 18.2 %, re spec tively. The batch ho mo ge ne ity and
reproducibility are less than 30 % and 7.5 %, re spec tively. The lin ear ity is less than 10 % in the
dose range of less than 24 mSv. The de tec tion thresh old is less than 0.1 mSv, and the fad ing is
10.7 % af ter 90 days of ir ra di a tion. These thermoluminescence prop er ties of K2GdF5:Tb ma te -
rial con sid er ably sat isfy the re quire ments to be used in neu tron do sim e try. 
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INTRODUCTION

Re cently, the de vel op ment of thermoluminescence 
(TL) ma te ri als to be used in ra di a tion de tec tors and
solid-state do sim e ters for var i ous sci en tific and in dus trial 
ap pli ca tions has re ceived in creas ing at ten tion. There ex -
ists a com mer cial de mand in TL phos phors for neu tron
do sim e try, mea sure ment of neu tron ab sorbed dose rates
in space, and iden ti fy ing the con tri bu tion of pho tons and
neu trons to the to tal ab sorbed dose rate in neu tron cap -
ture ther apy [1-3]. Two iso topes of gad o lin ium, i. e.,
155Gd and 157Gd, with high ther mal neu tron ab sorp tion
cross-sec tions and rel a tively high con tents in nat u ral
gad o lin ium, about 14.7 at% (atomic per cent age), have
the po ten tial to be used in such TL ma te ri als. Nu clear re -
ac tions of the ma te ri als with neu trons in the en ergy range
up to 10 MeV, e.g., the neu tron field of a 241Am-Be, may
emit prompt pho tons, in ter nal con ver sion and Au ger
elec trons, soft X-rays, and pho tons [4]. Though sev eral
Gd-based ma te ri als have been used for neu tron de tec tion
as scin til la tors or im ag ing screen phos phors, no such ma -

te rial was pro posed for neu tron do sim e try as TL phos -
phors [1].

As known, sev eral flu o ride com pounds doped
with rare earth (RE) el e ments were found to be rather
ef fi cient TL phos phors [1]. There fore, gad o lin ium flu o -
rides doped with RE el e ments could be con sid ered for
the de vel op ment of TL phos phors to be used in neu tron
de tec tion. Pre vi ous works re ported the syn the sis of
com plex flu o rides, e. g., K2GdF5, doped with RE ions,
e. g., Dy3+ and Tb3+, based on the hy dro ther mal method
and the TL prop er ties of the ma te ri als ir ra di ated to pho -
ton (X-ray, gamma) and neu tron ra di a tion [4-7]. Sev -
eral stud ies in the syn the sis of K2GdF5:Tb ma te rial in
the pow der form and their TL prop er ties have been con -
ducted. The syn the sis of K2GdF5:Tb ma te rial us ing the
hy dro ther mal method (at high tem per a ture and high
pres sure) for in ves ti gat ing its TL prop er ties un der al -
pha, beta, and X-ray ra di a tion was con ducted by Hanh
et al. [1]. The syn the sis of the K2GdF5:Tb ma te rial us -
ing the solid-state re ac tion method was im ple mented by 
Vinh et al. [8-11]. Then, the TL prop er ties of the
K2GdF5:Tb ma te rial ir ra di ated at high doses of beta,
gamma, and neu tron fields were in ves ti gated. The crys -
tal lo graphic struc ture by X-ray dif frac tion (XRD) and
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SEM, and the TL in ten si ties of the K2GdF5:Tb ma te rial
ir ra di ated to the ra di a tion fields in di cated that the
K2GdF5:Tb ma te rial with 10 at% Tb3+ ions had a good
sen si tiv ity at high ra di a tion doses. How ever, the prop -
er ties of the K2GdF5:Tb ma te rial ir ra di ated to a ref er -
ence gamma-neu tron field at low doses (less than 20
mSv) have not been in ves ti gated. Be sides, to pro mote
the ap pli ca tion of the ma te rial in per sonal neu tron do -
sim e try, fur ther stud ies need to be con ducted to in ves ti -
gate the prop er ties of the K2GdF5:Tb ma te rial, such as
batch ho mo ge ne ity, reproducibility, lin ear ity, de tec tion
thresh old, and fad ing, ac cord ing to the In ter na tional Or -
ga ni za tion for Stan dard iza tion (ISO) 21909 [12] and
In ter na tional Electrotechnical Com mis sion (IEC) [13,
14]. A com pre hen sive re view of the de vel op ment of
neu tron per sonal do sim e try can be found in [2]. One of
the re quire ments for a do sim e ter to be used for de tect -
ing neu tron and gamma is the ca pa bil ity to dis crim i nate
be tween neu tron and gamma com po nents.

