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It is quite necessary to use a tissue equivalent material for the radiation measurements and the ¢lini-
cal therapy. Many kinds of the tissue equivalent materials as a phantom, for example, M-3, Mix-D,
Mix-DP, some plastics, and some rubber materials have been used for X-rays, Gamma-rays,
and electrons,

Fast neutron therapy has been reconsidered for malignant tumors and the use of the tissue equivalent
material for the neutrons has been desired. In case of neutrons, atomic composition of the material
is very important to estimate of equivalency for soft tissue. ROSSI and FAILLA and SHONKA et al
proposed the tissue equivalent material which they made for neutrons. But, the latier is not clear up
the manufacturing process and the former dose not include Oxygen atom.

In this paper we described the properties of the tissue equivalent material and cleared up

its manufacturing process. The composition of the material by weight is

Nylon X-1874 33.0%
Carbon XC-72 17.09%,
Polyethylene UF-4 46.09,
CaF, 3.5%,
Polyethylene AC § 629 0.59%,.

Density and resistivity of the material are 1.10 g/cm3 and 77 Qem.
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Table 1. Atomic composition of four major
elements of soft tissue advocated by many

authors.
Element (wt%)
Soft Tissue ! :
c|H|O|N
M o | 12.3 [ 10.2 | 72.9 | 3.5
Wet Tissue |
Lea (1946)° 12 10 (73 | 4
ngg;ﬁ?“ﬁma» 14.9 | 10.0 [ 71.6 | 3.5
Btanday, Man 18 |10 |65 | 3
z:§iﬁ£§ﬁ§§n |11.1{10.1,76.2| 2.6
t il | |
TCRU. 139 [12 110 ‘73 | 4
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Eish, ol kFL ERKO FHEIL TE
DRETHAMIC A EE T2 BEN BHDH. Fxlk
ICRU-10b ¢) Muscle » Rossi, Failla ¢ Tissue
Approximation Z{CFEAYfE L L, KELEFHD
efFRkrThZh10.1%, 3.5% (E&E%) &L
THWBZ &I L.
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Table 2. Mixing tests between the polyamide and the polyolefin.
(a) and (b) indicate the results examined with test tube and
the heated roll, respectively.
Polyamide o | Sioor | Chene | M| CMT {1013—B| L —1610/x—1874
i i Co-pol.. | Co-pol. | Co-pol. 66 610 6 12 12
T~ Test Method
T OROHONONHOIROROINORNORMOHOKOHOHONO;
Polyolefin ~
5100E X X[ x| x| x|x XX X | x|x|X|A|lx]|O
M—420 | % X | %X |'=x|'x|x X:X_X!Xf)<AC)A()
L—320 | X | X [ |X|x[x X X—A[X—A| X | X |A|]O|A|O
L—300 [x—Al x| x| x| x| x|x—A| x|x—aA|] x | x| x| a|lO0]|a]|oO
F—100 X | %[ x| x| x| % s b X X X | X | X|0O0|[x]|0O
#—629 X | X [ XX | X|x|x—Al X [x—A] x [x|[x|A|x]|A]>x
M—131 X XK x| x| x| x X % X XX | X | x| x| x
UF—4 X X | x| x| x| x X A X X|I®x]lAlOIlAIO
MPE LIz, F A v ALEA N D x4 7 3 Table 3. Atomic composition of the tissue equi-

FX—1874T 33.0%, ZiUL 4 » 12T HEE
1.02g/em?®, Fifik 135°CE Hia o Waf Lic 51
2 YONTRE—EREDENLDOTHS. H) =
F U ik Bl kD 7 e — v UF-4 T46.0
%, TEME0.93g/em®, FhAEIL 115°CO MR TH
. Xe—MEehERTHRDHACHEY =5
v o 629 (AR VvBRINISHET) % 0.5%
mxte. A —FNrEBEECERCY A, VO
Sndr v XCT2 21T.0% R L, ¥ v~k
THRER R T 570 3.5% Dby A
ML,
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Frv=aFArvyaB) gLy (h—Hv4
Fpibm vy £) EWEIEET, §9 14000 r —
VTEBLEHEEY, 7vAMILTCT Ry 2
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valent material estimated by calculation and
analysis. It is shown the calculated values of
Spokas’s A-150 in the rightest column.

Element | Calculation IF Analysis (E ':HE%
C 78.9(wt%)| 77.70+1.27 | 77.6
H 10.1 10.01%:0.13 10.1
N 3.5 3.4240.21 3.5
O 4.8 = 5.2
Ca 1.8 1.63£0.01 1.8
F 1.7 = 1.7
Fieka e, URFRAAINE LA -+ v

oz — 03B TFBA MR R AL Loy v o A
DIERE Lz, 2 BOHIL & 4 w A dhiRprge
TR LT il biuic. BB E & B <
—F LTI b, FCHEE Lok e SsFry
HED T H5o Lo frdbhi. WO
Shonka o> A-150 HlfkSligy el o FH 2 2 58
RLTHS.

H V=K T B = ko — ke Fig. 11C
R B 7 4 b v 2 x AF¥F T A ERE=
FAF —EHBREE I L b 0T, SR
RO T ER2 R H O TH 5D, 0.2MeV
Fo=x ¥ —CH&POENLbREM, £
LA BT EAE—F LT3, HHEE Mix-D
DIETH S .
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Figure 1. Mass energy transfer coefficients in the
tissue equivalent material (dotted line), Mix-D
(circle), and tissue of Rossi and Failla’s “Ti-
ssue Approximation’ composition,
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Figure 2. Kerma per unit fluence of fast neutrons
in the tissue equivalent material (dotted line),
Mix-D (broken line), and tissue of Rossi and
Failla’s ““Tissue Approximation’ compositiou.
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D, HESGEE~TT2cm L\ 5 {EHE BT,
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% 130°C, 100kg/cm?® FREED MEIMEM T % &
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F-NZOBELDTThIUE, HAMTREEA
FREE b, BESHFROSLS CHWEOTRN
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ENIERICEWRETE BT, x ORATH
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TR Lo A v ViR¥EE, 2 —F 4 VI
FTH B Icdh BHINT Uiz Si o Bl
<o =D > Y a2 VG TR & SR
WMCTHHMN, HY T IFAT 7 A— 395DMHIC
L b Zh b o WEEL D R,
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