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ABSTRACT This study leverages the ability of polytetrafluoroethylene (PTFE) to generate stable free radicals
under ionizing radiation to develop a solid PTFE dosimeter sheet. Experimental results indicate a strong positive
correlation between free radical response and absorbed dose over a broad range (1-180 kGy). The performance of
the dosimeter was minimally influenced by dose rate and energy dependence, while the effects of irradiation

temperature and post-irradiation storage time on free-radical decay exhibited clear and consistent patterns. Unlike
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conventional dosimeters used in the industry, the PTFE dosimeter is suitable for high-dose measurements and

calibrations, covering a range of 1—180 kGy with a total uncertainty of less than 5.02%, demonstrating high

metrological reliability. This study provides valuable insights into precise dose control and calibration in the

irradiation processing of polymers and other functional materials.
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Fig.1 Hpp signals of different dose values
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Table 1 Zero dose ESR response test data

Fedh HE/mg AREVIRES /au

S5 Hpp /au. WM /mg” WL/ dB

Jix NIERE / °C

Sample Weight Standard material signal Dosimeter signal Response  Signal-to-noise ratio Intra-cavity temperature
1 63.00 5914.61 18.29 0.29 50.84 32.25
2 63.80 5901.03 25.17 0.39 70.86 3221
3 63.60 5912.09 19.36 0.31 51.69 32.19
4 63.60 5903.81 23.54 0.37 51.70 32.15
5 63.90 5915.31 31.95 0.50 47.66 32.12
6 63.40 5905.64 29.42 0.47 43.89 32.10
7 63.60 5901.41 27.12 0.42 59.57 32.08
8 63.90 5910.13 27.18 0.43 72.41 32.06
9 63.20 5901.41 19.79 0.31 55.70 32.16
10 63.00 5899.51 27.58 0.44 76.645 31.89
Ml 6350 N/A 24.94 0.39 58.10 N/A
Average
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Fig.2 Response curve of PTFE solid dosimeter tablets (background subtracted) (a) and partial enlarged drawing (b)
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Table 2 PTFE dosimeter flipping uncertainty test data table

P b JiekE f &S5 Hpp /au. MR/ mg” Wi B35 ME d, / mg bRiER 22 SD,
Sample Rotation angle Dosimeter signal Response Average response intensity Standard deviation
1 0° 25457.52 382.41 381.98 0.38
90° 25441.99 381.69
180° 25443.68 381.64
270° 25 448.05 382.18
2 0° 26 143.66 392.68 392.68 0.67
90° 26 115.58 392.24
180° 26 135.29 392.19
270° 26 233.71 393.62
3 0° 26 415.28 396.42 397.05 1.16
90° 26 435.03 396.57
180° 26 414.78 396.43
270° 26 532.23 398.78
4 0° 26 090.45 391.44 392.34 0.97
90° 26 100.86 391.75
180° 26 129.13 392.57
270° 26 194.38 393.61
AP 57 2% Coefficient of variation! 0.06%
CV% = {[z(ni - 1)(SDZ/J,2)]12/[z(n, - 1)]} x 100%
#3 PTFEFIE AT EN R HimR
Table 3 Uncertainty test data for PTFE dosimeter flip
FE i RS MEIHME S Hpp/au. WM /mg'  WNIY(EHJ,/ mg” Pt w2 SD,
Sample Flip top to bottom  Dosimeter signal Response Average response intensity  Standard deviation
1 2 Tl Before 26 539.26 398.94 398.05 1.25
ZJ5 After 26 481.60 397.17
2 2 Tl Before 26 158.24 392.86 393.49 0.89
2 Ja After 26 193.12 394.11
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Lk
F i [k FETHE 5 Hpp /au. MR / mg™ W N 4 ME d, / mg™ FrRAERZE SD,
Sample Flip top to bottom  Dosimeter signal Response Average response intensity ~ Standard deviation
3 Z T Before 26 199.79 393.77 394.51 1.04

2 J& After 26 268.01 395.24
4 2 T Before 25441.96 382.15 382.29 0.20

2 J& After 25447.03 382.44
AR 55 24 Coefficient of variation! 0.12%

CV% = {[E(n[ - 1)(51)2/3,.2)]”2/[2(n,» - 1)]} * 100%
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Table 4 Comparison of irradiation responses at different dose rates
LYY FEIHE S Hpp /au. WIKHIE /kGy  PHFIE /kGy {2 [(4-B)/B] / %
Radiation point position Dosimeter signal Absorbed dose Average dose Deviation [(4—B)/B]
AR USRI i 25 [ 3.0~4.0 kGy/h 10 053.15 14.00 A 0.61
Static absorbed dose rate range 10 043.55 13.96 13.94
9929.96 13.59
10 124.68 14.22
BTSN 2 2.7~122.2 kGy/h 10 106.37 14.10 B
Dynamic absorbed dose rate range 10 047.35 13.93 13.86
10 001.67 13.81
9936.78 13.59
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Table 5 Uncertainty analysis of PTFE dosimeter

AT % ¥ 43 5 Uncertainty components Al % B/ %
T HE 2800 & Calibration curve fitting 2.12

7l & 1T 5 & 4 PTFE dosimeter repeatability PTFE 0.20

YR AN 7 JE Traceability uncertainty 1.15
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g

AT %€ ¥ 43 & Uncertainty components Al % B/ %
SERER E TR ZTHERE LI ZE R 0.34
Dose difference between reference standard dosimeter and calibration dosimeter

21 % A 17512 IE Ruby signal correction 0.27
5§ 11 B B FK B 2 Dosimeter weight measurement deviation 0.45
Jie#% 521 Dosimeter weight measurement deviation 0.06

F# % 527 Flip effect 0.12

FF 417 FE 45 1E Initial temperature correction 0.10
£E R FE A& 1E Final temperature correction 0.12
TT R I A /B AN E 2.13 1.32
The square and root methods combine Class A/Class B uncertainty

& %A E Combined uncertainty 2.51

AW 7 J¥ (k=2) Expanded uncertainty 5.02
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