In the pres ent work, the TL prop er ties of the 
K2GdF5:Tb ma te rial ir ra di ated to fast, ther mal neu -
trons and gamma in a ref er ence neu tron field at doses
less than 20 mSv were in ves ti gated. The K2GdF5:Tb 
ma te rial was syn the sized based on the solid-state re ac -
tion method and ir ra di ated in the ref er ence 241Am-Be
field. The TL glow curves were mea sured us ing the
Rexon UL-320 TLD reader. The TL prop er ties such as
batch ho mo ge ne ity, reproducibility, lin ear ity, de tec -
tion thresh old, and fad ing were eval u ated and com -
pared to the ISO and IEC.

MATERIALS AND METHODS

Synthesizing K2GdF5:Tb material

The ini tial ma te rial com pounds con sist of KF,
GdF3, and TbF3 sup plied by Sigma-Aldrich Ltd. with
a pu rity of 99.99 %. The K2GdF5 crys tals doped with
Tb3+ ions were syn the sized based on the solid-state re -
ac tion method, ac cord ing to the fol low ing chem i cal
equa tion [8-11]

2KF + GdF3 + Tb3+ ® Tb3+-doped K2GdF5

Due to the wa ter ab sorp tion of the KF com -
pound, the ma te rial was dried at the tem per a ture of
120 °C for 10 hours. Then, a mix ture of KF, GdF3, and
TbF3 with a mass ra tio of 1:1.6622:0.1863 was ground
in an ag ate mor tar for 2 hours to en sure the mix ture ho -
mog e nized with small par ti cles. The mix ture was
placed in a graph ite boat and heated in an ar gon gas
flux at the tem per a ture of 620 °C for 6 days. Af ter heat -
ing, the ma te rial was ob tained as white hard pel lets. It
was crushed up to a par ti cle size of about 50-100 mm
and washed with dis tilled wa ter and eth a nol sev eral
times. The ma te rial was then dried at the tem per a ture
of 120 °C for 10 hours, an nealed at the tem per a ture of

420 °C for one hour, and cooled to room tem per a ture.
Fi nally, the syn the sized ma te rial in pow der form was
di vided into sam ples with a weight of 20 mg and
sealed in black plas tic cap sules for use as TL de tec tors
(TLD). The syn the sis pro ce dure of the ma te rial was
car ried out at the Sam ple Treat ment Lab o ra tory of the
Dalat Nu clear Re search In sti tute (DNRI). The syn the -
sis pro cess of one batch of the K2GdF5:Tb ma te rial
took about 9 days.

Irradiation and measurement
of TL signals

The TLD were ir ra di ated in a ref er ence neu tron
field of the 241Am-Be source at the Ter tiary Stan dard
Do sim e try Lab o ra tory (TSDL) of DNRI. The emis -
sion rate of the source is 5.4094×106 s–1 (± 6 %) in
2023. The fast neu tron field was es tab lished with the
source ex po sure in the air, while the ther mal neu tron
field was es tab lished with the source mod er ated by the
eleven poly eth yl ene sheets with a to tal thick ness of 11
cm. The neu tron dose rates of the fast and ther mal neu -
tron fields at the ir ra di a tion po si tions were de ter mined
us ing a neu tron spec trom e ter with the 3He de tec tor and 
the PE bonner-cyl in der sys tem [15]. All mea sure -
ments were con ducted at the same ir ra di a tion po si tion
of 100 cm away from the source. Af ter ir ra di a tion, the
TLD were mea sured for the TL in ten sity (TL sig nals,
unit in counts) us ing the Rexon UL-320 TLD reader
con nected with the WinRex-320 pro cess ing pro gram.
To op ti mize the mea sur ing cy cle, the set ting pa ram e -
ters of the Rexon UL-320 TLD reader were op ti mally
de ter mined. The main set ting pa ram e ters in cluded the
heat ing tem per a ture range, tem per a ture heat ing rate
(pos si ble val ues of 2 °Cs–1, 5 °Cs–1, 10 °Cs–1, 15 °Cs–1, 

and 20 °Cs–1), heat ing type (lin ear or non-lin ear), and
mea sur ing cy cle (to tal mea sur ing steps). By chang ing
the set ting pa ram e ters, the op ti mal TL read ing pro cess
was se lected when a sta ble in te grated TL in ten sity and
a dis tin guished TL spec trum were ob tained. The TL
glow curves were then de rived from the TL sig nals
[16]. Fig ure 1 shows the ref er ence neu tron field of the
241Am-Be source at DNRI.

