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ABSTRACT

This study developed a lead-free shielding material using a filament made from a mixture of iron oxide and
copper to address the toxicity issues associated with lead-based shielding. After creating the filaments, various
thicknesses of shielding materials were printed using a FDM 3D printer. Shielding performance and dose
measurements were taken by varying the tube voltage and current with a diagnostic X-ray generator, and data
analysis was performed using SPSS (p < 0.05). The results showed that the iron oxide-copper mixed filament
shielding exhibited better performance than a 0.25 mmPb lead-equivalent protection tool at thicknesses of 8 mm
or more, except for the conditions of 120 kVp and 20 mAs. This research demonstrates that the mixed filament
shielding can mitigate the drawbacks of lead while providing comparable shielding effectiveness, suggesting its
potential as foundational data for further studies on lead-free shielding materials.
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Fig. 1. Filament extruder and schematic diagram.
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Fig. 2. Flow chart for self-made filament development.
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o]-g&to] =7]E 70 x 70 mm’, FAIE 1, 2, 4 mm Parameter Value
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III. RESULT

1. Pilot test 23}

1.1. 2tebd el E 23 A Type A-D2] &
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120 kVp, 2.5 mAsol A ZAME LS 32,78 mRo| %]
o, olu] 2}HE-2 4 mmol A F-E Type A9 4-F
80%2] &S F<lslal, Type BE 79.98%,
Type Ci 77.44%, Type DT 66.84%= Table. 2,
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Table 2. Radiation exposure of self-produced Iron

oxide filament (120 kVp, 2.5 mAs)

Exposure [mR]

Sheet
[ratio] Ilmm 2mm 3mm 4mm 5 mm
A [ 70% ] 223 16.23 12.75 10.23 7.93
B[65% ] 2235 17.26 13.47 10.32 8.08
C[60%] 23.04 17.51 14.74 11.63 8.947
D [50% ] 2658 22.18 19.3 17.09 15.43
6mm 7mm & mm 9 mm nll?n
A [ 70% ] 6.3 4.84 4.02 3.39 2.81
B[ 65% ] 6.63 5.24 4.26 3.51 2.93
C[60%] 7352 5.876 4.811 4.178 3.55
D[ 50% ] 13.86 12.67 11.67 10.91 10.1

Table 3. Shielding ratio of self-produced Iron oxide

filament (120 kVp, 2.5 mAs)

Exposure [mR]

Sheet
[ratio] Ilmm 2mm 3mm 4mm 5 mm
A[70% ] 56.64 65.81 75.26 80.15 84.61
B[65% ] 56.60 68.51 73.8 79.98 84.31
C[60%] 5530 66.03 71.40 77.44 82.64
D[ 50% ] 4843 56.97 62.55 66.84 70.06
6mm 7mm 8&mm 9 mm 10mm
A[70% ] 8777 90.6 92.19 93.41 94.55
B[65% ] 8713 89.8 91.7 93.17 94.30
C[60%] 8574 88.60 90.67 91.89 93.11
D[ 50% ] 73.11 75.42 77.36 78.83 80.40

2. A& 53 AT A9 ANE &9

Fig. 5. Shielding Sheet Production.
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Table 7. Aprone shielding ratio measurement results with a lead equivalent of 0.25 mmPb

Sheet kVp mAs Shielding rate [%]
20 98.76
60 40 98.77
20 95.46
80
40 95.37
Aprone 0.25 mmPb 00 20 91.49
40 91.39
20 88.45
120 40 88.43

Table 8. Comparison of radiation exposure and shielding ratio between Apron 0.25 mmPb and Iron oxide-copper
8 mm, Iron oxide 8§ mm

Exposure [mR]

Sheet kVp mAs Mean = SD Shielding rate [%)]
6 20 134 = 0.02 98.76
40 271 + 0.01 98.77
%0 20 8.45 + 0.03 95.46
Aprone 40 17.42 + 0.02 95.37
0.25 mmPb 100 20 23.25 £ 0.01 91.49
40 4728 + 0.02 91.39
120 20 42.05 + 0.05 88.45
40 84.42 + 0.02 88.43
6 20 0.88 + 0.01 99.19
40 2.06 + 0.04 99.06
Iron Oxide %0 20 5.15 + 0.01 97.23
_ 40 12.01 + 0.01 96.80
Copper 20 475 + 0.03 94.60
8mm 100 40 35.93 + 0.04 93.46
120 20 46.98 + 0.01 87.10
40 67.84 + 0.02 90.70
6 20 541 £ 0.01 95.02
40 10.78 + 0.02 95.09
%0 20 13.63 + 0.03 92.68
éfgge 40 27.76 + 0.01 92,61
amm 100 20 28.40 + 0.01 89.60
40 57.03 + 0.03 89.61
120 20 50.76 + 0.04 86.06
40 101.49 + 0.01 86.09

100,00

95.00

90.00

Shielding rate [%]

BO.OO

7
/

20 mAs A mAs 20 mAs 40m 20 mAs 40 mAs 2 mAs 4l mAs
60 kVp d0kVp W0kVp 120kVp

75.00 2
As

Iron Oxide 8 mm @ Iron Oxide - Copper 8 mm @Aprone 0.25mmPh

Fig. 6. Comparison of radiation exposure and shielding ratio between Apron 0.25 mmPb and Iron oxide-copper 8
mm, Iron oxide 8 mm.
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*MIP(Medical Imaging Process) Lab
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