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A New Flexible Water-Equivalent Material
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Mix DP has been mainly used as phantom for dosimetry and for compensating filter in radiotherapy.
However, because of nonflexibility Mix DP is inconvenient to make a phantom with curved surface from
it. Then, a new water-equivalent material (Mix R) with good flexibility and elasticity was proposed.

Mix R consisted of polyisoprene and some rubber agents, The effective atomic number and the
density of Mix R could be adjusted by adding carbon powder to basic rubber mixture. Mix R had
good characteristics for the water-equivalent phantom material as follows:

electron density ~3.3 x 102

density ~1.0
effective atomic number Zr 7.3
Zr 5.4

elongation percentage 644 + 229
tensile strength 286 4 12 kg/cm?
hardness ( 48 4 2°
An X-ray penetrability for Mix R was nearly equal to that for water at 120 kV X-.rays, but was
slightly smaller for water at 50 and 80 kV X-rays.
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Table 1. Change in electron density, effective
atomic number (Z., Z,) and density by addi-
"-ﬁ{)l':"_ of carbon powder to basic rubber mixture.

°?%%‘ ~ \2413 z(m| zx | p
0 3.36x10% 7.47 | 7.56 | 5.37 ] 0.93
6.14 3.33 7.40 | 7.50 | 5.41 | 0.96
8.55 3.32 7.37 7.45 | 5.43 | 0.97

12.30 3.31 7.33 7.42 | 5.43 1 0.99
13.71 3.30 7.31 7.40 | 5.45 | 1.00

15.75 3.29 7.29| 7.3715.45 | 1.01

ny is the number of electrons per gram of materi-

JT [ '

Z.(1) is the effective atomic number for photo-
electric effect that was calculated by power
value 2.94 in the formula Z2%'= SaiZ2*,

Z. (1) is also effective atomic number with po-
wer value 3.00.

Z: is the effective atomic number of pair produc-
tion effect. p is the density(g/cm®)of materials.
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Table 2 Composition. of Mix R.
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pcnlyi‘.opren e* 80. 64 (wlw, %)
sulfur 2.02
zink oxid ' 0.81
stearicacid - .~ 1.61
NOCCELER ¢Z** 1.21
carbon black 13.71

100.00

"polyisoprene  (~CHy~C=CH~CHy),
-, CHy
NOCCELER CZ (cyclohexyl—benzothiazyl—sulfenamide)
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Fig. 2. Radiograph of paraffin, Mix R and acryl
resin in water.
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Fig. 3. Density curve of radiograph of paraffin,
Mix R and acryl resin in water.
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Fig. 4. Percentage depth dose curve for 10MV
x-rays and *°Co y-rays in Mix R and water.
900 y-rays: SSD 75 cm, field size 10x10 em?
10MV x-rays: FSD 100 cm, field size 10x10
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Fig. 5. Percentage depth dose “curve for 8MeV
and 12MeV electron beam in Mix R and water.
8MeV and 12MeV electron beam: WSD: 90 cm,
field size: 128 cm?
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