To de ter mine the TL prop er ties of the 
K2GdF5:Tb ma te ri als ir ra di ated in the ref er ence neu -
tron field, the TLD were di vided into sev eral groups,
each group con sist ing of ten TLD, to be ir ra di ated at
dif fer ent doses. For each con fig u ra tion, the sam ple
group of ten TLD was ir ra di ated si mul ta neously. Sev -
eral pro ce dures were im ple mented for ir ra di at ing the
TLD in the ther mal and fast neu tron fields and mea sur -
ing the in te grated TL out put sig nals (ab bre vi ated to
sig nal, in a unit of count) de pend ing on the TL prop er -
ties to be eval u ated. In each pro ce dure, a group of ten
TLD of the same ma te rial batch was pre pared for
back ground mea sure ment, i. e., with out ir ra di a tion.
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Tem per a ture peaks for
gamma and neu tron

Two groups of TLD were pre pared and ir ra di -
ated at the same dose of 8 mSv in the fast neu tron field
and the ther mal neu tron field, re spec tively. The sig nals 
(counts) of the ir ra di ated TLD were then mea sured to
de ter mine av er age tem per a ture peaks of gamma, ther -
mal, and fast neu trons. 

Sen si tiv ity ra tios of fast and
ther mal neu trons to gamma

Two groups of TLD were pre pared and ir ra di -
ated at the same dose of 1.7 mSv, one with the fast neu -
tron field and the other with the ther mal neu tron field.
The sig nals were mea sured to de ter mine sen si tiv ity ra -
tios of fast, ther mal neu tron, and gamma fields.

Batch ho mo ge ne ity

 A group of ten TLD were ir ra di ated at the same
dose of 3 mSv in the ther mal neu tron field. The sig nals
were mea sured to de ter mine batch ho mo ge ne ity.

Reproducibility for ther mal neu tron

A group of ten TLD was ir ra di ated at the same
ther mal neu tron dose of 10 mSv. The sig nals were then 
mea sured and re corded. The TLD were then an nealed
and ir ra di ated again at the same dose of 10 mSv, and
the sig nals will be de ter mined again. This pro cess was
re peated ten times to eval u ate reproducibility.

Lin ear ity at low doses

Four groups of TLD were pre pared and ir ra di ated
at the ther mal neu tron doses of 3.24 mSv, 5.23 mSv, 7.85
mSv, and 23.84 mSv, re spec tively. The sig nals were
mea sured to de ter mine a lin ear re sponse.

The de tec tion thresh old of a dose

A group of ten TLD of the same ma te rial batch
and stor age (no ir ra di a tion). The sig nals were mea -
sured af ter 1 day and the sec ond one af ter 30 days for
the TLD to de ter mine a de tec tion thresh old.

Fad ing

Seven groups of TLD of the same ma te rial batch
were pre pared and ir ra di ated at the same ther mal neu -
tron dose of 3 mSv and stored. The sig nals were mea -
sured af ter the stor age time of 1, 7, 14, 21, 30, 60, and
90 days, re spec tively, to de ter mine a de crease in the
sig nals with time.

RESULTS AND DISCUSSION

Temperature peaks for gamma
and neutron

Fig ures 2 and 3 (taken from the screen of the
Rexon UL-320 TLD reader) il lus trate the typ i cal TL
glow curves of the TLD ir ra di ated in the fast and ther -
mal neu tron fields, re spec tively. In these fig ures, the
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Fig ure 1. The ref er ence neu tron field of the 241Am-Be source



