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The Performance of Quartz Dosimeter with Range to MGy
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Abstract: To study the new type of dosimeter with a dose up to the ultra-high dose
range of MGy, the electron spin resonance (ESR) method is used to measure the signal
intensity of the sample irradiated by gamma rays or electron beams. Preliminary studies
have been carried out through the selection of sensitive materials, linearity after irradia-
tion, and stability. The results showed that the quartz can be used as a raw material for
ultra-high dosimeters. After 15 min 300 C proper heat treatment, the signal intensity
of the irradiated quartz sample can maintain good stability within one year with a change
of less than 3%. The radiation dose and the E' signal intensity of quartz are proportional
to the dose range of 10-10° kGy. The fitting coefficient is above 0. 99. Compared with
the high-purity quartz sample without heat treatment, the stability and R? of fitting
function of quartz sample are significantly improved. Therefore, the quartz dosimeter is
suitable as a working dosimeter in the ultra-high dose range.
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Fig. 1 Structure model of quartz, oxygen vacancy and E’ center
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Fig.2 The ESR spectrum of the E’ centre in quartz
(Absorbed dose 300 kGy, E-beam radiation)
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Table 1 Irradiation results of different kinds of quartz
! AN s R (kGy) £1 9% E'ME 50
FE it afi i - - - ~ - -
1.30 3.17 4.29 7.36 14.5 28.1 60.0 89.6 150 579 776 1100
NI A7 99.9% 0.01 0.01 0.0l 0.0l 0.0l 0.01 0.01 0.01 0.0l 0.01 / /
FaE Ry 99% 0.33 0.35 0.38 0.43 0.53 0.64 0.77 0.76 0.76 0.68 / /
N AR 2K 9K A 3 ~90% 0.45 0.50 0.52 0.57 0.56 0.56 / / / / / /
KR Al e 99.999%  0.07 0.13 0.17 0.24 0.36 0.51 0.62 0.75 0.97 1.21 1.48 1.57
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Fig. 3 Dose response curve of the quartz sand
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Table 2  Stability results of high purity quartz after irradiation

5 B/ AN T) i g B ] R A7 3 BN S SR
kGy 1d 23 d 52 d 99 d 154 d 205 d
0. 46 0.034 9 0.033 1 0.030 5 0.024 7 0.023 8 0.025 1
0.77 0.041 8 0.038 7 0.0416 0.029 9 0.028 7 0.0315
1. 30 0.065 5 0. 066 2 0. 060 8 0.055 1 0.046 0 0.049 5
2.06 0.095 6 0.097 6 0.094 9 0. 066 6 0.065 2 0.068 3
3.17 0.118 3 0.117 9 0.105 7 0.096 9 0.086 1 0.081 7
4. 29 0.164 8 0.159 4 0.145 1 0.124 8 0.110 1 0.107 2
7.36 0.224 4 0.218 6 0.199 3 0.175 2 0.143 4 0.140 8
9. 27 0.318 2 0.297 0 0.273 4 0.237 8 0.195 4 0.195 7
14.5 0.325 0 0.313 3 0.282 2 0.249 6 0.200 5 0.203 8
28.1 0.452 8 0.432 6 0.393 8 0.336 9 0.271 4 0.272 3
60. 0 0.562 7 0.515 7 0.443 0 0.380 8 0.290 9 0.294 4
89. 6 0.652 5 0.590 7 0.520 2 0.397 4 0.348 9 0.342 7
150 0. 840 2 0.768 0 0.630 7 0.556 4 0.429 8 0.398 9
172 0.999 9 0. 884 2 0.749 4 0.608 7 0.492 5 0.480 0
202 1.084 8 0.918 2 0.730 0 0.650 3 0.407 6 0.457 6
390 1.206 1 1.050 8 0.775 8 0.744 6 0.484 8 0.496 6
579 1.308 1 1.173 7 0.907 2 0.843 7 0.596 8 0.570 3
776 1.482 4 1.324 6 1.022 1 0.974 5 0.698 3 0.648 8
1025 1.565 3 1. 400 0 1.143 4 1.033 8 0.793 7 0.771 1
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Fig. 6 Nominal intensity change of the E’ signal
in irradiated quartz on stepwise heating

(Time of heat treatment: 20 min)
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Table 3 Measurement results of irradiated high purity quartz with different heat treatment time

H4b 3 B[]/ min 5 10 15

20 25 30 40 60

A3 EE SR 0.217 3 0.219 1 0.237 3

0.2377 0.229 3 0.229 7 0.225 4 0.2137
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Table 4 Stability results of irradiated purity quartz after heat treatment

A/ S 8 BEUR A R I ) (D A 9% B 5
kGy ’ 1 8 15 26 42 312
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AT 1. 000 0. 993 0. 999 1.014 0. 996 0. 998
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AT 1. 000 0. 994 1. 005 1. 015 1.012 1. 011
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Fig. 7 Dose response curve

of quartz sample irradiated by electron beam
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