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Fig. 1. XRD patterns of NaCl: Cu (2 h, 0.5%) powder at

different sintering temperatures.

3.2 FHEFEM
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MR E N 15 kV. HIE 2(a) ATLLVE ), NaCl:Cu
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i) SEM [l {%

Fig. 2. (a) SEM image of NaCl: Cu sample under 15 kV
high voltage and 880 magnification; (b) SEM image of
NaCl: Cu sample at 30 kV high voltage and 38800 magnific-

ation.
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Fig. 3. (a) The OSL response of sintered dose tablets of unfiltered NaCl: Cu powder; (b) OSL response of sintered dose tablets of

100 mesh screened NaCl: Cu powder.

100 | (a) ® SChR{E
£ sof
=}
- L 2N}

[ )

= 60f R . SX L v
P o 0 (Y o0
i % L) .M. ‘.‘ L )
= :.0’?°."°"‘,’,’°.‘..°0""o'&¢
.%i )
BN

20 |

0

R EL IR

200} (b) = SEME
% E{Iees
w
£
5 150
3
-
<
Q 100 +
=
3
N 50 -
0

0 50 100
R/ K

B 4 (a) NaCLCu it A EEEAR I, (b) NaCL:Cu 4 Aot Rl 5 B4k ik
Fig. 4. (a) OSL background test of NaCl: Cu dose tablets; (b) measurement of OSL decay characteristics of NaCl: Cu dose tablets.
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3.3.3 ReErhAFH

1 5 J& NaCl:Cu & A FEfh & A RIRE R 1Y v 5
R X GBS R IR S e R I 4R, v T4k
Tk Cs-137 U5 (662 keV) ., Co-60 Ui (1.173 MeV F1
1.332 MeV), Am-241 Ji (59.5 keV) X F W, X 5t
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P D e B A A R v A 7, XA i 114 B o
¥ 3 mGy, #E 24 h )5 HEROEI & RS
POSL T i A& 50 g i w4528 181 5 ml LA
B, T X (B0 B2, M5 R AR R
NaCl:Cu & Fr % T e f BAR I 2k A DGR i
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FIHEL RO G IR B, 7E i H NaCl:Cu 7 A
THRDECROE Bt m i, 7575 AR i It i s m)
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—
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4 L

ol K
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Fig. 5. Measurement of OSL energy response of NaCl: Cu
dose tablets.

3.34 EAHM
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%1 s,
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Table 1. Measurement data of repeatability experiment.

iRV 5 Qe L A2 L A 5 L T AR 2E L D AR S o L v

1 19145 17132 15397 17269 17235.75
2 18667 15736 17354 19041  17699.5
3 16395 18879 17437 18975  17921.5
4 17576 18664 17485 18531 18064
5 18111 18978 19009 17802 18475
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Cs-137 bRUEYR, 58 BEF) % 0 13.44 uGy/s, 4@ MR
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A5 20 i A e W R, R X BRI AR . 32893
arb. units (3 mGy) 7E F 3.3.6 1715 H. 7 0°—90°
F14) Qi A FF1 50 FB1 P, 700 5 A4 R T o 3 i g PR
T R 0.86—0.994; 41 4% £ B2 S 90°H, il =
SR E(E 2R K, R 13.5%. RS, 8
HECA R 1) S0 O BR 5 A oy G e s TR o 1) R
THIFR, Bl 7R I A B O, O oy Sk IR
{4 TR AR /0N PN A5 A s Xty S 1% i 7 s
U/,
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Fig. 6. Angular response of dose element.
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Abstract

In this paper, NaCl: Cu circular dose tablets with a size of 5x1.8mm are prepared by sintering pure NaCl
and CuCl powder as raw materials. They are placed in a four-element shell and sealed with plastic film to
overcome the moisture absorption of the material. Their photoluminescence characteristics are studied by using
an Inlight 200 automatic photoluminescence measurement system. The results show that the X-ray
characteristic peaks of NaCl: Cu sintered at 650 °C and 400 °C appear at 27°, 32°, 45°, 56°, 66°, 75° and 84°
respectively. Compared with the data given by XRD standard card of pure NaCl crystal (pdf-#88-2300), those
peaks of the sample sintered at 650 °C are more consistent with the data given by the standard card. In the
scanning electron microscope image, it can be seen that the grains are wholly welded and closely connected, and
the characteristic grains in the sintering process have good welding effect. After Cu' ion doping, the lattice
structure of NaCl is slightly deformed. After high-temperature sintering, the mass transfer of Cu* ions occurs at
an atomic level in NaCl, and the particles are combined into a coherent solid structure. For X/7-rays, the
photoluminescence response of NaCl:Cu dose sheet to low-energy rays is higher than that of the same kind of
rays with high energy. When using NaCl:Cu dose sheet to calculate the cumulative photoluminescence dose, it
is necessary to consider the ray category and ray energy of the radiation source at the radiation site. The
photoluminescence curve of NaCl:Cu dose sheet has typical exponential attenuation characteristics. The
deflection angle of dose sheet has influence on the measured value: the greatest influence extent is 13.5%. With
the increase of deflection angle of dose sheet, the area irradiated by Y-ray decreases, and the response of internal
lattices to 7V-ray decreases slightly. The uniformity of NaCl: Cu raw material particle sizes has a great influence
on the distribution consistency of photoluminescence response of dose tablets. The decrease of sample particle

size during tablet pressing can improve the contact surface area between NaCl and CuCl. The increase of

* Project supported by the National Natural Science Foundation of China (Grant No.12005098 ), the Scientific Research
Project of Hunan Provincial Department of Education (Grant No.19A431 ), and the Graduate Scientific Research Innovation
Project of Hunan Provincial Department of Education (Grant No.CX20210945 ).

1 Corresponding author. E-mail: zhaoxiul@163.com

137801-7


http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.1007/s10854-020-02983-x
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.3969/j.issn.0258-0934.2018.04.015
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
http://doi.org/10.1016/j.nima.2016.10.001
mailto:zhaoxiul@163.com
mailto:zhaoxiul@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 13 (2022) 137801

contact surface area can improve the diffusion and transfer efficiency of Cu™ ions, increase the number of dose
traps in the crystal, and make the overall count higher. When the particle sizes are more uniform, the Cu* ion
transferefficiencies and quantities of different dose tablets are close, the difference in the number of dose traps is
reduced, and the photoluminescence sensitivities are closer. The coefficient of variation of the repeatability test
experiment is 2.28%. The consistency of the repeated measurement data is good. The lattice structure and
lattice defects of the material are not changed in the process of photoluminescence measurement and
photoannealing. In a dose range of 1-1000mgy, with the increase of irradiation dose, the photoluminescence
response of NaCl: Cu and NaCl dose tablets gradually increase and show a good linear relationship. The
photoluminescence response of NaCl: Cu is 2-to-4 times higher than that of NaCl dose tablets. The NaCl: Cu
dose tablets prepared by the sintering method can be used as dosimeters for monitoring personal or

environmental dose.
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