blue lines are the glow TL curves (count ver sus mea sur -
ing time) and the ar eas un der these lines are the in te -
grated TL sig nals (counts), and the moss-green lines are 
mea sur ing cy cles (tem per a ture ver sus mea sur ing time). 
To ob tain the to tal counts at the tem per a ture peaks in
the TL glow curves, it was ad justed man u ally ROI (cur -
sor) around the tem per a ture peak ac cord ing to the hor i -
zon tal axis. The area was marked, and the to tal counts
were read on the screen of the TL reader. The er rors  of 
the  to tal  counts for the peaks were less than 3 %. The
neu tron-gamma mea sur ing cy cle is an op ti mal choice
for mea sur ing the TL glow curves in clud ing neu tron
and gamma from 241Am-Be source (the first node cor -
re sponds to the mea sur ing time of 8 sec onds from room

tem per a ture  to 160 °C at the heat ing rate of 20 °Cs–1; the 
sec ond one cor re sponds to the time of 7 sec onds at 160
°C; the  third  one  cor re sponds  to  the  time  of  7 sec onds  
from  160  °C  to  230  °C at the heat ing rate of 10 °Cs–1

for mea sur ing gamma; the fourth one cor re sponds to the 
time of 8 sec onds at 230 °C; the fifth one cor re sponds  to  
the  time  of  7 sec onds from 230 °C to 300 °C at the heat -
ing rate of 10 °Cs–1 for mea sur ing neu tron. The next
node cor re sponds to the to tal mea sur ing  time  of  48 
sec onds  to  re duce  tem per a ture  from 300 °C to 20 °C to
make the TL dis tri bu tion of neu tron in the glow curve
with a Gaussi an shape).

One can see the sim ple shapes of the TL glow
curves with three char ac ter is tic tem per a ture peaks. The
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Fig ure 2. Typ i cal TL glow curve
for the fast neu tron field of
241Am-Be source

Fig ure 3. Typ i cal TL glow curve
for the ther mal neu tron field of
241Am-Be source



first peak  on  the  left side at the tem per a ture of 160 °C (at 
a heat ing rate of 20 °Cs–1) cor re sponds to ther mal fad ing,
which is of ten quenched by the ther mal fad ing ef fect and
is not used in do sim e try. The sec ond peak in the mid dle at 
230 °C (at a heat ing rate of 10  °Cs–1) cor re sponds to
gamma. The third peak on the right side at 300 °C (at a
heat ing rate of 10 °Cs–1) cor re sponds to fast and ther mal
neu trons. To con firm the sec ond peak cor re spond ing to
gamma in the 241Am-Be field, the TLD were ir ra di ated
sep a rately by pho ton sources (such as X-ray, 137Cs,
60Co), and the re sults show that the tem per a ture peak
con cern ing pho ton is at 230 °C. Fig ures 4 and 5 il lus trate
the TL glow curves of the TLD ir ra di ated in the gamma
fields of 60Co and 241Am-Be sources, re spec tively. Here,
the gamma mea sur ing cy cle was used to get the glow
curves only in the range of tem per a tures for gamma. This 
af firmed that the tem per a ture peaks at 230 °C and 300 °C
are the dosimetric peaks of gamma and neu tron, re spec -
tively. Com pared to the re sults re ported in [1] for the
K2GdF5:Tb ma te rial syn the sized by the hy dro ther mal
method and the TL glow curves un der X-ray ir ra di a tion,
it is con firmed again that the tem per a ture peak at 230 °C
due to gamma ir ra di a tion in this study is con sis tent with
that found in [1]. This mea sure ment of the K2GdF5

doped with Tb3+ in di cated the prom is ing TL prop er ties
for de tect ing neu trons and sep a rat ing its dose com po nent 
in a gamma-neu tron field. Since the mea sure ments were
per formed with the op ti mal mea sur ing cy cle, the two
peaks of gamma and neu tron were sep a rated clearly. This 
can be ex plained as the depth of gamma en ergy traps is
less than that of the neu tron, i. e., the peak of gamma at a
lower tem per a ture than that of the neu tron.

Sensitivity ratios of fast, thermal
neutron, and gamma

The TL flow curves for fast neu tron, ther mal
neu tron, and gamma fields have been mea sured, eval -
u ated, and sum ma rised in tab. 1. Ta ble 1 rep re sents the
to tal ar eas (av er age count, N) and their stan dard de vi a -
tions (SD) un der the cor re spond ing TL peaks. The
TLD were ir ra di ated with a to tal dose of 8 mSv. This is
be cause it gives suf fi cient sta tis ti cal counts for the in -
ves ti ga tion within the dose range of less than 20 mSv,
and the ir ra di a tion time was rea son ably es ti mated to
save the ex per i men tal cost. The sen si tiv ity ra tios on
the in ten si ties of fast-to-ther mal neu tron and gamma-
to-ther mal neu tron are 6.3 % and 18.2 %, re spec tively.
This in di cates that the TLD are not sen si tive to fast
neu trons, but highly sen si tive to gammas.

Batch homogeneity

Batch ho mo ge ne ity (BH) is cal cu lated as fol lows
[12, 14]

BH
N N

N
=

-
£max min

min

.03 (1)

where Nmax and Nmin are the max i mum and min i mum
counts, re spec tively. The value of BH should not ex -
ceed 30 %, ac cord ing to the ISO and IEC [12, 14]. Ta ble
2 sum ma rizes the sig nals (counts, sym bol as Ni) of the
TLD of the same ma te rial batch ir ra di ated at the ther mal 
neu tron dose of 3 mSv. The re sults show that the max i -
mum and min i mum counts are Nmax = 2607 and Nmin =
=.2110, re spec tively. Thus, the BH of 23.6 % is de ter -
mined. This value is smaller than 30 %, i. e., it sat is fies
the re quire ment for ra di a tion do sim e try [12, 14].

Reproducibility in thermal
neutron field

Reproducibility (RE) is cal cu lated from the fol -
low ing for mula [12, 14]

RE
SD

N
=

+
£

1
0075. (2)

where SD is the av er age stan dard de vi a tion of n ir ra di -
a tions (n = 10 in this study), l is the con fi dence in ter val
(95 %) of  SD ob tained in [14], and N – the av er age
count of n ir ra di a tions. The value of RE should not ex -
ceed 7.5 % as rec om mended by the ISO and IEC [12,
14].  Ta ble 3 sum ma rizes the sig nals for ten times ir ra -
di a tion at the same ther mal neu tron dose of 10 mSv for
the TLD. The RE of 7.4 % is ob tained, which sat is fies
the ba sic re quire ment for ra di a tion do sim e try [12, 14].

Linearity at low doses

Lin ear re sponse (LR) is cal cu lated from the fol -
low ing for mula [12, 14]

09
1

11. .£ =
±

£LR
N

c
(3)

V.-T. Phan, et al., Thermoluminescence Prop er ties of K2GdF5:Tb Ma te rial ...
Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 1, pp. 37-46 41

Table 1. Average counts of the TLD irradiated at the same
dose of 8 mSv in the gamma, fast, and thermal neutron fields

Radiation field N (count) (SD) (count)

Gamma 5013 87

Fast neutron 1733 126

Thermal neutron 27502 933

Table 2. Counts of 10 TLD irradiated at the same thermal
neutron dose of 3 mSv

Number of TLD Ni (count)

1 2464

2 2236

3 2530

4 2114

5 2110

6 2447

7 2335

8 2607

9 2523

10 2274

BH [%] 23.6



where N is the av er age count for each group of TLD ir -
ra di ated at the same dose, l – the half-width of the con fi -
dence in ter val (95 %) of N rel a tive to the ith group of
TLD ob tained in [14], and C – the ir ra di ated dose of the
ith group of TLD (in mSv). The value of LR should vary
within the range of 0.9-1.1, which means the de vi a tion
of the LR should not be greater than 10 % over the ir ra -
di ated dose range, ac cord ing to the rec om men da tion of
ISO and IEC. Ta ble 4 sum ma rizes the sig nals (counts)
for  the  four groups of TLD ir ra di ated at the ther mal
neu tron doses of 3.24 mSv, 5.23 mSv, 7.85 mSv, and
23.84 mSv, re spec tively. The LR val ues for the four
groups of TLD are in the ranges of 0.99-1.07,
0.91-1.08, 0.92-1.05, and 0.93-1.08, re spec tively. The
val ues sat isfy the re quire ment for ra di a tion do sim e try in 
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Fig ure 4. Typ i cal TL glow curve
for the gamma field of 60Co source

Fig ure 5. Typ i cal TL glow curve
for the gamma field of 241Am-Be
source

Table 3. Average counts of the TLD at ten times of  irradiation

Irradiation times Ni (count)

1st 11330

2nd 12461

3th 10324

4th 11480

5th 12646

6th 12480

7th 12391

8th 12758

9th 12102

10th 11905

N 11988

SD 717

RE [%] 7.4



[12, 14].  Fig ure 6 de picts the lin ear re sponse as a re la -
tion ship be tween the sig nals (counts) and the ther mal
neu tron doses (mSv). The re sponse is lin ear with a good 
cor re la tion co ef fi cient (R2 = 0.998). The dis crep an cies
in the val ues of the doses are less than 10 %.

The detection threshold of the dose

The de tec tion thresh old (DT) of the dose was
cal cu lated by the fol low ing for mula [12, 14]

DT t= × £n SD H (4)

where tn is the stu dent's co ef fi cient for n-1 DoF (n = 10 in
this study). The value of tn = 2.26 was taken in [14] and
SD is the av er age stan dard de vi a tion for the TLD. The
value of DT should not ex ceed the value of H = 0.1 mSv
as rec om mended by the ISO and IEC in [12, 14]. Ta ble 5
sum ma rizes the sig nals (counts, sym bol as Ni) on 1st day
and 30th one af ter ir ra di a tion. The de tec tion thresh old
was de ter mined as 1135 counts, cor re spond ing to the
dose of 0.095 mSv. This value sat is fies the re quire ment
for ra di a tion do sim e try [12, 14].

Fading

The seven groups of TLD were ir ra di ated at the
same ther mal neu tron dose of 3 mSv and then mea sured
at 1, 7, 14, 21, 30, 60, and 90 days af ter ir ra di a tion, re -
spec tively. The arith me tic means of the sig nals (counts)
for the seven TLD groups were cal cu lated and sum ma -
rized in tab. 6. Fig ure 7 de picts the de creas ing rate of the
counts of the TLD with time af ter ir ra di a tion. As shown
in fig. 7, the fad ing de creases fast from the first day to the
20th day and then de creases slowly af ter that time. On the
90th day af ter ir ra di a tion, the fad ing is 10.7 %. This value
is ap prox i mately the re quire ment for ra di a tion do sim e try
as men tioned in [12, 14]. Ac cord ing to the ISO and IEC,
the fad ing should be £10 % on the 90th day un der stan -
dard test con di tions (Am bi ent tem per a ture from 10 °C to
22 °C, at mo spheric pres sure from 86 kPa to 106 kPa, rel -
a tive hu mid ity from 50 % to 65 %).

CONCLUSIONS

The TL prop er ties of the K2GdF5:Tb ma te rial ir ra -
di ated in the ref er ence neu tron-gamma field were in ves -
ti gated for pos si ble use in neu tron do sim e try. The
K2GdF5:Tb ma te rial was syn the sized un der the
solid-state re ac tion con di tions and ir ra di ated in the ref er -
ence neu tron field of the 241Am-Be source. The TL glow
curves were mea sured us ing the Rexon UL-320 TLD
reader to de ter mine the TL prop er ties, such as batch ho -
mo ge ne ity, reproducibility, lin ear ity, de tec tion thresh old, 
and fad ing. The re sults show that the tem per a ture peaks
for gamma and neu tron fields are at 230 °C and 300 °C,
re spec tively. The sen si tiv ity ra tios of fast-to-ther mal
neu tron  and gamma-to-ther mal  neu tron  are  6.3 %  and
18.2 %, re spec tively. The batch ho mo ge ne ity and
reproducibility are less than 30 % and 7.5 %, re spec -
tively. The lin ear ity is less than 10 % in range of ther mal
doses of less than 24 mSv. The de tec tion thresh old is
smaller than 0.1 mSv, and the fad ing is 10.7 % at 90th day
af ter ir ra di a tion. These TL prop er ties con sid er ably sat -
isfy the ba sic re quire ments of the ISO and IEC for pos si -
ble use in neu tron do sim e try.
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Table 4. Counts for four groups of TLD irradiated at
different thermal neutron doses

Number of TLD 3.24 mSv 5.23 mSv 7.85 mSv 23.84 mSv

1 4412 5223 5186 10152

2 4235 5672 6166 10130

3 4095 4145 5833 12066

4 4680 4526 6411 9438

5 4695 5310 5308 8074

6 4291 4173 4840 11202

7 4783 4365 5406 10677

8 4544 4985 5673 10742

9 4537 5097 5988 9606

10 4874 5697 5041 10158

N 4515 4914 5585 10225

LR 0.99-1.07 0.91-1.08 0.92-1.05 0.93-1.08

Table 5. Counts on 1st day and 30th day after irradiation

Number of TLD Ni (count) on
the 1st day

Ni (count) on
the 30th day

1 1538 34036

2 1485 33763

3 1493 33563

4 1515 33669

5 1531 34057

6 1578 33167

7 1583 33510

8 1501 34434

9 1501 34767

10 1697 33351

Table 6. Counts with time after irradiation (fading)

TLD groups Days after irradiation Ni (count) Fading [%]

1 1 4109 0.0

2 7 3944 4.0

3 14 3764 8.4

4 21 3684 10.3

5 30 3680 10.4

6 60 3674 10.6

7 90 3671 10.7



AUTHORS' CONTRIBUTIONS

V. T. Phan, V. H. Nguyen, H. T. Pham, and V. D.
Pham de signed the study, per formed the mea sure -
ments, an a lyzed the data, and wrote the ini tial draft of
the manu script. D. K. Tran and H. N. Tran an a lyzed the 
data, wrote the ini tial draft, and re viewed and ed ited
the fi nal manu script.

ORCID NO

Van-Hung Nguyen:
https://orcid.org/0000-0002-4718-2361

Hoai-Nam Tran:
https://orcid.org/0000-0003-0747-0147

REFERENCES

[1] Hanh, H. K., et al., Thermoluminescence Prop er ties
of isostructural K2YF5 and K2GdF5 Crys tals Doped
with Tb3+ in Re sponse to a, b and X-Ray Ir ra di a tion,
Nu clear In stru ments and Meth ods in Phys ics Re -
search Sec tion B: Beam In ter ac tions with Ma te ri als
and At oms, 268 (2010), July, pp. 344-3350

[2] Gómez-Ros, J. M., et al., Per sonal Neu tron Do sim e -
try: State-of-the-art and New Tech nol o gies, Ra di a -
tion Mea sure ments 161 (2023), Feb., 106908

V.-T. Phan, et al., Thermoluminescence Prop er ties of K2GdF5:Tb Ma te rial ...
44 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 1, pp. 37-46

Fig ure 6. Lin ear re sponse
be tween counts and ther mal
neu tron doses

Fig ure 7. De crease of
counts of TLD with time
af ter ir ra di a tion



[3] He, S., et al., Pulsed photoluminescence Mea sure -
ments Us ing Salt as a Ra di a tion Ac ci dent Dose De tec -
tor Ma te rial, Nucl Technol Radiat, 38 (2023), 3, pp.
169-178

[4] Silva, E. C., et al., Pre lim i nary TL Stud ies of
K2GdF5:Dy3+ Ex posed to Pho ton and Neu tron Ra di a -
tion Fields, Ra di a tion Mea sure ments, 59 (2013), June  
pp. 119-122

[5] Azorni-Nieto, J., et al., Thermoluminescence of Ter -
bium-Doped Dou ble Flu o rides, Nu clear In stru ments
and Meth ods in Phys ics Re search Sec tion B: Beam In -
ter ac tions with Ma te ri als and At oms, 263 (2007),
Apr., pp. 36-40

[6] Silva, E. C., et al., Study on the Thermoluminescence
Re sponse of K2GdF5 crys tals doped with Dy3+ Tri va -
lent Ions to X and Gamma Ra di a tion Fields, Pro ceed -
ings, In ter na tional Nu clear At lan tic Con fer ence –
INAC 2007, Santo, SP, Brazil, 2007

[7] Silva, E. C., et al., In ves ti ga tion of the Thermolu-
minescent Re sponse of K2GdF5:Dy3+ Crys tals to Pho -
ton Ra di a tion and Neu tron Fields, Pro ceed ings, In ter -
na tional Nu clear At lan tic Con fer ence – INAC 2009,
Rio de Ja neiro, RJ, Brazil, 2009

[8] Vinh, H. X., et al., Ef fects of Gamma and Beta Ra di a -
tions to Do sim e ters Fab ri cated from K2YF5 and
K2GdF5, Viet nam Jour nal of Nu clear Sci ence and
Tech nol ogy, 4 (2014), 3, pp. 47-54

[9] Vinh, H. X., et al., Prep a ra tion of Tb3+-doped K2GdF5

Used to Neu tron Do sim e try, Viet nam Jour nal of Nu -
clear Sci ence and Tech nol ogy, 4 (2014), 4, pp. 30-37

[10] Vinh, H. X., et al., Study on thermoluminescence
Prop er ties of K2GdF5:Tb3+, Viet nam Jour nal of Sci -
ence and Tech nol ogy, 56 (2018), 1A, pp. 102-109

[11] Vinh, H. X., et al., Struc ture and Lu mi nes cence Prop -
er ties of K2GdF5:Tb3+ Syn the sized by Solid-State Re -
ac tion Method, Bul le tin Ma te ri als Sci ence, © In dian
Acad emy of Sci ences, 2019, 42:70

[12] ***, ISO 21909:2005, Pas sive Per sonal Neu tron
dosemeters – Per for mance and Test Re quire ments,
In ter na tional Or ga ni za tion for Stan dard iza tion (ISO)

[13] ***, IEC 62387:2012, Pas sive In te grat ing Do sim e try Sys -
tems for Per sonal and En vi ron men tal Mon i tor ing of Pho -
ton and Beta Ra di a tion, In ter na tional Electrotechnical
Com mis sion (IEC)

[14] ***IEC 1066:1991, Thermoluminescence Do sim e try 
Sys tems for Per sonal and En vi ron ment Mon i tor ing,
In ter na tional Electrotechnical Com mis sion (IEC)

[15] Hieu, P. Q. B., et al., De vel op ment of a Neu tron Spec -
trom e ter for Neu tron Do sim e try at the Dalat Nu clear
Re search In sti tute, Pro ceed ings, 15th Viet nam Con -
fer ence on Nu clear Sci ence and Tech nol ogy
(VINANST-15), 2023, pp. 242-247

[16] ***, Rexon Inc. (2002), Sys tem UL-320: 320-AD &
320-FDR TLD Reader In struc tion Man ual, Rexon TLD
Sys tems, Inc., 24500 Highpoint Road, Beachwood,
Ohio 44122-6022

Re ceived on April 11, 2014
Ac cepted on June 24, 2024

V.-T. Phan, et al., Thermoluminescence Prop er ties of K2GdF5:Tb Ma te rial ...
Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 1, pp. 37-46 45



V.-T. Phan, et al., Thermoluminescence Prop er ties of K2GdF5:Tb Ma te rial ...
46 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 1, pp. 37-46

Van-Toan FAN, Van-Hung NGUJEN, Hung-Tai FAM, Van-Dung FAM,
Dinh-Hoa TRAN, Hoai-Nam TRAN

TERMOLUMINESCENTNA  SVOJSTVA  K2GdF5:Tb  MATERIJALA
OZRA^ENOG  U  NEUTRON-GAMA  POQIMA  241Am-Be  IZVORA

Prikazana su termoluminiscentna svojstva K2GdF5:Tb materijala ozra~enog u
referentnom neu tron-gama poqu i mogu}nost wegove upotrebe u neutronskoj dozimetriji.
Dvostruki fluorid K2GdF5 dopiran sa 10 at% Tb3+ jona sintetizovan je u reakcionim uslovima
~vrstog stawa i ozra~en u referentnom neu tron-gama poqu izvora 241Am-Be. Krive
termoluminiscentnog sjaja merene su Rexon UL-320 TLD ~ita~em povezanim sa programom za
obradu WinRex-320, za dobijawe integrisanih signala  termoluminiscencije. Rezultati pokazuju da
su temperaturni vrhovi ozra~enog K2GdF5:Tb materijala koji se odnose na gama i neutronsko poqe
na udaqenosti od 100 cm od izvora, na 230 °S i 300 °S , respektivno. Odnosi osetqivosti brzih prema
termi~kim neutronima i gama prema termi~kim neutronima su 6.3 % i 18.2 %, respektivno.
Homogenost serije i ponovqivost mawe su od 30 % i 7.5 %, respektivno. Linearnost je mawa od 10 %
u opsegu doza mawem od 24 mSv. Prag detekcije je mawi od 0.1 mSv, a slabqewe je 10.7 % posle 90 dana
zra~ewa. Ova svojstva termoluminiscencije materijala K2GdF5:Tb u velikoj meri zadovoqavaju
zahteve za upotrebu u neutronskoj dozimetriji.

Kqu~ne re~i: termoluminiscentna svojstva, K2GdF5:Tb materijal, neutronsko i gama zra~ewe


